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ɩɪɨɤɨɜɨɫ 

 

ɡɻ ʙʃʀʇɻ ʉɻ ʀʑʔɻʍʅʎʐʙʎʖ ʃʀʍʈʗ ʐʋʉ ɚʉɻʌʇʂʍʖʐʙ ɣɻʃʂɾʂʐʙ ʐʋʑ ɞȢɥȢɩȢ ʆȢ 

ɞʑʗɾɾʀʇʋ ɜʅɻʆʋʑʈʙ ɾʅɻ ʐʂʉ ɿʑʉɻʐʝʐʂʐɻ ʌʋʑ ʈʋʑ ʌʍʋʎʘʒʀʍʀ ʉɻ ɻʎʔʋʇʂʃʡ ʈʀ ʘʉɻ 

ʐʝʎʋ ʀʉɿʅɻʒʘʍʋʉ ʃʘʈɻȟ ɻʇʇʗ ʆʑʍʚʖʏ ɾʅɻ ʐʂʉ ʆɻʃʋɿʙɾʂʎʙ ʐʋʑ ʆɻʅ ʐʋʉ ʔʍʝʉʋ ʌʋʑ 

ɻʒʅʘʍʖʎʀ ʆɻʃȭ ʝʇʂ ʐʂʉ ɿʅʗʍʆʀʅɻ ʀʆʌʝʉʂʎʂʏ ʐʂʏ ɿʅʌʇʖʈɻʐʅʆʙʏ ʈʋʑ ʀʍɾɻʎʚɻʏȢ ɞʌʚʎʂʏȟ 

ʃɻ ʙʃʀʇɻ ʉɻ ʀʑʔɻʍʅʎʐʙʎʖ ʐʋʉ ʆɻʃʂɾʂʐʙ ʆȢ ɝȢ ɯʋʑʉʐʗʇɻ ʆɻʃʡʏ ʂ ʎʑʉɿʅɿɻʎʆɻʇʚɻ ʐʋʑ 

ʎʀ ʝʇɻ ʐɻ ʈɻʃʙʈɻʐɻ ʌʋʑ ɻʒʋʍʋʞʉ ʐʅʏ ɥʂʔɻʉʘʏ ɞʎʖʐʀʍʅʆʙʏ ɣɻʞʎʂʏȟ ʈʀ ʡʃʂʎʀ ʎʐʂʉ 

ʌʀʍɻʅʐʘʍʖ ʀʉɻʎʔʝʇʂʎʂ ʈʋʑ ʈʀ ʐʋ ʎʑɾʆʀʆʍʅʈʘʉʋ ɻʉʐʅʆʀʚʈʀʉʋȢ  

ɞʌʚʎʂʏȟ ʃʘʇʖ ʉɻ ʀʑʔɻʍʅʎʐʙʎʖ ʐʂʉ ʋʅʆʋɾʘʉʀʅʗ ʈʋʑ ʆɻʅ ʐʋʑ ʒʚʇʋʑʏ ʈʋʑ ɾʅɻ ʐʂʉ 
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ɩɢɦɚɣɚɫ ɫɭɥɛɨɤɱɦ 

 

ɤɻʐʅʉʅʆʋʚ ʔɻʍɻʆʐʙʍʀʏ 

ɥʘɾʀʃʋʏ ɞʌʀʊʙɾʂʎʂ ɥʋʉʗɿʀʏ 

Af ɥʀʐʖʌʅʆʙ ʀʌʅʒʗʉʀʅɻ ʋʔʙʈɻʐʋʏ m2 

cd ɫʑʉʐʀʇʀʎʐʙʏ ɻʀʍʋɿʑʉɻʈʅʆʙʏ ɻʉʐʚʎʐɻʎʂʏ ʋʔʙʈɻʐʋʏ - 

D ɝʅʗʈʀʐʍʋʏ ʀʈɼʝʇʋʑ m 

Dp ɝʅʗʈʀʐʍʋʏ ʎʖʈɻʐʅɿʚʖʉ m 

Ge ɪʋʌʙ ɻɿʍʗʉʀʅɻʏ ʆʅʉʂʐʙʍɻ ËÇϼÍ2 

Gv ɪʋʌʙ ɻɿʍʗʉʀʅɻʏ ʋʔʙʈɻʐʋʏ ËÇϼÍ2 

ib ɫʔʘʎʂ ʈʀʐʗɿʋʎʂʏ ɿʅɻʒʋʍʅʆʋʞ - 

ig ɫʔʘʎʂ ʈʀʐʗɿʋʎʂʏ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ - 

L ɥʙʆʋʏ ɿʅʖʎʐʙʍɻ m 

mv ɥʗʁɻ ʋʔʙʈɻʐʋʏ tn 

N ɬɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʆʅʉʂʐʙʍɻ rpm 

NA ɬɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʐʋʑ ʐʍʋʔʋʞ rpm 

NC ɬɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙ rpm 

NS ɬɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʐʋʑ ʗʊʋʉɻ ʈʀʐʗɿʋʎʂʏ 

ʆʚʉʂʎʂʏ 

rpm 

ngear ɫʑʉʋʇʅʆʝʏ ɼɻʃʈʝʏ ɻʌʝɿʋʎʂʏ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ 

ʈʀʐʗɿʋʎʂʏ 

- 
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ὴ ɥʘʎʂ ʌʍɻɾʈɻʐʅʆʙ ʌʚʀʎʂ bar 

r  ɚʆʐʚʉɻ ʎʐʍʋʒʗʇʋʑ m 

rwheel ɚʆʐʚʉɻ ʐʍʋʔʋʞ m 

s ɝʅɻɿʍʋʈʙ ʀʈɼʝʇʋʑ m 

V ɬɻʔʞʐʂʐɻ ʋʔʙʈɻʐʋʏ km/h  

Vh ɷɾʆʋʏ ʀʈɼʋʇʅʎʈʋʞ m3 

z ɚʍʅʃʈʝʏ ʆʑʇʚʉɿʍʖʉ - 

 

ɞʇʇʂʉʅʆʋʚ ʔɻʍɻʆʐʙʍʀʏ 

ɥʘɾʀʃʋʏ ɞʌʀʊʙɾʂʎʂ ɥʋʉʗɿʀʏ 

ʀ ɛɻʃʈʝʏ ʎʑʈʌʚʀʎʂʏ - 

ʇɻ ɤʝɾʋʏ ʅʎʋɿʑʉɻʈʚɻʏ ɻʘʍɻ-ʆɻʑʎʚʈʋʑ - 

ʒ ɜʖʉʚɻ ʎʐʍʋʒʗʇʋʑ Ј 

ɮ ɤʝɾʋʏ ʅʎʋɿʑʉɻʈʚɻʏ ʆɻʑʎʚʈʋʑ-ɻʘʍɻ - 

 

ɫʑʉʐʋʈʋɾʍɻʒʚʀʏ 

AFR ɤʝɾʋʏ ɻʘʍɻ-ʆɻʑʎʚʈʋʑ ɉ!ÉÒ-fuel ratio)  

BMEP ɥʘʎʂ ʌʍɻɾʈɻʐʅʆʙ ʌʚʀʎʂ ɉ"ÒÁËÅ ÍÅÁÎ ÅÆÆÅÃÔÉÖÅ ÐÒÅÓÓÕÒÅɊ 

BSFC ɞʅɿʅʆʙ ʆɻʐɻʉʗʇʖʎʂ ʆɻʑʎʚʈʋʑ ɉ"ÒÁËÅ ÓÐÅÃÉÆÉÃ ÆÕÅÌ consumption) 

CI ɳʉɻʑʎʂ ʈʀ ɫʑʈʌʚʀʎʂ ɉCompression ignited) 
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CO ɥʋʉʋʊʀʚɿʅʋ ʐʋʑ ʗʉʃʍɻʆɻ ɉCarbon monoxide) 

CO2 ɝʅʋʊʀʚɿʅʋ ʐʋʑ ʗʉʃʍɻʆɻ ɉCarbon dioxide) 

CVS ɝʀʅɾʈɻʐʋʇʂʕʚɻ ʎʐɻʃʀʍʋʞ ʝɾʆʋʑ ɉ#ÏÎÓÔÁÎÔ ÖÏÌÕÍÅ ÓÁÍÐÌÉÎÇɊ 

DI ɲʈʀʎʂʏ ʘɾʔʑʎʂʏ ɉ$ÉÒÅÃÔ ÉÎÊÅÃÔÉÏÎɊ 

EATC ɠʇʀʆʐʍʅʆʗ ɭʌʋɼʋʂʃʋʞʈʀʉʂ ɫʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂ (Electrically 

Assisted Turbo-Compound) 

EGR ɚʉɻʆʑʆʇʋʒʋʍʚɻ ʆɻʑʎɻʀʍʚʖʉ ɉ%ØÈÁÕÓÔ ÇÁÓ ÒÅÃÉÒÃÕÌÁÔÉÏÎɊ 

ETC Electric Turbo-Compound (ɟʀʞɾʋʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ 

ʂʇʀʆʐʍʅʆʙ ʑʌʋɼʋʙʃʂʎʂ) 

MGU Motor/ Generator Unit (ɥʋʉʗɿɻ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ/ɾʀʉʉʙʐʍʅɻʏɊ 

NO ɥʋʉʋʊʀʚɿʅʋ ʐʋʑ ɻʁʡʐʋʑ ɉNitric  oxide) 

NOx ɨʊʀʚɿʅɻ ʐʋʑ ɻʁʡʐʋʑ ɉ/ØÉÄÅÓ ÏÆ ÎÉÔÒÏÇÅÎɊ 

ORC ɨʍɾɻʉʅʆʝʏ ɣʞʆʇʋʏ Rankine(Organic Rankine Cycle) 

SI ɳʉɻʑʎʂ ʈʀ ɫʌʅʉʃʙʍɻ (Spark Ignited) 

TEG Thermo-Electric Generator (ɡʀʍʈʋ-ʂʇʀʆʐʍʅʆʙ ɾʀʉʉʙʐʍʅɻ) 

WLTC ɩɻɾʆʝʎʈʅʋʏ ɣʞʆʇʋʏ ɩʝʇʂʏ ɨʔʂʈʗʐʖʉ ɞʇɻʒʍʋʞ ɬʞʌʋʑ 

ɥɞɣ (ICE)  ɥʂʔɻʉʙ ɞʎʖʐʀʍʅʆʙʏ ɣɻʞʎʂʏ (Internal  Combustion Engine) 

4-X ɬʀʐʍʗʔʍʋʉʋʏ 
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ɞɢɫɚɜɱɜɠ 

 

ɤʝɾʖ ʐʂʏ ʎʑʉʀʔʋʞʏ ʈʀʚʖʎʂʏ ʐʖʉ ʋʍʚʖʉ ʀʆʌʋʈʌʙʏ #/2, ʋʅ ʆɻʐɻʎʆʀʑɻʎʐʘʏ 

ʀʌʅɼɻʐʅʆʡʉ ɻʑʐʋʆʅʉʙʐʖʉ ʆɻʅ ʀʇɻʒʍʡʉ ʒʋʍʐʂɾʡʉ ʘʔʋʑʉ ʖʃʂʃʀʚ ʐɻ ʐʀʇʀʑʐɻʚɻ ʔʍʝʉʅɻ 

ʎʀ ʇʞʎʀʅʏ, ʝʌʖʏ ʂ ʈʀʚʖʎʂ ʐʋʑ ʆʑɼʅʎʈʋʞ ʐʖʉ ʆʅʉʂʐʙʍʖʉ ʎʀ ʎʑʉɿʑɻʎʈʝ ʈʀ 

ʑʌʀʍʌʇʙʍʖʎʂ ɉdownsizing)ȟ ʐʋ ʎʞʎʐʂʈɻ Start / Stop, ʆɻʃʡʏ ʆɻʅ ʌʅʋ ɿɻʌɻʉʂʍʘʏ ʝʌʖʏ 

ʌʇʙʍʀʅʏ ʑɼʍʅɿʅʆʘʏ ʇʞʎʀʅʏ ʆɻʅȟ ʌʅʋ ʌʍʝʎʒɻʐɻȟ ʐʀʔʉʋʇʋɾʚʀʏ ɻʉʗʆʐʂʎʂʏ ʃʀʍʈʝʐʂʐɻʏ 

ɻʌʝ ʐɻ ʆɻʑʎɻʘʍʅɻȢ ɬʘʐʋʅʀʏ ʐʀʔʉʋʇʋɾʚʀʏ ʀʚʉɻʅ ʋʅ ʃʀʍʈʋ-ʂʇʀʆʐʍʅʆʙ ɾʀʉʉʙʐʍʅɻ (TEG), 

ʋʍɾɻʉʅʆʝʏ ʆʞʆʇʋʏ Rankine ɉ/2#Ɋ ʆɻʅ ʁʀʞɾʋʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ʂʇʀʆʐʍʅʆʙ 

ʑʌʋɼʋʙʃʂʎʂ ɉ%4#Ɋ ʌʋʑ ʘʔʋʑʉ ʀʒɻʍʈʋʎʐʀʚ ʎʀ ʇʚɾʀʏ ʀʒɻʍʈʋɾʘʏ ɼɻʍʘʋʏ ʐʞʌʋʑȟ ɻʇʇʗ 

ɿʀʉ ʘʔʋʑʉ ɻʆʝʈʂ ɻʌʋɿʀʅʔʃʀʚ ɻʌʋʐʀʇʀʎʈɻʐʅʆʘʏ ʆɻʅ ʋʅʆʋʉʋʈʅʆʗ ʌʍʋʎʅʐʘʏ ʇʞʎʀʅʏ ɾʅɻ ʐɻ 

ʀʌʅɼɻʐʅʆʗ ɻʑʐʋʆʚʉʂʐɻȢ ɚʌʝ ʐʂʉ ʎʐʅɾʈʙ ʌʋʑ ʂ ʈʀʚʖʎʂ ʐʋʑ ʆʑɼʅʎʈʋʞ ʐʖʉ ʆʅʉʂʐʙʍʖʉ 

ɿʀʉ ʈʌʋʍʀʚ ʉɻ ʀʚʉɻʅ ɻʌʀʍʅʝʍʅʎʐʂȟ ɾʅɻ ʉɻ ɿʅɻʐʂʍʂʃʀʚ ʘʉɻ ʇʋɾʅʆʝ ʀʌʚʌʀɿʋ ʅʎʔʞʋʏ ʎʀ 

ʈʅʆʍʋʞʏ ʆʅʉʂʐʙʍʀʏȟ ʂ ʑʌʀʍʌʇʙʍʖʎʂ ʀʚʉɻʅ ʑʌʋʔʍʀʖʐʅʆʙ ʐʝʎʋ ɾʅɻ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Otto 

ʝʎʋ ʆɻʅ ɾʅɻ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel. ɥʀ ɼʗʎʂ ʐɻ ʌɻʍɻʌʗʉʖȟ ʂ ɿʑʉɻʐʝʐʂʐɻ ʉɻ 

ʎʑʉɿʘʀʐɻʅ ʘʉɻ ʂʇʀʆʐʍʋʈʂʔɻʉʅʆʝ ʎʞʎʐʂʈɻ ʈʀʐɻʐʍʋʌʙʏ ʀʉʘʍɾʀʅɻʏ ʈʀ ʐʋ ʁʀʞɾʋʏ 

ʎʐʍʝɼʅʇʋ-ʎʑʈʌʅʀʎʐʙ ɾʅɻ ʐʂʉ ɻʉʗʆʐʂʎʂ ʐʂʏ ʌʇʀʋʉʗʁʋʑʎɻʏ ʀʉʘʍɾʀʅɻʏ ʐʖʉ 

ʆɻʑʎɻʀʍʚʖʉ ʆɻʃʚʎʐɻʐɻʅ ʝʇʋ ʆɻʅ ʌʅʋ ʀʇʆʑʎʐʅʆʙȢ ɞʌʅʌʇʘʋʉȟ ʋʅ ʎʐʍʋɼʅʇʋ-

ʑʌʀʍʌʇʂʍʖʐʘʏ ʎʑʔʉʗ ɿʀʉ ʘʔʋʑʉ ɾʍʙɾʋʍʂ ɻʌʝʆʍʅʎʂ ʇʝɾʖ ʐʂʏ ʒʞʎʂʏ ʐʂʏ ɻʉʐɻʇʇɻɾʙʏ 

ʀʉʘʍɾʀʅɻʏ ʈʀ ʐʋʉ ʆʅʉʂʐʙʍɻȟ ɾʀɾʋʉʝʏ ʌʋʑ ʀʌʅɿʀʅʉʡʉʀʅ ʐʂʉ ʋɿʂɾʅʆʙ ʎʑʈʌʀʍʅʒʋʍʗ ʐʋʑ 

ʋʔʙʈɻʐʋʏȢ ɳʉɻʏ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʋʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙʏ ʈʌʋʍʀʚ ʉɻ 

ʔʍʂʎʅʈʋʌʋʅʂʃʀʚ ɾʅɻ ʐʂ ɼʀʇʐʚʖʎʂ ʐʂʏ ɻʌʝʆʍʅʎʂʏ ʔʖʍʚʏ ʋʌʋʅʀʎɿʙʌʋʐʀ ɻʌʡʇʀʅʀʏ ʎʐʋʉ 

ʆʅʉʂʐʙʍɻ ʌɻʍʘʔʋʉʐɻʏ ʐɻʑʐʝʔʍʋʉɻ ɻʉʗʆʐʂʎʂ ʀʉʘʍɾʀʅɻʏ ɾʅɻ ɻʞʊʂʎʂ ʐʋʑ ʎʑʉʋʇʅʆʋʞ 

ɼɻʃʈʋʞ ɻʌʝɿʋʎʂʏ ʐʋʑ ʋʔʙʈɻʐʋʏ. 

ɠ ʌɻʍʋʞʎɻ ɿʅʌʇʖʈɻʐʅʆʙ ʀʍɾɻʎʚɻ ɻʎʔʋʇʀʚʐɻʅ ʈʀ ʐʋ ʃʘʈɻ ʐʂʏ ʂʇʀʆʐʍʅʆʗ 

ʑʌʋɼʋʂʃʋʞʈʀʉʂʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʀʉʝʏ ʀʊɻʆʞʇʅʉɿʍʋʑ ʆʅʉʂʐʙʍɻ Diesel 

ʔʍʂʎʅʈʋʌʋʅʋʞʈʀʉʋʑ ʎʀ ʀʌɻɾɾʀʇʈɻʐʅʆʝ ʝʔʂʈɻ ʀʇɻʒʍʋʞ ʐʞʌʋʑ, ʆɻʅ ʐʂʉ ʈʀʇʘʐʂ ɻʑʐʋʞ 

ʎʀ ʈʀʐɻɼɻʐʅʆʘʏ ʎʑʉʃʙʆʀʏ ʇʀʅʐʋʑʍɾʚɻʏ ʈʘʎʖ ʐʋʑ ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʌɻʆʘʐʋʑ '4-Power 

(Gamma Technologies, Inc.). ɛɻʎʅʆʝʏ ʎʐʝʔʋʏ ʐʂʏ ʎʑɾʆʀʆʍʅʈʘʉʂʏ ʀʍɾɻʎʚɻʏ ʀʚʉɻʅ ʂ 

ʈʋʉʐʀʇʋʌʋʚʂʎʂ ʐʋʑ ʆʅʉʂʐʙʍɻ, ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʆɻʅ ʐʋʑ ʋʔʙʈɻʐʋʏ ʈʀ 
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ʔʍʙʎʂ ʐʋʑ ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʌɻʆʘʐʋʑ '4-0Ï×ÅÒȟ ʐʋ ʋʌʋʚʋ ʀʚʉɻʅ ʘʉɻ ʀʊʀʅɿʅʆʀʑʈʘʉʋ 

ʇʋɾʅʎʈʅʆʝ ʈʋʉʐʀʇʋʌʋʚʂʎʂʏ ʈʀ ʀʑʍʀʚɻ ʔʍʙʎʂ ʎʐʂʉ ɼʅʋʈʂʔɻʉʚɻȢ ɠ ɿʅɻɿʅʆɻʎʚɻ ʈʀʇʘʐʂʏ 

ʐʂʏ ɻʌʝʆʍʅʎʂʏ ʆɻʅ ʐʂʏ ʀʆʐʚʈʂʎʂʏ ʐʖʉ ʀʆʌʋʈʌʡʉ ɾʚʉʀʐɻʅ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʋʑ 

ʌʍʝʎʒɻʐɻ ʃʀʎʈʋʃʀʐʂʈʘʉʋʑ ʎʐʂʉ ɞʑʍʡʌʂ ʌɻɾʆʝʎʈʅʋʑ ʆʞʆʇʋʑ WLTCȟ ʋ ʋʌʋʚʋʏ ʘʔʀʅ 

ɻʌʝ ʐʋʉ ɫʀʌʐʘʈɼʍʅʋ ʐʋʑ ςπρχ ɻʉʐʅʆɻʐɻʎʐʙʎʀʅ ʐʋʉ NEDC ʎʐʂ ɿʅɻɿʅʆɻʎʚɻ 

ʌʅʎʐʋʌʋʚʂʎʂʏ ʉʘʖʉ ʀʌʅɼɻʐʅʆʡʉ ʋʔʂʈʗʐʖʉ ʆɻʅ ʀʇɻʒʍʡʉ ʒʋʍʐʂɾʡʉȢ ɠ ɿʅʀʍʀʞʉʂʎʂ 

ʐʋʑ ʈʋʉʐʘʇʋʑ ʎʀ ɿʅʗʒʋʍʀʏ ʎʑʉʃʙʆʀʏ ʇʀʅʐʋʑʍɾʚɻʏ ɾʚʉʀʐɻʅ ʈʀ ʎʐʝʔʋ ʐʂʉ ʆɻʐɻʉʝʂʎʂ 

ʆɻʅ ɻʊʅʋʇʝɾʂʎʂ ʐʖʉ ʀʌʅɿʝʎʀʖʉ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʐʂʏ ʀʆʌʋʈʌʙʏ ʍʞʌʖʉ ɻʌʝ ɻʑʐʝʉȢ ɠ 

ʀʊʘʐɻʎʂ ʎʐʋ ʀʌʚʌʀɿʋ ʐʖʉ ʍʞʌʖʉ ʀʌʅʆʀʉʐʍʡʉʀʐɻʅ ʎʐʋʑʏ ɿʑʋ ɼɻʎʅʆʝʐʀʍʋʑʏ ʍʞʌʋʑʏ 

ʐʖʉ ʆʅʉʂʐʙʍʖʉ ÄÉÅÓÅÌȟ ʋʅ ʋʌʋʚʋʅ ʀʚʉɻʅ ʐɻ ʋʊʀʚɿʅɻ ʐʋʑ ɻʁʡʐʋʑ ɉ./xɊ ʆɻʅ ʂ ɻʅʃʗʇʂ ɻʇʇʗ 

ʆɻʅ ʎʐʅʏ ʀʆʌʋʈʌʘʏ ɿʅʋʊʀʅɿʚʋʑ ʐʋʑ ʗʉʃʍɻʆɻ ɉ#/2). 

ɬʘʇʋʏȟ ɾʚʉʀʐɻʅ ʎʞɾʆʍʅʎʂ ʐʋʑ ʈʋʉʐʘʇʋʑ ʐʂʏ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂʏ ʎʐʍʋɼʅʇʋ-

ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ʐʋ ɻʉʐʚʎʐʋʅʔʋ ʈʋʉʐʘʇʋ ɾʅɻ ʐʂʉ ɻʌʇʙ ʑʌʀʍʌʇʙʍʖʎʂ ʎʀ 

ʈʀʐɻɼɻʐʅʆʘʏ ʎʑʉʃʙʆʀʏ ʇʀʅʐʋʑʍɾʚɻʏȟ ʌʋʑ ʀʚʔʀ ʖʏ ɼʗʎʂ ʐʋʉ ʚɿʅʋ ʆʅʉʂʐʙʍɻ ʆɻʅ ʀʚʔʀ 

ɿʂʈʅʋʑʍɾʂʃʀʚ ʆɻʐʗ ʐʂʉ ʀʆʌʝʉʂʎʂ ʌɻʇɻʅʝʐʀʍʂʏ ɿʅʌʇʖʈɻʐʅʆʙʏ ʀʍɾɻʎʚɻʏ [3], ʈʀ ʎʆʋʌʝ 

ʐʂʉ ɿʅʀʍʀʞʉʂʎʂ ʐʋʑ ʌʋʎʋʎʐʋʞ ɼʀʇʐʚʖʎʂʏ ʐʖʉ ʀʆʌʋʈʌʡʉ ʍʞʌʖʉ ʈʘʎʖ ʐʂʏ ʔʍʙʎʂʏ 

ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏȢ  
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ABSTRACT 

 

Due to the continuous reduction of the CO2 emission standards, manufacturers of 

passenger cars and light-duty trucks have explored solutions that are mainly focused 

on turbocharging and downsizing of internal combustion engines (ICE). Start/stop  

systems as well as costlier full hybrid solutions and, more recently, Waste Heat 

Recovery technologies have also been proposed and realized. The latter include 

Thermo-Electric Generator (TEG), Organic Rankine Cycle (ORC) and Electric Turbo-

Compound (ETC) that have been practically implemented on few heavy-duty 

applications but have not been proved yet as effective and affordable solutions for 

passenger cars. Concerning the downsizing concept, to maintain a reasonable power 

level in small engines, the application of turbocharging is mandatory both for Otto 

and Diesel engines. Following this aspect, the possibility to couple an electric motor 

to the turbocharger (electric turbo-compound) to recover the redundant energy of 

the exhaust gases is becoming more and more attractive. 4ÏÄÁÙÓȭ ÖÅÈÉÃÌÅ ÉÎÄÕÓÔÒÙ ÉÓ 

converging more and more to electrification of vehicles, introducing electrical 

architectures to cooperate side by side with the combustion engine. Furthermore, 

turbochargers often lack fast transient response due to the nature of the energy 

exchange with the enÇÉÎÅȟ ×ÈÉÃÈ ÄÅÔÅÒÉÏÒÁÔÅÓ ÔÈÅ ÖÅÈÉÃÌÅȭÓ ÄÒÉÖÁÂÉÌÉÔÙȢ !Î ÅÌÅÃÔÒÉÃÁÌÌÙ-

assisted turbocharger can also be used for improving the transient response without 

any parasitic losses to the engine while providing energy recovery for increasing 

overall system efficiency. 

This diploma thesis deals with the issue of electrically assisted turbocharging of a 

six-cylinder diesel engine used in a light-duty vehicle and the investigation of the 

ÅÎÇÉÎÅÓȭ ÐÅÒÆÏÒÍÁÎÃÅ ÁÎÄ ÅÍÉÓÓÉÏÎs during transient operating conditions through 

the GT-Power computational package (Gamma Technologies, Inc.). The main purpose 

of this study is to design the engine, the turbocharging system and the vehicle using 

the GT-Power computational package, which is a specialized software model with 

wide use in the industry. The process of studying the response and the emission 

estimation is accomplished for the newly established Worldwide Harmonized Light 
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Vehicle Test Cycle (WLTC), which has replaced NEDC since September 2017 in the 

certification of new passenger cars and light-duty trucks. The study of the model 

under different operating conditions is undertaken to understand and evaluate the 

performance of the engine and emission of pollutants from it. The emissions studied 

are the two main pollutants from diesel engines, nitrogen oxides (NOx) and soot, as 

well as carbon dioxide (CO2). 

Finally, the model of electrically assisted turbocharged diesel engine is compared 

to the corresponding model of simple turbocharged diesel engine during transient 

operating conditions; the latter is based on the same engine and was created during 

the elaboration of an earlier diplomatic thesis. This comparison aims to investigate 

the rate of improvement of pollutant emissions through the use of an electrically 

assisted turbocharger.  
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ɣɞɮɚɤɚɢɨ ρ - ɭʌʀʍʌʇʙʍʖʎʂ ɥȢɞȢɣȢ 

 

 

ρȢρ ɨʍʅʎʈʝʏ ʑʌʀʍʌʇʙʍʖʎʂʏ 

ɥʀ ʐʋʉ ʝʍʋ ʑʌʀʍʌʇʙʍʖʎʂ ʎʀ ʈʅɻ ɥȢɞȢɣȢ ʋʍʚʁʀʐɻʅ ʂ ʌʍʋ-ʎʑʈʌʚʀʎʂ ʈʘʍʋʑʏ ʙ ʝʇʂʏ 

ʐʂʏ ɾʝʈʖʎʂʏȟ ʀʊʖʐʀʍʅʆʗ ʐʋʑ ʆʑʇʚʉɿʍʋʑ ʈʀ ʐʂʉ ʔʍʙʎʂ ʆʗʌʋʅʋʑ ʈʂʔɻʉʅʆʋʞ ʈʘʎʋʑ 

ɉʎʑʈʌʅʀʎʐʙʏɊȢ ɳʐʎʅ ʐʋ ʀʍɾɻʁʝʈʀʉʋ ʈʘʎʋ ɉɻʘʍɻʏɊ ʎʑʈʌʅʘʁʀʐɻʅ ʐʝʎʋ ʀʊʖʐʀʍʅʆʗȟ ʝʎʋ 

ʆɻʅ ʀʎʖʐʀʍʅʆʗ ʐʋʑ ʆʑʇʚʉɿʍʋʑȢ  

ɥʀ ɻʑʐʝʉ ʐʋʉ ʐʍʝʌʋ ɻʇʇʗ ʆɻʅ ʐɻʑʐʋʔʍʝʉʖʏ ʈʀ ʐʂʉ ʀʉɿʅʗʈʀʎʂ ʕʞʊʂ ɉÃÏÏÌÉÎÇɊ ʐʋʑ 

ɻʘʍɻ ʀʌʅʐʑɾʔʗʉʀʐɻʅ ɻʍʔʅʆʗ ɻʞʊʂʎʂ ʐʂʏ ʌʑʆʉʝʐʂʐʗʏ ʐʋʑȟ ʎʐʂʉ ʎʑʉʘʔʀʅɻ ɻʞʊʂʎʂ ʐʂʏ  

ʌɻʍʋʔʙʏ ʐʋʑ ɻʉɻʍʍʋʒʡʈʀʉʋʑ ɻʘʍɻȟ ʌʋʑ ʋɿʂɾʀʚ ʎʀ ɻʞʊʂʎʂʏ ʐʂʏ ʌʋʎʝʐʂʐɻʏ ʐʋʑ 

ʆɻʑʎʚʈʋʑ ʌʋʑ ʈʌʋʍʀʚ ʉɻ ʆɻʀʚȟ ʆɻʅ ʎʑʉʀʌʡʏ ʎʀ ɻʞʊʂʎʂ ʐʂʏ ʅʎʔʞʋʏ ʐʋʑ ʆʅʉʂʐʙʍɻȢ ɳʐʎʅȟ 

ʘʉɻʏ ʑʌʀʍʌʇʂʍʖʈʘʉʋʏ ʆʅʉʂʐʙʍɻʏ ʚɿʅʖʉ ɿʅɻʎʐʗʎʀʖʉ ʈʀ ʘʉɻʉ ɻʉʐʚʎʐʋʅʔʋ ʒʑʎʅʆʙʏ 

ɻʉɻʌʉʋʙʏ ʈʌʋʍʀʚ ʉɻ ʀʌʅʐʞʔʀʅ ʎʂʈɻʉʐʅʆʗ ʑʕʂʇʝʐʀʍʂ ʅʎʔʞȢ  

ɫʐʋʉ ɩʚʉɻʆɻ ρȢρ ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ ʎʑʉʋʌʐʅʆʗ ʆʗʌʋʅɻ ʐʑʌʅʆʗ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ 

ʆʅʉʂʐʙʍʖʉ DÉÅÓÅÌ ɼɻʍʘʖʉ ʒʋʍʐʂɾʡʉ ʆɻʐʗ ʐʂ ʔʍʋʉʅʆʙ ʌʀʍʚʋɿʋ 1930-ρωωφȢ ɜʚʉʀʐɻʅ 

ʀʈʒɻʉʘʏ ʝʐʅ ʎʐʋ ɿʅʗʎʐʂʈɻ χπ ʔʍʝʉʖʉ ʌɻʍɻʐʂʍʀʚʐɻʅ ʘʉɻʏ ʐʀʐʍɻʌʇɻʎʅɻʎʈʝʏ ʐʂʏ 

ʅʎʔʞʋʏ ʐʖʉ ʆʅʉʂʐʙʍʖʉ ÄÉÅÓÅÌȟ ʔʖʍʚʏ ʋʑʎʅɻʎʐʅʆʙ ʈʀʐɻɼʋʇʙ ʐʋʑ ʝɾʆʋʑ ʀʈɼʋʇʅʎʈʋʞ 

ʐʋʑʏȢ ɫʑʉʀʌʡʏȟ ʘʔʋʑʈʀ ʆɻʅ ʐʀʐʍɻʌʇɻʎʅɻʎʈʝ ʐʂʏ ʔʖʍʅʆʙʏ ʅʎʔʞʋʏ ʐʋʑʏ ʙ ʐʀʇʅʆʗ ʐʂʏ 

ʈʘʎʂʏ ʌʍɻɾʈɻʐʅʆʙʏ ʌʚʀʎʂʏ ɻʑʐʡʉ Ðȟ ʈʀ ɿʀɿʋʈʘʉʋ ʝʐʅ ʂ ɻʉʐʚʎʐʋʅʔʂ ʐɻʔʞʐʂʐɻ 

ʌʀʍʅʎʐʍʋʒʙʏ ȬÎȭ ɻʑʊʙʃʂʆʀȟ ʐʋ ʚɿʅʋ ʔʍʋʉʅʆʝ ɿʅʗʎʐʂʈɻȟ ʎʀ ɻʍʆʀʐʗ ʈʅʆʍʝʐʀʍʋ ɼɻʃʈʝȢ 

ɞʌʚʎʂʏȟ ʎʐʋ ɫʔʙʈɻ ρȢρ ɾʚʉʀʐɻʅ ʎʞɾʆʍʅʎʂ ʐʋʑ ʅɿɻʉʅʆʋʞ ʈʅʆʐʋʞ ʆʞʆʇʋʑ ɻʘʍɻ ʈʀʐɻʊʞ 

ʀʉʝʏ ʆʅʉʂʐʙʍɻ ʒʑʎʅʆʙʏ ɻʉɻʌʉʋʙʏ ʈʀ ʘʉɻʉ ɻʉʐʚʎʐʋʅʔʋ ʑʌʀʍʌʇʂʍʖʈʘʉʋȢ ɣɻʅ ʋʅ ɿʞʋ 

ʆʅʉʂʐʙʍʀʏ ʘʔʋʑʉ ʐʋʉ ʚɿʅʋ ɼɻʃʈʝ ʎʑʈʌʚʀʎʂʏ ʀȟ ʀʉʡ ɻʑʐʝ ʌʋʑ ɾʚʉʀʐɻʅ ɻʉʐʅʇʂʌʐʝ ʀʚʉɻʅ 

ʋʅ ʈʀɾɻʇʞʐʀʍʀʏ ʌʅʘʎʀʅʏ ʎʐʅʏ ʋʌʋʚʀʏ ʒʐʗʉʀʅ ʋ ʑʌʀʍʌʇʂʍʖʈʘʉʋʏ ʆʅʉʂʐʙʍɻʏ ʆɻʃȭ ʝʇʂ 

ʐʂʉ ɿʅʗʍʆʀʅɻ ʐʋʑ ʃʀʍʈʋɿʑʉɻʈʅʆʋʞ ʆʞʆʇʋʑ ɍ2]. 
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ɩʚʉɻʆɻʏ ρȢρȡ ɬʑʌʅʆʗ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʆʅʉʂʐʙʍʖʉ diesel ɼɻʍʘʖʉ ʋʔʂʈʗʐʖʉ ɻʌʝ ʐʋ ρωσπ-1996 [2]. 

 

 

ɫʔʙʈɻ ρȢρȡ ɫʞɾʆʍʅʎʂ ʅɿɻʉʅʆʋʞ ʈʅʆʐʋʞ ʆʞʆʇʋʑ ɻʘʍɻ ʒʑʎʅʆʙʏ ɻʉɻʌʉʋʙʏ ɉρςστυρɊ ʆɻʅ ʑʌʀʍʌʇʂʍʖʈʘʉʋʑ 

ʆʅʉʂʐʙʍɻ ɉρȭςȭσȭτȭυȭρȭɊ ʈʀ ʐʋʉ ʚɿʅʋ ɼɻʃʈʝ ʎʑʈʌʚʀʎʂʏ ɍ2]. 

 

 ɀɏɔɘůŰɖ Ƚůɢɨɠ 

(kW) 

70-

110 

92- 

110 

110-

125 

107-

132 

140-

154 

283-

304 

309-

441 

ɀɏɔɘůŰɖ Ʌɞˊɐ 

(Nm) 

520-

1010 

610- 

660 

660-

1050 

620-

1050 

680- 

760 

1285-

1300 

1850-

2700 

ȳɔəɞɠ 

Ⱥɛɓɞɚɘůɛɞɨ (L) 
16,6 13,5 18,1 11,6 18,7 18,3 18,3 

ȰŰɞɠ 1930 1936 1939 1955/6 1960 1985 1996 
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ρȢς ɩʇʀʋʉʀʆʐʙʈɻʐɻ ʆɻʅ ʈʀʅʋʉʀʆʐʙʈɻʐɻ ʐʂʏ ʑʌʀʍʌʇʙʍʖʎʂʏ 

ɬɻ ɼɻʎʅʆʗ ʌʇʀʋʉʀʆʐʙʈɻʐɻ ʐʂʏ ʑʌʀʍʌʇʙʍʖʎʂʏȟ ɾʅɻ ɿʀɿʋʈʘʉʂ ʀʊɻɾʝʈʀʉʂ ʅʎʔʞ ɻʌʝ 

ʘʉɻʉ ʆʅʉʂʐʙʍɻȟ ʀʚʉɻʅ ɍ2]:   

ü ʈʅʆʍʝʐʀʍʋʏ ʒʑʎʅʆʝʏ ʝɾʆʋʏ ɉʈʅʆʍʝʐʀʍʋʏ ɻʍʅʃʈʝʏ ʆʑʇʚʉɿʍʖʉȟ ʈʅʆʍʝʐʀʍʋ 

ʈʘɾʀʃʋʏ ʆʅʉʂʐʙʍɻȟ ȬdownsizingȭɊȢ 

ü ʔɻʈʂʇʝʐʀʍʋ ʆʝʎʐʋʏ ɻʉʗ ʈʋʉʗɿɻ ʀʊɻɾʝʈʀʉʂʏ ʅʎʔʞʋʏȟ ʀʅɿʅʆʗ ɾʅɻ ʈʀɾɻʇʞʐʀʍʖʉ 

ɿʅɻʎʐʗʎʀʖʉ ʆʅʉʂʐʙʍʀʏȢ 

ü ʔɻʈʂʇʝʐʀʍʀʏ ʀʆʌʋʈʌʘʏ ʆɻʑʎɻʀʍʚʖʉ ʎʀ ʈʝʉʅʈʂ ʆɻʐʗʎʐɻʎʂ ʇʀʅʐʋʑʍɾʚɻʏ 

ü ʈʅʆʍʝʐʀʍʋ ɼʗʍʋʏȟ ʈʀɾɻʇʞʐʀʍʂ ʀʅɿʅʆʙ ʈʗʁɻȢ 

ü ʈʅʆʍʝʐʀʍʋ ʌʋʎʋʎʐʝ ʐʍʅɼʡʉ ʇʝɾʖ ʐʋʑ ʈʅʆʍʝʐʀʍʋʑ ɻʍʅʃʈʋʞ ʆʑʇʚʉɿʍʖʉȢ 

ü ʈʀʅʖʈʘʉʋʏ ʃʝʍʑɼʋʏ ʎʐʂʉ ʀʊɻɾʖɾʙ ʇʝɾʖ ʐʋʑ ʎʐʍʋɼʚʇʋʑ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉȢ 

ü ʀʅɿʅʆʗ ʎʀ ʆʅʉʂʐʙʍʀʏ dieselȟ ʈʀʚʖʎʂ ʐʂʏ ʆɻʃʑʎʐʘʍʂʎʂʏ ɻʉʗʒʇʀʊʂʏ ʇʝɾʖ 

ɻʑʊʂʈʘʉʖʉ ʃʀʍʈʋʆʍɻʎʅʡʉ ʀʉʐʝʏ ʐʋʑ ʆʑʇʚʉɿʍʋʑȢ 

ɬɻ ʈʀʅʋʉʀʆʐʙʈɻʐɻ ʐʂʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ɻʉʐʅʃʘʐʖʏ ʀʚʉɻʅ ʐɻ ʀʊʙʏȡ 

ü ʌʅʋ ɻʍɾʙ ʀʌʅʐʗʔʑʉʎʂ ʎʑɾʆʍʅʐʅʆʗ ʈʀ ɻʉʐʚʎʐʋʅʔʋʑʏ ʆʅʉʂʐʙʍʀʏ ʒʑʎʅʆʙʏ 

ɻʉɻʌʉʋʙʏ ɉɻʉɻʒʘʍʀʐɻʅ ʆʑʍʚʖʏ ʎʀ ʎʑʎʐʙʈɻʐɻ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏɊȢ 

ü ʑʕʂʇʝʐʀʍʂ ʃʀʍʈʅʆʙ ʆɻʅ ʈʂʔɻʉʅʆʙ ʆɻʐɻʌʝʉʂʎʂ ʎʐɻ ʀʎʖʐʀʍʅʆʗ ʐʋʑ ʆʑʇʚʉɿʍʋʑȢ 

ü ɻʑʊʂʈʘʉʀʏ ʀʆʌʋʈʌʘʏ ʍʞʌʖʉ ʅɿʅɻʚʐʀʍɻ ʆɻʐʗ ʐʂʉ ɿʅʗʍʆʀʅɻ ʈʀʐɻɼɻʐʅʆʙʏ 

ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ɉʆʑʍʚʖʏ ʎʀ ʎʑʎʐʙʈɻʐɻ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏɊȢ 

 

 

ρȢσ ɥʘʃʋɿʋʅ ʑʌʀʍʌʇʙʍʖʎʂʏ 

ɣɻʃȭ ʝʇʂ ʐʂʉ ɿʅʗʍʆʀʅɻ ʐʂʏ ʀʊʘʇʅʊʂʏ ʐʂʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʘʔʋʑʉ ɻʉɻʌʐʑʔʃʀʚ 

ɿʅʗʒʋʍʀʏ ʈʘʃʋɿʋʅȟ ʋʅ ʋʌʋʚʀʏ ʘʔʋʑʉ ɼʍʀʅ ʘɿɻʒʋʏ ʎʀ ʈʀɾʗʇʋ ʀʞʍʋʏ ʀʒɻʍʈʋɾʡʉȢ ɳʐʎʅȟ 

ʈʅɻ ʌʍʡʐʂ ʆɻʐʂɾʋʍʅʋʌʋʚʂʎʂ ʐʖʉ ʈʀʃʝɿʖʉ ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʌʋʍʀʚ ʉɻ ɾʚʉʀʅ  ʈʀ ɼʗʎʂ 

ʐɻ ʆʍʅʐʙʍʅɻ ʌʋʑ ɻʆʋʇʋʑʃʋʞʉ ʖʏ ʀʊʙʏȡ 

1. ɫʞʈʒʖʉɻ ʈʀ ʐʋʉ ʐʍʝʌʋ ʆʚʉʂʎʂʏ ʐʋʑ ʎʑʈʌʅʀʎʐʙȢ 

2. ɫʞʈʒʖʉɻ ʈʀ ʐʋʉ ʎʔʀɿʅɻʎʈʝ ʐʋʑ ʎʑʈʌʅʀʎʐʙȢ 

3. ɫʞʈʒʖʉɻ ʈʀ ʐʋʉ ʐʍʝʌʋ ʎʞʉɿʀʎʂʏ ʐʂʏ ʈʋʉʗɿɻʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʆɻʅ ʐʋʑ ʆʅʉʂʐʙʍɻȢ 
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ρȢσȢρ ɬʍʝʌʋʏ ʆʚʉʂʎʂʏ ʐʋʑ ʎʑʈʌʅʀʎʐʙ 

 

ɚɊ ɞʊʖʐʀʍʅʆʗ ʆʅʉʋʞʈʀʉʋʏ ʎʑʈʌʅʀʎʐʙʏ ɻʌʝ ʆʗʌʋʅʋʉ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ ʙ 

ʆʗʌʋʅɻ ɼʋʂʃʂʐʅʆʙ ɿʅʗʐɻʊʂȢ 

 

 

ɫʔʙʈɻ ρȢςȡ ɫʞʎʐʂʈɻ ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ʎʑʈʌʅʀʎʐʙ ʆʅʉʋʞʈʀʉʋ ɻʌʝ ʀʊʖʐʀʍʅʆʝ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ ɍ2]. 

 

 

ɛɊ ɣʚʉʂʎʂ ɻʌʝ ʐʂʉ ʎʐʍʋʒɻʇʋʒʝʍʋ ʗʐʍɻʆʐʋ ʐʋʑ ʆʅʉʂʐʙʍɻ ʈʀ ɻʌʋʍʍʝʒʂʎʂ 

ʝʈʖʏ ʈʂʔɻʉʅʆʋʞ ʘʍɾʋʑ ɻʌʝ ɻʑʐʝʉȟ ʂ ʋʌʋʚɻ ʋʉʋʈʗʁʀʐɻʅ ʆɻʅ ʈʂʔɻʉʅʆʙ ʑʌʀʍʌʇʙʍʖʎʂȢ 

ɣʞʍʅɻ ʀʒɻʍʈʋɾʙ ʘʔʀʅ ɼʍʀʅ ʎʀ ʆʅʉʂʐʙʍʀʏ Otto ʈʀ ʙ ʔʖʍʚʏ ʀʉɿʅʗʈʀʎʂ ʕʞʊʂ ɻʘʍɻ ʆɻʅ ʈʀ 

ʎʔʘʎʂ ʈʀʐʗɿʋʎʂʏ ʌʋʑ ʈʌʋʍʀʚ ʉɻ ʀʚʉɻʅ ʎʐɻʃʀʍʙ ʙ ʈʀʐɻɼʇʂʐʙȢ 

 

 

ɫʔʙʈɻ ρȢσ: ɚʍʅʎʐʀʍʗȡ ʈʋʉʋɾʍɻʈʈʅʆʝ ʎʔʙʈɻ ʈʂʔɻʉʅʆʙʏ ʑʌʀʍʌʇʙʍʖʎʂʏȟ ɝʀʊʅʗȡ ʎʑʈʌʅʀʎʐʙʏ 

ʆʋʔʇʅʋʀʅɿʋʞʏ ʐʞʌʋʑ ɉLysholm). 

 

 

C
M.E.K.

ȼɚŮəŰɟ. 

ȾɘɜɖŰ.
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ɜɊ ɣʚʉʂʎʂ ɻʌʝ ʎʐʍʝɼʅʇʋ ʆɻʑʎɻʀʍʚʖʉȟ ʂ ʋʌʋʚɻ ʋʉʋʈʗʁʀʐɻʅ ʆɻʅ ʎʐʍʋɼʅʇʋ-

ʑʌʀʍʌʇʙʍʖʎʂȢ ɚʌʋʐʀʇʀʚ ʐʋʉ ʌʇʘʋʉ ɿʅɻɿʀʈʘʉʋ ʐʍʝʌʋ ʑʌʀʍʌʇʙʍʖʎʂʏ ʆɻʅ ʈʌʋʍʀʚ ʉɻ 

ʀʚʉɻʅ ʀʚʐʀ ʈʋʉʋɼʗʃʈʅɻ ʀʚʐʀ ɿʅɼʗʃʈʅɻȟ ʈʀ ʙ ʔʖʍʚʏ ʀʉɿʅʗʈʀʎʂ ʕʞʊʂ ɻʘʍɻȢ  

 

   

ɫʔʙʈɻ ρȢτ: ɚʍʅʎʐʀʍʗȡ ʈʋʉʋɾʍɻʈʈʅʆʝ ʎʔʙʈɻ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʔʖʍʚʏ ʀʉɿʅʗʈʀʎʂ ʕʞʊʂ ʐʋʑ ɻʘʍɻȟ 

ɝʀʊʅʗȡ ʐʑʌʅʆʝʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙʏȢ 

 

ɝɊ ɫʑʈʌʚʀʎʂ ʈʘʎʖ ʆʞʈɻʐʋʏ ʌʚʀʎʂʏ ʌʋʑ ʌʍʋʘʍʔʀʐɻʅ ɻʌʝ ʐʂʉ ɻʌʋʐʝʉʖʎʂ ʐʋʑ 

ʆɻʑʎɻʀʍʚʋʑ ʎʀ ɿʍʋʈʘɻ ʈʀ ʌʐʀʍʞɾʅɻ ɉʎʞʎʐʂʈɻ Comprex ʐʂʏ ʀʐɻʅʍʚɻʏ Brown Boveri & 

Co. Ltd). 

 

   

ɫʔʙʈɻ ρȢυȡ ɫʞʎʐʂʈɻ ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ʐʂʉ ʈʘʃʋɿʋ Comprex. 
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ρȢσȢς ɫʔʀɿʅɻʎʈʝʏ ʐʋʑ ʎʑʈʌʅʀʎʐʙ 

ɫʀ ɻʑʐʙ ʐʂʉ ʆɻʐʂɾʋʍʚɻ ɿʅɻʆʍʚʉʋʉʐɻʅ ʋʅ ʎʑʈʌʅʀʎʐʘʏ ʎʀ ɿʞʋ ʋʈʗɿʀʏȡ  

1. ɫʐʋʑʏ ʎʑʈʌʅʀʎʐʘʏ ʃʀʐʅʆʙʏ ʀʆʐʝʌʅʎʂʏ ʈʀ ʌɻʇʅʉɿʍʋʈʅʆʝ ʙ ʌʀʍʅʎʐʍʀʒʝʈʀʉʋ 

ʘʈɼʋʇʋȢ ɨʅ ʎʑʈʌʅʀʎʐʘʏ ʈʀ ʌɻʇʅʉɿʍʋʈʅʆʝ ʘʈɼʋʇʋ ʔʖʍʚʁʋʉʐɻʅ ʆʑʍʚʖʏ ʎʐʋʑʏ 

ʀʈɼʋʇʋʒʝʍʋʑʏȟ ʎʐʋʑʏ ʐʞʌʋʑ ʎʐʍʋʒɻʇʋʃɻʇʗʈʋʑ ʆɻʅ ʎʐʋʑʏ ʐʞʌʋʑ 

ʐɻʇɻʉʐʋʞʈʀʉʖʉ ʌʐʀʍʑɾʚʖʉȟ ʀʉʡ ʋʅ ʎʑʈʌʅʀʎʐʅʀʏ ʈʀ ʌʀʍʅʎʐʍʀʒʝʈʀʉʋ ʘʈɼʋʇʋ 

ʔʖʍʚʁʋʉʐɻʅ ʎʐʋʑʏ ʇʋɼʋʀʅɿʀʚʏ ʐʞʌʋʑ Roots ʙ ʎʐʋʑʏ ʆʋʔʇʅʋʀʅɿʀʚʏ ʐʞʌʋʑ 

Lysholm. 

