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1.ȺɘůŬɔɤɔɐ 

 

 ȷ.ɄŮɟɑɚɖɣɖ (ůŰŬ ȺɚɚɖɜɘəɎ) 

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɛŮɚŮŰɩɜŰŬɘ ŰŬ ŬŮɟɞŭɡɜŬɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ɛɞɜŰɏɚɞɡ   

ŭɘˊɚɎɜɞɡ ŬŮɟɞůəɎűɞɡɠ. ȾŬŰɎ Űɖɜ ˊŰɐůɖ Űɞɡ ŬŮɟɞůəɞůəɎűɞɡɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Űɧůɞ 

ŭɡɜɎɛŮɘɠ ɞɘ ɞˊɞɑŮɠ ɓɞɖɗɞɨɜ ɧůɞ əŬɘ ŭɡɜɎɛŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɏəɞɜŰŬɘ ůŰɖɜ əɑɜɖůɖ 

Űɞɡ. ȷɡŰɏɠ ŮɑɜŬɘ Ŭˊɧ Űɖɜ ɛɑŬ ɖ Ɏɜɤůɖ əŬɘ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɖ ŬɜŰɑůŰŬůɖ  Űɟɘɓɐɠ, ɖ 

ŬɜŰɑůŰŬůɖ ɛɞɟűɐɠ əŬɘ ɖ ŮˊŬɔɧɛŮɜɖ ŬɜŰɑůŰŬůɖ. Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ 

ɛŮɚŮŰɖɗɖɗŮɑ ˊŮɘɟŬɛŬŰɘəɎ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŭɘɎŰŬɝɖɠ Űɤɜ ŬəɟɞˊŰŮɟɡɔɑɤɜ  ůŰŬ 

ŬŮɟɞŭɡɜŬɛɘəɎ ŬɡŰɎ űɞɟŰɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ əɡɟɑɤɠ ůŰɖɜ ŮˊŬɔɧɛŮɜɖ ŬɜŰɑůŰŬůɖ 

əŬɗɩɠ ɖ ɛŮɑɤůɖ ŬɡŰɐɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

əŬɡůɑɛɞɡ, ɓŮɚŰɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ɞɘəɞɜɞɛɑŬ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ ɛŮɘɩɜɞɜŰŬɠ Űɖɜ 

Ůəˊɞɛˊɐ ɟɨˊɤɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. Ⱥˊɘˊɚɏɞɜ, ŮˊɖɟŮɎɕŮɘ Űɖɜ ůɢŮŭɑŬůɖ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɛɓɏɚŮɘŬɠ Űɞɡ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ, 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊŮɘɟŬɛŬŰɘəɏɠ  ɛŮŰɟɐůŮɘɠ ŮɜŰɧɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ ůɐɟŬɔɔŬɠ Űɤɜ 

ɞɚɘəɩɜ ŭɡɜɎɛŮɤɜ əŬɘ ɟɞˊɩɜ, ŮəŰɘɛɩɜŰŬɘ ŰŬ ́ŮɘɟŬɛŬŰɘəɎ ůűɎɚɛŬŰŬ ɚɧɔɤ Űɖɠ 

ŮˊɑŭɟŬůɖɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɖɠ ůɐɟŬɔɔŬɠ, əŬɘ ɔɑɜŮŰŬɘ ɞˊŰɘəɞˊɞɑɖůɖ Űɞɡ ˊŮŭɑɞɡ 

ŰŬɢɡŰɐŰɤɜ Űɖɠ ɟɞɐɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ˊŰɏɟɡɔŬ.  

  

 ȸ.Abstract(in English) 

In this diploma study, we examine the aerodynamic features of a  diplane model. 

During the flight of the airplane, forces promoting as well as resisting to its motion 

are developed. These are from the one side the lift and from the other side friction 

drag, shape drag and induced drag. The purpose of the present diploma study is to 

examine experimentally the effect of the wingtip shape on the aerodynamic forces 

above and especially on the induced drag, the reduction of which would decrease the 

fuel consumption a significant amount, thus improving the airplane economy and also 

reducing exhaust fumes emission. What is more, it influences the design of the 

airplane and increase the airplans range. For this purpose, experiments are carried out 
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inside a wind tunnel for the measurement of the total forces and moments, 

experimental error due to the tunnel walls impact is estimated, and also the flow 

velocity field around the wing is visualized. 

 

 

1.1 ȼ Ůɝɏɚɘɝɖ Űɤɜ ŬŮɟɞůəŬűɩɜ 

  

ȼ ŬŮɟɞŭɡɜŬɛɘəɐ ɏɢŮɘ ˊŬɟɞɡůɘɎůŮɘ ůɖɛŬɜŰɘəɏɠ ˊɟɞɧŭɞɡɠ Ŭˊɧ Űɖɜ Ůˊɞɢɐ ˊɞɡ ɞ Lord 

Kelvin ŬˊŮŭŮɑəɜɡŮ ɛŮ ŬɡůŰɖɟɧ Űɟɧˊɞ ůŰɖɜ ȸŬůɘɚɘəɐ ȷəŬŭɘɛɑŬ Űɞɡ ȿɞɡɜŭɑɜɞɡ ɧŰɘ 

ɐŰŬɜ ŬŭɨɜŬŰɖ ɖ ˊŰɐůɖ ůŰɖɜ ŬŰɛɧůűŬɘŰŬ ůɤɛɎŰɤɜ ɓŬɟɨŰŮɟɤɜ Ŭˊɧ Űɞɜ ŬɏɟŬ. 

ɄɘůŰŮɨŬɜŮ ˊɢ. ŮˊŮɘŭɐ ˊɚɎəŬ (ŬŮɟɞŰɞɛɐ) ɛɏůŬ ůŮ ˊŬɟɎɚɚɖɚɖ ɟɞɐ əŬɘ ůŮ ɔɤɜɑŬ 

ˊɟɧůˊŰɤůɖɠ Ŭ ɡűɑůŰŬŰŬɘ Ɏɜɤůɖ ɚɧɔɤ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ɞɟɛɐɠ Űɞɡ ɟŮɡɛŬŰɞɠ Űɞɡ 

ŬɏɟŬ ˊɞɡ ɢŰɡˊɎŮɘ əŬɘ ŬɜŬəɚɎŰŬɘ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ. ȼ ɛŮŰŬɓɞɚɐ ŬɡŰɐ Űɖɠ Űɖɠ 

ɞɟɛɐɠ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɞɡ ɖɛɘŰɧɜɞɡ Űɖɠ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ əŬɘ əŬŰɎ 

ůɡɜɏˊŮɘŬ ɔɘŬ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ 5Á əŬɘ ŰŬɢɨŰɖŰŬ Űɞɡ ŬɏɟŬ 200 km/h ˊɟɞəɨˊŰŮɘ 

ŭɨɜŬɛɖ ůŰɖɜ ɛɞɜɎŭŬ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ ɑůɖ ɛŮ  2  kp/mĮ, ŭɖɚŬŭɐ ɛɏɔŮɗɞɠ 

ˊɞɚɨ ɛɘəɟɧ ɔɘŬ ɜŬ ŮˊɘŰɟɏˊŮɘ ůɢɏŭɘŬ ˊŰɖŰɘəɩɜ ɛɖɢŬɜɩɜ. ȼ ɓŬůɘəɐ ɧɛɤɠ ˊŬɟŬŭɞɢɐɠ 

Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ůɡɚɚɞɔɘůŰɘəɐɠ , ˊɞɡ Ůə ˊɟɩŰɖɠ Ɏˊɞɣɖɠ űŬɑɜŮŰŬɘ ůɤůŰɐ, ɧŰɘ ŮˊŮɘŭɐ 

ɖ ůɡɜŮəŰɘəɧŰɖŰŬ Űɞɡ ŬɏɟŬ ɤɠ ŬˊɧɚɡŰɞ ɛɏɔŮɗɞɠ ŮɑɜŬɘ ɛɘəɟɐ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ŬɔɜɞɖɗŮɑ, ŬˊɞŰɏɚŮůŬ ŮˊɘůŰɖɛɞɜɘəɧ ɚɎɗɞɠ. ȺɑɜŬɘ ůɐɛŮɟŬ ɔɜɤůŰɧ ɧŰɘ ɖ ůɡɜŮəŰɘəɧŰɖŰŬ 

Űɞɡ ŬɏɟŬ ŬˊɞŰŮɚŮɑ Űɖɜ ŬɘŰɑŬ ŮɛűɎɜɘůɖɠ Űɖɠ əɡəɚɞűɞɟɑŬɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ˊŰɏɟɡɔŬ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ ˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔŮɑ Űɖ ŭɡɜŬɛɘəɐ Ɏɜɤůɖ Űɞɡ ŬŮɟɞůəɎűɞɡɠ.  

