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ʀ ʄɽʊʆɼʓ ʀʍ ʕʂʉʇʃʋɸʊɸʎʀʀè 
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ɸʥʥʦʪʘʮʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʟʝʤʣʝ ʠ 

ʚ ʧʦʣʝʪʝ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ. ɼʣʷ 

ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʚʝʨʪʦʣʝʪʥʦʛʦ ɻʊɼ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ ʨʘʙʦʯʠʭ 

ʣʦʧʘʪʦʢ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʚ ʙʦʨʪʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʙʫʜʝʪ 

ʚʳʜʘʚʘʪʴʩʷ ʩʠʛʥʘʣ ʦʙ ʠʟʥʦʩʝ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟʦʘʙʨʘʟʠʚʥʳʡ ʠ ʵʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ, ʨʘʙʦʯʘʷ ʣʦʧʘʪʢʘ, ʦʩʝʚʦʡ 

ʢʦʤʧʨʝʩʩʦʨ, ʚʝʨʪʦʣʝʪʥʳʡ ɻʊɼ, ʜʦʩʨʦʯʥʦʝ ʩʥʷʪʠʝ ʜʚʠʛʘʪʝʣʝʡ, ʪʫʨʙʦʚʘʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʧʨʠʥʮʠʧ ʪʨʠʘʥʛʫʣʷʮʠʠ. 
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Abstract. Existing methods of visual and instrumental periodic monitoring of gas abrasive 

wear of compressor flow parts cannot provide an objective assessment of the technical condition of 

the compressor during engine operation at a given time on the ground and in flight. Therefore, a 

continuous method for monitoring the wear of working blades is proposed. For early detection of 

wear on the working blades of an axial compressor of a helicopter gas turbine engine, an effective 

sensor is required. To do this, it is proposed to use a triangulation type sensor, which will allow you 

to measure the distance to the end part of the working blades. As the distance to the monitored 

object increases, a signal about wear of the compressor working blades will be sent to the on-board 

monitoring system. 

Keywords: Gas abrasive and erosive wear, working blade, axial compressor, helicopter gas 

turbine engine, early removal of engines, turboshaft engine, principle of triangulation. 

 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʝʨʪʦʣʝʪʥʳʭ ɻʊɼ, ʫʭʫʜʰʘʶʱʠʭ 

ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʣʦʧʘʪʦʢ, ʷʚʣʷʝʪʩʷ ʧʦʧʘʜʘʥʠʝ ʚ ʚʦʟʜʫʰʥʳʡ 

ʪʨʘʢʪ ʚʤʝʩʪʝ ʩ ʚʦʟʜʫʭʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʠ ʧʨʠ ʨʘʙʦʪʝ ʚʝʨʪʦʣʝʪʘ ʥʘ 

ʟʝʤʣʝ ʠʣʠ ʚʙʣʠʟʠ ʟʝʤʣʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ 

ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʝʨʪʦʣʝʪʥʳʭ 

ɻʊɼ ʦʪʤʝʯʘʪʁʩʷ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʢʘʢ ʧʦʚʨʝʞʜʝʥʠʝ ʣʦʧʘʪʦʢ ʧʦʩʪʦʨʦʥʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʘʙʨʘʟʠʚʥʳʡ 

ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʨʘʟʨʫʰʝʥʠʝ ʧʦʜʰʠʧʥʠʢʦʚ ʦʧʦʨ. 

ʆʧʪr ʧʨʠʤʝʥʝʥʠʷ ɻʊɼ ʪʠʧʘ ʊɺ3-117 (ɺʝʨʪʦʣʝʪʳ ʪʠʧʘ ʄʠ-8ʄʊ, ʄʠ-24) ʚ 

ʫʩʣʦʚʠʷʭ ʤʠʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʝʜʝʥʠʠ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]: 

 ʚ ʫʩʣʦʚʠʷʭ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʘʣʠʩʴ ʥʠʞʝ 
ʪʨʝʙʫʝʤʳʭ. ɻʊɼ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʤʠʨʥʦʝ ʚʨʝʤʷ, ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʙʦʝʚʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ; 

 ʜʦʩʨʦʯʥʳʡ ʩʲʝʤ ʜʚʠʛʘʪʝʣʝʡ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʙʦʝʚʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʙʦʣʝʝ 40% ʜʚʠʛʘʪʝʣʝʡ ʪʠʧʘ ʊɺ3-117 ʚʳʨʘʙʘʪʳʚʘʶʪ 

ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ; 

 ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʩʣʷʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʙʦʪʝ 
ɻʊɼ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʧʳʣʝʥʥʦʩʪʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʧʦʷʚʣʝʥʠʷ ʟʘʢʦʢʩʦʚʘʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʤʘʩʣʷʥʦʡ ʩʠʩʪʝʤʳ. ɼʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʠʣʠ ʢ ʤʘʩʣʷʥʦʤʫ ʛʦʣʦʜʘʥʠʶ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʤʝʣʦ 

ʤʝʩʪʦ ʨʘʟʨʫʰʝʥʠʝ ʦʧʦʨ ʨʦʪʦʨʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ;  

 ʘʙʨʘʟʠʚʥʳʡ ʠ ʵʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ, ʣʦʧʘʪʦʢ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʟʘʧʳʣʝʥʥʦʩʪʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ; 

 ʟʘʙʨʦʩ ʛʦʨʷʯʠʭ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʥʘ ʚʭʦʜ ʚ ʜʚʠʛʘʪʝʣʴ; 

 ʧʦʧʘʜʘʥʠʝ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ 
ʧʦʨʘʞʝʥʠʷ; 

 ʧʦʚʳʰʝʥʥʳʡ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ) ʦʪʙʦʨ ʚʦʟʜʫʭʘ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʧʳʣʝʟʘʱʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʇɿʋ). 

ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 1) ʫʢʘʟʘʥʦ ʧʨʦʮʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ 

ʩʥʷʪʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊɼ ʊɺ3-117. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʥʷʪʠʷ ɻʊɼ ʊɺ3-117 ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ [2]: 

 ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ (35-40%); 
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 ʨʘʟʨʫʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ ʯʘʩʪʠ (20-25%); 

 ʟʘʙʦʠʥʳ ʥʘ ʣʦʧʘʪʢʘʭ (15-20%); 

 ʧʦʤʧʘʞ ʜʚʠʛʘʪʝʣʷ (10-15%); 

 ʧʦʧʘʜʘʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ (5-10%); 

 ʧʨʦʯʠʝ ʧʨʠʯʠʥʳ (0-5%). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʩʥʷʪʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ  

ɻʊɼ ʊɺ3-117 

 

ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʜʦʩʨʦʯʥʦʛʦ ʩʥʷʪʠʷ ʜʚʠʛʘʪʝʣʝʡ ʊɺ3-117 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

35-40 % ʜʚʠʛʘʪʝʣʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʨʝʤʦʥʪʥʳʝ ʟʘʚʦʜʳ, ʩʥʷʪʳ ʠʟ-ʟʘ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʵʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʢʦʤʧʨʝʩʩʦʨʦʚ ʜʚʠʛʘʪʝʣʝʡ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ, 

ʜʦʩʪʠʛʘʝʪ ʧʨʠ ʥʘʨʘʙʦʪʢʝ ʚ ʜʠʘʧʘʟʦʥʝ 800é1000 ʯʘʩʦʚ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʪʫʨʙʦʚʘʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ (ʚ 

ʩʨʝʜʥʝʤ ʥʘ 3%), ʫʤʝʥʴʰʝʥʠʶ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 2-3%), 

ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʚ ʩʨʝʜʥʝʤ ʥʘ 5%), ʫʚʝʣʠʯʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʟʘ ʪʫʨʙʠʥʦʡ (ʚ ʩʨʝʜʥʝʤ ʜʦ 4%) [3]. 

ʇʨʠʤʝʥʝʥʠʝ ʇɿʋ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʥʦ ʥʝ 

ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʵʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ. ʀʟʥʦʩ ʣʦʧʘʪʦʢ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʭʦʨʜʳ, ʪʦʣʱʠʥʳ, ʩʥʠʞʝʥʠʶ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, 

ʘ ʪʘʢʞʝ ʢ ʫʭʫʜʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ, ʩʥʠʞʝʥʠʶ ʂʇɼ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʅʘʠʙʦʣʴʰʝʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʭʦʜʥʘʷ, ʚʳʭʦʜʥʘʷ ʠ ʧʝʨʠʬʝʨʠʡʥʘʷ 

ʯʘʩʪʴ ʣʦʧʘʪʦʢ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï ɸʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ. ɿʘʙʦʠʥʘ ʥʘ ʣʦʧʘʪʢʝ 

ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʢʦʤʧʨʝʩʩʦʨʘ 

 

ʅʘʠʙʦʣʴʰʝʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʞʝʥʳ ʣʦʧʘʪʢʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʝʨʪʦʣʝʪʥʳʭ 

ɻʊɼ. ʆʙʳʯʥʦ ʠʟʥʦʩ ʧʨʦʭʦʜʠʪ ʧʦ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ ʣʦʧʘʪʢʠ, ʥʘ ʢʦʨʳʪʮʝ ʣʦʧʘʪʢʠ 

ʠ ʚ ʟʦʥʝ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʠʟʥʘʰʠʚʘʶʪʩʷ 

ʙʦʣʴʰʝ, ʯʝʤ ʣʦʧʘʪʢʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʧʝʨʚʳʭ ʪʨʝʭ ʩʪʫʧʝʥʝʡ 

ʠʟʥʘʰʠʚʘʝʪʩʷ ʧʝʨʝʜʥʷʷ ʢʨʦʤʢʘ ʧʝʨʠʬʝʨʠʡʥʦʡ ʧʦʣʦʚʠʥʳ ʈʃ, ʫ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʪʫʧʝʥʝʡ ʦʙʝ ʢʨʦʤʢʠ. ʅʝʧʨʘʚʠʣʴʥʘʷ ʨʘʙʦʪʘ ʇɿʋ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ 

ʠʟʥʦʩʫ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ [4]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʢʦʤʧʨʝʩʩʦʨʘ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʟʝʤʣʝ ʠ ʚ 

ʧʦʣʝʪʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ 

ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʪʦʣʴʢʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʚʝʨʪʦʣʝʪʥʳʭ ɻʊɼ. ɼʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ, ʪ.ʝ. ʧʨʦʧʫʩʢʘ ʜʝʬʝʢʪʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʘ, ʠʩʧʨʘʚʥʦʩʪʠ 

ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʝʜʝʣʴʥʳʤ 

ʠʟʥʦʩʦʤ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ. ɼʣʷ ʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʥʘ 

ʢʦʨʧʫʩʝ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʲʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ 

ʜʘʪʯʠʢ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ ʩ ʮʝʣʴʶ ʟʘʤʝʨʘ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʣʦʧʘʪʦʢ 

ʢʦʤʧʨʝʩʩʦʨʘ. ʕʪʦ ʦʜʥʘ ʠʟ ʪʝʭʥʠʢ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ, ʚ 

ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʘʟʝʨ. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʨʘʩʩʝʷʥʠʷ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʘʟʝʨ ʧʦʜʩʚʝʯʠʚʘʝʪ ʪʦʯʢʫ, ʜʦ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʠʟʤʝʨʷʪʴʩʷ ʨʘʩʩʪʦʷʥʠʝ (ʨʠʩʫʥʦʢ 3). ɼʨʫʛʦʝ ʜʝʪʝʢʪʠʨʫʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʪ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʵʪʦʡ ʪʦʯʢʠ ʩʚʝʪ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʣʘʟʝʨ, ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ ʪʦʯʢʘ, ʜʝʪʝʢʪʦʨ) ʦʙʨʘʟʫʝʪ 
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ʩʦʙʦʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʚʚʠʜʫ ʯʝʛʦ ʤʝʪʦʜ ʠ ʥʘʟʳʚʘʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʡ. 

ɼʝʪʝʢʪʦʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʬʨʦʚʫʶ ʚʠʜʝʦ- ʠʣʠ ʬʦʪʦʢʘʤʝʨʫ, 

ʦʙʲʝʢʪʠʚ ʢʦʪʦʨʦʡ ʬʦʢʫʩʠʨʫʝʪ ʧʨʠʰʝʜʰʠʡ ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ ʥʘ ʇɿʉ (ʧʨʠʙʦʨ 

ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ) ï ʠʣʠ ʂʄʆʇ ï ʤʘʪʨʠʮʝ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧ ʪʨʠʘʥʛʫʣʷʮʠʠ 

 

ʃʫʯ, ʧʦʧʘʜʘʷ ʥʘ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʥʩʦʨʘ, ʧʦʛʣʦʱʘʝʪʩʷ, 

ʦʙʨʘʟʫʷ ʥʝʙʦʣʴʰʦʝ ʩʚʝʪʦʚʦʝ ʧʷʪʥʦ. ʇʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ 

ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʫʛʦʣ ʤʝʞʜʫ ʦʪʨʘʞʝʥʥʳʤ ʣʫʯʦʤ (BC) ʠ ʣʠʥʠʝʡ ʜʝʪʝʢʪʦʨ-ʣʘʟʝʨ 

(AB). ɺ ʠʪʦʛʝ ʤʳ ʟʥʘʝʤ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʝʥʩʦʨʘ ʜʦ ʣʘʟʝʨʘ (AB), 

ʫʛʦʣ ʤʝʞʜʫ ʣʫʯʦʤ, ʠʩʧʫʱʝʥʥʳʤ ʣʘʟʝʨʦʤ, ʠ ʣʠʥʠʝʡ ʜʝʪʝʢʪʦʨ ï ʣʘʟʝʨ (C᷁AB) ʠ 

ʫʛʦʣ ʤʝʞʜʫ ʦʪʨʘʞʝʥʥʳʤ ʣʫʯʦʤ ʠ ʣʠʥʠʝʡ ʜʝʪʝʢʪʦʨ ï ʣʘʟʝʨ ( C᷁BA). ʇʦ ʵʪʠʤ 

ʪʨʝʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʩʝ ʩʪʦʨʦʥʳ ʠ ʫʛʣʳ ʪʨʝʫʛʦʣʴʥʠʢʘ 

(ʨʠʩʫʥʦʢ 4).  

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ 

 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠʥʮʠʧ ʪʨʠʘʥʛʫʣʷʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʝʧʦʜʚʠʞʥʳʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʠʣʠ ʚʠʙʨʠʨʫʶʱʠʤʠ ʯʘʩʪʷʤʠ 
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ʢʘʢʠʭ-ʣʠʙʦ ʤʝʭʘʥʠʟʤʦʚ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʪʘʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʦʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ ʩʦʪʳʭ ʧʨʦʮʝʥʪʘ ʦʪ 

ʠʟʤʝʨʷʝʤʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʪʨʘʞʝʥʥʦʝ ʨʘʩʩʝʷʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʤʝʪʦʜ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ 

ʠʟʤʝʨʷʝʤʦʤʫ ʨʘʩʩʪʦʷʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʧʘʜʘʶʱʝʛʦ ʥʘ ʤʘʪʨʠʮʫ ʩʚʝʪʘ ʤʦʞʝʪ ʥʝ 

ʭʚʘʪʠʪʴ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ ʥʘ ʢʘʨʪʠʥʢʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ ʈʌ602 ï ʩʫʧʝʨʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʡ 

ʜʘʪʯʠʢ (ʨʠʩʫʥʦʢ 5). ʄʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ʚʳʧʦʣʥʝʥ ʠʟ ʘʣʶʤʠʥʠʷ.  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʜʘʪʯʠʢ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ ʈʌ602 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ: 

 ʙʘʟʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ X, ʤʤ ï ʥʝ ʙʦʣʝʝ 30; 

 ʣʠʥʝʡʥʦʩʪʴ -   Ñ0,05 % ʦʪ ʜʠʘʧʘʟʦʥʘ; 

 ʧʦʛʨʝʰʥʦʩʪʴ, % - 0,001; 

 ʨʘʟʤʝʨʳ, ʤʤ (ɼ*ɺ*ʐ) - 39*20*17; 

 ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʤɺʪ - Ò0,95 ʤɺʪ; 

 ʚʝʩ, ʛʨʘʤʤ ï 40. 

ʃʫʯ ʣʘʟʝʨʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʣʦʧʘʪʢʠ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʘ ʠʟʥʦʩʫ. ʇʨʠ ʠʟʥʦʩʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʤʝʨʷʝʤʦʝ ʙʘʟʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʝʨʝʜʥʝʡ ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ 

ʣʦʧʘʪʢʠ, ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʘʪʯʠʢʘ (0,5 ʤʤ+ʙʘʟʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ). 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣ ʦʪ ʜʘʪʯʠʢʘ ʧʦʜʘʝʪʩʷ ʚ 

ʙʦʨʪʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ, ʚ ʢʘʙʠʥʝ ʵʢʠʧʘʞʘ ʟʘʛʦʨʘʝʪʩʷ ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʝ 

ʪʘʙʣʦ çʀʟʥʦʩ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘè. ɺʦʧʨʦʩ ʦ ʜʦʧʫʩʪʠʤʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʢ 

ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʰʘʝʪʩʷ ʧʦʩʣʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʤʝʨʘ ʠʟʥʦʩʘ 

ʣʦʧʘʪʦʢ ʠ ʩʨʘʚʥʝʥʠʷ ʝʛʦ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʚʦʜʦʤ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʦʡ.  

 

ɺʳʚʦʜʳ 

1. ʇʦʚʳʰʝʥʥʳʡ ʘʙʨʘʟʠʚʥʳʡ ʠ ʵʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ 

ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ɻʊɼ ʊɺ3-117, 

ʩʥʠʞʝʥʠʶ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. 

2. ʋʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʘ ʈʌ602 ʧʦʟʚʦʣʠʪ: 

 ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʪʴ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʦʩʝʚʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʟʘʤʝʥʫ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ; 

 ʥʝ ʜʦʧʫʩʪʠʪʴ ʜʦʩʨʦʯʥʦʝ ʩʥʷʪʠʝ ʜʚʠʛʘʪʝʣʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʥʴʰʝ 
ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ; 
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  ʫʩʪʨʘʥʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ 1 ʩʪʫʧʝʥʠ ʧʨʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪʘʭ; 

 ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʪʨʦʣʝʧʨʠʛʦʜʥʦʩʪʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʧʨʦʚʝʨʢʠ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 20%, ʩʨʝʜʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʦʙʲʝʢʪʘ ʢ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʶ ʩʥʠʟʠʣʠʩʴ ʥʘ 100%).   
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʭʨʝʡ. ʋʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʬʘʢʪʦʨʳ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʡ ï ʛʨʘʜʠʝʥʪʥʳʡ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ, ʚʳʟʚʘʥʥʳʝ ʨʘʟʨʳʚʦʤ ʩʢʦʨʦʩʪʠ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʜʣʠʥʝ 

ʚʠʭʨʝʚʦʛʦ ʰʥʫʨʘ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚʠʭʨʝʡ ʛʨʘʜʠʝʥʪʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. ɺ 

ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʚʠʭʨʝʡ ʚ ʚʠʭʨʠ ʨʘʟʤʳʪʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʮʠʨʢʫʣʷʮʠʠ ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʘʚʠʘʮʠʠ. ʆʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʡ ʛʨʘʜʠʝʥʪʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ 

ʩʪʘʪʴʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʦʙʱʝʡ ʪʝʦʨʠʠ ʚʠʭʨʝʡ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʷʚʣʝʥʠʷ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʚʠʭʨʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʚ, 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʚʠʭʨʠ ʛʨʘʜʠʝʥʪʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. 
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PECULIARITIES OF VORTEX FORMATION UNDER AIR INTAKES OF 

GTE TAKING INTO ACCOUNT GRADIENT -DIFFERENTIAL INFLUENCE 

FACTOR 

 

Danilenko Nikolay V., Candidate of Technical Sciences 

Kirenchev Anton G., Candidate of Technical Sciences 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The article presents a brief analysis of early studies on the topic of vortex 

classification. New vortex generation factors are gradient and differential caused by the 

separation of the runoff velocity and circulation along the length of the vortex cord is 

established. Examples of vortices of gradient-differential type are given. The paper describes 

and mathematically proves the transformation of dangerous vortices into vortices of blurred 

intensity with reduced circulation density as one of the ways to combat vortex formation in 

aviation. The influence of viscosity in the boundary layer of the underlying surface on the 

formation of vortices of gradient-differential type is described. The data presented in the 

article are an addition to the general vortex theory and can be useful in modeling and research 

of vortex formation phenomena. 

Keywords: gas turbine engines, air intake vortices, vortex formation, boundary layer, 

vortices of gradient-differential type. 

 

ɺʚʝʜʝʥʠʝ 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʩ ʛʘʟʦʪʫʨʙʠʥʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ, ʥʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘʜ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʥʳʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʦʢʦʚʦʛʦ 

ʧʦʪʦʢʘ ʧʝʨʝʜ ʚʭʦʜʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʟʘʤʢʥʫʪʦʛʦ ʥʘ ʧʦʜʩʪʠʣʘʶʱʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ. ʇʨʠʤʝʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʫʭʢʦʥʪʫʨʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩ ʙʦʣʴʰʠʤ ʩʝʢʫʥʜʥʳʤ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ɺɿ ʦʢʘʟʘʣʦ 

ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ɺɿ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ 

ʪʚʝʨʜʦʡ ʠ ʛʘʟʦʚʦʡ ʩʨʝʜ. ɺʠʭʨʠ ʧʨʠʦʙʨʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʟʘʩʘʩʳʚʘʥʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ (ʇʇ) ʚʥʫʪʨʴ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ (ɺɿ) ʠ ʢʦʤʧʨʝʩʩʦʨʘ ʜʚʠʛʘʪʝʣʷ. ʋʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʟʘʩʘʩʳʚʘʝʤʳʭ ʇʇ ʥʘ ʚʭʦʜ ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ 

ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʊʈɼɼ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʷʚʣʝʥʠʝʤ ʪʨʝʱʠʥ ʠ ʜʦʩʨʦʯʥʳʤ ʩʲʸʤʦʤ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ 

ʧʦʪʝʨʷʤʠ ʧʦʣʝʟʥʦʛʦ ʨʝʩʫʨʩʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʧʨʘʚʢʦʡ ʜʚʠʛʘʪʝʣʝʡ ʥʘ 

ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ (ʈʇ) ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɺʆ) ʧʝʨʝʜ 

ʚʭʦʜʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʊʈɼɼ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜʤʝʪʳ, ʟʘʩʘʩʳʚʘʝʤʳʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʜʚʠʛʘʪʝʣʷ [1, 2].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʚʠʭʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʦʢʦʚʦʛʦ 

ʧʦʪʦʢʘ ʧʝʨʝʜ ɺɿ ʫ ʟʝʤʣʠ ʠ ʝʸ ʈʇ. ʋʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʬʘʢʪʦʨʳ ʛʝʥʝʨʘʮʠʠ 
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ʚʠʭʨʝʡ ʧʝʨʝʜ ɺɿ ʧʨʠ ʨʘʙʦʪʝ ɻʊɼ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʫ ʟʝʤʣʠ [2, 3]. ʂ 

ʥʠʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʣʦʧʘʪʦʢ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʦʩʝʚʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ ʥʘ ʩʪʦʢʦʚʳʡ ʧʦʪʦʢ ʚ ʢʘʥʘʣʝ ʪʦʢʘ ɺɿ ʠ ʧʝʨʝʜ ʥʠʤ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʚ 

ʚʠʜʝ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʫ ʟʝʤʣʠ ʚ ʩʪʦʨʦʥʫ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ʊʈɼɼ. ʆʥʦ ʘʢʪʠʚʥʦ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʜʣʠʥʝ ɺɿ ʠ 

ʥʝʙʦʣʴʰʦʡ ʚʳʩʦʪʝ ʥʘʜ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ (ʧʣʦʩʢʦʛʦ ʵʢʨʘʥʘ). 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʦʜʠʤʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʪʝʥʘ ʬʦʨʤʘ ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 

ɺɿ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʜʫʢʪʠʚʥʳʭ ʚʠʭʨʝʡ ʩʦ ʩʪʦʨʦʥʳ ʜʣʠʥʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʦʢʦʚʳʭ ʧʝʨʝʜʥʠʭ ʢʨʦʤʦʢ ɺɿ, ʥʘʚʦʜʷʱʠʭ ʚʠʭʨʝʚʳʝ 

ʚʦʟʤʫʱʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʟʘʢʨʫʪʢʫ ʧʦʪʦʢʘ ʫ ʵʢʨʘʥʘ.  

 

ʅʦʚʳʝ ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʚʳʷʚʣʝʥ ʥʦʚʳʡ ʬʘʢʪʦʨ ʘʢʪʠʚʘʮʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʡ ʚ 

ʧʦʣʝ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ʧʝʨʝʜ ɺɿ ʥʘ ʛʨʘʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʨʝʜ. ʆʥ 

ʦʧʨʝʜʝʣʸʥ ʠʟʚʝʩʪʥʳʤ ʨʘʟʨʳʚʦʤ ʩʢʦʨʦʩʪʠ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ (DV  ̧ 0), 

ʛʝʥʝʨʠʨʫʶʱʠʤ ʢʨʠʪʝʨʠʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (w  ̧0), ʠʟʚʝʩʪʥʦʡ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʘʵʨʦʜʠʥʘʤʠʢʠ [4]. ʋʩʪʘʥʦʚʣʝʥ ʬʘʢʪʦʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʚ ʧʦʣʝ ʨʘʟʨʳʚʘ ʠʭ 

ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʜʣʠʥʝ ʚʠʭʨʝʚʦʛʦ ʰʥʫʨʘ, ʥʘʟʳʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ 

ʚʠʭʨʷʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʚ ʙʳʪʫ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʚʙʦʷʤʠ ʉʐɸ ʣʘʩʩʦ 

ʛʨʘʜʠʝʥʪʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ʩ ʢʦʢʣʶʰʢʘʤʠ 

ʧʨʠ ʚʷʟʢʝ ʢʨʫʞʝʚʥʳʭ ʫʟʦʨʦʚ ʥʘ ʙʘʟʝ ʟʘʢʨʫʯʝʥʥʳʭ ʥʠʪʝʡ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ ʚʠʭʨʝʡ ʛʨʘʜʠʝʥʪʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ: ʘ) ʧʝʪʣʷ 

ʣʘʩʩʦ ʛʨʘʜʠʝʥʪʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʢʘʢ ʧʦʜʦʙʠʝ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʩʤʝʨʯʘ 

(ʪʦʨʥʘʜʦ ʚ ʉʐɸ); ʙ) ʤʦʱʥʳʡ ʩʤʝʨʯ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ ʜʚʫʭ ʙʦʣʝʝ ʤʘʣʳʭ. 

ʀʩʪʦʯʥʠʢ: https://www.phantastike.com/nature/uragany_buri_i_smerchi/djvu/ 

 

ʇʨʠʥʮʠʧ ʫʢʘʟʘʥʥʳʭ ʚʠʭʨʝʡ ʫʩʪʘʥʦʚʣʝʥ ʘʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʠʷ 

ʥʦʚʦʛʦ ʧʦʥʷʪʠʷ çʛʘʟʦʚʳʝ ʪʝʣʘè ʧʨʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ 

ʛʘʟʘ.  

ɺ ʦʩʥʦʚʫ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʭʨʷ, ʢʘʢ ʛʘʟʦʚʦʛʦ ʪʝʣʘ, 

ʧʦʣʦʞʝʥʳ ʦʩʥʦʚʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ ʧʘʨʳ ʪʝʣ ʪʚʝʨʜʦʡ ʬʦʨʤʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʭ ʚʨʘʱʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʚʠʜʝ ʨʝʜʫʢʪʦʨʦʚ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 2). ʂʘʢ ʥʘʙʣʶʜʘʝʤ, ʥʘ ʬʣʘʥʛʘʭ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʬʨʦʥʪʘ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʦʨʥʘʜʦ, ʥʦ ʠ ʧʣʘʥʝʪʘʨʥʳʝ ʮʠʢʣʦʥʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ ʛʘʟʦʚʦʝ ʪʝʣʦ ʩ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ (ʥʘ ʨʘʟʨʳʚ) ʚʨʘʱʝʥʠʝʤ (ʩʤ. ʨʠʩ. 1, ʙ).     

ʋʯʸʪ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʠʭʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜ ɺɿ ʊʈɼɼ ʩ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʴ  ʁʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʧʦʩʦʙʳ 

ʙʦʨʴʙʳ ʩ ʦʧʘʩʥʳʤ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʦʢʦʚʦʛʦ ʪʠʧʘ ʫ ʵʢʨʘʥʘ ʠ ʩʥʠʟʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʘʩʳʚʘʥʠʷ ʇʇ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʟʝʤʣʝ. 

ɺ ʩʪʘʪʴʝ ʩʪʦʠʪ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʈʇ ʫʢʘʟʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ɺʆ ʠ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʚʠʭʨʝʡ ʚ ʚʠʭʨʠ ʨʘʟʤʳʪʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʠʭ ʧʝʨʠʬʝʨʠʠ ʠ ʤʘʣʳʤʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʪʦʢʘ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʝʚʦʡ 

ʪʨʫʙʢʠ. ʉʝʢʨʝʪʦʤ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ɹʠʦ-ʉʘʚʘʨʘ ʚ 

ʚʠʜʝ: 

 

Ű

ɻ
, ʧʨʠ ɻ = const.

2 ŕ
V =

¬
®                                           (1) 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʇʣʘʥʝʪʘʨʥʳʡ ʨʝʜʫʢʪʦʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ 

 

ɸʚʪʦʨʳ ʫʙʝʞʜʝʥʳ ʚ ʪʦʤ, ʯʪʦ ʚʠʭʨʠ ʧʝʨʝʜ ɺɿ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ çʛʘʟʦʚʳʤʠ 

ʪʝʣʘʤʠè, ʩʦ ʩʚʦʠʤ ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ, ʦʙʪʝʢʘʝʤʳʤ ʢʘʢ ʢʦʥʪʫʨ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʩʚʦʝʡ ʫʧʨʫʛʦʩʪʴʶ ʵʪʦʛʦ ʢʦʥʪʫʨʘ ʠ ʦʩʦʙʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ, ʦʪʤʝʯʝʥʥʦʡ ʚ 

ʬʦʨʤʫʣʝ 1. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʛʘʟʦʚʦʛʦ ʪʝʣʘ ʦʪ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ 

ʧʫʩʪʦʪʘ ʛʘʟʦʚʦʡ ʩʨʝʜʳ, ʚ ʥʸʤ ʩʦʜʝʨʞʘʱʝʡʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʛʘʟʦʚʳʤ ʪʝʣʘʤ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʟʘʢʦʥʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ ʪʚʝʨʜʳʭ ʪʝʣ ʠ, 

ʧʦʣʴʟʫʷʩʴ ʵʪʠʤʠ ʟʘʢʦʥʘʤ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ ʩʣʝʜʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, ʜʚʠʞʝʥʠʝ 

ʧʘʨʳ ʪʚʝʨʜʳʭ ʪʝʣ ʚʨʘʱʝʥʠʷ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʰʘʨʥʠʨʥʦʡ ʧʣʘʪʬʦʨʤʝ, 
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ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʳʭ ʚʠʭʨʝʡ ʫ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ (ʚʠʭʨʴ ʫ ʵʢʨʘʥʘ) ʠ ʚ ʩʚʦʙʦʜʥʦ ʚʟʚʝʰʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʜʳʤʦʚʦʝ ʚʠʭʨʝʚʦʝ ʢʦʣʴʮʦ) ʩ ʝʛʦ ʘʚʪʦ-ʧʝʨʝʤʝʱʝʥʠʝʤ. ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʜʠʫʩʘ rʚ ʢʦʣʴʮʝʚʦʛʦ ʚʠʭʨʷ (ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʭʨʝʚʦʡ ʪʨʫʙʢʠ ʛʘʟʦʚʦʛʦ 

ʪʝʣʘ ʥʘʜ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʢʨʘʥʘ) ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʟʜʫʰʥʳʭ ʚʠʭʨʝʡ ʘʢʪʠʚʠʨʫʝʪʩʷ ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ɹʠʦ-

ʉʘʚʘʨʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʫʯʸʪʦʤ ʬʘʢʪʦʨʘ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʵʢʨʘʥʘ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʢʘʟʘʥʥʦʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʘ 

ʚʳʨʘʞʝʥʠʝʤ ʠʣʠ ʬʦʨʤʫʣʦʡ: 

 

Ű

ɻ
, ʧʨʠ ɻ = const.

