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Ɇɨɜɞɣɖ 

ɇɞ ɗɏɛŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɐɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ Ŭˊɧ 

ŮˊɘɓŬŰɘəɎ əŬɘ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɞɢɐɛŬŰŬ (ɛɘəŰɧ ɓɎɟɞɠ ɛɘəɟɧŰŮɟɞ ɐ ɑůɞ ɛŮ 3,5 t) ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, əŬɘ Űɞɡɠ 

Űɟɧˊɞɡɠ ŮˊɑŰŮɡɝɐɠ Űɞɡɠ. ɇɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬ űɡůɘəɧ űŬɘɜɧɛŮɜɞ ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ɖ 

ŬŰɛɧůűŬɘɟɎ ůɡɔəɟŬŰŮɑ ɗŮɟɛɧŰɖŰŬ ɞŭɖɔɩɜŰŬɠ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ɔɖɠ. ɋůŰɧůɞ ɖ Ŭɜɗɟɩˊɘɜɖ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ ɏɢŮɘ ŮɜɘůɢɨůŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ŭɟɎůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɡŰɞɨ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ əŬɘ 

Űɖɜ ˊŬɔəɧůɛɘŬ ɡˊŮɟɗɏɟɛŬɜůɖ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɡŰɐɠ Űɖɠ əŬŰɎůŰŬůɖɠ, ɏɢɞɡɜ ɝŮəɘɜɐůŮɘ 

ŭɟɎůŮɘɠ ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ˊɞɡ ůɡɜŰŮɚŮɑ ůŰɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ. ɆɐɛŮɟŬ ŰŬ 

ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ˊŬɟɎɔɞɡɜ Űɞ 12% Űɤɜ ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ CO2 ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ. Ƀɘ ŮɡɟɤˊŬɥəɞɑ ɗŮůɛɞɑ 

ŬɜŬɔɜɤɟɑɕɞɜŰŬɠ Űɖɜ ɛŮɔɎɚɖ ŮˊɑŭɟŬůɖ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ɏɢɞɡɜ ɗɏůŮɘ ɧɟɘŬ Ůəˊɞɛˊɐɠ CO2 ɔɘŬ Űɘɠ 

ůɡɜɞɚɘəɏɠ ɛɏůŮɠ Ůəˊɞɛˊɏɠ Űɤɜ ůŰɧɚɤɜ ɞɢɖɛɎŰɤɜ Űɤɜ ŭɘɎűɞɟɤɜ əŬŰŬůəŮɡŬůŰɩɜ. ɇŬ ůɖɛŮɟɘɜɎ (2018) ɧɟɘŬ Ůəˊɞɛˊɐɠ 

ɞɟɑɕɞɡɜ 130 gCO2/km ɔɘŬ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ɛŮ ůŰɧɢɞ ŰŬ 95 g/km Ŭˊɧ Űɞ 2021. Ƀɘ Ůəˊɞɛˊɏɠ CO2 Űɤɜ ɞɢɖɛɎŰɤɜ 

ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɘůŰɞˊɞɑɖůɖɠ WLTP (Worldwide Harmonised Light Vehicle 

Test Procedure), ɖ ɞˊɞɑŬ Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017 ŬɜŰɘəŬŰɏůŰɖůŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŭɘŬŭɘəŬůɑŬ NEDC (New 

European Driving Cycle ï Ɂɏɞɠ ȺɡɟɤˊŬɥəɧɠ Ⱦɨəɚɞɠ Ƀŭɐɔɖůɖɠ) ˊɞɡ ɑůɢɡŮ ɔɘŬ ŬɟəŮŰɏɠ ŭŮəŬŮŰɑŮɠ əŬɘ ˊɚɏɞɜ ŮɑɢŮ 

əɟɘɗŮɑ ɤɠ ŬˊŬɟɢŬɘɤɛɏɜɖ əŬɘ ɛɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ɞŭɐɔɖůɖɠ ůŰɞ ŭɟɧɛɞ. Ƀɘ əŬŰŬůəŮɡŬůŰɏɠ 

ɞɢɖɛɎŰɤɜ ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ ůŰŬ ɜɏŬ ɧɟɘŬ Ůəˊɞɛˊɩɜ əŬɘ ůŰɖɜ ŬɡůŰɖɟɧŰŮɟɖ ŭɘŬŭɘəŬůɑŬ ŭɞəɘɛɐɠ 

WLTP, ŮɘůɎɔɞɡɜ ůŰŬŭɘŬəɎ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ əŬɘ ŰŬ ɞɢɐɛŬŰɎ Űɞɡɠ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɛŮ ůəɞˊɧ Űɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ 

CO2, ɧˊɤɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůŭɩ əŬɘ ɢɟɧɜɘŬ əɘɜɖŰɐɟŮɠ Diesel, ůŰɟɞɓɘɚɞ-ɡˊŮɟˊɚɐɟɤůɖ, ůɡůŰɐɛŬŰŬ start-stop əŬɘ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ, ŬɚɚɎ əŬɘ ɎɚɚŮɠ ˊɘɞ ɟɖɝɘəɏɚŮɡɗŮɠ ɚɨůŮɘɠ ɧˊɤɠ ɡɓɟɘŭɘəɎ ɐ əŬɘ ˊɚɐɟɤɠ ɖɚŮəŰɟɘəɎ 

ɞɢɐɛŬŰŬ ŬɚɚɎ əŬɘ ɢɟɐůɖ ɓɘɞəŬɡůɑɛɤɜ. 

 

ɄŮɟɑɚɖɣɖ 

ɇɞ ɗɏɛŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɓŬůɘəɞɨɠ ɎɝɞɜŮɠ, Űɘɠ ɘůɢɨɞɡůŮɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɐɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ůŮ ŮˊɘɓŬŰɘəɎ əŬɘ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɞɢɐɛŬŰŬ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, 

əŬɗɩɠ əŬɘ Űɞɡɠ Űɟɧˊɞɡɠ ɛŮɑɤůɐɠ Űɞɡɠ. 

ȷɟɢɘəɎ (1ɞ əŮűɎɚŬɘɞ) ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ, ŭɖɚŬŭɐ Űɞɡ űɡůɘəɞɨ űŬɘɜɞɛɏɜɞɡ 

ůɨɛűɤɜŬ ɛŮ Űɞ ɞˊɞɑɞ ɖ ŬŰɛɧůűŬɘɟŬ Ůɜɧɠ ˊɚŬɜɐŰɖ ůɡɔəɟŬŰŮɑ ɗŮɟɛɧŰɖŰŬ ůɡɜŰŮɚɩɜŰŬɠ ɏŰůɘ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘɎɠ Űɞɡ. ȾŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŮ ŬɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ŰŬ ɚŮɔɧɛŮɜŬ ŬɏɟɘŬ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ, ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɞɘ ɡŭɟŬŰɛɞɑ (H20), Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (CO2), Űɞ ɛŮɗɎɜɘɞ 

(CH4), Űɞ ɡˊɞɝŮɑŭɘɞ Űɞɡ ŬɕɩŰɞɡ (Ɂ2Ƀ), Űɞ ɧɕɞɜ (O3) əŬɘ ɞɟɘůɛɏɜŬ űɗɞɟɘɞɨɢŬ ŬɏɟɘŬ. ȷɜ əŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬɜ űɡůɘəɧ ɛɖɢŬɜɘůɛɧ Űɞɡ ˊɚŬɜɐŰɖ, ɞ ɧɟɞɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɡŰɞɨ ɏɢŮɘ ůɡɜŭŮɗŮɑ Űɘɠ 

ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɛŮ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ əŬɘ Űɖɜ ˊŬɔəɧůɛɘŬ ɡˊŮɟɗɏɟɛŬɜůɖ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɚɧɔɤ Űɤɜ 

Ŭɜɗɟɩˊɘɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ŬɡɝɎɜŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ŭɟɎůɖ Űɞɡ óŮɜɘůɢɡɛɏɜɞɡô űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. 

ȹŮŭɞɛɏɜɖɠ Űɖɠ əŬŰɎůŰŬůɖɠ əŬɘ Űɖɠ ŭɘŬɟəɞɨɠ ŮˊɘɓɎɟɡɜůɖɠ Űɖɠ əɚɘɛŬŰɘəɐɠ əŬŰɎůŰŬůɖɠ Űɞɡ ˊɚŬɜɐŰɖ, əɡɟɑɤɠ 

ɚɧɔɤ Űɤɜ ɛɖ ŬɜŬɛŮɜɧɛŮɜɤɜ əŬɘ ŮəŰŮŰŬɛɏɜɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ɛŮŰŬɓɞɚɩɜ, Űɞ ɗɏɛŬ ůɡɔəɏɜŰɟɤůŮ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɖɠ 

ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ, ɖ ɞˊɞɑŬ ˊɟɞɏɓɚŮɣŮ ɧŰɘ ůŰɞ Űɏɚɞɠ Űɞɡ ŬɘɩɜŬ ŮɑɜŬɘ ˊɘɗŬɜɐ ɛɘŬ ůɡɜɞɚɘəɐ Ŭɨɝɖůɖ Űɖɠ ɛɏůɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ˊɚŬɜɐŰɖ 1.5-2.5ɞC ˊɎɜɤ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ˊɟɞɓɘɞɛɖɢŬɜɘəɐɠ Ůˊɞɢɐɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ 

ɝŮəɘɜɐůŮɘ ŭɟɎůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ˊɞɡ ůɡɜŰŮɚŮɑ ůŰɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ. 

ɄɟɤŰŬɟɢɘəɧ ɟɧɚɞ ůŮ ŬɡŰɐɜ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ɖ ȹɘŬəɡɓŮɟɜɖŰɘəɐ ȺˊɘŰɟɞˊɐ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ 
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(IPCC) əŬɘ ŰŬ ȼɜɤɛɏɜŬ Ȱɗɜɖ ɛɏůŬ Ŭˊɧ ŮɜɏɟɔŮɘŮɠ ɧˊɤɠ ɖ ɆɨɛɓŬůɖ-ɄɚŬɑůɘɞ Űɞɡ ɃȼȺ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ 

(UNFCCC - United Nations Framework Convention on Climate Change), Űɞ ɄɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ əŬɘ ɖ ɆɡɛűɤɜɑŬ 

Űɞɡ ɄŬɟɘůɘɞɨ, ŭɟɎůŮɘɠ ˊɞɡ ɗŬ ůɡɕɖŰɖɗɞɨɜ ůŰŬ ŬɜŰɑůŰɞɘɢŬ əŮűɎɚŬɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

ȼ ɗŮɛŬŰɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ˊɟɞɢɤɟɎŮɘ ɛŮ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ůŰɖɜ ȺɡɟɤˊŬɥəɐ 

Ȱɜɤůɖ (Űɞ ɞˊɞɑɞ ŮɑɜŬɘ əŬɘ Űɞ ɛɞɜŬŭɘəɧ Ŭɏɟɘɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɔɘŬ Űɞ ɞˊɞɑɞ ɡˊɎɟɢɞɡɜ ˊɟɞŭɘŬɔɟŬűɏɠ) Ŭˊɧ ŮˊɘɓŬŰɘəɎ 

ɞɢɐɛŬŰŬ əŬɘ ŮɚŬűɟɎ űɞɟŰɖɔɎ. ȷəɞɚɞɡɗŮɑŰŬɘ ɛɘŬ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ Űɤɜ ˊɟɞůˊŬɗŮɘɩɜ Űɤɜ ŮɡɟɤˊŬɥəɩɜ ɗŮůɛɩɜ 

ůɢŮŰɘəɎ ɛŮ Űɖɜ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŮɠ ɞɢɖɛɎŰɤɜ. Ƀɘ ˊɟɞůˊɎɗŮɘŮɠ ŬɡŰɏɠ 

ɝŮəɑɜɖůŬɜ ůŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1990 ɛŮ Űɖɜ ɛɞɟűɐ ŮɗŮɚɞɜŰɘəɩɜ ůɡɛűɤɜɘɩɜ ˊɞɡ ɡˊɞɔɟɎűɖəŬɜ ŬɜɎɛŮůŬ ůŰɞɡɠ 

ŮɡɟɤˊŬɥəɞɨɠ ɗŮůɛɞɨɠ əŬɘ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ůɡɜŭɏůɛɞɡɠ əŬŰŬůəŮɡŬůŰɩɜ ŬɡŰɞəɘɜɐŰɤɜ ˊɞɡ ŭɟŬůŰɖɟɘɞˊɞɘɞɨɜŰŬɘ 

ůŰɞɜ ŮɡɟɤˊŬɥəɧ ɢɩɟɞ (ACEA, JAMA, KAMA). Ⱥɜɩ ŬɟɢɘəɎ ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ɏŭŮɘɝŬɜ ɜŬ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɘɠ 

ŮɗŮɚɞɜŰɘəɏɠ Űɞɡɠ ŭŮůɛŮɨůŮɘɠ, ɐŰŬɜ űŬɜŮɟɧ ŬɟəŮŰɎ ˊɟɘɜ Űɖɜ ɢɟɞɜɘəɐ ɚɐɝɖ ŬɡŰɩɜ (2009), ɧŰɘ ɡˊɐɟɢŮ ŬŭɡɜŬɛɑŬ 

ŰŬɨŰɘůɖɠ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɤɜ Ůəˊɞɛˊɩɜ CO2 Űɤɜ ɞɢɖɛɎŰɤɜ ɛŮ Űɞɡɠ ůŰɧɢɞɡɠ ˊɞɡ ŮɑɢŬɜ ŰŮɗŮɑ. ȰŰůɘ ɞɘ ŮɡɟɤˊŬɥəɞɑ 

ɗŮůɛɞɑ ɏɗŮůŬɜ ůŮ ŮűŬɟɛɞɔɐ ɡˊɞɢɟŮɤŰɘəɎ ɧɟɘŬ Ůəˊɞɛˊɐɠ ɔɘŬ Űɞɡɠ ůŰɧɚɞɡɠ Űɤɜ ɞɢɖɛɎŰɤɜ Űɤɜ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɘɩɜ. ȼ Ŭɟɢɐ ɏɔɘɜŮ Űɞ 2009 ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ɞɟɑɞɡ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɐɠ Űɤɜ                     

130 gCO2/km ɔɘŬ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ɛŮ ŰŮɚɘəɧ ɢɟɧɜɞ əŬɗɞɚɘəɐɠ ŮűŬɟɛɞɔɐɠ Űɞ 2015. ɆŰɖɜ ůɡɜɏɢŮɘŬ, əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ Űɞ 2011, Ůɘůɐɢɗɖ ɖ ˊɟɞŭɘŬɔɟŬűɐ ˊɞɡ ɧɟɘɕŮ ɔɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɛɏůɞ ɧɟɞ Ůəˊɞɛˊɩɜ ŬɜɎ ůŰɧɚɞ 

əŬŰŬůəŮɡŬůŰɐ ŰŬ 147 g CO2/km ɛŮ ɢɟɞɜɘəɧ ɞɟɑɕɞɜŰŬ ŮˊɑŰŮɡɝɖɠ Űɞɡ ɞɟɑɞɡ Űɞ 2020 əŬɘ ŮɜŭɘɎɛŮůɖ űɎůɖ ˊɟɞůŬɟɛɞɔɐɠ 

ŰŬ 175 gCO2/km ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ 2014-2016. ɆɐɛŮɟŬ ɓɟɑůəɞɜŰŬɘ ůŮ ŮűŬɟɛɞɔɐ ɞɘ əŬɜɞɜɘůɛɞɑ ˊɞɡ ɡɘɞɗŮŰɐɗɖəŬɜ ůŰɞ 

Űɏɚɞɠ Űɞɡ 2013 əŬɘ ɞɟɑɕɞɡɜ Ŭˊɧ Űɞ 2020 ɛɏůɞ ɧɟɞ Ůəˊɞɛˊɐɠ ŰŬ 95  gCO2/km əŬɘ 147 gCO2/km ɔɘŬ Űɞɡɠ ůŰɧɚɞɡɠ Űɤɜ 

ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ əŬɘ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ Űɤɜ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɘɩɜ ŬɜŰɘůŰɞɑɢɤɠ. ȳůɞɜ ŬűɞɟɎ ŰŬ ɛŮɚɚɞɜŰɘəɎ 

ůɢɏŭɘŬ, ɞ ůŰɧɢɞɠ ˊɞɡ ɏɢŮɘ ˊɟɞŰŬɗŮɑ Ŭˊɧ Űɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ ɔɘŬ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ɓɟɑůəŮŰŬɘ ůŰɞ űɎůɛŬ 

Űɤɜ 68-78 gCO2/km ɛŮ ɘůɢɨ Ŭˊɧ Űɞ 2025. 

ɆŰɞ ȾŮűɎɚŬɘɞ 4 ɗŬ ɔɑɜŮɘ ŬɜɎɚɡůɖ Űɤɜ əɨəɚɤɜ ɞŭɐɔɖůɖɠ, ŭɖɚŬŭɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ ŰŬ 

ŭɘɎűɞɟŬ əɟɎŰɖ əŬɘ ɞɟɔŬɜɘůɛɞɨɠ ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ Űɖɠ Ůəˊɞɛˊɐɠ əŬɡůŬŮɟɑɤɜ Űɤɜ 

ɞɢɖɛɎŰɤɜ. ɀɏɢɟɘ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017, ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ɢɟɖůɘɛɞˊɞɘɞɨŰŬɜ ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ 

Ůəˊɞɛˊɩɜ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ (əŬɘ ɟɨˊɤɜ) ɞ əɨəɚɞɠ NEDC (New European Driving Cycle ï Ɂɏɞɠ 

ȺɡɟɤˊŬɥəɧɠ Ⱦɨəɚɞɠ Ƀŭɐɔɖůɖɠ), ɞ ɞˊɞɑɞɠ ŮɔəŬŰŬɚŮɑűɗɖəŮ ɚɧɔɤ Űɖɠ ŬŭɡɜŬɛɑŬɠ Űɞɡ ɜŬ ŬɜŰŬˊɞəɟɘɗŮɑ ˊɚɐɟɤɠ ůŮ 

ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ɞŭɐɔɖůɖɠ, ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŮ ɡˊɞŮəŰɘɛɖɛɏɜŮɠ ɛŮŰɟɐůŮɘɠ. ȷɡŰɧ ɏɢŮɘ ŬɚɚɎɝŮɘ ˊɚɏɞɜ, əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ˊɞɚɨ ˊɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧɠ ˊŬɔəɧůɛɘɞɠ əɨəɚɞɠ ɞŭɐɔɖůɖɠ WLTP (Worldwide harmonized Light 

vehicles Test Procedure) ɔɘŬ ŰŬ ŮɚŬűɟɎ ɞɢɐɛŬŰŬ, ɞ ɞˊɞɑɞɠ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɓɎůŮɘ ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɞŭɐɔɖůɖɠ.  

ɆŰɞ ŰŮɚŮɡŰŬɑɞ əŬɘ ůɖɛŬɜŰɘəɧŰŮɟɞ ŰɛɐɛŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ (ȾŮűɎɚŬɘɞ 5) ŬɜŬɚɨɞɜŰŬɘ Űɟɧˊɞɘ ɛŮɑɤůɖɠ Űɤɜ 

Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ ŰŬ ŮˊɘɓŬŰɘəɎ əŬɘ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɞɢɐɛŬŰŬ ɛɏůɤ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɐɛŮɟŬ 

ůŰɞɡɠ əɘɜɖŰɐɟŮɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ. Ƀ əɘɜɖŰɐɟŬɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ɏɜŬɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɘɠ 

ůɖɛŮɟɘɜɏɠ ɛŮŰŬűɞɟɏɠ əɎŰɘ ˊɞɡ ɗŬ ůɡɜŮɢɑůŮɘ ɜŬ ɘůɢɨŮɘ əŬɘ ůŰŬ ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ. Ƀɘ ŮˊɘŭɧůŮɘɠ Űɤɜ əɘɜɖŰɐɟɤɜ, ɖ əŬɨůɖ, 

ɖ Ŭˊɧŭɞůɐ əŬɘ ɞɘ Ůəˊɞɛˊɏɠ ŬɡŰɩɜ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ əɘɜɖŰɐɟŬ, Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əŬɘ 

Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ əŬɡůɑɛɤɜ. Ƀɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ ůɖɛŬɜŰɘəɞɑ ɔɘŬ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

əɘɜɖŰɐɟŬ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɞɡ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ 

ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟɤɜ ɏɜŬɜŰɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɓŮɜɕɘɜɞəɘɜɖŰɐɟɤɜ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ Ůˊɞɛɏɜɤɠ ůŰɘɠ 

Ůəˊɞɛˊɏɠ CO2 ŭŮŭɞɛɏɜɖɠ Űɖɠ ɏɜŬ ˊɟɞɠ ɏɜŬ ůɢɏůɖɠ ůɨɜŭŮůɖɠ ˊɞɡ ɡˊɎɟɢŮɘ ɛŮŰŬɝɨ Űɞɡɠ. ȷəɧɛɖ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ŰŮɢɜɞɚɞɔɑŮɠ ɧˊɤɠ ɖ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ ɡˊŮɟˊɚɐɟɤůɖɠ, ˊŬɨůɖɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ əŬŰɎ ŰŬ ŭɘŬůŰɐɛŬŰŬ 

ŬəɘɜɖůɑŬɠ (start-stop), ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ Űɞɡ əɘɜɖŰɐɟŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɘɓŬɚɚɧɛŮɜɞ űɞɟŰɑɞ, ɛŮŰŬɓɚɖŰɞɨ 

ɢɟɞɜɘůɛɞɨ Űɤɜ ɓŬɚɓɑŭɤɜ, ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬ ůŮ əɨəɚɞ Miller. Ⱥˊɑůɖɠ, ɗŬ ůɡɕɖŰɖɗɞɨɜ ŰŬ 

ɞűɏɚɖ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ɢɟɐůɖ ɡɓɟɘŭɘəɩɜ əŬɘ ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ əŬɗɩɠ əŬɘ ŰŮɢɜɘəɩɜ ˊɞɡ ůɡɜŰŮɚɞɨɜ ůŰɖɜ 

ɓŮɚŰɑɤůɖ Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ɞɢɖɛɎŰɤɜ. 
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Abstract 

The subject of this diploma thesis focuses on the applicable/valid carbon dioxide emission standards for 

passenger and light commercial vehicles (gross weight lower or equal to 3,5 t) in the European Union and the ways 

to achieve these emissions targets. The greenhouse effect is a natural phenomenon according to which the atmosphere 

of the earth holds heat, thereby increasing its surface temperature. Due to the human activities the action of this 

phenomenon has been enhanced, leading to climate change and global warming. In recent years, actions have been 

launched to curb human activity that contributes to Climate Change. Today, passenger cars are responsible for 12% 

of the total CO2 emissions in the in European Union. The legislative European institutions having recognized the 

critical effect of vehicles to climate change, have set compulsory CO2 emission targets corresponding to the whole 

fleet of each manufacturers. The current (2018) emission limits set 130 g CO2/km for passenger cars while targeting 

the 95 gCO2/km limit from year 2021. The CO2 emissions of vehicles in the European Union are measured through 

the Worldwide Harmonized Light Vehicle Test Procedure (WLTP), which has, since September 2017, replaced the 

previous NEDC (New European Driving Cycle) procedure that has been in place for several decades and has been 

deemed obsolete and unrepresentative of real-world driving conditions. In the pursuit of achieving the EU's new 

emission limits and handling the tight WLTP test procedure, vehicle manufacturers gradually introduce to their 

engines and vehicles new technologies to reduce CO2 emissions such as diesel engines, turbocharging, start-stop and 

cylinder deactivation schemes, as well as other more groundbreaking solutions such as hybrid or fully electric vehicles 

and the use of biofuels. 

 

Summary 

The subject of this diploma thesis consists of two main axes:  the applicable/valid carbon dioxide emission 

standards for passenger and light commercial vehicles in the European Union and the ways to reduce these emissions. 

Initially, (Chapter 2) reference is made to the greenhouse effect, i.e. the natural phenomenon according to which 

the atmosphere of the earth holds heat, thereby increasing its surface temperature. Greenhouse gases, such as water 

vapor (H2O), carbon dioxide (CO2), methane (CH4), nitrogen monoxide (N2O), ozone (O3) and some fluoride gases, 

play the most significant and determining role in this phenomenon. Although the greenhouse effect is a natural 

mechanism of the Earth's planet, the term of this phenomenon has been linked to Climate Change and global warming 

over the last decades. This is due to the human activities that increase the Concentration of greenhouse gases in the 

atmosphere, leading to the action of the "enhanced" greenhouse effect. 

Given the situation and the continuing burden of the global climate, mainly due to unexpected and widespread 

meteorological changes, the issue raised the interest of the scientific community, which predicted that at the end of 

the century a total increase in global warming of 1.5-2.5ÁC above pre-industrial levels is likely to happen. In recent 

years, actions have been launched to curb human activity that contributes to Climate Change. A primary role in this 

effort is played by the Intergovernmental Panel on Climate Change (IPCC) and the United Nations through actions 

such as the United Nations Framework Convention on Climate Change (UNFCCC) Change), the Kyoto Protocol and 

the Paris Agreement, actions to be discussed in the relevant chapters of this thesis. 

In the third chapter, the standards of CO2 emissions from passenger cars and light trucks in the European Union 

are discussed (carbon dioxide is the only greenhouse gas for which emission standards exist in the EU). A historical 

review of the European institutions' efforts to reduce CO2 emissions from the above categories of vehicles is then 



6 

 

presented. These efforts began in the late 1990s in the form of voluntary agreements between the European institutions 

and the major car manufacturers' associations operating in the Europe (ACEA, JAMA, KAMA). While initially 

manufacturers proved to respond to their voluntary commitments, it was clear enough before their expiration (2009) 

that there was a failure to match the average CO2 emissions of vehicles with the targets set. Thus, European institutions 

introduced mandatory CO2 emission limits for automotive vehicles fleets. The start was made in 2009 with the 

introduction of the average emission target of 130 gCO2/km for passenger vehicles to be fully applicable in 2015. 

Then, in 2011, the specification was introduced for light trucks (Light Commercial Vehicles) in the order of                 

147 gCO2/km with a 2020 deadline and an intermediate adjustment phase of 175 g CO2/km between 2014 and 2016. 

The regulations adopted at the end of 2013 set an average emission level of 95 g CO2/km and 147 g CO2/km for the 

fleets of the passenger cars and light trucks to be enforced from 2020. For future projects, the European Parliament's 

proposed target for passenger cars is in the range of 68-78 gCO2/km, to be enforced from 2025. 

Chapter four discusses the driving cycles test procedure, i.e. of the system used by the various countries and 

organizations to measure fuel consumption and emissions from vehicles. Until September 2017, the NEDC (New 

European Driving Cycle), was used in the European Union for the measurement of carbon dioxide and pollutant 

emissions; this has now been abandoned due to its inability to fully represent actual driving conditions, thus leading 

to underestimated measurements. Beginning September 2017, the much more representative WLTP (Worldwide 

harmonized Light vehicles Test Procedure) procedure for light-duty vehicles is employed, based on real-world driving 

data. 

In the last, and most important part, of this thesis (Chapter 5) we analyze ways to reduce CO2 emissions from 

passenger and light commercial vehicles via technologies currently used (or proposed to be used) in internal 

combustion engines. The internal combustion engine plays a key role in today's transport, a fact that is expected 

continue to apply in the years to come. Engine performance, its combustion, efficiency and emissions are related to 

engine design, operating parameters and fuel properties. The above parameters are important for optimizing engine 

performance and reducing emissions. In this paper we present the advantages of diesel engines over their respective 

petrol engines in regard to fuel consumption and therefore CO2 emissions. In addition, technologies, such as the use 

of turbocharging, engine start-stop, cylinder deactivation depending on the engine load, variable valve timing, variable 

compression ratio engines and Miller cycle are presented. The benefits of using hybrid or electrified vehicles as well 

as a variety of techniques that help to improve the aerodynamic efficiency and weight reduction of vehicles are also 

discussed. 
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ɆɡɜŰɞɛɞɔɟŬűɑŮɠ 

 

AAUs Assigned Amount Units ȺˊɘŰɟŮˊɧɛŮɜŬ ɄɞůɎ Ⱥəˊɞɛˊɐɠ 

ACEA 

Association des Constructeurs Europ®ens 

dôAutomobiles - 

European Car Manufacturers Association 

ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ȾŬŰŬůəŮɡŬůŰɩɜ 

ɃɢɖɛɎŰɤɜ 

AER All Electric Range Ʉɚɐɟɤɠ ȼɚŮəŰɟɘəɐ ȺɛɓɏɚŮɘŬ 

BEV Battery Electric Vehicle ȼɚŮəŰɟɘəɧ ȳɢɖɛŬ ɀˊŬŰŬɟɑŬɠ 

BMEP Brake Mean Effective Pressure ɀɏůɖ ɄɟŬɔɛŬŰɘəɐ ɄɑŮůɖ 

CAFE Clean Air for Europe ȾŬɗŬɟɧɠ ȷɏɟŬɠ ũɘŬ ɇɖɜ Ⱥɡɟɩˊɖ 

CDM Clean Development Mechanism ɀɖɢŬɜɘůɛɧɠ ȾŬɗŬɟɐɠ ȷɜɎˊŰɡɝɖɠ 

COP Conference of the Parties ȹɘɎůəŮɣɖ ɇɤɜ ɀŮɟɩɜ 

CVS Constant Volume Sampling ȹŮɘɔɛŬŰɞɚɖɣɑŬ ɆŰŬɗŮɟɞɨ ȳɔəɞɡ 

CWF Carbon Weight Fraction ȾɚɎůɛŬ ɀɎɕŬɠ ȯɜɗɟŬəŬ 

DOC Diesel Oxidation Catalyst ɃɝŮɘŭɤŰɘəɧɠ ȾŬŰŬɚɨŰɖɠ 

DOHC Dual Overhead Camshaft ȹɨɞ ȺˊɘəŮűŬɚɐɠ ȺəəŮɜŰɟɞűɧɟɞɘ 

EAER Equivalent All Electric Range ȽůɞŭɨɜŬɛɖ Ʉɚɐɟɤɠ ȼɚŮəŰɟɘəɐ ȺɛɓɏɚŮɘŬ 

EEA European Environment Agency ȺɡɟɤˊŬɥəɧɠ ɃɟɔŬɜɘůɛɧɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ 

EEVC Early Exhaust Valve Closing Ʉɟɧɤɟɞ ȾɚŮɑůɘɛɞ ɇɖɠ ȸŬɚɓɑŭŬɠ ȺɝŬɔɤɔɐɠ 

EEVO Early Exhaust Valve Opening Ʉɟɧɤɟɞ ȯɜɞɘɔɛŬ ɇɖɠ ȸŬɚɓɑŭŬɠ ȺɝŬɔɤɔɐɠ 

EGR Exhaust Gas Recirculation ȷɜŬəɡəɚɞűɞɟɑŬ ȾŬɡůŬŮɟɑɞɡ 

EIVC Early Intake Valve Closing Ʉɟɧɤɟɞ ȾɚŮɑůɘɛɞ ɇɖɠ ȸŬɚɓɑŭŬɠ ȺɘůŬɔɤɔɐɠ 

EIVO Early Intake Valve Closing Ʉɟɧɤɟɞ ȯɜɞɘɔɛŬ ɇɖɠ ȸŬɚɓɑŭŬɠ ȺɘůŬɔɤɔɐɠ 

EPA Environmental Protection Agency 
ɃɟɔŬɜɘůÕɧɠ ɄŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɄɟɞůŰŬůɑŬɠ 

(ȼɄȷ) 

ETS Emissions Trading Scheme ȺɛˊɞɟɑŬ Ⱥəˊɞɛˊɩɜ ȷŮɟɑɤɜ ŪŮɟɛɞəɖˊɑɞɡ 

EUDC Extra Urban Driving Cycle ɈˊŮɟŬůŰɘəɧɠ Ⱦɨəɚɞɠ Ƀŭɐɔɖůɖɠ 

EVC Exhaust Valve Closing ȾɚŮɑůɘɛɞ ȸŬɚɓɑŭŬɠ ȺɝŬɔɤɔɐɠ 

EVO Exhaust Valve Opening ȯɜɞɘɔɛŬ ɇɖɠ ȸŬɚɓɑŭŬɠ ȺɝŬɔɤɔɐɠ 

FC Fuel Consumption ȾŬŰŬɜɎɚɤůɖ ȾŬɡůɑɛɞɡ 
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FCEV Fuel Cell Electric Vehicle ȼɚŮəŰɟɘəɎ ɃɢɐɛŬŰŬ ȾɡɣŮɚɩɜ ȾŬɡůɑɛɞɡ 

GDI Gasoline Direct Injection ȯɛŮůɞɠ ɊŮəŬůɛɧɠ ȸŮɜɕɑɜɖɠ 

GHG Greenhouse Gases ȷɏɟɘŬ Űɞɡ ŪŮɟɛɞəɖˊɑɞɡ 

HEPA (Filter) High-Efficiency Particulate Air 
(ūɑɚŰɟɞ) Ɉɣɖɚɐɠ ȷˊɧŭɞůɖɠ ɆɤɛŬŰɘŭɘŬəɞɨ 

ȷɏɟŬ 

HEV Hybrid Electric Vehicle Ɉɓɟɘŭɘəɧ ȼɚŮəŰɟɘəɧ ȳɢɖɛŬ 

ICCT 
International Council on Clean 

Transportation 
ȹɘŮɗɜɏɠ Ɇɡɛɓɞɨɚɘɞ ȾŬɗŬɟɩɜ ɀŮŰŬűɞɟɩɜ 

IPCC 
Intergovernmental Panel on Climate 

Change 

ȹɘŬəɡɓŮɟɜɖŰɘəɐ ȺˊɘŰɟɞˊɐ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ 

ȷɚɚŬɔɐ 

IVC Intake Valve Closing ȾɚŮɑůɘɛɞ BŬɚɓɑŭŬɠ EɘůŬɔɤɔɐɠ 

IVO Intake Valve Opening ȯɜɞɘɔɛŬ ȸŬɚɓɑŭŬɠ ȺɘůŬɔɤɔɐɠ 

JAMA 
Japan Automobile Manufacturers 

Association 
ȽŬˊɤɜɘəɐ Ȱɜɤůɖ ȾŬŰŬůəŮɡŬůŰɩɜ ɃɢɖɛɎŰɤɜ 

KAMA  
Korean Automobile Manufacturers 

Association 

ȾɞɟŮɎŰɘəɖ Ȱɜɤůɖ ȾŬŰŬůəŮɡŬůŰɩɜ 

ɃɢɖɛɎŰɤɜ 

LEVC Late Exhaust Valve Closing 
ȾŬɗɡůŰŮɟɖɛɏɜɞ ȾɚŮɑůɘɛɞ Űɖɠ ȸŬɚɓɑŭŬɠ 

ȺɝŬɔɤɔɐɠ 

LEVO Late Exhaust Valve Opening 
ȾŬɗɡůŰŮɟɖɛɏɜɞ ȯɜɞɘɔɛŬ Űɖɠ ȸŬɚɓɑŭŬɠ 

ȺɝŬɔɤɔɐɠ 

LIVC Late Intake Valve Closing 
ȾŬɗɡůŰŮɟɖɛɏɜɞ ȾɚŮɑůɘɛɞ Űɖɠ ȸŬɚɓɑŭŬɠ 

ȺɘůŬɔɤɔɐɠ 

LIVO Late Intake Valve Opening 
ȾŬɗɡůŰŮɟɖɛɏɜɞ ȯɜɞɘɔɛŬ Űɖɠ ȸŬɚɓɑŭŬɠ 

ȺɘůŬɔɤɔɐɠ 

NDC National Determined Contributions ȺɗɜɘəɎ ȾŬɗɞɟɘůɛɏɜŮɠ ɆɡɜŮɘůűɞɟɏɠ 

NDIR 
Non-Dispersive Infrared 

(Emission Analyzer) 

ɀɖ-ɆəŮŭŬɕɧɛŮɜɖɠ Ɉˊɏɟɡɗɟɖɠ ȷəŰɘɜɞɓɞɚɑŬɠ 

(ȷɜŬɚɡŰɐɠ ȾŬɡůŬŮɟɑɤɜ) 

NEDC New European Driving Cycle Ɂɏɞɠ ȺɡɟɤˊŬɥəɧɠ Ⱦɨəɚɞɠ Ƀŭɐɔɖůɖɠ 

NHTSA 
National Highway Traffic Safety 

Administration 

Ⱥɗɜɘəɐ ȷɟɢɐ ȷůűɎɚŮɘŬɠ Űɖɠ Ƀŭɘəɐɠ 

ȾɡəɚɞűɞɟɑŬɠ (ȼɄȷ) 

NMVOC 
Non Methane Volatile Organic 

Compounds 

ɄŰɖŰɘəɏɠ ɃɟɔŬɜɘəɏɠ ȺɜɩůŮɘɠ ȺəŰɧɠ Űɞɡ 

ɀŮɗŬɜɑɞɡ 

PDP Positive Displacement Pump ȷɜŰɚɑŬ ŪŮŰɘəɐɠ ɀŮŰŬŰɧˊɘůɖɠ 
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PEV Plug-in Electric Vehicles ȼɚŮəŰɟɘəɎ ɃɢɐɛŬŰŬ ɄɟɑɕŬɠ 

PHEV Plug-in Hybrid Electric Vehicles ɈɓɟɘŭɘəɎ ȼɚŮəŰɟɘəɎ ɃɢɐɛŬŰŬ ɄɟɑɕŬɠ 

PMR Power to Mass Ratio Ʉɖɚɑəɞ Ƚůɢɨɞɠ ˊɟɞɠ ȸɎɟɞɠ (ɞɢɐɛŬŰɞɠ) 

SCR Selective Catalyst Reduction Ⱥ́ ɘɚŮəŰɘəɐ ȾŬŰŬɚɡŰɘəɐ ȷɜŬɔɤɔɐ 

SOHC Single Overhead Camshaft ɀɞɜɧɠ ȺˊɘəŮűŬɚɐɠ ȺəəŮɜŰɟɞűɧɟɞɠ 

TERM 
Transport and Environment Reporting 

Mechanism 

ɀɖɢŬɜɘůɛɧɠ ȷɜŬűɞɟɎɠ ɔɘŬ Űɘɠ ɀŮŰŬűɞɟɏɠ əŬɘ 

Űɞ ɄŮɟɘɓɎɚɚɞɜ 

UNEP United Nations Environment Programme 
ɄɟɧɔɟŬɛɛŬ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ ɔɘŬ Űɞ 

ɄŮɟɘɓɎɚɚɞɜ 

UNFCC 
United Nations Framework Convention 

on Climate Change 

ɆɨɛɓŬůɖ ɄɚŬɑůɘɞ Űɞɡ ɃɟɔŬɜɘůɛɞɨ ȼɜɤɛɏɜɤɜ 

Ⱥɗɜɩɜ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ 

VIN Vehicle Identification Number ȷɟɘɗɛɧɠ ɄɚŬɘůɑɞɡ ɃɢɐɛŬŰɞɠ 

VVA  Variable Valve Actuation ɀŮŰŬɓɚɖŰɐ ȺɜŮɟɔɞˊɞɑɖůɖ ȸŬɚɓɑŭɤɜ 

VVT Variable Valve Timing ɀŮŰŬɓɚɖŰɧɠ ɉɟɞɜɘůɛɧɠ ȸŬɚɓɑŭɤɜ 

WLTC 
Worldwide harmonized Light vehicles 

Test Cycle 

ɄŬɔəɧůɛɘɞɠ ȺɜŬɟɛɞɜɘůɛɏɜɞɠ Ⱦɨəɚɞɠ ȹɞəɘɛɐɠ 

ɔɘŬ ȺɚŬűɟɎ ɃɢɐɛŬŰŬ 

WLTP 
Worldwide harmonized Light vehicles 

Test Procedure 

ɄŬɔəɧůɛɘŬ ȺɜŬɟɛɞɜɘůɛɏɜɖ ȹɘŬŭɘəŬůɑŬ 

ȹɞəɘɛɩɜ ɔɘŬ ȺɚŬűɟɎ ɃɢɐɛŬŰŬ 

WMO World Meteorological Organization ɄŬɔəɧůɛɘɞɠ ɀŮŰŮɤɟɞɚɞɔɘəɧɠ ɃɟɔŬɜɘůɛɧɠ 
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1. ȺɘůŬɔɤɔɐ 

 

ȼ ŬɡɝŬɜɧɛŮɜɖ ŮˊɘɓɎɟɡɜůɖ Űɞɡ əɚɑɛŬŰɞɠ Űɞɡ ˊɚŬɜɐŰɖ Ŭˊɧ Űɞ óŮɜɘůɢɡɛɏɜɞô űŬɘɜɧɛŮɜɞ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ əŬɘ Űɖɜ ůɡɜŮˊŬəɧɚɞɡɗɖ ŮəŰɘɛɩɛŮɜɖ Ŭɨɝɖůɖ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ 

ɏɜŬ ɗɏɛŬ ˊɞɡ ŬˊŬůɢɞɚŮɑ ůɞɓŬɟɎ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ əŬɘ Űɖɜ ŬɜɗɟɤˊɧŰɖŰŬ ɔŮɜɘəɧŰŮɟŬ. 

ȰɜŬ Ŭˊɧ ŰŬ əɡɟɘɧŰŮɟŬ ŬɏɟɘŬ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɛɖɢŬɜɘůɛɞɨ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ, ŮɑɜŬɘ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (CO2). ɇŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ˊŬɟɎɔɞɡɜ Űɞ 12% 

Űɤɜ ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ CO2 ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, Ůɜɩ ɞɘ Ůəˊɞɛˊɏɠ ɚɧɔɤ ɛŮŰŬűɞɟɩɜ 

ŬɡɝɐɗɖəŬɜ əŬŰɎ 26% ůŰɞ ŭɘɎůŰɖɛŬ 1990-2010. ȷɜŬɔɜɤɟɑɕɞɜŰŬɠ Űɖɜ ɛŮɔɎɚɖ əŬɘ ŬɡɝŬɜɧɛŮɜɖ 

ŮˊɑŭɟŬůɖ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, ɞɘ ŮɡɟɤˊŬɥəɞɑ ɗŮůɛɞɑ ɐŭɖ Ŭˊɧ ŰŬ ɛɏůŬ Űɖɠ 

ŭŮəŬŮŰɑŬɠ Űɞɡ ȭ90 ɝŮəɑɜɖůŬɜ ˊɟɞɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɐɠ CO2 Űɤɜ 

ůŰɧɚɤɜ Űɤɜ əŬŰŬůəŮɡŬůŰɩɜ ɞɢɖɛɎŰɤɜ. ȷɟɢɘəɎ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ ˊɟɞɏɓɚŮˊŬɜ ŮɗŮɚɞɜŰɘəɏɠ 

ůɡɛűɤɜɑŮɠ, ɧɛɤɠ Ŭˊɧ Űɞ 2009 ŮűŬɟɛɧůŰɖəŮ ɜɞɛɞɗŮůɑŬ ɔɘŬ Űɖɜ ɞɟɘɞɗɏŰɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 

Űɤɜ ɞɢɖɛɎŰɤɜ. ɇŬ ɡˊɧɚɞɘˊŬ ŬɏɟɘŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ŭŮɜ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɡɟɤˊŬɥəɏɠ ɞŭɖɔɑŮɠ 

əŬɗɩɠ ŬɡŰɏɠ əŬɗɞɟɑɕɞɡɜ ɛɧɜɞ Űɘɠ Ůəˊɞɛˊɏɠ CO2. 

Ƀɘ Ůəˊɞɛˊɏɠ CO2 Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ŮɚɏɔɢɞɜŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ. ɀɏɢɟɘ Űɞ 2017 ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɞ 

əɨəɚɞɠ ɞŭɐɔɖůɖɠ NEDC (New European Driving Cycle). ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ əɨəɚɞ ɞŭɐɔɖůɖɠ 

ˊɞɡ ůɢŮŭɘɎůŰɖəŮ ůŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1960. Ƀɘ ŰŮɢɜɞɚɞɔɘəɏɠ ŮɝŮɚɑɝŮɘɠ ůŰɞɜ ɢɩɟɞ Űɖɠ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬɠ əŬɗɩɠ əŬɘ ɞɘ ŬɚɚŬɔɏɠ ůŰɖɜ ɞŭɖɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɞŭɖɔɩɜ Űɞɜ 

əŬŰɏůŰɖůŬɜ ŬˊŬɟɢŬɘɤɛɏɜɞ. Ƀ əɨəɚɞɠ NEDC, ˊŮɟɘɚɎɛɓŬɜŮ ˊɞɚɚɎ ŰɛɐɛŬŰŬ ůŰŬɗŮɟɐɠ ŰŬɢɨŰɖŰŬɠ 

əŬɘ ŮˊɘŰɎɢɡɜůɖɠ əŬɘ ɏŰůɘ ŬŭɡɜŬŰɞɨůŮ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨůŮɘ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ əɡəɚɞűɞɟɑŬɠ 

Űɤɜ ɞɢɖɛɎŰɤɜ ɞŭɖɔɩɜŰŬɠ ůŮ ɡˊɞŮəŰɘɛɖɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɟɨˊɤɜ, CO2 əŬɘ əŬŰŬɜɎɚɤůɖɠ 

əŬɡůɑɛɞɡ. Ɉˊɧ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ, ɖ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ ɛɖ ŮɡɟɤˊŬɥəɏɠ ɢɩɟŮɠ 

ŬɜɏˊŰɡɝŮ Űɖɜ ŭɞəɘɛŬůɑŬ WLTP (Worldwide Harmonised Light Vehicle Test Procedure), ɖ ɞˊɞɑŬ 

ŰɏɗɖəŮ ůŮ ɘůɢɨ Ŭˊɧ Űɞ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017. Ƀɘ Ůˊɘɛɏɟɞɡɠ əɨəɚɞɘ ɞŭɐɔɖůɖɠ Űɖɠ ŭɞəɘɛɐɠ WLTP 

ŬɜŬˊŰɨɢɗɖəŬɜ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ŭɚɖɗɘɜɩɜ ɞŭɖɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɧɚɞɜ Űɞɜ əɧůɛɞ ɩůŰŮ ɜŬ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ əŬɚɨŰŮɟŬ ŰŬ ŭɘɎűɞɟŬ ɞŭɖɔɘəɎ ˊɟɞűɑɚ Űɤɜ ɞŭɖɔɩɜ. 

Ƀɘ əɘɜɖŰɐɟŮɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ɏɜŬɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɘɠ ůɖɛŮɟɘɜɏɠ 

ɛŮŰŬűɞɟɏɠ əŬɘ ŬɡŰɧ ŭŮɜ ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ ŬɚɚɎɝŮɘ ůŰɞ ůɨɜŰɞɛɞ ɛɏɚɚɞɜ. ȰŰůɘ ɗŬ ˊɟɏˊŮɘ əŬɘ ŬɡŰɞɑ 

ɜŬ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ əɚɑɛŬŰɞɠ Űɞɡ ˊɚŬɜɐŰɖ ŬɚɚɎ əŬɘ ůŰɖɜ ŭɘŬŰɐɟɖůɖ Űɤɜ 

ˊŮɟɘɞɟɘůɛɏɜɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ. Ƀ ɏɚŮɔɢɞɠ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ɞɢɖɛɎŰɤɜ ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ 

ˊɘɞ əŬɗɞɟɘůŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ Űɖɠ ůɨɔɢɟɞɜɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. Ƀɘ ŮˊɘŭɧůŮɘɠ, ɖ 

əŬɨůɖ, ɖ Ŭˊɧŭɞůɖ əŬɘ ɞɘ Ůəˊɞɛˊɏɠ Ůɜɧɠ əɘɜɖŰɐɟŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ůɢŮŭɘŬůɛɧ, Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ əŬɡůɑɛɤɜ. ȷɡŰɏɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ ůɖɛŬɜŰɘəɞɑ ɔɘŬ Űɖɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ Ůɜɧɠ əɘɜɖŰɐɟŬ. ɆŰɖɜ əŬŰŮɨɗɡɜůɖ 

ŬɡŰɐ əŬɘ ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ əŬɚɨɣɞɡɜ ŰŬ ɧɟɘŬ Ůəˊɞɛˊɩɜ Űɖɠ ŮɡɟɤˊŬɥəɐɠ ɜɞɛɞɗŮůɑŬɠ, ɞɘ 

əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ŮɘůɎɔɞɡɜ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ Űɞɡɠ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ  ˊŮɟɘɞɟɘůɛɞɨ Űɤɜ 

Ůəˊɞɛˊɩɜ, ɧˊɤɠ ůŰɟɞɓɘɚɞ-ɡˊŮɟˊɚɐɟɤůɖ, ˊŬɨůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ əŬŰɎ ŰŬ 

ŭɘŬůŰɐɛŬŰŬ ŬəɘɜɖůɑŬɠ (start-stop), ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ əɡɚɑɜŭɟɤɜ Űɞɡ əɘɜɖŰɐɟŬ, ɛŮŰŬɓɚɖŰɧ 

ɢɟɞɜɘůɛɧ ɓŬɚɓɑŭɤɜ, ɛŮŰŬɓɚɖŰɧ ɚɧɔɞ ůɡɛˊɑŮůɖɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬ əɨəɚɞɡ Miller . ɆɖɛŬɜŰɘəɎ ɞűɏɚɖ 
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ůŰɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɛˊɞɟɞɨɜ ŬəɧɛŬ ɜŬ ˊɟɞəɨɣɞɡɜ Ŭˊɧ Űɖɜ ɢɟɐůɖ ɡɓɟɘŭɘəɩɜ əŬɘ 

ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ əŬɗɩɠ əŬɘ ɛɏůɤ ŰŮɢɜɘəɩɜ ɓŮɚŰɑɤůɖɠ Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ əŬɘ ɛŮɑɤůɖɠ Űɞɡ 

ɓɎɟɞɡɠ Űɤɜ ɞɢɖɛɎŰɤɜ. 
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2. ūŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ 

 

2.1. ɄŮɟɘɔɟŬűɐ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ 

ɇɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬ űɡůɘəɧ űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ůɡɜŰŮɚŮɑ ůŰɖɜ ɗɏɟɛŬɜůɖ 

Űɖɠ ŬŰɛɧůűŬɘɟŬɠ əŬɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔɖɠ. ɇŬ ɞɜɞɛŬɕɧɛŮɜŬ ŬɏɟɘŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ (GHG ï 

Greenhouse Gases), ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ Ůɝɏɚɘɝɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɡŰɞɨ. ɇŬ 

ůɖɛŬɜŰɘəɧŰŮɟŬ Ŭˊɧ ŬɡŰɎ ŰŬ ŬɏɟɘŬ ŮɑɜŬɘ ɞɘ ɡŭɟŬŰɛɞɑ (H20), Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (CO2), Űɞ 

ɛŮɗɎɜɘɞ (CH4), Űɞ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ŬɕɩŰɞɡ (Ɂ2Ƀ) əŬɘ ɞɟɘůɛɏɜŬ űɗɞɟɘɞɨɢŬ ŬɏɟɘŬ. ɇŬ ˊŬɟŬˊɎɜɤ 

ŬɏɟɘŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬɓɎɚɚɞɡɜ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɘůɞɟɟɞˊɑŬ Űɖɠ ɔɖɠ ŬˊɞɟɟɞűɩɜŰŬɠ Űɖɜ ɛŬəɟɎ 

ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘɎ Űɖɠ. ȷɜ ŭŮɜ ɡˊɐɟɢŮ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ ŮəŰɘɛɎŰŬɘ ɧŰɘ ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ɔɖɠ ɗŬ ɐŰŬɜ -18ɞC. ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ 

ɞ ɧɟɞɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ əŬɘ Űɖɜ 

ˊŬɔəɧůɛɘŬ ɗɏɟɛŬɜůɖ, Ůɜɩ Űɞ ɑŭɘɞ Űɞ űŬɘɜɧɛŮɜɞ ɏɢŮɘ ŮɜŰŬɗŮɑ Ŭˊɧ Űɘɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. 

ȼ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ ŭɘŬˊŮɟɜɎ Űɖɜ ŬŰɛɧůűŬɘɟŬ əŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ ŬɡŰɐɠ, ˊŮɟɑˊɞɡ 26%, 

ŬɜŰŬɜŬəɚɎŰŬɘ ˊɑůɤ ůŰɞ ŭɘɎůŰɖɛŬ Ŭűɞɨ ŮɛˊɞŭɑɕŮŰŬɘ Ŭˊɧ ɜŮűɩůŮɘɠ əŬɘ ɚɞɘˊɎ ůɤɛŬŰɑŭɘŬ Űɖɠ 

ŬŰɛɧůűŬɘɟŬɠ. ȷəɧɛɖ, 19% Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ əŬɘ ŰŬ 

ůɨɜɜŮűŬ, əŬɘ Ŭˊɧ Űɞ 55% Űɖɠ ŮɜŬˊɞɛŮɑɜɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ɔɖ Űɞ 4% 

ŬɜŰŬɜŬəɚɎŰŬɘ ˊɑůɤ ůŰɞ ŭɘɎůŰɖɛŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ əŬɘ Űɞ ɡˊɞɚŮɘˊɧɛŮɜɞ 51% 

ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ Űɞɡɠ ɤəŮŬɜɞɨɠ (ɆɢɐɛŬ 2.1). 

 

 

ɆɢɐɛŬ 2.1: ȼ ɘůɞɟɟɞˊɑŬ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɖɠ ɔɖɠ  [1]  
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ȼ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ űŰɎɜŮɘ ůŰɖɜ ɔɖ ůŰɖɜ ɡˊŮɟɘɩŭɖ əŬɘ ɞɟŬŰɐ ˊŮɟɘɞɢɐ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ 

űɎůɛŬŰɞɠ. ȷˊɧ Űɞɡɠ ɜɧɛɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ ɛɏɚŬɜɞɠ ůɩɛŬŰɞɠ, ɚɧɔɤ Űɖɠ ˊɞɚɨ ɛɘəɟɧŰŮɟɖɠ  

ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔɖɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɐɚɘɞɡ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ Ŭˊɧ Űɞɜ ɐɚɘɞ ůŰɖɜ ɔɖ ůŮ ˊŮɟɘɞɢɏɠ ɛŮɔŬɚɨŰŮɟɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ 

əŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɡˊɏɟɡɗɟɞɡ. ũɘŬ Űɖɜ ŭɘŬɢɟɞɜɘəɐ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ɛɏůɖɠ 

ŬŰɛɞůűŬɘɟɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɖ Ůɝɘůɞɟɟɧˊɖůɖ ŬɜɎɛŮůŬ ůŰɖɜ 

ŮɘůŮɟɢɧɛŮɜɖ əŬɘ ŮɝŮɟɢɧɛŮɜɖ ŬəŰɘɜɞɓɞɚɑŬ. 

ȼ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ɗŬ ŬɜŬɛŮɜɧŰŬɜ ɜŬ ɏɢŮɘ ɏɜŬ ɘŭŬɜɘəɧ ɛɏɚŬɜ ůɩɛŬ ˊɞɡ ɗŬ ŮɑɢŮ ŬˊɧůŰŬůɖ Ŭˊɧ 

Űɞɜ ɐɚɘɞ ɑŭɘŬ ɛŮ ŬɡŰɐ ˊɞɡ ɏɢŮɘ ɖ ɔɖ, ŮɑɜŬɘ ˊŮɟɑˊɞɡ 5ɞC. ȼ ɔɖ ɧɛɤɠ ŬɜŰŬɜŬəɚɎ ůɢŮŭɧɜ Űɞ 30% Űɖɠ 

ŮɘůŮɟɢɧɛŮɜɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ ɏŰůɘ ɗŬ ˊŮɟɑɛŮɜŮ əŬɜŮɑɠ ɛŮ ɡˊɞɚɞɔɘůɛɞɨɠ ɛɘŬ ɛɏůɖ 

ɗŮɟɛɞəɟŬůɑŬ Űɤɜ -18ɞC. ɋůŰɧůɞ ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ɔɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 15ɞC, ŭɖɚŬŭɐ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ŭɘŬűɞɟɎ Űɖɠ ŰɎɝɖɠ Űɤɜ 33ɞC. ȼ ɗŮɟɛɞəɟŬůɘŬəɐ ŬɡŰɐ ŭɘŬűɞɟɎ ɞűŮɑɚŮŰŬɘ ůŰɞ 

űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. 

ɆŮ ˊŮɟɘɞɢɏɠ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ, ɖ ŬŰɛɧůűŬɘɟŬ ŮɑɜŬɘ ůɢŮŭɧɜ ŬŭɘŬűŬɜɐɠ ůŰɖɜ ɗŮɟɛɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ, əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ Ůə Űɤɜ ɗŮɟɛɘəɩɜ ŬˊɤɚŮɘɩɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɔɑɜɞɜŰŬɘ ɚɧɔɤ Űɖɠ 

ɛŮŰŬűɞɟɎɠ Űɖɠ ŬɘůɗɖŰɐɠ əŬɘ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ. Ƀɘ ŮɜŮɟɔŮɘŬəɏɠ ŬˊɩɚŮɘŮɠ ɔɑɜɞɜŰŬɘ ůɡɜŮɢɩɠ 

ɛŮɔŬɚɨŰŮɟŮɠ  ɚɧɔɤ Űɖɠ űɗɑɜɞɡůŬɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ɡŭɟŬŰɛɩɜ, ˊɞɡ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ŮɑɜŬɘ 

əŬɘ Űɞ əɡɟɘɧŰŮɟɞ Ŭɏɟɘɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬɘ ɏŰůɘ ŮɑɜŬɘ Ůɨɚɞɔɞ ɜŬ ɗŮɤɟɖɗŮɑ ɧŰɘ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ əŬŰɎ əɨɟɘɞ ɚɧɔɤ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɛɏůɖɠ ŰɟɞˊɧůűŬɘɟŬɠ. 

ȳŰŬɜ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ɗŮɟɛŬɑɜŮŰŬɘ ůŮ ɛɘŬ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ŰɎɝɖɠ Űɤɜ -18ɞC, ŮəˊɏɛˊŮɘ ɛŮɔɎɚŬ 

ɛɐəɖ əɨɛŬŰɞɠ, ŭɖɚŬŭɐ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ 4-100 ɛm. ɆŮ ŰɏŰɞɘŬ ɛɐəɖ əɨɛŬŰɞɠ ŰŬ ŬɏɟɘŬ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ Ŭˊɞɟɟɞűɞɨɜ ˊŮɟɘůůɧŰŮɟɖ ŮɘůŮɟɢɧɛŮɜɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ Ůˊɑůɖɠ əɎɗŮ 

ŬŰɛɞůűŬɘɟɘəɧ ůŰɟɩɛŬ ˊɞɡ ɏɢŮɘ ŬɏɟɘŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ŬˊɞɟɟɞűɎ ɛɏɟɞɠ Ŭˊɧ Űɖɜ ɗŮɟɛɧŰɖŰŬ ˊɞɡ 

ŬəŰɘɜɞɓɞɚɞɨɜ ˊɟɞɠ ŰŬ ˊɎɜɤ ŰŬ əŬŰɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ũɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ɘůɞɟɟɞˊɑŬɠ Űɞɡ Űɞ əɎɗŮ ůŰɟɩɛŬ ŮˊŬɜŮəˊɏɛˊŮɘ  Űɖɜ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ŬˊɞɟɟɞűɎ ˊɟɞɠ əɎɗŮ 

əŬŰŮɨɗɡɜůɖ. ɆŬɜ ŬˊɞŰɏɚŮůɛŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ˊŮɟɘůůɧŰŮɟɖ ɕɏůŰɖ ůŰŬ ɢŬɛɖɚɎ ůŰɟɩɛŬŰŬ, əŬɘ 

ˊŬɟɎɚɚɖɚŬ ŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ Ůəˊɏɛˊɞɡɜ ɡɣɖɚɎ ˊɞůɎ ɗŮɟɛɧŰɖŰŬɠ ˊɑůɤ ůŰɞ ŭɘɎůŰɖɛŬ ɔɘŬ 

Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ɘůɞɟɟɞˊɑŬɠ. 

ȼ Ŭɨɝɖůɖ Űɤɜ ŬŮɟɘɩɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ Ŭˊɧ Űɘɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ŬɡɝɎɜŮɘ Űɖɜ 

ˊɞůɧŰɖŰŬ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ əŬɘ ŮˊŬɜŮəˊɏɛˊŮŰŬɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ ŰŬ ŬŰɛɞůűŬɘɟɘəɎ ůŰɟɩɛŬŰŬ əŬɘ 

Ůˊɞɛɏɜɤɠ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ɜŬ ɕŮůŰŬɑɜɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ. 

 

2.2. ȷɏɟɘŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ 

 

Á ɈŭɟŬŰɛɞɑ (H20) 

Ƀɘ ɡŭɟŬŰɛɞɑ ŬˊɞŰŮɚɞɨɜ Űɞ əɡɟɘɧŰŮɟɞ Ŭɏɟɘɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬɘ ŮɡɗɨɜɞɜŰŬɘ ˊŮɟɑˊɞɡ ɔɘŬ ŰŬ 2/3 

Űɞɡ űɡůɘəɞɨ űŬɘɜɞɛɏɜɞɡ. ɇŬ ɛɧɟɘŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ, ŭŮůɛŮɨɞɡɜ Űɖɜ 

ɗŮɟɛɧŰɖŰŬ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɖɜ ɔɖ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɖɜ ŮˊŬɜŮəˊɏɛˊɞɡɜ ˊɟɞɠ ɧɚŮɠ Űɘɠ 

əŬŰŮɡɗɨɜůŮɘɠ ɗŮɟɛŬɑɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ. 
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Ƀɘ ɡŭɟŬŰɛɞɑ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ˊŮɟɜɞɨɜ ůŮ ŬɡŰɐɜ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ Űɞɡɠ 

ɤəŮŬɜɞɨɠ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ əɨəɚɞɡ Űɞɡ ɜŮɟɞɨ əŬɘ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ ŮˊɘůŰɟɏűɞɡɜ ˊɎɚɘ ˊɑůɤ 

ɛŮ Űɖɜ ŮɝɎŰɛɘůɖ, Űɖɜ ŭɘŬˊɜɞɐ, Űɖɜ ůɡɛˊɨəɜɤůɖ əŬɘ Űɖɜ əŬŰŬəɟɐɛɜɘůɖ. 

Ƀɘ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ˊŬɟɎɔɞɜŰŮɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Ŭɡɝɐůɞɡɜ Űɞɡɠ ŬŰɛɞůűŬɘɟɘəɞɨɠ ɡŭɟŬŰɛɞɨɠ, 

ɤůŰɧůɞ ɛɏůɤ Űɞɡ ɗŮɟɛɧŰŮɟɞɡ ŬɏɟŬ ɛˊɞɟŮɑ ɜŬ əŬŰŬəɟŬŰɖɗŮɑ ˊŮɟɘůůɧŰŮɟɖ ɡɔɟŬůɑŬ əŬɘ ɏŰůɘ 

ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ɞɘ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɜŰŮɑɜɞɡɜ Űɘɠ əɚɘɛŬŰɘəɏɠ ŬɚɚŬɔɏɠ. 

Á ȹɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (CO2) 

ɇɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ŬˊɞŰŮɚŮɑ Űɞɜ ˊɘɞ ůɖɛŬɜŰɘəɧ ůɡɜŰŮɚŮůŰɐ Űɞɡ ŮəŰŮŰŬɛɏɜɞɡ, ɚɧɔɤ əŬɘ Űɖɠ 

ŬɜɗɟɤˊɞɔŮɜɞɨɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. ɆŮ ɢɩɟŮɠ ɛŮ ɛŮɔɎɚɖ ɓɘɞɛɖɢŬɜɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ ŬˊɞŰŮɚŮɑ ˊŮɟɑˊɞɡ Űɞ 80% Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. 

ɇŬ ŬˊɞɗɏɛŬŰŬ ɎɜɗɟŬəŬ ůŰɖɜ ɔɖ ŮɑɜŬɘ ˊŮˊŮɟŬůɛɏɜŬ əŬɘ ŬɡŰɎ ŬɜŬəɡəɚɩɜɞɜŰŬɘ ɛɏůŬ Ŭˊɧ Űɞ 

ˊɞɚɨˊɚɞəɞ ůɨůŰɖɛŬ Űɞɡ əɨəɚɞɡ Űɞɡ ɎɜɗɟŬəŬ. Ƀ ɎɜɗɟŬəŬ əɘɜŮɑŰŬɘ ŬɜɎɛŮůŬ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ, 

Űɖɜ ŮˊɑɔŮɘŬ ɓɘɧůűŬɘɟŬ əŬɘ Űɞɡɠ ɤəŮŬɜɞɨɠ. ɇɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞɡɠ 

űɡŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ ɛɏůɤ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ. ɇŬ űɡŰɎ əɎɜɞɡɜ ɢɟɐůɖ Űɞɡ 

ɎɜɗɟŬəŬ ɔɘŬ Űɖɜ ůɨɜɗŮůɖ Űɞɡ ɘůŰɞɨ Űɞɡɠ əŬɘ ɏˊŮɘŰŬ Űɞɜ ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɛŮ 

Űɖɜ ŬˊɞůɨɜɗŮůɐ Űɞɡɠ. Ƀɛɞɑɤɠ əŬɘ ɞɘ ɕɤɘəɞɑ ɞɟɔŬɜɘůɛɞɑ ɚŬɛɓɎɜɞɡɜ ɎɜɗɟŬəŬ ɛŮ Űɖɜ əŬŰŬɜɎɚɤůɖ 

Űɟɞűɩɜ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɞɜ ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ ɛɏůɤ Űɖɠ ŬɜŬˊɜɞɐɠ ɐ Űɖɠ ŬˊɞůɨɜɗŮůɖɠ Űɞɡɠ. 

ɇŬ ɞɟɡəŰɎ əŬɨůɘɛŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬˊɞɚɘɗɩɛŬŰŬ ɜŮəɟɩɜ ɕɤɘəɩɜ əŬɘ űɡŰɘəɩɜ ɞɟɔŬɜɘůɛɩɜ, 

ˊɞɡ ůɡɜŰɑɗŮɜŰŬɘ əɎŰɤ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ ůŮ ŭɘɎůŰɖɛŬ ŮəŬŰɞɛɛɡɟɑɤɜ ŮŰɩɜ əŬɘ 

Ůˊɞɛɏɜɤɠ ɏɢɞɡɜ ɡɣɖɚɧ ˊɞůɞůŰɧ ɎɜɗɟŬəŬ. 

ȷˊɧ Űɖɜ ɓɘɞɛɖɢŬɜɘəɐ ŮˊŬɜɎůŰŬůɖ əŬɘ ɛŮŰɎ, ɖ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ 

ɞŭɐɔɖůŮ ůŮ ɛɘŬ ɟŬɔŭŬɑŬ Ŭɨɝɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2, ŭɘŬŰŬɟɎůůɞɜŰŬɠ Űɞɜ ˊŬɔəɧůɛɘɞ əɨəɚɞ Űɞɡ 

ɎɜɗɟŬəŬ əŬɘ ɞŭɖɔɩɜŰŬɠ ŰŮɚɘəɎ ůŮ ɗɏɟɛŬɜůɖ Űɞɡ ˊɚŬɜɐŰɖ. ȼ ˊŬɔəɧůɛɘŬ ɡˊŮɟɗɏɟɛŬɜůɖ əŬɘ ɖ 

əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, ɏɢɞɡɜ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɞɘəɞɚɞɔɘəɩɜ əŬɘ űɡůɘəɩɜ ŮˊɘŭɟɎůŮɤɜ əŬɘ ŮˊɘˊŰɩůŮɤɜ 

Űɖɠ ɡɔŮɑŬɠ Űɤɜ ɕɩɜŰɤɜ ɞɟɔŬɜɘůɛɩɜ, ɛŮŰŬɝɨ Ɏɚɚɤɜ ŬəɟŬɑŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ (ˊɚɖɛɛɨɟŮɠ, 

ɝɖɟŬůɑŮɠ, əŬŰŬɘɔɑŭŮɠ, əŬɨůɤɜŮɠ), Ŭɨɝɖůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ, Ŭɚɚɞɘɤɛɏɜɖ ŬɜɎˊŰɡɝɖ 

əŬɚɚɘŮɟɔŮɘɩɜ, ŭɘŬůˊŬůɛɏɜŬ ůɡůŰɐɛŬŰŬ ɨŭɟŮɡůɖɠ. 

Á ɀŮɗɎɜɘɞ (CH4) 

ȺɑɜŬɘ Űɞ ŭŮɨŰŮɟɞ əŬŰɎ ůŮɘɟɎ Ŭɏɟɘɞ ˊɞɡ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. ȷˊɧ Űɖɜ 

Ŭɟɢɐ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ŮˊŬɜɎůŰŬůɖɠ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɡŰɞɨ Űɞɡ ŬŮɟɑɞɡ ɏɢɞɡɜ ŭɘˊɚŬůɘŬůŰŮɑ, 

ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɖɜ Ůɜɑůɢɡůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ əŬŰɎ 20%. ɆŰɘɠ ɓɘɞɛɖɢŬɜɘəɏɠ ɢɩɟŮɠ Űɞ ˊɞůɞůŰɧ 

Űɞɡ ɛŮɗŬɜɑɞɡ ŮɑɜŬɘ ˊŮɟɑˊɞɡ Űɞ 15% Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ ˊɞɡ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ Űɞ űŬɘɜɧɛŮɜɞ 

Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. ũŮɜɘəɎ Űɞ CH4 ůɡɜŰɑɗŮŰŬɘ Ŭˊɧ ɓŬəŰɐɟɘŬ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ɞɟɔŬɜɘəɏɠ ɨɚŮɠ ɚɧɔɤ 

ɏɚɚŮɘɣɖɠ ɞɝɡɔɧɜɞɡ. Ƀɘ űɡůɘəɏɠ ˊɖɔɏɠ ˊɞɡ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ Űɖɜ Ůəˊɞɛˊɐ Űɞɡ ɛŮɗŬɜɑɞɡ ŮɑɜŬɘ ɞɘ 

ɡɔɟɧŰɞˊɞɘ, ɞɘ ŰŮɟɛɑŰŮɠ əŬɘ ɞɘ ɤəŮŬɜɞɑ. Ƀɘ ˊɖɔɏɠ ɚɧɔɤ Ŭɜɗɟɩˊɘɜɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ŮɑɜŬɘ ɞɘ 

əŰɖɜɞŰɟɞűɘəɏɠ ɛɞɜɎŭŮɠ (ɚɧɔɤ əɞˊɟɎɜɤɜ), ɖ əŬɨůɖ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ, ɞɘ ɟɡɕɞəŬɚɚɘɏɟɔŮɘŮɠ əŬɘ 

ɞɘ ɢɩɟɞɘ ŰŬűɐɠ (ɚɧɔɤ Űɖɠ ŬˊɞůɨɜɗŮůɖɠ Űɤɜ ůɤɛɎŰɤɜ). ȼ Ůəˊɞɛˊɐ Űɞɡ ɛŮɗŬɜɑɞɡ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ ŭŮůɛŮɨŮɘ ɗŮɟɛɧŰɖŰŬ ɛŮɔŬɚɨŰŮɟɖ Űɞɡ CO2 əŬŰɎ 23 űɞɟɏɠ. ɋůŰɧůɞ ɖ ˊŬɟŬɛɞɜɐ Űɞɡ 
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ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ŮɑɜŬɘ ůŬűɩɠ ɛɘəɟɧŰŮɟɖ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ əŬɘ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 10 ɤɠ 

15 ɢɟɧɜɘŬ. 

Á ɈˊɞɝŮɑŭɘɞ Űɞɡ ŬɕɩŰɞɡ (Ɂ2Ƀ) 

H ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ ŬŮɟɑɞɡ ŬɡŰɞɨ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɔɑɜŮŰŬɘ ɛɏůɤ Űɤɜ ɤəŮŬɜɩɜ əŬɘ Űɤɜ ŭŬůɩɜ, 

əŬɗɩɠ əŬɘ Ŭˊɧ ŰŬ ɓŬəŰɐɟɘŬ Űɞɡ ŮŭɎűɞɡɠ. ȼ Ŭɜɗɟɩˊɘɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ˊɞɡ ůɡɛɓɎɚɚŮɘ ůŰɖ 

ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ Ɂ2Ƀ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ŮɑɜŬɘ: ɖ ɢɟɐůɖ ŬɕɤŰɞɨɢɤɜ ɚɘˊŬůɛɎŰɤɜ, 

ɖ əŬɨůɖ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ ɚɡɛɎŰɤɜ ɚɧɔɤ ɓɘɞɛɖɢŬɜɘəɐɠ ɢɖɛɘəɐɠ ˊŬɟŬɔɤɔɐɠ 

ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ŬɕɩŰɞɡ. ɇɞ ˊɞůɞůŰɧ Űɞɡ N2O ůŰɘɠ ɓɘɞɛɖɢŬɜɘəɏɠ ɢɩɟŮɠ ŬɜɏɟɢŮŰŬɘ ůŰɞ 6% Űɞɡ 

ůɡɜɧɚɞɡ Ůəˊɞɛˊɐɠ ŬŮɟɑɤɜ, ɡˊŮɨɗɡɜɤɜ ɔɘŬ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. ȳˊɤɠ əŬɘ ŰŬ ŭɨɞ 

ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ŬɏɟɘŬ, ɏŰůɘ əŬɘ Űɞ N2O ŬˊɞɟɟɞűɎ ɗŮɟɛɧŰɖŰŬ əŬɘ ɛɎɚɘůŰŬ 310 űɞɟɏɠ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ CO2. ȷˊɧ Űɖɜ Ŭɟɢɐ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ŮˊŬɜɎůŰŬůɖɠ ɞɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ɡˊɞɝŮɘŭɑɞɡ Űɞɡ ŬɕɩŰɞɡ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɏɢɞɡɜ ŬɡɝɖɗŮɑ əŬŰɎ 16% ˊŮɟɑˊɞɡ, 

əɎŰɘ ˊɞɡ ŮɜɘůɢɨůŮɘ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ Ŭˊɧ 4% ɤɠ 6%. 

 

Á ɉɚɤɟɞűɗɞɟɎɜɗɟŬəŮɠ (CFCs) 

ȺɑɜŬɘ ŰŬ ɛɧɜŬ Ŭˊɧ ŰŬ ŬɏɟɘŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ˊɞɡ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ Űɞɜ ɑŭɘɞ Űɞɜ Ɏɜɗɟɤˊɞ, 

ŰŮɢɜɖŰɎ, ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ˊŬɟŬɔɤɔɐɠ. ɇɞ ˊɞůɞůŰɧ Ůəˊɞɛˊɐɠ Űɞɡɠ ůŰɞ ůɨɜɞɚɞ 

Űɤɜ ŬŮɟɑɤɜ ɗŮɟɛɞəɖˊɑɞɡ ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ ɞɘ ɓɘɞɛɖɢŬɜɘəɏɠ ɢɩɟŮɠ ŬɜɏɟɢŮŰŬɘ ůŰɞ 1,5%. ɄŬɟɎ 

Űɞ ɛɘəɟɧ ŬɡŰɧ ˊɞůɞůŰɧ, ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ŬɏɟɘŬ ŭŮůɛŮɨɞɡɜ 22.000 űɞɟɏɠ ˊŮɟɘůůɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ˊŬɟŬɛɏɜɞɡɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɔɘŬ ɢɘɚɘɎŭŮɠ ɢɟɧɜɘŬ. ɇŬ 

űɗɞɟɘɞɨɢŬ ŬɏɟɘŬ ɗŮɟɛɞəɖˊɑɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ: Űɞɡɠ ɡŭɟɞűɗɞɟɎɜɗɟŬəŮɠ (ɞɘ ɞˊɞɑɞɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɣɨɝɖ), Űɞ ŮɝŬűɗɞɟɘɞɨɢɞ ɗŮɑɞ (ɛŮ ɢɟɐůɖ ůŰɖɜ ɖɚŮəŰɟɞɜɘəɐ ɓɘɞɛɖɢŬɜɑŬ), 

Űɞɡɠ ɡˊŮɟűɗɞɟɎɜɗɟŬəŮɠ (ˊɞɡ ŮəŰɧɠ Ŭˊɧ Űɖɜ ɓɘɞɛɖɢŬɜɑŬ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ Ŭɚɞɡɛɘɜɑɞɡ əŬɘ Űɞɡɠ ɢɚɤɟɞűɗɞɟɎɜɗɟŬəŮɠ, ˊɞɡ ɏɢɞɡɜ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ 

əŬŰŬůŰɟɏűɞɡɜ Űɞ ůŰɟɩɛŬ Űɞɡ ɧɕɞɜŰɞɠ. ȷɡŰɧɠ ŮɑɜŬɘ əŬɘ ɞ ɚɧɔɞɠ ˊɞɡ, Ŭɜ əŬɘ ŬˊɞŰŮɚɞɨɜ Űɞ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜɞ Ůɑŭɞɠ űɗɞɟɘɞɨɢɞɡ ŬŮɟɑɞɡ, ůŰŬɛŬŰɎŮɘ ůŰŬŭɘŬəɎ ɖ əɡəɚɞűɞɟɑŬ Űɞɡɠ ɛŮ ɓɎůɖ Űɞ 

ɄɟɤŰɧəɞɚɚɞ Űɞɡ ɀɧɜŰɟŮŬɚ (1987). 

 

2.3. ȾɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ 

 

Ƀ ɧɟɞɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ˊŬɔəɧůɛɘŬ ɛŮŰŬɓɞɚɐ Űɞɡ əɚɑɛŬŰɞɠ əŬɘ ůŰɖɜ 

ɛŮŰŬɓɞɚɐ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ůŮ ɛŬəɟɞɢɟɧɜɘŬ əɚɑɛŬəŬ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɘŭɘŬɑŰŮɟŬ ɏɜŰɞɜɖ əŬɘ ŮəŰŮŰŬɛɏɜɖ ŬɚɚŬɔɐ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ ɧˊɤɠ 

ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ, ɞɘ ɛŮŰŬɓɞɚɏɠ ŬɡŰɏɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. 

Ƀ əɨɟɘɞɠ ɛɖɢŬɜɘůɛɧɠ ɛɏůŬ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ůɡɜŰŮɚŮɑŰŬɘ ɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ŮɑɜŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ɀɏůŬ Ŭˊɧ Űɘɠ ŬɜɗɟɩˊɘɜŮɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ŬɡɝɎɜɞɜŰŬɘ ɞɘ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬɘ ůɡɜŮˊɩɠ ŮɜɘůɢɨŮŰŬɘ ɖ 

ŭɟɎůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɛɏůɖɠ 
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ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ˊɚŬɜɐŰɖ. ȼ Ůɜɑůɢɡůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ŬɡŰɞɨ Ŭˊɧ Űɞɜ Ɏɜɗɟɤˊɞ ɞɜɞɛɎɕŮŰŬɘ 

çŮɜɘůɢɡɛɏɜɞè űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ [2]. 

ɇŬ ŬɏɟɘŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬɘ ɖ Ůɜɘůɢɡɛɏɜɖ Ůəˊɞɛˊɐ Űɞɡɠ Ŭˊɧ Űɘɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ Űɞɡ Ŭɜɗɟɩˊɞɡ 

ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ɔɘŬ Űɞ ɛɏɚɚɞɜ Űɞɡ ˊɚŬɜɐŰɖ. ɆɡɜŮˊɩɠ əɟɑɜŮŰŬɘ ŮˊɘŰŬəŰɘəɐ ɖ 

ŬɜɎɔəɖ ɔɘŬ ɏɟŮɡɜŬ əŬɘ ŮɨɟŮůɖ Űɟɧˊɤɜ ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɞɡ űŬɘɜɞɛɏɜɞɡ. Ƀɘ əɡɟɘɧŰŮɟŮɠ 

ˊɟɞůˊɎɗŮɘŮɠ ˊɞɡ ůɡɜŰŮɚɞɨɜŰŬɘ ŬɡŰɐɜ Űɖɜ ůŰɘɔɛɐ ŮůŰɘɎɕɞɜŰŬɘ ůŰɖɜ ˊɟɞɩɗɖůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ 

ɛɞɟűɩɜ ŮɜɏɟɔŮɘŬɠ, Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ əŬɘ əɡɟɑɤɠ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ 

Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ. 

 

2.4. ɄŬɔəɧůɛɘŮɠ ŮɜɏɟɔŮɘŮɠ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ 

 

ȺɑɜŬɘ ˊɚɏɞɜ ŮˊɘɓŮɓŬɘɤɛɏɜɞ Ŭˊɧ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ɧŰɘ ɞɘ ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ 

ŮɑɜŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖɜ ˊŬɔəɧůɛɘŬ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ˊɚŬɜɐŰɖ ˊɞɡ 

ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ ŰŬ ɛɏůŬ Űɞɡ 20ɞɡ ŬɘɩɜŬ. ȼ ˊŬɔəɧůɛɘŬ ɡˊŮɟɗɏɟɛŬɜůɖ Űɞɡ ˊɚŬɜɐŰɖ ŮɑɜŬɘ ɏɜŬ 

űŬɘɜɧɛŮɜɞɘ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ɗŬ ůɡɜŮɢɘůŰŮɑ əŬɘ ˊɏɟŬ Ŭˊɧ Űɞɜ 21ɞ ŬɘɩɜŬ.  

ȼ ȹɘŬəɡɓŮɟɜɖŰɘəɐ ȺˊɘŰɟɞˊɐ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ (IPCC ï Intergovernmental Panel on 

Climate Change) ɏɢŮɘ əŬŰŬɔɟɎɣŮɘ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ˊɟɞɓɚɏɣŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɛŮɚɚɞɜŰɘəɐ Ŭɨɝɖůɖ 

Űɖɠ ˊŬɔəɧůɛɘŬɠ ɛɏůɖɠ ɗŮɟɛɞəɟŬůɑŬɠ [3] (ɆɢɐɛŬ 2.2). Ƀɘ ˊɟɞɓɚɏɣŮɘɠ ŬɡŰɏɠ ŮɛˊŮɟɘɏɢɞɡɜ Űɖɜ 

ɡˊɧɗŮůɖ Űɖɠ ɛɖ ɚɐɣɖɠ ˊŮɟŬɘŰɏɟɤ ɛɏŰɟɤɜ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ əŬɘ əŬɚɨˊŰɞɡɜ Űɖɜ 

ˊŮɟɑɞŭɞ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 21ɞɡ ŬɘɩɜŬ ɛɏɢɟɘ əŬɘ Űɞ Űɏɚɞɠ Űɞɡ. ȼ ˊɘɗŬɜɧŰɖŰŬ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ 

ŮˊɘɓŮɓŬɑɤůɖɠ Űɞɡ ůŮɜŬɟɑɞɡ Űɞɡ IPCC ɡˊɞɚɞɔɑůŰɖəŮ ůŰɞ 66% əŬɘ ɞɘ ˊɟɞɓɚɏɣŮɘɠ əɎɜɞɡɜ ɚɧɔɞ ɔɘŬ 

ɛɏůɖ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ˊɚŬɜɐŰɖ ůŰɞ Ůɨɟɞɠ Űɤɜ 1.1-6.4ɞC. ɇɞ ˊɘɗŬɜɧ űɎůɛŬ Űɤɜ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ˊɟɞɓɚɏɣŮɤɜ ŮɛˊŮɟɘɏɢŮɘ ŭɘŬűɞɟŮŰɘəɎ ˊɟɞɓɚŮˊɧɛŮɜŬ ůŮɜɎɟɘŬ ůɢŮŰɘəɎ ɛŮ Űɘɠ 

ɛŮɚɚɞɜŰɘəɏɠ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. ɇŬ ůŮɜɎɟɘŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɘɜ ɡˊɞɗɏůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɛŮɚɚɞɜŰɘəɏɠ əɞɘɜɤɜɘəɏɠ əŬɘ ɞɘəɞɜɞɛɘəɏɠ ŮɝŮɚɑɝŮɘɠ ˊɞɡ ŮɑɜŬɘ 

ɘəŬɜɏɠ ɜŬ ŮˊɖɟŮɎůɞɡɜ ŰŬ ŮˊɑˊŮŭŬ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ Ůəˊɞɛˊɩɜ. 

 

ɆɢɐɛŬ 2.2: ŪŮɟɛɞəɟŬůɘŬəɐ ŬɜɤɛŬɚɑŬ Űɖɠ ɔɖɠ ůŰɞ ŭɘɎůŰɖɛŬ 1961-2017 [2]  
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2.4.1. ȹɘŬəɡɓŮɟɜɖŰɘəɐ ȺˊɘŰɟɞˊɐ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ 

 

H ȹɘŬəɡɓŮɟɜɖŰɘəɐ ȺˊɘŰɟɞˊɐ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ (IPCC), ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞɜ 

ɄŬɔəɧůɛɘɞ ɀŮŰŮɤɟɞɚɞɔɘəɧ ɃɟɔŬɜɘůɛɧ (WMO ï World Meteorological Organization) əŬɘ Űɞ 

ɄɟɧɔɟŬɛɛŬ ɄŮɟɘɓɎɚɚɞɜŰɞɠ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ (UNEP ï United Nations Environment 

Programme) ɤɠ ŬɜŰɘəŮɘɛŮɜɘəɐ ˊɖɔɐ ˊŬɟɞɢɐɠ ŮˊɘůŰɖɛɞɜɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ. ɇɞ 2013 ɖ ŮˊɘŰɟɞˊɐ 

IPCC ɛɏůŬ Ŭˊɧ Űɖɜ 5ɖ ȰəɗŮůɖ ȷɝɘɞɚɧɔɖůɖɠ ɔɘŬ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ɏŭɤůŮ ůŰɞɘɢŮɑŬ ɛŮ ˊɚɐɟɖ 

ŭɘŬűɎɜŮɘŬ əŬɘ ɐŰŬɜ əŬŰɖɔɞɟɖɛŬŰɘəɐ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɡˊŬɘŰɘɧŰɖŰŬ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŰɖɜ Ůɝɏɚɘɝɖ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ. 

ȼ ɏəɗŮůɖ ˊŬɟŮɑɢŮ ˊŮɟɘŮəŰɘəɏɠ ŮəŰɘɛɐůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ 

Űɘɠ ŬɘŰɑŮɠ ˊɞɡ ɞŭɐɔɖůŬɜ ůŮ ŬɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŭŮəŬŮŰɑŮɠ. Ⱥˊɑůɖɠ ɡˊɞɚɧɔɘɕŮ Űɘɠ 

ůɡɜɞɚɘəɏɠ ŮəŰɘɛɩɛŮɜŮɠ Ůəˊɞɛˊɏɠ CO2 Ŭˊɧ Űɖɜ Ůˊɞɢɐ ˊɟɞ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ŮˊŬɜɎůŰŬůɖɠ əŬɘ 

ˊɟɞɦˊɞɚɧɔɘɕŮ Űɞ ɨɣɞɠ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ Ůəˊɞɛˊɩɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ˊŮɟɘɞɟɘůɛɧ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ Űɖɠ ˊŬɔəɧůɛɘŬɠ Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɏɤɠ 2ɞC. ɇɞ ɛɘůɧ ˊɞůɧ Ŭˊɧ ŬɡŰɏɠ Űɘɠ 

Ůəˊɞɛˊɏɠ ŮɑɢŬɜ ɐŭɖ ŬˊŮɚŮɡɗŮɟɤɗŮɑ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ Ŭˊɧ Űɞ 2011. 

ȷˊɧ Űɖɜ ŮɟɔŬůɑŬ Űɖɠ ŮˊɘŰɟɞˊɐɠ IPCC, ůɐɛŮɟŬ ŮɑɜŬɘ ɔɜɤůŰɎ ŰŬ Ůɝɐɠ [4]: 

Á ȷˊɧ Űɞ 1880 ɏɤɠ Űɞ 2012, ɖ ɛɏůɖ ˊŬɔəɧůɛɘŬ ɗŮɟɛɞəɟŬůɑŬ ɏɢŮɘ ŬɡɝɖɗŮɑ əŬŰɎ 0.85ɞC. 

Á Ƀɘ ɤəŮŬɜɞɑ ɏɢɞɡɜ ɗŮɟɛŬɜɗŮɑ, ŰŬ ůɡɜɞɚɘəɎ ˊɞůɎ Űɞɡ ɢɘɞɜɘɞɨ əŬɘ Űɞɡ ˊɎɔɞɡ ɏɢɞɡɜ ɛŮɘɤɗŮɑ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ɏɜɞŭɞ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ. ȷˊɧ Űɞ 1901 ɏɤɠ Űɞ 2010, ɖ ɛɏůɖ 

ˊŬɔəɧůɛɘŬ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ ŬɜɏɓɖəŮ əŬŰɎ 19 cm ɚɧɔɤ Űɞɡ ɚɘɤůɑɛŬŰɞɠ Űɤɜ ˊɎɔɤɜ. 

ȼ ɏəŰŬůɖ Űɞɡ ɗŬɚɎůůɘɞɡ ˊɎɔɞɡ Űɖɠ ȷɟəŰɘəɐɠ, ɏɢŮɘ ůɡɟɟɘəɜɤɗŮɑ ŭɘŬŭɞɢɘəɎ ůŮ əɎɗŮ 

ŭŮəŬŮŰɑŬ Ŭˊɧ Űɞ 1979 ɛŮ ɟɡɗɛɧ ŬˊɩɚŮɘŬɠ ˊɎɔɞɡ 1.07x106 km2 ŬɜɎ ŭŮəŬŮŰɑŬ. 