Ƀɘ ˊɟɩŰŮɠ ˊɟɞůˊɎɗŮɘŮɠ Űɞɡ Ŭɜɗɟɩˊɞɡ ɔɘŬ ˊŰɐůɖ ɓŬůɑɕɞɜŰŬɜ əɡɟɑɤɠ ůŰɖɜ Ŭˊɞɛɑɛɖůɖ 

Űɖɠ əɑɜɖůɖɠ Űɤɜ ˊŰŮɟɩɜ Űɤɜ ˊɞɡɚɘɩɜ əŬɘ ŰŬ ˊɟɩŰŬ ɚŮˊŰɞɛŮɟɐ ůɢɏŭɘŬ ɔɘŬ ŰɏŰɞɘŬ 

ˊŰɐůɖ ɏɔɘɜŬɜ Ŭˊɧ Űɞɜ Leonardo da Vinci ɔɨɟɤ ůŰɞ 1500 ɛ.ɉ. ˊɞɡ űŬɑɜŮŰŬɘ 

ˊŬɟŬəɎŰɤ. 
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                       1.1.1   ɇɞ ŬɘɤɟɧˊŰŮɟɞ Űɞɡ Lilienthall 

ɀŮ Űɞ ˊŮɟŬůɛŬ Űɤɜ ɢɟɧɜɤɜ əŬɘ ɛŮ ůɡɜŮɢŮɑɠ ˊɟɞůˊɎɗŮɘŮɠ ɞɘ ˊɟɤŰɞˊɧɟɞɘ Űɖɠ ɘŭɏŬɠ 

Űɤɜ ˊŰɐůŮɤɜ ŬɜŰɘɚɐűɗɖůŬɜ Űɖ ůɖɛŬůɑŬ Űɤɜ ɓŬůɘəɩɜ ŬŮɟɞŭɡɜŬɛɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ 

ůŰɖɜ ŮɡůŰɎɗŮɘŬ Űɖɠ ˊŰɐůɖɠ ɧˊɤɠ Űɖɠ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ, Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ əŬɘ 

Űɞɡ əɏɜŰɟɞɡ ˊɑŮůɖɠ, Űɞɡ ŬŮɟɞŭɡɜŬɛɘəɞɨ əɏɜŰɟɞɡ, Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ ŬɜŰɑůŰŬůɖɠ əŬɘ 

Űɤɜ ˊŬɟŬɔɩɔɤɜ ŮɡůŰɎɗŮɘŬɠ. 

Ƀ ȯɔɔɚɞɠ ɛɖɢŬɜɘəɧɠ sir George Cayley ɗŮɤɟŮɑŰŬɘ ůɐɛŮɟŬ ɞ ˊɟŬɔɛŬŰɘəɧɠ ŮűŮɡɟɏŰɖɠ 

Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ ˊŬŰɏɟŬɠ Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ. ȱŭɖ ůŰɞ ɏŰɞɠ 1779 ŮɑɢŮ 

ŮɔəŬŰŬɚɐɣŮɘ Űɖɜ ɘŭɏŬ Űɞɡ ɞɟɜɘɗɧˊŰŮɟɞɡ əŬɘ ŮɑɢŮ ůɡɚɚɎɓŮɘ Űɖɜ ɘŭɏŬ Űɞɡ ŬŮɟɞůəɎűɞɡɠ 

ɛŮ ůŰŬɗŮɟɐ ˊŰɏɟɡɔŬ əŬɘ ɛŮ ŭɘəɧ Űɞɡ ůɨůŰɖɛŬ ˊɟɧɤůɖɠ, Ůɜɩ Űɞ 1809 ɛŮŰɎ Ŭˊɧ 

ˊŮɘɟɎɛŬŰŬ ůŮ ɛɞɜŰɏɚŬ əŬŰŬůəŮɨŬůŮ əŬɘ ˊɏŰŬɝŮ Űɞ ˊɟɩŰɞ ůŰɞɜ əɧůɛɞ ůɨɔɢɟɞɜɖɠ 

ɛɞɟűɐɠ ŬɘɤɟɧˊŰŮɟɞ.  

ɇɞ 1896 ɞ Dr Langley ůɢŮŭɑŬůŮ əŬɘ əŬŰŬůəŮɨŬůŮ ɛɘəɟɧ ŬŮɟɞůəɎűɞɠ ŭɨɞ ˊŰŮɟɨɔɤɜ, 

ɛŮ ŮəˊɏŰŬůɛŬ 5 ɛɏŰɟɤɜ ˊɞɡ Űɞ əɘɜɞɨůŬɜ ŭɨɞ ɏɚɘəŮɠ ɞɘ ɞˊɞɑɞɘ ɏˊŬɘɟɜŬɜ əɑɜɖůɖ Ŭˊɧ 

ŬŰɛɞɛɖɢŬɜɐ. ɇɞ ŬŮɟɞůəɎűɞɠ ˊɞɡ ŮəŰɞɝŮɨɗɖəŮ ɛŮ əŬŰŬˊɏɚŰɖ, ŭɘɨɜɖůŮ , ɢɤɟɑɠ ˊɘɚɧŰɞ, 

ŬˊɧůŰŬůɖ 1000 ɛɏŰɟɤɜ. ȷɟɔɧŰŮɟŬ əŬŰŬůəŮɨŬůŮ ŬŮɟɞůəɎűɞɠ ůŮ ɛŮɔŬɚɨŰŮɟɖ 

əɚɑɛŬəŬ Űɞ ɞˊɞɑɞ ŮɑɢŮ əŬɘ ˊɘɚɧŰɞ. ɇɞ ŬŮɟɞůəɎűɞɠ ŬɡŰɧ əŬŰŬůŰɟɎűɖəŮ Űɞ 1903 ůŰɖ 

űɎůɖ ˊɟɞůɔŮɑɤůɖɠ ɚɧɔɤ ŬůŰɞɢɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟɞůɔŮɑɤůɖɠ. ȼ ŬŭɡɜŬɛɑŬ Űɤɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ ˊɟɞůˊŬɗŮɘɩɜ ɜŬ ˊŮŰɨɢɞɡɜ  ŭɘŬŰɖɟɞɨɛŮɜɖ əŬɘ ŬɡŰɧɜɞɛɖ ˊŰɐůɖ, 

ɞűŮɑɚŮŰŬɘ ˊɟɩŰɞɜ ůŰɖɜ ɏɚɚŮɘɣɖ ŮɚŬűɟɩɜ ɛɖɢŬɜɩɜ ɛŮ ŮˊŬɟəɐ ɧɛɤɠ ɘůɢɨ əŬɘ ŭŮɨŰŮɟɞ 

ůŮ ɎɔɜɞɘŬ ŬŮɟɞŭɡɜŬɛɘəɩɜ Ůɜɜɞɘɩɜ əŬɘ ˊɟŬəŰɘəɩɜ ɛɏůɤɜ ŮˊɑŰŮɡɝɖɠ ŮɡůŰɎɗŮɘŬɠ əŬɘ 

ŮɚɏɔɢɞɡŰɖɠ ˊŰɐůɖɠ. 
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1.1.2    ɇɞ çŬŮɟɞŭɟɧɛɘɞè Űɞɡ Dr Langley. 

ȼ ˊɟɩŰɖ ˊŰɐůɖ ŬŮɟɞůəɎűɞɡɠ ɛŮ ůɨůŰɖɛŬ ˊɟɧɤůɖɠ ɏɔɘɜŮ ůŰɘɠ 17 ȹŮəŮɛɓɟɑɞɡ Űɞ 

1903 Ŭˊɧ Űɞɡɠ ŬŭŮɟűɞɨɠ Wright, ŭɘɐɟəɖůŮ ɛɧɜɞ 12 ŭŮɡŰŮɟɧɚŮˊŰŬ , Űɞ ŬŮɟɞůəɎűɞɠ 

ɡɣɧɗɖəŮ ůŰŬ 3 ɛɏŰɟŬ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ ŭɘɐɜɡůŮ ŬˊɧůŰŬůɖ 35 ɛɏŰɟɤɜ. ȼ ˊŰɐůɖ 

ŭɘŬəɧˊɖəŮ ɔɘŬŰɑ ŭŮɜ ɡˊɐɟɢŮ ŮˊŬɟəɐɠ ɏɚŮɔɢɞɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɔɨɟɞ Ŭˊɧ Űɞɜ 

ɞɟɘɕɧɜŰɘɞ ŮɔəɎɟůɘɞ ɎɝɞɜŬ.  

 

 

 

1.1.3. ūɤŰɞɔɟŬűɑŬ Ŭˊɧ Űɖɜ ˊɟɩŰɖ ˊŰɐůɖ, 17 ȹŮəŮɛɓɟɑɞɡ Űɞ 1903. 
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ȼ ˊŮɟɑɞŭɞɠ Űɞɡ ˊɟɩŰɞɡ ˊŬɔəɞůɛɑɞɡ ˊɞɚɏɛɞɡ (1914-1918) ŬˊɞŰŮɚŮɑ ˊŮɟɑɞŭɞ 

ůɖɛŬɜŰɘəɩɜ ŮɝŮɚɑɝŮɤɜ ůŰɖ ůɢŮŭɑŬůɖ əŬɘ ɓŮɚŰɑɤůɖ Űɤɜ ˊŰɖŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Űɞɡ ŬŮɟɞůəɎűɞɡɠ. ɆŰɖɜ ˊŮɟɑɞŭɞ ŬɡŰɐ ŮɛűŬɜɑůŰɖəŮ ɛɑŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ əɡɟɑɤɠ 

ůŰɟŬŰɘɤŰɘəɩɜ ŬŮɟɞůəŬűɩɜ, ɧˊɤɠ ɛɞɜɞˊɚɎɜŬ, ŭɘˊɚɎɜŬ ŬəɧɛŬ əŬɘ ŰɟɘˊɚɎɜŬ 

ŬŮɟɞůəɎűɖ. 

ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ Ůˊɑůɖɠ ɞɘ ŮɝŮɚɑɝŮɘɠ ůŰɞ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ˊŬɔəɞůɛɑɤɜ 

ˊɞɚɏɛɤɜ. Ɇɡɛɓɞɚɐ ůŰɘɠ ŮɝŮɚɐɝŮɘɠ ŬɡŰŮɠ ŮɑɢŬɜ ŰŬ ŮɟŮɡɜɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

əɏɜŰɟɤɜ ɏɟŮɡɜŬɠ Űɖɠ Naca  əŬɗɩɠ əŬɘ ɖ ŬŮɟɞɜŬɡŰɘəɐ ŮəˊŬɑŭŮɡůɖ ůŰŬ ɄŬɜŮˊɘůŰɐɛɘŬ. 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬŮɟɞˊɞɟɘəɎ ɔŮɔɞɜɧŰŬ Űɖɠ ˊŮɟɘɧŭɞɡ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ˊŰɐůɖ Űɞɡ Ch. 

