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ȺɈɉȷɅȽɆɇȽȺɆ 
 

 
ǧ ȏȀȐȎȜȒȀ ȃȈȃȀȉȓȎȐȈȉǽ ȃȈȀȓȐȈȁǽ ȄǾȌȀȈ ȀȏȎȓǼȊȄȒȋȀ ȏȐȎȒȘȏȈȉǽȑ ȏȐȎȒȏǻȇȄȈȀȑ 

ȀȊȊǻ ȉȀȈ ȎȔȒȈȀȒȓȈȉǽȑ ȒȔȋȁȎȊǽȑ ȉǻȏȎȈȘȌ ȀȌȇȐȝȏȘȌ ȏȎȔ ȇȀ ǽȇȄȊȀ ȌȀ 
ȄȔȖȀȐȈȒȓǽȒȘ ȈȃȈȀǾȓȄȐȀ.  

ǨȀ ǽȇȄȊȀ ȌȀ ȄȉȕȐǻȒȘ ȓȈȑ ȄȈȊȈȉȐȈȌȄǾȑ ȉȀȈ ȇȄȐȋǼȑ ȋȎȔ ȄȔȖȀȐȈȒȓǾȄȑ ȒȓȎȌ 
ǪȀȇȆȂȆȓǽ ȓȆȑ ǲȖȎȊǽȑ ǡȂȐȎȌțȋȘȌ ȉȀȈ ǳȎȏȎȂȐǻȕȘȌ ǬȆȖȀȌȈȉȝȌ - ǬȆȖȀȌȈȉȝȌ 
ǣȄȘȏȊȆȐȎȕȎȐȈȉǽȑ (ǥǬǰ) ȉȀȈ ȄȏȈȁȊǼȏȘȌ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȃȀȉȓȎȐȈȉǽȑ ȃȈȀȓȐȈȁǽȑ 
ȉȜȐȈȎ ǣȄȝȐȂȈȎ ǰȀȌȓȀȅǽ. ǳȎȌ ȄȔȖȀȐȈȒȓȝ ȈȃȈȀǾȓȄȐȀ ȂȈȀ ȓȎ ȀȋȄǾȘȓȎ ȄȌȃȈȀȕǼȐȎȌ ȉȀȈ 
ȓȈȑ ȒȔȋȁȎȔȊǼȑ ȓȎȔ, ȓȆ ȁȎǽȇȄȈȀ ȓȎȔ ȒȄ ȀȉȀȃȆȋȀșȉǻ ȉȀȈ ȏȐȎȒȘȏȈȉǻ ȇǼȋȀȓȀ ȀȊȊǻ ȉȀȈ 
ȓȆȌ ǻȗȎȂȆ ȒȔȌȄȐȂȀȒǾȀ ȋȀȑ ȒȄ țȊȆ ȓȆ ȃȈǻȐȉȄȈȀ ȓȘȌ ȒȏȎȔȃȝȌ ȋȎȔ.  

ǥȏǾȒȆȑ ȄȔȖȀȐȈȒȓȝ ȇȄȐȋǻ ȓȎȌ ǪȀȇȆȂȆȓǽ ȓȆȑ ǲȖȎȊǽȑ ǶȆȋȈȉȝȌ ǬȆȖȀȌȈȉȝȌ 
(ǥǬǰ) ȉȜȐȈȎ ǡȒȓǼȐȈȎ ǬȏȀȉțȊȀ ȉȀȈ ȓȆȌ ǪȀȇȆȂǽȓȐȈȀ ȓȆȑ ǲȖȎȊǽȑ ǡȐȖȈȓȄȉȓțȌȘȌ 
(ǥǬǰ)  ȉȔȐǾȀ ǚȊȄȌȀ ǪȘȌȒȓȀȌȓȈȌǾȃȎȔ ȂȈȀ ȓȆ ȁȎǽȇȄȈȀ, ȓȆȌ ȔȏȎȒȓǽȐȈȍǽ ȓȎȔȑ ȀȊȊǻ 
ȉȀȈ ȂȈȀ ȓȎ ȋȄȂǻȊȎ ȓȎȔȑ ȄȌȃȈȀȕǼȐȎȌ ȏȎȔ ȁȎǽȇȆȒȀȌ  ȒȆȋȀȌȓȈȉǻ ȒȓȆȌ ȎȊȎȉȊǽȐȘȒȆ 
ȓȆȑ ȃȈȀȓȐȈȁǽȑ ȋȎȔ. 

ǥȏȈȏȊǼȎȌ Ȇ ȃȈȃȀȉȓȎȐȈȉǽ ǼȐȄȔȌȀ ȃȄȌ ȇȀ ǽȓȀȌ ȃȔȌȀȓțȌ ȌȀ ȎȊȎȉȊȆȐȘȇȄǾ ȖȘȐǾȑ 
ȓȈȑ ȏȀȐȄȋȁǻȒȄȈȑ, ȈȃǼȄȑ ȉȀȈ ȂȌȝȒȄȈȑ ȒȄ ȇǼȋȀȓȀ ȋȄȓȐǽȒȄȘȌ ȀȉȐȈȁȄǾȀȑ, ȓȎȔ ǥȏǾȉȎȔȐȎȔ 
ǪȀȇȆȂȆȓǽ ȓȆȑ ǲȖȎȊǽȑ ǡȂȐȎȌțȋȘȌ ȉȀȈ ǳȎȏȎȂȐǻȕȘȌ ǬȆȖȀȌȈȉȝȌ - ǬȆȖȀȌȈȉȝȌ 
ǣȄȘȏȊȆȐȎȕȎȐȈȉǽȑ (ǥǬǰ) ȉȜȐȈȎȔ ǪȘȌȒȓȀȌȓǾȌȎȔ ǭȈȉȎȊǾȓȒȀ, ȓȎȌ ȎȏȎǾȎ ȉȀȈ ȇǼȊȘ 
ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȈȃȈȀǾȓȄȐȀ.    

ǡȉțȋȆ ȇȀ ǽȇȄȊȀ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȓȎȌ ȉȜȐȈȎ ǣȄȝȐȂȈȎ ǰȆȌȈȝȓȆ, ȋǼȊȎȑ ǥǤǩǰ ȓȆȑ 
ǲȖȎȊǽȑ ǡȂȐȎȌțȋȘȌ ȉȀȈ ǳȎȏȎȂȐǻȕȘȌ ǬȆȖȀȌȈȉȝȌ - ǬȆȖȀȌȈȉȝȌ 
ǣȄȘȏȊȆȐȎȕȎȐȈȉǽȑ (ǥǬǰ) ȂȈȀ ȓȆ ȁȎǽȇȄȈȀ ȓȎȔ ȋȄ ȓȆȌ ȄȍȎȈȉȄǾȘȒȆ ȓȎȔ ȋȄȓȐȆȓȈȉȎȜ 
ȄȍȎȏȊȈȒȋȎȜ ȉȀȈ ȓȆȌ ȉȀȇȎȃǽȂȆȒǽ ȓȎȔ ȒȄ ȇǼȋȀȓȀ ȄȏȈȉȎȈȌȘȌǾȀȑ ȋȄ ȓȆȌ 
ȉȀȓȀȒȉȄȔǻȒȓȐȈȀ ȄȓȀȈȐȄǾȀ, ȀȊȊǻ ȉȀȈ ȓȎȌ ȒȔȌȓȆȐȆȓǽ ǼȐȂȘȌ ȓǼȖȌȆȑ ȉȜȐȈȎ ǬȈȖǻȊȆ 
ǳȐȎȔȊȈȌț ȂȈȀ ȓȈȑ ȒȔȋȁȎȔȊǼȑ ȓȎȔ ȒȄ ȇǼȋȀȓȀ ȒȔȌȓǽȐȆȒȆȑ.  

ǥȏǾȒȆȑ, ǼȌȀ ȄȔȖȀȐȈȒȓȝ ȎȕȄǾȊȘ ȒȓȎȌ ȏȎȊȈȓȈȉț ȋȆȖȀȌȈȉț ȉȜȐȈȎ ǣȄȝȐȂȈȎ 
ǶȐȆȋȀȓțȏȎȔȊȎ, ȉȀȈ ȓȆȌ ȎȋǻȃȀ ȓȎȔ, ȂȈȀ ȓȆȌ ȉȀȓȀȒȉȄȔǽ ȓȆȑ ȁǻȒȆȑ Ȁȏț ȎȏȊȈȒȋǼȌȎ 
ȒȉȔȐțȃȄȋȀ, ȓȎȌ ǥȏǾȉȎȔȐȎ ǪȀȇȆȂȆȓǽ ȓȆȑ ǲȖȎȊǽȑ ǬȆȖȀȌȎȊțȂȘȌ ǬȆȖȀȌȈȉȝȌ 
(ǥǬǰ) ȉȜȐȈȎ ǣȄȝȐȂȈȎ ǶȀȓȅȆȒȓǼȊȈȎ ȂȈȀ ȓȆȌ ȏȀȐȎȖǽ ȏȄȈȐȀȋȀȓȈȉȝȌ ȃȎȉȈȋǾȘȌ ȀȊȊǻ 
ȉȀȈ ȓȎȌ ȉȜȐȈȎ ǭȈȉțȊȀȎ ǬȄȊȈȒȒǻ, ȋǼȊȎȑ ǩǤǡǶ ȓȎȔ ǳȎȋǼȀ ǳȄȖȌȎȊȎȂǾȀȑ ȓȘȌ 
ǪȀȓȄȐȂȀȒȈȝȌ, ȓȆȑ ǾȃȈȀȑ ȒȖȎȊǽȑ, ȂȈȀ ȓȆȌ ȉȀȓȀȒȉȄȔǽ ȉȀȈ ȏȀȐȎȖǽ ȄȈȃȈȉȝȌ ȁǻȒȄȘȌ 
ȓȎȏȎȇǼȓȆȒȆȑ ȀȌȀȉȊȀȒȓǽȐȘȌ SMR.  

ǨȀ ǽȇȄȊȀ ȀȉțȋȆ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȓȆȌ ȀȏțȕȎȈȓȎ ȓȆȑ ǲȖȎȊǽȑ ǡȂȐȎȌțȋȘȌ ȉȀȈ 
ǳȎȏȎȂȐǻȕȘȌ ǬȆȖȀȌȈȉȝȌ - ǬȆȖȀȌȈȉȝȌ ǣȄȘȏȊȆȐȎȕȎȐȈȉǽȑ (ǥǬǰ) ǡȌȓȅȄȊǾȌȀ 
ǸȐȀȈȎȅǽȊȆ ǣȔȕȓȎȃǽȋȎȔ ȂȈȀ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ȉȀȈ ȏȐȎȒȕȎȐǻ ȄȌțȑ ǼȐȂȎȔ ȅȘȂȐȀȕȈȉǽȑ 
ȓȎ ȎȏȎǾȎ ȉȀȈ ȀȍȈȎȏȎȈǽȇȆȉȄ ȉȀȓǻ ȓȆȌ ȏȄȈȐȀȋȀȓȈȉǽ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ȃȈȀȓȐȈȁǽȑ, ȀȊȊǻ 
ȉȀȈ ȓȎȌ ǰȐțȄȃȐȎ ȉȀȈ ȓȎ ȏȐȎȒȘȏȈȉț ȊȄȈȓȎȔȐȂǾȀȑ ȓȎȔ ǥȊȊȆȌȈȉȎȜ ǩȃȐȜȋȀȓȎȑ 
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ǚȐȄȔȌȀȑ ȉȀȈ ǪȀȈȌȎȓȎȋǾȀȑ (ǥǫǩǤǥǪ), ȂȈȀ ȓȆ ȒȔȌȄȐȂȀȒǾȀ ȓȎȔȑ ȒȄ țȊȆ ȓȆȌ ȃȈǻȐȉȄȈȀ 
ȓȆȑ ȃȈȀȓȐȈȁǽȑ.  

ǳǼȊȎȑ, ȎȕȄǾȊȘ ȓȎ ȋȄȂȀȊȜȓȄȐȎ ȄȔȖȀȐȈȒȓȝ ȒȄ țȊȎȔȑ ȓȎȔȑ ȉȎȌȓȈȌȎȜȑ ȋȎȔ 
ȀȌȇȐȝȏȎȔȑ ȉȀȈ ȕǾȊȎȔȑ ȏȎȔ ȋȄ ȒȓǽȐȈȍȀȌ ȉȀȈ ȋȄ ȁȎǽȇȆȒȀȌ ȂȈȀ ȓȆȌ ȎȊȎȉȊǽȐȘȒȆ ȓȆȑ 
ȃȈȀȓȐȈȁǽȑ ȋȎȔ, ȀȊȊǻ ȉȔȐǾȘȑ ȒȓȆȌ ȎȈȉȎȂǼȌȄȈȀ ȋȎȔ, ȏȎȔ ȖȘȐǾȑ ȓȆ ȒȓǽȐȈȍȆ ȉȀȈ ȓȆȌ 
ȀȂǻȏȆ ȓȎȔȑ ȃȄȌ ȇȀ ǽȋȎȔȌ ȒȄ ȇǼȒȆ ȌȀ ȏȄȓȜȖȘ ȎȓȈȃǽȏȎȓȄ. 

 

ǲȓȄȕȀȌǾȀ ǩȘȀȌȌǾȃȎȔ 
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ɄɅɃȿɃũɃɆ 
  

 

 ȼ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ŮəˊɞɜɐɗɖəŮ ůŰɞ ȺɟɔŬůŰɐɟɘɞ 

ũŮɤŭŬɘůɑŬɠ Űɞɡ ɇɞɛɏŬ ɇɞˊɞɔɟŬűɑŬɠ Űɖɠ Ɇɢɞɚɐɠ ȷɔɟɞɜɧɛɤɜ əŬɘ 

ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ əŬɘ ɀɖɢŬɜɘəɩɜ ũŮɤˊɚɖɟɞűɞɟɘəɐɠ (Ɇȷɇɀ-ɀũ) 

Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ (ȺɀɄ). ȼ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ŭŮɜ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ ˊɟɞůɤˊɘəɐɠ ɐ Ɏɚɚɞɡ Űɨˊɞɡ 

ˊɟɞɔŮɜɏůŰŮɟɖɠ ɏɟŮɡɜŬɠ.  

ȷˊɞŰŮɚŮɑ ɛɑŬ ɏɟŮɡɜŬ ˊɞɡ ɎˊŰŮŰŬɘ ůŰɞ ŮɡɟɨŰŮɟɞ ŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ Űɖɠ 

ůɡɜŰɐɟɖůɖɠ əŬɘ ŬˊɞəŬŰɎůŰŬůɖɠ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ, Ůɜɩ ɖ 

ŬˊŬɘŰɞɨɛŮɜɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ Űɤɜ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ 

ŮɜŰɎůůŮŰŬɘ ůŰɞ ŮˊɘůŰɖɛɞɜɘəɧ ŮɜŭɘŬűɏɟɞɜ Űɞɡ ȷɔɟɞɜɧɛɞɡ əŬɘ ɇɞˊɞɔɟɎűɞɡ 

ɀɖɢŬɜɘəɞɨ, ůɡɜŭɡɎɕɞɜŰŬɠ ɏŰůɘ ŭɘŬűɞɟŮŰɘəɏɠ ŮˊɘůŰɐɛŮɠ.  

 ȼ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ɖ Ůɝɏɚɘɝɖ Űɞɡ ɛŮŰɟɖŰɘəɞɨ Ůɝɞˊɚɘůɛɞɨ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ŮűŬɟɛɞɔɩɜ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ũŮɤŭŬɘůɑŬɠ ŬɚɚɎ 

əŬɘ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ. Ⱥˊɘˊɚɏɞɜ ɖ ŬɜɎɔəɖ ɔɘŬ Űɖ ŭɘŬűɨɚŬɝɖ Űɖɠ 

ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ ŬˊɞŰŮɚŮɑ əɨɟɘɞ ɗɏɛŬ ůɡɕɐŰɖůɖɠ ˊŬɔəɞůɛɑɤɠ, 

Ůɜɩ ŬˊŬůɢɞɚŮɑ ˊɚɐɗɞɠ ŮɟŮɡɜɖŰɩɜ əŬɗɖɛŮɟɘɜɎ.  

ȰŰůɘ, ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŰɟɘɓɐ, ɧˊɞɡ ɛŮɚŮŰɩɜŰŬɘ ŰŬ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ ɤɠ ˊɞɚɘŰɘůŰɘəɎ ŬɔŬɗɎ, ůɡůɢŮŰɑɕŮŰŬɘ ɖ ŬəɟɑɓŮɘŬ ˊɞɡ ˊŬɟɏɢɞɡɜ 

ɞɘ ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ ɛŮ Űɖ ɚŮˊŰɞɛɏɟŮɘŬ əŬɘ ŬəɟɑɓŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ 

Űɖ ůɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ, Ůɜɩ ŬɜŬˊŰɨůůɞɜŰŬɘ ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ 

ɛˊɞɟɞɨɜ ɜŬ ŰŮəɛɖɟɘɩůɞɡɜ ɔŮɤɛŮŰɟɘəɎ ŰŬ ɏɟɔŬ ŬɚɚɎ əŬɘ ɜŬ ŮɜŰɞˊɑůɞɡɜ 

ˊŬɟŬɛɞɟűɩůŮɘɠ Űɞɡɠ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ.  

Ⱥˊɞɛɏɜɤɠ ɖ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ůəɞˊŮɨŮɘ ɜŬ ŬˊŬɜŰɐůŮɘ ŰŬ 

ŬəɧɚɞɡɗŬ ŮɟɤŰɐɛŬŰŬ: 

× ȷɟəɞɨɜ ɞɘ ˊŬɟŬŭɞůɘŬəɏɠ ɛɏɗɞŭɞɘ ŰŮəɛɖɟɑɤůɖɠ (ɟŬŭɘɞɛŮŰɟɘəɐ əŬɘ 
űɤŰɞɔɟŬɛɛŮŰɟɘəɐ ɛɏɗɞŭɞɠ) ɛŮ Űɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ ɖ ŬɜɎɚɡůɖ Űɤɜ 

ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ɔɘŬ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ əŬɘ ˊɚɐɟɖ 

ŬˊɞəŬŰɎůŰŬůɖ; 

× ɇɘ ˊŬɟŬˊɎɜɤ ˊɟɞůűɏɟɞɡɜ ɞɘ ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ ůŮ ŮˊɑˊŮŭɞ 
ɔŮɤɛŮŰɟɘəɐɠ ɞɟɗɧŰɖŰŬɠ əŬɘ ŬəɟɑɓŮɘŬɠ əŬɘ ˊɩɠ ɛˊɞɟɞɨɜ ɜŬ 

ɞŭɖɔɐůɞɡɜ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Ůɜɧɠ ɞɚɞəɚɖɟɤɛɏɜɞɡ 

ŬˊɞŰŮɚɏůɛŬŰɞɠ; 

× ɀˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɤɜ ɏɟɔɤɜ 

ɕɤɔɟŬűɘəɐɠ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ; ȾŬɘ Ŭɜ ɜŬɘ ˊɤɠ; 
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× ȺɑɜŬɘ ŭɡɜŬŰɐ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ñɢŬɛɏɜɖɠò ́ ɚɖɟɞűɞɟɑŬɠ ůŮ ɏɜŬ 

ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ ɩůŰŮ ɜŬ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ Űɞ ůɡɜŰɖɟɖɛɏɜɞ ɏɟɔɞ ůŰɞ 

ˊɟɤŰɧŰɡˊɞ; 
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ȷȾɅɋɁɈɀȽȷ-ɆɈɁɇɀȼɆȺȽɆ 

 

 
AIC American Institute For Conservation 

ADM Absolute Distance Measurement 

ARMA AutoRegressive Moving Average 

ASME American Society of Mechanical Engineers 

ASMT American Society for Materials and Testing  

ATRef Attenuated Total Reflectance 

ATR  Automatic Target Recognition 

C2C Cloud-to-Cloud 

C2M Cloud-to-Mesh ɐ Cloud-to-Model 

CAD Computer-Aided Design  

CCD Charged Coupled Device 

CD-PB-M3C2 Correspondence-Driven Plane-Based M3C2 

CIE Commission Internationale De lôEclairage 

CIELAB CIE-Luminosity-A(Green-Red)-B(Yellow-Blue) 

CMA Coordinate Measuring Arm 

CMM Coordinate Measuring Machine 

CMOS Complementary Metal-Oxide Semiconductor 

CMYK Cyan-Magenta-Yellow-Black 

DAC Differential Absolute Contrast 

DEM Digital Elevation Model 

DoD DEM of Difference 

EDM Electromagnetic Distance Measurement 

EDX Energy Dispersive X-Ray Analysis 

ESEM Environmental Scanning Electron Microscopy 

F2S3 Feature to Feature Super Voxel-Based Spatial Smoothing 

FIG International Federation of Surveyors 

FOM Fiber Optics Microscopy 

FORS Fiber Optics Reflectance Spectroscopy, 

FTIR Fourier Transform Infrared Spectroscopy 

GNSS Global Navigation Satellite System 

HLS Hue-Luminosity-Saturation 

HSB Hue-Saturation-Brightness 

HSV Hue-Saturation-Value 

ICOM International Council Of Museums 
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ICOM-CC Committee for Conservation of International Council Of 

Museums 

ICP Iterative Closest Point 

IFM Interferometric Fiber Measurement 

IIC International Institute for Conservation of Historic and 

Artistic Works 

IR InfraRed 

ISO International Organization for Standardization 

LLP Laser Line Probe 

M2M Mesh-to-Mesh 

M3C2 Multiscale Model-to-Model Cloud Comparison 

MAE Mean Absolute Error 

MCDA Multi-Criteria Decision Analysis 

ME Mean Error 

MIMO Multiple Input-Multiple Output 

MISO Multiple Input-Single Output 

NIR Near-InfraRed 

PCT Principal Component Thermography 

PPT Pulse Phase Thermography 

RANSAC Random Sample Consensus  

RGB Red-Green-Blue 

RMSE/RMS Root Mean Squared Error 

RTK Real-Time Kinematic Positioning  

SAW Simple Additive Weighting 

SEM Scanning Electron Microscopy 

Siamese KPConv Siamese Kernel Point Convolution 

SiamGCN Siamese Graph Convolutional Network 

SIFT Scale-Invariant Feature Transform 

SISO Single Input-Single Output 

SMR Spherically Mounted Retroreflector 

SURF Speeded Up Robust Features 

TEASER  Truncated Least Squares Estimation And Semidefinite 

Relaxation 

ToF Time of Flight 

TSR Thermographic Signal Reconstruction 

UNESCO  United Nations Educational, Scientific and Cultural 

Organization 
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USB Universal Serial Bus 

UV UltraViolet 

UVF UltraViolet Fluorescence 

VDE Verband Der Elektrotechnik 

VDI Verein Deutscher Ingenieure  

VIS VISible 

WLAN Wireless Local Area Network 

X X-Ray 

XRF X-Ray Fluorescence Spectroscopy 

ȹȹ' ȹŮɡŰŮɟŮɨɞɜ ȯɝɞɜŬɠ ũŮɤŭŬɘŰɘəɞɨ ɆŰŬɗɛɞɨ  

ɄɄ' ɄɟɤŰŮɨɞɜ ȯɝɞɜŬɠ ũŮɤŭŬɘŰɘəɞɨ ɆŰŬɗɛɞɨ  

ɆɆ' ɆəɞˊŮɡŰɘəɧɠ ȯɝɞɜŬɠ ũŮɤŭŬɘŰɘəɞɨ ɆŰŬɗɛɞɨ  
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ɆɈɀȸɃȿȽɆɀɃȽ 
 

 

ȾŮűɎɚŬɘɞ 2ɞ  

Ã ɇŬɢɨŰɖŰŬ ɛŮŰɎŭɞůɖɠ Űɤɜ əɡɛɎŰɤɜ ůŰɞ əŮɜɧ c 

Æ ɆɡɢɜɧŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡ əɨɛŬŰɞɠ  

È ɄŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ Planck 

S ȾɞɟŮůɛɧɠ ůŰɞ ůɨůŰɖɛŬ HSV ɐ HSB 

T ŪŮɟɛɞəɟŬůɑŬ ůŮ ɓŬɗɛɞɨɠ Kelvin (Ⱦ) 

V ȷɝɑŬ ůŰɞ ůɨůŰɖɛŬ HSV  

x, y, z ȯɝɞɜŮɠ Űɟɘůɞɟɗɞɔɩɜɘɞɡ ůɡůŰɐɛŬŰɞɠ  

ȸ ȿŬɛˊɟɧŰɖŰŬ ůŰɞ ůɨůŰɖɛŬ HSB 

ȼ ɉɟɞɘɎ ůŰɞ ůɨůŰɖɛŬ HSV ɐ HSB 

ɚ ɀɐəɞɠ əɨɛŬŰɞɠ  

ɬ ɄŮɟɑɞŭɞɠ ɛɑŬɠ ŰŬɚɎɜŰɤůɖɠ 

(x, y)  ɆɡɜŰŮŰŬɔɛɏɜŮɠ ůɖɛŮɑɞɡ ůŰɞ ŮˊɑˊŮŭɞ x, y   

(ɉ, Ɉ, ȼ) ɆɡɜŰŮŰŬɔɛɏɜŮɠ űɤŰɞůŰŬɗŮɟɞɨ ůɖɛŮɑɞɡ ɛŮ ɡɣɧɛŮŰɟɞ H 

ɉ, Ɉ, Ȼ  ɇɟɘɢɟɤɛŬŰɘəɏɠ/ɇɟɘŮɟŮɗŮůɛɘəɏɠ Űɘɛɏɠ ŬɜɎɚɞɔŬ Űɞ ůɨůŰɖɛŬ 

ɛɏŰɟɖůɖɠ ɢɟɩɛŬŰɞɠ  

 

ȾŮűɎɚŬɘɞ 3ɞ 

ØȟÙȟÚ ɆɡɜŰŮŰŬɔɛɏɜŮɠ ůɖɛŮɑɞɡ Ê əŬŰɎ Űɖ űɎůɖ Ƚ 

2ȟ ɆɢŮŰɘəɐ ɛŮŰŬəɑɜɖůɖ  

2 ȷˊɧɚɡŰɖ ɛŮŰŬəɑɜɖůɖ  

ὼȟὼ  ȹɘɎɜɡůɛŬ ɗɏůɖɠ ůɖɛŮɑɞɡ ůŰɖ űɎůɖ Ƚ  

  ȹɘɎɜɡůɛŬ ɛŮŰŬŰɧˊɘůɖɠ ‏

ὖȟὢ Ɇɨɜɞɚɞ ůɖɛŮɑɤɜ ˊɚɐɗɞɡɠ Ɂ 

ῷὖȟὢ  ȷˊɧůŰŬůɖ Hausdorff ɛŮŰŬɝɨ ůɖɛŮɑɤɜ Űɞɡ ˊɚɐɗɞɡɠ  

ὖ ʆɻʅ ὢ 

Ὤὖȟὢ ɀɞɜɧˊɚŮɡɟɖ ŬˊɧůŰŬůɖ Hausdorff ɛŮŰŬɝɨ ůɖɛŮɑɤɜ Űɞɡ 

ˊɚɐɗɞɡɠ ὖ ʆɻʅ ὢ 

Ὠὴȟὼ ȺɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ ɔɘŬ ŰŬ ůɖɛŮɑŬ ὴ ʆɻʅ ὼ 
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ὃȟὄȟὅȟὤ ɄɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ 

ὥȟὦȟὧȟὨȟὩȟὪ ɄɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ 

Ὠ ȷˊɧůŰŬůɖ ůɖɛŮɑɞɡ Ŭˊɧ ŮˊɑˊŮŭɞ  

ὔᴆ ȾŬɜɞɜɘəɧ ŭɘɎɜɡůɛŬ (normal) 

$Ⱦς ȷəŰɑɜŬ ˊŮɟɘɞɢɐɠ ɔɨɟɤ Ŭˊɧ ɏɜŬ ůɖɛŮɑɞ ˊɞɡ ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ normal (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ M3C2) 

ὨȾς ȷəŰɑɜŬ əɡɚɑɜŭɟɞɡ (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ M3C2) 

ὭȟὭ ɀɏůɞ ůɖɛŮɑɞ ɔɘŬ Űɞ ɜɏűɞɠ 1 əŬɘ 2 (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ M3C2) 

ὒ  ȷˊɧůŰŬůɖ ɛŮŰŬɝɨ ɛɏůɤɜ ůɖɛŮɑɤɜ (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ M3C2) 

„ Ὠ ɇɡˊɘəɐ Ŭˊɧəɚɘůɖ ůɖɛŮɑɤɜ Ŭˊɧ Űɞ ɛɏůɞ ůɖɛŮɑɞ Űɞɡ ɜɏűɞɡɠ 1, 

ɔɘŬ ŬəŰɑɜŬ Ὠ (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ M3C2) 

ὶὩὫ ɆűɎɚɛŬ ŮɡɗɡɔɟɎɛɛɘůɖɠ Űɤɜ ŭɨɞ ɜŮűɩɜ (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

M3C2) 

ὲȟὲ Ʉɚɐɗɞɠ ůɖɛŮɑɤɜ ɔɘŬ Űɞ ɜɏűɞɠ 1 əŬɘ 2 (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

M3C2) 

ὒὕὈ Ϸ ȺɚɎɢɘůŰɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ɜŮűɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɜŰɞˊɘůŰŮɑ 

ɔɘŬ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ 95% (ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ M3C2) 

 

ȾŮűɎɚŬɘɞ 5ɞ 

‍ ɃɟɘɕɧɜŰɘŬ ɔɤɜɑŬ  

 Ȣ Ȣ  ȴɣɞɠ ůŰɧɢɞɡ 

 Ȣ Ȣ ȴɣɞɠ ɞɟɔɎɜɞɡ  

ᾀ ȾŬŰŬəɧɟɡűɖ ɐ ɕŮɜɑɗɘŬ ɔɤɜɑŬ  

Ὓ ɃɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ  

Ὀ  ȾŮəɚɘɛɏɜɞ ɛɐəɞɠ  

x, y, z ȯɝɞɜŮɠ Űɟɘůɞɟɗɞɔɩɜɘɞɡ ůɡůŰɐɛŬŰɞɠ  

a, b  ɃɟɘɕɧɜŰɘŬ ɔɤɜɑŬ 

‌  ũɤɜɑŬ ŭɘŮɨɗɡɜůɖɠ ɔɘŬ Űɞ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ȷȸ 

ᾀ  ɆɡɜŰŮŰŬɔɛɏɜɖ z Űɞɡ ůɖɛŮɑɞɡ ũ Ŭˊɧ Űɞ ůɖɛŮɑɞ ȷ 

ᾀ ȾŬŰŬəɧɟɡűɖ ɐ ɕŮɜɑɗɘŬ ɔɤɜɑŬ Ŭˊɧ Űɞ ůɖɛŮɑɞ ȷ  

Ὓ ɃɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ůɖɛŮɑɞ ȷ 
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ØȟÙȟÚ  ɆɡɜŰŮŰŬɔɛɏɜŮɠ ůɖɛŮɑɞɡ Ὥ ůŰɞ ɢɩɟɞ 

 

ȾŮűɎɚŬɘɞ 6ɞ 

Ὦ ȷɨɝɞɜ Ŭɟɘɗɛɧɠ əɟɘŰɖɟɑɞɡ Ůˊɘɚɞɔɐɠ 

Ὥ ȷɨɝɞɜ Ŭɟɘɗɛɧɠ ŮɜŬɚɚŬəŰɘəɐɠ ɛŮɗɧŭɞɡ  

 ` ȸŬɗɛɞɚɞɔɑŬ Űɞɡ əɎɗŮ əɟɘŰɖɟɑɞɡ (Ὦ) 

Ὓ ɇŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ ɔɘŬ əɎɗŮ ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞ (Ὥ) 

ὖ ȸɎɟɞɠ Űɞɡ əɎɗŮ əɟɘŰɖɟɑɞɡ (Ὦ) 

 

ȾŮűɎɚŬɘɞ 7ɞ 

ʎ  A-posteriori ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɛɞɜɎŭŬɠ ɓɎɟɞɡɠ Ŭˊɧ Űɖ 

ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ  

ὠ ɄɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ - ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ ὰ ɛŮŰɎ Űɖ ůɡɜɧɟɗɤůɖ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ  

ὠ ɄɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ - ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ Ø ɛŮŰɎ Űɖ ůɡɜɧɟɗɤůɖ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ 
ŰŮŰɟŬɔɩɜɤɜ  

$  Ʉɟɞůɤɟɘɜɧ əŮəɚɘɛɏɜɞ ɛɐəɞɠ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ É ʆɻʅ Ê 

&ȟȟ  ɆɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ Űɖɠ əŬŰŬɜɞɛɐɠ Fisher ɔɘŬ ɓŬɗɛɧ 

ŮɚŮɡɗŮɟɑŬɠ r (Ŭˊɧ 1 ɏɤɠ Њ) əŬɘ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ 1-Ŭ 

(  ɀɖŭŮɜɘəɐ ɡˊɧɗŮůɖ əŬŰɎ Űɞɜ ůŰŬŰɘůŰɘəɧ ɏɚŮɔɢɞ Baarda 

Ð ɆɖɛŮɑɞ Űɞɡ ɢɩɟɞɡ ɛŮ Ŭɨɝɞɜ Ŭɟɘɗɛɧ É 

Ðᴂ ɆɖɛŮɑɞ Űɞɡ ɢɩɟɞɡ ɛŮ Ŭɨɝɞɜ Ŭɟɘɗɛɧ É 

2 2 2  ɄɑɜŬəŬɠ ůŰɟɞűɐɠ ɔɘŬ ůŰɟɞűɐ ὶ əŬŰɎ Űɞɜ ɎɝɞɜŬ Ø, ὶ əŬŰɎ 

ɎɝɞɜŬ Ù əŬɘ ὶ əŬŰɎ Űɞɜ ɎɝɞɜŬ Ú  

3  Ʉɟɞůɤɟɘɜɐ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ É ʆɻʅ Ê 

Õ ɈˊɧɚɞɘˊŬ ɐ űŬɘɜɧɛŮɜŬ ůűɎɚɛŬŰŬ  

Ø Tɞ ŭɘɎɜɡůɛŬ Űɤɜ əŬɚɨŰŮɟɤɜ Űɘɛɩɜ Űɤɜ ɎɔɜɤůŰɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ɻ ũɤɜɑŬ ŭɘŮɨɗɡɜůɖɠ ŬɡɗŬɑɟŮŰɖɠ ɛɏŰɟɖůɖɠ  

ɻ  ũɤɜɑŬ ŭɘŮɨɗɡɜůɖɠ ɔɘŬ Űɞ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ij 
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ɼ  Ʉɟɞůɤɟɘɜɐ ɞɟɘɕɧɜŰɘŬ ɔɤɜɑŬ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ É ʆɻʅ Ê 

ὠ ɄɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ - ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ ὰ ˊɟɘɜ Űɖ ůɡɜɧɟɗɤůɖ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ  

ὠ ɄɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ - ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ Ø ˊɟɘɜ Űɖ ůɡɜɧɟɗɤůɖ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ 
ŰŮŰɟŬɔɩɜɤɜ  

ὰ ɇɞ ŭɘɎɜɡůɛŬ Űɤɜ əŬɚɨŰŮɟɤɜ Űɘɛɩɜ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 

Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ὶȟὶȟὶ ũɤɜɑŮɠ ůŰɟɞűɐɠ əŬŰɎ Űɞɜ ɎɝɞɜŬ x, y, z 

ὸȟὸȟὸ ɆŰɞɘɢŮɑŬ ůɨɜɗŮůɖɠ ŭɘŬɜɨůɛŬŰɞɠ ɛŮŰɎɗŮůɖɠ Ô 

‌ ɇɞ ŮˊɑˊŮŭɞ ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɞɡ ɛɞɜɞŭɘɎůŰŬŰɞɡ Ůɚɏɔɢɞɡ əŬŰɎ 

Űɞɜ ůŰŬŰɘůŰɘəɧ ɏɚŮɔɢɞ Baarda 

„  ɇɡˊɘəɎ ůűɎɚɛŬŰŬ Űɤɜ ɡˊɞɚɞɑˊɤɜ Õ  

„  ɀŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ əɎɗŮ ɛɏŰɟɖůɖɠ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ  

„  A-priori ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɛɞɜɎŭŬɠ ɓɎɟɞɡɠ Ŭˊɧ Űɖ ɗŮɤɟɑŬ 

ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ  

…ȟ  ɆɡɜɎɟŰɖůɖ əŬŰŬɜɞɛɐɠ Űɖɠ əŬŰŬɜɞɛɐɠ … ɔɘŬ ɓŬɗɛɧ 

ŮɚŮɡɗŮɟɑŬɠ r əŬɘ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ 1-Ŭ 

! ɄɑɜŬəŬɠ ůɡɜŰŮɚŮůŰɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ŮɜŭɘŬűɏɟɞɡɜ 

(ɄɑɜŬəŬɠ ɆɢŮŭɘŬůɛɞɨ) Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ  

$ȟ$  ȾŮəɚɘɛɏɜɞ ɛɐəɞɠ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ Ὥ ʆɻʅ Ὦ 

m Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ əŬɗɞɟɘůŰɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

n ȷɟɘɗɛɧɠ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ  Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ 

0 ɄɑɜŬəŬɠ ɓŬɟɩɜ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ  

2 ɄɑɜŬəŬɠ ůŰɟɞűɐɠ  

Ò ȸŬɗɛɧɠ ŮɚŮɡɗŮɟɑŬɠ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

S ȹŮɑəŰɖɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ əŬŰɎ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ 

ɡˊɞɚɞɑˊɤɜ ůŰɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

Ô ȹɘɎɜɡůɛŬ ɛŮŰɎɗŮůɖɠ ůŰɞ ɢɩɟɞɡ  
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Õ Tɞ ŭɘɎɜɡůɛŬ Űɤɜ ɡˊɞɚɞɑˊɤɜ Ŭˊɧ Űɖ ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ 

x, y, z ȾŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ɢɩɟɞ  

Z Ƀɘ ɞɟɘŬəɏɠ Űɘɛɏɠ ɔɘŬ Űɖɜ Űɡˊɞˊɞɘɖɛɏɜɖ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ 

ÚȟÚ ȾŬŰŬəɧɟɡűɖ ɐ ɕŮɜɑɗɘŬ ɔɤɜɑŬ Ŭˊɧ Űɞ ůɖɛŮɑɞ Ὥ 

ɼȟɼ ɃɟɘɕɧɜŰɘŬ ɔɤɜɑŬ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ Ὥ ʆɻʅ Ὦ 

ŭØȟɿÙȟɿÚ ɇɞ ŭɘɎɜɡůɛŬ ɛŮŰŬɓɞɚɐɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Ŭˊɧ Űɖ ɗŮɤɟɑŬ 

ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ɿɻ ɇɞ ŭɘɎɜɡůɛŬ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŬɡɗŬɑɟŮŰɖɠ ŬűŮŰɖɟɑŬɠ Ŭˊɧ Űɖ 

ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ɿὰ ɇɞ ŭɘɎɜɡůɛŬ ɛŮŰŬɓɞɚɐɠ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ Ŭˊɧ Űɖ 

ɗŮɤɟɑŬ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ʇ ɆɡɜŰŮɚŮůŰɐɠ əɚɑɛŬəŬɠ  

ὰ ɇɞ ŭɘɎɜɡůɛŬ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ Ŭˊɧ Űɖ ɗŮɤɟɑŬ 

ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ØȟÙȟÚ  ȾŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɞɡ ůɖɛŮɑɞɡ É ůŰɞ ɢɩɟɞ 

ØȟÙȟÚ  ɆɡɜŰŮŰŬɔɛɏɜŮɠ ůɖɛŮɑɞɡ É ůŰɞ ɢɩɟɞ 

ØȟÙȟÚ  Ʉɟɞůɤɟɘɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůɖɛŮɑɞɡ É ůŰɞ ɢɩɟɞ  

 

ȾŮűɎɚŬɘɞ 8ɞ 

„ ɇɡˊɘəɐ Ŭˊɧəɚɘůɖ 

-ÉÎ ȺɚɎɢɘůŰɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ  

-ÁØ  ɀɏɔɘůŰɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ 

 

ȾŮűɎɚŬɘɞ 9ɞ 

ὴᴆ ɆɖɛŮɑɞ É ɔɘŬ Űɞ ůɨɜɞɚɞ 0 

ήᴆ ɀɞɜŬŭɘŬɑɞ ŰŮŰɟŬŭɧɜɘɞ  

ήᴆ ȹɘɎɜɡůɛŬ ɛŮŰɎɗŮůɖɠ ůŰɞ ɢɩɟɞɡ 

ήᴆ ȷɟɢɘəɞˊɞɑɖůɖ ˊŬɟŬɛɏŰɟɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

ὼᴆ ɆɖɛŮɑɞ É ɔɘŬ Űɞ ůɨɜɞɚɞ ɯ 

‘ᴆ ȾɏɜŰɟɞ ɓɎɟɞɡɠ ɔɘŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ ɯ 



[XXX] 

 

Ὠ  ɆűɎɚɛŬ ˊŬɟŬɛɏŰɟɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ  

ήᴆ ɄŬɟɎɛŮŰɟɞɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

ήȟήȟήȟή ɆŰɞɘɢŮɑŬ ŭɘŬɜɨůɛŬŰɞɠ ήᴆ (ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ) 

ήȟήȟή ɆŰɞɘɢŮɑŬ ŭɘŬɜɨůɛŬŰɞɠ ήᴆ (ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ) 

ᾀ ɇɡˊɞˊɞɘɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ ůŰɖɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ɔɘŬ 

ˊɘɗŬɜɧŰɖŰŬ P 

´  Ʉɚɐɗɞɠ ůɖɛŮɑɤɜ ɔɘŬ Űɞ ůɨɜɞɚɞ ɯ 

   ɄɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ-ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ ůɡɜɧɚɤɜ 
0 ʆɻʅ  ɯ 

„ ȷɓŮɓŬɘɧŰɖŰŬ Űɖɠ ŭɘŬűɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ  

„ ɆűɎɚɛŬ ɜɏűɞɡɠ əŬŰɎ Űɖɜ Ůˊɞɢɐ Ƚ 

0ȟɯȟɭ  Ɇɨɜɞɚɞ ůɖɛŮɑɤɜ  

ὅὖȟὢ Ɇɨɜɞɚɞ ŮɔɔɨŰŮɟɤɜ ůɖɛŮɑɤɜ Űɞɡ ůɡɜɧɚɞɡ 0 ˊɟɞɠ Űɞ ůɨɜɞɚɞ ɯ 

ὗὖȟὢ  ɄŬɟɎɛŮŰɟɞɘ  əŬɘ ůűɎɚɛŬ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ ůɡɜɧɚɞɡ P 

ůŰɞ ůɨɜɞɚɞ ɉ 

Ὑ ɄɑɜŬəŬɠ ůŰɟɞűɐɠ  

Ὠὴᴆȟὢ ȺɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ Űɞɡ ŮɔɔɨŰŮɟɞɡ ůɖɛŮɑɞɡ ὴᴆ Ŭˊɧ Űɞ 
ůɨɜɞɚɞ ůɖɛŮɑɤɜ ɯ 

Ὢήᴆ ɆɡɜɎɟŰɖůɖ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ 

‖ ȷɨɝɤɜ Ŭɟɘɗɛɧɠ ůɖɛŮɑɞɡ 

† ȾŬŰɩűɚɘ ɐ ȷɜɞɢɐ 

ØȟÙȟÚ  ɆɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ɢɩɟɞ Űɞɡ ůɖɛŮɑɞɡ É ɔɘŬ Űɞ ůɨɜɞɚɞ 0 

ØȟÙȟÚ  ɆɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ɢɩɟɞ Űɞɡ  ůɖɛŮɑɞɡ É ɔɘŬ Űɞ ůɨɜɞɚɞ ɯ 
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ɄȺɅȽȿȼɊȼ 
  

 

ȼ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖ ɛŮɚɏŰɖ əŬɘ 

ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɖ ɞˊɞɑŬ ůɡɜŭɡɎɕŮɘ Űɞɜ əɚɎŭɞ Űɖɠ 

ɔŮɤŭŬɘůɑŬɠ əŬɘ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ, ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ŰŮɢɜɘəɐɠ 

ŮɝɏŰŬůɖɠ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮɗɞŭɞɚɞɔɑŬ ŬɡŰɐ, ŬűɞɟɎ ůŰɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ 

Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ əŬɗɩɠ əŬɘ ůŰɖ ɛŮɚɏŰɖ ˊŬɟŬɛɞɟűɩůŮɩɜ Űɞɡɠ 

ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ɢɟɞɜɘəɩɜ ůŰɘɔɛɩɜ.  

ȾɑɜɖŰɟɞ ŬˊɞŰɏɚŮůŮ ŬűŮɜɧɠ ɖ ůˊɞɡŭŬɘɧŰɖŰŬ ŭɘŬůűɎɚɘůɖɠ Űɖɠ 

ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ əŬɘ Űɤɜ ŬɔŬɗɩɜ ˊɞɡ Űɖɜ ŬˊɞŰŮɚɞɨɜ, ŬɚɚɎ əŬɘ ɖ 

ɏɜŰŬɝɖ Űɖɠ ɔŮɤŭŬɘůɑŬɠ əŬɘ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ ůŮ ɏɜŬɜ əɚɎŭɞ ɧˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ űɤŰɞɔɟŬɛɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

ɚŮˊŰɞɛŮɟɩɜ ɛɞɜŰɏɚɤɜ ŰŮəɛɖɟɑɤůɖɠ.  

Ƀɘ ˊɟɤŰɞŰɡˊɑŮɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ ɏɔəŮɘɜŰŬɘ ůŰɞ ɧŰɘ:  

Á ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ əŬɘ ɞɘ ɔɜɩůŮɘɠ ɔŮɤŭŬɘůɑŬɠ 

ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ɛŮ ŬɟəŮŰɎ 

ɡɣɖɚɐ ŬəɟɑɓŮɘŬ.  

Á ȷɝɘɞˊɞɘɞɨɜŰŬɘ ŮɝŮɚɘɔɛɏɜŬ ɛŮŰɟɖŰɘəɎ ůɡůŰɐɛŬŰŬ ɧˊɤɠ ɞɘ ŬɟɗɟɤŰɞɑ 

ɓɟŬɢɑɞɜŮɠ ɛɏŰɟɖůɖɠ əŬɘ ɞɘ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

(ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ) ɔɘŬ Űɖ 

ɛŮɚɏŰɖ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ, ɧˊɤɠ ŰŬ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ.  

Á ȺɝŮŰɎɕɞɜŰŬɘ ˊɞɘəɑɚŬ əɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ 

Ůɝɞˊɚɘůɛɞɨ əŬɘ ɛŮɗɧŭɞɡ ŰŮəɛɖɟɑɤůɖɠ, ŬɝɘɞˊɞɘɩɜŰŬɠ əŬŰɎɚɚɖɚŮɠ 

ˊɞɚɡəɟɘŰɖɟɘŬəɏɠ ŬɜŬɚɨůŮɘɠ.  

Á ȺɚɏɔɢɞɜŰŬɘ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ɔŮɤŭŬɘŰɘəɎ ɛɞɜŰɏɚŬ 

ˊŬɟŬɛɧɟűɤůɖɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɟɞɓɚɏɣŮɤɜ 

ɛŮŰŬɓɞɚɐɠ ɗɏůɖɠ ůɖɛŮɑɤɜ ůŮ ɏɜŬ ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ.  

Á ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

ůɡɛˊŮɟŬůɛɎŰɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ. 

Á ȷɝɘɞˊɞɘɞɨɜŰŬɘ ŰŬ ɔŮɤŭŬɘŰɘəɎ ŭɑəŰɡŬ ɔɘŬ Űɖ ůɡɜɏɜɤůɖ ɜŮűɩɜ, 

ŬˊɞűŮɨɔɞɜŰŬɠ Űɖ ůɎɟɤůɖ ɛŮɔɎɚɞɡ ŮˊɘəŬɚɡˊŰɧɛŮɜɞɡ ŰɛɐɛŬŰɞɠ ůŮ 

ŬɡŰɎ.  
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Á ȹɞɛŮɑŰŬɘ ɛɑŬ ŮɡɏɚɘəŰɖ ɛŮɗɞŭɞɚɞɔɑŬ ŰŮəɛɖɟɑɤůɖɠ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ɖ 

ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ñɛŮŰŬűŮɟɗŮɑò əŬɘ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ ˊɞɘəɑɚŬ 

ˊŮɟɘɓɎɚɚɞɜŰŬ. 

Á ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɛɑŬ ɛŮɗɞŭɞɚɞɔɑŬ ŰŮəɛɖɟɑɤůɖɠ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ɖ 

ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɝɎɔŮɘ ŰɟɘŭɘɎůŰŬŰɖ ˊɚɖɟɞűɞɟɑŬ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, 

ůŮ ŬɜŰɑɗŮůɖ ɛŮ ɎɚɚŮɠ ɔŮɤɛŮŰɟɘəɏɠ ɛŮɗɧŭɞɡɠ, ɧˊɤɠ ŬɡŰɐ Űɖɠ 

űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ.  

Á ȷɜŬɚɨŮŰŬɘ əŬɘ ŭɞɛŮɑŰŬɘ ɛɑŬ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɖɜ ɘɢɜɖɚɎŰɖůɖ əŬɘ Űɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ɢŬɛɏɜɤɜ ˊɘɜŮɚɘɩɜ ůŮ ɏɟɔŬ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ űɗɞɟɎ.  

Á ȷɜŬŭŮɘəɜɨɞɜŰŬɘ ɜɏɞɘ Űɟɧˊɞɘ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɘɠ 

ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ. 

Á ȾŬŰŬɔɟɎűɞɜŰŬɘ ŰŬ ůŰɎŭɘŬ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 

ɛŮɗɞŭɞɚɞɔɑŬɠ.  

ȼ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ŰɟɑŬ ɛɏɟɖ, ˊɞɡ 

ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ ůŮ əŮűɎɚŬɘŬ.  

ɄɟɩŰɞ ɛɏɟɞɠ 

ȷɡŰɧ Űɞ ɛɏɟɞɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɝɘ əŮűɎɚŬɘŬ (1, 2, 3, 4, 

5 əŬɘ 6) əŬɘ ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬůəɧˊɖůɖ ŬɚɚɎ əŬɘ 

Űɖ ɚŮˊŰɞɛŮɟɐ əŬŰŬɔɟŬűɐ Űɤɜ ɕɖŰɖɛɎŰɤɜ ˊɞɡ ɎˊŰɞɜŰŬɘ ůŮ ŬɡŰɐ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɖ ŭɘŬŰɟɘɓɐ ɓŬůɑɕŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ Űɤɜ ɓŬůɘəɩɜ Ŭɟɢɩɜ 

ŰŮɢɜɘəɐɠ ŮɝɏŰŬůɖɠ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ ˊɞɚɘŰɘůŰɘəɩɜ 

ŬɔŬɗɩɜ, əŬɗɩɠ əŬɘ Űɞɡ əɚɎŭɞɡ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ, əŬɘ Űɖɠ 

ŬɜɎɚɡůɖɠ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɖ ɔŮɤŭŬɘůɑŬ.  ȰŰůɘ, əɎɗŮ əŮűɎɚŬɘɞ Űɞɡ 

ˊɟɩŰɞɡ ɛɏɟɞɡɠ, ŮɛɓŬɗɨɜŮɘ ůŮ əɎɗŮ ŮˊɘůŰɖɛɞɜɘəɐ ˊŮɟɘɞɢɐ ɢɤɟɘůŰɎ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɢŮɘ ˊɚɖɟɧŰɖŰŬ.  

ɆŰɞ ́ɟɩŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ŬɝɑŬ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ 

əɚɖɟɞɜɞɛɘɎɠ ŬɚɚɎ əŬɘ ŰŬ ŬɔŬɗɎ ˊɞɡ Űɖɜ ŬˊɞŰŮɚɞɨɜ, Ůɜɩ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ 

ɏɛűŬůɖ ůŰɖ ůɡɜŰɐɟɖůɖ əŬɘ Űɖɜ ŬˊɞəŬŰɎůŰŬůɐ Űɞɡɠ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 

ɓŬůɘəɏɠ Ŭɟɢɏɠ ůɡɜŰɐɟɖůɖɠ, ɖ ůɖɛŬůɑŬ əŬɘ Űɞ ɏɟɔɞ Űɞɡ ůɡɜŰɖɟɖŰɐ, Ůɜɩ 

ŬˊɞůŬűɖɜɑɕɞɜŰŬɘ ɞɘ ɧɟɞɘ: ŮˊŮɛɓŬŰɘəɐɠ ůɡɜŰɐɟɖůɖɠ, ŬˊɞəŬŰɎůŰŬůɖɠ ŬɚɚɎ 

əŬɘ ˊɟɞɚɖˊŰɘəɐɠ ůɡɜŰɐɟɖůɖɠ əŬɘ ŭɘŬŰɐɟɖůɖɠ. ɇɏɚɞɠ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ 

ɏɛűŬůɖ ůŰɖɜ ŰŮəɛɖɟɑɤůɖ Űɖɠ ůɡɜŰɐɟɖůɖɠ ŬɜŬűɏɟɞɜŰŬɠ Űɘ ˊɟɏˊŮɘ ŬɡŰɐ ɜŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ɔɘŬŰɑ ŬˊɞŰŮɚŮɑ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ŮɟɔŬɚŮɑɞ ɔɘŬ ɏɜŬ 

ˊɞɚɘŰɘůŰɘəɧ ŬɔŬɗɧ.  

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ əŬŰŬɔɟɎűɞɜŰŬɘ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ 

ɧɚŮɠ ɞɘ ŭɘŬɔɜɤůŰɘəɏɠ ɛɏɗɞŭɞɘ ŰŮɢɜɘəɐɠ ŮɝɏŰŬůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ. ɃɡůɘŬůŰɘəɎ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɧɚŮɠ ŮəŮɑɜŮɠ Űɘɠ ɛɖ 

əŬŰŬůŰɟŮˊŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɛɏůŬ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŮɝŮŰɎɕɞɜŰŬɘ, 



[XXXIII] 

 

ŭɘŬˊɘůŰɩɜɞɜŰŬɘ əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ űɗɞɟɏɠ əŬɘ ɞɘ ŬɚɚɞɘɩůŮɘɠ Ůɜɧɠ 

ɏɟɔɞɡ, Ůɜɩ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ ŭɘŬŭɘəŬůɑŮɠ ɢɟɞɜɞɚɧɔɖůɖɠ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŬɜŬɚɨɞɜŰŬɘ ɞɘ ŬˊŮɘəɞɜɘůŰɘəɏɠ əŬɘ ɢɖɛɘəɏɠ ɛɏɗɞŭɞɘ,  

ɞɘ ɞˊɞɑŮɠ ɛŮɚŮŰɞɨɜ űŬůɛŬŰɞůəɞˊɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ 

ɡɚɘəɩɜ ŬɚɚɎ əŬɘ Ɏɚɚɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ɏɟɔɞɡ ŬɚɚɎ əŬɘ ɞɘ 

ɛŮŰɟɖŰɘəɏɠ ɛɏɗɞŭɞɘ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ űɤŰɞɔɟŬɛɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ 

Űɖɜ ŮɝŬɔɤɔɐ ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ ŰɟɘŭɘɎůŰŬŰɤɜ ɛɞɜŰɏɚɤɜ 

Űɤɜ ɏɟɔɤɜ.  

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮŰŬɘ ɞ ɧɟɞɠ Űɖɠ ɛŮŰŬɓɞɚɐɠ ɗɏůɖɠ əŬɘ Űɖɠ 

ŬɜɎɚɡůɖɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ, ůɨɛűɤɜŬ ɛŮ Űɞɜ əɚɎŭɞ Űɖɠ ɔŮɤŭŬɘůɑŬɠ, 

Ůɜɩ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰŬ ɛɞɜŰɏɚŬ ŬɜɑɢɜŮɡůɖɠ ɛŮŰŬɓɞɚɐɠ ůɖɛŮɑɤɜ 

ůŰɞ ɢɩɟɞ. ȷɜŬɚɨɞɜŰŬɘ ŰŬ ˊŮɟɘɔɟŬűɘəɎ ɛɞɜŰɏɚŬ əŬɗɩɠ əŬɘ ŰŬ ɛɞɜŰɏɚŬ 

ŬɘŰɑŬɠ-Ŭ́ ɞŰŮɚɏůɛŬŰɞɠ Ůɜɩ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ 

ˊɟɞůŭɘɞɟɘůɛɞɨ ˊŬɟŬɛɞɟűɩůŮɤɜ ɧˊɤɠ ŬɡŰɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɏɢɟɘ 

ůɐɛŮɟŬ ůŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ.  

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ əŬɘ ɞɘ ŭɘŬŭɘəŬůɑŮɠ 

Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ɔɘŬ Űɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɗɏůɖɠ Ůɜɧɠ ůɖɛŮɑɞɡ, Ůɜɩ  ŭɑɜŮŰŬɘ 

ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɞ Űɘ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ 

ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ.  

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ əŬŰŬɔɟɎűŮŰŬɘ əŬɘ ŬɜŬɚɨŮŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɧ,Űɘ 

ŬűɞɟɎ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ. ȷűɞɨ ˊŮɟɘɔɟŬűŮɑ Űɞ ŬɜŰɘəŮɑɛŮɜɧ Űɞɡɠ, 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɞ Ůɝɞˊɚɘůɛɧɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ůɖɛŮɟɘɜɐ 

Ůˊɞɢɐ. ȷɜŬɚɨɞɜŰŬɘ ɞɘ ɔŮɤŭŬɘŰɘəɞɑ ůŰŬɗɛɞɑ ŬəɟɘɓŮɑŬɠ, ɞɘ ůŰŬɗŮɟɏɠ əŬɘ 

űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŬɚɚɎ əŬɘ ɞɘ ŬɟɗɟɤŰɞɑ 

ɓɟŬɢɑɞɜŮɠ ɛɏŰɟɖůɖɠ. ũɘŬ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ, ŭɑɜɞɜŰŬɘ ɞɘ Ŭɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɞɡɠ, ɞɘ ɛŮɗɞŭɞɚɞɔɑŮɠ ɛŮŰɟɐůŮɘɠ ŬɚɚɎ əŬɘ ɞɘ ˊɖɔɏɠ ůűŬɚɛɎŰɤɜ 

ůɡɜɞŭŮɡɧɛŮɜŮɠ Ŭˊɧ Űɘɠ ŭɘŬəɟɘɓɩůŮɘɠ əŬɘ Űɞɡ Ůɚɏɔɢɞɡɠ ́ ɞɡ ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Ŭəɟɘɓɐ əŬɘ ɞɟɗɎ ŬˊɞŰŮɚɏůɛŬŰŬ.  

ɇɏɚɞɠ, ůŰɞ ɏəŰɞ əŮűɎɚŬɘɞ, ŭɑɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

Ůˊɘɚɞɔɐ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ Ůɝɞˊɚɘůɛɞɨ əŬɘ ɛŮɗɧŭɞɡ ɔɘŬ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŰɟɘɓɐ. ɃɡůɘŬůŰɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɞɚɡəɟɘŰɖɟɘŬəɐ 

ŬɜɎɚɡůɖ ŬˊɞűɎůŮɤɜ ɛŮŰŬɝɨ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɞ 

ˊɏɛˊŰɞ əŮűɎɚŬɘɞ, ŮɝŮŰɎɕɞɜŰŬɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ 

ůɡɜŰɖɟɖŰɩɜ ɔɘŬ ɞɟɗɐ əŬɘ Ŭəɟɘɓɐɠ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ůŮ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ.  

ɆɨɛűɤɜŬ ɛŮ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ əɟɘŰɖɟɑɤɜ, ŮˊɘɚɏɔŮŰŬɘ ɖ ɢɟɐůɖ 

ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ ɛɘəɟɧŰŮɟŬ ɏɟɔŬ, əŬɘ 

ůɡɜŭɡŬůɛɧɠ ɓɟŬɢɑɞɜŬ əŬɘ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟŬ ɏɟɔŬ.  
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ȷəɧɛɖ ůŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŮˊɘɚɏɔŮŰŬɘ əŬɘ ɞ əŬŰŬɚɚɖɚɧŰŮɟɞɠ 

Ŭɚɔɧɟɘɗɛɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ  ůŮ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ, Ůɜɩ ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ɞɘ ɛɏɗɞŭɞɘ C2C əŬɘ M3C2 Ůˊɘűɏɟɞɡɜ 

ŰŬ ɓɏɚŰɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ.  

ȹŮɨŰŮɟɞ ɛɏɟɞɠ 

ɆŮ ŬɡŰɧ Űɞ ɛɏɟɞɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟŬ 

əŮűɎɚŬɘŬ (7, 8, 9 əŬɘ 10), ŬɜŬɚɨŮŰŬɘ əŬɘ ŰŮəɛɖɟɘɩɜŮŰŬɘ ˊɚɐɟɤɠ ɖ 

ˊɟɞŰŮɘɜɧɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ, Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ əŬɘ Űɖɜ ˊɟɧɓɚŮɣɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ. 

ȷɜŬűɏɟŮŰŬɘ ŬɜŬɚɡŰɘəɎ əɎɗŮ ɓɐɛŬ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ Ůɜɩ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

əŬɘ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ůŮ ˊɞɘəɑɚŬ ɏɟɔŬ ɩůŰŮ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰɎ Űɖɠ.  

ɆɡɔəŮəɟɘɛɏɜŬ ůŰɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ, ˊŮɟɘɔɟɎűŮŰŬɘ əɎɗŮ ɓɐɛŬ Űɖɠ 

ɛŮɗɞŭɞɚɞɔɑŬɠ ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ. 

ȷɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ: 

× Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ Ůɝɞˊɚɘůɛɞɨ, ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ Űɞɡ ɏɟɔɞɡ, əŬɘ Űɖ ůɢŮŰɘəɐ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ  

× Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɐ Ŭɚɚɘɩɠ Űɖ ůɎɟɤůɖ Űɞɡ ɏɟɔɞɡ 

× Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ  

× əŬɘ ŰŮɚɘəɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŮɝŬɔɤɔɐ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ.  

ɋůŰɧůɞ, ɔɘŬ ɜŬ ɡˊɎɟɢŮɘ ŬəɟɑɓŮɘŬ əŬɘ ŬɝɘɞˊɘůŰɑŬ ůŰɘɠ ɛŮŰɟɐůŮɘɠ, 

ɡˊɎɟɢɞɡɜ ůɡɔəŮəɟɘɛɏɜɞɘ ɏɚŮɔɢɞɘ əŬɘ ŭɘŬəɟɘɓɩůŮɘɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ůŰŬ ɛŮŰɟɖŰɘəɎ ůɡůŰɐɛŬŰŬ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ 

ˊɟɞŮŰɞɘɛŬůɑŬɠ. ȷɡŰɞɑ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ɧɔŭɞɞ əŮűɎɚŬɘɞ əŬɘ 

Ŭűɞɟɞɨɜ Űɧůɞ Űɘɠ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ɧůɞ əŬɘ 

ůŰɞɡɠ ŬɟɗɟɤŰɞɨɠ ɓɟŬɢɑɞɜŮɠ ɛɏŰɟɖůɖɠ.  

ȰŰůɘ, ůŰɞ ɏɜŬŰɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɚŮˊŰɞɛŮɟɩɠ  əŬɘ ɖ 

ɛŮɗɞŭɞɚɞɔɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ əŬɘ ˊɟɧɓɚŮɣɖɠ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ.  

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ: 

× ŮɡɗɡɔɟɎɛɛɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɢɟɞɜɘəɩɜ ůŰɘɔɛɩɜ  

× ůŰŬŰɘůŰɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ ˊŬɟŬɛɞɟűɩůŮɤɜ  

× ɡˊɞɚɞɔɘůɛɧɠ ˊŬɟŬɛɞɟűɩůŮɤɜ  

× əŬɘ Űɏɚɞɠ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ   

Ⱥɜɩ, ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ, ŬˊŬɘŰɞɨɜŰŬɘ ŭŮŭɞɛɏɜŬ ɢɟɞɜɞůŮɘɟɩɜ ŬɚɚɎ əŬɘ 

ůŰɞɘɢŮɑŬ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɢɟɤůŰɘəɏɠ Űɞɡ əɎɗŮ ɏɟɔɞɡ.  
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ɇɏɚɞɠ ůŰɞ ŭɏəŬŰɞ əŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮűŬɟɛɞɔɐ Űɖɠ 

ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ůŮ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɟɔŬ ůŮ əŬɛɓɎ, ɢŬɟŰɑ ɐ ɝɨɚɞ Ůɜɩ ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ 

Űɧůɞ ůŰɘɠ ɢɟɤůŰɘəɏɠ Űɞɡɠ ɧůɞ əŬɘ ůŰɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ. 

ȾŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ɏɢŮɘ ŮɝŬɜŬɔəŬůŰŮɑ ůŮ ˊŬɟŬɛɧɟűɤůɖ, ɏɢŮɘ ŰŮəɛɖɟɘɤɗŮɑ 

ɔŮɤɛŮŰɟɘəɎ ůŮ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ Ůˊɞɢɏɠ əŬɘ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ ɞɘ ŭɘŬűɞɟɏɠ 

(ˊŬɟŬɛɞɟűɩůŮɘɠ) ɛŮŰŬɝɨ Űɤɜ Ůˊɞɢɩɜ.  

ɆɡɜɞˊŰɘəɎ ŰŬ ˊŮɘɟɎɛŬŰŬ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ŮɑɜŬɘ:  

ȷ/ȷ ɈˊɧɓŬɗɟɞ  
ɀɏɔŮɗɞɠ 

(cm x cm) 
ɉɟɤůŰɘəɏɠ ɄŬɟŬɛɧɟűɤůɖ 

1ɞ ɂɨɚɞ 35 x 24 ɉɟɩɛŬŰŬ ŬɔɘɞɔɟŬűɑŬɠ 
ũŭɎɟůɘɛɞ/ȷűŬɑɟŮůɖ 

ɡɚɘəɞɨ 

2ɞ ɉŬɟŰɑ 200gr 29.7 x 42 
ɀŬɟəŬŭɧɟɞɘ 

ɞɘɜɞˊɜŮɨɛŬŰɞɠ  

ɄŬɟŬɛɞɜɐ ůŮ ɡɣɖɚɐ 

ɡɔɟŬůɑŬ 

3ɞ ȾŬɛɓɎɠ 40 x 60 ȿŬŭɞɛˊɞɔɘɏɠ ȷűŬɑɟŮůɖ ɢɟɩɛŬŰɞɠ  

4ɞ ɉŬɟŰɑ 640gr 42 x 76 ȷəɞɡŬɟɏɚŮɠ ɊɏəŬůɛŬ ɛŮ ɜŮɟɧ 

 

ɇɟɑŰɞ ɛɏɟɞɠ 

ɇɞ ŰŮɚŮɡŰŬɑɞ ɛɏɟɞɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ əŮűɎɚŬɘɞ (11), 

ůŰɞ ɞˊɞɑɞ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɜɞɚɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɞɘ 

ˊɟɞŰɎůŮɘɠ.   

ȷˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ŰŮəɛɖɟɑɤůɖɠ ɛˊɞɟŮɑ 

ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɎɛŮůŬ əŬɘ Ŭəɟɘɓɐ ŬˊɞŰŮɚɏůɛŬŰŬ (Űɖɠ ŰɎɝɖɠ Űɤɜ Ñ50ɛm), 

ˊŬɟɎɔɞɜŰŬɠ ŰɟɘŭɘɎůŰŬŰɖ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ ŰŬ ɏɟɔŬ Űɧůɞ ˊɟɘɜ ɧůɞ əŬɘ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ əŬɘ Űɞ ˊɏɟŬɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůɡɜŰɐɟɖůɖɠ.  

ȰŰůɘ ůŰɞ ŮɜŰɏəŬŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ əŮűɎɚŬɘɞ ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ  əŬɘ ɔɑɜɞɜŰŬɘ əɎˊɞɘŮɠ ˊɟɞŰɎůŮɘɠ ɔɘŬ 

ˊŮɟŬɘŰɏɟɤ ůɡɜɏɢɘůɖ Űɖɠ ɏɟŮɡɜŬɠ.
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ABSTRACT 
 

METHODOLOGY DEVELOPMENT FOR GEOMETRIC 

DOCUMENTATION AND DEFORMATION DETECTION IN 

PAINTINGS USING HIGH PRECISION METHODS 

 

This dissertation focuses on the study and creation of a methodology 

that combines the fields of geodesy and precision measurements with the 

technical examination requirements for the preservation and restoration of 

cultural heritage assets. Specifically, this methodology refers to the 

geometric documentation of paintings and the study of their deformations 

over different epochs. 

The motivation was the combination of two thoughts: the importance of 

safeguarding cultural heritage and the assets it encompasses, and the 

integration of geodesy and precision measurements into a field where 

photogrammetric data are predominantly used.  

The originality of the dissertation lies in: 

Á The precision measurements and geodetic knowledge which is used for 

the geometric documentation of paintings. 

Á The use of advanced measuring systems such as articulated measuring 
arms and laser trackers (which are mainly used in industrial 

applications) and now are used for the study of cultural heritage objects, 

such as paintings. 

Á The multi-criteria analyses for the selection of the appropriate 

equipment and documentation method. 

Á The geodetic deformation models which are utilized and tested for 

detecting and predicting position changes of points in a painting. 

Á The statistical analysis which is performed to draw conclusions 
regarding the existence or not of deformations in paintings. 

Á The geodetic networks that are utilized to merge clouds, avoiding the 
scanning of a large overlap between them. 

Á A flexible documentation methodology for paintings, which can be 

"moved" and performed in various environments. 

Á A documentation methodology for paintings, which can extract three-

dimensional information in real time, unlike other geometric methods, 

such as photogrammetry. 

Á The methodology that is developed for tracking and modeling lost 

brushstrokes in artworks that have undergone damage. 

Á The new ways of depicting deformations in three dimensions.  
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Á The recoding of all the stages regarding the implementation of the 

proposed methodology. 

The dissertation is divided into three parts, structured into respective 

chapters.  

First Part 

This part consists of six chapters (1ï6) and addresses the literature 

review and detailed recording of related issues. Specifically, the 

dissertation is based on combining the core principles of technical 

examination for the preservation and restoration of cultural heritage assets 

with the field of precision measurements and deformation analysis in 

geodesy. Each chapter of Part One delves into a specific scientific area for 

completeness. 

In the first chapter, the value of cultural heritage and the assets it 

encompasses are described, with particular emphasis placed on their 

preservation and restoration. The basic principles of conservation, the 

importance of the conservatorôs role, and their work are presented, while 

the terms invasive conservation, restoration, as well as preventive 

conservation and maintenance, are clarified. Lastly, significant emphasis is 

given to the documentation of conservation, outlining what it should 

include and why it is the most critical tool for a cultural asset. 

In the second chapter, all diagnostic methods for the technical 

examination of paintings are recorded and analyzed in detail. These are 

essentially non-destructive methods used to examine, identify, and 

document the damages and alterations of a painting, which may also 

include dating processes. 

More specifically, imaging and chemical methods are analyzed, which 

study spectroscopic data to identify the materials and other characteristics 

of the artwork. Additionally, measurement methods are examined, utilizing 

photogrammetric data to extract geometric features and create three-

dimensional models of the paintings. 

In the third chapter, the concept of positional change and deformation 

analysis is described, as defined within the field of geodesy, with particular 

emphasis on models for detecting changes in spatial points. Descriptive 

models as well as cause-effect models are analyzed, and deformation 

detection algorithms currently applied to paintings are presented. 

In the fourth chapter, methods and processes for predicting the 

positional change of a point are introduced, with special emphasis on the 

requirements for predicting deformations in paintings. 
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The fifth chapter records and thoroughly analyzes all aspects of 

precision measurements. After describing their scope, the equipment 

currently in use is presented in detail. Precision geodetic total stations, 

coordinate measure machines, laser trackers, as well as articulated 

measuring arms are analyzed. For each of these, the principles of operation, 

measurement methodologies, and error sources are discussed, along with 

the calibrations and checks required to ensure accurate and reliable results. 

Finally, in the sixth chapter, information is provided regarding the 

selection of the most suitable equipment and method for the specific 

dissertation. A multi-criteria decision analysis is conducted among the 

equipment presented in the fifth chapter, examining the characteristics and 

requirements of conservators for accurate and reliable geometric 

documentation of paintings. 

Based on the evaluation criteria, the use of an articulated coordinate 

measuring arm is chosen for smaller paintings, while a combination of an 

arm and a laser tracker is selected for larger paintings. 

Additionally, in this chapter, the most appropriate algorithm for 

determining deformations in paintings is identified, with the methods C2C 

and M3C2 found to deliver the best results. 

Second Part 

In this part of the dissertation, which consists of four chapters (7, 8, 9, 

and 10), the proposed methodology for geometric documentation, 

deformation determination, and prediction in paintings is fully analyzed 

and documented. Each step of the methodology is described in detail, and 

its application to various paintings is presented to assess its functionality. 

Specifically, in the seventh chapter, every step of the methodology for 

geometric documentation of paintings is described. This includes: 

× Selection of the most suitable equipment based on the size of the 

painting and its preparation 

× Geometric documentation, or scanning of the painting 

× Data processing for the point cloud 

× And finally, creation of the three-dimensional model. 

To ensure accuracy and reliability in the measurements, specific checks 

and calibrations must be carried out on the measurement systems during 

the preparation stage. These are described in detail in the eighth chapter 

and concern both laser trackers and articulated measuring arms. 
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In the ninth chapter, the methodology for determining and predicting 

deformations in paintings is presented in detail. For deformation 

determination, the following steps are carried out: 

× Alignment of models from different epochs, 

× Statistical testing for the presence or absence of deformations, 

× Deformation calculation, 

× And, finally, visualization of the results. 

For prediction, time-series data and information related to the pigments 

of each painting are required. 

Finally, in the tenth chapter, the proposed methodology is applied to 

four different paintings. These include works on canvas, paper, or wood, 

with variations in both their pigments and the deformations they have 

undergone. Each painting was subjected to controlled deformation, 

geometrically documented at least at two different time periods, and the 

differences (deformations) between these periods were calculated. 

The experiments conducted are summarized as follows: 

ȷ/ȷ Support  
Size 

(cm x cm) 
Pigments Deformation 

1ɞ Wood 35 x 24 Icon painting colors 
Scratching/Material 

removal 

2ɞ Paper 200gr 29.7 x 42 
Alcohol-based 

markers 

Exposure to high 

humidity  

3ɞ Canvas 40 x 60 Oil paints Color removal  

4ɞ Paper 640gr 42 x 76 Watercolors  Spraying with water 

 

Third Part 

The final part of the dissertation consists of a single chapter (11), where 

the overall conclusions and proposals are presented. 

It is demonstrated that the proposed documentation methodology can 

produce immediate and highly accurate results (within a margin of Ñ50ɛm), 

generating three-dimensional data for artworks before, during, and after the 

conservation process. 

In the eleventh and final chapter, the findings are summarized, and 

several suggestions are made for further research continuation.
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ȺȽɆȷũɋũȼ 
 

 

ɇŬ ˊɞɚɘŰɘůŰɘəɎ ŬɔŬɗɎ, əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ, 

ŬˊɞŰŮɚɞɨɜ ɏɜŬ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɖɠ ɄŬɔəɧůɛɘŬɠ ɄɞɚɘŰɘůŰɘəɐɠ 

ȾɚɖɟɞɜɞɛɘɎɠ. ȻɤɔɟŬűɘɏɠ ůŮ əŬɛɓɎ, ɢŬɟŰɑ, ŰɞɘɢɞɔɟŬűɑŮɠ, ŬˊŮɘəɞɜɑůŮɘɠ ůŮ 

ˊɏŰɟŬ, ŬɔɘɞɔɟŬűɑŮɠ, ŬəɧɛŬ əŬɘ ŰŬ ɣɖűɘŭɤŰɎ, ŭɑɜɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 

ɔŮɔɞɜɧŰŬ, ůəɏɣŮɘɠ əŬɘ əŬŰŬůŰɎůŮɘɠ ŰŬ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ŮəŬŰɞɜŰɎŭŮɠ ɢɟɧɜɘŬ ˊɟɘɜ.  

ȼ ůˊɞɡŭŬɘɧŰɖŰŬ Űɧůɞ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ, ɧůɞ əŬɘ Űɤɜ 

ŬɔŬɗɩɜ ˊɞɡ Űɖɜ ŬˊɞŰŮɚɞɨɜ, ŭɖɛɘɞɨɟɔɖůŮ Űɖɜ ŬɜɎɔəɖ ŭɘŬűɨɚŬɝɐɠ Űɞɡɠ Ŭˊô 

ɧɚɞɡɠ Űɞɡɠ ɚŬɞɨɠ Űɞɡ əɧůɛɞɡ. ȼ ŭɘŬŰɐɟɖůɖ əŬɘ ɖ ǌɛŮŰŬűɞɟɎǌ Űɞɡɠ 

ŮˊɘűɏɟŮɘ ɣɡɢɘəɐ əŬɘ ˊɜŮɡɛŬŰɘəɐ ɘůɞɟɟɞˊɑŬ, ˊɞɘɧŰɖŰŬ ɕɤɐɠ əŬɘ ˊɞɚɘŰɘůŰɘəɐ 

ŰŬɡŰɧŰɖŰŬ Űɧůɞ ůŰɞɡɠ ůɖɛŮɟɘɜɞɨɠ Ŭɜɗɟɩˊɞɡɠ ɧůɞ əŬɘ ůŰɘɠ ɛŮɚɚɞɜŰɘəɏɠ 

ɔŮɜŮɏɠ.  

ũɘŬ Űɖɜ ɞɟɗɐ ůɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ 

ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ, ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ˊŬɔəɞůɛɑɤɠ. ȳˊɞɘŬ 

əŬɘ ɜŬ ŬəɞɚɞɡɗɖɗŮɑ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɖ ɞɟɗɐ əŬɘ Ŭəɟɘɓɐɠ ŬˊɞŰɨˊɤůɖ Űɞɡ 

ŮəɎůŰɞŰŮ ɏɟɔɞɡ, əŬɗɩɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ ŬɘůɗɖŰɘəɐ əŬɘ ɖ 

ɘůŰɞɟɘəɐ ŬəŮɟŬɘɧŰɖŰɎ Űɞɡ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞɠ ɞ 

ŮɜŰɞˊɘůɛɧɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ Űɞɡ əɎɗŮ ɏɟɔɞɡ ɛŮ ŬəɟɑɓŮɘŬ ɛŮɟɘəɩɜ ɛm, 

Ůɜɩ ɖ Ŭəɟɘɓɐɠ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ Űɞɡ, ŬˊɞŰŮɚŮɑ ɛɞɜɧŭɟɞɛɞ ɔɘŬ Űɖɜ 

ɞɟɗɐ ˊŬɟɏɛɓŬůɖ Űɤɜ ůɡɜŰɖɟɖŰɩɜ. 

ɀɏɢɟɘ ůɐɛŮɟŬ, ɖ ɢɟɐůɖ ɛɖ ŮˊŮɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ űŬůɛŬŰɞůəɞˊɑŬɠ, 

ŬɝɘɞˊɞɘŮɑ Űɖɜ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ɐ Űɖɜ ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ əɎɗŮ ɡɚɘəɞɨ, ůɡɚɚɏɔɞɜŰŬɠ ˊɚɖɟɞűɞɟɑŮɠ 

ɔɘŬ Űɖ ůɨɜɗŮůɖ, Űɞ ůɢɐɛŬ, Űɞ ɡɚɘəɧ əŬɘ Űɞ ɢɟɩɛŬ Űɞɡ əɎɗŮ ɏɟɔɞɡ 

ɕɤɔɟŬűɘəɐɠ. Ⱥˊɘˊɚɏɞɜ ɖ ɢɟɐůɖ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ɛŮɗɧŭɤɜ ŬɚɚɎ əŬɘ 

Ŭˊɚɩɜ ůŬɟɤŰɩɜ ɚɏɘɕŮɟ, ˊŬɟɏɢɞɡɜ ɔŮɤɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɞ 

ŮəɎůŰɞŰŮ ɏɟɔɞ ůŮ ŭɨɞ ɐ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ.  

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ ɔŮɤŭŬɘůɑŬ, ŬˊɞŰŮɚŮɑ ɛɑŬ ŮˊɘůŰɐɛɖ ˊɞɡ ɏɢŮɘ ɤɠ ůŰɧɢɞ 

Űɖɜ ɛɏŰɟɖůɖ əŬɘ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ 

űɡůɘəɐɠ ɔɐɘɜɖɠ ŮˊɘűɎɜŮɘŬɠ ŬɚɚɎ əŬɘ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ˊɎɜɤ ůŮ ŬɡŰɐ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ŮɝŬɔɤɔɐ ɛŮŰɟɐůŮɤɜ ɛŮ 

ɡɣɖɚɧ ɓŬɗɛɧ ŬəɟɑɓŮɘŬɠ əŬɘ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ, ŮűŬɟɛɧɕɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ 

ŬəɟɘɓŮɑŬɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ əɚŮɘůŰɞɨɠ ŮůɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ əɎŰɤ 

Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ. 

ɆɡůɢŮŰɑɕɞɜŰŬɠ, ɚɞɘˊɧɜ, Űɖɜ ŬəɟɑɓŮɘŬ ˊɞɡ ˊɟɞůűɏɟɞɡɜ ɞɘ ɛŮŰɟɐůŮɘɠ 

ŬəɟɘɓŮɑŬɠ (Ñ10ɛm), ŬɚɚɎ əŬɘ Űɖ ɚŮˊŰɞɛɏɟŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ 
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ůɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ (Ñ10-100 ɛm), ɖ 

ŬɜɎˊŰɡɝɖ ůɡɜŭɡŬůɛɏɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ, ŮˊɘűɏɟŮɘ ɜɏŬ əŬɘ ůɖɛŬɜŰɘəɎ 

ɞűɏɚɖ ůŰɞɜ ˊɞɚɘŰɘůɛɧ əŬɘ Űɖɜ ɘůŰɞɟɑŬ. 

ɆɡɜɞɣɑɕɞɜŰŬɠ ɞɘ ˊɟɤŰɞŰɡˊɑŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ɏɟŮɡɜŬɠ 

Ŭűɞɟɞɨɜ ůŰŬ ŬəɧɚɞɡɗŬ: 

 

Á ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ əŬɘ ɞɘ ɔɜɩůŮɘɠ 

ɔŮɤŭŬɘůɑŬɠ ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ɛŮ 

ŬɟəŮŰɎ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ.  

ȷɝɘɞˊɞɘŮɑŰŬɘ ɔŮɤŭŬɘŰɘəɧɠ Ůɝɞˊɚɘůɛɧɠ əŬɘ ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ 

Ŭűɞɟɞɨɜ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ 

ɞɚɞəɚɖɟɤɛɏɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɛŮ ůəɞˊɧ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ 

ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ. ɄɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ ŰɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ Ůɜɧɠ ɏɟɔɞɡ 

ɕɤɔɟŬűɘəɐɠ ɛŮ ŬəɟɑɓŮɘŬ Űɖɠ ŰɎɝɖɠ Űɤɜ Ñ40ɛm, Ůɜɩ ɛˊɞɟɞɨɜ ɜŬ 

ŮɜŰɞˊɘůŰɞɨɜ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 80-100ɛm.    

 

Á ȷɝɘɞˊɞɘɞɨɜŰŬɘ ŮɝŮɚɘɔɛɏɜŬ ɛŮŰɟɖŰɘəɎ ůɡůŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ   

ȺˊɘɚɏɔɞɜŰŬɘ ɞɘ ŬɟɗɟɤŰɞɑ ɓɟŬɢɑɞɜŮɠ ɛɏŰɟɖůɖɠ əŬɘ ɞɘ űɞɟɖŰɏɠ 

ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ Űɖ ɛŮɚɏŰɖ ŬɜŰɘəŮɘɛɏɜɤɜ 

ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ, ɧˊɤɠ ŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ. ȷɝɑɕŮɘ ɜŬ 

ůɖɛŮɘɤɗŮɑ ˊɤɠ ɞ Ůɝɞˊɚɘůɛɧɠ ŬɡŰɧɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŮ 

ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ɐ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɡɣɖɚɐ 

ŬəɟɑɓŮɘŬ.  

 

Á ȺɝŮŰɎɕɞɜŰŬɘ ˊɞɘəɑɚŬ əɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ 
Ůɝɞˊɚɘůɛɞɨ əŬɘ ɛŮɗɧŭɞɡ ŰŮəɛɖɟɑɤůɖɠ, ŬɝɘɞˊɞɘɩɜŰŬɠ əŬŰɎɚɚɖɚŮɠ 

ˊɞɚɡəɟɘŰɖɟɘŬəɏɠ ŬɜŬɚɨůŮɘɠ  

ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɞɚɡəɟɘŰɖɟɘŬəɐ ŬɜɎɚɡůɖ ŬˊɞűɎůŮɤɜ, ɖ ɞˊɞɑŬ 

ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ Űɧůɞ ŰŬ ɑŭɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɏɟɔɤɜ ɧůɞ əŬɘ 

Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ ŭɘŬɗɏůɘɛɞɡ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ 

ŮűŬɟɛɞɔɏɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ.  

 

Á ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢɟɐůɖ əŬɘ ɏɚŮɔɢɞɠ Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ ɛɞɜŰɏɚɤɜ 
ˊŬɟŬɛɧɟűɤůɖɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɟɞɓɚɏɣŮɤɜ 

ɛŮŰŬɓɞɚɐɠ ɗɏůɖɠ ůɖɛŮɑɤɜ ůŮ ɏɜŬ ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ  

ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ 

ˊɞɟŮɑŬɠ ɛɘŬɠ ŰŮɢɜɘəɐɠ əŬŰŬůəŮɡɐɠ ɐ Ůɜɧɠ űŬɘɜɞɛɏɜɞɡ, Ůɜɩ ůŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ɛŮɚŮŰɐůɞɡɜ 

ɔŮɤŭŬɘŰɘəɎ əŬɘ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɜ Űɖ ˊŬɟŬɛɧɟűɤůɖ Ůɜɧɠ ɏɟɔɞɡ 

ɕɤɔɟŬűɘəɐɠ.  
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Á ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

ůɡɛˊŮɟŬůɛɎŰɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ 

ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ 

ɀŮɚŮŰɎŰŬɘ ůŰŬŰɘůŰɘəɎ ɖ ɨˊŬɟɝɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɘɜ Űɧůɞ Űɞ ůűɎɚɛŬ Űɞɡ əɎɗŮ ɜɏűɞɡɠ ůŮ əɎɗŮ Ůˊɞɢɐ ŬɚɚɎ əŬɘ Űɖɠ 

ůɢŮŰɘəɐɠ ŮɡɗɡɔɟɎɛɛɘůɐɠ Űɞɡɠ. ȰŰůɘ, ŮɝŮŰɎɕŮŰŬɘ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ 

ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ ɖ ɨˊŬɟɝɖ ɐ ɧɢɘ ˊŬɟŬɛɧɟűɤůɖɠ. 

 

Á ȷɝɘɞˊɞɘɞɨɜŰŬɘ ŰŬ ɔŮɤŭŬɘŰɘəɎ ŭɑəŰɡŬ ɔɘŬ Űɖ ůɡɜɏɜɤůɖ ɜŮűɩɜ, 
ŬˊɞűŮɨɔɞɜŰŬɠ Űɖ ůɎɟɤůɖ ɛŮɔɎɚɞɡ ŮˊɘəŬɚɡˊŰɧɛŮɜɞɡ ŰɛɐɛŬŰɞɠ ůŮ 

ŬɡŰɎ  

 ȽŭɟɨŮŰŬɘ əŬɘ ɛŮŰɟɎŰŬɘ, ɛŮ Űɖ ɢɟɐůɖ Űɖɠ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ, ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ ɔŮɤŭŬɘŰɘəɧ ŭɑəŰɡɞ ůŰɞɜ ɛŮŰɟɖŰɘəɧ 

ɢɩɟɞ. ȰŰůɘ əɎɗŮ űɞɟɎ ˊɞɡ ŬɚɚɎɕŮɘ ɖ ɗɏůɖ ůɎɟɤůɖɠ, ŭɖɚŬŭɐ ɖ ɗɏůɖ 

Űɞɡ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɜŰŬɝɖ Űɞɡ ůŮ 

ŬɡŰɧ Űɞ ůɨůŰɖɛŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŰŮɚɘəɎ ɏɜŬ ŮɜɘŬɑɞ 

ɜɏűɞɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɗɏůŮɘɠ ůɎɟɤůɖɠ.  

 

Á ȹɞɛŮɑŰŬɘ ɛɑŬ ŮɡɏɚɘəŰɖ ɛŮɗɞŭɞɚɞɔɑŬ ŰŮəɛɖɟɑɤůɖɠ ɏɟɔɤɜ 

ɕɤɔɟŬűɘəɐɠ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ñɛŮŰŬűŮɟɗŮɑò əŬɘ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ 

ˊɞɘəɑɚŬ ˊŮɟɘɓɎɚɚɞɜŰŬ 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ ŬɚɚɎ əŬɘ ɞ Ůɝɞˊɚɘůɛɧɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ůŮ ˊɞɘəɑɚŬ ˊŮɟɘɓɎɚɚɞɜŰŬ, 

əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ əɘɜɖŰɧ Ůɝɞˊɚɘůɛɧ ɛŮ ɛŮɔɎɚɞ Ůɨɟɞɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ɧůɞɜ ŬűɞɟɎ ůŰɘɠ ůɡɜɗɐəŮɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɡɔɟŬůɑŬɠ. 

ɋůŰɧůɞ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢŮŰŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɝŮɘ 

əɎˊɞɘŬ Ŭɚɚɞɑɤůɖ ůŰɞ ɑŭɘɞ Űɞ ɏɟɔɞ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŰŮəɛɖɟɘɤɗŮɑ. 

  

Á ȷɜŬɚɨŮŰŬɘ əŬɘ ŭɞɛŮɑŰŬɘ ɛɑŬ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɖɜ ɘɢɜɖɚɎŰɖůɖ əŬɘ Űɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ɢŬɛɏɜɤɜ ˊɘɜŮɚɘɩɜ ůŮ ɏɟɔŬ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ űɗɞɟɎ      

ȺɜŰɞˊɑɕɞɜŰŬɘ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɡˊɎɟɢŮɘ ŬˊɩɚŮɘŬ ˊɘɜŮɚɘɩɜ (ɢɟɩɛŬŰɞɠ) 

ɐ ɔŭŬɟůɑɛŬŰŬ əŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ Ŭəɟɘɓɏɠ ɛɏɔŮɗɞɠ ɢɟɩɛŬŰɞɠ ɐ 

ɡɚɘəɞɨ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŰŮɗŮɑ ɔɘŬ ɛɑŬ ŮˊɘŰɡɢɐ ŬˊɞəŬŰɎůŰŬůɖ.    

 

Á ȷɜŬŭŮɘəɜɨɞɜŰŬɘ ɜɏɞɘ Űɟɧˊɞɘ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɘɠ 
ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ 

ȺəŰɧɠ Ŭˊɧ ŰŬ ɢɟɤɛŬŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰŬ ɏɟɔŬ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɖɠ 

űŬɟɏŰɟŬɠ, ŰŬ ɞˊɞɑŬ ŬɝɘɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ ɎɚɚŮɠ ŮˊɘůŰɐɛŮɠ ɧˊɤɠ ůŰɖ 

ɛŮŰŮɤɟɞɚɞɔɑŬ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ Ŭɜɏɛɤɜ. ȷɡŰɎ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘŬŰɟɘɓɐ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŮɑŰŮ ůŮ ŭɨɞ, ŮɑŰŮ ůŮ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ ɔɘŬ Űɖɜ 



[4] 

 

ŮɝŬɔɤɔɐ ŰɎůŮɤɜ ůŰɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ ɏɟɔɤɜ əɡɟɑɤɠ ɚɧɔɤ 

ɡɔɟŬůɑŬɠ.  

 

Á ȾŬŰŬɔɟɎűɞɜŰŬɘ ŰŬ ůŰɎŭɘŬ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 
ɛŮɗɞŭɞɚɞɔɑŬɠ. 

ȼ ɛŮɚɏŰɖ əŬɘ ɖ ŬɜɎɚɡůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ, ŮˊɘŰɟɏˊŮɘ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ Ůˊɘɛɏɟɞɡɠ 

ůŰŬŭɑɤɜ Űɖɠ əŬɘ ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰɎ ŭɖɛɘɞɡɟɔɑŬɠ əŬŰŮɡɗɡɜŰɐɟɘɤɜ 

ɔɟŬɛɛɩɜ ŮűŬɟɛɞɔɐɠ Űɖɠ ůŮ ˊɞɘəɑɚŬ ɏɟɔŬ ɛɘəɟɞɨ ɐ ɛŮɔŬɚɨŰŮɟɞɡ 

ɛŮɔɏɗɞɡɠ.  
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ɀȺɅɃɆ  ȷ: ȾȿȷɆɆȽȾȺɆ ȾȷȽ ɆɈũɉɅɃɁȺɆ ɀȺŪɃȹɃȽ 

ɆɈɁɇȼɅȼɆȼɆ ɄɃȿȽɇȽɆɇȽȾȼɆ ȾȿȼɅɃɁɃɀȽȷɆ 
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ȾȺūȷȿȷȽɃ 1ɞ  

ɄȺɅȽ ɄɃȿȽɇȽɆɇȽȾȼɆ ȾȿȼɅɃɁɃɀȽȷɆ ȾȷȽ 

ɆɈɁɇȼɅȼɆȼɆ 
 

 

1.1  ȼ ˊɞɚɘŰɘůŰɘəɐ əɚɖɟɞɜɞɛɘɎ əŬɘ ɖ ůˊɞɡŭŬɘɧŰɖŰɎ Űɖɠ 

 

ȰɜŬ Ŭˊɧ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ əŬɘ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ Űɧˊɞɡ 

ŮɑɜŬɘ ɖ ɄɞɚɘŰɘůŰɘəɐ Űɞɡ ȾɚɖɟɞɜɞɛɘɎ (Cultural Heritage). ɄɟɧəŮɘŰŬɘ ɔɘŬ ŰŬ 

ˊɞɚɘŰɘůŰɘəɎ ŬɔŬɗɎ Űɞɡ Űɧˊɞɡ, ŰŬ ɘůŰɞɟɘəɎ ŬɜŰɘəŮɑɛŮɜŬ əŬɗɩɠ əŬɘ ɧɚŮɠ Űɘɠ 

ŮɛˊŮɘɟɑŮɠ Űɞɡ Ŭˊɧ Űɞ ˊŬɟŮɚɗɧɜ ɛɏɢɟɘ ůɐɛŮɟŬ. ȼ əɚɖɟɞɜɞɛɘɎ ŬɡŰɐ, 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ŭŮůɛɧ ɛŮŰŬɝɨ Űɤɜ Ŭɜɗɟɩˊɤɜ ŬɜŰŬɜŬəɚɩɜŰŬɠ Űɖɜ 

ɘůŰɞɟɑŬ əŬɘ Űɖɜ ɞɡůɑŬ Űɖɠ ŬɜɗɟɤˊɧŰɖŰŬɠ [Ulvi et al., 2019].  

ɇŬ ˊɞɚɘŰɘůŰɘəɎ ŬɔŬɗɎ, ŬˊɞŰŮɚɞɨɜ ɧɚŬ ŰŬ ñəŬŰɎɚɞɘˊŬò ˊɞɡ 

ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɘɠ ŬɜɗɟɩˊɘɜŮɠ ŭɞɝŬůɑŮɠ əŬɘ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ əŬɗɩɠ əŬɘ 

ůɖɛŬɜŰɘəɎ ŮˊɘŰŮɨɔɛŬŰŬ ˊɞɡ ɛɏɜɞɡɜ ŬɜŮɝɑŰɖɚŬ ůŰɞ ɢɟɧɜɞ [ɀŬɚɚɞɨɢɞɡ 

Tufano, 2016].  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŬɔŬɗɎ ˊɞɡ əɎˊɞŰŮ ŮɑɢŬɜ ɢɟɖůŰɘəɐ ŬɝɑŬ 

(ˊ.ɢ. ɞɘəɘŬəɎ ůəŮɨɖ, ŮɟɔŬɚŮɑŬ əɚˊ.), ůɡɛɓɞɚɘəɐ ɚŮɘŰɞɡɟɔɑŬ (ˊ.ɢ. 

ŬɜŰɘəŮɑɛŮɜŬ ɚŬŰɟŮɑŬɠ, əŮɘɛɐɚɘŬ əɚˊ.) ɐ ˊɜŮɡɛŬŰɘəɐ ŬˊɞůŰɞɚɐ (ˊ.ɢ. 

ˊɞɘɐɛŬŰŬ, ůɡɔɔɟɎɛɛŬŰŬ əɚˊ.), Ůɜɩ ůɐɛŮɟŬ ɡˊɎɟɢɞɡɜ ɔɘŬ ɜŬ ŭɘŭɎůəɞɡɜ əŬɘ 

ɜŬ ɛŮŰŬŭɑŭɞɡɜ Űɘɠ ŬɜŰɘɚɐɣŮɘɠ əŬɘ ŰŬ ŮˊɘŰŮɨɔɛŬŰŬ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ 

[ȾɎɟŬɚɖ, 1998]. 

  Ⱥˊɘˊɚɏɞɜ, ŰŬ ˊɞɚɘŰɘůŰɘəɎ ŬɔŬɗɎ ɏɢɞɡɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ 

ɛŮ əɟɘŰɐɟɘŬ ɧˊɤɠ ɞ ɢɟɧɜɞɠ, ɞ Űɧˊɞɠ, ɐ Űɞ Ůɑŭɞɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ [ȾɎɟŬɚɖ, 

1998]. 

Ⱥŭɩ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ůˊɞɡŭŬɘɧŰɖŰŬ Űɤɜ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɘəɑɚŬ əɟɘŰɐɟɘŬ, ɧˊɤɠ ŬɡŰɎ Űɖɠ UNESCO (United Nations 

Educational, Scientific and Cultural Organization). ũɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Ůɜɧɠ 

ŬɔŬɗɞɨ ůŰɞɜ əŬŰɎɚɞɔɞ Űɖɠ ˊŬɔəɧůɛɘŬɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ 

ŮɚɏɔɢɞɜŰŬɘ ŭɨɞ ɞɛɎŭŮɠ əɟɘŰɖɟɑɤɜ, Ůɜɩ ŬˊŬɘŰŮɑŰŬɘ ɖ ɘəŬɜɞˊɞɑɖůɖ 

ŰɞɡɚɎɢɘůŰɞɜ Ůɜɧɠ əɟɘŰɖɟɑɞɡ Ŭˊɧ Űɖɜ ˊɟɩŰɖ ɞɛɎŭŬ əŬɘ ŭɨɞ Ŭˊɧ Űɖ ŭŮɨŰŮɟɖ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ əɟɘŰɐɟɘŬ ŬɡŰɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.1, 

ˊŬɟŬəɎŰɤ [1]. 

ȷəɧɛɖ, ɖ ŰŬɝɘɜɧɛɖůɖ ɛŮ ɓɎůɖ Űɞ Ůɑŭɞɠ, əŬŰŬŰɎůůŮɘ ŰŬ ˊɞɚɘŰɘůŰɘəɎ 

ŬɔŬɗɎ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ, ůŮ ɔɚɡˊŰɎ, ɕɤɔɟŬűɘəɎ, 

ɢŬɟŬəŰɘəɎ, ɣɖűɘŭɤŰɎ, əŮɟŬɛɘəɎ, űɤŰɞɔɟŬűɘəɎ, əɘɜɖɛŬŰɞɔɟŬűɘəɎ űɘɚɛ ɐ 

ůŮ ɎɚɚŮɠ ɛɞɟűɏɠ ŮűŬɟɛɞůɛɏɜɤɜ ɐ ɛɖ ŰŮɢɜɩɜ. ȺˊɘˊɟɞůɗɏŰɤɠ, ŰŬ 

ŭɘŬɢɤɟɑɕŮɘ ůŮ əɘɜɖŰɎ, ɧˊɤɠ ŰŬ ŭɘɎűɞɟŬ ɞɘəɘŬəɎ ůəŮɨɖ, ɐ ŬəɑɜɖŰŬ, ɧˊɤɠ ŰŬ 



[8] 

 

ɛɜɖɛŮɑŬ ɐ ŰŬ əŰɐɟɘŬ. ɇɏɚɞɠ ɡˊɎɟɢŮɘ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŮ  ɡɚɘəɎ ɐ ɎɡɚŬ, ɛŮ 

ŰŬ ŭŮɨŰŮɟŬ ɜŬ ŬˊɞŰŮɚɞɨɜ Űɖ ɚŬɞɔɟŬűɑŬ, Űɘɠ ˊŬɟŬŭɧůŮɘɠ, Űɖɜ ˊɟɞűɞɟɘəɐ 

ɘůŰɞɟɑŬ ɐ Űɖ ɔɚɩůůŬ [Ulvi et al., 2019; ȾɎɟŬɚɖ, 1998]. 

 

ɆɢɐɛŬ 1.1: ȾɟɘŰɐɟɘŬ ŮɘůŬɔɤɔɐɠ Ůɜɧɠ ŬɔŬɗɞɨ ůŰɞɜ əŬŰɎɚɞɔɞ ˊŬɔəɧůɛɘŬɠ 

ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ Űɖɠ UNESCO [1] 

 

ȼ ůˊɞɡŭŬɘɧŰɖŰŬ ɚɞɘˊɧɜ, Űɧůɞ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ, ɧůɞ əŬɘ 

Űɤɜ ŬɔŬɗɩɜ ˊɞɡ Űɖɜ ŬˊɞŰŮɚɞɨɜ, ŭɖɛɘɞɨɟɔɖůŮ Űɖɜ ŬɜɎɔəɖ ŭɘŬűɨɚŬɝɐɠ 

Űɞɡɠ Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ ɚŬɞɨɠ Űɞɡ əɧůɛɞɡ. ȼ ŭɘŬŰɐɟɖůɖ əŬɘ ɖ ñɛŮŰŬűɞɟɎò 

Űɞɡɠ ŮˊɘűɏɟŮɘ ɣɡɢɘəɐ əŬɘ ˊɜŮɡɛŬŰɘəɐ ɘůɞɟɟɞˊɑŬ, ˊɞɘɧŰɖŰŬ ɕɤɐɠ əŬɘ 

ˊɞɚɘŰɘůŰɘəɐ ŰŬɡŰɧŰɖŰŬ Űɧůɞ ůŰɞɡɠ ůɖɛŮɟɘɜɞɨɠ Ŭɜɗɟɩˊɞɡɠ ɧůɞ əŬɘ ůŰɘɠ 

ɛŮɚɚɞɜŰɘəɏɠ ɔŮɜŮɏɠ [Ulvi et al., 2019; ȾɎɟŬɚɖ, 1998]. 

ȹɡůŰɡɢɩɠ, ɧɛɤɠ, ŰŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ, ŮəŰɑɗŮɜŰŬɘ ůɡɜŮɢɩɠ ůŮ ˊɞɘəɑɚɞɡɠ 

əɘɜŭɨɜɞɡɠ (Ŭɜɗɟɩˊɘɜɞɡɠ, űɡůɘəɞɨɠ, əɚˊ.), ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŬɛűɘůɓɖŰŮɑŰŬɘ ɖ ŬəŮɟŬɘɧŰɖŰŬ əŬɘ ɖ ˊɞɘɧŰɖŰɎ Űɞɡɠ [ICOM-CC, 2008;  

AngheluἪŁ & RŁdvan, 2019]. ȰŰůɘ, ůɨɛűɤɜŬ ɛŮ ŭɘŮɗɜŮɑɠ ɞɟɔŬɜɘůɛɞɨɠ, 

ɏɢɞɡɜ ɗŮůˊɘůŰŮɑ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊŬɔəɞůɛɑɤɠ ŭɘŬŭɘəŬůɑŮɠ 

ůɡɜŰɐɟɖůɖɠ, ŬˊɞəŬŰɎůŰŬůɖɠ əŬɘ ˊɟɞůŰŬůɑŬɠ Űɤɜ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ, 

ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ˊŬɟŬəɎŰɤ [ɉŬŰɕɖŭɎəɖ, 2005]. 

  ɄɟɩŰɖ ɃɛɎŭŬ ȾɟɘŰɖɟɑɤɜ: ȰɚŮɔɢɞɠ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ  

ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɞɜŬŭɘəɧ əŬɚɚɘŰŮɢɜɘəɧ ŮˊɑŰŮɡɔɛŬ 

ɏɢŮɘ ŮˊɘŭɟɎůŮɘ əɎˊɞɡ ůŰɞɜ əɧůɛɞ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ůˊɞɡŭŬɑŬ ɛŬɟŰɡɟɑŬ Ůɜɧɠ ŮɝŬűŬɜɘůɛɏɜɞɡ ˊɞɚɘŰɘůɛɞɨ 

ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ŭŮɑɔɛŬ əŰɖɟɑɞɡ ɐ ŬɟɢɘŰŮəŰɞɜɘəɞɨ ůɡɜɧɚɞɡ 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ɔɘŬ ɏɜŬɜ ˊŬɟŬŭɞůɘŬəɧ ɞɘəɘůɛɧ ɐ ɛɘŬ 
ɢɟɐůɖ ɔɖɠ, ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐɠ Ůɜɧɠ ˊɞɚɘŰɘůɛɞɨ 

ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ ɔŮɔɞɜɧŰŬ, ɘŭɏŮɠ əŬɘ əŬɚɚɘŰŮɢɜɘəɎ ɏɟɔŬ 
ůˊɞɡŭŬɑŬɠ ŬɝɑŬɠ 

  ȹŮɨŰŮɟɖ ɃɛɎŭŬ ȾɟɘŰɖɟɑɤɜ:  ȷɡɗŮɜŰɘəɧŰɖŰŬ ɏɟɔɞɡ  

                         Ɂɞɛɘəɐ ˊɟɞůŰŬůɑŬ əŬɘ ŭɘŬɢŮɑɟɘůɖ 

ȷɡɗŮɜŰɘəɧŰɖŰŬ 
ɆɢŮŭɑɞɡ, ɐ ɡɚɘəɞɨ, ɐ əŬŰŮɟɔŬůɑŬɠ ɐ 

ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞɡ 

Ɂɞɛɘəɐ ˊɟɞůŰŬůɑŬ ŪŮůɛɘəɐ ŮɝŬůűɎɚɘůɖ Űɖɠ 
ůɡɜŰɐɟɖůɐ Űɞɡɠ  
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1.2  ɆɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ 

 

ɀŮ Űɞɜ ɧɟɞ ůɡɜŰɐɟɖůɖ Ůɜɧɠ ˊɞɚɘŰɘůŰɘəɞɨ ŬɔŬɗɞɨ (Conservation) 

ɜɞŮɑŰŬɘ ɛɑŬ ɢŮɘɟɤɜŬəŰɘəɐ, ˊŬɟŮɛɓŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɖ 

ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ɡˊɎɟɢɞɡůŬɠ əŬŰɎůŰŬůɖɠ, Űɖɜ Ůˊɘɛɐəɡɜůɖ Űɞɡ ɢɟɧɜɞɡ 

ɕɤɐɠ ŬɚɚɎ əŬɘ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ ɛɑŬɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ůɖɛŬɜŰɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡ [ȻŮɟɓɧɠ, 2015]. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ŬˊɞůəɞˊŮɑ ůŰɖɜ Ɏɟůɖ əŬɘ Űɖɜ ŬɜŬəɞˊɐ Űɖɜ űɗɞɟɎɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, 

ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰɞ ɜŬ ɛɖ ɗɘɔŮɑ ɐ ŬɚɚɞɘɤɗŮɑ ɟɘɕɘəɎ ɖ ŭɞɛɐ Űɞɡ, əŬɗɩɠ 

ŬɡŰɐ ŮɑɜŬɘ ˊɞɡ ɗŬ ɛŮŰŬűɏɟŮɘ ɛŮ ɞɟɗɧ Űɟɧˊɞ Űɖɜ ɘůŰɞɟɑŬ Űɞɡ [ɀŬɚɚɞɨɢɞɡ 

Tufano, 2016; ɉŬŰɕɖŭɎəɖ, 2005; ɈˊɞɡɟɔŮɑɞ ɄɞɚɘŰɘůɛɞɨ & ɇɞɡɟɘůɛɞɨ, 

2007]. ɇɞ ɕɖŰɞɨɛŮɜɞ ŮɑɜŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɔɜɐůɘɞ ɏɟɔɞ,  ɧˊɞɡ ůŰɖɜ 

ˊɞɟŮɑŬ Űɞɡ ɢɟɧɜɞɡ ŭŮɜ ɗŬ ɢŬɗɞɨɜ ɘůŰɞɟɘəɎ ɐ əŬɚɚɘŰŮɢɜɘəɎ ɑɢɜɖ 

[ɈˊɞɡɟɔŮɑɞ ɄɞɚɘŰɘůɛɞɨ & ɇɞɡɟɘůɛɞɨ, 2007]. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ůɡɜŰɐɟɖůɖɠ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ɞˊɞɘɞŭɐˊɞŰŮ əɘɜɖŰɧ ɐ ŬəɑɜɖŰɞ  ˊɞɚɘŰɘůŰɘəɧ ŬɔŬɗɧ. ɇŬ ŬɜŰɘəŮɑɛŮɜŬ 

ŬɡŰɎ, əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ůɡɜŰɐɟɖůɖɠ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ɚŬɛɓɎɜɞɜŰŬɠ  

əɟɘŰɐɟɘŬ, ɧˊɤɠ [ɉŬŰɕɖŭɎəɖ, 2005]:  

Á Űɞ ɡɚɘəɧ əŬɘ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡɠ 

Á Űɖ ɢɟɐůɖ Űɞɡɠ 

Á Űɖɜ ŰŬɝɘɜɧɛɖůɐ Űɞɡɠ ɢɟɞɜɞɚɞɔɘəɎ 

Á Űɖɜ ˊɟɞɏɚŮɡůɐ Űɞɡɠ 

Á Űɞɜ Űɟɧˊɞ ˊɞɡ ɓɟɏɗɖəŬɜ (ˊ.ɢ. ŰŬ ŬɜŬůəŬűɘəɎ ɡɚɘəɎ) ŬɚɚɎ əŬɘ  

Á Űɖ ůɡɚɚɞɔɐ ůŰɖɜ ɞˊɞɑŬ Ŭɜɐəɞɡɜ 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ɖ ŰŬɝɘɜɧɛɖůɖ ɔɑɜŮŰŬɘ ŬɜɎɚɞɔŬ 

ɛŮ Űɖɜ ŰŮɢɜɘəɐ əŬŰŬůəŮɡɐɠ Űɞɡɠ ɐ Űɞ ɡˊɞůŰɐɟɘɔɛɎ Űɞɡɠ [ɉŬŰɕɖŭɎəɖ, 

2005]. 