Á ȹŮŭɞɛɏɜɤɜ Űɤɜ ůɖɛŮɟɘɜɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ əŬɘ Űɤɜ ŮɝŮɚɑɝŮɘ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɧŰɘ ɛŮ Űɞ Űɏɚɞɠ ŬɡŰɞɨ Űɞɡ ŬɘɩɜŬ ɖ Ŭɨɝɖůɖ Űɖɠ ɛɏůɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ˊɚŬɜɐŰɖ ŬɜŬɛɏɜŮŰŬɘ 1-2ɞC ˊɎɜɤ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 1990 (1.5-2.5ɞC 

ˊɎɜɤ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ˊɟɞɓɘɞɛɖɢŬɜɘəɐɠ Ůˊɞɢɐɠ). Ƀɘ ɤəŮŬɜɞɑ ɗŬ ɕŮůŰŬɗɞɨɜ əŬɘ Űɞ 

ɚɘɩůɘɛɞ Űɤɜ ˊɎɔɤɜ ɗŬ ůɡɜŮɢɑůŮɘ ɜŬ ɡűɑůŰŬŰŬɘ. ȼ ɛɏůɖ Ŭɨɝɖůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ 

ŮəŰɘɛɎŰŬɘ ůŰŬ 24-30cm ɛɏɢɟɘ Űɞ 2065 əŬɘ 40-63cm ɛɏɢɟɘ Űɞ 2100, ˊɎɜŰŬ ůŮ ůɨɔəɟɘůɖ ɛŮ 

ŰŬ ŮˊɑˊŮŭŬ ŬɜŬűɞɟɎɠ Űɖɠ ˊŮɟɘɧŭɞɡ 1986-2005. Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊŰɡɢɏɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ, ɗŬ ůɡɜŮɢɑůɞɡɜ ɔɘŬ ŬɟəŮŰɞɨɠ ŬɘɩɜŮɠ, ŬəɧɛŬ əŬɘ Ŭɜ ɞɘ Ůəˊɞɛˊɏɠ 

Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ůŰŬɛŬŰɐůɞɡɜ. 

ɈˊɎɟɢɞɡɜ ŬɜɖůɡɢɖŰɘəɏɠ ŮɜŭŮɑɝŮɘɠ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ɐŭɖ ɝŮˊŮɟŬůŰŮɑ ɞɟɘůɛɏɜŬ əɟɑůɘɛŬ ůɖɛŮɑŬ 

ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ɞɟɘůŰɘəɏɠ əŬɘ ɛɖ ŬɜŬůŰɟɏɣɘɛɏɠ ŬɚɚŬɔɏɠ ůŮ ɛŮɔɎɚŬ ɞɘəɞůɡůŰɐɛŬŰŬ əŬɘ ůŰɞ 

əɚɘɛŬŰɘəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚŬɜɐŰɖ. ɄɞɘəɑɚŬ ɞɘəɞůɡůŰɐɛŬŰŬ, ɧˊɤɠ ŬɡŰɧ Űɞɡ ŭɎůɞɡɠ Űɞɡ ȷɛŬɕɞɜɑɞɡ 

əŬɘ Űɖɠ ȷɟəŰɘəɐɠ ŰɞɨɜŭɟŬɠ, ˊɚɖůɘɎɕɞɡɜ ůŰɞ əŬŰɩűɚɘ ŭɟŬɛŬŰɘəɩɜ ŬɚɚŬɔɩɜ ɛɏůŬ Ŭˊɧ Űɖɜ 

ɗɏɟɛŬɜůɖ əŬɘ Űɖɜ ɝɐɟŬɜůɖ ˊɞɡ ɡűɑůŰŬɜŰŬɘ. Ƀɘ ˊŬɔŮŰɩɜŮɠ Űɤɜ ɓɞɡɜɩɜ ɓɟɑůəɞɜŰŬɘ ůŮ 

ŬɜɖůɡɢɖŰɘəɐ ɡˊɞɢɩɟɖůɖ əŬɘ ɛŮɚɚɞɜŰɘəɎ ɞɘ ŮˊɘŭɟɎůŮɘɠ Ŭˊɧ Űɖɜ ɛŮɘɤɛɏɜɖ ˊŬɟɞɢɐ ɜŮɟɞɨ əŬŰɎ Űɞɡɠ 

ɝɖɟɧŰŮɟɞɡɠ ɛɐɜŮɠ ɗŬ ɔɑɜɞɡɜ ŮɜŰɞɜɧŰŮɟŮɠ. 
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2.4.2. ȹɟɎůŮɘɠ ɡˊɧ Űɖɜ ůəɏˊɖ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ 

 

2.4.2.1. ɆɨɛɓŬůɖ-ɄɚŬɑůɘɞ Űɞɡ ɃȼȺ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ 

 

ȼ ɞɘəɞɔɏɜŮɘŬ Űɞɡ ɃȼȺ ˊɟɤŰɞůŰŬŰŮɑ ůŰɖɜ ˊɟɞůˊɎɗŮɘŬ ˊɞɡ ɔɑɜŮŰŬɘ ɔɘŬ ɜŬ ůɤɗŮɑ ɞ ˊɚŬɜɐŰɖɠ ɔɖ. 

ɇɞ 1992 ɛŮ Űɖɜ Ɇɨɜɞŭɞ Ⱦɞɟɡűɐɠ ɔɘŬ Űɖɜ ũȼ (Earth Summit) ɘŭɟɨɗɖəŮ ɖ ɆɨɛɓŬůɖ-ɄɚŬɑůɘɞ Űɞɡ 

ɃȼȺ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ (UNFCCC - United Nations Framework Convention on Climate 

Change), ɤɠ  Űɞ ˊɟɩŰɞ ɓɐɛŬ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ɇɖ 

ɆɨɛɓŬůɖ ɏɢɞɡɜ ŮˊɘəɡɟɩůŮɘ 197 ɢɩɟŮɠ Űɞɡ əɧůɛɞɡ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛɏɚɖ Űɞɡ UNFCCC. Ƀ ɨɣɘůŰɞɠ 

ůəɞˊɧɠ Űɖɠ ɆɨɛɓŬůɖɠ ŮɑɜŬɘ ɖ ŬˊɞŰɟɞˊɐ Űɖɠ Ůˊɘəɑɜŭɡɜɖɠ ˊŬɟɏɛɓŬůɖɠ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŰɞ 

əɚɘɛŬŰɘəɧ ůɨůŰɖɛŬ. 

ɀŮ Űɖɜ ɛŮŰŬɔŮɜɏůŰŮɟɖ ɡɘɞɗɏŰɖůɖ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ Űɞ 1997 əŬɘ Űɖɠ ůɡɛűɤɜɑŬɠ Űɞɡ 

ɄŬɟɘůɘɞɨ Űɞ 2015, ŰŬ ůɡɛɓŬɚɚɧɛŮɜŬ ɛɏɟɖ ŬɡŰɩɜ Űɤɜ ůɡɛűɤɜɘɩɜ ŮˊɘɓŮɓŬɑɤůŬɜ ˊɟɞɞŭŮɡŰɘəɎ Űɞɜ 

ɟɧɚɞ Űɖɠ ɔɟŬɛɛŬŰŮɑŬɠ Űɞɡ UNFCCC, ɤɠ Űɖɜ ɞɜŰɧŰɖŰŬ Űɞɡ ɃȼȺ ˊɞɡ ɏɢŮɘ ŮˊɤɛɘůŰŮɑ ɛŮ Űɖɜ 

ŬˊɞůŰɞɚɐ Űɖɠ ɡˊɞůŰɐɟɘɝɖɠ Űɖɠ ˊŬɔəɧůɛɘŬɠ ŬɜŰɑŭɟŬůɖɠ ůŰɖɜ ŬˊŮɘɚɐ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ȷˊɧ 

Űɞ 1995 ɖ ɔɟŬɛɛŬŰŮɑŬ ŮŭɟŮɨŮɘ ůŰɖɜ ȸɧɜɜɖ Űɖɠ ũŮɟɛŬɜɑŬɠ əŬɘ ŬˊŬůɢɞɚŮɑ 450 ɡˊŬɚɚɐɚɞɡɠ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 100 ɢɩɟŮɠ əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɏɜŬɜ ůɡɜŭɡŬůɛɧ 

ŭɘŬűɞɟŮŰɘəɩɜ ˊɞɚɘŰɘůɛɩɜ əŬɘ ŮˊŬɔɔŮɚɛŬŰɘəɩɜ ɡˊɞɓɎɗɟɤɜ [5]. 

ȼ ɔɟŬɛɛŬŰŮɑŬ əŬŰɎ ŰŬ ˊɟɩŰŬ Űɖɠ ɢɟɧɜɘŬ ŮˊɘəŮɜŰɟɩɗɖəŮ ůŰɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ŭɘŬəɡɓŮɟɜɖŰɘəɩɜ 

ŭɘŬˊɟŬɔɛŬŰŮɨůŮɤɜ ɔɘŬ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ. ɆɐɛŮɟŬ ɡˊɞůŰɖɟɑɕŮɘ ɏɜŬ ˊɞɚɨˊɚɞəɞ ůɨɜɞɚɞ 

ŭɘŬűɞɟŮŰɘəɩɜ ůɤɛɎŰɤɜ ˊɞɡ ŭɟɞɡɜ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ Ŭɟɢɘəɐɠ ɆɨɛɓŬůɖɠ Űɞɡ 1991, Űɞɡ 

ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ əŬɘ Űɖɠ ůɡɛűɤɜɑŬɠ Űɞɡ ɄŬɟɘůɘɞɨ (ɓɚ. ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ). 

 

2.4.2.2. ɄɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ 

 

ɇɞ ɄɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ ŮɑɜŬɘ ɛɘŬ ŭɘŮɗɜɐɠ ůɡɛűɤɜɑŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ UNFCCC əŬɘ 

ŭŮůɛŮɨŮɘ ŰŬ ɛɏɚɖ Űɖɠ ɛŮ Űɞɜ əŬɗɞɟɘůɛɧ, Űɖɜ ɡɘɞɗɏŰɖůɖ əŬɘ Űɐɟɖůɖ ŭɘŮɗɜɩɠ ŭŮůɛŮɡŰɘəɩɜ ůŰɧɢɤɜ 

ɛŮɑɤůɖɠ Ůəˊɞɛˊɩɜ. ȷɜŬɔɜɤɟɑɕɞɜŰŬɠ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŬɜŮˊŰɡɔɛɏɜŮɠ ɢɩɟŮɠ ŮɑɜŬɘ əŬŰɎ ɓɎůɖ ɞɘ 

ɡˊŮɨɗɡɜŮɠ ɔɘŬ ŰŬ ɡɣɖɚɎ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ, ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Ɏɜɤ Űɤɜ 150 ɢɟɧɜɤɜ ɓɘɞɛɖɢŬɜɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, Űɞ ɄɟɤŰɧəɞɚɚɞ ɗɏŰŮɘ ɓŬɟɨŰŮɟɞ 

űɞɟŰɑɞ ůŰŬ ŬɜŮˊŰɡɔɛɏɜɖ əɟɎŰɖ, ɡˊɧ Űɖɜ ŬɜŰɑɚɖɣɖ Űɤɜ əɞɘɜɩɜ ŬɚɚɎ ŭɘŬűɞɟɞˊɞɘɖɛɏɜɤɜ Ůɡɗɡɜɩɜ 

[6]. 

ɇɞ ɄɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ, ŮɔəɟɑɗɖəŮ ůŰɞ ȾɘɧŰɞ Űɖɠ ȽŬˊɤɜɑŬɠ ůŰɘɠ 11 ȹŮəŮɛɓɟɑɞɡ Űɞɡ 1997 əŬɘ 

ŰɏɗɖəŮ ůŮ ŮűŬɟɛɞɔɐ ůŰɘɠ 16 ūŮɓɟɞɡŬɟɑɞɡ Űɞɡ 2005. Ƀɘ ɚŮˊŰɞɛŮɟŮɑɠ əŬɜɧɜŮɠ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ əŬɗɞɟɑůŰɖəŬɜ ůŰɖɜ ŭɘɎůəŮɣɖ COP7 (Conference of the Parties, ȹɘɎůəŮɣɖ Űɤɜ 

ɀŮɟɩɜ Űɖɠ ɆɨɛɓŬůɖɠ-ɄɚŬɘůɑɞɡ Űɞɡ ɃȼȺ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ) ůŰɞ ɀŬɟɟŬəɏɠ Űɞɡ 

ɀŬɟɧəɞɡ Űɞ 2001 (ɔɜɤůŰɐ əŬɘ ɤɠ ɆɡɛűɤɜɑŬ Űɞɡ ɀŬɟɟŬəɏɠ). ȼ ˊɟɩŰɖ ˊŮɟɑɞŭɞɠ ŬɜɎɚɖɣɖɠ 

ɡˊɞɢɟŮɩůŮɤɜ ɝŮəɑɜɖůŮ Űɞ 2008 əŬɘ ɏɚɖɝŮ Űɞ 2012. 
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2.4.2.2.1. ȼ ɇɟɞˊɞˊɞɑɖůɖ Űɖɠ ɁŰɧɢŬ 

 

ɆŰɖɜ ɁŰɧɢŬ Űɞɡ ȾŬŰɎɟ, ůŰɘɠ 8 ȹŮəŮɛɓɟɑɞɡ Űɞɡ 2012, ŮɔəɟɑɗɖəŮ ɖ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ ɁŰɧɢŬ ůŰɞ 

ɄɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ (Doha Amendment to the Kyoto Protocol). ȼ Űɟɞˊɞˊɞɑɖůɖ ˊŮɟɘɚɎɛɓŬɜŮ 

ŰŬ Ůɝɐɠ: 

Á ɁɏŮɠ ŭŮůɛŮɨůŮɘɠ ɔɘŬ ŰŬ ɛɏɚɖ Űɞɡ ɄŬɟŬɟŰɐɛŬŰɞɠ Ƚ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ, ˊɞɡ 

ůɡɛűɩɜɖůŬɜ ɜŬ ŬɜŬɚɎɓɞɡɜ ŭŮůɛŮɨůŮɘɠ ůŮ ɛɑŬ ŭŮɨŰŮɟɖ ˊŮɟɑɞŭɞ ˊɞɡ ɞɟɘɕɧŰŬɜ Ŭˊɧ Űɖɜ 1ɖ 

ȽŬɜɞɡŬɟɑɞɡ Űɞɡ 2013 ɏɤɠ Űɘɠ 31 ȹŮəŮɛɓɟɑɞɡ Űɞɡ 2020. 

Á ɇŬ ɛɏɚɖ ɗŬ ˊɟɏˊŮɘ əŬŰɎ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑɞŭɞ ŭɏůɛŮɡůɖɠ ɜŬ ŬɜŬűɏɟɞɡɜ ɛɘŬ ŬɜŬɗŮɤɟɖɛɏɜɖ 

ɚɑůŰŬ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. 

Á ɇɟɞˊɞˊɞɘɐůŮɘɠ ůŮ ŭɘɎűɞɟŬ ɎɟɗɟŬ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɜ ŮɘŭɘəɎ 

ůŮ ɗɏɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟɩŰɖ ˊŮɟɑɞŭɞ ŮűŬɟɛɞɔɐɠ əŬɘ ˊɞɡ ɏˊɟŮˊŮ ɜŬ ŬɜŬɜŮɤɗɞɨɜ ɔɘŬ 

Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑɞŭɞ ŮűŬɟɛɞɔɐɠ. 

ɆŰɘɠ 21 ȹŮəŮɛɓɟɑɞɡ Űɞɡ 2012, ɖ Űɟɞˊɞˊɞɑɖůɖ ŭɧɗɖəŮ ůŮ ɧɚŬ ŰŬ ɛɏɚɖ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ 

Ŭˊɧ Űɞɜ ɔŮɜɘəɧ ɔɟŬɛɛŬŰɏŬ Űɞɡ ɃȼȺ. 

ȾŬŰɎ Űɖɜ ˊɟɩŰɖ ˊŮɟɑɞŭɞ ŮűŬɟɛɞɔɐɠ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ, 37 ɓɘɞɛɖɢŬɜɞˊɞɘɖɛɏɜŮɠ ɢɩɟŮɠ əŬɘ ɖ 

ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ŭŮůɛŮɨŰɖəŬɜ ɜŬ ɛŮɘɩůɞɡɜ Űɘɠ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬŰɎ 

5% ůŮ ůɢɏůɖ ɛŮ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 1990. ȾŬŰɎ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑɞŭɞ ŮűŬɟɛɞɔɐɠ, ŰŬ ɛɏɚɖ 

ŭŮůɛŮɨŰɖəŬɜ ɜŬ ɛŮɘɩůɞɡɜ Űɘɠ Ůəˊɞɛˊɏɠ əŬŰɎ 18% ůŮ ůɢɏůɖ ɛŮ ŰŬ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɐɠ Űɞɡ 1990, 

ůŮ ɛɘŬ ˊŮɟɑɞŭɞ 8 ɢɟɧɜɤɜ (2013-2020). ȼ ůɨɜɗŮůɖ Űɤɜ ɛŮɚɩɜ Űɖɠ ŭŮɨŰŮɟɖɠ ˊŮɟɘɧŭɞɡ ŮűŬɟɛɞɔɐɠ 

ŭɘŬűɏɟŮɘ Űɖɠ ˊɟɩŰɖɠ [6]. 

 

2.4.2.2.2. ɀɖɢŬɜɘůɛɞɑ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ 

 

ȼ ɚɞɔɘəɐ ˊɑůɤ Ŭˊɧ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ˊŬɟŬəɎŰɤ ɛɖɢŬɜɘůɛɩɜ, ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ Ůəˊɞɛˊɏɠ 

Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ŮɑɜŬɘ ɏɜŬ ˊŬɔəɧůɛɘɞ ˊɟɧɓɚɖɛŬ əŬɘ ɏŰůɘ ɞ Űɧˊɞɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɞ ˊŮɟɘɞɟɘůɛɧɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ ŭŮɡŰŮɟŮɡɞɨůɖɠ ůɖɛŬůɑŬɠ. ɀŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ ˊŬɟŬəɎŰɤ 

ɛɖɢŬɜɘůɛɩɜ, ŮɜɘůɢɨɞɜŰŬɘ ɞɘ óˊɟɎůɘɜŮɠô ŮˊŮɜŭɨůŮɘɠ əŬɘ ŰŬ ɛɏɚɖ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ ɓɞɖɗɘɞɨɜŰŬɘ ɜŬ 

ŮˊɘŰɨɢɞɡɜ Űɞɡɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɐɠ Űɞɡɠ, ɛŮ ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɞɨɠ Űɟɧˊɞɡɠ. 

Á ȺɛˊɞɟɑŬ Ⱥəˊɞɛˊɩɜ (Emissions Trading) 

ɇŬ ɛɏɚɖ ˊɞɡ ɏɢɞɡɜ ŭŮůɛŮɡŰŮɑ ŬˊɏɜŬɜŰɘ ůŰɞ ɄɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ (ɄŬɟɎɟŰɖɛŬ ȸ ï Annex B), 

ɏɢɞɡɜ ŭŮɢɗŮɑ Űɖɜ ɡɘɞɗɏŰɖůɖ ɞɟɑɤɜ ɔɘŬ Űɤɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ. ȷɡŰɎ ŰŬ ɧɟɘŬ ŮəűɟɎɕɞɜŰŬɘ ůŬɜ ŮˊɑˊŮŭŬ ŮˊɘŰɟŮˊɧɛŮɜɖɠ Ůəˊɞɛˊɐɠ, ɐ ŭɘŬűɞɟŮŰɘəɎ 

Ůəɢɤɟɖɛɏɜɤɜ ˊɞůɩɜ Ůəˊɞɛˊɐɠ ůŰɞ ŭɘɎůŰɖɛŬ ŭɏůɛŮɡůɖɠ 2008-2012. ɇŬ ŮˊɘŰɟŮˊɧɛŮɜŬ  ŮˊɑˊŮŭŬ 

Ůəˊɞɛˊɐɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŮəɢɤɟɖɛɏɜŮɠ ɛɞɜɎŭŮɠ (AAUs-Assigned Amount Units) [7]. 

ȼ ŮɛˊɞɟɑŬ Ůəˊɞɛˊɩɜ, ɧˊɤɠ ɏɢŮɘ əŬɗɞɟɘůŰŮɑ Ŭˊɧ Űɞ Ɏɟɗɟɞ 17 Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ, 

ŮˊɘŰɟɏˊŮɘ ůŮ ɢɩɟŮɠ ˊɞɡ ɏɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ ɛɞɜɎŭŮɠ Ůəˊɞɛˊɐɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɐůŮɘ 

(ŭɖɚŬŭɐ Ŭɜ ŭŮɜ ɏɢɞɡɜ ŮəˊɏɛɣŮɘ Űɞ ɛɏɔɘůŰɞ ˊɞůɧ ˊɞɡ Űɞɡɠ ɏɢŮɘ ŮˊɘŰɟŬˊŮɑ), ɜŬ ˊɤɚɐůɞɡɜ Űɖɜ 

ˊŮɟɑůůŮɘŬ ůŮ ɢɩɟŮɠ ˊɞɡ ɏɢɞɡɜ ɝŮˊŮɟɎůŮɘ Űɞ ɧɟɘɞ ˊɞɡ Űɞɡɠ ɏɢŮɘ ɞɟɘůŰŮɑ. ȰŰůɘ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ 



29 

 

ɏɜŬ əŬɘɜɞɨɟɘɞ ŮɛˊɧɟŮɡɛŬ ɛŮ Űɖɜ ɛɞɟűɐ Űɤɜ ɛŮɘɩůŮɤɜ Űɤɜ Ůəˊɞɛˊɩɜ. ȷˊɧ Űɖɜ ůŰɘɔɛɐ ˊɞɡ Űɞ 

CO2 ŮɑɜŬɘ Űɞ ɓŬůɘəɧ Ŭɏɟɘɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ, Űɞ ˊŬɟŬˊɎɜɤ ůɨůŰɖɛŬ ɏɢŮɘ ŮˊɘəɟŬŰɐůŮɘ ɜŬ 

ɞɜɞɛɎɕŮŰŬɘ ɤɠ Ůɛˊɧɟɘɞ Űɞɡ ɎɜɗɟŬəŬ. Ƀ ɎɜɗɟŬəŬɠ ˊŬɟŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ ŬɜŰŬɚɚɎůůŮŰŬɘ ɧˊɤɠ əɎɗŮ 

Ɏɚɚɞ ŮɛˊɧɟŮɡɛŬ ɛɏůɤ Űɖɠ ŬɔɞɟɎɠ Űɞɡ ɎɜɗɟŬəŬ. 

Á ɀɖɢŬɜɘůɛɧɠ ȾŬɗŬɟɐɠ ȷɜɎˊŰɡɝɖɠ (Clean Development Mechanism) 

ɆɨɛűɤɜŬ ɛŮ Űɞ Ɏɟɗɟɞ 12 Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ, ˊɟɞɓɚɏˊŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɡɚɞˊɞɑɖůɖɠ 

ˊɟɞɔɟŬɛɛɎŰɤɜ Ŭˊɧ ŬɜŮˊŰɡɔɛɏɜŮɠ ɢɩɟŮɠ (ɄŬɟɎɟŰɖɛŬ Ƚ ï Annex I) ůŮ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ. 

ɀɏůŬ Ŭˊɧ Űɖɜ ŮɗŮɚɞɜŰɘəɐ ůɡɛɛŮŰɞɢɐ Űɤɜ ŬɜŮˊŰɡɔɛɏɜɤɜ ɢɤɟɩɜ, ɞɘ ɑŭɘŮɠ ŮˊɤűŮɚɞɨɜŰŬɘ Ŭˊɧ Űɘɠ 

ɛŮɘɩůŮɘɠ Űɤɜ Ůəˊɞɛˊɩɜ ˊɞɡ ɗŬ ˊɟɞəɨɣɞɡɜ, ɔɘŬ Űɖɜ Ůəˊɚɐɟɤůɖ Űɤɜ ŭɘəɩɜ Űɞɡɠ ɡˊɞɢɟŮɩůŮɤɜ, 

Ůɜɩ ɞɘ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ ɤűŮɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ɢɟɖɛŬŰɞŭɧŰɖůɖ Űɤɜ ɏɟɔɤɜ əŬɘ Űɖɜ ˊŬɟɞɢɐ 

ŰŮɢɜɞɚɞɔɑŬɠ. ɆŰɖɜ ŬɜŬˊŰɡůůɧɛŮɜɖ ɢɩɟŬ ˊɞɡ ɗŬ ŭŮɢɗŮɑ Űɘɠ ˊŬɟŮɢɧɛŮɜŮɠ ɡˊɖɟŮůɑŮɠ Ŭˊɧ ɛɘŬ 

ŬɜŮˊŰɡɔɛɏɜɖ ɢɩɟŬ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ˊɘůŰɞˊɞɑɖůɖ Űɖɠ Ůˊɘˊɚɏɞɜ ɛŮɑɤůɖɠ Ůəˊɞɛˊɩɜ əŬɘ Űɞɡ 

ɡˊŬɟəŰɞɨ ɞűɏɚɞɡɠ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ əɚɘɛŬŰɘəɩɜ ŬɚɚŬɔɩɜ [7]. 

Á ɀɖɢŬɜɘůɛɧɠ Ⱦɞɘɜɐɠ ȺűŬɟɛɞɔɐɠ (Joint Implementation) 

ɇɞ Ɏɟɗɟɞ 6 Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ɡɚɞˊɞɑɖůɖ əɞɘɜɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ əŬɘ 

ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ɛŮŰŬɝɨ Űɤɜ ɢɤɟɩɜ Űɞɡ ɄŬɟŬɟŰɐɛŬŰɞɠ Ƚ Űɖɠ ɆɨɛɓŬůɖɠ. Ƀɘ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŬɡŰɏɠ 

ɢɟɖɛŬŰɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ɢɩɟŬ ˊɞɡ ɗŬ ŮˊɤűŮɚɖɗŮɑ Ŭˊɧ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ˊɞɡ ɗŬ 

ˊɟɞəɨɣɞɡɜ Ŭˊɧ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ůŰɖɜ ŭŮɨŰŮɟɖ ůɡɛɓŬɚɚɧɛŮɜɖ ɢɩɟŬ. ȺɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɖ ŮˊɑŰŮɡɝɖ Ůˊɘˊɚɏɞɜ ɛŮɑɤůɖɠ Ůəˊɞɛˊɩɜ ůŰɖɜ ɢɩɟŬ ŮűŬɟɛɞɔɐɠ ɛɏůɤ Űɤɜ 

ɡɚɞˊɞɘɞɨɛŮɜɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ [7]. 

 

2.4.2.2.3. ɄŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ůŰɧɢɤɜ Ůəˊɞɛˊɐɠ 

 

ɆŰɞ ɄɟɤŰɧəɞɚɚɞ ɞɟɑɕŮŰŬɘ ɧŰɘ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ Ůəˊɞɛˊɏɠ Űɤɜ ɢɤɟɩɜ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ, əŬɘ ɜŬ əŬŰŬɔɟɎűɞɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ŰŬ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɘɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɛŮɜŮɠ 

ůɡɜŬɚɚŬɔɏɠ ɛŮŰŬɝɨ Űɤɜ ɛŮɚɩɜ. 

ɆɡůŰɐɛŬŰŬ əŬŰŬɔɟŬűɐɠ, ˊŬɟŬəɞɚɞɡɗɞɨɜ əŬɘ əŬŰŬɔɟɎűɞɡɜ Űɘɠ ůɡɜŬɚɚŬɔɏɠ Űɤɜ ɛŮɚɩɜ ůŰŬ 

ˊɚŬɑůɘŬ Űɤɜ ɛɖɢŬɜɘůɛɩɜ. ȼ ũɟŬɛɛŬŰŮɑŬ Űɞɡ ɃȼȺ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ ŭɘŬŰɖɟŮɑ ŬɟɢŮɑŬ 

ˊɞɡ ˊɘůŰɞˊɞɘɞɨɜ ɧŰɘ ɞɘ ˊŬɟŬˊɎɜɤ ůɡɜŬɚɚŬɔɏɠ ŮɑɜŬɘ ůɨɛűɤɜŮɠ əŬɘ ůɡɜŮˊŮɑɠ ɛŮ Űɞɡɠ əŬɜɧɜŮɠ Űɞɡ 

ɄɟɤŰɞəɧɚɚɞɡ Űɞɡ ȾɘɧŰɞ. ɇɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ əŬŰŬɓɞɚɐ ŮŰɐůɘɤɜ ŰŬəŰɘəɩɜ 

ŬˊɞɔɟŬűɩɜ Ůəˊɞɛˊɩɜ əŬɘ Ůɗɜɘəɩɜ ŮəɗɏůŮɤɜ Ŭˊɧ ŰŬ ɛɏɚɖ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ. ɄŬɟɎɚɚɖɚŬ 

ɚŮɘŰɞɡɟɔŮɑ əŬɘ ɏɜŬ ůɨůŰɖɛŬ ůɡɛɛɧɟűɤůɖɠ, ˊɞɡ ŭɘŬůűŬɚɑɕŮɘ Űɖɜ Űɐɟɖůɖ Űɤɜ ŭŮůɛŮɨůŮɤɜ Űɤɜ 

ɛŮɚɩɜ əŬɘ ŰŬ ɓɞɖɗɎŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ˊɟɧɓɚɖɛŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮˊɑŰŮɡɝɐ 

Űɞɡɠ. ɇɞ ɄɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ, ɧˊɤɠ ɎɚɚɤůŰŮ əŬɘ ɖ Ŭɟɢɘəɐ ɆɨɛɓŬůɖ, ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɓɞɖɗɎ Űɘɠ ɢɩɟŮɠ ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ ůŰɘɠ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ əɚɘɛŬŰɘəɐɠ 

ŬɚɚŬɔɐɠ. ȹɘŮɡəɞɚɨɜŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ ůɡɛɓɎɚɞɡɜ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ 

ŬɜɗŮəŰɘəɧŰɖŰŬɠ ůŰɘɠ ŮˊɘŭɟɎůŮɘɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ɆŰŬ ˊɚŬɑůɘŬ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ 

ɚŮɘŰɞɡɟɔŮɑ əŬɘ Űɞ óɇŬɛŮɑɞ ɄɟɞůŬɟɛɞɔɐɠô (Adaption Fund) ˊɞɡ ɘŭɟɨɗɖəŮ ɔɘŬ ɜŬ ɢɟɖɛŬŰɞŭɞŰŮɑ 

ˊɟɞɔɟɎɛɛŬŰŬ ůŮ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛɏɚɖ Űɞɡ ɄɟɤŰɞəɧɚɚɞɡ. ɆŰɖɜ ˊɟɩŰɖ 

ˊŮɟɑɞŭɞ ŭɏůɛŮɡůɖɠ, Űɞ ŰŬɛŮɑɞ ɢɟɖɛŬŰɞŭɞŰɞɨɜŰŬɜ əɡɟɑɤɠ  ɛŮ ɏɜŬ ɛɏɟɞɠ Űɤɜ Ůůɧŭɤɜ Ŭˊɧ Űɘɠ 
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ŭɟŬůŰɖɟɘɧŰɖŰŮɠ Űɞɡ CDM (ɀɖɢŬɜɘůɛɧɠ ȾŬɗŬɟɐɠ ȷɜɎˊŰɡɝɖɠ). ɋůŰɧůɞ ɛŮ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ 

ɁŰɧɢŬ Űɞ 2012, ŬˊɞűŬůɑůŰɖəŮ ɔɘŬ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑɞŭɞ ŭɏůɛŮɡůɖɠ, ɜŬ ůɡɜŮɘůűɏɟɞɡɜ ɞɘəɞɜɞɛɘəɎ 

əŬɘ ɞɘ ɛɖɢŬɜɘůɛɞɑ Űɞɡ Emissions Trading əŬɘ Joint Implementation ɛŮ Űɞ 2% Űɤɜ Ůůɧŭɤɜ Űɞɡɠ 

[6]. 

 

2.4.2.3. ɆɡɛűɤɜɑŬ Űɞɡ ɄŬɟɘůɘɞɨ 

 

ȼ ůɡɛűɤɜɑŬ Űɞɡ ɄŬɟɘůɘɞɨ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɆɨɛɓŬůɖ Űɞɡ 1992, əŬɘ ɔɘŬ ˊɟɩŰɖ űɞɟɎ űɏɟɜŮɘ ɧɚŬ ŰŬ 

ɏɗɜɖ ŬɜŰɘɛɏŰɤˊŬ ɛŮ ɛɘŬ əɞɘɜɐ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖɜ əŬŰŬˊɞɚɏɛɖůɖ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ əŬɘ 

ˊɟɞůŬɟɛɞɔɐɠ ůŰɘɠ ŮˊɘˊŰɩůŮɘɠ ŬɡŰɐɠ, ɛŮ Ůˊɘˊɚɏɞɜ ɡˊɞůŰɐɟɘɝɖ ˊɟɞɠ Űɘɠ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ. 

ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ˊŬɟɞɡůɘɎůŰɖəŮ ɛɘŬ ɜɏŬ ˊɞɟŮɑŬ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ əɚɘɛŬŰɘəɐɠ 

ŬɚɚŬɔɐɠ. 

Ƀ ɓŬůɘəɧɠ ůŰɧɢɞɠ Űɖɠ ɆɡɛűɤɜɑŬɠ Űɞɡ ɄŬɟɘůɘɞɨ ŮɑɜŬɘ ɖ ŮɜŭɡɜɎɛɤůɖ Űɖɠ ˊŬɔəɧůɛɘŬɠ ŬɜŰɑŭɟŬůɖɠ 

ŬˊɏɜŬɜŰɘ ůŰɖɜ ŬˊŮɘɚɐ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ, ůɡɔəɟŬŰɩɜŰŬɠ Űɖɜ ˊŬɔəɧůɛɘŬ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ŬɟəŮŰɎ əɎŰɤ Ŭˊɧ 2ɞC ˊɎɜɤ Ŭˊɧ ŰŬ ˊɟɞɓɘɞɛɖɢŬɜɘəɎ ŮˊɑˊŮŭŬ, əŬɘ ůɡɜŮɢɑɕɞɜŰŬɠ Űɘɠ 

ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ˊŮɟɘɞɟɘůɛɧ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɜ 1.5ɞC. 

ȺˊɘˊɟɞůɗɏŰɤɠ, ɖ ůɡɛűɤɜɑŬ ůŰɞɢŮɨŮɘ ůŰɖɜ Ůɜɑůɢɡůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ əɟŬŰɩɜ ɜŬ 

ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ  Űɘɠ ŮˊɘŭɟɎůŮɘɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɩɜ Űɤɜ űɘɚɧŭɞɝɤɜ 

ůŰɧɢɤɜ ˊɟɏˊŮɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɞɘ ŬˊŬɟŬɑŰɖŰŮɠ ɞɘəɞɜɞɛɘəɏɠ ɟɞɏɠ, ɏɜŬ ɜɏɞ ŰŮɢɜɞɚɞɔɘəɧ ˊɚŬɑůɘɞ 

əŬɘ ɏɜŬ Ůɜɘůɢɡɛɏɜɞ ˊɚŬɑůɘɞ ŭɖɛɘɞɡɟɔɑŬɠ ɘəŬɜɞŰɐŰɤɜ, ɡˊɞůŰɖɟɑɕɞɜŰŬɠ ɏŰůɘ Űɘɠ ŮɜɏɟɔŮɘŮɠ Űɤɜ 

ŬɜŬˊŰɡůůɧɛŮɜɤɜ əŬɘ Űɤɜ ˊɘɞ ŮɡɎɚɤŰɤɜ ɢɤɟɩɜ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ŭɘəɞɨɠ Űɞɡɠ Ůɗɜɘəɞɨɠ ůŰɧɢɞɡɠ. 

ȼ ůɡɛűɤɜɑŬ ˊŬɟɏɢŮɘ Ůˊɑůɖɠ Ŭɡɝɖɛɏɜɖ ŭɘŬűɎɜŮɘŬ Űɤɜ ŭɟɎůŮɤɜ əŬɘ ɡˊɞůŰɐɟɘɝɖ ɛɏůŬ Ŭˊɧ ɏɜŬ 

ɘůɢɡɟɧ ˊɚŬɑůɘɞ ŭɘŬűɎɜŮɘŬɠ [8]. 

 

2.4.2.3.1. Ⱥɗɜɘəɏɠ ůɡɜŮɘůűɞɟɏɠ 

 

ȼ ůɡɛűɤɜɑŬ Űɞɡ ɄŬɟɘůɘɞɨ ŬˊŬɘŰŮɑ Ŭˊɧ ɧɚŬ ŰŬ ɛɏɚɖ ɜŬ əŬŰŬɓɎɚɞɡɜ Űɘɠ əŬɚɨŰŮɟɏɠ Űɞɡɠ 

ˊɟɞůˊɎɗŮɘŮɠ ɛɏůŬ Ŭˊɧ Ůɗɜɘəɏɠ ůɡɜŮɘůűɞɟɏɠ (NDCs ï National Determined Contributions) əŬɘ ɜŬ 

Ŭɡɝɐůɞɡɜ ŬɡŰɏɠ Űɘɠ ůɡɜŮɘůűɞɟɏɠ ůŰŬ ɢɟɧɜɘŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ.  ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ 

ɧɚŬ ŰŬ ɛɏɚɖ ɜŬ ŬɜŬűɏɟɞɡɜ ŰŬəŰɘəɎ Űɘɠ Ůəˊɞɛˊɏɠ Űɞɡɠ əŬɗɩɠ əŬɘ əɎɗŮ ˊɟɞůˊɎɗŮɘŬ ˊɞɡ əɎɜɞɡɜ 

ůŰɖɜ əŬŰŮɨɗɡɜůɖ ŬɡŰɐ. 

ɇɞ 2018, ŰŬ ɛɏɚɖ ɗŬ ˊɟɞɓɞɨɜ ůŮ Ŭˊɞɚɞɔɘůɛɧ Űɤɜ ůɡɚɚɞɔɘəɩɜ ˊɟɞůˊŬɗŮɘɩɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ 

ůɨɔəɟɘůɖ ɛŮ Űɞɡ ůŰɧɢɞɡɠ ˊɞɡ ŰɏɗɖəŬɜ Ŭˊɧ Űɖɜ ɆɡɛűɤɜɑŬ Űɞɡ ɄŬɟɘůɘɞɨ əŬɘ ɔɘŬ ɜŬ ɔɑɜŮɘ 

Ůɜɖɛɏɟɤůɖ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ NDCs. 

Ⱥˊɑůɖɠ ŬɜɎ ˊŮɜŰŬŮŰɑŬ, ɗŬ ɡˊɎɟɢŮɘ ˊŬɔəɧůɛɘɞ ŬˊɞɗŮɛŬŰɘəɧ (stocktake) ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ 

ůɡɚɚɞɔɘəɐɠ ˊɟɞɧŭɞɡ ŬˊɏɜŬɜŰɘ ůŰɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ůŰɧɢɤɜ Űɖɠ ɆɡɛűɤɜɑŬɠ əŬɘ Űɖɜ Ůɜɖɛɏɟɤůɖ Űɤɜ 

ɛŮɚɩɜ ůɢŮŰɘəɎ ɛŮ Ůˊɘˊɚɏɞɜ ŮɜɏɟɔŮɘŮɠ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ əɎɜɞɡɜ ůŬɜ ɛŮɛɞɜɤɛɏɜŬ əɟɎŰɖ [8]. 
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ȼ ɆɡɛűɤɜɑŬ Űɞɡ ɄŬɟɘůɘɞɨ ŰɏɗɖəŮ ůŮ ŮűŬɟɛɞɔɐ ůŰɘɠ 4 ɁɞŮɛɓɟɑɞɡ Űɞɡ 2016, 30 ɛɏɟŮɠ ɛŮŰɎ Űɖɜ 

ɖɛŮɟɞɛɖɜɑŬ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ŰɞɡɚɎɢɘůŰɞɜ 55 ůɡɛɓŬɚɚɧɛŮɜŬ ɛɏɚɖ Űɖɠ ɆɨɛɓŬůɖɠ ˊɞɡ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ůɡɜɞɚɘəɎ Űɞ 55% Űɤɜ ůɡɜɞɚɘəɩɜ ˊŬɔəɧůɛɘɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ əŬŰɏɗŮůŬɜ ŰŬ ɏɔɔɟŬűŬ Ůˊɘəɨɟɤůɖɠ, Ŭˊɞŭɞɢɐɠ əŬɘ ɏɔəɟɘůɖɠ ɛŮ Űɞɜ ŪŮɛŬŰɞűɨɚŬəŬ 

Űɖɠ ɆɡɛűɤɜɑŬɠ. 

 

2.5. Ⱥəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ Ŭˊɧ ɛŮŰŬűɞɟɏɠ ůŰɖɜ Ⱥɡɟɩˊɖ 

 

Ƀ ȺɡɟɤˊŬɥəɧɠ ɃɟɔŬɜɘůɛɧɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ (European Environment Agency ï EEA) əɎɗŮ ɢɟɧɜɞ 

ůɡɜŰɎůůŮɘ ɏəɗŮůɖ ůɢŮŰɘəɎ ɛŮ Űɘɠ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɔɘŬ ɚɞɔŬɟɘŬůɛɧ Űɖɠ 

ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ. Ɉˊɞɚɞɔɘůɛɞɑ Űɤɜ Ůəˊɞɛˊɩɜ Űɞɡ ŬŮɟɑɞɡ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ˊŬɟɎɔɞɜŰŬɘ ɔɘŬ 

ɏɜŬɜ Ŭɟɘɗɛɧ ˊɖɔɩɜ ˊɞɡ ɞɟɘɞɗŮŰɞɨɜŰŬɘ ůŮ ŰɞɛŮɑɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɤɜ Ůəˊɞɛˊɩɜ. Ƀɘ 

ˊɏɜŰŮ ɓŬůɘəɞɑ ŰɞɛŮɑɠ Űɤɜ ˊɖɔɩɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ (ɆɢɐɛŬ 2.3) ŮɑɜŬɘ ɞɘ 

Ŭəɧɚɞɡɗɞɘ: 

Á ȺɜɏɟɔŮɘŬ (əŬɨůɖ əŬɘ əŬɡůŬɏɟɘŬ əŬɡůɑɛɤɜ) 

Á ɀŮŰŬűɞɟɏɠ 

Á ȸɘɞɛɖɢŬɜɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ əŬɘ ɢɟɐůɖ ˊɟɞɥɧɜŰɤɜ 

Á ũŮɤɟɔɑŬ 

Á ȹɘŬɢŮɑɟɘůɖ ŬˊɞɓɚɐŰɤɜ 

 

 

ɆɢɐɛŬ 2.3: Ⱥəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ ŪŮɟɛɞəɖˊɑɞɡ ŬɜɎ ŰɞɛɏŬ [9]  

 

ȷˊɧ Űɞ 2013 ɞɘ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɚɧɔɤ ɛŮŰŬűɞɟɩɜ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ 

Űɤɜ Ŭɏɟɘɤɜ ɛŮŰŬűɞɟɩɜ ŬɚɚɎ ɢɤɟɑɠ Űɘɠ ŭɘŮɗɜŮɑɠ ɗŬɚɎůůɘŮɠ ɛŮŰŬűɞɟɏɠ) Ŭˊɧ ŰŬ 28 əɟɎŰɖ ɛɏɚɖ 

ŬɡɝɎɜɞɜŰŬɘ ŭɘŬɟəɩɠ. ɆɡɔəɟɘŰɘəɎ ɛŮ Űɞ 2014, ɞɘ Ůəˊɞɛˊɏɠ Űɞɡ 2015 ŬɡɝɐɗɖəŬɜ əŬŰɎ 2% əɡɟɑɤɠ 

ɚɧɔɤ Űɤɜ ɡɣɖɚɧŰŮɟɤɜ Ůəˊɞɛˊɩɜ ůŰɘɠ ɞŭɘəɏɠ ɛŮŰŬűɞɟɏɠ əŬɘ ɚɘɔɧŰŮɟɞ ɚɧɔɤ Űɖɠ Ŭɨɝɖůɖɠ Űɤɜ 

Ŭɏɟɘɤɜ ɛŮŰŬűɞɟɩɜ. ɇɞ 2015, ɞɘ ɛŮŰŬűɞɟɏɠ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ Ŭɏɟɘɤɜ əŬɘ ɗŬɚɎůůɘɤɜ) 
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ůɡɜŮɘůɏűŮɟŬɜ Űɞ 25.8% Űɤɜ ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ Ŭˊɧ ŰŬ 28 əɟɎŰɖ 

ɛɏɚɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ. ɇɞ ˊɞůɞůŰɧ ŬɡŰɧ ɛŮɘɩɜŮŰŬɘ ůŰɞ 21% ŮɎɜ ŮɝŬɘɟŮɗɞɨɜ Ŭˊɧ Űɞ 

ůɨɜɞɚɞ ɞɘ ŭɘŮɗɜŮɑɠ ɗŬɚɎůůɘŮɠ ɛŮŰŬűɞɟɏɠ. Ƀɘ ɞŭɘəɏɠ ɛŮŰŬűɞɟɏɠ ɐŰŬɜ ɡˊŮɨɗɡɜŮɠ  ɔɘŬ Űɞ 73% Űɖɠ 

ůɡɜɞɚɘəɐɠ Ůəˊɞɛˊɐɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ (ɆɢɐɛŬ 2.4), Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ɛŮŰŬűɞɟɩɜ. 

ȷˊɧ ŬɡŰɏɠ Űɘɠ Ůəˊɞɛˊɏɠ, Űɞ 44.5% ɞűŮɘɚɧŰŬɜ ůŮ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ Ůɜɩ Űɞ 18.8% ˊɟɞɐɚɗŮ Ŭˊɧ 

ɓŬɟɏŬ ɞɢɐɛŬŰŬ (ɆɢɐɛŬ 2.5) [10]. 

 

 

ɆɢɐɛŬ 2.4: ɀŮɟɑŭɘɞ Ůəˊɞɛˊɩɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɚɧɔɤ ɛŮŰŬűɞɟɩɜ ŬɜɎ əŬŰɖɔɞɟɑŬ [10]  

 

 

 

ɆɢɐɛŬ 2.5: ȾŬŰŬɛŮɟɘůɛɧɠ ɛŮɟɘŭɑɤɜ Ůəˊɞɛˊɐɠ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ŬɜɎ əŬŰɖɔɞɟɑŬ ɞŭɘəɩɜ 

ɛŮŰŬűɞɟɩɜ [10]  
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ɋɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɟŬɔŭŬɑŬɠ Ŭɨɝɖůɖɠ Űɖɠ ɕɐŰɖůɖɠ ůŰɘɠ ŭɘŮɗɜŮɑɠ ŬɏɟɘŮɠ ɛŮŰŬűɞɟɏɠ (Űɧůɞ 

ŮˊɘɓŬŰɘəɐ ɧůɞ əŬɘ ŮɛˊɞɟŮɡɛŬŰɘəɐ əŬɘ ɛɎɚɘůŰŬ ɛŮ ŰɎůɖ ɔɘŬ Ŭɨɝɖůɖ Űɤɜ ŬˊɞůŰɎůŮɤɜ ˊɞɡ 

ŭɘŬɜɨɞɜŰŬɘ), ɞɘ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɡˊŮɟŭɘˊɚŬůɘɎůŰɖəŬɜ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 

1990 ůɖɛŮɘɩɜɞɜŰŬɠ Ŭɨɝɖůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ 105% Ůɜɩ Ŭəɞɚɞɡɗɞɨɜ ɞɘ ɗŬɚɎůůɘŮɠ ɛŮŰŬűɞɟɏɠ ɛŮ 

Ŭɨɝɖůɖ 22% əŬɘ ɞɘ ɞŭɘəɏɠ ɛŮŰŬűɞɟɏɠ ɛŮ Ŭɨɝɖůɖ 19%. 

ɆŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ 2014, ɞɘ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ Űɖɠ Ⱥɡɟɩˊɖɠ  

Ŭˊɧ Űɘɠ ɗŬɚɎůůɘŮɠ ɛŮŰŬűɞɟɏɠ, ɛŮɘɩɗɖəŬɜ əŬŰɎ 1.1% Űɞ 2015 ŮˊɘůŰɟɏűɞɜŰŬɠ ɏŰůɘ ůŰŬ ŮˊɑˊŮŭŬ 

Ůəˊɞɛˊɩɜ Űɞɡ 2000. ɋůŰɧůɞ ˊɟɏˊŮɘ ɜŬ ɛŮɘɤɗɞɨɜ ˊŮɟŬɘŰɏɟɤ əŬŰɎ 28% ɏɤɠ Űɞ 2050 ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ əŬɚɡűɗɞɨɜ ɞɘ ůŰɧɢɞɘ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ůɢŮŰɘəɎ ɛŮ ɛŮɑɤůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ 40%, ɛŮ ɓɎůɖ 

ŰŬ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɩɜ Űɞɡ 2005. 

Ƀɘ Ůəˊɞɛˊɏɠ ɚɧɔɤ Űɤɜ ɛŮŰŬűɞɟɩɜ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ Ŭɏɟɘɤɜ ɢɤɟɑɠ ɧɛɤɠ ɜŬ 

ˊɟɞůɛŮŰɟɩɜŰŬɘ ɞɘ ŭɘŮɗɜŮɑɠ ɗŬɚɎůůɘŮɠ) Űɞ 2015 ɐŰŬɜ ŬɡɝɖɛɏɜŮɠ əŬŰɎ 23% Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 

1990. Ƀɘ Ůəˊɞɛˊɏɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɛŮɘɤɗɞɨɜ əŬŰɎ 68% ɛɏɢɟɘ Űɞ 2050 ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɞɘ ůŰɧɢɞɘ 

ɛŮɑɤůɖɠ (əŬŰɎ 60%) ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ Transport White Paper Űɞɡ 2011 [10]. 

ȼ ɟŬɔŭŬɑŬ Ŭɨɝɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖɜ ɡɘɞɗɏŰɖůɖ 

ůŰɟŬŰɖɔɘəɩɜ ˊɞɚɘŰɘəɩɜ ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɞɡ űŬɘɜɞɛɏɜɞɡ. ɆɢŮŰɘəɎ ɛŮ Űɞɜ ŰɞɛɏŬ Űɤɜ 

ɛŮŰŬűɞɟɩɜ, ŭŮɜ ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ůɡɔəŮəɟɘɛɏɜɞɘ ůŰɧɢɞɘ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ Ŭˊɧ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɞɡ ȾɘɧŰɞ. ɋůŰɧůɞ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ŮɡɟɤˊŬɥəɏɠ ˊɞɚɘŰɘəɏɠ 

əŬɘ ůŰɟŬŰɖɔɘəɏɠ ˊɞɡ Ŭˊɞůəɞˊɞɨɜ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ŬɡŰɩɜ. ȷˊɧ Űɖɜ 1ɖ ȽŬɜɞɡŬɟɑɞɡ Űɞɡ 

2012, ɞɘ ŬɏɟɘŮɠ ɛŮŰŬűɞɟɏɠ ˊɟɞůŰɏɗɖəŬɜ ůŰɞ ŮɡɟɤˊŬɥəɧ ˊɟɧɔɟŬɛɛŬ Emissions Trading System. 

ȳɛɤɠ ɔɘŬ ɜŬ ŭɞɗŮɑ Űɞ ɢɟɞɜɘəɧ ˊŮɟɘɗɩɟɘɞ ɔɘŬ ŭɘŬˊɟŬɔɛŬŰŮɨůŮɘɠ ůŰɖɜ ŭɘŮɗɜɐ ŬɔɞɟɎ, ɛɏŰɟŬ ɛˊɞɟɞɨɜ 

ɜŬ ŰŮɗɞɨɜ ɛɧɜɞ ɔɘŬ Űɘɠ ˊŰɐůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɛŮɚɩɜ Űɖɠ EEA (Europe Economic Area). 

Ƀ ɔŮɜɘəɧɠ ůŰɧɢɞɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, ŮɑɜŬɘ ɜŬ ɛŮɘɩůŮɘ Űɘɠ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ŭɘŮɗɜɩɜ ŬŮɟɑɤɜ ŬɚɚɎ ŮɝŬɘɟɩɜŰŬɠ Űɘɠ ŭɘŮɗɜŮɑɠ 

ɗŬɚɎůůɘŮɠ) əŬŰɎ 60% əɎŰɤ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 1990, ɛɏɢɟɘ Űɞ 2050. ȷɡŰɧɠ ɞ ůŰɧɢɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ 

əŬɘ Űɞɜ ɛŮůɞˊɟɧɗŮůɛɞ ůŰɧɢɞ Űɖɠ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ɛŮŰŬűɞɟɩɜ əŬŰɎ 20% ůɡɔəɟɘŰɘəɎ 

ɛŮ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 2008 ɛɏɢɟɘ Űɞ 2030, ŭɖɚŬŭɐ 8% ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 1990. Ƀɛɞɑɤɠ, 

ɞɘ Ůəˊɞɛˊɏɠ Űɤɜ ɗŬɚɎůůɘɤɜ ŭɘŮɗɜɩɜ ɛŮŰŬűɞɟɩɜ ˊɟɞɓɚɏˊŮŰŬɘ ɓɎůŮɘ Űɤɜ ůŰɧɢɤɜ ɜŬ ɛŮɘɤɗɞɨɜ 

əŬŰɎ 40% Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɩɜ Űɞɡ 2005, ɏɤɠ Űɞ 2050. Ƀɘ ůŰɧɢɞɘ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ɛŮŰŬűɞɟɩɜ, 

ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ ůŮ ŮŰɐůɘŬ ɓɎůɖ (ɆɢɐɛŬ 2.6) əŬɘ ŮɑɜŬɘ ŮɡɗɡɔɟŬɛɛɘůɛɏɜɞɘ ɛŮ Űɞɜ ůɡɜɞɚɘəɧ 

ůŰɧɢɞ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬŰɎ 20% Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɞ 1990, 

ɛɏɢɟɘ Űɞ 2020 [10]. 

ȯɚɚŮɠ ˊɞɚɘŰɘəɏɠ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ɛŮŰŬűɞɟɩɜ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ˊŬɟŬˊɎɜɤ 

ůŰɧɢɤɜ, ɧˊɤɠ ɞɘ ŭɘɎűɞɟɞɘ əŬɜɞɜɘůɛɞɑ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɘɠ Ůəˊɞɛˊɏɠ CO2 Űɤɜ ŮˊɘɓŬŰɘəɩɜ 

ɞɢɖɛɎŰɤɜ əŬɘ Űɤɜ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ, ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ əŬɘ Ŭˊɧ Űɞɜ TERM (Transport and 

Environment Reporting Mechanism). 

ȾŬɗɩɠ ɞ ŰɞɛɏŬɠ Űɤɜ ɛŮŰŬűɞɟɩɜ ŭŮɜ ɡˊɧəŮɘŰŬɘ ůŰɞ ůɨůŰɖɛŬ ETS (Emissions Trading Scheme), 

ŮɑɜŬɘ ɡˊŮɡɗɡɜɧŰɖŰŬ Űɤɜ əɟŬŰɩɜ ɛŮɚɩɜ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ɜŬ ɛŮɘɩůɞɡɜ Űɘɠ Ůəˊɞɛˊɏɠ Űɞɡ 

ŰɞɛɏŬ ŬɡŰɞɨ ɛɏůŬ Ŭˊɧ ɡɘɞɗɏŰɖůɖ Ůɗɜɘəɩɜ ˊɞɚɘŰɘəɩɜ (ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ŰɞɛŮɑɠ ˊɞɡ ŭŮɜ ɡˊɎɔɞɜŰŬɘ 

ůŰɞ ůɨůŰɖɛŬ ETS, ˊɟɞɓɚɏˊŮŰŬɘ ɛŮɑɤůɖ 10% Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 2005, ɛɏɢɟɘ Űɞ 2020). ȳůɞɜ 
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ŬűɞɟɎ Űɞɡɠ ŰɞɛŮɑɠ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɞ ůɨůŰɖɛŬ ETS (ˊ.ɢ. ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐ əŬɘ ɓɘɞɛɖɢŬɜɘəɏɠ 

ŮűŬɟɛɞɔɏɠ), ɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŬ ůɢɐɛŬ ŬɜŰŬɚɚŬɔɐɠ ŬɜɎɛŮůŬ ůŰŬ əɟɎŰɖ 

ɛɏɚɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ [10]. 

 

 

 

ɆɢɐɛŬ 2.6: Ⱥəˊɞɛˊɏɠ CO2 Ŭˊɧ Űɞɜ ŰɞɛɏŬ Űɤɜ ɛŮŰŬűɞɟɩɜ ůŰɞ ŭɘɎůŰɖɛŬ 1990-2015 [10]  
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3. ɄɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɩɜ CO2 ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ 

 

3.1. ɄɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɐɠ ɟɨˊɤɜ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ 

 

3.1.1. Ⱥɝɏɚɘɝɖ ŮɡɟɤˊŬɥəɩɜ ˊɟɞŰɨˊɤɜ Ůəˊɞɛˊɐɠ ɟɨˊɤɜ 

 

ȷɜ əŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɩɜ Űɤɜ 

ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ŬűɞɟɎ ůŰɘɠ Ůəˊɞɛˊɏɠ CO2, əɟɑɜŮŰŬɘ ůəɧˊɘɛɞ ɜŬ ɔɑɜŮɘ ɛɘŬ ůɨɜŰɞɛɖ ɘůŰɞɟɘəɐ 

ŬɜŬűɞɟɎ ůŰɘɠ ůɡɜɗɐəŮɠ ˊɞɡ ɞŭɐɔɖůŬɜ Űɞɡɠ ŮɡɟɤˊŬɥəɞɨɠ ɗŮůɛɞɨɠ ɜŬ ŬɜŬɚɎɓɞɡɜ ŭɟɎůɖ əŬɘ ɜŬ 

ɞɟɑůɞɡɜ ˊɟɞŭɘŬɔɟŬűɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Ůɚɏɔɢɞɡɜ Űɘɠ Ůəˊɞɛˊɏɠ əŬɡůŬŮɟɑɤɜ Űɤɜ ɞɢɖɛɎŰɤɜ.  

ȼ ɟɡɗɛɘůŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ  ůŮ ɧŰɘ ŬűɞɟɎ Űɘɠ Ůəˊɞɛˊɏɠ (əŬɘ Űɞɡɠ əɨəɚɞɡɠ 

ɞŭɐɔɖůɖɠ ˊɞɡ ɗŬ ŬɜŬɚɡɗɞɨɜ ůŰɞ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ), ŬůəŮɑŰŬɘ  ɡˊɧ Űɖɜ ɛɞɟűɐ ɚŮɘŰɞɡɟɔɘəɩɜ 

əŬɜɞɜɘůɛɩɜ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ ůɩɛŬŰŬ [11]: 

i. ɇɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ 

ii.  ɇɞ Ɇɡɛɓɞɨɚɘɞ ɇɖɠ Ⱥɡɟɩˊɖɠ 

iii.  ɇɖɜ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ. 

ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɤɜ ɢɟɧɜɤɜ, ɖ ȺɡɟɤˊŬɥəɐ Ƀɘəɞɜɞɛɘəɐ ȾɞɘɜɧŰɖŰŬ (ȺɃȾ) əŬɘ ŬɟɔɧŰŮɟŬ ɖ 

ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ (EȺ), ŭɖɛɘɞɨɟɔɖůŬɜ ɏɜŬ ůɨɜɞɚɞ ɞŭɖɔɘɩɜ əŬɘ ɟɡɗɛɘůŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ, ˊɞɡ 

ůɡɢɜɎ ɓŬůɑɕɞɜŰŬɜ ůŰɘɠ ˊɟɞŰɎůŮɘɠ Űɖɠ Ƀɘəɞɜɞɛɘəɐɠ ȺˊɘŰɟɞˊɐɠ ɔɘŬ Űɖɜ Ⱥɡɟɩˊɖ Űɞɡ ɃɟɔŬɜɘůɛɞɨ 

ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ (UNECE). ɇŬ ˊɟɩŰŬ ɧɟɘŬ Ůəˊɞɛˊɩɜ ŰɏɗɖəŬɜ ůŮ ŮűŬɟɛɞɔɐ Űɞ 1970 ɛŮ Űɖɜ 

ɞŭɖɔɑŬ 70/220/ȺɃȾ əŬɘ ŬűɞɟɞɨůŮ Űɘɠ Ůəˊɞɛˊɏɠ HC əŬɘ CO Ŭˊɧ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ. ȼ 

ɃŭɖɔɑŬ ɡɘɞɗŮŰɐɗɖəŮ Ŭˊɧ ŰŬ ŰɧŰŮ 6 əɟɎŰɖ ɛɏɚɖ (ȹɡŰɘəɐ ũŮɟɛŬɜɑŬ, ũŬɚɚɑŬ, ȽŰŬɚɑŬ, ȸɏɚɔɘɞ, 

ȿɞɡɝŮɛɓɞɨɟɔɞ əŬɘ ɃɚɚŬɜŭɑŬ). ɇŬ ɧɟɘŬ Űɤɜ Ůəˊɞɛˊɩɜ ŬɡŰɩɜ (g/test) əŬɗɞɟɑɕɞɜŰŬɜ ůŮ ůɢɏůɖ ɛŮ 

Űɞ ɓɎɟɞɠ Űɞɡ ɞɢɐɛŬŰɞɠ ɔɘŬ əɎɗŮ ɧɢɖɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨůŮ əɘɜɖŰɐɟŬ ɗŮŰɘəɐɠ ŬɜɎűɚŮɝɖɠ (Otto), 

ˊɟɞɞɟɘɕɧŰŬɜ ɔɘŬ ɢɟɐůɖ ůŮ ŭɟɧɛɞ, ɛŮ ɐ ɢɤɟɑɠ ŬɛɎɝɤɛŬ, ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɏəŬɜŮ ɢɟɐůɖ 

ŰŮůůɎɟɤɜ Űɟɞɢɩɜ, ŮɑɢŮ ɓɎɟɞɠ ˊɎɜɤ Ŭˊɧ 400 kg əŬɘ ɛɏɔɘůŰɖ ɘəŬɜɧŰɖŰŬ ŰŬɢɨŰɖŰŬɠ ŰɞɡɚɎɢɘůŰɞɜ   

50 km/h. ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ɧɟɘŬ ŬˊɞəɚŮɑɞɜŰŬɜ ŰŬ ɔŮɤɟɔɘəɎ ŰɟŬəŰɏɟ əŬɘ ɛɖɢŬɜɐɛŬŰŬ əŬɗɩɠ əŬɘ 

ŰŬ əɟŬŰɘəɎ ɞɢɐɛŬŰŬ. ȼ ɞŭɖɔɑŬ 70/220/ȺɃȾ ŬˊɞŰŮɚɞɨůŮ ɏɜŬ ůɡɜŭɡŬůɛɧ Űɤɜ Ůɗɜɘəɩɜ ɜɞɛɞɗŮůɘɩɜ  

ůɢŮŰɘəɎ ɛŮ Űɞɡɠ  əŬɜɞɜɘůɛɞɨɠ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ ɟɨˊɤɜ Űɖɠ ũŮɟɛŬɜɑŬɠ (óStraÇenverkehrs-

Zulassungs-Ordnungô, 1968) əŬɘ Űɖɠ ũŬɚɚɑŬɠ (óComposition des gaz dô®chappement ®mis par les 

v®hicules automobiles ®quip®s de moteur ¨ essenceô, 1969). ɀŮ Űɖɜ ɞŭɖɔɑŬ 70/220/ȺɃȾ, 

ɜɞɛɞɗŮŰɐɗɖəŮ əŬɘ ɞ ˊɟɩŰɞɠ ŮɡɟɤˊŬɥəɧɠ əɨəɚɞɠ ɞŭɐɔɖůɖɠ, ɞ ECE-15 [11]. 

ȼ ɞŭɖɔɑŬ 70/220/ȺɃȾ əŬɗɩɠ əŬɘ ɖ Űɟɞˊɞˊɞɑɖůɖ ŬɡŰɐɠ 74/290/ȺɃȾ, ŮůŰɑŬůŬɜ ŬˊɞəɚŮɘůŰɘəɎ ůŰɘɠ 

Ůəˊɞɛˊɏɠ HC əŬɘ CO. ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ˊɟɞŭɘŬɔɟŬűɩɜ, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ 

ŬɜŰŬˊɞəɟɑɗɖəŬɜ ˊɟɞůŬɟɛɧɕɞɜŰŬɠ Űɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ əɘɜɖŰɐɟɤɜ ůˊɘɜɗɖɟɘůɛɞɨ ůŰɖɜ əŬŰŮɨɗɡɜůɖ 

əŬɨůɖɠ űŰɤɢɧŰŮɟɤɜ ɛɘɔɛɎŰɤɜ ŬɏɟŬ-əŬɡůɑɛɞɡ. ȳɛɤɠ ŬɡŰɧ ŮɑɢŮ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

Ůəˊɞɛˊɩɜ NOx Ŭˊɧ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ əŬɘ ɏŰůɘ Űɞɜ ɃəŰɩɓɟɘɞ Űɞɡ 1977 Ůɘůɐɢɗɖ ɖ ɞŭɖɔɑŬ 

77/102/ȺɃȾ ɛŮ Űɖɜ ɞˊɞɑŬ əŬɗɞɟɑůŰɖəŬɜ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ůŰɘɠ Ůəˊɞɛˊɏɠ NOx. Ƀɘ ɏɚŮɔɢɞɘ 

ˊɟɞɏɓɚŮˊŬɜ ɧɟɘŬ Ůəˊɞɛˊɩɜ NO2 (g/test) ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɟɞɠ Űɞɡ ɞɢɐɛŬŰɞɠ. Ƀɘ Ůəˊɞɛˊɏɠ Űɤɜ 
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əɘɜɖŰɐɟɤɜ ˊŮŰɟŮɚŬɑɞɡ əŬɚɨűɗɖəŬɜ Űɞ 1988 ɛŮ Űɖɜ ɞŭɖɔɑŬ 88/76/ȺɃȾ Ůɜɩ ŰŬ ŮəˊŮɛˊɧɛŮɜŬ 

ůɤɛŬŰɑŭɘŬ  Ŭˊɧ Űɖɜ ɞŭɖɔɑŬ 88/436/ȺɃȾ. ȼ  ɛɏŰɟɖůɖ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ Ůɘůɐɢɗɖ ɛŮ Űɖɜ 

ɞŭɖɔɑŬ 80/1268/ȺɃȾ [11]. 

ȼ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ óEuroô ɝŮəɑɜɖůŮ  Űɞ 1992, ɚɑɔɞ ˊɟɘɜ Űɖɜ ɑŭɟɡůɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, ɛŮ 

Űɖ ůɡɜɗɐəɖ Űɞɡ ɀɎŬůŰɟɘɢŰ. ȼ Ŭɟɢɐ ɏɔɘɜŮ ɛŮ Űɖɜ əŬŰɖɔɞɟɑŬ Euro 1 ɛɏůɤ Űɖɠ ɞŭɖɔɑŬɠ 91/441/ȺɃȾ 

ɔɘŬ ŰŬ ŮˊɘɓŬŰɘəɎ ŬɡŰɞəɑɜɖŰŬ əɎŰɘ ˊɞɡ ŮˊɏűŮɟŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɢɟɐůɖ əŬŰŬɚɡŰɩɜ əŬɘ 

Ŭɛɧɚɡɓŭɖɠ ɓŮɜɕɑɜɖɠ əŬɘ Űɖɜ ɗɏůˊɘůɖ ˊɟɞŭɘŬɔɟŬűɩɜ ɔɘŬ Űɘɠ ˊŰɖŰɘəɏɠ Ůəˊɞɛˊɏɠ. Ƀɘ ɑŭɘŮɠ ŮɝŮɚɑɝŮɘɠ 

ŬəɞɚɞɨɗɖůŬɜ Űɞ 1993 əŬɘ ɔɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɛŮ Űɖɜ ɞŭɖɔɑŬ 93/59/ȺɃȾ. ɇɞ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 

2014 ŰɏɗɖəŮ ůŮ ŮűŬɟɛɞɔɐ Űɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ óEuro 6ô ɛŮ Űɘɠ ɞŭɖɔɑŮɠ 715/2007/ȺȾ əŬɘ 

692/2008/ȺȾ. 

ũŮɜɘəɎ, ɖ ŬɜɎˊŰɡɝɖ Űɤɜ ˊɟɞŭɘŬɔɟŬűɩɜ ůŰɖɜ ŭŮəŬŮŰɑŬ 1980-1990, ŬɜŰŬˊɞəɟɑɗɖəŮ ůŰɖɜ 

ŬɡɝŬɜɧɛŮɜɖ ˊɑŮůɖ Űɞɡ əɞɘɜɞɨ ůŰɖɜ ũŮɟɛŬɜɑŬ, Űɖɜ ȹŬɜɑŬ əŬɘ Űɖɜ ɃɚɚŬɜŭɑŬ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ 

Űɖɠ ɞɝɑɜɘůɖɠ Űɞɡ ŬɏɟŬ əŬɘ Űɞɜ ɡˊɞɓɘɓŬůɛɧ əŬɘ Ɏɚɚɤɜ ˊɞɘɞŰɘəɩɜ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɗɏŰɞɜŰŬɠ 

Űɘɠ ɓɎůŮɘɠ ɔɘŬ ɡˊɞɢɟŮɤŰɘəɐ ŰɞˊɞɗɏŰɖůɖ əŬɘ ɢɟɐůɖ əŬŰŬɚɡŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ůŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ 

ɞɢɐɛŬŰŬ (Ŭˊɧ Űɞ 1992 ɛŮ Űɞ ɄɟɧŰɡˊɞ Ⱥəˊɞɛˊɩɜ Euro 1). ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ɓɟɐəŮ ŬɜŰɘɛɏŰɤˊŬ 

əɟɎŰɖ ɛɏɚɖ ɧˊɤɠ ɖ ũŬɚɚɑŬ, Űɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ əŬɘ ɖ ȽŰŬɚɑŬ, ɧˊɞɡ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ɞɢɖɛɎŰɤɜ 

ˊɞɡ əŬŰŬůəŮɡɎɕɞɜŰŬɜ əŬɗɩɠ əŬɘ ɖ Űɘɛɐ ŬɡŰɩɜ ɐŰŬɜ ɛɘəɟɧŰŮɟɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ŮɔəŬŰɎůŰŬůɖ 

əŬŰŬɚɡŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ ɜŬ ŮˊɘűɏɟŮɘ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɞůŰɘŬɑŬ ŮˊɑˊŰɤůɖ ůŰɖɜ Űɘɛɐ əŬŰŬůəŮɡɐɠ 

Űɞɡ əɎɗŮ ɞɢɐɛŬŰɞɠ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɢɩɟŮɠ, ɞɘ ũŮɟɛŬɜɞɑ əŬŰŬůəŮɡŬůŰɏɠ 

ɞɢɖɛɎŰɤɜ ˊɤɚɞɨůŬɜ ɐŭɖ ɞɢɐɛŬŰŬ ůŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ Űɖɠ ȷɛŮɟɘəɐɠ əŬɘ ɐŰŬɜ ŮɝɞɘəŮɘɤɛɏɜɞɘ 

ɛŮ Űɖɜ ɢɟɐůɖ əŬŰŬɚɡŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ Ŭˊɧ Űɖɜ Ɏˊɞɣɖ Űɞɡ əɧůŰɞɡɠ əŬŰŬůəŮɡɐɠ. 

ȺˊɧɛŮɜŮɠ ɜɞɛɞɗŮŰɘəɏɠ ɛŮŰŬɟɟɡɗɛɑůŮɘɠ ůŰŬ ɢɟɧɜɘŬ ˊɞɡ ŬəɞɚɞɨɗɖůŬɜ ůŰɧɢŮɡŬɜ əŬɘ ůŮ əŬɗŬɟɧŰŮɟŬ 

əŬɨůɘɛŬ ůŮ ŬˊɎɜŰɖůɖ Űɤɜ Ŭɜɖůɡɢɘɩɜ Űɖɠ Ůˊɞɢɐɠ ɔɘŬ ŰŬ ŬɡɝɖɛɏɜŬ əɧůŰɖ ˊɞɡ ɗŬ ˊɟɞɏəɡˊŰŬɜ Ŭˊɧ 

Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ ɞɢɖɛɎŰɤɜ. ȼ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ŭɖɛɘɞɨɟɔɖůŮ Űɞ 

European Auto-Oil Programme, Űɞ ɞˊɞɑɞ ɞŭɐɔɖůŮ ůŰɖɜ ɡɘɞɗɏŰɖůɖ Űɖɠ ɞŭɖɔɑŬɠ 98/69/ȺȾ ůɢŮŰɘəɎ 

ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ əŬɡůɑɛɤɜ Űɖɠ ɓŮɜɕɑɜɖɠ əŬɘ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ. ɀŮ Űɖɜ ɞŭɖɔɑŬ ŬɡŰɐ, ŰɏɗɖəŬɜ 

ɧɟɘŬ Ůəˊɞɛˊɩɜ ɔɘŬ Űɘɠ əɟɨŮɠ ŮəəɘɜɐůŮɘɠ Űɞɡ əɘɜɖŰɐɟŬ  (cold-start) əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ ŬˊŬɑŰɖůɖ 

ɔɘŬ ɢɟɐůɖ ŭɘŬɔɜɤůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ OBD ůŰŬ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŬ ŬɜɎűɚŮɝɖɠ ɛŮ ůˊɘɜɗɐɟŬ. 

ȷˊɧ Űɞ 2000 əŬɘ ɛŮŰɎ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ ɛɘŬ ůɡůŰɖɛŬŰɘəɐ ˊɟɞůˊɎɗŮɘŬ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ CAFȺ 

(Clean Air  for Europe) [12] əŬɘ Ŭˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɟɞŭɘŬɔɟŬűɩɜ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ 

ɡˊɧ Űɖɜ ůəɏˊɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Auto-Oil, ɛŮ Űɟɧˊɞ ˊɘɞ ůɡɔəɟɞŰɖɛɏɜɞ əŬɘ ɧɢɘ ŬˊɞůˊŬůɛŬŰɘəɎ 

ɧˊɤɠ ŮɑɢŬɜ ŬɜŬˊŰɡɢɗŮɑ ɏɤɠ ŰɧŰŮ, ŬˊɞůəɞˊɩɜŰŬɠ ůŰɖɜ əɎɚɡɣɖ ŭɘŬűɞɟŮŰɘəɩɜ Űɨˊɤɜ ɞɢɖɛɎŰɤɜ əŬɘ 

Ůəˊɞɛˊɩɜ. 

ȼ ŭɖɛɞůɑŮɡůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ CAFȺ Űɞ 2001 əŬɘ ɖ ɡɘɞɗɏŰɖůɖ Űɞɡ 6th Environmental Action 

Programme Űɞ 2002 ɛŮ əɞɘɜɐ ŬˊɧűŬůɖ Űɞɡ ȺɡɟɤˊŬɥəɞɨ Ⱦɞɘɜɞɓɞɡɚɑɞɡ, Űɞ ɞˊɞɑɞ ɏŭɘɜŮ ɘŭɘŬɑŰŮɟɖ 

ɏɛűŬůɖ ůŰɖɜ ɗɏůˊɘůɖ ůŰɟŬŰɖɔɘəɩɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŮɡɟŮɑŬɠ ŬŰɕɏɜŰŬɠ ˊɞɡ ɗŬ ŮˊɏŰɟŮˊŮ Űɖɜ 

ɓŮɚŰɑɤůɖ ůŮ ɓŬůɘəɏɠ ˊɞɚɘŰɘəɏɠ, ɞŭɐɔɖůŮ ůŰɖɜ ɏɔəɟɘůɐ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ Űɖɠ 

ɗŮɛŬŰɘəɐɠ ůŰɟŬŰɖɔɘəɐɠ ɔɘŬ Űɖɜ ɛɧɚɡɜůɖ Űɞɡ ŬɏɟŬ Űɞ 2005 [13]. 
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3.1.2. ȳɟɘŬ Ůəˊɞɛˊɩɜ ɔɘŬ əŬŰɖɔɞɟɑŮɠ Euro 1-6 

 

ɀɏɢɟɘ əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ˊɟɞŰɨˊɞɡ Euro 4 (2006), ɞɘ ŮəɎůŰɞŰŮ ɟɡɗɛɑůŮɘɠ Ůəˊɞɛˊɩɜ ɟɨˊɤɜ 

ɔɘŬ ŰŬ ɜɏŬ ŮˊɘɓŬŰɘəɎ əŬɘ ŮɚŬűɟɎ ɞɢɐɛŬŰŬ, əŬɗɞɟɑɕɞɜŰŬɜ Ŭˊɧ Űɖɜ ɞŭɖɔɑŬ 70/220/ȺɃȾ əŬɘ Űɘɠ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɖɠ. ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ ˊɟɧŰɡˊɞ Euro 5 Űɞ 2009, ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɩɜ 

ɟɡɗɛɑɕɞɜŰŬɘ Ŭˊɧ əŬɜɞɜɘůɛɞɨɠ (Regulations) ˊɞɡ ɏɢɞɡɜ ɎɛŮůɖ ɘůɢɨ ůŮ ɧɚŬ ŰŬ əɟɎŰɖ ɛɏɚɖ Űɖɠ 

ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɏɤɠ ŰɧŰŮ ɞŭɖɔɑŮɠ (Directives), ɞɘ ɞˊɞɑŮɠ ɏˊɟŮˊŮ ˊɟɩŰŬ 

ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ əŬŰɎ ˊŮɟɑˊŰɤůɖ ɔɘŬ ɜŬ ŮűŬɟɛɞůɗɞɨɜ ůŰɞ əɎɗŮ əɟɎŰɞɠ ɛɏɚɞɠ. ɇŬ ˊɟɧŰɡˊŬ ɟɨˊɤɜ 

Euro ŭɘŬűɏɟɞɡɜ ŬɜŬɚɧɔɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ əŬɡůɑɛɞɡ (ɓŮɜɕɘɜɞəɑɜɖŰŬ/ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ 

ɞɢɐɛŬŰŬ), ɛŮɔɏɗɞɡɠ ɞɢɐɛŬŰɞɠ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ŮˊɘɓŬŰɘəɎ əŬɘ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɞɢɐɛŬŰŬ. 

 

ȾŬŰɖɔɞɟɑŬ ɆŰɎŭɘɞ ȼɛŮɟɞɛɖɜɑŬ CO (g/km) HC (g/km) HC+NOx 

(g/km) 

NOx (g/km) ɆɤɛŬŰɑŭɘŬ PM 

(g/km) 

ɃɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŮɠ ɜŰɑɕŮɚ 

Euro 1* 1992.07 2.72 (3.16) - 0.97 (1.13) - 0.14 (0.18) - 

Euro 2,IDI  1996.01 1.0 - 0.7 - 0.08 - 

Euro 2, DI 1996.01a 1.0 - 0.7 - 0.10 - 

Euro 3 2000.01 0.64 - 0.56 0.50 0.05 - 

Euro 4 2005.01 0.50 - 0.30 0.25 0.025 - 

Euro 5a 2009.09b 0.50 - 0.23 0.18 0.005f - 

Euro 5b 2011.09c 0.50 - 0.23 0.18 0.005f 6.0Ĭ1011 

Euro 6 2014.09 0.50 - 0.17 0.08 0.005f 6.0Ĭ1011 

ɃɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŮɠ ɓŮɜɕɑɜɖɠ 

Euro 1 1992.07 2.72 (3.16) ï 0.97 (1.13) ï ï ï 

Euro 2 1996.01 2.2 ï 0.5 ï ï ï 

Euro 3 2000.01 2.30 0.20 ï 0.15 ï ï 

Euro 4 2005.01 1.0 0.10 ï 0.08 ï ï 

Euro 5 2009.09b 1.0 0.10d ï 0.06 0.005e,f ï 

Euro 6 2014.09 1.0 0.10d ï 0.06 0.005e,f 6.0Ĭ1011 e,g 

ũɘŬ ŰŬ ůŰɎŭɘŬ Euro 1-4, ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ɛŮ ɓɎɟɞɠ>2500kg ɏˊŬɘɟɜŬɜ ɏɔəɟɘůɖ Űɨˊɞɡ ɤɠ ɞɢɐɛŬŰŬ Űɖɠ əŬŰɖɔɞɟɑŬɠ N1  

*Ƀɘ Űɘɛɏɠ ůŰɘɠ ˊŬɟŮɜɗɏůŮɘɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɘɠ Űɘɛɏɠ Űɤɜ ɞɟɑɤɜ ůɡɛɛɧɟűɤůɖɠ ˊŬɟŬɔɤɔɐɠ (Conformity of Production limits) 

a. ɏɤɠ Űɖɜ 30/09/1999, ɛŮŰɎ Ŭˊɧ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ ŬɡŰɐ ŰŬ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŮɠ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ ɗŬ ˊɟɏˊŮɘ ɜŬ Űɖɟɞɨɜ ŰŬ ɧɟɘŬ Űɤɜ əɘɜɖŰɐɟɤɜ ɏɛɛŮůɞɡ ɣŮəŬůɛɞɨ 

b. Ŭˊɧ 01/2011 ɔɘŬ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ 

c. Ŭˊɧ 01/2013 ɔɘŬ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ 

d. ŮˊɘˊɟɞůɗɏŰɤɠ ɧɟɘɞ NMHC (non-methane hydrocarbons) = 0.068 g/km 

e. ɛɧɜɞ ɔɘŬ əɘɜɖŰɐɟŮɠ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ 

f. 0.0045 g/km ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛɏŰɟɖůɖɠ PMP 

g. 6.0Ĭ1012 /km ɛɏůŬ ůŰŬ ŰɟɑŬ ˊɟɩŰŬ ɢɟɧɜɘŬ ɘůɢɨɞɠ Űɞɡ ˊɟɞŰɨˊɞɡ Euro 6  

ɄɑɜŬəŬɠ 3.1: ɄɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɩɜ ɟɨˊɤɜ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ɔɘŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ 

(əŬŰɖɔɞɟɑŮɠ ɀ1, ɀ2) [14]  
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ɆŰɞɡɠ ɄɑɜŬəŮɠ 3.1 əŬɘ 3.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɧɟɘŬ Ůəˊɞɛˊɩɜ ɟɨˊɤɜ Euro 1-6 ɔɘŬ ŮˊɘɓŬŰɘəɎ 

ɞɢɐɛŬŰŬ (əŬŰɖɔɞɟɑŮɠ M1 əŬɘ ɀ2) əŬɘ ŮɚŬűɟɎ űɞɟŰɖɔɎ (əŬŰɖɔɞɟɑŮɠ Ɂ1 əŬɘ Ɂ2). Ƀɘ ɖɛŮɟɞɛɖɜɑŮɠ 

ˊɞɡ ůɡɜɞŭŮɨɞɡɜ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ əŬŰɖɔɞɟɑŮɠ, ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɜɏŮɠ ŮɔəɟɑůŮɘɠ Űɨˊɞɡ. ɋůŰɧůɞ əɎɗŮ 

əŬŰɖɔɞɟɑŬ Euro əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ŬɜŰɑůŰɞɘɢɖ ɞŭɖɔɑŬ, ɐ ɞˊɞɑŬ ŮəŰɧɠ Ŭˊɧ Űɖɜ ˊɟɞŬɜŬűŮɟɗŮɑůŬ 

ɖɛŮɟɞɛɖɜɑŬ, ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ɛɑŬ ŭŮɨŰŮɟɖ (ůɡɜɐɗɤɠ ɏɜŬɜ ɢɟɧɜɞ ŬɟɔɧŰŮɟŬ) ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

Űɖɜ ɖɛŮɟɞɛɖɜɑŬ ˊɟɩŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɞɢɐɛŬŰɞɠ, ɔɘŬ ɞɢɐɛŬŰŬ ˊɞɡ ɐŭɖ ɏɢɞɡɜ ˊɎɟŮɘ ɏɔəɟɘůɖ Űɨˊɞɡ. 

ɇŬ ˊŬɟŬəɎŰɤ ɧɟɘŬ ˊɟɞŭɘŬɔɟŬűɩɜ ŬɜŬűɏɟɞɜŰŬɘ ůŮ Ůəˊɞɛˊɏɠ ɟɨˊɤɜ ŬɜɎ ɧɢɖɛŬ. 

 

ȾŬŰɖɔɞɟɑŬ* ɆŰɎŭɘɞ ȼɛŮɟɞɛɖɜɑŬ CO 

(g/km) 

HC 

(g/km) 

HC+NOx 

(g/km) 

NOx 

(g/km) 

ɆɤɛŬŰɑŭɘŬ 

PM 

(g/km) 

Ʉɚɐɗɞɠ 

ɆɤɛŬŰɘŭɑɤɜ 

PN (#/km) 

ɃɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ 

N1,Class I 

Ò1305 kg 

Euro 1 1994.10 2.72 ï 0.97 ï 0.14 ï 

Euro 2 

IDI  

1998.01 1.0 ï 0.70 ï 0.08 ï 

Euro 2 

DI 

1998.01a 1.0 ï 0.90 ï 0.10 ï 

Euro 3 2000.01 0.64 ï 0.56 0.50 0.05 ï 

Euro 4 2005.01 0.50 ï 0.30 0.25 0.025 ï 

Euro 

5a 

2009.09b 0.50 ï 0.23 0.18 0.005f ï 

Euro 

5b 

2011.09d 0.50 ï 0.23 0.18 0.005f 6.0Ĭ1011 

Euro 6 2014.09 0.50 ï 0.17 0.08 0.005f 6.0Ĭ1011 

N1,Class II 

1305-1760 

kg 

Euro 1 1994.10 5.17 ï 1.40 ï 0.19 ï 

Euro 2 

IDI  

1998.01 1.25 ï 1.0 ï 0.12 ï 

Euro 2 

DI 

1998.01a 1.25 ï 1.30 ï 0.14 ï 

Euro 3 2001.01 0.80 ï 0.72 0.65 0.07 ï 

Euro 4 2006.01 0.63 ï 0.39 0.33 0.04 ï 

Euro 

5a 

2010.09c 0.63 ï 0.295 0.235 0.005f ï 

Euro 

5b 

2011.09d 0.63 ï 0.295 0.235 0.005f 6.0Ĭ1011 

Euro 6 2015.09 0.63 ï 0.195 0.105 0.005f 6.0Ĭ1011 
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N1,Class III 

>1760 kg 

Euro 1 1994.10 6.90 ï 1.70 ï 0.25 ï 

Euro 2 

IDI  

1998.01 1.5 ï 1.20 ï 0.17 ï 

Euro 2 

DI 

1998.01a 1.5 ï 1.60 ï 0.20 ï 

Euro 3 2001.01 0.95 ï 0.86 0.78 0.10 ï 

Euro 4 2006.01 0.74 ï 0.46 0.39 0.06 ï 

Euro 

5a 

2010.09c 0.74 ï 0.350 0.280 0.005f ï 

Euro 

5b 

2011.09d 0.74 ï 0.350 0.280 0.005f 6.0Ĭ1011 

Euro 6 2015.09 0.74 ï 0.215 0.125 0.005f 6.0Ĭ1011 

N2 Euro 

5a 

2010.09c 0.74 ï 0.350 0.280 0.005f ï 

Euro 

5b 

2011.09d 0.74 ï 0.350 0.280 0.005f 6.0Ĭ1011 

Euro 6 2015.09 0.74 ï 0.215 0.125 0.005f 6.0Ĭ1011 

ɃɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŮɠ ɓŮɜɕɑɜɖɠ 

N1,Class I 

Ò1305 kg 

Euro 1 1994.10 2.72 ï 0.97 ï ï ï 

Euro 2 1998.01 2.2 ï 0.50 ï ï ï 

Euro 3 2000.01 2.3 0.20 ï 0.15 ï ï 

Euro 4 2005.01 1.0 0.1 ï 0.08 ï ï 

Euro 5 2009.09b 1.0 0.10g ï 0.06 0.005e,f ï 

Euro 6 2014.09 1.0 0.10g ï 0.06 0.005e,f 6.0Ĭ1011 e,j 

N1,Class II 

1305-1760 

kg 

Euro 1 1994.10 5.17 ï 1.40 ï ï ï 

Euro 2 1998.01 4.0 ï 0.65 ï ï ï 

Euro 3 2001.01 4.17 0.25 ï 0.18 ï ï 

Euro 4 2006.01 1.81 0.13 ï 0.10 ï ï 

Euro 5 2010.09c 1.81 0.13h ï 0.075 0.005e,f ï 

Euro 6 2015.09 1.81 0.13h ï 0.075 0.005e,f 6.0Ĭ1011 e,j 

 

 

N1,Class III 

Euro 1 1994.10 6.90 ï 1.70 ï ï ï 

Euro 2 1998.01 5.0 ï 0.80 ï ï ï 

Euro 3 2001.01 5.22 0.29 ï 0.21 ï ï 
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ɄɑɜŬəŬɠ 3.2: ɄɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɐɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ɔɘŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ (əŬŰɖɔɞɟɑŮɠ Ɂ1, 

Ɂ2) [14]  

 

ȷəɞɚɞɡɗɞɨɜ ɞɘ əŬŰŬɜɞɛɏɠ ŭɘŬűɧɟɤɜ ɟɨˊɤɜ ŬɜɎ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ ůŰɖɜ Ⱥɡɟɩˊɖ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 

2001-2010 (ɆɢɐɛŬ 3.1)Ŀ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ Űɖɜ ˊŰɤŰɘəɐ ˊɞɟŮɑŬ Űɤɜ Ůəˊɞɛˊɩɜ NOx 

əŬɘ ůɤɛŬŰɘŭɑɤɜ-PM ɚɧɔɤ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ɞɟɑɤɜ Ůəˊɞɛˊɐɠ ɟɨˊɤɜ ˊɞɡ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ  

ŬɜŰɑůŰɞɘɢŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ Euro. 