Lindberg ɛŮ Űɞ ɛɞɜɞˊɚɎɜɞ Spirt of St. Louis ŬˊôŮɡɗŮɑŬɠ ɢɤɟɑɠ ŮɜŭɘɎɛŮůɞ ůŰŬɗɛɧ Ŭˊɧ 

ɁŮŬ Ɉɞɟəɖ ůŰɞ ɄŬɟɑůɘ Űɞ 1927, Űɞ 1929 ɖ ˊŰɐůɖ ˊɎɜɤ Ŭˊɧ Űɞ ȸ.Ʉɧɚɞ, Űɞ 1933 ɖ 

ˊŰɐůɖ ɔɨɟɤ Ŭˊɧ Űɖ ɔɖ ůŮ 7 İ ɖɛɏɟŮɠ, Ůɜɩ Űɞ 1938 Űɞ ɔŮɟɛŬɜɘəɐɠ əŬŰŬůəŮɡɐɠ 

ŬŮɟɞůəɎűɞɠ Messerschmitt  ɛˊɞɟɞɨůŮ ɜŬ ŬɜŬˊŰɨɝŮɘ ŰŬɢɨŰɖŰŬ 175 Km/h. ɆŰɞ 1935 ɞɘ 

ŰŬɢɨŰɖŰŮɠ ˊŰɐůɖɠ ɏɢɞɡɜ ŬɡɝɖɗŮɑ ůɖɛŬɜŰɘəɎ əŬɘ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɞ ŮˊɘɓŬŰɘəɧ 

ŬŮɟɞůəɎűɞɠ DC-3 ŮűŬɟɛɧɕŮŰŬɘ ɖ ɞˊɘůɗɞəɚɘɜɐɠ ˊŰɏɟɡɔŬ. ɆŰɞ Űɏɚɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ 

ŬɡŰɐɠ ŰŬ ŬŮɟɞůəɎűɖ ŮɑɜŬɘ: 

-ɛɞɜɞˊɚɎɜŬ 

-ɛŮ ŬɜŬůɡɟɧɛŮɜɞ ůɨůŰɖɛŬ ˊɟɞůɔŮɑɤůɖɠ 

-ŮɚŬűɟɘɎ ŬəŰɘɜɘəɐ ɛɖɢŬɜɐ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, ŬŮɟɞŭɡɜŬɛɘəɎ əŬɚɡɛɏɜɖ 

- ɏɚɘəŬ ŮɚŮɔɢɧɛŮɜɞɡ ɓɐɛŬŰɞɠ 

-ɡˊŮɟˊɚɖɟɤŰɐ  

-ɛŮŰŬɚɚɘəɐ əŬŰŬůəŮɡɐ ˊɟɞŮɜŰŮŰŬɛɏɜɖɠ ŮˊɘűŬɜŮɘŬəɐɠ əŬŰŬůəŮɡɐɠ. 
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                1.1.4.     ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬŮɟɞůəŬűɩɜ ȯ ɄŬɔəɞůɛɑɞɡ ˊɞɚɏɛɞɡ. 
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                  1.1.5. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬŮɟɞůəŬűɩɜ ˊŮɟɘɧŭɞɡ 1918-1939. 
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                        1.1.6. ɉŬɟŬəŰɖɟɘůŰɘəɎ ůɨɔɢɟɞɜɤɜ ŬŮɟɞůəŬűɩɜ. 
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Ƀ ŰŮɚŮɡŰŬɑɞɠ ˊɑɜŬəŬɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ŭŮɑɢɜŮɘ Űɖɜ ůɢŮŭɧɜ 

əŬŰɎ ɛɑŬ ŰɎɝɖ ɛŮɔɏɗɞɡɠ Ŭɨɝɖůɖ Űɖɠ űɧɟŰɘůɖɠ Űɖɠ ˊŰɏɟɡɔŬɠ ůŰŬ ůɨɔɢɟɞɜŬ 

ŬŮɟɞůəɎűɖ ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ ɓŮɚŰɘɩůŮɘɠ ůŰɖ ŭɞɛɐ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ (əɡɟɑɤɠ ˊŰɏɟɡɔŬ) əŬɘ ůŰŬ ɡɚɘəɎ. Ⱥˊɑůɖɠ ŭŮɑɢɜŮɘ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɖɠ 

ɛɏɔɘůŰɖɠ ŰŬɢɨŰɖŰŬɠ ˊŰɐůɖɠ.  

ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ űŬɑɜɞɜŰŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɎ Űɡˊɘəɏɠ ɛɞɟűɏɠ ŬŮɟɞůəŬűɩɜ Ŭˊɧ Űɞɜ 

ˊɟɩŰɞ ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ ɛɏɢɟɘ ůɐɛŮɟŬ əŬɘ ůŰŬ ɞˊɞɑŬ ɔɑɜŮŰŬɘ űŬɜŮɟɐ ɖ Ůɝɏɚɘɝɖ Űɖɠ 

ŬŮɟɞŭɡɜŬɛɘəɐɠ ɛɞɟűɐɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɛŮ Űɖɜ Ůɜɞˊɞɑɖůɖ Űɖɠ ˊŰɎɟɡɔŬɠ ɛŮ Űɖɜ 

ɎŰɟŬəŰɞ Űɞɡ ŬŮɟɞůəɎűɞɡɠ, Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟɞůɔŮɑɤůɖɠ , Űɖɜ ɛɖ 

ɨˊŬɟɝɖ ŮəŰŮɗŮɘɛɏɜɤɜ ɛŮŰɤˊɘəɩɜ ŮˊɘűŬɜŮɘɩɜ əŬɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ Űɖɠ 

əŬŰŮɨɗɡɜůɖɠ Űɖɠ ŬɜŬˊŰɡůůɧɛŮɜɖɠ ˊɟɞɤůŰɘəɐɠ ŭɨɜŬɛɖɠ ɔɘŬ əɎɗŮŰɖ ŬˊɞɔŮɑɤůɖ. 

 

 

1.1.7.  ɄɟɩŰɞɠ ˊŬɔəɧůɛɘɞɠ ˊɧɚŮɛɞɠ (1918). 

 

 

 

1.1.8.  ȹŮɨŰŮɟɞɠ ˊŬɔəɧůɛɘɞɠ ˊɧɚŮɛɞɠ (1945). 
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1.1.9. ɀŬɢɖŰɘəɧ ŬŮɟɞůəɎűɞɠ (1974). 

 

 

1.1.10 ȷŮɟɞůəɎűɞɠ ȾɎɗŮŰɖɠ ɄɟɞůɔŮɑɤůɖɠ (1978). 

 

 

 

 

1.2 Ƀɘ ɗɏůŮɘɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ŭɡɜɎɛŮɤɜ 

 

Ƀɘ ɓŬůɘəɏɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞ ŬŮɟɞůəɎűɞɠ ŮɑɜŬɘ ɖ Ɏɜɤůɖ (L), ɖ 

ɞˊɘůɗɏɚəɞɡůŬ (D), Űɞ ɓɎɟɞɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ (W), əŬɘ ɖ ˊɟɞɤůŰɘəɐ ŭɨɜŬɛɖ (T) 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ.  



14 
 

 

 

1.2.1. ŭɡɜɎɛŮɘɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ŬŮɟɞůəɎűɞɠ 

 

ȼ Ɏɜɤůɖ ůŰɞ ŬŮɟɞůəɎűɞɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ŭɡɜŬɛɘəɐ ŬɜŰɑŭɟŬůɖ Űɞɡ ŬɏɟŬ ˊɎɜɤ 

ůŰɖɜ ˊŰɏɟɡɔŬ ŮəűɟɎɕŮŰŬɘ ɤɠ: 

                                         L = 
 
 ὅ ɟ VĮ S 

ȳˊɞɡ  ὅ ɞ ůɡɜŰŮɚŮůŰɐɠ Ɏɜɤůɖɠ Űɖɠ ˊŰɏɟɡɔŬɠ, V ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ S 

ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ˊŰɏɟɡɔŬɠ ɖ ɞˊɞɑŬ ɗŮɤɟŮɑŰŬɘ ɜŬ ŮəŰŮɑɜŮŰŬɘ əŬɘ ɛɏůŬ ůŰɖɜ ɎŰɟŬəŰɞ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ. ɇɞ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ Ɏɜɤůɖɠ ɓɟɑůəŮŰŬɘ ůŰɞ əɏɜŰɟɞ ˊɘɏůŮɤɜ Űɖɠ 

ˊŰɏɟɡɔŬɠ. ȼ ˊŰɏɟɡɔŬ ɚɞɘˊɧɜ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ŬˊɞŰŮɚŮɑ Űɞ űɞɟɏŬ ŮűŬɟɛɞɔɐɠ Űɖɠ 

Ɏɜɤůɖɠ. ɀŮ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ŬŮɟɞůəŬűɩɜ əŬɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ˊŰɖŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ɖ ˊŰɏɟɡɔŬ ˊŬɑɟɜŮɘ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ, Űɧůɞ ɤɠ ˊɟɞɠ Űɖɜ əɎŰɞɣɖ 

ɧůɞ əŬɘ ɤɠ ˊɟɞɠ Űɖɜ Űɞɛɐ Űɖɠ əŬŰɎ Űɖɜ əŬŰŮɨɗɡɜůɖ ˊŰɐůɖɠ, ɐ ɧˊɤɠ Ŭɚɚɘɩɠ ɚɏɔŮŰŬɘ 

Űɖɜ ŬŮɟɞŰɞɛɐ Űɖɠ. 
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ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ űŬɑɜɞɜŰŬɘ ŭɘɎűɞɟŮɠ əŬŰɧɣŮɘɠ ˊŰɏɟɡɔŬɠ ˊɞɡ ŭŮɑɢɜɞɡɜ əŬɘ Űɖɜ 

Ůɝɏɚɘɝɖ Űɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ ˊŰɐůɖɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ 

ɞɟɗɞɔɤɜɘəɐɠ əɎŰɞɣɖɠ ˊŰɏɟɡɔŬ Űɤɜ ŬŭŮɟűɩɜ Wright ɛɏɢɟɘ Űɘɠ ˊŰɏɟɡɔŮɠ Űɨˊɞɡ ŭɏɚŰŬ 

Űɤɜ ůɨɔɢɟɞɜɤɜ ɡˊŮɟɖɢɖŰɘəɩɜ ŬŮɟɞůəŬűɩɜ. 