ȾŬŰɎ Űɖ ůɡɜŰɐɟɖůɖ Ůɜɧɠ ɏɟɔɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ 

ŭɘŬŭɘəŬůɑŮɠ ɧˊɤɠ ɖ ŮɝɏŰŬůɖ, ɖ ŭɘŬˊɑůŰɤůɖ Űɖɠ əŬŰɎůŰŬůɖɠ ŭɘŬŰɐɟɖůɖɠ, ɖ 

ŭɘŮɜɏɟɔŮɘŬ ŭɘŬɔɜɤůŰɘəɩɜ ŮɝŮŰɎůŮɤɜ əŬɘ ŬɜŬɚɨůŮɤɜ, ɖ ŬˊɞəŬŰɎůŰŬůɖ, ɖ 

ŮűŬɟɛɞɔɐ ŭɘŬŭɘəŬůɑŬɠ ˊɟɞɚɖˊŰɘəɐɠ ůɡɜŰɐɟɖůɖɠ ə.Ɏ. [ɉŬŰɕɖŭɎəɖ, 2005]. 

 

1.3  Ƀɘ ɓŬůɘəɏɠ Ŭɟɢɏɠ ůɡɜŰɐɟɖůɖɠ 

 

ɇɘɠ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ Űɖɠ ůɡɜŰɐɟɖůɖɠ ŬɜɏˊŰɡɝŮ ɞ ɔɜɤůŰɧɠ çɉɎɟŰɖɠ Űɖɠ 

ȸŮɜŮŰɑŬɠè Űɞɡ 1964, Ůɜɩ Űɘɠ ɓŬůɘəɏɠ Ŭɟɢɏɠ ɞɟɑɕŮɘ Űɞ ȷɛŮɟɘəɎɜɘəɞ 

ȽɜůŰɘŰɞɨŰɞ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ (AIC) ȷɡŰɏɠ ŮɑɜŬɘ [AIC, 1994; ɈˊɞɡɟɔŮɑɞ 

ɄɞɚɘŰɘůɛɞɨ & ɇɞɡɟɘůɛɞɨ, 2007; ȻŮɟɓɧɠ, 2015]:  
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Á ȼ ȷɟɢɐ Űɖɠ ŮɚɎɢɘůŰɖɠ ŮˊɏɛɓŬůɖɠ, ɧˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ɚɘɔɧŰŮɟɞ 
ˊŬɟŮɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ.  

Á ȼ ȷɟɢɐ Űɖɠ ŬɜŬůŰɟŮɣɘɛɧŰɖŰŬɠ (Reversibility), ɧˊɞɡ ɞɘ ŮˊŮɛɓɎůŮɘɠ 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ŬɜŬůŰɟɏɣɘɛŮɠ. ȼ ɘůŰɞɟɑŬ ɏŭŮɘɝŮ 

ɧŰɘ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ ůɢŮŭɧɜ ˊɞŰɏ ŭɡɜŬŰɧɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ŬɜŰɘəŬŰɎůŰŬůɐ Űɖɠ ɛŮ Űɖɜ Ŭɟɢɐ Űɖɠ ŮˊŬɜŬəŬŰŮɟɔŬůɑŬɠ 

(Retreatability), ŭɑɜɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ  ɛɘŬ ŮˊɏɛɓŬůɖ ɜŬ ɛɖɜ 

ŬˊɞəɚŮɑŮɘ ŮˊɧɛŮɜŮɠ ŮˊŮɛɓɎůŮɘɠ.  

Á ȼ ȷɟɢɐ Űɤɜ ŭɘŬəɟɘŰɩɜ ŮˊŮɛɓɎůŮɤɜ əŬɘ ɜɏɤɜ ɡɚɘəɩɜ, ɧˊɞɡ ˊɟɏˊŮɘ 
ɜŬ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ɛŮ ŮɡəɞɚɑŬ ŬəɧɛŬ əŬɘ Ŭˊɧ ɛɖ Ůɘŭɘəɞɨɠ. 

Á ȼ ȷɟɢɐ Űɖɠ ůɡɛɓŬŰɧŰɖŰŬɠ, ɧˊɞɡ ŰŬ ɜɏŬ ɡɚɘəɎ əŬɘ ɞɘ ŰŮɢɜɘəɏɠ ˊɟɏˊŮɘ 
ɜŬ ŮɑɜŬɘ ůɡɛɓŬŰɎ ɛŮ ŰŬ ŬɟɢɘəɎ ɡɚɘəɎ əŬɗɩɠ əŬɘ ɛŮ Űɖɜ Ůˊɞɢɐ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ˊɟɤŰɧŰɡˊɞ. 

 

1.4  ȼ ůɖɛŬůɑŬ əŬɘ Űɞ ɏɟɔɞ Űɞɡ ůɡɜŰɖɟɖŰɐ 

 

ȼ ůɡɜŰɐɟɖůɖ Ůɜɧɠ ŬɔŬɗɞɨ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ ɏɜŬɜ 

ůɡɜŰɖɟɖŰɐ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ŮˊɘŰɟɞˊɐ ůɡɜŰɐɟɖůɖɠ Űɞɡ ȹɘŮɗɜɞɨɠ 

ůɡɛɓɞɡɚɑɞɡ ɀɞɡůŮɑɤɜ (ICOM), ɏɟɔɞ Űɤɜ ůɡɜŰɖɟɖŰɩɜ ŮɑɜŬɘ ɜŬ 

əŬŰŬɜɞɐůɞɡɜ ůŮ ɓɎɗɞɠ ŰŬ ɘůŰɞɟɘəɎ ŬɜŰɘəŮɑɛŮɜŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ˊŬɟŮɛˊɞŭɑůɞɡɜ Űɖ űɗɞɟɎ Űɞɡɠ, əŬɗɩɠ ɖ ŬɝɑŬ Űɞɡɠ ɓɟɑůəŮŰŬɘ ůŰɞɜ Űɟɧˊɞ 

əŬŰŬůəŮɡɐɠ Űɞɡɠ, ůŰɖɜ ɘůŰɞɟɑŬ Űɞɡɠ ŬɚɚɎ əŬɘ ůŰɖɜ ŬɡɗŮɜŰɘəɧŰɖŰɎ Űɞɡɠ 

[ɈˊɞɡɟɔŮɑɞ ɄɞɚɘŰɘůɛɞɨ & ɇɞɡɟɘůɛɞɨ, 2007; ȷɚŮɝɞˊɞɨɚɞɡ, 2018]. 

Ƀ ůɡɜŰɖɟɖŰɐɠ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ůŬűɐ ɔɜɩůɖ Űɖɠ űɨůɖɠ Űɞɡ ŮəɎůŰɞŰŮ 

ŬɜŰɘəŮɘɛɏɜɞɡ, əŬɗɩɠ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ˊŮɟɘɏɢŮɘ ɛŮɛɞɜɤɛɏɜŬ ɐ 

ůɡɜŭɡŬůŰɘəɎ ɘůŰɞɟɘəɏɠ, ŮɘəɞɜɞɔɟŬűɘəɏɠ, ŰŮɢɜɞɚɞɔɘəɏɠ ɐ əŬɘ ŬɘůɗɖŰɘəɏɠ 

ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ɛɖɜɨɛŬŰŬ [ɈˊɞɡɟɔŮɑɞ ɄɞɚɘŰɘůɛɞɨ & ɇɞɡɟɘůɛɞɨ, 2007].  

Ƀ ɟɧɚɞɠ Űɞɡ ůŮ ɏɜŬ ɛɞɡůŮɑɞ ŮɑɜŬɘ ɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɨɚɖɠ Űɤɜ ɏɟɔɤɜ, əŬɘ 

ɖ ɞɟɗɐ ŮɔəŬŰɎůŰŬůɖ Űɞɡɠ ůŮ ɛɑŬ ɏəɗŮůɖ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ɞɘ əŬŰŬůəŮɡŬůŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖ 

ůɡůəŮɡŬůɑŬ, ůŰɖ ůɡɜŬɟɛɞɚɧɔɖůɖ, ůŰɖɜ ŬɜɎɟŰɖůɖ ŬɚɚɎ əŬɘ ůŰɖɜ ŬůűŬɚɐ 

ɛŮŰŬűɞɟɎ əŬɘ ŬˊɞɗɐəŮɡůɐ Űɞɡ [ȷɚŮɝɞˊɞɨɚɞɡ, 2018]. 

ɆɨɛűɤɜŬ ɛŮ Űɖ ůɨɔɢɟɞɜɖ ˊɟŬəŰɘəɐ Űɖɠ ůɡɜŰɐɟɖůɖɠ, ɔɘŬ ɛɘŬ ɞɟɗɐ 

ůɡɜŰɐɟɖůɖ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ Ůɝɐɠ ŭɘŬŭɘəŬůɑŮɠ [ɉŬŰɕɖŭɎəɖ, 2005; 

ɈˊɞɡɟɔŮɑɞ ɄɞɚɘŰɘůɛɞɨ & ɇɞɡɟɘůɛɞɨ, 2007]:  

Á ȾŬŰŬɔɟŬűɐ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ŰŬɡŰɧŰɖŰŬ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ, ɧˊɞɡ 
ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ŭɘŬɢŮɑɟɘůɖɠ ɐ ŬɜŬɔɜɩɟɘůɖɠ, 

ŮɛˊɚŮəɧɛŮɜŬ ɎŰɞɛŬ, əŬɗŮůŰɩɠ ɘŭɘɞəŰɖůɑŬɠ ə.Ŭ. 

Á ȺɝɏŰŬůɖ əŬɘ ŭɘɎɔɜɤůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 
ˊɟɞůŭɘɞɟɘůɛɧɠ əŬɘ ŰŮəɛɖɟɑɤůɖ Űɖɠ ŬɝɑŬɠ Ůɜɧɠ ɏɟɔɞɡ Űɏɢɜɖɠ. Ʉɘɞ 
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ůɡɔəŮəɟɘɛɏɜŬ, ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɖ ŬɡɗŮɜŰɘəɐ ŭɞɛɐ Űɞɡ, ŰŬ ɡɚɘəɎ Űɞɡ, 

əŬɗɩɠ əŬɘ Űɞ Ůɑŭɞɠ əŬɘ ɖ ɏəŰŬůɖ Űɤɜ űɗɞɟɩɜ-ŬɚɚɞɘɩůŮɤɜ ˊɞɡ ɏɢŮɘ 

ɡˊɞůŰŮɑ ůŰɖɜ ˊɞɟŮɑŬ Űɞɡ ɢɟɧɜɞɡ. ɇɏɚɞɠ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ Ůɑŭɞɠ əŬɘ 

ɖ ɏəŰŬůɖ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ ŮˊɏɛɓŬůɖɠ ůɡɜŰɐɟɖůɖɠ, Ůɜɩ ůɡɢɜɎ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ˊɟɧɓɚŮɣɖ ɛŮɚɚɞɜŰɘəɩɜ űɗɞɟɩɜ.   

Á ɃɟɔɎɜɤůɖ ɛŮɗɞŭɞɚɞɔɑŬɠ əŬɘ ůŰɟŬŰɖɔɘəɐɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɖ ŮˊŮɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ŬɚɚɎ əŬɘ ɛŮɗɧŭɞɡɠ 

ŬˊɞəŬŰɎůŰŬůɖɠ ɐ ˊɟɞɚɖˊŰɘəɐɠ ůɡɜŰɐɟɖůɖɠ. 

Á ɆɡɜŰɐɟɖůɖ, ŮűŬɟɛɧɕɞɜŰŬɠ Űɘɠ ˊŬɟŬˊɎɜɤ ɛŮɗɧŭɞɡɠ. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɘɩɜ, ɞ ůɡɜŰɖɟɖŰɐɠ 

ˊɟɏˊŮɘ ɜŬ əŬŰŬɔɟɎűŮɘ ɧɚŮɠ Űɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ, ŰŬ ɡɚɘəɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɚɚɎ əŬɘ Űɞ Ůɑŭɞɠ ɐ Űɖɜ ɏəŰŬůɖ Űɖɠ űɗɞɟɎɠ Űɞɡɠ 

[ɉŬŰɕɖŭɎəɖ, 2005].  

 ȷˊɧ ɧɚŬ ŬɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ ˊɟɞəɨˊŰŮɘ ɛɘŬ ůɡɜɞˊŰɘəɐ ŬɜŬűɞɟɎ ˊɞɡ 

ɞɜɞɛɎɕŮŰŬɘ ŭŮɚŰɑɞ Ůɚɏɔɢɞɡ, ŭɑɜɞɜŰŬɠ Ůˊɑůɖɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ɔɘŬ Űɖɜ 

ˊŮɟŬɘŰɏɟɤ űɟɞɜŰɑŭŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ [ɉŬŰɕɖŭɎəɖ, 2005; ȷɚŮɝɞˊɞɨɚɞɡ, 

2018]. 

 

1.5  ȺˊŮɛɓŬŰɘəɐ (ɐ ɛɖ) ůɡɜŰɐɟɖůɖ 

 

ɀŮ Űɞɜ ɧɟɞ ŮˊŮɛɓŬŰɘəɐ ůɡɜŰɐɟɖůɖ, ɜɞŮɑŰŬɘ Űɞ ůɨɜɞɚɞ ɧɚɤɜ Űɤɜ 

ŮˊŮɛɓɎůŮɤɜ ůŰɞ ɡɚɘəɧ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɧˊɞɡ ůəɞˊɧ ɏɢɞɡɜ ɜŬ 

ŮˊɘɓɟŬŭɨɜɞɡɜ Űɖɜ Ůəŭɐɚɤůɖ űɗɞɟɎɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ŮˊŮɛɓɎůŮɘɠ ůŰɖ ŭɞɛɐ 

əŬɘ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŮűŬɟɛɧɕɞɜŰŬɠ ŭɘŬŭɘəŬůɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

Ůɑŭɞɠ əŬɘ Űɖɜ əŬŰɎůŰŬůɖ ŭɘŬŰɐɟɖůɖɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ [ɉŬŰɕɖŭɎəɖ, 

2005]. 

ȼ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŮɟɔŬůɘɩɜ ŮˊŮɛɓŬŰɘəɐɠ ůɡɜŰɐɟɖůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ŮɟɔŬůɑŮɠ əŬɗŬɟɘůɛɞɨ, ůŰŮɟɏɤůɖɠ əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɖɠ ŭɞɛɐɠ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬűŬɑɟŮůɖ Űɤɜ ɡɚɘəɩɜ 

Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮˊŮɛɓɎůŮɘɠ, ɔɑɜŮŰŬɘ ŬˊɞɛɎəɟɡɜůɖ ŮˊɘəŬɗɑůŮɤɜ ɟɨˊɤɜ, 

Ŭɚɚɞɘɤɛɏɜɤɜ ɡɚɘəɩɜ əŬɘ ŮˊɘɕɤɔɟŬűɑůŮɤɜ Ůɜɩ Ůŭɩ ŮɜŰɎůůɞɜŰŬɘ əŬɘ ɞɘ 

ŮˊŮɛɓɎůŮɘɠ ŬˊŮɜŰɧɛɤůɖɠ əŬɘ ŬˊɞɚɨɛŬɜůɖɠ, ɧˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ 

[ɉŬŰɕɖŭɎəɖ, 2005]. 

ȷˊɧ Űɖɜ Ɏɚɚɖ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛɖ ŮˊŮɛɓŬŰɘəɐɠ ůɡɜŰɐɟɖůɖɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɜɏɟɔŮɘŮɠ ˊɞɡ ɏɢɞɡɜ ɤɠ ůŰɧɢɞ Űɖɜ ˊɟɧɚɖɣɖ Űɤɜ 

ŬɚɚɞɘɩůŮɤɜ ɢɤɟɑɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əɎˊɞɘŬ ŮˊɏɛɓŬůɖ ůŰɖ ŭɞɛɐ əŬɘ 

Űɖɜ ɨɚɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ [ɉŬŰɕɖŭɎəɖ, 2005]. 
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1.6  ȷˊɞəŬŰɎůŰŬůɖ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ 

 

ɋɠ ŬˊɞəŬŰɎůŰŬůɖ (restoration), ɞɟɑɕɞɜŰŬɘ ŰŬ ɛɏŰɟŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ɚɖűɗɞɨɜ ɩůŰŮ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ɏɢŮɘ ɡˊɞůŰŮɑ űɗɞɟɏɠ ɐ ŬɚɚɞɘɩůŮɘɠ, ɜŬ 

ɛˊɞɟɏůŮɘ ɛŮ Űɖɜ ŮɚɎɢɘůŰɖ ɗɡůɑŬ ɜŬ ŬɜŬŭŮɑɝŮɘ Űɖɜ ŬɘůɗɖŰɘəɐ əŬɘ ɘůŰɞɟɘəɐ 

Űɞɡ ŬəŮɟŬɘɧŰɖŰŬ. ȺɑɜŬɘ ɛɘŬ ůɨɜɗŮŰɖ ŮˊɏɛɓŬůɖ ˊɞɡ ŬˊɞůəɞˊŮɑ ůŰɖɜ 

ŬɜɎŭŮɘɝɖ əɡɟɑɤɠ Űɞɡ Ɏɡɚɞɡ ˊɞɚɘŰɘůŰɘəɞɨ ɢŬɟŬəŰɐɟŬ əŬɘ Űɖɠ űɡůɘəɐɠ 

ɡˊɧůŰŬůɐɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ ɞˊɞɑɞ ŬˊŮɡɗɨɜŮŰŬɘ [ɉŬŰɕɖŭɎəɖ, 2005; 

ɀŬɚɚɞɨɢɞɡ Tufano, 2016]. 

Ʉɞɚɚɏɠ űɞɟɏɠ, ɖ ŬˊɞəŬŰɎůŰŬůɖ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɖɠ 

ůɡɜŰɐɟɖůɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘŮɗɜŮɑɠ ůɡɜɧŭɞɡɠ əŬɘ Űɞɡɠ ɢɎɟŰŮɠ ɔɘŬ Űɖ 

ŭɘŬɢŮɑɟɖůɖ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ əŬɘ Űɖ ŭŮɞɜŰɞɚɞɔɑŬ Űɞɡ 

ŮˊŬɔɔɏɚɛŬŰɞɠ Űɞɡ ůɡɜŰɖɟɖŰɐ, ɖ ŬˊɞəŬŰɎůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŭŮɜ 

ɛˊɞɟŮɑ əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŬˊɞŰŮɚŮɑ ůŰɧɢɞ ɛɘŬɠ ŮˊɏɛɓŬůɖɠ ůɡɜŰɐɟɖůɖɠ 

[ȻŮɟɓɧɠ, 2015]. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɖ ŬˊɞəŬŰɎůŰŬůɖ, ɏɢŮɘ ɤɠ əɨɟɘɞ ůŰɧɢɞ Űɖ ŭɘŬŰɐɟɖůɖ 

əŬɘ Űɖɜ ŬɜɎŭŮɘɝɖ Űɖɠ ŬɘůɗɖŰɘəɐɠ əŬɘ ɘůŰɞɟɘəɐɠ ŬɝɑŬɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɛŮ 

ůŮɓŬůɛɧ ůŰŬ ŬɡɗŮɜŰɘəɎ ɡɚɘəɎ əŬɘ Űɖɜ ɘůŰɞɟɘəɐ ɏɟŮɡɜŬ. ɉɟŮɘɎɕŮŰŬɘ 

ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ůŰɘɠ ˊŬɟŮɛɓɎůŮɘɠ əŬɘ Űɘɠ ˊɟɞůɗɐəŮɠ ɜɏɤɜ ɡɚɘəɩɜ 

əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ Ŭɚɚɞɘɩůɞɡɜ Űɖɜ ŮɟɛɖɜŮɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ȷɜ ŭŮɜ 

ŮűŬɟɛɞůŰɞɨɜ ůɤůŰɎ, ɗŬ ŮɝŬɚŮɑɣɞɡɜ ɚŬɜɗŬůɛɏɜŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ 

ɢɟɧɜɞɡ ˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛɞɜŬŭɘəɐ əŬɘ ɞɟɑɕŮɘ Űɖɜ 

ɘůŰɞɟɑŬ əŬɘ Űɖɜ ŬɡɗŮɜŰɘəɧŰɖŰɎ Űɞɡ [ȻŮɟɓɧɠ, 2015]. 

Ʉɞɚɚɏɠ űɞɟɏɠ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɖɠ ˊŬɟŮɟɛɖɜŮɑŬɠ əŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ 

ɞɟɘůɛɧ Űɞɡ ŮˊŬɔɔɏɚɛŬŰɞɠ Űɞɡ ůɡɜŰɖɟɖŰɐ Ŭˊɧ Űɖɜ ɞɛɎŭŬ ŮɟɔŬůɑŬɠ Űɞɡ 

ICOM, ɖ ŬˊɞəŬŰɎůŰŬůɖ ŬˊɞŰŮɚŮɑ ɛɘŬ ɝŮɢɤɟɘůŰɐ ŭɘŬŭɘəŬůɑŬ, ˊɞɡ ůɡɜɐɗɤɠ 

ɞɜɞɛɎɕŮŰŬɘ ŬɘůɗɖŰɘəɐ ŬˊɞəŬŰɎůŰŬůɖ. ȷɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮˊŮɛɓɎůŮɘɠ 

əŬɗŬɟɘůɛɞɨ, ŬűŬɑɟŮůɖɠ ˊɟɞůɗɖəɩɜ ɐ ůɡɛˊɚɐɟɤůɖ ŰɛɖɛɎŰɤɜ ˊɞɡ ɏɢɞɡɜ 

ɢŬɗŮɑ, ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ ɢɟɤɛŬŰɘəɏɠ ůɡɛˊɚɖɟɩůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŮˊɘůɖɛŬɑɜɞɜŰŬɘ əŬɘ ŰŮəɛɖɟɘɩɜɞɜŰŬɘ ŮˊɘůŰɖɛɞɜɘəɎ [ɉŬŰɕɖŭɎəɖ, 2005; 

ȻŮɟɓɧɠ, 2015]. 

ɇɏɚɞɠ ɞɘ ɓŬůɘəɏɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɛɘŬɠ ɞɟɗɐɠ ŮˊɏɛɓŬůɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ 

ŮɑɜŬɘ [ɀŬɚɚɞɨɢɞɡ Tufano, 2016]:  

Á ȼ ŬɜɎɔəɖ Ůəˊɧɜɖůɖɠ ˊɟɞəŬŰŬɟəŰɘəɩɜ, ŭɘŮˊɘůŰɖɛɞɜɘəɩɜ ɛŮɚŮŰɩɜ, 
ɩůŰŮ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɐ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ ɖ əŬŰɎůŰŬůɖ əŬɘ ŰŬ 

ˊɟɞɓɚɐɛŬŰŬ ŭɘŬŰɐɟɖůɖɠ Ůɜɧɠ ˊɞɚɘŰɘůŰɘəɞɨ ŬɔŬɗɞɨ.  

Á Ƀ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ ŮˊɏɛɓŬůɖɠ ůŰɞ ɓŬɗɛɧ ɧˊɞɡ ŭŮɜ ŬɚɚɞɘɩɜŮŰŬɘ ɖ 
Ŭɟɢɘəɐ ŮɛűɎɜɘůɖ, ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ŭɘŬəɧůɛɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ.  



[13] 

 

Á ȼ Ůɜɑůɢɡůɖ Űɖɠ ŬɜŬɚɞɔɑŬɠ Űɞɡ ˊɞůɞůŰɞɨ ˊŬɚŬɘɞɨ ɡɚɘəɞɨ əŬɘ ɜɏɤɜ 
ˊɟɞůɗɖəɩɜ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ, ɛŮ ůŮɓŬůɛɧ ůŰɖɜ Ŭɟɢɘəɐ ŭɞɛɐ Űɞɡ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɖɜ ŬɚɚɞɘɤɗŮɑ ɞ Ŭɟɢɘəɧɠ ɢŬɟŬəŰɐɟŬɠ əŬɘ ɖ 

ŬɡɗŮɜŰɘəɧŰɖŰŬ Űɞɡ.  

Á Ƀ ůŮɓŬůɛɧɠ, əŬŰɎ Űɖɜ ŮˊɏɛɓŬůɖ, ɧɚɤɜ Űɤɜ ɘůŰɞɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ 
ŬɔŬɗɞɨ əŬɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ əŬɘ əɟɘŰɘəɐ ˊɟɞůɏɔɔɘůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ 

ɔɘŬ Űɖɜ ŮɜŭŮɢɧɛŮɜɖ ŬˊɞɛɎəɟɡɜůɖ əŬŰɎɚɞɘˊɤɜ əɎˊɞɘŬɠ ɘůŰɞɟɘəɐɠ 

Űɞɡ űɎůɖɠ.  

Á ȼ Ŭɟɛɞɜɘəɐ ɏɜŰŬɝɖ əŬɘ ŭɘŬəɟɘŰɘəɐ ɡˊɞůŰɨɚɤůɖ Űɤɜ ɜɏɤɜ 

ˊɟɞůɗɖəɩɜ. 

Á ȼ ɢɟɐůɖ ɜɏɤɜ ɡɚɘəɩɜ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ əŬŰɎ Űɖɜ ŮˊɏɛɓŬůɖ, ɩůŰŮ ɜŬ 
ůɡɛɓŬŭɑɕɞɡɜ ɛŮ ŰŬ ŬɟɢɘəɎ əŬɘ ˊɟɤŰɧŰɡˊŬ ɡɚɘəɎ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŬɜŰɘůŰɟŬűŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɢɟɧɜɞɡ, ɧůɞ Űɞ ŭɡɜŬŰɧɜ 

ˊŮɟɘůůɧŰŮɟɞ.   

 

1.7  ɄɟɞɚɖˊŰɘəɐ  ůɡɜŰɐɟɖůɖ əŬɘ ŭɘŬŰɐɟɖůɖ ́ɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ 

 

ȹɘŬŰɐɟɖůɖ ɐ ˊɟɞɚɖˊŰɘəɐ ůɡɜŰɐɟɖůɖ (preservation), ɞɜɞɛɎɕŮŰŬɘ Űɞ 

ůɨɜɞɚɞ ɧɚɤɜ Űɤɜ ɛɏŰɟɤɜ əŬɘ ŮɜŮɟɔŮɘɩɜ ˊɞɡ ůɡɛɓɎɚɞɡɜ ůŰɖɜ Ůˊɘɛɐəɡɜůɖ 

Űɞɡ ɢɟɧɜɞɡ ɕɤɐɠ Ůɜɧɠ ˊɞɚɘŰɘůŰɘəɞɨ ŬɔŬɗɞɨ, əŬɗɩɠ əŬɘ ůŰɖɜ Ŭˊɞűɡɔɐ 

ɓɚɎɓɖɠ Űɞɡ, Ŭˊɧ űɡůɘəɐ ɐ ŬɜɗɟɤˊɞɔŮɜɐ əŬŰŬůŰɟɞűɐ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ 

ɧŰɘ ˊɞɚɚɏɠ űɞɟɏɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɖ ŮɡɟɨŰŮɟɖ ɏɜɜɞɘŬ Űɖɠ ˊɟɞůŰŬůɑŬɠ 

(protection), Ůɜɩ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɧɚŮɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŬůűŬɚɞɨɠ 

ɛŮŰŬɢŮɑɟɘůɖɠ, ɢɟɐůɖɠ, ɛŮŰŬűɞɟɎɠ, űɨɚŬɝɖɠ, ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɏəɗŮůɖɠ 

Űɤɜ ŬɔŬɗɩɜ ŬɡŰɩɜ [ɉŬŰɕɖŭɎəɖ, 2005; ȻŮɟɓɧɠ, 2015; ɀŬɚɚɞɨɢɞɡ Tufano, 

2016]. 

ũɘŬ Űɖɜ ɞɟɗɐ ŮűŬɟɛɞɔɐ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɘɩɜ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɧɠ ɏɚŮɔɢɞɠ, ŭɑɜɞɜŰŬɘ ůɡɛɓɞɡɚɏɠ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ɛɏɗɞŭɞɘ 

ůɡůəŮɡŬůɑŬɠ əŬɘ ɛŮŰŬűɞɟɎɠ. Ⱥˊɑůɖɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊɟɤŰɧəɞɚɚŬ 

ɏəɗŮůɖɠ, ŬɜɎɟŰɖůɖɠ, ůŰɐɟɘɝɖɠ əŬɘ ˊɟɞůŰŬůɑŬɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ 

əɎˊɞɘŬɠ ŮˊŮɑɔɞɡůŬɠ əŬŰɎůŰŬůɖɠ, Ůɜɩ əŬɗɞɟɑɕɞɜŰŬɘ ŮˊɑůɖɛŬ əŬɘ ɞɘ 

ˊŮɟɘɞɟɘůɛɞɑ ɢɟɐůɖɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŬɡŰɩɜ ŬˊɞŰŮɚɞɨɜ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ůɡɜɗɖəɩɜ űɨɚŬɝɖɠ ɛŮ Űɖɜ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ 

əɚɘɛŬŰɘůɛɞɨ, ˊɡɟŬɜɑɢɜŮɡůɖɠ, ˊɡɟɧůɓŮůɖɠ ɐ ůɡɜŬɔŮɟɛɞɨ ŭɘɎɟɟɖɝɖɠ, ɖ 

ůɡůŰɖɛŬŰɘəɐ əŬɗŬɟɘɧŰɖŰŬ ə.ɚ.́ [ɉŬŰɕɖŭɎəɖ, 2005; ȻŮɟɓɧɠ, 2015]. 

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ Űɞɡ ICOM, ɛŮ Űɞɜ ɧɟɞ űɗɞɟɎ-ɓɚɎɓɖ ɞɟɑɕŮŰŬɘ 

ɖ Ŭɚɚɞɑɤůɖ ɐ ɖ ɛŮŰŬŰɟɞˊɐ Űɖɠ ɛɞɟűɐɠ ɐ Űɖɠ ůɨůŰŬůɖɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ, 

ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ŬɘůɗɖŰɘəɐ, ɘůŰɞɟɘəɐ, ɗɟɖůəŮɡŰɘəɐ ɐ Ɏɚɚɖ ŬɝɑŬ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ. ȾɎɗŮ űɗɞɟɎ ɐ Ŭɚɚɞɑɤůɖ, ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ əŬɘ Űɖ ɗɏůɖ 

ˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ, ŰŬ ŬɑŰɘŬ ˊɞɡ Űɖɜ ˊɟɞəŬɚɞɨɜ, Űɖɜ ɏəŰŬůɖ Űɖɠ, əŬɗɩɠ əŬɘ 
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Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɤɠ ŮɜŮɟɔɐ ɐ ɛɖ (ůŰŬɗŮɟɐ ɐ ůŮ Ůɝɏɚɘɝɖ) [ɉŬŰɕɖŭɎəɖ, 

2005]. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, ɞɘ ɓɚɎɓŮɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ 

ŮɝŬɘŰɑŬɠ ɓɘɞɚɞɔɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ŮɑŰŮ ɚɧɔɤ űɡůɘəɐɠ ɐ ŬɜɗɟɤˊɞɔŮɜɞɨɠ 

ŮˊɏɛɓŬůɖɠ, Ůɜɩ ɖ ŰŬɝɘɜɧɛɖůɐ Űɞɡɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.2 

[ɉŬŰɕɖŭɎəɖ, 2005; ɈˊɞɡɟɔŮɑɞ ɄɞɚɘŰɘůɛɞɨ & ɇɞɡɟɘůɛɞɨ, 2007;  

AngheluἪŁ & RŁdvan, 2019].  

ɆɢɐɛŬ 1.2: ȷɑŰɘŬ ŭɖɛɘɞɡɟɔɑŬɠ űɗɞɟɩɜ əŬɘ ŬɚɚɞɘɩůŮɤɜ ůŰŬ ˊɞɚɘŰɘůŰɘəɎ 

ŬɔŬɗɎ 

 

1.8  ɇŮəɛɖɟɑɤůɖ ůɡɜŰɐɟɖůɖɠ 

 

Ƀ ɧɟɞɠ ŰŮəɛɖɟɑɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ůɡɚɚɞɔɐ əŬɘ əŬŰŬɔɟŬűɐ ɧɚɤɜ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɡˊɧůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ŭɖɚŬŭɐ ŰŬ ɡɚɘəɎ 

əŬŰŬůəŮɡɐɠ Űɞɡ, Űɖ ŭɞɛɐ Űɞɡ (ůɢɐɛŬ əŬɘ ɗɏůɖ) ůŰɞɜ ŰɟɘŭɘɎůŰŬŰɞ ɢɩɟɞ, 

Űɖɜ ŰŮɢɜɞŰɟɞˊɑŬ Űɞɡ, Űɞɜ Űɟɧˊɞ ɏəɗŮůɖɠ əŬɘ ŮɔəŬŰɎůŰŬůɐɠ Űɞɡ ůŮ ɏɜŬɜ 

ŮəɗŮůɘŬəɧ ɢɩɟɞ (ɧŰŬɜ ŬɡŰɧ ŬˊŬɘŰŮɑŰŬɘ) əŬɘ Űɏɚɞɠ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ Űɘɠ 

ůɡɜɗɐəŮɠ űɨɚŬɝɐɠ Űɞɡ. ɄŮɟɘɚŬɛɓɎɜŮɘ ɏɟŮɡɜŮɠ, ŭɘŬŭɘəŬůɑŮɠ, əŬɘ ɛŮɗɧŭɞɡɠ 

ɔɘŬ əŬɗɏɜŬ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ [Georgopoulos & Ioannidis, 2004;  

ȷɚŮɝɞˊɞɨɚɞɡ, 2018; Ulvi et al., 2019]. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůɨɛűɤɜŬ ɛŮ Űɞ ȷɛŮɟɘəɎɜɘəɞ ȽɜůŰɘŰɞɨŰɞ 

ɆɡɜŰɐɟɖůɖɠ (AIC), ɖ ŰŮəɛɖɟɑɤůɖ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ [AIC, 1994; 

ɉŬŰɕɖŭɎəɖ, 2005; ȻŮɟɓɧɠ, 2015]:  

Á ɇɖɜ ŰŬɡŰɧŰɖŰŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, Űɖɜ ɖɛŮɟɞɛɖɜɑŬ ŮˊɏɛɓŬůɐɠ Űɞɡ 

ŬɚɚɎ əŬɘ ŰŬ ɞɜɧɛŬŰŬ Űɤɜ ůɡɜŰɖɟɖŰɩɜ ˊɞɡ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɘɐůŬɜ.  

 
ȸɘɞɚɞɔɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ 

ȹɟɎůɖ űɡůɘəɩɜ ɟɘɕɩɜ 

ȹɟɎůɖ ɕɩɤɜ əŬɘ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ 

ɄŮɟɘɓŬɚɚɞɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ 

ūɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ  
(ɆŮɘůɛɞɑ, ɄɚɖɛɛɨɟŮɠ, ɄɡɟəŬɔɘɏɠ, ȰɜŰɞɜŬ 

əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ ə.Ŭ.) 

ɄŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ 
(ŪŮɟɛɞəɟŬůɑŬ, ɈɔɟŬůɑŬ, ȰɜŰŬůɖ űɤŰɘůɛɞɨ 

ə.Ŭ. 

ȷɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ 

ɅɨˊŬɜůɖ, ȾŬəɧŰŮɢɜŮɠ ŮˊɘůəŮɡɏɠ, ɁɏŮɠ 
ˊɟɞůɗɐəŮɠ, Ɉɣɖɚɐ ŮˊɘůəŮɣɘɛɧŰɖŰŬ ɢɤɟɑɠ 

ˊɟɞůŰŬůɑŬ ə.Ŭ. 



[15] 

 

Á ɇɖɜ əŬŰŬɔɟŬűɐ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɘůŰɞɟɑŬ, ŰŬ ɡɚɘəɎ 
Űɞɡ ɐ Űɖɜ əŬŰɎůŰŬůɖ Űɖɠ űɗɞɟɎɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ.  

Á ɇɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɟɘɜ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ əŬɘ ɛŮŰɎ Űɞ 
Űɏɚɞɠ Űɖɠ ŮˊɏɛɓŬůɖɠ. 

Á ɇɞ ůɢŮŭɘŬůɛɧ Űɖɠ ŮˊɏɛɓŬůɖɠ, ɧˊɞɡ ɞ ůɡɜŰɖɟɖŰɐɠ ɞűŮɑɚŮɘ ɜŬ 
əŬŰŬɔɟɎɣŮɘ əŬɘ ɜŬ ɡˊɞɓɎɚŮɘ ůŰɞɜ ɘŭɘɞəŰɐŰɖ ɐ Űɞɜ ɏűɞɟɞ Űɞ ůɢɏŭɘɞ 

Űɖɠ ŮˊɏɛɓŬůɖɠ, ˊɟɘɜ ŬɡŰɧ ɡɚɞˊɞɘɖɗŮɑ, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ 

ŬɘŰɘɞɚɞɔɖɛɏɜŬ (əŬɘ ɓɘɓɚɘɞɔɟŬűɘəɎ) Űɞɡɠ ůŰɧɢɞɡɠ əŬɗɩɠ əŬɘ Űɞɡɠ 

ˊɘɗŬɜɞɨɠ əɘɜŭɨɜɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝɞɡɜ.  

Á ɇɖ ɚŮˊŰɞɛŮɟɐ əŬŰŬɔɟŬűɐ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ, Űɤɜ ɢɖɛɘəɩɜ, Űɤɜ 
ɡɚɘəɩɜ, Űɤɜ ɞɟɔɎɜɤɜ əŬɘ Űɤɜ ůɡůəŮɡɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, 

ɢɟɞɜɞɚɞɔɘəɎ.  

Á ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ, Űɘɠ ɔɜɤɛŬŰŮɨůŮɘɠ əŬɘ ɔŮɜɘəɎ Űɞ 
ɡɚɘəɧ Űɤɜ ŭɘɎűɞɟɤɜ ŮɟɔŬůŰɖɟɑɤɜ Űɤɜ ɞˊɞɑɤɜ ɕɖŰɐɗɖəŮ ɖ ůɡɜŭɟɞɛɐ, 

ůŮ ˊɟɤŰɧŰɡˊɖ ɛɞɟűɐ. 

ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ, ŰŮəɛɖɟɘɩɜɞɜŰŬɘ ɛŮ űɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ,  

ɐ əŮɑɛŮɜŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɘɠ ɛŮɗɧŭɞɡɠ ŮɝɏŰŬůɖɠ əŬɘ ŬɜɎɚɡůɖɠ, 

ˊŬɟɏɢɞɜŰŬɠ ůɢŮŰɘəɐ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬűɞɟɎ. ȷəɧɛɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ɖɢɖŰɘəɎ ɜŰɞəɞɡɛɏɜŰŬ ɐ ŬɟɢŮɑŬ əɘɜɞɨɛŮɜɖɠ, ɐ ɛɖ, ɣɖűɘŬəɐɠ ɐ ŬɜŬɚɞɔɘəɐɠ 

ŮɘəɧɜŬɠ. ɇŬ əɡɟɘɧŰŮɟŬ, ɧɛɤɠ, Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ ɖ űɤŰɞɔɟŬűɘəɐ əŬɘ ɔɟŬűɘəɐ 

ŰŮəɛɖɟɑɤůɖ [ɉŬŰɕɖŭɎəɖ, 2005].  

ɀŮ Űɞɜ ɧɟɞ ɔɟŬűɘəɐ ŰŮəɛɖɟɑɤůɖ, ɞɟɑɕɞɜŰŬɘ ɧɚŬ ŮəŮɑɜŬ ŰŬ ŭŮŭɞɛɏɜŬ 

ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ůəɑŰůŬ, ɢɎɟŰŮɠ, ŰɞˊɞɔɟŬűɘəɎ ůɢɏŭɘŬ, ůɢŮŭɘŬůŰɘəɐ əŬɘ 

ɔɟŬűɘəɐ ŰŮəɛɖɟɑɤůɖ űɗɞɟɩɜ, ˊɟɞŰŮɘɜɧɛŮɜɤɜ ŮɟɔŬůɘɩɜ, ŮˊŮɛɓɎůŮɤɜ, 

ŬˊɞəŬŰŬůŰɎůŮɤɜ əɚˊ. ȳɚŬ ŬɡŰɎ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ űɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ ůŮ 

əɎɗŮ ůŰɎŭɘɞ ŰŮəɛɖɟɑɤůɖɠ, Ůɜɩ Űɞ əŮɑɛŮɜɞ ˊɞɡ ŰŬ ˊŮɟɘɔɟɎűŮɘ ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ ŮɑŰŮ ŮɚŮɨɗŮɟɞ ŮɑŰŮ ůɡɛˊɚɖɟɤɛɏɜɞ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ űɧɟɛŮɠ 

[ɉŬŰɕɖŭɎəɖ, 2005]. 

ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ŰŮəɛɖɟɑɤůɖ Űɖɠ əŬŰɎůŰŬůɖɠ ŭɘŬŰɐɟɖůɖɠ, ŬɡŰɐ 

ˊɟɏˊŮɘ ɜŬ ɡɚɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɡˊɎɟɢŮɘ əɎˊɞɘŬ ɛŮŰŬɓɞɚɐ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ 

ˊɞɚɘŰɘůŰɘəɞɨ ŬɔŬɗɞɨ, ɐ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ, Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ 

ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɧŭɞɡɠ əŬŰɎ Űɖ ŭɘŬŰɐɟɖůɖ Űɞɡɠ [ɉŬŰɕɖŭɎəɖ, 2005]. 

ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ŮˊɘůɖɛŬɜɗɞɨɜ ɞɘ ɚɧɔɞɘ ˊɞɡ ɖ ŰŮəɛɖɟɑɤůɖ ŮɑɜŬɘ Űɧůɞ 

ůɖɛŬɜŰɘəɐ ɔɘŬ ɏɜŬ ˊɞɚɘŰɘůŰɘəɧ ŬɔŬɗɧ ůŮ ɧɚɞ Űɞ ɢɟɧɜɞ ɕɤɐɠ əŬɘ 

ŭɘŬŰɐɟɖůɖɠ Űɞɡ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ [AIC, 1994; ȻŮɟɓɧɠ, 2015]:  

Á ȾŬŰŬɔɟɎűŮɘ ɚŮˊŰɞɛŮɟɩɠ Űɖɜ ˊŬɟɞɨůŬ əŬŰɎůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. 

Á ɄŮɟɘɔɟɎűŮɘ Űɖɜ ɘůŰɞɟɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɩůŰŮ ɜŬ ŰŮəɛɖɟɘɩɜɞɜŰŬɘ 
ŰŬ ŬɡɗŮɜŰɘəɎ Űɞɡ ůŰɞɘɢŮɑŬ əŬɘ ɜŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŬɡŰɎ ˊɞɡ ŬˊɞŰŮɚɞɨɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɟɞɖɔɞɨɛŮɜɖɠ ŮˊɏɛɓŬůɖɠ. 
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Á ȺˊɘŰɟɏˊŮɘ Űɖ ůɨɔəɟɘůɖ Űɖɠ əŬŰɎůŰŬůɐɠ Űɞɡ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ 
ŮˊɏɛɓŬůɖ, ŮɜŰɞˊɑɕɞɜŰŬɠ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ Űɖɜ ŬůűɎɚŮɘŬ 

Űɤɜ ɡɚɘəɩɜ əŬɘ Űɤɜ ɛŮɗɧŭɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

Á ȸɞɖɗɎ Űɞɜ ɘŭɘɞəŰɐŰɖ, Űɞɜ ɏűɞɟɞ ɐ Űɖɜ əɞɘɜɤɜɑŬ, ɜŬ ŮəŰɘɛɐůɞɡɜ əŬɘ 
ɜŬ Ŭɝɘɞˊɞɘɐůɞɡɜ Űɖɜ ˊɞɚɘŰɘůŰɘəɐ əɚɖɟɞɜɞɛɘɎ, ŮɜɘůɢɨɞɜŰŬɠ ŰŬ ɡɚɘəɎ 

əŬɘ ɎɡɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ.  

Á ȺˊɘůɖɛɞˊɞɘŮɑ Űɖɜ ŮɟɔŬůɑŬ Űɤɜ ůɡɜŰɖɟɖŰɩɜ, ŭɑɜɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ 
əɟɘŰɘəɐɠ əŬɘ ŮˊɘɓɎɚɚɞɜŰŬɠ ɡˊŮɡɗɡɜɧŰɖŰŬ. 

Á ȾŬŰŬɔɟɎűŮɘ Űɖɜ ɘůŰɞɟɑŬ ůɡɜŰɐɟɖůɖɠ, ŭɑɜɞɜŰŬɠ ɓŬůɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ 
ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ. 

Á ɄɟɞůűɏɟŮɘ ˊɞɚɨŰɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ űɡůɘəɐ ɔɐɟŬɜůɖ Űɤɜ 
ɡɚɘəɩɜ, ŮɑŰŮ ŬɡŰɎ ŮɑɜŬɘ ůɡɜŰɖɟɖɛɏɜŬ ŮɑŰŮ ɧɢɘ.  

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ, ŭɑɜŮɘ ɏɛűŬůɖ ůŰɘɠ ɛŮɗɧŭɞɡɠ 

ŰŮɢɜɘəɐɠ ŮɝɏŰŬůɖɠ Ůɜɧɠ ˊɞɚɘŰɘůŰɘəɞɨ ŬɔŬɗɞɨ, əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Ůɜɧɠ 

ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ. Ɇɡɜɐɗɤɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŬˊŮɘəɞɜɘůŰɘəɏɠ ŰŮɢɜɘəɏɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘɎűɞɟŮɠ ŬəŰɘɜɞɓɞɚɑŮɠ (ɧˊɤɠ UV, IR, X), ɛŮŰɟɖŰɘəɏɠ 

ŰŮɢɜɘəɏɠ ůŮ űɤŰɞɔɟŬűɑŮɠ ɐ ɜɏűɖ ůɖɛŮɑɤɜ, əŬɗɩɠ əŬɘ ɛŮɗɧŭɞɡɠ ŬɜɎɚɡůɖɠ 

ůŰɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɤɜ ɡɚɘəɩɜ Űɞɡ ŮəɎůŰɞŰŮ ɏɟɔɞɡ [ɉŬŰɕɖŭɎəɖ, 2005]. 

Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɞɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ, 

ŭɑɜɞɜŰŬɠ Ůˊɑůɖɠ əŬɘ ŮɝŮɘŭɘəŮɡɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ.



[17] 

 

ȾȺūȷȿȷȽɃ 2ɞ  

ȹȽȷũɁɋɆɇȽȾȺɆ ɀȺŪɃȹɃȽ  ȺɅũɋɁ ȻɋũɅȷūȽȾȼɆ 

 

 

2.1 ũŮɜɘəɎ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɖ ŰŮəɛɖɟɑɤůɖ ŬˊɞŰŮɚŮɑ Űɖ ůɖɛŬɜŰɘəɧŰŮɟɖ 

ŭɘŮɟɔŬůɑŬ əŬŰɎ Űɖ ůɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ ˊɞɚɘŰɘůŰɘəɩɜ ŬɔŬɗɩɜ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ˊɞɡ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ, ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚŮɠ ɛɏɗɞŭɞɘ ŰŮɢɜɘəɐɠ 

ŮɝɏŰŬůɖɠ. 

ȼ ŰŮɢɜɘəɐ ŮɝɏŰŬůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ ŮəŮɑɜŮɠ Űɘɠ ɛŮɗɧŭɞɡɠ ɛɏůŬ Ŭˊɧ 

Űɘɠ ɞˊɞɑŮɠ ŮɝŮŰɎɕɞɜŰŬɘ, ŭɘŬˊɘůŰɩɜɞɜŰŬɘ əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ űɗɞɟɏɠ əŬɘ 

ɞɘ ŬɚɚɞɘɩůŮɘɠ Ůɜɧɠ ɏɟɔɞɡ, Ůɜɩ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ əŬɘ ŭɘŬŭɘəŬůɑŮɠ 

ɢɟɞɜɞɚɧɔɖůɐɠ Űɞɡ. Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɞɑ ŮɑɜŬɘ ŭɘŬɔɜɤůŰɘəɏɠ əŬɘ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɑŰŮ ŮˊɘűŬɜŮɘŬəɎ, ŮɑŰŮ ůŰɖɜ ŮůɤŰŮɟɘəɐ ŭɞɛɐ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ, Ůɜɩ ɢɤɟɑɕɞɜŰŬɘ ůŮ əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɞɛɐ əŬɘ Űɞ 

ˊŮɟɘŮɢɧɛŮɜɧ Űɞɡɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, Ůˊɑůɖɠ, ɧŰɘ ɞɘ ɛɏɗɞŭɞɘ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ɛɖ əŬŰŬůŰɟŮˊŰɘəɏɠ, əŬɗɩɠ ŰŬ ˊɞɚɘŰɘůŰɘəɎ ŬɔŬɗɎ 

ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ Ŭɚɚɞɘɤɗɞɨɜ ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ [ɉŬŰɕɖŭɎəɖ, 2005; 

Ⱦɞɨɖ et al., 2015]. 

Ƀ ɀɖ ȾŬŰŬůŰɟŮˊŰɘəɧɠ ȰɚŮɔɢɞɠ ŬˊɞŰŮɚŮɑ ɛɑŬ ɞɚɧəɚɖɟɖ ŮˊɘůŰɐɛɖ ˊɞɡ 

ůŰɞɢŮɨŮɘ əɡɟɑɤɠ ůŰɖɜ ŮɝɏŰŬůɖ ɡɚɘəɩɜ əŬɘ əŬŰŬůəŮɡɩɜ ɢɤɟɑɠ ɜŬ 

ŮˊɖɟŮɎɕŮŰŬɘ ɐ ɜŬ ŬɚɚɎɕŮɘ ɖ űɡůɘəɐ Űɞɡɠ əŬŰɎůŰŬůɖ. Ⱥˊɘˊɚɏɞɜ ɛɏůŬ Ŭˊɧ 

ŬɡŰɧɜ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ  ɛŮŰɟɐůŮɘɠ əŬɘ ŮˊɘŰɧˊɞɡ ɏɚŮɔɢɞɘ ůŮ ɛŮɔɎɚŮɠ 

əŬŰŬůəŮɡɏɠ, Ůɜɩ ůŰɧɢɞɠ ŮɑɜŬɘ ɖ ɚɐɣɖ ŬɝɘɧˊɘůŰɤɜ ˊɚɖɟɞűɞɟɘɩɜ ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. Ƀɘ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ŮɑŰŮ ɞˊŰɘəɏɠ-

ɛŮŰɟɖŰɘəɏɠ, ŮɑŰŮ űŬůɛŬŰɞůəɞˊɘəɏɠ, ŮɑŰŮ ŬəɞɡůŰɘəɏɠ, ɛŮ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ɜŬ 

ɏɢɞɡɜ ŮəɚŮɑɣŮɘ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ [Ⱦɞɨɖ et al., 2015; ȸɚɎɢɞɠ, 2015]. 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ əŮűɎɚŬɘɞ, ɚɞɘˊɧɜ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ 

ɡűɘůŰɎɛŮɜŮɠ ɛɖ əŬŰŬůŰɟŮˊŰɘəɏɠ ɛɏɗɞŭɞɘ ŰŮɢɜɘəɐɠ ŮɝɏŰŬůɖɠ Űɤɜ ɏɟɔɤɜ 

ɕɤɔɟŬűɘəɐɠ, ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŮ ŬˊŮɘəɞɜɘůŰɘəɏɠ əŬɘ ɛŮŰɟɖŰɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ, Ůɜɩ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ əŬɘ ɖ ɢɖɛɘəɐ 

ůɨůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ [ȽɤŬɜɜɑŭɞɡ et al., 2021; Ioannidou & Pantazis, 

2023; Colombini et al., 2022]. 
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2.2 ȷˊŮɘəɞɜɘůŰɘəɏɠ ɛɏɗɞŭɞɘ 

 

Ƀɘ ŬˊŮɘəɞɜɘůŰɘəɏɠ ŰŮɢɜɘəɏɠ ŭɘɎɔɜɤůɖɠ ŬˊɞŰŮɚɞɨɜ ɛɑŬ əŬŰɖɔɞɟɑŬ 

ɣɖűɘŬəɩɜ, əɡɟɑɤɠ, ŬˊŮɘəɞɜɑůŮɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ůɡɜŰɖɟɖŰɏɠ 

ɐ ŮɟŮɡɜɖŰɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŰŮəɛɖɟɘɤɗɞɨɜ əŬɘ ɜŬ ŰŬɡŰɞˊɞɘɖɗɞɨɜ Űɧůɞ ŰŬ 

ɡɚɘəɎ ŭɖɛɘɞɡɟɔɑŬɠ Űɤɜ ɏɟɔɤɜ, ɧůɞ əŬɘ ɖ ŰŮɢɜɞɚɞɔɑŬ Űɞɡɠ, ˊɟɞəŮɘɛɏɜɞɡ  ɜŬ 

ɚɖűɗɞɨɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ŬˊɞűɎůŮɘɠ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɐ Űɞɡɠ [ȷɚŮɝɞˊɞɨɚɞɡ, 

2018]. 

Ƀɘ ɣɖűɘŬəɏɠ ŬˊŮɘəɞɜɑůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ůɡɜŭɡɎɕɞɡɜ ɢɤɟɘəɎ 

əŬɘ űŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ, ɛŮɚŮŰɩɜŰŬɠ Űɘɠ ɢɤɟɘəɏɠ əŬɘ ŮɜŮɟɔŮɘŬəɏɠ 

ůɡɢɜɧŰɖŰŮɠ ŬɜŰɑůŰɞɘɢŬ, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ [ȷɚŮɝɞˊɞɨɚɞɡ, 

2018]. 

 

2.2.1. ũŮɜɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖ űŬůɛŬŰɞůəɞˊɑŬ 

 

ɇŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ŭɘŬŭɑŭɞɜŰŬɘ ůŰɞ ɢɩɟɞ ɤɠ ˊŮɟɘɞŭɘəɎ 

əɨɛŬŰŬ, Űɤɜ ɞˊɞɑɤɜ ɖ ɢɤɟɘəɐ ˊŮɟɘɞŭɘəɧŰɖŰŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ ɛɐəɞɠ 

əɨɛŬŰɞɠ ɚ əŬɘ ɖ ɢɟɞɜɘəɐ ˊŮɟɘɞŭɘəɧŰɖŰŬ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ Űɖɠ 

ŰŬɚɎɜŰɤůɖɠ ɇ, ˊɞɡ ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŭɘɎŭɞůɖɠ 

Űɞɡ əɨɛŬŰɞɠ Æ ρȾ4. Ƀɘ ˊŮɟɘɞŭɘəɧŰɖŰŮɠ ŬɡŰɏɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɖ 
ůɢɏůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ ɛŮŰɎŭɞůɖɠ Űɤɜ əɡɛɎŰɤɜ ŬɡŰɩɜ ůŰɞ əŮɜɧ Ã əŬɘ 
ŮəűɟɎɕɞɜŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

Ã ÆϽʇ                                             (2.1) 

 ȷɜŰɑůŰɞɘɢŬ Űɞ ˊɞůɧ Űɖɠ ȺɜɏɟɔŮɘŬɠ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ ɛɏůɤ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ ɚ Ŭˊɧ 

Űɖ ůɢɏůɖ  

Ã ÈϽÆ
Ͻ
                                    (2.2) 

ɛŮ È φȢφςυφρπ  *ϽÓ ɖ ˊŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ (Planck) əŬɘ 

 Ã ςȢωωχω ρπ ÍȾÓ ɖ ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡɠ űɤŰɧɠ [Young  & 

Freedman, 2009].   

ȰŰůɘ, ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŬɡŰɐɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮ Űɖɜ ɨɚɖ (ɢɖɛɘəɏɠ 

ŮɜɩůŮɘɠ) əŬɘ ɞɘ ɛŮŰŬɓɞɚɏɠ ŮɜɏɟɔŮɘŬɠ əŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ ɐ Ůəˊɞɛˊɐ 

ŬəŰɘɜɞɓɞɚɑŬɠ ŮɑɜŬɘ Űɞ əɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏŰɟɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ ɐ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɘɠ 

ŭɘɎűɞɟŮɠ ɢɖɛɘəɏɠ ŮɜɩůŮɘɠ ɔɘŬ ŭɘɎűɞɟŬ ɛɐəɖ əɨɛŬŰɞɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɚŬɛɓɎɜɞɜŰŬɘ əŬɘ ɜŬ ŰŬɡŰɞˊɞɘɞɨɜŰŬɘ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ŭɞɛɐ 

Űɤɜ ŮɜɩůŮɤɜ ŬɡŰɩɜ [ɉŮɘɚɎəɞɡ, 2011]. 



[19] 

 

ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ ɞɜɞɛɎɕŮŰŬɘ ɖ ŬɜɎɚɡůɖ ɛɘŬɠ ŭɏůɛɖɠ űɤŰɧɠ 

ůŰŬ Ůˊɘɛɏɟɞɡɠ ɛɐəɖ əɨɛŬŰɞɠ Űɖɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.1, 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ Űɘɠ əɞůɛɘəɏɠ ŬəŰɑɜŮɠ (ɛɐəɞɠ əɨɛŬŰɞɠ=ρπ ὲά) ɛɏɢɟɘ ŰŬ 
ɛŬəɟɎ əɨɛŬŰŬ (ɛɐəɞɠ əɨɛŬŰɞɠ=ρπππ Ὧά), ɧˊɞɡ ŬɜɎɛŮůŬ ůŮ ŬɡŰɎ 
ůɡɜŬɜŰɩɜŰŬɘ ɞɘ ŬəŰɑɜŮɠ ɔ, ɞɘ ŬəŰɑɜŮɠ ɉ, Űɞ ɡˊŮɟɘɩŭŮɠ, Űɞ ɞɟŬŰɧ, Űɞ 

ɡˊɏɟɡɗɟɞ űɤɠ əŬɘ ŰŬ ɛɘəɟɞəɨɛŬŰŬ [Young & Freedman, 2009; ɉŮɘɚɎəɞɡ, 

2011]. 

 

 

ɆɢɐɛŬ 2.1: ɄŮɟɘɞɢɏɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ [ȸɚɎɢɞɠ, 2015] 

 

ȳɚŮɠ ɞɘ ˊŬɟŬˊɎɜɤ ŬəŰɘɜɞɓɞɚɑŮɠ əɘɜɞɨɜŰŬɘ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ, 

Ůɜɩ  ɖ ŭɘŬűɞɟɎ Űɞɡɠ ɏɔəŮɘŰŬɘ ůŰŬ ɛɐəɖ əɨɛŬŰɞɠ ɐ Űɖɜ ŮɜɏɟɔŮɘŬ Űɤɜ 

ŬəŰɘɜɞɓɞɚɘɩɜ ˊɞɡ ˊŬɟɎɔɞɡɜ, ŬɚɚɎ əŬɘ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəŬɚɞɨɜ 

ůŰɖɜ ɨɚɖ Űɖɜ ɞˊɞɑŬ ˊɟɞůˊɑˊŰɞɡɜ. Ⱥˊɑůɖɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ  ɧŰɘ ŬɡŰɏɠ 

ɞɘ ˊŮɟɘɞɢɏɠ ŭŮɜ ɏɢɞɡɜ ůŬűɐ ɧɟɘŬ, Ůɜɩ ůŰɞ ɞɟŬŰɧ űɎůɛŬ ɡˊɎɔɞɜŰŬɘ əŬɘ ŰŬ 

ŭɘŬűɞɟŮŰɘəɎ ɢɟɩɛŬŰŬ [ȸɚɎɢɞɠ, 2015; ȷɚŮɝɞˊɞɨɚɞɡ, 2018]. 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŰɟɘɓɐ ŭɑɜŮŰŬɘ ɏɛűŬůɖ, ůŰɞ ɞɟŬŰɧ, ůŰɞ ɡˊŮɟɘɩŭŮɠ 

əŬɘ ɡˊɏɟɡɗɟɞ űɎůɛŬ əŬɘ ůŰɘɠ ŬəŰɑɜŮɠ ɉ, əŬɗɩɠ ŬɡŰɎ ŬɝɘɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ 

ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.2, ɛŮ Űɖ 

ɢɟɐůɖ ɡˊŮɟɘɩŭɞɡɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ ɓŮɟɜɑəɘŬ, ůŰɞ ɞɟŬŰɧ űɎůɛŬ 

ˊɟɞɓɎɚɚŮŰŬɘ ɖ ŰŮɚɘəɐ ɕɤɔɟŬűɘɎ ɛŮ ɧɚŬ ŰŬ ɢɟɩɛŬŰŬ, Ůɜɩ Űɞ ɡˊɏɟɡɗɟɞ 

ŮˊɘŰɟɏˊŮɘ ůŰŬ əɟɡɛɛɏɜŬ ůɢɏŭɘŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɎŰɤ Ŭˊɧ ŰŬ ˊɟɩŰŬ 

ůŰɟɩɛŬŰŬ ɓŬűɐɠ ɜŬ ŮˊɘɗŮɤɟɞɨɜŰŬɘ əŬɘ ɜŬ ŬˊɞəŬɚɨˊŰɞɜŰŬɘ. ɇɏɚɞɠ ɞɘ 

ŬəŰɑɜŮɠ ɉ ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮůɤŰŮɟɘəɐ 

ŭɞɛɐ Űɞɡ ɡɚɘəɞɨ ɡˊɞůŰɐɟɘɝɖɠ, ŮɑŰŮ ˊɟɧəŮɘŰŬɘ ɔɘŬ əŬɛɓɎ ŮɑŰŮ ɔɘŬ ɝɨɚɞ 

[Remondino et al., 2011]. 



[20] 

 

 

ɆɢɐɛŬ 2.2: ȷˊɞəɟɑůŮɘɠ Ůɜɧɠ ˊɑɜŬəŬ ɕɤɔɟŬűɘəɐɠ ůŮ ŭɘŬűɞɟŮŰɘəɐ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ [Remondino et al., 2011] 

 

2.2.2. Ɉˊɏɟɡɗɟɖ-ŪŮɟɛɘəɐ ŬəŰɘɜɞɓɞɚɑŬ 

 

ɇɞ ɡˊɏɟɡɗɟɞ (ȽR) ŮɑɜŬɘ ɛɘŬ ˊŮɟɘɞɢɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ, ɛŮ 

ɛɐəɞɠ əɨɛŬŰɞɠ Ŭˊɧ ράά ɤɠ πȢχυ‘ά, ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ Ůəˊɞɛˊɐ 
ŬəŰɘɜɞɓɞɚɑŬɠ ŬŰɧɛɤɜ ɐ ɛɞɟɑɤɜ ˊɞɡ ŬɚɚɎɕɞɡɜ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡɠ ɐ Űɖɜ 

ŰŬɚŬɜŰɤŰɘəɐ Űɞɡɠ əŬŰɎůŰŬůɖ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ Űɖɠ ŬɚɚŬɔɐɠ ŮɑɜŬɘ ŰŬ 

ɎŰɞɛŬ ɐ ɛɧɟɘŬ ɜŬ Ůəˊɏɛˊɞɡɜ ŮɜɏɟɔŮɘŬ ɡˊɧ ɛɞɟűɐ ɗŮɟɛɧŰɖŰŬɠ, ɖ ɞˊɞɑŬ 

ɞɜɞɛɎɕŮŰŬɘ ɡˊɏɟɡɗɟɖ ɐ ɗŮɟɛɘəɐ ŬəŰɘɜɞɓɞɚɑŬ [Young & Freedman, 2009; 

ȸɚɎɢɞɠ, 2015]. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ɧŰɘ ɖ ˊŮɟɘɞɢɐ Űɤɜ əɡɛɎŰɤɜ ŬɡŰɩɜ, ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ɛɐəɞɠ Űɞɡɠ, ɢɤɟɑɕŮŰŬɘ ůŮ Ůˊɘɛɏɟɞɡɠ ˊɏɜŰŮ ɡˊɞˊŮɟɘɞɢɏɠ-́ ŬɟɎɗɡɟŬ [Ⱦɞɨɖ 

et al., 2015; 2]: 

Á Űɞ Ⱥɔɔɨɠ ɡˊɏɟɡɗɟɞ (Near-IR) Ŭˊɧ πȢχυ ʈÍ ɏɤɠ ρ ʈÍ, 
Á Űɞ ȾɞɜŰɘɜɧ Ɉˊɏɟɡɗɟɞ (Short Wave-IR) Ŭˊɧ ρʈÍ ɏɤɠ σ ʈÍ, 
Á Űɞ ɀɏůɞ Ɉˊɏɟɡɗɟɞ (Mid Wave-IR) Ŭˊɧ σʈÍ ɏɤɠ υ ʈÍ, 
Á Űɞ ȯˊɤ Ɉˊɏɟɡɗɟɞ (Long Wave-IR) Ŭˊɧ ψʈÍ ɏɤɠ ρτ ʈÍ əŬɘ  

Á Űɞ ȷˊɩŰŮɟɞ Ɉˊɏɟɡɗɟɞ (Very Long Wave-IR) Ŭˊɧ ρτʈÍ ɏɤɠ 
ρπππ ʈÍ. 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ ŬɡŰɩɜ Űɤɜ ˊŬɟŬɗɨɟɤɜ ɓŬůɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ ɘŭɘɧŰɖŰŬ 

Ŭˊɞɟɟɧűɖůɖɠ ɐ ɧɢɘ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ. ȼ Ŭˊɞɟɟɧűɖůɖ 

ŬɜɎ ˊŮɟɘɞɢɐ ɡˊɏɟɡɗɟɞɡ ŭɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.3. ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ, Ŭˊɧ 

ŰŬ υʈÍ ɏɤɠ ψʈÍ ɖ Ŭˊɞɟɟɧűɖůɖ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɐ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 
ŮɑɜŬɘ ŭɨůəɞɚɖ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɖɠ Ŭˊɧ ɏɜŬɜ ɡˊɏɟɡɗɟɞ ŬɜɘɢɜŮɡŰɐ [Ⱦɞɨɖ 

et al., 2015]. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜɞɡɜ ŬɜŰɘɚɖˊŰɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɡŭɘɎəɟɘŰŬ 

ɛŮ ɛɑŬ ˊɟɩŰɖ ɛŬŰɘɎ, ŬɝɘɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɖ ˊŮɟɘɞɢɐ Űɞɡ Ůɔɔɨɠ ɡˊɏɟɡɗɟɞɡ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɘŭɘəɎ űɤŰɞɔɟŬűɘəɎ űɘɚɛ (ɏɔɢɟɤɛŬ ɐ ŬůˊɟɧɛŬɡɟŬ). 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ ɞɘ ŬɘůɗɖŰɐɟŮɠ Űɤɜ ɣɖűɘŬəɩɜ űɤŰɞɔɟŬűɘəɩɜ 

ɛɖɢŬɜɩɜ ˊŬɟɞɡůɘɎɕɞɡɜ əɎˊɞɘŬ ŮɡŬɘůɗɖůɑŬ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ űɎůɛŬ [2].   



[21] 

 

 

ɆɢɐɛŬ 2.3: ɈˊɏɟɡɗɟŮɠ ɕɩɜŮɠ əŬɘ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ 

[Ⱦɞɨɖ et al., 2015] 

 

ȷɜɎɚɞɔŬ ɛŮ Űɖ ɚɐɣɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɑŬ Ɏɚɚɖ 

ɞˊŰɘəɐ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

ŬůˊɟɧɛŬɡɟɖɠ ɚɐɣɖɠ Űɞ ɛˊɚŮ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŬɨɟɞ Ůɜɩ Űɞ əɧəəɘɜɞ ɚŮɡəɧ, 

Ůɜɩ ůŰɖɜ ɏɔɢɟɤɛɖ ɚɐɣɖ ɧ,Űɘ ŮəˊɏɛˊŮɘ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ ŮɛűŬɜɑɕŮŰŬɘ 

əɧəəɘɜɞ [2]. 

 ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŭɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.1, ɧˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɑŬ 

ŮɘəɧɜŬ ůŮ ɞɟŬŰɧ, ŬůˊɟɧɛŬɡɟɞ əŬɘ ɏɔɢɟɤɛɞ ɡˊɏɟɡɗɟɞ. ȼ ŮɘəɧɜŬ ŬɡŰɐ 

ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ůɡɜŰɐɟɖůɖɠ Űɞɡ ɀɞɡůŮɑɞɡ ɀˊŮɜɎəɖ. ɄŬɟŬŰɖɟŮɑŰŬɘ 

ɧŰɘ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ ŮɡŭɘɎəɟɘŰŬ ŰŬ ɧɟɘŬ Űɞɡɠ ůŰɞ ɞɟŬŰɧ űɎůɛŬ 

ɔɑɜɞɜŰŬɘ ˊɘɞ ŬɜŰɘɚɖˊŰɎ ůŰɞ ɡˊɏɟɡɗɟɞ [3]. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ Ůˊɑůɖɠ, ɧŰɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɡˊɏɟɡɗɟɞɡ űɘɚɛ, 

ˊɞɚɚɏɠ űɞɟɏɠ ŬˊɞəŬɚɨˊŰɞɜŰŬɘ ůɢɏŭɘŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɟɡɛɛɏɜŬ əɎŰɤ Ŭˊɧ 

Űɞ ɢɟɩɛŬ, Ůɜɩ ŭɑɜɞɜŰŬɘ əŬɘ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ɔɘŬ Űɖɜ ˊɟɤŰɞŰɡˊɑŬ əŬɘ Űɖ 

űɗɞɟɎ Űɞɡ ɏɟɔɞɡ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŭɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.2, ɧˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɘɢŮɑŬ ˊɞɡ ŭŮɜ űŬɑɜɞɜŰŬɘ ɛŮ ɛɑŬ ˊɟɩŰɖ ɛŬŰɘɎ ůŰɞ ɞɟŬŰɧ 

űɎůɛŬ. 

Ⱥˊɘˊɚɏɞɜ, ɏɜŬɠ Ŭəɧɛɖ Űɟɧˊɞɠ ŬɜɎɚɡůɖɠ Űɖɠ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, 

ŬɝɘɞˊɞɘŮɑ Űɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɗŮɟɛɞɔɟŬűɑŬɠ ɡˊŮɟɨɗɟɞɡ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɗŮɟɛɘəɏɠ əɎɛŮɟŮɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ əŬŰŬɔɟɎűŮŰŬɘ 

əŬɘ ŮɝŮŰɎɕŮŰŬɘ, ůŰɖɜ ɡˊɏɟɡɗɟɖ ˊŮɟɘɞɢɐ, ɖ ɗŮɟɛɘəɐ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ 

ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ůɩɛŬŰɞɠ ˊɟɞɠ ŰŬ ɏɝɤ [Ⱦɞɨɖ et al., 

2015].  
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(Ŭ) (ɓ) (ɔ) 

 ȺɘəɧɜŬ 2.1: (Ŭ)ȺəəɚɖůɘŬůŰɘəɐ ŮɘəɧɜŬ ůŰɞ ɃɟŬŰɧ űɎůɛŬ. (ɓ)ȷůˊɟɧɛŬɡɟɖ 

ȺəəɚɖůɘŬůŰɘəɐ ŮɘəɧɜŬ. (ɔ)ȺəəɚɖůɘŬůŰɘəɐ ŮɘəɧɜŬ ɛŮ ɏɔɢɟɤɛɞ ɡˊɏɟɡɗɟɞ 

űɘɚɛ [3] 

 

 

(Ŭ) (ɓ) 

ȺɘəɧɜŬ 2.2: (Ŭ)ȷɔɘɞɔɟŬűɑŬ ůŰɞ ɞɟŬŰɧ űɎůɛŬ. (ɓ)ȷɔɘɞɔɟŬűɑŬ ɛŮ  ɡˊɏɟɡɗɟɞ  

                                                  űɘɚɛ [3] 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ŰŮɢɜɘəɐ ŬɡŰɐ ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɧɚŬ ŰŬ 

ůɩɛŬŰŬ, ůŮ ɗŮɟɛɞəɟŬůɑŬ ɛŮɔŬɚɨŰŮɟɖ Űɞɡ ŬˊɧɚɡŰɞɡ ɛɖŭŮɜɧɠ 4  π+  
ςχσȢρυ ᴈ , ŬəŰɘɜɞɓɞɚɞɨɜ ŮɜɏɟɔŮɘŬ ɚɧɔɤ Űɖɠ ɗŮɟɛɘəɐɠ əɑɜɖůɖɠ Űɤɜ 

ɛɞɟɑɤɜ Űɞɡɠ, ɖ ɞˊɞɑŬ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡɠ əŬɘ 

ɛŮɘɩɜŮŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɛŮ Űɖ ɛŮɑɤůɐ Űɖɠ [Ⱦɞɨɖ et al. 2015].  

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ, ˊɟɞŰɘɛɎŰŬɘ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɡˊɏɟɡɗɟŬ űɘɚɛ, əŬɗɩɠ 

ŬɡŰɎ ŬɜŰɘɚŬɛɓɎɜɞɜŰŬɘ ɗŮɟɛɞəɟŬůɑŮɠ ɛɧɜɞ Ŭˊɧ ςυπ ɏɤɠ υππ ᴈ, ůŮ 



[23] 

 

ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɗŮɟɛɘəɏɠ əɎɛŮɟŮɠ ˊɞɡ əŬɚɨˊŰɞɡɜ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ 

υπ ᴈ [3]. 

Ƀ ɗŮɟɛɞɔɟŬűɘəɧɠ ɏɚŮɔɢɞɠ, ɚɞɘˊɧɜ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɑŬ ɗŮɟɛɘəɐ 

ŮɘəɧɜŬ, ɐ Ŭɚɚɘɩɠ ɏɜŬ ɗŮɟɛɞɔɟɎűɖɛŬ, ˊɞɡ ŬˊɞŰɡˊɩɜŮɘ ɢɤɟɘəɏɠ ɛŮŰŬɓɞɚɏɠ 

Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɟɤɛŬŰɘəɏɠ ŭɘŬɓŬɗɛɑůŮɘɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŮɜŰɞˊɑɕɞɜŰŬɘ ɛɖ 

űɡůɘɞɚɞɔɘəɏɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɓŬɗɛɑŭŮɠ əŬɘ ɏŰůɘ ŬˊɞəŬɚɨˊŰɞɜŰŬɘ 

ŮˊɘűŬɜŮɘŬəɏɠ ɐ ɡˊɞŮˊɘűŬɜŮɘŬəɏɠ ŬɜɤɛŬɚɑŮɠ. ȼ ˊɟɞůɏɔɔɘůɖ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɗɧŭɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŮɜŮɟɔɖŰɘəɐ, ŮɑŰŮ ˊŬɗɖŰɘəɐ 

[Ⱦɞɨɖ et al. 2015]. 

Ƀ ˊŬɗɖŰɘəɧɠ ɗŮɟɛɞɔɟŬűɘəɧɠ ɏɚŮɔɢɞɠ, ɛŮɚŮŰɎ Űɖ ɗŮɟɛɘəɐ ŬəŰɘɜɞɓɞɚɑŬ 

ˊɞɡ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Ůɜɧɠ ůɩɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŮ 

əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ. Ƀɘ ˊŮɟɘɞɢɏɠ Ŭɡɝɖɛɏɜɖɠ ɐ ɛŮɘɤɛɏɜɖɠ 

Ůəˊɞɛˊɐɠ ŬˊɞəŬɚɨˊŰɞɡɜ əɎˊɞɘŬ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ. 

ɄŬɟŬŭŮɑɔɛŬŰŬ ɢɟɐůɖɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɖ 

ˊŬɟŬəɞɚɞɨɗɖůɖ ˊŬɟŬɔɤɔɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ɐ ɖ ŮɝɏŰŬůɖ 

ɖɚŮəŰɟɞɚɞɔɘəɞɨ əŬɘ ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ ŮɜŰɞˊɘůɛɧ Ŭűɨůɘəɤɜ 

ɡˊŮɟɗŮɟɛɎɜůŮɤɜ [Theodorakeas, 2013; Ⱦɞɨɖ et al. 2015; Osornio-Rios et 

al., 2018].  

ȷɜŰɑɗŮŰŬ, ɞ ŮɜŮɟɔɖŰɘəɧɠ ɗŮɟɛɞɔɟŬűɘəɧɠ ɏɚŮɔɢɞɠ ŬˊŬɘŰŮɑ Űɖ ɢɟɐůɖ ɛɘŬɠ 

ŮɝɤŰŮɟɘəɐɠ ˊɖɔɐɠ ŮɜɏɟɔŮɘŬɠ, ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ ŭɘŮɔŮɑɟŮŰŬɘ ɗŮɟɛɘəɎ Űɞ ɡˊɧ 

ŮɝɏŰŬůɖ ŬɜŰɘəŮɑɛŮɜɞ. ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ŮűŬɟɛɧɕŮŰŬɘ əɡɟɑɤɠ ůŮ 

ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɗŮɟɛɘəɐ ɘůɞɟɟɞˊɑŬ ɐ ˊɞɡ ɏɢɞɡɜ Űɧůɞ 

ɛɘəɟɏɠ ɗŮɟɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ, ˊɞɡ ŭŮɜ ɔɑɜɞɜŰŬɘ ŬɜŰɘɚɖˊŰɏɠ ůŰɞɜ ˊŬɗɖŰɘəɧ 

ɏɚŮɔɢɞ.  ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɞɛɞɘɞɔɏɜŮɘŬɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɖ ŭɘɎɢɡůɖ Űɖɠ 

ɗŮɟɛɧŰɖŰŬɠ ɛɏůŬ ůŮ ŬɡŰɧ ɏɢŮɘ ůŰŬɗŮɟɧ ɟɡɗɛɧ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɨˊŬɟɝɖɠ ɛɘŬɠ ŮůɤŰŮɟɘəɐɠ ŬŰɏɚŮɘŬɠ ɖ ŭɘɎɢɡůɖ ɛˊɞɟŮɑ ɜŬ ŮˊɘɓɟŬŭɡɜɗŮɑ ɐ 

ŮˊɘŰŬɢɡɜɗŮɑ, ˊɟɞəŬɚɩɜŰŬɠ ɏŰůɘ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ [Theodorakeas, 2013; Ⱦɞɨɖ et al. 2015].    

Ƀ ŮɜŮɟɔɖŰɘəɧɠ ɗŮɟɛɞɔɟŬűɘəɧɠ ɏɚŮɔɢɞɠ ŮűŬɟɛɧɕŮɘ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ 

ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 2.1 [Ambrosini et al., 2010; Ⱦɞɨɖ et al. 

2015; Theodorakeas, 2013; Castellini et al., 2017]. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůɡɜŰɐɟɖůɖɠ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ, ˊɟɞŰɘɛɎŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ ˊŬɚɛɘəɐɠ ɗŮɟɛɞɔɟŬűɑŬɠ əŬɗɩɠ 

ɏɢŮɘ ˊɞɚɨ Ŭəɟɘɓɐ ŬˊɞŰŮɚɏůɛŬŰŬ, ɛŮ ˊɞɚɨ ɛɘəɟɐ ɗŮɟɛɘəɐ ɏəɗŮůɖ. ɆŰɞ 

ɆɢɐɛŬ 2.4 ŭɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ɗŮɟɛɘəɐɠ ŮɘəɧɜŬɠ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ 

ɛɑŬɠ ŬɔɘɞɔɟŬűɑŬɠ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ůŰŬ ůɖɛŮɑŬ ɛŮ Űɘɠ ŮɜŰɞɜɧŰŮɟŮɠ 

ɗŮɟɛɞəɟŬůɑŬɠ (əɡəɚɤɛɏɜŮɠ ˊŮɟɘɞɢɏɠ) ŮɜŰɞˊɑɕɞɜŰŬɘ űɗɞɟɏɠ, ɧˊɤɠ 

ɝŮɗɤɟɘɎůɛŬŰŬ ɐ ůəɘůɑɛŬŰŬ [Ambrosini et al., 2010]. 
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ɇŮɢɜɘəɐ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ɄŬɚɛɘəɐ 

ŪŮɟɛɞɔɟŬűɑŬ 

 

ɗŮɟɛɘəɐ ŭɘɏɔŮɟůɖ ůɨɜŰɞɛɖɠ ɢɟɞɜɘəɐɠ ŭɘɎɟəŮɘŬɠ əŬɘ ɚɐɣɖ 

ŭɘŬŭɞɢɘəɩɜ ɗŮɟɛɘəɩɜ Ůɘəɧɜɤɜ ɔɘŬ ɛŮɚɏŰɖ Űɖɠ ůŰŬŭɘŬəɐɠ ˊŰɩůɖɠ 

Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ 

 

ȹɘŬɛɞɟűɤɛɏɜɖ 

ŪŮɟɛɞɔɟŬűɑŬ  

ɗŮɟɛɘəɐ ŭɘɏɔŮɟůɖ ɛŮ Űɖ ŭɘɎŭɞůɖ ˊŮɟɘɞŭɘəɩɜ ɗŮɟɛɘəɩɜ əɡɛɎŰɤɜ 

ŭɘŬɛɞɟűɤɛɏɜɖɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ ɛŮɚɏŰɖ ůɐɛŬŰɞɠ Ůɘůɧŭɞɡ əŬɘ 

Ůɝɧŭɞɡ ɔɘŬ ɡˊɞɚɞɔɘůɛɧ ŭɘŬűɞɟɩɜ  

 

ŪŮɟɛɞɔɟŬűɑŬ 

ɆŰŬŭɘŬəɐɠ 

ŪɏɟɛŬɜůɖɠ  

ŮűŬɟɛɞɔɐ Ůɜɧɠ ůɡɜŮɢɞɨɠ əŬɘ ɢŬɛɖɚɐɠ ɏɜŰŬůɖɠ ɗŮɟɛɘəɞɨ ˊŬɚɛɞɨ 

əŬɘ ɚɐɣɖ ŭɘŬŭɞɢɘəɩɜ ɗŮɟɛɘəɩɜ Ůɘəɧɜɤɜ ɔɘŬ ɛŮɚɏŰɖ Űɖɠ ɛŮŰŬɓɞɚɐ 

Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ 

 

ŪŮɟɛɞɔɟŬűɑŬ 

ȹɞɜɐůŮɤɜ  

ŭɘɎŭɞůɖ ɡˊŮɟɖɢɖŰɘəɩɜ əɡɛɎŰɤɜ əŬɘ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ɘŭɘɧŰɖŰŬɠ Űɤɜ 

ůŰŮɟŮɩɜ ɛɏůɤɜ ɜŬ ɛŮŰŬŰɟɏˊɞɡɜ Űɖ ɛɖɢŬɜɘəɐ ŮɜɏɟɔŮɘŬ ůŮ 

ɗŮɟɛɧŰɖŰŬ 

 

ŪŮɟɛɞɔɟŬűɑŬ 

ȹɘɜɞɟɟŮɡɛɎŰɤɜ  

ɗŮɟɛɘəɐ ŭɘɏɔŮɟůɖ ɛɏůɤ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŭɘɜɞɟɟŮɡɛɎŰɤɜ Ŭˊɧ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊɖɜɑŬ əŬɘ ɛŮɚɏŰɖ Űɖɠ ŭɘɎɢɡůɖɠ Űɖɠ  ɗŮɟɛɧŰɖŰŬɠ 

 

ɄɑɜŬəŬɠ 2.1: ɇŮɢɜɘəɏɠ ŮɜŮɟɔɖŰɘəɞɨ ɗŮɟɛɞɔɟŬűɘəɞɨ Ůɚɏɔɢɞɡ  

[Ⱦɞɨɖ et al., 2015] 

 

 

ɆɢɐɛŬ 2.4: ɄŬɗɖŰɘəɐ ɗŮɟɛɞɔɟŬűɑŬ ůŮ ɝɨɚɘɜɖ ŬɔɘɞɔɟŬűɑŬ  

[Ambrosini et al., 2010] 

 

ȷɜŮɝŬɟŰɐŰɤɠ ɛŮɗɧŭɞɡ, ɧɛɤɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɑŬ 

ɞɛɞɘɧɛɞɟűɖ ɗŮɟɛɘəɐ ŭɘɏɔŮɟůɖ ɔɘŬ ˊɘɞ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ȷəɧɛɖ, 

ɔɘŬ ˊɘɞ ɞɚɞəɚɖɟɤɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ŮűŬɟɛɧɕɞɜŰŬɘ ˊɞɘəɑɚŮɠ ŰŮɢɜɘəɏɠ 
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ŮˊŮɝŮɟɔŬůɑŬɠ ɗŮɟɛɞɔɟŬűɘəɞɨ ůɐɛŬŰɞɠ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɘɠ ɗŮɟɛɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ ŬɜŰɘəŮɘɛɏɜɞɡ, Űɖɜ ɏɜŰŬůɖ Űɖɠ ˊɖɔɐɠ,  əŬɗɩɠ əŬɘ 

Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɖ ɗɏůɖ Űɖɠ ŬůŰɞɢɑŬɠ [Ambrosini et al., 2010; Ⱦɞɨɖ et al., 

2015; Castellini et al., 2017]. Ƀɘ ˊɘɞ ɔɜɤůŰɏɠ ŰŮɢɜɘəɏɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 2.2.  

 

ɇŮɢɜɘəɐ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ɄŬɟŬəɞɚɞɨɗɖůɖ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ 

ŭɘŬűɞɟɩɜ 

ˊɟɞůŭɘɞɟɘůɛɧɠ ůɖɛŮɑɞɡ ɗŮɟɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ əŬɘ 

ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬɜŬˊŰɡůůɧɛŮɜɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ 

ŭɘŬűɞɟɩɜ ůŰŬ ɡˊɧɚɞɘˊŬ ůɖɛŮɑŬ ɛŮɚɏŰɖɠ 

 

ȹɘŬűɞɟɘəɐ  

ȷˊɧɚɡŰɖ  

ȹɘŬűɞɟɎ (DAC) 

ɗŮɤɟŮɑ ɧŰɘ ɧɚŬ ŰŬ ůɖɛŮɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŬˊɞŰŮɚɞɨɜ ɡɔɘŮɑɠ 

ˊŮɟɘɞɢɏɠ, ɛɏɢɟɘ Űɞ ɢɟɞɜɘəɧ ůɖɛŮɑɞ tȭ ůŰɞ ɞˊɞɑɞ əŬɘ ɗŬ 

ŮɜŰɞˊɘůŰŮɑ ɛɘŬ ŮůɤŰŮɟɘəɐ ŬŰɏɚŮɘŬ 

 

ȷɜŬůɨɜɗŮůɖ 

ŪŮɟɛɞɔɟŬűɘəɞɨ 

ɆɐɛŬŰɞɠ (TSR) 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ɛɏɗɞŭɞ Űɖɠ ˊɞɚɡɤɜɡɛɘəɐɠ 

ˊŬɟŮɛɓɞɚɐɠ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ ɛɘŬɠ ɔɟŬɛɛɘəɐ ůɡɜɎɟŰɖůɖɠ ɖ 

ɞˊɞɑŬ ɧɛɤɠ ŭɘŬŰŬɟɎůůŮŰŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ŮůɤŰŮɟɘəɐɠ 

ŬŰɏɚŮɘŬɠ 

 

ŪŮɟɛɞɔɟŬűɑŬ  

Ⱦɨɟɘɤɜ  

ɆɡɜɘůŰɤůɩɜ (PCT) 

ɓŬůɑɕŮŰŬɘ ůŰɖ ůŰŬŰɘůŰɘəɐ ɛɏɗɞŭɞ Űɖɠ ȷɜɎɚɡůɖɠ Ⱦɨɟɘɤɜ 

ɆɡɜɘůŰɤůɩɜ ŮɝŮŰɎɕɞɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ ˊɞɡ ŭɘɏˊɞɡɜ Űɘɠ 

ɛŮŰŬɓɚɖŰɏɠ Űɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ ŭŮŭɞɛɏɜɤɜ 

 

ɄŬɚɛɘəɐ  

ŪŮɟɛɞɔɟŬűɑŬ  

ūɎůɖɠ (PPT) 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier, ɔɘŬ Űɖɜ 

ˊŮɟɘɔɟŬűɐ Űɖɠ ɢɟɞɜɘəɐɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ űɎůɛŬ Űɤɜ ůɡɢɜɞŰɐŰɤɜ 

 

ɄɑɜŬəŬɠ 2.2: ɀɏɗɞŭɞɘ ŮˊŮɝŮɟɔŬůɑŬɠ ɗŮɟɛɞɔɟŬűɘəɞɨ ůɐɛŬŰɞɠ 

[Ⱦɞɨɖ et al., 2015] 

 

ũɘŬ ɜŬ ɔɑɜɞɡɜ əŬŰŬɜɞɖŰɏɠ ɞɘ ŭɘŬűɞɟɏɠ ˊɞɡ ŮˊɘűɏɟŮɘ ɛɑŬ ŮˊŮɝŮɟɔŬůɑŬ 

ɗŮɟɛɞɔɟŬűɘəɞɨ ůɐɛŬŰɞɠ, ŭɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɞ ɆɢɐɛŬ 2.5. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɗŮɟɛɞɛŮŰɟɑŬ ɛɑŬɠ ŰɞɘɢɞɔɟŬűɑŬɠ 

(ŮɘəɧɜŬ Ŭ əŬɘ ɓ) əŬɘ ŮˊŮɝŮɟɔŬůɑŬ ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ, 

Ůɜɩ ŭɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖɜ ˊɟɩŰɖ (ɔ) əŬɘ ŭŮɨŰŮɟɖ ůɡɜɘůŰɩůŬ 

(ŭ) [Candor® et al., 2008]. 

 



[26] 

 

  

(Ŭ) (ɓ) 

  

(ɔ) (ŭ) 

ɆɢɐɛŬ 2.5: (Ŭ)ɇɞɘɢɞɔɟŬűɑŬ. (ɓ)ŪŮɟɛɘəɐ ŮɘəɧɜŬ. (ɔ)ȺˊŮɝŮɟɔŬůɑŬ ɛŮ Űɖ 

ɛɏɗɞŭɞ PCT ɔɘŬ ɛɘŬ ůɡɜɘůŰɩůŬ. (ɔ)ȺˊŮɝŮɟɔŬůɑŬ ɛŮ Űɖ ɛɏɗɞŭɞ PCT ɔɘŬ ŭɨɞ 

ůɡɜɘůŰɩůŮɠ [Candor® et al., 2008] 

 

2.2.3. ȷɜɎɚɡůɖ ůŰɞ ɞɟŬŰɧ űɎůɛŬ 

 

ɇɞ ɞɟŬŰɧ űɤɠ (Visible) ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ ɞɘəŮɑŬ ŬəŰɘɜɞɓɞɚɑŬ əŬɗɩɠ 

ŬɜɘɢɜŮɨŮŰŬɘ ɛŮ Űɖɜ Ŭɑůɗɖůɖ Űɖɠ ɧɟŬůɖɠ. ȰɢŮɘ ɛɐəɞɠ əɨɛŬŰɞɠ, ˊŮɟɑˊɞɡ, Ŭˊɧ 

σψπ ɏɤɠ χυπὲά, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.6, əŬɘ ŬɜŬɚɧɔɤɠ Űɖɜ ŮɜɏɟɔŮɘŬ 

Ůəˊɞɛˊɐɠ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ Űɞ 

ŭɘŬűɞɟŮŰɘəɧ ɢɟɩɛŬ [Young & Freedman, 2009; ȸɚɎɢɞɠ, 2015]. 

ȳŰŬɜ ŬəŰɘɜɞɓɞɚɑŬ ɞɟɘůɛɏɜɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ Űɞɡ ɞɟŬŰɞɨ űɎůɛŬŰɞɠ 

ˊɟɞůˊɏůŮɘ ˊɎɜɤ ůŮ ɏɜŬ ɡɚɘəɧ, ŰɧŰŮ ɛɏɟɞɠ ŬɡŰɐɠ ŬˊɞɟɟɞűɎŰŬɘ əŬɘ Űɞ 

ɡˊɧɚɞɘˊɞ ŬɜŬəɚɎŰŬɘ ɐ ŭɘŬˊŮɟɜɎ Űɖ ɛɎɕŬ Űɞɡ ɡɚɘəɞɨ. ȷɡŰɧ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɞ ɡɚɘəɧ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ɏɔɢɟɤɛɞ. ũɘŬ ˊɟŬəŰɘəɞɨɠ ɚɧɔɞɡɠ, ŰŬ 

ˊŬɟŬˊɎɜɤ ɢɟɩɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɢɤɟɘůŰɞɨɜ ůŮ ŮɜɜɏŬ ŭɘŬəɟɘŰɞɨɠ ŰɞɛŮɑɠ 

(ˊɞɟűɡɟɧ, ɘɩŭŮɠ, ɛˊɚŮ, ˊɟŬůɘɜɞɔɎɚŬɕɞ, ɔŬɚŬɕɞˊɟɎůɘɜɞ, əɘŰɟɘɜɞˊɟɎůɘɜɞ, 



[27] 

 

əɑŰɟɘɜɞ, ˊɞɟŰɞəŬɚɑ, əɧəəɘɜɞ) ɞɘ ɞˊɞɑɞɘ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɛŮ Űɖ ɛɞɟűɐ Űɞɡ 

ɢɟɤɛŬŰɘəɞɨ əɨəɚɞɡ, əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 2.7 [ȺɚŮɡɗŮɟɘɎŭɖɠ et 

al., 2015; ȹɖɛɖŰɟɘɎŭɖɠ, 2018]. 

 

 

 ɆɢɐɛŬ 2.6: ȼ ɞɟŬŰɐ ˊŮɟɘɞɢɐ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ [20] 

 

 

ɆɢɐɛŬ 2.7: ɉɟɤɛŬŰɘəɧɠ əɨəɚɞɠ [21] 

 

ɇɞ ɢɟɩɛŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ 

ůɡɜɘůŰŬɛɏɜɖ ɧɚɤɜ Űɤɜ ŬəŰɘɜɞɓɞɚɘɩɜ ˊɞɡ Űɞ ŭɘŬˊŮɟɜɞɨɜ ɐ ŬɜŬəɚɩɜŰŬɘ, 

ŭɑɜɞɜŰŬɠ ůŰɞɜ ŬɛűɘɓɚɖůŰɟɞŮɘŭɐ ɢɘŰɩɜŬ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɞűɗŬɚɛɞɨ Űɖɜ 

Ŭɑůɗɖůɖ Űɞɡ ůɡɛˊɚɖɟɤɛŬŰɘəɞɨ ɢɟɩɛŬŰɞɠ ŬɡŰɞɨ ˊɞɡ ŬˊɞɟɟɞűɐɗɖəŮ. ɆŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞ ŬɜŰɘŭɘŬɛɛŮŰɟɘəɧ ɢɟɩɛŬ ůŰɞɜ ɢɟɤɛŬŰɘəɧ 

əɨəɚɞ, Ůɜɩ ɖ ŬɜɎɛŮɘɝɖ ŭɨɞ ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ ɢɟɤɛɎŰɤɜ ŭɑɜŮɘ Űɞ ɚŮɡəɧ 

[ȺɚŮɡɗŮɟɘɎŭɖɠ et al., 2015; ȹɖɛɖŰɟɘɎŭɖɠ, 2018]. 

ȼ ɞˊŰɘəɐ ŬɜŰɑɚɖɣɖ Űɞɡ ɢɟɩɛŬŰɞɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ 

ɛɑŬ ˊɖɔɐ űɤŰɧɠ, Űɞ ɑŭɘɞ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, ŬɚɚɎ əŬɘ Űɖɜ ŮɡŬɘůɗɖůɑŬ Űɞɡ 

ɞˊŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ ˊŬɟŬŰɖɟɖŰɐ. ȰŰůɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ əŬɘ Űɖɜ 

ŬɟɘɗɛɖŰɘəɐ əŬŰŬɔɟŬűɐ Űɞɡ ɢɟɩɛŬŰɞɠ ŬˊŬɘŰŮɑŰŬɘ ɖ Ŭəɟɘɓɐɠ ɔɜɩůɖ Űɤɜ 

ˊŬɟŬˊɎɜɤ. 



[28] 

 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɢŮɘ ɛɑŬ əɞɘɜɐ əŬŰŮɨɗɡɜůɖ, Űɞ 1931 ɖ ȹɘŮɗɜɐɠ 

ȺˊɘŰɟɞˊɐ ūɤŰɘůɛɞɨ (Commission Internationale de lôEclairage, CIE) 

ŮɘůɐɔŬɔŮ Űɖɜ ɏɜɜɞɘŬ Űɤɜ ˊɟɧŰɡˊɤɜ űɤŰŮɘɜɩɜ ˊɖɔɩɜ əŬɘ Űɡˊɘəɩɜ 

ůɡɜɗɖəɩɜ ˊŬɟŬŰɐɟɖůɖɠ. ȷɜŰɑůŰɞɘɢŬ, ɖ ɏɜɜɞɘŬ Űɞɡ Űɡˊɘəɞɨ ˊŬɟŬŰɖɟɖŰɐ 

ŬűɞɟɎ ůŰɖ ɛɏůɖ Űɘɛɐ Űɖɠ Ŭˊɧəɟɘůɖɠ Űɞɡ ɞűɗŬɚɛɞɨ ůŰɖɜ ŬɜŰɑɚɖɣɖ Űɤɜ 

Űɟɘɩɜ ɓŬůɘəɩɜ ɢɟɤɛɎŰɤɜ (əɧəəɘɜɞ, ˊɟɎůɘɜɞ, ɛˊɚŮ) Űɞɡ ɞɟŬŰɞɨ űɎůɛŬŰɞɠ 

[Ⱦɞɨɖ et al., 2015; ȹɖɛɖŰɟɘɎŭɖɠ, 2018]. 

ɆɢŮŰɘəɎ ɛŮ Űɖ ɢɟɤɛŬŰɞɛŮŰɟɑŬ, ŬɡŰɐ ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɞɜ Ŭəɟɘɓɐ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɢɟɩɛŬŰɞɠ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɟɘɩɜ ɢɟɤɛŬŰɘəɩɜ-

ŬɟɘɗɛɖŰɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ. Ƀɘ ŮűŬɟɛɞɔɏɠ Űɖɠ ŮɑɜŬɘ ˊɞɚɚɏɠ ɧˊɤɠ ɞɘ 

ŭɘɎűɞɟɞɘ ŰɞɛŮɑɠ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ, ɞɘ ŮˊŬɔɔŮɚɛŬŰɘəɏɠ ŮɘŭɘəɧŰɖŰŮɠ ɔɟŬűɘəɩɜ 

ŰŮɢɜɩɜ, ɞɘ ɕɤɔɟɎűɞɘ ɐ ɞɘ ůɡɜŰɖɟɖŰɏɠ ɏɟɔɤɜ Űɏɢɜɖɠ ə.Ɏ. [Ⱦɞɨɖ et al., 2015; 

ȺɚŮɡɗŮɟɘɎŭɖɠ et al., 2015]. 

ũɘŬ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɚŮˊŰɞɛŮɟɩɠ ɏɜŬ ɢɟɩɛŬ, ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɔɟŬűɞɨɜ 

ɞɘ ŰɟŮɑɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ [Ⱦɞɨɖ et al., 2015; ȺɚŮɡɗŮɟɘɎŭɖɠ et al., 2015]:  

Á ɖ ɢɟɞɘɎ ɐ Ŭˊɧɢɟɤůɖ (hue) ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ 

ɢɟɩɛŬŰɞɠ Ůɜɧɠ ɡɚɘəɞɨ 

Á ɖ űɤŰŮɘɜɧŰɖŰŬ ɐ ɚŬɛˊɟɧŰɖŰŬ (lightness) ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮɘ ɏɜŬ 

ɢɟɩɛŬ ˊɧůɞ ůəɞŰŮɘɜɧ ɐ ŬɜɞɘɢŰɧ ŮɑɜŬɘ  

Á ɞ əɞɟŮůɛɧɠ ɐ ɢɟɤɛŬŰɘəɐ ˊɡəɜɧŰɖŰŬ (chroma ɐ saturation) ˊɞɡ 

űŬɜŮɟɩɜŮɘ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɏɜŰŬůɖɠ (əŬɗŬɟɧŰɖŰŬɠ, ŭɨɜŬɛɖɠ) 

Űɞɡ ɢɟɩɛŬŰɞɠ  

ȰŰůɘ, ɧɚŬ ŰŬ ɢɟɩɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŮ ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ 

ɢɟɤɛŬŰɘəɧ ɢɩɟɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.8, ɧˊɞɡ ɖ ɢɟɞɘɎ əŬɘ ɞ 

əɞɟŮůɛɧɠ ɓɟɑůəɞɜŰŬɘ ˊɎɜŰŬ ůŰɞ ɑŭɘɞ ŮˊɑˊŮŭɞ əŬɘ əɎɗŮŰŬ ůŮ ŬɡŰɧ ŮɑɜŬɘ ɞ 

ɎɝɞɜŬɠ Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ (ɛŬɨɟɞ - ɚŮɡəɧ) [ȺɚŮɡɗŮɟɘɎŭɖɠ et al., 2015]. 

 

ɆɢɐɛŬ 2.8: ɇɟɘŭɘɎůŰŬŰɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɢɟɤɛɎŰɤɜ  

[ȺɚŮɡɗŮɟɘɎŭɖɠ et al., 2015] 
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ȷɜŰɑɗŮŰŬ, ůŰŬ ɢɟɤɛŬŰɞɛŮŰɟɘəɎ ůɡůŰɐɛŬŰŬ, ůŮ əɎɗŮ ɢɟɩɛŬ 

ŬɜŰɘůŰɞɘɢɞɨɜ əɤŭɘəɞɑ Ŭɟɘɗɛɞɑ, ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ ɛɏŰɟɖůɖ Űɞɡ 

ɏɔɢɟɤɛɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ ŮɝŮɘŭɘəŮɡɛɏɜŬ ŮɡŬɑůɗɖŰŬ ɧɟɔŬɜŬ, ɧˊɤɠ ůŬɟɤŰɏɠ, 

ɢɟɤɛŬŰɧɛŮŰɟŬ, űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ə.Ŭ.. ɇŬ ˊɘɞ ɔɜɤůŰɎ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ 

Űɞ ůɨůŰɖɛŬ RGB, CIE əŬɘ Űɞ ůɨůŰɖɛŬ Munsell, Ůɜɩ ɡˊɎɟɢɞɡɜ ˊɞɚɚɎ 

ˊŬɟŬˊɎɜɤ, ɧˊɤɠ Űɞ CIELAB, Űɞ CMYK, Űɞ HLS ə.Ŭ., ŰŬ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 2.3.  

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŰŬɡŰɞˊɞɘɖɗɞɨɜ ŰŬ ɢɟɩɛŬŰŬ Űɧůɞ Űɤɜ ŭɘɎűɞɟɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ, ɧůɞ əŬɘ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ 

ŭɘɎűɞɟŬ ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ, ɧˊɤɠ ŰŬ ŰɟɘɢɟɤɛŬŰɘəɎ ɢɟɤɛŬŰɧɛŮŰɟŬ əŬɘ ŰŬ 

űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ [Ⱦɞɨɖ et al., 2015]. 

ɇŬ ŰɟɘɢɟɤɛŬŰɘəɎ ɢɟɤɛŬŰɧɛŮŰɟŬ (tristimulus colorimeters) 

ˊɟɞůŭɘɞɟɑɕɞɡɜ ˊɞůɞŰɘəɎ Űɞ ɢɟɩɛŬ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ Űɖɜ ŬɟɘɗɛɖŰɘəɐ 

ɛɏŰɟɖůɖ Űɤɜ ŮɜŰɎůŮɤɜ Űɤɜ Űɟɘɩɜ ɓŬůɘəɩɜ ɢɟɤɛɎŰɤɜ (əɧəəɘɜɞ, ˊɟɎůɘɜɞ, 

ɛˊɚŮ). ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ űɤŰŮɘɜɐ 

ˊɖɔɐ əŬɘ ɏɜŬ ůŮŰ ɏɔɢɟɤɛɤɜ űɑɚŰɟɤɜ. ȰŰůɘ ɞɘ űŬůɛŬŰɘəɏɠ ŬˊɞəɟɑůŮɘɠ Űɤɜ 

űɑɚŰɟɤɜ ŮɑɜŬɘ ŬɜɎɚɞɔŮɠ Űɞɡ ˊɟɧŰɡˊɞɡ ɢɟɤɛŬŰɞɛŮŰɟɘəɞɨ ˊŬɟŬŰɖɟɖŰɐ CIE, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ X,Y,Z ŰɟɘɢɟɤɛŬŰɘəɏɠ Űɘɛɏɠ ɐ ɎɚɚŮɠ 

ɢɟɤɛŬŰɘəɏɠ ŬɜɎɚɞɔŬ Űɞ ůɨůŰɖɛŬ. 

ȷɜŰɑɗŮŰŬ, ŰŬ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ (spectrophotometers) ɛŮŰɟɞɨɜ ůŮ ɧɚŬ 

ŰŬ ɛɐəɖ əɨɛŬŰɞɠ, Űɞɡ ɞɟŬŰɞɨ űɎůɛŬŰɞɠ, Űɖɜ ˊɞůɧŰɖŰŬ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ, 

ŭɑɜɞɜŰŬɠ Űɖɜ ˊɚɖɟɞűɞɟɑŬ Űɖɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ůŮ 

əɎɗŮ ɛɐəɞɠ. ɀŮɚŮŰɩɜŰŬɠ Űɖ ɔɟŬűɘəɐ Űɞɡɠ ŬɜŬˊŬɟɎůŰŬůɖ, ůɡɜŬɟŰɐůŮɘ Űɞɡ 

ɛɐəɞɡɠ əɨɛŬŰɞɠ ɚ, ˊɟɞəɨˊŰɞɡɜ ɞɘ űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɏɠ ɐ űŬůɛŬŰɘəɏɠ 

əŬɛˊɨɚŮɠ, ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛŮɨɞɡɜ ɤɠ ŭŬəŰɡɚɘəɧ ŬˊɞŰɨˊɤɛŬ ɔɘŬ ŰŬ ɢɖɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ɏɔɢɟɤɛɞɡ ɡɚɘəɞɨ. 

ɇɏɚɞɠ , ɚɧɔɤ Űɞɡ ɧŰɘ ŰŬ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ Ŭɝɘɞˊɞɘɞɨɜ ɧɚɞ Űɞ ɞɟŬŰɧ 

űɎůɛŬ, ɞŭɖɔɞɨɜ ůŮ ˊɘɞ ŬɝɘɧˊɘůŰŬ  ŬˊɞŰŮɚɏůɛŬŰŬ. Ⱥˊɞɛɏɜɤɠ, ŭɑɜŮŰŬɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ůɨɔəɟɘůɖɠ ŭɨɞ ůɢŮŭɧɜ ɑŭɘɤɜ ŬˊɞɢɟɩůŮɤɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮɜŰɞˊɘůŰŮɑ Ŭɜ ɖ ŭɘŬűɞɟɎ ɞűŮɑɚŮŰŬɘ ůŰɞɜ űɤŰɘůɛɧ Ůɜɩ ɖ ŬɜŬˊŬɟŬɔɤɔɐ Ůɜɧɠ 

ɢɟɩɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ [Ⱦɞɨɖ et al., 2015]. 
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ɉɟɤɛŬŰɘəɧ 

ůɨůŰɖɛŬ 

ȸŬůɘəɎ  

ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ɆɢɖɛŬŰɘəɐ 

ȷɜŬˊŬɟɎůŰŬůɖ 

RGB ȸŬůɑɕŮŰŬɘ ůŰɖ ŰɟɘɢɟɤɛŬŰɘəɐ ɗŮɤɟɑŬ 

ɧˊɞɡ ɔɘŬ ɜŬ ˊŬɟŬɢɗŮɑ ɏɜŬ ɢɟɩɛŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɟɞůɗŮŰɘəɐ 

ŬɜɎɛŮɘɝɖ Űɤɜ Űɟɘɩɜ ɓŬůɘəɩɜ 

ŮɟŮɗɘůɛɩɜ (Red, Green, Blue) 

 

CIE/XYZ ɉɟɖůɘɛɞˊɞɘŮɑ ŰɟŮɘɠ űŬɜŰŬůŰɘ-əɞɨɠ  

ˊɟɤŰŬɟɢɘəɞɨɠ ŮɟŮɗɘůɛɞɨ (ɯȟɭȟɟ) 
əŬɘ ɞɘ ɞˊɞɑɞɘ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɏɜŬ 

ɔɟŬɛɛɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡ 2'" 
ůɡůŰɐɛŬŰɞɠ. 

 

Munsell ȳɚŬ ɢɟɩɛŬŰŬ ŭɘŬŰɎůůɞɜŰŬɘ ɛŮ 

ɓɎůɖ Űɘɠ ŰɟŮɘɠ ɢɟɤɛŬŰɘəɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ (ɢɟɞɘɎ,  űɤŰŮɘɜɧ-ŰɖŰŬ 

əŬɘ ɢɟɤɛŬŰɘəɐ ˊɡəɜɧ-ŰɖŰŬ) 

 

CIELAB ȷɜɎɚɞɔɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ Munsell, 

ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ŰɟɘŬɝɞɜɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏ-ɜɤɜ  

 

CMYK ȰɢŮɘ ɓŬůɘəɎ ɢɟɩɛŬŰŬ Űɞ əɡŬɜɧ, Űɞ 

ɛŬŰɕɏɜŰŬ, Űɞ əɑŰɟɘɜɞ əŬɘ Űɞ ɛŬɨɟɞ. 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮəŰɨˊɤůɖ 

ŮɜŰɨˊɤɜ. 

 

HSV ɐ HSB ɇɞ ɧɜɞɛɎ Űɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ɢɟɞɘɎ (H), əɞɟŮůɛɧ 

(S) əŬɘ ŬɝɑŬ (V) ɐ  ɚŬɛˊɟɧŰɖŰŬ (ȸ)  

 

ɄɑɜŬəŬɠ 2.3: ɄɞɘəɑɚŬ ɢɟɤɛŬŰɘəɎ ůɡůŰɐɛŬŰŬ 

[Ⱦɞɨɖ et al., 2015; ȿɎɛˊɟɞɡ, 2017;22]  
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2.2.4. ȷɜɎɚɡůɖ ůŰɞ ɡˊŮɟɘɩŭŮɠ 

 

ɇɞ ɡˊŮɟɘɩŭŮɠ (UV) ɏɢŮɘ ɛɐəɖ əɨɛŬŰɞɠ Ŭˊɧ τππὲά ɏɤɠ ρὲά əŬɘ 
ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŬˊɞŭɘŮɔɏɟůŮɘɠ ɖɚŮəŰɟɞɜɑɤɜ, ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ůŰɘɠ 

ŮɝɤŰŮɟɘəɏɠ ůŰɞɘɓɎŭŮɠ Űɤɜ ŬŰɧɛɤɜ. ȺɑɜŬɘ ɛɑŬ Ůˊɘəɑɜŭɡɜɖ ŬəŰɘɜɞɓɞɚɑŬ ɔɘŬ 

ŰŬ ɏɛɓɟɡŬ ɧɜŰŬ əŬɗɩɠ ŮɑɜŬɘ ŬɟəŮŰɎ ˊɘɞ ŭɘŮɘůŭɡŰɘəɐ [Young & Freedman, 

2009; ȸɚɎɢɞɠ, 2015]. 

