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 ȷˊɧ Űɖ ɗɏůɖ ŬɡŰɐ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. ȷɟŮŰɎəɖ ɁɘəɧɚŬɞ ˊɞɡ 

ɛɞɡ ŬɜɏɗŮůŮ ɏɜŬ Űɧůɞ ŮɜŭɘŬűɏɟɞɜ əŬɘ ŬˊŬɘŰɖŰɘəɧ ɗɏɛŬ əŬɘ ˊɞɡ ɛŮ Űɘɠ ɡˊɞŭŮɑɝŮɘɠ 

Űɞɡ ɛŮ ɞŭɐɔɖůŮ ůŰɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ. ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ, ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. 

ȷɚŮɝɑɞɡ ȷɚɏɝɘɞ ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ůɡɛɓɞɡɚɏɠ Űɞɡɠ. 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ɐɗŮɚŬ ɜŬ Ŭˊɞŭɩůɤ əŬɘ ŮɡɢŬɟɘůŰɑŮɠ ůŮ ɧɚɞɡɠ Űɞɡɠ 

ůɡɔɔŮɜŮɑɠ əŬɘ űɑɚɞɡɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɞɡɠ ŭɨɞ ɡˊɏɟɞɢɞɡɠ ɔɞɜŮɑɠ ɛɞɡ əŬɘ Űɞɜ 

ŬŭŮɟűɧ ɛɞɡ. ȼ ůɡɜŮɘůűɞɟɎ əŬɘ ɖ ɡˊɞɛɞɜɐ Űɞɡɠ ɐŰŬɜ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ 

Ůəˊɧɜɖůɖ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ.  
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 Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ 

ɛɞɜŰɏɚɤɜ ŭɨɞ ůɨɔɢɟɞɜɤɜ əɘɜɖŰɐɟɤɜ Űɤɜ ŬŮɟɞůəŬűɩɜ ȷ320 neo, ɩůŰŮ ɜŬ 

əŬŰŬůŰŮɑ ŭɡɜŬŰɐ ɖ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ ˊɘůŰɞˊɞɑɖůɐ Űɞɡɠ.  ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɛɘŬ 

ŮɘůŬɔɤɔɐ ůŰŬ əɨɟɘŬ ɡˊɞɚɞɔɘůŰɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬŰɎ Űɖɜ 

Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɟɧɔɟŬɛɛŬ PROOSIS əŬɘ Űɞ 

ɚɞɔɘůɛɘəɧ ˊɟɞůŬɟɛɞɔɐɠ ɔŮɜɘəɞɨ ɛɞɜŰɏɚɞɡ ŬŮɟɞˊɞɟɘəɞɨ əɘɜɖŰɐɟŬ. ɇɞ ɚɞɔɘůɛɘəɧ 

ŬɡŰɧ ŮɑɢŮ ŬɜŬˊŰɡɢɗŮɑ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɏŰɖ əŬɘ ŬűɞɟɞɨůŮ 

ŭɘŬŰɎɝŮɘɠ əɘɜɖŰɐɟɤɜ ŭɘˊɚɐɠ ŬŰɟɎəŰɞɡ.  

 ɆŰɖ ůɡɜɏɢŮɘŬ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ŬɚɚŬɔɏɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɞ ɡˊɎɟɢɞɜ ɚɞɔɘůɛɘəɧ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɔɑɜŮɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ əɘɜɖŰɐɟɤɜ ɛŮ əɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ. Ƀɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ Ŭűɞɟɞɨɜ Űɖɜ ŮɘůŬɔɤɔɐ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ, Űɖɜ 

ˊɟɞůɗɐəɖ ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ Ŭˊɧ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɗɩɠ əŬɘ Űɖɜ 

Ůɘ́ɚɞɔɐ ŭɘŬűɞɟŮŰɘəɞɨ Űɟɧˊɞɡ Ůˊɑɚɡůɖɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ. ȷˊɞŰɏɚŮůɛŬ Űɤɜ 

ŬɚɚŬɔɩɜ ŬɡŰɩɜ ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ əɘɜɖŰɐɟɤɜ ɛŮ əŬɘ ɢɤɟɑɠ 

əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬŰɎɚɚɖɚŬ Űɞ ɓŮɚŰɘɤɛɏɜɞ ɚɞɔɘůɛɘəɧ əŬɗɩɠ 

əŬɘ Űɖɜ ɞɟɗɧŰŮɟɖ ɡˊɧɗŮůɖ ŬɔɜɩůŰɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬŰɎ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ 

əɘɜɖŰɐɟɤɜ. ȺˊɘˊɟɧůɗŮŰŬ ɖ ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ ŭɘŬűɞɟŮŰɘəɞɨ Űɟɧˊɞɡ Ůˊɑɚɡůɖɠ 

Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ŭɑɜŮɘ Űɖɜ ŮɡɢɏɟŮɘŬ  ůŰɞɜ ɢɟɐůŰɖ ɜŬ ŮˊɘɚɏɝŮɘ ůɖɛŮɑŬ ůŰŬ 

ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ Űɘɛɐ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ.  

 ɇɞ ɜɏɞ ɚɞɔɘůɛɘəɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ əɘɜɖŰɐɟɤɜ 

ŭɘˊɚɞɨ ɟŮɨɛŬŰɞɠ CFM LEAP ï 1A26 əŬɘ PW1127G ï JM ˊɞɡ ůŰŮɚŮɢɩɜɞɡɜ ŰŬ  

ŬŮɟɞůəɎűɖ ˊɞɚɘŰɘəɐɠ ŬŮɟɞˊɞɟɑŬɠ ȷ320neo. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ŮəŰŮɜɐɠ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬůəɧˊɖůɖ ɔɘŬ Űɖ ůɡɔəɏɜŰɟɤůɖ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ 

ŭŮŭɞɛɏɜɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

Űɤɜ əɘɜɖŰɐɟɤɜ, Ůɜɩ ŮɚɏɔɢɗɖəŮ əŬɘ ɖ ŬɝɘɞˊɘůŰɑŬ Űɞɡɠ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 

ɚɞɔɘůɛɘəɧ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŮˊɘŰɡɢɩɠ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ əɘɜɖŰɐɟɤɜ, 

ɛŮ Ůˊɘɛɏɟɞɡɠ ŬˊɞəɚɑůŮɘɠ ɛɘəɟɧŰŮɟŮɠ Űɞɡ Ñ0.2% ɞɘ ɞˊɞɑŮɠ ɗŮɤɟɞɨɜŰŬɘ 

ɘəŬɜɞˊɞɘɖŰɘəɏɠ ŬəɧɛŬ əŬɘ ɔɘŬ ŭɘŬɔɜɤůŰɘəɞɨɠ ůəɞˊɞɨɠ.  



 ɇɏɚɞɠ ɔɑɜŮŰŬɘ  ˊɞɘɞŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ŮɝŮŰɎɕɞɜŰŬɠ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ ůŮ Ůɨɟɞɠ ůɡɜɗɖəɩɜ ˊŰɐůɖɠ ŬɚɚɎ əŬɘ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ɛŮɑɤůɖ 

ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ ɛɘŬɠ ŬˊɞůŰɞɚɐɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ˊŬəɏŰɞɡ ŬɜɎɚɡůɖɠ ŬˊɞůŰɞɚɐɠ CAMACM, ŮˊɘɚɏɔɞɜŰŬɘ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ŬˊɞůŰɞɚɏɠ ˊɟɞɠ ɛŮɚɏŰɖ, ŮɘůɎɔɞɜŰŬɘ əŬŰɎɚɚɖɚŬ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ əɘɜɖŰɐɟɤɜ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɛŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ V2527 ï A5. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ ŬɡŰɐɠ 

ˊɟɞəɨˊŰɞɡɜ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬɜŬɛŮɜɧɛŮɜŮɠ Űɘɛɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ŭɘŮɗɜɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ. ɄɘůŰɞˊɞɘŮɑŰŬɘ ˊɞůɞŰɘəɎ əŬɘ ˊɞɘɞŰɘəɎ, ůɡɜŮˊɩɠ, ɖ ɞɟɗɧŰɖŰŬ Űɤɜ 

ɛɞɜŰɏɚɤɜ Űɤɜ əɘɜɖŰɐɟɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ.  

 

 

 

 



ABSTRACT 

 

 

 

 The current diploma thesis is mainly concerned with the development of two 

engine models of the A320 neo aircraft engines to enable their qualitative and 

quantitative certification. Initially, an introduction is made to the main computational 

tools used, the PROOSIS calculator and general engine model adaptation software. 

This software had been developed in the laboratory in previous years and was used 

for modeling 2 spool turbofan engines. 

 The following is a list of the changes made to the existing software in order to 

be able to model geared turbofan engines. The modifications concern the introduction 

of gearboxes, the addition of empirical relationships from international literature, and 

the choice of a different way of solving the design point. The result of these changes 

is the ability to model engines with and without gearbox as well as the correct 

assumption of unknown parameters. In addition, the option to choose a different 

design point for the design point enables the user to select points where the fuel 

consumption value is unknown. 

 Then modified code is used to model CFM LEAP - 1A26 and PW1127G - JM 

turbofan engines that are used on civil A320neo aircraft. For this purpose, an 

extensive bibliographic review is carried out to gather information and operating data 

that can be used in the various engine modeling phases. 

 Using the modified code, models of the engines were successfully created 

with deviations of less than Ñ 0.2% from all the available operational data, which is 

considered satisfactory even for diagnostic purposes. 

 The last part of the project is centered on the mission analysis of the 

developed models using the existing software, CAMACM, and more specifically, on 

evaluating the expected fuel consumption reduction compared to the V2527 ï A5 

engine. Thus, five missions were tested using the software in order to evaluate the 

total fuel consumption and compare the results with the available data. The accuracy 

of the engine models created is therefore quantitatively and qualitatively certified. 
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1 ȺɘůŬɔɤɔɐ 

 Ƀɘ ŬŮɟɘɞůŰɟɧɓɘɚɞɘ ɤɠ ŭɘŬŰɎɝŮɘɠ ˊŬɟŬɔɤɔɐɠ ɩůɖɠ ɔɘŬ Űɖɜ ˊɟɧɤůɖ 

ŬŮɟɞůəŬűɩɜ ŮɝŮɚɑůůɞɜŰŬɘ ŭɘŬɟəɩɠ Űɧůɞ ɔɘŬ Űɖɜ ŮɚɎŰŰɤůɖ Űɞɡ əɧůŰɞɡɠ 

ɚŮɘŰɞɡɟɔɑŬɠ, ɧůɞ əŬɘ ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ. ɇŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɞɘ ŬŮɟɞˊɞɟɘəɏɠ ŮŰŬɘɟŮɑŮɠ ůɢŮŭɘɎɕɞɡɜ Űɞɡɠ əɘɜɖŰɐɟŮɠ Űɞɡ 

ɛɏɚɚɞɜŰɞɠ ɛŮ ɢŬɛɖɚɐ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ ɞɘəɞɚɞɔɘəɐ ůɡɜŮɑŭɖůɖ. ȷɡŰɧ 

ɞŭɖɔŮɑ Űɘɠ ŮŰŬɘɟŮɑŮɠ əŬŰŬůəŮɡɐɠ ŬŮɟɞˊɞɟɘəɩɜ əɘɜɖŰɐɟɤɜ ɜŬ ŮˊŮɜŭɨɞɡɜ ůŰɖɜ 

ɏɟŮɡɜŬ əŬɘ ŬɜɎˊŰɡɝɖ Űɤɜ əɘɜɖŰɐɟɤɜ. Ⱥˊɑůɖɠ ŮɟŮɡɜɖŰɘəɎ əɏɜŰɟŬ əŬɘ ŰɞɛŮɑɠ 

ůɡɜŰɐɟɖůɖɠ ŬŮɟɞˊɞɟɘəɩɜ ŮŰŬɘɟŮɘɩɜ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ɏɚŮɔɢɞ ůɡɜŰɐɟɖůɖɠ əŬɘ 

ŭɘɎɔɜɤůɖɠ Űɖɠ əŬŰɎůŰŬůɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Ůɜɧɠ əɘɜɖŰɐɟŬ. ũɘŬ ɜŬ ůɡɛɓɞɨɜ ŰŬ 

ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɐůɖ ɛɞɜŰɏɚɤɜ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ əɘɜɖŰɐɟɤɜ. 

ȰŰůɘ ɖ ɢɟɐůɖ ɛɞɜŰɏɚɤɜ ˊɟɞůɞɛɞɑɤůɖɠ ŬŮɟɞˊɞɟɘəɩɜ əɘɜɖŰɐɟɤɜ əŬɗɑůŰŬŰŬɘ 

ůɖɛŬɜŰɘəɐ ɔɘŬ: 

¶ ŮˊɑɓɚŮɣɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ 

¶ ŭɘɎɔɜɤůɖ ɓɚŬɓɩɜ ɔɘŬ ŭɘɎűɞɟŮɠ əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɑŬɠ 

¶ ůɡɔəɟɘŰɘəɐ ɛŮɚɏŰɖ ŮˊɘŭɧůŮɤɜ əŬɘ Ůˊɘɚɞɔɐ əŬŰɎɚɚɖɚɞɡ ŬŮɟɞůəɎűɞɡɠ 

ɔɘŬ ɜɏŬ ŮɔəŬŰɎůŰŬůɖ 

¶ ˊɟɧɓɚŮɣɖ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ 

 ɇɞ ȺɟɔŬůŰɐɟɘɞ ŪŮɟɛɘəɩɜ ɆŰɟɞɓɘɚɞɛɖɢŬɜɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ 

ɄɞɚɡŰŮɢɜŮɑɞɡ (ȺŪɆ / ȺɀɄ) ŬɜŬˊŰɨůůŮɘ ɛɞɜŰɏɚŬ ŬŮɟɞˊɞɟɘəɩɜ əɘɜɖŰɐɟɤɜ ɛŮ 

ůəɞˊɧ Űɖ ɛŮɚɏŰɖ əŬɘ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ əŬɘ ŭɘŬŰɎɝŮɘɠ ůŰɟɞɓɘɚɞəɘɜɖŰɐɟɤɜ, ŬɚɚɎ 

ɔɘŬ əɎɗŮ əɘɜɖŰɐɟŬ ɝŮɢɤɟɘůŰɎ ɛŮ ɚŮɘŰɞɡɟɔɑŮɠ ˊɟɞůɞɛɞɑɤůɖɠ ŬɡŰɧɜɞɛŮɠ. ȾŬɗɩɠ ɞɘ 

ŭɘŬŰɎɝŮɘɠ Űɤɜ əɘɜɖŰɐɟɤɜ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɛŮ Űɖɜ ɜŮɧŰŮɟɖ ɔŮɜɘɎ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 

əɘɜɖŰɐɟŮɠ ɛŮ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ŬɜŬˊŰɨůůŮŰŬɘ, ŰŬɡŰɧɢɟɞɜŬ, əŬɘ ɖ ŬɜɎɔəɖ 

ŭɖɛɘɞɡɟɔɑŬɠ ŬɜŰɑůŰɞɘɢɤɜ ɛɞɜŰɏɚɤɜ.  

 ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɓŬůɑůŰɖəŮ ůŮ ɏɜŬ ɡ́ Ɏɟɢɞɜ ɚɞɔɘůɛɘəɧ 

ˊɟɞůŬɟɛɞɔɐɠ ɔŮɜɘəɞɨ ɛɞɜŰɏɚɞɡ ŬŮɟɞˊɞɟɘəɩɜ əɘɜɖŰɐɟɤɜ ŭɘˊɚɞɨ ɟŮɨɛŬŰɞɠ [10] 

ɛŮ ůəɞˊɧ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ əɘɜɖŰɐɟɤɜ 

ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ ɛŮɘɤŰɐɟŬ ůŰɟɞűɩɜ. ɇɞ ɡˊɎɟɢɞɜ ɚɞɔɘůɛɘəɧ 

ŰɟɞˊɞˊɞɘɐɗɖəŮ əŬŰɎɚɚɖɚŬ ɩůŰŮ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŬɜŰŬˊŮɝɏɚɗŮɘ ůŰɘɠ ɜɏŮɠ ŭɘŬŰɎɝŮɘɠ 

əɘɜɖŰɐɟɤɜ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ ůŰɖɜ ˊɞɚɘŰɘəɐ ŬŮɟɞˊɞɟɑŬ. ɄɟŬɔɛŬŰɞ́ɞɘŮɑŰŬɘ ɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ŭɨɞ ŬŮɟɞ́ɞɟɘəɩɜ əɘɜɖŰɐɟɤɜ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɓŮɚŰɘɤɛɏɜɞɡ 
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ɚɞɔɘůɛɘəɞɨ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ 

ɚŮɘŰɞɡɟɔɑŬɠ. 

 ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɏɢŮɘ ɤɠ ůŰɧɢɞɡɠ Űɞɡɠ Ůɝɐɠ: 

1. Űɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɞɡ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞɡ ɚɞɔɘůɛɘəɞɨ 

ˊɟɞůŬɟɛɞɔɐɠ ɔŮɜɘəɞɨ ɛɞɜŰɏɚɞɡ ŬŮɟɞˊɞɟɘəɞɨ əɘɜɖŰɐɟŬ ůŮ ŭŮŭɞɛɏɜŬ ɚŮɘŰɞɡɟɔɑŬɠ 

ɛŮ ůŰɧɢɞ Űɖɜ ˊɟɞůɗɐəɖ ŭɘŬŰɎɝŮɤɜ ɛŮ ɛŮɘɤŰɐɟŬ ůŰɟɞűɩɜ 

2. Űɖ ůɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ŭŮŭɞɛɏɜɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ɔɘŬ Űoɡɠ 

əɘɜɖŰɐɟŮɠ  CFM LEAP ï 1ȷ (ɛɞɜŰɏɚɞ 1A26) əŬɘ PW1100G (ɛɞɜŰɏɚɞ PW1127G 

ï JM) əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɞɡɠ ůŰɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ŬɡŰɐɠ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŰŬ ŭɘŬɗɏůɘɛŬ 

ŭŮŭɞɛɏɜŬ ɚŮɘŰɞɡɟɔɑŬɠ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ 

ɛɞɜŰɏɚɤɜ. 

3. ˊɞɘɞŰɘəɐ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ɛŮ Űɖɜ ŬɜɎɚɡůɖ ŬˊɞůŰɞɚɩɜ 

əŬɘ Űɖɜ ŮˊŬɚɐɗŮɡůɖ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ ɛŮɑɤůɖɠ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ůŮ 

ůɢɏůɖ ɛŮ Űɞɡɠ ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ 

 

1.1 ȹɞɛɐ ŭɘˊɚɤɛŬŰɘəɐɠ 

 

 ȼ ŭɞɛɐ Űɖɠ ŮɟɔŬůɑŬɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ. 

 ɇɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ŬˊɞŰŮɚŮɑ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɛŮ 

Űɞ əɑɜɖŰɟɞ əŬɘ Űɞɜ ůəɞˊɧ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ. 

 ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ŬɟɢɘəɎ ɔɑɜŮŰŬɘ ɛɑŬ Ůˊɘůəɧˊɖůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

PROOSIS əŬɘ Űɞɡ ɡ́ɎɟɢɞɜŰɞɠ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. ȰˊŮɘŰŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŬɚɚŬɔɏɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɞ ɚɞɔɘůɛɘəɧ əŬɗɩɠ əŬɘ ɞɘ ŬɘŰɑŮɠ ɔɘŬ Űɘɠ 

ŬɚɚŬɔɏɠ ŬɡŰɏɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŬɚɨŮŰŬɘ ŮəŰŮɜɩɠ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ 

ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ əɘɜɖŰɐɟɤɜ. 

 ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰŬ ŬŮɟɞůəɎűɖ ȷ320neo Űɖɠ Airbus. 

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŬɜɎ́Űɡɝɖ Űɤɜ ŬŮɟɞůəŬűɩɜ  əŬɗɩɠ əŬɘ əɎ́ɞɘŬ ŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. ũɑɜŮŰŬɘ ɖ Ů́ɘɚɞɔɐ Űɤɜ əɘɜɖŰɐɟɤɜ ɞ́ɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

ɛɞɜŰŮɚɞ́ɞɘɖɗɞɨɜ, Ůɜɩ Ů́ɟɘɚŬɛɓɎɜɞɜŰŬɘ əŬɘ ůŰɞɘɢŮɑŬ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɞ́ɡ 

ɢɟŮɘɎɕɞɜŰŬɘ əŬŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɛɞɜŰɏɚɤɜ ŬɡŰɩɜ. 

 ɇɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ɓɘɓɚɘɞɔɟŬűɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞɜ 

ŬŮɟɞˊɞɟɘəɧ əɘɜɖŰɐɟŬ Űɖɠ CFM International, CFM LEAP ï 1A26. ȷɟɢɘəɎ 

ŭɑɜŮŰŬɘ ɛɑŬ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ ɔɘŬ Űɘɠ ůɡɜɘůŰɩůŮɠ əŬɘ Űɖɜ ŭɘɎŰŬɝɖ Űɞɡ əɘɜɖŰɐɟŬ, 

Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ŮˊɘŭɧůŮɤɜ ˊɞɡ ɓɟɏɗɖəŬɜ ůŰɖɜ 

ŬɜɞɘɢŰɐ ɓɘɓɚɘɞɔɟŬűɑŬ. ɄŮɟɘɚŬɛɓɎɜŮŰŬɘ Ůˊɑůɖɠ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ əɘɜɖŰɐɟŬ 

əŬɗɩɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ. ũɑɜŮŰŬɘ ˊɞůɞŰɘəɧɠ ɏɚŮɔɢɞɠ ɛŮ ɓɎůɖ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ɓɟɏɗɖəŬɜ əŬɘ ˊɞɘɞŰɘəɧɠ ɛɏůɤ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛɘŬɠ ɔɟŬɛɛɐɠ 

ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ŬɜɎɚɡůɖ ůŮ ɧɚɞ Űɞɜ űɎəŮɚɞ ˊŰɐůɖɠ Űɞɡ əɘɜɖŰɐɟŬ. 



 ȹɞɛɐ ŭɘˊɚɤɛŬŰɘəɐɠ 1.3 

 

 ɆŰɞ ɏ́ɛ́Űɞ əŮűɎɚŬɘɞ ŬɜŬűɏɟɞɜŰŬ, ŬɜŰɑůŰɞɘɢŬ, ŰŬ ɓɘɓɚɘɞɔɟŬűɘəɎ ůŰɞɘɢŮɑŬ 

ɔɘŬ Űɞɜ ŬŮɟɞˊɞɟɘəɧ əɘɜɖŰɐɟŬ Űɖɠ Pratt & Whitney, PW1127G ï JM. 

ɄŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ůɡɜɘůŰɩůŮɠ əŬɘ ɖ ŭɘɎŰŬɝɖ Űɞɡ əɘɜɖŰɐɟŬ, Ůɜɩ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

əŬɘ ŰŬ ůŰɞɘɢŮɑŬ ŮˊɘŭɧůŮɤɜ ˊɞɡ ɓɟɏɗɖəŬɜ ůŰɖɜ ŬɜɞɘɢŰɐ ɓɘɓɚɘɞɔɟŬűɑŬ. Ƀɛɞɑɤɠ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ɛɞɜŰɏɚɞ ˊɞɡ ˊŬɟɎɢɗɖəŮ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɞɡ əŬɗɩɠ əŬɘ ɞ ŬɜŰɑůŰɞɘɢɞɠ ˊɞůɞŰɘəɧɠ əŬɘ ˊɞɘɞŰɘəɧɠ ɏɚŮɔɢɞɠ Űɞɡ. 

 ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊŮɟŮŰŬɑɟɤ ˊɞɘɞŰɘəɐ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ɛɞɜŰɏɚɤɜ 

ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ ŬɜɎɚɡůɐ Űɞɡɠ ůŮ ŭɘɎűɞɟŮɠ ŬˊɞůŰɞɚɏɠ. ȰɔɘɜŮ ůɨɔəɟɘůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ůɡɛɓŬŰɘəɞɨɠ əɘɜɖŰɐɟŮɠ. 

 ɇɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜŬəŮűŬɚŬɑɤůɖ, ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ 

ˊɞɡ ˊɟɞɏəɡɣŬɜ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

 ɆŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŭɑɜɞɜŰŬɘ ɞɘ ˊɖɔɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŬɜŰɚɐɗɖəŬɜ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ůɨɜŰŬɝɖ əŬɘ Ůəˊɧɜɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

 

 

 

 





 

2 ɀŮɗɞŭɞɚɞɔɑŬ ɀɞɜŰŮɚɞˊɞɑɖůɖɠ ȾɘɜɖŰɐɟɤɜ 

 ɇɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɟɧɔɟŬɛɛŬ PROOSIS 

əŬɗɩɠ əŬɘ Űɞ ɚɞɔɘůɛɘəɧ ˊɟɞůŬɟɛɞɔɐɠ ɛɞɜŰɏɚɤɜ əɘɜɖŰɐɟɤɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰɞ 

ȺɟɔŬůŰɐɟɘɞ ŪŮɟɛɘəɩɜ ɆŰɟɞɓɘɚɞɛɖɢŬɜɩɜ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɏŰɖ, Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ. ɇɞ ˊɟɧɔɟŬɛɛŬ 

Proosis ŬˊɞŰŮɚŮɑ ɏɜŬ ůɨɔɢɟɞɜɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ŭɘŬűɧɟɤɜ ŮɜŮɟɔŮɘŬəɩɜ ůɡůŰɖɛɎŰɤɜ. ɇɞ ɚɞɔɘůɛɘəɧ ˊɟɞůŬɟɛɞɔɐɠ 

ɛɞɜŰɏɚɤɜ ɓŬůɑůŰɖəŮ ůŰɘɠ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ PROOSIS əŬɘ 

ŬɜŬˊŰɨɢɗɖəŮ ɛŮ ůəɞˊɧ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ɢɟɖůŰɩɜ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ 

əɘɜɖŰɐɟɤɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ Űɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ Űɟɞˊɞɞ́ɘɐɗɖəŮ 

əŬŰɎɚɚɖɚŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ əɘɜɖŰɐɟɤɜ ɛŮ əɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ.  

 ȷəɞɚɞɡɗŮɑ ɛɘŬ ůɨɜŰɞɛɖ ˊŬɟɞɡůɑŬůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ PROOSIS, 

ŬɜŬűɞɟɎ əŬɘ əɎˊɞɘŮɠ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ŮɝɞɘəŮɑɤůɖ Űɞɡ 

ŬɜŬɔɜɩůŰɖ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ əŬɘ Ŭ́ɟɎɚɚɖɚŬ ɜŬ ɔɑɜŮɘ ˊɘɞ ŮɨəɞɚŬ əŬŰŬɜɞɖŰɐ ɖ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ əɘɜɖŰɐɟɤɜ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ŬɟɔɧŰŮɟŬ. 

 

2.1 ɄŮɟɘɔɟŬűɐ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ Proosis 

 

 ɄɟɧəŮɘŰŬɘ ɔɘŬ ˊŮɟɘɓɎɚɚɞɜ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ Űɞ ɞˊɞɑɞ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɐ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ EcosimPro ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖɜ ȽůˊŬɜɘəɐ ŮŰŬɘɟŮɑŬ  Empresarios Agrupados International. 

ȾɎɗŮ űɡůɘəɐ ŭɘŮɟɔŬůɑŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɞɜŰŮɚɞˊɞɘɖɗŮɑ ŮəűɟɎɕŮŰŬɘ Ŭˊɧ 

ŭɘŬűɞɟɘəɏɠ əŬɘ ŬɚɔŮɓɟɘəɏɠ ŮɝɘůɩůŮɘɠ. 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘ́ɚɤɛŬŰɘəɐ Űɞ ˊɟɧɔɟŬɛɛŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ əɘɜɖŰɐɟŬ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɔɘŬ Űɖɜ ˊɟɞəŬŰŬɟəŰɘəɐ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɖɠ ɛɖɢŬɜɐɠ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ (design point analysis). 

ȹɑɜŮŰŬɘ, Ůˊɑůɖɠ, ɖ ŭɡɜŬŰɧŰɖŰŬ ůɢŮŭɑŬůɖɠ Ůɜɧɠ ůŰɟɞɓɘɚɞəɘɜɖŰɐɟŬ ůŮ ˊŮɟɘůůɧŰŮɟŬ 

Ŭˊɧ ɏɜŬ ůɖɛŮɑŬ əŬɘ ɖ ŬɜɎɚɡůɖ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ əŬɘ ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ 

ŬɡŰɞɨ (off-design analysis) Ůɜɩ Ŭəɧɛɖ ɛˊɞɟɞɨɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ 

ˊŬɟŬɛŮŰɟɘəɏɠ ɛŮɚɏŰŮɠ, ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ɇɞ ˊɟɧɔɟŬɛɛŬ 

ŬɡŰɧ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Ůɡɟɤ́Ŭɥəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ, ɡˊɧ Űɖ 

ůɡɜŮɟɔŬůɑŬ ˊŬɜŮˊɘůŰɖɛɑɤɜ, ŮɟŮɡɜɖŰɘəɩɜ ɘŭɟɡɛɎŰɤɜ əŬɘ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ.  



2.2  ȾȺūȷȿȷȽɃ 2 

 

 

ɆŰɞ ȹɘɎɔɟŬɛɛŬ  2.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓɐɛŬŰŬ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛɞɜŰɏɚɞɡ 

ůŰɞ PROOSIS. 

 

ȹɘɎɔɟŬɛɛŬ  2.1: ȷɚɚɖɚɞɡɢɑŬ ɓɖɛɎŰɤɜ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ əɘɜɖŰɐɟɤɜ ůŰɞ Proosis 

 

2.1.1 ȺˊŮɝɐɔɖůɖ ůɢɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ 

 

 Oɘ ůɡɜɘůŰɩůŮɠ ŬˊɞŰŮɚɞɨɜ Űɖ ɗŮɛŮɚɘɩŭɖ ŭɞɛɘəɐ ɛɞɜɎŭŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ŬɟɢŮɑŬ ˊɖɔŬɑɞɡ əɩŭɘəŬ (source code files) ŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɛŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɨɛɓɞɚɞ, ůɡɜɐɗɤɠ ɏɜŬ Ůɘəɞɜɑŭɘɞ ˊɞɡ 

ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɖɜ űɡůɘəɐ ŭɘŮɟɔŬůɑŬ ˊɞɡ ɡɚɞˊɞɘɞɨɜ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ əɎɜŮɘ ɧɚɖ 

Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɞɡɠ ŬɟəŮŰɎ ˊɘɞ űɘɚɘəɐ ůŰɞ ɢɟɐůŰɖ əŬɗɩɠ 

ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ əɎˊɞɘɞɠ ˊɞɡ ŭŮɜ ɏɢŮɘ ɔɜɩůŮɘɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɜŬ Űɘɠ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɛŮ ŮɡɢɏɟŮɘŬ. ɆŰɞ PROOSIS ůɡɜɖɗɑɕŮŰŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ 

ɔɜɤůŰɩɜ ůɡɜɘůŰɤůɩɜ ůŰɟɞɓɘɚɞəɘɜɖŰɐɟɤɜ ɤɠ ɛŮɛɞɜɤɛɏɜŬ ŬɜŰɘəŮɑɛŮɜŬ əŬɘ ɖ 

ŬˊŮɘəɧɜɘůɖ Űɞɡɠ ɛŮ ŰŬ Ůɡɟɏɤɠ ŬˊɞŭŮəŰɎ ůɨɛɓɞɚŬ. ɆŰɖɜ  ȺɘəɧɜŬ 2.1 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡɜɘůŰɩůŬ Űɞɡ ůɡɛˊɘŮůŰɐ. 

 



 ɄŮɟɘɔɟŬűɐ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ Proosis 2.3 

 

 

ȺɘəɧɜŬ 2.1: ɆɡɜɘůŰɩůŬ ůɡɛˊɘŮůŰɐ 

 

 Ƀɘ ůɡɜɘůŰɩůŮɠ ŭɑɜɞɡɜ Ůˊɑůɖɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ ɢɟɐůŰɖ ɛɏůɤ Ůɘŭɘəɞɨ 

ˊŬɟŬɗɨɟɞɡ ɜŬ ɞɟɑůŮɘ Űɘɠ Űɘɛɏɠ ŭɘŬűɧɟɤɜ Ŭ́ɟŬɛɏŰɟɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ 

ůɡɜɘůŰɩůŬ. 