>1760 kg Euro 4 2006.01 2.27 0.16 ï 0.11 ï ï 

Euro 5 2010.09c 2.27 0.16i ï 0.082 0.005e,f ï 

Euro 6 2015.09 2.27 0.16i ï 0.082 0.005e,f 6.0Ĭ1011 e,j 

N2 Euro 5 2010.09c 2.27 0.16i ï 0.082 0.005e,f ï 

Euro 6 2015.09 2.27 0.16i ï 0.082 0.005e,f 6.0Ĭ1011 e,j 

ɆɖɛŮɘɩůŮɘɠ: 

*ũɘŬ ŰŬ ůŰɎŭɘŬ Euro 1 əŬɘ Euro 2, ɞɘ ɛɎɕŮɠ ŬɜŬűɞɟɎɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ N1, ɐŰŬɜ ɞɘ ŬəɧɚɞɡɗŮɠ:                   

Class I Ò 1250 kg, Class II 1250-1700 kg, Class III > 1700 kg 

a. ɏɤɠ 30.09.1999 ɛŮŰɎ Ŭˊɧ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ ŬɡŰɐ ŰŬ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŮɠ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ ɗŬ ˊɟɏˊŮɘ 

ɜŬ Űɖɟɞɨɜ ŰŬ ɧɟɘŬ Űɤɜ əɘɜɖŰɐɟɤɜ ɏɛɛŮůɞɡ ɣŮəŬůɛɞɨ 

b. Ŭˊɧ 2011.01 ɔɘŬ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ 

c. Ŭˊɧ 2012.01 ɔɘŬ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ 

d. Ŭˊɧ 2013.01 ɔɘŬ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ 

e. ɛɧɜɞ ɔɘŬ əɘɜɖŰɐɟŮɠ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ 

f. 0.0045 g/km ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛɏŰɟɖůɖɠ PMP 

g. ŮˊɘˊɟɞůɗɏŰɤɠ ɧɟɘɞ NMHC (non-methane hydrocarbons) = 0.068 g/km 

h. ŮˊɘˊɟɞůɗɏŰɤɠ ɧɟɘɞ NMHC (non-methane hydrocarbons) = 0.090 g/km 

i. ŮˊɘˊɟɞůɗɏŰɤɠ ɧɟɘɞ NMHC (non-methane hydrocarbons) = 0.108 g/km 

j. 6.0Ĭ1012/km ɛɏůŬ ůŰŬ ŰɟɑŬ ˊɟɩŰŬ ɢɟɧɜɘŬ ɘůɢɨɞɠ Űɞɡ ˊɟɞŰɨˊɞɡ Euro 6  
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ɆɢɐɛŬ 3.1: ȾŬŰŬɜɞɛɐ ŮəˊŮɛˊɧɛŮɜɤɜ ɟɨˊɤɜ PM, NOX, SOX, NMVOC and NH3 ŬɜɎ ˊɖɔɐ 

ˊɟɞɏɚŮɡůɖɠ ůŰɖɜ Ⱥɡɟɩˊɖ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2001-2010 (Gg/year = 1 000 tonnes/year) [15]  
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3.2. ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ ˊɞɚɘŰɘəɐɠ Ůəˊɞɛˊɩɜ CO2 ůŰɖɜ ȺɡɟɤˊŬɥəɐ 

Ȱɜɤůɖ 

 

ɀŮ ˊŬɟŬɔɤɔɐ ɨɣɞɡɠ 17 ŮəŬŰɞɛɛɡɟɑɤɜ ɞɢɖɛɎŰɤɜ əɎɗŮ ɢɟɧɜɞ, ɖ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ɛŮ ŰŬ 28 Űɖɠ 

ɛɏɚɖ, ŬˊɞŰŮɚŮɑ Űɞɜ ŭŮɨŰŮɟɞ ɛŮɔŬɚɨŰŮɟɞ əŬŰŬůəŮɡŬůŰɐ ɞɢɖɛɎŰɤɜ ˊŬɔəɞůɛɑɤɠ. ȰɜŬ ůŰŬ ŰɏůůŮɟŬ 

ŬɡŰɞəɑɜɖŰŬ ˊɞɡ ˊɤɚɞɨɜŰŬɘ ˊŬɔəɞůɛɑɤɠ, əŬŰŬůəŮɡɎɕŮŰŬɘ ɐ ŮɘůɎɔŮŰŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ əŬɘ ɏŰůɘ 

ˊɞɚɚɏɠ ɢɩɟŮɠ ŬɜɎ Űɞɜ əɧůɛɞ Ŭəɞɚɞɡɗɞɨɜ ŰŬ ɧɟɘŬ Ůəˊɞɛˊɩɜ (ɟɨˊɤɜ əŬɘ CO2) ˊɞɡ ɘůɢɨɞɡɜ ůŰɖɜ 

ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ (ɆɢɐɛŬ 3.2). ȹɖɚŬŭɐ ɖ ȺɡɟɤˊŬɥəɐ ŬɔɞɟɎ ŮˊɖɟŮɎɕŮɘ ɘůɢɡɟɎ Űɖɜ ůŰɟŬŰɖɔɘəɐ 

Ůˊɘɚɞɔɩɜ ˊɞɡ ɡɘɞɗŮŰɞɨɜ ɞɘ ɛŮɔɎɚɞɘ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ŬɜɎ Űɞɜ əɧůɛɞ [16]. 

 

 

 

ɆɢɐɛŬ 3.2: Ɇɨɔəɟɘůɖ Űɤɜ ˊŬɔəɧůɛɘɤɜ ɟɡɗɛɑůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɘɠ Ůəˊɞɛˊɏɠ CO2 ɔɘŬ ŮˊɘɓŬŰɘəɎ 

ɞɢɐɛŬŰŬ [17]  

 

ɇŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ůŰɖɜ Ⱥɡɟɩˊɖ ˊŬɟɎɔɞɡɜ Űɞ 12% Űɖɠ ůɡɜɞɚɘəɐɠ Űɖɠ Ůəˊɞɛˊɐɠ ůŮ CO2. Ƀɘ 

Ůəˊɞɛˊɏɠ ɚɧɔɤ Űɤɜ ɛŮŰŬűɞɟɩɜ ůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 1990-2010 ˊŬɟɞɡůɑŬůŬɜ ɛɘŬ Ŭɨɝɖůɖ Űɖɠ 

ŰɎɝɖɠ Űɞɡ 26%. ȷɜŬɔɜɤɟɑɕɞɜŰŬɠ Űɖɜ ɛŮɔɎɚɖ ŮˊɑŭɟŬůɖ ŬɡŰɐɠ Űɖɠ ŬɡɝɖŰɘəɐɠ ŰɎůɖɠ ůŰɖɜ əɚɘɛŬŰɘəɐ 

ŬɚɚŬɔɐ, ůŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ ȭ90 ůŰɞɜ ŮɡɟɤˊŬɥəɧ ɢɩɟɞ ɝŮəɑɜɖůŬɜ ˊɟɞɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ 

ɛŮɑɤůɖ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɩɜ CO2 Űɞɡ ůŰɧɚɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ. ȷɟɢɘəɎ ŰɏɗɖəŬɜ ŮɗŮɚɞɜŰɘəɞɑ 

ůŰɧɢɞɘ ɔɘŬ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ. ɇŮɚɘəɎ ɖ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ Űɞ 2009 ɛŮŰŬˊɐŭɖůŮ ůŮ 

ŮűŬɟɛɞɔɐ ɡˊɞɢɟŮɤŰɘəɩɜ ɞɟɑɤɜ Ůəˊɞɛˊɩɜ CO2. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ˊŬɟɞɡůɑŬůɖ Űɤɜ 

ŮɗŮɚɞɜŰɘəɩɜ əŬɘ ɡˊɞɢɟŮɤŰɘəɩɜ ɛɏŰɟɤɜ Ůəˊɞɛˊɩɜ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ Ⱥɡɟɩˊɖ [16].  
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ɀɑŬ ɓŬůɘəɐ ˊŬɟŬŰɐɟɖůɖ ɧůɞɜ ŬűɞɟɎ Űɞɡɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɩɜ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ˊɞɡ ɗŬ 

ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ ŮɑɜŬɘ ɧŰɘ ŬɡŰɏɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ ůɡɜɞɚɘəɧ ŮŰɐůɘɞ 

ůŰɧɚɞ əɎɗŮ əŬŰŬůəŮɡŬůŰɐ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ ɟɨˊɤɜ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ 

ˊŬɟŬɔɟɎűɞɡ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ŬɜɎ ɧɢɖɛŬ. 

 

3.2.1. ȺɗŮɚɞɜŰɘəɞɑ ůŰɧɢɞɘ 

 

Á 1995 

ȼ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɡɘɞɗɏŰɖůŮ ɛɘŬ ůŰɟŬŰɖɔɘəɐ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɔɘŬ ŰŬ ŮˊɘɓŬŰɘəɎ 

ɞɢɐɛŬŰŬ ˊɞɡ ɓŬůɘɕɧŰŬɜ ůŰɖɜ ŮɗŮɚɞɜŰɘəɐ ŭɏůɛŮɡůɖ Űɤɜ əŬŰŬůəŮɡŬůŰɩɜ ɞɢɖɛɎŰɤɜ, ɓŮɚŰɑɤůɖ 

ůŰɖɜ ˊɚɖɟɞűɧɟɖůɖ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ ůɢŮŰɘəɎ ɛŮ Űɘɠ Ůəˊɞɛˊɏɠ CO2 əŬɗɩɠ əŬɘ Űɖɜ ˊɟɞɩɗɖůɖ 

ɛɏůɤ ɞɘəɞɜɞɛɘəɩɜ ɛɏŰɟɤɜ, ɔɘŬ ŬɔɞɟɎ ɞɢɖɛɎŰɤɜ ɡɣɖɚɐɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ. 

Á 1998 

ȼ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɡˊɏɔɟŬɣŮ ŮɗŮɚɞɜŰɘəɏɠ ůɡɛűɤɜɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ 

CO2 ɛŮ Űɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ȾŬŰŬůəŮɡŬůŰɩɜ ɃɢɖɛɎŰɤɜ (European Car Manufacturers 

Association ï ACEA), Űɖɜ ȽŬˊɤɜɘəɐ Ȱɜɤůɖ ȾŬŰŬůəŮɡŬůŰɩɜ ɃɢɖɛɎŰɤɜ (Japan Automobile 

Manufacturers Association ï JAMA) əŬɘ Űɖɜ ȾɞɟŮɎŰɘəɖ Ȱɜɤůɖ ȾŬŰŬůəŮɡŬůŰɩɜ ɃɢɖɛɎŰɤɜ 

(Korean Automobile Manufacturers Association ï KAMA). ȷɡŰɏɠ ɞɘ ŮɗŮɚɞɜŰɘəɏɠ ůɡɛűɤɜɑŮɠ 

ŭɏůɛŮɡŬɜ Űɞɡ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ůŰɞɜ ůŰɧɢɞ Űɤɜ 140 gCO2/km əŬɘ ɗŬ ɏˊɟŮˊŮ ɜŬ 

ŮűŬɟɛɞůɗɞɨɜ ůŰɞɡɠ ɜɏɞɡɠ ůŰɧɚɞɡɠ ɞɢɖɛɎŰɤɜ ˊɞɡ ɗŬ ˊɤɚɞɨɜŰŬɜ ůŰɖɜ ŮɡɟɤˊŬɥəɐ ŬɔɞɟɎ ɛŮ 

əŬŰŬɚɖəŰɘəɐ ɖɛŮɟɞɛɖɜɑŬ ůɡɛɛɧɟűɤůɖɠ Űɞ 2008 ɔɘŬ Űɖɜ ACEA əŬɘ Űɞ 2009 ɔɘŬ Űɘɠ JAMA əŬɘ 

KAMA. Ⱥɜɩ ůŰŬ ˊɟɩŰŬ ɢɟɧɜɘŬ ŮűŬɟɛɞɔɐɠ ůɖɛŮɘɩɗɖəŬɜ ůɖɛŬɜŰɘəɏɠ ɛŮɘɩůŮɘɠ ůŰɘɠ Ůəˊɞɛˊɏɠ 

CO2, Ŭˊɧ Űɞ 2004 ˊŬɟɞɡůɘɎůŰɖəŬɜ ŬˊɞəɚɑůŮɘɠ əŬɘ ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ˊɚɏɞɜ ŭŮɜ ŰɖɟɞɨůŬɜ ŰŬ 

ŮɗŮɚɞɜŰɘəɎ ɧɟɘŬ. 

 

3.2.2. ɈˊɞɢɟŮɤŰɘəɞɑ ůŰɧɢɞɘ 

 

3.2.2.1. ȺˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ 

 

Á 2009 

ɀŮ Űɖɜ ɞŭɖɔɑŬ 443/2009/ȺȾ ŮűŬɟɛɧůŰɖəŮ ɞ ɡˊɞɢɟŮɤŰɘəɧɠ ůŰɧɢɞɠ Űɤɜ 130 gCO2/km, ɞ ɞˊɞɑɞɠ 

ɏˊɟŮˊŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɏɢɟɘ Űɞ 2015. ȼ ɑŭɘŬ ɞŭɖɔɑŬ ˊŮɟɘɏɔɟŬűŮ əŬɘ ɏɜŬɜ ɛŬəɟɞˊɟɧɗŮůɛɞ ůŰɧɢɞ 

ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ɧɟɘɞ Űɤɜ 95 gCO2/km ɔɘŬ ŮˊɑŰŮɡɝɖ ɏɤɠ Űɞ 2020. 

Á 2013 

ɇŬ ɧɟɘŬ Ůəˊɞɛˊɐɠ ŰɏɗɖəŬɜ ůŮ 95 gCO2/km ɔɘŬ ŮűŬɟɛɞɔɐ Ŭˊɧ Űɞ 95% Űɤɜ ɜɏɤɜ ůŰɧɚɤɜ ɏɤɠ Űɞ 

2020 əŬɘ ɔɘŬ ŮűŬɟɛɞɔɐ ůŰɞ 100% Űɤɜ ůŰɧɚɤɜ ɔɘŬ Űɞ 2020. 
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3.2.2.2. ȺɚŬűɟɎ űɞɟŰɖɔɎ ɞɢɐɛŬŰŬ 

 

Á 2009 

Ƀ əŬɜɞɜɘůɛɧɠ 593/2009/ȺȺ ɏɗŮůŮ ɤɠ ůŰɧɢɞ Ůəˊɞɛˊɩɜ CO2 Űɞɜ ɛɏůɞ ɧɟɞ Űɤɜ 175 g/km, ɞ ɞˊɞɑɞɠ 

ɗŬ ɏˊɟŮˊŮ ɜŬ ɏɢŮɘ əŬɚɡűɗŮɑ ˊɚɐɟɤɠ Ŭˊɧ Űɞ 2016. Ⱥˊɑůɖɠ ɞ ɑŭɘɞɠ əŬɜɞɜɘůɛɧɠ Ŭˊɧ Űɞ 2020 ɞɟɑɕŮɘ 

ɤɠ ůŰɧɢɞ ŰŬ 135 g/km Ůəˊɞɛˊɩɜ CO2. 

Á 2012 

Ƀɘ ůŰɧɢɞɘ ˊɞɡ ŰɏɗɖəŬɜ ɛŮ Űɞɜ əŬɜɞɜɘůɛɧ 593/2009/ȺȺ ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ɛŮ Űɞɜ ɜŮɧŰŮɟɞ 

əŬɜɞɜɘůɛɧ 393/2012/ȺȺ, ɞ ɞˊɞɑɞɠ ˊɟɞɏɓɚŮˊŮ ɢɟɞɜɘəɐ ɛŮŰŬűɞɟɎ əŬŰɎ ɏɜŬ ɏŰɞɠ (Ŭˊɧ Űɞ 2016 ɔɘŬ 

Űɞ 2017) ůŰɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɞɟɑɞɡ Űɤɜ 175 gCO2/km, əŬɗɩɠ əŬɘ ŬɚɚŬɔɐ Űɞɡ ɛŬəɟɞˊɟɧɗŮůɛɞɡ 

ůŰɧɢɞɡ Űɤɜ 135 gCO2/km ůŮ 147 gCO2/km ɔɘŬ Űɞ 2020. 

Á 2013 

ɇŬ ɧɟɘŬ ɔɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɞɟɑůŰɖəŬɜ ůŰŬ 147 gCO2/km Ŭˊɧ Űɞ 2020. 

 

3.2.2.3. ȹɑəɡəɚŬ əŬɘ ŰɟɑəɡəɚŬ ɞɢɐɛŬŰŬ 

 

Á 2010 

Ƀɘ əŬŰŬůəŮɡŬůŰɏɠ Űɤɜ ŭɑəɡəɚɤɜ əŬɘ Űɟɑəɡəɚɤɜ ɞɢɖɛɎŰɤɜ, ˊɟɏˊŮɘ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɑůɞɡɜ 

əŬɘ ɜŬ ŬɜŬűɏɟɞɡɜ ůŰɞɘɢŮɑŬ Ůəˊɞɛˊɐɠ CO2, ɤůŰɧůɞ ɔɘŬ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ɞɢɐɛŬŰŬ ŭŮɜ ɏɢɞɡɜ 

ˊɟɞůŭɘɞɟɘůŰŮɑ ůŰɧɢɞɘ Ůəˊɞɛˊɐɠ. 

 

3.3. ɇŮɢɜɘəɏɠ ˊɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɐɠ CO2 

 

3.3.1. 1998-2008 ŮɗŮɚɞɜŰɘəɏɠ ůɡɛűɤɜɑŮɠ 

 

ɀɏůŬ ůŰɖɜ ŭɘŮŰɑŬ 1998-1999, ɖ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɡˊɏɔɟŬɣŮ ŮɗŮɚɞɜŰɘəɏɠ ůɡɛűɤɜɑŮɠ ɛŮ Űɖɜ 

ɓɘɞɛɖɢŬɜɑŬ Űɤɜ ŬɡŰɞəɘɜɐŰɤɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2. Ƀɘ ůɡɛűɤɜɑŮɠ 

ŬɡŰɏɠ ˊŬɟɏɛŮɘɜŬɜ ůŮ ɘůɢɨ ɛɏɢɟɘ əŬɘ Űɖɜ ŮɘůŬɔɤɔɐ ɡˊɞɢɟŮɤŰɘəɩɜ ɞɟɑɤɜ Ůəˊɞɛˊɐɠ ɛŮ ɟɡɗɛɑůŮɘɠ 

ˊɞɡ ŮɘůɐɢɗɖůŬɜ Űɞ 2008. Ƀɘ ŰŮɚŮɡŰŬɑŮɠ ůɡɛűɤɜɑŮɠ əŬɗɧɟɘɕŬɜ, ɧŰɘ ɞ ɛɏůɞɠ ɧɟɞɠ Ůəˊɞɛˊɩɜ CO2 

Űɤɜ ůŰɧɚɤɜ Űɤɜ ɜɏɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ɗŬ ˊɤɚɞɨɜŰŬɜ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, ɗŬ ɏˊɟŮˊŮ ɜŬ 

ŰɖɟŮɑŰŬɘ ůɡɚɚɞɔɘəɎ Ŭˊɧ ŰŬ ɛɏɚɖ Űɞɡ ŮəɎůŰɞŰŮ ŬɡŰɞəɘɜɖŰɘůŰɘəɞɨ ůɡɜŭɏůɛɞɡ. Ƀɘ Ůəˊɞɛˊɏɠ CO2 

ɐŰŬɜ ɖ ɛɧɜɖ Ůəˊɞɛˊɐ ˊɞɡ əŬɚɡˊŰɧŰŬɜ Ŭˊɧ Űɘɠ ɟɡɗɛɑůŮɘɠ ˊɞɡ ŮɘůɐɢɗɖůŬɜ, Ůɜɩ ɎɚɚŮɠ Ůəˊɞɛˊɏɠ 

ˊɞɡ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ŭŮɜ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɜ ůŮ ŬɡŰɏɠ. Ƀɘ ůɡɛűɤɜɑŮɠ ˊɞɡ 

ɡˊɞɔɟɎűɖəŬɜ Űɖɜ ŭɘŮŰɑŬ 1998-1999 ɐŰŬɜ ŰɟŮɘɠ əŬɘ ŬűɞɟɞɨůŬɜ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ ˊɞɡ 

əɎɚɡˊŰŬɜ Űɞ 90% Űɖɠ ŮɡɟɤˊŬɥəɐɠ ŬɔɞɟɎɠ. Ƀɘ ůɨɜŭŮůɛɞɘ əŬŰŬůəŮɡŬůŰɩɜ ŬɡŰɞəɘɜɐŰɞɡ ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ ˊɞɡ ɏɚŬɓŬɜ ɛɏɟɞɠ ůŰɘɠ ůɡɛűɤɜɑŮɠ ŬɡŰɏɠ, ŮɑɜŬɘ ɞɘ Ŭəɧɚɞɡɗɞɘ 

[16]: 



45 

 

Á ACEAðEuropean Automobile Manufacturers Association (Association des Constructeurs 

Europ®ens dôAutomobiles): BMW, DaimlerChrysler, Fiat, Ford, GM, Porsche, PSA 

Peugeot Citro±n, Renault, Volkswagen Group. 

Á JAMAðJapanese Automobile Manufacturers Association: Daihatsu, Honda, Isuzu, 

Mazda, Mitsubishi, Nissan, Subaru, Suzuki, Toyota. 

Á KAMAðKorean Automobile Manufacturers Association: Daewoo, Hyundai, Kia, 

Ssangyong. 

 

3.3.1.1. ɆɡɛűɤɜɑŬ ACEA 

 

ȼ ůɡɛűɤɜɑŬ ɛŮ Űɞɜ ŮɡɟɤˊŬɥəɧ ůɨɜŭŮůɛɞ ACEA, ɡˊɞɔɟɎűɖəŮ Űɞɜ ɀɎɟŰɘɞ Űɞɡ 1998 əŬɘ 

ˊɟɞɏɓɚŮˊŮ ŰŬ ˊŬɟŬəɎŰɤ [16]: 

Á ȾɎɚɡɣɖ Űɞɡ ůŰɧɢɞɡ Űɤɜ 140 gCO2/km Ŭˊɧ Űɞ 2018 (ɛŮɑɤůɖ 25% Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ 

Ůəˊɞɛˊɐɠ 186 gCO2/km Űɞɡ 1995) 

Á ɄɘɗŬɜɧŰɖŰŬ ɔɘŬ ŮˊɏəŰŬůɖ Űɖɠ ůɡɛűɤɜɑŬɠ ůŰŬ 120 gCO2/km Ŭˊɧ Űɞ 2012 

Á ȺɜŭɘɎɛŮůɞɠ ůŰɧɢɞɠ Ůəˊɞɛˊɐɠ CO2  ɛŮ Ůɨɟɞɠ 165-170 gCO2/km Ŭˊɧ Űɞ 2003 

Á ɂŮɢɤɟɘůŰɎ ŰŬ ɛɏɚɖ Űɖɠ ACEA ɜŬ ŮɘůɎɔɞɡɜ ɛɞɜŰɏɚŬ ŬɡŰɞəɘɜɐŰɤɜ ɛŮ Ůəˊɞɛˊɏɠ            120 

gCO2/km ɐ ɚɘɔɧŰŮɟŮɠ Ŭˊɧ Űɞ 2000 

ɇŬ ɧɟɘŬ ŮűŬɟɛɧůŰɖəŬɜ ůɡɚɚɞɔɘəɎ ůŰŬ ɛɏɚɖ Űɖɠ ACEA, ŭɖɚŬŭɐ ůŰɞ ůɨɜɞɚɞ Űɞɡ ɜɏɞɡ ůŰɧɚɞɡ 

ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ Űɖɠ əŬŰɖɔɞɟɑŬɠ M1 ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ ɐ Ůɘůɐɢɗɖ ůŰɖɜ ȺɡɟɤˊŬɥəɐ 

Ȱɜɤůɖ. Ƀɘ Ůəˊɞɛˊɏɠ CO2 ɛŮŰɟɐɗɖəŬɜ ɛŮ Űɞɜ əɨəɚɞ ɞŭɐɔɖůɖɠ NEDC (ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ). 

 

3.3.1.2. ɆɡɛűɤɜɑŮɠ JAMA əŬɘ KAMA 

 

Ƀɘ ůɨɜŭŮůɛɞɘ əŬŰŬůəŮɡŬůŰɩɜ ŬɡŰɞəɘɜɐŰɤɜ JAMA əŬɘ KAMA, ɡˊɏɔɟŬɣŬɜ ˊŬɟɧɛɞɘŮɠ 

ŭŮůɛŮɨůŮɘɠ ɛŮ ŬɡŰɏɠ Űɞɡ ACEA ɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ ɧɛɤɠ ŭɘŬűɞɟɏɠ [16]: 

Á Ƀ ůŰɧɢɞɠ Ůəˊɞɛˊɐɠ Űɤɜ 140 gCO2/km ɔɘŬ Űɞɡɠ ůɡɜŭɏůɛɞɡɠ JAMA əŬɘ KAMA, ˊɐɟŮ 

ɢɟɞɜɘəɐ ˊŬɟɎŰŬůɖ ŮűŬɟɛɞɔɐɠ əŬŰɎ ɏɜŬɜ ɢɟɧɜɞ, ŭɖɚŬŭɐ Űɞ 2009 

Á Ƀ ůɨɜŭŮůɛɧɠ JAMA ŮɑɢŮ ɏɜŬ ŮɡɟɨŰŮɟɞ űɎůɛŬ ɞɟɑɞɡ Ůəˊɞɛˊɐɠ ɔɘŬ Űɞɜ ŮɜŭɘɎɛŮůɞ ůŰɧɢɞ 

Űɞɡ 2003 ˊɞɡ ˊɟɞɏɓɚŮˊŮ Ůəˊɞɛˊɏɠ 165-175 gCO2/km 

Á Ƀ ůɨɜŭŮůɛɞɠ KAMA  ŮɑɢŮ ˊŬɟɎŰŬůɖ Ůɜɧɠ ɏŰɞɡɠ ɔɘŬ Űɞɜ ŮɜŭɘɎɛŮůɞ ůŰɧɢɞ Űɤɜ              165-

170 gCO2/km, ɛŮ ɢɟɞɜɞɚɞɔɑŬ ɘůɢɨɞɠ Űɞ 2004 

Ƀɘ ůŰɧɢɞɘ Ůəˊɞɛˊɩɜ ɏˊɟŮˊŮ ɜŬ əŬɚɡűɗɞɨɜ ɛɏůŬ Ŭˊɧ ŰŮɢɜɞɚɞɔɘəɏɠ ˊɟɞɧŭɞɡɠ ˊɞɡ ɗŬ ɞŭɖɔɞɨůŬɜ 

ůŮ Ŭɡɝɖɛɏɜɖ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ. ȼ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ŮəŰɑɛɖůŮ ɧŰɘ o ůŰɧɚɞɠ ŬɡŰɞəɘɜɐŰɤɜ 

ˊɞɡ ɗŬ ˊɟɞɏəɡˊŰŮ Űɞ 2008-2009 Ŭˊɧ Űɘɠ ŬɜɤŰɏɟɤ ůɡɛűɤɜɑŮɠ, ɗŬ ŮɑɢŮ ɛɘŬ ɛɏůɖ əŬŰŬɜɎɚɤůɖ Űɖɠ 

ŰɎɝɖɠ Űɤɜ 5.8 ɚɑŰɟɤɜ ɓŮɜɕɑɜɖɠ/100km ɐ 5.25 ɚɑŰɟɤɜ ˊŮŰɟŮɚŬɑɞɡ/100km. Ƀɘ Ůəˊɞɛˊɏɠ CO2 ɐŰŬɜ 

ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɞŭɐɔɖůŮ ůŰɖɜ ɡˊŮɟɑůɢɡůɖ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ 

ůŰɖɜ ŮɡɟɤˊŬɥəɐ ŬɔɞɟɎ. 
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ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛŮɘɩůŮɘɠ Ůəˊɞɛˊɐɠ CO2 Űɤɜ ŮɚŬűɟɩɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ŮˊɘŰŮɨɢɗɖəŬɜ 

Ŭˊɧ Űɘɠ ŮɗŮɚɞɜŰɘəɏɠ ůɡɛűɤɜɑŮɠ ˊɞɡ ɡˊɏɔɟŬɣŮ ɖ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɛŮ Űɞɡɠ ůɡɜŭɏůɛɞɡɠ Űɤɜ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɘɩɜ ACEA, JAMA əŬɘ KAMA  (ɄɑɜŬəŬɠ 3.3 əŬɘ ɄɑɜŬəŬɠ 3.4). 

 

 gCO2/km Űɞ ɏŰɞɠ 2003 ɀŮɑɤůɖ Ůəˊɞɛˊɩɜ Ŭˊɧ ɆŰɧɢɞɠ 

Ůəˊɞɛˊɩɜ Ɇɨɜɞɚɞ ȸŮɜɕɑɜɖ ɄŮŰɟɏɚŬɘɞ 1995 2002 

ACEA 163 171 154 11.9% 1.2% 165-170 

(2003) 

JAMA 172 170 177 12.2% 1.1% 165-175 

(2003) 

KAMA  179 171 201 9.1% 2.2% 165-170 

(2004) 

EU-15 164 171 157 11.8% 1.2% ï 

 

ɄɑɜŬəŬɠ 3.3: ɀɏůɞɠ ɧɟɞɠ Ůəˊɞɛˊɩɜ Űɤɜ ŮɚŬűɟɩɜ ɞɢɖɛɎŰɤɜ ɔɘŬ Űɞ 2003, ɛŮɘɩůŮɘɠ Ůəˊɞɛˊɩɜ ůŰŬ 

ŭɘŬůŰɐɛŬŰŬ 1995-2003 / 2002-2003 əŬɘ ɛŮůɞˊɟɧɗŮůɛɞɘ ůŰɧɢɞɘ Ůəˊɞɛˊɐɠ ɔɘŬ Űɞ ɏŰɞɠ 2003 [16]  

 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

ACEA 169.2 167.0 164.4 162.5 160.7 160.0 159.7 157.0 152.3 145.1 

JAMA 179.6 176.6 173.7 172.0 169.7 166.2 161.4 159.5 153.7 142.6 

KAMA  184.2 185.5 183.5 178.7 167.5 166.6 164.3 161.1 151.5 141.8 

EU-27 172.2 169.7 167.2 165.5 163.4 162.4 161.3 158.7 153.6 145.7 

ɆɖɛŮɑɤůɖ: ɇŬ ůŰɞɘɢŮɑŬ Ůəˊɞɛˊɐɠ CO2 ɔɘŬ Űɞɡɠ ůɡɜŭɏůɛɞɡɠ ACEA, JAMA əŬɘ KAMA  ɏɢɞɡɜ ɡˊɞůŰŮɑ 

ɛŮɑɤůɖ 0,7% ɚɧɔɤ ŬɚɚŬɔɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŭɞəɘɛɐɠ, Ůɜɩ ůŰŬ ůŰɞɘɢŮɑŬ Ŭˊɧ ŰŬ 27 əɟɎŰɖ ɛɏɚɖ Űɖɠ 

ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ŮɑɜŬɘ ɛɖ ˊɟɞůŬɟɛɞůɛɏɜŮɠ ɛŮŰɟɐůŮɘɠ Ŭˊɧ Űɖɜ ŭɞəɘɛɐ ECE+EUDC ůɨɛűɤɜŬ ɛŮ 

Űɖɜ ɞŭɖɔɑŬ 93/116/ȺȾ. 

 

ɄɑɜŬəŬɠ 3.4: ɀɏůŮɠ Ůəˊɞɛˊɏɠ CO2 ůŮ g/km Űɤɜ ŮɚŬűɟɩɜ ɞɢɖɛɎŰɤɜ ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ 2000-2009 

[16]  

 

3.3.2. ɄɟɞŭɘŬɔɟŬűɐ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ 2009 (130 g/km) 

 

ɇɞɜ ȹŮəɏɛɓɟɘɞ Űɞɡ 2009, Űɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ ɡɘɞɗɏŰɖůŮ ɡˊɞɢɟŮɤŰɘəɎ ɧɟɘŬ Ůəˊɞɛˊɐɠ ɔɘŬ 

ŰŬ ɜɏŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ əŬɗɧɟɘɕŬɜ ɤɠ ɛɏůɞ ɧɟɞ Ůəˊɞɛˊɐɠ ŰŬ 130 gCO2/km ɔɘŬ Űɞ 

2015. ȾɎɗŮ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ ɝŮɢɤɟɘůŰɎ ɗŬ ɏˊɟŮˊŮ ɜŬ ɛˊɞɟŮɑ ɜŬ əŬɚɨɣŮɘ Űɞ ůɡɔəŮəɟɘɛɏɜɞ 

ɧɟɘɞ Ůəˊɞɛˊɐɠ ɛɏůɤ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ɛɏɢɟɘ Űɞ 2015. ɀɑŬ Ůˊɘˊɚɏɞɜ ɛŮɑɤůɖ 10 gCO2/km 

ŬɜŬɛŮɜɧŰŬɜ ɜŬ əŬɚɡűɗŮɑ ɛŮ ˊɟɧůɗŮŰŬ ɛɏŰɟŬ, ɧˊɤɠ ɖ ɢɟɐůɖ ɓɘɞəŬɡůɑɛɤɜ. Ƀ ůŰɧɢɞɠ ɏˊɟŮˊŮ ɜŬ 

ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ ůŮ ɏɜŬ ɢɟɞɜɘəɧ ˊŮɟɘɗɩɟɘɞ ŰŮůůɎɟɤɜ ɢɟɧɜɤɜ, ŭɖɚŬŭɐ ɛŮ ɏŰɞɠ Ůəəɑɜɖůɖɠ Űɞ 

2012 (ɄɑɜŬəŬɠ 3.5). ɇŬ ŬɜɤŰɏɟɤ ɧɟɘŬ Ůəˊɞɛˊɐɠ CO2 ɗŬ ɏɓɟɘůəŬɜ ŮűŬɟɛɞɔɐ ůŮ ɧɚŬ ŰŬ ŮˊɘɓŬŰɘəɎ 
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ɞɢɐɛŬŰŬ əŬŰɖɔɞɟɑŬɠ M1 əŬɘ ɖ ɛɏŰɟɖůɐ Űɞɡɠ ɗŬ ɔɘɜɧŰŬɜ ɛɏůɤ Űɞɡ əɨəɚɞɡ ɞŭɐɔɖůɖɠ NEDC. Ƀ 

ůŰɧɢɞɠ Ůəˊɞɛˊɩɜ CO2 Űɞɡ ŮəɎůŰɞŰŮ əŬŰŬůəŮɡŬůŰɐ ŬɡŰɞəɘɜɐŰɤɜ ůŮ ɏɜŬ ɖɛŮɟɞɚɞɔɘŬəɧ ɏŰɞɠ, 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɛɎɕŬ Űɞɡ ɞɢɐɛŬŰɞɠ. ȷˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɛɏůɖ Ůɘŭɘəɐ 

Ůəˊɞɛˊɐ gCO2/km (Specific Emissions of CO2) əɎɗŮ əŬɘɜɞɨɟɘɞɡ ŮˊɘɓŬŰɘəɞɨ ɞɢɐɛŬŰɞɠ ˊɞɡ 

ŰŬɝɘɜɞɛŮɑŰŬɘ ůŮ ŬɡŰɧ Űɞ ɖɛŮɟɞɚɞɔɘŬəɧ ɏŰɞɠ [9]. 

 

ῴ―‏―‖ʘ‟ ῴ‖“‛‘“ʘ‟ ὅὕ ρσππȢπτυχὓ ὓ  (3.1) 

 

ȳˊɞɡ ɀ ŮɑɜŬɘ ɖ ɛɎɕŬ Űɞɡ ɞɢɐɛŬŰɞɠ ůŮ kg əŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ɀɃ ŮɑɜŬɘ ɑůɖ ɛŮ 1372 kg ɔɘŬ ŰŬ 

ɖɛŮɟɞɚɞɔɘŬəɎ ɏŰɖ 2012-2015. ȷˊɧ Űɞ ɏŰɞɠ 2016 ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɀɃ ɟɡɗɛɑɕŮŰŬɘ ŬɜɎ ɏŰɞɠ, 

ɩůŰŮ ɜŬ ŬɜŰŬɜŬəɚɎ Űɖɜ ɛɏůɖ ɛɎɕŬ Űɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ůŰŬ ŰɟɑŬ ˊɟɞɖɔɞɨɛŮɜŬ 

ɖɛŮɟɞɚɞɔɘŬəɎ ɏŰɖ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɞ ůŰɧɢɞɠ Űɞɜ 130 gCO2/km ɔɑɜŮŰŬɘ ɎɛŮůŬ ŮűŬɟɛɧůɘɛɞɠ 

ůŮ ɞɢɐɛŬŰŬ ɛɘŬɠ ɛɏůɖɠ ɛɎɕŬɠ, Ůɜɩ ŮɚŬűɟɨŰŮɟŬ ɞɢɐɛŬŰŬ ɏɢɞɡɜ ɢŬɛɖɚɧŰŮɟɞɡɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɩɜ 

CO2 əŬɘ ŰŬ ɓŬɟɨŰŮɟŬ ɞɢɐɛŬŰŬ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞɡɠ ůŰɧɢɞɡɠ. ȼ ˊŮɟɑɞŭɞɠ ˊɟɞůŬɟɛɞɔɐɠ ɔɘŬ Űɖɜ 

ɟɨɗɛɘůɖ ŬɡŰɐ ɐŰŬɜ Űɞ 2012-2015. 

 

ȰŰɞɠ ɄɞůɞůŰɧ Űɤɜ ɞɢɖɛɎŰɤɜ Űɞɡ ůŰɧɚɞɡ Űɖɠ əɎɗŮ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬɠ ˊɞɡ ˊɚɖɟɞɑ Űɞ ɧɟɘɞ 

Ůəˊɞɛˊɩɜ CO2 

2012 65% 

2013 75% 

2014 80% 

2015 əŬɘ ɛŮŰɎ 100% 

 

ɄɑɜŬəŬɠ 3.5: ɄɞůɞůŰɧ Űɞɡ ɜɏɞɡ ůŰɧɚɞɡ ŬɡŰɞəɘɜɐŰɤɜ Űɤɜ əŬŰŬůəŮɡŬůŰɩɜ ˊɞɡ ɏˊɟŮˊŮ ɜŬ ˊɚɖɟɞɑ 

Űɞ ɧɟɘɞ Űɤɜ 130 gCO2/km ŬɜɎ ɏŰɞɠ ůŰɖɜ űɎůɖ ˊɟɞůŬɟɛɞɔɐɠ [16]  

 

3.3.2.1. ɄɟɧůɗŮŰŬ əɑɜɖŰɟŬ 

 

ɆŰɖɜ Ŭɟɢɘəɐ ˊŮɟɑɞŭɞ ˊɟɞůŬɟɛɞɔɐɠ, ɞɟɘůɛɏɜŬ ɞɢɐɛŬŰŬ ɏɚŬɓŬɜ ˊɟɧůɗŮŰŬ əɑɜɖŰɟŬ: 

Á ɃɢɐɛŬŰŬ ɛŮ Ůəˊɞɛˊɏɠ əɎŰɤ Űɤɜ 50 gCO2/km ɚŬɛɓɎɜɞɡɜ ˊɧɜŰɞɡɠ ˊɞɡ ɞɜɞɛɎůŰɖəŬɜ 

super-credits. ȾɎɗŮ ŬɡŰɞəɑɜɖŰɞ ˊɞɡ ˊɚɖɟɞɨůŮ ŬɡŰɧɜ Űɞɜ ůŰɧɢɞ ɛŮŰɟɞɨůŮ ɤɠ 3,5 ɞɢɐɛŬŰŬ 

Űɞ 2012, ɤɠ 2,5 ɞɢɐɛŬŰŬ Űɞ 2014, ɤɠ 1,5 ɧɢɖɛŬ Űɞ 2015 əŬɘ ɤɠ 1 ɧɢɖɛŬ Ŭˊɧ Űɞ 2016. 

Á Ƀɘ Ůəˊɞɛˊɏɠ CO2 ɞɢɐɛŬŰɞɠ ˊɞɡ ɏəŬɜŮ ɢɟɐůɖ ɛɑɔɛŬŰɞɠ ɓŮɜɕɑɜɖɠ ɛŮ 85% ŬɘɗŬɜɧɚɖ 

(əŬɨůɘɛɞ Ⱥ85), ɛŮɘɤɜɧŰŬɜ əŬŰɎ 5% ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɞɡ 2015. ȼ ɛŮɑɤůɖ ŬɡŰɐ ŮűŬɟɛɞɕɧŰŬɜ 

ɛɧɜɞ ůŰŬ əɟɎŰɖ ˊɞɡ ɞɘ ůŰŬɗɛɞɑ ŬɜŮűɞŭɘŬůɛɞɨ əŬɡůɑɛɞɡ Űɞɡɠ ŮɑɢŬɜ ůŰɞ 30% Ůˊɑ Űɞɡ 

ůɡɜɞɚɘəɞɨ Űɞɡɠ Ŭɟɘɗɛɞɨ ŭɘŬɗɏůɘɛɞ ˊɟɞɠ ˊɩɚɖůɖ Űɞ əŬɨůɘɛɞ Ⱥ85. 
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3.3.2.2. ȺɚŬůŰɘəɧŰɖŰŬ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ůŰɧɢɤɜ 

 

ȼ ɞŭɖɔɑŬ ˊɟɞɏɓɚŮˊŮ əŬɘ ɞɟɘůɛɏɜŮɠ ŭɘŮɡəɞɚɨɜůŮɘɠ ɔɘŬ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ, ɞɘ ɞˊɞɑŮɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ: 

Á ȹɖɛɘɞɡɟɔɑŬ əɞɘɜɞˊɟŬɝɘɩɜ (pooling) 

Ƀɟɘůɛɏɜɞɘ əŬŰŬůəŮɡŬůŰɏɠ ɛˊɞɟɞɨůŬɜ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ɛɘŬ ɛɞɟűɐ ůɡɜŮŰŬɘɟɘůɛɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮˊɘŰɨɢɞɡɜ ɛŬɕɑ Űɞɡɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɐɠ CO2 ˊɞɡ ŮɑɢŬɜ ŰŮɗŮɑ. 

Á ȾŬŰŬůəŮɡŬůŰɏɠ ɛɘəɟɞɨ ɧɔəɞɡ ɞɢɖɛɎŰɤɜ (low volume manufacturers) 

Ƀɘ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ˊɞɡ ŰŬɝɘɜɞɛɞɨůŬɜ ɚɘɔɧŰŮɟŬ Ŭˊɧ 10.000 ɜɏŬ ɞɢɐɛŬŰŬ əɎɗŮ ɏŰɞɠ, ɡˊɧ 

Űɖɜ ɘůɢɨ ɞɟɘůɛɏɜɤɜ ˊɟɞɦˊɞɗɏůŮɤɜ, ɛˊɞɟɞɨůŬɜ ɜŬ əɎɜɞɡɜ ŬɑŰɖůɖ ůŰɖɜ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɔɘŬ 

ɛŮɑɤůɖ Űɞɡ Ůɘŭɘəɞɨ ůŰɧɢɞɡ Ůəˊɞɛˊɐɠ CO2. 

Á ȺɘůŬɔɤɔɐ ɞɘəɞɚɞɔɘəɩɜ əŬɘɜɞŰɞɛɘɩɜ (eco-innovation) 

ɄŬɟŬɢɤɟɐɗɖəŮ ůŰɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ Űɞ ŭɘəŬɑɤɛŬ ɜŬ ŬɘŰɖɗɞɨɜ ɔɘŬ ˊɧɜŰɞɡɠ (credits), ɔɘŬ ɜɏŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ ɛŮɑɤůɖɠ Űɞɡ ŮəˊŮɛˊɧɛŮɜɞɡ CO2, ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɖɗɞɨɜ Ŭˊɧ ŰŬ ŭɘŬŭɘəŬůɑŬ 

ɛɏŰɟɖůɖɠ Ůəˊɞɛˊɩɜ, ŭɖɚŬŭɐ Űɞ əɨəɚɞ ɞŭɐɔɖůɖɠ. ȼ ɛɏɔɘůŰɖ ɛŮɑɤůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ əɎɗŮ 

əŬŰŬůəŮɡŬůŰɐɠ ɞɟɑůŰɖəŮ ůŰŬ 7 gCO2/km. 

 

3.3.2.3. ȺűŬɟɛɞɔɐ ˊɟɞůŰɑɛɤɜ 

 

ũɘŬ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ ˊɞɡ ŭŮɜ ɐŰŬɜ ůŮ ɗɏůɖ ɜŬ əŬɚɨɣɞɡɜ Űɞɡɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɩɜ Űɖɠ 

ůɡɛűɤɜɑŬɠ, ˊɟɞɓɚɏˊɞɜŰŬɜ ŰŬ ŬəɧɚɞɡɗŬ ˊɟɧůŰɘɛŬ: 

ũɘŬ Űɖɜ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 2012-2018, ŰŬ ˊɟɧůŰɘɛŬ ŬɜɏɟɢɞɜŰŬɜ ůŮ 5ú ɔɘŬ əɎɗŮ ɧɢɖɛŬ ɔɘŬ Űɞ ˊɟɩŰɞ 

gCO2/km, 15ú ɔɘŬ Űɞ ŭŮɨŰŮɟɞ gCO2/km, 25ú ɔɘŬ Űɞ ŰɟɑŰɞ gCO2/km əŬɘ 95ú Ŭˊɧ Űɞ ŰɏŰŬɟŰɞ əŬɘ 

ɔɘŬ əɎɗŮ ŮˊɧɛŮɜɞ gCO2/km. 

ȷˊɧ Űɞ 2019 ɞɟɑůŰɖəŮ, əɎɗŮ əŬŰŬůəŮɡŬůŰɐɠ ɜŬ ˊɚɖɟɩɜŮɘ ɔɘŬ əɎɗŮ ɧɢɖɛŬ, 95ú ɔɘŬ əɎɗŮ gCO2/km 

ˊɞɡ ɝŮˊŮɟɜɎŮɘ Űɞɜ ůŰɧɢɞ ˊɞɡ ɞɟɑɕŮɘ ɖ ɞŭɖɔɑŬ. 

 

3.3.3. ɄɟɞŭɘŬɔɟŬűɐ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ 2011 (175/147 g/km) 

 

ɇɞɜ ɀɎɘɞ Űɞɡ 2011 Űɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ ɡɘɞɗɏŰɖůŮ Űɞɜ əŬɜɞɜɘůɛɧ 510/2011/ȺȺ, ɛŮ Űɞɜ 

ɞˊɞɑɞ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ɗŬ ɟɡɗɛɑɕɞɜŰŬɜ ɞɘ Ůəˊɞɛˊɏɠ CO2 Űɤɜ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ (LVCs ï Light 

Commercial Vehicles) ůŰɖɜ Ⱥɡɟɩˊɖ. 

Ƀɘ ůŰɧɢɞɘ ɔɘŬ Űɘɠ ɛɏůŮɠ Ůəˊɞɛˊɏɠ Űɞɡ ůɡɜɞɚɘəɞɨ ůŰɧɚɞɡ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ (LCVs) əɎɗŮ 

əŬŰŬůəŮɡŬůŰɐ ɞɟɑůŰɖəŬɜ ůŰŬ 175 gCO2/km əŬɘ ɖ űɎůɖ ŮűŬɟɛɞɔɐɠ Űɞɡɠ ɗŬ ɐŰŬɜ Űɞ ŭɘɎůŰɖɛŬ 

2014-2016. ȼ ˊɟɧŰŬůɖ ɔɘŬ Űɞ ɛŬəɟɞˊɟɧɗŮůɛɞ ɧɟɘɞ Ůəˊɞɛˊɐɠ ɐŰŬɜ ŰŬ 135 gCO2/km ́ ɞɡ ɗŬ ɑůɢɡŮ 

Ŭˊɧ Űɞ 2020. ɇŮɚɘəɎ ɡɘɞɗŮŰɐɗɖəŮ ɛɘŬ ˊɘɞ ɢŬɚŬɟɐ Ůəŭɞɢɐ Űɖɠ Ŭɟɢɘəɐɠ ˊɟɧŰŬůɖɠ ˊɞɡ ˊɟɞɏɓɚŮˊŮ 

147 gCO2/km ŬɜŰɑ Űɤɜ 135 gCO2/km ɔɘŬ Űɞɡɠ ɜɏɞɡɠ ůŰɧɚɞɡɠ Űɤɜ LCVs Ŭˊɧ Űɞ 2020. Ⱥˊɑůɖɠ, Űɞ 
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Űɏɚɞɠ Űɖɠ űɎůɖɠ ŮűŬɟɛɞɔɐɠ ɔɘŬ Űɞɜ ɓɟŬɢɡˊɟɧɗŮůɛɞ ůŰɧɢɞ Űɤɜ 175 gCO2/km ˊŬɟŬŰɎɗɖəŮ əŬŰɎ 

ɏɜŬ ɏŰɞɠ, ŭɖɚŬŭɐ ɗŬ ɏˊɟŮˊŮ ɜŬ əŬɚɡűɗŮɑ Ŭˊɧ Űɞ 2017 ŬɜŰɑ Űɞɡ 2016 (ɄɑɜŬəŬɠ 3.6). 

Ƀ əŬɜɞɜɘůɛɧɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ɧɚŬ ŰŬ ɞɢɐɛŬŰŬ Űɖɠ əŬŰɖɔɞɟɑŬɠ Ɂ1 ɛŮ ɛɎɕŬ ŬɜŬűɞɟɎɠ ˊɞɡ ŭŮɜ 

ɝŮˊŮɟɜɎŮɘ ŰŬ 2610 kg. ȼ ŭɞɛɐ Űɞɡ əŬɜɞɜɘůɛɞɨ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɤɜ ŮˊɘɓŬŰɘəɩɜ 

ɞɢɖɛɎŰɤɜ. Ƀ ŮŰɐůɘɞɠ Ůɘŭɘəɧɠ ůŰɧɢɞɠ Ůəˊɞɛˊɩɜ CO2 ɔɘŬ Űɞɜ əɎɗŮ əŬŰŬůəŮɡŬůŰɐ, ɡˊɞɚɞɔɑɕŮŰŬɘ 

Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

 

ῴ―‏―‖ʘ‟ ῴ‖“‛‘“ʘ‟ ὅὕ ρχυπȢπωσὓ ὓ  

 

(3.2) 

 

ȳˊɞɡ M ŮɑɜŬɘ ɖ ɛɎɕŬ Űɞɡ ɞɢɐɛŬŰɞɠ ůŮ kg əŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ɀɃ ŮɑɜŬɘ ɑůɖ ɛŮ 1706 kg ɔɘŬ ŰŬ 

ɖɛŮɟɞɚɞɔɘŬəɎ ɏŰɖ 2014-2017. ȷˊɧ Űɞ ɏŰɞɠ 2018 ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɀɃ ɟɡɗɛɑɕŮŰŬɘ ŬɜɎ ɏŰɞɠ, 

ɩůŰŮ ɜŬ ŬɜŰŬɜŬəɚɎ Űɖɜ ɛɏůɖ ɛɎɕŬ Űɤɜ ɜɏɤɜ LCVs ůŰŬ ŰɟɑŬ ˊɟɞɖɔɞɨɛŮɜŬ ɖɛŮɟɞɚɞɔɘŬəɎ ɏŰɖ. 

 

ȰŰɞɠ ɄɞůɞůŰɧ Űɤɜ LCVs Űɞɡ ůŰɧɚɞɡ Űɖɠ əɎɗŮ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬɠ ˊɞɡ ˊɚɖɟɞɑ Űɞ ɧɟɘɞ 

Űɤɜ Ůəˊɞɛˊɩɜ CO2 

2014 70% 

2015 75% 

2016 80% 

2017 əŬɘ ɛŮŰɎ 100% 

 

ɄɑɜŬəŬɠ 3.6: ɄɞůɞůŰɧ Űɤɜ ɜɏɤɜ ůŰɧɚɤɜ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ Űɤɜ əŬŰŬůəŮɡŬůŰɩɜ ˊɞɡ ɏˊɟŮˊŮ ɜŬ 

ˊɚɖɟɞɑ Űɞ ɧɟɘɞ Űɤɜ 175 gCO2/km ŬɜɎ ɏŰɞɠ ůŰɖɜ űɎůɖ ˊɟɞůŬɟɛɞɔɐɠ [16]  

 

3.3.3.1. ɄɟɧůɗŮŰŬ əɑɜɖŰɟŬ 

 

ɆŰɖɜ Ŭɟɢɘəɐ ˊŮɟɑɞŭɞ ˊɟɞůŬɟɛɞɔɐɠ, ɞɟɘůɛɏɜŬ ɞɢɐɛŬŰŬ ɏɚŬɓŬɜ ˊɟɧůɗŮŰŬ əɑɜɖŰɟŬ: 

Á ɃɢɐɛŬŰŬ ɛŮ Ůəˊɞɛˊɏɠ əɎŰɤ Űɤɜ 50 gCO2/km ɚɎɛɓŬɜŬɜ ́ ɧɜŰɞɡɠ ˊɞɡ ɞɜɞɛɎůŰɖəŬɜ super-

credits. ȾɎɗŮ ɧɢɖɛŬ ˊɞɡ ˊɚɖɟɞɨůŮ ŬɡŰɧɜ Űɞɜ ůŰɧɢɞ ɛŮŰɟɞɨůŮ ɤɠ 3,5 ɞɢɐɛŬŰŬ Űɞ 2014 əŬɘ 

Űɞ 2015, ɤɠ 2,5 ɞɢɐɛŬŰŬ Űɞ 2016, ɤɠ 1,5 ɧɢɖɛŬ Űɞ 2017 əŬɘ ɤɠ 1 ɧɢɖɛŬ Ŭˊɧ Űɞ 2018. 

 

3.3.3.2. ȺűŬɟɛɞɔɐ ˊɟɞůŰɑɛɤɜ 

 

ũɘŬ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ ˊɞɡ ŭŮɜ ɐŰŬɜ ůŮ ɗɏůɖ ɜŬ əŬɚɨɣɞɡɜ Űɞɡɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɩɜ Űɖɠ 

ůɡɛűɤɜɑŬɠ, ˊɟɞɓɚɏˊɞɜŰŬɜ ŰŬ ŬəɧɚɞɡɗŬ ˊɟɧůŰɘɛŬ: 
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Ȱɤɠ Űɞ 2018, Űɞ ˊɟɧůŰɘɛɞ ŬɜɏɟɢŮŰŬɘ ůŮ 5ú ŬɜɎ ɧɢɖɛŬ ɔɘŬ Űɞ ˊɟɩŰɞ gCO2/km ˊɞɡ ɡˊŮɟɓŬɑɜŮɘ Űɞɜ 

ůŰɧɢɞ, 15ú ɔɘŬ Űɞ ŭŮɨŰŮɟɞ gCO2/km, 25ú ɔɘŬ Űɞ ŰɟɑŰɞ gCO2/km, əŬɘ 120ú ɔɘŬ əɎɗŮ ŮˊɧɛŮɜɞ 

gCO2/km ˊɞɡ ɡˊŮɟɓŬɑɜŮɘ Űɞ ůŰɧɢɞ. 

ȷˊɧ Űɞ 2019 əŬɘ ɛŮŰɎ, Űɞ ˊɟɧůŰɘɛɞ ɗŬ ŬɜɏɟɢŮŰŬɘ ůŰŬ 120ú ɔɘŬ əɎɗŮ gCO2/km ́ ɞɡ ɡˊŮɟɓŬɑɜŮɘ Űɞɜ 

ůŰɧɢɞ ˊɞɡ ɏɢŮɘ ŰŮɗŮɑ. 

 

3.3.4. ɄɟɞŭɘŬɔɟŬűɏɠ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ əŬɘ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ 2013 (95 əŬɘ              

147 g/km) 

 

ɆŰɞ Űɏɚɞɠ Űɞɡ 2013 Űɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ əŬɘ ɖ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɏűŰŬůŬɜ ůŮ ůɡɛűɤɜɑŬ 

ůɢŮŰɘəɎ ɛŮ ŭɨɞ ɟɡɗɛɘůŰɘəɏɠ ˊɟɞŰɎůŮɘɠ ˊɞɡ ɗŬ əŬŰŬůŰɐůɞɡɜ ɜɏɞɡɠ ɡˊɞɢɟŮɤŰɘəɞɨɠ ůŰɧɢɞɡɠ 

Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ Űɞ 2020. Ƀɘ ˊɟɞŰɎůŮɘɠ ŬɡŰɏɠ Ŭűɞɟɞɨɜ Űɧůɞ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ, ɧůɞ əŬɘ ŰŬ 

ŮɚŬűɟɎ űɞɟŰɖɔɎ. ɇɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ əŬɘ ɖ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɡɘɞɗɏŰɖůŬɜ Ůˊɘůɐɛɤɠ 

Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɟɡɗɛɑůŮɘɠ Űɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2014 əŬɘ Űɞɜ ɀɎɟŰɘɞ Űɞɡ 2014 ɔɘŬ ŰŬ ŮɚŬűɟɎ 

űɞɟŰɖɔɎ əŬɘ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ŬɜŰɘůŰɞɑɢɤɠ. 

ɇɞ ɛɏůɞ ɧɟɘɞ Ůəˊɞɛˊɐɠ ɔɘŬ Űɞ 2020 ŰɏɗɖəŮ ůŰŬ 95 gCO2/km ɔɘŬ əɎɗŮ ůŰɧɚɞ ɜɏɤɜ ŮˊɘɓŬŰɘəɩɜ 

ɞɢɖɛɎŰɤɜ ŬɜɎ əŬŰŬůəŮɡŬůŰɐ. ɀɏɢɟɘ Űɖɜ əŬɗɞɚɘəɐ ɘůɢɨ Űɞɡ ŬɜɤŰɏɟɞɡ ɞɟɑɞɡ, ɗŬ ɡˊɎɟɢŮɘ ɛɘŬ 

ɛɘəɟɐ űɎůɖ ˊɟɞůŬɟɛɞɔɐɠ ˊɞɡ ˊɟɞɓɚɏˊŮɘ Űɖɜ əɎɚɡɣɖ Űɞɡ ɞɟɑɞɡ ɔɘŬ Űɞ 95% Űɤɜ ˊɤɚɐůŮɤɜ Űɤɜ 

ɜɏɤɜ ɞɢɖɛɎŰɤɜ Űɞɡ əɎɗŮ əŬŰŬůəŮɡŬůŰɐ ɔɘŬ Űɞ ɏŰɞɠ Űɞɡ 2020 əŬɘ 100% əɎɚɡɣɖ Ŭˊɧ Űɞ Űɏɚɞɠ Űɞɡ 

2020. ɆɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ, ɞɘ ŮɡɟɤˊŬɥəɞɑ ɗŮůɛɞɑ ŮɡŮɚˊɘůŰɞɨɜ ɛɏůŬ Ŭˊɧ Űɞɡɠ 

ůŰɧɢɞɡɠ Ůəˊɞɛˊɩɜ CO2, ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ əŬŰŬɜŬɚɩůŮɘɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 4.1 L/100 km ɔɘŬ ŰŬ 

ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ əŬɘ 3.6 L/100 km ɔɘŬ ŰŬ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ. 

ɇɞ ɓɎɟɞɠ Űɞɡ ɞɢɐɛŬŰɞɠ ˊŬɟŬɛɏɜŮɘ əŬɘ ˊɎɚɘ ɞ ɓŬůɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɟɨɗɛɘůɖɠ Ŭűɞɨ ɧůɞ 

ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ɓɎɟɞɠ Űɞɡ ůŰɧɚɞɡ Űɞɡ ŮəɎůŰɞŰŮ əŬŰŬůəŮɡŬůŰɐ, Űɧůɞ ɡɣɖɚɧŰŮɟŮɠ Ůəˊɞɛˊɏɠ 

CO2 Űɞɡ ŮˊɘŰɟɏˊɞɜŰŬɘ Ŭˊɧ Űɞɜ əŬɜɞɜɘůɛɧ. Ƀ ɟɡɗɛɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ŮɑɜŬɘ 

ɑůɞɠ ɛŮ 0,0333 əŬɘ ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɔɘŬ əɎɗŮ Ůˊɘˊɚɏɞɜ 100 kg Ůɜɧɠ ɞɢɐɛŬŰɞɠ, ŮˊɘŰɟɏˊɞɜŰŬɘ 

3,33 gCO2/km ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ Űɞ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ɧɟɘɞ Űɤɜ 95 gCO2/km. 

ɆɢŮŰɘəɎ ɛŮ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ, Űɞ ɧɟɘɞ Ůəˊɞɛˊɐɠ ɞɟɑůŰɖəŮ ůŰŬ 147 gCO2/km Ŭˊɧ Űɞ 2020. ȾŬɘ 

ˊɎɚɘ Űɞ ɓɎɟɞɠ ŮɑɜŬɘ ɞ ɓŬůɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɟɨɗɛɘůɖɠ, ɛŮ Űɘɛɐ ɑůɖ ɛŮ 0,0960, əɎŰɘ ˊɞɡ ůɖɛŬɑɜŮɘ 

ˊɤɠ ɔɘŬ əɎɗŮ 100 kg ́ ɟɧůɗŮŰɞɡ ɓɎɟɞɡɠ Űɞɡ ɞɢɐɛŬŰɞɠ, ŮˊɘŰɟɏˊɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ Ůəˊɞɛˊɏɠ əŬŰɎ 

9,60 gCO2/km. 

ɇŬ ŰɟɏɢɞɜŰŬ (2018) ŬɚɚɎ əŬɘ ɛŮɚɚɞɜŰɘəɎ Ŭˊɧ Űɞ 2020 ɧɟɘŬ Ůəˊɞɛˊɩɜ CO2 ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ 

ˊŬɟŬˊɎɜɤ ŮɑɢŬɜ ˊɟɞŰŬɗŮɑ ɧůɞ ŬəɧɛŬ ɑůɢɡŮ ŬˊɞəɚŮɘůŰɘəɎ ɞ əɨəɚɞɠ NEDC (ɓɚ. ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ 

ˊŮɟɑ əɨəɚɤɜ ˊɘůŰɞˊɞɑɖůɖɠ). ũɘŬ Űɞ ŭɘɎůŰɖɛŬ Ŭˊɧ Űɞɜ 9/2017 ˊɞɡ ɏɢŮɘ ɐŭɖ ŬɟɢɑůŮɘ ɖ ŮűŬɟɛɞɔɐ 

Űɖɠ ɜɏŬɠ ŭɘŬŭɘəŬůɑŬɠ WLTP ɛɏɢɟɘ əŬɘ Űɞ 2020, ɖ ŭɞəɘɛɐ Űɞɡ ɞɢɐɛŬŰɞɠ ɔɑɜŮŰŬɘ əŬɜɞɜɘəɎ ůŰɞɜ 

əɨəɚɞ WLTP əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ CO2MPAS (https://co2mpas.io/ - 

ȾŬɜɞɜɘůɛɞɑ 1152/2017/ȺȺ and 1153/2017/ȺȺ) ɞɘ ɛŮŰɟɖɛɏɜŮɠ Ůəˊɞɛˊɏɠ CO2 ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ 

NEDC-ɘůɞŭɨɜŬɛŮɠ ŮəˊɞɛˊɏɠĀ ůŰɘɠ ŮɔəɟɑůŮɘɠ Űɨˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ əŬɘ ɞɘ ŭɨɞ Űɘɛɏɠ. ȷˊɧ Űɞ 2020 

əŬɘ ɛŮŰɎ, ɗŬ ɡˊɎɟɝŮɘ əŬŰɎɚɚɖɚɖ ŬɜŬˊɟɞůŬɟɛɞɔɐ Űɤɜ ůɖɛŮɟɘɜɩɜ ɞɟɑɤɜ (ˊ.ɢ. 95 g/km ɔɘŬ 

https://co2mpas.io/
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ŮˊɘɓŬŰɘəɎ) ůŮ ŬˊŮɡɗŮɑŬɠ ˊɚɏɞɜ ŬɜŬűɞɟɎ ůŰɖ ŭɘŬŭɘəŬůɑŬ WLTP, ɛŮ ɓɎůɖ əŬɘ ŰŬ ůŰŬŰɘůŰɘəɎ 

ůŰɞɘɢŮɑŬ ˊɞɡ ɗŬ ůɡɔəŮɜŰɟɤɗɞɨɜ ɛɏɢɟɘ ŰɧŰŮ Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ (Ůŭɩ ŮɔŮɑɟŮŰŬɘ ɐŭɖ 

ɏɜŬ ɗɏɛŬ ɔɘŬ ˊɘɗŬɜɐ, ŮůəŮɛɛɏɜɖ ŬˊɞůŰɞɚɐ Ŭˊɧ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ Ŭɡɝɖɛɏɜɤɜ Űɘɛɩɜ CO2 ɏŰůɘ 

ɩůŰŮ ɜŬ ŮɑɜŬɘ ˊɘɞ ŮɡɜɞɥəɎ ɔɘŬ ŬɡŰɞɨɠ ŰŬ ŬɜŬˊɟɞůŬɟɛɞůɛɏɜŬ Ůˊɑ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ WLTP ɧɟɘŬ Ŭˊɧ 

Űɞ 2020). 

ȷɡŰɐ Űɖ ůŰɘɔɛɐ ůŰɖɜ Ⱥɡɟɩˊɖ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɞɟɑɤɜ Ůəˊɞɛˊɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ 

ůɨůŰɖɛŬ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ɓɎɟɞɠ Űɞɡ ŮəɎůŰɞŰŮ ɞɢɐɛŬŰɞɠ. ɇɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ, ɏɢŮɘ ɐŭɖ 

ˊɟɞŰŮɑɜŮɘ ɜŬ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɞɡ ŬɡŰɞəɘɜɐŰɞɡ (vehicle footprint = wheelbase x 

track width) ɤɠ ɟɡɗɛɘůŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ Ŭˊɧ Űɞ 2020 ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ əŬɘ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ɞɟɑɤɜ Űɤɜ Ůəˊɞɛˊɩɜ CO2. 

 

3.3.5. ɀŮɚɚɞɜŰɘəɞɑ ůŰɧɢɞɘ 

 

ũɘŬ Űɞ 2025, Űɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ ɏɢŮɘ ˊɟɞŰŮɑɜŮɘ ɏɜŬɜ ŮɜŭŮɘəŰɘəɧ ůŰɧɢɞ Ůəˊɞɛˊɐɠ ˊɞɡ 

əɘɜŮɑŰŬɘ ůŰɞ űɎůɛŬ Űɤɜ 68-78 gCO2/km. 

ȷəɞɚɞɡɗŮɑ ɖ Ůɝɏɚɘɝɖ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɩɜ CO2, Űɤɜ ůŰɧɢɤɜ ˊɞɡ ŰɏɗɖəŬɜ ɛɏɢɟɘ ůɐɛŮɟŬ, 

əŬɗɩɠ əŬɘ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ ůɢŮŭɑɤɜ Űɖɠ ˊŮɟɘɧŭɞɡ 2021-2030 (ɆɢɐɛŬ 3.3). 

 

 

ɆɢɐɛŬ 3.3: ȽůŰɞɟɘəɐ Ůɝɏɚɘɝɖ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɩɜ CO2 əŬɘ Űɤɜ ůŰɧɢɤɜ ˊɞɡ ŰɏɗɖəŬɜ ɛɏɢɟɘ 

ůɐɛŮɟŬ, əŬɗɩɠ əŬɘ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ ůɢŮŭɑɤɜ Űɖɠ ˊŮɟɘɧŭɞɡ 2021-2030 [19]  
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3.4. ȾɎɚɡɣɖ Űɤɜ ůŰɧɢɤɜ Ůəˊɞɛˊɐɠ CO2 

 

ɆŮ Ɏɟɗɟɞ ˊɞɡ ŭɖɛɞůɘŮɨŰɖəŮ Ŭˊɧ Űɞ ICCT (International Council on Clean Transportation) Űɞ 2014 

[17], ŰŬ ůŰɞɘɢŮɑŬ ɏŭŮɘɢɜŬɜ ɧŰɘ ɞ ŰɧŰŮ ɘůɢɨɤɜ əŬɜɞɜɘůɛɧɠ ˊɞɡ əŬɗɧɟɘɕŮ ɤɠ ɧɟɘɞ Ůəˊɞɛˊɐɠ ŰŬ 

130 gCO2/km, ɛŮ ɖɛŮɟɞɛɖɜɑŬ əɎɚɡɣɖɠ Űɞɡ ɞɟɑɞɡ Ŭˊɧ Űɘɠ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ Űɞ 2015, 

ɞŭɐɔɖůŮ ůŮ ɛɘŬ ŭɟŬůŰɘəɐ ˊŰɩůɖ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůə́ɞɛˊɐɠ CO2. ɆɡɔəŮəɟɘɛɏɜŬ Ůɜɩ ɞ ɛɏůɞɠ ɧɟɞɠ 

Ůəˊɞɛˊɐɠ ɔɘŬ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ Űɞ 2006 ɐŰŬɜ 160 gCO2/km, ŬɡŰɧɠ ɛɏɢɟɘ Űɞ 2012 ŮɑɢŮ ˊɏůŮɘ 

ůŰŬ 132 gCO2/km (ɞɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɞɜ əɨəɚɞ ɞŭɐɔɖůɖɠ NEDC) (ɆɢɐɛŬ 3.4, 

ɄɑɜŬəŬɠ 3.7). ȹɖɚŬŭɐ, ɡˊɐɟɝŮ ɛɘŬ ɛŮɑɤůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ 17%, Ůɜɩ ɞ ŮŰɐůɘɞɠ ɟɡɗɛɧɠ ˊŰɩůɖɠ Űɞɡ 

ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɩɜ CO2 ɐŰŬɜ ŭɘˊɚɎůɘɞɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɟɡɗɛɞɨɠ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɜ ˊɟɘɜ Ŭˊɧ Űɖɜ Ůˊɘɓɞɚɐ Űɤɜ ɡˊɞɢɟŮɤŰɘəɩɜ ɞɟɑɤɜ Ůəˊɞɛˊɐɠ Ŭˊɧ Űɞɡɠ ŮɡɟɤˊŬɥəɞɨɠ 

ɗŮůɛɞɨɠ. 

 

 

 

ɆɢɐɛŬ 3.4: ɀɏůɞɠ ɧɟɞɠ Ůəˊɞɛˊɩɜ CO2 ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ɔɘŬ Űɞ 2012 Ŭˊɧ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ 

əŬŰŬůəŮɡŬůŰɏɠ ůŰɖɜ Ⱥɡɟɩˊɖ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůŰɧɢɤɜ Űɞɡ 2015 əŬɘ 2020 [17]  
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ɄɑɜŬəŬɠ 3.7: ɀɏůɞɠ ɧɟɞɠ Ůəˊɞɛˊɩɜ CO2 ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ɔɘŬ Űɞ 2012 Ŭˊɧ Űɞɡɠ 

əɡɟɘɧŰŮɟɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ Űɖɠ ŮɡɟɤˊŬɥəɐɠ ŬɔɞɟɎɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůŰɧɢɤɜ Űɞɡ 2015 

əŬɘ 2020 [17]  

 

ȼ ŬˊŬɘŰɞɨɛŮɜɖ ˊɞůɞůŰɘŬɑŬ ˊŰɩůɖ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɩɜ CO2, ˊɞɡ ɞɘ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ 

ɏɢɞɡɜ əɚɖɗŮɑ ɜŬ əŬɚɨɣɞɡɜ ůŰɞ ŭɘɎůŰɖɛŬ 2015-2020 (ɛŮ ˊɚɐɟɖ əɎɚɡɣɖ Űɞɡ ɞɟɑɞɡ Űɞ 2021), ŮɑɜŬɘ 

27% ɔɘŬ ɧɚɞɡɠ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ. Ƀ ůŰɧɢɞɠ Űɤɜ 95 gCO2/km ɔɘŬ Űɞ 2020, ŬɜŰɘůŰɞɘɢŮɑ ůŮ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ˊŮɟɑˊɞɡ ɑůɖ ɛŮ 3.8 L/100 km (ɆɢɐɛŬ 3.5). Ʉɞɚɨ ŮɜɗŬɟɟɡɜŰɘəɧ ůɖɛŮɑɞ ɔɘŬ 

Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ůŰɧɢɤɜ Űɞɡ 2020 ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ, ˊɤɠ ɐŭɖ Ŭˊɧ Űɞ 2013 ɡˊɐɟɢŬɜ ůŰɖɜ ŬɔɞɟɎ 

ɞɢɐɛŬŰŬ ˊɞɡ Űɞɡɠ ɡˊŮɟəɎɚɡˊŰŬɜ (ɆɢɐɛŬ 3.6). 
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ɆɢɐɛŬ 3.5: ɀɏůɖ əŬŰŬɜɎɚɤůɖ (ůŮ L/100km) əŬɘ Ůəˊɞɛˊɏɠ CO2 (ůŮ g/km) ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ 

Űɤɜ əɡɟɘɧŰŮɟɤɜ əŬŰŬůəŮɡŬůŰɩɜ Űɖɠ ŮɡɟɤˊŬɥəɐɠ ŬɔɞɟɎɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůŰɧɢɤɜ Űɞɡ 

2015 əŬɘ 2020. Ƀɘ ˊɟɎůɘɜŮɠ ɛˊɎɟŮɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞ ˊɞůɞůŰɧ Űɖɠ ůɡɛɛɧɟűɤůɖɠ ɛŮ ŰŬ ɧɟɘŬ 

Űɞɡ 2015, ɐŭɖ Ŭˊɧ Űɞ 2012 [17]  

 

 

ɆɢɐɛŬ 3.6: Ⱥəˊɞɛˊɏɠ CO2 Ŭˊɧ ŮˊɘɚŮɔɛɏɜŬ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ ůŰɖɜ Ⱥɡɟɩˊɖ 

Űɞ 2013 [17]  
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ɆŰɞ ɑŭɘɞ Ɏɟɗɟɞ [17], ́ ŬɟŬŰɏɗɖəŬɜ ůŰɞɘɢŮɑŬ ˊɞɡ ŬűɞɟɞɨůŬɜ Űɖɜ ɛɏůɖ Ůəˊɞɛˊɐ CO2 Űɤɜ ŮɚŬűɟɩɜ 

űɞɟŰɖɔɩɜ, ɖ ɞˊɞɑŬ Űɞ 2012 ŬɜŮɟɢɧŰŬɜ ůŰŬ 180 gCO2/km (ɄɑɜŬəŬɠ 3.8). Ⱥˊɞɛɏɜɤɠ, ɞ ůŰɧɢɞɠ Űɤɜ 

178 gCO2/km ́ ɟɞůŮɔɔɑůŰɖəŮ ˊɞɚɨ ɜɤɟɑŰŮɟŬ Ŭˊɧ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ əŬɗɞɚɘəɐɠ ŮűŬɟɛɞɔɐɠ. ɋůŰɧůɞ, 

ɖ ɟɨɗɛɘůɖ ɔɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ ɡˊɏɗŮŰŮ ɏɜŬ ɛɏůɞ ɧɟɞ ɓɎɟɞɡɠ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰŬ 1706 kg ɛɏɢɟɘ 

Űɞ 2017Ŀ ɞ ɛɏůɞɠ ˊɟŬɔɛŬŰɘəɧɠ ɧɟɞɠ Űɞ 2012 ɐŰŬɜ ůŰŬ 1843 kg. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɞɜ 

ɟɡɗɛɘůŰɘəɧ ˊŬɟɎɔɞɜŰŬ Űɞɡ ɓɎɟɞɡɠ Ŭˊɧ Űɞɜ əŬɜɞɜɘůɛɧ, ɞ ˊɟŬɔɛŬŰɘəɧɠ ůŰɧɢɞɠ Űɞɡ 2017 

ŬɜŬŭɘŬɛɞɟűɩɜŮŰŬɘ ůŰŬ 187 gCO2/km Ŭˊɧ ŰŬ 178 gCO2/km. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɧɚɞɘ ɞɘ 

əŬŰŬůəŮɡŬůŰɏɠ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ, ŮɑɢŬɜ ɐŭɖ əŬɚɨɣŮɘ ɞ əŬɗɏɜŬɠ ɝŮɢɤɟɘůŰɎ Űɞɡɠ ŭɘəɞɨɠ Űɞɡ 

ůŰɧɢɞɡɠ Ůəˊɞɛˊɐɠ CO2 Űɞɡ 2017 Ŭˊɧ Űɞ 2012. 

 

 

 

ɄɑɜŬəŬɠ 3.8: ɀɏůɞɠ ɧɟɞɠ Ůəˊɞɛˊɩɜ CO2  ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ ɔɘŬ Űɞ 2012 Ŭˊɧ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ 

əŬŰŬůəŮɡŬůŰɏɠ Űɖɠ ŮɡɟɤˊŬɥəɐɠ ŬɔɞɟɎɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůŰɧɢɤɜ Űɞɡ 2015 əŬɘ 2020 

[17]  

 

ũɘŬ Űɞ 2020, ɞ ůŰɧɢɞɠ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Ůəˊɞɛˊɐɠ CO2 Űɤɜ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ ɏɢŮɘ ɞɟɘůɗŮɑ ůŰŬ 

147 gCO2/km, əɎŰɘ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ˊŮɟɑˊɞɡ ɑůɖ ɛŮ 5.6 L/100 km 

(ɆɢɐɛŬ 3.7). ũɘŬ Űɞ 2020, Űɞ ɓɎɟɞɠ Űɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ůŰɧɢɤɜ Űɤɜ ůŰɧɚɤɜ Űɖɠ əɎɗŮ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬɠ ɗŬ ɟɡɗɛɘůŰŮɑ ɩůŰŮ ɜŬ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɞ 

Ŭɚɖɗɘɜɧ ɓɎɟɞɠ Űɞɡ ůŰɧɚɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ. Ƀ ɛɏůɞɠ ɧɟɞɠ Ůəˊɞɛˊɐɠ ɗŬ ŮɑɜŬɘ ŰŬ 147 gCO2/km, 

ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ əɎɗŮ ɛŮɚɚɞɜŰɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ɓɎɟɞɡɠ Űɤɜ ɞɢɖɛɎŰɤɜ. ȼ ŬˊŬɘŰɞɨɛŮɜɖ ɛŮɑɤůɖ 
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ůŰɞ ŭɘɎůŰɖɛŬ 2017-2020 ŮɑɜŬɘ 16%. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ əŬŰŬůəŮɡŬůŰɏɠ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ 

əɎɚɡˊŰŬɜ ɐŭɖ Ŭˊɧ Űɞ 2012 Űɞɡɠ ůŰɧɢɞɡɠ Űɞɡ 2017 (ɆɢɐɛŬ 3.8) əŬɘ ŮɑɢŬɜ ɐŭɖ ɝŮəɘɜɐůŮɘ Űɖɜ 

ˊɟɞůˊɎɗŮɘŬ ŮˊɑŰŮɡɝɖɠ Űɤɜ ůŰɧɢɤɜ Űɞɡ 2020. 

 

ɆɢɐɛŬ 3.7: ɀɏůɖ əŬŰŬɜɎɚɤůɖ (ůŮ L/100km) əŬɘ Ůəˊɞɛˊɏɠ CO2 (ůŮ g/km) ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ Űɤɜ 

əɡɟɘɧŰŮɟɤɜ əŬŰŬůəŮɡŬůŰɩɜ Űɖɠ ŮɡɟɤˊŬɥəɐɠ ŬɔɞɟɎɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůŰɧɢɤɜ Űɞɡ 2015 

əŬɘ 2020. Ƀɘ ˊɟɎůɘɜŮɠ ɛˊɎɟŮɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞ ˊɞůɞůŰɧ Űɖɠ ůɡɛɛɧɟűɤůɖɠ ɛŮ ŰŬ ɧɟɘŬ Űɞɡ 

2015, ɐŭɖ Ŭˊɧ Űɞ 2012 [17]  

 

 

ɆɢɐɛŬ 3.8: ɀɏůɞɠ ɧɟɞɠ Ůəˊɞɛˊɩɜ CO2 ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ ɔɘŬ Űɞ 2012 Ŭˊɧ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ 

əŬŰŬůəŮɡŬůŰɏɠ ůŰɖɜ Ⱥɡɟɩˊɖ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůŰɧɢɤɜ Űɞɡ 2015 əŬɘ 2020 [17]  
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3.5. ȷɜŬɛŮɜɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ Ůˊɘɓɞɚɐ Űɤɜ əŬɜɞɜɘůɛɩɜ 

 

ɆŮ ɛɘŬ ŮəŰɑɛɖůɖ Űɤɜ ŮˊɘˊŰɩůŮɤɜ Űɤɜ Ŭɟɢɘəɩɜ ˊɟɞŰɎůŮɤɜ (ŭɖɚŬŭɐ ˊɟɘɜ Űɘɠ ŬɚɚŬɔɏɠ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞ ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɞɓɞɨɚɘɞ əŬɘ Űɞ ȺɡɟɤˊŬɥəɧ Ɇɡɛɓɞɨɚɘɞ), ɖ ȺɡɟɤˊŬɥəɐ 

ȺˊɘŰɟɞˊɐ ˊɟɞůˊɎɗɖůŮ ɜŬ ˊɞůɞŰɘəɞˊɞɘɐůŮɘ Űɘɠ ŬɜŬɛŮɜɧɛŮɜŮɠ ŮˊɘŭɟɎůŮɘɠ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ 

əŬɜɞɜɘůɛɩɜ ɔɘŬ ŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ əŬɘ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ. ȰŰůɘ əŬŰɏɚɖɝŮ ůŰŬ Ůɝɐɠ: 

Á Ⱥɝɞɘəɞɜɧɛɖůɖ Ŭˊɧ əŬɨůɘɛŬ ŮˊɘɓŬŰɘəɩɜ ŬɡŰɞəɘɜɐŰɤɜ ˊŮɟɑˊɞɡ 340ú Ŭˊɧ Űɞ ˊɟɩŰɞ ɏŰɞɠ, ɛŮ 

ůɡɜɞɚɘəɐ ŮəŰɘɛɩɛŮɜɖ Ůɝɞɘəɞɜɧɛɖůɖ 2904-3836ú əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ 

ɞɢɐɛŬŰɞɠ, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ůŰɧɢɞɡɠ Űɞɡ 2015. ũɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ, ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ˊɞůɎ ŬɜɏɟɢɞɜŰŬɘ ůŰŬ 400ú ɔɘŬ Űɞɜ ˊɟɩŰɞ ɢɟɧɜɞ əŬɘ ůŰŬ 3363-4565ú ɔɘŬ ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ 

ɕɤɐɠ Űɞɡ ɞɢɐɛŬŰɞɠ. 

Á Ⱥɝɞɘəɞɜɧɛɖůɖ 30 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ú ŬɜɎ ɏŰɞɠ Ŭˊɧ əŬɨůɘɛŬ, ůɡɜɞɚɘəɎ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ 

əŬŰŬɜŬɚɤŰɏɠ. 

Á ȷɨɝɖůɖ Űɞɡ ŮɡɟɤˊŬɥəɞɨ ȷȺɄ əŬŰɎ 12 ŭɘůŮəŬŰɞɛɛɨɟɘŬ ú əɎɗŮ ɢɟɧɜɞ əŬɘ ŮŰɐůɘŮɠ ŭŬˊɎɜŮɠ 

ɨɣɞɡɠ 9 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ú ɔɘŬ Űɖɜ ŬˊŬůɢɧɚɖůɖ. 

Á ɀŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬŰɎ 25%, Ůɝɞɘəɞɜɧɛɖůɖ 160 ŮəŬŰɞɛɛɡɟɑɤɜ Űɧɜɤɜ 

ˊŮŰɟŮɚŬɑɞɡ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2020-2030, ˊɞɡ ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ 70 ŭɘůŮəŬŰɞɛɛɨɟɘŬ ú (ɛŮ Űɘɠ 

Űɘɛɏɠ ˊŮŰɟŮɚŬɑɞɡ ˊɞɡ ɑůɢɡŬɜ Űɞ 2014). 

Á ȷˊɞűɡɔɐ Ůəˊɞɛˊɩɜ CO2 əŬŰɎ 420 ŮəŬŰɞɛɛɨɟɘŬ Űɧɜɞɡɠ ůŰɖɜ ˊŮɟɑɞŭɞ ɛɏɢɟɘ Űɞ 2030. 

Á ȷɟɜɖŰɘəɧ əɧůŰɞɠ ɛŮɑɤůɖɠ Űɞɡ CO2Ŀ ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ Ůɝɞɘəɞɜɧɛɖůɖ əŬɡůɑɛɞɡ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ əɧůŰɞɠ ˊɞɡ ɗŬ ŮˊɘűɏɟŮɘ ɖ ůɡɛɛɧɟűɤůɖ ɛŮ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ Ůəˊɞɛˊɐɠ 

CO2. ɇŬ əŬɗŬɟɎ əɏɟŭɖ ɡˊɞɚɞɔɑůŰɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 80-295 ú ɔɘŬ əɎɗŮ ŮəˊŮɛˊɧɛŮɜɞ 

Űɧɜɞ CO2 ˊɞɡ ŬˊɞűŮɨɔŮŰŬɘ. 

Ɉˊɞɚɞɔɘůɛɞɑ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŬɜ Ŭˊɧ Űɞɜ ICCT [17], ɏŭŮɘɝŬɜ ɧŰɘ ɔɘŬ Űɞɜ ůŰɧɚɞ Űɤɜ ɞɢɖɛɎŰɤɜ ɞɘ 

ŮəŰɘɛɩɛŮɜŮɠ ŮŰɐůɘŮɠ Ůəˊɞɛˊɏɠ CO2 ɗŬ ŮɑɜŬɘ 185 ɀɇ (ɛŮɔŬŰɧɜɞɘ) ɚɘɔɧŰŮɟɞɘ Űɞ 2030 ůŮ ůɢɏůɖ ɛŮ 

Űɞ ůŮɜɎɟɘɞ ɛɖ ɨˊŬɟɝɖɠ Űɤɜ ɡˊɞɢɟŮɤŰɘəɩɜ əŬɜɞɜɘůɛɩɜ Ůəˊɞɛˊɐɠ (business as usual) (ɆɢɐɛŬ 3.9). 

ȷˊɧ ŬɡŰɞɨɠ Űɞɡɠ 185 MT, 130 ɀɇ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŮɘůŬɔɤɔɐ Űɤɜ əŬɜɞɜɘůɛɩɜ Űɤɜ 95 gCO2/km 

Ŭˊɧ Űɞ 2020 əŬɘ 10 MT ɞűŮɑɚɞɜŰŬɘ ůŰɞɜ əŬɜɞɜɘůɛɧ Űɤɜ 147 gCO2/km ɔɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ. 

Ƀɘ ɡˊɞɚŮɘˊɧɛŮɜɞɘ 45 MT Ŭˊɞűɡɔɐɠ Ůəˊɞɛˊɩɜ CO2 ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ ɔɘŬ ŰŬ 

ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ əŬɘ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ Űɞɡ 2015-2017. 
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ɆɢɐɛŬ 3.9: Ⱥəˊɞɛˊɏɠ CO2 Űɞɡ ůŰɧɚɞɡ Űɤɜ light-duty ɞɢɖɛɎŰɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ 

ɟɡɗɛɑůŮɤɜ ˊɞɡ ŮɘůɐɢɗɖůŬɜ ůɢŮŰɘəɎ ɛŮ Űɘɠ Ůəˊɞɛˊɏɠ CO2 [17]  

 

3.6. ɄɞɚɘŰɘəɏɠ ŬˊɞűɎůŮɘɠ 

 

ȼ ŮɟɩŰɖůɖ ˊɞɡ ŬɜŬəɨˊŰŮɘ ˊŬɟŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ˊɞɟŮɑŬ ɔɨɟɤ Ŭˊɧ Űɞ ɗɏɛŬ Űɞɡ ˊŮɟɘɞɟɘůɛɞɨ Űɤɜ 

Ůəˊɞɛˊɩɜ ɛŮ ɡˊɞɢɟŮɤŰɘəɞɨɠ əŬɜɞɜɘůɛɞɨɠ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɤɜ ŮɡɟɤˊŬɥəɩɜ ɗŮůɛɩɜ əŬɘ Űɞɜ 

Űɟɧˊɞ ŬɜŰŬˊɧəɟɘůɖɠ Ŭˊɧ ˊɚŮɡɟɎɠ əŬŰŬůəŮɡŬůŰɩɜ, ŮɑɜŬɘ Űɞ Ŭɜ ɖ ˊɞɚɘŰɘəɐ Űɖɠ ɛŮɑɤůɖɠ Űɤɜ 

Ůəˊɞɛˊɩɜ CO2 ɐŰŬɜ ŮˊɘŰɡɢɖɛɏɜɖ ɐ ɧɢɘ. ȼ ŬˊɎɜŰɖůɖ ůŮ ŬɡŰɧ Űɞ ŮɟɩŰɖɛŬ, ŮɑɜŬɘ ɧŰɘ ɛŮ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɤɜ əŬɜɞɜɘůɛɩɜ ůɖɛŮɘɩɗɖəŮ ˊɟɧɞŭɞɠ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2, ɧɛɤɠ ɖ 

ˊɟɧɞŭɞɠ ŬɡŰɐ ŭŮɜ ɐŰŬɜ ɧůɞ ɛŮɔɎɚɖ ɗŬ ˊŮɟɑɛŮɜŮ ɖ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɓɎůŮɘ Űɖɠ Ŭɟɢɘəɐɠ 

ůŰɟŬŰɖɔɘəɐɠ ˊɞɡ ŮɑɢŮ ɢŬɟɎɝŮɘ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ɛŮŰŬűɞɟɩɜ. ȼ ŮɝɏŰŬůɖ ŬɜɎɛŮůŬ ůŰɞɜ ůəɞˊɧ Űɖɠ 

Ŭɟɢɘəɐɠ ůŰɟŬŰɖɔɘəɐɠ əŬɘ ůŰɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŰŮɚɘəɎ ŮűŬɟɛɧůŰɖəŬɜ ɞɘ əŬɜɞɜɘůɛɞɑ ɛˊɞɟŮɑ ɜŬ 

ŭŮɑɝŮɘ ůŰɞɡɠ ŮɡɟɤˊŬɥəɞɨɠ ɟɡɗɛɘůŰɘəɞɨɠ ɗŮůɛɞɨɠ əŬɘ ůŰŬ ŮɡɟɤˊŬɥəɎ əɟɎŰɖ ɛɏɚɖ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ 

ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɜŮɟɔŬůŰɞɨɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ Űɖɜ ˊɟɧəɚɖůɖ Űɖɠ ŮˊɑŰŮɡɝɖɠ 

Űɤɜ əɚɘɛŬŰɘəɩɜ ůŰɧɢɤɜ ˊɞɡ ɏɢɞɡɜ ŰŮɗŮɑ ɔɘŬ Űɞ 2050 [19]. 