ȼ ɢɟɐůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɐ Ŭɚɚɘɩɠ ɛŬɨɟɞɡ űɤŰɧɠ, ɧˊɤɠ 

ɞɜɞɛɎɕŮŰŬɘ, ŬˊɞŰŮɚŮɑ ɏɜŬ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ŮˊɘůŰɖɛɞɜɘəɧ Űɟɧˊɞ ɜŬ 

ŮɜŰɞˊɘůŰɞɨɜ Űɡɢɧɜ ŮˊɘůəŮɡɏɠ əŬɘ ɕɖɛɘɏɠ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ ˊɞɡ ɧɛɤɠ 

ŭŮɜ ŮɑɜŬɘ ŮɛűŬɜŮɑɠ ůŰɞ ůɡɜɖɗɘůɛɏɜɞ űɤɠ. ȹɘŬűɞɟŮŰɘəɎ ɡɚɘəɎ, Ŭˊɞɟɟɞűɞɨɜ 

Űɖɜ ŮɜɏɟɔŮɘŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ űɎůɛŬŰɞɠ, əŬɘ ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ ɏɔɢɟɤɛɞ 

ɞɟŬŰɧ űɤɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ űɗɞɟɘůɛɧɠ. ɋůŰɧůɞ ŬɜɎɚɞɔŬ Űɞ ɡɚɘəɧ ŬɡŰɐ ɖ 

Ůəˊɞɛˊɐ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɞ ɛŬɨɟɞ ɢɟɩɛŬ, ˊɞɡ ɧɛɤɠ ɗŬ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɖ 

Ŭɟɢɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ɏɟɔɞɡ ɏɢŮɘ ŭɘŬŰŬɟŬɢŰŮɑ [4].   

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ɜɤɟɑŰŮɟŬ, Űɞ ɡˊŮɟɘɩŭŮɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ 

ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɞɡ ɓŮɟɜɘəɘɞɨ, Ůɜɩ ŬˊɞəŬɚɨˊŰŮɘ Űɘɠ ˊŮɟɘɞɢɏɠ 

ˊɟɞɖɔɞɨɛŮɜɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ ɐ ɛŮŰŬɔŮɜɏůŰŮɟɤɜ ˊɟɞůɗɖəɩɜ ůŮ ɏɜŬ ɏɟɔɞ 

Űɏɢɜɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ UVF (ɈˊŮɟɘɩŭɖɠ űɗɞɟɘůɛɧɠ) ɛˊɞɟŮɑ ɜŬ 

ŬˊɞəŬɚɨɣŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ɓŮɟɜɘəɘɩɜ űɡůɘəɐɠ ɟɖŰɑɜɖɠ, əŬɗɩɠ ŬɡŰɎ ůɡɢɜɎ 

űɗɞɟɑɕɞɡɜ ŮɡəɞɚɧŰŮɟŬ. ȺɑɜŬɘ Ůˊɑůɖɠ ŭɡɜŬŰɧ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ Űɡɢɧɜ 

ˊɟɞůɗɐəŮɠ ˊɎɜɤ Ŭˊɧ ɏɜŬ ɓŮɟɜɑəɘ ɖɚɘəɑŬɠ, əŬɗɩɠ Űɞ ŮɚŬɘɧɢɟɤɛŬ əŬɘ Űɞ 

ɜŮɧŰŮɟɞ ɓŮɟɜɑəɘ ŭŮɜ űɗɞɟɑɕɞɜŰŬɘ. ȼ ɛŮŰɏˊŮɘŰŬ ŮˊŮɝŮɟɔŬůɑŬ Ůˊɞɛɏɜɤɠ 

ŮɛűŬɜɑɕŮŰŬɘ ɤɠ ůəɞŰŮɘɜɎ ɛˊŬɚɩɛŬŰŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɓŮɟɜɘəɘɞɨ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.3[4,5].   

  

 

ȺɘəɧɜŬ 2.3: ȷˊɞəɎɚɡɣɖ ˊŮɟɘɞɢɩɜ ɛŮŰŬɔŮɜɏůŰŮɟɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮ Űɖ 

ɢɟɐůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ [23] 



[32] 

 

ȷɜŰɑůŰɞɘɢŬ, Űɞ ɛŬɨɟɞ űɤɠ, ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ŬˊɞəŬɚɨɣŮɘ ŭɘŬəɞůɛɖŰɘəɎ 

ˊɞɡ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ ɏɢɞɡɜ ŬɚɚɞɘɤɗŮɑ ɐ ɝŮɗɤɟɘɎůŮɘ əŬɘ ŭŮɜ 

űŬɑɜɞɜŰŬɘ əŬɗɧɚɞɡ ɛŮ ɔɡɛɜɧ ɛɎŰɘ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŭɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

2.4, ɧˊɞɡ ɖ ŮɜŭɡɛŬůɑŬ Űɞɡ ɓŬůɘɚɘɎ űŬɑɜŮŰŬɘ ŬɟəŮŰɎ ɚɘŰɐ ɛŮŰɎ Ŭˊɧ ɢɟɧɜɘŬ, 

əɎŰɘ ˊɞɡ ɧɛɤɠ ŭŮɜ ɘůɢɨŮɘ ůŰɞ ˊɟɤŰɧŰɡˊɞ ɏɟɔɞ.  

 

ȺɘəɧɜŬ 2.4: ȷˊɞəɎɚɡɣɖ ɚŮˊŰɞɛŮɟŮɘɩɜ ɛŮ Űɖ ɢɟɐůɖ ɡˊŮɟɘɩŭɞɡɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ [23] 

 

Ⱥˊɘˊɚɏɞɜ, ɛŮ Űɖ ɛɏɗɞŭɞ Űɞɡ ɡˊŮɟɘɩŭɞɡɠ, ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ 

ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɤůŰɘəɏɠ ůŰŬ ɢɟɩɛŬŰŬ Űɞɡ ɏɟɢɞɡ, əŬɗɩɠ ŬɡŰɎ űɗɞɟɑɕɞɜŰŬɘ 

ŭɘŬűɞɟŮŰɘəɎ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.5, ɖ ɛˊɚɞɨɕŬ Űɞɡ ɛŬɜɎɓɖ ŮɑɜŬɘ 

Ɏůˊɟɖ, ɧɛɤɠ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɤůŰɘəɏɠ ůŮ ŭɘɎűɞɟŬ 

ɛɏɟɖ Űɖɠ ɛˊɚɞɨɕŬɠ. 

 

ȺɘəɧɜŬ 2.5: ɀŮɚɏŰɖ ɢɟɤůŰɘəɩɜ Ŭˊɧ Űɞ ɞɟŬŰɧ ůŰɞ ɡˊŮɟɘɩŭŮɠ [23] 

 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɑŬ ŰɏŰɞɘŬ ɚɐɣɖ, ŬˊŬɘŰŮɑŰŬɘ ɖ 

ɨˊŬɟɝɖ ɚŬɛˊŰɐɟɤɜ UV (ɚɎɛˊŮɠ űɗɞɟɘůɛɞɨ) ŬɚɚɎ əŬɘ űɑɚŰɟɤɜ Ŭˊɞəɞˊɐɠ 

UV ɔɘŬ Űɖɜ ɣɖűɘŬəɐ əɎɛŮɟŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɗŬ ɔɑɜŮɘ ɖ ɚɐɣɖ [4]. 

 

 



[33] 

 

2.2.5. ȷɜɎɚɡůɖ ȷəŰɑɜɤɜ-ɉ 

 

Ƀɘ ŬəŰɑɜŮɠ ɉ (X-rays) ŮɑɜŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ ɛŮ ůɢŮŰɘəɎ 

ɛɘəɟɧ ɛɐəɞɠ əɨɛŬŰɞɠ (ρπὲά ɏɤɠ ρπ ὴά. ȷɡŰɏɠ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ 
ŬˊɞŭɘŮɔɏɟůŮɘɠ ɖɚŮəŰɟɞɜɑɤɜ ŮůɤŰŮɟɘəɩɜ ŬŰɞɛɘəɩɜ ůŰɞɘɓɎŭɤɜ, ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ ˊɘɞ ɘůɢɡɟɎ ŭŮůɛŮɡɛɏɜŬ ɛŮ Űɞɜ ˊɡɟɐɜŬ. Ʉɞɚɚɏɠ űɞɟɏɠ ŮɑɜŬɘ 

ŮˊɘəɑɜŭɡɜŮɠ ɔɘŬ Űɞɡɠ ɏɛɓɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ Ůɜɩ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ 

ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɢɖɛɘəɐɠ ŬɜɎɚɡůɖɠ əŬɘ ŭɞɛɐɠ ŭɘɎűɞɟɤɜ ɡɚɘəɩɜ 

[Young & Freedman, 2009; ȸɚɎɢɞɠ, 2015]. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, ŬɡŰɐ ɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɖɜ ŬˊɞəɎɚɡɣɖ ůŰɞɘɢŮɑɤɜ 

ůɢŮŰɘəɎ ɛŮ ŰŬ ŭɞɛɘəɎ ɡɚɘəɎ Ůɜɧɠ ˊɑɜŬəŬ, Ůɜɩ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŮɜŰɞˊɘůŰɞɨɜ ˊŬɚŬɘɧŰŮɟŮɠ ŮˊɘůəŮɡɏɠ ůŰɞɜ əŬɛɓɎ ŬɚɚɎ əŬɘ ŰɟɨˊŮɠ ůŰɞ 

ůŰɐɟɘɔɛŬ Űɞɡ ˊɑɜŬəŬ. ȷəɧɛɖ ˊɞɚɚɏɠ űɞɟɏɠ ŬɜŬəŬɚɨˊŰɞɜŰŬɘ ñəɟɡɛɛɏɜŮɠò 

ɕɤɔɟŬűɘɏɠ əŬɗɩɠ ɞɘ əŬɚɚɘŰɏɢɜŮɠ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɞɨůŬɜ ŰŬ ůŰɖɟɑɔɛŬŰŬ, 

əɎŰɘ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ əŬɘ Űɖɜ ŬɡɗŮɜŰɘəɧŰɖŰŬ Ůɜɧɠ ɏɟɔɞɡ 

[4]. 

ȼ ɟŬŭɘɞɔɟŬűɑŬ, ɧˊɤɠ ɞɜɞɛɎɕŮŰŬɘ, əŬŰŮɡɗɨɜŮɘ Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ ŬəŰɑɜɤɜ 

ɉ ɛɏůɤ Ůɜɧɠ ˊɑɜŬəŬ əŬɘ ˊɎɜɤ ůŮ űɘɚɛ ɐ ůŮ ˊɚɎəŬ ŬˊŮɘəɧɜɘůɖɠ, 

ˊŬɟɎɔɞɜŰŬɠ ɛɘŬ ŮɘəɧɜŬ ɓŬůɘůɛɏɜɖ ůŰɖɜ ŬŭɘŬűɎɜŮɘŬ Űɤɜ ɡɚɘəɩɜ [5]. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɏɜŬ űɨɚɚɞ ŬəŰɘɜɞɔɟŬűɘəɐɠ ɛŮɛɓɟɎɜɖɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ˊɎɜɤ 

ůŰɞ ůŰɟɩɛŬ ɓŬűɐɠ əŬɘ Űɞ űɤɠ Ŭˊɧ ɏɜŬ ůɤɚɐɜŬ ŬəŰɑɜɤɜ ɉ əŬŰŮɡɗɨɜŮŰŬɘ 

Ŭˊɧ əɎŰɤ Ŭˊɧ Űɖ ɕɤɔɟŬűɘɎ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.9.  

 

 

ɆɢɐɛŬ 2.9. ȹɘɎŰŬɝɖ ɚɐɣɖɠ ɟŬŭɘɞɔɟŬűɑŬɠ ŬəŰɑɜɤɜ ɉ [24] 

 

ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɛɘŬ ŮɘəɧɜŬ ŬɜŰɑůŰɞɘɢɖ Űɖɠ ȺɘəɧɜŬɠ 2.6, ɧˊɞɡ ŮɑɜŬɘ 

ŮɛűŬɜɏɠ Űɞ ɡˊɞůŰɐɟɘɔɛŬ əŬɘ ŰŬ ɧˊɞɘŬ ˊɟɞɓɚɐɛŬŰɎ Űɞɡ. 



[34] 

 

 

ȺɘəɧɜŬ 2.6: ɄɑɜŬəŬɠ ɕɤɔɟŬűɘəɐɠ əŬɘ ŬəŰɘɜɞɔɟŬűɑŬ [24] 

 

2.3  ɉɤɟɘəɐ-ɣɖűɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ Ůɘəɧɜɤɜ 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬˊŮɘəɞɜɘůŰɘəɩɜ ɛŮɗɧŭɤɜ, ŮəŰɧɠ Ŭˊɧ Űɘɠ 

űŬůɛŬŰɘəɏɠ, ɡˊɎɟɢɞɡɜ əŬɘ ɛɏɗɞŭɞɘ ɧˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ ɢɤɟɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ 

ɛɘŬ ɣɖűɘŬəɐ ŮɘəɧɜŬ.   

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɞɘ ŮɘəɧɜŮɠ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ůŬɜ ɏɜŬ Űɨˊɞ 

ůɐɛŬŰɞɠ, ɧˊɞɡ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ Űɞɡɠ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ ɏɜŬ 

ůɨɜɞɚɞ Űɘɛɩɜ, ůɡɜɐɗɤɠ Űɖ űɤŰŮɘɜɧŰɖŰŬ ɐ Űɞ ɢɟɩɛŬ.  ɀŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

ŬɡŰɐ, ˊɟɞəɨˊŰŮɘ ɤɠ ɏɝɞŭɞɠ ɛɑŬ ɜɏŬ ŮɘəɧɜŬ ɐ ůɡɔəŮəɟɘɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŬɡŰɐ. ȰŰůɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůɡɜŰɐɟɖůɖɠ əŬɘ 

ŬˊɞəŬŰɎůŰŬůɖɠ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ŮɜŰɞˊɑɕɞɜŰŬɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ, Ůɜɩ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɣɖűɘŬəɐ ŬˊɞəŬŰɎůŰŬůɖ ɔɘŬ ůɡɛˊɚɐɟɤůɖ əŮɜɩɜ əŬɘ 

Ɏɚɚɤɜ ŬɚɚɞɘɩůŮɤɜ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ŬɜŰɘəŮɘɛɏɜɞɡ.  

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ, ɏɔəŮɘŰŬɘ ůŰɖɜ ŮˊɘůŰɐɛɖ Űɖɠ ɣɖűɘŬəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

Ůɘəɧɜɤɜ əŬɘ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ɡˊɞɚɞɔɘůŰɩɜ, Ůɜɩ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ  

ŬɜŬˊŬɟɎůŰŬůɖ, ˊɟɞŮˊŮɝŮɟɔŬůɑŬ, ɓŮɚŰɑɤůɖ, ŬˊɞəŬŰɎůŰŬůɖ,  ŬɜɎɚɡůɖ, 

ŰɛɖɛŬŰɞˊɞɑɖůɖ əŬɘ ŬɜŬəŬŰŬůəŮɡɐ Ůɘəɧɜɤɜ.  

ũɘŬ Űɖɜ ɞɟɗɐ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŬɜŬəŬŰŬůəŮɡɐ ˊɟɏˊŮɘ ˊɟɩŰŬ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɖɠ ŮɘəɧɜŬɠ ɛŮ Űɖɜ 

ŮɝɎɚŮɘɣɖ Űɖɠ ɗɧɚɤůɖɠ, Űɞɡ ɗɞɟɨɓɞɡ, Űɖɠ əɑɜɖůɖɠ ŬɚɚɎ əŬɘ Űɖɠ 

ŮůűŬɚɛɏɜɖɠ ŮůŰɑŬůɖɠ Űɖɠ əɎɛŮɟŬɠ.  

  Ƀ ɗɧɟɡɓɞɠ ŬˊɞŰŮɚŮɑ ɛɑŬ ŰɡɢŬɑŬ ɛɞɟűɐ űɤŰɘůɛɞɨ ɐ ˊɚɖɟɞűɞɟɘɩɜ 

ɢɟɩɛŬŰɞɠ ůŰɘɠ ŮɘəɧɜŮɠ ˊɞɡ ŰɟŬɓɐɢŰɖəŬɜ, ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑ ŬɜŮˊɘɗɨɛɖŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ɧˊɤɠ ŬɜɏűɘəŰŬ ɎəɟŬ, əɟɡɛɛɏɜŮɠ ɔɟŬɛɛɏɠ, ɔɤɜɑŮɠ, 

ŬɜŰɘəŮɑɛŮɜŬ ɛŮ ŬůŬűɐ əŬɘ ŭɘŬəɞˊɐ ůəɖɜɩɜ űɧɜŰɞɡ. ɈˊɎɟɢɞɡɜ 



[35] 

 

ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ɗɞɟɨɓɞɡ ŬɚɚɎ əŬɘ ˊɞɘəɑɚɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŬˊŬɚɞɘűɐɠ Űɞɡɠ 

[Mol & Maheswari, 2020]. 

ȰŰůɘ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ-ŬˊɞəŬŰɎůŰŬůɖ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ, 

ŮˊɘɚɏɔŮŰŬɘ ɖ əŬŰɎɚɚɖɚɖ Űɡűɚɐ ŰŮɢɜɘəɐ ɣɖűɘŬəɐɠ ŬˊɞəŬŰɎůŰŬůɖɠ, ɧˊɤɠ 

ɞɜɞɛɎɕŮŰŬɘ, əŬɗɩɠ ˊŬɟɎɚɚɖɚŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɛɘŬ ŮəŰɑɛɖůɖ Űɖɠ 

Ŭɟɢɘəɐɠ ŮɘəɧɜŬɠ-əŬŰɎůŰŬůɖɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ˊɞɡ ŮɑɜŬɘ ɎɔɜɤůŰɖ. ȷɡŰɏɠ,  

ɞɘ ŰŮɢɜɘəɏɠ ůɡɜɐɗɤɠ ŮɑɜŬɘ [Mol & Maheswari, 2020].]:  

Á ɇŮɢɜɘəɏɠ ŬɜŰɘůŰɞɑɢɘůɖɠ əɩŭɘəŬ, ɧˊɞɡ ŭɘŬɘɟŮɑŰŬɘ ɖ ŮɘəɧɜŬ Ůɘůɧŭɞɡ ůŮ 

ɏɜŬɜ Ŭɟɘɗɛɧ ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ ŮˊɘŭɘɞɟɗɩůŮɤɜ, ŭɖɚŬŭɐ ɞɟɗɞɔɩɜɘŬ 

ůŰŬɗŮɟɞɨ ɛŮɔɏɗɞɡɠ (ˊ.ɢ. 7x7 pixel),  əŬɘ əŬɗɞɟɑɕŮɘ Űɖɜ ŬɜŰɘůŰɞɘɢɑŬ 

ɛŮŰŬɝɨ Űɤɜ pixel ɛɘŬɠ ŮɘəɧɜŬɠ. Ƀ əɨɟɘɞɠ ůŰɧɢɞɠ ŬɡŰɐɠ Űɖɠ ŰŮɢɜɘəɐɠ 

ŮɑɜŬɘ ɖ ŮɨɟŮůɖ ˊŬɟɧɛɞɘɤɜ ñɛˊŬɚɤɛɎŰɤɜò ɛɘŬɠ ŮɘəɧɜŬɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬ ɐ Űɖ 

ɛɏɗɞŭɞ ŮəŰɑɛɖůɖɠ ˊɘɗŬɜɧŰɖŰŬɠ. 
 

Ʉɞɚɚɏɠ űɞɟɏɠ, ɞɘ ŰŮɢɜɘəɏɠ ŬɡŰɏɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ŬűŬɑɟŮůɖ Űɞɡ ɗɞɟɨɓɞɡ, ɤůŰɧůɞ ŮɑɜŬɘ ŬɟəŮŰɎ ɢɟɞɜɞɓɧɟŮɠ əŬɘ 

ɞɔəɩŭɖɠ, əŬɗɩɠ ɞɛŬŭɞˊɞɘɞɨɜ əŬɘ ůɡɔəɟɑɜɞɡɜ ˊŬɟɧɛɞɘŬ ŭŮŭɞɛɏɜŬ. 
 

ɇɏɚɞɠ, ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ŬˊɞəŬŰɎůŰŬůɖɠ 

əŬɗɩɠ ŭɘŬŰɖɟɞɨɜ Űɞ ˊɚɐɟŮɠ ůɢɐɛŬ əŬɘ ɛɏɔŮɗɞɠ Űɤɜ ˊɘɜɎəɤɜ, əŬɘ 

ŬˊɞűŮɨɔŮŰŬɘ ɖ ŬˊɞůɨɜŭŮůɖ Űɤɜ Ɏəɟɤɜ ůŰɖɜ ŰŮɚɘəɐ ŮɘəɧɜŬ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ. 
 

Á ɇŮɢɜɘəɏɠ ˊɞɡ ŭŮɜ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɛɎɗɖůɖ, əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŮ ŭɨɞ 

ůŰɎŭɘŬ, Űɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ɕɖɛɘɩɜ əŬɘ Űɖɜ ŬˊɞəŬŰɎůŰŬůɐ Űɞɡɠ. ɆŰɖɜ 

ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮəŰɑɛɖůɖ Űɖɠ ɛɎůəŬɠ ɛŮ ɛɑŬ 

ɛɏɗɞŭɞ ůɨɔəɟɘůɖɠ əŬŰɤűɚɘɞɨ, Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

Ůˊɘŭɘɧɟɗɤůɖ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ Űɖɜ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ 

ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ.  
 

ɆŰɖɜ ŰŮɢɜɘəɐ ŬɡŰɐ ŮɜŰɎůůŮŰŬɘ əŬɘ ɖ ɢɟɐůɖ űɑɚŰɟɤɜ ɔɘŬ Űɖɜ ɛŮɑɤůɖ 

Űɞɡ ɗɞɟɨɓɞɡ ŬɚɚɎ əŬɘ Űɖɜ Ůɜɑůɢɡůɖ ˊŮɟɘɞɢɩɜ ɔɘŬ ŬɜŬɔɜɩɟɘůɖ 

ˊɟɞɓɚɖɛɎŰɤɜ ŬɚɚɎ əŬɘ ŬɜŰɘəŮɘɛɏɜɤɜ Űɞɡ ɏɟɔɞɡ.   

 

Á ɇŮɢɜɘəɏɠ ŬűŬɑɟŮůɖɠ ɟɤɔɛɩɜ, ɧˊɞɡ ŬˊŬɘŰɞɨɜ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ, 

əŬɗɩɠ ˊɞɚɚɏɠ űɞɟɏɠ ˊŬɟŮɟɛɖɜŮɨɞɜŰŬɘ Ŭˊɧ Űɘɠ ˊɘɜŮɚɘɏɠ Űɞɡ ɏɟɔɞɡ. ȼ 

ˊɘɞ ɔɜɤůŰɐ ɛŮɗɞŭɞɚɞɔɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ɛɞɟűɞɚɞɔɘəɧ űɑɚŰɟɞ 

ɔəɟɑɕŬɠ əɚɑɛŬəŬɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ ůŰŬŰɘəɎ űɑɚŰɟŬ ˊŬɟŬɔɔŮɚɑŬɠ 

ɔɘŬ Űɖɜ ˊɚɐɟɤůɖ ŬɡŰɩɜ.  
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ũɘŬ ˊɘɞ ɞɟɗɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɘɠ ůəɞŰŮɘɜɏɠ ˊŮɟɘɞɢɏɠ ŬɟɢɘəɎ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɑɢɜŮɡůɖ Ɏəɟɤɜ ɐ ŰɛɖɛŬŰɞˊɞɑɖůɖ əŬɘ əŬŰɧˊɘɜ 

ŮɜŰɞˊɘůɛɧɠ əŬɘ ŬűŬɑɟŮůɖ ɟɤɔɛɩɜ.  
 

Á ɇŮɢɜɘəɏɠ ŬˊɞəŬŰɎůŰŬůɖɠ ɢɟɩɛŬŰɞɠ, ɧˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ Űɞ ˊɟŬɔɛŬŰɘəɧ 

ɢɟɩɛŬ əŬɘ ůɡɛˊɚɖɟɩɜŮɘ Űɘɠ ɎɢɟɤɛŮɠ ˊŮɟɘɞɢɏɠ, əŬɘ Űɏɚɞɠ  
 

Á ɇŮɢɜɘəɏɠ ɓŬůɘůɛɏɜŮɠ ůŮ ɓŬɗɘɎ ɛɎɗɖůɖ, ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůɡɜŮɚɘəŰɘəɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ əŬɘ ŰŬ ɞˊɞɑŬ ˊŬɑɟɜɞɡɜ ɛɘŬ 

əŬŰŮůŰɟŬɛɛɏɜɖ ŮɘəɧɜŬ ɤɠ Ůɑůɞŭɞ əŬɘ ˊŬɟɎɔɞɡɜ ɛɘŬ əŬɗŬɟɐ ɤɠ 

ɏɝɞŭɞ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŬůˊɟɧɛŬɡɟŮɠ ŮɘəɧɜŮɠ əŬɘ ɧɢɘ Űɧůɞ ůŮ ɏɔɢɟɤɛŮɠ.   

ɄŬɟɎ Űɖɜ ˊɞɘəɘɚɑŬ Űɤɜ ŰŮɢɜɘəɩɜ ŬɡŰɩɜ, ɖ ɣɖűɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ 

Ůɘəɧɜɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŰɞ ůŰɎŭɘɞ Űɖɠ ůɡɛˊɚɐɟɤůɖɠ Űɤɜ əŮɜɩɜ 

əŬɘ ůŰɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ɢŬɛɏɜɖɠ ˊɚɖɟɞűɞɟɑŬɠ. ȳˊɞɘŬ ɧɛɤɠ əŬɘ ɜŬ ŮˊɘɚŮɔŮɑ, 

ˊɟɞůűɏɟŮɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ 

ůűɎɚɛŬŰɞɠ ɣɖűɘŬəɐɠ ŬˊɞəŬŰɎůŰŬůɖɠ, əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛŬɗɖɛŬŰɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ, ˊɞɡ ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ 

ůɡɜŰɖɟɖŰɐ. 

 

2.4 ɉɖɛɘəɏɠ ɛɏɗɞŭɞɘ 

 

ȼ űŬůɛŬŰɞůəɞˊɑŬ, ɧɛɤɠ, ŮəŰɧɠ Ŭˊɧ Űɘɠ ŬˊŮɘəɞɜɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ŮɑɜŬɘ 

ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɖ əŬɘ ůŰɖɜ ŬɜɎɚɡůɖ Űɖɠ ɢɖɛɘəɐɠ ůɨůŰŬůɖɠ Űɞɡ ŮəɎůŰɞŰŮ 

ŬɜŰɘəŮɘɛɏɜɞɡ, əŬɗɩɠ ŰŬ ɡɚɘəɎ ŬɜŰɘŭɟɞɨɜ ŭɘŬűɞɟŮŰɘəɎ ůŮ əɎɗŮ űɎůɛŬ. 

ȾŬŰɧˊɘɜ ɓɘɓɚɘɞɔɟŬűɘəɐɠ ŬɜŬůəɧˊɖůɖɠ ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɡˊɎɟɢɞɡɜ 

ůɡɔəŮəɟɘɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ űŬůɛŬŰɞůəɞˊɑŬɠ, ɞɘ ɞˊɞɑɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ  

ůŰɖɜ ŬɜɎɚɡůɖ Űɤɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ɞɚɞəɚɖɟɤɗɞɨɜ ŮˊɘŰɡɢɩɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ůɡɜŰɐɟɖůɖɠ əŬɘ 

ŬˊɞəŬŰɎůŰŬůɖɠ Űɞɡɠ. ȷɡŰɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŬŰɎɝŮɘɠ əŬɘ 

űɎůɛŬŰŬ, əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ˊŬɟŬəɎŰɤ. 

 

2.4.1. ūŬůɛŬŰɞůəɞˊɑŬ ȹɘɎɢɡŰɖɠ ȷɜɎəɚŬůɖɠ (FORS) 

 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ űŬůɛŬŰɞůəɞˊɑŬɠ ŭɘɎɢɡŰɖɠ ŬɜɎəɚŬůɖɠ ůŰɞ ɡˊŮɟɘɩŭŮɠ, 

ɞɟŬŰɧ əŬɘ Ůɔɔɨɠ ɡˊɏɟɡɗɟɞ űɎůɛŬ (UV-VIS-NIR), ɧˊɤɠ ŮɑɜŬɘ ɖ ˊɚɐɟɖɠ 

ɞɜɞɛŬůɑŬ Űɞɡ, ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ ŬɜŬɔɜɩɟɘůɖ ɢɟɤɛɎŰɤɜ əŬɘ 

ˊɘɔɛɏɜŰɤɜ ůŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ, ɧˊɤɠ ŬɡŰɎ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ŰɟɘŮɟŮɗŮůɛɘəɏɠ Űɘɛɏɠ X,Y,Z, ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖ ɢɟɤɛŬŰɞɛŮŰɟɑŬ. ȼ 

ůɖɛŬɜŰɘəɧŰŮɟɖ űŬůɛŬŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ, ůŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ, ŮɑɜŬɘ ɞ  

ůɡɜŰŮɚŮůŰɐɠ űŬůɛŬŰɘəɐɠ ŬɜɎəɚŬůɖɠ, ŭɖɚŬŭɐ Űɞ ˊɞůɞůŰɧ Űɖɠ 

ŬɜŬəɚɩɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɤɠ ˊɟɞɠ Űɖɜ ˊɟɞůˊɑˊŰɞɡůŬ ůŮ ɛɑŬ 
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ɢɟɤɛŬŰɘůɛɏɜɖ ŮˊɘűɎɜŮɘŬ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ ɛɐəɞɠ əɨɛŬŰɞɠ [Ⱦɞɨɖ et al., 

2015; ɉŮɘɚɎəɞɡ, 2011]. 

ɆŰɖ űɨůɖ, əŬɘ ɛŮ ɓɎůɖ Űɖ űɡůɘəɐ, ɡˊɎɟɢɞɡɜ ŭɨɞ Ůɑŭɖ ŬɜɎəɚŬůɖɠ, ɖ 

əŬŰɞˊŰɟɘəɐ (specular reflection) əŬɘ ɖ ŭɘɎɢɡŰɖ (diffuse reflection). ȰŰůɘ 

ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɖɠ ŬɜŬəɚɩɛŮɜɖɠ ŬəŰɑɜŬɠ Űɞɡ ɞɟŬŰɞɨ űɎůɛŬŰɞɠ əŬɘ 

Űɞɜ Ŭəɟɘɓɐ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɢɟɩɛŬŰɞɠ ɛɘŬɠ ŮˊɘűɎɜŮɘŬɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ŬɜɎəɚŬůɖɠ UV-VIS. ɆŰɖɜ ɞɡůɑŬ 

ɔɑɜŮŰŬɘ ɛɏŰɟɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ űŬůɛŬŰɘəɐɠ ŬɜɎəɚŬůɖɠ ůŰɖɜ ɡˊŮɟɘɩŭɖ, 

ɞɟŬŰɐ əŬɘ əɞɜŰɘɜɐ ɡˊɏɟɡɗɟɖ ˊŮɟɘɞɢɐ Űɞɡ űɎůɛŬŰɞɠ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ Űɘɠ 

ɢɟɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ůɨůŰɖɛŬ XYȻ, əŬɘ ŭɑɜɞɜŰŬɠ ɏŰůɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɛɏůɤ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ, ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ɢɟɤɛŬŰɘəɏɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ɢɟɤɛŬŰɞɛŮŰɟɘəɧ ůɨůŰɖɛŬ (ˊ.ɢ. CIELAB).  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ŭɘɎɢɡŰɖɠ ŬɜɎəɚŬůɖɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ůűŬɑɟŬ ɞɚɞəɚɐɟɤůɖɠ Űɖɠ ŭɘŬɢŮɧɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ůŰɖɜ 

ɞˊɞɑŬ ŭɘɞɢŮŰŮɨŮŰŬɘ ɖ űɤŰŮɘɜɐ ŭɏůɛɖ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ, ŬɜŬəɚɎŰŬɘ 

Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ŭɘŬɢɏŮŰŬɘ ŮɜŰɧɠ Űɖɠ ůűŬɑɟŬɠ əŬɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜɞ 

ůɖɛŮɑɞ ɚŬɛɓɎɜŮŰŬɘ ɖ ŭɘŬɢŮɧɛŮɜɖ ŬəŰɘɜɞɓɞɚɑŬ.  ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɝŬɚŮɑűŮɘ 

ˊɚɐɟɤɠ Űɘɠ ŮůɤŰŮɟɘəɏɠ ŬɜŬəɚɎůŮɘɠ əŬɘ əŬŰɞˊŰɟɘəɏɠ ŬɜŬəɚɎůŮɘɠ, 

ŮɝŬůűŬɚɑɕɞɜŰŬɠ ɘůɧŰɟɞˊɖ ŭɘɎɢɡůɖ əŬɘ ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɏɜŬɜ ŬəɟɘɓɏůŰŮɟɞ 

ˊɟɞůŭɘɞɟɘůɛɧ ɢɟɩɛŬŰɞɠ [Ⱦɞɨɖ et al., 2015; ɉŮɘɚɎəɞɡ, 2011]. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ŭɘɎɢɡŰɖɠ ŬɜɎəɚŬůɖɠ ɛŮ ɞˊŰɘəɐ ɑɜŬ. ɆŮ ŬɡŰɐ Űɖ 

ˊŮɟɑˊŰɤůɖ, ɖ ŬəŰɘɜɞɓɞɚɑŬ ɛŮŰŬűɏɟŮŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ ɞˊŰɘəɩɜ ɘɜɩɜ, ɞɘ 

ɞˊɞɑŮɠ ˊŮɟɘɓɎɚɚɞɡɜ ɛɘŬ əŮɜŰɟɘəɐ ɑɜŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ 

ŭɘŬɢɏŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ. ɇɞ ŬɜŬəɚɩɛŮɜɞ ůɐɛŬ 

ɛŮŰŬűɏɟŮŰŬɘ ůŮ ɏɜŬɜ əŮɜŰɟɘəɧ ŬɜɘɢɜŮɡŰɐ CCD, ɞ ɞˊɞɑɞɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

Ůɘŭɘəɧ ɚɞɔɘůɛɘəɧ əŬŰŬɔɟɎűŮɘ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɖɠ, Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɢɟɤɛŬŰɘəɐ ŬɜŬɔɜɩɟɘůɖ. 

ȷɜŰɑůŰɞɘɢŬ, ɞɘ ɖɚŮəŰɟɞɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ 

Ŭˊɞɟɟɧűɖůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊŬɟɎɔɞɡɜ ɘŭɘɞɛɞɟűɑŮɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɔɘŬ ŭɘɎűɞɟŮɠ ɞɛɎŭŮɠ ŮɜɩůŮɤɜ, ŭɑɜɞɜŰŬɘ ɏŰůɘ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ 

ɔɘŬ Űɖɜ ŬɜɎəɚŬůɖ Űɖɠ ɞɟŬŰɐɠ əŬɘ əɞɜŰɘɜɐɠ ɡˊɏɟɡɗɟɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ 

űɎůɛŬŰɞɠ, ˊɞɡ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ Űɖɜ ɞɟɡəŰɞɚɞɔɘəɐ űɨůɖ Űɤɜ 

ŭɘɎűɞɟɤɜ ɡɚɘəɩɜ [Ⱦɞɨɖ et al., 2015; ɉŮɘɚɎəɞɡ, 2011]. 



[38] 

 

2.4.2. ūŬůɛŬŰɞůəɞˊɑŬ ūɗɞɟɘůɛɞɨ ȷəŰɑɜɤɜ ɉ (XRF) 

 

ȼ ɛɏɗɞŭɞɠ XRF ɓŬůɑɕŮŰŬɘ  ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ůŰŮɜɐɠ ŭɏůɛɖɠ ŬəŰɘɜɩɜ 

ɉ, ɖ ɞˊɞɑŬ ˊɟɞůˊɑˊŰŮɘ ˊɎɜɤ ůŰɞ ŭŮɑɔɛŬ əŬɘ ˊɟɞəŬɚŮɑ Űɖɜ Ůəˊɞɛˊɐ 

ŭŮɡŰŮɟɞɔŮɜɩɜ ɖɚŮəŰɟɞɜɑɤɜ ɛŮ Űɖ ɛɞɟűɐ űɗɞɟɘůɛɞɨ [Firki et al., 2018]. 

ɈˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɤɜ ŬəŰɘɜɩɜ ɛŮ Űɖɜ ɨɚɖ ɧˊɤɠ 

ɖ Ŭˊɞɟɟɧűɖůɖ, ɖ ůəɏŭŬůɖ, ɖ ˊŮɟɑɗɚŬůɖ, ɖ Ůəˊɞɛˊɐ əŬɘ ɖ ŭɘɎɗɚŬůɖ. 

ɋůŰɧůɞ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŬˊɞɟɟɞűɞɨɛŮɜɖ 

ŬəŰɘɜɞɓɞɚɑŬ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ űɗɞɟɘůɛɧ [Ⱦɞɨɖ et al., 2015]. 

ȰŰůɘ ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ ŬɡŰɐɠ Űɖɠ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ űɗɞɟɘůɛɞɨ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ űŬůɛŬŰɞ-

űɤŰɧɛŮŰɟŬ űɗɞɟɘůɛɞɨ ŬəŰɑɜɤɜ ɉ ŰŬ ɞˊɞɑŬ, ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɞɡɠ 

ŭɘŬɗɏŰɞɡɜ Űɖ ŭɘɎŰŬɝɖ Űɞɡ ɆɢɐɛŬŰɞɠ 2.10. 

 

 

ɆɢɐɛŬ 2.10: ȹɘɎŰŬɝɖ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞɡ űɗɞɟɘůɛɞɨ ŬəŰɑɜɤɜ ɉ 

[ɉŮɘɚɎəɞɡ, 2011] 

 

ȷɟɢɘəɎ, ˊŬɟɎɔɞɜŰŬɘ ŬəŰɑɜŮɠ ɉ, ɞɘ ɞˊɞɑŮɠ ŬɚɚɎɕɞɡɜ əŬŰŬɜɞɛɐ Ŭɜ 

ŮˊɘɚŮɔŮɑ ɢɟɐůɖ űɑɚŰɟɤɜ ɐ ɛɞɜɞɢɟɤɛŬŰɧɟɤɜ. ȰŰůɘ Ŭűɞɨ ɞɘ ŬəŰɑɜŮɠ 

ˊɟɞůˊɏůɞɡɜ ůŰɞ ŭŮɑɔɛŬ, ɞ ŬɜɘɢɜŮɡŰɐɠ Űɘɠ ɛŮŰŬŰɟɏˊŮɘ ůŮ ɖɚŮəŰɟɞɜɘəɎ 

ůɐɛŬŰŬ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŮɜɏɟɔŮɘŬ əŬɘ ɖ ɏɜŰŬůɖ Űɞɡɠ 

(Ŭɟɘɗɛɧɠ ŬəŰɑɜɤɜ ɉ). ɇɏɚɞɠ ɛŮ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑɤɜ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ űɗɞɟɘůɛɧɠ ŬɚɚɎ əŬɘ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ɡɚɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ.  

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŬɜɎɚɡůɖ ŬɟɢŬɘɞɚɞɔɘəɩɜ, 

ɘůŰɞɟɘəɩɜ əŬɘ əŬɚɚɘŰŮɢɜɘəɩɜ ɏɟɔɤɜ əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ŮɝŮŰɎɕŮɘ ŬɜŰɘəŮɑɛŮɜŬ 

ŭɘŬűɞɟŮŰɘəɞɨ ɛŮɔɏɗɞɡɠ, ŮɘəɧɜŬɠ əŬɘ ůɨůŰŬůɖɠ. Ⱥˊɘˊɚɏɞɜ ɛɑŬ ɛɏŰɟɖůɖ 

ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ˊɞɚɚɎ ŭɘŬűɞɟŮŰɘəɎ ɢɖɛɘəɎ ůŰɞɘɢŮɑŬ 

ŭɑɜɞɜŰŬɠ ɏŰůɘ ɚŮˊŰɞɛɏɟŮɘŮɠ ɔɘŬ ŰŬ ɡɚɘəɎ, Űɞɜ Űɟɧˊɞ əŬŰŬůəŮɡɐɠ Űɖɜ 

ŬɡɗŮɜŰɘəɧŰɖŰŬ əŬɘ Űɖ ůɡɜŰɐɟɖůɐ Űɞɡɠ. 
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ɇɏɚɞɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ɢɟɤɛŬŰɘəɎ ůŰɟɩɛŬŰŬ, ŬˊɚɎ ɐ ůɨɜɗŮŰŬ, ɖ ɛɏɗɞŭɞɠ XRF 

ŬˊɞŰŮɚŮɑ ɛɘŬ ɔɟɐɔɞɟɖ ŬɜŬɚɡŰɘəɐ ɛɏɗɞŭɞ, əŬŰɎɚɚɖɚɖ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɢɟɤůŰɘəɩɜ Űɤɜ ˊɘɔɛɏɜŰɤɜ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ 

ˊŮɟɘɧŭɞɡɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŭɑɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ɢɟɞɜɞɚɧɔɖůɖ 

Űɞɡ ɏɟɔɞɡ əŬɘ Űɖ ůɡɜŰɐɟɖůɖ Űɞɡ, əŬɗɩɠ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗŮɑ Űɖɜ Ůˊɞɢɐ 

ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ [Ⱦɞɨɖ et al., 2015; Firki et al., 2018]. 

 

2.4.3. ȼɚŮəŰɟɞɜɘəɐ ɀɘəɟɞůəɞˊɑŬ ɆɎɟɤůɖɠ (SEM) 

 

ȼ ɖɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ ɛŮ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ 

ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬůˊɞɟɎɠ ŬəŰɘɜɩɜ ɉ (ESEM-EDX) ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ 

ŮɡɏɚɘəŰŮɠ űŬůɛŬŰɞůəɞˊɘəɏɠ ɛŮɗɧŭɞɡɠ ŮɝɏŰŬůɖɠ əŬɘ ŬɜɎɚɡůɖɠ, ˊɞɡ 

ɚŮɘŰɞɡɟɔŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ŬəŰɘɜɩɜ ɉ.  

ȿɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɓŬɗɛɞɨ ŮůŰɑŬůɖɠ əŬɗɩɠ əŬɘ Űɖɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ 

ˊɞɡ ŭɘŬɗɏŰŮɘ, ˊŬɟɏɢŮɘ ŮɘəɧɜŮɠ ɡɣɖɚɞɨ ɓŬɗɛɞɨ ŭɘŮɑůŭɡůɖɠ ɛŮ ŭɡɜŬŰɧŰɖŰŬ 

ŰɟɘŭɘɎůŰŬŰɖɠ ŬɜŬˊŬɟɎůŰŬůɖɠ. ɆŮ ůɡɜŭɡŬůɛɧ ɛŮ əŬŰɎɚɚɖɚɞ ůɨůŰɖɛŬ 

ŬɜɑɢɜŮɡůɖɠ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ŬəŰɘɜɩɜ (EDX) ́ɟɞəɨˊŰŮɘ ɏɜŬɠ 

ůɡɜŭɡŬůɛɧɠ  ŮɘəɧɜŬɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ, ůŰɞɘɢŮɘŬəɐɠ ŬɜɎɚɡůɖɠ əŬɘ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɐɠ ŬɜɎɚɡůɖɠ Űɖɠ ŭɞɛɐɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ.  

ȼ ɚŮɘŰɞɡɟɔɑŬ SEM, ɓŬůɑɕŮŰŬɘ ůŰɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ 

ɛɘŬɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ŭɏůɛɖɠ ɖɚŮəŰɟɞɜɑɤɜ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ. ȰŰůɘ ɖ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ŬˊɞɛŬəɟɨɜŮɘ ŰŬ ɖɚŮəŰɟɧɜɘŬ Űɤɜ ŬŰɧɛɤɜ 

əŬɘ ɏŰůɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ȼ Űɡˊɘəɐ Űɞɡ 

ŭɘɎŰŬɝɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.11 [ɉŮɘɚɎəɞɡ, 2011; Kaszowska et 

al., 2013]. 

 

 

ɆɢɐɛŬ 2.11: ȹɘɎŰŬɝɖ SEM [ɉŮɘɚɎəɞɡ, 2011] 
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2.4.4. ūŬůɛŬŰɞůəɞˊɑŬ Ɉˊɏɟɡɗɟɞɡ ɀŮŰŬůɢɖɛŬŰɘůɛɞɨ Fourier (FTIR) 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, ɖ ɡˊɏɟɡɗɟɖ űŬůɛŬŰɞůəɞˊɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɛɞɟɘŬəɐɠ ŭɞɛɐɠ əŬɘ ůɨůŰŬůɖɠ 

ɡɚɘəɩɜ [ɉŮɘɚɎəɞɡ, 2011; Kaszowska et al., 2013]. 

ȺˊŮɘŭɐ Űɞ ˊɞůɧ Űɖɠ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ 

Ŭɟɘɗɛɞɨ Űɤɜ ɡˊɎɟɢɞɜŰɤɜ ɛɞɟɑɤɜ (ůɡɔəɏɜŰɟɤůɖ), Űɞ ɡˊɏɟɡɗɟɞ űɎůɛŬ 

ŭɑɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŬɡŰɐ, ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ ɏɜŰŬůɖ ɛɘŬɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɐɠ ŰŬɘɜɑŬɠ Ŭˊɞɟɟɧűɖůɖɠ ˊɟɞɠ Űɖɜ ɏɜŰŬůɖ Űɖɠ ɑŭɘŬɠ ŰŬɘɜɑŬɠ 

Ůɜɧɠ űɎůɛŬŰɞɠ ˊɞɡ ˊŮɟɘɏɢŮɘ ɔɜɤůŰɐ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɟɞɠ ŬɜɎɚɡůɖ 

ůɡůŰŬŰɘəɞɨ.  

ũɘŬ Űɖ ɛɏŰɟɖůɖ ŬɡŰɐɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ 

űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ŰŬ ɞˊɞɑŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ 

űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ŭɘŬůˊɞɟɎɠ əŬɘ ŭɘˊɚɐɠ ŬɜɎəɚŬůɖɠ. ȼ ŭɘŬűɞɟɎ Űɞɡɠ 

ɏɔəŮɘŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ ˊɟɑůɛŬŰɞɠ ɐ əɎŰɞˊŰɟɞɡ ŬɜŰɑůŰɞɘɢŬ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůɡɜŰɐɟɖůɖɠ əŬɘ ŬˊɞəŬŰɎůŰŬůɖɠ ɏɟɔɤɜ 

ɕɤɔɟŬűɘəɐɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ɛŮ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier (FTIR) ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɛɑŬ 

ˊɖɔɐ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɏɜŬɜ ŬɜɘɢɜŮɡŰɐ əŬɘ ɏɜŬ laser Űɞ ɞˊɞɑɞ 

ŭɖɛɘɞɡɟɔŮɑ ɛɘŬ ŮůɤŰŮɟɘəɐ ŬɜŬűɞɟɎ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ əɡɛɎŰɤɜ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.12 [ɉŮɘɚɎəɞɡ, 2011; Kaszowska et al., 2013]. 

 

 

ɆɢɐɛŬ 2.12: ȹɘɎŰŬɝɖ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Fourier 

[ɉŮɘɚɎəɞɡ, 2011] 

 

ɇɞ ɓŬůɘəɧ ŰɛɐɛŬ Ůɜɧɠ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞɡ Fourier ŮɑɜŬɘ Űɞ 

ůɡɛɓɞɚɧɛŮŰɟɞ, Űɞ ɞˊɞɑɞ əŬŰŬɔɟɎűŮɘ ŰɛɐɛŬ Űɞɡ IR űɎůɛŬŰɞɠ, Ůɜɩ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ əɎŰɞˊŰɟŬ (ɏɜŬ ůŰŬɗŮɟɧ əŬɘ ɏɜŬ Ůɜ əɘɜɐůŮɘ). ȼ ŭɏůɛɖ 
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ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŰɞ əɘɜɖŰɧ əɎŰɞˊŰɟɞ, ŮɑɜŬɘ əŬɘ ŬɡŰɐ ˊɞɡ ɞŭɖɔŮɑŰŬɘ ůŰɞ 

ɢɩɟɞ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ˊɟɞůŭɑŭɞɜŰŬɠ ɏŰůɘ ˊɚɖɟɞűɞɟɑŮɠ ɛɏůɤ Űɖɠ 

ŭɖɛɘɞɡɟɔɑŬɠ Ůɜɧɠ ůɡɛɓɞɚɞɔɟŬűɐɛŬŰɞɠ, ɔɘŬ Űɞ əɎɗŮ ɡɚɘəɧ.  

Ⱥˊɘˊɚɏɞɜ, ůɡɢɜɎ ŰŬ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ FTIR ŮɑɜŬɘ ŮɝɞˊɚɘůɛɏɜŬ ɛŮ 

ɏɜŬ ŮɝɎɟŰɖɛŬ ɛŮɚɏŰɖɠ ŭŮɘɔɛɎŰɤɜ ŬɝɘɞˊɞɘɩɜŰŬɠ Űɖɜ ɇŮɢɜɘəɐ Űɖɠ 

ȷˊɞůɓɏɜɞɡůŬɠ Ƀɚɘəɐɠ ȷɜɎəɚŬůɖɠ (ATRef), ůɨɛűɤɜŬ ɛŮ Űɖɜ ɞˊɞɑŬ, ɖ 

ŭɏůɛɖ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛɏůɤ əɟɡůŰɎɚɚɤɜ ˊŬɟɞɡůɘɎɕŮɘ ɞɚɘəɐ 

ŬɜɎəɚŬůɖ, ŬˊɞűŮɨɔɞɜŰŬɠ Űɞ ɗɧɟɡɓɞ [ɉŮɘɚɎəɞɡ, 2011; Kaszowska et al., 

2013]. 

ȰŰůɘ, Űɞ ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ ŮɑɜŬɘ ˊɤɠ ŬˊŬɘŰŮɑŰŬɘ 

ŮɚɎɢɘůŰɞ ŭŮɑɔɛŬ, ɢɤɟɑɠ ŮˊŮɝŮɟɔŬůɑŬ, ɞɛɞɔŮɜɞˊɞɑɖůɖ ə.Ŭ., ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɜŬ ŮɑɜŬɘ ɖ ˊɚɏɞɜ ɘŭŬɜɘəɐ ɛɏɗɞŭɞɠ ɔɘŬ ɘůŰɞɟɘəɎ ɏɟɔŬ əŬɘ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ, 

ˊɞɡ ŮɑɜŬɘ ŬŭɨɜŬŰɖ ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ.  

 

2.4.5. ūŬůɛŬŰɞůəɞˊɑŬ micro-Raman 

 

ȼ űŬůɛŬŰɞůəɞˊɑŬ Raman ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

ɛɞɟɘŬəɐɠ ŭɞɛɐɠ Űɤɜ ɞɟɔŬɜɘəɩɜ əŬɘ ŬɜɧɟɔŬɜɤɜ ɡɚɘəɩɜ. ȸŬůɑɕŮŰŬɘ ůŰɞ 

űŬɘɜɧɛŮɜɞ Raman, ɧˊɞɡ ɧŰŬɜ əɎˊɞɘɞ ɡɚɘəɧ ŬəŰɘɜɞɓɞɚŮɑŰŬɘ ɛŮ 

ɛɞɜɞɢɟɤɛŬŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ, ŰɧŰŮ ɖ ŭɘɎɢɡŰɖ ŬəŰɘɜɞɓɞɚɑŬ Űɞɡ ůəŮŭɎɕŮŰŬɘ 

ůŰŬ ɛɧɟɘŬ Űɖɠ ɨɚɖɠ ůŮ ɜɏŮɠ űŬůɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ŭɘŬűɞɟŮŰɘəɏɠ Ŭˊɧ ŬɡŰɏɠ 

Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ-ŭɘŮɔŮɑɟɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȰŰůɘ ɖ ŬəŰɑɜŬ ˊɟɞůˊɑˊŰŮɘ 

ůŰɞ ŭŮɑɔɛŬ əŬɘ Ŭˊɧ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ űɤŰɧɠ-ɨɚɖɠ ˊɟɞəɨˊŰŮɘ Űɞ 

ŬˊɞŰɏɚŮůɛŬ Raman [ɉŮɘɚɎəɞɡ, 2011]. 

ũɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɞɡ űɎůɛŬŰɞɠ Raman, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ 

űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ Raman, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɘŬ 

ɛɞɜɞɢɟɤɛŬŰɘəɐ ˊɖɔɐ űɤŰɧɠ əŬɘ ɏɜŬ ɛɏůɞ ŬɜɎɚɡůɖɠ Űɖɠ ůəŮŭŬɕɧɛŮɜɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ, Űɞ ɞˊɞɑɞ ˊɟɞůŭɘɞɟɑɕŮɘ Űɘɠ ɕɩɜŮɠ ůəɏŭŬůɖɠ (ůɡɢɜɧŰɖŰŬ, 

ɏɜŰŬůɖ, Ůɨɟɞɠ). ɆŰɖɜ ɞɡůɑŬ ɛɑŬ ŭɏůɛɖ laser ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ɏɜŬɜ 

ɛɞɜɞɢɟɤɛɎŰɞɟŬ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ˊɧɚɤůɖ Űɞɡ əŬɘ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ 

űŬəɞɨ ŮůŰɑŬůɖɠ əŬɘ Ůɜɧɠ əŬŰɧˊŰɟɞɡ ŭɘŮɔŮɑɟŮŰŬɘ Űɞ ŭŮɑɔɛŬ əŬɘ ɏŰůɘ ɖ 

ůəŮŭŬɕɧɛŮɜɖ ŬəŰɘɜɞɓɞɚɑŬ ŭɘɏɟɢŮŰŬɘ ůŰɞ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ ɏɢɞɜŰŬɠ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ əŬŰŬɔɟŬűɐ əŬɘ ŬˊɞɗɐəŮɡůɖ Űɤɜ űŬůɛɎŰɤɜ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.13. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ micro-Raman ɛŮ ɛɘəɟɞůəɧˊɘɞ əŬɘ əɎɛŮɟŬ CCD, 

ˊɟɞůŰɑɗŮŰŬɘ ɏɜŬ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ ůŰɞɜ űŬəɧ ŮůŰɑŬůɖɠ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ 

ɢɤɟɘəɐ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ, Ůɜɩ ɖ əɎɛŮɟŬ CCD ŮɜŰɞˊɑɕŮɘ ŰŬ űɤŰɧɜɘŬ 

Raman ɛŮ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ŬɜɑɢɜŮɡůɖɠ, ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŮ ɏɜŬ ˊɘɞ 

Ŭəɟɘɓɏɠ ŬˊɞŰɏɚŮůɛŬ.  
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ɆɢɐɛŬ 2.13: ȹɘɎŰŬɝɖ űŬůɛŬŰɞůəɞˊɑŬɠ Raman [ɉŮɘɚɎəɞɡ, 2011] 

 

2.4.6. ɀɘəɟɞůəɞˊɑŬ ɃˊŰɘəɩɜ Ƚɜɩɜ (FOM) 

 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖ ɛɘəɟɞůəɞˊɘəɐ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ɡɚɘəɩɜ, ˊŬɟɏɢɞɜŰŬɠ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɡűɐ, Űɖ ɛɘəɟɞŭɞɛɐ əŬɘ Űɘɠ ɞɟɡəŰɞɚɞɔɘəɏɠ 

űɎůŮɘɠ Űɤɜ ŮˊɘűŬɜŮɘɩɜ, ˊɞɡ ɢɟɖůɘɛŮɨɞɡɜ ɤɠ əɤŭɘəɞɑ ŮɟɛɖɜŮɑŬɠ Űɤɜ 

Ů́ ɘűŬɜŮɘŬəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ.  

ȼ Ŭɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ ɓŬůɑɕŮŰŬɘ ůŰɘɠ ɞˊŰɘəɏɠ ŮˊɘəɞɘɜɤɜɑŮɠ, ɞɘ ɞˊɞɑŮɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ űɤɠ ŬɜŰɑ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ ɤɠ űɞɟɏŬ ůɖɛɎŰɤɜ əŬɘ 

ɞˊŰɘəɏɠ ɑɜŮɠ ŬɜŰɑ ɛŮŰŬɚɚɘəɩɜ Ŭɔɤɔɩɜ ɔɘŬ Űɖ ɛŮŰɎŭɞůɐ Űɞɡɠ. ȰŰůɘ Űɞ 

ůɨůŰɖɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ űɤŰŮɘɜɐ ˊɖɔɐ ɚŮɡəɞɨ űɤŰɧɠ, Űɞ ůɨůŰɖɛŬ 

Ůɚɏɔɢɞɡ ɏɜŰŬůɖɠ əŬɘ ŮůŰɑŬůɖɠ Űɞɡ, əŬɗɩɠ əŬɘ Ŭˊɧ ŬɜŰɘəŮɘɛŮɜɘəɞɨɠ űŬəɞɨɠ 

ɞɘ ɞˊɞɑɞɘ ůɡɜŭɏɞɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ ɛŮŰɎŭɞůɖɠ ŮɘəɧɜŬɠ ɛɏůɤ ɞˊŰɘəɩɜ ɘɜɩɜ 

ɔɘŬ Űɖ ɚɐɣɖ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɔŮɗɨɜůŮɤɜ [ɉŮɘɚɎəɞɡ, 2011].  

 

2.5 ɀŮŰɟɖŰɘəɏɠ ɛɏɗɞŭɞɘ  

 

ũɘŬ Űɖ ůɡɜŰɐɟɖůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ, ŮəŰɧɠ 

Ŭˊɧ Űɘɠ ŬˊŮɘəɞɜɘůŰɘəɏɠ əŬɘ ɢɖɛɘəɏɠ ɛŮɗɧŭɞɡɠ, ŮɑɜŬɘ Ůɝɑůɞɡ ŬɜŬɔəŬɑŬ əŬɘ ɖ 

ɎɜŰɚɖůɖ ɛŮŰɟɖŰɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ˊɟɞəŮɘɛɏɜɞɡ Űɞ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ 
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ˊɚɐɟŮɠ əŬɘ Ŭɝɘɞˊɞɘɐůɘɛɞ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŬɡŰɏɠ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɑŰŮ ůŰɞ 

ŮˊɑˊŮŭɞ, ŮɑŰŮ ůŰɞ ɢɩɟɞ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŰɟɘŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ. 

ɇŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ ŬˊɞŰŮɚɞɨɜ ŭɘůŭɘɎůŰŬŰŮɠ ˊɟɞɓɞɚɏɠ Ůɜɧɠ 

ŰɟɘŭɘɎůŰŬŰɞɡ əɧůɛɞɡ, ůɨɛűɤɜŬ ɛŮ Űɖ ɛŬŰɘɎ Ůɜɧɠ əŬɚɚɘŰɏɢɜɖ. ɋůŰɧůɞ ŰŬ 

ɑŭɘŬ ŰŬ ɏɟɔŬ ŮɑɜŬɘ ŰɟɘŭɘɎůŰŬŰŬ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.14 

[Elkhuizen et al., 2014]. 

 

 

ɆɢɐɛŬ 2.14: ɇɟɘŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ Ůɜɧɠ ɏɟɔɞɡ  

ɕɤɔɟŬűɘəɐɠ [Elkhuizen et al., 2014] 

 

ɀɑŬ ŰɟɘŭɘɎůŰŬŰɖ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɟɞɠ ŮɝɏŰŬůɖ, 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ŮɝŬɔɤɔɐ ˊɟŬɔɛŬŰɘəɩɜ ɛŮŰɟɖŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ, əŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɑɚɖɣɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɟɞɠ Ůˊɑɚɡůɖ əŬŰɎ Űɞ ůŰɎŭɘɞ 

ůɡɜŰɐɟɖůɖɠ əŬɘ ŬˊɞəŬŰɎůŰŬůɖɠ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ. ȷəɧɛɖ ŭɑɜŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ŰɟɘŭɘɎůŰŬŰɖɠ ŮəŰɨˊɤůɖɠ ɏɟɔɤɜ, ɧŰŬɜ Űɞ ŬɡɗŮɜŰɘəɧ 

ŬɜŰɘəŮɑɛŮɜɞ ŮɑɜŬɘ ŬŭɨɜŬŰɞ ɜŬ ŮəŰŮɗŮɑ [Elkhuizen et al., 2014]. 

Ⱥˊɘˊɚɏɞɜ, Űɧůɞ ŰŬ ŭɘůŭɘɎůŰŬŰŬ ɧůɞ əŬɘ ŰŬ ŰɟɘŭɘɎůŰŬŰŬ ŭŮŭɞɛɏɜŬ 

ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɏɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɏɔəŬɘɟɖ ŬɜɑɢɜŮɡůɖ 

əɘɜɐůŮɤɜ əŬɘ ˊɟɧɚɖɣɖ ɛɖ ŬɜŰɘůŰɟɏɣɘɛɤɜ ɕɖɛɘɩɜ, Űɧůɞ ůŰɞ ůŰɎŭɘɞ Űɖɠ 

ŬˊɞəŬŰɎůŰŬůɖɠ ɧůɞ əŬɘ ůŰɞ ůŰɎŭɘɞ űɨɚŬɝɖɠ ɐ ɏəɗŮůɖɠ [Barazzetti et al., 

2010]. 

ȰŰůɘ, ɔɘŬ Űɖ ɛɏŰɟɖůɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ŬɜŬˊŬɟŬůŰɎůŮɤɜ, ŬɝɘɞˊɞɘɞɨɜŰŬɘ 

Űɧůɞ űɤŰɞɔɟŬɛɛŮŰɟɘəɏɠ ɧůɞ əŬɘ ɔŮɤŭŬɘŰɘəɏɠ ɛɏɗɞŭɞɘ, ɧˊɤɠ 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ˊŬɟŬəɎŰɤ.  

 

2.5.1. ȼ ůɡɛɓɞɚɐ Űɖɠ űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ 

 

ūɤŰɞɔɟŬɛɛŮŰɟɑŬ ɞɜɞɛɎɕŮŰŬɘ ɖ Űɏɢɜɖ, ŮˊɘůŰɐɛɖ əŬɘ ŰŮɢɜɞɚɞɔɑŬ, ˊɞɡ 

ɛɏůŬ Ŭˊɧ ŭɘŬŭɘəŬůɑŮɠ əŬŰŬɔɟŬűɐɠ, ɛɏŰɟɖůɖɠ əŬɘ ŮɟɛɖɜŮɑŬɠ 

űɤŰɞɔɟŬűɘəɩɜ Ůɘəɧɜɤɜ əŬɘ ˊɟɞŰɨˊɤɜ, ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɧəŰɖůɖɠ 

ŬɝɘɧˊɘůŰɤɜ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɎ ɛŮ ŰŬ ŭɘɎűɞɟŬ ŬɜŰɘəŮɑɛŮɜŬ əŬɘ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɞɡɠ [ɄŬŰɘɎɠ, 1991]. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ  

ŮɑŰŮ ɞɟɗɞűɤŰɞɢɎɟŰŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ, ɔɘŬ ŮɜŰɞˊɘůɛɧ ˊɟɞɓɚɖɛɎŰɤɜ, ŮɑŰŮ 
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ŰɟɘŭɘɎůŰŬŰŬ ˊɡəɜɎ əŬɘ ɚŮˊŰɞɛŮɟɐ ɛɞɜŰɏɚŬ ŮˊɘűɎɜŮɘŬɠ, ŮɑŰŮ ŬɜŬɚɨůŮɘɠ 

ˊŬɟŬɛɧɟűɤůɖɠ ɛŮɛɞɜɤɛɏɜɤɜ ůɖɛŮɑɤɜ, ɧˊɤɠ ŰŮɢɜɖŰɩɜ ůŰɧɢɤɜ ɐ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůɖɛŮɑɤɜ Űɞɡ ɏɟɔɞɡ [Barazzetti et al., 2010]. 

ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ ŬɝɘɧˊɘůŰɖɠ ŭɘůŭɘɎůŰŬŰɖɠ ˊɚɖɟɞűɞɟɑŬɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɖ ɛɞɜɞŮɘəɞɜɘəɐ űɤŰɞɔɟŬɛɛŮŰɟɑŬ, ɧˊɞɡ 

ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɛɑŬɠ ɛɧɜɞ űɤŰɞɔɟŬűɑŬɠ [ɄŬŰɘɎɠ, 1991]. 

ȾɎɗŮ űɤŰɞɔɟŬűɑŬ ŭɘɏˊŮŰŬɘ Ŭˊɧ ɏɜŬ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. ɀŮ Űɖ 

ɓɞɐɗŮɘŬ Űɤɜ ŮɘəɞɜɞůɖɛɎŰɤɜ ɞɟɑɕŮŰŬɘ Űɞ ŮˊɑˊŮŭɞ Űɖɠ űɤŰɞɔɟŬűɑŬɠ ŭɖɚŬŭɐ 

Űɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ x,y. ȷɟɢɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɖ Űɞɛɐ Űɤɜ 

ŮɡɗŮɘɩɜ ˊɞɡ ɞɟɑɕɞɡɜ ŬɜŰɘŭɘŬɛɛŮŰɟɘəɎ ŮɘəɞɜɞůɐɛŬŰŬ əŬɘ ɞɜɞɛɎɕŮŰŬɘ 

ˊɟɤŰŮɨɞɜ ůɖɛŮɑɞ.  

Ⱥˊɘˊɚɏɞɜ, ɖ űɤŰɞɔɟŬűɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ əŮɜŰɟɘəɐ ˊɟɞɓɞɚɐ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.15, ɧˊɞɡ ůɖɛŮɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ˊɟɞɓɎɚɚɞɜŰŬɘ 

ůŰɞ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ (ŬɟɜɖŰɘəɧ űɤŰɞɔɟŬűɑŬɠ) ɛɏůɤ Ůɜɧɠ ůɖɛŮɑɞɡ, Űɞɡ 

ˊɟɞɓɞɚɘəɞɨ əɏɜŰɟɞɡ. ȰŰůɘ ůɖɛŮɑŬ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɡɣɧɛŮŰɟɞ ůŰɞ 

ŬɜŰɘəŮɑɛŮɜɞ ŭŮɜ ŮɑɜŬɘ ŰŬ ɑŭɘŬ ůŰɖɜ űɤŰɞɔɟŬűɑŬ, Ůˊɞɛɏɜɤɠ ŬˊŬɘŰŮɑŰŬɘ 

ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ [ɄŬŰɘɎɠ, 1991]. 

 

 

ɆɢɐɛŬ 2.15: ȾŮɜŰɟɘəɐ ˊɟɞɓɞɚɐ űɤŰɞɔɟŬűɑŬɠ  

 

ȾɡɟɑŬɟɢɞ ɟɧɚɞ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɐ, ŬˊɞŰŮɚŮɑ ɞ Űɨˊɞɠ Űɤɜ 

űɤŰɞɔɟŬűɘɩɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ 

ŮˊɘɚɏɔɞɜŰŬɘ ŬɡůŰɖɟɎ əŬŰŬəɧɟɡűŮɠ ɚɐɣŮɘɠ ɐ ůɢŮŭɧɜ əŬŰŬəɧɟɡűŮɠ ŬɜɎɚɞɔŬ 

Űɖɜ ˊŮɟɑˊŰɤůɖ. ȷəɧɛŬ əŬɘ Ŭɜ ɚɧɔɤ ůɡɜɗɖəɩɜ ŮˊɘɚŮɔŮɑ əɎˊɞɘŬ Ɏɚɚɖ 

əŮəɚɘɛɏɜɖ ɚɐɣɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŬɜŬɔɤɔɐ Űɖɠ űɤŰɞɔɟŬűɑŬɠ, ůŮ 

əŬŰŬəɧɟɡűɖ [ɄŬŰɘɎɠ, 1991]. 

ȰŰůɘ ɛɘŬ ɞɟɗɞűɤŰɞɔɟŬűɑŬ ŮɑɜŬɘ ɛɘŬ Ŭɜɖɔɛɏɜɖ űɤŰɞɔɟŬűɑŬ, ůŰɖɜ ɞˊɞɑŬ 

ɏɢɞɡɜ ŭɘɞɟɗɤɗŮɑ ůűɎɚɛŬŰŬ ɚɧɔɤ ŬɜŬɔɚɨűɞɡ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ əŬɘ ɚɧɔɤ 

űŬəɞɨ. ȷɡŰɏɠ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɞɟɗɞŬɜŬɔɤɔɐɠ ɐ Űɖɠ 
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ŭɘŬűɞɟɘəɐɠ ŬɜŬɔɤɔɐɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, əɎɗŮ űɤŰɞɔɟŬűɑŬ ŬˊɞŰŮɚŮɑ 

ɞɟɗɐ ˊɟɞɓɞɚɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ Ŭəɟɘɓɐɠ 

ˊɟɞůŭɘɞɟɘůɛɧɠ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐɠ ɗɏůɖɠ (x,y), Ůɜɩ ŭŮ ŭɑɜŮŰŬɘ əŬɛɑŬ 

ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ [ɄŬŰɘɎɠ, 1991]. 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɞɟɗɞűɤŰɞɔɟŬűɑŬɠ, Űɧůɞ ˊɟɘɜ Űɖ ůɡɜŰɐɟɖůɖ ɧůɞ əŬɘ 

ɛŮŰɎ Ŭˊɧ ŬɡŰɐ, ŭɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.7. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ŬɚɚŬɔɩɜ ůŮ əɎɗŮ ůŰɎŭɘɞ 

ŬˊɞəŬŰɎůŰŬůɖɠ, Ůɜɩ ŮɜŰɞˊɑůŰɖəŬɜ əŬɘ Ůə ˊɟɩŰɖɠ ŰŬ ɓŬůɘəɎ ůɖɛŮɑŬ ˊɞɡ 

ŬˊŬɘŰɞɨůŬɜ ˊŬɟɏɛɓŬůɖ [Abate, 2019]. 

 

 

ȺɘəɧɜŬ 2.7: ȹɖɛɘɞɡɟɔɑŬ ɞɟɗɞűɤŰɞɔɟŬűɑŬɠ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

Űɖɠ ůɡɜŰɐɟɖůɖɠ əŬɘ ŬˊɞəŬŰɎůŰŬůɖɠ [Abate, 2019] 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ŮɝŬɔɤɔɐɠ ŰɟɘŭɘɎůŰŬŰɖɠ ˊɚɖɟɞűɞɟɑŬɠ, 

ɡˊɎɟɢɞɡɜ ŭɨɞ űɤŰɞɔɟŬɛɛŮŰɟɘəɏɠ ɛɏɗɞŭɞɘ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ 

ɆɢɐɛŬ 2.16. ȼ ˊɟɩŰɖ ŬűɞɟɎ ůŰɖ ůŰŮɟŮɞűɤŰɞɔɟŬɛɛŮŰɟɑŬ ɛŮ ˊŬɟɎɚɚɖɚŮɠ 

űɤŰɞɔɟŬűɑŮɠ, Ůɜɩ ɖ ŭŮɨŰŮɟɖ ůŰɖ űɤŰɞɔɟŬɛɛŮŰɟɑŬ ˊɞɚɚŬˊɚɩɜ Ůɘəɧɜɤɜ ɛŮ 

ůɡɔəɚɑɜɞɡůŮɠ űɤŰɞɔɟŬűɑŮɠ, ˊɞɡ ŮɑɜŬɘ əŬɘ ɖ ˊɘɞ ɔɜɤůŰɐ [Genin, 2019]. 

 

  

(Ŭ) (ɓ) 

ɆɢɐɛŬ 2.16: (Ŭ)ɆŰŮɟŮɞűɤŰɞɔɟŬɛɛŮŰɟɑŬ. (ɓ)ūɤŰɞɔɟŬɛɛŮŰɟɑŬ ˊɞɚɚŬˊɚɩɜ  

                                   Ůɘəɧɜɤɜ 
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ȼ ůŰŮɟŮɞűɤŰɞɔɟŬɛɛŮŰɟɑŬ, ŬˊɞŰŮɚŮɑ ɛɑŬ ɛɏɗɞŭɞ, ɧˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖ 

ɢɟɐůɖ ŭɨɞ űɤŰɞɔɟŬűɘɩɜ Űɞɡ ɑŭɘɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, Űɤɜ ɞˊɞɑɤɜ ɞɘ ɞˊŰɘəɞɑ 

ɎɝɞɜŮɠ Űɤɜ əŬɛŮɟɩɜ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɞɘ ɛŮŰŬɝɨ Űɞɡɠ, əŬɘ ɞɘ ŮɘəɧɜŮɠ ɏɢɞɡɜ 

Űɖɜ ɑŭɘŬ əŬŰŮɨɗɡɜůɖ əŬɘ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ [Genin, 2019].  

ȼ ůˊɞɡŭŬɘɧŰŮɟɖ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ 

ˊŬɟɎɚɚŬɝɖ, ŭɖɚŬŭɐ ɖ űŬɘɜɞɛŮɜɘəɐ ɛŮŰŬŰɧˊɘůɖ Űɖɠ ɗɏůɖɠ Ůɜɧɠ 

ŬɜŰɘəŮɘɛɏɜɞɡ, ɤɠ ˊɟɞɠ ɏɜŬ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ, ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ 

Űɖ ɛŮŰŬŰɧˊɘůɖ Űɖɠ ɗɏůɖɠ ˊŬɟŬŰɐɟɖůɐɠ Űɞɡ. ȷɡŰɐ ŬɜŬɚɨŮŰŬɘ ůŮ ŭɨɞ 

ůɡɜɘůŰɩůŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɝɡˊɖɟŮŰɞɨɜ əŬɘ ŭɘŬűɞɟŮŰɘəɧ ůəɞˊɧ. ȼ əɎɗŮ 

űɤŰɞɔɟŬűɑŬ ɏɢŮɘ Űɞ ŭɘəɧ Űɖɠ űɤŰɞɔɟŬűɘəɧ ůɨůŰɖɛŬ, ɧˊɤɠ ŬɡŰɧ ɞɟɑɕŮŰŬɘ 

Ŭˊɧ ŰŬ ŮɘəɞɜɞůɐɛŬŰɎ Űɖɠ. ȰŰůɘ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ Űɞɡ 

ŬɜŰɘəŮɑɛŮɜɞɡ ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŮ əɎɗŮ űɤŰɞɔɟŬűɑŬ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɖ ŭɘŬűɞɟɎ Űɞɡɠ əŬŰɎ x əŬɘ y ɜŬ ɞɜɞɛɎɕŮŰŬɘ ˊŬɟɎɚɚŬɝɖ əŬŰɎ 

x əŬɘ y ŬɜŰɑůŰɞɘɢŬ [ɄŬŰɘɎɠ, 1991]. 

ȷɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ Ůˊɘˊɏŭɞɡ ŬɜŬűɞɟɎɠ Űɖɠ ŰɟɑŰɖɠ ŭɘɎůŰŬůɖɠ 

Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ x-́ ŬɟɎɚɚŬɝɖ, Ůɜɩ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ Űɤɜ 

űɤŰɞɔɟŬűɘɩɜ əŬɘ Űɖ ůɡɜɗɐəɖ ůɡɔɔɟŬɛɛɘəɧŰɖŰŬɠ Űɞɡ ůɖɛŮɑɞɡ ɚɐɣɖɠ əŬɘ 

Űɞɡ ůɖɛŮɑɞɡ ůŰɖɜ űɤŰɞɔɟŬűɑŬ  əŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, ɡˊɎɟɢŮɘ ɖ  

y-́ ŬɟɎɚɚŬɝɖ. 

ɄɟɞəŮɘɛɏɜɞɡ Ŭˊɧ ɏɜŬ ůŰŮɟŮɞɕŮɨɔɞɠ űɤŰɞɔɟŬűɘɩɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ɛɏŰɟɖůɖ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ ɘˊŰɎɛŮɜɖɠ ɛɎɟəŬɠ, 

əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɖ ŭɡɜŬŰɧŰɖŰŬ ůŰŮɟŮɞůəɞˊɘəɐ ɧɟŬůɖɠ. ɀŮ Űɖ ɢɟɐůɖ Ůɜɧɠ 

ůɡɔəɟɘŰɐ ŬɜŰɚɞɨɜŰŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɘɠ 3 ŭɘŬůŰɎůŮɘɠ ɛŮ ŬəɟɑɓŮɘŬ  

2-3ɛm [ɄŬŰɘɎɠ, 1991]. 

ɋůŰɧůɞ, Ŭɜ əŬɘ ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ ɏɢŮɘ ˊɞɚɨ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ, ɏɢŮɘ 

ŮəɚŮɑɣŮɘ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ əŬɗɩɠ ŬˊŬɘŰŮɑ ɚɐɣɖ űɤŰɞɔɟŬűɘɩɜ əɎŰɤ Ŭˊɧ 

ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ, Ůɜɩ ɖ ŭɞɡɚŮɘɎ Űɞɡ ˊŬɟŬŰɖɟɖŰɐ ŬˊɞŭŮɑɢŰɖəŮ 

Ůˊɑˊɞɜɖ, əɞɡɟŬůŰɘəɐ əŬɘ ɢɟɞɜɞɓɧɟŬ ůŰɖɜ ŮəˊŬɑŭŮɡůɖ.  

ȷɜŰɑɗŮŰŬ, ɖ űɤŰɞɔɟŬɛɛŮŰɟɑŬ ɛŮ ůɡɔəɚɑɜɞɡůŮɠ űɤŰɞɔɟŬűɑŮɠ, 

ŮˊɘəɟɎŰɖůŮ əŬɘ ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ŭɟɢɐ Űɞɡ Űɟɘɔɤɜɘůɛɞɨ, Űɖ ŭɘŬůŰŬɨɟɤůɖ 

ůɡɔəɚɘɜɞɡůɩɜ ɔɟŬɛɛɩɜ, Űɖɜ Ůˊɘˊɞɚɘəɐ ɔŮɤɛŮŰɟɑŬ əŬɘ Űɞɜ ɛŬɗɖɛŬŰɘəɧ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ Ůɜɧɠ ůɖɛŮɑɞɡ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ [Genin, 2019]. 

ȼ Ůˊɘɚɞɔɐ ŬɡŰɐɠ Űɖɠ ŰŮɢɜɘəɐɠ ɞűŮɑɚŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŬˊɚɧŰɖŰɎ Űɖɠ 

ŬɚɚɎ əŬɘ ůŰɖ ŭɡɜŬŰɧŰɖŰɎ Űɖɠ ɔɘŬ ɛŮɔɎɚɞ ˊɚŮɞɜŬůɛɧ ůŰɖ 

űɤŰɞɔɟŬɛɛŮŰɟɘəɐ ɛɏŰɟɖůɖ, Űɖ ɛɖ ɢɟɐůɖ ůɖɛŮɑɤɜ Ůɚɏɔɢɞɡ ůŰɞ ɏŭŬűɞɠ, 

ŬɚɚɎ əŬɘ Űɖ ɓŬɗɛɞɜɧɛɖůɖ ɛɖ ɛŮŰɟɘəɩɜ əŬɛŮɟɩɜ [DôAmelio & Brutto, 

2009]. 
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Ƀ ˊɘɞ ɔɜɤůŰɧɠ Ŭɚɔɧɟɘɗɛɞɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɗɧŭɞɡ, 

ŮɑɜŬɘ ɔɜɤůŰɧɠ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ Structure from Motion 

(SfM), ɧˊɞɡ ŮəŰɘɛɎŰŬɘ ɖ ɔŮɤɛŮŰɟɑŬ Ůɜɧɠ ŰɟɘŭɘɎůŰŬŰɞɡ ɎəŬɛˊŰɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ ůɢŮŰɘəɐ əɑɜɖůɖ Űɖɠ əɎɛŮɟŬɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɤɠ ŭŮŭɞɛɏɜŬ 

ŭɘůŭɘɎůŰŬŰŮɠ ŮɘəɧɜŮɠ. ɆŰɖɜ ɞɡůɑŬ, əɎɗŮ űɤŰɞɔɟŬűɑŬ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɤɠ 

ŭɘŬűɞɟŮŰɘəɐ əɎɛŮɟŬ, ɛŮ Űɞ ɕɖŰɞɨɛŮɜɞ ɜŬ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ 

əŬɚɨŰŮɟɖɠ ŭɘɎŰŬɝɐɠ Űɞɡɠ ůŰɞ ɢɩɟɞ [ȷɕɜŬɓɞɡɟɑŭɖɠ, 2018]. 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ, ŬəɞɚɞɡɗŮɑŰŬɘ ɛɘŬ 

ˊɞɚɨ ůɡɔəŮəɟɘɛɏɜɖ ůŮɘɟɎ ɓɖɛɎŰɤɜ əŬɘ ŮɜŮɟɔŮɘɩɜ. ȷɡŰɎ ŮɑɜŬɘ 

[ȷɕɜŬɓɞɡɟɑŭɖɠ, 2018]: 

1. Ƀ ŮɜŰɞˊɘůɛɧɠ əŬɘ ɖ ŮɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɞɛɧɚɞɔɤɜ ůɖɛŮɑɤɜ 
ɛŮŰŬɝɨ Űɤɜ Ůɘəɧɜɤɜ (ůɡɜŰŬɨŰɘůɖ ůɖɛŮɑɤɜ), ɛŮɚŮŰɩɜŰŬɠ Űɖ 

ůɡůɢɏŰɘůɖ Űɤɜ ŭɘɎűɞɟɤɜ pixel ůŰɞ ŮˊɘəŬɚɡˊŰɧɛŮɜɞ ŰɛɐɛŬ Űɤɜ 

űɤŰɞɔɟŬűɘɩɜ. ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɡɜ 

Űɞ ůɡɔəŮəɟɘɛɏɜɞ ŬˊɞŰɏɚŮůɛŬ ɛŮ Űɞɜ ˊɘɞ ɔɜɤůŰɞɨɠ ɜŬ ŮɑɜŬɘ ɞ SURF 

əŬɘ ɞ SIFT. 

 

2. ȼ ˊɟɞůŬɟɛɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɔŮɤɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ, 

ŮűŬɟɛɧɕɞɜŰŬɠ Ůˊɘˊɞɚɘəɐ ɔŮɤɛŮŰɟɑŬ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ŮůɤŰŮɟɘəɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ 

əŬɘ ɖ ɗɏůɖ Űɤɜ əŬɛŮɟɩɜ, Ůɜɩ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬɘ ɏɜŬ Ŭɟɢɘəɧ ŬɟŬɘɧ 

ɜɏűɞɠ ůɖɛŮɑɤɜ.  

 

3. ȼ ˊɨəɜɤůɖ Űɞɡ Ŭɟɢɘəɞɨ ɜɏűɞɡɠ, ɛŮ Űɖɜ ŬɜɑɢɜŮɡůɖ Ůˊɘˊɚɏɞɜ 
ůɡɜŰŬɡŰɘůɛɏɜɤɜ ůɖɛŮɑɤɜ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ˊɡəɜɧ ɜɏűɞɠ. 

ɈˊɎɟɢɞɡɜ ˊɞɘəɑɚɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŮɑŰŮ Űɖɜ 

Ůˊɘˊɞɚɘəɐ ŮɡɗŮɑŬ, ŮɑŰŮ Űɖɜ ɘŮɟŬɟɢɑŬ Űɤɜ ˊɡɟŬɛɑŭɤɜ Űɖɠ ŮɘəɧɜŬɠ, 

Ůɜɩ ɞɘ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞɘ ŮɜŰɞˊɑɕɞɡɜ ůɖɛŮɑŬ ůŰɞ ŮˊɘəŬɚɡˊŰɧɛŮɜɞ 

ŰɛɐɛŬ ŬɜŮɝɎɟŰɖŰŬ Űɤɜ ŬɚɚŬɔɩɜ űɤŰɘůɛɞɨ.  

 

4. ȼ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɣɖűɘŬəɞɨ ɛɞɜŰɏɚɞɡ, ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 
ɏɜɤůɖ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ˊɡəɜɞɨ ɜɏűɞɡɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŰɟɑɔɤɜŬ, 

əŬɘ ɏɢɞɜŰŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛɞɜŰɏɚɞɡ. ȳɚɞɘ ɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ ŭɖɛɘɞɡɟɔɑŬɠ Űɤɜ Űɟɘɔɩɜɤɜ ŬɡŰɩɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ 

ŰŮɢɜɘəɐ Űɞɡ Polygonal Mesh, Ůɜɩ ŬˊŬɘŰɞɨɜ ɏɜŬ ůɖɛŮɑɞ Ůəəɑɜɖůɖɠ 

əŬɘ ŮˊŬɟəɐ Ŭɟɘɗɛɧ ůɖɛŮɑɤɜ.  

 

5. ȼ ŭɖɛɘɞɡɟɔɑŬ ɡűɐɠ, ɧˊɞɡ ˊɟɞůŭɑŭŮŰŬɘ ɛɘŬ űɤŰɞɟŮŬɚɘůŰɘəɐ 

ŬˊŮɘəɧɜɘůɖ ůŰɞ ɛɞɜŰɏɚɞ. ɆŰɖɜ ɞɡůɑŬ ɞɘ Űɘɛɏɠ RGB əɎɗŮ pixel Űɤɜ 

ŰŬɡŰɘůɛɏɜɤɜ ůɖɛŮɑɤɜ, ŬɜŰɘůŰɞɘɢɑɕɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɡ ɏɢŮɘ 
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ˊɟɞəɨɣŮɘ Ŭˊɧ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ əŬɘ ɏŰůɘ ŬɡŰɧ ɞɚɞəɚɖɟɩɜŮŰŬɘ 

ɞˊŰɘəɎ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ ɓɖɛɎŰɤɜ 

ŬˊɞəŬɗɑůŰŬɜŰŬɘ ɞ ŮůɤŰŮɟɘəɧɠ əŬɘ ůɢŮŰɘəɧɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ Ůɘəɧɜɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɞɛɧɚɞɔŬ ůɖɛŮɑŬ əŬɘ ɧɢɘ űɤŰɞůŰŬɗŮɟɎ. Ⱥˊɞɛɏɜɤɠ Űɞ 

ɛɞɜŰɏɚɞ ŮɑɜŬɘ ůŮ ŬɡɗŬɑɟŮŰɞ ůɨůŰɖɛŬ ɛŮ ŬɡɗŬɑɟŮŰɖ əɚɑɛŬəŬ, ɗɏůɖ əŬɘ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ. ȰŰůɘ ɔɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɞɡ ŬˊɧɚɡŰɞɡ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɜŬ Ůˊɘˊɚɏɞɜ ůŰɎŭɘɞ, ŬɡŰɧ Űɖɠ 

ɔŮɤŬɜŬűɞɟɎɠ, ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɖ ɢɟɐůɖ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ˊɚɐɟɖ 

űɤŰɞůŰŬɗŮɟɩɜ (X, Y, H) əŬɘ Ůɜɧɠ ɡɣɞɛŮŰɟɘəɞɨ (ȼ), ɩůŰŮ ɜŬ ŮűŬɟɛɞůŰŮɑ 

ɞ ŰɟɘŭɘɎůŰŬŰɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ɞɛɞɘɧŰɖŰŬɠ əŬɘ ɜŬ ŭɞɗŮɑ ɞɟɗɐ əɚɑɛŬəŬ, 

ɗɏůɖ əŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ [ȷɕɜŬɓɞɡɟɑŭɖɠ, 2018]. 

Ⱥˊɘˊɚɏɞɜ, ˊɞɚɚɏɠ űɞɟɏɠ ˊɟɘɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ Űɟɘɔɩɜɤɜ əŬɘ Űɖɠ 

ɡűɐɠ, Űɞ ɜɏűɞɠ ůɖɛŮɑɤɜ ŭɖɛɘɞɡɟɔŮɑ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ ɡɣɞɛɏŰɟɞɡ 

(DEM), ɧˊɞɡ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɞɡ 

ɨɣɞɡɠ, ůŮ ɛɑŬ ŮɘəɧɜŬ ŭɨɞ ŭɘŬůŰɎůŮɤɜ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ 

ɛɘŬɠ ɢɟɤɛŬŰɘəɐɠ əɚɑɛŬəŬɠ əŬɘ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɞ ɔɘŬ ɛɘŬ Ŭɟɢɘəɐ 

ŮˊɞˊŰŮɑŬ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ ɏɟɔɞɡ.  

ȷəɧɛɖ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɖ ŬˊŮɘəɧɜɘůɖ ˊɘɜŮɚɘɩɜ ɐ 

ɢɟɤɛŬŰɘəɩɜ ŭɘŬɓŬɗɛɑůŮɤɜ ůŮ ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ 

ɖ ɢɟɐůɖ űɤŰɞɔɟŬűɘɩɜ ˊɚɎɔɘŬɠ ɚɐɣɖɠ ɐ űɤŰɞɔɟŬűɘɩɜ 

əɘɜɖɛŬŰɞɔɟŬűɐůŮɤɜ ůŮ ˊɟɩŰɞ ˊɚɎɜɞ, ɩůŰŮ ɜŬ ˊɟɞəɨɣŮɘ ɏɜŬ ɟŮŬɚɘůŰɘəɧ 

ŬˊɞŰɏɚŮůɛŬ [Higuchi et al., 2019]. 

ɇɏɚɞɠ, ɧˊɤɠ ůŮ əɎɗŮ űɤŰɞɔɟŬɛɛŮŰɟɘəɐ ŮˊŮɝŮɟɔŬůɑŬ, ɏŰůɘ əŬɘ Ůŭɩ, ɏɢŮɘ 

ůɖɛŬůɑŬ ɖ ŬˊɧůŰŬůɖ ɚɐɣɖɠ Űɤɜ űɤŰɞɔɟŬűɘɩɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ. 

ȰɟŮɡɜŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ůŮ ŬˊɧůŰŬůɖ 1.8m ɖ ŬəɟɑɓŮɘŬ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɤɜ ŰɟɘŭɘɎůŰŬŰɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŮɑɜŬɘ ɑůɖ ɛŮ 0.15mm, Ůɜɩ ůŮ ŬˊɧůŰŬůɖ 

1.2m ŬɡŰɐ ŬɔɔɑɕŮɘ ŰŬ 0.10mm. Ⱥˊɞɛɏɜɤɠ, ɧůɞ ˊɘɞ əɞɜŰɎ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ 

ŮɑɜŬɘ ɖ əɎɛŮɟŬ, Űɧůɞ ˊɘɞ Ŭəɟɘɓɏɠ ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ, Ůɜɩ ɘŭɘŬɑŰŮɟɖ 

ůɖɛŬůɑŬ ɏɢŮɘ əŬɘ ɖ ŬɜɎɚɡůɖ Űɖɠ űɤŰɞɛɖɢŬɜɐɠ, əŬɗɩɠ əŬɘ ɖ ŬəɟɑɓŮɘŬ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ űɤŰɞůŰŬɗŮɟɩɜ [DôAmelio & Brutto, 2009]. 

ɆŰɖɜ ȺɘəɧɜŬ 2.8, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŰɟɘŭɘɎůŰŬŰɞɡ 

ɛɞɜŰɏɚɞɡ ɛɘŬɠ ŬɔɘɞɔɟŬűɑŬɠ, ɛŮ Űɖ ɢɟɐůɖ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ɛŮɗɧŭɤɜ. ȼ 

ŬˊɧůŰŬůɖ ɚɐɣɖɠ ŮɑɜŬɘ ŰŬ 2.7cm, Ůɜɩ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ (DEM) ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ŮɑɢŮ ŬɜɎɚɡůɖ 4909x5903 pixels əŬɘ 0.0387mm/pixel. ũɘŬ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŬəɟɑɓŮɘŬ ŬɡŰɐ, ɚɐűɗɖəŬɜ ůɡɜɞɚɘəɎ 372 ŮɘəɧɜŮɠ, Ůɜɩ 

ŮɜŰɞˊɑůŰɖəŬɜ 41.7 ŮəŬŰɞɛɛɨɟɘŬ ůɖɛŮɑŬ ůŰɞ ˊɡəɜɧ ɜɏűɞɠ. ɇɏɚɞɠ ɔɘŬ Űɖɜ 

Ůˊɑɚɡůɖ Űɞɡ ŬˊɧɚɡŰɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ ɔɜɤůŰɎ 

ůɖɛŮɑŬ əŬɘ ɛɘŬ ɟɎɓŭɞɠ ɔɘŬ Űɖɜ əɚɑɛŬəŬ [AngheluἪŁ & RŁdvan, 2019]. 
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(Ŭ) (ɓ) (ɔ) (ŭ) 

ȺɘəɧɜŬ 2.8: (Ŭ)ȹɘɎŰŬɝɖ ɚɐɣɖɠ. (ɓ)ɇɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ ɛŮ ɡűɐ. 

(ɔ)ɇɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ ɢɤɟɑɠ ɡűɐ. (ŭ)DEM [AngheluѿŁ & RŁdvan, 2019] 

 

2.5.2. ȼ ůɡɛɓɞɚɐ Űɖɠ ɔŮɤŭŬɘůɑŬɠ 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɚɧɔɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ, ˊɞɚɚɏɠ 

űɞɟɏɠ ɞɘ űɤŰɞɔɟŬɛɛŮŰɟɘəɏɠ ɛɏɗɞŭɞɘ ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ ɐ ůɡɛˊɚɖɟɩɜɞɜŰŬɘ 

ɛŮ ɔŮɤŭŬɘŰɘəɏɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɖ ɢɟɐůɖ laser ůŬɟɤŰɩɜ (laser 

scanners), ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŰɟɘŭɘɎůŰŬŰɤɜ ɛɞɜŰɏɚɤɜ. 

ȷɟɢɘəɎ, ɞɟɑɕɞɜŰŬɘ ŰŬ ɧɟɘŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ůŬɟɤɗŮɑ, 

əŬɗɩɠ əŬɘ Űɞ ɓɐɛŬ ůɎɟɤůɖɠ (ɞɟɘɕɧɜŰɘŬ əŬɘ əŬŰŬəɧɟɡűŬ). ɀɘŬ CCD 

əɎɛŮɟŬ, ŮɜŰɧɠ Űɞɡ ůŬɟɤŰɐ, ůŰɏɚɜŮɘ Űɖɜ ŮɘəɧɜŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰɞɜ 

ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ ˊɞɡ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ, əŬɘ ɏŰůɘ ɝŮəɘɜɎŮɘ ɖ 

ˊŬɟŬɔɤɔɐ ˊŬɚɛɞɨ laser ́ ɟɞɠ Űɞ ŬɜŰɘəŮɑɛŮɜɞ. ɀŮ ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɛɐəɞɠ Űɞɡ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ, Ůɜɩ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ ŬɜɎɔɚɡűɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ůŬɟɩɗɖəŮ 

[ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010]. 

ȼ ˊɘɞ ɔɜɤůŰɐ ɛɏɗɞŭɞɠ ɛɏŰɟɖůɖɠ Űɞɡ ɛɐəɞɡɠ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Time of 

Flight (ɇoF), ɧˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ ɢɟɧɜɞɠ ɛŮŰɎɓŬůɖɠ əŬɘ ŮˊɘůŰɟɞűɐɠ 

Űɞɡ ůɐɛŬŰɞɠ ɓɎůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ űɤŰɧɠ, əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɞɜ ˊŬɚɛɧ 

ɐ Űɖ ŭɘŬɛɧɟűɤůɖ űɏɟɞɜŰɞɠ əɨɛŬŰɞɠ [ɇůŬəɑɟɖ, 2013]. 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɨˊɞɘ ůŬɟɤŰɩɜ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮɛɓɏɚŮɘŬ, Űɖ 

ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ, Űɖɜ ŰŬɢɨŰɖŰŬ ůɎɟɤůɖɠ əŬɘ Űɖɜ ŬɓŮɓŬɘɧŰɖŰɎ Űɞɡɠ. 

Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ Ůɝ ŬɡŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ɛŮŰɟɐůŮɘɠ ůŮ ŬˊɧůŰŬůɖ 1.5 

ɏɤɠ 1500m Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, Ůɜɩ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɞɡɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 

Ñ6 ɏɤɠ Ñ45mm. ɋůŰɧůɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ůɡɜŰɐɟɖůɖɠ əŬɘ ŬˊɞəŬŰɎůŰŬůɖɠ 

ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŬɟɤŰɏɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ɛŮŰɟɐůŮɘɠ Ŭˊɧ ŬˊɧůŰŬůɖ 3-5m əŬɘ ŬəɟɑɓŮɘŬ ɛŮɟɘəɎ ɛm 

[ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010]. 
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ȷɜŮɝɎɟŰɖŰŬ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əɎɗŮ űɞɟɎ, ɖ 

ɛŮɗɞŭɞɚɞɔɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ŰŮɚɘəɞɨ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ 

ůɡɔəŮəɟɘɛɏɜɖ əŬɘ ˊŮɟɘɔɟɎűŮŰŬɘ ɛŮ ŰŬ Ůɝɐɠ ɓɐɛŬŰŬ [ɇůŬəɑɟɖ, 2013]: 

Á ɆɢŮŭɘŬůɛɧɠ ŮɟɔŬůɑŬɠ, ɛɏůŬ Ŭˊɧ Űɞɜ əŬɗɞɟɘůɛɧ Űɞɡ Ůɝɞˊɚɘůɛɞɨ əŬɘ 
Űɤɜ ŰŮɢɜɘəɩɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬŰɎ Űɖ ůɎɟɤůɖ. 

Á Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ, ɧˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ Űɞ ˊŬɟɎɗɡɟɞ əŬɘ ɞɘ ɗɏůŮɘɠ 

ůɎɟɤůɖɠ , ɖ ŬɜɎɚɡůɖ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, əŬɗɩɠ əŬɘ ɖ ɓɏɚŰɘůŰɖ 

ɗɏůɖ Űɤɜ Ůɘŭɘəɩɜ ůŰɧɢɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ 

ůɡɜɏɜɤůɖ əŬɘ ɔŮɤŬɜŬűɞɟɎ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ 

ɚɐɣɖɠ. 

Á Ʉɟɞ-ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ůɡɔəɟɑɜɞɜŰɎɠ ŰŬ ɛŮ ŰŬ ŬɡŰɞůɢɏŭɘŬ əŬɘ 

Ůˊɘɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ.  

Á Ɇɡɜɏɜɤůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɜŮűɩɜ ůŮ ɏɜŬ ŮɜɘŬɑɞ ɜɏűɞɠ ůɖɛŮɑɤɜ. ȷɡŰɐ 
ɖ ŭɘŬŭɘəŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɎɛŮůɖ, Ŭɜ ɞ ůŬɟɤŰɐɠ ɓɟɑůəŮŰŬɘ ůŮ 

ɔɜɤůŰɐ ɗɏůɖ, ŮɑŰŮ ɏɛɛŮůɖ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůɡɔəŮəɟɘɛɏɜɞɡɠ 

ůŰɧɢɞɡɠ  ɐ Űɖ ɗŮɤɟɑŬ Űɤɜ ɞɛɧɚɞɔɤɜ ůɖɛŮɑɤɜ. 

Á ũŮɤŬɜŬűɞɟɎ ŮɑŰŮ əɎɗŮ ɜɏűɞɡɠ ɢɤɟɘůŰɎ ˊɟɘɜ Űɖ ůɡɜɏɜɤůɖ ɔɘŬ 
ɔɟɖɔɞɟɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ŮɑŰŮ ůŰɞ ůɨɜɞɚɧ Űɞɡ. ȳˊɞɘŬ ɛɏɗɞŭɞɠ 

əŬɘ ɜŬ ŮˊɘɚŮɔŮɑ ŬˊŬɘŰɞɨɜŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ ŰɟɑŬ ůɖɛŮɑŬ ɛŮ ɓɏɚŰɘůŰɖ 

ɔŮɤɛŮŰɟɑŬ  ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ ŰŮɚɘəɧ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ  Űɞɡ ɛɞɜŰɏɚɞɡ.  

Á ȺˊŮɝŮɟɔŬůɑŬ ɜɏűɞɡɠ ůɖɛŮɑɤɜ,  ɧˊɞɡ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɞ ɗɧɟɡɓɞɠ əŬɘ 
Ŭɜ ŬˊŬɘŰŮɑŰŬɘ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ ŮɜɩɜɞɜŰŬɠ ŰŬ 

ůɖɛŮɑŬ  ɛŮ ŰɟɑɔɤɜŬ. 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ, ɚɞɘˊɧɜ, Űɘɠ ŭɘŬŭɘəŬůɑŮɠ, Űɞ ŰŮɚɘəɧ ˊŬɟɎɔɤɔɞ ŮɑɜŬɘ 

ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ ɢɤɟɑɠ ɡűɐ, ɧˊɤɠ ŬɡŰɧ Űɖɠ ȺɘəɧɜŬɠ 2.9.  

 

ȺɘəɧɜŬ 2.9: ɆɎɟɤůɖ ɣɖűɘŭɤŰɞɨ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ 

ɢɤɟɑɠ ɡűɐ [Doria & Picchio, 2020] 

 

ȷɜ ůŰŬ ɕɖŰɞɨɛŮɜŬ Űɖɠ ŮɟɔŬůɑŬɠ ŬˊŬɘŰŮɑŰŬɘ űɤŰɞɟŮŬɚɘůŰɘəɧ 

ŬˊɞŰɏɚŮůɛŬ, ŰɧŰŮ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢɟɐůɖ űɤŰɞɔɟŬűɘɩɜ ɡɣɖɚɐɠ 

ŬɜɎɚɡůɖɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, Ůɜɩ ŮɑɜŬɘ ɔɜɤůŰɎ əŬɘ ŰŬ ůɖɛŮɑŬ ɚɐɣɖɠ ɔɘŬ Űɖɜ 

ɞɟɗɐ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ɛɖɢŬɜɐɠ. 
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ȾȺūȷȿȷȽɃ 3ɞ  

ɄɅɃɆȹȽɃɅȽɆɀɃɆ ɀȺɇȷȸɃȿȼɆ ŪȺɆȼɆ 

 

 

3.1 ɀŮŰŬɓɞɚɐ ůɖɛŮɑɤɜ ůŰɞ ɢɩɟɞ  

 

ȼ ɏɜɜɞɘŬ Űɖɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɤɜ ůɖɛŮɑɤɜ ůŰɞɜ ŰɟɘŭɘɎůŰŬŰɞ ɢɩɟɞ, 

ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ əɨɟɘŬ ŬɜŰɘəŮɑɛŮɜŬ Űɞɡ ŰɞˊɞɔɟɎűɞɡ ɛɖɢŬɜɘəɞɨ. ȼ 

ɛŮŰŬɓɞɚɐ Űɖɠ ɗɏůɖɠ Űɤɜ ůɖɛŮɑɤɜ ůŰɞ ɢɩɟɞ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ŮɑŰŮ ɤɠ 

ɛŮŰŬəɑɜɖůɖ ŮɑŰŮ ɤɠ ˊŬɟŬɛɧɟűɤůɖ.  

Ⱦɨɟɘɞɠ ůŰɧɢɞɠ Űɖɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɤɜ ůɖɛŮɑɤɜ ŬˊɞŰŮɚŮɑ ɖ 

ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ɐ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ Űɞɡɠ ŬɚɚɎ əŬɘ 

ɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɧɓɚŮɣɖɠ Űɘɠ ɛŮŰŬɓɞɚɐɠ Űɞɡɠ ɛŮɚɚɞɜŰɘəɎ. ȼ ɛŮɚɏŰɖ 

ˊŬɟŬɛɞɟűɩůŮɤɜ ɛˊɞɟŮɑ ɜŬ ŮɚɏɔɝŮɘ Űɖɜ əɘɜɖɛŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ 

űŬɘɜɞɛɏɜɞɡ əŬɘ ɜŬ ˊɟɞɚɎɓŮɘ Űɡɢɧɜ ŬɜŮˊɘɗɨɛɖŰŮɠ űɗɞɟɏɠ ˊɞɡ ˊɘɗŬɜɧɜ ɜŬ 

ɏɢɞɡɜ ɞɘəɞɜɞɛɘəɏɠ ɐ əɞɘɜɤɜɘəɏɠ ůɡɜɏˊŮɘŮɠ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɞ ɧɟɞɠ ˊŬɟŬɛɧɟűɤůɖ ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ 

ŬɡŰɧɜ Űɖɠ ɛŮŰŬəɑɜɖůɖɠ. ɋɠ ˊŬɟŬɛɧɟűɤůɖ ɞɟɑɕŮŰŬɘ ɖ ŮəŰɑɛɖůɖ Űɤɜ 

ŬˊɞəɚɑůŮɤɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ Ŭˊɧ ɛɑŬ ɘŭŬɜɘəɐ ŮˊɘűɎɜŮɘŬ 

ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ ɛŬɗɖɛŬŰɘəɏɠ ůɢɏůŮɘɠ. ȷɜŰɑɗŮŰŬ ɤɠ ɛŮŰŬəɑɜɖůɖ 

ɞɟɑɕŮŰŬɘ ɖ ůɨɔəɟɘůɖ ŭɘŬŭɞɢɘəɩɜ ɛŮŰɟɐůŮɤɜ ɞɟɘůɛɏɜɤɜ ůɖɛŮɑɤɜ ˊɎɜɤ ůŰɞ 

ɑŭɘɞ Űɞ ŬɜŰɘəŮɑɛŮɜɞ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɔɑɜɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ Ůˊɞɢɏɠ əŬɘ ɞɘ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɗɏůŮɤɜ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ 

ɛŮŰŬɝɨ Űɞɡɠ ůɡɔəɟɑůŮɘɠ [Ʌɤůůɘəɧˊɞɡɚɞɠ, 2003]. 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ ɛŮŰŬŰɧˊɘůɖɠ Ŭˊɧ ɛɘŬ Ŭɟɢɘəɐ 

ɗɏůɖ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ Ƚ ůŮ ɛɘŬ ɜɏŬ ɗɏůɖ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ȽȽ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ůɢɏůɖ 3.1:  

‏ ὼ ὼ                                        (3.1) 

ũɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ 

ˊɟɞůŮɔɔɑůŮɘɠ. ȾɎˊɞɘŮɠ Ŭˊɧ ŬɡŰɏɠ ŮɑɜŬɘ [ȷɚŮɓɘɕɎəɞɡ, 2017]:  

È ȼ ɔŮɤŭŬɘŰɘəɐ ŰŮəɛɖɟɑɤůɖ ɧˊɞɡ ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ ɖ ɔŮɤɛŮŰɟɑŬ əŬɘ ɞɘ 
űɡůɘəɞɑ ɛɖɢŬɜɘůɛɞɑ ŬˊŮɡɗŮɑŬɠ ɛɏůŬ Ŭˊɧ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ 

ɛŮŰɟɐůŮɘɠ ůŮ ɏɜŬ ɔŮɤŭŬɘŰɘəɧ ŭɑəŰɡɞ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɢɟɞɜɞůŮɘɟɩɜ 

ɐ Ŭˊɧ ŬɟɘɗɛɖŰɘəɏɠ ɡˊɞɚɞɔɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ (ɀɏɗɞŭɞɘ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ɐ ɀɏɗɞŭɞɘ ůɡɜɞɟɘŬəɩɜ ůŰɞɘɢŮɑɤɜ)  

È ȼ ɛɖ ɔŮɤŭŬɘŰɘəɐ ŰŮəɛɖɟɑɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ŮɡűɡŮɑɠ ɛŮɗɧŭɞɡɠ 
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È ɇŬ ɛɖ-ɔɟŬɛɛɘəɎ ŭɡɜŬɛɘəɎ ůɡůŰɐɛŬŰŬ ɧˊɞɡ ɏɢɞɡɜ ɛɖ ɔɟŬɛɛɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ əŬɘ ɚŬɛɓɎɜɞɡɜ ɤɠ ŭŮŭɞɛɏɜŬ Űɘɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɐ 

ɎɚɚŮɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ  

È Ƀɘ ɘŮɟŬɟɢɘəɞɑ əŬɜɧɜŮɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ ɛɖɢŬɜɘəɧ ɐ űɡůɘəɧ 

ůɨůŰɖɛŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ. 

 

3.2 ȷɜɎɚɡůɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɞɜ əɚɎŭɞ Űɖɠ ũŮɤŭŬɘůɑŬɠ  

 

ũɘŬ Űɖ ɛŮɚɏŰɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ɐ ɛŮŰŬəɘɜɐůŮɤɜ ˊɟɏˊŮɘ ɜŬ ŬɜɘɢɜŮɡɗŮɑ 

ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɗɏůɖɠ əɎˊɞɘɞɡ ůɖɛŮɑɞɡ əŬŰɎ Űɖɜ ɞɟɘɕɧɜŰɘŬ ɐ Űɖɜ 

əŬŰŬəɧɟɡűɖ ɏɜɜɞɘŬ. ȼ ɛŮŰŬəɑɜɖůɖ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ŮɑŰŮ ɤɠ 

ůɢŮŰɘəɐ ŮɑŰŮ ɤɠ ŬˊɧɚɡŰɖ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɛŮɚŮŰɎŰŬɘ ɖ ůɢŮŰɘəɐ 

ɛŮŰŬəɑɜɖůɖ Ůɜɧɠ ůɖɛŮɑɞɡ ůŮ ůɢɏůɖ ɛŮ ɏɜŬ Ɏɚɚɞ ůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŭɨɞ 

űɎůŮɤɜ ɛɏŰɟɖůɖɠ, Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, ɖ ɛŮŰŬəɑɜɖůɖ ŬűɞɟɎ ůŰɞ 

ɑŭɘɞ ůɖɛŮɑɞ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ űɎůŮɘɠ Űɤɜ ɛŮŰɟɐůŮɤɜ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ɡˊɞɚɞɔɘůɛɧɠ ɞɟɘɕɧɜŰɘŬɠ əŬɘ əŬŰŬəɧɟɡűɖɠ 

ɏɜɜɞɘŬɠ ɔɑɜŮŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ŰɧŰŮ ɖ ŬˊɧɚɡŰɖ ɛŮŰŬəɑɜɖůɖ (2  ɡˊɞɚɞɔɑɕŮŰŬɘ 

Ŭˊɧ Űɖ ůɢɏůɖ 3.2 Ůɜɩ ɖ ůɢŮŰɘəɐ 2ȟŬˊɧ Űɖ ůɢɏůɖ 3.3 [ȷɚŮɓɘɕɎəɞɡ, 

2017].  
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  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ i əŬɘ j əŬŰɎ 

Űɘɠ űɎůŮɘɠ I əŬɘ II 

ȷɜ ŰŬ ŭŮŭɞɛɏɜŬ ˊɟɞəɨˊŰɞɡɜ ɛŮ Űɖ ɢɟɐůɖ ůŬɟɤŰɩɜ laser əŬɘ ŰŬ ůɖɛŮɑŬ 

ŭŮɜ ŮɑɜŬɘ Ŭəɟɘɓɩɠ ŰŬ ɑŭɘŬ ɔɘŬ əɎɗŮ űɎůɖ ɛɏŰɟɖůɖɠ ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɛɧɜɞ ɖ ŬˊɧɚɡŰɖ ɛŮŰŬəɑɜɖůɖ. ȷɡŰɐ ˊɟɞəɨˊŰŮɘ Ŭűɞɨ 

ŮɜŰɞˊɘůŰɞɨɜ ŰŬ ɞɛɧɚɞɔŬ ůɖɛŮɑŬ ɛŮŰŬɝɨ ŭɨɞ űɎůŮɤɜ əŬɘ ɖ ɛŮŰŬɝɨ Űɞɡɠ 

ŬˊɧůŰŬůɖ. 

