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Abstract. The numerical simulation of the active flow control by the tangential jet blowing 

on the upper surface of the transonic wing airfoil is carried out. Different slot locations and jet 

momentum coefficients are considered. It is shown that the tangential jet blowing suppresses buffet 

and enhances aerodynamic performance of the airfoil. 

Keywords: airfoil aerodynamics, flow control, tangential jet blowing, shock wave, 

computational fluid dynamics. 
 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ ʠʣʠ ʫʛʣʘ ʘʪʘʢʠ ʧʨʠ ʧʦʣʝʪʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʩʘʤʦʣʝʪʘ ʧʨʠ ʪʨʘʥʩʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʨʳʚʫ, ʚʳʟʚʘʥʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʢʘʯʢʘ ʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʢ ʧʦʷʚʣʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʩʢʘʯʢʘ 

ʫʧʣʦʪʥʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʢʘʯʢʘ ʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ [1]. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʯʝʥʠʷ. 
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ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʘʢʪʠʚʥʳʝ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ) ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʚʳʜʫʚ ʩʪʨʫʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʢ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʘʥʩʟʚʫʢʦʚʦʛʦ 

ʧʨʦʬʠʣʷ ʢʨʳʣʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʥʝʩʫʱʠʝ 

ʩʚʦʡʩʪʚʘ ʢʨʳʣʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʘʪʘʢʠ [2]. 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʳʜʫʚʘ, ʪʘʢʠʭ ʢʘʢ 

ʧʦʣʦʞʝʥʠʝ ʩʦʧʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʤʧʫʣʴʩʘ ʩʪʨʫʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʪʝʯʝʥʠʝ. 

ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʫʚʘ, ʷʚʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʤʧʫʣʴʩʘ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (1): 

 

˞
άὠ

πȢυ”ὠὛ
 (1) 

 

ʛʜʝ Ṱ  ʨʘʩʭʦʜ ʯʝʨʝʟ ʩʦʧʣʦ (ʤʘʩʩʦʚʳʡ), Vjet  ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ, ɟÐ ʠ VÐ  

ʧʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ï ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ S ï 

ʭʘʨʘʢʪʝʨʥʘʷ ʧʣʦʱʘʜʴ ʜʣʷ ʨʘʟʤʘʭʘ ʢʨʳʣʘ 1 ʤ. 

ʈʝʰʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʘʷ (RANS) ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ (URANS) ʜʣʷ ʜʚʫʤʝʨʥʦʡ 

ʟʘʜʘʯʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʉʧʘʣʘʨʪʘ-

ɸʣʴʤʘʨʘʩʘ [3]. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ: ʯʠʩʣʦ ʄʘʭʘ M=0.72, ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ, ʢʦʪʦʨʦʝ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʭʦʨʜʝ ʧʨʦʬʠʣʷ, Re ~2.6ẗ10
6
, ʧʦʣʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ T0=300 ʂ. 

ʊʝʯʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʪʫʨʙʫʣʝʥʪʥʳʤ. ʅʘ ʧʨʦʬʠʣʝ ʩʪʘʚʠʣʦʩʴ 

ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʨʦʬʠʣʷ ʧʨʝʜʧʦʣʘʛʘʣʘʩɹ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʪʝʥʢʦʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʥʘ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮʘʭ 

ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʦʬʠʣʷ ~40ʩ, 

ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʧʦʤʦʱʴʶ ʠʥʚʘʨʠʘʥʪʦʚ ʈʠʤʘʥʘ. 

ʉʪʨʫʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʟʘʜʘʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʨʫʠ ʚʘʨʴʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʪʦʨʤʦʞʝʥʠʷ. ʊʘʢʞʝ ʟʘʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʞʝʥʠʷ ʠ, ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʪʨʫʠ, ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ. ɺʳʜʫʚ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ, 

ʩʪʨʫʷ ʚʳʜʫʚʘʝʪʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʦʙ̡ʝʤʦʚ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ 2-ʛʦ 

ʧʦʨʷʜʢʘ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʠ ʚʷʟʢʠʭ ʩʣʘʛʘʝʤʳʭ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʚ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʣʘʛʘʝʤʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʪʦʢʘ 

ʈʦʫ ʠ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. 

ʅʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʟʘʜʘʯʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʨʦʜʥʳʡ ʧʦʪʦʢ. ʅʝʷʚʥʘʷ ʩʭʝʤʘ 2-ʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦ ʚʨʝʤʝʥʠ. ɺʳʭʦʜ ʠʟ ʠʪʝʨʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʨʘʚʥʦʡ 10
ï6
, ʧʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʩʭʦʜʠʤʦʩʪʴʶ. 
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ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ï 10
ï5

 ʩ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʰʘʛʘʤʠ ʧʦ 

ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʤʘʣʳʡ ʰʘʛ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʀʩʩʣʝʜʫʝʪʩʷ ʪʨʘʥʩʟʚʫʢʦʚʦʡ ʧʨʦʬʠʣʴ ʎɸɻʀ ʇ-184-15ʉʈ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʦʡ 15% (ʨʠʩʫʥʦʢ 1). ʍʦʨʜʘ ʧʨʦʬʠʣʷ ʩʦʩʪʘʚʣʷʝʪ ʩ=0.2 ʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʡ ʧʨʦʬʠʣʴ (ʙʝʟ ʱʝʣʝʚʦʛʦ ʩʦʧʣʘ ʠ ʚʳʜʫʚʘ) ʠ ʧʨʦʬʠʣʴ ʩ 

ʩʦʧʣʦʤ ʜʣʷ ʚʳʜʫʚʘ ʩʪʨʫʠ ʚʳʩʦʪʳ h=1.5ẗ10
-4 
ʤ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʳʨʝʟʘ ʥʘ ʧʨʦʬʠʣʝ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ Xj=xj/cʦʪ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ. ɺʳʨʝʟ ʟʘʪʝʤ ʧʣʘʚʥʦ ʩʧʨʷʛʘʝʪʩʷ ʩ ʦʩʥʦʚʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ~50h (ʨʠʩʫʥʦʢ 1, ʙ). 

 

 
 

ʘ)       ʙ) 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʬʠʣʴ ʎɸɻʀ ʇ-184-15ʉʈ: ʘ) ʛʝʦʤʝʪʨʠʷ ʧʨʦʬʠʣʷ, 

ʙ) ʚʠʜ ʛʝʦʤʝʪʨʠʠ ʫ ʱʝʣʝʚʦʛʦ ʩʦʧʣʘ 
 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ (ʨʠʩʫʥʦʢ 2).  

 

 
  

   

ʘ) ʙ) ʚ) 

 

ʈʠʩʫʥʦʢ 2 ï ʉʝʪʢʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʘ) ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʙ) 

ʨʷʜʦʤ ʩ ʧʨʦʬʠʣʝʤ ʢʨʳʣʘ, ʚ) ʫ ʤʝʩʪʘ ʚʳʜʫʚʘ 

 

ʇʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʩʜʝʣʘʥʦ ʩʛʫʱʝʥʠʝ ʷʯʝʝʢ, ʪʘʢ, ʯʪʦ ʜʣʷ 

ʧʝʨʚʦʡ ʷʯʝʡʢʠ Y+~1. 

ɼʦ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʩʭʦʜʠʤʦʩʪʴ ʧʦ ʩʝʪʢʘʤ, 

ʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʩʝʪʢʠ ʦʙʲʝʤʦʤ 300 000 ʷʯʝʝʢ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ. 

ʀʟ ʨʠʩʫʥʢʘ 3, ʘ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ Cya(Ŭ) ʜʣʷ ʟʘʜʘʯʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

(RANS) ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (URANS), ʚʠʜʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ Ŭ>4.5ϲ. 
 

  
  

ʘ) ʙ) 
  

  
  

ʚ) ʛ) 

 

ʈʠʩʫʥʦʢ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ: ʘ) ʟʘʚʠʩʠʤʦʩʪʴ Cya(Ŭ), ʙ) 

ʧʦʣʦʞʝʥʠʷ ʦʪʨʳʚʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ, M=0.72, ʚ) ʟʘʚʠʩʠʤʦʩʪʴ Cya(t) ʚ 

ʩʣʫʯʘʝ ʙʝʟ ʢʦʣʝʙʘʥʠʡ, Ŭ=4.5Á, ʛ) ʟʘʚʠʩʠʤʦʩʪʴ Cya(t) ʚ ʩʣʫʯʘʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ, 

Ŭ=5.0Á 

 

ʇʦʷʚʣʝʥʠʝ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ Ŭ=2ϲ, ʦʪʨʳʚ ʥʘ ʵʪʦʤ ʫʛʣʝ 
ʘʪʘʢʠ ʥʘʯʠʥʘʝʪʩʷ ʫ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʧʨʦʬʠʣʷ (ʨʠʩʫʥʦʢ 3, ʙ). ʇʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʧʦ 

ʫʛʣʫ ʘʪʘʢʠ ʠʟ-ʧʦʜ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʦʪʨʳʚ. ɿʦʥʘ 

ʣʦʢʘʣʴʥʦʛʦ ʦʪʨʳʚʘ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ Ŭ=4ϲ, ʘ ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ 
ʣʦʢʘʣʴʥʦʛʦ ʦʪʨʳʚʘ ʩ ʜʠʬʬʫʟʦʨʥʳʤ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3, ʚ ʠ 3, ʛ ʧʦʢʘʟʘʥʳ ʨʝʞʠʤʳ ʙʝʟ ʢʦʣʝʙʘʥʠʡ (Ŭ=4.5Á) ʠ ʩ 

ʢʦʣʝʙʘʥʠʷʤʠ (Ŭ=5Á), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

f=99.5 ɻʮ, ʘ ʘʤʧʣʠʪʫʜʘ ʨʘʚʥʘ A=0.062. ɼʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ 
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ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʩʢʘʯʢʘ ʩʦʩʪʘʚʣʷʝʪ ~100 ɻʮ, ʘ ʘʤʧʣʠʪʫʜʘ ʦʩʮʠʣʣʷʮʠʡ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʘʪʘʢʠ Ŭ ʚ ʧʨʝʜʝʣʘʭ ɲCya= 0.062õ0.137. 

ɸʤʧʣʠʪʫʜʘ ʦʩʮʠʣʣʷʮʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʫʛʣʘ ʘʪʘʢʠ Ŭ, ʘ ʯʘʩʪʦʪʘ 

ʦʩʮʠʣʣʷʮʠʡ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʜʫʚ ʩʪʨʫʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʢ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ 

ʢʨʳʣʘ ʠʟ ʩʦʧʣʘ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ Xj=0.35-0.65. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʪʨʫʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʤʧʫʣʴʩʘ CÕ=0.0034, 0.0049, 0.0073. 

ɿʘʚʠʩʠʤʦʩʪʴ Cya(Ŭ) ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ ʜʣʷ ʟʘʜʘʯ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ ʠ ʜʣʷ ʧʨʦʬʠʣʷ ʩ ʚʳʜʫʚʦʤ ʩʪʨʫʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʤʧʫʣʴʩʘ ʠʟ ʩʦʧʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Xj=0.45, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4, ʘ, ʘ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʦ ʜʣʷ ʚʳʜʫʚʘ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʤʧʫʣʴʩʘ CÕ=0.0073 ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʞʝʥʠʡ ʩʦʧʣʘ Xj ï ʥʘ 

ʨʠʩʫʥʢʝ 4, ʙ. 

ɺʠʜʥʦ, ʯʪʦ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʚʳʜʫʚ ʩʪʨʫʠ ʠʟ Xj=0.45 ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ CÕ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʢʦʣʝʙʘʥʠʡ (ʨʠʩʫʥʦʢ 4, ʘ), ʠ ʯʝʤ 

ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʝʤ ʚʳʰʝCya. ʀʟ ʨʠʩʫʥʢʘ 4, ʙ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ Cya ʠ ʦʪʩʫʪʩʪʚʠʷ ʢʦʣʝʙʘʥʠʡ, 

ʧʦʣʫʯʘʝʪʩʷ ʚʳʜʫʚ ʩʪʨʫʠ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ Xj=0.60. 

 

  
  

ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ Cya(Ŭ) ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ ʠ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʚʳʜʫʚʦʤ: ʘ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʤʧʫʣʴʩʘ ʩʪʨʫʠ 

CÕ; Xj=0.45, ʙ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʦʧʣʘ Xj; CÕ =0.0073 

 

ʇʦʣʝ ʯʠʩʣʘ ʄʘʭʘ ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5, ʘ, ʘ ʜʣʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦ ʩʪʨʫʝʡ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ CÕ=0.0073 ʧʨʠ ʚʳʜʫʚʝ ʠʟ ʧʦʣʦʞʝʥʠʷ 

Xj=0.45 ʥʘ ʨʠʩʫʥʢʘʭ 5, ʙ, ʚ. ʇʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦ ʧʝʨʠʦʜʫ 

Cyaʧʨʠʥʠʤʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ʄʝʩʪʥʘʷ ʩʚʝʨʭʟʚʫʢʦʚʘʷ ʟʦʥʘ ʧʨʠ ʚʳʜʫʚʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ, ʪʘʢ ʢʘʢ ʚʳʜʫʚ 

ʩʪʨʫʠ ʫʩʪʨʘʥʷʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, ʠ 

ʪʝʯʝʥʠʝ ʜʚʠʞʝʪʩʷ ʜʘʣʴʰʝ. 
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ʘ) ʙ) 

 
 

ʚ) 
 

ʈʠʩʫʥʦʢ 5 ï ʇʦʣʷ ʯʠʩʣʘ M ʜʣʷ ʘ) ʙʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʙ) ʧʨʦʬʠʣʷ ʩ ʚʳʜʫʚʦʤ 

ʩʪʨʫʠ ʠʟ ʧʦʣʦʞʝʥʠʷ Xj=0.45, CÕ=0.0073, ʚ) ʨʷʜʦʤ ʩ ʩʦʧʣʦʤ ʜʣʷ ʚʳʜʫʚʘ;  Ŭ=6.0
o 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ Cp ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ Cp (ʉʂʆCp) ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ ʠ ʧʨʦʬʠʣʷ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ 

ʚʳʜʫʚʦʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʤʧʫʣʴʩʘ ʠʟ Xj=0.45 ʜʣʷ ʫʛʣʘ ʘʪʘʢʠ 

Ŭ=6.0Á ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 6, ʘ, ʚ, ʩ ʚʳʜʫʚʦʤ ʩʪʨʫʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʤʧʫʣʴʩʘ CÕ=0.0073 ʠʟ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʡ ʩʦʧʣʘ ï ʥʘ ʨʠʩʫʥʢʘʭ 6, ʙ, ʛ. 
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Ŭ=6.0Á: ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʤʧʫʣʴʩʘ ʩʪʨʫʠ CÕ; Xj=0.45 (ʘ, ʚ), ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʚʳʜʫʚʘ Xj; CÕ =0.0073 (ʙ, ʛ) 
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ʇʨʠ ʚʩʝʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʩʪʨʫʠ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚʥʠʟ ʧʦ 

ʧʦʪʦʢʫ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʤʝʩʪʥʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 6, ʘ). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʜʫʚʘ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʧʠʢ 

ʉʂʆCp ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩʫʥʦʢ 6, ʚ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʜʫʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʪʨʫʠ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʜʘʚʣʷʝʪ ʢʦʣʝʙʘʥʠʷ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʜʫʚʝ ʥʝ ʠʟ ʚʩʝʭ ʧʦʣʦʞʝʥʠʡ ʩʦʧʣʘ ʠ ʥʝ ʧʨʠ ʚʩʝʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʤʧʫʣʴʩʘ ʩʪʨʫʠ: ʧʨʠ ʚʳʜʫʚʝ ʩʪʨʫʠ ʩ CÕ=0.0073 ʠʟ ʧʦʣʦʞʝʥʠʷ 

Xj=0.65 ʧʠʢ ʥʘ ʉʂʆ Cp ʦʩʪʘʝʪʩʷ (ʨʠʩʫʥʦʢ 6, ʙ, ʛ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʤʧʫʣʴʩʘ ʩʪʨʫʠ ʜʦʣʞʝʥ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʚʳʜʫʚʝ 

ʩʪʨʫʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ CÕ=0.0073 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʦʧʣʘ ʦʪ 

Xj =0.35 ʜʦ Xj=0.60 ʩʢʘʯʦʢ ʩʤʝʱʘʝʪʩʷ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ (ʨʠʩʫʥʦʢ 6, ʙ, ʛ). ɺʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʉʂʆ Cp ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʥʫʣʷ, ʪ.ʝ. ʢʦʣʝʙʘʥʠʡ ʩʢʘʯʢʘ 

ʧʨʠ ʚʳʜʫʚʝ ʠʟ ʜʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʩʦʧʣʘ ʥʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʪʨʫʠ ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʜʘʚʣʝʥʠʝ 

ʢʦʣʝʙʘʥʠʡ ʧʦʪʦʢʘ. 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʚʳʜʫʚ ʧʦʜʘʚʣʷʝʪ ʢʦʣʝʙʘʥʠʷ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʧʦ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʢʨʳʣʘ ʧʨʠ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʤʧʫʣʴʩʘ 

ʩʪʨʫʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʜʫʚʘ ʠʟ ʩʦʧʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʢ ʩʢʘʯʢʫ ʫʧʣʦʪʥʝʥʠʷ: Xj=0.45, 0.50, 0.55. ʅʘ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʛʣʘʭ 

ʘʪʘʢʠ ʢʦʣʝʙʘʥʠʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʜʘʚʠʪʴ ʧʨʠ ʚʳʜʫʚʝ ʠʟ ʩʦʧʣʘ ʩ Xj=0.60 ʩ 

CÕ=0.0073. ɼʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʤʧʫʣʴʩʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʦʩʮʠʣʣʷʮʠʡ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʧʦ ʧʦʪʦʢʫ ʦʪ ʤʝʩʪʘ 

ʚʳʜʫʚʘ. ɺʳʜʫʚ ʩʪʨʫʠ ʠʟ ʩʦʧʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʣʴʥʦ ʥʠʞʝ ʧʦ ʧʦʪʦʢʫ ʦʪ 

ʩʢʘʯʢʘ, ʥʝ ʦʢʘʟʳʚʘʝʪ ʪʨʝʙʫʝʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʢʘʯʦʢ ʠ ʥʝ ʫʩʪʨʘʥʷʝʪ ʦʪʨʳʚ, ʦʪ 

ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʝʛʦ ʜʠʥʘʤʠʢʘ. 

ʇʨʠ ʚʳʜʫʚʝ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʡ ʢʦʣʝʙʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʥʝ ʧʦʜʘʚʣʷʶʪʩʷ, 

ʦʜʥʘʢʦ ʠʭ ʘʤʧʣʠʪʫʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʟʘ ʩʯʪy ʩʥʠʞʝʥʠʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʦʢʦʣʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʜʦʭʦʜʠʪ ʜʦ ~ 90%. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʧʨʦʤʪʦʨʛʘ ʈʌ (ɻʦʩ. 

ʢʦʥʪʨʘʢʪˉ20411.1770290019.18.010). 
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ʄʆɼɽʈʅʀɿɸʎʀʗ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆʁ ʊʈʋɹʓ ʊɸʇ ï 18 

ʉ ʎɽʃʔʖ ʈɸʉʐʀʈɽʅʀʗ ɽɪ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ 

ɺʆɿʄʆɾʅʆʉʊɽʁ 

 

ɹʝʢʠʰʝʚ ʉ. ɸ. 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʣ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ ï ʚʘʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ çɸʵʨʦʜʠʥʘʤʠʢʘè, çɻʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʘè. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʝʣ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ï ʦʙʣʘʩʪʴ ʧʦʪʦʢʘ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʫʣʷ (ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ) ʜʦ ʚʝʣʠʯʠʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʦʙʪʝʢʘʥʠʷ ʜʘʥʥʦʛʦ ʪʝʣʘ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ (ʛʘʟʦʤ). ʋʚʝʣʠʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʢʨʳʣʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʨʳʣʘ ʠ ʚ ʮʝʣʦʤ ï ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. ʊʘʢ ʢʘʢ ʦʙʪʝʢʘʶʱʠʡ ʛʘʟ 

(ʚʦʟʜʫʭ) ʧʨʦʟʨʘʯʝʥ, ʥʝʚʦʟʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ï ʣʘʤʠʥʘʨʥʳʤ, ʪʫʨʙʫʣʝʥʪʥʳʤ ʠʣʠ 

ʩʤʝʰʘʥʥʳʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʟʦʥ ʣʘʤʠʥʘʨʥʦʛʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʡ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʊʨʫʙʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʷʤʦʪʦʯʥʘʷè ʃʂ-ʊɸʇ-018-25-ʇʂ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʣʘʤʠʥʘʨʥʦʝ ʠ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

 

MODERNIZATION OF THE  AERODYNAMIC RAMJET TUBE  TAP-18 

TO EXPAND ITS FUNCTIONALITY  

 

Bekishev S. A. 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The article deals with the issue of modernization of the educational and research 

laboratory complex "Aerodynamic ramjet tube" LC-TAP-018-25- PC for the study of the boundary 

layer when a thin plate is flowed by an air flow. The study of the laws of air movement, as well as 

the aerodynamic characteristics of bodies moving in the air is an important component of the 

academic disciplines "Aerodynamics", "Hydro-gas Dynamics". 

Keywords: boundary layer, laminar and turbulent flow, flight safety. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ 

ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʊʨʫʙʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʷʤʦʪʦʯʥʘʷè ʃʂ-ʊɸʇ-

018-25-ʇʂ [1, 2]. 
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ɼʘʥʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ [3]: 

ī ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ; 

ī ʠʟʫʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʣ, ʜʚʠʞʫʱʠʭʩʷ ʚ 

ʚʦʟʜʫʭʝ.  

ʆʥ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʜʝʣʝʡ, ʘ ʠʤʝʥʥʦ: 

ī ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ 
ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠʣʝʡ; 

ī ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ ʤʦʜʝʣʠ 
ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʫʩʪʘʥʦʚʢʠ; 

ī ʠʟʫʯʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚ ʨʘʙʦʯʝʤ ʩʝʯʝʥʠʠ ʪʨʫʙʳ; 

ī ʠʟʫʯʘʪʴ ʧʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
1 ï ʨʘʤʘ, 2 ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ, 3 ï ʚʠʣʢʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ, 4 ï ʨʘʤʘ 

ʥʘʛʥʝʪʘʪʝʣʷ ʚʦʟʜʫʭʘ, 5 ï ʯʘʩʪʦʪʥʳʡ ʨʝʛʫʣʷʪʦʨ, 6 ï ʥʘʛʥʝʪʘʪʝʣʴ ʚʦʟʜʫʭʘ, 7 ï ʧʘʥʝʣʴ 

ʫʧʨʘʚʣʝʥʠʷ, 8 ï ʢʨʳʰʢʘ-ʢʦʞʫʭ ʪʨʫʙʳ, 9 ï ʵʣʝʢʪʨʦʥʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʩʳ, 10 ï ʪʨʫʙʢʘ 

ʇʠʪʦ, 11 ï ʢʦʨʧʫʩ ʪʨʫʙʳ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʧʦʣʠʢʘʨʙʦʥʘʪʘ, 12 ï ʥʦʫʪʙʫʢ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, 13 ï ʨʘʙʦʯʘʷ ʩʪʦʡʢʘ. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

çʊʨʫʙʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʷʤʦʪʦʯʥʘʷè ʃʂ-ʊɸʇ-018-25-ʇʂ, ʀʩʪʦʯʥʠʢ: 

http://ifmstuca.ru/konferentciia/images/Sborniki/Sbornik_trudov_IX_NPK_Oktiabr_2

020.pdf 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠʤʝʝʪʩʷ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

(ʨʠʩʫʥʦʢ 2), ʨʘʙʦʪʘʶʱʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʥʦʫʪʙʫʢʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

http://ifmstuca.ru/konferentciia/images/Sborniki/Sbornik_trudov_


16 

 

 
15 ï ʪʫʤʙʣʝʨ ʚʢʣʶʯʝʥʠʷ-ʚʳʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 16 ï ʩʠʛʥʘʣʠʟʘʪʦʨ ʥʘʣʠʯʠʷ 

ʧʠʪʘʥʠʷ, 17 ï ʢʥʦʧʢʘ çɸʚʘʨʠʡʥʳʡ ʩʪʦʧè, 18 ï ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 19 ï 

ʧʦʪʝʥʮʠʦʤʝʪʨ ʨʝʛʫʣʠʨʦʚʢʠ ʯʘʩʪʦʪʳ, 20 ï ʢʥʦʧʢʘ çʉʪʦʧè ʚʳʢʣʶʯʝʥʠʷ ʥʘʛʥʝʪʘʪʝʣʷ ʚʦʟʜʫʭʘ, 21 

ï ʢʥʦʧʢʘ çʇʫʩʢè ʚʢʣʶʯʝʥʠʷ ʥʘʛʥʝʪʘʪʝʣʷ ʚʦʟʜʫʭʘ, 22 ï ʚʳʭʦʜ ç+è ʜʘʪʯʠʢʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, 

23 ï ʚʳʭʦʜ ç-è ʜʘʪʯʠʢʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, 24 ï ʜʘʪʯʠʢ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ. 
 

ʈʠʩʫʥʦʢ 2 ï ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʥʜʦʤ, ʀʩʪʦʯʥʠʢ: 

http://ifmstuca.ru/konferentciia/images/Sborniki/Sbornik_trudov_IX_NPK_Oktiabr_2

020.pdf 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʥʜ ʠʤʝʝʪ 

ʚ ʢʦʤʧʣʝʢʪʝ ʠʩʩʣʝʜʫʝʤʳʝ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 3).  
 

 

 

ʈʠʩʫʥʦʢ 3 ï ʀʩʩʣʝʜʫʝʤʳʝ ʤʦʜʝʣʠ 
 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʨʘʙʦʯʘʷ ʯʘʩʪʴ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ. 
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28 ï ʚʳʭʦʜ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʨʫʙʢʠ ʇʠʪʦ, 29 ï ʚʳʭʦʜ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʪʨʫʙʢʠ ʇʠʪʦ, 

30 ï ʛʠʙʢʠʝ ʪʨʫʙʢʠ ʢ ʚʳʭʦʜʘʤ ʪʨʫʙʢʠ ʇʠʪʦ, 31 ï ʢʨʦʥʰʪʝʡʥ ʢʨʝʧʣʝʥʠʷ ʤʦʜʝʣʠ, 32, 33 ï 

ʚʠʥʪʳ ʢʨʝʧʣʝʥʠʷ ʢʨʦʥʰʪʝʡʥʘ ʢʨʝʧʣʝʥʠʷ ʤʦʜʝʣʠ ʢ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʚʝʩʘʤ. 

 

ʈʠʩʫʥʦʢ 4 ï ʈʘʙʦʯʘʷ ʟʦʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ, ʀʩʪʦʯʥʠʢ: 

http://ifmstuca.ru/konferentciia/images/Sborniki/Sbornik_trudov_IX_NPK_Oktiabr_2

020.pdf 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʜʝʣʝʡ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʪʨʫʙʘ ʊɸʇ-18 ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʚʠʜʝ, ʧʦʩʪʘʚʣʷʝʤʳʡ ʩ ʥʝʡ ʢʦʤʧʣʝʢʪ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʜʝʣʝʡ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ [4]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʜʦʨʘʙʦʪʢʫ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʠʩʩʣʝʜʫʝʤʫʶ ʤʦʜʝʣʴ 

ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ. 

ɼʦʨʘʙʦʪʢʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʰʪʘʪʥʘʷ ʯʘʩʪʴ ʫʟʣʘ ʢʨʝʧʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʜʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʤʧʣʝʢʪ 

ʧʦʩʪʘʚʢʠ (ʧʦʟʠʮʠʠ 31é33, ʨʠʩʫʥʦʢ 4) ʦʪʩʦʝʜʠʥʷʝʪʩʷ. ɺʤʝʩʪʦ ʥʝʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʝʛʢʦʩʲʸʤʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʟʘʛʣʫʰʢʘ (ʧʦʟʠʮʠʷ 5 ʥʘ 

ʨʠʩʫʥʢʝ 5).  

ʏʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ (ʧʦʟʠʮʠʷ 1, ʨʠʩʫʥʦʢ 5) ʧʦʜ ʟʘʛʣʫʰʢʫ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ (ʧʦʟʠʮʠʷ 3, 

ʨʠʩʫʥʦʢ 5) ʠ ʝʸ ʧʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʭʦʨʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʫʙʢʠ ʇʠʪʦ, 

ʟʘʤʝʨʷʶʱʝʡ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘʜ ʧʣʘʩʪʠʥʦʡ. 
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1 ï ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ, 2 ï ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ, 

3 ï ʠʩʩʣʝʜʫʝʤʘʷ ʪʦʥʢʘʷ ʧʣʘʩʪʠʥʘ, 4 ï ʪʨʫʙʢʘ ʇʠʪʦ, 5 ï ʟʘʛʣʫʰʢʘ. 

 

ʈʠʩʫʥʦʢ 5 ï ɼʦʨʘʙʦʪʘʥʥʘʷ ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʘʩʪʠʥʦʡ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʭʦʨʜʝ ʥʘ ʧʣʘʩʪʠʥʫ ʥʘʥʝʩʝʥʘ 

ʨʘʟʤʝʪʢʘ ʩ ʰʘʛʦʤ 10 ʤʤ. 

ʊʘʢ ʢʘʢ ʪʨʫʙʢʘ ʇʠʪʦ ʟʘʢʨʝʧʣʝʥʘ ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʥʝʧʦʜʚʠʞʥʦ, ʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʨʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ ʦʪ ʧʣʘʩʪʠʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʘʩʪʠʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʦʩʥʦʚʘʥʠʝ (ʧʦʟʠʮʠʷ 2, ʨʠʩʫʥʦʢ 5) ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʘʩʪʠʥʳ 

ʠʟʛʦʪʦʚʣʝʥʦ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʝʨʝʤʝʱʘʪʴ ʝʸ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʨʫʙʢʠ ʇʠʪʦ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩ ʰʘʛʦʤ 1 ʤʤ. ʅʘ ʨʠʩʫʥʢʝ 5 ʠʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ 

ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʢʨʘʡʥʝʤ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʫʜʘʣʝʥʠʶ ʪʨʫʙʢʠ ʇʠʪʦ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʠ ʠʟʛʦʪʦʚʣʝʥʥʘʷ 

ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʳ ʩ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʚʳʩʦʪʘʭ ʥʘʜ ʥʝʡ.  

ʇʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ (ʩʢʦʨʦʩʪʴ, ʜʘʚʣʝʥʠʝ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʰʪʘʪʥʦʤ ʥʦʫʪʙʫʢʝ ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ.  

ʊʦʣʱʠʥʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʵʧʶʨʘʤ ʩʢʦʨʦʩʪʝʡ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʝʯʝʥʠʡ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʵʧʶʨʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʪʦʯʢʝ, ʚʳʰʝ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʧʦʩʪʦʷʥʥʘ 

[5]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʪʝʢʘʥʠʷ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ 

ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʣʠ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ [2]. 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʣʱʠʥʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʢʘʟʳʚʘʝʪ çʢʘʯʝʩʪʚʦè 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʘʩʪʠʥʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʛʦʪʦʚʠʪʴ ʜʚʝ ʠʩʩʣʝʜʫʝʤʳʝ ʧʣʘʩʪʠʥʳ ï ʛʣʘʜʢʫʶ 

(ʧʦʣʠʨʦʚʘʥʥʫʶ) ʠ ʰʝʨʦʭʦʚʘʪʫʶ, ʦʙʨʘʙʦʪʘʥʥʫʶ ʰʣʠʬʦʚʘʣʴʥʳʤ ʣʠʩʪʦʤ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʧʣʦʩʢʦʡ ʠ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ 

ʜʣʷ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʦʪʚʝʨʩʪʠʡ ʧʨʠ ʧʘʨʘʤʝʪʨʝ ʚʜʫʚʘ ʦʪ 0,5 ʜʦ 3. ʇʦʣʫʯʝʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʚʝʨʩʪʠʡ ʩ ʜʣʠʥʥʳʤ ʜʠʬʬʫʟʦʨʥʳʤ ʫʯʘʩʪʢʦʤ ʥʘ 35% ʚʳʰʝ ʦʪʚʝʨʩʪʠʡ ʩ 

ʢʦʨʦʪʢʠʤ ʜʠʬʬʫʟʦʨʥʳʤ ʫʯʘʩʪʢʦʤ. ʆʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʧʘʨʘʤʝʪʨʝ ʚʜʫʚʘ ʜʦ 1 ʥʝ ʧʨʝʚʳʰʘʝʪ 18%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʝʥʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʪʝʯʝʥʠʝ, ʜʦʟʚʫʢʦʚʦʝ 

ʪʝʯʝʥʠʝ, ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʪʚʝʨʩʪʠʷ. 



20 

EFFICIENCY STUDY  OF FILM COOLING, FORMED ON A 

CURVILINEAR PROFILED SURFACES HOLES  
 

Veretennikov S.V.
1
, Candidate of Technical Sciences 

Kolesova A. A.
1 

Kolesova E. G.
2
, Candidate of Technical Sciences 

 
1
Rybinsk State Technological Academy of Aviation named after PA Solovyov 

(Rybinsk) 
2
PJSC çUEC-Saturnè 

(Rybinsk) 
 

Abstract. This paper presents the results of experimental and numerical simulation of the 

efficiency of film cooling on a flat and curved surface. On the profiled surface, the study was 

performed for five different hole shapes with an injection parameter from 0.5 to 3. It was found that 

the efficiency of holes with a long diffuser section is 35% higher than holes with a short diffuser 

section. The deviation of the numerical simulation results with the injection parameter up to 1 does 

not exceed 18%. 

Keywords: film cooling, supersonic flow, subsonic flow, profiled holes, cylindrical holes. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʪʝʭʥʠʢʠ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 2000 ʂ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʩʦʧʣʦʚʳʝ ʠ ʨʘʙʦʯʠʝ 

ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʝ ʜʝʪʘʣʠ ʜʚʠʛʘʪʝʣʷ, 

ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʣʦʧʘʪʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʠ 

ʧʣʝʥʦʯʥʦʛʦ ʤʝʪʦʜʘ. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʦʪʪʝʩʥʠʪʴ ʛʦʨʷʯʠʝ ʛʘʟʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʦʧʘʪʢʠ, ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʫ ʥʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ (ʧʣʝʥʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ) ʠ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʣʦʧʘʪʢʠ ʟʘ ʩʯʝʪ 

ʪʝʯʝʥʠʷ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʢʘʥʘʣʘʭ ʣʦʧʘʪʢʠ (ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ). 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (1) ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʫʩʪʦʡʯʠʚʦʡ 

ʛʘʟʦʚʦʡ ʟʘʚʝʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʦʭʣʘʜʠʪʝʣʷ. 

 

4̄ᶻ 4̐̌

4̄ᶻ 4̖̏̌
ᶻ
ȟ (1) 

 

ʛʜʝ 4̄ᶻï ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ; 

4̖̏̌
ᶻ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʞʝʥʠʷ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ; 

4̐  ̌ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ (ʧʣʝʥʢʠ), ʬʦʨʤʠʨʫʝʤʦʡ ʥʘ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ. 
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ʊʘʢ ʢʘʢ ʥʝ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʚʳʜʫʚ ʦʭʣʘʜʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʜʫʚʝ ʧʝʣʝʥʳ ʥʘ ʩʧʠʥʢʝ ʣʦʧʘʪʢʠ ʟʘ ʛʦʨʣʦʤ 

ʦʭʣʘʞʜʘʶʱʠʡ ʚʦʟʜʫʭ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʨʘʙʦʪʳ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʂʇɼ ʨʘʙʦʪʳ ʚʩʝʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠ ʦʪʨʳʚʝ ʧʝʣʝʥʳ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʧʨʦʛʘʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʠʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʘ, ʰʘʛ ʤʝʞʜʫ 

ʦʪʚʝʨʩʪʠʷʤʠ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʝʛʦ ʢ ʩʪʝʥʢʝ ʠ ʜʨ. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʠʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʠ ʦʭʣʘʜʠʪʝʣʷ: ʧʘʨʘʤʝʪʨ ʚʜʫʚʘ (2), 

ʦʪʥʦʰʝʥʠʝ ʠʤʧʫʣʴʩʦʚ ʦʩʥʦʚʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʪʦʢʘ (3), ʩʢʦʨʦʩʪʠ ʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʠ ʜʨ. 
 

Í
ʍ̏ ̖̌z6̏ ̖̌

ʍ̄ 6z̄
ȟ (2) 

 

)
ʍ̏ ̖̌z6̏ ̖̌

ʍ̄ 6z̄
ȟ (3) 

 

ʛʜʝ ɟʦʭʣ, ɟʛ ï ʧʣʦʪʥʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ; 

Vʦʭʣ, Vʛ  ï ʩʢʦʨʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʪʘʢ ʠ ʯʠʩʣʝʥʥʦ. ʇʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʠʣ ʰʠʨʦʢʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʩ ʨʘʟʚʠʪʠʝʤ CFD-ʧʘʢʝʪʦʚ. ʆʜʥʘʢʦ ʧʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʢʘʯʝʩʪʚʘ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ, ʧʨʘʚʠʣʴʥʦʩʪʠ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʚʳʙʦʨʘ ʤʦʜʝʣʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʜʨ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʚʝʨʠʬʠʢʘʮʠʷ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʠ 

ʥʘʩʪʨʦʡʢʘ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ  

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʝ ʧʨʠ 

ʜʦʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ [1, 2], ʦʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʥʘ ʩʧʠʥʢʝ ʣʦʧʘʪʢʠ ʧʝʨʝʭʦʜʠʪ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʨʫʙʝʞ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʠ ʜʦʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ 

ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʫʩʪʘʥʦʚʢʘ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ï 

ʭʦʣʦʜʥʳʡ, ʘ ʚʪʦʨʠʯʥʳʡ, ʚʜʫʚʘʝʤʳʡ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʧʣʝʥʦʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ï ʛʦʨʷʯʠʡ. ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʦʪʩʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ 

ʢʘʥʘʣ ʩ ʨʘʟʤʝʨʘʤʠ 45ʭ20 ʤʤ, ʚ ʦʜʥʫ ʠʟ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʢʦʪʦʨʦʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ï ʢʨʠʚʦʣʠʥʝʡʥʘʷ ʧʣʘʩʪʠʥʘ, 
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ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʠʜʝʥʪʠʯʥʳʡ ʨʝʘʣʴʥʦʤʫ ʩʦʧʣʦʚʦʤʫ 

ʘʧʧʘʨʘʪʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʢʘʣʠʙʨʦʚ ʦʪ ʤʝʩʪʘ ʚʜʫʚʘ ʦʭʣʘʜʠʪʝʣʷ, ʩ ʦʪʚʝʨʩʪʠʷʤʠ 

ʧʝʨʬʦʨʘʮʠʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ, ʚʝʝʨʥʦʡ ʩ 

ʢʦʨʦʪʢʠʤ ʠ ʜʣʠʥʥʳʤ ʜʠʬʬʫʟʦʨʥʳʤ ʫʯʘʩʪʢʦʤ 1d ʠ 3d, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʪʚʝʨʩʪʠʝ ʪʠʧʘ laidback ʩ ʢʦʨʦʪʢʠʤ ʜʠʬʬʫʟʦʨʥʳʤ ʫʯʘʩʪʢʦʤ 1d, ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚʝʝʨʥʦʝ ʠ laidback 2d ʠ 1d. ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ 

ʩʪʝʥʢʘ ʟʘʤʝʥʷʣʘʩʴ ʥʘ ʀʂ-ʧʨʦʟʨʘʯʥʦʝ ʩʪʝʢʣʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʛʨʘʬʘ. ʆʙʲʝʢʪ 

ʠʩʧʳʪʘʥʠʡ ʠʟʛʦʪʘʚʣʠʚʘʣʩʷ ʤʝʪʦʜʦʤ 3D-ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʝ ʩ 

11 ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʠʘʤʝʪʨʦʤ d=1 ʤʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ Ŭ=30Á ʢ ʟʘʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʘʨʘʤʝʪʨʝ 

ʚʜʫʚʘ m=1. ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʨʦʠʩʭʦʜʠʣ ʧʦʜʦʛʨʝʚ ʧʣʘʩʪʠʥʳ ʦʪ ʚʪʦʨʠʯʥʦʛʦ ʧʦʪʦʢʘ. 

ʇʦʵʪʦʤʫ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʠʘʙʘʪʥʦʩʪʠ 

ʟʘʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘ ʦʪʚʝʨʩʪʠʷʤʠ ʧʝʨʬʦʨʘʮʠʠ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ 

ʚʦʟʜʫʰʥʘʷ ʧʦʣʦʩʪʴ, ʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʫʜʘʣʦʩʴ ʠʟʙʝʞʘʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠʙʣʠʟʠʣʠʩʴ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, 

ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 5%. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʝʨʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 3D-ʤʦʜʝʣʴ, 

ʠʜʝʥʪʠʯʥʘʷ ʠʩʧʳʪʘʪʝʣʴʥʦʤʫ ʦʪʩʝʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜ 

ʦʩʥʦʚʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘʜʘʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 52Áʉ ʠ 20Áʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʳʭʦʜʝ ʟʘʜʘʚʘʣʦʩʴ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. ʈʘʩʭʦʜ 

ʚʪʦʨʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ ʚʜʫʚʘ (2). 

ʊʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ k-Ȩ, SST ʠ SST ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ 
ʥʘʩʪʨʦʡʢʘʤʠ Pr ʠ ɓ*, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [3]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʥʘ SST ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 5%, 

ʧʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʘʥʥʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ: 1 ï ʵʢʩʧʝʨʠʤʝʥʪ, 2 ï SST 

ʤʦʜʝʣʴ ʩ ʥʘʩʪʨʦʡʢʘʤʠ, 3 ï SST ʤʦʜʝʣʴ, 4 ï k-Ů ʤʦʜʝʣʴ 
 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʠ 
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ʜʦʟʚʫʢʦʚʦʤ ʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʧʨʠ m>0,7 ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʧʝʣʝʥʳ ʦʪ ʟʘʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɸ ʪʘʢʞʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ m=0,5 ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʣʘʩʪʠʥʝ ʩ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ 

ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʜʦʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ. ʆʪʢʣʦʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʨʘʩʯʝʪʥʳʭ ʥʘ ʫʜʘʣʝʥʠʠ 10 ʢʘʣʠʙʨʦʚ ʦʪ 

ʦʪʚʝʨʩʪʠʷ ʥʝ ʧʨʝʚʳʰʘʣʦ 26% (ʨʠʩʫʥʦʢ 2). 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ 1 

ʧʨʠ m=0,5 : 1 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʜʦʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ, 2 ï 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ, 3 ï ʯʠʩʣʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʜʦʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ, 4 ï ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ 

ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ m=1,5 ʟʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʩ ʜʣʠʥʥʳʤ ʜʠʬʬʫʟʦʨʥʳʤ ʫʯʘʩʪʢʦʤ ʥʘ 35% 

ʚʳʰʝ ʦʪʚʝʨʩʪʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʩ ʢʦʨʦʪʢʠʤ ʜʠʬʬʫʟʦʨʥʳʤ ʫʯʘʩʪʢʦʤ. 

ʇʨʠ ʧʘʨʘʤʝʪʨʝ ʚʜʫʚʘ ʜʦ 1 ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʪʚʝʨʩʪʠʡ ʩ ʜʣʠʥʥʳʤ ʜʠʬʬʫʟʦʨʥʳʤ 

ʫʯʘʩʪʢʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 18% ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʚʜʫʚʘ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʪʝʪ. 
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ʀʟʚʝʩʪʥʳ ʯʘʩʪʠʯʥʳʝ ʦʪʢʘʟʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ (ʉʋ), ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ ʪʦʧʣʠʚʦʨʝʛʫʣʠʨʫʶʱʝʡ ʘʚʪʦʤʘʪʠʢʠ, ʢʦʨʦʙʢʠ ʧʨʠʚʦʜʦʚ, 

ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʠ ʩʫʬʣʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʥʦʡ ʚʠʙʨʘʮʠʠ ʜʚʠʛʘʪʝʣʷ [1]. 

ʂʦʤʧʝʥʩʠʨʫʶʪ ʵʪʠ ʦʪʢʘʟʳ ʧʫʪʝʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ (ʩʥʠʞʝʥʠʷ ʪʷʛʠ) 

ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ 

ʥʘ ʝʛʦ ʵʣʝʤʝʥʪʳ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʪʷʛʠ, ʯʪʦ ʢʨʘʡʥʝ 

ʥʝʞʝʣʘʪʝʣʴʥʦ ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ ʩʘʤʦʣʝʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʦʟʤʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ 

ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʦʚ ʉʋ ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʩʠʛʥʘʣʘ ʦʙ ʦʪʢʘʟʝ ʦʜʥʦʛʦ ʠʟ ʜʚʠʛʘʪʝʣʝʡ ʬʠʢʩʠʨʫʝʪʩʷ 

ʜʠʩʪʘʥʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚʝʨʪʠʢʘʣʠ ʠ ʢʫʨʩʘ (ʀʂ-ɺʂ), 
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ʧʨʦʡʜʝʥʥʘʷ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ. 

ɿʘʪʝʤ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʠʩʪʘʥʮʠʠ ʦʪʢʘʟʘ ʧʦʩʪʫʧʘʝʪ ʚ ʙʦʨʪʦʚʦʡ ʮʠʬʨʦʚʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ɹʎɺʂ). ɺʳʯʠʩʣʷʝʪʩʷ ʨʘʩʧʦʣʘʛʘʝʤʘʷ ʜʣʠʥʘ ɺʇʇ 

ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ (ʧʨʦʜʦʣʞʝʥʠʷ ʚʟʣʝʪʘ): 

 

,̋ ˍ˞˜ ,ˏ ˜˜ ,̨ ˟ ̠ (1) 

 

ʛʜʝ: ,̨ ˟ ̠ ï ʜʠʩʪʘʥʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʝʣ ʯʘʩʪʠʯʥʳʡ ʦʪʢʘʟ 

ʜʚʠʛʘʪʝʣʷ; 

,ˏ ˜ ̃ï ʜʣʠʥʘ ɺʇʇ. 

ʇʦʪʨʝʙʥʘʷ ʜʣʷ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʩʘʤʦʣʝʪʘ ʜʠʩʪʘʥʮʠʷ ,̓ ̏̑ʤ̍ʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʣʥʦʛʦ (ʜʨʦʙʥʦʛʦ) ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [2]. 

ɽʩʣʠ ʚʳʙʠʨʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ Õ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʫʧʨʘʚʣʝʥʠʷ Õ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʦʟʤʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʠʯʥʳʭ 

ʦʪʢʘʟʦʚ ʉʋ ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ 

 

ʇʨʠ ʚʳʙʦʨʝ ʘʣʴʪʝʨʥʘʪʠʚʳ Õ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ 
ʦʩʦʙʦʡ ʩʠʪʫʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʮʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʫʜʝʨʞʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʛʨʘʥʠʮ 

ʦʧʘʩʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʣʘʛʦʧʦʣʫʯʥʦʛʦ ʠʩʭʦʜʘ ʦʩʦʙʦʡ ʩʠʪʫʘʮʠʠ. 

ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʧʦ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ (ɺʇʇ) ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʦʪʨʳʚʘ 

ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ. 
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ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʚʳʰʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, 

ʝʩʣʠ ʥʘ ʵʪʘʧʝ ʧʨʦʜʦʣʞʝʥʥʦʛʦ ʚʟʣʝʪʘ (ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʘ) ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ (ʉʋ) ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʫʩʣʦʚʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ 

ʧʨʠ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʉʋ çɺʟʣʝʪʥʳʡè. ɼʠʩʪʘʥʮʠʷ ʨʘʟʙʝʛʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʟʘʚʝʨʰʝʥʠʷ ʚʟʣʝʪʘ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

,
6̏ ̓̑

ςÊ̒̑
 ȟ (2) 

 

ʛʜʝ 6̏ ̓̑
̋̑

  ï ʢʚʘʜʨʘʪ ʩʢʦʨʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʤʝʥʪʫ ʦʪʨʳʚʘ 

ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ; 

Ê̒ï̑ ʩʨʝʜʥʝʝ ʫʩʢʦʨʝʥʠʝ ʩʘʤʦʣʝʪʘ ʥʘ ʨʘʟʙʝʛʝ. 

 

ʋʯʠʪʳʚʘʷ ʦʜʥʦʟʥʘʯʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʠʩʪʘʥʮʠʝʡ 

ʨʘʟʙʝʛʘ, ʣʠʥʝʡʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʩʘʤʦʣʝʪʘ ʠ ʟʥʘʯʝʥʠʝʤ ʪʷʛʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ, ʩʚʷʞʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ 

ʧʝʨʚʦʛʦ ʫʩʣʦʚʠʷ ʩ ʧʘʨʘʤʝʪʨʦʤ  

ʆʩʪʘʚʰʠʝʩʷ ʜʚʘ ʫʩʣʦʚʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʚʟʣʝʪʘ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳ 

ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʭʦʜʘ ʩʘʤʦʣʝʪʘ ʥʘ ʢʦʥʮʝʚʫʶ ʠʣʠ ʙʦʢʦʚʫʶ 

ʛʨʘʥʠʮʳ ɺʇʇ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʦʚ ʧʫʪʝʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ɺʇʇ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʧʨʠʥʷʪʦʡ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʦʡ. ʇʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʛʜʘ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʟʤʫʱʘʶʱʠʝ ʧʫʪʝʚʳʝ ʤʦʤʝʥʪʳ, ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʩʥʠʞʝʥʠʷ 

ʪʷʛʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ȹʈ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʫʩʢʦʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʝʥ ʚʟʣʝʪ ʩ ɺʇʇ ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʨʘʟʤʝʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʳʭ ʠʩʭʦʜʦʚ 

ʦʩʦʙʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʵʪʘʧʝ ʧʨʦʜʦʣʞʝʥʥʦʛʦ ʚʟʣʝʪʘ ʦʧʨʝʜʝʣʝʥʳ (ʨʠʩʫʥʦʢ 2). ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

, ï ʜʣʠʥʘ ʨʘʟʙʝʛʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʠʤʘ çɺʟʣʝʪʥʳʡè. ʇʨʠ 

ʧʦʷʚʣʝʥʠʠ ʯʘʩʪʠʯʥʦʛʦ ʦʪʢʘʟʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʘʥʠʯʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʳʭ ʠʩʭʦʜʦʚ ʦʩʦʙʦʡ ʩʠʪʫʘʮʠʠ ʧʦ ʫʩʣʦʚʠʷʤ 

ʧʨʦʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ; 

, = ,ˏ ˜ ̃ ï ʜʣʠʥʘ ʨʘʟʙʝʛʘ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʪʷʛʠ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʜʦʧʫʩʪʠʤʫʶ ʛʣʫʙʠʥʫ. ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʣʦʚʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʢʦʥʮʝʚʦʡ ʛʨʘʥʠʮʳ ɺʇʇ; 

, ï ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʭʦʜʠʤʦʝ ʩʘʤʦʣʝʪʦʤ ʚʜʦʣʴ ʦʩʠ ɺʇʇ ʢ ʤʦʤʝʥʪʫ 

ʜʦʩʪʠʞʝʥʠʷ ʝʝ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʧʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʪʷʛʠ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʜʦʧʫʩʪʠʤʫʶ ʛʣʫʙʠʥʫ. ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʣʦʚʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ɺʇʇ: 
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,̝ ,̏ ̓̋
̄̑

̒̑
, (3) 

 

ʛʜʝ, Ú̄  ̑ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʜʦ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ɺʇʇ; 

ɰ̒ ̑
̋̏̎ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʫʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ; 

ɰ  ï ʫʛʦʣ ʧʫʪʠ ʚ ʤʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʦʪʢʘʟʘ; 

ɰ̋ ̏̎ ɰ
̃̈̌ ̏̓̋

̒̑
 ï ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʫʪʠ ʧʨʠ 6 6̃ ̈̌. 

 

ʆʙʦʟʥʘʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʚ ʤʦʤʝʥʪ 

ʦʪʨʳʚʘ ɺʇʇ ʩʠʤʚʦʣʘʤʠ ʊ, ʊ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥ ʤʥʦʞʝʩʪʚʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʙʣʘʩʪʴ ʙʣʘʛʦʧʦʣʫʯʥʳʭ ʠʩʭʦʜʦʚ ʦʩʦʙʦʡ ʩʠʪʫʘʮʠʠ ʜʦ ʪʦʯʢʠ 

ʦʪʨʳʚʘ ī ʖ. ɺʚʝʜʸʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ Ñ, Ò, ʦʧʨʝʜʝʣʷʝʤʳʝ 
ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

 

ʝʩʣʠ , > ʊ, ʪʦ Ñ  = , ī ʊ; ʝʩʣʠ ʊ > , , ʪʦ Ò  = ʊ ī ,; 

 Ñ  = 0 ï ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ; Ò  = 0 ɀ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ; 

 Ñ  = Ú  ī ʊ  ī ʝʩʣʠ z > ʊ;  Ò  = ʊ ï z  ī ʝʩʣʠ ʊ > z; 

 Ñ  = 0 ï ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ; Ò  = 0 ɀ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ; 

 

ʛʜʝ i = 1,2 ī ʠʥʜʝʢʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʦʯʢʠ (ʥʝʯʸʪʥʳʝ ï ʫʜʘʣʝʥʠʝ ʦʪ ʪʦʯʢʠ ʩʪʘʨʪʘ ʚʜʦʣʴ ʦʩʠ ɺʇʇ, ʯʸʪʥʳʡ ï ʚʝʣʠʯʠʥʫ 

ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʩʠ ɺʇʇ); j = 1é3 ï ʥʦʤʝʨ ʚʝʨʰʠʥʳ ʤʥʦʞʝʩʪʚʘ. 

ɼʘʣʝʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [3]: 

 

 ÍÉÎВ ȿʖ ʖ ȿ πȟ (4) 

 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

Ñ Ò Ñ  Ò ʖ πȠ  Ñ  Ò  Ñ  Ò ʖ  πȠ 

Ñ Ò  Ñ  Ò  ʖ πȠ 

ʊ Ñ Ò ,Ƞ ʊ Ñ Ò ,Ƞ ʊ Ñ Ò ,Ƞ 

ʊ  Ñ  Ò  πȠ ʊ Ñ Ò πȠʊ Ñ Ò πȠ 

Ñ πȠ Ñ   πȠ Ñ πȠ Ñ   πȠ Ñ   πȠ Ñ πȠ 

Ò πȠ Ò πȠ Ò πȠ Ò   πȠ Ò  πȠ Ò πȢ 
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ʈʠʩʫʥʦʢ 2 ï ʋʜʘʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʠ ʦʪʨʳʚʘ ʦʪ ʛʨʘʥʠʮ ʦʧʘʩʥʦʩʪʠ 
 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ ʧʨʠ ʤʠʥʠʤʘʢʩʥʦ-ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʉʋ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
 

 ʊ
 
Ͻ,̃ ̐ ̐ (5) 

 

 ʊ Ú̄ ȟ̑ (6) 

 

ʛʜʝ: ʊ  ʧʨʦʜʦʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ; 

ʊ  ʙʦʢʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ. 

ɿʥʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʜʦʧʫʩʪʠʤʦʡ ʛʣʫʙʠʥʳ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʠ ʘʩʠʤʤʝʪʨʠʠ ʪʷʛʠ ʉʋ. 
 

ʈʘʩʯʝʪ ʛʣʫʙʠʥʳ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʠ ʘʩʩʠʤʝʪʨʠʠ ʪʷʛʠ ʉʋ 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʨʝʜʥʝʝ ʫʩʢʦʨʝʥʠʝ ʩʘʤʦʣʝʪʘ ʧʨʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʵʪʘʧʝ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʦʚ:  

 

 Ê̒̑
̏̓̋ ̃̈̌ ̏̓̋

̐̑̏̅
ȟ  (7) 
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ʛʜʝ ,̃ ˝˛ˑ ,ˏ ˜˜ ,̨ ˟ ̠ï ʜʣʠʥʘ ʦʩʪʘʚʰʝʛʦʩʷ ʫʯʘʩʪʢʘ ɺʇʇ ʜʣʷ 

ʧʨʦʜʦʣʞʝʥʠʷ ʚʟʣʝʪʘ ʩ ɺʇʇ ʨʘʩʧʦʣʘʛʘʝʤʳʭ  ʨʘʟʤʝʨʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
 

 Ê̒̑
̏̓̋ 0̃̈̌ɝ0 ɝ8 ɝ&̓ ȟ̑ (8) 

 

ʛʜʝ: m ï ʤʘʩʩʘ ʩʘʤʦʣʝʪʘ; 

0̃̈ ̌ïʪʷʛʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʟʣʝʪʥʦʤ ʨʝʞʠʤʝ; 

ɝ0 ï ʜʦʧʫʩʪʠʤʘʷ ʛʣʫʙʠʥʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʉʋ; 

ɝ8 ï ʧʨʠʨʘʱʝʥʠʝ ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʤʦʤʝʥʪʘ ʦʪʢʘʟʘ ʜʦ 
ʜʦʩʪʠʞʝʥʠʷ ʩʘʤʦʣʝʪʦʤ ʢʦʥʮʝʚʦʡ ʛʨʘʥʠʮʳ ɺʇʇ; 

ɝ&̓ ï̑ ʧʨʠʨʘʱʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʦʪ ʤʦʤʝʥʪʘ ʦʪʢʘʟʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʩʘʤʦʣʝʪʦʤ ʢʦʥʮʝʚʦʡ ʛʨʘʥʠʮʳ ɺʇʇ. 

ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ (7) ʠ (8) ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʡ ʛʣʫʙʠʥʳ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʉʋ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʚʦʟʤʦʞʝʥ ʚʟʣʝʪ ʩʘʤʦʣʝʪʘ ʩ ɺʇʇ ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʨʘʟʤʝʨʦʚ: 
 

 ɝ0 0̃̈̌ɝ8 ɝ&̓ ̑
̏̓̑ ̏̓̋

̐̑̏̅
ϽÍȢ (9) 

 

ɺʚʝʜʝʤ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ ɝ2, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʚʝʣʠʯʠʥʫ ʘʩʠʤʤʝʪʨʠʠ 
ʪʷʛʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ: 

 

 ɝ2 ɝ0 ɝ0 ȟ (10) 
 

ʛʜʝ: ɝ0 ï ʛʣʫʙʠʥʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ; 

ɝ0  ï ʛʣʫʙʠʥʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
 

ɿʥʘʯʝʥʠʝ ȹR ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʡʪʠ ʠʟ ʫʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʫ. ʇʨʠʯʝʤ ʤʦʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʙʣʠʟʢʠʡ ʢ ʦʪʨʳʚʫ [4]. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʟʙʝʛʝ ʥʘ ʪʨʝʭ ʦʧʦʨʘʭ ʚʳʜʝʨʞʠʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʧʦʚʦʨʦʪʘ ʧʝʨʝʜʥʝʛʦ ʢʦʣʝʩʘ, ʘ ʧʦʩʣʝ 

ʦʪʨʳʚʘ ʧʝʨʝʜʥʝʛʦ ʢʦʣʝʩʘ, ʩʘʤʦʣʝʪ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʧʦʤ ʨʘʟʙʝʛʘ ʥʘ ʚʩʝʭ ʪʨʝʭ ʦʧʦʨʘʭ: 
 

 ɝ2
̎
̎ ̒̋

̐
̐

̞
̞ ̓̑

̅̃
ȟ (11) 

 

ʛʜʝ: 

- ̎ɿ̎  ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʫ ʦʪ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʪʦʯʢʝ ʦʪʨʳʚʘ; 

- ɼ  ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʦʣʝʪʝ ʩʦ 

ʩʢʦʣʴʞʝʥʠʝʤ ʚ ʪʦʯʢʝ ʦʪʨʳʚʘ; 

-
̒̋
 ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʫ, ʚʦʟʥʠʢʘʶʱʠʡ ʦʪ ʩʠʣ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠ ʧʝʨʝʜʥʝʡ ʦʧʦʨ ʩʘʤʦʣʝʪʘ; 
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- ̐ɿ̐ ï ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʫ, ʚʦʟʥʠʢʘʶʱʠʡ ʦʪ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩʘ 

ʧʝʨʝʜʥʝʡ ʩʪʦʡʢʠ ʰʘʩʩʠ;  

- ̞ɿ̞  ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʵʣʝʨʦʥʦʚ; 

-
̓̑

 ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʫ, ʚʦʟʥʠʢʘʶʱʠʡ ʦʪ ʩʠʣ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʦʧʦʨ ʩʘʤʦʣʝʪʘ; 

ɝ

ɝ

́

̏̓̋ ̃̈̌
 ï ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʫʪʠ; 

* ï ʧʦʣʷʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʘʤʦʣʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʫ; 

:́ ï ʟʥʘʯʝʥʠʝ ʙʦʢʦʚʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ.  

ʅʝʠʩʧʨʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʜʨʦʩʩʝʣʠʨʫʝʪʩʷ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ: 
 

 ɝ0 ɝ0 ɝ0Ȣ (12) 
 

ɻʣʫʙʠʥʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʡ: 
 

 ɝ0 Ȣ (13) 

  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʦʚ ʉʋ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʦʟʤʦʞʥʳʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʦʚ ʉʋ 
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ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʟʤʝʨʘʭ ʠ ʩʦʩʪʦʷʥʠʠ 

ɺʇʇ, ʩʠʣʝ ʚʝʪʨʘ, ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʩʠʛʥʘʣʘʭ ʦ 

ʧʨʝʚʳʰʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʉʋ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʦʚ ʚʚʦʜʠʪʩʷ ʚ 

ʙʦʨʪʦʚʦʡ ʮʠʬʨʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ɹʎɺʂ). ʇʨʠ ʦʩʦʙʳʭ ʩʠʪʫʘʮʠʷʭ 

ʥʘ ʚʟʣʝʪʝ, ʙʣʦʢ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʉʋ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʚ 

ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʉʋ ʩ ʮʝʣʴʶ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʨʝʢʦʤʝʥʜʫʝʤʫʶ ʛʣʫʙʠʥʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. 
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ʠʤ. ɸ. ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ 

(ʛ. ʂʘʟʘʥʴ) 

 
ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʣʘʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ 

ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʜʦ ʠ ʧʦʩʣʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʣʘʢʦʚʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʧʪʠʯʝʩʢʫʶ 

ʧʨʦʟʨʘʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ ʠ ʘʜʛʝʟʠʠ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʘʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʭ ʩʪʝʢʦʣ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʳ ʜʦ ʠ ʧʦʩʣʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʪʦʡʢʦʩʪʠ ʣʘʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʛʨʠʙʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʟʘʱʠʪʥʦʝ ʢʝʨʘʤʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ, 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʡ ʣʘʢ.  

 

https://elibrary.ru/item.asp?id=17303652


32 

CLIMATIC TESTS OF FUNCTIONAL CERAMIC COATIN G OF 
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Abstract. The authors have developed lacquer compositions based on organosilicon 

compounds and silicon oxide nanoparticles, with increased resistance to aggressive climatic and 

biological factors. The results of comparative studies of the physical and technical properties of the 

coating before and after climatic tests are presented. The assessment of lacquer coatings for optical 

transparency, abrasion resistance and adhesion based on organosilicon varnish on the surface of 

polycarbonate glasses was carried out. The research results were carried out before and after climate 

tests. The conclusion is made about the resistance of the lacquer coating to the effects of fungi. 

Keywords: climatic tests, protective ceramic coating, organosilicon varnish. 

 

ʇʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʝʢʦʣ ʚ ʘʚʠʘʮʠʠ ʠ ʩʫʜʦʩʪʨʦʝʥʠʠ ʚʦ ʤʥʦʛʦʤ 

ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʠʟʢʘʷ ʘʙʨʘʟʠʚʥʘʷ ʩʪʦʡʢʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʘʙʨʘʟʠʚʦʩʪʦʡʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʝʢʦʣ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʢʨʳʪʠʡ, ʧʨʦʟʨʘʯʥʳʭ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ [1]. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʘʙʨʘʟʠʚʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 

90%, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʠʜʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʠʣʠ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ) ʷʚʣʷʶʪʩʷ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʢʠ [2]. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʝʢʦʣ, ʟʘʱʠʱʝʥʥʳʭ ʪʘʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʷʚʣʷʝʪʩʷ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʪʝʢʣʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘʱʠʱʝʥʥʳʝ ʧʦʢʨʳʪʠʝʤ, ʧʦʜʚʝʨʞʝʥʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʣʝʩʥʝʚʳʤʠ ʛʨʠʙʘʤʠ. 

ʈʘʟʨʫʰʝʥʠʝ ʧʦʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʪʘʢ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʚʳʜʝʣʷʝʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [3, 4]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

(ʛʨʠʙʢʦʚ) ʥʘ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ, ʧʨʦʟʨʘʯʥʦʩʪʴ, 

ʘʜʛʝʟʠʷ) ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʉʪʦʡʢʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʛʨʠʙʢʘʤ ʧʨʦʚʦʜʠʣʘʩ ɹʧʦ ɻʆʉʊ 

9.049-91. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʝʨʘʤʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ SiO2, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʘʣʢʦʢʩʠʩʠʣʘʥʘ ʠ 

ʢʦʣʣʦʠʜʥʦʛʦ ʟʦʣʷ ʢʨʝʤʥʝʟʝʤʘ. ɼʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʘ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʠʣʘʥ, ʷʚʣʷʶʱʠʡʩʷ ʯʠʩʪʳʤ SiO2, ʜʨʫʛʦʡ ï 

ʦʨʛʘʥʦʘʣʢʦʢʩʠʩʠʣʘʥ, ʷʚʣʷʶʱʠʡʩʷ ʦʨʛʘʥʠʯʝʩʢʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʛʠʙʨʠʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ʆʙʘ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ. ɻʨʫʧʧʳ (OR')4-x ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ ʩ ʚʦʜʦʡ 

ʠ ʟʘʪʝʤ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʟʦʣʝʤ ʢʨʝʤʥʝʟʝʤʘ ʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʂʝʨʘʤʠʯʝʩʢʦʝ ʛʠʙʨʠʜʥʦʝ ʧʦʢʨʳʪʠʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʟʦʣʴ-ʛʝʣʷ [5]. 

ɺʩʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʢʠʩʣʦʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʨʅ ʚ ʜʠʘʧʘʟʦʥʝ 

[4.5õ2.0] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 23Ñ3
0
ʉ. ɺ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʠʩʣʦʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ï ʧʨʝʜʝʣɹʥʘ̫ ʦʜʥʦʦʩʥʦӢʚʥʘ̫ ʢʘʨʙʦʥʦʚʘ̫ 

ʢʠʩʣʦʪʘ.  

ʄʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʘʢʪʠʚʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʘʢʘ, ʫʪʦʯʥʷʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʛʨʠʙʢʘʤ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʧʦʣʠʢʘʨʙʦʥʘʪʘ (50ʭ50ʭ16ʤʤ), ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʝʤ. ʇʦʢʨʳʪʠʝ ʥʘʥʦʩʠʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʣʠʚʘ. ʊʦʣʱʠʥʘ 

ʧʦʢʨʳʪʠʷ (ʧʦ ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ) ʩʦʩʪʘʚʠʣʘ ~1ʤʢʤ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʛʨʠʙʢʦʚ (ʧʦ ɻʆʉʊ 

9.049-91), ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʠ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʦʧʪʠʯʝʩʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦ 

ɻʆʉʊ ʈ 8.829-2013 ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʬʦʪʦʤʝʪʨʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 

ʦʧʪʠʯʝʩʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʥʘʧʦʣʥʝʥʥʦʛʦ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ~10%. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦ ɻʆʉʊ ʈ 8.829-2013 çʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ) ʠ ʤʫʪʥʦʩʪʠ ʧʣʘʩʪʠʥ ʠ ʧʣʝʥʦʢ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚè ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ t ʠ ʤʫʪʥʦʩʪʴ H 

ʇʨʦʟʨʘʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ M=1-H.  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ Ű ʠ ʤʫʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʠ ʩʦʩʪʘʚʠʣʠ Ű~0.98, ʄ~0.93.  

ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢ 

ʠʩʪʠʨʘʥʠʶ ʜʦ ʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʆʉʊ 3-1901-85 ʥʘ ʧʨʠʙʦʨʝ ʪʠʧʘ 

ʉʄ-65 ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʟʘʱʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʝʛʦ ʪʨʝʥʠʷ ʦ 

ʙʘʪʠʩʪʦʚʫʶ ʪʢʘʥʴ, ʚʨʘʱʘʶʱʫʶʩʷ ʥʘ ʜʠʩʢʝ ʩ ʯʘʩʪʦʪʦʡ 3000 ʦʙ/ʤʠʥ ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ 

ʦʙʨʘʟʝʮ 200 ʛʨ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʳ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ 

ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʥʦʣʠʪʥʦʛʦ ʧʦʣʠʢʘʨʙʦʥʘʪʘ, ʪʦʣʱʠʥʦʡ 2ʤʤ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʉʊ 3-190-85 ʚʩʝ ʦʙʨʘʟʮʳ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʧʦʢʨʳʪʠʷ ʜʦ ʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʧʨʦʯʥʦʩʪʠ ï 0. 

ɺ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ 

ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʜʛʝʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʙʘʣʣʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 28574-2014. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʪʦʡʢʦʩʪʴ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

(ʛʨʠʙʢʦʚ) ʧʦ ɻʆʉʊ 9.049-91. ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ 

(ʦʧʪʠʯʝʩʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ, ʘʜʛʝʟʠʷ ʢ ʧʦʣʠʢʘʨʙʦʥʘʪʫ) ʥʝ 
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ʠʟʤʝʥʠʣʠʩʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʟʘʱʠʪʳ ʦʩʪʝʢʣʝʥʠʷ 

ʢʘʙʠʥ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʧʦ ʉʦʛʣʘʰʝʥʠʶ ˉ 075-03-2020-051/3 ʦʪ 

09.06.2020 (ʈʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ ɸɸɸɸ-ɸ20-120102190039-6). 
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Abstract.The article describes the state of the issue of man-made runoff vortex formation 

near the screen, its contradictions and dependence on the factors of runoff vortex activity 

generation. Practically possible directions of its working process are proved on the examples of the 

technogenic gas flow near the screen. The working process of effluent vortex formation in the field 

of force and direction of wind interacting with it has been established. The propensity of vortex 

rings to interference displacement and generation of paired vortex cords has been established. The 

influence of wind load on the process of sucking foreign objects into an aircraft engine is revealed. 

Keywords: anthropogenic sink vortex formation of gaseous media; algorithm of sink vortex 

generation; factors of generation and activation of anthropogenic vortex formation; pressure 

gradients; ring vortex. 

 

ɺʚʝʜʝʥʠʝ 

ɺʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ - ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʞʠʜʢʠʭ ʠ ʛʘʟʦʚʳʭ ʩʨʝʜ ʧʣʘʥʝʪʳ ʩ ʚʳʭʦʜʦʤ ʥʘ ʝʛʦ ʚʠʭʨʝʚʦʡ 

ʧʨʦʜʫʢʪ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʩʦʟʝʨʮʘʥʠʷ ʠ 

ʥʘʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢʦʡ ʜʦʩʪʫʧ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʧʦʟʥʘʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ, ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʨʷʜʘ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʟʘʪʨʫʜʥʷʶʱʠʭ 

ʧʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. 

ʇʨʦʪʠʚʦʨʝʯʠʝ ʚ ʧʦʟʥʘʥʠʠ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʣʶʯʝʥʦ ʚ ʩʣʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʛʦ ʬʠʟʠʯʝʩʢʦʡ 

ʩʫʱʥʦʩʪʠ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʠʟʚʝʩʪʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʳʭ 

ʚʠʭʨʝʡ ʧʨʦʬ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ ʉ. ʄ. ɹʝʣʦʮʝʨʢʦʚʩʢʦʛʦ [1]. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʠʭʨʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʠ ʦʩʥʦʚ ʪʝʦʨʠʠ ʚʠʭʨʝʡ. 

ʇʨʦʪʠʚʦʨʝʯʠʝ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʚʟʛʣʷʜʝ ʥʘ ʪʝʦʨʠʶ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʳʥʝ ʝʸ ʧʦʥʠʤʘʶʪ, ʢʘʢ çʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʷ, ʚʠʭʨʝʡè [2]. ʇʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʢ ʪʝʦʨʠʠ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢʘʢ ʢ 

ʩʣʦʞʥʦʤʫ ʧʨʦʮʝʩʩʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʠʭʨʝʚʦʝ 

ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʵʥʝʨʛʦʦʙʤʝʥʘ.  

ʊʘʢʞʝ ʛʦʚʦʨʷ ʧʨʦ çɺʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝè ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʤʝʪʠʪʴ ʠ ʜʨʫʛʦʝ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʊʝʭʥʦʛʝʥʥʳʡ ʚʠʭʨʴ ʧʝʨʝʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ 

ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ (ɻʊʉʋ) ʧʨʠ ʨʘʙʦʪʝ ʝʸ ʜʚʠʛʘʪʝʣʝʡ (ɻʊɼ) ʥʘ 

ʟʝʤʣʝ ʥʘ ʧʦʚʳʰʝʥʥʳʭ ʨʝʞʠʤʘʭ (ʨʠʩ. 1) ʷʚʣʷʝʪʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ ʘʥʘʣʦʛʦʤ 

ʩʤʝʨʯʘ (ʪʦʨʥʘʜʦ ʚ ʉʐɸ) ʩʪʦʢʦʚʦʛʦ ʪʠʧʘ. ʇʨʠʨʦʜʘ, ʬʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʠ 
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ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʪʦʨʥʘʜʦ ʫʯʸʥʳʤʠ ʉʐɸ ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʫʢʘ ʩʤʝʨʯʝʡ, ʮʠʢʣʦʥʦʚ ʠ ʠʤ ʧʦʜʦʙʥʳʤ ʚʠʭʨʝʚʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. 

ʂ ʤʝʩʪʫ ʩʢʘʟʘʪʴ, ʦʩʥʦʚʳ ʫʢʘʟʘʥʥʳʭ ʚʠʭʨʝʡ ʙʳʣʠ ʦʧʠʩʘʥʳ ʫʯʸʥʳʤ ʉʐɸ ʕʩʧʠ 

ɼ. ʇ. [3], ʘ ʧʦʟʜʥʝʝ ʩʦʚʝʪʩʢʠʤʠ ʫʯʝʥʳʤʠ [4, 5, 6]. ʅʦ ʤʥʦʛʦ ʣʝʪ ʦʧʠʩʘʥʥʘʷ ʠʤʠ 

ʪʝʦʨʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ. ʕʪʦ ʙʦʣʴʰʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʦʧʨʝʜʝʣʝʥʦ 

ʧʩʠʭʦʣʦʛʠʝʡ ʫʯʸʥʳʭ ʠ ʠʥʝʨʮʠʝʡ ʤʳʰʣʝʥʠʷ [7]. ɽʛʦ ʩʣʝʜʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʨʝʩʣʦʚʫʪʳʡ çʚʟʛʣʷʜ ʥʘ ɿʘʧʘʜè. ɸ ʠʤʝʥʥʦ, ʝʩʣʠ ʫʯʸʥʳʝ ʨʦʜʠʥʳ ʪʦʨʥʘʜʦ (ʉʐɸ) 

ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʪʦʨʥʘʜʦ, ʪʦ ʠ ʥʝ ʩʪʦʠʪ ʠʤ ʟʘʥʠʤʘʪʴʩʷ ʠ ʣʫʯʰʝ 

ʧʦʜʦʞʜʘʪʴ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʝʛʦ ʚʠʭʨʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ 

ʚʠʭʨʝʚʦʡ ʧʝʣʝʥʳ, ʤʝʣʴʯʘʡʰʠʭ ʚʠʭʨʝʡ, ʘʪʤʦʩʬʝʨʥʳʭ ʬʨʦʥʪʦʚ ʩ ʠʭ ʛʣʦʙʘʣʴʥʳʤʠ 

ʮʠʢʣʦʥʘʤʠ ʠ ʩʤʝʨʯʘʤʠ ʜʦ ʛʣʦʙʘʣʴʥʳʭ ʮʠʨʢʫʣʷʮʠʡ - ʩʫʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʪʦʢ ʚʠʭʨʝʚʦʡ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʚʠʭʨʝʚʦʤ ʧʝʨʝʭʦʜʝ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʢʣʶʯʠ ʧʦʟʥʘʥʠʷ ʩʝʢʨʝʪʦʚ ʥʝ 

ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʥʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ɺʆ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ ʢ 

ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ. ʊʝʭʥʦʛʝʥʥʦʝ ɺʆ ʩʪʦʢʦʚʦʛʦ ʪʠʧʘ ʚʩʝʛʜʘ ʨʷʜʦʤ, 

ʧʦʜ ʨʫʢʦʡ ʠ ʚ ʨʫʢʘʭ ʦʧʳʪʥʦʛʦ ʠ ʪʚʦʨʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʩʪʦʢ ʚʦʜʳ ʠʟ ʚʘʥʥʳ, ʧʝʨʝʤʝʰʠʚʘʝʤʘʷ ʯʘʡʥʦʡ ʣʦʞʢʦʡ ʞʠʜʢʘʷ ʩʨʝʜʘ ʢʦʬʝʡʥʦʛʦ 

ʥʘʧʠʪʢʘ ʩ ʤʦʣʦʢʦʤ ʠ ʜʨʫʛʠʝ - ʠʩʪʦʯʥʠʢʠ ʟʥʘʥʠʡ ʠʩʢʦʤʦʛʦ ɺʆ. 
 

  
  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1 - ʇʨʠʤʝʨʳ ʚʠʭʨʝʡ: ʘ - ʪʝʭʥʦʛʝʥʥʳʡ, ʀʩʪʦʯʥʠʢ: https://external-

preview.redd.it/bf2t8pqBYB2DxV7ykGueH0CXJAL0gkDb3URsvIUMAog.jpg?auto=

webp&s=1808acc7b256653edbe182eb6d682a252d34c302; ʙ - ʝʩʪʝʩʪʚʝʥʥʳʡ, 

ʀʩʪʦʯʥʠʢ: https://elementy.ru/images/faq/tornado_300.jpg 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʊʝʭʥʦʛʝʥʥʦʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ - ʧʨʦʜʫʢʪ ʚʠʭʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʥʦʡ (ʛʠʜʨʦʩʬʝʨʥʦʡ) ʩʨʝʜ ʚ ʧʦʣʝ ʜʝʡʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ 

ʠʥʪʝʨʝʩʘʭ ʯʝʣʦʚʝʢʘ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʩʨʝʜʳ ʚ ʪʝʭʥʦʛʝʥʥʫʶ ʚʠʭʨʝʚʫʶ ʩʨʝʜʫ ʚ ʧʦʣʝ ʵʥʝʨʛʦʦʙʤʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʙʦʪʳ 

ʠ ʪʝʧʣʦʪʳ. ʇʨʦʩʪʝʡʰʠʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʠʟ ʚʠʜʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʠʭʨʠ ʩʪʦʢʦʚʦʛʦ ʪʠʧʘ ʧʝʨʝʜ ɺɿ ɻʊʉʋ ʧʨʠ ʨʘʙʦʪʝ 

ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɺʈɼ) ʥʘ ʟʝʤʣʝ ʥʘ ʧʦʚʳʰʝʥʥʳʭ ʨʝʞʠʤʘʭ. 

ʇʦʜʦʙʥʳʡ ʚʠʭʨʴ ʠ ʧʨʦʙʣʝʤʳ, ʧʦʨʦʞʜʘʝʤʳʝ ʠʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

https://elementy.ru/images/faq/tornado_300.jpg
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʙʣʝʤʳ, ʧʦʨʦʞʜʘʝʤʳʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ: ʘ - ʚʠʭʨʴ ʧʦʜ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ɻʊʉʋ, ʀʩʪʦʯʥʠʢ: https://i.stack.imgur.com/u9AZW.jpg; ʙ - 

ʟʘʩʘʩʳʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʝʛʦ ʧʨʝʜʤʝʪʘ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ɻʊɼ, ʀʩʪʦʯʥʠʢ: 

https://qph.cf2.quoracdn.net/main-qimg-41c3e39f36129d2892d8369c1d2bfa0c.webp; 

ʚ - ʧʦʤʧʘʞ ʜʚʠʛʘʪʝʣʷ, ʀʩʪʦʯʥʠʢ: http://samoleting.ru/wp-content/uploads/2017/ 

05/pompazh-dvigatelya-samoleta-chto-eto1-e1494338277786.jpg 
 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʪʝʭʥʦʛʝʥʥʳʤ ʚʠʭʨʷʤ ʩʪʦʢʦʚʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʸʥ ʠʭ 

ʩʭʦʜʩʪʚʦʤ ʧʦ ʩʫʪʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʮʠʢʣʦʥʘʤʠ ʠ ʠʭ ʩʤʝʨʯʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʪʨʫʜʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʦʧʘʩʥʦʩʪʴʶ 

ʚ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʪʝʦʨʠʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʫʢʘʟʘʥʥʳʝ 

ʮʠʢʣʦʥʳ, ʠʭ ʩʤʝʨʯʠ ʠ ʪʦʨʥʘʜʦ. ɸʚʪʦʨʳ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ [8, 9, 10, 11] ʠ ʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ [12, 13, 14, 15, 16] ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʜʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʣʝ ʬʘʢʪʦʨʦʚ 

ʘʢʪʠʚʘʮʠʠ ʩʪʦʢʦʚʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ ʜʦʩʪʫʧʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʦʨʥʘʜʦ. ɸ ʠʤʝʥʥʦ, ʚ ʨʘʤʢʘʭ ʩʪʦʢʦʚʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ɺʆ 

ʨʝʰʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʘʨʥʳʭ ʩʪʦʢʦʚʳʭ ʚʠʭʨʝʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʚ (ʨʠʩ. 3). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʥʦ [9] ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʘʨʥʳʭ ʚʠʭʨʝʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʚ, 

ʥʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʜ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʢʨʘʥʘ ʩ ʪʦʥʢʠʤ ʩʣʦʝʤ 

ʚʦʜʳ. ɿʜʝʩʴ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʝʚʠʜʠʤʳʭ ʚʠʭʨʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʯʘʩʪʠʯʢʘʤʠ ʚʦʜʳ, 

ʦʪʦʨʚʘʥʥʳʤʠ ʦʪ ʵʢʨʘʥʘ (ʪʘʤ ʞʝ). ʅʘʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʧʘʨʥʳʭ ʚʠʭʨʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʚʠʟʫʘʣʴʥʦ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʪʦʢʘ ʠ ʥʘʢʘʪʘ ʚʦʜʳ, ʢʘʢ ʵʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʝʪʨʘ (Vʚ = 0). 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ɺɿ ʫ ʵʢʨʘʥʘ 

https://i.stack.imgur.com/u9AZW.jpg;%20б
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ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊʉʋ ʥʘ ʟʝʤʣʝ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠʭ 

ʚʠʭʨʝʡ [9, 10] ʧʦʢʘʟʘʣ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʷ ʢʦʤʧʦʥʦʚʢʠ ɺɿ, ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʠʭ ʚʭʦʜʘ ʥʘʜ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ (ʘʵʨʦʜʨʦʤʘ), ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʚʠʭʨʝʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʪʦʢʦʚʦʡ ʩʨʝʜʳ ʧʝʨʝʜ ɺɿ ʦʪ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʸʤ (Vʚ̧  0, b̧  0), ʣʠʙʦ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʦ ʘʵʨʦʜʨʦʤʫ. ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ ʇʘʭʦʤʦʚʳʤ ʉ. ɺ 

[13]. ʈʝʟʫʣʴʪʘʪʳ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʨʘʜʠʝʥʪʘ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩ¡t ʧʦ ʫʛʣʫ ʩʢʦʣʴʞʝʥʠʷ b ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩ¡t  ʦʪ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ b 
 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʜʠʝʥʪʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ 

ʫʛʣʫ ʩʢʦʣʴʞʝʥʠʷ b ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʚʝʪʨʘ ʧʨʠ ʙʦʢʦʚʦʤ ʧʦʪʦʢʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɽʛʦ ʩʫʱʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʩʪʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʤ (ʚʝʪʨʦʤ). 

ɺ ʧʦʣʝ ʩʪʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʚʦʢʨʫʛ ʪʦʯʢʠ ʤʥʠʤʦʛʦ ʩʪʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʟʦʥʘ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 5) ʟʘ ʩʯʸʪ ʚʩʪʨʝʯʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʳʭ ʪʝʯʝʥʠʡ [9, 13], ʵʪʘ ʟʦʥʘ ʩʦʟʜʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ ʫ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʧʦʣʝ 

ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʛʨʘʜʠʝʥʪʥʦʤʫ ʩʨʳʚʫ ʧʦʪʦʢʘ [17].  
 

 
 

ʈʠʩʫʥʦʢ 5 ï ɿʦʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʚʦʢʨʫʛ ʪʦʯʢʠ ʤʥʠʤʦʛʦ ʩʪʦʢʘ ʧʦʜ 

ʤʦʜʝʣʴʶ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ 
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ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʜʫʢʪʦʤ ʚʷʟʢʦʛʦ ʩʨʳʚʘ ʫ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʣʴʮʝʚʦʡ ʚʠʭʨʴ, ʧʨʠʤʳʢʘʶʱʠʡ 

(ʧʨʠʣʠʧʘʶʱʠʡ) ʢ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʨʝʤʷʱʠʡʩʷ ʥʘʚʩʪʨʝʯʫ ʩʪʦʢʦʚʦʤʫ 

ʧʦʪʦʢʫ. ʇʦʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʚʠʭʨʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʠʣʳ 

ʚʝʪʨʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʮʠʨʢʫʣʷʮʠʷ ʢʦʣʴʮʝʚʦʛʦ ʚʠʭʨʷ ʧʦ 

ʜʣʠʥʝ ʢʨʫʛʦʚʦʛʦ ʢʦʥʪʫʨʘ ʧʦʩʪʦʷʥʥʘ. ʅʘʣʠʯʠʝ ʞʝ ʚʥʝʰʥʝʡ ʩʪʨʫʠ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 6), ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʪʨʦʤ [9, 13], ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʧʦʩʪʦʷʥʩʪʚʘ ʮʠʨʢʫʣʷʮʠʠ ʚʠʭʨʝʚʦʛʦ ʰʥʫʨʘ ʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʠʭʨʝʡ ʥʘ ʬʣʘʥʛʘʭ ʚʠʭʨʝʚʦʛʦ ʢʦʣʴʮʘ. ʎʠʨʢʫʣʷʮʠʠ 

ʬʣʘʥʛʦʚʳʭ ʚʠʭʨʝʡ ʧʦ ʟʥʘʢʫ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʳ ʜʨʫʛ ʜʨʫʛʫ. ɺʠʭʨʠ 

ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʚʠʭʨʝʚʦʤʫ ʢʦʣʴʮʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʫ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʠʭ ʩʚʦʙʦʜʥʦ ʦʨʠʝʥʪʠʨʫʝʤʳʝ ʚ ʩʪʦʢʦʚʦʤ ʧʦʪʦʢʝ ʢʦʥʮʳ 

ʟʘʩʘʩʳʚʘʶʪʩʷ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʜʚʠʛʘʪʝʣʷ, ʦʙʨʘʟʫʷ ʧʘʨʫ ʚʠʭʨʝʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. ʅʘʣʠʯʠʝ ʧʘʨʥʳʭ ʚʠʭʨʝʡ ʘʢʪʠʚʠʨʫʝʪ ʚʠʭʨʝʚʦʝ 

ʟʘʩʘʩʳʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʩ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʟʘ ʩʯʸʪ 

ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʟʦʥʳ, ʦʤʳʚʘʝʤʦʡ ʚʠʭʨʷʤʠ ʧʦʜ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ. ɺʩʪʨʝʯʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʧʘʨʥʳʭ ʚʠʭʨʝʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ, ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ 

ʢʦʤʧʨʝʩʩʦʨ, ʚʝʜʫʱʠʤ ʢ ʩʨʳʚʫ ʧʦʪʦʢʘ ʠ ʢ ʧʦʤʧʘʞʫ ʜʚʠʛʘʪʝʣʷ.  

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɺʣʠʷʥʠʝ ʚʝʪʨʘ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʷ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʝʪʨʘ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ɺʝʪʝʨ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʠʣʳ ʤʦʞʝʪ ʧʦʤʝʰʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʠʭʨʷ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ 

ɻʊʉʋ, ʯʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ [14, 15]. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʧʨʦʙʣʝʤ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ ʠʤʠ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʠʭʨʷ ʩ ʚʥʝʰʥʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ 

ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ: 

- ʥʘʣʠʯʠʝ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʧʦʩʦʙʥʦ 
ʫʩʠʣʠʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊʉʋ 

ʥʘ ʟʝʤʣʝ, ʧʨʦʚʦʮʠʨʫʷ ʧʦʷʚʣʝʥʠʝ ʧʘʨʥʳʭ ʚʠʭʨʝʡ, ʧʦʚʳʰʘʷ ʪʝʤ ʚʝʨʦʷʪʥʦʩʪʴ 

ʟʘʩʘʩʳʚʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ; 

- ʧʦʷʚʣʝʥʠʝ ʧʘʨʥʳʭ ʚʠʭʨʝʡ ʚʩʪʨʝʯʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ, ʚʝʜʫʱʝʡ ʢ 

ʧʦʤʧʘʞʫ ʜʚʠʛʘʪʝʣʷ; 

- ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʣʳ ʚʝʪʝʨ ʤʦʞʝʪ ʧʦʤʝʰʘʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʚʠʭʨʷ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʣʝ 

ʩʪʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ʠ ʚʥʝʰʥʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʪʨʝʙʫʶʪ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʠʠ ʧʘʨʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʚʠʭʨʝʡ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʯʝʚʠʜʥʘ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʯʠʩʣʘ ʢʘʢ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʛʨʘʞʜʘʥʩʢʠʭ, ʪʘʢ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʃɸ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʪʝʤʘʪʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ɹʃɸ.  

ʇʨʠʤʝʨʦʤ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʤʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʘʪʠʨʫʝʤʳʝ 2015ï2022 

ʛʦʜʘʤʠ ʨʘʙʦʪʳ [1-3]. ʈʘʙʦʪʳ [1, 2] ʧʦʩʚʷʱʝʥʳ ʦʙʥʘʨʫʞʝʥʠʶ ɹʃɸ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʤʣʠ. ɺ ʩʪʘʪʴʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʟʚʫʢʘ ɹʃɸ ʚ 

ʩʨʝʜʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʬʦʥʦʚʦʛʦ ʰʫʤʘ. ɺ ʨʘʙʦʪʝ [2] 

ʩʨʝʜʥʝʚʳʩʦʪʥʳʡ ʘʧʧʘʨʘʪ ʙʦʣʴʰʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʘʣʦʟʘʤʝʪʥʦʩʪʠ. ʆʪʜʝʣʴʥʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ [3], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʦʞʥʘʷ ʪʨʸʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʦʪ ʜʨʦʥʘ ʚ ʟʘʩʪʨʦʡʢʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ 

ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ ɻʘʫʩʩʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ɹʃɸ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʨʝʜʩʪʚʘʤʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʨʘʜʠʦʣʦʢʘʮʠʠ ʧʦ ʧʨʠʯʠʥʝ ʥʝʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʦʚ, 

ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʝʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ 

ʨʘʩʩʝʠʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ï 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʩʣʝʜʠʪʴ ʜʨʦʥ ʜʨʦʥʦʤ. ʈʘʟʤʝʱʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ ʥʘ 

ʢʚʘʜʨʦʢʦʧʪʝʨʝ ʧʦʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ 

ʨʘʩʭʦʜ ʙʘʪʘʨʝʠ. 

ɸʵʨʦʘʢʫʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʦʣʝʝ ʚʳʛʦʜʥʘ: ʦʥʘ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʠʟʣʫʯʘʪʝʣʝ, 

ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʬʦʥʘ-ʧʨʠʸʤʥʠʢʘ ʠ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʪʨʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ: ʨʘʟʤʝʱʘʪʴ ʧʨʦʮʝʩʩʦʨ ʥʘ ɹʃɸ; 

ʧʝʨʝʩʳʣʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ ʥʘ ʧʫʣʴʪ ʦʧʝʨʘʪʦʨʘ, ʣʠʙʦ ʨʘʟʤʝʱʘʪʴ ʚʩʶ ʩʠʩʪʝʤʫ 

ʥʘ ʟʝʤʣʝ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʚʪʦʨʦʡ ï ɻ ʢʦʥʦʤʠʶ ʚʟʣʸʪʥʦʡ ʤʘʩʩʳ, ʪʨʝʪʠʡ ʧʦʟʚʦʣʷʝʪ 

ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʤʦʙʠʣʴʥʦʡ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ɹʃɸ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ [4], ʙʫʜʴ ʪʦ 

ʚʠʭʨʝʚʦʡ ʩʣʝʜ ʠʣʠ ʚʠʭʨʝʚʘʷ ʟʦʥʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʤʠʨʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ, ʥʝ ʩʦʟʜʘʚʘʷ ʚʦʟʤʫʱʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʤʘʩʢʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʢʘʥʘʣ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʚ 

ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʦʥʢʨʝʪʥʦ ʢʚʘʜʨʦʢʦʧʪʝʨʳ, ʤʳ ʙʫʜʝʤ 

ʛʦʚʦʨʠʪʴ ʦ ʛʝʥʝʨʠʨʫʝʤʦʤ ʚʦʟʤʫʱʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʚʠʜʝ ʚʠʭʨʝʚʦʡ ʟʦʥʳ, 

ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ, ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʠ. 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʠʭʨʝʚʳʭ ʧʦʣʝʡ 
ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʱʝʡʩʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʙʳʣʦ ʨʝʰʝʥʦ 

ʧʨʦʚʝʩʪʠ ʩʝʨʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ANSYSCFX. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʩʨʝʜʥʝʨʘʟʤʝʨʥʳʡ ʢʚʘʜʨʦʢʦʧʪʝʨ DJIMavicAIR (ʨʠʩʫʥʦʢ 1). ɺ ʩʦʩʪʘʚ ʝʛʦ 

ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ ʚʭʦʜʷʪ ʯʝʪʳʨʝ ʨʦʪʦʨʥʳʭ ʵʣʝʤʝʥʪʘ ʵʣʝʢʪʨʦʤʦʪʦʨʦʚ ʩ 
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ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʥʘ ʥʠʭ ʜʚʫʭʣʦʧʘʩʪʥʳʤʠ ʧʨʦʧʝʣʣʝʨʘʤʠ, ʜʚʘ ï ʧʨʘʚʦʛʦ ʚʨʘʱʝʥʠʷ ʠ 

ʜʚʘ ï ʣʝʚʦʛʦ. ʊʝʢʫʱʘʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʪʝʥʜʝʥʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʵʪʫ 

ʢʦʤʧʦʥʦʚʢʫ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ. 

ʉʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʨʘʟʜʝʣʷʣʠʩʴ ʥʘ ʪʨʠ ʪʠʧʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʸʪʘ ʚ 

ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ, ʚ ʢʦʨʠʜʦʨʝ ʩ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʞʸʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ ʠ ʧʦʣʦʤ, ʘ 

ʪʘʢʞʝ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʨʧʫʩʘ ɹʃɸ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʠʭʨʝʚʦʛʦ ʧʦʣʷ 

ʦʪʜʝʣʴʥʦ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʠʥʪʦʤʦʪʦʨʥʘʷ ʛʨʫʧʧʘ ʙʝʟ ʵʣʝʤʝʥʪʦʚ ʬʶʟʝʣʷʞʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 28 ʩʤ ʧʦʜ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ 

 

ʀʩʭʦʜʷ ʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʜʣʷ ʩʣʫʯʘʷ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʟʘʚʠʩʘʥʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚ ʚʦʟʜʫʭʝ ʧʨʠ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʚʥʝʰʥʠʭ ʧʦʪʦʢʦʚ 

(ʨʝʞʠʤʝ ʚʠʩʝʥʠʷ ʠʣʠ hover) ʚʦʟʤʫʱʝʥʠʝ ʚʦʟʜʫʭʘ ʨʘʩʧʨʦʩʪʨʘʥʷʣʦʩʴ ʚʥʠʟ ʠ ʚ 

ʩʪʦʨʦʥʳ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʧʦʨʷʜʢʘ 20Á. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʸʪʘ ʚ ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʬʦʨʤʘ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ ʚʳʩʦʪʳ 2 ʤ, ʨʘʜʠʫʩʘʤʠ ʦʩʥʦʚʘʥʠʡ 45 ʠ 114 

ʩʤ ʠ ʫʛʣʦʤ ʨʘʩʪʚʦʨʘ 20Á, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʯʝʪʳʨʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʙʲʸʤʘ ʚ ʚʠʜʝ ʪʝʣ ʚʨʘʱʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʚʦʟʜʫʰʥʳʝ 

ʚʠʥʪʳ ʠ ʨʦʪʦʨʥʳʝ ʯʘʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʚʨʘʱʘʶʱʠʝʩʷ ʚʦʢʨʫʛ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʝʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʟʤʝʱʘʪʴʩʷ ʜʦʩʪʦʚʝʨʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʢʦʨʧʫʩ ʙʝʩʧʠʣʦʪʥʠʢʘ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʸʪʘ ʚ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʝ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʜʚʫʭ ʜʦʤʦʚ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʳʩʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʟʝʤʣʠ ʠʣʠ ʠʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʠ, ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠ ʙʳʣ ʚʳʙʨʘʥ 

ʢʫʙ ʩʦ ʩʪʦʨʦʥʦʡ ʨʝʙʨʘ 2 ʤʝʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʢʚʘʜʨʦʢʦʧʪʝʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ 

ʮʝʥʪʨʘ ʦʜʥʦʡ ʠʟ ʛʨʘʥʝʡ ʧʘʨʘʣʣʝʣʴʥʦ ʝʡ. ʇʨʠ ʵʪʦʤ ʛʨʘʥʠ ʢʫʙʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʩʣʝʚʘ, ʩʧʨʘʚʘ ʠ ʩʥʠʟʫ ʠʤʝʶʪ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ 

ʪʚʸʨʜʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʩʪʝʥʢʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʩʯʠʪʘʶʪʩʷ ʩʚʦʙʦʜʥʦ 

ʧʨʦʧʫʩʢʘʶʱʠʤʠ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʠ ʣʠʥʠʡ ʪʦʢʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʸʤʝ, 

ʩʣʝʚʘ ï ʦʪʢʨʳʪʳʡ ʢʦʥʫʩ, ʩʧʨʘʚʘ ï ʢʫʙ-ʢʦʨʠʜʦʨ, ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʠʟʦʤʝʪʨʠʠ 

 

ʀʩʭʦʜʷ ʠʟ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʧʘʨʘʤʝʪʨʳ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʤʦʜʝʣʠ ʩʨʝʜʳ ʠ ʧʘʨʘʤʝʪʨʳ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ.  

 

 
 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʨʝʟ ʥʘ ʜʠʩʪʘʥʮʠʠ 0,2 ʤ 

ʦʪ ʮʝʥʪʨʘ ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ, ʩʣʝʚʘ ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʣʫʯʘʡ,  

ʩʧʨʘʚʘ ï ʚ ʤʦʜʝʣʠ ʙʝʟ ʢʦʨʧʫʩʘ 

 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʨʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ.  

ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚʜʘʣʠ ʦʪ ʧʨʦʧʝʣʣʝʨʘ ï 50 ʤʤ.; ʚʙʣʠʟʠ 

ʢʦʨʧʫʩʘ ï 10 ʤʤ.; ʚʙʣʠʟʠ ʣʦʧʘʩʪʝʡ ʠ ʧʦʜʚʠʞʥʳʭ ʨʦʪʦʨʦʚ ï 0,4 ʤʤ. ʆʙʱʝʝ ʯʠʩʣʦ 

ʫʟʣʦʚ ʠʪʦʛʦʚʦʡ ʩʝʪʢʠ å 8,7 ʤʠʣʣʠʦʥʘ; ʵʣʝʤʝʥʪʦʚ å 43,8 ʤʠʣʣʠʦʥʘ.  
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ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʥʘ ʵʪʘʧʝ pre-solver: ʪʠʧ ʨʘʩʯʝʪʘ ï ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ; 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʦʜʝʣʠ ï ʤʦʜʝʣʴ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ SST 

(ShearStress Transport); ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ï 1.185 ʢʛ/ʤ3.; ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʚʦʟʜʫʭʘ ï 1.831e-05 ʢʛ/(ʤ*ʩ); ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʦ ʚʥʝʰʥʝʡ 

ʦʙʣʘʩʪʠ ï 5%. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʝʡ ʩʝʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʪʝʨʬʝʡʩ ʪʠʧʘ TransientRotor-Stator.ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʦʚ ï 200 ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʫʤʫ 

ʛʨʘʬʠʢʘ ʌʫʨʴʝ-ʘʥʘʣʠʟʘ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʟʘʤʝʨʘ ʩʠʛʥʘʣʘ. ʎʝʣʝʚʘʷ ʪʦʯʥʦʩʪʴ 

(RootMean Square) ï ρπ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʸʪʳ ʩ ʙʦʣʝʝ 
ʚʳʩʦʢʦʡ ʮʝʣʝʚʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʫʩʣʦʚʠʠ ʫʚʝʣʠʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʣʠʙʦ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 4-6. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʃʠʥʠʠ ʪʦʢʘ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʘʩʯʸʪʝ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʃʠʥʠʠ ʪʦʢʘ, ʮʚʝʪʦʚʦʡ ʜʠʘʧʘʟʦʥ ʥʝ ʚʢʣʶʯʘʝʪ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ 

ʧʨʦʧʝʣʣʝʨʘ ʜʣʷ ʙʦʣʴʰʝʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 
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ʈʠʩʫʥʦʢ 6 ï ɺʝʨʪʠʢʘʣʴʥʳʡ ʩʨʝʟ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ 
 

ʅʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʘʵʨʦʘʢʫʩʪʠʢʠ 

ʉʣʝʜʫʶʱʠʡ ʚʦʧʨʦʩ: ʢʘʢ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʛʝʥʝʨʠʨʫʝʤʦʝ ʚʦʟʤʫʱʝʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʨʘʢʪʠʢʝ? ʄʝʪʦʜʳ ʤʘʩʩʠʚʦʚ ʧʦʜʢʨʘʰʝʥʥʦʛʦ ʜʳʤʘ ʠ 

ʬʣʶʛʝʨʥʳʭ ʢʠʩʪʦʯʝʢ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳ 

ʠ ʤʝʜʣʠʪʝʣʴʥʳ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʙʳʣʦ 

ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʊʝʦʨʠʷ ʚʠʭʨʝʚʦʛʦ ʟʚʫʢʘ 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʠʭʨʝʚʦʝ ʧʦʣʝ ʧʦʨʦʞʜʘʝʪ ʟʚʫʢʦʚʦʝ [5]. ʇʦʪʦʢʠ ʚʦʟʜʫʭʘ 

ʛʝʥʝʨʠʨʫʶʪ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʣʫʯʘʶʱʠʝ ʟʚʫʢ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʠʟʤʝʨʝʥʠʝ ʟʚʫʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʪʦʢʝ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʩʫʜʠʪʴ ʦ 

ʩʪʨʫʢʪʫʨʝ ʚʠʭʨʝʚʳʭ ʧʦʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚ ʚʠʭʨʝʚʫʶ ʟʦʥʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʤʠʢʨʦʬʦʥ ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʧʦʚʳʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʘʭ. ʆʪʩʶʜʘ, 

ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʩʝʨʠʶ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʠʟ ʪʨʸʭ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʭ ʤʠʢʨʦʬʦʥʦʚ (ʨʠʩʫʥʦʢ 7), ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ DewesoftSIRIUS-M ʠ ʥʦʫʪʙʫʢʘ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ Dewesoft.  
 

 
 

ʈʠʩʫʥʦʢ 7 ï ʉʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʢʨʦʬʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 
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ɺ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʘ ʚʳʩʪʫʧʘʣ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʨʝʜʥʝʨʘʟʤʝʨʥʳʡ 

ʢʚʘʜʨʦʢʦʧʪʝʨ ɻʝʦʩʢʘʥ ʇʠʦʥʝʨ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ 

ʜʚʠʛʘʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ɻʝʦʩʢʘʥ ʇʠʦʥʝʨ 

(ʧʦʣʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ). 
 

 1 ʤʝʪʨ 5 ʤʝʪʨʦʚ 10 ʤʝʪʨʦʚ 

ʫʣʠʮʘ, ʜɹ 73,5 63,5 56 

ʢʦʨʠʜʦʨ, ʜɹ 81 75 71,5 

ʧʣʦʱʘʜʢʘ, ʜɹ 82 75 72,5 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʠʟʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚ 

ʨʝʞʠʤʝ ʚʠʩʝʥʠʷ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʚʠʭʨʝʚʦʛʦ ʧʦʣʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʠ 

ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʪʢʨʳʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʠʟʤʝʨʝʥʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʣʠʯʘʶʪʩʷ ʯʫʪʴ ʙʦʣʴʰʝ 

ʯʝʤ ʥʘ ʦʙʱʝʧʨʠʥʷʪʦʡ ʜʦʧʫʩʪʠʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 1 ʜɹ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʥʝʠʜʝʘʣʴʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʢʠ (ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʟʝʤʣʠ ʠ ʩʪʝʥ, ʥʘʣʠʯʠʝ ʜʝʨʝʚʴʝʚ, ʩʦʩʝʜʥʠʭ ʟʜʘʥʠʡ ʠ ʪ. ʜ.). ɺʳʷʚʣʝʥʥʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴʩʷ ʠ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ɹʃɸ ʧʦ 

ʫʣʠʮʘʤ ʛʦʨʦʜʘ ʩ ʦʪʨʘʞʝʥʠʝʤ ʟʚʫʢʘ ʦʪ ʩʪʨʦʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʸʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʨʧʫʩʘ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʦʙʪʝʢʘʝʤʦʡ ʬʦʨʤʳ ʚʠʥʪʦʤʦʪʦʨʥʘʷ ʛʨʫʧʧʘ ʩʦʟʜʘʸʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʝ ʠ ʜʘʞʝ 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʧʦʣʝ, ʚʦʟʤʫʱʝʥʠʝ ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʵʪʦʤ ʦʪʯʸʪʣʠʚʦ ʣʦʢʘʣʠʟʦʚʘʥʦ 

ʧʦʜ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʫʱʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʤʦʜʝʣʠ ʙʝʟ ʢʦʨʧʫʩʘ 

ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʦ ʙʦʣʝʝ 

ʨʘʟʤʳʪʫʶ ʬʦʨʤʫ, ʘ ʪʘʢʞʝ ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʚ ʟʦʥʝ ʧʦʜ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʩʣʫʯʘʷ ʧʦʣʸʪʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʠʜʦʨʘ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ, ʦʢʘʟʳʚʘʶʪʩʷ ʚʳʰʝ ʚ 

ʩʠʣʫ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʩʪʝʥ ʟʜʘʥʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʣʦʞʠʪʴ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʢʣʘʜʥʦʡ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-29-06013. 
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(ʛ. ɺʦʨʦʥʝʞ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʦʩʦʙʳ ʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʮʝʣʦʤ. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʦʚ ʠ ʩʠʩʪʝʤ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʜʚʠʛʘʪʝʣʷ. ʋʢʘʟʘʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʫʪʠ 

ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ, ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ɻʊɼ, ʣʝʪʘʪʝʣʴʥʳʡ 

ʘʧʧʘʨʘʪ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʤʥʦʛʦʨʝʞʠʤʥʳʡ ʩʘʤʦʣʝʪ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. 
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ɺʚʝʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʝʜʝʥʠʷ ʚʦʡʥ ʠ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʘʯʠʥʘʷ ʩʦ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʠ ʟʘʢʘʥʯʠʚʘʷ ʚ ʉʠʨʠʡʩʢʦ-ɸʨʘʙʩʢʦʡ 

ʨʝʩʧʫʙʣʠʢʝ, ʩʧʝʮʦʧʝʨʘʮʠʝʡ ɺʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 

ʋʢʨʘʠʥʝ, ʧʨʠʤʝʥʝʥʠʝ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʩʭʦʜ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. 

ɸʚʠʘʮʠʦʥʥʳʡ ɻʊɼ ʜʚʠʛʘʪʝʣʴ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʫʩʪʦʡʯʠʚʦ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʠ 

ʩʢʦʨʦʩʪʝʡ ʧʦʣʝʪʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʩʦʙʝʥʥʦ ʤʥʦʛʦʨʝʞʠʤʥʦʛʦ ʩʘʤʦʣʝʪʘ 

ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʦʚʢʠ, ʩʧʦʩʦʙʥʳʡ ʢʘʢ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʧʦʣʝʪʝ, ʪʘʢ ʠ ʢ 

ʩʚʝʨʭʤʘʥʝʚʨʝʥʥʦʩʪʠ ʧʨʠ ʜʦʟʚʫʢʦʚʦʤ ʧʦʣʝʪʝ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʥʘ 

ʙʦʣʴʰʠʝ ʟʘʢʨʠʪʠʯʝʩʢʠʝ ʫʛʣʳ ʘʪʘʢʠ [1]. ʅʘʧʨʠʤʝʨ, ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʉʫ-27, 

ʄʠɻ-29, ʉʫ-35. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, 

ʢʘʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ɻʊɼ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʦʩʦʙʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʧʫʩʢ ʚʦʟʜʫʭʘ, 

ʧʦʚʦʨʦʪ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʨʠʢʨʳʪʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ (ʥʘʧʨʠʤʝʨ, ɻʊɼ ɸʃ-21ʌ, ɸʃ-31ʌ, 

ʈɼ33-2ʉ), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʛʣʳ ʘʪʘʢʠ ʥʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ, ʙʣʠʟʢʠʝ ʢ 

ʨʘʩʯʝʪʥʳʤ, ʥʦ ʫʤʝʥʴʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʦʚ ʘʪʘʢʠ ʥʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ ʧʨʠ ʪʘʢʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʢʦʤʧʨʝʩʩʦʨʝ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʠ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʷʛʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʚʠʛʘʪʝʣʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ [2]. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʫʪʝʤ ʧʝʨʝʧʫʩʢʘ ʚʦʟʜʫʭʘ (ʥʘʧʨʠʤʝʨ, 

ɻʊɼ ʊɺ3-117, ɺʂ-2500) ʫʩʪʨʘʥʷʝʪ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʚ ʨʘʙʦʪʝ ʧʝʨʚʳʭ ʠ 

ʧʦʩʣʝʜʥʠʭ ʩʪʫʧʝʥʝʡ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʤʧʘʞ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, ʥʦ 

ʫʤʝʥʴʰʘʝʪ ʚʥʫʪʨʝʥʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ɻʊɼ ʠ ʩʥʠʞʘʝʪ ʪʷʛʫ 

ʜʚʠʛʘʪʝʣʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʨʝʞʠʤʘʭ 

ʧʝʨʝʧʫʩʢʘ. ɺʦʟʜʫʭ, ʦʪʦʙʨʘʥʥʳʡ ʠʟ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ, ʫ 

ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʫ ʜʚʫʭʢʦʥʪʫʨʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ï ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ. ʇʦʵʪʦʤʫ ʧʝʨʝʧʫʩʢ ʚʦʟʜʫʭʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʘ ʥʘ ʚʥʦʚʴ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʜʚʠʛʘʪʝʣʷʭ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ [3].  

ɼʣʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʨʝʛʫʣʠʨʫʶʪ ʚʝʣʠʯʠʥʫ 

ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ (ʥʘʧʨʠʤʝʨ, ɻʊɼ ʅʂ-25, ʈɼ33-2ʉ). ʑʝʣʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʜ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʚ ʢʦʨʧʫʩʝ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ ʩ ʱʝʣʝʚʦʡ ʨʝʰʝʪʢʦʡ, ʨʠʩʫʥʦʢ 1. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʩʠʣ, 

ʚʦʟʙʫʞʜʘʶʱʠʭ ʢʦʣʝʙʘʥʠʷ ʣʦʧʘʪʦʢ 1-ʡ ʩʪʫʧʝʥʠ. 



50 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʥʘʜʨʦʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʚʳʰʘʝʪ ʟʘʧʘʩ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʘ 9 % ʧʨʠ ʧʨʠʚʝʜʝʥʥʦʡ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ nʧʨ = 100 %. ʉ ʫʤʝʥʴʰʝʥʠʝʤ nʧʨ ʜʦ 90 % ʟʘʧʘʩ ɻɼʋ 

ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 4 %. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ Gʚ ʯʝʨʝʟ ʩʪʫʧʝʥʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʪʫʧʝʥʠ [4].  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʝʨʬʦʨʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʚʳʰʝʥʠʝ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ: ɸ ï ʦʙʣʘʩʪʴ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ 

ʪʝʯʝʥʠʷ, ɹ ï ʟʦʥʘ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ, ɺ ï ʦʙʣʘʩʪʴ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ 
 

ɸʥʘʣʠʟ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʦʪ ʥʘʨʫʰʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ɻʊɼ ɸʃ-31ʌ, ʈɼ33-2ʉ, ɸʃ-41ʌ-1ʉ) ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ ʨʘʙʦʪʘ 

ʦʩʥʦʚʘʥʘ ʥʘ:  

- ʧʨʠʢʨʳʪʠʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ;  

- ʫʚʝʣʠʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ, ʢʦʪʦʨʦʝ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʦʩʪ ʩʪʝʧʝʥʠ ʧʦʥʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʪʫʨʙʠʥʝ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɸʚʪʦʤʘʪʠʢʘ 

ʫʤʝʥʴʰʘʝʪ ʧʦʜʘʯʫ ʪʦʧʣʠʚʘ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʤʝʥʴʰʘʶʪʩʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ 

ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʠʟ ʩʦʧʣʘ (ʧʦ ʧʨʠʯʠʥʝ ʨʘʩʢʨʳʪʠʷ ʩʦʧʣʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʢʦʤʧʨʝʩʩʦʨʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʪʷʛʠ; 

- ʚʳʜʚʠʞʝʥʠʝ ʧʘʥʝʣʝʡ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ (ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʟʘʧʘʩʦʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ). 

- ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʦʩʥʦʚʥʫʶ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʦʝ 
ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʠ ʨʘʙʦʪʳ ʪʫʨʙʠʥʳ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʦʝ ʨʘʟʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ 

(ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ) ʠ ʧʘʜʘʝʪ ʨʘʩʭʦʜ 

ʚʦʟʜʫʭʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʪʷʛʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʨʠʡʥʦʛʦ ɻʊɼ ɸʃ-

31ʌ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

UniTTF (ʢʦʥʪʨʘʢʪ ˉ 20-ʆɺ ʦʪ 14.12.2012 ʛ.) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʪʝʥʜʝ 

ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ: 
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- ʧʨʠʢʨʳʪʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ (űʥʘ = - 10Á) ʧʨʠʚʦʜʠʪ ʢ çʧʨʦʚʘʣʫè 

ʪʷʛʠ ʈ ɻʊɼ ʥʘ 9,3 %; 

- ʧʝʨʝʧʫʩʢ ʚʦʟʜʫʭʘ (ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ Gʚʧʨ = 1,4 % ʦʪ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʪʷʛʠ ʥʘ 

11 %.  

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 20 % (ʦʪ 

ʩʪʘʥʜʘʨʪʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ) (ʠʤʠʪʘʮʠʷ ʧʦʧʘʜʘʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʚ 

ʪʨʘʢʪ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʦʨʪʦʚʦʛʦ ʦʨʫʞʠʷ) çʧʨʦʚʘʣè ʪʷʛʠ ʈ ʩʦʩʪʘʚʣʷʝʪ 

ʜʦ 50 % (ʧʨʠʢʨʳʪʠʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʩʝʯʝʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ, ʚʳʜʚʠʞʝʥʠʝ ʧʘʥʝʣʝʡ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʦʩʥʦʚʥʫʶ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ), 

ʟʘʧʘʩ ɻɼʋ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 30 % (ʩʪʘʥʜʘʨʪʥʦʝ 

ʟʥʘʯʝʥʠʝ), ʥʦ ʤʘʢʩʠʤʘʣʴʥʘʷ nʧʨmax ʫʤʝʥʴʰʘʝʪʩʷ ʩ 95 ʜʦ 90,8 %. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʜʚʠʛʘʪʝʣʷ ʧʨʦʭʦʜʠʣʦ ʥʘ ʙʝʩʬʦʨʩʘʞʥʦʤ 

ʨʝʞʠʤʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʦʠʥʩʪʚʘ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ɻʊɼ ʦʪ ʥʘʨʫʰʝʥʠʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʥʠ ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: 

- ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʝ ʧʦʣʝʪʘ; 

- ʪʨʫʜʥʦʩʪʴ ʪʦʯʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʤʝʥʪʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ 

(ʥʘʧʨʠʤʝʨ, ʩʙʨʦʩʘ ʪʦʧʣʠʚʘ) ʩ ʤʦʤʝʥʪʦʤ ʧʦʜʭʦʜʘ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ [5];  

- ʧʨʠ ʙʳʩʪʨʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ɻʊɼ ʘʚʪʦʤʘʪʠʢʘ ʥʝ 

ʫʩʧʝʚʘʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ;  

- ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ɻʊɼ ʈɼ-33 ʥʘ 80 õ 160 ʂ, ʪʝʤʧʝ ʝʝ ʥʘʨʘʩʪʘʥʠʷ 1000 õ 

4000 ʂ/ʩ ʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʷʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ çʧʨʦʚʘʣaè ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʜʦʩʪʠʛʘʣʠ 

55 %, ʘ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʧʘʩʳ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʩʪʠʛʘʣʠ 2 % [5]; 

- ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʘʚʪʦʤʘʪʦʤ ʧʨʠʝʤʠʩʪʦʩʪʠ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3 ʜʦ 8 ʩ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ [6]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ɻʊɼ ʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ: 

- ʫʯʝʪʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʪʨʘʢʪ ɻʊɼ (ʥʘʧʨʠʤʝʨ, 
ʪʝʤʧʝʨʘʪʫʨʥʳʭ); 

- ʚʠʜʝ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʧʦʤʧʘʞ, 

ʚʨʘʱʘʶʱʠʡʩʷ ʩʨʳʚ); 

- ʫʯʝʪʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ (n> 90 %, n <  90 %); 

- ʫʨʦʚʥʝ W-ʚʦʟʤʫʱʝʥʠʡ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʜʚʠʛʘʪʝʣʴ; 

- ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ; 
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- ʧʨʠʤʝʥʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ɻʊɼ; 

- ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʥʦʛʦʨʝʞʠʤʥʦʛʦ ʩʘʤʦʣʝʪʘ ʚʦʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʨʘʙʦʪʢʝ 

ʤʝʪʦʜʠʢʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʨʪʦʣʝʪʘ ʄʠ-38-2 ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʘʜʦʢ ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʩ ʜʚʫʤʷ ʚʳʢʣʶʯʝʥʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ. ʍʦʪʷ ʧʦʩʘʜʢʠ ʨʝʞʠʤʘ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʚʩʝʭ 

ʚʝʨʪʦʣʸʪʘʭ ʤʘʨʢʠ ʄʠ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʢʘʟʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʸʪʘ ʄʠ-38-2 ʥʝ ʪʦʣʴʢʦ ʩ ʥʦʨʤʘʣʴʥʦʡ ʚʟʣʸʪʥʦʡ ʤʘʩʩʦʡ 14200 ʢʛ, 

ʥʦ ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ï 15600 ʢʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʪʦʣʸʪ, ʥʝʩʫʱʠʡ ʚʠʥʪ, ʜʚʠʛʘʪʝʣʴ, ʨʝʞʠʤ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ 

ʚʠʥʪʘ, ʜʠʥʘʤʠʢʘ ʧʦʣʸʪʘ, ʧʦʩʘʜʢʘ. 
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Abstract. The paper presents the main results obtained in the development of piloting 

techniques and determining the landing characteristics of the Mi-38-2 helicopter when landing on the 

self-rotation mode of the main rotor with two engines turned off. Although the landing of the rotor 

self-rotation mode is performed on all Mi-brand helicopters, but the peculiarity of this work was the 

need to show the possibility of landing the Miï38-2 helicopter not only with a normal take-off weight 

of 14200 kg, but also with a maximum of 15600 kg. 

Keywords: helicopter, main rotor, engine, rotor self-rotation mode, flight dynamics, landing. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʨʘʙʦʪʢʝ 

ʤʝʪʦʜʠʢʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʨʪʦʣʝʪʘ 

ʄʠ-38-2 ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʘʜʦʢ ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʩ 

ʜʚʫʤʷ ʚʳʢʣʶʯʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʍʦʪʷ ʧʦʩʘʜʢʠ ʨʝʞʠʤʘ ʩʘʤʦʚʨʘʱʝʥʠʷ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʚʩʝʭ ʚʝʨʪʦʣʸʪʘʭ ʤʘʨʢʠ ʄʠ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʸʪʘ 

ʄʠ-38-2 ʥʝ ʪʦʣʴʢʦ ʩ ʥʦʨʤʘʣʴʥʦʡ ʚʟʣʸʪʥʦʡ ʤʘʩʩʦʡ 14 200ʢʛ, ʥʦ ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ï 15 600ʢʛ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʦʩʘʜʦʢ ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ 

ʚʠʥʪʘ ʥʘ ʚʝʨʪʦʣʝʪʝ ʄʠ-38-2 [1], ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʘʜʦʢ ʠ 

ʪʨʝʥʠʨʦʚʢʠ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʚʝʨʪʦʣʸʪʝ ʄʠ-17, ʥʘ ʢʦʪʦʨʦʤ 

ʚʳʧʦʣʥʝʥʦ 19 ʧʦʩʘʜʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ 7 ʧʦʩʘʜʦʢ ʩ ʤʘʩʩʦʡ ʚʝʨʪʦʣʸʪʘ 10000 ʢʛ, ʠʟ ʥʠʭ 

6 ʩ ʚʳʢʣʶʯʝʥʠʝʤ ʜʚʠʛʘʪʝʣʝʡ, 12 ʧʦʩʘʜʦʢ ʩ ʤʘʩʩʦʡ 12000 ʢʛ, ʠʟ ʥʠʭ 11 ʩ 

ʚʳʢʣʶʯʝʥʠʝʤ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʚʝʨʪʦʣʸʪʘ ʄʠ-38-2 ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʄʠ-17, ʧʦʵʪʦʤʫ ʤʝʪʦʜʠʢʘ ʧʦʩʘʜʦʢ 

ʄʠ-38-2 ʥʝʠʟʙʝʞʥʦ ʙʫʜʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ. 

ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʬʠʣʷ ʧʦʣʝʪʘ ʧʨʠ  ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʘʜʦʢ ʥʘ ʈʉʅɺ 

ʧʨʠʥʷʪʳ ʧʨʦʩʪʦʪʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʘʜʢʠ [2, 3] ʜʣʷ ʣʝʪʯʠʢʘ ʩʨʝʜʥʝʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ: 

 ʣʦʛʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ ʛʣʠʩʩʘʜʝ ʩʥʠʞʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʘ ʟʘʜʘʯʘ ʠ ʣʠʰʴ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦ ʧʦʩʘʜʢʠ, ʜʚʘ ʜʝʡʩʪʚʠʷ; 

 ʦʙʦʩʥʦʚʘʥʥʘʷ ʨʘʩʪʷʥʫʪʦʩʪʴ ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʠʣʦʪʠʨʦʚʘʥʠʷ;  
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 ʜʦʩʪʘʪʦʯʥʦ ʫʤʝʨʝʥʥʳʝ ʠ ʧʨʠʚʳʯʥʳʝ ʜʣʷ ʣʝʪʯʠʢʘ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʘ ʪʘʥʛʘʞʘ ʚʝʨʪʦʣʝʪʘ ʜʣʷ ʛʘʰʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʣʝʪʯʠʢ ʩʦʭʨʘʥʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ 

ʚʝʨʪʦʣʝʪʘ. 

ɺ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʤʝʪʦʜʠʢʘ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʸʪʘ ʄʠ-38-2 ʥʘ ʨʝʞʠʤʝ 

ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʦʪʨʘʙʦʪʘʥʘ ʥʘ ʘʵʨʦʜʨʦʤʝ çʖʭʘʨʠʥʘ ʙʘʣʢʘè ʚ ʛ. 

ʉʝʚʘʩʪʦʧʦʣʴ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʳ ʧʷʪʴ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʧʦʩʘʜʦʢ 

ʚʝʨʪʦʣʸʪʘ ʄʠ-38-2 ʩ ʤʘʩʩʦʡ 14200 ʢʛ ʩ ʫʚʦʜʦʤ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʨʝʞʠʤ ʟʝʤʥʦʛʦ 

ʤʘʣʦʛʦ ʛʘʟʘ (ɿʄɻ). ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʵʪʠʭ ʧʦʩʘʜʦʢ ʚʳʧʦʣʥʝʥʳ ʯʝʪʳʨʝ 

ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʸʪʘ ʩ ʤʘʩʩʦʡ 15600 ʢʛ ʪʘʢʞʝ ʙʝʟ ʚʳʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ, ʩ ʫʚʦʜʦʤ 

ʠʭ ʥʘ ʨʝʞʠʤ ɿʄɻ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʧʦʩʘʜʦʢ ʩ ʤʘʩʩʦʡ 15600 ʢʛ 

ʧʦʜʪʚʝʨʜʠʣ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʩʘʜʦʢ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ 

ʜʝʥʴ ʧʨʦʛʨʘʤʤʳ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʳʧʦʣʥʝʥʳ ʝʱʸ ʪʨʠ ʧʦʩʘʜʢʠ ʩ ʤʘʩʩʦʡ 15600 

ʢʛ ʩ ʫʚʦʜʦʤ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʨʝʞʠʤ ɿʄɻ, ʧʦʩʣʝ ʯʝʛʦ  ʚʳʧʦʣʥʝʥʘ ʧʦʩʘʜʢʘ ʥʘ ʨʝʞʠʤʝ 

ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʩ ʚʳʢʣʶʯʝʥʠʝʤ ʜʚʠʛʘʪʝʣʝʡ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ  

ʄʠ-38-2 ʩ ʤʘʩʩʦʡ 15600 ʢʛ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ ʧʦʩʘʜʦʢ ʧʦ ʚʨʝʤʝʥʠ: ʦʪ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʭ ʚʝʣʠʯʠʥ ʥʘ ʨʝʞʠʤʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦ çʚʟʷʪʠʷè hʘʛʘ ʥʝʩʫʱʝʛʦ 

ʚʠʥʪʘ 

ɺʠʟʫʘʣʠʟʘʮʠʠ ʟʘʧʠʩʝʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ ʩ ʤʘʩʩʦʡ 15600 ʢʛ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 1).  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʠʟʫʘʣʠʟʘʮʠʠ ʟʘʧʠʩʝʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ ʠ ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ɹʉʉ-500ɸ 
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ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʛʣʦʚ ʪʘʥʛʘʞʘ ʚ ʧʦʩʘʜʢʘʭ ʚʝʨʪʦʣʸʪʘ ʩ 

ʤʘʩʩʦʡ 15600 ʢʛ ʩʦʩʪʘʚʠʣʘ 14,4.̄ ʊʝʤʧ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ DuκDǘ ʥʘ 
ʧʨʝʜʧʦʩʘʜʦʯʥʦʤ ʤʘʥʝʚʨʝ ʩʦʩʪʘʚʠʣ, ʚ ʩʨʝʜʥʝʤ, 1,9/̄ʩ, ʦʩʨʝʜʥʸʥʥʘʷ ʚʝʣʠʯʠʥʳ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʥʠʞʝʥʠʷ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ 

ʪʘʥʛʘʞʘ ʩʦʩʪʘʚʠʣʘ: -6,8ʤ/ʩ. 

ʀʟ ʘʥʘʣʠʟʘ ʚʠʟʫʘʣʠʟʘʮʠʡ ʟʘʧʠʩʝʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʸʪʘ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʦʩʘʜʢʘʭ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʥʘʯʘʣʘ çʚʟʷʪʠʷè ʦʙʱʝʛʦ ʰʘʛʘ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʤʝʥʪʦʤ 

ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʪʘʥʛʘʞʘ. ɺ ʧʦʩʘʜʢʘʭ ʩ ʤʘʩʩʦʡ 15600 ʢʛ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʦʙʱʝʛʦ ʰʘʛʘ, ʦʩʨʝʜʥʸʥʥʘʷ ʧʦ 8 ʧʦʩʘʜʢʘʤ, ʩʦʩʪʘʚʠʣʘ ï 

14,5.̄ ɺʦ ʚʩʝʭ ʧʦʩʘʜʢʘʭ ʚʨʝʤʷ çʚʟʷʪʠʷè ʦʙʱʝʛʦ ʰʘʛʘ, ʚ ʩʨʝʜʥʝʤ, ʩʦʩʪʘʚʠʣʦ 3,5ʩ ʠ 

4ʩ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ 5,6ʩ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʣʝʪʯʠʢʫ ʧʨʠ ʥʝʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʥʠʞʝʥʠʷ ʢ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ çʚʟʷʪʠʷè ʦʙʱʝʛʦ 

ʰʘʛʘ ʭʦʨʦʰʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʙʣʠʞʝʥʠʷ ʩ ʟʝʤʣʸʡ ʧʨʠ ʧʨʠʟʝʤʣʝʥʠʠ 

ʚʝʨʪʦʣʝʪʘ. ʊʝʤʧ çʚʟʷʪʠʷè ʦʙʱʝʛʦ ʰʘʛʘ ʚ ʧʦʩʘʜʢʘʭ ʩ ʤʘʩʩʦʡ 15600 ʢʛ ʩʦʩʪʘʚʠʣ 

2,44/̄ʩ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ 

çʚʟʷʪʠʷè hʘʛʘ ʠ ʧʨʦʠʩʭʦʜʷʱʝʝ ʟʘ ʵʪʦ ʚʨʝʤʷ ʧʘʜʝʥʠʝ ʦʙʦʨʦʪʦʚ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ, 

ʚʝʨʪʦʣʝʪ ʩʦʭʨʘʥʷʣ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʩʘʜʦʯʥʦʛʦ 

ʫʛʣʘ ʪʘʥʛʘʞʘ ʠ ʧʨʠʟʝʤʣʝʥʠʷ ʥʘ ʦʩʥʦʚʥʳʝ ʢʦʣʝʩʘ ʰʘʩʩʠ. 

ʀʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʦʩʤʳʩʣʝʥʠʝ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʦʧʳʪʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʘʜʦʢ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʧʦʟʚʦʣʠʣʠ ʚʳʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ, 

ʪʝʭʥʠʢʫ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʬʠʣʴ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʝʪʘ ʄʠ-38-2 ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʟʣʸʪʥʦʡ ʤʘʩʩʦʡ 15600 ʢʛ ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ.  

ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʘʜʢʠ ʄʠ-38-2 ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ʩʢʦʨʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ï Vʧʨʠʙ=170é180 ʢʤ/ʯ. ɺʳʙʨʘʥʘ ʩ ʫʯʸʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʚʝʨʪʦʣʸʪʘ, ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ ʧʨʠ ʙʦʣʴʰʦʤ ʪʝʤʧʝ 

ʫʚʝʣʠʯʝʥʠʷ ʪʘʥʛʘʞʘ, ʦʜʥʘʢʦ ʧʨʠ ʧʣʘʚʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʨʫʯʢʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʰʘʛʘ, 

ʥʘʯʠʥʘʷ ʩ ʚʳʩʦʪʳ ʧʨʠʤʝʨʥʦ ʅu1=100ʤ, ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʛʘʰʝʥʠʶ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ Vx ʥʘ 30é50ʢʤ/ʯ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʥʠʞʝʥʠʷ 

Vʫ ʥʘ 3é4ʤ/ʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʝʨʪʦʣʝʪ ʧʨʠʭʦʜʠʪ ʚ ʪʦʯʢʫ ʥʘʯʘʣʘ ʤʘʥʝʚʨʘ ʧʦ 

ʚʳʧʦʣʥʝʥʠʶ ʧʦʩʘʜʢʠ ʥʘ ʚʳʩʦʪʝʅu2 = 40é30ʤ ʠ ʩʢʦʨʦʩʪʠ Vʧʨʠʙ= 130é140ʢʤ/ʯ. 

ʇʨʠ ʵʪʦʤ ʚʦ ʚʨʝʤʷ ʩʥʠʞʝʥʠʷ ʩ ʚʳʩʦʪʳ ʅu1=100ʤ ʜʦ ʅu2= 40é30ʤ ʧʨʠ ʧʣʘʚʥʦʤ 

ʦʪʢʣʦʥʝʥʠʠ ʈʎʐ çʥʘ ʩʝʙʷè ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚ ʪʘʥʛʘʞʘ ʠ ʘʪʘʢʠ 

ʚʠʥʪʘ ʨʘʩʢʨʫʪʢʘ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1é2%, ʪ.ʝ. 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʦʙʦʨʦʪʦʚ ʚʠʥʪʘ ʚ ʨʝʢʦʤʝʥʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 95é99%;  

 ʚʳʩʦʪʘ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʧʦʩʘʜʦʯʥʦʛʦ ʤʘʥʝʚʨʘ ʩ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤ ʪʝʤʧʦʤ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ʚʳʙʨʘʥʘ ʅu2=40é30ʤ ʠʟ ʫʩʣʦʚʠʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʛʘʰʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ Vx ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ Vy ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʧʦʩʘʜʦʯʥʦʡ ʩʢʦʨʦʩʪʠ ʤʝʥʝʝ 60 ʢʤ/ʯ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʝʣʠʯʠʥʫ ʧʝʨʝʛʨʫʟʢʠ ʧʨʠ ʧʦʩʘʜʢʝ ny<2. ɺ ʧʨʦʮʝʩʩʝ 

ʵʪʦʛʦ ʤʘʥʝʚʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ 
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ʚʠʥʪʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʣʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʩʢʨʫʪʢʘ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ 

ʥʘ ʧʨʝʜʧʦʩʘʜʦʯʥʦʤ ʤʘʥʝʚʨʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ 

ʪʘʥʛʘʞʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʛʣʘ ʘʪʘʢʠ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ 

ʪʘʥʛʘʞʘ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʝʛʦ ʫʜʝʨʞʘʥʠʠ, ʜʘʞʝ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʦʙʦʨʦʪʦʚ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ. ʇʦʵʪʦʤʫ ʤʘʥʝʨʘ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ ʰʘʛʘ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʪʘʥʛʘʞʘ, 

ʢʦʛʜʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʤʘʢʩʠʤʘʣʴʥʘ; 

 ʦʩʨʝʜʥʝʥʥʳʡ ʪʝʤʧ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʛʦ ʰʘʛʘ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʦʪ ʤʦʤʝʥʪʘ 
ʥʘʯʘʣʘ ʝʛʦ çʚʟʷʪʠʷè ʥʘ ʚʳʩʦʪʝ ʅ = 15é10 ʤ ʜʦ ʤʦʤʝʥʪʘ ʢʘʩʘʥʠʷ ʦʩʥʦʚʥʳʤʠ 

ʢʦʣʝʩʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʨʠʥʷʪ å2̄/ʩ. ʄʦʤʝʥʪ ʥʘʯʘʣʘ çʚʟʷʪʠʷè ʦʙʱʝʛʦ ʰʘʛʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʪʘʥʛʘʞʘ, ʧʦʵʪʦʤʫ 

ʩʦʭʨʘʥʸʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʛʦ ʰʘʛʘ, ʪ.ʝ. ʚʳʩʦʢʦʝ ʧʨʠʨʘʱʝʥʠʝ ʪʷʛʠ ʚʠʥʪʘ, ʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ çʚʟʷʪʠʝè hʘʛʘ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʨʘʩʪʷʥʫʪʳʤ ʧʦ ʚʨʝʤʝʥʠ, ʩ 

ʜʦʩʪʠʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʰʘʛʘ ʟʘ ʚʨʝʤʷ å4é5ʩʝʢ.  

ɺ ʨʘʙʦʪʝ ʦʙʨʘʱʝʥʦ ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ, ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʦʤʝʜʣʝʥʠʝ ʩ 

ʥʘʯʘʣʦʤ çʚʟʷʪʠʷè hʘʛʘ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʧʦʩʣʝ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʪʘʥʛʘʞʘ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʙʦʨʦʪʦʚ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ, ʘ ʪʘʢʞʝ 

ʫʧʨʝʞʜʘʶʱʘʷ ʜʘʯʘ ʨʫʯʢʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʰʘʛʘ çʦʪ ʩʝʙʷè ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʤʝʥʪʘ 

çʚʟʷʪʠʷè hʘʛʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʡ ʧʦʪʝʨʝ ʦʙʦʨʦʪʦʚ ʅɺ.  

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʘʜʦʢ ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʳʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʦ ʩʪʨʦʛʦʡ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʣʸʪʯʠʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʠʣʦʪʠʨʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʩʘʜʦʢ 
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ɺʦ ʚʩʝʭ ʧʦʩʘʜʢʘʭ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʪʘʙʣʠʮʝ 1 ʤʘʪʝʨʠʘʣʘ, 

ʚʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ny ʥʝ ʧʨʝʚʳʰʘʣʘ 2,0, ʘ ʚ ʧʦʩʘʜʢʝ ʚʝʨʪʦʣʸʪʘ ʩ 

ʤʘʩʩʦʡ 15600 ʢʛ ʩ ʚʳʢʣʶʯʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʚʝʣʠʯʠʥʘ ny ʩʦʩʪʘʚʠʣʘ 1,51. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʨʪʦʣʸʪʘ ʩ ʚʳʢʣʶʯʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʚ ʤʦʤʝʥʪ 

ʢʘʩʘʥʠʷ ʟʝʤʣʠ, ʩʦʩʪʘʚʠʣʘ Vy=1,37ʤ/ʩ, ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ 

ʧʨʠʟʝʤʣʝʥʠʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʟʘʧʠʩʠ ʜʘʪʯʠʢʦʚ ʦʙʦʨʦʪʦʚ ʢʦʣʸʩ ï 56ʢʤ/ʯ. ɿʘʧʘʩ 

ʧʦ ʰʘʛʫ ʅɺ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ çʚʟʷʪʠʠè ʰʘʛʘ 

ʩʦʩʪʘʚʠʣ 4,7.̄  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʚʝʨʪʦʣʸʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʦʡ 

15600 ʢʛ ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʰʘʛʝ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ 4é5 ʛʨʘʜʫʩʦʚ, ʪ.ʝ. ʥʘ 2é3 ʛʨʘʜʫʩʘ ʙʦʣʴʰʝ ʤʠʥʠʤʘʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʰʘʛʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʦʨʦʪʦʚ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚ ʨʝʢʦʤʝʥʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ʚʝʨʪʦʣʝʪʘ ʦʙʱʠʡ ʰʘʛ ʅɺ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʜʦʩʪʘʪʦʯʥʳʝ ʟʘʧʘʩʳ ʧʦ ʧʫʪʝʚʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ ʜʣʷ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʦʙʝʛʝ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʣʦʧʘʩʪʷʤʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʠ ʭʚʦʩʪʦʚʦʡ ʙʘʣʢʦʡ.  

ɺʦ ʚʩʝʭ ʧʦʩʘʜʢʘʭ ʧʨʠʟʝʤʣʝʥʠʝ ʚʝʨʪʦʣʝʪʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʩʘʜʦʯʥʳʤ 

ʫʛʣʦʤ ʪʘʥʛʘʞʘ u@4 é̄8̄. ʆʜʥʘʢʦ ʢʦʥʩʪʨʫʢʮʠʷ ʚʝʨʪʦʣʸʪʘ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʟʦʧʘʩʥʫʶ ʧʦʩʘʜʢʫ (ʧʦ ʫʩʣʦʚʠʶ ʢʘʩʘʥʠʷ ʟʝʤʣʠ ʭʚʦʩʪʦʚʦʡ ʧʷʪʦʡ) 

ʩ ʪʘʥʛʘʞʦʤ 10é12 ʛʨʘʜʫʩʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʘʜʦʢ ʥʘ ʈʉʅɺ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠʟʝʤʣʝʥʠʷ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʆʪʨʘʙʦʪʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʘʜʦʢ ʥʘ 

ʨʝʞʠʤʝ ʩʘʤʦʚʨʘʱʝʥʠʷ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʄʠ-38-2 ʧʨʦʬʠʣʴ ʠ ʤʝʪʦʜʠʢʘ 

ʧʦʩʘʜʦʢ ʷʚʣʷʶʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʧʦ ʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 

ʧʣʘʚʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʫʤʝʨʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ.  

ʇʘʨʘʤʝʪʨʳ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʸʪʘ ʩ ʤʘʩʩʦʡ 15600 ʢʛ ʩ ʚʳʢʣʶʯʝʥʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʩʦʩʪʘʚʠʣʠ: Vy=1,37ʤ/ʩ;  Vxʧʦʩ=56ʢʤ/ʯ; u@8 ;̄ ny=1,51. 

ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʘʜʦʢ ʥʘ ʈʉʅɺ ʥʝ ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʦ ʩʪʨʦʛʦʡ, 

ʜʦʧʫʩʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʜʦʩʪʫʧʥʘ 

ʣʝʪʯʠʢʘʤ ʩʨʝʜʥʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʈʃʕ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʛʦʨʝʥʠʝ ʤʝʪʘʥʦʚʦʟʜʫʰʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʪʨʫʡ ʧʷʪʠ ʤʘʩʰʪʘʙʦʚ: 10
-2

; 5 Ξ 10
-3

; 10
-3

; 5 Ξ 10
-4

 ʠ 

10
-4 
ʤ. ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʨʘʜʠʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʨʝʘʛʠʨʫʶʱʠʭ ʩʪʨʫʡ. ʇʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ 

ʬʘʢʝʣʦʚ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʫʟʠʦʥʥʘʷ ʩʪʨʫʷ, ʛʦʨʝʥʠʝ, ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ, ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʳʩʦʪʘ ʧʣʘʤʝʥʠ. 
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Abstract. Numerical studies of the influence of the scale factor on the combustion of methane-

air diffusion jets of five scales have been carried out combustion: 10
-2
; 5 Ξ 10-3; 10-3

; 5 Ξ 10-4 and 10-4
 m. 

The distributions of temperature profiles in the radial sections of reacting jets are graphically presented. 

The dependences of the relative flame length on the Reynolds number are constructed. 

Keywords: diffusion jet, combustion, scale factor, numerical modeling, temperature, flame 

height. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʚʷʟʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ 

ʪʨʝʙʦʚʘʥʠʡ, ʦʨʛʘʥʠʟʘʮʠʷ ʛʦʨʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, 

ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʚʷʟʢʠ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ: ʚʳʩʦʢʘʷ ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ, ʩʪʘʙʠʣʴʥʦʝ ʛʦʨʝʥʠʝ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ, ʥʠʟʢʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦ ʦʙʲʝʤʫ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʟʘʠʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʩʞʠʛʘʥʠʷ 

ʪʦʧʣʠʚʘ ʠ ʢʦʥʮʝʧʮʠʡ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʤʠʢʨʦ- ʠ 

ʤʝʟʦʤʘʩʰʪʘʙʥʦʛʦ ʛʦʨʝʥʠʷ ʚ ʤʘʩʩʠʚʘʭ ʨʝʘʛʠʨʫʶʱʠʭ ʩʪʨʫʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʨʘʟʜʝʣʝʥʠʠ ʟʦʥʳ ʨʝʘʢʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʟʦʥ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʤʘʩʰʪʘʙʘ ʬʦʨʩʫʥʦʢ ʥʘ 

ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʛʦʨʝʥʠʷ ʚ ʤʘʩʩʠʚʘʭ ʨʝʘʛʠʨʫʶʱʠʭ ʩʪʨʫʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʥʠʞʝʥʠʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʲʝʤʝ ʚʥʫʪʨʠʢʘʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʧʦʚʳʰʝʥʠʠ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʤʝʥʠ. ɺ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʚ ʤʘʩʩʠʚʘʭ ʨʝʘʛʠʨʫʶʱʠʭ ʩʪʨʫʡ ʧʦʣʫʯʠʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʭʘʥʠʟʤ ʦʨʛʘʥʠʟʘʮʠʠ ʛʦʨʝʥʠʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ. 

ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ ʜʦ 

ʟʥʘʯʝʥʠʡ ʢ́ = 80 ʠ ʙʦʣʝʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʩʢʦʢʘ ʧʣʘʤʝʥʠ 

ʚ ʟʦʥʫ ʩʤʝʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʠʬʬʫʟʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠ 

ʤʝʭʘʥʠʟʤ ʩ ʯʘʩʪʠʯʥʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ. ʉʦʟʜʘʥʠʝ ʨʘʩʯʝʪʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʝʣʦʯʥʳʭ ʤʦʜʫʣʝʡ ʢʘʤʝʨ 

ʩʛʦʨʘʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʬʘʢʝʣʴʥʦʛʦ ʩʞʠʛʘʥʠʷ 

ʪʦʧʣʠʚʘ, ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ. 

ɼʦʩʪʫʧʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʘʩʩʠʚ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʠʟʫʯʝʥʠʶ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʛʠʨʫʶʱʝʛʦ 

ʪʝʯʝʥʠʷ ʯʘʩʪʦ ʥʦʩʠʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʫʶ ʩʠʩʪʝʤʫ ï 

ʜʠʬʬʫʟʠʦʥʥʫʶ ʨʝʘʛʠʨʫʶʱʫʶ ʣʘʤʠʥʘʨʥʫʶ ʩʪʨʫʶ. ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʦʨʝʥʠʷ ʣʘʤʠʥʘʨʥʳʭ ʧʣʘʤʝʥ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ 

ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʳʭ ʠ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʬʘʢʝʣʦʚ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʣʘʤʝʥʠ ʚʳʧʦʣʥʝʥʦ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭ 

ʢʦʤʧʦʥʦʚʢʘʭ: ʩ ʧʦʜʘʯʝʡ ʩʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʦʢʠʩʣʠʪʝʣʷ ʯʝʨʝʟ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʥʘʣ ʠ 

ʙʝʟ ʥʝʛʦ. ʇʦʜʘʯʘ ʪʦʧʣʠʚʘ ï ʤʝʪʘʥʘ (CH4) ʚ ʟʦʥʫ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʝʟ 

ʢʘʥʘʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʦʩʠ ʤʦʜʝʣʠ. ʏʝʨʝʟ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʥʘʣ ʧʦʜʘʚʘʣʩʷ 

ʦʢʠʩʣʠʪʝʣʴ ï ʚʦʟʜʫʭ (O2 + 3,76 N2). ʆʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʝʪ ʭʠʤʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ, ʥʝ ʦʛʨʘʥʠʯʝʥʘ ʩʪʝʥʢʘʤʠ ʠ ʟʘʧʦʣʥʝʥʘ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʷʪʠ ʤʘʩʰʪʘʙʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʤʘʩʰʪʘʙ ʩʪʨʫʠ, ʧʨʠʥʷʪʳ 

ʜʠʘʤʝʪʨʳ ʢʘʥʘʣʦʚ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ, ʨʘʚʥʳʝ 10
-2
; 5 Ξ 10-3; 10-3

; 5 Ξ 10-4 ʠ 10-4 
ʤ. 

ʇʣʦʱʘʜʴ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʧʦʜʘʯʠ ʦʢʠʩʣʠʪʝʣʷ ʚ 35 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʧʣʦʱʘʜʴ ʢʘʥʘʣʘ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʮʠʣʠʥʜʨʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʙʣʘʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʫʶ ʠʩʪʝʢʘʶʪ ʢʦʤʧʦʥʝʥʪʳ 

ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ, ʚ 900 ʨʘʟ ʙʦʣʴʰʝ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ 

ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʮʠʣʠʥʜʨʘ ʨʘʚʥʘ 6,67 ʢʘʣʠʙʨʘ. 
 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʨʝʘʛʠʨʫʶʱʝʡ 

ʩʪʨʫʠ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

RANS (ʆʩʨʝʜʥʝʥʠʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ) ʧʦʜʭʦʜʘ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʳʙʨʘʥʘ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ k-eRNG, 

ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʚ ʨʘʩʯʝʪʘʭ ʩʪʨʫʡʥʳʭ ʪʝʯʝʥʠʡ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ non-premixedcombustion 

(laminarPDF-flamelet). ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʠʤʠʠ ʩ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʝʘʢʮʠʷʭ. ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʥʘʙʦʨʝ ʜʦʧʫʱʝʥʠʡ, ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʟʥʘʯʝʥʠʝʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʩʭʦʜʷ ʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʝʜʠʥʳʤ ʦʙʨʘʟʦʤ ʦʧʠʩʘʪʴ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʪʨʫʝ, ʢʘʢ ʧʨʠ ʛʦʨʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʠ [1]. ʅʝʜʦʩʪʘʪʢʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: 

 ʇʣʘʤʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʜʠʬʬʫʥʜʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ ʠ 

ʦʢʠʩʣʠʪʝʣʷ; 

 ʅʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʜʘʯ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ, 

ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʘ, ʨʘʟʣʠʯʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʠʩʭʦʜʥʦʡ ʠ 

ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʩʤʝʩʠ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʝʣʠ ʜʠʩʢʨʝʪʥʳʭ ʦʨʜʠʥʘʪ (DO). ʄʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ. 

 

ɺʝʨʠʬʠʢʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʝʨʠʬʠʢʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [2] ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʛʦʨʝʥʠʷ ʣʘʤʠʥʘʨʥʦʡ ʩʪʨʫʠ 

ʤʝʪʘʥʘ ʚ ʩʧʫʪʥʦʤ ʧʦʪʦʢʝ ʚʦʟʜʫʭʝ. ʄʦʜʝʣʴ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2 (ʘ). ʏʝʨʝʟ ʬʦʨʩʫʥʢʫ ʜʠʘʤʝʪʨʦʤ 11,1 Ξ 10-3 ʤ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʦʩʠ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ ï ʤʝʪʘʥʘ. Cʧʫʪʥʳʤ ʧʦʪʦʢʦʤ ʧʦʜʘʚʘʣʩʷ 

ʦʢʠʩʣʠʪʝʣʴ ʯʝʨʝʟ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ ʜʠʘʤʝʪʨʦʤ 102 Ξ 10-3 ʤ. ɺʳʩʦʪʘ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ 2 Ξ 10-3 ʤ. ʉʝʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 (ʙ). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʪʝʪʨʘʵʜʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʬʨʦʥʪ ʧʣʘʤʝʥʠ, ʤʘʩʰʪʘʙ ʵʣʝʤʝʥʪʦʚ 

ʩʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʤʝʥʴʰʝʥ ʜʦ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʣʘʤʠʥʘʨʥʦʛʦ ʬʨʦʥʪʘ 

ʧʣʘʤʝʥʠ.  

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [2]. ʅʘ ʚʭʦʜʘʭ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʚ ʨʘʩʯʸʪʥʫʶ ʦʙʣʘʩʪʴ 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʩʢʦʨʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʚʥʷʣʠʩʴ 

0,079 ʤ/ʩ. ʀʩʪʝʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʨʝʜʫ ʩ ʘʪʤʦʩʬʝʨʥʳʤ 

ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 101325 ʇʘ. ʉʪʝʥʢʠ ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʦʚʦʛʦ 

ʚʚʦʜʘ ʚʳʧʦʣʥʝʥʳ ʠʟ ʣʘʪʫʥʠ. 
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ʘ)                                       ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʪʨʫʡʥʦʛʦ ʧʣʘʤʝʥʠ ʤʝʪʘʥʘ: 

ʘ) ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ; ʙ) ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʨʘʜʠʫʩʫ ʟʦʥʳ 

ʨʝʘʢʮʠʠ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʬʦʨʩʫʥʢʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 0,63; 2,7; 4,5; 6,3 ʢʘʣʠʙʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.  
 