 

 

ȺɘəɧɜŬ 2.2: ɄŬɟɎɗɡɟɞ ŮɘůŬɔɤɔɐɠ ɘŭɘɞŰɐŰɤɜ ůɡɛˊɘŮůŰɐ 

 ɄŬɟŬəɎŰɤ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊɘŰŮɚɞɨɜ ůŰɞ PROOSIS 

əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ  ůɡɜɘůŰɩůŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

 

 

 

 

 

 



2.4  ȾȺūȷȿȷȽɃ 2 

 

ȺȽȾɃɁȽȹȽɃ 

ɆɈɁȽɆɇɋɆȷɆ 
ɄȺɅȽũɅȷūȼ ɆɉɃȿȽȷ 

 

Atmosphere Component: 

ɈˊɞɚɞɔɑɕŮɘ Űɘɠ 

ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ 

ůŰɖɜ Ůɑůɞŭɞ Űɖɠ 

ɛɖɢŬɜɐɠ.  

ɄŮɟɘɏɢŮɘ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɞ 

ɡɣɧɛŮŰɟɞ, Űɞɜ Ŭɟɘɗɛɧɠ  Mach 

ˊŰɐůɖɠ, Űɖɜ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɘɠ 

ůɡɜɗɐəŮɠ Űɡˊɘəɐɠ ɖɛɏɟŬɠ əŬɗɩɠ 

əŬɘ Űɖɜ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ Ŭˊɧ Űɘɠ 

ɞˊɞɑŮɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜɗɐəŮɠ 

Ůɘůɧŭɞɡ. 

 

General Component:  

ȾŬɗɞɟɑɕŮɘ Űɞ Ůɑŭɞɠ Űɞɡ 

əŬɡůɑɛɞɡ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ 

ůŰɞ əŬɡůŬɏɟɘɞ ˊɞɡ 

ŭɘŬəɘɜŮɑŰŬɘ, əŬɗɩɠ əŬɘ 

Űɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ  

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ 

əɘɜɖŰɐɟŬ ŮˊɘɚɏɢɗɖəŮ Űɞ əŬɨůɘɛɞ Jet 

A ɛŮ ɓɎůɖ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŭɑɜŮɘ ɞ 

ICAO. [25] 

 

 

Inlet Component:  

ɈˊɞɚɞɔɑɕŮɘ Űɘɠ ůɡɜɗɐəŮɠ 

ůŰɖɜ ɏɝɞŭɞ Űɞɡ Ŭɔɤɔɞɨ 

Ůɘůɧŭɞɡ Űɖɠ ɛɖɢŬɜɐɠ, 

əŬɗɩɠ əŬɘ Űɖɜ əɘɜɖŰɘəɐ 

ŮɜɏɟɔŮɘŬ Űɞɡ 

ŮɘůŮɟɢɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ  

 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰŬɗŮɟɧɠ ɚɧɔɞɠ 

ŬˊɤɚŮɘɩɜ ˊɑŮůɖɠ ɔɘŬ Űɞɜ Ŭɔɤɔɧ 

Ůɘůɧŭɞɡ ɛŮ Űɘɛɐ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ 

Űɞ ɢɟɐůŰɖ.  

 

 

Fan Component: 

ɈˊɞɚɞɔɑɕŮɘ Űɘɠ ůɡɜɗɐəŮɠ 

Űɤɜ ŭɨɞ ɟŮɡɛɎŰɤɜ, 

əɨɟɘɞɡ əŬɘ 

ŭŮɡŰŮɟŮɨɞɜŰɞɠ əŬɗɩɠ 

əŬɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ 

ɘůɢɨ ůŰɖɜ ɎŰɟŬəŰɞ. 

ɉɟɖůɘɛɞˊɞɘŮɑ ɢɎɟŰɖ 

ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ ɔɟŬɛɛɏɠ-

ɓ (BETA parameter).  

ɆŰɞ ˊŬɟɧɜ ɛɞɜŰɏɚɞ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ɢɎɟŰŮɠ, ɔɘŬ 

Űɞ əɨɟɘɞ ɟŮɨɛŬ əŬɘ Űɞ ɟŮɨɛŬ 

ˊŬɟɎəŬɛɣɖɠ ŬɜŰɑůŰɞɘɢŬ. Ƀɘ 

ŮˊɘŭɧůŮɘɠ Űɞɡ əɡɟɑɤɠ ɟŮɨɛŬŰɞɠ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɡ ŭŮɡŰŮɟŮɨɞɜŰɞɠ 

ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ůɢɏůɖɠ ɔɘŬ Űɞɜ 

ɚɧɔɞ ˊɑŮůɖɠ. 

 



 ɄŮɟɘɔɟŬűɐ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ Proosis 2.5 

 

 

Duct Component: 

ɈˊɞɚɞɔɑɕŮɘ ɔɘŬ ŭɘɎűɞɟŬ 

ɛɞɜŰɏɚŬ ŬˊɤɚŮɘɩɜ ˊɑŮůɖɠ 

əŬɘ ɛŮŰɎŭɞůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ, Űɘɠ ůɡɜɗɐəŮɠ 

ůŰɖɜ ɏɝɞŭɞ Ůɜɧɠ 

Ŭɔɤɔɞɨ/ŭɘŬɢɨŰɖ. 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ 

Ŭɔɤɔɞɨɠ Űɖɠ ɛɖɢŬɜɐɠ. ɆŰɖɜ Ůɑůɞŭɞ 

əŬɘ ɏɝɞŭɞ Űɞɡ ůɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ 

(D25), ɛŮŰŬɝɨ ůŰɟɞɓɑɚɤɜ (D45), 

ůŰɖɜ ɏɝɞŭɞ Űɞɡ ůŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ 

ˊɑŮůɖɠ (D50) əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ Űɞɡ Ŭɔɤɔɞɨ 

ˊŬɟɎəŬɛɣɖɠ (DBP). Ƀɘ ŬˊɩɚŮɘŮɠ 

ˊɑŮůɖɠ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ ŮɑɜŬɘ 

ůŰŬɗŮɟɏɠ əŬɘ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞ 

ɢɟɐůŰɖ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ. ɆŮ 

ɚŮɘŰɞɡɟɔɑŬ ŮəŰɧɠ ůɖɛŮɑɞɡ 

ůɢŮŭɑŬůɖɠ, ɞɘ ŬˊɩɚŮɘŮɠ 

ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɛŮ Űɖɜ ˊŬɟɞɢɐ 

Ůɘůɧŭɞɡ  

 

Compressor Component: 

ɈˊɞɚɞɔɑɕŮɘ ŰŬ ɛŮɔɏɗɖ 

ůŰɖɜ ɏɝɞŭɞ Űɞɡ 

ůɡɛˊɘŮůŰɐ əŬɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨ ůŰɖɜ 

ɎŰɟŬəŰɞ. ɉɟɖůɘɛɞˊɞɘŮɑ 

ɢɎɟŰɖ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ 

ɔɟŬɛɛɏɠ-ɓ (BETA 

parameter) əŬɘ ŭɘŬɗɏŰŮɘ 1 

ŬˊɞɛɎůŰŮɡůɖ.  

 

Ƀɘ ŬˊɞɛŬůŰŮɨůŮɘɠ ŮɘůɎɔɞɜŰŬɘ ɤɠ 

ˊɞůɞůŰɧ Űɖɠ ɟɞɐɠ Ůɘůɧŭɞɡ ůŰɞɜ 

ůɡɛˊɘŮůŰɐ əŬɘ ˊɟɞůɞɛɞɘɩɜɞɡɜ Űɞ 

ɛɏɟɞɠ ŬɏɟŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ŬɜɎɔəŮɠ əŬɛˊɑɜŬɠ əŬɘ ɔɘŬ 

ůŰŮɔɎɜɤůɖ Űɞɡ ůŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ 

ˊɑŮůɖɠ. 

 

 

Duct Component: 

ɈˊɞɚɞɔɑɕŮɘ ɔɘŬ ŭɘɎűɞɟŬ 

ɛɞɜŰɏɚŬ ŬˊɤɚŮɘɩɜ ˊɑŮůɖɠ 

əŬɘ ɛŮŰɎŭɞůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ, Űɘɠ ůɡɜɗɐəŮɠ 

ůŰɖɜ ɏɝɞŭɞ Ůɜɧɠ 

Ŭɔɤɔɞɨ/ŭɘŬɢɨŰɖ. 

ɄŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ɛɑŬ 

ŬˊɞɛɎůŰŮɡůɖ. 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ůɡɜɘůŰɩůŬ 

ŰɞˊɞɗŮŰɐɗɖəŮ ɛŮŰɎ Űɞɜ 

ůɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ əŬɘ ɖ 

ŬˊɞɛɎůŰŮɡůɖ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ 

ůŰɟɧɓɘɚɞ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

ˊŬɟɏɢɞɜŰŬɠ ŬɏɟŬ ɔɘŬ Űɖɜ ɣɨɝɖ 

Űɤɜ ˊŰŮɟɡɔɑɤɜ. 



2.6  ȾȺūȷȿȷȽɃ 2 

 

 

Compressor Component: 

ɈˊɞɚɞɔɑɕŮɘ ŰŬ ɛŮɔɏɗɖ 

ůŰɖɜ ɏɝɞŭɞ Űɞɡ 

ůɡɛˊɘŮůŰɐ əŬɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨ ůŰɖɜ 

ɎŰɟŬəŰɞ. ɉɟɖůɘɛɞˊɞɘŮɑ 

ɢɎɟŰɖ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ 

ɔɟŬɛɛɏɠ-ɓ (BETA 

parameter) əŬɘ ŭɘŬɗɏŰŮɘ 

2 ŬˊɞɛŬůŰŮɨůŮɘɠ.  

 

Ƀɘ ŬˊɞɛŬůŰŮɨůŮɘɠ ŭɑɜɞɜŰŬɘ ɤɠ 

ˊɞůɞůŰɧ Űɖɠ ɟɞɐɠ Ůɘůɧŭɞɡ əŬɘ 

ˊɟɞůɞɛɞɘɩɜɞɡɜ Űɞ ɛɏɟɞɠ ŬɏɟŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŬɜɎɔəŮɠ 

əŬɛˊɑɜŬɠ əŬɘ ɔɘŬ ůŰŮɔɎɜɤůɖ Űɞɡ 

ůŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ.  

 

 

Burner Component: 

ɈˊɞɚɞɔɑɕŮɘ Űɘɠ ůɡɜɗɐəŮɠ 

ůŰɖɜ ɏɝɞŭɞ Űɞɡ ɗŬɚɎɛɞɡ 

əŬɨůɖɠ ɛŮ ɢɟɐůɖ Űɤɜ 

ɗŮɟɛɞŭɡɜŬɛɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡ əŬɡůɑɛɞɡ. 

ȹɘŬɗɏŰŮɘ ŭɘɎűɞɟɞɡɠ 

Űɟɧˊɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ 

Űɞɡ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ 

əŬɨůɖɠ əŬɗɩɠ əŬɘ Űɤɜ 

ŬˊɤɚŮɘɩɜ ˊɑŮůɖɠ.  

 

ɆŰɞ ɛɞɜŰɏɚɞ, ɞɘ ŬˊɩɚŮɘŮɠ ˊɑŮůɖɠ 

əŬɘ ɞ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ əŬɨůɖɠ 

ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ ŮɘůɎɔɞɜŰŬɘ 

Ŭˊɧ Űɞ ɢɟɐůŰɖ. ɆŰɖ ɚŮɘŰɞɡɟɔɑŬ 

ŮəŰɧɠ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ŰŬ 

ɛŮɔɏɗɖ ŬɡŰɎ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɛŮ 

ɓɎůɖ Űɖɜ ˊŬɟɞɢɐ Ůɘůɧŭɞɡ ůŰɞ 

ɗɎɚŬɛɞ əŬɨůɖɠ.  

 

 

Turbine High & Low 

Pressure Component: 

ɈˊɞɚɞɔɑɕŮɘ ŰŬ ɛŮɔɏɗɖ 

ůŰɖɜ ɏɝɞŭɞ Űɞɡ 

ůŰɟɞɓɑɚɞɡ əŬɘ Űɖɜ ɘůɢɨ 

ˊɞɡ ˊŬɟɎɔŮŰŬɘ ůŰɖɜ 

ɎŰɟŬəŰɞ. ɉɟɖůɘɛɞˊɞɘŮɑ 

ɢɎɟŰɖ ɛŮ ɔɟŬɛɛɏɠ-ɓ 

(ZETA parameter).  

 

ɆŰɞ ˊŬɟɧɜ ɛɞɜŰɏɚɞ ɖ ɑŭɘŬ 

ůɡɜɘůŰɩůŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɔɘŬ 

Űɞɡɠ ŭɨɞ ůŰɟɞɓɑɚɞɡɠ. ȹɘŬɗɏŰŮɘ ɛɑŬ 

Ůɑůɞŭɞ ŬˊɞɛɎůŰŮɡůɖɠ ˊɞɡ ůŰɞɜ 

ɡɣɖɚɐɠ ˊɑŮůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ɣɨɝɖ ˊŰŮɟɡɔɑɤɜ Ůɜɩ ůŰɞɜ ɢŬɛɖɚɐɠ 

ˊɑŮůɖɠ ɔɘŬ ůŰŮɔɎɜɤůɖ 

 

 

Nozzle Component: 

Ɉ́ ɞɚɞɔɑɕŮɘ Űɖɜ 

ˊŬɟŬɔɧɛŮɜɖ ɩůɖ Ŭˊɧ ŰŬ 

ɟŮɨɛŬŰŬ ˊɞɡ 

ŮəŰɞɜɩɜɞɜŰŬɘ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ.  

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ 

ɔɘŬ Űɞ əɡɟɑɤɠ ɟŮɨɛŬ 

ŬɏɟŬ ŬɚɚɎ əŬɘ ɔɘŬ Űɞ 

ŭŮɡŰŮɟŮɨɞɜ. 

ɆŰɞ ˊŬɟɧɜ ɛɞɜŰɏɚɞ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ɩůɖɠ Cx ŭɖɚɩɜŮŰŬɘ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ Ůɜɩ ɞ ůɡɜŰŮɚŮůŰɐɠ 

Ůəɓɞɚɐɠ Cd ŮˊɘɚɏɢɗɖəŮ ɜŬ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ ˊɑɜŬəŬ ˊɞɡ Űɞɜ 

ůɡůɢŮŰɑɕŮɘ ɛŮ Űɞɜ ɚɧɔɞ ˊɑŮůɖɠ Űɞɡ 

Ŭəɟɞűɡůɑɞɡ.  

 



 ɄŮɟɘɔɟŬűɐ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ Proosis 2.7 

 

 

Shaft Component: 

ɈˊɞɚɞɔɑɕŮɘ Űɖɜ ɟɞˊɐ Űɖɠ 

ŬŰɟɎəŰɞɡ ɔɘŬ ŭŮŭɞɛɏɜɖ 

ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ 

ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɡɢɧɜ 

ɛŮŰŬɓɞɚɏɠ ɘůɢɨɞɠ Ŭˊɧ 

ůɡɛˊɘŮůŰɏɠ əŬɘ 

ůŰɟɞɓɑɚɞɡɠ  

 

ɆŰɞ ˊŬɟɧɜ ɛɞɜŰɏɚɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŭɨɞ ŬŰɟɎəŰɤɜ, 

ɡɣɖɚɩɜ əŬɘ ɢŬɛɖɚɩɜ ůŰɟɞűɩɜ. Ƀ 

ɛɖɢŬɜɘəɧɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ 

ůŰŬɗŮɟɧɠ əŬɘ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɞ 

ɢɟɐůŰɖ. 

 

 ȳɚŮɠ ɞɘ ůɡɜɘůŰɩůŮɠ ůɡɛˊɘŮůŰɩɜ əŬɘ ůŰɟɞɓɑɚɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɢɎɟŰŮɠ 

ɚɧɔɞɡ ˊɑŮůɖɠ-ˊŬɟɞɢɐɠ. Ƀɘ ɢɎɟŰŮɠ ŬɜŮɛɘůŰɐɟŬ, ůɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ əŬɘ 

ůŰɟɞɓɑɚɤɜ ŬˊɞɗɖəŮɨŰɖəŬɜ ůŰɞɜ ɡˊɞűɎəŮɚɞ ómapsô Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ. Ƀ ɢɟɐůŰɖɠ 

ůŮ ˊŮɟɑˊŰɤůɖ ŬɚɚŬɔɐɠ Űɤɜ ɢŬɟŰɩɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞůɗɏůŮɘ ůŰɞ ɡˊɞűɎəŮɚɞ ŬɡŰɧ 

ɧɚɞɡɠ Űɞɡɠ ŭɘŬɗɏůɘɛɞɡɠ ɢɎɟŰŮɠ ˊɞɡ ɏɢŮɘ.  

 ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ɞɘ ůɡɛˊɘŮůŰɏɠ əŬɘ ɞɘ ůŰɟɧɓɘɚɞɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɜŰɑůŰɞɘɢŬ ɢɎɟŰŮɠ ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ BETA & ZETA ˊɞɡ 

ŮəűɟɎɕɞɡɜ ɘŭŮŬŰɏɠ ɔɟŬɛɛɏɠ ˊɎɜɤ ůŰɞɡɠ ɢɎɟŰŮɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ŭɘɧŰɘ ŭɘŮɡəɞɚɨɜɞɡɜ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ.  

 ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞɡɠ ůɡɛˊɘŮůŰɏɠ ɞɘ ɔɟŬɛɛɏɠ-ɓ ɏɢɞɡɜ ɛɞɜŬŭɘəɧ ůɖɛŮɑɞ 

Űɞɛɐɠ ɛŮ əɎɗŮ ɘůɞŰŬɢɐ. Ⱥˊɞɛɏɜɤɠ, ɔɜɤɟɑɕɞɜŰŬɠ Űɖ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Űɖɜ 

Űɘɛɐ Űɖɠ ɔɟŬɛɛɐɠ ïɓ ɞɟɑɕŮŰŬɘ ɛɞɜŬŭɘəɧ ůɖɛŮɑɞ ůŰɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɖɠ ůɡɜɘůŰɩůŬɠ. ȼ ŭɘŬɛɧɟűɤůɖ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ əŬŰɎ 

Űɖɜ ŬɟɘɗɛɖŰɘəɐ Ůˊɑɚɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŮɘŭɘəɎ ůŮ ůɖɛŮɑŬ ɚŮɘŰɞɡɟɔɑŬɠ ɧˊɞɡ ɖ 

ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɞɡ ůɡɛˊɘŮůŰɐ ŮɑɜŬɘ ůɢŮŭɧɜ əŬŰŬəɧɟɡűɖ. ɆŰɞɡɠ ůŰɟɞɓɑɚɞɡɠ 

ŮˊŮɘŭɐ ɡˊɎɟɢŮɘ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ ůŰɟŬɔɔŬɚɘůɛɞɨ ɞɘ ɔɟŬɛɛɏɠ-ɕ ŮɑɜŬɘ ůɡůɢɏŰɘůɖ 

ɚɧɔɞɡ ́ ɑŮůɖɠ əŬɘ Ŭɜɞɘɔɛɏɜɤɜ ůŰɟɞűɩɜ. 

 ȼ ˊŬɟɎɛŮŰɟɞɠ BETA ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ ˊɤɠ ŭŮɜ ɏɢŮɘ əŬɛɑŬ űɡůɘəɐ 

ůɖɛŬůɑŬ əŬɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ŮˊŬəɟɘɓɩɠ. ȼ ˊŬɟɎɛŮŰɟɞɠ ȻȺɇȷ ůŰɞɡɠ 

ůŰɟɞɓɑɚɞɡɠ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

 

2.1 

 

 ɆŰɞ ȹɘɎɔɟŬɛɛŬ  2.2 əŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ  2.3 űŬɑɜɞɜŰŬɘ ɞɘ ɢɎɟŰŮɠ Ůɜɧɠ 

ůɡɛˊɘŮůŰɐ əŬɘ ůŰɟɞɓɑɚɞɡ ɛŮ ɔɟŬɛɛɏɠ-ɓ əŬɘ ɕ ŬɜŰɑůŰɞɘɢŬ. 

 

 



2.8  ȾȺūȷȿȷȽɃ 2 

 

 

ȹɘɎɔɟŬɛɛŬ  2.2: ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɛŮ ũɟŬɛɛɏɠ-ɓ [2] 

 

 

ȹɘɎɔɟŬɛɛŬ  2.3: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɛŮ ũɟŬɛɛɏɠ-ɕ [2] 

 

 

2.2 ɈˊɎɟɢɞɜ ȿɞɔɘůɛɘəɧ ɄɟɞůŬɟɛɞɔɐɠ ɀɞɜŰɏɚɤɜ ȾɘɜɖŰɐɟɤɜ 

 

 ɆŰŬ ˊɚŬɑůɘŬ ˊɟɞɖɔɞɨɛŮɜɤɜ ŭɘˊɚɤɛŬŰɘəɩɜ ŮɟɔŬůɘɩɜ [10] ŬɜŬˊŰɨɢɗɖəŮ 

ůŰɞ ŮɟɔŬůŰɐɟɘɞ əɩŭɘəŬɠ ˊɟɞůŬɟɛɞɔɐɠ ɛɞɜŰɏɚɤɜ ůŮ ŭŮŭɞɛɏɜŬ ɚŮɘŰɞɡɟɔɑŬɠ.  

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ůɡɜɘůŰɩůŮɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.1.1 ŮɑɢŮ 

ɔɑɜŮɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ůɢɖɛŬŰɘəɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ əŬɘ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ 

əɘɜɖŰɐɟɤɜ ŭɨɞ ŰɡɛˊɎɜɤɜ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.3. 

 



 ɈˊɎɟɢɞɜ ȿɞɔɘůɛɘəɧ ɄɟɞůŬɟɛɞɔɐɠ ɀɞɜŰɏɚɤɜ ȾɘɜɖŰɐɟɤɜ 2.9 

 

 

ȺɘəɧɜŬ 2.3:  ɆɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ əɘɜɖŰɐɟŬ ŭɘˊɚɞɨ ŰɡɛˊɎɜɞɡ 

 

 Ƀ əɩŭɘəŬɠ ŭɘŬɓɎɕŮɘ ɏɜŬ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɛŮ ɧɚŮɠ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɢɤɟɑɠ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ɖ ŮɘůŬɔɤɔɐ Ɏɚɚɤɜ ɛŮŰŬɓɚɖŰɩɜ ůŰɞ ůɢɖɛŬŰɘəɧ 

ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡɜɘůŰɤůɩɜ. ȷɟɢɘəɞˊɞɘɞɨɜŰŬɘ ŭŮŭɞɛɏɜŬ əŬɘ 

ɞɟɘŬəɏɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɏɝŮɘ ɜŬ ɔɑɜɞɡɜ ɛɑŬ ɐ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ əŬɘ ɜŬ ŬˊɞɗɖəŮɨůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ŬɟɢŮɑŬ 

Ůɝɧŭɞɡ. Ⱥˊɘˊɚɏɞɜ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ əɩŭɘəŬ 

ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ əɘɜɖŰɐɟɤɜ ˊŬɟɧɛɞɘŬɠ ŭɘɎŰŬɝɖɠ ŮˊɘŭɟɩɜŰŬɠ ɛɧɜɞ 

ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ əɎɜɞɜŰŬɠ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɘɞ Ůɨəɞɚɖ əŬɘ ɛŮɘɩɜɞɜŰŬɠ ŰŬ 

ˊɘɗŬɜɎ ůűɎɚɛŬŰŬ. 

 Ƀ əɩŭɘəŬɠ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮəŰŮɚŮɑ Űɘɠ Ůɝɐɠ ɚŮɘŰɞɡɟɔɑŮɠ ůŰŬ 

ˊɚŬɑůɘŬ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ: 

1. ȷɜɎɚɡůɖ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ  

2. ȷɜɎɚɡůɖ ůɖɛŮɑɤɜ ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ  

3. ɇɟɞˊɞˊɞɑɖůɖ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ɗɏůɖ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ůŰɞɡɠ ɢɎɟŰŮɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ ɓɎůɖ Űɘɠ ŮˊɘŭɧůŮɘɠ ůŮ ůɖɛŮɑŬ ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ 

ůɢŮŭɑŬůɖɠ  

4. Ɉˊɞɚɞɔɘůɛɧɠ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ɛŮ 

ˊɟɞůŬɟɛɞɔɐ ɢŬɟŰɩɜ (əŬɗɞɚɘəɐ əŬɘ Űɞˊɘəɐ)  

5. Ʉɟɞůɞɛɞɑɤůɖ ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ  

6. ɀŮɚɏŰɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ ůŮ ɧɚɞ Űɞ űɎəŮɚɞ ˊŰɐůɖɠ Űɞɡ 

əɘɜɖŰɐɟŬ  

 

 Ʉɟɘɜ ŬɟɢɑůŮɘ ɞˊɞɘŬŭɐˊɞŰŮ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɩŭɘəŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɞ 

ŭɘɎɓŬůɛŬ Ůɜɧɠ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŬɟɢŮɑɞ əŮɘɛɏɜɞɡ Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ŮˊŮɝŮɟɔɎůɘɛɞ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ: 

 

 



2.10  ȾȺūȷȿȷȽɃ 2 

 

¶ ɀŮŰŬɓɚɖŰɐ Ůɚɏɔɢɞɡ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

¶ ȽŭɘɧŰɖŰŮɠ Űɤɜ ůɡɜɘůŰɤůɩɜ (ůŰɞɘɢŮɑŬ ůɡɜɘůŰɤůɩɜ ɧˊɤɠ ŬˊɩɚŮɘŮɠ 

ˊɑŮůɖɠ, ɘůŮɜŰɟɞˊɘəɞɨɠ ɐ ˊɞɚɡŰɟɞˊɘəɞɨɠ ɓŬɗɛɞɨɠ Ŭˊɧŭɞůɖɠ, ɚɧɔɞɡɠ 

ˊɑŮůɖɠ, ˊŬɟɞɢɏɠ ŬˊɞɛŬůŰŮɨůŮɤɜ, ɓŬɗɛɞɨɠ Ŭˊɧŭɞůɖɠ ɗŬɚɎɛɞɡ 

əŬɨůɖɠ əŬɘ Ŭɝɧɜɤɜ, Ŭɟɘɗɛɞɨɠ ɓ əŬɘ ɕ Űɤɜ ɢŬɟŰɩɜ ɚŮɘŰɞɡɟɔɑŬɠ)  

¶ ȹŮŭɞɛɏɜŬ ɔɘŬ əɎɗŮ ŭɘŬɗɏůɘɛɞ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ (ůɡɜɗɐəŮɠ 

ˊŰɐůɖɠ, ɚɧɔɞ ˊŬɟɎəŬɛɣɖɠ, ɞɚɘəɧ ɚɧɔɞ ˊɑŮůɖɠ, ŰŬɢɨŰɖŰŮɠ 

ˊŮɟɘůŰɟɞűɐɠ, ˊŬɟɞɢɐ ŬɏɟŬ, ɩůɖ, ˊŬɟɞɢɐ əŬɡůɑɛɞɡ əŰɚ) 

 

 ȷəɞɚɞɡɗŮɑ ůɡɜɞˊŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ɛˊɞɟŮɑ 

ɜŬ ŮəŰŮɚɏůŮɘ ɞ əɩŭɘəŬɠ. 

2.2.1 ȷɜɎɚɡůɖ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ 

 

 ȼ ŬɜɎɚɡůɖ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ ŬˊŬɘŰŮɑ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ˊŬɟŬəɎŰɤ 

ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ: 

¶ ɆɡɜɗɐəŮɠ ˊŰɐůɖɠ 

¶ ɆŰɟɞűɏɠ ŬŰɟɎəŰɤɜ (ɢŬɛɖɚɐɠ əŬɘ ɡɣɖɚɐɠ ˊɑŮůɖɠ) 

¶ Ƀɚɘəɧ ɚɧɔɞ ˊɑŮůɖɠ əŬɘ ɚɧɔɞ ˊŬɟɎəŬɛɣɖɠ 

¶ Ƀ ɚɧɔɞɠ ˊɑŮůɖɠ Űɞɡ ŬɜŮɛɘůŰɐɟŬ ůŰɞ ɟŮɨɛŬ ˊɡɟɐɜŬ əŬɘ ˊŬɟɎəŬɛɣɖɠ 

¶ ɄŬɟɞɢɐ əŬɡůɑɛɞɡ 

¶ ȵůɖ əɘɜɖŰɐɟŬ 

¶ Ƀɘ ɘůŮɜŰɟɞˊɘəɞɑ ɐ ˊɞɚɡŰɟɞˊɘəɞɑ ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ Űɞɡ ŬɜŮɛɘůŰɐɟŬ, Űɤɜ 

ůɡɛˊɘŮůŰɩɜ əŬɘ Űɤɜ ůŰɟɞɓɑɚɤɜ 

¶ ȷˊɞɛɎůŰŮɡůɖ ɘůɢɨɞɠ Ŭˊɧ Űɞɜ ůŰɟɧɓɘɚɞ ɡɣɖɚɐɠ ˊɑŮůɖɠ ɔɘŬ ŬɜɎɔəŮɠ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ 

¶ ɇŬ ˊɞůɞůŰɎ əŬɘ ɞɘ ɗɏůŮɘɠ ŬˊɞɛɎůŰŮɡůɖɠ Űɞɡ ůɡɛˊɘŮůŰɐ  

¶ Ƀɘ ŬˊɩɚŮɘŮɠ ɞɚɘəɐɠ ˊɑŮůɖɠ ůŮ ɧɚɞɡɠ Űɞɡɠ Ŭɔɤɔɞɨɠ 

¶ ȼ ɗɏůɖ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ůŰɞɜ ɢɎɟŰɖ, ŭɖɚŬŭɐ ɞɘ ɛŮŰŬɓɚɖŰɏɠ 

NcRdesMap əŬɘ BETA ï ZETA ɔɘŬ ŬɜŮɛɘůŰɐɟŬ, ůɡɛˊɘŮůŰɐ əŬɘ 

ůŰɟɞɓɑɚɞɡɠ ŬɜŰɑůŰɞɘɢŬ 

¶ Ƀ ɛɖɢŬɜɘəɧɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɝɧɜɤɜ- ŬŰɟɎəŰɤɜ 

¶ Ƀ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ əŬɘ ɖ ŬˊɩɚŮɘŬ ˊɑŮůɖɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ 

 

ȾŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ Ůˊɑɚɡůɖ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ŬɟɢŮɑɞ DPFile ɛŮ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

əɨəɚɞɡ ɔɘŬ Űɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ. ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ɚɞɔɘůɛɘəɧ Űɞ ŮˊɘɚŮɔɛɏɜɞ 

ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ ŮɑɜŬɘ Űɞ 100% Take Off SLS (əŬŰɎ ICAO). 

 

 



 ɈˊɎɟɢɞɜ ȿɞɔɘůɛɘəɧ ɄɟɞůŬɟɛɞɔɐɠ ɀɞɜŰɏɚɤɜ ȾɘɜɖŰɐɟɤɜ 2.11 

 

2.2.2 ȷɜɎɚɡůɖ ůɖɛŮɑɤɜ ŮəŰɧɠ ůɢŮŭɑŬůɖɠ 

 

 ȷɟɢɘəɎ ŮɘůɎɔɞɜŰŬɘ  ůŰɞ əɩŭɘəŬ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ˊɞɡ 

ŬˊɞɗɖəŮɨŰɖəŬɜ Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ Ŭˊɧ Űɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ŭɘŬɓɎɕɞɜŰŬɘ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

Ŭűɞɟɞɨɜ Űɘɠ ŮˊɘŭɧůŮɘɠ ůŰŬ ůɖɛŮɑŬ ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ. Ƀ ɢɟɐůŰɖɠ ɔɘŬ 

əɎɗŮ ůɖɛŮɑɞ ˊɞɡ ɗɏɚŮɘ ɜŬ ŬɜŬɚɨůŮɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɘůɎɔŮɘ ŰɞɡɚɎɢɘůŰɞɜ Űɘɠ 

ůɡɜɗɐəŮɠ ˊŰɐůɖɠ əŬɘ Űɖɜ ɩůɖ, Ůɜɩ ˊŮɟŬɘŰɏɟɤ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ ůɖɛŮɑŬ ŬɡŰɎ 

ɧˊɤɠ ɖ ˊŬɟɞɢɐ əŬɡůɑɛɞɡ,  ɖ ˊŬɟɞɢɐ ŬɏɟŬ, ɞɘ ůŰɟɞűɏɠ Űɤɜ ŬŰɟɎəŰɤɜ əŬɘ ɞɘ ɚɧɔɞɘ 

ˊɑŮůɖɠ  ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɞəɚɑůŮɤɜ əŬɘ 

Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ. ɇŮɚɘəɎ ɔɑɜŮŰŬɘ Ůˊɑɚɡůɖ Űɤɜ ůɖɛŮɑɤɜ ŮəŰɧɠ 

ůɢŮŭɑŬůɖɠ əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŬˊɞəɚɑůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŭɞůɛɏɜŮɠ Űɘɛɏɠ 

əŬɡůɑɛɞɡ əɎɗŮ ůɖɛŮɑɞɡ. 

