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ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ XIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠè. 
ɺ ʜʘʥʥʦʤ ʠʟʜʘʥʠʠ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʦʙʣʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʠ ʜʚʠʞʝʥʠʝʤ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʚʠʦʥʠʢʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʫʟʣʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʘʟʚʠʪʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʛʦʪʦʚʢʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʢʘʜʨʦʚ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 
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ʇɸʄʗʊʀ ʋʏɽʅʆɻʆ 
 

 
 

8 ʦʢʪʷʙʨʷ 2025 ʛʦʜʘ ʙʝʟʚʨʝʤʝʥʥʦ ʫʰʝʣ ʠʟ ʞʠʟʥʠ ʄʫʩʣʠʤ ɸʤʠʨʦʚʠʯ ʄʝʞʝʪʦʚ, 

ʪʘʣʘʥʪʣʠʚʳʡ ʧʝʜʘʛʦʛ, ʪʝʦʨʝʪʠʢ ʠ ʧʨʘʢʪʠʢ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʘʚʪʦʨ ʤʥʦʞʝʩʪʚʘ ʥʘʫʯʥʳʭ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʦʧʳʪʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ. ɺʩʶ ʩʚʦʶ ʞʠʟʥʴ ʙʝʟ ʦʩʪʘʪʢʘ ʦʪʜʘʣ 

ʧʨʝʜʘʥʥʦʤʫ ʩʣʫʞʝʥʠʶ ʚ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣʘʭ ʠ ʨʘʙʦʪʝ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʥʘ ʙʣʘʛʦ 

ʈʦʜʠʥʳ. 

ʋʭʦʜ ʯʝʣʦʚʝʢʘ ʠ ʫʯʝʥʦʛʦ ʚ ʩʘʤʦʤ ʨʘʩʮʚʝʪʝ ʩʠʣ ï ʙʦʣʴʰʘʷ ʧʦʪʝʨʷ ʜʣʷ ʀʨʢʫʪʩʢʦʛʦ 

ʬʠʣʠʘʣʘ ʄɻʊʋ ɻɸ, ʚ ʢʦʪʦʨʦʤ ʄʫʩʣʠʤ ɸʤʠʨʦʚʠʯ ʜʦʣʛʦʝ ʚʨʝʤʷ ʪʨʫʜʠʣʩʷ. ʕʪʘ ʫʪʨʘʪʘ 

ʪʷʞʝʣʘ ʜʣʷ ʩʝʤʴʠ, ʩʪʫʜʝʥʪʦʚ, ʚʳʧʫʩʢʥʠʢʦʚ, ʜʨʫʟʝʡ, ʢʦʣʣʝʛ ʧʦ ʫʥʠʚʝʨʩʠʪʝʪʫ. ʄʫʩʣʠʤʘ 

ɸʤʠʨʦʚʠʯʘ ʮʝʥʠʣʠ ʢʘʢ ʪʘʣʘʥʪʣʠʚʦʛʦ ʦʨʛʘʥʠʟʘʪʦʨʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ 

ʧʫʪʴ ʦʪ ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʜʝʢʘʥʘ 

ʬʘʢʫʣʴʪʝʪʘ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ. ɽʛʦ ʦʩʦʙʘʷ ʟʘʩʣʫʛʘ ʩʚʷʟʘʥʘ ʩ 

ʩʦʟʜʘʥʠʝʤ ʪʘʢʦʡ ʪʚʦʨʯʝʩʢʦʡ ʠ ʜʝʤʦʢʨʘʪʠʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʣʝʢʘʣʘ ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʨʠʚʣʝʢʘʪʴ ʚ ʥʝʛʦ ʚʩʝ ʥʦʚʳʭ ʫʯʝʥʳʭ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʤ ʫʩʣʦʚʠʷ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚ. ʄʫʩʣʠʤ ɸʤʠʨʦʚʠʯ ʙʳʣ ʚ ʧʨʦʬʝʩʩʠʠ ʙʦʣʝʝ 25 ʣʝʪ. ʕʪʠ ʛʦʜʳ 

ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʛʨʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʘʢʪʠʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʨʘʙʦʪʝ. 

ʉʚʦʠ ʠʜʝʠ ʠ ʤʝʪʦʜʳ ʄʫʩʣʠʤ ɸʤʠʨʦʚʠʯ ʠʟʣʦʞʠʣ ʚ ʙʦʣʝʝ ʯʝʤ 50 ʥʘʫʯʥʳʭ ʠ 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʯʠʪʘʚʰʠʭʩʷ ʠʤ 

ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʦʚ. ʆʥ ʤʥʦʛʦ ʣʝʪ ʨʫʢʦʚʦʜʠʣ ʚʳʧʫʩʢʥʳʤʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤʠ 

ʨʘʙʦʪʘʤʠ, ʘ ʪʘʢʞʝ ʢʘʥʜʠʜʘʪʩʢʠʤʠ ʜʠʩʩʝʨʪʘʮʠʷʤʠ. 