ȼ ˊɟɞɏɚŮɡůɖ Űɤɜ əŬɜɞɜɘůɛɩɜ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɏɢŮɘ ɐŭɖ ŬɜŬɚɡɗŮɑ ůŮ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ. Ƀɘ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ůɡɛűɩɜɖůŬɜ ŮɗŮɚɞɜŰɘəɎ ɜŬ ɛŮɘɩůɞɡɜ 

Űɘɠ Ůəˊɞɛˊɏɠ Űɤɜ ůŰɧɚɤɜ Űɞɡɠ ůŰŬ 140 gCO2/km ɛɏɢɟɘ Űɞ 2008, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ɛɘŬ ɛɏůɖ ɓɎůɖ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 186 gCO2/km Űɞ 1995. ȷɡŰɧ ůɐɛŬɘɜŮ ɧŰɘ ɗŬ ɏˊɟŮˊŮ ɜŬ ŬəɞɚɞɡɗɖɗŮɑ ɏɜŬɠ ɟɡɗɛɧɠ 

ˊŰɩůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ 2,1% ůŮ ŮŰɐůɘɞ ŮˊɑˊŮŭɞ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɚɡűɗɞɨɜ ŰŬ ɧɟɘŬ Ůəˊɞɛˊɐɠ 
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ɛɏɢɟɘ Űɞ 2008. ɋůŰɧůɞ ɐŰŬɜ ɐŭɖ ŮɛűŬɜɏɠ Ŭˊɧ Űɞ ɏŰɞɠ 2005 ɧŰɘ ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ŭŮɜ ɗŬ 

əŬŰɎűŮɟɜŬɜ ɜŬ ůɡɛɛɞɟűɤɗɞɨɜ ɛŮ Űɞɡɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɐɠ Űɞɡ 2008 (ɆɢɐɛŬ 3.3). 

ɇɞ 2007 ɖ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ŬɜŬəɞɑɜɤůŮ Űɖɜ ŮɘůŬɔɤɔɐ ɡˊɞɢɟŮɤŰɘəɩɜ əŬɜɞɜɘůɛɩɜ, ɞɘ ɞˊɞɑɞɘ 

Ůˊɘůɐɛɤɠ ɡɘɞɗŮŰɐɗɖəŬɜ Űɞ 2009 ɛŮŰɎ Ŭˊɧ ˊɞɚɚɏɠ ˊɞɚɘŰɘəɏɠ ŭɘŬɓɞɡɚŮɨůŮɘɠ. Ƀ ůŰɧɢɞɠ Űɤɜ             

130 gCO2/km Űɞɡ 2015 ŬɜŰɘˊɟɞůɩˊŮɡŮ ŮŰɐůɘɞ ɟɡɗɛɧ ˊŰɩůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɑůɞ ɛŮ 1,7%, 

ŭɖɚŬŭɐ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞɜ ɟɡɗɛɧ ˊŰɩůɖɠ Űɤɜ ŮɗŮɚɞɜŰɘəɩɜ ɛɏŰɟɤɜ. ɀŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ 

ɜŮɧŰŮɟɤɜ əŬɜɞɜɘůɛɩɜ Űɞ 2013 ˊɞɡ ˊɟɞɏɓɚŮˊŬɜ ɛɏůŮɠ Ůəˊɞɛˊɏɠ 95 gCO2/km ɛɏɢɟɘ Űɞ 2021, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞ ŮŰɐůɘɞɠ ɟɡɗɛɧɠ ˊŰɩůɖɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ɞɟɑɤɜ 

Ůəˊɞɛˊɐɠ ůŰɞ ŭɘɎůŰɖɛŬ 2015-2021 ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ 

əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 5,1%. 

ȳɛɤɠ ŰŬ ŬɜɤŰɏɟɤ ɧɟɘŬ Ůəˊɞɛˊɐɠ CO2, ɐŰŬɜ ɛɧɜɞ ɏɜŬ ɛɏɟɞɠ Ŭˊɧ Űɞ ůɢɏŭɘɞ Űɖɠ ȺɡɟɤˊŬɥəɐɠ 

ȺˊɘŰɟɞˊɐɠ əŬɘ ɧɢɘ Űɞ ůɨɜɞɚɞ ŬɡŰɞɨ. ɇɞ 1995 ɖ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɞɟŬɛŬŰɑůŰɖəŮ ɛɘŬ 

ůŰɟŬŰɖɔɘəɐ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 Űɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ɓŬůɘɕɧŰŬɜ ůŮ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɞɨɠ 

ɎɝɞɜŮɠ: ŰŬ ɧɟɘŬ Ůəˊɞɛˊɐɠ CO2, Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ˊɚɖɟɞűɧɟɖůɖɠ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ əŬɘ 

ŬɜŬŭɘɎɟɗɟɤůɖ Űɞɡ űɞɟɞɚɞɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɤɜ ɞɢɖɛɎŰɤɜ. 

ɇɞ 1999 ɞɘ ŮɡɟɤˊŬɥəɞɑ ɗŮůɛɞɑ ɡɘɞɗɏŰɖůŬɜ ɏɜŬɜ əŬɜɞɜɘůɛɧ ˊɞɡ ŬˊŬɘŰɞɨůŮ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ 

ŮəɗɏůŮɘɠ ˊɩɚɖůɖɠ Űɤɜ ɜɏɤɜ ŬɡŰɞəɘɜɐŰɤɜ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɜ ɞɘ əŬŰŬɜŬɚɤŰɏɠ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Ůˊɘɚɏɝɞɡɜ ɏɜŬ ɧɢɖɛŬ ɛŮ ɢŬɛɖɚɏɠ Ůəˊɞɛˊɏɠ. ȳɛɤɠ ŰŬ əɟɎŰɖ ɛɏɚɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ 

Ȱɜɤůɖɠ ɎůəɖůŬɜ ˊɘɏůŮɘɠ ůŰɖɜ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Űɞɡɠ ˊŬɟŬɢɤɟɖɗŮɑ əɎˊɞɘŬ 

ŮɚŬůŰɘəɧŰɖŰŬ ůŰɞɜ Űɟɧˊɞ ŮűŬɟɛɞɔɐɠ Űɞɡ əŬɜɞɜɘůɛɞɨ. ɇɞ ŬˊɞŰɏɚŮůɛŬ  ŬɡŰɩɜ Űɤɜ 

ˊŬɟŬɢɤɟɐůŮɤɜ, ɐŰŬɜ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŬůɡɜŮˊɞɨɠ əŬɘ ŬɜŬˊɞŰŮɚŮůɛŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ɆŮ 

Ɏɟɗɟɞ Űɞɡ ICCT ˊɞɡ ŭɖɛɞůɘŮɨŰɖəŮ Űɞ 2018 [19], ŬɜŬűɏɟŮŰŬɘ Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎŭŮɘɔɛŬ. ɇɞ 

ɔŮɟɛŬɜɘəɧ ůɨůŰɖɛŬ ˊɞɡ ˊɚɖɟɞűɞɟɞɨůŮ Űɞ əŬŰŬɜŬɚɤŰɘəɧ əɞɘɜɧ ůɢŮŰɘəɎ ɛŮ Űɘɠ Ůəˊɞɛˊɏɠ CO2, ŮɑɢŮ 

ɢŬɟŬəŰɖɟɑůŮɘ Űɞ ŮˊɘɓŬŰɘəɧ ɛɞɜŰɏɚɞ Porsche Cayenne (ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ: ɓɎɟɞɠ 2400 kg, 

ɘůɢɨɠ əɘɜɖŰɐɟŬ 193 kW əŬɘ Ůəˊɞɛˊɏɠ 179 gCO2/km) ɛɏɚɞɠ Űɖɠ əŬŰɖɔɞɟɑŬ óBô, Űɖɜ ɩɟŬ ˊɞɡ ɛŮ 

ůŰɖɜ ɑŭɘŬ əŬŰɖɔɞɟɑŬ óȸô ŬɜɐəŮ əŬɘ Űɞ ŮˊɘɓŬŰɘəɧ ɛɞɜŰɏɚɞ Smart Fortwo (ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

ɓɎɟɞɠ 900 kg, ɘůɢɨɠ əɘɜɖŰɐɟŬ 52 kW əŬɘ Ůəˊɞɛˊɏɠ 93 gCO2/km). ũɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ůɨůŰɖɛŬ ˊɚɖɟɞűɧɟɖůɖɠ ŭŮɜ ɐŰŬɜ ŬˊɞŭɞŰɘəɧ əŬɘ ŬɡŰɧɠ ɐŰŬɜ əŬɘ ɞ ɚɧɔɞɠ ˊɞɡ 

əŬŰɏɟɟŮɡůŮ ɞ ŭŮɨŰŮɟɞɠ ɓŬůɘəɧɠ ɎɝɞɜŬɠ Űɖɠ ˊɟɞůˊɎɗŮɘŬɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ ȺˊɘŰɟɞˊɐɠ ůɢŮŰɘəɎ ɛŮ 

Űɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖɜ ɛŮŰŬɟɟɨɗɛɘůɖ ůŰɞ űɞɟɞɚɞɔɘəɧ ůɨůŰɖɛŬ, ɖ ɘŭɏŬ ɐŰŬɜ Ŭˊɚɐ 

əŬɘ Űɞ ůəŮˊŰɘəɧ ɐŰŬɜ ŰŬ ɞɢɐɛŬŰŬ ɛŮ ɢŬɛɖɚɏɠ Ůəˊɞɛˊɏɠ CO2 ɜŬ ˊɚɖɟɩɜɞɡɜ ɚɘɔɧŰŮɟɞɡɠ űɧɟɞɡɠ, 

Ůɜɩ ŰŬ ɞɢɐɛŬŰŬ ɛŮ ɡɣɖɚɏɠ Ůəˊɞɛˊɏɠ ˊŮɟɘůůɧŰŮɟɞɡɠ. ȰŰůɘ o űɞɟɞɚɞɔɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ Űɞɡ əɎɗŮ 

ɞɢɐɛŬŰɞɠ ɗŬ ŬɜŰŬɜŬəɚɞɨůŮ ŰŬ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɐɠ Űɞɡ ůŮ CO2 əŬɘ ɞɘ əŬŰŬɜŬɚɤŰɏɠ ɗŬ ŮɑɢŬɜ əɑɜɖŰɟɞ 

ɜŬ ŬɔɞɟɎůɞɡɜ ɞɢɐɛŬŰŬ ɢŬɛɖɚɩɜ Ůəˊɞɛˊɩɜ. ȳɛɤɠ ɖ ˊɞɚɘŰɘəɐ ˊɞɡ ŬűɞɟɎ Űɞ űɞɟɞɚɞɔɘəɧ ůɨůŰɖɛŬ 

ůŰŬ əɟɎŰɖ ɛɏɚɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, əŬŰŬůŰɟɩɜŮŰŬɘ ɛɧɜɞ Ŭˊɧ ŰŬ ɑŭɘŬ ŰŬ əɟɎŰɖ ɛɏɚɖ əŬɘ 

ŬɡŰɎ ŮɛˊɧŭɘůŬɜ  Űɘɠ ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ ŬɚɚŬɔɏɠ əŬɘ ŮɜŬɟɛɧɜɘůɖ Űɞɡ űɞɟɞɚɞɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɔɞɟɎ, ɘŭɘɞəŰɖůɑŬ əŬɘ ɢɟɐůɖ Űɤɜ ɞɢɖɛɎŰɤɜ. ɃɟɘůɛɏɜŬ əɟɎŰɖ ɛɏɚɖ ɧˊɤɠ ɖ 

ɃɚɚŬɜŭɑŬ, ŮɘůɐɔŬɔŬɜ űɞɟɞɚɞɔɘəɎ ůɢɐɛŬŰŬ ˊɞɡ ˊɟɞɤɗɞɨůŬɜ ŰŬ ɞɢɐɛŬŰŬ ɢŬɛɖɚɩɜ Ůəˊɞɛˊɩɜ 

CO2. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɧ ɛɏůŬ Ŭˊɧ ɏɜŬ ŭŮɨŰŮɟɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ŭɖɛɞůɘŮɨŰɖəŮ ůŰɞ 

ɑŭɘɞ Ɏɟɗɟɞ Űɞɡ ICCT. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɏɜŬɠ ɘŭɘɞəŰɐŰɖɠ ɞɢɐɛŬŰɞɠ Porsche Panamera (ŰŮɢɜɘəɎ 
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ɢŬɟŬəŰɖɟɘůŰɘəɎ: əɡɓɘůɛɧɠ 3000cc əŬɘ Ůəˊɞɛˊɏɠ 173 gCO2/km) ˊɚɖɟɩɜŮɘ 15000ú űɧɟɞ 

ŰŬɝɘɜɧɛɖůɖɠ əŬɗɩɠ əŬɘ ɏɜŬɜ ŮŰɐůɘɞ űɧɟɞ əŰɐůɖɠ ɨɣɞɡɠ ŬɜɎɚɞɔɞ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ŭɘŬɛɏɜŮɘ. 

ɇɖɜ ɑŭɘŬ ůŰɘɔɛɐ, ɞ ɘŭɘɞəŰɐŰɖɠ Ůɜɧɠ Smart Fortwo (ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ: əɡɓɘůɛɧɠ 1000cc əŬɘ 

Ůəˊɞɛˊɏɠ 93 gCO2/km) ˊɚɖɟɩɜŮɘ űɧɟɞ ŰŬɝɘɜɧɛɖůɖɠ 1500ú, ŭɖɚŬŭɐ Űɞ ɏɜŬ ŭɏəŬŰɞ Űɞɡ űɧɟɞɡ 

ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ ˊɚɐɟɤůŮ ɞ ɘŭɘɞəŰɐŰɖɠ Űɖɠ Porsche. ɆŰɖɜ ũŮɟɛŬɜɑŬ ɧɛɤɠ ɞ ɘŭɘɞəŰɐŰɖɠ Űɞɡ ɑŭɘɞɡ 

ɞɢɐɛŬŰɞɠ Porsche ˊɚɖɟɩɜŮɘ 200ú ŮŰɐůɘɞ űɧɟɞ əŰɐůɖɠ əŬɘ ɞ ɘŭɘɞəŰɐŰɖɠ Űɞɡ Smart 20ú űɧɟɞ 

əŰɐůɖɠ (űɧɟɞɠ ŰŬɝɘɜɧɛɖůɖɠ ŭŮɜ ɡˊɎɟɢŮɘ ůŰɖɜ ũŮɟɛŬɜɑŬ). ȾŬɘ ˊɎɚɘ ɖ Űɘɛɐ ɔɘŬ Űɞɜ űɧɟɞ Űɞɡ Smart 

ŮɑɜŬɘ Űɞ ɏɜŬ ŭɏəŬŰɞ Űɖɠ Űɘɛɐɠ Űɞɡ űɧɟɞɡ ɔɘŬ Űɖɜ Porsche, ŬɚɚɎ Űɞ ůɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɧŰɘ əŬɘ ŰŬ ŭɨɞ 

ˊɞůɎ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɎ əŬɘ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ əŬŰŬɜŬɚɤŰɐ. 

ȼ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ˊɟɞůˊɎɗɖůŮ ɜŬ ŮɘůɎɔŮɘ ɛɘŬ ůɡɜŰɞɜɘůɛɏɜɖ ˊɞɚɘŰɘəɐ ˊɞɡ ɗŬ ɛŮɑɤɜŮ Űɞɜ 

ɛɏůɞ ɧɟɞ Ůəˊɞɛˊɐɠ CO2 Űɞɡ ɜɏɞɡ ůŰɧɚɞɡ ɞɢɖɛɎŰɤɜ. ȷɡŰɧ ˊɞɡ əŬŰɎűŮɟŮ, Ůɜ ŰɏɚŮɘ, ɐŰŬɜ ɖ 

ŮɘůŬɔɤɔɐ Űɤɜ ɞɟɑɤɜ Ůəˊɞɛˊɐɠ CO2 ůŰŬ ɞˊɞɑŬ ɗŬ ɏˊɟŮˊŮ ɜŬ ɡˊŬəɞɨůɞɡɜ ɞɘ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ. ɇŬ ɑŭɘŬ ŰŬ əɟɎŰɖ ɛɏɚɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ɐŰŬɜ ŬɡŰɎ ˊɞɡ 

ɛˊɚɧəŬɟŬɜ ɛŮ Űɘɠ ŮəɎůŰɞŰŮ ˊɞɚɘŰɘəɏɠ Űɞɡɠ Űɖɜ ůɤůŰɐ ˊɚɖɟɞűɧɟɖůɖ ɔɘŬ Űɘɠ Ůəˊɞɛˊɏɠ Űɤɜ 

ɞɢɖɛɎŰɤɜ əŬɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ űɞɟɞɚɞɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɗŬ ˊɟɞɤɗɞɨůŮ ŰŬ ɞɢɐɛŬŰŬ ɛŮ 

Űɘɠ ɢŬɛɖɚɧŰŮɟŮɠ Ůəˊɞɛˊɏɠ. 

 

3.7. ȹɘŬɛɧɟűɤůɖ Űɞɡ ůɖɛŮɟɘɜɞɨ ůŰɧɚɞɡ ɞɢɖɛɎŰɤɜ ůŰɖɜ Ⱥɡɟɩˊɖ 

 

ɇɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ŭɘŬűɞɟŮŰɘəɐɠ űɞɟɞɚɞɔɘəɐɠ ˊɞɚɘŰɘəɐɠ ŬɜɎɛŮůŬ ůŰɖɜ ɃɚɚŬɜŭɑŬ əŬɘ Űɖɜ 

ũŮɟɛŬɜɑŬ, ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ˊɎɚɘ 

ɔɘŬ ɜŬ ŬɜŬŭŮɘɢɗŮɑ ɖ Ůˊɘɟɟɞɐ Űɤɜ űɞɟɞɚɞɔɘəɩɜ əɘɜɐŰɟɤɜ əŬɘ ŬɜŰɘəɘɜɐŰɟɤɜ ůŰɖɜ ŭɘŬɛɧɟűɤůɖ Űɞɡ 

ůŰɧɚɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɘɠ ŭɨɞ ŬɡŰɏɠ ɢɩɟŮɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ůŰɘɠ ɚɞɘˊɏɠ ŮɡɟɤˊŬɥəɏɠ ɢɩɟŮɠ ˊɞɡ 

ŮűɎɟɛɞůŬɜ ˊŬɟɧɛɞɘŮɠ ˊɞɚɘŰɘəɏɠ. 

ȼ ŭɞɛɐ Űɞɡ ůŰɧɚɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɘɠ ŭɨɞ ŬɡŰɏɠ ɢɩɟŮɠ ɐŰŬɜ ˊŬɟɧɛɞɘŬ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŭɏəŬ 

ɢɟɧɜɘŬ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɧɛɤɠ ŰŬ ˊɟɎɔɛŬŰŬ ɏɢɞɡɜ ŬɚɚɎɝŮɘ ɚɧɔɤ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

űɞɟɞɚɞɔɘəɩɜ ˊɞɚɘŰɘəɩɜ ˊɞɡ ŬəɞɚɞɨɗɖůŬɜ ɞɘ ŭɨɞ ɢɩɟŮɠ.  

ɇɞ 2006 ɖ ɃɚɚŬɜŭɑŬ ɎɟɢɘůŮ ɜŬ ˊŬɟŬɢɤɟŮɑ ɛˊɧɜɞɡɠ ůŰɞ űɧɟɞ ŰŬɝɘɜɧɛɖůɖɠ ɜɏɤɜ ɞɢɖɛɎŰɤɜ ɛŮ 

ɢŬɛɖɚɏɠ Ůəˊɞɛˊɏɠ CO2, Ůɜɩ ůŰŬ ɞɢɐɛŬŰŬ ɡɣɖɚɩɜ Ůəˊɞɛˊɩɜ ˊɟɞůŰɏɗɖəŬɜ ůŰɞɜ űɧɟɞ 

ŰŬɝɘɜɧɛɖůɖɠ űɞɟɞɚɞɔɘəɧ ˊɟɧůŰɘɛɞ. Ⱥˊɑůɖɠ ɞɘ ŬɔɞɟŬůŰɏɠ ɡɓɟɘŭɘəɩɜ ɞɢɖɛɎŰɤɜ ɛˊɞɟɞɨůŬɜ ɜŬ 

ɔɚɘŰɩůɞɡɜ ɏɤɠ əŬɘ 6000ú ůŰɞɜ űɧɟɞ ŰŬɝɘɜɧɛɖůɖɠ. ɇŬ ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ ɞɘ əɡɓŮɟɜɐůŮɘɠ Űɖɠ 

ɃɚɚŬɜŭɑŬɠ ɎɚɚŬɝŮ Űɞ űɞɟɞɚɞɔɘəɧ ůɨůŰɖɛŬ Űɤɜ ɞɢɖɛɎŰɤɜ əŬɘ ɟɨɗɛɘůŮ Ůəô ɜɏɞɡ ŰŬ ɧɟɘŬ Ůəˊɞɛˊɐɠ 

ˊɞɡ ɏŭɘɜŬɜ űɞɟɞŮɚŬűɟɨɜůŮɘɠ. ɇɞ 2009 ɞɘ əɎŰɞɢɞɘ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ŮˊɘɓŬŰɘəɩɜ ɛŮ Ůəˊɞɛˊɏɠ 

ɚɘɔɧŰŮɟŮɠ Ŭˊɧ 95 gCO2/km əŬɘ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ ɛŮ Ůəˊɞɛˊɏɠ əɎŰɤ Űɤɜ 110 gCO2/km ˊɚɐɟɤůŬɜ 

ɛɖŭŮɜɘəɧ űɧɟɞ ŰŬɝɘɜɧɛɖůɖɠ, Ůɜɩ Ŭˊɧ Űɞ 2017 ɛɧɜɞ ŰŬ ɞɢɐɛŬŰŬ ɛɖŭŮɜɘəɐɠ Ůəˊɞɛˊɐɠ ɟɨˊɤɜ 

ŮɝŬɘɟɏɗɖəŬɜ Ŭˊɧ Űɞɜ űɧɟɞ ŰŬɝɘɜɧɛɖůɖɠ. 

ȷˊɧ Űɖɜ Ɏɚɚɖ ɖ ũŮɟɛŬɜɑŬ, ɖ ɞˊɞɑŬ ŭŮɜ ŮˊɘɓɎɚŮɘ űɧɟɞ ŰŬɝɘɜɧɛɖůɖɠ ɜɏɤɜ ɞɢɖɛɎŰɤɜ, Űɞ 2009 

ɎɟɢɘůŮ ɜŬ ůɡɜɡˊɞɚɞɔɑɕŮɘ ɛŮɟɘəɩɠ ůŰɞɜ ŮŰɐůɘɞ űɧɟɞ əŰɐůɖɠ Űɤɜ ɞɢɖɛɎŰɤɜ əŬɘ Űɘɠ Ůəˊɞɛˊɏɠ CO2 

ɛŬɕɑ ɛŮ Űɞɜ əɡɓɘůɛɧ Űɞɡ əɘɜɖŰɐɟŬ ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖɜ ɓɎůɖ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ űɧɟɞɡ. ɆɨɛűɤɜŬ 

ɛŮ Űɞ ůɖɛŮɟɘɜɧ űɞɟɞɚɞɔɘəɧ ůɨůŰɖɛŬ Űɖɠ ũŮɟɛŬɜɑŬɠ, ŰŬ ɞɢɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɏɔəɟɘůɖ Űɨˊɞɡ ɛŮ 
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Ůəˊɞɛˊɏɠ əɎŰɤ Ŭˊɧ 95 gCO2/km űɞɟɞɚɞɔɞɨɜŰŬɘ ɛɧɜɞ ɚɧɔɤ əɡɓɘůɛɞɨ əŬɘ ŮɝŬɘɟɞɨɜŰŬɘ Űɞɡ 

ŬɜŰɑůŰɞɘɢɞɡ ŰɛɐɛŬŰɞɠ Űɖɠ űɞɟɞɚɞɔɑŬɠ ˊɞɡ ŬűɞɟɎ Űɘɠ Ůəˊɞɛˊɏɠ CO2. ɄɎɜɤ Ŭˊɧ ŬɡŰɧ Űɞ ɧɟɘɞ, ŰŬ 

ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ űɞɟɞɚɞɔɞɨɜŰŬɘ ɛŮ 2ú ɔɘŬ əɎɗŮ ŮəˊŮɛˊɧɛŮɜɞ gCO2/km Ůɜɩ ŰŬ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ ɛŮ 9,50ú ɔɘŬ əɎɗŮ ŮəˊŮɛˊɧɛŮɜɞ gCO2/km. ũɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ ŬɟəŮɑ əŬɜŮɑɠ 

ɜŬ ŭŮɘ ɧŰɘ ůŰɖɜ ɃɚɚŬɜŭɑŬ, ɖ ŬɜŰɑůŰɞɘɢɖ ˊŬɟŬɓɑŬůɖ Űɞɡ ɞɟɑɞɡ Ůəˊɞɛˊɐɠ əŬŰɎ 1 gCO2/km ɛˊɞɟŮɑ 

ɜŬ ŮˊɘűɏɟŮɘ ˊɟɧůŰɘɛɞ ɛɏɢɟɘ əŬɘ 475ú ɔɘŬ g ˊɎɜɤ Ŭˊɧ Űɞ ɧɟɘɞ ɔɘŬ ɞɢɐɛŬŰŬ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ 

Ůəˊɞɛˊɩɜ. 

ȼ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŭɨɞ ɢɤɟɩɜ ůŰɖɜ űɞɟɞɚɞɔɘəɐ ˊɞɚɘŰɘəɐ ˊɞɡ Ŭůəɞɨɜ, ˊŬɟɞɡůɘɎɕŮɘ 

ŮɛűŬɜɐ ůɖɛɎŭɘŬ ůŰɖɜ ŭɘŬɛɧɟűɤůɖ Űɞɡ ůŰɧɚɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ Űɖɠ əɎɗŮ ɢɩɟŬɠ. ɇɞ 2001 Űɞ 4% 

Űɤɜ ɜɏɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ˊɤɚɞɨɜŰŬɜ ůŰɖɜ Ⱥɡɟɩˊɖ, ɐŰŬɜ ŮˊɘɓŬŰɘəɎ Űɨˊɞɡ SUV (Sport 

Utility  Vehicles). ɆɐɛŮɟŬ Űɞ ɏɜŬ ŰɏŰŬɟŰɞ Űɤɜ ȺɡɟɤˊŬɑɤɜ ŬɔɞɟŬůŰɩɜ ůŰɟɏűŮŰŬɘ ůŮ ɞɢɐɛŬŰŬ 

Űɨˊɞɡ SUV. Ƀ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ SUVs ˊɞɡ ˊɤɚɞɨɜŰŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɑŭɘɞɠ ɛŮ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɞɢɖɛɎŰɤɜ Űɖɠ ɛŮůŬɑŬɠ əŬŰɖɔɞɟɑŬɠ (C-segment), ɛɧɜɞ ˊɞɡ ŰŬ ɞɢɐɛŬŰŬ SUV ŮɑɜŬɘ 

əŬŰɎ ɛɏůɞ ɧɟɞ 14% ɓŬɟɨŰŮɟŬ əŬɘ Ůəˊɏɛˊɞɡɜ 20% ˊŮɟɘůůɧŰŮɟɞ CO2 Ŭˊɧ ŰŬ ɞɢɐɛŬŰŬ Űɖɠ 

əŬŰɖɔɞɟɑŬɠ C. ɉɤɟɑɠ ŮɝŬɑɟŮůɖ, ɞɘ ɃɚɚŬɜŭɞɑ ŬɔɞɟŬůŰɏɠ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ŰɎůɖ Űɤɜ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɘɩɜ ˊɞɡ ˊɟɞɤɗŮɑ ŰŬ SUVs əŬɘ ůɐɛŮɟŬ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ˊɟɧɗɡɛɞɘ ɜŬ 

ŬɔɞɟɎůɞɡɜ ɏɜŬ ŰɏŰɞɘɞ ɧɢɖɛŬ Ŭˊɧ ɧŰɘ ɗŬ ɐŰŬɜ ˊɟɘɜ Ŭˊɧ ɛŮɟɘəɎ ɢɟɧɜɘŬ. ɄŬɟɧɚŬ ŬɡŰɎ Űɞ 2016, 

ɛɧɜɞ Űɞ 19% Űɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ ŬɔɞɟɎ Űɖɠ ɃɚɚŬɜŭɑŬɠ ɎɜɖəŮ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ 

SUVs, ˊɞůɞůŰɧ ˊɞɚɨ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɛɏůɞ ɧɟɞ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɖɜ ůɡɜɞɚɘəɐ ŬɔɞɟɎ 

Űɖɠ Ⱥɡɟɩˊɖɠ əŬɘ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ űɞɟɞɚɞɔɘəɧ ůɨůŰɖɛŬ Űɖɠ ɢɩɟŬɠ ˊɞɡ ŮˊɘɓŬɟɨɜŮɘ ɛŮ 

ɞɘəɞɜɞɛɘəɎ ŬɜŰɘəɑɜɖŰɟŬ Űɞɡɠ ŬɔɞɟŬůŰɏɠ Űɤɜ ɞɢɖɛɎŰɤɜ ɛŮ ɡɣɖɚɏɠ Ůəˊɞɛˊɏɠ CO2. ɇɞ ɛŮɟɑŭɘɞ 

ŬɔɞɟɎɠ ɞɢɖɛɎŰɤɜ SUVs ůŰɖɜ ɃɚɚŬɜŭɑŬ, Űɖɜ ũŮɟɛŬɜɑŬ əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ɛɏůɞ ˊɞůɞůŰɧ Űɖɠ 

Ⱥɡɟɩˊɖɠ ůɡɜɞɚɘəɎ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.10. 

 

 

ɆɢɐɛŬ 3.10: ɀŮɟɑŭɘɞ ŬɔɞɟɎɠ Űɤɜ ɞɢɖɛɎŰɤɜ SUV ůŬɜ ˊɞůɞůŰɧ Ůˊɑ Űɞɡ ůɡɜɞɚɘəɞɨ Ŭɟɘɗɛɞɨ 

ɞɢɖɛɎŰɤɜ ˊɞɡ ˊɤɚɐɗɖəŬɜ ůŰɖɜ ũŮɟɛŬɜɑŬ, Űɖɜ ɃɚɚŬɜŭɑŬ əŬɘ ůŮ ɧɚɖ Űɖɜ Ⱥɡɟɩˊɖ [19]  
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Ƀɘ Ůəˊɞɛˊɏɠ CO2 Űɞɡ ůŰɧɚɞɡ Űɤɜ ŮˊɘɓŬŰɘəɩɜ ɏɢɞɡɜ ŬɡɝɖɗŮɑ Ůɜ ɛɏɟŮɘ ŰŮɚŮɡŰŬɑŬ ɛɏůŬ Ŭˊɧ Űɖɜ 

ŰɎůɖ ŬɔɞɟɎɠ ɛŮɔŬɚɨŰŮɟɤɜ, ɓŬɟɨŰŮɟɤɜ əŬɘ ɘůɢɡɟɧŰŮɟɤɜ ɞɢɖɛɎŰɤɜ. Ƀɘ ȺɡɟɤˊŬɑɞɘ əŬŰŬɜŬɚɤŰɏɠ, 

ŰŮɑɜɞɡɜ ɜŬ ŬɔɞɟɎɕɞɡɜ ɞɢɐɛŬŰŬ ɡɣɖɚɧŰŮɟɤɜ ŮˊɘŭɧůŮɤɜ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. ȼ ɛɏůɖ ɘůɢɨɠ Űɞɡ 

ůŰɧɚɞɡ Űɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ to 2016 ɐŰŬɜ 96 kW, Ůɜɩ Űɞ 2001 ɖ ŬɜŰɑůŰɞɘɢɖ ɛɏůɖ Űɘɛɐ ɐŰŬɜ 

74 kWĀ ůɖɛŮɘɩɗɖəŮ ŭɖɚŬŭɐ ˊɞůɞůŰɘŬɑŬ Ŭɨɝɖůɖ Űɖɠ ɛɏůɖɠ ɘůɢɨɞɠ əŬŰɎ 28%. ȼ ɃɚɚŬɜŭɑŬ ɛɏůɤ 

Űɖɠ űɞɟɞɚɞɔɘəɐɠ ˊɞɚɘŰɘəɐɠ ˊɞɡ ŬˊɞŰɟɏˊŮɘ Űɖɜ ŬɔɞɟɎ ɞɢɖɛɎŰɤɜ ɡɣɖɚɩɜ Ůəˊɞɛˊɩɜ CO2 əŬŰɎűŮɟŮ 

ɜŬ ŬˊɞŰɟɏɣŮɘ ɛŮɟɘəɩɠ ŬɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ, Ŭűɞɨ ɖ ɛɏůɖ ˊɞůɞůŰɘŬɑŬ Ŭɨɝɖůɖ Űɖɠ ɘůɢɨɞɠ Űɞɡ ůŰɧɚɞɡ 

Űɤɜ ɜɏɤɜ Űɖɠ ɞɢɖɛɎŰɤɜ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2001-2016 ŬɜɐɚɗŮ ůŰɞ 15%. ɇɞ ɑŭɘɞ ˊɞůɞůŰɧ ɔɘŬ Űɖɜ 

ũŮɟɛŬɜɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊɘɞ ŮɚŮɨɗŮɟɖ űɞɟɞɚɞɔɘəɐ ˊɞɚɘŰɘəɐ ˊɟɞɠ ŰŬ ŮˊɘɓŬŰɘəɎ ɡɣɖɚɧŰŮɟɤɜ 

Ůəˊɞɛˊɩɜ CO2 ɐŰŬɜ 31%, ŭɖɚŬŭɐ ŭɘˊɚɎůɘɞ Űɖɠ ɃɚɚŬɜŭɑŬɠ. ɇŬ ˊŬɟŬˊɎɜɤ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ 

ɔɟŬűɘəɎ ůŰɞ (ɆɢɐɛŬ 3.11). 

 

 

 

ɆɢɐɛŬ 3.11: ɀɏůɖ əɘɜɖŰɐɟɘŬ ɘůɢɨɠ Űɤɜ ɜɏɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ ũŮɟɛŬɜɑŬ, ůŰɖɜ ɃɚɚŬɜŭɑŬ 

əŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ ůɡɜɞɚɘəɎ [19]  

 

ɇŬ űɞɟɞɚɞɔɘəɎ əɑɜɖŰɟŬ əŬɘ ŬɜŰɘəɑɜɖŰɟŬ ˊɞɡ ɘůɢɨɞɡɜ ůŰɘɠ ŮəɎůŰɞŰŮ ɢɩɟŮɠ, ɏɢɞɡɜ ŭɘŬɛɞɟűɩůŮɘ 

Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Ŭɔɞɟɏɠ ŬɡŰɞəɘɜɐŰɞɡ (ɆɢɐɛŬ 3.12). ɆŰɘɠ Ŭɟɢɏɠ Űɞɡ 2016 ɖ əɡɓɏɟɜɖůɖ Űɖɠ 

ũŮɟɛŬɜɑŬɠ ŬɜŬəɞɑɜɤůŮ ɧŰɘ ɞɘ ŬɔɞɟŬůŰɏɠ Űɤɜ plug-in hybrid (PHEV) əŬɘ ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ 

(BEV) ɗŬ ɚɎɛɓŬɜŬɜ ŮˊɘůŰɟɞűɏɠ ɢɟɖɛɎŰɤɜ ɏɤɠ əŬɘ 4000ú. ȷˊɧ ŰɧŰŮ ɞɘ ˊɤɚɐůŮɘɠ ŬɡŰɐɠ Űɖɠ 

əŬŰɖɔɞɟɑŬɠ Űɤɜ ɞɢɖɛɎŰɤɜ ŬɡɝɐɗɖəŬɜ ůŰɞ 1,7%, ˊŬɟŬɛɏɜɞɜŰŬɠ əŬɘ ˊɎɚɘ əɎŰɤ Ŭˊɧ Űɞɜ ɛɏůɞ ɧɟɞ 

Űɖɠ ŮɡɟɤˊŬɥəɐɠ ŬɔɞɟɎɠ ˊɞɡ ŮəŮɑɜɖ Űɖɜ ůŰɘɔɛɐ ŬɜŰɘůŰɞɘɢɞɨůŮ ůŮ 2,9%. ɆɐɛŮɟŬ Űɞ ˊɞůɞůŰɧ Űɤɜ 

ɞɢɖɛɎŰɤɜ PHEV, BEV əŬɘ HEV (hybrid-electric vehicles) ůŰɖɜ ŬɔɞɟɎ Űɖɠ ɃɚɚŬɜŭɑŬɠ, ˊɞɡ ŮɑɢŮ 

ŬɟɢɑůŮɘ ɜŬ ˊɟɞůűɏɟŮɘ űɞɟɞɚɞɔɘəɎ əɑɜɖŰɟŬ ŬɟəŮŰɎ ɢɟɧɜɘŬ ɜɤɟɑŰŮɟŬ, ŬɜɏɟɢŮŰŬɘ ůŰŬ 8,8% əŬɘ ŮɑɜŬɘ 
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Űɞ ŭŮɨŰŮɟɞ ɡɣɖɚɧŰŮɟɞ ˊɞůɞůŰɧ Űɖɠ Ⱥɡɟɩˊɖɠ ˊɑůɤ Ŭˊɧ Űɖɜ ɁɞɟɓɖɔɑŬ ˊɞɡ ŮɑɜŬɘ ˊɟɩŰɖ ɛŮ 

ˊɞůɞůŰɧ 40%. 

 

 

ɆɢɐɛŬ 3.12: ɀŮɟɑŭɘɞ ŬɔɞɟɎɠ Űɤɜ ɖɚŮəŰɟɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ (HEVs, PHEVs, BEVs), ůŬɜ 

ˊɞůɞůŰɧ Ůˊɑ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ˊɤɚɐůŮɤɜ Űɤɜ ɜɏɤɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ ũŮɟɛŬɜɑŬ, ůŰɖɜ ɃɚɚŬɜŭɑŬ əŬɘ 

ɞɚɧəɚɖɟɖ Űɖɜ Ⱥɡɟɩˊɖ [19]  

 

ȼ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ Ůˊɘɓɞɚɐɠ űɞɟɞɚɞɔɑŬɠ ůŰɘɠ Ůəˊɞɛˊɏɠ CO2, ŮɑɜŬɘ ŮɛűŬɜɐɠ ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ 

ɛŮŰŬɓɞɚɐ Űɤɜ Ůəˊɞɛˊɩɜ ůŰŬ ɜɏŬ ɞɢɐɛŬŰŬ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ (ɆɢɐɛŬ 3.13). ɇɞ 2001 Űɞ ɛɏůɞ 

ŮɡɟɤˊŬɥəɧ ɧɢɖɛŬ ŮɝɏˊŮɛˊŮ 167 gCO2/km, ɖ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ ɔɘŬ Űɖɜ ɃɚɚŬɜŭɑŬ ɐŰŬɜ 179 gCO2/km 

əŬɘ ɔɘŬ Űɖɜ ũŮɟɛŬɜɑŬ 172 gCO2/km. ɇɞ 2016 Űɞ ɛɏůɞ ɧɢɖɛŬ ůŰɖɜ ũŮɟɛŬɜɑŬ ŮɑɢŮ Ůəˊɞɛˊɏɠ 125 

gCO2/km (Űɘɛɐ əɞɜŰɎ ůŰɞɜ ɛɏůɞ ŮɡɟɤˊŬɥəɧ ɧɟɞ), ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɛɘŬ ɛŮɑɤůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ 30% 

ůŮ ůɢɏůɖ ɛŮ Űɖɜ Űɘɛɐ Űɞɡ 2001, Ůɜɩ Űɞ ɛɏůɞ ɧɢɖɛŬ ůŰɖɜ ɃɚɚŬɜŭɑŬ Űɞ 2016 ŮɝɏˊŮɛˊŮ 108 gCO2/km 

ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ˊɞůɞůŰɘŬɑŬ ˊŰɩůɖ 37% ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ Űɞɡ 2001. ɆŰɞ ŭɘɎůŰɖɛŬ 

2009-2013 ɞ ɞɚɚŬɜŭɘəɧɠ ůŰɧɚɞɠ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ, ˊɞɡ ŬɟɢɘəɎ ɎɜɖəŮ ůŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ 

ɢŮɘɟɧŰŮɟɞɡɠ Űɖɠ Ⱥɡɟɩˊɖɠ ůŮ ɗɏɛŬ Ůəˊɞɛˊɩɜ CO2, ɛŮŰŬŰɟɎˊɖəŮ ůŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ əŬɚɨŰŮɟɞɡɠ. 

ũɘŬ ɜŬ Űɞ ˊŮŰɨɢŮɘ ŬɡŰɧ ɖ ɃɚɚŬɜŭɑŬ, ɛŬɕɑ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ əŬɜɞɜɘůɛɩɜ ɔɘŬ ŰŬ ɡˊɞɢɟŮɤŰɘəɎ 

ɧɟɘŬ Ůəˊɞɛˊɐɠ CO2, ůŰɖɟɑɢɗɖəŮ əŬɘ ůŰɖɜ ŬɜŬŭɘɎɟɗɟɤůɖ Űɞɡ űɞɟɞɚɞɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ 

ůŰɧɚɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ Űɖɠ ɓɎůŮɘ Űɤɜ Ůəˊɞɛˊɩɜ Űɞɡɠ, Ůɜɩ ɖ ũŮɟɛŬɜɑŬ ˊɞɡ ɓŬůɑůŰɖəŮ ɛɧɜɞ ůŰɖɜ 

Ůˊɘɓɞɚɐ Űɤɜ ɡˊɞɢɟŮɤŰɘəɩɜ ɞɟɑɤɜ Ůəˊɞɛˊɩɜ ŭŮɜ əŬŰɎűŮɟŮ ɜŬ ŬəɞɚɞɡɗɐůŮɘ Űɖɜ ɑŭɘŬ ˊɟɧɞŭɞ. 
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ɆɢɐɛŬ 3.13: ɀɏůŮɠ Ůəˊɞɛˊɏɠ CO2 Űɤɜ ɜɏɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ ũŮɟɛŬɜɑŬ, ůŰɖɜ 

ɃɚɚŬɜŭɑŬ əŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ ůɡɜɞɚɘəɎ (ůɨɛűɤɜŬ ɛŮ Űɞɜ əɨəɚɞ ɞŭɐɔɖůɖɠ NEDC) [19]  

 

ȼ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ŮɡɟɤˊŬɥəɩɜ əŬɜɞɜɘůɛɩɜ ɛɏůŬ Ŭˊɧ Űɞ ˊŬɟɎŭŮɘɔɛŬ Űɤɜ 

ɢɤɟɩɜ Űɖɠ ɃɚɚŬɜŭɑŬɠ əŬɘ ũŮɟɛŬɜɑŬɠ, ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ ˊɞɚɘŰɘəɐɠ Űɖɠ 

ůɨɜŭŮůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɛŮ űɞɟɞɚɞɔɘəɎ əɑɜɖŰɟŬ əŬɘ ŬɜŰɘəɑɜɖŰɟŬ. ɄɏɟŬ ɧɛɤɠ Ŭˊɧ Űɖɜ 

űɞɟɞɚɞɔɘəɐ ˊɞɚɘŰɘəɐ ˊɟɞəɨˊŰŮɘ ɏɜŬ ŭŮɨŰŮɟɞ ɗɏɛŬ ˊɞɡ Ůˊɑůɖɠ ŬűɞɟɎ ɧɚɖ Űɖɜ Ⱥɡɟɩˊɖ əŬɘ 

ůɡɜŭɏŮŰŬɘ ɛŮ ŰŬ ɧɟɘŬ Ůəˊɞɛˊɐɠ Űɤɜ əŬɜɞɜɘůɛɩɜ. ɇɞ 2016, ɞɘ ɛɏůŮɠ ˊɟŬɔɛŬŰɘəɏɠ Ůəˊɞɛˊɏɠ Ůɜɧɠ 

Űɡˊɘəɞɨ ɜɏɞɡ ɞɢɐɛŬŰɞɠ ɐŰŬɜ 40% ɡɣɖɚɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ ˊɞɡ ŭɘŬűɖɛɑɕɞɜŰŬɜ Ŭˊɧ Űɞɡɠ 

əŬŰŬůəŮɡŬůŰɏɠ. ɇɞ ɑŭɘɞ ˊɞůɞůŰɧ ɔɘŬ Űɞ ɏŰɞɠ 2001 ɐŰŬɜ 9%. ɇɞ ˊɞůɞůŰɧ ŬɡŰɧ ŬɡɝɐɗɖəŮ əŬɗɩɠ 

ɞɘ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ ŮəɛŮŰŬɚɚŮɨŰɖəŬɜ óˊŬɟŬɗɡɟɎəɘŬô Űɤɜ əŬɜɞɜɘůɛɩɜ ɛɏŰɟɖůɖɠ Űɤɜ 

Ůəˊɞɛˊɩɜ. ɇɞ ɜɏɞ ˊɟɧŰɡˊɞ ŭɞəɘɛɩɜ WLTP ˊɞɡ ɏɢŮɘ ɐŭɖ ŬɜŰɘəŬŰŬůŰɐůŮɘ Űɞɜ əɨəɚɞ ɞŭɐɔɖůɖɠ 

NEDC, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ɞˊɞɑɞɡ ɔɑɜɞɜŰŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ ɏɤɠ ŰɩɟŬ, ˊɟɧəŮɘŰŬɘ ɜŬ ŬɜŬəɧɣŮɘ Űɖɜ 

ŰŬəŰɘəɐ ˊɞɡ ŮűɎɟɛɞɕŬɜ ɞɘ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ ɏɤɠ ůɐɛŮɟŬ. ȹŮɜ ˊŬɨɞɡɜ ɧɛɤɠ ɜŬ ɡˊɎɟɢɞɡɜ 

əŬɘ ˊɎɚɘ ŬɜɖůɡɢɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ Ŭˊɧ ˊɚŮɡɟɎɠ Űɤɜ əŬŰŬůəŮɡŬůŰɩɜ ɡɘɞɗɏŰɖůɖɠ 

ŰŬəŰɘəɐɠ ˊɞɡ ɗŬ Űɞɡɠ ŮˊɘŰɟɏɣŮɘ ɜŬ ɓɟɞɡɜ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɜ ɜɏŬ óˊŬɟŬɗɡɟɎəɘŬô ůŰɖɜ ɜɏŬ 

ŭɘŬŭɘəŬůɑŬ ŭɞəɘɛɩɜ. 
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3.8. Ɇɢɏůɖ ůɨɜŭŮůɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ Ůəˊɞɛˊɩɜ CO2 Ůɜɧɠ 

ɞɢɐɛŬŰɞɠ 

 

ȼ ˊɞůɧŰɖŰŬ CO2 ˊɞɡ ŮəˊɏɛˊŮɘ ɏɜŬ ɧɢɖɛŬ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɞ əŬɨůɘɛɞ ˊɞɡ əŬŰŬɜŬɚɩɜŮɘ 

(ɆɢɐɛŬ 3.14). 

 

 

 

ɆɢɐɛŬ 3.14: ũɟŬűɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ůɢɏůɖɠ  əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ Ůəˊɞɛˊɩɜ CO2 [20]  

 

ɆŮ ŮɟɔŬůɑŬ ˊɞɡ ŮəˊɞɜɐɗɖəŮ ůŰɞ ɇŮɢɜɞɚɞɔɘəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ɀŬŭɟɑŰɖɠ (Universidad Polit®cnica 

de Madrid) to 2008 ůɢŮŰɘəɎ ɛŮ Űɖɜ ůɨɜŭŮůɖ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ Ůɜɧɠ ɞɢɐɛŬŰɞɠ əŬɘ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ Ůəˊɞɛˊɩɜ CO2 [21], ůɡɔəŮɜŰɟɩɗɖəŬɜ ůŰɞɘɢŮɑŬ Ŭˊɧ ŮˊɑůɖɛŮɠ ˊɖɔɏɠ əŬŰŬůəŮɡŬůŰɩɜ 

ɞɢɖɛɎŰɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ (L/100km) əŬɘ Ůəˊɞɛˊɩɜ CO2 (g/km) ɔɘŬ 

ŭɘɎűɞɟŬ ɛɞɜŰɏɚŬ ŮˊɘɓŬŰɘəɩɜ ŬɡŰɞəɘɜɐŰɤɜ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ɛŮŰŬűɏɟɗɖəŬɜ ůŮ 

ŭɘŬɔɟɎɛɛŬŰŬ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɎɝɞɜŮɠ Ůəˊɞɛˊɩɜ/əŬŰŬɜɎɚɤůɖɠ-əŬɡůɑɛɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŬˊŮɘəɞɜɘůŰŮɑ ɛɘŬ ŬɜŬɛŮɜɧɛŮɜɖ ŮɡɗŮɑŬ. ȰˊŮɘŰŬ ɖ əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ ŬɡŰɐɠ ůɡɔəɟɑɗɖəŮ ɛŮ Űɞɡɠ 

ɗŮɤɟɖŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ CO2 əŬŰɎ Űɖɜ ŬɜŰɑŭɟŬůɖ ˊɞɡ ůɡɛɓŬɑɜŮɘ ůŰɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ əŬɨůɖɠ ɔɘŬ ŰŬ əŬɨůɘɛŬ Űɖɠ ɓŮɜɕɑɜɖɠ əŬɘ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ əɑɜɖůɖɠ. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ 

Űɘɠ ŮɟɔŬůɑŬɠ əŬɘ ɔɘŬ ɚɧɔɞɡɠ Ŭˊɚɞˊɞɑɖůɖɠ ɞɘ əɚɘɛŬŰɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ŬɔɜɞɐɗɖəŬɜ Ůɜɩ ɛɧɜɞ ŰŬ 

ɓŬůɘəɎ ůŰŮɚɏɢɖ Űɤɜ əŬɡůɑɛɤɜ ɚɐűɗɖəŬɜ ɡˊɧɣɘɜ. ȰŰůɘ Űɞ ɞəŰɎɜɘɞ C8H18 ɗŮɤɟɐɗɖəŮ Űɞ ɓŬůɘəɧ 

ůɡůŰŬŰɘəɧ Űɖɠ ɓŮɜɕɑɜɖɠ, əŬɘ ŬɜŰɑůŰɞɘɢŬ Űɞ ŭɤŭŮəɎɜɘɞ C12H26 Űɞɡ ˊŮŰɟŮɚŬɑɞɡ əɑɜɖůɖɠ. 

Ƀɘ ůŰɞɘɢŮɘɞɛŮŰɟɘəɏɠ ůɢɏůŮɘɠ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ əŬɡůɑɛɞɡ, ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ 

ɛŮŰŬŰɟɞˊɐɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɤɟɖŰɘəɐɠ ˊɞůɧŰɖŰŬɠ CO2 ́ ɞɡ ˊŬɟɎɔŮŰŬɘ ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ 

Űɞɡ əŬɡůɑɛɞɡ. ɄŬɟŬəɎŰɤ  ŭɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ɡˊɞɚɞɔɘůɛɞɨ ɗŮɤɟɩɜŰŬɠ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɖɠ 

ɓŮɜɕɑɜɖɠ ɑůɖ ɛŮ 0.70 kg/L. 

ὅὌ ρςȢυὕ ᴼψὅὕ ωὌὕ 

 

(3.3) 
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ράέὰὅὌ

ρρτȢπὫὅὌ
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ρρτȢπὫὅὌ

ττȢπὫὅὕ

ράέὰὅὕ

ςρφπὫὅὕ

ὒ
 

 

(3.4) 

ȺˊŬɜŬɚŬɛɓɎɜɞɜŰŬɠ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ Űɞ Ɏɜɤ ɧɟɘɞ ˊɡəɜɧŰɖŰŬɠ Űɖɠ ɓŮɜɕɑɜɖɠ 0.78kg/L ɗŬ ŮɑɢŮ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Ůəˊɞɛˊɏɠ 2410g CO2/L əŬɡůɑɛɞɡ. ȷɜŰɑůŰɞɘɢŬ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ɔɘŬ Űɞ ˊŮŰɟɏɚŬɘɞ 

əɑɜɖůɖɠ ɛŮ ɧɟɘŬ ˊɡəɜɧŰɖŰŬɠ 0.80-0.99kg/L, ŭɑɜɞɡɜ Ůəˊɞɛˊɏɠ 2480-3070 gCO2/L əŬɡůɑɛɞɡ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ 

ŭɘɎűɞɟŬ ɛɞɜŰɏɚŬ əŬŰŬůəŮɡŬůŰɩɜ ɞɢɖɛɎŰɤɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŬ ɓŮɜɕɑɜɖɠ ( 

ɄɑɜŬəŬɠ 3.9) əŬɗɩɠ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŬ ˊŮŰɟŮɚŬɑɞɡ ( 

ɄɑɜŬəŬɠ 3.10). 

 

ȾŬŰŬɜɎɚɤůɖ (L/100km) Ⱥəˊɞɛˊɏɠ CO2 (g/km) ɀɞɜŰɏɚɞ ŬɡŰɞəɘɜɐŰɞɡ 

11.1 266 Audi Cabriolet 

9.0 216 Audi Sportback 

12.1 293 BMW X3 

7.7 187 BMW mini Cooper 

13.0 310 Chevrole tCorvette 

14.6 346 Chevrolet Tahoe 

8.4 200 Chrysler Sebring 

11.0 255 Chrysler 300M 

5.0 118 Daihatsu Sirion 

6.6 157 Lancia Musa 

5.8 139 Opel Agila 

4.6 109 Peugeot 107 

13.5 324 Quattro RS4 

6.5 154 Skoda Fabia 

6.0 144 Volkswagen Polo 

7.7 184 Volvo S40 

 

ɄɑɜŬəŬɠ 3.9: ɄɑɜŬəŬɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ-Ůəˊɞɛˊɩɜ CO2 ɔɘŬ ŭɘɎűɞɟŬ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŬ 

ɓŮɜɕɑɜɖɠ [21]  
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ȾŬŰŬɜɎɚɤůɖ (L/100km) Ⱥəˊɞɛˊɏɠ CO2 (g/km) ɀɞɜŰɏɚɞ ŬɡŰɞəɘɜɐŰɞɡ 

8.4 223 Audi Cabriolet 

6.0 161 Audi Sportback 

9.1 243 BMW X3 

4.8 129 BMW mini 

8.7 233 ChevroletCaptiva 

7.7 203 Chrysler  Voyager 

6.9 185 Chrysler PT Cruiser 

5.1 135 Lancia Musa 

4.9 132 Opel Agila 

4.1 109 Peugeot 107 

4.7 127 Skoda Fabia 

4.6 124 Volkswagen Polo 

5.4 142 Volvo S40 

 

ɄɑɜŬəŬɠ 3.10: ɄɑɜŬəŬɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ-Ůəˊɞɛˊɩɜ CO2 ɔɘŬ ŭɘɎűɞɟŬ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŬ 

ˊŮŰɟŮɚŬɑɞɡ [21]  

 

ɇŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ůɢŮŭɘɎůŰɖəŬɜ ůŮ ŭɘŬɔɟɎɛɛŬŰŬ (ɆɢɐɛŬ 3.15 əŬɘ ɆɢɐɛŬ 3.16) Ůəˊɞɛˊɩɜ 

CO2-əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ ŰŮɚɘəɎ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ ŬɜɎɚɡůɖɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɓɟɏɗɖəŮ ɖ 

əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɠ əŬɘ ŰŬ ɧɟɘŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ. 

 

ɆɢɐɛŬ 3.15: Ⱥəˊɞɛˊɏɠ CO2 ůŮ ůɢɏůɖ ɛŮ əŬŰŬɜɎɚɤůɖ ɓŮɜɕɑɜɖɠ [21]  
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ɆɢɐɛŬ 3.16: Ⱥəˊɞɛˊɏɠ CO2 ůŮ ůɢɏůɖ ɛŮ əŬŰŬɜɎɚɤůɖ ˊŮŰɟŮɚŬɑɞɡ [21]  

 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ əŬŰŬůəŮɡŬůŰɩɜ, űŬɜŮɟɩɜɞɡɜ ɘůɢɡɟɐ 

ůɡůɢɏŰɘůɖ ɛŮ Űɘɠ ɗŮɤɟɖŰɘəɏɠ Űɘɛɏɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ Ŭˊɧ ŬɡŰɐɜ Űɖɜ ŭɘŬŭɘəŬůɑŬ əŬɘ ŬˊɞŰŮɚɞɨɜ 

ɏɜŬ ɔɟɐɔɞɟɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ɎɛŮůɖ ůɨɔəɟɘůɖ Űɤɜ Ůəˊɞɛˊɩɜ əŬɘ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŬɜɎɛŮůŬ ůŰŬ 

ɞɢɐɛŬŰŬ ɓŮɜɕɑɜɖɠ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɛŮ ˊŮŰɟɏɚŬɘɞ. ɇŬ ɔɟŬűɐɛŬŰŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ 

ɧŰɘ ŰŬ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ əŬŰŬɜŬɚɩɜɞɡɜ ɚɘɔɧŰŮɟɞ əŬɨůɘɛɞ, ɞɘ Ůəˊɞɛˊɏɠ CO2 ŬɜɎ ɚɑŰɟɞ 

ˊŮŰɟŮɚŬɑɞɡ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŮɠ. ɋůŰɧůɞ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮɘ əŬɜŮɑɠ ɡˊɧɣɘɜ ɧŰɘ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ 

ɛɘŬ ůɨɔəɟɘůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɝŮŰɎɕɞɜŰŬɘ əɘɜɖŰɐɟŮɠ ɓŮɜɕɑɜɖɠ əŬɘ ˊŮŰɟŮɚŬɑɞɡ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ 

ŬɜŰɘůŰɞɘɢɑŬ, əŬɘ ɧŰɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɞɘ əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ əŬŰŬɜŬɚɩɜɞɡɜ ɚɘɔɧŰŮɟɞ 

əŬɨůɘɛɞ ŬɜɎ ŭɘŬɜɡɗɏɜ ɢɘɚɘɧɛŮŰɟɞ, ɏɢɞɜŰŬɠ ɏŰůɘ ɚɘɔɧŰŮɟŮɠ Ůəˊɞɛˊɏɠ CO2 ůŮ ŬɡŰɐɜ Űɖɜ ŬˊɧůŰŬůɖ. 
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4. Ⱦɨəɚɞɘ ɞŭɐɔɖůɖɠ ï ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ CO2 

 

ɋɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ əŬɨůɖɠ ůŰɞɡɠ ɗŮɟɛɘəɞɨɠ əɘɜɖŰɐɟŮɠ Űɤɜ ɞɢɖɛɎŰɤɜ, ˊŬɟɎɔŮŰŬɘ əŬɘ ŮəɚɨŮŰŬɘ 

ůŰɞ ŬŰɛɞůűŬɘɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɏɜŬ űɎůɛŬ Ůəˊɞɛˊɩɜ ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ 

əŮűɎɚŬɘŬ. ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ɗŬ ŬɜŬɚɨůɞɡɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ ŬɡŰɩɜ ɛŮ 

ɏɛűŬůɖ ůŰɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ. 

 

4.1. ȹɡɜŬɛɞɛŮŰɟɘəɏɠ ŮɝɏŭɟŮɠ əŬɘ ŭɡɜŬɛɧɛŮŰɟŬ ˊɎɔəɞɡ 

 

ɆŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, ɔɘŬ əɎɗŮ ɜɏɞ ŮˊɘɓŬŰɘəɧ ɧɢɖɛŬ, ŮɚŬűɟɨ űɞɟŰɖɔɧ əŬɘ əɘɜɖŰɐɟŬɠ ɞɢɐɛŬŰɞɠ 

ɓŬɟɏɞɠ Űɨˊɞɡ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɖɜ ɜɞɛɞɗŮůɑŬ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ŭɞəɘɛɐ ɏɔəɟɘůɖɠ Ůəˊɞɛˊɐɠ 

əŬɡůŬŮɟɑɤɜ (type approval / homologation). Ƀɘ ŮəˊŮɛˊɧɛŮɜɞɘ ɟɨˊɞɘ Ůɜɧɠ ɞɢɐɛŬŰɞɠ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛŮɔɎɚɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ əŬɘ Ůˊɞɛɏɜɤɠ ɞ əŬɚɨŰŮɟɞɠ Űɟɧˊɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɛɘŬ 

ŭɞəɘɛɐ ɤɠ ˊɟɞɠ Űɖɜ ŮˊŬɜŮɘɚɖɛɛɏɜɖ ˊɘůŰɧŰɖŰɎ Űɖɠ, ŮɑɜŬɘ ŬɡŰɐ ɜŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ əɎŰɤ Ŭˊɧ 

ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ əŮɑɛŮɜɖ ɜɞɛɞɗŮůɑŬ. ɇŬ 

ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ əŬɘ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ ŮɚɏɔɢɞɜŰŬɘ ɤɠ ˊɟɞɠ Űɘɠ Ůəˊɞɛˊɏɠ ɟɨˊɤɜ ůŮ 

ŭɡɜŬɛɞɛŮŰɟɘəɏɠ ŮɝɏŭɟŮɠ ˊɚŬɘůɑɞɡ (ɆɢɐɛŬ 4.1), Ůɜɩ ɞɘ əɘɜɖŰɐɟŮɠ Űɤɜ ɓŬɟɏɤɜ ɞɢɖɛɎŰɤɜ 

ŭɞəɘɛɎɕɞɜŰŬɘ ůŮ ŭɡɜŬɛɧɛŮŰɟŬ ˊɎɔəɞɡ (ɆɢɐɛŬ 4.2). ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ ŬɜɎɔəŮɠ 

ɏɟŮɡɜŬɠ ůŰɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŭɞəɘɛɏɠ 

Ůəˊɞɛˊɩɜ ɞɢɖɛɎŰɤɜ ɓŬɟɏɞɠ Űɨˊɞɡ ŭɡɜŬɛɞɛŮŰɟɘəɏɠ ŮɝɏŭɟŮɠ ˊɚŬɘůɑɞɡ əŬɘ ŬɡŰɧ ˊɞɡ ɏɢŮɘ 

ˊŬɟŬŰɖɟɖɗŮɑ ŮɑɜŬɘ ɧŰɘ ɛŮɘɩɜŮŰŬɘ ɞ ɢɟɧɜɞɠ əŬɘ Űɞ əɧůŰɞɠ ˊɟɞŮŰɞɘɛŬůɑŬɠ ˊɞɡ ɗŬ ŬˊŬɘŰɞɨůŮ ɛɘŬ 

ŬɜŰɑůŰɞɘɢɖ ŭɞəɘɛɐ ůŮ ŭɡɜŬɛɧɛŮŰɟɞ ˊɎɔəɞɡ, əŬɗɘůŰɩɜŰŬɠ ɏŰůɘ Űɖɜ ŭɞəɘɛɐ Űɞɡ ˊɚɐɟɞɡɠ ɞɢɐɛŬŰɞɠ 

əŬɘ ɧɢɘ ɛɧɜɞ Űɞɡ əɘɜɖŰɐɟŬ, ˊɘɞ ˊɟŬəŰɘəɐ [22]. 

 

 

 

ɆɢɐɛŬ 4.1: ȹɡɜŬɛɞɛŮŰɟɘəɐ ŮɝɏŭɟŬ ˊɚŬɘůɑɞɡ [23]  
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ɆɢɐɛŬ 4.2: ȹɡɜŬɛɧɛŮŰɟɞ ˊɎɔəɞɡ [24]  

 

ɆŰɘɠ ŭɞəɘɛɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɡɜŬɛɞɛŮŰɟɘəɏɠ ŮɝɏŭɟŮɠ ˊɚŬɘůɑɞɡ (chassis 

dynamometer), ɞɘ Űɟɞɢɞɑ Űɞɡ ɞɢɐɛŬŰɞɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɘɠ əɡɚɘɜŭɟɘəɏɠ ŭɘŬŰɎɝŮɘɠ Űɖɠ 

ŮɝɏŭɟŬɠ. Ƀɘ ŬˊɧůŰŬůɖ Űɤɜ əɡɚɘɜŭɟɘəɩɜ ŭɘŬŰɎɝŮɤɜ ɟɡɗɛɑɕŮŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Ůɝɞɛɞɘɤɗɞɨɜ ɞɘ 

ŮˊɘɗɡɛɖŰɏɠ ŬˊɩɚŮɘŮɠ ůŰɞ ŭɟɧɛɞ, ɚɧɔɤ Űɟɘɓɐɠ əŬɘ ŬŮɟɞŭɡɜŬɛɘəɐɠ ŬɜŰɑůŰŬůɖɠ, əŬɘ ɖ ŭɞəɘɛɐ 

ŭɘŮɝɎɔŮŰŬɘ ɛŮ Űɞ ɧɢɖɛŬ ɜŬ ŬəɞɚɞɡɗŮɑ ɏɜŬɜ ˊɟɞŭɘŬɔŮɔɟŬɛɛɏɜɞ əɨəɚɞ ɞŭɐɔɖůɖɠ ˊɞɡ ɏɢŮɘ 

ůɢŮŭɘŬůŰŮɑ ɛŮ ɔɜɩɛɞɜŬ Űɖɜ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɞɜ ˊɟŬɔɛŬŰɘəɧ əɧůɛɞ 

[32]. ũɘŬ ɜŬ ɡˊɎɟɢŮɘ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ůŰɖ ŭɞəɘɛɐ (əŬɘ ɎɟŬ ɏɚŮɔɢɞɠ Űɤɜ Ůəˊɞɛˊɩɜ əŬɘ ɧɚɖɠ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ), ɞ əɨəɚɞɠ ˊɧɚɖɠ əŬŰɎ Űɖɜ ɏɔəɟɘůɖ Űɨˊɞɡ ŬɜŬˊŬɟɎɔŮŰŬɘ ůŮ ŬɡůŰɖɟɎ əŬɗɞɟɘůɛɏɜŮɠ 

ŮɟɔŬůŰɖɟɘŬəɏɠ ůɡɜɗɐəŮɠ. 

 

4.2. ȹɘɎəɟɘůɖ əɨəɚɤɜ ɞŭɐɔɖůɖɠ 

 

ɇŬ ˊɟɩŰŬ ɢɟɧɜɘŬ ɛɏŰɟɖůɖɠ Ůəˊɞɛˊɩɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ (ŭŮəŬŮŰɑŮɠ 1960 əŬɘ 1970) 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ, əŬŰɎ ɓɎůɖ, Ŭˊɚɞɥəɞɑ əɨəɚɞɘ ŬˊɞŰŮɚɞɨɛŮɜɞɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ɞŭɖɔɘəɏɠ 

űɎůŮɘɠ (modes), ɛŮ ůŰŬɗŮɟɏɠ ŮˊɘŰŬɢɨɜůŮɘɠ/ŮˊɘɓɟŬŭɨɜůŮɘɠ əŬɘ ɛŮɔɎɚŬ ŭɘŬůŰɐɛŬŰŬ ɞŭɐɔɖůɖɠ ɛŮ 

ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ (ŮɜŭŮɘəŰɘəɎ, ɆɢɐɛŬ 4.3). ɇŬ ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ, ɛŮ ŭŮŭɞɛɏɜɞ ɧŰɘ Űɞ ŮˊɏŰɟŮɣŮ əŬɘ 

ɖ ŰŮɢɜɞɚɞɔɑŬ (ɓɚɏˊŮ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ), ŬɜŬˊŰɨɢɗɖəŬɜ əɨəɚɞɘ ɓŬůɘůɛɏɜɞɘ ˊɚɏɞɜ ůŮ 

ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ əɡəɚɞűɞɟɑŬɠ ůŰɞ ŭɟɧɛɞ, ɞɘ ɞˊɞɑɞɘ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɚɏɞɜ 

ˊŬɔəɞůɛɑɤɠ (ŮɜŭŮɘəŰɘəɎ, ɆɢɐɛŬ 4.4). 
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ɆɢɐɛŬ 4.3: ȷˊɚɞɥəɧɠ (modal) əɨəɚɞɠ ˊɧɚɖɠ (Japanese 10-15 mode) -  ɞɘ 10 űɎůŮɘɠ ůŰɞ ůɢɐɛŬ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŬŭɘəŬůɑŮɠ ɞŭɐɔɖůɖɠ (ŮˊɘɚŮɔɛɏɜɖ ŰŬɢɨŰɖŰŬ ůŰɞ əɘɓɩŰɘɞ, ŰŬɢɨŰɖŰŬ 

ɞɢɐɛŬŰɞɠ əŬɘ ŮˊɘŰɎɢɡɜůɖ) ˊɞɡ ŬɜŬˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɞ çŰɟɏɝɘɛɞè Űɞɡ əɨəɚɞɡ ůŰɞ ŮɟɔŬůŰɐɟɘɞ [11]  

 

 

ɆɢɐɛŬ 4.4: Ⱦɨəɚɞɠ ˊɧɚɖɠ (ȷɛŮɟɘəŬɜɘəɧɠ FTP-72) ɓŬůɘůɛɏɜɞɠ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ 

əɡəɚɞűɞɟɑŬɠ ůŰɞ ŭɟɧɛɞ [11]  

 

4.3. ȷɜɎˊŰɡɝɖ əɨəɚɤɜ ɞŭɐɔɖůɖɠ 

 

ũɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ əɨəɚɞɡ ɞŭɐɔɖůɖɠ ɔɑɜŮŰŬɘ ɢɟɐůɖ Ůɜɧɠ ɞɢɐɛŬŰɞɠ ɛŮ ůɡůəŮɡɐ əŬŰŬɔɟŬűɐɠ 

Űɤɜ ŭɘŬűɧɟɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ əɑɜɖůɖɠ Űɞɡ, Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɗŬ ŮɝŬɢɗɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ əɑɜɖůɖɠ. 

ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɚɞɘˊɧɜ ɖ ŬɜɎɔəɖ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ Űɟɧˊɞɡ ɞŭɐɔɖůɖɠ Űɞɡ 

ɞɢɐɛŬŰɞɠ, ɏŰůɘ ɩůŰŮ ŰŬ ŭŮŭɞɛɏɜŬ əɑɜɖůɖɠ ˊɞɡ ɗŬ ɚɖűɗɞɨɜ Ŭˊɧ Űɖɜ ůɡůəŮɡɐ əŬŰŬɔɟŬűɐɠ ɜŬ ŮɑɜŬɘ 
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ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ Űɞɡ Űɟɧˊɞɡ əɑɜɖůɖɠ Űɖɠ ˊɚŮɘɞɣɖűɑŬɠ Űɤɜ ɞɢɖɛɎŰɤɜ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, 

ɡˊɎɟɢɞɡɜ ŰŮɢɜɘəɏɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ůŮ ŮɟŮɡɜɖŰɘəɧ ŮˊɑˊŮŭɞ əŬɘ ɞɘ ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɡɜ Űɞɜ 

Űɟɧˊɞ əɑɜɖůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ. Ƀɘ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ ŰŮɢɜɘəɏɠ əɑɜɖůɖɠ Űɞɡ 

ŭɞəɘɛŬɕɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: 

Á ɀɘŬ ůɖɛŬɜŰɘəɐ ŰŮɢɜɘəɐ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ Ůɡɟɏɤɠ ɞɜɞɛɎɕŮŰŬɘ óchase-car techniqueô əŬɘ 

ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖɜ ŬɛŮɟɘəŬɜɘəɐ EPA (Environmental Protection Agency). ȼ ɓɎůɖ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ŰŮɢɜɘəɐɠ ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŬɡŰɞəɑɜɖŰɞ Űɖɠ ŭɞəɘɛɐɠ ŬəɞɚɞɡɗŮɑ 

Űɖɜ əɑɜɖůɖ əɎˊɞɘɞɡ ˊɟɞˊɞɟŮɡɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ůŬɜ ůŰɧɢɞɠ. ȷɜŰɘɔɟɎűŮɘ 

ŭɖɚŬŭɐ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊɞɟŮɑŬɠ Űɞɡ ɧˊɤɠ ŮˊɘŰŬɢɨɜůŮɘɠ, ůŰŬɗŮɟɏɠ ŰŬɢɨŰɖŰŮɠ əŬɘ 

ŮˊɘɓɟŬŭɨɜůŮɘɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ˊɟɞˊɞɟŮɡɧɛŮɜɞ ɧɢɖɛŬ óůŰɧɢɞɠô 

ˊɟɞəŮɘɛɏɜɞɡ Űɞ ɧɢɖɛŬ Űɖɠ ŭɞəɘɛɐɠ ɜŬ ŬəɞɚɞɡɗɐůŮɘ Űɖɜ əɑɜɖůɖ ŬɡŰɞɨ, ŰɧŰŮ ɖ ŰŮɢɜɘəɐ ˊɞɡ 

ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ Űɞ ŭɞəɘɛŬɕɧɛŮɜɞ ɧɢɖɛŬ ɜŬ əɘɜŮɑŰŬɘ ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ɟɞɐ Űɤɜ 

ɡˊɞɚɞɑˊɤɜ ɞɢɖɛɎŰɤɜ ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ ŰŬ ɞɢɐɛŬŰŬ ˊɞɡ əɘɜɞɨɜŰŬɘ ɛŮ ˊɞɚɨ 

ɛŮɔɎɚŮɠ ɐ ˊɞɚɨ ɛɘəɟɏɠ ŰŬɢɨŰɖŰŮɠ əŬɘ ŬˊɞűŮɨɔɞɜŰŬɠ ŬˊɧŰɞɛŮɠ ŮˊɘŰŬɢɨɜůŮɘɠ əŬɘ 

ŮˊɘɓɟŬŭɨɜůŮɘɠ. 

Á ȯɚɚɖ ŰŮɢɜɘəɐ əɑɜɖůɖɠ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ, ŮɑɜŬɘ Űɞ ŭɞəɘɛŬɕɧɛŮɜɞ ɧɢɖɛŬ ɜŬ ɞŭɖɔŮɑŰŬɘ Ŭˊɧ 

ŮˊŬɔɔŮɚɛŬŰɑŬ ɞŭɖɔɧ ŭɞəɘɛɩɜ ˊɞɡ ɔɜɤɟɑɕŮɘ Űɞɡɠ ůŰɧɢɞɡɠ əŬɘ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ŭɞəɘɛɐɠ əŬɘ 

ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɞŭɖɔɐůŮɘ Űɞ ɧɢɖɛŬ ɛŮ Űɟɧˊɞ ˊɞɡ ɗŬ əŬŰŬůŰɐůŮɘ ŭɡɜŬŰɐ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɤɜ ˊɟɞəŬɗɞɟɘůɛɏɜɤɜ ůŰɧɢɤɜ. 

Á ȰɜŬɠ ŬəɧɛŬ ɟŮŬɚɘůŰɘəɧɠ Űɟɧˊɞɠ əŬŰŬɔɟŬűɐɠ əŬɘ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɛɏůɤ 

ɘŭɘɤŰɘəɩɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ɏɢɞɡɜ ŮɝɞˊɚɘůŰŮɑ ɛŮ əŬŰŬɔɟŬűɘəɐ ůɡůəŮɡɐ əŬɘ ɞŭɖɔɞɨɜŰŬɘ Ŭˊɧ 

Űɞɡɠ ɘŭɘɞəŰɐŰŮɠ Űɞɡɠ ůŮ ůɡɜɗɐəŮɠ əŬɗɖɛŮɟɘɜɐɠ ɢɟɐůɖɠ. 

Á ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɜŬ ŬˊɞŰɡˊɤɗŮɑ əŬɘ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ Űɞ ɞŭɖɔɘəɧ ɛɞŰɑɓɞ 

ŭɘŬűɞɟŮŰɘəɩɜ ɞŭɖɔɩɜ ŰɧŰŮ ɔɑɜŮŰŬɘ ɢɟɐůɖ Ůɜɧɠ ɞɢɐɛŬŰɞɠ ɛŮ ůɡůəŮɡɐ əŬŰŬɔɟŬűɐɠ əɑɜɖůɖɠ, 

Űɞ ɞˊɞɑɞ ɞŭɖɔŮɑŰŬɘ Ŭˊɧ ɧɚɖ Űɖɜ ɞɛɎŭŬ ɞŭɖɔɩɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬůŰŮɑ ŮűɘəŰɐ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ůɨɔəɟɘůɖɠ ɛŮŰŬɝɨ Űɞɡɠ. 

 

4.4. ȸŬůɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ Űɤɜ əɨəɚɤɜ ɞŭɐɔɖůɖɠ 

 

ũɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɞɨ əɨəɚɞɡ ɞŭɐɔɖůɖɠ ɢɟŮɘɎɕŮŰŬɘ ɏɜŬ ˊɚɐɗɞɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮɔŮɗɩɜ ŰŬ ɞˊɞɑŬ ɗŬ ɛŮŰɟɖɗɞɨɜ Ŭˊɧ əŬŰɎɚɚɖɚŬ ɧɟɔŬɜŬ əŬŰɎ Űɖɜ ŭɞəɘɛŬůŰɘəɐ 

əɑɜɖůɖ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ əŬɘ ɏˊŮɘŰŬ ɗŬ ɡˊɞůŰɞɨɜ ŮˊŮɝŮɟɔŬůɑŬ ůŮ ŮˊɑˊŮŭɞ ůŰŬŰɘůŰɘəɐɠ 

ŬɜɎɚɡůɖɠ. ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, Űɖɜ ɛɞɟűɐ əŬɘ Űɘɠ ŬɜɎɔəŮɠ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨůŮ ɞ əɎɗŮ 

əɨəɚɞɠ ɞŭɐɔɖůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ŭɘŬűɞɟŮŰɘəɞɑ ɢŬɟŬəŰɖɟɘůŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ əɑɜɖůɖɠ, 

ˊɟɞɏəɡˊŰŬɜ ɜɏɞɘ Ůɜɩ ɖ ůɖɛŬɜŰɘəɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ ŬůɗŮɜɞɨůŮ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊŬɝɑɤůɐ Űɞɡɠ. 

ɇŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ Ůɜɧɠ əɨəɚɞɡ ɞŭɐɔɖůɖɠ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ [11]: 

Á ɖ ŭɘɎɟəŮɘŬ Űɞɡ əɨəɚɞɡ 

Á ɖ ŭɘŬɜɡɗŮɑůŬ ŬˊɧůŰŬůɖ 

Á ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ 

Á ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ ɢɤɟɑɠ ůŰɎůŮɘɠ 
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Á ɖ ɛɏůɖ ŮˊɘŰɎɢɡɜůɖ 

Á ɖ ɛɏůɖ ŮˊɘɓɟɎŭɡɜůɖ 

Á Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ůŮ ůŰɎůɖ 

Á Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ůŮ ŮˊɘŰɎɢɡɜůɖ 

Á Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ůŮ ŮˊɘɓɟɎŭɡɜůɖ 

Á Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ůŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ 

Á ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ 

Á ɖ ɗŮŰɘəɐ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ 

Á ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůŰɎůŮɤɜ ŬɜɎ ɢɘɚɘɧɛŮŰɟɞ 

Á ɖ əŬŰŬɜɞɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ 

Á ɖ əŬŰŬɜɞɛɐ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ 

Á ɖ əŬŰŬɜɞɛɐ Űɖɠ ŮˊɘɓɟɎŭɡɜůɖɠ 

Á ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ 

Á ɖ ůɢŮŰɘəɐ ɗŮŰɘəɐ ŮˊɘŰɎɢɡɜůɖ (RPA) 

Á Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ 

Á Űɞ ɞɚɞəɚɐɟɤɛŬ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ (IS: Internal Square) 

 

4.5. Ⱦɨəɚɞɘ ɞŭɐɔɖůɖɠ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ 

 

4.5.1. ɆɡɜŭɡŬůɛɏɜɞɠ əɨəɚɞɠ ECE əŬɘ EUDC 

 

Ƀɘ Ůəˊɞɛˊɏɠ Ŭˊɧ Űɖɜ ŮɝɎŰɛɘůɖ Űɤɜ ŮɚŬűɟɩɜ ɞɢɖɛɎŰɤɜ əŬɘ ŮˊɘɓŬŰɘəɩɜ ˊɘůŰɞˊɞɘɞɨɜŰŬɜ ɛɏɢɟɘ əŬɘ 

Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017 (ŬəɧɛŬ əŬɘ ɛŮŰɎ ɔɘŬ ɞɟɘůɛɏɜŮɠ Ůɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɛɧɜɞ) ɛɏůɤ Űɞɡ 

əɨəɚɞɡ ECE+EUDC (Extra Urban Driving Cycle) (ɆɢɐɛŬ 4.5) ůŮ ˊɏŭɖ ɞɢɖɛɎŰɤɜ ůɨɛűɤɜŬ ɛŮ 

Űɖɜ ɞŭɖɔɑŬ 91/441/ȺɃȾ. ȷɡŰɧɠ ɞ əɨəɚɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɏůůŮɟŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ ŰɛɐɛŬŰŬ Űɞɡ 

əɨəɚɞɡ ɞŭɐɔɖůɖɠ ECE ˊɞɡ ŬəɞɚɞɡɗɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ŰɛɐɛŬ EUDC. O əɨəɚɞɠ ŮˊɘŰɟɏˊŮɘ ˊɟɘɜ Űɖɜ 

Ůəəɑɜɖůɖ Űɖɠ ŭɞəɘɛɐɠ Űɖɜ ˊŬɟŬɛɞɜɐ Űɞɡ ɞɢɐɛŬŰɞɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ 20-30C, Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ůəəɑɜɖůɖ Űɞɡ əɘɜɖŰɐɟŬ ɛŮ ɛɏɔɘůŰɞ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ ůŰɞ ɟŮɚŬɜŰɑ (idling) ŰŬ 

40 ŭŮɡŰŮɟɧɚŮˊŰŬ. ȷˊɧ Űɞ 2000 Ůɘůɐɢɗɖ ɞ Űɟɞˊɞˊɞɘɖɛɏɜɞɠ əɨəɚɞɠ NEDC (New European Driving 

Cycle) (ɆɢɐɛŬ 4.5) ɛŮ Űɞɜ ɞˊɞɑɞ əŬŰŬɟɔɐɗɖəŮ ɞ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ ůŰɞ ɟŮɚŬɜŰɑ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ 

ɚɐɣɖɠ ŭŮŭɞɛɏɜɤɜ ɝŮəɘɜɞɨůŮ ŬˊŮɡɗŮɑŬɠ ɛŮ Űɖɜ Ůəəɑɜɖůɖ Űɞɡ əɘɜɖŰɐɟŬ (ɎɟŬ ɚŬɛɓɎɜɞɜŰŬɜ ɡˊɧɣɘɜ 

ˊɞɚɨ ůɞɓŬɟɎ ˊɚɏɞɜ ɖ ɣɡɢɟɐ Ůəəɑɜɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ). 
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ɆɢɐɛŬ 4.5: Ⱦɨəɚɞɘ ɞŭɐɔɖůɖɠ ECE+EUDC əŬɘ NEDC ɛŮ ŮɛűŬɜɐ Űɖ ŭɘŬűɞɟɎ ůŰɞ ŭɘɎůŰɖɛŬ ɟŮɚŬɜŰɑ 

Űɤɜ 40 sec əŬŰɎ Űɖɜ Ůəəɑɜɖůɖ Űɖɠ ŭɞəɘɛɐɠ [11]  

 

Ƀ əɨəɚɞɠ ECE ɐ ECE-15 ŮɑɢŮ ɐŭɖ ɗŮůɛɞɗŮŰɖɗŮɑ Ŭˊɧ Űɖɜ ȺɃȾ ɛŮ Űɖɜ ɞŭɖɔɑŬ 70/220/ȺɃȾ ůŰɘɠ 

20 ɀŬɟŰɑɞɡ 1970 ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ Ůəˊɞɛˊɩɜ CO əŬɘ HC Ŭˊɧ ŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ. ɀŮ 

Űɖɜ ɞŭɖɔɑŬ 83/351/ȺɃȾ Űɞ 1983 ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɎɚɚŬɝŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ çůŰŬɗŮɟɞɨ ɧɔəɞɡè 

(CVS-Constant Volume Sampling ï ɓɚɏˊŮ ɄŬɟɎɔɟŬűɞ 4.6), Ůɜɩ Ŭˊɧ ŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 

1980 ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ əɎɚɡˊŰŮ ˊɚɏɞɜ əŬɘ ŰŬ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ [11]. ɇŬ əŬɡůŬɏɟɘŬ 

ůɡɚɚɏɔɞɜŰŬɘ ůŮ çůŬəɞɨɚŬè Ŭˊɧ ŰŮűɚɧɜ, Ůɜɩ ɔɘŬ Űɖɜ ŬɜɎɔəɖ ůɨɔəɟɘůɖɠ əŬɘ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ 

Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ɛɧɚɡɜůɖɠ ɔɑɜŮŰŬɘ ůɡɚɚɞɔɐ ůŮ ůŬəɞɨɚŬ əŬɘ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŬɏɟŬ. Ƀɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ Űɤɜ əŬɡůŬŮɟɑɤɜ əŬɘ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŬɏɟŬ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ 

ˊɘůŰɞˊɞɘɖɛɏɜɞɡɠ əŬɘ əŬŰɎɚɚɖɚŬ əŬɚɘɛˊɟŬɟɘůɛɏɜɞɡɠ ŬɜŬɚɡŰɏɠ əŬɡůŬŮɟɑɤɜ. Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŬɏɟŬ ˊɟɏˊŮɘ ɜŬ ŬűŬɘɟŮɗɞɨɜ Ŭˊɧ ŬɡŰɏɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ Űɤɜ əŬɡůŬŮɟɑɤɜ. Ƀ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ ɛŮ Űɞɜ ɟɡɗɛɧ ˊŬɟɞɢɐɠ əŬɘ ɖ ŮɜůɤɛɎŰɤůɖ ůŰɞɜ ůɡɜɞɚɘəɧ 

əɨəɚɞ ɞŭɐɔɖůɖɠ, ŭɑɜŮɘ Űɞ ɓɎɟɞɠ Űɤɜ Ůəˊɞɛˊɩɜ ŬɜɎ ŭɘŬɜɡɗɏɜ ɢɘɚɘɧɛŮŰɟɞ (g/km) ɔɘŬ ŮˊɘɓŬŰɘəɎ əŬɘ 

ŮɚŬűɟɎ ɞɢɐɛŬŰŬ, əŬɘ ɓɎɟɞɠ Ůəˊɞɛˊɩɜ ŬɜɎ ɏɟɔɞ (g/KWh) ɔɘŬ ɓŬɟɏŬ ɞɢɐɛŬŰŬ (ɄŬɟɎɔɟŬűɞɠ 4.6) 

[25]. 

ȰɜŬɠ ˊɚɐɟɖɠ əɨəɚɞɠ ECE (ɔɜɤůŰɧɠ əŬɘ ɤɠ UDC ï Urban Driving Cycle) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟɑŬ 

Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ əŬɘ ůŮ ŬɡŰɎ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ űɎůŮɘɠ Űɞɡ ɟŮɚŬɜŰɑ (idling), Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ, 

Űɖɠ ŬɚɚŬɔɐɠ ůɢɏůɖɠ ůŰɞ əɘɓɩŰɘɞ, Űɖɠ əɑɜɖůɖɠ ɛŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ əŬɘ Űɖɠ ŮˊɘɓɟɎŭɡɜůɖɠ. 

ɆɡɜɞɚɘəɎ ŬɟɘɗɛɞɨɜŰŬɘ 15 űɎůŮɘɠ əŬɘ 25 ɢŮɘɟɘůɛɞɑ Űɞɡ ɞŭɖɔɞɨ ɔɘŬ ɛɑŬ ŮˊŬɜɎɚɖɣɖ Űɞɡ əɨəɚɞɡ, ɖ 

ɞɚɞəɚɐɟɤůɖ Űɖɠ ɞˊɞɑŬɠ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 0,994 km əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŮ ɢɟɧɜɞ 195 sec. ȾŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ ŮəŰɏɚŮůɖɠ Űɖɠ ŭɞəɘɛɐɠ, ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ŭɘŬůŰɖɛɎŰɤɜ 

ŬəɘɜɖůɑŬɠ) ŬɜɏɟɢŮŰŬɘ ůŰŬ 18,35 km/h (ɆɢɐɛŬ 4.6). 
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ɆɢɐɛŬ 4.6: Ⱦɨəɚɞɠ ECE-15 (ECE)Ā ůŰɞ ˊɎɜɤ ŭɘɎɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ 15 űɎůŮɘɠ Űɞɡ əɨəɚɞɡ Ůɜɩ 

ůŰɞ əɎŰɤ ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ɢŮɘɟɘůɛɞɨ Űɞɡ ɞŭɖɔɞɨ [11]  

 

ȰˊŮɘŰŬ Ŭˊɧ ˊɘɏůŮɘɠ Űɖɠ ɃɚɚŬɜŭɑŬɠ, ˊɞɡ ˊɟɞůəɧɛɘůŮ ŬˊɞŭŮɑɝŮɘɠ ɧŰɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 70% Űɤɜ 

ŬˊɞůŰɎůŮɤɜ ˊɞɡ ŭɘɏɜɡŬɜ ŰŬ ɞɢɐɛŬŰŬ ůŰɖɜ Ⱥɡɟɩˊɖ, ůŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ 1980-1990, ɔɑɜɞɜŰŬɜ 

ůŮ ŰŬɢɨŰɖŰŮɠ Ɏɜɤ Űɤɜ 70 km/h, ŮˊɘˊɟɞůɗɏŰɤɠ Űɞɡ ECE Ůɘůɐɢɗɖ əŬɘ ɞ əɨəɚɞɠ EUDC (Extra Urban 

Driving Cycle). Ƀ əɨəɚɞɠ EUDC (ɆɢɐɛŬ 4.7) ɡɘɞɗŮŰɐɗɖəŮ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ůŰɘɠ 

26 Ƚɞɡɜɑɞɡ Űɞɡ 1991 ɛŮ Űɖɜ ɞŭɖɔɑŬ 91/441/ȺɃȾ [11]. 