 

 

1.2.2. Ⱥɝɏɚɘɝɖ ˊŰŮɟɨɔɤɜ ŬŮɟɞůəŬűɩɜ. 
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ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ űŬɑɜŮŰŬɘ ɖ Ůɝɏɚɘɝɖ Űɤɜ ŬŮɟɞŰɞɛɩɜ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ 

ˊŰɐůɖɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ Ŭˊɚɐ ŬŮɟɞŰɞɛɐ Űɤɜ ŬŭŮɟűɩɜ Wright 

ɛɏɢɟɘ Űɖɜ ɡˊŮɟəɟɘŰɘəɐ ˊŰɏɟɡɔŬ Űɞɡ Whitcomb Űɞɡ ɡˊŮɟɖɢɖŰɘəɞɨ ŬŮɟɞůəɎűɞɡɠ F-

104. 

 

 

 

 

1.2.3.  Ⱥɝɏɚɘɝɖ ŬŮɟɞŰɞɛɩɜ. 
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ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ űŬɑɜŮŰŬɘ ɖ ɗɏůɖ Űɖɠ ˊŰɏɟɡɔŬɠ ɤɠ ˊɟɞɠ Űɞ ŬŮɟɞůəɎűɞɠ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŮˊɎɜɤ ůŰɖɜ ɎŰɟŬəŰɞ, ŮɑŰŮ ůŰɞ ɛɏůɞ, ŮɑŰŮ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ. 

 

 

 

 

 

1.2.4.Ūɏůɖ ˊŰɏɟɡɔŬɠ ɤɠ ˊɟɞɠ Űɖɜ ɎŰɟŬəŰɞ ŬŮɟɞůəɎűɞɡɠ. 

 

 

 

ȼ Ůˊɘɚɞɔɐ Űɖɠ ɗɏůɖɠ Űɖɠ ˊŰɏɟɡɔŬɠ ɤɠ ˊɟɞɠ Űɖɜ ɎŰɟŬəŰɞ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ 

ŬˊɞůŰɞɚɐ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ ɖ əɎɗŮ ɗɏůɖ ɏɢŮɘ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɛŮɘɤɜŮəŰɐɛŬŰŬ 

Űɧůɞ Ŭˊɧ ɚŮɘŰɞɡɟɔɘəɐ ɧůɞ əŬɘ Ŭˊɧ ŬŮɟɞŭɡɜŬɛɘəɐ Ɏˊɞɣɖ. ȼ ˊŰɏɟɡɔŬ űɏɟŮɘ ˊɖŭɎɚɘŬ 

əɚɑůɖɠ (Ailerons) əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ŰŬ ɛŮŰŬˊŰŮɟɨɔɘŬ (flaps) ɐ ˊɟɞˊŰŮɟɨɔɘŬ (slats) 

əŬɛˊɡɚɧŰɖŰŬɠ ɔɘŬ Űɖɜ ŮˊŬɨɝɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ ůŰɘɠ űɎůŮɘɠ ŬˊɞɔŮɑɤůɖɠ əŬɘ 

ˊɟɞůɔŮɑɤůɖɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ. ȼ ŮˊɘűɎɜŮɘŬ Űɤɜ ˊɖŭŬɚɑɤɜ əɚɑůɖɠ əŬɘ Űɤɜ 

ˊŰŮɟɡɔɑɤɜ əŬɛˊɡɚɧŰɖŰŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ əŬɘ ŰŬ ˊŰɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡ ŬŮɟɞůəɎűɞɡɠ. 
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ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ űŬɑɜŮŰŬɘ ɛɑŬ Űɡˊɘəɐ ˊŰɏɟɡɔŬ ɛŮɔɎɚɞɡ ŬŮɟɞůəɎűɞɡɠ. 

 

 

 

1.2.5. ɄŰɏɟɡɔŮɠ ŬŮɟɞůəɎɔɞɡɠ ɛŮ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Ůɚɏɔɢɞɡ. 
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ȼ ŬŮɟɞŭɡɜŬɛɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ŬŮɟɞůəɎűɞɡɠ (D) ŮəűɟɎɕŮŰŬɘ ɤɠ: 

 

                                 D = ὅ ɟ VĮ S 

 

ȳˊɞɡ ὅ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ S ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ 

ˊŰɏɟɡɔŬɠ. ȼ ŬɜŰɑůŰŬůɖ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɏɢŮɘ űɞɟɏŬ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ 

əŬɘ Űɞ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɛɞɟűɐ Űɞɡ ŬŮɟɞůəɎűɞɡɠ. ɇɖɜ 

ŬŮɟɞŭɡɜŬɛɘəɐ ŬɡŰɐ ŬɜŰɑůŰŬůɖ (ɞˊɘůɗɏɚəɞɡůŬ) ɡˊŮɟɜɘəɎ (ɔɘŬ ɞɟɘɕɧɜŰɘŬ ɞɛŬɚɐ 

ˊŰɐůɖ) ɖ ˊɟɞɤůŰɘəɐ ŭɨɜŬɛɖ Űɞɡ ˊɟɞɤɗɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ. ɇɞ 

ˊɟɞɤɗɖŰɘəɧ ůɨůŰɖɛŬ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɚɘəŬ ˊɞɡ əɘɜŮɑŰŬɘ Ŭˊɧ 

ɛɖɢŬɜɐ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ (ůɡɜɚɖɗɤɠ ɛŮ ɡˊŮɟˊɚɐɟɤůɖ) ɐ əŬɘ Ŭˊɧ 

ůŰɟɞɓɘɚɞəɘɜɖŰɐɟŬ (ŮɚɘəɞŰɟɞɓɘɚɞəɘɜɖŰɐɟŬɠ) ɞˊɧŰŮ ɚŬɛɓɎɜŮŰŬɘ əŬɘ ɛɘəɟɐ ˊɟɧůɗŮŰɖ 

ˊɟɧɤůɖ Ůɝô ŬɜŰɘŭɟɎůŮɤɠ (ůɨůŰɖɛŬ turboprop) ɐ əŬɗŬɟɧɠ əɘɜɖŰɐɟŬɠ ŭɟɎůɖɠ (jet) ɐ 

ůŰɞɓɘɚɞəɘɜɖŰɐɟŬɠ.  

ȼ ˊɟɞɤůŰɘəɐ ŬɡŰɐ ŭɨɜŬɛɖ ɇ ɔɑɜŮŰŬɘ ŭŮəŰɧ ɧŰɘ ɏɢŮɘ űɞɟɏŬ ŮűŬɟɛɞɔɐɠ Űɞɜ ŭɘŬɛɐəɖ 

ɎɝɞɜŬ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɔɘŬ ŬˊɚɞɨůŰŮɡůɖ Űɤɜ ůɢŮŰɘəɩɜ 

ɡɞ́ɚɞɔɘůɛɩɜ Ůˊɑŭɞůɖɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɔɑɜŮŰŬɘ ɖ ˊŬɟŬˊɏɟŬ Ŭˊɚɞˊɞɑɖůɖ ɧŰɘ ɞ 

ŭɘŬɛɐəɖɠ ɎɝɞɜŬɠ ůɡɛˊɑˊŰŮɘ ɛŮ Űɖɜ əŬŰŮɨɗɡɜůɖ əɑɜɖůɖɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ. Ƀɘ ɗɏůŮɘɠ 

ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ əɘɜɖŰɐɟɤɜ ˊɟɧɤůɖɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ əŬɘ ŰŬ ˊŰɖŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬŮɟɞůəɎűɞɡɠ, Ƀɘ Űɡˊɘəɏɠ ŬɡŰɏɠ ɗɏůŮɘɠ űŬɑɜɞɜŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ůɢɐɛŬ. 
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1.2.6.Ūɏůɖ əɘɜɖŰɐɟɤɜ ůŰɞ ŬŮɟɞůəɎűɞɠ. 

 

 

ũɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ůŰŬŰɘəɐɠ əŬɘ ŭɡɜŬɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɔɜɩůɖ Űɤɜ ŭɡɜɎɛŮɤɜ əŬɘ Űɤɜ ɟɞˊɩɜ ˊɞɡ ŮɜŮɟɔɞɨɜ ůŰɞ ŬŮɟɞůəɎűɞɠ 

əŬɘ ˊɞɡ ůɡɜɐɗɤɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŰŬɗŮɟɎ ůɡɜŭŮŭŮɛɏɜɤɜ ɛŮ 

Űɞ ŬŮɟɞůəɎűɞɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ. ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ űŬɑɜɞɜŰŬɘ 

Ůˊɑůɖɠ ɞɘ ɞɟɘůɛɞɑ ŭɘŬűɧɟɤɜ ɛŮɔŮɗɩɜ ɧˊɤɠ ɟɞˊɩɜ, ŰŬɢɡŰɐŰɤɜ, ɔɤɜɘŬəɩɜ ŰŬɢɡŰɐŰɤɜ, 

ŬˊɞəɚɑůŮɘɠ ŮˊɘűŬɜŮɘɩɜ Ůɚɏɔɢɞɡ ə.Űɚ.. 
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1.2.7.  ɆɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ ŭɡɜɎɛŮɘɠ əŬɘ ɟɞˊɏɠ. 