2. ɫʐʋʑʏ ʎʑʈʌʅʀʎʐʘʏ ɿʑʉɻʈʅʆʙʏ ʍʋʙʏȢ ɚʑʐʋʚ ʈʌʋʍʀʚ ʉɻ ʀʚʉɻʅ ɻʊʋʉʅʆʙʏȟ ɻʆʐʅʉʅʆʙʏ 

ʙ ʈʅʆʐʙʏ ʍʋʙʏȢ 

 

ρȢσȢσ ɫʞʉɿʀʎʂ ʆʅʉʂʐʙʍɻ ʈʀ ʐʂʉ ʈʋʉʗɿɻ ʑʌʀʍʌʇʙʍʖʎʂʏ 

ɷʎʋʉ ɻʒʋʍʗ ʐʋʉ ʐʍʝʌʋ ʎʞʉɿʀʎʂʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʈʀ ʐʂʉ ʈʋʉʗɿɻ ʑʌʀʍʌʇʙʍʖʎʂʏ 

ʆɻʅ ʐʂʉ ʈʀʐɻʒʋʍʗ ʅʎʔʞʋʏȟ ʘʔʋʑʉ ɻʉɻʌʐʑʔʃʀʚ ʋʅ ʌɻʍɻʆʗʐʖ ʈʘʃʋɿʋʅ: 

1. ɫʑʈʌʅʀʎʐʙʏ ʎʑʁʀʑɾʈʘʉʋʏ ʎʐʂʉ ʎʐʍʋʒɻʇʋʒʝʍʋ ʗʐʍɻʆʐʋ ʐʋʑ ʆʅʉʂʐʙʍɻ 

ɉɫʔʙʈɻ ρȢσɊȢ 

2. ɟʀʞɾʋʏ ʎʑʈʌʅʀʎʐʙ-ʎʐʍʋɼʚʇʋʑ ʔʖʍʚʏ ʈʂʔɻʉʅʆʙ ʎʞʉɿʀʎʂ ʈʀ ʐʋʉ ʆʅʉʂʐʙʍɻ 

ɉɫʔʙʈɻ ρȢτɊȢ 

3. ɫʞʁʀʑʊʂ ʎʑʈʌʅʀʎʐʙ-ʎʐʍʋɼʚʇʋʑ ʑʕʂʇʙʏ ʌʚʀʎʂʏ ʆɻʅ ʎʐʍʝɼʅʇʋʏ ʅʎʔʞʋʏ 

ʔɻʈʂʇʙʏ ʌʚʀʎʂʏ ʎʑʉɿʀɿʀʈʘʉʋʏ ʈʀ ʐʂʉ ʎʐʍʋʒɻʇʋʒʝʍʋ ʗʐʍɻʆʐʋ ʐʋʑ 

ʆʅʉʂʐʙʍɻ ɉturbo-compound enginesɊȢ ɣʞʍʅɻ ʔʍʙʎʂ ʎʀ ɻʀʍʋʎʆʗʒʂ ɉɫʔʙʈɻ 

1.6ɻɊ. 

4. ɫʞʁʀʑʊʂ ʎʑʈʌʅʀʎʐʙ-ʎʐʍʋɼʚʇʋʑ ʑʕʂʇʙʏ ʌʚʀʎʂʏ ʆɻʅ ʎʑʈʌʅʀʎʐʙ ʔɻʈʂʇʙʏ 

ʌʚʀʎʂʏ ʎʐʂʉ ʎʐʍʋʒɻʇʋʒʝʍʋ ʗʐʍɻʆʐʋ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʀ ʎʀʅʍʗ ʈʀ ʐʋ ʁʀʞɾʋʏ 

ɉʎʑʉɿʑɻʎʈʘʉʂ ʑʌʀʍʌʇʙʍʖʎʂɊȢ ɣʞʍʅɻ ʔʍʙʎʂ ʎʀ ς-ɯ ʆʅʉʂʐʙʍʀʏ ʆɻʅ ʎʀ 

ʆʅʉʂʐʙʍʀʏ ʋʔʂʈʗʐʖʉ ɾʅɻ ʐʂʉ ɼʀʇʐʚʖʎʂ ʐʂʏ ʈʀʐɻɼɻʐʅʆʙʏ ʐʋʑʏ ʇʀʅʐʋʑʍɾʚɻʏ 

ɉɫʔʙʈɻ ρȢ6ɼɊ. 

5. ɫʐʍʝɼʅʇʋʏ ʅʎʔʞʋʏ ʎʀ ʎʞʉɿʀʎʂ ʈʀ ʁʀʞɾʋʏ ʎʑʈʌʅʀʎʐʙ ʆɻʅ ʆʅʉʂʐʙʍɻȢ ɠ 

ʀʊɻɾʝʈʀʉʂ ʅʎʔʞʏ ʌʍʋʘʍʔʀʐɻʅ ʈʝʉʋ ɻʌʝ ʐʋʉ ʎʐʍʝɼʅʇʋȢ 
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ɉɻɊ 

 

 

ɉɼɊ 

ɫʔʙʈɻ ρȢ6: ɉɻɊ ʈʋʉʋɾʍɻʈʈʅʆʝ ʎʔʙʈɻ ʎʞʉʃʀʐʂʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ʎʐʍʝɼʅʇʋ ʅʎʔʞʋʏȟ ɉɼɊ 

ʈʋʉʋɾʍɻʈʈʅʆʝ ʎʔʙʈɻ ʎʑʉɿʑɻʎʈʘʉʂʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ɿʞʋ ʎʑʈʌʅʀʎʐʘʏ ʎʀ ʎʀʅʍʗ [2] . 
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ρȢτ ɛɻʎʅʆʘʏ ɻʍʔʘʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ 

 

ρȢτȢρ ɜʀʉʅʆʘʏ ɻʍʔʘʏ 

ɷʌʖʏ ʘʔʀʅ ʙɿʂ ɻʉɻʒʀʍʃʀʚ ʂ ʌʅʋ ɼɻʎʅʆʙ ʆɻʅ ʀʑʍʘʖʏ ʔʍʂʎʅʈʋʌʋʅʋʞʈʀʉʂ ʈʘʃʋɿʋʏ 

ʑʌʀʍʌʇʙʍʖʎʂʏ ʀʚʉɻʅ ʂ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂ ɉÔÕÒÂÏÃÈÁÒÇÉÎÇɊȢ ɠ ʎʑɾʆʀʆʍʅʈʘʉʂ 

ʈʘʃʋɿʋʏ ʌɻʍʋʑʎʅʗʁʀʅ ʐɻ ʌʀʍʅʎʎʝʐʀʍɻ ʌʇʀʋʉʀʆʐʙʈɻʐɻ ʎʑɾʆʍʅʐʅʆʗ ʈʀ ʐʅʏ ʑʌʝʇʋʅʌʀʏ 

ʌʋʑ ɻʉɻʒʘʍʃʂʆɻʉ ʆɻʅ ʘʔʀʅ ɾʉʖʍʚʎʀʅ ʐʂʉ ʈʀɾɻʇʞʐʀʍʂ ʀʊʘʇʅʊʂ ʈʘʎɻ ɻʌʝ ʈʅɻ ʌʇʂʃʡʍɻ 

ʀʒɻʍʈʋɾʡʉ ʎʀ ʆʅʉʂʐʙʍʀʏ OÔÔÏ ʙ ɉʆʑʍʚʖʏɊ DieselȢ ɫʔʀɿʝʉ ʌʗʉʐɻ ʀʚʉɻʅ ʆɻʅ ʂ ʑʇʋʌʋʚʂʎʂ 

ʐʂʏ ʈʀʃʝɿʋʑ ʈʀ ʐʋʌʋʃʘʐʂʎʂ ʀʉʝʏ ʕʑɾʀʚʋʑ ʡʎʐʀ ʉɻ ʕʞʔʀʐɻʅ ʋ ɻʘʍɻʏ ʑʌʀʍʌʇʙʍʖʎʂʏ 

ʌʍʋʐʋʞ ʀʅʎʘʇʃʀʅ ʎʐʋʑʏ ʆʑʇʚʉɿʍʋʑʏȟ ɾʅɻ ʌʀʍɻʅʐʘʍʖ ɻʞʊʂʎʂ ʐʂʏ ʌʑʆʉʝʐʂʐʗʏ ʐʋʑ 

ɉÁÆÔÅÒÃÏÏÌÅÒɊȢ ɬʋ ʁʀʞɾʋʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ɻʌʋʐʀʇʀʚʐɻʅ ʎʑʉʙʃʖʏ ɻʌʝ ʘʉɻʉ 

ʒʑɾʋʆʀʉʐʍʅʆʝ ɉɻʆʐʅʉʅʆʝɊ ʎʑʈʌʅʀʎʐʙ ʆɻʅ ɻʌʝ ʘʉɻʉ ɻʆʐʅʉʅʆʝ ɉɾʅɻ ʐʅʏ ʌʅʋ ʈʅʆʍʘʏ 

ʀʒɻʍʈʋɾʘʏɊ ʙ ʘʉɻʉ ɻʊʋʉʅʆʝ ɉɾʅɻ ʐʅʏ ʈʀɾɻʇʞʐʀʍʀʏ ʀʒɻʍʈʋɾʘʏɊ ʎʐʍʝɼʅʇʋ ʅʎʔʞʋʏȢ  

ɨ ʎʑʈʌʅʀʎʐʙʏ ʆɻʅ ʋ ʎʐʍʝɼʅʇʋʏ ʀʚʉɻʅ ʈʂʔɻʉʅʆʗ ʎʑʉɿʀɿʀʈʘʉʋʅ ʎʐʂʉ ʚɿʅɻ ʗʐʍɻʆʐʋ 

ɉɫʔʙʈɻ ρȢ7Ɋ ʆɻʅ ʂ ʅʎʔʞʏ ʌʋʑ ɻʌɻʅʐʀʚʐɻʅ ɾʅɻ ʐʂʉ ʆʚʉʂʎʂ ʐʋʑ ʎʑʈʌʅʀʎʐʙ ʌɻʍʘʔʀʐɻʅ ɻʌʝ 

ʐʋʉ ʎʐʍʝɼʅʇʋ ʈʘʎʖ ʐʂʏ ɻʌʋʐʝʉʖʎʂʏ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉȢ ɬʋ ʝʇʋ ʎʞʎʐʂʈɻ ɻʌʋʐʀʇʀʚ ʈʅɻ 

ɻʍʆʀʐʗ ɻʌʇʙ ʆɻʐɻʎʆʀʑʙ ʈʀ ʎʂʈɻʉʐʅʆʗ ʋʒʘʇʂȟ ʐɻ ʋʌʋʚɻ ʀʚʉɻʅ ʐɻ ʀʊʙʏȡ ʀʌʅʐʑɾʔʗʉʀʐɻʅ 

ʑʕʂʇʙ ʎʑɾʆʘʉʐʍʖʎʂ ʅʎʔʞʋʏȟ ʈʀʚʖʎʂ ʐʂʏ ʀʅɿʅʆʙʏ ʆɻʐɻʉʗʇʖʎʂʏ ʆɻʑʎʚʈʋʑ ʆɻʅ ɿʀʉ 

ʑʌʗʍʔʀʅ ɻʌʋʍʍʝʒʂʎʂ ʀʌʅʌʇʘʋʉ ʘʍɾʋʑ ɻʌʝ ʐʂʉ ɥȢɞȢɣȢ 

ɠ ɻʍʔʙ ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʁʀʞɾʋʑʏ ʘʔʀʅ ʖʏ ʀʊʙʏȡ ʋ ɻʘʍɻʏ ʌʀʍʅɼʗʇʇʋʉʐʋʏ 

ɻʉɻʍʍʋʒʗʐɻʅ ɻʌʝ ʐʋʉ ʎʑʈʌʅʀʎʐʙ ɻʑʊʗʉʋʉʐɻʏ ʐʂʉ ʌʑʆʉʝʐʂʐʗ ʐʋʑȟ ʎʐʂ ʎʑʉʘʔʀʅɻ 

ʕʞʔʀʐɻʅ ɻʌʝ ʐʋ ʕʑɾʀʚʋ ʌʋʑ ʑʌʗʍʔʀʅ ʈʀʐɻʊʞ ʐʋʑ ʎʑʈʌʅʀʎʐʙ ʆɻʅ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ 

ʋɿʂɾʀʚʐɻʅ ʎʐʋʑʏ ʆʑʇʚʉɿʍʋʑʏ ʝʌʋʑ ʆɻʅ ʀʊʘʍʔʀʐɻʅ ʖʏ ʆɻʑʎɻʘʍʅʋ ʌʅɻȟ ʋɿʂɾʋʞʈʀʉʋ ʎʐʋʉ 

ʎʐʍʝɼʅʇʋ ɾʅɻ ʉɻ ɾʚʉʀʅ ʂ ʀʆʐʝʉʖʎʙ ʐʋʑ ʆɻʅ ʉɻ ʌɻʍɻʔʃʀʚ ʂ ɻʌɻʅʐʋʞʈʀʉʂ ʅʎʔʞʏ ɾʅɻ ʐʂʉ 

ʆʚʉʂʎʂ ʐʋʑ ʎʑʈʌʅʀʎʐʙ ɉɫʔʙʈɻ ρȢ8). 
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ɫʔʙʈɻ 1.7ȡ ɟʀʞɾʋʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙ ɉɾɻʇʗʁʅʋ ʐʈʙʈɻȡ ʎʑʈʌʅʀʎʐʙʏȟ ʆʝʆʆʅʉʋ ʐʈʙʈɻȡ ʎʐʍʝɼʅʇʋʏȟ 

ʆʚʐʍʅʉʋ ʐʈʙʈɻȡ ʇʚʌɻʉʎʂ ʐʂʏ ɻʐʍʗʆʐʋʑɊȢ 

 

ρȢτȢς ɞʉɿʅʗʈʀʎʂ ʕʞʊʂ ʐʋʑ ɻʘʍɻ ʑʌʀʍʌʇʙʍʖʎʂʏ 

ɩʍʖʐɻʍʔʅʆʝʏ ʎʐʝʔʋʏ ʐʂʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʀʚʉɻʅ ʂ ɻʞʊʂʎʂ ʐʂʏ ʌʚʀʎʂʏ ʀʅʎɻɾʖɾʙʏ 

ʎʐʋʑʏ ʆʑʇʚʉɿʍʋʑʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʗʍɻ ʂ ɻʞʊʂʎʂ ʐʂʏ ʌʑʆʉʝʐʂʐɻʏ ʐʋʑ ɻʘʍɻȢ ɱʎʐʝʎʋ 

ʀʚʉɻʅ ɻɿʞʉɻʐʋ ʉɻ ʎʑʈʌʅʀʎʐʀʚ ʋ ɻʘʍɻʏ ʔʖʍʚʏ ʐɻʑʐʝʔʍʋʉɻ ʉɻ ɻʑʊʂʃʀʚ ʆɻʅ ʂ 

ʃʀʍʈʋʆʍɻʎʚɻ ʐʋʑȟ ʝʌʖʏ ʒɻʚʉʀʐɻʅ ʆɻʅ ɻʌʝ ʐʂʉ ʆɻʐɻʎʐɻʐʅʆʙ ʀʊʚʎʖʎʂ ʐʖʉ ɻʀʍʚʖʉȡ 

ʍ Ѐ 
ᶻ

                                                                       (1.1) 

ɳʐʎʅ ʀʚʉɻʅ ʌʅʃɻʉʝȟ ɻʉ ʂ ɻʞʊʂʎʂ ʐʂʏ ʃʀʍʈʋʆʍɻʎʚɻʏ ʐʋʑ ɻʘʍɻ ʇʝɾʖ ʐʂʏ ʎʑʈʌʚʀʎʙʏ 

ʐʋʑ ʀʚʉɻʅ ʈʀɾʗʇʂȟ ʉɻ ʈʂʉ ʀʌʅʐʑɾʔʗʉʀʐɻʅ ʂ ʀʌʅʃʑʈʂʐʙ ɻʞʊʂʎʂ ʐʂʏ ʌʑʆʉʝʐʂʐʗʏ ʐʋʑȢ 

ɞʚʉɻʅ ʇʋʅʌʝʉ ʒɻʉʀʍʝȟ ʌʖʏ ʂ ɻʉʞʕʖʎʂ ʐʂʏ ʃʀʍʈʋʆʍɻʎʚɻʏ ʐʋʑ ɻʘʍɻ ʌʍʘʌʀʅ ʉɻ ʀʚʉɻʅ 

ʝʎʋ ʐʋ ɿʑʉɻʐʝʉ ʈʅʆʍʝʐʀʍʂ ʆɻʅ ʗʍɻ ʂ ʔʍʙʎʂ ʀʉʝʏ ʀʉɿʅʗʈʀʎʋʑ ʕʑɾʀʚʋʑ ʆʍʚʉʀʐɻʅ ʎʐʅʏ 

ʌʀʍʅʎʎʝʐʀʍʀʏ ʌʀʍʅʌʐʡʎʀʅʏ ɻʌɻʍɻʚʐʂʐʂ ɉɫʔʙʈɻʐɻ 1.8 ʆɻʅ ρȢωɊȢ ɞʌʅʌʇʘʋʉȟ ʂ ʔʍʙʎʂ ʐʋʑ 

ʕʑɾʀʚʋʑ ʋɿʂɾʀʚ ʌʋʇʇʘʏ ʒʋʍʘʏ ʆɻʅ ʎʐɻ ɻʆʝʇʋʑʃɻ ʋʑʎʅɻʎʐʅʆʗ ʌʇʀʋʉʀʆʐʙʈɻʐɻȡ 

ü ɯɻʈʂʇʝʐʀʍʀʏ ʃʀʍʈʋʆʍɻʎʚʀʏ ʎʐʋ ʀʎʖʐʀʍʅʆʝ ʐʖʉ ʆʑʇʚʉɿʍʖʉ ʆɻʅ ʗʍɻ ʈʅʆʍʝʐʀʍʂ 

ʃʀʍʈʅʆʙ ʆɻʐɻʌʝʉʂʎʂ ʐʋʑ ʆʅʉʂʐʙʍɻȢ 

ü ɥʀʅʖʈʘʉʀʏ ʀʆʌʋʈʌʘʏ NOxȟ ʇʝɾʖ ʐʖʉ ʈʀʅʖʈʘʉʖʉ ʃʀʍʈʋʆʍɻʎʅʡʉȢ 

ü ɞʉʚʎʔʑʎʂ ʐʂʏ ʘʉʉʋʅɻʏ ʐʂʏ ʑʌʀʍʌʇʙʍʖʎʂʏȟ ʆɻʃʡʏ ʈʀ ʈʀʚʖʎʂ ʐʂʏ ʃʀʍʈʋʆʍɻʎʚɻʏ 

ʐʋʑ ɻʘʍɻ ʀʌʅʐʑɾʔʗʉʀʐɻʅ ʌʀʍɻʅʐʘʍʖ ɻʞʊʂʎʂ ʐʂʏ ʌʑʆʉʝʐʂʐʗʏ ʐʋʑȢ 
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ɫʔʙʈɻ ρȢ8ȡ ɬʑʌʅʆʙ ɿʅʗʐɻʊʂ ʁʀʞɾʋʑʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ɥȢɞȢɣȢ ʆɻʅ ʀʉɿʅʗʈʀʎʋ ʕʑɾʀʚʋȢ 

 

ɩɻʍȭ ʝʇɻ ɻʑʐʗȟ ɻʉ ʆɻʅ ʂ ʈʘʃʋɿʋʏ ʐʂʏ ʕʞʊʂʏ ʐʋʑ ɻʘʍɻ ʀʒɻʍʈʝʁʀʐɻʅ ʎʑʔʉʗȟ ɿʀʉ ʀʚʉɻʅ 

ʆɻʃʋʇʅʆʙ ʎʀ ʔʍʙʎʂ ʆɻʅ ɻʑʐʝ ɾʅɻʐʚ ʌɻʍʋʑʎʅʗʁʀʅ ʆɻʅ ʆʗʌʋʅɻ ʎʑɾʆʀʆʍʅʈʘʉɻ 

ʈʀʅʋʉʀʆʐʙʈɻʐɻ ʌʋʑ ɻʉɻʒʘʍʋʉʐɻʅ ʎʐʂʉ ʎʑʉʘʔʀʅɻȡ 

ü ɚʌʡʇʀʅʀʏ ʌʚʀʎʂʏ ʐʋʑ ɻʘʍɻ ʆɻʃʡʏ ʌʀʍʉʗ ɻʌʝ ʐʅʏ ɿʅʗʒʋʍʀʏ ʀʌʅʌʇʘʋʉ 

ʎʖʇʂʉʡʎʀʅʏ ʆɻʅ ʈʅʆʍʙ ʌʐʡʎʂ ʎʐʂʉ ʌʚʀʎʂ ʀʅʎɻɾʖɾʙʏ ʐʋʑ ɻʘʍɻ ʎʐʋʑʏ 

ʆʑʇʚʉɿʍʋʑʏȢ 

ü ɬʋ ʆʝʎʐʋʏ ʐʂʏ ʀʒɻʍʈʋɾʙʏ ʌʋʑ ʝʈʖʏ ʐʅʏ ʌʀʍʅʎʎʝʐʀʍʀʏ ʒʋʍʘʏ ɻʉʐʅʎʐɻʃʈʚʁʀʐɻʅ 

ɻʌʝ ʐɻ ʋʒʘʇʂ ʐʂʏ ʕʞʊʂʏ ʐʋʑ ɻʘʍɻȢ 

ü ɞʞʍʀʎʂ ʔʡʍʋʑȢ 

    ɳʐʎʅȟ ʎʑʉʙʃʖʏ ʂ ʔʍʂʎʅʈʋʌʋʚʂʎʂ ʙ ʝʔʅ ʀʉʝʏ ʀʉɿʅʗʈʀʎʋʑ ʕʑɾʀʚʋʑ ʎʑʎʔʀʐʚʁʀʐɻʅ 

ʆʗʃʀ ʒʋʍʗ ʈʀ ʐʂʉ ʀʆʗʎʐʋʐʀ ʀʒɻʍʈʋɾʙȢ 

 

ɫʔʙʈɻ ρȢωȡ ɝʅʗʐɻʊʂ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʆɻʅ ɥȢɞȢɣȢ ʈʀ ʘʈʒɻʎʂ ʎʐʋ ʀʉɿʅʗʈʀʎʋ ʕʑɾʀʚʋȢ 
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ρȢυ ɥʀʐɻɼɻʐʅʆʙ ʇʀʅʐʋʑʍɾʚɻ ʀʉʝʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʈʘʉʋʑ 

ʆʅʉʂʐʙʍɻ 

ɱʏ ʈʀʐɻɼɻʐʅʆʙ ʆɻʐʗʎʐɻʎʂ ʇʀʅʐʋʑʍɾʚɻʏ ɉÔÒÁÎÓÉÅÎÔɊ ʀʉʝʏ ʆʅʉʂʐʙʍɻ ÄÉÅÓÅÌ ʋʍʚʁʀʐɻʅ 

ʐʋ ʐʈʙʈɻ ʀʆʀʚʉʋ ʐʂʏ ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʆɻʐʗ ʐʋ ʋʌʋʚʋ ʀʚʐʀ ʂ ʐɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʐʋʑ 

ʀʚʐʀ ʐʋ ʒʋʍʐʚʋ ʐʋʑ ʙ ʆɻʅ ʐɻ ɿʞʋ ʈʀʐɻɼʗʇʇʋʉʐɻʅ ʔʍʋʉʅʆʗ ʈʘʔʍʅ ʐʂʉ ʀʌʚʐʀʑʊʂ ʈʅɻʏ 

ʆɻʐʗʎʐɻʎʂʏ ʅʎʋʍʍʋʌʚɻʏ ɍ6ɎȢ ɠ ʈʀʐɻɼʋʇʙ ʐʋʑ ʒʋʍʐʚʋʑ ʀʚʉɻʅ ʂ ʎʑʉʙʃʂʏ ʆɻʐʗʎʐɻʎʂ 

ʈʀʐɻɼɻʐʅʆʙʏ ʇʀʅʐʋʑʍɾʚɻʏ ɾʅɻ ɼʅʋʈʂʔɻʉʅʆʋʞʏ ʆʅʉʂʐʙʍʀʏȟ ʀʉʡ ʂ ʈʀʐɻɼʋʇʙ ʐʂʏ 

ʐɻʔʞʐʂʐɻʏ ʌʀʍʅʎʐʍʋʒʙʏ ʀʚʉɻʅ ɻʑʐʙ ʌʋʑ ʔɻʍɻʆʐʂʍʚʁʀʅ ʆʑʍʚʖʏ ʐʂʉ ʈʂ ʈʝʉʅʈʂ 

ʇʀʅʐʋʑʍɾʚɻ ɾʅɻ ʆʅʉʂʐʙʍʀʏ ʋʔʂʈʗʐʖʉȢ ɷʌʖʏ ʀʚʉɻʅ ʒɻʉʀʍʝȟ ʘʉɻʏ ʆʅʉʂʐʙʍɻʏ ʋʔʙʈɻʐʋʏ 

ʀʍɾʗʁʀʐɻʅ ʎʔʀɿʝʉ ʌʗʉʐɻ ʎʀ ʈʂ ʈʝʉʅʈʀʏ ʎʑʉʃʙʆʀʏ ʇʝɾʖ ʐʖʉ ɿʅɻʒʋʍʀʐʅʆʡʉ ʎʑʉʃʂʆʡʉ 

ʌʋʑ ʀʌʅʆʍɻʐʋʞʉ ʆʗʃʀ ʒʋʍʗ ʎʐʋ ɿʍʝʈʋȢ ɠ ʈʀʐɻɼɻʐʅʆʙ ʇʀʅʐʋʑʍɾʚɻ ʀʉʝʏ ʆʅʉʂʐʙʍɻ 

ʔʍʙʁʀʅ ʅɿʅɻʚʐʀʍʂʏ ʌʍʋʎʋʔʙʏ ʆɻʅ ʈʀʇʘʐʂʏȟ ʇʝɾʖ ʐʋʑ ʒɻʅʉʋʈʘʉʋʑ ʐʂʏ ʑʎʐʘʍʂʎʂʏ ʐʋʑ 

ʑʌʀʍʌʇʂʍʖʐʙȢ   

ɠ ʑʎʐʘʍʂʎʂ ʐʋʑ ʑʌʀʍʌʇʂʍʖʐʙ ʈʌʋʍʀʚ ʉɻ ɾʚʉʀʅ ʆɻʐɻʉʋʂʐʙ ɻʉ ʎʆʀʒʐʀʚ ʆɻʉʀʚʏ ʐʅʏ 

ʇʀʅʐʋʑʍɾʚʀʏ ʌʋʑ ʇɻʈɼʗʉʋʑʉ ʔʡʍɻ ʎȭ ʘʉɻʉ ʆʅʉʂʐʙʍɻ ʆɻʐʗ ʐʂʉ ʒʗʎʂ ʈʅɻʏ ʈʀʐɻɼɻʐʅʆʙʏ 

ʆɻʐʗʎʐɻʎʂʏȢ ɬʋ ʆʞʍʅʋ ʔɻʍɻʆʐʂʍʅʎʐʅʆʝ ʀʚʉɻʅ ʂ ʘʇʇʀʅʕʂ ʈʂʔɻʉʅʆʙʏ ʎʞʉɿʀʎʂʏ ʈʀʐɻʊʞ 

ʆʅʉʂʐʙʍɻ ʆɻʅ ʁʀʞɾʋʑʏ ʑʌʀʍʌʇʙʍʖʎʂʏȢ ɣɻʐʗ ʐʂʉ ɻʞʊʂʎʂ ʎʐʍʋʒʡʉ ʙ ʒʋʍʐʚʋʑ ʐʋʑ 

ʆʅʉʂʐʙʍɻ, ʐʋ ʌɻʍɻɾʝʈʀʉʋ ɻʌʝ ʐʋ ʎʐʍʝɼʅʇʋ ʘʍɾʋȟ ʌʍʘʌʀʅ ʌʍʡʐɻ ʉɻ ʑʌʀʍʉʅʆʙʎʀʅ ʐʂʉ 

ɻɿʍʗʉʀʅɻ ʐʋʑ ʁʀʞɾʋʑʏȟ ʡʎʐʀ ʎʐʂʉ ʎʑʉʘʔʀʅɻ ʉɻ ʈʌʋʍʘʎʀʅ ʉɻ ʀʌʅʐɻʔʞʉʀʅ ʐʋʉ 

ʎʑʈʌʅʀʎʐʙȟ ʌʋʑ ʈʀ ʐʂʉ ʎʀʅʍʗ ʐʋʑ ʃɻ ʐʍʋʒʋɿʋʐʙʎʀʅ ʐʋʉ ʆʅʉʂʐʙʍɻ ʈʀ ʐʂʉ ɻʑʊʂʈʘʉʂ 

ʌɻʍʋʔʙ ɻʘʍɻ ʌʋʑ ɻʌɻʅʐʀʚʐɻʅ ɾʅɻ ʉɻ ɻʉʐʅʈʀʐʖʌʅʎʐʀʚ ʐʋ ɻʑʊʂʈʘʉʋ ʒʋʍʐʚʋ ʙ ɾʅɻ ʉɻ 

ʀʌʅʐʀʑʔʃʀʚ ʂ ʀʌʅʃʑʈʂʐʙ ɻʞʊʂʎʂ ʎʐʍʋʒʡʉȢ ɨʑʎʅɻʎʐʅʆʗȟ ɻʑʐʝ ʌʋʑ ʎʑʈɼɻʚʉʀʅ ʆɻʐʗ ʐʂʉ 

ʌʀʍʚʋɿʋ ɻʞʊʂʎʂʏ ʐʋʑ ʒʋʍʐʚʋʑ ʙ ʐʂʏ ʐɻʔʞʐʂʐɻʏ ʌʀʍʅʎʐʍʋʒʙʏ ʆʅʉʂʐʙʍɻ ÄÉÅÓÅÌ ʀʚʉɻʅ ʂ 

ʘɾʔʑʎʂ ʈʀɾɻʇʞʐʀʍʂʏ ʌʋʎʝʐʂʐɻʏ ʆɻʑʎʚʈʋʑ, ʔʖʍʚʏ ʝʈʖʏ ʉɻ ʀʚʉɻʅ ɿʅɻʃʘʎʅʈʂ ʐʋ ʚɿʅʋ 

ʗʈʀʎɻ ʆɻʅ ʂ ɻʌɻʅʐʋʞʈʀʉʂ ʌɻʍʋʔʙ ɻʘʍɻ ɻʌʝ ʐʋʉ ʎʑʈʌʅʀʎʐʙ, ɻʒʋʞ ʋ ʎʐʍʝɼʅʇʋʏ ʌʋʑ 

ʐʋʉ ʆʅʉʀʚ ɿʀʉ ʘʔʀʅ ʌʍʋʇʗɼʀʅ ʉɻ ɻʑʊʙʎʀʅ ʐʋ ʌɻʍɻɾʝʈʀʉʋ ʘʍɾʋ ɻʌʋʐʝʉʖʎʂʏȢ 

ɳʐʎʅȟ ʎʐʅʏ ʌʍʡʐʀʏ ʔʍʋʉʅʆʘʏ ʎʐʅɾʈʘʏ ʈʀʐʗ ɻʌʝ ʈʅɻ ɻʌʝʐʋʈʂ ɻʞʊʂʎʂ ʎʐʍʋʒʡʉ ʙ 

ʒʋʍʐʚʋʑȟ ʌɻʍɻʐʂʍʀʚʐɻʅ ɻʉɻʆʋʇʋʑʃʚɻ ɻʉʗʈʀʎɻ ʎʐʂʉ ɻʑʊʂʈʘʉʂ ʌɻʍʋʔʙ ʆɻʑʎʚʈʋʑ ʆɻʅ 

ʎʐʂʉ ʔɻʈʂʇʙ ʌʋʎʝʐʂʐɻ ʐʋʑ ɻʉɻʍʍʋʒʡʈʀʉʋʑ ɻʘʍɻȟ ʈʀ ɻʌʋʐʘʇʀʎʈɻ ʋ ʇʝɾʋʏ 

ʅʎʋɿʑʉɻʈʚɻʏ ɻʘʍɻ-ʆɻʑʎʚʈʋʑ ʉɻ ʌʘʒʐʀʅ ʎʀ ʔɻʈʂʇʘʏ ʐʅʈʘʏ ʆɻʅ ʉɻ ʀʌʅʆʍɻʐʋʞʉ ʐʝʐʀ 
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ʑʕʂʇʘʏ ʀʆʌʋʈʌʘʏ ʆɻʌʉʋʞ ʆɻʅ ./xȟ ʈʘʔʍʅ ʉɻ ʀʌɻʉʘʇʃʀʅ ʋ ʆʅʉʂʐʙʍɻʏ ʎʀ ʈʅɻ ʎʐɻʃʀʍʙ 

ʆɻʐʗʎʐɻʎʂ ʇʀʅʐʋʑʍɾʚɻʏȢ ɬʋ ʒɻʅʉʝʈʀʉʋ ɻʑʐʝ ʋʉʋʈʗʁʀʐɻʅ ʑʎʐʘʍʂʎʂ ʐʋʑ 

ʑʌʀʍʌʇʂʍʖʐʙ ʙ ÔÕÒÂÏÃÈÁÒÇÅÒ ÌÁÇȟ ʎʐʂʉ ɿʅʀʃʉʙ ʋʍʋʇʋɾʚɻ ɍ6].  

 

 

ρȢφ ɠʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂ ʑʌʀʍʌʇʙʍʖʎʂ ɥȢɞȢɣȢ 

ɚʌʝ ʐɻ ʌʍʡʐɻ ʔʍʝʉʅɻ ɻʉʗʌʐʑʊʂʏ ʐʖʉ ʈʂʔɻʉʡʉ ʀʎʖʐʀʍʅʆʙʏ ʆɻʞʎʂʏ ʗʍʔʅʎɻʉ 

ʌʍʋʎʌʗʃʀʅʀʏ ɾʅɻ ʑʌʀʍʌʇʙʍʖʎʂ ʐʖʉ ʆʅʉʂʐʙʍʖʉȢ ɬɻ ʌʍʡʐɻ ɼʙʈɻʐɻ ɾʅɻ ʐʂʉ 

ʑʇʋʌʋʚʂʎʂ ɻʑʐʙʏ ʐʂʏ ʅɿʘɻʏ ʘɾʅʉɻʉ ʎʐʅʏ ɻʍʔʘʏ ʐʋʑ ςπʋʑ ɻʅʡʉɻȟ ʀʉʡ ɻʌʝ ʐʂ ɿʀʆɻʀʐʚɻ 

ʐʋʑ ρωςπ ɾʀʉʉʙʃʂʆʀ ʂ ʅɿʘɻ ɾʅɻ ʐʂʉ ʑʌʋɼʋʙʃʂʎʂ ʐʋʑ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙ ʈʀ 

ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻȢ ɠ ʅɿʘɻ ʀʊʀʇʚʔʃʂʆʀ ʈʀ ʐʂʉ ʌʗʍʋɿʋ ʐʖʉ ʀʐʡʉȟ ɻʇʇʗ ɿʀʉ ʙʐɻʉ ʐʀʔʉʅʆʗ 

ɿʑʉɻʐʝʉ ʈʘʔʍʅ ʐʋ ρωψπ ʉɻ ʑʌʗʍʊʀʅ ʘʉɻʏ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʋʏ ʎʐʍʋɼʅʇʋ-

ʑʌʀʍʌʇʂʍʖʐʙʏȢ  

ɳʉɻ ʐʘʐʋʅʋ ʎʞʎʐʂʈɻ ɾʅɻ ʉɻ ʑʇʋʌʋʅʂʃʀʚ ʔʍʀʅʗʁʀʐɻʅ ʎɻʒʡʏ ʂ ʑʌʀʍʌʇʙʍʖʎʂ ʐʋʑ 

ʆʅʉʂʐʙʍɻ ʉɻ ɾʚʉʀʐɻʅ ʈʀ ʁʀʞɾʋʏ ʎʐʍʋɼʚʇʋʑ-ʎʑʈʌʅʀʎʐʙ ʌʋʑ ʇʀʅʐʋʑʍɾʋʞʉ ɻʉʀʊʗʍʐʂʐɻ 

ɻʌʝ ʐʋʉ ʆʅʉʂʐʙʍɻ ɉɿʂʇɻɿʙ ʔʖʍʚʏ ʈʂʔɻʉʅʆʙ ʎʞʉɿʀʎʂ ʈʀ ʐʋʉ ʆʅʉʂʐʙʍɻɊ ʆɻʅ ʀʌʚʎʂʏ ʘʉɻ 

ʂʇʀʆʐʍʋʈʂʔɻʉʅʆʝ ʎʞʎʐʂʈɻ ʈʀʐɻʐʍʋʌʙʏ ʀʉʘʍɾʀʅɻʏȢ ɬɻ ɼɻʎʅʆʗ ʐʈʙʈɻʐɻ ʀʉʝʏ Å-turbo 

ʀʚʉɻʅ:  

¶ ʋ ʎʐʍʝɼʅʇʋʏȟ  

¶ ʋ ʎʑʈʌʅʀʎʐʙʏ,  

¶ ʋ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏȟ  

¶ ʂ ʈʌɻʐɻʍʚɻ, ʆɻʅ  

¶ ʘʉɻʏ ɻʉɻʎʐʍʋʒʘɻʏ ɉinverter ).  

ɛʀɼɻʚʖʏȟ ɻʉʗʇʋɾɻ ʈʀ ʐʂʉ ʒʞʎʂ ʆɻʅ ʐʅʏ ɻʌɻʅʐʙʎʀʅʏ ʐʋʑ ʋʔʙʈɻʐʋʏ ʈʌʋʍʀʚ ʉɻ 

ʑʌʗʍʊʋʑʉ ʌɻʍɻʌʗʉʖ ʐʈʙʈɻʐɻȟ ʝʌʖʏ ʂ ɼɻʇɼʚɿɻ ʀʆʐʝʉʖʎʂʏ ʆɻʑʎɻʀʍʚʖʉ ɉ7ÁÓÔÅ 

Gate) ʆɻʅ ʗʇʇɻ. ɳʉʐʋʉʋ ʀʉɿʅɻʒʘʍʋʉ ʝʈʖʏ ɾʅɻ ʐʂʉ ʐʀʔʉʋʇʋɾʚɻ ɻʑʐʙ ʀʈʒɻʉʚʎʐʂʆʀ ʈʀʐʗ 

ɻʌʝ ʐʋ ςπρπȢ ɚʑʐʝ ʐʋ ʀʉɿʅɻʒʘʍʋʉ ɻʉɻʌʐʞʔʃʂʆʀ ʌʍʖʐʚʎʐʖʏ ʇʝɾʖ ʐʖʉ ɿʑʉɻʐʋʐʙʐʖʉ 

ʐʂʏ ʐʀʔʉʋʇʋɾʚɻʏ ʉɻ ʎʑʈɼʗʇʇʀʅ ʎʐʂ ʈʀʚʖʎʂ ʐʂʏ ʆɻʐɻʉʗʇʖʎʂʏ ʆɻʑʎʚʈʋʑȟ ɻʒʀʉʝʏ ʈʘʎʖ 

ʐʂʏ ʈʀʚʖʎʂʏ ʐʋʑ ʆʑɼʅʎʈʋʞ ʐʖʉ ʆʅʉʂʐʙʍʖʉ (downsizing) ʆɻʅ ɻʒʀʐʘʍʋʑ ɼʀʇʐʅʡʉʋʉʐɻʏ 

ʐʂʉ ɻʌʝɿʋʎʂ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʐɻ ʔɻʈʂʇʗ ʒʋʍʐʚɻ ʇʀʅʐʋʑʍɾʚɻʏ ɉɼʀʇʐʚʖʎʂ ʆɻʈʌʞʇʂʏ 
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ʍʋʌʙʏɊ ʆɻʅ ʐʂʉ ɻʌʝʆʍʅʎʙ ʐʋʑ ʎʀ ʈʀʐɻɼɻʐʅʆʙ ʇʀʅʐʋʑʍɾʚɻȢ ɨ ʆʑʍʅʝʐʀʍʋʏ ʎʐʝʔʋʏ ɻʑʐʙʏ 

ʐʂʏ ʀʒɻʍʈʋɾʙʏ ʀʚʉɻʅ ʂ ʈʀʚʖʎʂ ʐʋʑ ÔÕÒÂÏ-ÌÁÇ ʆɻʅ ʀʌʋʈʘʉʖʏ ʂ ʆʞʍʅɻ ʇʀʅʐʋʑʍɾʚɻ ʐʋʑ 

ʀʚʉɻʅ ʋ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ ʉɻ ʌɻʍʘʔʀʅ ʅʎʔʞ ʎʐʋ ʁʀʞɾʋʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʆʗʃʀ ʒʋʍʗ ʌʋʑ 

ʐʋ ʝʔʂʈɻ ʔʍʀʅʗʁʀʐɻʅ ʉɻ ʀʌʅʐɻʔʞʉʀʅȢ ɱʏ ɾʉʖʎʐʝʉ ɍςɎȟ ʎʀ ʎʑʉʃʙʆʀʏ ʔɻʈʂʇʋʞ ʒʋʍʐʚʋʑ 

ʆɻʅ ʀʆʆʚʉʂʎʂʏȟ ʂ ʀʉʘʍɾʀʅɻ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ ʀʚʉɻʅ ʌʋʇʞ ʔɻʈʂʇʙȟ ʈʀ ɻʌʋʐʘʇʀʎʈɻ ʉɻ ʈʂʉ 

ʀʌɻʍʆʀʚ ɾʅɻ ʐʂʉ ʌɻʍʋʔʙ ʐʂʏ ɻʌɻʅʐʋʞʈʀʉʂʏ ʍʋʙʏ ɻʘʍɻȟ ʋʌʝʐʀ ɻʌɻʅʐʀʚʐɻʅ ʆʗʌʋʅɻ 

ʈʋʍʒʙ ɼʋʙʃʀʅɻʏȢ ɥʀ ʐʂʉ ʀʉʎʖʈʗʐʖʎʂ ʀʉʝʏ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ ʎʐʂʉ ʗʐʍɻʆʐʋ ʐʋʑ 

ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙȟ ʀʚʉɻʅ ɿʑʉɻʐʙ ʂ ʔʍʙʎʂ ʐʋʑ ʑʌʀʍʌʇʂʍʖʐʙ ʎʐɻ ʔɻʈʂʇʗ 

ʒʋʍʐʚɻ ʐʋʑ ʆʅʉʂʐʙʍɻȢ ɣʗʃʀ ʒʋʍʗ ʌʋʑ ʋ ʋɿʂɾʝʏ ʌɻʐʗʀʅ ʐʋ ʌʀʉʐʗʇ ʐʋʑ Ȱɾʆɻʁʅʋʞȱ ʀʉʡ 

ʋ ʆʅʉʂʐʙʍɻʏ ɿʋʑʇʀʞʀʅ ʎʀ ʔɻʈʂʇʘʏ ʎʐʍʋʒʘʏ ɉʆɻʅ ʀʌʋʈʘʉʖʏ ʋ ʎʐʍʝɼʅʇʋʏ ɿʀʉ ʘʔʀʅ ʐʂʉ 

ɻʌɻʍɻʚʐʂʐʂ ʅʎʔʞɊ ʈʌɻʚʉʀʅ ʎʀ ʇʀʅʐʋʑʍɾʚɻ ʋ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ ʆɻʅ ʌʍʋʎʒʘʍʀʅ ʐʂʉ 

ɻʌɻʍɻʚʐʂʐʂ ʈʂʔɻʉʅʆʙ ʅʎʔʞ ʎʐʋʉ ʎʑʈʌʅʀʎʐʙ ʡʎʐʀ ʉɻ ʎʑʈʌʅʘʎʀʅ ʈʀɾɻʇʞʐʀʍʂ 

ʌʋʎʝʐʂʐɻ ɻʘʍɻ ʆɻʅ ʘʐʎʅ ʉɻ ɻʑʊʂʃʀʚ ʗʈʀʎɻ ʂ ʍʋʌʙȟ ʗʍɻ ʆɻʅ ʋʅ ʎʐʍʋʒʘʏ ʐʋʑ ʆʅʉʂʐʙʍɻ 

ʆɻʅ ʘʐʎʅ ʐʋ ʝʔʂʈɻ ʉɻ ʒʐʗʎʀʅ ʐʂʉ ʀʌʅʃʑʈʂʐʙ ʐɻʔʞʐʂʐɻ ʌʅʋ ɾʍʙɾʋʍɻȢ ɨ ʌʅʋ 

ʎʑʉʂʃʅʎʈʘʉʋʏ ʐʍʝʌʋʏ ʀʚʉɻʅ ʂ ʐʋʌʋʃʘʐʂʎʂ ʐʋʑ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻȟ ɻʉʗʈʀʎɻ ʎʐʋ 

ʎʑʈʌʅʀʎʐʙ ʆɻʅ ʐʋ ʎʐʍʝɼʅʇʋȟ ʝʌʖʏ ʒɻʚʉʀʐɻʅ ʎʐʂʉ ʌɻʍɻʆʗʐʖ ʀʅʆʝʉɻȢ   

 

ɫʔʙʈɻ ρȢρπȡ ɞʉʎʖʈɻʐʖʈʘʉʋʏ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ ʎʐʋ ʈʘʎʋ ʐʋʑ ʁʀʞɾʋʑʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ [16]. 
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ɚʌʝ ʐʂʉ ʗʇʇʂ ʌʇʀʑʍʗȟ ʐɻ ʐʀʇʀʑʐɻʚɻ ʔʍʝʉʅɻȟ ʂ ɻʌʝɿʋʎʂ ʐʖʉ ʎʐʍʋɼʅʇʋ-

ʑʌʀʍʌʇʂʍʖʐʡʉ ʘʔʀʅ ɼʀʇʐʅʖʃʀʚ ʎʂʈɻʉʐʅʆʗ ʆɻʅ ʎʀ ʎʑʉɿʑɻʎʈʝ ʈʀ ʌʋʇʇʘʏ ʉʘʀʏ 

ʐʀʔʉʋʇʋɾʚʀʏȟ ʝʌʖʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʘʏ ʈʀ ʈʀʅʖʈʘʉʂ ʍʋʌʙ ɻɿʍɻʉʀʚɻʏȟ 

ʎʐʍʋɼʚʇʋʑʏ ʈʀ ʌʐʀʍʞɾʅɻ ʈʀʐɻɼʇʂʐʙʏ ɾʀʖʈʀʐʍʚɻʏ ɉ6'4Ɋȟ ʔʍʙʎʂ ʎʐʍʋɼʚʇʋʑ 

ʈʅʆʍʝʐʀʍʖʉ ɿʅɻʎʐʗʎʀʖʉ ʈʀ ʌɻʍʗʇʇʂʇʂ ʔʍʙʎʂ ɼɻʇɼʚɿɻʏ ʀʆʐʝʉʖʎʂʏ ɉ×ÁÓÔÅ ÇÁÔÅɊ, 

ʘʔʀʅ ʖʏ ɻʌʋʐʘʇʀʎʈɻ (ʈʀɾʗʇʋ) ʈʘʍʋʏ ʐʂʏ ʀʉʘʍɾʀʅɻʏ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ ʉɻ ɻʌʋʍʍʚʌʐʀʐɻʅ 

ɉʆʑʍʚʖʏ ʎʐɻ ʑʕʂʇʗ ʒʋʍʐʚɻɊ ʇʝɾʖ ʐʋʑ ʝʐʅ ɿʀʉ ʑʌʗʍʔʀʅ ʆʗʌʋʅʋʏ ʇʝɾʋʏ ɻʊʅʋʌʋʚʂʎʂʏȟ 

ʆɻʃʡʏ ʋ ʆʅʉʂʐʙʍɻʏ ʐʍʋʒʋɿʋʐʀʚʐɻʅ ʈʀ ʐʂʉ ɻʌɻʍɻʚʐʂʐʂ ʌʋʎʝʐʂʐɻ ɻʘʍɻȢ ɞʌʅʌʇʘʋʉ ʈʀ 

ʐʂʉ ɻʌʝʍʍʅʕʂ ɻʑʐʙȟ ɻʌʋɾʀʞɾʋʉʐɻʅ ʒɻʅʉʝʈʀʉɻ ʑʌʀʍʐʗʔʑʎʉʂʏ (overspeeding) ʐʋʑ 

ʁʀʞɾʋʑʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʆɻʃʡʏ ʆɻʅ ʑʌʀʍɼʋʇʅʆʡʉ ʌʅʘʎʀʖʉ ɉoverboostingɊ ʀʉʐʝʏ ʐʋʑ 

ʆʑʇʚʉɿʍʋʑȢ ɜʅȭɻʑʐʝȟ ɻʉʐʚ ɾʅɻ ʐʂʉ ʀʉʎʖʈʗʐʖʎʂ ʀʉʝʏ ɻʌʇʋʞ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ ʎʐʋ 

ʁʀʞɾʋʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʀʚʉɻʅ ɿʑʉɻʐʙ ʂ ʀʉʎʖʈʗʐʖʎʂ ʀʉʝʏ ʎʑʉɿʑɻʎʈʋʞ 

ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻȾɾʀʉʉʙʐʍʅɻʏ ʈʀɾʗʇʂʏ ʐɻʔʞʐʂʐɻʏ ʌʋʑ ʇʀʅʐʋʑʍɾʀʚ ʖʏ ȺɼʋʂʃʝʏȻ ʐʋʑ 

ʎʑʈʌʅʀʎʐʙ ʝʐɻʉ ʇʀʅʐʋʑʍɾʀʚ ʎʀ ʔɻʈʂʇʝ ʒʋʍʐʚʋ ʋ ʆʅʉʂʐʙʍɻʏ ʀʉʡ ʎʐɻ ʑʕʂʇʗ ʒʋʍʐʚɻ 

ʔʍʂʎʅʈʋʌʋʅʀʚ ʐʂʉ ʌʀʍʚʎʎʀʅɻ ʀʉʘʍɾʀʅɻ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ ɾʅɻ ʉɻ ʌɻʍʗɾʀʅ ʂʇʀʆʐʍʅʆʙ 

ʀʉʘʍɾʀʅɻȢ ɞʌʋʈʘʉʖʏ, ʂ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂ ʑʌʀʍʌʇʙʍʖʎʂ ʈʌʋʍʀʚ ʉɻ ʘʔʀʅ ʆɻʅ 