2.2.3 ɇɟɞˊɞˊɞɑɖůɖ Űɞɡ ɆɖɛŮɑɞɡ ɆɢŮŭɑŬůɖɠ  

 

 Ƀɘ ŬˊɞəɚɑůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɡˊɞɚɞɔɘůɛɏɜɤɜ Űɘɛɩɜ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ Űɤɜ 

ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮɘɤɗɞɨɜ ɛŮ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ 

Űɞɡ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ. ɀŮ ŬɡŰɐ Űɖɜ ŭɘŬŭɘəŬůɑŬ  ŮˊɘɚɏɔŮŰŬɘ ɜŬ ŭɘŬűɞɟɞˊɞɘɖɗɞɨɜ 

əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ ŮˊɘŭɧůŮɘɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ (ŬˊɩɚŮɘŮɠ 

ˊɑŮůɖɠ, ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ, ˊŬɟɎɛŮŰɟɞɘ ɗɏůɖɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ) ɛɏɢɟɘ ɜŬ 

ɛŮɘɤɗɞɨɜ ɞɘ ɡˊɞɚɞɔɘɕɧɛŮɜŮɠ ŬˊɞəɚɑůŮɘɠ Ŭˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ɚŮɘŰɞɡɟɔɑŬɠ 

ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ. Ƀɘ ́ŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛŮŰŬɓɎɚɚɞɜŰŬɘ əŬŰɎ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮˊɘɚɏɔɞɜŰŬɘ ɛɏůɤ Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ. 

 

2.2.4 Ɉˊɞɚɞɔɘůɛɧɠ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ 

ůɢŮŭɑŬůɖɠ ɛŮ ˊɟɞůŬɟɛɞɔɐ ɢŬɟŰɩɜ (əŬɗɞɚɘəɐ əŬɘ Űɞˊɘəɐ)  

 

 ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ ɢɟɐůŰɖ ɜŬ ŮɝŮŰɎůŮɘ ˊɧůɞ 

ˊɟɏˊŮɘ ɜŬ ɛŮŰŬɓɚɖɗɞɨɜ ɞɘ ɢɎɟŰŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ɏŰůɘ ɩůŰŮ ɜŬ ŮˊŬɚɖɗŮɨɞɜŰŬɘ ɞɘ 

ŮˊɘŭɧůŮɘɠ ůŰŬ ŮˊɘɗɡɛɖŰɎ ůɖɛŮɑŬ ɚŮɘŰɞɡɟɔɑŬɠ. ũɑɜŮŰŬɘ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ Űɤɜ 

ŮˊɘɗɡɛɖŰɩɜ ůɡɜŰŮɚŮůŰɩɜ ˊɟɞůŬɟɛɞɔɐɠ Űɤɜ ɢŬɟŰɩɜ, ɞɘ ɞˊɞɑɞɘ əŬɗɞɟɑɕɞɜŰŬɘ ɛɏůɤ 

Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ.  Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŬɡŰɞɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬɠ 2.1. 

 

 

 

 



2.12  ȾȺūȷȿȷȽɃ 2 

 

ɀŮŰŬɓɚɖŰɐ ɄŮɟɘɔɟŬűɐ ɆɡɜɘůŰɩůŬ 

Fan_s_adaptWc_pri_in ɄŬɟɞɢɐɠ  ȷɜŮɛɘůŰɐɟŬ ɅŮɨɛŬ 

ɄɡɟɐɜŬ Fan_s_adaptEff_pri_in IůŮɜŰɟɞˊɘəɞɨ ɓ.Ŭ. 

Fan_s_adaptWc_sec_in ɄŬɟɞɢɐɠ  ȷɜŮɛɘůŰɐɟŬ ɅŮɨɛŬ 

ɄŬɟɎəŬɛɣɖɠ Fan_s_adaptEff_sec_in IůŮɜŰɟɞˊɘəɞɨ ɓ.Ŭ. 

CmpH.s_adaptWc_in ɄŬɟɞɢɐɠ  ɆɡɛˊɘŮůŰɐɈɣɖɚɐɠ 

ɄɑŮůɖɠ CmpH.s_adaptEff_in IůŮɜŰɟɞˊɘəɞɨ ɓ.Ŭ. 

CmpL.s_adaptWc_in ɄŬɟɞɢɐɠ  ɆɡɛˊɘŮůŰɐɉŬɛɖɚɐɠ 

ɄɑŮůɖɠ CmpL.s_adaptEff_in IůŮɜŰɟɞˊɘəɞɨ ɓ.Ŭ. 

TrbH.s_adaptWc _in ɄŬɟɞɢɐɠ  ɆŰɟɞɓɑɚɞɡɈɣɖɚɐɠ 

ɄɑŮůɖɠ TrbH.s_adaptEff _in IůŮɜŰɟɞˊɘəɞɨ ɓ.Ŭ. 

TrbL.s_ adaptWc _in ɄŬɟɞɢɐɠ  ɆŰɟɞɓɑɚɞɡ ɉŬɛɖɚɐɠ 

ɄɑŮůɖɠ TrbL.s_adaptEff _in IůŮɜŰɟɞˊɘəɞɨ ɓ.Ŭ. 

ɄɑɜŬəŬɠ 2.1: ɆɡɜŰŮɚŮůŰɏɠ ˊɟɞůŬɟɛɞɔɐɠ 

 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ əŬɗɞɚɘəɐɠ ˊɟɞůŬɟɛɞɔɐɠ ɔɑɜŮŰŬɘ ɢɟɐůɖ ɧɚɤɜ Űɤɜ 

ŭɘŬɗɏůɘɛɤɜ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ, Ůɜɩ ˊŮɟɑˊŰɤůɖ Űɖɠ Űɞˊɘəɐɠ ɔɑɜŮŰŬɘ ɔɘŬ əɎɗŮ 

ɏɜŬ ɝŮɢɤɟɘůŰɎ. ɆɡɜŮˊɩɠ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ əŬɗɞɚɘəɐɠ ˊɟɞůŬɟɛɞɔɐɠ ɔɑɜŮŰŬɘ ɛɑŬ 

ůɡɜɞɚɘəɐ ɛŮŰŬəɑɜɖůɖ Űɤɜ ɢŬɟŰɩɜ ɚŮɘŰɞɡɟɔɑŬɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ 

Űɞˊɘəɐɠ ˊɟɞůŬɟɛɞɔɐɠ ɧˊɞɡ  əɎɗŮ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɤɜ ɢŬɟŰɩɜ ɛŮŰŬəɘɜŮɑŰŬɘ 

ɝŮɢɤɟɘůŰɎ, ˊɟɞůɏɢɞɜŰŬɠ ˊɎɜŰŬ ɜŬ ɛɖɜ ˊɟɞəɨɣŮɘ ɏɜŬɠ ɛɖ űɡůɘəɧɠ ɢɎɟŰɖɠ. ȼ 

Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ ɔɑɜŮŰŬɘ ŮɝɤŰŮɟɘəɎ Ŭˊɧ Űɞ PROOSIS 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬŰɎɚɚɖɚɞ ŬɟɢŮɑɞ excel ůŰɞ ɞˊɞɑɞ ˊŮɟɜɩɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɖɠ Űɞˊɘəɐɠ ˊɟɞůŬɟɛɞɔɐɠ ˊŬɟɎɔɞɜŰŬɘ ɞɘ ɜɏɞɘ Űɟɞˊɞˊɞɘɖɛɏɜɞɘ ɢɎɟŰŮɠ.  

 

2.2.5 Ʉɟɞůɞɛɞɑɤůɖ ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ  

 

 ɆŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ ŬəɞɚɞɡɗŮɑŰŬɘ ɑŭɘŬ 

ɛŮɗɞŭɞɚɞɔɑŬ ɛŮ ŬɡŰɐɜ Űɖɠ ŬɜɎɚɡůɖɠ ŮəŰɧɠ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ɛŮ Űɖɜ 

ŭɘŬűɞɟɎ ɧŰɘ ŰŬ ɡˊɞɚɞɔɘɕɧɛŮɜŬ  ůɖɛŮɑŬ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ůɡɜɗɐəŮɠ ˊŰɐůɖɠ Űɞɡ 

ůɖɛŮɑɞɡ 100% Take Off (əŬŰɎ ICAO) əŬɘ ɩůɖ Ŭˊɧ Űɞ 100% ɛɏɢɟɘ əŬɘ Űɞ 7%. 

 

2.2.6 ɀŮɚɏŰɖ ȿŮɘŰɞɡɟɔɑŬɠ ůŮ ɧɚɞ Űɞ űɎəŮɚɞ ˊŰɐůɖɠ 

 

  ȼ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ɧɚɞ Űɞɜ űɎəŮɚɞ ˊŰɐůɖɠ Űɞɡ əɘɜɖŰɐɟŬ ɞ 

ɞˊɞɑɞɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ ůɖɛŮɑŬ ůŮ: 

 



 ɇɟɞˊɞˊɞɘɐůŮɘɠ ȿɞɔɘůɛɘəɞɨ 2.13 

 

¶ ȹɘŬűɞɟŮŰɘəɎ ɡɣɧɛŮŰɟŬ 

¶ ȹɘŬűɞɟŮŰɘəɞɨɠ Ŭɟɘɗɛɞɨɠ Mach 

¶ ȹɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ ɛŬɜɏŰŬɠ (ŭɘŬűɞɟŮŰɘəɐ ɩůɖ FN) 

 

2.3 ɇɟɞˊɞ́ɞɘɐůŮɘɠ ȿɞɔɘůɛɘəɞɨ 

 

 ȾŬɗɩɠ ɖ ŭɘɎŰŬɝɖ Űɤɜ ɜɏɤɜ əɘɜɖŰɐɟɤɜ ŬɚɚɎɕŮɘ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ ˊɚɏɞɜ ɛŮ 

əɎ́ɞɘɞɡɠ Ŭ́ɧ ŬɡŰɞɨɠ ɜŬ Ů́ɟɘɚŬɛɓɎɜɞɡɜ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ 

ŬɜɎɔəɖ Űɟɞˊɞˊɞɑɖůɖɠ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɚɞɔɘůɛɘəɞɨ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ əɩŭɘəŬ 

ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɏŰɖ ɔɑɜɞɜŰŬɘ ɞɘ Ůɝɐɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ɩůŰŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮŰɏˊŮɘŰŬ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ɛɞɜŰɏɚɤɜ: 

 

1. ȺɘůŬɔɤɔɐ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ 

2. ȺɘůŬɔɤɔɐ ɚɧɔɞɡ ŰŬɢɡŰɐŰɤɜ Ůɝɧŭɞɡ V18ideal/V8ideal ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ 

ůɖɛŮɑɤɜ ɧˊɞɡ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ ˊŬɟɞɢɐ əŬɡůɑɛɞɡ (Top Of Climb) 

3. ɆɡɜŭɡŬůɛɧɠ ́ ɞɚɡŰɟɞˊɘəɩɜ əŬɘ ɘůŮɜŰɟɞˊɘəɩɜ ɓŬɗɛɩɜ Ŭˊɧŭɞůɖɠ. 

4. ɉɟɐůɖ ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ɎɔɜɤůŰɤɜ ˊŬɟŬɛɏŰɟɤɜ. 

 

 Ⱥˊɘ́ɟɞůɗɏŰɤɠ ɏɔɘɜŮ ŬɚɚŬɔɐ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ Ŭˊɧ Űɞ 100% Take 

Off SLS ůŰɞ ůɖɛŮɑɞ Top Of Climb əɎŰɘ ˊɞɡ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɟɞˊɞˊɞɑɖůɖ ůŰɞ 

ɚɞɔɘůɛɘəɧ əŬɗɩɠ ɖ ˊɟɞůɗɐəɖ Űɞɡ ɚɧɔɞɡ V18ideal/V8ideal ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ůɖɛŮɑɞɡ ŬɡŰɞɨ. 

 

2.3.1 ȺɘůŬɔɤɔɐ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ 

 

 ɆŰɞ ɡˊɎɟɢɞɜ ůɢɖɛŬŰɘəɧ Űɞɡ əɘɜɖŰɐɟŬ Ůɘůɐɢɗɖ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ɛŮŰŬɝɨ 

Űɞɡ ůɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ əŬɘ Űɞɡ ŬɜŮɛɘůŰɐɟŬ (fan) əŬɘ Űɞ ɜɏɞ ůɢɖɛŬŰɘəɧ 

ŭɘɎɔɟŬɛɛŬ Űɞɡ əɘɜɖŰɐɟŬ ŭɑŭŮŰŬɘ ˊŬɟŬəɎŰɤ:  

 

 

ȺɘəɧɜŬ 2.4: ɁɏŬ ůɢɖɛŬŰɘəɐ ŭɘɎŰŬɝɖ əɘɜɖŰɐɟŬ 
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 ȼ ŮɘůŬɔɤɔɐ Űɞɡ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ ŭŮɜ ŮˊɖɟɏŬůŮ Űɞɜ Űɟɧˊɞ Ůˊɑɚɡůɖɠ 

Űɞɡ ɛɞɜŰɏɚɞɡ, ɏɔɘɜŮ ɤůŰɧůɞ ŮɘůŬɔɤɔɐ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ Űɞɡ ɚɧɔɞɡ ɛŮŰɎŭɞůɖɠ 

əŬɘ Űɞɡ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ Űɞɡ əɘɓɤŰɑɞɡ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ əɘɜɖŰɐɟŬɠ ŭŮɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ɞɟɑɕŮŰŬɘ ɞ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ əŬɘ ɞ ɚɧɔɞɠ 

ɛŮŰɎŭɞůɖɠ Űɞɡ ɑůɞɠ ɛŮ ɛɞɜɎŭŬ. ɇɞ ɜɏɞ ůɢɖɛŬŰɘəɧ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŮˊɘɚɨůŮɘ əɘɜɖŰɐɟŮɠ ɛŮ əŬɘ ɢɤɟɑɠ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ, ůɡɜŮˊɩɠ ŬˊɞəŰɎ Ŭəɧɛɖ ˊɘɞ 

ɔŮɜɘəŮɡɛɏɜɞ ɢŬɟŬəŰɐɟŬ ŭɑɜɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ˊŮɟɘůůɧŰŮɟɤɜ 

ŭɘŬŰɎɝŮɤɜ. 

 

2.3.2 ȺɘůŬɔɤɔɐ ɚɧɔɞɡ ŰŬɢɡŰɐŰɤɜ Ůɝɧŭɞɡ V18ideal/V8ideal 

 

 ɀŮŰɏˊŮɘŰŬ ŬəɞɚɞɨɗɖůŮ ɖ ŮɘůŬɔɤɔɐ Űɖɠ Ůɝɑůɤůɖɠ Űɞɡ ɚɧɔɞɡ ŰŬɢɡŰɐŰɤɜ 

Ůɝɧŭɞɡ V18ideal/V8ideal. ȼ Ůɝɑůɤůɖ ŬɡŰɐ ˊɟɞůŰɏɗɖəŮ ɩůŰŮ ɜŬ ɔɑɜŮɘ ŭɘŬűɞɟŮŰɘəɐ 

Ůˊɑɚɡůɖ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɡˊɎɟɢɞɡůŬ ɛŮɗɞŭɞɚɞɔɑŬ əŬɗɩɠ 

ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘɚɏɔŮŰŬɘ Űɞ ůɖɛŮɑɞ Top Of Climb ɧˊɤɠ ɗŬ 

ŬɜŬűŮɟɗŮɑ ŬɟɔɧŰŮɟŬ. ȼ Űɘɛɐ Űɞɡ ɚɧɔɞɡ ɞɟɑɕŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ 

ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ɢɟɖůŰɩɜ əŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ɢɟɐůŰɖɠ ŭŮɜ ŮˊɘɗɡɛŮɑ Űɞɜ 

ɞɟɘůɛɧ Űɞɡ ɖ Űɘɛɐ Űɞɡ ŰɑɗŮŰŬɘ ɑůɖ ɛŮ ɛɖŭɏɜ.   

 ȼ ˊɟɞɖɔɞɨɛŮɜɖ Ůˊɑɚɡůɖ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ɓŬůɘɕɧŰŬɜ ůŮ 

ŮˊŬɜŬɚɖˊŰɘəɐ ɛɏɗɞŭɞ ɧˊɞɡ ɏɢɞɜŰŬɠ ɞɟɑůŮɘ Űɞ əŬɨůɘɛɞ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɚɧɔɞɠ ŬɏɟŬ 

ï əŬɡůɑɛɞɡ ŰɏŰɞɘɞɠ ɩůŰŮ ɜŬ ŮˊŬɚɖɗŮɨŮŰŬɘ ɖ Űɘɛɐ Űɖɠ ɩůɖɠ. ɀŮ Űɖɜ ɢɟɐůɖ Űɞɡ 

ɚɧɔɞɡ ŰŬɢɡŰɐŰɤɜ Ůɝɧŭɞɡ V18ideal/V8ideal ɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŬɚɚɎɕŮɘ əŬɘ ˊɚɏɞɜ 

ŮˊɘɚɨŮŰŬɘ ŮˊŬɜŬɚɖˊŰɘəɎ Űɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ ɡˊɞɚɞɔɑɕɞɜŰŬɠ əŬŰɎɚɚɖɚɞ ɚɧɔɞ 

ŬɏɟŬ əŬɡůɑɛɞɡ ɩůŰŮ ɜŬ ŮˊŬɚɖɗŮɨŮŰŬɘ ɞ ɚɧɔɞɠ ŬɡŰɧɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ Ŭˊɧ Űɖɜ 

ŭɞůɛɏɜɖ Űɘɛɐ Űɖɠ ɩůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ. 

 ȷˊɞŰɏɚŮůɛŬ Űɖɠ ˊɟɞůɗɐəɖɠ ŬɡŰɐɠ ŮɑɜŬɘ ɜŬ ŮˊɘŰɟɏˊŮŰŬɘ ůŰɞɜ ɢɟɐůŰɖ ɖ 

ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ ɢɤɟɑɠ Űɖɜ ɔɜɩůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ɛŮ 

əŬŰɎɚɚɖɚɖ ɡˊɧɗŮůɖ Űɞɡ ɚɧɔɞɡ V18ideal/V8ideal. ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ, ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ Űɞ ůɖɛŮɑɞ Top Of Climb ŭɑɜŮŰŬɘ ɛɘŬ ɘŭŬɜɘəɐ Űɘɛɐ Űɞɡ ɚɧɔɞɡ 

ŬɡŰɞɨ ɑůɖ ɛŮ 0,8. 

 

2.3.3 ɆɡɜŭɡŬůɛɧɠ ˊɞɚɡŰɟɞˊɘəɩɜ əŬɘ ɘůŮɜŰɟɞˊɘəɩɜ ɓŬɗɛɩɜ 

Ŭˊɧŭɞůɖɠ 

 

 ȼ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ əɘɜɖŰɐɟɤɜ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ɔɜɩůɖ Űɤɜ ɓŬɗɛɩɜ 

Ŭˊɧŭɞůɖɠ Űɤɜ ůɡɜɘůŰɤůɩɜ. ɆŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɞɡɠ ůɡɛˊɘŮůŰɏɠ ŭɑɜɞɜŰŬɘ ɞɘ 

ˊɞɚɡŰɟɞˊɘəɞɑ ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ɩůŰŮ ɜŬ ɛ́ɞɟŮɑ ɜŬ ůɡɔəɟɘɗŮɑ Űɞ ŮˊɑˊŮŭɞ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ Űɞɡɠ. ȷɜŰɑɗŮŰŬ, ůŰɞɡɠ ůŰɟɞɓɑɚɞɡɠ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ˊŮɟɘɞɟɘůɛɧɠ Űɞɡ 

ɚɧɔɞɡ ˊɑŮůɖɠ ɚɧɔɤ ŬŮɟɞŭɡɜŬɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ ŭɑɜɞɜŰŬɘ, ŬɟəŮŰɎ ůɡɢɜɎ, ɞɘ 



 ɇɟɞˊɞˊɞɘɐůŮɘɠ ȿɞɔɘůɛɘəɞɨ 2.15 

 

ɘůŮɜŰɟɞˊɘəɞɑ ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ. ɇɞ ɚɞɔɘůɛɘəɧ ŮɑɢŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɡˊɞɚɞɔɘůɛɞɨ 

Űɤɜ ůɡɜɘůŰɤůɩɜ ŮɑŰŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɞɚɡŰɟɞˊɘəɞɨɠ ɓŬɗɛɞɨɠ Ŭˊɧŭɞůɖɠ ŮɑŰŮ 

ɘůŮɜŰɟɞˊɘəɞɨɠ, ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůɡɜŭɡŬůɛɞɨ Űɞɡɠ ɧɛɤɠ ŭɑɜŮŰŬɘ ŮɡɢɏɟŮɘŬ 

ůŰɞɜ ɢɟɐůŰɖ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ˊɞɚɡŰɟɞˊɘəɞɨɠ ɓŬɗɛɞɨɠ Ŭˊɧŭɞůɖɠ ůŰɞɡɠ 

ůɡɛˊɘŮůŰɏɠ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɘůŮɜŰɟɞˊɘəɞɨɠ ůŰɞɡɠ ůŰɟɞɓɑɚɞɡɠ. 

 

2.3.4 ɉɟɐůɖ ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ɎɔɜɤůŰɤɜ 

ˊŬɟŬɛɏŰɟɤɜ 

 

 ȾŬŰɎ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ əɘɜɖŰɐɟɤɜ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ 

ɡˊɞˊŬɟɎɔɟŬűɞ 2.2.1 ŬˊŬɘŰŮɑŰŬɘ ɖ ɔɜɩůɖ ɐ ɖ ɡˊɧɗŮůɖ əɎ́ɞɘɤɜ ˊŬɟŬɛɏŰɟɤɜ. Ƀɘ 

Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɏɠ 

Ŭˊɧ Űɡɢɧɜ ɛŮŰɟɐůŮɘɠ ɞ́ɡ ŮɚɐűɗɖůŬɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

əɘɜɖŰɐɟŬ, ŮɑŰŮ ɡˊɞɗɏůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ ŰŮɢɜɞɚɞɔɑŬɠ Űɞɡ 

əɘɜɖŰɐɟŬ. ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɡˊɎɟɢɞɡɜ ŮɛˊŮɘɟɘəɏɠ ůɢɏůŮɘɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬɔɜɩůŰɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ůɡɜŮˊɩɠ Űɖɜ ůɤůŰɐ ŮəŰɑɛɖůɐ 

Űɞɡɠ. 

ȹɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ ɞɘ ůɢɏůŮɘɠ ˊɞɡ ŮɘůɐɢɗɖůŬɜ ůŰɞ ɚɞɔɘůɛɘəɧ: 

 

¶ ȿɧɔɞɠ ˊɑŮůɖɠ Fan (́ ɡɟɐɜŬ) 

 

 (2.2)   

 

¶ ȿɧɔɞɠ ˊɑŮůɖɠ ɆɡɛˊɘŮůŰɐ ɢŬɛɖɚɐ ˊɑŮůɖɠ  

 

 
(2.3)   

 

¶ ɄŰɩůɖ ˊɑŮůɖɠ Ŭɔɤɔɞɨ ˊŬɟɎəŬɛɣɖɠ 

 

 
(2.4)   

 

 Ƀ ɢɟɐůŰɖɠ ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɘɠ ůɢɏůŮɘɠ ŬɡŰɏɠ ŬɟəŮɑ ɜŬ ɞɟɑůŮɘ ůŰɖɜ 

ŬɜŰɑůŰɞɘɢɖ ɛŮŰŬɓɚɖŰɐ ɛɑŬ ŬɟɜɖŰɘəɐ Űɘɛɐ.   
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2.3.5 ȷɚɚŬɔɐ ɆɖɛŮɑɞɡ ɆɢŮŭɑŬůɖɠ 

 

 ɆŰɖɜ ˊŬɟɎɔɟŬűɞ 2.2.1 ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

əŬɗɞɟɘůŰɞɨɜ ɩůŰŮ ɜŬ ɔɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɞɡ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘɚɏɢɗɖəŮ ůŬɜ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ Űɞ ůɖɛŮɑɞ Top Of Climb.  

 

ɀŮŰŬɓɚɖŰɏɠ 100% Take Off Top Of Climb 

ȿɧɔɞɠ ˊɑŮůɖɠ Fan (Bypass)   (1,45Ò) [32] 

OPR   

BPR   

6  NcRdes   (=1) 

5 NcRdesMap   (=1) 

V18ideal / V8ideal   (=0,8) [5] 

ȾŬɨůɘɛɞ   

ɄɑɜŬəŬɠ 2.2: Ɇɨɔəɟɘůɖ 100% Take Off (ICAO) əŬɘ Top Of Climb 

 

 ɆŰɞɜ ɄɑɜŬəŬɠ 2.2 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɎɔɜɤůŰŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ůɡɔəɟɘɗɞɨɜ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůɖɛŮɑɤɜ. ɀŮ  ɞɟɑɕɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ŰŬ ɞˊɞɑŬ 

ɡˊɎɟɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůŰɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ  ɛŮ  ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ŰŬ 

ɞ́ ɞɑŬ ŭŮɜ ɏɢɞɡɛŮ əɎˊɞɘŬ ˊɚɖɟɞűɞɟɑŬ.  ȷˊɧ Űɖɜ ɗŮɤɟɑŬ ŮɑɜŬɘ ɔɜɤůŰɧ ˊɤɠ ůŰɞ 

ůɖɛŮɑɞ Top Of Climb ŮɜŰɞˊɑɕŮŰŬɘ ɖ ɛɏɔɘůŰɖ ŭɘɞɟɗɤɛɏɜɖ ˊŬɟɞɢɐ əŬɘ ůɡɜŮˊɩɠ 

ŮɑɜŬɘ Ůɨɚɞɔɞ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ əŬŰɎɚɚɖɚŬ ůŰɞɜ ɢɎɟŰɖ, ɏŰůɘ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ NcRdes əŬɘ NcRdesMap ɜŬ ŮɑɜŬɘ ɑůŮɠ ɛŮ Űɖɜ ɛɞɜɎŭŬ.  ȷəɧɛɖ Ŭˊɧ 

Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ́ɟɞəɨˊŰŮɘ ɧŰɘ ɞ ɚɧɔɞɠ ˊɑŮůɖɠ Űɞɡ Fan ůŰɞ ŰɛɐɛŬ Űɖɠ 

ˊŬɟɎəŬɛɣɖɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɞɠ Ŭˊɧ 1,45, əŬɗɩɠ ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐ 

ŬˊŬɘŰŮɑ Űɖɜ ŮɘůŬɔɤɔɐ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬɓɚɖŰɐɠ ɔŮɤɛŮŰɟɑŬɠ ůŰɞ ŰɛɐɛŬ ŬɡŰɧ. 

ɇɏɚɞɠ, ůŰɞ ůɖɛŮɑɞ Top Of Climb ɞ ɚɧɔɞɠ  V18ideal / V8ideal  ůɨɛűɤɜŬ ɛŮ Űɞɜ 

Kurzke [5] ɏɢŮɘ ɓɏɚŰɘůŰɖ Űɘɛɐ ɑůɖ ɛŮ 0,8. ɆɡɜɞɚɘəɎ ůŰɞ ůɖɛŮɑɞ Top Of Climb 

ɡˊɎɟɢɞɡɜ ŮəŰɘɛɐůŮɘɠ ɔɘŬ 13 ɛŮŰŬɓɚɖŰɏɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ůɖɛŮɑɞ Take Off SLS 

(ICAO) ɔɘŬ Űɞ ɞˊɞɑɞ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɡˊɎɟɢɞɡɜ ɔɜɤůŰɏɠ Űɘɛɏɠ ɔɘŬ 3 

ɛŮŰŬɓɚɖŰɏɠ. ȺɝɖɔŮɑŰŬɘ ɚɞɘˊɧɜ ɖ Ůˊɘɚɞɔɐ Űɞɡ ůɖɛŮɑɞɡ Top Of Climb. 

 

2.4 ɀŮɗɞŭɞɚɞɔɑŬ 

 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ůɡɜɞˊŰɘəɎ 

ŮɑɜŬɘ ɖ Ůɝɐɠ: 

1. Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ. 

2. ɉɟɐůɖ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ɚɞɔɘůɛɘəɞɨ. 
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3. ɄɞůɞŰɘəɐ əŬɘ ˊɞɘɞŰɘəɐ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ɛɞɜŰɏɚɤɜ. 

4. ȷɜɎɚɡůɖ ŬˊɞůŰɞɚɩɜ. 

  

2.4.1 Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ  

 

 Ƀɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ ˊŬɑɕɞɡɜ 

əɡɟɑŬɟɢɞ ɟɧɚɞ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ɛɞɜŰɏɚɞɡ. ȼ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ˊɖɔɩɜ əŬɘ 

ɞɘ ůɤůŰɏɠ ɡˊɞɗɏůŮɘɠ Űɤɜ ŬɔɜɩůŰɤɜ ˊŬɟŬɛɏŰɟɤɜ ɞŭɖɔɞɨɜ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ɛɞɜŰɏɚɤɜ ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ ůɤůŰɎ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɘɜɖŰɐɟŬ 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ŬɝɘɧˊɘůŰɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɛŮŰɏˊŮɘŰŬ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ əɘɜɖŰɐɟɤɜ ɖ 

Ŭəɧɛɖ əŬɘ ɔɘŬ ŭɘŬɔɜɤůŰɘəɞɨɠ ůəɞˊɞɨɠ. Ƀɘ ˊɖɔɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŮɚɐűɗɖůŬɜ ŰŬ 

ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞɡɠ ɡˊɧ ɛŮɚɏŰɖ əɘɜɖŰɐɟŮɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ:  

 

1. ICAO (International Civil  Aviation Organization): O Ůɜ ɚɧɔɤ ɞɟɔŬɜɘůɛɧɠ 

ɏɢŮɘ ŭɖɛɘɞɡɟɔɐůŮɘ ɛɘŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ (Emission Databank) ɖ ɞˊɞɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɛŮŰɟɐůŮɘɠ əŬɡůɑɛɞɡ əŬɘ Ůəˊɞɛˊɩɜ əŬɡůŬŮɟɑɤɜ ɔɘŬ 4 

ŭɘŬəɟɘŰɏɠ Űɘɛɏɠ ɩůɖɠ 100% Take Off, 85% Climb Out, 30% Approach əŬɘ 

7% Idle. ɄŬɟɎɚɚɖɚŬ ŭɑɜɞɜŰŬɘ əŬɘ ɞɘ ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬŰɎ Űɘɠ 

ɞˊɞɑŮɠ ŮɚɐűɗɖůŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ Ůɜɩ Ůˊɑůɖɠ ɔɘŬ Űɞ ůɖɛŮɑɞ 100% Take Off 

ŭɑɜŮŰŬɘ əŬɘ ɞ ůɡɜɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ əŬɘ ˊŬɟɎəŬɛɣɖɠ Űɞɡ əɘɜɖŰɐɟŬ. 

ɇɞɜɑɕŮŰŬɘ Ůˊɑůɖɠ ˊɤɠ ŰŬ ůɖɛŮɑŬ ŬɡŰɎ Ŭűɞɟɞɨɜ əɘɜɖŰɐɟŬ ɛɖ 

ŮɔəŬŰŮůŰɖɛɏɜɞ ůŮ ůŰŬŰɘəɏɠ ůɡɜɗɐəŮɠ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ. 