Ƀ əɨəɚɞɠ EUDC ůŰɧɢŮɡŮ ůŰɖɜ ŬɜɎɔəɖ əɎɚɡɣɖɠ Űɖɠ ɞŭɖɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ ůŮ 

ŬɡŰɞəɘɜɖŰɧŭɟɞɛɞɡɠ əŬɘ ŮˊŬɟɢɘŬəɎ ŭɑəŰɡŬ, Ŭűɞɨ ŮɛˊŮɟɘɏɢŮɘ ˊŮɟɘɧŭɞɡɠ ɡɣɖɚɩɜ ŰŬɢɡŰɐŰɤɜ, ɏɤɠ 

əŬɘ 120 km/h. ȰɢŮɘ ˊɟɞɓɚŮűɗŮɑ əŬɘ əɨəɚɞɠ EUDC ɔɘŬ ɞɢɐɛŬŰŬ ɢŬɛɖɚɧŰŮɟɖɠ ɘůɢɨɞɠ, ɛŮ Űɖɜ 

ŭɘŬűɞɟɎ ɜŬ ɏɔəŮɘŰŬɘ ůŰɖɜ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Űɖɠ ŭɞəɘɛɐɠ, ɖ ɞˊɞɑŬ ˊɚɏɞɜ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰŬ 90 km/h. 

ȼ ŭɞəɘɛɐ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬɟəŮɑ 400 sec əŬɘ ˊɚɏɞɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ŮɜŭɘɎɛŮůŬ ŭɘŬůŰɐɛŬŰŬ 

ŬəɘɜɖůɑŬɠ (idling ï çɟŮɚŬɜŰɑè) ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əɨəɚɞɡ ECE, ɤůŰɧůɞ ŰŬ 

ŭɘŬůŰɐɛŬŰŬ ŬəɘɜɖůɑŬɠ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ Ŭɟɢɐ əŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ ŭɞəɘɛɐɠ. 
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ɆɢɐɛŬ 4.7: Ⱦɨəɚɞɠ ɞŭɐɔɖůɖɠ EUDC (ɛŮ ŭɘŬəŮəɞɛɛɏɜɖ ɔɟŬɛɛɐ űŬɑɜŮŰŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ əɑɜɖůɖ Űɞɡ 

ɞɢɐɛŬŰɞɠ ɢŬɛɖɚɐɠ ɘůɢɨɞɠ [11]  

 

ȷəɞɚɞɡɗŮɑ ́ ŬɟɞɡůɑŬůɖ ŮˊɘɚŮɔɛɏɜɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ əɨəɚɤɜ ECE-15 (ECE), EUDC əŬɘ NEDC 

(ɄɑɜŬəŬɠ 4.1). 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɀɞɜɎŭŬ 

ɛɏŰɟɖůɖɠ 

Ⱦɨəɚɞɘ ɞŭɐɔɖůɖɠ 

ECE-15 EUDC NEDC 

ȷˊɧůŰŬůɖ km 0.9941 6.9549 10.9314 

Ɇɡɜɞɚɘəɧɠ ɢɟɧɜɞɠ s 195 400 1180 

ȹɘɎůŰɖɛŬ 

ŬəɘɜɖůɑŬɠ (idling) s 57 39 267 

ɀɏůɖ ŰŬɢɨŰɖŰŬ (ɛŮ 

ůŰɎůŮɘɠ) 

Km/h 18.35 62.59 33.35 

ɀɏůɖ ŰŬɢɨŰɖŰŬ 

(ɢɤɟɑɠ ůŰɎůŮɘɠ) 

Km/h 25.93 69.36 43.10 

ɀɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Km/h 50 120 120 

ɀɏůɖ ŮˊɘŰɎɢɡɜůɖ m/s2 0.599 0.354 0.506 

ɀɏɔɘůŰɖ 

ŮˊɘŰɎɢɡɜůɖ 

m/s2 1.042 0.833 1.042 

 

ɄɑɜŬəŬɠ 4.1: ɉŬɟŬəŰɖɟɘůŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ əɨəɚɤɜ ɞŭɐɔɖůɖɠ ECE-15, EUDC əŬɘ NEDC [11]  (Űɞ 

ˊɚɏɞɜ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɏɔŮɗɞɠ ɛɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧŰɖŰŬɠ Űɞɡ əɨəɚɞɡ ŮɑɜŬɘ ɑůɤɠ ɖ (ɘŭɘŬɑŰŮɟŬ 

ɢŬɛɖɚɐ) ɛɏɔɘůŰɖ ŮˊɘŰɎɢɡɜůɖ ˊɞɡ ɘůɞŭɡɜŬɛŮɑ ɛŮ 3,6 km/h/s ɐ Ŭɚɚɘɩɠ ŬˊŬɘŰɞɨɜŰŬɘ ˊŮɟɑˊɞɡ 27 s ɔɘŬ 

ɜŬ çˊɘɎůŮɘè Űɞ ɧɢɖɛŬ ŰŬɢɨŰɖŰŬ 100 km/h) 



77 

 

ȿɧɔɤ Űɖɠ ŬˊɚɞɥəɧŰɖŰŬɠ Űɞɡ əɨəɚɞɡ NEDC (ɞŭɐɔɖůɖ ɔɘŬ ɛŮɔɎɚɞ ŭɘɎůŰɖɛŬ ɛŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ, 

ˊɞɚɨ çɛŬɚŬəɏɠè ŮˊɘŰŬɢɨɜůŮɘɠ) ŬɚɚɎ əŬɘ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ (loopholes) ůŰɖ ɜɞɛɞɗŮůɑŬ, ɞɘ 

ˊɟŬɔɛŬŰɘəɏɠ Ůəˊɞɛˊɏɠ Ůɜɧɠ ɞɢɐɛŬŰɞɠ (əŬŰɎ Űɖɜ əɑɜɖůɖ ůŰɞ ŭɟɧɛɞ) ˊŬɟɞɡůɘɎɕɞɡɜ ŰŮɟɎůŰɘŬ 

ŬɜŬəɞɚɞɡɗɑŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬŰɎ Űɖɜ ˊɘůŰɞˊɞɑɖůɖ, ɧˊɤɠ ɏɢɞɡɜ ŬˊɞŭŮɑɝŮɘ ŭŮəɎŭŮɠ ůɢŮŰɘəɏɠ 

ɛŮɚɏŰŮɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ [11]. ȺɜŭŮɘəŰɘəɎ, Ŭˊɧ ůɢŮŰɘəɐ ɛŮɚɏŰɖ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ 

ɄŬɟŬˊɞɛˊɐ [11], ɖ ɛɏůɖ Űɡˊɘəɐ əŬŰŬɜɎɚɤůɖ ůŰɞ ŭɟɧɛɞ ɏɜŬɜŰɘ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɘůŰɞˊɞɑɖůɖɠ 

ŮɑɜŬɘ Ŭɡɝɖɛɏɜɖ ůɐɛŮɟŬ ůŮ ˊɞůɞůŰɧ 40%. 

ɇŬ ɜɞɛɞɗŮŰɘəɎ əŮɜɎ ůŰɖɜ Ⱥ.Ⱥ. ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ (ɞɟɘůɛɏɜŬ ɡˊɎɟɢɞɡɜ əŬɘ ůŰɖɜ 

ŬɜŰɑůŰɞɘɢɖ ŬɛŮɟɘəŬɜɘəɐ əŬɘ ɘŬˊɤɜɘəɐ ɜɞɛɞɗŮůɑŬ) ůɡɜɞɣɑɕɞɜŰŬɘ ůŰŬ ŬəɧɚɞɡɗŬ [11]: 

Á ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞŰɑɓɞ ŬɚɚŬɔɐɠ ůɢɏůŮɤɜ Űɞɡ əɘɓɤŰɑɞɡ əŬŰɎ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɐ Űɞɡ 

əɨəɚɞɡ NEDC, ŭɘŮɡəɞɚɨɜŮɘ Űɞɡ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ɜŬ ŮűŬɟɛɧůɞɡɜ ŰŮɢɜɘəɏɠ ˊɞɡ 

óɝŮɔŮɚɞɨɜô Űɞɜ əɨəɚɞ (cycle beating). 

Á ȹŮɜ ɡˊɎɟɢŮɘ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ əɚɘɛŬŰɘůɛɞɨ, ˊŬɟɎ Űɞ ɧŰɘ ɖ ůɡɜŰɟɘˊŰɘəɐ 

ˊɚŮɘɞɣɖűɑŬ Űɤɜ ůɖɛŮɟɘɜɩɜ ɞɢɖɛɎŰɤɜ ŮűɞŭɘɎɕŮŰŬɘ ɛŮ ŰɏŰɞɘŬ ůɡůŰɐɛŬŰŬ (ɐ ˊŬɟɧɛɞɘɞ 

Ůɝɞˊɚɘůɛɧ). 

Á ɇɞ Ůɡɟɨ űɎůɛŬ, əŬɗɩɠ əŬɘ ɞɘ ůɢŮŰɘəɎ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɖɠ ŭɞəɘɛɐɠ (20-30ɞC), ŮɑɜŬɘ ŬəɧɛŬ ɛɘŬ ŬɘŰɑŬ ˊɞɡ ůɡɜŰŮɚŮɑ ůŮ ɛɖ-

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

Á ɈˊɎɟɢŮɘ ɏɜŬ ŮˊɘŰɟŮˊɧɛŮɜɞ ˊŮɟɘɗɩɟɘɞ Űɖɠ ŰɎɝɖɠ Űɞɡ 2% ŬɜɎɛŮůŬ ůŰɞ ˊɟɞűɑɚ Űɖɠ 

ŮˊɘŰŮɡɢɗŮɑůŬɠ ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ ŰŬɢɨŰɖŰŬɠ ůŰɧɢɞɡ Űɞɡ əɨəɚɞɡ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ 

çŮəɛŮŰŬɚɚŮɡŰŮɑè ɞ ɢŮɘɟɘůŰɐɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ əŬɚɨŰŮɟɖɠ ɞɘəɞɜɞɛɑŬɠ əŬɡůɑɛɞɡ. 

Á ȳůɞɜ ŬűɞɟɎ Űɘɠ Ůəˊɞɛˊɏɠ CO2, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ, ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŬɜŬəɞɘɜɩůɞɡɜ ɏɤɠ əŬɘ 4% ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ Ůəˊɞɛˊɩɜ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɖɠ 

ŭɞəɘɛɐɠ. 

Á ȷɜŰɑ ɔɘŬ Űɖɜ ɢɟɐůɖ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɓɎɟɞɡɠ Űɞɡ ŮəɎůŰɞŰŮ ɞɢɐɛŬŰɞɠ, Űɞ ɧɢɖɛŬ 

əŬŰɖɔɞɟɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŭɞəɘɛɐ ůŮ ɛɘŬ ŭɘŬəɟɘŰɐ əɚɎůɖ ŬŭɟɎɜŮɘŬɠ. ȷɡŰɧ ŮɑɢŮ ɜɧɖɛŬ ɔɘŬ 

Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ɛɖɢŬɜɘəɩɜ ŭɡɜŬɛɧɛŮŰɟɤɜ, ŬɚɚɎ ůɐɛŮɟŬ ŭŮɜ ůɡɛɓŬɑɜŮɘ ŬɡŰɧ ɚɧɔɤ 

Űɖɠ ɢɟɐůɖɠ ɖɚŮəŰɟɞɜɘəɩɜ ŭɡɜŬɛɧɛŮŰɟɤɜ ˊɞɡ ˊɟŬəŰɘəɎ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůɞɛɞɘɩůɞɡɜ 

ɞˊɞɘɞŭɐˊɞŰŮ ɓɎɟɞɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ůɢŮŭɘɎɕɞɡɜ ŰŬ ɞɢɐɛŬŰɎ Űɞɡɠ ɩůŰŮ 

ɜŬ Ŭɜɐəɞɡɜ ůŰɖɜ Ŭɛɏůɤɠ əŬŰɩŰŮɟɖ əɚɎůɖ. 

Á ɈˊɎɟɢɞɡɜ Ůˊɑůɖɠ ɞɟɘůɛɏɜŮɠ ŮɡŮɚɘɝɑŮɠ ŬɜŬűɞɟɘəɎ ɛŮ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ŬɜŰɘůŰɎůŮɤɜ Űɞɡ 

ŭɡɜŬɛɞɛɏŰɟɞɡ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŭɞəɘɛɐ coast-down (əɑɜɖůɖ ůŮ ŬˊɧɚɡŰŬ ŮˊɑˊŮŭɞ 

ŭɟɧɛɞ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɡɜɞɚɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ ůŰɞ əɘɜɞɨɛŮɜɞ ɧɢɖɛŬ). 

Ⱥˊɑůɖɠ, ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɞəɘɛɐɠ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ ɛɧɜɞ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ óɣɡɢɟɐɠ Ůəəɑɜɖůɖɠô 

Űɞɡ əɘɜɖŰɐɟŬ Űɞɡ ɞɢɐɛŬŰɞɠ əŬɘ ŬɔɜɞŮɑ Űɞ ɔŮɔɞɜɧɠ Űɤɜ ŭɘŬŭɟɞɛɩɜ óɕŮůŰɐɠ Ůəəɑɜɖůɖɠô ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰŬ əŬɗɖɛŮɟɘɜɎ ŰɡˊɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ ɞŭɐɔɖůɖɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɛɘəɟɐ ŭɘɎɟəŮɘŬ Űɞɡ əɨəɚɞɡ NEDC, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɡˊŮɟŮəŰɑɛɖůɖ Űɤɜ 

óɣɡɢɟɩɜ ŮəəɘɜɐůŮɤɜô [11]. 

ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ, ɝŮəɑɜɖůŮ (ɛŮ ɛŮɔɎɚɖ əŬɗɡůŰɏɟɖůɖ) ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ŭɘŬŭɘəŬůɑŬ 

ɔɘŬ Űɖɜ ŬɜŬɗŮɩɟɖůɖ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ əɨəɚɞɡ ˊɘůŰɞˊɞɑɖůɖɠ, ɞ ɞˊɞɑɞɠ ˊɚɏɞɜ, Ŭˊɧ Űɞɜ 
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ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017 ŮɑɜŬɘ ɞ WLTC ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŭɘŬŭɘəŬůɑŬ WLTP ˊɞɡ ŬɜŬɚɨŮŰŬɘ ůŰɖɜ 

ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ. 

 

4.5.2. ȹɘŬŭɘəŬůɑŬ ˊɘůŰɞˊɞɑɖůɖɠ WLTP  

 

ɇɞ ˊɟɧŰɡˊɞ ŭɞəɘɛɩɜ WLTP (Worldwide Harmonised Light Vehicle Test Procedure), 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ əŬɘ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ 

ůŰɖɜ Ⱥ.Ⱥ. Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017. ɇɞ ˊɟɧŰɡˊɞ WLTP ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮ ůɡɜŮɟɔŬůɑŬ Űɖɠ 

ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, Űɤɜ ȼɄȷ, Űɖɠ ɁɧŰɘŬɠ ȾɞɟɏŬɠ, Űɖɠ ȽŬˊɤɜɑŬɠ əŬɘ Űɖɠ ȽɜŭɑŬɠ, ɡˊɧ Űɘɠ ɞŭɖɔɑŮɠ 

əŬɘ əŬŰŮɡɗɨɜůŮɘɠ Űɞɡ WP.29 (World Forum for Harmonization of Vehicles Regulations) Űɖɠ 

UNECE (United Nations EconomicCommission for Europe) ɡˊɧ Űɖɜ ɞɛˊɟɏɚŬ Űɞɡ GRPE 

(Working Party on Pollution and Energy). 

 

4.5.2.1. ȷɜɎˊŰɡɝɖ əɨəɚɤɜ ɞŭɐɔɖůɖɠ WLTC 

 

Ƀɘ əɨəɚɞɘ ɞŭɐɔɖůɖɠ WLTC (Worldwide Harmonized Light Vehicles Test Cycle) ŮɝŮɚɑɢɗɖəŬɜ ɛŮ 

Űɖɜ ɢɟɐůɖ ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɞŭɐɔɖůɖɠ, ŰŬ ɞˊɞɑŬ ůɡɚɚɏɢɗɖəŬɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɢɩɟŮɠ. 

ȰŰůɘ ɞɘ əɨəɚɞɘ ŬɡŰɞɑ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɞŭɖɔɘəɎ ˊɟɞűɑɚ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ əŬɗɖɛŮɟɘɜɧŰɖŰŬ. 

ȼ ŭɞəɘɛɐ WLTP ŬɜŬˊŰɨɢɗɖəŮ ɛŮ ɔɜɩɛɞɜŬ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɛɘŬ ˊŬɔəɧůɛɘŬ ŭɞəɘɛŬůŰɘəɐ ŭɘŬŭɘəŬůɑŬ, 

ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮɘ ŮɟɔŬɚŮɑɞ ůɨɔəɟɘůɖɠ ɔɘŬ Űɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ Űɘɠ Ůəˊɞɛˊɏɠ Ŭˊɧ Űɖɜ 

ŮɝɎŰɛɘůɖ Űɤɜ ɞɢɖɛɎŰɤɜ ŬɜɎ Űɞɜ əɧůɛɞ. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ Űɞɡ ŭɘŮɗɜɞɨɠ ɢŬɟŬəŰɐɟŬ, ɖ ȺɡɟɤˊŬɥəɐ 

Ȱɜɤůɖ əŬɘ ɞɘ ŭɘɎűɞɟŮɠ ɢɩɟŮɠ ŮűŬɟɛɧɕɞɡɜ ŰŮɚɘəɎ Űɞ ˊɟɧŰɡˊɞ WLTP ŭɘŬűɞɟɞˊɞɘɩɜŰŬɠ Űɞ 

ɛŮɟɘəɩɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɘɠ ŮəɎůŰɞŰŮ əɡəɚɞűɞɟɘŬəɏɠ ɜɞɛɞɗŮůɑŮɠ, əŬɜɞɜɘůɛɞɨɠ 

əŬɘ ŬɜɎɔəŮɠ. 

ȼ ŬɜɎˊŰɡɝɖ Űɞɡ ˊɟɞŰɨˊɞɡ WLTP ŭɘŬəɟɑɗɖəŮ ůŮ ŰɟŮɘɠ űɎůŮɘɠ, ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ [11]: 

Á ūɎůɖ 1 (2009-2014): Ⱥɝɏɚɘɝɖ Űɞɡ əɨəɚɞɡ ɞŭɐɔɖůɖɠ WLTC, ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ˊɟŬɔɛŬŰɘəɏɠ ɞŭɖɔɘəɏɠ ůɡɜɗɐəŮɠ, əŬɗɩɠ əŬɘ Űɤɜ ŭɞəɘɛŬůŰɘəɩɜ 

ŭɘŬŭɘəŬůɘɩɜ ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ, Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ. 

Á ūɎůɖ 2 (2014-2018): ȹɞəɘɛɐ ɢŬɛɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ/ɡɣɖɚɞɨ ɡɣɞɛɏŰɟɞɡ, ɏɚŮɔɢɞɠ 

ŬɜŰɞɢɐɠ, əŬɗɞɟɘůɛɧɠ ŰŮɢɜɘəɩɜ ŬˊŬɘŰɐůŮɤɜ ɔɘŬ Űɞ ůɨůŰɖɛŬ ŭɘŬɔɜɤůŰɘəɞɨ Ůɚɏɔɢɞɡ (OBD), 

ɏɚŮɔɢɞɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əɚɘɛŬŰɘůɛɞɨ əŬɘ Űɤɜ Ůəˊɞɛˊɩɜ ůŮ ˊɟŬɔɛŬŰɘəɐ 

ɞŭɐɔɖůɖ. 

Á ūɎůɖ 3 (2018-): ȳɟɘŬ Ůəˊɞɛˊɩɜ əŬɘ ɞɟɘŬəɏɠ Űɘɛɏɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ OBD, əŬɗɞɟɘůɛɧɠ Űɤɜ 

əŬɡůɑɛɤɜ ŬɜŬűɞɟɎɠ əŬɘ ůɨɔəɟɘůɖ ɛŮ Űɘɠ Űɞˊɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ŬɜɎ ɢɩɟŬ 

ȼ ŭɘŬŭɘəŬůɑŬ ŭɞəɘɛɩɜ WLTP ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɘŬűɞɟŮŰɘəɞɨɠ əɨəɚɞɡɠ ɞŭɐɔɖůɖɠ (WLTC), əŬɗɏɜŬɠ 

Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɐ ŮűŬɟɛɞɔɐ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜŬɚɞɔɑŬ ɘůɢɨɞɠ-ɛɎɕŬɠ (PMR, 

power to mass ratio). ȼ ˊŬɟɎɛŮŰɟɞɠ PMR əŬɗɞɟɑɕŮŰŬɘ ɤɠ ɖ ŬɜŬɚɞɔɑŬ 
ʞ  ʙ  

ʝ  
 , ɧˊɞɡ 
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ɤɠ ŬˊɧɓŬɟɞ ŮɑɜŬɘ Űɞ ɓɎɟɞɠ ɧˊɤɠ ŬɡŰɧ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ əŬɜɞɜɘůɛɧ ECE R83.  Ⱥˊɑůɖɠ ɞ 

əŬɗɞɟɘůɛɧɠ Űɞɡ əɨəɚɞɡ ɞŭɐɔɖůɖɠ ˊɞɡ ɗŬ ŮˊɘɚŮɢɗŮɑ ɔɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Űɞɡ 

ɞɢɐɛŬŰɞɠ, ɖ ɞˊɞɑŬ ŬɜŬəɞɘɜɩɜŮŰŬɘ Ŭˊɧ Űɞɜ əŬŰŬůəŮɡŬůŰɐ ůɨɛűɤɜŬ ɛŮ Űɞɜ əŬɜɞɜɘůɛɧ ECE R68. 

ȺˊɘˊɟɞůɗɏŰɤɠ ŮˊɘŰɟɏˊɞɜŰŬɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɤɜ əɨəɚɤɜ ɩůŰŮ ɜŬ ɚɨɜɞɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ɞɢɐɛŬŰŬ ɛŮ ŭŮɑəŰɖ PMR əɞɜŰɎ ůŰŬ ɧɟɘŬ ɐ ɚɧɔɤ ɛɏɔɘůŰɤɜ ŰŬɢɡŰɐŰɤɜ 

ˊŮɟɘɞɟɘůɛɏɜɤɜ əɎŰɤ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ˊɞɡ ŬˊŬɘŰŮɑ əɎˊɞɘɞɠ əɨəɚɞɠ. Ƀɘ əɨəɚɞɘ WLTC 

ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ( 

ɄɑɜŬəŬɠ 4.2) [26]. 

 

ȾŬŰɖɔɞɟɑŬ əɨəɚɞɡ PMR (W/kg) Vmax (km/h) ȹɘŬŭɞɢɐ űɎůŮɤɜ 

ŰŬɢɨŰɖŰŬɠ 

Class 3-2 

PMR>34 

VmaxÓ120 Low 3 + Medium 3-2 

+ High 3-2 + Extra 

High 3 

Class 3-1 VmaxÒ120 Low 3 + Medium 3-1 

+ High 3-1 + Extra 

High 3 

Class 2 34ÓPMR>22 - Low 2 + Medium 2 + 

High 2 + Extra High 

2 

Class 1 PMRÒ22 - Low 1 + Medium 1 + 

Low 1 

 

ɄɑɜŬəŬɠ 4.2: Ⱦɨəɚɞɘ ɞŭɐɔɖůɖɠ WLTC [26]  

 

4.5.2.2. Ⱦɨəɚɞɘ ɞŭɐɔɖůɖɠ WLTC 

 

Á WLTC Class 3 

Ƀ əɨəɚɞɠ WLTC (ŰɎɝɖɠ/əɚɎůɖɠ) Class 3-2 ŮɑɜŬɘ ŬɡŰɧɠ ɛŮ Űɞɜ ɡɣɖɚɧŰŮɟɞ ŭŮɑəŰɖ PMR əŬɘ ŮɑɜŬɘ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧɠ Űɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ əɘɜɞɨɜŰŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ əŬɘ Űɖɜ ȽŬˊɤɜɑŬ. ɇŬ ɞɢɐɛŬŰŬ ˊɞɡ 

ɡˊɎɔɞɜŰŬɘ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ əɚɎůɖ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɨɞ ɡˊɞəŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɛɏɔɘůŰɖ 

ŰŬɢɨŰɖŰɎ Űɞɡɠ. Ƀɘ əŬŰɖɔɞɟɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ, ɖ əɚɎůɖ 3-1 ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ɛɘəɟɧŰŮɟɖ Űɤɜ        

120 km/h əŬɘ ɖ əɚɎůɖ 3-2 ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ɛŮɔŬɚɨŰŮɟɖ ɐ ɑůɖ Űɤɜ 120 km/h. ɄŬɟŬəɎŰɤ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɓŬůɘəɧŰŮɟɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ əɨəɚɞɡ WLTC əɚɎůɖɠ 3 (ɄɑɜŬəŬɠ 4.3) [27]. 
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ūɎůɖ 

Ɇɡɜɞ-

ɚɘəɐ 

ŭɘɎɟ-

əŮɘŬ 

ȹɘɎɟəŮɘŬ 

ŬəɘɜɖůɑŬɠ 

ȹɘŬɜɡɗŮɑůŬ 

ŬˊɧůŰŬůɖ 

ɄɞůɞůŰɧ 

ŬəɘɜɖůɑŬɠ 

ɀɏɔɘůŰɖ 

ŰŬɢɨŰɖŰŬ 

ɀɏůɖ 

ŰŬɢɨŰɖŰŬ 

ɢɤɟɑɠ 

ŬəɘɜɖůɑŮɠ 

ɀɏůɖ 

ŰŬɢɨŰɖŰŬ 

ɛŮ 

ŬəɘɜɖůɑŮɠ 

ɀɏɔɘůŰɖ 

ŮˊɘɓɟɎŭɡɜůɖ 

ɀɏɔɘůŰɖ 

ŮˊɘŰɎ-

ɢɡɜůɖ 

s s m % Km/h  Km/h  Km/h  m/s2 m/s2 

ȾɚɎůɖ 3-2 (Vmax Ó 120 km/h) 

Low 3 589 165 3095 26,5 56,5 25,7 18,9 -1,47 1.47 

Medium 

3-2 
433 48 4756 11,1 76,6 44,5 39,5 -1,49 1,57 

High 3-2 455 31 7162 6,8 97,4 60,8 56,7 -1,49 1,58 

Extra-

High 3 
323 7 8254 2,2 131,3 94 92 -1,21 1,03 

Ɇɨɜɞɚɞ 1800 242 23266       

ȾɚɎůɖ 3-1 (Vmax < 120 km/h) 

Low 3 589 165 3095 26,5 56,5 25,7 18,9 -1,47 1.47 

Medium 

3-1 
433 48 4721 11,1 76,6 44,1 39,3 -1,47 1,28 

High 3-1 455 31 7124 6,8 97,4 60,5 56,4 -1,49 1,58 

Extra-

High 3 
323 7 8254 2,2 131,3 94 92 -1,21 1,03 

Ɇɨɜɞɚɞ 1800 242 23194       

 

ɄɑɜŬəŬɠ 4.3: ɉŬɟŬəŰɖɟɘůŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ WLTC Class 3 [27]  
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ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊɟɞűɑɚ ŰŬɢɨŰɖŰŬɠ Űɞɡ əɨəɚɞɡ WLTC (ɧɚŮɠ ɞɘ əɚɎůŮɘɠ) (ɆɢɐɛŬ 

4.8). 

 

 

 

ɆɢɐɛŬ 4.8: Ʉɟɞűɑɚ ŰŬɢɡŰɐŰɤɜ Űɞɡ əɨəɚɞɡ WLTC [11]  

 

Á WLTC Class 2 

Ƀ əɨəɚɞɠ WLTC əɚɎůɖɠ 2 ŮɑɜŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧɠ Űɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŰɖɜ ȽɜŭɑŬ 

əŬɘ Űɤɜ ɞɢɖɛɎŰɤɜ ɢŬɛɖɚɐɠ ɘůɢɨɞɠ ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŮ Ⱥɡɟɩˊɖ əŬɘ ȽŬˊɤɜɑŬ. Ƀ  

ɄɑɜŬəŬɠ 4.4 ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ əɨəɚɞɡ ŬɡŰɞɨ. ɇɞ ˊɟɞűɑɚ 

ŰŬɢɡŰɐŰɤɜ Űɞɡ əɨəɚɞɡ WLTC əɚɎůɖɠ 2 ŭɧɗɖəŮ ůŰɞ ɆɢɐɛŬ 4.8. 
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ūɎůɖ 
ȹɘɎɟəŮɘŬ 

ȹɘɎɟəŮɘŬ 

ŬəɘɜɖůɑŬɠ 

ȹɘŬɜɡɗŮɑůŬ 

ŬˊɧůŰŬůɖ 

ɄɞůɞůŰɧ 

ŬəɘɜɖůɑŬɠ 

ɀɏɔɘůŰɖ 

ŰŬɢɨŰɖŰŬ 

ɀɏůɖ 

ŰŬɢɨŰɖŰŬ 

ɢɤɟɑɠ 

ŬəɘɜɖůɑŮɠ 

ɀɏůɖ 

ŰŬɢɨŰɖŰŬ 

ɛŮ 

ŬəɘɜɖůɑŮɠ 

ɀɏɔɘůŰɖ 

ŮˊɘɓɟɎŭɡɜůɖ 

ɀɏɔɘůŰɖ 

ŮˊɘŰɎɢɡɜůɖ 

s s m % Km/h  Km/h  Km/h  m/s2 m/s2 

Low 2 589 155 3101 26,3 51,4 25,7 19 -0,94 0,90 

Medium 

2 

433 48 4737 11,1 74,7 44,3 39,4 -0,93 0,96 

High 2 455 30 6792 6,6 85,2 57,5 53,7 -1,11 0,85 

Extra-

High 2 

323 7 8019 2,2 123,1 91,4 89,4 -1,06 0,65 

Ɇɨɜɞɚɞ 1800 240 22649       

          

 

ɄɑɜŬəŬɠ 4.4: ɉŬɟŬəŰɖɟɘůŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ əɨəɚɞɡ WLTC əɚɎůɖɠ 2 [27]  

 

Á WLTC Class 1 

Ƀ əɨəɚɞɠ WLTC əɚɎůɖɠ 1, ɏɢŮɘ Űɞɜ ɛɘəɟɧŰŮɟɞ ŭŮɑəŰɖ PMR ŬɜɎɛŮůŬ ůŮ ɧɚɞɡɠ Űɞɡɠ əɨəɚɞɡɠ 

WLTC əŬɘ ŮɑɜŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧɠ ɞɢɖɛɎŰɤɜ ˊɞɡ əɡəɚɞűɞɟɞɨɜ əɡɟɑɤɠ ůŰɖɜ ȽɜŭɑŬ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ ŭɑɜɞɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ əɨəɚɞɡ ŬɡŰɞɨ (ɆɢɐɛŬ 4.8). 

 

ūɎůɖ 
ȹɘɎɟəŮɘŬ 

ȹɘɎɟəŮɘŬ 

ŬəɘɜɖůɑŬɠ 

ȹɘŬɜɡɗŮɑůŬ 

ŬˊɧůŰŬůɖ 

ɄɞůɞůŰɧ 

ŬəɘɜɖůɑŬɠ 

ɀɏɔɘůŰɖ 

ŰŬɢɨŰɖŰŬ 

ɀɏůɖ 

ŰŬɢɨŰɖŰŬ 

ɢɤɟɑɠ 

ŬəɘɜɖůɑŮɠ 

ɀɏůɖ 

ŰŬɢɨŰɖŰŬ 

ɛŮ 

ŬəɘɜɖůɑŮɠ 

ɀɏɔɘůŰɖ 

ŮˊɘɓɟɎŭɡɜůɖ 

ɀɏɔɘůŰɖ 

ŮˊɘŰɎɢɡɜůɖ 

s s m % Km/h  Km/h  Km/h  m/s2 m/s2 

Low 1 589 154 3330 26,1 49,1 27,6 20,4 -1,00 0,76 

Medium 

1 
433 48 4767 11,1 64,4 44,6 39,6 -0,53 0,63 

Low 1 589 154 3330 26,1 49,1 27,6 20,4 -1,00 0,76 

Ɇɨɜɞɚɞ 1611 356 11428       

 

ɄɑɜŬəŬɠ 4.5: ɉŬɟŬəŰɖɟɘůŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ əɨəɚɞɡ WLTC əɚɎůɖɠ 1 [27]  
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4.5.2.3. ɇɟɞˊɞˊɞɘɐůŮɘɠ əɨəɚɤɜ WLTC 

 

ɀŮɟɘəɎ ɞɢɐɛŬŰŬ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ɛɖɜ ɛˊɞɟɞɨɜ ɜŬ Ŭəɞɚɞɡɗɐůɞɡɜ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ŰŬɢɨŰɖŰŬɠ-

ɢɟɧɜɞɡ Űɤɜ əɨəɚɤɜ. Ƀɘ ɚɧɔɞɘ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŬɑɜŮɘ ŬɡŰɧ ŮɑɜŬɘ ɞɘ Ŭəɧɚɞɡɗɞɘ: 

Á ɃɢɐɛŬŰŬ ɛŮ ŭŮɑəŰɖ PMR əɞɜŰɎ ůŰŬ ɧɟɘŬ Űɤɜ əɨəɚɤɜ WLTC əɚɎůɖɠ 2 əŬɘ əɚɎůɖɠ 3, ɐ 

ɞɢɐɛŬŰŬ ˊɞɚɨ ɢŬɛɖɚɐɠ ɘůɢɨɞɠ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɞɜ əɨəɚɞ WLTC əɚɎůɖɠ 1, ɛˊɞɟŮɑ ɜŬ ɛɖɜ 

əŬŰŬűɏɟɜɞɡɜ ɜŬ ŮˊɘŰɨɢɞɡɜ Űɘɠ ŮˊɘŰŬɢɨɜůŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ ɜŬ ŭɘŬŰɖɟɐůɞɡɜ Űɖɜ 

ŮəɎůŰɞŰŮ ŰŬɢɨŰɖŰŬ Űɞɡ əɎɗŮ əɨəɚɞɡ. ɆŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɑɜŮŰŬɘ ŮűŬɟɛɞɔɐ ɛɘŬɠ 

ɡˊɞɓŬɗɛɘůɛɏɜɖɠ əɚɑɛŬəŬɠ Űɞɡ əɨəɚɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ ɛɏɔɘůŰɞɘ ɟɡɗɛɞɑ 

ŮˊɘŰɎɢɡɜůɖɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ Űɖɠ ˊɟŬəŰɘəɐɠ ŮɑɜŬɘ ɞ Űɟɞˊɞˊɞɘɖɛɏɜɞɠ əɨəɚɞɠ ɜŬ ɏɢŮɘ 

ɛŮɘɤɛɏɜŮɠ ɛɏɔɘůŰŮɠ ŰŬɢɨŰɖŰŮɠ. 

 

Á ɃɟɘůɛɏɜŬ ɞɢɐɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ 

ŰŬɢɨŰɖŰŬ Űɞɡ ɡˊɞɓŬɗɛɘůɛɏɜɞɡ əɨəɚɞɡ ɧˊɤɠ ŬɡŰɧɠ ɗŬ ˊɟɞəɨɣŮɘ ɛŮŰɎ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ. 

ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ɧɢɖɛŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ɞŭɖɔŮɑŰŬɘ ɛŮ Űɖɜ ɛɏɔɘůŰɐ Űɞɡ ŰŬɢɨŰɖŰŬ ůŮ 

ŬɡŰɏɠ Űɘɠ ˊŮɟɘɧŭɞɡɠ Űɞɡ əɨəɚɞɡ ˊɞɡ ɖ ɛɏɔɘůŰɖ ŮˊɘɗɡɛɖŰɐ ŰŬɢɨŰɖŰŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 

ŬɡŰɐɜ Űɞɡ ɞɢɐɛŬŰɞɠ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ ŰɏŰɞɘŬ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɔɘŬ 

ŰŬ ɞɢɐɛŬŰŬ Űɞɡ əɨəɚɞɡ WLTC əɚɎůɖɠ 3-1 əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ Extra-High 3 űɎůɖɠ. 

 

Á ɀŮɟɘəɎ ɞɢɐɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ ɘəŬɜɎ ɜŬ Ŭəɞɚɞɡɗɐůɞɡɜ Űɞ əŬɗɞɟɘůɛɏɜɞ ˊɟɞűɑɚ 

ŰŬɢɨŰɖŰŬɠ Űɞɡ ɡˊɞɓŬɗɛɘůɛɏɜɞɡ əɨəɚɞɡ ůŰŬ ˊɚŬɑůɘŬ Űɤɜ Ŭɜɞɢɩɜ ˊɞɡ ɏɢɞɡɜ ŭɞɗŮɑ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɧŭɞɡɠ. ɆŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ɞɢɐɛŬŰŬ ŬɡŰɎ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɞŭɖɔɞɨɜŰŬɘ ɛŮ Űɞ ˊŮɜŰɎɚ Űɞɡ ɔəŬɕɘɞɨ ůŰɖɜ ɛɏɔɘůŰɖ ɗɏůɖ ɔɘŬ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊŮɟɘɧŭɞɡɠ, 

Ůɜɩ ˊŬɟŬɓɘɎůŮɘɠ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ˊɟɞűɑɚ ŰŬɢɡŰɐŰɤɜ Űɞɡ əɨəɚɞɡ ɔɑɜɞɜŰŬɘ ŮˊɘŰɟŮˊŰɏɠ. 

 

4.5.2.4. ȺűŬɟɛɞɔɐ Űɖɠ ŭɞəɘɛɐɠ WLTP ɔɘŬ ɡɓɟɘŭɘəɎ ɞɢɐɛŬŰŬ 

 

ɇɞ ˊɟɧŰɡˊɞ WLTP ˊɟɞɓɚɏˊŮɘ ŮűŬɟɛɞɔɐ əŬɘ ůŮ ɞɢɐɛŬŰŬ OVC-HEVs (off-vehicle chargeable 

hybrid electric vehicles) əŬɘ NOVC-HEVs (not off-vehicle chargeable hybrid electric vehicles). 

ɇŬ ˊŬɟŬˊɎɜɤ ɞɢɐɛŬŰŬ ɏɢɞɡɜ əŬŰŬŰŬɢɗŮɑ ůŰɖɜ əɚɎůɖ 3. Ƀɘ Ůəˊɞɛˊɏɠ əŬɗɩɠ əŬɘ ɏɜŬ Ɏɚɚɞ ůɨɜɞɚɞ 

ˊŬɟŬɛɏŰɟɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ŮɚɏɔɢɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ əɨəɚɞ ɞŭɐɔɖůɖɠ əɚɎůɖɠ 3-1 ɐ əɚɎůɖɠ 3-2 

ůŮ əŬŰɎůŰŬůɖ Ůəəɏɜɤůɖɠ Űɖɠ ɛˊŬŰŬɟɑŬɠ (charge-depleting mode), ɧůɞ əŬɘ ůŮ əŬŰɎůŰŬůɖ 

ůɡɔəɟɎŰɖůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ (charge-sustaining mode). ɆŰɖɜ ůɡɜɏɢŮɘŬ ůɡɜɞɣɑɕɞɜŰŬɘ ɞɘ ŭɞəɘɛɏɠ 

ůŰɘɠ ɞˊɞɑŮɠ ɡˊɞɓɎɚɚɞɜŰŬɘ ŰŬ ɡɓɟɘŭɘəɎ ɞɢɐɛŬŰŬ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ˊɟɞŰɨˊɞɡ WLTP (ɆɢɐɛŬ 4.6). 
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WLTP WLTP City 

Charge-depleting Charge-sustaining 
Charge-

depleting 

Criteria Emissions, 

FC,CO2, AER, EAER, 

RCDC, RCDA, EAC 

Criteria Emissions, 

FC,CO2 

AER City, EAC 

City 

OVC-HEV 

Class 

3-1 

Low 3 + Medium 3-1 + 

High 3-1 + Extra High 3 

Low 3 + Medium 3-1 + 

High 3-1 + Extra High 3 

Low 3 + 

Medium 3-1 

Class 

3-2 

Low 3 + Medium 3-2 + 

High 3-2 + Extra High 3 

Low 3 + Medium 3-2 + 

High 3-2 + Extra High 3 

Low 3 + 

Medium 3-2 

NOVC-HEV 

Class 

3-1 
- 

Low 3 + Medium 3-1 + 

High 3-1 + Extra High 3 
- 

Class 

3-2 
- 

Low 3 + Medium 3-2 + 

High 3-2 + Extra High 3 
- 

AER - All -electric range 

EAER - Equivalent all-electric range 

EAC - Recharged energy 

FC ï Fuel Consumption 

NOVC-HEV - not off-vehicle Charging hybrid electric vehicle 

OVC-HEV - off-vehicle Charging hybrid electric vehicle 

RCDA -Charge-depleting actual range 

RCDC -Charge-depleting Cycle range 

 

ɄɑɜŬəŬɠ 4.6: ȹɞəɘɛɐ WLTP ɔɘŬ ɡɓɟɘŭɘəɎ ɞɢɐɛŬŰŬ [27]  
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4.5.3. ɀŮŰɎɓŬůɖ Ŭˊɧ ŭɞəɘɛɐ NEDC ůŮ WLTP  

 

ȷˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017: 

Á Mˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ɞɢɐɛŬŰŬ ˊɞɡ ˊɐɟŬɜ ɏɔəɟɘůɖ Űɨˊɞɡ ɛŮ Űɞɜ əɨəɚɞ NEDC ˊɟɘɜ 

Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017. 

Á ȼ ŭɞəɘɛɐ WLTP ɗŬ ŬɟɢɑůŮɘ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɘɠ ŮɔəɟɑůŮɘɠ ɜɏɤɜ ɞɢɖɛɎŰɤɜ. 

Á ȾɎˊɞɘŬ ɞɢɐɛŬŰŬ ɗŬ ɏɢɞɡɜ Űɘɛɏɠ Ŭˊɧ Űɞɜ ˊŬɚɘɧ əɨəɚɞ NEDC, Ůɜɩ ɎɚɚŬ ɞɢɐɛŬŰŬ ɗŬ 

ŮɔəɟɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ɜɏŬ ŭɞəɘɛɐ WLTP. 

Á ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɛŮŰɎɓŬůɖɠ (ɛɏɢɟɘ əŬɘ Űɞ Űɏɚɞɠ Űɞɡ 2018), ɛɧɜɞ Űɘɛɏɠ Ŭˊɧ Űɖɜ 

ŭɞəɘɛɐ Űɞɡ əɨəɚɞɡ NEDC ɗŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɜŰɘˊɟɞůɤˊŮɑŮɠ ɞɢɖɛɎŰɤɜ, 

ˊɟɞəŮɘɛɏɜɞɡ ɞɘ əŬŰŬɜŬɚɤŰɏɠ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ůɡɔəɟɑɜɞɡɜ ɜŬ ŰŬ ŭɘɎűɞɟŬ ɞɢɐɛŬŰŬ ɛŮŰŬɝɨ 

Űɞɡɠ. 

Á ȼ űɞɟɞɚɞɔɑŬ ůŮ Ůɗɜɘəɧ ŮˊɑˊŮŭɞ ɗŬ ůɡɜŮɢɑůŮɘ ɓɎůŮɘ Űɤɜ Űɘɛɩɜ ůŰɞɜ NEDC. 

ȷˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2018: 

Á ȳɚŬ ŰŬ ɞɢɐɛŬŰŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŭɞəɘɛɐ WLTP. 

Á ȺɝŬɑɟŮůɖ ɗŬ ɔɑɜŮŰŬɘ ɔɘŬ ɞɢɐɛŬŰŬ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŬɜ ůŰŬ ŰŮɚŮɡŰŬɑŬ ůŰɎŭɘŬ Űɞɡ əɨəɚɞɡ 

Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ əŬɘ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ Ŭɟɘɗɛɧ. ɇŬ ɞɢɐɛŬŰŬ ŬɡŰɎ ˊɞɡ ˊɐɟŬɜ ɏɔəɟɘůɖ 

ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŭɞəɘɛɐ NEDC, ɗŬ ɛˊɞɟɞɨɜ ɜŬ ˊɤɚɖɗɞɨɜ ɔɘŬ ŬəɧɛŬ ɏɜŬɜ ɢɟɧɜɞ. 

ȷˊɧ Űɖɜ 1ɖ ȽŬɜɞɡŬɟɑɞɡ 2019: 

Á ȳɚŬ ŰŬ ɞɢɐɛŬŰŬ ůŰɘɠ ŬɜŰɘˊɟɞůɤˊŮɑŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬɔɟɎűɞɡɜ Űɘɠ Ůəˊɞɛˊɏɠ CO2 Ŭˊɧ Űɖɜ 

ŭɞəɘɛɐ WLTP ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ůɨɔɢɡůɖ Űɞɡ əŬŰŬɜŬɚɤŰɘəɞɨ əɞɘɜɞɨ. 

Á Ƀɘ Ůɗɜɘəɏɠ əɡɓŮɟɜɐůŮɘɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬɛɞɟűɩůɞɡɜ Űɘɠ űɞɟɞɚɞɔɘəɏɠ əɚɑɛŬəŮɠ əŬɘ ŰŬ 

əɑɜɖŰɟŬ ɓɎůŮɘ Űɤɜ Űɘɛɩɜ Űɖɠ ŭɞəɘɛɐɠ WLTP, ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɠ ɧŰɘ ŭŮ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɡˊɎɟɢŮɘ ŬɟɜɖŰɘəɧ ŬɜŰɑəŰɡˊɞ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ. 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ 2020: 

Á ȼ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ ɗŬ ɛŮŰŬŰɟɏɣŮɘ Űɞɡɠ ůɖɛŮɟɘɜɞɨɠ ůŰɧɢɞɡɠ Ůəˊɞɛˊɩɜ CO2 (ɓɎůŮɘ 

NEDC), ůŮ ŬɜŰɑůŰɞɘɢɞɡɠ ůŰɧɢɞɡɠ ɓŬůɘůɛɏɜɞɡɠ ůŰɖɜ WLTP ŭɞəɘɛɐ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɞɨɠ 

Űɞɡɠ ůŰɧɢɞɡɠ ɗŬ ɔɑɜŮŰŬɘ ˊɚɏɞɜ ɞ ɏɚŮɔɢɞɠ ůɡɛɛɧɟűɤůɖɠ Űɞɡ ůŰɧɚɞɡ Űɤɜ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɘɩɜ [20]. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ əɨəɚɞɡ NEDC ůŰɖ ŭɘŬŭɘəŬůɑŬ WLTP ŭŮɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɧɜɞ Űɖɜ ŬɚɚŬɔɐ Űɞɡ əɨəɚɞɡ (Ŭˊɧ Űɞɜ NEDC ůŰɞɜ WLTC) ŬɚɚɎ əŬɘ ɛɘŬ ůŮɘɟɎ 

ɎɚɚŮɠ ŬɚɚŬɔɏɠ ůŰɖ ŭɘŬŭɘəŬůɑŬ ˊɘůŰɞˊɞɑɖůɖɠ, ɧˊɤɠ ŮɜŭŮɘəŰɘəɎ [11]: 

Á ɉŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ ŭɞəɘɛɐɠ (ɎɟŬ ɛŮɔŬɚɨŰŮɟɖ ɓŬɟɨŰɖŰŬ ůŰɘɠ Ůəˊɞɛˊɏɠ ɣɡɢɟɐɠ 

Ůəəɑɜɖůɖɠ) 

Á Ʉɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ɞɢɖɛɎŰɤɜ ɓɎůŮɘ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ Űɞɡɠ 

ɓɎɟɞɡɠ əŬɘ ɧɢɘ ůɡɔəŮəɟɘɛɏɜɤɜ əɚɎůŮɤɜ ɓɎɟɞɡɠ ˊɞɡ ɑůɢɡŬɜ ˊŬɚŬɘɧŰŮɟŬ Ůˊɑ NEDC. 
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4.6. ȹɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ Ůəˊɞɛˊɩɜ əŬɡůŬŮɟɑɤɜ 

 

ɇɞ ůɨůŰɖɛŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɎ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ 

ˊɞůɧŰɖŰŮɠ Ůəˊɞɛˊɩɜ ɟɨˊɤɜ əŬɘ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ůŰŬ əŬɡůŬɏɟɘŬ. ũŮɜɘəɎ ɔɘŬ Űɞɜ ůəɞˊɧ 

ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŮɑŰŮ ŬˊŮɡɗŮɑŬɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬ əŬɡůŬŮɟɑɤɜ ŮɑŰŮ ɜŬ ɔɑɜŮɘ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɛŮ ŬɟŬɑɤůɖ Űɤɜ əŬɡůŬŮɟɑɤɜ. ȼ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůɡɜŮɢɐɠ, ɛŮ Űɖɜ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ CO2 ɜŬ ɛŮŰɟɘɏŰŬɘ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ɐ Űɞ ŬɟŬɘɤɛɏɜɞ 

ŭŮɑɔɛŬ, ŮɑŰŮ ůŮ ˊŬɟŰɑŭŮɠ, ɧˊɞɡ Űɞ ůɡɜŮɢɏɠ ŮɝŬɔɧɛŮɜɞ ŭŮɑɔɛŬ ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ůɎəɞ ůɡɚɚɞɔɐɠ  ɔɘŬ 

ɛŮŰɏˊŮɘŰŬ ŬɜɎɚɡůɖ [11]. 

ɇɞ ůɨůŰɖɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɐɛŮɟŬ əŬɗɞɚɘəɎ ɔɘŬ Űɖɜ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ɞɢɖɛɎŰɤɜ, ŮɑɜŬɘ ɖ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ ůŰŬɗŮɟɞɨ ɧɔəɞɡ (CVS ï Constant Volume Sampling). ũɘŬ ˊɟɩŰɖ űɞɟɎ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ ȷɛŮɟɘəɐɠ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ ô70 Ůɜɩ ɖ ɢɟɐůɖ Űɞɡ ůŰɖɜ 

Ⱥɡɟɩˊɖ ɝŮəɑɜɖůŮ Űɞ 1983. ȼ ŭŮɘɔɛŬŰɞɚɖɣɑŬ CVS ŬˊŬɘŰŮɑ Űɞ ůɨɜɞɚɞ Űɤɜ əŬɡůŬŮɟɑɤɜ Űɞɡ ɡˊɧ 

ŮɝɏŰŬůɖ ɞɢɐɛŬŰɞɠ ɜŬ ŬɟŬɘɩɜŮŰŬɘ ůɡɜŮɢɩɠ ɛŮ űɘɚŰɟŬɟɘůɛɏɜɞ ŬɏɟŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɡˊɧ 

ŮɚŮɔɢɧɛŮɜŮɠ ůɡɜɗɐəŮɠ. ȼ ŬɟŬɑɤůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŭɖɛɘɞɡɟɔɑŬ 

ůɡɛˊɡəɜɩɛŬŰɞɠ ɜŮɟɞɨ ůŰɞ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɧ/ɛŮŰɟɖŰɘəɧ ůɨůŰɖɛŬ, əŬɗɩɠ əŬɘ ɔɘŬ ɜŬ 

ˊɟɞůɞɛɞɘɤɗɞɨɜ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ŬɜɎɛɘɝɖɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛŮ Űɞɜ ŬŰɛɞůűŬɘɟɘəɧ 

ŬɏɟŬ [11]. ɆŰɖɜ ɛɏɗɞŭɞ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ CVS ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ˊɟɞɦˊɞɗɏůŮɘɠ: ɞ 

ůɡɜɞɚɘəɧɠ ɧɔəɞɠ Űɞɡ ɛɑɔɛŬŰɞɠ Űɤɜ əŬɡůŬŮɟɑɤɜ əŬɘ Űɞɡ ŬɏɟŬ ŬɟŬɑɤůɖɠ ˊɟɏˊŮɘ ɜŬ ɛŮŰɟɘɏŰŬɘ, əŬɘ 

Ůˊɑůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɚɚɏɔŮŰŬɘ (ɛɏůɤ ɚɐɣɖɠ ŭŮɘɔɛɎŰɤɜ), ɏɜŬ ůɡɜŮɢɩɠ ŬɜŬɚɞɔɘəɧ ŭŮɑɔɛŬ Űɞɡ 

ɧɔəɞɡ ˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ ŬɜŬɚɨŮŰŬɘ. ȼ ˊɞůɧŰɖŰŬ əɎɗŮ Ůəˊɞɛˊɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɖɜ ɞɚɘəɐ ɟɞɐ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ́ Ůɟɘɧŭɞɡ Űɖɠ ŭɞəɘɛɐɠ. ȳˊɤɠ 

ˊɟɞŬɜŬűɏɟɗɖəŮ, ŰŬ ɧɟɘŬ Űɤɜ Ůəˊɞɛˊɩɜ ŮɑɜŬɘ ůɡɜŮɢɩɠ əŬɘ ˊɘɞ ŬɡůŰɖɟɎ əŬɘ ɞɘ Ůəˊɞɛˊɏɠ 

əŬɡůŬŮɟɑɤɜ Ŭˊɧ ŰŬ ɞɢɐɛŬŰŬ ɏɢɞɡɜ ˊɏůŮɘ ůŮ ˊɞɚɨ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ. Ⱥˊɞɛɏɜɤɠ, ŮɑɜŬɘ ŮˊɘŰŬəŰɘəɐ 

əŬɘ ɖ ɛɏŰɟɖůɖ Űɞɡ ŬɏɟŬ ŬɟŬɑɤůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ŭɘɧɟɗɤůɖ ůŰɘɠ ˊɟŬɔɛŬŰɘəɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ Ůəˊɞɛˊɐɠ. ɄɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ ɧŰɘ Ŭűɞɨ ɞ ɧɔəɞɠ Űɞɡ ŬɟŬɘɤɛɏɜɞɡ əŬɡůŬŮɟɑɞɡ 

ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧɠ, ɖ ɟɞɐ Űɞɡ ŬɏɟŬ ŬɟŬɑɤůɖɠ əŬɘ ɖ ŬɜŬɚɞɔɑŬ ŬɟŬɑɤůɖɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ 

ŬɜŰɑůŰɟɞűŬ Ŭˊɧ Űɖ ɟɞɐ Űɤɜ əŬɡůŬŮɟɑɤɜ Űɞɡ əɘɜɖŰɐɟŬ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞəɘɛɐɠ. 

ɆŰɞ ɆűɎɚɛŬ! ɇɞ ŬɟɢŮɑɞ ˊɟɞɏɚŮɡůɖɠ Űɖɠ ŬɜŬűɞɟɎɠ ŭŮɜ ɓɟɏɗɖəŮ. ˊŬɟɞɡůɘɎɕŮŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɖ 

ɘɎŰŬɝɖ Ůɜɧɠ Űɡˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ CVS ŮűɞŭɘŬůɛɏɜɞɡ ɛŮ ŬɜŰɚɑŬ ɗŮŰɘəɐɠ 

ɛŮŰŬŰɧˊɘůɖɠ (PDP ï Positive Displacement Pump) (PDP ï CVS). ȼ ŭɘɎŰŬɝɖ Űɞɡ ˊŬɟŬˊɎɜɤ 

ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ [11]: 

Á űɑɚŰɟɞ ɔɘŬ Űɖɜ ŬɟŬɑɤůɖ Űɞɡ ŬɏɟŬ, ŮɎɜ ɢɟŮɘɎɕŮŰŬɘ ɛŮ ˊɟɞɗɏɟɛŬɜůɖ. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ 

ˊɟɞŬɘɟŮŰɘəɎ ŮɜŮɟɔɞˊɞɘɞɨɛŮɜɞ űɑɚŰɟɞ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ (ůŰɖɜ ˊɚŮɡɟɎ Ůɘůɧŭɞɡ) əŬɘ Ŭˊɧ 

ɏɜŬ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ űɑɚŰɟɞ ůɤɛŬŰɘŭɑɤɜ (HEPA) (ůŰɖɜ ˊɚŮɡɟɎ Ůɝɧŭɞɡ). ɆɡɜɘůŰɎŰŬɘ ɖ 

ɢɟɐůɖ ˊɟɧůɗŮŰɞɡ űɑɚŰɟɞɡ ůɤɛŬŰɘŭɑɤɜ ɛŮɔŬɚɨŰŮɟɖɠ ŭɘŬɛɏŰɟɞɡ ˊɟɘɜ Űɞ űɑɚŰɟɞ HEPA əŬɘ 

ɛŮŰɎ Űɞ űɑɚŰɟɞ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ (ŮɎɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰɏŰɞɘɞ). Ƀ ůəɞˊɧɠ Űɞɡ űɑɚŰɟɞɡ 

ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ ŮɑɜŬɘ ɖ ɛŮɑɤůɖ əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ŬɏɟŬ ŬɟŬɑɤůɖɠ. ȼ ˊɞůɧŰɖŰŬ Űɞɡ 

ŬɏɟŬ ŬɟŬɑɤůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮˊŬɟəɐɠ ɔɘŬ Űɖɜ ɣɨɝɖ Űɞɡ ɛɑɔɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ/ŬɏɟŬ ůŮ 
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ɧɚŮɠ Űɘɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ, ůŮ ɛɘŬ ɗŮɟɛɞəɟŬůɑŬ ɧɢɘ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ 
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ɆɢɐɛŬ 4.9: ɇɡˊɘəɐ ŭɘɎŰŬɝɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ůŰŬɗŮɟɞɨ ɧɔəɞɡ  ɛŮ ɢɟɐůɖ ŬɜŰɚɑŬɠ ɗŮŰɘəɐɠ 

ɛŮŰŬŰɧˊɘůɖɠ (PDP) ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ [11]  

 

Á ɗɎɚŬɛɞɠ ŬɜɎɛɘɝɖɠ ůŰɞɜ ɞˊɞɑɞ ŬɜŬɛɘɔɜɨɞɜŰŬɘ ɞɛɞɘɞɔŮɜɩɠ ŰŬ əŬɡůŬɏɟɘŬ əŬɘ ɞ ŬɏɟŬɠ 

Á ůɐɟŬɔɔŬ ŬɜɎɛɘɝɖɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜĿ ůɡɜɐɗɤɠ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ ɏɜŬɜ ɔɡŬɚɘůɛɏɜɞ əŬɘ ɗŮɟɛŬɘɜɧɛŮɜɞ ůɤɚɐɜŬ ŬɜɞɝŮɑŭɤŰɞɡ ɢɎɚɡɓŬ Ŭˊɧ ɖɚŮəŰɟɘəɎ 
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Ŭɔɩɔɘɛɞ ɡɚɘəɧ. ȰŰůɘ ŭɘŬůűŬɚɑɕŮŰŬɘ ɧŰɘ ŭŮ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚɚɞɡɜ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ɟɨˊɤɜ ůŰŬ əŬɡůŬɏɟɘŬ. ȼ ŭɘɎɛŮŰɟɞɠ Űɞɡ 

ůɤɚɐɜŬ (ˊŮɟɑˊɞɡ 200 mm) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɟɞɐ Űɤɜ əŬɡůŬŮɟɑɤɜ əŬɘ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɐ 

ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔŮɑ Űɡɟɓɩŭɖ ɟɞɐ (Re > 4000). ȼ ůɐɟŬɔɔŬ ŮɑɜŬɘ ɔŮɘɤɛɏɜɖ. 

Á ŬɜŰɚɑŬ ɗŮŰɘəɐɠ ɛŮŰŬŰɧˊɘůɖɠ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ ůŰŬɗŮɟɞɨ ɧɔəɞɡ ɟɞɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ əŬɘ 

Űɞɡ ŬɏɟŬ ŬɟŬɑɤůɖɠ (ˊ.ɢ. ɚɞɓɞŮɘŭɐɠ űɡůɖŰɐɟŬɠ) 

Á ŮɜŬɚɚɎəŰɖɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɞɡ ɛɑɔɛŬŰɞɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ŮɜŰɧɠ Űɤɜ 

ůɢŮŭɘŬůɛɏɜɤɜ Űɘɛɩɜ ɚŮɘŰɞɡɟɔɑŬɠ 

Á ŬɜɘɢɜŮɡŰɏɠ əŬɘ ɔɟŬɛɛɏɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

Á ŬɜŬɚɡŰɏɠ əŬɡůŬŮɟɑɤɜ ɔɘŬ Űɘɠ ŮɜŭɘŬűŮɟɧɛŮɜŮɠ Ůəˊɞɛˊɏɠ 

Á ŬɜŰɚɑŮɠ 

Á űɑɚŰɟŬ 

Á ŮɚŮɔəŰɏɠ ɟɞɐɠ ɔɘŬ Űɖɜ ŭɘŬůűɎɚɘůɖ ůŰŬɗŮɟɐɠ ɞɛɞɘɧɛɞɟűɖɠ ɟɞɐɠ 

Á ɛŮŰɟɖŰɏɠ ɟɞɐɠ ɔɘŬ Űɖɜ ɟɨɗɛɘůɖ əŬɘ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ůŰŬɗŮɟɩɜ ɟɞɩɜ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

əŬɡůŬŮɟɑɤɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞəɘɛɐɠ 

Á ŬɘůɗɖŰɐɟŮɠ ˊɑŮůɖɠ/ɗŮɟɛɞəɟŬůɑŬɠ/ɡɔɟŬůɑŬɠ 

Á ůɎəɞɡɠ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɤɜ ŬɟŬɘɤɛɏɜɤɜ əŬɡůŬŮɟɑɤɜ (əŬŰŬůəŮɡŬůɛɏɜɞɘ 

Ŭˊɧ űɗɞɟɘɤɛɏɜɞɡɠ ˊɞɚɨ-ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ, ɐ ˊɞɚɡŬɘɗɡɚŮɜɘəɏɠ ɛŮɛɓɟɎɜŮɠ, ɐ 

ˊɞɚɡŬɛɘŭɘəɏɠ ɛŮɛɓɟɎɜŮɠ 

Á ɣɖűɘŬəɧɠ ɛŮŰɟɖŰɐɠ ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ˊŮɟɘůŰɟɞűɩɜ Űɖɠ ŬɜŰɚɑŬɠ PDP 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, Űɞ ůɨůŰɖɛŬ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ CVS ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɟŬɑɤůɖ Űɤɜ 

əŬɡůŬŮɟɑɤɜ ɛŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ŬɏɟŬ, ŭɘŬŰɖɟɩɜŰŬɠ Űɖɜ ɟɞɐ ůŰŬɗŮɟɐ ɛɏůɤ Űɖɠ ŬɜŰɚɑŬɠ PDP. ɇŬ 

ŭŮɑɔɛŬŰŬ ɔɘŬ Űɖɜ ůɡɜŮɢɐ ɛɏŰɟɖůɖ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ɏɜŬ ůɖɛŮɑɞ ɧˊɞɡ Űɞ ɛɑɔɛŬ 

əŬɡůŬŮɟɑɤɜ əŬɘ ŬɏɟŬ ŬɟŬɑɤůɖɠ ŮɑɜŬɘ ɞɛɞɘɞɔŮɜɏɠ. ȰɜŬ ɛɘəɟɧ ɛɏɟɞɠ Űɖɠ ɟɞɐɠ Űɞɡ CVS (ˊ.ɢ. 0.1%) 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ ŭŮɑɔɛŬ ůŮ ůɎəɞɡɠ əŬŰŬůəŮɡŬůɛɏɜɞɡɠ Ŭˊɧ ŰŮűɚɧɜ. ɇŬ ŬɏɟɘŬ ŭŮɑɔɛŬŰŬ ˊɞɡ 

ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ ŬɡŰɞɨɠ Űɞɡɠ ůɎəɞɡɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ əɎŰɤ ɛɏɟɞɠ ɟɞɐɠ Űɞɡ ŮɜŬɚɚɎəŰɖ. 

ȷɛɏůɤɠ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ (ˊŮɟɑˊɞɡ 20-30 ɚŮˊŰɎ), ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ŬŮɟɑɤɜ Ŭˊɧ ŰŬ ŭŮɑɔɛŬŰŬ 

Űɤɜ ůɎəɤɜ ɛŮŰɟɞɨɜŰŬɘ Ŭˊɧ ŬɜŬɚɡŰɏɠ əŬɡůŬŮɟɑɤɜ [11]. ȺɘŭɘəɎ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ CO2 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɜŬɚɡŰɐɠ əŬɡůŬŮɟɑɤɜ ɛɖ ůəŮŭŬɕɧɛŮɜɖɠ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ (NDIR ï Non-

Dispersive Infrared) (ɆɢɐɛŬ 4.10), ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɞˊɞɑɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.11 

(ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɔɘŬ ɛɏŰɟɖůɖ CO). 
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ɆɢɐɛŬ 4.10: ȷɜŬɚɡŰɐɠ əŬɡůŬŮɟɑɤɜ NDIR ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 [28]  

 

ɆɢɐɛŬ 4.11: ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŬɜŬɚɡŰɐ əŬɡůŬŮɟɑɤɜ NDIR [29]  

 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɛɎɕŬɠ Űɞɡ CO2 (ὓ ) ́ ɞɡ ŮɝɏˊŮɛɣŮ Űɞ ɧɢɖɛŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞəɘɛɐɠ 

ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ɚɐɣɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ Űɖɠ ɞɔəɞɛŮŰɟɘəɐɠ ůɡɔəɏɜŰɟɤůɖɠ əŬɘ Űɞɡ ɧɔəɞɡ Űɞɡ CO2, 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɖɜ ˊɡəɜɧŰɖŰɎ Űɞɡ ɡˊɧ ůɡɜɗɐəŮɠ ŬɜŬűɞɟɎɠ (0ɞC əŬɘ 1 atm). Ƀ ɡˊɞɚɞɔɘůɛɧɠ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ Ůɝɑůɤůɖɠ 4.1 [11]: 

 

ὓ  ὠ ὅ ρπ ”  (4.1) 

 

ȳˊɞɡ: 
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Á ὠ , ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɞɡ ŬɟŬɘɤɛɏɜɞɡ əŬɡůŬŮɟɑɞɡ (L/test) (= ɧɔəɞɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ὠ  ůɡɜ 

Űɞɜ ɧɔəɞ Űɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŬɏɟŬ ŬɟŬɑɤůɖɠ ὠ . 

Á ὅ , ŮɑɜŬɘ ɖ ɛŮŰɟɞɨɛŮɜɖ ůɡɔəɏɜŰɟɤůɖ Ůəˊɞɛˊɩɜ CO2 ůŰŬ ŬɟŬɘɤɛɏɜŬ əŬɡůŬɏɟɘŬ (ppm) 

ŭɘɞɟɗɤɛɏɜɖ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ Űɞɡ CO2 ůŰɞ ŬɏɟŬ ŬɟŬɑɤůɖɠ. ȺɎɜ ɖ ůɡɔəɏɜŰɟɤůɖ ὅ  

ɛŮŰɟɘɏŰŬɘ ůŮ %, ŰɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ρπ ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ ρπ. 

Á ”  ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ CO2 (g/L). ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ əŬɘ Űɖɜ 

ɗŮɩɟɖůɖ ůɡɜɗɖəɩɜ 0ɞC əŬɘ 1 atm, ɖ Űɘɛɐ Űɞɡ ”  ŮɑɜŬɘ 1,964 g/L. 

 

ȼ ɛɎɕŬ ὓ  Űɞɡ ŮəˊŮɛˊɧɛŮɜɞɡ CO2 Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 4.1, ŬɜɎɔŮŰŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɐ ŬˊɧůŰŬůɖ 

S (km) ˊɞɡ əŬɚɨˊŰŮŰŬɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞəɘɛɐɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ 4.2 [11]: 
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ȼ ŬˊɧůŰŬůɖ S ɚŬɛɓɎɜŮŰŬɘ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɞɜ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ ˊŮɟɘůŰɟɞűɩɜ ˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɜ ɛŮŰɟɖŰɐ Űɖɠ ŭɡɜŬɛɞɛŮŰɟɘəɐɠ ŮɝɏŭɟŬɠ, ɛŮ Űɖɜ ˊŮɟɑɛŮŰɟɞ Űɞɡ ɟɎɞɡɚɞɡ Űɖɠ 

ŭɡɜŬɛɞɛŮŰɟɘəɐɠ ŮɝɏŭɟŬɠ [11]. 

ȼ ŬɜŰɑůŰɞɘɢɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ FC (Fuel Consumption) (L/km) ɧůɞɜ ŬűɞɟɎ ŰŬ ŮˊɘɓŬŰɘəɎ 

ɞɢɐɛŬŰŬ, ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ, əŬɘ Űɘɠ ɛɞŰɞůɡəɚɏŰŮɠ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɏɛɛŮůŬ Ŭˊɧ Űɘɠ ɛŮŰɟɞɨɛŮɜŮɠ Ůəˊɞɛˊɏɠ HC, CO əŬɘ CO2 (g/km) ῴ , ῴ  əŬɘ ῴ , ɛŮ Űɖɜ 

ŰŮɚɘəɐ Űɘɛɐ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ɜŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɢɖɛɘəɧ Űɨˊɞ Űɞɡ əŬɡůɑɛɞɡ Űɖɠ ŭɞəɘɛɐɠ əŬɘ 

Űɖɜ ˊɡəɜɧŰɖŰŬ ” ŬɡŰɞɨ ůŮ ɗŮɟɛɞəɟŬůɑŬ 15ɞC. ȼ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ 4.3 [11]: 
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(4.3) 

 

ɧ́ ɞɡ CWF (Carbon Weight Fraction) ŮɑɜŬɘ Űɞ əɚɎůɛŬ ɛɎɕŬɠ ɎɜɗɟŬəŬ Űɞɡ əŬɡůɑɛɞɡ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ŭɞəɘɛɐ [11]. 

ȼ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ɛŮŰɟɎŮɘ Űɖɜ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ ɞɢɖɛɎŰɤɜ ɛŮ ŰŬ ɧɟɘŬ Ůəˊɞɛˊɩɜ CO2/GHG, 

ɓɎůŮɘ ůŰɞɘɢŮɑɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ əŬŰŬɗɏŰɞɡɜ ɞɘ ɑŭɘɞɘ ɞɘ əŬŰŬůəŮɡŬůŰɏɠ. ȾɎɗŮ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ ɔɘŬ əɎɗŮ ɜɏɞ ɛɞɜŰɏɚɞ ɞɢɐɛŬŰɞɠ ˊɞɡ ŭɘŬɗɏŰŮɘ ůŰɖɜ ŬɔɞɟɎ, ŬˊŬɘŰŮɑŰŬɘ ɜŬ 

ŭɘŮɝɎɔŮɘ ŭɞəɘɛɏɠ əŬɘ ɜŬ ŬɜŬűɏɟŮɘ ŰŬ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɐɠ CO2 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŭɞəɘɛɐ WLTP 

(Worldwide Harmonized Light Vehicles Test Procedure). ɇŬ əɟɎŰɖ ɛɏɚɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ 

Ȱɜɤůɖɠ ɚŬɛɓɎɜɞɡɜ Űɘɠ ɛŮŰɟɐůŮɘɠ Ŭˊɧ ŰŬ ɞɢɐɛŬŰŬ ˊɞɡ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŰɖɜ ŮˊɘəɟɎŰŮɘɎ Űɞɡɠ əŬɘ 

ɛŮŰŬɓɘɓɎɕɞɡɜ Űɘɠ ŬɜŬűɞɟɏɠ Űɞɡɠ ůŰɖɜ ȺɡɟɤˊŬɥəɐ ȺˊɘŰɟɞˊɐ. ȳɚŬ ŰŬ ůŰɞɘɢŮɑŬ Ůəˊɞɛˊɩɜ CO2 
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ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ Ŭɟɘɗɛɧ ́ ɚŬɘůɑɞɡ ɞɢɐɛŬŰɞɠ (VIN ï Vehicle Identification Number), əŬɗɩɠ 

əŬɘ Ŭˊɧ Űɘɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɞɢɐɛŬŰɞɠ. ɋůŰɧůɞ ŬˊɞŰŮɚŮɑ ŬɟɛɞŭɘɧŰɖŰŬ Űɞɡ əɎɗŮ əɟɎŰɞɡɠ 

ɛɏɚɞɡɠ ɝŮɢɤɟɘůŰɎ, ɖ ŮɝŬůűɎɚɘůɖ, ɖ ůɡɜŰɐɟɖůɖ, ɖ ůɡɚɚɞɔɐ, ɞ ɏɚŮɔɢɞɠ, ɖ ŮˊŬɚɐɗŮɡůɖ əŬɘ ɖ 

ŭɘŬɓɑɓŬůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊŬɟŬəɞɚɞɨɗɖůɖɠ. 

ɇɏɚɞɠ, Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2017 (ŬɟɢɘəɎ ůŮ ŭɞəɘɛŬůŰɘəɧ ŮˊɑˊŮŭɞ) əŬɘ ɛŮ ůŰɧɢɞ Űɖɜ ŮˊɑŰŮɡɝɖ 

ˊɚɐɟɞɡɠ ůɡɜɎűŮɘŬɠ ŬɜɎɛŮůŬ ůŮ ŭɘŬŭɘəŬůɑŬ ˊɘůŰɞˊɞɑɖůɖɠ əŬɘ ˊɟŬɔɛŬŰɘəɏɠ Ůəˊɞɛˊɏɠ (ɟɨˊɤɜ) ůŰɞ 

ŭɟɧɛɞ, ɏɢŮɘ ɝŮəɘɜɐůŮɘ ůŰɖɜ Ⱥ.Ⱥ. əŬɘ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ Ůəˊɞɛˊɩɜ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ 

(RDE ï real driving emissions) ůŰɞ ŭɟɧɛɞ (ŮəŰɧɠ ŭɖɚŬŭɐ Ŭˊɧ Űɖɜ ŮɟɔŬůŰɖɟɘŬəɐ ŭɞəɘɛɐ). ȷɡŰɐ ɖ 

ŭɘŬŭɘəŬůɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ, ˊɟɞɠ Űɞ ˊŬɟɧɜ, ɛɧɜɞ ŰŬ ɞɝŮɑŭɘŬ Űɞɡ ŬɕɩŰɞɡ (ŭɖɚ. Űɞɜ əŬŰŮɝɞɢɐɜ 

çɢŮɘɟŬɔɤɔɞɨɛŮɜɞè Ŭˊɧ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ ɟɨˊɞ ɚɧɔɤ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ ŮɝɎɟŰɖůɐɠ Űɞɡ Ŭˊɧ Űɖ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ). ɈˊɎɟɢɞɡɜ ɐŭɖ ˊɟɞŰɎůŮɘɠ, Ŭɜ əŬɘ ŭŮɜ ɏɢŮɘ ɚɖűɗŮɑ ŬəɧɛŬ əŬɛɑŬ Ůˊɑůɖɛɖ 

ŬˊɧűŬůɖ, ɜŬ ůɡɛˊŮɟɘɚɖűɗŮɑ, əɎˊɞɘŬ ůŰɘɔɛɐ, ůŰɘɠ ŭɞəɘɛɏɠ ůŰɞ ŭɟɧɛɞ əŬɘ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ.  
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5. ɇɟɧˊɞɘ ɛŮɑɤůɖɠ CO2 

 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ɛˊɞɟŮɑ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ ɎɟŬ əŬɘ ůŰɘɠ Ůəˊɞɛˊɏɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ. ŪŬ ŬɜŬűŮɟɗɞɨɜ Űɧůɞ əɚŬůɘəɏɠ əŬɘ ɐŭɖ ŮűŬɟɛɞɕɧɛŮɜŮɠ Ůŭɩ əŬɘ ɢɟɧɜɘŬ ŰŮɢɜɞɚɞɔɑŮɠ 

(ˊ.ɢ. ůŰɟɞɓɘɚɞ-ɡˊŮɟˊɚɐɟɤůɖ) ɧůɞ əŬɘ ˊɘɞ ˊɟɧůűŬŰŮɠ (ˊ.ɢ. ůɨůŰɖɛŬ start-stop) əŬɗɩɠ əŬɘ 

ɛŮɚɚɞɜŰɘəɏɠ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ŬɜɎɚɡůɖ ɗŬ ɔɑɜŮɘ ɛŮ ɏɛűŬůɖ ůŰɞɜ əɘɜɖŰɐɟŬ əŬɘ ŭŮɡŰŮɟŮɡɧɜŰɤɠ 

ůŮ ɗɏɛŬŰŬ ůɡɜɞɚɘəɞɨ ɞɢɐɛŬŰɞɠ (ˊ.ɢ. ŬŮɟɞŭɡɜŬɛɘəɐ, ɡɚɘəɎ).  

ȰɜŬ Ɏɚɚɞɠ ˊɞɚɨ ůɖɛŬɜŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ŮɑɜŬɘ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ 

ɓɘɞəŬɡůɑɛɤɜ (ŮɜŭŮɘəŰɘəɎ ɓɘɞɜŰɐɕŮɚ əŬɘ ɓɘɞ-ŬɘɗŬɜɧɚɖ). ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɗɏɛŬ (Űɤɜ ɓɘɞəŬɡůɑɛɤɜ) 

ŭŮɜ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɛŮ ŭŮŭɞɛɏɜɞ ɧŰɘ Űɞ ɧűŮɚɧɠ Űɞɡɠ ɧůɞɜ ŬűɞɟɎ Ůəˊɞɛˊɏɠ 

ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ŭŮɜ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ əŬɨůɖ Űɞɡɠ ŬɡŰɐ əŬɗô ŮŬɡŰɐ ŬɚɚɎ Ŭˊɧ Űɞ ůɡɜɞɚɘəɧ 

əɨəɚɞ ɕɤɐɠ (life cycle), ˊ.ɢ. ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ űɡŰɧ ˊɞɡ ˊŬɟɎɔŮɘ Űɞ əŬɟˊɧ ɛɏɢɟɘ Űɞ ɏɚŬɘɞ Űɞ 

ɞˊɞɑɞ ŰŮɚɘəɎ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɓɘɞɜŰɐɕŮɚ ˊɟɞɠ əŬɨůɖ ůŮ ɀ.Ⱥ.Ⱦ. Ⱥˊɘˊɚɏɞɜ, Űɞ ɗɏɛŬ Űɤɜ 

ɓɘɞəŬɡůɑɛɤɜ ŮɑɜŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɗɏɛŬ ɢɟɐůŰɖ, ɛŮ ŭŮŭɞɛɏɜɞ ɧŰɘ ɛˊɞɟŮɑ ɛŮɜ ɖ ɜɞɛɞɗŮůɑŬ ɜŬ 

ŮˊɘɓɎɚɚŮɘ ůɡɔəŮəɟɘɛɏɜɞɡɠ ɧɟɞɡɠ ůŰɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ, ɧůɞɜ ŬűɞɟɎ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ 

əŬɡůɑɛɤɜ ůŮ ɓɘɞəŬɨůɘɛŬ əŬŰɎ Űɖɜ ɩɟŬ Űɖɠ ˊɘůŰɞˊɞɑɖůɖɠ, ŬɚɚɎ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘɓɎɚɚŮɘ (ɧˊɤɠ 

ɞɨŰŮ əŬɘ ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ɓɏɓŬɘŬ) ɢɟɐůɖ ůɡɔəŮəɟɘɛɏɜɤɜ əŬɡůɑɛɤɜ Ŭˊɧ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ (ɛŮ 

Űɖɜ ŮɝŬɑɟŮůɖ ɓɏɓŬɘŬ ɛɑŬɠ ɔŮɜɘəɐɠ ŰɎůɖɠ ůŮ ɧɚŬ ŰŬ əɟɎŰɖ-ɛɏɚɖ ɔɘŬ Ŭɨɝɖůɖ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ Űɖɠ 

ŬɘɗŬɜɧɚɖɠ ůŰɖ ɓŮɜɕɑɜɖ əŬɘ Űɞɡ ɓɘɞɜŰɐɕŮɚ ůŰɞ ˊŮŰɟɏɚŬɘɞ, ˊɞɡ ˊɎɜŰɤɠ, ˊɟɞɠ Űɞ ˊŬɟɧɜ ŰɞɡɚɎɢɘůŰɞɜ, 

əɡɛŬɑɜɞɜŰŬɘ ůŮ ůɢŮŰɘəɎ ɛɘəɟɎ (əɎŰɤ Űɞɡ 10%) ˊɞůɞůŰɎ). 

 

5.1. ɄɚŮɞɜŮəŰɐɛŬŰŬ ɢɟɐůɖɠ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɏɜŬɜŰɘ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ 

ɞɢɖɛɎŰɤɜ 

 

Ƀɘ əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ɓŮɜɕɑɜɖɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɗŮɛŮɚɘɩŭŮɘɠ ŭɘŬűɞɟɏɠ ůŰɞɜ Űɟɧˊɞ 

ɚŮɘŰɞɡɟɔɑŬɠ. ɆŰɞɡɠ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŮɠ, Űɞ əŬɨůɘɛɞ ŬɜŬűɚɏɔŮŰŬɘ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ ɚɧɔɤ Űɤɜ 

ůɡɜɗɖəɩɜ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊɑŮůɖɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŰɖɜ űɎůɖ Űɖɠ ůɡɛˊɑŮůɖɠ. ȹŮɜ 

ŬˊŬɘŰŮɑŰŬɘ ɖ ɨˊŬɟɝɖ ůˊɘɜɗɖɟɘůŰɐ ɔɘŬ Űɖɜ ŬɜɎűɚŮɝɖ Űɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ ůŰɞɜ 

ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŬ, Ůɜɩ Űɞ ˊŮŰɟɏɚŬɘɞ ůŬɜ əŬɨůɘɛɞ ŮɑɜŬɘ ɏɜŬ ɓŬɟɨŰŮɟɞ əŬɘ ɚɘɔɧŰŮɟɞ ˊŰɖŰɘəɧ ɛɑɔɛŬ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ Ŭˊɧ Űɖɜ ɓŮɜɕɑɜɖ. ɇŬ ɓŬůɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ (ɧůɞɜ ŬűɞɟɎ Űɞ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ) 

Űɤɜ əɘɜɖŰɐɟɤɜ Diesel ɏɜŬɜŰɘ Űɤɜ əɘɜɖŰɐɟɤɜ Otto ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ůɖɛŮɑŬ: 

¶ ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡ əɘɜɖŰɐɟŮɠ ɓŮɜɕɑɜɖɠ, ɞɘ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŮɠ ɏɢɞɡɜ ɡɣɖɚɧŰŮɟɞ ɚɧɔɞ 

ůɡɛˊɑŮůɖɠ, əɎŰɘ ˊɞɡ ůɨɛűɤɜŬ ɛŮ Űɘɠ Ŭɟɢɏɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ɞŭɖɔŮɑ ůŮ ɡɣɖɚɧŰŮɟɞ 

ɗŮɟɛɞŭɡɜŬɛɘəɧ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ (əɨəɚɞɡ). 

¶ Ƀɘ əɘɜɖŰɐɟŮɠ Diesel ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ˊŮɟɑůůŮɘŬ ŬɏɟŬ (ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ ůɨɔɢɟɞɜɞɡɠ 

ůɡɛɓŬŰɘəɞɨɠ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŮɠ ɧˊɞɡ ɏɢɞɡɛŮ ůŰɞɘɢŮɘɞɛŮŰɟɘəɐ ŬɜŬɚɞɔɑŬ ŬɏɟŬ-əŬɡůɑɛɞɡ 

(ɚŬ=1) ɔɘŬ ŬˊɞŭɞŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Űɟɘɞŭɘəɞɨ əŬŰŬɚɨŰɖ)Ŀ əŬɨůɖ ɛŮ ˊŮɟɑůůŮɘŬ ŬɏɟŬ 

ɞŭɖɔŮɑ ůŮ əŬɚɨŰŮɟɖ ŬɜŬɚɞɔɑŬ ɗŮŰɘəɞɨ ɏɟɔɞɡ ŬˊɞŰɧɜɤůɖɠ ɏɜŬɜŰɘ ŬɟɜɖŰɘəɞɨ ɏɟɔɞɡ 
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ůɡɛˊɑŮůɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɡɣɖɚɧŰŮɟɞ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ, ɢŬɛɖɚɧŰŮɟɖ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ, ɎɟŬ əŬɘ ɢŬɛɖɚɧŰŮɟŮɠ Ůəˊɞɛˊɏɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ. ɆɖɛŮɘɤŰɏɞɜ ɧŰɘ ůŮ 

ŬɡŰɐ Űɖ ɓɎůɖ (əŬɨůɖ ɛŮ ŮɚŬűɟɎ ˊŮɟɑůůŮɘŬ ŬɏɟŬ) ůŰɖɟɑɕŮŰŬɘ ɖ ŬɜɎˊŰɡɝɖ əŬɘ ŮɡɟɏŬ, ŰŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɢɟɐůɖ əɘɜɖŰɐɟɤɜ Otto ɎɛŮůɞɡ ɣŮəŬůɛɞɨ (GDI ï gasoline direct 

injection). 

¶ Ƀɘ əɘɜɖŰɐɟŮɠ Diesel ɚŮɘŰɞɡɟɔɞɨɜ ɢɤɟɑɠ ůŰɟŬɔɔŬɚɘůɛɧ Űɞɡ ŮɘůŮɟɢɧɛŮɜɞɡ ŬɏɟŬ (ŭŮɜ 

ɡˊɎɟɢŮɘ çˊŮŰŬɚɞɨŭŬè ůŰɟŬɔɔŬɚɘůɛɞɨ (throttle valve) ɎɟŬ ŭŮɜ ɏɢɞɡɜ əŬɘ Űɘɠ ŬˊɩɚŮɘŮɠ ˊɞɡ 

ŬɡŰɧɠ ŮɘůɎɔŮɘ. 

¶ ɇɏɚɞɠ, ɞɘ əɘɜɖŰɐɟŮɠ Diesel ɚŮɘŰɞɡɟɔɞɨɜ ŬˊɞəɚŮɘůŰɘəɎ ˊɚɏɞɜ ɤɠ ůŰɟɞɓɘɚɞ-

ɡˊŮɟˊɚɖɟɤɛɏɜɞɘ, ůŰɞɘɢŮɑɞ ˊɞɡ ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖɜ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ ɞŭɖɔŮɑ ůŮ 

Ůˊɘˊɚɏɞɜ Ůɝɞɘəɞɜɧɛɖůɖ əŬɡůɑɛɞɡ. 

ȼ ɛŮŰɎɓŬůɖ Ŭˊɧ əɘɜɖŰɐɟŮɠ ɓŮɜɕɑɜɖɠ ůŮ əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ ŬˊɞŰɏɚŮůŮ ɑůɤɠ Űɖ ůɖɛŬɜŰɘəɧŰŮɟɖ 

(Ŭˊɧ ˊɚŮɡɟɎɠ əŬɗŬɟɎ əɘɜɖŰɐɟŬ) ˊɟɞůɏɔɔɘůɖ ůŰɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ ŰŬ ɞɢɐɛŬŰŬ. 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ůŰɖɜ Ⱥɡɟɩˊɖ, Űɞ ɛŮɟɑŭɘɞ ŬɔɞɟɎɠ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ŬɡɝɐɗɖəŮ 

Ŭˊɧ Űɞ 36% Űɞ 2001 ůŰɞ 55% Űɞ 2011 ůɨɛűɤɜŬ ɛŮ ůŰɞɘɢŮɑŬ Űɖɠ ACEA. ɄŬɟɧɚŬ ŬɡŰɎ, Űɞ 

ˊɟɧůűŬŰɞ ůəɎɜŭŬɚɞ ñDieselgateò ɛŮ çəɞɟɡűɐ Űɞɡ ˊŬɔɧɓɞɡɜɞɡè Űɖɜ ŮŰŬɘɟŮɑŬ Volkswagen, 

ŬɜŬɛɏɜŮŰŬɘ ɜŬ (əŬɘ ɏɢŮɘ ɐŭɖ) ɛŮɘɩůŮɘ Űɞ ɛŮɟɑŭɘɞ ŬɔɞɟɎɠ Űɤɜ ɜɏɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ. 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɖ ůŰŬŭɘŬəɐ ɛŮŰɎɓŬůɖ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ůŮ 

ɡɣɖɚɧŰŮɟŬ ɛŮɟɑŭɘŬ ŬɔɞɟɎ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 2000 ŬˊŬɑŰɖůŮ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ˊɞɚɚɩɜ ˊŬɟŬɔɧɜŰɤɜ 

ɧˊɤɠ Űɖɜ Ŭˊɞŭɞɢɐ Ŭˊɧ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ, Űɘɠ ŮˊɘŭɧůŮɘɠ Űɤɜ ɞɢɖɛɎŰɤɜ, Űɖɜ Űɘɛɞɚɧɔɖůɖ Űɤɜ 

əŬɡůɑɛɤɜ, Űɘɠ Ůəˊɞɛˊɏɠ NOx əŬɘ əɡɟɑɤɠ Űɘɠ Ůəˊɞɛˊɏɠ ůɤɛŬŰɘŭɑɤɜ (PM ï əŬˊɜɘɎɠ) ŬɚɚɎ əŬɘ Űɞɡ 

ɗɞɟɨɓɞɡ.  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɧ Űɞ ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůűɏɟŮɘ ɖ ɢɟɐůɖ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ɧůɞ ŬűɞɟɎ Űɘɠ Ůə́ɞɛˊɏɠ CO2. ũɘŬ Űɞɜ ůəɞˊɧ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɏɟŮɡɜŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɑɖůŮ ɖ Ford Űɞ 2004 [30], ůŰɖɜ ɞˊɞɑŬ ɏɔɘɜŮ ůɨɔəɟɘůɖ 

ɞɢɖɛɎŰɤɜ ɢɟɞɜɞɚɞɔɑŬɠ Űɞɡ 2001 Ŭˊɧ ůŰɞɘɢŮɑŬ ˊɞɡ ŮɑɢŬɜ əŬŰŬɗɏůŮɘ ɞɘ ŭɘɎűɞɟŮɠ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŮɠ ůŰɖɜ ɔŮɟɛŬɜɘəɐ əɡɓɏɟɜɖůɖ ůɢŮŰɘəɎ ɛŮ ɓŮɜɕɘɜɞəɑɜɖŰŮɠ əŬɘ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰŮɠ ŮəŭɧůŮɘɠ Űɤɜ ɛɞɜŰɏɚɤɜ Űɞɡɠ. ȳŰŬɜ ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ŬɜɎɛŮůŬ ůŮ ɏɜŬ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɞ ɧɢɖɛŬ əŬɘ ɏɜŬ ŬɜŰɑůŰɞɘɢɞ ɓŮɜɕɘɜɞəɑɜɖŰɞ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ əŬɗɞɟɘůɛɧɠ ɛɘŬɠ ɖ 

ˊŮɟɘůůɧŰŮɟɤɜ ɓɎůŮɤɜ ɘůɞŭɡɜŬɛɑŬɠ, ɧˊɤɠ ɞɘ ŮˊɘŭɧůŮɘɠ, ɞ əɡɓɘůɛɧɠ Űɞɡ əɘɜɖŰɐɟŬ, Űɞ əɧůŰɞɠ 

əŬŰŬůəŮɡɐɠ, ɖ Űɘɛɐ ˊɩɚɖůɖɠ ɐ Űɞ ɓɎɟɞɠ Űɞɡ ɞɢɐɛŬŰɞɠ. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟŬˊɎɜɤ ɏɟŮɡɜŬɠ 

ɤɠ ˊŬɟɎɔɞɜŰŬɠ ůɨɔəɟɘůɖɠ ŮˊɘɚɏɢɗɖəŮ Űɞ ɓɎɟɞɠ Űɤɜ ɞɢɖɛɎŰɤɜ. ȷˊɧ Űɞɡɠ ɜɧɛɞɡɠ Űɖɠ űɡůɘəɐɠ 

ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əɑɜɖůɖ Ůɜɧɠ ɞɢɐɛŬŰɞɠ, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɓɎɟɞɠ 

Űɞɡ. ȰŰůɘ ɔɘŬ ɜŬ ɔɑɜŮɘ ŮəŰɑɛɖůɖ Űɞɡ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ Űɤɜ Ůəˊɞɛˊɩɜ Ůɜɧɠ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɞɡ 

ɞɢɐɛŬŰɞɠ, ɖ ůɨɔəɟɘůɖ ɛŮ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ ˊŬɟɧɛɞɘɞɡ ɓɎɟɞɡɠ ŮɑɜŬɘ ɛɘŬ ɚɞɔɘəɐ ˊɟŬəŰɘəɐ 

əŬɘ ŰŮɚɘəɎ ŬɡŰɐ ŮűŬɟɛɧůŰɖəŮ ɔɘŬ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ ɞɢɖɛɎŰɤɜ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 2001. 