ʈʚɻ ʀʌʅʌʇʘʋʉ ʇʀʅʐʋʑʍɾʚɻȟ ʂ ʋʌʋʚɻ ʀʚʉɻʅ ʂ ʌɻʍɻɾʖɾʙ ʂʇʀʆʐʍʅʆʙʏ ʀʉʘʍɾʀʅɻʏȢ ɠ 

ʇʀʅʐʋʑʍɾʚɻ ɻʑʐʙ ʀʉʀʍɾʋʌʋʅʀʚʐɻʅ ʝʐɻʉ ʂ ʅʎʔʞʏ ʐʋʑ ʎʐʍʋɼʚʇʋʑ ʀʚʉɻʅ ʈʀɾɻʇʞʐʀʍʂ ɻʌʝ 

ʐʂʉ ɻʌɻʅʐʋʞʈʀʉʂ ɻʌʝ ʐʋʉ ʎʑʈʌʅʀʎʐʙ ʅʎʔʞȟ ʌȢʔȢ ʝʐɻʉ ʋ ʋɿʂɾʝʏ ɻʒʙʉʀʅ ʐʋ ʌʀʉʐʗʇ ʐʋʑ 

ȰɾʆɻʁʅʋʞȱȢ ɫʀ ɻʑʐʙ ʐʂʉ ʌʀʍʚʌʐʖʎʂ, ʂ ʀʌʅʌʇʘʋʉ ʀʉʘʍɾʀʅɻ ʌʋʑ ʇɻʈɼʗʉʀʐɻʅ ʈʘʎʖ ʐʋʑ 

ʎʐʍʋɼʚʇʋʑ ɻʌʝ ʐɻ ʆɻʑʎɻʘʍʅɻ ʈʀʐɻʐʍʘʌʀʐɻʅ ʎʀ ʂʇʀʆʐʍʅʆʙ ʈʘʎʖ ʐʂʏ ɾʀʉʉʙʐʍʅɻʏ ʆɻʅ 

ʀʚʐʀ ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅ ɻʌʝ ʐʋ ɿʚʆʐʑʋ ʀʚʐʀ ɻʌʋʃʂʆʀʞʀʐɻʅ ʎʐʂʉ ʈʌɻʐɻʍʚɻȢ ɫʀ ʘʉɻʉ 

ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʋ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙ ɉ%!4#Ɋ, ʂ ɾʀʉʉʙʐʍʅɻ ʆʅʉʂʐʙʍʖʉ 

ʑʕʂʇʙʏ ʐɻʔʞʐʂʐɻʏ ʀʚʉɻʅ ʀʉʎʖʈɻʐʖʈʘʉʂ ʎʐʋ ʁʀʞɾʋʏ ʎʐʍʋɼʚʇʋʑ-ʎʑʈʌʅʀʎʐʙ ʌʋʑ ʃɻ 

ʆʗʉʀʅ ʐʋʉ %!4# ʐʝʎʋ ʎʑʈʌɻɾʙ ʝʎʋ ʆɻʅ ʐʋ ɻʌʇʝ ʎʞʎʐʂʈɻ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ, 

ʆɻʅ ʀʌʋʈʘʉʖʏ ɿʀʉ ɻʌɻʅʐʋʞʉʐɻʅ ʎʂʈɻʉʐʅʆʘʏ ɻʇʇɻɾʘʏ ʎʐʋʉ ʆʞʍʅʋ ʆʅʉʂʐʙʍɻȢ ɤʝɾʖ ʐʂʏ 

ʎʑʈʌɻɾʋʞʏ ʇʞʎʂʏ ʐʋʑ %!4#ȟ ʋ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏȾɾʀʉʉʙʐʍʅɻ ʈʌʋʍʀʚ ʉɻ ʐʋʌʋʃʀʐʂʃʀʚ 

ʎʐʂʉ ʌʇʀʑʍʗ ʐʋʑ ʎʑʈʌʅʀʎʐʙȟ ʌʍʗɾʈɻ ʌʋʑ ʃɻ ɿʅʀʑʆʋʇʞʉʀʅ ʐʂʉ ʕʞʊʂ ʐʋʑ 

ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻȾɾʀʉʉʙʐʍʅɻʏ ʈʀ ʐʂ ɼʋʙʃʀʅɻ ɻʘʍɻȟ ʉʀʍʋʞ ʕʞʊʂʏ ʙ ʐʋʑ ʇʅʌɻʉʐʅʆʋʞȢ   

ɷʌʖʏ ʌʍʋɻʉɻʒʘʍʃʂʆʀȟ ʋ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʋʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙʏ 

ɉ%!4#Ɋ ʀʚʉɻʅ ʀʉʎʖʈɻʐʖʈʘʉʋʏ ʎʐʋ ʁʀʞɾʋʏ ʐʋʑ ʑʌʀʍʌʇʂʍʖʐʙȟ ʌʍʋʎʒʘʍʋʉʐɻʏ 
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ʈʂʔɻʉʅʆʙ ʅʎʔʞ ʈʀ ʐʋʉ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻȟ ʆɻʅ ʀʌʋʈʘʉʖʏ ʆɻʃʚʎʐɻʐɻʅ ɿʑʉɻʐʝʉ ʉɻ 

ɻʉɻʌʐʑʔʃʀʚ ʋ ɻʌɻʍɻʚʐʂʐʋʏ ʇʝɾʋʏ ʌʚʀʎʂʏ ɻʌʝ ʐʋʉ ʎʑʈʌʅʀʎʐʙȢ ɥʀ ɻʑʐʝʉ ʐʋʉ ʐʍʝʌʋȟ 

ʑʌʗʍʔʀʅ ʀʌɻʍʆʙʏ ʌʋʎʝʐʂʐɻ ɻʘʍɻ ɾʅɻ ʈʅɻ ɻʌʋɿʋʐʅʆʙ ʆɻʅ ʆɻʃɻʍʝʐʀʍʂ ʆɻʞʎʂȢ 

ɞʌʋʈʘʉʖʏȟ ʀʆʐʝʏ ɻʌʝ ʐʋʉ ɼɻʎʅʆʝ ʎʐʝʔʋ ʌʋʑ ʀʚʉɻʅ ʂ ɼʀʇʐʚʖʎʂ ʐʂʏ ɻʌʝʆʍʅʎʂʏ ʐʋʑ 

ʋʔʙʈɻʐʋʏȟ ʈʀ ʐʂ ɼʋʙʃʀʅɻ ʐʋʑ %!4# ʀʚʉɻʅ ɿʑʉɻʐʝ ʉɻ ʈʀʅʖʃʀʚ ʂ ʀʅɿʅʆʙ ʆɻʐɻʉʗʇʖʎʂ 

ʆɻʑʎʚʈʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʑʕʂʇʡʉ ʐɻʔʑʐʙʐʖʉ. ɬʋ %!4# ʈʌʋʍʀʚ ʉɻ ʌʍʋʎʒʘʍʀʅ 

ɻʆʝʈɻ ʌʀʍʅʎʎʝʐʀʍɻ ʎʐʂʉ ɼʀʇʐʚʖʎʂ ʐʂʏ ʆɻʐɻʉʗʇʖʎʂʏ ʆɻʑʎʚʈʋʑȟ ʎʐʂʉ ʀʌʚʐʀʑʊʂ 

ʆɻʇʞʐʀʍʂʏ ʆɻʈʌʞʇʂʏ ʍʋʌʙʏ ɻʌʝ ʐʋʉ ʆʅʉʂʐʙʍɻ ʆɻʅ ʎʐʂʉ ʈʀʚʖʎʂ ʐʋʑ ʆʅʉɿʞʉʋʑ 

ʌʗʇʈʖʎʂʏ ʐʋʑ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙȟ ʇʀʅʐʋʑʍɾʡʉʐɻʏ ʐʋʉ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ ʆɻʅ 

ʎɻʉ ɾʀʉʉʙʐʍʅɻȢ  

ɣʇʀʚʉʋʉʐɻʏȟ ʘʉɻ ʌɻʍʗɿʀʅɾʈɻ ʔʍʙʎʂʏ ʐʂʏ ʐʀʔʉʋʇʋɾʚɻʏ ɻʑʐʙʏ ʀʚʉɻʅ ʂ ɿʋʆʅʈʙ ʌʋʑ 

ɿʅʀʊʙʔʃʂ ʐʋ ʘʐʋʏ ςπρς ɻʌʝ ʐʋʑʏ /ÎÏȟ 3ÈÉÒÁÉÓÈÉ ʆɻʅ 9ÁÍÁÓÈÉÔÁ ʎʀ ʃɻʇʗʎʎʅɻ ʀʒɻʍʈʋɾʙȟ 

ʝʌʋʑ ʋ ʎʐʝʔʋʏ ʙʐɻʉ ʉɻ ɿʋʑʉ ʐʅ ʃɻ ʈʌʋʍʋʞʎʀ ʉɻ ʀʌʅʐʀʑʔʃʀʚ ʈʀ ʘʉɻ %!4# ʎʀ ʎʆʗʒʋʏȢ 

ɨʅ ʌɻʍʗʈʀʐʍʋʅ ʌʋʑ ʀʊʀʐʗʎʐʂʆɻʉ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ɿʋʆʅʈʙʏ ʙʐɻʉ ʂ ɻʌʝɿʋʎʂ ʐʋʑ 

ʑʌʀʍʌʇʂʍʖʐʙȟ ʂ ʅʎʔʞʏ ʀʊʝɿʋʑȟ ʐʋ ʒʋʍʐʚʋ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʐʅ ʃɻ ʎʑʈɼʀʚ ʎʐʋ ʁʀʞɾʋʏ 

ʝʐɻʉ ʀʈʒɻʉʚʁʋʉʐɻʅ ʊɻʒʉʅʆʘʏ ɻʇʇɻɾʘʏ ʒʋʍʐʚʋʑȢ ɨ ʆʅʉʂʐʙʍɻʏ ʌʋʑ ʀʌʅʇʘʔʃʂʆʀ ɾʅɻ ʐʂ 

ɿʋʆʅʈʙ ʙʐɻʉ ʘʉɻʏ ʌʀʐʍʀʇɻʅʋʆʅʉʂʐʙʍɻʏ ʔɻʈʂʇʡʉ ʎʐʍʋʒʡʉȢ ɠ ɿʋʆʅʈʙ ʘɿʀʅʊʀ ʝʐʅ ʐʋ 

%!4# ʃɻ ʈʌʋʍʋʞʎʀ ʉɻ ɻʍʔʚʎʀʅ ʉɻ ʌɻʍɻɿʚɿʀʅ ʅʎʔʞ ʎʐʋ ʎʆʗʒʋʏ ʎʀ ʒʋʍʐʚʋ ʆʅʉʂʐʙʍɻ 

φπϷ ʆɻʅ ʎʀ ʒʋʍʐʚʋ ʆʅʉʂʐʙʍɻ χυϷȟ ʐʋ %!4# ʃɻ ʈʌʋʍʋʞʎʀ ʉɻ ʌɻʍʘʔʀʅ ʀʌɻʍʆʙ ʅʎʔʞ ɾʅɻ 

ʉɻ ʑʌʋʎʐʂʍʚʊʀʅ ʐʅʏ ɻʌɻʅʐʙʎʀʅʏ ʅʎʔʞʋʏ ʋʇʝʆʇʂʍʋʑ ʐʋʑ ʎʆʗʒʋʑʏȢ [18,19,25] 

 

ɫʔʙʈɻ ρȢρρȡ ɝʅʗʐɻʊʂ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂʏ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ [29] . 
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ɣɞɮɚɤɚɢɨ ς ɀ ɫʔʂʈɻʐʅʎʈʝʏ ʆɻʅ 

ɞʆʌʋʈʌʙ ɪʞʌʖʉ ɻʌʝ ɣʅʉʂʐʙʍʀʏ Diesel1 

 

2Ȣρ ɜʀʉʅʆʗ 

ɨ ʎʔʂʈɻʐʅʎʈʝʏ ʐʖʉ ʍʑʌʋɾʝʉʖʉ ʋʑʎʅʡʉ ʌʋʑ ʀʆʌʘʈʌʋʉʐɻʅ ɻʌʝ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ 

ʋʔʂʈʗʐʖʉ ʋʒʀʚʇʀʐɻʅ ʎʐʂ ʔʂʈʅʆʙ ɿʅʗʎʐɻʎʂ ʐʖʉ ʌʍʋʛʝʉʐʖʉ ʐʂʏ ʆɻʞʎʂʏ ʌʋʑ 

ʌʍʋʆɻʇʀʚʐɻʅ ɻʌʝ ʐʅʏ ʑʕʂʇʘʏ ʃʀʍʈʋʆʍɻʎʚʀʏ ʌʋʑ ɻʉɻʌʐʞʎʎʋʉʐɻʅ ʎʐʋʉ ʃʗʇɻʈʋ ʆɻʞʎʂʏȟ 

ʋʅ ʋʌʋʚʀʏ ʐʋʌʅʆʗ ʒʃʗʉʋʑʉ ɻʆʝʈʂ ʆɻʅ ʐʋʑʏ σπππ ɣȢ ɝʀʔʝʈʀʉʋʅ ʐʂʉ ʌɻʍɻɿʋʔʙ ʝʐʅ ʂ 

ʆɻʞʎʂ ʀʚʉɻʅ ʐʘʇʀʅɻ ʆɻʃʡʏ ʆɻʅ ʝʐʅ ɿʀʉ ʑʒʚʎʐɻʐɻʅ ʔʂʈʅʆʙ ɿʅʗʎʐɻʎʂȟ ʐɻ ʌʍʋʛʝʉʐɻ ʐʂʏ 

ɿʚʉʋʉʐɻʅ ɻʌʝ ʐʋ ɻʆʝʇʋʑʃʋ ɾʀʉʅʆʝ ʎʔʙʈɻ ʔʂʈʅʆʙʏ ɻʉʐʚɿʍɻʎʂʏȡ 

#(  / . ᴼ#/ (/ . /  

ɩʍʘʌʀʅ ʉɻ ʐʋʉʅʎʐʀʚȟ ʌʖʏ ʎʐʂʉ ʌɻʍɻʌʗʉʖ ɻʉʐʚɿʍɻʎʂ ɿʀʉ ʘʔʋʑʉ ʐʋʌʋʃʀʐʂʃʀʚ ʋʅ 

ʎʐʋʅʔʀʅʋʈʀʐʍʅʆʋʚ ʎʑʉʐʀʇʀʎʐʘʏ ʆɻʅ ʆɻʐʗ ʎʑʉʘʌʀʅɻ ʘʔʀʅ ʈʝʉʋ ʌʋʅʋʐʅʆʙ ʎʂʈɻʎʚɻȢ 

ɫʐʂʉ ʌʍɻɾʈɻʐʅʆʝʐʂʐɻȟ ʝʈʖʏȟ ʐɻ ʌʍʋʛʝʉʐɻ ʐʂʏ ʐʘʇʀʅɻʏ ʆɻʞʎʂʏ ʑʒʚʎʐɻʉʐɻʅ 

ɿʅʗʎʐɻʎʂȟ ʈʀ ʎʑʉʘʌʀʅɻ ʐʂʉ ʀʈʒʗʉʅʎʂ ʐʖʉ ɻʆʝʇʋʑʃʖʉ ʍʅʁʡʉ ʆɻʅ ʀʉʡʎʀʖʉ ʎʀ ɻʑʐʗȡ 

(πȟ(ȟ/ȟ.ȟ.ȟ/ȟ/(ȟ(ȟ#/ȟ#/ȟ./ȟ(#  ʆȢʇʌȢ ʆɻʃʡʏ ʆɻʅ ɻʍʆʀʐʡʉ ʗʇʇʖʉ 

ʝʌʖʏ ʀʚʉɻʅ ʋʅ ɻʇɿʀʠɿʀʏȟ ʆʀʐʝʉʀʏȟ  ɨ  ʆȢʇʌȢ 

ɚʌʝ ɻʑʐʘʏ ʐʅʏ ɻʘʍʅʀʏ ʍʑʌʋɾʝʉʀʏ ʋʑʎʚʀʏȟ ʋʅ ʆʑʍʅʝʐʀʍʀʏ ʀʚʉɻʅ ʐɻ ɦɨx, CO ʆɻʅ HCȟ ʋʅ 

ʋʌʋʚʀʏ ʈɻʁʚ ʈʀ ʐʂʉ ɻʅʃʗʇʂ ɉʆɻʌʉʝɊ ʌʋʑ ʀʆʌʘʈʌʀʐɻʅ ɻʌʝ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel 

ɻʌʋʐʀʇʋʞʉ ʐʋʑʏ ʇʀɾʝʈʀʉʋʑʏ ʀʇʀɾʔʝʈʀʉʋʑʏ ʍʞʌʋʑʏ ɉregulated emissionsɊȟ ʐʖʉ 

ʋʌʋʚʖʉ ʐɻ ʀʌʚʌʀɿɻ ʎʑɾʆʘʉʐʍʖʎʂʏ ʎʐɻ ʆɻʑʎɻʘʍʅɻ ʐʂʏ ʀʊɻɾʖɾʙʏ ʐʖʉ ʀʈɼʋʇʋʒʝʍʖʉ 

ʆʅʉʂʐʙʍʖʉ ʀʚʉɻʅ ʉʋʈʋʃʀʐʂʈʘʉɻ ʎʀ ɻʉɻʌʐʑɾʈʘʉʀʏ ʔʡʍʀʏ ɉɞɞȟ ɠȢɩȢɚȢȟ ɢɻʌʖʉʚɻɊȟ 

ɻʆʋʇʋʑʃʡʉʐɻʏ ʌʍʝʐʑʌʀʏ ʎʑʎʆʀʑʘʏ ʆɻʅ ʈʀʃʝɿʋʑʏ ʈʘʐʍʂʎʂʏ . 

ɨʅ ʐʍʀʅʏ ɻʑʐʋʚ ɻʘʍʅʋʅ ʍʞʌʋʅ ʀʈʒɻʉʚʁʋʉʐɻʅ ʆɻʅ ʎʐʅʏ ɿʞʋ ʆɻʐʂɾʋʍʚʀʏ ʀʈɼʋʇʋʒʝʍʖʉ 

ʆʅʉʂʐʙʍʖʉȟ ɿʂʇɻɿʙ Diesel ʆɻʅ Ottoȟ ʌɻʍʋʑʎʅʗʁʋʑʉ ʝʈʖʏ ɻʍʆʀʐʗ ʎʂʈɻʉʐʅʆʘʏ 

                                                           
1 ɜʅɻ ʌʀʍʅʎʎʝʐʀʍʀʏ ʇʀʌʐʋʈʘʍʀʅʀʏ ɼʇȢ ɩɻʍɻʌʋʈʌʘʏ [3,4Ɏȟ ɻʌʝ ʝʌʋʑ ʌʍʋʘʍʔʀʐɻʅ ʆɻʅ ʂ ʎʑɾʆʀʆʍʅʈʘʉʂ 
ɻʉʗʇʑʎʂ. 
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ɿʅɻʒʋʍʘʏ ʎʐʂ ʎʑɾʆʘʉʐʍʖʎʂ ʐʋʑʏ ʎʐʋ ʆɻʑʎɻʘʍʅʋ ʐʂʏ ʀʊɻɾʖɾʙʏ ɉʔʖʍʚʏ ʌʍʝʎʃʀʐɻ 

ʈʘʎɻ ʌʀʍʅʎʐʋʇʙʏɊȢ ɩʅʋ ʎʑɾʆʀʆʍʅʈʘʉɻȡ 

¶ ɬɻ ɦɨx ʀʈʒɻʉʚʁʋʉʐɻʅ ʎʀ ʎʂʈɻʉʐʅʆʗ ʌʋʎʋʎʐʗ ʐʂʏ ʚɿʅɻʏ ʐʗʊʂʏ ʈʀɾʘʃʋʑʏ ʆɻʅ 

ʎʐʅʏ ɿʞʋ ʆɻʐʂɾʋʍʚʀʏ ʆʅʉʂʐʙʍʖʉȟ ʌɻʍʋʑʎʅʗʁʋʉʐɻʏ ʝʈʖʏ ʇʚɾʋ ʈʀɾɻʇʞʐʀʍʀʏ 

ʐʅʈʘʏ ʎʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Otto. 

¶ To CO ʀʚʉɻʅ ɿʞʋ ʐʗʊʀʅʏ ʈʀɾʘʃʋʑʏ ʈʀɾɻʇʞʐʀʍʋ ʎʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Otto ʆɻʅ ʆɻʐʗ 

ʎʑʉʘʌʀʅɻ ɿʀʉ ɻʌʋʐʀʇʀʚ ʎʂʈɻʉʐʅʆʝ ʍʞʌʋ ɾʅɻ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel. 

¶ ɬɻ ʀʌʚʌʀɿɻ ʀʆʌʋʈʌʙʏ ʐʖʉ HC ʎʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel ʀʚʉɻʅ ʈʅɻ ʐʗʊʂ ʈʀɾʘʃʋʑʏ 

ʔɻʈʂʇʝʐʀʍʂ ɻʌʝ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Otto. 

ɫʂʈʀʅʡʉʀʐɻʅȟ ʀʌʚʎʂʏȟ ʝʐʅ ʀʉʐʋʌʚʁʋʉʐɻʅ ɿʅɻʒʋʍʋʌʋʅʙʎʀʅʏ ʆɻʅ ɻʉʗʇʋɾɻ ʈʀ ʐʋʉ ʐʞʌʋ ʐʋʑ 

ʆʅʉʂʐʙʍɻ ɉʌȢʔȢ Diesel ʗʈʀʎʂʏ ʙ ʘʈʈʀʎʂʏ ʘɾʔʑʎʂʏ). 

ɞʆʐʝʏ ɻʌʝ ʐʋʑʏ ɻʘʍʅʋʑʏ ʍʞʌʋʑʏȟ ʌɻʍɻʐʂʍʀʚʐɻʅ ʆɻʅ ʀʆʌʋʈʌʙ ʎʐʀʍʀʡʉ 

ʎʖʈɻʐʅɿʚʖʉ ɉparticulatesɊ ɻʌʝ ʐʋʑʏ ʀʈɼʋʇʋʒʝʍʋʑʏ ʆʅʉʂʐʙʍʀʏȢ ɬɻ ʎʖʈɻʐʚɿʅɻ ʌʋʑ 

ʀʆʌʘʈʌʋʉʐɻʅ ɻʌʝ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel ɻʌʋʐʀʇʋʞʉ ʐʂʉ ɻʅʃʗʇʂ ɉsootɊ ʌʋʑ 

ʎʔʂʈɻʐʚʁʀʐɻʅ ʆɻʐʗ ʐʂʉ ʆɻʞʎʂȟ ʀʉʡ ʝʎʋʉ ɻʒʋʍʗ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Otto ʋʅ ʀʆʌʋʈʌʘʏ 

ɻʅʃʗʇʂʏ ʀʚʉɻʅ ʎʔʀɿʝʉ ʈʂɿɻʈʅʉʘʏȢ 

ɫʐʂ ʎʑʉʘʔʀʅɻ ɻʆʋʇʋʑʃʀʚ ɻʉɻʒʋʍʗ ʎʐʋʑʏ ʈʂʔɻʉʅʎʈʋʞʏ ʎʔʂʈɻʐʅʎʈʋʞ ʐʖʉ ʆʞʍʅʖʉ 

ʍʞʌʖʉ ʌʋʑ ʀʈʒɻʉʚʁʋʉʐɻʅ ʎʀ ʆʅʉʂʐʙʍʀʏ Dieselȟ ɿʂʇɻɿʙ ʐʖʉ NOx ʆɻʅ ʐʂʏ ɻʅʃʗʇʂʏȟ 

ʆɻʃʡʏ ʆɻʅ ʎʐʂʉ ʀʌʚɿʍɻʎʂ ʐʖʉ ɿʅɻʒʝʍʖʉ ʌɻʍɻʈʘʐʍʖʉ ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʆʅʉʂʐʙʍɻ 

ʌʗʉʖ ʎʀ ɻʑʐʋʞʏ ʐʋʑʏ ʈʂʔɻʉʅʎʈʋʞʏȢ ɷʎʋʉ ɻʒʋʍʗ ʎʐʅʏ ʀʆʌʋʈʌʘʏ HC ʆɻʅ COȟ ʋʅ 

ʌʋʎʝʐʂʐʘʏ ʐʋʑʏ ʀʚʉɻʅ ʌʋʇʞ ʈʅʆʍʘʏȟ ʘʐʎʅ ʡʎʐʀ ʉɻ ʈʌʋʍʋʞʉ ʉɻ ʃʀʖʍʂʃʋʞʉ ɻʈʀʇʂʐʘʀʏ.  

 

 

2Ȣς  ɫʔʂʈɻʐʅʎʈʝʏ ʐʖʉ ʋʊʀʅɿʚʖʉ ʐʋʑ ɻʁʡʐʋʑ NOx 

 

2ȢςȢρ  ɜʀʉʅʆʙ ʌʀʍʅɾʍɻʒʙ   

       ɨ ʝʍʋʏ ʋʊʀʚɿʅɻ ʐʋʑ ɻʁʡʐʋʑ NOx ʌʀʍʅʇɻʈɼʗʉʀʅ ʐʋ ʈʋʉʋʊʀʚɿʅʋ ʐʋʑ ɻʁʡʐʋʑ NOȟ ʐʋ 

ɿʅʋʊʀʚɿʅʋ ʐʋʑ ɻʁʡʐʋʑ NO2 ʆɻʃʡʏ ʆɻʅ ʚʔʉʂ ʗʇʇʖʉ ʋʊʀʅɿʚʖʉ ʐʋʑ ɻʁʡʐʋʑ ɉʝʌʖʏ ʐʋ ɦ2ɨ5) 

ʌʋʑ ʎʔʂʈɻʐʚʁʋʉʐɻʅ ʎʐʋ ʃʗʇɻʈʋ ʆɻʞʎʂʏ ʐʖʉ ʀʈɼʋʇʋʒʝʍʖʉ ʆʅʉʂʐʙʍʖʉȢ ɬʋ ɦɨ2 

ʀʆʌʘʈʌʀʐɻʅȟ ʝʈʖʏȟ ʎʀ ɻʍʆʀʐʗ ʈʅʆʍʝʐʀʍʋ ʌʋʎʋʎʐʝ ɻʌʝ ʝʐʅ ʐʋ ɦɨȟ ʀʌʋʈʘʉʖʏ ʝʐɻʉ 
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ɻʉɻʒʀʍʝʈɻʎʐʀ ʎʀ ʎʔʂʈɻʐʅʎʈʝ NOx ʎʐʋʉ ʆʅʉʂʐʙʍɻ ɻʉɻʒʀʍʝʈɻʎʐʀ ʆɻʐʗ ʆʞʍʅʋ ʇʝɾʋ 

ʎʐʋ ʈʋʉʋʊʀʚɿʅʋ ʐʋʑ ɻʁʡʐʋʑȢ ɞʉʐʋʞʐʋʅʏȟ ʎʐɻ ʔɻʈʂʇʗ ʒʋʍʐʚɻ ʐʖʉ ʆʅʉʂʐʙʍʖʉ Diesel 

ʆɻʐȭ ʀʊɻʚʍʀʎʂ ʐɻ ʌʋʎʋʎʐʗ ʐʋʑ ɦɨ2 ɿʀʉ ʈʌʋʍʋʞʉ ʉɻ ʃʀʖʍʂʃʋʞʉ ɻʈʀʇʂʐʘɻȟ ʆɻʃʡʏ 

ɻʌʋʐʀʇʋʞʉ ʐʋ ρπ-ςυϷ ʐʖʉ ʎʑʉʋʇʅʆʡʉ ʀʆʌʀʈʌʝʈʀʉʖʉ ʋʊʀʅɿʚʖʉ ʐʋʑ ɻʁʡʐʋʑȢ 

ɬʋ ɦɨ ʎʔʂʈɻʐʚʁʀʐɻʅ ʎʐʅʏ ʌʀʍʅʋʔʘʏ ʑʕʂʇʙʏ ʃʀʍʈʋʆʍɻʎʚɻʏ ʀʉʐʝʏ ʐʂʏ ʆɻʅʝʈʀʉʂʏ 

ʁʡʉʂʏȟ ʈʀ ʐʂʉ ʌʍʋʟʌʝʃʀʎʂ ʝʐʅ ʑʌʗʍʔʀʅ ʆɻʅ ʂ ɻʌɻʍɻʚʐʂʐʂ ʌʋʎʝʐʂʐɻ ʋʊʑɾʝʉʋʑȢ ɫʐʂ 

ʎʑʉʘʔʀʅɻ ʆɻʐʗ ʐʂ ʒʗʎʂ ʐʂʏ ɻʌʋʐʝʉʖʎʂʏȟ ʆɻʃʡʏ ʋʍʅʎʈʘʉʀʏ ɻʉʐʅɿʍʗʎʀʅʏ ʌʋʑ 

ʎʑʈʈʀʐʘʔʋʑʉ ʎʐʋ ʎʔʂʈɻʐʅʎʈʝ ʐʋʑ ɦɨ ȺʌɻɾʡʉʋʑʉȻ ʇʝɾʖ ʐʂʏ ʌʐʡʎʂʏ ʐʂʏ 

ʃʀʍʈʋʆʍɻʎʚɻʏȟ ʐʋ ʆɻʑʎɻʘʍʅʋ ʐʂʏ ʀʊɻɾʖɾʙʏ ʌʀʍʅʘʔʀʅ ʎʑɾʆʀʉʐʍʡʎʀʅʏ ɦɨ ɻʍʆʀʐʗ 

ʈʀɾɻʇʞʐʀʍʀʏ ɻʌʝ ʐʅʏ ɻʉʐʚʎʐʋʅʔʀʏ ʐʂʏ ʔʂʈʅʆʙʏ ʅʎʋʍʍʋʌʚɻʏ ɾʅɻ ʐʂʉ ʚɿʅɻ ʃʀʍʈʋʆʍɻʎʚɻȢ 

ɫʑʉʀʌʡʏȟ ʎʐʋ ʎʔʂʈɻʐʅʎʈʝ ʐʋʑ ɦɨ ʆɻʃʋʍʅʎʐʅʆʝ ʌɻʍʗɾʋʉʐɻ ɻʌʋʐʀʇʀʚ ʂ ʔʂʈʅʆʙ 

ʆʅʉʂʐʅʆʙ ʐʖʉ ɻʉʐʅɿʍʗʎʀʖʉ ʆɻʅ ʝʔʅ ʂ ʔʂʈʅʆʙ ʅʎʋʍʍʋʌʚɻȢ 

 

 

2.2.2 ɫʔʂʈɻʐʅʎʈʝʏ ʐʖʉ ɦɨx ʎʐʋ ʃʗʇɻʈʋ ʆɻʞʎʂʏ ʐʖʉ ʆʅʉʂʐʙʍʖʉ Diesel 
 

2.2.2Ȣρ ɜʀʉʅʆʗ  

ɫʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel ʇʝɾʖ ʐʋʑ ʝʐʅ ʐʋ ʆɻʞʎʅʈʋ ʀɾʔʘʀʐɻʅ ʎʐʋ ʃʗʇɻʈʋ ʆɻʞʎʂʏ ʎʀ 

ʑɾʍʙ ʈʋʍʒʙ ʆɻʅ ʞʎʐʀʍɻ ʌʍɻɾʈɻʐʋʌʋʅʀʚʐɻʅ ʂ ɻʉʗʈʀʅʊʙ ʐʋʑ ʈʀ ʐʋʉ ɻʘʍɻȟ ʌɻʍɻʐʂʍʀʚʐɻʅ 

ʈʀɾʗʇʂ ʎʐʍʖʈʗʐʖʎʂ ʎʐʂʉ ʆɻʐɻʉʋʈʙ ʐʂʏ ʃʀʍʈʋʆʍɻʎʚɻʏ ʆɻʃʡʏ ʆɻʅ ʎʐʂ 

ʎʑɾʆʘʉʐʍʖʎʂ ʐʋʑ ʆɻʑʎʚʈʋʑ ʀʉʐʝʏ ʐʋʑ ʆʑʇʚʉɿʍʋʑȢ ɳʐʎʅ ʐɻ ɦɨx ʎʔʂʈɻʐʚʁʋʉʐɻʅ ʈʝʉʋ 

ʎʀ ʋʍʅʎʈʘʉʀʏ ʌʀʍʅʋʔʘʏȟ ʎʐʅʏ ʋʌʋʚʀʏ ʋʅ ʎʑʉʃʙʆʀʏ ʌʋʑ ʀʌʅʆʍɻʐʋʞʉ ʐʋ ʀʌʅʐʍʘʌʋʑʉȢ ɬʋ 

ʈʀɾɻʇʞʐʀʍʋ ʌʋʎʋʎʐʝ ʐʖʉ ɦɨx ʎʔʂʈɻʐʚʁʀʐɻʅ ʆɻʐʗ ʆʞʍʅʋ ʇʝɾʋ ʆɻʐʗ ʐʋ ɿʀʞʐʀʍʋ ʎʐʗɿʅʋ 

ʐʂʏ ʆɻʞʎʂʏȟ ɿʂʇɻɿʙ ɻʑʐʝ ʐʂʏ ɻʉʀʊʘʇʀɾʆʐʂʏ ʆɻʞʎʂʏȟ ʝʌʋʑ ʂ ʒʇʝɾɻ ʀʚʉɻʅ ʐʞʌʋʑ 

ʌʍʋɻʉʗʈʀʅʊʂʏȟ ʈʀ ʐʅʈʘʏ ʐʋʑ ʇʝɾʋʑ ʅʎʋɿʑʉɻʈʚɻʏ ʆɻʑʎʚʈʋʑɀɻʘʍɻ ʆʋʉʐʗ ʎʐʂ ʈʋʉʗɿɻ 

ʆɻʅ ʃʀʍʈʋʆʍɻʎʚɻ ʅɿʅɻʚʐʀʍɻ ʑʕʂʇʙȟ ʇʝɾʖ ʐʋʑ ʎʑɾʆʀʆʍʅʈʘʉʋʑ ʐʞʌʋʑ ʒʇʝɾɻʏȢ        

ɣɻʐʗ ʐʋ ʐʍʚʐʋ ʎʐʗɿʅʋ ʐʂʏ ʆɻʞʎʂʏ ɉʀʇʀɾʔʝʈʀʉʂ ʆɻʞʎʂɊȟ ʀʊɻʅʐʚɻʏ ʐʂʏ ʎʑʉʀʔʋʞʏ 

ʀʊʗʌʇʖʎʂʏ ʐʂʏ ɿʘʎʈʂʏ ʐʋʑ ʆɻʑʎʚʈʋʑȟ ʋʅ ʁʡʉʀʏ ɻʉʐʚɿʍɻʎʂʏ ʘʍʔʋʉʐɻʅ ʎʀ ʀʌɻʒʙ ʈʀ ʐʋʉ 

ʕʑʔʍʝ ɻʘʍɻ ʌʋʑ ʐʅʏ ʌʀʍʅɼʗʇʇʀʅȟ ʈʀ ɻʌʋʐʘʇʀʎʈɻ ʐʂʉ ʌʐʡʎʂ ʐʂʏ ʃʀʍʈʋʆʍɻʎʚɻʏ ʐʋʑʏ 

ʆɻʅ ʐʋ ȺʌʗɾʖʈɻȻ ʐʖʉ ɻʉʐʅɿʍʗʎʀʖʉ ɿʅʗʎʌɻʎʂʏ ʐʋʑ ɦɨ ʎʀ ɻʍʆʀʐʗ ʑʕʂʇʘʏ ʐʅʈʘʏ ʆɻʅ 

ʇʚɾʋ ʌʅʋ ʉʖʍʚʏ ʎʑɾʆʍʅʐʅʆʗ ʈʀ ʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Otto. 
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2.2.2Ȣς ɞʌʚɿʍɻʎʂ ʐʖʉ ʌɻʍɻʈʘʐʍʖʉ ʇʀʅʐʋʑʍɾʚɻʏ ʎʐʂʉ ʐʅʈʙ ʐʖʉ ɦɨx  

ɚɊ ɞʌʚɿʍɻʎʂ ʐʋʑ ʒʋʍʐʚʋʑ  

       ɚʑʊɻʉʋʈʘʉʋʑ ʐʋʑ ʒʋʍʐʚʋʑ ʌɻʍɻʐʂʍʀʚʐɻʅ ʀʉ ɾʘʉʀʅ ɻʞʊʂʎʂ ʐʂʏ ʎʑɾʆʘʉʐʍʖʎʂʏ ʐʖʉ 

ɦɨx ʎʐɻ ʆɻʑʎɻʘʍʅɻȟ ʀʊɻʅʐʚɻʏ ʐʂʏ ɻʞʊʂʎʂʏ ʐʂʏ ʃʀʍʈʋʆʍɻʎʚɻʏ ʎʐʂ ʁʡʉʂ ɻʉʐʚɿʍɻʎʂʏ 

ʆɻʅ ʇʝɾʖ ʐʂʏ ʞʌɻʍʊʂʏ ɻʍʆʀʐʡʉ ʌʀʍʅʋʔʡʉ ʈʀ ʎʑɾʆʘʉʐʍʖʎʂ ɻʘʍɻ-ʆɻʑʎʚʈʋʑ ɾʞʍʖ ɻʌʝ 

ʐʂ ʎʐʋʅʔʀʅʋʈʀʐʍʅʆʙ ʐʅʈʙȢ ɫʐʋ ɫʔʙʈɻ 2.1 ɻʌʀʅʆʋʉʚʁʀʐɻʅ ʂ ʀʊʗʍʐʂʎʂ ɻʑʐʙ ɾʅɻ ʐʋʑʏ 

ʆʅʉʂʐʙʍʀʏ Diesel ʗʈʀʎʂʏ ʘɾʔʑʎʂʏ ɉDIɊȢ ɩʅʋ ʎʑɾʆʀʆʍʅʈʘʉɻȟ ʌɻʍɻʐʂʍʋʞʈʀ ʝʐʅ ʎʐʋʑʏ 

ʆʅʉʂʐʙʍʀʏ ɻʑʐʋʞʏ ʂ ʀʆʌʋʈʌʙ ɦɨ ɻʑʊʗʉʀʐɻʅ ʎʑʉʀʔʡʏ ɻʑʊɻʉʋʈʘʉʋʑ ʐʋʑ ʒʋʍʐʚʋʑȢ  

 

 

ɫʔʙʈɻ 2.1: ɞʌʚɿʍɻʎʂ ʌʍʋʌʋʍʀʚɻʏ ʘɾʔʑʎʂʏ ʆɻʅ ʒʋʍʐʚʋʑ ʎʐʂʉ ʌɻʍɻɾʖɾʙ NOx ʎʀ ʆʅʉʂʐʙʍɻ Diesel 

ʗʈʀʎʂʏ ʘɾʔʑʎʂʏ ɉDI) [3]. 

 

ɛɊ ɞʌʚɿʍɻʎʂ ʐʂʏ ʌʍʋʌʋʍʀʚɻʏ ʘɾʔʑʎʂʏ  ʐʋʑ ʆɻʑʎʚʈʋʑ 

       ɥʀ ʐʂʉ ɻʞʊʂʎʂ ʐʂʏ ʌʍʋʌʋʍʀʚɻʏ ʘɾʔʑʎʂʏȟ ʌɻʍɻʐʂʍʀʚʐɻʅ ɻʞʊʂʎʂ ʐʖʉ 

ʌɻʍɻɾʝʈʀʉʖʉ ʀʆʌʋʈʌʡʉ ɦɨx ʎʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel ʗʈʀʎʂʏ ʘɾʔʑʎʂʏȟ ʀʊɻʅʐʚɻʏ ʐʂʏ 

ʎʂʈɻʉʐʅʆʙʏ ɻʞʊʂʎʂʏ ʐʂʏ ʌʚʀʎʂʏ ʆɻʅ ʃʀʍʈʋʆʍɻʎʚɻʏ ʐʖʉ ɻʀʍʚʖʉ ʀʉʐʝʏ ʐʋʑ ʃɻʇʗʈʋʑ 

ʆɻʞʎʂʏȟ ʝʌʖʏ ʀʌʚʎʂʏ ʒɻʚʉʀʐɻʅ ʆɻʅ ʎʐʋ ɫʔʙʈɻ 2.1.  

 

ɜɊ ɞʌʚɿʍɻʎʂ ʐʋʑ ʌʋʎʋʎʐʋʞ ʐʋʑ ʌɻʍɻʈʘʉʋʉʐʋʏ ʆɻʑʎɻʀʍʚʋʑ 

       ɠ ɻʞʊʂʎʂ ʐʋʑ ʌʋʎʋʎʐʋʞ ʐʋʑ ʌɻʍɻʈʘʉʋʉʐʋʏ ʆɻʑʎɻʀʍʚʋʑ ʐʋʑ ʃɻʇʗʈʋʑ ʆɻʞʎʂʏ 

ʋɿʂɾʀʚ ʎʀ ʎʂʈɻʉʐʅʆʙ ʈʀʚʖʎʂ ʐʂʏ ʎʑɾʆʘʉʐʍʖʎʂʏ ʐʖʉ ./x. ɠ ɻʅʐʚɻ ʐʋʑ ʒɻʅʉʋʈʘʉʋʑ 
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ɻʑʐʋʞ ʀʚʉɻʅ ʂ ɻʞʊʂʎʂ ʐʂʏ ʀʅɿʅʆʙʏ ʃʀʍʈʋʔʖʍʂʐʅʆʝʐʂʐɻʏ ʐʋʑ ʌʀʍʅɼʗʇʇʋʉʐʋʏ ʈʘʎʋʑ ʈʀ 

ɻʌʋʐʘʇʀʎʈɻ ʐʂʉ ʌʐʡʎʂ ʐʂʏ ʌʚʀʎʂʏ ʆɻʅ ʐʂʏ ʃʀʍʈʋʆʍɻʎʚɻʏ ʀʉʐʝʏ ʐʂʏ ʁʡʉʂʏ 

ɻʉʐʚɿʍɻʎʂʏȢ ɩɻʍʝʈʋʅɻ ʀʚʉɻʅ ʋʑʎʅɻʎʐʅʆʗ ʆɻʅ ʂ ʀʌʚɿʍɻʎʂ ʐʂʏ ɻʉɻʆʑʆʇʋʒʋʍʚɻʏ 

ʆɻʑʎɻʀʍʚʋʑ ɉEGR). 

 

2Ȣσ ɞʆʌʋʈʌʘʏ ʎʖʈɻʐʅɿʚʖʉ 

ɬɻ ʎʖʈɻʐʚɿʅɻȟ ʌʋʑ ʌʍʋʘʍʔʋʉʐɻʅ ɻʌʝ ʐʂʉ ʆɻʞʎʂ ʐʋʑ ʌʀʐʍʀʇɻʚʋʑȟ ɻʌʋʐʀʇʋʞʉʐɻʅ 

ʆʑʍʚʖʏ ɻʌʝ ɻʉʃʍɻʆʋʞʔʋ ʑʇʅʆʝ ɉɻʅʃʗʇʂɊ ʌɻʍɻɾʝʈʀʉʋ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ʆɻʞʎʂʏȟ 

ʎʐʋ ʋʌʋʚʋ ʘʔʋʑʉ ɻʌʋʍʍʋʒʂʃʀʚ ʆʗʌʋʅɻ ʋʍɾɻʉʅʆʗ ʎʑʎʐɻʐʅʆʗ ɉʌʍʋʀʍʔʝʈʀʉɻ ʆʑʍʚʖʏ 

ɻʌʝ ʗʆɻʑʎʐʋ ʆɻʞʎʅʈʋ ʆɻʅ ʇʅʌɻʉʐʅʆʝ ʘʇɻʅʋ ʆʅʉʂʐʙʍɻɊȢ ɬɻ ʎʖʈɻʐʚɿʅɻ ʆɻʐɻʉʘʈʋʉʐɻʅ 

ʎʀ ʘʉɻ ʌʇɻʐʞ ʀʞʍʋʏ ʈʀɾʀʃʡʉ ɻʌʝ ςπ ÎÍ ʘʖʏ ρπ ʈÍȟ ʔɻʍɻʆʐʂʍʅʎʐʅʆʝ ʌʋʑ ʐɻ ʆɻʃʅʎʐʗ 

ɻʉɻʌʉʀʞʎʅʈɻȢ ɫʑʔʉʗ ɾʚʉʀʐɻʅ ʋ ɿʅɻʔʖʍʅʎʈʝʏ ʐʖʉ ʎʖʈɻʐʅɿʚʖʉ ɻʑʐʡʉ ʎʀ ʘʉɻ ɿʅɻʇʑʐʝ 

ʋʍɾɻʉʅʆʝ ʈʘʍʋʏ ʆɻʅ ʎʀ ʘʉɻ ʈʂ ɿʅɻʇʑʐʝȟ ɻʌʝ ʐɻ ʋʌʋʚɻ ʐʋ ɿʀʞʐʀʍʋ ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅ 

ʎʑʔʉʗ ʖʏ ʈʚɻ ʀʆʐʚʈʂʎʂ ʐʋʑ ʌʋʎʋʞ ʐʂʏ ɻʅʃʗʇʂʏ. 

ɬʋ ʌʋʎʋʎʐʝ ʐʂʏ ɻʅʃʗʇʂʏ ʌʋʑ ʌʀʍʅʘʔʀʐɻʅ ʎʐɻ ʎʖʈɻʐʚɿʅɻ ɻʌʝ ʐʂʉ ʀʊʗʐʈʅʎʂ 

ʆʅʉʂʐʙʍɻ $ÉÅÓÅÌ ʌʋʅʆʚʇʀʅȟ ɻʇʇʗ ʀʚʉɻʅ ʎʑʉʙʃʖʏ ʑʕʂʇʝʐʀʍʋ ʐʋʑ τπ-υπϷȢ ɞʌʅʌʍʝʎʃʀʐʀʏ 

ʋʑʎʚʀʏ ʌʋʑ ʌʀʍʅʘʔʋʉʐɻʅ ʎʐɻ ʎʖʈɻʐʚɿʅɻ ʀʚʉɻʅȡ ʗʆɻʑʎʐʋ ʆɻʞʎʅʈʋ ʙ ʇʅʌɻʉʐʅʆʝ ʘʇɻʅʋ 

ʆʅʉʂʐʙʍɻ ʙ ʆɻʅ ʌʍʋʀʍʔʝʈʀʉɻ ɻʌʝ ʈʀʍʅʆʙ ʆɻʞʎʂȟ ʐʍʚʈʈɻʐɻ ʈʀʐʗʇʇʖʉ ɻʌʝ ʒʃʋʍʗ 

ʆɻʃʡʏ ʀʌʚʎʂʏ ʆɻʅ ʗʇɻʐɻ ɻʌʝ ʐɻ ʆɻʞʎʅʈɻ ɉɫʔʙʈɻ 2.2). 

 

ɫʔʙʈɻ 2.2: ɬʑʌʅʆʙ ʎʞʎʐɻʎʂ ʎʐʂʉ ʀʊʗʐʈʅʎʂ ʆʅʉʂʐʙʍɻ Diesel ɼɻʍʘʋʏ ʐʞʌʋʑ ɉʒʋʍʐʂɾʋʞɊ ʆɻʐʗ ʐʂ 

ɿʅʗʍʆʀʅɻ ɿʋʆʅʈʙʏ ʎʀ ɣʞʆʇʋ ɩʝʇʂʏ ɍ4]. 

ȯɜɗɟŬəŬɠ
41%
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ɜŮɟɧ
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ȯəŬɡůŰɞ 
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25%
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ɬʋ ʆʇʗʎʈɻ ʐʖʉ ʃʀʅʋʞʔʖʉ ʀʉʡʎʀʖʉ ʀʚʉɻʅ ʌʍʋʎʀɾɾʅʎʐʅʆʗ ɻʉʗʇʋɾʋ ʐʋʑ ʆʇʗʎʈɻʐʋʏ 

ʎʀ ʌʀʍʅʀʔʝʈʀʉʋ ʃʀʚʋʑ ɻʌʝ ʐʋ ʆɻʞʎʅʈʋȟ ʗʍɻ ʀʊɻʅʍʀʐʅʆʗ ʈʀʅʖʈʘʉʋ ʐɻ ʐʀʇʀʑʐɻʚɻ ʔʍʝʉʅɻȢ 

ɬʋ ʆʇʗʎʈɻ ʌʋʑ ʎʔʀʐʚʁʀʐɻʅ ʈʀ ʐʋ ʗʆɻʑʎʐʋ ʆɻʞʎʅʈʋȾʇʗɿʅ ʆʅʉʂʐʙʍɻ ɉɿʅɻʇʑʐʝ ʋʍɾɻʉʅʆʝ 

ʆʇʗʎʈɻɊ ʌʋʅʆʚʇʀʅ ɻʉʗʇʋɾɻ ʈʀ ʐʂ ʎʔʀɿʚɻʎʂ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʐʅʏ ʎʑʉʃʙʆʀʏ 

ʇʀʅʐʋʑʍɾʚɻʏȢ ɳʔʀʅ ʀʞʍʋʏ ʌʋʑ ʊʀʆʅʉʗ ɻʌʝ ʐʅʈʘʏ ʈʅʆʍʝʐʀʍʀʏ ʐʋʑ ρπ Ϸ ʘʖʏ ʌʋʎʋʎʐʗ ʌʋʑ 

ʊʀʌʀʍʉʋʞʉ ʐʋ ωπ ϷȢ 

ɠ ɻʅʃʗʇʂ ɿʂʈʅʋʑʍɾʀʚʐɻʅ ɻʌʝ ʗʆɻʑʎʐʋ ʆɻʞʎʅʈʋ ʐʋ ʋʌʋʚʋ ʎʔʂʈɻʐʚʁʀʅ ʎʖʈɻʐʚɿʅɻ 

ɻʌʝ ʐʂʉ ɻʘʍʅɻ ʒʗʎʂ ʎʐʂ ʎʐʀʍʀʗ ʎʀ ʌʀʍʅʋʔʘʏ ʌʇʋʞʎʅʀʏ ʎʀ ʆɻʞʎʅʈʋ ʆɻʅ ʈʀ ʑʕʂʇʘʏ 

ʃʀʍʈʋʆʍɻʎʚʀʏȢ ɚʉʗʇʋɾɻ ʈʀ ʐʅʏ ʌʀʍʅɼʗʇʇʋʑʎʀʏ ʎʑʉʃʙʆʀʏ ʌʋʑ ʀʌʅʆʍɻʐʋʞʉȟ 

ʑɿʍʋɾʋʉʗʉʃʍɻʆʀʏ ʙ ʗʇʇɻ ɿʅɻʃʘʎʅʈɻ ʈʝʍʅɻ ʎʑʈʌʑʆʉʡʉʋʉʐɻʅ ʙ ɻʌʋʍʍʋʒʡʉʐɻʅ ɻʌʝ 

ʐʂʉ ɻʅʃʗʇʂȢ ɠ ʀʊʘʇʅʊʂ ʐʂʏ ʑɾʍʙʏ ɀ ʙ ɻʘʍʅɻʏ ɀ ʒʗʎʂʏ ʐʖʉ ʑɿʍʋɾʋʉɻʉʃʍʗʆʖʉ ʎʀ ʎʐʀʍʀʗ 

ʎʖʈɻʐʚɿʅɻ ɻʅʃʗʇʂʏ ʌʀʍʅʇɻʈɼʗʉʀʅ ʘʊʅ ʆʋʅʉʗ ɻʉɻɾʉʖʍʅʎʈʘʉʀʏ ɿʅɻɿʅʆɻʎʚʀʏ ɉɫʔʙʈɻ 2.3): 

 

 

ɫʔʙʈɻ 2.3: ɝʅʗɾʍɻʈʈɻ ʈʂʔɻʉʅʎʈʋʞ ʎʔʂʈɻʐʅʎʈʋʞ ʆɻʅ ʆɻʐɻʎʐʍʋʒʙʏ ʎʖʈɻʐʅɿʚʖʉ ʀʉʐʝʏ ʃɻʇʗʈʋʑ 

ʆɻʞʎʂʏ ʆʅʉʂʐʙʍɻ Diesel [4]. 