4 ˊ r
V =

Ö Ö ¬
®                                       (2) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ɺɿ ʥʘʜ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʭʨʝʚʦʡ ʪʨʫʙʢʠ, ʪ.ʝ. ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʟʙʨʦʩʘ ʚʠʭʨʝʡ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʚʠʭʨʝʚʫʶ ʪʨʫʙʢʫ, ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ 

ʧʦʷʚʣʝʥʠʶ ʤʝʞʚʠʭʨʝʚʳʭ ʧʫʩʪʦʪ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʚʠʭʨʷ ʟʘʧʦʣʥʷʝʪʩʷ ʛʘʟʦʤ 

ʯʝʨʝʟ ʫʢʘʟʘʥʥʳʝ ʧʫʩʪʦʪʳ, ʧʦʚʳʰʘʷ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʚʠʭʨʝʚʦʡ ʪʨʫʙʢʠ. ɺʠʭʨʠ, 

ʦʙʨʘʟʫʶʱʠʝ ʚʠʭʨʝʚʫʶ ʪʨʫʙʢʫ ʚ ʧʦʣʝ ʨʦʩʪʘ ʜʘʚʣʝʥʠʷ ʚ ʥʝʡ, ʫʭʦʜʷʪ ʦʪ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʪʨʫʙʢʠ ʠ ʨʘʟʤʳʚʘʶʪʩʷ ʜʦ ʩʦʩʪʦʷʥʠʷ ʨʝʜʢʦʡ ʚʠʭʨʝʚʦʡ ʧʝʣʝʥʳ, ʪ.ʝ. 

ʚʠʭʨʷ ʨʘʟʤʳʪʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʕʪʦʪ ʬʘʢʪʦʨ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʝʥ ʚ 

ʧʣʘʥʝ ʝʛʦ ʈʇ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʫʩʪʦʪʦʡ ʚʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʬʘʢʪʦʨʫ 

ɺɻ ʤʘʢʩʠʤʫʤ [2, 3]. 

ʇʨʦʙʣʝʤʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʠʭʨʠ ʧʝʨʝʜ ɺɿ ʚ ʧʦʣʝ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʪʦʢʦʚʳʡ ʧʦʪʦʢ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʇʦ 

ʩʚʦʡ ʧʨʠʨʦʜʝ ʩʪʦʢʦʚʳʡ ʧʦʪʦʢ ʫ ʟʝʤʣʠ ʧʦʪʝʥʮʠʘʣʝʥ. ʈʘʚʝʥʩʪʚʦ ʩʤʝʞʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʝ ʨʘʚʥʦ ʥʫʣʶ. ɻʨʘʜʠʝʥʪʳ 

ʩʪʦʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʪʦʢʦʚʳʡ ʧʦʪʦʢ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʷʟʢʦʩʪʴ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚʝʜʫʱʘʷ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦ ʚʳʩʦʪʝ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʷ ʜʦ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʪʝʯʝʥʠʷ. ʕʪʦʪ ʬʘʢʪʦʨ ʧʨʦʷʚʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʣʴʮʝʚʳʭ ʚʠʭʨʝʡ ʚʷʟʢʦʛʦ ʩʨʳʚʘ ʧʦʪʦʢʘ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʨʝʜ ɺɿ. ʋʢʘʟʘʥʥʳʝ ʚʠʭʨʠ ʧʦʜʚʝʨʞʝʥʳ 

ʩʠʣʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʝʪʨʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʣʴʮʝʚʦʛʦ ʚʠʭʨʷ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʪʳʣʴʥʦʡ 

ʯʘʩʪʠ ʩʥʠʞʘʝʪʩʷ. ʌʦʨʤʠʨʫʝʪʩʷ ʬʣʘʥʛʦʚʳʡ ʨʘʟʨʳʚ ʮʠʨʢʫʣʷʮʠʠ ʬʨʦʥʪʘʣʴʥʦʡ ʠ 

ʢʦʨʤʦʚʦʡ ʯʘʩʪʝʡ ʢʦʣʴʮʝʚʦʛʦ ʚʠʭʨʷ ʚʷʟʢʦʛʦ ʩʨʳʚʘ ʧʦʪʦʢʘ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʧʦʜ ɺɿ. ʅʘ ʫʢʘʟʘʥʥʦʤ ʬʣʘʥʛʦʚʦʤ ʨʘʟʨʳʚʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʷ ʧʦʷʚʣʷʶʪʩʷ 

ʧʘʨʥʳʝ ʩʚʦʙʦʜʥʳʝ ʚʠʭʨʠ, ʟʘʤʢʥʫʪʳʝ ʥʘ ʧʦʜʩʪʠʣʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʧʫʪʥʦ 

ʚʳʩʪʨʘʠʚʘʝʤʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜ ʚ ɺɿ. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ʵʪʠʭ ʚʠʭʨʝʡ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ɺɿ ʥʘʜ ʟʝʤʣʝʡ ʙʫʜʝʪ 

ʩʢʣʦʥʥʳʤ ʢ ʨʘʩʰʠʨʝʥʠʶ ʜʠʘʤʝʪʨʘ ʝʛʦ ʚʠʭʨʝʚʦʡ ʪʨʫʙʢʠ ʜʦ ʩʦʩʪʦʷʥʠʷ ʚʠʭʨʷ 

ʨʘʟʤʳʪʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʘʢ ʧʠʩʘʣʦʩʴ ʚʳʰʝ. 
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ʇʨʠ ʙʦʢʦʚʦʤ ʚʝʪʨʝ ʠʤʝʶʪ ʤʝʩʪʦ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʨʘʟʨʳʚ ʩʢʦʨʦʩʪʠ ʚ ʟʦʥʝ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿ, ʙʣʠʟʢʦʡ ʢ ʟʝʤʣʝ. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ ɹʝʨʥʫʣʣʠ ʠ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦʜʞʘʪʠʝ ʩʪʨʫʝʢ ʥʠʞʥʝʡ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʥʳʤ ʨʦʩʪʦʤ ʤʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʠʭʨʷ ʫ ʙʦʨʪʘ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʚʭʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʩʪʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʫ ɺɿ ʤʝʪʦʜʦʤ 

ʜʠʩʢʨʝʪʥʳʭ ʚʠʭʨʝʡ [5, 6, 7]. ɽʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʙʦʢʦʚʦʤ ʬʣʘʥʛʦʚʦʤ 

ʚʝʪʨʝ ʥʘ ɺɿ. 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʚ ʩʪʦʢʦʚʦʤ ʧʦʪʦʢʝ ʧʦʜ ɺɿ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠʣʠ ʜʨʫʛʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʬʶʟʝʣʷʞʘ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʩʫʪʦʯʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷʨʥʦʡ ʦʩʠ NS ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʨʥʳʭ 

ʚʠʭʨʝʡ. ʆʜʠʥ ʠʟ ʥʠʭ, ʚʨʘʱʘʶʱʠʡʩʷ ʧʦ ʭʦʜʫ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʫʩʠʣʠʚʘʝʪʩʷ, ʘ 

ʚʪʦʨʦʡ ï ʪʝʨʷʝʪ ʩʚʦʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ.  
 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʥʘ ʤʥʦʛʦʣʠʢʦʩʪʴ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ʫ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʟʝʤʣʠ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʶʟʝʣʷʞʘ. ʕʪʠ ʬʘʢʪʦʨʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩʪʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʠ ʧʨʠ ʨʘʙʦʪʝ ɻʊɼ ʥʘ ʟʝʤʣʝ ʥʘ ʤʘʣʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳcʦʪʘʭ ( H̀ < 0,75). ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʰʠʨʷʝʪ 

ʧʦʟʥʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩʪʦʢʦʚʳʭ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʡʪʠ ʢ ʚʳʭʦʜʫ ʥʘ ʩʥʠʞʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʭʨʝʡ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʫʯʸʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʝʪʨʘ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʭʦʜʷ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ, 

ʠʥʞʝʥʝʨʥʦ-ʘʚʠʘʮʠʦʥʥʘʷ ʩʣʫʞʙʘ ʧʨʠʟʚʘʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʞʝʥʝʨʥʦ-ʘʚʠʘʮʠʦʥʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʀɸʆ), ʪ.ʝ. ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʝʢʫʱʠʭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʠʩʧʨʘʚʥʳʭ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʧʦʣʝʪʘʤ ɺʉ, ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʀɸʆ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʘʚʠʘʢʦʤʧʘʥʠʡ ʚ ʠʩʧʨʘʚʥʳʭ ɺʉ, ʠʤʝʶʱʠʭ ʦʩʪʘʪʦʢ ʨʝʩʫʨʩʘ ʠ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʘ, ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ 

ʦʧʝʨʘʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʨʘʚʥʦʩʪʠ, ʧʨʦʩʪʦʡ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʫʜʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʦʷ. 

 

AIRCRAFT SERVICEABILITY TAKING INTO ACCOUNT THE AVERAGE 

NUMBER OF EMPLOYEES IN AN AIRLINE COMPANY  
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Fryazinov Aleksandr.V., Candidate of Technical Sciences 
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Abstract. On the basis of the main tasks of technical operation, the Aviation Engineering 

Service is called upon to carry out Aviation Engineering Support (AES), i.e. a set of measures 

aimed at meeting current and future needs for serviceable and airworthy aircraft, safety 

requirements, regularity and cost-effectiveness of their technical operation. 

Thus, the purpose of the AES process management is the full and timely satisfaction of 

airlines' needs in serviceable aircraft with remaining resources and service life for flight 

performance, compliance with technical documentation requirements and maintenance operations. 

Keywords: aircraft, maintenance, serviceability factor, technical downtime, specific 

downtime factor. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ (ʊʕ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʣʘʩʪʴ ʥʘʫʯʥʦʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ 
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ʛʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʧʨʷʤʦʤʫ ʥʘʟʥʘʯʝʥʠʶ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʊʕ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʜʚʫʭ ʢʨʫʧʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʙʣʝʤ: 

1) ʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ɺʉ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

2) ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʛʦʪʦʚʥʦʩʪʠ ɺʉ ʢ ʧʦʣʝʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʧʝʨʚʦʡ ʧʨʦʙʣʝʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʘ ʚʪʦʨʦʡ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɸʊ ʧʦ ʧʨʷʤʦʤʫ ʥʘʟʥʘʯʝʥʠʶ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʠʩʧʨʘʚʥʦʩʪʠ ʧʘʨʢʘ ɺʉ ʘʚʠʘʢʦʤʧʘʥʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

1) ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ (ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʩʪʘʚ ʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʩʪʴ 

ʧʝʨʩʦʥʘʣʦʤ ʠ ʪ.ʧ.); 

2) ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ (ʩʦʚʝʨʰʝʥʩʪʚʦ ɺʉ, ʩʨʝʜʩʪʚ ʊʆ ʠ ʪ.ʧ.); 

3) ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚʥʝʰʥʷʷ ʩʨʝʜʘ, ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʧʦʣʝʪʘ ʠ 

ʪ.ʧ.); 

4) ʤʘʪʝʨʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ (ʤʘʪʝʨʠʘʣʴʥʦʝ ʠ ʬʠʥʘʥʩʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʊʆ). 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʨʘʚʥʦʩʪʠ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʚ 

ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʠ. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʣʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʧʨʦʩʪʦʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʠ ʥʘʣʝʪʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʞʝʥʝʨʥʦ-ʘʚʠʘʮʠʦʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʀɸʉ, ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ (ὑ̉ ̒̐ ̑ ), 

ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ɺʉ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʥʘʭʦʜʠʣʦʩʴ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢ ʦʙʱʝʤʫ ʬʦʥʜʫ ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘ 

ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ (ʌi), ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʢʘʢ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ʦʪ 0 ʜʦ 1,0, ʪʘʢ ʠ ʚ ʧʨʦʮʝʥʪʘʭ: 
 

ὑ̉ ̒̐ ̑ 

ὸ

ˡ
ȟ ρ 

 

ʛʜʝ i ï ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ (ʤʝʩʷʮ, ʢʚʘʨʪʘʣ, ʛʦʜ ʠ ʪ.ʧ.); 

ti ï ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ɺʉ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʯʘʩʳ, ʩʫʪʢʠ); 

ʌi ï ʢʘʣʝʥʜʘʨʥʳʡ ʬʦʥʜ ʚʨʝʤʝʥʠ ɺʉ ʚ i-ʦʤ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ (ʯʘʩʳ, 

ʩʫʪʢʠ). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ[1-5]: 
 

ὑ̉ ̒̐ ̑ 

ˡ Ὕ̃˟

ˡ
ϽρππϷȟ ς 

 

ʛʜʝ ʊʇʊi ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʩʪʦʷ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ (ʯʘʩʳ, ʩʫʪʢʠ).  
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ɺ ʧʨʦʩʪʦʠ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ Ὕ̃  ˟ʚʭʦʜʷʪ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʬʦʨʤʘʤ ʨʝʛʣʘʤʝʥʪʘ ʠ ʨʝʤʦʥʪ, ʥʘ 

ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ, ʥʘ ʜʦʨʘʙʦʪʢʠ ʧʦ ʙʶʣʣʝʪʝʥʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘ 

ʧʨʦʩʪʦʠ ʧʦ ʨʝʢʣʘʤʘʮʠʷʤ ʠ ʚ ʦʞʠʜʘʥʠʠ ʥʦʚʳʭ ʠʣʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ɺʉ, ʥʘ ʧʨʦʩʪʦʠ ʚ 

ʦʞʠʜʘʥʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʥʘ ʧʨʦʩʪʦʠ ʚ ʦʞʠʜʘʥʠʠ ʩʧʠʩʘʥʠʷ. 

ʇʦʢʘʟʘʪʝʣʴ ʊʇʊi ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʯʝʨʝʟ ʥʘʣʝʪ ɺʉ (ʊʅɸʃi) ʚ ʦʪʯʝʪʥʦʤ 

ʧʝʨʠʦʜʝ ʠ ʧʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʳʭ ʧʨʦʩʪʦʝʚ ὑ̃  ˟ ʟʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʩʪʦʠ ɺʉ ʥʘ ʯʘʩ ʥʘʣʝʪʘ: 

 

ὑ̃ ˟

Ὕ̃˟

Ὕ̊ˍ˘
Ȣ σ 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʩʧʨʘʚʥʦʩʪʴ ɺʉ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʯʝʨʝʟ ʜʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʣʝʪ: 

 

ὑ̉ ̒̐̑

ˡ Ὕ̊ˍ ὑ̆̃ ˟

ˡ
ϽρππϷȢ τ 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ ʫʯʠʪʳʚʘʶʪ ʠʩʧʨʘʚʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ ɺʉ, ʠ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʩʧʨʘʚʥʦʩʪʠ ʧʘʨʢʘ ɺʉ ʙʝʨʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ, ʦʜʥʘʢʦ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʚʠʞʝʥʠʝ ɺʉ, ʪ.ʝ. 

ʢʦʣʠʯʝʩʪʚʦ ʫʙʳʚʘʶʱʠʭ ʠ ʧʨʠʙʳʚʘʶʱʠʭ ɺʉ ʚ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ, ʧʦʵʪʦʤʫ 

ʠʩʧʨʘʚʥʦʩʪʴ ɺʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʘʨʢʘ ɺʉ (ὔ̒ Ȣ̑̒ Ȣ̐ȟ ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ 2 ʠ 4 ʚ ʚʠʜʝ: 

 

ὑ̉ ̒̐̑ ρ
ὔ̒ Ȣ̐В Ὕ̃˟

̒Ȣ̐

ὔ̒ Ȣ̑̒ Ȣ̐l
ϽρππϷ υ 

 

ʀʣʠ 

 

ὑ̉ ̒̐̑ ρ
ὔ̒ Ȣ̐В Ὕ̊ˍ˘

̒Ȣ̐ ὑ̃ ˟

ὔ̒ Ȣ̑̒ Ȣ̐l
ϽρππϷȢ φ 

 

ʇʨʠ ʵʪʦʤ ʚ ʬʦʨʤʫʣʘʭ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʘʨʢʘ ɺʉ ὔ̒ Ȣ̑̒ Ȣ̐ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʧʠʩʦʯʥʦʛʦ ʩʦʩʪʘʚʘ (ὔ̒ Ȣ̐, ʧʨʠʙʳʚʰʠʭ ὔ̐ ̑̉Ȣ̂  ʠ 

ʫʙʳʚʰʠʭ (ὔ̔ ̜̂Ȣ̃  ɺʉ ʚ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ: 

 

ὔ̒ Ȣ̑̒ ̐

ὔ̒ Ȣ̐ὸ̋ ὔ̐ ̑̉Ȣ̂ὸ̐̑̉Ȣ̂ ὔ̔ ̜̂Ȣ̃ὸ̜̔̂Ȣ̃

ὸ̋
ȟ χ 
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ʛʜʝ ὸ̋ ï ʚʨʝʤʷ ʦʪʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ (ʯʘʩʳ, ʩʫʪʢʠ, ʤʝʩʷʮʳ), ὸ̐̑̉Ȣ̂ȟὸ̜̔̂Ȣ̃ ï ʚʨʝʤʷ 

ʥʘʭʦʞʜʝʥʠʷ ɺʉ ʚ ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʠ ʧʨʠʙʳʚʰʠʭ ʠ ʫʙʳʚʰʠʭ ɺʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʯʘʩʳ, ʩʫʪʢʠ, ʤʝʩʷʮʳ).  

ʇʨʠʤʝʨ: 

ɺ ʘʚʠʘʢʦʤʧʘʥʠʠ ʩʧʠʩʦʯʥʳʡ ʧʘʨʢ ɺʉ ʩʦʩʪʦʠʪ ʠʟ 9 ɺʉ (ὔ̒ Ȣ̐ ω, 

ʧʣʘʥʠʨʫʝʤʳʡ ʛʦʜʦʚʦʡ ʥʘʣʝʪ ʥʘ ɺʉ ʩʦʩʪʘʚʣʷʝʪ 2000 ʯʘʩʦʚ (Ὕ̊ˍ˘ ςπππ ̘́,̒ 

ʧʨʠ ʵʪʦʤ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʦʷ ὑ̃  ˟ ʩʦʩʪʘʚʣʷʝʪ 1,15 ʯʘʩ/ʯʘʩ 

ʥʘʣʝʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ ʠʩʧʨʘʚʥʦʩʪʴ ʧʘʨʢʘ ɺʉ ʚ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ ὸ̋=12 

ʤʝʩʷʮʝʚ, ʝʩʣʠ ʟʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʩ ʩʝʨʝʜʠʥʳ ʛʦʜʘ ʧʨʠʙʳʚʘʝʪ 2 ɺʉ (ὔ̐ ̑̉Ȣ̂ ςȟ ʘ 

ʚ ʧʦʩʣʝʜʥʝʤ ʢʚʘʨʪʘʣʝ ʫʙʳʚʘʝʪ 1 ɺʉ (ὔ̔ ̜̂Ȣ̃ ρ. 

ʈʝʰʝʥʠʝ: 

 

ὔ̒ Ȣ̑̒ ̐

ὔ̒ Ȣ̐ὸ̋ ὔ̐ ̑̉Ȣ̂ὸ̐̑̉Ȣ̂ ὔ̔ ̜̂Ȣ̃ὸ̜̔̂Ȣ̃

ὸ̋
ω ςϽπȟυ ρϽπȟςυ ωȟχυȟ       

 

ὑ̉ ̒̐̑ ρ
ὔ̒ Ȣ̐Ὕ̊ˍὑ̆̃ ˟

ὔ̒ Ȣ̑̒ Ȣ̐l
ϽρππϷρ  

ςπππϽωϽρȟρυ

ωȟχυϽψχφπ
ϽρππϷχφϷȟ 

 

ʈʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ (4) ʜʘʝʪ ʠʥʦʝ ʟʥʘʯʝʥʠʝ: 

 

ὑ̉ ̒̐̑

ˡ Ὕ̊ˍὑ̆̃ ˟

ˡ
ϽρππϷ

ψχφπςπππϽρȟρυ

ψχφπ
ϽρππϷχτϷȢ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʯʝʪʘ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʪʨʘʞʘʪʴ ʬʘʢʪʠʯʝʩʢʫʶ 

ʠʩʧʨʘʚʥʦʩʪʴ ʧʘʨʢʘ ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʨʘʚʥʦʩʪʴ ʧʘʨʢʘ ɺʉ ʧʦ 

ʬʦʨʤʫʣʝ 4 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʧʠʩʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ɺʉ, ʫʯʠʪʳʚʘʝʪʩʷ 

ʠʩʧʨʘʚʥʦʩʪʴ ʦʜʥʦʛʦ ɺʉ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʨʘʞʝʥʠʷ 6 ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʨʝʙʥʫʶ ʠʩʧʨʘʚʥʦʩʪʴ ɺʉ ʚ ʧʨʝʜʩʪʦʷʱʝʤ ʧʝʨʠʦʜʝ ʩ ʫʯʝʪʦʤ 

ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ɺʉ. 

ɺʝʜʫʱʠʤʠ ʫʯʝʥʳʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻ. ʅ. ɻʠʧʠʯʝʤ, 

ʉ. ɺ. ɼʘʣʝʮʢʠʤ, ɸ. ɸ. ʀʮʢʦʚʠʯʝʤ, ʀ. ɻ. ʂʠʨʧʠʯʝʚʳʤ, ʅ. ʅ. ʉʤʠʨʥʦʚʳʤ, 

ʖ. ʄ. ʏʠʥʶʯʠʥʳʤ, ɺ. ʉ. ʐʘʧʢʠʥʳʤ ʠ ʜʨ. ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʲʝʢʪʠʚʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʜʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʥʘʣʝʪʦʤ ɺʉ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʩʷʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪ.ʢ. ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [5].  

ɼʣʷ ʀɸʉ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ὑ̃  ˟ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʦʝʚ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ 

ʠʩʧʨʘʚʥʦʩʪʴ ʧʘʨʢʘ ɺʉ. 

ɺ ʪʨʫʜʘʭ ʚʳʰʝ ʫʧʦʤʷʥʫʪʳʭ ʫʯʝʥʳʭ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʦʨʤʘʪʠʚʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʩʪʦʷ ὑ̃  ˟ʦʪ ʥʘʣʝʪʘ ɺʉ Ὕ̊ˍ ̆(ʊʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʳʭ ʧʨʦʩʪʦʝʚ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʦʪ 

ʥʘʣʝʪʘ ɺʉ 
 Ὕ̊ˍ,̆ ʯʘʩ 500 1000 2000 3000 4000 5000 

ὑ̃  ˟̎ ̏̑Ȣ̍, ʯʘʩ/ʯʘʩ ʥʘʣʝʪʘ 5,6 2,63 1,15 0,65 0,4 0,25 

ὑ̉ ̒̐̑Ȣ̎̏̑Ȣ̍ȟϷ 68 70 74 78 82 86 

ɹʝʟʫʩʣʦʚʥʦ, ʯʝʤ ʚʳʰʝ ʧʣʘʥʠʨʫʝʤʳʡ ʛʦʜʦʚʦʡ ʥʘʣʝʪ, ʪʝʤ ʙʦʣʝʝ ʞʝʩʪʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʜʦʧʫʩʪʠʤʳʤ ʧʨʦʩʪʦʷʤ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʨʠʯʠʥʘʤ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʫʜʝʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʩʪʦʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ὑ̃ ,˟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʝ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ (ʈʠʩʫʥʦʢ 1) 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʩʪʦʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ 

ὑ̃  ˟ʧʨʠ ʧʣʘʥʠʨʫʝʤʦʤ ʥʘʣʝʪʝ ɺʉ  Ὕ̊ˍ ̆ ʚ ʛʦʜ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʠʩʧʨʘʚʥʦʩʪʠ 

ὑ̉ ̒̐Ȣ̑ ὧέὲίὸ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʬʦʨʤʫʣʝ 6 ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ 

ɺʉ, ʪ.ʝ. ὔ̒ Ȣ̑̒ Ȣ̐ ὔ̒ Ȣ̐ ρ: 
 

ὑ̃ ˟

ρ ὑ̉ ̒̐Ȣ̑ὔ̒ Ȣ̑̒ Ȣ̐l ̄

ὔ̒ Ȣ̐Ὕ̊ˍ˘
Ȣ ψ 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ὑ̃  ˟ʦʪ ʧʣʘʥʠʨʫʝʤʦʛʦ ʛʦʜʦʚʦʛʦ ʥʘʣʝʪʘ ɺʉ  Ὕ̊ˍ ̆ʧʨʠ 
ʨʘʟʥʦʤ ὑ̉ ̒̐Ȣ̑ 
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ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʧʣʘʥʠʨʫʝʤʦʤ ʥʘʣʝʪʝ ɺʉ ʚ ʛʦʜ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʠʩʧʨʘʚʥʦʩʪʠ, ʧʨʦʩʪʦʠ ɺʉ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ὑ̉ ̒̐Ȣ̑ χπϷ ʠ ʥʘʣʝʪʝ ɺʉ  Ὕ̊ˍ˘ ρπππ ̘́̒̏̃ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʦʷ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ ὑ̃ ˟ ςȟφσ ʯʘʩ/ʯʘʩ ʥʘʣʝʪʘ, 
ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʠ ὑ̉ ̒̐Ȣ̑ ψπϷ ʠ 

ʥʘʣʝʪʝ ɺʉ  Ὕ̊ˍ˘ ρπππ ̘́̒̏̃ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʦʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ 

ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ ὑ̃ ˟ ρȟχυ ʯʘʩ/ʯʘʩ ʥʘʣʝʪʘ ʠ ʪ.ʜ. (ʈʠʩʫʥʦʢ 1).  

ʀ ʥʘʦʙʦʨʦʪ, ʟʥʘʷ ʧʨʦʩʪʦʡ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ Ὕ̃  ˟ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʨʘʚʥʦʩʪʠ ὑ̉ ̒̐Ȣ̑ ʩ ʫʯʝʪʦʤ ʧʣʘʥʦʚʦʛʦ ʥʘʣʝʪʘ ʠ 

ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʛʦ ʧʘʨʢʘ ɺʉ ὔ̒ Ȣ̑̒ Ȣ̐ʚ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ [5]. 

ɼʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʘʣʝʪʝ ʧʘʨʢʘ ɺʉ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʘʚʠʘʧʝʨʝʚʦʟʢʘʭ 

ʥʦʩʠʪ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʣʝʪʥʠʝ ʧʝʨʠʦʜʳ ʦʪʧʫʩʢʦʚ, ʟʠʤʥʠʝ ʧʨʘʟʜʥʠʢʠ ʦʥʘ 

ʙʦʣʴʰʝ, ʘ ʚ ʦʩʝʥʥʠʝ ʠ ʚʝʩʝʥʥʠʝ ʧʝʨʠʦʜʳ ʤʝʥʴʰʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʬʘʢʪʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʨʘʚʥʦʩʪʠ ʤʦʞʥʦ ʩʥʠʞʘʪʴ, ʚʳʧʦʣʥʷʷ ʚ ʵʪʠ ʧʝʨʠʦʜʳ ʬʦʨʤʳ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʜʦʨʘʙʦʪʢʠ ʠ ʠʥʳʝ ʧʦʪʨʝʙʥʳʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʧʨʦʮʝʩʩʳ. ɸ ʟʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʘʣʝʪʝ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 

ʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ +̉ ̒̐Ȣ̑Ȣ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ +̉ ̒̐Ȣ̑ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ 

ʛʦʜʘ ʦʜʥʦʡ ʠʟ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʝʟʦʥʥʦʩʪʴ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʌʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ +̉ ̒̐Ȣ̑ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʛʦʜʘ 

 

ʇʨʦʩʪʦʡ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ 4̃  ˟ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʚʳʨʘʞʝʥʠʷ 5: 

 

Ὕ̃˟ ρ ὑ̉ ̒̐Ȣ̑ ὔ̒ Ȣ̑̒ Ȣ̐l . ω 
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ʇʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʧʨʠʤʝʨʫ, ʜʣʷ ʧʘʨʢʘ ɺʉ ὔ̒ Ȣ̑̒ Ȣ̐ ωȟχυȟὑ̉ ̒̐Ȣ̑ πȟχφȡ 

Ὕ̃˟ ρ ὑ̉ ̒̐Ȣ̑ὔ̒ Ȣ̑̒ Ȣ̐l  ̄= ρ πȟχφϽωȟχυϽψχφπςπτωψ ̘́Ȣ̒ 

ɼʣʷ ʦʜʠʥʦʯʥʦʛʦ ɺʉ ̐̑ ̉ὑ̉ ̒̐Ȣ̑ πȟχτ: 

Ὕ̃˟ ρ ὑ̉ ̒̐Ȣ̑ ˡ̄  = ρ πȟχτϽψχφπςςχψ ̘́Ȣ̒ 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʩʧʠʩʦʯʥʳʡ ʧʘʨʢ ɺʉ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʪ.ʝ. ὔ̒ Ȣ̐ ω ȟ ʩ 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʨʘʚʥʦʩʪʠ ʚ 74% (ʧʦ ʨʘʩʯʝʪʫ ʦʜʠʥʦʯʥʦʛʦ ɺʉ), ʪʦ: 

Ὕ̃˟ ρ ὑ̉ ̒̐Ȣ̑ὔ̒ Ȣ̐l  ̄= ρ πȟχτϽωϽψχφπςπτωψ ̘́ȟ̒ 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʤʫ ʩʦʩʪʘʚʫ ʧʘʨʢʘ ɺʉ ὔ̒ Ȣ̑̒ Ȣ̐ ωȟχυ ʩ 

ʠʩʧʨʘʚʥʦʩʪʴʶ ʚ 76%. 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʛʦ ʧʘʨʢʘ ɺʉ ὔ̒ Ȣ̑̒ Ȣ̐ ωȟχυ ʩ ʠʩʧʨʘʚʥʦʩʪʴʶ ʚ 

74% (ʧʦ ʨʘʩʯʝʪʫ ʦʜʠʥʦʯʥʦʛʦ ɺʉ), ʧʦʣʫʯʠʤ: 

 

Ὕ̃˟ ρ ὑ̉ ̒̐Ȣ̑ὔ̒ Ȣ̐l  ̄= ρ πȟχτϽωȟχυϽψχφπςςςπφ ̘́ȟ̒ 

 

ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʩʪʦʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ 4̃  ˟ʥʘ 

1708 ʯʘʩʦʚ ʠʣʠ ʦʢʦʣʦ 70 ʩʫʪʦʢ, ʪ.ʝ. ʦʙʨʘʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʠʩʙʘʣʘʥʩ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʨʘʟʚʘʣʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʚ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ ʫʪʚʝʨʞʜʘʣʠʩʴ ʜʠʨʝʢʪʠʚʥʳʝ ʥʦʨʤʘʪʠʚʳ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ ʢʘʞʜʦʛʦ ʪʠʧʘ. 

ʅʘʧʨʠʤʝʨ, ʥʦʨʤʘʪʠʚ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ ʪʠʧʘ ɸʥ-24 ʚ ɸʵʨʦʬʣʦʪʝ ʚ 80-ʝ ʛʦʜʳ 

ʩʦʩʪʘʚʣʷʣ 82 ʧʨʦʮʝʥʪʘ [1]. ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʨʤʘʪʠʚʳ 

ʧʝʨʝʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʫʪʚʝʨʞʜʘʣʠʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʳ ʙʳʣʠ ʦʪʤʝʥʝʥʳ ʠ ʘʚʠʘʢʦʤʧʘʥʠʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʯʘʣʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʦʨʤʘʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʨʘʚʥʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʧʦʣʝʪʦʚ, ʧʦʪʨʝʙʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʩʪʦʷ ɺʉ 

ʚ ʛʦʜʫ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ. 