 

 

Ƀ ɎɝɞɜŬɠ Űɤɜ x ůɡɛˊɑˊŰŮɘ ɛŮ Űɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ Űɞɡ ŬŮɟɞůəɎűɞɡɠ (ˊɞɡ ɓɟɑůəŮŰŬɘ 

ˊɎɜɤ ůŰɞ ŮˊɑˊŮŭɞ ůɡɛɛŮŰɟɑŬɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ) əŬɘ ɛŮ ɗŮŰɘəɐ əŬŰŮɨɗɡɜůɖ Űɖɜ 

əŬŰŮɨɗɡɜůɖ Űɖɠ ˊŰɐůɖɠ. Ƀ ŮɔəɎɟůɘɞɠ ɎɝɞɜŬɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ y, ŮɑɜŬɘ əɎɗŮŰɞɠ ůŰɞ 

ŮˊɑˊŮŭɞ ůɡɛɛŮŰɟɑŬɠ Űɞɡ, ˊŮɟɜɎŮɘ Ŭˊɧ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɛŮ ɗŮŰɘəɐ 

əŬŰŮɨɗɡɜůɖ Űɖɜ ŭŮɝɘɎ ɤɠ ˊɟɞɠ Űɞɜ ˊɘɚɧŰɞ. ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ űŬɑɜɞɜŰŬɘ ɞɘ 

ɔɤɜɘŬəɏɠ ŬˊɞəɚɑůŮɘɠ. 

    

        1.2.8.  ȾŬɗɞɟɘůɛɧɠ ɔɤɜɘɩɜ ˊɟɧůˊŰɤůɖɠ, Ŭˊɧəɚɘůɖɠ əŬɘ ˊŮɟɘůŰɟɞűɐɠ. 
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2. ȼ ɟɞɐ ɔɨɟɤ Ŭˊɧ ŬŮɟɞŰɞɛɐ 

 

2.1 ɀɧɟűɤůɖ-ɞɜɞɛŬŰɞɚɞɔɑŬ ŬŮɟɞŰɞɛɩɜ 

 

ȷŮɟɞŭɡɜŬɛɘəɐɠ ɛɞɟűɐɠ ůɩɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ŰŬ ůɩɛŬŰŬ ŮəŮɑɜŬ ůŰŬ ɞˊɞɑŬ 

ɖ ŭɘɎůŰŬůɖ ɖ əɎɗŮŰɖ ůŰɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ ŮɑɜŬɘ ɛɘəɟɧ ˊɞůɞůŰɧ Űɖɠ ŭɘɎůŰŬůɖɠ 

əŬŰɎ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ əɨɟɘŬɠ ɟɞɐ, Ůɜɩ ŭŮ, ɖ ŮˊɘűɎɜŮɘŬ Űɞɡɠ Ůɜ ˊŬɟɞɡůɘɎɕŮɘ 

ŬɡɜɏɢŮɘŮɠ. ȷŮɟɞˊɡɜŬɛɘəɐɠ ɛɞɟűɐɠ ůɩɛŬŰŬ ŮɑɜŬɘ əŬɘ ɖ ŬŮɟɞŰɞɛɐ Űɖɠ ɞˊɞɑŬɠ Űɞ 

ˊɟɧůɗɘɞ ŰɛɐɛŬ ˊɟɞɠ Űɖ ɟɞɐ ŮɑɜŬɘ ůŰɞɔɔɡɚŮɡɛɏɜɞ (ɔɘŬ ɡˊɞɖɢɖŰɘəɏɠ ˊŰɏɟɡɔŮɠ) Ůɜɩ Űɞ 

ˊɑůɤ ɛɏɟɞɠ Űɖɠ əŬŰŬɚɐɔŮɘ ůŮ ɞɝŮɑŬ ɔɟŬɛɛɐ. ȹɨɞ ŮɑɜŬɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ ɛɧɟűɤůɖɠ 

Űɖɠ ŬŮɟɞŰɞɛɐɠ: ɖ ɛɧɟűɤůɖ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ əŬɘ ɖ ŭɘŬɜɞɛɐ Űɞɡ ˊɎɢɞɡɠ. ɆŰɞ 

Ŭəɧɚɞɡɗɞ ůɢɐɛŬ űŬɑɜɞɜŰŬɘ ŰŬ ůŰɎŭɘŬ ɛɧɟűɤůɖɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ. ɆŮ əɎɗŮ ůɖɛŮɑɞ Űɖɠ 

ɛɏůɖɠ ɔɟŬɛɛɐɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ əŬɘ əɎɗŮŰŬ ˊɟɞɠ Űɖ ɛɏůɖ ɔɟŬɛɛɐ, ˊɟɞůŰɑɗŮŰŬɘ 

ŮəŬŰɏɟɞɗŮɜ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ Űɞ ɛɘůɧ Űɞɡ ˊɎɢɞɡɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ. 

 

 

 

2.1.1ɀɧɟűɤůɖ ŬŮɟɞŰɞɛɐɠ. 
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ɆɡɜŮˊɩɠ  ɖ ŬŮɟɞŰɞɛɐ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ Ŭˊɧ ɛɑŬ ŭɘŬɜɞɛɐ ˊɎɢɞɡɠ əŬɘ ɛɑŬ 

ŭɘŬɜɞɛɐ ɓɏɚɞɡɠ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ ŬɜɖɔɛɏɜŬ ůŰɖ ɢɞɟŭɐ Űɖɠ ŬŮɟɞŰɞɛɐɠ. Ⱥˊɘˊɚɏɞɜ 

ɛŮɔɏɗɖ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ŬŮɟɞŰɞɛɐɠ ɛɏůŬ ůŰɖ ɟɞɐ ŮɑɜŬɘ ɖ ɔɤɜɑŬ 

ˊɟɧůˊŰɤůɖɠ, ŭɖɚŬŭɐ ɖ ɔɤɜɑŬ ˊɞɡ ůɢɖɛŬŰɑɕŮɘ ɖ ɢɞɟŭɐ Űɖɠ ŬŮɟɞŰɞɛɐɠ ɛŮ Űɖɜ 

əŬŰŮɨɗɡɜůɖ Űɖɠ Ůˊ ɎˊŮɘɟɞɜ ŰŬɢɨŰɖŰŬɠ, əŬɘ ɞ Ŭɟɘɗɛɧɠ Reynolds Űɖɠ ɟɞɐɠ ˊɞɡ ɞɟɑɕŮŰŬɘ 

ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɐəɞɠ ŬɜŬűɞɟɎɠ Űɖ ɢɞɟŭɐ Űɖɠ ŬŮɟɞŰɞɛɐɠ əŬɘ əŬɗɞɟɑɕŮɘ 

ɞɡůɘŬůŰɘəɎ Űɖ ɔɤɜɑŬ ŬˊɩɚŮɘŬɠ ůŰɐɟɘɝɖɠ.  

 

 

2.2 ȽůŰɞɟɘəɐ Ůɝɏɚɘɝɖ Űɤɜ ŬŮɟɞˊŰɞɛɩɜ 

 

ȼ ɛɧɟűɤůɖ Űɤɜ ˊɟɩŰɤɜ ŬŮɟɞŰɞɛɩɜ ɏɔɘɜŮ ŮɛˊŮɘɟɘəɎ ɛŮ Űɖɜ Ŭˊɞɛɑɛɘůɖ Űɖɠ ɛɞɟűɐɠ 

Űɤɜ ˊŰŮɟɨɔɤɜ Űɤɜ ˊɞɡɚɘɩɜ. ũɘôŬɡŰɞ əŬɘ ɞɘ ŬŮɟɞŰɞɛɏɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ 

əŬɛˊɡɚɧŰɖŰŬ ɛɏůɖɠ ɔɟŬɛɛɐɠ, ŮɑɜŬɘ ŭŮ ŮɝŬɘɟŮŰɘəɎ ɚŮˊŰɏɠ. Ƀɘ ŬŮɟɞŰɞɛɏɠ ŬɡŰɏɠ ŮɑɜŬɘ 

əŬŰɎɚɚɖɚŮɠ ɔɘŬ ɢŬɛɖɚɏɠ ŰŬɢɨŰɖŰŮɠ.  

ɆɖɛŬɜŰɘəɧ ɎɚɛŬ ůŰɖ ɓŮɚŰɑɤůɖ əŬɘ Ůɝɏɚɘɝɖ Űɤɜ ŬŮɟɞŰɞɛɩɜ ŬˊɞŰɏɚŮůŮ ɖ ŮɛűɎɜɘůɖ Űɖɠ 

ɗŮɤɟɑŬɠ Űɤɜ ŬŮɟɞŰɞɛɩɜ Joukowski ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ůɡɛɛɧɟűɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ. 