 

3.3 ɀɞɜŰɏɚŬ ŬɜɑɢɜŮɡůɖɠ ɛŮŰŬɓɞɚɐɠ ůɖɛŮɑɤɜ ůŰɞ ɢɩɟɞ 

 

ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɛŮŰŬɓɞɚɐɠ ůɖɛŮɑɤɜ ůŰɞ ɢɩɟɞ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ 

ˊɞɘəɑɚŬ ɛɞɜŰɏɚŬ ˊŬɟŬɛɧɟűɤůɖɠ ŰŬ ɞˊɞɑŬ ɗŮɤɟɞɨɜ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ ɤɠ 

ɛɑŬ ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘŬŭɘəŬůɑŬ ɛɏůŬ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ 

ɔŮɤɛŮŰɟɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ɋůŰɧůɞ, ɢɎɟɘɠ ůŰɖɜ Ůɨəɞɚɖ ˊɟɧůɓŬůɖ ůŰŬ 

ŭŮŭɞɛɏɜŬ əŬɘ Űɖɜ ˊɚɖɟɞűɞɟɑŬ, ůəɞˊɧɠ ŮɑɜŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɧɚɖ ɖ ŭɘŬŭɘəŬůɑŬ 
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əŬɘ ɧɢɘ ɛɧɜɞ ɞɘ ɔŮɤɛŮŰɟɘəɏɠ ŬɚɚŬɔɏɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɛŮɚŮŰɩɜŰŬɘ ˊɚɏɞɜ 

əŬɘ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŬɘŰɑŮɠ ŬɚɚɎ əŬɘ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ůɡɜɗɐəɖ ɛˊɞɟŮɑ 

ɜŬ ˊɟɞəŬɚɏůŮɘ ˊŬɟŬɛɧɟűɤůɖ.  

ɇŬ ɛɞɜŰɏɚŬ ɛŮŰŬɓɞɚɐɠ ɗɏůɖɠ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŮəűɟɎɕɞɜŰŬɘ 

ɛŮ ɛŬɗɖɛŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ əŬɘ ŬɜŬɚɡŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ. ȷɡŰɎ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŮ [Welsch & Heunecke, 2001]:  

Á ɄŮɟɘɔɟŬűɘəɎ ɛɞɜŰɏɚŬ, ɧˊɤɠ ŰŬ ɀɞɜŰɏɚŬ ůɡɜŰŬɨŰɘůɖɠ əŬɘ ŰŬ 
ȾɘɜɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ  

Á ɀɞɜŰɏɚŬ ŬɘŰɑŬɠ-ŬˊɞŰŮɚɏůɛŬŰɞɠ, ɧˊɤɠ ŰŬ ɆŰŬŰɘəɎ ɛɞɜŰɏɚŬ əŬɘ ŰŬ 

ȹɡɜŬɛɘəɎ ɛɞɜŰɏɚŬ, Ůɜɩ ɛˊɞɟɞɨɜ Ŭɜ ŭɘŬəɟɘɗɞɨɜ əŬɘ ůŮ ˊŬɟŬɛŮŰɟɘəɎ 

ɐ ɛɖ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ůɢɏůɖ ɛŮŰŬɝɨ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ ŮɑɜŬɘ ɔɜɤůŰɐ 

ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟɎűŮɘ ɛŮ ŭɘŬűɞɟɘəɏɠ ŮɝɘůɩůŮɘɠ əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ 

ɏɜŬ ˊŬɟŬɛŮŰɟɘəɧ ɛɞɜŰɏɚɞ ˊŬɟŬɛɧɟűɤůɖɠ. ȷɜŰɑɗŮŰŬ Ŭɜ ɖ ůɢɏůɖ Ůɘůɧŭɞɡ-

Ůɝɧŭɞɡ ŮɑɜŬɘ ɎɔɜɤůŰɖ ŰɧŰŮ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ˊŬɚɘɜŭɟɧɛɖůɖ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ɓɟŮɗŮɑ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ɛɑŬɠ ŮɝŬɟŰɩɛŮɜɖɠ ɛŮŰŬɓɚɖŰɐɠ əŬɘ ɛɘŬɠ ɐ 

ˊŮɟɘůůɧŰŮɟɤɜ ŬɜŮɝɎɟŰɖŰɤɜ ɛŮŰŬɓɚɖŰɩɜ. 

 

3.3.1 ɄŮɟɘɔɟŬűɘəɎ ɛɞɜŰɏɚŬ  

  

ɇŬ ˊŮɟɘɔɟŬűɘəɎ ɐ Ŭɚɚɘɩɠ ůɡɛɓŬŰɘəɎ ɛɞɜŰɏɚŬ ŮɑɜŬɘ ŰŬ ˊɘɞ ɔɜɤůŰɎ ɔɘŬ 

Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ñəɑɜɖůɖɠò Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ. ȷɡŰɎ ɛŮɚŮŰɞɨɜ 

ŬˊɞəɚŮɘůŰɘəɎ Űɖ ɔŮɤɛŮŰɟɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ŭŮɜ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɘɜ 

ŮɝɤŰŮɟɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ɡɔɟŬůɑŬ əŰɚ., Ůˊɞɛɏɜɤɠ 

əŬɘ ŭŮɜ ɛɞɜŰŮɚɞˊɞɘɞɨɜ ŰŬ ŬɑŰɘŬ ˊɞɡ ˊɟɞəŬɚɞɨɜ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ.  

ɇŬ ɛɞɜŰɏɚŬ ůɡɜŰŬɨŰɘůɖɠ ŮɝŮŰɎɕɞɡɜ Űɖɜ ŬɜŰɘůŰɞɘɢɑŬ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ŬɜɎɛŮůŬ ůŮ ŭɨɞ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ. 

ɃɡůɘŬůŰɘəɎ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ůŰɘɔɛɩɜ ɛŮɚŮŰɩɜŰŬɠ 

ůŰŬŰɘůŰɘəɎ ɔɘŬ Űɞ Ŭɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊŬɟŬɛɧɟűɤůɖ ɐ ɧɢɘ.  ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ, ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ɞɘ ŭɘŮɟɔŬůɑŮɠ ůŮ ŮɜŭɘɎɛŮůŬ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ ɛŮŰŬɝɨ Űɤɜ Ůˊɞɢɩɜ, Ůˊɞɛɏɜɤɠ ŭŮɜ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ əŬɘ ŰŬ 

ŬɑŰɘŬ ˊɞɡ ɛˊɞɟɞɨɜ ˊɟɞəŬɚɏůɞɡɜ ŬɡŰɏɠ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ.  

ȷɜŰɑůŰɞɘɢŬ, ŰŬ əɘɜɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ əɘɜɖɛŬŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ɧɛɤɠ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŭŮɜ 

ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ŬɑŰɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ Űɖɜ ˊɟɞəŬɚɏůɞɡɜ. ɇŬ ɛɞɜŰɏɚŬ 

ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊɞɚɡɩɜɡɛŬ əŬɘ Ŭɟɛɞɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ əŬɘ 

ɡˊɞɚɞɔɑɕɞɡɜ Űɘɠ əɘɜɖɛŬŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ɛŮ ůŰɧɢɞ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɖ 

əɑɜɖůɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ.  
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ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɔɟŬɛɛɘəɎ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ 

ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ, ŮɑŰŮ ˊɞɚɡɤɜɡɛɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ůɢɏůɖ Űɖɠ ɞɛŬɚɎ ɛŮŰŬɓŬɚɚɧɛŮɜɖɠ əɑɜɖůɖɠ. ɆŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ ŮɜŰɞˊɑɕŮŰŬɘ ɞ ɟɡɗɛɧɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ɗɏůɖɠ Űɤɜ ůɖɛŮɑɤɜ ůŰɞɜ 

ɢɟɧɜɞ [ȷɚŮɓɘɕɎəɞɡ, 2017]. 

 

3.3.2 ɀɞɜŰɏɚŬ ŬɘŰɑŬɠ-ŬˊɞŰŮɚɏůɛŬŰɞɠ 

 

ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ɛɞɜŰɏɚŬ, ɧˊɤɠ ŬɜŬűɏɟŮɘ əŬɘ Űɞ ɧɜɞɛɎ Űɞɡɠ, ŭŮɜ 

ŮůŰɘɎɕɞɡɜ ɛɧɜɞ ůŰɖ ɔŮɤɛŮŰɟɘəɐ ɛŮŰŬɓɞɚɐ ŬɚɚɎ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɘɜ əŬɘ Űɘɠ 

ŬɘŰɑŮɠ ɞɘ ɞˊɞɑŮɠ ɞŭɖɔɞɨɜ ůŮ ŬɡŰɏɠ Űɘɠ ɛŮŰŬɓɞɚɏɠ.  

ɇŬ ȹɡɜŬɛɘəɎ ɛɞɜŰɏɚŬ, ˊŮɟɘɔɟɎűɞɡɜ ɏɜŬ űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ 

ŮɝŮɚɑůůŮŰŬɘ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, Ůɜɩ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ 

ŮɝɘůɩůŮɤɜ. Ɇɡɜɐɗɤɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɖ ˊŬɟŬɛŮŰɟɘəɎ ɛɞɜŰɏɚŬ ɧˊɞɡ 

ɛŮɚŮŰɞɨɜ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ ůɡɜɎɟŰɖůɖ Űɧůɞ Űɖɠ ŬɘŰɑŬɠ ˊɞɡ Űɖɜ 

ˊɟɞəɎɚŮůŮ, ɧůɞ əŬɘ Űɞɡ ɢɟɧɜɞɡ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ůɡɜŮɢɩɠ 

əɘɜŮɑŰŬɘ.   

ȷɜɎɚɞɔŬ ɛŮ Űɞ ˊɚɐɗɞɠ Űɤɜ Ůɘůɧŭɤɜ əŬɘ Űɞɜ Ůɝɧŭɤɜ Űɞɡɠ, ŰŬ ɛɞɜŰɏɚŬ 

ŬɡŰɎ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ SISO (single input-single output, ɛɘŬ Ůɑůɞŭɞ-ɛɘŬ 

ɏɝɞŭɞ), MISO (multiple input-single output, ˊɞɚɚŬˊɚɏɠ Ůɘůɧŭɞɡɠ-ɛɘŬ 

ɏɝɞŭɞ) əŬɘ MIMO (multiple input-multiple output, ˊɞɚɚŬˊɚɏɠ Ůɘůɧŭɞɡɠ-

ˊɞɚɚŬˊɚɏɠ Ůɝɧŭɞɡɠ). 

ɇŬ ůŰŬŰɘəɎ ɛɞɜŰɏɚŬ, ŬɜŰɑɗŮŰŬ, ɗŮɤɟɞɨɜ ɧŰɘ ɖ ˊŬɟŬɛɧɟűɤůɖ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ Ůˊɘɓɞɚɐ űɞɟŰɑɤɜ ɐ ŭɡɜɎɛŮɤɜ ˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ 

əŬɘ ŭŮɜ ŬˊɞŰŮɚŮɑ ůɡɜɎɟŰɖůɖ Űɞɡ ɢɟɧɜɞɡ.  ȼ ŰɎůɖ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ 

ůɡɔəŮɜŰɟɤɛɏɜŬ űɞɟŰɑŬ ɐ Ŭˊɧ ɛŮɛɞɜɤɛɏɜŮɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŮɜŮɟɔɞɨɜ ˊɎɜɤ 

ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɔŮɤɛŮŰɟɘəɐ Űɞɡ ɛŮŰŬɓɞɚɐ 

[ȷɚŮɓɘɕɎəɞɡ, 2017] 

 

3.4 ȷɜɎɚɡůɖ əŬɘ ɛɏŰɟɖůɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ  

 

ũɘŬ Űɖ ɛŮɚɏŰɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɜŬ ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ, ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ ˊɟɩŰŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɞɘ ɞˊɞɑɞɘ 

ŮɛˊɚɏəɞɜŰŬɘ.  

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŮɡɟɤˊŬɥəɏɠ əŬɘ ˊŬɔəɧůɛɘŮɠ ɞŭɖɔɑŮɠ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ 

Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ, ŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

ŭɘŬŰɖɟɞɨɜŰŬɘ əɎŰɤ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ůŰŬɗŮɟɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ůɡɜɗɐəŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɡɚɘəɧ Ŭˊɧ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜŬ.  ũɘŬ 

Űɞ ɚɧɔɞ ŬɡŰɧ, ŮˊɘɚɏɔŮŰŬɘ əŬŰɎɚɚɖɚɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɡɔɟŬůɑŬ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬŰɖɟɖɗɞɨɜ ɧůɞ əŬɚɨŰŮɟŬ ɔɑɜŮŰŬɘ ůŰɞ ɢɟɧɜɞ əŬɘ ɜŬ 
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ɓɟɑůəɞɜŰŬɘ ůŮ ɘůɞɟɟɞˊɑŬ. Ⱥˊɘˊɚɏɞɜ ůŰŬ ɏɟɔŬ ŭŮɜ ŬůəɞɨɜŰŬɘ ŭɡɜɎɛŮɘɠ ɐ 

űɞɟŰɑŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬɡŰɎ ŮɑɜŬɘ Ŭˊɚɩɠ ŮəŰŮɗŮɘɛɏɜŬ ůŮ ɏɜŬɜ ŮəɗŮůɘŬəɧ 

ɢɩɟɞ ɐ ɛɞɡůŮɑɞ.  

ɀŮ ɓɎůɖ, ɚɞɘˊɧɜ, ŰŬ ˊŬɟŬˊɎɜɤ, əŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.1, ɞ 

əŬɚɨŰŮɟɞɠ Űɟɧˊɞɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɤɜ ɏɟɔɤɜ 

ɕɤɔɟŬűɘəɐɠ ŮɑɜŬɘ Űɞ ɛɞɜŰɏɚɞ Űɖɠ ůɡɜŰŬɨŰɘůɖɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ əŬɘ 

ɜŬ ŮəŰŮɗŮɑ ɏɜŬ ɏɟɔɞ ůŮ ɚɎɗɞɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ, ˊɟɏˊŮɘ ɜŬ ŮˊɏɚɗŮɘ 

ůŮ ɘůɞɟɟɞˊɑŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ˊŬɟŬɛɧɟűɤůɖ 

ˊɞɡ ɏɢŮɘ ɡˊɞůŰŮɑ.  

 

ɉŬɟŬəŰɖɟɘůŰɘəɎ 
ɀɞɜŰɏɚɞ 

ɆɡɜŰŬɨŰɘůɖɠ 

ȾɘɜɖɛŬŰɘəɧ 

ɀɞɜŰɏɚɞ 

ȹɡɜŬɛɘəɧ 

ɀɞɜŰɏɚɞ 

ɆŰŬŰɘəɧ 

ɀɞɜŰɏɚɞ 

ɀɞɜŰŮɚɞˊɞɑɖůɖ ɢɟɧɜɞɡ 

 

U V V U 

ɀɞɜŰŮɚɞˊɞɑɖůɖ 

űɞɟŰɑɤɜ əŬɘ ŭɡɜɎɛŮɤɜ 

 

U U V V 

ȽůɞɟɟɞˊɑŬ ŬɜŰɘəŮɘɛɏɜɞɡ  

 

V U U V 

ɄɑɜŬəŬɠ 3.1: Ɇɨɔəɟɘůɖ ɛɞɜŰɏɚɤɜ ˊŬɟŬɛɧɟűɤůɖɠ ɔɘŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ 

 

ɆŰɖ ůɖɛŮɟɘɜɐ Ůˊɞɢɐ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ 

ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ, ˊɟɘɜ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ əŬɘ ɛŮŰɎ Űɖ ůɡɜŰɐɟɖůɐ Űɞɡɠ, 

ɡˊɎɟɢɞɡɜ ŰɏůůŮɟŮɘɠ əɨɟɘŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ˊɞɡ ɧɚŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŬ 

ɛɞɜŰɏɚŬ ůɡɜŰŬɨŰɘůɖɠ. ȷɡŰɏɠ ŮɑɜŬɘ [Abate, 2019]:  

ü Ʉɟɞůŭɘɞɟɘůɛɧɠ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɣɖűɘŬəɩɜ ɛɞɜŰɏɚɤɜ ŮˊɘűɎɜŮɘŬɠ  
(DEM of difference, DoD) 

ü ȯɛŮůɖ ůɨɔəɟɘůɖ Űɤɜ ɜŮűɩɜ (Cloud-to-Cloud, C2C) ɛŮ Űɖɜ ŰŮɢɜɘəɐ 

Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬ 

ü Ɉˊɞɚɞɔɘůɛɞɨ ŬˊɧůŰŬůɖɠ ɜɏűɞɡɠ ɛŮ ŮˊɘűɎɜŮɘŬ ɐ ɛɞɜŰɏɚɞ ɛŮ ɛɞɜŰɏɚɞ 

(Cloud-to-Mesh, C2M ɐ Mesh-to-Mesh, M2M) əŬɘ  

ü Ɇɨɔəɟɘůɖ ɛɞɜŰɏɚɞɡ ˊɞɚɚŬˊɚɩɜ əɚɘɛɎəɤɜ ɛŮ ɛɞɜŰɏɚɞ ɜɏűɞɡɠ 
(Multiscale Model-to-Model Cloud Comparison, M3C2) 

 ɃɡůɘŬůŰɘəɎ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖ ůɡɜŰŬɨŰɘůɖ ŰɟɘŭɘɎůŰŬŰɤɜ ɛɞɜŰɏɚɤɜ, əŬɘ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖɠ, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɘɠ 

ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ.    

ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ əŬɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɜ Űɘɠ ŭɘŬűɞɟɏɠ 

ɛŮŰŬɝɨ ɛɞɜŰɏɚɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɖɢŬɜɘəɐ ɐ ɓŬɗɘɎ ɛɎɗɖůɖ, ˊɞɡ ɧɛɤɠ 

ŭŮɜ ŬˊɞŰŮɚɞɨɜ ˊɚɏɞɜ ɛɞɜŰɏɚŬ ůɡɜŰŬɨŰɘůɖɠ əŬɘ ɏŰůɘ ŭŮɜ ŮˊɘɚɏɔɞɜŰŬɘ ɔɘŬ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ. ɇɏŰɞɘŬ ɛɞɜŰɏɚŬ ŭɑɜɞɜŰŬɘ ɞɜɞɛŬůŰɘəɎ ůŰɞɜ 
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ɄɑɜŬəŬ 3.2, Ůɜɩ ɔɘŬ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ 

ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŬəɟɑɓŮɘŬɠ ŰŬ ɞˊɞɑŬ əŬɘ ɗŬ 

ŮəˊŬɘŭŮɨůɞɡɜ ɛɖɢŬɜɘəɎ ŭɑəŰɡŬ ɔɘŬ ŮɜŰɞˊɘůɛɧ ɐ ɧɢɘ əɑɜɖůɖɠ ɐ ŬɚɚŬɔɐɠ.  

 

ɇŮɢɜɘəɐ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

Correspondence-Driven 

Plane-Based M3C2  

(CD-PB-MEC2) 

 

Ɉˊɞɚɞɔɘůɛɧɠ ŭɘŬűɞɟɩɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮˊɑˊŮŭŮɠ 

ŮˊɘűɎɜŮɘŮɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ɛɏɗɞŭɞ M3C2 

ɀɏɗɞŭɞɠ ŰŬɝɘɜɧɛɖůɖɠ 

Random Forest 

ȺɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ ŰŬɝɘɜɧɛɖůɐ Űɞɡɠ 

ɔɘŬ ɨˊŬɟɝɖ ɐ ɧɢɘ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɛɞɜŰɏɚɤɜ 

 

SiamPointNet++ ȺˊɘŰɟɏˊŮɘ Űɖ ůɨɔəɟɘůɖ ůɖɛŮɑɤɜ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ 

Űɖɠ əɑɜɖůɖɠ Űɞɡɠ ůŮ ŭɨɞ ŭɘŬŭɞɢɘəɎ əŬɟɏ 

 

SiamGCN ɄŬɟŬəɞɚɞɨɗɖůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ŰɟɘŭɘɎůŰŬŰŬ 

ˊŮɟɘɓɎɚɚɞɜŰŬ 

 

Siamese KPConv ɄŬɟŬəɞɚɞɨɗɖůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ŰɟɘŭɘɎůŰŬŰŬ 

ˊŮɟɘɓɎɚɚɞɜŰŬ əŬɘ ŬɜɑɢɜŮɡůɖ ɞɛɞɘɧŰɖŰɎɠ Űɞɡɠ 

 

Feature to Feature Super 

voxel-based Spatial 

Smoothing (F2S3) 

 

ɃɟɔŬɜɩɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ŮɜŰɞˊɑɕɞɜŰŬɠ əɞɘɜɎ ɢɤɟɘəɎ 

əŬɘ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ  

ɄɑɜŬəŬɠ 3.2: ɀɏɗɞŭɞɘ ˊɟɞůŭɘɞɟɘůɛɞɨ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɛɞɜŰɏɚɤɜ ɛŮ Űɖ 

ɢɟɐůɖ ɛɖɢŬɜɘəɐɠ əŬɘ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ [Kharroubi, 2022] 

 

3.4.1. Ɉˊɞɚɞɔɘůɛɧɠ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɣɖűɘŬəɩɜ ɛɞɜŰɏɚɤɜ  

     ŮˊɘűɎɜŮɘŬɠ (DEM of difference) 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ɊɀȺ (DoD), ůɡɜɐɗɤɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ 

ŬɚɚŬɔɐ əɚɑůɖɠ ɛŮŰŬɝɨ Űɤɜ ɣɖűɘŬəɩɜ ɛɞɜŰɏɚɤɜ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ 

ɎɝɞɜŬ (ˊ.ɢ. ɎɝɞɜŬɠ-z). ɄŬɟɎ Űɖɜ ŮɡəɞɚɑŬ Űɖɠ ɛŮɗɧŭɞɡ, ɧɛɤɠ, ɏɢɞɡɜ 

ŮɜŰɞˊɘůŰŮɑ ůɖɛŬɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ 

ŬɜɞɛɞɘɞɛɞɟűɑŮɠ ɐ əɎɗŮŰŮɠ əɚɑůŮɘɠ ůŰɞ ɛɞɜŰɏɚɞ, Ůˊɞɛɏɜɤɠ ůɡɜɐɗɤɠ ŭŮɜ 

ˊɟɞŰɘɛɎŰŬɘ [Kharroubi, 2022; Bailey et al., 2022]. 

 

3.4.2. Ɉˊɞɚɞɔɘůɛɧɠ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɜŮűɩɜ (Cloud to Cloud Distance) 

 

ȼ ɛɏɗɞŭɞɠ Cloud to Cloud ŬˊɞŰŮɚŮɑ ɛɑŬ ɛɏɗɞŭɞ ˊɟɞůŭɘɞɟɘůɛɞɨ 

ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɜŮűɩɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ɎɛŮůɖ 

əŬɘ ɔɟɐɔɞɟɖ ɛɏɗɞŭɞ ůɨɔəɟɘůɖɠ ŰɟɘŭɘɎůŰŬŰɤɜ ŭŮŭɞɛɏɜɤɜ, ɢɤɟɑɠ ɜŬ 
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ŬˊŬɘŰŮɑŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ ɐ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ əɎɗŮŰɤɜ 

ŭɘŬɜɡůɛɎŰɤɜ (normals) ůŰŬ ůɖɛŮɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ. 

ɆŰɖɜ ɞɡůɑŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ɞəŰŬŭɘəɐ ŭɞɛɐ (octree structure) ɔɘŬ 

ɜŬ ŭɘŬɘɟŮɗŮɑ ɞ ŰɟɘŭɘɎůŰŬŰɞɠ ɢɩɟɞɠ əŬɘ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŬɟɔɧŰŮɟŬ ŰŬ 

əɞɜŰɘɜɧŰŮɟŬ ůɖɛŮɑŬ ůŮ ŭɨɞ ɜɏűɖ ˊɞɡ ɏɢɞɡɜ ɐŭɖ ůɡɜŰŬɡŰɘůŰŮɑ [Jafari et al., 

2017]. 

ɇɘɠ ˊŮɟɘůůɧŰŮɟŮɠ űɞɟɏɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬˊɧůŰŬůɖ Hausdorff ɔɘŬ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ, ŭɖɚŬŭɐ ɖ ɛŮɔŬɚɨŰŮɟɖ 

ŬˊɧůŰŬůɖ Űɤɜ ůɖɛŮɑɤɜ ůŰɞ ɏɜŬ ɜɏűɞɠ (ɜɏűɞɠ ůɨɔəɟɘůɖɠ) əŬɘ Űɞɡ 

ˊɚɖůɘɏůŰŮɟɞɡ ůɖɛŮɑɞɡ ůŰɞ ŭŮɨŰŮɟɞ (ɜɏűɞɠ ŬɜŬűɞɟɎɠ). ȰŰůɘ ɔɘŬ ŭɨɞ 

ůɨɜɞɚŬ ůɖɛŮɑɤɜ ὖ ὴȟὴȟȣὴ əŬɘ ὢ ὼȟὼȟȣὼ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ 
ŬˊɧůŰŬůɖ ɛŮ ɓɎůɖ Űɖ ůɢɏůɖ 3.4.  

Ὄὖȟὢ ÍÁØ ὬὖȟὢȟὬὢȟὖ                    (3.4) 

ɧˊɞɡ Ὤὖȟὢ ɖ ŬˊɧůŰŬůɖ Hausdorff ɛŮ:  

Ὤὖȟὢ ÍÁØ
ᶰ
ÍÉÎ
ᶰ
ᴁὴ ὼᴁ                         (3.5) 

ȼ ůɡɜɎɟŰɖůɖ Ὤὖȟὢ ɞɜɞɛɎɕŮŰŬɘ əŬɘ ɛɞɜɧˊɚŮɡɟɖ ŬˊɧůŰŬůɖ 

Hausdorff, əŬɘ ŭŮɜ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɐ (Ὤὖȟὢ Ὤὢȟὖ) ɧˊɤɠ ɖ 

ŬˊɧůŰŬůɖ Ὄὖȟὢ [Jafari et al., 2017]. 

 ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, əŬɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ɚɞɔɘůɛɘəɎ ŮˊŮɝŮɟɔŬůɑŬɠ ɜɏűɞɡɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ ɏɜŬɜŰɘ Űɖɠ ŬˊɧůŰŬůɖɠ Hausdorff. ȰŰůɘ, əŬɘ ůŮ ŬɡŰɐ 

Űɖ ˊŮɟɑˊŰɤůɖ, ɔɘŬ ŭɨɞ ůɨɜɞɚŬ ůɖɛŮɑɤɜ ὖ ὴȟὴȟȣὴ əŬɘ 

ὢ ὼȟὼȟȣὼ, ŮɜŰɞˊɑɕŮŰŬɘ ɞ ˊɚɖůɘɏůŰŮɟɞɠ ɔŮɑŰɞɜŬɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ Ŭˊɧ Űɖ ůɢɏůɖ 3.6. 

Ὠὴȟ ὴ ὼ ὴ ὼ ὴ ὼ             (3.6) 

ɧˊɞɡ ὴ ὴȟὴȟὴ  əŬɘ ὼ ὼȟὼȟὼ  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ 

ůŰɞɜ ŰɟɘŭɘɎůŰŬŰɞ ɢɩɟɞ.  

ɋůŰɧůɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 3.1, ˊɞɚɚɏɠ űɞɟɏɠ ɖ ŮɡəɚŮɑŭŮɘŬ 

ŬˊɧůŰŬůɖ (ŬɡŰɐ Űɞɡ ŮɔɔɨŰŮɟɞɡ ɔŮɑŰɞɜŬ) ŭŮɜ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɐ Ůˊɞɛɏɜɤɠ ˊɞɚɚɎ ɚɞɔɘůɛɘəɎ ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɞˊɘəɐɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ɜɏűɞɡɠ ŬɜŬűɞɟɎɠ ɔɨɟɤ Ŭˊɧ Űɞɜ ŮɔɔɨŰŮɟɞ 

ɔŮɑŰɞɜŬ Űɞɡ ɛŮ ɜɏűɞɠ ůɨɔəɟɘůɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ŰŮɚɘəɐ ŬˊɧůŰŬůɖ ɜŬ 

ˊɟɞəɨˊŰŮɘ ɤɠ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ Ŭˊɧ Űɖɜ ɛɞɜŰŮɚɞˊɞɘɖɛɏɜɖ ŮˊɘűɎɜŮɘŬ. 
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ɆɢɐɛŬ 3.1: ȹɘŬűɞɟɎ ñ́ ɟŬɔɛŬŰɘəɐɠò əŬɘ ŮɡəɚŮɑŭŮɘŬɠ ŬˊɧůŰŬůɖɠ 

[Girardeau-Montaut, 2015] 

 

ɇŬ ůɖɛŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

Űɞɡ ɜɏűɞɡɠ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ɞ ŮɔɔɨŰŮɟɞɠ ɔŮɑŰɞɜŬɠ əŬɘ ŰŬ ɔŮɘŰɞɜɘəɎ Űɞɡ. 

ȷɡŰɎ, Ŭɜ Űɞ ɜɏűɞɠ ɏɢŮɘ ůŰŬɗŮɟɐ ˊɡəɜɧŰɖŰŬ, ɛˊɞɟɞɨɜ ɜŬ ŮˊɘɚŮɢɗɞɨɜ ŰɡɢŬɑŬ 

ŭɑɜɞɜŰŬɠ Űɞ ˊɚɐɗɞɠ Űɞɡɠ (ˊ.ɢ. 15 ůɖɛŮɑŬ). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ, ɧɛɤɠ, ˊɞɡ Űɞ 

ɜɏűɞɠ ŭŮɜ ɏɢŮɘ ɞɛɞɘɧɛɞɟűɖ ˊɡəɜɧŰɖŰŬ ɐ ŰŬ ŭŮŭɞɛɏɜŬ ɏɢɞɡɜ ɗɧɟɡɓɞ,  

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ůűŬɑɟŬ ɛŮ ŭŮŭɞɛɏɜɖ ŬəŰɑɜŬ, ɧˊɞɡ ɧˊɞɘŬ ůɖɛŮɑŬ 

ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŮ ŬɡŰɐ ŮˊɘɚɏɔɞɜŰŬɘ, Ůɜɩ ɧůŬ ŮɑɜŬɘ ŮəŰɧɠ, ŬˊɞɟɟɑˊŰɞɜŰŬɘ.      

ɀŮ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ ůɖɛŮɑɤɜ ɝŮəɘɜɎ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. ȷɡŰɐ ɛˊɞɟŮɑ ɜŬ ɡɚɞˊɞɘɖɗŮɑ ɛŮ ˊɞɘəɑɚɞɡɠ Űɟɧˊɞɡɠ, Ůɜɩ ɞɘ 

ŮˊɘəɟŬŰɏůŰŮɟɞɘ ŮɑɜŬɘ:  

Á ɖ ˊɟɞůŬɟɛɞɔɐ Ůˊɘˊɏŭɞɡ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

Á ɞ Űɟɘɔɤɜɘůɛɧɠ Delaunay əŬɘ  

Á ɖ ɢɟɐůɖ Űɖɠ ŰŮŰɟŬɔɤɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ. 

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŰŬ ůɖɛŮɑŬ Űɞɡ ɜɏűɞɡɠ ŬɜŬűɞɟɎɠ ˊɞɡ ɏɢɞɡɜ 

ŮˊɘɚŮɔŮɑ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞŰŮŰɟŬɔɤɜɘəɐ ˊɟɞůŬɟɛɞɔɐ 

Ůɜɧɠ Ůˊɘˊɏŭɞɡ ( ὃὼ ὄώ ὅᾀ Ὀ. ȳŰŬɜ ŬɡŰɧ ɡˊɞɚɞɔɘůŰŮɑ əŬɘ ŮɑɜŬɘ 
ɔɜɤůŰɐ ɖ Ůɝɑůɤůɐ Űɞɡ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ Űɞɡ ɜɏűɞɡɠ 

ůɨɔəɟɘůɖɠ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ŬɡŰɧ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ 

əɎɗŮ ůɖɛŮɑɞ Űɞɡ ɜɏűɞɡɠ ůɨɔəɟɘůɖɠ, Ŭűɞɨ ˊɟɩŰŬ ɔɑɜɞɡɜ Ůˊɘɛɏɟɞɡɠ 

ɛɞɜŰŮɚɞˊɞɘɐůŮɘɠ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŮɔɔɨŰŮɟŬ ůɖɛŮɑŬ ůŰɞ ɜɏűɞɠ ŬɜŬűɞɟɎɠ.  

ȰŰůɘ, ɖ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 

3.7:  

Ὠ
Ѝ

                                              (3.7) 

ɧˊɞɡ 0 ØȟÙȟÚ Űɞ ůɖɛŮɑɞ Űɞɡ ɜɏűɞɡɠ ůɨɔəɟɘůɖɠ. 

Ɂɏűɞɠ ŬɜŬűɞɟɎɠ  

Ɂɏűɞɠ ůɨɔəɟɘůɖɠ 
ñɄɟŬɔɛŬŰɘəɐò  

ŬˊɧůŰŬůɖ 

ȷˊɧůŰŬůɖ 

ŮɔɔɨŰŮɟɞɡ 

ɔŮɑŰɞɜŬ  
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ɆŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, ɛŮ ŭŮŭɞɛɏɜŬ ŰŬ ůɖɛŮɑŬ Űɞɡ ɜɏűɞɡɠ ŬɜŬűɞɟɎɠ 

ˊɞɡ ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ əŬɘ Űɖɜ ˊɟɞɓɞɚɐ Űɞɡɠ ůŰɞ ŮˊɑˊŮŭɞ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ 

Űɟɘɔɤɜɘůɛɧɠ Delaunay əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ˊɚɏɔɛŬ 2.5D. ȷɡŰɧ ˊŮɟɘɏɢŮɘ 

ůɖɛŮɑŬ ˊɞɡ ɏɢɞɡɜ əŬɘ ŰɟɑŰɖ ŭɘɎůŰŬůɖ (z), ŬɚɚɎ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ˊɞɚɚŬˊɚɐ 

Űɘɛɐ z ɔɘŬ Űɖɜ ɑŭɘŬ ɗɏůɖ (x, y). ȹɖɚŬŭɐ, əɎɗŮ (x, y) ůɡɜŰŮŰŬɔɛɏɜɖ ɏɢŮɘ 

ɛɞɜŬŭɘəɧ z.  

ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ɕɖŰɞɨɛŮɜɖ ŬˊɧůŰŬůɖ ˊɟɞəɨˊŰŮɘ ɤɠ ɖ ŬˊɧůŰŬůɖ Űɞɡ 

ůɖɛŮɑɞɡ Űɞɡ ɜɏűɞɡɠ ůɨɔəɟɘůɖɠ Ŭˊɧ Űɞɜ Űɟɘɔɤɜɘůɛɧ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 3.2.  

 

 

  ɆɢɐɛŬ 3.2: ȹɘŬűɞɟɎ ŮɡəɚŮɑŭŮɘŬɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ ŬˊɧůŰŬůɖ ɛŮ ɓɎůɖ Űɞɜ 

Űɟɘɔɤɜɘůɛɧ [Girardeau-Montaut, 2015] 

 

 ɇɏɚɞɠ, ůŰɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ, ŰŬ ůɖɛŮɑŬ Űɞɡ ɜɏűɞɡɠ ŬɜŬűɞɟɎɠ ˊɞɡ 

ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ɛŮ ɓɎůɖ ɛɘŬ ŰŮŰɟŬɔɤɜɘəɐ ůɡɜɎɟŰɖůɖ 

(ῶ ὥὢ ὦὢ ὧὢὣὨὣ Ὡὣ Ὢ). ȾŬɘ ůŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ, 
ɛŮŰɎ Űɖɜ ˊɟɞůŬɟɛɞɔɐ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ 

Űɞɡ ɜɏűɞɡɠ ůɨɔəɟɘůɖɠ Ŭˊɧ ŬɡŰɐ.   

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ ɚɞɘˊɧɜ, ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ  ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ŬəɟɘɓɏůŰŮɟɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ, ɤůŰɧůɞ ˊɞɚɚɏɠ űɞɟɏɠ ɞɘ Űɘɛɏɠ Űɤɜ 

ŬˊɞůŰɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɢŮɘɟɧŰŮɟŮɠ Ŭˊɧ Űɘɠ Ŭˊɚɏɠ ŬˊɞůŰɎůŮɘɠ ɛŮ Űɞɜ 

ŮɔɔɨŰŮɟɞ ɔŮɑŰɞɜŬ. ȰŰůɘ ŮɑɜŬɘ ˊɟɞŰɘɛɧŰŮɟɞ ɜŬ ɛŮɚŮŰɎŰŬɘ ɖ Űɞˊɘəɐ ŰɎůɖ əŬɘ 

ɧɢɘ ɏɜŬ ɛŮɛɞɜɤɛɏɜɞ ůɖɛŮɑɞ ɔɘŬ ˊɘɞ ŬɝɘɧˊɘůŰŬ ůɡɛˊŮɟɎůɛŬŰŬ. ȷəɧɛɖ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɡˊɎɟɢŮɘ ɗɧɟɡɓɞɠ ˊɟɞŰɘɛɎŰŬɘ ɖ ŮɚŬɢɘůŰɞŰŮŰɟŬɔɤɜɘəɐ 

ˊɟɞůɏɔɔɘůɖ, Ůɜɩ ɖ ɛɏɗɞŭɞɠ Delaunay ɡˊɞɗɏŰŮɘ ˊɤɠ ɡˊɎɟɢɞɡɜ ůɖɛŮɑŬ ůŰɘɠ 

ɎəɟŮɠ ɛŮ Űɘɠ Ŭəɛɏɠ ɜŬ ŮɑɜŬɘ Ŭɘɢɛɖɟɏɠ.  

 

3.4.3. Ɉˊɞɚɞɔɘůɛɧɠ ŭɘŬűɞɟɩɜ ɜɏűɞɡɠ ɛŮ ŮˊɘűɎɜŮɘŬ ɐ ɛɞɜŰɏɚɞɡ ɛŮ  

     ɛɞɜŰɏɚɞ (Cloud to Mesh əŬɘ  Mesh to Mesh Distance) 

 

ȼ ɛɏɗɞŭɞɠ Cloud to Mesh, ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢɖ Űɖɠ ɛŮɗɧŭɞɡ Cloud to 

Cloud, əŬɘ ŬˊɞŰŮɚŮɑ əŬɘ ŬɡŰɐ ɛɘŬ ɛɏɗɞŭɞ ˊɟɞůŭɘɞɟɘůɛɞɨ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ 

Űɞˊɘəɐ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ 

ɛŮŰɟɖɛɏɜɖ ŬˊɧůŰŬůɖ  

ñ́ ɟŬɔɛŬŰɘəɐò ŬˊɧůŰŬůɖ 
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ɜŮűɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ əɎɗŮ 

ůɖɛŮɑɞɡ Űɞɡ ɜɏűɞɡɠ ůɨɔəɟɘůɖɠ ɛŮ Űɖɜ ˊɚɖůɘɏůŰŮɟɖ ɧɣɖ ɐ əɞɟɡűɐ Ůɜɧɠ 

ˊɚɏɔɛŬŰɞɠ Űɟɘɔɩɜɤɜ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ Űɞ ɜɏűɞɠ ŬɜŬűɞɟɎɠ. ɆŰɖɜ 

ɞɡůɑŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬˊɧůŰŬůɖɠ Ůɜɧɠ ɜɏűɞɡɠ 

ůɖɛŮɑɤɜ Ŭˊɧ ɛɘŬ ŰɟɘŭɘɎůŰŬŰɖ ŮˊɘűɎɜŮɘŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.3 

[Kharroubi et al., 2022]. 

 

 

  ɆɢɐɛŬ 3.3: Ʉɟɞůŭɘɞɟɘůɛɧɠ ŬˊɧůŰŬůɖɠ C2M [Kharroubi et al., 2022] 

 

ȼ ŬɝɘɞˊɘůŰɑŬ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ, ɓŬůɑɕŮŰŬɘ Űɧůɞ ůŰɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ 

ɜɏűɞɡɠ, ŬɚɚɎ əɡɟɑɤɠ ůŰɞɜ Űɟɧˊɞ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŬ ŰɟɑɔɤɜŬ ůŰɞ 

ɛɞɜŰɏɚɞ. ȷɡŰɎ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ əŬɜɞɜɘəɎ Ůɜɩ ˊɞɚɚɏɠ 

űɞɟɏɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ ɔɘŬ ˊŮɟɘɞɢɏɠ ɛŮ 

əŮɜɎ ɐ ŬůɡɜɏɢŮɘŮɠ.  

ũɘŬ əɎɗŮ ůɖɛŮɑɞ ŮɜŰɞˊɑɕŮŰŬɘ Űɞ əɞɜŰɘɜɧŰŮɟɞ Űɟɑɔɤɜɞ ˊɞɡ ɏɢŮɘ 

ŭɖɛɘɞɡɟɔɖɗŮɑ əŬɘ ɔɘŬ ŬɡŰɧ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ 

ůɖɛŮɑɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ Űɟɘɔɩɜɞɡ. ȾŬɘ ůŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɞəŰŬŭɘəɐ ŭɞɛɐ, ɩůŰŮ ɜŬ ɓɟŮɗŮɑ Űɞ ˊɚɖůɘɏůŰŮɟɞ 

Űɟɑɔɤɜɞ. 

ȷɜŰɑɗŮŰŬ, ɖ ɛɏɗɞŭɞɠ ˊɞɡ ůɡɔəɟɑɜŮɘ ŭɨɞ ɛɞɜŰɏɚŬ (Mesh to Mesh) ŭŮɜ 

ŬˊɞŰŮɚŮɑ ŬɝɘɧˊɘůŰɞ Ŭɚɔɧɟɘɗɛɞ əŬɗɩɠ ŰŬ ɛɞɜŰɏɚŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ɡˊɞɚɞɔɘůɛɏɜŬ əɎŰɤ Ŭˊɧ Űɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ (Ŭɚɔɧɟɘɗɛɞɠ Űɟɘɔɤɜɘůɛɞɨ, 

ˊɡəɜɧŰɖŰŬ ůɖɛŮɑɤɜ əŰɚ.) əɎŰɘ Űɞ ɞˊɞɑɞ ŭŮɜ ŮɑɜŬɘ ŮɨəɞɚŬ ŮűɘəŰɧ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ Ůˊɞɢɏɠ. 

 

3.4.4. Ɉˊɞɚɞɔɘůɛɧɠ ŭɘŬűɞɟɩɜ ůɡɔəɟɑɜɞɜŰŬɠ ɛɞɜŰɏɚɞ ˊɞɚɚŬˊɚɩɜ  

     əɚɘɛɎəɤɜ ɛŮ ɛɞɜŰɏɚɞ ɜɏűɞɡɠ (Multiscale Model to Model  

     Cloud Distance) 

 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ɔɜɤůŰɏɠ ɛŮɗɧŭɞɡɠ ɔɘŬ Űɞɜ 

ŮɜŰɞˊɘůɛɧ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɜŮűɩɜ. ɄŬɟɧŰɘ ůŰɖɜ ɞɜɞɛŬůɑŬ Űɖɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ɧɟɞɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ɞɘ ŭɘŬűɞɟɏɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 
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ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ůɖɛŮɑŬ Űɞɡ ɜɏűɞɡɠ [Barnhart & Crosby, 2013; Lague 

et al., 2013]. 

ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɓŬůɘəɎ ɓɐɛŬŰŬ: 

Á ɇɖɜ ŮəŰɑɛɖůɖ Űɤɜ normals Űɞɡ ɜɏűɞɡɠ, ɛŮ ɓɎůɖ Űɖ ůɡɛɓŬŰɧŰɖŰŬ ɛŮ  

Űɖɜ Űɞˊɘəɐ ŰɟŬɢɨŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ  

Á ɇɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ əŬɘ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ Űɞˊɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ ŮɛˊɘůŰɞůɨɜɖɠ.  

ɇɞ əɨɟɘɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɧŰɘ ɚŮɘŰɞɡɟɔŮɑ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬŰŮɡɗŮɑŬɜ ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ əŬɘ ŭŮɜ ŬˊŬɘŰŮɑ 

Űɟɘɔɤɜɞˊɞɑɖůɖ ɐ ŭɖɛɘɞɡɟɔɑŬ ŮˊɘűɎɜŮɘŬɠ. Ⱥˊɘˊɚɏɞɜ ŮəŰɘɛɎ ɏɜŬ ŭɘɎůŰɖɛŬ 

ŮɛˊɘůŰɞůɨɜɖɠ ɔɘŬ əɎɗŮ ɛɏŰɟɖůɖ ŬˊɧůŰŬůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰɟŬɢɨŰɖŰŬ əŬɘ 

Űɞ ůűɎɚɛŬ ŮɡɗɡɔɟɎɛɛɘůɖɠ Űɤɜ ɜŮűɩɜ. ɋůŰɧůɞ ŬˊɞŭɑŭŮɘ ɚɘɔɧŰŮɟɞ Ŭɜ ɞɘ 

ŭɘŬűɞɟɏɠ ɓɟɑůəɞɜŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɐ əŬŰŮɨɗɡɜůɖ Ŭˊɧ ŬɡŰɐ ˊɞɡ ɏɢŮɘ 

ɞɟɘůŰŮɑ ůŰɖɜ Ŭɟɢɐ ŬɚɚɎ əŬɘ ɧŰŬɜ Űɞ ŮˊɑˊŮŭɞ ŬɜɑɢɜŮɡůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ 

Ŭˊɧ Űɖɜ ɛŮŰŬɓɞɚɐ Űɞɡ ɛŮɔɏɗɞɡɠ.  

ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɗɧŭɞɡ, ŬɟɢɘəɎ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ŰŬ normals ɔɘŬ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ɜɏűɞɡɠ ŬɜŬűɞɟɎɠ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ ˊɤɠ ŰŬ 

normals ŮɑɜŬɘ ŭɘŬɜɨůɛŬŰŬ ůŰɞ ɢɩɟɞ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ əɎɗŮŰŬ ůŮ ɛɘŬ 

ŮˊɘűɎɜŮɘŬ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ. ũɘŬ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ŬɡŰɎ, ŬɟɢɘəɎ 

ɔɘŬ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ɜɏűɞɡɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ŰŬ ɔŮɘŰɞɜɘəɎ Űɞɡ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛɘŬ ŮˊɘűɎɜŮɘŬ ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŮ ŬɡŰɎ. ȰŰůɘ 

Űɞ normal Űɞɡ əɎɗŮ ůɖɛŮɑɞɡ ŮɑɜŬɘ Űɞ əɎɗŮŰɞ ŭɘɎɜɡůɛŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɡ 

ˊɟɞůŬɟɛɧůŰɖəŮ, Űɞ ɞˊɞɑɞ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŬɡŰɧ. 

ȷɡŰɧ Űɞ ůŰɎŭɘɞ ŮɑɜŬɘ Űɞ ˊɘɞ ůɖɛŬɜŰɘəɧ əŬɗɩɠ ɖ ŭɘŮɨɗɡɜůɖ Űɤɜ normals 

(ὔᴆ) ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ɗŬ əŬɗɞɟɑůŮɘ əŬɘ Űɖ ŭɘŮɨɗɡɜůɖ Űɤɜ ŭɘŬűɞɟɩɜ ˊɞɡ 
ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ. Ⱥˊɑůɖɠ ůɖɛŬɜŰɘəɎ ŮɑɜŬɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ 

ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɗɩɠ ˊɟɏˊŮɘ ɜŬ 

Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. Ɇɡɜɐɗɤɠ ɛŮɚŮŰɎŰŬɘ ɛɑŬ 

ŬəŰɑɜŬ D/2  ɔɨɟɤ Ŭˊɧ Űɞ əɎɗŮ ůɖɛŮɑɞ ɧˊɤɠ űŬɑɜŮŰŬɘ  ůŰɞ ɆɢɐɛŬ 3.4(Ŭ). 

ɆŰɖ ůɡɜɏɢŮɘŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ əɨɚɘɜŭɟɞɠ ɛŮ ɓɎůɖ ŰŬ normals. ɆŮ 

ŬɡŰɧɜ Űɞɜ əɨɚɘɜŭɟɞ, ɞ ɓŬůɘəɧɠ ɎɝɞɜŬɠ Űɞɡ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ əŬɜɞɜɘəɧ 

ŭɘɎɜɡůɛŬ (ὔᴆ) ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ, Ůɜɩ ɖ ŭɘɎɛŮŰɟɧɠ Űɞɡ (ὨȾς) ɞɟɑɕŮŰŬɘ Ŭˊɧ 
Űɞ ɢɟɐůŰɖ. ȼ ŭɘɎɛŮŰɟɞɠ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŰŬɡŰɑɕŮŰŬɘ ŮɑŰŮ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ normal ŮɑŰŮ ɜŬ ŮɑɜŬɘ 

ŬɜŮɝɎɟŰɖŰɖ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɧůɞ ˊɘɞ ɛɘəɟɐ ŮɑɜŬɘ ɖ ŰɟŬɢɨŰɖŰŬ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ ɐ ɞ ɗɧɟɡɓɞɠ ˊɞɡ ɡˊɎɟɢŮɘ, Űɧůɞ ɛŮɔɎɚɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ əŬɘ ɖ 

Űɘɛɐ Űɖɠ. ɇɏɚɞɠ,  ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɞɟɘůŰŮɑ Űɞ ɛɏɔɘůŰɞ ɨɣɞɠ Űɞɡɠ 

əɡɚɑɜŭɟɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŬɢɡɜɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ.  
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ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɕɖŰɞɨɛŮɜɞɡ, ŭɖɚŬŭɐ Űɖɠ ŭɘŬűɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ 

ŭɨɞ ɜŮűɩɜ, ŬɟɢɘəɎ ŮɜŰɞˊɑɕɞɜŰŬɘ ŰŬ ŭɨɞ ɡˊɞůɨɜɞɚŬ ůɖɛŮɑɤɜ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŰɞɜ əɨɚɘɜŭɟɞ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬɡŰɎ ˊɟɞɓɎɚɚɞɜŰŬɘ ˊɎɜɤ 

ůŰɞɜ ɎɝɞɜŬ  Űɞɡ əɡɚɑɜŭɟɞɡ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞɜ ɡˊɞɚɞɔɘůɛɞɨ Ůɜɧɠ ɛɏůɞɡ 

ůɖɛŮɑɞɡ ɔɘŬ əɎɗŮ ɜɏűɞɠ ὭȟὭȢ ȼ ŬˊɧůŰŬůɖ (ὒ ) ŬɡŰɩɜ Űɤɜ ŭɨɞ 

ɛɏůɤɜ ůɖɛŮɑɤɜ ŮɑɜŬɘ ɖ ɕɖŰɞɨɛŮɜɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.4(ɓ).  

 

  

(Ŭ) (ɓ) 

ɆɢɐɛŬ 3.4: (Ŭ)Ʉɟɞůŭɘɞɟɘůɛɧɠ əŬɜɞɜɘəɩɜ ŭɘŬɜɡůɛɎŰɤɜ ůŮ ŬəŰɑɜŬ D/2.  

(ɓ)Ʉɟɞůŭɘɞɟɘůɛɧɠ ŬˊɧůŰŬůɖɠ Űɤɜ ɛɏůɤɜ ůɖɛŮɑɤɜ [Lague et al., 2013] 

 

Ⱥˊɘˊɚɏɞɜ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ ŭɘŬűɞɟɎɠ ˊɞɡ 

ɡˊɞɚɞɔɑɕŮŰŬɘ, ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŰɟŬɢɨŰɖŰŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŭɖɚŬŭɐ ɖ 

Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɤɜ ůɖɛŮɑɤɜ Ŭˊɧ Űɞ ɛɏůɞ ůɖɛŮɑɞ ɔɘŬ ŬəŰɑɜŬ Ὠ („ Ὠ əŬɘ 
„ Ὠ), ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ. ɆɢŮŰɘəɎ ɛŮ Űɞ ůűɎɚɛŬ ŮɡɗɡɔɟɎɛɛɘůɖɠ 
(ὶὩὫ Űɤɜ ŭɨɞ ɜŮűɩɜ, ŬɡŰɧ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ, əŬɗɩɠ ŮˊɖɟŮɎɕŮɘ 
ůɖɛŬɜŰɘəɎ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ, ŬɚɚɎ əŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŮ əɎɗŮ ɜɏűɞɠ ( ὲ əŬɘ ὲ) 

ȰŰůɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ὒὕὈ Ϸ ɔɘŬ ŬəŰɑɜŬ Ὠ, ɧˊɞɡ ˊɟɧəŮɘŰŬɘ 
ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜɘɢɜŮɡɗŮɑ, ɔɘŬ 

ŭɘɎůŰɖɛŬ ŮɛˊɘůŰɞůɨɜɖɠ 95%, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ əŬŰŬɜɞɛɐ Gauss. 

ὒὕὈ ϷὨ ρȢωφ ὶὩὫ            (3.8) 

Ⱥˊɞɛɏɜɤɠ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ˊɘɞ ŬɝɘɧˊɘůŰɖ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɡˊɧɚɞɘˊŮɠ, əŬɗɩɠ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ əŬɘ Űɞ ůűɎɚɛŬ ŮɡɗɡɔɟɎɛɛɘůɖɠ ŬɚɚɎ 

əŬɘ Űɖɜ ŰɟŬɢɨŰɖŰŬ əŬɘ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ Űɞɡ əɎɗŮ ɜɏűɞɡɠ ɢɤɟɘůŰɎ.  

ɄŬɟ ôɧɚŬ ŬɡŰɎ, ɖ ɛɏɗɞŭɞɠ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ůɖɛŬɜŰɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ. 

ɇɞ ˊɘɞ ůɖɛŬɜŰɘəɧ ŮɑɜŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ŭɘŬűɞɟɎɠ 

ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɜŮűɩɜ, ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ 

ɀɏůɞ ůɖɛŮɑɞ ɔɘŬ 

əɎɗŮ ɜɏűɞɠ 
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əɡɚɑɜŭɟɞɡ, ŭɖɚŬŭɐ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ əŬɜɞɜɘəɞɨ ŭɘŬɜɨůɛŬŰɞɠ, ŰɧŰŮ ɖ 

ŭɘŬűɞɟɎ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɐ, Ůɜɩ 

ˊɞɚɚɏɠ űɞɟɏɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ əŬɘ ŬŭɨɜŬŰɞɜ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ. ȳ́ɤɠ űŬɑɜŮŰŬɘ 

əŬɘ ůŰɞ ɆɢɐɛŬ 3.5, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əɡɚɑɜŭɟɞɡ ůŰŬ ŬɟɘůŰŮɟɎ ɖ ŰŮɚɘəɐ 

ŬˊɧůŰŬůɖ ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ɚɎɗɞɠ əŬɗɩɠ ŭŮɜ ɏɢŮɘ ɚɖűɗŮɑ ɡˊɧɣɘɜ ɖ 

ŰɟŬɢɨŰɖŰŬ Űɞɡ ɜɏűɞɡɠ əŬɘ Űɞ əŬɜɞɜɘəɧ ŭɘɎɜɡůɛŬ ŮɑɜŬɘ ŮůűŬɚɛɏɜŬ 

ɡˊɞɚɞɔɘůɛɏɜɞ. ȷɜŰɑůŰɞɘɢŬ ůŰɞ ŭŮɝɑ əɨɚɘɜŭɟɞ ɖ ŬˊɧůŰŬůɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɛɘŬɠ əŬɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɖɛŮɑŬ ůŰɞ ɏɜŬ ɜɏűɞɠ ŰŬ ɞˊɞɑŬ ɜŬ 

ɓɟɑůəɞɜŰŬɘ əŬɘ ŮɜŰɧɠ Űɞɡ ɞɟɘůɛɏɜɞɡ əɡɚɑɜŭɟɞɡ.    

 

 

ɆɢɐɛŬ 3.5: ɄɟɞɓɚɐɛŬŰŬ Ŭɚɔɧɟɘɗɛɞɡ M3C2 [Lague et al., 2013] 

 

  ɇɏɚɞɠ, ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ ɖ ˊŬɟɎɛŮŰɟɞɠ ὒὕὈ Ϸ ́ ɞɡ 

ɡˊɞɚɞɔɑɕŮŰŬɘ, ɜŬ ɡˊŮɟɓŬɑɜŮɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŬɚɚŬɔɐɠ, Ůˊɞɛɏɜɤɠ ɜŬ ɛɖɜ 

ŮɑɜŬɘ ŬɝɘɧˊɘůŰŬ əŬɘ ˊɚɐɟɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ȷɡŰɧ ŮɝŬɟŰɎŰŬɘ ůɖɛŬɜŰɘəɎ 

Ŭˊɧ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ,  ŮɑŰŮ ɛɏůɤ Űɖɠ əɚɑɛŬəŬɠ Ὀ əŬɘ Űɤɜ 
ůɖɛŮɑɤɜ ˊɞɡ ɗŬ ůɡɛˊŮɟɘɚɖűɗɞɨɜ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ normal, ŮɑŰŮ ɛɏůɤ 

Űɖɠ əɚɑɛŬəŬɠ Ὠ ́ ɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŰɟŬɢɨŰɖŰŬ „ əŬɘ „ [Lague et al., 

2013]. 

 

 

 

 

ȾŬɜɞɜɘəɧ ŭɘɎɜɡůɛŬ ůŮ ŬəŰɑɜŬ D2 (ɢɤɟɑɠ  ŰɟŬɢɨŰɖŰŬ) 

ȾŬɜɞɜɘəɧ ŭɘɎɜɡůɛŬ ůŮ ŬəŰɑɜŬ D1 (ɛŮ  ŰɟŬɢɨŰɖŰŬ) 

ȰɚɚŮɘɣɖ ůɖɛŮɑɤɜ = 

ɀɖ ɡˊɞɚɞɔɘůɛɧɠ ŬˊɧůŰŬůɖɠ  

ɈˊŮɟŮəŰɑɛɖůɖ ŬˊɧůŰŬůɖɠ ɚɧɔɤ ɚŬɜɗŬůɛɏɜɖɠ 

ŭɘŮɨɗɡɜůɖɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ 
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ȾȺūȷȿȷȽɃ 4ɞ  

ɄɅɃȸȿȺɊȼ ɀȺɇȷȸɃȿȼɆ ŪȺɆȼɆ 

 

 

4.1  ɄɟɞɓɚɏɣŮɘɠ ɛŮŰŬɓɞɚɩɜ ɐ ˊŬɟŬɛɞɟűɩůŮɤɜ  

 

ɀŮ Űɞɜ ɧɟɞ ˊɟɧɓɚŮɣɖ (forecasting-prediction) ɞɟɑɕŮŰŬɘ ɖ ŮəŰɑɛɖůɖ Űɖɠ 

Űɘɛɐɠ Ůɜɧɠ űŬɘɜɞɛɏɜɞɡ ůŮ ɛɑŬ ɛŮɚɚɞɜŰɘəɐ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. ȼ ŭɘŬŭɘəŬůɑŬ 

ŬɡŰɐ ɓŬůɑɕŮŰŬɘ Űɧůɞ ůŮ ŮˊɘůŰɖɛɞɜɘəɎ ɧůɞ əŬɘ ŮɛˊŮɘɟɘəɎ ŭŮŭɞɛɏɜŬ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ŬɝɘɧˊɘůŰɖ. ȼ ˊɟɧɓɚŮɣɖ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ Űɖɠ əŬɗɖɛŮɟɘɜɧŰɖŰŬɠ Ůɜɩ ŬˊɞŰŮɚŮɑ 

ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ŬɜŬˊŰɡůůɧɛŮɜŬ ˊŮŭɑŬ ɏɟŮɡɜŬɠ ůŮ ŭɘɎűɞɟŮɠ ŮˊɘůŰɐɛŮɠ ɧˊɤɠ 

ɖ ɘŬŰɟɘəɐ, ɖ ɞɘəɞɜɞɛɑŬ, ɖ ɛŮŰŮɤɟɞɚɞɔɑŬ ə.Ŭ. [ȷɚŮɓɘɕɎəɞɡ, 2017; 

ȻɘɞɡɎɚɛŬ, 2018]. 

ũɘŬ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɛɑŬ ˊɟɧɓɚŮɣɖ Ůɜɧɠ űŬɘɜɞɛɏɜɞɡ ůŮ ɞˊɞɘɞɜŭɐˊɞŰŮ 

əɚɎŭɞ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɖ ɨˊŬɟɝɖ ɛɘŬɠ ɘəŬɜɞˊɞɘɖŰɘəɐɠ ůŮɘɟɎɠ 

ˊŬɟŮɚɗɞɜŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ. Ʉɞɚɚɏɠ űɞɟɏɠ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ 

əŬŰŬɢɤɟɞɨɜŰŬɘ ɤɠ ɢɟɞɜɞůŮɘɟɏɠ əŬɘ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɛŮ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ˊɟɧɓɚŮɣɖ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ.  

ȼ ŭɡůəɞɚɑŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘŬŭɘəŬůɑŬɠ ɏɔəŮɘŰŬɘ ůŰɞɜ Űɟɧˊɞ 

ŬɜŬɔɜɩɟɘůɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ ůɢɏůŮɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, Ůɜɩ ˊɞɚɚɏɠ űɞɟɏɠ ɡˊɎɟɢŮɘ ŬɓŮɓŬɘɧŰɖŰŬ əŬɗɩɠ ɛˊɞɟŮɑ 

ɜŬ ɡˊɎɟɝɞɡɜ ŬˊɟɧɓɚŮˊŰŮɠ ŬɚɚŬɔɏɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɞɘ ˊɟɞɓɚɏɣŮɘɠ 

ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɓɟŬɢɡˊɟɧɗŮůɛŮɠ, ŮɑŰŮ ɛŮůɞˊɟɧɗŮůɛŮɠ, ŮɑŰŮ 

ɛŬəɟɞˊɟɧɗŮůɛŮɠ. ȳɛɤɠ, ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ŮˊɘɚɏɔŮŰŬɘ ɖ ˊɟɧɓɚŮɣɖ ˊɞɡ 

ɏɢŮɘ Űɞ ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ˊɘɞ Ŭəɟɘɓɐɠ 

[ȷɚŮɓɘɕɎəɞɡ, 2017]. 

 

4.2  ɀɏɗɞŭɞɘ ˊɟɞɓɚɏɣŮɤɜ  

 

ȷɜɎɚɞɔŬ Űɖɜ ŮˊɘůŰɐɛɖ, Űɖ ŭɘŬŭɘəŬůɑŬ əŬɘ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ 

ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚŮɠ əŬŰɖɔɞɟɘɞˊɞɘɐůŮɘɠ Űɤɜ Ŭɚɔɧɟɘɗɛɤɜ ˊɟɧɓɚŮɣɖɠ. ɇɟŮɘɠ 

Ŭˊɧ Űɘɠ ˊɘɞ ŮɡɟŮɑŮɠ əŬŰɖɔɞɟɑŮɠ ŮɑɜŬɘ ɞɘ ˊɞɘɞŰɘəɏɠ, ɞɘ ˊɞůɞŰɘəɏɠ əŬɘ ɞɘ 

ŰŮɢɜɞɚɞɔɘəɏɠ ɛɏɗɞŭɞɘ ˊɟɧɓɚŮɣɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 4.1. 

ɄɟɞəŮɘɛɏɜɞɡ ɛɘŬ ˊɟɧɓɚŮɣɖ ɜŬ ŮɑɜŬɘ ˊɞůɞŰɘəɐ, ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɑɗŮɜŰŬɘ 

ɘůŰɞɟɘəɎ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ŬɜɐəŮɘ ɖ ŬɜɎɚɡůɖ 

ɢɟɞɜɞůŮɘɟɩɜ, ɞɘ ŬɘŰɘɞəɟŬŰɘəɏɠ ɛɏɗɞŭɞɘ ŬɚɚɎ əŬɘ ɖ ɢɟɐůɖ ɜŮɡɟɤɜɘəɩɜ 

ŭɘəŰɨɤɜ. 
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ȼ ɛɏɗɞŭɞɠ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮɟɛɖɜŮɑŬ Ůɜɧɠ ˊɟɞŰɨˊɞɡ 

ˊɞɡ ŬəɞɚɞɡɗŮɑ ɏɜŬ ɛɏɔŮɗɞɠ ˊɞɡ ŬɚɚɎɕŮɘ Űɘɛɏɠ ŬɜŬɚɞɔɘəɎ ɛŮ Űɞɜ ɢɟɧɜɞ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɡɟɑɤɠ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ.  ɆŰɘɠ ɡˊɞəŬŰɖɔɞɟɑŮɠ ŬɡŰɐɠ, 

ůɡɜŬɜŰɎ əŬɜŮɑɠ Űɖ ɛɏɗɞŭɞ ŬˊɞůɨɜɗŮůɖɠ, ŮɝɞɛɎɚɡɜůɖɠ əŬɘ Űɘɠ 

ŬɡŰɞˊŬɚɘɜŭɟɞɛɘəɏɠ ɛŮɗɧŭɞɡɠ əɘɜɖŰɞɨ ɛɏůɞɡ ɧɟɞɡ (ARMA). 

 

 ɀɏɗɞŭɞɠ ɈˊɞəŬŰɖɔɞɟɑŮɠ 

Ʉ
ɞ
ů
ɞ
Ű
ɘ
ə
ɐ

  

ˊ
ɟ
ɧ
ɓ
ɚ
Ů
ɣ
ɖ

 

ɀɏɗɞŭɞɠ ɢɟɞɜɞůŮɘɟɩɜ ɀɏɗɞŭɞɘ ŬˊɞůɨɜɗŮůɖɠ, ɀɏɗɞŭɞɘ 

ŮɝɞɛɎɚɡɜůɖɠ, ARMA 

 

ȷɘŰɘɞəɟŬŰɘəɏɠ ɐ ŮˊŮɝɖɔɖɛŬŰɘəɏɠ 

ɛɏɗɞŭɞɘ 

ɀɏɗɞŭɞɘ ˊŬɚɘɜŭɟɧɛɖůɖɠ, 

ɃɘəɞɜɞɛŮŰɟɘəɏɠ ɛɏɗɞŭɞɘ 

 

ɀɏɗɞŭɞɘ ŰŮɢɜɘəɐɠ ɜɞɖɛɞůɨɜɖɠ ɇŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ 
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ȹɘŮɟŮɡɜɖŰɘəɏɠ ɛɏɗɞŭɞɘ 

 

 

 

ȾŬɜɞɜɘůŰɘəɏɠ ɛɏɗɞŭɞɘ  

 

 

 

ɄɑɜŬəŬɠ 4.1: ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɛŮɗɧŭɤɜ ˊɟɧɓɚŮɣɖɠ  

[ȷɚŮɓɘɕɎəɞɡ, 2017]  

 

ȼ ɛɏɗɞŭɞɠ ŬˊɞůɨɜɗŮůɖɠ ůŰɞɢŮɨŮɘ ůŰɖɜ ŮɨɟŮůɖ Űɤɜ ɓŬůɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɘŬ ɢɟɞɜɞůŮɘɟɎɠ, ɧˊɤɠ ɖ ŰɎůɖ, ɖ ŮˊɞɢɘəɧŰɖŰŬ əɚˊ..  

ȷɜŰɑɗŮŰŬ, ɖ ɛɏɗɞŭɞɠ ŮɝɞɛɎɚɡɜůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ŭŮɜ ɡˊɎɟɢŮɘ 

ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŭŮŭɞɛɏɜɤɜ ɐ Űɞ űŬɘɜɧɛŮɜɞ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɐ ŰɎůɖ. 

ɇɏɚɞɠ ɖ ɛɏɗɞŭɞɠ ARMA ́ŮɟɘɔɟɎűŮɘ ɛɑŬ ůŰɞɢŬůŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ ůŰŬůɘɛɧŰɖŰŬ, Ůɜɩ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬŭɞɢɐ 

Űɖɠ ŬɚɚɖɚŮɝɎɟŰɖůɖɠ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ɔɘŬ ŭɘɎűɞɟŮɠ 

ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ [ȷɚŮɓɘɕɎəɞɡ, 2017]. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ɛɏɗɞŭɞɠ ŮɝɞɛɎɚɡɜůɖɠ əŬɘ ŭɘɎůˊŬůɖɠ 

ˊŬɟɞɡůɘɎɕŮɘ, Ůˊɑůɖɠ, ˊɞɚɚɏɠ Ůˊɘɛɏɟɞɡɠ əŬŰɖɔɞɟɑŮɠ ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 4.2. 

ɆɢŮŰɘəɎ ɛŮ Űɘɠ ŬɘŰɘɞəɟŬŰɘəɏɠ ɐ ŮˊŮɝɖɔɖɛŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ɗŮɤɟŮɑŰŬɘ 

ˊɤɠ ɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ŮɝŬɟŰɎŰŬɘ ɛŮ əɎˊɞɘɞ Űɟɧˊɞ Ŭˊɧ ɛɘŬ ɐ 
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ˊŮɟɘůůɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ ɛɑŬɠ ɛŬɗɖɛŬŰɘəɐɠ 

ůɢɏůɖɠ ˊɞɡ ůɡɜŭɏŮɘ Űɖ ɛŮŰŬɓɚɖŰɐ ɛŮ ŬɡŰɏɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ.   

 

ɀɏɗɞŭɞɘ ȷˊɞůɨɜɗŮůɖɠ ɀɏɗɞŭɞɘ ȺɝɞɛɎɚɡɜůɖɠ 

ɀɏɗɞŭɞɠ ȷˊɚɞɨ ɀɏůɞɡ ɆŰŬɗŮɟɐ ˊɟɞůɗŮŰɘəɐ ɛɏɗɞŭɞɠ  

 

ɀɏɗɞŭɞɠ ȹɘˊɚɞɨ ȾɘɜɖŰɞɨ ɀɏůɞɡ Zaycoffôs Method 

 

ɀɏɗɞŭɞɠ Brown ɀɏɗɞŭɞɠ Census X-II 

 

ɀɏɗɞŭɞɠ Holt ȾɘɜɖŰɐ ˊɟɞůɗŮŰɘəɐ ɛɏɗɞŭɞɠ 

 

ȺəɗŮŰɘəɐ ŮɝɞɛɎɚɡɜůɖ ɛŮ ˊɟɞůŬɟɛɞɔɐ ůŰɖɜ 

ŰɎůɖ əŬɘ Űɖɜ ŮˊɞɢɘəɧŰɖŰŬ 

ɆŰŬɗŮɟɐ ˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ 

ɛɏɗɞŭɞɠ  

 

ɀɏɗɞŭɞɠ ȷˊɚɐɠ ȺəɗŮŰɘəɐɠ ȺɝɞɛɎɚɡɜůɖɠ ȾɘɜɖŰɐ ˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ 

ɛɏɗɞŭɞɠ  

 

ɀɏɗɞŭɞɠ ȷˊɚɞɨ ȾɘɜɖŰɞɨ ɀɏůɞɡ 

 

 

ɀɏɗɞŭɞɠ ɛɖ ɔɟŬɛɛɘəɐɠ ŰɎůɖɠ 

 

 

ɄɑɜŬəŬɠ 4.2: ɈˊɞəŬŰɖɔɞɟɑŮɠ ɛŮɗɧŭɤɜ ŮɝɞɛɎɚɡɜůɖɠ əŬɘ ŭɘɎůˊŬůɖɠ 

[ȷɚŮɓɘɕɎəɞɡ, 2017]  

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ůɢɏůɖɠ ŬɡŰɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɏɗɞŭɞɘ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ, ŮɑŰŮ Ŭˊɚɏɠ, ŮɑŰŮ ˊɞɚɚŬˊɚɏɠ. ɆŰɖɜ Ŭˊɚɐ ɛɏɗɞŭɞ ɔɑɜŮŰŬɘ ɖ 

ɡˊɧɗŮůɖ ɛɘŬɠ ɔɟŬɛɛɘəɐɠ ůɢɏůɖɠ ˊɞɡ ɧɛɤɠ ŮɛˊɚɏəŮŰŬɘ ɛɧɜɞ ɛɑŬ 

ŬɜŮɝɎɟŰɖŰɖ ˊŬɟɎɛŮŰɟɞɠ, Ůɜɩ ůŰɘɠ ˊɞɚɚŬˊɚɏɠ ˊŬɟŬˊɎɜɤ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ 

Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŬɡŰɐɠ Űɖɠ ůɢɏůɖɠ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ ɔɘŬ ŰŬ ɛɞɜŰɏɚŬ ˊŬɟŬɛɧɟűɤůɖɠ.  

 ɆɢŮŰɘəɎ ɛŮ Űɘɠ ɞɘəɞɜɞɛŮŰɟɘəɏɠ ɛŮɗɧŭɞɡɠ, ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧŰŬɜ 

ˊɟɧəŮɘŰŬɘ ɜŬ ɔɑɜŮɘ ˊɟɧɓɚŮɣɖ ɔɘŬ ˊŬɟŬˊɎɜɤ Ŭˊɧ ɛɑŬ ɛŮŰŬɓɚɖŰɏɠ, ˊɞɡ ɧɛɤɠ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ ɎɚɚŮɠ ɛŮŰŬɓɚɖŰɏɠ.  

ɇɏɚɞɠ ɞɘ ɛɏɗɞŭɞɘ ŰŮɢɜɖŰɐɠ ɜɞɖɛɞůɨɜɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŬ ɁŮɡɟɤɜɘəɎ 

ŭɑəŰɡŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŬɔɜɤɟɑɕɞɡɜ ɛŬɗɖɛŬŰɘəɎ ˊɟɧŰɡˊŬ ůŮ 

ůɡɔəŮəɟɘɛɏɜŬ ŭŮŭɞɛɏɜŬ, ŬəɞɚɞɡɗɩɜŰŬɠ ŭɞɛɏɠ ˊɞɡ ɛɘɛɞɨɜŰŬɘ Űɞɡɠ 

ɜŮɡɟɩɜŮɠ Űɞɡ ŮɔəŮűɎɚɞɡ. ũɘŬ Űɖ ɢɟɐůɖ Űɞɡɠ ŬˊŬɘŰɞɨɜŰŬɘ ŬɟəŮŰɎ ŭŮŭɞɛɏɜŬ 

ŮəˊŬɑŭŮɡůɖɠ əŬɘ ɘůɢɡɟɎ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ ɩůŰŮ ɜŬ ŮɝɎɔɞɡɜ əɎˊɞɘɞ 

ŬɝɘɧˊɘůŰɞ ŬˊɞŰɏɚŮůɛŬ.  

ȳůɞɜ ŬűɞɟɎ ůŰɘɠ ˊɞɘɞŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ, ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ ɐ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ 
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ɡˊɎɟɢɞɜŰŬ ŭŮŭɞɛɏɜŬ ŭŮɜ ŮɑɜŬɘ ŮˊŬɟəɐ. ȰŰůɘ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ əɟɑůɖ 

Űɤɜ ɛŮɚŮŰɖŰɩɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ˊɟɧɓɚŮɣɖ ɜŬ ŮɑɜŬɘ ɛɖ ŬɜŰɘəŮɘɛŮɜɘəɐ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ əɟɑůɖ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ɏɜŬ ɛɧɜɞɜ ɎŰɞɛɞ ŰɧŰŮ ŬɡŰɐ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŬŰɞɛɘəɐ ɛɏɗɞŭɞɠ, Ůɜɩ Ŭɜ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ˊŬɟŬˊɎɜɤ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ɛɏɗɞŭɞ ŮˊɘŰɟɞˊɐɠ. 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ, ůɢŮŰɘəɎ ɛŮ Űɖɜ ŰŮɢɜɞɚɞɔɘəɐ ˊɟɧɓɚŮɣɖ, ŬɡŰɐ ɏɢŮɘ 

əɡɟɑɤɠ əɞɘɜɤɜɘəɐ, ɞɘəɞɜɞɛɘəɐ ɐ ˊɞɚɘŰɘəɐ űɨůɖ əŬɘ ŭɘŬəɟɑɜŮŰŬɘ ůŮ 

ŭɘŮɟŮɡɜɖŰɘəɐ ɐ əŬɜɞɜɘůŰɘəɐ.  ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŭɘŮɟŮɡɜɩɜŰŬɘ ɞɘ 

ˊɘɗŬɜɏɠ ɛŮɚɚɞɜŰɘəɏɠ ŮɝŮɚɑɝŮɘɠ ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɧ Űɞ ˊŬɟŮɚɗɧɜ, Ůɜɩ ůŰɖ 

ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɞɟɑɕŮŰŬɘ ŮɝŬɟɢɐɠ ɞ ɛŮɚɚɞɜŰɘəɧɠ ůŰɧɢɞɠ əŬɘ 

ŭɘŮɟŮɡɜɎŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɡɚɞˊɞɑɖůɐɠ  Űɞɡ [ȷɚŮɓɘɕɎəɞɡ, 2017]. 

 ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ 

ɡˊɧɣɘɜ Űɧůɞ ɞ ɢɟɞɜɘəɧɠ ɞɟɑɕɞɜŰŬɠ Űɖɠ ˊɟɧɓɚŮɣɖɠ, ɧůɞ əŬɘ ŰŬ ŭɘŬɗɏůɘɛŬ 

ŭŮŭɞɛɏɜŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ ɛŮɚŮŰɩɜŰŬɘ ɞɘ ŮɝɤɔŮɜŮɑɠ 

ˊŬɟɎɔɞɜŰŮɠ (əɧůŰɞɠ, ɢɟɧɜɞɠ əɚˊ.) ŬɚɚɎ əŬɘ ŰŬ ˊɟɧŰɡˊŬ ˊɞɡ ŬɡŰɐ ɖ 

ˊɟɧɓɚŮɣɖ ɛˊɞɟŮɑ ɜŬ ŬəɞɚɞɡɗŮɑ. 

 

4.3  ȹɘŬŭɘəŬůɑŬ ˊɟɧɓɚŮɣɖɠ  

 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɘŬ ɛŮɚɚɞɜŰɘəɐ ˊɟɧɓɚŮɣɖ ɔɘŬ ɏɜŬ 

űŬɘɜɧɛŮɜɞ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ Ŭəɞɚɞɡɗɖɗɞɨɜ ůɡɔəŮəɟɘɛɏɜŬ ɓɐɛŬŰŬ.  

ȷɟɢɘəɎ ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ Űɞ ˊɟɧɓɚɖɛŬ, ŭɖɚŬŭɐ Űɞ Ůɑŭɞɠ əŬɘ ɞ ɚɧɔɞɠ 

ɔɘŬ Űɞɜ ɞˊɞɑɞ ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɑŬ ˊɟɧɓɚŮɣɖ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ 

ŮˊɘɚɏɔŮŰŬɘ əŬɘ ɞ ɢɟɞɜɘəɧɠ ɞɟɑɕɞɜŰŬɠ ˊɞɡ ŰɑɗŮŰŬɘ. ȳůɞ ˊɘɞ ɛŮɔɎɚɞɠ ŮɑɜŬɘ 

ŬɡŰɧɠ, Űɧůɞ ˊɘɞ ůɨɜɗŮŰɖ ɔɑɜŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɟɧɓɚŮɣɖɠ Ůɜɩ 

ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ůɖɛŬɜŰɘəɎ əŬɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ. ȷəɧɛɖ ůŰɞ ůŰɎŭɘɞ 

ŬɡŰɧ ɛŮɚŮŰɩɜŰŬɘ əŬɘ əɎˊɞɘɞɘ ŮɝɤŰŮɟɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ Űɞ əɧůŰɞɠ əŬɘ 

ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ɗŬ ŬəɞɚɞɡɗɖɗŮɑ.  

   ɆŰɖ ůɡɜɏɢŮɘŬ, ɝŮəɘɜɎŮɘ ɖ ůɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɗŬ 

ŬˊɞŰŮɚɏůɞɡɜ Űɖ ɓɎůɖ Űɖɠ ˊɟɧɓɚŮɣɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ŭŮŭɞɛɏɜŬ 

ŮɑɜŬɘ ŬɟɘɗɛɖŰɘəɎ, ůŮ ɛɞɟűɐ ɢɟɞɜɞůŮɘɟɎɠ, ɔɑɜŮŰŬɘ ɛɑŬ ˊɟɩŰɖ ŮˊŮɝŮɟɔŬůɑŬ 

ɩůŰŮ ɜŬ ŮɜŰɞˊɘůŰŮɑ əɎˊɞɘŬ ŰɎůɖ ɐ ŮˊɞɢɘəɧŰɖŰŬ ůŮ ŬɡŰɎ.  

ɇɞ ŰɟɑŰɞ ɓɐɛŬ ŬűɞɟɎ ůŰɖɜ ˊɟɞəŬŰŬɟəŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ɧˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŭɘɎűɞɟɞɘ ůŰŬŰɘůŰɘəɞɑ ŭŮɑəŰŮɠ Ůɜɩ ŬˊɞɟɟɑˊŰɞɜŰŬɘ 

ɚŬɜɗŬůɛɏɜŬ ŭŮŭɞɛɏɜŬ.  

ɇɏɚɞɠ, ŬɜɎɚɞɔŬ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ, ŮˊɘɚɏɔŮŰŬɘ əŬɘ ˊɟɞůŬɟɛɧɕŮŰŬɘ 

ɖ əŬŰɎɚɚɖɚɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɑŬ Ŭəɟɘɓɐɠ 

ˊɟɧɓɚŮɣɖ. ȼ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɛŮɗɧŭɞɡ ˊɟɧɓɚŮɣɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɎˊɞɘɞɡɠ ŭŮɑəŰŮɠ əŬɘ Ŭɜ əɟɘɗŮɑ ůəɧˊɘɛɞ ɔɑɜŮŰŬɘ əɎˊɞɘŬ 
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ŭɘɧɟɗɤůɖ ůŮ ˊɟɞɖɔɞɨɛŮɜŬ ůŰɎŭɘŬ əŬɘ Ůə ɜɏɞɡ ɡˊɞɚɞɔɘůɛɧɠ. Ƀɘ ˊɘɞ 

ɔɜɤůŰɞɑ ŭŮɑəŰŮɠ ŮɑɜŬɘ ŬɡŰɞɑ Űɞɡ ɛɏůɞɡ (ME) əŬɘ ɛɏůɞɡ ŬˊɧɚɡŰɞɡ (MAE) 

ůűɎɚɛŬŰɞɠ, Ůɜɩ ŮɝŮŰɎɕŮŰŬɘ əŬɘ ɖ ɟɑɕŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ 

(RMSE) ɔɘŬ ŬəɟŬɑŮɠ Űɘɛɏɠ.  

ȷɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ˊɤɠ ůɡɜɐɗɤɠ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ɢɤɟɑɕɞɜŰŬɘ 

ůŮ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɤɜ ɛŮɗɧŭɤɜ, ůŮ ŭŮŭɞɛɏɜŬ 

Ůˊɘəɨɟɤůɖɠ ɔɘŬ ŮəŰɑɛɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ Ůˊɘəɨɟɤůɖɠ Űɖɠ ɛŮɗɧŭɞɡ əŬɘ ůŮ 

ŭŮŭɞɛɏɜŬ ŭɞəɘɛɐɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞəɨɣŮɘ Űɞ ŰŮɚɘəɧ ůűɎɚɛŬ 

ˊɟɧɓɚŮɣɖɠ.  

ȰŰůɘ, ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ɓɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜ Űɞɡɠ ́ŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɟɏˊŮɘ 

ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ˊɟɞəŮɘɛɏɜɞɡ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ɖ ɛɏɗɞŭɞɠ ɜŬ ŮɑɜŬɘ 

ŬɝɘɧˊɘůŰŬ əŬɘ ɏŰɞɘɛŬ ˊɟɞɠ ɢɟɐůɖ [ȷɚŮɓɘɕɎəɞɡ, 2017]. 

 

4.4  ɄɟɧɓɚŮɣɖ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ   

 

ɆŰɞɜ əɚɎŭɞ Űɖɠ ůɡɜŰɐɟɖůɖɠ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ, Ůŭɩ əŬɘ 

ˊɞɚɚɎ ɢɟɧɜɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ˊɞɘɞŰɘəɐ ɐ əɟɘŰɘəɐ ˊɟɧɓɚŮɣɖ. ȿɧɔɤ 

ŮɛˊŮɘɟɑŬɠ ɞɘ ůɡɜŰɖɟɖŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŮ ɗɏůɖ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŰŮəɛɖɟɘɩůɞɡɜ 

ŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ əŬɘ ɜŬ ˊɟɞŰŮɑɜɞɡɜ Űɘɠ ůɡɜɗɐəŮɠ ŭɘŬŰɐɟɖůɐɠ Űɞɡɠ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ  ɛɖ ŬɜŬůŰɟɏɣɘɛŮɠ ŬɚɚɞɘɩůŮɘɠ. Ƀɘ ˊɟɞŰɎůŮɘɠ 

Űɞɡɠ ŬɡŰɏɠ ˊɟɞəɨˊŰɞɡɜ ɛɏůŬ Ŭˊɧ əɟɘŰɘəɐ ˊɟɧɓɚŮɣɖ ŮɑŰŮ Ůɜɧɠ ŬŰɧɛɞɡ ŮɑŰŮ 

ɛɘŬɠ ɞɛɎŭŬɠ ŬŰɧɛɤɜ.  

ɄɟɞəŮɘɛɏɜɞɡ ɖ ˊɟɧɓɚŮɣɖ ɜŬ ɔɑɜŮɘ ˊɞůɞŰɘəɐ əŬɘ ɜŬ ŭɞɗŮɑ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ůŰɞɡɠ ůɡɜŰɖɟɖŰɏɠ ɜŬ ɔɜɤɟɑɕɞɡɜ Ŭəɟɘɓɩɠ ˊɧŰŮ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ˊɟɞɚɖˊŰɘəɐ 

ůɡɜŰɐɟɖůɖ Űɤɜ ɏɟɔɤɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ ɢɟɞɜɞůŮɘɟɩɜ ɛŮ Űɖɜ 

Ůɝɏɚɘɝɖ Űɤɜ ŬɚɚɞɘɩůŮɤɜ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ɗŬ 

ɔɜɤɟɑɕɞɡɜ ˊɧŰŮ ɞɘ ŬɚɚɞɘɩůŮɘɠ ˊɟɧəŮɘŰŬɘ ɜŬ űŰɎůɞɡɜ ŰŬ ŬɜŮəŰɎ ɧɟɘŬ əŬɘ 

ɏŰůɘ ɗŬ Ůˊɏɛɓɞɡɜ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ɛɖ ŬɜŬůŰɟɏɣɘɛɤɜ ɕɖɛɘɩɜ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŰŬ ɏəŰŬəŰŬ ɔŮɔɞɜɧŰŬ ɧˊɤɠ ˊɚɖɛɛɨɟŮɠ, 

ˊɡɟəŬɔɘɏɠ əɚˊ. ŭŮ ɛˊɞɟɞɨɜ  ɜŬ ˊɟɞɓɚŮűɗɞɨɜ Ůˊɞɛɏɜɤɠ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ 

əŬɗɧɚɞɡ ɡˊɧɣɘɜ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɟɧɓɚŮɣɖɠ. 
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ȾȺūȷȿȷȽɃ 5ɞ  

ɀȺɇɅȼɆȺȽɆ ȷȾɅȽȸȺȽȷɆ 
 

 

5.1  ũŮɜɘəɎ  

 

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɘɠ ɡűɘůŰɎɛŮɜŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ůɡɜŰɐɟɖůɖɠ əŬɘ 

ŬˊɞəŬŰɎůŰŬůɖɠ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ɖ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ŮəɎůŰɞŰŮ ɏɟɔɤɜ əŬɗɩɠ əŬɘ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɩɜ Űɞɡɠ, 

ŬˊɞŰŮɚŮɑ Űɖ ůɖɛŬɜŰɘəɧŰŮɟɖ ˊŬɟɎɛŮŰɟɞ ɔɘŬ ɏɜŬ ɞɟɗɧ əŬɘ Ŭɝɘɞˊɞɘɐůɘɛɞ 

ŬˊɞŰɏɚŮůɛŬ. ȰŰůɘ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ, ˊɟɞůŮɔɔɑɕŮŰŬɘ 

Űɞ ˊɟɧɓɚɖɛŬ, ɛŮ Űɖ ɢɟɐůɖ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ 

ˊŬɟŬəɎŰɤ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ŮəŰŮɜɐɠ 

ŬɜŬűɞɟɎ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ, əŬɗɩɠ əŬɘ Űɤɜ 

ɛŮɗɞŭɞɚɞɔɘɩɜ əŬɘ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ Űɘɠ ŭɘɏˊɞɡɜ.  

 

5.2  ȷɜŰɘəŮɑɛŮɜɞ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ 

 

ȼ ɔŮɤŭŬɘůɑŬ, ŬˊɞŰŮɚŮɑ ɛɑŬ ŮˊɘůŰɐɛɖ ˊɞɡ ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɢɐɛŬŰɞɠ, Űɞɡ ɛŮɔɏɗɞɡɠ əŬɘ Űɞɡ ˊŮŭɑɞɡ ɓŬɟɨŰɖŰŬɠ Űɖɠ 

ɔɖɠ, əŬɗɩɠ əŬɘ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɞɡɠ ůŰɞɜ ɢɟɧɜɞ, ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ 

[ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010]. ȼ Ůɝɏɚɘɝɖ ɧɛɤɠ Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ 

ɛŮɗɞŭɞɚɞɔɘɩɜ, ŬɚɚɎ əŬɘ Űɤɜ ŰŮɢɜɘəɩɜ ˊɟɞůŭɘɞɟɘůɛɞɨ ůɖɛŮɑɤɜ Űɞɡ ɢɩɟɞɡ 

ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ, ɏɢŮɘ ɞŭɖɔɐůŮɘ Űɞɡɠ ɔŮɤŭŬɑŰŮɠ ůŰɞ ɜŬ ŬˊɞŰɡˊɩɜɞɡɜ 

ŮəŰɧɠ Ŭˊɧ ŰɛɐɛŬŰŬ Űɖɠ űɡůɘəɐɠ ɔɐɘɜɖɠ ŮˊɘűɎɜŮɘŬɠ, əŬɘ ŬɜŰɘəŮɑɛŮɜŬ ɛɘəɟɐɠ 

ɐ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ [ȹɞɔɔɞɨɟɖɠ, 2005].  

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ ůɨɔɢɟɞɜɖ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ 

ɞŭɐɔɖůŮ ůŰɖɜ ŬɜɎɔəɖ ɛɏŰɟɖůɖɠ Űɤɜ ŭɘŬůŰɎůŮɤɜ əŬɘ Űɞɡ ůɢɐɛŬŰɞɠ Űɤɜ 

ŭɘɎűɞɟɤɜ ɓɘɞɛɖɢŬɜɘəɩɜ əŬŰŬůəŮɡɩɜ. ȰŰůɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɞ əɚɎŭɞɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ, ˊɞɡ ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖɜ ŮɝŬɔɤɔɐ ɛŮŰɟɐůŮɤɜ ɛŮ 

ɡɣɖɚɧ ɓŬɗɛɧ ŬəɟɑɓŮɘŬɠ əŬɘ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ [ȹɞɔɔɞɨɟɖɠ, 2005; 

ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010].  

Ƀɘ ŮɟɔŬůɑŮɠ ŬɡŰɞɨ Űɞɡ əɚɎŭɞɡ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ˊŮŭɑɞ 

ˊŮɟɘɞɟɘůɛɏɜɖɠ ɏəŰŬůɖɠ, Ŭˊɧ ɛŮɟɘəɏɠ ŭŮəɎŭŮɠ ŮəŬŰɞůŰɎ, ɛɏɢɟɘ ɛŮɟɘəɎ 

ɛɏŰɟŬ, ɛŮ Űɖ ɢɟɐůɖ ɛŮɗɧŭɤɜ əŬɘ Ůɝɞˊɚɘůɛɞɨ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ, ɧˊɤɠ 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ.   

Ƀɘ ŮűŬɟɛɞɔɏɠ Űɞɡɠ ˊɞɘəɑɚɞɡɜ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.1, ɛŮ 

Űɘɠ əɡɟɘɧŰŮɟŮɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ŬŮɟɞɜŬɡˊɖɔɘəɐ, Űɖ ŭɘŬůŰɖɛɘəɐ, Űɖɜ 
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ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ, Űɖ ůɘŭɖɟɞŭɟɞɛɘəɐ, Űɖ ɜŬɡˊɖɔɘəɐ, Űɖɜ ˊɡɟɖɜɘəɐ 

ɓɘɞɛɖɢŬɜɑŬ, Űɖ ɟɞɛˊɞŰɘəɐ, Űɖ ɢŬɚɡɓɞɡɟɔɑŬ, Űɘɠ ŰɖɚŮˊɘəɞɘɜɤɜɑŮɠ, Űɞ 

ɛɞɜŰŮɚɘůɛɧ / ůɢŮŭɘŬůɛɧ, Űɞɡɠ ɛɞɟɘŬəɞɨɠ ŮˊɘŰŬɢɡɜŰɏɠ əɚˊ. [ɄŬɜŰŬɕɐɠ, 

2020].  

 

 

ȺɘəɧɜŬ 5.1: ȺűŬɟɛɞɔɏɠ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ [25]  

 

5.3  ũŮɤŭŬɘŰɘəɞɑ ůŰŬɗɛɞɑ ŬəɟɘɓŮɑŬɠ 

 

Ƀɘ ɞɚɞəɚɖɟɤɛɏɜɞɘ ɔŮɤŭŬɘŰɘəɞɑ ůŰŬɗɛɞɑ ŬˊɞŰŮɚɞɨɜ, ŭɘŬɢɟɞɜɘəɎ, Űɞɜ 

ɓŬůɘəɧ Ůɝɞˊɚɘůɛɧ ůŰɖɜ əɚŬůůɘəɐ ɔŮɤŭŬɘůɑŬ.  ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ ŰɟɘŭɘɎůŰŬŰɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůɖɛŮɑɤɜ, ɛɏůŬ Ŭˊɧ Űɖ 

ɛɏŰɟɖůɖ ɛɖəɩɜ, ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ ɔɤɜɘɩɜ, Ůɜɩ ɖ ŬəɟɑɓŮɘŬ ˊɞɡ 

ˊŬɟɏɢɞɡɜ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɐ.  

ɇŬ ɧɟɔŬɜŬ ŬɡŰɎ ŬˊɞŰŮɚɞɨɜ ůɡɜŭɡŬůɛɧ Űɤɜ ˊŬɚɘɧŰŮɟɤɜ ɛɖɢŬɜɘəɩɜ 

ɗŮɞŭɧɚɘɢɤɜ əŬɘ ŮˊɘɓŬŰɘəɩɜ ŬˊɞůŰŬůɘɧɛŮŰɟɤɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ  

ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɞɨɜ ŰŬɡŰɧɢɟɞɜŬ ŭɘŮɡɗɨɜůŮɘɠ əŬɘ ɛɐəɖ. 

 

5.3.1  ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ 

 

ȼ ɓŬůɘəɐ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɞɚɞəɚɖɟɤɛɏɜɞɡ ɔŮɤŭŬɘŰɘəɞɨ ůŰŬɗɛɞɨ, 

ɓŬůɑɕŮŰŬɘ ůŰɖ ůɤůŰɐ ɔŮɤɛŮŰɟɘəɐ ɗɏůɖ Űɤɜ Űɟɘɩɜ Ŭɝɧɜɤɜ Űɞɡ, ɧˊɤɠ 

űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.1, ɧˊɞɡ [ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010]: 

V Ƀ ˊɟɤŰŮɨɤɜ ɎɝɞɜŬɠ ɄɄȭ, ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ əŬŰŬəɧɟɡűɞɠ 

V Ƀ ŭŮɡŰŮɟŮɨɤɜ ɎɝɞɜŬɠ ȹȹȭ, ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ əɎɗŮŰɞɠ ůŰɞɜ ɄɄȭ 

V Ƀ ůəɞˊŮɡŰɘəɧɠ ɎɝɞɜŬɠ ɆɆȭ, ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ əɎɗŮŰɞɠ ůŰɞɜ ȹȹȭ 

ȷŮɟɞɜŬɡˊɖɔɘəɐ ɀɞɜŰŮɚɘůɛɧ

ɠ 

ɆɢŮŭɘŬůɛɧ

ɠ 

ȷɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ  
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ɆɢɐɛŬ 5.1: Ƀɘ ŰɟŮɘɠ ɎɝɞɜŮɠ Űɞɡ ɞɚɞəɚɖɟɤɛɏɜɞɡ ɔŮɤŭŬɘŰɘəɞɨ ůŰŬɗɛɞɨ 

[ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010] 

 

ɄɟɞəŮɘɛɏɜɞɡ ŬɡŰɞɑ ɜŬ ɡɚɞˊɞɘɖɗɞɨɜ əŬɘ ɞ ɎɝɞɜŬɠ ɄɄȭ ɜŬ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ 

Űɖɜ əŬŰŬəɧɟɡűɞ ůŮ ɏɜŬ ŮˊɘɗɡɛɖŰɧ ůɖɛŮɑɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɏɜŰɟɤůɖ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɓɎɗɟŬ ŮɝŬɜŬɔəŬůɛɏɜɖɠ əɏɜŰɟɤůɖɠ. ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ 

əŬɘ Űɤɜ ŭɨɞ ŬəɧɛŬ ůɡɜɗɖəɩɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɞɟɘɕɞɜŰɑɤůɖ  Űɞɡ 

ůŰŬɗɛɞɨ ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ ˊɟɞůɞɢɐ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬˊɞəɚɑůŮɤɜ, ŮɜŰɧɠ 

Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɞɟɑɞɡ, Ůɘŭɘəɞɑ ɘůɞůŰŬɗɛɘůŰɏɠ ɡˊɞɚɞɔɑɕɞɡɜ əŬɘ 

ŭɘɞɟɗɩɜɞɡɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ŰŬ ůűɎɚɛŬŰŬ ɛɖ ˊɚɐɟɤůɖɠ Űɤɜ 

ůɡɜɗɖəɩɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ [ȿɎɛˊɟɞɡ & 

ɄŬɜŰŬɕɐɠ, 2010].  

ũɘŬ Űɖ ɛɏŰɟɖůɖ ɔɤɜɘɩɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɡɎɚɘɜɞɘ ŭɑůəɞɘ (ɞɟɘɕɧɜŰɘɞɘ 

əŬɘ əŬŰŬəɧɟɡűɞɘ) ɛŮ Űɡˊɤɛɏɜɞ, ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ, ɔɟŬɛɛɘəɧ əɩŭɘəŬ 

ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɡŰɧɛŬŰɖ ŮɝŬɔɤɔɐ ɔɤɜɘŬəɩɜ ŬɜŬɔɜɩůŮɤɜ. ȼ ŬɜɎɔɜɤůɖ 

əɎɗŮ ŭɑůəɞɡ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ɛŮ Űɖɜ ŬɡɝɖŰɘəɐ ɛɏɗɞŭɞ, ŮɑŰŮ ɛŮ Űɖɜ 

ŬˊɧɚɡŰɖ ɛɏɗɞŭɞ ˊŬɟɏɢɞɜŰŬɠ ŬɓŮɓŬɘɧŰɖŰŬ Ŭˊɧ Ñ1.5cc ɏɤɠ Ñ30cc [ȿɎɛˊɟɞɡ 

& ɄŬɜŰŬɕɐɠ, 2010].  

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ɔɘŬ Űɖɜ ŬɜɎɔɜɤůɖ ɛɑŬɠ ŭɘŮɨɗɡɜůɖɠ Űɞ ɧɟɔŬɜɞ 

ŭɘŬɗɏŰŮɘ ŭɨɞ ŬůˊɟɧɛŬɡɟŬ ɓŬɗɛɞɜɞɛɖɛɏɜɞɡɠ ŭɑůəɞɡɠ, ɏɜŬɜ 

ˊŮɟɘůŰɟŮűɧɛŮɜɞ əŬɘ ɏɜŬɜ ůŰŬɗŮɟɧ, ɛɑŬ ˊɖɔɐ űɤŰɧɠ əŬɘ ɏɜŬɜ  

űɤŰɞ-ɖɚŮəŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ. Ƀɘ ŬɚɚŬɔɏɠ ůŰɖɜ ɏɜŰŬůɖ Űɞɡ űɤŰɧɠ Ŭˊɧ Űɖɜ 

ŮɜŬɚɚŬɔɐ Űɤɜ űɤŰŮɘɜɩɜ ˊŮɟɘɞɢɩɜ ˊɎɜɤ ůŰɞɜ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ŭɑůəɞ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɖɚŮəŰɟɘəɧ ůɐɛŬ əŬɘ əŬŰŬɔɟɎűŮŰŬɘ Ŭˊɧ ɏɜŬɜ ŬɘůɗɖŰɐɟŬ 

CCD, ˊŬɟɏɢɞɜŰŬɠ ɏŰůɘ Űɖɜ ŬɜɎɔɜɤůɖ Űɖɠ ŭɘŮɨɗɡɜůɖɠ.  

ȷɜŰɑɗŮŰŬ, ůŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, Űɞ ɧɟɔŬɜɞ ŭɘŬɗɏŰŮɘ ɛɞɜɎɢŬ ɏɜŬɜ 

əɤŭɘəɞˊɞɘɖɛɏɜɞ ŭɑůəɞ, ɛŮ ŮɜůɤɛŬŰɤɛɏɜɞ ˊɟɧŰɡˊɞ ɔɟŬɛɛɘəɧ əɩŭɘəŬ. 
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ȷɡŰɧɠ Ŭˊɧ Űɖ ɛɑŬ ɏɢŮɘ ɛɘŬ űɤŰɞŮɡŬɑůɗɖŰɖ ŮˊɘűɎɜŮɘŬ əŬɘ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɛɑŬ 

űɤŰŮɘɜɐ ˊɖɔɐ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ɛɑŬ ůəɘɎ əŬŰɎ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡ. 

ȷɡŰɐ əŬŰŬɔɟɎűŮŰŬɘ əŬɘ ŭɘŬɓɎɕŮŰŬɘ Ŭˊɧ ɏɜŬɜ ŬɘůɗɖŰɐɟŬ CCD, ŬɜŬɚɨŮŰŬɘ 

ɤɠ əɡɛŬŰɞɛɞɟűɏɠ, ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɞ ŬˊɞɗɖəŮɡɛɏɜɞ ˊɟɧŰɡˊɞ, əŬɘ ŭɑɜŮɘ  

Űɖɜ ŰŮɚɘəɐ ŬɜɎɔɜɤůɖ Űɖɠ ŭɘŮɨɗɡɜůɖɠ.  

ȷɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖ ɛɏŰɟɖůɖ ɛɖəɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬˊɞůŰŬůɘɧɛŮŰɟŬ 

ɛŮ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ. ȷɡŰɎ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɛɏŰɟɖůɖ Űɞɡ 

ɢɟɧɜɞɡ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɩůŰŮ ɏɜŬ ůɐɛŬ ɜŬ ŭɘŬɜɨůŮɘ ůɡɔəŮəɟɘɛɏɜɖ 

ŬˊɧůŰŬůɖ əŬɘ ɜŬ ŮˊɘůŰɟɏɣŮɘ ůŰɞ ůɖɛŮɑɞ Ůəˊɞɛˊɐɠ Űɞɡ, Ůɜɩ ɛˊɞɟɞɨɜ ɜŬ 

ɛŮŰɟɖɗɞɨɜ ŮɑŰŮ ɛŮ Űɖ ɛɏɗɞŭɞ ɛɏŰɟɖůɖɠ Űɖɠ ŭɘŬűɞɟɎɠ űɎůɖɠ ůɡɜŮɢɞɨɠ 

ŭɘŬɛɞɟűɤɛɏɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ (Phase Shift) ŮɑŰŮ ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ ˊŬɚɛɩɜ 

(Time of Flight).  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŭɘŬűɞɟɎɠ űɎůɖɠ, ɛŮ ɔɜɤůŰɐ Űɖ ůɡɢɜɧŰɖŰŬ əŬɘ Űɞ 

ɛɐəɞɠ əɨɛŬŰɞɠ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɖɗŮɑ 

ɖ ŭɘŬűɞɟɎ űɎůɖɠ əŬɘ ɜŬ ˊɟɞəɨɣŮɘ ɞ ɢɟɧɜɞɠ ɛŮŰɎɓŬůɖɠ-ŮˊɘůŰɟɞűɐɠ əŬɘ 

ŰŮɚɘəɎ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ɞɟɔɎɜɞɡ əŬɘ ůŰɧɢɞɡ. ȷɜŰɑɗŮŰŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɤɜ ˊŬɚɛɩɜ, ɛŮŰɟɎŰŬɘ ŬˊŮɡɗŮɑŬɠ ɞ ɢɟɧɜɞɠ ɛŮŰɎɓŬůɖɠ-ŮˊɘůŰɟɞűɐɠ Űɞɡ 

əɎɗŮ ˊŬɚɛɞɨ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ əŬɘ ɏŰůɘ ɖ ŰŮɚɘəɐ ŬˊɧůŰŬůɖ ɞɟɔɎɜɞɡ-ůŰɧɢɞɡ. 

Ƀɘ ŭɘŬűɞɟɏɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.1 [Bayoud, 2006]. 

Ƀɘ ůɖɛŮɟɘɜɞɑ ůŰŬɗɛɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɏɜŬɜ ůɡɜŭɡŬůɛɧ ɛŮɗɧŭɤɜ ɛŮ Űɖɜ 

ŬɓŮɓŬɘɧŰɖŰŬ ɜŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ Ñ0.5mm Ñ1ppm ɏɤɠ Ñ5mm Ñ5ppm  

[ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010]. 

 

ɄŬɟɎɛŮŰɟɞɠ 

 

ɀɏɗɞŭɞɠ ŭɘŬűɞɟɎɠ 

űɎůɖɠ 

 (Phase Shift) 

ɀɏɗɞŭɞɠ Űɤɜ ˊŬɚɛɩɜ 

(Time of Flight) 

ȺɛɓɏɚŮɘŬ <400m > 400m 

ɀŮɔŬɚɨŰŮɟɖ ȷəɟɑɓŮɘŬ V U 

ɀŮɔŬɚɨŰŮɟɞ ɀɏɔŮɗɞɠ ŭɏůɛɖɠ U V 

ɀŮɔŬɚɨŰŮɟɖ ɇŬɢɨŰɖŰŬ U V 

ȷɜɞɢɐ ůŰŬ ŮɜŭɘɎɛŮůŬ ŮɛˊɧŭɘŬ U V 

ɄɑɜŬəŬɠ 5.1: ȹɘŬűɞɟɏɠ Phase Shift əŬɘ Time of Flight  

[ȾŬɟŬȶůəɞɠ, 2014; Bayoud, 2006] 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ɛɏŰɟɖůɖ ɛɖəɩɜ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ ɢɤɟɑɠ Űɖ ɢɟɐůɖ ŬɜŬəɚŬůŰɘəɞɨ ůŰɧɢɞɡ 

(Reflectorless). ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ ɖ ŮəˊŮɛˊɧɛŮɜɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ ɘůɢɡɟɐ əŬɘ ɧŰŬɜ ˊɟɞůˊɑˊŰŮɘ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ 

ŮˊɘűɎɜŮɘŬ, ˊɎɜŰŬ ɏɜŬ ŰɛɐɛŬ Űɖɠ ŬɜŬəɚɎ əŬɘ ŮˊɘůŰɟɏűŮɘ ůŰɞ ɧɟɔŬɜɞ. ȳɛɤɠ, 
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ɖ ŮɛɓɏɚŮɘŬ əŬɘ ɖ ŬəɟɑɓŮɘŬ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ŬɘůɗɖŰɎ ɛɘəɟɧŰŮɟɖ 

ůŮ ůɨɔəɟɘůɖ ɛŮ ŬɡŰɐ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɜŬəɚŬůŰɐɟŬɠ.   

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, Ůˊɑůɖɠ, ɧŰɘ ˊɞɚɚɏɠ űɞɟɏɠ ɞɘ ɞɚɞəɚɖɟɤɛɏɜɞɘ 

ɔŮɤŭŬɘŰɘəɞɑ ůŰŬɗɛɞɑ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɘəɐ ɔŮɤŭŬɘůɑŬ, 

ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɡŰɧɛŬŰɖɠ ŬɜŬɔɜɩɟɘůɖɠ ůŰɧɢɞɡ (Automatic Target 

Recognition-ATR). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɞ ɔŮɤŭŬɘŰɘəɧɠ ůŰŬɗɛɧɠ 

ŮəˊɏɛˊŮɘ ɛɘŬ ŭɏůɛɖ laser əŬɘ ɖ ŬɜŬəɚɩɛŮɜɖ ŬəŰɑɜŬ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ɛɑŬ 

ŮɜůɤɛŬŰɤɛɏɜɖ CCD əɎɛŮɟŬ. ȷűɞɨ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ŬˊɞəɚɑůŮɘɠ 

ɞɟɘɕɧɜŰɘŬɠ əŬɘ əŬŰŬəɧɟɡűɖɠ ɗɏůɖɠ, ŰŬɡŰɑɕŮŰŬɘ Űɞ əɏɜŰɟɞ Űɞɡ 

ůŰŬɡɟɞɜɐɛŬŰɞɠ Űɞɡ ŰɖɚŮůəɞˊɑɞɡ ɛŮ Űɞ əɏɜŰɟɞ Űɞɡ ŬɜŬəɚŬůŰɐɟŬ. ȷɜ ɞ 

ŬɜŬəɚŬůŰɐɟŬɠ ɓɟɑůəŮŰŬɘ ůŰɞ 1/3 Űɞɡ ɞˊŰɘəɞɨ ˊŮŭɑɞɡ Űɞɡ ŰɖɚŮůəɞˊɑɞɡ Űɞɡ 

ɔŮɤŭŬɘŰɘəɞɨ  ůŰŬɗɛɞɨ, ɖ ŬɜŬɔɜɩɟɘůɖ ɔɑɜŮŰŬɘ ŬɡŰɧɛŬŰŬ əŬɘ ůŰɘɔɛɘŬɑŬ. ɆŮ 

ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬɟəŮɑ 2-4sec, ɧˊɞɡ Űɞ ˊŮŭɑɞ ɧɟŬůɖɠ 

Űɞɡ ŰɖɚŮůəɞˊɑɞɡ ůŬɟɩɜŮŰŬɘ ůˊŮɘɟɞŮɘŭɩɠ, ɛɏɢɟɘ ɜŬ ɓɟŮɗŮɑ əŬɘ ɜŬ 

ŬɜŬɔɜɤɟɘůŰŮɑ ɞ ŬɜŬəɚŬůŰɐɟŬɠ [ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010]. 