 

¶ ɩʑʍʝʇʑʎʂ ɉ0ÙÒÏÌÙÓÉÓɊȡ ʀʉɿʝʃʀʍʈʂ ɿʅɻɿʅʆɻʎʚɻ ʌʋʑ ʈʀʐɻɼʗʇʇʀʅ ʐʂ ʈʋʍʅɻʆʙ ɿʋʈʙ 

ʐʋʑ ʆɻʑʎʚʈʋʑ ʑʌʝ ʑʕʂʇʙ ʃʀʍʈʋʆʍɻʎʚɻ ʆɻʅ ʌɻʍʗɾʀʅ ʀʉʡʎʀʅʏ ʝʌʖʏ ʋʅ 

ʌʋʇʑʆʑʆʇʅʆʋʚ ɻʍʖʈɻʐʅʆʋʚ ʑɿʍʋɾʋʉʗʉʃʍɻʆʀʏ ɉPAHsɊȟ ʌʋʑ ʃʀʖʍʋʞʉʐɻʅ 

ʌʍʝɿʍʋʈʋʅ ʐʂʏ ɻʅʃʗʇʂʏȢ 

ȾŬɨůɘɛɞ
Ʉɡɟɧɚɡůɖ

ȹɖɛɘɞɡɟɔɑŬ 

ɡ́ɟɐɜɤɜ Ɇɨɛ́ ɖɝɖ
ɆɡůůɩɟŮɡůɖ 

ɆɡɜɎɗɟɞɘůɖ

çɄɟɧŭɟɞɛŮɠè 

ŮɜɩůŮɘɠ ɄɡɟɐɜŮɠ
ɄɟɤŰɞɔŮɜɐ 

ůɤɛŬŰɑŭɘŬ
C2H2

PAHs

ȷɨɝɖůɖ 

Ů́ɘűŬɜŮɑŬɠ

ɃɝŮɑŭɤůɖ 

(əŬŰŬůŰɟɞűɐ)

ȷɚɡůɑŭŮɠ
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¶ ɫʔʂʈɻʐʅʎʈʝʏ ʌʑʍʙʉʖʉ ɉNucleationɊȡ ɿʂʈʅʋʑʍɾʚɻ ʌʑʍʙʉʖʉ ʙ ʉɻʉʋʎʖʈɻʐʅɿʚʖʉ 

ɻʌʝ ɻʎʐɻʃʙ ʑʇʅʆʗ ʝʌʖʏ ʋʅ ʑɿʍʋɾʋʉʗʉʃʍɻʆʀʏ 

¶ ɞʌʅʒɻʉʀʅɻʆʙ ɻʞʊʂʎʂ ɉSurface growthɊȡ ɿʅɻɿʅʆɻʎʚɻ ʌʍʋʎʃʙʆʂʏ ʈʗʁɻʏ ʎʐʂʉ 

ʀʌʅʒʗʉʀʅɻ ʀʉʝʏ ʎʖʈɻʐʅɿʚʋʑ ɻʅʃʗʇʂʏȢ 

¶ ɫʞʈʌʂʊʂ ɉCoagulationɊȡ ɼʚɻʅʀʏ ʎʑɾʆʍʋʞʎʀʅʏ ʐʖʉ ʎʒɻʅʍʅʆʡʉ ʎʖʈɻʐʅɿʚʖʉ ʌʋʑ 

ʋɿʂɾʋʞʉ ʎʐʂʉ ʘʉʖʎʙ ʐʋʑʏ ʆɻʅ ʐʋ ʎʔʂʈɻʐʅʎʈʝ ʈʀɾɻʇʞʐʀʍʖʉ ʎʖʈɻʐʅɿʚʖʉȢ 

¶ ɫʑʎʎʡʍʀʑʎʂ ɉAgglomerationɊȡ ɬɻ ʎʖʈɻʐʚɿʅɻ ʌɻʍɻʈʘʉʋʑʉ ʀʉʖʈʘʉɻ ɾʅɻ ʉɻ 

ʎʔʂʈɻʐʚʎʋʑʉ ʈʀɾʗʇʀʏ ʋʈʗɿʀʏ ʎʀ ɿʋʈʙ ɻʇʑʎʚɿɻʏȢ 

¶ ɨʊʀʚɿʖʎʂ ɉOxidationɊȡ  ɿʅɻɿʅʆɻʎʚɻ ʌʋʑ ʇɻʈɼʗʉʀʅ ʔʡʍɻ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʆʗʃʀ 

ʎʐɻɿʚʋʑ ɻʌʝ ʐɻ ʌɻʍɻʌʗʉʖȟ ʆʑʍʚʖʏ ʝʐɻʉ ʀʌʅʆʍɻʐʋʞʉ ʃʀʍʈʋʆʍɻʎʚʀʏ 

ʑʕʂʇʝʐʀʍʀʏ ʐʖʉ ρσππ ɣȟ ʝʌʋʑ ʂ ɻʅʃʗʇʂ ʆɻʚɾʀʐɻʅ ʑʌʝ ʐʂʉ ʌɻʍʋʑʎʚɻ 

ʋʊʀʅɿʖʐʅʆʡʉ ʎʐʋʅʔʀʚʖʉ ʆɻʅ ʎʔʂʈɻʐʚʁʀʅ ɻʘʍʅɻ ʌʍʋʛʝʉʐɻ ʝʌʖʏ CO, CO2, H2O. 

 

 

 

ɫʔʙʈɻ 2.4: ɞʌʚɿʍɻʎʂ ʐʋʑ ʇʝɾʋʑ ʅʎʋɿʑʉɻʈʚɻʏ ʆɻʑʎʚʈʋʑ-ɻʘʍɻ ɉɮɊ ʎʐʅʏ ʀʆʌʋʈʌʘʏ ɻʅʃʗʇʂʏ ɍ3]. 

 

ɥʀʐɻʊʞ ʐʖʉ ʎʂʈɻʉʐʅʆʝʐʀʍʖʉ ʌɻʍɻɾʝʉʐʖʉ ʌʋʑ ʘʔʋʑʉ ɼʍʀʃʀʚ ʝʐʅ ʀʌʂʍʀʗʁʋʑʉ ʐʂ 

ʎʑɾʆʘʉʐʍʖʎʂ ʐʋʑ ɻʍʅʃʈʋʞ ʐʖʉ ʎʖʈɻʐʅɿʚʖʉ ʆɻʅ ʐʂʉ ʆɻʐɻʉʋʈʙ ʐʋʑ ʈʀɾʘʃʋʑʏ ʐʋʑʏ 

ʀʚʉɻʅ ʋ ʐʞʌʋʏ ʐʋʑ ʆɻʑʎʚʈʋʑ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅȟ ʈʀ ʌʍʋʐʅʈʂʐʘɻ ʐɻ ʆɻʞʎʅʈɻ ʈʀ ʌʋʇʞ 

ʔɻʈʂʇʙ ʌʀʍʅʀʆʐʅʆʝʐʂʐɻ ʎʀ ʃʀʚʋ ɾʅɻ ʈʀʅʖʈʘʉʀʏ ɾʀʉʅʆʗ ʀʆʌʋʈʌʘʏ ʎʖʈɻʐʅɿʚʖʉȟ ɻʉ ʆɻʅ 

ʘʔʀʅ ʌɻʍɻʐʂʍʂʃʀʚ ʈʅɻ ɻʞʊʂʎʂ ʎʐʂ ʎʑɾʆʘʉʐʍʖʎʂ ʐʖʉ ʉɻʉʋ-ʎʖʈɻʐʅɿʚʖʉȢ ɷʈʋʅɻ 
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ʒɻʅʉʝʈʀʉɻ ʌɻʍɻʐʂʍʋʞʉʐɻʅ ɾʅɻ ʑʕʂʇʝʐʀʍʀʏ ʌʅʘʎʀʅʏ ʘɾʔʑʎʂʏ ʐʋʑ ʆɻʑʎʚʈʋʑ ʙ ɾʅɻ 

ʔɻʈʂʇʝʐʀʍɻ ʌʋʎʋʎʐʗ EGR. 

 

2Ȣτ ɢɿʅɻʅʐʀʍʝʐʂʐʀʏ ʀʆʌʋʈʌʡʉ ʆɻʑʎɻʀʍʚʖʉ ʆɻʐʗ ʐʂ ʈʀʐɻɼɻʐʅʆʙ 

ʇʀʅʐʋʑʍɾʚɻ ʑʌʀʍʌʇʂʍʖʈʘʉʖʉ ʆʅʉʂʐʙʍʖʉ Diesel 

        ɠ ʔʀʅʍʋʐʘʍʀʑʎʂ ʐʂʏ ʆɻʞʎʂʏ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ʈʀʐɻɼɻʐʅʆʙʏ ʇʀʅʐʋʑʍɾʚɻʏ 

ʑʌʀʍʌʇʂʍʖʈʘʉʖʉ ʆʅʉʂʐʙʍʖʉ Dieselȟ ʇʝɾʖ ʐʋʑ ʒɻʅʉʋʈʘʉʋʑ ʐʂʏ ʑʎʐʘʍʂʎʂʏ ʐʋʑ 

ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙ ɉturbocharger lagɊȟ ʋɿʂɾʀʚ ʎʀ ʎʐʅɾʈʅɻʚɻ ʎʂʈɻʉʐʅʆʙ ɻʞʊʂʎʂ 

ʐʖʉ ɻʘʍʅʖʉ ʆɻʅ ʎʖʈɻʐʅɿʅɻʆʡʉ ʍʞʌʖʉ ʎʀ ʎʞɾʆʍʅʎʂ ʈʀ ʐʂʉ ɻʉʐʚʎʐʋʅʔʂ ʈʝʉʅʈʂ 

ʇʀʅʐʋʑʍɾʚɻ ɉʎʐɻʃʀʍʙ ʐɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʆɻʅ ʒʋʍʐʚʋɊȢ ɥʀʍʅʆʗ ʐʑʌʅʆʗ 

ʌɻʍɻɿʀʚɾʈɻʐɻ ɿʚʉʋʉʐɻʅ ʌɻʍɻʆʗʐʖȢ 

 

 

 

ɫʔʙʈɻ 2.5: ɭʌʀʍɻʆʝʉʐʅʎʂ ʀʆʌʋʈʌʡʉ ɻʅʃʗʇʂʏ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʀʌʅʐʗʔʑʉʎʂʏ ʎʐʍʋɼʅʇʋ-

ʑʌʀʍʌʇʂʍʖʈʘʉʋʑ ʆʅʉʂʐʙʍɻ Diesel ɻʌʝ ʐʂʉ ʗʒʋʍʐʂ ʇʀʅʐʋʑʍɾʚɻ ɉȬʍʀʇɻʉʐʚȭɊɇ ʂ ʑʌʀʍɻʆʝʉʐʅʎʂ ʀʚʉɻʅ 

ʈʀɾɻʇʞʐʀʍʂ ʝʎʋ ʌʅʋ Ȭʔɻʈʂʇʝȭ ʐʋ ɻʍʔʅʆʝ ʎʂʈʀʚʋ ʇʀʅʐʋʑʍɾʚɻʏȟ ʝʎʋ ʌʅʋ ʈʀɾʗʇʂ ʂ ʈʀʐɻɼʋʇʙ ʎʐʍʋʒʡʉ ʙ 

ʒʋʍʐʚʋʑȟ ʝʎʋ ʌʅʋ ɻʌʝʐʋʈɻ ɻʑʐʙ ʌʍɻɾʈɻʐʋʌʋʅʀʚʐɻʅ ʆɻʅ ʝʎʋ ʌʅʋ ʈʀɾʗʇʂ ʂ ʈʘʎʂ ʌʍɻɾʈɻʐʅʆʙ ʌʚʀʎʂ 

(ratingɊ ʐʋʑ ʆʅʉʂʐʙʍɻ ɍ4]. 
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ɫʔʙʈɻ 2.6: ɞʆʌʋʈʌʘʏ ɻʅʃʗʇʂʏ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʎʑʉʀʔʡʉ ɻʇʇɻɾʡʉ ʐɻʔʑʐʙʐʖʉ ʎʀ ʑʌʀʍʌʇʂʍʖʈʘʉʋ 

ʆʅʉʂʐʙʍɻ Diesel ʒʋʍʐʂɾʋʞ ʌʋʑ ʀʅʎʘʍʔʀʐɻʅ ʎʀ ɻʑʐʋʆʅʉʂʐʝɿʍʋʈʋ ɍ4]. 

 

 

 

ɫʔʙʈɻ 2.7: ɨʇʅʆʙ ʎʑɾʆʘʉʐʍʖʎʂ ɻʍʅʃʈʋʞ ʎʖʈɻʐʅɿʚʖʉ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʋʑ ɚʈʀʍʅʆɻʉʅʆʋʞ 

ɥʀʐɻɼɻʐʅʆʋʞ ɣʞʆʇʋʑ ɩʝʇʂʏ FTP ɼɻʍʘʖʉ ʋʔʂʈʗʐʖʉ ɍ4]. 
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ɫʔʙʈɻ 2.8: ɭʌʀʍɻʆʝʉʐʅʎʂ ʀʆʌʋʈʌʡʉ ʋʊʀʅɿʚʖʉ ʐʋʑ ɻʁʡʐʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʀʌʅʐʗʔʑʉʎʂʏ ʎʐʍʋɼʅʇʋ-

ʑʌʀʍʌʇʂʍʖʈʘʉʋʑ ʆʅʉʂʐʙʍɻ Diesel ɻʌʝ ʐʂʉ ʗʒʋʍʐʂ ʇʀʅʐʋʑʍɾʚɻ ɉȬʍʀʇɻʉʐʚȭɊ ɍ4]. 

 

 

 

 

ɫʔʙʈɻ 2.9: ɭʌʀʍɻʆʝʉʐʅʎʂ ʀʆʌʋʈʌʡʉ ʋʊʀʅɿʚʖʉ ʐʋʑ ɻʁʡʐʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʋʑ ʀʆʐʝʏ ʌʝʇʂʏ 

ʐʈʙʈɻʐʋʏ ʐʋʑ ɞʑʍʖʌɻʛʆʋʞ ɣʞʆʇʋʑ ʌʅʎʐʋʌʋʚʂʎʂʏ ʋʔʂʈʗʐʖʉ ɉEUDCɊ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʈʘʉʋʑ 

ʆʅʉʂʐʙʍɻ Dieselɇ ʀʚʉɻʅ ʀʈʒɻʉʙʏ ʂ ʎʂʈɻʉʐʅʆʙ ɻʞʊʂʎʂ ʐʖʉ ʀʆʌʋʈʌʡʉ ʎʀ ʆʗʃʀ ʀʌʅʐʗʔʑʉʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ 

[4]. 
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ɣɞɮɚɤɚɢɨ 3 ɀ ɥʀʐɻɼɻʐʅʆʋʚ ɣʞʆʇʋʅ 

ɩʝʇʂʏ 
 

 

3Ȣρ ɞʅʎɻɾʖɾʙ 

       ɨʅ ɥʀʐɻɼɻʐʅʆʋʚ ɣʞʆʇʋʅ ɩʝʇʂʏ ɉTransient ʙ Driving CyclesɊ ɻʌʋʐʀʇʋʞʉ 

ʐʑʌʋʌʋʅʂʈʘʉʀʏ ʈʀʐɻɼɻʐʅʆʘʏ ɿʋʆʅʈʘʏ ɾʅɻ ʐʋʉ ʘʇʀɾʔʋ ʐʂʏ ʀʆʌʋʈʌʙʏ ʍʞʌʖʉ ʐʖʉ 

ʋʔʂʈʗʐʖʉȢ ɠ ʀʅʎɻɾʖɾʙ ʐʋʑʏ ʌʍʋʖʃʙʃʂʆʀ ɻʌʝ ʐʂʉ ʐʀʍʗʎʐʅɻ ʎʂʈɻʎʚɻ ʌʋʑ ʘʔʀʅ ʂ 

ʇʀʅʐʋʑʍɾʚɻ ʐʖʉ ʀʈɼʋʇʋʒʝʍʖʉ ʆʅʉʂʐʙʍʖʉ ɉʋʔʂʈʗʐʖʉɊ ʎʀ ʈʀʐɻɼɻʐʅʆʘʏ ʎʑʉʃʙʆʀʏ 

ɉɿʂʇȢ ʎʀ ʈʀʐɻɼʇʂʐʘʏ ʎʑʉʃʙʆʀʏ ʎʐʍʋʒʡʉ ʙ ʒʋʍʐʚʋʑɊȢ ɳʐʎʅȟ ʋʅ ʈʀʐɻɼɻʐʅʆʋʚ ʆʞʆʇʋʅ 

ʌʝʇʂʏ ʔɻʍɻʆʐʂʍʚʁʋʉʐɻʅ ɻʌʝ ʈʀɾʗʇʂ ɿʅʗʍʆʀʅɻ ɉʘʖʏ ʆɻʅ σπ ʇʀʌʐʗɊ ʆɻʅ ʌʀʍʅʇɻʈɼʗʉʋʑʉ 

ʎʑʔʉʘʏ ɻʇʇɻɾʘʏ ʐɻʔʞʐʂʐɻʏ ʆɻʅ ʒʋʍʐʚʋʑȟ ʎʀ ʘʉɻ ʈʀɾʗʇʋ ʀʞʍʋʏ ʎʑʉʃʂʆʡʉ ʇʀʅʐʋʑʍɾʚɻʏȟ 

ʡʎʐʀ ʉɻ ɻʉɻʌɻʍʅʎʐʋʞʉȟ ʎʐʋ ʈʘʐʍʋ ʐʋʑ ɿʑʉɻʐʋʞȟ ʐʂ ʇʀʅʐʋʑʍɾʚɻ ʐʋʑ ʋʔʙʈɻʐʋʏ ʎʀ 

ʌʍɻɾʈɻʐʅʆʘʏ ʎʑʉʃʙʆʀʏ ɍ6].  

ɳʉɻʏ ʈʀʐɻɼɻʐʅʆʝʏ ʆʞʆʇʋʏ ʌʝʇʂʏ ɻʌʋʐʀʇʀʚ ʈʅɻ ɻʆʋʇʋʑʃʚɻ ʎʂʈʀʚʖʉȟ ʝʌʋʑ ʆʗʃʀ 

ʎʂʈʀʚʋ ʌʍʋʎɿʅʋʍʚʁʀʐɻʅ ɻʌʝ ʈʅɻ ʎʑɾʆʀʆʍʅʈʘʉʂ ʐɻʔʞʐʂʐɻ ɉɾʅɻ ʐʂʉ ʌʀʍʚʌʐʖʎʂ ɿʋʆʅʈʙʏ 

ʐʋʑ ʋʔʙʈɻʐʋʏɊ ʙ ʘʉɻʉ ʎʑɾʆʀʆʍʅʈʘʉʋ ɻʍʅʃʈʝ ʎʐʍʋʒʡʉ ʆɻʅ ʒʋʍʐʚʋʑ ɉɾʅɻ ʐʂʉ 

ʌʀʍʚʌʐʖʎʂ ɿʋʆʅʈʙʏ ʈʝʉʋ ʐʋʑ ʆʅʉʂʐʙʍɻɊȢ ɬɻ ʎʂʈʀʚɻ ɿʋʆʅʈʙʏ ʀʚʉɻʅ ɿʅɻʅʍʀʈʘʉɻ ʎʀ 

ʔʍʋʉʅʆʗ ɼʙʈɻʐɻȟ ɻʉʗ ʘʉɻ ɿʀʑʐʀʍʝʇʀʌʐʋȟ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ʋʌʋʚʖʉ ʂ 

ʀʌʅʐʗʔʑʉʎʂȾʈʀʐɻɼʋʇʙ ʐʋʑ ʒʋʍʐʚʋʑ ʃʀʖʍʀʚʐɻʅ ɾʍɻʈʈʅʆʙȢ ɬʘʐʋʅɻ ʐʑʌʋʌʋʚʂʎʂ ʀʚʉɻʅ 

ɻʌɻʍɻʚʐʂʐʂ ʌʍʋʆʀʅʈʘʉʋʑ ʉɻ ʆɻʃʚʎʐɻʐɻʅ ɿʑʉɻʐʙ ʂ ʎʞɾʆʍʅʎʂ ɿʅɻʒʋʍʀʐʅʆʡʉ 

ʋʔʂʈʗʐʖʉ ʙ ʆʅʉʂʐʙʍʖʉ ʌʋʑ ʌʍɻɾʈɻʐʋʌʋʅʋʞʉ ʐʂʉ ʚɿʅɻ ʇʀʅʐʋʑʍɾʚɻȢ ɨʅ ɥʀʐɻɼɻʐʅʆʋʚ 

ɣʞʆʇʋʅȟ ʔʖʍʚʁʋʉʐɻʅ ʎʀ ɿʞʋ ʈʀɾʗʇʀʏ ʆɻʐʂɾʋʍʚʀʏȡ  

¶ ɬɻ ʀʌʅɼɻʐʅʆʗ ɻʑʐʋʆʚʉʂʐɻ ʆɻʅ ʐɻ ʀʇɻʒʍʋʞ ʐʞʌʋʑ ʒʋʍʐʂɾʗ ʑʌʋɼʗʇʇʋʉʐɻʅ 

ʎʑʉʙʃʖʏ ʎʀ ɣʞʆʇʋ ɿʋʆʅʈʙʏȟ ʌʋʑ ʎʑʎʔʀʐʚʁʀʅ ʐʂʉ ʐɻʔʞʐʂʐɻ ʐʋʑ ʋʔʙʈɻʐʋʏ ʈʀ ʐʋ 

ʔʍʝʉʋ ɉvehicle speed vs timeɊ ʆɻʅ ʐɻ ɻʌʋʐʀʇʘʎʈɻʐɻ ʀʆʒʍʗʁʋʉʐɻʅ ʎʀ g/ km.  

¶ ɬɻ ɼɻʍʘʋʏ ʐʞʌʋʑ ʋʔʙʈɻʐɻȟ ʇʝɾʖ ʈʀɾʘʃʋʑʏȟ ɼʗʍʋʑʏ ʆɻʅ ʐʀʍʗʎʐʅʋʑ ɻʍʅʃʈʋʞ 

ʎʑʉɿʑɻʎʈʡʉ ʆʅʉʂʐʙʍɻȾɻʈɻʊʡʈɻʐʋʏȟ ʑʌʋɼʗʇʇʋʉʐɻʅ ʎʀ ɣʞʆʇʋ ɝʋʆʅʈʙʏ ʈʝʉʋ 



39 
 

ʐʋʑ ʆʅʉʂʐʙʍɻȢ ɨ ɣʞʆʇʋʏ ɻʑʐʝʏ ʌʍɻɾʈɻʐʋʌʋʅʀʚʐɻʅ ʎʀ ʈʅɻ ʌʘɿʂ ɿʋʆʅʈʙʏ 

ʆʅʉʂʐʙʍʖʉȟ ʝʌʋʑ ʋ ʆʅʉʂʐʙʍɻʏ ɻʆʋʇʋʑʃʀʚ ʈʅɻ ʆɻʃʋʍʅʎʈʘʉʂ ɻʇʇʂʇʋʑʔʚɻ 

ʐɻʔʑʐʙʐʖʉ ʌʀʍʅʎʐʍʋʒʙʏ ʆɻʅ ʒʋʍʐʚʖʉ ʎʀ ʎʔʘʎʂ ʈʀ ʐʋ ʔʍʝʉʋ ɉengine 

speed/ torque vs timeɊȢ ɬɻ ɻʌʋʐʀʇʘʎʈɻʐɻ ʐʂʏ ɿʋʆʅʈʙʏ ʀʆʒʍʗʁʋʉʐɻʅ ʎʑʉʙʃʖʏ 

ʎʀ g/ kWhȟ ɿʂʇɻɿʙ ɻʉʗɾʋʉʐɻʅ ʎʐʋ ʎʑʉʋʇʅʆʝ ʘʍɾʋ ʌʋʑ ʌɻʍʗɾʀʐɻʅ ɻʌʝ ʐʋʉ 

ʆʅʉʂʐʙʍɻ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʋʑ ɣʞʆʇʋʑȢ  

ɜʅɻ ʉɻ ʀʚʉɻʅ ʋʅ ʈʀʐʍʙʎʀʅʏ ɻʉʐʅʌʍʋʎʖʌʀʑʐʅʆʘʏ ʐʂʏ ʇʀʅʐʋʑʍɾʚɻʏ ʐʖʉ ʆʅʉʂʐʙʍʖʉȟ ʋʅ 

ʈʀʐɻɼɻʐʅʆʋʚ ɣʞʆʇʋʅ ɩʝʇʂʏ ʀʉʎʖʈɻʐʡʉʋʑʉ ʈʀʍʅʆʘʏ ʙ ʝʇʀʏ ɻʌʝ ʐʅʏ ʌɻʍɻʆʗʐʖ 

ʆɻʃʂʈʀʍʅʉʘʏ ʎʑʉʃʙʆʀʏ ʋɿʙɾʂʎʂʏȡ  

¶ ɰʑʔʍʙ ʆɻʅ ʃʀʍʈʙ ʀʆʆʚʉʂʎʂ  

¶ ɫʑʔʉʘʏ ʀʌʅʐɻʔʞʉʎʀʅʏ ʆʅ ʀʌʅɼʍɻɿʞʉʎʀʅʏ  

¶ ɥʀʐɻɼʋʇʘʏ ʐʋʑ ʒʋʍʐʚʋʑ  

¶ ɫʑʉʃʙʆʀʏ ʗʒʋʍʐʂʏ ʇʀʅʐʋʑʍɾʚɻʏȟ ʔɻʍɻʆʐʂʍʅʎʐʅʆʘʏ ʐʋʑ ʆʞʆʇʋʑ ʋɿʙɾʂʎʂʏ  

¶ ɨɿʙɾʂʎʂ ʎʀ ʌʍʋʗʎʐʅɻ ʙ ɻɾʍʋʐʅʆʋʞʏ ɿʍʝʈʋʑʏ  

¶ ɨɿʙɾʂʎʂ ʎʀ ɻʑʐʋʆʅʉʂʐʝɿʍʋʈʋ  

ɥʀ ʐʂʉ ʀʒɻʍʈʋɾʙ ʀʉʝʏ ɥʀʐɻɼɻʐʅʆʋʞ ɣʞʆʇʋʑ ɾʅɻ ʐʂ ɿʋʆʅʈʙ ʉʘʖʉ ʋʔʂʈʗʐʖʉȟ 

ɿʋʆʅʈʗʁʀʐɻʅ-ʀʇʘɾʔʀʐɻʅ ʋʇʝʆʇʂʍʋ ʐʋ ʀʞʍʋʏ ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʆʅʉʂʐʙʍʅɻȟ ʆɻʅ ʝʔʅ ʈʝʉʋʉ 

ʂ ʈʘɾʅʎʐʂ ʅʎʔʞʏ ʙ ʍʋʌʙ ʙ ɻʌʇʗ ʆʗʌʋʅɻ ʈʀʈʋʉʖʈʘʉɻ ɉʘʎʐʖ ʆɻʅ ͼɻʉʐʅʌʍʋʎʖʌʀʑʐʅʆʗͼɊ 

ʎʂʈʀʚɻȢ ɞʌʅʌʇʘʋʉȟ ʇɻʈɼʗʉʋʉʐɻʅ ʑʌʝʕʅʉ ʋʅ ʎʋɼɻʍʘʏ ɻʉɻʆʋʇʋʑʃʚʀʏ ʌʋʑ ʌʍʋʆʞʌʐʋʑʉ 

ʆɻʐʗ ʐʂʉ ɻʌʝʐʋʈʂ ʀʌʅʐʗʔʑʉʎʂ ʙ ʀʌʅɼʍʗɿʑʉʎʂ ʌʋʑ ʘʔʋʑʉ ʎɻʉ ɻʌʋʐʘʇʀʎʈɻ ʋʅ 

ʀʆʌʋʈʌʘʏ ɻʘʍʅʖʉ ʍʞʌʖʉ ʆɻʅ ʎʐʀʍʀʡʉ ʎʖʈɻʐʅɿʚʖʉ ʉɻ ʊʀʌʀʍʉʋʞʉ ʎʐʅɾʈʅɻʚɻȟ ʆɻʐʗ 

ʌʋʇʞȟ ʐɻ ʝʍʅɻȢ ɬʋ ʒɻʅʉʝʈʀʉʋ ɻʑʐʝ ʀʚʉɻʅ ɻʍʆʀʐʗ ʌʅʋ ʋʊʑʈʘʉʋ ʎʀ ʑʌʀʍʌʇʂʍʖʈʘʉʋʑʏ 

ʆʅʉʂʐʙʍʀʏȟ ʇʝɾʖ ʐʋʑ ʒɻʅʉʋʈʘʉʋʑ ʐʂʏ ʑʎʐʘʍʂʎʂʏ ʐʋʑ ʑʌʀʍʌʇʂʍʖʐʙȟ ʝʌʖʏ ʒʗʉʂʆʀ 

ʎʐɻ ɿʅɻɾʍʗʈʈɻʐɻ ʐʂʏ ɩɻʍɻɾʍʗʒʋʑ ςȢτȢ ɱʎʐʝʎʋȟ ʂ ʔʍʙʎʂ ʐʖʉ ɥʀʐɻɼɻʐʅʆʡʉ ɣʞʆʇʖʉ 

ʌʍʋʋʍʚʁʀʐɻʅ ʆʑʍʚʖʏ ɾʅɻ ʐʋʉ ʌʍʋʎɿʅʋʍʅʎʈʝ ʐʂʏ ʎʑʉʋʇʅʆʙʏ ʌʋʎʝʐʂʐɻʏ ʐʖʉ ʀʆʌʋʈʌʡʉ 

ʍʞʌʖʉ ʆɻʅ ʝʔʅ ɾʅɻ ʐʋʉ ʌʍʋʎɿʅʋʍʅʎʈʝ ʎʑɾʆʀʆʍʅʈʘʉʖʉ ʎʂʈʀʚʖʉ ʝʌʋʑ ʋʅ ʀʆʌʋʈʌʘʏ 

ɻʑʐʘʏ ʈʀɾʅʎʐʋʌʋʅʋʞʉʐɻʅȢ  

ɨʅ ɥʀʐɻɼɻʐʅʆʋʚ ɣʞʆʇʋʅ ɻʌɻʅʐʋʞʉ ʅɿʅɻʚʐʀʍɻ ʌʋʇʞʌʇʋʆʀʏ ʌʀʅʍɻʈɻʐʅʆʘʏ 

ʀɾʆɻʐɻʎʐʗʎʀʅʏ ʌʋʑ ʌʍʘʌʀʅ ʉɻ ʀʚʉɻʅ ʌʇʙʍʖʏ ɻʑʐʋʈɻʐʋʌʋʅʂʈʘʉʀʏȟ ʈʀ ʂʇʀʆʐʍʋʉʅʆʗ 

ʀʇʀɾʔʝʈʀʉʋ ɿʑʉɻʈʝʈʀʐʍʋȟ ʎʑʎʆʀʑʘʏ ɻʉʗʇʑʎʂʏ ʆɻʑʎɻʀʍʚʖʉ ɾʍʙɾʋʍʂʏ ɻʌʝʆʍʅʎʂʏȟ 
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ʎʙʍɻɾɾʀʏ ɻʉʗʈʅʊʂʏ ʆɻʅ ɻʍɻʚʖʎʂʏ ʆʇʌȢ ɥʘʔʍʅ ʎʐʅɾʈʙʏȟ ʌʋʇʇʘʏ ʔʡʍʀʏ ʙ ʋʈʗɿʀʏ ʔʖʍʡʉ 

ʎʐʋʉ ʆʝʎʈʋ ʔʍʂʎʅʈʋʌʋʅʋʞʉ ɥʀʐɻɼɻʐʅʆʋʞʏ ɣʞʆʇʋʑʏ ɾʅɻ ʐʋʉ ʘʇʀɾʔʋ ʀʆʌʋʈʌʡʉ ʐʖʉ 

ʋʔʂʈʗʐʖʉ ʐʋʑʏȟ ʈʀ ʌʍʖʐʋʌʝʍʀʏ ʐʂʉ ɞʑʍʖʌɻʛʆʙ ɳʉʖʎʂȟ ʐʅʏ ɠȢɩȢɚȢ ʆɻʅ ʐʂʉ ɢɻʌʖʉʚɻȢ 

ɞʉʐʋʞʐʋʅʏȟ ʂ ʔʍʙʎʂ ʐʖʉ ɥʀʐɻɼɻʐʅʆʡʉ ɣʞʆʇʖʉ ɿʀʉ ʌʀʍʅʋʍʚʁʀʐɻʅ ʈʝʉʋ ʎʐʋʉ ʘʇʀɾʔʋ 

ʐʖʉ ʀʆʌʋʈʌʡʉȟ ʎʐʂ ɼʗʎʂ ʐʂʏ ɻʉʐʚʎʐʋʅʔʂʏ ʉʋʈʋʃʀʎʚɻʏȟ ɻʇʇʗ ʀʌʀʆʐʀʚʉʀʐɻʅ ʆɻʅ ʎʐʋ 

ʔʡʍʋ ʐʂʏ ʘʍʀʑʉɻʏȢ  

ɬɻ ʐʀʇʀʑʐɻʚɻ ʔʍʝʉʅɻ ʘʔʀʅ ʌʍʋʆʞʕʀʅ ʂ ɻʉʗɾʆʂȟ ʐʝʎʋ ɻʌʝ ʐʂ ʎʆʋʌʅʗ ʐʖʉ 

ʆɻʐɻʎʆʀʑɻʎʐʡʉ ʝʎʋ ʆɻʅ ɻʌʝ ʀʆʀʚʉʂ ʐʋʑ ʉʋʈʋʃʘʐʂȟ ɾʅɻ ʘʉɻʉ ʀʉɻʍʈʋʉʅʎʈʘʉʋȟ ʎʀ 

ʌɻɾʆʝʎʈʅɻ ʆʇʚʈɻʆɻȟ ɥʀʐɻɼɻʐʅʆʝ ɣʞʆʇʋȟ ʆɻʃʡʏ ʆɻʅ ʐʖʉ ɻʉʐʚʎʐʋʅʔʖʉ ɿʅɻɿʅʆɻʎʅʡʉ 

ʀʇʘɾʔʋʑ ʐʖʉ ʀʆʌʋʈʌʡʉȢ ɬʂʉ ɻʉʗɾʆʂ ɻʑʐʙ ʙʍʃʀ ʉɻ ʆɻʇʞʕʀʅ ʋ ɩɻɾʆʝʎʈʅʋʏ ɣʞʆʇʋʏ 

ɩʝʇʂʏ ɨʔʂʈʗʐʖʉ ɞʇɻʒʍʋʞ ɮʋʍʐʚʋʑ (WLTC3, Worldwide-Harmonized Light Vehicles 

Test CycleɊȟ ʋ ʋʌʋʚʋʏ ɻʉɻʇʞʀʐɻʅ ɿʅʀʊʋɿʅʆʗ ʌɻʍɻʆʗʐʖ ɉɩɻʍʗɾʍɻʒʋʏ σȢσɊ.  

 

3.2 ɫʑʉʅʎʐʡʎʀʏ ʐʂʏ ɿʅɻɿʅʆɻʎʚɻʏ ɿʋʆʅʈʙʏ 
 

3.2.1 ɝʑʉɻʈʝʈʀʐʍʋ 

       ɬʋ ɿʑʉɻʈʝʈʀʐʍʋ ʀʚʉɻʅ ʈʅɻ ʎʑʎʆʀʑʙ ʌʋʑ ʀʌʅʐʍʘʌʀʅ ʐʂʉ ʀʒɻʍʈʋɾʙ ʀʇʀɾʔʝʈʀʉʂʏ 

ʐɻʔʞʐʂʐɻʏ ʆɻʅ ʎʑʉʃʂʆʡʉ ʒʋʍʐʚʋʑ ʎʀ ʘʉɻʉ ʆʅʉʂʐʙʍɻ ʙ ʝʔʂʈɻȢ ɬɻ ɿʑʉɻʈʝʈʀʐʍɻ 

ɿʅɻʆʍʚʉʋʉʐɻʅ ʎʀ ɿʞʋ ʆɻʐʂɾʋʍʚʀʏȡ  

¶ ɝʑʉɻʈʝʈʀʐʍɻ ʌʇɻʅʎʚʖʉ ɉÃÈÁÓÓÉÓ ÄÙÎÁÍÏÍÅÔÅÒɊ ɾʅɻ ʐʂ ɿʋʆʅʈʙ ʋʔʂʈʗʐʖʉ 

ɉʀʌʅɼɻʐʅʆʗ ɻʑʐʋʆʚʉʂʐɻ ʆɻʅ ʀʇɻʒʍʋʞ ʐʞʌʋʑ ʋʔʙʈɻʐɻ ʀʉ ɾʘʉʀʅɊ  

¶ ɝʑʉɻʈʝʈʀʐʍɻ ʆʅʉʂʐʙʍʖʉ ɉÅÎÇÉÎÅ ÄÙÎÁÍÏÍÅÔÅÒɊ ɾʅɻ ʐʂ ɿʋʆʅʈʙ ʆʅʉʂʐʙʍʖʉ 

ɉɼɻʍʘʋʏ ʐʞʌʋʑ ʋʔʙʈɻʐɻɊ  

       ɫʐɻ ɿʑʉɻʈʝʈʀʐʍɻ ʌʇɻʅʎʚʖʉȟ ʐʋʌʋʃʀʐʀʚʐɻʅ ʋʇʝʆʇʂʍʋ ʐʋ ʝʔʂʈɻ ʎʐʋʑʏ ʆʑʇʚʉɿʍʋʑʏ 

ʘʇʊʂʏȟ ʎʐʋʑʏ ʋʌʋʚʋʑʏ ʋɿʂɾʋʞʉʐɻʅ ʋʅ ʆʅʉʂʐʙʍʅʋʅ ʐʍʋʔʋʚ ʐʋʑ ʋʔʙʈɻʐʋʏȟ ʆɻʅ ʔʀʅʍʚʁʀʐɻʅ 

ɻʌʝ ʘʉɻʉ ʋɿʂɾʝȢ ɬʋ ʝʔʂʈɻ ɿʘʉʀʐɻʅ ʎʐʋ ʌʗʐʖʈɻ ʆɻʅ ʎʐʅʏ ɿʞʋ ʌʇʀʑʍʘʏȟ ʡʎʐʀ ʉɻ 

ɻʌʋʐʍɻʌʀʚ ʂ ʈʀʐɻʆʚʉʂʎʙ ʐʋʑȢ ɬɻ ɻʘʍʅɻ ʐʂʏ ʀʊɻɾʖɾʙʏ ʎʑʇʇʘɾʋʉʐɻʅ ɻʌʝ ʐʋ ʎʞʎʐʂʈɻ 

ɿʀʅɾʈɻʐʋʇʂʕʚɻʏȟ ʐʋ ʋʌʋʚʋ ɻʉɻʇʞʀʐɻʅ ʎʐʂʉ ʌɻʍʗɾʍɻʒʋ 3ȢσȢςȢ ɨ ʋɿʂɾʝʏ ʀʆʐʀʇʀʚ ʐʋʉ 

ɣʞʆʇʋȟ ʑʌʋɼʋʂʃʋʞʈʀʉʋʏ ɻʌʝ ʋʃʝʉʂ ʑʌʋʇʋɾʅʎʐʙ ɉmonitorɊ ʎʐʋ ʌɻʍʈʌʍʚʁ ʐʋʑ 

ɻʑʐʋʆʅʉʙʐʋʑȟ ʎʐʂʉ ʋʌʋʚɻ ʀʈʒɻʉʚʁʋʉʐɻʅ ʋʅ ʌʇʂʍʋʒʋʍʚʀʏ ʐɻʔʞʐʂʐɻʏ ɉʐɻʔʞʐʂʐɻ ʎʀ 

ʆʗʃʀ ɿʀʑʐʀʍʝʇʀʌʐʋ ʐʋʑ ɣʞʆʇʋʑɊȢ  
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        ɨ ʎʐʝʔʋʏ ʐʋʑ ɿʑʉɻʈʝʈʀʐʍʋʑ ʀʚʉɻʅ ʉɻ ɻʉɻʌɻʍʗɾʀʅ ʐʋ ʒʋʍʐʚʋ ʆɻʐʗ ʐʂʉ ʆʚʉʂʎʂ ʐʋʑ 

ʋʔʙʈɻʐʋʏ ʎʐʋ ɿʍʝʈʋ ʆɻʅ ʐʂ ʈɻʁʅʆʙ ʍʋʌʙ ɻɿʍʗʉʀʅɻʏ ʐʋʑ ʋʔʙʈɻʐʋʏȢ ɳʉɻ ʝʔʂʈɻ ʎʐʋ 

ɿʍʝʈʋ ʘʔʀʅ ʉɻ ʑʌʀʍʉʅʆʙʎʀʅ ʐʂʉ ɻʉʐʚʎʐɻʎʂ ʐʍʅɼʙʏ ʆʞʇʅʎʂʏ ɉFrɊȟ ʐʂʉ ɻʀʍʋɿʑʉɻʈʅʆʙ 

ɻʉʐʚʎʐɻʎʂ ɉFaɊȟ ʐʂʉ ɻʉʐʚʎʐɻʎʂ ʆʇʚʎʂʏ ʋɿʋʎʐʍʡʈɻʐʋʏ ɉFgrɊ ʆɻʅ ʐʂʉ ɻʉʐʚʎʐɻʎʂ 

ʀʌʅʐʗʔʑʉʎʂʏ ɉFbɊȢ ɷʇʀʏ ɻʑʐʘʏ ʋʅ ɻʉʐʅʎʐʗʎʀʅʏ ʈʌʋʍʋʞʉ ʉɻ ʌʍʋʎʋʈʋʅʖʃʋʞʉ ʎʐʋ 

ɿʑʉɻʈʝʈʀʐʍʋ ʌʇɻʅʎʚʖʉ ʈʘʎʖ ʐʂʏ ʀʌʅɼʋʇʙʏ ʆɻʐʗʇʇʂʇʂʏ ʐʅʈʙʏ ɻʉʐʚʎʐɻʎʂʏ ɉFr + Fa + 

FgrɊ ʎʐʋʑʏ ʆʑʇʚʉɿʍʋʑʏ ʘʇʊʂʏ ʐʋʑ ɿʑʉɻʈʋʈʘʐʍʋʑ ʆɻʃʡʏ ʆɻʅ ʐʂʏ ʔʍʙʎʀʖʏ ʈʗʁɻʏ 

ʆɻʐʗʇʇʂʇʂʏ ʈɻʁʅʆʙʏ ʍʋʌʙʏ ɻɿʍɻʉʀʚɻʏ ɉʎʐʋʉ ʗʊʋʉɻ ʐʖʉ ʆʑʇʚʉɿʍʖʉ ʘʇʊʂʏɊ ɾʅɻ ʐʂʉ 

ʌʍʋʎʋʈʋʚʖʎʂ ʐʂʏ Fbȟ ɿʂʇɻɿʙ ʐʖʉ ʀʌʅʐɻʔʞʉʎʀʖʉ ʆɻʅ ʀʌʅɼʍɻɿʞʉʎʀʖʉ ʐʋʑ ʋʔʙʈɻʐʋʏȢ  

 

 

ɫʔʙʈɻ 3.1ȡ ɞʌʅɼɻʐʅʆʝ ɻʑʐʋʆʚʉʂʐʋ ʎʀ ɿʑʉɻʈʝʈʀʐʍʋ ʌʇɻʅʎʚʋʑȢ  
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ɫʔʙʈɻ 3.2ȡ ɞʌʅɼɻʐʅʆʝ ʝʔʂʈɻ ʎʀ ʀɾʆɻʐʗʎʐɻʎʂ ɣʞʆʇʋʑ ɝʋʆʅʈʙʏ ɾʅɻ ʘʇʀɾʔʋ ʀʆʌʋʈʌʡʉȢ 

 

        ɫʐʋ ɿʑʉɻʈʝʈʀʐʍʋ ʆʅʉʂʐʙʍʖʉȟ ʋ ʆʅʉʂʐʙʍɻʏ ʎʑʉɿʘʀʐɻʅ ʗʈʀʎɻ ʎʀ ʈʅɻ ʌʘɿʂȢ ɬʋ 

ɿʑʉɻʈʝʈʀʐʍʋ ʈʅʈʀʚʐɻʅ ʐʂ ʎʑʈʌʀʍʅʒʋʍʗ ʋʇʝʆʇʂʍʋʑ ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʐʋʑ 

ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏȟ ʎʑʈʌʀʍʅʇɻʈɼɻʉʋʈʘʉʂʏ ʐʂʏ ʀʊɻʅʍʀʐʅʆʗ ɾʍʙɾʋʍʂʏ 

ɻʌʝʆʍʅʎʂʏ ʍʋʌʙʏ ʆɻʅ ʐɻʔʞʐʂʐɻʏȟ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ʈʀʐɻɼɻʐʅʆʙʏ ʇʀʅʐʋʑʍɾʚɻʏȢ 

ɠʇʀʆʐʍʅʆʗ ɿʑʉɻʈʝʈʀʐʍɻ ɻʌɻʅʐʋʞʉʐɻʅ ɾʅɻ ʐʋʑʏ ɣʞʆʇʋʑʏ ɿʋʆʅʈʙʏ ʌʋʑ ʌʀʍʅʇɻʈɼʗʉʋʑʉ 

ʐʈʙʈɻʐɻ ʀʐʀʍʋʆʚʉʂʎʂʏȟ ʝʌʋʑ ʐʋ ɿʑʉɻʈʝʈʀʐʍʋ ȺʋɿʂɾʀʚȻ ʐʋʉ ʆʅʉʂʐʙʍɻȟ ʝʌʖʏ ʎʐʋʉ 

ɻʈʀʍʅʆʗʉʅʆʋ ʆʞʆʇʋ FTPȟ ʎʐʋʉ ɉʌɻʇɻʅʝʐʀʍʋɊ ʀʑʍʖʌɻʛʆʝ ETC ʙ ʐʋʉ ʌɻɾʆʝʎʈʅʋ WHTC, 

ʆɻʃʡʏ ʆɻʅ ʎʐʋʉ NRTC ɾʅɻ ʋʔʙʈɻʐɻ ʀʆʐʝʏ ɿʍʝʈʋʑȢ  
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ɫʔʙʈɻ 3.3ȡ ɣʅʉʂʐʙʍɻʏ ɼɻʍʘʋʏ ʐʞʌʋʑ ʎʐʂ ʃʘʎʂ ɿʑʉɻʈʝʈʀʐʍʋʑ ɿʋʆʅʈʙʏ ʆʅʉʂʐʙʍʖʉȢ 

 

3.2.2 ɜʀʉʅʆʗ ʌʀʍʚ ʈʀʐʍʙʎʀʖʉ ʀʆʌʋʈʌʡʉ ʍʞʌʖʉ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ 

ʈʀʐɻɼɻʐʅʆʡʉ ʆʞʆʇʖʉ 

       ɠ ɿʅɻɿʅʆɻʎʚɻ ʈʘʐʍʂʎʂʏ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ 

ʐʖʉ ɥʀʐɻɼɻʐʅʆʡʉ ɣʞʆʇʖʉ ʀʚʉɻʅ ʂ ɿʀʅɾʈɻʐʋʇʂʕʚɻ ʎʐɻʃʀʍʋʞ ʝɾʆʋʑ ɉCVS ɀ constant 

volume samplingɊȢ ɩʍʝʆʀʅʐɻʅ ɾʅɻ ʐʂʉ ɻʌʋɿʀʆʐʙ ɻʌʝ ʐʂʉ ʅʎʔʞʋʑʎɻ ʉʋʈʋʃʀʎʚɻ ʎʀ 

ʌʋʇʇʘʏ ʔʡʍʀʏ ʈʘʃʋɿʋȟ ʐʝʎʋ ɾʅɻ ʀʇɻʒʍʅʗ ʋʔʙʈɻʐɻ ʝʎʋ ʆɻʅ ɾʅɻ ɼɻʍʘɻ 

ʋʔʙʈɻʐɻȾʆʅʉʂʐʙʍʀʏȢ ɫʐʅʏ ɿʋʆʅʈʘʏ ʐʖʉ ʋʔʂʈʗʐʖʉ ʀʇɻʒʍʋʞ ʐʞʌʋʑȟ ʂ ɿʅʗʐɻʊʂ ʐʂʏ 

ɿʀʅɾʈɻʐʋʇʂʕʚɻʏ ʎʑʉɿʑʗʁʀʐɻʅ ʈʀ ʐʋ ɿʑʉɻʈʝʈʀʐʍʋ ɉʌʇɻʅʎʚʋʑɊȟ ʝʌʖʏ ʒɻʚʉʀʐɻʅ ʎʐʋ 

ɫʔʙʈɻ 3.4.  
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ɫʔʙʈɻ 3.4ȡ ɬʑʌʅʆʝ ʎʞʎʐʂʈɻ ɿʀʅɾʈɻʐʋʇʂʕʚɻʏ ʎʐɻʃʀʍʋʞ ʝɾʆʋʑ CVS ʈʀ ɻʉʐʇʚɻ ʃʀʐʅʆʙʏ ʀʆʐʝʌʅʎʂʏ ɾʅɻ 

ʐʂʉ ʌʅʎʐʋʌʋʚʂʎʂ ʋʔʂʈʗʐʖʉ ɍ4]. 