 

ʊʘʙʣʠʮʘ 2 ï ʅʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʩʪʦʷ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ 
ὑ̉ ̒̐̑Ȣ, % 0 10 20 30 40 50 60 70 80 90 100 

Ὕ̃ ,˟ ʯʘʩ. 8760 7884 7008 6132 5256 4380 3504 2628 1752 876 0 

Ὕ̃ ,˟ ʩʫʪ. 365 328 292 256 219 182 146 109 73 36 0 

 

ʋʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2 ʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʛʦʜʦʚʦʛʦ ʥʘʣʝʪʘ ʥʘ 1 ʩʘʤʦʣʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʝ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚʦʟʜʫʰʥʳʝ 

ʩʫʜʘ. ɼʣʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ɺʉ ʦʥʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʜʝʘʣʴʥʳʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʩʪʦʷ ɺʉ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʨʠʯʠʥʘʤ ˟̃  ˟ʦʪ ʠʩʧʨʘʚʥʦʩʪʠ ʧʘʨʢʘ ɺʉ ὑ̉ ̒̐Ȣ̑ ʧʨʠ ʨʘʟʥʦʤ ʩʧʠʩʦʯʥʦʤ ʩʦʩʪʘʚʝ 

ɺʉ ὔ̒ Ȣ̐. 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʠ Ὕ̃  ˟ʦʪ ὑ̉ ̒̐Ȣ̑ ʧʨʠ ʨʘʟʥʦʤ ʩʧʠʩʦʯʥʦʤ ʧʘʨʢʝ ɺʉ ὔ̒ Ȣ̐ 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʙʫʜʫʪ ʥʦʩʠʪʴ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʬʘʢʪʦʨʘʤʠ ʩʝʟʦʥʥʦʩʪʠ, ʥʝʩʦʚʧʘʜʝʥʠʷ 

ʟʘʤʝʥʳ ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʳʧʦʣʥʷʝʤʳʤʠ ʬʦʨʤʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʘʟʥʳʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʮʝʭʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʊʆ (ʛʨʫʧʧʳ ɸʊɹ), 

ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ɺʉ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʤʠ ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʝʤ, ʩ ʨʘʟʥʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʊʆ. 

ʈʘʩʯʝʪʥʳʡ ʛʦʜʦʚʦʡ ʥʘʣʝʪ ʥʘ ʦʜʠʥ ʩʘʤʦʣʝʪ Ὕ̊ˍ,̆ ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ 

ʩʠʩʪʝʤʦʡ ʊʆ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʧʦ 

ʪʠʧʦʚʦʤʫ ʧʨʦʬʠʣʶ ὸˎ Ȣ̃ ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʩʪʦʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʨʠʯʠʥʘʤ ὑ̃  ˟ʦʪ ʠʩʧʨʘʚʥʦʩʪʠ ɺʉ ὑ̉ ̒̐Ȣ̑ ʩ ʫʯʝʪʦʤ ʨʘʩʯʝʪʥʦʛʦ ʛʦʜʦʚʦʛʦ ʥʘʣʝʪʘ 

 Ὕ̊ˍ ̆ʩʦʛʣʘʩʥʦ ʆʉʊ 1 02785-2009 (ʊʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3 ï ɿʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʛʦʜʦʚʦʛʦ ʥʘʣʝʪʘ ʥʘ 1 ʩʘʤʦʣʝʪ 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʧʦ ʪʠʧʦʚʦʤʫ 

ʧʨʦʬʠʣʶ ὸˎ ,̃ ʯʘʩ 

ʈʘʩʯʝʪʥʳʡ ʛʦʜʦʚʦʡ ʥʘʣʝʪ ʥʘ 1 ʩʘʤʦʣʝʪ 

Ὕ̊ˍ,̆ ʯʘʩ 

1,0Òὸˎ <̃1,5 2500 

1,5Òὸˎ <̃2,5 3000 

2,5Òὸˎ Ò̃5 3500 

ὸˎ >̃5 4000 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ: 

ὑ̃ ˟

ρ ὑ̉ ̒̐Ȣ̑ὔ̒ Ȣ̑̒ Ȣ̐l ̄

ὔ̒ Ȣ̐Ὕ̊ˍ˘
ȟ 

 

ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ὑ̃  ˟ʦʪ ὑ̉ ̒̐Ȣ̑ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʛʦʜʦʚʦʤ ʥʘʣʝʪʝ ɺʉ ʜʣʷ 

ʦʜʠʥʦʯʥʦʛʦ ɺʉ, ʪ.ʝ. ὔ̒ Ȣ̑̒ Ȣ̐ ὔ̒ Ȣ̐ ρ (ʈʠʩʫʥʦʢ 4). 

 

 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ +̃  ˟ʦʪ +̉ ̒̐Ȣ̑ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʛʦʜʦʚʦʤ ʥʘʣʝʪʝ ɺʉ  

 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʈʠʩʫʥʦʢ 4) ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ. ɺ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʚʝʣʠʯʝʥʠʝ ʩʧʠʩʦʯʥʦʛʦ ʧʘʨʢʘ ɺʉ ʜʘʝʪ ʀɸʉ ʙʦʣʴʰʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʪʭʦʜʘ ɺʉ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʧʠʩʦʯʥʦʛʦ ʧʘʨʢʘ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʧʣʘʥʠʨʫʝʤʳʡ ʛʦʜʦʚʦʡ 

ʥʘʣʝʪ ʥʘ ʢʘʞʜʦʝ ɺʉ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʮʝʭʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʧʨʦʩʪʦʝʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʥʘʣʝʪʘ ʥʘ ɺʉ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ɺʉ ʩ ʫʯʝʪʦʤ ʠʭ ʧʦʪʨʝʙʥʦʡ ʠʩʧʨʘʚʥʦʩʪʠ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʫʙʦʨʢʠ ʠ 

ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ 

ʪʘʢʦʛʦ ʨʦʜʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʦʚʝʨʝʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʘʪʣʠʚʳʝ ʤʝʭʘʥʠʟʤʳ, ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ, ʢʦʥʩʪʨʫʢʮʠʷ ʩʘʤʦʣʝʪʘ. 
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Abstract. The article considers the possibility of upgrading the landing gear retraction and 

extension mechanism of an unmanned aerial vehicle. A design method for such structures is 

proposed and its effectiveness is verified using finite element modeling. The main problems of this 

approach to design have been identified. 

Keywords: compliant mechanisms, design methods, finite element method, aircraft design. 

 

ɺʚʝʜʝʥʠʝ 

 ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʩʬʝʨʫ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʠʤʝʶʪ 

ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʥʳ ʜʦʧʦʣʥʠʪʴ ʤʥʦʛʠʝ ʩʬʝʨʳ 

ʞʠʟʥʠ, ʪʘʢʠʝ ʢʘʢ ʜʦʩʪʘʚʢʘ ʛʨʫʟʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ ʦʙʣʘʩʪʷʤʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ 

ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

 ʉʝʡʯʘʩ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ɹʇʃɸ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʩ ʧʦʤʦʱʴʶ 

ʧʦʜʘʪʣʠʚʳʭ ʘʥʘʣʦʛʦʚ. 

ʇʦʜʘʪʣʠʚʳʝ ʤʝʭʘʥʠʟʤʳ ï ʵʪʦ ʤʝʭʘʥʠʟʤʳ, ʧʝʨʝʜʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʟʘ ʩʯʝʪ 

ʜʝʬʦʨʤʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʝʡ.  

ʋ ʜʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʝʩʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ, ʧʨʦʩʪʦʪʫ ʩʙʦʨʢʠ, ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ, 

ʫʤʝʥʴʰʝʥʠʝ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʷʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ, ʜʠʘʧʘʟʦʥ 

ʦʪʢʣʦʥʝʥʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʠʟʜʝʣʠʡ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚʦ ʤʥʦʛʠʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ. ʊʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʚʠʥʪʘʭ ʚʝʨʪʦʣʝʪʦʚ ʚʤʝʩʪʦ ʰʘʨʥʠʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʛʠʙʢʠʝ ʪʦʨʩʠʦʥʳ (ʵʣʝʤʝʥʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʢʨʫʯʝʥʠʝ), 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʥʷʪʴ ʫʛʦʣ ʘʪʘʢʠ ʣʦʧʘʩʪʝʡ. ʊʘʢʞʝ ʪʦʨʩʠʦʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʦʜʚʝʩʢʝ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʪʘʥʢʦʚ. ʈʝʩʩʦʨʳ ʥʘʰʣʠ ʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʦʜʚʝʩʢʝ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʤʘʰʠʥ ʠ ʚ ʰʘʩʩʠ ʩʘʤʦʣʝʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʤʘʣʦʡ ʘʚʠʘʮʠʠ. ɽʩʪʴ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭʩʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʠʙʢʠʝ ʧʦʜʰʠʧʥʠʢʠ 

ʠ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʤ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ. 
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ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʘʪʣʠʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʦʡʢʘ ʰʘʩʩʠ 

ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʨʠʩ. 1). ʋ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʠʤʝʥʥʦ ʰʘʩʩʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʵʪʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʣʞʥʘ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʙʦʣʴʰʠʤ ʥʘʛʨʫʟʢʘʤ, 

ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʧʨʠ ʵʪʦʤ ʩʢʣʘʜʳʚʘʪʴʩʷ ʧʨʠ ʥʘʛʨʫʟʢʘʭ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʠʤʝʥʥʦ ɹʇʃɸ ʙʳʣ ʚʳʙʨʘʥ, 

ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʳʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʧʨʘʢʪʠʢʝ ʠ ʧʨʠ ʵʪʦʤ 

ʥʘ ʰʘʩʩʠ ʜʝʡʩʪʚʫʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʦʡʢʘ ʰʘʩʩʠ ɹʇʃɸ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʫʙʦʨʢʠ ʠ ʚʳʧʫʩʢʘ 

ʰʘʩʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʘʪʣʠʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʪʘʢʦʡ ʟʘʜʘʯʠ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʧʩʝʚʜʦʞʝʩʪʢʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʳʯʥʳʝ ʰʘʨʥʠʨʳ 

ʤʝʭʘʥʠʟʤʘ ʟʘʤʝʥʷʶʪʩʷ ʛʠʙʢʠʤʠ ʰʘʨʥʠʨʘʤʠ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʤʦʜʝʣʴ, ʪʘʢ 

ʢʘʢ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʘ ʠ ʧʨʠ ʝʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʤʝʭʘʥʠʢʠ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ 

ʩʭʝʤʫ ʤʝʭʘʥʠʟʤʘ ʫʙʦʨʢʠ ʠ ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʨʝʧʝʞʝʡ, ʟʘʤʢʘ ʠ 

ʪʨʦʩʦʚ. ʊʘʢʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʩʭʦʜʷ ʠʟ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʥʫʪʨʠ ʢʨʳʣʘ ʠ ʧʨʦʩʪʦʪʳ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʠʙʢʠʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʧʳʪʘʶʪʩʷ ʚʝʨʥʫʪʴʩʷ ʚ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʣʴʢʦ ʚ ʧʨʠʚʝʜʝʥʠʠ ʰʘʩʩʠ ʚ 

ʫʙʨʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʚʳʧʫʩʢ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʘʭ, ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ ʪʨʦʩʦʚ.  
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ʈʠʩʫʥʦʢ 2 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʰʘʩʩʠ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ 

ʨʘʩʯʝʪʥʳʭ ʩʣʫʯʘʷ: ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʜʘʨ, ʙʦʢʦʚʦʡ ʫʜʘʨ ʠ ʫʙʦʨʢʘ (ʨʠʩ. 3). ʇʝʨʚʳʝ 

ʜʚʘ ʨʘʩʯʝʪʥʳʭ ʩʣʫʯʘʷ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʪʦʝʢ 

ʰʘʩʩʠ. ʆʜʥʘʢʦ ʩʣʫʯʘʡ ʫʙʦʨʢʠ ʙʳʣ ʜʦʙʘʚʣʝʥ, ʪʘʢ ʢʘʢ ʤʝʭʘʥʠʟʤ ʫʙʦʨʢʠ ʠ 

ʚʳʧʫʩʢʘ ʰʘʩʩʠ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʴʥʦ 

ʧʨʦʚʦʜʠʪʴ ʝʱʝ ʦʜʠʥ ʨʘʩʯʝʪ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʯʝʪʥʳʝ ʩʣʫʯʘʠ 
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ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʶ ʛʠʙʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʥʢʫʶ ʧʣʘʩʪʠʥʢʫ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʫʶ ʩ ʜʚʫʭ ʢʦʥʮʦʚ (ʨʠʩ. 4), ʛʜʝ l ï ʜʣʠʥʘ, b 

ï ʰʠʨʠʥʘ, ‏ ï ʪʦʣʱʠʥʘ. ɼʘʥʥʳʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʩʘʤʳʤ 
ʧʨʦʩʪʳʤ ʚʘʨʠʘʥʪʦʤ ʛʠʙʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʚ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɻʠʙʢʠʡ ʵʣʝʤʝʥʪ 

 

ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴʩʷ ʜʚʫʤʷ ʢʨʘʡʥʠʤʠ ʩʣʫʯʘʷʤʠ ʥʘʛʨʫʞʝʥʠʷ: 

ʩʞʘʪʠʝ ʠ ʧʦʚʦʨʦʪ. ʂʨʠʪʝʨʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ ʦʪ ʵʣʝʤʝʥʪʘ 

ʚʳʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʛʨʫʟʢʠ. ʂʨʠʪʝʨʠʡ ʞʝ ʛʠʙʢʦʩʪʠ ʟʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʦʠʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʵʣʝʤʝʥʪʫ ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ. 

ʇʦʩʣʝ ʥʝʙʦʣʴʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʩʞʘʪʠʷ: 

 

ὖ , 

 

ʛʜʝ Py ï ʩʞʠʤʘʶʱʠʝ ʫʩʠʣʠʝ, ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ‘ ï ʢʦʵʬʬʠʮʠʝʥʪ 
ʟʘʢʨʝʧʣʝʥʠʷ. 

ɼʘʣʝʝ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʣʘʩʪʠʥʢʘ ʙʫʜʝʪ ʠʟʛʠʙʘʪʴʩʷ ʚ ʚʠʜʝ 

ʜʫʛʠ? ʧʦʣʫʯʘʝʤ: 

 

„ —Ὁ, 

 

ʛʜʝ „ ï ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʘʪʝʨʠʘʣʝ, — ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʛʠʙʢʦʛʦ 
ʵʣʝʤʝʥʪʘ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʚʝʜʝʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʙʦʨ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʜʙʦʨ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʩʝʭ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣ ʩʜʝʣʘʥ ʧʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ 
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ʧʨʠ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ ʥʘʛʨʫʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ 

ʤʦʜʝʣʴ ʩʪʦʡʢʠ ʰʘʩʩʠ ʠ ʤʝʭʘʥʠʟʤʘ ʫʙʦʨʢʠ ʠ ʚʳʧʫʩʢʘ (ʨʠʩ. 5). ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʥʘʙʦʨ ʦʜʥʦʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʦʤʝʨʥʳʝ ʢʦʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ (beam) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʞʝʩʪʢʠʭ ʯʘʩʪʷʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʢʘʢ ʚ 

ʥʠʭ ʥʝ ʦʞʠʜʘʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɻʠʙʢʠʝ ʞʝ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʤʝʨʥʳʭ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤʠ 

ʯʘʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʫʙʦʨʢʝ, ʠ ʠʤʝʥʥʦ ʚ ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʙʦʣʴʰʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʦʩʪʠ ʟʘʜʘʯʠ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ 

ʢʦʥʩʪʨʫʢʮʠʡ ʪʘʢʦʛʦ ʚʠʜʘ ʠ ʦʰʠʙʢʠ, ʩʦʚʝʨʰʝʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʤʝʭʘʥʠʟʤʘ. ʂʘʞʜʳʡ ʨʘʩʯʝʪʥʳʡ ʩʣʫʯʘʡ ʫʢʘʟʘʣ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʪʘʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. ʊʘʢ, ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʫʜʘʨʝ (ʨʠʩ. 6) 

ʩʘʤʦʡ ʥʘʛʨʫʞʝʥʥʦʡ ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ʛʠʙʢʠʡ ʵʣʝʤʝʥʪ, ʩʦʝʜʠʥʷʶʱʠʡ ʩʪʦʡʢʫ ʠ 

ʣʦʥʞʝʨʦʥ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʩʪʦʠʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʛʠʙʢʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʛʫʪ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʜʨʫʛ 

ʜʨʫʛʫ ʚʚʠʜʫ ʩʭʦʞʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʙʦʢʦʚʦʛʦ ʫʜʘʨʘ (ʨʠʩ. 6) ʢʨʦʤʝ ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʜʝʡʩʪʚʫʶʪ 

ʧʝʨʝʨʝʟʳʚʘʶʱʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʚ ʜʨʫʛʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠ ʵʪʦʤ ʚʚʠʜʫ ʤʘʣʦʡ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚʥʝ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʙʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚʝʣʠʢʠ ʠ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ 

ʩʢʨʫʯʠʚʘʶʪʩʷ. 
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ʈʠʩʫʥʦʢ 6 ï ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʣʫʯʘʝʚ 

 

ʇʦʩʣʝʜʥʠʤ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ ʥʘʛʨʫʞʝʥʠʷ ʙʳʣʘ ʫʙʦʨʢʘ ʰʘʩʩʠ 

(ʨʠʩ. 7). ɿʜʝʩʴ ʧʨʦʷʚʠʣʦʩʴ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤ. ʕʣʝʤʝʥʪʳ ʚ 

ʧʨʦʮʝʩʩʝ ʫʙʦʨʢʠ ʤʝʥʷʣʠ ʩʚʦʶ ʞʝʩʪʢʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʦʣʴʰʠʭ ʧʝʨʝʤʝʱʝʥʠʷʭ 

ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʞʝʩʪʢʦʩʪʠ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʟʤʝʥʷʣ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦ-ʨʘʟʥʦʤʫ. ʊʘʢʞʝ ʢʘʞʜʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʷʣʩʷ 

ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʟʘʠʤʥʦʤʫ ʚʣʠʷʥʠʶ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʀ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʝʦʞʠʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʢʘʟʘʣʦʩʴ ʪʦ, ʯʪʦ ʚʩʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʥʘʯʠʥʘʣʘ ʚʨʘʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʠʤʝʥʝʝ ʞʝʩʪʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʚʩʝ 

ʛʠʙʢʠʝ ʵʣʝʤʝʥʪʳ ʩʧʦʩʦʙʥʳ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ, ʘ ʤʥʦʞʝʩʪʚʘ ʪʘʢʠʭ, ʝʩʣʠ ʩʘʤ ʵʣʝʤʝʥʪ ʥʝ ʠʤʝʝʪ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʠ. 

 
 

ʈʠʩʫʥʦʢ 7 ï ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʥʦʛʦ ʩʣʫʯʘʷ ʫʙʦʨʢʠ 

 

 ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʝʯʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʞʝʩʪʢʦʩʪʠ 

ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʙʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ, ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʉ ʫʯʝʪʦʤ ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤ ʠʜʸʪ ʨʘʙʦʪʘ ʥʘʜ ʥʦʚʦʡ ʚʝʨʩʠʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʘʪʣʠʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʫʙʦʨʢʠ ʠ ʚʳʧʫʩʢʘ ʰʘʩʩʠ 

ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ, ʧʦʩʚʷʱʝʥʥʦʡ ʧʨʘʟʜʥʦʚʘʥʠʶ 100-ʣʝʪʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʀʨʢʫʪʩʢ, 07ï08 ʜʝʢʘʙʨʷ 2023 ʛʦʜʘ. ï ʀʨʢʫʪʩʢ: 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 2024. ï ʉ. 71-

79. ï EDN KNTYCH. 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʦʪ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʦʢʨʳʪʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʟʘʱʠʪʥʳʝ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ.  

ʎʝʣɹ ʨʘʙʦʪʳ: ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ, ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ, ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʢʨʳʪʠʷ, 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨʳ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

MODERN PAINT AND VARNISH MATERIALS AND COATINGS FOR 

AIRCRAFT PARTS AND STRUCTURES 
 

Natsubidze Sergey A., Candidate of Technical Sciences 
 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 
 

Abstract. Provision of reliable protection of aviation equipment products from external 

influencing factors depends on the choice of paint and varnish materials and coatings based on 
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ɺʚʝʜʝʥʠʝ 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʘʣʶʤʠʥʠʝʚʳʝ, ʤʘʛʥʠʝʚʳʝ, ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʠ ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ).  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

ʦʪ ʨʘʟʨʫʰʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʇʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʠ ʇʂʄ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʩʣʦʞʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ʉʨʝʜʠ ʥʠʭ: ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʠʥʪʝʥʩʠʚʥʘʷ ʩʦʣʥʝʯʥʘʷ 
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ʨʘʜʠʘʮʠʷ, ʧʦʚʳʰʝʥʥʘʷ ʜʦʣʷ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʵʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ, ʚʦʟʜʝʡʩʪʚʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨʫʛʠʭ ʘʛʨʝʩʩʠʚʥʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʢʨʦʤʝ ʪʦʛʦ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʤʝʩʪʘʭ ʩʪʳʢʘ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʩʚʘʨʥʳʤ ʠ ʟʘʢʣʝʧʦʯʥʳʤ ʰʚʘʤ, ʧʦ ʙʦʣʪʦʚʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʪʘʢʪ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʠ ʩʪʘʣʠ, ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʤʝʪʘʣʣʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʢʦʨʨʦʟʠʠ.  

ɺ ʠʟʜʝʣʠʷʭ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʷʪ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ), ʘ ʪʘʢʞʝ ʥʦʚʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ, ʪʨʝʙʫʶʱʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʦʪ 

ʢʦʨʨʦʟʠʠ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ɺʉ ʟʘ ʩʯʝʪ ʠʭ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ 

ʩʧʦʩʦʙʦʤ ʟʘʱʠʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ɺʉ. ʃʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʃʂʄ) 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʨʫʥʪʦʚʢʠ, ʰʧʘʪʣʝʚʢʠ, ʣʘʢʠ, ʵʤʘʣʠ ʠ ʢʨʘʩʢʠ. ʆʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʚ ʢʦʪʦʨʳʭ ʯʠʩʣʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3 ʜʦ 7. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʩʫʨʩʘ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʩʦʟʜʘʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʦʢʨʳʪʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʙʣʘʜʘʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʤ ʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ [2]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥ rʃʂʄ ʩ ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï

60 ʜʦ +175 Áʉ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʘʜʛʝʟʠʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʇʂʄ, ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʨʘʙʦʯʠʤ ʞʠʜʢʦʩʪʷʤ ʠ ʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʚʳʜʝʨʞʠʚʘʶʪ ʫʩʣʦʚʠʷ ʚʣʘʞʥʳʭ ʪʨʦʧʠʢʦʚ ʠ ʧʫʩʪʳʥʠ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ, ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʳʝ ʧʠʛʤʝʥʪʳ, 

ʨʘʟʨʘʙʦʪʘʥr ʩʦʩʪʘʚʳ ʩ ʫʣʫʯʰʝʥʥʦʡ ʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, 

ʛʨʷʟʝʦʪʪʘʣʢʠʚʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʨ. (ʨʠʩ. 1). 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʢʨʝʧʝʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʪʠʪʘʥʦʚʳʭ, 

ʘʣʶʤʠʥʠʝʚʳʭ, ʩʪʘʣʴʥʳʭ), ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʦʟʜʫʰʥʳʭ ʦʪʩʝʢʘʭ ʠ ʪʦʧʣʠʚʥʳʭ 

ʢʝʩʩʦʥ-ʙʘʢʘʭ, ʢʦʥʪʘʢʪʥʳʭ ʧʘʨ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʧʨʠʤʝʨ, 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʳ ʵʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨʥʳʡ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʡ ʩʦʩʪʘʚ ɺɿʇ-1 ʠ ʧʘʩʪʘ ɺʇ-1. ʉʦʩʪʘʚ ɺɿʇ-1 ʦʪʣʠʯʘʝʪʩʷ 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʢʩʠʯʥʳʭ ʭʨʦʤʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩ ʛʨʫʥʪʦʚʢʘʤʠ ɺɻ-40 ʠʣʠ ɺɻ-37 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʚ ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ ʚʦ ʌɻʋʇ 

çɺʀɸʄè ʨʘʟʨʘʙʦʪʘʥr ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʪʦʡʢʠʝ ʢ 

ʨʘʟʣʠʯʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ï ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʠ 

ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ ʠ 

ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʦʚ [3]. 
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ʈʠʩʫʥʦʢ 1 ï ʉʘʤʦʣʝʪ ʗʢ-242 (ʄʉ-21) ʧʦʩʣʝ ʧʦʢʨʘʩʢʠ ʃʂʇ ʬʪʦʨʩʦʜʝʨʞʘʱʠʤʠ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʤʠ, ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʳʤʠ ʧʠʛʤʝʥʪʘʤʠ. ʀʩʪʦʯʥʠʢ: 

https://ʨʦʩʩʠʷʩʝʛʦʜʥʷ.ʨʬ/russian-news-feeds/ 

 

ʂ ʪʘʢʠʤ ʃʂʄ ʦʪʥʦʩʷʪʩʷ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ 

ʦʩʥʦʚʝ ʵʤʘʣʝʡ ʂʏ-5230, ʌʇ-566 ʠ ɺʕ-71. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʜʝʬʝʢʪʦʚ ʠ ʟʘʱʠʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʪ 

ʵʨʦʟʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʣʘʛʠ ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʵʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʝ 

ʰʧʘʪʣʝʚʢʠ ʤʘʨʦʢ ɺʐ-20, ɺʐ-22 ʠ ʕʇ-0065.  

ɼʣʷ ʟʘʱʠʪʳ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʥʦʡ ʪʝʭʥʠʢʠ ʠ ʣʦʧʘʩʪʝʡ 

ʪʫʨʙʦʚʠʥʪʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʇʂʄ, ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʠʝ ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʵʤʘʣʠ ɺʕ-62 ʠ ɺʕ-62ʄ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -60 ʜʦ +120Áʉ. ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʤʘʣʝʡ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʣʦʧʘʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ (ʨʠʩ. 2). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʘʣʝʡ ɺʕ-62 ʠ ɺʕ-62ʄ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʩʠʩʪʝʤʝ ʩ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʛʨʫʥʪʦʚʢʦʡ ʕʇ-0181 ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -60 ʜʦ +250 Áʉ [4]. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʃʦʧʘʩʪʴ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʂʘ-52ʄ ʠʟ ʇʂʄ, ʧʦʢʨʘʰʝʥʥʘʷ 

ʧʦʣʠʫʨʝʪʘʥʦʚʳʤʠ ʵʤʘʣʷʤʠ. ʀʩʪʦʯʥʠʢ: https://helimen.livejournal.com/tag/ 
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ʉʦʟʜʘʥʠʝ ʚ 60-ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʚʳʩʦʪʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ-

ʧʝʨʝʭʚʘʪʯʠʢʘ ʄʠɻ-25 ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʦʢ ʙʦʣʝʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʵʤʘʣʝʡ ʜʣʷ 

ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ ʩʪʘʣʴʥʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ 

ʘʥʪʝʥʥʳʭ ʦʙʪʝʢʘʪʝʣʝʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʶ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʦʣʝʝ 250 Áʉ.  

ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ ʙʳʣʘ ʫʩʧʝʰʥʦ 

ʧʨʝʦʜʦʣʝʥʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʷʜʘ ʥʦʚʳʭ ʪʝʨʤʦʩʪʦʡʢʠʭ ʃʂʇ, ʪʘʢʠʭ ʢʘʢ ʵʤʘʣʠ ʂʆ-

811 ʠ ʂʆ-811ʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʱʠʪʫ ʩʪʘʣʴʥʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +400 Áʉ ʠ ʚʳʰʝ [4].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʢʨʘʩʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʝʚʳʭ ɺʉ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʠʩʪʝʤʳ ʃʂʄ ʠ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʠ ʇʂʄ ï ʵʤʘʣʠ ʂʆ-5189, ʂʆ-856, ʂʆ-818, ʂʆ-819, ʘ ʪʘʢʞʝ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʰʧʘʪʣʝʚʢʠ ʂʆ-0070 ʠ ʂʆ-0067. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʚʳʧʫʩʢʘʶʪʩʷ ʧʦ ʊʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ 

(ʨʠʩ. 3). 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʢʨʘʩʢʘ ʩʘʤʦʣʝʪʘ ʉʫ-57 ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʃʂʄ. ʀʩʪʦʯʥʠʢ: https://life.ru/p/1067430 

 

ʉʠʩʪʝʤʳ ʃʂʇ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʌɻʋʇ çɺʀɸʄè ʦʙʣʘʜʘʶʪ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ -

60 ʜʦ +600 Áʉ, ʚʳʩʦʢʦʡ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ, ʪʨʝʙʫʝʤʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʘʜʛʝʟʠʝʡ ʢ ʧʦʢʨʳʚʘʝʤʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʅʘ ʙʘʟʝ 

ʜʘʥʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʳ ʧʦʢʨʳʪʠʡ, ʩʪʦʡʢʠʭ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ ʚ ʪʝʯʝʥʠʝ 10é20 ʤʠʥʫʪ (ʨʠʩ. 4). 

ɼʣʷ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʠʭ ʥʘʜʝʞʥʘʷ ʟʘʱʠʪʘ ʦʪ ʚʣʘʛʠ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʩʥʠʞʝʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ. 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʣʘʢ ɺʃ-18, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ 3é5 ʨʘʟ 

ʥʠʞʝ, ʯʝʤ ʫ ʣʘʢʘ ʕʇ-730.  
 

https://www.infrahim.ru/products/1741/
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ʈʠʩʫʥʦʢ 4 ï ʆʢʨʘʩʢʘ ʩʘʤʦʣʝʪʘ ʄʠɻ-31ɹʄ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʂʇ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʙʦʣʝʝ 600 Áʉ. ʀʩʪʦʯʥʠʢ: 

https://dzen.ru/a/XdkeZamHanWPlPXC 
 

ʉʠʩʪʝʤʘ ʟʘʱʠʪʥʦʛʦ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʣʘʢʘ ɺʃ-18 ʥʝ 

ʪʦʣʴʢʦ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʚʣʘʛʦʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʥʘ ʤʦʞʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʦʙʱʝʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ -60 ʜʦ 

+120 Áʉ. 

ɼʣʷ ʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʦʡ ʦʢʨʘʩʢʠ ɺʉ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʩʣʘ, ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʬʪʦʨʦʧʣʘʩʪʦʵʧʦʢʩʠʜʥʘʷ ʵʤʘʣʴ ɺʕ-46, ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʦʡ 

ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴʶ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ (ʜʦ +200 Áʉ) ʠ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʠ ʤʠʥʝʨʘʣʴʥʳʤ ʤʘʩʣʘʤ, ʘʚʠʘʮʠʦʥʥʦʤʫ ʪʦʧʣʠʚʫ ʠ ʙʝʥʟʠʥʫ.  

ʈʘʟʨʘʙʦʪʢʘ ʩʪʦʡʢʠʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ɻʉʄ ʛʨʫʥʪʦʚ ʕʇ-0215 ʠ ʕʇ-0214 

ʧʦʟʚʦʣʠʣʘ ʟʘʤʝʥʠʪʴ ʛʝʨʤʝʪʠʢ ʋ-30ʄʕʉ-5 ʚ ʢʝʩʩʦʥ-ʙʘʢʘʭ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʦʩʪʦʡʢʦʛʦ ʧʦʢʨʳʪʠʷ. ɻʨʫʥʪʦʚʢʘ ʕʇ-0215 ʩʝʛʦʜʥʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʪʠʧʦʚ ɺʉ. 

ʂ ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʠ ʦʪʜʝʣʢʝ ʚʥʫʪʨʝʥʥʝʛʦ ʠʥʪʝʨʴʝʨʘ ʠʟʜʝʣʠʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʥʘ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʃʂʄ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ɸʇ-25) ï ʥʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʛʦʨʝʥʠʝ, ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʥʝ ʚʳʜʝʣʷʪʴ 

ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʢʘʢ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ. 