ɆŰɞɜ ɄɑɜŬəŬ 5.2 ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ əɎˊɞɘɞɘ ɔŮɤŭŬɘŰɘəɞɑ 

ůŰŬɗɛɞɑ ɛŮ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡɠ. ɆŰɖɜ ˊɚŮɘɞɣɖűɑŬ, Űɞ əɧůŰɞɠ ŬɡŰɩɜ Űɤɜ 

ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ, əɡɛŬɑɜŮŰŬɘ ůŰɘɠ 50.000ú. 

ɋůŰɧůɞ ɞɘ əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟɑŮɠ ůɡɜŮɢɩɠ ŮɝŮɚɑůůɞɜŰŬɘ ŭɑɜɞɜŰŬɠ ɜɏŮɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ůŰɖɜ ŬɔɞɟɎ ŮɟɔŬůɑŬɠ. 

 

 

    

ȺŰŬɘɟŮɑŬ Leica Topcon Trimble 
Spectra 

Geospatial 

ȰŰɞɠ əɡəɚɞűɞɟɑŬɠ 2020 2022 2015 2017 

ȷəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ 

ŭɘŮɡɗɨɜůŮɤɜ 
Ñ1.5cc Ñ1.5cc Ñ1.5cc Ñ3cc 

ɀ
ɏ
Ű
ɟ
ɖ
ů
ɖ
 
ɛ
ɖ
ə
ɩ
ɜ

 

I
R ȸŮɚɖɜŮəɏɠ 3.5 Km 3.5 Km 2.5 Km 2.5 Km 

ȷəɟɑɓŮɘŬ Ñ0.6mmÑ1ppm Ñ0.8mmÑ1ppm Ñ0.8mmÑ1ppm Ñ2mmÑ2ppm 

R
L ȸŮɚɖɜŮəɏɠ 1 Km 400 m 1 Km 800 m 

ȷəɟɑɓŮɘŬ Ñ2mm Ñ2ppm Ñ1mm Ñ1ppm Ñ1mm Ñ1ppm Ñ3mmÑ2ppm 

ȷɡŰɧɛŬŰɖ 

ŬɜŬɔɜɩɟɘůɖ ůŰɧɢɞɡ 
V V V U 

ɄɑɜŬəŬɠ 5.2: ȺɜŭŮɘəŰɘəɞɑ ɔŮɤŭŬɘŰɘəɞɑ ůŰŬɗɛɞɑ ŬəɟɘɓŮɑŬɠ [6,7] 
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5.3.2  Ⱦɨɟɘɞɠ əŬɘ ˊŬɟŮɚəɧɛŮɜɞɠ Ůɝɞˊɚɘůɛɧɠ  

 

ȺəŰɧɠ Ŭˊɧ Űɞɜ ɞɚɞəɚɖɟɤɛɏɜɞ ɔŮɤŭŬɘŰɘəɧ ůŰŬɗɛɧ, ɔɘŬ Űɖ ɛɏŰɟɖůɖ Ůɜɧɠ 

ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ ŬˊŬɘŰŮɑŰŬɘ əŬɘ Ůˊɘˊɚɏɞɜ Ůɝɞˊɚɘůɛɧɠ.   

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ŮˊɘɚŮɔɞɨɜ ŮɘŭɘəɎ ɓɎɗɟŬ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ 

ɔŮɤŭŬɘŰɘəɞɨ ůŰŬɗɛɞɨ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɓɘɞɛɖɢŬɜɘəɞɑ ŰɟɑˊɞŭŮɠ, 

ŬɜŰɑůŰɞɘɢɞɘ Űɖɠ ȺɘəɧɜŬɠ 5.2(Ŭ), ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜ Ůɘŭɘəɏɠ ɓŬɟɘɏɠ 

əŬŰŬůəŮɡɏɠ, ɩůŰŮ ɜŬ ŬˊɞűŮɨɔŮŰŬɘ ɖ ŰɡɢŬɑŬ ɛŮŰŬŰɧˊɘůɐ Űɞɡɠ. 

ɆɢŮŰɘəɎ ɛŮ Űɞɡɠ ŬɜŬəɚŬůŰɘəɞɨɠ ůŰɧɢɞɡɠ, ˊɟɧəŮɘŰŬɘ ɔɘŬ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ 

ŮˊɘŰɟɏˊɞɡɜ ůŰɞ ŮəˊŮɛˊɧɛŮɜɞ ůɐɛŬ Űɞɡ ɔŮɤŭŬɘŰɘəɞɨ ůŰŬɗɛɞɨ ɜŬ 

ŮˊɘůŰɟɏɣŮɘ ˊɑůɤ ůŮ ŬɡŰɧɜ ɩůŰŮ ɜŬ ɛŮŰɟɖɗŮɑ Űɞ ɛɐəɞɠ. ȼ ɞɟɗɐ Ůˊɘɚɞɔɐ 

Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ Űɞ ůűɎɚɛŬ Űɖɠ ɛɏŰɟɖůɖɠ, Ůɜɩ ůɡɜɐɗɤɠ 

ŮˊɘɚɏɔɞɜŰŬɘ ůűŬɘɟɘəɞɑ ŬɜŬəɚŬůŰɐɟŮɠ ɐ ŬɡŰɞəɧɚɚɖŰɞɘ ůŰɧɢɞɘ ŭɘɎűɞɟɤɜ 

ɛŮɔŮɗɩɜ, ɧˊɤɠ ŬɡŰɞɑ Űɖɠ ȺɘəɧɜŬɠ 5.2(ɓ) [ȹɞɔɔɞɨɟɖɠ, 2005; ɄɎˊˊŬɠ, 

2015]. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞŭɞɗŮɑ ɖ əɚɑɛŬəŬ ůŰɞ ůɨůŰɖɛŬ ɛɏŰɟɖůɖɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ ɟɎɓŭɞɠ ɔɜɤůŰɞɨ ɛɐəɞɡɠ. ȷɡŰɐ ŬˊɞŰŮɚŮɑ ɛɑŬ ɟɎɓŭɞ 

əŬŰŬůəŮɡŬůɛɏɜɖ Ŭˊɧ əɟɎɛŬ ɛŮŰɎɚɚɤɜ ɛŮ ˊɞɚɨ ɛɘəɟɧ ůɡɜŰŮɚŮůŰɐ 

ɗŮɟɛɘəɐɠ ŭɘŬůŰɞɚɐɠ, ɖ ɞˊɞɑŬ ůŰŬ ɎəɟŬ Űɖɠ ŭɘŬɗɏŰŮɘ ŮɡəɟɘɜŮɑɠ ůŰɧɢɞɡɠ. ȼ 

ŬˊɧůŰŬůɖ ŬɡŰɩɜ ŮɑɜŬɘ ɛŮŰɟɖɛɏɜɖ ŮɟɔŬůŰɖɟɘŬəɎ ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ, 

əŬɘ ŭɘŬŰɑɗŮŰŬɘ Ŭˊɧ Űɞɜ əŬŰŬůəŮɡŬůŰɐ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.2(ɔ), 

ɏɢŮɘ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ˊɎɜɤ ůŮ ɞˊɞɘɞɜŭɐˊɞŰŮ ŰɟɑˊɞŭŬ ɔɘŬ 

ŬəɟɘɓŮɑɠ əŬɘ ůŰŬɗŮɟɏɠ ɛŮŰɟɐůŮɘɠ [ȹɞɔɔɞɨɟɖɠ, 2005]. 

 

   

(Ŭ) (ɓ) (ɔ) 

ȺɘəɧɜŬ 5.2: (Ŭ)Ⱥɘŭɘəɧɠ ŰɟɑˊɞŭŬɠ Ŭɚɞɡɛɘɜɑɞɡ ɛŮ ɛɖɢŬɜɘůɛɧ Ŭɜɧɟɗɤůɖɠ. 

(ɓ)ȷɡŰɞəɧɚɚɖŰɞɘ ůŰɧɢɞɘ əŬɘ ŬɜŬəɚŬůŰɐɟŮɠ. (ɔ)ɅɎɓŭɞɠ ɔɜɤůŰɞɨ ɛɐəɞɡɠ 

[26-29] 

 

ȰɜŬ ŬəɧɛŬ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɞɚɚɏɠ űɞɟɏɠ əŬŰɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ Űɞ ˊɟɞůɞűɗɎɚɛɘɞ laser ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ 
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Űɞɡ ůəɞˊŮɡɧɛŮɜɞ ůɖɛŮɑɞɡ. ȷɡŰɧ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɡůəŮɡɐ Ůəˊɞɛˊɐɠ laser, 

ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŰɞ ˊɟɞůɞűɗɎɚɛɘɞ Űɞɡ ɔŮɤŭŬɘŰɘəɞɨ ůŰŬɗɛɞɨ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡɚɞˊɞɘŮɑ Űɞɜ ɞˊŰɘəɧ Űɞɡ ɎɝɞɜŬ. ȷɡŰɧ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 5.3(Ŭ), Ůɜɩ ůɡɜɞŭŮɨŮŰŬɘ ɛŮ ɏɜŬɜ ɟɞɞůŰɎŰɖ, ɞ ɞˊɞɑɞɠ ŮɚɏɔɢŮɘ Űɖ 

ŭɘɎůŰŬůɖ Űɖɠ ŭɏůɛɖɠ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ůəɧˊŮɡůɖ ˊɟɞɠ əɎˊɞɘɞ ɛɖ ɞɟŬŰɧ 

ůɖɛŮɑɞ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ɟɎɓŭɞɠ ŭɘŬɘɟŮɛɏɜɖ ůŮ ɑůŬ ŭɘŬůŰɐɛŬŰŬ.  ȳˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.3(ɓ), ŬɡŰɐ ŰɞˊɞɗŮŰŮɑŰŬɘ ɩůŰŮ ɖ Ɏəɟɖ Űɖɠ ɜŬ 

ɡɚɞˊɞɘŮɑ Űɞ ɛɖ ɞɟŬŰɧ ůɖɛŮɑɞ. ɀŮŰɟɩɜŰŬɠ ɚɞɘˊɧɜ ůɖɛŮɑŬ ˊɎɜɤ ůŰɘɠ 

ɔɜɤůŰɏɠ ɗɏůɖɠ Űɖɠ ɟɎɓŭɞɡ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ 

ɕɖŰɞɨɛŮɜɞɡ ůɖɛŮɑɞɡ. 

 

  

(Ŭ) (ɓ) 

ȺɘəɧɜŬ 5.3: (Ŭ)ɄɟɞůɞűɗɎɚɛɘɞ laser. (ɓ)ɆɡůəŮɡɐ ɛɖ ɞɟŬŰɞɨ ůɖɛŮɑɞɡ. 

[Ɇɧűɖɠ, 2008; ɄŬɜŰŬɕɐɠ, 2020] 

 

ɇɏɚɞɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ, ˊɞɡ 

ɜŬ ɛˊɞɟŮɑ ɜŬ ůɡɜŭŮɗŮɑ ɛŮ Űɞɜ ɔŮɤŭŬɘŰɘəɧ ůŰŬɗɛɧ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮŰŬɘ 

ŮˊɘŰɧˊɞɡ ŮˊŮɝŮɟɔŬůɑŬ.  Ƀ ɡˊɞɚɞɔɘůŰɐɠ ŬɡŰɧɠ ŭɘŬɗɏŰŮɘ ɏɜŬ ɚɞɔɘůɛɘəɧ 

Ůˊɑɚɡůɖɠ, Ůɜɩ əŬŰŬɔɟɎűŮɘ əŬɘ Űɘɠ ɛŮŰɟɐůŮɘɠ. ȷɜɎɚɞɔŬ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ 

ɛɏŰɟɖůɖɠ  ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ 

ůɖɛŮɑɤɜ, Ůɜɩ ˊɞɚɚɏɠ űɞɟɏɠ ŭɑɜŮŰŬɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ 

ŮˊɘűŬɜŮɘɩɜ ůŰŬ ůɖɛŮɑŬ ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ. 

 

5.3.3  ɀŮɗɞŭɞɚɞɔɑŮɠ ɛɏŰɟɖůɖɠ  

 

ũɘŬ Űɖ ɛɏŰɟɖůɖ ůɖɛŮɑɤɜ ɛŮ ɞɚɞəɚɖɟɤɛɏɜɞ ɔŮɤŭŬɘŰɘəɧ ůŰŬɗɛɧ əŬɘ Űɖɜ 

ŮɝŬɔɤɔɐ ˊɚɖɟɞűɞɟɑŬɠ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ɖ ɛɏɗɞŭɞɠ 

Űɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŮɑŰŮ ɖ ɛɏɗɞŭɞɠ Űɖɠ ŮɛˊɟɞůɗɞŰɞɛɑŬɠ ůŰɞ 

ɢɩɟɞ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɟɏˊŮɘ ɜŬ 

ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ ɞɟɗɐ ɔŮɤɛŮŰɟɑŬ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ ɔŮɤŭŬɘŰɘəɞɨ ůŰŬɗɛɞɨ 

(ɞɟɘɕɞɜŰɑɤůɖ ɐ/əŬɘ əɏɜŰɟɤůɖ) əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɛɏŰɟɖůɖɠ.  
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ȼ ɛɏɗɞŭɞɠ Űɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ ɔɜɤůŰɐ 

ɛɏɗɞŭɞ ɔɘŬ Űɖɜ ŬˊɞŰɨˊɤůɖ ůɖɛŮɑɤɜ ɚŮˊŰɞɛɏɟŮɘŬɠ, əŬɗɩɠ ŮɑɜŬɘ ˊɞɚɨ 

ɞɘəɞɜɞɛɘəɐ əŬɘ ɔɟɐɔɞɟɖ.  

ũɘŬ əɎɗŮ ɕɖŰɞɨɛŮɜɞ ůɖɛŮɑɞ, Ŭűɞɨ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɖŭŮɜɘůɛɧɠ Űɞɡ 

ɞɟɘɕɧɜŰɘɞɡ ŭɑůəɞɡ Űɞɡ ɞɟɔɎɜɞɡ, ɛŮŰɟɘɏŰŬɘ Űɞ ɨɣɞɠ ɞɟɔɎɜɞɡ (Ɉ.Ƀ.) əŬɘ 

ůŰɧɢɞɡ (Ɉ.Ɇ), ɖ ɞɟɘɕɧɜŰɘŬ (ɓ) əŬɘ ɖ əŬŰŬəɧɟɡűɖ (z) ɔɤɜɑŬ, ŬɚɚɎ əŬɘ Űɞ 

əŮəɚɘɛɏɜɞ ɛɐəɞɠ (D) Ŭˊɧ Űɞɜ ɔŮɤŭŬɘŰɘəɧ ůŰŬɗɛɧ.  ɆŰɖɜ ɞɡůɑŬ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ Űɘɠ ůűŬɘɟɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ˊɞɡ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ əŬŰŬəɧɟɡűɖɠ 

ɔɤɜɑŬɠ ɓɟɑůəŮŰŬɘ ɖ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ (S) ɩůŰŮ ɜŬ ɗŮɤɟɞɨɜŰŬɘ ˊɞɚɘəɏɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ [ȹɞɔɔɞɨɟɖɠ, 2005]. 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ 5.1 ɏɤɠ 5.3, 

ˊŬɟŬŰɖɟɩɜŰŬɠ Űɞ ɆɢɐɛŬ 5.2 [ɄŬɜŰŬɕɐɠ, 2020]. 

ὼ Ø 3ϽÓÉÎɻ Ø $ϽÓÉÎÚϽÓÉÎɻ ɼ          (5.1) 

Ù Ù 3ϽÃÏÓɻ Ù $ϽÓÉÎÚϽÃÏÓɻ ɼ          (5.2) 

Ú Ú $ϽÃÏÓÚ ɭȢɨȢ                                 (5.3) 

ɧˊɞɡ  ɚὼȟÙȟÚ  əŬɘ ɛØȟÙȟÚ  ŰŬ ůɖɛŮɑŬ ɔɜɤůŰɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ 
(ůɖɛŮɑɞ ɛɖŭŮɜɘůɛɞɨ əŬɘ ůɖɛŮɑɞ ŰɞˊɞɗɏŰɖůɖɠ ɞɟɔɎɜɞɡ), ɜØȟÙȟÚ  Űɞ 
ɎɔɜɤůŰɞ ůɖɛŮɑɞ, əŬɘ ɻ  ɖ ɔɤɜɑŬ ŭɘŮɨɗɡɜůɖɠ ɛŮŰŬɝɨ Űɞɡɠ, ɖ ɞˊɞɑŬ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɔɤɜɑŬ ŭɘŮɨɗɡɜůɖɠ ɻ  əŬɘ Űɖɜ ɞɟɘɕɧɜŰɘŬ ɔɤɜɑŬ ɼ. 
 

 

ɆɢɐɛŬ 5.2: Ʉɟɞůŭɘɞɟɘůɛɧɠ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ [ɄŬɜŰŬɕɐɠ, 2020] 

 

ɀŮɚŮŰɩɜŰŬɠ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɗɧŭɞɡ, 

ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɞ ůűɎɚɛŬ ůŰɖ ɛɏŰɟɖůɖ 

ɛɐəɞɡɠ əŬɗɩɠ ŬɡŰɧ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧ. ȼ ɢɟɐůɖ ŬɜŬəɚŬůŰɐɟŬ ɛŮɘɩɜŮɘ Űɖɜ 

ŬəɟɑɓŮɘŬ Űɖɠ ɛɏŰɟɖůɖɠ ɚɧɔɤ Űɖɠ ŭɘɎůŰŬůɐɠ Űɞɡ, əŬɘ ɏŰůɘ ɞɘ ŬɡŰɞəɧɚɚɖŰɞɘ 

ůŰɧɢɞɘ əŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ɢɤɟɑɠ ŬɜŬəɚŬůŰɐɟŬ, ˊɟɞŰɘɛɩɜŰŬɘ. ɆŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ, ɏɢŮɘ ůɖɛŬůɑŬ əŬɘ ɖ ɔɤɜɘɞɛŮŰɟɘəɐ ŬəɟɑɓŮɘŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

Ůɝɑůɞɡ ɡɣɖɚɐ [ȹɞɔɔɞɨɟɖɠ, 2005; ȿɎɛˊɟɞɡ & ɄŬɜŰŬɕɐɠ, 2010]. 
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ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŮɛˊɟɞůɗɞŰɞɛɑŬɠ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ 

ɛŮŰɟɐůŮɘɠ ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ ɔɤɜɘɩɜ Ŭˊɧ ŭɨɞ ůɖɛŮɑŬ ɔɜɤůŰɩɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ˊɟɞɠ ɏɜŬ ůɖɛŮɑɞ ɎɔɜɤůŰɤɜ. ȿɧɔɤ Űɖɠ ɛɖ ɛɏŰɟɖůɖɠ 

ɛɐəɞɡɠ, ɖ əɚɑɛŬəŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŭɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ŬˊɧůŰŬůɖɠ Űɤɜ ŭɨɞ 

ɔɜɤůŰɩɜ ůɖɛŮɑɤɜ, Ůɜɩ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ŬˊɞŰŮɚŮɑ Űɖɜ Ŭɟɢɐ 

Űɤɜ ůɡůŰɖɛɎŰɤɜ ɓɘɞɛɖɢŬɜɘəɐɠ ɔŮɤŭŬɘůɑŬɠ.   

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ, ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɡɚɞˊɞɑɖůɖ Ůɜɧɠ Űɟɘɔɩɜɞɡ ůŰɞ ɢɩɟɞ, 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.3, ɧˊɞɡ ɞɘ ŭɨɞ əɞɟɡűɏɠ ŮɑɜŬɘ ŰŬ ɔɜɤůŰɎ ůɖɛŮɑŬ 

əŬɘ ɖ ŰɟɑŰɖ əɞɟɡűɐ Űɞ ɎɔɜɤůŰɞ. ȰŰůɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ůˊɑɚɡůɖ Űɞɡ 

Űɟɘɔɩɜɞɡ, ɖ ɞˊɞɑŬ ɔɘŬ ɜŬ ŮɑɜŬɘ Ŭəɟɘɓɐɠ ŬˊŬɘŰŮɑ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬŰɎ Űɖɜ 

ɡɚɞˊɞɑɖůɐ Űɞɡ. Ⱦɨɟɘɞ ɛɏɚɖɛŬ ŮɑɜŬɘ ɞ ɞɟɗɧɠ ɛɖŭŮɜɘůɛɧɠ Űɤɜ ɞɟɔɎɜɤɜ ůŰɖ 

ůəɧˊŮɡůɖ Űɤɜ ůŰɎůŮɤɜ, ŬɚɚɎ əŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ ůəɧˊŮɡůɖ ˊɟɞɠ Űɞ 

ɎɔɜɤůŰɞ ůɖɛŮɑɞ əŬɘ Ŭˊɧ Űɘɠ ŭɨɞ ůŰɎůŮɘɠ [ȹɞɔɔɞɨɟɖɠ, 2005; ȿɎɛˊɟɞɡ & 

ɄŬɜŰŬɕɐɠ, 2010]. 

 

 

ɆɢɐɛŬ 5.3: ɀɏɗɞŭɞɠ ŮɛˊɟɞůɗɞŰɞɛɑŬɠ [ɄŬɜŰŬɕɐɠ, 2020] 

 

Ƀɘ ŰŮɚɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɎɔɜɤůŰɞɡ ůɖɛŮɑɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ůɢɏůŮɘɠ 5.4 ɏɤɠ 5.8 [ɄŬɜŰŬɕɐɠ, 2020]. 

Ø
Ͻ Ͻ  

                                      (5.4) 

Ù
Ͻ Ͻ  

                                    (5.5) 

 Ú                                                 (5.6) 

ᾀ ᾀ ὛϽÃÏÔᾀ ὣȢὕὃ                        (5.7) 

ᾀ ᾀ ὛϽÃÏÔᾀ ὣȢὕ`                       (5.8) 
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ɇɏɚɞɠ Ůɝɑůɞɡ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ɡɚɞˊɞɑɖůɖ Űɤɜ ůŰɎůŮɤɜ, ɖ ɞˊɞɑŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ɛŮ ůŰŬɗŮɟɎ, ŮɑŰŮ ɛŮ ŮɚŮɨɗŮɟŬ ŭɑəŰɡŬ. ȰŰůɘ, ůŰɖɜ 

ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɞɘ ɗɏůŮɘɠ Űɤɜ əɞɟɡűɩɜ ŮɑɜŬɘ ɔɜɤůŰɏɠ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ 

əŬɘ ŬˊŬɘŰɞɨɜ ɓɎɗɟŬ ɛŮ ŮɝŬɜŬɔəŬůɛɏɜŮɠ əŮɜŰɟɩůŮɘɠ, Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ 

ˊŮɟɑˊŰɤůɖ, ɞɘ ɗɏůŮɘɠ ŮɑɜŬɘ ŮɚŮɨɗŮɟŮɠ əŬɘ ɡɚɞˊɞɘɞɨɜŰŬɘ ɛŮ ŰɟɑˊɞŭŮɠ ůŮ 

ŰɡɢŬɑŮɠ ɗɏůŮɘɠ.  

ȷɜ ŮˊɘɚŮɔŮɑ ɞ ŭŮɨŰŮɟɞɠ Űɟɧˊɞɠ, ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ɛɏŰɟɖůɖ Ůˊɘˊɚɏɞɜ 

ůŰɞɘɢŮɑɤɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ ůŰɎůŮɤɜ, əŬɗɩɠ 

əŬɘ ɖ ɢɟɐůɖ Ůɘŭɘəɐɠ ɟɎɓŭɞɡ ɔɜɤůŰɞɨ ɛɐəɞɡɠ, əŬɘ ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ, ɔɘŬ 

Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ əɚɑɛŬəŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ŰɟɑŰɞ ɧɟɔŬɜɞ, ŬɡŰɧ ŮɜŰɎůůŮŰŬɘ ůŰɞ ŭɑəŰɡɞ ɛŮ 

ɛŮŰɟɐůŮɘɠ ůŰɖ ɟɎɓŭɞ əŬɘ ůŰŬ ɎɚɚŬ ɧɟɔŬɜŬ ŬɜŰɑůŰɞɘɢŬ [ȹɞɔɔɞɨɟɖɠ, 2005]. 

 

5.3.4  Ʉɖɔɏɠ ůűŬɚɛɎŰɤɜ  

 

ũɘŬ ɏɜŬ Ŭəɟɘɓɏɠ ŬˊɞŰɏɚŮůɛŬ, ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ əŬɘ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɖɗɞɨɜ ˊɘɗŬɜɎ ůűɎɚɛŬŰŬ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŰŮɚɘəɐ 

ŬɓŮɓŬɘɧŰɖŰŬ. ȷɡŰɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ [ɄɎˊˊŬɠ, 2015]:  

ü ŰŬ ůűɎɚɛŬŰŬ ɢŮɘɟɘůŰɩɜ, ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɞɜ ɢɟɐůŰɖ əŬɘ ɛˊɞɟɞɨɜ 

ŮɨəɞɚŬ ɜŬ ŬɜŬɔɜɤɟɘůŰɞɨɜ əŬɘ ɜŬ ŮɝŬɚŮɘűɗɞɨɜ. ȷɡŰɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ 

ɚɎɗɞɠ ůəɧˊŮɡůɖ ɐ ɛɏŰɟɖůɖ, ɞ ɚŬɜɗŬůɛɏɜɞɠ ɞɟɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

Űɞɡ ɞɟɔɎɜɞɡ əɚˊ.  

ü ŰŬ ůűɎɚɛŬŰŬ ɞɟɔɎɜɤɜ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ŬˊŬɚŮɘűɗɞɨɜ ɛŮ ůɡɢɜɐ 

ŭɘŬəɟɑɓɤůɖ əŬɘ ɏɚŮɔɢɞ Ŭˊɧ Űɘɠ əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟŮɑŮɠ. Ƀɘ ɏɚŮɔɢɞɘ 

ŬɡŰɞɑ, Ŭűɞɟɞɨɜ:  

- ůŰɖɜ əŬŰŬəɞɟɡűɧŰɖŰŬ Űɞɡ ˊɟɤŰŮɨɞɜŰɞɠ ɎɝɞɜŬ  əŬɘ Űɞɜ 
ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɞəɚɑůŮɤɜ Űɖɠ ŬŮɟɞůŰɎɗɛɖɠ ɞɟɘɕɞɜŰɑɤůɖɠ,  

- ůŰɞɜ ɞɟɗɧ ɛɖŭŮɜɘůɛɧ  Űɞɡ əŬŰŬəɧɟɡűɞɡ ŭɑůəɞɡ ˊɟɞəŮɘɛɏɜɞɡ 
ɜŬ ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ ˊɟɤŰŮɨɞɜŰŬ ɎɝɞɜŬ Űɞɡ ɞɟɔɎɜɞɡ, 

- ůŰɖɜ əŬɗŮŰɧŰɖŰŬ Űɖɠ ůəɞˊŮɡŰɘəɐɠ ɔɟŬɛɛɐɠ ɤɠ ˊɟɞɠ Űɞɜ 
ŭŮɡŰŮɟŮɨɞɜŰŬ ɎɝɞɜŬ Űɞɡ ɞɟɔɎɜɞɡ,  

- ůŰɖɜ əŬɗŮŰɧŰɖŰŬ Űɞɡ ůəɞˊŮɡŰɘəɞɨ ɎɝɞɜŬ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ 
ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ɞɟɔɎɜɞɡ,  

- ůŰɖɜ ɞɟɗɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɡŰɧɛŬŰɖɠ ŬɜŬɔɜɩɟɘůɖɠ 

ůŰɧɢɞɡ, ˊɟɞəŮɘɛɏɜɞɡ Űɞ əɏɜŰɟɞ Űɖɠ ůəɞˊŮɡŰɘəɐɠ ɔɟŬɛɛɐɠ ɜŬ 

ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ əɏɜŰɟɞ Űɖɠ CCD əɎɛŮɟŬɠ. 

ü əŬɘ ŰŬ ůűɎɚɛŬŰŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧˊɤɠ ɛŮŰŬɓɞɚɏɠ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ 

Űɖɜ ˊɑŮůɖ, ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ əŬɛˊɡɚɧŰɖŰŬ ůŰɖɜ ŬəŰɑɜŬ 

ɛɏŰɟɖůɖɠ, əŬɘ ɏŰůɘ ɛŮɘɩɜɞɡɜ ůɖɛŬɜŰɘəɎ Űɖɜ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ Űɤɜ 

ɛɖəɩɜ.  
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5.3.5  ȹɘŬəɟɑɓɤůɖ əŬɘ ȰɚŮɔɢɞɠ  

 

ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ ůűŬɚɛɎŰɤɜ əŬŰɎ Űɘɠ ɛŮŰɟɐůŮɘɠ ɞɚɞəɚɖɟɤɛɏɜɤɜ 

ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ɏɚŮɔɢɞɠ Űɞɡɠ, ŮɑŰŮ Ŭˊɧ Űɘɠ 

əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟŮɑŮɠ ŮɑŰŮ Ŭˊɧ Űɞɜ ɑŭɘɞ Űɞ ɢɟɐůŰɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

Ůɚɏɔɢɞɡ Ŭˊɧ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ, ɧˊɞɘŮɠ ŬŰɏɚŮɘŮɠ ˊɟɞəɨɣɞɡɜ 

Ŭ́ ɞɗɖəŮɨɞɜŰŬɘ ůŰɖ ɛɜɐɛɖ Űɞɡ ɞɟɔɎɜɞɡ ŭɘɞɟɗɩɜɞɜŰŬɠ ɏŰůɘ Űɘɠ 

ˊŬɟŬɔɧɛŮɜŮɠ ɛŮŰɟɐůŮɘɠ ŬɡŰɧɛŬŰŬ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɚɏɔɢɞɡ Ŭˊɧ 

Űɞ ɢɟɐůŰɖ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ˊɟɧŰɡˊŬ ISO ́ɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ŮűŬɟɛɞůŰɞɨɜ, ˊɞɡ ɧɛɤɠ ɏɢɞɡɜ ˊɞɚɨˊɚɞəɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ [ɁɘəɞɚɑŰůŬɠ, 

2015]. 

ɇɞ ˊɟɧŰɡˊŬ ISO 17123 , Űɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖ 

ȹɘŮɗɜɐ ɃɛɞůˊɞɜŭɑŬ ɇɞˊɞɔɟɎűɤɜ (FIG), ˊŬɟɞɡůɘɎɕŮɘ ŭɘŬŭɘəŬůɑŮɠ ůɢŮŰɘəɎ 

ɛŮ Űɞɜ ɏɚŮɔɢɞ ɞɟɔɎɜɤɜ əŬɘ ɛŮɗɧŭɤɜ ɔŮɤŭŬɘŰɘəɩɜ ɛŮŰɟɐůŮɤɜ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ [ISO 171230, 2024]: 

Á ISO 17123-1:2014: ŪŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰŬ 

ɎɚɚŬ ˊɟɧŰɡˊŬ Űɖɠ ůŮɘɟɎɠ ISO 17123  

Á ISO 17123-2:2001: ȰɚŮɔɢɞɠ ɔɘŬ ɢɤɟɞɓɎŰŮɠ 

Á ISO 17123-3:2001: ȰɚŮɔɢɞɠ ɔɘŬ ɗŮɞŭɧɚɘɢŬ  

Á ISO 17123-4:2012: ȰɚŮɔɢɞɠ ɔɘŬ ŰŬ EDM 

Á ISO 17123-5:2018: ȰɚŮɔɢɞɠ ɔɘŬ ɞɚɞəɚɖɟɤɛɏɜɞɡɠ ɔŮɤŭŬɘŰɘəɞɨɠ 

ůŰŬɗɛɞɨɠ  

Á ISO 17123-6:2022: ȰɚŮɔɢɞɠ ɔɘŬ ˊŮɟɘůŰɟŮűɧɛŮɜŬ laser  

Á ISO 17123-7:2005:ȰɚŮɔɢɞɠ ɔɘŬ ɞˊŰɘəɞɛɖɢŬɜɘəɎ ɧɟɔŬɜŬ  

Á ISO 17123-8:2015: ȰɚŮɔɢɞɠ ůɡůŰɖɛɎŰɤɜ GNSS ɔɘŬ ɛŮŰɟɐůŮɘɠ ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ (RTK) 

Á ISO 17123-9:2018: ȰɚŮɔɢɞɠ ɔɘŬ Laser Scanner  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ ŬəɟɘɓŮɑŬɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ˊɟɧŰɡˊŬ ISO 17123-3:2001 ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ 

ŭɘŮɡɗɨɜůŮɤɜ əŬɘ ISO 17123-4:2012 ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɛɖəɩɜ.  

ȷɡŰɞɑ ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮ ˊɟɞůɞɢɐ, ŬɜɎ ŰŬəŰɎ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ, ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŮ ˊɘɞ ŬɝɘɧˊɘůŰŮɠ ɛŮŰɟɐůŮɘɠ. 

ȷɜ ˊɟɧəŮɘŰŬɘ ɜŬ ŮɚŮɔɢɗɞɨɜ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ŭɘŮɡɗɨɜůŮɘɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůəɞˊŮɨůŮɘɠ ůŮ 5 ůɖɛŮɑŬ Ůɜɩ Ŭɜ ŮɚŮɔɢɗɞɨɜ ɞɘ 

əŬŰŬəɧɟɡűŮɠ ŭɘŮɡɗɨɜůŮɘɠ, ůŮ 4 ůɖɛŮɑŬ. Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ 

ŰɞɡɚɎɢɘůŰɞɜ 4 űɞɟɏɠ Ůɜɩ ŮűŬɟɛɧɕŮŰŬɘ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ ůɡůɢɏŰɘůɖ ɛŮ Űɘɠ ŬəɟɑɓŮɘŮɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ. 

ȷɜŰɑɗŮŰŬ, ɔɘŬ ɜŬ ŮɚŮɔɢɗɞɨɜ ŰŬ ɛɐəɖ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ˊŮŭɑɞɡ Ůɚɏɔɢɞɡ ɛŮ 7 ůɖɛŮɑŬ, ɧˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ əŬɘ ůŰŬŰɘůŰɘəɞɑ 



[82] 

 

ɏɚŮɔɢɞɘ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɞɡ ɛɖŭŮɜɘəɞɨ, əɡəɚɘəɞɨ ɐ ŬɜŬɚɞɔɘəɞɨ 

ůűɎɚɛŬŰɞɠ [ISO 17123ï3, 2001; ISO 17123ï4, 2012]. 

 

5.4  ɀɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (CMM) 

 

ȼ ɛɖɢŬɜɐ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɐ ɛɖɢŬɜɐ CMM (Coordinate 

Measuring Machine), ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.4, ŬˊɞŰŮɚŮɑ ɏɜŬ 

ɖɚŮəŰɟɞɛɖɢŬɜɘəɧ ůɨůŰɖɛŬ, Űɞ ɞˊɞɑɞ ŭɘŬɗɏŰŮɘ ɏɜŬɜ ŬɘůɗɖŰɐɟŬ, ɖ ɗɏůɖ Űɞɡ 

ɞˊɞɑɞɡ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɘůŰŮɑ ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬɘ ɞɟɗɧŰɖŰŬ. ȰŰůɘ, 

ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŬɘůɗɖŰɐɟŬ ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

ɛŮɚɏŰɖɠ, ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůŰɞ ɢɩɟɞ ɛŮ 

ŬəɟɑɓŮɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ əŬɘ Űɞ ɛɘůɧ ɛm (0.0005mm) [ɄɎˊˊŬɠ, 

2015; ũɘŬɜɜɎŰůɖɠ, 2015]. 

 

  

ȺɘəɧɜŬ 5.4: ɀɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ [30-31] 

 

5.4.1  ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ 

 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɖɚŮəŰɟɞɛɖɢŬɜɘəɧ ůɨůŰɖɛŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ 

ůɨɜɞɚɞ ůŰŬɗŮɟɩɜ ɐ əɘɜɞɨɛŮɜɤɜ ɛɖɢŬɜɘəɩɜ ɛŮɟɩɜ, ɛɖɢŬɜɘůɛɩɜ 

ɛŮŰɎŭɞůɖɠ əɑɜɖůɖɠ ɐ Ɏɚɚɤɜ ŬɜŮɝɎɟŰɖŰɤɜ ůɡůŰɖɛɎŰɤɜ, ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ɛŮŰŬəɑɜɖůɖ əŬɘ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŬɘůɗɖŰɐɟŬ ůŰŬ 

ɛŮŰɟɞɨɛŮɜŬ ůɖɛŮɑŬ [ũɘŬɜɜɎŰůɖɠ, 2015].  ȼ ŭɘɎŰŬɝɖ ŬɡŰɐ ɞŭɖɔŮɑ ůŰɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ ůɖɛŮɑɤɜ, ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬɘ 

ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ, ůŰɞɜ ŰɟɘŭɘɎůŰŬŰɞ ůɨůŰɖɛŬ Űɞɡ ɞɟɔɎɜɞɡ, ɧˊɤɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.4 [ȾŬɟŬɢɎɚɘɞɡ & ɀŬɜůɞɨɟ, 2007]. 

ȾɎɗŮ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ŬɘůɗɖŰɐɟŬ ɤɠ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ˊɞɡ 

ɏɢŮɘ ˊɟɞəŬɗɞɟɘůŰŮɑ, ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛŮŰŬɓɞɚɐ ŰɎůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŮˊŬűɐɠ Űɞɡ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ůɐɛŬ Ůɚɏɔɢɞɡ, ˊɞɡ 

ŬəɘɜɖŰɞˊɞɘŮɑ Űɖɜ əɑɜɖůɖ Űɞɡ ůŰɞɜ ůɡɔəŮəɟɘɛɏɜɞ ɎɝɞɜŬ ɛɏŰɟɖůɖɠ.  ȰŰůɘ 

ˊŬɟɎɔŮŰŬɘ ɏɜŬ ůɐɛŬ, ˊɞɡ Ŭűɞɨ ɛŮŰŬŰɟŬˊŮɑ Ŭˊɧ ŬɜŬɚɞɔɘəɐ ůŮ ɣɖűɘŬəɐ 
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ɛɞɟűɐ, ɛŮŰŬűɏɟŮŰŬɘ ůŰɞ ɛŮŰɟɖŰɘəɧ ůɨůŰɖɛŬ ɗɏůɖɠ Űɖɠ ɛɖɢŬɜɐɠ, ɧˊɞɡ ɛŮ 

Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɞɡ ɚɞɔɘůɛɘəɞɨ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ 

ɢɩɟɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.5 [ɄɎˊˊŬɠ, 2015]. 

 

 

(Ŭ) (ɓ) (ɔ) 

ɆɢɐɛŬ 5.4: (Ŭ)ɆɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ɛɖɢŬɜɐɠ. (ɓ)ȷɘůɗɖŰɐɟŬɠ ɛɏŰɟɖůɖɠ. 

(ɔ)ɀɏŰɟɖůɖ ůɖɛŮɑɞɡ [ȾŬɟŬɢɎɚɘɞɡ & ɀŬɜůɞɨɟ, 2007] 

 

 

ɆɢɐɛŬ 5.5: ȹɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ ůɖɛŮɑɞɡ [ȾŬɟŬɢɎɚɘɞɡ & ɀŬɜůɞɨɟ, 2007] 

 

ȳɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůŰɐ ɔɘŬ ŬɜɎɚɡůɖ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬ, Ůɜɩ ɛŮ Űɖ ɢɟɐůɖ Ůɘŭɘəɞɨ ɚɞɔɘůɛɘəɞɨ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Űɞ ůɢɐɛŬ 

əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŬəɟɑɓŮɘŬ, 

ˊɟɏˊŮɘ ɞɘ ɛɖɢŬɜɏɠ ŬɡŰɏɠ ɜŬ ŮɔəŬɗɑůŰŬɜŰŬɘ ůŮ ɢɩɟɞɡɠ ŮɚŮɔɢɧɛŮɜɤɜ 

ůɡɜɗɖəɩɜ, ŭɖɚŬŭɐ ůŮ ɢɩɟɞɡɠ ɛŮ ůŰŬɗŮɟɏɠ ůɡɜɗɐəŮɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ əŬɘ 

ɡɔɟŬůɑŬ. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ əŬŰŬůəŮɡŬůŰɏɠ ɞɟɑɕɞɡɜ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ 

Ŭˊɧ 18 ɏɤɠ 22ÁC ɔɘŬ Űɞɜ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ əŬɘ ɛɏɔɘůŰɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ 

Ŭˊɧ 25 ɏɤɠ 75%, ɢɤɟɑɠ ůɡɛˊɨəɜɤůɖ [ȾŬɟŬɢɎɚɘɞɡ & ɀŬɜůɞɨɟ, 2007; 

ɇůɧŰůɞɠ, 2013]. 
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ɇɏɚɞɠ, ɔɘŬ Űɖɜ ɞɟɗɐ ɛɏŰɟɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŬˊŬɘŰŮɑŰŬɘ ŭɘŬəɟɑɓɤůɖ 

Űɞɡ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ, ɖ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ 

ˊɟɞŰɨˊɞɡ ISO 10360, əŬɘ ŮɜŰɞˊɑɕŮŰŬɘ ɛŮ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ Űɞ əɏɜŰɟɞ əŬɘ ɖ 

ŬəŰɑɜŬ Űɞɡ [ɇůɧŰůɞɠ, 2013]. 

 

5.4.2  ɇɨˊɞɘ ɛɖɢŬɜɩɜ 

 

Ƀɘ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ:  Űɘɠ ůŰŬɗŮɟɏɠ əŬɘ Űɘɠ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ.  

Ƀɘ ůŰŬɗŮɟɏɠ ɛɖɢŬɜɏɠ, ŬˊɞŰŮɚɞɨɜ ůŰɘɓŬɟɏɠ əŬɘ ɞɔəɩŭŮɘɠ əŬŰŬůəŮɡɏɠ 

ˊɞɡ ŭɘŬɗɏŰɞɡɜ əɚɑɛŬəŮɠ ɛɏŰɟɖůɖɠ, ůɡůŰɐɛŬŰŬ əɑɜɖůɖɠ, ŬɚɚɎ əŬɘ 

ɛɖɢŬɜɘůɛɞɨɠ ˊɞɡ ɛŮŰŬŰɟɏˊɞɡɜ Űɖ ɛŮŰŬŰɧˊɘůɖ ůŮ ŬɚɚŬɔɐ ŰɎůɖɠ. ȼ ŭɞɛɐ 

Űɞɡɠ, ɛˊɞɟŮɑ ɜŬ ŬəɞɚɞɡɗŮɑ ŭɘɎűɞɟŮɠ ŭɘŬŰɎɝŮɘɠ, ɧˊɤɠ ŬɡŰɏɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.5, əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ əɘɜɞɨɛŮɜɖɠ 

ɔɏűɡɟŬɠ, ɞɟɘɕɧɜŰɘɞɡ ɓɟŬɢɑɞɜŬ əŬɘ ɔŮɟŬɜɞɨ, ŮɑŰŮ ůŰɐɚɖɠ, ůŰŬɗŮɟɐɠ 

ɔɏűɡɟŬɠ əŬɘ ˊɟɞɓɧɚɞɡ. ȼ ŬəɟɑɓŮɘŬ Űɞɡɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ Ñ0.5ɛm, ŬɜɎɚɞɔŬ 

Űɖ ŭɘɎŰŬɝɖ [ɄɎˊˊŬɠ, 2015; ũɘŬɜɜɎŰůɖɠ, 2015]. 

 

    

(Ŭ) (ɓ) (ɔ) (ŭ) 

ȺɘəɧɜŬ 5.5: ɇɨˊɞɘ ůŰŬɗŮɟɩɜ CMM: (Ŭ)ȾɘɜɞɨɛŮɜɖɠ ɔɏűɡɟŬɠ. 

(ɓ)ɃɟɘɕɧɜŰɘɞɡ ɓɟŬɢɑɞɜŬ. (ɔ)ũŮɟŬɜɞɨ əŬɘ (ŭ)ɆŰɐɚɖɠ 

[ũɘŬɜɜɎŰůɖɠ, 2015] 

 

ȷɜŰɑɗŮŰŬ, ɞɘ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ ɐ ɞɘ ŬɟɗɟɤŰɞɑ ɓɟŬɢɑɞɜŮɠ ɛɏŰɟɖůɖɠ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ (Coordinate Measuring Arms-CMA), ɏɢɞɡɜ ɤɠ ɓŬůɘəɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ŰɟŮɘɠ Ŭˊɚɞɨɠ ůɤɚɐɜŮɠ, əŬŰŬůəŮɡŬůɛɏɜɞɡɠ Ŭˊɧ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ɐ ɑɜŮɠ 

ɎɜɗɟŬəŬ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ Ŭˊɧ ɏɝɘ ɏɤɠ ɞəŰɩ ŬɟɗɟɩůŮɘɠ, ɛŮ 

ŮɜůɤɛŬŰɤɛɏɜɞɡɠ ɔɤɜɘŬəɞɨɠ əɤŭɘəɞˊɞɘɖŰɏɠ, ɞɘ ɞˊɞɑɞɘ əŬŰŬɚɐɔɞɡɜ ůŮ ɛɘŬ 

ůŰŬɗŮɟɐ ɓɎůɖ. ȷɡŰɐ ɛˊɞɟŮɑ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ŮɨəɞɚŬ əŬɘ ɔɟɐɔɞɟŬ ˊɎɜɤ ůŮ 

ɏɜŬ ŰɟɑˊɞŭŬ, ɏɜŬ ůŰŬɗŮɟɧ ŰɟŬˊɏɕɘ ɐ ŬəɧɛŬ əŬɘ ˊɎɜɤ ůŰɞ ɑŭɘɞ Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɛŮŰɟɖɗŮɑ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.6. 

ȰŰůɘ, ɛŮ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ůŰɟɞűɩɜ Űɤɜ ŬɟɗɟɩůŮɤɜ Ŭˊɧ Űɞɡɠ 

əɤŭɘəɞˊɞɘɖŰɏɠ, əŬɘ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɤɜ ɔɤɜɘŬəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŮ 

əŬɟŰŮůɘŬɜɏɠ, ˊɟɞəɨˊŰŮɘ ɖ ŬˊɞŰɨˊɤůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ ŬəɟɑɓŮɘŬ Ŭˊɧ 

Ñ25ɛm [Kupiec, 2012; ũɘŬɜɜɎŰůɖɠ, 2015; ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022]. 
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ȺɘəɧɜŬ 5.6: ȷɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ ɛɏŰɟɖůɖɠ [32] 

 

ɆŰɞɜ ɄɑɜŬəŬ 5.3 ́ŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ əɎˊɞɘŮɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ əŬɗɩɠ əŬɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. ɆŰɖɜ 

ˊɚŮɘɞɣɖűɑŬ, Űɞ əɧůŰɞɠ Űɤɜ ůŰŬɗŮɟɩɜ ɛɖɢŬɜɩɜ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 100-

250.000ú Ůɜɩ Űɤɜ ŬɟɗɟɤŰɩɜ ɓɟŬɢɘɧɜɤɜ ɛŮŰŬɝɨ 30-50.000ú.  

 

  

    

ȺŰŬɘɟŮɑŬ 

Electronica 

mechatronic 

systems 

Trimos Hexagon Faro 

ɇɨˊɞɠ ɛɖɢŬɜɐɠ ɆŰŬɗŮɟɐ ūɞɟɖŰɐ ɆŰŬɗŮɟɐ ūɞɟɖŰɐ 

Ⱥ
ɨ
ɟ
ɞ
ɠ
 

ɛ
ɏ
Ű
ɟ
ɖ
ů
ɖ
ɠ

 

ȾŬŰɎ ɉ 1000 mm 1800 mm 440 mm 2500 mm 

ȾŬŰɎ Ɉ 2000 mm 1800 mm 490 mm 2500 mm 

ȾŬŰɎ Ȼ 900 mm 1800 mm 390 mm 2500 mm 

ȷəɟɑɓŮɘŬ  

ɛɏŰɟɖůɖɠ 
Ñ1.9ɛm+L/250 ɛm Ñ 31ɛm Ñ3ɛm+L/250ɛm Ñ28 ɛm 

 ɄɑɜŬəŬɠ 5.3: ȺɜŭŮɘəŰɘəɏɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ [8-11] 

 

5.4.3  ɄŬɟŮɚəɧɛŮɜŬ 

 

ȷɜɎɚɞɔŬ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ əŬɘ 

Űɞɜ Űɨˊɞ Űɖɠ ɛɖɢŬɜɐɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ɡˊɎɟɢɞɡɜ ŭɘŬűɧɟɤɜ Ůɘŭɩɜ 

ˊŬɟŮɚəɧɛŮɜŬ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖɜ ŰɞˊɞɗɏŰɖůɖ Űɖɠ ɛɖɢŬɜɐɠ ŬɚɚɎ əŬɘ ůŰɖɜ 

ɛɏŰɟɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ.  

ũɘŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰůɘɛŮɜŰɏɜɘɞ ɓɎɗɟɞ ɐ ɓŬɟɨ ŰɟŬˊɏɕɘ ɛŮ Ůɘŭɘəɐ ˊɚŬəɏŰŬ 

ŰɞˊɞɗɏŰɖůɖɠ, Ůɜɩ Ŭɜ ŬˊŬɘŰŮɑŰŬɘ ɛŮŰŬəɑɜɖůɖ Űɞɡ ɞɟɔɎɜɞɡ ŮəŰɧɠ 

ŮɟɔŬůŰɖɟɑɞɡ, ŬɝɘɞˊɞɘŮɑŰŬɘ ŰɟɑˊɞŭŬɠ ɓɘɞɛɖɢŬɜɘəɐɠ ɔŮɤŭŬɘůɑŬɠ ɐ Ůɘŭɘəɏɠ 

ɓɎůŮɘɠ ɓŬɟɏɤɠ Űɨˊɞɡ, ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.7. 
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(Ŭ) (ɓ) (ɔ) 

ȺɘəɧɜŬ 5.7: (Ŭ)ɄɚŬəɏŰŮɠ ŰɞˊɞɗɏŰɖůɖɠ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ. (ɓ)ɇɞˊɞɗɏŰɖůɖ 

ůŮ ŰɟŬˊɏɕɘ. (ɔ)ȸɎůɖɠ ɓŬɟɏɤɠ Űɨˊɞɡ [33-34] 

 

ɆɢŮŰɘəɎ ɛŮ Űɖ ɛɏŰɟɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ŭɘɎűɞɟɞɘ ŬɘůɗɖŰɐɟŮɠ, ɛŮ ɐ ɢɤɟɑɠ ŮˊŬűɐ, ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ˊŬɟŬəɎŰɤ.   

Ƀɘ ŬɘůɗɖŰɐɟŮɠ ɛŮ ŮˊŬűɐ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰɟɑŬ əɞɛɛɎŰɘŬ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.6 [ȾŬɟŬɢɎɚɘɞɡ & ɀŬɜůɞɨɟ, 2007]. 

 

 

ɆɢɐɛŬ 5.6: ȹɘɎŰŬɝɖ ŬɘůɗɖŰɐɟɤɜ ŮˊŬűɐɠ  

[ȾŬɟŬɢɎɚɘɞɡ & ɀŬɜůɞɨɟ, 2007] 

 

ȷɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɖɠ ŮˊŬűɐɠ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬəɟɘɗɞɨɜ ůŮ ŬɘůɗɖŰɐɟŮɠ 

ůŰɘɔɛɘŬɑŬɠ ɐ ůɡɜŮɢɞɨɠ ŮˊŬűɐɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɖ əŮűŬɚɐ 

ŮűɎˊŰŮŰŬɘ ůŰɘɔɛɘŬɑŬ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɟɞɠ ɛɏŰɟɖůɖ, Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ, ɖ 

əŮűŬɚɐ ŭɘŬŰɖɟŮɑ ůɡɜŮɢɐɠ ŮˊŬűɐ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɘɠ 

ɛŮŰɟɐůŮɘɠ ůɖɛŮɑɤɜ ŬɜɎ əŬɗɞɟɘůɛɏɜɖ ŭɘŬəɟɘŰɐ ŬˊɧůŰŬůɖ. ȰŰůɘ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɛˊɞɟŮɑ  ɜŬ ŮɑɜŬɘ ɛɏɢɟɘ əŬɘ 50 űɞɟɏɠ ˊŮɟɘůůɧŰŮɟŮɠ ůŮ ɑŭɘɞ ɢɟɧɜɞ. 

ȾɎɗŮ ŬɘůɗɖŰɐɟŬɠ ɏɢŮɘ ɞɟɘůɛɏɜɖ ŭɡɜŬŰɧŰɖŰŬ ɛɏŰɟɖůɖɠ əŬŰɎ Űɞɡɠ 

ɎɝɞɜŮɠ x, y, z.  ȷɜ ɞɘ ɛŮŰɟɐůŮɘɠ ɔɑɜɞɜŰŬɘ ɛɧɜɞ əŬŰɎ Űɞɡɠ ɎɝɞɜŮɠ x əŬɘ y 

ŰɧŰŮ ɞ ŬɘůɗɖŰɐɟŬɠ ŮɑɜŬɘ ŰŮůůɎɟɤɜ əŬŰŮɡɗɨɜůŮɤɜ, Ůɜɩ Ŭɜ ɏɢŮɘ ŭɡɜŬŰɧŰɖŰŬ 

ɛɏŰɟɖůɖɠ əŬɘ ůŰɞɜ ɎɝɞɜŬ z, ɞɜɞɛɎɕŮŰŬɘ ŬɘůɗɖŰɐɟŬɠ ˊɏɜŰŮ əŬŰŮɡɗɨɜůŮɤɜ. 
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ɇɏɚɞɠ Ŭɜ ɛŮŰɟɎŮɘ əŬɘ ůŰɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ, əŬɚŮɑŰŬɘ ŬɘůɗɖŰɐɟŬɠ ɏɝɘ 

əŬŰŮɡɗɨɜůŮɤɜ. 

ũɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ ůɖɛŮɑɤɜ əŬŰɎ Űɖɜ ŮˊŬűɐ, ɞɘ ŭɘɎűɞɟɞɘ ŬɘůɗɖŰɐɟŮɠ, 

ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.8, Ŭůəɞɨɜ ŭɨɜŬɛɖ, Ŭˊɧ 10 mg, ůŰɞ ˊɟɞɠ 

ɛɏŰɟɖůɖ ůɖɛŮɑɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ˊɟɧəɚɖůɖɠ űɗɞɟɩɜ əŬɘ 

ɕɖɛɘɩɜ Ŭɜ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞ ɐ ŮɨəŬɛˊŰɞ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ ˊɟɞŰɘɛɩɜŰŬɘ ɞɘ ŬɘůɗɖŰɐɟŮɠ ɢɤɟɑɠ ŮˊŬűɐ [ɄɎˊˊŬɠ, 2015; ũɘŬɜɜɎŰůɖɠ, 

2015]. 

 

 

ȺɘəɧɜŬ 5.8: Ʉɞɘəɑɚɞɘ ŬɘůɗɖŰɐɟŮɠ ŮˊŬűɐɠ [35] 

 

Ƀɘ ŬɘůɗɖŰɐɟŮɠ ɢɤɟɑɠ ŮˊŬűɐ, əŬŰŬɔɟɎűɞɡɜ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ 

ŬɜŰɘəŮɑɛŮɜɞɡ Ŭˊɧ ŬˊɧůŰŬůɖ, Ůɜɩ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɖɚŮɞˊŰɘəɞɨɠ 

ŬɘůɗɖŰɐɟŮɠ əŬɘ ŬɘůɗɖŰɐɟŮɠ laser. 

Ƀɘ ŬɘůɗɖŰɐɟŮɠ laser, ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.9, əŬŰŬɔɟɎűɞɡɜ Űɘɠ 

ˊɚɖɟɞűɞɟɑŮɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɛŮ Űɖ ɢɟɐůɖ ŬəŰɑɜŬɠ laser. ȺɑɜŬɘ ŰŬɢɨŰŬŰɞɘ, 

Ůɜɩ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɞɨɜ ɛɏɢɟɘ əŬɘ 200 ůɖɛŮɑŬ/s, ɛŮ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ 

ɛɏɢɟɘ əŬɘ Ñ2 ɛm [ɄɎˊˊŬɠ, 2015; ũɘŬɜɜɎŰůɖɠ, 2015]. 

 

 

ȺɘəɧɜŬ 5.9: Ʉɞɘəɑɚɞɘ ŬɘůɗɖŰɐɟŮɠ laser [32,35] 

 

ȷɜŰɑɗŮŰŬ, ɞɘ ŰɖɚŮɞˊŰɘəɞɑ ŬɘůɗɖŰɐɟŮɠ (ȺɘəɧɜŬ 5.10) ůɡɚɚɏɔɞɡɜ ɛŮ Űɖ 

ɢɟɐůɖ ɛɑŬɠ əɎɛŮɟŬɠ ɛɑŬ ŮɘəɧɜŬ, ɛŮ ˊɞɚɚɎ ůɖɛŮɑŬ. ȼ ŮɘəɧɜŬ ŬɡŰɐ 

ŮɜɘůɢɨŮŰŬɘ əŬɘ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɖɚŮəŰɟɞɜɘəɐ ɛɞɟűɐ ŭɑɜɞɜŰɎɠ Űɖɠ ŬɟəŮŰɎ 

ɡɣɖɚɐ ŬɜɎɚɡůɖ, Ůɜɩ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɣɖűɑŭɤɜ (pixels) Űɖɠ ŮɘəɧɜŬɠ 

[ɄɎˊˊŬɠ, 2015; ũɘŬɜɜɎŰůɖɠ, 2015]. 
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ȺɘəɧɜŬ 5.10: Ʉɞɘəɑɚɞɘ ŰɖɚŮɞˊŰɘəɞɑ ŬɘůɗɖŰɐɟŮɠ [32,35] 

 

ɇɏɚɞɠ, ɧˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ, ɏŰůɘ əŬɘ 

Ůŭɩ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ, ɞ ɞˊɞɑɞɠ 

ŭɘŬɗɏŰŮɘ əŬŰɎɚɚɖɚɞ ɚɞɔɘůɛɘəɧ ɩůŰŮ ɜŬ ŭɏɢŮŰŬɘ Űɘɠ ɛŮŰɟɐůŮɘɠ əŬɘ ɜŬ əɎɜŮɘ 

Ůˊɑ Űɧˊɞɡ ŮˊŮɝŮɟɔŬůɑŬ.  

 

5.4.4  ɀŮɗɞŭɞɚɞɔɑŮɠ ɛɏŰɟɖůɖɠ ůɖɛŮɑɤɜ  

 

ȷɜɎɚɞɔŬ ɛŮ Űɞɜ ŬɘůɗɖŰɐɟŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬɚɚɎ əŬɘ Űɞɜ Űɨˊɞ 

Űɖɠ ɛɖɢŬɜɐɠ, ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ əŬɘ ɞɘ ɛɏɗɞŭɞɘ ɛɏŰɟɖůɖɠ əŬɘ 

ˊɟɞůŭɘɞɟɘůɛɞɨ ůɡɜŰŮŰŬɔɛɏɜɤɜ [ɄɎˊˊŬɠ, 2015].  

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢɞɜŰŬɘ ɞɘ ŮɝɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ ŬɚɚɎ 

əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ɛɖɢŬɜɐɠ. ȷəɧɛɖ ˊɟɏˊŮɘ ɞɘ ŬɘůɗɖŰɐɟŮɠ əŬɘ ɞɘ 

ɛɖɢŬɜɏɠ ɜŬ ŭɘŬəɟɘɓɩɜɞɜŰŬɘ əŬɘ ɜŬ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ, ɧˊɤɠ ɞɟɑɕŮɘ 

ɞ əŬŰŬůəŮɡŬůŰɐɠ, ˊɟɞəŮɘɛɏɜɞɡ Űɞ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ɞɟɗɧ əŬɘ ŮɜŰɧɠ Űɖɠ 

ŬəɟɑɓŮɘŬɠ ˊɞɡ ˊŬɟɏɢŮŰŬɘ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬɘůɗɖŰɐɟŬɠ ŮˊŬűɐɠ, ɡˊɎɟɢɞɡɜ 

ŰɟŮɘɠ ɖɚŮəŰɟɘəɏɠ ůɡɜŭŮůɛɞɚɞɔɑŮɠ ɞɘ ɞˊɞɑŮɠ ɓɟɑůəɞɜŰŬɘ ůɡɜɏɢŮɘŬ ůŮ ŮˊŬűɐ 

ɛŮŰŬɝɨ Űɞɡɠ. ɀŮ Űɖɜ ŮˊŬűɐ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ, ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ 

ůɡɜŭŮůɛɞɚɞɔɑŬ ɢɎɜŮŰŬɘ əŬɘ ɏŰůɘ ɡˊɎɟɢŮɘ ɛŮŰŬɓɞɚɐ Űɖɠ ŰɎůɖɠ. ɀŮ Űɞɜ 

Űɟɧˊɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ˊɤɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞ 

ɕɖŰɞɨɛŮɜɞ ůɖɛŮɑɞ əŬɘ ɏŰůɘ əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ 

Űɖɠ ŬəɑŭŬɠ Űɖ ůŰɘɔɛɐ Űɖɠ ŮˊŬűɐɠ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬɘůɗɖŰɐɟɤɜ laser, ŮəˊɏɛˊŮŰŬɘ ɛɑŬ ŬəŰɑɜŬ űɤŰɧɠ 

ˊɎɜɤ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ ɛŮŰɟɘɏŰŬɘ ɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ 

ůɖɛŮɑɞ Ůəˊɞɛˊɐɠ ɛɏɢɟɘ Űɞ ɕɖŰɞɨɛŮɜɞ ůɖɛŮɑɞ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧɜ 

ůŬɟɩɜŮŰŬɘ ɧɚɖ ɖ ŮˊɘűɎɜŮɘŬ əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɑŬ ŰɟɘŭɘɎůŰŬŰɖ 

ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛɏůɤ əŬŰɎɚɚɖɚɞɡ ɚɞɔɘůɛɘəɞɨ.  
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ɇɏɚɞɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɛɏɗɞŭɞɠ Űɖɠ ŮɘəɧɜŬɠ, ɞɘ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ůɖɛŮɑɤɜ ˊɎɜɤ ůŮ ɛɑŬ ŮɘəɧɜŬ 

ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ. ɆŰɖɜ ˊɚŮɘɞɣɖűɑŬ, ɖ űɤŰɞɔɟŬűɑŬ ˊɟɞůŭɘɞɟɑɕŮɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ůŮ ŭɨɞ ŭɘŬůŰɎůŮɘɠ, Ůɜɩ ɔɘŬ ɏɜŬ 

ŰɟɘŭɘɎůŰŬŰɞ ŬˊɞŰɏɚŮůɛŬ ŬˊŬɘŰŮɑŰŬɘ ůɡɜŭɡŬůɛɧɠ əŬɘ ɛŮŰɟɐůŮɤɜ laser. 

 

5.4.5  Ʉɖɔɏɠ ůűŬɚɛɎŰɤɜ  

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Ůɜɧɠ Ŭəɟɘɓɞɨɠ ŬˊɞŰŮɚɏůɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɛɑŬ ɛɖɢŬɜɐ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ˊɟɏˊŮɘ ɜŬ ŮɚŮɔɢɗɞɨɜ Űɡɢɧɜ 

ůűɎɚɛŬŰŬ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŰŮɚɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ. ȷɡŰɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

[ɄɎˊˊŬɠ, 2015]:  

ü ŰŬ ůűɎɚɛŬŰŬ ɢŮɘɟɘůŰɩɜ, ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ůŰɖɜ ŬˊŮɘɟɑŬ Űɞɡ 

ɢɟɐůŰɖ, ůŰɖɜ ŮɘůŬɔɤɔɐ ɚɎɗɞɠ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ɧɟɔŬɜɞ (ˊ.ɢ. 

ŪŮɟɛɞəɟŬůɑŬ) ɐ ůŰɖ ɛɏŰɟɖůɖ ɚɎɗɞɠ ůɖɛŮɑɞɡ. ȷɡŰɎ ŮɑɜŬɘ ůɢŮŰɘəɎ 

Ůɨəɞɚɞ ɜŬ ŬɜŬɔɜɤɟɘůŰɞɨɜ əŬɘ ɜŬ ŮɝŬɚŮɘűɗɞɨɜ.   

ü ŰŬ ůűɎɚɛŬŰŬ ɞɟɔɎɜɤɜ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ŬˊŬɚŮɘűɗɞɨɜ ɛŮ ůɡɢɜɐ 

ŭɘŬəɟɑɓɤůɖ əŬɘ ɏɚŮɔɢɞ Ŭˊɧ Űɘɠ əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟŮɑŮɠ. Ƀɘ ɏɚŮɔɢɞɘ 

ŬɡŰɞɑ, Ŭűɞɟɞɨɜ:  

- ůŰɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ ɞɟɗɐ ɔŮɤɛŮŰɟɑŬ Űɤɜ ɛɖɢŬɜɩɜ əŬɘ Űɞɡ 
ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ,  

- ůŰɖɜ ɞɟɗɧŰɖŰŬ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ əŮűŬɚɐɠ Űɞɡ ŬɘůɗɖŰɐɟŬ, 

- ůŰɖɜ ɞɟɗɐ ɛɏŰɟɖůɖ ɛɐəɞɡɠ əŬɘ ůɖɛŮɑɤɜ. 

ü əŬɘ ŰŬ ůűɎɚɛŬŰŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧˊɤɠ ɛŮŰŬɓɞɚɏɠ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɐ 

ŰŬɚŬɜŰɩůŮɘɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ȼ ɟɨɗɛɘůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬ ɛˊɞɟŮɑ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ əɚɘɛŬŰɘůɛɞɨ əŬɘ Űɞɜ ɏɚŮɔɢɞ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛŮ Ŭəɟɘɓɐ ɗŮɟɛɧɛŮŰɟŬ. ȷɜŰɑůŰɞɘɢŬ, ɖ ɨˊŬɟɝɖ 

ŭɞɜɐůŮɤɜ əŬɘ ŰŬɚŬɜŰɩůŮɤɜ, ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɖɗɞɨɜ ɛŮ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ ŮˊɘŰŬɢɡɜůɘɞɛɏŰɟɤɜ Ůɜɩ ˊɞɚɚɏɠ űɞɟɏɠ ŮˊɘɚɏɔŮŰŬɘ ɖ 

ŰɞˊɞɗɏŰɖůɖ Űɞɡ CMM ́Ɏɜɤ ůŮ Ůɘŭɘəɧ ɡɚɘəɧ ˊɞɡ ŬˊɞůɓɏɜŮɘ Űɘɠ 

ŭɞɜɐůŮɘɠ ɏɤɠ əŬɘ 100Hz. 

 

5.4.6  ȹɘŬəɟɑɓɤůɖ əŬɘ ȰɚŮɔɢɞɠ 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, Űɧůɞ ɞɘ əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟŮɑŮɠ, ɧůɞ əŬɘ ɞ 

ɢɟɐůŰɖɠ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ Ůɚɏɔɝɞɡɜ Űɖɜ ŬəɟɑɓŮɘŬ əŬɘ Űɖɜ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ 

Űɤɜ ɛɖɢŬɜɩɜ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɎˊɞɘŬ ŭɘŮɗɜɐ 

ˊɟɧŰɡˊŬ ɐ ŰɡˊɞˊɞɘɖɛɏɜŬ ˊŮɘɟɎɛŬŰŬ.  
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ũɘŬ Űɖ ŭɘŬəɟɑɓɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ ůŰŬɗŮɟɩɜ ɛɖɢŬɜɩɜ CMM 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ˊɟɧŰɡˊŬ ASME B89.4.1 əŬɘ ISO 10360. ȷɡŰɧ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ [ISO 10360, 2000]:  

¶ ISO 10360-1:2000: ȸŬůɘəɐ ɞɟɞɚɞɔɑŬ ɔɘŬ Űɘɠ CMM. 

¶ ISO 10360-2:2009: ȰɚŮɔɢɞɠ ɔɘŬ Űɖ ɛɏŰɟɖůɖ ɔɟŬɛɛɘəɩɜ ŭɘŬůŰɎůŮɤɜ. 

¶ ISO 10360-3:2000: ȰɚŮɔɢɞɠ ɛɖɢŬɜɩɜ ɛŮ Űɞɜ ɎɝɞɜŬ ˊŮɟɘůŰɟɞűɘəɞɨ 

ŰɟŬˊŮɕɘɞɨ ɤɠ ŰɏŰŬɟŰɞ ɎɝɞɜŬ 

¶ ISO 10360-4:2000: ȰɚŮɔɢɞɠ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ 

ůɎɟɤůɖɠ  

¶ ISO 10360-5:2010: ȰɚŮɔɢɞɠ ˊɞɘəɑɚɤɜ ŬɘůɗɖŰɐɟɤɜ ɛŮ Űɖ ɛɞɟűɐ 

ŬəɑŭŬɠ. 

¶ ISO 10360-6:2001: ȺəŰɑɛɖůɖ ůűŬɚɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ 

ɗŮɤɟɑŬ Űɞɡ Gauss  

¶ ISO 10360-7:2011: ȰɚŮɔɢɞɠ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ŰɖɚŮɞˊŰɘəɞɑ 

ŬɘůɗɖŰɐɟŮɠ  

¶ ISO 10360-8:2011: ȰɚŮɔɢɞɠ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞˊŰɘəɞɑ 

ŬɘůɗɖŰɐɟŮɠ ŬˊɧůŰŬůɖɠ  

¶ ISO 10360-9:2011: ȰɚŮɔɢɞɠ ˊɞɘəɑɚɤɜ ŬɘůɗɖŰɐɟɤɜ  

¶ ISO 10360-10:2011: ȰɚŮɔɢɞɠ ŬɜɘɢɜŮɡŰɩɜ laser ɔɘŬ ɛŮŰɟɐůŮɘɠ 

ŬˊɞůŰɎůŮɤɜ Ŭˊɧ ůɖɛŮɑɞ ůŮ ůɖɛŮɑɞ.  

ũɘŬ Űɞɜ ɏɚŮɔɢɞ ɔɟŬɛɛɘəɩɜ ŭɘŬůŰɎůŮɤɜ ɛŮŰɟɞɨɜŰŬɘ 5 ŬˊɞůŰɎůŮɘɠ Ŭˊɧ 3 

űɞɟɏɠ ůŮ 7 ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ əŬɘ ˊɟɏˊŮɘ ɧɚŮɠ ɜŬ ůɡɛűɤɜɞɨɜ 100% ɛŮ 

Űɞɜ əŬŰŬůəŮɡŬůŰɐ. Ⱥˊɘˊɚɏɞɜ ŮɚɏɔɢŮŰŬɘ Űɞ ůűɎɚɛŬ Űɞɡ ůɖɛŮɘŬəɞɨ 

ŬɘůɗɖŰɐɟŬ ɛŮŰɟɩɜŰŬɠ 25 ůɖɛŮɑŬ ˊɎɜɤ ůŮ ɛɑŬ ŰɡˊɞˊɞɘɖɛɏɜŬ ůűŬɑɟŬ. ȼ 

ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɘ ɛŮ Űɞɜ ŬɘůɗɖŰɐɟŬ ɛŮ Űɖ ɛɞɟűɐ ŬəɑŭŬɠ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɚɏɔɢɞɡ Űɞɡ ŬɘůɗɖŰɐɟŬ ůɎɟɤůɖɠ, ɖ ɑŭɘŬ Űɡˊɞˊɞɘɖɛɏɜɖ 

ůűŬɑɟŬ ůŬɟɩɜŮŰŬɘ ɛŮ 4 ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ, Ůɜɩ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ 

əŬɘ ɖ ŰŬɢɨŰɖŰŬ ůɎɟɤůɖɠ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ 

ůŰŬŰɘůŰɘəɞɑ ɏɚŮɔɢɞɘ əŬɘ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɖ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɛɖɢŬɜɩɜ 

[ISO 10360, 2000]. 

ɆɢŮŰɘəɎ ɛŮ Űɞɡɠ ŬɟɗɟɤŰɞɨɠ ɓɟŬɢɑɞɜŮɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ISO 10360-

12 əŬɘ ŬűɞɟɎ ůŰɖ ɛɏŰɟɖůɖ ɓŬɗɛɞɜɞɛɖɛɏɜɤɜ ɛɖəɩɜ ŭɞəɘɛɐɠ əŬɘ ůŰɖɜ 

ŮˊŬɚɐɗŮɡůɖ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡɠ Ŭˊɧ Űɞ ɢɟɐůŰɖ. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ Űɞɡɠ 

ŬɟɗɟɤŰɞɨɠ ɓɟŬɢɑɞɜŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ŰŬ ˊɟɧŰɡˊŬ ASME B89.4.22-

2004 əŬɘ VDI/VDE 2617-9, Ůɜɩ ˊɞɚɚɞɑ ŮɟŮɡɜɖŰɏɠ ˊŬɔəɞůɛɑɤɠ ɏɢɞɡɜ 

ŮˊɘəŮɜŰɟɤɗŮɑ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ŭɘŬəɟɑɓɤůɖɠ [ȽɤŬɜɜɑŭɞɡ 

& ɄŬɜŰŬɕɐɠ, 2021]. 

ɇɞ ˊɟɧŰɡˊɞ ASME B89.4.22, ɔɘŬ Űɞɡɠ ŬɟɗɟɤŰɞɨɠ ɓɟŬɢɑɞɜŮɠ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ ɏɚŮɔɢɞ ŭɘŬɛɏŰɟɞɡ (Effective diameter Test), Űɞɜ 
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ɏɚŮɔɢɞ ɛɏŰɟɖůɖɠ Ůɜɧɠ ůɖɛŮɑɞɡ (Single-Point Articulation Test, SPAT) əŬɘ 

Űɞɜ ɏɚŮɔɢɞ Űɞɡ ɧɔəɞɡ (Volumetric Test), ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ Ůɘŭɘəɧɠ 

Ůɝɞˊɚɘůɛɧɠ.  Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ Űɡˊɞˊɞɘɖɛɏɜɖ ůűŬɑɟŬ 

əŬŰŬůəŮɡŬůɛɏɜɖ Ŭˊɧ ɢɎɚɡɓŬ, ɏɜŬɠ Ůɘŭɘəɧɠ əɩɜɞɠ ŭɘŬəɟɑɓɤůɖɠ ɔɘŬ 

ůɖɛŮɘŬəɞɨɠ ŬɘůɗɖŰɐɟŮɠ əŬɘ ɛɑŬ ɟɎɓŭɞɠ ůűŬɘɟɩɜ ɛɐəɞɡɠ 2400mm 

ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ 13 ůűŬɑɟŮɠ ůŮ ɔɜɤůŰɏɠ ŬˊɞůŰɎůŮɘɠ.  

ũɘŬ Űɞɜ ɏɚŮɔɢɞ ŭɘŬɛɏŰɟɞɡ Űɞɡ ŬɘůɗɖŰɐɟŬ ɚŬɛɓɎɜɞɜŰŬɘ ůɖɛŮɑŬ ˊɎɜɤ 

ůŰɖ ůűŬɑɟŬ Ůɜɩ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ 

ˊɟɧŰɡˊɖɠ ůűŬɑɟŬɠ əŬɘ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ ůűŬɑɟŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ 

ɛŮŰɟɐůŮɘɠ. ũɘŬ Űɞɜ ɏɚŮɔɢɞ ɛŮɛɞɜɤɛɏɜɞɡ ůɖɛŮɑɞɡ, ɛŮ Űɖ ɢɟɐůɖ Űɞɡ əɩɜɞɡ, 

ɛŮŰɟɎŰŬɘ Űɞ ɑŭɘɞ ůɖɛŮɑɞ ɔɘŬ ɧɚŮɠ Űɘɠ ˊɘɗŬɜɏɠ ɗɏůŮɘɠ Űɞɡ ɓɟŬɢɑɞɜŬ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɚŮɔɢɗŮɑ ɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ Űɖɠ ɛɏŰɟɖůɖɠ. ɇɏɚɞɠ ɔɘŬ Űɞɜ 

ɏɚŮɔɢɞ Űɞɡ ɧɔəɞɡ ɛŮŰɟɞɨɜŰŬɘ 5 ůɖɛŮɑŬ ůŮ əɎɗŮ ůűŬɑɟŬ Űɖɠ ɟɎɓŭɞɡ, ɧŰŬɜ 

ŬɡŰɐ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ, ɔɜɤůŰɏɠ, ɗɏůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ 

ɓɟŬɢɑɞɜŬ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɚɏɔɢɞɜŰŬɘ ůŰŬŰɘůŰɘəɎ əŬɘ 

ŭɘŬˊɘůŰɩɜŮŰŬɘ ɖ ɞɟɗɐ ɢɟɐůɖ Űɞɡ ɓɟŬɢɑɞɜŬ [ASME B89.4.22, 2004].  

 

5.5  ūɞɟɖŰɏɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (Laser Trackers) 

 

 Ƀɘ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 5.11, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɚɏɞɜ ŮəŰŮɜɩɠ ůŮ ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ, 

Ůɜɩ ŮűŮɡɟŮɗɐəŬɜ Űɞ 1980 Ŭˊɧ Űɞɡɠ Lau əŬɘ Hocken [ɄɎˊˊŬɠ, 2015]. 

 

 

ȺɘəɧɜŬ 5.11: ȹɘɎűɞɟŮɠ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ [25] 

 

ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ɓŬůɑɕŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ Ůˊɘɛɏɟɞɡɠ ɛɖɢŬɜɘůɛɩɜ, 

ˊɞɡ ˊɟɞůŭɘɞɟɑɕɞɡɜ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ɢɩɟɞ ɛŮ ŬəɟɑɓŮɘŬ ɛŮɟɘəɩɜ 

ɛɘəɟɧɛŮŰɟɤɜ (Ñ3ɛm). 

 

5.5.1  ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ  

 

ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ əɡɟɑɤɠ ůɩɛŬ, ɛɑŬ ɛɞɜɎŭŬ 

Ůɚɏɔɢɞɡ, Ůɘŭɘəɞɨɠ ůŰɧɢɞɡɠ əŬɘ ɚɞɔɘůɛɘəɧ. ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ 
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ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ůəˊɞɛˊɐ ɛɑŬɠ ŬəŰɑɜŬɠ laser, ɖ ɞˊɞɑŬ ˊɟɞůˊɑˊŰŮɘ ˊɎɜɤ ůŮ 

ɏɜŬɜ ŬɜŬəɚŬůŰɘəɧ ůŰɧɢɞ. ɀŮ Űɖɜ ŮˊɘůŰɟɞűɐ ŬɡŰɐɠ Űɖɠ ŭɏůɛɖɠ ˊɑůɤ, 

ɛŮŰɟɎŰŬɘ ɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ɕɖŰɞɨɛŮɜɞ ůɖɛŮɑɞ.  

ũɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ŬˊɧůŰŬůɖɠ, ŰŬ ɧɟɔŬɜŬ ŬɡŰɎ ŭɘŬɗɏŰɞɡɜ ŮɑŰŮ ɏɜŬ 

ůɡɛɓɞɚɧɛŮŰɟɞ (IFM ï interferometer), ŮɑŰŮ ɏɜŬ ŬˊɞůŰŬůɘɧɛŮŰɟɞ (ADM ï 

Absolute Distance Measurement) [Ɇˊɨɟɞɡ, 2013; ɄɎˊˊŬɠ, 2015]. ȸŬůɘəɐ 

ŭɘŬűɞɟɎ Űɞɡɠ ŮɑɜŬɘ ˊɤɠ ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ 

Ŭɟɢɘəɞˊɞɑɖůɖ ɛŮŰɟɩɜŰŬɠ ɏɜŬ ůɖɛŮɑɞ ɔɜɤůŰɐɠ ŬˊɧůŰŬůɖɠ, Ůɜɩ ůŰɖ 

ŭŮɨŰŮɟɖ ɧɢɘ. ȼ ŰŮɢɜɞɚɞɔɑŬ ADM ɏɢŮɘ ˊŬɟɧɛɞɘŬ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ Űɞ 

EDM Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ ˊŬɟɏɢɞɜŰŬɠ ɛɏŰɟɖůɖ ŮɑŰŮ ɛŮ Űɖɜ 

ŰŮɢɜɞɚɞɔɑŬ Phase Shift ŮɑŰŮ ɛŮ Űɖ ɛɏɗɞŭɞ Time of Flight [Ɇˊɨɟɞɡ, 2013]. 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɞɘ ŭɘŬűɞɟɏɠ Űɤɜ ɛŮɗɧŭɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 

5.4.  

 

ɄɑɜŬəŬɠ 5.4: ȹɘŬűɞɟɏɠ IFM əŬɘ ADM [ɄɎˊˊŬɠ, 2015] 

 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ laser trackers, əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬɘ ɛŮ Űɘɠ ŭɨɞ 

ŰŮɢɜɞɚɞɔɑŮɠ ɛŮ ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ Ŭˊɧ Űɞ ɢɟɐůŰɖ, Ůɜɩ ɖ Ůɝɏɚɘɝɖ Űɤɜ 

ADM ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ůŰɧɢɞɡ ɛŮ ŰŮɢɜɞɚɞɔɑŬ ATR 

ɔɘŬ əŬŰŬɔɟŬűɐ ɛɘəɟɞɛŮŰŬəɘɜɐůŮɤɜ əŬɘ ɛŮŰŬŰɞˊɑůŮɤɜ, ɢɤɟɑɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ 

ɜŬ ŮɑɜŬɘ əɞɜŰɎ ɞ ɢŮɘɟɘůŰɐɠ [ɄɎˊˊŬɠ, 2015]. Ⱥˊɘˊɚɏɞɜ ŰŬ ɧɟɔŬɜŬ 

ŰŮɚŮɡŰŬɑŬɠ ɔŮɜɘɎɠ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛɏŰɟɖůɖɠ ɛɐəɞɡɠ ɢɤɟɑɠ Űɖ ɢɟɐůɖ 

ŬɜŬəɚŬůŰɐɟŬ (ůɎɟɤůɖ) ɛŮ ŬəɟɑɓŮɘŬ Űɖɠ ŰɎɝɖɠ Űɤɜ Ñ300 Õm ɔɘŬ ɛɑŬ 

ŬˊɧůŰŬůɖ 80m [12]. 

ȹɘŬɗɏŰɞɡɜ ɔɡɎɚɘɜɞɡɠ ŭɑůəɞɡɠ, ɧˊɤɠ ŬɡŰɞɑ Űɤɜ ɞɚɞəɚɖɟɤɛɏɜɤɜ 

ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ɔɤɜɘŬəɩɜ ɞɟɘɕɧɜŰɘɤɜ əŬɘ 

əŬŰŬəɧɟɡűɤɜ ŬɜŬɔɜɩůŮɤɜ ɛŮ ŬɓŮɓŬɘɧŰɖŰŬ Ŭˊɧ Ñ1.5cc [Ɇɧűɖɠ, 2008]. 

ũɘŬ Űɖɜ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ŭɘŬɗɏŰɞɡɜ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ, 

əŬɗɩɠ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ŬɜɘɢɜŮɡŰɏɠ laser ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɚŮɘŰɞɡɟɔɑŬ 

ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ŮɝɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ. Ɇɡɜɐɗɤɠ ɖ ŬəɟɑɓŮɘŬ Űɞɡɠ 

ɓŮɚŰɘůŰɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɡˊɎɟɢɞɡɜ ůŰŬɗŮɟɏɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ůɡɜɗɐəŮɠ Ŭˊɧ 

ɄŬɟɎɛŮŰɟɞɠ ɆɡɛɓɞɚɧɛŮŰɟɞ (IFM) ȷˊɞůŰŬůɘɧɛŮŰɟɞ (ADM) 

ɇɟɧˊɞɠ ɛɏŰɟɖůɖɠ 

ɛɐəɞɡɠ 

 

ɀɏŰɟɖůɖ űɎůŮɤɜ 

əɨɛŬŰɞɠ 

ɀɏŰɟɖůɖ ŭɘŬűɞɟɩɜ űɎůŮɤɜ 

əɨɛŬŰɞɠ 

Ⱥɑŭɞɠ ɛɏŰɟɖůɖɠ 

 

ɆɢŮŰɘəɏɠ ȷˊɞůŰɎůŮɘɠ ȷˊɧɚɡŰŮɠ ȷˊɞůŰɎůŮɘɠ 

ɇŬɢɨŰɖŰŬ 

 

>1000 ůɖɛŮɑŬ/sec ~ 1 ůɖɛŮɑɞ/sec 

ȷəɟɑɓŮɘŬ 

 

Ñ0.4ɛm+0.3 ɛm/m Ñ15ɛm+1ɛm/m 
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18 ɏɤɠ 22ÁC əŬɘ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ 40%. ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ůɤůŰɐ 

ɔŮɤɛŮŰɟɑŬ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ ůŰŬɗɛɞɨ ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŮ əŬɘ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ ɞɚɞəɚɖɟɤɛɏɜɤɜ ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ [Muralikrishnan et 

al., 2016]. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ əŬɘ ŰŬ ɧɟɔŬɜŬ ŬɡŰɎ ŭɘŬɗɏŰɞɡɜ 

ɘůɞůŰŬɗɛɘůŰɏɠ ˊɞɡ ŭɘɞɟɗɩɜɞɡɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ŬˊɞəɚɑůŮɘɠ Űɧůɞ ůŰɖ 

ɔŮɤɛŮŰɟɑŬ Űɤɜ Ŭɝɧɜɤɜ ɧůɞ əŬɘ ůŰɘɠ ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ůɨɛűɤɜŬ ɛŮ 

ŰŬ ɧɟɘŬ ˊɞɡ ɞɟɑɕŮɘ ɞ ŮəɎůŰɞŰŮ əŬŰŬůəŮɡŬůŰɐɠ.  

ɇɏɚɞɠ ɔɘŬ ɞɟɗɐ ɛɏŰɟɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŬˊŬɘŰŮɑŰŬɘ ŭɘŬəɟɑɓɤůɖ Űɧůɞ 

Űɞɡ ɞɟɔɎɜɞɡ, ɧůɞ əŬɘ Űɤɜ ůŰɧɢɤɜ əŬɘ ˊŬɟŮɚəɧɛŮɜɤɜ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ɛɑŬ ɛɏŰɟɖůɖ.  

ɆŰɞɜ ɄɑɜŬəŬ 5.5 ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ əɎˊɞɘŮɠ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ 

ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. ɇɞ əɧůŰɞɠ Űɞɡɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 60-100.000ú 

ŬɜɎɚɞɔŬ Űɖɜ ŬəɟɑɓŮɘŬ ˊɞɡ ˊŬɟɏɢɞɡɜ.  

 

  

   
ȺŰŬɘɟŮɑŬ Hexagon Faro API 

ȸŮɚɖɜŮəɏɠ  
80m 

(60m ůŰɖ ůɎɟɤůɖ) 
80m 80m 

Ⱥ
ɨ
ɟ
ɞ
ɠ
 

ɛ
ɏ
Ű
ɟ
ɖ
ů
ɖ
ɠ

 

ɃɟɘɕɧɜŰɘɞ 300ɞ 360ɞ 320ɞ 

ȾŬŰŬəɧɟɡűɞ Ñ45ɞ  -52.1o - +77.9o  -59o - +79o 

ũɤɜɘŬəɐ ŬəɟɑɓŮɘŬ  Ñ7.5ɛm+3ɛm/m Ñ20ɛm+5ɛm/m Ñ10ɛm+5ɛm/m 

 ȷəɟɑɓŮɘŬ IFM Ñ 1-12ɛm  - Ñ0.5 Õm/m 

ȷəɟɑɓŮɘŬ ADR Ñ 7ɛm Ñ 9-39ɛm Ñ 5-28ɛm 

ȷəɟɑɓŮɘŬ IFR+ADM Ñ0.5 Õm/m - Ñ 1.5-20ɛm 

ȷəɟɑɓŮɘŬ ůɎɟɤůɖɠ Ñ 300ɛm - - 

Ⱥɨɟɞɠ ɗŮɟɛɞəɟŬůɑŬɠ 0ÁC - 40ÁC  0ÁC - 40ÁC -10ÁC - 45ÁC 

ɄɑɜŬəŬɠ 5.5: ȺɜŭŮɘəŰɘəɏɠ űɞɟɖŰɏɠ ɛɖɢŬɜɏɠ [12-14] 

 

5.5.2  ɄŬɟŮɚəɧɛŮɜŬ  

 

ȷɜɎɚɞɔŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬɚɚɎ əŬɘ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ, ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŬ ˊŬɟŮɚəɧɛŮɜŬ ˊɞɡ ɞŭɖɔɞɨɜ ůŰɖɜ ŰŮɚɘəɐ 

ŬˊɞŰɨˊɤůɖ Űɞɡ ɛŮ Űɖ ɓɏɚŰɘůŰɖ ŬəɟɑɓŮɘŬ.  

ȷɟɢɘəɎ, ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ, ɖ űɞɟɖŰɐ ɛɖɢŬɜɐ, 

ŰɞˊɞɗŮŰŮɑŰŮ ůŮ ɏɜŬɜ ŰɟɑˊɞŭŬ ɓɘɞɛɖɢŬɜɘəɐɠ ɔŮɤŭŬɘůɑŬɠ, ɛɑŬ ɓɎůɖ ɓŬɟɏɤɠ 
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Űɨˊɞɡ ɐ ˊɘɞ ůˊɎɜɘŬ ůŮ Ůɘŭɘəɐ ˊɚŬəɏŰŬ, ɧˊɤɠ ɞ ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ ˊɞɡ 

ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ.  

ũɘŬ Űɖ ɛɏŰɟɖůɖ Ůɜɧɠ ůɖɛŮɑɞɡ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŭɘɎűɞɟɞɘ 

ŬɜŬəɚŬůŰɐɟŮɠ ŬəɧɛŬ əŬɘ ɔɘŬ ɛɖ ɞɟŬŰɎ ůɖɛŮɑŬ. Ɇɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɏɜŬɠ ŬɜŬəɚŬůŰɘəɧɠ ůŰɧɢɞɠ ůűŬɘɟɘəɞɨ ůɢɐɛŬŰɞɠ (SMR-Spherically 

Mounted Retroreflector), ɧˊɤɠ ŬɡŰɧɠ Űɖɠ ȺɘəɧɜŬɠ 5.12. ɇɞ əɏɜŰɟɞ Űɞɡ 

ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ əɏɜŰɟɞ Űɞɡ ŬɜŬəɚŬůŰɐɟŬ, Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ 

ˊɟŬɔɛŬŰɘəɧ ůɖɛŮɑɞ ŮɑɜŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŬəɚŬůŰɐɟŬ, ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬɜŬɔɤɔɐ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ Űɘɛɐ Űɖɠ ŬəŰɑɜŬɠ Űɞɡ, əŬɘ 

Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɔŮɘŰɞɜɘəɩɜ ůɖɛŮɑɤɜ [ɄɎˊˊŬɠ, 2015]. 

 

ȺɘəɧɜŬ 5.12: ȷɜŬəɚŬůŰɘəɞɑ ůŰɧɢɞɘ SMR [36-37] 

 

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ ɔɟŬűɑŭŬ, ɧˊɤɠ ɞɜɞɛɎɕŮŰŬɘ əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 5.13, ŮɑɜŬɘ ˊɟɞůŬɟɛɞůɛɏɜɖ ůŮ ɛɘŬ űɞɟɖŰɐ ůɡůəŮɡɐ ɢŮɘɟɧɠ əŬɘ 

ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɏɜŬɜŰɘ Űɤɜ əɚŬůůɘəɩɜ ůűŬɘɟɘəɩɜ 

ŬɜŬəɚŬůŰɐɟɤɜ. ȹŮɜ ŭɘŬűɏɟŮɘ ˊɞɚɨ Ŭˊɧ Űɞɡɠ ŬɘůɗɖŰɐɟŮɠ ŮˊŬűɐɠ Űɤɜ 

CMM, ɛɧɜɞ ˊɞɡ ŭɘŬɗɏŰŮɘ ɛɘəɟɎ ˊɟɑůɛŬŰŬ ˊŮɟɘɛŮŰɟɘəɎ, ŰŬ ɞˊɞɑŬ 

ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ Ŭˊɧ Űɞ laser tracker ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ əŬɘ ɛɏŰɟɖůɖ 

Űɞɡ ɕɖŰɞɨɛŮɜɞɡ ůɖɛŮɑɞɡ. ɇŬ ɑŭɘŬ ˊɟɑůɛŬŰŬ ŭɘŬɗɏŰɞɡɜ əŬɘ ɞɘ ůŬɟɤŰɏɠ 

ɢŮɘɟɧɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ˊɡəɜɧŰɖŰŬ ůɖɛŮɑɤɜ ŬɚɚɎ 

əŬɘ Ŭˊɞűɡɔɐ ŮˊŬűɐɠ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ.  

ɇɏɚɞɠ ɞɘ űɞɟɖŰɏɠ, ŬɡŰɏɠ, ɛɖɢŬɜɏɠ, ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ əŬɘ ɛŮ 

ŬɟɗɟɤŰɞɨɠ ɓɟŬɢɑɞɜŮɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ɓŮɚŰɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖɜ 

ŬəɟɑɓŮɘŬ ˊɞɡ ɞɘ ŰŮɚŮɡŰŬɑɞɘ ˊŬɟɏɢɞɡɜ. 

Ⱥˊɘˊɚɏɞɜ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ůŰɧɢɤɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŰŮɢɜɞɚɞɔɑŬ ŬɡŰɧɛŬŰɖɠ ŬɜŬɔɜɩɟɘůɖɠ ůŰɧɢɞɡ (ATR) ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ əŬɘ ɞɘ ɔŮɤŭŬɘŰɘəɞɑ ůŰŬɗɛɞɑ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ Űɞɡ 

ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ, ɖ ůɨɜŭŮůɖ ɔɑɜŮŰŬɘ ɛɏůɤ Bluetooth ɐ əŬɚɤŭɑɞɡ.    
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ȺɘəɧɜŬ 5.13: (Ŭ)ũɟŬűɑŭŮɠ. (ɓ)ɆŬɟɤŰɏɠ ɢŮɘɟɧɠ. (ɔ)ȷɟɗɟɤŰɞɑ ɓɟŬɢɑɞɜŮɠ 

[38,11] 

 

5.5.3  ɀŮɗɞŭɞɚɞɔɑŬ ɛɏŰɟɖůɖɠ ůɖɛŮɑɤɜ  

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɞɘ űɞɟɖŰɏɠ, ŬɡŰɏɠ ɛɖɢŬɜɏɠ, ɛŮŰɟɞɨɜ ɞɟɘɕɧɜŰɘŮɠ əŬɘ 

əŬŰŬəɧɟɡűŮɠ ɔɤɜɑŮɠ, əŬɗɩɠ əŬɘ ɛɐəɖ ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ. ũɘŬ Űɞɜ 

ŰŮɚɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ ůɖɛŮɑɤɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ Űɞ ůɖɛŮɑɞ ɀ, 

ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.7 [Muralikrishnan et al., 2016]. 

 

 

ɆɢɐɛŬ 5.7: ɆɨůŰɖɛŬ ůűŬɘɟɘəɩɜ ůɡɜ/ɜɤɜ ůŮ ɏɜŬ laser tracker 

[Muralikrishnan et al., 2016] 

 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɛŮ Űɖ ɛɏŰɟɖůɖ Ůɜɧɠ ůɖɛŮɑɞɡ əŬɘ Űɖ ɢɟɐůɖ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ ůŰɞ ɢɩɟɞ ɛŮ 

ŬəɟɑɓŮɘŬ ɛŮɟɘəɩɜ ɛm.  

ũɘŬ ɜŬ ɓŮɚŰɘůŰɞˊɞɘɖɗŮɑ ɖ ŬəɟɑɓŮɘŬ ŬɡŰɐ, ˊɟɏˊŮɘ ˊɟɘɜ Űɖ ɛɏŰɟɖůɖ ɜŬ 

ŮɚŮɔɢɗɞɨɜ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ɛɖɢŬɜɐɠ. 

ȳˊɤɠ əŬɘ ůŰɘɠ ɛɖɢŬɜɏɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ŭɘŬəɟɑɓɤůɖ Űɤɜ ŬɘůɗɖŰɐɟɤɜ əŬɘ Űɤɜ ůŰɧɢɤɜ, Ůɜɩ ŮɚɏɔɢŮŰŬɘ əŬɘ ɖ 

ŬəɟɑɓŮɘŬ ůŰɖ ɛɏŰɟɖůɖ ɔɤɜɘɩɜ əŬɘ ɛɖəɩɜ,  ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬəɞɚɞɡɗŮɑ Űɘɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ.  

   

(Ŭ) (ɓ) (ɔ) 
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5.5.4  Ʉɖɔɏɠ ůűŬɚɛɎŰɤɜ  

 

ȳˊɤɠ əŬɘ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ůɡůŰɐɛŬŰŬ, ɏŰůɘ əŬɘ Ůŭɩ ɡˊɎɟɢɞɡɜ 

ůűɎɚɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮˊɖɟŮɎɕɞɡɜ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ 

ůɡɜŭɡŬůɛɧ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ Űɤɜ ɛɖɢŬɜɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ əŬɘ Űɤɜ 

ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰɞɨɜ 

[Muralikrishnan et al., 2016]:  

ü  ŰŬ ůűɎɚɛŬŰŬ ɢŮɘɟɘůŰɩɜ, ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖ ɛɖ ɨˊŬɟɝɖ ŮɛˊŮɘɟɑŬɠ, 

ůŰɖɜ ŮɘůŬɔɤɔɐ ɚɎɗɞɠ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ɧɟɔŬɜɞ ɐ ůŰɖ ɛɖ ɚɐɣɖ ɞɟɗɩɜ 

ůɖɛŮɑɤɜ.   

ü ŰŬ ůűɎɚɛŬŰŬ ɞɟɔɎɜɤɜ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ŮɚŮɔɢɗɞɨɜ əŬɘ ɜŬ 

ˊɟɞůŭɘɞɟɘůŰɞɨɜ Ŭˊɧ Űɘɠ əŬŰŬůəŮɡŬůŰɘəɏɠ ŮŰŬɘɟŮɑŮɠ. Ƀɘ ɏɚŮɔɢɞɘ ŬɡŰɞɑ, 

Ŭűɞɟɞɨɜ:  

- ůŰɖɜ ɞɟɗɐ ɛɏŰɟɖůɖ ɛɐəɞɡɠ əŬɘ ɔɤɜɘɩɜ 

- ůŰɞɜ ɞɟɗɧ ŮɜŰɞˊɘůɛɧ Űɞɡ ůɖɛŮɑɞɡ ˊɟɞɠ ɛɏŰɟɖůɖ (ŬɡŰɧɛŬŰɖ 
ŬɜŬɔɜɩɟɘůɖ ůŰɧɢɞɡ) 

- ůŰɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ ɞɟɗɐ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŬɟɗɟɤŰɞɨ 
ɓɟŬɢɑɞɜŬ (ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮˊɘɚŮɔŮɑ ůŬɜ ˊŬɟŮɚəɧɛŮɜɞ) 

- ůŰɖɜ ɞɟɗɧŰɖŰŬ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ əŮűŬɚɐɠ Űɞɡ ŬɘůɗɖŰɐɟŬ. 

ü əŬɘ ŰŬ ůűɎɚɛŬŰŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧˊɤɠ ɛŮŰŬɓɞɚɏɠ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɐ 

ŰŬɚŬɜŰɩůŮɘɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ŬɡɝŬɜɧɛŮɜɖ ɡɔɟŬůɑŬ əɚˊ.  

 

5.5.5  ȹɘŬəɟɑɓɤůɖ əŬɘ ȰɚŮɔɢɞɠ  

 

ũɘŬ Űɖ ŭɘŬəɟɑɓɤůɖ əŬɘ Űɞɜ ɏɚŮɔɢɞ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 

űɞɟɖŰɩɜ ɛɖɢŬɜɩɜ ɡˊɎɟɢɞɡɜ ŭɨɞ ˊɟɧŰɡˊŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Űɧůɞ Ŭˊɧ 

Űɘɠ əŬŰŬůəŮɡŬůŰɘəɏɠ ŮŰŬɘɟŮɑŮɠ, ɧůɞ əŬɘ Ŭˊɧ Űɞɡɠ ɑŭɘɞɡɠ Űɞɡɠ ɢɟɐůŰŮɠ. ɇɞ 

ˊɟɧŰɡˊɞ ISO 10360-10:2021 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ laser tracker. ȷɜŰɑůŰɞɘɢŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ 

Űɞ ASTM E3125-17 ɔɘŬ Űɖ ůɎɟɤůɖ ůɖɛŮɑɤɜ [ISO 10360-109, 2021;  

ASTM E3125-17, 2022]. 

Ƀ ɏɚŮɔɢɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɡɔəɟɑɜɞɜŰŬɠ ɛŮŰɟɐůŮɘɠ  ůŮ ŬəɑɜɖŰɞ ůŰɧɢɞ 

ˊŮɟɘůŰɟɏűɞɜŰŬɠ Űɞɜ ɞɟɘɕɧɜŰɘɞ ŭɑůəɞ 200g ́ ɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ 

ɔŮɤɛŮŰɟɘəɏɠ ŬŰɏɚŮɘŮɠ. Ⱥˊɑůɖɠ ůŮ ɛɘŬ ɓŬɗɛɞɜɞɛɖɛɏɜɖ əɚɑɛŬəŬ ɔɜɤůŰɞɨ 

ɛɐəɞɡɠ ɛŮŰɟɞɨɜŰŬɘ ůɖɛŮɑŬ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ ɔɘŬ ɏɚŮɔɢɞ Űɖɠ 

ŬəɟɑɓŮɘŬɠ ɛɏŰɟɖůɖɠ ůŮ ɏɜŬɜ ůɡɔəŮəɟɘɛɏɜɞ ɧɔəɞ. ɃɚɞəɚɖɟɩɜɞɜŰŬɠ, ɔɘŬ 

Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬəɟɑɓŮɘŬɠ ɛɏŰɟɖůɖɠ ɛɐəɞɡɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏŰɟɖůɖ 

ŬəɑɜɖŰɤɜ ůŰɧɢɤɜ ůŮ ŬɡɝŬɜɧɛŮɜɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖ űɞɟɖŰɐ ɛɖɢŬɜɐ [ISO 

10360-109, 2021;  ASTM E3125-17, 2022]. 
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ɇɏɚɞɠ, ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ŮəŰɧɠ Ŭˊɧ Űɞɜ ɏɚŮɔɢɞ Űɞɡ laser tracker ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ əŬɘ ɖ ŭɘŬəɟɑɓɤůɖ Űɤɜ ŬɘůɗɖŰɐɟɤɜ ŬɚɚɎ əŬɘ Űɤɜ ůŰɧɢɤɜ, ɩůŰŮ 

ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɓɏɚŰɘůŰɖ ŬəɟɑɓŮɘŬ.  
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ȾȺūȷȿȷȽɃ 6ɞ  

ȺɄȽȿɃũȼ ɀȺŪɃȹɃɈ ȾȷȽ ȺɂɃɄȿȽɆɀɃɈ 
 

 

6.1  ɄɞɚɡəɟɘŰɖɟɘŬəɐ ŬɜɎɚɡůɖ ŬˊɞűɎůŮɤɜ  

 

ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɧůɞ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ ɔɘŬ Űɖɜ ɔŮɤɛŮŰɟɘəɐ 

ŰŮəɛɖɟɑɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ɧůɞ əŬɘ ɔɘŬ Űɖ ɓɏɚŰɘůŰɖ ŭɘŬŭɘəŬůɑŬ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɘɜ əɎˊɞɘŬ 

ɓŬůɘəɎ əɟɘŰɐɟɘŬ. ȷɡŰɎ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŬˊɞŰɨˊɤůɖɠ, ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŮəɎůŰɞŰŮ ɏɟɔɞɡ, ŬɚɚɎ əŬɘ Űɞɡɠ ŭɘŬɗɏůɘɛɞɡɠ 

ɡˊɞɚɞɔɘůŰɘəɞɨɠ ˊɧɟɞɡɠ. ɄŬɟŬəɎŰɤ ŭɑɜɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ əɟɘŰɐɟɘŬ ŬɡŰɎ, 

Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɞɚɡəɟɘŰɖɟɘŬəɐ ŬɜɎɚɡůɖ ɔɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ. 

ȼ ˊɞɚɡəɟɘŰɖɟɘŬəɐ ŬɜɎɚɡůɖ ŬˊɞűɎůŮɤɜ (Multi-criteria decision 

analysis - MCDA) ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ɔɜɤůŰɏɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖɜ 

ɚɐɣɖ ŬˊɞűɎůŮɤɜ ůŮ ˊɞɘəɑɚŬ ˊɟɞɓɚɐɛŬŰŬ. ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɐ Űɖɠ 

ŬˊŬɘŰŮɑŰŬɘ ɏɜŬɠ ˊŮˊŮɟŬůɛɏɜɞɠ Ŭɟɘɗɛɧɠ ŮɜŬɚɚŬəŰɘəɩɜ Ůˊɘɚɞɔɩɜ, ɏɜŬ 

ůɨɜɞɚɞ əɟɘŰɖɟɑɤɜ əŬɘ ɛɑŬ ɛɏɗɞŭɞɠ əŬŰɎŰŬɝɖɠ Űɤɜ Ůˊɘɚɞɔɩɜ ɛŮ ɓɎůɖ ŰŬ 

əɟɘŰɐɟɘŬ ˊɞɡ ˊɚɖɟɞɨɜŰŬɘ [ɁŰɞɡɟɞɡŰɚɐɠ, 2020].  

Ƀ əŬɗɞɟɘůɛɧɠ Űɤɜ əɟɘŰɖɟɑɤɜ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ ɓŬůɘəɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ 

Űɖɜ ŮűŬɟɛɞɔɐ ɛɘŬɠ ˊɞɚɡəɟɘŰɖɟɘŬəɐɠ ŬɜɎɚɡůɖɠ. Ɇɡɜɐɗɤɠ ŬɡŰɎ 

ŮˊɘɚɏɔɞɜŰŬɘ ɛŮ ůŰɧɢɞ ɜŬ ůɡɔəɟɑɜɞɡɜ əŬɘ ɜŬ Ŭɝɘɞɚɞɔɐůɞɡɜ əɎɗŮ ɛɘŬ Ŭˊɧ 

Űɘɠ ŮɜŬɚɚŬəŰɘəɏɠ Ůˊɘɚɞɔɏɠ, əŬɘ ˊɟɏˊŮɘ ɜŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ ɔŮɜɘəɧ ůŰɧɢɞ 

Űɖɠ ŬˊɧűŬůɖɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ˊŬɟɗŮɑ [ɁŰɞɡɟɞɡŰɚɐɠ, 2020]. 

ɆɢŮŰɘəɎ ɛŮ Űɖ ůŰɎɗɛɘůɖ Űɤɜ əɟɘŰɖɟɑɤɜ əŬɘ Űɖ ɓŬɗɛɞɚɧɔɖůɖ Űɤɜ 

ŮɜŬɚɚŬəŰɘəɩɜ Ůˊɘɚɞɔɩɜ, ŮˊɘɚɏɔŮŰŬɘ ɓŬɗɛɞɚɞɔɘəɐ əɚɑɛŬəŬ ŬɚɚɎ əŬɘ ɓɎɟɖ 

ůɖɛŬɜŰɘəɧŰɖŰŬɠ ɔɘŬ ŰŬ əɟɘŰɐɟɘŬ. ȰŰůɘ ɔɘŬ Űɖɜ ŰŮɚɘəɐ ŮəŰɑɛɖůɖ Űɖɠ 

Ůˊɘɚɞɔɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ Simple Additive Weighting (SAW), 

ɧˊɞɡ ɖ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ ɛɘŬɠ ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ˊɟɞəɨˊŰŮɘ ɤɠ Űɞ 

ůŰŬɗɛɘůɛɏɜɞ ɎɗɟɞɘůɛŬ Űɤɜ Űɘɛɩɜ ɔɘŬ əɎɗŮ əɟɘŰɐɟɘɞ, ɧŰŬɜ ůŮ ŬɡŰɧ ɏɢŮɘ 

ŬˊɞŭɞɗŮɑ əŬɘ Űɞ ɓɎɟɞɠ Űɞɡ, əŬɘ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ůɢɏůɖ 6.1 

[ɁŰɞɡɟɞɡŰɚɐɠ, 2020]. 

Ὓ В ὖϽὄȟὭ ρȟςȟσȟτȟυȢ                     (6.1) 

ɧˊɞɡ Ὓ ɖ ŰŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ ɔɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ŮɜŬɚɚŬəŰɘəɏɠ ɛŮɗɧŭɞɡɠ 
Ὥ, P Űɞ ɓɎɟɞɠ əŬɘ B ɖ ɓŬɗɛɞɚɞɔɑŬ Űɞɡ əɎɗŮ əɟɘŰɖɟɑɞɡ Ὦ. 
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6.2  Ⱥˊɘɚɞɔɐ ɛŮɗɧŭɞɡ əŬɘ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ  

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɔɘŬ Űɖɜ əŬŰŬɚɚɖɚɧŰŮɟɖ ɛɏɗɞŭɞ ɔŮɤɛŮŰɟɘəɐɠ 

ŰŮəɛɖɟɑɤůɖɠ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ, ɛŮɚŮŰɩɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ɛŮŰɟɐůŮɤɜ 

ŬəɟɘɓŮɑŬɠ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ ůŰɞ əŮűɎɚŬɘɞ 5.1 . ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ 

ŮəŰɧɠ Ŭˊɧ Űɞɡɠ ɔŮɤŭŬɘŰɘəɞɨs ůŰŬɗɛɞɨɠ ŬəɟɘɓŮɑŬɠ, Űɘɠ ůŰŬɗŮɟɏɠ CMM, 

Űɞɡɠ ŬɟɗɟɤŰɞɨɠ ɓɟŬɢɑɞɜŮɠ ŬɚɚɎ əŬɘ ŰŬ űɞɟɖŰɎ laser trackers, ɛŮɚŮŰɎŰŬɘ 

əŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɞɡɠ, əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖɜ ŬəɟɑɓŮɘŬ 

ɛɏŰɟɖůɖɠ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ əɟɘŰɐɟɘŬ Ŭɝɘɞɚɧɔɖůɖɠ, ɖ 

Ůˊɘɚɞɔɐ ɓŬɟɩɜ əŬɘ ɖ ɓŬɗɛɞɚɧɔɖůɖ ɔɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ.  