 

       ɠ ɿʅɻɿʅʆɻʎʚɻ CVS ʎʑʉʚʎʐɻʐɻʅ ʎʐʂʉ ɻʍɻʚʖʎʂ ʐʂʏ ʋʇʅʆʙʏ ʌʋʎʝʐʂʐɻʏ 

ɻʉʀʌʀʊʘʍɾɻʎʐʋʑ ʆɻʑʎɻʀʍʚʋʑ ʈʀ ʆɻʃɻʍʝ ɻʘʍɻ ʌʀʍʅɼʗʇʇʋʉʐʋʏ ʎʀ ʈʚɻ ʎʙʍɻɾɾɻ 

ɻʍɻʚʖʎʂʏȢ ɠ ɻʍɻʚʖʎʂ ɾʚʉʀʐɻʅ ʌʍʋʆʀʅʈʘʉʋʑ ʉɻ ɻʌʋʒʀʑʔʃʀʚ ʋʌʋʅɻɿʙʌʋʐʀ 

ʎʑʈʌʞʆʉʖʎʂ ʑɿʍɻʐʈʡʉ ʎʐʂʉ ʀɾʆɻʐʗʎʐɻʎʂȢ ɠ ɻʉʗʈʀʅʊʂ ɻʑʐʙ ɾʚʉʀʐɻʅ 

ʔʍʂʎʅʈʋʌʋʅʡʉʐɻʏ ʈʚɻ ʌʀʍʅʎʐʍʋʒʅʆʙ ɻʉʐʇʚɻ ʃʀʐʅʆʙʏ ʀʆʐʝʌʅʎʂʏ ʙ ɻʉʐʇʚɻ ʆʀʉʋʞ 

ʆʍʚʎʅʈʂʏ ʍʋʙʏ Ȱventuriȱ ʂ ʋʌʋʚɻ ɻʉɻʍʍʋʒʗ ʐʋ ʅʎʔʑʍʡʏ ɻʍɻʅʖʈʘʉʋ ʈʀ ɻʘʍɻ 

ʆɻʑʎɻʘʍʅʋ ʈʀ ʈʅɻ ʎʐɻʃʀʍʙ ʌɻʍʋʔʙ ʝɾʆʋʑȟ ʐʂʉ ʋʌʋʚɻ ʈʀʐʍʗȢ ɠ ʎʐɻʃʀʍʙ ʍʋʙ 

ɿʅʀʑʆʋʇʞʉʀʅ ʐʋʉ ɻʆʍʅɼʙ ʑʌʋʇʋɾʅʎʈʝ ʐʖʉ ʀʆʌʋʈʌʡʉ ʈʀ ɼʗʎʂ ʐʂ ʈʗʁɻ ʐʋʑʏȢ ɳʉɻʏ 

ʀʉɻʇʇʗʆʐʂʏ ʃʀʍʈʝʐʂʐɻʏ ʈʌʋʍʀʚ ʌʍʋɻʅʍʀʐʅʆʗ ʉɻ ʀɾʆɻʐɻʎʐɻʃʀʚ ɾʅɻ ɻʉɻʇʋɾʅʆʙ 

ɆȼɅȷũũȷ 

ȷɅȷȽɋɆȼɆ
ȷɏɟŬɠ

ȺɜŬɚɚɎəŰɖɠ 

ɗŮɟɛɧŰɖŰŬɠ

ūɑɚŰɟɞ

ȷɜŰɚɑŬ ɗŮŰɘəɐɠ 

ŮəŰɧ́ɘůɖɠ
ɅɡɗɛɘůŰɐɠ ɟɞɐɠ

ɆɨůŰɖɛŬ 

ɀɏŰɟɖůɖɠ 

ɆɤɛŬŰɘŭɑɤɜ

ɅɡɗɛɘůŰɐɠ ɟɞɐɠ

ūɑɚŰɟɞ 

əŬŰŬəɟɎŰɖůɖɠ

ɅɞɧɛŮŰɟɞ

ȸŬɚɓɑŭŬ

ȷɜŰɚɑŬ

ɀɏŰɟɖůɖ 

Ů́ɟɘŮəŰɘəɧŰɖŰŬɠ 

ŬɏɟŬ ůŮ ɟɨ́ɞɡɠ ɅɡɗɛɘůŰɐɠ ɟɞɐɠ

ɅɞɧɛŮŰɟɞ

ȷɜŰɚɑŬ

HC

ȷɜŬɚɡŰɏɠ

ɁɃx & CO
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ɿʀʅɾʈɻʐʋʇʂʕʚɻ ʎʖʈɻʐʅɿʚʖʉ ʆɻʅ ɾʅɻ ʆɻʃʋʍʅʎʈʝ ʐʂʏ ʍʋʙʏȢ ɠ ɉʆʑʍʚʖʏɊ ʎʙʍɻɾɾɻ ʀʚʉɻʅ 

ʘʉɻʏ ʃʀʍʈɻʅʉʝʈʀʉʋʏ ʎʖʇʙʉɻʏ ɻʌʝ ɻʉʋʊʀʚɿʖʐʋ ɻʐʎʗʇʅ ʆɻʅ ʌʍʘʌʀʅ ʉɻ ʘʔʀʅ ʆɻʐʗʇʇʂʇʋ 

ʈʙʆʋʏ ʘʐʎʅ ʡʎʐʀ ʉɻ ʀʌʅʐʍʘʌʀʅ ʌʇʙʍʂ ɻʉʗʈʅʊʂ ʐʋʑ ʆɻʑʎɻʀʍʚʋʑ ʈʀ ʐʋʉ ɻʘʍɻȢ ɠ 

ɿʅʗʈʀʐʍʋʏ ʐʂʏ ʎʙʍɻɾɾɻʏ ʀʊɻʍʐʗʐɻʅ ɻʌʝ ʐʂ ʍʋʙ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ ʆɻʅ ʀʚʉɻʅ ɻʍʆʀʐʗ 

ʈʅʆʍʙ ɾʅɻ ʉɻ ʌʍʋʆɻʇʀʚ ʐʑʍɼʡɿʂ ʍʋʙ ɉReЄτπππɊȢ ɠ ʌʋʎʝʐʂʐɻ ʐʋʑ ɻʍɻʅʖʈʘʉʋʑ ɻʘʍɻ 

ʌʍʘʌʀʅ ʉɻ ʀʚʉɻʅ ɻʍʆʀʐʙ ɾʅɻ ʉɻ ʕʞʔʀʅ ʐʋ ʈʚɾʈɻ ʆɻʑʎɻʀʍʚʋʑ-ɻʘʍɻ ʎʀ ʝʇʀʏ ʐʅʏ ʎʑʉʃʙʆʀʏ 

ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʎʀ ʃʀʍʈʋʆʍɻʎʚɻ ʔɻʈʂʇʝʐʀʍʂ ɻʌʝ σςυɣ (52ʋC).  

       ɣɻʐʗ ʐʂ ʒʗʎʂ ʐʖʉ ʈʀʐʍʙʎʀʖʉ ɻʉʐʇʋʞʉʐɻʅ ɿʀʚɾʈɻʐɻ ɻʀʍʚʖʉ ɻʌʝ ʐʂ ʎʙʍɻɾɾɻ 

ɻʍɻʚʖʎʂʏ ʎʐʋ ʎʂʈʀʚʋ ʝʌʋʑ ʐʋ ʆɻʑʎɻʘʍʅʋ ʀʚʉɻʅ ʀʉʐʀʇʡʏ ɻʉɻʈʀʈʅɾʈʘʉʋ ʈʀ ʐʋ ɿʅʗʇʑʈɻ 

ɻʘʍɻ ɉʐʑʌʅʆʗ Іρπ ɿʅʗʈʀʐʍʋʅ ʎʙʍɻɾɾɻʏ ɻʌʝ ʐʋ ʎʂʈʀʚʋ ʝʌʋʑ ʆɻʅ ʋʅ ɿʞʋ ʍʋʘʏ 

ʀʅʎʗɾʋʉʐɻʅ ʎʐʂ ʎʙʍɻɾɾɻɊȢ ɳʉɻ ʈʅʆʍʝ ʆʇʗʎʈɻ ʐʂʏ ʍʋʙʏ CVS ɉʌȢʔȢ ρϷɊ ʑʒʚʎʐɻʐɻʅ 

ɿʀʅɾʈɻʐʋʇʂʕʚɻ ʎʀ ʎʗʆʋ ɻʌʝ ʐʀʒʇʝʉ ʈʀ ʝɾʆʋ ͯρππltȢ ɩʍʅʉ ʐʂʉ ʀʚʎʋɿʋ ʐʖʉ ɻʀʍʚʖʉ 

ʎʐʂʉ ɻʉʐʇʚɻ ɾʅɻ ʉɻ ʀʊʘʇʃʋʑʉ ʎʐʂʉ ɻʐʈʝʎʒɻʅʍɻȟ ʐɻ ɻʘʍʅɻ ʕʞʔʋʉʐɻʅ ʎʀ ʀʉɻʇʇʗʆʐʂ 

ʃʀʍʈʝʐʂʐɻʏ ʈʘʔʍʅ ʃʀʍʈʋʆʍɻʎʚɻ ʌʀʍʅɼʗʇʇʋʉʐʋʏ ϻυoCȟ ʡʎʐʀ ʂ ʌʑʆʉʝʐʂʐʗ ʐʋʑʏ ʉɻ 

ʀʚʉɻʅ ʎʐɻʃʀʍʙȢ ɳʐʎʅ ʆɻʅ ʂ ʌɻʍʋʔʙ ʈʗʁɻʏ ʈʘʎʖ ʐʂʏ ɻʉʐʇʚɻʏ ʀʚʉɻʅ ʎʐɻʃʀʍʙ ɻʒʋʞ ʆɻʅ ʂ 

ʌɻʍʋʔʙ ʝɾʆʋʑ ɿʅɻʈʘʎʋʑ ɻʑʐʙʏ ʀʚʉɻʅ ʎʐɻʃʀʍʙȢ ɥʀʐʗ ʐʂ ɿʋʆʅʈʙȟ ʋʅ ʎʑɾʆʀʉʐʍʡʎʀʅʏ ʐʖʉ 

ɻʀʍʚʖʉ ʎʐɻ ɿʀʚɾʈɻʐɻ ʈʀʐʍʡʉʐɻʅ ʈʘʎʖ ʀʉʝʏ ɻʉɻʇʑʐʙ ʆɻʑʎɻʀʍʚʖʉȢ  

       ɠ ɿʅɻɿʅʆɻʎʚɻ ʌʋʑ ɻʉɻʒʘʍʃʂʆʀ ʌʍʋʂɾʋʑʈʘʉʖʏ ɾʅɻ ʐʂʉ ʈʘʐʍʂʎʂ ʐʖʉ CO, HC ʆɻʅ 

NOx ʅʎʔʞʀʅ ʐʝʎʋ ɾʅɻ ʆʅʉʂʐʙʍʀʏ Otto ʝʎʋ ʆɻʅ ɾʅɻ ʆʅʉʂʐʙʍʀʏ Dieselȟ ʈʀ ʐʂʉ ʀʊɻʚʍʀʎʂ ʐʂʏ 

ʈʘʐʍʂʎʂʏ ʐʖʉ HCȟ ʝʌʋʑ ʎʐʋʑʏ ʆʅʉʂʐʙʍʀʏ Diesel ʇʝɾʖ ʐʋʑ ɼɻʍʞʐʀʍʋʑ ʆɻʑʎʚʈʋʑ ʌʋʑ 

ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅȟ ʐɻ ʆɻʑʎɻʘʍʅɻ ʌʀʍʅʘʔʋʑʉ HC ʈʀ ʎʔʀʐʅʆʗ ʑʕʂʇʝ ʎʂʈʀʚʋ ʑɾʍʋʌʋʚʂʎʂʏȢ 

ɳʐʎʅ ʀʗʉ ɾʅʉʝʐɻʉ ʂ ʎʑʇʇʋɾʙ ʐʋʑʏ ʎʀ ʎʗʆʋʑʏ ʃɻ ʑʌʙʍʔʀ ʎʂʈɻʉʐʅʆʙ ʎʑʈʌʞʆʉʖʎʂ ʐʖʉ 

HC ʎʐɻ ʐʋʅʔʡʈɻʐɻ ʐʖʉ ʎʗʆʖʉ ʈʀ ɻʌʋʐʘʇʀʎʈɻ ʇɻʉʃɻʎʈʘʉʂ ʈʘʐʍʂʎʂȢ ɜʅɻ ʐʋ ʇʝɾʋ 

ɻʑʐʝ ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅ ʘʉɻʏ ʃʀʍʈɻʅʉʝʈʀʉʋʏ ʎʖʇʙʉɻʏ ɿʀʅɾʈɻʐʋʇʂʕʚɻʏ ʝʌʋʑ ɻʉʐʇʀʚʐɻʅ 

ʈʅʆʍʙ ʌʋʎʝʐʂʐɻ ɿʀʚɾʈɻʐʋʏ, ʂ ʋʌʋʚɻ ʎʐʂʉ ʎʑʉʘʔʀʅɻ ʋɿʂɾʀʚʐɻʅ ʎʐʋʉ ɻʉʐʚʎʐʋʅʔʋ 

ɻʉɻʇʑʐʙȢ  

       ɜʅɻ ʐʂʉ ʈʘʐʍʂʎʂ ʐʖʉ ʎʖʈɻʐʅɿʚʖʉȟ ʘʉɻ ɿʀʚɾʈɻ ʐʂʏ ʎʑʉʋʇʅʆʙʏ ʍʋʙʏ ɻʌʝ ʐʂ 

ʎʙʍɻɾɾɻ ɻʉʗʈʅʊʂʏ ʀʊʗɾʀʐɻʅ ʆɻʅ ʌʀʍʉʗʀʅ ʀʚʐʀ ʆɻʐʀʑʃʀʚɻʉ ʙ ʈʘʎʖ ɿʀʞʐʀʍʂʏ ɻʉʗʈʅʊʂʏ 

ʎʐʋ ʎʞʎʐʂʈɻ ɿʀʅɾʈɻʐʋʇʂʕʚɻʏ ʎʖʈɻʐʅɿʚʖʉȟ ʝʌʋʑ ʐɻ ʎʖʈɻʐʚɿʅɻ ʎʑʇʇʘɾʋʉʐɻʅ ʈʀ 

ʒʚʇʐʍɻ ɻʌʝ fiber-glass ɉʚʉʀʏ ʑʗʇʋʑɊ ʀʌʅʆɻʇʑʈʈʘʉɻ ʈʀ ʐʀʒʇʝʉȢ ɜʅɻ ʐʂʉ ʀʊɻʎʒʗʇʅʎʂ 

ʐʂʏ ɿʑʉɻʐʝʐʂʐɻʏ ʉɻ ɻʉɻʌɻʍɻʔʃʀʚ ʂ ʈʘʐʍʂʎʂ ɻʎʐɻʃʡʉ ʎʑʎʐɻʐʅʆʡʉ ʌʋʑ 
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ɻʌʋʍʍʋʒʡʉʐɻʅ ɻʌʝ ʐʋ ʒʚʇʐʍʋȟ ʀʚʉɻʅ ɻʌɻʍɻʚʐʂʐʋ ʐʋ ʒʚʇʐʍʋ ʉɻ ʅʎʋʍʍʋʌʀʚ ʎʀ ʋʍʅʎʈʘʉʂ 

ʃʀʍʈʋʆʍɻʎʚɻ ʆɻʅ ʀʌʚʌʀɿʋ ʑɾʍɻʎʚɻʏȢ ɠ ʀʆʌʋʈʌʙ ʎʖʈɻʐʅɿʚʖʉ ʆɻʃʋʍʚʁʀʐɻʅ ɻʌʝ ʐʂʉ 

ʋʇʅʆʙ ʈʗʁɻ ʌʋʑ ʎʑʇʇʘɾʀʐɻʅ ʎʐɻ ʒʚʇʐʍɻ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʋʑ ɥʀʐɻɼɻʐʅʆʋʞ ɣʞʆʇʋʑȢ 

ɚʌʝ ʐɻ ʎʖʈɻʐʚɿʅɻ ʌʋʑ ʘʔʋʑʉ ʎʑʇʇʀɾʀʚ, ʈʀʐʍʗʐɻʅ ʂ ɻʅʃʗʇʂ ʆɻʅ ʐʋ ʋʍɾɻʉʅʆʝ ʆʇʗʎʈɻ 

ʐʋ ʋʌʋʚʋ ʘʔʀʅ ʀʌʅʆʚʉɿʑʉɻ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ɾʅɻ ʐʂʉ ʑɾʀʚɻ ʐʖʉ ʁʖʉʐɻʉʡʉ ʋʍɾɻʉʅʎʈʡʉȢ 

ɜʅɻ ʎʞɾʆʍʅʎʂ ʈʀ ʐɻ ʝʍʅɻ ʐʖʉ ʌʍʋʐʞʌʖʉȟ ʑʌʋʇʋɾʚʁʀʐɻʅ ʈʚɻ ʈʘʎʂ ʐʅʈʙ ʆɻʐʗ ʐʋʉ 

ɥʀʐɻɼɻʐʅʆʝ ɣʞʆʇʋ ɉg/ test ʙ g/ km ʙ g/ kWhɊ ʆɻʅ ɾʅɻ ʐʅʏ ɿʞʋ ʀʆʌʋʈʌʘʏȟ ɻʘʍʅʀʏ ʆɻʅ 

ʎʖʈɻʐʅɿʚʖʉȢ  

       ɠ ʔʍʙʎʂ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ CVS ɻʌɻʅʐʀʚ ʈʀɾʗʇʋ ʔʡʍʋ ʆɻʅ ʆʝʎʐʋʏȢ ɞʚʉɻʅ ʒɻʉʀʍʝ ʝʐʅ 

ʈʀ ɻʑʐʙʉ ʐʂ ʈʀʃʋɿʋʇʋɾʚɻȟ ʋ ʑʌʋʇʋɾʅʎʈʝʏ ʐʂʏ ʎʑʉʋʇʅʆʙʏ ʌʋʎʝʐʂʐɻʏ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ 

ʀʌʅʐʑɾʔʗʉʀʐɻʅ ʔʖʍʚʏ ʑʌʝɿʀʅʊʂ ʋʞʐʀ ʐʖʉ ʌʍʋʎʖʍʅʉʡʉ ʎʂʈʀʚʖʉ ʈʀɾʅʎʐʋʌʋʚʂʎʂʏ ʐʖʉ 

ʀʆʌʋʈʌʡʉ ɉovershootsɊ ʋʞʐʀ ʆɻʅ ʐʋʑ ʔʍʋʉʅʆʋʞ ʌɻʍɻʃʞʍʋʑ ʎʐʂ ɿʋʆʅʈʙȟ ʝʌʋʑ ʋʅ 

ʀʆʌʋʈʌʘʏ ʆʑʍʚʖʏ ɿʂʈʅʋʑʍɾʋʞʉʐɻʅȢ 

 

3.3 ɩɻɾʆʝʎʈʅʋʏ ʆʞʆʇʋʏ ʌʝʇʂʏ WLTC2 

ɨʅ ʌʀʍʅʎʎʝʐʀʍʀʏ ɻʑʐʋʆʅʉʂʐʋɼʅʋʈʂʔɻʉʚʀʏ ʌɻʍʗɾʋʑʉ ɻʑʐʋʆʚʉʂʐɻ ʌʋʑ ʌʖʇʋʞʉ ʎʀ 

ʌɻɾʆʝʎʈʅɻ ʆʇʚʈɻʆɻ ʙ ʐʋʑʇʗʔʅʎʐʋʉ ʎʀ ɻʍʆʀʐʘʏ ʌʀʍʅʋʔʘʏ ʎʐʋʉ ʆʝʎʈʋȢ ɩɻʍʝʇɻ ɻʑʐʗȟ 

ɿʀɿʋʈʘʉʋʑ ʝʐʅ ʋʅ ʐʞʌʋʅ ʋʔʂʈʗʐʖʉ ʆɻʅ ʐɻ ʈʋʉʐʘʇɻ ʐʀʚʉʋʑʉ ʉɻ ʀʊʑʌʂʍʀʐʋʞʉ ʐʅʏ 

ʎʑʉʙʃʀʅʀʏ ʆɻʅ ʐʅʏ ʎʑʉʃʙʆʀʏ ɿʅɻɼʚʖʎʂʏ ʐʂʏ ʔʡʍɻʏ ʌɻʍɻɾʖɾʙʏȟ ʐɻ ʋʔʙʈɻʐɻ ʌʋʑ 

ʌɻʍʗɾʋʉʐɻʅ ʎʀ ʌɻɾʆʝʎʈʅɻ ʆʇʚʈɻʆɻ ɿʀʉ ʀʚʉɻʅ ʌɻʉʋʈʋʅʝʐʑʌɻȢ ɠ ʎʑʈʈʝʍʒʖʎʂ ʈʀ ʐɻ 

ɿʅɻʒʋʍʀʐʅʆʗ ʌʍʝʐʑʌɻ ʀʆʌʋʈʌʡʉ ʆɻʑʎɻʀʍʚʖʉ ʎʀ ʆʗʃʀ ʌʀʍʅʋʔʙȟ ʖʎʐʝʎʋȟ ʋɿʂɾʀʚ ʎʀ 

ʈʀɾʗʇʀʏ ɿʑʎʆʋʇʚʀʏ ʎʐʂʉ ɿʅɻʔʀʚʍʅʎʂ ʆɻʅ ʎʐʋʉ ʎʔʀɿʅɻʎʈʝ ʐʖʉ ʋʔʂʈʗʐʖʉȢ ɫʑʉʀʌʡʏȟ ʋʅ 

ʆɻʐɻʎʆʀʑɻʎʐʘʏ ʎʐʋʔʀʞʋʑʉ ʎʐʂʉȟ ʝʎʋ ʐʋ ɿʑʉɻʐʝʉ ʆɻʇʞʐʀʍʂȟ ʀʉɻʍʈʝʉʅʎʂ ʎʀ 

ʌɻɾʆʝʎʈʅɻ ʆʇʚʈɻʆɻ ʐʖʉ ɻʌɻʅʐʙʎʀʖʉ ɻʌʝɿʋʎʂʏ ʆɻʅ ʐʖʉ ʌʍʋʐʞʌʖʉ ʀʆʌʋʈʌʙʏ 

ʆɻʑʎɻʀʍʚʖʉȢ ɨʅ ʍʑʃʈʅʎʐʅʆʘʏ ɻʍʔʘʏ ʀʉɿʅɻʒʘʍʋʉʐɻʅ ʀʌʚʎʂʏ ɾʅɻ ʐʂʉ ʌɻɾʆʝʎʈʅɻ 

ʀʉɻʍʈʝʉʅʎʂ ɿʀɿʋʈʘʉʋʑ ʝʐʅ ʌʍʋʎʒʘʍʋʑʉ ʌʅʋ ɻʌʋʐʀʇʀʎʈɻʐʅʆʙ ɻʉʗʌʐʑʊʂ ʆɻʅ 

ʌʍʋʎɻʍʈʋɾʙ ʎʐʂʉ ʐʀʔʉʅʆʙ ʌʍʝʋɿʋ ʆɻʅ ɿʅʀʑʆʋʇʞʉʋʑʉ ʐʂʉ ɻʉʐɻʇʇɻɾʙ ʌʇʂʍʋʒʋʍʅʡʉ 

ʈʀʐɻʊʞ ʐʖʉ ɻʍʔʡʉȢ ɥʀ ʐʋʉ ʝʍʋ ʀʉɻʍʈʝʉʅʎʂ ɿʀʉ ʀʉʉʋʋʞʈʀ ɻʌɻʍɻʚʐʂʐɻ ʐʂʉ ʞʌɻʍʊʂ 

                                                           
2 ɩʇʂʍʋʒʋʍʚʀʏ ʌʍʋʀʍʔʝʈʀʉʀʏ ɻʌʝ ʐʂʉ ʌɻʍɻʌʋʈʌʙ ɍυɎ ʐʂʏ ɼʅɼʇʅʋɾʍɻʒʚɻʏȟ ʝʌʖʏ ʆɻʅ ɾʀʉʅʆʗ ʝʇʋ ɻʑʐʝ 
ʐʋ ʆʀʒʗʇɻʅʋȢ 
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ʚɿʅʖʉ ɻʌɻʅʐʙʎʀʖʉ Ⱦ ʎʐʝʔʖʉ ɾʅɻ ʐʅʏ ʀʆʌʋʈʌʘʏ ɉʝʌʖʏ ʙɿʂ ɻʉɻʒʘʍʃʂʆʀȟ ʋʅ ɻʉʗɾʆʀʏ 

ʐʖʉ ɿʅɻʒʝʍʖʉ ʔʖʍʡʉ ʌʋʅʆʚʇʇʋʑʉȟ ʎʑʔʉʗ ʎʀ ʈʀɾʗʇʋ ɼɻʃʈʝɊȟ ɻʇʇʗ ʉɻ ʀʊɻʇʀʅʒʃʋʞʉ ʋʅ 

ʌʀʍʅʐʐʘʏ ɿʅɻʒʋʍʘʏȟ ʈʀ ʎʆʋʌʝ ʉɻ ʘʍʃʋʑʉ ʌʅʋ ʆʋʉʐʗ ʐɻ ʝʍʅɻ ʐʖʉ ɿʅɻʒʝʍʖʉ 

ʆɻʉʋʉʅʎʈʡʉȢ ɥʀ ɻʑʐʝ ʐʋʉ ʐʍʝʌʋȟ ʌʋʑ ʀʚʉɻʅ ʀʒʅʆʐʝʏ ʆɻʅ ʌʍɻʆʐʅʆʝʏȟ ʈʌʋʍʀʚ ʉɻ 

ʆɻʐɻʎʆʀʑɻʎʐʀʚ ʈʚɻ ʈʝʉʋ ʌʍʋɿʅɻɾʍɻʒʙ ʋʔʙʈɻʐʋʏ ɾʅɻ ʉɻ ʅʆɻʉʋʌʋʅʙʎʀʅ ʝʇʀʏ ʐʅʏ 

ɻʌɻʅʐʙʎʀʅʏȟ ɻʉʐʚ ʋʅ ʌʍʋɿʅɻɾʍɻʒʘʏ ʉɻ ʀʚʉɻʅ ʌʍʋʎɻʍʈʋʎʈʘʉʀʏ ʎʀ ʈʅɻ ʎʑɾʆʀʆʍʅʈʘʉʂ 

ʔʡʍɻȢ ɨʅ ʆʋʅʉʘʏ ʌʍʋɿʅɻɾʍɻʒʘʏ ʐʖʉ ʀʊɻʍʐʂʈʗʐʖʉ ʐʖʉ ʋʔʂʈʗʐʖʉ ʈʌʋʍʋʞʉ ʉɻ 

ʈʀʅʡʎʋʑʉ ʐʋ ʆʝʎʐʋʏ ɻʉʗʌʐʑʊʂʏ ʆɻʅ ʌɻʍɻɾʖɾʙʏ ʆɻʅ ʐʂʉ ʐʅʈʙ ʐʖʉ ʋʔʂʈʗʐʖʉȢ 

ɥʌʋʍʋʞʉ ʀʌʚʎʂʏ ʉɻ ɿʅʀʑʆʋʇʞʉʋʑʉ ʐʅʏ ɿʅɻɿʅʆɻʎʚʀʏ ʘɾʆʍʅʎʂʏ ʐʖʉ ʋʔʂʈʗʐʖʉȟ ʉɻ 

ɿʅʀʑʍʞʉʋʑʉ ʐʂʉ ɻɾʋʍʗ ʎʐʂʉ ʋʌʋʚɻ ɻʌʀʑʃʞʉʀʐɻʅ ʂ ʆʗʃʀ ɻʑʐʋʆʅʉʂʐʋɼʅʋʈʂʔɻʉʚɻ 

ʆɻʃʡʏ ʆɻʅ ʉɻ ɿʡʎʋʑʉ ʎʐʋʑʏ ʆɻʐɻʉɻʇʖʐʘʏ ʘʉɻ ʀʑʍʞʐʀʍʋ ʒʗʎʈɻ ʀʌʅʇʋɾʡʉȢ ɣɻʐʗ 

ʎʑʉʘʌʀʅɻȟ ʆɻʐʗ ʐʂ ʎʞʉʋɿʋ ʐʋʑ ɦʋʀʈɼʍʚʋʑ ʐʋʑ ςππχȟ ʂ ɩɻɾʆʝʎʈʅɻ ɞʌʅʐʍʋʌʙ ɾʅɻ ʐʂʉ 

ɞʉɻʍʈʝʉʅʎʂ ʐʖʉ ɣɻʉʋʉʅʎʈʡʉ ɨʔʂʈʗʐʖʉ ɉ70ȢςωɊ ʐʂʏ OEHEE ɉɨʅʆʋʉʋʈʅʆʙ ɞʌʅʐʍʋʌʙ 

ʐʖʉ ɠʉʖʈʘʉʖʉ ɞʃʉʡʉ ɞʑʍʡʌʂʏ - UNECE) ɻʌʋʒʗʎʅʎʀ ʐʂ ʎʞʎʐɻʎʂ ʈʅɻʏ ɻʉʀʌʚʎʂʈʂʏ 

ʋʈʗɿɻʏȟ ʎʐʋ ʌʇɻʚʎʅʋ ʐʂʏ ʋʈʗɿɻʏ ʀʍɾɻʎʚɻʏ ɾʅɻ ʐʂ ʍʞʌɻʉʎʂ ʆɻʅ ʐʂʉ ʀʉʘʍɾʀʅɻ ɉGRPE), 

ɾʅɻ ʐʂʉ ɻʉʗʌʐʑʊʂ ʐʂʏ Worldwide harmonized Light Vehicle Test Procedure (WLTP),  

ʈʚɻʏ ʌʍʝʐʑʌʂʏ ʌɻɾʆʝʎʈʅɻʏ ɿʅɻɿʍʋʈʙʏȟ ʈʀ ʎʐʝʔʋ ʐʂʉ ʆɻʐʗ ʐʋ ɿʑʉɻʐʝ ʆɻʇʞʐʀʍʂ 

ʀʉɻʍʈʝʉʅʎʂ ʐʖʉ ɿʅɻɿʅʆɻʎʅʡʉ ɿʋʆʅʈʡʉ ʌʋʑ ʎʔʀʐʚʁʋʉʐɻʅ ʈʀ ʐʅʏ ʀʆʌʋʈʌʘʏ ʆɻʑʎɻʀʍʚʖʉ 

ʋʔʂʈʗʐʖʉ ʀʇɻʒʍʋʞ ʐʞʌʋʑȢ ɠ ʑʇʋʌʋʚʂʎʂ ʐʋʑ ʌʍʋɾʍʗʈʈɻʐʋʏ ɻʑʐʋʞ ʘʔʀʅ ʐʅʏ 

ʌɻʍɻʆʗʐʖ ʐʍʀʅʏ ʒʗʎʀʅʏȡ 

¶ ɮʗʎʂ ρ ɉςππω-ςπρτɊȡ ɚʉʗʌʐʑʊʂ ʐʋʑ ɩɻɾʆʝʎʈʅʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ, worldwide 

harmonized light-duty driving  cycle ɉ7,4#Ɋȟ ʌʋʑ ɻʉʐʅʆɻʐʋʌʐʍʚʁʀʅ 

ʌʍɻɾʈɻʐʅʆʘʏ ʎʑʉʃʙʆʀʏ ʋɿʙɾʂʎʂʏȟ ʆɻʃʡʏ ʆɻʅ ʐʂʉ ɿʅɻɿʅʆɻʎʚɻ ʀʇʘɾʔʋʑ ɾʅɻ ʐʂʉ 

ʈʘʐʍʂʎʂ ʐʖʉ ʍʞʌʖʉȟ ʐʋʑ ɿʅʋʊʀʅɿʚʋʑ ʐʋʑ ʗʉʃʍɻʆɻ #/2 ʆɻʅ ʐʂʉ ʆɻʐɻʉʗʇʖʎʂ 

ʆɻʑʎʚʈʋʑ ʆɻʅ ʀʉʘʍɾʀʅɻʏȢ 

¶ ɮʗʎʂ ς ɉςπρτ-ςπρψɊȡ ɝʅɻɿʅʆɻʎʚɻ ɿʋʆʅʈʙʏ ʎʀ ʔɻʈʂʇʘʏ ʃʀʍʈʋʆʍɻʎʚʀʏȾʈʀɾʗʇʋ 

ʑʕʝʈʀʐʍʋȟ ɻʉʐʋʔʙȟ ʎʑʈʈʝʍʒʖʎʂ ʈʀ ʐɻ ʌʍʝʐʑʌɻ ʆɻʐʗ ʐʂ ʔʍʙʎʂȟ ʐʀʔʉʅʆʘʏ 

ʌʍʋɿʅɻɾʍɻʒʘʏ ɾʅɻ ʀʉʎʖʈɻʐʖʈʘʉʋ ɿʅɻɾʉʖʎʐʅʆʝ ʎʞʎʐʂʈɻ ʎʐʋ ʝʔʂʈɻ ɉÏÎ-

ÂÏÁÒÄ ÄÉÁÇÎÏÓÔÉÃÓ /"$Ɋȟ ʀʉʀʍɾʀʅɻʆʙ ɻʌʝɿʋʎʂ ʆʅʉʂʐʋʞ ʎʑʎʐʙʈɻʐʋʏ 
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ʆʇʅʈɻʐʅʎʈʋʞȟ ʀʆʌʋʈʌʘʏ ʍʞʌʖʉ ʀʆʐʝʏ ɿʍʝʈʋʑȾʎʀ ʌʍɻɾʈɻʐʅʆʘʏ ʎʑʉʃʙʆʀʏ 

ʋɿʙɾʂʎʂʏȢ 

¶ ɮʗʎʂ σ ɉςπρψ-ȣɊȡ ɷʍʅɻ ʀʆʌʋʈʌʡʉ ʍʞʌʖʉ ʆɻʅ ʋʍʅɻʆʘʏ ʐʅʈʘʏ ʐʖʉ  ÏÎ-board 

ÄÉÁÇÎÏÓÔÉÃÓȟ ʆɻʃʋʍʅʎʈʝʏ ʐʖʉ ʆɻʑʎʚʈʖʉ ɻʉɻʒʋʍʗʏȟ ʎʞɾʆʍʅʎʂ ʈʀ ʐʅʏ 

ɻʌɻʅʐʙʎʀʅʏ ʆʗʃʀ ʌʀʍʅʋʔʙʏȢ 

ɠ ɻʉʗʌʐʑʊʂ ʐʋʑ ʉʘʋʑ ʆʞʆʇʋʑ ʗʍʔʅʎʀ ʐʋʉ ɫʀʌʐʘʈɼʍʅʋ ʐʋʑ ςππωȟ ʂ ʎʑʇʇʋɾʙ 

ɿʀɿʋʈʘʉʖʉ ʋɿʙɾʂʎʂʏ ʊʀʆʚʉʂʎʀ ʐʋ ςπρπ, ʆɻʅ ʂ ʌʍʡʐʂ ʘʆɿʋʎʂ ʐʋʑ ʆʞʆʇʋʑ ʌʍʋʐʗʃʂʆʀ 

ʐɻ ʈʘʎɻ ʐʋʑ ςπρρȢ ɨ ʆʞʆʇʋʏ ɻʉɻʃʀʖʍʙʃʂʆʀ ɻʍʆʀʐʘʏ ʒʋʍʘʏ ɾʅɻ ʉɻ ʇʂʒʃʋʞʉ ʑʌʝʕʂ 

ʐʀʔʉʅʆʗ ʁʂʐʙʈɻʐɻ ʝʌʖʏ ʂ ʋɿʂɾʂʎʅʈʝʐʂʐɻ ʆɻʅ ʂ ʆɻʇʞʐʀʍʂ ɻʉɻʌɻʍʗʎʐɻʎʂ ʐʖʉ 

ʎʑʉʃʂʆʡʉ ʋɿʙɾʂʎʂʏ ʈʀʐʗ ɻʌʝ ʈʅɻ ʌʍʡʐʂ ʀʆʐʚʈʂʎʂ ʐʋʑ ʆʞʆʇʋʑȢ ɠ ɻʉʗʌʐʑʊʂ ʐʋʑ 

7,40 ʌɻʍɻʆʋʇʋʑʃʙʃʂʆʀ ʎʐʀʉʗ ɻʌʝ ɿʅʗʒʋʍʋʑʏ ʀʉɿʅɻʒʀʍʝʈʀʉʋʑʏ ʒʋʍʀʚʏ 

ɉʆʑɼʀʍʉʙʎʀʅʏȟ ɼʅʋʈʂʔɻʉʚʀʏȟ ʈʂ ʆʑɼʀʍʉʂʐʅʆʘʏ ʋʍɾɻʉʡʎʀʅʏɊȟ ʝʌʖʏ ɻʌʋɿʀʅʆʉʞʀʐɻʅ ɻʌʝ 

ʐʋʉ ʈʀɾʗʇʋ ɻʍʅʃʈʝ ʎʑʈʈʀʐʀʔʝʉʐʖʉ ʎʐʅʏ ʎʑʉɻʉʐʙʎʀʅʏ ʐʋʑ 5. '20%Ȣ ɬʋ ςπρπȟ ʂ 

ɭʌʂʍʀʎʚɻ ɩʍʋʎʐɻʎʚɻʏ ʐʋʑ ɩʀʍʅɼʗʇʇʋʉʐʋʏ ʐʖʉ ɠɩɚ ɉU.S. EPAɊ ɻʌʋʒʗʎʅʎʀ ʉɻ 

ɻʌʋʎʞʍʀʅ ʐʂʉ ʀʉʀʍɾʝ ʎʑʈʈʀʐʋʔʙ ʐʂʏ ʎʐʂʉ ɻʉʗʌʐʑʊʂ ʐʋʑ 7,40ȟ ʇʝɾʖ ʐʖʉ ʌʝʍʖʉ ʆɻʅ 

ʐʖʉ ʘʉʐʋʉʖʉ ʌʍʋʀʐʋʅʈɻʎʅʡʉ ɾʅɻ ʐʂ ʃʘʎʌʅʎʂ ʐʖʉ ɚʈʀʍʅʆɻʉʅʆʡʉ ʌʍʋʐʞʌʖʉ ʀʆʌʋʈʌʙʏ 

ɻʀʍʚʖʉ ʐʋʑ ʃʀʍʈʋʆʂʌʚʋʑ ɾʅɻ ʐʅʏ ʔʍʋʉʅʆʘʏ ʌʀʍʅʝɿʋʑʏ ςπρς-ςπρφ ʆɻʅ ςπρχ-2025. 

ɥʀʐʗ ɻʌʝ ʐʂʉ ɻʌʋʔʡʍʂʎʂ ʐʖʉ ɠʉʖʈʘʉʖʉ ɩʋʇʅʐʀʅʡʉȟ ʐʋ ʌʍʝɾʍɻʈʈɻ ʎʑʉʀʔʚʎʐʂʆʀ 

ɻʌʝ ʐʂʉ ɞɞȟ ʐʂ ɦʝʐʅɻ ɣʋʍʘɻȟ ʐʂʉ ɢʉɿʚɻ ʆɻʅ ʐʂʉ ɢɻʌʖʉʚɻȢ 

ɜʅɻ ʐʂʉ ɿʂʈʅʋʑʍɾʚɻ ʐʋʑ 7,4#ȟ ʐɻ ɿʀɿʋʈʘʉɻ ʋɿʙɾʂʎʂʏ ɻʌʝ ʝʇʀʏ ʐʅʏ 

ʎʑʈʈʀʐʘʔʋʑʎʀʏ ʔʡʍʀʏ ʎʑʇʇʘʔʃʂʆɻʉ ʆɻʅ ʎʐɻʃʈʚʎʐʂʆɻʉ ʎʞʈʒʖʉɻ ʈʀ ʐʂ ʎʔʀʐʅʆʙ 

ʎʑʈɼʋʇʙ ʐʖʉ ʌʀʍʅʋʔʡʉ ʎʐʅʏ ʌɻɾʆʝʎʈʅʀʏ ʔʅʇʅʋʈʀʐʍʅʆʘʏ ɻʌʋʎʐʗʎʀʅʏ ʆɻʅ ʎʐɻ ɿʀɿʋʈʘʉɻ 

ʌʋʑ ʎʑʇʇʘʔʃʂʆɻʉ ɾʅɻ ʐʋʉ  7,40Ȣ ɬɻ ɿʀɿʋʈʘʉɻ ʋɿʙɾʂʎʂʏ ʌʋʑ ʎʑʇʇʘʔʃʂʆɻʉ ɾʅɻ ʐʂʉ 

ɻʉʗʌʐʑʊʂ ʐʋʑ ʆʞʆʇʋʑ ʙʐɻʉ ʎʑʉʋʇʅʆʗ χφφȟπππ km ʆɻʅ ɻʌʋʐʀʇʋʞʉʐɻʉ ɻʌʝȡ 

ï τφςȟπππ ËÍ ɻʌʝ ʐʂʉ ɞʑʍʡʌʂ ɉʋʅ ʎʑʈʈʀʐʘʔʋʑʎʀʏ ʔʡʍʀʏ ʙʐɻʉ ʐʋ ɛʘʇɾʅʋȟ ʂ 

ɜɻʇʇʚɻȟ ʂ ɜʀʍʈɻʉʚɻȟ ʂ ɢʐɻʇʚɻȟ ʂ ɩʋʇʖʉʚɻȟ ʂ ɫʇʋɼʀʉʚɻȟ ʂ ɢʎʌɻʉʚɻȟ ʂ ɫʋʑʂɿʚɻȟ ʂ 

ɞʇɼʀʐʚɻ ʆɻʅ ʐʋ ɠʉʖʈʘʉʋ ɛɻʎʚʇʀʅʋɊ 

ï υφȟπππ ËÍ ɻʌʝ ʐʂʉ ɢʉɿʚɻ 

ï υσȟπππ ËÍ ɻʌʝ ʐʂʉ ɢɻʌʖʉʚɻ  

ï στȢπππ ËÍ ɻʌʝ ʐʂʉ ɦʝʐʅʋ ɣʋʍʘɻ ʆɻʅ 

ï ρφπȢπππ ËÍ ɻʌʝ ʐʅʏ ɠʉʖʈʘʉʀʏ ɩʋʇʅʐʀʚʀʏ ʐʂʏ ɚʈʀʍʅʆʙʏ 
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ɫʔʙʈɻ 3.5ȡ ɫʑʔʉʝʐʂʐɻ ʀʈʒʗʉʅʎʂʏ ʐɻʔʞʐʂʐɻʏ ʋʔʙʈɻʐʋʏ ɾʅɻ ʐʅʏ ɿʅʗʒʋʍʀʏ ʌʀʍʅʋʔʘʏ ɻʌȭ ʝʌʋʑ 

ʎʑʇʇʘʔʃʂʆɻʉ ʐɻ ɿʀɿʋʈʘʉɻ ɾʅɻ ʐʋʉ ʆʞʆʇʋ WLTC [26]. 

 

ɯʍʂʎʅʈʋʌʋʅʙʃʂʆɻʉ σωτ ʋʔʙʈɻʐɻ ɻʌʝ ɿʅʗʒʋʍʋʑʏ ʆɻʐɻʎʆʀʑɻʎʐʘʏȟ ʈʀ ʆʅʉʂʐʙʍʀʏ ʈʀ 

ʌʋʅʆʅʇʚɻ ʆʑɼʅʎʈʋʞ, ʆɻʅ ʈʀ ɻʉɻʇʋɾʚɻ ʅʎʔʞʋʏ ʌʍʋʏ ʈʗʁɻ ɻʌʝ ω ʘʖʏ ρςπ kW/ tnȢ ɬʋ 

ʈʀɾɻʇʞʐʀʍʋ ʈʘʍʋʏ ɻʑʐʡʉ ʐʖʉ ʎʐʋʅʔʀʚʖʉ ɻʉʐʅʎʐʋʅʔʋʞʎʀ ʎʀ ɿʀɿʋʈʘʉɻ ɾʅɻ ʐɻ 

ʀʌʅɼɻʐʅʆʗ ɻʑʐʋʆʚʉʂʐɻȟ ʌɻʍʝʇɻ ɻʑʐʗ ʆɻʅ ʐɻ ʒʋʍʐʂɾʗ ʀʇɻʒʍʋʞ ʐʞʌʋʑ ʆɻʅ ʐɻ ʈʅʆʍʗ 

ʇʀʖʒʋʍʀʚɻ ʀʆʌʍʋʎʖʌʙʃʂʆɻʉ ʀʌɻʍʆʡʏ ʎʐʂ ɼʗʎʂ ɿʀɿʋʈʘʉʖʉȢ ɬɻ ɿʀɿʋʈʘʉɻ 

ʎʑʇʇʘʔʃʂʆɻʉ ɻʌʝ ʘʉɻʉ ʎʑʉɿʑɻʎʈʝ ʋʔʂʈʗʐʖʉ ʀʊʋʌʇʅʎʈʘʉʖʉ ʈʀ ʝʍɾɻʉɻ ɉɞʑʍʡʌʂȟ 

ɢʉɿʚɻ ʆɻʅ ɠɩɚɊȟ ʋɿʂɾʋʞʏ ʈʀ ʎʑɾʆʀʆʍʅʈʘʉʀʏ ʋɿʂɾʚʀʏ ɉɢɻʌʖʉʚɻȟ ɣʋʍʘɻȟ ɢʉɿʚɻ ʆɻʅ ɠȢɩȢɚȢɊ 

ʆɻʅ ɻʌʇʗ ʋʔʙʈɻʐɻ ɉʈʝʉʋ ɾʅɻ ʐʅʏ ɠɩɚɊȢ 

ɫʞʈʒʖʉɻ ʈʀ ʐʅʏ ʌʍɻʆʐʅʆʘʏ ʆɻʐɻʎʆʀʑʙʏ ʐʖʉ ʆʋʅʉʡʉ ʆʞʆʇʖʉȟ ʐɻ ɿʀɿʋʈʘʉɻ ɉʈʀʐʗ 

ɻʌʝ ʆɻʐʗʇʇʂʇʂ ȺɻʍɻʚʖʎʂȻ ʆɻʅ ʋʈɻʇʋʌʋʚʂʎʂɊ ʔʖʍʚʎʐʂʆɻʉ ʎʀ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʘʏ ʆɻʅ 

ʒʗʎʀʅʏ ʍʀʇɻʉʐʚȢ ɫʀ ɻʉʐʚʃʀʎʂ ʈʀ ʐʅʏ ʌʍʋʂɾʋʞʈʀʉʀʏ ʌʍʋʎʀɾɾʚʎʀʅʏ ɻʉʗʌʐʑʊʂʏ ʆʞʆʇʖʉ 

ʌʝʇʂʏȟ ʋʅ ʋʌʋʚʀʏ ɼɻʎʚʎʐʂʆɻʉ ʎʀ ʆɻʐʂɾʋʍʅʋʌʋʚʂʎʂ ʐʖʉ ɿʍʝʈʖʉȟ ɿʂʇɻɿʙ ʎʀ ɻʎʐʅʆʙ 

(urban)ȟ ɻɾʍʋʐʅʆʙ (rural ) ʆɻʅ ɻʑʐʋʆʅʉʂʐʝɿʍʋʈʋ (motorway)ȟ ɻʆʋʇʋʑʃʙʃʂʆʀ 

ɿʅɻʒʋʍʀʐʅʆʙ ʌʍʋʎʘɾɾʅʎʂ ʆɻʐʗ ʐʂʉ ɻʉʗʌʐʑʊʂ ʐʋʑ 7,4# ʇʝɾʖ ʐʖʉ ʌʋʇʞ 

ɿʅɻʒʋʍʀʐʅʆʡʉ ʋɿʅʆʡʉ ʆɻʐʂɾʋʍʅʋʌʋʅʙʎʀʖʉ ʆɻʅ ʋʍʚʖʉ ʐɻʔʞʐʂʐɻʏ ɻʉʗ ʐʋʉ ʆʝʎʈʋȢ ɬʋ 

ʐʀʇʀʑʐɻʚʋ ʌɻʍɻʐʂʍʀʚʐɻʅ ʅɿʅɻʚʐʀʍɻ ʝʐɻʉ ʎʑɾʆʍʚʉʀʐɻʅ ʂ ɞʑʍʖʌɻʛʆʙ ɉʙ ʐʖʉ ɠȢɩȢɚȢɊ ʆɻʅ 
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ʂ ɚʎʅɻʐʅʆʙ ɼʗʎʂ ɿʀɿʋʈʘʉʖʉȟ ʝʌʖʏ ʒɻʚʉʀʐɻʅ ʎʐʋ ɫʔʙʈɻ 3.5Ȣ ɠ ʈʝʉʂ ʀʊɻʚʍʀʎʂ ʀʚʉɻʅ ʋ 

ʐʞʌʋʏ ɻʎʐʅʆʡʉ ʋɿʡʉȟ ʝʌʋʑ ɿʅɻʌʅʎʐʡʃʂʆʀ ʝʐʅ ʑʌʗʍʔʀʅ ɻʍʆʀʐʗ ʆɻʇʝʏ ɼɻʃʈʝʏ 

ʎʑʎʔʘʐʅʎʂʏ ʌɻɾʆʋʎʈʚʖʏȢ ɜʅɻ ʐʂʉ ʆɻʐɻʎʆʀʑʙ ʐʋʑ 7,4#ȟ ʋʅ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʘʏ 

ʆɻʐʂɾʋʍʅʋʌʋʅʙʃʂʆɻʉ ʎʞʈʒʖʉɻ ʈʀ ʐʂ ʈʘɾʅʎʐʂ ʐɻʔʞʐʂʐʗ ʐʋʑʏȟ ɻʍʔʅʆʗ ʎʀ ʐʍʀʅʏ 

ʒʗʎʀʅʏȟ ɿʂʇɻɿʙ ʔɻʈʂʇʙȟ ʈʘʎʂ ʆɻʅ ʑʕʂʇʙȢ ɫʐʂ ʎʑʉʘʔʀʅɻȟ ʂ ʒʗʎʂ ʑʕʂʇʙʏ ʐɻʔʞʐʂʐɻʏ 

ʔʖʍʚʎʐʂʆʀ ʎʀ ɿʞʋ ʐʈʙʈɻʐɻȡ ʈʚɻ ʒʗʎʂ ʑʕʂʇʙʏ ʐɻʔʞʐʂʐɻʏ ʈʀ ʈʘɾʅʎʐʂ ʐɻʔʞʐʂʐɻ 

ɻʉʐʅʌʍʋʎʖʌʀʑʐʅʆʙ ʐʂʏ ʋɿʙɾʂʎʂʏ ʎʐʂʉ ɚʎʚɻ ʆɻʅ ʈʚɻ ʀʊɻʅʍʀʐʅʆʗ ʑʕʂʇʙ ʐɻʔʞʐʂʐɻȟ 

ʔɻʍɻʆʐʂʍʅʎʐʅʆʝ ʐʂʏ ʋɿʙɾʂʎʂʏ ɻʑʐʋʆʅʉʂʐʋɿʍʝʈʋʑ ʎʐʂʉ ɞʑʍʡʌʂ ʆɻʅ ʐʅʏ ɠʉʖʈʘʉʀʏ 

ɩʋʇʅʐʀʚʀʏȢ ɚʑʐʘʏ ʋʅ ʐʘʎʎʀʍʅʏ ʒʗʎʀʅʏ ʌʋʑ ʆɻʐʂɾʋʍʅʋʌʋʅʋʞʉʐɻʅ ʈʀ ɼʗʎʂ ʐʂʉ ʐɻʔʞʐʂʐɻ 

ʀʚʉɻʅȡ 

¶ ɯɻʈʂʇʙ ɉʈʘʔʍʅ φπ ËÍȾÈɊȟ ʌʋʑ ɻʌʋʐʀʇʀʚʐɻʅ ʆɻʐʗ ωχȢρϷ ɻʌʝ ɻʎʐʅʆʘʏ ɿʅɻɿʍʋʈʘʏ 

¶ ɥʀʎɻʚɻ ɉφπ-ψπ ËÍȾÈɊȟ ɻʌʋʐʀʇʋʞʈʀʉʂ ʆɻʐʗ ψπȢχϷ ɻʌʝ ɻʎʐʅʆʘʏ ɿʅɻɿʍʋʈʘʏ ʆɻʅ 

ʆɻʐʗ ρωȢςϷ ɻʌʝ ʀʌɻʍʔʅɻʆʘʏ 

¶ ɭʕʂʇʙ ɉψπ-ρρπ ËÍȾÈɊȟ ɻʌʋʐʀʇʋʞʈʀʉʂ ʆɻʐʗ ςψȢσϷ ɻʌʝ ɻʎʐʅʆʘʏ ɿʅɻɿʍʋʈʘʏ ʆɻʅ 

ʆɻʐʗ χρȢυϷ ɻʌʝ ʀʌɻʍʔʅɻʆʘʏȟ ʆɻʅ 

¶ ɭʌʀʍʑʕʂʇʙ ɉЄρρπ ËÍȾÈɊȟ ɻʌʋʐʀʇʋʞʈʀʉʂ ʆɻʐʗ υυϷ ɻʌʝ ʀʌɻʍʔʅɻʆʘʏ 

ɿʅɻɿʍʋʈʘʏȟ ʆɻʐʗ σςȢωϷ ɻʌʝ ɿʅɻɿʍʋʈʘʏ ʎʀ ɻʑʐʋʆʅʉʂʐʝɿʍʋʈʋ ʆɻʅ ʆɻʐʗ ρςϷ 

ɻʌʝ ɻʎʐʅʆʘʏȢ 

 Japan Europe USA S. Korea India  Unified  
Relative Positive Acceleration (m/s 2) 