ɺ çʅʀʀ ʇʦʣʠʤʝʨʦʚè ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʘʢʨʠʣʦʚʦʛʦ ʩʦʧʦʣʠʤʝʨʘ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʤʘʣʴ ɺʕ-67 ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚ ʜʣʷ ʦʢʨʘʩʢʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʠʥʪʝʨʴʝʨʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ, ʧʦʢʨʳʪʠʝ ʥʘ ʝʝ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ 

ɸʇ-25 ʧʦ ʛʦʨʶʯʝʩʪʠ, ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʶ [4]. ʊʘʢʞʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʠ ʩʘʣʦʥʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

ʠ ʢʘʙʠʥʳ ʧʠʣʦʪʦʚ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ï ʥʝ ʪʝʨʷʪʴ ʮʚʝʪ 

ʠ ʥʝ ʠʟʤʝʥʷʪʴ ʙʣʝʩʢ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʠʤʝʪʴ ʥʠʟʢʦʝ ʛʨʷʟʝʫʜʝʨʞʘʥʠʝ ʠ 

ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ (ʨʠʩ. 5, 6). 

https://www.infrahim.ru/products/1696/
https://www.infrahim.ru/products/1695/
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ʈʠʩʫʥʦʢ 5 ï ʆʢʨʘʩʢʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʘʙʠʥʳ ʵʢʠʧʘʞʘ ʩʘʤʦʣʝʪʘ 

ʗʢ-242 (ʄʉ-21) ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʘʢʨʠʣʦʚʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ. ʀʩʪʦʯʥʠʢ: https://habr.com/en/news/751442/ 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʆʢʨʘʩʢʘ ʠ ʦʪʜʝʣʢʘ ʩʘʣʦʥʘ ʩʘʤʦʣʝʪʘ ʗʢ-242 (ʄʉ-21). 

ʀʩʪʦʯʥʠʢ: https://auto.mail.ru/article/74813/ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʝʪʠʣʠʩʴ ʪʝʥʜʝʥʮʠʠ ʢ ʨʦʩʪʫ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʣʝʛʢʦʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʭ ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ɺʃʂʄ). ʕʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʝ ɺʃʂʄ ʩ ʨʘʟʚʠʪʠʝʤ ʤʠʨʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʠʥʪʝʟʦʤ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʣʠ 

ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʩʚʦʡʩʪʚʘʤ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠ ʨʘʟʙʘʚʣʷʝʤʳʭ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [4].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ɺʃʂʄ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʪʝʨʴʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʢʘʙʠʥʳ 

ʧʠʣʦʪʦʚ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʮʚʝʪʘʤ ʃʂʇ ʠ ʠʭ ʩʦʯʝʪʘʥʠʷʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʢʠʧʘʞʘ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʫʨʦʚʥʝ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʃʂʄ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ, ʥʘʩʢʦʣʴʢʦ ʨʦʚʥʳʤ ʠ ʙʝʟʜʝʬʝʢʪʥʳʤ ʙʫʜʝʪ ʛʦʪʦʚʦʝ ʧʦʢʨʳʪʠʝ, ʩʢʦʣʴʢʦ 

https://habr.com/en/news/751442/
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ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢʦʚʘ ʪʦʣʱʠʥʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʪʦʛʦʚʘʷ ʤʘʩʩʘ ʃʂʇ, ʥʘʩʢʦʣʴʢʦ ʚʨʝʜʝʥ ʧʨʠʤʝʥʷʝʤʳʡ ʤʘʪʝʨʠʘʣ 

ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ. 

ɼʣʷ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʜʨʫʛʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ɸɼ ʨʘʟʨʘʙʦʪʘʥʳ ʪʦʥʢʦʩʣʦʡʥʳʝ ʵʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ï 

ʵʤʘʣʠ ʕʇ-586 ʠ ʕʇ-5236 (ʨʠʩ. 7).  

ɺ ʩʠʩʪʝʤʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ2 

ʧʨʠʤʝʥʷʝʪʩʷ ʣʘʢ ɺʃ-18 [5]. 
 

 
 

ʈʠʩʫʥʦʢ 7 ï ɺʝʥʪʠʣʷʪʦʨ ʜʚʠʛʘʪʝʣʷ ʇɼ-14 ʩ ʣʦʧʘʪʢʘʤʠ ʠʟ ʇʂʄ, 

ʧʦʢʨʳʪʳʤʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʪʦʥʢʦʩʣʦʡʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʃʂʄ. ʀʩʪʦʯʥʠʢ: 

https://dzen.ru/a/XU6G-L1FwALLULUF 
 

ʕʤʘʣʴ ʕʇ-586 ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ ʟʘʱʠʪʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʜʝʪʘʣʝʡ, ʠʟʥʦʩʦʩʪʦʡʢʦʝ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ 

ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ,ʁ ʙʝʥʟʦʩʪʦʡʢʦʩʪʴ,ʁ ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴʶ, 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʨʘʜʠʘʮʠʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ ʠ 

ʘʛʨʝʩʩʠʚʥʳʤ ʛʘʟʘʤ ʠ ʧʘʨʘʤ.  
 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ ʈʌ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʃʂʄ ʠ ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʜʣʷ 

ʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʦʡ ʦʢʨʘʩʢʠ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʧʦʣʠʤʝʨʦʚ. 

2. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʢʨʝʧʝʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʪʠʪʘʥʦʚʳʭ, 

ʘʣʶʤʠʥʠʝʚʳʭ, ʩʪʘʣʴʥʳʭ), ʢʦʥʪʘʢʪʥʳʭ ʧʘʨ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʧʣʘʩʪʠʢʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʵʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨʥʳʡ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʡ ʩʦʩʪʘʚ ʵʤʘʣʠ ʠ ʧʘʩʪʳ. 

3. ʈʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʳ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʥʘ 
ʦʩʥʦʚʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʃʂʄ ʜʣʷ ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʠ ʇʂʄ, ʘ ʪʘʢʞʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʰʧʘʪʣʝʚʢʠ ʩ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ ï60 ʜʦ +600 Áʉ. 

https://www.infrahim.ru/products/1822/
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4. ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʴʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʠʘʮʠʦʥʥʦʡ 
ʪʝʭʥʠʢʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣ r(ɺʃʂʄ). 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
 

1. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ / ʕ. ʂ. 

ʂʦʥʜʨʘʰʦʚ, ɺ. ɸ. ʂʫʟʥʝʮʦʚʘ, ʊ. ɸ. ʃʝʙʝʜʝʚʘ, ʃ. ɺ. ʉʝʤʝʥʦʚʘ // ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ. ï 2010. ï ʊ. 54, ˉ 1. ï ʉ. 96-102. ï EDN MBCGFD. 

2. ʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ʕ. ʂ. ʂʦʥʜʨʘʰʦʚ, ʃ. ɺ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʝʢʪ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʧʣʘʥ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ ʠ ʩʦʩʪʦʠʪ ʠʟ ʬʶʟʝʣʷʞʘ, ʢʨʳʣʘ, ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ, 

ʰʘʩʩʠ ʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ɻʠʙʨʠʜʥʘʷ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʜʚʠʛʘʪʝʣʴ ʩ ʚʦʟʜʫʰʥʳʤ ʚʠʥʪʦʤ ʠ ʧʫʣʴʩʠʨʫʶʱʠʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ. 

ʕʣʝʢʪʨʦʤʦʪʦʨ ʧʠʪʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ ʧʨʠ 

ʨʘʟʨʷʜʝ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʨʘʙʦʪʫ ʚʩʪʫʧʘʝʪ ʧʫʣʴʩʠʨʫʶʱʠʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʪʫʨʙʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʛʝʥʝʨʘʪʦʨ, ʩʣʫʞʘʱʠʡ ʜʣʷ 

ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʛʠʙʨʠʜʥʘʷ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʵʣʝʢʪʨʦʤʦʪʦʨ, ʛʝʥʝʨʘʪʦʨ, ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ, ʠʤʧʫʣʴʩʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ. 
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Abstract. The article considers the project of an unmanned aerial vehicle with a hybrid 

propulsion system. Structurally, it is a high-plane made according to the traditional scheme and 

consists of fuselage, wing, tail assembly, landing gear and propulsion system. The hybrid 

propulsion system includes an electric propeller motor and a pulsejet engine. The electric motor is 

powered by electricity from a rechargeable battery. During flight, when the battery is discharged, 

the pulsejet engine with a free turbine comes into operation, which transmits torque to a generator 

that serves to charge the battery. 

Keywords: unmanned aerial vehicle, hybrid propulsion system, electric motor, generator, 

battery, pulse combustion chamber. 

 

ɺʚʝʜʝʥʠʝ 

ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʨʝʰʘʶʪ ʢʘʢ ʛʨʘʞʜʘʥʩʢʠʝ, ʪʘʢ ʠ 

ʚʦʝʥʥʳʝ ʟʘʜʘʯʠ, ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʩʲʸʤʢʠ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʸ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ, ʜʦʩʪʘʚʢʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʛʨʫʟʦʚ ʠ ʧʦʯʪʳ, ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɿʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʤʘʣʳʭ 

ʟʘʪʨʘʪʘʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʝʭʥʠʯʝʩʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʨʝʤʦʥʪ, ɹʇʃɸ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʙʦʨʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʟʘʩʪʨʦʡʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ɹʇʃɸ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 

ʙʘʪʘʨʝʠ. 

ʀʩʭʦʜʷ ʠʟ ʟʘʜʘʯ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɹʇʃɸ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ 

ʩ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʟʘʜʘʯ ʜʣʷ ɹʇʃɸ ʠ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʢʦʤʧʦʥʦʚʦʢ ʙʳʣʘ ʚʳʙʨʘʥʘ ʝʛʦ ʩʭʝʤʘ; 

 ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ; 

 ʩʦʟʜʘʥ ʵʩʢʠʟ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; 

 ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ çʂʆʄʇɸʉ 3Dè ʥʘʨʠʩʦʚʘʥ ʯʝʨʪʝʞ ɹʇʃɸ ʠ ʝʛʦ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʟʣʦʚ; 

 ʧʨʦʜʫʤʘʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʙʦʨʢʠ ɹʇʃɸ; 

 ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ; 

 ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʚʝʜʝʥ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ; 
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 ʨʘʟʨʘʙʦʪʘʥ ʧʫʣʴʩʠʨʫʶʱʠʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʪʫʨʙʠʥʦʡ ʠ ʧʨʦʚʝʜʝʥʳ ʝʛʦ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʝʢʪ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʛʠʙʨʠʜʥʦʡ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ (ɻʉʋ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʩʘʤʦʣʝʪʥʦʛʦ 

ʪʠʧʘ, ʫ ʢʦʪʦʨʦʛʦ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʩʦʟʜʘʝʪʩʷ ʢʨʳʣʦʤ ʠ ʦʪʯʘʩʪʠ ʬʶʟʝʣʷʞʝʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ɹʇʃɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʧʣʘʥ (ʨʠʩ. 1), 

ʚʳʧʦʣʥʝʥʥʳʡ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ ʠ ʩʦʩʪʦʠʪ ʠʟ ʬʶʟʝʣʷʞʘ, ʢʨʳʣʘ, ʭʚʦʩʪʦʚʦʛʦ 

ʦʧʝʨʝʥʠʷ, ʰʘʩʩʠ ʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʠʤʝʝʪ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ (ʨʠʩ. 2): 

 ʨʘʟʤʘʭ ʢʨʳʣʘ ï 1581 ʤʤ; 

 ʜʣʠʥʘ ʬʶʟʝʣʷʞʘ ï 1216 ʤʤ; 

 ʚʳʩʦʪʘ ï 418 ʤʤ. 

ʉʥʠʟʫ ʚ ʦʙʚʦʜʳ ʬʶʟʝʣʷʞʘ ʚʧʠʩʘʥ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʜʣʷ ʧʫʣʴʩʠʨʫʶʱʝʛʦ 

ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʩʘʤ ʜʚʠʛʘʪʝʣʴ ʩ ʚʳʭʣʦʧʥʳʤ ʩʦʧʣʦʤ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ɹʇʃɸ 
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ʌʶʟʝʣʷʞ ʩʦʩʪʦʠʪ ʠʟ 3 ʯʘʩʪʝʡ: ʥʦʩʦʚʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʭʚʦʩʪʦʚʦʡ (ʨʠʩ. 3). 

ɺ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʤʦʪʦʨ ʩ ʪʷʥʫʱʠʤ ʚʦʟʜʫʰʥʳʤ ʚʠʥʪʦʤ, 

ʠʤʝʝʪʩʷ ʦʪʩʝʢ ʜʣʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʂʦʤʧʦʥʦʚʢʘ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʬʶʟʝʣʷʞʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨ ʠ ʚ 

ʮʝʥʪʨʦʧʣʘʥʝ ʥʘʭʦʜʠʪʩʷ ʪʦʧʣʠʚʥʳʡ ʙʘʢ. ɺ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ ʬʶʟʝʣʷʞʘ ʥʘʭʦʜʠʪʩʷ 

ʇʫɺʈɼ ʠ ʛʝʥʝʨʘʪʦʨ. 

ʉʠʣʦʚʘʷ ʩʭʝʤʘ ʬʶʟʝʣʷʞʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʰʧʘʥʛʦʫʪʦʚ, ʩʪʨʠʥʛʝʨʦʚ 

ʠ ʣʦʥʞʝʨʦʥʦʚ.  

ʉʠʣʦʚʘʷ ʩʭʝʤʘ ʢʨʳʣʘ ʠʤʝʝʪ ʥʝʨʚʶʨʳ ʠ ʣʦʥʞʝʨʦʥʳ. 

ʂʨʳʣʦ ʢʨʝʧʠʪʩʷ ʢ ʮʝʥʪʨʦʧʣʘʥʫ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʙʦʥʦʚʳʭ ʪʨʫʙʦʢ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʣʦʥʞʝʨʦʥʦʚ ʢʨʳʣʘ (ʨʠʩ. 4). 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʂʨʝʧʣʝʥʠʝ ʢʨʳʣʘ ʢ ʮʝʥʪʨʦʧʣʘʥʫ 
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ʌʶʟʝʣʷʞ ʩʦʩʪʳʢʦʚʳʚʘʝʪʩʷ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʙʦʥʦʚʳʭ ʪʨʫʙʦʢ 

(ʨʠʩ. 5). 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʦʩʪʳʢʦʚʢʘ ʯʘʩʪʝʡ ʬʶʟʝʣʷʞʘ 

 

ʆʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ ʩʦʩʪʦʷʪ ʠʟ ʬʣʘʧʧʝʨʦʥʦʚ, ʨʫʣʷ ʚʳʩʦʪʳ ʠ ʨʫʣʷ 

ʥʘʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 2). ʋʧʨʘʚʣʝʥʠʝ ʠʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʝʨʚʦʧʨʠʚʦʜʦʚ, ʧʠʪʘʶʱʠʭʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ (ʨʠʩ. 6). 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʝʨʚʦʧʨʠʚʦʜʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ɹʇʃɸ 

 

ɻʠʙʨʠʜʥʘʷ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʤʙʠʦʟ 

ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ [1, 2] ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩ ʚʦʟʜʫʰʥʳʤ ʚʠʥʪʦʤ.  

ʇʫɺʈɼ ʠʤʝʝʪ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 508 ʤʤ ʚ ʜʣʠʥʫ ʠ 95 ʤʤ ʚ ʜʠʘʤʝʪʨʝ 

(ʨʠʩ. 7). ʂ ʬʶʟʝʣʷʞʫ ʇʫɺʈɼ ʢʨʝʧʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʫʰʠʥ ʩʦ ʩʢʚʦʟʥʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʪʘʢʠʭ ʪʠʧʦʚ ʜʚʠʛʘʪʝʣʝʡ ʩʚʦʡʩʪʚʝʥʥʘ ʚʠʙʨʘʮʠʷ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʢʨʝʧʠʪʴ ʇʫɺʈɼ ʢ ʬʶʟʝʣʷʞʫ ɹʇʃɸ ʭʦʤʫʪʘʤʠ. ʉʙʦʨʢʘ ʛʦʣʦʚʢʠ 

1 ʠ ʩʦʧʣʘ 11 ʩ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ 10 ʚʳʧʦʣʥʝʥʘ ʨʝʟʴʙʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʄ58ʭ1,5. ʆʙʪʝʢʘʪʝʣʴ 2 ʧʨʠʚʘʨʠʚʘʝʪʩʷ ʢ ʛʦʣʦʚʢʝ 1. ʌʨʦʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 
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ʣʝʧʝʩʪʢʦʚʦʛʦ ʪʠʧʘ [3, 4]. ɺ ʵʪʦʤ ʢʣʘʧʘʥʝ ʚʦʟʜʫʭ ʧʦʜ ʥʘʧʦʨʦʤ ʫʧʠʨʘʝʪʩʷ ʚ 

ʣʝʧʝʩʪʢʠ, ʦʪʛʠʙʘʝʪ ʠʭ ʠ ʧʨʦʭʦʜʠʪ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ. ɺ ʩʝʜʣʦ ʦʙʨʘʪʥʦʛʦ 

ʢʣʘʧʘʥʘ ʚʚʦʨʘʯʠʚʘʝʪʩʷ ʢʦʥʫʩ 4, ʚ ʢʦʪʦʨʳʡ ʚʚʦʨʘʯʠʚʘʝʪʩʷ ʰʧʠʣʴʢʘ 5. ʅʘ ʥʝʝ 

ʥʘʩʘʞʠʚʘʝʪʩʷ ʜʠʩʢ ʢʣʘʧʘʥʘ 6 ʠ ʩʘʤ ʢʣʘʧʘʥ 7 ʩ ʦʪʛʠʙʘʝʤʳʤʠ ʣʝʧʝʩʪʢʘʤʠ. ʇʦʚʝʨʭ 

ʵʪʦʛʦ ʜʠʩʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʰʘʡʙʘ 8, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʫʛʦʣ ʦʪʛʠʙʘ ʣʝʧʝʩʪʢʦʚ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ ʟʘʢʨʝʧʣʷʶʪʩʷ ʛʘʡʢʦʡ 9. ʆʙʝʯʘʡʢʘ 3, 

ʬʦʨʤʠʨʫʶʱʘʷ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʇʫɺʈɼ ʥʘʩʘʞʠʚʘʝʪʩʷ ʚʥʘʭʣʝʩʪ ʦʙʝʯʘʡʢʠ 12 ʠ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʭʦʤʫʪʘʤʠ (ʜʣʷ ʧʨʠʜʘʥʠʷ ʞʝʩʪʢʦʩʪʠ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʦʙʝʯʘʝʢ). 

ʆʙʝʯʘʡʢʘ 3 ʠ 12 ʩ ʦʙʪʝʢʘʪʝʣʝʤ 2 ʬʦʨʤʠʨʫʶʪ ʚʪʦʨʦʡ ʢʦʥʪʫʨ ʇʫɺʈɼ. ʇʦʪʦʢ 

ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʚʪʦʨʦʡ ʢʦʥʪʫʨ, ʦʭʣʘʞʜʘʝʪ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʯʘʩʪʚʫʝʪ ʚ ʩʦʟʜʘʥʠʠ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ 

ʇʦʜ ʧʦʟʠʮʠʝʡ 13 ʠʟʦʙʨʘʞʝʥʘ ʩʚʦʙʦʜʥʘʷ ʪʫʨʙʠʥʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ 

ʚʳʭʣʦʧʥʦʤ ʧʘʪʨʫʙʢʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʉʚʦʙʦʜʥʘʷ ʪʫʨʙʠʥʘ ʯʝʨʝʟ ʚʘʣʳ ʩ 

ʢʦʥʠʯʝʩʢʠʤʠ ʰʝʩʪʝʨʥʷʤʠ ʧʝʨʝʜʘʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʛʝʥʝʨʘʪʦʨ. ʊʫʨʙʠʥʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʜʘʣʝʝ ʦʥʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ (ʚ 

ʛʝʥʝʨʘʪʦʨʝ).  

ʈʘʙʦʪʘ ʵʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [4, 5]. ɺʦʟʜʫʭ, 

ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʛʦʣʦʚʢʫ 1, ʩʦʟʜʘʝʪ ʜʘʚʣʝʥʠʝ ʙʦʣʴʰʝʝ ʧʝʨʝʜ ʢʣʘʧʘʥʦʤ 7, ʯʝʤ ʚ 

ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ 10, ʪ.ʝ. ʟʘ ʵʪʠʤ ʢʣʘʧʘʥʦʤ. ɼʘʣʝʝ ʢʣʘʧʘʥ ʦʪʢʨʳʚʘʝʪʩʷ, ʠ ʢʘʤʝʨʘ 

ʩʛʦʨʘʥʠʷ ʥʘʧʦʣʥʷʝʪʩʷ ʩʚʝʞʠʤ ʚʦʟʜʫʭʦʤ, ʚ ʵʪʦ ʚʨʝʤʷ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ 

ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʪʦʧʣʠʚʦ, ʘ ʟʘʪʝʤ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʠ 

ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʚʳʭʦʜʷʪ ʯʝʨʝʟ ʩʦʧʣʦ 11 ʚ ʘʪʤʦʩʬʝʨʫ. ʇʦ ʤʝʨʝ ʠʩʪʝʯʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʧʘʜʘʝʪ, ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ, ʠ ʨʝʘʢʪʠʚʥʘʷ ʪʷʛʘ. ʂʘʢ ʪʦʣʴʢʦ ʜʘʚʣʝʥʠʝ ʚ ʛʦʣʦʚʢʝ 1 ʩʥʦʚʘ 

ʧʨʝʚʳʩʠʪ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʚʭʦʜʥʳʝ ʢʣʘʧʘʥʳ ʦʪʢʨʳʚʘʶʪʩʷ ʠ ʮʠʢʣ 

ʧʦʚʪʦʨʷʝʪʩʷ [6]. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʫʣʴʩʠʨʫʶʱʠʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʨʝʞʠʤʝ ʦʪ 10 ʜʦ 40 ɻʮ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʠʤʧʫʣʴʩʥʦʛʦ ʛʦʨʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘ ʦʜʠʥ ʠʤʧʫʣʴʩ ʛʘʟʳ, ʠʩʪʝʢʘʶʱʠʝ ʠʟ 

ʩʦʧʣʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʩʦʟʜʘʶʪ ʪʷʛʫ ʚ 120 ʅʴʶʪʦʥ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʧʦʣʝʪʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ɹʇʃɸ [8]. 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʭʨʦʥʥʳʡ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʥʘ ʨʦʪʦʨʝ. ʃʠʥʝʡʢʘ ʪʘʢʠʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ 

çʀʥʜʫʩʪʨʠʷè ɸʆ çʅʇʆè ɸʥʜʨʦʠʜʥʘʷ ʪʝʭʥʠʢʘè. ɺʝʩ ʪʘʢʠʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 150 ʜʦ 300 ʛʨʘʤʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 1000 ʜʦ 1500 ɺʪ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʦʙʣʘʜʘʶʪ 

ʢʦʤʧʘʢʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʨʫʪʷʱʠʤ 

ʤʦʤʝʥʪʦʤ ʠ ʤʘʣʳʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 7 ï ʂʦʥʩʪʨʫʢʮʠʷ ʇʫɺʈɼ 

 

ɼʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʛʢʠʡ ʠ ʢʦʤʧʘʢʪʥʳʡ 

ʘʢʢʫʤʫʣʷʪʦʨ ʩ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʪʦʢʦʦʪʜʘʯʝʡ. ʊʘʢʠʤʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʣʠʪʠʡ-ʠʦʥʥʳʝ ʠ ʣʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ. 

ɼʣʷ ʧʦʜʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʧʦʣʝʪʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʛʝʥʝʨʘʪʦʨ, ʢ 

ʢʦʪʦʨʦʤʫ ʧʦʜʚʦʜʠʪʩʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʪ ʩʚʦʙʦʜʥʦʡ ʪʫʨʙʠʥʳ ʇʫɺʈɼ. ʊʘʢʞʝ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʠ 

ʵʣʝʢʪʨʦʤʦʪʦʨʦʤ.  

ɿʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʳʩʪʨʳʡ 

ʨʘʟʛʦʥ ʩʘʤʦʣʝʪʘ, ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ɹʇʃɸ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʦʪ ʵʣʝʢʪʨʦʤʦʪʦʨʘ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʣʝʪ ʠ ʧʦʣʝʪ ʩ ʵʚʦʣʶʮʠʷʤʠ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʤʦʪʦʨʘ. ɺ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ 

ʨʘʙʦʪʫ ʚʩʪʫʧʘʝʪ ʧʫʣʴʩʠʨʫʶʱʠʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ. ʇʦʣʝʪ ɹʇʃɸ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʯʝʨʝʟ 

ʩʚʦʙʦʜʥʫʶ ʪʫʨʙʠʥʫ ʠ ʛʝʥʝʨʘʪʦʨ ʟʘʨʷʞʘʝʪ ʘʢʢʫʤʫʣʷʪʦʨ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʝʢʪ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʟʨʘʙʦʪʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ ʈʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ çʂʆʄʇɸʉ 3Dè. ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʫʨʘʚʥʝʥʠʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʘ ʨʘʩʧʝʯʘʪʢʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ 3D 
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ʧʨʠʥʪʝʨʝ. ʀʤʧʫʣʴʩʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ 

ʃʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʝʝ ʩʪʝʥʜʦʚʳʝ 

ʠʩʧʳʪʘʥʠʷ. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʃʦʧʘʪʢʠ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ (ɻʊ) ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ 

ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʩʪʘʣʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʨʘʟʨʫʰʝʥʠʝ. ʇʦʵʪʦʤʫ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ANSYS, ʜʘʶʪ ʠʥʞʝʥʝʨʘʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʣʦʧʘʪʦʢ 

ʨʦʪʦʨʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʟʦʥʳ, ʧʦʜʚʝʨʞʝʥʥʳʝ 

ʥʘʠʙʦʣʴʰʠʤ ʥʘʛʨʫʟʢʘʤ, ʥʦ ʠ ʧʨʝʜʣʦʞʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ. ɺʥʝʜʨʝʥʠʝ 

ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʦʧʘʪʦʢ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ, ʪʘʢʠʭ ʢʘʢ ANSYS, ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʭ ʥʘʜʝʞʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʥʘʧʨʷʞʝʥʠʷ, ʣʦʧʘʪʢʘ, ʥʘʛʨʫʟʢʠ, ʩʝʪʢʘ, 

ʨʘʩʯʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʝʬʦʨʤʘʮʠʷ. 
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Abstract. Gas turbine blades (GTs) are subject to extreme loads due to high temperatures 

and pressures, which leads to stresses that affect their service life. The main problem is the 

thermomechanical effect, which can cause material fatigue, thermoplastic deformations and 

progressive failure. Therefore, special attention is paid to improving designs and materials that can 

withstand such conditions. Modern numerical modeling technologies, such as the ANSYS software 
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package, provide engineers with the ability to accurately analyze the stress-strain state (SSS) of 

rotor blades. This method allows not only to identify critical areas subject to the greatest loads, but 

also to propose effective design and technological solutions aimed at reducing stresses and 

increasing service life. The introduction of new composite materials, protective coatings, as well as 

optimization of the cooling system of turbine blades are also key areas of research to increase the 

safety margin and service life of parts.  

The purpose of this article is to evaluate the stress state of gas turbine engine blades using 

modern techniques such as ANSYS and provide recommendations for improving their reliability. 

Keywords: aircraft engine, stresses, blade, loads, grid, calculation, temperature, 

deformation. 

ɺʚʝʜʝʥʠʝ 

ʈʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ [1, 2]: 

 ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 1600ï2000ʂ), ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʘʭ ʛʦʨʝʥʠʷ; 

 ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʜʦʩʪʠʛʘʶʱʝʛʦ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ; 

 ʮʠʢʣʠʯʝʩʢʠʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʟʳʚʘʶʱʠʝ 

ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʘʣʦʩʪʴ. 

ʊʘʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʤʘʪʝʨʠʘʣʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʣʦʧʘʪʢʠ, ʠ ʢ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʚʳʟʦʚʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʨʫʰʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʫʩʪʘʣʦʩʪʴʶ 

ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʦʚ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʧʦʚʨʝʞʜʝʥʠʡ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʚʢʣʶʯʘʶʪ [3]: 

 ʪʝʨʤʦʫʩʪʘʣʦʩʪʴ: ʇʦʚʪʦʨʷʶʱʠʝʩʷ ʪʝʧʣʦʚʳʝ ʮʠʢʣʳ ʧʨʠʚʦʜʷʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʝʱʠʥ ʚ ʤʘʪʝʨʠʘʣʘʭ ʣʦʧʘʪʢʠ; 

 ʵʨʦʟʠʷ: ɺʦʟʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʨʫʰʘʝʪ 
ʧʦʚʝʨʭʥʦʩʪʴ ʣʦʧʘʪʦʢ; 

 ʢʦʨʨʦʟʠʷ: ʍʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʥʘ ʤʘʪʝʨʠʘʣʳ 
ʣʦʧʘʪʢʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

 ʜʝʬʦʨʤʘʮʠʠ: ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʚʳʟʳʚʘʶʪ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʘʵʨʦʜʠʥʘʤʠʢʫ ʠ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʨʙʠʥʳ. 

 

ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʝʦʭʣʘʞʜʘʝʤʦʡ ʣʠʪʦʡ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʨʝʜʘ Ansys. 3D ʤʦʜʝʣʴ 

ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ, ʩʦʟʜʘʥʥʘʷ ʚ CAD ʧʨʦʛʨʘʤʤʝ, ʠʤʧʦʨʪʠʨʦʚʘʣʘʩʴ ʚ ʤʦʜʫʣʴ 

ʨʘʙʦʪʳ ʩ ʛʝʦʤʝʪʨʠʝʡ Designmodeler, ʛʜʝ ʧʦʜʛʦʪʘʚʣʠʚʘʣʘʩʴ ʢ ʠʤʧʦʨʪʫ ʚ ʤʦʜʫʣʴ 

Ansysmesher. 
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ 

 

ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʣʦʧʘʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʤʝʥʶ Engineeringdata 

(ʨʠʩʫʥʦʢ 2). 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʟʘʜʘʥ ʞʘʨʦʧʨʦʯʥʳʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʩʧʣʘʚ. 

ʇʨʦʛʨʘʤʤʘ Ansys ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʙʠʙʣʠʦʪʝʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʣʦʧʘʪʢʠ 

 

ɿʘʪʝʤ ʚ ʤʦʜʫʣʝ Ansysmesher ʩʪʨʦʠʣʘʩʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2.  
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ʈʠʩʫʥʦʢ 3 ï ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ 

 

ɼʣʷ ʜʝʪʘʣʠʟʘʮʠʠ ʚʩʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʭʚʦʩʪʦʚʠʢʘ ʠ ʧʝʨʘ 

ʣʦʧʘʪʢʠ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʜʦʙʘʚʣʷʣʘʩʴ ʬʫʥʢʮʠʷ sizing, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʩʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʷʯʝʝʢ ʩʝʪʢʠ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ 

ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʚʘʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʛʫʱʝʥʠʝ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ  

 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, ʜʣʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʚʘʣʠʩʴ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʫʱʝʥʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʣʦʧʘʪʢʘ ʪʫʨʙʠʥʳ 

ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʦʙʦʜʳ ʧʝʨʝʤʝʱʝʥʠʡ ʟʘʤʢʘ ʚ ʪʝʣʝ ʜʠʩʢʘ. ʇʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʫʣʠ Ansys Static Structural ʠ Thermal 

Steady State. ɺ ʧʦʩʣʝʜʥʝʤ ʤʦʜʫʣʝ ʟʘʜʘʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ï ʚ ʷʚʥʦʤ 
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ʚʠʜʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ 

ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ.  