 

6.2.1  ȾɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɔŮɤɛŮŰɟɘəɐɠ ŰŮəɛɖɟɑɤůɖɠ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ 

ŰŬ əɟɘŰɐɟɘŬ Ŭɝɘɞɚɧɔɖůɖɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɏůůŮɟŮɘɠ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ:  

V ɇɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŬˊɞŰɨˊɤůɖɠ  

V ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɏɟɔɞɡ  

V ɇɞɡɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ  

V ɇɞ əɧůŰɞɠ  

ũɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ ɡˊɎɟɢɞɡɜ Ůˊɘɛɏɟɞɡɠ əɟɘŰɐɟɘŬ, ŰŬ ɞˊɞɑŬ 

ŬɝɘɞɚɞɔɞɨɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ, əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 6.1. 

ũɘŬ Űɖɜ ŬˊɞŰɨˊɤůɖ Ůɜɧɠ ɏɟɔɞɡ ŬˊŬɘŰŮɑŰŬɘ ˊɞɚɨ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ 

ɛɏŰɟɖůɖɠ, Űɖɠ ŰɎɝɖɠ Űɤɜ ɛm, Ůɜɩ ɖ ŭɖɛɘɞɡɟɔɑŬ ɚŮˊŰɞɛŮɟɞɨɠ ŰɟɘŭɘɎůŰŬŰɞɡ 

ɛɞɜŰɏɚɞɡ əŬɘ ɖ ŮˊɞˊŰŮɑŬ ŬɡŰɞɨ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ. 

ȷˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɖ ɚŮˊŰɞɛɏɟŮɘŬ ůŰɖ ɛɏŰɟɖůɖ ŮˊɑˊŮŭɤɜ-ŬɜɎɔɚɡűɤɜ 

ŮˊɘűŬɜŮɘɩɜ, Ůɜɩ ŬˊŬɟŬɑŰɖŰɖ ŮɑɜŬɘ əŬɘ ɖ ɛɏŰɟɖůɖ ɛŮɛɞɜɤɛɏɜɤɜ ůɖɛŮɑɤɜ 

ɔɘŬ Űɖ ůɡůɢɏŰɘůɖ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɧ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ.  

ȷəɧɛɖ, ůŰɖ ˊŮɟɑˊŰɤůɖ Űɖɠ ůɡɜŰɐɟɖůɖɠ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ŰŬ ɛŮɔɏɗɖ 

Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ ɏɟɔɤɜ ˊɞɘəɑɚɞɡɜ, Ůɜɩ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɛɏŰɟɖůɖ ɛŮ Űɖ 

ɢɟɐůɖ ɛɖ ŮˊŮɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ əɎŰɤ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ əŬɘ ɗŮɟɛɞəɟŬůɘŬəɏɠ ůɡɜɗɐəŮɠ. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ 

ŮˊɘɗɡɛɖŰɐɠ ŬəɟɑɓŮɘŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ 

Ůɝɞˊɚɘůɛɞɨ, ŬɚɚɎ əŬɘ ɖ ŮɡəɞɚɑŬ ɛŮŰŬəɑɜɖůɐɠ Űɞɡ ůŮ ɢɩɟɞɡɠ ůɡɜŰɐɟɖůɖɠ 

ɐ ɛɞɡůŮɑŬ.  

ɇɏɚɞɠ, ɢɟɐůɘɛɞ ŮɑɜŬɘ ˊɟɘɜ Ŭˊɧ əɎɗŮ ɛɏŰɟɖůɖ ɜŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ 

ŭɘŬəɟɑɓɤůɖ Űɖɠ ɞɟɗɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ, 
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ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ Űɡɢɧɜ ɢɞɜŭɟɞŮɘŭɐ ůűɎɚɛŬŰŬ, Ůɜɩ ɔɘŬ Űɖɜ 

ŰŮɚɘəɐ Ůˊɘɚɞɔɐ əɡɟɑŬɟɢɞ ɟɧɚɞ ɏɢŮɘ əŬɘ Űɞ əɧůŰɞɠ.  

 

 

ɆɢɐɛŬ 6.1: ȾɟɘŰɐɟɘŬ Ŭɝɘɞɚɧɔɖůɖɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ɛŮɗɧŭɞɡ ŰŮəɛɖɟɑɤůɖɠ 

 

6.2.2  ȷɝɘɞɚɧɔɖůɖ əɟɘŰɖɟɑɤɜ əŬɘ Ůˊɘɚɞɔɐ ɛŮɗɧŭɞɡ əŬɘ Ůɝɞˊɚɘůɛɞɨ 

 

ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ əɎɗŮ əɟɘŰɖɟɑɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ əɚɑɛŬəŬ 

ɓŬɗɛɞɚɧɔɖůɖɠ Űɧůɞ ɔɘŬ ˊɞɘɞŰɘəɎ ɧůɞ əŬɘ ɔɘŬ ˊɞůɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 6.1, ɔɘŬ əɎɗŮ ŮɜŬɚɚŬəŰɘəɐ 

Ůˊɘɚɞɔɐ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɟɢɘəɎ ɛɑŬ ˊɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɛŮ ˊɚɐɟɤůɖ 

ɐ ɧɢɘ Űɤɜ əɟɘŰɖɟɑɤɜ, Ůɜɩ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞůɞŰɘəɩɜ ɚŮˊŰɞɛŮɟŮɘɩɜ 

ůɡɛˊɚɖɟɩɗɖəŮ Űɞ Ůɨɟɞɠ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ŬɜɎ Ůɝɞˊɚɘůɛɧ 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ ɖ ˊɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ 

ɛŮŰŬŰɟɎˊɖəŮ ůŮ ˊɞůɞŰɘəɐ ɛŮ ɓɎůɖ Űɖ ɓŬɗɛɞɚɞɔɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 6.2. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ˊɞɘɞŰɘəɐ ˊɚɖɟɞűɞɟɑŬ ŮɑɜŬɘ çȳɢɘè, 

çȲůɤɠè, ɐ çɁŬɘè ɖ ɓŬɗɛɞɚɞɔɑŬ ɞɟɑůŰɖəŮ ɤɠ 0, 1 ɐ 2 ŬɜŰɑůŰɞɘɢŬ. 

Ɉɣɖɚɐ ŬəɟɑɓŮɘŬ ůŮ 
ɛŮŰɟɐůŮɘɠ ɛŮ ɐ ɢɤɟɑɠ 
ŮˊŬűɐ (Ñɛm) 

ȺˊɞˊŰŮɑŬ ɛŮŰɟɐůŮɤɜ 
ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ 

ȹɖɛɘɞɡɟɔɑŬ 
ɚŮˊŰɞɛŮɟɞɨɠ 3D 
ɛɞɜŰɏɚɞɡ 

ɀŮŰɟɐůŮɘɠ ɢɤɟɑɠ 
ŮˊŬűɐ ɛŮ Űɞ 
ŬɜŰɘəŮɑɛŮɜɞ (ɛɖ 

ŮˊŮɛɓŬŰɘəɐ ɛɏɗɞŭɞɠ) 

ɀɏŰɟɖůɖ ɜɏűɞɡɠ 
ůɖɛŮɑɤɜ ɔɘŬ 
ɛŮɔŬɚɨŰŮɟɖ 
ɚŮˊŰɞɛɏɟŮɘŬ 

ɀɏŰɟɖůɖ 
ɛŮɛɞɜɤɛɏɜɤɜ ůɖɛŮɑɤɜ 
ɔɘŬ ůɨɜŭŮůɖ ɛŮ Űɞ 
ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ 

ɉŬɟŬəŰɖɟɘůŰɘəɎ 
ɏɟɔɞɡ 

ȰɟɔŬ ɛɘəɟɧ ɛŮɔɏɗɞɡɠ 
(ˊ.ɢ. ɏɟɔŬ ůŮ ɢŬɟŰɑ ɐ 

əŬɛɓɎ) 

ȰɟɔŬ ɛŮůŬɑɞɡ 
ɛŮɔɏɗɞɡɠ  

(ˊ.ɢ. ɏɟɔŬ ůŮ əŬɛɓɎŭŮɠ 
ɐ ŬɔɘɞɔɟŬűɑŮɠ) 

ȰɟɔŬ ɛŮɔɎɚɞɡ 
ɛŮɔɏɗɞɡɠ  (ˊ.ɢ. 
ŰɞɘɢɞɔɟŬűɑŮɠ ɐ 
ɣɖűɘŭɤŰɎ) 

ȺˊɑˊŮŭŮɠ ŮˊɘűɎɜŮɘŮɠ ɛŮ 
ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ  

ȾɧůŰɞɠ 
ɄŮɟɘɓŬɚɚɞɜŰɘəɞɑ 
ˊŬɟɎɔɞɜŰŮɠ 

ɆŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ 

(20
ɞ
C) 

ɆŰŬɗŮɟɐ ůɢŮŰɘəɐ 
ɡɔɟŬůɑŬ  (40-50%) 

ɆŰŬɗŮɟɧŰɖŰŬ ɛɖɢŬɜɐɠ 

ȺɡŮɚɘɝɑŬ ɛŮŰŬəɑɜɖůɖɠ 
Ůɝɞˊɚɘůɛɞɨ ůŮ Ɏɚɚɖ 
ŰɞˊɞɗŮůɑŬ  
(ˊ.ɢ. ɛɞɡůŮɑɞ) 

ȹɡɜŬŰɧŰɖŰŬ Ůɚɏɔɢɞɡ 
ɛɖɢŬɜɐɠ Ŭˊɧ Űɞ 

ɢɟɐůŰɖ, ˊɟɘɜ Űɖ ɢɟɐůɖ 

ȷˊŬɘŰɐůŮɘɠ 
ȷˊɞŰɨˊɤůɖɠ  
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ɄɑɜŬəŬɠ 6.1: ɄɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ əɟɘŰɖɟɑɤɜ Ůˊɘɚɞɔɐɠ ɛŮɗɧŭɞɡ əŬɘ Ůɝɞˊɚɘůɛɞɨ

 

 

 

ȾɟɘŰɐɟɘŬ ȷɝɘɞɚɧɔɖůɖɠ 

ȺɜŬɚɚŬəŰɘəɏɠ Ⱥˊɘɚɞɔɏɠ Ⱥɝɞˊɚɘůɛɞɨ 

ũŮɤŭŬɘŰɘəɧɠ 

ɆŰŬɗɛɧɠ 

ȷəɟɘɓŮɑŬɠ 

ɆŰŬɗŮɟɐ 

ɛɖɢŬɜɐ 

CMM  

ȷɟɗɟɤŰɧɠ 

ɓɟŬɢɑɞɜŬɠ 

CMA 

ūɞɟɖŰɐ 

ɛɖɢŬɜɐ Laser 

tracker  

ɆɡɜŭɡŬůɛɧɠ 

CMA ɛŮ 

Laser tracker 

ȷ
ˊ
Ŭ
ɘ
Ű
ɐ
ů
Ů
ɘ
ɠ

 

Ɉɣɖɚɐ ŬəɟɑɓŮɘŬ ůŰɖ ɛɏŰɟɖůɖ ɛŮ ŮˊŬűɐ(ůɖɛŮɑɞ) >Ñ0.5mm >Ñ0.5ɛm >Ñ25ɛm >Ñ3ɛm >Ñ3ɛm 

Ɉɣɖɚɐ ŬəɟɑɓŮɘŬ ůŰɖ ɛɏŰɟɖůɖ ɢɤɟɑɠ ŮˊŬűɐ (laser) >Ñ0.5mm >Ñ1.5ɛm Ñ35-95ɛm Ñ50-150ɛm Ñ35-95ɛm 

ȺˊɞˊŰŮɑŬ ɛŮŰɟɐůŮɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ȹɖɛɘɞɡɟɔɑŬ ɚŮˊŰɞɛŮɟɞɨɠ 3D ɛɞɜŰɏɚɞɡ ȳɢɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ɀŮŰɟɐůŮɘɠ ɢɤɟɑɠ ŮˊŬűɐ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ɀɏŰɟɖůɖ ɜɏűɞɡɠ ůɖɛŮɑɤɜ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ɚŮˊŰɞɛɏɟŮɘŬ ȳɢɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ɀɏŰɟɖůɖ ɛŮɛɞɜɤɛɏɜɤɜ ůɖɛŮɑɤɜ ɔɘŬ ůɨɜŭŮůɖ ɛŮ Űɞ 

ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ 
ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

Ȱ
ɟ
ɔ
ɞ

 

ȰɟɔŬ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ (ˊ.ɢ. ɏɟɔŬ ůŮ ɢŬɟŰɑ ə.ɚˊ.) ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ȰɟɔŬ ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ(ˊ.ɢ. ɏɟɔŬ ůŮ əŬɛɓɎ ə.ɚˊ.) ɁŬɘ Ȳůɤɠ ɁŬɘ ɁŬɘ ɁŬɘ 

ȰɟɔŬ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ (ˊ.ɢ. ŰɞɘɢɞɔɟŬűɑŮɠ ə.ɚˊ.) ɁŬɘ Ȳůɤɠ ɁŬɘ ɁŬɘ ɁŬɘ 

ɀɖ əɘɜɖŰɏɠ ŮˊɘűɎɜŮɘŮɠ (ˊ.ɢ. ŰɞɘɢɞɔɟŬűɑŮɠ) ɁŬɘ ȳɢɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ȺˊɑˊŮŭŮɠ ɛŮ ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ ŮˊɘűɎɜŮɘŮɠ ȳɢɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

Ʉ
Ů
ɟ
ɘ
ɓ
Ɏ
ɚ
ɚ
ɞ
ɜ

 ɆŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ (20ɞC) ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ɆŰŬɗŮɟɐ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ  (40-50%) ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ɆŰŬɗŮɟɧŰɖŰŬ ɛɖɢŬɜɐɠ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ȺɡŮɚɘɝɑŬ ɛŮŰŬəɑɜɖůɖɠ Ůɝɞˊɚɘůɛɞɨ ůŮ Ɏɚɚɖ ŰɞˊɞɗŮůɑŬ ɁŬɘ ȳɢɘ ɁŬɘ ɁŬɘ ɁŬɘ 

ȹɡɜŬŰɧŰɖŰŬ Ůɚɏɔɢɞɡ ɛɖɢŬɜɐɠ Ŭˊɧ Űɞ ɢɟɐůŰɖ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ ɁŬɘ 

 ȾɧůŰɞɠ (ú) <50.000 100-250.000 30-50.000 60-100.000 90-150.000 
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ȷɜŰɑɗŮŰŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ˊɚɖɟɞűɞɟɑŬ ɐŰŬɜ ˊɞůɞŰɘəɐ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ əɚɑɛŬəŬ ɓŬɗɛɞɚɧɔɖůɖɠ ŬɜɎ Ůɨɟɞɠ Űɘɛɩɜ. ɇɧůɞ ůŰɖɜ 

ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ɧůɞ əŬɘ ůŰɞ əɧůŰɞɠ, ɖ ɓŬɗɛɞɚɞɔɑŬ ŬɡɝɎɜŮŰŬɘ ɧŰŬɜ ɖ 

Űɘɛɐ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ ɛɘəɟŬɑɜŮɘ. ȰŰůɘ, ɛɑŬ ɚɨůɖ ɛŮ ɛɘəɟɧŰŮɟɖ ŬɓŮɓŬɘɧŰɖŰŬ 

ɐ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ  ɓŬɗɛɞɚɞɔŮɑŰŬɘ ɡɣɖɚɧŰŮɟŬ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ.   

ɆɢŮŰɘəɎ ɛŮ ŰŬ ɓɎɟɖ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ, ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɖ ˊɚŮɘɞɣɖűɑŬ 

ŬɡŰɩɜ ŬˊɞŰŮɚɞɨɜ ɘůɞɓŬɟŮɑɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɛŮ ɓɎɟɞɠ ɑůɞ ɛŮ 1. ɋůŰɧůɞ, ɖ 

ŬəɟɑɓŮɘŬ Űɖɠ ɛɏŰɟɖůɖɠ ŬɚɚɎ əŬɘ ɖ ɚŮˊŰɞɛɏɟŮɘŬ ůŮ ŮˊɑˊŮŭŮɠ ɛŮ ɏɜŰɞɜɞ 

ŬɜɎɔɚɡűɞ ŮˊɘűɎɜŮɘŮɠ, ɧˊɤɠ ŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ, ŬˊɞŰŮɚɞɨɜ ŰŬ 

ůɖɛŬɜŰɘəɧŰŮɟŬ əɟɘŰɐɟɘŬ əŬɘ Űɞɡɠ ŮˊɘŭɧɗɖəŮ ɓɎɟɞɠ ɑůɞ ɛŮ 1.5 əŬɘ 1.2 

ŬɜŰɑůŰɞɘɢŬ. 

ȰŰůɘ ůŰɞɜ ɄɑɜŬəŬ 6.3 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɓŬɗɛɞɚɞɔɑŬ ɔɘŬ əɎɗŮ əɟɘŰɐɟɘɞ 

ɧˊɤɠ ɞɟɑůŰɖəŮ ɛŮ ɓɎůɖ Űɞɜ ɄɑɜŬəŬ 6.2, Űɞ ɓɎɟɞɠ Űɞɡ əɎɗŮ əɟɘŰɖɟɑɞɡ ŬɚɚɎ 

əŬɘ Űɖ ůɢɏůɖ 6.1.  

 

ɄɑɜŬəŬɠ 6.2: ɀŮŰŬŰɟɞˊɐ ˊɞɘɞŰɘəɐɠ/ˊɞůɞŰɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ ůŮ ɓŬɗɛɞɚɞɔɑŬ 

 

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖɜ ŰŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ, ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ɖ əŬɚɨŰŮɟɖ 

ɛɏɗɞŭɞɠ ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ŮɑɜŬɘ ɖ ɢɟɐůɖ  

Ůɜɧɠ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ (CMA) ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɑŬ űɞɟɖŰɐ 

ɛɖɢŬɜɐ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (laser tracker), ɏɢɞɜŰŬɠ ɓŬɗɛɞɚɞɔɑŬ 

41.1. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɗŬ ɛˊɞɟɏůŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ɛŮŰɟɐůŮɘɠ ɢɤɟɑɠ 

ŮˊŬűɐ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ɏɟɔɤɜ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ, ˊɞɡ 

ŬˊŬɘŰɞɨɜŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ ůŰɎůŮɘɠ ɛɏŰɟɖůɖɠ, ɗŬ ŮˊɘűɏɟŮɘ 

ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ əŬɘ ŮɡəɞɚɧŰŮɟɖ ůɨɜŭŮůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

 

 ȷɝɘɞɚɧɔɖůɖ 

ɄɚɖɟɞűɞɟɑŬɠ 

ȸŬɗɛɞɚɧɔɖůɖ 

əɟɘŰɖɟɑɞɡ 

ɄɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ  ȳɢɘ 0 

Ȳůɤɠ 1 

ɁŬɘ 2 

ȷəɟɑɓŮɘŬ ɀɏŰɟɖůɖɠ > 50 ɛm 1 

10 - 50 ɛm 2 

5 - 10 ɛm 3 

0 - 5 ɛm 4 

ȾɧůŰɞɠ  >200.000ú 1 

100.000-200.000ú 2 

50.000-100.000ú 3 

<50.000ú 4 
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 ȺɜŬɚɚŬəŰɘəɐ Ůˊɘɚɞɔɐ ░ 

 

 

 

 

 

 

ȾɟɘŰɐɟɘɞ ɛŮ ȷ/ȷ ▒ 
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1 
Ɉɣɖɚɐ ŬəɟɑɓŮɘŬ ůŰɖ ɛɏŰɟɖůɖ 

ɛŮ ŮˊŬűɐ (ůɖɛŮɑɞ) 
1.5 1 4 2 4 4 

2 
Ɉɣɖɚɐ ŬəɟɑɓŮɘŬ ůŰɖ ɛɏŰɟɖůɖ 

ɢɤɟɑɠ ŮˊŬűɐ (laser) 
1.5 1 4 2 1 2 

3 
ȺˊɞˊŰŮɑŬ ɛŮŰɟɐůŮɤɜ ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ 
1.0 2 2 2 2 2 

4 
ȹɖɛɘɞɡɟɔɑŬ ɚŮˊŰɞɛŮɟɞɨɠ 3D 

ɛɞɜŰɏɚɞɡ 
1.0 0 2 2 2 2 

5 
ɀŮŰɟɐůŮɘɠ ɢɤɟɑɠ ŮˊŬűɐ ɛŮ Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ 
1.0 2 2 2 2 2 

6 ɀɏŰɟɖůɖ ɜɏűɞɡɠ ůɖɛŮɑɤɜ 1.0 0 2 2 2 2 

7 
ɀɏŰɟɖůɖ ɛŮɛɞɜɤɛɏɜɤɜ 

ůɖɛŮɑɤɜ 
1.0 2 2 2 2 2 

8 
ȰɟɔŬ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ  

(ˊ.ɢ. ɏɟɔŬ ůŮ ɢŬɟŰɑ ə.ɚˊ.) 
1.0 2 2 2 2 2 

9 
ȰɟɔŬ ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ 

(ˊ.ɢ. ɏɟɔŬ ůŮ əŬɛɓɎ ə.ɚˊ.) 
1.0 2 1 2 2 2 

10 
ȰɟɔŬ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ  

(ˊ.ɢ. ŰɞɘɢɞɔɟŬűɑŮɠ ə.ɚˊ.) 
1.0 2 1 2 2 2 

11 
ɀɖ əɘɜɖŰɏɠ ŮˊɘűɎɜŮɘŮɠ  

(ˊ.ɢ. ŰɞɘɢɞɔɟŬűɑŮɠ) 
1.0 2 0 2 2 2 

12 
ȺˊɑˊŮŭŮɠ ɛŮ ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ 

ŮˊɘűɎɜŮɘŮɠ 
1.20 0 1 2 2 2 

13 ɆŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ (20ɞC) 1.0 2 2 2 2 2 

14 
ɆŰŬɗŮɟɐ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ   

(40-50%) 
1.0 2 2 2 2 2 

15 ɆŰŬɗŮɟɧŰɖŰŬ ɛɖɢŬɜɐɠ 1.0 2 2 2 2 2 

16 
ȺɡŮɚɘɝɑŬ ɛŮŰŬəɑɜɖůɖɠ 

Ůɝɞˊɚɘůɛɞɨ 
1.0 2 0 2 2 2 

17 
ȹɡɜŬŰɧŰɖŰŬ Ůɚɏɔɢɞɡ ɛɖɢŬɜɐɠ 

Ŭˊɧ Űɞ ɢɟɐůŰɖ 
1.0 2 2 2 2 2 

18 ȾɧůŰɞɠ 1.0 1 1 4 3 2 

╢░ 31 36.2 40.4 40.9 41.4 

ɄɑɜŬəŬɠ 6.3: Ɉˊɞɚɞɔɘůɛɧɠ ŰŮɚɘəɐɠ ɓŬɗɛɞɚɞɔɑŬɠ   
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6.3  Ⱥˊɘɚɞɔɐ Ŭɚɔɧɟɘɗɛɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɟɔŬ  

       ɕɤɔɟŬűɘəɐɠ  

 

ɆɢŮŰɘəɎ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ ˊŬɟŬɛɞɟűɩůŮɤɜ, ŬɝɘɞɚɞɔɐɗɖəŬɜ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ 

ˊɟɞůŭɘɞɟɘůɛɞɨ ɛŮŰŬɓɞɚɐɠ ɗɏůɖɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɖɜ ŮɜɧŰɖŰŬ 3.4. 

ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ əɟɘŰɐɟɘŬ 

Ŭɝɘɞɚɧɔɖůɖɠ, ɖ Ůˊɘɚɞɔɐ ɓŬɟɩɜ əŬɘ ɖ ɓŬɗɛɞɚɧɔɖůɖ ɔɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ. 

 

6.3.1  ȾɟɘŰɐɟɘŬ Ⱥˊɘɚɞɔɐɠ  

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ ůŮ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ, 

ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɐůɖ ɛɞɜŰɏɚɤɜ ůɡɜŰŬɨŰɘůɖɠ. 

ȿɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ ŬɚɚɎ əŬɘ Űɖɠ ŬɜɎɔəɖɠ ɔɘŬ ɔɟɐɔɞɟŬ 

əŬɘ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮɚŮŰɩɜŰŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɛŮ ɓɎůɖ ŰŬ 

əɟɘŰɐɟɘŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 6.2 əŬɘ Ŭűɞɟɞɨɜ: 

V ɆŰɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ  

V ɆŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

V ɆŰɖɜ ŰŬɢɨŰɖŰŬ əŬɘ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ 

V ɆŰɞ əɧůŰɞɠ 

 

 

ɆɢɐɛŬ 6.2: ȾɟɘŰɐɟɘŬ Ŭɝɘɞɚɧɔɖůɖɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Ŭɚɔɞɟɑɗɛɞɡ 

ˊɟɞůŭɘɞɟɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ 

 

ũɘŬ ɎɛŮůŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ 

ɛŮɗɧŭɤɜ ˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ ˊɟɤŰɞɔŮɜɐ ŭŮŭɞɛɏɜŬ (ɜɏűɖ ůɖɛŮɑɤɜ) əŬɘ ɧɢɘ 

ŰɟɘŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ 

Űɟɘɔɤɜɞˊɞɑɖůɖɠ  ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɢɟɞɜɞɓɧɟŮɠ əŬɘ Ůˊɘűɏɟɞɡɜ ůűɎɚɛŬŰŬ 

ȹɘŬŭɘəŬůɑŬ 
ˊɟɞůŭɘɞɟɘůɛɞɨ  

ȺɡŮɚɘɝɑŬ ůŰɖɜ 
Ůˊɘɚɞɔɐ Űɤɜ 
ˊŬɟŬɛɏŰɟɤɜ Űɞɡ 
Ŭɚɔɞɟɑɗɛɞɡ 

ȽŭŬɜɘəɐ ɔɘŬ ŮˊɑˊŮŭŮɠ 
ɛŮ ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ 
ŮˊɘűɎɜŮɘŮɠ 

 
ɉɟɐůɖ ɜɏűɞɡɠ 

ůɖɛŮɑɤɜ əŬɘ Ŭˊɞűɡɔɐ 
ŭɖɛɘɞɡɟɔɑŬɠ 3D 
ɛɞɜŰɏɚɤɜ  

ɇŮɚɘəɎ 
ŬˊɞŰŮɚɏůɛŬŰŬ 

Ʉɟɞůŭɘɞɟɘůɛɧɠ 
ɛŮŰŬɓɞɚɐɠ əŬɘ ůŰɘɠ 
ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ 

Ɉˊɞɚɞɔɘůɛɧɠ 
ŬɓŮɓŬɘɧŰɖŰŬɠ 
ɛŮŰŬɓɞɚɐɠ  

ȾɧůŰɞɠ 
ɈˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ 
əŬɘ ŰŬɢɨŰɖŰŬ 

ũɟɐɔɞɟɖ ŭɘŬŭɘəŬůɑŬ 

Ɉɣɖɚɏɠ ŬˊŬɘŰɐůŮɘɠ 
ůŮ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ  
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ůŰɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ. Ⱥˊɘˊɚɏɞɜ ɔɘŬ ɜŬ ŮɑɜŬɘ ŮűɘəŰɐ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ 

ˊŬɟŬɛɧɟűɤůɖɠ ůŰɞ ɢɩɟɞ ŬˊŬɘŰŮɑŰŬɘ ˊɟɞůŭɘɞɟɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŬɘ ůŰɘɠ 

ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ, Ůɜɩ ˊɟɞŰɘɛɎŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟɏɛɓŬůɖɠ Űɞɡ ɢɟɐůŰɖ 

ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ əŬɚɨŰŮɟɖ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ, ŬɜɎ 

ˊŮɟɑˊŰɤůɖ.  

ɇɏɚɞɠ, ůɖɛŬɜŰɘəɧ ŮɑɜŬɘ Űɞ əɧůŰɞɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ Űɞ ɞˊɞɑɞ ŮɝŬɟŰɎŰŬɘ 

ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ.  

 

6.3.2  ȷɝɘɞɚɧɔɖůɖ əɟɘŰɖɟɑɤɜ əŬɘ Ůˊɘɚɞɔɐ ŭɘŬŭɘəŬůɑŬɠ 

 

ɆŰɞɜ ɄɑɜŬəŬ 6.4 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ˊɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

əɟɘŰɖɟɑɤɜ. ȷɡŰɐ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ˊɞůɞŰɘəɐ ůɨɛűɤɜŬ ɛŮ Űɖɜ əɚɑɛŬəŬ 

ɓŬɗɛɞɚɧɔɖůɖɠ Űɞɡ ɄɑɜŬəŬ 6.5.  

 

ɄɑɜŬəŬɠ 6.4: ɄɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ əɟɘŰɖɟɑɤɜ 

 

ɃɡůɘŬůŰɘəɎ ɖ ˊɞɘɞŰɘəɐ ɓŬɗɛɞɚɧɔɖůɖ Űɤɜ əɟɘŰɖɟɑɤɜ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ 

ˊɞůɞŰɘəɐ əŬɗɩɠ ɖ ɓŬɗɛɞɚɞɔɑŬ ɔɘŬ çȳɢɘè, ɐ çɁŬɘè, ɞɟɑůŰɖəŮ ɤɠ 0, ɐ 1 

      ȺɜŬɚɚŬəŰɘəɏɠ Ⱥˊɘɚɞɔɏɠ ȷɚɔɞɟɑɗɛɞɡ 

ȾɟɘŰɐɟɘŬ ȷɝɘɞɚɧɔɖůɖɠ DoD C2C 
C2M ɐ 

M2M 
M3C2 

ȹ
ɘ
Ŭ
ŭ
ɘ
ə
Ŭ
ů
ɑ
Ŭ

 

ȺɡŮɚɘɝɑŬ ůŰɖɜ Ůˊɘɚɞɔɐ Űɤɜ 
ˊŬɟŬɛɏŰɟɤɜ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

V V V V 

ȽŭŬɜɘəɐ ɔɘŬ ŮˊɑˊŮŭŮɠ 
ŮˊɘűɎɜŮɘŮɠ  ɛŮ ɏɜŰɞɜɞ 
ŬɜɎɔɚɡűɞ  

U V V V 

ɉɟɐůɖ ɜɏűɞɡɠ ůɖɛŮɑɤɜ əŬɘ 
Ŭˊɞűɡɔɐ ŭɖɛɘɞɡɟɔɑŬɠ 3D 
ɛɞɜŰɏɚɤɜ 

U V U V 

ȷ
ˊ
ɞ
Ű
Ů
ɚ
ɏ
ů
ɛ
Ŭ
Ű
Ŭ

 

Ʉɟɞůŭɘɞɟɘůɛɧɠ ɛŮŰŬɓɞɚɐɠ əŬɘ 
ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ 

U V U U 

Ɉˊɞɚɞɔɘůɛɧɠ ŬɓŮɓŬɘɧŰɖŰŬɠ 
ɛŮŰŬɓɞɚɐɠ 

U U U V 

Ƚ
ů
ɢ
ɨ
 
ə
Ŭ
ɘ
 

Ű
Ŭ
ɢ
ɨ
Ű
ɖ
Ű
Ŭ

 

ũɟɐɔɞɟɖ ŭɘŬŭɘəŬůɑŬ U V U U 

Ɉɣɖɚɏɠ ŬˊŬɘŰɐůŮɘɠ ůŮ 
ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ 

V U V V 

 ȾɧůŰɞɠ Ɉɣɖɚɧ ɉŬɛɖɚɧ Ɉɣɖɚɧ Ɉɣɖɚɧ 

ɈˊɧɛɜɖɛŬ: V ɁŬɘ  U ȳɢɘ 
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ŬɜŰɑůŰɞɘɢŬ. ȳůɞɜ ŬűɞɟɎ ůŰŬ ɓɎɟɖ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɘůɞɓŬɟŮɑɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ ɛŮ ɓɎɟɞɠ ɑůɞ ɛŮ 1, ɛŮ ŮɝŬɑɟŮůɖ Űɞ əɟɘŰɐɟɘɞ ɢɟɐůɖɠ ɜɏűɞɡɠ 

ɏɜŬɜŰɘ 3D ɛɞɜŰɏɚɤɜ ˊɞɡ ŮɑɢŮ ɓɎɟɞɠ 1.5, əŬɗɩɠ Ŭˊɧ ŬɡŰɧ ŮɝŬɟŰɎŰŬɘ əŬɘ ɞ 

ɢɟɧɜɞɠ əŬɘ ɖ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ. Ⱥˊɘˊɚɏɞɜ, Űɧůɞ ɛŮ Űɞ əɧůŰɞɠ ɧůɞ əŬɘ ɛŮ 

Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ, ɧůɞ ɢŬɛɖɚɧŰŮɟŬ ŮɑɜŬɘ Űɧůɞ ɡɣɖɚɧŰŮɟɖ 

ɓŬɗɛɞɚɞɔɑŬ ɚŬɛɓɎɜɞɡɜ, əŬɘ Űɞ ŬɜŰɑůŰɟɞűɞ.  

 

ɄɑɜŬəŬɠ 6.5: ɀŮŰŬŰɟɞˊɐ ˊɞɘɞŰɘəɐɠ/ˊɞůɞŰɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ ůŮ ɓŬɗɛɞɚɞɔɑŬ   

 

ɆŰɞɜ ɄɑɜŬəŬ 6.6 ́ŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊɞůɞŰɘəɐ ɓŬɗɛɞɚɧɔɖůɖ ŬɚɚɎ əŬɘ Űɞ 

ůɨɜɞɚɧ Űɖɠ ɛŮ ɓɎůɖ Űɖ ůɢɏůɖ 6.1. 

 

ɄɑɜŬəŬɠ 6.6: Ɉˊɞɚɞɔɘůɛɧɠ ŰŮɚɘəɐɠ ɓŬɗɛɞɚɞɔɑŬɠ   

 ȷɝɘɞɚɧɔɖůɖ 

ɄɚɖɟɞűɞɟɑŬɠ 

ȸŬɗɛɞɚɧɔɖůɖ 

əɟɘŰɖɟɑɞɡ 

ɄɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ  ȳɢɘ 0 

ɁŬɘ 1 

Ɉɣɖɚɐ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ ɁŬɘ 0 

ȳɢɘ 1 

ȾɧůŰɞɠ Ɉɣɖɚɧ 1 

ɉŬɛɖɚɧ  2 

   ȺɜŬɚɚŬəŰɘəɐ Ůˊɘɚɞɔɐ ░ 

 
 

ȾɟɘŰɐɟɘɞ ɛŮ ȷ/ȷ ▒ ȸ
Ɏ
ɟ
ɞ
ɠ

╟
▒

 

D
o
D
 
 

░
 

C
2
C
 
 

░
 

C
2
M
 
ɐ
 

M
2
M 
 

░
 

M
3
C2
 
 

░
 

1 
ȺɡŮɚɘɝɑŬ ůŰɖɜ Ůˊɘɚɞɔɐ Űɤɜ 
ˊŬɟŬɛɏŰɟɤɜ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

1.0 1 1 1 1 

2 
ȽŭŬɜɘəɐ ɔɘŬ ŮˊɑˊŮŭŮɠ ɛŮ ɏɜŰɞɜɞ 
ŬɜɎɔɚɡűɞ ŮˊɘűɎɜŮɘŮɠ 

1.0 0 1 1 1 

3 
ɉɟɐůɖ ɜɏűɞɡɠ ůɖɛŮɑɤɜ əŬɘ 
Ŭˊɞűɡɔɐ ŭɖɛɘɞɡɟɔɑŬɠ 3D 
ɛɞɜŰɏɚɤɜ 

1.5 0 1 0 1 

4 
Ʉɟɞůŭɘɞɟɘůɛɧɠ ɛŮŰŬɓɞɚɐɠ əŬɘ 
ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ 

1.0 0 1 0 0 

5 
Ɉˊɞɚɞɔɘůɛɧɠ ŬɓŮɓŬɘɧŰɖŰŬɠ 
ɛŮŰŬɓɞɚɐɠ 

1.0 0 0 0 1 

6 ũɟɐɔɞɟɖ ŭɘŬŭɘəŬůɑŬ 1.0 0 1 0 0 

7 
Ɉɣɖɚɏɠ ŬˊŬɘŰɐůŮɘɠ ůŮ 
ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ 

1.0 0 1 0 0 

8 ȾɧůŰɞɠ 1.0 1 2 1 1 

╢░ 2 8.5 3 5.5 
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ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖɜ ŰŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ, ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ɞ ɓɏɚŰɘůŰɞɠ 

Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ ɞ Cloud to Cloud Distance, ɛŮ ɓŬɗɛɞɚɞɔɑŬ 8.5, ɞ ɞˊɞɑɞɠ  

ŮɑɜŬɘ ŬɟəŮŰɎ ɞɘəɞɜɞɛɘəɧɠ əŬɘ ɔɟɐɔɞɟɞɠ, Ůɜɩ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ 

ˊŬɟŬɛɧɟűɤůɖ əŬɘ ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ. ȸŬůɘəɧ Űɞɡ ɛŮɘɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɞ 

ɛɖ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ ŭɘŬűɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ. ȰŰůɘ, 

ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŰɟɘɓɐ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɐůɖ əŬɘ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

M3C2 ɛɧɜɞ ɔɘŬ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɛŮɔɎɚŮɠ ɛŮŰŬɓɞɚɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬɢɗŮɑ 

ɏɜŬ ˊɘɞ ŬɝɘɧˊɘůŰɞ ŬˊɞŰɏɚŮůɛŬ. 
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ȾȺūȷȿȷȽɃ 7ɞ  

ũȺɋɀȺɇɅȽȾȼ ɇȺȾɀȼɅȽɋɆȼ ȺɅũɋɁ ȻɋũɅȷūȽȾȼɆ 

 

 

7.1 ȺɘůŬɔɤɔɐ 

 

ũɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ, 

ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɐůɖ Ůɜɧɠ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ (CMA) ŬɚɚɎ əŬɘ 

ɛɑŬɠ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (laser tracker). ȺɎɜ Űɞ 

ɛɏɔŮɗɞɠ Űɞɡ ɏɟɔɞɡ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ Ůɨɟɞɡɠ ɛɏŰɟɖůɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ 

(CMA), ŰɧŰŮ ɞɘ ɛŮŰɟɐůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ɚɖűɗɞɨɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɧɜɞ 

Űɞɜ ɓɟŬɢɑɞɜŬ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ɏɟɔɞ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ əŬɘ 

ŬˊŬɘŰɞɨɜŰŬɘ ˊŬɟŬˊɎɜɤ Ŭˊɧ ɛɘŬ ɗɏůŮɘɠ ɛɏŰɟɖůɖɠ ŰɧŰŮ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ 

ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ (CMA) ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɑŬ űɞɟɖŰɐ ɛɖɢŬɜɐ 

ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (Laser Tracker) ɩůŰŮ ɜŬ ůɡɜŭŮɗɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ 

ɛŮŰŬɝɨ Űɞɡɠ. 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ŰŬ ɓŬůɘəɎ ɓɐɛŬŰŬ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ:  

ü Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛŮŰɟɐůŮɤɜ 

ü Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɞɡ Ůɝɞˊɚɘůɛɞɨ 

ü Űɖ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ-ůɎɟɤůɖɠ Űɞɡ ɏɟɔɞɡ əŬɘ 

ü Űɖɜ  ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ 
ɏɟɔɞɡ.  

ɆɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Ůɝɞˊɚɘůɛɞɨ, ˊɟɏˊŮɘ ɞ 

ɢɩɟɞɠ ɧˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ůŰŬɗŮɟɏɠ 

ůɡɜɗɐəŮɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɡɔɟŬůɑŬɠ, Ůɜɩ ɞ Ůɝɞˊɚɘůɛɧɠ ˊɟɏˊŮɘ ɜŬ 

ŮɚŮɔɢɗŮɑ ɔɘŬ ůŰŬɗŮɟɧŰɖŰŬ, ŬəɟɑɓŮɘŬ əŬɘ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ɛŮŰɟɐůŮɤɜ. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ɏɟɔɞ ŮɑɜŬɘ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ 

ɖ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɞɜ ŬɟɗɟɤŰɧ 

ɓɟŬɢɑɞɜŬ ɢɤɟɑɠ Űɖ ůɡɜŭɡŬůɛɏɜɖ ɢɟɐůɖ Űɞɡ ɛŮ Űɞ laser tracker. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ůŰɖɜ əŮűŬɚɐ Űɞɡ ɓɟŬɢɑɞɜŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ɏɜŬɠ ůŬɟɤŰɐɠ 

laser əŬɘ Űɞ ɏɟɔɞ ůŬɟɩɜŮŰŬɘ ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŮɡɗɨɜůŮɘɠ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɗŬɟɘůɛɧɠ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ əŬɘ ˊŮɟŬɘŰɏɟɤ 

ŮˊŮɝŮɟɔŬůɑŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Ůɜɧɠ ɚŮˊŰɞɛŮɟɞɨɠ ɛɞɜŰɏɚɞɡ.  

ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɛŮŰɟɐůŮɘɠ Ŭˊɧ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ (ˊŮɟɑˊŰɤůɖ ɛŮɔɎɚɞɡ ɏɟɔɞɡ) ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŮɜɘŬɑɞɡ ůɡůŰɐɛŬŰɞɠ ŬɜŬűɞɟɎɠ. ȷɡŰɧ ɡɚɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ əŬɘ ɛɏŰɟɖůɖ Ůɜɧɠ ŰɟɘŭɘɎůŰŬŰɞɡ ɔŮɤŭŬɘŰɘəɞɨ ŭɘəŰɨɞɡ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ űɞɟɖŰɧ ůɨůŰɖɛŬ ɛɏŰɟɖůɖɠ (laser tracker). ȰŰůɘ ɔɘŬ 
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əɎɗŮ ŬɚɚŬɔɐ ɗɏůɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ, ŬɡŰɧɠ ŮɜŰɎůůŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ Űɞɡ ɛŮŰɟɖŰɘəɞɨ ɢɩɟɞɡ  ɩůŰŮ ɜŬ ˊɟɞəɨɣɞɡɜ ŮɜɘŬɑŮɠ ɛŮŰɟɐůŮɘɠ. 

ȾŬɘ Ůŭɩ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɗŬɟɘůɛɧɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɜɏűɞɡɠ ɔɘŬ 

Űɖɜ ŮɝŬɔɤɔɐ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ ɏɟɔɞɡ.  

ȳɚŬ ŰŬ ɓɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 7.1 əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ [Ioannidou & Pantazis, 2025]. 

 

 

ȹɘɎɔɟŬɛɛŬ 7.1: ȹɘŬŭɘəŬůɑŬ ɔŮɤɛŮŰɟɘəɐɠ ŰŮəɛɖɟɑɤůɖɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ   

ȰɜŰŬɝɖ laser 

tracker ůŰɞ 

ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ Űɞɡ 

ɢɩɟɞɡ 

ȹɖɛɘɞɡɟɔɑŬ əŬɘ 

ɀɏŰɟɖůɖ 

ŰɟɘŭɘɎůŰŬŰɞɡ 

ŭɘəŰɨɞɡ 

(Ɉɚɞˊɞɑɖůɖ 

ůɡůŰɐɛŬŰɞɠ 

ŬɜŬűɞɟɎɠ) 

ɄɟɞŮŰɞɘɛŬůɑŬ ́ŮɟɘɓɎɚɚɞɜŰɞɠ ɛŮŰɟɐůŮɤɜ  

ȺɔəŬŰɎůŰŬůɖ əŬɘ ɏɚŮɔɢɞɠ 

CMA  əŬɘ ůŬɟɤŰɐ 

ȺɔəŬŰɎůŰŬůɖ əŬɘ ɏɚŮɔɢɞɠ űɞɟɖŰɐɠ 

ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

(laser tracker) 

ɀɏŰɟɖůɖ ɔɘŬ 

ˊɟɩŰɖ űɞɟɎ; 

ȺɑɜŬɘ Űɞ ɏɟɔɞ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɞ Ůɨɟɞɠ 

ɛɏŰɟɖůɖɠ Űɞɡ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬɠ (CMA); 

ɁŬɘ 

ɀɏŰɟɖůɖ-ɆɎɟɤůɖ Ȱɟɔɞɡ 

ȺˊŮɝŮɟɔŬůɑŬ əŬɘ əŬɗŬɟɘůɛɧɠ 

ɜɏűɞɡɠ ůɖɛŮɑɤɜ 

ȰɜŰŬɝɖ CMA ůŰɞ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ Űɞɡ ɢɩɟɞɡ 

ȷɚɚŬɔɐ ɗɏůɖɠ CMA 

ȺɔəŬŰɎůŰŬůɖ əŬɘ ɏɚŮɔɢɞɠ CMA  

əŬɘ ůŬɟɤŰɐ 

ɃɚɞəɚɖɟɩɗɖəŮ 

ɖ ůɎɟɤůɖ ɧɚɞɡ 

Űɞɡ ɏɟɔɞɡ; 

ȳɢɘ 

ȹɖɛɘɞɡɟɔɑŬ əŬɘ ŮɝŬɔɤɔɐ 

ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ ɏɟɔɞɡ 

ɁŬɘ ȳɢɘ 

ɀɏŰɟɖůɖ-ɆɎɟɤůɖ Ȱɟɔɞɡ 

ȺˊŮɝŮɟɔŬůɑŬ əŬɘ əŬɗŬɟɘůɛɧɠ 

ɜɏűɞɡɠ ůɖɛŮɑɤɜ  

ȹɖɛɘɞɡɟɔɑŬ əŬɘ ŮɝŬɔɤɔɐ 

ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ ɏɟɔɞɡ  

ɁŬɘ ȳɢɘ 
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7.2 Ⱥˊɘɚɞɔɐ əŬɘ ŰɞˊɞɗɏŰɖůɖ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ  

 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ Ůˊɘɚɞɔɐ əŬɘ ɖ ůɤůŰɐ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɏɟɔɞɡ. ȳˊɤɠ 

ŬɜŬűɏɟɗɖəŮ, ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ůŰɞ ɛɏɔŮɗɞɠ Űɞɡ ɏɟɔɞɡ əŬɗɩɠ ŬɡŰɧ 

ɗŬ əŬɗɞɟɑůŮɘ Űɞɜ Ůɝɞˊɚɘůɛɧ əŬɘ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ɗŬ ŮˊɘɚŮɔŮɑ.  

ȿɧɔɤ Űɖɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ŬɚɚɎ əŬɘ 

ɚɧɔɤ Űɖɠ Ůɨəɞɚɖɠ ŬɜŬɔɜɩɟɘůɖɠ ɛɘəɟɞɛŮŰŬəɘɜɐůŮɤɜ ɐ ŰŬɚŬɜŰɩůŮɤɜ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɛŮ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ˊŬɟŬɛɏɜŮɘ ŬəɑɜɖŰɞ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȼ ŰɞˊɞɗɏŰɖůɖ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɧɠ Űɞɡ əɎɗŮ ɏɟɔɞɡ, Űɞ ɓɎɟɞɠ Űɞɡ, Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ 

əɞɟɜɑɕŬɠ ŬɚɚɎ əŬɘ Ŭɜ ŬɡŰɧ ŮɑɜŬɘ ɛŮŰŬəɘɜɐůɘɛɞ ɐ ɧɢɘ (ˊ.ɢ. ŰɞɘɢɞɔɟŬűɘŬ) 

ũɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ŬɚɚɎ əŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ɘůɞɓŬɟɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɏɟɔɞɡ, Ŭɜ ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ, ɜŬ ůɡɜɎŭŮɘ ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ˊŬɟŮɚəɧɛŮɜɞɡ Ůɝɞˊɚɘůɛɞɨ 

əŬŰɎ Űɞɜ ɏɚŮɔɢɞ əŬɘ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ.  

Ⱥˊɘˊɚɏɞɜ ɔɘŬ ɞɟɗɏɠ ɛŮŰɟɐůŮɘɠ, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ əŬŰŬůəŮɡŬůŰɏɠ 

ŬɟɗɟɤŰɩɜ ɓɟŬɢɘɧɜɤɜ ɛɏŰɟɖůɖɠ, ́ ɟɞŰŮɑɜɞɡɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɞɘ ŬɟɗɟɩůŮɘɠ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɞɟɗɏɠ 

ɔɤɜɑŮɠ. ȰŰůɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ŬˊɧůŰŬůɖ ɑůɖ ɛŮ 

ŰŬ 2/3 Űɞɡ ɛɐəɞɡɠ Űɞɡ ŮəɎůŰɞŰŮ ɓɟŬɢɑɞɜŬ ɔɘŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

[FARO, 2016]. 

 

7.3 ɄɟɞŮŰɞɘɛŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛŮŰɟɐůŮɤɜ  

 

Ʉɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ˊɟɞŮŰɞɘɛŬůɑŬ 

Űɧůɞ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɧůɞ əŬɘ Űɞɡ Ůɝɞˊɚɘůɛɞɨ. ȳˊɤɠ 

ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, ŰŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ, ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ Űɞɡɠ ŬəɟɑɓŮɘŬɠ 

ŬˊŬɘŰɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ ɜŬ Ůˊɘűɏɟɞɡɜ Űɞ 

ɓɏɚŰɘůŰɞ ŬˊɞŰɏɚŮůɛŬ.  

ȷɟɢɘəɎ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ 

əɚŮɘůŰɧ ɢɩɟɞ, ɛŮ ɎˊɜɞɘŬ, ɢɤɟɑɠ ůəɧɜɖ əŬɘ ɛŮ ůŰŬɗŮɟɏɠ Űɘɛɏɠ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ.  

ȷɜ əŬɘ ɞ ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 

Ŭˊɧ 0 ɏɤɠ 45 , əŬɘ ɖ űɞɟɖŰɐ ɛɖɢŬɜɐ laser tracker Ŭˊɧ -15 ɏɤɠ 50 , 

ůɨɛűɤɜŬ ɛŮ Űɘɠ əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟɑŮɠ [15-16] ŬɚɚɎ əŬɘ Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ 

IIC əŬɘ Űɞɡ ICOM ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ [IIC & ICOM-

CC, 2014], ŮˊɘɚɏɔɞɜŰŬɘ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 20  Ñ 2 . ȷɡŰɏɠ 
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ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɛŮ Űɖ ɢɟɐůɖ əɚɘɛŬŰɘůɛɞɨ, Ůɜɩ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ 

ɗŮɟɛɞəɟŬůɘŬəɧɠ ɏɚŮɔɢɞɠ əŬɘ ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ŬɘůɗɖŰɐɟɤɜ.  

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ Űɧůɞ ɞ ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ, ɧůɞ əŬɘ Űɞ laser 

tracker, ŭɘŬɗɏŰɞɡɜ əŬɘ Űɞɡɠ ŭɘəɞɨɠ Űɞɡɠ ŬɘůɗɖŰɐɟŮɠ ɛɏŰɟɖůɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ, Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ əŬɘ ɏɚŮɔɢɞ ůŰŬɗŮɟɧŰɖŰŬɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȷɡŰɞɑ ɞɘ 

ɏɚŮɔɢɞɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ ůŰɞ əŮűɎɚŬɘɞ 8.1 ɔɘŬ əɎɗŮ ɧɟɔŬɜɞ 

ɝŮɢɤɟɘůŰɎ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ɗŮɟɛɞəɟŬůɘŬəɏɠ ůɡɜɗɐəŮɠ ŬɚɚɎɝɞɡɜ ɝŬűɜɘəɎ, 

ˊɟɏˊŮɘ ɜŬ ŭɘŬəɞˊɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ əŬɘ ɜŬ ŮɘůŬɢɗɞɨɜ ɞɘ ɜɏŮɠ ůɡɜɗɐəŮɠ ůŰɞ  

ɚɞɔɘůɛɘəɧ ɛɏŰɟɖůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ůŮ 

Űɡɢɧɜ ɗŮɟɛɘəɐ ŭɘŬůŰɞɚɐ ɐ ůɡůŰɞɚɐ [15]. 

ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɡɔɟŬůɑŬ, Űɧůɞ ɞ ɓɟŬɢɑɞɜŬɠ ɛɏŰɟɖůɖɠ ɧůɞ əŬɘ Űɞ laser 

tracker ˊŬɟɞɡůɘɎɕɞɡɜ ɛɖ ůɡɛˊɨəɜɤůɖ əŬɘ ɞɟɗɐ ɢɟɐůɖ ɔɘŬ Űɘɛɏɠ 0 ɏɤɠ 

95%. ɋůŰɧůɞ ɚɧɔɤ Űɤɜ ɞŭɖɔɩɜ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ 

[IIC & ICOM-CC, 2014], ŮˊɘɚɏɔŮŰŬɘ ɡɔɟŬůɑŬ ɛŮ ˊɞůɞůŰɧ  45-55% Ñ 5%. 

ȾŬɘ ůŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬɘůɗɖŰɐɟŮɠ 

ɛɏŰɟɖůɖɠ ɔɘŬ ɏɚŮɔɢɞ ŬɚɚɎ əŬɘ ŬűɡɔɟŬɜŰɐɟŬɠ, Ŭɜ ɢɟŮɘɎɕŮŰŬɘ.  

ȳůɞɜ ŬűɞɟɎ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɢɩɟɞɡ ɛɏŰɟɖůɖɠ, ŬɡŰɧɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɛɏɔŮɗɞɠ Űɞɡ ɏɟɔɞɡ ˊɞɡ əɎɗŮ űɞɟɎ ŰŮəɛɖɟɘɩɜŮŰŬɘ. ȳˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ əŬɘ 

ˊŬɟŬəɎŰɤ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ Ůɘŭɘəɐɠ ɓɎůɖɠ, Ŭˊɧ ɞˊɚɘůɛɏɜɞ 

ůəɡɟɧŭŮɛŬ,  ́ Ɏɜɤ ůŰɖɜ ɞˊɞɑŬ ɗŬ ŰɞˊɞɗŮŰŮɑŰŬɘ Űɧůɞ Űɞ ɏɟɔɞ ɧůɞ əŬɘ ɞ 

ɓɟŬɢɑɞɜŬɠ ɛɏŰɟɖůɖɠ. ȷɜ Űɞ ɏɟɔɞ ŮɑɜŬɘ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ŰɧŰŮ ɛɑŬ ɗɏůɖ 

ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ ŬɟəŮɑ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ, ɧɛɤɠ ˊɞɡ Űɞ ɏɟɔɞ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɞ ŬˊŬɘŰɞɨɜŰŬɘ ˊŬɟŬˊɎɜɤ Ŭˊɧ ɛɑŬ ɗɏůŮɘɠ əŬɘ ɏŰůɘ ɞ ɢɩɟɞɠ ˊɟɏˊŮɘ 

ɜŬ ɛŮɔŬɚɩůŮɘ.   

 

7.4 ȹɖɛɘɞɡɟɔɑŬ ŮɜɘŬɑɞɡ ůɡůŰɐɛŬŰɞɠ ŬɜŬűɞɟɎɠ ůŰɞɜ ɛŮŰɟɖŰɘəɧ ɢɩɟɞ 

 

ɄɟɞəŮɘɛɏɜɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ Ůɜɧɠ ɏɟɔɞɡ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ ɜŬ 

ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŮɜɘŬɑɞɡ 

ůɡůŰɐɛŬŰɞɠ ŬɜŬűɞɟɎɠ (ůɡɜŰŮŰŬɔɛɏɜɤɜ).  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɔŮɤɛŮŰɟɘəɐɠ ŰŮəɛɖɟɑɤůɖɠ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ, 

ŮˊɘɚɏɔŮŰŬɘ ɖ ɢɟɐůɖ Ůɜɧɠ Űɞˊɘəɞɨ ŬɡɗŬɑɟŮŰɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ůɡůŰɐɛŬŰɞɠ 

ŬɜŬűɞɟɎɠ, Ůɜɩ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛɧɜɘɛŬ ůɖɛŮɑŬ ůŮ ɧɚɞ Űɞ ɢɩɟɞ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ˊɚɖɟɧŰɖŰŬ.  

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ůɖɛŮɑŬ ŬɡŰɎ ɗŬ ɛŮŰɟɖɗɞɨɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 

űɞɟɖŰɧ ůɨůŰɖɛŬ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (laser tracker) əŬɗɩɠ əŬɘ  

ŬɜŬəɚŬůŰɐɟŮɠ SMR, ɖ ŮɔəŬŰɎůŰŬůɖ ˊɟɞŰŮɑɜŮŰŬɘ ɜŬ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ 
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Ůɘŭɘəɩɜ ɓɎůŮɤɜ ŰɞˊɞɗɏŰɖůɖɠ, ɧˊɤɠ ŬɡŰɏɠ Űɖɠ ȺɘəɧɜŬɠ 7.1. ȷɡŰɏɠ 

ŭɘŬɗɏŰɞɡɜ ɘůɢɡɟɧ ɛŬɔɜɐŰɖ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŰɞˊɞɗɏŰɖůɖ əŬɘ ˊŬɟŬɛɞɜɐ 

Űɞɡ  ŬɜŬəɚŬůŰɐɟŬ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ.  

 

 

 ȺɘəɧɜŬ 7.1: ȸɎůŮɘɠ ŰɞˊɞɗɏŰɖůɖɠ ŬɜŬəɚŬůŰɐɟŬ SMR [39-40] 

 

7.4.1  ɀɏŰɟɖůɖ ŭɘəŰɨɞɡ   

 

ũɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ ŬɡŰɩɜ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ŭɘŮɝŬɔɤɔɐ ɛŮŰɟɐůŮɤɜ ɛŮ Űɖ ɢɟɐůɖ laser tracker, ɔɘŬ 

ɓɏɚŰɘůŰɖ ŬəɟɑɓŮɘŬ.  ȾɎɗŮ űɞɟɎ ˊɞɡ ɖ űɞɟɖŰɐ ɛɖɢŬɜɐ ɛŮŰɟɎ ɏɜŬ ůɖɛŮɑɞ, 

ůŰɖɜ ɞɡůɑŬ ɛŮŰɟɎ ɛɑŬ ɞɟɘɕɧɜŰɘŬ (ɓ) əŬɘ ɛɘŬ əŬŰŬəɧɟɡűɖ (z) ɔɤɜɑŬ ůŮ 

ůɢɏůɖ ɛŮ Űɞ əɏɜŰɟɞ Űɞɡ ůűŬɘɟɘəɞɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȷəɧɛɖ ɛŮŰɟɎ ɏɜŬ 

ɛɐəɞɠ (D), ɧˊɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ɎɚɚŮɠ ŭɨɞ ɔɤɜɑŮɠ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ 

ůŮ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ x, y, z, ɧˊɤɠ ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɘɠ ůɢɏůŮɘɠ 

7.1 ɛŮ 7.3 [Manwiller, 2021]. 

 

ὼ Ὀ ίὭὲ‍ίὭὲᾀ                                      (7.1) 

Ù $ ÃÏÓɼÓÉÎÚ                                      (7.2) 

Ú $ ÃÏÓÚ                                           (7.3) 

 

ȷɜ ŰŬ ůɖɛŮɑŬ ɛŮŰɟɖɗɞɨɜ Ŭˊɧ ɛɞɜɎɢŬ ɛɑŬ ɗɏůɖ ɞɟɔɎɜɞɡ ŰɧŰŮ ɛˊɞɟɞɨɜ 

ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ŬˊŮɡɗŮɑŬɠ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ. ȳɛɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ŭŮɨŰŮɟɖ ůŰɎůɖ ˊɟɏˊŮɘ ɜŬ ůɡɜɞɟɗɤɗɞɨɜ ɛŮ Űɖ 

ɛɏɗɞŭɞ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ. Ɇɡɜɐɗɤɠ ɞ ŭŮɨŰŮɟɞɠ Űɟɧˊɞɠ ˊɟɞŰɘɛɎŰŬɘ 

əŬɗɩɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ŮˊɘűɏɟŮɘ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ.  

 

7.4.2  Ɇɡɜɧɟɗɤůɖ ŭɘəŰɨɞɡ 

     

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ əŬɚɨŰŮɟɤɜ Űɘɛɩɜ Űɤɜ ɕɖŰɞɨɛŮɜɤɜ ɛŮɔŮɗɩɜ 

ɔɑɜɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ŬˊŬɘŰɞɨɛŮɜŮɠ ɛŮŰɟɐůŮɘɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ 

Űɖɜ ɡɚɞˊɞɑɖůɖ ɛɘŬɠ ŭɘŬŭɘəŬůɑŬɠ ɩůŰŮ ɜŬ ɓɟŮɗŮɑ ɛɑŬ əŬɘ ɛɞɜŬŭɘəɐ Űɘɛɐ ůŮ 

əɎɗŮ ɕɖŰɞɨɛŮɜɞ ɛɏɔŮɗɞɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɞɜɞɛɎɕŮŰŬɘ ůɡɜɧɟɗɤůɖ əŬɘ 
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ŮűŬɟɛɧɕŮŰŬɘ Ůŭɩ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ŭɘəŰɨɞɡ [ȷɔŬŰɕɎ-

ɀˊŬɚɞŭɐɛɞɡ & ɄɎɜɞɡ, 2021]. 

 ȼ ůɡɜɧɟɗɤůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ ŮɚɎɢɘůŰɤɜ 

ŮɝɤŰŮɟɘəɩɜ ŭŮůɛŮɨůŮɤɜ, ůŰŬɗŮɟɞˊɞɘɩɜŰŬɠ əŬŰɎɚɚɖɚŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ 

Ɏɟůɖ Űɤɜ ŬŰŮɚŮɘɩɜ əɚɑɛŬəŬɠ, ɗɏůɖɠ əŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ. ȷɡŰɧ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɗŮɤɟɩɜŰŬɠ ɛɑŬ əɞɟɡűɐ ɔɜɤůŰɐ ɢɤɟɑɠ ůűɎɚɛŬ, əŬɘ 

ŭŮŭɞɛɏɜɖɠ ɛɘŬɠ ɔɤɜɑŬɠ ŭɘŮɨɗɡɜůɖɠ əŬɘ ɛɘŬɠ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ Űɖɠ 

ɔɜɤůŰɐɠ əɞɟɡűɐɠ əŬɘ ɛɘŬɠ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ [ȷɔŬŰɕɎ-ɀˊŬɚɞŭɐɛɞɡ & 

ɄɎɜɞɡ, 2021; ɁɘəɞɚɑŰůŬɠ, 2015]. 

Ƀɘ ŮɝɘůɩůŮɘɠ ˊŬɟŬŰɐɟɖůɖɠ ɔɘŬ ŰŬ ɛŮɔɏɗɖ ˊɞɡ ɛŮŰɟɞɨɜŰŬɘ ŮɑɜŬɘ:  

ü ũɘŬ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ɔɤɜɑŮɠ ɓij ́ɞɡ ɧɛɤɠ ɏɢɞɡɜ ɛɘŬ ŬɡɗŬɑɟŮŰɖ ŬűŮŰɖɟɑŬ  

ɘůɢɨŮɘ ɖ ůɢɏůɖ:  

 

ɼ ɻ ɻ                                     (7.4) 

 

ɧˊɞɡ ɻ: ɖ ɔɤɜɑŬ ŭɘŮɨɗɡɜůɖɠ Űɖɠ ŬɡɗŬɑɟŮŰɖɠ ŬűŮŰɖɟɑŬɠ ɛɏŰɟɖůɖɠ  

 

ȼ ůɢɏůɖ ˊɞɡ ůɡɜŭɏŮɘ Űɘɠ əŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɛŮ Űɞ 

ŬˊɞŰɏɚŮůɛŬ ὰ Űɖɠ əɎɗŮ ɛɏŰɟɖůɖɠ ɗŬ ŮɑɜŬɘ: 

 

ÁÒÃÔÁÎɻ ὰ Õ                             (7.5) 

 

ɀŮ Űɖ ɔɟŬɛɛɘəɞˊɞɑɖůɖ Űɖɠ ůɢɏůɖɠ 7.5, ɔɘŬ ˊɟɞůɤɟɘɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

əɎɗŮ əɞɟɡűɐɠ xo, yo, zo ɔɑɜŮŰŬɘ:  

 

ɿØ ɿÙ  ɿØ  

 

ɿÙ ɿɻ ɿὰ Õ                               (7.6) 

ɧˊɞɡ ɿὰ ὰ ɼ.  

ü ũɘŬ Űɘɠ əŬŰŬəɧɟɡűŮɠ ɔɤɜɑŮɠ Ú Ŭˊɧ Űɞ ůɖɛŮɑɞ i, ɛŮ  ŬˊɞŰɏɚŮůɛŬ ὰ, 

ɘůɢɨŮɘ ɐ ůɢɏůɖ:  
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ÁÒÃÔÁÎ
Ƕ Ƕ

ὰ Õ                      (7.7) 

 

ȿɧɔɤ Űɖɠ ɛɘəɟɐɠ ɏəŰŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ ŬɚɚɎ əŬɘ Űɞ ɧŰɘ ɓɟɑůəŮŰŬɘ ůŮ 

ŮůɤŰŮɟɘəɧ ɢɩɟɞ, ŬɔɜɞɞɨɜŰŬɘ ɞɘ ɧɟɞɘ Űɖɠ ŭɘɎɗɚŬůɖɠ əŬɘ Űɖɠ 

əŬɛˊɡɚɧŰɖŰŬɠ Űɖɠ ɔɖɠ, Ůˊɞɛɏɜɤɠ ɛŮ Űɖ ɔɟŬɛɛɘəɞˊɞɑɖůɖ ɖ ůɢɏůɖ 

ɔɑɜŮŰŬɘ:  

 

Ͻ
ɿØ

Ͻ
ɿÙ ɿÚ            

 
Ͻ

ɿØ
Ͻ

ɿÙ                     

 

ᾀ ɿὰ‏ Õ                                          (7.8) 

ɧˊɞɡ $ Űɞ əŮəɚɘɛɏɜɞ ɛɐəɞɠ əŬɘ 3 ɖ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ.  

ü ũɘŬ Űɞ ɛŮŰɟɖɛɏɜɞ ɛɐəɞɠ $ ɖ ůɢɏůɖ ˊɞɡ ůɡɜŭɏŮɘ Űɖ ɛɏŰɟɖůɖ ɛŮ Űɘɠ 

əŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŮɑɜŬɘ:  

 

ὼ ὼ ώ ώ ᾀǶ ᾀǶ ɿÌ Õ         (7.9) 

 

ȳˊɞɡ ɛŮ Űɖ ɔɟŬɛɛɘəɞˊɞɑɖůɖ ɔɑɜŮŰŬɘ:  

 

ɿØ ɿÙ ɿÚ ɿØ+ 

 

ɿÙ ɿÚ ɿὰ Õ                      (7.10) 

əŬɘ ɿὰ ὰ $.  

ɇɞ ůɨůŰɖɛŬ Űɤɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ŮˊɘɚɨŮŰŬɘ űŬɑɜŮŰŬɘ ɛŮ Űɖ ɛɞɟűɐ 

ˊɘɜɎəɤɜ ůŰɖ ůɢɏůɖ 7.11:  

 

ɚØ ɿὰ Õ ᵼ Õ ɚØ ɿὰ                           (7.11) 
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Ůɜɩ ɖ ɚɨůɖ ɘəŬɜɞˊɞɘŮɑ Űɖ ɓŬůɘəɐ Ŭɟɢɐ Űɖɠ ɀŮɗɧŭɞɡ ȺɚŬɢɑůŰɤɜ 

ɇŮŰɟŬɔɩɜɤɜ:  

 

3 Õ0Õ ÍÉÎ                                     (7.12) 

 

ɧˊɞɡ 0: ɞ ˊɑɜŬəŬɠ ɓŬɟɩɜ ɞ ɞˊɞɑɞɠ ˊɟɞəɨˊŰŮɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬɓŮɓŬɘɧŰɖŰŮɠ 
ɛɏŰɟɖůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮɔŮɗɩɜ. 

Ⱥˊɞɛɏɜɤɠ ɘůɢɨŮɘ:  

 

 3 Õ0Õ ɚØ ɿὰ0ɚØ ɿὰ Ø ɿὰ0ɚØ ɿὰ  

 

Ø!0ɚØ Ø!0ɿὰ ɿὰ0ɚØ ɿὰ0ɿὰ               (7.13) 

 

ɧˊɞɡ ɗŬ ˊɟɏˊŮɘ π, ŭɖɚŬŭɐ !0ɚØ !0ɿὰ. 

ȰŰůɘ ɗɏŰɞɜŰŬɠ ɦ !0ɚ əŬɘ Õ !0ɿὰ ́ ɟɞəɨˊŰŮɘ Űɞ ůɨůŰɖɛŬ 

əŬɜɞɜɘəɩɜ ŮɝɘůɩůŮɤɜ ɛŮ Í ŮɝɘůɩůŮɘɠ əŬɘ Í ŬɔɜɩůŰɞɡɠ:  

 

ɦØ Õ                                        (7.14) 

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ˊɑɜŬəŬ Ɂ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɎ ŰŬ ɓɎɟɖ Űɤɜ 

ɛŮŰɟɐůŮɤɜ. ȷɡŰɎ ɧɛɤɠ ɚɧɔɤ Űɞɡ ɧŰɘ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɛŮɔɏɗɖ ɛŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬůŰɎůŮɘɠ ŭŮ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ əŬɗŬɟɞɑ Ŭɟɘɗɛɞɑ 

Ůˊɞɛɏɜɤɠ ŬɜɎɔɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɠ ůɢɏůɖ 7.15:  

 

0                                        (7.15) 

 

ɧˊɞɡ  ʎ ɖ ŬɡɗŬɑɟŮŰŬ ŮˊɘɚŮɔɛɏɜɖ a-priori ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɛɞɜɎŭŬɠ 

ɓɎɟɞɡɠ əŬɘ ʎ ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ əɎɗŮ ɛɏŰɟɖůɖɠ [ȷɔŬŰɕɎ-ɀˊŬɚɞŭɐɛɞɡ 

& ɄɎɜɞɡ, 2021; ɁɘəɞɚɑŰůŬɠ, 2015]. 

ɇɞ ɎɔɜɤůŰɞ ŭɘɎɜɡůɛŬ Ø ́ɟɞəɨˊŰŮɘ ɤɠ ɔɟŬɛɛɘəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɞɡ 
ὰ Ŭˊɧ Űɖ ůɢɏůɖ:  

 

Ø !0ɚ !0ɿὰ                                  (7.16) 

 

ȰŰůɘ ɞ ˊɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Ø ́ ɟɘɜ Űɖ ůɡɜɧɟɗɤůɖ 
ŮɑɜŬɘ:  

 

ὠ !0ɚ !0 ʎ0  0!!0ɚ ʎ .      (7.17) 
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Ⱥɜɩ Ŭɜ Űɞ ŭɘɎɜɡůɛŬ ὰ ὰ Õ ŮɑɜŬɘ Űɞ ŭɘɎɜɡůɛŬ Űɤɜ əŬɚɨŰŮɟɤɜ Űɘɛɩɜ Űɤɜ 
ɛŮɔŮɗɩɜ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ŰɧŰŮ ɞ ŬɜŰɑůŰɞɘɢɞɠ ˊɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ ˊɟɘɜ 

Űɖ ůɡɜɧɟɗɤůɖ ŮɑɜŬɘ:  

 

ὠ ʎ !.! ʎ!!0ɚ !                    (7.18) 

ɀŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Ø əŬɘ ůɢŮŰɘəɐ ŬɜŰɘəŬŰɎůŰŬůɖ ůŰɘɠ 
ŮɝɘůɩůŮɘɠ ˊŬɟŬŰɐɟɖůɖɠ ˊɟɞəɨˊŰŮɘ Űɞ ŭɘɎɜɡůɛŬ Õ Űɤɜ ɡˊɞɚɞɑˊɤɜ. ȰŰůɘ 
ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŬɜŮɝɎɟŰɖŰɖ ŮəŰɑɛɖůɖ Űɖɠ a-posteriori ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɖɠ 

ɛɞɜɎŭŬɠ ɓɎɟɞɡɠ ɔɘŬ Î ́ ŬɟŬŰɖɟɐůŮɘɠ əŬɘ Í ŬɔɜɩůŰɞɡɠ Ŭˊɧ Űɖ ůɢɏůɖ:  

 

ʎ                                           (7.19) 

 

ȺɎɜ ŰŬ ŰɡˊɘəɎ ůűɎɚɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɓŬɟɩɜ ŮɑɜŬɘ ɟŮŬɚɘůŰɘəɎ, əŬɘ ŭŮɜ ɡˊɎɟɢɞɡɜ  

ɢɞɜŭɟɞŮɘŭɐ ɐ ůɡůŰɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ ůŰɘɠ ɛŮŰɟɐůŮɘɠ, ŰɧŰŮ ɞ ɚɧɔɞɠ  

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɖ ɛɞɜɎŭŬ ˊɟɞəŮɘɛɏɜɞɡ ɖ ɚɨůɖ ɜŬ ɗŮɤɟŮɑŰŬɘ 

ŬɝɘɧˊɘůŰɖ.  Ɇɡɜɐɗɤɠ ŬɡŰɐ ŮɚɏɔɢŮŰŬɘ ůŰŬŰɘůŰɘəɎ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ 

əŬŰŬɜɞɛɐ … ɐ Ficher, Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ŭˊɧɟɟɘɣɖɠ ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ 

ɞɘ Ŭɟɢɘəɏɠ ŮəŰɘɛɐůŮɘɠ Űɤɜ ůűŬɚɛɎŰɤɜ ɐŰŬɜ ɛɖ ɟŮŬɚɘůŰɘəɏɠ ɐ ɞɘ ɛŮŰɟɐůŮɘɠ 

ŮɛˊŮɟɘɏɢɞɡɜ ɢɞɜŭɟɞŮɘŭɐ ɐ ůɡůŰɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ.   

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɞ ůŰŬŰɘůŰɘəɧɠ ŬɡŰɧɠ ɏɚŮɔɢɞɠ, Űɞɡ ɃɚɚŬɜŭɞɨ 

əŬɗɖɔɖŰɐ Baarda, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ůɡɜɞɚɘəɎ ůŰɞ ŭɑəŰɡɞ ŮɑŰŮ ůŮ əɎɗŮ 

ˊŬɟŬŰɐɟɖůɖ ɝŮɢɤɟɘůŰɎ ɗŮɤɟɩɜŰŬɠ ˊɤɠ ŮɑɜŬɘ ɖ ɛɞɜŬŭɘəɐ ɛŮ ɢɞɜŭɟɞŮɘŭɏɠ 

ůűɎɚɛŬ. Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ ɛŮ ŭɘŬůŰɐɛŬŰŬ ŮɛˊɘůŰɞůɨɜɖɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ 

ŬɟɛɞɜɑŬ ɛŮŰŬɝɨ Űɞɡɠ, Ůɜɩ əɎɗŮ űɞɟɎ ŮɚɏɔɢŮŰŬɘ ɖ ɛɖŭŮɜɘəɐ ɡˊɧɗŮůɖ 

[ȷɔŬŰɕɎ-ɀˊŬɚɞŭɐɛɞɡ & ɄɎɜɞɡ, 2021]. 

ɆŰɞɜ ɏɚŮɔɢɞ ɧɚɞɡ Űɞɡ ŭɘəŰɨɞɡ, ɖ ɛɖŭŮɜɘəɐ ɡˊɧɗŮůɖ ( (ŭŮɜ ɡˊɎɟɢɞɡɜ 
ůűɎɚɛŬŰŬ) ɘůɢɨŮɘ Ůűɧůɞɜ:  

 

&ȟȟ    ɐ    
ȟ
   ɐ   &ȟȟ

ȟ
      (7.20) 

 

ɆŰɞɜ ɏɚŮɔɢɞ ɛŮɛɞɜɤɛɏɜɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ, ɔɘŬ əɎɗŮ ˊŬɟŬŰɐɟɖůɖ ɖ 

ɛɖŭŮɜɘəɐ ɡˊɧɗŮůɖ ( (ŭŮɜ ɡˊɎɟɢŮɘ ɢɞɜŭɟɞŮɘŭɏɠ ůűɎɚɛŬ) ɘůɢɨŮɘ Ůűɧůɞɜ:  

 

7
 

 &ȟȟ   ɐ 7
 
ῶ         (7.21) 
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ɧˊɞɡ ‌: Űɞ ŮˊɑˊŮŭɞ ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɞɡ ɛɞɜɞŭɘɎůŰŬŰɞɡ Ůɚɏɔɢɞɡ, 

         Õ: ɡˊɧɚɞɘˊŬ ɐ űŬɘɜɧɛŮɜŬ ůűɎɚɛŬŰŬ,  

         „: ŰɡˊɘəɎ ůűɎɚɛŬŰŬ Űɤɜ ɡˊɞɚɞɑˊɤɜ („ „-„), 

         Z: ɞɘ ɞɟɘŬəɏɠ Űɘɛɏɠ ɔɘŬ Űɡˊɞˊɞɘɖɛɏɜɖ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ əŬɘ 

         Ὂȟ: ɞɘ ɞɟɘŬəɏɠ Űɘɛɏɠ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Fischer (F) 

Ⱥˊɞɛɏɜɤɠ ɞ ˊɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ-ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɛŮŰɎ Űɖ ůɡɜɧɟɗɤůɖ ŮɑɜŬɘ:  

 

ὠ ʎ  0                                       (7.22) 

 

Ůɜɩ ɞ ŬɜŰɑůŰɞɘɢɞɠ ˊɑɜŬəŬɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Ø ŮɑɜŬɘ:  

 

ὠ ʎ  ɦ                                       (7.23) 

 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ ɚɞɘˊɧɜ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɡɜɧɟɗɤůɖɠ ˊɟɞəɨˊŰɞɡɜ 

ɞɘ ˊɟɧŰɡˊŮɠ ŰɟɘŭɘɎůŰŬŰŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ŭɘəŰɨɞɡ ŬɚɚɎ 

əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ŬɓŮɓŬɘɧŰɖŰɏɠ Űɞɡɠ, Ůˊɞɛɏɜɤɠ ɞɟɑɕŮŰŬɘ ́ ɚɐɟɤɠ əŬɘ Űɞ 

ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɢɩɟɞɡ Űɤɜ ɛŮŰɟɐůŮɤɜ.  

 

7.5 ȺɔəŬŰɎůŰŬůɖ əŬɘ ˊɟɞŮŰɞɘɛŬůɑŬ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ  

       ůɡɜŰŮŰŬɔɛɏɜɤɜ (laser tracker) 

 

ũɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɞɡ laser tracker ŬɚɚɎ əŬɘ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ 

ɔɘŬ ŬəɟɘɓŮɑɠ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮűŬɟɛɞɔɐ ůɡɔəŮəɟɘɛɏɜɤɜ 

Ůɚɏɔɢɤɜ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 7.2, əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 8.1.  

 

 

ȹɘɎɔɟŬɛɛŬ 7.2: ȹɘŬŭɘəŬůɑŬ ˊɟɞŮŰɞɘɛŬůɑŬɠ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ laser tracker 

ɇɞˊɞɗɏŰɖůɖ laser tracker 

ɆɨɜŭŮůɖ əɨɟɘŬɠ ɛɞɜɎŭŬɠ 

Ůɚɏɔɢɞɡ əŬɘ ȼ/Ɉ 

ȰɚŮɔɢɞɠ əŬŰɎ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ 

Űɖɠ ůɡůəŮɡɐɠ 

ŪŮɟɛɘəɐ ůŰŬɗŮɟɞˊɞɑɖůɖ ůɡůəŮɡɐɠ ȰɚŮɔɢɞɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ 
ůɡɜɗɖəɩɜ 

ȰɚŮɔɢɞɠ ɔɤɜɘŬəɐɠ ȷəɟɑɓŮɘŬɠ 

ȰɚŮɔɢɞɠ ɛɏŰɟɖůɖɠ ɛɖəɩɜ 

ȰɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ 

ɛŮŰɟɐůŮɤɜ 
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ɂŮəɘɜɩɜŰŬɠ, Űɞ laser tracker ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɛɑŬ ɓɎůɖ ɐ ɏɜŬɜ ɓŬɟɨ 

ŰɟɑˊɞŭŬ ɓɘɞɛɖɢŬɜɘəɐɠ ɔŮɤŭŬɘůɑŬɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ɛŮŰɟɐůŮɘɠ. ȼ Ůˊɘɚɞɔɐ Űɞɡ ůɖɛŮɑɞɡ ŰɞˊɞɗɏŰɖůɐɠ Űɞɡ, 

ɔɑɜŮŰŬɘ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ɞɟŬŰɧŰɖŰŬ ɛŮŰŬɝɨ ŬɡŰɞɨ əŬɘ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ 

ŭɘəŰɨɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛˊɞɟɏůɞɡɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ.  

 ɀˊɞɟŮɑ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ɢɤɟɑɠ ɜŬ 

ŮˊɖɟŮŬůŰŮɑ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, ɤůŰɧůɞ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

Ůˊɘɚɞɔɐ ɛɘŬɠ ůŰŬɗŮɟɐɠ ŮˊɘűɎɜŮɘŬɠ ŭŬˊɏŭɞɡ ɛŬəɟɘɎ Ŭˊɧ ŮɛˊɧŭɘŬ. ũɘŬ 

ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ ŬˊɞűŮɨɔŮŰŬɘ ɖ ŰɞˊɞɗɏŰɖůɖ Űɖɠ əŮűŬɚɐɠ Űɞɡ 

Ůɝɞˊɚɘůɛɞɨ ůŮ ɓɎůɖ ˊɞɡ ɏɢŮɘ əɚɑůɖ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 10Á Ŭˊɧ Űɖɜ 

əŬŰŬəɧɟɡűɞ [FARO, 2016].  

ȷűɞɨ ɞɚɞəɚɖɟɤɗŮɑ ɖ ŰɞˊɞɗɏŰɖůɖ, ɝŮəɘɜɎ ɖ ŭɘŬŭɘəŬůɑŬ ůɨɜŭŮůɐɠ Űɞɡ 

ɛŮ Űɖɜ əɨɟɘŬ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ, ŬɚɚɎ əŬɘ Űɞɜ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ.  

ȼ əɨɟɘŬ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŬɟɎɔŮɘ Űɞ 

laser tracker ɛŮ ŰŬ ůˊɞɡŭŬɘɧŰŮɟŬ ɜŬ ŮɑɜŬɘ ŬɡŰɎ Űɞɡ ɛŮŰŮɤɟɞɚɞɔɘəɞɨ 

ůŰŬɗɛɞɨ ˊɞɡ ŬɡŰɧɠ ŭɘŬɗɏŰŮɘ. ȾŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ɢɟɐůɖɠ ˊŬɟɎɔɞɜŰŬɘ 

ɛŮŰɟɐůŮɘɠ ɗŮɟɛɞəɟŬůɑŬɠ, ˊɑŮůɖɠ əŬɘ ɡɔɟŬůɑŬɠ əŬɗɩɠ  ɖ ɛɏŰɟɖůɖ ɛɐəɞɡɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ŰɟɏɢɞɡůŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ ŬˊŬɘŰŮɑ 

ŭɘɞɟɗɩůŮɘɠ ůŰɖ ɛɏŰɟɖůɖ űɎůɖɠ ŬɚɚɎ əŬɘ ůŰɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ 

əɡɛɎŰɤɜ ůŮ ɛɐəɞɠ [API, 2007; FARO, 2016; LEICA, 2017]. 

ȼ ůɨɜŭŮůɖ ɛŮŰŬɝɨ əɨɟɘŬɠ ɛɞɜɎŭŬɠ Ůɚɏɔɢɞɡ əŬɘ ɖɚŮəŰɟɞɜɘəɞɨ 

ɡˊɞɚɞɔɘůŰɐ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮɑŰŮ ɛŮ Űɖ ɢɟɐůɖ əŬɚɤŭɑɞɡ 

Ethernet ŮɑŰŮ ŬůɨɟɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Wireless Local Area Network 

(WLAN). ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ˊɟɏˊŮɘ ɞ ɡˊɞɚɞɔɘůŰɐɠ ɜŬ ŭɘŬɗɏŰŮɘ ɚɞɔɘůɛɘəɧ 

ůɡɛɓŬŰɧ ɛŮ Űɞ laser tracker  ́ɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬɢŮɘɟɑɕŮŰŬɘ Űɖ ɢɟɐůɖ Űɞɡ 

ŬɚɚɎ əŬɘ ɜŬ ɚŬɛɓɎɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɛŮŰɟɐůŮɩɜ Űɞɡ [API, 2007; FARO, 

2016; LEICA, 2017]. 

ȷűɞɨ ɞɚɞəɚɖɟɤɗŮɑ ɖ ůɨɜŭŮůɖ ɝŮəɘɜɎŮɘ ɖ ɗŮɟɛɘəɐ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ 

ůɡůəŮɡɐɠ. ɇɞ laser tracker ŬűɘŮɟɩɜŮɘ ɢɟɧɜɞ ɔɘŬ ɜŬ ůŰŬɗŮɟɞˊɞɘɐůŮɘ Űɖɜ 

ŮůɤŰŮɟɘəɐ Űɞɡ ɗŮɟɛɞəɟŬůɑŬ, ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ 

ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ, əɡɟɑɤɠ ůŰŬ ɔɤɜɘŬəɎ ɛŮɔɏɗɖ.  

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ŭɞɛɘəɎ ɛɏɟɖ Űɞɡ ɞɟɔɎɜɞɡ ŭŮɜ 

ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ɑŭɘŬ ɗŮɟɛɧŰɖŰŬ əŬŰɎ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ. ȼ ɗŮɟɛɘəɐ 

ůŰŬɗŮɟɞˊɞɑɖůɖ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɡɠ ŮůɤŰŮɟɘəɞɨɠ əɘɜɖŰɐɟŮɠ Űɞɡ ɞɟɔɎɜɞɡ ɤɠ 

ɗŮɟɛŬɜŰɐɟŮɠ ɔɘŬ Űɖ ŭɘɎŭɞůɖ ɞɛɞɘɧɛɞɟűɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɚŮɘŰɞɡɟɔɑŬɠ ůŮ 

ɧɚŬ ŰŬ ŭɞɛɘəɎ Űɞɡ ɛɏɟɖ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɚɚŬɔɐ Űɖɠ 

ɔŮɤɛŮŰɟɑŬɠ Űɞɡ ɎɝɞɜɎ Űɞɡ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ůɖɛŬɜŰɘəɎ 

ɔɤɜɘŬəɎ ůűɎɚɛŬŰŬ [FARO, 2016]. 
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ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ŬˊɞɗɐəŮɡůɖ Űɞɡ ɞɟɔɎɜɞɡ ůŮ ɗŮɟɛɧŰŮɟɞ ɐ 

ɣɡɢɟɧŰŮɟɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ ŬɡŰɧ Űɖɠ ɛɏŰɟɖůɖɠ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖ 

ŭɘɎɟəŮɘŬ ůŰŬɗŮɟɞˊɞɑɖůɖɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ˊɞɚɚɞɑ əŬŰŬůəŮɡŬůŰɏɠ 

ˊɟɞŰŮɑɜɞɡɜ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ laser tracker ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɛɏŰɟɖůɖɠ ɔɘŬ 

əɎˊɞɘɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɟɘɜ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ əŬɘ ɡɚɞˊɞɑɖůɖ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɞɡ [API, 2007; FARO, 2016; LEICA, 2017]. 

ȳŰŬɜ ɖ ůŰŬɗŮɟɞˊɞɑɖůɖ ɞɚɞəɚɖɟɤɗŮɑ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɏɚŮɔɢɞɘ ɔɘŬ 

Űɖɜ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ɛɖəɩɜ, ɔɤɜɘɩɜ ŬɚɚɎ əŬɘ ɏɚŮɔɢɞɘ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɡŰɞɑ ŮɑɜŬɘ 

ŬˊɞŭŮəŰɞɑ, ɞ Ůɝɞˊɚɘůɛɧɠ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɝŮəɘɜɐůŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɛŮ Űɖ ɓɏɚŰɘůŰɖ ŬəɟɑɓŮɘŬ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ˊɤɠ ŮəŰɧɠ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɖɠ 

ŮůɤŰŮɟɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɞɟɔɎɜɞɡ, əŬɘ ɞɘ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞɡ, ɏɢɞɡɜ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ɔɘŬ ŬəɟɘɓŮɑɠ ɛŮŰɟɐůŮɘɠ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɗŮɟɛɞəɟŬůɘŬəɏɠ ŭɘŬɓŬɗɛɑůŮɘɠ, ˊɘɗŬɜɞɑ ůŰɟɞɓɘɚɘůɛɞɑ 

Űɞɡ ŬɏɟŬ, ɐ ɗɨɚŬəŮɠ ŬɏɟŬ ŭɘŬűɞɟŮŰɘəɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ŮˊɖɟŮɎɕɞɡɜ Űɖ 

ŭɘŬŭɟɞɛɐ Űɖɠ ŭɏůɛɖɠ laser, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɩɚŮɘŬ Űɖɠ ŬəɟɑɓŮɘŬɠ 

Űɧůɞ ůŰɘɠ ɔɤɜɘŬəɏɠ ɛŮŰɟɐůŮɘɠ ɧůɞ əŬɘ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ɛɐəɞɡɠ. 

 ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ ŰɏŰɞɘɤɜ ůűŬɚɛɎŰɤɜ, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ əŬŰŬůəŮɡŬůŰɏɠ 

ˊɟɞŰŮɑɜɞɡɜ Űɖ ɛɏŰɟɖůɖ ɛŬəɟɘɎ Ŭˊɧ Ŭɔɤɔɞɨɠ ɗɏɟɛŬɜůɖɠ əŬɘ əɚɘɛŬŰɘůɛɞɨ, 

ˊɧɟŰŮɠ ˊɞɡ Ŭɜɞɑɔɞɡɜ ůɡɢɜɎ ɐ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ˊɖɔɐ ŮˊɘŭɟɎůŮɤɜ 

ɗŮɟɛɞəɟŬůɑŬɠ. Ⱥˊɘˊɚɏɞɜ ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɐůɖ ŬɜŮɛɘůŰɐɟŬ ɔɘŬ Űɖɜ 

ŬɜɎɛŮɘɝɖ ŬɏɟŬ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ ɛɎɕŮɠ ŬɏɟŬ ŭɘŬűɞɟŮŰɘəɩɜ 

ɗŮɟɛɞəɟŬůɘɩɜ [API, 2007; FARO, 2016; LEICA, 2017]. 

ȷəɧɛɖ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɔɜɩůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, Űɖɠ 

ɓŬɟɞɛŮŰɟɘəɐɠ ˊɑŮůɖɠ əŬɘ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ, əŬɗɩɠ ŮˊɖɟŮɎɕɞɡɜ 

ůɖɛŬɜŰɘəɎ Űɞɜ ŭŮɑəŰɖ ŭɘɎɗɚŬůɖɠ əŬɘ ůɡɜŮˊɩɠ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɖɠ ŬəŰɘɜɘəɐɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ADM 

[Muralikrishnan, 2016]. ɇɞ laser tracker ŮɑɜŬɘ Ůɝɞˊɚɘůɛɏɜɞ ɛŮ ŬɘůɗɖŰɐɟŮɠ 

əŬɘɟɞɨ ˊɞɡ ɛŮŰɟɞɨɜ Űɖ ɗŮɟɛɞəɟŬůɑŬ, Űɖɜ ˊɑŮůɖ əŬɘ Űɖɜ ɡɔɟŬůɑŬ Űɞɡ ŬɏɟŬ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɓɐɛŬ. ȳɛɤɠ ɔɘŬ ɜŬ ŮɑɜŬɘ ŬəɟɘɓŮɑɠ 

ɞɘ ɛŮŰɟɐůŮɘɠ ŬɡŰɏɠ, ˊɟɏˊŮɘ ɞ ŮɝɤŰŮɟɘəɧɠ ŬɘůɗɖŰɐɟŬɠ ɜŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ 

ɑŭɘŬ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ˊŮɟɜɎ ɖ ŭɏůɛɖ laser əŬɘ ɧɢɘ əɞɜŰɎ ůŮ Ŭɔɤɔɞɨɠ 

ɗɏɟɛŬɜůɖɠ ɐ əɚɘɛŬŰɘůɛɞɨ, ɐ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ˊɖɔɐ ɗŮɟɛɘəɐɠ ŮˊɑŭɟŬůɖɠ 

[FARO, 2016]. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ Űɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɢɩɟɞɡ ŮɑɜŬɘ ɡɚɞˊɞɘɖɛɏɜɞ əŬɘ 

ɞɘ ůɡɜŰŮŰŬɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ŭɘəŰɨɞɡ ɔɜɤůŰɏɠ, ɛˊɞɟŮɑ Űɞ laser tracker 

ɜŬ ŮɜŰŬɢɗŮɑ ůŰɞ ɑŭɘɞ ůɨůŰɖɛŬ əŬɘ ɜŬ ɡˊɞɚɞɔɑůŮɘ Űɖ ɗɏůɖ Űɞɡ ůŰɞ ɢɩɟɞ. ȼ 
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ɛŮɗɞŭɞɚɞɔɑŬ ɛɏŰɟɖůɖɠ əŬɘ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ɗɏůɖɠ Űɞɡ ɞɜɞɛɎɕŮŰŬɘ 

ɛɏɗɞŭɞɠ Űɖɠ ŮɚŮɨɗŮɟɖɠ ůŰɎůɖɠ (free station).   

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɞɡ ɎɔɜɤůŰɞɡ ůɖɛŮɑɞɡ 

ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ɞɟɔɎɜɞɡ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮŰɟɩɜŰŬɠ ɛɐəɖ əŬɘ ɔɤɜɑŮɠ 

(ɞɟɘɕɧɜŰɘŮɠ əŬɘ əŬŰŬəɧɟɡűŮɠ) ˊɟɞɠ ɔɜɤůŰɎ ůɖɛŮɑŬ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɠ Űɖ 

ɛɏɗɞŭɞ Űɖɠ ˊɞɚɚŬˊɚɐɠ ɞˊɘůɗɞŰɞɛɑŬɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 7.1. 

 

 

ɆɢɐɛŬ 7.1: ɄŬɟɎŭŮɘɔɛŬ ɛŮŰɟɐůŮɤɜ ˊɟɞůŭɘɞɟɘůɛɞɨ ůɖɛŮɑɞɡ ɀ ɛŮ 

ɛŮŰɟɐůŮɘɠ ˊɟɞɠ ŰŬ ůɖɛŮɑŬ ȷ, ȸ, ũ, ȹ [ȻɖŰɞɨɜɖɠ, 2012] 

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Ůɜɧɠ ůɖɛŮɑɞɡ ůŰɞ ɢɩɟɞ ŬˊŬɘŰɞɨɜŰŬɘ ɛŮŰɟɐůŮɘɠ 

ŰɞɡɚɎɢɘůŰɞɜ ˊɟɞɠ ŭɨɞ ɔɜɤůŰɎ ůɖɛŮɑŬ. ɋůŰɧůɞ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ əŬɘ 

Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ ɗɏůɖɠ  ŮˊɘɚɏɔɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟŬ ůɖɛŮɑŬ Ůɜɩ əŬɘ Ůŭɩ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɚŬɢɘůŰɞŰŮŰɟŬɔɤɜɘəɐ ůɡɜɧɟɗɤůɖ. ɆŰɖɜ ɞɡůɑŬ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ ˊɚɐɟɖ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ůɡɜŰŮŰŬɔɛɏɜɤɜ Ŭˊɧ ɏɜŬ 

ŬɡɗŬɑɟŮŰɞ ůɨůŰɖɛŬ ůŰɞ ŮˊɘɗɡɛɖŰɧ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ [ȻɖŰɞɨɜɖɠ, 2012]. 

Ƀɘ ŮɝɘůɩůŮɘɠ ˊŬɟŬŰɐɟɖůɖɠ ɔɘŬ ŰŬ ɛŮɔɏɗɖ ˊɞɡ ɛŮŰɟɞɨɜŰŬɘ ŮɑɜŬɘ 

ŬɜŰɑůŰɞɘɢŮɠ ɛŮ ŬɡŰɏɠ Űɖɠ Ůˊɑɚɡůɖɠ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ŭɘəŰɨɞɡ, (ůɢɏůɖ 7.6, 

7.8 əŬɘ 7.10), Ůɜɩ ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ůɡɜɧɟɗɤůɖɠ. ɧˊɤɠ 

ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 7.4.2. ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɞɘ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ ὼȟώȟᾀ Űɞɡ ůɖɛŮɑɞɡ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ laser tracker ŬɚɚɎ əŬɘ 

ɞ ˊɑɜŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ-ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Ŭˊô ɧˊɞɡ ŬɜŰɚɞɨɜŰŬɘ əŬɘ 

ɞɘ ŬɓŮɓŬɘɧŰɖŰɏɠ Űɞɡɠ. ȰŰůɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ ɏɜŰŬɝɖ Űɞɡ ɞɟɔɎɜɞɡ ůŰɞ 

ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɢɩɟɞɡ əŬɘ Ůˊɞɛɏɜɤɠ ɧɚŮɠ ɞɘ ŮˊɧɛŮɜŮɠ ɛŮŰɟɐůŮɘɠ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ ɑŭɘɞ ůɨůŰɖɛŬ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɛŮŰɏˊŮɘŰŬ ɏɜŰŬɝɖ Űɞɡ 

ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŰɞ ůɨůŰɖɛŬ Űɞɡ ɢɩɟɞɡ, 

ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ. 
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7.6 ȺɔəŬŰɎůŰŬůɖ əŬɘ ˊɟɞŮŰɞɘɛŬůɑŬ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ 

 

ũɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ əŬɘ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ 

ɛɏŰɟɖůɖɠ ŬəɞɚɞɡɗɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɓɐɛŬŰŬ əŬɘ ɏɚŮɔɢɞɘ  ɞɘ ɞˊɞɑɞɘ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɘ ɔɘŬ ŬɝɘɧˊɘůŰŮɠ ɛŮŰɟɐůŮɘɠ. ɇŬ ɓɐɛŬŰŬ ŬɡŰɎ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 7.3, Ůɜɩ ɞɘ ɏɚŮɔɢɞɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 8.1.  

 

 

ȹɘɎɔɟŬɛɛŬ 7.3: ȹɘŬŭɘəŬůɑŬ ˊɟɞŮŰɞɘɛŬůɑŬɠ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ 

 

ɂŮəɘɜɩɜŰŬɠ, ɞ ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ ɞɟɘɕɞɜŰɘɩɜŮŰŬɘ ŮɚɏɔɢɞɜŰŬɠ Űɖɜ 

ɖɚŮəŰɟɞɜɘəɐ ŬŮɟɞůŰɎɗɛɖ ˊɞɡ ŭɘŬɗɏŰŮɘ. ɀˊɞɟŮɑ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ŮɑŰŮ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰůɘɛŮɜŰɏɜɘɞ ɓɎɗɟɞ ɐ ůŰŬɗŮɟɧ ɓŬɟɨ ŰɟŬˊɏɕɘ ɛŮ Ůɘŭɘəɐ 

ˊɚŬəɏŰŬ ŰɞˊɞɗɏŰɖůɖɠ, ŮɑŰŮ ŰɟɑˊɞŭŬ ɓɘɞɛɖɢŬɜɘəɐɠ ɔŮɤŭŬɘůɑŬɠ ɐ Ůɘŭɘəɏɠ 

ɓɎůŮɘɠ ɓŬɟɏɤɠ Űɨˊɞɡ, ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 7.2. ȿɧɔɤ Űɖɠ 

ŮɡŬɘůɗɖůɑŬɠ Űɞɡ ɓɟŬɢɑɞɜŬ ůŰɘɠ ɛɘəɟɞəɘɜɐůŮɘɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ɏɚŮɔɢɞɠ 

Űɖɠ ŮɡůŰɎɗŮɘŬɠ Űɞɡ, ɔɘŬ ɧɚɞ Űɞ Ůɨɟɞɠ Űɤɜ əɘɜɐůŮɤɜ Űɤɜ ŬɟɗɟɩůŮɤɜ Űɞɡ.  

ȷɜɎɚɞɔŬ ɛŮ Űɖɜ əŬŰŬůəŮɡɎůŰɟɘŬ ŮŰŬɘɟɑŬ ɔɘŬ Űɖ ůɨɜŭŮůɖ Űɞɡ ŬɟɗɟɤŰɞɨ 

ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ ɛŮ Űɞɜ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ɢɟɐůɖ USB, Ethernet ɐ, Ŭɜ ɞ Ůɝɞˊɚɘůɛɧɠ ŭɘŬɗɏŰŮɘ, Bluetooth ɐ  Wireless 

Local Area Network (WLAN) [17-19].  

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɞ ɡˊɞɚɞɔɘůŰɐɠ ˊɟɏˊŮɘ ɜŬ ŭɘŬɗɏŰŮɘ ɚɞɔɘůɛɘəɧ Űɖɠ 

ŮŰŬɘɟŮɑŬɠ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ɧɚɞɡɠ Űɞɡ Ůɚɏɔɢɞɡɠ. ɆɢŮŰɘəɎ ɛŮ 

Űɘɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ ɓɟŬɢɑɞɜŬ, ɖ əɎɗŮ ŮŰŬɘɟɑŬ ˊɟɞŰŮɑɜŮɘ 

ɆɨɜŭŮůɖ ɓɟŬɢɑɞɜŬ ɛŮ  ȼ/Ɉ 

ȰɚŮɔɢɞɠ ɗŮɟɛɞəɟŬůɘŬəɩɜ 
ůɡɜɗɖəɩɜ  

ɇɞˊɞɗɏŰɖůɖ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ 

ɛɏŰɟɖůɖɠ 

ȰɚŮɔɢɞɠ ŮɡůŰɎɗŮɘŬɠ ůɡůəŮɡɐɠ  

ȰɚŮɔɢɞɠ ɞɟɘɕɞɜŰɑɤůɖɠ ůɡůəŮɡɐɠ 

ȺɔəŬŰɎůŰŬůɖ əŬɘ ŭɘŬəɟɑɓɤůɖ 
ůűŬɘɟɘəɞɨ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ 

(ŭɘɎɛŮŰɟɞɠ 6mm) 

ȺɔəŬŰɎůŰŬůɖ əŬɘ ŭɘŬəɟɑɓɤůɖ 

ŬɘůɗɖŰɐɟŬ ɛɖ ŮˊŬűɐɠ  

(ŬɘůɗɖŰɐɟŬɠ laser) 

ȰɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ 

ɛŮŰɟɐůŮɤɜ 
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ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ ɚɞɔɘůɛɘəɧ Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮɘ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. 

  

  

(Ŭ) (ɓ) 

ȺɘəɧɜŬ 7.2: (Ŭ)ɇɞˊɞɗɏŰɖůɖ ůŮ ŰɟŬˊɏɕɘ. [41] (ɓ)ɉɟɐůɖ ɓɘɞɛɖɢŬɜɘəɞɨ  

                                                      ŰɟɑˊɞŭŬ  

 

ȳůɞɜ ŬűɞɟɎ ůŰɞɡɠ Ůɚɏɔɢɞɡɠ, ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ ůŰŬɗŮɟɧŰɖŰŬɠ ɗŮɟɛɞəɟŬůɘŬəɩɜ 

ůɡɜɗɖəɩɜ, ŭɘŬəɟɑɓɤůɖ Űɤɜ ŬɘůɗɖŰɐɟɤɜ ɛɏŰɟɖůɖɠ ́ ɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ Űɞ Ŭəɟɘɓɏɠ Űɞɡɠ ɛɏɔŮɗɞɠ, ŬɚɚɎ əŬɘ ɏɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ 

ɛŮŰɟɐůŮɤɜ. ȳɚɞɘ ŬɡŰɞɑ ɞɘ ɏɚŮɔɢɞɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 

8.1.  

 ũɘŬ Űɖ ɛɏŰɟɖůɖ Űɞɡ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ ŬɚɚɎ əŬɘ ɛŮɛɞɜɤɛɏɜɤɜ 

ůɖɛŮɑɤɜ, Ŭɜ ɢɟŮɘŬůŰŮɑ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɐůɖ ŬɘůɗɖŰɐɟɤɜ ŮˊŬűɐɠ ɐ 

ɛɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ əŬɘ ɚɧɔɤ Űɖɠ ŬɜɎɔəɖɠ ɔɘŬ ɛɑŬ 

ɛɖ ŮˊŮɛɓŬŰɘəɐ ɛɏɗɞŭɞ ɛɏŰɟɖůɖɠ, ŮˊɘɚɏɔŮŰŬɘ ɖ ɢɟɐůɖ ŬɘůɗɖŰɐɟŬ ɢɤɟɑɠ 

ŮˊŬűɐ, ɞ ɞˊɞɑɞɠ ůɡɚɚɏɔŮɘ ŭŮŭɞɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ ŭɏůɛɖ laser. 

ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛɏŰɟɖůɖɠ ɛŮɛɞɜɤɛɏɜɤɜ ůɖɛŮɑɤɜ ŮˊɘɚɏɔŮŰŬɘ 

ɛɘəɟɧɠ ůɖɛŮɘŬəɧɠ ŬɘůɗɖŰɐɟŬɠ ŮˊŬűɐɠ, Ůɜɩ ɔɘŬ əɎˊɞɘɞɡɠ Ůɚɏɔɢɞɡɠ əŬɘ 

ŬɘůɗɖŰɐɟŬɠ ŭɘŬɛɏŰɟɞɡ 6mm,  ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 7.3.  Ƀ ɚɧɔɞɠ 

ˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ŬɘůɗɖŰɐɟŮɠ ŬɡŰɞɑ ŮɑɜŬɘ ŮɝŬɘŰɑŬɠ Űɖɠ ŬəɟɑɓŮɘŬɠ ˊɞɡ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ ɛɏŰɟɖůɖ ůɖɛŮɑɤɜ, ŬɚɚɎ əŬɘ ɞ əɑɜŭɡɜɞɠ űɗɞɟɎɠ Űɞɡ ɏɟɔɞɡ 

Ŭɜ ŮˊɘɚŮɔŮɑ ɎɛŮůɖ ŮˊŬűɐ ɛŬɕɑ Űɞɡ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɔɘŬ Űɖɜ ɞɟɗɐ ɢɟɐůɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ŬɚɚɎ əŬɘ 

Űɖ ɚɐɣɖ ɛŮŰɟɐůŮɤɜ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ˊɟɞɗŮɟɛŬɗŮɑ ɞ 

ɓɟŬɢɑɞɜŬɠ ŰɞɡɚɎɢɘůŰɞɜ ɛɘůɐ ɩɟŬ. ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɞɡɠ ŬɘůɗɖŰɐɟŮɠ 

(ŮˊŬűɐɠ ɐ ɛɖ). ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ, ɧůɞ ɛŮɔŬɚɨŰŮɟɞɠ ɞ 

ɢɟɧɜɞɠ ˊɟɞɗɏɟɛŬɜůɖɠ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ɖ ŬəɟɑɓŮɘŬ ˊɞɡ ˊŬɟɏɢŮŰŬɘ ůŰɖɜ 

ŰŮɚɘəɐ ɛɏŰɟɖůɖ.  
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(Ŭ) (ɓ) (ɔ) 

ȺɘəɧɜŬ 7.3: (Ŭ)ȷɘůɗɖŰɐɟŬɠ ɛɖ ŮˊŬűɐɠ. (ɓ)ȷɘůɗɖŰɐɟŬɠ ŭɘŬɛɏŰɟɞɡ 6mm.  

(ɔ)ɄŬɟɎɚɚɖɚɖ ůɨɜŭŮůɖ əŬɘ Űɤɜ ŭɨɞ ŬɘůɗɖŰɐɟɤɜ [42-44] 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ɏɟɔɞ ŬˊŬɘŰŮɑ ˊŬɟŬˊɎɜɤ Ŭˊɧ 

ɛɑŬ ɗɏůɖ ɛɏŰɟɖůɖɠ, ŰɧŰŮ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɏɜŰŬɝɖ Űɖɠ əɎɗŮ ɗɏůɖɠ ůŰɞ 

ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɛŮŰɟɖŰɘəɞɨ ɢɩɟɞɡ, ɩůŰŮ ɧɚŮɠ ɞɘ ɛŮŰɟɐůŮɘɠ ɜŬ ŮɑɜŬɘ 

ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮŰŬɝɨ Űɞɡɠ. ȰŰůɘ, ɔɘŬ Űɖɜ ɏɜŰŬɝɖ Űɖɠ əɎɗŮ ɗɏůɖɠ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɛɏŰɟɖůɖ ůɖɛŮɑɤɜ ɔɜɤůŰɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ. ɇŬ ůɖɛŮɑŬ ŬɡŰɎ 

ɛŮŰɟɘɞɨɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɓɟŬɢɑɞɜŬ, Ůɜɩ ɛŮ ŭŮŭɞɛɏɜŮɠ Űɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ ůŰɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɢɩɟɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ əŬɘ ɏŰůɘ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ ɏɜŰŬɝɖ. 

ɇŬ ůɖɛŮɑŬ ˊɞɡ ɛŮŰɟɞɨɜŰŬɘ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ůŰŬɗŮɟɎ ůɖɛŮɑŬ ůŰɞ 

ɢɩɟɞ ŮɑŰŮ ɧɢɘ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮˊɘɚŮɔŮɑ ɞ ˊɟɩŰɞɠ Űɟɧˊɞɠ ŰŬ ůɖɛŮɑŬ 

ɛŮŰɟɘɞɨɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ. ɆŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŰŬɡŰɧɢɟɞɜɖ ɛɏŰɟɖůɖ ůɖɛŮɑɤɜ Űɧůɞ Ŭˊɧ Űɞɜ ɓɟŬɢɑɞɜŬ, 

ɧůɞ əŬɘ Ŭˊɧ Űɞ űɞɟɖŰɧ ůɨůŰɖɛŬ laser tracker, Űɞ ɞˊɞɑɞ ɏɢŮɘ ŮɜŰŬɢɗŮɑ ɐŭɖ 

ůŰɞ ůɨůŰɖɛŬ Űɞɡ ɢɩɟɞɡ, ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 7.5.      