ŪŮɤɟɐɗɖəŮ ůəɧˊɘɛɞ ɜŬ ůɡɛˊŮɟɘɚɖűɗŮɑ ůŰɖɜ ɏɟŮɡɜŬ əŬɘ ɖ ŬɜŬɛŮɜɧɛŮɜɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ 

CO2 ŬɜɎɛŮůŬ ůŰŬ ɛŮɚɚɞɜŰɘəɎ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ əŬɘ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ Űɞɡ 2015. ȺəŰɘɛɐɗɖəŮ 

ɧŰɘ ɖ ŭɘŬűɞɟɎ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ŬɜɎɛŮůŬ ůŮ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ əŬɘ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ Űɞɡ 

2001 ɐŰŬɜ ˊŮɟɑˊɞɡ 24-33% Ůɜɩ ɖ ŬɜŰɑůŰɞɘɢɖ ŮəŰɘɛɩɛŮɜɖ ŭɘŬűɞɟɎ ɔɘŬ ŰŬ ɞɢɐɛŬŰŬ Űɞɡ 2015 

ɛŮɘɩɗɖəŮ ůŰɞ 14-27% ɔɘŬŰɑ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ ɡˊɧɣɘɜ ɞɘ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ŮˊɟɧəŮɘŰɞ ɜŬ 
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ŮűŬɟɛɞůɗɞɨɜ (ˊ.ɢ. əɘɜɖŰɐɟŮɠ Otto ɎɛŮůɞɡ ɣŮəŬůɛɞɨ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ). ȼ ŬɜɎɚɡůɖ ŬűɞɟɎ 

Űɖɜ ůɨɔəɟɘůɖ ɞɢɖɛɎŰɤɜ Ŭˊɧ Űɘɠ Ŭɔɞɟɏɠ Űɖɠ Ⱥɡɟɩˊɖɠ əŬɘ Űɖɠ ȸɞɟŮɑɞɡ ȷɛŮɟɘəɐɠ. 

ɀɘŬ ůɖɛŬɜŰɘəɐ ůɖɛŮɑɤůɖ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ůɢŮŰɘəɎ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Ůəˊɞɛˊɩɜ ˊɞɡ ɗŬ 

ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɖɜ ůɡɜɏɢŮɘŬ Ŭˊɧ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɏɟŮɡɜŬ, ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ əŬŰɎ Űɖɜ 

ŭŮəŬŮŰɑŬ 1990-2000 ɎɟɢɘůŮ ɜŬ ɔɑɜŮŰŬɘ ɖ ɛŮŰɎɓŬůɖ ůŰɞ ůɨůŰɖɛŬ ɣŮəŬůɛɞɨ Űɞɡ əŬɡůɑɛɞɡ ůŰɞɡɠ 

əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ Ŭˊɧ Űɞɜ ůɡɛɓŬŰɘəɧ ŰɧŰŮ ɏɛɛŮůɞ ɣŮəŬůɛɧ, ůŰɞɜ ɜŮɞŮɛűŬɜɘɕɧɛŮɜɞ ɎɛŮůɞ. 

ɇɖɜ ůŰɘɔɛɐ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɏɟŮɡɜŬ ˊŮɟɑˊɞɡ Űɞ 90% Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ 

ˊɞɡ ˊɤɚɐɗɖəŬɜ ůŰɖɜ ũŮɟɛŬɜɑŬ ɏűŮɟŮ ŰŮɢɜɞɚɞɔɑŬ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ əŬɘ ɏŰůɘ ůŰɖɜ ɏɟŮɡɜŬ ŭŮɜ 

ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ɚɧɔɤ Űɞɡ ŭɘŬűɞɟŮŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ɣŮəŬůɛɞɨ. Ⱥˊɞɛɏɜɤɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɛŮɘɤɛɏɜŮɠ 

Ůəˊɞɛˊɏɠ CO2 Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ɏɜŬɜŰɘ Űɤɜ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ, ŮɑɜŬɘ Ůɜ ɛɏɟŮɘ 

ůɡɜŰɖɟɖŰɘəɎ əŬɘ ɛɎɚɘůŰŬ ŰŮɑɜɞɡɜ ɜŬ ɡˊɞŰɘɛɞɨɜ Űɞ ˊɟŬɔɛŬŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ ůŰɧɚɞɡ Űɤɜ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ɛŮ ɎɛŮůɞ ɣŮəŬůɛɧ Űɞɡ 2001. ɋůŰɧůɞ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ůŰɧɚɞɠ Űɤɜ 

ɞɢɖɛɎŰɤɜ ɛŮ ɏɛɛŮůɞ ɣŮəŬůɛɧ ˊŮŰɟŮɚŬɑɞɡ ɐŰŬɜ ɛɘəɟɧŰŮɟɞɠ Ŭˊɧ 10% əŬɘ ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɖɜ 

Űɡˊɘəɐ ɓŮɚŰɑɤůɖ Űɖɠ ɞɘəɞɜɞɛɑŬɠ əŬɡůɑɛɞɡ Űɖɠ ŰɎɝɖɠ Űɤɜ 10-15% ˊɞɡ ˊɟɞůɏűŮɟŮ ɖ ŰŮɢɜɞɚɞɔɑŬ 

Űɞɡ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ, ŮəŰɘɛɐɗɖəŮ ɧŰɘ ɖ ɡˊɞŰɑɛɖůɖ ˊɞɡ ɗŬ ɔɘɜɧŰŬɜ ɗŬ ɐŰŬɜ ɛɧɜɞ ɚɑɔŮɠ 

ˊɞůɞůŰɘŬɑŮɠ ɛɞɜɎŭŮɠ əŬɘ ŭŮ ɗŬ ŮˊɏűŮɟŮ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖɜ ɏɟŮɡɜŬ. 

 

 

 

ɆɢɐɛŬ 5.1: ɆŰɞɘɢŮɑŬ Ůəˊɞɛˊɐɠ CO2 ŬɜɎ əŬŰɖɔɞɟɑŬ ɓɎɟɞɡɠ ɞɢɖɛɎŰɤɜ Űɖɠ ɔŮɟɛŬɜɘəɐɠ ŬɔɞɟɎɠ 

ŮˊɘɓŬŰɘəɩɜ Űɞɡ 2001 (ɛŮ ɛˊɚŮ ůŰŬɡɟɧ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ əŬɘ ɛŮ əɧəəɘɜɞ 

Űɟɑɔɤɜɞ ŰŬ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ) [30]  
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ɆŰɞ ɆɢɐɛŬ 5.1, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Ůəˊɞɛˊɏɠ CO2 ɛŮŰɟɖɛɏɜŮɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ əɨəɚɞ ɞŭɐɔɖůɖɠ 

NEDC ɔɘŬ Űɞɜ ɔŮɟɛŬɜɘəɧ ůŰɧɚɞ ɞɢɖɛɎŰɤɜ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ ɓɎɟɞɡɠ Űɞɡɠ. ɇŬ ŭŮŭɞɛɏɜŬ Űɞɡ,  

Ŭűɞɟɞɨɜ Űɖɜ ˊɚɐɟɖ ɔəɎɛŬ Űɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ˊɟɞɠ ˊɩɚɖůɖ ůŰɖɜ ɔŮɟɛŬɜɘəɐ 

ŬɔɞɟɎ əŬɘ ɧɢɘ Űɞ ɛɏůɞ ɧɟɞ Űɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ ɏɢɞɡɜ ˊɤɚɖɗŮɑ. ɃˊɧŰŮ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ 

ɡˊɎɟɢŮɘ ɖ ŰɎůɖ Űɖɠ Ŭɨɝɖůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɧůɞ Űɞ ɓɎɟɞɠ Űɤɜ ɞɢɖɛɎŰɤɜ ŬɡɝɎɜŮŰŬɘ. ȷˊɧ Űɖɜ 

ŮɘəɧɜŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ɡˊɎɟɢŮɘ ɛɘŬ ŭɘŬəɨɛŬɜůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2, 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɚɎůɖ ɓɎɟɞɡɠ Űɤɜ ɞɢɖɛɎŰɤɜ, Ůɜɩ ɘŭɘŬɑŰŮɟŬ ŮɛűŬɜɐɠ ŮɑɜŬɘ əŬɘ ɖ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ 

ůŰɘɠ ɛɏůŮɠ Ůəˊɞɛˊɏɠ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ əŬɘ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ. 

ũɘŬ ɜŬ ɔɑɜŮɘ ɖ ŮɘəɧɜŬ Űɞɡ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰɞɠ ˊɘɞ ɝŮəɎɗŬɟɖ, ɓɟɏɗɖəŮ ɖ ɛɏůɖ Űɘɛɐ Ůəˊɞɛˊɩɜ 

ůŮ əɎɗŮ əŬŰɖɔɞɟɑŬ ɓɎɟɞɡɠ Űɞɡ ůŰɧɚɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ əŬɘ ŰŬ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ 

ɆɢɐɛŬ 5.2. ɆŰɘɠ Űɘɛɏɠ ŬɡŰɏɠ ɚɐűɗɖəŬɜ ɡˊɧɣɘɜ ŬˊɞəɚɑůŮɘɠ ɔɘŬ əɎɗŮ ɛɘŬ ɛɏůɖ Űɘɛɐ, Ůɜɩ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ Űɖɠ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ, ɓɟɏɗɖəŬɜ ɞɘ ŮɝɘůɩůŮɘɠ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɜ Űɘɠ ɛɏůŮɠ 

Ůəˊɞɛˊɏɠ CO2 ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ɞɢɐɛŬŰɞɠ ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ 

əŬɘ Űɤɜ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ. ȷˊɧ Űɞ ɆɢɐɛŬ 5.2 ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ ɧŰɘ ɞɘ ɖ 

ɛŮɑɤůɖ ůŰɘɠ Ůəˊɞɛˊɏɠ CO2, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɚɎůɖ ɓɎɟɞɡɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 25 ɏɤɠ 29% ɡˊɏɟ Űɤɜ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ. 

 

 

ɆɢɐɛŬ 5.2: ɀɏůŮɠ Űɘɛɏɠ Ůəˊɞɛˊɩɜ CO2 ŬɜɎ əŬŰɖɔɞɟɑŬ ɓɎɟɞɡɠ ɞɢɖɛɎŰɤɜ Űɖɠ ɔŮɟɛŬɜɘəɐɠ ŬɔɞɟɎɠ 

ŮˊɘɓŬŰɘəɩɜ Űɞɡ 2001 (ɛŮ əɨəɚɞ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ əŬɘ ɛŮ Űɟɑɔɤɜɞ ŰŬ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ) [30]  
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ɀŮ Űɞ ɑŭɘɞ ůəŮˊŰɘəɧ, ůŰɞ ɆɢɐɛŬ 5.3 ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɛɏůŮɠ Űɘɛɏɠ Ůəˊɞɛˊɐɠ CO2 ŬɜɎ 

əŬŰɖɔɞɟɑŬ ɓɎɟɞɡɠ ɔɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ Űɖɠ ɔŮɟɛŬɜɘəɐɠ ŬɔɞɟɎɠ. ȷˊɧ Űɞ ɑŭɘɞ ŭɘɎɔɟŬɛɛŬ ɛˊɞɟŮɑ 

əŬɜŮɑɠ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ ɧŰɘ ɞɘ ɖ ɛŮɑɤůɖ ůŰɘɠ Ůəˊɞɛˊɏɠ CO2, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɚɎůɖ ɓɎɟɞɡɠ 

əɡɛŬɑɜŮŰŬɘ ůŰɞ 18-24% ɡˊɏɟ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŬɔɞɟɎ Űɖɠ ȸɧɟŮɘŬɠ ȷɛŮɟɘəɐɠ ɔɘŬ Űɞ ɏŰɞɠ 2001 ŰŬ ŭŮŭɞɛɏɜŬ Ůəˊɞɛˊɩɜ Ŭˊɧ Űɘɠ 

ŮɔəɟɑůŮɘɠ Űɨˊɞɡ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ɐŰŬɜ ˊɞɚɨ ɚɘɔɧŰŮɟŬ Ŭˊɧ ŬɡŰɎ Űɤɜ 

ɓŮɜɕɘɜɞəɑɜɖŰɤɜ. ɋůŰɧůɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ, Űɞ ˊɚɐɗɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɐŰŬɜ 

ŬɟəŮŰɧ ɔɘŬ ɜŬ ůɡɛˊŮɟɎɜŮɘ əŬɜŮɑɠ ɧŰɘ ɖ ˊɘɗŬɜɐ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɡˊɏɟ Űɤɜ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ůŰɖɜ ȸɧɟŮɘɞ ȷɛŮɟɘəɐ, ŬəɞɚɞɡɗŮɑ Űɖɜ ɑŭɘŬ ŰɎůɖ ŬɡŰɐɜ Űɖɠ Ⱥɡɟɩˊɖɠ. 

 

 

ɆɢɐɛŬ 5.3: ɀɏůŮɠ Űɘɛɏɠ Ůəˊɞɛˊɐɠ CO2 ŬɜɎ əŬŰɖɔɞɟɑŬ ɓɎɟɞɡɠ ɔɘŬ ŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ Űɖɠ 

ɔŮɟɛŬɜɘəɐɠ ŬɔɞɟɎɠ Űɞɡ 2001 (ɛŮ əɨəɚɞ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ əŬɘ ɛŮ 

Űɟɑɔɤɜɞ ŰŬ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ), [30]  

 

ɆŰɞ ɆɢɐɛŬ 5.4 ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ŮɝɘůɩůŮɘɠ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɜ Űɘɠ ɛɏůŮɠ Ůəˊɞɛˊɏɠ CO2 ůɡɜŬɟŰɐůŮɘ 

Űɞɡ ɓɎɟɞɡɠ Űɞɡ ɞɢɐɛŬŰɞɠ ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ əŬɘ ŮɚŬűɟɩɜ 

űɞɟŰɖɔɩɜ. Ⱥˊɑůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ɖ ɛɏůɖ Űɘɛɐ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ Űɖɜ əŬŰɖɔɞɟɑŬ C 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ. ũɘŬ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɞɡ ŬɜŬɔɜɩůŰɖ, ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɏɜŬ Űɡˊɘəɧ 

ɧɢɖɛŬ Űɖɠ əŬŰɖɔɞɟɑŬɠ C Űɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ ŮɑɜŬɘ Űɞ Volkswagen Golf. Ƀɘ ɛɏůŮɠ Ůəˊɞɛˊɏɠ 

CO2 Űɖɠ əŬŰɖɔɞɟɑŬɠ C Ŭˊɧ Űɞ ɆɢɐɛŬ 5.4, ŮɑɜŬɘ 30% ɚɘɔɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛɏůŮɠ Ůəˊɞɛˊɏɠ 

Űɤɜ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ. 
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ɆɢɐɛŬ 5.4: ɀɏůŮɠ Űɘɛɏɠ Ůəˊɞɛˊɐɠ CO2 ŬɜɎ əŬŰɖɔɞɟɑŬ ɓɎɟɞɡɠ ɔɘŬ Űɖɜ ŬɔɞɟɎ  Űɞɡ 2001 Űɖɠ 

ȸɧɟŮɘŬɠ ȷɛŮɟɘəɐɠ (ɛŮ əɨəɚɞ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ ŮɚŬűɟɎ űɞɟŰɖɔɎ əŬɘ ɛŮ Űɟɑɔɤɜɞ ŰŬ 

ɓŮɜɕɘɜɞəɑɜɖŰŬ əŬɘ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ ŮˊɘɓŬŰɘəɎ ɞɢɐɛŬŰŬ), [30] 

 

ɇŬ ůɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ, Űɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ 

əŬɘ Űɘɠ Ůəˊɞɛˊɏɠ CO2 ɔɘŬ Űɖɜ ɔŮɟɛŬɜɘəɐ əŬɘ ɓɞɟŮɘɞŬɛŮɟɘəŬɜɘəɐ ŬɔɞɟɎ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ˊŬɟŬəɎŰɤ (ɄɑɜŬəŬɠ 5.1). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭűɞɟɞɨɜ Űɖɜ əŬŰɖɔɞɟɑŬ C Űɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ 

(ɛɏůɞ ɓɎɟɞɠ əɚɎůɖɠ 1420 kg), Ůɜɩ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ ŮˊɘɚɏɢɗɖəŮ ɖ 

əɚɎůɖ ɛŮ ɛɏůɞ ɧɟɞ ɓɎɟɞɡɠ ŰŬ 2040 kg. 

 ȺˊɘɓŬŰɘəɎ ɛɏůɖɠ əŬŰɖɔɞɟɑŬɠ ɓɎɟɞɡɠ 

1420 kg 

ȺɚŬűɟɎ űɞɟŰɖɔɎ ɛɏůɖɠ əŬŰɖɔɞɟɑŬɠ 

ɓɎɟɞɡɠ 2040 kg 

ȾŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ 

(L/100 km) 

Ůəˊɞɛˊɏɠ CO2 

(gCO2/km) 

ȾŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ 

(L/100 km) 

Ůəˊɞɛˊɏɠ CO2 

(gCO2/km) 

ȸɧɟŮɘŬ 

ȷɛŮɟɘəɐ 

ɓŮɜɕɑɜɖ 9.3 220 13.5 319 

ˊŮŰɟɏɚŬɘɞ 5.8 154 - - 

ῳ Ὀ Ὃ Ὃϳ Ϸ -38 -30 - - 

ũŮɟɛŬɜɑŬ ɓŮɜɕɑɜɖ 9 213 12.1 285 

ˊŮŰɟɏɚŬɘɞ 5.9 156 8.5 225 

ῳ Ὀ Ὃ Ὃϳ Ϸ -35 -27 -30 -21 

 

ɄɑɜŬəŬɠ 5.1: ɃɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ, əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ ɛɏůŮɠ Ůəˊɞɛˊɏɠ CO2 ɔɘŬ ŰŬ 

ɞɢɐɛŬŰŬ Űɖɠ ɓɞɟŮɘɞŬɛŮɟɘəŬɜɘəɐɠ əŬɘ ɔŮɟɛŬɜɘəɐɠ ŬɔɞɟɎɠ Űɞɡ 2001 [30]  
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5.1.1. ȺəŰɘɛɩɛŮɜŮɠ Ůəˊɞɛˊɏɠ CO2 Ŭˊɧ ŰŬ ɞɢɐɛŬŰŬ Űɞɡ 2015 

 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɏɟŮɡɜŬ Űɖɠ Ford [30], ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɞˊɞɑŬɠ ŬəɞɚɞɡɗɞɨɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ, ɏɔɘɜŮ Űɞ 2001, ɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ, ɖ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ əŬɗɩɠ əŬɘ ɞɘ Ůəˊɞɛˊɏɠ 

CO2 Űɤɜ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ əŬɘ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ ɐŰŬɜ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ŬɜŬɛɏɜɞɜŰŬɜ ɜŬ 

ŬɚɚɎɝɞɡɜ ɛɏůŬ ůŰɞɜ ɢɟɞɜɘəɧ ɞɟɑɕɞɜŰŬ Űɞɡ 2001-2015. ȸŮɚŰɘɩůŮɘɠ ůŰɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɗŬ 

ɔɑɜɞɜŰŬɜ Űɧůɞ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ ɧůɞ əŬɘ Űɤɜ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ, 

ɤůŰɧůɞ ɚɧɔɞ Űɞɡ ɐŭɖ ɡɣɖɚɞɨ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ Űɤɜ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟɤɜ, ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ˊŮɟɘɗɩɟɘɞ ɓŮɚŰɑɤůɖɠ ɜŬ Űɞ ɏɢɞɡɜ ɞɘ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŮɠ. ȺˊɘˊɟɞůɗɏŰɤɠ, ɞɘ ɛŮɚɚɞɜŰɘəɎ 

ŬɜŬɛŮɜɧɛŮɜŮɠ ŬɡůŰɖɟɧŰŮɟŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ Ůəˊɞɛˊɐɠ NOX əŬɘ ůɤɛŬŰɘŭɑɤɜ, ɗŬ əŬɗɘůŰɞɨůŬɜ 

ŬˊŬɟŬɑŰɖŰɖ Űɖɠ ŮɘůŬɔɤɔɐ ŰŮɢɜɞɚɞɔɘɩɜ ůŰɞɡɠ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŮɠ ˊɞɡ Ůɜ ɛɏɟŮɘ ɗŬ ɛŮɑɤɜŬɜ Űɞ 

ˊŮɟɘɗɩɟɘɞ Ŭɨɝɖůɖɠ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡɠ. ȰŰůɘ ɖ Ŭɨɝɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ ɓŮɜɕɘɜɞəɘɜɖŰɐɟɤɜ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ŮˊɘəŮɑɛŮɜŮɠ ɛŮɘɩůŮɘɠ ůŰɖɜ Ŭˊɧŭɞůɖ ɔɘŬ Űɞɡɠ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŮɠ, ɗŬ ɛŮɑɤɜŮ Űɞ 

ɢɎůɛŬ Ůəˊɞɛˊɐɠ CO2 ŬɜɎɛŮůŬ ůŮ ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ əŬɘ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ. 

Ƀɘ ŬɚɚŬɔɏɠ ůŰɖɜ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ ɚɧɔɤ Űɖɠ Ůɘůɧŭɞɡ Űɤɜ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŮəűɟɎůŰɖəŬɜ, 

ɛɏůɤ Űɖɠ ŰɧŰŮ ˊŬɟɞɨůŬɠ ɞɘəɞɜɞɛɑŬɠ əŬɡůɑɛɞɡ (ŭɖɚŬŭɐ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ 2001), 

ˊɞɚɚŬˊɚŬůɘŬůɛɏɜɖɠ ɛŮ ɏɜŬɜ Ŭɟɘɗɛɧ ɟɡɗɛɘůŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ŬɜŰɘˊɟɞůɩˊŮɡŬɜ Űɘɠ 

ŮˊɘŭɟɎůŮɘɠ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɤɜ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ůŰɖɜ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ. ȼ ɛŬɗɖɛŬŰɘəɐ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŬɜɤŰɏɟɤ əŬŰŬɚɐɔŮɘ ůŰɖɜ ŮˊɧɛŮɜɖ ůɢɏůɖ: 

ὊὉ ὊὉ Ὢ 

 

(5.1) 

ȳˊɞɡ FEo ŮɑɜŬɘ ɖ ˊɟŬɔɛŬŰɘəɐ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ 2001, f i ŮɑɜŬɘ ɞɘ ɟɡɗɛɘůŰɘəɞɑ 

ˊŬɟɎɔɞɜŰŮɠ Űɖɠ ɞɘəɞɜɞɛɑŬɠ əŬɡůɑɛɞɡ (ɔɘŬ f i>1 ůɖɛŮɘɩɜŮŰŬɘ ɓŮɚŰɑɤůɖ Űɖɠ ɞɘəɞɜɞɛɑŬɠ əŬɡůɑɛɞɡ, 

Ůɜɩ ɔɘŬ f i<1 ɛŮɑɤůɖ), Űɞ i ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɜ ŭŮɑəŰɖ Űɞɡ ŮəɎůŰɞŰŮ ɟɡɗɛɘůŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ əŬɘ 

Űɞ M Űɞɜ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ŭɑɜɞɜŰŬɘ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ŮˊɟɧəŮɘŰɞ ɜŬ ɏɢɞɡɜ ŮɜůɤɛŬŰɤɗŮɑ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ 

ɓŮɜɕɑɜɖɠ əŬɘ ˊŮŰɟŮɚŬɑɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ Űɞɡ 2015 əŬɗɩɠ əŬɘ ɞɘ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ɧŰɘ 

ɗŬ ŮˊɏűŮɟŬɜ ůŰɖɜ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ (ɄɑɜŬəŬɠ 5.2), Ůɜɩ ɞ  

ɄɑɜŬəŬɠ 5.3 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ŮəŰɘɛɩɛŮɜŬ ůɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɞɘəɞɜɞɛɑŬ 

əŬɡůɑɛɞɡ, Űɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ Űɘɠ Ůəˊɞɛˊɏɠ CO2 ɔɘŬ Űɖɜ ɔŮɟɛŬɜɘəɐ əŬɘ 

ɓɞɟŮɘɞŬɛŮɟɘəŬɜɘəɐ ŬɔɞɟɎ Űɞɡ 2015. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭűɞɟɞɨɜ əŬɘ ˊɎɚɘ Űɖɜ əŬŰɖɔɞɟɑŬ C Űɤɜ 

ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ (ɛɏůɞ ɓɎɟɞɠ əɚɎůɖɠ 1420 kg), Ůɜɩ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŮɚŬűɟɩɜ 

űɞɟŰɖɔɩɜ ŮˊɘɚɏɢɗɖəŮ ɖ əɚɎůɖ ɛŮ ɛɏůɞ ɧɟɞ ɓɎɟɞɡɠ ŰŬ 2040 kg. 
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ȳɢɖɛŬ 
ɅɡɗɛɘůŰɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ 

ɁɏŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ 

% ŭɘŬűɞɟɎ 

ůŰɖɜ ɞɘəɞɜɞɛɑŬ 

əŬɡůɑɛɞɡ (FE) 

ɇɘɛɐ 

ɟɡɗɛɘůŰɘəɞɨ 

ˊŬɟɎɔɞɜŰŬ (f i) 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɞ 
Ůəˊɞɛˊɏɠ 

ůɤɛŬŰɘŭɑɤɜ 

ˊŬɔɑŭŮɠ 

űɑɚŰɟɤɜ 
-3 0.97 

 Ůəˊɞɛˊɏɠ NOx 

(ˊŬɔɑŭŬ NOx) ɐ 

əŬŰŬɚɨŰɖɠ SCR 

ɛŮ ɏɔɢɡůɖ 

ɞɡɟɑŬɠ 

(-5) ɐ -1 (0.95) ɐ 0.99 

 
Ŭˊɧŭɞůɖ 

əɘɜɖŰɐɟŬ 
ɛŮɑɤůɖ Űɟɘɓɩɜ +3 1.03 

ɓŮɜɕɘɜɞəɑɜɖŰɞ 
ŮˊŮɝŮɟɔŬůɑŬ 

əŬɡůŬŮɟɑɤɜ 

Űɟɘɞŭɘəɧɠ 

əŬŰŬɚɨŰɖɠ 
0 1.00 

 
Ŭˊɧŭɞůɖ 

əɘɜɖŰɐɟŬ 

ɎɛŮůɞɠ 

ɣŮəŬůɛɧɠ ï 

ɛŮŰŬɓɚɖŰɧɠ 

ɢɟɞɜɘůɛɧɠ 

ɓŬɚɓɑŭɤɜ 

+3 1.03 

 
Ŭˊɧŭɞůɖ 

əɘɜɖŰɐɟŬ 
ɛŮɑɤůɖ Űɟɘɓɩɜ +2 1.02 

 
Ŭˊɧŭɞůɖ 

əɘɜɖŰɐɟŬ 

əŬɨůɖ űŰɤɢɞɨ 

ɛɑɔɛŬŰɞɠ 
+2 1.02 

ȸ. ȷɛŮɟɘəɐ 

əɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ ï 

ŮˊɘɓŬŰɘəɩɜ 

CVT +4 1.04 

ȸ. ȷɛŮɟɘəɐ 

əɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ ï 

ŮɚŬűɟɩɜ 

űɞɟŰɖɔɩɜ 

6-ŰɎɢɡŰɞ AT +4 1.04 

Ⱥɡɟɩˊɖ 

əɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ ï 

ŮˊɘɓŬŰɘəɩɜ 

6-ŰɎɢɡŰɞ ASM +4 1.04 

 

ɄɑɜŬəŬɠ 5.2: ȺˊɑŭɟŬůɖ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ůŰɖɜ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ Űɤɜ ɞɢɖɛɎŰɤɜ [30]  
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ȺˊɘɓŬŰɘəɎ ɛɏůɖɠ əŬŰɖɔɞɟɑŬɠ ɓɎɟɞɡɠ 

1420 kg 

ȺɚŬűɟɎ űɞɟŰɖɔɎ ɛɏůɖɠ əŬŰɖɔɞɟɑŬɠ 

ɓɎɟɞɡɠ 2040 kg 

ȾŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ 

(L/100 km) 

Ůəˊɞɛˊɏɠ CO2 

(gCO2/km) 

ȾŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ 

(L/100 km) 

Ůəˊɞɛˊɏɠ CO2 

(gCO2/km) 

ȸɧɟŮɘŬ 

ȷɛŮɟɘəɐ 

ɓŮɜɕɑɜɖ 8.4 197 12.1 286 

ˊŮŰɟɏɚŬɘɞ 
5.7  

(5.9) 

150 

(156) 
- - 

ῳ Ὀ Ὃ Ὃϳ Ϸ 
-32 

(-30) 

-24 

(-21) 
- - 

ũŮɟɛŬɜɑŬ 

ɓŮɜɕɑɜɖ 8.1 191 10.8 256 

ˊŮŰɟɏɚŬɘɞ 
5.7 

(6) 

152 

(158) 

8.3 

(8.6) 

219 

(228) 

ῳ Ὀ Ὃ Ὃϳ Ϸ 
-29 

(-26) 

-21 

(-17) 

-24 

(-21) 

-14 

(-11) 

 

ɄɑɜŬəŬɠ 5.3: ȺəŰɑɛɖůɖ ɞɘəɞɜɞɛɑŬɠ əŬɡůɑɛɞɡ, əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ ɛɏůɤɜ Ůəˊɞɛˊɏɠ CO2 

ɔɘŬ ŰŬ ɞɢɐɛŬŰŬ Űɖɠ ɓɞɟŮɘɞŬɛŮɟɘəŬɜɘəɐɠ əŬɘ ɔŮɟɛŬɜɘəɐɠ ŬɔɞɟɎɠ Űɞɡ 2015 [30]  

 

5.2. ɈˊŮɟˊɚɐɟɤůɖ ï Downsizing  

 

5.2.1. ɄɚŮɞɜŮəŰɐɛŬŰŬ ɡˊŮɟˊɚɐɟɤůɖɠ əɘɜɖŰɐɟŬ 

 

ȼ ɡˊŮɟˊɚɐɟɤůɖ ŬɡɝɎɜŮɘ Űɖ ɛɎɕŬ Űɞɡ ŬɜŬɟɟɞűɩɛŮɜɞɡ ŬɏɟŬ ɎɟŬ əŬɘ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨ ůŮ ɏɜŬɜ 

əɘɜɖŰɐɟŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ ɏŰůɘ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ əɘɜɖŰɐɟŬ (əɞɘɜɩɠ downsizing) 

ŭɘŬŰɖɟɩɜŰŬɠ ɧɛɤɠ ˊŬɟŬˊɚɐůɘŬ ɐ əŬɘ əŬɚɨŰŮɟŬ ŮˊɑˊŮŭŬ ŮˊɘŭɧůŮɤɜ. ɄŬɟɎɚɚɖɚŬ, ɧɛɤɠ, ɞɘ 

ŬˊɩɚŮɘŮɠ Űɟɘɓɐɠ (ˊ.ɢ. ɏŭɟŬɜŬ) əŬɘ ɎɜŰɚɖůɖɠ (pumping) ɛŮɘɩɜɞɜŰŬɘ, ůɡɔəɟɘŰɘəɎ ˊɎɜŰŬ, ůŮ ůɢɏůɖ 

ɛŮ ɏɜŬɜ ɛŮɔŬɚɨŰŮɟɞ əŬɘ Ůˊɞɛɏɜɤɠ ɓŬɟɨŰŮɟɞ əɘɜɖŰɐɟŬ űɡůɘəɐɠ ŬɜŬˊɜɞɐɠ ɓŮɚŰɘɩɜɞɜŰŬɠ ŰŮɚɘəɎ Űɞ 

ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ əŬɘ ɛŮɘɩɜɞɜŰŬɠ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ Ůəˊɞɛˊɏɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ. ȼ 

ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ əɘɜɖŰɐɟŬ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ ɡˊŮɟˊɚɐɟɤůɖɠ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ˊɘɞ əɞɜŰɎ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŮɚɎɢɘůŰɖɠ əŬŰŬɜɎɚɤůɖɠ Űɞɡ ɢɎɟŰɖ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɗŬ ɐŰŬɜ űɡůɘəɐɠ ŬɜŬˊɜɞɐɠ əŬɘ Ůˊɞɛɏɜɤɠ 

ɛŮɔŬɚɨŰŮɟɤɜ ŭɘŬůŰɎůŮɤɜ.  

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ɡˊŮɟˊɚɐɟɤůɖ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ 

əɘɜɖŰɐɟŬ ɧůɞɜ ŬűɞɟɎ Űɖɜ əŬŰŬɜɎɚɤůɖ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.5. 
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ɆɢɐɛŬ 5.5: ȺˊɑŭɟŬůɖ Űɖɠ ɡˊŮɟˊɚɐɟɤůɖɠ/downsizing ůŰɖɜ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ Űɖɜ 

ɟɞˊɐ Űɞɡ əɘɜɖŰɐɟŬ [31]  

 

ȼ ˊŮɟɘɞɢɐ Űɤɜ ɢŬɛɖɚɩɜ əŬɘ ɛŮůŬɑɤɜ Űɘɛɩɜ Űɖɠ ɟɞˊɐɠ Ůɜɧɠ ɡˊŮɟˊɚɖɟɤɛɏɜɞɡ əɘɜɖŰɐɟŬ 

ɛɘəɟɧŰŮɟɞɡ ɛŮɔɏɗɞɡɠ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɏɠ ɛŮɘɩůŮɘɠ ůŰɖɜ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ, ůŮ 

ůɢɏůɖ ɛŮ ɏɜŬɜ əɘɜɖŰɐɟŬ űɡůɘəɐɠ ŬɜŬˊɜɞɐɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɞ ůŰɟɞɓɘɚɞ-ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 

əɘɜɖŰɐɟŬɠ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ˊɘɞ əɞɜŰɎ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɚɎɢɘůŰɖɠ Ůɘŭɘəɐɠ 

əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ůŮ ɛŮɔŬɚɨŰŮɟɞ Ůɨɟɞɠ ůŰɟɞűɩɜ əŬɘ ŮˊɘɓŬɚɚɧɛŮɜɞɡ űɞɟŰɑɞɡ. ɇŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ŬɡŰɎ ˊɟɞəɨˊŰɞɡɜ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, Ŭˊɧ ɛŮɘɩůŮɘɠ ůŰŬ ŮˊɑˊŮŭŬ Űɤɜ Űɟɘɓɩɜ 

Űɞɡ əɘɜɖŰɐɟŬ, ɚɧɔɤ Űɤɜ ɛɘəɟɧŰŮɟɤɜ Ůɛɓɧɚɤɜ əŬɘ Űɤɜ ɚɞɘˊɩɜ əɘɜɖŰɩɜ ɛŮɟɩɜ, əŬɘ ůŰɘɠ ɛɘəɟɧŰŮɟŮɠ 

ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ űɎůŮɤɜ ˊɚɐɟɤůɖɠ əŬɘ əɏɜɤůɖɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ, 

ŭŮŭɞɛɏɜɞɡ ˊɎɜŰŬ ɧŰɘ ůŰɞɜ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŬ ŬˊɞɡůɘɎɕŮɘ Űɞ ůɨůŰɖɛŬ Űɖɠ ůŰɟŬɔɔŬɚɘůŰɘəɐɠ 

ŭɘɎŰŬɝɖɠ (throttling valve) ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɞɡɠ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŮɠ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɘɞ ˊɟɧůűŬŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ACEA (2017), ɖ ɛɏůɖ ŭɘŬűɞɟɎ 

Ůəˊɞɛˊɩɜ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ŬɜɎɛŮůŬ ůŮ ɞɢɐɛŬŰŬ ɛŮ əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ɓŮɜɕɑɜɖɠ Űɞ 

2017 ɐŰŬɜ ɛɧɚɘɠ 3,7 gCO2/km (121,6 gCO2/km ŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɏɜŬɜŰɘ 117,9 g CO2/km Űɤɜ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ) (ɛŮɘɤɛɏɜɖ ůŮ ůɢɏůɖ ɛŮ Űɞ 2016). Ƀɘ əɨɟɘɞɘ ɚɧɔɞɘ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬűŮɜɧɠ ůŰɖɜ 

ŮɡɟɨŰŮɟɖ ɢɟɐůɖ əɘɜɖŰɐɟɤɜ ɓŮɜɕɑɜɖɠ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ (GDI), ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ 

ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ, ŬɚɚɎ əŬɘ ůŰɖɜ ůŬűɩɠ ˊɘɞ ŮəŰŮŰŬɛɏɜɖ ɢɟɐůɖ ůŰɟɧɓɘɚɞ-ɡˊŮɟˊɚɐɟɤůɖɠ 

ˊɚɏɞɜ əŬɘ ůŰŬ ɓŮɜɕɘɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ. 
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5.2.2. ɉɟɐůɖ ůɡůŰɐɛŬŰɞɠ ɣɡɢɧɛŮɜɖɠ ŬɜŬəɡəɚɞűɞɟɑŬɠ əŬɡůŬŮɟɑɤɜ 

 

ɀŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɣɡɢɧɛŮɜɖɠ ŬɜŬəɡəɚɞűɞɟɑŬɠ əŬɡůŬŮɟɑɤɜ (Cooled EGR) (ɆɢɐɛŬ 

5.6), ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬɟŬɑɤůɖ Űɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮɑɤůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ əŬɨůɖɠ ɎɟŬ əŬɘ ɛŮɘɤɛɏɜŮɠ Ůəˊɞɛˊɏɠ ɞɝŮɘŭɑɤɜ ŬɕɩŰɞɡ ɁɃx. ɆŰɞ ˊɚɐɟŮɠ űɞɟŰɑɞ, 

Ůɜɧɠ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŬ ɖ ˊɟɧůɗŮŰɖ ɔɧɛɤůɖ ˊɞɨ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ɣɡɢɧɛŮɜɖɠ 

ŬɜŬəɡəɚɞűɞɟɑŬɠ əŬɡůŬŮɟɑɤɜ, ɛŮɘɩɜŮɘ Űɖɜ ŬɜɎɔəɖ ɔɘŬ Ůɜɑůɢɡůɖ Űɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ ɛŮ 

ˊɟɧůɗŮŰɞ əŬɨůɘɛɞ əŬɘ ˊŬɟɎɚɚɖɚŬ ɛŮɘɩɜŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ əɟɞɡůŰɘəɐɠ əŬɨůɖɠ. ȷɡŰɐ ɖ ɛɘəɟɧŰŮɟɖ 

ŮɡŬɘůɗɖůɑŬ ůŰɖɜ əɟɞɡůŰɘəɐ əŬɨůɖ ˊɟɞůűɏɟŮɘ Ůˊɘˊɚɏɞɜ ŭɡɜŬŰɧŰɖŰŬ ɛŮɑɤůɖɠ Űɞɡ əɡɓɘůɛɞɨ Űɞɡ 

əɘɜɖŰɐɟŬ, ɛŮ ůɡɜŮˊŬəɧɚɞɡɗŮɠ ɛŮɘɩůŮɘɠ ůŰɘɠ ŬˊɩɚŮɘŮɠ Űɟɘɓɐɠ əŬɘ ɎɜŰɚɖůɖɠ ɚɧɔɤ Űɞɡ ɛɘəɟɧŰŮɟɞɡ 

ɛŮɔɏɗɞɡɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ȷɛŮɟɘəŬɜɘəɐ NHTSA [32], ɤɠ əɘɜɖŰɐɟŮɠ ɡɣɖɚɐɠ ɛɏůɖɠ ˊɟŬɔɛŬŰɘəɐɠ 

ˊɑŮůɖɠ əɡɚɑɜŭɟɞɡ (BMEP), ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ɞɘ əɘɜɖŰɐɟŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɎɛŮůɞ 

ɣŮəŬůɛɧ, ɛŮŰŬɓɚɖŰɧ ɢɟɞɜɘůɛɧ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ əŬɘ ůɨůŰɖɛŬ ŭɘŬəɟɘŰɐɠ ɐ 

ůɡɜŮɢɞɨɠ ɛŮŰŬɓɞɚɐɠ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ. ũɘŬ Űɖɜ əŬŰɖɔɞɟɑŬ əɘɜɖŰɐɟɤɜ ˊɞɚɨ ɡɣɖɚɞɨ 

BMEP, ɞɘ ŰŮɚŮɡŰŬɑŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ CAFE [33] ˊɟɞŰŮɑɜɞɡɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ ɣɡɢɧɛŮɜɖɠ 

ŬɜŬəɡəɚɞűɞɟɑŬɠ əŬɡůŬŮɟɑɤɜ ŭɘˊɚɞɨ ɓɟɧɔɢɞɡ, ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɓɟɧɔɢɞ ɡɣɖɚɐɠ əŬɘ ɢŬɛɖɚɐɠ 

ˊɑŮůɖɠ ɛŮ ŭɘˊɚɧ ŮɜŬɚɚɎəŰɖ ɔɘŬ Űɖɜ ɣɨɝɖ Űɤɜ əŬɡůŬŮɟɑɤɜ. ɆŰɘɠ ɑŭɘŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ ŮɝŮŰɎɕɞɜŰŬɘ 

ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ɡˊŮɟˊɚɖɟɤɛɏɜɤɜ əɘɜɖŰɐɟɤɜ ɡɣɖɚɐɠ ɛɏůɖɠ ˊɟŬɔɛŬŰɘəɐɠ ˊɑŮůɖɠ 

əɡɚɑɜŭɟɞɡ, ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ űɘɚɞůɞűɑŬ Űɞɡ downsize. ɇŬ ŮˊɑˊŮŭŬ ŬɡŰɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ɛŬɕɑ ɛŮ ŰŬ ŮˊɑˊŮŭŬ BMEP, Űɞ ˊɞůɞůŰɧ Űɞɡ downsizing, Űɖɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ EGR, 

Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ˊɑŮůɖ ɡˊŮɟˊɚɐɟɤůɖɠ əŬɘ Űɞ ůɨůŰɖɛŬ ɡˊŮɟˊɚɐɟɤůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ (ɄɑɜŬəŬɠ 5.4). 

 

 

ɆɢɐɛŬ 5.6: ɆɨůŰɖɛŬ ɣɡɢɧɛŮɜɖɠ ŬɜŬəɡəɚɞűɞɟɑŬɠ əŬɡůŬŮɟɑɤɜ (Cooled Exhaust Gas 

Recirculation) [34]  
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ȾŬŰɖɔɞɟɑŬ 

ɡˊŮɟˊɚɐɟɤůɖɠ 

BMEP 

(bar) 

Downsizing 

(%) 

Cooled 

EGR 

ȷˊɧɚɡŰɖ ˊɑŮůɖ 

ɡˊŮɟˊɚɐɟɤůɖɠ 

(bar) 

ɆɨůŰɖɛŬ ɡˊŮɟˊɚɐɟɤůɖɠ 

Turbocharging 

and downsizing ï 

Level 1 

18 33 No ~1.7 

ɀɞɜɧɠ ɡˊŮɟˊɚɖɟɤŰɐɠ ɔɘŬ 

əɘɜɖŰɐɟŮɠ ŭɘɎŰŬɝɖɠ ůŮ ůŮɘɟɎ 

ɛŮ ɓŬɚɓɑŭŬ ŬɜŬəɧɡűɘůɖɠ 

 

ȹɘˊɚɧɠ ɡˊŮɟˊɚɖɟɤŰɐɠ ɔɘŬ 

əɘɜɖŰɐɟŮɠ ŭɘɎŰŬɝɖɠ V ɛŮ 

ɓŬɚɓɑŭŬ ŬɜŬəɧɡűɘůɖɠ 

 

Turbocharging 

and downsizing ï 

Level 2 

24 50 No 2.0 
ɈˊŮɟˊɚɖɟɤŰɐɠ ɛŮŰŬɓɚɖŰɐɠ 

ɔŮɤɛŮŰɟɑŬɠ 

Cooled EGR ï 

Level 1 
24 50 Yes 2.0 

ɈˊŮɟˊɚɖɟɤŰɐɠ ɛŮŰŬɓɚɖŰɐɠ 

ɔŮɤɛŮŰɟɑŬɠ 

Cooled EGR ï 

Level 2 
27 56 Yes 2.3 ɈˊŮɟˊɚɖɟɤŰɐɠ 2 ɓŬɗɛɑŭɤɜ 

 

ɄɑɜŬəŬɠ 5.4: ɆɡůŰɐɛŬŰŬ ɡˊŮɟˊɚɐɟɤůɖɠ ɔɘŬ ɡˊŮɟˊɚɖɟɤɛɏɜɞɡɠ downsized əɘɜɖŰɐɟŮɠ Otto [33]  

 

5.2.3. ȺűŬɟɛɞɔɏɠ downsized əɘɜɖŰɐɟɤɜ 

 

Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ɏɢɞɡɜ ŮɘůɎɔŮɘ ůŰɖ ŬɔɞɟɎ, ɞɢɐɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɡɠ əɘɜɖŰɐɟŮɠ ɛɘəɟɧŰŮɟɞɡ ɧɔəɞɡ Ůɛɓɞɚɘůɛɞɨ (downsized), ɤɠ ɡˊɞəŬŰɎůŰŬůɖ 

əɘɜɖŰɐɟɤɜ űɡůɘəɐɠ ŬɜŬˊɜɞɐɠ ɛŮɔŬɚɨŰŮɟɞɡ əɡɓɘůɛɞɨ ɛŮ ůŰɧɢɞ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ 

əŬɡůɑɛɞɡ ŭɘŬŰɖɟɩɜŰŬɠ ˊŬɟŬˊɚɐůɘŬ ŮˊɑˊŮŭŬ ŮˊɘŭɧůŮɤɜ. ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ Ŭɑůɗɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ 

Űɖɠ ŰɎůɖɠ  Űɖɠ ɡˊŮɟˊɚɐɟɤůɖɠ əŬɘ Űɞɡ downsizing ůŰɞɡɠ ůɖɛŮɟɘɜɞɨɠ əɘɜɖŰɐɟŮɠ, ůŰɞ  

ɆɢɐɛŬ 5.7 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɟɘůɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɖɠ əŬɛˊɨɚɖɠ ɟɞˊɐɠ, ůŮ ɡɣɖɚɧ űɞɟŰɑɞ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɤɜ ɓŮɜɕɘɜɞəɘɜɖŰɐɟɤɜ əɡɓɘůɛɞɨ ɛɘəɟɧŰŮɟɞɡ Ŭˊɧ 2.0 L. 
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ɆɢɐɛŬ 5.7: ȹɘŬɔɟɎɛɛŬŰŬ ɟɞˊɐɠ ɞɟɘůɛɏɜɤɜ ɡˊŮɟˊɚɖɟɤɛɏɜɤɜ əɘɜɖŰɐɟɤɜ ɓŮɜɕɑɜɖɠ ŰŮɢɜɞɚɞɔɑŬɠ 

ɎɛŮůɞɡ ɣŮəŬůɛɞɨ (GDI) ůŮ ɡɣɖɚɧ űɞɟŰɑɞ [35]  

 

ȺɝŮŰɎɕɞɜŰŬɠ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɤɜ əɘɜɖŰɐɟɤɜ ɛɞɜɞɨ ɡˊŮɟˊɚɖɟɤŰɐ 1.4L FSI (200Nm/90kW) əŬɘ 

2.0L FSI (280Nm/147kW) Űɖɠ Volkswagen, ŭɘŬˊɘůŰɩɜŮɘ əŬɜŮɑɠ ɧŰɘ ŮɑɢŬɜ ɛɏɔɘůŰɖ BMEP ́ Ůɟɑˊɞɡ 

1.8 MPa əŬɘ ůɡɔəɏɜŰɟɤůɖ ɘůɢɨɞɠ 75 kW/L. Ⱥˊɑůɖɠ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ űŬɑɜŮŰŬɘ ɧŰɘ ɡˊɎɟɢŮɘ ɛɘŬ 

ůɢɏůɖ çŬɜŰŬɚɚŬɔɐɠè ŬɜɎɛŮůŬ ůŰɖ ůɡɔəɏɜŰɟɤůɖ ɘůɢɨɞɠ Űɞɡ əɘɜɖŰɐɟŬ əŬɘ Űɖɜ ŮɚɎɢɘůŰɖ ŰŬɢɨŰɖŰŬ 

ˊŮɟɘůŰɟɞűɐɠ ůŰɖɜ ɞˊɞɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɛɏɔɘůŰɖ ɟɞˊɐ. Ƀɘ ˊŬɟŬˊɎɜɤ Űɘɛɏɠ ŮˊɘŭɧůŮɤɜ Űɤɜ 

əɘɜɖŰɐɟɤɜ ůɢɖɛŬŰɑɕɞɡɜ ɛɘŬ ɓɎůɖ ŬɜŬűɞɟɎɠ ˊɞɡ ŬɜŰŬɜŬəɚɎ Űɖɜ ɞɘəɞɜɞɛɘəɎ ŬˊɞŭŮəŰɐ 

ŰŮɢɜɞɚɞɔɑŬ, ˊɞɡ ɐŰŬɜ ŭɘŬɗɏůɘɛɖ ůŰɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ əɘɜɖŰɐɟɤɜ, ɔɘŬ ɛŬɕɘəɐ ˊŬɟŬɔɤɔɐ Ůɜɧɠ 

əɘɜɖŰɐɟŬ ɓŮɜɕɑɜɖɠ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ ɛŮ ɡˊŮɟˊɚɐɟɤůɖ ůŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 2000. ũɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ ɛŮɔŬɚɨŰŮɟɖɠ BMEP Űɖɠ ŰɎɝɖɠ Űɤɜ 2.2 MPa, Űɞ 2007 ɖ Volkswagen ŭɘɏɗŮůŮ ůŰɖɜ ŬɔɞɟɎ 

ɏɜŬɜ əɘɜɖŰɐɟŬ ɛŮ ŭɘŬɗɏůɘɛɖ ɛɏɔɘůŰɖ Űɘɛɐ ɟɞˊɐɠ ůŮ ɛŮɔŬɚɨŰŮɟɞ Ůɨɟɞɠ ůŰɟɞűɩɜ Űɞɡ əɘɜɖŰɐɟŬ, ɛŮ 

ůɡɔəɏɜŰɟɤůɖ ɘůɢɨɞɠ 90 kW/L. Ƀ əɘɜɖŰɐɟŬɠ 1.4L TSI (240Nm/125kW) Űɖɠ Volkswagen ɔɘŬ ɜŬ 

ˊŮŰɨɢŮɘ Űɘɠ ˊŬɟŬˊɎɜɤ Űɘɛɏɠ ŮˊɘŭɧůŮɤɜ ɏəŬɜŮ ɢɟɐůɖ Ůɜɧɠ ůɡɜŭɡŬůɛɞɨ ŭɨɞ ůɡɛˊɘŮůŰɩɜ, Ůɜɧɠ 

ɛɖɢŬɜɘəɞɨ ůɡɛˊɘŮůŰɐ (supercharger) əŬɘ Ůɜɧɠ ůŰɟɞɓɘɚɞ-ɡˊŮɟˊɚɖɟɤŰɐ əŬɡůŬŮɟɑɤɜ (turbocharger) 

[35]. ɇɞ 2011, ɖ Ford ŬɜŬəɞɑɜɤůŮ Űɞɜ əɘɜɖŰɐɟŬ 1.0L EcoBoost (170Nm-200Nm 

overboost/93kW), ɧˊɞɡ ɖ Űɘɛɐ Űɖɠ Ůɘŭɘəɐɠ ɟɞˊɐɠ əŬɘ ɘůɢɨɞɠ ɐŰŬɜ ˊŬɟɧɛɞɘŬ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ 1.4L 

TSI (240Nm/125kW) Űɖɠ Volkswagen, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɛɤɠ ɏɜŬɜ ɛɧɜɞ ůŰɟɞɓɘɚɞ-ɡˊŮɟˊɚɖɟɤŰɐ 

ɛŮ ɓŬɚɓɑŭŬ ˊŬɟɎəŬɛɣɖɠ əŬɡůŬŮɟɑɞɡ. Ƀ əɘɜɖŰɐɟŬɠ Űɖɠ Ford ́ ŬɟɞɡůɑŬůŮ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ ůŰɖɜ 

ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ ůŰɟɞűɩɜ Űɞɡ əɘɜɖŰɐɟŬ ɧˊɞɡ ɝŮəɘɜɎŮɘ ɜŬ ɔɑɜŮŰŬɘ ŭɘŬɗɏůɘɛɖ ɖ ɛɏɔɘůŰɖ ɟɞˊɐ Űɞɡ. 

ȼ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɖɠ ɛɏɔɘůŰɖɠ ɟɞˊɐɠ Űɞɡ əɘɜɖŰɐɟŬ ůŮ ɢŬɛɖɚɏɠ ŰŬɢɨŰɖŰŮɠ ˊŮɟɘůŰɟɞűɐɠ, ŮɑɜŬɘ ɛɘŬ 

əɟɑůɘɛɖ ŬˊŬɑŰɖůɖ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɢŬɛɖɚɐɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ [35], ůɢŮŰɘɕɧɛŮɜɖ ɎɛŮůŬ ɛŮ 

Űɖɜ əɑɜɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ ŮɜŰɧɠ ˊɧɚɖɠ. Ƀ ɄɑɜŬəŬɠ 5.5 ˊŬɟɞɡůɘɎɕŮɘ ůŰɞɘɢŮɑŬ ɞɟɘůɛɏɜɤɜ                     

3-əɨɚɘɜŭɟɤɜ downsized əɘɜɖŰɐɟɤɜ ɓŮɜɕɑɜɖɠ Űɖɠ ŬɔɞɟɎɠ. 

 



105 

 

ȾŬŰŬůəŮɡŬůŰɐɠ ȾɘɜɖŰɐɟŬɠ Ƚůɢɨɠ 

Ford 
1.0L 3-əɨɚɘɜŭɟɞɠ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 
123 HP 

Mercedes-Benz/ 

Smart/Mitsubishi 

1.0L 3-əɨɚɘɜŭɟɞɠ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 
84 HP 

BMW 
1.5L 3-əɨɚɘɜŭɟɞɠ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 
120-122 HP 

Volkswagen 
1.0L 3-əɨɚɘɜŭɟɞɠ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 
110 HP 

GM/Opel 
1.0L 3-əɨɚɘɜŭɟɞɠ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 
115 HP 

Mercedes-Benz/Renault 
0.9L 3-əɨɚɘɜŭɟɞɠ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 
90 ȼɅ 

Honda 
1.0L 3-əɨɚɘɜŭɟɞɠ, 

ɡˊŮɟˊɚɖɟɤɛɏɜɞɠ 
127 HP 

 

ɄɑɜŬəŬɠ 5.5: ɄŬɟŬŭŮɑɔɛŬŰŬ downsized ɡˊŮɟˊɚɖɟɤɛɏɜɤɜ 3-əɨɚɘɜŭɟɤɜ əɘɜɖŰɐɟɤɜ ŭɘŬűɧɟɤɜ 

əŬŰŬůəŮɡŬůŰɩɜ [31]  

 

5.2.4. ȺəŰɘɛɐůŮɘɠ ɛŮɑɤůɖɠ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ɛŮ ŮűŬɟɛɞɔɐ ŰŮɢɜɞɚɞɔɘɩɜ 

ɡˊŮɟˊɚɐɟɤůɖɠ 

 

ȼ ŰɎůɖ ŮɜůɤɛɎŰɤůɖɠ ɡˊŮɟˊɚɖɟɤɛɏɜɤɜ əɘɜɖŰɐɟɤɜ ůŰŬ ˊŬɟŬɔɧɛŮɜŬ ɞɢɐɛŬŰŬ ŮɑɜŬɘ ůŰŬɗŮɟɎ 

Ŭɜɞŭɘəɐ Ŭˊɧ Űɞ 2008. Ƀ ɄɑɜŬəŬɠ 5.6 ŭŮɑɢɜŮɘ ɧŰɘ ŰŬ ˊɞůɞůŰɎ Űɤɜ ŮˊɘɓŬŰɘəɩɜ ɞɢɖɛɎŰɤɜ əŬɘ 

ŮɚŬűɟɩɜ űɞɟŰɖɔɩɜ ɛŮ əɘɜɖŰɐɟŮɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ůɨůŰɖɛŬ ɡˊŮɟˊɚɐɟɤůɖɠ, ŬɡɝɐɗɖəŮ ůŰɞ 

14,8% Űɞ ɏŰɞɠ 2013 ůŰɖɜ ŬɔɞɟɎ Űɤɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ. ȼ ŰɎůɖ ŬɡŰɐ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŬɡɝɖɗŮɑ 

ŰŬ ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ [31] (ˊŬɟɧɛɞɘŬ ɘůɢɨɞɡɜ əŬɘ ůŰɖɜ ȺɡɟɤˊŬɥəɐ ŬɔɞɟɎ). 

 

ȰŰɞɠ ɄɞůɞůŰɧ (%) 

2008 3.0 

2009 3.3 

2010 3.3 

2011 6.8 

2012 8.4 

2013 14.8 

 

ɄɑɜŬəŬɠ 5.6: ɄɞůɞůŰɧ ɞɢɖɛɎŰɤɜ ɛŮ ɡˊŮɟˊɚɖɟɤɛɏɜɞ əɘɜɖŰɐɟŬ ůŰɖɜ ŬɔɞɟɎ Űɤɜ ȼɜɤɛɏɜɤɜ 

ɄɞɚɘŰŮɘɩɜ ȷɛŮɟɘəɐɠ [31]  
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ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮəŰɘɛɐůŮɘɠ Űɞɡ ŬɛŮɟɘəŬɜɘəɞɨ ɞɟɔŬɜɘůɛɞɨ NHTSA (National 

Highway Traffic Safety Administration) [32], ůɢŮŰɘəɎ ɛŮ Űɘɠ ˊɞůɞůŰɘŬɑŮɠ ɛŮɘɩůŮɘɠ ůŰɖɜ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ˊɞɡ ɛˊɞɟŮɑ ɜŬ Ůˊɏɚɗɞɡɜ ɛŮ Űɖɜ ɢɟɐůɖ ŰŮɢɜɞɚɞɔɘɩɜ ɡˊŮɟˊɚɐɟɤůɖɠ ůŮ 

ůɢɏůɖ ɛŮ əɘɜɖŰɐɟŬ ŬɜŬűɞɟɎɠ űɡůɘəɐɠ ŬɜŬˊɜɞɐɠ, ɛŮ ůŰŬɗŮɟɧ ɢɟɞɜɘůɛɧ əŬɘ ůŰŬɗŮɟɐ ɓɨɗɘůɖ 

ɓŬɚɓɑŭɤɜ (ɄɑɜŬəŬɠ 5.7). 

 

ɇŮɢɜɞɚɞɔɑŬ əɘɜɖŰɐɟŬ 
ɄɞůɞůŰɘŬɑŬ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ (%) 

18 bar BMEP 12.1 ï 14.9 

24 bar BMEP 16.4 ï 20.1 

24 bar BMEP ɛŮ ŬɜŬəɡəɚɞűɞɟɑŬ əŬɡůŬŮɟɑɞɡ 19.3 ï 23.0 

27 bar BMEP ɛŮ ŬɜŬəɡəɚɞűɞɟɑŬ əŬɡůŬŮɟɑɞɡ 17.6 ï 24.6 

 

ɄɑɜŬəŬɠ 5.7: ɄɞůɞůŰɘŬɑŮɠ ɛŮɘɩůŮɘɠ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ˊɞɡ ɛˊɞɟŮɑ ɜŬ Ůˊɏɚɗɞɡɜ ɛŮ Űɖɜ 

ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ ɡˊŮɟˊɚɐɟɤůɖɠ [32]  

 

5.3. ɄŬɨůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ əŬŰɎ ŰŬ ŭɘŬůŰɐɛŬŰŬ ŬəɘɜɖůɑŬɠ 

(Idle stop-start) 

 

ȾŬŰɎ ŰŬ ŭɘŬůŰɐɛŬŰŬ ŬəɘɜɖůɑŬɠ Ůɜɧɠ ɞɢɐɛŬŰɞɠ ɐ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ˊɏŭɖůɖɠ ɧŰŬɜ ɞ əɘɜɖŰɐɟŬɠ 

ɚŮɘŰɞɡɟɔŮɑ ůŰɞ ɟŮɚŬɜŰɑ, ůɡɜŮɢɑɕŮɘ ɜŬ ɔɑɜŮŰŬɘ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ Ŭˊɧ Űɞɜ əɘɜɖŰɐɟŬ ɢɤɟɑɠ ɧɛɤɠ 

ɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɞ əŬɨůɘɛɞ ˊɞɡ əŬɑɔŮŰŬɘ ɜŬ ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ əɑɜɖůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ. ȼ 

(ɛɘəɟɐ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ) ˊɞůɧŰɖŰŬ Űɞɡ əŬɡůɑɛɞɡ ˊɞɡ əŬɑɔŮŰŬɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ŬɡŰɩɜ Űɤɜ 

ŭɘŬůŰɖɛɎŰɤɜ ůŰɎůɖɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŰŬɛɘŮɡɗŮɑ Ŭɜ Űɞ ɧɢɖɛŬ ɐŰŬɜ ŮűɞŭɘŬůɛɏɜɞ ɛŮ ůɨůŰɖɛŬ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ Űɞɡ əɘɜɖŰɐɟŬ (start-stop) əŬŰɎ Űɘɠ ˊŮɟɘɧŭɞɡɠ ŬəɘɜɖůɑŬɠ Űɞɡ. ɇɞ ůɨůŰɖɛŬ start-

stop ŬˊŮɜŮɟɔɞˊɞɘŮɑ əŬɘ ŮˊŬɜŮəəɘɜŮɑ Űɞɜ əɘɜɖŰɐɟŬ ŬɡŰɧɛŬŰŬ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŮɜŰɞɚɏɠ ˊɞɡ ɚŬɛɓɎɜŮɘ 

Ŭˊɧ Űɖɜ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ Űɞɡ (ECU). ɀŮ Ŭˊɞűɡɔɐ Űɖɠ əŬɨůɖɠ ɞɟɘůɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ əŬɡůɑɛɞɡ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 Űɞɡ ɞɢɐɛŬŰɞɠ. 

ȼ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ start-stop ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ůŰɟŬŰɖɔɘəɐ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɞɡ, 

ŭɖɚŬŭɐ Ŭɜ ɖ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ əɘɜɖŰɐɟŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛŮ Űɞ ůŰŬɛɎŰɖɛŬ Űɞɡ ɞɢɐɛŬŰɞɠ, ɐ Ŭɜ 

ɔɑɜŮŰŬɘ əɎŰɤ Ŭˊɧ əɎˊɞɘɞ ůɡɔəŮəɟɘɛɏɜɞ ɧɟɘɞ ŰŬɢɨŰɖŰŬɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊɘɓɟɎŭɡɜůɐɠ Űɞɡ. 

Ƀ əɘɜɖŰɐɟŬɠ ŮəəɘɜŮɑ ɝŬɜɎ, ɧŰŬɜ ɞ ɞŭɖɔɧɠ Űɞɡ ɞɢɐɛŬŰɞɠ ŮˊɘɗɡɛɐůŮɘ ɜŬ ŮˊɘŰŬɢɨɜŮɘ, ɐ ɛŮŰɎ Ŭˊɧ ŭɨɞ 

ɛŮ ŰɟɑŬ ˊŬŰɐɛŬŰŬ Űɞɡ ˊŮɜŰɎɚ Űɞɡ űɟɏɜɞɡ ɩůŰŮ ɜŬ ŭɞɡɚɏɣŮɘ Űɞ ɡŭɟŬɡɚɘəɧ əɨəɚɤɛŬ Űɖɠ ˊɏŭɖůɖɠ. 
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Ƀɘ ŬɡůŰɖɟɧŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ Űɞɜ ˊɟɞŭɘŬɔɟŬűɩɜ Ůəˊɞɛˊɐɠ CO2 ɏɢɞɡɜ ŬɜŬɔəɎůŮɘ Űɞɡɠ 

əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ɜŬ ŮɜůɤɛŬŰɩůɞɡɜ ůɡůŰɐɛŬŰŬ start-stop ůŰɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ 

ůŰɧɚɤɜ Űɞɡɠ. ȷɡŰɧ ɘůɢɨŮɘ ˊɟɤŰɑůŰɤɠ ɔɘŬ ŰŬ ȺɡɟɤˊŬɥəɎ əŬɘ ȽŬˊɤɜɘəɎ ɞɢɐɛŬŰŬ, ɛɘŬ əŬɘ Űɞ 

ˊɞůɞůŰɧ ɎűɞɟŰɖɠ ɚŮɘŰɞɡɟɔɑŬɠ (ɟŮɚŬɜŰɑ) əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ȺɡɟɤˊŬɥəɞɨ Ⱦɨəɚɞɡ Ʉɧɚɖɠ NEDC 

(ŬɚɚɎ əŬɘ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ȽŬˊɤɜɘəɞɨ) ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɎ (ɡɣɖɚɧŰŮɟŬ Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ Űɤɜ 

ȷɛŮɟɘəŬɜɘəɩɜ Ⱦɨəɚɤɜ ˊɘůŰɞˊɞɑɖůɖɠ ŬɚɚɎ əŬɘ Űɞɡ ɄŬɔəɧůɛɘɞɡ əɨəɚɞɡ WLTC) [11]. 

 

5.3.1. ɇɨˊɞɘ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɤɜ ůɡůŰɖɛɎŰɤɜ start-stop 

 

ȷɟəŮŰɞɑ əŬŰŬůəŮɡŬůŰɏɠ ɞɢɖɛɎŰɤɜ ɧˊɤɠ ɖ BMW, ɖ Mazda, ɖ Honda əŬɘ ɖ Volkswagen ɏɢɞɡɜ 

ŬɜŬˊŰɨɝŮɘ ŰŬ ŭɘəɎ Űɞɡɠ ůɡůŰɐɛŬŰŬ start-stop ŬɚɚɎ ŰɏůůŮɟɘɠ ŮɑɜŬɘ ɞɘ ŮŰŬɘɟŮɑŮɠ ˊɞɡ əɡɟɑɤɠ 

ˊɟɞɛɖɗŮɨɞɡɜ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ ɛŮ ŰɏŰɞɘŬ ůɡůŰɐɛŬŰŬ (Bosch, Denso, Ina-Schaeffler əŬɘ 

Valeo). ɇŬ ůɡůŰɐɛŬŰŬ start-stop ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůɐɛŮɟŬ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ ŬəɧɚɞɡɗŮɠ 

əŬŰɖɔɞɟɑŮɠ [36]: 

Á ɆɡɜŭɡŬůɛɏɜɞ ůɨůŰɖɛŬ ɛɑɕŬɠ/ŭɡɜŬɛɧ - Belt Driven Starter Generator 

Á Ⱥɜɘůɢɡɛɏɜɖ ɛɑɕŬ - Enhanced Starter 

Á Ⱥəəɑɜɖůɖ ɛŮ ɣŮəŬůɛɧ əŬɘ ŬɜɎűɚŮɝɖ - Direct Starter 

Á ȺɜůɤɛŬŰɤɛɏɜɞ ůɨůŰɖɛŬ Ůəəɑɜɖůɖɠ ůŰɖɜ ůŰɟɞűŬɚɞűɧɟɞ - Integrated Starter Generator 

 

5.3.1.1. ɆɡɜŭɡŬůɛɏɜɞ ůɨůŰɖɛŬ ɛɑɕŬɠ/ŭɡɜŬɛɧ - Belt Driven Starter Generator 

 

ɆŰɞ ůɡɜŭɡŬůɛɏɜɞ ůɨůŰɖɛŬ ɛɑɕŬɠ/ŭɡɜŬɛɧ, ɖ ɛɑɕŬ əŬɘ Űɞ ŭɡɜŬɛɧ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ŰŬ ůɡɛɓŬŰɘəɎ 

ɞɢɐɛŬŰŬ ˊɟɏˊŮɘ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ Ŭˊɧ ɏɜŬ Űɟɞˊɞˊɞɘɖɛɏɜɞ ůɨůŰɖɛŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ 

ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ ɛŮ ɘɛɎɜŰŬ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ůɨůŰɖɛŬ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

əŬɘ ɔɘŬ ŬɜɎəŰɖůɖ ŮɜɏɟɔŮɘŬɠ əŬŰɎ Űɞ űɟŮɜɎɟɘůɛŬ. ȰɜŬ ŰɏŰɞɘɞ ůɨůŰɖɛŬ ŮɑɜŬɘ Űɞ i-Stars Űɖɠ Valeo 

Űɞ ɞˊɞɑɞ ŬˊŮɜŮɟɔɞˊɞɘŮɑ Űɞɜ əɘɜɖŰɐɟŬ əɎŰɤ Ŭˊɧ ŰŬ 8 km/h əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.8. 

 

 

ɆɢɐɛŬ 5.8: ɆɨůŰɖɛŬ start-stop i-StARS Űɖɠ Valeo [37]  
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5.3.1.2. Ⱥɜɘůɢɡɛɏɜɖ ɛɑɕŬ - Enhanced Starter 

 

ɇɞ ůɨůŰɖɛŬ Ůɜɘůɢɡɛɏɜɖɠ ɛɑɕŬɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ ɛɑɕŬ (ɆɢɐɛŬ 5.9) ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ 

Űɤɜ ˊɞɚɚŬˊɚɩɜ ŮəəɘɜɐůŮɤɜ. Ⱥˊɑůɖɠ, ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŮ ŬɡŰɧ Űɞ ůɨůŰɖɛŬ ŭɏɢŮŰŬɘ əŬɘ Űɞ ŭɡɜŬɛɧ 

(ŮɜŬɚɚɎəŰɖɠ) Űɞɡ əɘɜɖŰɐɟŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŬəŰɎ ˊŮɟɘůůɧŰŮɟɖ ŮɜɏɟɔŮɘŬ əŬŰɎ ŰŬ ŭɘŬůŰɐɛŬŰŬ 

ˊɏŭɖůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ. ȼ ŭɘɎŰŬɝɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŰɏŰɞɘɞɡ Űɨˊɞɡ ŬɜŮˊŰɡɔɛɏɜɞɡ Ŭˊɧ Űɖɜ Bosch 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.10. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ůŰɞ ŮˊɘɓŬŰɘəɧ ɧɢɖɛŬ Fiat 500 

ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬˊŮɜŮɟɔɞˊɞɘŮɑ Űɞɜ əɘɜɖŰɐɟŬ əɎŰɤ Ŭˊɧ ŰŬ 3 km/h ɧŰŬɜ Űɞ ˊŮɜŰɎɚ Űɖɠ 

ŮˊɘŰɎɢɡɜůɖɠ ŬűɐɜŮŰŬɘ ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ 0,5 sec. ɀŮ Űɞ ˊɎŰɖɛŬ Űɞɡ ˊŮɜŰɎɚ ɔɘŬ Űɖɜ ŮˊɘŰɎɢɡɜůɖ Űɞɡ 

ɞɢɐɛŬŰɞɠ, ɞ əɘɜɖŰɐɟŬɠ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ əŬɘ ˊɎɚɘ. 

 

 

 

ɆɢɐɛŬ 5.9: ȺɜɘůɢɡɛɏɜŮɠ ɛɑɕŮɠ Űɖɠ Bosch ɔɘŬ ɢɟɐůɖ ůŮ əɘɜɖŰɐɟŮɠ start-stop (ȷɟɘůŰŮɟɎ ɛɑɕŬ nose-

type ɔɘŬ ɢɟɐůɖ ůŮ ŮˊɘɓŬŰɘəɎ əŬɘ ŭŮɝɘɎ noseless-type ɔɘŬ ɢɟɐůɖ ůŮ heavy duty ɞɢɐɛŬŰŬ) [36]  

 

 

 

ɆɢɐɛŬ 5.10: ɆɨůŰɖɛŬ start-stop Űɨˊɞɡ Enhanced Starter Űɖɠ Bosch [36]  
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5.3.1.3. Ⱥəəɑɜɖůɖ ɛŮ ɣŮəŬůɛɧ əŬɘ ŬɜɎűɚŮɝɖ - Direct Starter 

 

ɇɞ ůɨůŰɖɛŬ start-stop Ůəəɑɜɖůɖɠ ɛŮ ɣŮəŬůɛɧ əŬɘ ŬɜɎűɚŮɝɖ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůɗŮɑ ůŮ əɘɜɖŰɐɟŮɠ 

ŰŮɢɜɞɚɞɔɑŬɠ ɎɛŮůɞɡ ɣŮəŬůɛɞɨ əŬɡůɑɛɞɡ. ȼ ɗɏůɖ Űɖɠ ůŰɟɞűŬɚɞűɧɟɞɡ ŬŰɟɎəŰɞɡ əŬŰɎ Űɖɜ ˊŬɨůɖ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ, əŬɘ ɣŮəɎɕŮŰŬɘ əŬɨůɘɛɞ ůŰɞɡɠ 

əɡɚɑɜŭɟɞɡɠ ˊɞɡ ŰŬ ɏɛɓɞɚŬ ɏɢɞɡɜ ůŰŬɛŬŰɐůŮɘ ůŰɖɜ ɓɏɚŰɘůŰɖ ɗɏůɖ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ űɎůɖɠ 

Űɖɠ ŬˊɞŰɧɜɤůɖɠ. ȰɜŬ ŰɏŰɞɘɞ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ Űɞ ůɨůŰɖɛŬ i-Stop Űɖɠ Mazda. ɆŰɞ ůɨůŰɖɛŬ Űɖɠ 

Mazda, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɣŮəŬůɛɧɠ əŬɘ ɏɜŬɡůɖ ůŰɞɡɠ əɡɚɑɜŭɟɞɡɠ ˊɞɡ ŮˊɘɚɏɔŮɘ Űɞ ůɨůŰɖɛŬ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɩɗɖůɖ ˊɞɡ ɗŬ əɘɜɐůŮɘ ŰŬ ɏɛɓɞɚŬ ˊɟɞɠ Űɞ əɎŰɤ ɜŮəɟɧ ůɖɛŮɑɞ. ɇɞ 

ˊɘɞ ůɖɛŬɜŰɘəɧ əɞɛɛɎŰɘ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɡŰɞɨ ŮɑɜŬɘ ɖ ŬɜŬɔɜɩɟɘůɖ Űɖɠ ɗɏůɖɠ Űɤɜ 

Ůɛɓɧɚɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ űɎůɖ ůɡɛˊɑŮůɖɠ əŬɘ Űɤɜ Ůɛɓɧɚɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ űɎůɖ Űɖɠ 

ŮəŰɧɜɤůɖɠ. ȳŰŬɜ ŰŬ ɏɛɓɞɚŬ ɓɟɑůəɞɜŰŬɘ ůŰɖ çůɤůŰɐè ɗɏůɖ əŬɘ ɞ əɘɜɖŰɐɟŬɠ ŮɑɜŬɘ 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞɠ Ŭˊɧ Űɖɜ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŮˊɘɚɏɔŮŰŬɘ ɞ Ŭɟɢɘəɧɠ əɨɚɘɜŭɟɞɠ 

ˊɞɡ ɗŬ ɔɑɜŮɘ ɣŮəŬůɛɧɠ əŬɘ ɏɜŬɡůɖ, ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ Űɖɠ ůɡɜŮɢɞɨɠ Ůˊɘɚɞɔɐɠ Űɤɜ əɡɚɑɜŭɟɤɜ 

ůŰɞɡɠ ɞˊɞɑɞɡɠ ɗŬ ɔɑɜŮɘ ɞ ɣŮəŬůɛɧɠ ɜŬ ůɡɜŮɢɑɕŮŰŬɘ ɛɏɢɟɘ ɞ əɘɜɖŰɐɟŬɠ ɜŬ ˊŮŰɨɢŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ 

ˊŮɟɘůŰɟɞűɐɠ ɛŮ Űɖɜ ɞˊɞɑŬ ŮɑɜŬɘ ɟɡɗɛɘůɛɏɜɞɠ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ůŰɞ ɟŮɚŬɜŰɑ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ i-Stop Űɖɠ Mazda ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɢɖɛŬŰɘəɎ ůŰɞ ɆɢɐɛŬ 5.11. 

 

 

ɆɢɐɛŬ 5.11: ȿŮɘŰɞɡɟɔɑŬ Űɞɡ start-stop ůɡůŰɐɛŬŰɞɠ i-Stop Űɖɠ Mazda [36]  

 

5.3.1.4. ȺɜůɤɛŬŰɤɛɏɜɞ ůɨůŰɖɛŬ Ůəəɑɜɖůɖɠ ůŰɞɜ ůŰɟɞűŬɚɞűɧɟɞ - Integrated Starter 

Generator 

 

ɇɞ ůɨůŰɖɛŬ start-stop Űɨˊɞɡ ISG (Integrated Starter Generator) (ɆɢɐɛŬ 5.12), ůɡɜŭɡɎɕŮɘ ŰŬ 

ůɡɛɓŬŰɘəɎ ůɡůŰɐɛŬŰŬ Űɖɠ ɛɑɕŬɠ əŬɘ Űɞɡ ŭɡɜŬɛɧ Űɞɡ ŬɡŰɞəɘɜɐŰɞɡ ůŮ ɏɜŬ ŮɜɘŬɑɞ ůɨůŰɖɛŬ ˊɞɡ 

ůɡɜŭɏŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ˊɎɜɤ ůŰɖɜ ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ Űɞɡ əɘɜɖŰɐɟŬ. ɇɞ ɟɧɚɞ Űɖɠ ɛɑɕŬɠ ůŮ ŬɡŰɧ 
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Űɞ ŮɜɘŬɑɞ ůɨůŰɖɛŬ ŬɜŬɚŬɛɓɎɜŮɘ ɛɘŬ ɖɚŮəŰɟɘəɐ ɛɖɢŬɜɐ ɢŬɛɖɚɐɠ ŰŬɢɨŰɖŰŬɠ, ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ 

Ůɜɩ Űɞ ŭɡɜŬɛɧ ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ ɛɘŬ ŰɟɘűŬůɘəɐ ɖɚŮəŰɟɘəɐ ɛɖɢŬɜɐ ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ. 

ɇɞ ůɨůŰɖɛŬ ISG ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ůŮ ɏɜŬɜ əɘɜɖŰɐɟŬ, ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ɚŮɘŰɞɡɟɔɑŮɠ: 

Á ȷˊŮɜŮɟɔɞˊɞɑɖůɖ ɚŮɘŰɞɡɟɔɑŬɠ əɘɜɖŰɐɟŬ ůŮ ŬəɘɜɖůɑŬ - Start-stop 

Á ȷɜŬɔŮɜɜɖŰɘəɐ ˊɏŭɖůɖ  

Á Ⱥɜɑůɢɡůɖ ɘůɢɨɞɠ 

Á ɄŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

 

 

 

ɆɢɐɛŬ 5.12: ɆɨůŰɖɛŬ start-stop Űɨˊɞɡ ISG, ŰɞˊɞɗŮŰɖɛɏɜɞ ŬɜɎɛŮůŬ ůŮ əɘɜɖŰɐɟŬ əŬɘ əɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ [36]  

 

5.3.2. ɀŮɑɤůɖ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ Űɖɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ start-stop 

 

ɆŰɖɜ ɄŬɟŬˊɞɛˊɐ [38], ɛɘŬ ɚɑůŰŬ ɞɢɖɛɎŰɤɜ (ɄɑɜŬəŬɠ 5.8) ŭɞəɘɛɎůŰɖəŬɜ ůŰɞɡɠ əɨəɚɞɡɠ 

ɞŭɐɔɖůɖɠ NEDC əŬɘ WLTP, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ űŬɜŮɑ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ start-stop ůŰɘɠ 

Ůəˊɞɛˊɏɠ CO2. ȼ ŮˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ start-stop ůŰŬ ɞɢɐɛŬŰŬ Űɖɠ ɚɑůŰŬɠ, ˊŬɟɞɡůɑŬůŮ 

ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 əŬŰɎ 2,5-4,8% ůŰɞɜ əɨəɚɞ NEDC əŬɘ 1,2-2,6% ůŰɞɜ əɨəɚɞ WLTP. 

ȼ ɛŮɔŬɚɨŰŮɟɖ ŮˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ start-stop ůŰɞɜ əɨəɚɞ NEDC ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɖ ɚɧɔɤ 

Űɤɜ ɛŮɔŬɚɨŰŮɟɤɜ ŭɘŬůŰɖɛɎŰɤɜ ŬəɘɜɖůɑŬɠ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɞɜ əɨəɚɞ NEDC ɏɜŬɜŰɘ Űɞɡ WLTP. 

ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ŮɝŮŰŬɕɧɛŮɜɞ ɧɢɖɛŬ ůŰɏəŮŰŬɘ ŬəɑɜɖŰɞ ɔɘŬ Űɞ 22,6% Űɞɡ ůɡɜɞɚɘəɞɨ ɢɟɧɜɞɡ Űɖɠ 

ŭɞəɘɛɐɠ ůŰɞɜ əɨəɚɞ NEDC, Ůɜɩ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɞůɞůŰɧ ɔɘŬ Űɖɜ ŭɞəɘɛɐ WLTP ŮɑɜŬɘ 13,4%. ȼ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ start-stop ɛˊɞɟŮɑ ɜŬ ɛŮɘɩůŮɘ ɛɏɢɟɘ əŬɘ 20%, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 
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əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ Űɞɡ ŮəɎůŰɞŰŮ əɘɜɖŰɐɟŬ, Űɖɜ ŭɘŬűɞɟɎ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ˊɞɡ ˊɟɞəɨˊŰŮɘ 

ŬɜɎɛŮůŬ ůŰɞɡɠ ŭɨɞ əɨəɚɞɡɠ ɞŭɐɔɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ůɨůŰɖɛŬ start-stop 

ŮɑɜŬɘ ŮɜŮɟɔɧ. 

 

 

 

ȳɢɖɛŬ 
ȾɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ 
ɈˊŮɟˊɚɐɟɤůɖ 

ȸɎɟɞɠ 

ɞɢɐɛŬŰɞɠ 

(kg) 

Ⱦɡɓɘůɛɧɠ 

əɘɜɖŰɐɟŬ 

(cm3) 

ɀɏɔɘůŰɖ 

ɘůɢɨɠ (kW) 

ɄŮŰɟɏɚŬɘɞ 1 
ɀɖɢŬɜɘəɧ  

5-ŰɎɢɡŰɞ 
ɁŬɘ 1393 1248 70 

ɄŮŰɟɏɚŬɘɞ 2 
ɀɖɢŬɜɘəɧ  

6-ŰɎɢɡŰɞ 
ɁŬɘ 1465 1995 120 

ɄŮŰɟɏɚŬɘɞ 3 
ɀɖɢŬɜɘəɧ  

6-ŰɎɢɡŰɞ 
ɁŬɘ 1293 1560 82 

ɄŮŰɟɏɚŬɘɞ 4 
ɀɖɢŬɜɘəɧ  

6-ŰɎɢɡŰɞ 
ɁŬɘ 1601 1598 90 

ȸŮɜɕɑɜɖ 1 
ɀɖɢŬɜɘəɧ  

5-ŰɎɢɡŰɞ 
ɁŬɘ 1102 1197 66 

ȸŮɜɕɑɜɖ 2 
ɀɖɢŬɜɘəɧ  

6-ŰɎɢɡŰɞ 
ɁŬɘ 1290 1368 125 

ȸŮɜɕɑɜɖ 3 
ɀɖɢŬɜɘəɧ  

6-ŰɎɢɡŰɞ 
ɁŬɘ 1450 1798 125 

ȸŮɜɕɑɜɖ 4 
ɀɖɢŬɜɘəɧ  

5-ŰɎɢɡŰɞ 
ȳɢɘ 930 875 77 

ȸŮɜɕɑɜɖ 5 
ɀɖɢŬɜɘəɧ  

5-ŰɎɢɡŰɞ 
ȳɢɘ 1025 1368 57 

 

ɄɑɜŬəŬɠ 5.8: ȿɑůŰŬ ɞɢɖɛɎŰɤɜ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ůŰɖɜ ŭɞəɘɛɐ ŮˊɑŭɟŬůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ start-stop 

ůŰɘɠ Ůəˊɞɛˊɏɠ CO2 [38]  

 

ɆŰɞ ɆɢɐɛŬ 5.13 ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Ůəˊɞɛˊɩɜ CO2 

Űɞɡ 3ɞɡ ɓŮɜɕɘɜɞəɑɜɖŰɞɡ ɞɢɐɛŬŰɞɠ Űɞɡ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɑɕŬɠ Űɞɡ ɞɢɐɛŬŰɞɠ ůŮ 

əɎɗŮ ɝŮəɑɜɖɛŬ Űɞɡ əɘɜɖŰɐɟŬ ɛŮŰɎ Ŭˊɧ ůŰɎůɖ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɞűɧɟŰɘůɖ Űɖɠ ɛˊŬŰŬɟɑŬɠ 

Űɞɡ ɞɢɐɛŬŰɞɠ ůŮ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ, əɎŰɘ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.14. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ 

ůŰɟŬŰɖɔɘəɐ ɓɎůŮɘ Űɖɠ ɞˊɞɑŬɠ ɏɢŮɘ ɔɑɜŮɘ ɖ ɟɨɗɛɘůɖ Űɖɠ ɛɞɜɎŭŬɠ Ůɚɏɔɢɞɡ Űɞɡ ɞɢɐɛŬŰɞɠ, ɖ ˊŰɩůɖ 

Űɞɡ Ůˊɘˊɏŭɞɡ űɧɟŰɘůɖɠ Űɖɠ ɛˊŬŰŬɟɑŬɠ ɛˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ Űɞ ŭɡɜŬɛɧ Űɞɡ ɞɢɐɛŬŰɞɠ, ɛŮ 

ůɡɜɏˊŮɘŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ űɞɟŰɑɞɡ Űɞɡ əɘɜɖŰɐɟŬ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Ŭɨɝɖůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ Űɞɡ 

əŬɡůɑɛɞɡ. ȷɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘůŰŬɗɛɑůŮɘ ůŮ ɞɟɘůɛɏɜɞ ɓŬɗɛɧ Űɞ ɧűŮɚɞɠ ˊɞɡ 
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ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ start-stop, ŮɘŭɘəɎ ɧŰŬɜ ŰŬ ŭɘŬůŰɐɛŬŰŬ ŬəɘɜɖůɑŬɠ Űɞɡ ɞɢɐɛŬŰɞɠ ŮɑɜŬɘ 

ˊɞɚɨ ɛɘəɟɎ. 

 

 

 

ɆɢɐɛŬ 5.13: ȺˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ start-stop ůŰɖɠ Ůəˊɞɛˊɏɠ CO2 ɓŮɜɕɘɜɞəɑɜɖŰɞɡ ɞɢɐɛŬŰɞɠ 

ˊɞɡ ɡˊɞɓɚɐɗɖəŮ ůŮ ŭɞəɘɛɏɠ NEDC əŬɘ WLTP [38]  

 

 

ɆɢɐɛŬ 5.14: ȺˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ start-stop ůŰɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ Űɖɠ ɛˊŬŰŬɟɑŬɠ ɞɢɐɛŬŰɞɠ 

ˊɞɡ ɡˊɞɓɚɐɗɖəŮ ůŮ ŭɞəɘɛɏɠ NEDC əŬɘ WLTP [38]  

ȺˊŬɜŬɚŬɛɓɎɜŮŰŬɘ, Űɏɚɞɠ, ɧŰɘ ɖ ɓŬɟɨŰɖŰŬ/ɢɟɖůɘɛɧŰɖŰŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ start-stop ůŰŬ ŮˊɘɓŬŰɘəɎ 

ɞɢɐɛŬŰŬ ŮɑɜŬɘ ˊɚɏɞɜ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ɧŰɘ ˊɟɞ Űɞɡ ɆŮˊŰŮɛɓɟɑɞɡ Űɞɡ 2017, ɛŮ ŭŮŭɞɛɏɜɞ (ɓɚ. 