ȼ ɗŮɤɟɑŬ ŬɡŰɐ ŮˊɏŰɟŮɣŮ Űɖ ůɡůŰɖɛŬŰɘəɐ əŬɘ ŬɜŮɝɎɟŰɖŰŬ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ 

ˊɎɢɞɡɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ əŬɘ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ Űɖɠ ˊɎɜɤ ůŰŬ ŬŮɟɞŭɡɜŬɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŬŮɟɞŰɞɛɐɠ ɧˊɤɠ ŬɡŰɎ ŮəűɟɎɕɞɜŰŬɘ ɛŮ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Ɏɜɤůɖɠ 

Cl əŬɘ ɟɞˊɐɠ Cm. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŬɡŰɞɑ ɞɟɑɕɞɜŰŬɘ ɤɠ: 

 

 

                          ὅ=        ,                   ὅ =         , ɧˊɞɡ  

 

-L ɖ (ůɡɜɞɚɘəɐ) ŭɨɜŬɛɖ ˊɎɜɤ ůŰɖɜ ŬŮɟɞŰɞɛɐ ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

Űɖɠ ŭɘŬɜɞɛɐɠ Űɤɜ ˊɘɏůŮɤɜ ůŰɞ ˊŮɟɑɔɟŬɛɛŬ Űɖɠ ŬŮɟɞŰɞɛɐɠ       
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-M ɖ ɟɞˊɐ Űɤɜ ŭɡɜɎɛŮɤɜ Ůə ˊɘɏůŮɤɠ ɤɠ ˊɟɞɠ Űɖɜ Ŭəɛɐ ˊɟɞůɓɞɚɐɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ  

ïU  ɖ Ůˊ ɎˊŮɘɟɞɜ ŰŬɢɨŰɖŰŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ ɟɞɐɠ  

-c ɖ ɢɞɟŭɐ Űɖɠ ŬŮɟɞŰɞɛɐɠ əŬɘ  

-S ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ. 

ɆɡůŰɖɛŬŰɞˊɞɑɖůɖ Űɤɜ ɔɜɩůŮɤɜ ˊɎɜɤ ůŰɘɠ ŬŮɟɞŰɞɛɏɠ ŬˊɞŰɏɚŮůŮ ɖ ůŮɘɟɎ NACA 4 

ɣɖűɑɤɜ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ Űɞ 1913. ɆŰɖ ůŮɘɟɎ ŬɡŰɐ Űɞ ɛɏɔɘůŰɞ ˊɎɢɞɠ Űɖɠ 

ŬŮɟɞŰɞɛɐɠ ɓɟɑůəŮŰŬɘ ůŰɞ 30% Űɖɠ ɢɞɟŭɐɠ, ɖ ŭŮ ɛɏůɖ ɔɟŬɛɛɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ 

ˊŬɟŬɓɞɚɏɠ ɛŮ əɞɘɜɐ ŮűŬˊŰɞɛɏɜɖ ůŰɞ ůɖɛŮɑɞ Űɞɛɐɠ Űɞɡɠ. ɄŬɟɎɛŮŰɟɞɘ ˊɞɡ əŬɗɞɟɑɕɞɡɜ 

ɛɞɜɞůɐɛŬɜŰŬ Űɖɜ ŬŮɟɞŰɞɛɐ ŮɑɜŬɘ ɖ ɗɏůɖ Űɖɠ ɛɏɔɘůŰɖɠ əɡɟŰɧŰɖŰŬɠ, ɖ ɛɏɔɘůŰɖ 

əɡɟŰɧŰɖŰŬ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ əŬɗɩɠ əŬɘ Űɞ ɛɏɔɘůŰɞ ˊɎɢɞɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ. ȼ ˊɚɏɞɜ 

ɔɜɤůŰɐ ŬŮɟɞŰɞɛɐ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ŬŮɟɞŰɞɛɐ 4412 ŰŬ ɣɖűɑŬ Űɖɠ ɞˊɞɑŬɠ 

ŭɖɚɩɜɞɡɜ: 

            

 

          4                                             4                                              12 

     f = 0,4c                                   p = 0,4c                                 ‏ Ȣ= 0,12c  

 

 

ȼ ŭɘŬɜɞɛɐ ˊŬɢɞɡɠ əŬɗɩɠ əŬɘ ɖ ŭɘŬɜɞɛɐ Űɞɡ ɓɏɚɞɡɠ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ ɔɘŬ Űɘɠ 

ŬŮɟɞŰɞɛɏɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ŬɡŰɐɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ:  

 

ώ = 
Ȣ [0,2969  - 0,126  - 0,3526  + 0,2843  - 0,1015  ]  

 

 =  (2px - xĮ)   ,ɔɘŬ   < p   ,   = 
ό
 [(1 - 2p) + 2px - xĮ]   ,ɔɘŬ   Ó p 
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ȸŮɚŰɑɤůɖ Űɤɜ ŬŮɟɞŰɞɛɩɜ 4 ɣɖűɑɤɜ Űɖɠ NACA ŬˊɞŰɏɚŮůŮ ɖ ŮɛűɎɜɘůɖ Űɤɜ 

ŬŮɟɞŰɞɛɩɜ 5 ɣɖűɑɤɜ. ɆŰɘɠ ŬŮɟɞŰɞɛɏɠ ŬɡŰɏɠ ɖ ɗɏůɖ Űɖɠ ɛɏɔɘůŰɖɠ əɡɟŰɧŰɖŰŬɠ Űɖɠ 

ɛɏůɖɠ ɔɟŬɛɛɐɠ ɛŮŰŬűɏɟɗɖəŮ əŬŰɎ Űɞ ŭɡɜŬŰɧ ɛˊɟɞůŰɎ ɔɘŬ ɜŬ ŬɡɝɖɗŮɑ ɞ ɛɏɔɘůŰɞɠ 

ůɡɜŰŮɚŮůŰɐɠ Ɏɜɤůɖɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ, ɖ ŭŮ ŭɘŬɜɞɛɐ ˊɎɢɞɡɠ ώ ˊŬɟɏɛŮɘɜŮ ɖ ɑŭɘŬ. ũɘŬ Űɞ 

ɑŭɘɞ ˊɎɢɞɠ əŬɘ əɡɟŰɧŰɖŰŬ ɖ ŬŮɟɞŰɞɛɐ 5 ɣɖűɑɤɜ ɏɢŮɘ 10%-20% ɛŮɔŬɚɨŰŮɟɞ 

ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬŮɟɞŰɞɛɐ 4 ɣɖűɑɤɜ. ȼ ˊɚɏɞɜ ɔɜɤůŰɐ ŬŮɟɞŰɞɛɐ 

ŬɡŰɐɠ Űɖɠ ůŮɘɟɎɠ ŮɑɜŬɘ ɖ ŬŮɟɞŰɞɛɐ 23012 ŰŬ ɣɖűɑŬ Űɖɠ ɞˊɞɑŬɠ ŭɐɚɤɜɞɡɜ: 

 

  

                   2                                       30                                                 12 

       ὅ  = 3/2 0,2                         p = 0,3/2 c                                     ‏ Ȣ = 0,12c 

 

ȳˊɞɡ ὅ  ɞ ůɡɜŰŮɚŮůŰɐɠ Ɏɜɤůɖɠ ůŰɖɜ ɘŭŬɜɘəɐ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ. 

 

ȳɚŮɠ ɞɘ ŬŮɟɞŰɞɛɏɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ŮɛˊŮɘɟɘəɐɠ 

ůɢŮŭɑŬůɖɠ əŬɘ ŮəŰŮŰŬɛɏɜɤɜ ˊŮɘɟŬɛɎŰɤɜ ůŮ ŬŮɟɞŭɡɜŬɛɘəɏɠ ůɐɟŬɔɔŮɠ.  

Ƀɘ ŬŮɟɞŰɞɛɏɠ 6 ɣɖűɑɤɜ Űɖɠ NACA ŮɑɜŬɘ ɞɘ ˊɟɩŰŮɠ ŬŮɟɞŰɞɛɏɠ ˊɞɡ ůɢŮŭɘɎůŰɖəŬɜ 

ɗŮɤɟɖŰɘəɎ ɩůŰŮ ɜŬ ɏɢɞɡɜ ŭŮŭɞɛɏɜɖ ŭɘŬɜɞɛɐ ˊɑŮůɖɠ. ȼ ŭɘŬɜɞɛɐ ŬɡŰɐ ŮɑɜŬɘ ŰɏŰɞɘŬ 

ɩůŰŮ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ůŰɟɤŰɐ ɟɞɐ ɔɨɟɤ Ŭˊɧ Űɖɜ ŬŮɟɞŰɞɛɐ əŬɘ ɎɟŬ 

ɢŬɛɖɚɧɠ ůɡɜŰŮɚŮůŰɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɜŬ ŮɑɜŬɘ 

Ŭɡɝɖɛɏɜɞɠ ɞ əɟɑůɘɛɞɠ Ŭɟɘɗɛɧɠ Mach. ȰŰůɘ ɞɘ ŬŮɟɞŰɞɛɏɠ ŬɡŰɏɠ ɏɢɞɡɜ Űɞ ɛɏɔɘůŰɞ 

ˊɎɢɞɠ Űɞɡɠ ɚɑɔɞ ˊɟɞɠ ŰŬ ˊɑůɤ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŬŮɟɞŰɞɛɏɠ Ɏɚɚɤɜ ůŮɘɟɩɜ ɛŮ ůəɞˊɧ Űɖɜ 

əŬɗɡůŰɏɟɖůɖ Űɖɠ ɛŮŰɎɓŬůɖɠ Űɖɠ ůŰɟɤŰɐŮ ɟɞɐɠ ůŮ Űɡɟɓɩŭɖ. ũɘŬ ůŰŬɗŮɟɐ Űɘɛɐ 

űɧɟŰɘůɖɠ Űɤɜ ŬŮɟɞŰɞɛɩɜ ŬɡŰɩɜ əŬŰŬ Űɖ ɢɞɟŭɐ, ɖ Ůɝɑůɤůɖ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

                         = -   [ (1 - ) ln(1 - ) +   ln( ) ]        , ɧˊɞɡ 
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ὅ  ɞ ůɡɜŰŮɚŮůŰɐɠ Ɏɜɤůɖɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ ůŰɖɜ ɘŭŬɜɘəɐ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ. 