ȷɟɢɘəɎ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ ɏɜŬɠ ŬɜŬəɚŬůŰɐɟŬɠ SMR 

7/8ò, ɞ ɞˊɞɑɞɠ əŬɘ ŭɘŬəɟɘɓɩɜŮŰŬɘ ɤɠ ŬɘůɗɖŰɐɟŬɠ ŮˊŬűɐɠ. ȿɧɔɤ Űɞɡ 

ɛŮɔɏɗɞɡɠ Űɞɡ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ŭɘŬəɟɑɓɤůɖ ɛŮ Űɖ ɢɟɐůɖ əɩɜɞɡ ŭɘŬəɟɑɓɤůɖɠ, 

ɗŮɤɟɩɜŰŬɠ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ ɧůɞ Űɞ ɛɏɔŮɗɞɠ Űɞɡ SMR əŬɘ 

ŬəɞɚɞɡɗɩɜŰŬɠ ŰŬ ɓɐɛŬŰŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 8.1. ũɘŬ Űɖɜ 

Ŭˊɞűɡɔɐ ñŰɟŬɡɛŬŰɘůɛɞɨò Űɞɡ ŬɜŬəɚŬůŰɐɟŬ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ, ˊɞɚɚɏɠ 

űɞɟɏɠ ŭɘŬŰɑɗŮŰŬɘ ůűŬɑɟŬ ŬɜŰɑůŰɞɘɢɞɡ ɛŮɔɏɗɞɡɠ ˊɞɡ ɗŬ ŭɘŬəɟɘɓɤɗŮɑ əŬɘ 

ŬɟɔɧŰŮɟŬ ɗŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ Űɞɜ ŬɜŬəɚŬůŰɐɟŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 7.4. 

ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬəɟɑɓɤůɖɠ, əɎɗŮ űɞɟɎ ˊɞɡ ɞ ɓɟŬɢɑɞɜŬɠ 

ɛŮŰɟɎŮɘ ɏɜŬ ůɖɛŮɑɞ ˊɟɞůŭɘɞɟɑɕŮɘ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůŰɞ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ Űɞɡ. ɄŬɟɎɚɚɖɚŬ Űɞ űɞɟɖŰɧ ůɨůŰɖɛŬ laser tracker ɛˊɞɟŮɑ ɜŬ 

ŬɜŬɔɜɤɟɑůŮɘ Űɞɜ ŬɜŬəɚŬůŰɐɟŬ əŬɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ɛŮŰɟɐůŮɘɠ ůŮ 
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ŬɡŰɧ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ ɏŰůɘ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ŮəɎůŰɞŰŮ ůɖɛŮɑɞɡ ůŰɞ 

ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ, ŭɖɚŬŭɐ ůŰɞ ůɨůŰɖɛŬ Űɞɡ ɢɩɟɞɡ. ȰŰůɘ ɛŮ Űɖɜ 

ɛɏŰɟɖůɖ ˊɞɚɚɩɜ ůɖɛŮɑɤɜ əŬɗɩɠ əɘɜŮɑŰŬɘ ɞ ɓɟŬɢɑɞɜŬɠ, ůŰɞɜ ɎɝɞɜŬ z 

(ˊɎɜɤ-əɎŰɤ),  x (ŭŮɝɘɎ-ŬɟɘůŰŮɟɎ) əŬɘ y (ɛˊɟɞɠ-́ ɑůɤ), ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬɠ 7.5,  ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ əŬɘ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ 

ɗɏůɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ ůŰɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɢɩɟɞɡ.  

 

  

(Ŭ) (ɓ) 

ȺɘəɧɜŬ 7.4: (Ŭ)ɇɞˊɞɗɏŰɖůɖ ŬɜŬəɚŬůŰɐɟŬ SMR ůŰɞɜ ŬɟɗɟɤŰɧ ɓɟŬɢɑɞɜŬ 

ɛɏŰɟɖůɖɠ. (ɓ)ɉɟɐůɖ ɧɛɞɘŬɠ ůűŬɑɟŬɠ ɔɘŬ ŭɘŬəɟɑɓɤůɖ [FARO, 2021] 

 

Ƀ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ 

Helmert, ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɑɠ ůŰɟɞűɏɠ (ὶȟὶȟὶ), ŰɟŮɘɠ ɛŮŰŬɗɏůŮɘɠ 

(ὸȟὸȟὸ) əŬɘ ɛɑŬ əɚɑɛŬəŬ (‗). ȼ Ůɝɑůɤůɖ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɔɘŬ ŰŬ ŭɨɞ 

ůɡůŰɐɛŬŰŬ (P) əŬɘ (Pô), əŬɘ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ Ð ØȟÙȟÚ  əŬɘ  

Ðᴂ ØȟÙȟÚ , ŬɜŰɑůŰɞɘɢŬ, ŭɑɜŮŰŬɘ ůŰɖ ůɢɏůɖ 7.24 [Ioannidou & 

Pantazis, 2020]. 

Ðᴂ Ô ʇ 2 ÐȟÉ ρȟȣȟÍ                            (7.24) 

 

ɧˊɞɡ  É ɞ Ŭɨɝɤɜ Ŭɟɘɗɛɧɠ Űɞɡ ůɖɛŮɑɞɡ, Ô ÔȟÔȟÔ  Űɞ ŭɘɎɜɡůɛŬ 

ɛŮŰɎɗŮůɖɠ, ʇ ɞ ůɡɜŰŮɚŮůŰɐɠ əɚɑɛŬəŬɠ əŬɘ 2 2  2 2  ɞ ˊɑɜŬəŬɠ 

ůŰɟɞűɐɠ Űɤɜ Ŭɝɧɜɤɜ əŬŰɎ ὼώᾀ. 
 

   

ȺɘəɧɜŬ 7.5: ȾɘɜɐůŮɘɠ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ 

Űɞɡ Ŭˊɧ Űɞ laser tracker [FARO,2021] 
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ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ əɞɘɜɎ ɛŮŰɟɖɛɏɜŬ ůɖɛŮɑŬ əŬɘ ůŰŬ 

ŭɨɞ ůɡůŰɐɛŬŰŬ, ŬɚɚɎ əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŬɓŮɓŬɘɧŰɖŰŬ. Ⱥɜ ůɡɜŮɢŮɑŬ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ɛŮŰŬůɢɖɛŬŰɘůŰŮɑ ɖ ɗɏůɖ Űɞɡ 

ɓɟŬɢɑɞɜŬ ůŰɞ ůɨůŰɖɛŬ Űɞɡ tracker, ŭɖɚŬŭɐ Űɞɡ ɛŮŰɟɖŰɘəɞɨ ɢɩɟɞɡ. ȰŰůɘ 

ɞɚɞəɚɖɟɩɜŮŰŬɘ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɏɜŰŬɝɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ.  

ȷɝɑɕŮɘ Ůˊɑůɖɠ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɧŰŬɜ ɞ ɓɟŬɢɑɞɜŬɠ ŬɚɚɎɝŮɘ ɗɏůɖ, ŰɧŰŮ 

ˊɟɘɜ Űɖɜ ɏɜŰŬɝɐ Űɞɡ ɛŮ Űɞɡɠ Űɟɧˊɞɡɠ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ ˊŬɟŬˊɎɜɤ, ˊɟɏˊŮɘ 

ɜŬ ŮˊŬɜŬɚɖűɗɞɨɜ ɞɘ ɏɚŮɔɢɞɘ ɞɟɘɕɞɜŰɑɤůɖɠ, ŮɡůŰɎɗŮɘŬɠ ŬɚɚɎ əŬɘ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ůɡɜɗɖəɩɜ. ȷəɧɛɖ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ 

ŭɘŬəɟɑɓɤůɖɠ, ɧˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ, ́ ɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ 

ɓɏɚŰɘůŰɖ ŬəɟɑɓŮɘŬ. 

 

7.7 ũŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ  

 

ȼ ŰɟɘŭɘɎůŰŬŰɖ ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ ŬˊɞŰŮɚŮɑ Űɖɜ 

ɛŮŰŬŰɟɞˊɐ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ŮˊɘűɎɜŮɘɎɠ Űɞɡ ůŮ ɛɘŬ 

ɛŬɗɖɛŬŰɘəɐ ˊŮɟɘɔɟŬűɐ. ɆɨɛűɤɜŬ ɛŮ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚɞɘ 

Űɟɧˊɞɘ ɧˊɞɡ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ, ɧˊɤɠ [ŧyğa et al., 2021] ɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ CAD, ɖ ůɎɟɤůɖ ŮˊŬűɐɠ ɐ ɛŮ laser, ɖ ůɎɟɤůɖ ŭɞɛɖɛɏɜɞɡ 

űɤŰɧɠ, ɖ ɡˊɞɚɞɔɘůŰɘəɐ ŰɞɛɞɔɟŬűɑŬ əŬɘ ɖ űɤŰɞɔɟŬɛɛŮŰɟɑŬ. ɆŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŰɟɘɓɐ, ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɎɟɤůɖɠ ɛŮ laser, əŬɘ ɧˊɞɡ ŮɑɜŬɘ ŮűɘəŰɧ ɖ ůɎɟɤůɖ ŮˊŬűɐɠ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ůɎɟɤůɖ ŮˊŬűɐɠ ɢɟɖůɘɛɞˊɞɘŮɑ ŬɟɗɟɤŰɞɨɠ 

ɓɟŬɢɑɞɜŮɠ ɛŮ ŬɘůɗɖŰɐɟŮɠ ŮˊŬűɐɠ, ɧˊɞɡ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ɢɩɟɞ ŭɑɜɞɜŰŬɘ 

ɛɏůŬ Ŭˊɧ ɏɜŬ ɖɚŮəŰɟɞɚɞɔɘəɧ ůɨůŰɖɛŬ əŬŰɎ Űɖɜ ŮˊŬűɐ Űɞɡ ŬɘůɗɖŰɐɟŬ ůŰɞ 

ŬɜŰɘəŮɑɛŮɜɞ [ŧyğa et al., 2021]. 

ȷɜŰɑɗŮŰŬ ɖ ůɎɟɤůɖ ɛŮ laser ɢɟɖůɘɛɞˊɞɘŮɑ ŬɘůɗɖŰɐɟŮɠ laser  

(ŬɘůɗɖŰɐɟŮɠ ɢɤɟɑɠ ŮˊŬűɐ) ɧˊɞɡ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

ɛŮɚŮŰɎŰŬɘ ɖ əŬŰŮɡɗɡɜɧɛŮɜɖ əŬɘ ŬɜŬəɚɩɛŮɜɖ ŭɏůɛɖ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ 

ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŬɜɎəɚŬůɖɠ. ȰŰůɘ ɖ ŭɘŬŭɘəŬůɑŬ ůɡɚɚɞɔɐɠ 

ŭŮŭɞɛɏɜɤɜ ɛˊɞɟŮɑ ɜŬ ɞɜɞɛŬůŰŮɑ əŬɘ ŰɟɘŭɘɎůŰŬŰɖ ůɎɟɤůɖ, ɧˊɤɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ [ŧyğa et al., 2021]. 

 

7.7.1 ɆŬɟɤŰɏɠ əŬɘ ɛŮɗɞŭɞɚɞɔɑŮɠ ůɎɟɤůɖɠ       

 

ɀŮ Űɖɜ ɏɜɜɞɘŬ ŰɟɘŭɘɎůŰŬŰɞɠ ůŬɟɤŰɐɠ, ɞɟɑɕŮŰŬɘ ɛɑŬ ůɡůəŮɡɐ ɖ ɞˊɞɑŬ 

ɛˊɞɟŮɑ ɜŬ ůɡɚɚɏɝŮɘ Űɘɠ ŰɟɘŭɘɎůŰŬŰŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Ŭˊɧ ɛɑŬ ŭŮŭɞɛɏɜɖ 

ˊŮɟɘɞɢɐ, ˊɎɜɤ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ. Ƀɘ ůɡůəŮɡɏɠ ŬɡŰɏɠ, 

Ŭəɞɚɞɡɗɞɨɜ ɛɑŬ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ŭɘŬŭɘəŬůɑŬ ɓŬůɘůɛɏɜɖ ůŮ əɎˊɞɘɞ 
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ˊɟɧŰɡˊɞ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ůɡɚɚɏɝɞɡɜ ŮəŬŰɞɜŰɎŭŮɠ ɐ ɢɘɚɘɎŭŮɠ ůɖɛŮɑŬ ŬɜɎ 

ŭŮɡŰŮɟɧɚŮˊŰɞ, ŮˊɘŰŬɢɨɜɞɜŰŬɠ ɏŰůɘ Űɖ ŭɘŬŭɘəŬůɑŬ [ūɤŰɧˊɞɡɚɞɠ, 2008]. 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɞɘ ůŬɟɤŰɏɠ laser ůŰɏɚɜɞɡɜ ŰɟɘůŮəŬŰɞɛɛɨɟɘŬ 

űɤŰɧɜɘŬ ˊɎɜɤ ůŮ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ, ŰŬ ɞˊɞɑŬ ŬɜŬəɚɩɜŰŬɘ əŬɘ ɏɜŬ ˊɞůɞůŰɧ 

Űɞɡɠ ŮˊɘůŰɟɏűŮɘ ůŰɞɡɠ ŬɘůɗɖŰɐɟŮɠ Űɞɡ ůŬɟɤŰɐ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ ɏŰůɘ Űɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ ŬɜɎəɚŬůɖɠ ůŰɞ ɢɩɟɞ. ȰŰůɘ ˊŬɟɎɔŮŰŬɘ ɏɜŬ 

ˊɡəɜɧ ɜɏűɞɠ ůɖɛŮɑɤɜ, ŭɖɚŬŭɐ ɏɜŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ 

ɑŭɘɞ ŰɟɘŭɘɎůŰŬŰɞ əŬɟŰŮůɘŬɜɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ [ɇůŬəɑɟɖ, 2013;  

ūɤŰɧˊɞɡɚɞɠ, 2008]. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ ɡˊɎɟɢɞɡɜ ŭɨɞ ɓŬůɘəɞɑ Űɨˊɞɘ 

ůŬɟɤŰɩɜ: ɞɘ ůŬɟɤŰɏɠ ŮˊŬűɐɠ (űɞɟɖŰɐ ɐ ɛɖ) əŬɘ ɞɘ ůŬɟɤŰɏɠ ŬˊɧůŰŬůɖɠ 

(ŮɜŮɟɔɖŰɘəɞɑ əŬɘ ˊŬɗɖŰɘəɞɑ). Ƀɘ ůŬɟɤŰɏɠ laser Ŭɜɐəɞɡɜ ůŰɞɡɠ 

ŮɜŮɟɔɖŰɘəɞɨɠ ůŬɟɤŰɏɠ ŬˊɧůŰŬůɖɠ əŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ 

ŬˊɞŰɨˊɤůɖɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ:  

Á ůŬɟɤŰɏɠ ŰŮɢɜɞɚɞɔɑŬɠ Time-of-flight  

Á ůŬɟɤŰɏɠ Űɟɘɔɤɜɘůɛɞɨ (Triangulation Scanners) 

Á ůŬɟɤŰɏɠ ɢŮɘɟɧɠ (Handheld Scanners) əŬɘ 

Á ůŬɟɤŰɏɠ ŭɞɛɖɛɏɜɖɠ ŬəŰɑɜŬɠ (Structured Light Scanners). 

ȼ ŰŮɢɜɞɚɞɔɑŬ Time-of-flight, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 7.2(Ŭ), 

ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ŬɜɎəɚŬůɖ ɛɘŬɠ ŭɏůɛɖɠ laser, Ůɜɩ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ ŬˊɞůŰŬůɘɧɛŮŰɟɞ Űɞ ɞˊɞɑɞ ɡˊɞɚɞɔɑɕŮɘ 

ɛŮ ŬəɟɑɓŮɘŬ Űɞɜ ɢɟɧɜɞ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɛɑŬ ŬəŰɑɜŬ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ, ɜŬ 

ŬɜŬəɚŬůŰŮɑ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ɜŬ ŮˊɘůŰɟɏɣŮɘ ůŰɖɜ ˊɖɔɐ Űɖɠ. ɀŮ ɔɜɤůŰɐ, 

ɚɞɘˊɧɜ, Űɖɜ ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡ laser (ŰŬɢɨŰɖŰŬ űɤŰɧɠ) ŬɚɚɎ əŬɘ Űɞɜ 

ɢɟɧɜɞ ɛŮŰɎɓŬůɖɠ ŬɡŰɐɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ ɢɩɟɞ [ɆɡɛŮɤɜɑŭɖɠ, 2007].  

ȷɜŰɑɗŮŰŬ, ɖ ŰŮɢɜɞɚɞɔɑŬ Űɟɘɔɤɜɘůɛɞɨ, ɢɟɖůɘɛɞˊɞɘŮɑ ɛɑŬ ŬəŰɑɜŬ laser ɔɘŬ 

ɜŬ űɤŰɑůŮɘ ůɖɛŮɑŬ ˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ, Ůɜɩ ɏɜŬɠ ŬɘůɗɖŰɐɟŬɠ CCD ɐ 

CMOS ŮɜŰɞˊɑɕŮɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ űɤŰɑɕɞɜŰŬɘ. ȷɜɎɚɞɔŬ ɛŮ Űɞ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ 

ɖ ŬəŰɑɜŬ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ɖ ŮɘəɧɜŬ ůŰɞɜ ŬɘůɗɖŰɐɟŬ, Ůɜɩ Űɞ ɧɜɞɛŬ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ ˊɟɞɏəɡɣŮ ɚɧɔɤ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɞ ˊɞɛˊɧɠ, ɖ 

ŮɘəɧɜŬ Űɞɡ laser ́ Ɏɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ɞ ŭɏəŰɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 7.2(ɓ). ȿɧɔɤ Űɖɠ ɔɜɤůŰɐɠ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ ˊɞɛˊɞɨ əŬɘ ŭɏəŰɖ, 

Űɖɠ ɔɤɜɑŬɠ ˊɞɡ ɞ ůŬɟɤŰɐɠ ɓɚɏˊŮɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŬɚɚɎ əŬɘ Űɤɜ ɔɤɜɘɩɜ ˊɞɡ 

ůɢɖɛŬŰɑɕŮɘ ɖ ˊɟɞɓɞɚɐ Űɞɡ laser ́ Ɏɜɤ ůŮ ŬɡŰɧ ɛŮ Űɖɜ ɞˊŰɘəɐ ŮɡɗŮɑŬ Űɞɡ 

ŭɏəŰɖ, ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ɢɩɟɞ ɛŮ ɛŮɔɎɚɖ 

ŬəɟɑɓŮɘŬ. 
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(Ŭ) (ɓ) 

 ɆɢɐɛŬ 7.2: (Ŭ)ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ ŰŮɢɜɞɚɞɔɑŬɠ Time-of-Flight. (ɓ)ȷɟɢɐ 

ɚŮɘŰɞɡɟɔɑŬɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɟɘɔɤɜɘůɛɞɨ [ɆɡɛŮɤɜɑŭɖɠ, 2007] 

 

ɆɢŮŰɘəɎ ɛŮ Űɞɡɠ ůŬɟɤŰɏɠ ɢŮɘɟɧɠ, ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɞɡɠ ŬɡŰɞɑ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɟɘɔɤɜɘůɛɞɨ. ȹɏůɛɖ laser ́ɟɞɓɎɚɚŮŰŬɘ ůŰɞ 

ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ɛŮŰɟɘɏŰŬɘ ɖ ŬˊɧůŰŬůɖ Ŭˊɧ ŬɡŰɧ ɛŮ ŭɨɞ ɐ ˊŬɟŬˊɎɜɤ 

ŬɘůɗɖŰɐɟŮɠ. ɇɏɚɞɠ, ɞɘ ůŬɟɤŰɏɠ ŭɞɛɖɛɏɜɖɠ ŬəŰɑɜŬɠ ˊɟɞɓɎɚɞɡɜ ůŰɞ 

ŬɜŰɘəŮɑɛŮɜɞ, ɛŮ Űɖ ɓɞɐɗŮɘŬ ɞˊŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɛɘŬ ŮɡɗŮɑŬ ɐ ɏɜŬ 

əɎɜɜŬɓɞ əŬɘ ɛŮɚŮŰɞɨɜ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ ůŮ ŬɡŰɧ 

ɚɧɔɤ Űɖɠ ŬɜŰŬɜɎəɚŬůɖɠ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ˊɞɚɚɏɠ űɞɟɏɠ ɞɘ əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟŮɑŮɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɐ ɞɜɞɛŬŰɞɚɞɔɑŬ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ Ůˊɞɛɏɜɤɠ ŬˊŬɘŰŮɑŰŬɘ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ əŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ 

əŬɘ ŬɜŬɔɜɩɟɘůɖ Űɞɡ ůŬɟɤŰɐ.   

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɟɘɓŮɑŬɠ əŬɘ ŬɜɎɚɞɔŬ Űɞɜ 

əŬŰŬůəŮɡŬůŰɐ, ɡˊɎɟɢɞɡɜ ůŬɟɤŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ 

Űɟɘɔɤɜɘůɛɞɨ ŬɚɚɎ əŬɘ ŮɜŬɚɚŬəŰɘəɏɠ ɛɞɟűɏɠ Űɖɠ. ȷɡŰɐ ŮˊɘɚɏɔŮŰŬɘ əŬɗɩɠ 

ˊɟɞůűɏɟŮɘ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ Time-of-Flight, Ůɜɩ 

ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ əɡɟɑɤɠ ůŮ ɛɘəɟɏɠ ŬˊɞůŰɎůŮɘɠ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ. 

ȰŰůɘ əŬɘ Ůŭɩ, ɔɘŬ Űɖ ɛɏŰɟɖůɖ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ˊɞɡ ɖ ŬˊɧůŰŬůɖ 

ůɎɟɤůɖɠ ŮɑɜŬɘ ɛɘəɟɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŬɟɤŰɏɠ Űɟɘɔɤɜɘůɛɞɨ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟɖ ŰŬɢɨŰɖŰŬ əŬɘ ŬɝɘɞˊɘůŰɑŬ [ɆɡɛŮɤɜɑŭɖɠ, 2007]. 

 

7.7.2 ɄɟɞɦˊɞɗɏůŮɘɠ ɞɟɗɩɜ əŬɘ Ŭəɟɘɓɩɜ ůŬɟɩůŮɤɜ 

 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɑŬ ˊɚɐɟɖɠ əŬɘ Ŭəɟɘɓɐɠ ůɎɟɤůɖ 

Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɘɜ ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ ŰŬ 

ɞˊɞɑŬ Ŭűɞɟɞɨɜ:  

Á ůŰɖɜ ˊɡəɜɧŰɖŰŬ Űɤɜ ůɖɛŮɑɤɜ 
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Á ůŰɞɜ ɗɧɟɡɓɞ  

Á ůŰɖɜ ŬəɟɑɓŮɘŬ Űɖɠ əɎɗŮ ɛɏŰɟɖůɖɠ ŬɚɚɎ əŬɘ  

Á ůŰɘɠ ůɡɜɗɐəŮɠ ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ůŬɟɩůŮɘɠ.  

ɀŮ Űɞɜ ɧɟɞ ˊɡəɜɧŰɖŰŬ Űɤɜ ůɖɛŮɑɤɜ ůɎɟɤůɖɠ, ɜɞŮɑŰŬɘ ɖ ŮɚɎɢɘůŰɖ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ŭɨɞ ɔŮɘŰɞɜɘəɩɜ ůɖɛŮɑɤɜ ˊɞɡ ɗŬ ɛˊɞɟɏůŮɘ ɜŬ ɛŮŰɟɐůŮɘ ɞ 

ůŬɟɤŰɐɠ. ȼ ŬˊɧůŰŬůɖ ŬɡŰɐ ŮɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ 

ɞɟɔɎɜɞɡ ɧůɞ əŬɘ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŬˊɞŰɨˊɤůɖɠ ŬɚɚɎ əŬɘ Űɖɜ ŰŮɚɘəɐ 

ŬəɟɑɓŮɘŬ [ɆɡɛŮɤɜɑŭɖɠ, 2007]. 

ɈˊɎɟɢɞɡɜ Ůˊɘɚɞɔɏɠ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɧůŬ ůɖɛŮɑŬ əŬɘ ɛŮ Űɘ ɓɐɛŬ ɛˊɞɟɞɨɜ 

ɜŬ ɚɖűɗɞɨɜ ŬɡŰɎ ŬɜɎ ɔɟŬɛɛɐ ůɎɟɤůɖɠ, ŬɚɚɎ əŬɘ Ůˊɘɚɞɔɏɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɔɟŬɛɛɩɜ ůɎɟɤůɖɠ.  

 ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.1, ɖ ŮɚɎɢɘůŰɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ůɖɛŮɑɤɜ ůŮ ɛɑŬ ɔɟŬɛɛɐ ůɎɟɤůɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 5 ɛŮ 25ɛm ɛŮɔŬɚɨŰŮɟɖ 

Ŭˊɧ Űɖɜ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ. Ⱥˊɞɛɏɜɤɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚŮɔŮɑ ɓɐɛŬ 

ůɎɟɤůɖɠ, ŬɜɎ ɔɟŬɛɛɐ, ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ɞɟɔɎɜɞɡ ŬɚɚɎ əŬɘ 

Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ ˊɞɡ ɞɟɑɕŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ. 

ɋůŰɧůɞ ɔɘŬ ˊɘɞ ˊɡəɜɧ ɜɏűɞɠ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɚɐɣɖ Ůˊɘˊɚɏɞɜ ůŬɟɩůŮɤɜ 

ɔɘŬ Űɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ ɩůŰŮ ɜŬ əŬɚɡűɗŮɑ ɧˊɞɘŬ ɚŮˊŰɞɛɏɟŮɘŬ ŭŮɜ 

ŬˊɞŰɡˊɩɗɖəŮ əŬɘ ɜŬ ˊɟɞəɨɣŮɘ ɏɜŬ ˊɘɞ ɚŮˊŰɞɛŮɟɏɠ ɛɞɜŰɏɚɞ.   

ɆɢŮŰɘəɎ ɛŮ Űɖɜ ŮɝŬůűɎɚɘůɖ ɛɑŬɠ ɞɟɗɐɠ ůɎɟɤůɖɠ, ˊɟɏˊŮɘ ɖ ŮˊɘűɎɜŮɘŬ 

Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ŬŭɘŬűŬɜɐɠ əŬɘ ɜŬ ɛɖ ŭɘŬɢɏŮɘ Űɞ ŬɜŬəɚɩɛŮɜɞ 

űɤɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɡŰɧ ůɡɛɓŮɑ ŮɑŰŮ ɗŬ ŮɜŰɞˊɘůŰŮɑ ɗɧɟɡɓɞɠ, ŮɑŰŮ 

ˊŮɟɘɞɢɏɠ ɢɤɟɑɠ əŬɗɧɚɞɡ ˊɚɖɟɞűɞɟɑŬ (ˊ.ɢ. əɞɘɚɧŰɖŰŮɠ). ɆŰɖɜ ˊɟɩŰɖ 

ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ əŬɗŬɟɘůɛɧɠ Űɞɡ ɜɏűɞɡɠ əŬɘ ɖ ŭɘŬɔɟŬűɐ 

ůɖɛŮɑɤɜ ɛŮ ɚɎɗɞɠ ɔŮɤɛŮŰɟɑŬ (əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ), Ůɜɩ ůŰɖ 

ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ůɡɜɐɗɤɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ůə ɜɏɞɡ ůɎɟɤůɖ Űɖɠ ɑŭɘŬɠ 

ˊŮɟɘɞɢɐɠ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ɞˊŰɘəɐ ɔɤɜɑŬ [ɆɡɛŮɤɜɑŭɖɠ, 2007; ūɤŰɧˊɞɡɚɞɠ, 

2008]. 

ɆɢŮŰɘəɎ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ůŬɟɩůŮɘɠ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ əŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ, ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ˊɤɠ ɖ 

Ŭɜɞɛɞɘɧɛɞɟűɖ ɏəɗŮůɖ ůŮ ɛɑŬ űɤŰŮɘɜɐ ˊɖɔɐ, ɖ ɗŮɟɛɞəɟŬůɑŬ, ɐ ɖ 

ŬəŰɘɜɞɓɞɚɑŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ůűɎɚɛŬŰŬ ůŰɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ 

ŬɚɚɎ əŬɘ ůŰɞ ɑŭɘɞ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ůɎɟɤůɖɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ˊɟɞŰŮɑɜŮŰŬɘ 

ɞ ɏɚŮɔɢɞɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ, ɩůŰŮ ɜŬ ɛɖɜ 

ŮˊɖɟŮɎɕŮŰŬɘ ɞ ůŬɟɤŰɐɠ, Ůɜɩ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ˊɟɏˊŮɘ ɖ ŬŰɛɧůűŬɘɟŬ ɜŬ 

ŮɑɜŬɘ əŬɗŬɟɐ ɩůŰŮ ɜŬ ɛɖɜ ŮˊɖɟŮɎɕŮŰŬɘ ɖ ˊɞɟŮɑŬ Űɞɡ laser [ɆɡɛŮɤɜɑŭɖɠ, 

2007]. 
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ȺŰŬɘɟŮɑŬ ȷəɟɑɓŮɘŬ ɆŬɟɤŰɐ 
ȺɚɎɢɘůŰɞ ɓɐɛŬ 

ůɎɟɤůɖɠ 

ȹɘŬűɞɟɎ ŬəɟɑɓŮɘŬɠ 

əŬɘ ɓɐɛŬŰɞɠ 

Faro Ñ10 ɛm 15 ɛm 5  ɛm 

Ñ15 ɛm 20 ɛm 5 ɛm 

Ñ25 ɛm 30 ɛm 5 ɛm 

Hexagon Ñ16 ɛm 27 ɛm 11 ɛm 

API Ñ50 ɛm 70 ɛm 20 ɛm 

Trimos Ñ20 ɛm 26 ɛm 6 ɛm 

Ñ39 ɛm 60 ɛm 21 ɛm 

Ñ78 ɛm 100 ɛm 22 ɛm 

ɄɑɜŬəŬɠ 7.1: ȺɜŭŮɘəŰɘəɏɠ Űɘɛɏɠ ɔɘŬ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɖɠ ůɎɟɤůɖɠ 

 

ȷəɧɛɖ, ŬɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ, ˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ 

ɕɤɔɟŬűɘəɐɠ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ŮɡŬɑůɗɖŰŬ ˊɞɚɘŰɘůŰɘəɎ ŬɔŬɗɎ, ˊɟɏˊŮɘ ɜŬ 

ŰɖɟŮɑŰŬɘ ɛɑŬ ŬˊɧůŰŬůɖ ŬůűŬɚŮɑŬɠ ɛŮŰŬɝɨ ůŬɟɤŰɐ əŬɘ ŬɜŰɘəŮɘɛɏɜɞɡ. ȼ 

ŬˊɧůŰŬůɖ ŬɡŰɐ ˊɟɞəɨˊŰŮɘ ŮɛˊŮɘɟɘəɎ, Ůɜɩ ˊɞɚɚɏɠ űɞɟɏɠ ɞɘ ɑŭɘɞɘ ɞɘ ůŬɟɤŰɏɠ 

ɞɟɑɕɞɡɜ ɛɑŬ ŬˊɧůŰŬůɖ ŬůűŬɚŮɑŬɠ ɔɘŬ əŬɚɐ ɔŮɤɛŮŰɟɑŬ ůŬɟɩůŮɤɜ əŬɘ 

ŬůűɎɚŮɘŬ ɤɠ ˊɟɞɠ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ˊɞɡ Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ ŮɑɜŬɘ ˊŮɟɑˊɚɞəɞ, ɖ ŬˊɧůŰŬůɖ ŬɡŰɐ ŭŮɜ ŮˊŬɟəŮɑ, Ůɜɩ ůŰŬ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ əɡɟɑɤɠ ŮˊɑˊŮŭŬ ŬɜŰɘəŮɑɛŮɜŬ, ɛˊɞɟŮɑ ɜŬ 

ŰɖɟɖɗŮɑ [ūɤŰɧˊɞɡɚɞɠ, 2008]. 

ɇɏɚɞɠ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ, ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŬɔɜɞɖɗŮɑ ɖ ŭɘŬəɟɑɓɤůɖ Űɞɡ 

ůŬɟɤŰɐ laser ́ ɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ɛŮŰɟɐůŮɤɜ. ɀɏůŬ Ŭˊɧ ŬɡŰɐ Űɖ 

ŭɘŬŭɘəŬůɑŬ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ 

ŮůŰɘŬəɐ ŬˊɧůŰŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ŮɜŰɞˊɑɕɞɜŰŬɘ ŭɘɎűɞɟŮɠ ˊŬɟɎɛŮŰɟɞɘ 

ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘűɏɟɞɡɜ ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ  

[ūɤŰɧˊɞɡɚɞɠ, 2008]. 

ɄŬɟŬəɎŰɤ, ůŰɖɜ ȺɘəɧɜŬ 7.6, ŭɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ůɎɟɤůɖɠ ɔɘŬ ɛɑŬ 

ˊŮɟɘɞɢɐ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ Űɞ ɞˊɞɑɞ ŭɘŬɗɏŰŮɘ əŬŰɎ Űɧˊɞɡɠ ɏɜŰɞɜŮɠ 

ˊɘɜŮɚɘɏɠ. ȹɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɔɑɜŮɘ ůɎɟɤůɖ ˊŬɟɎɚɚɖɚŬ 

ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɞɘ ˊɘɜŮɚɘɏɠ ŭŮɜ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞ ɏˊŬəɟɞ. ȷɜŰɑɗŮŰŬ ɔɘŬ 

ůɎɟɤůɖ əɚɑůɖɠ 45ɞ əŬɘ űɞɟɎ ˊŬɟɎɚɚɖɚɖ ɛŮ ŬɡŰɐ Űɞ ɜɏűɞɠ ŮɑɜŬɘ ˊɘɞ 

ɚŮˊŰɞɛŮɟɏɠ əŬɘ ñŬəɞɚɞɡɗŮɑò Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ.  Ⱥˊɑůɖɠ ɛŮ Űɖ 

ůɎɟɤůɖ ɡˊɧ əɚɑůɖ ůɡɛˊɚɖɟɩɜɞɜŰŬɘ əŬɘ ɧˊɞɘŬ əŮɜɎ ɡˊɎɟɢɞɡɜ ůŰɞ ɜɏűɞɠ, 

Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮˊɞˊŰŮɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɔɘŬ ˊɚɐɟɖ əɎɚɡɣɖ 

Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɟɞɠ ůɎɟɤůɖ. 
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(ɓ) 

 

(Ŭ) 

 

(ɔ) 

ȺɘəɧɜŬ 7.6: (Ŭ)ȷɜŰɘəŮɑɛŮɜɞ ůɎɟɤůɖɠ. (ɓ)Ɂɏűɞɠ ůɖɛŮɑɤɜ (ɟɞɕ) ɛŮ 

ɜŬŭɘɟɘəɐ ůɎɟɤůɖ. (ɔ)Ɂɏűɞɠ ůɖɛŮɑɤɜ (ˊɟɎůɘɜɞ) ɛŮ ůɎɟɤůɖ ɡˊɧ ɔɤɜɑŬ. 

 

7.8 ȺˊŮɝŮɟɔŬůɑŬ ɜɏűɞɡɠ ůɖɛŮɑɤɜ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ŰɟɘŭɘɎůŰŬŰɖɠ  

      ŬɜŬˊŬɟɎůŰŬůɖɠ ɏɟɔɞɡ 

 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Ŭəɟɘɓɞɨɠ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ Ůɜɧɠ ɏɟɔɞɡ 

ɕɤɔɟŬűɘəɐɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɞɟɗɐ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ɜɏűɞɡɠ ˊɞɡ 

ˊŬɟɎɔŮŰŬɘ əŬŰɎ Űɖ ůɎɟɤůɖ. ɋɠ ɜɏűɞɠ ůɖɛŮɑɤɜ ɞɟɑɕŮŰŬɘ ɏɜŬ ůɨɜɞɚɞ 

ůɖɛŮɑɤɜ ˊɞɡ ɛɞɘɟɎɕɞɜŰŬɘ Űɞ ɑŭɘɞ ŰɟɘŭɘɎůŰŬŰɞ əŬɟŰŮůɘŬɜɧ ůɨůŰɖɛŬ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ. ȼ ŭɘŬŭɘəŬůɑŬ ŭɘŬɢŮɑɟɘůɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ Ůɝɐɠ ɓɐɛŬŰŬ:  

1. ȺɘůŬɔɤɔɐ ɜɏűɞɡɠ ůɖɛŮɑɤɜ ůŮ əŬŰɎɚɚɖɚɞ ɚɞɔɘůɛɘəɧ  

2. Ⱥɜɞˊɞɑɖůɖ Ůˊɘɛɏɟɞɡɠ ůŬɟɩůŮɤɜ əŬɘ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŮɜɘŬɑɞɡ 
ɜɏűɞɡɠ 

3. ȾŬɗŬɟɘůɛɧɠ ɜɏűɞɡɠ əŬɘ ŬˊŬɚɞɘűɐ Űɞɡ ɗɞɟɨɓɞɡ 

4. ȹɖɛɘɞɡɟɔɑŬ ˊɞɚɡɔɤɜɘəɞɨ ˊɚɏɔɛŬŰɞɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɞɨ 

5. ȺɝŬɔɤɔɐ ŰɟɘŭɘɎůŰŬŰɖɠ ŬɜŬˊŬɟɎůŰŬůɖɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ 

  

7.8.1 ȺɘůŬɔɤɔɐ ɜɏűɞɡɠ ůɖɛŮɑɤɜ ůŮ əŬŰɎɚɚɖɚɞ ɚɞɔɘůɛɘəɧ 

 

ɇɧůɞ ɞɘ ŮˊɑɔŮɘɞɘ ůŬɟɤŰɏɠ, ɧůɞ əŬɘ ɞɘ ůŬɟɤŰɏɠ ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ ůŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŰɟɘɓɐ ůɡɜɞŭŮɨɞɜŰŬɘ əŬɘ Ŭˊɧ ɏɜŬ ɚɞɔɘůɛɘəɧ ŬɜɎəŰɖůɖɠ 

əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ əŬŰŬůəŮɡɎůŰɟɘŬ 
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ŮŰŬɘɟŮɑŬ Űɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ 

ŰɟɘŭɘɎůŰŬŰɤɜ ŬɜŬˊŬɟŬůŰɎůŮɤɜ ŬɚɚɎ əŬɘ Űɖɜ ŮɝŬɔɤɔɐ ˊɟɞɥɧɜŰɤɜ 

ŭɘŬűɧɟɤɜ Ůɘŭɩɜ (ˊ.ɢ. ɧɣŮɘɠ ɐ Űɞɛɏɠ). 

ɋůŰɧůɞ ŮəŰɧɠ Ŭˊɧ ŰŬ ñəɚŮɘůŰɎò ɚɞɔɘůɛɘəɎ Űɤɜ ŮŰŬɘɟŮɘɩɜ ɡˊɎɟɢɞɡɜ əŬɘ 

ɚɞɔɘůɛɘəɎ ŬɜɞɘəŰɞɨ əɩŭɘəŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɜ Űɞ ɜɏűɞɠ əŬɘ 

ɜŬ ŮɝɎɔɞɡɜ ŰŬ ɕɖŰɞɨɛŮɜŬ ŰɟɘŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ.  

ɆŰɞɜ ɄɑɜŬəŬ 7.2 ŭɑɜɞɜŰŬɘ ɛŮɟɘəɎ ɚɞɔɘůɛɘəɎ ŬɚɚɎ əŬɘ əɎˊɞɘŮɠ ɔŮɜɘəɏɠ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŭɡɜŬŰɧŰɖŰɏɠ Űɞɡɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ 

ɚɧɔɤ Űɞɡ ŰŮɟɎůŰɘɞɡ ɧɔəɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ əŬɚɞɨɜŰŬɘ ɜŬ 

ŮˊŮɝŮɟɔŬůŰɞɨɜ, ŰŬ ɚɞɔɘůɛɘəɎ ŬɡŰɎ ŬˊŬɘŰɞɨɜ ɘůɢɡɟɧ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

əŬɘ ɢɩɟɞ ŬˊɞɗɐəŮɡůɖɠ.  

 

ȿɞɔɘůɛɘəɧ 
Ⱥɜɞˊɞɑɖůɖ 

ůŬɟɩůŮɤɜ 

ȺˊŮɝŮɟɔŬůɑŬ 

ɜɏűɞɡɠ 

ȹɖɛɘɞɡɟɔɑŬ 

3D 

ɛɞɜŰɏɚɞɡ 

ȷɜɞɘɢŰɞɨ 

ȾɩŭɘəŬ 

Faro Scene V V V U 

Trimble RealWorks V V V U 

Autodesk Recap V V V U 

Polyworks by Innovmetric V V V U 

CloudCompare V V V V 

RiSCAN  PRO V V V U 

ɄɑɜŬəŬɠ 7.2: ȺɜŭŮɘəŰɘəɎ ɚɞɔɘůɛɘəɎ ŮˊŮɝŮɟɔŬůɑŬɠ ɜɏűɞɡɠ ůɖɛŮɑɤɜ  

 

ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ ɚɞɔɘůɛɘəɞɨ ɡˊɎɟɢɞɡɜ 

ůɡɔəŮəɟɘɛɏɜŬ əɟɘŰɐɟɘŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜŰŬɘ. ȷɡŰɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞ ɆɢɐɛŬ 7.3, Ůɜɩ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ŮˊŮɝŮɟɔŬůɑŬ Ůɜɧɠ Űɧůɞ 

ɚŮˊŰɞɛŮɟɞɨɠ ɜɏűɞɡɠ ŬˊɞŰŮɚŮɑ ɛɑŬ ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ. 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ 

ɚɞɔɘůɛɘəɞɨ  ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɞɚɡəɟɘŰɖɟɘŬəɐ ŬɜɎɚɡůɖ ŬˊɞűɎůŮɤɜ, 

ɧˊɤɠ ŬɡŰɐ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɞ əŮűɎɚŬɘɞ 6.1, ŬɝɘɞɚɞɔɩɜŰŬɠ ŰŬ 

ɚɞɔɘůɛɘəɎ Űɞɡ ɄɑɜŬəŬ 7.2.  

ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ əɟɘŰɖɟɑɤɜ ŭɖɛɘɞɡɟɔɐɗɖəŮ əɚɑɛŬəŬ 

ɓŬɗɛɞɚɧɔɖůɖɠ ɖ ɞˊɞɑŬ ŬűɞɟɞɨůŮ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ əɎɗŮ əɟɘŰɐɟɘɞ ɖ ˊɞɘɞŰɘəɐ ˊɚɖɟɞűɞɟɑŬ ŮɑɜŬɘ çȳɢɘè ɐ 

çɁŬɘè ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɓŬɗɛɞɚɞɔɑŬ ɜŬ ɞɟɑɕŮŰŬɘ ɛŮ 0 ɐ 1. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɞɡ əɧůŰɞɡɠ, ɖ ɓŬɗɛɞɚɞɔɑŬ ŬɜŰɘůŰɟɏűŮŰŬɘ ɛŮ ɓŬɗɛɧ 0 Űɞ çɁŬɘè əŬɘ 1 Űɞ 

çȳɢɘè, əŬɗɩɠ Űɞ ɛɖŭŮɜɘəɧ əɧůŰɞɠ ɏɢŮɘ ɗŮŰɘəɐ ŮˊɑŭɟŬůɖ. ɇɏɚɞɠ ɧɚŬ ŰŬ 

əɟɘŰɐɟɘŬ ɗŮɤɟɐɗɖəŬɜ ɘůɞɓŬɟɐ ɛŮ ɓɎɟɞɠ ɑůɞ ɛŮ 1. ȰŰůɘ, ůŰɞɜ ɄɑɜŬəŬ 7.3 
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ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɔɘŬ əɎɗŮ əɟɘŰɐɟɘɞ Ůɜɩ ůŰɞɜ ɄɑɜŬəŬ 

7.4 ɖ ɓŬɗɛɞɚɞɔɑŬ ůŮ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ.  

 

 

ɆɢɐɛŬ 7.3: ȾɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ ɚɞɔɘůɛɘəɞɨ ŮˊŮɝŮɟɔŬůɑŬɠ   

 

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖɜ ŰŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ əɎɗŮ Ůˊɘɚɞɔɐɠ ŭɘŬˊɘůŰɩɜŮŰŬɘ 

ˊɤɠ Űɞ ŮɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ CloudCompare əŬɘ Űɞ ñəɚŮɘůŰɧò ɚɞɔɘůɛɘəɧ 

Polyworks ŮɑɜŬɘ ŰŬ ˊɘɞ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ŮűŬɟɛɞɔɐ. ɋůŰɧůɞ ɖ 

ŰŮɚɘəɐ Ůˊɘɚɞɔɐ ɓŬɟŬɑɜŮɘ Űɞɜ ɢɟɐůŰɖ əŬɘ ŮɝŬɟŰɎŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɘɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ŬɡŰɧɠ ŭɘŬɗɏŰŮɘ. 

ȹɘŬɔɟŬűɐ 
ůɖɛŮɑɤɜ  

ɄŮɟɘəɞˊɐ 
ˊŮɟɘɞɢɩɜ  

ūɘɚŰɟɎɟɘůɛŬ 
ɗɞɟɨɓɞɡ  

ȺˊŮɝŮɟɔŬůɑŬ 
ɜɏűɞɡɠ 

ȾɧůŰɞɠ 

ȹɖɛɘɞɡɟɔɑŬ 3D 
ɛɞɜŰɏɚɞɡ 

ȹɖɛɘɞɡɟɔɑŬ 
ˊɞɚɡɔɤɜɘəɞɨ 
ˊɚɏɔɛŬŰɞɠ 
(Mesh) 

ȺˊŮɝŮɟɔŬůɑŬ, 
Ŭˊɚɞˊɞɑɖůɖ  
əŬɘ ŭɘɧɟɗɤůɖ 
ɛɞɜŰɏɚɞɡ 

Ⱥɜɞˊɞɑɖůɖ 
ůŬɟɩůŮɤɜ   

Ʉɞɘəɑɚɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ 

Ůɜɞˊɞɑɖůɖɠ 

əŬɘ 

ůɡɜɏɜɤůɖɠ 

ɜŮűɩɜ 

 
ũŮɤŬɜŬűɞɟɎ 
ɜɏűɞɡɠ 

ȹɡɜŬŰɧŰɖŰŮɠ ŮˊɏɛɓŬůɖɠ Űɞɡ ɢɟɐůŰɖ ɔɘŬ ŮˊɏəŰŬůɖ 

Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ (ȹɖɛɘɞɡɟɔɑŬ əɩŭɘəŬ) 
 

ȺɝŬɔɤɔɐ 
ˊŬɟŬɔɩɔɤɜ 

ɆɡɛɓŬŰɧŰɖŰŬ ɛŮ ˊɞɘəɑɚŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 

ȺɝŬɔɤɔɐ 
ɔŮɤɛŮŰɟɘəɐɠ 
ˊɚɖɟɞűɞɟɑŬɠ 
(əŬɛˊɡɚɧŰɖŰŬ, 
Űɞɛɏɠ)  

ȺɝŬɔɤɔɐ 
ɛŮŰɟɖŰɘəɐɠ 
ˊɚɖɟɞűɞɟɑŬɠ 
(ŬˊɞůŰɎůŮɘɠ, 
ŮˊɘűɎɜŮɘŮɠ) 

ɆɡɔəɟɘŰɘəɐ 

ŬɜɎɚɡůɖ 

Ůˊɘɛɏɟɞɡɠ 

ɜŮűɩɜ 
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ɄɑɜŬəŬɠ 7.3: ɄɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ əɟɘŰɖɟɑɤɜ 

 

 
ȺɜŬɚɚŬəŰɘəɏɠ Ⱥˊɘɚɞɔɏɠ ȿɞɔɘůɛɘəɩɜ 

ȺˊŮɝŮɟɔŬůɑŬɠ 

ȾɟɘŰɐɟɘŬ ȷɝɘɞɚɧɔɖůɖɠ 

F
a
r
o
 
S
c
e
n
e

 

T
r
i
m
b
l
e
 

R
e
a
l
W
o
r
k
s

 

A
u
t
o
d
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s
k
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e
c
a
p

 

P
o
l
y
w
o
r
k
s

 

C
l
o
u
d

 

C
o
m
p
a
r
e

 

R
i
S
C
A
N
 
 

P
R
O 

Ⱥ
ɜ
ɞ
ˊ
ɞ
ɑ
ɖ
ů
ɖ
 

ů
Ŭ
ɟ
ɩ
ů
Ů
ɤ
ɜ

 

Ʉɞɘəɑɚɞɘ Ŭɚɔɧɟɘɗɛɞɘ 

Ůɜɞˊɞɑɖůɖɠ əŬɘ ůɡɜɏɜɤůɖɠ 

ɜŮűɩɜ 

V V V V V V 

ũŮɤŬɜŬűɞɟɎ ɜɏűɞɡɠ V V V V V V 

Ⱥ
ˊ
Ů
ɝ
Ů
ɟ
ɔ
Ŭ
ů
ɑ
Ŭ
 

Ɂ
ɏ
ű
ɞ
ɡ
ɠ

 ȹɘŬɔɟŬűɐ ůɖɛŮɑɤɜ V V V V V V 

ɄŮɟɘəɞˊɐ ˊŮɟɘɞɢɩɜ V V V V V V 

ūɘɚŰɟɎɟɘůɛŬ ɗɞɟɨɓɞɡ V V V V V V 

ȹ
ɖ
ɛ
ɘ
ɞ
ɡ
ɟ
ɔ
ɑ
Ŭ
 

3
D
 
ɛ
ɞ
ɜ
Ű
ɏ
ɚ
ɞ
ɡ

 

ȹɖɛɘɞɡɟɔɑŬ ˊɞɚɡɔɤɜɘəɞɨ 

ˊɚɏɔɛŬŰɞɠ (Mesh) 
V V V V V V 

ȺˊŮɝŮɟɔŬůɑŬ, Ŭˊɚɞˊɞɑɖůɖ 

əŬɘ ŭɘɧɟɗɤůɖ ɛɞɜŰɏɚɞɡ 
V V V V V V 

Ⱥ
ɝ
Ŭ
ɔ
ɤ
ɔ
ɐ
 
ˊ
Ŭ
ɟ
Ŭ
ɔ
ɩ
ɔ
ɤ
ɜ

 ȺɝŬɔɤɔɐ ɛŮŰɟɖŰɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ 

(ŬˊɞůŰɎůŮɘɠ-ŮˊɘűɎɜŮɘŮɠ) 

V V V V V V 

ȺɝŬɔɤɔɐ ɔŮɤɛŮŰɟɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ 

(əŬɛˊɡɚɧŰɖŰŬ-Űɞɛɏɠ) 

V V U V V V 

ɆɡɔəɟɘŰɘəɐ ŬɜɎɚɡůɖ 

Ůˊɘɛɏɟɞɡɠ ɜŮűɩɜ 
V U U V V V 

 

ȹɡɜŬŰɧŰɖŰŮɠ ŮˊɏɛɓŬůɖɠ Űɞɡ 

ɢɟɐůŰɖ ɔɘŬ ŮˊɏəŰŬůɖ Űɤɜ 

ŭɡɜŬŰɞŰɐŰɤɜ 

U U U V V U 

 
ɆɡɛɓŬŰɧŰɖŰŬ ɛŮ ˊɞɘəɑɚŬ 

ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 
U U U V V U 

 ȾɧůŰɞɠ V V V V U V 

ɈˊɧɛɜɖɛŬ: V ɁŬɘ  U ȳɢɘ 
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 ɄɑɜŬəŬɠ 7.4: Ɉˊɞɚɞɔɘůɛɧɠ ŰŮɚɘəɐɠ ɓŬɗɛɞɚɞɔɑŬɠ  

 

 

 

   ȺɜŬɚɚŬəŰɘəɐ Ůˊɘɚɞɔɐ ░ 

 

ȾɟɘŰɐɟɘɞ ɛŮ ȷ/ȷ ▒ 
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░
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░
 

1 
Ʉɞɘəɑɚɞɘ Ŭɚɔɧɟɘɗɛɞɘ 
Ůɜɞˊɞɑɖůɖɠ əŬɘ 
ůɡɜɏɜɤůɖɠ ɜŮűɩɜ 

1.0 1 1 1 1 1 1 

2 ũŮɤŬɜŬűɞɟɎ ɜɏűɞɡɠ 1.0 1 1 1 1 1 1 

3 ȹɘŬɔɟŬűɐ ůɖɛŮɑɤɜ 1.0 1 1 1 1 1 1 

4 ɄŮɟɘəɞˊɐ ˊŮɟɘɞɢɩɜ 1.0 1 1 1 1 1 1 

5 ūɘɚŰɟɎɟɘůɛŬ ɗɞɟɨɓɞɡ 1.0 1 1 1 1 1 1 

6 
ȹɖɛɘɞɡɟɔɑŬ 
ˊɞɚɡɔɤɜɘəɞɨ ˊɚɏɔɛŬŰɞɠ 
(Mesh) 

1.0 1 1 1 1 1 1 

7 
ȺˊŮɝŮɟɔŬůɑŬ, 
Ŭˊɚɞˊɞɑɖůɖ əŬɘ 
ŭɘɧɟɗɤůɖ ɛɞɜŰɏɚɞɡ 

1.0 1 1 1 1 1 1 

8 
ȺɝŬɔɤɔɐ ɛŮŰɟɖŰɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ 
(ŬˊɞůŰɎůŮɘɠ-ŮˊɘűɎɜŮɘŮɠ) 

1.0 1 1 1 1 1 1 

9 
ȺɝŬɔɤɔɐ ɔŮɤɛŮŰɟɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ 
(əŬɛˊɡɚɧŰɖŰŬ-Űɞɛɏɠ) 

1.0 1 1 0 1 1 1 

10 
ɆɡɔəɟɘŰɘəɐ ŬɜɎɚɡůɖ 
Ůˊɘɛɏɟɞɡɠ ɜŮűɩɜ 

1.0 1 0 0 1 1 1 

11 

ȹɡɜŬŰɧŰɖŰŮɠ ŮˊɏɛɓŬůɖɠ 
Űɞɡ ɢɟɐůŰɖ ɔɘŬ 
ŮˊɏəŰŬůɖ Űɤɜ 
ŭɡɜŬŰɞŰɐŰɤɜ 

1.0 0 0 0 1 1 0 

12 
ɆɡɛɓŬŰɧŰɖŰŬ ɛŮ ˊɞɘəɑɚŬ 
ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 

1.0 0 0 0 1 1 0 

13 ȾɧůŰɞɠ 1.0 0 0 0 0 1 0 

╢░ 10 9 8 12 13 10 
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7.8.2 Ɇɡɜɏɜɤůɖ ɜŮűɩɜ əŬɘ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŮɜɘŬɑɞɡ ɜɏűɞɡɠ 

 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɔɘŬ Űɞ ɑŭɘɞ ŬɜŰɘəŮɑɛŮɜɞ ɡˊɎɟɢɞɡɜ ˊŬɟŬˊɎɜɤ Ŭˊɧ 

ɛɑŬ ůŬɟɩůŮɘɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ůɡɜɏɜɤůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ůŮ ɏɜŬ ŮɜɘŬɑɞ 

(Registration). ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ɧŰŬɜ ɞ ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ 

ŬɚɚɎɝŮɘ ɗɏůɖ ɐ Ŭɜ Űɡɢɧɜ Űɞ ŬɜŰɘəŮɑɛŮɜɞ əɞɡɜɖɗŮɑ. 

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɗɞŭɞɚɞɔɑŬ, əɎɗŮ űɞɟɎ ˊɞɡ 

ɞ ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ ŬɚɚɎɕŮɘ ɗɏůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɜŰŬɝɐ Űɞɡ ůŰɞ 

ŮɜɘŬɑɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɢɩɟɞɡ Ůˊɞɛɏɜɤɠ ɞɘ ůŬɟɩůŮɘɠ 

ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ ůɨůŰɖɛŬ əŬɘ Ůˊɞɛɏɜɤɠ ˊɟɏˊŮɘ ɜŬ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɏɜŬ ŮɜɘŬɑɞ ɛɞɜŰɏɚɞ-ɜɏűɞɠ.   

ȷɜŰɑɗŮŰŬ ůŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, ɔɘŬ Űɖ ůɡɜɏɜɤůɖ Ůˊɘɛɏɟɞɡɠ 

ɛɞɜŰɏɚɤɜ ŬˊŬɘŰŮɑŰŬɘ [ɆɡɛŮɤɜɑŭɖɠ, 2007]: 

Á ŮɑŰŮ ɛŮɔɎɚɖ ŮˊɘəɎɚɡɣɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ ůŰɘɠ ŭɨɞ ůŬɟɩůŮɘɠ, 

Á ŮɑŰŮ ɛɏŰɟɖůɖ ˊɟɞůɖɛŬůɛɏɜɤɜ ůŰɧɢɤɜ ɞɘ ɞˊɞɑɞɘ űŬɑɜɞɜŰŬɘ ůŮ əɎɗŮ 
ůɎɟɤůɖ  

Á ŮɑŰŮ ŬɜŬɔɜɩɟɘůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůɖɛŮɑɤɜ ůŰŬ Ůˊɘɛɏɟɞɡɠ 

ɛɞɜŰɏɚŬ. 

ɆŰɖɜ ɞɡůɑŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ əɞɘɜɎ ůɖɛŮɑŬ əŬɘ ůŰŬ ŭɨɞ ůɡůŰɐɛŬŰŬ, ɧˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŰɟɘŭɘɎůŰŬŰɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ, ŬɜŰɑůŰɞɘɢɞɠ 

ɛŮ ŬɡŰɧɜ Űɖɠ ɏɜŰŬɝɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ. 

ȷəɧɛɖ ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰɨɢɞɡɜ Űɖ 

ůɡɜŰŬɨŰɘůɖ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ. ɈˊɎɟɢɞɡɜ Ŭɚɔɧɟɘɗɛɞɘ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɐ Ŭɚɔɧɟɘɗɛɞɘ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ 

ŬɝɘɞˊɞɘŮɑŰŬɘ Űɞ ɑŭɘɞ Űɞ ɛɞɜŰɏɚɞ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɞɡ əŬɚɨŰŮɟɞɡ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ (Same-Source Registration), Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ 

ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮəɛɎɗɖůɖ Űɞɡ ŭɘəŰɨɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ˊŬɟŬˊɎɜɤ ˊɖɔɏɠ (Cross-Source Registration). ȾɎˊɞɘŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.5, Ůɜɩ ŭɑɜɞɜŰŬɘ əŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 

əɎˊɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ [Huang et al., 2021; Yang et al., 2020].  

ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɚɞɔɘůɛɘəɎ 

ŮˊŮɝŮɟɔŬůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŮɟɔŬůɑŬ, Ůɜɩ ŭɑɜŮŰŬɘ 

əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ Űɖɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘɎűɞɟɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɡɠ.  

 

 



[139] 

 

ɄɑɜŬəŬɠ 7.5: ɄɞɘəɑɚŮɠ ɛɏɗɞŭɞɘ ůɡɜɏɜɤůɖɠ ɜɏűɞɡɠ ůɖɛŮɑɤɜ  

[Huang et al., 2021] 

 

7.8.3 ȾŬɗŬɟɘůɛɧɠ ɜɏűɞɡɠ əŬɘ ŬˊŬɚɞɘűɐ ɗɞɟɨɓɞɡ   

 

Ʉɞɚɚɏɠ űɞɟɏɠ əŬŰɎ Űɖ ůɎɟɤůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ 

ŭŮŭɞɛɏɜŬ ŰɡɢŬɑŬ ůɖɛŮɑŬ ɔɨɟɤ Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ. ɇŬ ůɖɛŮɑŬ ŬɡŰɎ ŬˊɞŰŮɚɞɨɜ ñɗɧɟɡɓɞò əŬɘ ˊɟɏˊŮɘ ɜŬ 

ŬˊŬɚŮɘűɗɞɨɜ (Cleaning-Filtering) ˊɟɘɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ 

ɛɞɜŰɏɚɞɡ.  

 Ūɧɟɡɓɞɠ ůŰŬ ŭŮŭɞɛɏɜŬ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ ɧŰŬɜ ɖ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ 

Űɖɠ ŮˊɘűɎɜŮɘŬɠ ˊŬɟɞɡůɘɎůŮɘ ɛŮŰŬɓɞɚɏɠ ɐ ɖ ŭɏůɛɖ űɤŰɧɠ ˊŬɟŮɛˊɞŭɘůŰŮɑ 

ŬɚɚɎ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɖ ŰɟŬɢɨŰɖŰŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŮˊɘűɏɟŮɘ 

ŰɡɢŬɑŬ ŭɘɎɢɡůɖ Űɖɠ ŭɏůɛɖɠ űɤŰɧɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɡɗɨɜŮŰŬɘ ɞ 

ŬɘůɗɖŰɐɟŬɠ ŬˊɞŰɨˊɤůɖɠ ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ ɖɚŮəŰɟɘəɧɠ ɗɧɟɡɓɞɠ ɐ 

ɀɏɗɞŭɞɠ  ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ȷɚɔɧɟɘɗɛɞɠ ICP  

 

ȺɑɜŬɘ ɏɜŬɠ ŮˊŬɜŬɚɖˊŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ŮɜɖɛŮɟɩɜŮɘ 

ůɡɜŮɢɩɠ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ɛŮŰŬɝɨ ŭɨɞ ɜŮűɩɜ ɛɏɢɟɘ ɜŬ 

ɘəŬɜɞˊɞɘɖɗŮɑ ˊɚɐɟɤɠ ɏɜŬ əɟɘŰɐɟɘɞ ůɨɔəɚɘůɖɠ. 

 

ɀɏɗɞŭɞɠ ˊɞɡ 

ɓŬůɑɕŮŰŬɘ ůŮ əɞɘɜɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ  

 

ɀɏɗɞŭɞɠ ɧˊɞɡ ŮɝɎɔɞɜŰŬɘ ŭɘŬəɟɘŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Ŭˊɧ ŰŬ 

ŭɨɞ ɛɞɜŰɏɚŬ (ˊ.ɢ. ůɖɛŮɑŬ, ɞɟɧůɖɛŬ əɚˊ.) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ŬɜŰɘůŰɞɘɢɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ. (ˊ.ɢ. SIFT ɐ SURF ́ɞɡ 

ŬɜŬɔɜɤɟɑɕɞɡɜ ɞɛɞɚɞɔɑŮɠ əŬɘ Űɘɠ ŰŬɡŰɑɕɞɡɜ) 

 

Ɇɡɜɞɚɘəɧɠ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ 

ɛɞɜŰɏɚɤɜ  

 

ɀɏɗɞŭɞɠ ˊɞɡ ˊɟɞůˊŬɗŮɑ ɜŬ ɓɟŮɘ Űɞɜ ɓɏɚŰɘůŰɞ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ ɔɘŬ ɞɚɧəɚɖɟɞ Űɞ ɛɞɜŰɏɚɞ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɧŰŬɜ ɡˊɎɟɢɞɡɜ ˊŮɟɘɞɟɘůɛɏɜŬ ŭɘŬəɟɘŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɩ 

ɡɚɞˊɞɘŮɑŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŮɢɜɘəɏɠ ɧˊɤɠ ŰŬ ɛɞɜŰɏɚŬ 

Gaussian Mixture ɐ Ɏɚɚɞɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ. 

 

ȷɚɔɧɟɘɗɛɞɠ  

RANSAC  

 

ȺɑɜŬɘ ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮɘ ɏɜŬ ɛŬɗɖɛŬŰɘəɧ 

ɛɞɜŰɏɚɞ, ɛŮɚŮŰɩɜŰŬɠ ɏɜŬ ŰɡɢŬɑɞ ŭŮɑɔɛŬ ŭŮŭɞɛɏɜɤɜ, Ůɜɩ ůŰɖ 

ůɡɜɏɢŮɘŬ ˊɟɞůŭɘɞɟɑɕŮɘ ŮůɤŰŮɟɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ŰŬɘɟɘɎɕɞɡɜ ůŰɞ 

ůɨɜɞɚɞ Űɞɡ ɛɞɜŰɏɚɞɡ. 

 

ȷɚɔɧɟɘɗɛɞɠ  

TEASER  

ȺɑɜŬɘ ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ŬɟɢɘəɎ ůɡɜŰŬɡŰɑɕŮɘ ŬɟŬɘɎ ɜɏűɖ Űɤɜ 

ɛɞɜŰɏɚɤɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŰŮɚŮɘɞˊɞɘŮɑ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ 

Űɞɡɠ. ɉɟɖůɘɛɞˊɞɘŮɑ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭˊɧ Ɏɚɚɞɡɠ ɔɜɤůŰɞɨɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ ɧˊɤɠ ɞ ICP əŬɘ ɞ RANSAC.  

 

ɀɏɗɞŭɞɘ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ 

 

ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɞɡ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɛŮŰŬɝɨ ŭɨɞ ɛɞɜŰɏɚɤɜ. ȺɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ŮəˊŬɑŭŮɡůɖ Űɞɡ ŭɘəŰɨɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɕŮɨɔɖ 

əŬŰŬɢɤɟɖɛɏɜɤɜ ŰɟɘŭɘɎůŰŬŰɤɜ ɛɞɜŰɏɚɤɜ ɐ ɜŮűɩɜ. 

 



[140] 

 

ɗɧɟɡɓɞɠ əɓŬɜŰɘůɛɞɨ. ȷɜŰɑɗŮŰŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɡɗɨɜŮŰŬɘ ɖ ŭɏůɛɖ 

laser ŰɧŰŮ ˊɟɞəɨˊŰŮɘ ɗɧɟɡɓɞɠ Ŭˊɧ Űɖ ŭɘɎɢɡůɖ Űɖɠ ŭɏůɛɖɠ űɤŰɧɠ 

[ɆɡɛŮɤɜɑŭɖɠ, 2007; ūɤŰɧˊɞɡɚɞɠ, 2008].  

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɚɞɔɘůɛɘəɎ ŮˊŮɝŮɟɔŬůɑŬɠ ŭɘŬɗɏŰɞɡɜ Űɧůɞ ɢŮɘɟɞəɑɜɖŰɞɡɠ 

Űɟɧˊɞɡɠ ŭɘŬɔɟŬűɐɠ ůɖɛŮɑɤɜ, ɧůɞ əŬɘ Ůɘŭɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ŬűŬɑɟŮůɖɠ Űɞɡ 

ɗɞɟɨɓɞɡ, ɧˊɤɠ ŬɡŰɞɑ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.6. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ŬˊŬɘŰŮɑŰŬɘ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɞɡ 

ɗɞɟɨɓɞɡ əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ ůɖɛŬɜŰɘəɐ ˊɚɖɟɞűɞɟɑŬ Űɞɡ 

ɏɟɔɞɡ, Ůˊɞɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ ɢŮɘɟɞəɑɜɖŰɖ ŭɘŬɔɟŬűɐ.  

 
ȷɚɔɧɟɘɗɛɞɠ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ȷűŬɑɟŮůɖ ŬəɟŬɑɤɜ 

ůŰɞɘɢŮɑɤɜ 

ȷűŬɘɟŮɑ ůɖɛŮɑŬ ˊɞɡ Ŭˊɞəɚɑɜɞɡɜ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɘɠ 

ůŰŬŰɘůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɔŮɘŰɞɜɘəɩɜ ůɖɛŮɑɤɜ. 

 

ūɘɚŰɟɎɟɘůɛŬ ŭɘŬɛɏůɞɡ ȷɜŰɘəŬɗɘůŰɎ əɎɗŮ ůɖɛŮɑɞ ɛŮ Űɖ ŭɘɎɛŮůɖ Űɘɛɐ Űɤɜ 

ɔŮɘŰɧɜɤɜ Űɞɡ ŮɜŰɧɠ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŬəŰɑɜŬɠ. 

 

ɀŮɑɤůɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ˊɚɏɔɛŬŰɞɠ Voxel  

ɇɞ ɜɏűɞɠ ɢɤɟɑɕŮŰŬɘ ůŮ ɛɘəɟɎ əŮɚɘɎ əŬɘ ŭɘŬŰɖɟŮɑŰŬɘ 

ɛɞɜɎɢŬ ɏɜŬ ůɖɛŮɑɞ ŬɜɎ əŮɚɑ. 

 

ūɘɚŰɟɎɟɘůɛŬ ɛŮ ɓɎůɖ Űɖ 

ŭɞɛɐ Octree 

ɇɞ ɜɏűɞɠ ɢɤɟɑɕŮŰŬɘ ŬɜŬŭɟɞɛɘəɎ ůŮ ɛɘəɟɧŰŮɟŮɠ 

ˊŮɟɘɞɢɏɠ əŬɘ ŬűŬɘɟɞɨɜŰŬɘ ůɖɛŮɑŬ ůŮ ˊŮɟɘɞɢɏɠ 

ɢŬɛɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ. 

 

ȷɜɎɚɡůɖ ŮˊɘűŬɜŮɘɩɜ ɈˊɞɚɞɔɑɕŮɘ Űɘɠ əŬɜɞɜɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ 

əŬɘ ŬűŬɘɟŮɑ ůɖɛŮɑŬ ˊɞɡ Ŭˊɞəɚɑɜɞɡɜ ůɖɛŬɜŰɘəɎ Ŭˊɧ 

ŬɡŰɏɠ. 

 

ɄɟɞůŬɟɛɞɔɐ ŮˊɘűŬɜŮɘɩɜ  ɄɟɞůŬɟɛɧɕŮɘ ŮˊɘűɎɜŮɘŮɠ ůŮ ɔŮɘŰɞɜɘɏɠ ůɖɛŮɑɤɜ əŬɘ 

ŬűŬɘɟŮɑ ůɖɛŮɑŬ ˊɞɡ Ŭˊɞəɚɑɜɞɡɜ Ŭˊɧ Űɖɜ 

ˊɟɞůŬɟɛɞɔɐ. 

 

ȺˊɞˊŰŮɡɧɛŮɜɖ ŮəɛɎɗɖůɖ ɛŮ 

ɐ ɢɤɟɑɠ ŮˊɑɓɚŮɣɖ  

ȺəˊŬɘŭŮɨŮŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮŭɞɛɏɜŬ əŬɘ ŰŬɝɘɜɞɛŮɑ ůɖɛŮɑŬ ɤɠ 

ɗɧɟɡɓɞ ɐ ɧɢɘ. 

 

ɄɑɜŬəŬɠ 7.6: Ʉɞɘəɑɚɞɘ Ŭɚɔɧɟɘɗɛɞɘ əŬɗŬɟɘůɛɞɨ ɗɞɟɨɓɞɡ ůŮ ɜɏűɖ ůɖɛŮɑɤɜ 

[Han et al., 2017; Zhou et al., 2022] 

 

7.8.4 ȹɖɛɘɞɡɟɔɑŬ Űɟɘɔɩɜɤɜ 

 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ Ŭˊɧ ɏɜŬ ɜɏűɞɠ ůɖɛŮɑɤɜ, 

ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɞɘ ɞˊɞɑɞɘ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɏůůŮɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ.  
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ɈˊɎɟɢɞɡɜ ɛɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞ Delaunay əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ 

ŮˊɘűɎɜŮɘŮɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ŭɘŬŭɘəŬůɑŬ ɔɚɡˊŰɘəɐɠ, ŬɚɚɎ ɏɢɞɡɜ əɨɟɘɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ ůŮ ɗɞɟɡɓɩŭŮɘɠ əŬɘ ŬˊɧəɟɡűŮɠ ˊŮɟɘɞɢɏɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ɞɘ 

ɛɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ŮˊɘűɎɜŮɘŮɠ Ŭˊɧ 

Űɞɜ Űɟɘɔɤɜɘůɛɧ ɔŮɘŰɞɜɘəɩɜ ůɖɛŮɑɤɜ əŬɘ ɏɢɞɡɜ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

Ŭəɧɛɖ əŬɘ ɧŰŬɜ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ŬɜŰɘəŮɑɛŮɜŬ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ. 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ˊŬɟŬɛŮŰɟɘəɏɠ ɛɏɗɞŭɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɜŬɚɡŰɘəɏɠ 

ŭɖɛɘɞɡɟɔɖɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ ŭɡůəɞɚŮɨɞɜŰŬɘ ɜŬ ŬɜŬˊŬɟŬůŰɐůɞɡɜ 

Ŭɘɢɛɖɟɏɠ ɔɤɜɑŮɠ, əŬɘ ɞɘ ɞɔəɞɛŮŰɟɘəɏɠ ɛɏɗɞŭɞɘ ŭɖɛɘɞɡɟɔɞɨɜ ɛɘŬ 

ɞɔəɞɛŮŰɟɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ŰŮɚɘəɞɨ ɛɞɜŰɏɚɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɚŮɠ 

Űɘɠ ŭɘŬɗɏůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ əŬɜɞɜɘəɧ ˊɚɏɔɛŬ ɛŮ 

ŰɞˊɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŰɟɘɓɐ, ŮˊɘɚɏɔŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

Űɟɘɔɤɜɞˊɞɑɖůɖɠ, ˊɞɡ ŬˊɞŰŮɚŮɑ ɛɑŬ ɛɏɗɞŭɞ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ.  

ȷˊɞŰŮɚŮɑ Űɞɜ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞ Űɟɧˊɞ ɞˊŰɘəɐɠ ŬɜŬˊŬɟɎůŰŬůɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ. Ƀ əɨɟɘɞɠ ůŰɧɢɞɠ 

Űɞɡ ŮɑɜŬɘ ɜŬ ɛŮŰŬŰɟɏɣŮɘ ŰŬ ůɖɛŮɑŬ-ɜɏűɖ ůŮ ɛɘŬ ůɡɜŮɢɐ ŮˊɘűɎɜŮɘŬ 

Űɟɘɔɩɜɤɜ (ˊɞɚɡɔɤɜɘəɧ ˊɚɏɔɛŬ). ȾɎɗŮ Űɟɑɔɤɜɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ 

əɞɟɡűɏɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ Ůˊɑůɖɠ ůɖɛŮɑŬ Űɞɡ ɜɏűɞɡɠ [ɆɡɛŮɤɜɑŭɖɠ, 2007; 

ūɤŰɧˊɞɡɚɞɠ, 2008].  ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɖ ŭɖɛɘɞɡɟɔɑŬ ŰɟɘŭɘɎůŰŬŰɤɜ 

ɛɞɜŰɏɚɤɜ ŮɑɜŬɘ ɔɟɐɔɞɟɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɚŬ ŰŬ ůɖɛŮɑŬ Űɞɡ ɜɏűɞɡɠ 

ůɖɛŮɑɞɡ, ŬəɧɛŬ əɘ Ŭɜ ŮɑɜŬɘ ŭɘɎůˊŬɟŰŬ. 

Ʉɞɚɚɏɠ űɞɟɏɠ, ɤůŰɧůɞ, ɔɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŰɟɘŭɘɎůŰŬŰɤɜ ɛɞɜŰɏɚɤɜ, 

ɡˊɎɟɢɞɡɜ əŬɘ Ŭɚɔɧɟɘɗɛɞɘ Ŭˊɚɞˊɞɑɖůɖɠ Űɞɡ ˊɚɏɔɛŬŰɞɠ, ɞɘ ɞˊɞɑɞɘ ɞŭɖɔɞɨɜ 

əŬɘ ůŰɖ ɛŮɑɤůɖ Űɖɠ ɔŮɤɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. Ɇɡɜɐɗɤɠ ɖ Ŭˊɚɞˊɞɑɖůɖ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɏɜŰɞɜŮɠ ɛŮŰŬɓɞɚɏɠ Ůˊɞɛɏɜɤɠ ŬűŬɘɟŮɑŰŬɘ ɛɖ ŬɜŬɔəŬɑŬ ˊɚɖɟɞűɞɟɑŬ. 

ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ əŮɜɞɨ ůŰɖɜ ˊɚɖɟɞűɞɟɑŬ, ɡˊɎɟɢɞɡɜ 

Ŭɚɔɧɟɘɗɛɞɘ ˊŬɟŮɛɓɞɚɐɠ ˊɞɡ ůɡɛˊɚɖɟɩɜɞɡɜ ŰŬ əŮɜɎ. ȷɡŰɞɑ ŮűŬɟɛɧɕɞɜŰŬɘ 

ůɡɜɐɗɤɠ ůŮ ɞɛŬɚɏɠ əŬɘ ŮˊɑˊŮŭŮɠ ŮˊɘűɎɜŮɘŮɠ ɛŮ ŬɡŰɧɛŬŰɖ ŬɜŬɔɜɩɟɘůɖ 

ɔŮɤɛŮŰɟɘəɩɜ ŬůɡɜŮɢɘɩɜ [ūɤŰɧˊɞɡɚɞɠ, 2008]. 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ˊɟɘɜ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ Ŭɚɔɧɟɘɗɛɤɜ ŬɡŰɩɜ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞɠ ɞ ɏɚŮɔɢɞɠ. ɆŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŬˊɚɞˊɞɘɖɗŮɑ 

ůɖɛŬɜŰɘəɐ ˊɚɖɟɞűɞɟɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɐ ɖ ůɡɛˊɚɐɟɤůɖ Űɤɜ əŮɜɩɜ ɜŬ 

ɛɖɜ ŬəɞɚɞɡɗŮɑ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ.  

ɆɢŮŰɘəɎ ɛŮ ŰŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ ˊɟɞŰŮɑɜŮŰŬɘ ɖ Ŭˊɞűɡɔɐ ŰɏŰɞɘɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ (ɞɛŬɚɞˊɞɑɖůɖɠ ɐ ůɡɛˊɚɐɟɤůɖɠ) əŬɗɩɠ ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ 

ɜŬ ɢŬɗŮɑ ůɖɛŬɜŰɘəɐ ˊɚɖɟɞűɞɟɑŬ ɔɟŬɛɛɞɔɟŬűɑŬɠ ɐ Ɏɚɚɤɜ ŬɚɚɞɘɩůŮɤɜ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɏɟɔɞɡ.  ȷəɧɛɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 
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ůɨɔəɟɘůɖ Űɞɡ ɏɟɔɞɡ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɧŭɞɡɠ ɖ Ŭɚɚɞɘɤɛɏɜɖ ɐ 

ůɡɛˊɚɖɟɤɛɏɜɖ ˊɚɖɟɞűɞɟɑŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ůɨɔɢɡůɖ ůɢŮŰɘəɎ ɛŮ 

Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ Űɤɜ Ůˊɞɢɩɜ.  

ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ əŮɜɩɜ ˊɟɞŰŮɑɜŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůŬɟɩůŮɤɜ 

ɜŬ ɡˊɎɟɢŮɘ ůɡɜŮɢɐɠ ŮˊɞˊŰŮɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Ůɜɘůɢɡɗɞɨɜ 

ɧůɞ ɔɑɜŮŰŬɘ ɞɘ ɧˊɞɘŮɠ ˊɟɞɓɚɖɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɡˊɎɟɢɞɡɜ, ɩůŰŮ Űɞ ɜɏűɞɠ ɜŬ 

ŮɑɜŬɘ ˊɚɐɟŮɠ əŬɘ Ŭɝɘɞˊɞɘɐůɘɛɞ. 

 

7.8.5 ȺɝŬɔɤɔɐ ŰɟɘŭɘɎůŰŬŰɖɠ ŬɜŬˊŬɟɎůŰŬůɖɠ ɏɟɔɞɡ 

 

ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɛɞɜŰɏɚɞɡ, ɞɚɞəɚɖɟɩɜŮŰŬɘ əŬɘ ɖ ɔŮɤɛŮŰɟɘəɐ 

ŰŮəɛɖɟɑɤůɖ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŭɞɗŮɑ ŮɑŰŮ 

ɣɖűɘŬəɎ ŮɑŰŮ ŬɜŬɚɞɔɘəɎ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɣɖűɘŬəɐɠ ɛɞɟűɐɠ, ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚɞɘ ɛɞɟűɧŰɡˊɞɘ ɞɘ 

ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ. ȷɡŰɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɢɟɐůɖ, ˊɞɡ ɏɜŬ 

ŰɏŰɞɘɞ ɛɞɜŰɏɚɞ ɗŬ ɏɢŮɘ ŬɚɚɎ əŬɘ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ əŬɘ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ 

ɘůɢɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ŬɡŰɞɑ ŭɘŬɗɏŰɞɡɜ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɜŬɚɞɔɘəɐɠ ɛɞɟűɐɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŰɟɘŭɘɎůŰŬŰɖ 

ŮəŰɨˊɤůɖ Űɞɡ ɏɟɔɞɡ ŮɑŰŮ ůŮ əɚɑɛŬəŬ 1:1 ŮɑŰŮ ůŮ ɛɘəɟɧŰŮɟŮɠ. ɆŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɢɟŮɘɎɕŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ɖ ŬɜɎɚɡůɖ Űɞɡ 

ŮəŰɡˊɤŰɐ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɗɩɠ ˊɟɏˊŮɘ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɧɚŮɠ ɞɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ɔɘŬ ɞɟɗɐ ɢɟɐůɖ əŬɘ Ŭɝɘɞˊɞɑɖůɖ.  

ȷəɧɛɖ, Ŭˊɧ Űɞ ŰɟɘŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɚɖɗɞɨɜ əŬɘ 

ŭɘŬɔɟɎɛɛŬŰŬ ɧɣŮɤɜ əŬɘ Űɞɛɩɜ ɧˊɞɡ ŬɡŰɧ ɢɟŮɘɎɕŮŰŬɘ.
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ȾȺūȷȿȷȽɃ 8ɞ  

ȺȿȺũɉɃɆ ȾȷȽ ȹȽȷȾɅȽȸɋɆȼ ɀȺɇɅȼɇȽȾɋɁ 

ɆɈɆɇȼɀȷɇɋɁ  

 

 

8.1 ȰɚŮɔɢɞɠ ūɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (Laser  

      tracker)  

 

ɄɟɞəŮɘɛɏɜɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɛŮ Űɖ űɞɟɖŰɐ 

ɛɖɢŬɜɐ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɜŬ ɏɢɞɡɜ Űɖ ɓɏɚŰɘůŰɖ ŬəɟɑɓŮɘŬ, ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ ɜŬ ɔɑɜɞɡɜ əɎˊɞɘɞɘ ɓŬůɘəɞɑ ɏɚŮɔɢɞɘ ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɤɜ 

ɛŮŰɟɐůŮɤɜ. ȷɡŰɞɑ Ŭűɞɟɞɨɜ ůŰɖɜ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ɔɤɜɘɩɜ ɐ ɛɖəɩɜ 

ŬɚɚɎ əŬɘ ůŰɞɜ ɏɚŮɔɢɞ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ, Ůɜɩ 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ˊŬɟŬəɎŰɤ.  

 

8.1.1  ȰɚŮɔɢɞɠ əŬŰɎ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ůɡůəŮɡɐɠ  

 

ɀŮ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ůɡůəŮɡɐɠ, ŮəŰŮɚŮɑŰŬɘ ŬɡŰɧɛŬŰŬ əŬɘ ɞ Ŭɟɢɘəɧɠ 

ɏɚŮɔɢɞɠ, ɞ ɞˊɞɑɞɠ ˊɟŬəŰɘəɎ ŬɟɢɘəɞˊɞɘŮɑ Űɞɡɠ ɔɤɜɘŬəɞɨɠ əɤŭɘəɞˊɞɘɖŰɏɠ 

ŬɚɚɎ əŬɘ Űɞ ůɨůŰɖɛŬ ɞɟɘůɛɞɨ Ŭɟɢɘəɐɠ ɗɏůɖɠ Űɞɡɠ ɞɟɔɎɜɞɡ. ȾŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ɖ ɞˊɞɑŬ ŭɘŬɟəŮɑ ˊŮɟɑˊɞɡ ɏɜŬ ɚŮˊŰɧ, ˊɟɏˊŮɘ 

ɞ ɢɟɐůŰɖɠ ɜŬ ɏɢŮɘ ŬˊɞɛŬəɟɡɜɗŮɑ Ŭˊɧ Űɖ ůɡůəŮɡɐ əŬɘ ɜŬ ɛɖɜ ɏɢŮɘ əŬɛɑŬ 

ɎɛŮůɖ ŮˊŬűɐ ɛŬɕɑ Űɖɠ. 

ɇŬɡŰɧɢɟɞɜŬ ɛŮ Űɞɜ Ŭɟɢɘəɧ ɏɚŮɔɢɞ, ɏɢŮɘ ɝŮəɘɜɐůŮɘ əŬɘ ɖ ůŰŬɗŮɟɞˊɞɑɖůɖ 

Űɖɠ ůɡůəŮɡɐɠ ɧˊɞɡ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ  7.5, ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ 

ɖ ŮůɤŰŮɟɘəɐ Űɞɡ ɗŮɟɛɞəɟŬůɑŬ, ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ 

ɛŮŰɟɐůŮɘɠ ŬəɟɘɓŮɑŬɠ, əɡɟɑɤɠ ɔɤɜɘŬəɩɜ ɛŮɔŮɗɩɜ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɞɚɞəɚɐɟɤůɖɠ əŬɘ Űɤɜ ŭɨɞ ŬɡŰɩɜ ŭɘŬŭɘəŬůɘɩɜ, Űɞ 

ɛŮŰɟɖŰɘəɧ ůɨůŰɖɛŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɝŮəɘɜɐůŮɘ ɜŬ ɛŮŰɟɎ. 

 

8.1.2  ȰɚŮɔɢɞɠ ɔɤɜɘŬəɐɠ ŬəɟɑɓŮɘŬɠ  

 

ũɘŬ Űɖɜ ŮˊŬɚɐɗŮɡůɖ Űɖɠ ɞɟɗɐɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɛɏŰɟɖůɖɠ Űɧůɞ 

əŬŰŬəɧɟɡűɤɜ, ɧůɞ əŬɘ ɞɟɘɕɧɜŰɘɤɜ ɔɤɜɘɩɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮűŬɟɛɞɔɐ 

Űɞɡ ɔɤɜɘŬəɞɨ Ůɚɏɔɢɞɡ. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ əŬŰŬůəŮɡŬůŰɏɠ ˊɟɞŰŮɑɜɞɡɜ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ ˊɟɘɜ Ŭˊɧ əɎɗŮ ɛɏŰɟɖůɖ ɐ ůŮ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 2-3 . 

 Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɔɤɜɘŬəɐɠ ŬəɟɑɓŮɘŬɠ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏŰɟɖůɖ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɛˊɟɞůŰɘɜɐɠ (frontsight) əŬɘ ˊɑůɤ 

(backsight) ɧɣɖɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ɔɤɜɘŬəɐɠ 
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ůɡɜɘůŰɩůŬɠ ŬɡŰɩɜ Űɤɜ ŭɨɞ ɛŮŰɟɐůŮɤɜ [Muralikrishnan, 2016].  ȷɡŰɐ ɖ 

ŭɘŬűɞɟɎ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖɜ Ŭɜɞɢɐ ˊɞɡ ɞɟɑɕŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ, Ůɜɩ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ ŮɝŮŰɎɕŮŰŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ 

ŬɜŬəɚŬůŰɐɟŬ əŬɘ ɞɟɔɎɜɞɡ Ůɜɩ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘɧɟɗɤůɖɠ əŬɘ 

ůɡɛˊŮɟɑɚɖɣɖɠ ŬɡŰɐɠ Űɖɠ Ŭˊɧəɚɘůɖɠ ůŰɘɠ ŰŮɚɘəɏɠ ɛŮŰɟɐůŮɘɠ [API, 2007; 

FARO, 2016; LEICA, 2017]. 

ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ ŬɡŰɞɨ Űɞɡ Ůɚɏɔɢɞɡ, ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ŬɜŬəɚŬůŰɐɟŬɠ SMR 1.5ò əŬɘ ůŰŬɗŮɟɏɠ ɓɎůŮɘɠ ɔɘŬ Űɖɜ ŰɞˊɞɗɏŰɖůɐ Űɞɡ. 

ȺɎɜ ɞɘ ɓɎůŮɘɠ ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɏɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɞ 

ɏɚŮɔɢɞɠ ɔɤɜɘŬəɐɠ ŬəɟɑɓŮɘŬɠ ɗŬ ŮˊɘűɏɟŮɘ ɛɖ ŬˊɞŭŮəŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɐ ŭŮɜ 

ɗŬ ɛˊɞɟɏůŮɘ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ. Ƀɘ ɗɏůŮɘɠ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ŬɜŬəɚŬůŰɐɟŬ, 

ˊɟɏˊŮɘ ɜŬ əŬɚɨˊŰɞɡɜ ɧɚɞ Űɞ Ůɨɟɞɠ ɛɏŰɟɖůɖɠ Ůɜɩ ůɡɜɐɗɤɠ ŮˊɘɚɏɔŮŰŬɘ ɖ 

ɛɏŰɟɖůɖ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ɐ Űɟɘɩɜ ůɖɛŮɑɤɜ. 

ȷɜɎɚɞɔŬ Űɖɜ ŮŰŬɘɟɑŬ, ɖ ŭɘŬŭɘəŬůɑŬ  ɛˊɞɟŮɑ ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ əŬɘ 

ɛŮŰɟɐůŮɘɠ ŰɞˊɞɗŮŰɩɜŰŬɠ Űɞ SMR ůŰɖ ɗɏůɖ ŬɜŬɔɜɩɟɘůɖɠ ˊɎɜɤ ůŰɞ tracker 

əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ɗɏůŮɘɠ ɐ Űɞ ŬɜɎˊɞŭɞ.  ȰŰůɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ɞɘ ŬˊɞəɚɑůŮɘɠ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ əŬɘ Ůˊɞɛɏɜɤɠ ŮɚɏɔɢŮŰŬɘ ɖ ɔɤɜɘŬəɐ ŬəɟɑɓŮɘŬ. 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 8.1. ȳˊɤɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ, ɔɘŬ ɧɚŬ ŰŬ ůɖɛŮɑŬ ɞ ɏɚŮɔɢɞɠ ɗŮɤɟŮɑŰŬɘ ŬˊɞŭŮəŰɧɠ [API, 

2007; FARO, 2016; LEICA, 2017]. 

 

 

ȺɘəɧɜŬ 8.1: ȺűŬɟɛɞɔɐ Ůɚɏɔɢɞɡ ɔɤɜɘŬəɐɠ ŬəɟɑɓŮɘŬɠ [FARO, 2016] 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɓŮɚŰɑɤůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ɛɏŰɟɖůɖɠ, 

ˊɞɚɚɞɑ əŬŰŬůəŮɡŬůŰɏɠ ˊɟɞŰŮɑɜɞɡɜ Űɖ ŭɘŬəɟɑɓɤůɖ Ŭˊɧ Űɞ ɢɟɐůŰɖ, ɖ ɞˊɞɑŬ 

ɓŮɚŰɘɩɜŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, əɡɟɑɤɠ ůŮ ɛŮŰɟɐůŮɘɠ ɛŮɔŬɚɨŰŮɟɤɜ 

ŬˊɞůŰɎůŮɤɜ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŬˊɞɗɖəŮɨɞɜŰŬɠ Űɘɠ ŬˊɞəɚɑůŮɘɠ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ůɜɩ Űɞ ɧɟɔŬɜɞ ˊɟɞůŬɟɛɧɕŮɘ Űɘɠ ŮˊɧɛŮɜŮɠ ɛŮŰɟɐůŮɘɠ Űɞɡ əŬɘ 

ɏŰůɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɐ.   

ȰɜŬɠ Ŭəɧɛɖ Űɟɧˊɞɠ ŮɑɜŬɘ ɖ ɛɏŰɟɖůɖ ůɖɛŮɑɤɜ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŬˊɞůŰɎůŮɘɠ ɐ ŭɘŮɡɗɨɜůŮɘɠ, ɐ əŬɗɩɠ ŬɚɚɎɕŮɘ ɖ əŬŰŬəɧɟɡűɖ ɔɤɜɑŬ 

ɛɏŰɟɖůɖɠ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɞ ŬɜŬəɚŬůŰɐɟŬɠ Ŭűɞɨ ɛŮŰɟɖɗŮɑ ůŰɖ ɗɏůɖ 

ŬɜŬɔɜɩɟɘůɖɠ ˊɎɜɤ ůŰɞ tracker, ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ůɡɔəŮəɟɘɛɏɜɖ 

ŬˊɧůŰŬůɖ əŬɘ ɨɣɞɠ əɎɗŮ űɞɟɎ, Űɧůɞ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɡˊɞŭŮɑɝŮɘɠ Űɞɡ 
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əŬŰŬůəŮɡŬůŰɐ, ɧůɞ əŬɘ ɛŮ Űɘɠ ŬɜɎɔəŮɠ əɎɗŮ ŮűŬɟɛɞɔɐɠ [API, 2007; 

FARO, 2016; LEICA, 2017]. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ laser tracker 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ˊɟɧŰɡˊŬ, ŰŬ ɞˊɞɑŬ ůɡɛɓŬŭɑɕɞɡɜ ɛŮ 

Űɞɡɠ Ůɚɏɔɢɞɡɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ ˊŬɟɧɜ əŮɑɛŮɜɞ. ɇɏŰɞɘŬ ŮɑɜŬɘ Űɞ 

ASME B89.4.19, ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑ ɛŮŰɟɐůŮɘɠ ůŮ ɟɎɓŭɞ ɔɜɤůŰɞɨ ɛɐəɞɡɠ 

əɎŰɤ Ŭˊɧ ˊɞɘəɑɚŮɠ ůɡɜɗɐəŮɠ, Űɞ VDI/VDE 2617-10 ́ɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑ 

ɛŮŰɟɐůŮɘɠ ůŮ ɛɑŬ ůűŬɑɟŬ ɔɜɤůŰɞɨ ɛŮɔɏɗɞɡɠ əŬɘ Űɞ ISO 10360-10 ́ɞɡ 

ŬˊɞŰŮɚŮɑ ůɡɜŭɡŬůɛɧ Űɤɜ Ɏɚɚɤɜ ŭɨɞ [ASME B89.4.19, 2022; VDI/VDE 

2617-10, 2011; ISO 10360-10, 2021]. 

 

8.1.3  ȰɚŮɔɢɞɠ ɛɏŰɟɖůɖɠ ɛɖəɩɜ 

 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬəɟɑɓŮɘŬɠ ɛɏŰɟɖůɖɠ ɛɖəɩɜ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ůɨɔəɟɘůɖ ɛɖəɩɜ ɛŮŰŬɝɨ ŭɨɞ ůɖɛŮɑɤɜ ŰŬ ɞˊɞɑŬ ɛŮŰɟɘɞɨɜŰŬɘ əɎɗŮ űɞɟɎ ɡˊɧ 

ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰŬ ůɖɛŮɑŬ ŬɡŰɎ, ɛˊɞɟɞɨɜ ɜŬ 

ɛŮŰɟɖɗɞɨɜ Ŭˊɧ ɛɘŬ ɗɏůɖ ɩůŰŮ ɜŬ ůɢɖɛŬŰɑɕŮŰŬɘ ɛŮɔɎɚɖ ɔɤɜɑŬ ɛŮŰŬɝɨ Űɞɡɠ, 

əŬɘ Ŭˊɧ ɛɑŬ Ɏɚɚɖ ɗɏůɖ ɜŬ ůɢɖɛŬŰɑɕŮŰŬɘ ɛɘəɟɐ, ə.Űɚ. [API, 2007; FARO, 

2016; LEICA, 2017]. ȷɡŰɞɑ ɞɘ ŭɘŬűɞɟŮŰɘəɞɑ ˊɟɞůŬɜŬŰɞɚɘůɛɞɑ ɛɏŰɟɖůɖɠ 

ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ˊɖɔɏɠ ůűɎɚɛŬŰɞɠ əŬɘ Ůˊɞɛɏɜɤɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ɏɚŮɔɢɞɠ ˊŮŭɑɞɡ ɔɘŬ Űɞ ůɨůŰɖɛŬ ADM Űɖɠ ůɡůəŮɡɐɠ.  

Ƀ ɏɚŮɔɢɞɠ ŬɡŰɧɠ, ůɡɜɐɗɤɠ, ɢɟɖůɘɛɞˊɞɘŮɑ ŬɜŬəɚŬůŰɐɟŬɠ SMR 1.5ò əŬɘ 

ŭɨɞ ůŰŬɗŮɟɏɠ ɓɎůŮɘɠ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬŰɖɟɩɜŰŬɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ůŰŬɗŮɟɐ Űɖɜ əŮűŬɚɐ ɛɏŰɟɖůɖɠ Ůɜɩ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɛɑŬ 

ɟɎɓŭɞɠ ɔɜɤůŰɞɨ ɛɐəɞɡɠ ɛŮ ŭɨɞ ůŰŬɗŮɟɞɨɠ ůŰɧɢɞɡɠ ɖ ɞˊɞɑŬ ŰɞˊɞɗŮŰŮɑŰŬɘ 

ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ ɧůɞ ɖ əŮűŬɚɐ ɛɏŰɟɖůɖɠ ɗŬ ˊŬɟŬɛɏɜŮɘ 

ŬɛŮŰɎɓɚɖŰɖ. ɇɞ ɛɐəɞɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůŰŬɗŮɟɩɜ ůɖɛŮɑɤɜ əŬɘ ůŰɘɠ ŭɨɞ 

ˊŮɟɘˊŰɩůŮɘɠ (ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ ůɖɛŮɑɤɜ ɐ əŮűŬɚɐ ɛɏŰɟɖůɖɠ) Ŭˊɧ Űɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ. ȼ ŭɘŬűɞɟɎ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ŭɨɞ ɛɐəɖ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɞ ɛɏɔɘůŰɞ ŮˊɘŰɟŮˊɧɛŮɜɞ ůűɎɚɛŬ ˊɞɡ 

ŬɜŬűɏɟŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ. [API, 2007; FARO, 2016; LEICA, 2017]. 

 

8.1.4  ȰɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ ɛŮŰɟɐůŮɤɜ 

 

 ȼ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ɛɑŬɠ ɛɏŰɟɖůɖɠ, ŮɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɖɜ 

ŰɞˊɞɗɏŰɖůɖ Űɞɡ laser tracker, ɧůɞ əŬɘ Ŭˊɧ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ 

ŬɜŬəɚŬůŰɐɟŬ SMR əŬɘ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɗŮɤɟɖɗŮɑ ˊɤɠ ɞɘ ɛŮŰɟɐůŮɘɠ ŭɘɏˊɞɜŰŬɘ Ŭˊɧ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ, ˊɟɏˊŮɘ Űɧůɞ 

ɞ ůŰŬŰɘəɧɠ ɧůɞ əŬɘ ɞ ŭɡɜŬɛɘəɧɠ ɏɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ ɜŬ ŮɑɜŬɘ 

ŬˊɞŭŮəŰɞɑ.  
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Ƀ ɏɚŮɔɢɞɠ Űɖɠ ůŰŬŰɘəɐɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ ŮɝŮŰɎɕŮɘ Ŭɜ Űɞ ůɨůŰɖɛŬ 

ɛɏŰɟɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊŬɜŬɚɎɓŮɘ Űɖɜ ɑŭɘŬ ɛɏŰɟɖůɖ ɔɘŬ ɏɜŬ ůɖɛŮɑɞ ˊɞɡ ŭŮɜ 

ɏɢŮɘ ɛŮŰŬŰɞˊɘůŰŮɑ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɞ ŬɜŬəɚŬůŰɐɟŬɠ SMR 

ˊŬɟŬɛɏɜŮɘ ůŮ ɛɑŬ ɗɏůɖ ŬɜŬűɞɟɎɠ, Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŭɘŬŭɞɢɘəɏɠ 

ɛŮŰɟɐůŮɘɠ ɛŮ əɎˊɞɘɞ əŬɗɞɟɘůɛɏɜɞ ɢɟɞɜɘəɧ ɓɐɛŬ. ȰŰůɘ ŮɚɏɔɢŮŰŬɘ Ŭɜ ɖ 

əŮűŬɚɐ Űɞɡ tracker əŬɘ Űɞ ůɖɛŮɑɞ ˊŬɟŬɛɏɜŮɘ ˊɟɎɔɛŬŰɘ ůŰŬɗŮɟɧ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȷɜɎɚɞɔŬ Űɞɜ əŬŰŬůəŮɡŬůŰɐ, ŭɑɜŮŰŬɘ ɖ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ɞɟɔɎɜɞɡ əŬɘ ŬɜŬəɚŬůŰɐɟŬ, ŬɚɚɎ əŬɘ ɖ Ŭɜɞɢɐ Űɖɠ 

Ŭˊɧəɚɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɐůŮɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ŬɡŰɐ ɜŬ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ˊɟɞəɨɣŮɘ ŬˊɞŭŮəŰɐ Űɘɛɐ ˊɟɏˊŮɘ ɜŬ ŮɚŮɔɢɗŮɑ ɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɚɚɎ əŬɘ Űɞɡ ůɖɛŮɑɞɡ ɛɏŰɟɖůɖɠ [FARO, 

2016]. 

ȷɜŰɑɗŮŰŬ, ɞ ɏɚŮɔɢɞɠ Űɖɠ ŭɡɜŬɛɘəɐɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ ŮɝŮŰɎɕŮɘ Ŭɜ Űɞ 

ůɨůŰɖɛŬ ɛɏŰɟɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊŬɜŬɚɎɓŮɘ Űɖɜ ɑŭɘŬ ɛɏŰɟɖůɖ ɔɘŬ ˊɞɚɚŬˊɚɏɠ 

ɗɏůŮɘɠ ůɖɛŮɑɤɜ. ȷɡŰɧɠ ɞ ɏɚŮɔɢɞɠ ŮɑɜŬɘ əɟɑůɘɛɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɡɢɧɜ ɛŮŰŬŰɞˊɑůŮɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛɏŰɟɖůɖɠ ɐ Űɤɜ ůɖɛŮɑɤɜ ɧŰŬɜ ůŮ 

ŬɡŰɎ ŰɞˊɞɗŮŰŮɑŰŬɘ Űɞ SMR. ɇɞ ůɨůŰɖɛŬ ɚŬɛɓɎɜŮɘ ɛɏŰɟɖůɖ ůŰɞ ůɖɛŮɑɞ 

ŬɜŬűɞɟɎɠ əŬɘ ɛŮŰɎ ŬəɞɚɞɡɗŮɑ Űɞɜ ŬɜŬəɚŬůŰɐɟŬ ɚŬɛɓɎɜɞɜŰŬɠ ůɡɜŮɢŮɑɠ 

ɛŮŰɟɐůŮɘɠ, ɛɏɢɟɘ ŬɡŰɧ ɜŬ ŮˊɘůŰɟɏɣŮɘ Űɖɜ Ŭɟɢɘəɐ Űɞɡ ɗɏůɖ. ȷɜɎɚɞɔŬ Űɞɜ 

əŬŰŬůəŮɡŬůŰɐ, ŭɑɜŮŰŬɘ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ɞɟɔɎɜɞɡ əŬɘ ůɖɛŮɑɤɜ 

ɛɏŰɟɖůɖɠ, ŬɚɚɎ əŬɘ ɖ Ŭɜɞɢɐ Űɞɡ ůɡɜɞɚɘəɞɨ ůűɎɚɛŬŰɞɠ ˊɟɞəŮɘɛɏɜɞɡ ŬɡŰɧ 

ɜŬ ŮɑɜŬɘ ŬˊɞŭŮəŰɧ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ˊɟɞəɨɣŮɘ ŬˊɞŭŮəŰɐ Űɘɛɐ 

ˊɟɏˊŮɘ ɜŬ ŮɚŮɔɢɗŮɑ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɚɚɎ əŬɘ ɖ ˊɘɗŬɜɐ 

ɨˊŬɟɝɖ ŬɜŬŰŬɟɎɝŮɤɜ Űɞɡ ŬɏɟŬ (air turbulence) ůŰɖ ŭɘŬŭɟɞɛɐ Űɖɠ ŭɏůɛɖɠ 

[FARO, 2016]. 

 

8.2 ȰɚŮɔɢɞɠ ȷɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (CMA)  

 

ɆɢŮŰɘəɎ ɛŮ Űɞɜ ŬɟɗɟɤŰɧ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ, ŮəŰɧɠ Ŭˊɧ Űɞɡɠ ɓŬůɘəɞɨɠ 

Ůɚɏɔɢɞɡɠ ɔɘŬ Űɖɜ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ Űɖɜ ŮɡůŰɎɗŮɘŬ Űɖɠ 

ůɡůəŮɡɐɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɘ ɖ ŭɘŬəɟɑɓɤůɖ Űɤɜ ŬɘůɗɖŰɐɟɤɜ ɛɏŰɟɖůɖɠ 

(ŮˊŬűɐɠ ɐ ɛɖ). ȹɘŬəɟɑɓɤůɖ ŮɑɜŬɘ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɖɠ ůɡůəŮɡɐɠ 

ɛɏŰɟɖůɖɠ əŬɘ Űɖɠ ůɡůəŮɡɐɠ ˊɟɧŰɡˊɞ ɔɜɤůŰɐɠ ŬəɟɑɓŮɘŬɠ. ɀŮ Űɖ ůɨɔəɟɘůɖ 

ŬɡŰɐ ɓŬɗɛɞɜɞɛŮɑŰŬɘ Űɞ ɡˊɧ ɏɚŮɔɢɞ ɧɟɔŬɜɞ əŬɘ ŭɘŬˊɘůŰɩɜŮŰŬɘ, 

ŮˊŬɚɖɗŮɨŮŰŬɘ ɐ ŮˊŬɜŬűɏɟŮŰŬɘ ɛŮ ɟɨɗɛɘůɖ ɖ ŬəɟɑɓŮɘŬ Űɞɡ [ɁɘəɞɚɑŰůŬɠ, 

2015]. ȳɚɞɘ ŬɡŰɞɑ ɞɘ ɏɚŮɔɢɞɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ ɚŮˊŰɞɛŮɟɩɠ.  

 

8.2.1  ȰɚŮɔɢɞɠ ŮɡůŰɎɗŮɘŬɠ 

 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ŬəɟɘɓŮɑɠ ɛŮŰɟɐůŮɘɠ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Ŭɟɢɐ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ɞ ɓɟŬɢɑɞɜŬɠ ŮɑɜŬɘ ůŰŬɗŮɟɧɠ əŬɗô 
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ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ.  ȷɜɎɚɞɔŬ Űɞɜ əŬŰŬůəŮɡŬůŰɐ, ɡˊɎɟɢɞɡɜ 

ˊɞɘəɑɚŮɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ Ůɚɏɔɢɞɡɜ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ɖ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ɗɏůɖ Űɤɜ ŬɟɗɟɩůŮɤɜ Űɞɡ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɞ ɆɢɐɛŬ 8.1 [FARO, 2016]. 

 

 

ɆɢɐɛŬ 8.1: ȾɘɜɐůŮɘɠ ɓɟŬɢɑɞɜŬ ɔɘŬ ɏɚŮɔɢɞ ŮɡůŰɎɗŮɘŬɠ [FARO, 2016] 

 

ɄɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ Űɞɜ ɏɚŮɔɢɞ ŬɡŰɧ ɛŮŰŬɝɨ ŰɟɑˊɞŭŬ əŬɘ ŰůɘɛŮɜŰɏɜɘɞɡ 

ɓɎɗɟɞɡ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 8.2, ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɖ Ůˊɘɚɞɔɐ Űɖɠ 

ůŰŬɗŮɟɐɠ ŰɞˊɞɗɏŰɖůɐɠ Űɞɡ ůŮ ˊɚŬəɏŰŬ əŬɘ ŰůɘɛŮɜŰɏɜɘŬ ɓɎůɖ ŮɑɜŬɘ ɖ 

ɓɏɚŰɘůŰɖ ɚɨůɖ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ůŰŬɗŮɟɩɜ ɛŮŰɟɐůŮɤɜ. ɇŬ ůɖɛŮɑŬ 

ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ ůŰɞ ɆɢɐɛŬ 8.2(ɓ) ŮɑɜŬɘ ŰŬ ůɖɛŮɑŬ ɧˊɞɡ ɞ ɓɟŬɢɑɞɜŬɠ 

əɞɡɜɐɗɖəŮ əŬŰɎ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɤɜ ŬɟɗɟɩůŮɤɜ.  

 

  

(Ŭ) (ɓ) 

ɆɢɐɛŬ 8.2: ȰɚŮɔɢɞɠ ŮɡůŰɎɗŮɘŬɠ: (Ŭ) ůŮ ŰůɘɛŮɜŰɏɜɘɞ ɓɎɗɟɞ. (ɓ) ůŮ ŰɟɑˊɞŭŬ. 

 

8.2.2  ȰɚŮɔɢɞɠ ɗŮɟɛɞəɟŬůɘŬəɩɜ ůɡɜɗɖəɩɜ  

 

ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, ɔɘŬ Űɖɜ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ůɝɞˊɚɘůɛɞɨ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɞɘ ůŰŬɗŮɟɏɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ůɡɜɗɐəŮɠ. Ƀɘ 

ˊŮɟɘůůɧŰŮɟɞɘ ŬɟɗɟɤŰɞɑ ɓɟŬɢɑɞɜŮɠ, ŭɘŬɗɏŰɞɡɜ ŭɘəɞɨɠ Űɞɡɠ ŬɘůɗɖŰɐɟŮɠ 

ɛɏŰɟɖůɖɠ ŮůɤŰŮɟɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ, Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ Ůɚɏɔɢɞɡɠ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ (ˊ.ɢ. 5 min) [17-19]. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ŬɟɗɟɩůŮɤɜ ́ ŬɟɞɡůɘɎɕŮɘ ɛŮŰŬɓɞɚɐ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 
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ŬɡŰɐ ˊɞɡ ɞɟɑɕŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ, ŮɛűŬɜɑɕŮŰŬɘ ɛɐɜɡɛŬ əŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ 

ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ.  

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɛɏŰɟɖůɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɘɠ ŬɟɗɟɩůŮɘɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 8.3, ɧˊɞɡ ɛŮ Űɖɜ ɏɜŭŮɘɝɖ ñstableò ŬˊɞŭŮɘəɜɨŮŰŬɘ 

ɖ ɛɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɏɜŬɟɝɖ Űɤɜ 

ŮˊɧɛŮɜɤɜ ŭɘŬŭɘəŬůɘɩɜ [FARO, 2016]. 