Low 0.177 0.200 0.245 0.192 0.134 0.192 
Medium  0.142 0.176 0.225 0.174 0.142 0.188 

High 0.117 0.144 0.164 0.139 0.162 0.156 
Extra high  0.086 0.114 0.103 0.155 ɀ 0.108 

Average Speed (km/h) 
Low 19.8 20.0 18.8 17.2 21.1 19.8 

Medium  40.1 39.9 37.0 34.1 39.5 38.4 
High 62.9 55.6 59.7 53.9 56.1 58.0 

Extra high  86.2 83.1 90.1 67.6 ɀ 86.8 
Average Idle Duration (s)  

Low 26.5 15.6 24.9 29.2 23.1 21.9 
Medium  25.6 16.6 22.3 39.8 24.6 22.4 

High 21.5 18.4 20.1 34.2 46.2 22.8 
Extra high  15.5 17.1 12.2 22.1 ɀ 14.5 

Average Short-trip Duration (s)  
Low 66 68 63 64 148 84 

Medium  161 221 125 201 642 238 
High 458 473 284 691 1157 446 

Extra high  1158 1082 601 1621 ɀ 824 

 

ɩʚʉɻʆɻʏ 3.1ȡ ɬʀʔʉʅʆʘʏ ʌʍʋɿʅɻɾʍɻʒʘʏ ʐʖʉ ɿʀɿʋʈʘʉʖʉ ʐʋʑ WLTC ɾʅɻ ɿʅʗʒʋʍʀʏ ʌʀʍʅʋʔʘʏ [27]. 
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ɬʋ ʈʀʅʋʉʘʆʐʂʈɻ ɻʑʐʙʏ ʐʂʏ ɿʅɻɿʅʆɻʎʚɻʏ ɉɿʂʇɻɿʙ ʝʐʅ ʐɻ ʐʈʙʈɻʐɻ ʎʔʀʐʚʁʋʉʐɻʅ ʈʀ 

ʐʂʉ ʐɻʔʞʐʂʐɻ ʆɻʅ ʝʔʅ ʈʀ ʐɻ ʋɿʅʆʗ ʐʈʙʈɻʐɻɊ ʀʚʉɻʅ ʝʐʅ ʋʅ ʒʗʎʀʅʏ ɻʌʋʐʀʇʋʞʉʐɻʅ ɻʌʝ 

ɿʅɻʒʋʍʀʐʅʆʘʏ ʆɻʐʂɾʋʍʚʀʏ ʋɿʋʞȟ ʝʌʖʏ ʌʀʍʅɾʍʗʒʂʆʀ ʇʀʌʐʋʈʀʍʡʏ ʌɻʍɻʌʗʉʖȢ ɨʅ 

ʋʍʅɻʆʘʏ ʐʅʈʘʏ ʐʂʏ ʐɻʔʞʐʂʐɻʏ ʋʔʙʈɻʐʋʏ ʐʖʉ ɿʅɻʒʝʍʖʉ ʒʗʎʀʖʉ ʀʌʅʇʘʔʃʂʆɻʉ ʈʀʐʗ 

ɻʌʝ ʎʑɾʆʍʅʐʅʆʙ ʈʀʇʘʐʂ ɿʅɻʒʋʍʀʐʅʆʡʉ ʌʅʃɻʉʡʉ ʋʍʅɻʆʡʉ ʐʅʈʡʉȢ ɨ ɩʚʉɻʆɻʏ 3.1 

ʌɻʍʋʑʎʅʗʁʀʅ ɿʀɿʋʈʘʉɻ ɻʌʝ ʐʅʏ ɼʗʎʀʅʏ ɿʀɿʋʈʘʉʖʉ ʆʗʃʀ ʌʀʍʅʋʔʙʏ ʆɻʅ ɻʌʝ ʐʂʉ ʀʉʅɻʚɻȟ 

ʎʔʀʐʅʆʗ ʈʀ ʋʍʅʎʈʘʉʀʏ ʎʂʈɻʉʐʅʆʘʏ ʐʀʔʉʅʆʘʏ ʌʍʋɿʅɻɾʍɻʒʘʏȟ ɾʅɻ ʆʗʃʀ ʀʊʀʐɻʁʝʈʀʉʂ 

ʆɻʐʂɾʋʍʚɻ ʐɻʔʞʐʂʐɻʏȢ 

ɨʅ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʘʏ ɾʅɻ ʐʋʉ WLTC ʘʌʍʀʌʀ ʉɻ ʀʌʅʇʀɾʋʞʉ ɻʌʝ ʐʂʉ ʀʉʅɻʚɻ ɼʗʎʂ 

ɿʀɿʋʈʘʉʖʉȢ ɬɻ ʆʍʅʐʙʍʅɻ ʀʌʅʇʋɾʙʏ ɼɻʎʚʎʐʂʆɻʉ ʎʐʂʉ ʅɿʘɻ ʝʐʅ ʋʅ ʀʌʅʇʀɾʈʘʉʀʏ ʈʅʆʍʋ-

ɿʅɻɿʍʋʈʘʏ ʌʍʘʌʀʅ ʉɻ ʌɻʍʘʔʋʑʉ ʌɻʍʝʈʋʅʀʏ ʆɻʐɻʉʋʈʘʏ ʐɻʔʞʐʂʐɻʏȟ ʀʌʅʐʗʔʑʉʎʂʏ ʆȢʇʌȢ 

ʈʀ ʀʆʀʚʉʀʏ ʐʂʏ ʀʉʅɻʚɻʏ ɼʗʎʂʏ ɿʀɿʋʈʘʉʖʉȢ ɤʝɾʖ ʐʋʑ ʈʀɾʗʇʋʑ ɻʍʅʃʈʋʞ 

ɿʅɻʒʋʍʀʐʅʆʡʉȾʌʅʃɻʉʡʉ ʎʑʉɿʑɻʎʈʡʉ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʡʉȟ ʀʒɻʍʈʝʎʐʂʆɻʉ ɿʅʗʒʋʍɻ 

ʆʍʅʐʙʍʅɻ ʀʌʅʇʋɾʙʏ ɉʈʘʎʂ ʐɻʔʞʐʂʐɻ ʋʔʙʈɻʐʋʏȟ ʇʝɾʋʏ ɿʅʗʍʆʀʅɻʏ ʀʌʅʐʗʔʑʉʎʂʏ ʌʍʋʏ ʐʂʉ 

ʎʑʉʋʇʅʆʙȟ ʇʝɾʋʏ ɿʅʗʍʆʀʅɻʏ ʀʌʅɼʍʗɿʑʉʎʂʏ ʌʍʋʏ ʐʂʉ ʎʑʉʋʇʅʆʙɊȢ ɚʑʐʙ ʂ ʀʌʅʇʋɾʙ ʙʐɻʉ 

ɻʌɻʍɻʚʐʂʐʂ ɾʅɻ ʉɻ ʈʀʅʖʃʀʚ ʋ ɻʍʅʃʈʝʏ ʐʖʉ ʌʅʃɻʉʡʉ ʎʑʉɿʑɻʎʈʡʉ ʆɻʅ ʉɻ ɿʅɻʐʂʍʂʃʀʚ 

ʋ ʔʍʝʉʋʏ ʑʌʋʇʋɾʅʎʈʋʞ ʎʀ ʘʉɻ ʇʋɾʅʆʝ ʝʍʅʋȢ ɨ ʎʑʉɿʑɻʎʈʝʏ ʐʖʉ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʡʉ ʈʀ 

ʐʂʉ ʈʅʆʍʝʐʀʍʂ ʐʅʈʙ ʎʐʋ ʎʐɻʐʅʎʐʅʆʝ ʐʀʎʐ ʐʞʌʋʑ ʔ2ȟ ʀʌʅʇʘʔʃʂʆʀ ɾʅɻ ʐʂʉ ʆɻʐɻʎʆʀʑʙ ʐʋʑ 

ʆʞʆʇʋʑ WLTC. 

ɠ ʋɿʂɾʂʎʅʈʝʐʂʐɻ ʐʋʑ WLTC ɻʊʅʋʇʋɾʙʃʂʆʀ ʀʆʐʀʉʡʏ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ 

ɿʅɻɿʅʆɻʎʚɻʏ ɻʉʗʌʐʑʊʂʏȢ ɫʑɾʆʀʆʍʅʈʘʉɻȟ ʀʅʎʙʔʃʂʎɻʉ ʎʑɾʆʀʆʍʅʈʘʉʀʏ ʀʆɿʝʎʀʅʏ ʐʋʑ 

ʆʞʆʇʋʑ ɾʅɻ ʋʍʅʎʈʘʉɻ ʋʔʙʈɻʐɻ ʈʀ ʌʀʍʅʋʍʅʎʈʘʉʀʏ ɿʑʉɻʐʝʐʂʐʀʏ ʋɿʙɾʂʎʂʏ ʇʝɾʖ ʐʋʑ 

ʔɻʈʂʇʋʞ ʇʝɾʋʑ ʅʎʔʞʋʏ ʌʍʋʏ ʈʗʁɻ ʙ ʐʂʏ ʌʀʍʅʋʍʅʎʈʘʉʂʏ ʈʘɾʅʎʐʂʏ ʐɻʔʞʐʂʐɻʏ ʐʋʑ 

ʋʔʙʈɻʐʋʏȢ ɱʏ ɻʌʋʐʘʇʀʎʈɻȟ ɻʉɻʌʐʞʔʃʂʆɻʉ ʐʍʀʅʏ ʆʇʗʎʀʅʏ ʐʋʑ ʆʞʆʇʋʑ ʎʀ ʎʔʘʎʂ ʈʀ ʐʂʉ 

ɻʉɻʇʋɾʚɻ ʈʗʁɻʏ-ʅʎʔʞʋʏ ɉʔʖʍʚʏ ʒʋʍʐʚʋɊ ʐʋʑ ʋʔʙʈɻʐʋʏ ʖʏ ʀʊʙʏ ɉʂ ɿʅʗʍʆʀʅɻ ʆʗʃʀ 

ʀʉɿʅʗʈʀʎʋʑ ʐʈʙʈɻʐʋʏ ʀʚʉɻʅ ʈʀʐɻʊʞ ʐʖʉ ʐʗʊʀʖʉɊ ȡ 

ω ɠ ʆʇʗʎʂ 7,4# σ ɉ0-2Єστ Ë7ȾÔɊȟ ʎʐʂʉ ʋʌʋʚɻ ʀʉʐʗʎʎʋʉʐɻʅ ɿʞʋ ʀʆɿʋʔʘʏ ʐʋʑ 

ʆʞʆʇʋʑȡ ʂ ʀʆɿʋʔʙ σ-ρ ɉʙ σɻɊ ɾʅɻ ʋʔʙʈɻʐɻ ʈʀ ʈʘɾʅʎʐʂ ʐɻʔʞʐʂʐɻ ʈʅʆʍʝʐʀʍʂ ɻʌʝ 

ρςπ ËÍȾÈ ʆɻʅ ʂ ʀʆɿʋʔʙ σ-ς ɉʙ σÂɊ ɾʅɻ ʋʔʙʈɻʐɻ ʈʀ ʈʘɾʅʎʐʂ ʐɻʔʞʐʂʐɻ ʗʉʖ ʐʖʉ 

ρςπ ËÍȾÈȢ ɣɻʐȭ ʀʌʅʇʋɾʙ ʐʂʏ ʔʡʍɻʏȟ ʂ ʀʊɻʅʍʀʐʅʆʗ ʑʕʂʇʙ ʒʗʎʂ ʈʌʋʍʀʚ ʉɻ 
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ɻʌʋʆʇʀʅʎʐʀʚȟ ʌȢʔȢ ʎʐʂʉ ɢʉɿʚɻ ʙ ʐʂʉ ɣʚʉɻȢ ɠ ʆʇʗʎʂ σ-ρ ɻʉɻʌʐʞʔʃʂʆʀ ɾʅɻ ʉɻ 

ʀʊʑʌʂʍʀʐʙʎʀʅ ʐʂʉ ʀʅɿʅʆʙ ʆɻʐʂɾʋʍʚɻ ʋʔʂʈʗʐʖʉ Ë-ÃÁÒÓ ʎʐʂʉ ɢɻʌʖʉʚɻȢ 

ω ɠ ʆʇʗʎʂ 7,4# ς ɉςς Ë7ȾÔЃ0-2<στ Ë7ȾÔɊ ʀʚʉɻʅ ʎʔʀɿʅɻʎʈʘʉʂ ɾʅɻ 

ʔɻʈʂʇʝʐʀʍʂʏ ʅʎʔʞʋʏ ʋʔʙʈɻʐɻȟ ʘʔʀʅ ʐʘʎʎʀʍʅʏ ʒʗʎʀʅʏ ʐɻʔʞʐʂʐɻʏ ʝʌʖʏ ʂ 7,4# 

#ÌÁÓÓ σ ɻʇʇʗ ʈʀ ʈʅʆʍʝʐʀʍʀʏ ʀʌʅʐɻʔʞʉʎʀʅʏ ʆɻʅ ʈʘɾʅʎʐʀʏ ʐɻʔʞʐʂʐʀʏ ʎʀ ʆʗʃʀ 

ʒʗʎʂȢ ɣɻʐȭ ʀʌʅʇʋɾʙ ʐʂʏ ʔʡʍɻʏȟ ʂ ʀʊɻʅʍʀʐʅʆʗ ʑʕʂʇʙ ʒʗʎʂ ʈʌʋʍʀʚ ʉɻ 

ɻʌʋʆʇʀʅʎʐʀʚ ʆɻʅ ʎʐʂʉ ʌʀʍʚʌʐʖʎʂ ɻʑʐʙȢ 

ω ɠ ʆʇʗʎʂ 7,4# ρ ɉ0-2 <ςς Ë7ȾÔɊ ʀʒɻʍʈʝʁʀʐɻʅ ʎʀ ʋʔʙʈɻʐɻ ʈʀ ʐʋ ʔɻʈʂʇʝʐʀʍʋ 

ʇʝɾʋ ʅʎʔʞʋʏ-ʈʗʁɻʏ ʆɻʅ ʘʔʀʅ ʎʔʀɿʅɻʎʐʀʚ ɾʅɻ ʉɻ ʘʔʀʅ ʈʝʉʋ ʐʅʏ ʒʗʎʀʅʏ ʔɻʈʂʇʙʏ ʆɻʅ 

ʈʀʎɻʚɻʏ ʐɻʔʞʐʂʐɻʏȢ ɨ ʌʇʙʍʂʏ ʆʞʆʇʋʏ ɿʋʆʅʈʙʏ ɾʅɻ ʐʂʉ ʘɾʆʍʅʎʂ ʎʑʈʈʝʍʒʖʎʂʏ 

ʐʋʑ ʋʔʙʈɻʐʋʏ ʈʀ ʐʅʏ ʌʍʋɿʅɻɾʍɻʒʘʏ ʐʂʏ ʀʆʗʎʐʋʐʀ ʔʡʍɻʏ ʌʀʍʅʇɻʈɼʗʉʀʅ ʐʂʉ 

ʔɻʈʂʇʙȟ ʐʂʉ ʈʀʎɻʚɻ ʆɻʅ ʊɻʉʗ ʐʂʉ ʔɻʈʂʇʙ ʒʗʎʂȢ 

ɜʅɻ ʐɻ ʑɼʍʅɿʅʆʗ ʋʔʙʈɻʐɻ ɉHEVsɊȟ ʈʀ ʀʆʐʝʏ ʋʔʙʈɻʐʋʏ ʒʝʍʐʅʎʂ ɉoff-vehicle 

chargingɊ ʆɻʅ ʐɻ ʌʇʙʍʖʏ ʂʇʀʆʐʍʅʆʗ ʋʔʙʈɻʐɻ ɉPEVsɊȟ ʋ ʀʒɻʍʈʋʎʐʘʋʏ ʆʞʆʇʋʏ 

ʌʀʍʅʇɻʈɼʗʉʀʅ ʐʅʏ ʒʗʎʀʅʏ ʔɻʈʂʇʙʏ ʆɻʅ ʈʀʎɻʚɻʏ ʐʂʏ ʆʇʗʎʂʏ σ ɉȰʐʋ ʀʉʐʝʏ ʌʝʇʂʏ ʐʈʙʈɻȱ 

ʐʋʑ WLTC). 

ɠ ʈʘɾʅʎʐʂ ɿʅʗʍʆʀʅɻ ʐʋʑ ʆʞʆʇʋʑ ʀʚʉɻʅ ρψππ ɿʀʑʐʀʍʝʇʀʌʐɻȟ ʌɻʍʝʈʋʅɻ ʈʀ ʐʋʑʏ 

ʌʍʋɾʀʉʘʎʐʀʍʋʑʏ ʆʞʆʇʋʑʏ ɼɻʍʘʖʉ ʋʔʂʈʗʐʖʉ WTVC (worldwide  test cycle for heavy-

duty vehiclesɊ ʆɻʅ ʈʋʐʋʎʑʆʇʀʐʡʉ WMTC (worldwide  motorcycle test cycleɊȢ ɚʑʐʙ ʂ 

ɿʅʗʍʆʀʅɻ ʐʋʑ ʆʞʆʇʋʑ ʃʀʖʍʙʃʂʆʀ ʎɻʉ ʘʉɻʏ ɻʌʋɿʀʆʐʝʏ ʎʑʈɼʅɼɻʎʈʝʏ ʈʀʐɻʊʞ ʐʂʏ 

ʎʐɻʐʅʎʐʅʆʙʏ ɻʉʐʅʌʍʋʎʖʌʀʑʐʅʆʝʐʂʐɻʏ ʆɻʅ ʐʂʏ ʀʒʅʆʐʙʏ ɿʋʆʅʈʙʏ ʎʐʋ ʀʍɾɻʎʐʙʍʅʋȢ 
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ɫʔʙʈɻ 3.6ȡ ɬɻʔʞʐʂʐɻ ʋʔʙʈɻʐʋʏ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC3 

[28]. 

 

ɠ ɿʅʗʍʆʀʅɻ ʆʗʃʀ ʐʈʙʈɻʐʋʏ ʆʞʆʇʋʑ ʆɻʃʋʍʚʎʐʂʆʀ ʈʀ ʐʍʝʌʋ ʌʋʑ ʉɻ ɻʉʐʅʆɻʐʋʌʐʍʚʁʀʅ 

ʐʂʉ ʆɻʐɻʉʋʈʙ ʐʖʉ ɿʅɻʉʑʃʘʉʐʖʉ ʔʅʇʅʋʈʘʐʍʖʉ ʈʀʐɻʊʞ ʐʖʉ ʒʗʎʀʖʉȟ ʀʌʋʈʘʉʖʏ ɿʀʉ 

ɻʌɻʅʐʋʞʉʐɻʉ ʎʑʉʐʀʇʀʎʐʘʏ ʎʐʗʃʈʅʎʂʏ ɾʅɻ ʐʋ ʐʀʇʅʆʝ ɻʌʋʐʘʇʀʎʈɻȢ ɩʅʋ ʎʑɾʆʀʆʍʅʈʘʉɻȟ 

ʐʋ ʔɻʈʂʇʝ ʐʈʙʈɻ ɿʅɻʍʆʀʚ υψω ɿʀʑʐʀʍʝʇʀʌʐɻ ɉυ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʘʏ ʆɻʅ φ ʎʐʗʎʀʅʏɊȟ ʐʋ 

ʈʘʎʋ τσσ sec ɉρ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʙȟ ς ʎʐʗʎʀʅʏɊȟ ʐʋ ʑʕʂʇʝ τυυ sec ɉρ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʙȟ ς 

ʎʐʗʎʀʅʏɊ ʆɻʅ ʐʋ ʑʌʀʍʑʕʂʇʝ σςσ sec ɉρ ʈʅʆʍʋ-ɿʅɻɿʍʋʈʙȟ ς ʎʐʗʎʀʅʏɊȢ ɠ ʐʀʇʅʆʙ ʘʆɿʋʎʂ 

ɉςπρυɊ ʐʂʏ ʋʅʆʋɾʘʉʀʅɻʏ ʆʞʆʇʖʉ WLTC ɻʌʀʅʆʋʉʚʁʀʐɻʅ ʎʐʋ ɫʔʙʈɻ 3.6.  
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ɨ ɩʚʉɻʆɻʏ 3Ȣς ʎʑʉʋʕʚʁʀʅ ʐʅʏ ʆʞʍʅʀʏ ʐʀʔʉʅʆʘʏ ʌʍʋɿʅɻɾʍɻʒʘʏ ʝʇʖʉ ʐʖʉ ʆʇʗʎʀʖʉ 

WLTCȟ ʈʀ ʐʋʉ ɩʚʉɻʆɻ 3.3 ʀʌʅʆʀʉʐʍʖʈʘʉʋ ʎʐʂʉ ʆʇʗʎʂ σ-2, ʌʋʑ ʀʉɿʅɻʒʘʍʀʅ ʎʐʂʉ 

ʌɻʍʋʞʎɻ ʀʍɾɻʎʚɻ ʖʏ ɻʉʐʅʌʍʋʎʖʌʀʑʐʅʆʝʏ ʐʂʏ ʆʚʉʂʎʂʏ ʎʀ ʈʚɻ ɞʑʍʖʌɻʛʆʙ ʔʡʍɻ 

ʌɻʍʘʔʋʉʐɻʏ ɿʀɿʋʈʘʉɻ ʆɻʅ ɾʅɻ ʐɻ ʐʘʎʎʀʍɻ ʐʈʙʈɻʐɻȢ 

 

Class 
Duration 

(s) 

Distance 

(m) 

Max. 

Speed 

(km/h) 

Average 

Speed 

(km/h) 

Max. 

Accel. 

(m/s2) 

Idling 

Time 

(%) 

RPA 

(m/s2) 

1 1022 8,098 64.4 28.5 0.81 18.8 0.083 

2 1800 22,649 123.1 45.3 0.97 12.8 0.119 

3-1 1800 23,194 131.3 46.4 1.67 12.6 0.154 

3-2 1800 23,266 131.3 46.5 1.67 12.6 0.159 

 

ɩʚʉɻʆɻʏ 3.2ȡ ɫʞʉʋʕʂ ʐʀʔʉʅʆʡʉ ʌʍʋɿʅɻɾʍɻʒʡʉ ʐʖʉ ʆʇʗʎʀʖʉ ʐʋʑ WLTC [5]. 

 

Segment 
Duration 

(s) 

Distance 

(m) 

Max. 

Speed 

(km/h) 

Average 

Speed 

(km/h) 

Max. 

Accel. 

(m/s2) 

Idling 

Time 

(%) 

RPA 

(m/s2) 

Low 589 3,094 56.5 18.9 1.61 24.4 0.219 

Medium 433 4,756 76.6 39.5 1.61 10.9 0.206 

High 455 7,162 97.4 56.7 1.67 6.4 0.138 

Extra high 323 8,254 131.3 92.0 1.06 1.9 0.127 

 

ɩʚʉɻʆɻʏ σȢσȡ ɫʞʉʋʕʂ ʐʀʔʉʅʆʡʉ ʌʍʋɿʅɻɾʍɻʒʡʉ ʐʂʏ ɣʇʗʎʂʏ σ-ς ʐʋʑ WLTC [5]. 
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ɣɞɮɚɤɚɢɨ 4 ɀ ɚʉʗʌʐʑʊʂ ʐʋʑ 

ɥʋʉʐʘʇʋʑ ɨʔʙʈɻʐʋʏ ʈʘʎʖ ʐʋʑ 

ɭʌʋʇʋɾʅʎʐʅʆʋʞ ɩɻʆʘʐʋʑ GT-Power 
 

4Ȣρ ɜʉʖʍʅʈʚɻ ʈʀ ʐʋ GT-Suite 

ɬʋ ʌʍʝɾʍɻʈʈɻ '4-3ÕÉÔÅ ɻʌʋʐʀʇʀʚ ʘʉɻ ʌʍʋʛʝʉ ʐʂʏ ʀʐɻʅʍʀʚɻʏ ʌɻʍɻɾʖɾʙʏ 

ʀʊʀʅɿʅʆʀʑʈʘʉʋʑ ʇʋɾʅʎʈʅʆʋʞ 'ÁÍÍÁ 4ÅÃÈÎÏÌÏÇÉÅÓ ʈʀ ʘɿʍɻ ʐʅʏ ɠɩɚȟ ʂ ʋʌʋʚɻ 

ɻʌʀʑʃʞʉʀʐɻʅ ʎʐʂʉ ɼʅʋʈʂʔɻʉʚɻ ʆʅʉʂʐʙʍʖʉ ʆɻʅ ʋʔʂʈʗʐʖʉȢ ɬʋ '4-3ÕÉÔÅ ʌɻʍʘʔʀʅ ʘʉɻ 

ʌʀʍʅɼʗʇʇʋʉ ʎʐʋ ʋʌʋʚʋ ʈʌʋʍʀʚ ʉɻ ɾʚʉʀʅ ʀʅʆʋʉʅʆʙ ɻʉɻʌɻʍʗʎʐɻʎʂ ʆʅʉʂʐʙʍʖʉ ʆɻʅ 

ʎʑʎʐʂʈʗʐʖʉ ʈʀʐʗɿʋʎʂʏ ʆɻʃʡʏ ʆɻʅ ʌʍʋʎʋʈʋʚʖʎʂ ʈʚɻʏ ʈʀɾʗʇʂʏ ʌʋʅʆʅʇʚɻʏ 

ʀʒɻʍʈʋɾʡʉ ʌʋʑ ʎʔʀʐʚʁʋʉʐɻʅ ʈʀ ʐʂʉ ɻʑʐʋʆʅʉʂʐʋɼʅʋʈʂʔɻʉʚɻȢ ɥʀʍʅʆʘʏ ɻʌʝ ɻʑʐʘʏ ʀʚʉɻʅȡ 

¶ ɥʋʉʐʀʇʋʌʋʚʂʎʂ ʆʅʉʂʐʙʍʖʉ ɉGT-Power) 

¶ ɞʌʀʊʀʍɾɻʎʚɻ ɿʑʉɻʈʋɿʀʅʆʐʅʆʡʉ ɿʅɻɾʍɻʈʈʗʐʖʉ 

¶ ɚʆʋʑʎʐʅʆʙ ʎʑʎʐʙʈɻʐʋʏ ʀʅʎɻɾʖɾʙʏ ʆɻʅ ʀʊɻɾʖɾʙʏ 

¶ ɞʌʀʊʀʍɾɻʎʚɻ ʆɻʑʎɻʀʍʚʖʉ 

¶ ɝʑʉɻʈʅʆʙ ʋʔʙʈɻʐʋʏ 

¶ ɭɼʍʅɿʅʆʗ ʎʑʎʐʙʈɻʐɻȟ ʂʇʀʆʐʍʋʆʚʉʂʐɻ ʋʔʙʈɻʐɻ ʆɻʅ ʆʑʕʘʇʀʏ ʆɻʑʎʚʈʋʑ 

¶ ɫʑʎʐʙʈɻʐɻ ʕʞʊʂʏ ʆʅʉʂʐʙʍʖʉ 

¶ ɫʑʎʐʙʈɻʐɻ ʇʚʌɻʉʎʂʏ 

¶ ɫʑʎʐʙʈɻʐɻ ʘɾʔʑʎʂʏ ʆɻʑʎʚʈʋʑ 

¶ ɭɿʍɻʑʇʅʆʗ ʆɻʅ ʌʉʀʑʈɻʐʅʆʗ ʎʑʎʐʙʈɻʐɻ 

¶ ɣʅʉʂʈɻʐʅʆʙ ʆɻʅ ɿʑʉɻʈʅʆʙ ʀʆʆʀʉʐʍʋʒʝʍʋʑ ʆɻʅ ʎʑʎʐʙʈɻʐʋʏ ɼɻʇɼʚɿʖʉ 

¶ ɣʅʉʂʈɻʐʅʆʙ ʆɻʅ ɿʑʉɻʈʅʆʙ ʎʐʍʋʒɻʇʋʒʝʍʋʑ 

¶ ɫʑʎʐʙʈɻʐɻ ʈʀʐʗɿʋʎʂʏȟ ʆʅɼʡʐʅɻ ʐɻʔʑʐʙʐʖʉ ʆɻʅ ʅʈɻʉʐʋʆʚʉʂʎʂ 
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ɫʐʂʉ ʌɻʍʋʞʎɻ ʀʍɾɻʎʚɻ ʘɾʅʉʀ ʔʍʙʎʂ ʐʋʑ ʀʌʅʈʘʍʋʑʏ ʌʍʋɾʍʗʈʈɻʐʋʏ ʐʋʑ '4-Suite, 

ʐʋʑ '4-0Ï×ÅÒ ʌʋʑ ʀʊʀʅɿʅʆʀʞʀʐɻʅ ʎʐʂ ʈʋʉʐʀʇʋʌʋʚʂʎʂ ʆʅʉʂʐʙʍʖʉȟ ʗɿʀʅɻ ɉÌÉÃÅÎÓÅɊ ʐʋʑ 

ʋʌʋʚʋʑ ʑʌʗʍʔʀʅ ʎʐʋ ɞʍɾɻʎʐʙʍʅʋ ɥȢɞȢɣȢ ʐʋʑ ɞȢɥȢɩȢ ʀɿʡ ʆɻʅ ɻʍʆʀʐʗ ʔʍʝʉʅɻȢ 

To GT-0Ï×ÅÒ ɿʅɻʃʘʐʀʅ ʈʅɻ ʌʇɻʐʒʝʍʈɻ ʎʐʂʉ ʋʌʋʚɻ ʈʌʋʍʀʚ ʆɻʉʀʚʏ ʉɻ ʎʔʀɿʅʗʎʀʅ 

ʝʇʖʉ ʐʖʉ ʀʅɿʡʉ ʐʅʏ ʀʒɻʍʈʋɾʘʏȟ ʎʑʉɿʑʗʁʋʉʐɻʏ ʀʍɾɻʇʀʚɻ ɉÔÏÏÌÓɊ ʆɻʅ ʎʐʋʅʔʀʚɻ 

ɉÃÏÍÐÏÎÅÎÔÓɊ ɻʌʝ ʐʅʏ ɼʅɼʇʅʋʃʙʆʀʏ ʌʋʑ ʐʋ ʚɿʅʋ ʐʋ ʌʍʝɾʍɻʈʈɻ ɿʅɻʃʘʐʀʅ [7] . 

 

4Ȣς ɩʀʍʅɼʗʇʇʋʉ ʀʍɾɻʎʚɻʏ - ɜʀʉʅʆʗ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ 

ɬʋ '4-0Ï×ÅÒ ɿʅɻʃʘʐʀʅ ʈʚɻ ɼʅɼʇʅʋʃʙʆʂ ɉÌÉÂÒÁÒÙɊ ʈʀ ʐɻ ɻʌɻʍɻʚʐʂʐɻ ʌʍʝʐʑʌɻ 

ʎʐʋʅʔʀʚɻ ʆɻʅ ʀʍɾɻʇʀʚɻ ɉÔÅÍÐÌÁÔÅÓɊ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʋʞʉʐɻʅ ɾʅɻ ʐʂ ʎʔʀɿʚɻʎʂ ʆɻʅ 

ʌʍʋʎʋʈʋʚʖʎʂ ʀʉʝʏ ʆʅʉʂʐʙʍɻȢ ɣʗʃʀ ʌʍʝʐʑʌʋ ʌʋʑ ʌɻʍʘʔʀʐɻʅ ɻʌʝ ʐʋ ʌʍʝɾʍɻʈʈɻ 

ɻʌɻʍʐʚʁʀʐɻʅ ʀʌʅʌʇʘʋʉ ʈʀ ʆʗʌʋʅɻ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ɉÁÔÔÒÉÂÕÔÅÓɊ  ʌʋʑ ʀʊɻʍʐʡʉʐɻʅ ɻʌʝ 

ʐɻ ɿʀɿʋʈʘʉɻ ʐʂʏ ʀʆʗʎʐʋʐʀ ʀʒɻʍʈʋɾʙʏȟ ʝʌʖʏ ʒɻʚʉʀʐɻʅ ʀʉɿʀʅʆʐʅʆʗ  ʎʐʋ ɫʔʙʈɻ 4Ȣς ɾʅɻ 

ʐʂʉ ʌʀʍʚʌʐʖʎʂ ʀʉʝʏ ʋʔʙʈɻʐʋʏ  ɉʌȢʔȢ ʂ ʈʗʁɻ ʐʋʑ ʋʔʙʈɻʐʋʏȟ ʂ ʈʀʐʖʌʅʆʙ ʐʋʑ ʀʌʅʒʗʉʀʅɻȟ 

ʋ ʎʑʉʐʀʇʀʎʐʙʏ ɻʀʍʋɿʑʉɻʈʅʆʙʏ ɻʉʐʚʎʐɻʎʂʏ ʆȢʇʌȢɊ  

ɚʒʋʞ ʎʑʈʌʇʂʍʖʃʋʞʉ ʐɻ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʆʗʃʀ ʌʍʋʐʞʌʋʑ ʎʞʈʒʖʉɻ ʈʀ ʐʅʏ 

ɻʉʗɾʆʀʏ ʐʂʏ  ʀʆʗʎʐʋʐʀ ʀʒɻʍʈʋɾʙʏȟ ɻʑʐʝ ʈʀʐɻʒʘʍʀʐɻʅ ɻʌʝ ʐʂ ɼʅɼʇʅʋʃʙʆʂ ʐʋʑ 

ʌʍʋɾʍʗʈʈɻʐʋʏ ʎʐʂ ɼʅɼʇʅʋʃʙʆʂ ʐʂʏ ʎʑɾʆʀʆʍʅʈʘʉʂʏ ʀʍɾɻʎʚɻʏ ɉÐÒÏÊÅÃÔ ÌÉÂÒÁÒÙɊ ʆɻʅ 

ʈʀʐɻʐʍʘʌʀʐɻʅ ʎʀ ɻʉʐʅʆʀʚʈʀʉʋ ɉÏÂÊÅÃÔɊ ʌʋʑ ʈʌʋʍʀʚ ʉɻ ɿʅɻʈʋʍʒʖʃʀʚ ʆɻʅ ʉɻ 

ʔʍʂʎʅʈʋʌʋʅʂʃʀʚ ʎʐʂʉ ʀʍɾɻʎʚɻ ʝʎʀʏ ʒʋʍʘʏ ʀʌʅʃʑʈʀʚ ʋ ʔʍʙʎʐʂʏ ɉʌȢʔȢ ʋ ʆʞʇʅʉɿʍʋʏ ʎʀ 

ʘʉɻʉ ʌʋʇʑʆʞʇʅʉɿʍʋ ʆʅʉʂʐʙʍɻȟ ʋʅ ɻʉʐʚʎʐʋʅʔʋʅ ʀɾʔʑʐʙʍʀʏ ɻʉʗ ʆʞʇʅʉɿʍʋ ʆʋʆȢɊȢ 

ɫʐʂ ʎʑʉʘʔʀʅɻȟ ʝʐɻʉ ʐɻ ɻʌɻʍɻʚʐʂʐɻ ɻʉʐʅʆʀʚʈʀʉɻ ɉÏÂÊÅÃÔÓɊ ʀʚʉɻʅ ʘʐʋʅʈɻȟ ʌʍʘʌʀʅ ʉɻ 

ʈʀʐɻʒʀʍʃʋʞʉ ʘʉɻ-ʘʉɻ ʎʐʋ ʔʗʍʐʂ ʀʍɾɻʎʚɻʏ ɉÐÒÏÊÅÃÔ ÍÁÐɊȟ ʝʌʋʑ ʃɻ ɾʚʉʀʅ ʂ ʎʞʉɿʀʎʙ 

ʐʋʑʏ ʈʀ ʐʍʝʌʋ ʐʘʐʋʅʋ ʡʎʐʀ ʉɻ ʌʍʋʎʋʈʋʅʡʉʀʐɻʅ ʎʖʎʐʗ ʂ ɿʅʗʐɻʊʂ ʆɻʅ ʂ ʇʀʅʐʋʑʍɾʚɻ 

ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʐʋʑ ʆʅʉʂʐʙʍɻȢ ɩʇʘʋʉ, ʎʐʋ ʔʗʍʐʂ ʀʍɾɻʎʚɻʏȟ ʐɻ ɻʉʐʅʆʀʚʈʀʉɻ 

ʔɻʍɻʆʐʂʍʚʁʋʉʐɻʅ ʖʏ ʈʘʍʂ ʙ ʆʋʈʈʗʐʅɻ ɉÐÁÒÔÓɊ ʈʋʉʐʘʇʋʑ ʐʋʑ ʋʔʙʈɻʐʋʏȢ ɠ ʐʀʇʅʆʙ 

ʀʅʆʝʉɻ ʌʋʑ ʌʍʋʆʞʌʐʀʅ ʈʋʅʗʁʀʅ ʈʀ ʘʉɻ ʈʋʉʋɾʍɻʈʈʅʆʝ ʎʔʘɿʅʋȟ ʎʐʋ ʋʌʋʚʋ ɿʅɻʆʍʚʉʋʉʐɻʅ 

ʐɻ ʀʌʅʈʘʍʋʑʏ ʆʋʈʈʗʐʅɻ ʐʋʑ ʈʋʉʐʘʇʋʑȟ ʆɻʃʡʏ ʀʌʚʎʂʏ ʆɻʅ ʋʅ ʈʀʐɻʊʞ ʐʋʑʏ ʎʑʉɿʘʎʀʅʏȟ 

ʀʌʅʐʍʘʌʋʉʐɻʏ ʘʐʎʅ ʎʐʋʉ ʔʍʙʎʐʂ ʉɻ ʈʌʋʍʀʚ ʉɻ ʆʗʉʀʅ ʈʀʈʋʉʖʈʘʉʀʏ ɻʇʇɻɾʘʏ ʎʀ 
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ʎʑɾʆʀʆʍʅʈʘʉɻ ʈʘʍʂ ʐʋʑ ʆʅʉʂʐʙʍɻ ʝʐɻʉ ɻʑʐʘʏ ʆʍʚʉʋʉʐɻʅ ɻʌɻʍɻʚʐʂʐʀʏȟ ʆɻʃʡʏ ʆɻʅ ʉɻ 

ʀʌʅɼʇʘʌʀʅ ʐʋ ʈʋʉʐʘʇʋ ʐʋʑ ʈʀ ʆɻʇʞʐʀʍʂ ʀʌʋʌʐʀʚɻȢ 

ɷʐɻʉ ʐʋ ʈʋʉʐʘʇʋ ʐʋʑ ʆʅʉʂʐʙʍɻ ɉʈɻʁʚ ʈʀ ʐɻ ʌʀʍʅʒʀʍʀʅɻʆʗ ʐʋʑ ʎʑʎʐʙʈɻʐɻɊ ʀʚʉɻʅ 

ʌʇʙʍʖʏ ʇʀʅʐʋʑʍɾʅʆʝȟ ʐʋ '4-0Ï×ÅÒ ɿʚʉʀʅ ʐʂ ɿʑʉɻʐʝʐʂʐɻ ʎʐʋ ʔʍʙʎʐʂ ʉɻ ȺʐʍʘʊʀʅȻ 

ɿʅʗʒʋʍɻ ʎʀʉʗʍʅɻ ɉÃÁÓÅÓɊ ʎʐɻʃʀʍʙʏ ʙ ʈʀʐɻɼɻʐʅʆʙʏ ʇʀʅʐʋʑʍɾʚɻʏȟ ʆɻʃʡʏ ʆɻʅ ʉɻ ʀʉʐʗʊʀʅ 

ʐʋ ʈʋʉʐʘʇʋ ʐʋʑ ʎʀ ɿʅʗʒʋʍʋʑʏ ɣʞʆʇʋʑʏ ɩʝʇʂʏ ɉ$ÒÉÖÉÎÇ #ÙÃÌÅÓɊȟ ʎʀ ʎʑʉʃʙʆʀʏ ʌʋʑ ʋ 

ʚɿʅʋʏ ʋʍʚʁʀʅ. 

ɥʀʐʗ ʐʂʉ ʋʇʋʆʇʙʍʖʎʂ ʐʖʉ ɿʅɻʒʝʍʖʉ ʎʀʉɻʍʚʖʉ ʋ ʔʍʙʎʐʂʏ ʘʔʀʅ ʐʂ ɿʑʉɻʐʝʐʂʐɻ 

ʉɻ ʇʗɼʀʅ ʐɻ ɻʌʋʐʀʇʘʎʈɻʐɻ ʐʂʏ ʌʍʋʎʋʈʋʚʖʎʂʏ ʈʘʎʖ ʐʋʑ ʀʍɾɻʇʀʚʋʑ '4-0ÏÓÔȢ ɬɻ ʀʉ 

ʇʝɾʖ ɻʌʋʐʀʇʘʎʈɻʐɻ ʘʔʋʑʉ ʐʂ ʈʋʍʒʙ ʌʅʉʗʆʖʉ ʙ ʐʂ ʈʋʍʒʙ ɿʅɻɾʍɻʈʈʗʐʖʉȟ ʌʋʑ ʋ 

ʔʍʙʎʐʂʏ ʈʌʋʍʀʚ ʉɻ ʀʌʀʊʀʍɾɻʎʐʀʚ ʌʀʍɻʅʐʘʍʖ [7] . 

 

4.3 ɝʂʈʅʋʑʍɾʚɻ ʐʋʑ ʆɻʐʗʇʇʂʇʋʑ ʈʋʉʐʘʇʋʑ ʎʐʋ GT-Power 
 

4ȢσȢρ ɜʀʉʅʆʘʏ ʌʇʂʍʋʒʋʍʚʀʏ ʆʅʉʂʐʙʍɻ 

ɠ ʌɻʍʋʞʎɻ ɿʅʌʇʖʈɻʐʅʆʙ ʀʍɾɻʎʚɻ ɼɻʎʚʁʀʐɻʅ ʎʀ ʈʚɻ ʙɿʂ ʌʀʍɻʐʖʃʀʚʎɻ 

ɿʅʌʇʖʈɻʐʅʆʙ ʀʍɾɻʎʚɻ ɍ11ɎȢ ɜʅɻ ʐʋ ʇʝɾʋ ɻʑʐʝ ʆɻʅ ʐʋ ʈʋʉʐʘʇʋ ʌʋʑ ʆɻʐɻʎʆʀʑʗʎʐʂʆʀ 

ʈʘʎʖ ʐʋʑ '4-0Ï×ÅÒ ʎʐɻ ʌʇɻʚʎʅɻ ʐʂʏ ʌɻʍʋʞʎɻʏ ʀʍɾɻʎʚɻʏ ʀʚʉɻʅ ʈʀ ʐʂ ʎʀʅʍʗ ʐʋʑ ʆɻʅ 

ɻʑʐʝ ʎʑʉʘʔʀʅɻ ʐʋʑ ʙɿʂ ʑʌʗʍʔʋʉʐʋʏ ʈʋʉʐʘʇʋʑ ʌʋʑ ɻʒʋʍʋʞʎʀ ʎʐʂʉ ʀʒɻʍʈʋɾʙ 

ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʎʀ τ-ɯ ʆʅʉʂʐʙʍɻ $ÉÅÓÅÌ ʈʀ ʀʉɿʅʗʈʀʎʋ ʕʑɾʀʚʋ ʆɻʅ ʔʖʍʚʏ 

ʌʀʍʅʋʍʅʎʐʙ ʆɻʑʎʚʈʋʑȟ ʆɻʅ ʂ ʐʀʇʅʆʙ ʐʋʑ ɿʅʗʐɻʊʂ ʎʐʋ ʔʗʍʐʂ ʀʍɾɻʎʚɻʏ ʐʋʑ 

ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʌɻʆʘʐʋʑ '4-PoweÒ ɻʌʀʅʆʋʉʚʁʀʐɻʅ ʎʐʂʉ ɫʔʙʈɻ 4.1. 

ɨ ʆʅʉʂʐʙʍɻʏ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʙʃʂʆʀ ʖʏ ɼʗʎʂȟ ʀʚʉɻʅ ʋ -ÅÒÃÅÄÅÓ "ÅÎÚ /-σσφφ,!Ȣ 

ɩʍʝʆʀʅʐɻʅ ɾʅɻ τ-ɯ ʆʅʉʂʐʙʍɻ $ÉÅÓÅÌȟ ʗʈʀʎʂʏ ʘɾʔʑʎʂʏ ɉ$)Ɋȟ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʈʘʉʋ 

ʈʀ ʀʉɿʅʗʈʀʎʂ ʕʞʊʂ ʐʋʑ ɻʘʍɻ ʑʌʀʍʌʇʙʍʖʎʂʏ ɉÁÆÔÅÒÃÏÏÌÉÎÇɊȢ ɨ ʆʅʉʂʐʙʍɻʏ ʀʚʉɻʅ 

ʀɾʆɻʐʀʎʐʂʈʘʉʋʏ ʎʐʋ ʀʍɾɻʎʐʙʍʅʋ ɥȢɞȢɣȢ ʐʂʏ ɫʔʋʇʙʏ ɥʂʔɻʉʋʇʝɾʖʉ ɥʂʔɻʉʅʆʡʉ ɞȢɥȢɩȢ 

ɬɻ ʎʐʋʅʔʀʚɻ ʐʋʑ ʆʅʉʂʐʙʍɻ ʀʚʉɻʅ ʐɻ ʀʊʙʏȡ  

¶ ɝʅʗʈʀʐʍʋʏ ʀʈɼʝʇʋʑȡ D = 97.5 mm  

¶ ɝʅɻɿʍʋʈʙ ʀʈɼʝʇʋʑȡ s = 133 mm  

¶ ɚʆʐʚʉɻ ʎʐʍʋʒʗʇʋʑȡ r = 66.5 mm  



58 
 

¶ ɥʙʆʋʏ ɿʅʖʎʐʙʍɻȡ L = 230 mm  

¶ ɜʖʉʚɻ ʎʐʍʋʒʗʇʋʑ ʆɻʐʗ ʐʂ ʎʐʅɾʈʙ ɻʉʋʚɾʈɻʐʋʏ ʐʂʏ ɼɻʇɼʚɿɻʏ ʀʊɻɾʖɾʙʏ: 

ʒevo=112o ʈʀʐʗ ʐʋ ɚɦɫ  

¶ ɛɻʃʈʝʏ ʎʑʈʌʚʀʎʂʏȡ CR = 18  

¶ ɣʞʇʅʉɿʍʋʅȡ z Ѐ φ ʎʀ ʎʀʅʍʗ  

¶ ɷɾʆʋʏ ʀʈɼʋʇʅʎʈʋʞȡ Vh = 5958 cm3  

¶ ɞʌʅʁʙʈʅʋʏ ʝɾʆʋʏ ʆʑʇʚʉɿʍʋʑȡ Vc = 58.4 cm3  

¶ ɷɾʆʋʏ ʆʋʅʇʝʐʂʐɻʏ ʀʈɼʝʇʋʑȡ Vbowl = 48.5 cm3  

¶ ɥʘɾʅʎʐʂ ɢʎʔʞʏȡ Pmax = 177 kW = 237 HP 

¶ ɪʋʌʙ ɻɿʍʗʉʀʅɻʏ ʆʅʉʂʐʙʍɻȡ Ge = 0.87 kg/ m2  

ɠ ʎʀʅʍʗ ɻʉʗʒʇʀʊʙʏ ʐʋʑ ʀʚʉɻʅ ʂ ρ-5-3-6-2-τ ʌʋʑ ʀʊɻʎʒɻʇʚʁʀʅ ʐʘʇʀʅɻ ʁʑɾʋʎʐʗʃʈʅʎʂȟ 

ʆɻʃʡʏ ʆɻʅ ȺɼʋʇʅʆʙȻ ʎʞʉɿʀʎʂ ʐʖʉ ʆʑʇʚʉɿʍʖʉ ʎʐʂʉ ʌʋʇʇɻʌʇʙ ʀʊɻɾʖɾʙʏ ʐʋʑ ʆʅʉʂʐʙʍɻ  

ɻʌʝ ʔʖʍʋʐɻʊʅʆʙ ʗʌʋʕʂȢ ɝʂʇɻɿʙȟ ʂ ɿʅʗʐɻʊʂ ʐʖʉ ʆʑʇʚʉɿʍʖʉ  ʀʚʉɻʅ ɻʉʗ ʐʍʀʅʏ 

ʎʑʉɿʀɿʀʈʘʉʋʅ ʎʐʂʉ ʚɿʅɻ ʌʋʇʇɻʌʇʙ ʀʊɻɾʖɾʙʏ ɉρ-2-σ ʆɻʅ τ-5-6) [3]. 