ȺɑɜŬɘ űŬɜŮɟɧ ɧŰɘ ɖ Ůəɚɞɔɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ὅ  əŬɗɞɟɑɕŮɘ Űɖ ɛɏůɖ ɔɟŬɛɛɐ, Ɏɝɘɞ ŭŮ 

ˊŬɟŬŰɐɟɖůɖɠ ŮɑɜŬɘ ɧŰɘ ɞɘ ŰŮŰŬɔɛɏɜŮɠ Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ ŮɑɜŬɘ ŬɜɎɚɞɔŮɠ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ὅ. Ƀɘ ŬŮɟɞŰɞɛɏɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ŬɡŰɐɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ 5 ɣɖűɑŬ. ȼ 

ŬŮɟɞŰɞɛɐ 64-212 ˊɞɡ ŬˊɞŰŮɚŮɑ ŮˊɘŰɡɢɖɛɏɜɖ Ůəɚɞɔɐ Űɖɠ ůŮɘɟɎɠ ŬɡŰɐɠ ɏɢŮɘ ŰŬ Ůɝɐɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

                   

            6                                     4                                  2                               12 

  NACA ůŮɘɟɎ 6               ɗɏůɖ ŮɚɏɢɘůŰɖɠ                ὅ ‏                  0,2 =  Ȣ = 0,12c 

                                           ́ɑŮůɖɠ 0,4c  

 

ɆŰɞ ůɢɐɛŬ  ˊɞɡ ŬəɞɚɞɡɗŮɑ  űŬɑɜŮŰŬɘ  ɛɑŬ  Űɡˊɘəɐ  ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ 

ὅ ɛŮ Űɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ɔɘŬ ŮɜŰɞˊɘůɛɧ ɓŬůɘəɩɜ ɛŮɔŮɗɩɜ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, 

ɛˊɞɟɞɨɛŮ ɜŬ ˊɞɨɛŮ ɧŰɘ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɖ ɔɟŬɛɛɘəɧŰɖŰŬ Űɞɡ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ ὅ ɛŮ 

Űɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Ŭ, ŮɜŰɞˊɑɕŮŰŬɘ ɖ ɔɤɜɑŬ ɛɖŭŮɜɘəɐɠ Ɏɜɤůɖɠ ‌ (ɧˊɞɡ ὅ=0), əŬɘ 

ɔɤɜɑŬ ŬˊɩɚŮɘŬɠ ůŰɐɟɘɝɖɠ ‌ , ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɞ ɛɏɔɘůŰɞɠ ůɡɜŰŮɚŮůŰɐɠ Ɏɜɤůɖɠ 

ὅȟ  ˊɟɘɜ Ŭˊɧ Űɖɜ ŮɛűɎɜɘůɖ ŬˊɩɚŮɘŬɠ ůŰɐɟɘɝɖɠ. 
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2.2.1. ɇɡˊɘəɐ ɛŮŰŬɓɞɚɐ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ əŬɘ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ. 

 

 

ɆŰŬ ŬəɧɚɞɡɗŬ ůɢɐɛŬŰŬ ŭɑɜɞɜŰŬɘ ŰŬ ŬŮɟɞŭɡɜŬɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɟɘɩɜ ŬŮɟɞŰɞɛɩɜ 

NACA 4412, NACA 23012, NACA 64-212 ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ Űɖɠ 

NACA. ɆŰŬ ɑŭɘŬ ůɢɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Ůˊɑůɖɠ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ 

Űɞɡ Ŭɟɘɗɛɞɨ Reynolds Űɖɠ ɟɞɐɠ ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Ɏɜɤůɖɠ əŬɘ ŬɜŰɑůŰŬůɖɠ əŬɘ 

ŮɘŭɘəɧŰŮɟŬ ůŰɖ ɔɤɜɑŬ ŬˊɩɚŮɘŬɠ ůŰɐɟɘɝɖɠ əŬɘ ůŰɞɜ ɛɏɔɘůŰɞ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ. 

Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ űŬɜŮɟɐ ɖ ŮˊɑŭɟŬůɖ Űɖɠ Ŭˊɧəɚɘůɖɠ Űɞɡ ɛŮŰŬˊŰŮɟɡɔɑɞɡ ůŰɞɡɠ 

ŬŮɟɞŭɡɜŬɛɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ Ɏɜɤůɖɠ, ŬɜŰɑůŰŬůɖɠ əŬɘ ɟɞˊɐɠ ˊɟɧɜŮɡůɖɠ. ȼ ɔɟŬűɘəɐ 

ˊŬɟɎůŰŬůɖ ɛŮŰŬɓɞɚɐɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɜŰɑůŰŬůɖɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

Ɏɜɤůɖɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ, ˊɞɡ əŬɚŮɑŰŬɘ əŬɘ ˊɞɚɘəɐ ŬɜŰɑůŰŬůɖɠ, űŬɜŬɘɟɩɜŮɘ Űɖɜ ɨˊŬɟɝɖ 

ŮɚɎɢɘůŰɖɠ Űɘɛɐɠ ŬɜŰɑůŰŬůɖɠ ὅ  ůŮ əɎˊɞɘŬ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ‌ , əŬɗɩɠ əŬɘ Űɖ 

ůɢŮŭɧɜ ˊŬɟŬɓɞɚɘəɐ Ŭɨɝɖůɖ Űɖɠ Űɘɛɐɠ Űɞɡ ɔɘŬ ɔɤɜɑŮɠ ˊɟɧůˊŰɤůɖɠ ŮəŰɧɠ əɎˊɞɘŬɠ 

ˊŮɟɘɞɢɐɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɐ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ. 
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Ƀɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ŬŮɟɞŰɞɛɏɠ ɔɘŬ Ŭɟɘɗɛɞɨɠ Mach ɛŮɔŬɚɨŰŮɟɞɡɠ Űɞɡ əɟɑůɘɛɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɎ Ŭɡɝɖɛɏɜɖ ŬŮɟɞŭɡɜŬɛɘəɐ ŬɜŰɑůŰŬůɖ. ȼ ůɖɛŬɜŰɘəɐ ŬɡŰɐ 

Ŭɨɝɖůɖ Űɖɠ ŬɜŰɑůŰŬůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɞ ŬˊɧŰɞɛɞ əŬɘ ɘůɢɡɟɧ əɨɛŬ əɟɞɨůɖɠ ˊɞɡ 

ůɢɖɛŬŰɑɕŮŰŬɘ ůŰɞ ˊɎɜɤ ɛɏɟɞɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ, ɛŮŰɎ Űɞ ɞˊɞɑɞ ɖ ɡˊŮɟɖɢɖŰɘəɐ ɟɞɐ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɡˊɞɖɢɖŰɘəɐ. Ƀɘ ɡˊŮɟəɟɘŰɘəɏɠ ˊŰɏɟɡɔŮɠ ŬɜŬˊŰɨɢɗɖəŬɜ Ŭˊɧ Űɞɜ 

Whitcomb əŬɘ ˊŬŰɞɡůɘɎɕɞɡɜ Űɞ ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɛŮŰɎɓŬůɖɠ Űɖɠ 

ɡˊŮɟɖɢɖŰɘəɐɠ ɟɞɐɠ ůŮ ɡˊɞɖɢɖŰɘəɐ ɛɏůɤ ŬůɗŮɜɩɜ əɡɛɎŰɤɜ ůɡɛˊɑŮůɖɠ. ȷˊɞŰɏɚŮůɛŬ 

ŬɡŰɞɨ ŮɑɜŬɘ ɖ ɛŮɘɤɛɏɜɖ ŬŮɟɞŭɡɜŬɛɘəɐ ŬɜŰɑůŰŬůɖ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ɡˊŮɟəɟɘŰɘəɏɠ 

ŬŮɟɞŰɞɛɏɠ ůŮ ɡˊŮɟəɟɑůɘɛɞɡɠ Ŭɟɘɗɛɞɨɠ Mach. Ƀɘ ɡˊŮɟəɟɘŰɘəɏɠ ŬɡŰɏɠ ŬŮɟɞŰɞɛɏɠ 

ŬˊɞŭŮɑɢŰɖəŮ ɧŰɘ ˊŬɟɞɡůɘɎɕɞɡɜ ˊɞɚɨ əŬɚɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭəɧɛɖ əŬɘ ůŮ ɢŬɛɖɚɏɠ 

ŰŬɢɨŰɖŰŮɠ. ɇɏŰɞɘŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ɖ ɢŬɛɖɚɐ ŬŮɟɞŭɡɜŬɛɘəɐ ŬɜŰɑůŰŬůɖ 

əŬɗɩɠ əŬɘ ɖ ɞɛŬɚɐ ŬˊɩɚŮɘŬ ůŰɐɟɘɝɖɠ ůŮ ɛŮɔɎɚŮɠ ɔɤɜɑŮɠ ˊɟɧůˊŰɤůɖɠ. ɀɑŬ ŰɏŰɞɘŬ 

ŬŮɟɞŰɞɛɐ, ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ ŬɟɢɘəɎ GA(W) (General Aviation Whitcomb), 

ɏŭɤůŮ ɛŮ ˊŰŮɟɨɔɘɞ Fowler  ɢɞɟŭɐɠ 30% Űɖɠ ŬŮɟɞŰɞɛɐɠ ɛɏɔɘůŰɞ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ 

ὅ = 3,8 əŬɘ ɢɤɟɑɠ ˊŰŮɟɨɔɘɞ əŬɛˊɡɚɧŰɖŰŬɠ ůŰɖɜ Ŭəɛɐ ˊɟɞůɓɞɚɐɠ ɐ ɏɚŮɔɢɞ ɞɟɘŬəɞɨ 

ůŰɟɩɛŬŰɞɠ.    

ɆŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ űŬɑɜɞɜŰŬɘ Űɡˊɘəɏɠ ɛɞɟűɏɠ ŭɘŬűɧɟɤɜ ŬŮɟɞŰɞɛɩɜ, Ůɜɩ ůŰɞ 

ŮˊɧɛŮɜɞ ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ɛɑŬɠ GA(W)-1 ŬŮɟɞŰɞɛɐɠ ɛŮ ŬŮɟɞŰɞɛɐ NACA ůŮɘɟɎɠ 6, 

ůɢŮŭɧɜ ɘŭɑɞɡ ˊɎɢɞɡɠ əŬɘ ɓɏɚɞɡɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ. 

 

 

 

2.2.3.ɇɡˊɘəɏɠ ɛɞɟűɏɠ ŭɘŬűɧɟɤɜ ŬŮɟɞŰɞɛɩɜ. 
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2.2.4.  Ɇɨɔəɟɘůɖ ɛɑŬɠ GA(W)-1 ŬŮɟɞŰɞɛɐɠ ɛŮ ŬŮɟɞŰɞɛɐ NACA ůŮɘɟɎɠ 6. 

 

 

 

ɆɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɏɢŮɘ ɖ ŰɟŬɢɨŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ 

ŬŮɟɞŰɞɛɐɠ. ũɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ὅ əŬɘ ὅ 

ɏɢɞɡɜ ŰɟɞˊɞˊɞɘɖɗŮɑ ŭɘɎűɞɟŮɠ ŰɟŬɢɨŰɖŰŮɠ əŬŰɎ NACA ɐ NASA, ɧˊɤɠ ŬɜɎɚɞɔɖ ɐŰŬɜ 

əŬɘ ɖ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ Űɤɜ ůɤɚɐɜɤɜ əŬŰɎ Nikuradse ɛŮ əɧəəɞɡɠ Ɏɛɛɞɡ.   

ɆŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ űŬɑɜŮŰŬɘ Ŭəɟɘɓɩɠ ŬɡŰɐ ɖ ŮˊɘŭɟŬůɖ. ȷɨɝɖůɖ Űɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ŰɟŬɢɨŰɖŰŬɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 
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ůɡɜŰŮɚŮůŰɐ ŬɜŰɑůŰŬůɖɠ, ˊɟɎɔɛŬ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ, ŬɚɚɎ ůɡɔɢɟɧɜɤɠ Ŭɨɝɖůɖ 

Űɞɡ ɛɏɔɘůŰɞɡ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ ɩɠ ŬˊɞŰɏɚŮůɛŬ əŬɗɡůŰɏɟɖůɖɠ Űɖɠ Ŭˊɞəɧɚɚɖůɖɠ 

Űɖɠ ɟɞɐɠ.  

 

 

2.2.5.   ȺˊɑŭɟŬůɖ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ əŬɘ Reynolds ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ὅ əŬɘ ὅ ŬŮɟɞŰɞɛɐɠ. 
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ɇŮɚŮɡŰŬɑŬ, ɛŮŰɎ Űɞ ɏŰɞɠ 1973, ɎɟɢɘůŮ ɜŬ ŮɝŮŰɎɕŮŰŬɘ Űɞ ˊɟɧɓɚɖɛŬ ŮɨɟŮůɖɠ Űɖɠ 

ŬŮɟɞŰɞɛɐɠ ŮəŮɑɜɖɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɛɏɔɘůŰɞ ůɡɜŰŮɚŮůŰɐ Ɏɜɤůɖɠ əŬɘ ŮɚɎɢɘůŰɖ 

ŬŮɟɞŭɡɜŬɛɘəɐ ŬɜŰɑůŰŬůɖ. ɇɞ ˊɟɧɓɚɖɛŬ ɞŭɐɔɖůŮ ůŮ ŬŮɟɞŰɞɛɏɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ 

ůŬűɩɠ ɓŮɚŰɘɤɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ. Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ŬŮɟɞŰɞɛɩɜ ŬɡŰɩɜ ŮˊŮɘŭɐ 

ŮˊɘɜɞɐɗɖəŬɜ Ŭˊɧ Űɖɜ Douglas Corporation ŬˊɞŰŮɚɞɨɜ ˊɜŮɡɛŬŰɘəɐ Űɖɠ ɘŭɘɞəŰɖůɑŬ.  

ɆŰŬ ŬəɧɚɞɡɗŬ ůɢɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬŮɟɞŭɡɜŬɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɩɜ Űɤɜ 

ŬŮɟɞŰɞɛɩɜ. 

 

 

2.2.6.   ȹɘŬɜɞɛɐ ˊɑŮůɖɠ ɔɨɟɤ Ŭˊɧ ŬŮɟɞŰɞɛɐ.        2.2.7.  ȷŮɟɞŭɡɜŬɛɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ŬŮɟɞŰɞɛɐɠ. 

 

ɉŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ ŬŮɟɞŰɞɛɩɜ ŬɡŰɩɜ ŮɑɜŬɘ ɖ ŭɘŬɜɞɛɐ Űɖɠ ˊɑŮůɖɠ ůŰɞ ŮˊɎɜɤ ɛɏɟɞɠ 

Űɖɠ ŬŮɟɞŰɞɛɐɠ ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ Űɞ ɞɟɘŬəɧ ůŰɟɩɛŬ ɜŬ ɓɟɑůəŮŰŬɘ ůɢŮŭɧɜ ůŰɞ ɧɟɘɞ Űɖɠ 

Ŭˊɞəɧɚɚɖůɖɠ. ȰŰůɘ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬɜŰɑůŰŬůɖɠ ɚɧɔɤ Űɟɘɓɐɠ. 

ȷɜŰɑɗŮŰŬ, ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ, ɞ ůɡɜŰŮɚŮůŰɐ ˊɑŮůɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 

ůŰŬɗŮɟɧɠ. 
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2.3 ɄŮɟɘɔɟŬűɐ Űɖɠ ɟɞɐɠ ɔɨɟɤ Ŭˊɧ ŬŮɟɞŰɞɛɐ 

 

ɀɑŬ Űɡˊɘəɐ ɛɞɟűɐ Űɤɜ ɔɟŬɛɛɩɜ ɟɞɐɠ ɔɨɟɤ Ŭˊɧ ŬŮɟɞŰɞɛɐ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ůɢɐɛŬ ɔɘŬ ŬŮɟɞŰɞɛɐ NACA 0012 ůŮ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ 0 əŬɘ 8 ɛɞɘɟɩɜ.  

 

 

2.3.1.   ũɟŬɛɛɏɠ ɟɞɐɠ ɔɨɟɤ Ŭˊɧ ŬŮɟɞŰɞɛɐ ůŮ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ 0 əŬɘ 8 ɛɞɘɟɩɜ. 

 

 

ɄŬɟŬŰɖɟɩɜŰŬɠ ŰŬ, ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɨɔəɚɘůɖ Űɤɜ ɔɟŬɛɛɩɜ ɟɞɐɠ, ɛˊɞɟɞɨɛŮ 

ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ Űɖɜ ɨˊŬɟɝɖ ůɖɛŮɑɞɡ ŬɜŬəɞˊɐɠ ůŰɖɜ Ŭəɛɐ ˊɟɞůɓɞɚɐɠ Űɖɠ 

ŬŮɟɞŰɞɛɐɠ əŬɘ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɟɞɐɠ ůŰɞ ɛˊɟɧůɗɘɞ ɛɏɟɞɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ. ɆŰɖɜ 

ˊŮɟɘɞɢɐ ŬɡŰɐ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɞ ŮˊɎɜɤ ɛɏɟɞɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ, ŬɜŬ ɛɏɜɞɜŰŬɘ ŬɟɜɖŰɘəɞɑ 

ůɡɜŰŮɚŮůŰɏɠ ˊɑŮůɖɠ ὅ. ɀŮŰɎ ŭɘŬˊɘůŰɩɜŮŰŬɘ ŮˊɘɓɟɎŭɡɜůɖ ŰɖŮ ɟɞɐɠ, Ŭˊɧəɚɘůɖ Űɤɜ 

ɔɟŬɛɛɩɜ ɟɞɐɠ əŬɘ ɞɛŬɚɐ ɏɝɞŭɞ Űɖɠ ɟɞɐɠ Ŭˊɧ Űɖɜ Ŭəɛɐ űɡɔɐɠ Űɖɠ ŬŮɟɞŰɞɛɐɠ.  

ɆŰŬ ŬəɧɚɞɡɗŬ ůɢɐɛŬŰŬ űŬɑɜŮŰŬɘ ɛɑŬ Űɡˊɘəɐ ŭɘŬɜɞɛɐ ŰŬɢɡŰɐŰɤɜ əŬɘ ůɡɜŰŮɚŮůŰɩɜ 

ˊɑŮůɖɠ ɔɘŬ ɟɞɐ ɔɨɟɤ Ŭˊɧ ŬŮɟɞŰɞɛɐ NACA 0012  ůŮ 0 əŬɘ 8 ɛɞɑɟŮɠ ɔɤɜɑŬ 

ˊɟɧůˊŰɤůɖɠ.  
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2.3.2.ȹɘŬɜɞɛɐ ůɡɜŰŮɚŮůŰɐɠ ˊɑŮůɖɠ ὅ ɔɘŬ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Ŭ=0Á, Re=7,6 ρπȢ 

 

 

 

2.3.3. ȹɘŬɜɞɛɐ ůɡɜŰŮɚŮůŰɐɠ ˊɑŮůɖɠ ὅ ɔɘŬ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Ŭ=0Á, Re=7,6 ρπȢ 