 

  

(Ŭ) (ɓ) 

ɆɢɐɛŬ 8.3: (Ŭ)ȺɜŭŮɑɝŮɘɠ ůŰŬɗŮɟɧŰɖŰŬɠ ɗŮɟɛɞəɟŬůɑŬɠ. (ɓ)ȹɘɎɔɟŬɛɛŬ 

ɛŮŰŬɓɞɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ [FARO, 2016] 

 

Ⱥˊɘˊɚɏɞɜ, ŮˊŮɘŭɐ əɎɗŮ Ɏɟɗɟɤůɖ əŬɘ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ɓɟŬɢɑɞɜŬ 

ɗŮɟɛŬɑɜŮŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɧ Űɟɧˊɞ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůŭɘɞɟɘůɛɞɨ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŭɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 8.4, 

ɔɘŬ ɏɜŬɜ ŬɟɗɟɤŰɧ ɓɟŬɢɑɞɜŬ ŮˊŰɎ Ŭɝɧɜɤɜ. 

 

  

(Ŭ) (ɓ) 

 ɆɢɐɛŬ 8.4: (Ŭ)ɀɏŰɟɖůɖ ɗŮɟɛɞəɟŬůɑŬɠ ŬɜɎ Ɏɟɗɟɤůɖ. (ɓ)ɃɜɞɛŬůɑŬ 

ŬɟɗɟɩůŮɤɜ ɔɘŬ ɓɟŬɢɑɞɜŬ 7 Ŭɝɧɜɤɜ  [FARO, 2016; Acero et al., 2016] 
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8.2.3  ȹɘŬəɟɑɓɤůɖ ŬɘůɗɖŰɐɟɤɜ ŮˊŬűɐɠ  

 

ȷűɞɨ ɞɚɞəɚɖɟɤɗɞɨɜ ɞɘ ɏɚŮɔɢɞɘ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖɜ ŮɡůŰɎɗŮɘŬ əŬɘ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ, ɝŮəɘɜɎŮɘ ɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬəɟɑɓɤůɖɠ Űɤɜ ŬɘůɗɖŰɐɟɤɜ ŮˊŬűɐɠ. 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ Ŭəɟɘɓɞɨɠ 

ɛŮɔɏɗɞɡɠ ŬɡŰɩɜ, Ůɜɩ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɞ əŬŰŬůəŮɡŬůŰɘəɧ ɛɏɔŮɗɞɠ ɔɘŬ ɜŬ 

ŮɜŰɞˊɘůŰɞɨɜ Űɡɢɧɜ ŭɘŬűɞɟɏɠ. 

ũɘŬ Űɖ ŭɘŬəɟɑɓɤůɖ ŬɘůɗɖŰɐɟɤɜ ŮˊŬűɐɠ, o əɎɗŮ əŬŰŬůəŮɡŬůŰɐɠ 

ˊɟɞŰŮɑɜŮɘ əɎˊɞɘŬ ŭɘŬűɞɟŮŰɘəɐ ɛŮɗɞŭɞɚɞɔɑŬ [Santolaria et al., 2008] ɛŮ Űɘɠ 

ˊɘɞ ɔɜɤůŰɏɠ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ɢɟɐůɖ Űɡˊɞˊɞɘɖɛɏɜɤɜ ůűŬɘɟɩɜ (Sphere 

Compensation) ɐ ůɡɔəŮəɟɘɛɏɜɤɜ əɩɜɤɜ ŭɘŬəɟɑɓɤůɖɠ ɔɘŬ Űɖ ɛɏŰɟɖůɖ 

ˊɞɚɚŬˊɚɩɜ ůɖɛŮɑɤɜ (Hole Compensation), ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

8.2 [ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022]. 

 

  

(Ŭ) (ɓ) 

ȺɘəɧɜŬ 8.2: (Ŭ)Ⱦɩɜɞɠ ŭɘŬəɟɑɓɤůɖɠ. (ɓ)ɆűŬɑɟŬ ŭɘŬəɟɑɓɤůɖɠ.[45] 

 

ũɘŬ ɜŬ ŮɑɜŬɘ ŮˊɘŰɡɢɐɠ ɖ ŭɘŬəɟɑɓɤůɖ, əɎɗŮ űɞɟɎ, ŮɝŮŰɎɕŮŰŬɘ ɖ Űɘɛɐ 2ů, 

ɧˊɞɡ ů ŮɑɜŬɘ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɧɚɤɜ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ əŬŰɎ 

Űɖ ŭɘŬŭɘəŬůɑŬ. ȼ Űɘɛɐ ŬɡŰɐ, ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŬəɟɑɓŮɘŬ 

ˊɞɡ ˊŬɟɏɢŮɘ ɞ ɓɟŬɢɑɞɜŬɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ Ůɜɧɠ ůɖɛŮɑɞɡ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɗŮɤɟɖɗŮɑ ŬˊɞŭŮəŰɐ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ˊɟɏˊŮɘ ɖ 

ŭɘŬəɟɑɓɤůɖ ɜŬ ŮˊŬɜŬɚɖűɗŮɑ Ŭˊɧ Űɖɜ Ŭɟɢɐ, ɛɏɢɟɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ 

ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ [ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022].  

ȼ ŭɘŬəɟɑɓɤůɖ ɛŮ Űɖ ɢɟɐůɖ Ůɘŭɘəɞɨ əɩɜɞɡ, ŬˊɞŰŮɚŮɑ ɛɑŬ ɛɏɗɞŭɞ əŬŰɎ 

Űɖɜ ɞˊɞɑŬ ɛŮŰɟɞɨɜŰŬɘ ˊɞɚɚŬˊɚɎ ůɖɛŮɑŬ ɔɘŬ ŭɘŬűɞɟŮŰɘəɐ əɑɜɖůɖ Űɞɡ 

ɓɟŬɢɑɞɜŬ Ůɜɩ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ ůűŬɘɟɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ŮˊŬűɐɠ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞ ŬɘůɗɖŰɐɟŬɠ ŮˊŬűɐɠ ŮűɎˊŰŮŰŬɘ ˊɚɐɟɤɠ ůŰɞɜ Ůɘŭɘəɧ 

əɩɜɞ əŬɘ Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ əɘɜɐůŮɘɠ Űɞɡ ɓɟŬɢɑɞɜŬ, ɚŬɛɓɎɜɞɜŰŬɘ 

ˊɞɚɚŬˊɚɎ ůɖɛŮɑŬ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 8.5. 

ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɞ ŬɘůɗɖŰɐɟŬɠ ɜŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ, ŰɞˊɞɗŮŰɖɛɏɜɞɠ 

ůŰɞɜ əɩɜɞ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Ůɜɩ ɞɘ ŬɟɗɟɩůŮɘɠ ˊɟɏˊŮɘ 

ɜŬ ůɢɖɛŬŰɑɕɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɞɟɗɏɠ ɔɤɜɑŮɠ ɔɘŬ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ [ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022]. 



[150] 

 

 

 

ɆɢɐɛŬ 8.5: ȸɐɛŬŰŬ ŭɘŬəɟɑɓɤůɖɠ ɛŮ Űɖ ɢɟɐůɖ əɩɜɞɡ ŭɘŬəɟɑɓɤůɖɠ 

[ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022] 

 

ȷɜŰɑɗŮŰŬ, ůŰɖ ŭɘŬəɟɑɓɤůɖ ɛŮ Űɖ ɢɟɐůɖ ůűŬɑɟŬɠ ɔɜɤůŰɩɜ ɐ ɎɔɜɤůŰɤɜ 

ŭɘŬůŰɎůŮɤɜ, ɛŮŰɟɞɨɜŰŬɘ ůɖɛŮɑŬ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŮɡɗɨɜůŮɘɠ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 8.6, Ůɜɩ ˊɟɞəɨˊŰŮɘ əŬɘ Ůŭɩ ŬɓŮɓŬɘɧŰɖŰŬ (2ů). ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ ɛŮɗɞŭɞɚɞɔɑŬ ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ɔɘŬ ůűŬɘɟɘəɞɨɠ 

ŬɘůɗɖŰɐɟŮɠ ŬɚɚɎ əŬɘ ɔɘŬ ůɖɛŮɘŬəɞɨɠ.  

 

 

ɆɢɐɛŬ 8.6: ȸɐɛŬŰŬ ŭɘŬəɟɑɓɤůɖɠ ɛŮ Űɖ ɢɟɐůɖ ůűŬɑɟŬɠ 

[ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022] 

 

ȾŬɘ ůŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɞ ŬɘůɗɖŰɐɟŬɠ ɜŬ ŮűɎˊŰŮŰŬɘ 

ůŰɖ ůűŬɑɟŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Ůɜɩ əŬɘ Ůŭɩ ŬˊŬɘŰŮɑŰŬɘ ɞɘ 

ŬɟɗɟɩůŮɘɠ ɜŬ ůɢɖɛŬŰɑɕɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɞɟɗɏɠ ɔɤɜɑŮɠ 

ɔɘŬ ŬəɟɘɓɏůŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɄɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ ˊŮɘɟɎɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬɚɨŰŮɟɖɠ 

ɛŮɗɧŭɞɡ, ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɔɘŬ əɚŬůɘəɞɨɠ ůűŬɘɟɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ, Űɤɜ 

6mm, ɖ ɛɏɗɞŭɞɠ Űɖɠ ůűŬɑɟŬɠ ŮˊɘűɏɟŮɘ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ȳˊɤɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 8.1, ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮˊɘűɏɟŮɘ əŬɚɨŰŮɟŮɠ 

ŬɓŮɓŬɘɧŰɖŰŮɠ ɧŰŬɜ ɖ ůɡůəŮɡɐ ŮɑɜŬɘ ŮɜŮɟɔɐ ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ 45 min. ɇŬ 

ˊŮɘɟɎɛŬŰŬ ŬɡŰɎ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ɓɟŬɢɑɞɜŬ ŮˊŰɎ Ŭɝɧɜɤɜ, ŬəɟɑɓŮɘŬɠ 

ɛŮɛɞɜɤɛɏɜɞɡ ůɖɛŮɑɞɡ Ñ0.029mm, Ůɜɩ ɞɘ ŬəɟɑɓŮɘŮɠ ŭɘŬəɟɑɓɤůɖɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɑɜŬɘ ɞɘ ŮɚɎɢɘůŰŮɠ ˊɞɡ ŮˊɘŰŮɨɢɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ ˊɞɘəɑɚɤɜ 

ˊŬɟŬɛɏŰɟɤɜ əŬŰɎ Űɖ ŭɘŬəɟɑɓɤůɖ [ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022]. 

ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŬɜŮɝŬɟŰɐŰɤɠ Űɖɠ ŬəɟɑɓŮɘŬɠ 

ŭɘŬəɟɑɓɤůɖɠ, ɖ ŰŮɚɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ ɛɏŰɟɖůɖɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŬəɟɑɓŮɘŬ ˊɞɡ ˊŬɟɏɢŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ. ȼ ŭɘŬŭɘəŬůɑŬ 
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Űɖɠ ŭɘŬəɟɑɓɤůɖɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ůűɎɚɛŬŰɤɜ ůŰɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɓɟŬɢɑɞɜŬ ŬɚɚɎ əŬɘ ůŰɖɜ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬɘůɗɖŰɐɟŬ 

[ȽɤŬɜɜɑŭɞɡ & ɄŬɜŰŬɕɐɠ, 2022]. 

 

 

ȹɘɎɔɟŬɛɛŬ 8.1: Ɇɨɔəɟɘůɖ ɛŮɗɧŭɤɜ ŭɘŬəɟɑɓɤůɖɠ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ 

ŭɘŬɛɏŰɟɞɡ 6mm  ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ Ŭˊɧ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ 

ůɡůəŮɡɐɠ 

 

8.2.4  ȹɘŬəɟɑɓɤůɖ ŬɘůɗɖŰɐɟɤɜ ɛɖ ŮˊŬűɐɠ 

 

ũɘŬ Űɖ ŭɘŬəɟɑɓɤůɖ ŬɘůɗɖŰɐɟɤɜ ɛɖ ŮˊŬűɐɠ (ŬɘůɗɖŰɐɟŮɠ laser) ɔɑɜŮŰŬɘ 

ɢɟɐůɖ ɛɑŬɠ ɚŮɡəɐɠ ˊɚɎəŬɠ ˊɎɜɤ ůŰɖɜ ɞˊɞɑŬ ɛŮŰɟɞɨɜŰŬɘ ůɖɛŮɑŬ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, Ŭűɞɨ ɛŮŰɟɖɗɞɨɜ ˊɎɜɤ ůŮ ŬɡŰɐ ůɖɛŮɑŬ ɛŮ Űɞ ůűŬɘɟɘəɧ 

ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ əŬɘ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŮˊɘˊŮŭɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɎɟɤůɖ ůŮ ŰɞɡɚɎɢɘůŰɞɜ ŰɟŮɘɠ ŭɘŮɡɗɨɜůŮɘɠ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 8.7 [FARO, 2016]. 

 

 

ɆɢɐɛŬ 8.7: ȸɐɛŬŰŬ ŭɘŬəɟɑɓɤůɖɠ ŬɘůɗɖŰɐɟŬ ɛɖ ŮˊŬűɐɠ əŬɘ ŭɘŮɡɗɨɜůŮɘɠ 

ůɎɟɤůɖɠ [FARO, 2016] 

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ ŰŬ ɛŮŰɟɞɨɛŮɜŬ ůɖɛŮɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ůŮ ŬɡŰɐ 

Űɖ ˊŮɟɑˊŰɤůɖ Űɞ ŭɘˊɚɎůɘɞ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ (2ů) Űɞ ɞˊɞɑɞ ɔɘŬ ɜŬ ŮɑɜŬɘ 

ŬˊɞŭŮəŰɧ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɝŮˊŮɟɜɎŮɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ əŬŰŬůəŮɡŬůŰɐ.  
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ũɘŬ Űɞɜ ɞɟɘůɛɧ Űɖɠ ŮˊɘˊŮŭɧŰɖŰŬɠ Űɖɠ ˊɚɎəŬɠ, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ 

ˊɟɞŰŮɑɜɞɡɜ Űɖ ɛɏŰɟɖůɖ ŰɞɡɚɎɢɘůŰɞɜ 8 ůɖɛŮɑɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ. 

ɋůŰɧůɞ, ˊŮɘɟŬɛŬŰɘəɎ ŭɘŬˊɘůŰɩɗɖəŮ, ˊɤɠ ɖ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɤɜ 

ůɖɛŮɑɤɜ əŬɘ ɖ ɛɏŰɟɖůɖ 12-14 ůɖɛŮɑŬ ŮˊɘűɏɟŮɘ ŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ, 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 8.2.  

 

 

ȹɘɎɔɟŬɛɛŬ 8.2: Ʉɟɞůŭɘɞɟɘůɛɧɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ ŮˊɘˊŮŭɧŰɖŰŬɠ Űɖɠ ɚŮɡəɐɠ 

ˊɚɎəŬɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ůɖɛŮɑɤɜ ɛɏŰɟɖůɖɠ 

 

ɆɢŮŰɘəɎ ɛŮ Űɖ ɛɏŰɟɖůɖ Űɖɠ ˊɚɎəŬɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ŬɘůɗɖŰɐɟŬ 

laser ŬəɟɑɓŮɘŬɠ Ñ0.054mm ŭɘŬˊɘůŰɩɗɖəŮ ˊŮɘɟŬɛŬŰɘəɎ ˊɤɠ ɛŮ Űɖ ɚɐɣɖ 

ˊŮɟɑˊɞɡ 188.000 ůɖɛŮɑɤɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŬˊɞŭŮəŰɎ əŬɘ ŬɘůɗɖŰɎ 

ɛɘəɟɧŰŮɟŬ Ŭˊɧ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ əŬŰŬůəŮɡŬůŰɐ. ȼ ɛɘəɟɧŰŮɟɖ ŬɓŮɓŬɘɧŰɖŰŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧŰŬɜ ɖ ůɡůəŮɡɐ ŮɑɜŬɘ ŮɜŮɟɔɐ ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ 30 min, ɧˊɤɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 8.3. 

 

 

ȹɘɎɔɟŬɛɛŬ 8.3: ȹɘŬəɟɑɓɤůɖ ŬɘůɗɖŰɐɟŬ laser ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ 

 

8.2.5  ȰɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ ɛŮŰɟɐůŮɤɜ  
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ɀŮŰɎ Űɖɜ ŮɔəŬŰɎůŰŬůɖ əŬɘ ŭɘŬəɟɑɓɤůɖ Űɞɡ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ, əŬɘ 

ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ əŬɘ ɞ ɏɚŮɔɢɞɠ 

ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ ɛɏŰɟɖůɖɠ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ůɖɛŮɑɞɡ. ɄɟŬəŰɘəɎ 

ŮɚɏɔɢŮŰŬɘ Ŭɜ ɗŬ ɛŮŰɟɖɗŮɑ Űɞ ɑŭɘɞ ůɖɛŮɑɞ ɔɘŬ əɎɗŮ  ŭɘŬűɞɟŮŰɘəɐ ɗɏůɖ Űɤɜ 

ŬɟɗɟɩůŮɤɜ Űɞɡ ɓɟŬɢɑɞɜŬ, Ůɜɩ ɞ ɏɚŮɔɢɞɠ ŬɡŰɧɠ ŮɝŮŰɎɕŮɘ Űɖ ůɤůŰɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŬɟɗɟɩůŮɤɜ ůŮ ɏɜŬ Ůɨɟɞɠ əɘɜɐůŮɤɜ Űɞɡ.  

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ, ɞ ɏɚŮɔɢɞɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ əɩɜɞ ŭɘŬəɟɑɓɤůɖɠ ɐ ɛɘŬ ŰɟɨˊŬ ŰɞɡɚɎɢɘůŰɞɜ 1mm 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɞɜ ůűŬɘɟɘəɧ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ. 

ɄɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊɞɚɚŬˊɚɏɠ ɛŮŰɟɐůŮɘɠ Űɞɡ ɑŭɘɞɡ ůɖɛŮɑɞɡ, Ůɜɩ ɖ ŰŮɚɘəɐ 

Űɘɛɐ ŭɘŬəɟɑɓɤůɖɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɢɏůɖ (Max-Min)/2 ɔɘŬ ŰŬ ůɖɛŮɑŬ ˊɞɡ 

ɛŮŰɟɐɗɖəŬɜ. ũɘŬ ɜŬ ŮɑɜŬɘ ŮˊɘŰɡɢɐɠ ɞ ɏɚŮɔɢɞɠ ˊɟɏˊŮɘ ɖ Űɘɛɐ ŬɡŰɐ ɜŬ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɐ ˊɞɡ ɞɟɑɕŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ, Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬˊɞŰɡɢɑŬɠ ɖ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛŮɟɘəɏɠ űɞɟɏɠ ŬəɧɛŬ ˊɟɘɜ 

ɗŮɤɟɖɗŮɑ ˊɤɠ ɖ ůɡůəŮɡɐ ɏɢŮɘ əɎˊɞɘŬ ɓɚɎɓɖ [FARO, 2016]. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞ ŬɘůɗɖŰɐɟŬɠ ŰɞˊɞɗŮŰŮɑŰŬɘ əɎɗŮŰŬ ɛɏůŬ ůŰɞɜ əɩɜɞ 

əŬɘ əɟŬŰɩɜŰŬɠ Űɞɜ ůŰŬɗŮɟɧ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɑɜɖůɖ Űɞɡ ɓɟŬɢɑɞɜŬ Ŭˊɧ 

Űɖɜ ɛɑŬ əŬŰŮɨɗɡɜůɖ ůŰɖɜ Ɏɚɚɖ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɚŬɛɓɎɜɞɜŰŬɘ ůɖɛŮɘŬəɏɠ 

ɛŮŰɟɐůŮɘɠ. ũɘŬ ˊɘɞ ɞɟɗɎ ŬˊɞŰŮɚɏůɛŬŰŬ, ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞɜ 

əŬŰŬůəŮɡŬůŰɐ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɔɑɜŮŰŬɘ ɖ əŬɗŮŰɧŰɖŰŬ ɛŮŰŬɝɨ 

Űɤɜ ŬɟɗɟɩůŮɤɜ, ůŰɞ ˊɏɟŬɠ ɧɚɖɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

 

8.2.6  ɄŮɟɘɞɟɘůɛɞɑ ůŰɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɛŮŰɟɞɨɛŮɜɞɡ Ůɝɞˊɚɘůɛɞɨ 

 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŬɜŮɝŬɘɟɏŰɤɠ Ůɚɏɔɢɞɡ, ɞ ˊŬɟŮɚəɧɛŮɜɞɠ 

Ůɝɞˊɚɘůɛɧɠ ɧˊɤɠ ɖ ůűŬɑɟŬ, ɞ əɩɜɞɠ ɐ ɖ ˊɚɎəŬ, ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ 

ŬˊɧůŰŬůɖ 2/3 Ŭˊɧ Űɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ Űɞɡ ɓɟŬɢɑɞɜŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɞɟɗɏɠ ɔɤɜɑŮɠ ɛŮŰŬɝɨ Űɤɜ ŬɟɗɟɩůŮɤɜ 

əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ, ɔɘŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ [FARO, 2016]. 

Ⱥˊɘˊɚɏɞɜ, ɛŮ Űɖ ɢɟɐůɖ ŬɡŰɐɠ Űɖɠ ŬˊɧůŰŬůɖɠ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɖ 

ˊɘɗŬɜɧŰɖŰŬ ŬˊɩɚŮɘŬɠ əɎˊɞɘɞɡ ɓŬɗɛɞɨ ŮɚŮɡɗŮɟɑŬɠ (űɡůɘəɐ ˊŮɟɘůŰɟɞűɐ 

əɎɗŮ Ɏɟɗɟɤůɖɠ) Űɞɡ ɓɟŬɢɑɞɜŬ. ɀŮ Űɖɜ ŬˊɩɚŮɘŬ ŬɡŰɐ ŮɛűŬɜɑɕŮŰŬɘ 

ñəɚŮɑŭɤɛŬò Űɖɠ əɑɜɖůɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ əŬɘ ɞɘ əɤŭɘəɞˊɞɘɖŰɏɠ ŮɑɜŬɘ 

ŬŭɨɜŬŰɞɜ ɜŬ əŬŰŬɔɟɎɣɞɡɜ Űɖ ɛŮŰɟɖŰɘəɐ ˊɚɖɟɞűɞɟɑŬ əŬɘ ɏŰůɘ ɞɘ ɛŮŰɟɐůŮɘɠ 

ŮɑɜŬɘ ɛɖ ŬəɟɘɓŮɑɠ. ɄɟɏˊŮɘ ɖ əɑɜɖůɖ Űɞɡ ɜŬ ŮɑɜŬɘ ˊɎɜŰŬ ɟŮɡůŰɐ əŬɘ ɜŬ ɛɖɜ 

ŬˊŬɘŰŮɑŰŬɘ ɡˊŮɟɓɞɚɘəɐ ŭɨɜŬɛɖ ɔɘŬ ɜŬ ɛŮŰŬəɘɜɖɗŮɑ ŬɡŰɧɠ ůŮ ɛɑŬ ɗɏůɖ 

ɛɏŰɟɖůɖɠ. ɇɏŰɞɘŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 8.3. 
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ȺɘəɧɜŬ 8.3: ȷˊɩɚŮɘŬ ɓŬɗɛɞɨ ŮɚŮɡɗŮɟɑŬɠ [FARO, 2016]
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ȾȺūȷȿȷȽɃ 9ɞ  

ɄɅɃɆȹȽɃɅȽɆɀɃɆ ȾȷȽ ɄɅɃȸȿȺɊȼ 

ɄȷɅȷɀɃɅūɋɆȺɋɁ ɆȺ ȺɅũȷ ȻɋũɅȷūȽȾȼɆ  

 

 

9.1  ȺɘůŬɔɤɔɐ  

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ́ ŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɜŬ ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŭɡɞ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ əŮűɎɚŬɘɞ 6.1 ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ŭɘŬűɞɟɩɜ 

ɗŬ ˊɟɞəɨɣŮɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɞɜŰɏɚŬ ůɡɜŰŬɨŰɘůɖɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ 

Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ Cloud to Cloud (C2C) əŬɘ Multiscale Model-to-Model 

Cloud Comparison (M3C2). 

ɋůŰɧůɞ, ɔɘŬ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ŬɡŰɞɑ, ˊɟɏˊŮɘ ɜŬ ˊɟɞɖɔɖɗŮɑ ůɡɜŰŬɨŰɘůɖ 

Űɤɜ ɜŮűɩɜ ŬɚɚɎ əŬɘ ůŰŬŰɘůŰɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ ɨˊŬɟɝɖ ɐ ɧɢɘ ůɖɛŬɜŰɘəɩɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ. ȰŰůɘ, ůŰɞ ȹɘɎɔɟŬɛɛŬ 9.1 ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ɧɚŬ ŰŬ 

ɓɐɛŬŰŬ ˊɞɡ ɗŬ Ŭəɞɚɞɡɗɖɗɞɨɜ əŬɘ ŰŬ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ŬɚɚɎ əŬɘ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ, əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ. 

 

 

 ȹɘɎɔɟŬɛɛŬ 9.1: ȹɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɟɔŬ 

ɕɤɔɟŬűɘəɐɠ  

 

ũŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɏɟɔɞɡ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ (Ůˊɞɢɏɠ) 

ɆɡɜŰŬɨŰɘůɖ əŬɘ ŮɡɗɡɔɟɎɛɛɘůɖ ɛɞɜŰɏɚɤɜ  

ɈˊɎɟɢɞɡɜ 
ˊŬɟŬɛɞɟűɩůŮɘɠ;  

Ɉˊɞɚɞɔɘůɛɧɠ 
ˊŬɟŬɛɞɟűɩůŮɤɜ 

ɆŰŬŰɘůŰɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ ɨˊŬɟɝɖ ɐ ɧɢɘ ˊŬɟŬɛɞɟűɩůŮɤɜ  

Ƀɚɞəɚɐɟɤůɖ ŭɘŬŭɘəŬůɑŬɠ 

ɁŬɘ ȳɢɘ 

ȷˊŮɘəɧɜɘůɖ ˊŬɟŬɛɞɟűɩůŮɤɜ 

ɀɞɜŰŮɚɞˊɞɑɖůɖ 
ˊŬɟŬɛɞɟűɩůŮɤɜ 
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9.2  ɆɡɜŰŬɨŰɘůɖ əŬɘ ŮɡɗɡɔɟɎɛɛɘůɖ ɛɞɜŰɏɚɤɜ  

 

ũɘŬ Űɖ ůɡɜŰŬɨŰɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ (registration-alignment) ůɡɜɐɗɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭɚɔɧɟɘɗɛɞɘ ɧˊɤɠ ŬɡŰɞɑ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɞɜ 

ɄɑɜŬəŬ 7.5, əŬɘ ŬűɞɟɞɨůŬɜ ůŰɖ ůɡɜɏɜɤůɖ ɜŮűɩɜ, ɛŮ Űɞɜ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞ 

ɜŬ ŮɑɜŬɘ ɞ ICP.  

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Iterative Closest Point (ICP) ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ˊɘɞ 

ɔɜɤůŰɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɔɘŬ Űɖ ůɡɜŰŬɨŰɘůɖ ɜŮűɩɜ ɐ ɛɞɜŰɏɚɤɜ. 

ɄŬɟɞɡůɘɎůŰɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɞɡɠ Besl əŬɘ McKay Űɞ 1992, Ůɜɩ 

ɏəŰɞŰŮ ɏɢɞɡɜ ɔɑɜŮɘ ŬɟəŮŰɏɠ ɓŮɚŰɘɩůŮɘɠ ůŮ ŭɘɎűɞɟŬ ůŰɎŭɘɎ Űɞɡ.  

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ ɧɟŬůɖ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ Űɖ ɟɞɛˊɞŰɘəɐ, Ůɜɩ 

ůəɞˊɧɠ Űɞɡ ŮɑɜŬɘ ɜŬ ɓɟŮɗŮɑ ɞ ɓɏɚŰɘůŰɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ɛŮŰŬɝɨ ŭɨɞ 

Ůˊɘɛɏɟɞɡɠ ɜŮűɩɜ, ˊɟɞəŮɘɛɏɜɞɡ ŬɡŰɎ ɜŬ ŮɡɗɡɔɟŬɛɛɘůɗɞɨɜ.   

ȼ ɓŬůɘəɐ ɘŭɏŬ, ŮɑɜŬɘ ɖ ŮűŬɟɛɞɔɐ ɛɘŬɠ ŭɘŬŭɘəŬůɑŬɠ ˊɟɞůŭɘɞɟɘůɛɞɨ 

ɞɛɞɚɞɔɘɩɜ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɜŮűɩɜ, Ůɜɩ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛŮ Űɞ ɓɏɚŰɘůŰɞ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ, ɩůŰŮ ɖ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬˊɎɜɤ ɞɛɞɚɞɔɘɩɜ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ.  

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ŮɑɜŬɘ ŮˊŬɜŬɚɖˊŰɘəɧɠ əŬɘ ůɡɜŮɢɑɕŮŰŬɘ ɛɏɢɟɘ ɜŬ 

ɘəŬɜɞˊɞɘɖɗŮɑ Űɞ əɟɘŰɐɟɘɞ Űɖɠ ůɨɔəɚɘůɖɠ (əŬŰɩűɚɘ) ́ ɞɡ ɏɢŮɘ ɞɟɘůŰŮɑ Ŭˊɧ 

Űɞɜ ɢɟɐůŰɖ, ˊɟɞəŮɘɛɏɜɞɡ ɞɘ ŭɘŬűɞɟɏɠ ɜŬ ŮɑɜŬɘ ŬˊɞŭŮəŰɏɠ ɔɘŬ Űɖɜ ŮəɎůŰɞŰŮ 

ŮűŬɟɛɞɔɐ.          

ȳɛɤɠ ɖ ŮűŬɟɛɞɔɐ Űɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ ˊɟɞɦˊɞɗɏůŮɘɠ. ȷɟɢɘəɎ 

ˊɟɏˊŮɘ Űɞ ɏɜŬ ɜɏűɞɠ ɜŬ ŮɑɜŬɘ ɡˊɞůɨɜɞɚɞ Űɞɡ Ɏɚɚɞɡ ɐ ŰŬ ɜɏűɖ ɜŬ ɏɢɞɡɜ 

ɛŮɔɎɚɖ ŮˊɘəɎɚɡɣɖ ɩůŰŮ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɞ ŮɜŰɞˊɘůɛɧɠ ŮůűŬɚɛɏɜɤɜ 

ɞɛɞɚɞɔɘɩɜ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ˊɟɏˊŮɘ ɖ ůɢŮŰɘəɐ ɗɏůɖ Űɤɜ ŭɨɞ ɜŮűɩɜ ɜŬ ɏɢŮɘ 

ŬˊɞəŬŰŬůŰŬɗŮɑ ɛŮɟɘəɩɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ŮɑŰŮ ůŮ ɜɏűɖ ůɖɛŮɑɤɜ, 

ŮɑŰŮ ůŮ əŬɛˊɨɚŮɠ, ˊɚɏɔɛŬŰŬ Űɟɘɔɩɜɤɜ, ŮˊɘűɎɜŮɘŮɠ əŰɚ., ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ 

ɧŰɘ ɧɚŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɢɗɞɨɜ ůŮ ůɖɛŮɑŬ (ˊ.ɢ. ŰŬ ŰɟɑɔɤɜŬ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ 

Ŭˊɧ ŰɟɑŬ ůɖɛŮɑŬ).  

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ Ŭɚɔɧɟɘɗɛɞ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟŬ ɓŬůɘəɎ ɓɐɛŬŰŬ [Zhang, 2021;  Huang et al., 

2021]:  

ü Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɞɛɞɚɞɔɘɩɜ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ 
ɜŮűɩɜ  

ü Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŰŮŰɟŬŭɘəɧ ůɨůŰɖɛŬ Űɞɡ Hamilton 



[157] 

 

ü Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ Ůɜɧɠ ɜɏűɞɡɠ ɤɠ ˊɟɞɠ Űɞ 
Ɏɚɚɞ  

ü Űɖɜ ŮˊŬɜɎɚɖɣɖ Űɤɜ ˊŬɟŬˊɎɜɤ ɓɖɛɎŰɤɜ ɛɏɢɟɘ ɜŬ ɘəŬɜɞˊɞɘɖɗŮɑ Űɞ 
əɟɘŰɐɟɘɞ Űɖɠ ůɨɔəɚɘůɖɠ ˊɞɡ ɏɢŮɘ ŰŮɗŮɑ.  

Ʉɘɞ ŬɜŬɚɡŰɘəɎ, ɔɘŬ ɏɜŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ ὖ ɛŮ ˊɚɐɗɞɠ ´ əŬɘ Ůɜɧɠ 

ůɡɜɧɚɞɡ   ɛŮ ˊɚɐɗɞɠ ´ ɘůɢɨɞɡɜ ɞɘ ůɢɏůŮɘɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ 
ˊŬɟŬəɎŰɤ.   

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɞɛɞɚɞɔɘɩɜ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůɡɜɧɚɤɜ, 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ŮɔɔɨŰŮɟɞɠ ɔŮɑŰɞɜŬɠ əɎɗŮ ůɖɛŮɑɞɡ Űɞɡ ὖ ůŰɞ ůɨɜɞɚɞ 
ůɖɛŮɑɤɜ Űɞɡ  , ɤɠ ɖ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ, əŬɘ ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ 9.1: 

 

Ὠὴᴆȟὢ άὭὲᴁὼᴆ ὴᴆᴁ άὭὲ ὼ ὼ  ώ ώ ᾀ ᾀ     (9.1) 

 

ɧˊɞɡ ὴᴆ ØὴÉȟÙὴÉȟÚὴÉ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ὖ ɛŮ É ρȟςȟȣȢ́ὴ əŬɘ  

           Øᴆ ØὼÉȟÙὼÉȟÚὼÉ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ὢ ɛŮ É ρȟςȟȣȢ́ὼ 

ȰŰůɘ   ŮɑɜŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɡɠ ŮɔɔɨŰŮɟɞɡɠ 
ɔŮɑŰɞɜŮɠ Űɞɡ ὖ, ɛŮ   ὅὖȟὢ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ˊɤɠ ɔɘŬ Űɞ ŮɜŰɞˊɘůɛɧ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ ůɖɛŮɑɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɘəɑɚŮɠ ŭɞɛɏɠ ŭŮŭɞɛɏɜɤɜ ɧˊɤɠ ɞ k-D tree ɐ ɞ octree. 

ȷəɧɛɖ ŬɜɎɚɞɔŬ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ əŬɘ Űɞɜ Ŭɝɘɞˊɞɘɐůɘɛɞ ɢɟɧɜɞ, 

ɛˊɞɟɞɨɜ ɜŬ ŮˊɘɚŮɔɞɨɜ ɔɘŬ Űɞɜ Ŭɟɢɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Ůˊɘɛɏɟɞɡɠ ůɖɛŮɑŬ 

Űɞɡ ɜɏűɞɡɠ əŬɘ ɧɢɘ Űɞ ůɨɜɞɚɧ Űɞɡ (ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬ) .  

ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɞɡ ŰŮŰɟŬŭɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ Hamilton, 

ɧˊɞɡ ɞ ˊɑɜŬəŬɠ ůŰɟɞűɐɠ ˊŬɟŬɛŮŰɟɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ŰŮŰɟŬŭɞɜɑɤɜ.   

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ɛɞɜŬŭɘŬɑɞ ŰŮŰɟŬŭɧɜɘɞ 

 ήᴆ ήȟήȟήȟή  ɛŮ ή π əŬɘ ή ή ή ή ρ 
ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ ˊɑɜŬəŬɠ ůŰɟɞűɐɠ Űɖɠ ůɢɏůɖɠ 9.2. 

 

 Ὑ

ή ή ή ή ςήή ήή ςήή ήή

ςήή ήή ή ή ή ή ςήή ήή

ςήή ήή ςήή ήή ή ή ή ή

     (9.2) 

 

ȷəɧɛɖ, Űɞ ŭɘɎɜɡůɛŬ ɛŮŰɎɗŮůɖɠ ὸ ɞɟɑɕŮŰŬɘ ɤɠ ήᴆ ήȟήȟή , 

Ůˊɞɛɏɜɤɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ŮɑɜŬɘ ήᴆ ήᴆȿήᴆ. 

ȰŰůɘ ɖ ůɡɜɎɟŰɖůɖ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ ŮɑɜŬɘ:  
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Ὢήᴆ В ᴁὼᴆ Ὑήᴆ Ͻὴᴆ ήᴆᴁ               (9.3) 

 

ɈˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ əɏɜŰɟŬ ɓɎɟɞɡɠ ‘ᴆ əŬɘ ‘ᴆ  ɔɘŬ Űɞ əɎɗŮ ɜɏűɞɠ ὖ əŬɘ ὢ, 
ŬɜŰɑůŰɞɘɢŬ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɖ ůɢɏůɖ 9.4, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɞ ˊɑɜŬəŬɠ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ-ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ ŭɨɞ ɜŮűɩɜ    Ŭˊɧ Űɖ ůɢɏůɖ 

9.5.  

 

‘ᴆ В ὴᴆ   ʆɻʅ    ‘ᴆ В ὼᴆ                 (9.4) 

  В ὴᴆ ‘ᴆ ὼᴆ ‘ᴆ                      (9.5) 

 

ɃɟɑɕŮŰŬɘ, Ůˊɑůɖɠ, ɏɜŬɠ ŬɜŰɘůɡɛɛŮŰɟɘəɧɠ ˊɑɜŬəŬɠ  ̈́əŬɘ Űɞ ŭɘɎɜɡůɛŬ ῳ 
Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ɞ ůɡɛɛŮŰɟɘəɧɠ ˊɑɜŬəŬɠ ὗ, ɧˊɤɠ 
ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɘɠ ůɢɏůŮɘɠ 9.6 əŬɘ 9.7.  

 

΅       ʆɻʅ  ῳ ΅ ΅ ΅           (9.6) 

ὗ
ὸὶ  ῳ

ῳ     ὸὶ  Ὅ
  ɛŮ  Ό

ρ π π
π ρ π
π π ρ

  (9.7) 

 

ȼ ɛɏɔɘůŰɖ ɘŭɘɞŰɘɛɐ Űɞɡ ˊɑɜŬəŬ Q ŬɜŰɘůŰɞɘɢŮɑ ůŰŬ ůŰɞɘɢŮɑŬ Űɞɡ 

ɘŭɘɞŭɘŬɜɨůɛŬŰɞɠ  ήᴆ ήȟήȟήȟή  əŬɘ Ůˊɞɛɏɜɤɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ  

ɓɏɚŰɘůŰɖ ůŰɟɞűɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȷəɧɛɖ, ɖ ɓɏɚŰɘůŰɖ Űɘɛɐ Űɖɠ ɛŮŰɎɗŮůɖɠ 

ŮɑɜŬɘ:  

 

ήᴆ ‘ᴆ Ὑήᴆ Ͻ‘ᴆ                               (9.8) 

 

ȰŰůɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ὖ ɤɠ ˊɟɞɠ Űɞ   əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ůűɎɚɛŬ Ὠ , Ůɜɩ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮ Űɖ 

ɛɞɟűɐ (ήᴆȟὨ ὗὖȟὢ. 

ɇŬ ˊŬɟŬˊɎɜɤ ɓɐɛŬŰŬ, ɚɞɘˊɧɜ, ůɡɜɞɣɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ [Zhang, 2021;  

Huang et al., 2021]: 

ɓ1. ȷɟɢɘəɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɧˊɞɡ ὖ ὖ, 
ήᴆ ρȟπȟπȟπȟπȟπ ȟπ  əŬɘ ‖ π, Ůɜɩ ŭɑɜŮŰŬɘ əŬɘ Űɞ əŬŰɩűɚɘ ɐ ɖ 
Ŭɜɞɢɐ †.  

ɓ2. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ əɞɜŰɘɜɧŰŮɟŬ ůɖɛŮɑŬ   ὅὖȟὢ ɛŮ əɧůŰɞɠ 
π´ȟ́ . 

ɓ3. ɈˊɞɚɞɔɑɕŮŰŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ (ήᴆȟὨ ὗὖȟὢ  ɛŮ əɧůŰɞɠ 
π´ .  
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ɓ4. ȺűŬɟɛɧɕŮŰŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ůŰɞ ůɨɜɞɚɞ ὖ, Ůˊɞɛɏɜɤɠ ɘůɢɨŮɘ 
ὖ ήᴆὖ  ɛŮ əɧůŰɞɠ π´ . 

ɓ5. ȺˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɩůŰŮ ɞɘ ŭɘŬűɞɟɏɠ Űɤɜ ůűŬɚɛɎŰɤɜ 
ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ŮˊŬɜŬɚɐɣŮɤɜ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ Űɖɜ 

Űɘɛɐ Űɖɠ ůɨɔəɚɘůɖɠ Ὠ Ὠ †. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ Űɞ əɧůŰɞɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɏŰɟɞ ˊɞɡ ŭŮɑɢɜŮɘ 

ˊɧůɞ əŬɚɎ ŮɡɗɡɔɟŬɛɛɑɕɞɜŰŬɘ ŰŬ ŭɨɞ ɜɏűɖ ůɖɛŮɑɤɜ ɛŮŰɎ Ŭˊɧ əɎɗŮ 

ŮˊŬɜɎɚɖɣɖ, Ůɜɩ ůŰɧɢɞɠ Űɞɡ  ICP ŮɑɜŬɘ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ ŬɡŰɧ Űɞ əɧůŰɞɠ, 

ɩůŰŮ ŰŬ ůɖɛŮɑŬ ɜŬ ŰŬɘɟɘɎɕɞɡɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ əŬɚɨŰŮɟŬ. ȾŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ 

ŬɡŰɧ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞ ɛɖŭɏɜ.  

ɆɢŮŰɘəɎ ɛŮ Űɖ ůɨɔəɚɘůɖ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ŮˊŬɜŬɚɐɣŮɤɜ, ŬɝɑɕŮɘ 

ɜŬ ŬɜŬűŮɟɗŮɑ ˊɤɠ ŬɡŰɐ ůɡɔəɚɑɜŮɘ ůŮ ɏɜŬ Űɞˊɘəɧ ŮɚɎɢɘůŰɞ ůŮ ůɢɏůɖ ɛŮ Űɖ 

ůɡɜɎɟŰɖůɖ ɛɏůɖɠ ŰŮŰɟŬɔɤɜɘəɐɠ ŬˊɧůŰŬůɖɠ. ȷɡŰɧɠ ŮɑɜŬɘ əŬɘ ɞ ɓŬůɘəɧɠ 

ɚɧɔɞɠ ˊɞɡ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ˊɟɞŰɘɛɎŰŬɘ ɏɜŬɜŰɘ Ɏɚɚɤɜ ɔɘŬ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ. ȷəɧɛŬ, ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ɢɞɜŭɟɞŮɘŭɩɜ 

ůűŬɚɛɎŰɤɜ ůŰɞ ůŰɎŭɘɞ Ůˊɘɚɞɔɐɠ ɞɛɧɚɞɔɤɜ ůɖɛŮɑɤɜ, ˊɞɚɚɏɠ űɞɟɏɠ ŭɑɜŮŰŬɘ 

əŬɘ ɏɜŬ ɧɟɘɞ D ́ɞɡ ŬűɞɟɎ ůŰɖ ɛɏɔɘůŰɖ ŬˊɧůŰŬůɖ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɩůŰŮ 

ŭɨɞ ůɖɛŮɑŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ɞɛɧɚɞɔŬ.  

ɇɏɚɞɠ, ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚŮɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ůŮ ŭɘɎűɞɟŬ ůŰɎŭɘɎ Űɞɡ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɞɡ, 

əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.1. ɀŮ r ŭɑɜŮŰŬɘ 

Űɞ ɛɏůɤ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ Űɖɠ ůɡɜŰŬɨŰɘůɖɠ (RMS), ɛŮ t ɞ ɢɟɧɜɞɠ ˊɞɡ 

ɢɟŮɘɎůŰɖəŮ ɔɘŬ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ŬɡŰɐ əŬɘ ɛŮ iter Űɞ ˊɚɐɗɞɠ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ [Zhang et al., 2021]. 

 

 

ȺɘəɧɜŬ 9.1: ɄŬɟɎŭŮɘɔɛŬ ůɡɜɏɜɤůɖɠ ůɖɛŮɑɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŬɟŬɚɚŬɔɏɠ 

Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ICP [61] 
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ȼ ŰŮɚɘəɐ ŬəɟɑɓŮɘŬ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ, ŮɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɖɜ 

ŬɓŮɓŬɘɧŰɖŰŬ Űɤɜ ůɖɛŮɑɤɜ əɎɗŮ ɜɏűɞɡɠ, ɧůɞ əŬɘ Ŭˊɧ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, Űɞ ŮˊɘəŬɚɡˊŰɧɛŮɜɞ ŰɛɐɛŬ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ ŬɚɚɎ əŬɘ 

Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ Ůˊɘˊɚɏɞɜ ɗɞɟɨɓɞɡ.  

 

9.3  ɆŰŬŰɘůŰɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ ˊŬɟŬɛɞɟűɩůŮɤɜ 

 

ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ůɡɜŰŬɨŰɘůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

Ůˊɞɢɩɜ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰŬŰɘůŰɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ Űɞ 

Ŭɜ ŰŮɚɘəɎ ɡˊɎɟɢɞɡɜ ˊŬɟŬɛɞɟűɩůŮɘɠ-ŬɚɚɞɘɩůŮɘɠ ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ 

ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ P (ˊ.ɢ. P=95%). ũɘŬ Űɞɜ ɏɚŮɔɢɞ ŬɡŰɧ ŬɝɘɞˊɞɘŮɑŰŬɘ 

Űɧůɞ Űɞ ŰŮɚɘəɧ RMS Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ICP ɧůɞ əŬɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ ůɎɟɤůɖɠ 

Űɖɠ əɎɗŮ Ůˊɞɢɐɠ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɛŮ ŭŮŭɞɛɏɜɞ ˊɤɠ Űɞ ɜɏűɞɠ Űɖɠ əɎɗŮ Ůˊɞɢɐɠ ɏɢŮɘ 

ŬɓŮɓŬɘɧŰɖŰŬ „ əŬɘ  „, ŬɜŰɑůŰɞɘɢŬ, ˊɟɞəɨˊŰŮɘ ˊɤɠ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ 
ŭɘŬűɞɟɎɠ Űɞɡɠ ŮɑɜŬɘ ɑůɖ ɛŮ:  

„ „ „                                    (9.9) 

ȷɜŰɑůŰɞɘɢŬ ůŰɞ RMS ́ ŮɟɘɚŬɛɓɎɜɞɜŰŬɘ Űɧůɞ ŰŬ ůűɎɚɛŬŰŬ Űɤɜ ɜŮűɩɜ 

ɧůɞ əŬɘ ŬɡŰɎ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ, Ůˊɞɛɏɜɤɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ůɨɔəɟɘůɐ Űɞɡɠ ɔɘŬ Űɞ ɕɖŰɞɨɛŮɜɞ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ.  

ũɘŬ ɜŬ ɡˊɎɟɢɞɡɜ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ, 

ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ɖ ůɢɏůɖ 9.10. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɞɘ ŭɘŬűɞɟɏɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ ŬˊɞŰŮɚɞɨɜ ɗɧɟɡɓɞ əŬɘ Ůˊɞɛɏɜɤɠ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ.  

ὙὓὛ ᾀϽ„                                  (9.10) 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ Gauss, oɘ Űɘɛɏɠ Űɞɡ ᾀ ́ ɞɘəɑɚɞɡɜ ɔɘŬ ŰŬ 
ŭɘɎűɞɟŬ ŮˊɑˊŮŭŬ ŮɛˊɘůŰɞůɨɜɖɠ ɛŮ Űɘɠ ˊɘɞ ɔɜɤůŰɏɠ ɜŬ ŮɑɜŬɘ Űɞ ᾀ=1.960 
ɔɘŬ P=95% əŬɘ ᾀ=2.576 ɔɘŬ P=99%.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ŭɘŬűɞɟɏɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ, ŰɧŰŮ ŮűŬɟɛɧɕɞɜŰŬɘ 

ɞɘ ɛɏɗɞŭɞɘ ˊɟɞůŭɘɞɟɘůɛɞɨ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɜŮűɩɜ ŮɜŰɞˊɑɕɞɜŰŬɠ ŰŬ 

ůɖɛŮɑŬ ˊɞɡ ɏɢɞɡɜ ŬɚɚɞɘɤɗŮɑ-́ ŬɟŬɛɞɟűɤɗŮɑ.  

 

9.4  Ɉˊɞɚɞɔɘůɛɧɠ ˊŬɟŬɛɞɟűɩůŮɤɜ  

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ, ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ C2C, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɞɘəɞɜɞɛɘəɧɠ əŬɘ 

ɔɟɐɔɞɟɞɠ, Ůɜɩ ɛˊɞɟŮɑ ɜŬ ŮɝɎɔŮɘ ŭɘŬűɞɟɏɠ Űɧůɞ ůŰɞ ɢɩɟɞ ɧůɞ əŬɘ əŬŰɎ x, 

y əŬɘ z ɝŮɢɤɟɘůŰɎ. Ⱥˊɘˊɚɏɞɜ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ŮɑɜŬɘ 
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ɛŮɔɎɚŮɠ ˊɟɞŰŮɑɜŮŰŬɘ əŬɘ ɖ ɢɟɐůɖ Űɞɡ M3C2 əŬɗɩɠ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ 

Ůˊɘɛɏɟɞɡɠ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɤɜ ŭɘŬűɞɟɩɜ.  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ɔɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɏɢŮɘ ɖ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ŬɡŰɩɜ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ɩůŰŮ ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ɧůɞ 

əŬɚɨŰŮɟŬ ɔɑɜŮŰŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɤɠ ɜɏűɞɠ 

ŬɜŬűɞɟɎɠ ɗŮɤɟŮɑŰŬɘ Űɞ ɜɏűɞɠ Űɖɠ ˊŬɚŬɘɧŰŮɟɖɠ Ůˊɞɢɐɠ, Ůɜɩ Űɞ ɜɏűɞɠ 

ůɨɔəɟɘůɖɠ ŮɑɜŬɘ Űɞ ˊɘɞ ˊɟɧůűŬŰɞ.  

ȳůɞɜ ŬűɞɟɎ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ Cloud to Cloud Distance, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ 

ŬˊɧůŰŬůɖ əɎɗŮ ůɖɛŮɑɞɡ Űɞɡ ɜɏűɞɡɠ ůɨɔəɟɘůɖɠ ɛŮ Űɞɜ ŮɔɔɨŰŮɟɞ ɔŮɑŰɞɜŬ 

Ŭˊɧ Űɞ ɜɏűɞɠ ŬɜŬűɞɟɎɠ. ɋůŰɧůɞ ɔɘŬ ŬəɟɘɓɏůŰŮɟɞ ɡˊɞɚɞɔɘůɛɧ ŮˊɘɚɏɔŮŰŬɘ 

ɖ Űɞˊɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ɜɏűɞɡɠ ŬɜŬűɞɟɎɠ ɔɨɟɤ Ŭˊɧ Űɞɜ ŮɔɔɨŰŮɟɞ 

ɔŮɑŰɞɜŬ ˊɟɞəŮɘɛɏɜɞɡ ɖ ŬˊɧůŰŬůɖ ɜŬ ˊɟɞəɨɣŮɘ ɤɠ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ 

Űɞɡ ɜɏűɞɡɠ ůɨɔəɟɘůɖɠ Ŭˊɧ Űɖɜ ɛɞɜŰŮɚɞˊɞɘɖɛɏɜɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ɜɏűɞɡɠ 

ŬɜŬűɞɟɎɠ.  

ȼ Űɞˊɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ŮɑɜŬɘ ŬɡŰɐ Űɖɠ ˊɟɞůŬɟɛɞɔɐɠ 

Ůɜɧɠ Ůˊɘˊɏŭɞɡ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ. Ƀ Űɟɘɔɤɜɘůɛɧɠ 

Delaunay ŬɚɚɎ əŬɘ ɖ ɢɟɐůɖ Űɖɠ ŰŮŰɟŬɔɤɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ŬˊɞűŮɨɔɞɜŰŬɘ 

əŬɗɩɠ ˊɟɞɦˊɞɗɏŰɞɡɜ Űɖɜ ɨˊŬɟɝɖ ůɖɛŮɑɤɜ ůŰɘɠ ɎəɟŮɠ ŬɚɚɎ əŬɘ Űɖɜ ɨˊŬɟɝɖ 

Ŭɘɢɛɖɟɩɜ Ŭəɛɩɜ, əɎŰɘ Űɞ ɞˊɞɑɞ ŭŮɜ ŮɑɜŬɘ ůɑɔɞɡɟɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ.   

ȳůɞɜ ŬűɞɟɎ Űɖɜ ˊŮɟɘɞɢɐ ɔɨɟɤ Ŭˊɧ Űɞɜ ŮɔɔɨŰŮɟɞ ɔŮɑŰɞɜŬ ůŰɖɜ ɞˊɞɑŬ 

ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ŮɑŰŮ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ ůűŬɑɟŬ ŮɑŰŮ ɛŮ ˊɚɐɗɞɠ ůɖɛŮɑɤɜ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘŬŰɟɘɓɐ ŮˊɘɚɏɔŮŰŬɘ Űɞ ˊɚɐɗɞɠ ůɖɛŮɑɤɜ əŬɗɩɠ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɧ Ŭˊɧ ˊɟɘɜ 

əɎɗŮ ˊɧŰŮ ŬɚɚɎɕŮɘ ɖ ŰɟŬɢɨŰɖŰŬ ɩůŰŮ ɜŬ ŮˊɘɚŮɔŮɑ əŬɘ ůɤůŰɐ ŬəŰɑɜŬ ůŰɖ 

ůűŬɑɟŬ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 9.2, ɛŮŰɎ Ŭˊɧ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ 

ˊɚɐɗɞɠ ůɖɛŮɑɤɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ůŰɖ ɛɏůɖ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ Ůˊɞɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɛŮ Űɖ ɢɟɐůɖ 8-10 

ůɖɛŮɑɤɜ.    

ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ŭɘŬűɞɟɎ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ůŰɞ ɢɩɟɞ 

ŬɚɚɎ əŬɘ əŬŰɎ x, y əŬɘ z ɩůŰŮ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɔɑɜŮɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ  ůŮ ŮˊɧɛŮɜɞ ɓɐɛŬ.  

ȷˊɧ Űɖɜ Ɏɚɚɖ, Űɞ ɓŬůɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ Multiscale 

Model-to-Model Cloud Comparison ŮɑɜŬɘ ɧŰɘ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ Űɧůɞ Űɞ 

ůűɎɚɛŬ Űɞɡ əɎɗŮ ɜɏűɞɡɠ ɢɤɟɘůŰɎ ɧůɞ əŬɘ Űɞ ůűɎɚɛŬ ůɡɜŰŬɨŰɘůɐɠ Űɞɡɠ. 

Ⱥˊɘˊɚɏɞɜ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ 

ɢɟɐůŰɖ ɜŬ ŮˊɘɚɏɝŮɘ Űɘɠ ñəɚɑɛŬəŮɠò ɐ Ŭɚɚɘɩɠ Űɞ ɛɏɔŮɗɞɠ Űɞɡ əɡɚɑɜŭɟɞɡ ˊɞɡ 

ɗŬ ˊɟɞůŬɟɛɞůŰŮɑ ůŰŬ ůɖɛŮɑŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ 
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Ʉɚɐɗɞɠ ůɖɛŮɑɤɜ

Űɤɜ ɜŮűɩɜ. ȰŰůɘ ɧŰŬɜ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɏɢŮɘ ɛɘəɟɐ ŰɟŬɢɨŰɖŰŬ ɐ ɗɧɟɡɓɞ, 

ŮˊɘɚɏɔɞɜŰŬɘ ɛŮɔɎɚŮɠ ŬəŰɑɜŮɠ əŬɘ Űɞ ŬɜŰɑůŰɟɞűɞ.  

 

 

ȹɘɎɔɟŬɛɛŬ 9.2: Ʉɚɐɗɞɠ ůɖɛŮɑɤɜ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɘɠ 

ŰŮɚɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ 

  

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɚɞɔɘůɛɘəɎ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ŬɡŰɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ, 

ɡˊɞɚɞɔɑɕɞɡɜ ɛŮ ɝŮɢɤɟɘůŰɐ ŭɘŬŭɘəŬůɑŬ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ 

ˊɟɞůŬɟɛɧɕɞɡɜ ŬɡŰɧɛŬŰŬ Űɘɠ əɚɑɛŬəŮɠ Űɞɡ əɡɚɑɜŭɟɞɡ. ȷɡŰɐ ɖ 

ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ŮˊɘŰŬɢɨɜŮɘ əŬŰɎ ˊɞɚɨ Űɖ ŭɘŬŭɘəŬůɑŬ əŬɘ Ůˊɞɛɏɜɤɠ 

ˊɟɞŰɘɛɎŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ ˊɞɡ Űɞ ɜɏűɞɠ ŮɑɜŬɘ 

ˊɞɚɨ ˊɡəɜɧ əŬɘ ɞɔəɩŭŮɠ.  

ɋůŰɧůɞ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ˊŬɟɎ Űɘɠ ˊŬɟŬɛŮŰɟɞˊɞɘɐůŮɘɠ, ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɢɟɞɜɞɓɧɟɞɠ əŬɘ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ 

ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ˊŮɟɘɞɢɏɠ ˊɞɡ ́ŬɟɞɡůɘɎɕɞɡɜ ɏɜŰɞɜŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɛŮ Űɞɜ 

C2C.   

 

9.5  ɀɞɜŰŮɚɞˊɞɑɖůɖ ˊŬɟŬɛɞɟűɩůŮɤɜ 

 

 ȷűɞɨ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ 

ɔɑɜŮɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ Űɞ ůŰŮɟŮɧ 

ˊŬɟŬɛɧɟűɤůɖɠ. Ⱥˊɘˊɚɏɞɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ŬˊɩɚŮɘŬ 

ɢɟɩɛŬŰɞɠ ɛŮŰŬɝɨ Ůˊɞɢɩɜ, ůŮ ɏɟɔŬ ɛŮ ˊŬɢɘɏɠ ˊɘɜŮɚɘɏɠ, ɛˊɞɟŮɑ ɜŬ 

ɘɢɜɖɚŬŰɖɗŮɑ ɖ ˊɟɞɔŮɜɏůŰŮɟɖ ɔɟŬɛɛɞɔɟŬűɑŬ əŬɘ ɜŬ ŮˊɤűŮɚɖɗŮɑ Űɞ ůŰɎŭɘɞ 

Űɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ. 
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9.5.1 ɆŰŮɟŮɧ ˊŬɟŬɛɧɟűɤůɖɠ 

 

ũɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

ůŰŮɟŮɞɨ ˊŬɟŬɛɧɟűɤůɖɠ ɔɘŬ ɏɜŬ ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ, ŬɟəŮɑ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɎ 

ŰŬ ůɖɛŮɑŬ Űɞɡ ɏɟɔɞɡ ůŰɞ ɢɩɟɞ ŬɚɚɎ əŬɘ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɞɡɠ əŬŰɎ x 

(dx) ,y (dy) əŬɘ z (dz).  

ȰŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŰɟɘŭɘɎůŰŬŰɞ ŭɘɎɔɟŬɛɛŬ, ŬɜŰɑůŰɞɘɢɞ Űɞɡ 

ȹɘɎɔɟŬɛɛŬ 9.3, ɧˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ɧɚɞɡ Űɞɡ ɏɟɔɞɡ, 

əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ɞɘ ɛɏɔɘůŰŮɠ əŬɘ ɞɘ ŮɚɎɢɘůŰŮɠ Űɘɛɏɠ. 

   

 

ȹɘɎɔɟŬɛɛŬ 9.3: ɆŰŮɟŮɧ ˊŬɟŬɛɧɟűɤůɖɠ [46] 

 

9.5.2 ȽɢɜɖɚɎŰɘůɖ-ɛɞɜŰŮɚɞˊɞɑɖůɖ ɢŬɛɏɜɤɜ ˊɘɜŮɚɘɩɜ  

 

ɆŮ ɏɟɔŬ ɛŮ ˊŬɢɘɏɠ ˊɘɜŮɚɘɏɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭɘŬˊɘůŰɤɗŮɑ ŬˊɩɚŮɘŬ 

Űɞɡɠ-ɔŭɎɟůɘɛɞ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ˊɟɞůɗɐəŮɠ ˊɞɡ ˊɟɏˊŮɘ 

ɜŬ ɔɑɜɞɡɜ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ. ũɘŬ ɜŬ ůɡɛɓŮɑ ŬɡŰɧ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŰŬ ŰɟɘŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ ɔɘŬ əɎɗŮ Ůˊɞɢɐ, 

ŭɖɚŬŭɐ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Űɞ ůŰɎŭɘɞ Űɖɠ Űɟɘɔɤɜɞˊɞɑɖůɖɠ Űɞɡ ɜɏűɞɡɠ.  

ɆŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Mesh to Mesh 

Distance ɔɘŬ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ŬˊɩɚŮɘŬ ɢɟɩɛŬŰɞɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ˊɎɢɞɠ Űɖɠ 

ˊɘɜŮɚɘɎɠ ˊɞɡ ñɏűɡɔŮò əŬɘ ɏŰůɘ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ əŬɚɨŰŮɟŬ Űɞ ůŰɎŭɘɞ 

Űɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ. ɆŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ ɞ ůɡɜŰɖɟɖŰɐɠ ɛˊɞɟŮɑ ɜŬ 

ŮɜŰɞˊɑůŮɘ ŬəɧɛŬ əŬɘ Űɖ űɞɟɎ Űɤɜ ˊɘɜŮɚɘɩɜ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.2.  

   

dz(ɛm) 

dy(ɛm) 

dx(ɛm) 
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ȺɘəɧɜŬ 9.2: ȷˊɧůˊŬůɛŬ ŰɟɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ ůŮ ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ əŬɘ 

ˊŬɟŬŰɐɟɖůɖ ˊɘɜŮɚɘɩɜ əŬɚɚɘŰɏɢɜɖ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɔɘŬ ˊɘɞ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɏˊŮɘ ŰŬ 

ŰɟɘŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ɗŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ɑŭɘŬ 

ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ ŬˊɞəɚɑůŮɘɠ əŬɘ ŭɘŬűɞɟɏɠ ˊɞɡ ɗŬ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɟɘɔɤɜɞˊɞɑɖůɖɠ.  

 

9.6  ȷˊŮɘəɧɜɘůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ  

 

ɆɢŮŰɘəɎ ɛŮ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɡˊɎɟɢɞɡɜ ˊɞɘəɑɚɞɘ 

Űɟɧˊɞɘ ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ ŮɨəɞɚŬ ůɡɛˊŮɟɎůɛŬŰŬ.  

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ŬɟɢɘəɎ ˊɟɞəɨˊŰŮɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ůŰŮɟŮɞɨ 

ˊŬɟŬɛɧɟűɤůɖɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əɡɟɑɤɠ ɔɘŬ ŮˊɞˊŰɘəɞɨɠ 

ɚɧɔɞɡɠ ɔɘŬ ɎɜŰɚɖůɖ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɎ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ˊŬɟŬɛɧɟűɤůɖɠ ůŮ əɎɗŮ ŭɘɎůŰŬůɖ. Ⱥˊɘˊɚɏɞɜ ɡˊɎɟɢɞɡɜ ŭɡɜŬŰɧŰɖŰŮɠ 

ɞˊŰɘəɞˊɞɑɖůɖɠ Űɤɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ əŬɘ ůɡɜɞɚɘəɎ əŬɘ ŬɜɎ 

ɎɝɞɜŬ ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ˊŬɟŬəɎŰɤ.   

Ɇɡɜɐɗɤɠ, ɔɘŬ Űɘɠ Űɘɛɏɠ Űɤɜ ŬˊɞůŰɎůŮɤɜ-́ ŬɟŬɛɞɟűɩůŮɤɜ ɛŮŰŬɝɨ Űɤɜ 

ɜŮűɩɜ, ŮˊɘɚɏɔŮŰŬɘ ɖ ɢɟɐůɖ ɢɟɤɛŬŰɘəɐɠ ˊŬɚɏŰŬɠ ɔɘŬ Ůɨɟɞɠ Űɘɛɩɜ, ɧˊɞɡ ůŰɖ 

ɓɘɓɚɘɞɔɟŬűɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ ůŬɜ ɢɎɟŰɖɠ ɗŮɟɛɧŰɖŰŬɠ (heatmap) ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 9.1. ȷɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ŬˊŮɘəɞɜɑɕŮɘ əŬɘ Űɖ ůɡɜɞɚɘəɐ 

ŭɘŬűɞɟɎ ŬɚɚɎ əŬɘ ŭɘŬűɞɟɎ ŬɜɎ ɎɝɞɜŬ. 
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ɆɢɐɛŬ 9.1: ȷˊŮɘəɧɜɘůɖ ŭɘŬűɞɟɩɜ ɛŮ Űɖ ɢɟɐůɖ ɢɎɟŰɖ ɗŮɟɛɧŰɖŰŬɠ  

[Jafari et al., 2017] 

 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ Ůˊɞɢɩɜ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ 

əŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ űŬɟɏŰɟŬɠ, ɧˊɤɠ ɞɜɞɛɎɕɞɜŰŬɘ. ȷɡŰɎ, 

ɧˊɤɠ űŬɑɜɞɜŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 9.2 ŮɑɜŬɘ əŬŰŮɡɗɡɜɧɛŮɜŬ ɔɟŬűɐɛŬŰŬ ˊɞɡ 

ŮˊɘŰɟɏˊɞɡɜ ɓɟɧɔɢɞɡɠ əŬɘ ɓɏɚɖ ɛŮŰŬɝɨ Űɤɜ əɞɟɡűɩɜ. ɄɟŬəŰɘəɎ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ ůɖɛŮɑŬ ůŰɞ ɢɩɟɞ, ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ Ůˊɞɢɩɜ ɤɠ 

ŭɘɎɜɡůɛŬ. ȰŰůɘ ɛˊɞɟɞɨɜ ˊɞɚɨ ŮɨəɞɚŬ ɜŬ ŬɜŰɚɖɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ 

Űɖɜ ŰɎůɖ Űɖɠ ˊŬɟŬɛɧɟűɤůɖ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɐ ůŰɞ ůɨɜɞɚɞ Űɞɡ 

ɏɟɔɞɡ [Ioannidou & Pantazis, 2025]. 

 

  

(Ŭ) (ɓ) 

ɆɢɐɛŬ 9.2: (Ŭ)ũɟɎűɖɛŬ űŬɟɏŰɟŬɠ ůŰɞ ŮˊɑˊŮŭɞ x,y ůŮ mm.(ɓ)ũɟɎűɖɛŬ 

űŬɟɏŰɟŬɠ ůŰɞ ɢɩɟɞ ůŮ mm [47-48] 

 

ɇɏɚɞɠ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɢɗɞɨɜ əŬɘ əɎɗŮŰŮɠ Űɞɛɏɠ, ɧˊɤɠ ŬɡŰɏɠ Űɞɡ 

ɆɢɐɛŬŰɞɠ 9.3, ůŰɘɠ ɞˊɞɑŮɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ əŬɘ ɞɘ ŭɨɞ ɢɟɞɜɘəɏɠ ˊŮɟɑɞŭɞɘ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɤɜ ŭɨɞ ɛɞɜŰɏɚɤɜ ůŮ əɎɗŮ Ůˊɞɢɐ. 

ȷɡŰɏɠ ŮɑɜŬɘ ɢɟɐůɘɛŮɠ əŬɘ ůŰɞ ůŰɎŭɘɞ Űɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ əŬɗɩɠ ɛˊɞɟɞɨɜ 

ɜŬ ŭɩůɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɔŭŬɟůɑɛŬŰŬ, ˊɘɜŮɚɘɏɠ əŬɘ ˊɟɞůɗɐəɖ ɡɚɘəɞɨ.  
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ɆɢɐɛŬ 9.3: ȾɎɗŮŰɖ Űɞɛɐ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ Űɤɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɜŮűɩɜ.  

 

9.7  ɄɟɧɓɚŮɣɖ ˊŬɟŬɛɞɟűɩůŮɤɜ 

 

ɆɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ɏɜŬ ɏɟɔɞ 

ɕɤɔɟŬűɘəɐɠ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ əŮűɎɚŬɘɞ 4.1 , ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ɨˊŬɟɝɖ ŭŮŭɞɛɏɜɤɜ ɢɟɞɜɞůŮɘɟɎɠ, əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ˊɞůɞŰɘəɐ 

ˊɟɧɓɚŮɣɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŬˊŬɘŰɞɨɜŰŬɘ ŭŮŭɞɛɏɜŬ ŰŮəɛɖɟɑɤůɖɠ ŰŬ 

ɞˊɞɑŬ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ɔɘŬ Űɞ ɏɟɔɞ ˊɞɡ 

ɛŮɚŮŰɎŰŬɘ.   

ũɘŬ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɞɚɑŬ ůŰɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ˊɟɞŰŮɑɜŮŰŬɘ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɏůɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ Űɤɜ ɏɟɔɤɜ, ŮɑŰŮ 

ɞɚɞəɚɖɟɤɛɏɜŬ, ŮɑŰŮ ŬɜɎ ˊŮɟɘɞɢɐ, ɔɘŬ ůɡɔəŮəɟɘɛɏɜŮɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ, 

ŰŬ ɞˊɞɑŬ əŬɘ ɗŬ ŬˊɞŰŮɚɏůɞɡɜ əŬɘ ŰŬ ɓŬůɘəɎ ŭŮŭɞɛɏɜŬ ɢɟɞɜɞůŮɘɟɎɠ ˊɞɡ ɗŬ 

Ŭɝɘɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ.  

ũɘŬ Űɖɜ ɛŮɚɏŰɖ ŬɡŰɩɜ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ, ŬɟɢɘəɎ ŮɜŰɞˊɑɕɞɜŰŬɘ əŬɘ 

ŬˊɞɛɞɜɩɜɞɜŰŬɘ əɎˊɞɘŬ ɓŬůɘəɎ-əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ɧˊɤɠ ɖ ŰɎůɖ, 

ɖ əɡəɚɘəɧŰɖŰŬ ɐ ɖ ŰɡɢŬɘɧŰɖŰŬ ɔɘŬ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɏɟɔɤɜ əŬɘ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬɡŰɎ ŭɘŬŰɖɟɞɨɜŰŬɘ əŬɘ 

űɡɚɎůůɞɜŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ ɖ ŰɎůɖ ɗŮɤɟŮɑŰŬɘ ɛɘəɟɐ əŬɘ ɞɘ 

ɛɏɗɞŭɞɘ ŮɝɞɛɎɚɡɜůɖɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ˊɟɞŰɘɛɩɜŰŬɘ. 

ɋůŰɧůɞ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊŬɟŬɛɧɟűɤůɖ Ůɜɧɠ ɏɟɔɞɡ ŮɝŬɟŰɎŰŬɘ Űɧůɞ 

Ŭˊɧ ŮɝɤŰŮɟɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ (ɧˊɤɠ ůɡɜɗɐəŮɠ ɡɔɟŬůɑŬɠ əŬɘ 

ɗŮɟɛɞəɟŬůɑŬɠ) ɧůɞ əŬɘ Ŭˊɧ Űɘɠ ɢɟɤůŰɘəɏɠ ˊɞɡ ŮɑɜŬɘ űŰɘŬɔɛɏɜɞ, ŬˊŬɘŰŮɑŰŬɘ 

əŬɘ ůɡɜŭɡŬůɛɧɠ ɛŮ ŬɘŰɘɞəɟŬŰɘəɏɠ ɐ ŮˊŮɝɖɔɖɛŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ɆŮ ŬɡŰɐ Űɖ 

ˊŮɟɑˊŰɤůɖ, ůəɞˊɧɠ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ ɛɑŬɠ ɛŬɗɖɛŬŰɘəɐɠ ůɢɏůɖɠ ˊɞɡ ɗŬ 

ůɡɜŭɏŮɘ Űɞ ɛɏůɞ ɟɡɗɛɧ ɛŮŰŬɓɞɚɐɠ ɛŮ Űɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ 

ɏɟɔɞɡ.  Ɇɡɜɐɗɤɠ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ ɖ ŮɨɟŮůɖ ůɡůɢŮŰɑůŮɤɜ  ɛŮŰŬɝɨ 

ŭɘŬűɞɟŮŰɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ  ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ɛŮɗɧŭɤɜ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ [ȷɚŮɓɘɕɎəɞɡ, 2017].   

Ⱥˊɘˊɚɏɞɜ, ŬɜŮɝŬɟŰɐŰɤɠ ɛŮɗɧŭɞɡ,  ŰŬ ŭŮŭɞɛɏɜŬ ɛˊɞɟɞɨɜ ɜŬ ɢɤɟɘůŰɞɨɜ 

ůŮ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ŭŮŭɞɛɏɜŬ ŭɞəɘɛɐɠ. ɄɟŬəŰɘəɎ Űɞ ůɨɜɞɚɞ 
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ŮəˊŬɑŭŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ  Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ˊɟɧɓɚŮɣɖɠ, Ůɜɩ 

Űɞ ůɨɜɞɚɞ ŭɞəɘɛɐɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ.   

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ɞɟɘůɗŮɑ əŬɘ Űɞ ŭɘɎůŰɖɛŬ Űɖɠ 

ˊɟɧɓɚŮɣɖɠ, ŭɖɚŬŭɐ Űɞ ŭɘɎůŰɖɛŬ ɛɏůŬ ůŰɞ ɞˊɞɑɞ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ŮɛűŬɜɘůŰŮɑ ɛɑŬ Űɘɛɐ ɔɘŬ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ.  ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɤɜ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ, ŬɡŰɧ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ůɡɜŰɖɟɖŰɏɠ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ñ́ ɟɞɚɎɓɞɡɜò ɛɖ ŬɜŮəŰɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ.  

ɇŬ ɓɐɛŬŰŬ, ɚɞɘˊɧɜ, ˊɞɡ ˊɟɏˊŮɘ ɜŬ Ŭəɞɚɞɡɗɖɗɞɨɜ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ˊɟɧɓɚŮɣɖɠ ŮɑɜŬɘ:  

ɓ1. Ƀ ɞɟɘůɛɧɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ŬűɞɟɎ ůŰɖɜ ˊɟɧɓɚŮɣɖ ɛŮŰŬɓɞɚɐɠ 
ɗɏůɖɠ ůɖɛŮɑɤɜ ůŰɞɜ ɢɩɟɞ, əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůɖɛŮɑɤɜ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Ůɜɧɠ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ ɞɟɑɕŮŰŬɘ əŬɘ ɞ 

ɢɟɞɜɘəɧɠ ɞɟɑɕɞɜŰŬɠ Űɖɠ ˊɟɧɓɚŮɣɖɠ ɞ ɞˊɞɑɞɠ əŬɘ ˊɟɏˊŮɘ ɜŬ ůɡɜɎŭŮɘ 

ɛŮ Űɞ ɓɐɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ.  

ɓ2. ȼ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɧˊɞɡ ŬɡŰɎ ɛŮɚŮŰɩɜŰŬɘ ůŰŬŰɘůŰɘəɎ əŬɘ 
ŮɚɏɔɢŮŰŬɘ ɖ ɨˊŬɟɝɖ əɎˊɞɘŬɠ ŰɎůɖɠ ɐ ŮˊɞɢɘəɧŰɖŰŬɠ Ůɜɩ ŮɝŮŰɎɕŮŰŬɘ 

əŬɘ Ŭɜ ɖ ɢɟɞɜɞůŮɘɟɎ ŬəɞɚɞɡɗŮɑ əɎˊɞɘŬ ɔɜɤůŰɐ əŬŰŬɜɞɛɐ. 

ɓ3. ȼ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ ɗɞɟɨɓɞɡ ɐ Űɞɜ 
ŮɜŰɞˊɘůɛɧ ñŬůɡɜɐɗɘůŰɤɜò Űɘɛɩɜ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ŭŮɜ ɗŬ 

ɏˊɟŮˊŮ ɜŬ ɡˊɎɟɢɞɡɜ. 

ɓ4.  ȼ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ ˊɟɧɓɚŮɣɖɠ ɛŮ ɓɎůɖ ŰŬ 
ŭŮŭɞɛɏɜŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ.  

ɓ5. ȼ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ ŬɝɘɞˊɞɘɩɜŰŬɠ  ŰŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ.  

ɓ6. ȼ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɛŮɗɧŭɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŭŮŭɞɛɏɜŬ ŭɞəɘɛɐɠ 
əŬɘ ŬɝɘɞˊɞɘɩɜŰŬɠ ˊɞɘəɑɚɞɡɠ ůŰŬŰɘůŰɘəɞɨɠ ŭŮɑəŰŮɠ. 

ɓ7. ȺűŬɟɛɞɔɐ ˊɟɞɓɚɏɣŮɤɜ ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ 
ɓɎɗɞɠ ɢɟɧɜɞɡ.  
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ȾȺūȷȿȷȽɃ 10ɞ  

ȺūȷɅɀɃũȼ ɄɅɃɇȺȽɁɃɀȺɁȼɆ ɀȺŪɃȹɃȿɃũȽȷɆ  

 

 

10.1  ȺɘůŬɔɤɔɐ  

 

ȷűɞɨ ˊŮɟɘɔɟɎűɖəŮ ŬɜŬɚɡŰɘəɎ ɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ɔŮɤɛŮŰɟɘəɐɠ 

ŰŮəɛɖɟɑɤůɖɠ Űɤɜ ɏɟɔɤɜ ŬɚɚɎ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ ŬɡŰɎ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ 

ˊŮɘɟɎɛŬŰŬ. ɃɡůɘŬůŰɘəɎ ŰŮəɛɖɟɘɩɗɖəŬɜ ŰɏůůŮɟŬ ɏɟɔŬ ɕɤɔɟŬűɘəɐɠ ɧˊɞɡ 

əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɧ ɛɏɔŮɗɞɠ əŬɘ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞ ɛŮ 

ŭɘŬűɞɟŮŰɘəɎ ɡɚɘəɎ, ɩůŰŮ ɜŬ əŬɚɨˊŰŮŰŬɘ ɏɜŬ Ůɡɟɨ űɎůɛŬ ůŮ ɔŮɤɛŮŰɟɘəɎ 

əŬɘ ˊŮɟɘɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɆŰɞɜ ɄɑɜŬəŬ 10.1 ŭɑɜɞɜŰŬɘ ŰŬ ɏɟɔŬ ˊɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ ɛŬɕɑ ɛŮ əɎˊɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ.  

 

 Ȱɟɔɞ 
ɀɏɔŮɗɞɠ  

(cm x cm) 

ȰŰɞɠ 

ȹɖɛɘɞɡɟɔɑŬɠ 

ɄŮɑɟŬɛŬ 1ɞ ɂɨɚɘɜɖ ŬɔɘɞɔɟŬűɑŬ 35 x 24 2002 

ɄŮɑɟŬɛŬ 2ɞ 
ɀŬɟəŬŭɧɟɞɘ ɞɘɜɞˊɜŮɨɛŬŰɞɠ   

ůŮ ɢŬɟŰɑ 
29.7 x 42 2023 

ɄŮɑɟŬɛŬ 3ɞ ȺɚŬɘɞɔɟŬűɑŬ ůŮ əŬɛɓɎ 40 x 60 2024 

ɄŮɑɟŬɛŬ 4ɞ ȷəɞɡŬɟɏɚŬ ůŮ ɢŬɟŰɑ 42 x 76 2023 

ɄɑɜŬəŬɠ 10.1: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɏɟɔɤɜ ɕɤɔɟŬűɘəɐɠ  

 

ȾɎɗŮ ɏɟɔɞ ŰŮəɛɖɟɘɩɗɖəŮ ɔŮɤɛŮŰɟɘəɎ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɧɠ Űɞɡ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ əŬŰɎɚɚɖɚɞ Ůɝɞˊɚɘůɛɧ əŬɘ ɛŮɗɞŭɞɚɞɔɑŬ. ȼ 

ŰŮəɛɖɟɑɤůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ Ůˊɞɢɏɠ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ Űɡɢɧɜ ˊŬɟŬɛɞɟűɩůŮɘɠ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɧɚŬ ŰŬ ɏɟɔŬ ŰŮəɛɖɟɘɩɗɖəŬɜ ŬɟɢɘəɎ (Ⱥˊɞɢɐ 1) əŬɘ 

ůŰɖ ůɡɜɏɢŮɘŬ ŮɝŬɜŬɔəɎůŰɖəŬɜ ůŮ ˊŬɟŬɛɧɟűɤůɖ əŬɘ ɝŬɜŬŰŮəɛɖɟɘɩɗɖəŬɜ 

(Ⱥˊɞɢɐ 2). Ƀ ŮɝŬɜŬɔəŬůɛɧɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ɐŰŬɜ ŮɑŰŮ ɔŭŬɟůɑɛŬŰŬ, ŮɑŰŮ 

ŬűŬɑɟŮůɖ ɢɟɩɛŬŰɞɠ, ŮɑŰŮ ɏəɗŮůɖ ůŮ ɡˊŮɟɓɞɚɘəɐ ɡɔɟŬůɑŬ. ȰŰůɘ 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ, ɧˊɞɡ ɐŰŬɜ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ, əŬɘ 

ŬˊŮɘəɞɜɑůŰɖəŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŬɔɘɞɔɟŬűɑŬɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ ůŮ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ Ůˊɞɢɏɠ. Ƀɘ ŭɨɞ 

ˊɟɩŰŮɠ ŭŮɜ ˊŬɟɞɡůɑŬɕŬɜ əŬɛɑŬ ˊŬɟŬɛɧɟűɤůɖ, Ůɜɩ ɖ ŰɟɑŰɖ ŮɑɢŮ 

ůɖɛŬɜŰɘəɏɠ ŬɚɚɞɘɩůŮɘɠ. ȷɡŰɧ ůɡɜɏɓɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɚŮɔɢɗŮɑ ɖ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɖɠ ůŰŬŰɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ 

ˊŬɟŬɛɞɟűɩůŮɤɜ.  
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ɆŰɞ ȹɘɎɔɟŬɛɛŬ 10.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɧɚŬ ŰŬ ɓɐɛŬŰŬ ˊɞɡ 

ŮűŬɟɛɧůŰɖəŬɜ ůŮ əɎɗŮ ˊŮɑɟŬɛŬ ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ əŬɘ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŮ əɎɗŮ ɏɟɔɞ ɕɤɔɟŬűɘəɐɠ.  

 

 

ȹɘɎɔɟŬɛɛŬ 10.1: ɄŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ 

 

ȳůɞɜ ŬűɞɟɎ ůŰɞɜ Ůɝɞˊɚɘůɛɧ, ůŮ ɧɚŬ ŰŬ ˊŮɘɟɎɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ 

ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ ɛɏŰɟɖůɖɠ FARO Edge ScanArm, ɞ ɞˊɞɑɞɠ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮˊŰɎ ŬɟɗɟɩůŮɘɠ. ȷɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɐůŮɘ ůɖɛŮɑŬ ůŰɞ 

ɢɩɟɞ ɛŮ ŬəɟɑɓŮɘŬ Ñ0.029mm (Ñ29ɛm), Ůɜɩ Ŭɜ ůɡɜŭŮɗŮɑ əŬɘ ɞ ůŬɟɤŰɐɠ 

Laser Line Probe HD (LLP) ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ůɎɟɤůɖ ůɖɛŮɑɤɜ 

ɛŮ ŬəɟɑɓŮɘŬ Ñ0.054mm (Ñ54ɛm). Ƀ Ůɝɞˊɚɘůɛɧɠ ŬɡŰɧɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 10.1 Ůɜɩ əɎˊɞɘŬ Ůˊɘˊɚɏɞɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ŭɑɜɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 10.2.  

ȷəɧɛɖ, ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɢɟɐůɖ əŬɘ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ (Laser tracker) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ FARO Laser Tracker 

Vantage, Űɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ ŮɨəɞɚŬ ɛŮ Űɞ ScanArm, əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŰɖɜ ȺɘəɧɜŬ 10.1. ȷɡŰɧ ɏɢŮɘ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ŭɘŮɡɗɨɜůŮɤɜ əŬɘ ɛɖəɩɜ 

ŬɜɎɚɞɔŮɠ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ ɛɏŰɟɖůɖɠ ɧˊɤɠ ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŬɕɑ ɛŮ 

Ůˊɘˊɚɏɞɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɞɜ ɄɑɜŬəŬ 10.3.  

ũŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ (Ⱥˊɞɢɐ 1) 

ũŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ɏɟɔɞɡ ɕɤɔɟŬűɘəɐɠ (Ⱥˊɞɢɐ 2) 

 

ɈˊɎɟɢɞɡɜ 
ˊŬɟŬɛɞɟűɩůŮɘɠ;  

Ɉˊɞɚɞɔɘůɛɧɠ, ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ 
ŬˊŮɘəɧɜɘůɖ ́ŬɟŬɛɞɟűɩůŮɤɜ 

ɆŰŬŰɘůŰɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ ɨˊŬɟɝɖ ɐ ɧɢɘ ˊŬɟŬɛɞɟűɩůŮɤɜ  
 

Ƀɚɞəɚɐɟɤůɖ ŭɘŬŭɘəŬůɑŬɠ 

ɁŬɘ ȳɢɘ 

ɆɡɜŰŬɨŰɘůɖ əŬɘ ŮɡɗɡɔɟɎɛɛɘůɖ ɛɞɜŰɏɚɤɜ  

 

ȺɝŬɜŬɔəŬůɛɏɜɖ ˊŬɟŬɛɧɟűɤůɖ ɏɟɔɞɡ 
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(Ŭ) (ɓ) (ɔ) 

ȺɘəɧɜŬ 10.1: (Ŭ)FARO Edge ScanArm. (ɓ)FARO Laser Line Probe HD.  

(ɔ)FARO Laser Tracker Vantage [FARO, 2016] 
 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ 

ȷəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ɛŮɛɞɜɤɛɏɜɞɡ ůɖɛŮɑɞɡ Ñ0.029mm 

Ɇɡɜɞɚɘəɧ ɛɐəɞɠ ɓɟŬɢɑɞɜŬ 1.8m 

ȸɎɟɞɠ 10.7 kg 

Ʉɚɐɗɞɠ ŬɟɗɟɩůŮɤɜ 7 ŬɟɗɟɩůŮɘɠ 

Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ 10oC ɏɤɠ 40oC 

Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɘəɐɠ ɡɔɟŬůɑŬɠ  0% ɏɤɠ 95% 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ůŬɟɤŰɐ laser 

ȷəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ɛŮɛɞɜɤɛɏɜɞɡ ůɖɛŮɑɞɡ Ñ0.054mm 

ȸɎɗɞɠ ˊŮŭɑɞɡ 115mm 

Ʉɚɐɗɞɠ ůɖɛŮɑɤɜ ŬɜɎ ɔɟŬɛɛɐ ůɎɟɤůɖɠ  2000 ůɖɛŮɑŬ/ɔɟŬɛɛɐ 

Ʌɡɗɛɧɠ ůɎɟɤůɖɠ  280 əŬɟɏ/ŭŮɡŰŮɟɧɚŮˊŰɞ 

ȸɎɟɞɠ  222.4g 

ɄɑɜŬəŬɠ 10.2: ɉŬɟŬəŰɖɟɘůŰɘəɎ FARO Edge ScanArm əŬɘ Laser Line Probe 

HD [FARO, 2011] 
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ɉŬɟŬəŰɖɟɘůŰɘəɎ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

ȷəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ŬˊɧůŰŬůɖɠ (ADM) 16ɛm + L Ŀ 0.8ɛm/m 

ȷəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ ŭɘŮɡɗɨɜůŮɤɜ 20ɛm + L Ŀ 5ɛm/m 

ȸŮɚɖɜŮəɏɠ  Ȱɤɠ 80m ŬɜɎɚɞɔŬ Űɞ SMR 

ȸɎɟɞɠ  12.6 kg 

Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ -15oC ɏɤɠ 50oC 

Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɘəɐɠ ɡɔɟŬůɑŬɠ  0% ɏɤɠ 95% 

Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɘəɐɠ ɓŬɟɞɛŮŰɟɘəɐɠ ˊɑŮůɖɠ  225.50 ɏɤɠ 825.07 mmHG 

ɄɑɜŬəŬɠ 10.3: ɉŬɟŬəŰɖɟɘůŰɘəɎ FARO Laser Tracker Vantage [FARO, 2016] 

 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɘ ɖ ɢɟɐůɖ ˊŬɟŮɚəɧɛŮɜɞɡ 

Ůɝɞˊɚɘůɛɞɨ, ɧˊɤɠ ɖ ůűŬɑɟŬ əŬɘ ɖ ˊɚɎəŬ ŭɘŬəɟɑɓɤůɖɠ ɔɘŬ Űɞɜ ɓɟŬɢɑɞɜŬ 

ŬɚɚɎ əŬɘ ɞɘ ŬɜŬəɚŬůŰɐɟŮɠ SMR əŬɘ ɞ ɓɘɞɛɖɢŬɜɘəɧɠ ŰɟɑˊɞŭŬɠ ɔɘŬ Űɞ laser 

tracker.   

ȳɚŬ ŰŬ ˊŮɘɟɎɛŬŰŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ɡˊɧɔŮɘɞ ɢɩɟɞ Űɖɠ Ɇɢɞɚɐɠ 

ȷɔɟɞɜɧɛɤɜ əŬɘ ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ-ɀɖɢŬɜɘəɩɜ ũŮɤˊɚɖɟɞűɞɟɘəɐɠ, 

ȺɀɄ, ɞ ɞˊɞɑɞɠ ŭɘŬɛɞɟűɩɗɖəŮ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘŬŰɟɘɓɐɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰɞ ɢɩɟɞ ɛɏŰɟɖůɖɠ 

ŮɔəŬŰŬůŰɎɗɖəŬɜ ŬɘůɗɖŰɐɟŮɠ ɗŮɟɛɞəɟŬůɑŬɠ (TinyTag 2) əŬɘ ɡɔɟŬůɑŬɠ ɔɘŬ 

Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ůɡɜɗɖəɩɜ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əɎɗŮ 15 min, Ůɜɩ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬɘ ɏɜŬ ůŰŬɗŮɟɧ ŰůɘɛŮɜŰɏɜɘɞ ɓɎɗɟɞ ŭɘŬůŰɎůŮɤɜ  

1.60 x 0.90 m ɔɘŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɧůɞ Űɞɡ ɓɟŬɢɑɞɜŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

Ůɘŭɘəɐ ˊɚŬəɏŰŬ, ɧůɞ əŬɘ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ŭɘŬəɟɑɓɤůɖɠ ɐ Űɞɡ ɏɟɔɞɡ 

ɕɤɔɟŬűɘəɐɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 10.2. Ⱥˊɘˊɚɏɞɜ ůŰɞ ɢɩɟɞ 

ŰɞˊɞɗŮŰɐɗɖəŮ əŬɘ ŬűɡɔɟŬɜŰɐɟŬɠ ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɤɜ ůɡɜɗɖəɩɜ 

ɡɔɟŬůɑŬɠ əŬɗɩɠ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůɖɛŬɜŰɘəɏɠ ŬɡɝɞɛŮɘɩůŮɘɠ. Ɇəɞˊɧɠ ɐŰŬɜ 

ɖ ɗŮɟɛɞəɟŬůɑŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɜŬ ŮɑɜŬɘ 20  Ñ 2  əŬɘ 

ɖ ɡɔɟŬůɑŬ 45-50% Ñ 5%. 

 

  

 
(Ŭ) (ɓ) (ɔ) 

ȺɘəɧɜŬ 10.2: (Ŭ)ȷɘůɗɖŰɐɟŮɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɡɔɟŬůɑŬɠ. (ɓ)ɇůɘɛŮɜŰɏɜɘɞ 

ɓɎɗɟɞ. (ɔ)Ⱥɘŭɘəɐ ˊɚŬəɏŰŬ ŰɞˊɞɗɏŰɖůɖɠ ɓɟŬɢɑɞɜŬ. 
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ȳůɞɜ ŬűɞɟɎ ůŰɞɡɠ Ůɚɏɔɢɞɡɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɝɞˊɚɘůɛɞɨ, ůɨɛűɤɜŬ 

ɛŮ Űɖɜ əŬŰŬůəŮɡɎůŰɟɘŬ ŮŰŬɘɟɑŬ, ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ɡˊɎɟɢɞɡɜ 

ůɡɔəŮəɟɘɛɏɜŬ ɓɐɛŬŰŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ Ŭəɞɚɞɡɗɖɗɞɨɜ.  

ũɘŬ Űɞɜ ŬɟɗɟɤŰɧ ɓɟŬɢɑɞɜŬ, ŮəŰɧɠ Ŭˊɧ Űɞɜ ɏɚŮɔɢɞ ŮɡůŰɎɗŮɘŬɠ, 

ɞɟɘɕɞɜŰɑɤůɖɠ ŬɚɚɎ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ, ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɏɚŮɔɢɞɠ əŬɘ ŭɘŬəɟɑɓɤůɖ Űɞɡ ůűŬɘɟɘəɞɨ ŬɘůɗɖŰɐɟŬ ŮˊŬűɐɠ, ŬɚɚɎ əŬɘ 

ŭɘŬəɟɑɓɤůɖ Űɞɡ ůŬɟɤŰɐ laser (LLP).  

ɆŮ ɧɚŬ ŰŬ ˊŮɘɟɎɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɘůɗɖŰɐɟŬɠ ŮˊŬűɐɠ (ball probe) 

ɛŮ ŭɘɎɛŮŰɟɞ 6mm, ɞ ɞˊɞɑɞɠ ŮɚɏɔɢɗɖəŮ ɛŮ Űɖ ɢɟɐůɖ ɔɜɤůŰɐɠ ůűŬɑɟŬɠ 

ŭɘŬɛɏŰɟɞɡ 22.225mm (7/8ò), ɧˊɞɡ ˊɎɜɤ ůŮ ŬɡŰɐ ɛŮŰɟɐɗɖəŬɜ 44 ůɖɛŮɑŬ, 

ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŮɡɗɨɜůŮɘɠ, ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ůŰɞ ɆɢɐɛŬ 8.4 əŬɘ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 10.3. ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, 

ˊɟɞəɨˊŰŮɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɞɡ Ůɚɏɔɢɞɡ, ɖ ɞˊɞɑŬ əŬɘ ůɡɔəɟɑɜŮŰŬɘ əŬɘ ɛŮ Űɖɜ 

Ŭɜɞɢɐ Űɞɡ əŬŰŬůəŮɡŬůŰɐ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ.  

 
 

 

ȺɘəɧɜŬ 10.3: ȰɚŮɔɢɞɠ ůűŬɘɟɘəɞɨ ŬɘůɗɖŰɐɟŬ ɛŮ Űɖ ɢɟɐůɖ ɔɜɤůŰɐɠ ůűŬɑɟŬɠ.   

 

ɆɢŮŰɘəɎ ɛŮ Űɞɜ ɏɚŮɔɢɞ Űɞɡ LLP, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 10.4, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɚŮɡəɐ ˊɚɎəŬ ŭɘŬəɟɑɓɤůɖɠ, ɖ ɞˊɞɑŬ ůŬɟɩɗɖəŮ ůŮ 

ˊɏɜŰŮ ŭɘŮɡɗɨɜůŮɘɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ˊɤɠ ˊɟɘɜ Űɖ ůɎɟɤůɖ Űɖɠ, 
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ɛŮŰɟɐɗɖəŬɜ ůɖɛŮɑŬ ˊɎɜɤ ůŮ ŬɡŰɐ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ɐŭɖ ŮɚŮɔɛɏɜɞ 

ŬɘůɗɖŰɐɟŬ 6mm,  ɩůŰŮ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŮˊɘˊŮŭɧŰɖŰɎ Űɖɠ. ȾŬɘ Ůŭɩ, ɔɘŬ ɜŬ 

ŮɑɜŬɘ ŬˊɞŭŮəŰɐ ɖ ŭɘŬəɟɑɓɤůɖ ˊɟɏˊŮɘ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ɛŮŰɎ Űɖ 

ůɎɟɤůɖ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɖɜ Ŭɜɞɢɐ Űɞɡ əŬŰŬůəŮɡŬůŰɐ.   

 

 

ȺɘəɧɜŬ 10.4: ȹɘŮɡɗɨɜůŮɘɠ ůɎɟɤůɖɠ ɔɘŬ ɏɚŮɔɢɞ ůŬɟɤŰɐ ɛŮ Űɖ ɢɟɐůɖ ɚŮɡəɐɠ 

ˊɚɎəŬɠ 

 

ɇɧůɞ ɞ ŬɟɗɟɤŰɧɠ ɓɟŬɢɑɞɜŬɠ ŬɚɚɎ əŬɘ ɞɘ ŬɘůɗɖŰɐɟŮɠ ŮˊŬűɐɠ ɐ laser 

ŮɜŮɟɔɞˊɞɘɐɗɖəŬɜ, ůŮ ɧɚŬ ŰŬ ˊŮɘɟɎɛŬŰŬ, ŰɞɡɚɎɢɘůŰɞɜ ɛɘůɐ ɩɟŬ ˊɟɘɜ Űɖɜ 

ɏɜŬɟɝɖ Űɤɜ ɛŮŰɟɐůŮɤɜ, ŮɑŰŮ ŬɡŰɏɠ ŬűɞɟɞɨůŬɜ Ůɚɏɔɢɞɡɠ ŮɑŰŮ ůŬɟɩůŮɘɠ. 

Ⱥˊɘˊɚɏɞɜ, Űɧůɞ ɖ ˊɚɎəŬ ɧůɞ əŬɘ ɖ ůűŬɑɟŬ ŭɘŬəɟɑɓɤůɖɠ ɐ Űɞ ɏɟɔɞ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ɘəŬɜɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞɜ ɓɟŬɢɑɞɜŬ ˊɟɞəŮɘɛɏɜɞɡ ɞɘ 

ŬɟɗɟɩůŮɘɠ Űɞɡ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɞɟɗɏɠ ɔɤɜɑŮɠ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 10.5.  

 

  

ȺɘəɧɜŬ 10.5: ɇɞˊɞɗɏŰɖůɖ ɓɟŬɢɑɞɜŬ əŬɘ ˊŬɟŮɚəɧɛŮɜɤɜ ɔɘŬ ɞɟɗɐ ɔŮɤɛŮŰɟɑŬ 

ŬɟɗɟɩůŮɤɜ  
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ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ Ůɚɏɔɢɞɡ Űɤɜ ŬɘůɗɖŰɐɟɤɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɏɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ əɩɜɞ 

ŭɘŬəɟɑɓɤůɖɠ. Ƀ ůűŬɘɟɘəɧɠ ŬɘůɗɖŰɐɟŬɠ 6mm ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞɜ əɩɜɞ əŬɘ 

ɛŮŰɟɐɗɖəŬɜ ůɖɛŮɑŬ ɔɘŬ ɧɚɞ Űɞ Ůɨɟɞɠ əɑɜɖůɖɠ Űɞɡ ɓɟŬɢɑɞɜŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɖɜ ȺɘəɧɜŬ 10.6. ȰŰůɘ ɡˊɞɚɞɔɑůŰɖəŮ ɖ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ əŬɘ 

ŮɚɏɔɢɗɖəŮ ɛŮ Űɖɜ Ŭɜɞɢɐ ˊɞɡ ŭɑɜŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ.  

 
 

 

ȺɘəɧɜŬ 10.6: ȰɚŮɔɢɞɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ   

 

ȳůɞɜ ŬűɞɟɎ ůŰɖ űɞɟɖŰɐ ɛɖɢŬɜɐ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ɛŮŰɎ Űɖ 

ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ ɛɏŰɟɖůɖɠ ɛɖəɩɜ əŬɘ 

ŭɘŮɡɗɨɜůŮɤɜ ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ ɛŮŰɟɐůŮɘɠ ůŮ ůɡɔəŮəɟɘɛɏɜɞ Ůɨɟɞɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɜŬəɚŬůŰɐɟŬɠ SMR ŭɘŬɛɏŰɟɞɡ 38.1 

mm (1 1/2ò).  

ɆɢŮŰɘəɎ ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ůɎɟɤůɖɠ Űɤɜ ɏɟɔɤɜ, əŬɘ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ 

ŬəɟɑɓŮɘŬ Űɞɡ ůŬɟɤŰɐ LLP ŮɑɜŬɘ Ñ0.0540mm (Ñ54ɛm), ŮˊɘɚɏɔŮŰŬɘ ŮɚɎɢɘůŰɖ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ɔɟŬɛɛɩɜ ůɎɟɤůɖɠ ŰŬ 54ɛm. Ⱥˊɘˊɚɏɞɜ, Űɧůɞ ɖ 

ˊɡəɜɧŰɖŰŬ ɧůɞ əŬɘ ɞ ɟɡɗɛɧɠ ůɎɟɤůɖɠ ŮˊɘɚɏɢɗɖəŬɜ ɜŬ ŮɑɜŬɘ 1/1 ŭɖɚŬŭɐ 

2000 ůɖɛŮɑŬ/ɔɟŬɛɛɐ əŬɘ 280 əŬɟɏ/ŭŮɡŰŮɟɧɚŮˊŰɞ ŬɜŰɑůŰɞɘɢŬ.  
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ȳůɞɜ ŬűɞɟɎ ůŰɖ ɚɐɣɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɖŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ŬɚɚɎ əŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɎ ɚɞɔɘůɛɘəɎ. ũɘŬ Űɖ ůɡɚɚɞɔɐ əŬɘ Űɞɜ əŬɗŬɟɘůɛɧ Űɞɡ ɜɏűɞɡɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ PolyWorks Metrology Suite 2018, Űɞ ɞˊɞɑɞ ůɡɜɧŭŮɡŮ 

əŬɘ Űɞɜ ɛŮŰɟɖŰɘəɧ Ůɝɞˊɚɘůɛɧ, Ůɜɩ ɔɘŬ Űɖ ɛŮɚɏŰɖ ˊŬɟŬɛɞɟűɩůŮɤɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ŮɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ CloudCompare əŬɗɩɠ 

ˊŮɟɘɚɎɛɓŬɜŮ ɧɚɞɡɠ Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛŮ ɛŮɔɎɚɞ Ůɨɟɞɠ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɐɠ 

Űɞɡɠ.  ɇɏɚɞɠ, ɧˊɞɡ ɢɟŮɘɎůŰɖəŮ ŭɖɛɘɞɡɟɔɐɗɖəŮ əɩŭɘəŬɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ 

MATLAB ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŮɝŬɔɤɔɐ Ůˊɘˊɚɏɞɜ ŭɘŬɔɟŬɛɛɎŰɤɜ.  

 

10.2  ɄŮɑɟŬɛŬ 1ɞ : ɂɨɚɘɜɖ ȷɔɘɞɔɟŬűɑŬ 

 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŮɑɟŬɛŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɔŮɤɛŮŰɟɘəɐ 

ŰŮəɛɖɟɑɤůɖ ɛɑŬɠ ɝɨɚɘɜɖɠ ŬɔɘɞɔɟŬűɑŬɠ ɛŮɔɏɗɞɡɠ 35 x 24 cm. ȷɡŰɐ 

ŬˊŮɘəɞɜɑɕŮɘ Űɖ ɆŰŬɨɟɤůɖ Űɞɡ Ƚɖůɞɨ, əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ ɏɜŬɜ ɛɞɜŬɢɧ 

Űɖɠ ɛɞɜɐɠ ȸŬɟɚŬɎɛ, ůŰŬ ɀŮŰɏɤɟŬ, Űɞ 2002. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ əɞɛɛɎŰɘ 

ɝɨɚɞ, ˊɎɢɞɡɠ 3cm ɧˊɞɡ ɏɢŮɘ ŬɔɘɞɔɟŬűɖɗŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůəɧɜŮɠ 

ŬɔɘɞɔɟŬűɑŬɠ əŬɘ əŬŰɎɚɚɖɚŬ ɓŮɟɜɑəɘŬ. 
 

10.2.1  ɄŮɟɘɔɟŬűɐ əŬɘ ɓɐɛŬŰŬ ɡɚɞˊɞɑɖůɖɠ  

 

ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ ŬɡŰɞɨ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ, ɖ ŬɔɘɞɔɟŬűɑŬ  ŰŮəɛɖɟɘɩɗɖəŮ 

ŰɟŮɘɠ űɞɟɏɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ɛŮŰɟɐůŮɘɠ ůŮ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ Ůˊɞɢɏɠ. 

Ƀɘ ˊɟɩŰŮɠ ŭɨɞ Ůˊɞɢɏɠ ɛŮŰɟɐɗɖəŬɜ Űɖɜ ɑŭɘŬ ɛɏɟŬ, ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ ɛɖɜ 

ɡˊɎɟɢɞɡɜ ˊŬɟŬɛɞɟűɩůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ, Ůɜɩ ɖ ŰɟɑŰɖ ŬˊɞŰɏɚŮůŮ 

ŬɜŮɝɎɟŰɖŰɖ Ůˊɞɢɐ, ɧˊɞɡ Űɞ ɏɟɔɞ ŮɑɢŮ ŮɝŬɜŬɔəŬůŰŮɑ ůŮ ˊŬɟŬɛɧɟűɤůɖ.  

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ˊɟɘɜ Űɖ ɛɏŰɟɖůɖ Űɖɠ ŰɟɑŰɖɠ Ůˊɞɢɐɠ Űɞ 

ɏɟɔɞ ɝɨůŰɖəŮ ɛŮ ɚɑɛŬ ůŮ ɛŮɟɘəɎ ůɖɛŮɑŬ əŬɘ ɢŬɟɎɢɗɖəŮ ɛŮ əɞˊɑŭɘ ůŮ əɎˊɞɘŬ 

ɎɚɚŬ ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɔŭŬɟůɑɛŬŰŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

10.7 ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ.  

Ƀ ɚɧɔɞɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŰɟŮɘɠ Ůˊɞɢɏɠ ɛŮŰɟɐůŮɤɜ ɐŰŬɜ ɔɘŬ ɜŬ 

ŮɚŮɔɢɗŮɑ ɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ ůɖɛŬɜŰɘəɩɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ, ɧˊɤɠ ŬɡŰɐ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 8.2.6 .  

Ⱥˊɘˊɚɏɞɜ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ˊɤɠ ɚɧɔɤ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ɏɟɔɞɡ, ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ˊŮɑɟŬɛŬ ɖ ɔŮɤɛŮŰɟɘəɐ ŰŮəɛɖɟɑɤůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŬˊɞəɚŮɘůŰɘəɎ ɛŮ Űɖ ɢɟɐůɖ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ əŬɘ ůŬɟɤŰɐ laser 

Ůɜɩ ˊɟɘɜ Ŭˊɧ əɎɗŮ ŬɜŮɝɎɟŰɖŰɖ Ůˊɞɢɐ ɛɏŰɟɖůɖɠ, ɞɚɞəɚɖɟɩɗɖəŮ ŮˊɘŰɡɢɩɠ 

ɞ ɏɚŮɔɢɞɠ əŬɘ ŭɘŬəɟɑɓɤůɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ.  

ȷűɞɨ Űɞ ɏɟɔɞ ůŬɟɩɗɖəŮ ůŮ əɎɗŮ Ůˊɞɢɐ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ əɎɗŮ ɜɏűɞɡɠ ɢɤɟɘůŰɎ ŬɚɚɎ əŬɘ ŮɡɗɡɔɟɎɛɛɘůɖ ŬɡŰɩɜ 



 

[177] 

 

ɛŮŰŬɝɨ Űɞɡɠ ɔɘŬ ŮɜŰɞˊɘůɛɧ ɐ ɧɢɘ ˊŬɟŬɛɞɟűɩůŮɤɜ. ɆŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ ɛɏŰɟɖůɖɠ 

əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ ŬɚɚɎ əŬɘ ɞɘ ŰŮɚɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɧˊɞɡ ŬɡŰɏɠ 

ɡˊɞɚɞɔɑůŰɖəŬɜ. 

 

  

ȺɘəɧɜŬ 10.7: ɂɨɚɘɜɖ ŬɔɘɞɔɟŬűɑŬ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖ ˊŬɟŬɛɧɟűɤůɖ 

 

10.2.2  ɄɟɞŮŰɞɘɛŬůɑŬ əŬɘ ɏɚŮɔɢɞɘ ɛŮŰɟɖŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ  

 

ũɘŬ Űɖ ɛɏŰɟɖůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɏɟɔɞɡ, Ŭűɞɨ ŮɚɏɔɢɗɖəŮ ɖ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɡɔɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɟɢɘəɎ 

ˊɟɞŮŰɞɘɛŬůɑŬ əŬɘ ɏɚŮɔɢɞɠ Űɞɡ ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ ɛɏŰɟɖůɖɠ.  

ɆɢŮŰɘəɎ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ ɢɩɟɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ŬɡŰɏɠ ɐŰŬɜ ůŰŬɗŮɟɏɠ, ɞɟɘŬəɎ ŮɜŰɧɠ Űɤɜ ˊɟɞŭɘŬɔɟŬűɩɜ, 

əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 10.4.  

 

Ⱥˊɞɢɐ 
ȼɛŮɟɞɛɖɜɑŬ 

ɇŮəɛɖɟɑɤůɖɠ 
Ⱥɨɟɞɠ ŪŮɟɛɞəɟŬůɑŬɠ  Ⱥɨɟɞɠ ɈɔɟŬůɑŬɠ  

1ɖ 06/06/2024 21.9 ɏɤɠ 22.9 54.9% - 56.1% 

2ɖ 06/06/2024 21.9 ɏɤɠ 22.9 54.9% - 56.1% 

3ɖ 07/06/2024 21.0  ɏɤɠ 22.9  54.2% - 57.2% 

ɄɑɜŬəŬɠ 10.4: ɄŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ ɢɩɟɞɡ ɔɘŬ Űɞ ˊɟɩŰɞ ˊŮɑɟŬɛŬ 

ůɨɛűɤɜŬ ɛŮ Űɞɡ ŬɘůɗɖŰɐɟŮɠ 

 

Ƀ ɓɟŬɢɑɞɜŬɠ, ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ Ůɘŭɘəɐ ˊɚŬəɏŰŬ ůŰɞ ˊɎɔəɞ Ŭˊɧ 

ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɧɠ ůŮ əɎɗŮ ŬɜŮɝɎɟŰɖŰɖ 

ɛɏŰɟɖůɖ. ɀŮ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ůɡůəŮɡɐɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɏɚŮɔɢɞɠ 




























































































































































