 

2. EASA (European Union Aviation Safety Agency): ȼ ȺɡɟɤˊŬɥəɐ 

ɈˊɖɟŮůɑŬ ȷůűɎɚŮɘŬɠ ɄŰɐůŮɤɜ ŮəŭɑŭŮɘ ɔɘŬ əɎɗŮ əɘɜɖŰɐɟŬ ɏɜŬ 

ˊɘůŰɞˊɞɘɖŰɘəɧ (Type Certificate) Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 

Űɖɜ ŭɘɎŰŬɝɖ Űɞɡ əɘɜɖŰɐɟŬ, Űɘɠ ůŰɟɞűɏɠ Űɤɜ ŬŰɟɎəŰɤɜ əŬɗɩɠ əŬɘ 

ŮɜŭŮɘəŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɘɠ ɞˊɞɑŮɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟɎůŮɘ ɞ əɘɜɖŰɐɟŬɠ 

əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. 

 

 Ƀɘ ɚɞɘˊɏɠ ˊŬɟɎɛŮŰɟɞɘ ɞ́ɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ 

əɘɜɖŰɐɟɤɜ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ:  

¶ Ƀ ɚɧɔɞɠ ˊɑŮůɖɠ Űɤɜ ůɡɛˊɘŮůŰɩɜ 

¶ Ƀɘ ɘůŮɜŰɟɞˊɘəɞɑ ɐ ˊɞɚɡŰɟɞˊɘəɞɑ ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ Űɞɡ ŬɜŮɛɘůŰɐɟŬ, Űɤɜ 

ůɡɛˊɘŮůŰɩɜ əŬɘ Űɤɜ ůŰɟɞɓɑɚɤɜ 

¶ ȷˊɞɛɎůŰŮɡůɖ ɘůɢɨɞɠ Ŭˊɧ Űɞɜ ůŰɟɧɓɘɚɞ ɡɣɖɚɐɠ ˊɑŮůɖɠ ɔɘŬ ŬɜɎɔəŮɠ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ 

¶ ɇŬ ˊɞůɞůŰɎ əŬɘ ɞɘ ɗɏůŮɘɠ ŬˊɞɛɎůŰŮɡůɖɠ Űɞɡ ůɡɛˊɘŮůŰɐ  

¶ Ƀɘ ŬˊɩɚŮɘŮɠ ɞɚɘəɐɠ ˊɑŮůɖɠ ůŮ ɧɚɞɡɠ Űɞɡɠ Ŭɔɤɔɞɨɠ 
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¶ Ƀ ɛɖɢŬɜɘəɧɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɝɧɜɤɜ- ŬŰɟɎəŰɤɜ 

¶ Ƀ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ əŬɘ ɖ ŬˊɩɚŮɘŬ ˊɑŮůɖɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɨůɖɠ 

¶ ȵůɖ ůŰŬ ůɖɛŮɑŬ Top Of Climb, Cruise əŬɘ Rolling Take Off. 

 

 

Ɉˊɞɚɞɔɘůɛɧɠ ɩůɖɠ Űɤɜ ůɖɛŮɑɤɜ Top Of Climb, Cruise əŬɘ Rolling Take Off 

 

ȺəŰɑɛɖůɖ Űɖɠ ɩůɖɠ ůŮ ůɡɜɗɐəŮɠ Top of Climb, Cruise əŬɘ Rolling Take Off 

ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɏůɤ Űɤɜ ůɢɏůŮɤɜ ˊɞɡ ŭɑɜɞɜŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

[3],[7]. ɀɘŬ ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ Űɖɠ ɩůɖɠ Űɞɡ əɘɜɖŰɐɟŬ ůŰɖ Ŭɟɢɐ Űɖɠ əɟɞɡŬɕɘɏɟŬɠ 

ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɤɠ Ůɝɐɠ:  

 

 

(2.5) 

 

ȷɜŰɑůŰɞɘɢŬ ɖ ŮəŰɘɛɩɛŮɜɖ ɩůɖ ůŰɞ Top of Climb ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

.  

 

 (2.6) 

 

ȾŬɘ Űɏɚɞɠ Űɞ ůɖɛŮɑɞ Rolling Take off ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

 

 (2.7) 

 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ  ɏɢŮɘ  ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŬɜ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ 

Űɞ Top Of Climb  ůɡɜŮˊɩɠ əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑɞ ɖ ɡˊɞɚɞɔɘɕɧɛŮɜɖ ɩůɖ ɜŬ  ŬˊɞŰŮɚŮɑ 

ɛɘŬ ɏɔəɡɟɖ ŮəŰɑɛɖůɖ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ . ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

ɩůɖɠ Cruise ɩůŰŮ ɜŬ ŮɚŮɔɢɗŮɑ  ɖ ɞɟɗɧŰɖŰɎ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůɢɏůŮɤɜ.  ɆɨɛűɤɜŬ 

ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ V2527 ï A5    ˊɞɡ ůŰŮɚŮɢɩɜŮɘ ŰŬ 

ŬŮɟɞůəɎűɖ ȷ320ceo  ɖ ɩůɖ ůŰɞ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ Cruise ŮɑɜŬɘ ɑůɖ ɛŮ  25,6 kN. 

[8]. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɩůɖɠ ɢɟŮɘŬɕɧɛŬůŰŮ Űɞ ɛɏɔɘůŰɞ ɓɎɟɞɠ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ, Űɞɜ ɚɧɔɞ Ɏɜɤůɖɠ ï ŬɜŰɑůŰŬůɖɠ əŬɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɛɖɢŬɜɩɜ ˊɞɡ 

űɏɟŮɘ Űɞ ŬŮɟɞůəɎűɞɠ. ȷˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ŬɡŰɎ ˊɟɞəɨˊŰɞɡɜ: 

¶ ȷɟɘɗɛɧɠ ɛɖɢŬɜɩɜ = 2 

¶ MTOW: ɀɏɔɘůŰɞ ɓɎɟɞɠ ŬˊɞɔŮɑɤůɖɠ = 78 Űɧɜɞɘ  

¶ L/D :  ȿɧɔɞɠ Ɏɜɤůɖɠ ˊɟɞɠ ŬɜŰɑůŰŬůɖ  = 16,3 

ɃˊɧŰŮ Ŭˊɧ Űɖɜ ůɢɏůɖ (2.5) ˊɟɞəɨˊŰŮɘ:  
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 ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŭɞůɛɏɜɖ Űɘɛɐ ɡ́ɎɟɢŮɘ 8,32% 

Ŭˊɧəɚɘůɖ, ɖ ŰɎɝɖ ɛŮɔɏɗɞɡɠ, ɤůŰɧůɞ, ŮɑɜŬɘ ůɤůŰɐ əŬɘ ůɡɜŮˊɩɠ əɟɑɜŮŰŬɘ ůɤůŰɧ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ɛŮɚɏŰɖ Űɤɜ əɘɜɖŰɐɟɤɜ ˊɞɡ ŬəɞɚɞɡɗŮɑ. 

 

Ɉˊɞɚɞɔɘůɛɧɠ ŬˊɞɛŬůŰŮɨůŮɤɜ 

 

 Ƀɘ Űɘɛɏɠ Űɤɜ ŬˊɞɛŬůŰŮɨůŮɤɜ ɘůɢɨɞɠ əŬɘ ŬɏɟŬ ɔɘŬ ŰŬ ůɖɛŮɑŬ Top Of 

Climb, Cruise əŬɘ Rolling Take Off ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɖɔɐ [12]: 

 

ȷˊɞɛɎůŰŮɡůɖ ŬɏɟŬ: 

 

 
(2.8)   

 

ȷˊɞɛɎůŰŮɡůɖ ɘůɢɨɞɠ:  

 

 
 (2.9) 

 

Ƀɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 2.3 

Coef  0.4445205 

Coef1 67113 

Coef2 119312 

ɄɑɜŬəŬɠ 2.3: ɄɑɜŬəŬɠ ůɡɜŰŮɚŮůŰɩɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɞɛŬůŰŮɨůŮɤɜ 

 

2.4.2 ɉɟɐůɖ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ɚɞɔɘůɛɘəɞɨ  

 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɔɑɜŮɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ ŭɨɞ 

əɘɜɖŰɐɟɤɜ ɑŭɘɞɡ Ůˊɘˊɏŭɞɡ ŰŮɢɜɞɚɞɔɑŬɠ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ŭɘɎŰŬɝɖ. Ƀ ˊɟɩŰɞɠ ŭŮɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ ŭŮɨŰŮɟɞ. ȼ ůɢɖɛŬŰɘəɐ 

ŭɘɎŰŬɝɖ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ɖ ɑŭɘŬ ɛɧɜɞ ˊɞɡ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ 

əɘɜɖŰɐɟŬ ɢɤɟɑɠ əɘɓɩŰɘɞ ɞ ɚɧɔɞɠ ɛŮŰɎŭɞůɖɠ əŬɘ ɞ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ŮɘůɎɔɞɜŰŬɘ 

ɑůɞɘ ɛŮ Űɖɜ ɛɞɜɎŭŬ. ȼ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɧɛɞɘŬ əŬɘ ɔɘŬ Űɞɡɠ ŭɨɞ əɘɜɖŰɐɟŮɠ. ȷɟɢɘəɎ 

ŮɘůɎɔɞɜŰŬɘ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɞ 

ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ əŬɘ ŰŬ ůɖɛŮɑŬ ŮəŰɧɠ ůɢŮŭɑŬůɖɠ.  ũɑɜŮŰŬɘ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ 
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ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ əŬɘ Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ ůɖɛŮɑɤɜ ŮəŰɧɠ ůɢŮŭɑŬůɖɠ. ȷəɞɚɞɡɗŮɑ 

Űɟɞˊɞˊɞɑɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ, ɩůŰŮ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ 

ŬˊɞəɚɑůŮɘɠ Űɤɜ ɡ́ɞɚɞɔɘɕɧɛŮɜɤɜ Űɘɛɩɜ ůŰŬ Ůɘ́ɚŮɔɛɏɜŬ ůɖɛŮɑŬ ŮəŰɧɠ ůɢŮŭɑŬůɖɠ 

Ŭˊɧ Űɘɠ ɔɜɤůŰɏɠ Űɘɛɏɠ.  ȷəɞɚɞɡɗŮɑ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ ůŰŬ ůɖɛŮɑŬ ŰŬ 

ɞˊɞɑŬ ŭŮɜ ŮˊɘɚɏɢɗɖəŬɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ɓɐɛŬ. ȽŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ŬˊŬɘŰŮɑŰŬɘ 

əŬŰɎ Űɖɜ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ əŬɗɩɠ ɛŮɔɎɚɖ ŬɚɚŬɔɐ ůŰɘɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɤɜ ɢŬɟŰɩɜ ɞŭɖɔŮɑ Ŭɚɚɞɑɤůɖ Űɖɠ űɡůɘəɐɠ Űɞɡɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ əɡɟɑɤɠ ůŰɞɡɠ ɢɎɟŰŮɠ Űɤɜ ůŰɟɞɓɑɚɤɜ əŬɘ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ˊɞɡ 

Ŭűɞɟɞɨɜ Űɖɜ Ŭɜɖɔɛɏɜɖ ˊŬɟɞɢɐ ˊŮɟɘɞɟɑɕɞɡɛŮ Űɞ Ůɨɟɞɠ ůŮ ɛŮŰŬɓɞɚɏɠ ҕ 1% Ůɜɩ 

ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɏɤɠ əŬɘ ҕ3% . ɀŮŰɎ əŬɘ Űɖɜ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ, 

ɔɑɜŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ ICAO əŬɘ Cruise. ȷűɞɨ ŭɘŬˊɘůŰɤɗŮɑ 

ɖ ɞɟɗɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮɚŮŰɎŰŬɘ ůŮ ɏɜŬ Ůɨɟɞɠ  ŰŬɢɡŰɐŰɤɜ əŬɘ 

ɡɣɞɛɏŰɟɤɜ ˊɚŮɨůɖɠ ɩůŰŮ ɜŬ ˊɘůŰɞˊɞɘɖɗŮɑ ˊɞɘɞŰɘəɎ Űɞ ɛɞɜŰɏɚɞ əŬɘ ɜŬ ˊŬɟŬɢɗŮɑ 

Űɞ ˊɟɞůŮɔɔɘůŰɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ɗŬ ɢɟŮɘŬůŰŮɑ ůŰɖɜ ŬɜɎɚɡůɖ Ŭ́ɞůŰɞɚɐɠ. 

 

2.4.3 ȷɜɎɚɡůɖ ŬˊɞůŰɞɚɩɜ  

 

 ɇɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ŬˊɞůŰɞɚɐɠ Űɤɜ 

ɛɞɜŰɏɚɤɜ ŮɑɜŬɘ Űɞ CAMACM (Commercial Aircraft Mission Analysis 

Computational Model). ɇɞ ɡˊɞɚɞɔɘůŰɘəɧ ŬɡŰɧ ŮɟɔŬɚŮɑɞ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ůŰɞ 

ȺɟɔŬůŰɐɟɘɞ ŪŮɟɛɘəɩɜ ɆŰɟɞɓɘɚɞɛɖɢŬɜɩɜ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɏŰɖ. ɇɞ ŬŮɟɞůəɎűɞɠ 

ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ůŬɜ ůɖɛŮɘŬəɐ ɛɎɕŬ ůŰɖɜ ɞˊɞɑŬ Ůˊɘŭɟɞɨɜ ɧɚŮɠ ɞɘ ŭɡɜɎɛŮɘɠ ɧˊɤɠ: 

ɖ Ɏɜɤůɖ, ɖ ŬɜŰɑůŰŬůɖ, ɖ ɩůɖ əŬɘ Űɞ ɓɎɟɞɠ. Ƀɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ 

ɓŬůɑɕɞɜŰŬɘ ůŰɘɠ ȹɘŮɗɜŮɑɠ ɆɡɜɗɐəŮɠ ɇɡˊɘəɐɠ ȷŰɛɧůűŬɘɟŬɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ 

ɔɑɜŮŰŬɘ ɖ ˊŬɟŬŭɞɢɐ ŬəɑɜɖŰɞɡ, ɞɛɞɔŮɜɞɨɠ ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ ɢɤɟɑɠ Űɖɜ ˊŬɟɞɡůɑŬ 

ɡɔɟŬůɑŬɠ.  

 ɈˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ Űɖɠ ŬˊɞůŰɞɚɐɠ ˊɞɡ 

ɗŬ ɛŮɚŮŰɖɗŮɑ ŭɘŬɚɏɔɞɜŰŬɠ ŰŬ əŬŰɎɚɚɖɚŬ ŬɟɢŮɑŬ Ůɘůɧŭɞɡ. ɇŬ ŭŮŭɞɛɏɜŬ Űɤɜ 

ŬŮɟɞůəŬűɩɜ Ŭűɞɟɞɨɜ ŬŮɟɞŭɡɜŬɛɘəɎ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ ɢɟŮɘɎɕɞɜŰŬɘ əŬŰɎ Űɖɜ 

ɛŮɚɏŰɖ ŬˊɞůŰɞɚɐɠ əŬɘ ɏɢɞɡɜ ɚɖűɗŮɑ Ŭˊɧ Űɖɜ BADA. ȳůɞɜ ŬűɞɟɎ Űɘɠ ŬˊɞůŰɞɚɏɠ 

ŰŬ ůŰɞɘɢŮɑŬ Űɞɡɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŮ ŬɟɢŮɑŬ ŰŬ ɞˊɞɑŬ ŮɛˊŮɟɘɏɢɞɡɜ Űɖɜ ŰŬɢɨŰɖŰŬ 

əŬɘ Űɞ ɡɣɧɛŮŰɟɞ ůŮ əɎɗŮ űɎůɖ Űɖɠ ˊŰɐůɖɠ.  ɆɡɛˊɚɖɟɤɛŬŰɘəɎ ůŰɖɜ ɛŮɚɏŰɖ 

ɛˊɞɟɞɨɜ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɘɜ ˊŬɟɎɛŮŰɟɞɘ ɧˊɤɠ Űɞ ŮűŮŭɟɘəɧ əŬɨůɘɛɞ, Űɞ űɞɟŰɑɞ 

Űɞɡ ŬŮɟɞůəɎűɞɡɠ (ŮˊɘɓɎŰŮɠ əŬɘ ŬˊɞůəŮɡɏɠ) əŬɗɩɠ əŬɘ ŬɚɚŬɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ 

əɘɜɖŰɐɟŬ ˊɞɡ ɤɗŮɑ Űɞ ŬŮɟɞůəɎűɞɠ. ȼ ŬɚɚŬɔɐ Űɞɡ əɘɜɖŰɐɟŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ 

ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ˊɟɞůŮɔɔɘůŰɘəɞɨ ɛɞɜŰɏɚɞɡ, ˊɞɡ ɏɢŮɘ ˊɟɞəɨɣŮɘ 

Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ ůŮ Ůɨɟɞɠ ŰŬɢɡŰɐŰɤɜ əŬɘ ɡɣɞɛɏŰɟɤɜ ˊɚŮɨůɖɠ, əŬɗɩɠ əŬɘ ɛŮ Űɖɜ 

ŮɘůŬɔɤɔɐ Űɞɡ ɜɏɞɡ ɓɎɟɞɡɠ Űɞɡ əŬɘ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖɜ ˊŬɟŬůɘŰɘəɐ 

ŬɜŰɑůŰŬůɖ ˊɞɡ ŮˊɘűɏɟŮɘ ɖ ˊɘɗŬɜɐ ŬɚɚŬɔɐ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɞɡ.   
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 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɔɑɜŮɘ ůɨɔəɟɘůɖ Űɞɡ əɘɜɖŰɐɟŬ 

CFM LEAP ï 1ȷ26  əŬɘ Űɞɡ əɘɜɖŰɐɟŬ PW 1127G ï JM  ɛŮ Űɞɜ ˊɟɞəɎŰɞɢɧ Űɞɡɠ 

V2500 ˊɞɡ ˊɟɞɤɗŮɑ ŰŬ ȷ320ceo.  ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ŮˊɘɚɏɔŮŰŬɘ ɜŬ  

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ  Űɞ ŬŮɟɞůəɎűɞɠ ȷ320ceo  əŬɘ ŰŬ ɢŬɟŬəɖɟɘůŰɘəɎ Űɞɡ ɏŰůɘ ɩůŰŮ ɜŬ 

ɛŮɚŮŰɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŬɚɚŬɔɐɠ Űɤɜ əɘɜɖŰɐɟɤɜ ůŰɖɜ ɛŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ 

əŬɡůɑɛɞɡ. ɆɡɜŮˊɩɠ ɔɘŬ əɎɗŮ ɏɜŬɜ əɘɜɖŰɐɟŬ ɔɑɜŮŰŬɘ ɞ ɡ́ ɞɚɞɔɘůɛɧɠ Űɖɠ  Ůˊɘˊɚɏɞɜ 

ˊŬɟŬůɘŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ŮˊɘűɏɟŮɘ, ɖ ŮɘůŬɔɤɔɐ Űɞɡ ɓɎɟɞɡɠ Űɞɡ əŬɘ Űɞɡ 

ŬɜŰɑůŰɞɘɢɞɡ ́ ɟɞůŮɔɔɘůŰɘəɞɨ ɛɞɜŰɏɚɞɡ. 





 

3 ȷŮɟɞůəɎűɖ Airbus ȷ320neo əŬɘ Ůˊɘɚɞɔɐ 
əɘɜɖŰɐɟɤɜ 

 ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ŬŮɟɞůəŬűɩɜ 

ȷ320neo Űɖɠ ŮŰŬɘɟɑŬɠ Airbus. ȰˊŮɘŰŬ ɗŬ ˊŬɟŬŰŮɗɞɨɜ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ 

ůɡɚɚɏɢɗɖəŬɜ əŬɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ 

əɘɜɖŰɐɟɤɜ. 

  

3.1 ȷɜɎˊŰɡɝɖ Űɤɜ A320neo  

 ȼ ɞɘəɞɔɏɜŮɘŬ Airbus A320 neo ( new engine option) ŬˊɞŰŮɚŮɑ Ŭˊɧɔɞɜɞ Űɖɠ 

ɞɘəɞɔɏɜŮɘŬɠ ŬŮɟɞůəŬűɩɜ Airbus A320 ůŰŮɜɐɠ ŬŰɟɎəŰɞɡ, ɖ ɞˊɞɑŬ ɏɢŮɘ ˊɚɏɞɜ 

ɛŮŰɞɜɞɛŬůŰŮɑ ůŮ A320 ceo (current engine option).  ȼ ˊŬɟɞɡůɑŬůɖ ɏɔɘɜŮ 1 

ȹŮəŮɛɓɟɑɞɡ 2010, ɖ ˊɟɩŰɖ ŭɞəɘɛŬůŰɘəɐ ˊŰɐůɖ ɏɔɘɜŮ 25 ɆŮˊŰŮɛɓɟɑɞɡ 2014 əŬɘ 

Ůɘůɐɢɗɖ ůŰɘɠ ˊɞɚɘŰɘəɏɠ ŬŮɟɞɔɟŬɛɛɏɠ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɖɜ Lufthansa ůŰɘɠ 25 

ȽŬɜɞɡŬɟɑɞɡ 2016. Ƀɘ ŭɨɞ ɜɏŮɠ Ůˊɘɚɞɔɏɠ əɘɜɖŰɐɟɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ əɘɜɖŰɐɟŮɠ 

CFM LEAP -1A əŬɘ Űɞɡɠ PW1100G. ɆŰŬ ɜɏŬ ŬŮɟɞůəɎűɖ ŮɘůɐɢɗɖůŬɜ ɛŮŰŬɝɨ 

Ɏɚɚɤɜ ɛŮɔɎɚŬ sharklets əŬɘ ɛŬɕɑ ɛŮ Űɖɜ ɢɟɐůɖ ɜɏɤɜ əɘɜɖŰɐɟɤɜ ˊɟɞəɨˊŰŮɘ ~15%  

Ůɝɞɘəɞɜɧɛɖůɖ əŬɡůɑɛɞɡ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬŮɟɞůəɎűɖ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ A320 ceo. Ƀ 

ɓŬůɘəɧɠ ůɢŮŭɘŬůɛɧɠ Űɤɜ ȷ320 neo ɏɢŮɘ ɓŬůɘůŰŮɑ ůŰŬ ŬŮɟɞůəɎűɖ ȷ320 ɛŮ Űɖɜ 

ŰŬɡŰɧɢɟɞɜɖ ŮɘůŬɔɤɔɐ ɛɘəɟɩɜ ɓŮɚŰɘɩůŮɤɜ. 

 ɇŬ ɜɏŬ ŬŮɟɞůəɎűɖ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ A320 Enhanced 

ˊɞɡ ɝŮəɑɜɖůŮ ɖ Airbus Űɞ 2006 əŬɘ ŮɑɢŮ ɤɠ ůŰɧɢɞ Űɖɜ ɛŮɑɤůɖ əŬŰŬɜɎɚɤůɖɠ 

əŬɡůɑɛɞɡ əŬŰɎ 3-4%. ɉɟɖůɘɛɞ́ɞɘɩɜŰŬɠ ɛŮɔɎɚŬ sharklets, ɞɘ ɛɘəɟɏɠ ɓŮɚŰɘɩůŮɘɠ 

ůŰɞɜ ŬŮɟɞŭɡɜŬɛɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɗɩɠ əŬɘ ɖ ɜɏŬ əŬɛˊɑɜŬ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ ůɡɛɓɎɚɞɡɜ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ůɡɜɞɚɘəɐ ɓŮɚŰɑɤůɖ 3,5% ůŰɖɜ 

əŬŰŬɜɎɚɤůɖ, ɛɧɜɞ Ŭˊɧ Űɞɜ ŬɜŬůɢŮŭɘŬůɛɧ Űɞɡ ŬŮɟɞůəɎűɞɡɠ. ɆŰɖɜ ȺɘəɧɜŬ 3.1 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ˊɞɡ ˊɟɞɔɟŬɛɛŬŰɑůŰɖəŬɜ ɜŬ 

ɔɑɜɞɡɜ ůŰŬ ȷ320 ɔɘŬ ɜŬ ˊɟɞəɨɣɞɡɜ ŰŬ ȷ320neo.  
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ȺɘəɧɜŬ 3.1: A320neo Program - ɆɖɛŬɜŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ 

 

  Ƀɘ ɜɏɞɘ əɘɜɖŰɐɟŮɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ˊŬɟɏɢɞɡɜ ɏɤɠ əŬɘ 20% ɛŮɑɤůɖ ůŰŬ 

ɏɝɞŭŬ ůɡɜŰɐɟɖůɐɠ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɐŭɖ ɡˊɎɟɢɞɜŰŮɠ əɘɜɖŰɐɟŮɠ ůŰŬ ȷ320. ȼ 

ɛŮɑɤůɖ ůŰɞ əŬɘɧɛŮɜɞ ŬɜɏɟɢŮŰŬɘ ůŮ 14-16% ɧɛɤɠ ɛŮŰɎ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɞ 

ˊɞůɞůŰɧ ŬɡŰɧ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ 1 ï 2% ɢŬɛɖɚɧŰŮɟɞ. ɀŮ Űɖɜ ŮɘůŬɔɤɔɐ ɜɏɤɜ 

əɘɜɖŰɐɟɤɜ ɖ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ űŰɎɜŮɘ Űɞ 15% ůɡɜɞɚɘəɎ əŬɗɩɠ Ůˊɑůɖɠ 

ŬɡɝɎɜŮŰŬɘ Űɞ Ůɨɟɞɠ ˊŰɐůɖɠ əŬŰɎ 930km ɐ 2 Űɧɜɞɡɠ ˊŮɟɘůůɧŰŮɟɞ ɤűɏɚɘɛɞ űɞɟŰɑɞ 

[15]. ɇɏɚɞɠ ɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ŬɜɎ ŮˊɘɓɎŰɖ ŮɑɜŬɘ 20% ɛɘəɟɧŰŮɟɖ ůŰŬ ȷ320 

neo [16].  ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ɞɘ ŭɨɞ əɘɜɖŰɐɟŮɠ ŮɔəŬŰŮůŰɖɛɏɜɞɘ ůŮ ȷ320neo. 

 

                      

ȺɘəɧɜŬ 3.2: CFM LEAP nacelle ȺɘəɧɜŬ 3.3: PW1100 nacelle 

 

 

 

 

 

 

 



 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ȷ320neo 3.3 

 

3.2 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ȷ320neo 

 

 ɆŰɞɜ ɄɑɜŬəŬɠ 3.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ Ŭɜɐəɞɡɜ 

ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ȷ320 neo. 

 

ɃɘəɞɔɏɜŮɘŬ A320 neo 

ɀɞɜŰɏɚɞ A319neo A320neo A321neo 

ɉɤɟɖŰɘəɧŰɖŰŬ 

űɞɟŰɑɞɡ 
27 m3 37 m3 51 m3 

ɀɐəɞɠ 33.84 m 37.57 m 44.51 m 

ȯɜɞɘɔɛŬ űŰŮɟɩɜ 35.80 m 

ȴɣɞɠ 11.76 m 

ɀɏɔɘůŰɞ ɓɎɟɞɠ 

ŬˊɞɔŮɑɤůɖɠ 
75.5 t 79 t 97 t 

ɀɏɔɘůŰɞ ɤűɏɚɘɛɞ 

űɞɟŰɑɞ 
17.7 t 20 t 25.5 t 

ȯŭŮɘŬ ɚŮɘŰɞɡɟɔɑŬ 42.6 t 44.3 t 50.1 t 

ȺɚɎɢɘůŰɞ ɓɎɟɞɠ - 40.3 - 40.6 t 46.3ï46.6 t 

ɉɤɟɖŰɘəɧŰɖŰŬ 

əŬɡůɑɛɞɡ 
26,730 l 32,940 l 

ȾɘɜɖŰɐɟŮɠ (Ĭ2) CFM LEAP ï 1A ɐ PW1100G 
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ȹɘɎɛŮŰɟɞɠ Fan PW1100G: 81 in (206 cm), LEAP-1A: 78 in (198 cm) 

ɀɏɔɘůŰɖ ɩůɖ 107 kN 120.6 kN 147.3 kN 

ɇŬɢɨŰɖŰŬ 

Cruise: Mach 0.78 (833 km/h) 

Max.: Mach 0.82 (876 km/h) 

ɀɏɔɘůŰɞ ɨɣɞɠ ˊŰɐůɖɠ 39,100ï39,800 ft (11,900ï12,100 m) 

ɇɡˊɘəɧ Ůɨɟɞɠ ˊŰɐůɖɠ 
6,950 km / 

3,750 nmi 

6,500 km / 

3,500 nmi 

7,400 km / 

4,000 nmi 

Takeoff - 
1,951 m 

(6,400 ft) 

1,988 m 

(6,522 ft) 

ɇɨˊɞɠ ICAO  A19N A20N A21N 

ɄɑɜŬəŬɠ 3.1: ũŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɞɘəɞɔɏɜŮɘŬɠ ȷ320neo [17] 

 

3.3 Ⱥˊɘɚɞɔɐ əɘɜɖŰɐɟɤɜ 

 ɆŰɞɜ  ɄɑɜŬəŬɠ 3.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ ɛɞɜŰɏɚŬ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ 

ȷ320 ůŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ ˊɞɡ ůŰŮɚŮɢɩɜŮɘ Űɞ əɎɗŮ ɏɜŬ Ŭˊɧ ŬɡŰɎ. ȷˊɧ 

Űɞɜ ˊɑɜŬəŬ űŬɑɜŮŰŬɘ ˊɤɠ ɡˊɎɟɢŮɘ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰŬ ɛɞɜŰɏɚŬ Űɞ ɞˊɞɑɞ ˊɟɏˊŮɘ ɜŬ 

ɚɖűɗŮɑ ɡˊɧɣɖ ůŰɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ əɘɜɖŰɐɟŬ əŬɘ Űɤɜ ůɖɛŮɑɤɜ Top of Climb 

əŬɘ Cruise əŬɗɩɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ɡˊɎɟɢɞɡɜ ɛɘəɟɏɠ ŭɘŬűɞɟɏɠ ůŰŬ ɓɎɟɖ Űɤɜ 

ŬŮɟɞůəŬűɩɜ. 

 

 

ȷ319neo 

ȷŮɟɞůəɎűɞɠ ȾɘɜɖŰɐɟŬɠ 

A319-151N CFM LEAP-1A24 

A319-153N CFM LEAP-1A26 

A319-171N PW1124G-JM 



 Ⱥˊɘɚɞɔɐ əɘɜɖŰɐɟɤɜ 3.5 

 

ȷ320neo 

ȷŮɟɞůəɎűɞɠ ȾɘɜɖŰɐɟŬɠ 

A320-251N CFM LEAP-1A26 

A320-252N CFM LEAP-1A24 

A320-253N CFM LEAP-1A29 

A320-271N PW1127G-JM 

A320-272N PW1124G1-JM 

A320-273N PW1129G-JM 

ȷ321neo 

ȷŮɟɞůəɎűɞɠ ȾɘɜɖŰɐɟŬɠ 

A321-251N / NX CFM LEAP-1A32 

A321-252N / NX CFM LEAP-1A30 

A321-253N / NX CFM LEAP-1A33 

A321-271N / Ɂɉ PW1133G-JM 

A321-272N / Ɂɉ PW1130G-JM 

ɄɑɜŬəŬɠ 3.2: ɀɞɜŰɏɚɞ ŬŮɟɞůəɎűɞɡɠ əŬɘ ŬɜŰɑůŰɞɘɢɞɡ əɘɜɖŰɐɟŬ [29] 

 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ əŬɘ ůɨɔəɟɘůɖ Űɤɜ əɘɜɖŰɐɟɤɜ 

ɞ́ɡ Ŭűɞɟɞɨɜ ŰŬ ŬŮɟɞůəɎűɖ A320neo. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŮˊɘɚɏɔɞɜŰŬɘ ŭɨɞ 

əɘɜɖŰɐɟŮɠ ɛŮ ɩůɖ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐ Űɞɡ əɘɜɖŰɐɟŬ V2527 ï ȷ5 (118.32 kN) Űɖɠ 

ɞɘəɞɔɏɜŮɘŬɠ əɘɜɖŰɐɟɤɜ V2500 ɞ́ɡ ůŰŮɚŮɢɩɜŮɘ ŰŬ ŬŮɟɞůəɎűɖ ȷ320ceo. Ƀ 

ɄɑɜŬəŬɠ 3.3 ŬɜŬűɏɟŮɘ Űɞɜ əɘɜɖŰɐɟŬ əŬɗɩɠ əŬɘ Űɖɜ Ŭ́ɟŬɔɧɛŮɜɖ ɩůɖ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ɔɑɜŮɘ ŬɜŰɘůŰɞɘɢɑŬ Űɤɜ əɘɜɖŰɐɟɤɜ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ CFM LEAP ɛŮ Űɞɡɠ 

ŬɜŰɑůŰɞɘɢɞɡɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ PW1100G. ɆɖɛŮɘɩɜɞɜŰŬɘ Ůˊɑůɖɠ ɞɘ əɘɜɖŰɐɟŮɠ ɞ́ɡ 

ɛɞɜŰŮɚɞ́ɞɘɐɗɖəŬɜ ůŰɖɜ Ŭ́ɟɞɨůŬ ŭɘ́ɚɤɛŬŰɘəɐ.  