 
ʘ)                                                                    ʙ) 

 

6  

       ʚ)                                                                      ʛ) 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʠ ʧʦ ʨʘʜʠʫʩʫ ʚ ʧʦʧʝʨʝʯʥʳʭ 

ʩʝʯʝʥʠʷʭ ʤʦʜʝʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʨʝʟʘ ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʘ: ʘ) 0,63; ʙ) 2,7; ʚ) 4,5; 

ʛ) 6,3 ʢʘʣʠʙʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪ ï ʣʠʥʠʷ 1[2]; ʘʜʠʘʙʘʪʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʩʪʝʥʢʝ (Q = 0 

ɺʪ) ï ʣʠʥʠʷ 3, ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ ʥʘ ʩʪʝʥʢʝ: T = 1000 ʂ ï ʣʠʥʠʷ 3; T = 

1300 ʂ ï ʣʠʥʠʷ 4 
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rʦʪʥȟÉ=
Ò

rmax
; (1) 

 

ʛʜʝ, riï ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʚ i-ʦʡ ʪʦʯʢʝ ʩʝʯʝʥʠʷ; rmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ  
 

2Å =
6 Ξ Ä

ʉ
Ȣ (2) 

 

ʛʜʝ, Vï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, d ï ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ, ɜ ï ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ.  
 

ɼʣʷ ʚʩʝʭ ʧʨʠʤʝʥʷʝʤʳʭ ʚʠʜʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʥʘʯʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,63 ʠ 2,7 ʢʘʣʠʙʨʦʚ (ʨʠʩ 2.4. ʘ, ʙ) ʦʪ ʩʨʝʟʘ ʪʦʧʣʠʚʥʦʛʦ 

ʩʦʧʣʘ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʜʘʥʥʳʤʠ 

ʢɻʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 4,5 ʠ 6,3 ʢʘʣʠʙʨʦʚ (ʨʠʩ 2.4. ʚ, ʛ) ʦʪ ʩʨʝʟʘ 

ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʘ ʨʘʩʯʝʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʘʜʠʘʙʘʪʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ï ʣʠʥʠʷ 2, 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʣʠʥʠʷ 1 

[2]. ʅʘʠʣʫʯʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʣʠ 

ʨʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʢʘʢ ʚ ʘʜʠʘʙʘʪʥʦʡ, ʪʘʢ ʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 50 ʤʤ ʦʪ ʩʨʝʟʘ ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʘ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʩʪʨʦʡʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʨʦʬʠʣʷ ʩ ʤʠʥʠʤʫʤʦʤ ʥʘ ʦʩʠ ʩʪʨʫʠ 

(ʨʠʩ. 2.4. ʘ), ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 600 ʜʦ 900 ʂ, ʠ ʜʚʫʤʷ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ 

rʦʪʥ å 0,06 õ 0,07 ʢ ʧʨʦʬʠʣʶ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 1600 ʜʦ 2200 ʂ ʥʘ 

ʦʩʠ ʪʝʯʝʥʠʷ (ʨʠʩ. 2.4. ʛ) ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʟʘʢʦʥʫ ʙʣʠʟʢʦʤʫ ʢ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʘʜʠʘʙʘʪʥʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʥʘ ʩʪʝʥʢʘʭ ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʚʩʝʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʩʪʘʥʦʚʦʢ. ʆʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʨʝʘʛʠʨʫʶʱʝʡ ʩʪʨʫʠ (ʨʠʩ. 2.4. ʘ) ʘʜʠʘʙʘʪʥʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʠ ʨʘʚʥʦʝ 600 ʂ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɺ ʩʝʯʝʥʠʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 6,3 ʢʘʣʠʙʨʦʚ ʦʪ ʩʨʝʟʘ ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʘ (ʨʠʩ. 2.4. ʛ), ʧʦʩʣʝ 

ʧʝʨʝʩʪʨʦʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʢ ʚʠʜʫ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ, 

ʘʜʠʘʙʘʪʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʩʪʘʚʣʷʶʱʝʝ 20 %. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʦʙʣʘʩʪʠ ʧʝʨʝʩʪʨʦʡʢʠ ʚʠʜʘ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʘʜʠʫʩʫ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4,5 ʢʘʣʠʙʨʦʚ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ (ʨʠʩ. 2.4. ʚ) ʦʪʤʝʯʝʥʥʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʩʪʘʥʦʚʦʢ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʘ ʩʪʝʥʢʘʭ ʩʦʧʣʘ. 

ʇʝʨʝʩʪʨʦʡʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʦʙʣʘʩʪʠ ʠʩʪʝʯʝʥʠʷ 

ʠʟ ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʘ ʥʦʩʠʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʢʦʘʢʩʠʘʣʴʥʦʡ 

ʣʘʤʠʥʘʨʥʦʡ ʩʪʨʫʠ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʣʦʷ ʩʤʝʰʝʥʠʷ, 

ʟʘʤʳʢʘʶʱʝʛʦʩʷ ʥʘ ʦʩʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʝ 4,5 ʢʘʣʠʙʨʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ.  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʦʙʦʩʥʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʪʤʝʯʝʥʥʦʛʦ ʢʣʘʩʩʘ ʪʝʯʝʥʠʡ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ ʠ ʥʠʞʝ ʧʦ 

ʪʝʯʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʬʨʦʥʪʦʤ ʧʣʘʤʝʥʠ, ʩʪʝʥʢʘʤʠ 

ʩʦʧʣʘ ʠ ʧʦʪʦʢʘʤʠ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʧʦʜʦʛʨʝʚ ʦʪ ʥʘʛʨʝʪʦʛʦ ʩʦʧʣʘ ʥʘʠʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʥʢʘʭ ʪʦʧʣʠʚʥʦʛʦ ʩʦʧʣʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚʳʙʠʨʘʝʪʩʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦ ʚʩʝʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʨʝʘʢʮʠʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʟʘʜʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʩʦʧʣʘ T = 1000 ʂ. ʕʪʦʪ ʚʘʨʠʘʥʪ 

ʧʦʩʪʘʥʦʚʢʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ. 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʰʪʘʙʘ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʪʨʫʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʀʟ ʘʥʘʣʠʟʘ 

ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩʫʥʦʢ 4) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʡ ʤʘʩʰʪʘʙʦʚ 10
-3
; 5 

Ξ 10
-4
 ʠ 10

-4 
ʤ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ 

ʩʪʨʫʠ rʦʪʥ ʦʪ 0,09 ʜʦ 0,15. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʰʪʘʙʘ ʩʪʨʫʠ ʜʦ 5 Ξ 10
-3
 ʠ 10

-2 
ʤ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʤʝʱʘʶʪʩʷ ʢ 

ʝʝ ʦʩʠ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʦʪ 0,03 ʜʦ 

0,04. ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʩʪʨʫʢʪʫʨʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʥʘ 

ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ, ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʦ 10
2 
ʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʯʠʩʣʘ ʇʝʢʣʝ ʜʦ 10
1
, ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʥʘ ʧʦʪʦʢ 

ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʳʤ ʩ ʚʣʠʷʥʠʝʤ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʠʣ. ɼʣʷ 

ʤʘʩʰʪʘʙʦʚ ʩʪʨʫʠ 10
-3
; 5 Ξ 10

-4
 ʠ 10

-4 
ʤ ʧʣʘʤʷ ʧʨʠʦʙʨʝʪʘʝʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʧʦʪʦʢ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʧʦʵʪʦʤʫ ʧʝʨʝʥʦʩ ʤʘʩʩʳ ʨʘʚʥʦʤʝʨʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʝʚʦʤ ʠ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩ 

ʜʠʬʬʫʥʜʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʩʪʨʫʢʪʫʨʫ ʩʪʨʫʡ 

ʤʘʩʰʪʘʙʦʤ 5 Ξ 10
-3
 ʠ 10

-2 
ʤ ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠ ʧʣʘʤʷ 

ʠʤʝʝʪ ʢʦʥʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʧʦʵʪʦʤʫ ʜʠʬʬʫʟʠʝʡ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ɺʣʠʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʠʣ ʦʮʝʥʠʚʘʝʪʩʷ ʯʠʩʣʘʤʠ 

ʈʵʣʝʷ (3) ʠ ɸʨʭʠʤʝʜʘ (4). ʇʨʠ Ra> 10
3 
ʠ Ar > 10

3
, ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ 

ʥʘʯʠʥʘʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ. 

 

2a = 
g Ā ɓ Ā æT Ā d

3

ɜ Ā a
ȟ (3) 

 

ʛʜʝ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ȹT ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ. 
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Ar = 
g Ā  æɟ Ā d

3

ɜ Ā ɟ
ȟ (4) 

 

ʛʜʝ, ɟ ï ʧʣʦʪʥʦʩʪʴ, ȹɟ ï ʨʘʟʥʦʩʪʴ ʧʣʦʪʥʦʩʪʝʡ. 

 

ʇʦʩʣʝ ʧʝʨʝʩʪʨʦʡʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʩ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ 

(ʨʠʩʫʥʦʢ 4) ʢ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʦʩʠ (ʨʠʩʫʥʦʢ 5), 

ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʫ ʩʪʨʫʡ ʤʘʩʰʪʘʙʦʤ 10
-3
; 5 Ξ 10-4 

ʠ 10
-4 
ʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʪʨʫʡ 5 Ξ 10-3 ʠ 10-2 

ʤ. ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʟʚʘʥ ʨʘʟʥʦʩʪʴʶ ʝʝ ʟʥʘʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʝʘʢʮʠʠ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʛʦʨʷʯʠʝ ʧʨʦʜʫʢʪʳ 

ʩʛʦʨʘʥʠʷ, ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ. 

 

 

ʘ)                                            ʙ) 

 

ʚ)                                            ʛ) 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʨʘʜʠʫʩʫ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʪʨʫʠ ʧʨʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ: ʘ) Re = 6; ʙ) Re = 15; ʚ) Re = 30; ʛ) 

Re = 60 ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ 1 ʢʘʣʠʙʨ. ʃʠʥʠʠ 1-5 ï ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʃʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʩʰʪʘʙʫ ʩʪʨʫʠ: 1) 10
-4
 ʤ; 2) 5Ξ10

-4 
ʤ; 3) 

10
-3
 ʤ; 4) 5Ξ10

-3
 ʤ; 5) 10

-2
 ʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʫʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʥʦʰʝʥʠʝ 

ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʢ ʝʝ ʦʙʲʝʤʫ. ʆʙʲʝʤ ʢʘʤʝʨʳ ʥʘʧʨʷʤʫʶ 
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ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥʳ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʪʦʡ 

ʧʣʘʤʝʥʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʬʘʢʝʣʘ ʩʪʨʫʡ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ ʦʪ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ OH ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʚʦʟʜʫʭʝ ʠ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ. ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ 

ʧʣʘʤʝʥʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ. ɺʣʠʷʥʠʝ ʤʘʩʰʪʘʙʘ ʩʪʨʫʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʣʠʥʫ ʬʘʢʝʣʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ. ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʨʘʩʰʠʨʷʝʪʩʷ ʦʪ L/d = 

1,2é2 ʧʨʠ Re = 6 ʜʦ L/d = 5,8é9,5 ʧʨʠ Re = 60. 
 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʨʘʜʠʫʩʫ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʪʨʫʠ ʧʨʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ ʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʝ 

ʩʝʯʝʥʠʷ: ʘ) Re = 6, L/d = 3; ʙ) Re = 15, L/d = 3; ʚ) Re = 30, L/d = 5; ʛ) Re = 60, L/d 

= 10. ʃʠʥʠʠ 1-5 ï ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʃʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʩʰʪʘʙʫ 

ʩʪʨʫʠ: 1) 10
-4
 ʤ; 2) 5Ξ10

-4 
ʤ; 3) 10

-3
 ʤ; 4) 5Ξ10

-3
 ʤ; 5) 10

-2
 ʤ. 

 

,Æ  
1Æ

τʌ$πÌÎ ρ
ρ
3

4π
4Æ

πȟφχ

Ƞ (5) 

 

ʛʜʝ, Qf ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, D0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, S ï ʦʙʲʝʤ 

ʚʦʟʜʫʭʘ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 1 ʤ
3
 ʪʦʧʣʠʚʘ, T0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, Tf ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ.  
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ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʬʘʢʝʣʘ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. 

ʃʠʥʠʠ 1-5 ï ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʃʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʩʰʪʘʙʫ ʩʪʨʫʠ: 

1) 10
-4
 ʤ; 2) 5Ξ10

-4 
ʤ; 3) 10

-3
 ʤ; 4) 5Ξ10

-3
 ʤ; 5) 10

-2
 ʤ. ʃʠʥʠʷ 6 ï X.Li  ʠ ʜʨ. [3]. 

ʃʠʥʠʷ 7 ï ʫʨʘʚʥʝʥʠʝ 5 [4]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʠʥʳ ʬʘʢʝʣʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʫʨʘʚʥʝʥʠʝ 

(5)) [4] (ʨʠʩ. 6 ï ʣʠʥʠʷ 7), ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʤʠʢʨʦʤʘʩʰʪʘʙʥʳʭ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʣʘʤʝʥ [3,5], ʧʦʢʘʟʳʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [3] (ʨʠʩ.6 ï ʣʠʥʠʷ 6) ʠ ʯʠʩʣʝʥʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ (ʨʠʩ.6 ï ʣʠʥʠʠ 1-5).  
 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʦʨʝʥʠʷ ʤʝʪʘʥʦʚʦʟʜʫʰʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʪʨʫʡ. ɺʳʧʦʣʥʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ 

ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʮʝʩʩ 

ʛʦʨʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʝʘʛʠʨʫʶʱʝʡ ʩʪʨʫʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʝ ʤʘʩʰʪʘʙʘ. 

ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʬʘʢʝʣʘ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʘʜʠʘʣʴʥʳʤ ʩʝʯʝʥʠʷʤ ʩʪʨʫʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʰʠʬʨ ʥʘʫʯʥʦʡ ʪʝʤʳ 0774-2020-0004; 

ɸɸɸɸ-ɸ20-120120790010-3). 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʦʧʦʨ ʰʘʩʩʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘʤʢʘ 

ʫʙʨʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʵʥʝʨʛʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ. 

ʇʦʢʘʟʘʥʘ ʨʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʥʘ ʧʨʠʤʝʨʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʊʫ-

204(214). ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʣʫʞʠʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʦʧʦʨ ʰʘʩʩʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʘʨʠʡʥʘʷ ʩʠʩʪʝʤʘ ʚʳʧʫʩʢʘ ʰʘʩʩʠ, ʧʠʨʦʧʘʪʨʦʥ, ʟʘʤʦʢ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

 

STRUCTURAL IMPROVEMENT OF AIRCRAFT EMERGENCY LANDING 

GEAR RELEASE SYSTEM BASED ON THE USE OF POWDER GAS 

ENERGY 
 

Kondratyeva M. A. 

Kuznetsov S. N., Candidate of Technical Sciences 
 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 
 

Abstract. It is offered a constructive solution to improve the system of emergency landing 

gear release by means of adding a retractable position locking device based on the energy of powder 

gases. The operation of the emergency landing gear release device by the example of the Tu-204 

(214) aircraft is shown. The operating parameters, reliability indicators and maintenance technology 

of emergency landing gear release device are presented. 

Keywords: emergency landing gear release system, squib, lock, flight safety. 
 

ʆʪʢʘʟʳ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʯʠʩʣʫ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ. 

ʇʨʦʠʩʰʝʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʢʘʟʘʤʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʠʚʝʜʰʠʝ ʢ 

ʩʝʨʴʸʟʥʳʤ ʘʚʠʘʮʠʦʥʥʳʤ ʠʥʮʠʜʝʥʪʘʤ ʠ ʢ ʢʘʪʘʩʪʨʦʬʘʤ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, 
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ʩʦʩʪʘʚʣʷʶʪ ʧʦʯʪʠ 30 %. ʇʨʠ ʵʪʦʤ ʦʢʦʣʦ 12% ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʰʘʩʩʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʇʦʣʦʚʠʥʘ ʵʪʠʭ ʦʪʢʘʟʦʚ ʩʚʷʟʘʥʘ ʩ ʩʠʩʪʝʤʦʡ 

ʫʙʦʨʢʠ ʠ ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ [2]. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘʤʢʘ ʫʙʨʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʰʘʩʩʠ ʥʘ ʧʨʠʤʝʨʝ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʊʫ-204(214). 

ɺ ʧʘʪʝʥʪʝ ˉ 216.012.63E0 ʦʪ 27 ʘʚʛʫʩʪʘ 2013 ʛ. [1], ʚ ʩʠʩʪʝʤʫ ʘʚʘʨʠʡʥʦʛʦ 

ʚʳʧʫʩʢʘ ʩʪʦʝʢ ʰʘʩʩʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚʥʝʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʪʝʧʣʦʚʦʛʦ ʧʨʠʚʦʜʘ ʜʣʷ ʦʪʧʠʨʘʥʠʷ 

ʟʘʤʢʘ ʫʙʨʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʦʨ ʰʘʩʩʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ 

ʦʩʥʦʚʥʦʡ ʠ ʜʫʙʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤ ʚʳʧʫʩʢʘ ʰʘʩʩʠ (ʨʠʩʫʥʦʢ 1) [1]. 

 

 
 

1 ï ʰʪʦʢ, 2 ï ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʇʝʣʴʪʴʝ, 3 

ï ʪʦʨʮʝʚʘʷ ʢʨʳʰʢʘ, 4 ï ʩʦʝʜʠʥʠʪʝʣʴ, 5 ï ʨʝʟʠʩʪʠʚʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, 6 ï 

ʫʧʣʦʪʥʝʥʠʷ, 7 ï ʧʘʨʘʬʠʥ, 8 ï ʢʦʣʴʮʝʚʦʡ ʚʳʩʪʫʧ, 9 ï ʚʦʟʚʨʘʪʥʘʷ ʧʨʫʞʠʥʘ, 10 ï ʫʧʣʦʪʥʝʥʠʷ, 11 

ï ʨʝʟʴʙʘ, 12 ï ʤʦʥʪʘʞʥʘʷ ʢʨʳʰʢʘ, 13 ï ʢʦʨʧʫʩ. 

 

ʈʠʩʫʥʦʢ 1 ï ʎʠʣʠʥʜʨ ʪʝʧʣʦʚʦʛʦ ʧʨʠʚʦʜʘ 

 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ, ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʪʨʝʙʫʝʪʩʷ 

ʚʨʝʤʷ ʥʘ ʥʘʛʨʝʚ ʠ ʨʘʩʧʣʘʚʣʝʥʠʝ ʧʘʨʘʬʠʥʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜ ʥʝ ʤʦʞʝʪ 

ʩʨʘʙʦʪʘʪʴ ʤʛʥʦʚʝʥʥʦ. ɺʨʝʤʷ ʨʘʟʦʛʨʝʚʘ ʧʘʨʘʬʠʥʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1 ʤʠʥʫʪʳ [1], ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʮʠʣʠʥʜʨ ʪʝʧʣʦʚʦʛʦ ʧʨʠʚʦʜʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʚ ʦʩʥʦʚʫ 

ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʠʪʴ ʵʥʝʨʛʠʶ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ (ʨʠʩʫʥʦʢ 2).  
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1 ï ʟʘʧʘʣ ʧʠʨʦʛʦʣʦʚʢʠ, 2 ï ʧʠʨʦʧʘʪʨʦʥ, 3 ï ʢʘʤʝʨʘ, 4 ï ʧʦʨʰʝʥʴ ʩʦ ʰʪʦʢʦʤ, 5 ï ʧʨʫʞʠʥʘ, 

6 ï ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʚʳʭʦʜʘ ʛʘʟʦʚ, 7 ï ʤʦʥʪʘʞʥʘʷ ʢʨʳʰʢʘ, 8 ï ʚʪʦʨʠʯʥʘʷ ʢʘʤʝʨʘ, 9 ï ʢʦʨʧʫʩ,  

10 ï ʥʘʢʠʜʥʘʷ ʛʘʡʢʘ. 

 

ʈʠʩʫʥʦʢ 2 ï ʋʩʪʨʦʡʩʪʚʦ ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ 

ʦʩʥʦʚʝ ʵʥʝʨʛʠʠ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ʟʘʧʘʣʘ ʧʠʨʦʛʦʣʦʚʢʠ (1), ʧʠʨʦʧʘʪʨʦʥʘ (2), ʢʘʤʝʨʳ (3), ʧʦʨʰʥʷ ʩʦ ʰʪʦʢʦʤ (4), 

ʧʨʫʞʠʥʳ (5) ʠ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʳʭʦʜʘ ʛʘʟʦʚ (6). ɿʘʧʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʧʠʨʦʧʘʪʨʦʥʘ ʠ ʧʦʜʚʦʜʘ ʢ ʥʝʤʫ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʵʣʝʢʪʨʦʩʝʪʠ ʩʘʤʦʣʝʪʘ. 

ɺ ʩʪʘʣʴʥʦʡ ʢʦʨʧʫʩ ʟʘʧʘʣʘ (1) ʚʩʪʘʚʣʝʥ ʠʟʦʣʷʮʠʦʥʥʳʡ ʢʘʧʨʦʥʦʚʳʡ ʩʪʘʢʘʥ ʩ 

ʢʦʥʪʘʢʪʦʤ. ɿʘʧʘʣ ʢʨʝʧʠʪʩʷ ʢ ʢʦʨʧʫʩʫ ʘʛʨʝʛʘʪʘ ʥʘʢʠʜʥʦʡ ʛʘʡʢʦʡ (10). 

ʋʩʪʨʦʡʩʪʚʦ ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠʤʝʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʮʝʧʴ, ʧʠʪʘʶʱʫʶʩʷ ʦʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ (ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝʤ 27 ʚʦʣʴʪ). ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚʳʢʣʶʯʘʪʝʣʷ 

çʚʳʧʫʩʢ ʰʘʩʩʠ ʘʚʘʨʠʡʥʳʡ ʜʫʙʣʠʨʫʶʱʠʡè ʟʘʤʳʢʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʠ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʜʘʸʪʩʷ ʥʘ ʟʘʧʘʣ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʢ 

ʟʘʧʘʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʧʠʨʦʛʦʣʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʟʨʳʚ ʧʠʨʦʧʘʪʨʦʥʘ (2) ʪʠʧʘ 

ʇʇ-3 (7ʇʇ-683) [7]. ʇʠʨʦʛʘʟʳ ʧʦʩʪʫʧʘʶʪ ʚ ʢʘʤʝʨʫ (3). ʇʦʨʰʝʥʴ ʩʦ ʰʪʦʢʦʤ 

ʚʳʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʚʳʩʦʪʝ ʚʪʦʨʠʯʥʦʡ ʢʘʤʝʨʳ (8). ʇʦ 

ʟʘʚʝʨʰʝʥʠʠ ʚʳʜʚʠʞʝʥʠʷ ʰʪʦʢʘ ʧʠʨʦʛʘʟʳ ʚʳʭʦʜʷʪ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 

(6) ʚ ʢʦʨʧʫʩʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ (5) ʧʦʨʰʝʥʴ (4) 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 

1-2 ʩʝʢʫʥʜʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʮʠʢʣ ʨʘʙʦʪʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʮʠʢʣʘ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʛʦ ʧʨʠʚʦʜʘ (ʙʦʣʝʝ 1 ʤʠʥʫʪʘ) (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3 ï ʈʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ʝʛʦ ʚʥʝʜʨʝʥʠʷ ʚ 

ʩʠʩʪʝʤʫ ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʩʪʦʝʢ ʰʘʩʩʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʊʫ-204(214). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʫʙʦʨʢʠ ʠ ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ 

ʠʤʝʝʪ ʜʫʙʣʠʨʦʚʘʥʠʝ ʚ ʚʠʜʝ ʨʝʟʝʨʚʥʦʡ ʠ ʘʚʘʨʠʡʥʦʡ ʩʠʩʪʝʤ ʚʳʧʫʩʢʘ. ʅʝ 

ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʊʫ-

204(214), ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʛʠʜʨʦʩʠʩʪʝʤ [4]: ʦʩʥʦʚʥʦʡ, ʨʝʟʝʨʚʥʦʡ ʠ 

ʘʚʘʨʠʡʥʦʡ, ʢʘʞʜʘʷ ʠʟ ʩʠʩʪʝʤ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʙʦʪʝ ʟʘʤʢʘ ʚʳʧʫʩʢʘ ʩʪʦʝʢ ʰʘʩʩʠ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʤʢʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʢʘʞʜʦʡ ʠʟ ʛʠʜʨʦʩʠʩʪʝʤ. ɺʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʤʢʘ ʦʩʥʦʚʥʦʡ 

ʛʠʜʨʦʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 13 ʩʝʢʫʥʜ, ʦʪ ʨʝʟʝʨʚʥʦʡ 14 ʩʝʢʫʥʜ ʠ ʦʪ ʘʚʘʨʠʡʥʦʡ 16 

ʩʝʢʫʥʜ [3]. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʝʩ ʠ 

ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʤʝʥʠʪʴ ʛʠʜʨʦʮʠʣʠʥʜʨ ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʥʘ ʧʨʝʜʣʘʛʘʝʤʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩʫʥʦʢ 4), ʢʦʪʦʨʦʝ ʢʨʝʧʠʪʩʷ ʥʘ ʟʘʤʢʝ ʩ ʧʦʤʦʱʴʶ ʰʪʘʪʥʳʭ ʙʦʣʪʦʚ 

ʢʨʝʧʣʝʥʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʘʚʘʨʠʡʥʦʡ ʩʠʩʪʝʤʳ. 
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1 ï ʧʣʘʪʦ, 2, 7, 10 ï ʦʩʴ, 3 ï ʨʳʯʘʛ, 4, 9 ï ʫʧʦʨ, 5 ï ʟʚʝʥʦ, 6, 11 ï ʧʨʫʞʠʥʘ, 8 ï ʢʨʶʢ, 12 ï ʚʠʥʪ 

ʥʘʞʠʤʥʦʡ, 13 ï ʪʦʣʢʘʪʝʣʴ, 14 ï ʚʢʣʶʯʘʪʝʣʴ ʥʘʞʠʤʥʦʡ, 15 ï ʙʦʣʪ, 16 ï ʨʦʣʠʢ. 
 

ʈʠʩʫʥʦʢ 4 ï ʋʩʪʘʥʦʚʢʘ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʟʘʤʢʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʊʫ-204(214) 

 

ʈʘʙʦʪʘ ʟʘʤʢʘ ʚʳʧʫʩʢʘ ʩʪʦʝʢ ʰʘʩʩʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʠʨʦʛʦʣʦʚʢʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʨʰʝʥʴ, ʜʚʠʛʘʷʩʴ 

ʚʥʠʟ, ʚʳʜʚʠʛʘʝʪ ʰʪʦʢ ʫʩʪʨʦʡʩʪʚʘ (ʥʘ ʨʘʩʩʪʦʷʥʠʝ 19Ñ0,5 ʤʤ) ʠ ʜʘʚʠʪ ʥʘ ʨʦʣʠʢ 

(16) ʨʳʯʘʛʘ ʤʝʭʘʥʠʟʤʘ ʦʪʧʠʨʘʥʠʷ ʟʘʤʢʘ. ʇʦʜ ʜʝʡʩʪʚʠʝ ʧʨʫʞʠʥʳ (6) ʤʝʭʘʥʠʟʤʘ 

ʦʪʧʠʨʘʥʠʷ ʟʘʤʢʘ ʟʘʧʦʨʥʳʡ ʢʨʶʢ ʦʩʚʦʙʦʞʜʘʝʪ ʧʝʪʣʠ ʧʦʜʚʝʩʢʠ ʦʧʦʨʳ ʰʘʩʩʠ, 

ʦʧʦʨʘ ʰʘʩʩʠ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʚʳʧʫʩʢʘʝʪʩʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʠʨʦʛʦʣʦʚʢʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʙʘʣʣʦʥʘʭ ʧʦʞʘʨʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ [6] 

ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʥʠʞʝ ʩʣʝʜʫʶʱʠʭ [5]: 

- ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ ʥʝ ʤʝʥʝʝ 30000 ʯʘʩʦʚ; 

- ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʙʘʪʳʚʘʥʠʡ ʥʝ ʥʠʞʝ 30; 

- ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʚʳʷʚʣʝʥʥʳʡ ʥʘ ʟʝʤʣʝ ʠ ʚ ʧʦʣʝʪʝ (ʊ0) ʥʝ 

ʤʝʥʝʝ 5*10
5
 ʯʘʩʦʚ; 

- ʥʘʟʥʘʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ɔ ï 0,95 ʥʝ ʤʝʥʝʝ 26,2 ʛʦʜʘ; 

- ʥʘʟʥʘʯʝʥʥʳʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʥʝ ʤʝʥʝʝ 3,1 ʛʦʜʘ ʜʣʷ ʪʨʦʧʠʯʝʩʢʦʛʦ 
ʢʣʠʤʘʪʘ; 

- ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ï 60
0
ʉ ʜʦ + 80

0
ʉ; 

- ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 14,7 ʄʇʘ. 

ʂʨʦʤʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪ ɹ[5]: 

- ʫʩʪʦʡʯʠʚʳʤ, ʧʨʦʯʥʳʤ ʠ ʩʪʦʡʢʠʤ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ 

ʬʘʢʪʦʨʘʤ ʪʘʢʠʤ ʢʘʢ: ʚʠʙʨʘʮʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʡ ʫʜʘʨ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʜʝʡʩʪʚʠʷ, 
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ʣʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʘʪʤʦʩʬʝʨʥʦʝ ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʧʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʮʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ; 

- ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʝʷ ʠ ʨʦʩʳ, ʘ 
ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʳʤ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʠ ʩʦʣʷʥʦʛʦ ʪʫʤʘʥʘ. 

ʀʩʧʳʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʥʘ 

ʨʝʩʫʨʩ, ʪʦ ʝʩʪʴ ʧʫʪʝʤ ʜʦʚʝʜʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʩʪʨʝʣʦʚ ʧʦʩʣʝ ʚʩʝʭ ʚʠʜʦʚ 

ʠʩʧʳʪʘʥʠʡ ʧʠʨʦʧʘʪʨʦʥʘʤʠ ʪʠʧʘ ʇʇ-9 ʜʦ 30 ʚʳʩʪʨʝʣʦʚ. ʇʦʩʣʝ ʦʪʩʪʨʝʣʦʚ 

ʧʠʨʦʛʦʣʦʚʢʘ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʋʙʝʜʠʪʴʩʷ, ʯʪʦ ɸɿʉ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʩʪʦʷʥʥʦʛʦ 
ʪʦʢʘ ʵʢʠʧʘʞʘ ʚʳʢʣʶʯʝʥ. 

2. ʈʘʩʢʦʥʪʨʠʪʴ ʠ ʦʪʚʝʨʥʫʪʴ ʥʘʢʠʜʥʳʝ ʛʘʡʢʠ ʟʘʧʘʣʘ ʧʠʨʦʛʦʣʦʚʢʠ. 