ɹʳʣʦ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ ʦ ʣʠʥʝʡʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʣʠʥʝ 

ʣʦʧʘʪʢʠ. ɺ ʢʦʨʥʝʚʦʤ ʩʝʯʝʥʠʠ ʣʦʧʘʪʢʠ ʟʘʜʘʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 1020ʂ, ʘ ʚ 

ʢʦʥʮʝʚʦʤ 1400ʂ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʣʦʧʘʪʢʠ (ʨʠʩʫʥʦʢ 3). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʘʜʠʫʩʫ 

ʣʦʧʘʪʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʚʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʢʦʨʥʷ ʣʦʧʘʪʢʠ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2/3 ʦʪ ʢʦʨʥʝʚʦʛʦ ʩʝʯʝʥʠʷ. ɹʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʣʦʧʘʪʢʠ ʚ ʢʦʥʮʝʚʦʤ ʩʝʯʝʥʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ ʣʦʧʘʪʢʠ ʚ ʜʘʥʥʳʭ ʩʝʯʝʥʠʷʭ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʣʦʧʘʪʢʠ 

 

ʇʦʣʫʯʠʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ, ʵʪʠ 

ʜʘʥʥʳʝ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʨʘʩʯʸʪʥʳʡ ʤʦʜʫʣʴ Ansys Static Structural, ʚ ʢʦʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʸʪ. ɺ ʨʘʩʯʸʪʥʦʤ ʤʦʜʫʣʝ ʟʘʜʘʚʘʣʠʩʴ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʣʦʧʘʪʦʯʥʦʛʦ ʚʝʥʮʘ ʚ 500 ʨʘʜ./ʩ, ʟʘ ʩʯʸʪ ʯʝʛʦ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʣʦʧʘʪʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʦʜʫʣʴ 

ʠʤʧʦʨʪʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʤʦʜʫʣʷ Thermal 

Steady State, ʘ ʪʘʢʞʝ ʟʘʜʘʚʘʣʠʩʴ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʣʦʧʘʪʢʠ (ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʟʘʜʘʥ ʞʘʨʦʧʨʦʯʥʳʡ ʩʧʣʘʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʧʦ ʪʝʣʫ ʣʦʧʘʪʢʠ (ʨʠʩʫʥʦʢ 6). 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʳʭ ʢʨʦʤʢʘʭ ʣʦʧʘʪʢʠ 

ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 130ʄʇʘ. ʊʘʢʘʷ ʞʝ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʝʪ ʟʘʤʢʦʚʘʷ 
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ʯʘʩʪʴ ʣʦʧʘʪʢʠ (ʚʭʦʜʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʢʨʦʤʢʠ). ɺʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ ʩʥʠʞʘʝʪʩʷ ʢ 

ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʣʦʧʘʪʢʠ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʣʦʧʘʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʣʠʷʥʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʥʘʛʨʫʟʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʣʦʧʘʪʢʠ 

 

ʅʘ ʙʘʥʜʘʞʥʦʡ ʧʦʣʢʝ ʣʦʧʘʪʢʠ ʚ ʨʘʡʦʥʝ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ ʚʦʟʥʠʢʘʶʪ 

ʥʘʧʨʷʞʝʥʠʷ 120ʄʇʘ.  

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʘʥʜʘʞʥʦʡ ʧʦʣʢʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ 

ʥʘ ʣʦʧʘʪʢʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 8. 
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ʈʠʩʫʥʦʢ 8 ï ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʣʦʧʘʪʢʝ 
 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʡ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʣʦʧʘʪʢʠ ʢ ʢʦʥʮʝʚʦʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʜʝʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʘʡʦʥʝ ʢʨʝʧʣʝʥʠʷ ʙʘʥʜʘʞʥʦʡ ʧʦʣʢʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 

3,6 ʤʤ (ʨʠʩʫʥʦʢ 9). 

ʇʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʜʣʠʥʝ ʣʦʧʘʪʢʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ (ʨʠʩʫʥʦʢ 9). 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʧʝʨʫ ʣʦʧʘʪʢʠ 

 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ ʣʦʧʘʪʢʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 1400 ʂ. ʇʦ ʩʝʯʝʥʠʶ ʣʦʧʘʪʢʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʡ ʣʦʧʘʪʢʠ 

(ʮʝʣʴʥʘʷ ʣʦʧʘʪʢʘ). 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʙʦʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʣʦʧʘʪʢʝ 

ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʣʦʧʘʪʢʠ, ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʣʘʩʪʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʣʦʧʘʪʦʢ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɸʥʥʦʪʘʮʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʅʦʨʤʳ ʣʸʪʥʦʡ ʛʦʜʥʦʩʪʠ ʧʫʥʢʪ 25 ʧʨʝʜʲʷʚʣʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʰʘʩʩʠ ʠ ʥʘʚʝʩʢʠ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ 

ʘʚʘʨʠʡʥʳʭ ʧʦʩʘʜʢʘʭ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʣʠʙʦ 

ʠʩʧʳʪʘʥʠʷ, ʣʠʙʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʜʚʫʭ ʚʠʜʦʚ: 

ʦʜʥʦʤʝʨʥʘʷ ʠ ʪʨʸʭʤʝʨʥʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ. 
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AN EVALUATIVE ANALYSIS OF THE MODELLING OF AIRCRAFT 

EMERGENCY LANDINGS AND LANDING GEAR STRUCTURAL FAILURE 
USING DIFFERENT FINIT E ELEMENT MODELLING APPROACHES  
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Abstract. The design of all modern aircraft must comply with the requirements of regulatory 
documents. Airworthiness standards, paragraph 25, impose requirements for the safe destruction of a 
landing gear structure and engine hinge during emergency landings. Evidence of compliance with the 
requirements can be either tests or mathematical modeling of the destruction of these structures. This 
paper presents a comparison of the calculations of finite element models of two types: one-
dimensional and three-dimensional finite element models. 

Keywords: design, certification, strength, dynamics, finite element, crash landing, weak link, 
safe failure. 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʥʩʪʨʫʢʮʠʷ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩ 
ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʥʦ 
ʠ ʪʨʝʙʦʚʘʥʠʝʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ. 
ʊʘʢʦʚʳʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʅʦʨʤʳ ʣʸʪʥʦʡ ʛʦʜʥʦʩʪʠ (ʅʃɻ) ʧʫʥʢʪ ʜʣʷ 
ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʤʘʩʩʦʡ ʙʦʣʝʝ 5,7 ʪʦʥʥ. ɼʘʥʥʳʡ ʧʫʥʢʪ ʅʃɻ ʧʨʝʜʲʷʚʣʷʝʪ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʚʝʩʢʠ ʰʘʩʩʠ ʠ ʧʣʘʥʝʨʘ ʦ ʥʝʜʦʧʫʱʝʥʠʠ ʧʦʷʚʣʝʥʠʷ ʪʝʯʠ 
ʪʦʧʣʠʚʘ ʧʦʩʣʝ ʛʨʫʙʦʡ ʧʦʩʘʜʢʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʩʪʠ ʧʦʞʘʨʘ. 

ɼʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʩʠʣ ʩ ʢʦʥʩʪʨʫʢʮʠʠ ʰʘʩʩʠ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ 
ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʪʦʧʣʠʚʥʳʭ ʧʘʪʨʫʙʢʦʚ ʠ ʙʘʢʘ, ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘʚʝʩʢʠ 
ʦʩʥʦʚʥʳʭ ʦʧʦʨ ʰʘʩʩʠ (ʆʆʐ) ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ 
ʜʝʪʘʣʠ, çʩʣʘʙʳʝ ʟʚʝʥʴʷè, ʟʘʜʘʯʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 
ʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʳʭ ʩʠʣ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʢʦʥʩʪʨʫʢʮʠʷ ʆʆʐ ʜʦʣʞʥʘ 
ʦʪʜʝʣʷʪʴʩʷ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʨʘ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ. 
ʇʨʠʤʝʨ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʣʘʙʳʭ ʟʚʝʥʴʝʚ ʥʘʚʝʩʢʠ ʆʆʐ ʧʦʢʘʟʘʥ ʥʘ 
ʨʠʩʫʥʢʝ 1. ɼʘʥʥʳʡ ʧʫʥʢʪ ʅʃɻ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʸʥ ʣʠʙʦ ʠʩʧʳʪʘʥʠʷʤʠ, 
ʣʠʙʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʣʘʙʳʭ ʟʚʝʥʴʝʚ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʚʝʩʢʠ ʆʆʐ 
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ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʰʘʩʩʠ ʦʪ ʩʠʣ, 

ʧʨʝʚʳʚʰʘʶʱʠʭ ʨʘʩʯʸʪʳʝ, ʢʨʘʡʥʝ ʟʘʪʨʘʪʥʦ ʩ ʬʠʥʘʥʩʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʙʶʨʦ ʧʨʠʙʝʛʘʶʪ ʢ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʨʫʙʳʭ ʧʦʩʘʜʦʢ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 

ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ). ʆʜʥʘʢʦ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʩʪʦʝʢ ʆʆʐ ʤʝʪʦʜʦʤ ʂʕ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ ʜʘʞʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ 

ʨʘʩʯʸʪʘ, ʚʥʝʜʨʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʧʨʦʱʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʟʨʫʰʝʥʠʷ 

ʩʪʦʝʢ ʆʆʐ ʦʪ ʩʚʝʨʭʨʘʩʯʸʪʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʛʨʫʙʦʡ ʧʦʩʘʜʢʝ ʩʘʤʦʣʸʪʘ, 

ʤʝʪʦʜʦʤ ʂʕ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1D ʠ 3D ʵʣʝʤʝʥʪʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

1. ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʘʣʦʯʥʳʭ ʂʕ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ 
ʧʦʩʣʝʜʩʪʚʠʡ ʛʨʫʙʳʭ ʧʦʩʘʜʦʢ ʃɸ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʨʘʩʯʸʪʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʪʦʡʢʠ 

ʰʘʩʩʠ; 

2. ɺʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ 
ʪʨʸʭʤʝʨʥʦʡ ʠ ʙʘʣʦʯʥʦʡ ʂʕ ʤʦʜʝʣʝʡ; 

3. ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʣʦʯʥʳʭ ʂʕ ʤʦʜʝʣʝʡ ʩʪʦʝʢ ʰʘʩʩʠ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʦʚ ʥʘʚʝʩʢʠ ʩʪʦʝʢ ʰʘʩʩʠ. 

ʆʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʠʢ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʪʠʧʦʚʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʥʘʚʝʩʢʠ ʆʆʐ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʸʪʦʚ. ʇʨʠʤʝʨʳ 

ʜʚʫʭ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʠʧʦʚʳʝ ʩʭʝʤʳ ʥʘʚʝʩʢʠ ʆʆʐ. ʉʣʝʚʘ ï ʩʭʝʤʘ çʪʨʝʫʛʦʣʴʥʠʢè, 

ʩʧʨʘʚʘ ï ʩʭʝʤʘ çʢʣʳʢè 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʚʝʩʢʠ 

ʆʆʐ ʪʠʧʘ çʪʨʝʫʛʦʣʴʥʠʢè ʩ ʦʜʥʠʤ ʧʦʜʢʦʩʦʤ. ʄʘʩʩʘ ʩʘʤʦʣʸʪʘ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ 

ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʠ ʧʦʩʘʜʢʠ ʚʳʙʨʘʥʳ ʢʘʢ ʦʩʨʝʜʥʸʥʥʳʝ ʜʣʷ 

ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʸʪʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʜʚʝ ʂʕ ʤʦʜʝʣʠ.  

ʊʨʸʭʤʝʨʥʘʷ ʂʕ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 1989256 ʦʙʲʸʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

2578981 ʫʟʣʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʂʝʩʩʦʥ ʠ ʰʘʩʩʠʡʥʘʷ ʙʘʣʢʘ ʚʳʧʦʣʥʝʥʳ 2D 

ʵʣʝʤʝʥʪʘʤʠ. ʇʥʝʚʤʘʪʠʢʠ ï 3D ʵʣʝʤʝʥʪʘʤʠ. ʄʦʜʝʣʴ ʢʝʩʩʦʥʘ ʜʦʙʘʚʣʝʥʘ ʜʣʷ 

ʫʯʸʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʫʧʨʫʛʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʝʩʩʦʥʘ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʩʩʳ 

ʪʦʧʣʠʚʘ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʳʣʘ. ɺ ʤʦʜʝʣʠ ʧʥʝʚʤʘʪʠʢʘ ʫʯʪʝʥʳ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʰʠʥʳ, ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʯʘʣʴʥʘʷ ʟʘʨʷʜʢʘ ʧʥʝʚʤʘʪʠʢʘ 

ʜʘʚʣʝʥʠʝʤ. ɺ ʦʙʲʸʤʝ ʧʥʝʚʤʘʪʠʢʘ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʛʘʟʘ. 

ɺʠʜ ʪʨʸʭʤʝʨʥʦʡ ʂʕ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʊʨʸʭʤʝʨʥʘʷ ʂʕ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʚʝʩʢʠ ʆʆʐ ʩ ʢʝʩʩʦʥʦʤ 

 

ɺ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʚʝʩʢʠ ʆʆʐ ʚʚʝʜʝʥʳ 3 ʩʣʘʙʳʭ ʟʚʝʥʘ: 

1. ʋʟʝʣ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ ʩʪʦʡʢʠ ʆʆʐ ʥʘ ʢʝʩʩʦʥ ʢʨʳʣʘ; 

2. ʋʟʝʣ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ ʩʪʦʡʢʠ ʆʆʐ ʥʘ ʰʘʩʩʠʡʥʫʶ ʙʘʣʢʫ; 

3. ʋʟʝʣ ʥʘʚʝʩʢʠ ʧʦʜʢʦʩʘ ʩʪʦʡʢʠ ʆʆʐ ʥʘ ʢʝʩʩʦʥ ʢʨʳʣʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʥʘʚʝʩʢʠ ʆʆʐ ʫʩʠʣʠʷ ʨʘʟʨʫʰʝʥʠʷ ʩʣʘʙʳʭ ʟʚʝʥʴʝʚ ʙʳʣʠ 

ʧʦʩʯʠʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦ ʬʦʨʤʫʣʝ 1. 

 

ὊВ ὗ ὲzz Ὧ †̃ ὃz ὲzz ὯȟὌ  (1) 

 

ʛʜʝ: ὊВ ï ʩʠʣʘ ʚ ʫʟʣʝ ʥʘʚʝʩʢʠ; 

†̃ ï ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʚ ʩʝʯʝʥʠʠ; 
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1 ï ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʜʚʠʛ ʤʘʪʝʨʠʘʣʘ; 

! ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʜʚʠʛʘ; 

k ï ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ ʩʨʝʟʘ ʚ ʩʦʝʜʠʥʝʥʠʠ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʳʭ ʟʚʝʥʴʝʚ ʚ ʫʟʣʝ. 

ʀʪʦʛʦ, ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʩʠʣ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʩʠʣ ʚ ʫʟʣʘʭ ʥʘʚʝʩʢʠ ʆʆʐ, ʧʦʩʯʠʪʘʥʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠ 

 ʋʟʝʣ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ 

ʩʪʦʡʢʠ ʆʆʐ ʥʘ ʢʝʩʩʦʥ 

ʢʨʳʣʘ 

ʋʟʝʣ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ 

ʩʪʦʡʢʠ ʆʆʐ ʥʘ 

ʰʘʩʩʠʡʥʫʶ ʙʘʣʢʫ 

ʋʟʝʣ ʥʘʚʝʩʢʠ ʧʦʜʢʦʩʘ 

ʩʪʦʡʢʠ ʆʆʐ ʥʘ ʢʝʩʩʦʥ 

ʢʨʳʣʘ. 

ʇʨʝʜʝʣʴʥʘʷ 

ʩʠʣʘ, [ʅ] 
861581 1318964 585024 

 

ʆʜʥʦʤʝʨʥʘʷ ʂʕ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 152 ʙʘʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 304 ʫʟʣʦʚ 

ʤʝʞʜʫ ʥʠʤʠ. ʉʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʘʠʤʦʩʚʷʟʠ 

ʪʠʧʘ çConnectorè. ʂʝʩʩʦʥ ʠ ʰʘʩʩʠʡʥʘʷ ʙʘʣʢʘ ʚʳʧʦʣʥʝʥʳ 2D ʵʣʝʤʝʥʪʘʤʠ. 

ʇʥʝʚʤʘʪʠʢʠ ï 3D ʵʣʝʤʝʥʪʘʤʠ. ʄʦʜʝʣʴ ʢʝʩʩʦʥʘ ʜʦʙʘʚʣʝʥʘ ʜʣʷ ʫʯʸʪʘ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʫʧʨʫʛʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʝʩʩʦʥʘ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʩʩʳ ʪʦʧʣʠʚʘ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʳʣʘ. ɺ ʤʦʜʝʣʠ ʧʥʝʚʤʘʪʠʢʘ ʫʯʪʝʥʳ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʰʠʥʳ, ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʯʘʣʴʥʘʷ ʟʘʨʷʜʢʘ ʧʥʝʚʤʘʪʠʢʘ ʜʘʚʣʝʥʠʝʤ. ɺ 

ʦʙʲʸʤʝ ʧʥʝʚʤʘʪʠʢʘ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʛʘʟʘ. ɺʠʜ 

ʦʜʥʦʤʝʨʥʦʡ ʂʕ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʆʜʥʦʤʝʨʥʘʷ ʂʕ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʚʝʩʢʠ ʆʆʐ ʩ ʢʝʩʩʦʥʦʤ 

(ʥʘ ʚʠʜʝ ʦʪʦʙʨʘʞʝʥʳ ʩʝʯʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʙʘʣʦʢ) 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʚʝʩʢʠ ʆʆʐ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʷʚʥʦʛʦ ʨʝʰʘʪʝʣʷ Dynamic Explicit. ɻʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʜʘʥʥʦʛʦ ʨʘʩʯʸʪʘ ʷʚʣʷʶʪʩʷ ʟʘʢʨʝʧʣʝʥʠʝ ʢʝʩʩʦʥʘ ʧʦ ʢʦʥʪʫʨʫ ʠ 

ʟʘʢʨʝʧʣʝʥʠʝ ʫʟʣʦʚ ʥʘʚʝʩʢʠ ʰʘʩʩʠʡʥʦʡ ʙʘʣʢʠ ʥʘ ʬʶʟʝʣʷʞ ʠʟ ʫʩʣʦʚʠʷ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʨʘ, ʪ.ʝ. ʩʦʟʜʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʚʨʘʱʝʥʠʶ 

ʢʝʩʩʦʥʘ ʚʦʢʨʫʛ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʘʤʦʣʸʪʘ. ʊʘʢʞʝ ʙʳʣʠ ʟʘʜʘʥʳ ʥʘʯʘʣʴʥʳʝ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʘʙʩʦʣʶʪʥʦ ʞʸʩʪʢʦʡ ʧʣʦʩʢʦʩʪʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ 

(ɺʇʇ). ɺ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪʩʷ ʤʘʩʩʳ ʬʶʟʝʣʷʞʘ ʩ ʦʧʝʨʝʥʠʝʤ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʥʘʛʨʫʟʦʢ, ʤʘʩʩʳ ʪʦʧʣʠʚʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʝʩʩʦʥʝ, ʯʪʦ ʩʦʟʜʘʸʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʦʪ ʩʠʣ ʠʥʝʨʮʠʠ ʧʨʠ ʫʜʘʨʝ ʦ ɺʇʇ. ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʨʘʩʯʸʪʥʳʭ 

ʩʣʫʯʘʷ: 

1. Vy = 72 ʤ/ʩ, Vx = 6 ʤ/ʩ; 

2. Vy = 97 ʤ/ʩ, Vx = 5.5 ʤ/ʩ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘʚʝʩʢʠ ʆʆʐ ʦʪ ʜʝʡʩʪʚʠʷ ʩʚʝʨʭʨʘʩʯʸʪʥʳʭ ʥʘʛʨʫʟʦʢ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʦʚ ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʢʠ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʥʘ ʫʟʣʳ 

ʥʘʚʝʩʢʠ ʆʆʐ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʮʝʥʠʚʘʶʪʩʷ ʚʠʜ ʛʨʘʬʠʢʘ ʠ ʝʛʦ ʧʨʝʜʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɻʨʘʬʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʩʠʣ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 6-11. 



63 

 
 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ ʩʫʤʤʘʨʥʳʭ ʩʠʣ ʥʘ ʫʟʣʝ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ ʥʘ ʢʝʩʩʦʥ ʢʨʳʣʘ, 

[ʅ]. ʈʘʩʯʸʪʥʳʡ ʩʣʫʯʘʡ ˉ1. (ʩʠʥʠʡ ï 1D ʤʦʜʝʣʴ, ʢʨʘʩʥʳʡ ï 3D ʤʦʜʝʣʴ) 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢ ʩʫʤʤʘʨʥʳʭ ʩʠʣ ʥʘ ʫʟʣʝ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ ʥʘ ʰʘʩʩʠʡʥʫʶ 

ʙʘʣʢʫ, [ʅ]. ʈʘʩʯʸʪʥʳʡ ʩʣʫʯʘʡ ˉ1. (ʩʠʥʠʡ ï 1D ʤʦʜʝʣʴ, ʢʨʘʩʥʳʡ ï 3D ʤʦʜʝʣʴ) 
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ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʠʢ ʩʫʤʤʘʨʥʳʭ ʩʠʣ ʥʘ ʫʟʣʝ ʥʘʚʝʩʢʠ ʧʦʜʢʦʩʘ ʥʘ ʢʝʩʩʦʥ ʢʨʳʣʘ, 

[ʅ]. ʈʘʩʯʸʪʥʳʡ ʩʣʫʯʘʡ ˉ1. (ʩʠʥʠʡ ï 1D ʤʦʜʝʣʴ, ʢʨʘʩʥʳʡ ï 3D ʤʦʜʝʣʴ) 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢ ʩʫʤʤʘʨʥʳʭ ʩʠʣ ʥʘ ʫʟʣʝ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ ʥʘ ʢʝʩʩʦʥ ʢʨʳʣʘ, 

[ʅ]. ʈʘʩʯʸʪʥʳʡ ʩʣʫʯʘʡ ˉ2 (ʩʠʥʠʡ ï 1D ʤʦʜʝʣʴ, ʢʨʘʩʥʳʡ ï 3D ʤʦʜʝʣʴ) 
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ʈʠʩʫʥʦʢ 10 ï ɻʨʘʬʠʢ ʩʫʤʤʘʨʥʳʭ ʩʠʣ ʥʘ ʫʟʣʝ ʥʘʚʝʩʢʠ ʪʨʘʚʝʨʩʳ ʥʘ ʰʘʩʩʠʡʥʫʶ 

ʙʘʣʢʫ, [ʅ]. ʈʘʩʯʸʪʥʳʡ ʩʣʫʯʘʡ ˉ2. (ʩʠʥʠʡ ï 1D ʤʦʜʝʣʴ, ʢʨʘʩʥʳʡ ï 3D ʤʦʜʝʣʴ) 

 

 
 

ʈʠʩʫʥʦʢ 11 ï ɻʨʘʬʠʢ ʩʫʤʤʘʨʥʳʭ ʩʠʣ ʥʘ ʫʟʣʝ ʥʘʚʝʩʢʠ ʧʦʜʢʦʩʘ ʥʘ ʢʝʩʩʦʥ ʢʨʳʣʘ, 

[ʅ]. ʈʘʩʯʸʪʥʳʡ ʩʣʫʯʘʡ ˉ2. (ʩʠʥʠʡ ï 1D ʤʦʜʝʣʴ, ʢʨʘʩʥʳʡ ï 3D ʤʦʜʝʣʴ) 
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ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʘ ʧʦʜʭʦʜʘ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʰʘʩʩʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʘ ʩʪʦʡʢʠ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʧʨʝʚʳʰʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʘʜʢʠ. ʆʜʥʘʢʦ, ʚ ʛʨʘʬʠʢʘʭ ʩʠʣ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʣʦʯʥʦʡ ʤʦʜʝʣʠ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʰʠʙʦʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʩʠʣ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʣʫʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʯʸʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʠʪʝʨʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʟʣʦʚ ʥʘʚʝʩʢʠ ʰʘʩʩʠ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʰʘʩʩʠ ʧʨʠ ʛʨʫʙʳʭ ʧʦʩʘʜʢʘʭ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʸʭʤʝʨʥʦʡ ʂʕ ʤʦʜʝʣʠ, 

ʧʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ, 

ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʠʪʝʨʘʮʠʦʥʥʦʤ 

ʧʦʜʙʦʨʝ ʩʝʯʝʥʠʡ ʩʣʘʙʳʭ ʟʚʝʥʴʝʚ ʥʘʚʝʩʢʠ ʰʘʩʩʠ. 

ɹʘʣʦʯʥʫʶ ʤʦʜʝʣʴ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʤʝʪʦʜʠʢʝ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʜʙʦʨʘ ʩʝʯʝʥʠʷ ʩʣʘʙʳʭ ʟʚʝʥʴʝʚ ʥʘʚʝʩʢʠ ʰʘʩʩʠ. ʊʨʸʭʤʝʨʥʫʶ 

ʤʦʜʝʣʴ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʦʚʝʨʦʯʥʦʤ ʨʘʩʯʸʪʝ ʜʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʦʤʫ ʙʘʟʠʩʫ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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Abstract. The article discusses approaches to the development of a jet protection system for 

low-flying turbofan engines in a mainline aircraft. The benefits and drawbacks of the proposed system 

are examined. An algorithm for determining design parameters for the jet system is presented, 

considering the specific features of vortex flow formation that can lead to the ingress of foreign 

objects from the airfield surface into the engine's air intake. 

Keywords: aircraft operation, foreign objects, mathematical modeling, turbofan engine, finite 
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ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʮʝʣʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [1]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʱʝʡ ʩʭʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʨʝʰʝʥʠʷ: ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʵʢʠʧʘʞʘ ʠ 

ʮʝʣʝʚʦʡ ʥʘʛʨʫʟʢʠ; ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʪʠʧ ʠ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ; ʩʭʝʤʘ ʠ ʪʠʧ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ; ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʩʠʣʦʚʘʷ 

ʩʭʝʤʘ ʦʩʥʦʚʥʳʭ ʘʛʨʝʛʘʪʦʚ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʯʣʝʥʝʥʠʷ ʠ ʜʨʫʛʦʝ.  

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʚ 

ʪʘʢʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʯʪʦʙʳ ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ ʙʳʣʦ ʩʧʦʩʦʙʥʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʘʤʠ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʤʝʱʝʥʠʝ ʤʘʨʰʝʚʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

(ʄʉʋ) ʥʘ ʧʠʣʦʥʝ ʧʦʜ ʢʨʳʣʦʤ ʧʣʘʥʝʨʘ çʅʦʨʤʘʣʴʥʦʡè ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʧʦʟʚʦʣʷʝʪ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʟʛʨʫʟʠʪʴ ʢʨʳʣʦ ʩʘʤʦʣʝʪʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʤʘʩʩʫ ʥʘ 10é15 %, ʫʚʝʣʠʯʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʬʣʘʪʪʝʨʘ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʠʡ ʜʦʩʪʫʧ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʜʝʤʦʥʪʘʞʘ ʠ ʤʦʥʪʘʞʘ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ, ʧʨʠ ʪʘʢʦʤ ʨʘʟʤʝʱʝʥʠʠ 

ʄʉʋ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ 

ʧʨʝʜʤʝʪʦʚ (ʇʇ) ʚ ʝʝ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʯʠʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʮʝʣʦʤ.  

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ 

[2]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʧʘʜʘʥʠʷ ʇʇ ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʫʣʝʥʠʠ, ʨʘʟʙʝʛʝ ʠ ʧʨʦʙʝʛʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʷʚʣʷʝʪʩʷ 

ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʝʨʝʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ [ʪʘʤ ʞʝ]. ɺ 

ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʄʉʋ ʦʪ ʧʦʧʘʜʘʥʠʷ ʇʇ, ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ [3]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʘʥʘʣʠʟ ʩʭʝʤ 

ʨʝʘʣʠʟʘʮʠʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʟʘʱʠʪʳ ʄʉʋ ʦʪ ʧʦʧʘʜʘʥʠʷ 
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ʇʇ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʫʰʝʥʠʠ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʦʥʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʞʛʫʪʦʚ ʠ ʪʦʯʢʠ ʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ 

[4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʣʝʪʘ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ ʦʪ 

ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ:  

- ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʚʠʭʨʝʚʦʛʦ ʞʛʫʪʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʴʰʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʯʘʩʪʠ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ 

ʧʨʝʜʤʝʪʦʚ;  

- ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʅʦʨʤ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠ ʯʘʩʪʴ 33, ʧ. 33.77(d) (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʯʥʳʭ 

ʫʣʦʚʠʪʝʣʝʡ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ);  

- ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ;  

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘ ʧʣʦʱʘʜʢʘʭ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʩʦʨʝʥʥʦʩʪʠ 

ʧʦʩʪʦʨʦʥʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʨʘʥʝʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ɺʉ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʨʘʙʦʪʢʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʡʥʳʝ ʩʠʩʪʝʤʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ [5], ʪʘʢ ʢʘʢ 

ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ ʪʝʭ ʫʩʣʦʚʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʨʘʟʛʦʥ ʩʘʤʦʣʝʪʘ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ 

ʩʢʦʨʦʩʪʠ ʠ ʜʨ.).  

ʅʝʜʦʩʪʘʪʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʙʨʦʩʘ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʧʘʜʘʥʠʝ ʚ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʰʘʩʩʠ, ʦʙʰʠʚʢʠ ʬʶʟʝʣʷʞʘ ʠ ʛʦʥʜʦʣʳ ʄʉʋ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʙʦʨʘ ʚʦʟʜʫʭʘ ʦʪ ʦʜʥʦʡ ʠʟ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ 

ʜʚʠʛʘʪʝʣʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʩʪʨʫʡʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ ʦʪ 

ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʙʦʨʘ ʚʦʟʜʫʭʘ ʦʪ ʄʉʋ ʥʘ 

ʵʪʘʧʘʭ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ʩʘʤʦʣʝʪʘ. ʀʤʝʥʥʦ ʥʘ ʵʪʠʭ ʵʪʘʧʘʭ ʪʨʝʙʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʷʛʘ, ʦʜʥʘʢʦ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʝ ʩʥʠʞʝʥʠʶ.  

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʦʪʙʠʨʘʝʤʦʛʦ ʦʪ 

ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʨʘʙʦʪʳ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʦʪʢʣʶʯʝʥʠʷ ʦʪʙʦʨʘ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʉ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʩʪʨʫʡʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʠʧʘʞ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ 

ʘʣʛʦʨʠʪʤ ʘʢʪʠʚʘʮʠʠ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠ ̫ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ 

 

ɺʦʟʤʦʞʥʳʝ ʩʭʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 2 ʠ 3. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʨʘʟʨʫʰʘʶʱʝʛʦ ʚʠʭʨʴ. ɺ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ 

ʩʭʝʤʳ 2 (ʨʠʩʫʥʦʢ 3), ʛʘʟʦʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ 

ʦʪʚʝʨʩʪʠʡ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʝʥ ʧʦʜʙʨʦʩʠʪʴ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜʤʝʪʳ 

ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ. ʀʭ ʧʦʧʘʜʘʥʠʝ ʚ ʟʦʥʫ ʧʝʨʝʜ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʟʘʪʷʛʠʚʘʥʠʶ ʚ ʧʨʦʪʦʯʥʫʶ 

ʯʘʩʪʴ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [6].  

ʇʦʤʠʤʦ ʪʦʛʦ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʦ ʘʵʨʦʜʨʦʤʫ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ ʠ ʧʨʦʙʝʛʘ, ʚʩʪʨʝʯʥʳʡ ʛʘʟʦʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ. 

ʆʜʥʘʢʦ, ʚʚʠʜʫ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʜʙʨʦʩʘ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ 

ʛʘʟʦʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʄʉʋ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʴʰʝʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ 1. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ 1 ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ 2 ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʟʘʰʠʪʳ ʜʚʠʛʘʪʝʣʷ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʭʝʤʳ 1 ʩʪʨʫʡʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʝʢʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ANSYS. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʝʨʝʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ʄʉʋ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʟʘ ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʚʠʭʨʝʚʦʛʦ ʞʛʫʪʘ ʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦ ʚʩʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʢʦʨʦʩʪʝʡ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ. ʇʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ [7]. ɿʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʪʝʢʘʥʠʷ ʄʉʋ (ʨʠʩʫʥʦʢ 4), 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʟʜʫʰʥʦʡ 

ʩʪʨʫʠ, ʚʳʧʫʩʢʘʝʤʦʡ ʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʦʡ. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʞʛʫʪʘ ʢ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʄʉʋ (ʥʘʧʨʘʚʣʝʥʠʝ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ï ʩʣʝʚʘ ʥʘʧʨʘʚʦ) 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʪʨʝʤʷ ʩʦʧʣʘʤʠ, ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʛʘʟʦʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʪʘʢ ʢʘʢ ʚʠʭʨʝʚʦʡ ʞʛʫʪ 

ʤʦʞʝʪ ʩʤʝʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʄʉʋ ʚʚʠʜʫ ʥʝʧʦʩʪʦʷʥʩʪʚʘ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʪʝʢʘʥʠʷ. ʕʩʢʠʟ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʟʦʥʫ:  

- ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ, ʠʩʪʝʢʘʶʱʠʭ ʠʟ ʩʦʧʝʣ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ;  

- ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ.  