 

 

CFM LEAP 

ȾɘɜɖŰɐɟŬɠ ȵůɖ 

CFM LEAP-1A26 120.60 kN 

CFM LEAP-1A24 106.80 kN 

CFM LEAP-1A29 130.29 kN 

PW1100 

ȾɘɜɖŰɐɟŬɠ ȵůɖ 

PW1127G-JM 120.43 kN 

PW1124G1-JM 107.82 kN 

PW1129G-JM 130.00 kN 

ɄɑɜŬəŬɠ 3.3: Ɇɨɔəɟɘůɖ əɘɜɖŰɐɟɤɜ ȷ320neo 



3.6  ȾȺūȷȿȷȽɃ 3 

 

3.4 ɆŰɞɘɢŮɑŬ ŬŮɟɞůəɎűɞɡɠ 

 ȼ ɞɘəɞɔɏɜŮɘŬ ŬŮɟɞůəŬűɩɜ ȷ320neo ˊŮɟɘɚŬɛɓɎɜŮɘ ɜɏɞ ŬŮɟɞŭɡɜŬɛɘəɧ 

ůɢŮŭɘŬůɛɧ ɞ ɞˊɞɑɞɠ ŮˊɘűɏɟŮɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŮ əɎˊɞɘŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ůŮ ůɢɏůɖ 

ɛŮ ŰŬ ŬŮɟɞůəɎűɖ ȷ320ceo. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.4.1 ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɩůŮɤɜ ɛŮ ɢɟɐůɖ Űɤɜ ŮɝɘůɩůŮɤɜ  (2.5)(2.6) ŬˊŬɘŰŮɑŰŬɘ ɖ ɔɜɩůɖ 

Űɤɜ ˊŬɟŬɛɏŰɟɤɜ : 

 

¶ ȷɟɘɗɛɧɠ ɛɖɢŬɜɩɜ 

¶ MTOW: ɀɏɔɘůŰɞ ɓɎɟɞɠ ŬˊɞɔŮɑɤůɖɠ 

¶ L/D :  ȿɧɔɞɠ Ɏɜɤůɖɠ ˊɟɞɠ ŬɜŰɑůŰŬůɖ ( Lift  to drag ratio) 

 

 ȷ ɧ́ Űɖɜ ȺɘəɧɜŬ 3.1 Űɞɡ ŬŮɟɞůəɎűɞɡɠ ŮɨəɞɚŬ ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ 2 əɘɜɖŰɐɟŮɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɓɟɑůəɞɡɛŮ Űɞ ɛɏɔɘůŰɞ ɓɎɟɞɠ 

ŬˊɞɔŮɑɤůɖɠ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŭɑɜɞɜŰŬɘ ůŰɖɜ EASA [29]  Űɞ ɞˊɞɑɞ ŭɑɜŮŰŬɘ 79 

Űɧɜɞɡɠ (variant 055). ɇɞɜɑɕŮŰŬɘ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ŮəŭɧůŮɘɠ Űɞɡ ɑŭɘɞɡ ŬŮɟɞůəɎűɞɡɠ ɛŮ Űɞɜ ɑŭɘɞ əɘɜɖŰɐɟŬ əŬɘ Ů́ ɘɚɏɔŮŰŬɘ ɔɘŬ Űɖɜ 

ŮɨɟŮůɖ Űɖɠ ɩůɖɠ ɖ ɓŬɟɨŰŮɟɖ əɞɘɜɐ ɏəŭɞůɖ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ 055.  

 ȺˊɘˊɟɞůɗɏŰɤɠ ŬˊŬɘŰŮɑŰŬɘ ɖ ŮɨɟŮůɖ Űɞɡ ɚɧɔɞɡ Ɏɜɤůɖɠ ï ŬɜŰɑůŰŬůɖɠ ɔɘŬ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ŬŮɟɞůəɎűɞɠ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.4.1  ɞ ɚɧɔɞɠ 

ŬɡŰɧɠ ɔɘŬ ŰŬ ŬŮɟɞůəɎűɖ ȷ320ceo ŮɑɜŬɘ 16,3 əŬɗɩɠ ɚɞɘˊɧɜ ŰŬ ɜɏŬ ŬŮɟɞůəɎűɖ 

ɏɢɞɡɜ ŬɚɚŬɔɏɠ ůŰɞɜ ŬŮɟɞŭɡɜŬɛɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡɠ ŬɜŬɛɏɜŮŰŬɘ ɞ ɚɧɔɞɠ ŬɡŰɧɠ ɜŬ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ N. Cumpsty [3] ŰŬ ɜɏŬ ŬŮɟɞůəɎűɖ 

ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢɞɡɜ L/D = 18, Ŭəɧɛɖ Ŭˊɧ Űɖɜ ˊɖɔɐ [18] ɡˊɞɚɞɔɑɕŮŰŬɘ ~18,4 əŬɘ  

ɛŮ Űɖɜ ɛŮɚɏŰɖ Űɤɜ A. Gnadt əŬɘ ůɡɜ. [6] ŮɑɜŬɘ ˊɟɞəɨˊŰŮɘ 18,2, ůɡɜŮˊɩɠ, ɞ ɚɧɔɞɠ 

L/D ŮˊɘɚɏɔŮŰŬɘ ɑůɞɠ ɛŮ 18,2. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɝɘůɩůŮɤɜ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ 

ŬɡŰɎ ŭɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

 

ȼ ŮəŰɘɛɩɛŮɜɖ ɩůɖ ɔɘŬ ɏɜŬ əɘɜɖŰɐɟŬ ůŰɖɜ Ŭɟɢɐ Űɖɠ əɟɞɡŬɕɘɏɟŬɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ:  

 

 
 (3.1) 

 

 

 ȷɜŰɑůŰɞɘɢŬ ɖ ŮəŰɘɛɩɛŮɜɖ ɩůɖ ůŰɞ Top of Climb ɡˊɞɚɞɔɑɕŮŰŬɘ ůɨɛűɤɜŬ 

ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ ɡˊɞɗɏůŮɘɠ:  

 

 
(3.2)   

 



 ɆŰɞɘɢŮɑŬ ŬŮɟɞůəɎűɞɡɠ 3.7 

 

 Ƀɘ ɩůŮɘɠ, ůŰŬ ůɖɛŮɑŬ ŬɡŰɎ, ŮɑɜŬɘ əɞɘɜɏɠ əŬɘ ɔɘŬ Űɞɡɠ ŭɨɞ əɘɜɖŰɐɟŮɠ əŬɗɩɠ 

ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡɠ ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞ ŬŮɟɞůəɎűɞɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡ. 

 

 





 

4 ȾɘɜɖŰɐɟŬɠ CFM LEAP-1A26 

 ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ əɘɜɖŰɐɟɤɜ CFM 

LEAP Űɖɠ ŮŰŬɘɟɑŬɠ CFM International. ȰˊŮɘŰŬ, ɗŬ ŬɜŬɚɡɗŮɑ ɞ əɘɜɖŰɐɟŬɠ CFM 

LEAP ï 1A26, ɗŬ ˊŬɟŬŰŮɗɞɨɜ ŰŬ ɔɜɤůŰɎ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɐ Űɞɡ, əŬɗɩɠ əŬɘ Űɞ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ ůŰɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ PROOSIS. 

4.1 ũŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ əɘɜɖŰɐɟɤɜ CFM LEAP. 

 ȼ ɞɘəɞɔɏɜŮɘŬ əɘɜɖŰɐɟɤɜ CFM LEAP ˊŮɟɘɚŬɛɓɎɜŮɘ əɘɜɖŰɐɟŮɠ ŭɘˊɚɞɨ 

ɟŮɨɛŬŰɞɠ əŬɘ ŭɘˊɚɐɠ ŬŰɟɎəŰɞɡ. ȷɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖɜ CFM International, ɛɘŬ 

əɞɘɜɞˊɟŬɝɑŬ Űɖɠ ŬɛŮɟɘəɎɜɘəɖɠ GE Aviation ɛŮ Űɖɜ ɔŬɚɚɘəɐ Safran Aircraft 

Engines. ȳɜŰŬɠ Ŭ́ ɧɔɞɜɞɠ Űɞɡ ŮˊɘŰɡɢɖɛɏɜɞɡ əɘɜɖŰɐɟŬ CFM 56, ɞ LEAP 

ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ əɨɟɘɞɠ ŬɜŰŬɔɤɜɘůŰɐɠ Űɞɡ PW1100G ůŰɖɜ ůŰŮɚɏɢɤůɖ 

ŬŮɟɞůəŬűɩɜ ůŰŮɜɐɠ ŬŰɟɎəŰɞɡ. 

 ɄŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 4.1 ŰŬ ŬŮɟɞůəɎűɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞɡɠ 

əɘɜɖŰɐɟŮɠ CFM LEAP. 

 

Type Application Thrust range Int roduction 

1A Airbus A320neo family 109ï156 kN 2 Aug 2016 [19] 

1B Boeing 737 MAX 100ï120 kN 22 May 2017 [20] 

1C COMAC C919 124.5ï133.4 kN 2021 [21] 

ɄɑɜŬəŬɠ 4.1: ȷŮɟɞůəɎűɖ ˊɞɡ ˊɟɞɤɗŮɑ ɖ ɞɘəɞɔɏɜŮɘŬ CFM LEAP 

 

 Ƀɘ ŮɝŮɚɘɔɛɏɜɞɘ ŬɡŰɞɑ əɘɜɖŰɐɟŮɠ ɡˊɧůɢɞɜŰŬɘ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ, ɛŮɑɤůɖ Ůəˊɞɛˊɩɜ NOx ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ əɘɜɖŰɐɟŮɠ CFM56 ( 50% Űɖɠ 

Űɘɛɐɠ ˊɞɡ ŭɑɜŮŰŬɘ ůŰɞɡɠ əŬɜɞɜɘůɛɞɨɠ CAEP/6) əŬɗɩɠ əŬɘ ɛŮɑɤůɖ ůŰɞ əɧůŰɞɠ 

ůɡɜŰɐɟɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ůɖɛŮɟɘɜɏɠ ɛɖɢŬɜɏɠ. ȷəɧɛɖ ŬɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ Űɞ 

ɔŮɔɞɜɧɠ ˊɤɠ ŬˊɞŰŮɚŮɑ Űɞɜ ˊɟɩŰɞ əɘɜɖŰɐɟŬ ɛŮ 3D printed ŮɝŬɟŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ 

https://en.wikipedia.org/wiki/Airbus_A320neo_family
https://en.wikipedia.org/wiki/Boeing_737_MAX
https://en.wikipedia.org/wiki/COMAC_C919
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ˊɏɟŬůŬɜ ɧɚŮɠ Űɘɠ ŬˊŬɘŰɞɨɛŮɜŮɠ ŭɞəɘɛŬůɑŮɠ ˊɞɡ ˊɘůŰɞˊɞɘɞɨɜ Űɖɜ ŬɝɘɞˊɚɞȶŬ Űɞɡɠ. 

[22] 

4.2 ɄŮɟɘɔɟŬűɐ əɘɜɖŰɐɟŬ 

 

 ɄɟɧəŮɘŰŬɘ ɔɘŬ turbofan əɘɜɖŰɐɟŮɠ, ŭɘˊɚɞɨ ŰɡɛˊɎɜɞɡ Ŭɝɞɜɘəɐɠ ɟɞɐɠ  əŬɘ 

ɡɣɖɚɞɨ ɚɧɔɞɡ ˊŬɟɎəŬɛɣɖɠ. ȼ ɞɘəɞɔɏɜŮɘŬ CFM LEAP ɏɢŮɘ Űɘɠ Ůɝɐɠ ůɡɜɘůŰɩůŮɠ 

ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ ůŰɞ Type ï Certificate Űɖɠ EASA [23]: 

 

¶ ȷɔɤɔɧɠ Ůɘůɧŭɞɡ 

¶ ȷɜŮɛɘůŰɐɟŬɠ (fan), ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɛɞɜɞɓɎɗɛɘɞɠ. 

¶ ɆɡɛˊɘŮůŰɐɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ (booster), ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŰɟɘɓɎɗɛɘɞɠ.  

¶ ɆɡɛˊɘŮůŰɐɠ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ɞ ɞˊɞɑɞɠ ŭɘŬɗɏŰŮɘ ŭɏəŬ ɓŬɗɛɑŭŮɠ 

¶ ŪɎɚŬɛɞɠ əŬɨůɖɠ, ŭŮɨŰŮɟɖɠ ɔŮɜɘɎɠ  ŭɘˊɚɧɠ ï ŭŬəŰɡɚɘɞŮɘŭɐɠ (Twin-

Annular) , Pre-Mixing Swirler Combustor (TAPS II)  

¶ ɆŰɟɧɓɘɚɞɠ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ŮɑɜŬɘ ŭɘɓɎɗɛɘɞɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ɜŬ ɞŭɖɔɐůŮɘ Űɞɜ ůɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

¶ ɆŰɟɧɓɘɚɞɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ , ŮɑɜŬɘ  ŮˊŰŬɓɎɗɛɘɞɠ  ŮəŰɧɠ Ŭˊɧ ŰŬ 

ɛɞɜŰɏɚŬ ï 1ȸ ɧˊɞɡ ŮɑɜŬɘ ˊŮɜŰŬɓɎɗɛɘɞɠ əŬɘ ɞŭɖɔŮɑ Űɞɜ fan əŬɘ Űɞɜ 

booster. 

¶ ȷəɟɞűɨůɘɞ əɨɟɘɞɡ ɟŮɨɛŬŰɞɠ, ůɡɔəɚɑɜɞɜ ůŰŬɗŮɟɐɠ ɔŮɤɛŮŰɟɑŬɠ 

¶ ȷəɟɞűɨůɘɞ ɟŮɨɛŬŰɞɠ ˊŬɟɎəŬɛɣɖɠ, ůɡɔəɚɑɜɞɜ ůŰŬɗŮɟɐɠ 

ɔŮɤɛŮŰɟɑŬɠ 

 

ɄŬɟŬŰɑɗŮŰŬɘ ˊŬɟŬəɎŰɤ ɖɛɘŰɞɛɐ Űɞɡ əɘɜɖŰɐɟŬ. 

 

ȺɘəɧɜŬ 4.1 ȼɛɘŰɞɛɐ əɘɜɖŰɐɟŬ CFM LEAP -1A 



 ɄŮɟɘɔɟŬűɐ əɘɜɖŰɐɟŬ 4.3 

 

4.2.1 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

 

 ɆŰɞɜ ɄɑɜŬəŬɠ 4.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɎ ŰŬ ŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ CFM LEAP. ȺɘŭɘəɧŰŮɟŬ, 

ŬɜŬűɏɟŮŰŬɘ ɖ ɏəŭɞůɖ əɎɗŮ əɘɜɖŰɐɟŬ əŬɘ ŬɜŬɔɟɎűŮŰŬɘ ɖ ɩůɖ ɔɘŬ Űɖɜ ŬˊɞɔŮɑɤůɖ, 

ɞ ɚɧɔɞɠ ˊŬɟɎəŬɛɣɖɠ ŬɚɚɎ əŬɘ  ɞ ɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ ůŰɞɘɢŮɑŬ ˊɞɡ ŭɑɜŮɘ ɖ EASA [23] ,ɖ General Electric [24] əŬɘ ɞ 

ICAO [25] . 

 

 

Ȱəŭɞůɖ 
ȵůɖ take off 

(kN) 

Max 

Continuous 

(kN) 

ȿɧɔɞɠ 

ɄŬɟɎəŬɛɣɖɠ 

Ƀɚɘəɧɠ ɚɧɔɞɠ 

ˊɑŮůɖɠ 

-1A23 106.80 104.58 11.3 30.3 

-1A24 106.80 106.76 11.3 30.3 

-1A26 120.60 118.68 11.1 33.3 

-1A29 130.29 118.68 10.7 35.5 

-1A30, 32, 33, 

35A 
143.05 140.96 10.5 38.5 

-1B21 111.3 - 8.5 36.8 

-1B23 115.2 - 8.5 37.9 

-1B25 119.15 115.47 8.4 40.1 

-1B27 124.71 121.31 8.3 40.5 

-1B28 130.41 127.93 8.3 42.0 

-1C28 129.98 127.93 - - 

-1C30 137.14 133.22 - - 

ɄɑɜŬəŬɠ 4.2: ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ ŮəŭɧůŮɤɜ ɞɘəɞɔɏɜŮɘŬɠ CFM LEAP 

 

 ɆŰɖɜ ȺɘəɧɜŬ 4.2 ŬɜŬűɏɟɞɜŰŬɘ əɎˊɞɘŬ Ŭˊɧ ŰŬ əŬɘɜɞŰɧɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ˊɞɡ ŭɘŬɗɏŰŮɘ ɞ əɘɜɖŰɐɟŬɠ CFM LEAP. 



4.4  ȾȺūȷȿȷȽɃ 4 

 

 

ȺɘəɧɜŬ 4.2 ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ CFM LEAP  

 

 ɄŬɟŬŰɖɟŮɑŰŬɘ ɖ ɢɟɐůɖ CMC (Ceramic Matrix Composite material) shroud 

ůŰŬ ˊŰŮɟɨɔɘŬ Űɞɡ ůŰɟɞɓɑɚɞɡ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ɖ ɞˊɞɑŬ ŮɜɘůɢɨŮɘ Űɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ 

Űɤɜ ˊŰŮɟɡɔɑɤɜ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ GE Aviation [26] ŰŬ 

ɜɏŬ ŬɡŰɎ ɡɚɘəɎ ɏɢɞɡɜ ˊŮɟɑˊɞɡ Űɞ 1/3 Űɞɡ ɓɎɟɞɡɠ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɛŮŰŬɚɚɘəɩɜ 

əɟŬɛɎŰɤɜ əŬɘ ŬɜŰɏɢɞɡɜ ɗŮɟɛɞəɟŬůɑŮɠ ɏɤɠ 1315 oC əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ 

ˊɟɞɖɔɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ ɣɨɝɖɠ ŬɡɝɎɜŮŰŬɘ ɖ  ŬɜŰɞɢɐ ůŮ ɛŮɔɎɚŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ 

ˊŰŮɟɡɔɑɤɜ. 

 

4.3 Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ 

 

 ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ ŭɑɜɞɜŰŬɘ ŭɘɎűɞɟŬ ŭŮŭɞɛɏɜŬ ŮˊɘŭɧůŮɤɜ Űɞɡ 

əɘɜɖŰɐɟŬ CFM LEAP ï 1A26  ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ŬɜɞɘəŰɐ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ  

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ Űɞ 

ɛɞɜŰɏɚɞ ŮˊɘɚɏɢɗɖəŮ ɜŬ ŬəɞɚɞɡɗŮɑ ˊɘůŰɎ Űɘɠ ŮˊɘŭɧůŮɘɠ ˊɞɡ ŭɑɜŮɘ ɖ ICAO 

(International Civil Aviation Organization) ɔɘŬ ŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ ˊŰɐůɖɠ.  

 ɄŬɟŬŰɖɟŮɑŰŬɘ, ůɡɢɜɎ, ɞɘ ŮˊɘŭɧůŮɘɠ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊɖɔɏɠ ɜŬ ɏɢɞɡɜ ŬɟəŮŰɎ 

ɛŮɔɎɚŮɠ ŬˊɞəɚɑůŮɘɠ. ȼ Ůˊɘɚɞɔɐ Űɖɠ ˊɖɔɐɠ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɗŬ ɔɑɜŮɘ ɎɜŰɚɖůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ əŬɗɞɟɑɕŮɘ Űɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɧɚɞ Űɞ ɛɞɜŰɏɚɞ, 

ůɡɜŮˊɩɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɚŬɜɗŬůɛɏɜŮɠ ŬɜŬɚɨůŮɘɠ. 



 Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ 4.5 

 

 

 Ƀ ɄɑɜŬəŬɠ 4.3 ŭŮɑɢɜŮɘ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŭɑɜŮɘ ɞ ICAO. 

 

ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ 

Ɇɡɜɞɚɘəɧɠ ɚɧɔɞɠ ́ ɑŮůɖɠ 33,3 

ȿɧɔɞɠ ˊŬɟɎəŬɛɣɖɠ  11,1 

ȵůɖ ŬˊɞɔŮɑɤůɖɠ (kN) 120.6 

ɄɑɜŬəŬɠ 4.3: ȹŮŭɞɛɏɜŬ əɘɜɖŰɐɟŬ CFM LEAP - 1A 26 (ˊɖɔɐ ICAO [25]) 

 

 ȼ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ Űɞɡ əɘɜɖŰɐɟŬ əŬɗɩɠ əŬɘ ɞɘ ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ 

ɏɔɘɜŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ICAO əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 4.4 

əŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 4.5 ŬɜŰɑůŰɞɘɢŬ. 

 

ɄŬɟŬɔɧɛŮɜɖ ɩůɖ (%Foo) ɄŬɟɞɢɐ əŬɡůɑɛɞɡ (kg/sec) 

100% 0.861 

85% 0.71 

30% 0.244 

7% 0.091 

ɄɑɜŬəŬɠ 4.4: ȾŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ (ˊɖɔɐ ICAO [25]) 

 

ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ 

ɄɑŮůɖ (kPa) 97.8-98.8 

ŪŮɟɛɞəɟŬůɑŬ (K) 274.6-279.8 

ɈɔɟŬůɑŬ (kg/kg) 0.0020-0.0032 

ɄɑɜŬəŬɠ 4.5: ɆɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ (ˊɖɔɐ ICAO 

[25]) 

 

 Ⱥˊɑůɖɠ ɡˊɎɟɢɞɡɜ ůŰɞɘɢŮɑŬ ˊɞɡ ŭɑɜŮɘ ɖ EASA (European Aviation Safety 

Agency) ɔɘŬ Űɘɠ ůŰɟɞűɏɠ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ ŬŰɟɎəŰɤɜ, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮɘ ɞ 

ɄɑɜŬəŬɠ 4.6.  

 

ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ 

ɆŰɟɞűɏɠ ɉŬɛɖɚɞɨ ɇɡɛˊɎɜɞɡ (Ɂ1) 3856 

ɆŰɟɞűɏɠ Ɉɣɖɚɞɨ ɇɡɛˊɎɜɞɡ(Ɂ2)  16645 

ɄɑɜŬəŬɠ 4.6: ɆŰɟɞűɏɠ ŬŰɟɎəŰɤɜ (ˊɖɔɐ EASA [23]) 
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ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ 

ȿɧɔɞɠ ˊɑŮůɖɠ ůɡɛˊɘŮůŰɐ 22 

Ƀɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ ~ 40 

ɄɑɜŬəŬɠ 4.7: ȹŮŭɞɛɏɜŬ ɔɘŬ Űɞɜ ůɡɛˊɘŮůŰɐ (ˊɖɔɐ GE [24]) 

 

 ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊɖɔɏɠ ŮˊɘɚɏɔŮŰŬɘ ɞ ICAO ɤɠ əɨɟɘŬ ŬɜŬűɞɟɎ ɔɘŬ Űɘɠ 

ŮˊɘŭɧůŮɘɠ Űɖɠ ɛɖɢŬɜɐɠ əŬɗɩɠ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊɟŬɔɛŬŰɘəɏɠ 

ɛŮŰɟɐůŮɘɠ Ůɜɩ Ůˊɑůɖɠ ůɡůɢŮŰɑɕŮɘ Űɖɜ ɩůɖ ɛŮ Űɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ. ȷɝɑɕŮɘ 

ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ ɛŮŰɟɐůŮɘɠ ɔɑɜɞɜŰŬɘ ůŮ əɎɗŮ əɘɜɖŰɐɟŬ ˊɞɡ ŮɔəɟɑɜŮŰŬɘ ɔɘŬ 

ɛŬɕɘəɐ ˊŬɟŬɔɤɔɐ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ ɛŮ ůɡɜɗɐəŮɠ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŬɡŰɏɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 4.5 əŬɘ Űɖɜ ɛɖɢŬɜɐ ŬəɑɜɖŰɖ. 

 ɆŰɞɜ ɄɑɜŬəŬɠ 4.8 əŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 4.9. ŭɑɜɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ 

ůɖɛŮɑɤɜ ŰŬ ɞ́ɞɑŬ ɢɟɖůɘɛɞ́ɞɘɐɗɖəŬɜ ůŰɖɜ ɛɞɜŰŮɚɞ́ɞɑɖůɖ Űɤɜ əɘɜɖŰɐɟɤɜ. ɆŰɖɜ 

ˊŬɟɎɔɟŬűɞ 3.4 ɔɘŬ Űɞ ŬŮɟɞůəɎűɞɠ ȷ320neo ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɩůŮɘɠ ɔɘŬ ŰŬ 

ůɖɛŮɑŬ Top Of Climb əŬɘ Cruise  əŬɘ Űɞ ůɖɛŮɑɞ Rolling Take off  ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ 

Ůɝɐɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ůɢɏůɖ (2.7): 

 

 
  (4.1) 

 

 

 

 Alt  [m] Mach 
DTISA 

[K]  
war Fn [N] 

Pwr45 

[W]  

CmpH.W_bld1 

[kg/s] 

Top of Climb 10668 0.78 10 0 25348.698 67113 0.4445205 

Take off 100% 0 0 0 0.0026 120600 0 0 

Climb Out 

85% 
0 0 0 0.0026 102510 0 0 

Approach 

30% 
0 0 0 0.0026 36180 0 0 

Idle 7% 0 0 0 0.0026 8442 0 0 

Rolling Take 

off 
0 0.25 15 0 96072.652 119312 0 

Cruise 10668 0.78 0 0 21290.934 67113 0.4445205 

ɄɑɜŬəŬɠ 4.8: ȹŮŭɞɛɏɜŬ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ 

: 
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 WF OPR BPR NL NH 

Top of Climb - ~40 - - - 

Take off 100% 0,861 33,3 11,1 - - 

Climb Out 

85% 
0,71 - - - - 

Approach 30% 0,244 - - - - 

Idle 7% 0,091 - - - - 

Rolling Take 

off 
- - - 3856 16645 

Cruise - - - - - 

ɄɑɜŬəŬɠ 4.9: ȹŮŭɞɛɏɜŬ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ 

 ȺɘůɎɔɞɡɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ əŬɘ ŮˊɘɚɏɔɞɡɛŮ ůŬɜ ůɖɛŮɑɞ 

ůɢŮŭɑŬůɖɠ Űɞ Top Of Climb. 

4.4 ɀɞɜŰŮɚɞˊɞɑɖůɖ əɘɜɖŰɐɟŬ CFM LEAP -1A26 

 

 ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ůɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ Űɞɡ 

ɛɞɜŰɏɚɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ PROOSIS ɔɘŬ 

Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ.  

 

 

ȺɘəɧɜŬ 4.3: ɆɢɖɛŬŰɘəɧ ɚɞɔɘůɛɘəɞɨ 

 ɇɞ ůɢɖɛŬŰɘəɧ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 4.3: ɆɢɖɛŬŰɘəɧ ɚɞɔɘůɛɘəɞɨ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ, Ůɜɩ ɖ ŭɘɎŰŬɝɖ Űɞɡ əɘɜɖŰɐɟŬ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ 

ˊɟɞɖɔɞɡɛɏɜɤɠ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ůɡɜŮˊɩɠ əŬŰɎ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɞ ɓŬɗɛɧɠ 

Ŭˊɧŭɞůɖɠ əŬɘ ɞ ɚɧɔɞɠ ɛŮŰɎŭɞůɖɠ Űɞɡ əɘɓɤŰɑɞɡ ŰɑɗŮɜŰŬɘ ɑůɞɘ ɛŮ ɛɞɜɎŭŬ. 

 ɀŮ ɓɎůɖ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬɜŬɚɨɗɖəŮ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.4 ɔɑɜŮŰŬɘ 

ŬɜɎɚɡůɖ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ əŬɘ ˊɟɞəɨˊŰɞɡɜ ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ɛŮɔɏɗɖ ɔɘŬ 

Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɛɖɢŬɜɐɠ ŮəŰɧɠ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ, ɧˊɤɠ ŰŬ ŮɛɓŬŭɎ Űɤɜ 

Ŭəɟɞűɡůɑɤɜ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɎɚɡůɖ Űɤɜ ůɖɛŮɑɤɜ ŮəŰɧɠ 
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ůɢŮŭɑŬůɖɠ ɧˊɤɠ ŬɡŰɎ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬˊɎɜɤ əŬɗɩɠ əŬɘ ŮɨɟŮůɖ Űɤɜ ŬˊɞəɚɑůŮɤɜ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŭɞůɛɏɜŮɠ Űɘɛɏɠ.  

 ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ Ŭɟɢɘəɐ 

ŮəŰɑɛɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ: 

 

¶ ȿɧɔɞɘ ˊɑŮůɖɠ ůɡɛˊɘŮůŰɩɜ: 

 ũɜɤɟɑɕɞɜŰŬɠ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɤɠ ɞ ɚɧɔɞɠ ˊɑŮůɖɠ Űɞɡ ůɡɛˊɘŮůŰɐ 

ɡɣɖɚɐɠ ˊɑŮůɖɠ ŮɑɜŬɘ 22 əŬɘ ɞ ůɡɜɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ ŮɑɜŬɘ ~ 40 ůŰɞ Top Of 

Climb. ȺˊɘˊɟɞůɗɏŰɤɠ ŮɑɜŬɘ ɔɜɤůŰɧ ɛŮ ɓɎůɖ Űɖɜ ˊɖɔɐ [32] ˊɤɠ ɞ ɚɧɔɞɠ ˊɑŮůɖɠ 

Űɞɡ Fan ůŰɞ ŰɛɐɛŬ ˊŬɟɎəŬɛɣɖɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Űɖɠ Űɘɛɐɠ 1,45. 

ȺˊɘɚɏɔɞɜŰŬɘ ůɡɜŮˊɩɠ ɞɘ ˊŬɟŬəɎŰɤ Űɘɛɏɠ: 

 

ɀŮŰŬɓɚɖŰɐ ɇɘɛɐ 

ȿɧɔɞɠ ɄɑŮůɖɠ Fan (́ ŬɟɎəŬɛɣɖɠ) 1.45 

ȿɧɔɞɠ ɄɑŮůɖɠ Fan (́ ɡɟɐɜŬ)  =1,36 

ȿɧɔɞɠ ˊɑŮůɖɠ ɆɡɛˊɘŮůŰɐ Ɉɣɖɚɐɠ 22 

Ɇɡɜɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ 40 

ɄɑɜŬəŬɠ 4.10: ȿɧɔɞɘ ɄɑŮůɖɠ ɆɡɜɘůŰɤůɩɜ CFM LEAP 

Ƀ ɚɧɔɞɠ ˊɑŮůɖɠ Űɞɡ ůɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ˊɟɞəɨŰ́Ůɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ 

ɡˊɞɚɞɔɘůɛɩɜ.  

 

¶ ȸŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ůɡɜɘůŰɤůɩɜ 

 ɀŮ ɓɎůɖ Űɖɜ ɛŮɚɏŰɖ Űɤɜ Jones S. M.  əŬɘ ůɡɜ. [7] ɔɘŬ Űɞɡɠ əɘɜɖŰɐɟŮɠ 

ɔŮɜɘɎɠ Ɂ+3 ˊɟɞəɨˊŰɞɡɜ ɞɘ ˊɞɚɡŰɟɞˊɘəɞɑ  ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ɔɘŬ Űɞɡɠ əɘɜɖŰɐɟŮɠ 

ɔŮɜɘɎɠ Ɂ+2 ůŰɖɜ ɞ́ɞɑŬ ŬɜɐəŮɘ əŬɘ ɞ əɘɜɖŰɐɟŬɠ CFM LEAP ï 1ȷ26. Ƀɘ 

ˊɞɚɡŰɟɞˊɘəɞɑ ɓŬɗɛɞɑ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 4.11. 