3. ɺʳʥʫʪʴ ʧʘʪʨʦʥ ʠʟ ʛʦʣʦʚʢʠ. 

4. ʇʨʦʪʠʨʢʦʡ ʯʠʩʪʦʡ ʚʝʪʦʰʴʶ ʠ ʧʨʦʤʳʚʢʦʡ ʚ ʙʝʥʟʠʥʝ ʪʱʘʪʝʣʴʥʦ 
ʫʜʘʣʠʪʴ ʥʘʛʘʨ ʩ ʜʝʪʘʣʝʡ ʧʠʨʦʛʦʣʦʚʢʠ ʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ. 

5. ʆʩʤʦʪʨʝʪʴ ʜʝʪʘʣʠ, ʫʙʝʜʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʥʠʭ ʚʠʜʠʤʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʚ ʮʝʣʦʩʪʥʦʩʪʠ ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ. 

6. ʉʤʘʟʘʪʴ ʚʩʝ ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʛʦʣʦʚʢʠ ʩʤʘʟʢʦʡ ʪʠʧʘ 
ʎʀɸʊʀʄ-221. 

7. ʋʩʪʘʥʦʚʠʪʴ ʥʦʚʳʡ ʧʠʨʦʧʘʪʨʦʥ. 

8. ɿʘʚʝʨʥʫʪʴ ʥʘʢʠʜʥʫʶ ʛʘʡʢʫ ʟʘʪʚʦʨʘ, ʟʘʢʦʥʪʨʠʪʴ ʠ ʦʧʣʦʤʙʠʨʦʚʘʪʴ. 

9. ʇʨʦʚʝʨʠʪʴ ʠʩʧʨʘʚʥʦʩʪʴ ʵʣʝʢʪʨʦʮʝʧʠ ʧʠʨʦʧʘʪʨʦʥʘ. 

10. ʉʜʝʣʘʪʴ ʦʪʤʝʪʢʫ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʧʘʩʧʦʨʪʝ ʘʛʨʝʛʘʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʚʝʩ ʙʣʦʢʘ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʚʳʧʫʩʢʘ ʰʘʩʩʠ, ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʘʚʘʨʠʡʥʦʛʦ 

ʚʳʧʫʩʢʘ ʦʧʦʨ ʰʘʩʩʠ ʜʦ 1-2 ʩʝʢʫʥʜ, ʯʪʦ ʧʦʚʳʩʠʪ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ 

ʘʚʘʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʦʧʦʨ ʰʘʩʩʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ.  
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ɺʦʝʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʚʦʝʥʥʦ-ʤʦʨʩʢʦʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ) ɺʦʝʥʥʦʛʦ ʫʯʝʙʥʦ-

ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ɺʦʝʥʥʦ-ʄʦʨʩʢʦʛʦ ʌʣʦʪʘ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ 

ɸʜʤʠʨʘʣʘ ʌʣʦʪʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʅ.ɻ. ʂʫʟʥʝʮʦʚʘè  

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʩʘʤʦʣʝʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʤʦʥʪʘ ʚ ɺɺʉ ʤʠʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. 
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Abstract. This article discusses the application of additive technologies for aircraft 

maintenance and repair. Examples of various uses of this repair method in the World Air Force are 

given. Analytical reviews and economic statistics confirming the prospects of using additive 

technologies are presented. 

Keywords: maintenance, additive technologies, gas turbine engines. 

 

ɺ 2020 ʛʦʜʫ ʟʘʚʝʨʰʠʣʩʷ II ʵʪʘʧ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 2013 ï 

2025 ʛʦʜʳè [1], ʧʣʘʪʬʦʨʤʦʡ ʢʦʪʦʨʦʡ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʠʤ 

ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʯʠʪʘʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʛʦ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʫʨʦʚʥʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʵʬʬʝʢʪʠʚʥʫʶ 

ʘʚʠʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʅʘʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 

çʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 2013 ï 2025 ʛʦʜʳè ʦʭʚʘʪʳʚʘʶʪ ʢʘʢ 

ʛʨʘʞʜʘʥʩʢʫʶ ʘʚʠʘʮʠʶ ʩʪʨʘʥʳ, ʪʘʢ ʠ ɺʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʣʳ ʈʦʩʩʠʠ. 
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ɿʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ɺʦʝʥʥʦ-ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʣʳ 

(ʜʘʣʝʝ ɺʂʉ) ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʥʦʚʠʣʠ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʣʠ ʩʚʦʡ ʙʦʝʚʦʡ ʩʦʩʪʘʚ. ʊʘʢ, 

ʧʦ ʜʘʥʥʳʤ ʚʦʝʥʥʦʛʦ ʘʥʘʣʠʪʠʢʘ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

Regnum ʃʝʦʥʠʜʘ ʅʝʨʩʠʩʷʥʘ, ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ɺʦʦʨʫʞʝʥʥʳʝ ʉʠʣʳ ʈʦʩʩʠʠ 

ʧʦʣʫʯʠʣʠ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʥʪʨʘʢʪʘʤ ʙʦʣʝʝ 450 ʥʦʚʳʭ ʠ ʦʢʦʣʦ 320 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʙʦʝʚʳʭ ʩʘʤʦʣʝʪʦʚ [2]. ɽʞʝʛʦʜʥʦ, ʚ ʩʨʝʜʥʝʤ, ʚ ʚʦʡʩʢʘ 

ʧʦʩʪʫʧʘʝʪ ʧʦ 140-150 ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [3]. ʆʙʥʦʚʣʝʥʠʝ ʧʘʨʢʘ ʢʦʩʥʫʣʦʩʴ 

ʘʨʤʝʡʩʢʦʡ (ʬʨʦʥʪʦʚʦʡ), ʠʩʪʨʝʙʠʪʝʣʴʥʦʡ ʘʚʠʘʮʠʠ ʠ ʘʚʠʘʮʠʠ ʜʘʣʴʥʝʛʦ ʜʝʡʩʪʚʠʷ. 

ʅʝʩʢʦʣʴʢʦ ʠʥʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩ ʚʦʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʚʠʘʮʠʝʡ 

(ʜʘʣʝʝ ɺʊɸ) ʠ ʘʚʠʘʮʠʝʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ɺʊɸ ɺʂʉ ʈʌ 

ʧʦʩʪʘʚʣʝʥʦ ʪʨʠ ʚʦʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʝʪʘ ʀʣ-76ʄɼ-90ɸ, ʦʩʪʘʣʴʥʳʝ 

ʩʘʤʦʣʝʪʳ (ɸʥ-12, ɸʥ-22, ɸʥ-26, ɸʥ-72, ɸʥ-124 ʠ ʀʣ-76 ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʫ 

ʦʪʜʝʣʴʥʳʭ ʩʘʤʦʣʝʪʦʚ ʙʦʣʝʝ 40 ʣʝʪ [4]. 

ɿʘʣʦʞʝʥʥʳʡ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʩʨʦʢ ʩʣʫʞʙʳ ʩʘʤʦʣʝʪʦʚ 20-25 ʣʝʪ ʧʦʵʪʘʧʥʦ 

ʧʨʦʜʣʠʣʠ ʚʦ ʚʨʝʤʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ 50 ʣʝʪ. ʇʦʵʪʦʤʫ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʘʨʢʘ ʪʘʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ.  

ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ɺʊɸ ʈʦʩʩʠʠ. ɽʩʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʨʠʤʝʨʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʦʝʥʥʦ-

ʚʦʟʜʫʰʥʳʭ ʩʠʣʘʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ, 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦ ʪʠʧʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ (ʊʦʠʈ) 

(ʊʆʠʈ ʜʚʠʛʘʪʝʣʷ, ʊʆʠʈ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʦʜʠʬʠʢʘʮʠʡ, ʊʆʠʈ ʧʣʘʥʝʨʘ ʠ ʧʦʣʝʚʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ), ʪʠʧʫ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ʩʘʤʦʣʝʪʳ ʠ ʚʠʥʪʦʢʨʳʣʳʝ) ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ (ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ, ɽʚʨʦʧʘ, ɸʟʠʘʪʩʢʦ-

ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʨʝʛʠʦʥ, ʃʘʪʠʥʩʢʘʷ ɸʤʝʨʠʢʘ, ɹʣʠʞʥʠʡ ɺʦʩʪʦʢ ʠ ɸʬʨʠʢʘ) 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʧʨʦʛʥʦʟʳ ʩʪʦʠʤʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʣʷ 

ʚʩʝʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ [5]. 

ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ ʩʦʩʪʘʚʠʣ 37,17 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʉʐɸ ʚ 2020 ʛʦʜʫ 

ʠ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʜʦʩʪʠʛʥʝʪ 49,22 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʉʐɸ ʚ 2030 ʛʦʜʫ. 

ɼʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʩʚʷʟʘʥʦ ʩ ʩʦʩʪʦʷʥʠʝʤ ʤʠʨʦʚʦʛʦ ʧʘʨʢʘ 

ʚʦʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ. ʇʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ, ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʩʝʛʤʝʥʪ ʊʆʠʈ 

ʜʚʠʛʘʪʝʣʝʡ ʙʫʜʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʥʘ ʨʳʥʢʝ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʚ 

ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʧʦʜʜʝʨʞʠʚʘʥʠʷ ʚ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʘʤʦʣʝʪʘ.  

ʃʠʜʝʨʩʪʚʦ ʧʦ ʟʘʪʨʘʪʘʤ ʥʘ ʊʆʠʈ ʧʨʠʥʘʜʣʝʞʠʪ ʉʦʝʜʠʥʝʥʥʳʤ ʐʪʘʪʘʤ 

ɸʤʝʨʠʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʧʘʨʢ ʚʦʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ ʚ ʤʠʨʝ. ɺ 

ʉʐɸ ʚ 2020 ʛʦʜʫ ʧʘʨʢ ʩʪʨʘʥʳ ʥʘʩʯʠʪʳʚʘʣ 2717 ʙʦʝʚʳʭ ʩʘʤʦʣʝʪʦʚ, 749 

ʩʘʤʦʣʝʪʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 625 ʩʘʤʦʣʝʪʦʚ-ʟʘʧʨʘʚʱʠʢʦʚ, 941 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʘʤʦʣʝʪ, 5434 ʚʝʨʪʦʣʝʪʘ ʠ 2766 ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭ 

ʩʘʤʦʣʝʪʦʚ.  
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ʆʩʥʦʚʥʳʤ ʜʚʠʞʫʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʊʆʠʈ ʚ ʵʪʦʡ ʩʪʨʘʥʝ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʧʨʦʩ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʪʘʢʦʛʦ ʦʛʨʦʤʥʦʛʦ ʘʚʠʘʧʘʨʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ.  

ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʬʣʦʪʘ ɺɺʉ ʉʐɸ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 25 ʣʝʪ, ʘ ʩʨʝʜʥʠʡ 

ʚʦʟʨʘʩʪ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʦʚ ï ʙʦʣʝʝ 50 ʣʝʪ. ʕʪʦ ʪʨʝʙʫʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦʙʳ ʩʘʤʦʣʝʪ ʦʩʪʘʚʘʣʩʷ ʥʘ ʫʨʦʚʥʝ 

ʩʘʤʦʣʝʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʧʨʦʜʣʝʚʘʣ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ. ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ 

ʧʣʘʥʠʨʫʶʪ ʚ ʙʫʜʫʱʝʤ ʜʦʩʪʠʯʴ 80-ʧʨʦʮʝʥʪʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʚʩʝʭ ʚʦʝʥʥʳʭ 

ʩʘʤʦʣʝʪʦʚ, ʦʨʠʝʥʪʠʨʫʪʁʩʷ ʥʘ ʧʦʩʪʘʚʢʠ ʨʝʘʢʪʠʚʥʳʭ ʩʘʤʦʣʝʪʦʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʊʆʠʈ ʫʜʝʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʊʆʠʈ ʧʦ ʚʩʝʡ ʮʝʧʦʯʢʝ ʧʦʩʪʘʚʦʢ, 

ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʨʝʜʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʠʩʧʦʣʥʝʥʠʠ 3-D ʧʨʠʥʪʝʨʦʚ, 

ʥʦ ʠ ʫʥʠʢʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ-ʧʦʨʦʰʢʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 2019 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Rolls-Royce ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʦʨʦʥʳ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʦʜʜʝʨʞʢʠ ʚ 

ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʜʚʠʛʘʪʝʣʝʡ EJ200 ʧʘʨʢʘ ʠʩʪʨʝʙʠʪʝʣʝʡ 

Typhoon, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʂʦʨʦʣʝʚʩʢʠʭ ɺɺʉ (RAF) ʜʦ 2024 ʛʦʜʘ, 

ʩʪʦʠʤʦʩʪʴ ʢʦʥʪʨʘʢʪʘ ʩʦʩʪʘʚʠʣʘ 431,06 ʤʠʣʣʠʦʥʘ ʜʦʣʣʘʨʦʚ ʉʐɸ. 

ɹʨʠʪʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Rolls-Royce ʟʘʥʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʦʡ ʨʦʙʦʪʘ Cobra, ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʦʩʤʦʪʨ ʠ ʨʝʤʦʥʪ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʫʞʝ ʧʨʦʰʣʘ ʚʘʣʠʜʘʮʠʶ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ. ʈʦʙʦʪ Cobra ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʦʜʚʠʞʥʳʤʠ ʟʦʥʜʘʤʠ, ʦʜʠʥ ʠʟ ʥʠʭ ʦʩʥʘʱʝʥ ʧʦʜʩʚʝʪʢʦʡ ʠ ʢʘʤʝʨʘʤʠ ʜʣʷ 

ʦʩʤʦʪʨʘ ʜʚʠʛʘʪʝʣʝʡ ʠʟʥʫʪʨʠ ʯʝʨʝʟ ʠʥʩʧʝʢʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ. ɺʪʦʨʦʡ ʟʦʥʜ 

ʨʦʙʦʪʘ Flare ʦʩʥʘʱʝʥ ʛʦʨʝʣʢʦʡ, ʩʧʦʩʦʙʥʦʡ ʚʳʜʘʚʘʪʴ ʧʣʘʤʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 3 

ʪʳʩʷʯ ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʉ ʧʦʤʦʱʴʶ ʛʦʨʝʣʢʠ ʨʦʙʦʪ ʤʦʞʝʪ ʨʘʩʧʣʘʚʣʷʪʴ 

ʥʘʥʝʩʝʥʥʳʡ ʨʘʥʝʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ï ʢʝʨʘʤʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, 

ʩʦʟʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʨʝʤʝʥʥʫʶ ʣʘʪʢʫ ʥʘ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʊʘʢʦʡ ʨʝʤʦʥʪ 

ʧʦʟʚʦʣʠʪ ʧʨʦʜʣʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʚʠʛʘʪʝʣʷ ʜʦ ʧʨʠʭʦʜʘ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʧʯʘʩʪʝʡ 

[6]. 

ʅʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʝʤʦʥʪʘ ʥʘʰʣʦ ʩʚʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ ʘʨʤʠʷʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʢʘʢ ʧʦʜʜʝʨʞʘʥʠʝ 

ʙʦʝʛʦʪʦʚʥʦʩʪʠ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ. ɺ ʥʘʰʝʡ ʩʪʘʪʴʝ ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʊʘʢ, ʚ 2021 ʛʦʜʫ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ ɸʤʝʨʠʢʠ 

ʠʥʠʮʠʠʨʦʚʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʲʷʚʠʣʦ ʢʦʥʢʫʨʩ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʤʦʥʪʘ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʩʢʦʨʝʥʠʝ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʇʨʝʜʲʷʚʣʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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ʘʨʤʠʨʫʶʱʠʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʤʠ ʩʤʦʣʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʚ ʩʦʩʪʘʚ ʨʝʤʦʥʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʠ ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʝʤʦʥʪʘ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 8 ʯʘʩʦʚ [7]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ ɸʚʩʪʨʘʣʠʠ (ʛʨʫʧʧʘ 

ʦʙʦʨʦʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ï DSTG) ʩʦʚʤʝʩʪʥʦ ʩ RUAG Australia ʠ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʉʫʠʥʙʝʨʥʘ ʧʨʦʚʦʜʠʪ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʰʢʘʤʠ ʜʣʷ 

ʨʝʤʦʥʪʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʛʨʫʧʧʦʡ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʪʦʧʦʨʘ ʨʫʣʷ 

ʥʘʧʨʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 1) ʠ ʦʧʦʨʳ ʜʚʠʛʘʪʝʣʷ ʠʩʪʨʝʙʠʪʝʣʷ-ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʘ 

F/A-18 Hornet (ʨʠʩʫʥʦʢ 2), ʫʟʣʘ ʧʝʨʝʜʥʝʡ ʧʦʜʚʝʩʢʠ ʫʧʨʘʚʣʷʝʤʦʡ ʨʘʢʝʪ r

çʚʦʟʜʫʭ-ʚʦʟʜʫʭè AIM-9X, ʢʨʦʥʰʪʝʡʥʘ ʧʦʣʢʠ ʰʘʩʩʠ ʚʦʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʘʤʦʣʝʪʘ ʉ-130J Super Hercules. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ɺɺʉ ɸʚʩʪʨʘʣʠʠ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʦʩʪʘʚʦʢ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʣʷ ʨʝʤʦʥʪʘ ʩʘʤʦʣʝʪʦʚ [8]. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʦʧʦʨʘ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʪʢʘʟʘʤʠ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʶʪʩʷ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ, 

ʪʨʝʱʠʥʳ ʠ ʜʝʬʦʨʤʘʮʠʠ; ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ 

ʚʳʟʚʘʥʥʳʭ ʵʨʦʟʠʝʡ ʠ ʢʦʨʨʦʟʠʝʡ; ʠʟʥʦʩ ʠ ʦʩʣʘʙʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʢʣʸʧʦʯʥʳʭ 

ʰʚʦʚ; ʥʝʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʜʨʫʛʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʘʤʦʣʝʪʦʚ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʦʨʳ ʜʚʠʛʘʪʝʣʷ 

 

ʆʧʳʪ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʨʝʤʦʥʪʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ ʚ ʤʠʨʦʚʦʡ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʜʝʪ ʧʝʨʝʭʦʜ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʩʠʪʫʘʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦ ʤʘʩʩʦʚʦʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʥʝʜʨʝʥʠʷ.  

ʊʘʢ, Optomec, ɸʣʴʙʫʢʝʨʢʝ, ʅʴʶ-ʄʝʢʩʠʢʦ ï ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ ʧʦʩʪʘʚʱʠʢʦʚ 

ʩʠʩʪʝʤ 3-D ʧʝʯʘʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, 

ʙʠʦʤʝʜʠʮʠʥʝ, ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ, ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʦʙʲʷʚʠʣ ʦ 

ʧʦʩʪʘʚʢʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(AM) ʚʝʜʫʱʝʤʫ ʧʦʩʪʘʚʱʠʢʫ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (MRO) ʩʪʦʠʤʦʩʪʴʶ 37 

ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ [9]. 

ʅʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ Optomec ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʜʚʝ ʦʧʝʨʘʮʠʠ ʧʦ ʨʝʤʦʥʪʫ 

ʪʫʨʙʠʥ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʣʠʩʴ ʚʨʫʯʥʫʶ. ɿʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ 

Optomec ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʙʠʥʘʮʠʶ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʨʝʛʫʣʠʨʦʚʢʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ ʥʘ ʣʝʪʫ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʪʦʯʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ 

ʤʝʪʘʣʣʘ ʢ ʠʟʥʦʰʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʜʚʠʛʘʪʝʣʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʈʝʰʝʥʠʷ Optomec ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʨʝʤʦʥʪʘ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʟʦʣʦʪʳʤ 

ʩʪʘʥʜʘʨʪʦʤ ʚ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʨʫʧʥʦʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʤʝʨʥʦ ʥʘ 100 ʫʩʪʘʥʦʚʢʘʭ 

ʊʆʠʈ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʆʜʥʘ ʤʘʰʠʥʘ ʩʧʦʩʦʙʥʘ ʨʝʤʦʥʪʠʨʦʚʘʪʴ 10 000 ʣʦʧʘʪʦʢ 

ʪʫʨʙʠʥʳ ʝʞʝʛʦʜʥʦ. ʉʠʩʪʝʤʳ Optomec AM ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʳ 

ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʨʝʤʦʥʪʘ ʚ 15 ʩʪʨʘʥʘʭ ʤʠʨʘ. 
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ʊʘʢ, ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʢʘʢ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʪʘʢ ʠ ʚ 

ʚʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣʘʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʤʠʨʘ. ɹʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʧʦʪʨʝʙʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʧʦʣʠʤʝʨʦʚ ʜʦ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʜʣʷ ʨʝʤʦʥʪʘ ʣʝʪʘʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ[10, 11]. 
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ʂʫʟʥʝʮʦʚ ʉ. ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ. ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀè  

(ʛ. ʂʘʟʘʥʴ) 
 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʙʦʣʦʯʝʢ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʘʷ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤʠ ʜʝʬʦʨʤʠʨʫʝʤʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʥʘ ʣʠʮʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦʯʢʠ. ɺ ʝʝ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʉ.ʇ. ʊʠʤʦʰʝʥʢʦ ʙʝʟ ʫʯʝʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʦʙʞʘʪʠʷ ʜʣʷ ʦʙʦʣʦʯʢʠ ʠ ʣʠʥʝʡʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʦʤʧʦʥʝʥʪ ʧʝʨʝʤʝʱʝʥʠʡ ʦʩʥʦʚʘʥʠʡ ʧʦ ʠʭ ʧʦʧʝʨʝʯʥʦʡ ʢʦʦʨʜʠʥʘʪʝ. ʇʨʠʥʷʪʠʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʨʘʚʝʥʩʪʚʝ ʥʫʣʶ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʚʥʝʰʥʝʡ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ 

ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʩʦʧʨʷʞʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʩ 

ʦʙʦʣʦʯʢʦʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʠʩʪʝʤʫ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʢʫʩʦʯʥʦ-ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʦʛʦ ʞʝ ʪʠʧʘ, ʯʪʦ ʠ ʜʣʷ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ ʢʫʩʦʯʥʦ-ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʙʝʟ 

ʦʩʥʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʉ.ʇ. ʊʠʤʦʰʝʥʢʦ. ʅʘ ʙʘʟʝ ʚʳʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʩʫʤʤ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʯʠʩʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʪʘʪʠʢʠ ʠ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʦʙʦʣʦʯʝʢ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʦʣʦʯʝʢ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʯʥʦʩʪʠ ʦʙʦʣʦʯʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʘʭ ʠʭ ʟʘʢʨʝʧʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʠʟʜʝʣʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʦʧʪʠʢʠ, ʦʙʦʣʦʯʢʘ, 

ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʦʩʥʦʚʘʥʠʝ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.  
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Abstract. For complex geometry shell is considered approximate the interaction model with 

piecewise continuous deformable bases located on the facial surfaces of the shell. Itôs based on the use 

of kinematic S.ʈ. Timoshenko model excluding lateral compression for shell and linear approximation 

base component motion on their transverse dimension. Adoption of assumptions about equality of 

zero displacements on the outer face surface of the base and prior satisfaction of kinematic conditions 

of the linking of bases with shell enabled a system of resolving equations with piecewise variable 

coefficients of the same type as for the thin shell of piecewise variable rigidity without bases within 

the model of S.P. Timoshenko. Based on the derived equations using a combination of finite sums 

method and differential forms of finite element method developed numerical solution technique tasks 

statics and thermo elasticity of shells of various classes, including shells of complex geometry. The 

use of the described model made it possible to analyze the strength of the shell elements of aircraft 

structures with non-traditional methods of fastening them. 
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ɺʚʝʜʝʥʠʝ 

ʀʟʜʝʣʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʦʧʪʠʢʠ (ʀʂʆ) (ʠʣʣʶʤʠʥʘʪʦʨʳ, ʦʙʪʝʢʘʪʝʣʠ, 

ʦʩʪʝʢʣʝʥʠʷ ʬʦʥʘʨʷ ʩʘʤʦʣʝʪʘ ʠ ʪ.ʜ.) ʩʦʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʃɸ), ʢ ʪʦʯʥʦʩʪʠ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ 

ʢʦʪʦʨʳʭ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʭʦʪʷ ʦʥʠ ʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʣʦʚʦʡ ʩʭʝʤʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘʫʯʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʧʨʦʙʣʝʤʘʤ ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʣʝʤʝʥʪʦʚ ʀʂʆ, ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʨʦʚʝʥʴ ʵʪʠʭ ʨʘʟʨʘʙʦʪʦʢ 

ʥʝ ʚʩʝʛʜʘ ʦʪʚʝʯʘʝʪ ʟʘʧʨʦʩʘʤ ʧʨʘʢʪʠʢʠ ʚ ʩʠʣʫ ʫʧʨʦʱʝʥʥʦʛʦ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʀʂʆ, ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʶʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ. 

ʕʣʝʤʝʥʪʳ ʦʩʪʝʢʣʝʥʠʡ ʃɸ (ʨʠʩ.1) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʝʩʝʥʳ 

ʢ ʢʣʘʩʩʫ ʦʙʦʣʦʯʝʢ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ [1], ʩʨʝʜʠʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʯʝʨʪʘʥʠʷ 

ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʢʦʪʦʨʳʭ ʥʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʩʪʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ, ʘ ʟʘʜʘʶʪʩʷ ʪʘʙʣʠʯʥʦ ʠʣʠ ʚ ʚʠʜʝ ʯʝʨʪʝʞʘ. 

ʉʪʨʝʤʣʝʥʠʝ ʢ ʩʦʚʝʨʰʝʥʩʪʚʫ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʝʣʦ ʢ ʰʠʨʦʢʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʀʂʆ, 

ʨʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʭ 

ʢʦʤʙʠʥʘʮʠʝʡ ʚ ʩʦʩʪʘʚʝ ʧʘʢʝʪʘ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʘʢʝʪʘ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʩʣʦʝʚ.  

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʦʩʪʝʢʣʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʥʠʟʢʦʤʦʜʫʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʠʭ ʬʠʟʠʯʝʩʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʣʝʤʝʥʪʳ ʦʩʪʝʢʣʝʥʠʡ ʃɸ 
 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʀʂʆ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʨʫʧʢʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʢʦʥʪʘʢʪʥʳʤ 

ʥʘʧʨʷʞʝʥʠʷʤ, ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʟʣʦʚ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʯʝʨʝʟ 

ʙʫʬʝʨʥʳʝ ʩʣʦʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʠʧʦʚʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʭʝʤʳ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 (ʘ, ʙ, ʚ). 
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ʈʠʩʫʥʦʢ 2 ï ʊʠʧʦʚʳʝ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʡ 
 

ʇʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯ 

ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʀʂʆ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʣʦʞʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʧʦʜʭʦʜʦʚ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʵʣʝʤʝʥʪʦʚ 

ʀʂʆ ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʘʥʘʣʠʟʫ ʥʝʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʵʣʝʤʝʥʪʦʚ ʀʂʆ 

ʧʨʠʥʷʪʘ ʦʙʦʣʦʯʢʘ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ [1] ʦʜʥʦʩʣʦʡʥʦʡ ʠʣʠ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ ʠ ʦʙʣʘʩʪʝʡ ʩʣʦʞʥʳʭ ʦʯʝʨʪʘʥʠʡ ʠ ʩʚʝʜʝʥʠʷ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʤʝʭʘʥʠʢʠ ʦʙʦʣʦʯʝʢ ʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʚʠʜʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [2]. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʩʣʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʀʂʆ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʦʨʠʠ ʪʦʥʢʠʭ ʦʙʦʣʦʯʝʢ ʪʠʧʘ ʊʠʤʦʰʝʥʢʦ, 

ʟʘʧʠʩʘʥʥʳʭ ʚ ʠʥʚʘʨʠʘʥʪʥʦʡ ʬʦʨʤʝ, ʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ï 

ʜʠʩʢʨʝʪʥʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʧʦʪʝʟ 

ʉ.ʇ.ʊʠʤʦʰʝʥʢʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʧʘʢʝʪʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʣʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʪʝʢʣʝʥʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʩʨʝʜʥʝʛʦ ʠʟʛʠʙʘ, ʘ ʬʠʟʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʩ ʠʟʦʪʨʦʧʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʀʂʆ ʫʜʝʣʝʥʦ 

ʫʯʝʪʫ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠʭ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʢʘʨʢʘʩʝ ʃɸ (ʨʠʩʫʥʦʢ 2), ʪʘʢ ʢʘʢ 

ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʦʥʘ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʦʣʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ [3], ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʘ ʦʙʝʠʭ ʣʠʮʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʦʙʦʣʦʯʢʠ ʩ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʦʩʥʦʚʘʥʠʡ ʜʠʩʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʨʠʩʫʥʦʢ 2). ʄʝʭʘʥʠʢʘ ʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭʤʝʨʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʝʢʪʦʨʘ ʫʧʨʫʛʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ ʦʩʥʦʚʘʥʠʡ ʧʦ ʠʭ ʪʦʣʱʠʥʝ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʦʜʭʦʜʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʦʟʚʦʣʠʣʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʟʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʨʝʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʀʂʆ ʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʜʘʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʳ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʧʧʘʨʘʪʘ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʤʘʪʨʠʮ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʷʜ ʚʘʞʥʳʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʀʂʆ 

1. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʫʛʦʛʦ 
ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʅɼʉ ʠʣʣʶʤʠʥʘʪʦʨʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʦʜʥʦʩʣʦʡʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ɻʨʘʥʠʯʥʳʡ ʩʨʝʟ ʦʙʦʣʦʯʢʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʚʦʙʦʜʥʳʤ ʦʪ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ, ʘ ʚʥʝʰʥʠʝ ʣʠʮʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʩʥʦʚʘʥʠʡ ʩʯʠʪʘʶʪʩʷ ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʥʳʤʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʙʝʩʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʘʨʢʘʩʘ ʃɸ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʝʩʪʢʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ ʀʂʆ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʯʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ: ʨʘʜʠʫʩ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ R = 53,5 ʩʤ; ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʉʊ-1) ɽ = 3096,0 ʄʇʘ; ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ʦʙʦʣʦʯʢʠ n= 0,38 ʠ ʦʩʥʦʚʘʥʠʡ 
ʦ
n = 0,485; ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ 2h = 1,0 

ʩʤ; ʫʛʦʣ ʧʦʣʫʨʘʩʪʚʦʨʘ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʣʶʤʠʥʘʪʦʨʘ 
1