ȾŮűɎɚŬɘɞ 4) ɧŰɘ ɞɘ əɨəɚɞɘ WLTC ɏɢɞɡɜ ůŬűɩɠ ɛɘəɟɧŰŮɟɞ (ůɢŮŭɧɜ Űɞ ɛɘůɧ) ˊɞůɞůŰɧ ɎűɞɟŰɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ɏɜŬɜŰɘ Űɞɡ NEDC. 
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5.4. ȷˊŮɜŮɟɔɞˊɞɑɖůɖ əɡɚɑɜŭɟɤɜ 

  

5.4.1. ɄɚŮɞɜŮəŰɐɛŬŰŬ ɢɟɐůɖɠ ůɡůŰɖɛɎŰɤɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ 

 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ ůŮ ɛŮɟɘəɧ űɞɟŰɑɞ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ůɨůŰɖɛŬ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ ɞɟɘůɛɏɜɤɜ əɡɚɑɜŭɟɤɜ Űɞɡ əɘɜɖŰɐɟŬ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ 

ɚɧɔɤ Űɟɘɓɩɜ əŬɘ ɎɜŰɚɖůɖɠ əŬŰɎ Űɖɜ əɑɜɖůɖ Űɤɜ Ůɛɓɧɚɤɜ. Ƀɘ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ ɛŮɘɩɜɞɜŰŬɘ 

ɚɧɔɤ Űɞɡ ɡɣɖɚɧŰŮɟɞɡ űɞɟŰɑɞɡ ˊɞɡ ŬɜŬɚŬɛɓɎɜɞɡɜ ɞɘ ŮɜŬˊɞɛŮɑɜŬɜŰŮɠ ůŮ ɚŮɘŰɞɡɟɔɑŬ əɨɚɘɜŭɟɞɘ, 

Ŭűɞɨ ɏŰůɘ ůŮ əɘɜɖŰɐɟŮɠ Otto ɖ ɟɡɗɛɘůŰɘəɐ ŭɘəɚŮɑŭŬ (ḉ ŮŰŬɚɞɨŭŬè) ˊɞɡ ůŰɟŬɔɔŬɚɑɕŮɘ Űɖɜ Ůɑůɞŭɞ 

Űɞɡ ŬɏɟŬ ůŰɞɜ əɘɜɖŰɐɟŬ ŮɑɜŬɘ ˊɚɏɞɜ ůŮ ˊɘɞ ŬɜɞɘɢŰɐ ɗɏůɖ. Ƀɘ ŬˊɩɚŮɘŮɠ ɚɧɔɤ Űɟɘɓɐɠ ɛŮɘɩɜɞɜŰŬɘ 

ɚɧɔɤ Űɞɡ ɢŬɛɖɚɞɨ űɞɟŰɑɞɡ ůŰɞɡɠ əɡɚɑɜŭɟɞɡɠ ˊɞɡ ŮɑɜŬɘ ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞɘ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ɖ ɛɏůɖ 

ˊɑŮůɖ ɏɢŮɘ ˊŮɟɑˊɞɡ ɛɖŭŮɜɘəɐ Űɘɛɐ.  

 

5.4.2. Ⱥɛˊɞɟɘəɏɠ ŮűŬɟɛɞɔɏɠ ůɡůŰɖɛɎŰɤɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ 

 

ȼ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ əɡɚɑɜŭɟɤɜ ɎɟɢɘůŮ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ůŮ 6-əɨɚɘɜŭɟɞɡɠ əŬɘ 8-əɨɚɘɜŭɟɞɡɠ 

əɘɜɖŰɐɟŮɠ (ŭɘɎŰŬɝɖɠ V), ɧˊɞɡ ɚɧɔɤ əɡɓɘůɛɞɨ ˊŬɟɞɡůɑŬɕŬɜ ɢŬɛɖɚɐ Ŭˊɧŭɞůɖ ůŰŬ ɢŬɛɖɚɎ űɞɟŰɑŬ 

(ɆɢɐɛŬ 5.15). ɄɟɞůűɎŰɤɠ ɧɛɤɠ, ɖ Volkswagen ŮɘůɐɔŬɔŮ ůŰɖɜ ŬɔɞɟɎ ɏɜŬ ůɨůŰɖɛŬ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ ɔɘŬ 4-əɨɚɘɜŭɟɞ əɘɜɖŰɐɟŬ ŭɘɎŰŬɝɖɠ ůŮɘɟɎɠ 1.4L ɞɜɞɛɎɕɞɜŰŬɠ Űɞ 

ůɨůŰɖɛɎ Űɖɠ Active Cylinder Technology. Ƀ ɄɑɜŬəŬɠ 5.9 ˊŬɟɞɡůɘɎɕŮɘ ŮűŬɟɛɞɔɏɠ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ ŭɘŬűɧɟɤɜ əŬŰŬůəŮɡŬůŰɩɜ [31]. 

 

 

 

ɆɢɐɛŬ 5.15: ɉɎɟŰɖɠ ɚŮɘŰɞɡɟɔɑŬɠ əɘɜɖŰɐɟŬ əŬɘ əŬɛˊɨɚɖ ŬɜŰɑůŰŬůɖɠ ŭɟɧɛɞɡ, (ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ, ɖ ˊŮɟɘɞɢɐ ɞɘəɞɜɞɛɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ ˊɟɞůŮɔɔɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

Űɞ ůɨůŰɖɛŬ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ əɡɚɑɜŭɟɤɜ ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ) [39]  
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ȾŬŰŬůəŮɡŬůŰɐɠ ɇɨˊɞɠ ȾɘɜɖŰɐɟŬ ɇŮɢɜɞɚɞɔɑŬ ȾŬŰɎůŰŬůɖ 

GM 

6.0L V8 

Pushrod actuation, 

Switchable rocker 

arm pivot point 

ɇɏɚɞɠ ˊŬɟŬɔɤɔɐɠ 

1980 

3.9L V6 
Switchable roller 

tappet 

ɇɏɚɞɠ ˊŬɟŬɔɤɔɐɠ 

2008 

5.3L V8 
Switchable roller 

tappet 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

4.3L V6 
Switchable roller 

tappet 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

6.0L V8 
Switchable roller 

tappet 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

Daimler 

5.0L V8 
Switchable rocker 

arm 

ɇɏɚɞɠ ˊŬɟŬɔɤɔɐɠ 

2005 

5.8L V12 
Switchable rocker 

arm 

ɇɏɚɞɠ ˊŬɟŬɔɤɔɐɠ 

2002 

Chrysler 

5.7L V8 
Switchable roller 

tappet 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

6.4L V8 
Switchable roller 

tappet 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

Honda 3.5L V6 
Switchable rocker 

arm 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

AMG 5.5L V8 
Switchable pivot 

element 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

Volkswagen Group 

1.4L I4 Cam shifting system ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

4.0L V8 Cam shifting system ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

6 3/4L V8 
Switchable roller 

tappet 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

6 3/4L V8 
Switchable roller 

tappet 
ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

6.5L V12 

Only the fuel 

injection supply 

isCut 

ɀŬɕɘəɐ ˊŬɟŬɔɤɔɐ 

 

ɄɑɜŬəŬɠ 5.9: ȺűŬɟɛɞɔɏɠ ůɡůŰɖɛɎŰɤɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ Ŭˊɧ ɞɟɘůɛɏɜɞɡɠ 

əŬŰŬůəŮɡŬůŰɏɠ əɘɜɖŰɐɟɤɜ [39]  

 

5.4.3. ȹɘɎəɟɘůɖ ůɡůŰɖɛɎŰɤɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ 

 

ũɘŬ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Ůɜɧɠ əɡɚɑɜŭɟɞɡ, ɞɘ ɓŬɚɓɑŭŮɠ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ ˊɟɏˊŮɘ ɜŬ ɛŮɑɜɞɡɜ 

əɚŮɘůŰɏɠ. ɀŮ Űɘɠ ɓŬɚɓɑŭŮɠ əɚŮɘůŰɏɠ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ çŮɚŬŰɐɟɘɞ ŬɏɟŬè. 
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ɀɏůŬ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ ˊŬɟŬɛɏɜɞɡɜ ŰŬ əŬɡůŬɏɟɘŬ Ŭˊɧ Űɞɜ ŰŮɚŮɡŰŬɑɞ əɨəɚɞ ˊɞɡ ɞ əɨɚɘɜŭɟɞɠ 

ɐŰŬɜ ŮɜŮɟɔɧɠ, ŰŬ ɞˊɞɑŬ ůɡɛˊɘɏɕɞɜŰŬɘ ɧŰŬɜ Űɞ ɏɛɓɞɚɞ ŬɜŮɓŬɑɜŮɘ ˊɟɞɠ ŰŬ ˊɎɜɤ əŬɘ ŮəŰɞɜɩɜɞɜŰŬɘ 

ɛŮ Űɖɜ əŬɗɞŭɘəɐ Űɞɡ əɑɜɖůɖ. ȷɡŰɐ ɖ ůɡɛˊɑŮůɖ əŬɘ ŮəŰɧɜɤůɖ Űɤɜ əŬɡůŬŮɟɑɤɜ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

Űɖɜ ɛŮɑɤůɖ Űɤɜ Űɟɘɓɩɜ ůŰɞɡɠ ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞɡɠ əɡɚɑɜŭɟɞɡɠ. ȾŬŰɎ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ 

əɡɚɑɜŭɟɤɜ, Űɞ ůɨůŰɖɛŬ ŭɘŬɢŮɑɟɘůɖɠ Űɞɡ əɘɜɖŰɐɟŬ əɧɓŮɘ Űɖɜ ˊŬɟɞɢɐ əŬɡůɑɛɞɡ ůŰɞɡɠ 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞɡɠ əɡɚɑɜŭɟɞɡɠ. Ⱥˊɑůɖɠ, ɞ ɢɟɞɜɘůɛɧɠ Űɤɜ ɓŬɚɓɑŭɤɜ (əŬɘ Űɞɡ ůˊɘɜɗɖɟɘůɛɞɨ ůŮ 

əɘɜɖŰɐɟŮɠ Otto) ɛŮŰŬɓɎɚɚɞɜŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɧŰɘ ɖ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɖɜ ˊɚɐɟɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ůŰɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ əŬɗɞɟɘůɛɏɜɤɜ əɡɚɑɜŭɟɤɜ, ɗŬ ŮɑɜŬɘ 

ŬɜŮˊŬɑůɗɖŰɖ. 

 

5.4.3.1. ȷˊŮɜŮɟɔɞˊɞɑɖůɖ əɡɚɑɜŭɟɤɜ ůŮ əɘɜɖŰɐɟŮɠ ŰŮɢɜɞɚɞɔɑŬɠ ɛŮ ɓŬɚɓɑŭŮɠ ŮˊɘəŮűŬɚɐɠ 

(overhead valve) 

 

ɈˊɎɟɢɞɡɜ ŭɨɞ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ. ȼ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ 

ŮűŬɟɛɧɕŮŰŬɘ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɤůŰɐɟɘŮɠ ɟɎɓŭɞɡɠ, ɧˊɞɡ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ɓŬɚɓɑŭɤɜ Űɞ ɚɎŭɘ ˊɞɡ ˊŬɟɏɢŮŰŬɘ ůŰŬ ɤůŰɐɟɘŬ ŭɘŬɟɟɏŮɘ ɛɏůŬ Ŭˊɧ ŬɡŰɎ. ɋɠ 

ŬˊɞŰɏɚŮůɛŬ, ɖ ɤůŰɐɟɘŬ ɟɎɓŭɞɠ ŭŮɜ ɛŮŰŬŰɞˊɑɕŮŰŬɘ əŬɘ ɏŰůɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɓŬɚɓɑŭŮɠ Űɤɜ əɡɚɑɜŭɟɤɜ 

ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŬˊŮɜŮɟɔɞˊɞɘɖɗɞɨɜ, ˊŬɟŬɛɏɜɞɡɜ əɚŮɘůŰɏɠ (ɆɢɐɛŬ 5.16) [31]. 

 

 

 

ɆɢɐɛŬ 5.16: ȹɘŬŰɐɟɖůɖ ɓŬɚɓɑŭɤɜ ůŮ əɚŮɘůŰɐ ɗɏůɖ əŬŰɎ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ əɡɚɑɜŭɟɤɜ ůŮ 

əɘɜɖŰɐɟŬ ɛŮ ɤůŰɐɟɘŮɠ ɟɎɓŭɞɡɠ (ůŰɖɜ ŬɟɘůŰŮɟɐ ŮɘəɧɜŬ ɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɓŬɚɓɑŭŬ ŭŮɜ ŮˊɘŰɟɏˊŮɘ 

Űɖɜ ŭɘŬɟɟɞɐ ɚŬŭɘɞɨ Ŭˊɧ Űɞ ɤůŰɐɟɘɞ əŬɘ ɖ ɓŬɚɓɑŭŬ ŬɜɞɑɔŮɘ, ůŰɖɜ ŭŮɝɘɎ ŮɘəɧɜŬ Űɞ ɚɎŭɘ ŭɘŬɟɟɏŮɘ Ŭˊɧ 

Űɞ ɤůŰɐɟɘɞ əŬɘ ɖ ɤůŰɐɟɘŬ ɟɎɓŭɞɠ ŭŮɜ ɛŮŰŬŰɞˊɑɕŮŰŬɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɓŬɚɓɑŭŬ ɜŬ ˊŬɟŬɛɏɜŮɘ 

əɚŮɘůŰɐ) [40]  

 

5.4.3.2. ȷˊŮɜŮɟɔɞˊɞɑɖůɖ əɡɚɑɜŭɟɤɜ ůŮ əɘɜɖŰɐɟŮɠ ɛŮ ŮəəŮɜŰɟɞűɧɟɞɡɠ ŮˊɘəŮűŬɚɐɠ (SOCH əŬɘ 

DOCH) 

 

ȼ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ ůɡɜŬɜŰɎŰŬɘ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ ɛŮ ŮˊɘəŮűŬɚɐɠ 

ŮəəŮɜŰɟɞűɧɟɞɡɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊɟɞůɏɔɔɘůɖ, ɖ ɓɨɗɘůɖ Űɤɜ ɓŬɚɓɑŭɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ŭˊɧ ɏɜŬ 
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ɕɨɔɤɗɟɞ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ůɡɜŭŮŭŮɛɏɜŬ ŰɛɐɛŬŰŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ əɡɚɑɜŭɟɞɡ, ŰŬ ŭɨɞ ŰɛɐɛŬŰŬ Űɞɡ ɕɡɔɩɗɟɞɡ ŬˊɞůɡɜŭɏɞɜŰŬɘ, ɚɧɔɤ ŮɜŰɞɚɐɠ ˊɞɡ 

ŭɑɜŮɘ ɛɘŬ ɓŬɚɓɑŭŬ ˊɞɡ ŮɚɏɔɢŮɘ Űɖɜ ɟɞɐ ɚŬŭɘɞɨ ůŰɞɜ ˊŮɑɟɞ ˊɞɡ ůɡɔəɟŬŰŮɑ ŰŬ ŭɨɞ ŰɛɐɛŬŰŬ ŮɜɤɛɏɜŬ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ɏɜŬ ɛɏɟɞɠ Űɞɡ ɕɡɔɩɗɟɞɡ ɜŬ ŬəɞɚɞɡɗŮɑ Űɖɜ əɑɜɖůɖ Űɞɡ ŮəəŮɜŰɟɞűɧɟɞɡ, Ůɜɩ Űɞ 

ŭŮɨŰŮɟɞ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŮɜŮɟɔɞˊɞɘɖŰɐɠ Űɖɠ ɓŬɚɓɑŭŬɠ, ɧɜŰŬɠ Ŭˊɞəɞɛɛɏɜɞ Ŭˊɧ Űɞ 

ɡˊɧɚɞɘˊɞ ŰɛɐɛŬ Űɞɡ ɕɡɔɩɗɟɞɡ, ɛɏɜŮɘ ŬəɑɜɖŰɞ (ɆɢɐɛŬ 5.17). ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɖ ɓŬɚɓɑŭŬ 

ˊŬɟŬɛɏɜŮɘ əɚŮɘůŰɐ. 

 

 

 

 

ɆɢɐɛŬ 5.17: ɆɨůŰɖɛŬ ŭɘŬŰɐɟɖůɖɠ Űɖɠ ɓŬɚɓɑŭŬɠ ůŮ əɚŮɘůŰɐ ɗɏůɖ əŬŰɎ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ 

əɡɚɑɜŭɟɤɜ ůŮ əɘɜɖŰɐɟŬ ɛŮ ŮˊɘəŮűŬɚɐɠ ŮəəŮɜŰɟɞűɧɟɞɡɠ [41]  

 

5.4.3.3. ɆɨůŰɖɛŬ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ Active Cylinder Technology Űɖɠ Volkswagen 

 

ȰɜŬ ŭɘŬűɞɟɞˊɞɘɖɛɏɜɞ ůɨůŰɖɛŬ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ, ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŮ əɘɜɖŰɐɟŮɠ ɛŮ 

ŮˊɘəŮűŬɚɐɠ ŮəəŮɜŰɟɞűɧɟɞɡɠ, ŮɑɜŬɘ Űɞ ůɨůŰɖɛŬ Active Cylinder Technology Űɖɠ Volkswagen, Űɞ 

ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑ ŮəəŮɜŰɟɞűɧɟɞ ˊɞɡ űɏɟŮɘ ŭɘˊɚɞɨɠ ɚɞɓɞɨɠ. Ƀ ˊɟɩŰɞɠ ɚɞɓɧɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ 

əŬŰɎ Űɖɜ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ɓɡɗɑɕŮɘ Űɖɜ ɓŬɚɓɑŭŬ ůŰɞ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ɎɜɞɘɔɛɎ 

Űɖɠ, Ůɜɩ ɞ ŭŮɨŰŮɟɞ ɚɞɓɧɠ ŭŮɜ ɏɢŮɘ ɏəəŮɜŰɟɞ ˊɟɞűɑɚ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ɓɡɗɑɕŮɘ əŬɗɧɚɞɡ Űɖɜ 

ɓŬɚɓɑŭŬ. ɇɞ ůɨůŰɖɛŬ Űɞɡ ŭɘˊɚɞɨ ɚɞɓɞɨ ɛŮŰŬŰɞˊɑɕŮŰŬɘ ˊɎɜɤ ůŰɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ ŮəəŮɜŰɟɞűɧɟɞɡ 

ɎɝɞɜŬ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ŮɜŮɟɔɞˊɞɘɖŰɩɜ, əŬɘ ɏŰůɘ əɎɗŮ űɞɟɎ ŮˊɘɚɏɔŮŰŬɘ ɞ ɚɞɓɧɠ 

ůŰɞɜ ɞˊɞɑɞ ɗŬ ɡˊŬəɞɨŮɘ ɖ ɓŬɚɓɑŭŬ (ɆɢɐɛŬ 5.18). ȾŬŰɎ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ əɡɚɑɜŭɟɤɜ 

ˊŬɟɎɚɚɖɚŬ ɛŮ Űɞɜ ɢŮɘɟɘůɛɧ Űɤɜ ɓŬɚɓɑŭɤɜ əɧɓŮŰŬɘ əŬɘ ɖ ˊŬɟɞɢɐ əŬɡůɑɛɞɡ ůŰɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ 

əɡɚɑɜŭɟɞɡɠ. ȼ Volkswagen ɛɏůɤ ŬɡŰɞɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɜŬűɏɟŮɘ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ ɏɤɠ əŬɘ 8,5% ůŰɞɜ əɨəɚɞ NEDC (ɆɢɐɛŬ 5.19) [31]. 

 

 

 



117 

 

 

 

ɆɢɐɛŬ 5.18: ɆɨůŰɖɛŬ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ Űɖɠ Volkswagen (Active Cylinder Technology) 

[42]  

 

 

 

ɆɢɐɛŬ 5.19: ɀŮɑɤůɖ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ 

ůŰɞɜ əɘɜɖŰɐɟŬ 1.4L Űɖɠ Volkswagen [39]  
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5.4.4. ȺəŰɘɛɩɛŮɜɖ ɛŮɑɤůɖ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ Ŭˊɧ Űɖɜ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ 

 

Ƀɘ ŮəŰɘɛɩɛŮɜŮɠ ɛŮɘɩůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ 

əɡɚɑɜŭɟɤɜ ůɨɛűɤɜŬ ɛŮ Űɞɜ ŬɛŮɟɘəŬɜɘəɧ ɞɟɔŬɜɘůɛɧ NHTSA (ɄɑɜŬəŬɠ 5.10). Ƀ ɞɟɔŬɜɘůɛɧɠ 

ŮəŰɑɛɖůŮ ɧŰɘ ɖ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ əɡɚɑɜŭɟɤɜ ůŮ əɘɜɖŰɐɟŮɠ ɛŮ ɤůŰɐɟɘŮɠ ɟɎɓŭɞɡɠ (OHV engine ï 

Overhead Valve engine), ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ ɛŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ůŮ ˊɞůɞůŰɧ 5,5% 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ əɘɜɖŰɐɟŮɠ ŬɡŰɞɑ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜ ůɡůŰɐɛŬŰŬ ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ 

ɓŬɚɓɑŭɤɜ Űɧůɞ ůŰɘɠ ɓŬɚɓɑŭŮɠ ŮɘůŬɔɤɔɐɠ ɧůɞ əŬɘ ůŰɘɠ ɓŬɚɓɑŭŮɠ ŮɝŬɔɤɔɐɠ əŬɗɩɠ əŬɘ ůɨůŰɖɛŬ 

ɛŮŰŬɓɚɖŰɐɠ ɓɨɗɘůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ. ɋůŰɧůɞ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ Ůɝɞɘəɞɜɧɛɖůɖɠ əŬɡůɑɛɞɡ ůŰɞɡɠ 

əɘɜɖŰɐɟŮɠ SOHC (Single Overhead Camshaft) əŬɘ DOHC (Dual Overhead Camshaft) ŮəŰɘɛɐɗɖəŮ 

ɧŰɘ ŮűŬɟɛɞɔɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ əɡɚɑɜŭɟɤɜ ɗŬ ɔɑɜŮɘ ɛŮ ɐŭɖ ŮɜůɤɛŬŰɤɛɏɜŬ 

ŰŬ ůɡůŰɐɛŬŰŬ ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ əŬɘ ɛŮŰŬɓɚɖŰɐɠ ɓɨɗɘůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ, əŬŰŬɚɐɔɞɜŰŬɠ ůŮ 

ɏɜŬ ˊɞůɞůŰɧ Ůɝɞɘəɞɜɧɛɖůɖɠ əŬɡůɑɛɞɡ əɎŰɤ Űɞɡ 1%. 

 

ɇŮɢɜɞɚɞɔɑŬ əɘɜɖŰɐɟŬ ɀŮɑɤůɖ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ (%) 

Dual Overhead Camshaft a 0,7 

Single Overhead Camshaft a 0,7 

Overhead Valve b 5,5 

a V6 ï applied after Dual Camshaft Phasing and Variable Valve Lift 
b V8 ï applied before Variable Valve Timing and Variable Valve Lift 

 

ɄɑɜŬəŬɠ 5.10: ȺəŰɘɛɩɛŮɜɖ ɛŮɑɤůɖ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ Ŭˊɧ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ əɡɚɑɜŭɟɤɜ ůŮ əɘɜɖŰɐɟŮɠ V6 əŬɘ V8 [31]  

 

5.5. ɀŮŰŬɓɚɖŰɧɠ ɢɟɞɜɘůɛɧɠ ɓŬɚɓɑŭɤɜ (VVT)  

 

5.5.1. ɄɚŮɞɜŮəŰɐɛŬŰŬ ɢɟɐůɖɠ ůɡůŰɖɛɎŰɤɜ ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ ɓŬɚɓɑŭɤɜ 

 

ɆŰɞɡɠ əɘɜɖŰɐɟŮɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŬɜɞɑɔɛŬŰɞɠ əŬɘ əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ 

Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ, əŬɗɩɠ əŬɘ ɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ ŬɡŰɏɠ ůɡɛɓŬɑɜɞɡɜ, ɏɢɞɡɜ ˊɞɚɨ ɛŮɔɎɚɖ 

ůɖɛŬůɑŬ ůŰɖɜ Ŭˊɧŭɞůɖ əŬɘ Űɘɠ Ůəˊɞɛˊɏɠ Űɞɡ əɘɜɖŰɐɟŬ. ɆŰɞɡɠ ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ, ˊɞɡ ŮɑɢŬɜ 

ůŰŬɗŮɟɧ ɢɟɞɜɘůɛɧ ɓŬɚɓɑŭɤɜ, ɛŮ Űɞɜ ŮəəŮɜŰɟɞűɧɟɞ ɎɝɞɜŬ ɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɎ ůɡɔɢɟɞɜɘůɛɏɜɞɠ ɛŮ 

Űɖɜ ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ, ɔɘɜɧŰŬɜ ˊɎɜŰŬ əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡɠ ɏɜŬɠ ůɡɛɓɘɓŬůɛɧɠ ŬɜɎɛŮůŬ 

ůŰɖɜ Ŭˊɧŭɞůɖ, Űɘɠ ŮˊɘŭɧůŮɘɠ əŬɘ Űɖɜ ɛɏɔɘůŰɖ ɘůɢɨ Űɞɡ əɘɜɖŰɐɟŬ. ɀŮ Űɖɜ ɢɟɐůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ Űɤɜ ɓŬɚɓɑŭɤɜ (Variable VALVE  Timing ï VVT), ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɔɑɜŮɘ 

ɏɚŮɔɢɞɠ Űɞɡ ɢɟɞɜɘůɛɞɨ əŬɘ Űɞɡ ɓɡɗɑůɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ ůŮ əɎɗŮ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 
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əɘɜɖŰɐɟŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡ ůŮ ɧɚɞ Űɞ űɎůɛŬ Űɤɜ ůŰɟɞűɩɜ 

Űɞɡ. ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ɟɨɗɛɘůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ, ɏɢɞɡɜ ŮˊɘɜɞɖɗŮɑ ˊɞɚɚɞɑ 

ŭɘŬűɞɟŮŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ əŬɘ əɎˊɞɘɞɘ Ŭˊɧ ŬɡŰɞɨɠ ɓɟɑůəɞɡɜ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ Űɤɜ 

ůɖɛŮɟɘɜɩɜ ɞɢɖɛɎŰɤɜ. 

ɀɘŬ ɚɨůɖ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɡŰɩɜ Űɤɜ ɗŮɛɎŰɤɜ ŮɑɜŬɘ əŬɘ ɖ ŬɜŮɝɎɟŰɖŰɖ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ 

ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ, ɎůɢŮŰŬ ɛŮ Űɖɜ ɗɏůɖ Űɤɜ Ůɛɓɧɚɤɜ Űɞɡ əɘɜɖŰɐɟŬ, ɢɤɟɑɠ Űɖɜ 

ɢɟɐůɖ ŮəəŮɜŰɟɞűɧɟɞɡ ɎɝɞɜŬ. ȰɜŬ ůɖɛŬɜŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɤɜ əɘɜɖŰɐɟɤɜ ůˊɘɜɗɖɟɘůɛɞɨ 

ŬˊɞŰŮɚɞɨɜ ɞɘ ŬˊɩɚŮɘŮɠ ɘůɢɨɞɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮɘůŬɔɤɔɐɠ, ɧˊɞɡ ɞ ɗɎɚŬɛɞɠ 

əŬɨůɖɠ ˊɚɖɟɩɜŮŰŬɘ ɛŮ ŬŰɛɞůűŬɘɟɘəɧ ŬɏɟŬ, əŬɗɩɠ əŬɘ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ, ɧˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɏɜɤůɖ Űɞɜ əŬɡůŬŮɟɑɤɜ. ȷɡŰɏɠ ɞɘ ŬˊɩɚŮɘŮɠ (ɎɜŰɚɖůɖɠ) ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɗɏůɖ 

Űɖɠ ɓŬɚɓɑŭŬɠ ůŰɟŬɔɔŬɚɘůɛɞɨ (throttle valve) əŬɘ ŮɑɜŬɘ ɡɣɖɚɏɠ ɧŰŬɜ ɖ ɓŬɚɓɑŭŬ ŰŮɑɜŮɘ ɜŬ ŮɑɜŬɘ 

əɚŮɘůŰɐ əŬɘ ɚɘɔɧŰŮɟŮɠ ɧŰŬɜ ɖ ɓŬɚɓɑŭŬ ŮɑɜŬɘ ůŰɖɜ ˊɚɐɟɤɠ ŬɜɞɘɢŰɐ ɗɏůɖ Űɖɠ. Ⱥˊɞɛɏɜɤɠ ɔɑɜŮŰŬɘ 

ŬɜŰɘɚɖˊŰɧ ɧŰɘ ŬɡŰɏɠ ɞɘ ŬˊɩɚŮɘŮɠ ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔŮɠ ɛŮ Űɞ űɞɟŰɑɞ ůŰɞ ɞˊɞɑɞ ɚŮɘŰɞɡɟɔŮɑ 

ɞ əɘɜɖŰɐɟŬɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɡˊɐɟɢŮ ɓŬɚɓɑŭŬ ůŰɟŬɔɔŬɚɘůɛɞɨ, ɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ɛɑɔɛŬŰɞɠ 

ŬɏɟŬ-əŬɡůɑɛɞɡ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ ɛɏůŬ Ŭˊɧ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ ˊŮɟɘɧŭɞɡ ŬɜɞɑɔɛŬŰɞɠ Űɤɜ 

ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ Ůŭɩ űŬɑɜŮŰŬɘ ɖ ɛŮɔɎɚɖ ˊɟɞɞˊŰɘəɐ ˊɞɡ ɡˊɎɟɢŮɘ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɤɜ 

ŬˊɤɚŮɘɩɜ ɎɜŰɚɖůɖɠ ŬŰɛɞůűŬɘɟɘəɞɨ ŬɏɟŬ əŬɘ əŬɡůŬŮɟɑɤɜ ɛɏůŬ Ŭˊɧ ůɡůŰɐɛŬŰŬ VVT. Ⱥˊɑůɖɠ, ŰŬ 

ůɡůŰɐɛŬŰŬ VVT ɛˊɞɟɞɨɜ ɜŬ ɓɞɖɗɐůɞɡɜ əŬɘ ůŰɞɜ ɏɚŮɔɢɞ Űɞɡ ŮɜŬˊɞɛŮɑɜŬɜŰɞɠ əɚɎůɛŬŰɞɠ 

əŬɡůŬŮɟɑɞɡ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ əɨəɚɞɡ (residual gas) ɛɏůŬ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ. ȼ ɛɎɕŬ Űɤɜ 

əŬɡůŬŮɟɑɤɜ ˊɞɡ əɎɗŮ űɞɟɎ ˊŬɟŬɛɏɜŮɘ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ, ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘəɎɚɡɣɖ Űɤɜ 

ɓŬɚɓɑŭɤɜ əŬɘ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ əɘɜɖŰɐɟŮɠ ˊɞɡ űɏɟɞɡɜ ůɨůŰɖɛŬ VVT, ůŰɞɡɠ ůɡɛɓŬŰɘəɞɨɠ 

əɘɜɖŰɐɟŮɠ ŭŮɜ ɔɑɜŮŰŬɘ ɟɨɗɛɘůɖ Űɞɡ ɢɟɧɜɞɡ Űɖɠ ŮˊɘəɎɚɡɣɖɠ, əŬɗɩɠ ŬɡŰɐ ŮɑɜŬɘ ůŰŬɗŮɟɐ ůŮ ɧɚɞ Űɞ 

űɎůɛŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ. Ƀɘ ɓŬɚɓɑŭŮɠ ŮɘůŬɔɤɔɐɠ ŮɑɜŬɘ ɛɘŬ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ 

Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ əŬɗɩɠ Ŭˊɧ ŬɡŰɏɠ əɡɟɑɤɠ ŮɝŬɟŰɎŰŬɘ ɞ ɞɔəɞɛŮŰɟɘəɧɠ ɓŬɗɛɧɠ 

Ŭˊɧŭɞůɖɠ (ˊɚɐɟɤůɖɠ) Űɞɡ əɘɜɖŰɐɟŬ. ȷˊɧ Űɘɠ ɓŬɚɓɑŭŮɠ ŮɝŬɔɤɔɐɠ ŮɚɏɔɢŮŰŬɘ Űɞ ˊɞůɞůŰɧ Űɤɜ 

əŬɡůŬŮɟɑɤɜ ˊɞɡ ˊŬɟŬɛɏɜŮɘ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Ůɜɧɠ əɨəɚɞɡ Űɞɡ 

əɘɜɖŰɐɟŬ əŬɘ ɛŮ Űɞɜ ɏɚŮɔɢɞ ŬɡŰɞɨ Űɞɡ ˊɞůɞůŰɞɨ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ NOx. 

ũɘŬ Űɖɜ ŬˊɞŭɞŰɘəɧŰŮɟɖ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ɞɘ əɘɜɐůŮɘɠ Űɤɜ 

ɓŬɚɓɑŭɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ əŬɘ 

Űɞ űɞɟŰɑɞ Űɞɡ əɘɜɖŰɐɟŬ. 

 

5.5.2. ūɎůŮɘɠ ɓŬɚɓɑŭɤɜ ůŰɞɡɠ ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ ůˊɘɜɗɖɟɘůɛɞɨ 

 

Á ȯɜɞɘɔɛŬ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐ (IVO ï Intake Valve Opening) 

ȼ ɓŬɚɓɑŭŬ ŮɘůŬɔɤɔɐɠ ŬɜɞɑɔŮɘ əŬɘ Űɞ ɛɑɔɛŬ ŬɏɟŬ əŬɡůɑɛɞɡ ŬɜŬɟɟɞűɎŰŬɘ ůŰɞɜ əɨɚɘɜŭɟɞ əŬɗɩɠ Űɞ 

ɏɛɓɞɚɞ ŮɘůɏɟɢŮŰŬɘ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ Ɏɜɤ ɜŮəɟɧ ůɖɛŮɑɞ (ȷɁɆ / ɇDC ï Top Dead Center). 

ɆɡɜŮɢɑɕŮɘ ɜŬ ɛɏɜŮɘ ŬɜɞɘɢŰŮɑ ɛɏɢɟɘ ˊɞɡ Űɞ ɏɛɓɞɚɞ űŰɎɜŮɘ ůŰɞ əɎŰɤ ɜŮəɟɧ ůɖɛŮɑɞ (ȾɁɆ / ȾɁɆ ï 

Bottom Dead Center). ũŮɜɘəɎ, Űɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ůɡɛɓŬɑɜŮɘ ˊŮɟɑˊɞɡ 10ɞ ˊɟɘɜ Űɞ 

ȷɁɆ əŬŰɎ Űɖɠ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ. ȷˊɧ Űɖɜ ůŰɘɔɛɐ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɞ ɎɜɞɘɔɛŬ Űɖɠ 
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ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ əŬɘ ɛɏɢɟɘ ɜŬ əɚŮɑůŮɘ ɖ ɓŬɚɓɑŭŬ ŮɝŬɔɤɔɐɠ, ůɡɛɓŬɑɜŮɘ ɖ ŮˊɘəɎɚɡɣɖ 

(overlapping). 

 

Á ȾɚŮɑůɘɛɞ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (EVC ï Exhaust ValveClosing) 

ȼ ɓŬɚɓɑŭŬ ŮɝŬɔɤɔɐɠ əɚŮɑɜŮɘ ɧŰŬɜ ŰŬ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ ɗɎɚŬɛɞ 

əŬɨůɖɠ ŭɘŬɟɟŮɨůɞɡɜ  ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɝŬɔɤɔɐ. ɇɧŰŮ ŮˊɏɟɢŮŰŬɘ əŬɘ Űɞ Űɏɚɞɠ Űɖɠ űɎůɖɠ Űɖɠ 

ŮɝŬɔɤɔɐɠ əŬɘ Űɖɜ ɑŭɘŬ ůŰɘɔɛɐ ůŰŬɛŬŰɎŮɘ əŬɘ ɖ ŮˊɘəɎɚɡɣɖ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ-ŮɝŬɔɤɔɐɠ. ɇɞ 

əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ ůɡɜɐɗɤɠ ůɡɛɓŬɑɜŮɘ 10ɞ ɛŮŰɎ Űɞ ȷɁɆ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ 

ŮɘůŬɔɤɔɐɠ. 

 

Á ȾɚŮɑůɘɛɞ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (IVC ï Intake Valve Closing) 

ɀŮ Űɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ůŰŬɛŬŰɎŮɘ ɖ űɎůɖ Űɖɠ ŮɘůŬɔɤɔɐɠ əŬɘ ɝŮəɘɜɎŮɘ ɖ 

ůɡɛˊɑŮůɖ. ȼ ɓŬɚɓɑŭŬ ŮɘůŬɔɤɔɐɠ əɚŮɑɜŮɘ ˊŮɟɑˊɞɡ 50ɞ ɛŮŰɎ Űɞ ȾɁɆ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ůɡɛˊɑŮůɖɠ. 

 

Á ȯɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (EVO ï Exhaust Valve Opening) 

ɀŮ Űɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ ŰŮɚŮɘɩɜŮɘ ɖ ŮəŰɧɜɤůɖ əŬɘ ŬɟɢɑɕŮɘ ɖ űɎůɖ ŮɝŬɔɤɔɐɠ Űɤɜ 

əŬɡůŬŮɟɑɤɜ. ȼ ɓŬɚɓɑŭŬ ŮɝŬɔɤɔɐɠ ŬɜɞɑɔŮɘ ˊŮɟɑˊɞɡ 60ɞ ɛŮŰɎ Űɞ ȾɁɆ. 

ɆŰɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ˊŬɟŬˊɎɜɤ űɎůŮɤɜ, ɞɘ ɔɤɜɑŮɠ ůŰɘɠ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢŮɑ Űɞ ɎɜɞɘɔɛŬ əŬɘ Űɞ 

əɚŮɑůɘɛɞ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɗŮɤɟɖŰɘəɏɠ Űɘɛɏɠ Ůɜɧɠ 

ůɡɛɓŬŰɘəɞɨ əɘɜɖŰɐɟŬ ůˊɘɜɗɖɟɘůɛɞɨ. ɆŰɞ ɆɢɐɛŬ 5.20 ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɔɟŬűɘəɎ ɞɘ ɢɟɧɜɞɘ Űɤɜ 

ɓŬɚɓɑŭɤɜ ɛŬɕɑ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ P-V (ˊɑŮůɖɠ-ɧɔəɞɡ). 
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ɆɢɐɛŬ 5.20: ɉɟɞɜɘůɛɧɠ ɓŬɚɓɑŭɤɜ ůŮ ŬɜŰɘˊŬɟŬɓɞɚɐ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ P-V ɔɘŬ 

ůɡɛɓŬŰɘəɧ 4-ɉ əɘɜɖŰɐɟŬ ůˊɘɜɗɖɟɘůɛɞɨ [43]  

 

5.5.3. ɆŰɟŬŰɖɔɘəɏɠ ɢŮɘɟɘůɛɞɨ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ 

 

ɇɞ əɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Ůɜɧɠ əɘɜɖŰɐɟŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ůɡɛɓŬŰɘəɧ ŮəəŮɜŰɟɞűɧɟɞ ɎɝɞɜŬ ɔɘŬ 

Űɞɜ ɢɟɞɜɘůɛɧ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ, ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɓŬɚɓɑŭŬ ŮɘůŬɔɤɔɐɠ 

əɎɗŮ əɡɚɑɜŭɟɞɡ ˊɎɜŰŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑ Űɖɜ ɑŭɘŬ ɛŮŰŬŰɧˊɘůɖ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɔɤɜɑŬ Űɖɠ 

ůŰɟɞűŬɚɞűɧɟɞɡ ŬŰɟɎəŰɞɡ ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ Űɞ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ. ȼ ɛŮŰŬɓɚɖŰɐ 

ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ɓŬɚɓɑŭɤɜ (VVA  ï Variable Valve Actuation), ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚŮɘ Űɞɡɠ 

ɢŮɘɟɘůɛɞɨɠ Űɤɜ ɓŬɚɓɑŭɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŮəɎůŰɞŰŮ ůŰɟɞűɏɠ Űɞɡ əɘɜɖŰɐɟŬ əŬɘ Űɞɡ űɞɟŰɑɞɡ Űɞɡ. 

Ƀɘ ŭɘɎűɞɟŮɠ ůŰɟŬŰɖɔɘəɏɠ ˊɞɡ ŬəɞɚɞɡɗɞɨɜŰŬɘ ůŰɞɜ ɢŮɘɟɘůɛɧ Űɤɜ ɓŬɚɓɑŭɤɜ, ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: 
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Á ȾŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (LIVC ï Late Intake Valve Closing) 

Á Ʉɟɧɤɟɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (EIVC ï Early Intake Valve Closing) 

Á ȾŬɗɡůŰŮɟɖɛɏɜɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (LIVO ï Late Intake Valve Opening) 

Á Ʉɟɧɤɟɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (EIVO ï Early Intake Valve Closing) 

Á Ʉɟɧɤɟɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (EEVO ï Early Exhaust Valve Opening) 

Á ȾŬɗɡůŰŮɟɖɛɏɜɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (LEVO ï Late Exhaust Valve Opening) 

Á Ʉɟɧɤɟɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (EEVC ï Early Exhaust ValveClosing) 

Á ȾŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (LEVC ï Late Exhaust Valve Closing) 

ȺűɘəŰɞɑ ŮɑɜŬɘ ŬəɧɛŬ əŬɘ ůɡɜŭɡŬůɛɞɑ Űɤɜ ˊŬɟŬˊɎɜɤ ůŰɟŬŰɖɔɘəɩɜ. 

 

5.5.3.1. ȾŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (LIVC ï Late Intake Valve 

Closing) 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ LIVC, Űɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ əŬɗɡůŰŮɟŮɑ ˊɟɞɠ Űɞ 

Űɏɚɞɠ Űɖɠ űɎůɖɠ ůɡɛˊɑŮůɖɠ. ɆŮ ɏɜŬɜ ůɡɛɓŬŰɘəɧ əɘɜɖŰɐɟŬ, əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮɘůŬɔɤɔɐɠ, ɖ 

ɓŬɚɓɑŭŬ ŮɘůŬɔɤɔɐɠ ŬɜɞɑɔŮɘ əŬɘ ɞ ɗɎɚŬɛɞɠ əŬɨůɖɠ ˊɚɖɟɩɜŮŰŬɘ ɛŮ ɛɑɔɛŬ ŬɏɟŬ-əŬɡůɑɛɞɡ. ȾŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ űɎůɖɠ ůɡɛˊɑŮůɖɠ, ɖ ɓŬɚɓɑŭŬ ŮɘůŬɔɤɔɐɠ əɚŮɑɜŮɘ əŬɘ Űɞ ɛɑɔɛŬ ůɡɛˊɘɏɕŮŰŬɘ. ȳɛɤɠ 

ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ LIVC, ɖ ɓŬɚɓɑŭŬ ŮɘůŬɔɤɔɐɠ ɛɏɜŮɘ ŬɜɞɘɢŰɐ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞ ɢɟɧɜɞ 

əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɛˊɑŮůɖɠ əŬɘ ɏŰůɘ ɛŮɟɘəɐ ˊɞůɧŰɖŰŬ ɛɑɔɛŬŰɞɠ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ ˊɞɚɚŬˊɚɐ 

ŮɘůŬɔɤɔɐɠ. ȼ ˊɑŮůɖ Űɞɡ Ůɔəɚɤɓɘůɛɏɜɞɡ ɛɑɔɛŬŰɞɠ ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐɠ, ŮɑɜŬɘ ɚɑɔɞ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ. ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊɧɛŮɜɖɠ űɎůɖɠ ŮɘůŬɔɤɔɐɠ, Űɞ 

ˊŬɔɘŭŮɡɛɏɜɞ ɛɑɔɛŬ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ əɨəɚɞɡ ŮˊŬɜŮɘůɎɔŮŰŬɘ ůŮ ˊɑŮůɖ ŬɜɩŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɞɡ 

ɛɑɔɛŬŰɞɠ ůŰɞɡɠ ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ˊɑŮůɖ ɎɜŰɚɖůɖɠ Űɞɡ ɛɑɔɛŬŰɞɠ 

ŬˊɞəɚɑɜŮɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ɔɟŬɛɛɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ P-V. ȰŰůɘ ɞ ŬɟɜɖŰɘəɧɠ 

ɓɟɧɔɢɞɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ P-V ɛŮɘɩɜŮŰŬɘ, əɎŰɘ ˊɞɡ ůɖɛŬɑɜŮɘ ɛŮɘɤɛɏɜŮɠ ŬˊɩɚŮɘŮɠ ɚɧɔɤ ɎɜŰɚɖůɖɠ 

Űɞɡ ɛɑɔɛŬŰɞɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.21. ȹɖɚŬŭɐ, Űɞ əŮɜɧ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŮ ɏɜŬɜ 

əɘɜɖŰɐɟŬ, ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ůŰɟŬŰɖɔɘəɐ LIVC, ŭŮɜ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɞ əŬŰɎ ŬˊɧɚɡŰɖ Űɘɛɐ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ɚɘɔɧŰŮɟɞ ɏɟɔɞ ɔɘŬ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɞ əɨəɚɞɠ Űɖɠ ŮɘůŬɔɤɔɐɠ. 
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ɆɢɐɛŬ 5.21: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ LIVC [43]  

 

5.5.3.2. Ʉɟɧɤɟɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (EIVC ï Early Intake Valve Closing) 

 

ɀŮ Űɖɜ ɡɘɞɗɏŰɖůɖ Űɖɠ ŰŬəŰɘəɐɠ Űɞɡ EIVC, ɖ ɓŬɚɓɑŭŬ ŮɘůŬɔɤɔɐɠ əɚŮɑɜŮɘ ɧŰŬɜ ɖ ŮˊɘɗɡɛɖŰɐ 

ˊɞůɧŰɖŰŬ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ ɏɢŮɘ ŮɘůɏɟɗŮɘ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɧŰŬɜ 

ŬˊŬɘŰɞɨɜŰŬɘ ůɡɜɗɐəŮɠ ɢŬɛɖɚɞɨ űɞɟŰɑɞɡ əŬɘ ŰŬɢɨŰɖŰŬɠ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ əɘɜɖŰɐɟŬ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɧɜɞ Űɞ ŮˊɘɗɡɛɖŰɧ əŬɘ ˊŮɟɘɞɟɘůɛɏɜɞ əɚɎůɛŬ Űɖɠ ůɡɜɞɚɘəɐɠ ŭɘɎɟəŮɘŬɠ Űɖɠ űɎůɖɠ 

ŮɘůŬɔɤɔɐɠ ɔɘŬ Űɖɜ ˊɚɐɟɤůɖ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ ɛŮ ɛɑɔɛŬ ŬɏɟŬ-əŬɡůɑɛɞɡ. Ⱥˊɞɛɏɜɤɠ Űɞ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŰŬəŰɘəɐɠ Űɞɡ EIVC ŮɑɜŬɘ ɛɘŬ ɛŮɟɘəɐ űɎůɖ ŮɘůŬɔɤɔɐɠ, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖɜ 

ˊɞůɧŰɖŰŬ Űɞɡ ɛɑɔɛŬŰɞɠ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ. ɇɞ ɏɟɔɞ, ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŮɘůŬɔɤɔɐ ŬɡŰɐɠ Űɖɠ ˊŮɟɘɞɟɘůɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ ůŰɞɜ əɨɚɘɜŭɟɞ Űɞɡ 

əɘɜɖŰɐɟŬ, ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ (ɛɘəɟɧŰŮɟŮɠ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ ï pumping losses) ůŮ ůɨɔəɟɘůɖ ɛŮ ɏɜŬɜ 

əɘɜɖŰɐɟŬ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ůɡɛɓŬŰɘəɧ ɢɟɞɜɘůɛɧ. 

ȾɎˊɞɘŮɠ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣɞɡɜ Ŭˊɧ ɏɜŬ ůɨůŰɖɛŬ EIVC ɚɧɔɤ Űɖɠ ɢŬɛɖɚɐɠ 

ɛŮŰŬŰɧˊɘůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ (low valve lift), ɛˊɞɟɞɨɜ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ ɛŮ Űɖɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ 

ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ ˊɞɡ ɗŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰɨɢŮɘ ɔɟɖɔɞɟɧŰŮɟɖ Ŭɜɨɣɤůɖ Űɖɠ ɓŬɚɓɑŭŬɠ. 

ɇɞ ɘŭŬɜɘəɧ ŭɘɎɔɟŬɛɛŬ P-V ɔɘŬ ɏɜŬɜ əɘɜɖŰɐɟŬ ˊɞɡ əɎɜŮɘ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ůŰɟŬŰɖɔɘəɐ EIVC 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.22. ȼ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ ɔɟŬɛɛɐ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ, ŮɑɜŬɘ 

ɏɜŬ ŰɛɐɛŬ Űɞɡ ŬɟɜɖŰɘəɞɨ ɏɟɔɞɡ ɎɜŰɚɖůɖɠ, Űɞ ɞˊɞɑɞ ŮɛűŬɜɑɕŮŰŬɘ ˊɞɚɨ ɛŮɘɤɛɏɜɞ ůɡɔəɟɘŰɘəɎ ɛŮ 

ɏɜŬɜ əɘɜɖŰɐɟŬ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ůɡɛɓŬŰɘəɧ ɢɟɞɜɘůɛɧ. 
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ɆɢɐɛŬ 5.22: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ EIVC [43]  

 

ɆɡɔəɟɑɜɞɜŰŬɠ Űɖɜ ůŰɟŬŰɖɔɘəɐ LIVC ɛŮ ŬɡŰɐɜ Űɞɡ EIVC, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ LIVC ɖ ˊɑŮůɖ ůŰɖɜ 

ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ɚɧɔɤ Űɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ ˊɞɡ ŮˊɘůŰɟɏűŮɘ Ŭˊɧ Űɞɜ 

əɨɚɘɜŭɟɞ ˊɑůɤ ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐ ɚɧɔɤ Űɞɡ əŬɗɡůŰŮɟɖɛɏɜɞɡ əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ EIVC, ɖ ˊɑŮůɖ ůŰɞɜ Ŭɡɚɞɨɠ Űɖɠ ŮɘůŬɔɤɔɐɠ ŮɑɜŬɘ əŬɘ ˊɎɚɘ ɡɣɖɚɐ, 

ŬɚɚɎ ŬɡŰɐ Űɖ űɞɟɎ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɞɡ əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ (ɖ ˊɑŮůɖ ŬɡɝɎɜŮŰŬɘ 

ŮˊŮɘŭɐ ɖ ɓŬɚɓɑŭŬ əɚŮɑɜŮɘ Ůɜɩ Űɞ ɛɑɔɛŬ ɏɢŮɘ ŬəɧɛŬ əɘɜɖŰɘəɐ ŬŭɟɎɜŮɘŬ ɚɧɔɤ Űɖɠ ɟɞɐɠ Űɞɡ). ȼ 

ɡɣɖɚɧŰŮɟɖ ˊɑŮůɖ ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐ ˊɟɞəŬɚŮɑ Űɖɜ ŮɘůŬɔɤɔɐ ˊŮɟɘůůɧŰŮɟɤɜ ůŰŬɔɞɜɘŭɑɤɜ 

əŬɡůɑɛɞɡ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ. ɄŮɟɘůůɧŰŮɟŬ ůŰŬɔɞɜɑŭɘŬ, ˊɞɡ ŮɑɜŬɘ ɡɔɟɞˊɞɘɖɛɏɜŬ, ɏɢɞɡɜ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɢŮɘɟɧŰŮɟɖ ˊɞɘɧŰɖŰŬ əŬɨůɖɠ. Ƀɘ əɘɜɖŰɐɟŮɠ EIVC ɛˊɞɟɞɨɜ ɜŬ ɝŮˊŮɟɎůɞɡɜ ŬɡŰɧ Űɞ 

ɛŮɘɞɜɏəŰɖɛŬ ɚɧɔɤ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ŰŬɢɨŰɖŰŬɠ ˊɞɡ ɏɢŮɘ Űɞ ɛɑɔɛŬ ŬɏɟŬ-əŬɡůɑɛɞɡ əŬŰɎ Űɖɜ űɎůɖ 

Űɖɠ ŮɘůŬɔɤɔɐɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ɛɑɔɛŬŰɞɠ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰɟɞɓɘɚɘůɛɞɑ 

(Űɡɟɓɩŭɖɠ ɟɞɐ) ˊɞɡ Ůɜɘůɢɨɞɡɜ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ Űɞɡ ɛɑɔɛŬŰɞɠ. ȳůɞɜ ŬűɞɟɎ Űɞɡɠ 

əɘɜɖŰɐɟŮɠ LIVC, ŬɡŰɞɑ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɘɠ ɓŬɚɓɑŭŮɠ ŮɘůŬɔɤɔɐɠ ɔɘŬ ɜŬ ŮˊɘŰŬɢɨɜɞɡɜ Űɖɜ ɟɞɐ 

Űɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ əŬɘ ɏŰůɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ɛɑɔɛŬŰɞɠ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ əɨɚɘɜŭɟɞ ŭŮɜ 

ŬɚɚɎɕŮɘ. Ƀɘ ŬˊɩɚŮɘŮɠ ɟɞɐɠ ɔɘŬ Űɞɡɠ əɘɜɖŰɐɟŮɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ůŰɟŬŰɖɔɘəɐ LIVC ŮɑɜŬɘ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ EIVC, ɚɧɔɤ Űɖɠ ŮˊɘůŰɟɏűɞɡůŬɠ ɟɞɐɠ Űɞɡ 

ɛɑɔɛŬŰɞɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ LIVC. 
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5.5.3.3. ȾŬɗɡůŰŮɟɖɛɏɜɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (LIVO ï Late Intake Valve 

Opening) 

 

ɇɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ Ůəəɑɜɖůɖ Űɖɠ űɎůɖɠ ŮɘůŬɔɤɔɐɠ Ůɜɩ Űɖɜ 

ɑŭɘŬ ůŰɘɔɛɐ ŬɟɢɑɕŮɘ əŬɘ ɖ ŮˊɘəɎɚɡɣɖ Űɤɜ ɓŬɚɓɑŭɤɜ (valve overlap). ɇɞ ůɨɜɖɗŮɠ, ɔɘŬ Űɞɡɠ 

ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ, ŮɑɜŬɘ Űɞ ɎɜɞɘɔɛŬ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ ɜŬ ůɡɛɓŬɑɜŮɘ 10ɞ ́ ɟɘɜ Űɞ ȷɁɆ. 

ɇɞ əŬɗɡůŰŮɟɖɛɏɜɞ ɎɜɞɘɔɛŬ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ ˊɏɟŬ Ŭˊɧ Űɘɠ 10ɞ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ 

ˊɟɞəŬɚŮɑ ůɡɜɗɐəŮɠ ˊɞɡ ŬˊɞŰɟɏˊɞɡɜ Űɖɜ ɟɞɐ Ŭˊɧ Űɖɜ ŮɘůŬɔɤɔɐ ˊɟɞɠ Űɞɜ əɨɚɘɜŭɟɞ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ 

ŭŮɜ ɡˊɎɟɢŮɘ ŭɘŬűɞɟɎ ˊɑŮůɖɠ ŬɜɎɛŮůŬ ůŮ əɨɚɘɜŭɟɞ əŬɘ Ŭɡɚɧ ŮɘůŬɔɤɔɐɠ. ɀŮɔŬɚɨŰŮɟɖ 

əŬɗɡůŰɏɟɖůɖ ůŰɞ ɎɜɞɘɔɛŬ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ ˊɟɞəŬɚŮɑ ůŰɘɔɛɘŬɑŬ ɛɘəɟɧŰŮɟɖ ˊɑŮůɖ ůŰɞɜ 

əɨɚɘɜŭɟɞ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɞɜ Ŭɡɚɧ Űɖɠ ŮɘůŬɔɤɔɐɠ. Ƀɘ 

ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ (pumping losses) ɗŬ Ŭɡɝɖɗɞɨɜ ɚɧɔɤ Űɖɠ ɛŮɘɤɛɏɜɖɠ ˊɑŮůɖɠ ůŰɞɜ əɨɚɘɜŭɟɞ 

əŬŰɎ Űɞ ˊɟɩŰɞ ŭɘɎůŰɖɛŬ Űɖɠ ŮɘůŬɔɤɔɐɠ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.23, ɖ ɔɟŬɛɛɐ ŬɜŬɟɟɧűɖůɖɠ (suction line) Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ    P-V, 

ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŬɟɜɖŰɘəɐ ůŮ ůɨɔəɟɘůɖ ɛŮ ɏɜŬɜ ůɡɛɓŬŰɘəɧ əɨəɚɞ. ȷəɧɛŬ əŬɘ Ŭɜ ɞɘ ŬˊɩɚŮɘŮɠ 

ɎɜŰɚɖůɖɠ ŬɡɝɎɜɞɜŰŬɘ, ŭŮɜ ɡˊɎɟɢŮɘ ŬɟɜɖŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖɜ ɞɔəɞɛŮŰɟɘəɐ Ŭˊɧŭɞůɖ. ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ŮˊŮɘŭɐ ɧɚɞ Űɞ ɛɑɔɛŬ ŬɏɟŬ-əŬɡůɑɛɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ ɛŮ ɡɣɖɚɐ 

ŰŬɢɨŰɖŰŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɡˊɞɚŮɘˊɧɛŮɜɞɡ ɛɏɟɞɡɠ Űɖɠ űɎůɖɠ ŮɘůŬɔɤɔɐɠ, ɛŮŰɎ Űɞ ɎɜɞɘɔɛŬ 

Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ. ȼ ɡɣɖɚɐ ŰŬɢɨŰɖŰŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɡɟɓɩŭɞɡɠ ɟɞɐɠ 

Űɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ, ˊɞɡ ɓɞɖɗɎ ůŰɖɜ əŬɚɐ ˊɞɘɧŰɖŰŬ əŬɨůɖɠ əŬɘ ůɡɜɎɛŬ ŬˊɞŰŮɚŮɑ 

ŰŮɢɜɘəɐ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ɎəŬɡůŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ (unburned HCs). 

 

 

ɆɢɐɛŬ 5.23: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ LIVO [43]  
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5.5.3.4. Ʉɟɧɤɟɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ (EIVO ï Early Intake Valve Closing) 

 

ɆŰɞɡɠ ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ, Űɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ůɡɛɓŬɑɜŮɘ 10ɞ ˊɟɘɜ Űɞ ȷɁɆ. 

ɇɞ ˊɟɧɤɟɞ ɎɜɞɘɔɛŬ ŬɟəŮŰɎ ˊɟɘɜ Űɞ Űɏɚɞɠ Űɖɠ űɎůɖɠ ŮɝŬɔɤɔɐɠ, ůɖɛŬɑɜŮɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ŭɘɎɟəŮɘŬɠ Űɖɠ ŮˊɘəɎɚɡɣɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ. ȾɎˊɞɘŬ ˊɞůɧŰɖŰŬ Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ŮˊɘůŰɟɏűŮɘ ˊɑůɤ 

ůŰɞɜ Ŭɡɚɧ ŮɘůŬɔɤɔɐɠ ɚɧɔɤ Űɖɠ ŭɘŬűɞɟɎɠ ˊɑŮůɖɠ ˊɞɡ ŮˊɘəɟŬŰŮɑ ŬɜɎɛŮůŬ ůŰɞɜ əɨɚɘɜŭɟɞ əŬɘ Űɞɜ 

Ŭɡɚɧ ŮɘůŬɔɤɔɐɠ [44]. ȷɡŰɐ ɖ ŮˊɘůŰɟɞűɐ Űɤɜ əŬɡůŬŮɟɑɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ůŬɜ óŮůɤŰŮɟɘəɧô 

EGR (ŮˊŬɜŬəɡəɚɞűɞɟɑŬ əŬɡůŬŮɟɑɤɜ), ˊɞɡ ɓɞɖɗɎŮɘ ůŰɖɜ ɛŮɑɤůɖ Ůəˊɞɛˊɐɠ NOx. ȺˊɘˊɟɞůɗɏŰɤɠ, 

ɖ ŰŬəŰɘəɐ ɢɟɞɜɘůɛɞɨ EIVO, ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůɑůɞŭɞ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐɠ, 

ɧˊɞɡ ŮˊɘəɟŬŰŮɑ ɛɘəɟɧŰŮɟɖ ˊɑŮůɖ, ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬɘ ɏŰůɘ ŰŬ əŬɡůŬɏɟɘŬ 

ŮˊɘůŰɟɏűɞɡɜ ŬɟɔɧŰŮɟŬ ůŰɞɜ əɨɚɘɜŭɟɞ ůŮ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ, əɎŰɘ ˊɞɡ ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ 

Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ NOx. 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ˊɟɧɤɟɞɡ ŬɜɞɑɔɛŬŰɞɠ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ, ɖ ɛŮɔɎɚɖ ŬɜŰɑůŰɟɞűɖ ɟɞɐ 

ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ, ɞŭɖɔŮɑ ˊɟɞůɤɟɘɜɎ ɞɟɘůɛɏɜŬ Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ůŰɞɜ Ŭɡɚɧ ŮɘůŬɔɤɔɐɠ əŬɘ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ŰŬ ŮˊɘůŰɟɏűŮɘ ůŰɞɜ əɨɚɘɜŭɟɞ ɛŬɕɑ ɛŮ Űɞ ɜɏɞ ɛɑɔɛŬ ŬɏɟŬ-əŬɡůɑɛɞɡ. ȼ ŬɘŰɑŬ ˊɞɡ ˊɟɞəŬɚŮɑ 

Űɖɜ Ůɑůɞŭɞ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŰɞ ůɨůŰɖɛŬ Űɖɠ ŮɘůŬɔɤɔɐɠ, ŮɑɜŬɘ ɖ ŭɘŬűɞɟɎ ˊɑŮůɖɠ ˊɞɡ ŮˊɘəɟŬŰŮɑ 

ŬɜɎɛŮůŬ ůŮ ŬɡŰɐɜ əŬɘ ůŰɞɜ əɨɚɘɜŭɟɞ. ȷűɞɨ ɞɟɘůɛɏɜŬ Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ɞŭɖɔɞɨɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ 

ŮɘůŬɔɤɔɐɠ, ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɚɘɔɧŰŮɟŬ əŬɡůŬɏɟɘŬ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ Űɞɜ əɨɚɘɜŭɟɞ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ 

ŮɝŬɔɤɔɐɠ. ȰŰůɘ ɞɘ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ əŬŰɎ Űɖɜ əɑɜɖůɖ Űɞɡ Ůɛɓɧɚɞɡ ůŰɖɜ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ 

ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ əŬɘ ɞ ŬɟɜɖŰɘəɧɠ ɓɟɧɔɢɞɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ P-V ɛŮɘɩɜŮŰŬɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ 

ůŰɞ ɆɢɐɛŬ 5.24. 

 

 

 

ɆɢɐɛŬ 5.24: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ EIVO [43]  
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5.5.3.5. Ʉɟɧɤɟɞ əŬɘ əŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (EEVC ï Early 

Exhaust Valve Closing/LEVC ï Late Exhaust Valve Closing) 

 

ɇɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ ůɡɛɓŬɑɜŮɘ ˊŮɟɑˊɞɡ 10ɞ ɛŮŰɎ Űɞ ȷɁɆ. ɀŮ Űɞ əɚŮɑůɘɛɞ Űɖɠ 

ɓŬɚɓɑŭŬɠ ŬɡŰɐɠ ŰŮɚŮɘɩɜŮɘ ɖ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ əŬɗɩɠ əŬɘ ɖ ŮˊɘəɎɚɡɣɖ Űɤɜ ɓŬɚɓɑŭɤɜ. 

ȳŰŬɜ Űɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮŰɎ Űɞ ȷɁɆ, ŮˊɘŰɟɏˊŮŰŬɘ ɖ 

ŮˊɘůŰɟɞűɐ əŬɡůŬŮɟɑɤɜ Ŭˊɧ Űɞɜ Ŭɡɚɧ ŮɝŬɔɤɔɐɠ ˊɑůɤ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ. ȳŰŬɜ ɞ əɘɜɖŰɐɟŬɠ 

ɚŮɘŰɞɡɟɔŮɑ ůŰɞ ɟŮɚŬɜŰɑ, ɖ ŮˊŬɜŬɟɟɞɐ Űɤɜ əŬɡůŬŮɟɑɤɜ Ŭˊɧ Űɞɜ Ŭɡɚɧ ŮɝŬɔɤɔɐɠ ůŰɞɜ ɗɎɚŬɛɞ 

əŬɨůɖɠ ŮɑɜŬɘ Ůɜɘůɢɡɛɏɜɖ ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ ŭɘŬűɞɟɎɠ ˊɑŮůɖɠ ˊɞɡ ŮˊɘəɟŬŰŮɑ ŬɜɎɛŮůŬ ůŮ əɨɚɘɜŭɟɞ 

əŬɘ Ŭɡɚɧ ŮɝŬɔɤɔɐɠ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɛŮɟɘəɞɨ űɞɟŰɑɞɡ əŬɘ ůŰɞ ˊɚɐɟŮɠ ɎɜɞɘɔɛŬ Űɖɠ 

ḉ ŮŰŬɚɞɨŭŬɠè ůŰɟŬɔɔŬɚɘůɛɞɨ, ɖ ˊŬɟŬˊɎɜɤ ŭɘŬűɞɟɎ ˊɑŮůɖɠ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ. Ⱥˊɑůɖɠ, ɚɧɔɤ 

Űɖɠ ŮˊɘəɎɚɡɣɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ, ˊɞůɧŰɖŰŬ əŬɡůŬŮɟɑɤɜ ɛˊɞɟŮɑ ɜŬ ŮɘůɏɚɗŮɘ ůŰɞ ůɨůŰɖɛŬ Űɖɠ 

ŮɘůŬɔɤɔɐɠ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ. ȰŰůɘ ůŰɖɜ űɎůɖ Űɖɠ ŮɘůŬɔɤɔɐɠ, ŬɡŰɎ ŰŬ əŬɡůŬɏɟɘŬ ɗŬ 

Ůɘůɏɟɗɞɡɜ əŬɘ ˊɎɚɘ ůŰɞɜ əɨɚɘɜŭɟɞ əŬɘ ɗŬ ˊɟɞůŰŮɗɞɨɜ ůŰŬ ŮɔəɚɤɓɘůɛɏɜŬ ḉ ŬɟŬˊɟɞɥɧɜŰŬè Űɞɡ 

ɗŬɚɎɛɞɡ əŬɨůɖɠ. Ⱥˊɑůɖɠ, ɖ Űɞ ɟŮɨɛŬ ŮˊŬɜŬɟɟɞɐɠ Ŭˊɧ Űɞɜ Ŭɡɚɧ ŮɝŬɔɤɔɐɠ ˊɞɡ əŬɜɞɜɘəɎ ɗŬ 

ŬəɞɚɞɡɗɞɨůŮ Űɞɜ ŭɟɧɛɞ Űɤɜ ɡˊɞɚɞɑˊɤɜ əŬɡůŬŮɟɑɤɜ ˊɟɞɠ Űɖɜ ŬŰɛɧůűŬɘɟŬ, ŮˊɘůŰɟɏűŮɘ 

əŬɡůŬɏɟɘŬ ůŰɞɜ əɨɚɘɜŭɟɞ əŬɘ ŬɡɝɎɜŮɘ ˊŮɟɘůůɧŰŮɟɞ Űɞ əɚɎůɛŬ əŬɡůŬŮɟɑɤɜ ˊɞɡ ˊŬɟŬɛɏɜɞɡɜ ůŰɞɜ 

ŮˊɧɛŮɜɞ əɨəɚɞ Űɞɡ əɘɜɖŰɐɟŬ. 

ȼ ŰŬəŰɘəɐ ɢɟɞɜɘůɛɞɨ EEVC (ɆɢɐɛŬ 5.25) ɛˊɞɟŮɑ ɜŬ ŬˊɞŰɟɏɣŮɘ ɛŮɟɘəɩɠ ɐ ɞɚɘəɩɠ Űɖɜ ŮˊɘəɎɚɡɣɖ 

Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ůɡɛɓŬɑɜŮɘ ŮˊɘəɎɚɡɣɖ ɓŬɚɓɑŭɤɜ, 

ŭŮɜ ɡˊɎɟɢŮɘ ŮˊɘůŰɟŮűɧɛŮɜɖ ɟɞɐ əŬɡůŬŮɟɑɤɜ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ŮɝŬɔɤɔɐɠ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ, Ůɜɩ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮˊɘŰɟɏˊŮŰŬɘ ɖ ŮˊɘəɎɚɡɣɖ ɖ ˊɞůɧŰɖŰŬ Űɤɜ ŮˊɘůŰɟŮűɧɛŮɜɤɜ əŬɡůŬŮɟɑɤɜ 

ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ Ŭˊɧ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊɘəɎɚɡɣɖɠ. 

 

ɆɢɐɛŬ 5.25: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ EEVC [43]   
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ Űɞɡ əŬɗɡůŰŮɟɖɛɏɜɞɡ əɚŮɘůɑɛŬŰɞɠ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ 

(LEVC), ɞ ɢɟɧɜɞɠ Űɖɠ ŮˊɘəɎɚɡɣɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ ŬɡɝɎɜŮŰŬɘ. ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ űɎůɖɠ 

ŮɘůŬɔɤɔɐɠ ɞɟɘůɛɏɜŬ Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ŮˊɘůŰɟɏűɞɡɜ Ŭˊɧ Űɞɜ Ŭɡɚɧ ŮɝŬɔɤɔɐɠ ůŰɞɜ Ŭɡɚɧ ŮɘůŬɔɤɔɐɠ 

[45] əŬɘ ɏŰůɘ ɛŮɘɩɜŮŰŬɘ ɖ ˊɞůɧŰɖŰŬ Űɞɡ űɟɏůəɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ ɛŮ Űɞ ɞˊɞɑɞ ˊɚɖɟɩɜŮŰŬɘ 

ɞ ɗɎɚŬɛɞɠ əŬɨůɖɠ, ŭɖɚŬŭɐ ɛŮɘɩɜŮŰŬɘ ɞ ɓŬɗɛɧɠ ˊɚɐɟɤůɖɠ. ɋůŰɧůɞ ɛŮɘɩɜɞɜŰŬɘ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ 

ɎɜŰɚɖůɖɠ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮɘůŬɔɤɔɐɠ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ˊɑŮůɖɠ  ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɞɜ Ŭɡɚɧ 

ŮɘůŬɔɤɔɐɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 5.26. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŰŬəŰɘəɐɠ ɢɟɞɜɘůɛɞɨ LEVC, ɡˊɎɟɢŮɘ ˊŮɟɘůůɧŰŮɟɖ ŮˊɘůŰɟɞűɐ əŬɡůŬŮɟɑɤɜ 

ɚɧɔɤ Űɖɠ Ŭɡɝɖɛɏɜɖɠ ŮˊɘəɎɚɡɣɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ. ɄŬɟɎɚɚɖɚŬ ůɡɛɓŬɑɜŮɘ əŬɘ ɛɘŬ ɛɘəɟɧŰŮɟɖ 

ŮˊɘůŰɟŮűɧɛŮɜɖ ɟɞɐ Ŭˊɧ Űɘɠ ɓŬɚɓɑŭŮɠ ŮɘůŬɔɤɔɐɠ ˊɟɞɠ Űɖɜ ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐɠ. 

ɆŮ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ůŮ ɡɣɖɚɏɠ ůŰɟɞűɏɠ, ɖ ɛŮɔŬɚɨŰŮɟɖ ŮˊɘəɎɚɡɣɖ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɑɜŬɘ 

ŮˊɘɗɡɛɖŰɐ, Ŭűɞɨ ɛɏůɤ ŬɡŰɐɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɚɨŰŮɟɞɠ əŬɗŬɟɘůɛɧɠ Űɞɡ əɡɚɑɜŭɟɞɡ Ŭˊɧ ŰŬ 

ˊɟɞɥɧɜŰŬ Űɖɠ əŬɨůɖɠ əŬɘ ɏŰůɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ. ȳɛɤɠ ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɟəŮɘŬ 

ŮˊɘəɎɚɡɣɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɑɜŬɘ ŮˊɘɕɐɛɘŬ ɔɘŬ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ ůŰɞ 

ɟŮɚŬɜŰɑ ɚɧɔɤ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ˊɞůɧŰɖŰŬɠ əŬɡůŬŮɟɑɤɜ ˊɞɡ ŮˊɘůŰɟɏűɞɡɜ ůŰɖɜ ˊɞɚɚŬˊɚɐ 

ŮɘůŬɔɤɔɐ. ȼ ŮˊɘůŰɟɞűɐ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŭɘɎɟəŮɘŬ 

ŮˊɘəɎɚɡɣɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɟɞˊɐɠ ůŰɘɠ ɢŬɛɖɚɏɠ ůŰɟɞűɏɠ Űɞɡ əɘɜɖŰɐɟŬ ŬɚɚɎ əŬɘ 

Űɖɜ ɛŮɑɤůɖ Űɞɡ ɞɔəɞɛŮŰɟɘəɞɨ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ ůŮ ɡɣɖɚɧŰŮɟŮɠ ůŰɟɞűɏɠ Űɞɡ əɘɜɖŰɐɟŬ. 

ɆŰɖɜ ůŰɟŬŰɖɔɘəɐ LEVC, ɛɘŬ ˊɞůɧŰɖŰŬ ɛɑɔɛŬŰɞɠ ɎəŬɡůŰɞɡ əŬɡůɑɛɞɡ əŬɘ əŬɡůŬŮɟɑɤɜ ŮˊɘůŰɟɏűŮɘ 

ůŰɞɜ əɨɚɘɜŭɟɞ Ŭˊɧ Űɞɜ Ŭɡɚɧ ŮɝŬɔɤɔɐɠ  əŬŰɎ Űɖɜ ŮˊɘəɎɚɡɣɖ Űɤɜ ɓŬɚɓɑŭɤɜ. ɇɞ ŬɜŬəŰɖɛɏɜɞ ŬɡŰɧ 

ɛɑɔɛŬ ɔɘŬ Ɏɚɚɖ ɛɘŬ űɞɟɎ ɗŬ əŬŮɑ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ əŬɨůɖɠ ɛŬɕɑ ɛŮ űɟɏůəɞ ɛɑɔɛŬ ŬɏɟŬ-əŬɡůɑɛɞɡ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɎəŬɡůŰɞɡ əŬɡůɑɛɞɡ. ȳɛɤɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ Siewert [44], ɖ 

ŰŬəŰɘəɐ LEVC ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŬˊɞŭɞŰɘəɐ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ŰŬəŰɘəɐ EEVC ɧůɞɜ ŬűɞɟɎ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ Űɖɠ Ůəˊɞɛˊɐɠ ɎəŬɡůŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ (unburned HCs). 

 

ɆɢɐɛŬ 5.26: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ LEVC [43]  
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5.5.3.6. Ʉɟɧɤɟɞ əŬɘ əŬɗɡůŰŮɟɖɛɏɜɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (EEVO ï Early 

Exhaust Valve Opening) 

 

ɇɞ ˊɟɧɤɟɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ ɝŮəɘɜɎŮɘ ŬɟəŮŰɎ ˊɟɘɜ Ŭˊɧ Űɞ Űɏɚɞɠ Űɖɠ űɎůɖɠ Űɖɠ 

ŮəŰɧɜɤůɖɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɚɨŰŮɟɞɠ əŬɗŬɟɘůɛɧɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ Ŭˊɧ 

ŰŬ əŬɡůŬɏɟɘŬ, ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ˊɟɞəŬɚŮɑŰŬɘ əŬɘ ɛŮɑɤůɖ Űɞɡ ɏɟɔɞɡ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ űɎůɖ 

Űɖɠ ŮəŰɧɜɤůɖɠ (ɆɢɐɛŬ 5.27) əŬɘ ɏŰůɘ ɛŮɘɩɜŮŰŬɘ ɖ ŬˊɞŭɘŭɧɛŮɜɖ ɘůɢɨɠ Űɞɡ əɘɜɖŰɐɟŬ. 

 

 

 

ɆɢɐɛŬ 5.27: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ EEVO [43]  

 

ũɑɜŮŰŬɘ ɚɞɘˊɧɜ ŬɜŰɘɚɖˊŰɧ ɧŰɘ Űɞ ŮɜŭŮɢɧɛŮɜɞ ˊɞɚɨ ˊɟɧɤɟɞɡ ŬɜɞɑɔɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮˊɘɓɚŬɓɏɠ 

ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ əɘɜɖŰɐɟŬ. ɋůŰɧůɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ ɧŰɘ ɛŮ Űɞ ˊɟɧɤɟɞ ɎɜɞɘɔɛŬ 

Űɖɠ ɓŬɚɓɑŭŬɠ ɗŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮɑɤůɖ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ ɏɟɔɞɡ ɎɜŰɚɖůɖɠ ɔɘŬ Űɖɜ əɏɜɤůɖ Űɤɜ 

əŬɡůŬŮɟɑɤɜ Ŭˊɧ Űɞɜ əɨɚɘɜŭɟɞ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ, ɛɧɚɘɠ Űɞ ɏɛɓɞɚɞ ˊŮɟɎůŮɘ Űɞ ȾɁɆ. 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ˊɚɏɞɜ ɖ ɛɎɕŬ Űɤɜ əŬɡůŬŮɟɑɤɜ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ, 

əŬɘ ɏŰůɘ ɖ ŭɨɜŬɛɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɞ ɏɛɓɞɚɞ ɔɘŬ ɜŬ ŭɘɩɝŮɘ ŰŬ əŬɡůŬɏɟɘŬ Ŭˊɧ Űɞɜ ɗɎɚŬɛɞ 

əŬɨůɖɠ ŮɑɜŬɘ ŬɜŬɚɧɔɤɠ ɛɘəɟɧŰŮɟɖ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ Asmus [45], ɧŰŬɜ ŮűŬɟɛɧɕŮŰŬɘ ɖ ŰŬəŰɘəɐ 

EEVO, ɞɘ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ ɧŰŬɜ ɖ ˊɑŮůɖ Űɞɡ əɡɚɑɜŭɟɞɡ ůŰɖɜ űɎůɖ 

ŮɝŬɔɤɔɐɠ ŭŮɜ ŬɡɝɎɜŮŰŬɘ ŬɘůɗɖŰɎ ˊɎɜɤ Ŭˊɧ Űɖɜ ˊɑŮůɖ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɝŬɔɤɔɐɠ. 
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ɇɞ əŬɗɡůŰŮɟɖɛɏɜɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ (LEVO), ɛŮɘɩɜŮɘ Űɖɜ ŬˊɞŭɘŭɧɛŮɜɖ ɘůɢɨ Űɞɡ 

əɘɜɖŰɐɟŬ, ŮˊŮɘŭɐ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɞ ɏɟɔɞ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ əŬɡůŬŮɟɑɤɜ Ŭˊɧ Űɞɜ ɗɎɚŬɛɞ 

əŬɨůɖɠ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ (ɆɢɐɛŬ 5.28). 

 

 

 

ɆɢɐɛŬ 5.28: ȹɘɎɔɟŬɛɛŬ P-V ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ůŰɟŬŰɖɔɘəɐɠ LEVO [43]  

 

 

ɄŮɟɘůůɧŰŮɟɖ əŬɗɡůŰɏɟɖůɖ ůŰɞ ɎɜɞɘɔɛŬ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɝŬɔɤɔɐɠ, ůɖɛŬɑɜŮɘ Ŭɨɝɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ 

Űɤɜ əŬɡůŬŮɟɑɤɜ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɝŬɢɗɞɨɜ Ŭˊɧ Űɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ əŬŰɎ Űɖɜ ŮɝŬɔɤɔɐ. ȰŰůɘ 

ɧɛɤɠ ŬɡɝɎɜŮŰŬɘ əŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ Űɖɠ ɞŭɐɔɖůɖɠ əŬɡůŬŮɟɑɤɜ ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐ əŬŰɎ Űɖɜ 

ŮˊɘəɎɚɡɣɖ Űɤɜ ɓŬɚɓɑŭɤɜ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɖɠ ŮˊŬɜŮɘůɧŭɞɡ Űɞɡɠ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ əŬŰɎ Űɖɜ 

űɎůɖ Űɖɠ ŮɘůŬɔɤɔɐɠ. ɀɏůɤ ŬɡŰɐɠ Űɖɠ ɟɞɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŰŮɢɜɘəɐ Űɖɠ 

çŮůɤŰŮɟɘəɐɠ ŬɜŬəɡəɚɞűɞɟɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜè (internal EGR-Exhaust Gas Recirculation), ɛɏůɤ 

Űɖɠ ɞˊɞɑŬɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ NOx. 

 

5.5.4. ɀɖɢŬɜɘůɛɞɑ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ 

 

Ƀ ɛŮŰŬɓɚɖŰɧɠ ɢɟɞɜɘůɛɧɠ Űɤɜ ɓŬɚɓɑŭɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɖɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ 

ɛŮŰŬɓɚɖŰɐɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ (VVA  ï Variable Valve Actuation). Ƀ ɧɟɞɠ VVA  

ŬɜŬűɏɟŮŰŬɘ ůŮ əɎɗŮ ɛɏɗɞŭɞ ɢŮɘɟɘůɛɞɨ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ. ȾŬŰɎ ˊŮɟɘɧŭɞɡɠ 

ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ˊɞɚɚɞɑ ɛɖɢŬɜɘůɛɞɑ VVA, əŬɗɏɜŬɠ Ŭˊɧ ŬɡŰɞɨɠ űɏɟŮɘ ŭɘŬűɞɟŮŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ 



131 

 

əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɛɖɢŬɜɘůɛɩɜ VVA  ůŮ ɧŰɘ ŬűɞɟɎ Űɖɜ ɓɨɗɘůɖ (lift), Űɞɜ 

ůɡɔɢɟɞɜɘůɛɧ Űɞɡ ŮəəŮɜŰɟɞűɧɟɞɡ ɛŮ Űɖɜ ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ (phase), əŬɘ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ 

ůɡɛɓɎɜŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɤɜ ɢɟɞɜɘůɛɧ Űɤɜ ɓŬɚɓɑŭɤɜ əŬɘ Űɖɜ ŮˊɘəɎɚɡɣɐ Űɞɡɠ, ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞ 

ɆɢɐɛŬ 5.29. 

 

 

ɆɢɐɛŬ 5.29: ɀɖɢŬɜɘůɛɞɑ ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ ɓŬɚɓɑŭɤɜ 
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ɀŮ Űɘɠ ŭɞəɘɛɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɑɖůŮ ɞ Hong [43], ůŮ ŰŮŰɟɎɢɟɞɜɞ ɛɞɜɞəɨɚɘɜŭɟɞ əɘɜɖŰɐɟŬ ɛŮ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ əŬɘ ŬɜŬɚɨɞɜŰŬɠ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ɏɚŬɓŮ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ GT-Power, əŬŰɏɚɖɝŮ ůŰŬ ŬəɧɚɞɡɗŬ 

ůɡɛˊŮɟɎůɛŬŰŬ: 

Ƀɘ ůŰɟŬŰɖɔɘəɏɠ ɢɟɞɜɘůɛɞɨ ɓŬɚɓɑŭɤɜ EIVC, EEVC, EIVO əŬɘ LEVC ɛˊɞɟɞɨɜ ɜŬ ɛŮɘɩůɞɡɜ Űɘɠ 

ŬˊɩɚŮɘŮɠ ɚɧɔɤ ɎɜŰɚɖůɖɠ (pumping losses), ŭɖɚŬŭɐ Űɞɜ ŬɟɜɖŰɘəɧ ɓɟɧɔɢɞ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ P-V, 

Ůɜɩ ɞɘ ŬˊɩɚŮɘŮɠ ŬɡŰɏɠ ŬɡɝɎɜɞɜŰŬɘ ɛŮ Űɖɜ ɡɘɞɗɏŰɖůɖ Űɤɜ ůŰɟŬŰɖɔɘəɩɜ LIVO, EEVC, EEVO, 

LEVO. ȰŰůɘ ɔɑɜŮŰŬɘ ɎɛŮůŬ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɞɘ ůŰɟŬŰɖɔɘəɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ űɎůɖ Űɖɠ 

ŮɘůŬɔɤɔɐɠ (intake-valve strategies), ŰŮɑɜɞɡɜ ɜŬ ɛŮɘɩɜɞɡɜ Űɘɠ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ 

ˊɚŮɡɟɎ, ɞɘ ůŰɟŬŰɖɔɘəɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ űɎůɖ Űɖɠ ŮɝŬɔɤɔɐɠ, ŭŮɜ ɛŮɘɩɜɞɡɜ Űɘɠ ŬˊɩɚŮɘŮɠ 

ɎɜŰɚɖůɖɠ ŬɚɚɎ ɢɟɖůɘɛŮɨɞɡɜ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ NOx ɛɏůŬ Ŭˊɧ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ 

ŮůɤŰŮɟɘəɐɠ ŮˊŬɜŬəɡəɚɞűɞɟɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŰɞɜ ɗɎɚŬɛɞ əŬɨůɖɠ. 

 

5.5.5. ɀŮɑɤůɖ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ Űɖɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ 

ɓŬɚɓɑŭɤɜ 

 

ɆŰɖɜ ɄŬɟŬˊɞɛˊɐ [38], ɖ ɞˊɞɑŬ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 5.3.2, ɛŮɚŮŰɐɗɖəŬɜ ɞɘ 

ŮˊɘˊŰɩůŮɘɠ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬɓɚɖŰɐɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ ůŰɘɠ ɛɏůŮɠ Ůəˊɞɛˊɏɠ CO2 

ŭɘŬűɧɟɤɜ ɞɢɖɛɎŰɤɜ (ɄɑɜŬəŬɠ 5.8). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɛŮŰŬɓɚɖŰɐɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əɨəɚɞɡ 

ɞŭɐɔɖůɖɠ NEDC Ŭˊɧ ɧŰɘ ůŰɖɜ ŭɞəɘɛɐ WLTP. Ƀɘ ɛŮɘɩůŮɘɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ůŰɘɠ Ůəˊɞɛˊɏɠ CO2 

ɐŰŬɜ 2.5-5.0% əŬɘ 1.4-2.1% ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əɨəɚɞɡ NEDC əŬɘ WLTP ŬɜŰɑůŰɞɘɢŬ. 

ɆŰɞ ɆɢɐɛŬ 5.30 ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ɞɘ Ůəˊɞɛˊɩɜ CO2 ɔɘŬ Űɞ ˊɟɩŰɞ 

ɓŮɜɕɘɜɞəɑɜɖŰɞ ɧɢɖɛŬ Űɖɠ ɚɑůŰŬɠ (ɄɑɜŬəŬɠ 5.8), ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ɢɟɐůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɛŮŰŬɓɚɖŰɐɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ. ȺˊŮɘŭɐ Űɞ ůɨůŰɖɛŬ ŬɡŰɧ ŮˊɘŭɟɎ ůŰɖɜ əŬŰŬɜɎɚɤůɖ Űɞɡ 

əŬɡůɑɛɞɡ əɡɟɑɤɠ ůŰɖɜ əŬŰɩŰŮɟɖ ˊŮɟɘɞɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ, Űɞ ɆɢɐɛŬ 5.31 ŭɘəŬɘɞɚɞɔŮɑ 

Űɖɜ ɘůɢɡɟɧŰŮɟɖ ŮˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɞɜ əɨəɚɞ NEDC ůŮ ůɢɏůɖ ɛŮ Űɞɜ WLTP. ɆŰɞ əɨəɚɞ 

NEDC ɞ əɘɜɖŰɐɟŬɠ ɚŮɘŰɞɡɟɔŮɑ ůŮ ɢŬɛɖɚɧŰŮɟɞ Ůɨɟɞɠ ůŰɟɞűɩɜ əŬɘ űɞɟŰɑɤɜ, Ůɜɩ ůŰɖɜ ŭɞəɘɛɐ 

WLTP ɖ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ əŬɘ ɖ ɟɞˊɐ Űɞɡ əɘɜɖŰɐɟŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ. 
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ɆɢɐɛŬ 5.30: ȺˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬɓɚɖŰɐɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ ɓŬɚɓɑŭɤɜ ůŰɘɠ Ůəˊɞɛˊɏɠ 

CO2 [38]  

 

 

 

ɆɢɐɛŬ 5.31: ɄŮɟɘɞɢɐ ɚŮɘŰɞɡɟɔɑŬɠ əɘɜɖŰɐɟŬ ůŰɞɜ əɨəɚɞ ɞŭɐɔɖůɖɠ NEDC əŬɘ WLTP [38]  
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5.6. ɀŮŰŬɓɚɖŰɧɠ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ əɡɚɑɜŭɟɞɡ 

 

5.6.1. ɄɚŮɞɜŮəŰɐɛŬŰŬ ɢɟɐůɖɠ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ əɡɚɑɜŭɟɞɡ 

 

Ƀ ɛŮŰŬɓɚɖŰɧɠ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ˊɞɚɚŬˊɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ ɛŮɑɤůɖ Űɖɠ 

ɛɏɔɘůŰɖɠ ˊɑŮůɖɠ ɔɘŬ Űɖɜ əŬɨůɖ ůŮ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŮɠ əŬɘ ŬɜŰɘůŰɎɗɛɘůɖ Űɖɠ ɢŬɛɏɜɖɠ 

ŬˊɞŭɞŰɘəɧŰɖŰŬɠ ɚɧɔɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ŬɡŰŬɜɎűɚŮɝɖɠ ůŰɞɡɠ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŮɠ. Ƀ ɛŮŰŬɓɚɖŰɧɠ 

ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ ŮɑɜŬɘ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ Ůŭɩ əŬɘ ŬɟəŮŰɏɠ ŭŮəŬŮŰɑŮɠ, ɤůŰɧůɞ Űɞ 

Ŭɡɝɖɛɏɜɞ əɧůŰɞɠ əŬɘ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ ŭɘŬűɧɟɤɜ ɛɖɢŬɜɘůɛɩɜ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ, 

əŬɗɘůŰɞɨůŮ ɛɏɢɟɘ ůɐɛŮɟŬ ŬˊŬɔɞɟŮɡŰɘəɐ Űɖɜ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ Űɞɡ Ůɜ ɚɧɔɤ ůɡůŰɐɛŬŰɞɠ. ȳɛɤɠ 

ůɐɛŮɟŬ əɡəɚɞűɞɟɞɨɜ ˊɘɞ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ ɛɖɢŬɜɘůɛɞɑ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘɤůŰɐɟŮɠ ɛŮŰŬɓɚɖŰɞɨ 

ɛɐəɞɡɠ ɔɘŬ Űɖɜ ůɨɜŭŮůɖ Űɞɡ Ůɛɓɧɚɞɡ əŬɘ Űɖɠ ůŰɟɞűŬɚɞűɧɟɞɡ ŬŰɟɎəŰɞɡ, əɎɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ɘŭɏŬ 

Űɞɡ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ɜŬ ɛɞɘɎɕŮɘ ˊŮɟɘůůɧŰŮɟɞ ɓɘɩůɘɛɖ ůŮ əɚɑɛŬəŬ ɛŬɕɘəɐɠ 

ˊŬɟŬɔɤɔɐɠ. 