 

ɄɞɚɡŰɟɞˊɘəɧɠ ȸŬɗɛɧɠ ɇɘɛɐ 

Fan (́ ŬɟɎəŬɛɣɖɠ) 92,5% 

Fan (́ ɡɟɐɜŬ) 88% 

ɆɡɛˊɘŮůŰɐ ɉŬɛɖɚɐɠ ɄɑŮůɖɠ 88% 

ɆɡɛˊɘŮůŰɐ Ɉɣɖɚɐɠ ɄɑŮůɖɠ 90% 

ɆŰɟɞɓɑɚɞɡ Ɉɣɖɚɐɠ ɄɑŮůɖɠ 89% 

ɆŰɟɞɓɑɚɞɡ ɉŬɛɖɚɐɠ ɄɑŮůɖɠ 92% 

ɄɑɜŬəŬɠ 4.11: ȸŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ůɡɜɘůŰɤůɩɜ CFM LEAP 
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¶ ɄŰɩůŮɘɠ ɄɑŮůɖɠ ůŰɞɡɠ Ŭɔɤɔɞɨɠ 

 Ƀɘ ŬˊɩɚŮɘŮɠ ˊɑŮůɖɠ ůŰɞɡɠ Ŭɔɤɔɞɨɠ ŮˊɘɚɏɢɗɖəŮ ɜŬ ůɡɛűɤɜɞɨɜ ɛŮ Űɖɜ ˊɖɔɐ 

[1]. ȹɑɜɞɜŰŬɘ ŭɘɎűɞɟŮɠ ŭɘŬŰɎɝŮɘɠ Ŭɔɤɔɩɜ əŬɗɩɠ əŬɘ Ůɨɟɖ ůŰŬ ɞˊɞɑŬ əɡɛŬɑɜɞɜŰŬɘ 

ɞɘ ˊŰɩůŮɘɠ ˊɑŮůɖɠ, ůəɧˊɘɛŬ ŮˊɘɚɏɔɞɜŰŬɘ ŰŬ əŬŰɩŰŬŰŬ ɧɟɘŬ əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ 

əɘɜɖŰɐɟŬ ɜɏŬɠ ŰŮɢɜɞɚɞɔɑŬɠ. ȰŰůɘ ŮɘůɎɔɞɜŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ: 

 

ɄŰɩůŮɘɠ ɄɑŮůɖɠ ɇɘɛɐ 

ȷɔɤɔɞɨ Ůɘůɧŭɞɡ 0% 

ȷɔɤɔɞɨ ˊŬɟɎəŬɛɣɖɠ  1.84% (ůɢɏůɖ (2.4)) 

D21 0.1% 

D25 1% 

D30 1% 

ŪŬɚɎɛɞɡ əŬɨůɖɠ 4.3% 

D45 1% 

D50 1.5% 

ɄɑɜŬəŬɠ 4.12: ɄŰɩůŮɘɠ ɄɑŮůɖɠ ȷɔɤɔɩɜ CFM LEAP 

 

¶ ȷ́ɞɛŬůŰŮɨůŮɘɠ ȷɏɟŬ  

 Ƀɘ Ŭ́ɞɛŬůŰŮɨůŮɘɠ ŬɏɟŬ ɔɘŬ Űɖɜ ɣɨɝɖ əŬɘ ůŰŮɔŬɜɞ́ɞɑɖůɖ Űɤɜ ůŰɟɞɓɑɚɤɜ 

ɟ́ɞɏəɡɣŬɜ ůɨɛűɤɜŬ ɛŮ Űɘɠ Űɘɛɏɠ ɞ́ɡ ŭɑɜɞɜŰŬɘ Ŭ́ɧ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɛŮɚɏŰɖ Űɞɡ Jones S. əŬɘ ůɡɜ. [7] əŬɗɩɠ əŬɘ Űɖɜ 

ɖ́ɔɐ [1] ɞɘ Űɘɛɏɠ Űɤɜ Ŭ́ɞɛŬůŰŮɨůŮɤɜ ́ ɟɞəɨ́Űɞɡɜ: 

 

ȷ́ɞɛɎůŰŮɡůɖ ȷɏɟŬ  ɇɘɛɐ 

Ɇɡɛ́ɘŮůŰɐ Ɉɣɖɚɐɠ ɄɑŮůɖɠ 3,5% 

D30 17% 

ɄɑɜŬəŬɠ 4.13: ȷˊɞɛŬůŰŮɨůŮɘɠ ȷɏɟŬ 

 

 ȼ Ŭ́ɞɛɎůŰŮɡůɖ ŬɏɟŬ Ŭ́ɧ Űɞɜ ůɡɛ́ɘŮůŰɐ ɡɣɖɚɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ůŰŮɔŬɜɞ́ɞɑɖůɖ Űɤɜ ŭɘŬəɏɜɤɜ ůŰɞɜ ůŰɟɧɓɘɚɞ ɢŬɛɖɚɐɠ ɑ́Ůůɖɠ əŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ 

Walsh P.P  [1]  ŮɑɜŬɘ ŬɜɎɚɞɔɞɠ Űɤɜ ɓŬɗɛɑŭɤɜ Űɞɡ ůŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ɑ́Ůůɖɠ. ȼ 

Ŭ́ɞɛɎůŰŮɡůɖ Ŭ́ɧ Űɞɜ Ŭɔɤɔɧ D30 ɞŭɖɔŮɑŰŬɘ ůŰɞɜ ůŰɟɧɓɘɚɞ ɡɣɖɚɐɠ ɑ́Ůůɖɠ ɔɘŬ 

Űɖɜ ɣɐɝɖ əŬɘ ůŰŮɔŬɜɞ́ɞɑɖůɖ Űɤɜ Ű́Ůɟɨɔɤɜ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɛŮɚɏŰɖ Űɞɡ Jones S. 

əŬɘ ůɡɜ. [7] əŬɘ Űɘɠ Űɘɛɏɠ ɞ́ɡ ŭɑɜɞɜŰŬɘ Ŭ́ɧ Űɖɜ ɖ́ɔɐ [1] ɔɑɜŮŰŬɘ ɛɘŬ ŮəŰɑɛɖůɖ Űɖɠ 

Űɘɛɐɠ Űɞɡ, ŬɜŰɑůŰɞɘɢɖ ɛŮ Űɞ Ů́ɑ́Ůŭɞ ŰŮɢɜɞɚɞɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ. 

 ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɛŮɑɤůɖ Űɤɜ ŬˊɞəɚɑůŮɤɜ 
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Űɤɜ ɡˊɞɚɞɔɘɕɧɛŮɜɤɜ Űɘɛɩɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɔɜɤůŰɎ ůŰɞɘɢŮɑŬ. ȺˊɘɚɏɔŮŰŬɘ ɜŬ 

ɛŮŰŬɓɚɖɗɞɨɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ: 

 

ɀŮŰŬɓɚɖŰɏɠ Top Of Climb 

OPR 40 38 41 

BPR 11.1 10 12 

CmpFan_BETA_sec 0.63 0.5 0.65 

CmpH_BETA 0.5 0.45 0.55 

TrbH_ZETA 0.6 0.55 0.65 

TrbL_ZETA 0.7 0.6 0.8 

 
ȷɟɢɘəɐ 

ɡˊɧɗŮůɖ 
Ⱥɨɟɞɠ ɚɨůŮɤɜ 

ɄɑɜŬəŬɠ 4.14: ɀŮŰŬɓɚɖŰɏɠ ˊɟɞɠ Űɟɞˊɞˊɞɑɖůɖ ɆɖɛŮɑɞɡ ɆɢŮŭɑŬůɖɠ 

 

 Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ Űɟɞ́ɞ́ɞɘɐɗɖəŬɜ ɩůŰŮ ɜŬ ɛŮɘɤɗɞɨɜ 

ɞɘ ŬˊɞəɚɑůŮɘɠ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭŮŭɞɛɏɜŬ ůŰŬ ůɖɛŮɑŬ ɞ́ɡ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 

4.15. 

 

ɆŰɧɢɞɘ 

100% Take Off OPR,  BPR, ȾŬɨůɘɛɞ 

85% Cruise ȾŬɨůɘɛɞ 

30% Approach ȾŬɨůɘɛɞ 

ɄɑɜŬəŬɠ 4.15: ɆŰɧɢɞɘ Űɟɞˊɞˊɞɑɖůɖɠ 

 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ɢɎɟŰɖ ůɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ 

ˊɑŮůɖɠ əŬɗɩɠ ɛŮŰɎ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ ɐŰŬɜ ɞ ɛɧɜɞɠ ůŰɞɜ ɞˊɞɑɞ Űɞ ůɖɛŮɑɞ 7% Űɖɠ 

ɩůɖɠ ɓɟɘůəɧŰŬɜ ŮəŰɧɠ Űɞɡ ɢɎɟŰɖ. ɆɡɜŮˊɩɠ ŮˊɘɚɏɢɗɖəŮ ɜŬ ɛŮŰŬɓɚɖɗŮɑ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŬɟɛɞɔɐɠ ˊɞɡ ŬűɞɟɞɨůŮ Űɞɜ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ Űɞɡ. Ƀ 

ůɡɔəŮəɟɘɛɏɜɞɠ ůɡɜŰŮɚŮůŰɐɠ ŮˊɘɚɏɔŮŰŬɘ ɜŬ  ɛŮŰŬɓɚɖɗŮɑ ůŰɞ Ůɨɟɞɠ 0,95 ɏɤɠ 1,05 

Ƀ ɄɑɜŬəŬɠ 4.16 ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ Űɘɛɏɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɞ ůɖɛŮɑɞ Idle 

7% Ŭˊɧ Űɖɜ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ.  

 

 

ɆɡɜŰŮɚŮůŰɐɠ ɄɟɞůŬɟɛɞɔɐɠ Idle 7% 

CmpFan.NcRdesMap (-) 0,268268782 

CmpFan.s_adaptWc_pri_in (-) 1 

CmpFan.s_adaptEff_pri_in (-) 1 

CmpFan.s_adaptWc_sec_in (-) 1 

CmpFan.s_adaptEff_sec_in (-) 1 
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CmpL.NcRdesMap (-) 0,280826895 

CmpL.s_adaptWc_in (-) 1 

CmpL.s_adaptEff_in (-) 1 

CmpH.NcRdesMap (-) 0,586639656 

CmpH.s_adaptWc_in (-) 1 

CmpH.s_adaptEff_in (-) 0,970186401 

TrbH.NcRdesMap (-) 0,69842038 

TrbH.s_adaptWc_in (-) 1 

TrbH.s_adaptEff_in (-) 1 

TrbL.NcRdesMap (-) 0,341298871 

TrbL.s_adaptWc_in (-) 1 

TrbL.s_adaptEff_in (-) 1 

ɄɑɜŬəŬɠ 4.16: ɈˊɞɚɞɔɘɕɧɛŮɜɞɘ ůɡɜŰŮɚŮůŰɏɠ ˊɟɞůŬɟɛɞɔɐɠ əŬɘ ŬɜŰɑůŰɞɘɢŮɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɔɘŬ Űɞ ůɖɛŮɑɞ 7% Idle  

ȷ́ ɧ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɛŮ ɛɏůɤ ɔɟŬɛɛɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ 

ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ˊɧůɞ ˊɟɏˊŮɘ ɜŬ ŰɟɞˊɞˊɞɘɖɗŮɑ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

Űɤɜ ɢŬɟŰɩɜ. ȼ ˊɟɞůŬɟɛɞɔɐ ɔɑɜŮŰŬɘ ŮɝɤŰŮɟɘəɎ Ŭˊɧ Űɞ PROOSIS ɛŮ ɢɟɐůɖ Űɞɡ 

EXCEL Ůɜɩ ˊŬɟɎɚɚɖɚŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ əŬŰɎ ˊɧůɞ ɞɘ ˊɟɞəɨˊŰɞɜŰŮɠ 

ɢɎɟŰŮɠ ɏɢɞɡɜ ŭɘŬŰɖɟɐůŮɘ Űɖ űɡůɘəɐ ɞɟɗɧŰɖŰɎ Űɞɡɠ.  

 

4.5 ȷˊɞŰŮɚɏůɛŬŰŬ 

 

 ɀŮŰɎ Űɖɜ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ, ůŮɘɟɎ ɏɢŮɘ ɖ ŬɜɎɚɡůɖ ɧɚɤɜ 

Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ Űɞɡɠ ŰɞˊɘəɎ ˊɟɞůŬɟɛɞůɛɏɜɞɡɠ ɢɎɟŰŮɠ, 

ɛŮ ůəɞˊɧ ɜŬ ŭɞɨɛŮ Ŭɜ ɞɘ ŬˊɞəɚɑůŮɘɠ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ˊɚɏɞɜ 

ŮɜŰɧɠ ŬˊɞŭŮəŰɩɜ ɞɟɑɤɜ. ȹɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 4.17 ɞɘ Űɘɛɏɠ ŮɜŭŮɘəŰɘəɩɜ 

ɛŮɔŮɗɩɜ ŮˊɘŭɧůŮɤɜ ɔɘŬ ŰŬ ůɖɛŮɑŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ɧˊɤɠ ůɡɜɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ, 

ɚɧɔɞɠ ˊŬɟɎəŬɛɣɖɠ, Ůɘŭɘəɐ əŬŰŬɜɎɚɤůɖ əŰɚ. ɆɖɛŮɘɩɜɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ 

ɡˊɐɟɢŬɜ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ ɔəɟɑɕɞ ɢɟɩɛŬ.  

 

 OPR BPR 

SFC 

[mg/Ns] P13Q2 

W2 

[kg/s] 

NL 

[rpm]  

NH 

[rpm]  Tt4 [K]  

WF 

[kg/s] 

TopOfClimb 39,39 11,61 14,94 1,45 244,04 3856,00 16645,00 1641,14 0,379 

TakeOff_100% 33,30 11,10 7,14 1,36 533,18 3577,34 16735,12 1632,56 0,861 

ClimbOut_85% 29,38 11,24 6,92 1,30 492,16 3377,52 15855,37 1532,17 0,710 

Approach_30% 13,42 12,77 6,75 1,11 293,01 2122,44 12677,56 1156,09 0,244 

Idle_7% 5,03 15,37 10,77 1,02 140,98 1075,40 9173,38 1005,28 0,091 

Cruise 35,51 12,07 14,63 1,39 240,56 3600,71 15496,41 1486,97 0,312 

RTO 33,81 11,49 10,51 1,37 571,94 3808,27 17461,90 1793,60 1,009 

ɄɑɜŬəŬɠ 4.17: ȷˊɞŰŮɚɏůɛŬŰŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ůŰŬ ɔɜɤůŰɎ ůɖɛŮɑŬ ɚŮɘŰɞɡɟɔɑŬɠ 
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 ɆŰɞ ȹɘɎɔɟŬɛɛŬ  4.1 ŭɑɜŮŰŬɘ ɖ ɔɟŬɛɛɐ ɚŮɘŰɞɡɟɔɑŬɠ ICAO ɏŰůɘ ɧˊɤɠ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ PROOSIS ɔɘŬ ɛŮŰŬɓɞɚɐ Űɖɠ ɩůɖɠ əŬŰɎ 1% ůŮ əɎɗŮ 

ɡˊɞɚɞɔɘůɛɧ, ŰŬ 4 ŭɘŬəɟɘŰɎ ůɖɛŮɑŬ 100%, 85%, 30% əŬɘ 7% ɛŬɕɑ ɛŮ Űɘɠ 

ŬˊɞəɚɑůŮɘɠ Ŭˊɧ Űɘɠ ɡˊɞɚɞɔɘɕɧɛŮɜŮɠ Űɘɛɏɠ ůŮ əɎɗŮ ůɖɛŮɑɞ. 

 

 

ȹɘɎɔɟŬɛɛŬ  4.1: ȵůɖɠ - Ⱥɘŭɘəɐɠ ȾŬŰŬɜɎɚɤůɖɠ  ICAO ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ əɘɜɖŰɐɟŬ CFM 

LEAP ï 1A26  

 

 ȼ ɛɏɔɘůŰɖ Ŭˊɧəɚɘůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 0,14% əŬɘ ůɡɜŮˊɩɠ 

Űɞ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ CFM LEAP ï 1A26 ́ ɘůŰɞˊɞɘŮɑŰŬɘ ˊɞůɞŰɘəɎ ůɨɛűɤɜŬ 

ɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ICAO.  

 

ũɟŬɛɛɐ ICAO  & ɔɟŬɛɛɐ Cruise  

 

 ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɏɢɞɡɛŮ ɛɘŬ ˊɞɘɞŰɘəɐ ŮɘəɧɜŬ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ 

ɛɞɜŰɏɚɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɟɞůɞɛɞɑɤůɖ ɛɘŬɠ ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ ɔɘŬ ůŰŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ Űɞ ůɖɛŮɑɞ Take Off 100% Űɞɡ ICAO 

ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ Idle 7% əŬɗɩɠ əŬɘ ɛɑŬ ɔɟŬɛɛɐ Cruise ůŮ ůɡɜɗɐəŮɠ ˊɚŮɨůɖɠ ɧˊɤɠ 

ŬɡŰɏɠ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ. 

 ɆŰɞ ɆɢɐɛŬ 4.1 ɏɤɠ Űɞ ɆɢɐɛŬ 4.6  ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɢɎɟŰŮɠ ɚŮɘŰɞɡɟɔɑŬɠ 

ɛŮ ůɢŮŭɘŬůɛɏɜɖ Űɖ ɔɟŬɛɛɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛɖɢŬɜɐɠ əŬɘ Űɖɜ ɔɟŬɛɛɐ Cruise. 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞɘ ɢɎɟŰŮɠ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ əɎˊɞɘŬ ɛɖ űɡůɘəɐ ůɡɛˊŮɟɘűɞɟɎ, 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɡˊɐɟɢŮ ŰɏŰɞɘɞɠ əɑɜŭɡɜɞɠ ɚɧɔɤ Űɞˊɘəɐɠ ˊɟɞůŬɟɛɞɔɐɠ, ɎɚɚŬ əŬɘ ɞɘ 



 ȷˊɞŰŮɚɏůɛŬŰŬ 4.13 

 

ɗɏůŮɘɠ Űɤɜ ůɖɛŮɑɤɜ ˊɎɜɤ ůŰɞɡɠ ɢɎɟŰŮɠ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɔɘŬ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

 

 

ɆɢɐɛŬ 4.1: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊŬɟɎəŬɛɣɖɠ 

 

 

 

ɆɢɐɛŬ 4.2: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊɡɟɐɜŬ 
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ɆɢɐɛŬ 4.3:  ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

 

 

ɆɢɐɛŬ 4.4: ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

 



 ȷˊɞŰŮɚɏůɛŬŰŬ 4.15 

 

 

ɆɢɐɛŬ 4.5: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

 

 

ɆɢɐɛŬ 4.6: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

 
ɀŮɚɏŰɖ əɘɜɖŰɐɟŬ ůŮ Ůɨɟɞɠ ɡɣɞɛɏŰɟɤɜ əŬɘ ŰŬɢɡŰɐŰɤɜ ˊɚŮɨůɖɠ 

 

 ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ Űɖɠ ŬɜɎɚɡůɖɠ ɛŬɠ ŮɑɜŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ɚŮɘŰɞɡɟɔɑŬɠ ůŮ 

ɧɚɞ Űɞ űɎəŮɚɞ ˊŰɐůɖɠ Űɞɡ əɘɜɖŰɐɟŬ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŭɘəŬůɑŬ ŬˊɞůəɞˊŮɑ Űɧůɞ 

ůŰɖɜ ˊŮɟŬɘŰɏɟɤ ˊɞɘɞŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɧůɞ əŬɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ŬɟɢŮɑɞɡ Űɞ ɞˊɞɑɞ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ŬˊɞůŰɞɚɩɜ. 

ɀŮ ŬɡŰɧ Űɞ ůəɞˊɧ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŭɘŬŭɞɢɘəɏɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ɔɘŬ 

ŭɘŬűɞɟŮŰɘəɎ ɡɣɧɛŮŰɟŬ, Ŭɟɘɗɛɞɨɠ mach əŬɘ ɩůŮɘɠ. Ƀɘ Űɘɛɏɠ Űɤɜ ŬɚɔŮɓɟɘəɩɜ 

ɛŮŰŬɓɚɖŰɩɜ ɔɘŬ əɎɗŮ ɡˊɞɚɞɔɘɕɧɛŮɜɞ ůɖɛŮɑɞ, ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ŭɘɞɟɗɤɛɏɜɖ 

ɩůɖ əŬɘ Űɞɜ Ŭɟɘɗɛɧ mach əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ ůŮ əŬŰɎɚɚɖɚɞ ŬɟɢŮɑɞ 
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Ŭɟɢɘəɞˊɞɑɖůɖɠ Űɞ ɞˊɞɑɞ ůɡɜɞŭŮɨŮɘ Űɞ ŰŮɚɘəɧ ɛɞɜŰɏɚɞ. ȺˊɘɚɏɔŮŰŬɘ ɏɜŬ Ůɨɟɞɠ 

ɡɣɞɛɏŰɟɤɜ 0 ï 10668 m  (Űɡ́ɘəɧ ɡɣɧɛŮŰɟɞ ˊɚŮɨůɖɠ) əŬɗɩɠ əŬɘ mach Ŭˊɧ 0 ɏɤɠ 

0,8 ( Űɡˊɘəɐ ŰŬɢɨŰɖŰŬ ˊɚŮɨůɖɠ). 

 ȷˊɧ ŰŬ ůɢɐɛŬŰŬ ŬɡŰɎ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɧɚŬ ŰŬ ůɖɛŮɑŬ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ 

Űɤɜ ɢŬɟŰɩɜ, Ůɜɩ ɞɘ ɔɟŬɛɛɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɏɢɞɡɜ Űɖɜ 

ŬɜŬɛŮɜɧɛŮɜɖ ůɡɛˊŮɟɘűɞɟɎ. ȷəɧɛɖ ŮˊŬɚɖɗŮɨŮŰŬɘ ɧŰɘ ŭŮɜ ŮɜŰɞˊɑɕŮŰŬɘ əɎˊɞɘɞ 

ˊɟɧɓɚɖɛŬ əŬŰɎ Űɖɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɖɛŮɑɤɜ. 

 

 

ɆɢɐɛŬ 4.7: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊŬɟɎəŬɛɣɖɠ 

 

 

ɆɢɐɛŬ 4.8: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊɡɟɐɜŬ 

 



 ȷˊɞŰŮɚɏůɛŬŰŬ 4.17 

 

 

ɆɢɐɛŬ 4.9:  ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

 

 

ɆɢɐɛŬ 4.10: ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ 
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ɆɢɐɛŬ 4.11: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

 

ɆɢɐɛŬ 4.12: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

 
 ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ Ůˊɘˊɚɏɞɜ Űɖɠ ˊɞɘɞŰɘəɐɠ ˊɘůŰɞˊɞɑɖůɖɠ Ŭˊɧ 

Űɖɜ ɛŮɚɏŰɖ ŬɡŰɐ ˊɟɞəɨˊŰŮɘ əŬɘ Űɞ ˊɟɞůŮɔɔɘůŰɘəɧ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɛŮɚɏŰɖ ŬˊɞůŰɞɚɩɜ. ɇɞ ɆɢɐɛŬ 4.13 

ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ůɡůɢɏŰɘůɖ Űɖɠ ŭɘɞɟɗɤɛɏɜɖɠ ɩůɖɠ ɛŮ Űɖɜ ŭɘɞɟɗɤɛɏɜɖ ́ Ŭɟɞɢɐ ɔɘŬ 

ŭɘɎűɞɟŮɠ ŰŬɢɨŰɖŰŮɠ ˊɚŮɨůɖɠ, Űɞ ɞ́ɞɑɞ ɚŬɛɓɎɜɞɡɛŮ Ŭ́ɧ Űɞ ɟ́ɞůŮɔɔɘůŰɘəɧ 

ɛɞɜŰɏɚɞ əŬɘ ɢɟɖůɘɛɞ́ɞɘɞɨɛŮ ůŰɖɜ ŬɜɎɚɡůɖ ŬɟɔɧŰŮɟŬ. ȼ ůɡůɢɏŰɘůɖ ŬɡŰɐ 

Ů́ɘŰɟɏ́Ůɘ, ɔɜɤɟɑɕɞɜŰŬɠ Űɖɜ ŰŬɢɨŰɖŰŬ ɚ́Ůɨůɖɠ əŬɘ Űɖɜ Ŭ́ŬɘŰɞɨɛŮɜɖ ɩůɖ, Űɞɜ 

ɡ́ɞɚɞɔɘůɛɧ Űɞɡ əŬŰŬɜŬɚɘůəɧɛŮɜɞɡ əŬɡůɑɛɞɡ. 



 ȷˊɞŰŮɚɏůɛŬŰŬ 4.19 

 

 

ɆɢɐɛŬ 4.13: ȹɘɞɟɗɤɛɏɜɖ ɩůɖ - ȹɘɞɟɗɤɛɏɜɖ ɄŬɟɞɢɐ əŬɡůɑɛɞɡ 

 

 

 





 

5 ȾɘɜɖŰɐɟŬɠ PW1127G-JM 

 ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ əɘɜɖŰɐɟɤɜ 

PW1100G Űɖɠ ŮŰŬɘɟɑŬɠ Pratt & Whitney. ȰˊŮɘŰŬ, ɗŬ ŬɜŬɚɡɗŮɑ ɞ əɘɜɖŰɐɟŬɠ 

PW1127G-JM, ɗŬ ˊŬɟŬŰŮɗɞɨɜ ŰŬ ɔɜɤůŰɎ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ, əŬɗɩɠ əŬɘ Űɞ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ ůŰɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ PROOSIS. 

 

5.1 ũŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ PW1100G 

 Ƀɘ əɘɜɖŰɐɟŮɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ PW1100G ŮɑɜŬɘ əɘɜɖŰɐɟŮɠ ŭɘˊɚɞɨ ɟŮɨɛŬŰɞɠ, 

ɛŮɔɎɚɞɡ ɚɧɔɞɡ ˊŬɟɎəŬɛɣɖɠ ɛŮ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ. Ƀɘ əɘɜɖŰɐɟŮɠ ŬɡŰɞɑ 

ŬɜŬˊŰɨɢɗɖəŬɜ Ŭˊɧ Űɖɜ Pratt & Whitney əŬɘ Űɖɜ MTU Aero Engines ɩůŰŮ ɜŬ 

ůŰŮɚŮɢɩůɞɡɜ ŰŬ ŬŮɟɞůəɎűɖ ɜɏŬɠ ɔŮɜɘɎɠ, ˊɟɞůűɏɟɞɜŰŬɠ ɛŮɘɤɛɏɜɖ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ əŬɘ ɛŮɑɤůɖ ůŰɞɜ ˊŬɟŬɔɧɛŮɜɞ ɗɧɟɡɓɞ. ɀɏɚɞɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ 

PW1100G Ůɘůɐɢɗɖ ˊɟɩŰɖ űɞɟɎ ůŰɘɠ ˊɞɚɘŰɘəɏɠ ŬŮɟɞɔɟŬɛɛɏɠ Ŭˊɧ Űɖɜ Lufthansa 

Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2016 ůŰŮɚŮɢɩɜɞɜŰŬɠ ɏɜŬ Airbus A320neo. 

 ɆŰɞɜ ɄɑɜŬəŬɠ 5.1 Ŭ́ɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬŮɟɞůəɎűɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞɡɠ 

əɘɜɖŰɐɟŮɠ PW1000G. 

 

Type Application Thrust range Intr oduction 

PW1100G 
Airbus A320neo 

family 

24,000ï35,000 lbf 

110ï160 kN 

25 January 

2016 

PW1200G 
Mitsubishi Regional 

Jet 

15,000 lbf 

67 kN 
2020 

PW1400G Irkut MC-21 
28,000ï31,000 lbf 

120ï140 kN 
2019 

PW1500G Airbus A220: 
19,000ï23,300 lbf 

85ï104 kN 
15 July 2016 
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PW1700G 

& 

PW1900G 

Embraer E-Jet E2 

family 

15,000ï17,000 lbf 

67ï76 kN 

& 

17,000ï23,000 lbf 

76ï102 kN 

2021 

& 

2018 

ɄɑɜŬəŬɠ 5.1: ȷŮɟɞůəɎűɖ ˊɞɡ ˊɟɞɤɗŮɑ ɖ ɞɘəɞɔɏɜŮɘŬ əɘɜɖŰɐɟɤɜ PW1000G 

 

 ɇŬ ŬŮɟɞůəɎűɖ ȷ220, Mitsubishi SpaceJet əŬɘ Embraerôs second 

generation E-Jets ɏɢɞɡɜ ŮˊɘɚɏɝŮɘ Űɞɡɠ əɘɜɖŰɐɟŮɠ PW1000G ůŬɜ Űɞɡɠ ɛɞɜŬŭɘəɞɨɠ 

ŭɘŬɗɏůɘɛɞɡɠ ɔɘŬ Űɖɜ ůŰŮɚɏɢɤůɖ Űɤɜ ŬŮɟɞůəŬűɩɜ Űɞɡɠ Ůɜɩ ůŰŬ ŬŮɟɞůəɎűɖ Irkut 

MC-21 əŬɘ Airbus A320neo ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ ůŬɜ ɛɘŬ Ŭˊɧ Űɘɠ ŭɘŬɗɏůɘɛŮɠ Ůˊɘɚɞɔɏɠ. 

 Ƀɘ əɘɜɖŰɐɟŮɠ PW1000G ŬɜŬɛɏɜŮŰŬɘ ɜŬ ˊɟɞůűɏɟɞɡɜ ɛŮɑɤůɖ ůŰɖɜ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ əɘɜɖŰɐɟŮɠ V2500 əŬɗɩɠ əŬɘ 75% 

ɛŮɑɤůɖ ɗɞɟɨɓɞɡ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŮŰŬɘɟɑŮɠ ˊɞɡ ɗŬ Ůˊɘɚɏɝɞɡɜ ŬɡŰɧɜ Űɞɜ əɘɜɖŰɐɟŬ 

ɜŬ ˊɚɖɟɩɜɞɡɜ ɛŮɘɤɛɏɜŬ Űɏɚɖ ɗɞɟɨɓɞɡ ůŰŬ ŬŮɟɞŭɟɧɛɘŬ əŬɘ ŮˊɘˊɟɧůɗŮŰŬ ɜŬ ɏɢɞɡɜ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊŮɟɎůɞɡɜ ˊɎɜɤ Ŭˊɧ ˊŮɟɘɞɢɏɠ ˊɞɡ ŰŬ ɏɤɠ ŰɩɟŬ ŬŮɟɞůəɎűɖ 

ŭŮɜ ŮˊɘŰɟŮˊɧŰŬɜ ɜŬ ˊŮŰɎɝɞɡɜ [31]. ȷəɧɛɖ ɞɘ əɘɜɖŰɐɟŮɠ ŬɡŰɞɑ ŮɘůɎɔɞɡɜ ɜɏɞɡɠ 

ɛŮɘɤŰɐɟŮɠ ůŰɟɞűɩɜ ɛŮ Ŭˊɧŭɞůɖ 99,5% , Űɞ ɞˊɞɑɞ Ů́ ɘŰɟɏˊŮɘ ůŰɖɜ ŬɜŮɛɘůŰɐɟŬ ɜŬ 

ɚŮɘŰɞɡɟɔŮɑ ůŮ ɚɘɔɧŰŮɟŮɠ əŬɘ ˊɘɞ ŬˊɞŭɞŰɘəɏɠ ůŰɟɞűɏɠ. 

 

5.2 ɄŮɟɘɔɟŬűɐ əɘɜɖŰɐɟŬ 

 

 ɄɟɧəŮɘŰŬɘ ɔɘŬ turbofan əɘɜɖŰɐɟŮɠ, ŭɘˊɚɞɨ ŰɡɛˊɎɜɞɡ Ŭɝɞɜɘəɐɠ ɟɞɐɠ  əŬɘ 

ɡɣɖɚɞɨ ɚɧɔɞɡ ˊŬɟɎəŬɛɣɖɠ ɛŮ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ. ȼ ɞɘəɞɔɏɜŮɘŬ PW1100G ˊɞɡ 

ˊɟɞɤɗŮɑ ŰŬ Airbus A320neo ɏɢŮɘ Űɘɠ Ůɝɐɠ ůɡɜɘůŰɩůŮɠ ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ ůŰɞ Type 

ï Certificate Űɖɠ EASA [30]: 

 

¶ ȷɔɤɔɧɠ Ůɘůɧŭɞɡ 

¶ ȷɜŮɛɘůŰɐɟŬɠ (fan), ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɛɞɜɞɓɎɗɛɘɞɠ. 