ʥ
a  = 0,3831 

ʨʘʜʠʘʥ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʝ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʈ = 0,1 ʄʇʘ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʦʩʪʝʢʣʝʥʠʝ 

ʚ ʦʙʣʘʩʪʠ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʫʧʨʫʛʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ. (ʨʠʩ.3,ʘ). ʇʨʦʚʝʜʝʥʘ 

ʩʝʨʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʦʩʥʦʚʘʥʠʡ (EE=E /
0

); 

- ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ ʦʩʥʦʚʘʥʠʡ ( hhh
o

/= );  

- ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʦʩʥʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ 

( ) 1111

/
kʥkk aaaa -= . 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʚʠʜʝ ʢʨʠʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʡ s(11), ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʚʝʨʭʥʝʡ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʣʶʤʠʥʘʪʦʨʘ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʝʛʦ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. ʇʦʩʣʝʜʥʝʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ 

ʤʠʢʨʦʪʨʝʱʠʥ (ʵʬʬʝʢʪʘ çʩʝʨʝʙʨʝʥʠʷè), ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʵʣʝʤʝʥʪʦʚ ʀʂʆ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ. ʉʝʨʠʠ ʢʨʠʚʳʭ 

ʠʟʤʝʥʝʥʠʷ s(11) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʫʛʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʠʣʣʶʤʠʥʘʪʦʨʘ E (ʨʠʩʫʥʦʢ 3,ʙ), h (ʨʠʩʫʥʦʢ 

3,ʚ) ʠ
1

ka  (ʨʠʩʫʥʦʢ 3,ʛ) ʥʘ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɿʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʦʤʝʨʘ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʠʥʷʪʦʡ 

ʩʝʨʠʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ. 
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2. ʆʩʫʱʝʩʪʚʣʝʥ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʳ 
ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ ʦʩʪʝʢʣʝʥʠʡ ʃɸ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʋʢʘʟʘʥʥʘʷ ʟʘʜʘʯʘ ʚʦʟʥʠʢʣʘ ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʚʥʝʰʥʝʡ 

ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʝʢʣʝʥʠʡ, ʥʝ ʠʩʯʝʨʧʘʚʰʠʭ ʨʝʩʫʨʩʘ, ʚʦʟʥʠʢʘʣʘ ʩʝʪʢʘ 

ʤʠʢʨʦʪʨʝʱʠʥ çʩʝʨʝʙʨʘè. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʵʬʬʝʢʪʘ çʩʝʨʝʙʨʝʥʠʷè ʦʩʪʝʢʣʝʥʠʡ 

ʷʚʣʷʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʦʦʙʜʫʚʦʯʥʳʭ ʤʘʰʠʥ (ʊʆʄʦʚ) ʘʵʨʦʜʨʦʤʥʦʡ ʩʣʫʞʙʳ 

ʙʦʨʴʙʳ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ ʃɸ. ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʆʄʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʦʟʜʘʚʘʝʤʦʝ ʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʪʦʣʱʠʥʝ ʦʩʪʝʢʣʝʥʠʷ ʩ ʨʝʟʢʦʡ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʝʡ ʚʙʣʠʟʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʪʝʧʣʦʚʦʛʦ 

ʠʤʧʫʣʴʩʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʥʘʛʨʝʚʫ ʵʣʝʤʝʥʪʘ ʦʩʪʝʢʣʝʥʠʷ ʧʦ 

ʪʦʣʱʠʥʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʥʢʦʤ 

ʩʣʦʝ ʚʙʣʠʟʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʦʩʪʝʢʣʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʪʷʞʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʤʘʨʦʢ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ, ʧʨʦʠʩʭʦʜʠʪ ʤʠʢʨʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʩʪʝʢʣʝʥʠʷ ʠ ʧʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ çʩʝʨʝʙʨʝʥʠʷè. ʏʠʩʣʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʤʝʥʪʘ ʦʩʪʝʢʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ 

ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʟʠʮʠʠ: ʘ) ʧʨʠʥʷʪʳʡ ʚ ʯʠʩʣʝʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʪʦʣʱʠʥʝ 

ʦʩʪʝʢʣʝʥʠʷ; ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ s(11)  ʧʦ ʪʦʣʱʠʥʝ ʩ ʫʯʝʪʦʤ ʬʠʟʠʯʝʩʢʠ 

ʥʝʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; ʚ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

s(11)ʧʦʩʣʝ ʩʥʷʪʠʷ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ʈʠʩʫʥʦʢ 4 

 

3. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʦʪʢʠʜʥʦʡ ʯʘʩʪʠ ʬʦʥʘʨʷ ʩʘʤʦʣʝʪʘ 

(ʨʠʩʫʥʦʢ 5, ʘ) ʩ ʫʯʝʪʦʤ ʜʝʬʦʨʤʘʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʝʝ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʢʘʨʢʘʩʝ ʃɸ. 

ʅʘ ʨʠʩʫʥʢʝ 5, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʧʶʨʳ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 
( )11

M  ʚ ʩʝʯʝʥʠʷʭ 

2/
1

L=a  ʠ 2/
2
pa = . ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

( )11
M  

ʜʣʷ ʩʣʫʯʘʷ ʞʝʩʪʢʦʛʦ ʟʘʱʝʤʣʝʥʠʷ ʢʨʦʤʦʢ ʦʩʪʝʢʣʝʥʠʷ ʚ ʢʘʨʢʘʩʝ ʃɸ.  

 

 

ʈʠʩʫʥʦʢ 5 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʠʩʫʥʦʢ 3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʫʛʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʀʂʆ ʚ ʢʘʨʢʘʩʝ ʃɸ ʥʘ 

ʠʭ ʅɼʉ. ʆʥʠ ʧʦʟʚʦʣʠʣʠ ʚʳʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʨʝʧʣʝʥʠʷ ʦʩʪʝʢʣʝʥʠʡ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʜʝʡʩʪʚʫʶʱʠʭ ʦʧʘʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʠʭ 

ʢɻʩʧʣʫʘʪʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɼʉ ʣʦʙʦʚʦʛʦ ʩʪʝʢʣʘ ʬʦʥʘʨʷ ʩʘʤʦʣʝʪʘ (ʨʠʩ.4) 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʝʢʣʝʥʠʷ 90-100
ʦ
ʉ (ʢʘʢ ʵʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʊʆʄʦʚ ʚ ʧʨʘʢʪʠʢʝ ʘʵʨʦʜʨʦʤʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʥʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʪʷʞʝʥʠʷ s(11) 

ʧʦʨʷʜʢʘ 15-16ʄʇʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʝʨʭʥʝʛʦ ʪʦʥʢʦʛʦ ʩʣʦʷ 

ʦʩʪʝʢʣʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʪʨʝʱʠʥ çʩʝʨʝʙʨʘè. ɼʘʥʥʳʝ ʯʠʩʣʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʦʪʢʠʜʥʦʡ 

ʯʘʩʪʠ ʬʦʥʘʨʷ ʩʘʤʦʣʝʪʘ (ʨʠʩ.5), ʥʘʠʙʦʣʴʰʘʷ ʠʟʤʝʥʷʝʤʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʦʥʝ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ, ʛʜʝ ʦʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʢʦʥʪʫʨʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʘʤʦʣʝʪʦʚ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʨʘʡʦʥʥʦʛʦ ʘʚʠʘʩʦʦʙʱʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʩʪʨʦʡ ʥʝʭʚʘʪʢʦʡ ʩʘʤʦʣʝʪʦʚ, ʣʝʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʣʝʛʢʠʝ ʩʘʤʦʣʝʪʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʛʦʪʦʚʷʪ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʙʦʣʴʰʦʡ ʘʚʠʘʮʠʠ. ɺʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʣʝʛʢʦʤʦʪʦʨʥʦʡ ʘʚʠʘʮʠʠ ʣʝʞʘʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʦʙʱʝʩʪʚʝ ʩʣʦʞʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʤʘʣʘʷ ʘʚʠʘʮʠʷ ï ʵʪʦ 

ʜʦʨʦʛʦ ʠ ʥʝʜʦʩʪʫʧʥʦ, ʧʦʵʪʦʤʫ ʠʥʪʝʨʝʩ ʢ ʤʘʣʦʡ ʘʚʠʘʮʠʠ ʥʝʚʳʩʦʢ. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʩʪʨʦʠʪʴ ʧʠʣʦʪʠʨʫʝʤʳʡ ʣʝʪʘʪʝʣʴʥʳʡ 

ʘʧʧʘʨʘʪ ʜʣʷ ʩʚʦʠʭ ʥʫʞʜ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʫʯʘʩʪʥʠʢ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʝʘʣʴʥʳʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʃɸ, ʤʦʪʦʧʣʘʥʝʨ, 115 ʢʛ, ʣʠʩʪʦʚʦʡ ʘʣʶʤʠʥʠʡ, ʇʕʊ, 

ʛʠʜʨʦʰʪʘʤʧʦʚʢʘ, ʪʝʨʤʬʦʨʤʦʚʢʘ. 
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Abstract. Currently, Russia does not have a sufficient number of aircraft for regional and regional 

air traffic. First of all, this is due to the acute shortage of aircraft, pilots, as well as engineering and 

technical personnel capable of operating light aircraft. Existing educational institutions train specialists for 

large aviation. Issues related to the design and operation of light-engine aircraft lie mainly with 

organizations with a non-state source of funding. At the moment, there is an opinion in society that small 

aircraft are expensive and inaccessible, so interest in small aircraft is low. 

The aim of the presented project is to develop accessible technologies with the help of which the 

student can independently build a manned aircraft for his own needs. In the process of work, the 

participant gains experience in applying in practice the knowledge gained at the university, and also takes 

a direct part in the design and manufacture of real components and assemblies of aircraft structures. 

Keywords: ultralight, motor glider, 115 kg, aluminum sheet, PET, hydroforming, thermoforming. 
 

ɺʚʝʜʝʥʠʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʨʘʥʠʮʘʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʝʸ ʪʝʨʨʠʪʦʨʠʡ ʦʩʪʘʸʪʩʷ ʧʣʦʭʦ ʦʩʚʦʝʥʥʦʡ. ʈʦʩʩʠʷ ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʳʝ ʨʝʛʠʦʥʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʟʘʯʘʩʪʫʶ ʩʠʣʴʥʦ ʦʪʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʘʪʴ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʚ ʩʪʨʘʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʦʩʥʦʚʥʳʤʠ 

ʧʫʪʷʤʠ: ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ï 84,6% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ, 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ï 8,4%, ʚʦʜʥʳʡ ï 3,8%, ʘʚʠʘʮʠʦʥʥʳʡ ï 0,2% [1].  

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚʩʝʩʝʟʦʥʥʘʷ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʳ. 

ʆʙʩʣʫʞʠʚʘʥʠʝ ʧʫʪʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʠʭ ʩʦʟʜʘʥʠʷ, ʥʦ ʩʪʦʠʤʦʩʪʴ ʩʘʤʦʡ 

ʧʦʩʪʨʦʡʢʠ ʦʯʝʥʴ ʚʳʩʦʢʘ ï 1 ʢʤ ʧʦʣʦʪʥʘ ʦʢʦʣʦ 20 ʤʣʥ ʨʫʙ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʝʟʜʘ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʠ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɸʚʪʦʤʦʙʠʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ ʭʦʪʴ ʠ ʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʝ, ʯʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʝ, ʥʦ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. 

ʇʦʩʪʨʦʡʢʘ ʙʝʪʦʥʥʳʭ ʠʣʠ ʘʩʬʘʣʴʪʦʚʳʭ ʜʦʨʦʛ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ. 

ʅʘ 1 ʢʤ ʜʚʫʭʧʦʣʦʩʥʦʡ ʜʦʨʦʛʠ ʫʭʦʜʠʪ ʙʦʣʝʝ 5 ʤʣʥ ʨʫʙ. ʂ ʪʦʤʫ ʞʝ ʜʦʨʦʛʠ ʥʫʞʜʘʶʪʩʷ 

ʚ ʝʞʝʛʦʜʥʦʤ ʨʝʤʦʥʪʝ ʠ ʩʝʟʦʥʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʥʘ ʢʦʪʦʨʳʝ ʫʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʩʨʝʜʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʥʪʦʚʳʭ ʜʦʨʦʛ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʢʣʘʩʩʘ ʪʨʘʥʩʧʦʨʪʘ. ɺʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʦʜʦʸʤʦʚ ʠ 

ʨʝʢ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘʥʘʣʦʚ ʜʣʷ ʩʫʜʦʭʦʜʩʪʚʘ ʜʦʣʛʦ ʠ ʜʦʨʦʛʦ.  
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ʅʘ ʬʦʥʝ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʘʚʠʘʮʠʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʥʫʞʥʳ ʜʦʨʦʛʠ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, 

ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʧʝʨʝʚʦʟʦʢ. ɼʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʣʸʪʘ ʥʝʦʙʭʦʜʠʤ ʘʵʨʦʜʨʦʤ, ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ ʩ ʤʘʣʦʡ 

ʘʚʠʘʮʠʝʡ ʤʦʞʝʪ ʙʳʪʴ ʛʨʫʥʪʦʚʳʤ. ʉʦʜʝʨʞʘʪʴ ʪʘʢʦʡ ʘʵʨʦʜʨʦʤ ʛʦʨʘʟʜʦ ʜʝʰʝʚʣʝ, 

ʯʝʤ ʨʘʟʚʝʪʚʣʸʥʥʫʶ ʩʝʪʴ ʞʝʣʝʟʥʳʭ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʘʤʦʣʝʪʦʚ 

ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʨʘʡʦʥʥʳʭ ʧʝʨʝʣʝʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʢʦʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʜʨʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʫʯʝʙʥʳʝ 

ʟʘʚʝʜʝʥʠʷ ʛʦʪʦʚʷʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʙʦʣʴʰʦʡ ʘʚʠʘʮʠʠ. ɺʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʝʛʢʦʤʦʪʦʨʥʦʡ ʘʚʠʘʮʠʠ ʣʝʞʘʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ 

ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ 

ʦʙʱʝʩʪʚʝ ʩʣʦʞʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʤʘʣʘʷ ʘʚʠʘʮʠʷ ï ɻ ʪʦ ʵʣʠʪʘʨʥʳʡ ʚʠʜ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʦʩʪʫʧʥʳʡ ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʦʤʫ. ɼʘʞʝ ʩʚʝʨʭʣʝʛʢʠʝ ʦʜʥʦʤʝʩʪʥʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʟʘʯʘʩʪʫʶ ʥʝʜʦʩʪʫʧʥʳ ʥʝ ʪʦʣʴʢʦ ʩʪʫʜʝʥʪʫ, ʥʦ ʠ ʯʝʣʦʚʝʢʫ 

ʩʦ ʩʨʝʜʥʠʤ ʜʦʩʪʘʪʢʦʤ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʘ ʙʘʟʝ ʉʂɹ ʌʃɸ 

ʅɻʊʋ [2] ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʩʚʝʨʭʣʝʛʢʦʛʦ ʤʦʪʦʧʣʘʥʝʨʘ ʜʣʷ 

ʛʨʫʥʪʦʚʳʭ ʧʦʩʘʜʦʯʥʳʭ ʧʣʦʱʘʜʦʢ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʨʷʜ 

ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʨʘʟʨʘʙʦʪʢʘ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʸʛʢʠʭ 

ʩʘʤʦʣʸʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʚʠʘʮʠʦʥʥʳʭ ʠʥʞʝʥʝʨʦʚ, ʦʙʫʯʝʥʠʝ 

ʧʠʣʦʪʠʨʦʚʘʥʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ ʣʸʛʢʦʤʦʪʦʨʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

ɺ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʝʨʚʳʡ ʦʙʨʘʟʝʮ ʧʣʘʥʝʨʘ. ʇʦ 

ʢʦʤʧʦʥʦʚʢʝ ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʳʩʦʢʦʧʣʘʥʘ [3] ʩ ʰʘʨʥʠʨʥʳʤ ʢʨʝʧʣʝʥʠʝʤ 

ʢʦʥʩʦʣʝʡ ʠ ʨʘʩʯʘʣʢʘʤʠ. ʃʸʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʜʦʙʠʪʴʩʷ ʨʘʩʯʝʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʪʚʝʨʜʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʠ [2].  
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ɸʛʨʝʛʘʪʳ ʧʣʘʥʝʨʘ ʠʤʝʣʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʠʣʦʚʦʡ ʥʘʙʦʨ: ʣʦʥʞʝʨʦʥʳ, 

ʥʝʨʚʶʨʳ, ʭʚʦʩʪʦʚʘʷ ʙʘʣʢʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʜʝʨʝʚʷʥʥʳʭ ʠ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʰʠʚʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʣʠʩʪʦʚʦʛʦ ʠ 

ʬʦʨʤʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧɻʦʢʩʠʜʥʳʝ ʠ ʧʦʣʠʵʬʠʨʥʳʝ ʩʤʦʣʳ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʷʚʠʣʘʩʴ ʥʠʟʢʘʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʢʦʤʧʦʟʠʪʘʤʠ. ʇʨʠ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʧʦʩʣʝʜʥʠʭ ʚ ʚʠʜʝ ʣʸʛʢʠʭ ʠ ʧʨʦʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʝʪ 

ʠ ʨʷʜ ʧʨʦʙʣʝʤ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʤʦʣʘʤʠ, ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚ ʚʠʜʫ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʥʳ ʩ ʛʘʙʘʨʠʪʘʤʠ ʘʛʨʝʛʘʪʦʚ. ʂ ʪʦʤʫ ʞʝ 

ʨʝʟʫʣʴʪʘʪ ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠʟ-ʟʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʠ ʧʣʦʭʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʠʙʦʨʘʤʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʳʣ ʩʜʝʣʘʥ 

ʧʝʨʝʩʤʦʪʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʧʨʦʝʢʪʘ ʚ ʩʪʦʨʦʥʫ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʭ, ʜʝʰʝʚʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʳʙʦʨ ʧʘʣ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʠʩʪʦʚ ʠ ʪʨʫʙ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʣʠʩʪʦʚʦʛʦ ʇʕʊɻ. 

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʜʦʩʪʫʧʥʳ, ʣʠʩʪʳ ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʘʮʠʷʤ. ʊʝʨʤʦʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʩʧʣʘʚʳ ʘʣʶʤʠʥʠʷ ʩʦʭʨʘʥʷʶʪ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʩʚʝʞʝʟʘʢʘʣʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [5]. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʦʚʘʪʴ ʩʣʦʞʥʳʝ ʜʝʪʘʣʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʨʦʯʥʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʣʘʥʝʨʘ ʩʣʦʠʩʪʳʝ ʢʣʝʝʥʥʦ-ʢʣʸʧʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ [4]. ʆʙʰʠʚʢʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʇʕʊɻ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ 

ʜʦʩʪʘʪʦʯʥʦ ʣʸʛʢʠʡ ʠ ʧʨʦʯʥʳʡ, ʦʥ ʧʦʜʜʘʸʪʩʷ ʪʝʨʤʦʬʦʨʤʦʚʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʨʷʜʢʘ 130-150 ʛʨʘʜʫʩʦʚ. ɼʣʷ ʬʦʨʤʦʚʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʨʠʮ 

ʠʟ ʤʝʪʘʣʣʘ. ʇʨʠ ʭʦʨʦʰʝʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʜʝʪʘʣʝʡ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʥʝʙʦʣʴʰʦʝ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʭʦʨʦʰʦ ʪʷʥʝʪʩʷ ʠ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʦʙʰʠʚʢʠ ʩ 

ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [6]. 

 

ʂʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʥʝʨʘ çʉʘʨʤʘ-2è 

- ʃʘʟʝʨʥʳʡ ʨʘʩʢʨʦʡ ʣʠʩʪʦʚ, 

- ʛʠʙʢʘ ʟʘʛʦʪʦʚʦʢ, 

- ʛʠʜʨʦʬʦʨʤʦʚʢʘ ʘʣʶʤʠʥʠʝʚʳʭ ʟʘʛʦʪʦʚʦʢ, 

- ʘʥʦʜʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ, 

- ʪʝʨʤʦʬʦʨʤʦʚʢʘ ʇʕʊɻ, 

- ʩʢʣʝʡʢʘ ʠ ʢʣʸʧʢʘ, 

- ʩʚʘʨʢʘ. 

ʀʟ ʣʠʩʪʦʚʦʛʦ ɼ16ʊ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʝʪʘʣʠ 

ʧʣʘʥʝʨʘ: ʦʙʰʠʚʢʘ ʠ ʰʧʘʥʛʦʫʪʳ ʭʚʦʩʪʦʚʦʡ ʙʘʣʢʠ, ʧʦʣʢʠ ʠ ʩʪʝʥʢʠ ʣʦʥʞʝʨʦʥʦʚ 

ʢʨʳʣʘ ʠ ʦʧʝʨʝʥʠʷ, ʩʠʣʦʚʳʝ ʥʝʨʚʶʨʳ ʢʨʳʣʘ. 

ʀʟ ʧʨʦʢʘʪʘ ɸɼ10 ʠ ɸʄɻ6 ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʬʶʟʝʣʷʞʘ ʠ ʰʘʩʩʠ.  

ʀʟ ʇʕʊɻ 0,5 ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ: ʦʙʰʠʚʢʘ, ʥʝʨʚʶʨʳ ʢʨʳʣʘ ʠ ʦʧʝʨʝʥʠʷ. 
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ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʫʟʣʦʚ ʧʣʘʥʝʨʘ 

 

ʐʪʘʤʧʦʚʢʘ ʰʧʘʥʛʦʫʪʦʚ ʠ ʩʠʣʦʚʳʭ ʥʝʨʚʶʨ 

ɼʣʷ ʰʪʘʤʧʦʚʢʠ ʜʝʪʘʣʝʡ ʠʟ ɼ16ʊ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʟʘʢʘʣʦʯʥʘʷ ʧʝʯʴ ʠ 

ʛʠʜʨʦʬʦʨʤʦʚʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʵʣʘʩʪʠʯʥʦʡ ʤʝʤʙʨʘʥʦʡ.  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʠʜʨʦʬʦʨʤʦʚʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʆʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʦʢ 

ʌʦʨʤʦʚʢʘ ( ɻʌʋ) 

ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʠʣʦʚʦʛʦ ʥʘʙʦʨʘ

ɻʠʙʢʘ ( ʣʠʩʪʦʛʠʙʦʯʥʳʡ 

ʩʪʘʥʦʢ) ʦʙʰʠʚʢʠ 

ʭʚʦʩʪʦʚʦʡ ʙʘʣʢʠ 

ʉʙʦʨʢʘ (ʩʢʣʝʡʢʘ ʚ ʩʪʘʧʝʣʝ) 

ʉʢʣʸʧʢʘ 

ʧʨʦʢʣʝʝʥʥʳʭ ʫʟʣʦʚ 

ʉʙʦʨʢʘ ʘʛʨʝʛʘʪʦʚ 

ɻʠʙʢʘ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʧʨʦʬʠʣʝʡ ʜʣʷ ʩʣʦʠʩʪʦʛʦ 

ʣʦʥʞʝʨʦʥʘ  

ʃʘʟʝʨʥʳʡ ʨʘʩʢʨʦʡ

ɸʥʦʜʠʨʦʚʘʥʠʝʜʝʪʘʣʝʡ 
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ʉʚʝʞʝʟʘʢʘʣʝʥʥʳʝ ʜʝʪʘʣʠ ʰʪʘʤʧʫʶʪʩʷ ʦʙ ʧʫʘʥʩʦʥ ʚʦʜʦʡ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ 

15 ʘʪʤʦʩʬʝʨ ʯʝʨʝʟ ʵʣʘʩʪʠʯʥʫʶ ʤʝʤʙʨʘʥʫ ʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʥʘʙʠʨʘʶʪ 

ʧʨʦʯʥʦʩʪʴ.  

ɼʘʥʥʳʡ ʚʠʜ ʰʪʘʤʧʦʚʢʠ ʜʝʰʝʚʣʝ ʘʥʘʣʦʛʠʯʥʦʡ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʩ ʧʦʜʚʠʞʥʦʡ 

ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ ʠ ʩʠʩʪʝʤʦʡ ʤʘʪʨʠʮʘ-ʧʫʘʥʩʦʥ. ɼʣʷ ʪʘʢʦʛʦ ʪʠʧʘ ʬʦʨʤʦʚʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʫʘʥʩʦʥʘ ʠʟ ʧʣʘʩʪʠʢʘ ʠʣʠ ʜʝʨʝʚʘ. ʉʘʤ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ 

ʙʝʟʦʧʘʩʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʯʠʡ ʮʠʢʣ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʧʨʦʭʦʜʠʪ ʚ 

ʩʦʤʢʥʫʪʳʭ ʧʦʣʫʸʤʢʦʩʪʷʭ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʫʩʪʠʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʨʘʙʦʪʝ ʥʘ 

ʜʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

 

ɻʠʙʢʘ ʦʙʰʠʚʢʠ ʭʚʦʩʪʦʚʦʡ ʙʘʣʢʠ 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʃʠʩʪʦʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ 

ʆʙʰʠʚʢʘ ʭʚʦʩʪʦʚʦʡ ʙʘʣʢʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʛʝʦʤʝʪʨʠʶ ʩ 

ʨʘʜʠʫʩʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʰʠʚʢʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʣʠʩʪʦʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʠʙʳ ʨʘʜʠʫʩʘ ʦʪ 30 ʜʦ 60 ʤʤ. 

 

ʉʙʦʨʢʘ ʦʙʰʠʚʢʠ ʭʚʦʩʪʦʚʦʡ ʙʘʣʢʠ 

ʉʦʛʥʫʪʳʝ ʥʘ ʣʠʩʪʦʛʠʙʦʯʥʦʤ ʩʪʘʥʢʝ ʵʣʝʤʝʥʪʳ ʦʙʰʠʚʢʠ ʠ ʦʪʬʦʨʤʦʚʘʥʥʳʝ 

ʥʘ ɻʌʋ ʰʧʘʥʛʦʫʪʳ ʩʦʙʠʨʘʶʪʩʷ ʚ ʩʪʘʧʝʣʝ. 
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ʈʠʩʫʥʦʢ 5 ï ʉʙʦʨʦʯʥʳʡ ʩʪʘʧʝʣʴ ʭʚʦʩʪʦʚʦʡ ʙʘʣʢʠ 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʩʪʘʧʝʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʪʦʣʴʢʦ ʜʣʷ 

ʩʢʣʝʡʢʠ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʬʠʢʩʘʮʠʠ ʧʝʨʝʜ ʢʣʸʧʢʦʡ. ʂʣʝʧʢʘ ʩʦʙʨʘʥʥʳʭ 

ʧʦʣʦʚʠʥ ʦʙʰʠʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝ ʩʪʘʧʝʣʷ, ʪ. ʢ. ʦʥʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ 

ʞʝʩʪʢʦʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʩʪʘʧʝʣʴ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ 

ʜʝʨʝʚʷʥʥʳʭ ʣʦʞʝʤʝʥʪʦʚ ʙʝʟ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʠ ʩʢʣʸʧʢʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʣʦʥʞʝʨʦʥʦʚ ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ 

ʃʦʥʞʝʨʦʥ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʫʪʝʤ ʩʢʣʝʠʚʘʥʠʷ ʚ ʝʜʠʥʳʡ ʧʘʢʝʪ ʟʘʛʦʪʦʚʦʢ ʠʟ 

ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ. ʊʝʭʥʦʣʦʛʠʷ ʥʘʙʦʨʥʦʛʦ ʣʦʥʞʝʨʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʨʘʚʥʦʧʨʦʯʥʫʶ ʣʸʛʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʘʩʩʠʚʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ ʩʢʣʝʠʚʘʥʠʷ ʧʨʦʬʠʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʜʢʨʝʧʣʝʥʠʝ ʨʘʟʦʤʢʥʫʪʦʡ ʩʪʝʥʢʠ ʥʘʙʦʨʦʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʜʠʘʛʦʥʘʣʴʥʳʭ 

ʨʘʩʧʦʨʦʢ, ʟʘʤʳʢʘʶʱʠʭ ʧʨʦʬʠʣʴ ʠ ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʝʛʦ ʞʝʩʪʢʦʩʪʴ ʥʘ ʢʨʫʯʝʥʠʝ 

(ʩʤ. ʨʠʩʫʥʦʢ 5). ʂʨʦʤʝ ʵʪʦʛʦ, ʩʣʦʠʩʪʳʝ ʵʣʝʤʝʥʪʳ ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʟʚʠʪʠʶ ʪʨʝʱʠʥ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʩʢʣʝʠʚʘʥʠʷ ʧʦʣʦʢ ʣʦʥʞʝʨʦʥʘ: 1 ï ʩʙʦʨʦʯʥʳʡ ʩʪʘʧʝʣʴ; 2 ï 

ʧʨʠʞʠʤʥʘʷ ʧʘʥʝʣʴ; 3 ï ʧʨʦʬʠʣʴ ʣʦʥʞʝʨʦʥʘ; 4 ï ʥʘʙʦʨ ʫʛʦʣʢʦʚ; 5 ï 

ʩʠʣʠʢʦʥʦʚʳʡ ʧʨʠʞʠʤ 
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ʈʠʩʫʥʦʢ 7 ï ʉʦʙʨʘʥʥʳʡ ʣʦʥʞʝʨʦʥ ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ ʩ ʨʘʩʧʦʨʢʘʤʠ, 

ʚʳʧʦʣʥʷʶʱʠʤʠ ʨʦʣʴ ʟʘʜʥʝʡ ʩʪʝʥʢʠ 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʥʝʨʚʶʨ ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ 

ʅʝʨʚʶʨʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʪʝʨʤʦʬʦʨʤʦʚʢʠ. ɿʘʛʦʪʦʚʢʘ ʠʟ ʇʕʊɻ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʧʫʘʥʩʦʥ ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 135 ʛʨʘʜʫʩʦʚ. 

ʅʘʛʨʝʪʳʡ ʧʣʘʩʪʠʢ ʨʘʟʤʷʛʯʘʝʪʩʷ ʠ ʦʙʞʠʤʘʝʪʩʷ ʤʘʪʨʠʮʝʡ. ɻʦʪʦʚʳʝ ʧʦʣʦʚʠʥʳ 

ʥʝʨʚʶʨ ʩʢʣʝʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ ʦʩʥʘʩʪʢʝ ʧʦʣʠʫʨʝʪʘʥʦʚʳʤ ʢʣʝʝʤ ʇʌʃ-100. 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ɻʦʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʨʚʶʨʳ 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʐʪʘʤʧ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʨʚʶʨ 