ɺ ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ, ʠʩʪʝʢʘʶʱʠʭ ʠʟ ʩʦʧʝʣ 

ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʠʭ ʫʛʣʦʚ 

ʫʩʪʘʥʦʚʢʠ (ʨʠʩʫʥʦʢ 5). ɼʦʩʪʘʪʦʯʥʦʩʪʴ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʠʪʝʨʘʮʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʦʩʪʠʞʝʥʠʷ ʠʩʪʝʢʘʶʱʠʤʠ ʧʦʪʦʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ANSYS Mesh, ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [7]. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʥʳ ʚ 

ʧʨʦʛʨʘʤʤʝ ANSYS CFX-Pre ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. ɺ ʣʝʚʦʡ ʛʨʘʥʠʮʝ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʫʩʣʦʚʠʝ Inlet) ʟʘʜʘʥʘ ʩʢʦʨʦʩʪʴ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ [ʪʘʤ ʞʝ]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʜʘʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ Vʚ = 15 ʤ/ʩ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ.  

ɺ ʧʣʦʩʢʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʄʉʋ ʟʘʜʘʥ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʄʉʋ 

(ʫʩʣʦʚʠʝ Outlet) W = 178 ʢʛ/c, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʟʣʝʪʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ. ɺ ʧʣʦʩʢʦʩʪʠ 3 ʩʦʧʝʣ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʟʘʜʘʝʪʩʷ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʛʦ ʨʘʩʭʦʜʘ, ʪʦ ʝʩʪʴ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʪʨʝʙʥʦʛʦ ʜʣʷ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ.  
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ʂʨʠʪʝʨʠʠ ʩʭʦʜʠʤʦʩʪʠ ʨʘʩʯʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ 

ʨʘʙʦʪʝ [ʪʘʤ ʞʝ]. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦʩʪʨʦʝʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

  

ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʠʠ ʪʦʢʘ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʩʪʨʫʤʝʥʪʘ Streamline, ʤʝʪʦʜ Vertex, ʠʥʪʝʥʩʠʚʥʦʛʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʝʨʝʜ ʜʚʠʛʘʪʝʣʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʟʣʝʪʥʦʤ 

ʨʝʞʠʤʝ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ Vʚ = 15 ʤ/c ʩ ʜʝʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʪʨʫʡʥʦʡ 

ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS CFD-Post. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʦʙʪʝʢʘʥʠʷ ʚʦʟʤʦʞʝʥ ʠʥʪʝʥʩʠʚʥʳʡ ʟʘʙʨʦʩ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʧʨʦʪʦʯʥʫʶ 

ʯʘʩʪʴ ʄʉʋ, ʢʘʨʪʠʥʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8, ʦʪʦʙʨʘʞʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ Vector, ʤʝʪʦʜ 

Vertex. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʉʪʨʫʢʪʫʨʘ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʝʨʝʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ʄʉʋ 

 



74 

 
 

ʈʠʩʫʥʦʢ 8 ï ɺʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ  

Vʚ = 15 ʤ/c, ʩʪʨʫʡʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʘʢʪʠʚʠʨʦʚʘʥʘ ʠ ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʨʘʩʭʦʜʝ ʚʦʟʜʫʭʘ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʦʡ ʯʝʨʝʟ ʢʘʞʜʦʝ ʩʦʧʣʦ Wc = 1,4 ʢʛ/c, ʩʢʦʨʦʩʪʴ 

ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ Vʚ = 0 ʤ/c. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ 

ʧʦʢʘʟʳʚʘʶʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʩʪʨʫʡʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʦʥʫ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʟʝʤʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ɺʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʝʤʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ Vʚ = 0 ʤ/c,  

ʩʪʨʫʡʥʘʷ ʩʠʩʪʝʤʘ ʘʢʪʠʚʠʨʦʚʘʥʘ, Wc = 1,4 ʢʛ/ʩ 

 

ɸʥʘʣʠʟ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 10) 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʙʦʢʦʚʳʤ ʚʝʪʨʦʤ, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʪʦʢʠ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʨʘʟʨʫʰʠʪʴ ʚʠʭʨʝʚʦʝ 

ʪʝʯʝʥʠʝ ʚʦ ʚʩʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ Vʚ. ɺ ʟʦʥʝ ʚʦʟʤʦʞʥʦʛʦ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ ʮʠʨʢʫʣʠʨʫʶʱʝʝ ʜʚʠʞʝʥʠʝ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʦʯʢʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʞʛʫʪʘ ʢ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 10 ï ɺʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʟʝʤʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ Vʚ = 15 ʤ/c, ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ Wc = 1,4 ʢʛ/c 
 

ɿʘʢʣʶʯʝʥʠʝ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʤʝʪʦʜ ʟʘʱʠʪʳ ʜʚʠʛʘʪʝʣʷ ʦʪ 

ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʜʙʨʦʩʠʪʴ ʧʦʩʪʦʨʦʥʥʠʝ 

ʧʨʝʜʤʝʪʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʘʵʨʦʜʨʦʤʘ.  

ʀʪʝʨʘʮʠʦʥʥʳʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥ ʧʦʪʨʝʙʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ Wc ʙʝʟ ʫʯʝʪʘ 

ʧʦʪʝʨʴ ʚ ʧʦʜʚʦʜʷʱʠʭ ʢʘʥʘʣʘʭ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 0,78% ʦʪ ʩʫʤʤʘʨʥʦʛʦ 

ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʦʜʥʦʡ ʄʉʋ. ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʪʝʢʘʥʠʷ ʄʉʋ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʛʨʘʞʜʘʥʩʢʦʛʦ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ɸʆ çʆɼʂè ʠ ɸʆ çʆɼʂ ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʇɼ-14 ʠ ʇɼ-35. ʇʨʠʚʝʜʝʥ ʦʙʟʦʨ ʟʘʚʝʨʰʸʥʥʳʭ, 

ʪʝʢʫʱʠʭ ʠ ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʨʘʙʦʪ ʧʦ ʦʩʚʦʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ 

ʪʨʝʙʫʝʤʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʝʡ. ʇʝʨʝʯʠʩʣʝʥʳ ʚʦʟʤʦʞʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʜʝʣ, ʧʦʢʦʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʜʚʠʛʘʪʝʣʴ ʙʦʣʴʰʦʡ ʪʷʛʠ, ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 
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Abstract. The development of civil engine design technologies based on the new generation 

of turbofan engines developed by JSC "UEC" and JSC "UEC-Aviadvigatel" PD-14 and PD-35 was 

described. An overview of completed, current and planned for implementation of R&D works, as 

well as works on mastering critical technologies allowing to provide the required technical and 

economic parameters of engines is given. The possible directions of further development of aircraft 

engines are listed. 

Keywords: scientific and technological background, generations of aircraft engines, turbojet 

engine, high-thrust engine, critical technologies 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʩʫʚʝʨʝʥʠʪʝʪ ʩʪʨʘʥʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʨʘʙʦʪʢʘ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠ ʨʝʩʫʨʩʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. ʉ ʢʘʞʜʳʤ ʥʦʚʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʫʣʫʯʰʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʊʈɼɼ ʦʙʲʝʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʥʝʫʢʣʦʥʥʦ 

ʨʘʩʪʝʪ, ʘ ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʪʝʭʥʠʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʇʨʠ 

ʵʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ ʥʘ ʨʳʥʢʝ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʣʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʪʘʥʦʚʠʪʩʷ 

ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʩʨʦʢʦʚ ʝʛʦ ʩʦʟʜʘʥʠʷ. 

ʆʜʥʠʤʠ ʠʟ ʜʝʡʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʠ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʦʧʝʨʝʞʘʶʱʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ (ʅʀʈ) ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ 

ʨʘʙʦʪʳ (ʆʂʈ) ʧʦ ʦʪʨʘʙʦʪʢʝ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʶ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ (ʅʊɿ) ʧʦ 

ʢʨʠʪʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʮʝʣʝʚʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤ (ʩʤ. ʪʘʙʣʠʮʫ 1) [1, 2].  

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʮʝʣʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʚʠʛʘʪʝʣʷʤ 5 ʠ 6 ʧʦʢʦʣʝʥʠʷ 

ʊʨʝʙʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ 

ʜʚʠʛʘʪʝʣʠ 

(5 ʧʦʢʦʣʝʥʠʝ) 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʜʚʠʛʘʪʝʣʠ 

(6 ʧʦʢʦʣʝʥʠʝ) 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʚʳʢʣʶʯʝʥʠʝ ʚ ʧʦʣʝʪʝ  

ʥʝ ʤʝʥʝʝ, ʪʳʩ. ʯ. 
200 500 

ʈʝʩʫʨʩ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʛʦʨʷʯʝʡ/ʭʦʣʦʜʥʦʡ 

ʯʘʩʪʠ, ʪʳʩ. ʧ.ʮ. (ʧʦʣʝʪʥʳʡ ʮʠʢʣ ï 2 ʯ.) 
20/40 30/60 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʧʦʩʝʱʝʥʠʝ ʮʝʭʘ ʜʣʷ ʨʝʤʦʥʪʘ ʥʝ 

ʤʝʥʝʝ, ʪʳʩ. ʯ. 
12,5 25é30 

ʉʥʠʞʝʥʠʝ ʢʨʝʡʩʝʨʩʢʦʛʦ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ 2000 ʛ., % 
10é15 20é25 

ʉʥʠʞʝʥʠʝ ʰʫʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤ ʛʣ. 4 

ʉʪʘʥʜʘʨʪʘ ʀʂɸʆ, EPNʜʙ 
15 20é40 

ʉʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ Nʆx ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤ 

ʀʂɸʆ 2008 ʛ., % 
20é30 60é80 
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʪʷʛʦʚʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʘʙʘʨʠʪʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʣʦʞʥʝʥʠʶ ʠ ʫʜʦʨʦʞʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʊʈɼɼ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʈʘʟʚʠʪʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʞʜʘʥʩʢʠʭ ʊʈɼɼ ʚ ʈʦʩʩʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1 ʥʘ ʧʨʠʤʝʨʝ 

ʜʚʠʛʘʪʝʣʝʡ 2é5 ʧʦʢʦʣʝʥʠʡ ʨʘʟʨʘʙʦʪʢʠ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʢʦʣʝʥʠʷʤ ʨʦʩʪ ʧʘʨʘʤʝʪʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʭʘʨʘʢʪʝʨ çʩʢʘʯʢʦʚè, ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʨʘʟʚʠʪʠʷ ʊʈɼɼ 2 ʠ 3 ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʪʝʤʧʝ, 

ʠ ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʳʚʢʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ.     

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʟʚʠʪʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʦʩʩʠʡʩʢʠʭ ʛʨʘʞʜʘʥʩʢʠʭ ʊʈɼɼ 

 

ʇʦʚʳʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʦʧʝʨʝʞʘʶʱʝʛʦ ʅʊɿ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʝʡ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ɹʨʘʡʪʦʥʘ ʩʦʢʨʘʱʘʶʪʩʷ ʠ ʥʝʫʢʣʦʥʥʦ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ çʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʥʘʩʳʱʝʥʠʶè (ʩʤ. ʨʠʩʫʥʦʢ 2) [3]. 

 

ʈʠʩʫʥʦʢ 2 ï ɺʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 
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ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʅʊɿ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʣʘʥʦʤʝʨʥʳʤ, ʥʝʧʨʝʨʳʚʥʳʤ ʠ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ 

ʦʙʣʘʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʚ ɸʆ çʆɼʂè ʧʦʵʪʘʧʥʦ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʚʢʣʶʯʘʶʱʠʝ ʨʘʟʨʘʙʦʪʢʫ ʊʈɼɼ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʙʣʠʞʥʝ-

ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʘʤʦʣʝʪʦʚ (ɹʉʄʉ) ʇɼ-8 ʠ ʇɼ-14, ʘ ʪʘʢʞʝ ʊʈɼɼ ʜʣʷ 

ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʜʘʣʴʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ (ʐʌɼʄʉ) ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʘʤʦʣʝʪʦʚ ʇɼ-35 (ʇɼ-26), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3. ʇʨʠ ʵʪʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʟʘʜʝʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʩʣʝʜʫʶʱʠʝ 20 ʣʝʪ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʚʠʘʮʠʠ 

 

ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʇɼ-14  

ɼʚʠʛʘʪʝʣʴ ʇɼ-14 ï ʵʪʦ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ 

ʢʣʘʩʩʝ ʪʷʛʠ 14 ʪʩ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ, ʩ ʨʘʟʜʝʣʴʥʳʤ 

ʠʩʪʝʯʝʥʠʝʤ ʠʟ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʦʚ, ʩ ʧʨʷʤʳʤ ʧʨʠʚʦʜʦʤ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʚʝʨʩʦʤ ʪʷʛʠ ʚ ʥʘʨʫʞʥʦʤ ʢʦʥʪʫʨʝ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ 

ʨʝʘʣʠʟʦʚʘʥʳ [4]: 

 ʢʣʘʩʩʠʯʝʩʢʘʷ ʜʚʫʭʚʘʣʴʥʘʷ ʩʭʝʤʘ; 

 ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ï 8,5; 

 ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ ʚ 
ʢʦʤʧʨʝʩʩʦʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ; 

 ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʝʥʪʠʣʷʪʦʨʘ ï 1900 ʤʤ; 

 ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʩʝʭ ʫʟʣʦʚ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ, ʦʧʨʝʜʝʣʠʚʰʘʷ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʇɼ-14 ï 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʢʨʳʣʝ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʠʛʘʪʝʣʷʤʠ-ʘʥʘʣʦʛʘʤʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʨʠʩʢʦʚ ʜʣʷ ʟʘʢʘʟʯʠʢʦʚ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɹʉʄʉ ʄʉ-21 (ʢʦʨʦʪʢʠʡ ʧʦʣʝʪʥʳʡ ʮʠʢʣ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʣʝʪʦʚ ʠ 

ʧʦʩʘʜʦʢ), ʙʳʣʠ ʧʨʠʥʷʪʳ ʫʤʝʨʝʥʥʦ ʚʳʩʦʢʠʝ (ʙʣʠʟʢʠʝ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʫʢʘʟʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ) ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʠʤʝʥʝʥʳ 

ʧʝʨʝʜʦʚʳʝ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʳʝ ʠ ʧʨʦʚʝʨʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʥʠʞʘʶʱʠʝ ʨʠʩʢʠ ʥʝʧʦʣʫʯʝʥʠʷ ʪʷʛʦʚʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʨʝʩʫʨʩʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʥʘʠʙʦʣʝʝ ʝʤʢʦʤ ʠ ʢʦʥʢʫʨʝʥʪʥʦʤ 

ʩʝʛʤʝʥʪʝ ʨʳʥʢʘ ʧʦʪʨʝʙʦʚʘʣʦ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʪʦʨʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʇɼ-14 ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ɸʆ çʆɼʂè ʩʦʚʤʝʩʪʥʦ ʩ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʢʦʡ ʠ ʠʥʩʪʠʪʫʪʘʤʠ ʈɸʅ. 

ɺʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ: 

 ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʣʝʛʯʝʥʥʦʡ ʰʠʨʦʢʦʭʦʨʜʥʦʡ 
ʣʦʧʘʪʢʠ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ; 

 ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʧʣʦʚʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʦʧʘʪʦʢ 
ʊɺɼ ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ; 

 ʪʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʊɺɼ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʜʚʠʛʘʪʝʣʷ 

ʇɼ-14 ʧʨʦʚʝʜʝʥ ʙʦʣʴʰʦʡ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʥʳʭ ʠ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ï ʩʧʝʮʠʘʣʴʥʘʷ 

ʢʚʘʣʠʬʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʩʦʟʜʘʥ ɹʘʥʢ ʜʘʥʥʳʭ (ɹɼ) ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʣʠʯʠʝ ɹɼ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʮʠʘʣʴʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʘʪʝʨʠʘʣʦʚ ʜʚʠʛʘʪʝʣʷ ʇɼ-14 ʪʨʝʙʦʚʘʥʠʷʤ ɸʚʠʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʠ 

ʧʦʣʫʯʠʪʴ ʩʝʨʪʠʬʠʢʘʪ ʪʠʧʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʷʪʩʷ 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ: 

 ʨʘʩʪʷʞʝʥʠʝ (ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʢʨʠʚʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ); 

 ʜʣʠʪʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʧʦʣʟʫʯʝʩʪʴ; 

 ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ; 

 ʤʘʣʦ- ʠ ʤʥʦʛʦʮʠʢʣʦʚʘʷ ʫʩʪʘʣʦʩʪʴ; 

 ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʫʩʪʘʣʦʩʪʴ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚ ɹɼ ʟʘʛʨʫʞʝʥʦ ʙʦʣʝʝ 100 000 ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ 

ʦʙʨʘʟʮʦʚ ʥʝ ʪʦʣʴʢʦ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʥʦ ʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʥʝʥʠʝ ɹɼ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʧʨʦʝʢʪʥʳʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʜʚʠʛʘʪʝʣʶ ʇɼ-35, ʘ ʪʘʢʞʝ 

ʦʙʲʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʜʚʠʛʘʪʝʣʶ ʇɼ-8. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʝʰʘʝʤʳʭ ʧʦ ʧʨʦʛʨʘʤʤʝ ʇɼ-14 ʟʘʜʘʯ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʙʘʟʳ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʨʷʜʘ ʫʥʠʢʘʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʫʟʣʦʚ ʠ ʩʠʩʪʝʤ ʜʚʠʛʘʪʝʣʷ. ɹʳʣʠ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʠʩʧʳʪʘʥʠʷ: ʦʙʨʳʚ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ (ʈʃɺ), ʠʩʧʳʪʘʥʠʷ ʂʅɼ, ʂɺɼ, 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ (ʂʉ), ʊɺɼ, ʊʅɼ, ʠʩʧʳʪʘʥʠʷ ʚ ʟʘʣʝ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 
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ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʟ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ 

ʦʩʥʦʚʥʳʭ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ: 

 ʦʙʨʳʚ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ; 

 ʟʘʙʨʦʩ ʢʨʫʧʥʦʛʦ ʠ ʰʢʚʘʣʴʥʦʛʦ ʛʨʘʜʘ; 

 ʟʘʙʨʦʩ ʩʪʘʡʥʦʡ ʧʪʠʮʳ; 

 ʠʥʞʝʥʝʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ  

ʧʦ ʟʘʙʨʦʩʫ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʠʩʧʳʪʘʥʠʡ ʩ ʙʦʢʦʚʳʤ ʦʙʜʫʚʦʤ; 

 çʢʣʘʩʩʠʯʝʩʢʦʝè ʦʙʣʝʜʝʥʝʥʠʝ, ʟʘʙʨʦʩ ʧʣʘʩʪʠʥʳ ʣʴʜʘ; 

 ʩʪʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ; 

 ʧʨʦʚʝʨʢʘ ʦʪʩʫʪʩʪʚʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʈʃ ʚʝʥʪʠʣʷʪʦʨʘ; 

 ʜʣʠʪʝʣʴʥʳʝ 150 ʯʘʩʦʚʳʝ ʠʩʧʳʪʘʥʠʷ; 

 ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʣʝʪʘʶʱʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʣ-76ʃʃ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʴ ʇɼ-14 ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚ ʢ ʥʘʯʘʣʫ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʠʶʥʝ 2024 ʛ. ʚʳʧʦʣʥʝʥʘ ʦʪʛʨʫʟʢʘ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʝʨʚʦʛʦ ʩʝʨʠʡʥʦʛʦ ʩʘʤʦʣʝʪʘ ʄʉ-21. 

 

ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʇɼ-35 

ɺ ʈʦʩʩʠʠ, ʠʤʝʶʱʝʡ ʙʦʣʴʰʦʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

4-ʜʚʠʛʘʪʝʣʴʥʳʭ ʐʌɼʄʉ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʜʚʠʛʘʪʝʣʠ ʙʦʣʴʰʦʡ ʪʷʛʠ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʥʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ. ʇʝʨʝʭʦʜ ʢ 

2-ʜʚʠʛʘʪʝʣʴʥʳʤ ʩʠʣʦʚʳʤ ʫʩʪʘʥʦʚʢʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʘʤʦʣʝʪʫ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

4-ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʠ ʩʦʟʜʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʙʦʣʴʰʦʡ ʪʷʛʠ (ʜʠʘʧʘʟʦʥ 

ʚʟʣʝʪʥʦʡ ʪʷʛʠ Rɺɿʃ=24é50 ʪʩ) ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʨʦʩʩʠʡʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʟʥʘʯʘʶʱʝʡ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʥʦʚʦʡ, ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʛʨʘʞʜʘʥʩʢʦʤ 

ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ.  

ʂ ʜʚʠʛʘʪʝʣʷʤ ʙʦʣʴʰʦʡ ʪʷʛʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʧʦʣʥʷʪʴ ʜʘʣʴʥʠʝ ʙʝʩʧʦʩʘʜʦʯʥʳʝ ʧʝʨʝʣʝʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 

ʧʨʘʚʠʣʘʤ ETOPS. ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʷʛʝ ʠ ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʫ ʜʚʠʛʘʪʝʣʷ ʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʊʝʭʥʦʣʦʛʠʡ ʊʈɼɼ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ɹʉʄʉ 

(ʢʣʘʩʩ ʪʷʛʠ 11é15 ʪʩ), ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʦʣʴʰʦʡ ʪʷʛʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʣʦʞʥʦʩʪʴ ʠ ʫʚʝʣʠʯʝʥʥʳʝ ʛʘʙʘʨʠʪʳ ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʡ ʪʷʛʠ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʙʘʟʳ ʢʘʢ ʜʣʷ ʦʧʳʪʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʊʈɼɼ ʙʦʣʴʰʦʡ ʪʷʛʠ ʨʝʰʘʝʪʩʷ ʚ 

ʨʝʘʣʠʟʫʝʤʦʡ ɸʆ çʆɼʂè ʧʨʦʛʨʘʤʤʝ ʇɼ-35. ʎʝʣʷʤʠ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʅʊɿ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚ ʢʣʘʩʩʝ ʪʷʛʠ 24é50 ʪʩ ʠ ʩʦʟʜʘʥʠʝ 

ʩʝʤʝʡʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʙʘʟʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʝʥʪʘ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ. 
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ɼʚʠʛʘʪʝʣʴ-ʜʝʤʦʥʩʪʨʘʪʦʨ ʪʝʭʥʦʣʦʛʠʡ ʇɼ-35 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ, ʩ ʨʘʟʜʝʣʴʥʳʤ ʠʩʪʝʯʝʥʠʝʤ ʛʘʟʦʚ ʠʟ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʢʦʥʪʫʨʦʚ, ʩ ʧʨʷʤʳʤ ʧʨʠʚʦʜʦʤ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʚʝʨʩʦʤ ʪʷʛʠ ʚ ʥʘʨʫʞʥʦʤ ʢʦʥʪʫʨʝ. 

ʇɼ-35 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʮʝʣʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [4]: 

 ʢʣʘʩʩ ʪʷʛʠ ï 35 ʪʩ; 

 ʢʨʝʡʩʝʨʩʢʠʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ï ʤʠʥʫʩ 10é15 % ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʥʘʣʦʛʦʚ 1990-ʭé2000-ʭ ʛ.ʛ., ʤʠʥʫʩ 3é5 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʦʛʦʚ 2010-ʭ ʛʛ.;  

 ʩʥʠʞʝʥʠʝ ʰʫʤʘ ʥʘ 17é20 EPN db ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʳ 4 ʥʦʨʤ ʀʂɸʆ; 

 ʩʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ NOx ʥʘ 45é60 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤ ʉɸɽʈ6 2008 ʛ.; 

 ʩʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ï 10,6; 

 ʩʫʤʤʘʨʥʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ï 53; 

 ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ï ʥʘ 100 Áʉ ʚʳʰʝ ʫʨʦʚʥʷ ʇɼ-14; 

 ʜʠʘʤʝʪʨ ʚʝʥʪʠʣʷʪʦʨʘ ï 3100 ʤʤ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʇɼ-35 ʩ ʫʯʘʩʪʠʝʤ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʦʪʨʘʩʣʝʚʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʠʥʩʪʠʪʫʪʦʚ ʈɸʅ ʨʝʰʘʝʪʩʷ ʙʦʣʝʝ 1200 ʢʨʫʧʥʳʭ ʥʘʫʯʥʦ-

ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʙʦʣʴʰʦʡ ʪʷʛʠ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 20 

ʥʦʚʳʭ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʥ ɸʆ çʆɼʂè 

ʩʦʚʤʝʩʪʥʦ ʩ ʦʪʨʘʩʣʝʚʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ. 

ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʡ ʪʷʛʠ 

ʩʪʘʨʪʦʚʘʣʠ ʚ 2018 ʛ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ, ʜʦʩʪʠʛʣʠ 5-ʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ, ʦʩʪʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 3é5 ʫʨʦʚʥʝ.  

ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʫʩʧʝʰʥʦ ʦʩʚʘʠʚʘʝʤʳʤʠ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʇɼ-35, ʷʚʣʷʶʪʩʷ: ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʩʠʣʦʚʦʡ ʩʭʝʤʳ (ʂʉʉ) ʜʚʠʛʘʪʝʣʷ; ʨʘʟʨʘʙʦʪʢʘ ʰʠʨʦʢʦʭʦʨʜʥʦʡ 

ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ ʠʟ ʇʂʄ; ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʂɺɼ; 

ʩʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʘʣʦʵʤʠʩʩʠʦʥʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʪʫʨʙʠʥʳ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɿʘʜʘʯʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ ʂʉʉ ʜʚʠʛʘʪʝʣʷ 

ʚʢʣʶʯʘʝʪ: 

 ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʂʉʉ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʠ 
ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʢʘʭ; 

 ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʂʉʉ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ); 

 ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʨʦʪʦʨʦʚ ʠ ʢʦʨʧʫʩʦʚ; 

 ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʂʉʉ ʠ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʂʉʉ ʧʨʠ 
ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ (ʦʙʨʳʚ ʣʦʧʘʪʢʠ, ʧʦʧʘʜʘʥʠʝ 

ʧʪʠʮʳ, ʦʙʨʳʚ ʚʘʣʘ ʠ ʪ.ʧ.); 

 ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦ-ʧʨʦʯʥʦʩʪʠ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʚʪʦʨʠʯʥʳʭ ʧʦʪʦʢʦʚ ʠ ʜʠʥʘʤʠʢʠ ʨʘʜʠʘʣʴʥʳʭ 

ʟʘʟʦʨʦʚ ʚ ʫʧʣʦʪʥʝʥʠʷʭ. 
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ ʠʟ ʇʂʄ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʜʘʯʝʡ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʩʩʳ ʫʟʣʘ ʂʅɼ ʠ ʢʦʨʧʫʩʘ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʠ ʪʨʫʜʦʸʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʣʦʧʘʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʝ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʜʝʤʧʬʠʨʫʝʤʦʩʪʴ.  

ʎʝʥʪʨʘʣʴʥʦʡ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʇɼ-35 ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʂɺɼ, ʂʉ ʠ ʊɺɼ, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ, ʤʦʞʝʪ ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʷʚʣʷʪʴʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʣʘʩʩʦʚ ʪʷʛ ʠ ʤʦʱʥʦʩʪʝʡ.  

ʋʟʣʳ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʇɼ-35 ʧʨʦʰʣʠ ʚ 2022é2024 ʛʛ. 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʝʥʜʘʭ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʠ ʌɸʋ 

çʎʀɸʄ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘè, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʠʩʧʳʪʘʥʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ 

ʂɺɼ, ʠʩʧʳʪʘʥʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʂʉ, ʠʩʧʳʪʘʥʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʊɺɼ. 

ɺ ʭʦʜʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʝʢʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʦʚ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʝʥʳ. 

ʉ ʩʝʥʪʷʙʨʷ 2021 ʛ. ʧʨʦʚʦʜʷʪʩʷ ʠʩʧʳʪʘʥʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʇɼ-35, ʚʢʣʶʯʘʶʱʠʝ:  

 ʠʩʧʳʪʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ï ʥʘ ʩʪʝʥʜʘʭ ɸʆ çʆɼʂ-

ɸʚʠʘʜʚʠʛʘʪʝʣʴè; 

 ʠʩʧʳʪʘʥʠʷ ʩ çʥʘʜʜʫʚʦʤ ʠ ʧʦʜʦʛʨʝʚʦʤè, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʘʙʦʪʫ 
ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʜʝʥʪʠʯʥʳʤʠ ʨʘʙʦʪʝ ʚ ʩʦʩʪʘʚʝ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ï ʌɸʋ çʎʀɸʄ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘè. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʚ ʌɸʋ çʎʀɸʄ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘè ʧʘʨʘʤʝʪʨʳ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʦʚ ʙʣʠʟʢʠ ʢ ʪʨʝʙʦʚʘʥʠʷʤ 

ʊʋ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʀʩʧʳʪʘʥʠʷ 2024 ʛ. ʧʦʟʚʦʣʷʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʜʦʩʪʠʞʝʥʠʝ 6-ʛʦ ʫʨʦʚʥʷ ʛʦʪʦʚʥʦʩʪʠ ʧʦ ʫʟʣʘʤ ʂɺɼ, ʂʉ, ʊɺɼ. 

ʉ ʬʝʚʨʘʣʷ 2024 ʛ. ʥʘʯʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ɼɼʊ ʇɼ-35 ʥʘ 

ʦʪʢʨʳʪʦʤ ʩʪʝʥʜʝ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʆʉ-5 (ʩʤ. ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɼɼʊ ʇɼ-35 ʥʘ ʦʪʢʨʳʪʦʤ ʩʪʝʥʜʝ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè 
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ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ ɼɼʊ ʇɼ-35 

ʚʳʧʦʣʥʝʥʘ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ. ɹʳʣ ʦʙʝʩʧʝʯʝʥ ʚʳʭʦʜ ʥʘ ʚʟʣʸʪʥʳʡ ʨʝʞʠʤ ʩ ʪʷʛʦʡ 

ʙʦʣʝʝ 35 ʪʩ, ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʦʚ ʠ ʩʠʩʪʝʤ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʧʨʦʛʥʦʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʚʟʣʝʪʥʦʤ ʨʝʞʠʤʝ ʥʠʞʝ 

ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 0,7 %. 

 

ʅʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʝʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʘʚʠʘʮʠʠ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʣʝʪʘ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʛʘʪʝʣʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʚ ʫʣʫʯʰʝʥʠʠ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʝʨʦʷʪʥʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʨʷʜʦʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʥʝʩʝʪ ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ, ʥʦ ʠʭ ʩʫʤʤʘ ʩʤʦʞʝʪ ʜʘʪʴ 

ʙʦʣʝʝ ʟʘʤʝʪʥʳʡ ʵʬʬʝʢʪ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʩʭʝʤʥʳʤ ʨʝʰʝʥʠʷʤ ʚ ʯʘʩʪʠ 

ʜʚʠʛʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪʥʦʩʷʪʩʷ [5]: 

 ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ʠ ʧʝʨʝʭʦʜ ʢ ʊʈɼɼ ʩ 
ʨʝʜʫʢʪʦʨʥʳʤ ʧʨʠʚʦʜʦʤ ʚʝʥʪʠʣʷʪʦʨʘ ʪʠʧʘ PW1000G, ʅʂ-93, Ultrafan (ʩʪʝʧʝʥʴ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ m>12), ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʨʷʜʥʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠʣʠ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ (ɺɺ) ʠʟʤʝʥʷʝʤʦʛʦ ʰʘʛʘ; 

 ʧʝʨʝʭʦʜ ʥʘ ʩʭʝʤʫ ʪʫʨʙʦʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʊɺɺɼ) ʩ 

ʦʪʢʨʳʪʳʤ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʦʤ (ʩʭʝʤʘ çOpen Rotorè, ʩʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ 

m>40). 

ʊʘʢʞʝ, ʚ ʜʘʣʴʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ ʩʘʤʦʣʝʪʦʚ ʠ ʥʦʚʳʭ ʩʭʝʤ ʠʥʪʝʛʨʘʮʠʠ ʧʣʘʥʝʨʘ ʠ 

ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʠʛʨʳʰ ʧʦ ʪʦʧʣʠʚʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʜʥʘʢʦ, ʧʨʠʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʠʟ-ʟʘ ʧʝʨʝʩʤʦʪʨʘ 

ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʘʢʪʠʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʂʣʶʯʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʷʛʠ ʦʪ 8 ʜʦ 50 ʪʩ ʤʦʛʫʪ ʩʪʘʪʴ: 

 ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʥʘ ʙʘʟʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ç10+2è, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʦ ʧʨʦʛʨʘʤʤʝ ʇɼ-35; 

 ʢʦʥʪʫʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʦʱʥʳʭ 

ʨʝʜʫʢʪʦʨʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʦʨʦʪʥʳʭ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ ʠ 

ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʠ, ʦʧʮʠʦʥʘʣʴʥʦ, ʪʝʭʥʦʣʦʛʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩʦʧʣʘ ʥʘʨʫʞʥʦʛʦ 

ʢʦʥʪʫʨʘ; 

 ʤʦʪʦʛʦʥʜʦʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʣʘʤʠʥʘʨʠʟʘʮʠʠ ʦʙʪʝʢʘʥʠʷ, 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʇʂʄ, ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ; 

 ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʢʣʶʯʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʚʳʩʦʢʦʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʇʂʄ ʠ ʂʄʂ ʩ ʚʳʩʦʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ;   

 ʪʝʭʥʦʣʦʛʠʠ çʙʦʣʝʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭè ʜʚʠʛʘʪʝʣʷ ʠ ʩʘʤʦʣʝʪʘ; 

 ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʦʣʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

 ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ. 
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ʇʦʤʠʤʦ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʫʞʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʇɼ-35, ʦʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʤʦʱʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʠ ʧʦʚʦʨʦʪʥʳʭ 

ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ (ʠʣʠ ɺɺ), ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʅʀʈ ʠ ʆʂʈ. 

ʊʝʭʥʦʣʦʛʠʷ ʤʦʱʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʨʝʜʫʢʪʦʨʘ 

ʤʦʱʥʦʩʪʴʶ: ~ 25 ʄɺʪ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚ ʢʣʘʩʩʝ ʪʷʛʠ 15 ʪʩ ʜʣʷ ɹʉʄʉ ʠ ~ 60 ʄɺʪ 

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚ ʢʣʘʩʩʝ ʪʷʛʠ 35é40 ʪʩ ʜʣʷ ʐʌɼʄʉ. 

ʈʝʜʫʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʥʪʠʣʷʪʦʨʫ (ʠʣʠ ɺɺ) ʠ ʊʅɼ 

ʨʘʙʦʪʘʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʩʠʩʪʝʤʝ 

ʜʚʠʛʘʪʝʣʷ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

 ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ (ʠʣʠ 
ɺɺ) ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʘ ʠ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʨʦʪʦʨʘ ʠ ʢʦʨʧʫʩʘ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʊʅɼ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʪʫʧʝʥʝʡ, ʛʘʙʘʨʠʪʦʚ ʠ ʤʘʩʩʳ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʨʝʜʫʢʪʦʨʦʚ 

ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʂʇɼ ʨʝʜʫʢʪʦʨʘ (> 0,995), ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʥʘʜʝʞʥʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ, ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʩʩʳ, ʢʦʤʧʝʥʩʘʮʠʷ ʦʩʝʚʦʡ 

ʩʠʣʳ ʨʘʟʲʝʜʠʥʝʥʥʳʭ ʨʦʪʦʨʦʚ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʊʅɼ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʚʦʨʦʪʥʳʭ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ (ʠʣʠ ɺɺ) 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ: 

 ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʧʘʩʦʚ ɻɼʋ ʚʝʥʪʠʣʷʪʦʨʘ ʊʈɼɼ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ (m > 12) ʥʘ ʚʟʣʝʪʥʳʭ ʠ ʢʨʝʡʩʝʨʩʢʠʭ ʨʝʞʠʤʘʭ (ʚ 

ʜʘʥʥʦʡ ʯʘʩʪʠ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩʦʧʣʘ 

ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ); 

 ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʨʝʚʝʨʩʘ ʪʷʛʠ (ʘʣʴʪʝʨʥʘʪʠʚʘ ʨʝʚʝʨʩʠʚʥʦʤʫ 

ʫʩʪʨʦʡʩʪʚʫ ʚ ʥʘʨʫʞʥʦʤ ʢʦʥʪʫʨʝ), ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʜʠʘʤʝʪʨ ʠ ʜʣʠʥʫ ʤʦʪʦʛʦʥʜʦʣʳ, ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɼʋ. 

ʇʨʦʙʣʝʤʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʦʨʦʪʥʳʭ ʨʘʙʦʯʠʭ 

ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ (ʠʣʠ ɺɺ) ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʠ 

ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʩʫʨʩʘ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʧʦʚʦʨʦʪʥʳʭ ʣʦʧʘʪʦʢ ʥʘ ʨʝʞʠʤʘʭ ʦʙʨʘʪʥʦʡ ʪʷʛʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʨʳʚʘ 

ʧʦʪʦʢʘ ʩ ʦʩʪʨʳʭ ʢʨʦʤʦʢ ʩʦʧʣʘ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ. 

ɽʩʣʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʱʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʥʘ ʊʈɼɼ ʧʦʚʦʨʦʪʥʳʭ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩʦʧʣʘ, 

ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʠʩʩʣʝʜʫʝʤʳʤ ʚʦʧʨʦʩʦʤ. ʊʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʘʥʠʷ Pratt & 

Whitney ʩʯʠʪʘʝʪ ʜʦʚʝʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʦʨʦʪʥʳʭ ʣʦʧʘʪʦʢ ʜʦ ʚʳʩʦʢʠʭ 

ʫʨʦʚʥʝʡ ʛʦʪʦʚʥʦʩʪʠ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʤ, ʘ ʢʦʤʧʘʥʠʷ Rolls-Royce, 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʘʷ ʜʚʠʛʘʪʝʣʴ-ʜʝʤʦʥʩʪʨʘʪʦʨ UltraFan, ʧʦʢʘ ʥʝ ʧʨʠʤʝʥʠʣʘ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʧʦʚʦʨʦʪʥʳʝ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʧʝʨʚʦʤ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ. 
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ɽʱʝ ʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʤ, ʠʩʩʣʝʜʫʝʤʳʤ ʩ 70é80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʰʘʛʦʤ, ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʟʨʘʙʦʪʢʘ ʊɺɺɼ ʩ çʦʪʢʨʳʪʳʤ ʨʦʪʦʨʦʤè (Open Rotor) ʜʣʷ 

ɹʉʄʉ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʠʤʝʶʱʝʛʦ ʥʘʟʚʘʥʠʝ CFM 

RISE, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʘʥʠʝʡ CFMI (Snecma ʠ General Electric) ʜʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʚʚʦʜʠʤʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 

ʩʝʨʝʜʠʥʝ 2030-ʭ ʛʦʜʦʚ. 

ʇʝʨʝʭʦʜ ʢ ʚʠʥʪʦʚʦʡ ʩʭʝʤʝ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ~  ʥʘ 10 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʊʈɼɼ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ (m > 12) ʟʘ ʩʯʝʪ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʛʦ ʧʦʣʝʪʥʦʛʦ ʂʇɼ 

(0,94é0,96) ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʤʦʪʦʛʦʥʜʦʣʳ. ɼʣʷ ʊɺɺɼ, ʢʘʢ ʠ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʫʨʙʦʚʠʥʪʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

(ʊɺɼ), ʪʝʭʥʦʣʦʛʠʷ ʠʟʤʝʥʝʥʠʷ ʰʘʛʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʪʷʛʠ ʟʘ ʩʯʝʪ 

ɺɺ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʊɺɺɼ ʧʨʦʙʣʝʤʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʷʚʣʷʶʪʩʷ:  

 ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ ʠ ʚʘʨʠʘʥʪʘ ʢʦʤʧʦʥʦʚʢʠ ʥʘ 

ʧʣʘʥʝʨʝ; 

 ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʧʦʣʝʪʥʦʛʦ ʂʇɼ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠ ʚʳʩʦʢʠʭ 
ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ (ʄ=0,75é0,8); 

 ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʰʫʤʫ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠ ʚ ʩʘʣʦʥʝ; 

 ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʩʫʨʩʘ ʤʝʭʘʥʠʟʤʘ 

ʧʦʚʦʨʦʪʘ ʣʦʧʘʩʪʝʡ;  

 ʚʦʧʨʦʩʳ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʊʈɼɼ ʩʭʝʤʳ. 

ɺʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʚʠʘʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ çʙʦʣʝʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭè ʪʝʭʥʦʣʦʛʠʡ ʪʘʤ, ʛʜʝ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ çʵʣʝʢʪʨʠʬʠʢʘʮʠʠè ʩʠʩʪʝʤ ʠ 

ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʷ ʇɼ-35 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï çʕʣʝʢʪʨʠʯʝʩʢʠʝè ʪʝʭʥʦʣʦʛʠʠ: ʨʘʟʨʘʙʦʪʢʘ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʇɼ-35 
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ɸʢʪʫʘʣʴʥʳʤ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚʦʧʨʦʩʦʤ ʜʣʷ ʙʫʜʫʱʝʛʦ ʘʚʠʘʮʠʦʥʥʦʡ 

ʠʥʜʫʩʪʨʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʘʚʠʘʮʠʠ [6].  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ, ʦʪ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʧʝʨʩʧʝʢʪʠʚʘ 

ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʫʶ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʦʩʴ 

ʧʨʝʦʜʦʣʝʪʴ ï ʭʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ. ɼʘʞʝ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 1000 ɺʪ/ʢʛ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʢ 

2050 ʛ. ï ʤʘʩʩʘ ʙʘʪʘʨʝʠ ʜʣʷ ɹʉʄʉ ʪʠʧʘ ɸ320 (ʄɺɿʃ=74 ʪ) ʩʦʩʪʘʚʠʪ 170 ʪ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʦʙʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʦʚʦʜʠʤʳʝ ʚ ɸʆ çʆɼʂè ʠ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʦʪʨʘʩʣʝʚʳʭ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʦʪʨʘʞʘʶʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʟʘʜʘʯʠ, ʩʪʦʷʱʠʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʚʠʘʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ï ʟʘʚʝʨʰʝʥʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʚʠʛʘʪʝʣʷ ʇɼ-14 ʜʣʷ ʩʝʤʝʡʩʪʚʘ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʘʤʦʣʝʪʦʚ ʄʉ-21, ʨʘʟʨʘʙʦʪʢʘ ʜʚʠʛʘʪʝʣʷ ʙʦʣʴʰʦʡ ʪʷʛʠ ʜʣʷ 

ʜʘʣʴʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʝʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ ʇɼ-35, 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʣʝʜʫʶʱʠʝ 20 ʣʝʪ. 

ʄʥʦʛʦʣʝʪʥʠʡ ʫʩʧʝʰʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʩʝʨʠʡʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʢʦʧʣʝʥʥʳʡ ʧʝʨʤʩʢʦʡ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʰʢʦʣʦʡ ʟʘ 84 ʛʦʜʘ, ʜʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʧʨʦʝʢʪʳ 

ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʙʫʜʫʪ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
 

1. ʀʥʦʟʝʤʮʝʚ ɸ. ɸ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʛʨʘʞʜʘʥʩʢʦʤ 

ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ / ɸ. ɸ. ʀʥʦʟʝʤʮʝʚ // ʊʨʫʜʳ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʘʚʠʘʮʠʠ ʠ 

ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ. ï 2024. ï ˉ 1. ï ʉ. 4-17. ï EDN YNKHTR. 

2. ʆʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʈʦʩʩʠʠ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ / ɸ. ɺ. ʄʘʢʘʨʦʚ, ɸ. ɸ. ʀʥʦʟʝʤʮʝʚ, ɺ. ɻ. ɼʝʛʪʷʨʴ [ʠ ʜʨ.] // ɺʝʩʪʥʠʢ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ï 2024. ï ʊ. 94, ˉ 3. ï ʉ. 232-245. ï DOI 

10.31857/S0869587324030068. ï EDN GGSFLK. 

3. ɹʫʨʦʚ ʄ. ʅ. ɻʘʟʦʪʫʨʙʠʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ // ʊʨʘʤʧʣʠʥ ʢ ʫʩʧʝʭʫ. ʂʦʨʧʦʨʘʪʠʚʥʳʡ 

ʞʫʨʥʘʣ ʇɸʆ çʆɼʂ-ʉʘʪʫʨʥè. ï 2021. ï ˉ16. ï ʉ. 24-29. 

4. ʇʝʨʤʩʢʠʝ ʘʚʠʘʮʠʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʘʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʡ ʅʇʂ çʇɽʈʄʉʂʀɽ ʄʆʊʆʈʓè, 2024. ˉ1. 

5. ɻʦʨʜʠʥ ʄ. ɺ. ʂʦʥʮʝʧʮʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ / ʄ. ɺ. ɻʦʨʜʠʥ, ɺ. ɸ. ʇʘʣʢʠʥ // ɸʚʠʘʮʠʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. ï 2019. ï 

ˉ 3(4). ï ʉ. 7-16. ï DOI 10.54349/26586061_2019_3_7. ï EDN KZLUBM. 

6. ʇʘʣʢʠʥ ɺ. ɸ. ʆʙʟʦʨ ʨʘʙʦʪ ʚ ʉʐɸ ʠ ɽʚʨʦʧʝ ʧʦ ʘʚʠʘʮʠʦʥʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʜʣʷ 

ʩʘʤʦʣʝʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 2020...2040-ʭ ʛʦʜʦʚ / ɺ. ɸ. ʇʘʣʢʠʥ // ɸʚʠʘʮʠʦʥʥʳʝ 

ʜʚʠʛʘʪʝʣʠ. ï 2019. ï ˉ 3(4). ï ʉ. 63-83. ï DOI 10.54349/26586061_2019_3_63. ï EDN 

YZHFHK. 

 
 

 

 



88 

ʋɼʂ 629.7.083 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄʓ ʊɽʍʅʀʏɽʉʂʆʁ 

ʕʂʉʇʃʋɸʊɸʎʀʀ ɺʆɿɼʋʐʅʓʍ ʉʋɼʆɺ ɺ ɸʈʂʊʀʂɽ 
 

ʐʝʚʮʦʚ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

shevtsov_sa@bk.ru 

ʉʘʧʫʥʦʚ ɼʝʥʠʩ ʄʠʭʘʡʣʦʚʠʯ 

ʈʦʱʝʚʢʠʥ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ  

 

ɺʋʅʎ ɺɺʉ çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ 

ʖ.ɸ. ɻʘʛʘʨʠʥʘè 

(ʛ. ɺʦʨʦʥʝʞ) 

 
ɸʥʥʦʪʘʮʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʨʝʤʦʥʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʦʦʨʫʞʝʥʠʷ, ʚʦʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʢʘʢ ʙʘʟʠʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʚʠʪʠʠ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ 

ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ. ʆʙʦʟʥʘʯʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʥʘʩʦʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʘʵʨʦʜʨʦʤʘʭ ɸʨʢʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, ɸʨʢʪʠʢʘ, 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 
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Abstract. The problems of the destructive impact of natural and climatic environmental 

conditions on the preparation, maintenance and repair of various types of weapons, military and 

special equipment, as basic elements in the development of the Arctic zone, are discussed. Possible 

options for heat generation for the preparation, maintenance and repair of aircraft using alternative 

energy sources in the Arctic were considered. The advantages of using heat pump technologies in 

combination with alternative energy sources to generate thermal energy used in operational 

activities at Arctic airfields are outlined. 
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ɺʚʝʜʝʥʠʝ 

ɸʨʢʪʠʢʘ ï ʚʘʞʥʝʡʰʠʡ ʨʝʛʠʦʥ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʈʌ. ɿʜʝʩʴ ʜʦʙʳʚʘʝʪʩʷ ʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ʀʥʪʝʨʝʩ ʢ ʵʪʠʤ ʨʝʩʫʨʩʘʤ ʧʨʦʷʚʣʷʶʪ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʘ, ʚʣʘʜʝʶʱʠʝ 

ʘʨʢʪʠʯʝʩʢʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʪʘʢ ʠ ʩʪʨʘʥʳ ʠʟ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. ʇʨʘʚʦʚʦʡ ʨʝʞʠʤ 

ʤʥʦʛʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʨʝʩʫʨʩʦʚ ɸʨʢʪʠʢʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʫʨʝʛʫʣʠʨʦʚʘʥ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʦʛʣʘʰʝʥʠʷʤʠ [1]. 

ʉ ʚʦʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ɸʨʢʪʠʢʘ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʨʝʛʠʦʥʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʙʘʣʘʥʩʘ ʩʠʣ ʷʜʝʨʥʦʛʦ ʩʜʝʨʞʠʚʘʥʠʷ [2]. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʪʝʟʠʩʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 

26.10.2020 ˉ 645 çʆ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛʦʜʘè, 

ʛʜʝ ʢ ʦʩʥʦʚʥʳʤ ʦʧʘʩʥʦʩʪʷʤ, ʚʳʟʦʚʘʤ ʠ ʫʛʨʦʟʘʤ, ʬʦʨʤʠʨʫʶʱʠʤ ʨʠʩʢʠ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʦʪʥʦʩʠʪʩʷ ʨʦʩʪ ʢʦʥʬʣʠʢʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ɸʨʢʪʠʢʝ, ʪʨʝʙʫʶʱʠʡ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʙʦʝʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʨʫʧʧʠʨʦʚʦʢ ʚʦʡʩʢ (ʩʠʣ) ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʜʨʫʛʠʭ ʚʦʡʩʢ, ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʠ ʦʨʛʘʥʦʚ ʚ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ. ɺ ʙʣʠʞʘʡʰʝʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʱʠʱʘʪʴ ʦʙʲʝʢʪʳ ʠ ʘʢʚʘʪʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʛʨʘʥʠʮʘʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʈʌ ʠ ʜʘʞʝ ʩ ʚʳʭʦʜʦʤ ʟʘ ʝʝ ʧʨʝʜʝʣʳ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩʠʩʪʝʤ ʚʦʦʨʫʞʝʥʠʷ, ʚʦʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʳ ʠ ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʜʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [3]. ʕʪʦ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʩʦʚʝʨʰʝʥʥʳʤʠ (ʨʠʩ. 1). 

ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ, ʥʘ ʢʦʪʦʨʫʶ ʚʦʟʣʘʛʘʝʪʩʷ 

ʛʣʘʚʥʘʷ ʨʦʣʴ ʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʥʝʰʥʠʤ ʫʛʨʦʟʘʤ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ɸʨʢʪʠʢʝ ʚ ʮʝʣʦʤ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʥʘʠʙʦʣʴʰʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʠʤʘʪ ɸʨʢʪʠʢʠ ʦʙʲʝʢʪʠʚʥʦ ʫʩʣʦʞʥʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʠʥʞʝʥʝʨʥʦ-ʘʚʠʘʮʠʦʥʥʦʡ ʩʣʫʞʙʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʣʠʷʥʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʧʦʨʳʚʘʤʠ ʚʝʪʨʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ, ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʭʦʜʦʚ ʢ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ [3].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʘ ɸʨʢʪʠʢʠ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʚʦʦʨʫʞʝʥʠʷ, ʚʦʝʥʥʦʡ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ 

 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʘ ɸʨʢʪʠʢʠ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

ʕʬʬʝʢʪʠʚʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ï ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ ʟʘʜʘʯʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʧʦʜʛʦʪʦʚʢʫ ʢ ʧʨʠʤʝʥʝʥʠʶ ʠ ʪʝʭʥʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʚʳʧʦʣʥʝʥʠʝ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ ʠ ʨʝʤʦʥʪ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʦʧʨʝʜʝʣʷʝʪ ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ï ʩʠʤʙʠʦʟ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʨʝʜʩʪʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʨʝʤʦʥʪʘ, ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʜʘʯʘʤʠ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʩʠʩʪʝʤʝ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ɸʨʢʪʠʢʠ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʠ ʩʨʝʜʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ. 

ʅʝʛʘʪʠʚʥʘʷ ʨʦʣʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʪʷʞʝʣʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚʦʟʨʘʩʪʘʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦ. ʇʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʦʰʠʙʦʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʧʦʨʳʚʘʤʠ ʚʝʪʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʯʨʝʟʚʳʯʘʡʥʫʶ ʦʧʘʩʥʦʩʪʴ ʠ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʧʦʩʣʝʜʩʪʚʠʷ, 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [4]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʧʫʱʝʥʳ, 

ʚʥʝʩʝʥʳ ʥʦʚʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ ʦʪʢʘʟʦʚ (ʨʠʩ. 2).  
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ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʥʠʚʝʣʠʨʫʶʱʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʪʝʧʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʯʝʣʦʚʝʢʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʛʝʥʝʨʘʮʠʝʡ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʠ ʫʧʫʱʝʥʠʡ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʷʚʣʷʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ 

 

ɺʪʦʨʘʷ ʫʷʟʚʠʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ï ʩʨʝʜʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʨʝʤʦʥʪʘ, ʢ ʢʦʪʦʨʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʷʪʩʷ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʘʵʨʦʜʨʦʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. 

ɼʣʷ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʵʥʝʨʛʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʢʦʪʝʣʴʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʞʠʜʢʦʤ, 

ʛʘʟʦʦʙʨʘʟʥʦʤ, ʯʘʱʝ ʪʚʝʨʜʦʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ. ʅʝʜʦʩʪʘʪʢʠ ʪʘʢʠʭ 

ʢʦʪʝʣʴʥʳʭ ʦʯʝʚʠʜʥʳ: ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʩʪʘʚʦʢ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʦʨʛʘʥʠʟʘʮʠʷ ʟʦʥ ʝʛʦ ʭʨʘʥʝʥʠʷ, ʧʦʚʳʰʝʥʥʘʷ ʧʦʞʘʨʥʘʷ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʦʧʘʩʥʦʩʪʴ ʝʛʦ ʧʝʨʝʚʘʣʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ, ʛʣʘʚʥʦʝ, ʚʳʙʨʦʩ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʝʛʦ ʩʞʠʛʘʥʠʠ. 

ʊʝʧʣʦ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʜʦʛʨʝʚʘ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ, ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʝʪʥʦʛʦ ʵʢʠʧʘʞʘ, ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʢʘʙʠʥʘʭ, 

ʧʦʜʜʝʨʞʘʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʪʩʝʢʘʭ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʦʩʪʨʝʙʦʚʘʥʦ ʧʨʠ ʨʘʙʦʪʝ ʠʥʞʝʥʝʨʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʩʣʫʞʙʳ ʚʥʫʪʨʠ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʪʝʭʥʠʢʠ, 

ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ 

(ʨʠʩ. 3).  
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ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʦʪʦʨʥʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʘʩʩʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʢ ʢʦʪʦʨʳʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠʤʝʥʠʤʘ 

ʩʪʘʪʠʩʪʠʢʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 1, ʠ ʷʚʣʷʶʪʩʷ ʚʪʦʨʦʡ ʧʦ ʟʥʘʯʠʤʦʩʪʠ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʩʪʘʣʢʠʚʘʶʱʝʡʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ. ʊʦʣʴʢʦ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʢ ʧʫʩʢʫ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ [5].  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʅʝʛʘʪʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʝʭʥʠʢʫ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʱʠʪʳ ʠ ʦʭʨʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʛʨʘʥʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʘʟʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʝ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʡ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʠʩʪʝʤ ʤʘʪʝʨʠʘʣʴʥʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʚʝʨʥʳʭ ʘʵʨʦʜʨʦʤʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʚʠʪʠʶ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʝʝ ʘʢʢʫʤʫʣʷʮʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʦʣʝʪʫ, ʧʨʦʚʝʜʝʥʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʢʘʢ ʥʘ ʦʪʢʨʳʪʦʤ 

ʚʦʟʜʫʭʝ, ʪʘʢ ʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʯʘʩʪʠ. 

 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ [6], ʫʞʝ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ, ʢʘʢ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢ ʠ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʵʥʝʨʛʠʠ (ʪʘʙʣ.). 



93 

ʊʘʙʣʠʮʘ ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ 
ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʵʥʝʨʛʠʷ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ - ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ; 

- ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ 

ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

- ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ; 

- ʙʝʩʰʫʤʥʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ; 

- ʥʠʟʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ 

- ʜʣʠʪʝʣʴʥʘʷ ʧʦʣʷʨʥʘʷ ʥʦʯʴ, ʩʣʘʙʳʡ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠʟ-ʟʘ 

ʩʪʠʭʠʡʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʩʥʠʞʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ; 

- ʥʠʟʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ; 

 - ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ; 

- ʥʘʣʠʯʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫

ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ - ʧʦʩʪʦʷʥʩʪʚʦ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʩʠʣʘ ʚʝʪʨʦʚ ʚ ɸʨʢʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ; 

- ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʭʦʣʦʜʥʦʛʦ 

ʚʦʟʜʫʭʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʚʝʪʨʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ; 

- ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʣʦʱʘʜʝʡ, ʢʦʤʧʘʢʪʥʦʩʪʴ 

ʨʘʟʤʝʱʝʥʠʷ ʚʝʪʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ 

- ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʧʨʠʨʦʜʳ ʚʝʪʨʘ;  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʭʣʘʜʦʩʪʦʡʢʦʡ ʩʪʘʣʠ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʤʝʥʷʝʤʦʩʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʤʘʟʢʠ ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚ; 

- ʥʝʦʙʭʦʜʠʤ ʧʦʜʦʛʨʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʰʫʤʦʚʦʝ ʠ ʚʠʟʫʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ; 

- ʧʦʤʝʭʠ ʩʠʩʪʝʤʘʤ ʩʚʷʟʠ 

ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ 

(ʤʘʣʘʷ ʤʦʱʥʦʩʪʴ) 

- ʚʳʩʦʢʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ; 

- ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʪʝʧʣʘ, ʥʘʨʷʜʫ ʩ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ; 

- ʨʝʛʫʣʠʨʦʚʢʘ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʦʪ 10 % ʜʦ 100 %; 

- ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ 

ʟʘʥʠʤʘʝʤʳʝ ʧʣʦʱʘʜʠ; 

- ʩʪʘʙʠʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ 

- ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʦʪʜʝʣʴʥʦ 

ʫʜʘʣʝʥʥʦʛʦ ʘʵʨʦʜʨʦʤʘ; 

- ʚʦʟʜʝʡʩʪʚʠʝ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

- ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʪʦʧʣʠʚʘ; 

- ʜʣʠʪʝʣʴʥʳʡ ʚʚʦʜ ʦʙʲʝʢʪʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ; 

- ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ; 

- ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ 

ɹʠʦʪʦʧʣʠʚʥʘʷ 

ʵʥʝʨʛʠʷ (ʚ 

ʦʩʥʦʚʥʦʤ ʦʪʭʦʜʳ 

ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ) 

- ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʨʝʩʫʨʩ; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʪ 

ʩʞʠʛʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʪʦʧʣʠʚʦʤ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

- ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʨʝʩʫʨʩʦʚ; 

- ʥʘʣʠʯʠʝ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ; 

- ʥʠʟʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ  

- ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʧʦʛʦʜʳ, ʚʨʝʤʝʥʠ ʛʦʜʘ ʠ 

ʩʫʪʦʢ; 

- ʤʠʥʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ 

- ʟʘʪʨʘʪʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʛʣʫʙʦʢʠʭ 

ʩʢʚʘʞʠʥ; 

- ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʦʧʘʩʥʘ ʠ ʩʦʜʝʨʞʠʪ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ; 

- ʚʦʟʤʦʞʥʘʷ ʘʚʘʨʠʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʣʦʢʘʣʴʥʫʶ ʢʘʪʘʩʪʨʦʬʫ 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʥʝʜʨʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʚ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʊʝʧʣʦʥʘʩʦʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʚ ʩʪʨʘʥʘʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʨʘʥʳ ɽʚʨʦʧʳ) [7], ʛʜʝ 

ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚʝʩʴʤʘ ʚʳʩʦʢʘ ʠʟ-ʟʘ 
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ʦʪʩʫʪʩʪʚʠʷ ʝʛʦ ʟʘʧʘʩʦʚ, ʯʪʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʈʦʩʩʠʠ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʧʘʩʦʚ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʪʨʝʙʫʝʤʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʪʨʝʙʠʪʝʣʶ. ɼʣʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʘ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʟʘʪʨʘʪʳ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ 

ʪʨʦʝʢʨʘʪʥʦ ʥʠʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʈʘʙʦʪʘ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʪʘʢ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ. 

ʇʨʠ ʵʪʦʤ ʪʝʧʣʦ ʟʝʤʣʠ, ʟʘʣʝʛʘʶʱʝʝ ʧʦʜ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [8]. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʚʦʟʤʦʞʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ ʢ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ɿʝʤʣʠ [9]. 

ʊʝʭʥʦʣʦʛʠʠ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ 

ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʠʨʝ [10]. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʜʝʨʞʠʚʘʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʦʨʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʨʘʙʦʯʠʭ ʩʨʝʜ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ. ʇʨʠ ʵʪʦʤ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʥʦ ʠ ʪʝʧʣʦ ʩʤʝʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʛʝʥʝʨʘʮʠʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʦʣʥʦʮʝʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ɸʨʢʪʠʢʝ ʠ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʯʝʪʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʢ ʧʦʣʸʪʫ, ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʢʘʢ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ, ʪʘʢ ʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʯʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʳʨʘʙʦʪʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʘʵʨʦʜʨʦʤʘʭ ʉʝʚʝʨʘ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ ʚ ʢʦʥʪʝʢʩʪʝ 

ʵʢʩʪʨʝʤʘʣʴʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʭʨʫʧʢʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʫʜʘʣʝʥʥʦʩʪʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

ʠ ʨʦʩʪʘ ʢʦʥʬʣʠʢʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ c ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʠʭ ʩʦʯʝʪʘʥʠʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ 

ʨʘʩʠhʨʷʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʝʜʩʪʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ ʩ 
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ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʝ ʠ ʧʨʠʝʤʣʝʤʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʜʫʨʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʚ ʘʚʠʘʮʠʠ ʧʦʣʫʯʠʣʦ ʯʨʝʟʚʳʯʘʡʥʦ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ 
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ʢʦʣʠʯʝʩʪʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʦʚʣʘʜʝʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʥʘʚʳʢʦʚ ʧʨʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʚʫʟʘʭ ʥʘʨʷʜʫ ʩ ʧʨʦʮʝʜʫʨʥʳʤʠ ʪʨʝʥʘʞʝʨʘʤʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʪʨʝʥʘʞʝʨʳ (ʩʠʤʫʣʷʪʦʨʳ) ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʚʝʨʪʦʣʝʪʘ ʄʠ-8ʊ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR), ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʩʣʫʞʠʪ ʫʣʫʯʰʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

ʉʠʤʫʣʷʪʦʨʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʙʝʟʦʧʘʩʥʫʶ ʩʨʝʜʫ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʠ ʵʢʦʥʦʤʷʪ ʩʨʝʜʩʪʚʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʶʪ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚ ʠ ʩʨʝʜʳ ʤʝʞʜʫ ʥʠʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʨʝʘʣʠʩʪʠʯʥʫʶ ʢʘʨʪʠʥʫ ʧʨʠʙʦʨʥʳʭ ʧʘʥʝʣʝʡ, ʵʣʝʢʪʨʦʱʠʪʢʦʚ ʠ ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʪʦʣʝʪʦʤ, ʧʦʟʚʦʣʷʷ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʩ ʥʠʤʠ 

ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʛʦʪʦʚʥʦʩʪʠ ʙʦʨʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʧʦʣʝʪʫ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʚʝʨʪʦʣʝʪʘ [1] ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʙʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʠʣʦʞʝʥʠʝ 

Unity [2]. ɼʣʷ ʩʚʷʟʠ ʦʧʝʨʘʪʦʨʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʧʣʘʛʠʥ SteamVR, ʧʦʟʚʦʣʷʶʱʠʡ ʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʰʣʝʤʘ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʣʝʨʦʚ (ʨʠʩʫʥʦʢ 1).  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʠʤʫʣʷʪʦʨʘ 
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ʅʘ ʵʢʨʘʥ ʰʣʝʤʘ ʚʳʚʦʜʠʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ 

ʢʘʙʠʥʳ, ʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʣʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʨʫʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʘ ʩʯʝʪ ʥʘʞʘʪʠʷ ʢʥʦʧʦʢ ʥʘ ʢʦʥʪʨʦʣʣʝʨʘʭ ʨʝʘʣʠʟʦʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʪʫʤʙʣʝʨʘʤʠ, ʧʝʨʝʢʣʶʯʘʪʝʣʷʤʠ ʠ ʢʥʦʧʢʘʤʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ 

ʢʘʙʠʥʝ. 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʰʣʝʤʘ ʢ ʢʦʤʧʴʶʪʝʨʫ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʝʩʧʣʘʪʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çOculusè ʠ ʧʨʦʛʨʘʤʤʘ SteamVR ʜʣʷ ʚʳʚʦʜʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʮʝʥʳ ʥʘ ʵʢʨʘʥ ʰʣʝʤʘ. 

ʊʘʢʞʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 3D ʤʦʜʝʣʴ ʚʝʨʪʦʣʝʪʘ ʄʠ-8ʊ (ʨʠʩʫʥʦʢ 2) ʠ 

ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʧʨʠʙʦʨʥʳʭ ʜʦʩʦʢ ʠ ʧʘʥʝʣʝʡ ʵʣʝʢʪʨʦʧʫʣʴʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʟʜʘʥʠʷ 3D ʤʦʜʝʣʝʡ Blender [3] ʠ ʠʭ ʨʝʥʜʝʨʠʥʛ ʠ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 3Dcoat (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï 3D ʤʦʜʝʣʴ ʚʝʨʪʦʣʝʪʘ ʄʠ-8ʊ 

 

 
 

ʈʠʩʫʥʦʢ 3 ï 3D ʤʦʜʝʣʠ ʧʘʥʝʣʝʡ ʢʘʙʠʥʳ ʚʝʨʪʦʣʝʪʘ 
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ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʙʫʯʘʝʤʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʚʝʨʦʢ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʝʨʪʦʣʝʪʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʝʨʪʦʣʝʪʘ, 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʷʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʘʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʚʠʨʪʫʘʣʴʥʳʡ ʧʣʘʥʰʝʪ (ʨʠʩʫʥʦʢ 4). 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʠʜ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʣʘʥʰʝʪʘ 
 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʝ C# ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʬʫʥʢʮʠʦʥʘʣ 

ʧʣʘʥʰʝʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʪʦʣʝʪʘ ʠ (ʨʠʩʫʥʦʢ 5) 

ʧʦʜʢʣʶʯʠʪʴ ʘʵʨʦʜʨʦʤʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ (ʨʠʩʫʥʦʢ 6), ʦʪʢʨʳʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʚʝʨʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 7), 

ʚʳʙʨʘʪʴ ʨʝʞʠʤ ʦʙʫʯʝʥʠʷ: ʜʝʤʦʥʩʪʨʘʮʠʷ, ʠʥʩʪʨʫʢʪʦʨ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʪʦʣʝʪʘ 
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ɺ ʨʝʞʠʤʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, 

ʠʥʜʠʢʘʪʦʨʦʚ, ʧʨʠʙʦʨʦʚ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʨʫʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʙʠʥʳ ʚʝʨʪʦʣʝʪʘ 

(ʨʠʩʫʥʦʢ 8) ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʚʩʧʣʳʚʘʶʱʠʤ ʧʦʜʩʢʘʟʢʘʤ ʪʝʢʩʪʦʚʦʡ ʯʘʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ, ʚʳʚʝʜʝʥʥʦʡ ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʧʣʘʥʰʝʪʝ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʇʦʜʢʣʶʯʝʥʠʝ ʘʵʨʦʜʨʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʇʨʠʤʝʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʧʣʘʥʰʝʪʝ 

 

ɺ ʨʝʞʠʤʝ ʠʥʩʪʨʫʢʪʦʨʘ ʦʙʫʯʘʶʱʠʡʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʫʧʨʘʚʣʷʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝʤ ʨʫʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʙʠʥʳ ʚʝʨʪʦʣʝʪʘ ʠ 

ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʠ, ʠʩʧʦʣʴʟʫʷ ʚʩʧʣʳʚʘʶʱʠʝ ʧʦʜʩʢʘʟʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʢʘʨʪʳ ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʧʣʘʥʰʝʪʝ. 

ɺ ʨʝʞʠʤʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʦʙʫʯʘʶʱʠʡʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ 

ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʣʝʨʦʚ ʫʧʨʘʚʣʷʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝʤ ʨʫʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʙʠʥʳ 

ʚʝʨʪʦʣʝʪʘ ʠ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʠ, ʠʩʧʦʣʴʟʫʷ ʨʝʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʠʤʘ ʥʘ ʧʣʘʥʰʝʪʝ ʚʳʙʨʘʝʪʩʷ ʢʦʥʢʨʝʪʥʘʷ ʩʠʩʪʝʤʘ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʣʠ ʚʚʝʜʝʥʠʷ ʚ ʥʝʝ ʦʪʢʘʟʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʠʩʢʘ. 
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ʈʠʩʫʥʦʢ 8 ï ʆʪʩʣʝʞʠʚʘʝʤʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʠʨʪʫʘʣʴʥʘʷ ʨʫʢʘ 

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʥʘʞʝʨʘ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʚʝʨʢʠ 

ʠʩʧʨʘʚʥʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ: 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʄʦʜʝʣʴ ʧʨʘʚʦʡ ʧʘʥʝʣʠ ʵʣʝʢʪʨʦʧʫʣʴʪʘ 

 

- ʫʩʪʘʥʦʚʠʪʴ ʛʘʣʝʪʥʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʝ ɸʂʂʋʄ ʐʀʅɸ; 

(ʨʠʩʫʥʦʢ 9); 

- ʚʢʣʶʯʠʪʴ ʨʘʩʭʦʜʥʳʡ ʙʘʢ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ, ʜʣʷ ʵʪʦʛʦ ʥʘ ʣʝʚʦʡ ɸɿʉ 
(ʨʠʩʫʥʦʢ 10) ʚʢʣʶʯʠʪʴ ʥʘʩʦʩʳ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ çʨʘʩʭʦʜ Iè, çʨʘʩʭʦʜ IIè ʠ ʥʘ 

ʣʝʚʦʡ ʧʘʥʝʣʠ ʵʣʝʢʪʨʦʧʫʣʴʪʘ ʚʢʣʶʯʠʪʴ ʪʫʤʙʣʝʨ ʈɸʉʍ ɹɸʂ (ʨʠʩʫʥʦʢ 11); 
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ʈʠʩʫʥʦʢ 10 ï ʄʦʜʝʣʴ ʣʝʚʦʡ ʧʘʥʝʣʠ ɸɿʉ 

 

 
 

ʈʠʩʫʥʦʢ 11 ï ʄʦʜʝʣʴ ʣʝʚʦʡ ʧʘʥʝʣʠ ʵʣʝʢʪʨʦʧʫʣʴʪʘ 

 

- ʧʦʦʯʝʨʝʜʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʪʫʤʙʣʝʨʦʚ ʧʦʜʢʣʶʯʘʪʴ ʢ ʩʝʪʠ 

ʘʢʢʫʤʫʣʷʪʦʨʳ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʦʪʠʚ ʢʘʞʜʦʛʦ ʪʫʤʙʣʝʨʘ ʘʤʧʝʨʤʝʪʨʳ ʫʩʪʘʥʦʚʷʪʩʷ 

ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʦʣʴʪʤʝʪʨʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 24ɺ. ʇʨʠ ʢʘʞʜʦʤ ʚʢʣʶʯʝʥʠʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʟʘʛʦʨʷʪʩʷ 

ʠʥʜʠʢʘʪʦʨʳ çʦʪʢʘʟʘʣ ʣʝʚʳʡ ʛʝʥʝʨʘʪʦʨè ʠ çʦʪʢʘʟʘʣ ʧʨʘʚʳʡ ʛʝʥʝʨʘʪʦʨè 

(ʨʠʩʫʥʦʢ 9). 

ʊʘʢʞʝ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʪʨʝʥʘʞʝʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʚʝʨʪʦʣʝʪʫ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʠʙʦʨʥʦʛʦ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʢ ʚ ʢʘʙʠʥʝ ʵʢʠʧʘʞʘ, ʪʘʢ ʠ ʨʘʜʠʦʦʪʩʝʢʝ, 

ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʜʚʝʨʝʡ, ʱʠʪʢʦʚ ʠ ʣʶʯʢʦʚ (ʨʠʩʫʥʦʢ 12). 
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ʈʠʩʫʥʦʢ 12 ï ʇʝʨʝʤʝʱʝʥʠʝ ʚ ʛʨʫʟʦʚʦʡ ʢʘʙʠʥʝ 

 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʝʨʪʦʣʝʪʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʟʘʧʫʩʢʘ ʠ 

ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʚʝʨʪʦʣʝʪʘ.  

ʅʘ ʚʠʨʪʫʘʣʴʥʦʤ ʞʝ ʩʠʤʫʣʷʪʦʨʝ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʠʩʢʣʶʯʝʥ, ʪʘʢ ʢʘʢ ʤʦʞʥʦ 

ʧʦʜʛʦʪʦʚʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʢ ʟʘʧʫʩʢʫ ʜʚʠʛʘʪʝʣʝʡ 

ʠ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʨʝʜʫʢʪʦʨʘ. ʊʘʢʞʝ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʚʝʨʪʦʣʝʪʫ, ʦʪʢʨʳʚʘʪʴ 

ʣʶʯʢʠ, ʜʚʝʨʠ ʠ ʦʪʩʝʢʠ, ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʠʙʦʨʥʦʛʦ ʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚʝʨʪʦʣʝʪʘ.  

ɸʥʘʣʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʚʝʨʪʦʣʝʪʘ 

ʄʠ-8ʊ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ: 

- ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʘʟʥʘʯʝʥʠʷ, ʩʦʩʪʘʚʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ 
ʚʝʨʪʦʣʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ɸʚʠʘʮʠʦʥʥʳʝ ʧʨʠʙʦʨʳ, ʉʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʕʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ; 

- ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦ- ʠ ʧʨʠʙʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚʝʨʪʦʣʝʪʘ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʘʢʪʠʢʘʭ ʢʫʨʩʘʥʪʦʚ 2 ʢʫʨʩʘ ʉʇʆ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.02.03 ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ 

ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʪʫʜʝʥʪʦʚ 4 ʢʫʨʩʘ ɺʇʆ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 25.03.02 ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ɸʕʉ ʠ ʇʅʂ; 

- ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʩʠʤʫʣʷʪʦʨ ʚʝʨʪʦʣʝʪʘ ʄʠ-8ʊ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʜʝʪʘʣʴʥʫʶ ʧʨʦʨʘʙʦʪʢʫ ʧʨʦʮʝʜʫʨ ʚʢʣʶʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʢʫʨʩʘʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʨʘʙʦʯʠʭ ʠ ʧʫʩʢʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʦʛʦ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʦʡ ʥʘ ʨʦʪʦʨʝ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʩʠʥʭʨʦʥʥʦʤʫ ʜʚʠʛʘʪʝʣʶ ʩ ʤʘʩʩʠʚʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʦʡ ʥʘ ʨʦʪʦʨʝ 

ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʛʠʣʴʟʳ. ɺʳʧʦʣʥʝʥʘ 

ʘʧʨʦʙʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʛʠʣʴʟʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʠʣʴʟʘ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʛʠʣʴʟʳ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʨʘʙʦʯʠʝ ʠ ʧʫʩʢʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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Abstract. A methodology has been developed and calculations have been made of the 

operating and starting characteristics of an asynchronous squirrel-cage motor with a massive sleeve 

on the rotor. In relation to an asynchronous motor with a massive ferromagnetic sleeve on the rotor, 

the problem of determining the optimal geometric dimensions of the sleeve has been solved. The 

presented methodology for determining the optimal sleeve geometry was tested. 
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ɺʚʝʜʝʥʠʝ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʙʝʩʢʦʥʪʘʢʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʆʜʥʘʢʦ ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʦʛʨʘʥʠʯʝʥʳ ʫʟʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ. ʆʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʩʪʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʨʘʟʨʘʙʦʪʢʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʪʦʨʘ. ʕʪʦʤʫ ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥ ʮʝʣʳʡ ʨʷʜ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ [1, 2]. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʠʩʢʝ ʪʘʢʦʡ ʢʦʤʙʠʥʘʮʠʠ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʤʘʰʠʥʳ ʠ ʚʳʙʦʨʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ (ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ) 

ʠʤʝʝʪ ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴʩʷ ʤʠʥʠʤʫʤ ʤʘʩʩʳ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʠ ʤʦʱʥʦʩʪʠ, ʤʠʥʠʤʫʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, 

ʤʘʢʩʠʤʫʤ ʤʦʱʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ ʠ ʨʷʜ ʜʨʫʛʠʭ [3]. 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ 

ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʚʳʡ ʢʨʠʪʝʨʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ 

ʘʩʠʥʭʨʦʥʥʳʝ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʝ ʜʚʠʛʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʧʫʩʢʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʚʠʜʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʙʘʟʝ ʦʩʥʦʚʥʳʭ ʩʝʨʠʡʥʳʭ ʠʩʧʦʣʥʝʥʠʡ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʩ ʤʘʩʩʠʚʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʦʡ ʥʘ ʨʦʪʦʨʝ 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʛʠʣʴʟʳ ʚ ʧʨʝʜʣʦʞʝʥʠʠ, ʯʪʦ ʩʝʨʠʡʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʠʣʠ ʙʣʠʟʢʦʤ ʢ ʥʝʤʫ ʚʘʨʠʘʥʪʝ. ʇʦʜ ʦʧʪʠʤʘʣʴʥʳʤ ʩʣʝʜʫʝʪ 

ʧʦʥʠʤʘʪʴ ʪʘʢʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʚʩʝ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʙʦʚʘʥʠʷ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʵʢʩʪʨʝʤʫʤʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ï ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʫʤʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ ʥʝʦʙʭʦʜʠʤʦ: 

 ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʫʤʘ; 

 ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʘʰʠʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚ 
ʚʠʜʝ ʥʝʦʙʭʦʜʠʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ; 

 ʦʧʠʩʘʪʴ ʧʦʩʪʦʷʥʥʳʝ ʠ ʧʝʨʝʤʝʥʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ 
ʧʦʠʩʢʘ; 

 ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʝʪʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ 

ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʘʚʠʘʮʠʦʥʥʳʤ 

ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʪʨʝʙʦʚʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʫʤʘ 
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ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ ʤʘʢʩʠʤʫʤ ʫʣʫʯʰʝʥʠʷ ʧʫʩʢʦʚʳʭ ʩʚʦʡʩʪʚ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ ʠ ʤʠʥʠʤʘʣʴʥʳʡ 

ʧʫʩʢʦʚʦʡ ʪʦʢ) ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʤʘʩʩʳ ʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

ɸʥʘʣʠʟ ʨʘʙʦʯʠʭ ʠ ʧʫʩʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʦʡ ʥʘ ʨʦʪʦʨʝ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʜʘʣʝʝ ʤʝʪʦʜʠʢʝ, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʧʫʩʢʦʚʳʭ ʩʚʦʡʩʪʚ (ʫʚʝʣʠʯʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʩʢʦʣʴʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʠ ʪʦʣʱʠʥʳ ʛʠʣʴʟʳ ʜʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʭʫʜʰʝʥʠʝʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʩʢʦʣʴʞʝʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʘʩʩʠʚʥʦʡ 

ʛʠʣʴʟʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʞʝʣʘʝʤʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʪ.ʝ. ʧʨʝʜʲʷʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚ ʟʦʥʝ ʤʘʣʳʭ ʩʢʦʣʴʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʙʘʨʠʪʥʦʡ 

ʤʦʱʥʦʩʪʠ ʤʘʰʠʥʳ, ʘ ʪʘʢʞʝ ʟʘʜʘʪʴ ʞʝʣʘʝʤʫʶ ʚʝʣʠʯʠʥʫ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʦʛʫʪ 

ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ: 

1. ʅʘʡʪʠ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ:  
 

ʄʧ(l, h) Ÿ max 
 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʥʝʦʙʭʦʜʠʤʦʡ ʞʝʩʪʢʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʩʢʦʣʴʞʝʥʠʡ: 
 

ʄ(l, h, S1) Ó ʄ1      (1) 
 

ʄ(l, h, S2) Ó ʄ2     (2) 
 

l, h > 0       (3) 
 

ʋʩʣʦʚʠʝ (1) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʘʩʠʥʭʨʦʥʥʦʤʫ 

ʜʚʠʛʘʪʝʣʶ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ï ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ 

ʩʢʦʣʴʞʝʥʠʠ S1 ʦʥ ʜʦʣʞʝʥ ʨʘʟʚʠʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚʝʣʠʯʠʥʦʡ ʥʝ 

ʤʝʥʝʝ ʄ1. ʋʩʣʦʚʠʝ (2) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʧʝʨʝʛʨʫʟʦʯʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ S2, ʧʨʠʯʝʤ S2 > S1. 

2. ʅʘʡʪʠ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ:  

Iʧ(l, h) Ÿ min 

ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʶ ʚ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ: 
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ʄ(l, h, Sʥʦʤ) Ó ʄʥʦʤ      (4) 

 

I(l, h, Sʥʦʤ) Ò Iʥʦʤ     (5) 

 

l, h > 0       (6) 

 

ʌʫʥʢʮʠʠ Iʧ(l, h) ʠ ʄ(l, h, Sʥʦʤ) ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʤʠ, 

ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʜʘʯʘʤ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʥʝʣʠʥʝʡʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʥʳ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʪʘʢʠʭ ʟʘʜʘʯ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ ʘʧʧʘʨʘʪʦʤ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʡ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ [4]. 

ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʩʝʛʦ ʜʚʝ ʚʘʨʴʠʨʫʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ï ʜʣʠʥʘ l ʠ 

ʪʦʣʱʠʥʘ h ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ, ʘ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʙʫʜʝʤ ʨʝʰʘʪʴ ʤʝʪʦʜʦʤ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ. ʄʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ. ʉʥʘʯʘʣʘ ʚʳʙʠʨʘʝʤ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ 

ʧʦʠʩʢʘ: ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʠ ʪʦʣʱʠʥʳ ʛʠʣʴʟʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʚʠʛʘʪʝʣʴ 

ʨʘʟʚʠʚʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ ʦʙʣʘʩʪʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ 

ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʛʦ ʠ ʧʦʪʨʝʙʣʷʝʪ ʠʟ ʩʝʪʠ ʧʫʩʢʦʚʦʡ ʪʦʢ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. ɿʘʪʝʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ 

ʪʦʣʱʠʥʝ ʛʠʣʴʟʳ ʫʚʝʣʠʯʠʚʘʝʤ ʝʸ ʜʣʠʥʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʚʳʡʜʝʤ ʥʘ ʛʨʘʥʠʮʫ 

ʦʙʣʘʩʪʠ, ʟʘʜʘʥʥʦʡ ʫʩʣʦʚʠʷʤʠ ï ʦʛʨʘʥʠʯʝʥʠʷʤʠ (4), (5). ʇʨʠ ʵʪʦʤ ʧʫʩʢʦʚʦʡ ʪʦʢ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ ʨʘʩʪʝʪ. ʆʙʦʟʥʘʯʠʤ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʫʩʢʦʚʦʡ ʪʦʢ, ʜʣʠʥʫ ʠ ʪʦʣʱʠʥʫ ʛʠʣʴʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Iʧ(i), l(i), h(i). ɼʘʣʝʝ 

ʜʝʣʘʝʤ ʰʘʛ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ ʠ ʪʝʤ 

ʞʝ ʩʧʦʩʦʙʦʤ ʥʘʭʦʜʠʤ ʧʘʨʘʤʝʪʨʳ Iʧ(i+1), l(i+1), h(i+1).  

ɼʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʦʡ ʥʘ ʨʦʪʦʨʝ ʚʝʣʠʯʠʥʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ ʩʪʘʪʦʨʘ ʦʧʨʝʜʝʣʝʥʳ 

ʚʳʨʘʞʝʥʠʷʤʠ: 

 

-  
m1p r2

'+ rɻ' U1
2

2pfSr1+ c1
r2
'+ rɻ'

S

2

+ x1+ c1 x2
'+ 
xɻ'

S

2
 (7) 

 

 

I1a = U1 
r1+ r0

r1+ r0
2 + x1+ x0

2 
+ 

r

c1 r
2+ x2

 (8) 

 

I1p = U1 
x1+ x0

r1+ r0
2 + x1+ x0

2 
+ 

x

c1 r
2+ x2

 (9) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʛʦ ʪʦʢʘ ʩʪʘʪʦʨʘ ʨʘʚʥʦ: 
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I1= I1a
2+ I1p

2                                                     ρπ 

 

ʀʟ ʘʥʘʣʠʟʘ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʪʦʢʘ ʩʪʘʪʦʨʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʞʜʫ ʚʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʰʘʛʘʭ ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʥʘʷ ʩʚʷʟʴ, ʧʨʠʯʝʤ 
 

Iʧ(i+1) < Iʧ(i)     (11) 
 

ʄʧ(i+1) < ʄʧ(i)      (12) 
 

l(i+1) < l(i).       (13) 
 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʤ ʪʦʣʱʠʥʫ ʛʠʣʴʟʳ ʜʦ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ 
 

Iʧ(j+1) < Iʧ(j).      (14) 
 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ l(i), h(i) ʧʨʠ ʵʪʦʤ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʛʠʣʴʟʳ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʠ ʜʣʠʥʳ, ʘ, ʟʥʘʯʠʪ, ʠ ʩʥʠʞʝʥʠʝʤ ʦʙʱʝʡ ʤʘʩʩʳ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ ʧʦʟʚʦʣʷʝʪ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʯʘʩʪʦʪʦʟʘʚʠʩʠʤʳʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʚ ʮʝʧʠ ʨʦʪʦʨʘ, ʠʤʝʶʱʠʡ ʫʣʫʯʰʝʥʥʳʝ ʧʫʩʢʦʚʳʝ ʩʚʦʡʩʪʚʘ, 

ʟʘʜʘʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ 

ʩʢʦʣʴʞʝʥʠʡ ʧʨʠ ʤʠʥʠʤʫʤʝ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʤʘʰʠʥʳ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ, 

ʚʢʣʶʯʘʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ 

ʦʧʝʨʘʮʠʡ: 

1. ɿʘʜʘʝʤʩʷ ʥʘʯʘʣʴʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ: 
ʜʣʠʥʦʡ l0 ʠ ʪʦʣʱʠʥʦʡ h0, ʘ ʪʘʢʞʝ ʩʢʦʣʴʞʝʥʠʝʤ S0. 

2. ʇʨʠ ʩʢʦʣʴʞʝʥʠʠ S0 ʥʘʭʦʜʠʤ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʦʢʘ ʨʦʪʦʨʘ: 
 

I20
' = 

U1

r1+ c1
r2
'

S0

2

+ x1+ c1x2
'2

                                  ρυ 

 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ: 
 

HS= Ѝ2
2m1Kw1W1

pd
 Ȣ                                               ρφ 
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3. ʀʟ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʡ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʩʪʘʣʠ ʉʪ.3 
ʥʘʭʦʜʠʤ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ: 

 

m
S
= 
a1

HS+ b1
+ 
a2

HS+ b2
+ m
0
                                         ρχ 

 

4. ʅʘʡʜʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ: 
 

rɻ' = 4‌n
m
0
w0

2g
ʈS 
m1Kw1W1

2

“Ὠ
 lὯ                         ρψ 

 

Øɻ' = 4‌Í
m
0
w0

2g
ʈS 
m1Kw1W1

2

“Ὠ
 l Ὧ                     ρω 

 

5. ʇʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 
ʛʠʣʴʟʳ ʚ ʮʝʧʠ ʨʦʪʦʨʘ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢ:  
 

I2
'= 

U1

r1+ c1
r2
'+ rɻ'

S
 

2

+ x1+ c1 x2
'+ 
xɻ'

S

2

                 ςπ 

 

6. ʋʪʦʯʥʷʝʤ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʦʢʘ ʨʦʪʦʨʘ ʠ ʧʦʚʪʦʨʷʝʤ ʨʘʩʯʝʪ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʘʤʠ 2-5 ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʠ 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʨʦʪʦʨʘ ʥʝ ʩʪʘʥʫʪ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ ʩ ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʴʶ: 
 

ȹ I = I20 Ê- I2
' jȢ                                               ςρ 

 

7. ʇʦ ʬʦʨʤʫʣʝ (10) ʦʧʨʝʜʝʣʷʝʤ ʪʦʢ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʘʩʠʥʭʨʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʠʟ ʩʝʪʠ. 

ʉʨʘʚʥʠʚʘʝʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʩ ʥʦʤʠʥʘʣʴʥʳʤ Iʥ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ I1 

ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ, ʪʦ ʫʚʝʣʠʯʠʚʘʝʤ ʩʢʦʣʴʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʩ ʟʘʜʘʥʥʳʤ 

ʰʘʛʦʤ ȹS ʜʦ ʟʥʘʯʝʥʠʷ Sʥ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʢ ʨʘʚʝʥ ʥʦʤʠʥʘʣʴʥʦʤʫ ʩ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ: 

ȹ I = I20 Ê- I2
' jȢ                                              ςσ 

 

8. ʅʘʭʦʜʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʨʘʟʚʠʚʘʝʤʳʡ ʜʚʠʛʘʪʝʣʝʤ ʧʨʠ 
ʥʦʤʠʥʘʣʴʥʦʤ ʩʢʦʣʴʞʝʥʠʠ Sʥ ʠ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ l0 ʠ ʪʦʣʱʠʥʳ h0 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ: 

ὓ = 
m1p r2

'+ rɻ'I2
'2

2pfSʥ
Ȣ                                           ςτ 
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ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩ 

ʟʘʜʘʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʥʷʝʤ ʜʣʠʥʫ ʛʠʣʴʟʳ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ʧʨʠ ʧʨʝʞʥʝʡ 

ʪʦʣʱʠʥʝ h0 ʠ ʧʦʚʪʦʨʷʝʤ ʨʘʩʯʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ 

ʛʠʣʴʟʳ l1, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʙʫʜʝʪ ʨʘʚʥʦ ʥʦʤʠʥʘʣʴʥʦʤʫ 

M1Ê = MʥȢ  

ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʦʢ ʠ ʤʦʤʝʥʪ ʚ ʨʝʞʠʤʝ ʧʫʩʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

I1ʧ= I1aʧ
2 + I1pʧ

2  

ὓ̐ = 
m1p r2

'+ rɻ'I2
'2

2pf
Ȣ  

9. ʉ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ȹh ʫʚʝʣʠʯʠʚʘʝʤ ʪʦʣʱʠʥʫ ʛʠʣʴʟʳ ʠ ʧʦ ʧʫʥʢʪʘʤ 2-8 

ʥʘʭʦʜʠʤ ʧʫʩʢʦʚʦʡ ʪʦʢ ʧʨʠ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʝ. 

10. ʇʨʦʜʦʣʞʘʝʤ ʨʘʩʯʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʥʘʯʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʥʝ 
ʜʦʩʪʠʛʥʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ, 

ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ. 

11. ɼʣʷ ʥʘʡʜʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʠʣʴʟʳ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʠʞʝ, 

ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʫʩʢʦʚʳʝ ʠ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ.  

ʈʘʩʯʝʪ ʨʘʙʦʯʠʭ ʠ ʧʫʩʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

1. ɿʘʜʘʝʤʩʷ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʣʴʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ Sʥʘʯ, ʜʣʠʥʳ 

ʛʠʣʴʟʳ lʥʘʯ ʠ ʪʦʣʱʠʥʳ hʥʘʯ. 

2. ʅʘʭʦʜʠʤ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʦʢʘ ʨʦʪʦʨʘ ʧʦ ʬʦʨʤʫʣʝ (15). 

3. ʆʧʨʝʜʝʣʷʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ ʧʦ ʬʦʨʤʫʣʝ (16). ɿʘʪʝʤ ʧʦ ʢʨʠʚʦʡ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʬʦʨʤʫʣʝ (17) ʥʘʭʦʜʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʛʥʠʪʥʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (16) ʠ (17). 

4. ʅʘʡʜʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʳ: 

rɻ' = Ë‌nʈS lὯ 

rɻ' = Ë‌nʈS lὯȢ 
5. ʇʦ ʬʦʨʤʫʣʝ (20) ʥʘʭʦʜʠʤ ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʪʦʢ ʨʦʪʦʨʘ. 

6. ʋʪʦʯʥʷʝʤ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʦʢʘ ʨʦʪʦʨʘ ʠ ʧʦʚʪʦʨʷʝʤ ʨʘʩʯʝʪ 
ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʘʤʠ 3, 4, 5 ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘʯʘʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʠ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʨʦʪʦʨʘ ʥʝ ʩʪʘʥʫʪ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ ʩ 

ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

7. ʈʘʩʩʯʠʪʳʚʘʝʤ ʨʘʙʦʯʠʝ ʠ ʧʫʩʢʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (7), 
(10), (20) ʠ ʬʦʨʤʫʣʘʤ: 
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8. ɿʘʜʘʝʤʩʷ ʧʨʠʨʘʱʝʥʠʝʤ ʩʢʦʣʴʞʝʥʠʷ ȹS ʠ ʚʳʧʦʣʥʷʝʤ ʨʘʩʯʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʫʥʢʪʘʤ 2-7 ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʦʣʴʞʝʥʠʡ (ʨʘʩʯʝʪ 

ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʨʷʜʘ ʩʢʦʣʴʞʝʥʠʡ S ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ Sʥʘʯ ʜʦ Smax ʩ ʰʘʛʦʤ ȹS). 

9. ɿʘʜʘʝʤʩʷ ʧʨʠʨʘʱʝʥʠʝʤ ȹl, ȹh ʠ ʧʦʚʪʦʨʷʝʤ ʨʘʩʯʝʪ ʧʦ ʧʫʥʢʪʘʤ 2-8 ʚ 

ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʠ ʪʦʣʱʠʥʳ ʛʠʣʴʟʳ. 

ɹʣʦʢ-ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ ʠ ʧʫʩʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʤʘʩʩʠʚʥʦʡ ʛʠʣʴʟʦʡ ʥʘ ʨʦʪʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʠʢ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʚʳʧʦʣʥʝʥr  ʨʘʩʯʝʪʳ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 

ʛʠʣʴʟʳ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ɸɼʉ-6000ɸ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʨʠʩʫʥʢʘʭ 2, 3. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 

ʛʠʣʴʟʳ ʜʣʷ ʜʚʠʛʘʪʝʣʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʩʝʨʠʡʥʦʛʦ ɸɼʉ-6000ɸ: ʜʣʠʥʘ 20,5 

ʤʤ ʠ ʪʦʣʱʠʥʘ 4 ʤʤ. ʇʨʠ ʵʪʦʤ ʜʚʠʛʘʪʝʣʴ ʨʘʟʚʠʚʘʝʪ ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ 5 ʅĿʤ 

ʠ ʧʦʪʨʝʙʣʷʝʪ ʠʟ ʩʝʪʠ ʬʘʟʥʳʡ ʪʦʢ 23,6 ɸ; ʂʇɼ = 89%; ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 

cosj1 = 0,8 ʦ.ʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

S, ʦʪ.ʝʜ. I 1, ɸ M, ʅ*ʤ P2, ɺʪ cosj, ʦ.ʝ. ʂʇɼ, ʦ.ʝ. SP, ɺʪ 

0,02 15,6 2,84 3340 0,705 0,877 468 

0,038 23,6 5,0 5800 0,800 0,890 717 

0,05 28,7 6,15 7160 0,814 0,884 938 

0,08 40,3 8,6 9730 0,813 0,857 1630 

0,12 53,4 10,9 11900 0,789 0,813 2740 

0,2 72,9 13,5 13300 0,730 0,722 512 

0,3 88,9 14,7 12600 0,668 0,614 - 

0,4 99,8 15,0 11000 0,622 0,513 - 

0,5 108 15,0 9110 0,585 0,416 - 

0,6 114 14,8 7120 0,556 0,324 - 

0,7 119 14,5 5160 0,531 0,235 - 

0,8 124 14,1 3260 0,509 0,149 - 

0,9 126 13,8 1430 0,489 0,066 - 

1,0 129 13,4 0 0,472 0 - 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 