¶ ɀŮɘɤŰɐɟŬ ůŰɟɞűɩɜ ( ɆɡɜŭɏŮɘ Űɞɜ ůɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ɛŮ 

Űɞɜ ŬɜŮɛɘůŰɐɟŬ) ɛŮ ɚɧɔɞ ɛŮŰɎŭɞůɖɠ NFan / N1= 1:3.0625 

¶ ɆɡɛˊɘŮůŰɐɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ (booster), ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŰɟɘɓɎɗɛɘɞɠ.  

¶ ɆɡɛˊɘŮůŰɐɠ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ɞ ɞˊɞɑɞɠ ŭɘŬɗɏŰŮɘ ɞəŰɩ ɓŬɗɛɑŭŮɠ 

¶ ŪɎɚŬɛɞɠ əŬɨůɖɠ, TALON X 



 ɄŮɟɘɔɟŬűɐ əɘɜɖŰɐɟŬ 5.3 

 

¶ ɆŰɟɧɓɘɚɞɠ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ŮɑɜŬɘ ŭɘɓɎɗɛɘɞɠ əŬɘ ɣɡɢɧɛŮɜɞɠ əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɞŭɖɔɐůŮɘ Űɞɜ ůɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

¶ ɆŰɟɧɓɘɚɞɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ , ŮɑɜŬɘ  ŰɟɘɓɎɗɛɘɞɠ 

¶ ȷəɟɞűɨůɘɞ əɨɟɘɞɡ ɟŮɨɛŬŰɞɠ, ůɡɔəɚɑɜɞɜ ůŰŬɗŮɟɐɠ ɔŮɤɛŮŰɟɑŬɠ 

¶ ȷəɟɞűɨůɘɞ ɟŮɨɛŬŰɞɠ ˊŬɟɎəŬɛɣɖɠ, ůɡɔəɚɑɜɞɜ ůŰŬɗŮɟɐɠ 

ɔŮɤɛŮŰɟɑŬɠ 

 

ɄŬɟŬŰɑɗŮŰŬɘ ˊŬɟŬəɎŰɤ ɖɛɘŰɞɛɐ Űɞɡ əɘɜɖŰɐɟŬ. 

 

ȺɘəɧɜŬ 5.1: ȼɛɖŰɞɛɐ əɘɜɖŰɐɟŬ PW1100G 

 

5.2.1 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

 

 ɆŰɞɜ  ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɎ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ ɧɚŬ ŰŬ 

ɛɞɜŰɏɚŬ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ PW1100G. ũɘŬ ɚɧɔɞɡɠ ůɡɜŰɞɛɑŬɠ ŮˊɘɚɏɔŮŰŬɘ ɜŬ 

ˊŬɟɞɡůɘŬůŰɞɨɜ ɛɧɜɞ ŰŬ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ ŭɨɜŬŰŬɘ ɜŬ ůŰŮɚŮɢɩůɞɡɜ ŰŬ Airbus 

A320neo. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŬɜŬűɏɟŮŰŬɘ ɖ ɏəŭɞůɖ əɎɗŮ əɘɜɖŰɐɟŬ əŬɘ 

ŬɜŬɔɟɎűŮŰŬɘ ɖ ɩůɖ ɔɘŬ Űɖɜ ŬˊɞɔŮɑɤůɖ. ȳˊɤɠ Ůˊɑůɖɠ, əŬɘ ɞ ɚɧɔɞɠ ˊŬɟɎəŬɛɣɖɠ 

ŬɚɚɎ əŬɘ  ɞ ɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ůŰɞɘɢŮɑŬ ˊɞɡ 

ŭɑɜŮɘ ɖ EASA [30]  əŬɘ ɞ ICAO [25] . 
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Ȱəŭɞůɖ 
ȵůɖ take 

off (kN) 

Max 

Continuous 

(kN) 

ȿɧɔɞɠ 

ɄŬɟɎəŬɛɣɖɠ 

Ƀɚɘəɧɠ ɚɧɔɞɠ 

ˊɑŮůɖɠ 

PW1133G-JM  

147.28 145.81 11,58 38,07 PW1133GA-JM  

PW1130G-JM  

PW1127G-JM 

120.43 117.18 12,28 31,66 PW1127GA-JM  

PW1127G1-JM 

PW1124G-JM 

107.82 106.91 12,72 28,78 PW1124G1-JM  

PW1122G-JM  

PW1431G-JM  140.39 138.19 8.3 42.0 

PW1129G-JM  130.08 117.19 12 34,02 

PW1431GA-JM  
140.44 138.20 - - 

PW1431GH-JM 

PW1428G-JM 

132.38 126.55 12,28 31,66 PW1428GA-JM 

PW1428GH-JM 

ɄɑɜŬəŬɠ 5.2: ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ ŮəŭɧůŮɤɜ ɞɘəɞɔɏɜŮɘŬɠ  PW1100 

 

5.3 Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ 

 

 ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ ŭɑɜɞɜŰŬɘ ŭɘɎűɞɟŬ ŭŮŭɞɛɏɜŬ ŮˊɘŭɧůŮɤɜ Űɞɡ 

əɘɜɖŰɐɟŬ PW1127G ï JM ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ŬɜɞɘəŰɐ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ.  

 

 Ƀ ɄɑɜŬəŬɠ 5.3 ŭŮɑɢɜŮɘ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŭɑɜŮɘ ɞ ICAO. 

 

ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ 

Ɇɡɜɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ 31.66 

ȿɧɔɞɠ ˊŬɟɎəŬɛɣɖɠ  12.28 

ȵůɖ ŬˊɞɔŮɑɤůɖɠ (kN) 120.43 

ɄɑɜŬəŬɠ 5.3: ȹŮŭɞɛɏɜŬ əɘɜɖŰɐɟŬ PW1127G-JM (ˊɖɔɐ ICAO [25]) 

 



 Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ 5.5 

 

 ȼ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ Űɞɡ əɘɜɖŰɐɟŬ əŬɗɩɠ əŬɘ ɞɘ ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ 

ɏɔɘɜŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ICAO əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 5.4 

əŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 5.5 ŬɜŰɑůŰɞɘɢŬ. 

 

ɄŬɟŬɔɧɛŮɜɖ ɩůɖ (%Foo) ɄŬɟɞɢɐ əŬɡůɑɛɞɡ(kg/sec) 

100% 0.8 

85% 0.67 

30% 0.2322 

7% 0.08 

ɄɑɜŬəŬɠ 5.4: ȾŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ (ˊɖɔɐ ICAO [25]) 

 

ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ 

ɄɑŮůɖ (kPa) 99.56-101.71 

ŪŮɟɛɞəɟŬůɑŬ (K) 265.6-278.15 

ɈɔɟŬůɑŬ (kg/kg) 0.00071-0.00203 

ɄɑɜŬəŬɠ 5.5: ɆɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ (ˊɖɔɐ ICAO 

[25]) 

 

 Ⱥˊɑůɖɠ ɡˊɎɟɢɞɡɜ ůŰɞɘɢŮɑŬ ˊɞɡ ŭɑɜŮɘ ɖ EASA (European Aviation Safety 

Agency) ɔɘŬ Űɘɠ ůŰɟɞűɏɠ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ ŬŰɟɎəŰɤɜ, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮɘ ɞ 

ɄɑɜŬəŬɠ 5.6 

 

ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ 

ɀɏɔɘůŰŮɠ ɆŰɟɞűɏɠ ɉŬɛɖɚɞɨ ɇɡɛˊɎɜɞɡ (Ɂ1) 10047 

ȺɚɎɢɘůŰŮɠ ɆŰɟɞűɏɠ ɉŬɛɖɚɞɨ ɇɡɛˊɎɜɞɡ (N1) 

ɆŮ Ground Idle  
1750 

ȺɚɎɢɘůŰŮɠ ɆŰɟɞűɏɠ ɉŬɛɖɚɞɨ ɇɡɛˊɎɜɞɡ (N1) 

ɆŮ Flight Idle 
1801 

ɀɏɔɘůŰŮɠ ɆŰɟɞűɏɠ Ɉɣɖɚɞɨ ɇɡɛˊɎɜɞɡ(Ɂ2)  22300 

ȺɚɎɢɘůŰŮɠ ɆŰɟɞűɏɠ Ɉɣɖɚɞɨ ɇɡɛˊɎɜɞɡ (N2) 

ɆŮ Ground Idle 
12400 

ȺɚɎɢɘůŰŮɠ ɆŰɟɞűɏɠ Ɉɣɖɚɞɨ ɇɡɛˊɎɜɞɡ (N1) 

ɆŮ Flight Idle 
12400 

ȿɧɔɞɠ ɛŮŰɎŭɞůɖɠ NFan / N1 1 / 3.0625 

ɄɑɜŬəŬɠ 5.6: ɆŰɟɞűɏɠ ŬŰɟɎəŰɤɜ (ˊɖɔɐ EASA [30]) 
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ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ ɩůɖɠ ɄɑŮůɖ (kPa) ŪŮɟɛɞəɟŬůɑŬ 

ɀɏɔɘůŰɖ ɩůɖ 

ŬˊɞɔŮɑɤůɖɠ 
120.43 kN 

1.01 bar (14.696 

psia) 

47ÁC 

ɀɏɔɘůŰɖ ůɡɜŮɢɧɛŮɜɖ 

ɩůɖ 
117.18 kN 25ÁC 

ɄɑɜŬəŬɠ 5.7: ȹŮŭɞɛɏɜŬ ɩůɖɠ əŬŰɎ EASA [30] 

 

 ȳˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ ɞ ICAO ɤɠ əɨɟɘŬ ŬɜŬűɞɟɎ ɔɘŬ Űɘɠ 

ŮˊɘŭɧůŮɘɠ Űɖɠ ɛɖɢŬɜɐɠ əŬɗɩɠ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊɟŬɔɛŬŰɘəɏɠ 

ɛŮŰɟɐůŮɘɠ Ůɜɩ Ůˊɑůɖɠ ůɡůɢŮŰɑɕŮɘ Űɖɜ ɩůɖ ɛŮ Űɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ. 

 ȳˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 3.4 ɔɘŬ Űɞ ŬŮɟɞůəɎűɞɠ 

ȷ320neo ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɩůŮɘɠ ɔɘŬ ŰŬ ůɖɛŮɑŬ Top Of Climb əŬɘ Cruise ŰŬ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

 ȹɘŬűɞɟɞˊɞɑɖůɖ ůŮ ůɢɏůɖ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ CFM LEAP ï 1A26 ɡˊɎɟɢŮɘ 

ůŰɞ ůɖɛŮɑɞ Rolling Take-off ůŰɞ ɞˊɞɑɞ ɟ́ɞəɨˊŰŮɘ: 

  

 
  (5.1) 

 

 ɆŰɞɡɠ ɑ́ɜŬəŮɠ ɄɑɜŬəŬɠ 5.8 əŬɘ ɄɑɜŬəŬɠ 5.9 Ŭ́ɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ 

ɞ́ɡ ɡ́Ɏɟɢɞɡɜ ŭɘŬɗɏůɘɛŬ əŬɘ ɢɟɖůɘɛɞ́ɞɘɐɗɖəŬɜ əŬŰɎ Űɖɜ ɛɞɜŰŮɚɞ́ɞɑɖůɖ Űɞɡ 

əɘɜɖŰɐɟŬ PW 1127G ï JM. 

 

 Alt [m] Mach 
DTISA 

[K]  
war Fn [N] 

Pwr45 

[W]  

CmpH.W_bld1 

[kg/s] 

Top of Climb 10668 0.78 10 0 25348.698 67113 0.4445205 

Take off 100% 0 0 0 0.0026 120600 0 0 

Climb Out 

85% 
0 0 0 0.0026 102510 0 0 

Approach 30% 0 0 0 0.0026 36180 0 0 

Idle 7% 0 0 0 0.0026 8442 0 0 

Rolling Take 

off 
0 0.25 15 0 96072.652 119312 0 

Cruise 10668 0.78 0 0 21290.934 67113 0.4445205 

ɄɑɜŬəŬɠ 5.8: ȹŮŭɞɛɏɜŬ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ 

  

 

 



 ɀɞɜŰŮɚɞˊɞɑɖůɖ əɘɜɖŰɐɟŬ PW1127G ï JM 5.7 

 

 WF OPR BPR NL NH 

Top of Climb - ~40 - - - 

Take off 100% 0,8 31,66 12,28 - - 

Climb Out 

85% 
0,67 - - - - 

Approach 30% 0,2322 - - - - 

Idle 7% 0,08 - - - - 

Rolling Take 

off 
- - - 10047 22300 

Cruise - - - - - 

ɄɑɜŬəŬɠ 5.9: ȹŮŭɞɛɏɜŬ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ 

 ȺɘůɎɔɞɡɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ əŬɘ ŮˊɘɚɏɔɞɡɛŮ ůŬɜ ůɖɛŮɑɞ 

ůɢŮŭɑŬůɖɠ Űɞ Top Of Climb. 

 

5.4 ɀɞɜŰŮɚɞˊɞɑɖůɖ əɘɜɖŰɐɟŬ PW1127G ï JM  

 

 ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ůɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ Űɞɡ 

ɛɞɜŰɏɚɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ PROOSIS ɔɘŬ 

Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɘɜɖŰɐɟŬ.  

 

 

ȺɘəɧɜŬ 5.2: ɆɢɖɛŬŰɘəɧ ɚɞɔɘůɛɘəɞɨ 

 

 ɇɞ ůɢɖɛŬŰɘəɧ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.2 ˊŮɟɘɚŬɛɓɎɜŮɘ əɘɓɩŰɘɞ 

ŰŬɢɡŰɐŰɤɜ ɧˊɤɠ əŬɘ ɖ ŭɘɎŰŬɝɖ Űɞɡ əɘɜɖŰɐɟŬ əŬŰɎ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ, ɚɞɘˊɧɜ, ɞ 

ɚɧɔɞɠ ɛŮŰɎŭɞůɖɠ ŰɑɗŮŰŬɘ ɑůɞɠ ɛŮ 3,0625 ɧˊɤɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ EASA əŬɘ ɞ 

ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ  Űɞɡ əɘɓɤŰɑɞɡ ŰɑɗŮɜŰŬɘ ɑůɞɠ ɛŮ 0,995. 

  ȳ́ ɤɠ əŬɘ ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ CFM LEAP ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ 

ŬɜŬɚɨɗɖəŮ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.4. ũɑɜŮŰŬɘ ŬɜɎɚɡůɖ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɎɚɡůɖ Űɤɜ ůɖɛŮɑɤɜ ŮəŰɧɠ ůɢŮŭɑŬůɖɠ ɧˊɤɠ ŬɡŰɎ 
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ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬˊɎɜɤ əŬɗɩɠ əŬɘ ŮɨɟŮůɖ Űɤɜ ŬˊɞəɚɑůŮɤɜ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ŭɞůɛɏɜŮɠ Űɘɛɏɠ.  

 ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɖɛŮɑɞɡ ůɢŮŭɑŬůɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ Ŭɟɢɘəɐ 

ŮəŰɑɛɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ: 

 

¶ ȿɧɔɞɘ ˊɑŮůɖɠ ůɡɛˊɘŮůŰɩɜ: 

  ũɜɤɟɑɕɞɜŰŬɠ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɤɠ ɞ ůɡɜɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ ŮɑɜŬɘ ~ 

40 ůŰɞ Top Of Climb, əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ əɘɜɖŰɐɟŬ ˊŬɟɧɛɞɘŬɠ ŰŮɢɜɞɚɞɔɑŬɠ ɛŮ 

Űɞɜ CFM LEAP, əŬɘ ˊɤɠ ɞ ɚɧɔɞɠ ˊɑŮůɖɠ Űɞɡ Fan ůŰɞ ŰɛɐɛŬ ˊŬɟɎəŬɛɣɖɠ ŭŮɜ 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Űɖɠ Űɘɛɐɠ 1,45. Ⱥˊɑůɖɠ ɔɘŬ advanced ůɢŮŭɘŬůɛɧ əŬɘ 8 

ɓŬɗɛɑŭŮɠ ůɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ  ȹɘɎɔɟŬɛɛŬ  5.1 ɧŰɘ ɞ 

ŮˊɘŰŮɨɝɘɛɞɠ ɚɧɔɞɠ ˊɑŮůɖɠ Űɞɡ ůɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 12. 

 

 

ȹɘɎɔɟŬɛɛŬ  5.1: ȹɘɎɔɟŬɛɛŬ Ŭɟɘɗɛɞɨ ɓŬɗɛɑŭɤɜ əŬɘ ůɡɜɞɚɘəɞɨ ɚɧɔɞɡ ˊɑŮůɖɠ 

 

 ȺˊɘɚɏɔɞɜŰŬɘ ůɡɜŮˊɩɠ ɞɘ ˊŬɟŬəɎŰɤ Űɘɛɏɠ: 

 

ɀŮŰŬɓɚɖŰɐ ɇɘɛɐ 

ȿɧɔɞɠ ɄɑŮůɖɠ Fan (́ ŬɟɎəŬɛɣɖɠ) 1.45 

ȿɧɔɞɠ ɄɑŮůɖɠ Fan (́ ɡɟɐɜŬ)  = 1,36 

ȿɧɔɞɠ ˊɑŮůɖɠ ɆɡɛˊɘŮůŰɐ ɉŬɛɖɚɐɠ 2,45 

ȿɧɔɞɠ ˊɑŮůɖɠ ɆɡɛˊɘŮůŰɐ Ɉɣɖɚɐɠ 12 

Ɇɡɜɞɚɘəɧɠ ɚɧɔɞɠ ˊɑŮůɖɠ 40 

ɄɑɜŬəŬɠ 5.10: ȿɧɔɞɘ ɄɑŮůɖɠ ɆɡɜɘůŰɤůɩɜ PW1127G ï JM   



 ɀɞɜŰŮɚɞˊɞɑɖůɖ əɘɜɖŰɐɟŬ PW1127G ï JM 5.9 

 

Ƀ ɚɧɔɞɠ ˊɑŮůɖɠ Űɞɡ ůɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ˊɟɞəɨˊŰŮɘ ɛŮŰɎ Ŭˊɧ ɡˊɞɚɞɔɘůɛɧ 

ɑůɞɠ ɛŮ 2,45.  

 

¶ ȸŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ůɡɜɘůŰɤůɩɜ 

 ɀŮ ɓɎůɖ Űɖɜ ɛŮɚɏŰɖ Űɤɜ Jones S. M.  əŬɘ ůɡɜ. [7] ɔɘŬ Űɞɡɠ əɘɜɖŰɐɟŮɠ 

ɔŮɜɘɎɠ Ɂ+3 ˊɟɞəɨˊŰɞɡɜ ɞɘ ˊɞɚɡŰɟɞˊɘəɞɑ  ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ɔɘŬ Űɞɡɠ əɘɜɖŰɐɟŮɠ 

ɔŮɜɘɎɠ Ɂ+2. Ƀɘ ˊɞɚɡŰɟɞˊɘəɞɑ ɓŬɗɛɞɑ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɜŬ ŮɑɜŬɘ ɑŭɘɞɘ ɛŮ Űɞɡ CFM 

LEAP əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ əɘɜɖŰɐɟŮɠ ɑŭɘɞɡ Ůˊɘɏ́ŭɞɡ ŰŮɢɜɞɚɞɔɑŬɠ.  

 

ɄɞɚɡŰɟɞˊɘəɧɠ ȸŬɗɛɧɠ ɇɘɛɐ 

Fan (ˊŬɟɎəŬɛɣɖɠ) 92,5% 

Fan (́ ɡɟɐɜŬ) 88% 

ɆɡɛˊɘŮůŰɐ ɉŬɛɖɚɐɠ ɄɑŮůɖɠ 88% 

ɆɡɛˊɘŮůŰɐ Ɉɣɖɚɐɠ ɄɑŮůɖɠ 90% 

ɆŰɟɞɓɑɚɞɡ Ɉɣɖɚɐɠ ɄɑŮůɖɠ 89% 

ɆŰɟɞɓɑɚɞɡ ɉŬɛɖɚɐɠ ɄɑŮůɖɠ 92% 

ɄɑɜŬəŬɠ 5.11: ȸŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ůɡɜɘůŰɤůɩɜ CFM LEAP 

 

¶ ɄŰɩůŮɘɠ ɄɑŮůɖɠ ůŰɞɡɠ Ŭɔɤɔɞɨɠ 

 Ƀɘ ŬˊɩɚŮɘŮɠ ˊɑŮůɖɠ ůŰɞɡɠ Ŭɔɤɔɞɨɠ ŮˊɘɚɏɢɗɖəŮ ɜŬ ůɡɛűɤɜɞɨɜ ɛŮ Űɖɜ ˊɖɔɐ 

[1]. ȳˊɤɠ əŬɘ ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ CFM LEAP ŮɘůɎɔɞɜŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ ɞɘ 

ŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ: 

 

ɄŰɩůŮɘɠ ɄɑŮůɖɠ ɇɘɛɐ 

ȷɔɤɔɞɨ Ůɘůɧŭɞɡ 0% 

ȷɔɤɔɞɨ ˊŬɟɎəŬɛɣɖɠ  1.78% (ůɢɏůɖ (2.4)) 

D21 0.1% 

D25 1% 

D30 1% 

ŪŬɚɎɛɞɡ əŬɨůɖɠ 4% 

D45 1% 

D50 1.5% 

ɄɑɜŬəŬɠ 5.12: ɄŰɩůŮɘɠ ɄɑŮůɖɠ ȷɔɤɔɩɜ CFM LEAP 

 

¶ ȷ́ɞɛŬůŰŮɨůŮɘɠ ȷɏɟŬ 

 Ƀɘ Ŭ́ɞɛŬůŰŮɨůŮɘɠ ŬɏɟŬ ɔɘŬ Űɖɜ ɣɨɝɖ əŬɘ ůŰŮɔŬɜɞ́ɞɑɖůɖ Űɤɜ ůŰɟɞɓɑɚɤɜ 

ɟ́ɞɏəɡɣŬɜ ůɨɛűɤɜŬ ɛŮ Űɘɠ Űɘɛɏɠ ɞ́ɡ ŭɑɜɞɜŰŬɘ Ŭ́ɧ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. 
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ȷ́ɞɛɎůŰŮɡůɖ ȷɏɟŬ  ɇɘɛɐ 

Ɇɡɛ́ɘŮůŰɐ Ɉɣɖɚɐɠ ɄɑŮůɖɠ 1,5% 

D30 18% 

ɄɑɜŬəŬɠ 5.13: ȷˊɞɛŬůŰŮɨůŮɘɠ ȷɏɟŬ 

 ȼ Ŭ́ɞɛɎůŰŮɡůɖ ŬɏɟŬ Ŭ́ɧ Űɞɜ ůɡɛ́ɘŮůŰɐ ɡɣɖɚɐɠ, ůɨɛűɤɜŬ ɛŮ Űɞɜ Walsh 

P.P  [1],  ŮɑɜŬɘ ŬɜɎɚɞɔɞɠ Űɤɜ ɓŬɗɛɑŭɤɜ Űɞɡ ůŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ɑ́Ůůɖɠ ɔɘŬ ŬɡŰɧ 

Űɞ ɚɧɔɞ ůŰɞɜ əɘɜɖŰɐɟŬ PW1127G ï JM ɖ Űɘɛɐ ɟ́ɞəɨ́ŰŮɘ ɛɘəɟɧŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ 

Űɞɜ CFM LEAP. ȷəɧɛɖ Ů́ɘɚɏɔŮŰŬɘ ɡɣɖɚɧŰŮɟɖ Ŭ́ɞɛɎůŰŮɡůɖ ŬɏɟŬ ɔɘŬ Űɖɜ ɣɨɝɖ 

Űɞɡ ůŰɟɞɓɑɚɞɡ ɡɣɖɚɐɠ ɑ́Ůůɖɠ, əŬɗɩɠ ŰŬ ɡɚɘəɎ ɞ́ɡ ɢɟɖůɘɛɞ́ɞɘɞɨɜŰŬɘ ůŰɞɜ 

ůŰɟɧɓɘɚɞ ɡɣɖɚɐɠ ɑ́Ůůɖɠ Űɞɡ əɘɜɖŰɐɟŬ  PW1127G ï JM ɏɢɞɡɜ  ɛɘəɟɧŰŮɟɖ 

ɗŮɟɛɘəɐ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŮ ůɢɏůɖ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ CFM LEAP. 

 ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůɖɛŮɑɞ ůɢŮŭɑŬůɖɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɛŮɑɤůɖ Űɤɜ ŬˊɞəɚɑůŮɤɜ 

Űɤɜ ɡˊɞɚɞɔɘɕɧɛŮɜɤɜ Űɘɛɩɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɔɜɤůŰɎ ůŰɞɘɢŮɑŬ. ȺˊɘɚɏɔŮŰŬɘ ɜŬ 

ɛŮŰŬɓɚɖɗɞɨɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɞ́ɡ Ŭ́ɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 5.14. 

 

ɀŮŰŬɓɚɖŰɏɠ Top Of Climb 

P13Q2 (Fan Bypass 

PR) 
1.45 1.4 1.6 

P21Q13 (CmpL PR) 2.5 1.8 3.0 

OPR 40 38 41 

BPR 12 11.00 13.00 

 ȷɟɢɘəɐ ɡˊɧɗŮůɖ Ⱥɨɟɞɠ ɚɨůŮɤɜ 

ɄɑɜŬəŬɠ 5.14: ɀŮŰŬɓɚɖŰɏɠ ˊɟɞɠ Űɟɞˊɞˊɞɑɖůɖ ɆɖɛŮɑɞɡ ɆɢŮŭɑŬůɖɠ 

 

ȵůŰŮ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ ŬˊɞəɚɑůŮɘɠ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭŮŭɞɛɏɜŬ ůŰŬ ůɖɛŮɑŬ: 

ɆŰɧɢɞɘ 

100% Take Off OPR,  BPR, ȾŬɨůɘɛɞ 

ɄɑɜŬəŬɠ 5.15: ɆŰɧɢɞɘ Űɟɞˊɞˊɞɑɖůɖɠ 

 ȰɔɘɜŮ ŬɟɢɘəɎ Ůˊɑɚɡůɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬɘ ŰŬ ůɖɛŮɑŬ 85% əŬɘ 30% ɧˊɤɠ 

əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɧɛɤɠ ɞɘ ŬˊɞəɚɑůŮɘɠ ŭŮɜ ˊɟɞɏəɡɣŬɜ ŮɜŰɧɠ Űɤɜ ŮˊɘŰɟŮˊŰɩɜ 

ɞɟɑɤɜ. Ⱥ́ ɘɚɏɢɗɖəŮ, ůɡɜŮˊɩɠ, ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɛɘəɟɧŰŮɟɖ Ŭˊɧəɚɘůɖ ůŰɞ ůɖɛŮɑɞ 

100% Take Off əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɜŬ ɔɑɜŮɘ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ ůŰŬ 

ůɖɛŮɑŬ 85% ,  30% əŬɘ  7% ŬɜŰɑůŰɞɘɢŬ. ɆŰɞɜ ɄɑɜŬəŬɠ 5.16 ŭɑɜɞɜŰŬɘ ɞɘ 

ůɡɜŰŮɚŮůŰɏɠ ˊɟɞůŬɟɛɞɔɐɠ ́ɞɡ Ŭűɞɟɞɨɜ Űɞ əɎɗŮ ůɖɛŮɑɞ ɧˊɤɠ ŬɡŰɞɑ ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ Űɖɜ Űɞˊɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ. ɇɞɜɑɕŮŰŬɘ ɝŬɜɎ ˊɤɠ ɞɘ ůɡɜŰŮɚŮůŰɏɠ 

əɡɟɑɤɠ Űɖɠ Ŭɜɞɘɔɛɏɜɖɠ ˊŬɟɞɢɐɠ Űɤɜ ůŰɟɞɓɑɚɤɜ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɛŮŰŬɓɚɖɗɞɨɜ 
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ˊɎɜɤ Ŭˊɧ ҕ1% əŬɗɩɠ ɛŮɔŬɚɨŰŮɟɖ ŬɚɚŬɔɐ ŮˊɖɟŮɎɕŮɘ Űɖ űɡůɘəɐ ɞɟɗɧŰɖŰŬ Űɤɜ 

ɢŬɟŰɩɜ. Ƀɘ ɡˊɧɚɞɘˊɞɘ ůɡɜŰŮɚŮůŰɏɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɏɤɠ əŬɘ ҕ 3%. 

Ƀ ɄɑɜŬəŬɠ 5.16 ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ 

ɔɘŬ ŰŬ ůɖɛŮɑŬ 85% Climb Out, 30% Approach əŬɘ 7% Idle Ŭ́ ɧ Űɖɜ Űɞˊɘəɐ 

ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢŬɟŰɩɜ ŮɑɜŬɘ:  

 

ɆɡɜŰŮɚŮůŰɐɠ 

ɄɟɞůŬɟɛɞɔɐɠ 

Idle 7% Approach 

30% 

Climb Out 

85% 

CmpFan.NcRdesMap (-) 0,252631824 0,501415977 0,801713215 

CmpFan.s_adaptWc_pri_in 

(-) 
1,02662346 1,00360094 1,00366139 

CmpFan.s_adaptEff_pri_in 

(-) 
0,983607304 0,999763055 0,997231338 

CmpFan.s_adaptWc_sec_in 

(-) 
1,04485717 1,01084469 1,00633034 

CmpFan.s_adaptEff_sec_in 

(-) 
0,976296 0,983608577 0,994886278 

CmpL.NcRdesMap (-) 0,264710493 0,520210453 0,815947467 

CmpL.s_adaptWc_in (-) 1,01639932 0,985651218 1,00021667 

CmpL.s_adaptEff_in (-) 0,996739515 1,00006031 1,000643 

CmpH.NcRdesMap (-) 0,626158928 0,838860193 0,994992116 

CmpH.s_adaptWc_in (-) 1,0235675 1,01378508 1,00309573 

CmpH.s_adaptEff_in (-) 0,964928022 0,980196718 0,997301704 

TrbH.NcRdesMap (-) 0,689267059 0,887518924 0,999982499 

TrbH.s_adaptWc_in (-) 1,00926469 1,00988829 1,000025 

TrbH.s_adaptEff_in (-) 0,951343382 0,980154931 0,997074157 

TrbL.NcRdesMap (-) 0,318541314 0,607837449 0,863404195 

TrbL.s_adaptWc_in (-) 1,00224997 0,995284108 1,00529779 

TrbL.s_adaptEff_in (-) 1,00577544 0,980158969 0,993640215 

ɄɑɜŬəŬɠ 5.16: ɈˊɞɚɞɔɘɕɧɛŮɜɞɘ ůɡɜŰŮɚŮůŰɏɠ ˊɟɞůŬɟɛɞɔɐɠ əŬɘ ŬɜŰɑůŰɞɘɢŮɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɤɜ ůɖɛŮɑɤɜ 85%, 30% əŬɘ 7% Űɖɠ ɩůɖɠ 

 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɛŮ ɛɏůɤ ɔɟŬɛɛɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ 

ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ˊɧůɞ ˊɟɏŮ́ɘ ɜŬ ŰɟɞˊɞˊɞɘɖɗŮɑ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

Űɤɜ ɢŬɟŰɩɜ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŬɟɛɞɔɐɠ Űɤɜ ɢŬɟŰɩɜ ŬəɞɚɞɡɗŮɑ Űɖɜ ɑŭɘŬ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ.  
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5.5 ȷˊɞŰŮɚɏůɛŬŰŬ 

 

 ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɚɡůɖ ɧɚɤɜ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ Űɞɡɠ 

ŰɞˊɘəɎ ˊɟɞůŬɟɛɞůɛɏɜɞɡɠ ɢɎɟŰŮɠ, ɛŮ ůəɞˊɧ ɜŬ ŭɞɨɛŮ Ŭɜ ɞɘ ŬˊɞəɚɑůŮɘɠ Ŭˊɧ ŰŬ 

ŭŮŭɞɛɏɜŬ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ˊɚɏɞɜ ŮɜŰɧɠ ŬˊɞŭŮəŰɩɜ ɞɟɑɤɜ. ȹɑɜɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬɠ 5.17 ŮɜŭŮɘəŰɘəɏɠ Űɘɛɏɠ Űɤɜ ŮˊɘŭɧůŮɤɜ ůŰŬ ůɖɛŮɑŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ. 

ɆɖɛŮɘɩɜɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ ɡˊɐɟɢŬɜ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ ɔəɟɑɕɞ ɢɟɩɛŬ.  

 

 OPR BPR 
SFC 

[mg/Ns] P13Q2 
W2 

[kg/s] NL [rpm] 
NH 

[rpm] Tt4 [K] 
WF 

[kg/s] 

TopOfClimb 39,96 12,26 14,78 1,46 243,00 9878,86 21078,82 1682,77 0,378 

TakeOff_100% 31,66 12,28 6,65 1,36 543,86 8848,25 20649,40 1603,71 0,800 

ClimbOut_85% 27,66 12,63 6,53 1,30 501,20 8281,45 19959,71 1526,49 0,669 

Approach_30% 11,62 15,66 6,44 1,11 297,02 5176,90 15765,52 1186,16 0,233 

Idle_7% 3,95 20,61 9,48 1,02 142,70 2607,82 11309,12 1012,81 0,080 

Cruise 35,98 12,69 14,51 1,40 239,32 9235,23 19455,32 1522,41 0,312 

RTO 33,10 12,54 10,09 1,37 569,87 9641,26 21937,73 1816,16 0,968 

ɄɑɜŬəŬɠ 5.17: ȷˊɞŰŮɚɏůɛŬŰŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ůŰŬ ɔɜɤůŰɎ ůɖɛŮɑŬ ɚŮɘŰɞɡɟɔɑŬɠ 

 

 ɆŰɞ ȹɘɎɔɟŬɛɛŬ  5.2 ŭɑɜŮŰŬɘ ɖ ɔɟŬɛɛɐ ɚŮɘŰɞɡɟɔɑŬɠ ICAO ɏŰůɘ ɧˊɤɠ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ PROOSIS ɔɘŬ ɛŮŰŬɓɞɚɐ Űɖɠ ɩůɖɠ əŬŰɎ 1% ůŮ əɎɗŮ 

ɡˊɞɚɞɔɘůɛɧ, ŰŬ 4 ŭɘŬəɟɘŰɎ ůɖɛŮɑŬ 100%, 85%, 30% əŬɘ 7% ɛŬɕɑ ɛŮ Űɘɠ 

Ŭɞ́əɚɑůŮɘɠ Ŭˊɧ Űɘɠ ɡˊɞɚɞɔɘɕɧɛŮɜŮɠ Űɘɛɏɠ ůŮ əɎɗŮ ůɖɛŮɑɞ. 



 ȷˊɞŰŮɚɏůɛŬŰŬ 5.13 

 

 

ȹɘɎɔɟŬɛɛŬ  5.2: ȵůɖɠ - Ⱥɘŭɘəɐɠ ȾŬŰŬɜɎɚɤůɖɠ  ICAO ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ əɘɜɖŰɐɟŬ 

PW1127G ï JM  

 ȼ ɛɏɔɘůŰɖ Ŭˊɧəɚɘůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 0,17% əŬɘ ůɡɜŮˊɩɠ 

Űɞ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ PW1127G ï JM ˊɘůŰɞˊɞɘŮɑŰŬɘ ˊɞůɞŰɘəɎ ůɨɛűɤɜŬ ɛŮ Űɘɠ 

Űɘɛɏɠ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ICAO.  

 

ũɟŬɛɛɐ ICAO  & ɔɟŬɛɛɐ Cruise  

 

 ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ˊɟɞůɞɛɞɑɤůɖ ɛɘŬɠ ɔɟŬɛɛɐɠ ɚŮɘŰɞɡɟɔɑŬɠ ɔɘŬ ůŰŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ Űɞ ůɖɛŮɑɞ Take Off 100% Űɞɡ ICAO 

ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ Idle 7% əŬɗɩɠ əŬɘ ɛɑŬ ɔɟŬɛɛɐ Cruise ůŮ ůɡɜɗɐəŮɠ ˊɚŮɨůɖɠ ɧˊɤɠ 

ˊɟɞɖɔɞɡɛɏɜɤɠ. 

 ɆŰɞ ɆɢɐɛŬ 5.1 ɏɤɠ Űɞ ɆɢɐɛŬ 5.6 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɢɎɟŰŮɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɖ ɔɟŬɛɛɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛɖɢŬɜɐɠ əŬɘ Űɖɜ ɔɟŬɛɛɐ Cruise. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ 

ɞɘ ɢɎɟŰŮɠ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ əɎˊɞɘŬ ɛɖ űɡůɘəɐ ůɡɛˊŮɟɘűɞɟɎ, əŬɗɩɠ əŬɘ ɧŰɘ ɞɘ 

ɗɏůŮɘɠ Űɤɜ ůɖɛŮɑɤɜ ˊɎɜɤ ůŰɞɡɠ ɢɎɟŰŮɠ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɔɘŬ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

 



5.14  ȾȺūȷȿȷȽɃ 5 

 

 

ɆɢɐɛŬ 5.1: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊŬɟɎəŬɛɣɖɠ 

 

 

ɆɢɐɛŬ 5.2: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊɡɟɐɜŬ 

 



 ȷˊɞŰŮɚɏůɛŬŰŬ 5.15 

 

 

ɆɢɐɛŬ 5.3:  ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

 

 

ɆɢɐɛŬ 5.4: ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

 



5.16  ȾȺūȷȿȷȽɃ 5 

 

 

ɆɢɐɛŬ 5.5: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

 

 

ɆɢɐɛŬ 5.6: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

 
ɀŮɚɏŰɖ əɘɜɖŰɐɟŬ ůŮ Ůɨɟɞɠ ɡɣɞɛɏŰɟɤɜ əŬɘ ŰŬɢɡŰɐŰɤɜ ˊɚŮɨůɖɠ 

 

 ȷəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ɑŭɘŬ ɛŮɗɞŭɞɚɞɔɑŬ ɔɑɜŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ɚŮɘŰɞɡɟɔɑŬɠ 

ůŮ ɧɚɞ Űɞ űɎəŮɚɞ ˊŰɐůɖɠ Űɞɡ əɘɜɖŰɐɟŬ. ȺˊɘɚɏɔŮŰŬɘ ɏɜŬ Ůɨɟɞɠ ɡɣɞɛɏŰɟɤɜ 0 ï 

10668 m  (Űɡˊɘəɧ ɡɣɧɛŮŰɟɞ ˊɚŮɨůɖɠ) əŬɗɩɠ əŬɘ mach Ŭˊɧ 0 ɏɤɠ 0,8 ( Űɡˊɘəɐ 

ŰŬɢɨŰɖŰŬ ˊɚŮɨůɖɠ), ŬɜŰɑůŰɞɘɢŬ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ CFM LEAP ï 1A26. 

 ȷˊɧ ŰŬ ůɢɐɛŬŰŬ ŬɡŰɎ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɧɚŬ ŰŬ ůɖɛŮɑŬ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ 

Űɤɜ ɢŬɟŰɩɜ, Ůɜɩ ɞɘ ɔɟŬɛɛɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɏɢɞɡɜ Űɖɜ 

ŬɜŬɛŮɜɧɛŮɜɖ ůɡɛˊŮɟɘűɞɟɎ. ȷəɧɛɖ ŮˊŬɚɖɗŮɨŮŰŬɘ ɧŰɘ ŭŮɜ ŮɜŰɞˊɑɕŮŰŬɘ əɎˊɞɘɞ 

ˊɟɧɓɚɖɛŬ əŬŰɎ Űɖɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɖɛŮɑɤɜ. 



 ȷˊɞŰŮɚɏůɛŬŰŬ 5.17 

 

 

 

ɆɢɐɛŬ 5.7: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊŬɟɎəŬɛɣɖɠ 

 

 

ɆɢɐɛŬ 5.8: ɉɎɟŰɖɠ ȷɜŮɛɘůŰɐɟŬ (Fan) ɟŮɨɛŬŰɞɠ ˊɡɟɐɜŬ 

 



5.18  ȾȺūȷȿȷȽɃ 5 

 

 

ɆɢɐɛŬ 5.9:  ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

 

 

ɆɢɐɛŬ 5.10: ɉɎɟŰɖɠ ɆɡɛˊɘŮůŰɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

 
 



 ȷˊɞŰŮɚɏůɛŬŰŬ 5.19 

 

 

ɆɢɐɛŬ 5.11: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

 

ɆɢɐɛŬ 5.12: ɉɎɟŰɖɠ ɆŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ɑ́Ůůɖɠ 

 
 ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ˊɟɞůŮɔɔɘůŰɘəɧ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ Űɞ 

ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɛŮɚɏŰɖ ŬˊɞůŰɞɚɩɜ. ɇɞ ɆɢɐɛŬ 5.13 

ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ůɡůɢɏŰɘůɖ Űɖɠ ŭɘɞɟɗɤɛɏɜɖɠ ɩůɖɠ ɛŮ Űɖɜ ŭɘɞɟɗɤɛɏɜɖ ́ Ŭɟɞɢɐ ɔɘŬ 

ŭɘɎűɞɟŮɠ ŰŬɢɨŰɖŰŮɠ ˊɚŮɨůɖɠ, ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ PW1127G ï JM. 



5.20  ȾȺūȷȿȷȽɃ 5 

 

 

ɆɢɐɛŬ 5.13: ȹɘɞɟɗɤɛɏɜɖ ɩůɖ - ȹɘɞɟɗɤɛɏɜɖ ɄŬɟɞɢɐ əŬɡůɑɛɞɡ 

 

 

 



 

6 ȷɜɎɚɡůɖ ȷˊɞůŰɞɚɩɜ 

 ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɘɠ ŬˊɞůŰɞɚɏɠ ɞɘ ɞˊɞɑŮɠ ɗŬ 

ɛŮɚŮŰɖɗɞɨɜ. ȰˊŮɘŰŬ ɗŬ ŮɘůŬɢɗɞɨɜ ŰŬ ɛɞɜŰɏɚŬ əŬŰɎɚɚɖɚŬ ůŰɞ ɡˊɞɚɞɔɘůŰɘəɧ 

ŮɟɔŬɚŮɑɞ CAMACM. ɇɏɚɞɠ ɗŬ ɔɑɜŮɘ ůɨɔəɟɘůɖ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ 

əŬɡůɑɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ əɘɜɖŰɐɟŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰŬ ȷ320ceo. 

 

6.1 ȹɘŬŭɘəŬůɑŬ 

 

 ȼ ɛŮɚɏŰɖ Űɤɜ ŬˊɞůŰɞɚɩɜ ŬˊɞůəɞˊŮɑ ůŰɖɜ ˊŮɟŮŰŬɑɟɤ ˊɞɘɞŰɘəɐ 

ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘ́ɚɤɛŬŰɘəɐ. Ƀɘ  

ɜɏɞɘ əɘɜɖŰɐɟŮɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ɛŮɘɤɛɏɜɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ 

Ůˊɞɛɏɜɤɠ əɟɑɜŮŰŬɘ ůəɧˊɘɛɞ ɜŬ ŮɝŮŰŬůŰŮɑ ŮɎɜ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ɑŭɘŬ ůɡɛˊŮɟɘűɞɟɎ. 

 ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɚɏŰɖɠ Űɤɜ ŬˊɞůŰɞɚɩɜ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ ŭŮɨŰŮɟɞ 

əŮűɎɚŬɘɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ɞɟɘůɛɧ Űɞɡ əɘɜɖŰɐɟŬ, Űɖɠ ŬˊɞůŰɞɚɐɠ ˊɟɞɠ ɛŮɚɏŰɖ əŬɘ 

Űɞɡ ŬŮɟɞůəɎűɞɡɠ. ȷˊɧ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ əɘɜɖŰɐɟɤɜ əŬɘ Űɖɜ ɛŮɚɏŰɖ Űɞɡɠ 

ůŮ ɏɜŬ Ůɨɟɞɠ ɡɣɩɜ əŬɘ ŰŬɢɡŰɐŰɤɜ ˊɚŮɨůŮɘɠ ˊɟɞəɨˊŰŮɘ Űɞ ˊɟɞůŮɔɔɘůŰɘəɧ ɛɞɜŰɏɚɞ 

Űɞɡ əɘɜɖŰɐɟŬ Űɞ ɞˊɞɑɞ ŮɘůɎɔŮŰŬɘ ůŰɞ CAMACM. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ 

ůŰɘɠ ŬˊɞůŰɞɚɏɠ əŬɘ Űɞ ŬŮɟɞůəɎűɞɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ. Ƀɘ 

ŬˊɞůŰɞɚɏɠ ŬɡŰɏɠ ŬɟɢɘəɎ ˊɟɞůɞɛɞɘɩɗɖəŬɜ ɛŮ Űɞ ɛɞɜŰɏɚɞ əɘɜɖŰɐɟŬ V2527 ï A5 

ˊɞɡ ůŰŮɚŮɢɩɜŮɘ ŰŬ ȷ320ceo ɏŰůɘ ɩůŰŮ ɜŬ ɡˊɎɟɝŮɘ ɛɘŬ əɞɘɜɐ ɓɎůɖ ɔɘŬ Űɖɜ ŮɨɟŮůɖ 

Űɖɠ ɛŮɑɤůɖɠ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ. ɇɞ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ ŬɡŰɞɨ ŮɑɢŮ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɏŰɖ əŬɘ ůɡɜŮˊɩɠ ŭŮɜ ŬˊŬɘŰɐɗɖəŮ ɖ 

ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ. ȷəɧɛɖ ůŰɖɜ 

ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ɚɐűɗɖəŮ ɡˊɧɣɘɜ ɧŰɘ Űɞ ŬŮɟɞůəɎűɞɠ ɛŮŰŬűɏɟŮɘ 150 

ŮˊɘɓɎŰŮɠ əŬɘ ɏɢŮɘ 15% ˊŮɟɑůůŮɘŬ əŬɡůɑɛɞɡ ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ. 

 ɇɏɚɞɠ ɔɑɜŮŰŬɘ ɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ɖ ůɨɔəɟɘůɖ ɛŮ Űɖɜ 

ŬɜŬɛŮɜɧɛŮɜɖ ɛŮɑɤůɖ əŬɡůɑɛɞɡ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. 

 ɆɖɛŮɘɩɜŮŰŬɘ Ůɑ́ůɖɠ ˊɤɠ əŬɗɩɠ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ əɘɜɖŰɐɟɤɜ ɏɢɞɡɜ 

ˊɘůŰɞˊɞɘɖɗŮɑ ˊɞůɞŰɘəɎ əŬɘ ˊɞɘɞŰɘəɎ ˊŬɟŬˊɎɜɤ ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ ɔɟŬɛɛɐ ICAO 

űŬɑɜŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ Űɞɡ əɘɜɖŰɐɟŬ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɞ əɘɜɖŰɐɟŬɠ PW1127G ï 

JM űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ ɛɘəɟɧŰŮɟɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɜ CFM 

LEAP ï 1A26, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ  6.1. 



6.2  ȾȺūȷȿȷȽɃ 6 

 

 

ȹɘɎɔɟŬɛɛŬ  6.1: Ɇɨɔəɟɘůɖ ɔɟŬɛɛɩɜ ICAO 

 

 ȰɜŬɠ Ůˊɘˊɚɏɞɜ ɚɧɔɞɠ, ɚɞɘˊɧɜ, ɔɘŬ Űɞɜ ɞˊɞɑɞ ɏɔɘɜŮ ɖ ŬɜɎɚɡůɖ ŬˊɞůŰɞɚɩɜ 

əŬɘ ůŰɞɡɠ ŭɨɞ əɘɜɖŰɐɟŮɠ ŮɑɜŬɘ ɔɘŬ  ɜŬ ŮɟɛɖɜŮɡŰɞɨɜ əŬɚɨŰŮɟŬ ŰŬ ˊŬɟŬˊɎɜɤ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ ɓɟŮɗŮɑ ɖ ˊɟŬɔɛŬŰɘəɐ ɓŮɚŰɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ůŮ 

ŮˊɑˊŮŭɞ ŬˊɞůŰɞɚɐɠ  

 

6.1.1 ȷˊɞůŰɞɚɏɠ  

 

 ũɘŬ Űɖɜ ɛŮɚɏŰɖ ŬˊɞůŰɞɚɐɠ Űɤɜ ɛɞɜŰɏɚɤɜ ŮˊɘɚɏɢɗɖəŮ ɏɜŬ Ůɨɟɞɠ 

ŬˊɧůŰŬůɖɠ ˊɚŮɨůɖɠ ɩůŰŮ ɜŬ ŮɝŮŰŬůŰɞɨɜ ŰŬ ɛɞɜŰɏɚŬ ůŮ ɛɘəɟɏɠ əŬɘ ɛŮɔɎɚŮɠ 

ˊŰɐůŮɘɠ. ɆɡɜɞˊŰɘəɎ ɞɘ ŬˊɞůŰɞɚɏɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

 

ȷˊɞůŰɞɚɐ ȷˊɧ Ȱɤɠ ȷˊɧůŰŬůɖ (km) 

1 ȷɗɐɜŬ ȸŮɟɞɚɑɜɞ 1804 

2 ɄŬɟɑůɘ ɇɞɡɚɞɨɕɖ 605 

3 ȿɞɜŭɑɜɞ ȸŬɟəŮɚɩɜɖ 1109 

4 ɁɏŬ Ɉɧɟəɖ ȿɞɠ ȯɜŰɕŮɚŮɠ 3983 

5 ūɟŬɜəűɞɨɟŰɖ ȷŰɚɎɜŰŬ (ȼ.Ʉ.ȷ) 7426 

ɄɑɜŬəŬɠ 6.1: ȷˊɞůŰɞɚɏɠ ˊɟɞɠ ɛŮɚɏŰɖ 



 ȹɘŬŭɘəŬůɑŬ 6.3 

 

 ɇŬ ŬɟɢŮɑŬ Űɤɜ ŬˊɞůŰɞɚɩɜ ŬɡŰɩɜ ɡˊɎɟɢɞɡɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ əŬɘ ůɡɜŮˊɩɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɢɤɟɑɠ ˊŮɟŮŰŬɑɟɤ ŬɚɚŬɔɏɠ. ȼ ˊɟɩŰɖ ŬˊɞůŰɞɚɐ ŬˊɞŰŮɚŮɑ 

validation case əŬɗɩɠ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɏɢɞɡɜ ɚɖűɗŮɑ Ŭˊɧ ˊɟŬɔɛŬŰɘəɎ ůŰɞɘɢŮɑŬ. ȼ 

Ŭ́ ɞůŰɞɚɐ ȿɞɜŭɑɜɞ ï ȸŬɟəŮɚɩɜɖ ŬˊɞŰŮɚŮɑ Űɖɜ ɛɏůɖ ŬˊɞůŰɞɚɐ ɛɘəɟɐɠ ŬˊɧůŰŬůɖɠ 

(Average Short Range) əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ŮɝŬɘɟŮŰɘəɧ ŮɜŭɘŬűɏɟɤɜ əŬɗɩɠ ŰŬ 

ŬŮɟɞůəɎűɖ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ əŬɚɨˊŰɞɡɜ əŬŰɎ əɨɟɘɞ ɚɧɔɞ 

ŬˊɞůŰɞɚɏɠ ŬɡŰɐɠ Űɖɠ ŮɛɓɏɚŮɘŬɠ. ɇɏɚɞɠ, ɔɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ, ŮˊɘɚɏɔɞɜŰŬɘ 

ŬˊɞůŰɞɚɏɠ ɛɘəɟɧŰŮɟɖɠ əŬɘ ɛŮɔŬɚɨŰŮɟɖɠ ŮɛɓɏɚŮɘŬɠ. ɇɞɜɑɕŮŰŬɘ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ 

ŬˊɞůŰɞɚɏɠ ɧˊɤɠ ɖ ˊɏɛˊŰɖ ŭŮɜ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ ŰŬ 

ŬŮɟɞůəɎűɖ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ. ɆŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ 

ɞɘ űɎůŮɘɠ Űɖɠ ˊŰɐůɖɠ. 

 

¶ ɄɟɩŰɖ ȷˊɞůŰɞɚɐ: ȷɗɐɜŬ ï ȸŮɟɞɚɑɜɞ 

 

 

 

 

 

 

 

 

 

 

¶ ȹŮɨŰŮɟɖ ȷ́ɞůŰɞɚɐ: ɄŬɟɑůɘ ï ɇɞɡɚɞɨɕɖ  

 

 
 

 

¶ ɇɟɑŰɖ ȷˊɞůŰɞɚɐ: ȿɞɜŭɑɜɞ ï ȸŬɟəŮɚɩɜɖ  

 

 

 

 



6.4  ȾȺūȷȿȷȽɃ 6 

 

¶ ɇɏŰŬɟŰɖ ȷ́ɞůŰɞɚɐ: ɁɏŬ Ɉɧɟəɖ ï ȿɞɠ ȯɜŰɕŮɚŮɠ  

 

 
 

¶ Ʉɏɛ́Űɖ ȷ́ɞůŰɞɚɐ: ūɟŬɜəűɞɨɟŰɖ ï ȷŰɚɎɜŰŬ (ȼ.Ʉ.ȷ)  

 

 
 

6.1.2  ȷŮɟɞůəɎűɞɠ 

 

 ɇɞ ŬŮɟɞůəɎűɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŬˊɞůŰɞɚɩɜ 

ŮɑɜŬɘ Űɞ ȷ320ceo. ɇŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ŬŮɟɞůəɎűɞɠ ɡˊɐɟɢŬɜ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ. Ƀ ɚɧɔɞɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ŬŮɟɞůəɎűɞɠ ŮɑɜŬɘ ɔɘŬ ɜŬ 

ɓɟŮɗŮɑ ɖ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ˊɞɡ ɞűŮɑɚŮŰŬɘ ɛɧɜɞ ůŰɖɜ ŬɚɚŬɔɐ 

Űɤɜ əɘɜɖŰɐɟɤɜ əŬɘ ɧɢɘ ůŰɖɜ ŬŮɟɞŭɡɜŬɛɘəɐ ɓŮɚŰɑɤůɖ Űɞɡɠ ŬŮɟɞůəɎűɞɡɠ.  

 ũɘŬ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ ɖ ŮɘůŬɔɤɔɐ Űɤɜ ɜɏɤɜ əɘɜɖŰɐɟɤɜ ůɤůŰɎ, ɗŬ ŮɘůŬɢɗŮɑ 

Űɞ ɓɎɟɞɠ əɎɗŮ əɘɜɖŰɐɟŬ, əŬɗɩɠ əŬɘ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖɜ ˊŬɟŬůɘŰɘəɐ 

ɞˊɘůɗɏɚəɞɡůŬ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ɚɧɔɤɜ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ŭɘŬɛɏŰɟɤɜ. ɆŰɖɜ  

ȺɘəɧɜŬ 6.1  ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘɎɛŮŰɟɞɘ Űɤɜ ɜɏɤɜ əɘɜɖŰɐɟɤɜ, 

əŬɗɩɠ Ůˊɑůɖɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɘɠ ŭɘŬŰɎɝŮɘɠ. ȼ ŮɘůŬɔɤɔɐ 

əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ ɞŭɖɔŮɑ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ ɓŬɗɛɑŭɤɜ Űɞɡ ůɡɛ́ɘŮůŰɐ ɡɣɖɚɐɠ 

ˊɑŮůɖɠ əŬɘ Űɞɡ ůŰɟɞɓɑɚɞɡ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ. ȳůɞɜ ŬűɞɟɎ Űɞ ɓɎɟɞɠ, ɖ ŮɘůŬɔɤɔɐ Űɞɡ 

əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ ŬɜŰɘůŰŬɗɛɑɕŮɘ Ůɜ ɔɏɜŮɘ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɚɧɔɤ Űɖɠ ɛŮɑɤůɖɠ Űɤɜ 

ɓŬɗɛɑŭɤɜ ɞ́ɡ Ů́ɘŰɡɔɢɎɜŮŰŬɘ.  

 



 ȹɘŬŭɘəŬůɑŬ 6.5 

 

 

ȺɘəɧɜŬ 6.1: ȹɘŬűɞɟɏɠ əɘɜɖŰɐɟɤɜ 

 

 ɇŬ ɓɎɟɖ Űɤɜ əɘɜɖŰɐɟɤɜ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 6.2 ɧˊɤɠ ŬɡŰɎ ŭɑɜɞɜŰŬɘ 

Ŭˊɧ Űɖɜ EASA. 

 

ȾɘɜɖŰɐɟŬɠ ȸɎɟɞɠ (kg) 

CFM LEAP ï 1A26 3153 

PW1127G ï JM 2857,6 

ɄɑɜŬəŬɠ 6.2: ȸɎɟɞɠ əɘɜɖŰɐɟɤɜ 

 ɆŰɖ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ůŰɖɜ ˊŬɟŬůɘŰɘəɐ 

ŬɜŰɑůŰŬůɖ ́ɞɡ Ůˊɘűɏɟɞɡɜ ɞɘ əɘɜɖŰɐɟŮɠ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ŭɘŬɛɏŰɟɤɜ Űɞɡɠ. ũɘŬ 

ŬɡŰɧ Űɞ ůəɞˊɧ ɏɔɘɜŮ ŮəŰɑɛɖůɖ ɔɘŬ əɎɗŮ əɘɜɖŰɐɟŬ Űɤɜ ɛŮɔŮɗɩɜ ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ 

ůŰɖɜ ŮɘəɧɜŬ: 

 

ȺɘəɧɜŬ 6.2: ȸŬůɘəɏɠ ŭɘŬůŰɎůŮɘɠ nacelle 

 



6.6  ȾȺūȷȿȷȽɃ 6 

 

 ȼ ɜɏŬ ɓɟŮɢɧɛŮɜɖ ŮˊɘűɎɜŮɘŬ ŬɚɚɎɕŮɘ ůŮ əɎɗŮ əɘɜɖŰɐɟŬ əŬɘ ɛɏůɤ Űɖɠ 

ůɢɏůɖɠ (6.1) ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɜɏŬ. ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 6.3 

 

   (6.1) 

 

ɀɏɔŮɗɞɠ CFM LEAP ï 1A26 PW1127G - JM 

ɀɏɔɘůŰɖ ŭɘɎɛŮŰɟɞɠ Nacelle Ūmax 2288,2076 2862,1756 

ȹɘɎɛŮŰɟɞɠ Ůɝɧŭɞɡ ɟŮɨɛŬŰɞɠ ́ ŬɟɎəŬɛɣɖɠ Ūcc 1709,151 2279,77 

ȹɘɎɛŮŰɟɞɠ Ůɝɧŭɞɡ ɟŮɨɛŬŰɞɠ ˊɡɟɐɜŬ Ū9 933,96228 852,96814 

ɀɐəɞɠ Nacelle LBP 3770 3732,3136 

ȷˊɧůŰŬůɖ ɛŮŰŬɝɨ Ůɝɧŭɤɜ Űɤɜ ŭɨɞ ɟŮɡɛŬŰɤɜ Lcc 436,8 892,7627 

ɄɑɜŬəŬɠ 6.3: ȹŮŭɞɛɏɜŬ Nacelle 

 

 ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖɜ ˊŬɟŬůɘŰɘəɐ ŬɜŰɑůŰŬůɖ ɛŮŰɎ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ 

əɎɗŮ əɘɜɖŰɐɟŬ ˊɟɞəɨˊŰŮɘ: 

  

PW1127G ï JM  CFM LEAP ï 1A26 

DCDo 7,2584 * 10-3 3,0627 * 10-3 

ɄɑɜŬəŬɠ 6.4: ȹɘŬűɞɟɞˊɞɑɖůɖ ˊŬɟŬůɘŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɞ́ɡ ŮˊɘűɏɟŮɘ ɖ ŬɚɚŬɔɐ əɘɜɖŰɐɟɤɜ 

 

6.2 ȷˊɞŰŮɚɏůɛŬŰŬ 

  

 ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ ɔɑɜŮŰŬɘ 

ɖ ŬɜɎɚɡůɖ Űɤɜ ŬˊɞůŰɞɚɩɜ əŬɘ ɖ ŮɨɟŮůɖ Űɖɠ ɛŮɑɤůɖɠ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ V2527 ï A5. 

 



 ȷˊɞŰŮɚɏůɛŬŰŬ 6.7 

 

 

ȹɘɎɔɟŬɛɛŬ  6.2: ɈˊɞɚɞɔɘɕɧɛŮɜɖ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ 

 

 ɇɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ ŭŮɑɢɜŮɘ Űɖɜ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ 

ůŮ ůɢɏůɖ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ V2527 ï A5 ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ  CFM LEAP ï 1A26 əŬɘ 

PW1127G ï JM ŬɜŰɑůŰɞɘɢŬ. 

 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜŮŰŬɘ ɜŬ ůɡɛűɤɜɞɨɜ ɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ [9]. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŬɜŬɛɏɜŮŰŬɘ 

ɓŮɚŰɑɤůɖ ~ 15% ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ȷ320neo ɖ 

ɓŮɚŰɑɤůɖ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ əŬŰɎ: 

  ~ 3,5% ůŰɖɜ ŬŮɟɞŭɡɜŬɛɘəɐ ɓŮɚŰɑɤůɖ Űɞɡ ŬŮɟɞůəɎűɞɡɠ  

  ~12% ůŰɖɜ ɓŮɚŰɘɤɛɏɜɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ Űɤɜ əɘɜɖŰɐɟɤɜ  

 ɆŰɞ ŭɘɎɔɟŬɛɛŬ ɏɢɞɜŰŬɠ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɔɘŬ Űɘɠ ŬˊɞůŰɞɚɏɠ Űɞ ŬŮɟɞůəɎűɞɠ 

ȷ320ceo ˊŬɟŬɚŮɑˊŮŰŬɘ ɖ ŬŮɟɞŭɡɜŬɛɘəɐ ɓŮɚŰɑɤůɖ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɛɧɜɞ ɖ ɞűŮɘɚɧɛŮɜɖ ůŰɞɡɠ əɘɜɖŰɐɟŮɠ ɓŮɚŰɑɤůɖ ůŰɖɜ 

əŬŰŬɜɎɚɤůɖ ɖ ɞˊɞɑŬ ůɡɛűɤɜŮɑ ɛŮ ɧŰɘ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. 

 ɇŮɚɘəɎ ɖ ɢɟɐůɖ əŬɘ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ȷ320neo, ˊɟɧəŮɘŰŬɘ ɜŬ ŮˊɘűɏɟŮɘ Űɖɜ  

ŬɜŬɛŮɜɧɛŮɜɖ ɓŮɚŰɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ Űɖɠ ŰɎɝɖɠ Űɞɡ 15%.  

 ȷəɧɛɖ ˊɟɞəɨˊŰŮɘ ˊɤɠ ůŮ ŮˊɑˊŮŭɞ ŬˊɞůŰɞɚɐɠ ɞɘ ŭɨɞ əɘɜɖŰɐɟŮɠ ˊŬɟɏɢɞɡɜ 

Űɖɜ ɑŭɘŬ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ, ůɡɜŮˊɩɠ ɛŮ Űɖɜ ŮɟɛɖɜŮɑŬ ɛɧɜɞ Űɞɡ 

ȹɘɎɔɟŬɛɛŬ  6.1 əɎˊɞɘɞɠ ɗŬ ŮɝɐɔŬɔŮ ɚɎɗɞɠ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ ůŮ Ů́ɑ́Ůŭɞ Ŭ́ɞůŰɞɚɐɠ.   

 ȺɜŭŮɘəŰɘəɎ ůŰɞ ȹɘɎɔɟŬɛɛŬ  6.3 ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ůɡɜɞɚɘəɧ 

əŬŰŬɜŬɚɘůəɧɛŮɜɞ əŬɨůɘɛɞ ɔɘŬ əɎɗŮ ŬˊɞůŰɞɚɐ Űɤɜ Űɟɘɩɜ əɘɜɖŰɐɟɤɜ ŬɜɎɚɞɔŬ ɛŮ 

Űɖɜ ŮɛɓɏɚŮɘŬ Űɖɠ ŬˊɞůŰɞɚɐɠ. 

 