 

ɫʔʙʈɻ 4.1: ɨʇʋʆʇʂʍʖʈʘʉʋ ʈʋʉʐʘʇʋ ʆʅʉʂʐʙʍɻ Diesel ʈʀ ɻʌʇʙ ʎʐʍʋɼʅʇʋ -ʑʌʀʍʌʇʙʍʖʎʂ ʎʐʋ ʔʗʍʐʂ 

ʀʍɾɻʎʚɻʏ ʐʋʑ GT-Power [8] . 
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ɫʐʋ ʌʍʝɾʍɻʈʈɻ ʌʍʋʎʋʈʋʅʡʉʋʉʐɻʅ ʝʇʀʏ ʋʅ ɿʅʀʍɾɻʎʚʀʏ ʀʉʐʝʏ ʐʋʑ ʆʑʇʚʉɿʍʋʑ ʎʀ 

ʀʌʚʌʀɿʋ ɾʖʉʚɻʏ ʎʐʍʋʒʗʇʋʑ ɉÆÉÌÌÉÎÇ ÁÎÄ ÅÍÐÔÙÉÎÇ ÍÅÔÈÏÄɊȢ ɞʉɿʀʅʆʐʅʆʗȟ ɾʅɻ ʐʂʉ 

ʈʋʉʐʀʇʋʌʋʚʂʎʂ ʐʂʏ ʆɻʞʎʂʏ ʔʍʂʎʅʈʋʌʋʅʋʞʉʐɻʅ ʋʅ ʀʊʅʎʡʎʀʅʏ ʐʋʑ Wiebe ʆɻʅ ɾʅɻ ʐʅʏ 

ɻʌʡʇʀʅʀʏ ʃʀʍʈʝʐʂʐɻʏ ʂ ʎʔʘʎʂ ʐʋʑ WoschniȢ ɬʘʇʋʏȟ ʝʎʋʉ ɻʒʋʍʗ ʐʅʏ ʌʋʇʇɻʌʇʘʏ 

ʀʊɻɾʖɾʙʏȟ ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅ ʂ ʈʘʃʋɿʋʏ ʐʖʉ ʔɻʍɻʆʐʂʍʅʎʐʅʆʡʉ ɉÐÒÅÓÓÕÒÅ ×ÁÖÅ ÁÃÔÉÏÎ 

simulation). 

 

4ȢσȢς ɥʋʉʐʘʇʋ ʋʔʙʈɻʐʋʏ ʆɻʅ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʎʐʋ 

ʌʀʍʅɼʗʇʇʋʉ ʐʋʑ GT-Power  

ɫʐʂʉ ʌɻʍʋʞʎɻ ɿʅʌʇʖʈɻʐʅʆʙȟ ʝʌʖʏ ɻʉɻʒʘʍʃʂʆʀ ʆɻʅ ʌʅʋ ʌʗʉʖȟ ʔʍʂʎʅʈʋʌʋʅʙʃʂʆʀ 

ʆɻʅ ʀʈʌʇʋʑʐʚʎʐʂʆʀ ʐʋ ʈʋʉʐʘʇʋ ɻʌʝ ʈʅɻ ʌɻʇɻʅʝʐʀʍʂ ɿʅʌʇʖʈɻʐʅʆʙȢ ɩɻʍɻʆʗʐʖ ʇʋʅʌʝʉ 

ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ ʐɻ ʐʈʙʈɻʐɻ ʐʋʑ ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʈʋʉʐʘʇʋʑ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʙʃʂʆʀ ʖʏ 

ɼʗʎʂȢ 

ɜʅɻ ʐʂ ʈʀʇʘʐʂ ʐʂʏ ɻʌʝʆʍʅʎʂʏ ʐʋʑ ʀʉ ʇʝɾʖ ʆʅʉʂʐʙʍɻ ʎʐɻ ʌʇɻʚʎʅɻ ɣʞʆʇʖʉ ɩʝʇʂʏ 

ʙʐɻʉ ɻʌɻʍɻʚʐʂʐʂ ʂ ʈʋʉʐʀʇʋʌʋʚʂʎʂ ʐʋʑ ʆɻʐʗʇʇʂʇʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ 

ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʈʘʎʖ ʐʋʑ ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʌɻʆʘʐʋʑ '4-0Ï×ÅÒȢ ɬʋ ʈʋʉʐʘʇʋ ɻʑʐʝ 

ɻʌɻʍʐʚʁʀʐɻʅ ɻʌʝ ʌʋʇʇʗ ɿʅɻʒʋʍʀʐʅʆʗ ʀʌʅʈʘʍʋʑʏ ʐʈʙʈɻʐɻȟ ʐʖʉ ʋʌʋʚʖʉ ʐɻ 

ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʆɻʅ ʐɻ ʎʐʗɿʅɻ ʆɻʐɻʎʆʀʑʙʏ ʐʋʑʏ ʎʐʋ ʌʀʍʅɼʗʇʇʋʉ ʐʋʑ ʑʌʋʇʋɾʅʎʐʅʆʋʞ 

ʌɻʆʘʐʋʑ '4-0Ï×ÅÒ ʃɻ ɻʉɻʇʑʃʋʞʉ ʎʐʂʉ ʌɻʍʋʞʎɻ ʀʉʝʐʂʐɻȢ 
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A)  ɬʋ ʝʔʂʈɻ ɉvehicle ) 

ɬɻ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʐʋʑ ʑʌʝ ʈʀʇʘʐʂ ʋʔʙʈɻʐʋʏ ɉʒʋʍʐʂɾʝ ʀʇɻʒʍʋʞ ʐʞʌʋʑɊ 

ʎʑʉʋʕʚʁʋʉʐɻʅ ʎʐʋʉ ɩʚʉɻʆɻ 4.1: 

ɨʉʋʈɻʎʐʅʆʝ ɷʔʂʈɻ  

ɥʗʁɻ ɉmV) 3.5 tn  

ɥʀʐʖʌʅʆʙ ɞʌʅʒʗʉʀʅɻ ɉAf) 3 m2 

ɫʑʉʐʀʇʀʎʐʙʏ ɚʀʍʋɿʑʉɻʈʅʆʙʏ 

ɚʉʐʚʎʐɻʎʂʏ ɉcd) 

0.38 

ɫʔʘʎʀʅʏ ɥʀʐʗɿʋʎʂʏ ɣʅɼʖʐʚʋʑ 

ɬɻʔʑʐʙʐʖʉ ɉig) 

1ʂ ɀ 5.78:1 

2ʂ ɀ 2.7:1 

3ʂ ɀ 1.9:1 

4ʂ ɀ 1.25:1 

5ʂ ɀ 1.0:1 

6ʂ ɀ 0.9:1 

ɚʆʐʚʉɻ ɬʍʋʔʋʞ (r wheel) 0.35 m 

ʂgear 0.96 

ɩʚʉɻʆɻʏ 4.1ȡ ɯɻʍɻʆʐʂʍʅʎʐʅʆʗ ɨʉʋʈɻʎʐʅʆʋʞ ɨʔʙʈɻʐʋʏ. 

 

ɫʔʙʈɻ 4.2: ɩɻʍʗɿʀʅɾʈɻ ʋʔʙʈɻʐʋʏ ʌɻʍɻʌʇʙʎʅʋʑ ʐʋʑ ʔʍʂʎʅʈʋʌʋʅʋʞʈʀʉʋʑ ʎʐʂʉ ʌʍʋʎʋʈʋʚʖʎʂȢ [17] 
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ɳʉɻ ʌɻʍʗɿʀʅɾʈɻ ʐʘʐʋʅʋʑ ʋʔʙʈɻʐʋʏ ʀʚʉɻʅ ɻʑʐʝ ʌʋʑ ʒɻʚʉʀʐɻʅ ʎʐʂʉ ɫʔʙʈɻ 4.2. 

ɥʘʎʖ ʐʋʑ ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʌɻʆʘʐʋʑ '4-0Ï×ÅÒ ʈʋʉʐʀʇʋʌʋʅʙʃʂʆʀ ʐʋ ʆɻʐʗʇʇʂʇʋ ʝʔʂʈɻ 

ɾʅɻ ʐʅʏ ɻʉʗɾʆʀʏ ʐʂʏ ʌɻʍʋʞʎɻʏ ɿʅʌʇʖʈɻʐʅʆʙʏ ʀʍɾɻʎʚɻʏȟ ʐʋ ʋʌʋʚʋ ɻʌɻʍʐʚʁʀʐɻʅ ɻʌʝ 

ʌʋʇʇʗ ʀʌʅʈʘʍʋʑʏ ʎʐʋʅʔʀʚɻȢ ɠ ʈʋʍʒʙ ʌʋʑ ɻʌʋʆʐʗ ʐʋ ʝʔʂʈɻ ʎʐʋ ʌʀʍʅɼʗʇʇʋʉ ʐʋʑ 

ʌʍʋɾʍʗʈʈɻʐʋʏ ɻʌʀʅʆʋʉʚʁʀʐɻʅ ʎʐʂʉ ɫʔʙʈɻ 4.3.  

 

 

ɫʔʙʈɻ 4.3: ɚʌʀʅʆʝʉʅʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ ɉvehicleɊ ʎʐʋ ʔʗʍʐʂ ʀʍɾɻʎʚɻʏ ʐʋʑ ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʌɻʆʘʐʋʑ GT-

Power. 

 

ɚʍʔʅʆʗȟ ʆɻʐʗ ʐʋʉ ʎʔʀɿʅɻʎʈʝ ʐʋʑ ʋʔʙʈɻʐʋʏ ʋ ʔʍʙʎʐʂʏ ʀʅʎʗɾʀʅ ʈʘʎʖ ʐʖʉ 

ʌɻʍɻʃʞʍʖʉ ʀʅʎɻɾʖɾʙʏ ʌɻʍɻʈʘʐʍʖʉ ʐʋʑ ʌʍʋɾʍʗʈʈɻʐʋʏ ʐɻ ɼɻʎʅʆʗ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ 

ʐʋʑ ʋʔʙʈɻʐʋʏȢ ɩʅʋ ʎʑɾʆʀʆʍʅʈʘʉɻȟ ʀʅʎʗɾʀʐɻʅ ʂ ʈʗʁɻ ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʃʡʏ ʆɻʅ ʂ 

ʌʑʆʉʝʐʂʐɻ ʐʋʑ ʀɾʔʀʝʈʀʉʋʑ ʆɻʑʎʚʈʋʑ. ɫʐʂ ʎʑʉʘʔʀʅɻ ʀʅʎʗɾʋʉʐɻʅ ʐɻ ɻʀʍʋɿʑʉɻʈʅʆʗ 

ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʐʋʑ ʋʔʙʈɻʐʋʏ ʌʋʑ ɿʅɻʈʋʍʒʡʉʋʑʉ ʎʀ ʈʀɾʗʇʋ ɼɻʃʈʝ ʐʂʉ ʐʀʇʅʆʙ 

ɻʌʝʆʍʅʎʙ ʐʋʑ. ɩʅʋ ʎʑɾʆʀʆʍʅʈʘʉɻȟ ʎʑʈʌʇʂʍʡʉʋʉʐɻʅ ʋ ʎʑʉʐʀʇʀʎʐʙʏ ɻʀʍʋɿʑʉɻʈʅʆʙʏ 

ɻʉʐʚʎʐɻʎʂʏ Ãd ʆɻʃʡʏ ʀʌʚʎʂʏ ʆɻʅ ʂ ʈʀʐʖʌʅʆʙ ʐʋʑ ʀʌʅʒʗʉʀʅɻ ɉÆÒÏÎÔÁÌ ÁÒÅÁɊȢ ɳʌʀʅʐɻ 

ʌʍʘʌʀʅ ʉɻ ʍʑʃʈʅʎʐʋʞʉ ʆɻʐʗʇʇʂʇɻ ɻʍʆʀʐʘʏ ʌɻʍʗʈʀʐʍʋʅ ʝʌʖʏ ʐɻ ʈʙʆʂ ʐʋʑ ʈʀʐɻʊʋʉʚʋʑ 

ʆɻʅ ʐʖʉ ʂʈʅɻʊʋʉʚʖʉȟ ʐʖʉ ʀʇɻʎʐʅʆʡʉȟ ʐʖʉ ʒʍʘʉʖʉ ʆɻʅ ɻʆʝʈɻ ʆɻʅ ʐʋʑ ʋɿʋʎʐʍʡʈɻʐʋʏ. 
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 ɛɊ ɫʞʎʐʂʈɻ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʆɻʅ ʅʎʔʞʋʏ ʎʐʋʑʏ ʐʍʋʔʋʞʏ 

ɥʀʐʗ ʐʂʉ ʋʇʋʆʇʙʍʖʎʂ ʐʋʑ ʎʔʀɿʅɻʎʈʋʞ ʐʖʉ ʎʐʋʅʔʀʚʖʉ ʐʋʑ ʋʔʙʈɻʐʋʏȟ 

ʌʍʋʔʖʍʋʞʈʀ ʎʐʋ ʎʔʀɿʅɻʎʈʝ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʌʋʑ ɻʌʋʐʀʇʀʚʐɻʅ 

ɻʌʝ ɿʅʗʒʋʍɻ ʀʌʅʈʘʍʋʑʏ ʐʈʙʈɻʐɻȢ ɫʐʋ ʎʂʈʀʚʋ ɻʑʐʝ ʆʍʚʉʀʐɻʅ ɻʌɻʍɻʚʐʂʐʂ ʂ ɻʉɻʒʋʍʗ 

ʐʋʑ ɻʉʐʚʎʐʋʅʔʋʑ ʃʀʖʍʂʐʅʆʋʞ ʑʌʝɼɻʃʍʋʑ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ  ʐʂʏ ʆʚʉʂʎʂʏ 

ʆɻʅ ʐʂʏ ʅʎʔʞʋʏ ʎʐʋʑʏ ʐʍʋʔʋʞʏ ʌʋʑ ʀʚʉɻʅ ɾʉʖʎʐʙ ʖʏ $ÒÉÖÅÔÒÁÉÎ !ÎÁÌÙÓÉÓȢ  

ɜʅɻ ʐʋʉ ʆɻʃʋʍʅʎʈʝ ʐʂʏ ɻʌʝʆʍʅʎʂʏ ʀʉʝʏ ʋʔʙʈɻʐʋʏ ʌʋʑ ʆʅʉʀʚʐɻʅ ʈʘʎʖ 

ʎʑɾʆʀʆʍʅʈʘʉʋʑ ʆʅʉʂʐʙʍɻȟ ʆʍʚʉʀʐɻʅ ɻʌɻʍɻʚʐʂʐʂ ʂ ɻʌʇʋʑʎʐʀʑʈʘʉʂ ʃʀʡʍʂʎʂ ʐʋʑ 

ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʆɻʅ ʅʎʔʞʋʏ ɻʌʝ ʐʋʉ ʆʅʉʂʐʙʍɻ ʎʐʋʑʏ ʐʍʋʔʋʞʏȢ ɠ ʀʉ 

ʇʝɾʖ ɻʉʗʇʑʎʂ ʔʍʂʎʅʈʋʌʋʅʀʚʐɻʅ ʎʐʂ ʈʀʐɻʐʍʋʌʙ ʐʖʉ ɿʀɿʋʈʘʉʖʉ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ 

ʀʊʀʐɻʁʝʈʀʉʋʑ ʈʀʐɻɼɻʐʅʆʋʞ ʆʞʆʇʋʑ WLTC ɻʌʝ ʐɻʔʞʐʂʐɻ ʋʔʙʈɻʐʋʏ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ 

ʔʍʝʉʋʑ ʎʀ ʐɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʍʋʌʙ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑȢ 

ɫʐʋ ɫʔʙʈɻ 4.4 ɻʌʀʅʆʋʉʚʁʀʐɻʅ ʘʉɻ ʐʘʐʋʅʋ ɻʌʇʋʑʎʐʀʑʈʘʉʋ ʈʋʉʐʘʇʋ ʎʑʎʐʙʈɻʐʋʏ 

ʈʀʐʗɿʋʎʂʏ ʌʋʑ ɻʌɻʍʐʚʁʀʐɻʅ ɻʌʝ ʐʋʉ ʆʅʉʂʐʙʍɻȟ ʐʋ ʔʀʅʍʋʆʚʉʂʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉȟ 

ʐʋ ʐʀʇʅʆʝ ʎʞʎʐʂʈɻ ʈʀʐʗɿʋʎʂʏ ʎʐʋʉ ʗʊʋʉɻ ʐʖʉ ʐʍʋʔʡʉ ʆɻʅ ʐʋʑʏ ʐʍʋʔʋʞʏ ʐʋʑ 

ʋʔʙʈɻʐʋʏ. 

 

 

 

ɫʔʙʈɻ 4.4: ɚʌʇʋʌʋʅʂʈʘʉʋ ʎʞʎʐʂʈɻ ʆʅʉʂʐʙʍɻ ɀ ʆʅɼʖʐʚʋʑ ʐɻʔʑʐʙʐʖʉ ɀ ʐʍʋʔʡʉ ɍ4,13]. 

 

ɚʉʗʇʑʎʂ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʆɻʅ ʅʎʔʞʋʏ  

       ɫʞʈʒʖʉɻ ʈʀ ʐʋ ɫʔʙʈɻ 4.4ȟ ʋ ɿʀʞʐʀʍʋʏ ʉʝʈʋʏ ʐʋʑ ɦʀʞʐʖʉɻ ʎʐʂ 

ʎʐʍʋʒɻʇʋʒʝʍʋ ʗʐʍɻʆʐʋ ʈʌʋʍʀʚ ʉɻ ɾʍɻʒʀʚ ʖʏ ʀʊʙʏȡ 
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  ʐ ʒ ʐ ʒ ʐ '     (4.1) 

ɠ ɫʔʘʎʂ 4Ȣρ ʅʎʔʞʀʅ ʎʐʂʉ ʌʀʍʚʌʐʖʎʂ ʌʋʑ ʋ ʎʑʈʌʇʘʆʐʂʏ ʀʚʉɻʅ ɿʀʎʈʀʑʈʘʉʋʏ ʆɻʅ 

ʆɻʐʗ ʎʑʉʘʌʀʅɻ ʂ ʐɻʔʞʐʂʐɻ ʐʋʑ ɦc ʀʚʉɻʅ ʚʎʂ ʈʀ ʐʂʉ ʐɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʐʋʑ 

ʆʅʉʂʐʙʍɻ ɦȢ 

ɫʐʂʉ ɻʉʐʚʃʀʐʂ ʌʀʍʚʌʐʖʎʂ ʌʋʑ ʋ ʎʑʈʌʇʘʆʐʂʏ ɿʀʉ ʀʚʉɻʅ ɿʀʎʈʀʑʈʘʉʋʏ  ɉɦc Ё.Ɋȟ ʂ 

ɫʔʘʎʂ 4Ȣρ ʈʀʐɻʎʔʂʈɻʐʚʁʀʐɻʅ ʖʏ ʀʊʙʏȡ 

 

' π                      (4ȢρɻɊ 

 

ɫʐʂ ɫʔʘʎʂ 4Ȣρȟ ʂ ʍʋʌʙ ʐʋʑ ʆʅʉʂʐʙʍɻ ʐ ʒ ʐ ʒ  ɻʌʋʍʍʋʒʗʐɻʅ ɻʌʝ ʐʅʏ 

ɻʉʐʅʎʐʗʎʀʅʏ ʎʐʂʉ ʆʚʉʂʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ ʐL ʙ ɻʌʝ ʐʂʉ ʀʌʅʐʗʔʑʉʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ ʐA. 

ɞʌʅʌʍʝʎʃʀʐɻȟ ʐɻ ɿʅʗʒʋʍɻ ʎʑʎʐʙʈɻʐɻ ʈʀʐʗɿʋʎʂʏ ɉʎʑʈʌʇʘʆʐʂʏȟ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉȟ 

ɿʅɻʒʋʍʅʆʝɊ ʃʀʖʍʀʚʐɻʅ ʌʖʏ ɻʌʋʍʍʋʒʋʞʉ ʈʘʍʋʏ ʐʂʏ ʍʋʌʙʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʇʝɾʖ ʐʖʉ 

ʈʂʔɻʉʅʆʡʉ ɻʌʖʇʀʅʡʉ ʆɻʅ ɻʌʖʇʀʅʡʉ ʐʍʅɼʙʏȢ ɨʅ ʈʂʔɻʉʅʆʘʏ ɻʌʡʇʀʅʀʏ ʀʆʒʍʗʁʋʉʐɻʅ 

ʈʘʎʖ ʐʋʑ ʎʑʉʋʇʅʆʋʞ ɼɻʃʈʋʞ ɻʌʝɿʋʎʂʏ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʂgear. 

ɞʌʚʎʂʏȟ ʂ ɦs ɻʌʋʐʀʇʀʚ ʐʂʉ ʐɻʔʞʐʂʐɻ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ɉʑʒʚʎʐɻʐɻʅ  ʈʝʉʋ ʎʀ ʋʔʙʈɻʐɻ 

ʈʀ ʆʚʉʂʎʂ ʎʐʋʑʏ ʌʚʎʖ ʐʍʋʔʋʞʏɊ ʆɻʅ ʂ ɦɚ ʀʚʉɻʅ ʂ ʐɻʔʞʐʂʐɻ ʌʀʍʅʎʐʍʋʒʙʏ ʐʋʑ ʐʍʋʔʋʞȢ 

ɫʔʀʐʅʆʗ ʈʀ ʐʅʏ ʎʔʘʎʀʅʏ ʈʀʐʗɿʋʎʂʏȟ ʂ Éb ʀʚʉɻʅ ɻʑʐʙ ʐʋʑ ɿʅɻʒʋʍʅʆʋʞ ʀʉʡ ʂ Ég ʂ ʎʔʘʎʂ 

ʈʀʐʗɿʋʎʂʏ ʐʂʏ ʀʆʗʎʐʋʐʀ ʐɻʔʞʐʂʐɻʏ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ ɉɩʚʉɻʆɻʏ τȟρɊ. 

ɤɻʈɼʗʉʋʉʐɻʏ ʑʌȭ ʝʕʅʉ ʐʋ ɫʔʙʈɻ 4,4 ʆɻʃʡʏ ʀʌʚʎʂʏ ʆɻʅ ʐʅʏ ʀʌʀʊʂɾʙʎʀʅʏ ʆɻʐɻʇʙɾʋʑʈʀ 

ʎʐɻ ʀʊʙʏ ɍφȟωɎȢ                                                                                                                                                                         

 

 É                                                                       (4ȢςɻɊ 

 

É                                                                        (4ȢςɼɊ 

 

ɠ ʎʐʅɾʈʅɻʚɻ ʐɻʔʞʐʂʐɻ ʐʋʑ ʋʔʙʈɻʐʋʏ ɉʎʀ ËÍȾÈɊ ɿʚʉʀʐɻʅ ɻʌʝ ʐʂ ʎʔʘʎʂȡ 
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     6 ςϽʌϽÒ Ͻ Ͻφπρπ                             (4.3) 

 

ɱʏ ɻʌʋʐʘʇʀʎʈɻ ʐʂʏ ʌɻʍɻʌʗʉʖ ɻʉʗʇʑʎʂʏ ʌʍʋʆʞʌʐʀʅ ʌʖʏ ʝʎʋ ʔɻʈʂʇʝʐʀʍʂ ʎʔʘʎʂ 

ʀʚʉɻʅ ɿʀʎʈʀʑʈʘʉʂ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ ɉɻʑʐʝ ʎʂʈɻʚʉʀʅ ʑʕʂʇʙ ʎʔʘʎʂ ʈʀʐʗɿʋʎʂʏ 

igɊ ʐʝʎʋ ʈʅʆʍʝʐʀʍʂ ʀʚʉɻʅ ʂ ʎʑʉʋʇʅʆʙ ʍʋʌʙ ɻɿʍʗʉʀʅɻʏ ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʆɻʐȭ ʀʌʘʆʐɻʎʂ 

ʌɻʍʋʑʎʅʗʁʀʐɻʅ ʐɻʔʞʐʀʍʂ ʀʌʅʐʗʔʑʉʎʂȢ ɚʉʐʚʃʀʐɻȟ ʝʎʋ ʑʕʂʇʝʐʀʍʂ ʎʔʘʎʂ ʀʚʉɻʅ 

ɿʀʎʈʀʑʈʘʉʂ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉȟ ʐʝʎʋ ʌʅʋ ɻʍɾʙ ʀʚʉɻʅ ʂ ʀʌʅʐʗʔʑʉʎʂȟ ʝʈʖʏ 

ʀʌʅʐʑɾʔʗʉʀʐɻʅ ʑʕʂʇʝʐʀʍʂ ʐɻʔʞʐʂʐɻ ʋʔʙʈɻʐʋʏ ʝʌʖʏ ʒɻʚʉʀʐɻʅ ɻʌʝ ʐʂ ɫʔʘʎʂ 4.3. 

ɬɻ ʀʌʅʈʘʍʋʑʏ ʐʈʙʈɻʐɻ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʐʂʏ ʌɻʍɻʌʗʉʖ 

ɻʉʗʇʑʎʂʏ ʌʍʋʎʋʈʋʅʡʃʂʆɻʉ ʎʐɻ ʌʇɻʚʎʅɻ ʐʂʏ ɿʅʌʇʖʈɻʐʅʆʙʏ ʀʍɾɻʎʚɻʏ ʈʘʎʖ ʐʋʑ 

ʑʌʋʇʋɾʅʎʐʅʆʋʞ ʌɻʆʘʐʋʑ '4-0Ï×ÅÒ ʝʌʖʏ ɻʉɻʇʞʀʐɻʅ ʌɻʍɻʆʗʐʖȢ 

 

ɫʑʈʌʇʘʆʐʂʏ ʐʍʅɼʙʏ  ɉclutch ) 

ɨ ʎʑʈʌʇʘʆʐʂʏ ʐʍʅɼʙʏ ɻʌʋʐʀʇʀʚʐɻʅ ɻʌʝ ɿʞʋ ʌʇʗʆʀʏ ʆɻʅ ʑʇʅʆʝ ʐʍʅɼʙʏ ɻʉʗʈʀʎʗ 

ʐʋʑʏȢ ɠ ɼɻʎʅʆʙ ɻʍʔʙ ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʀʚʉɻʅ ʂ ʀʊʙʏȡ ɣɻʃʡʏ ʋʅ ʌʇʗʆʀʏ  ʌʇʂʎʅʗʁʋʑʉȟ 

ʇʝɾʖ ʐʋʑ ʑʇʅʆʋʞ ʐʍʅɼʙʏ ʂ ʈʚɻ ʌɻʍɻʎʞʍʀʅ ʐʂʉ ʗʇʇʂ ʆɻʅ ʀʌʅʐʑɾʔʗʉʀʐɻʅ ʂ ʈʀʐɻʒʋʍʗ 

ʀʉʘʍɾʀʅɻʏȢ ɩɻʍɻʐʂʍʋʞʈʀ ʌʖʏȟ ʝʌʖʏ ʀʚʉɻʅ ʗʇʇʖʎʐʀ ɻʉɻʈʀʉʝʈʀʉʋȟ ʋ ʎʑʈʌʇʘʆʐʂʏ 

ʌɻʍʀʈɼʗʇʇʀʐɻʅ ʈʀʐɻʊʞ ʐʋʑ ʆʅʉʂʐʙʍɻ ɉÅÎÇÉÎÅɊ ʆɻʅ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ 

ʆʚʉʂʎʂʏ ɉÔÒÁÎÓÍÉÓÓÉÏÎɊȢ 

 

ɫʞʎʐʂʈɻ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ɉTransmissi on) 

ɥʘʎʖ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʐʂʏ ʆʚʉʂʎʂʏ ɉÔÒÁÎÓÍÉÓÓÉÏÎɊ ʀʅʎʗɾʋʉʐɻʅ ʎʐʋ  

ʈʋʉʐʘʇʋ ʋʅ ʎʔʘʎʀʅʏ ʈʀʐʗɿʋʎʂʏ ɉÇÅÁÒ ÒÁÔÉÏÓɊ. ɬʋ ʌʇʙʃʋʏ ʐʖʉ ʎʔʘʎʀʖʉ ʈʀʐʗɿʋʎʂʏ ʐʋʑ 

ʆʅɼʖʐʚʋʑ ʆʚʉʂʎʂʏ ʀʌʅʇʘɾʀʐɻʅ ɻʉʗʇʋɾɻ ʈʀ ʐɻ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʐʋʑ ʀʆʗʎʐʋʐʀ 

ʋʔʙʈɻʐʋʏȟ ʘʐʎʅ ʡʎʐʀ ʂ ɻʌʝʆʍʅʎʂ ʐʋʑ ʉɻ ʀʚʉɻʅ ʅʆɻʉʋʌʋʅʂʐʅʆʙȢ ɩɻʍɻʐʂʍʋʞʈʀ ʝʐʅ ʐʋ ʀʉ 

ʇʝɾʖ ʐʈʙʈɻ ɉÔÒÁÎÓÍÉÓÓÉÏÎɊ ɻʌʋʐʀʇʀʚ ʎʑʉɿʀʐʅʆʝ ʆʍʚʆʋ ʌʋʇʇʡʉ ʈʀʍʡʉ ʐʋʑ ʈʋʉʐʘʇʋʑȢ 

ɩʅʋ ʎʑɾʆʀʆʍʅʈʘʉɻȟ ʎʑʉɿʘʀʐɻʅ ʈʘʎʖ ʐʋʑ ʗʊʋʉɻ ɉÄÒÉÖÅÓÈÁÆÔɊ ʈʀ ʐʋ ɿʅɻʒʋʍʅʆʝ 

ɉÄÉÆÆÅÒÅÎÔÉÁÌɊ ɻʇʇʗ ʆɻʅ ʈʀ ʐʋ ʎʑʈʌʇʘʆʐʂ ʐʍʅɼʙʏ ɉÃÌÕÔÃÈɊȢ ɞʌʅʌʍʝʎʃʀʐɻȟ ʀʌʅʆʋʅʉʖʉʀʚ ʈʀ 

ʐʋʉ ʀʅʆʋʉʅʆʝ ʋɿʂɾʝȟ ʆɻʃʡʏ ʐʋʑ ɿʚʉʀʅ ʐʂʉ ɿʑʉɻʐʝʐʂʐɻ ɻʇʇɻɾʙʏ ʐɻʔʞʐʂʐɻʏ ʎʐʋ 

ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ ɻʇʇʗ ʆɻʅ ʈʀ ʐɻ ɿʅʗʒʋʍɻ ʎʑʎʐʙʈɻʐɻ ʀʇʘɾʔʋʑ ʌʋʑ 
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ʔʍʂʎʅʈʋʌʋʅʋʞʉʐɻʅ ɉÃÏÎÔÒÏÌÌÅÒÖÅÈÉÃÌÅȟ ÄÒÉÖÅÁ×ÁÙɊȢ ɩʀʍɻʅʐʘʍʖ ɻʉʗʇʑʎʂ ɾʅɻ ʐɻ 

ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʆɻʅ ʐʋʉ ʍʝʇʋ ʐʋʑ ʀʅʆʋʉʅʆʋʞ ʋɿʂɾʋʞ ʃɻ ɾʚʉʀʅ ʎʐʂ ʎʑʉʘʔʀʅɻ ʐʋʑ 

ʌɻʍʝʉʐʋʏ ʆʀʒɻʇɻʚʋʑȢ 

 

ɝʅɻʒʋʍʅʆʝ ɉDifferential )  

ɬʋ ɿʅɻʒʋʍʅʆʝ ʈʌʋʍʀʚ ʉɻ ʋʍʅʎʃʀʚ ʖʏ ʋ ʈʂʔɻʉʅʎʈʝʏ ʌʋʑ ʇɻʈɼʗʉʀʅ ʌʇʂʍʋʒʋʍʚʀʏ 

ɻʉʗʇʋɾɻ ʈʀ ʐʂʉ ʀʌɻʒʙ ʆɻʃʀʉʝʏ ʆʅʉʂʐʙʍʅʋʑ ʐʍʋʔʋʞ ʈʀ ʐʋ ʋɿʝʎʐʍʖʈɻ ʆɻʅ ɿʅɻʈʋʅʍʗʁʀʅ 

ɻʉʐʚʎʐʋʅʔɻ ʐʂʉ ʅʎʔʞ ʙ ʐʂʉ ʍʋʌʙ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʐʋʑʏ ʗʊʋʉʀʏ ʐʖʉ ʐʍʋʔʡʉȢ  

 

ɞʇʀɾʆʐʙʏ ɞʆʆʚʉʂʎʂʏ  ɉdriveaway )  

ɞʚʉɻʅ ʆʗʐʅ ɻʉʐʚʎʐʋʅʔʋ ʈʀ ʐʋʉ ʀʇʀɾʆʐʙ ʋʔʙʈɻʐʋʏ ɻʇʇʗ ɻʒʋʍʗ ʈʝʉʋ ʐʂʉ ʌʀʍʚʌʐʖʎʂ 

ʐʂʏ ʀʆʆʚʉʂʎʂʏ ʆɻʅ ʈʝʉʋ ʐʝʐʀ ʀʉʀʍɾʋʌʋʅʀʚʐɻʅ ʆɻʅ ʀʌʅʆʋʅʉʖʉʀʚ  ʈʀ ʐʋʉ ʀʅʆʋʉʅʆʝ ʋɿʂɾʝȢ  

 

ɨɿʂɾʝʏ ʋʔʙʈɻʐʋʏ ɉvehicle  driver ) 

ɜʅɻ ʐʂʉ ʀʌʚʐʀʑʊʂ ʆɻʇʞʐʀʍʋʑ ʎʑʉʐʋʉʅʎʈʋʞ ʆɻʅ ʌʅʋ ʍʀɻʇʅʎʐʅʆʡʉ ɻʌʋʐʀʇʀʎʈʗʐʖʉȟ 

ʆʍʚʃʂʆʀ ɻʌɻʍɻʚʐʂʐʂ ʂ ʌʍʋʎʃʙʆʂ ʀʉʝʏ ʀʅʆʋʉʅʆʋʞ ʋɿʂɾʋʞ ʆʑʍʚʖʏ ɾʅɻ ʐʅʏ ɻʇʇɻɾʘʏ 

ʎʔʘʎʂʏ ɻʇʇʗ ʆɻʅ ʎʐʂʉ ɻʍʔʙ ʆɻʅ ʐʋ ʐʘʇʋʏ ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏȟ ʋ ʋʌʋʚʋʏ ʎʑʈʌʀʍʅʒʘʍʀʐɻʅ 

ʎɻʉ ʌʍɻɾʈɻʐʅʆʝʏ ʋɿʂɾʝʏȢ ɚʑʐʝʏ ʀʚʉɻʅ ʋʑʎʅɻʎʐʅʆʗ ʑʌʀʞʃʑʉʋʏ ɾʅɻ ʐʋ ʎʑʉʐʋʉʅʎʈʝ ʐʋʑ 

ʆʅɼʖʐʚʋʑ ʐɻʔʑʐʙʐʖʉȟ ʐʋʑ ʎʑʈʌʇʘʆʐʂ ʆɻʅ ʐʋʑ ʌʀʉʐʗʇ ʀʌʅʐʗʔʑʉʎʂʏ ɉȰɾʆʗʁʅȱɊȢ ɛɻʎʅʆʝ 

ʔɻʍɻʆʐʂʍʅʎʐʅʆʝ ʐʋʑ ʀʚʉɻʅ ʝʐʅ ʈʘʎʖ ʐʋʑ '4-0Ï×ÅÒ ʈʌʋʍʀʚ ʉɻ ʀʅʎɻʔʃʀʚ ʂ ʎʐʍɻʐʂɾʅʆʙ 

ɻʇʇɻɾʙʏ ʐɻʔʑʐʙʐʖʉ ʌʋʑ ɿʚʉʀʅ ʐʂ ɿʑʉɻʐʝʐʂʐɻ ʎʐʋʉ ʋɿʂɾʝ ʉɻ ʀʇʘɾʔʀʅ ʐʅʏ ʎʔʘʎʀʅʏ 

ʈʀʐʗɿʋʎʂʏ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉȟ ʆɻʅ ʆɻʐȭ ʀʌʘʆʐɻʎʂ ʆɻʃʋʍʚʁʀʅ ʐʂ ɾʍɻʈʈʅʆʙ 

ʐɻʔʞʐʂʐɻ ʐʋʑ ʋʔʙʈɻʐʋʏ ʎʐʂʉ ʋʌʋʚɻ ʃɻ ɾʚʉʀʐɻʅ ʂ ʆʗʃʀ ɻʇʇɻɾʙ ʎʔʘʎʂʏȢ 
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ɫʔʙʈɻ 4.5: ɚʌʀʅʆʝʉʅʎʂ ʀʅʆʋʉʅʆʋʞ ʋɿʂɾʋʞ ʎʐʋ ʌʀʍʅɼʗʇʇʋʉ ʐʋʑ GT-Power. 

 

ɷʌʖʏ ʃɻ ʒɻʉʀʚ ʆɻʅ ɻʌʝ ʐʂʉ ʈʋʍʒʙ ʐʋʑ ʈʋʉʐʘʇʋʑ ʎʐʋ ɫʔʙʈɻ 4.6ȟ ʋ ʋɿʂɾʝʏ Ȱɼʇʘʌʀʅȱ  

ʆɻʅ ʆɻʐʗ ʎʑʉʘʌʀʅɻ ʎʑʉɿʘʀʐɻʅ ʎʐʋ '4-0Ï×ÅÒȟ ʝʌʖʏ ʆɻʅ ʘʉɻʏ ʌʍɻɾʈɻʐʅʆʝʏ ʈʝʉʋ ʈʀ ʐʋ 

ʌʀʉʐʗʇ ʀʌʅʐʗʔʑʉʎʂʏ ɉÁÃÃÅÌÅÒÁÔÏÒ ÐÅÄÁÌɊȟ ʒʍʘʉʋ ɉÂÒÁËÅ ÐÅÄÁÌɊȟ ʎʑʈʌʇʘʆʐʂ ʐʍʅɼʙʏ 

ɉÃÌÕÔÃÈ ÐÅÄÁÌɊ ʆɻʅ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉȢ ɜʅɻ ʐʋ ʇʝɾʋ, ɻʑʐʝ ʈʘʎʖ ʐʖʉ ʌɻʍɻʃʞʍʖʉ 

ʀʅʎɻɾʖɾʙʏ ʐʖʉ ʔɻʍɻʆʐʂʍʅʎʐʅʆʡʉ ʐʋʑ ʀʅʆʋʉʅʆʋʞ ʋɿʂɾʋʞ ʎʐʋ '4-Power 

ʎʑʈʌʇʂʍʡʃʂʆɻʉ ɿʅɻʒʋʍʀʐʅʆʋʚ ʔʗʍʐʀʏ ʌʋʑ ʌʍʋʎʋʈʋʅʡʉʋʑʉ ʘʉɻʉ ʌʍɻɾʈɻʐʅʆʝ ʋɿʂɾʝȢ 

ɚʉɻʇʑʐʅʆʗȟ ʝʎʋʉ ɻʒʋʍʗ ʐʋ ȺɾʆʗʁʅȻ ʀʅʎʗɾʀʐɻʅ ʘʉɻʏ ʔʗʍʐʂʏ ʐʂʏ ʎʑʈʌʀʍʅʒʋʍʗʏ ʐʋʑ 

ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ɻʇʇɻɾʡʉ ʎʔʘʎʂʏ ɉÓÈÉÆÔÁÃÃÅÌ). 

ɚʉʐʚʎʐʋʅʔɻȟ ʎʐʋ ʎʑʈʌʇʘʆʐʂ ʐʍʅɼʙʏ ʀʅʎʗɾʋʉʐɻʅ ɿʞʋ ʔʗʍʐʀʏ ʌʋʑ ɻʌʀʅʆʋʉʚʁʋʑʉ ʐʂʉ 

ʎʑʈʌʀʍʅʒʋʍʗ ʐʋʑ ʎʐʅʏ ʌʀʍʅʌʐʡʎʀʅʏ ɻʇʇɻɾʙʏ ʐɻʔʞʐʂʐɻʏ ɉÓÈÉÆÔÃÌÕÔÃÈɊ ʆɻʅ ʀʆʆʚʉʂʎʂʏ 

(driveclutch) . 

ɬʘʇʋʏȟ ʀʅʎʗɾʋʉʐɻʅ ʆʗʌʋʅɻ ʎʐʋʅʔʀʚɻ ʎʔʀʐʅʆʗ ʈʀ ʐʂ ʔʍʋʉʅʆʙ  ɿʅʗʍʆʀʅɻ ʐʖʉ 

ʒɻʅʉʋʈʘʉʖʉ ʐʂʏ ʀʆʆʚʉʂʎʂʏ ʆɻʅ ʐʂʏ ɻʇʇɻɾʙʏ ʐɻʔʞʐʂʐɻʏȢ     

ɩʍʘʌʀʅ ʀʌʚʎʂʏ ʉɻ ɻʉɻʒʀʍʃʀʚ ʆɻʅ ʂ ɿʂʈʅʋʑʍɾʚɻ ʐʋʑ ʔʗʍʐʂ ʌʋʑ ɻʌʀʅʆʋʉʚʁʀʅ ʐʂʉ 

ʀɾʔʀʝʈʀʉʂ ʌʋʎʝʐʂʐɻ ʆɻʑʎʚʈʋʑ ɻʉʗʇʋɾɻ ʈʀ ʐʋ ʒʋʍʐʚʋ ʎʀ ʌʋʎʋʎʐʝ %ȟ ɿʂʇɻɿʙ 

ʋʑʎʅɻʎʐʅʆʗ ɻʉʗʇʋɾɻ ʈʀ ʐʋ Ȱʌʗʐʂʈɻȱ ʐʋʑ ʌʀʉʐʗʇ ʀʌʅʐʗʔʑʉʎʂʏȢ ɤɻʈɼʗʉʋʉʐɻʏ ʑʌʝʕʅʉ 

ʍʀɻʇʅʎʐʅʆʘʏ ʎʑʉʃʙʆʀʏ ʇʀʅʐʋʑʍɾʚɻʏ ʆɻʃʡʏ ʀʌʚʎʂʏ ʆɻʅ ʀʈʌʀʅʍʅʆʗ ʎʐʋʅʔʀʚɻȟ ʌʍʋʘʆʑʕʀ 

ʐʋ ɿʅʗɾʍɻʈʈɻ ʌʋʎʝʐʂʐɻʏ ʀɾʔʀʝʈʀʉʋʑ ʆɻʑʎʚʈʋʑȟ ʎʐʋ ʋʌʋʚʋ ʎʐʋʉ ʋʍʅʁʝʉʐʅʋ ʗʊʋʉɻ ɯ 

ʐʋʌʋʃʀʐʀʚʐɻʅ ʐʋ ʒʋʍʐʚʋ ɉϷɊ ʀʉʡ ʎʐʋʉ ʆɻʐɻʆʝʍʑʒʋ ʗʊʋʉɻ ɭ ʐʋʌʋʃʀʐʀʚʐɻʅ ʂ 
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ʀɾʔʀʝʈʀʉʂ ʌʋʎʝʐʂʐɻ ʆɻʑʎʚʈʋʑ ʎʀ ÍÇȾÃÙÃÌÅȢ ɞʚʉɻʅ ʔɻʍɻʆʐʂʍʅʎʐʅʆʝ ʝʐʅ ʋ  

ʎʑɾʆʀʆʍʅʈʘʉʋʏ ʔʗʍʐʂʏ ʎʑʉɿʘʀʐɻʅ ʈʘʎʖ ʆɻʐʗʇʇʂʇʋʑ ʀʉʀʍɾʋʌʋʅʂʐʙ ʎʐʋʑʏ ʀɾʔʑʐʙʍʀʏ 

ʐʖʉ ʘʊʅ ʆʑʇʚʉɿʍʖʉ ʐʋʑ ʆʅʉʂʐʙʍɻ ɻʇʇʗ ʆɻʅ ʎʐʋʉ ʀʅʆʋʉʅʆʝ ʋɿʂɾʝȢ ɠ ʎʑʈʌʇʙʍʖʎʂ ʐʋʑ 

ʔʗʍʐʂ ɻʑʐʋʞ ɾʚʉʀʐɻʅ ʈʀ ʐʘʐʋʅʋ ʐʍʝʌʋ ʘʐʎʅ ʡʎʐʀ ʎʐʂʉ ʗʒʋʍʐʂ ʇʀʅʐʋʑʍɾʚɻ ʋʅ ʎʐʍʋʒʘʏ 

ʉɻ ɿʅɻʐʂʍʋʞʉʐɻʅ ʌʀʍʚʌʋʑ ʎʐʅʏ  ρπππ ÒÐÍ. 

ɫʐʋ ʎʂʈʀʚʋ ɻʑʐʝ ʌʍʘʌʀʅ ʉɻ ɾʚʉʀʅ ɻʉʗʇʑʎʂ ʐʖʉ ɿʅɻʒʝʍʖʉ ʐʈʂʈʗʐʖʉȟ ʌʋʑ 

ʔʍʂʎʅʈʋʌʋʅʋʞʉʐɻʅ ɾʅɻ ʐʋʉ ʘʇʀɾʔʋ ʆɻʅ ɾʅɻ ʐʂʉ ʀʞʍʑʃʈʂ ʇʀʅʐʋʑʍɾʚɻ ʐʋʑ ʑʌʝ ʈʀʇʘʐʂ 

ʈʋʉʐʘʇʋʑȟ ʘʐʎʅ ʡʎʐʀ ʉɻ ʐʋ ʝʔʂʈɻ ʉɻ ɻʆʋʇʋʑʃʀʚ ʈʀ ʅʆɻʉʋʌʋʅʂʐʅʆʙ ɻʆʍʚɼʀʅɻ ʆɻʅ 

ʍʀɻʇʅʎʐʅʆʗ ʐʋʑʏ ʀʌʅʇʀɾʈʘʉʋʑʏ ɣʞʆʇʋʑʏ ɩʝʇʂʏȢ 

 

ɞʇʀɾʆʐʙʏ ʋʔʙʈɻʐʋʏ ɉcontroller  vehicle )  

ɨ ʀʇʀɾʆʐʙʏ ʐʋʑ ʋʔʙʈɻʐʋʏ ʀʚʉɻʅ ʆɻʃʋʍʅʎʐʅʆʙʏ ʎʂʈɻʎʚɻʏ ɾʅɻ ʐʂ ʇʀʅʐʋʑʍɾʚɻ ʐʋʑ 

ʈʋʉʐʘʇʋʑȟ ʆɻʃʡʏ ɻʌʋʐʀʇʀʚ ʘʉɻʉ ɻʌʇʋʌʋʅʂʈʘʉʋ Ȱʀɾʆʘʒɻʇʋȱ ʌʋʑ ʇɻʈɼʗʉʀʅ ɿʀɿʋʈʘʉɻ 

ɻʌʝ ʐʂʉ ʆɻʐʗʎʐɻʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ Ȱʌɻʐʗȱ ʎʐʋʉ ʀʌʅʃʑʈʂʐʝ ɼɻʃʈʝ ʐʋ ʌʀʉʐʗʇ 

ʀʌʅʐʗʔʑʉʎʂʏ ʙ ʐʋ ʒʍʘʉʋ ɻʉʐʚʎʐʋʅʔɻȟ ʡʎʐʀ ʐʋ ʝʔʂʈɻ ʉɻ ʈʌʋʍʀʚ ʉɻ ɻʆʋʇʋʑʃʙʎʀʅ ʘʉɻ 

ʎʑɾʆʀʆʍʅʈʘʉʋ ʌʍʋʒʚʇ ʐɻʔʞʐʂʐɻʏȟ ʌʋʑ ʎʐʂ ʌɻʍʋʞʎɻ ʌʀʍʚʌʐʖʎʂ ʀʚʉɻʅ ʘʉɻʏ 

ʈʀʐɻɼɻʐʅʆʝʏ ɣʞʆʇʋʏ ɩʝʇʂʏȢ 

ɞʌʚʎʂʏȟ ɼɻʎʅʆʝ ʔɻʍɻʆʐʂʍʅʎʐʅʆʝ ʐʋʑ ɻʌʋʐʀʇʀʚ ʋ ʔʗʍʐʂʏ ʐʂʏ ʈʘʎʂʏ ʌʍɻɾʈɻʐʅʆʙʏ 

ʌʚʀʎʂʏ ɉÂÍÅÐɊ ʐʋʑ ʆʅʉʂʐʙʍɻ ʌʋʑ ɾʅɻ ʐʂ ʎʑʈʌʇʙʍʖʎʙ ʐʋʑ ɻʌɻʅʐʀʚʐɻʅ ʐʋ Ȱʐʍʘʊʅʈʋȱ ʐʋʑ 

ʆʅʉʂʐʙʍɻ ɻʌʋʎʑʉɿʀɿʀʈʘʉʋ ɻʌʝ ʐʋ ʝʔʂʈɻ  ʎʀ ɿʅʗʒʋʍɻ ʎʀʉʗʍʅɻ ʎʐʍʋʒʡʉ ʆɻʅ ʒʋʍʐʚʋʑ 

ʈʀ ʐʅʈʘʏ ɻʌʝ 500-σπππ ÒÐÍ ʆɻʅ π-ρππϷ ɻʉʐʚʎʐʋʅʔɻȢ ɩʍʋʆʞʌʐʋʑʉ ʘʐʎʅ ʌʋʇʇʗ 

ɿʅɻʒʋʍʀʐʅʆʗ ʎʀʉʗʍʅɻ ʈʀ ʝʇʋʑʏ ʐʋʑʏ ʎʑʉɿʑɻʎʈʋʞʏ ʎʐʍʋʒʡʉ ʆɻʅ ʒʋʍʐʚʋʑ ʆɻʅ ɻʌʝ ʐʂʉ 

ʋʇʋʆʇʙʍʖʎʙ ʐʋʑʏ ʆɻʐɻʎʆʀʑʗʁʀʐɻʅ ʋ ʌɻʍɻʌʗʉʖ ʔʗʍʐʂʏȢ 

ɭʇʋʌʋʅʡʉʐɻʏ ʝʇɻ ʐɻ ʌɻʍɻʌʗʉʖ ɼʙʈɻʐɻȟ ʌʍʋʘʆʑʕʀ ʐʀʇʅʆʗ ʂ ʋʇʋʆʇʂʍʖʈʘʉʂ  

ɿʅʗʐɻʊʂ ʐʋʑ ʈʋʉʐʘʇʋʑ ʋʔʙʈɻʐʋʏ  ʌʋʑ ɻʌʀʅʆʋʉʚʁʀʐɻʅ ʎʐʋ ɫʔʙʈɻ 4.6. 
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ɫʔʙʈɻ τȢφ: ɨʇʋʆʇʂʍʖʈʘʉʂ ʀʅʆʝʉɻ ʐʋʑ ʈʋʉʐʘʇʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʆɻʅ ʂ ʎʞʉɿʀʎʂ ʐʋʑ ʈʀ ʐʋʉ ʆʅʉʂʐʙʍɻ Diesel  ʎʐʋ ʌʀʍʅɼʗʇʇʋʉ 

ʐʋʑ GT-Power [7].
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ɣʇʀʚʉʋʉʐɻʏȟ ʆʍʚʉʀʐɻʅ ɻʌɻʍɻʚʐʂʐʂ ʂ ʌɻʍʋʑʎʚɻʎʂ ʐʂʏ ʆʀʉʐʍʅʆʙʏ ʅɿʘɻʏ ʐʂʏ 

ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʎʔʀɿʅɻʎʈʘʉʋʑ ʈʋʉʐʘʇʋʑ ʌʋʑ ɻʉɻʇʞʃʂʆʀ ʀʆʐʀʉʡʏ ʌɻʍɻʌʗʉʖȟ ɾʅɻ 

ʆɻʇʞʐʀʍʂ ʀʌʋʌʐʀʚɻ ʐʋʑȢ ɳʐʎʅ ʂ ʇʀʅʐʋʑʍɾʚɻ ʐʋʑ ʈʋʉʐʘʇʋʑ ʋʔʙʈɻʐʋʏ ʎʑʉʋʕʚʁʀʐɻʅ ʎʐɻ 

ʀʊʙʏȡ 

ɨ ʀʅʆʋʉʅʆʝʏ ʋɿʂɾʝʏ ɿʅɻʃʘʐʀʅ ʐʍʀʅʏ ɿʅɻʒʋʍʀʐʅʆʘʏ ʆɻʐɻʎʐʗʎʀʅʏ ʀʆʆʚʉʂʎʂ, ɻʇʇɻɾʙ 

ʐɻʔʞʐʂʐɻʏ ʆɻʅ ʆɻʉʋʉʅʆʙ ʋɿʙɾʂʎʂ.        