Ƀɘ ɛɖɢŬɜɘůɛɞɑ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ Űɞɜ ɛŮŰŬɓɚɖŰɧ ɚɧɔɞ ůɡɛˊɑŮůɖɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɨɞ əɨɟɘŮɠ 

əŬŰɖɔɞɟɑŮɠ. ɆŰŬ ůɡůŰɐɛŬŰŬ ŭɨɞ ůŰŬŭɑɤɜ (two-step), ɧˊɞɡ ɞ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ Űɞɡ əɘɜɖŰɐɟŬ 

ɛŮŰŬɓɎɚɚŮŰŬɘ ŬɜɎɛŮůŬ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ (ɢŬɛɖɚɧɠ əŬɘ ɡɣɖɚɧɠ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ) əŬɘ ůŰŬ 

ůɡɜŮɢɩɠ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ůɡůŰɐɛŬŰŬ, ɧˊɞɡ ɞˊɞɘŬŭɐˊɞŰŮ Űɘɛɐ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ɛˊɞɟŮɑ ɜŬ 

ŮˊɘɚŮɢɗŮɑ ŬɜɎɛŮůŬ ůŮ ɛɘŬ ɢŬɛɖɚɐ əŬɘ ɛɘŬ ɡɣɖɚɐ Űɘɛɐ [46]. 

 

5.6.2. ȹɘɎəɟɘůɖ ůɡůŰɖɛɎŰɤɜ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ 

 

ɇŬ ůɡůŰɐɛŬŰŬ ŭɨɞ ůŰŬŭɑɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɛŮŰŬɓɚɖŰɞɨ ɛɐəɞɡɠ ŭɘɤůŰɐɟŬ: 

Á ɆɨůŰɖɛŬ Űɖɠ AVL  

Á ɆɨůŰɖɛŬ Űɖɠ FEV 

ɇŬ ůɡůŰɐɛŬŰŬ ůɡɜŮɢɞɨɠ ɛŮŰŬɓɞɚɐɠ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ɛˊɞɟɞɨɜ ŮűŬɟɛɞůŰɞɨɜ ɛɏůŬ Ŭˊɧ ɏɜŬ 

ůɨɜɞɚɞ ŭɘŬűɞɟŮŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ, ɧˊɤɠ: 

Á ɀɖɢŬɜɘůɛɧɠ ˊɞɚɚŬˊɚɩɜ ůɡɜŭɏůɛɤɜ ŬɜɎɛŮůŬ ůŰɞ ɏɛɓɞɚɞ əŬɘ Űɖɜ ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ 

(Nissan, MCE-5) 

Á ȾɘɜɖŰɐ əɡɚɘɜŭɟɞəŮűŬɚɐ əɘɜɖŰɐɟŬ (SAAB) [47] 

Á ɆŰɟɞűŬɚɞűɧɟɞɠ ɛŮ ɏəəŮɜŰɟɞ ɎɝɞɜŬ (Caterpillar) [48] 

Á ȾɘɜɖŰɐ əɞɟɩɜŬ Ůɛɓɧɚɞɡ [49] 
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5.6.2.1. ɆɡůŰɐɛŬŰŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ŭɨɞ ůŰŬŭɑɤɜ 

 

5.6.2.1.1. ɆɨůŰɖɛŬ Űɖɠ AVL  

 

ɇɞ ůɨůŰɖɛŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ŭɨɞ ůŰŬŭɑɤɜ Űɖɠ AVL, ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬɜ ŰɖɚŮůəɞˊɘəɧ 

ŭɘɤůŰɐɟŬ (ɆɢɐɛŬ 5.32). ȼ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ɛɏůɤ ŮűŬɟɛɞɕɧɛŮɜɤɜ 

ŭɡɜɎɛŮɤɜ ůŰɞɜ ŰɖɚŮůəɞˊɘəɧ ŭɘɤůŰɐɟŬ. ȼ ŬŭɟŬɜŮɘŬəɐ ŭɨɜŬɛɖ FM (FMASS) əŬɘ ɖ ŭɨɜŬɛɖ Űɤɜ 

ŬŮɟɑɤɜ FG (FGAS, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ ɐ ɛŮɑɤůɖ Űɞɡ ɛɐəɞɡɠ Űɞɡ ŭɘɤůŰɐɟŬ. ɇŬ ɛɐəɞɠ 

Űɞɡ ŭɘɤůŰɐɟŬ ɛŮɘɩɜŮŰŬɘ ɧŰŬɜ ɖ əŬŰŮɨɗɡɜůɖ Űɖɠ ůɡɜɘůŰŬɛɏɜɖɠ ŭɨɜŬɛɖɠ FR ɏɢŮɘ űɞɟɎ ˊɟɞɠ Űɞɜ 

ŭɘɤůŰɐɟŬ (FG>FM) əŬɘ ŬɡɝɎɜŮŰŬɘ ɧŰŬɜ ɏɢŮɘ ŬɜŰɑɗŮŰɖ űɞɟɎ (FG<FM). ɇŬ ɧɟɘŬ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ 

ŬɡɝɞɛŮɑɤůɖ Űɞɡ ŭɘɤůŰɐɟŬ əŬɗɞɟɑɕɞɡɜ Űɞ ɛɏɔɘůŰɞ əŬɘ Űɞ ŮɚɎɢɘůŰɞ ɛɐəɞɠ Űɞɡ. ɇɞ əɚŮɑŭɤɛŬ ɛɘŬɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɗɏůɖɠ Űɞɡ ɛŮŰŬɓŬɚɚɧɛŮɜɞɡ ůɡɜŭɏůɛɞɡ Űɞɡ ŭɘɤůŰɐɟŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ 

ɛŮŰŬűɞɟɎ ɚŬŭɘɞɨ ůŰɞɡɠ ɧɔəɞɡɠ ˊɎɜɤ əŬɘ əɎŰɤ Ŭˊɧ Űɞɜ əɘɜɖŰɧ ůɨɜŭŮůɛɞ. ȰɜŬ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ 

űɟɞɜŰɑɕŮɘ ɔɘŬ Űɖɜ ŬɜɎɚɞɔɖ ɟɨɗɛɘůɖ əɎɗŮ űɞɟɎ ˊɞɡ ɛɘŬ ŬɚɚŬɔɐ ůŰɞ ɛɐəɞɠ Űɞɡ ŭɘɤůŰɐɟŬ ŮɑɜŬɘ 

ŮˊɘɗɡɛɖŰɐ [50]. 

 

 

 

 

ɆɢɐɛŬ 5.32: ȹɘɤůŰɐɟŬɠ ɛŮŰŬɓɚɖŰɞɨ ɛŮɔɏɗɞɡɠ ŰɖɚŮůəɞˊɘəɞɨ Űɨˊɞɡ Űɖɠ AVL [46]  
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5.6.2.1.2. ɆɨůŰɖɛŬ Űɖɠ FEV 

 

ɇɞ ůɨůŰɖɛŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ Űɖɠ FEV ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ŭɘɤůŰɐɟŬ ˊɞɡ ůŰɞ Ɏɜɤ Ɏəɟɞ 

Űɞɡ (ůɖɛŮɑɞ ůɨɜŭŮůɖɠ ɛŮ ɏɛɓɞɚɞ) ɏɢŮɘ ɏɜŬ ɏəəŮɜŰɟɞ (ɆɢɐɛŬ 5.33). ɀɏůŬ ůŰɞɜ ŭɘɤůŰɐɟŬ 

ɓɟɑůəɞɜŰŬɘ ŮɜůɤɛŬŰɤɛɏɜŬ ŭɨɞ ɏɛɓɞɚŬ ŰŬ ɞˊɞɑŬ ˊŮɟɘůŰɟɏűɞɡɜ Űɞ ɏəəŮɜŰɟɞ əŬɘ ɏŰůɘ ŬɡɝɎɜɞɡɜ ɐ 

ɛŮɘɩɜɞɡɜ Űɞ ɛɐəɞɠ Űɞɡ ŭɘɤůŰɐɟŬ. ɇɞ ɚɎŭɘ ˊɞɡ ŮɜŮɟɔɞˊɞɘŮɑ ŰŬ ŮůɤŰŮɟɘəɎ ɏɛɓɞɚŬ ˊŬɟɏɢŮŰŬɘ ůŮ 

ŬɡŰɎ Ŭˊɧ Űɞ əɎŰɤ ŰɛɐɛŬ Űɞɡ ŭɘɤůŰɐɟŬ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Ŭˊɧ Űɖɜ ɞˊɐ ůɨɜŭŮůɖɠ Űɖɠ 

ůŰɟɞűŬɚɞűɧɟɞɡ ŬŰɟɎəŰɞɡ. ȼ ˊŬɟɞɢɐ Űɞɡ ɚŬŭɘɞɨ ŬɜɎɛŮůŬ ůŰŬ ŭɨɞ ɏɛɓɞɚŬ ɟɡɗɛɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ 

ɓŬɚɓɑŭŬ Ůɚɏɔɢɞɡ. 

 

 

 

ɆɢɐɛŬ 5.33: ȹɘɤůŰɐɟŬɠ əɘɜɖŰɐɟŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ Űɖɠ ŮŰŬɘɟŮɑŬɠ FEV [51]  

 

5.6.2.2. ɆɡůŰɐɛŬŰŬ ůɡɜŮɢɞɨɠ ɛŮŰŬɓŬɚɚɧɛŮɜɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ 

 

5.6.2.2.1. ɆɨůŰɖɛŬ Űɖɠ Nissan 

 

ɇɞ ůɨůŰɖɛŬ ůɡɜŮɢɞɨɠ ɛŮŰŬɓŬɚɚɧɛŮɜɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ Űɖɠ Nissan (ɆɢɐɛŬ 5.34), ɓŬůɑɕŮŰŬɘ ůŮ 

ɏɜŬɜ ɛɖɢŬɜɘůɛɧ ˊɞɚɚŬˊɚɩɜ ůɡɜŭɏůɛɤɜ ˊɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ ŬɜɎɛŮůŬ ůŰɖɜ ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ 

əŬɘ Űɞɜ ˊŮɑɟɞ Űɞɡ Ůɛɓɧɚɞɡ [52]. ȰɜŬɠ ŮɜŮɟɔɞˊɞɘɖŰɐɠ ˊɞɡ ˊŮɟɘůŰɟɏűŮɘ Űɞɜ ɏəəŮɜŰɟŬ ŰɞˊɞɗŮŰɖɛɏɜɖ 

ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ (ɆɢɐɛŬ 5.35), ɛŮŰŬəɘɜŮɑ Űɞ ɨɣɞɠ Űɞɡ ůɖɛŮɑɞɡ ůɨɜŭŮůɖɠ Űɞɡ ŭɘɤůŰɐɟŬ ɛŮ 
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Űɞ ɏɛɓɞɚɞ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ɛŮŰŬŰɧˊɘůɖ Űɞɡ Ůɛɓɧɚɞɡ ˊɟɞɠ ŰŬ ˊɎɜɤ ɐ ˊɟɞɠ ŰŬ əɎŰɤ, ɢɤɟɑɠ ɧɛɤɠ 

ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ŬˊɧůŰŬůɖ ˊɞɡ ŭɘŬɔɟɎűŮɘ Űɞ ɏɛɓɞɚɞ ůŮ əɎɗŮ əɨəɚɞ [53]. 

 

ɆɢɐɛŬ 5.34: ɀɖɢŬɜɘůɛɧɠ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ Űɖɠ Nissan [52]  

 

 

 

ɆɢɐɛŬ 5.35: ɇɞɛɐ əɘɜɖŰɐɟŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ Űɖɠ Nissan [52]  
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5.6.2.2.2. ɆɨůŰɖɛŬ Űɖɠ MCE-5 

 

ȼ MCE-5 ɏɢŮɘ ŬɜŬˊŰɨɝŮɘ ɏɜŬɜ əɘɜɖŰɐɟŬ ɛŮ ˊŬɟɧɛɞɘŬ űɘɚɞůɞűɑŬ ɛŮ ŬɡŰɐɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɖ 

Nissan. ȰɜŬɠ ɛɖɢŬɜɘůɛɧɠ ɛŮ ˊɞɚɚŬˊɚɞɨɠ ůɡɜŭɏůɛɞɡɠ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ ŬɜɎɛŮůŬ ůŰɖɜ 

ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ əŬɘ Űɞ ɏɛɓɞɚɞ ɛŮ ůəɞˊɧ ɖ ɗɏůɖ Űɞɡ Ůɛɓɧɚɞɡ ɜŬ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɑɕŮŰŬɘ 

ɛɏůŬ ůŮ ɏɜŬ əŬɗɞɟɘůɛɏɜɞ Ůɨɟɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ, ɢɤɟɑɠ ɜŬ 

ɛŮŰŬɓɎɚɚŮŰŬɘ Űɞ ɛɐəɞɠ ˊɞɡ ŬɡŰɧ ŭɘŬɔɟɎűŮɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Ůɜɧɠ əɨəɚɞɡ (ɆɢɐɛŬ 5.36). 

 

 

 

ɆɢɐɛŬ 5.36: ɇɞɛɐ əɘɜɖŰɐɟŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ Űɖɠ MCE-5 [54]  

 

5.6.3. ȺűŬɟɛɞɔɐ ůŮ əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ 

 

ɆŰɞɡɠ əɘɜɖŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ ɡˊɎɟɢŮɘ ɛŮɔɎɚɞ ˊŮɟɘɗɩɟɘɞ Ŭɝɘɞˊɞɑɖůɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ. ȰŰůɘ ɛɏůŬ Ŭˊɧ Űɖɜ ɢɟɐůɖ ŰɏŰɞɘɤɜ ůɡůŰɖɛɎŰɤɜ ŮɑɜŬɘ ŮűɘəŰɐ ɖ 

ŭɘŬŰɐɟɖůɖ Ůɜɧɠ Űɡˊɘəɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŬ (15:1) ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ, Ůɜɩ 
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ˊŬɟɎɚɚɖɚŬ ɗŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮŰŬɘ ɛŮɑɤůɖ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ ɔɘŬ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ Űɤɜ Ŭɘɢɛɩɜ Űɖɠ ˊɑŮůɖɠ əɞɜŰɎ ůŰɞ Ɏɜɤ ɜŮəɟɧ ůɖɛŮɑɞ Űɞɡ Ůɛɓɧɚɞɡ (peak firing 

pressure). Ⱥˊɑůɖɠ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ Ŭɨɝɖůɖ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ əŬɚɨŰŮɟɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ əŬɘ ɛŮɑɤůɐ Űɞɡ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ ɔɘŬ Űɞ ˊŮɟɘɞɟɘůɛɧ Űɤɜ 

Ŭɘɢɛɩɜ ˊɑŮůɖɠ ůŰɞ Ɏɜɤ ɜŮəɟɧ ůɖɛŮɑɞ Űɞɡ Ůɛɓɧɚɞɡ [46]. 

 

5.6.4. ɆŰɟŬŰɖɔɘəɏɠ ɢŮɘɟɘůɛɞɨ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɞ ɛŮɟɘəɧ əŬɘ ɡɣɖɚɧ űɞɟŰɑɞ 

 

5.6.4.1. ȹɘŬŰɐɟɖůɖ Űɡˊɘəɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ 

 

ɆŮ ŬɡŰɐɜ Űɖɜ ˊɟɞůɏɔɔɘůɖ, ɞɘ Ŭɘɢɛɏɠ Űɖɠ ˊɑŮůɖɠ əɞɜŰɎ ůŰɞ ȷɁɆ ˊŮɟɘɞɟɑɕɞɜŰŬɘ, ɢɤɟɑɠ ɜŬ 

ŮˊɖɟŮɎɕŮŰŬɘ ŬɟɜɖŰɘəɎ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ əɘɜɖŰɐɟŬ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ. ɆŮ ɏɜŬɜ 

ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŬ, ɞ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ Űɞɡ ɛŮɟɘəɞɨ űɞɟŰɑɞɡ, ɛˊɞɟŮɑ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ 

Űɤɜ 15-16,5. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ əŬɚɐ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ əŬɨůɖɠ Ůɜɩ 

ŰŬɡŰɧɢɟɞɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɘ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO əŬɘ HC ůŮ ůɡɜɗɐəŮɠ ɢŬɛɖɚɞɨ űɞɟŰɑɞɡ. 

Ⱥˊɑůɖɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ŭŮɜ ŮˊɘɓɎɚŮɘ Űɞɜ ůɢŮŭɘŬůɛɧ ɜɏɞɡ 

ɗŬɚɎɛɞɡ əŬɨůɖɠ əŬɘ ɏŰůɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɞɘ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ əŮűŬɚɏɠ Ůɛɓɧɚɤɜ. 

 

 

 

ɆɢɐɛŬ 5.37: ɄɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ɡɣɖɚɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɞ ɢŬɛɖɚɧ űɞɟŰɑɞ (ɞɘ ŭɞəɘɛɏɠ ɏɔɘɜŬɜ 

ůŮ əɘɜɖŰɐɟŬ 1.6L HECS ůŰɘɠ 1500rpm/3bar bmep) [55]  

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ůŰŬɗŮɟɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ, ɖ Ŭɨɝɖůɖ Űɖɠ ŬɜŬəɡəɚɞűɞɟɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ 

(EGR) ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ əɟŬŰɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɖɜ ŬˊɞŭɘŭɧɛŮɜɖ ɘůɢɨ Űɞɡ əɘɜɖŰɐɟŬ ůŰŬɗŮɟɐ, ɐ 
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ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŬˊɞŭɘŭɧɛŮɜɖ ɘůɢɨ əŬɘ ɟɞˊɐ Űɞɡ əɘɜɖŰɐɟŬ ɔɘŬ ŮűŬɟɛɞɔɐ downsizing, ɗŬ ɞŭɖɔɞɨůŮ 

ůŮ Ŭɨɝɖůɖ Űɤɜ ɛɏɔɘůŰɤɜ Űɘɛɩɜ Űɖɠ ˊɑŮůɖɠ Űɞɡ əɡɚɑɜŭɟɞɡ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ˊŮɟɘɞɟɘůɛɧɠ 

ŬɜɎɛŮůŬ ůŰŬ ɧɟɘŬ ŬɜŰɞɢɐɠ Űɤɜ ɡɚɘəɩɜ Űɞɡ əɘɜɖŰɐɟŬ, ɔɑɜɞɜŰŬɘ ůɡɛɓɘɓŬůɛɞɑ ɧˊɤɠ ɖ əŬɗɡůŰɏɟɖůɖ 

Űɞɡ ɢɟɧɜɞɡ əŬɘ Űɖɠ ˊɞůɧŰɖŰŬɠ ɏɔɢɡůɖɠ Űɞɡ əŬɡůɑɛɞɡ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ. ȹɘŬűɞɟŮŰɘəɎ, ɛɘŬ 

ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ɗŬ ɏˊɟŮˊŮ ɜŬ ŮˊɘɚŮɢɗŮɑ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɞ əɘɜɖŰɐɟŬɠ ɜŬ 

ŬɜŰŬˊŮɝɏɚɗŮɘ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ ɡɣɖɚɞɨ űɞɟŰɑɞɡ əŬɘ ɜŬ  ɏɢŮɘ əɎˊɞɘŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ůŰɞ ɛŮɟɘəɧ 

űɞɟŰɑɞ, ɧˊɤɠ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO. ɆŮ ɛɘŬ ŰɏŰɞɘŬ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ɗŬ ɏˊɟŮˊŮ ɜŬ ɔɑɜɞɡɜ 

ˊŬɟŬɢɤɟɐůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡ əɘɜɖŰɐɟŬ ůŰɞ ɢŬɛɖɚɧ űɞɟŰɑɞ (ɆɢɐɛŬ 5.37) [55]. 

ɀŮ Űɖɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ, ɖ ɛɏɔɘůŰɖ ˊɑŮůɖ Űɞɡ əɡɚɑɜŭɟɞɡ ɛˊɞɟŮɑ 

ɜŬ ˊŮɟɘɞɟɘůŰŮɑ ɛŮ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ. ȷɡŰɐ ɖ ŰŬəŰɘəɐ ɞŭɖɔŮɑ ůŮ 

ɛŮɘɤɛɏɜɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ ůŮ əŬɚɨŰŮɟŮɠ ŮˊɘŭɧůŮɘɠ Űɞɡ əɘɜɖŰɐɟŬ. ɆŰɞ ɆɢɐɛŬ 5.38 

ŬɜŬˊŬɟɑůŰŬŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɟŬŰɖɔɘəɐɠ Űɤɜ ɚɧɔɤɜ ůɡɛˊɑŮůɖɠ Ŭˊɧ ɏɜŬɜ downsized əɘɜɖŰɐɟŬ 

ˊŮŰɟŮɚŬɑɞɡ ɛŮ ůɨůŰɖɛŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ŭɨɞ ůŰŬŭɑɤɜ [56].  

 

 

 

ɆɢɐɛŬ 5.38: ɆŰɟŬŰɖɔɘəɐ ɛŮŰŬɓɞɚɐɠ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ɔɘŬ ɏɜŬɜ əɘɜɖŰɐɟŬ ˊŮŰɟŮɚŬɑɞɡ ŮɚŬűɟɞɨ Űɨˊɞɡ 

ɛŮ ůɨůŰɖɛŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ŭɨɞ ůŰŬŭɑɤɜ [56]  

 

5.6.4.2. ȷɨɝɖůɖ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ 

 

ɀŮ ŬɡŰɐɜ Űɖɜ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ, ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Ŭɨɝɖůɖ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɞɡ 

əɘɜɖŰɐɟŬ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ. Ƀɘ ůɖɛŮɟɘɜɞɑ ɗɎɚŬɛɞɘ əŬɨůɖɠ ɧɛɤɠ, ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɘ ɔɘŬ 

ɡɣɖɚɧŰŮɟɞɡɠ ɚɧɔɞɡɠ ůɡɛˊɑŮůɖɠ (20:1) əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗɞɨɜ ˊɟɞɓɚɐɛŬŰŬ ɛŮ Űɖɜ ůŰɧɢŮɡůɖ 

Űɖɠ ɏɔɢɡůɖɠ əŬɡůɑɛɞɡ ɧŰŬɜ ɞ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ ɛŮɘɩɜŮŰŬɘ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ, ɚɧɔɤ Űɖɠ ɛŮŰŬɓɞɚɐɠ 

Űɞɡ ŭɘŬəɏɜɞɡ ŬɜɎɛŮůŬ ůŰɞ ɏɛɓɞɚɞ əŬɘ Űɖɜ əɡɚɘɜŭɟɞəŮűŬɚɐ. Ⱥˊɞɛɏɜɤɠ ɖ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ŬˊŬɘŰŮɑ 
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ɏɜŬɜ ŭɘŬűɞɟŮŰɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ [57]. ȰɜŬɠ əŬŰɎɚɚɖɚɞɠ ůɢŮŭɘŬůɛɧɠ Űɞɡ 

ɗŬɚɎɛɞɡ əŬɨůɖɠ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ŬɡŰɐ ŮɑɜŬɘ ɖ ɡɘɞɗɏŰɖůɖ Űɞɡ ůɢɐɛŬŰɞɠ Űɞɡ ŬɜɞɘɢŰɞɨ W-bowl 

(ɆɢɐɛŬ 5.39). 

 

 

 

ɆɢɐɛŬ 5.39: ɇɟɞˊɞˊɞɑɖůɖ ůɢɐɛŬŰɞɠ ɗŬɚɎɛɞɡ əŬɨůɖɠ ɔɘŬ ɢɟɐůɖ ůŮ əɘɜɖŰɐɟŬ diesel ɛŮ ɛŮŰŬɓɚɖŰɧ 

ɚɧɔɞ ůɡɛˊɑŮůɖɠ [57]  

 

ɆŰɞ ɆɢɐɛŬ 5.40 ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ŮˊɘŭɟɎůŮɘɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ůɢɖɛɎŰɤɜ ɗŬɚɎɛɞɡ əŬɨůɖɠ ůŰɘɠ 

ůɢɏůŮɘɠ NOx/particulates əŬɘ NOx/ISFC (ŮɜŭŮɘəɜɨɛŮɜɖ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ - Indicated 

Specific Fuel Consumption), ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞɡ ɛŮɟɘəɞɨ əŬɘ Űɞɡ ɡɣɖɚɞɨ űɞɟŰɑɞɡ. ɆŰɞ ɛŮɟɘəɧ 

űɞɟŰɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ ɛŮ Űɘɛɐ ɑůɖ ɛŮ 20:1, Ůɜɩ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ 11:1. ȰɜŬɠ 

ɗɎɚŬɛɞɠ əŬɨůɖɠ ɔŮɤɛŮŰɟɑŬɠ omega ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɩůŮɘ ˊɞɚɨ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɞ ɛŮɟɘəɧ 

űɞɟŰɑɞ ŬəɧɛŬ əŬɘ ɛŮ ɚɧɔɞ ůɡɛˊɑŮůɖɠ 20:1, ŬɚɚɎ ɞɘ Ůəˊɞɛˊɏɠ ůɤɛŬŰɘŭɑɤɜ əŬɘ ɖ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ ɗŬ ŬɜɏɓŬɘɜŬɜ ůɖɛŬɜŰɘəɎ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ ɛŮ ɚɧɔɞ ůɡɛˊɑŮůɖɠ 11:1. ȷɜŰɘůŰɟɧűɤɠ, ɏɜŬɠ 

ɗɎɚŬɛɞɠ əŬɨůɖɠ ɔŮɤɛŮŰɟɑŬɠ flat-dish-bowl, ɗŬ ɏŭɘɜŮ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ, 

ŬɚɚɎ ɞɘ Ůəˊɞɛˊɏɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ ɗŬ ŬɡɝɎɜɞɜŰŬɜ ŭɟŬůŰɘəɎ ɛŬɕɑ ɛŮ ɛɘŬ ɛɘəɟɐ 

ɓŮɚŰɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ. ȼ ɔŮɤɛŮŰɟɑŬ Űɨˊɞɡ W-bowl ˊɟɞůűɏɟŮɘ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ, Űɧůɞ ůŰɞ ɛŮɟɘəɧ ɧůɞ əŬɘ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛŮɘɩɜŮɘ 

əŬɘ Űɘɠ Ůəˊɞɛˊɏɠ ůɤɛŬŰɘŭɑɤɜ. ɆŰɘɠ ŭɞəɘɛɏɠ ˊɞɡ ɏəŬɜŮ ɞ Schramm [57], ɞ ɡɣɖɚɧŰŮɟɞɠ ɚɧɔɞɠ 

ůɡɛˊɑŮůɖɠ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ ŬɨɝŬɜŮ Űɘɠ Ůəˊɞɛˊɏɠ NOx ɔɘŬ ůŰŬɗŮɟɧ ɚɧɔɞ ŬɜŬəɡəɚɞűɞɟɑŬɠ Űɤɜ 

əŬɡůŬŮɟɑɤɜ. ɆŰɞ ɆɢɐɛŬ 5.41 űŬɑɜɞɜŰŬɘ ɞɘ ŮˊɘŭɟɎůŮɘɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ ůŰɘɠ 

ŬˊɩɚŮɘŮɠ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ. 
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ɆɢɐɛŬ 5.40: ȺˊɘŭɟɎůŮɘɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ ůŰɘɠ Ůəˊɞɛˊɏɠ əŬɘ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ əɘɜɖŰɐɟŬ ɛŮ ɛŮŰŬɓɚɖŰɧ ɚɧɔɞ ůɡɛˊɑŮůɖɠ (ɀŮɟɘəɧ űɞɟŰɑɞ: 1200rpm əŬɘ IMEP: 8.5 bar, 

Ɉɣɖɚɧ űɞɟŰɑɞ: 4000rpm) [57]  

 

 

 

ɆɢɐɛŬ 5.41: ȺˊɑŭɟŬůɖ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ ůŰɘɠ ŬˊɩɚŮɘŮɠ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ Űɤɜ 

ŰɞɘɢɤɛɎŰɤɜ ůŮ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŬ ɛŮ ůɨůŰɖɛŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ [57]  

 

5.6.5. ɄɚŮɞɜŮəŰɐɛŬŰŬ ůŮ əɘɜɖŰɐɟŮɠ ɓŮɜɕɑɜɖɠ 

 

ɆŰɞɡɠ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŮɠ, ůŰɞ ɢŬɛɖɚɧ űɞɟŰɑɞ ɏɜŬɠ ɡɣɖɚɧɠ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ ˊɟɞůűɏɟŮɘ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ, əɎŰɘ ˊɞɡ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɡɣɖɚɞɨ űɞɟŰɑɞɡ ɚɧɔɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ 
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Űɞɡ óɢŰɡˊɐɛŬŰɞɠô/əɟɞɡůŰɘəɐɠ əŬɨůɖɠ (knock) ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ. ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ 

Űɞɡ űŬɘɜɞɛɏɜɞɡ əɟɞɡůŰɘəɐɠ əŬɨůɖɠ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɞɡ 

əɘɜɖŰɐɟŬ ɛŮ ůɢŮŰɘəɎ ɛɘəɟɧ ɚɧɔɞ ůɡɛˊɑŮůɖɠ ɛŬɕɑ ɛŮ Űɞɜ əŬŰɎɚɚɖɚɞ ɢɟɞɜɘůɛɧ Űɞɡ ůˊɘɜɗɖɟɘůɛɞɨ. 

ȰɜŬɠ ɡɣɖɚɧɠ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ ɗŬ ŬˊŬɘŰɞɨůŮ əŬɗɡůŰɏɟɖůɖ Űɞɡ ůˊɘɜɗɖɟɘůɛɞɨ əŬɘ ɛŮŰŬŰɧˊɘůɖ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ Űɖɠ əŬɨůɖɠ ŬɟɔɧŰŮɟŬ ůŰɖɜ űɎůɖ Űɖɠ ŮəŰɧɜɤůɖɠ [58]. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŮ ɏɜŬɜ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŬ, űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.42. 

 

 

ɆɢɐɛŬ 5.42: ȺˊɑŭɟŬůɖ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ Ůɜɧɠ əɘɜɖŰɐɟŬ ůˊɘɜɗɖɟɘůɛɞɨ ůŰɖɜ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ (BSFC), ůŮ ɛŮɟɘəɧ əŬɘ ɡɣɖɚɧ űɞɟŰɑɞ [58]  

 

ɆŰɞ ɆɢɐɛŬ 5.43 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɞɘ ŮˊɘŭɟɎůŮɘɠ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɖɜ Ůɘŭɘəɐ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ, ɔɘŬ ɡɣɖɚɧ űɞɟŰɑɞ Ůɜɧɠ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɞəɘɛɩɜ 

Űɞɡ Schernus [59], ɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ ɓŮɚŰɘɩɗɖəŮ ɛɏɢɟɘ əŬɘ əŬŰɎ 15% 

ɔɘŬ ɛŮɑɤůɖ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɞ Ůɨɟɞɠ Űɞɡ 11-9:1. 

 

ɆɢɐɛŬ 5.43: ȺˊɑŭɟŬůɖ Űɞɡ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ůŰɖɜ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ɔɘŬ ɡɣɖɚɧ űɞɟŰɑɞ 

[59]  
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5.6.6. ɀŮɑɤůɖ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ ůɨůŰɖɛŬ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ŭɨɞ ůŰŬŭɑɤɜ 

 

ɆŰɞ ɆɢɐɛŬ 5.44 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ˊŮɟɘɗɩɟɘŬ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɛŮ Űɖɜ ɢɟɐůɖ 

ůɡůŰɖɛɎŰɤɜ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ŭɨɞ ůŰŬŭɑɤɜ, ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŬɜ Ŭˊɧ Űɞɜ Tomazic 

[58] ɔɘŬ Űɞɡɠ əɨəɚɞɡɠ ɞŭɐɔɖůɖɠ NEDC əŬɘ WLTP. 

 

ɆɢɐɛŬ 5.44: ɀŮɑɤůɖ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ Űɖɜ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ ɛŮŰŬɓɚɖŰɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ŭɨɞ 

ůŰŬŭɑɤɜ [58]  

 

5.7. Ⱦɨəɚɞɠ Miller  

 

5.7.1. ɄɚŮɞɜŮəŰɐɛŬŰŬ əɨəɚɞɡ Miller  

 

Ƀɘ ɗŮɟɛɞŭɡɜŬɛɘəɞɑ əɨəɚɞɘ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ (effective 

compression ratio) ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Ŭˊɧ Űɞɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɚɧɔɞ ŮəŰɧɜɤůɖɠ (effective 

expansion ratio), ŬɜŬűɏɟɞɜŰŬɘ ɤɠ over-expanded əɨəɚɞɘ. Ƀ əɨəɚɞɠ Miller  (ɆɢɐɛŬ 5.45) ŬˊɞŰŮɚŮɑ 

ɏɜŬɜ ŰɏŰɞɘɞ əɨəɚɞ ɛŮ ŮűŬɟɛɞůɛɏɜɖ ŰŬəŰɘəɐ ˊɟɧɤɟɞɡ ɐ əŬɗɡůŰŮɟɖɛɏɜɞɡ  əɚŮɘůɑɛŬŰɞɠ Űɖɠ 

ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ. ȼ Ůˊɘɓɞɚɐ ŬɡŰɩɜ Űɤɜ ŰŬəŰɘəɩɜ ɢɟɞɜɘůɛɞɨ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ, ɏɢŮɘ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɑɤůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ Űɏɚɞɠ Űɖɠ űɎůɖɠ Űɖɠ ůɡɛˊɑŮůɖɠ. Ƀ əɨəɚɞɠ 

Miller  ŬɟɢɘəɎ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ Ůəˊɞɛˊɩɜ NOx ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ Űɞɡ 

əɘɜɖŰɐɟŬ. Ƀɘ əɘɜɖŰɐɟŮɠ ɓŮɜɕɑɜɖɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ əɨəɚɞ Miller  ɏɢɞɡɜ ɞɟɘůɛɏɜŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ɧˊɤɠ ɞɘ ɛŮɘɤɛɏɜŮɠ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ (pumping losses) ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ, 

əŬɚɨŰŮɟɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ ˊŮɟɘɞɟɘůɛɧ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ əɟɞɡůŰɘəɐɠ əŬɨůɖɠ [60]. 
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ɆɢɐɛŬ 5.45: Ⱦɨəɚɞɠ Miller  [61]  

 

ɋɠ over-expanded (ɗŮɟɛɞŭɡɜŬɛɘəɞɑ) əɨəɚɞɘ ůɡɜɐɗɤɠ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ əɨəɚɞɘ Miller  əŬɘ Atkinson. 

O Ralph Miller, ŮűŮɡɟɏŰɖɠ Űɞɡ ɞɛɩɜɡɛɞɡ əɨəɚɞɡ, ɗɏɚɖůŮ ɜŬ ŮəɛŮŰŬɚɚŮɡŰŮɑ Űɞɜ ɢɟɧɜɞ 

əɚŮɘůɑɛŬŰɞɠ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ɔɘŬ ɜŬ ˊŮɟɘɞɟɑůŮɘ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ɧŰŬɜ Űɞ ɏɛɓɞɚɞ 

ɓɟɑůəŮŰŬɘ ůŰɞ ȷɁɆ. ɆŮ ŭɨɞ Ŭˊɧ Űɘɠ ˊŬŰɏɜŰŮɠ ˊɞɡ əŬŰɏɗŮůŮ [62], [63] ˊŮɟɘɏɔɟŬűŮ ɛɖɢŬɜɘůɛɞɨɠ 

ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ Űɤɜ ɓŬɚɓɑŭɤɜ ˊɞɡ ŮˊɏŰɟŮˊŬɜ Űɖɜ ŮɡŮɚɘɝɑŬ Űɞɡ əɚŮɘůɑɛŬŰɞɠ Űɖɠ ɓŬɚɓɑŭŬɠ 

ŮɘůŬɔɤɔɐɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ űɞɟŰɑɞ Űɞɡ əɘɜɖŰɐɟŬ, ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɜ əɨɚɘɜŭɟɞ 

ůŰɞ Űɏɚɞɠ Űɖɠ űɎůɖɠ Űɖɠ ŮɘůŬɔɤɔɐɠ. ɆŰɖɜ ˊŬŰɏɜŰŬ Űɞɡ 1954 [62] ́ ŮɟɘɔɟŬűɧŰŬɜ ɧŰɘ ɖ ɗŮɟɛɞəɟŬůɑŬ 

ůŰɞ Űɏɚɞɠ Űɖɠ űɎůɖɠ ůɡɛˊɑŮůɖɠ ɗŬ ɏˊɟŮˊŮ ɜŬ ɛŮɘɩɜŮŰŬɘ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ Űɞ űɞɟŰɑɞ, ɩůŰŮ ɞ 

əɘɜɖŰɐɟŬɠ ɜŬ ɛˊɞɟŮɑ ɜŬ əɎɣŮɘ ˊŮɟɘůůɧŰŮɟɞ əŬɨůɘɛɞ ůŰɞ ˊɚɐɟŮɠ űɞɟŰɑɞ, ɛŮ ɧɟɘɞ ˊɎɜŰŬ Űɖɜ ŬɜŰɞɢɐ 

Űɤɜ ɡɚɘəɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ, əŬɘ ůŰɧɢŮɡŮ ůɡɔəŮəɟɘɛɏɜŬ ůŮ ŮűŬɟɛɞɔɏɠ ɡˊŮɟˊɚɖɟɤɛɏɜɤɜ 

əɘɜɖŰɐɟɤɜ. ȼ ˊŬŰɏɜŰŬ Űɞɡ 1956 [63], ůŰɧɢŮɡŮ ŮɘŭɘəɎ ůŰɞɡ əɘɜɖŰɐɟŮɠ ůˊɘɜɗɖɟɘůɛɞɨ ɛŮ Űɖɜ 

ˊɟɧɗŮůɖ Űɖɠ Ŭˊɞűɡɔɐɠ Űɖɠ ˊɟɞŬɜɎűɚŮɝɖɠ Űɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ, əŬɘ Űɖɜ Ŭɜɞɢɐ 

ˊɚɞɡůɘɧŰŮɟɞɡ ɛɑɔɛŬŰɞɠ ŬɏɟŬ əŬɡůɑɛɞɡ ůŮ ɡɣɖɚɧ űɞɟŰɑɞ, ŭɘŬŰɖɟɩɜŰŬɠ ɏɜŬɜ ɡɣɖɚɧ ɚɧɔɞ 

ůɡɛˊɑŮůɖɠ. 

ȷɜ əŬɘ ɞ Miller  ŬɜŬűŮɟɧŰŬɜ əŬɘ ůŰɞ ˊɟɧɤɟɞ əŬɘ ůŰɞ əŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ 

ŮɘůŬɔɤɔɐɠ, űŬɑɜŮŰŬɘ ɜŬ ˊɟɞŰɘɛɞɨůŮ Űɖɜ ŰŬəŰɘəɐ Űɞɡ ˊɟɧɤɟɞɡ əɚŮɘůɑɛŬŰɞɠ, ůŰɖɜ ɞˊɞɑŬ ɞ ɧɔəɞɠ 

Űɞɡ əɡɚɑɜŭɟɞɡ ůɡɜŮɢɑɕŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ ɛŮŰɎ Űɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ɚɧɔɤ Űɖɠ 

ůɡɜɏɢɘůɖɠ Űɖɠ əɑɜɖůɖɠ Űɞɡ Ůɛɓɧɚɞɡ ˊɟɞɠ Űɞ ȾɁɆ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ ɣɨɝɖ Űɞɡ 

ɛɑɔɛŬŰɞɠ ŬɏɟŬ-əŬɡůɑɛɞɡ (internal-cooling). Ƀɘ ůɨɔɢɟɞɜŮɠ ŮűŬɟɛɞɔɏɠ əɘɜɖŰɐɟɤɜ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ 

ůŮ əɨəɚɞ Miller, ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɧůɞ ůŰɟŬŰɖɔɘəɐ ˊɟɧɤɟɞɡ ɧůɞ əŬɘ əŬɗɡůŰŮɟɖɛɏɜɞɡ əɚŮɘůɑɛŬŰɞɠ 

Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ. ɄŮɟɘůŰŬůɘŬəɎ, ɞɘ əɘɜɖŰɐɟŮɠ ɛŮ əŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɖɠ ɓŬɚɓɑŭŬɠ 

ŮɘůŬɔɤɔɐɠ, ŬɜŬűɏɟɞɜŰŬɘ ɤɠ əɘɜɖŰɐɟŮɠ əɨəɚɞɡ Atkinson. Ƀɟɘůɛɏɜɞɘ ˊŮɟɘɞɟɑɕɞɡɜ Űɞɜ 

ɢŬɟŬəŰɖɟɘůɛɧ ŬɡŰɧ ɛɧɜɞ ɔɘŬ Űɞɡɠ əɘɜɖŰɐɟŮɠ űɡůɘəɐɠ ŬɜŬˊɜɞɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ 
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ůŰɟŬŰɖɔɘəɐ Űɞɡ əŬɗɡůŰŮɟɖɛɏɜɞɡ əɚŮɘůɑɛŬŰɞɠ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ. ɋůŰɧůɞ ɞ Atkinson ůŰɘɠ 

ˊŬŰɏɜŰŮɠ ˊɞɡ əŬŰɏɗŮůŮ ŭŮɜ ŬɜŬűŮɟɧŰŬɜ ůŰɖɜ ůŰɟŬŰɖɔɘəɐ əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ, ŬɚɚɎ ůŮ 

ɏɜŬɜ əɘɜɖŰɐɟŬ ˊɞɡ ɞ əɨəɚɞɠ Űɞɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ ůŮ ɛɘŬ ˊŮɟɘůŰɟɞűɐ Űɖɠ ůŰɟɞűŬɚɞűɧɟɞɡ 

ŬŰɟɎəŰɞɡ, ɛŮ ɏɜŬɜ ɛɖɢŬɜɘůɛɧ Űɖɠ ůŰɟɞűŬɚɞűɧɟɞɡ ŬŰɟɎəŰɞɡ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ɛŮɔŬɚɨŰŮɟɖ ɚɧɔɞ 

ŮəŰɧɜɤůɖɠ Ŭˊɧ ŬɡŰɧɜ Űɖɠ ůɡɛˊɑŮůɖɠ [60]. 

 

5.7.2. ȺűŬɟɛɞɔɏɠ əɨəɚɞɡ Miller  ůŮ ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŮɠ 

 

ȰɜŬ ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Ŭˊɧ Űɖɜ ůŰɟŬŰɖɔɘəɐ Űɞɡ ɢɟɞɜɘůɛɞɨ Űɤɜ ɓŬɚɓɑŭɤɜ 

ŮɘůŬɔɤɔɐɠ Űɞɡ Miller, ŮɑɜŬɘ ɖ ɛŮɑɤůɖ Űɖɠ ɞɔəɞɛŮŰɟɘəɐɠ Ŭˊɧŭɞůɖɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ. ȼ ɛɘəɟɧŰŮɟɖ 

ɞɔəɞɛŮŰɟɘəɐ Ŭˊɧŭɞůɖ ɛŮɘɩɜŮɘ Űɞɜ ɚɧɔɞ ŬɏɟŬ-əŬɡůɑɛɞɡ əŬɘ ɏŰůɘ ŬɡɝɎɜŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 

əŬɡůŬŮɟɑɤɜ ɛɏɢɟɘ əŬɘ əŬŰɎ 100ɞC (ɆɢɐɛŬ 5.46) [64]. ȳůɞ ɡɣɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 

əŬɡůŬŮɟɑɤɜ Űɧůɞ ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ ɔɘŬ Űɘɠ ůɡɜɗɐəŮɠ ɢŬɛɖɚɞɨ űɞɟŰɑɞɡ Ůɜɧɠ 

ˊŮŰɟŮɚŬɘɞəɘɜɖŰɐɟŬ, əŬɗɩɠ ɞ əŬŰŬɚɨŰɖɠ SCR (Selective Catalyst Reduction) ˊŬɟŬɛɏɜŮɘ ŮɜŮɟɔɧɠ 

əɎŰɤ Ŭˊɧ ɐˊɘŮɠ ɞŭɖɔɘəɏɠ ůɡɜɗɐəŮɠ, ɢɤɟɑɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ Ůˊɘˊɚɏɞɜ ˊŬɟɞɢɐ əŬɡůɑɛɞɡ ůŰɞ DOC 

(Diesel Oxidation Catalyst) ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. 

 

 

 

ɆɢɐɛŬ 5.46: ȺˊɑŭɟŬůɖ Űɞɡ ˊɟɧɤɟɞɡ əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 

əŬɡůŬŮɟɑɤɜ əŬɘ ůŰɖɜ ɗŮɟɛɘəɐ Ŭˊɧŭɞůɖ ɔɘŬ ɚɧɔɞɡɠ ůɡɛˊɑŮůɖɠ 23:1 əŬɘ 17.3:1 (ɢŬɛɖɚɧ űɞɟŰɑɞ, 

1250rpm, ɘůɢɨɠ 50kw, ɢɤɟɑɠ EGR) [64]  

 

ȺɎɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬɠ ŮəəŮɜŰɟɞűɧɟɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞɠ ůŰɞ əŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɤɜ 

ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɏɜŬɜ ɡɣɖɚɧŰŮɟɞ ɚɧɔɞ ůɡɛˊɑŮůɖɠ, ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɘŬ 
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ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɞɡ ɗŮɟɛɘəɞɨ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ (BTE ï brake thermal efficiency). ȷɡŰɐ Űɖɜ 

ˊɟɞůɏɔɔɘůɖ, ŭɖɚŬŭɐ ɢɟɐůɖ ůŰŬɗŮɟɞɨ əŬɘ ɧɢɘ ɛŮŰŬɓɚɖŰɞɨ ɢɟɞɜɘůɛɞɨ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɖɜ 

SCANIA ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ DC13-149 Euro 6, əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ Cummins ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ 

ISX15 Efficiency Series. Ƀ ůŰŬɗŮɟɧɠ ɢɟɞɜɘůɛɧɠ ɔɘŬ əŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ Űɤɜ ɓŬɚɓɑŭɤɜ 

ŮɘůŬɔɤɔɐɠ, ɗŬ ɛŮɑɤɜŮ ŰŬɡŰɧɢɟɞɜŬ Űɖɠ ɞɔəɞɛŮŰɟɘəɐ Ŭˊɧŭɞůɖ ůŰɞ ɡɣɖɚɧ űɞɟŰɑɞ. ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ 

Űɖɠ ɢɟɐůɖɠ ůɡůŰɐɛŬŰɞɠ ɡˊŮɟˊɚɐɟɤůɖɠ ŭɨɞ ůŰŬŭɑɤɜ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ɘůɢɨɞɠ, 

ɖ SCANIA ɢɟɖůɘɛɞˊɞɑɖůŮ ŬɡŰɐɜ Űɖɜ ŰŬəŰɘəɐ ůŰɞɜ əɘɜɖŰɐɟŬ Űɖɠ. ȼ ɘůɢɨɠ əŬɘ ɖ ɟɞˊɐ Űɞɡ 

əɘɜɖŰɐɟŬ Miller  13L Űɖɠ SCANIA ŮɑɜŬɘ ŮɚɎɢɘůŰŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞɜ ŭɡɜŬŰɧŰŮɟɞ ůɡɛɓŬŰɘəɧ 9L 

əɘɜɖŰɐɟŬ Űɖɠ (ɄɑɜŬəŬɠ 5.11). Ⱥˊɑůɖɠ ɞ əɘɜɖŰɐɟŬɠ Miller  ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɚɧɔɞ ůɡɛˊɑŮůɖɠ 21:1, Ůɜɩ 

ɞɘ ůɡɛɓŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ 19:1. ɆŮ Űɡˊɘəɏɠ ůɡɜɗɐəŮɠ ɞŭɐɔɖůɖɠ ŬɜŬűɏɟɗɖəŮ ɛɘŬ ɛŮɑɤůɖ Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ Űɖɠ ŰɎɝɖɠ Űɞɡ 4%  [60]. 

 

 

 

ɄɑɜŬəŬɠ 5.11: Ɇɨɔəɟɘůɖ Űɞɡ 13L Miller  əɘɜɖŰɐɟŬ Űɖɠ SCANIA ɛŮ Űɖɜ ɔəɎɛŬ Űɤɜ ůɡɛɓŬŰɘəɩɜ 9L 

əɘɜɖŰɐɟɤɜ Űɖɠ [60]  

 

5.7.3. ȺűŬɟɛɞɔɏɠ əɨəɚɞɡ Miller  ůŮ ɓŮɜɕɘɜɞəɘɜɖŰɐɟŮɠ 

 

ɄɏɟŬ Ŭˊɧ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ ɛŮɔŬɚɨŰŮɟɞɡ ɚɧɔɞɡ ŮəŰɧɜɤůɖɠ, ɞ əɨəɚɞɠ Miller  ůŰɞɡɠ 

ɓŮɜɕɘɜɞəɘɜɖŰɐɟŮɠ ˊɟɞůűɏɟŮɘ ŰŬ ŬəɧɚɞɡɗŬ ˊɟɞŰŮɟɐɛŬŰŬ [60]: 

Á ɀŮɘɤɛɏɜŮɠ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ ůŰɞ ɛŮɟɘəɧ űɞɟŰɑɞ 

ȼ ŰŬəŰɘəɐ Űɞɡ əŬɗɡůŰŮɟɖɛɏɜɞɡ əŬɘ Űɞɡ ˊɟɧɤɟɞɡ əɚŮɘůɑɛŬŰɞɠ Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ɛŮɘɩɜŮɘ 

Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ˊɚɐɟɤůɖ Űɞɡ əɡɚɑɜŭɟɞɡ əŬɘ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛŮɔŬɚɨŰŮɟɖɠ ˊɑŮůɖɠ 

ůŰɖɜ ˊɞɚɚŬˊɚɐ ŮɘůŬɔɤɔɐ ˊɞɡ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŮ ůɡɜɗɐəŮɠ ɛŮɟɘəɞɨ űɞɟŰɑɞɡ (ɆɢɐɛŬ 5.47). 

Á ɄŮɟɘɞɟɘůɛɧɠ Űɖɠ əɟɞɡůŰɘəɐɠ əŬɨůɖɠ ůŮ ɡɣɖɚɧ űɞɟŰɑɞ 

ȰɜŬɠ ɡɣɖɚɧɠ ɚɧɔɞɠ ůɡɛˊɑŮůɖɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ůɡɛɓŬŰɘəɧ ɢɟɞɜɘůɛɧ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ, 

ŬˊŬɘŰŮɑ ɛɏŰɟŬ ɧˊɤɠ əŬɗɡůŰɏɟɖůɖ Űɞɡ ɢɟɧɜɞɡ Űɞɡ ůˊɘɜɗɖɟɘůɛɞɨ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɖɠ əɟɞɡůŰɘəɐɠ 

əŬɨůɖɠ ůŮ ɡɣɖɚɧ űɞɟŰɑɞ. ȼ əɟɞɡůŰɘəɐ əŬɨůɖ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ ŮˊɘɓɚŬɓŮɑɠ ůɡɜɏˊŮɘŮɠ ůŰɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ůŮ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ůŮ ɡɣɖɚɧ űɞɟŰɑɞ. Ƀ ůɡɜŭɡŬůɛɧɠ Ůɜɧɠ 

ɡɣɖɚɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ ɛŬɕɑ ɛŮ ɛŮŰŬɓɚɖŰɧ ɢɟɞɜɘůɛɧ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ ůŮ ɡɣɖɚɧ űɞɟŰɑɞ, 

ɗŬ ɏɟɘɢɜŮ ůɖɛŬɜŰɘəɎ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ əɡɚɑɜŭɟɞɡ əŬɘ ɗŬ ŮˊɏŰɟŮˊŮ ɖ ɟɨɗɛɘůɖ Űɞɡ ɢɟɞɜɘůɛɞɨ 

Űɞɡ ůˊɘɜɗɖɟɘůɛɞɨ ɜŬ ɔɑɜŮɘ ɛŮ ůŰɧɢɞ Űɖɜ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɗŬ 
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ɐŰŬɜ ŭɡɜŬŰɧ ɜŬ ɔɑɜŮɘ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ Űɞɡ ɡɣɖɚɞɨ ɚɧɔɞɡ ůɡɛˊɑŮůɖɠ (ɆɢɐɛŬ 

5.48). 

Á ȰɚŮɔɢɞɠ Űɖɠ ɛɏɔɘůŰɖɠ ˊɑŮůɖɠ Űɞɡ əɡɚɑɜŭɟɞɡ 

ȼ ɛɏɔɘůŰɖ ˊɑŮůɖ Űɞɡ əɡɚɑɜŭɟɞɡ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɞɟɘůŰŮɑ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɞɡ ɢɟɞɜɘůɛɞɨ Űɞɡ 

əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ.  

 

 

ɆɢɐɛŬ 5.47: ȺˊɑŭɟŬůɖ Űɞɡ ɢɟɧɜɞɡ əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ Űɞɡ ɚɧɔɞɡ 

ŬɜŬəɡəɚɞűɞɟɑŬɠ əŬɡůŬŮɟɑɤɜ ůŰɖɜ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ ůŰɘɠ ŬˊɩɚŮɘŮɠ ɎɜŰɚɖůɖɠ ůŮ 

ɢŬɛɖɚɧ űɞɟŰɑɞ (əɘɜɖŰɐɟŬɠ Toyota 2ZR-FXE ůŰɘɠ 1200rpm əŬɘ 80nm) [65]  

 

 

ɆɢɐɛŬ 5.48: ȺˊɑŭɟŬůɖ Űɞɡ ɢɟɧɜɞɡ əɚŮɘůɑɛŬŰɞɠ Űɤɜ ɓŬɚɓɑŭɤɜ ŮɘůŬɔɤɔɐɠ əŬɘ Űɞɡ ɚɧɔɞɡ 

ŬɜŬəɡəɚɞűɞɟɑŬɠ əŬɡůŬŮɟɑɤɜ ůŰɖɜ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ ůŰɞɜ ɢɟɧɜɞ Űɞɡ ůˊɘɜɗɖɟɘůɛɞɨ 

ůŮ ɡɣɖɚɧ űɞɟŰɑɞ (əɘɜɖŰɐɟŬɠ Toyota 2ZR-FXE ůŰɘɠ 1200rpm əŬɘ 80nm, [65]  

ȼ ůŰɟɤɛŬŰɞˊɞɘɖɛɏɜɖ (stratified) əŬɨůɖ Ű́ɤɢɞɨ ɛɑɔɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ɛŮɔɎɚɞ ˊŮɟɘɗɩɟɘɞ 

ɓŮɚŰɑɤůɖɠ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ ůŰŬ ɢŬɛɖɚɎ űɞɟŰɑŬ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ ůˊɘɜɗɖɟɘůɛɞɨ ůɡɔəɟɘŰɘəɎ ɛŮ 
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Űɖɜ ůɡɛɓŬŰɘəɐ ůŰɞɘɢŮɘɞɛŮŰɟɘəɐ ɐ ůŰɞɘɢŮɘɞɛŮŰɟɘəɐ əŬɨůɖ ůŮ əɨəɚɞ Miller  (ɆɢɐɛŬ 5.49). H GM 

Ŭˊɧ Űɞ 2015 ŬɜŬˊŰɨůůŮɘ ɏɜŬɜ əɘɜɖŰɐɟŬ ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɖɜ əŬɨůɖ űŰɤɢɞɨ ůŰɟɤɛŬŰɞˊɞɘɖɛɏɜɞɡ 

ɛɑɔɛŬŰɞɠ əŬɘ ůŰɞɘɢŮɘɞɛŮŰɟɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ůŮ əɨəɚɞ Miller  [66].  

 

 

 

ɆɢɐɛŬ 5.49: Ɇɨɔəɟɘůɖ Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ ůŰɖɜ Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ŬɜɎɛŮůŬ ůŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ Űɖɠ űŰɤɢɐɠ ůŰɟɤɛŬŰɞˊɞɘɖɛɏɜɖɠ əŬɨůɖɠ, Űɖɠ ůŰɞɘɢŮɘɞɛŮŰɟɘəɐɠ əŬɨůɖɠ əŬɘ Űɖɠ 

ůŰɞɘɢŮɘɞɛŮŰɟɘəɐɠ əŬɨůɖɠ ůŮ əɨəɚɞ Miller, ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ űɞɟŰɑɞ Űɞɡ əɘɜɖŰɐɟŬ [66]  

 

ȼ ˊɟɞůɏɔɔɘůɖ Űɖɠ GM, ɗŬ ɢɟɖůɘɛɞˊɞɘŮɑ ˊŰɤɢɧ ůŰɟɤɛŬŰɞˊɞɘɖɛɏɜɞ ɛɑɔɛŬ ɔɘŬ Űɖɜ əŬɨůɖ ůŮ űɞɟŰɑŬ 

əɎŰɤ Űɤɜ 6 bar ɛɏůɖɠ ˊɟŬɔɛŬŰɘəɐɠ ˊɑŮůɖɠ, Ůɜɩ ůŮ ɡɣɖɚɧŰŮɟŬ űɞɟŰɑŬ ɞ əɘɜɖŰɐɟŬɠ ɗŬ ŭɞɡɚŮɨŮɘ 

ůŮ ůŰɞɘɢŮɘɞɛŮŰɟɘəɐ ɚŮɘŰɞɡɟɔɑŬ Miller . ɄɏɟŬ Ŭˊɧ Űɞɜ ɡɣɖɚɧŰŮɟɞ ɚɧɔɞ ŮəŰɧɜɤůɖɠ, ɛŮ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Miller  ůŰŬ ɡɣɖɚɧŰŮɟŬ űɞɟŰɑŬ ŬˊɞűŮɨɔŮŰŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ Ůɜɑůɢɡůɖ Űɞɡ ɛɑɔɛŬŰɞɠ ɐ ɔɘŬ 

əŬɗɡůŰɏɟɖůɖ Űɞɡ ůˊɘɜɗɖɟɘůɛɞɨ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ əɟɞɡůŰɘəɐɠ əŬɨůɖɠ. ɇɞ 2017 əŬɘ Ůɜɩ 

ɖ ŬɜɎˊŰɡɝɖ Űɞɡ əɘɜɖŰɐɟŬ ɓɟɘůəɧŰŬɜ ůŮ Ůɝɏɚɘɝɖ ɛŮɚŮŰɐɗɖəŮ ɖ ɡɘɞɗɏŰɖůɖ ˊɟɧɤɟɞɡ əɚŮɘůɑɛŬŰɞɠ 

Űɖɠ ɓŬɚɓɑŭŬɠ ŮɘůŬɔɤɔɐɠ ůŰɞ ɛɏůɞ űɞɟŰɑɞ əŬɘ əŬɗɡůŰŮɟɖɛɏɜɞ əɚŮɑůɘɛɞ ɔɘŬ Űɞ ɡɣɖɚɧ űɞɟŰɑɞ. ũɘŬ 

Űɖɜ ŮˊɑŰŮɡɝɖ ɘəŬɜɞˊɞɘɖŰɘəɐɠ ˊɡəɜɧŰɖŰŬɠ ɘůɢɨɞɠ ˊɟɞŰɎɗɖəŮ ɖ ɢɟɐůɖ ɛɖɢŬɜɘəɞɨ ɡˊŮɟůɡɛˊɘŮůŰɐ 

ŭɨɞ ŰŬɢɡŰɐŰɤɜ ɡˊɞɓɞɖɗɞɨɛŮɜɞɡ Ŭˊɧ ɖɚŮəŰɟɘəɧ əɘɜɖŰɐɟŬ. Ƀɘ ɡˊɞɚɞɔɘůɛɞɑ Űɖɠ ŮŰŬɘɟŮɑŬɠ əɎɜɞɡɜ 

ɚɧɔɤ ɔɘŬ ɛŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ɏɤɠ əŬɘ 35% ůɡɔəɟɘŰɘəɎ ɛŮ ɏɜŬ ŬɜŰɑůŰɞɘɢɞ 

ůɡɛɓŬŰɘəɧ ɧɢɖɛŬ Űɞɡ 2010 [66].  
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5.8. ȼɚŮəŰɟɘəɎ ɞɢɐɛŬŰŬ 

 

ȼ ɖɚŮəŰɟɘəɞˊɞɑɖůɖ (electrification) Űɞɡ əɘɜɖŰɐɟɘɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ ɞɢɖɛɎŰɤɜ, ŮɑɜŬɘ ɛɘŬ 

ůɖɛŬɜŰɘəɐ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɤɜ Ůəˊɞɛˊɩɜ 

CO2 Űɤɜ ɞɢɖɛɎŰɤɜ. ɆɨɛűɤɜŬ ɛŮ ˊɞɚɚɏɠ ŬˊɧɣŮɘɠ, ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɖ ɛɞɜŬŭɘəɐ ɚɨůɖ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

Űɤɜ ɘŭɘŬɑŰŮɟŬ űɘɚɧŭɞɝɤɜ űɖɛɞɚɞɔɞɨɛŮɜɤɜ ůŰɧɢɤɜ ɔɘŬ 65-75 gCO2/km ́ ɞɡ ˊɘɗŬɜɧŰŬŰŬ ɗŬ ɛˊɞɡɜ 

ůŮ ɘůɢɨ ˊɟɞɠ Űɞ Űɏɚɞɠ Űɖɠ ŮˊɧɛŮɜɖɠ ŭŮəŬŮŰɑŬɠ ůŰɖɜ Ⱥ.Ⱥ. ȼ ɖɚŮəŰɟɘəɞˊɞɑɖůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůŬ 

Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ɛɞɟűɩɜ, ɛŮ Űɖɜ ˊɘɞ Ŭˊɚɐ Ŭˊɧ ŬɡŰɏɠ ɜŬ ŬˊɞŰŮɚŮɑ Űɞ ɐŭɖ ŬɜŬűŮɟɗɏɜ ˊŬɟŬˊɎɜɤ 

ůɨůŰɖɛŬ start-stop ɛɏɢɟɘ ˊɘɞ ůɨɜɗŮŰŮɠ ɡɓɟɘŭɘəɏɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ ůɡɛˊɚɖɟɩɜɞɡɜ Űɞɜ ůɡɛɓŬŰɘəɧ 

əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ɛŮ ɏɜŬɜ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ, Ŭɛɘɔɩɠ ɖɚŮəŰɟɘəɎ ɞɢɐɛŬŰŬ ɛŮ ɛˊŬŰŬɟɑŮɠ 

əŬɘ ɞɢɐɛŬŰŬ ɛŮ ůɨůŰɖɛŬ əɡɣŮɚɩɜ əŬɡůɑɛɞɡ. 

 

5.8.1. ɇɨˊɞɘ ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ əŬɘ ˊŬɟŬɢɗŮɑ ŬɟəŮŰɞɑ Űɨˊɞɘ ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ. 

ȾŬɗɏɜŬɠ Ŭˊɧ ŬɡŰɞɨɠ ˊŬɟɞɡůɑŬůŮ ŭɘŬűɞɟŮŰɘəɐ Ůɛˊɞɟɘəɐ ˊɞɟŮɑŬ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

Űɡˊɘəɏɠ ɛɞɟűɏɠ ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ [31]. 

 

5.8.1.1. ʇʲˊʽʵʽˁʱ ̌ ˔ʺ˃ʰˍʰ (HEV ς hybrid-electric vehicles) 

 

5.8.1.1.1. ʅˏˋˍʹ˃ʰ ˉʰˏˋʹˌ ˁʽ˄ʹˍʺˊʰ - start-stop (SS) 

 

ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ŭɘŬəɧˊŰŮŰŬɘ ɧŰŬɜ Űɞ ɧɢɖɛŬ ŬəɘɜɖŰɞˊɞɘŮɑŰŬɘ, Ůɜɩ 

ɛˊŬɑɜŮɘ ɎɛŮůŬ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɧŰŬɜ ɞ ɞŭɖɔɧɠ ɗŮɚɐůŮɘ ɜŬ ŮˊɘŰŬɢɨɜŮɘ. 

 

5.8.1.1.2. ɷˉʽʰ ˎʲˊʽʵʽˁʱ - mild hybrid (MHEV) 

 

ȰɜŬ ɛɘəɟɧɠ ɖɚŮəŰɟɘəɧɠ əɘɜɖŰɐɟŬɠ əŬɘ ɛɘŬ ɛˊŬŰŬɟɑŬ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɏɜŬɜ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ 

əŬɨůɖɠ. ɇɞ ɖɚŮəŰɟɘəɧ ůɨůŰɖɛŬ ɡˊɞůŰɖɟɑɕŮɘ Űɞ ɏɟɔɞ Űɞɡ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ əŬŰɎ ŰŬ 

ŭɘŬůŰɐɛŬŰŬ ŮˊɘŰŬɢɨɜůŮɤɜ əŬɘ ŬɜŬəŰɎ ŮɜɏɟɔŮɘŬ ɛɏůɤ Űɖɠ ŬɜŬɔŮɜɜɖŰɘəɐɠ ˊɏŭɖůɖɠ (regenerative 

braking). 

 

5.8.1.1.3. ɹˋ˔ˎˊʱ ˎ ʲˊʽʵʽˁʱ - Strong hȅōǊƛŘ όtн ˁʰʽ tƻǿŜǊ {Ǉƭƛǘύ 

 

ȰɜŬɠ ɛŮɔŬɚɨŰŮɟɞɠ ɖɚŮəŰɟɘəɧɠ əɘɜɖŰɐɟŬɠ əŬɘ ɛɘŬ ɛˊŬŰŬɟɑŬ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɏɜŬɜ downsized 

əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, ŬɡɝɎɜɞɜŰŬɠ ŰŬ ŮˊɑˊŮŭŬ ŬɜɎəŰɖůɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŬɜŬɔŮɜɜɖŰɘəɐ 
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ˊɏŭɖůɖ əŬɘ ŮˊŮəŰŮɑɜɞɜŰŬɠ ŰŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ ˊɞɡ ɖ əɑɜɖůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ɛɏůɤ 

Űɞɡ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ P2 Strong Hybrid, ɞ ɖɚŮəŰɟɘəɧɠ əɘɜɖŰɐɟŬɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛɏůɤ 

ůɡɛˊɚɏəŰɖ ɛŮ Űɖɜ ůŰɟɞűŬɚɞűɧɟɞ ɎŰɟŬəŰɞ Űɞɡ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ 

ůɡɜŭɏŮŰŬɘ ɛŮ ɏɜŬ ůɡɛɓŬŰɘəɧ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ (ɆɢɐɛŬ 5.50). ȿɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ Űɞɡ ůɡɛˊɚɏəŰɖ, 

ɞɘ Űɟɘɓɏɠ Űɞɡ əɘɜɖŰɐɟŬ ŭŮɜ ɛŮɘɩɜɞɡɜ Űɖɜ ŬɜŬɔŮɜɜɖŰɘəɐ ˊɏŭɖůɖ əŬŰɎ Űɖɜ űɎůɖ ŮˊɘɓɟɎŭɡɜůɖɠ Űɞɡ 

ɞɢɐɛŬŰɞɠ. Ⱥˊɑůɖɠ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ, ɞ ɖɚŮəŰɟɘəɧɠ əɘɜɖŰɐɟŬɠ/ɔŮɜɜɐŰɟɘŬ 

ɛˊɞɟŮɑ ɜŬ ˊŮɟɘůŰɟɏűŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɖ ŰŬɢɨŰɖŰŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɜŬəŰɎ ˊŮɟɘůůɧŰŮɟɖ 

ŮɜɏɟɔŮɘŬ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɞɢɐɛŬŰɞɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ P2 ŮɑɜŬɘ Űɞ Hyundai Sonata 2014, Űɞ ɞˊɞɑɞ 

ŮɛűŬɜɑɕŮŰŬɘ ŭɘŬűɞɟɎ ůŰɖɜ Ůɝɞɘəɞɜɧɛɖůɖ əŬɡůɑɛɞɡ Űɖɠ ŰɎɝɖɠ Űɞɡ 28,9%. ȼ ůɡɛɓŬŰɘəɐ ɏəŭɞůɖ 

Űɞɡ ɛɞɜŰɏɚɞɡ əɘɜŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ əɘɜɖŰɐɟŬ 2.4L ɘůɢɨɞɠ 177 ȼɅ ɛŮ ɚɧɔɞ ůɡɛˊɑŮůɖɠ 11.3:1. ȼ 

ɡɓɟɘŭɘəɐ ɏəŭɞůɖ Űɞɡ ɛɞɜŰɏɚɞɡ əɘɜŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ əɘɜɖŰɐɟŬ 2.4L əɨəɚɞɡ Atkinson, ɘůɢɨɞɠ 159 ȼɅ 

ɛŮ ɚɧɔɞ ůɡɛˊɑŮůɖɠ 13:1. Ƀ əɘɜɖŰɐɟŬɠ Űɖɠ ɡɓɟɘŭɘəɐɠ ɏəŭɞůɖɠ ɏɢŮɘ ɢŬɛɖɚɧŰŮɟɖ ɘůɢɨ ŬɚɚɎ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ əŬɘ ůɡɜŭɡɎɕŮŰŬɘ ɛŮ ɏɜŬɜ ɖɚŮəŰɟɘəɧ əɘɜɖŰɐɟŬ ɛɧɜɘɛɤɜ ɛŬɔɜɖŰɩɜ ɘůɢɨɞɠ 

47 ȼɅ. ȰŰůɘ, ɖ ůɡɜɞɚɘəɐ ɘůɢɨɠ Űɖɠ ɡɓɟɘŭɘəɐɠ ɏəŭɞůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɖɠ 

ůɡɛɓŬŰɘəɐɠ. 

 

 

ɆɢɐɛŬ 5.50: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɞɛɐɠ Űɤɜ ɞɢɖɛɎŰɤɜ Űɖɠ əŬŰɖɔɞɟɑŬɠ P2 [31]  

 

ɇŬ ɞɢɐɛŬŰŬ Űɨˊɞɡ Power Split Strong Hybrid, ɓŬůɑɕɞɜŰŬɘ ůŮ ɏɜŬ ˊɚŬɜɖŰɘəɧ ůɨůŰɖɛŬ ɔɟŬɜŬɕɘɩɜ 

ˊɞɡ ŭɏɢŮŰŬɘ ŰɟŮɘɠ çŮɘůɧŭɞɡɠè: Űɞɜ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, Űɞɜ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ əŬɘ Űɖɜ 

ɔŮɜɜɐŰɟɘŬ. ȼ ɔŮɜɜɐŰɟɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ űɧɟŰɘůɖ Űɖɠ ɛˊŬŰŬɟɑŬɠ, Ůɜɩ ɞ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬɠ 

ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɡɠ Űɟɞɢɞɨɠ Űɞɡ ɞɢɐɛŬŰɞɠ ɏŰůɘ ɩůŰŮ ɜŬ ˊŬɟɏɢŮɘ ˊŮɟɘůůɧŰŮɟɖ ɟɞˊɐ əŬŰɎ Űɘɠ űɎůŮɘɠ 

ŮˊɘŰɎɢɡɜůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ əŬɘ ɔɘŬ ɜŬ ŬɜŬəŰɎ ŮɜɏɟɔŮɘŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ űɞɟŰɑɕŮɘ Űɖɜ ɛˊŬŰŬɟɑŬ. ȼ 

ŭɞɛɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ Power Split Strong Hybrid (ɆɢɐɛŬ 5.51), ˊŬɟɏɢŮɘ ŰŬ ŬəɧɚɞɡɗŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ: 
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Á ɀɏɟɞɠ Űɖɠ ɘůɢɨɞɠ əŬŰŬɚɐɔŮɘ ůŰɞɡɠ Űɟɞɢɞɨɠ ɛŮ Űɞɜ ˊɘɞ ŬˊɞŭɞŰɘəɧ Űɟɧˊɞ, ŭɖɚŬŭɐ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ ɔɟŬɜŬɕɘɩɜ. 

Á ȳŰŬɜ ɖ ɘůɢɨɠ Űɞɡ əɘɜɖŰɐɟŬ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ Űɖɜ əɑɜɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ, ɛɏɟɞɠ Űɖɠ 

ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ɔŮɜɜɐŰɟɘŬ, ɖ ɞˊɞɑŬ ɛŮ Űɖɜ ůŮɘɟɎ Űɖɠ ɗŬ űɞɟŰɑůŮɘ Űɖɜ ɛˊŬŰŬɟɑŬ Űɞɡ 

ɞɢɐɛŬŰɞɠ. 

Á Ƀ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬɠ, ɖ ɔŮɜɜɐŰɟɘŬ əŬɘ ɖ ɛˊŬŰŬɟɑŬ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬůŰŬůɘɞɚɞɔɖɗɞɨɜ ɛŮ 

ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ɢŮɘɟɑɕɞɜŰŬɘ ɛɧɜɞ ɏɜŬ ɛɏɟɞɠ Űɖɠ ɛɏɔɘůŰɖɠ ɘůɢɨɞɠ Űɞɡ əɘɜɖŰɐɟŬ, 

ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ ɏŰůɘ Űɞ əɧůŰɞɠ. 

ȹɨɞ ˊŬɟŬŭŮɑɔɛŬŰŬ ɞɢɖɛɎŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ Power Split 

Strong Hybrid, ŮɑɜŬɘ Űɞ Toyota Camry LE hybrid əŬɘ Űɞ Ford Fusion Hybrid SE. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɞɡ ɞɢɐɛŬŰɞɠ Űɖɠ Toyota, Űɞ ɡɓɟɘŭɘəɧ Camry ˊɏŰɡɢŮ ɓŮɚŰɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ Űɖɠ 

ŰɎɝɖɠ Űɞɡ 33,5%. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ Ford, ɖ ɡɓɟɘŭɘəɐ ɏəŭɞůɖ Űɞɡ Fusion ůɖɛŮɑɤůŮ ɓŮɚŰɑɤůɖ 

ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬŰɎ 47,7% ůŮ ůɢɏůɖ ɛŮ Űɖ ůɡɛɓŬŰɘəɐ ɏəŭɘůɖ. 

 

 

 

ɆɢɐɛŬ 5.51: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɞɛɐɠ Űɤɜ ɞɢɖɛɎŰɤɜ Űɖɠ əŬŰɖɔɞɟɑŬɠ Power Split 

Hybrid [31]  

 

5.8.1.2. ɶ˂ʶˁˍˊʽˁʱ ̌ ˔ʺ˃ʰˍʰ ̄ ˊʾʸʰˌ - Plug-in Electric Vehicles (PEV) 

 

ɇŬ Plug-in Hybrids ɞɢɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜ Űɞ ŮɜŭɘɎɛŮůɞ ůŰɎŭɘɞ ɔɘŬ Űɖɜ ɛŮŰɎɓŬůɖ Ŭˊɧ ŰŬ ɡɓɟɘŭɘəɎ 

(HEVs) ůŰŬ ɞɢɐɛŬŰŬ ɛŮ ɛˊŬŰŬɟɑŬ (BEVs). ɇŬ PHEVs ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŰŬ HEVs, ɚɧɔɤ Űɞɡ ɧŰɘ 

ɛˊɞɟɞɨɜ ɜŬ ɚɎɓɞɡɜ ŮɜɏɟɔŮɘŬ űɞɟŰɑɕɞɜŰŬɠ Űɘɠ ɛˊŬŰŬɟɑŮɠ Űɞɡɠ Ŭˊɧ Űɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ əɎˊɞɘɞ ɛɏɟɞɠ Űɖɠ əɑɜɖůɐɠ Űɞɡɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢɤɟɑɠ Űɖɜ ɢɟɐůɖ 

əŬɡůɑɛɞɡ. ȳˊɤɠ ŰŬ HEVs ɏŰůɘ əŬɘ ŰŬ PHEVs ŭɘŬɗɏŰɞɡɜ əŬɘ ŬɡŰɎ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ 



153 

 

ŬɚɚɎ ůɡɜɐɗɤɠ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜŬ ɛŮ ɛˊŬŰŬɟɑŮɠ ɛŮɔŬɚɨŰŮɟɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ əŬɘ ůɨůŰɖɛŬ 

ɖɚŮəŰɟɘəɐɠ əɑɜɖůɖɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɞŭɐɔɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ. ɇŬ PHEVs ˊɚŮɞɜŮəŰɞɨɜ ɏɜŬɜŰɘ Űɤɜ HEVs ůŰŬ ŬəɧɚɞɡɗŬ: 

Á ɀŮɘɤɛɏɜɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ, ɚɧɔɤ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ űɧɟŰɘůɖɠ Ŭˊɧ Űɞ ŭɑəŰɡɞ 

ŭɘŬɜɞɛɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

Á ɆɖɛŬɜŰɘəɎ ɛŮɘɤɛɏɜɞ əɧůŰɞɠ ŬɜɎ ŬˊɧůŰŬůɖ ˊɞɡ ŭɘŬɜɨŮŰŬɘ ɔɘŬ ɖɚŮəŰɟɘəɐ ɚŮɘŰɞɡɟɔɑŬ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ. 

Á ɀŮɘɤɛɏɜŮɠ Ůəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬɜŬɚɞɔɑŬ əŬɗŬɟɎ 

ɖɚŮəŰɟɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɞŭɐɔɖůɖɠ ɛŮ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, əŬɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ űɧɟŰɘůɖɠ Űɤɜ ɛˊŬŰŬɟɘɩɜ Űɞɡ ɞɢɐɛŬŰɞɠ (ɞɘ Ůəˊɞɛˊɏɠ Ŭˊɧ Űɖɜ 

ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐ ŭɘŬűɏɟɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɟɞɠ əŬɘ Űɖɜ ɩɟŬ). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɏɢŮɘ 

ɡˊɞɚɞɔɘůŰŮɑ ɧŰɘ Űɞ ɧɢɖɛŬ PHEV Chevrolet Volt ɧŰŬɜ ɚŮɘŰɞɡɟɔŮɑ əŬɘ űɞɟŰɑɕŮŰŬɘ ůŰɖɜ 

ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɞɡ ɀɑůɘɔəŬɜ Űɤɜ ȼɄȷ ŮəˊɏɛˊŮɘ 290 gCO2/mile, ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ȾŬɚɘűɧɟɜɘŬ 180 gCO2/mile, Ůɜɩ ɞ ɛɏůɞɠ ɧɟɞɠ ůŮ ɧɚɖ Űɖɜ ŮˊɘəɟɎŰŮɘŬ Űɤɜ ȼɜɤɛɏɜɤɜ 

ɄɞɚɘŰŮɘɩɜ ŮɑɜŬɘ 210 gCO2/mile [67]. 

Á ɀŮɘɤɛɏɜŮɠ Ůəˊɞɛˊɏɠ (NOx,CO əŬɘ HC). 

Á ȽəŬɜɞˊɞɘɖŰɘəɐ ŮɛɓɏɚŮɘŬ ɔɘŬ əŬɗɖɛŮɟɘɜɏɠ ɛŮŰŬəɘɜɐůŮɘɠ ůŰɞɜ ŬůŰɘəɧ əɨəɚɞ ɢɤɟɑɠ ɜŬ ɔɑɜŮŰŬɘ 

ɢɟɐůɖ ɡɔɟɩɜ əŬɡůɑɛɤɜ. 

 

5.8.1.2.1. Series PHEV 

 

ȳůɞɜ ŬűɞɟɎ ŰŬ ůŮɘɟɘŬəɎ ɞɢɐɛŬŰŬ PHEV (ɆɢɐɛŬ 5.52), ɞ əɘɜɖŰɐɟŬɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ 

ůɡɜŭɏŮŰŬɘ ɛŮ ɛɘŬ ɔŮɜɜɐŰɟɘŬ ˊɞɡ űɞɟŰɑɕŮɘ Űɖɜ ɛˊŬŰŬɟɑŬ. ȼ ɛˊŬŰŬɟɑŬ ŰɟɞűɞŭɞŰŮɑ Űɞɜ 

ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ, Ůɜɩ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊɘɓɟɎŭɡɜůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ ɞ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬɠ 

űɞɟŰɑɕŮɘ Űɖɜ ɛˊŬŰŬɟɑŬ ɛɏůɤ Űɖɠ ŬɜŬɔŮɜɜɖŰɘəɐɠ ˊɏŭɖůɖɠ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ Űɤɜ ůŮɘɟɘŬəɩɜ 

PHEVs ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

Á Ƀ əɘɜɖŰɐɟŬɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ɚŮɘŰɞɡɟɔŮɑ ůŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ əŬɘ ˊɚɐɟŮɠ űɞɟŰɑɞ əŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ űɧɟŰɘůɖɠ Űɖɠ ɛˊŬŰŬɟɑŬɠ. ȰŰůɘ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɖɜ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ (Ŭűɞɨ ŭŮɜ çɓɚɏˊŮɘè ɎɛŮůŬ Űɘɠ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ ůɡɜɗɐəŮɠ əɡəɚɞűɞɟɑŬɠ ůŰɞ 

ŭɟɧɛɞ) əŬɘ ɜŬ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜɞɠ ɛŮ ŬˊɚɞɨůŰŮɟŬ ůɡůŰɐɛŬŰŬ Ůɚɏɔɢɞɡ Űɤɜ Ůəˊɞɛˊɩɜ. 

Á Ƀ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬɠ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɠ ɔɘŬ ɜŬ ˊɟɞůűɏɟŮɘ ɛɏɔɘůŰɖ ɘůɢɨ əŬɘ ŮˊɘŭɧůŮɘɠ ůŰɞ 

ɧɢɖɛŬ. 

Á Ƀ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬɠ Űɤɜ PHEVs, ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔŮɑ əŬɘ ůŬɜ ɔŮɜɜɐŰɟɘŬ ůŰɘɠ űɎůŮɘɠ Űɤɜ 

ŮˊɘɓɟŬŭɨɜůŮɤɜ ɔɘŬ Űɖɜ űɧɟŰɘůɖ Űɖɠ ɛˊŬŰŬɟɑŬɠ ɛɏůɤ Űɖɠ ŬɜŬɔŮɜɜɖŰɘəɐɠ ˊɏŭɖůɖɠ.  

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɞɢɐɛŬŰɞɠ PHEV ŮɑɜŬɘ Űɞ Chevrolet Volt, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜɞ ɛŮ ɛɘŬ 

ɛˊŬŰŬɟɑŬ 16 kWh əŬɘ ɏɜŬɜ ɛɘəɟɧ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ɘůɢɨɞɠ 63 kW. Ƀ 

ɖɚŮəŰɟɞəɘɜɖŰɐɟŬɠ Űɞɡ ɞɢɐɛŬŰɞɠ ŬˊɞŭɑŭŮɘ 111 kW ɘůɢɨɞɠ Ůɜɩ ɞɘ ɔŮɜɜɐŰɟɘŬ ɏɢŮɘ ŮˊɘɚŮɔŮɑ ůŰŬ 

54 kW ɩůŰŮ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ Űɖɜ ŬˊɞŭɘŭɧɛŮɜɖ ɘůɢɨ Űɞɡ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ. ɇɞ Chevrolet 

Volt ˊŮŰɡɢŬɑɜŮɘ Ůɝɞɘəɞɜɧɛɖůɖ əŬɡůɑɛɞɡ 27,5% ůŮ ůɢɏůɖ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ůɡɛɓŬŰɘəɧ.  
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ɆɢɐɛŬ 5.52: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɞɛɐɠ Űɤɜ ɞɢɖɛɎŰɤɜ Űɖɠ Series əŬŰɖɔɞɟɑŬɠ PHEV 

[31]  

 

5.8.1.2.2. Power Split PHEV 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ PS PHEV, ɖ ŭɞɛɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐ Űɤɜ 

PS Strong Hybrid, ɛɧɜɞ ˊɞɡ ɖ ɛˊŬŰŬɟɑŬ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɞ ɛɏɔŮɗɞɠ ɔɘŬ Ŭɡɝɖɛɏɜɖ ŮɛɓɏɚŮɘŬ. Ⱥˊɑůɖɠ 

ɏɜŬ ɧɢɖɛŬ Űɨˊɞɡ PS PHEV ɛˊɞɟŮɑ ɜŬ əɘɜɖɗŮɑ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ, ŭɖɚŬŭɐ ɛŮ 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ Űɞɜ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ. 

 

5.8.1.3. ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˃ˉʰˍʰˊʾʰˌ - Battery Electric Vehicle (BEV) 

 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ɡɓɟɘŭɘəɎ ɞɢɐɛŬŰŬ, ɖ əɑɜɖůɖ Űɤɜ BEVs (ɆɢɐɛŬ 5.53) ůŰɖɟɑɕŮŰŬɘ Ůɝô ɞɚɞəɚɐɟɞɡ 

ůŰɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɖɜ ɛˊŬŰŬɟɑŬ ˊɞɡ ŭɘŬɗɏŰɞɡɜ. Ⱥˊɞɛɏɜɤɠ ɖ ŮɛɓɏɚŮɘŬ Űɞɡɠ 

ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɢɤɟɖŰɘəɧŰɖŰŬ Űɖɠ ɛˊŬŰŬɟɑŬɠ Űɞɡɠ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ BEVs ůɐɛŮɟŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛˊŬŰŬɟɑŮɠ ɘɧɜŰɤɜ ɚɘɗɑɞɡ. 
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ɆɢɐɛŬ 5.53: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɞɛɐɠ Űɤɜ ɞɢɖɛɎŰɤɜ Űɖɠ əŬŰɖɔɞɟɑŬɠ BEV [31]  

 

5.8.1.4. ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ - Fuel Cell Electric Vehicles (FCEV) 

 

ȼ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖɜ əɑɜɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ ŮɝŬůűŬɚɑɕŮŰŬɘ Ŭˊɧ əɡɣɏɚŮɠ əŬɡůɑɛɞɡ. Ƀɘ əɡɣɏɚŮɠ 

əŬɡůɑɛɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ əŬɨůɘɛɞ Űɞ ɡŭɟɞɔɧɜɞ, ˊŬɟɎɔɞɡɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛŮ Űɖɜ ɞˊɞɑŬ 

űɞɟŰɑɕŮŰŬɘ ɖ ɛˊŬŰŬɟɑŬ ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ ˊɞɡ əɘɜŮɑ Űɞ ɧɢɖɛŬ. 

 

5.8.2. Ⱥɝɞɘəɞɜɧɛɖůɖ əŬɡůɑɛɞɡ Ŭˊɧ Űɖɜ ɢɟɐůɖ ŭɘŬűɧɟɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ɖɚŮəŰɟɘəɩɜ 

ɞɢɖɛɎŰɤɜ 

 

Ƀ ɄɑɜŬəŬɠ 5.12 ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ˊɞůɞůŰɘŬɑŮɠ ŭɘŬűɞɟɏɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ əŬɘ Űɖɜ ɞɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ ŬɜɎɛŮůŬ ůŮ ɖɚŮəŰɟɘəɎ ɞɢɐɛŬŰŬ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ůɡɛɓŬŰɘəɎ ɛɞɜŰɏɚŬ. Ⱥˊɑůɖɠ ɞ ɄɑɜŬəŬɠ 5.13 ˊŬɟɞɡůɘɎɕŮɘ ůɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ŮəŰɘɛɩɛŮɜɖɠ ɛŮɑɤůɖɠ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ Űɤɜ ŭɘɎűɞɟɤɜ ŰŮɢɜɞɚɞɔɘɩɜ Űɤɜ ɖɚŮəŰɟɘəɩɜ 

ɞɢɖɛɎŰɤɜ ˊɞɡ ůɡɕɖŰɐɗɖəŬɜ ˊŬɟŬˊɎɜɤ. 
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ɄɑɜŬəŬɠ 5.12: ɄɞůɞůŰɘŬɑŮɠ ŭɘŬűɞɟɏɠ əŬŰŬɜɎɚɤůɖɠ əŬɘ ɞɘəɞɜɞɛɑŬɠ əŬɡůɑɛɞɡ ŬɜɎɛŮůŬ ůŮ 

ɖɚŮəŰɟɘəɎ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůɡɛɓŬŰɘəɎ ɞɢɐɛŬŰŬ [31]  

 

 

 

ɄɑɜŬəŬɠ 5.13: ɆɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮəŰɘɛɩɛŮɜɖɠ ɛŮɑɤůɖɠ Űɖɠ əŬŰŬɜɎɚɤůɖɠ 

əŬɡůɑɛɞɡ ŬɜɎ əŬŰɖɔɞɟɑŬ ɖɚŮəŰɟɘəɞɨ ɞɢɐɛŬŰɞɠ [31]  

 

5.8.3. ȺˊɘŭɟɎůŮɘɠ ůŰŬ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɩɜ CO2 Űɤɜ ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ 

 

ɆŰɖɜ ɏəɗŮůɖ Űɞɡ McLaren [68], ŮɝŮŰɎůŰɖəŬɜ ɞɘ ŮˊɘŭɟɎůŮɘɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ɩɟŬ Űɖɠ ɖɛɏɟŬɠ əŬɘ Űɞ ůŮɜɎɟɘɞ űɧɟŰɘůɖɠ ɔɘŬ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɎ ŭɑəŰɡŬ ɖɚŮəŰɟɘůɛɞɨ əŬɘ ŭɘɎűɞɟŬ 

ɞɢɐɛŬŰŬ. ȹɘŮɟŮɡɜɐɗɖəŬɜ ɞɢɐɛŬŰŬ PHEV əŬɘ BEV ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Ůɝɞˊɚɘůɛɧ Ŭɟɔɐɠ ɐ ŰŬɢŮɑŬɠ 

űɧɟŰɘůɖɠ ůŮ ŭɘɎűɞɟŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ Űɖɠ ɖɛɏɟŬɠ. 






