¶ ɨ ʀʅʆʋʉʅʆʝʏ ʋɿʂɾʝʏ  ʇɻʈɼʗʉʀʅ ʐʋ ʎʙʈɻ ɻʌʝ ʐʋ ɿʅʀɾʀʍʈʘʉʋ ʌʀʉʐʗʇ ʀʌʅʐʗʔʑʉʎʂʏ 

(accelerator pedalɊ ʆɻʅ ʒʍʘʉʋʑ ɉbrake pedal) ɻʌʝ ʐʋʉ ʀʇʀɾʆʐʙ ʋʔʙʈɻʐʋʏ 

(controller  vehicleɊ ʆɻʅ ʀʌʀʉʀʍɾʀʚ ɻʑʐʝʏ ʎʐʋ ʌʀʉʐʗʇ ʀʌʅʐʗʔʑʉʎʂʏȟ ʒʍʘʉʋʑ ʆɻʅ 

ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ ɻʉʗʇʋɾɻ ʈʀ ʐʅʏ ɻʉʗɾʆʀʏ ʆɻʅ ʐʂʉ ʆɻʐʗʎʐɻʎʂ ʎʐʂʉ ʋʌʋʚɻ 

ɼʍʚʎʆʀʐɻʅȢ  

¶ ɚʉ ɼʍʚʎʆʀʐɻʅ ʎʀ ʆɻʐʗʎʐɻʎʂ ʀʆʆʚʉʂʎʂʏȟ ʋ ʋɿʂɾʝʏ ɻɾʉʋʀʚ ʐʂʉ ʀʚʎʋɿʋ  ʎʙʈɻʐʋʏ 

ɻʌʝ ʐʋʉ ʀʇʀɾʆʐʙ ʋʔʙʈɻʐʋʏ ʆɻʅ ɻʆʋʇʋʑʃʀʚ ʐʂʉ ʀʚʎʋɿʋ ʐʋʑ ʎʙʈɻʐʋʏ ɻʌʝ ʐʋʉ 

ʀʇʀɾʆʐʙ ʀʆʆʚʉʂʎʂʏ (driveaway).  

¶ ɚʉʐʚʎʐʋʅʔɻȟ ɻʉ ɼʍʚʎʆʀʐɻʅ ʎʀ ʆɻʐʗʎʐɻʎʂ ɻʇʇɻɾʙʏ ʐɻʔʞʐʂʐɻʏ ʋ ʋɿʂɾʝʏ 

ɻɾʉʋʀʚ ʐʅʏ ʀʅʎʝɿʋʑʏ ʐʖʉ ɿʞʋ  ʌʍʋɻʉɻʒʀʍʝʈʀʉʖʉ ʀʇʀɾʆʐʡʉ ʋʔʙʈɻʐʋʏ ʆɻʅ 

ʀʆʆʚʉʂʎʂʏ ɻʉʐʚʎʐʋʅʔɻ ʆɻʅ ʀʌʀʉʀʍɾʀʚ ʎʐʋ ʌʀʉʐʗʇ ʀʌʅʐʗʔʑʉʎʂʏ  ʆɻʅ ʐʋ 

ʎʑʈʌʇʘʆʐʂ ʐʍʅɼʙʏ ʎʞʈʒʖʉɻ ʈʀ ʐʋʑʏ ʔʗʍʐʀʏ ʌʋʑ ɿʅɻʃʘʐʀʅȢ  

¶ ɬʘʇʋʏȟ ʎʐʂʉ ʌʀʍʚʌʐʖʎʂ ʐʂʏ ʆɻʉʋʉʅʆʙʏ ʋɿʙɾʂʎʂʏȟ ʋ ʋɿʂɾʝʏ ɻʆʋʇʋʑʃʀʚ ʐʂʉ 

ʀʚʎʋɿʋ ʎʙʈɻʐʋʏ ɻʌʝ ʐʋʉ ʀʇʀɾʆʐʙ ʋʔʙʈɻʐʋʏ (controller  vehicle). 

ɷʎʋʉ ɻʒʋʍʗ ʎʐʂ ɾʀʉʅʆʙ ʌʋʍʀʚɻ ʀʍɾɻʎʚɻʏȟ ʈʀʐʗ ʐʂʉ ʋʇʋʆʇʙʍʖʎʂ ʐʂʏ 

ʈʋʉʐʀʇʋʌʋʚʂʎʂʏ ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʐʂʏ ʆɻʐʗʇʇʂʇʂʏ ʎʞʉɿʀʎʙʏ ʐʋʑ ʈʀ ʐʋʉ ʆʅʉʂʐʙʍɻ 

Dieselȟ ʐʋ ʈʋʉʐʘʇʋ Ȱʘʐʍʀʊʀȱ ʎʐɻ ʌʇɻʚʎʅɻ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɩɻɾʆʋʎʈʚʋʑ ɣʞʆʇʋʑ 

ɩʝʇʂʏ 7,4#Ȣ ɫʐʂ ʎʑʉʘʔʀʅɻ ɻʆʋʇʋʞʃʂʎʀ ʆɻʐʗʇʇʂʇʂ ʀʌʀʊʀʍɾɻʎʚɻ ʐʖʉ 

ɻʌʋʐʀʇʀʎʈʗʐʖʉ  ʌʋʑ ʌʍʋʘʆʑʕɻʉ ɻʌʝ ʐʋ ʑʌʋʇʋɾʅʎʐʅʆʝ ʌɻʆʘʐʋ '4-0Ï×ÅÒȟ ʈʀ ʎʆʋʌʝ 

ʐʂʉ ʈʀʇʘʐʂ ʐʂʏ ɻʌʝʆʍʅʎʂʏ ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʃʡʏ ʆɻʅ ʐʂʉ ʀʆʐʚʈʂʎʂ ʐʖʉ ʀʆʌʀʈʌʝʈʀʉʖʉ 

ʍʞʌʖʉ ɉ./x ʆɻʅ ɻʅʃʗʇʂʏɊ ʆɻʅ ʐʖʉ ʀʆʌʋʈʌʡʉ CO2ȟ ʌʋʑ ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ ʀʆʐʀʉʡʏ ʎʐʋ 

ɣʀʒʗʇɻʅʋ 2 ʐʂʏ ʌɻʍʋʞʎɻʏ ʀʍɾɻʎʚɻʏȢ ɞʉɿʀʅʆʐʅʆʗ ɻʉɻʒʘʍʀʐɻʅ ʝʐʅ ɾʅɻ ʐʋ Ȱʐʍʘʊʅʈʋȱ ʐʋʑ 

ɣʞʆʇʋʑ ɩʝʇʂʏ 7,4# ɾʅɻ ʐʋʉ ʑʌʝ ʈʀʇʘʐʂ φ-ʆʞʇʅʉɿʍʋ ʆʅʉʂʐʙʍɻ ɻʌɻʅʐʀʚʐɻʅ ʔʍʋʉʅʆʝ 

ɿʅʗʎʐʂʈɻ ʌʀʍʚʌʋʑ χ ʖʍʡʉ ɉʀʌʀʊʀʍɾɻʎʐʙʏ Intel Core i5 2.3GHz ʆɻʅ ʈʉʙʈʂ RAM 2GB).  



70 
 

4ȢσȢσ ɥʋʉʐʘʇʋ ʂʇʀʆʐʍʅʆʙʏ ʑʌʋɼʋʙʃʂʎʂʏ ʐʋʑ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙ3 

ɜʅɻ ʐʂʉ ɻʆʍʅɼʙ ʈʋʉʐʀʇʋʌʋʚʂʎʂ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʐʂʏ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂʏ 

ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂʏ ʆʍʚʃʂʆʀ ɻʌɻʍɻʚʐʂʐʂ ʂ ʔʍʙʎʂ ɿʅɻʒʝʍʖʉ ʀʅɿʡʉ ʆʋʈʈɻʐʅʡʉ-

ʌʍʋʐʞʌʖʉ ɉÔÅÍÐÌÁÔÅÓɊȢ ɯʍʂʎʅʈʋʌʋʅʙʃʂʆɻʉ ʎʑʎʐʙʈɻʐɻ ʂʇʀʆʐʍʋʈʂʔɻʉʅʆʙʏ 

ʈʀʐɻʐʍʋʌʙʏ ʀʉʘʍɾʀʅɻʏȟ ʂʇʀʆʐʍʅʆʗ ʆɻʅ ʂʇʀʆʐʍʋʉʅʆʗ ʆʋʈʈʗʐʅɻ ʆɻʃʡʏ ʆɻʅ ʎʑʎʐʙʈɻʐɻ 

ʀʇʘɾʔʋʑȢ ɬɻ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ ʐʋʑʏ  ʆɻʃʡʏ ʆɻʅ ʂ ɿʅʗʐɻʊʂ ʆɻʅ ʂ ʎʑʉɿʀʎʈʋʇʋɾʚɻ ʐʋʑʏ 

ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ ʌɻʍɻʆʗʐʖ ʀʆʐʀʉʡʏȢ 

A) ɠʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ 

ɬʋ ʌʅʋ ʎʂʈɻʉʐʅʆʝ ʆʋʈʈʗʐʅ ʐʂʏ ʑʌʋɼʋʙʃʂʎʂʏ ʀʚʉɻʅ ʋ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ ʋ ʋʌʋʚʋʏ 

ʎʑʉɿʘʀʐɻʅ ʈʂʔɻʉʅʆʗ ʎʐʂʉ ʗʐʍɻʆʐʋ ʐʋʑ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʂʍʖʐʙ ʆɻʅ ʌʍʋʎʒʘʍʀʅ ʐʂʉ 

ɻʌɻʍɻʚʐʂʐʂ ʅʎʔʞ ʎʐʋ ʁʀʞɾʋʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ʎʆʋʌʝ ʐʂʉ ʀʇɻʔʅʎʐʋʌʋʚʂʎʂ ʐʂʏ 

ʑʎʐʘʍʂʎʙʏ ʐʋʑȢ ɫʐʋ ʈʋʉʐʘʇʋ ʌʋʑ ɻʉɻʌʐʞʔʃʂʆʀ ʎʀ ɻʑʐʙʉ ʐʂʉ ɿʅʌʇʖʈɻʐʅʆʙ ʀʍɾɻʎʚɻ ʋ 

ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ ʘʔʀʅ ʋʉʋʈɻʎʐʅʆʙ ʅʎʔʞ υË7 ʆɻʅ ʋʉʋʈɻʎʐʅʆʘʏ ʎʐʍʋʒʘʏ σπ,000 rpm.  

B) ɥʌɻʐɻʍʚɻ 

ɠ ʈʌɻʐɻʍʚɻ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʙʃʂʆʀ ʎʐʋ ʈʋʉʐʘʇʋ ʀʚʉɻʅ ɾʅɻ ʊʀʔʖʍʅʎʐʙ ʈʌɻʐɻʍʚɻ 

ɻʌʝ ɻʑʐʙ ʐʋʑ ʆʀʉʐʍʅʆʋʞ ɿʅʆʐʞʋʑ ʐʋʑ ɻʑʐʋʆʅʉʙʐʋʑȟ ʆɻʅ ʀʚʉɻʅ ʑʌʀʞʃʑʉʂ ɾʅɻ ʐʂʉ 

ʌɻʍʋʔʙ ʅʎʔʞʋʏ ʈʝʉʋ ʎʐʋʉ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻȢ ɠ ʈʌɻʐɻʍʚɻ ɻʑʐʙ ʀʚʉɻʅ ʎʑʉʋʇʅʆʙʏ 

ʔʖʍʂʐʅʆʝʐʂʐɻʏ ρ !-È ʆɻʅ ʊʀʆʅʉʗʀʅ ʌʇʙʍʖʏ ʒʋʍʐʅʎʈʘʉʂ ʎʐʂʉ ɻʍʔʙ ʐʂʏ ʌʍʋʎʋʈʋʚʖʎʂʏȢ  

C) ɚʉɻʎʐʍʋʒʘɻʏ (Inverter)  

ɨ ɻʉɻʎʐʍʋʒʘɻʏ ʀʚʉɻʅ ʑʌʀʞʃʑʉʋʏ ɾʅɻ ʐʋʉ ʘʇʀɾʔʋ ʐʋʑ ʀʌʅʌʘɿʋʑ ʐʂʏ ʐʗʎʂʏ ɉ6-Volt) 

ʆɻʅ ʐʋʑ ʍʀʞʈɻʐʋʏ ɉ!-!ÍÐÅÒÅɊ ɻʌʝ ʆɻʅ ʌʍʋʏ ʐʂʉ ʈʌɻʐɻʍʚɻȢ ɬɻ ʀʌʚʌʀɿɻ ɻʑʐʗ ʀʚʉɻʅ 

ʍʑʃʈʅʎʈʘʉɻ ɾʅɻ ʐʂʉ ʐʗʎʂ ʎʐɻ τψ 6 ʆɻʅ ʐʋ ʍʀʞʈɻ ʎʐɻ σππ ɚȢ 

D) ɝʑʉɻʈʝ ɉalternator)  

ɬʋ ɿʑʉɻʈʝ ʀʚʉɻʅ ɻʌɻʍɻʚʐʂʐʋ ʎʐʂ ʎʑɾʆʀʆʍʅʈʘʉʂ ʈʋʉʐʀʇʋʌʋʚʂʎʂ ʆɻʃʡʏ ʂ ʀʌʅʌʇʘʋʉ 

ʀʉʘʍɾʀʅɻ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ ʌʋʑ ɿʀʎʈʀʞʀʐɻʅ ɻʌʝ ʐʂʉ ɾʀʉʉʙʐʍʅɻ ʆɻʅ ʈʀʐɻʐʍʘʌʀʐɻʅ ʎʀ 

ʂʇʀʆʐʍʅʆʙ ɿʀʉ ʀʌɻʍʆʀʚ ʡʎʐʀ ʉɻ ʒʋʍʐʚʁʀʅ ʐʂʉ ʈʌɻʐɻʍʚɻ ʈʀ ʐʋʉ ʚɿʅʋ ʍʑʃʈʝ ʈʀ ʐʋʉ ʋʌʋʚʋ 

ɻʌʋʒʋʍʐʚʁʀʐɻʅȢ ɬʋ ɿʑʉɻʈʝ ʀʚʉɻʅ ʈʚɻ ɾʀʉʉʙʐʍʅɻ ʍʀʞʈɻʐʋʏ ʈʀ ʋʉʋʈɻʎʐʅʆʘʏ ʎʐʍʋʒʘʏ 

ʇʀʅʐʋʑʍɾʚɻʏ ς,000 rpm ʆɻʅ ʋʉʋʈɻʎʐʅʆʙ ʅʎʔʞ ς7Ȣ ɠ ʅʎʔʞʏ ɻʑʐʙ ʀʚʉɻʅ ɻʍʆʀʐʗ ʈʅʆʍʙȟ 

                                                           
3  ɜʅɻ ʐʂʉ ɿʂʈʅʋʑʍɾʚɻ ʆɻʅ ʐʂʉ ɿʅɻʎʐɻʎʅʋʇʝɾʂʎʂ ʐʖʉ ʎʑɾʆʀʆʍʅʈʘʉʖʉ ʐʈʂʈʗʐʖʉ ʐʋʑ ʈʋʉʐʘʇʋʑ 
ʔʍʂʎʅʈʋʌʋʅʙʃʂʆɻʉ ʌʇʂʍʋʒʋʍʚʀʏ ɻʌʝ ʐʅʏ ʌɻʍɻʌʋʈʌʘʏ ɍ20-24]. 
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ɻʇʇʗ ʀʌɻʍʆʀʚ ɾʅɻ ʐʂʉ ʒʝʍʐʅʎʂ ʐʂʏ ʈʌɻʐɻʍʚɻʏ ɿʅʝʐʅ ʆɻʅ ʂ ʈʌɻʐɻʍʚɻ ʘʔʀʅ ʈʅʆʍʙ 

ʔʖʍʂʐʅʆʝʐʂʐɻȢ 

E) ɫʞʎʐʂʈɻ ʀʇʘɾʔʋʑ 

ɬʋ ʎʞʎʐʂʈɻ ʀʇʘɾʔʋʑ ʌʋʑ ʀʌʅʇʘʔʃʂʆʀ ʀʚʉɻʅ ʘʉɻ ɻʌʇʝ ʎʞʎʐʂʈɻ ʌʋʑ ʀʇʘɾʔʀʅ 

ʎʑʉʀʔʡʏ ʐʅʏ ʐʅʈʘʏ ʎʑɾʆʀʆʍʅʈʘʉʖʉ ʈʀɾʀʃʡʉ, ʆɻʅ ʈʀ ɼʗʎʂ ɻʑʐʘʏ ʀʌʅʇʘɾʀʐɻʅ ʂ 

ʇʀʅʐʋʑʍɾʚɻ ʐʖʉ ʌɻʍɻʌʗʉʖ ʀʊɻʍʐʂʈʗʐʖʉȢ ɜʅɻ ʐʂʉ ʇʙʕʂ ɻʌʋʒʗʎʀʖʉȟ 

ʔʍʂʎʅʈʋʌʋʅʋʞʉʐɻʅ ʆɻʅ ʎʑɾʆʍʚʉʋʉʐɻʅ ʋʅ ʐʅʈʘʏ ʐʖʉ ʀʊʙʏ ʈʀɾʀʃʡʉȡ 

¶ ɢʎʔʞʏ ʎʑʈʌʅʀʎʐʙ 

¶ ɢʎʔʞʏ ʎʐʍʋɼʚʇʋʑ 

¶ ɩʀʉʐʗʇ ʐʋʑ Ȱɾʆɻʁʅʋʞȱ 

¶ ɞʌʅʐʗʔʑʉʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ 

¶ ɬɻʔʞʐʂʐɻ ʐʋʑ ʋʔʙʈɻʐʋʏ 

¶ ɞʌʚʌʀɿʋ ʒʝʍʐʅʎʂʏ ʐʂʏ ʈʌɻʐɻʍʚɻʏ 

¶ ɫʐʍʋʒʘʏ ʐʋʑ ʆʅʉʂʐʙʍɻ 

¶ ɫʐʍʋʒʘʏ ʐʋʑ ʑʌʀʍʌʇʂʍʖʐʙ 

 

ɚʉʗʇʋɾɻ ʈʀ ʐʅʏ ʐʅʈʘʏ ʐʖʉ ʌɻʍɻʌʗʉʖ ʈʀɾʀʃʡʉ ɿʅɻʈʋʍʒʡʉʋʉʐɻʅ ʐʘʎʎʀʍʀʅʏ 

ʆɻʐɻʎʐʗʎʀʅʏ ʇʀʅʐʋʑʍɾʚɻʏ ʋʅ ʋʌʋʚʀʏ ʀʇʘɾʔʋʉʐɻʅ ɿʅɻɿʋʔʅʆʗ ʈʀ ʐʂʉ ʎʀʅʍʗ ʈʀ ʐʂʉ ʋʌʋʚɻ 

ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ: 

1. ɞʉʀʍɾʋʌʋʚʂʎʂ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ 

ɨ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ ʌʍʋʎʒʘʍʀʅ ʈʂʔɻʉʅʆʙ ʅʎʔʞ ʎʐʋ ʁʀʞɾʋʏ ʎʐʍʋɼʚʇʋʑ-

ʎʑʈʌʅʀʎʐʙ ʝʐɻʉȡ 

¶ ɬʋ ʌʀʉʐʗʇ ʐʋʑ ɾʆɻʁʅʋʞ ʀʚʉɻʅ ʌɻʐʂʈʘʉʋ ʌʗʉʖ ɻʌʝ ρπ Ϸ 

¶ ɠ ʀʌʅʐʗʔʑʉʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ ʀʚʉɻʅ ʈʀɾɻʇʞʐʀʍʂ ɻʌʝ ρȢφυ m/ s2 

¶ ɠ ʐɻʔʞʐʂʐɻ ʐʋʑ ʋʔʙʈɻʐʋʏ ʀʚʉɻʅ ʈʅʆʍʝʐʀʍʂ ʐʖʉ ψπ km/ h 

¶ ɨʅ ʎʐʍʋʒʘʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʀʚʉɻʅ ʇʅɾʝʐʀʍʀʏ ɻʌʝ 2250 rpm 

ɠ ʅʎʔʞʏ ʂ ʋʌʋʚɻ ɻʌʋɿʚɿʀʐɻʅ ʎʐʋ ʁʀʞɾʋʏ ʀʚʉɻʅ ʚʎʂ ʈʀ ʐʂʉ ʅʎʔʞ ʐʋʑ ʎʑʈʌʅʀʎʐʙȢ 

ɞʌʋʈʘʉʖʏ ʂ ʅʎʔʞʏ ʐʋʑ ʎʑʈʌʅʀʎʐʙ ɿʅʌʇɻʎʅʗʁʀʐɻʅ ʆɻʅ ʘʐʎʅ ɻʑʊʗʉʀʐɻʅ ʂ 

ʌʋʎʝʐʂʐɻ ɻʘʍɻȟ ʋʌʝʐʀ ʂ ɻʌʝʆʍʅʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ ɼʀʇʐʅʡʉʀʐɻʅȢ 
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2. ɣɻʐʗʎʐɻʎʂ ɻʉɻʈʋʉʙʏ 

ɠ ʆɻʐʗʎʐɻʎʂ ɻʉɻʈʋʉʙʏ ɻʉɻʒʘʍʀʐɻʅ ʎʐʂʉ ʌʀʍʚʌʐʖʎʂȟ ʝʌʋʑ ɿʀʉ ʆʍʚʉʀʐɻʅ 

ɻʌɻʍɻʚʐʂʐʂ ʂ ʎʑʈɼʋʇʙ ʐʋʑ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻ, ʆɻʅ ʐʋ ʀʌʚʌʀɿʋ ʒʝʍʐʅʎʂʏ ʐʂʏ 

ʈʌɻʐɻʍʚɻʏ ʀʚʉɻʅ 100 ϷȢ ɫʐʂʉ ʆɻʐʗʎʐɻʎʂ ɻʑʐʙ, ʐʋ ʀʌʚʌʀɿʋ ʒʝʍʐʅʎʂʏ ʐʂʏ 

ʈʌɻʐɻʍʚɻʏ ʀʚʉɻʅ ɻʍʆʀʐʗ ʑʕʂʇʝ ʆɻʅ ɿʀʉ ʔʍʀʅʗʁʀʐɻʅ ʒʝʍʐʅʎʂȟ ʀʌʋʈʘʉʖʏ ʋʞʐʀ ʐʋ 

ɿʑʉɻʈʝ ʌʍʋʎʒʘʍʀʅ ʀʉʘʍɾʀʅɻ ʎʐʂʉ ʈʌɻʐɻʍʚɻ ʋʞʐʀ ɻʌʋʍʍʋʒʗʐɻʅ ʂ ʐʑʔʝʉ 

ʌʀʍʚʎʎʀʅɻ ʀʉʘʍɾʀʅɻ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉȢ 

3. ɞʉʀʍɾʋʌʋʚʂʎʂ ɾʀʉʉʙʐʍʅɻʏ 

ɜʅɻ ʐʂʉ ʀʉʀʍɾʋʌʋʚʂʎʂ ʐʂʏ ɾʀʉʉʙʐʍʅɻʏ ʆɻʅ ʐʂʉ ʌɻʍɻɾʖɾʙ ʂʇʀʆʐʍʅʆʙʏ ʅʎʔʞʋʏ 

ɻʌʝ ʐʂʉ ʌʀʍʚʎʎʀʅɻ ʀʉʘʍɾʀʅɻʏ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ, ʆʍʚʉʀʐɻʅ ɻʌɻʍɻʚʐʂʐʋʏ ʋ 

ɻʑʎʐʂʍʝʏ ʘʇʀɾʔʋʏ ɻʍʆʀʐʡʉ ʐʅʈʡʉȟ ɿʅʝʐʅ ʂ ɻʌʋʍʍʝʒʂʎʂ ʐʂʏ ʌʀʍʚʎʎʀʅɻʏ 

ʀʉʘʍɾʀʅɻʏ ʈʌʋʍʀʚ ʉɻ ʋɿʂɾʙʎʀʅ ʎʀ ʈʀɾʗʇʂ ʈʀʚʖʎʂ ʐʖʉ ʎʐʍʋʒʡʉ ʐʋʑ ʁʀʞɾʋʑʏ 

ʑʌʀʍʌʇʙʍʖʎʂʏ ʈʀ ɻʌʋʐʘʇʀʎʈɻ ʐʂʉ ʀʇɻʐʐʖʈɻʐʅʆʙ ʇʀʅʐʋʑʍɾʚɻ ʐʋʑ ʁʀʞɾʋʑʏ ʆɻʅ 

ʐʋʑ ʆʅʉʂʐʙʍɻ ʙ ɻʆʝʈɻ ʔʀʅʍʝʐʀʍɻ ʈʘʔʍʅ ʆɻʅ ʎʐʋ ʎɼʙʎʅʈʋ ʐʋʑ ʆʅʉʂʐʙʍɻȢ 

ɤɻʈɼʗʉʋʉʐɻʏ ʑʌȭʝʕʅʉ ʐɻ ʌɻʍɻʌʗʉʖȟ ʂ ʀʉʘʍɾʀʅɻ ʌʋʑ ɻʌʋʍʍʋʒʗʐɻʅ ʀʚʉɻʅ ʚʎʂ 

ʈʀ ʐʋ ʈʅʎʝ ʐʂʏ ʌʀʍʚʎʎʀʅɻʏ ʐʖʉ ʆɻʑʎɻʀʍʚʖʉ ʆɻʅ ʐɻ ʆʍʅʐʙʍʅɻ ʌʋʑ ʐʚʃʀʉʐɻʅ ʀʚʉɻʅȡ 

¶ ɠ ʅʎʔʞʏ ʐʋʑ ʎʐʍʋɼʚʇʋʑ ʉɻ ʀʚʉɻʅ ʈʀɾɻʇʞʐʀʍʂ ɻʌʝ ɻʑʐʙ ʐʋʑ ʎʑʈʌʅʀʎʐʙ 

¶ ɬʋ ʀʌʚʌʀɿʋ ʒʝʍʐʅʎʂʏ ʐʂʏ ʈʌɻʐɻʍʚɻʏ ʉɻ ʀʚʉɻʅ ʈʅʆʍʝʐʀʍʋ ʐʋʑ 100 % 

¶ ɨʅ ʎʐʍʋʒʘʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʉɻ ʀʚʉɻʅ ʗʉʖ ʐʖʉ ςπππ rpm 

¶ ɨʅ ʎʐʍʋʒʘʏ ʐʋʑ ʁʀʞɾʋʑʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʉɻ ʀʚʉɻʅ ʗʉʖ ʐʖʉ συπππ rpm 

4. ɮʝʍʐʅʎʂ ʈʌɻʐɻʍʚɻʏ ɻʌʝ ʐʋ ɿʑʉɻʈʝ 

ɠ ʐʀʇʀʑʐɻʚɻȟ ɻʇʇʗ ʆɻʅ ʌʋʇʞ ʎʂʈɻʉʐʅʆʙ ʆɻʐʗʎʐɻʎʂ ʀʚʉɻʅ ɻʑʐʙ ʆɻʐʗ ʐʂʉ ʋʌʋʚɻ 

ʐʋ ʀʌʚʌʀɿʋ ʒʝʍʐʅʎʂʏ ʐʂʏ ʈʌɻʐɻʍʚɻʏ ʀʚʉɻʅ ʈʅʆʍʝʐʀʍʋ ʐʋʑ 50 %, ʆɻʅ ʆɻʈʚɻ ɻʌʝ 

ʐʅʏ ʌɻʍɻʌʗʉʖ ʆɻʐɻʎʐʗʎʀʅʏ ɿʀʉ ʌʇʂʍʋʚ ʐʅʏ ʎʑʉʃʙʆʀʏ ʐʂʏȢ ɞʌʋʈʘʉʖʏ ʂ 

ʈʌɻʐɻʍʚɻ ʒʋʍʐʚʁʀʐɻʅ ɻʌʝ ʐʋ ɿʑʉɻʈʝ ɾʅɻ ʉɻ ɿʅɻʐʂʍʂʃʀʚ ʐʋ ʀʌʚʌʀɿʋ ʒʝʍʐʅʎʂʏ 

ʐʂʏ ʈʌɻʐɻʍʚɻʏ ʑʕʂʇʝ ʎʀ ʌʀʍʚʌʐʖʎʂ ʌʋʑ ʔʍʀʅɻʎʐʀʚ ʋ ʂʇʀʆʐʍʋʆʅʉʂʐʙʍɻʏ 

ɻʍʆʀʐʙ ʀʉʘʍɾʀʅɻ. 

ɥʀ ʐʂʉ ʐʋʌʋʃʘʐʂʎʂ ʝʇʖʉ ʐʖʉ ɻʌɻʍɻʚʐʂʐʖʉ ʆʋʈʈɻʐʅʡʉ ʎʐʋ ʌʀʍʅɼʗʇʇʋʉ ʐʋʑ GT-

Power ʌʍʋʆʞʌʐʀʅ ʋ ʔʗʍʐʂʏ ʌʋʑ ʒɻʚʉʀʐɻʅ ʎʐʋ ɫʔʙʈɻ τȢ7. 
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ɞʅʆʝʉɻ τȢ7: ɨʇʋʆʇʂʍʖʈʘʉʂ ʀʅʆʝʉɻ ʐʋʑ ʈʋʉʐʘʇʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʐʋʑ ʎʑʎʐʙʈɻʐʋʏ ʈʀʐʗɿʋʎʂʏ ʆʚʉʂʎʂʏ ʆɻʅ ʂ ʎʞʉɿʀʎʂ ʐʋʑ ʈʀ ʐʋʉ ʆʅʉʂʐʙʍɻ Diesel  ʈʀ ʂʇʀʆʐʍʅʆʗ 

ʑʌʋɼʋʂʃʋʞʈʀʉʂ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂ ʎʐʋ ʌʀʍʅɼʗʇʇʋʉ ʐʋʑ GT-Power. 
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ɣɞɮɚɤɚɢɨ υ ɀ ɞʌʅɿʝʎʀʅʏ ʆɻʅ 

ɞʆʌʋʈʌʘʏ ɣɻʑʎɻʀʍʚʖʉ ʐʋʑ ɣʅʉʂʐʙʍɻ 
 

 

υȢρ ɞʅʎɻɾʖɾʙ 

ɷʌʖʏ ʘʔʀʅ ɻʉɻʒʀʍʃʀʚ ʆɻʅ ʌʅʋ ʌʗʉʖȟ ʋ ʎʆʋʌʝʏ ʐʂʏ ʌɻʍʋʞʎɻʏ ɿʅʌʇʖʈɻʐʅʆʙʏ 

ʀʍɾɻʎʚɻʏ ʀʚʉɻʅ ʂ ʈʀʇʘʐʂ ʐʖʉ ʀʌʅɿʝʎʀʖʉ ʆɻʅ ʐʖʉ ʀʆʌʋʈʌʡʉ ʆɻʑʎɻʀʍʚʖʉ ʀʉʝʏ 

ʆʅʉʂʐʙʍɻ Diesel ʈʀ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂ ʆɻʅ ʂ 

ʎʞɾʆʍʅʎʂ ʐʋʑʏ ʈʀ ʐɻ ɻʉʐʚʎʐʋʅʔɻ ʈʀɾʘʃʂ ʐʋʑ ʚɿʅʋʑ ʆʅʉʂʐʙʍɻ Diesel ɻʇʇʗ ʈʀ ɻʌʇʙȟ 

ʈʋʉʋɼʗʃʈʅɻ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂȢ  

ɜʅɻ ʐʂʉ ʎʞɾʆʍʅʎʂ, ɻʑʐʙ ʔʍʂʎʅʈʋʌʋʅʙʃʂʆɻʉ ʐɻ ɻʌʋʐʀʇʘʎʈɻʐɻ ɻʌʝ ʐʂʉ 

ʌʍʋʎʋʈʋʚʖʎʂ ʐʂʏ ʇʀʅʐʋʑʍɾʚɻʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʀ ɿʞʋ ɿʅɻʒʋʍʀʐʅʆʋʞʏ ʆʞʆʇʋʑʏȢ ɨ 

ʌʍʡʐʋʏ ʀʚʉɻʅ ʋ ɣʞʆʇʋʏ ɩʝʇʂʏ WLTCȟ ʌʋʑ ʌɻʍʋʑʎʅʗʎʐʂʆʀ ʌɻʍɻʌʗʉʖȟ ʆɻʅ 

ʎʑɾʆʀʆʍʅʈʘʉɻȟ ʂ ɣʇʗʎʂ σ-2 ʐʋʑ WLTC ʌʋʑ ʅʎʔʞʀʅ ʎʐʂʉ ɞʑʍʖʌɻʛʆʙ ɳʉʖʎʂȢ ɨ 

ɿʀʞʐʀʍʋʏ ʀʚʉɻʅ ʘʉɻʏ ɻʑʐʋʎʔʘɿʅʋʏ ȺʆʞʆʇʋʏȻ flat-out ɉʌʇʙʍʋʑʏ ʒʋʍʐʚʋʑɊ ʌʋʑ 

ʀʒɻʍʈʝʎʐʂʆʀ ʘʐʎʅ ʡʎʐʀ ʉɻ ɾʚʉʀʅ ʌʅʋ ʀʈʒɻʉʙʏ ʂ ʎʑʈɼʋʇʙ ʐʂʏ ʂʇʀʆʐʍʅʆʙʏ 

ʑʌʋɼʋʙʃʂʎʂʏ ʎʐʂʉ ɻʌʝʆʍʅʎʂ ʐʋʑ ʆʅʉʂʐʙʍɻȢ ɨ ʎʑɾʆʀʆʍʅʈʘʉʋʏ ȺʆʞʆʇʋʏȻ ɿʀʉ ʀʚʉɻʅ 

ʐʚʌʋʐʀ ʌɻʍɻʌʗʉʖ ɻʌʝ ʐʂʉ ʀʌʅʐʗʔʑʉʎʂ ʐʋʑ ʋʔʙʈɻʐʋʏ ɻʌʝ ʎʐʗʎʂ ʎʐɻ ρππ km/ h ʎʐʋ 

ʎʑʉʐʋʈʝʐʀʍʋ ʔʍʋʉʅʆʝ ɿʅʗʎʐʂʈɻȢ ɫʐʂʉ ʎʑʉʘʔʀʅɻ ʐʋ ʝʔʂʈɻ ʀʌʅɼʍɻɿʞʉʀʅ ʈʘʔʍʅ ʐɻ συ 

km/ h ʆɻʅ ʀʌʅʐɻʔʞʉʀʅ ʀʆ ʉʘʋʑ ʘʖʏ ʐɻ ρππ km/ h ʆɻʅ ʐʘʇʋʏ ʀʌʅɼʍɻɿʞʉʀʅ ʆɻʅ ʌʗʇʅ, ʎʐɻ 

65 km/ h ɻʑʐʙ ʐʂ ʒʋʍʗȟ ɾʅɻ ʉɻ ʀʌʅʐɻʔʞʉʀʅ ʆɻʅ ʌʗʇʅ ʘʖʏ ʐɻ ρππ km/ hȢ ɨʅ ɿʞʋ 

ʐʀʇʀʑʐɻʚʀʏ ȺɿʅɻɿʍʋʈʘʏȻ ʌʍʋʎʐʘʃʂʆɻʉ ɾʅɻ ʉɻ ɿʅʀʍʀʑʉʂʃʀʚ ʂ ɿʅɻʒʋʍʗ ʎʐʂʉ ɻʌʝʆʍʅʎʂ 

ʐʋʑ ʋʔʙʈɻʐʋʏ ʝʐɻʉ ɻʑʐʝ ʔʍʀʅɻʎʐʀʚ ʉɻ ʀʌʅʐɻʔʞʉʀʅ, ʐʂ ʎʐʅɾʈʙ ʌʋʑ ʎʐʋ ʆʅɼʡʐʅʋ 

ʐɻʔʑʐʙʐʖʉ ʀʚʉɻʅ ɿʀʎʈʀʑʈʘʉʂ ʂ ɿʀʞʐʀʍʂ ʆɻʅ ʂ ʐʘʐɻʍʐʂ ʎʔʘʎʂ ɻʉʐʚʎʐʋʅʔɻȢ  

ɜʅɻ ʐʋʉ ʘʇʀɾʔʋ ʐʖʉ ʀʌʅɿʝʎʀʖʉ ʐʋʑ ʋʔʙʈɻʐʋʏ ʀʇʘɾʔʃʂʆʀ ʂ ʅʆɻʉʝʐʂʐɻ ʐʋʑ 

ʋʔʙʈɻʐʋʏ ʉɻ ɻʆʋʇʋʑʃʙʎʀʅ ʐʋʉ ɣʞʆʇʋ ɩʝʇʂʏ WLTC ʆɻʅ ʀʌʚʎʂʏ ʋʅ ʔʍʝʉʋʅ ʎʐʋʑʏ 

ʋʌʋʚʋʑʏ ʌʍɻɾʈɻʐʋʌʋʅʀʚ ʐʅʏ ʀʌʅʐɻʔʞʉʎʀʅʏ π-100 km/ h, 35-100 km/ h ʆɻʅ φυ-100 
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km/ hȢ ɷʎʋʉ ɻʒʋʍʗ ʐʂ ʎʞɾʆʍʅʎʂ ʐʖʉ ʀʆʌʋʈʌʡʉ ʍʞʌʖʉ ʈʀ ʆɻʅ ʔʖʍʚʏ ʐʂʉ 

ʑʌʋɼʋʙʃʂʎʂ, ʐɻ ɿʀɿʋʈʘʉɻ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʙʃʂʆɻʉ ʙʐɻʉ ʈʝʉʋ ɻʑʐʗ ɻʌʝ ʐʂʉ 

ʌʍʋʎʋʈʋʚʖʎʂ ʐʖʉ ʆʅʉʂʐʙʍʖʉ ʎʐʋʉ ʆʞʆʇʋ WLTC. ɨʅ ʍʞʌʋʅ ʎʐʋʑʏ ʋʌʋʚʋʑʏ ɿʝʃʂʆʀ 

ʘʈʒɻʎʂ ʀʚʉɻʅ ʐɻ ʋʊʀʚɿʅɻ ʐʋʑ ɻʁʡʐʋʑ NOx ʆɻʅ ʂ ɻʅʃʗʇʂ ʆɻʅ ʀʌʚʎʂʏ ʎʑɾʆʍʚʃʂʆɻʉ ʋʅ 

ʀʆʌʋʈʌʘʏ ɿʅʋʊʀʅɿʚʋʑ ʐʋʑ ʗʉʃʍɻʆɻ (CO2). 

ɥʀ ʎʆʋʌʝ ʐʂʉ ʆɻʇʞʐʀʍʂ ʆɻʐɻʉʝʂʎʂ ʆɻʅ ɻʌʀʅʆʝʉʅʎʂ ʐʖʉ ɻʌʋʐʀʇʀʎʈʗʐʖʉ 

ʌɻʍɻʐʚʃʀʉʐɻʅ ʆɻʅ ɿʅɻɾʍʗʈʈɻʐɻ ʝʇʖʉ ʐʖʉ ʈʀɾʀʃʡʉ ʌʋʑ ʌɻʍʋʑʎʅʗʁʋʉʐɻʅȟ ɾʅɻ ʐɻ 

ʌʍʡʐɻ τππ  ɿʀʑʐʀʍʝʇʀʌʐɻ ɿʅʗʍʆʀʅɻʏ ʐʋʑ ɣʞʆʇʋʑ (ɿʂʇɻɿʙ ʎʐʋ ʆʋʈʈʗʐʅ ʇʀʅʐʋʑʍɾʚɻʏ 

ʀʉʐʝʏ ʌʝʇʂʏȟ ʝʌʋʑ ʆɻʅ ɻʉɻʈʘʉʀʐɻʅ ʈʀɾɻʇʞʐʀʍʂ ʔʍʙʎʂ ʐʂʏ ʂʇʀʆʐʍʅʆʙʏ ʑʌʋɼʋʙʃʂʎʂʏɊ, 

ʡʎʐʀ ʉɻ ʒɻʉʋʞʉ ʋʍʅʎʈʘʉʀʏ ʇʀʌʐʋʈʘʍʀʅʀʏȟ ʌʋʑ ɿʀʉ ʒɻʚʉʋʉʐɻʅ ʎʐʋ ɿʅɻɾʍʗʈʈɻʐɻ 

ʋʇʝʆʇʂʍʋʑ ʐʋʑ ɣʞʆʇʋʑȢ ɚʊʚʁʀʅ ʉɻ ʎʂʈʀʅʖʃʀʚ ʌʖʏ ʎʀ ʝʇɻ ʐɻ ɿʅɻɾʍʗʈʈɻʐɻ ʂ ʌʍʗʎʅʉʂ 

ʆɻʈʌʞʇʂ ɻʉɻʌɻʍʅʎʐʗ ʐɻ ɿʀɿʋʈʘʉɻ ɾʅɻ ʐʋʉ ʆʅʉʂʐʙʍɻ ɉʆɻʅ ʐʋ ʝʔʂʈɻɊ ʈʀ ʐʂʉ ɻʌʇʙ 

ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂ ʀʉʡ ʂ ʆʝʆʆʅʉʂ ʐɻ ɿʀɿʋʈʘʉɻ ɾʅɻ ʐʋʉ ʆʅʉʂʐʙʍɻ ɉʆɻʅ ʐʋ ʝʔʂʈɻɊ 

ʈʀ ʐʂʉ ʂʇʀʆʐʍʅʆʗ ʑʌʋɼʋʂʃʋʞʈʀʉʂ ʎʐʍʋɼʅʇʋ-ʑʌʀʍʌʇʙʍʖʎʂȢ  

 

5.2 ɞʌʅɿʝʎʀʅʏ ʆʅʉʂʐʙʍɻ 

ɩɻʍɻʆʗʐʖ ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ  ɿʀʆɻʐʘʎʎʀʍɻ ʎʑʉɿʑɻʎʐʅʆʗ ɿʅɻɾʍʗʈʈɻʐɻ ʌʋʑ 

ɻʒʋʍʋʞʉ ʐʅʏ ʀʌʅɿʝʎʀʅʏ ʐʋʑ ʋʔʙʈɻʐʋʏ ʆɻʅ ʐʋʑ ʆʅʉʂʐʙʍɻ ʈʀ ʆɻʅ ʔʖʍʚʏ ʂʇʀʆʐʍʅʆʙ 

ʑʌʋɼʋʙʃʂʎʂȢ ɫʐɻ ɿʅɻɾʍʗʈʈɻʐɻ ɻʑʐʗ ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ ʐɻ ʀʊʙʏ ʈʀɾʘʃʂȡ 

¶ ɩʗʐʂʈɻ ʐʋʑ ʌʀʉʐʗʇ ʐʋʑ Ȱɾʆɻʁʅʋʞȱ  % 

¶ ɩʗʐʂʈɻ ʐʋʑ ʌʀʉʐʗʇ ʐʋʑ ʒʍʘʉʋʑ Ϸ 

¶ ɩʗʐʂʈɻ ʐʋʑ ʌʀʉʐʗʇ ʐʋʑ ʎʑʈʌʇʘʆʐʂ Ϸ 

¶ ɠ ʎʔʘʎʂ ʌʋʑ ʀʚʉɻʅ ɿʀʎʈʀʑʈʘʉʂ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ 

¶ ɠ ʌʍɻɾʈɻʐʅʆʙ ʐɻʔʞʐʂʐɻ ʐʋʑ ʋʔʙʈɻʐʋʏ  

¶ ɠ ʎʐʍʋʒʘʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʀ rpm 

¶ ɠ ʅʎʔʞʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʀ kW 

¶ ɠ ʍʋʌʙ ʐʋʑ ʆʅʉʂʐʙʍɻ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʀ Nm 

¶ ɠ ʎʐʅɾʈʅɻʚɻ ʌɻʍʋʔʙ ʈʗʁɻʏ ʆɻʑʎʚʈʋʑ ʎʀ g/ s 

¶ ɠ ʀʅɿʅʆʙ ʆɻʐɻʉʗʇʖʎʂ ʆɻʑʎʚʈʋʑ ʎʀ g/ kWh 

¶ ɠ ʈʘʎʂ ʌʍɻɾʈɻʐʅʆʙ ʌʚʀʎʂ ʎʀ bar  
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¶ ɠ ɻʌʝʎʐɻʎʂ ʌʋʑ ʘʔʀʅ ɿʅɻʉʞʎʀʅ ʐʋ ʝʔʂʈɻ ʎʀ m 

¶ ɨʅ ʎʐʍʋʒʘʏ ʐʋʑ ʁʀʞɾʋʑʏ ʑʌʀʍʌʇʙʍʖʎʂʏ ʎʀ rpm 

¶ ɣɻʅ ʐʘʇʋʏ ʋ ʇʝɾʋʏ ʌʚʀʎʂʏ ʐʋʑ ʎʑʈʌʅʀʎʐʙ  

 

ɷʇɻ ʐɻ ʌɻʍɻʌʗʉʖ ʈʀɾʘʃʂ ʌɻʍʋʑʎʅʗʁʋʉʐɻʅ ʈɻʁʚ ʈʀ ʐʋ ɿʅʗɾʍɻʈʈɻ ʐʂʏ ʐɻʔʞʐʂʐɻʏ 

ʐʋʑ ʋʔʙʈɻʐʋʏȢ ɬʘʇʋʏ ʑʌʗʍʔʀʅ ʆɻʅ ʐʋ ɝʅʗɾʍɻʈʈɻ 5.15ȟ ɻʑʐʝ ʐʂʏ ɻʌʝʆʍʅʎʂʏ ʐʋʑ 

ʋʔʙʈɻʐʋʏ ʎʐʋ ɿʀʞʐʀʍʋȟ ɻʑʐʋʎʔʘɿʅʋ ʆʞʆʇʋȢ 
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ɫʔʙʈɻ 5.1: ɩʗʐʂʈɻ ʐʋʑ ʌʀʉʐʗʇ ʐʋʑ ɾʆɻʁʅʋʞ ʆɻʅ ʐʋʑ ʒʍʘʉʋʑ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.2: ɩʗʐʂʈɻ ʐʋʑ ʌʀʉʐʗʇ ʐʋʑ ɾʆɻʁʅʋʞ ʆɻʅ ʐʋʑ ʒʍʘʉʋʑ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ʌʍʡʐʖʉ τππ ɿʀʑʐʀʍʋʇʘʌʐʖʉ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ 

ɩʝʇʂʏ WLTC.  
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ɫʔʙʈɻ 5.3: ɩʗʐʂʈɻ ʐʋʑ ʌʀʉʐʗʇ ʐʋʑ ʎʑʈʌʇʘʆʐʂ ʆɻʅ ʋ ɻʍʅʃʈʝʏ ʐʂʏ ʎʔʘʎʂʏ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ 

ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.4: ɩʗʐʂʈɻ ʐʋʑ ʌʀʉʐʗʇ ʐʋʑ ʎʑʈʌʇʘʆʐʂ ʆɻʅ ʋ ɻʍʅʃʈʝʏ ʐʂʏ ʎʔʘʎʂʏ ʎʐʋ ʆʅɼʡʐʅʋ ʐɻʔʑʐʙʐʖʉ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ʌʍʡʐʖʉ τππ 

ɿʀʑʐʀʍʋʇʘʌʐʖʉ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.5: ɫʐʍʋʒʘʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʐɻʔʞʐʂʐɻ ʋʔʙʈɻʐʋʏ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.6: ɫʐʍʋʒʘʏ ʐʋʑ ʆʅʉʂʐʙʍɻ ʆɻʅ ʐɻʔʞʐʂʐɻ ʋʔʙʈɻʐʋʏ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ʌʍʡʐʖʉ τππ ɿʀʑʐʀʍʋʇʘʌʐʖʉ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ 

ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.7: ɢʎʔʞʏ ʆɻʅ ʍʋʌʙ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC.   
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ɫʔʙʈɻ 5.8: ɢʎʔʞʏ ʆɻʅ ʍʋʌʙ ʐʋʑ ʆʅʉʂʐʙʍɻ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ʌʍʡʐʖʉ τππ ɿʀʑʐʀʍʋʇʘʌʐʖʉ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 

 



85 
 

  

ɫʔʙʈɻ 5.9: ɩɻʍʋʔʙ ʈʗʁɻʏ ʆɻʑʎʚʈʋʑ ʆɻʅ ɿʅɻʉʑʝʈʀʉʂ ɻʌʝʎʐɻʎʂ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.10: ɩɻʍʋʔʙ ʈʗʁɻʏ ʆɻʑʎʚʈʋʑ ʆɻʅ ɿʅɻʉʑʝʈʀʉʂ ɻʌʝʎʐɻʎʂ ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ʌʍʡʐʖʉ τππ ɿʀʑʐʀʍʋʇʘʌʐʖʉ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ 

ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.11: ɞʅɿʅʆʙ ʆɻʐɻʉʗʇʖʎʂ ʆɻʑʎʚʈʋʑ BSFC ʆɻʅ ʈʘʎʂ ʌʍɻɾʈɻʐʅʆʙ ʌʚʀʎʂ BMEP ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 
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ɫʔʙʈɻ 5.12: ɞʅɿʅʆʙ ʆɻʐɻʉʗʇʖʎʂ ʆɻʑʎʚʈʋʑ BSFC ʆɻʅ ʈʘʎʂ ʌʍɻɾʈɻʐʅʆʙ ʌʚʀʎʂ BMEP ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʔʍʝʉʋʑ ʆɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʖʉ ʌʍʡʐʖʉ τππ ɿʀʑʐʀʍʋʇʘʌʐʖʉ ʐʂʏ 

ɣʇʗʎʂʏ σ-2 ʐʋʑ ɣʞʆʇʋʑ ɩʝʇʂʏ WLTC. 






























