ɿʘʩʣʫʛʠ ʄʫʩʣʠʤʘ ɸʤʠʨʦʚʠʯʘ ʧʝʨʝʜ ʚʳʩʰʠʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʪʨʘʥʳ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʠʩʴ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ ʨʝʛʠʦʥʘ. ʂʦʣʣʝʛʠ ʠ ʩʪʫʜʝʥʪʳ ʚʩʝʛʜʘ ʦʪʤʝʯʘʣʠ ʝʛʦ ʣʠʯʥʳʝ ʢʘʯʝʩʪʚʘ ï 

ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʘʷ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ, ʪʘʢʪʠʯʥʦʩʪʴ ʧʨʠ ʦʙʱʝʥʠʠ ʩ ʢʦʣʣʝʛʘʤʠ, ʫʤʝʥʠʝ 

ʜʘʪʴ ʩʦʚʝʪ ʚ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ ʞʠʟʥʠ ʠ ʨʘʙʦʪʳ. 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ ʥʘʚʩʝʛʜʘ ʚʧʠʩʘʣ ʄʫʩʣʠʤʘ ɸʤʠʨʦʚʠʯʘ ʄʝʞʝʪʦʚʘ ʚ 

ʣʝʪʦʧʠʩʴ ʩʚʦʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʧʫʪʠ. 

ʇʘʤʷʪʴ ʦ ʥʝʤ ʦʩʪʘʥʝʪʩʷ ʚ ʥʘʰʠʭ ʩʝʨʜʮʘʭ. 
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Abstract. The article considers the human factor as a key cause of aviation accidents. The 

analysis of scientific publications, official reports of the International Aviation Committee (IAC) 

and materials on flight safety management was conducted. Based on the study, tables were formed 

to clearly illustrate the main aspects of the human factorôs influence on aviation safety. In 

particular, the study highlightes the key elements of the human factor, the most common errors, and 

modern methods of their prevention. 
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ʫʧʨʘʚʣʝʥʠʷ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʦʡ ʠʟ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʧʨʠʯʠʥ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʠʥʮʠʜʝʥʪʦʚ [1-2].  

mailto:aea23022003@gmail.com
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ʅʝʜʘʚʥʠʡ ʦʙʟʦʨ ʢʨʫʧʥʳʭ ʘʚʠʘʢʘʪʘʩʪʨʦʬ ʧʦʢʘʟʘʣ, ʯʪʦ 48% ʘʚʠʘʢʘʪʘʩʪʨʦʬ 

ʙʳʣʠ ʚʳʟʚʘʥʳ ʦʰʠʙʢʘʤʠ ʧʠʣʦʪʦʚ, ʠ ʧʨʠʤʝʨʥʦ 17% ʵʪʠʭ ʦʰʠʙʦʢ ʙʳʣʠ ʩʚʷʟʘʥʳ 

ʩ ʠʭ ʫʩʪʘʣʦʩʪʴʶ [3-6]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʨʦʣʠ 

ʯʝʣʦʚʝʢʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. ʇʦʥʠʤʘʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʦʰʠʙʢʠ ʧʠʣʦʪʘ ʦʩʪʘʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʈʘʟʚʠʪʠʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʚʳʰʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ ʧʦʣʸʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʘʞʝ ʩʘʤʳʝ ʩʦʚʝʨʰʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʝ 

ʠʩʢʣʶʯʘʶʪ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʠ ʠʤʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘè ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʥʘʜʸʞʥʦʩʪʴ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʨʝʟ ʧʨʠʟʤʫ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ɼʘʞʝ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʥʝ ʠʩʢʣʶʯʘʶʪ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʘ ʟʥʘʯʠʪ, ʠʤʝʥʥʦ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʦʩʪʘʸʪʩʷ ʨʝʰʘʶʱʠʤ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ. 

ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʝʛʦ ʤʠʥʠʤʠʟʘʮʠʠ 

ʠ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ.  

ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ï ʵʪʦ ʥʘʫʢʘ ʦ ʣʶʜʷʭ ʚ ʪʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ 

ʞʠʚʫʪ ʠ ʪʨʫʜʷʪʩʷ, ʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʘʰʠʥʘʤʠ, ʧʨʦʮʝʜʫʨʘʤʠ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʘ ʪʘʢʞʝ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʶʜʝʡ ʤʝʞʜʫ ʩʦʙʦʡ [7]. 

ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʘʚʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʣʦʚʝʢʘ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʠ ʧʨʠʥʠʤʘʝʤʳʝ ʨʝʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ. ʆʥ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʩ ʩʘʤʦʣʸʪʦʤ ʠ ʝʛʦ ʩʠʩʪʝʤʘʤʠ, ʩ ʘʚʠʘʜʠʩʧʝʪʯʝʨʘʤʠ, 

ʪʝʭʥʠʯʝʩʢʠʤ ʧʝʨʩʦʥʘʣʦʤ, ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʦʣʸʪʘ. 

ʆʰʠʙʢʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʆʥʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ, ʫʩʪʘʣʦʩʪʠ, ʧʝʨʝʛʨʫʟʢʠ ʠʥʬʦʨʤʘʮʠʝʡ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʥʝʚʝʨʥʳʭ ʨʝʰʝʥʠʷʭ 

ʵʢʠʧʘʞʘ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʝʩʪʠ ʢ ʠʥʮʠʜʝʥʪʫ ʠʣʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʜʝʡʩʪʚʠʷʭ 

ʵʢʠʧʘʞʘ ʠ ʪʦʯʥʝʝ ʦʮʝʥʠʪʴ ʠʭ ʚʢʣʘʜ ʚ ʨʠʩʢʠ ʧʦʣʸʪʘ, ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʜʠʘʛʨʘʤʤʘ ɼʘʥʥʘ, ʦʰʠʙʢʠ ʧʠʣʦʪʦʚ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴ ʚ 

ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦʨʠʶ. ʆʜʥʘʢʦ, ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʦʰʠʙʢʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ.  

ʆʰʠʙʢʠ ʯʝʣʦʚʝʢʘ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʯʝʪʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʩʪʘʣʦʩʪʴ, ʥʝʜʦʩʪʘʪʦʢ ʦʧʳʪʘ, ʥʘʨʫʰʝʥʠʝ ʧʨʦʮʝʜʫʨ ʠ 

ʧʝʨʝʛʨʫʟʢʘ ʠʥʬʦʨʤʘʮʠʝʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʥʝʚʦʟʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʩʘʤʦʣʝʪʘ ʠʣʠ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʅʝʦʙʭʦʜʠʤʘ 

ʠʥʪʝʛʨʘʮʠʷ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʫʣʫʯʰʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 
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ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ 

ʦʰʠʙʢʘʤʠ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʵʪʦʡ ʩʪʘʪʴʝ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʦʣʷ ʨʘʟʣʠʯʥʳʭ ʘʚʠʘʧʨʦʠʩʰʝʩʪʚʠʡ ʧʦ ʜʘʥʥʳʤ ʄɸʂ, 

ʀʩʪʦʯʥʠʢ: https://habr.com/ru/articles/896790 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʘʚʠʘʧʨʦʠʩʰʝʩʪʚʠʡ, ʨʘʩʩʣʝʜʦʚʘʥʥʳʭ ʄɸʂ ʟʘ ʧʝʨʠʦʜ ʩ 

2014 ʧʦ 2024 ʛ., ʦʰʠʙʢʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʩʪʘʶʪʩʷ ʛʣʘʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʘʚʠʘʧʨʦʠʩʰʝʩʪʚʠʡ. ʈʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, 

ʦʩʦʙʝʥʥʦ ʚ ʠʥʮʠʜʝʥʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʘʩʪʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʠ ʚʝʨʪʦʣʸʪʘʤʠ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʘʙʣʠʮʳ ʠ ʨʠʩʫʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʦʬʠʮʠʘʣʴʥʳʭ ʦʪʯʝʪʦʚ ʄɸʂ ʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ. ʈʠʩʫʥʦʢ 2 ʠ ʊʘʙʣʠʮʘ 1 ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʦʙʳʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʜ ʪʝʨʤʠʥʦʤ çʏʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨè. ʊʘʙʣʠʮʘ 2 ʚʳʜʝʣʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʜʝʡʩʪʚʝʥʥʳʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʦʣʝʪʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

 

https://habr.com/ru/articles/896790
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ʊʘʙʣʠʮʘ 1 ï ʈʘʩʰʠʨʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʆʰʠʙʢʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ 

ʆʰʠʙʢʠ 

ʥʘʟʝʤʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ 

ʆʰʠʙʢʠ 

ʜʠʩʧʝʪʯʝʨʦʚ  

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ 

ʂʦʤʤʫʥʠʢʘʮʠʦʥ

ʥʳʝ ʦʰʠʙʢʠ  

1. ʅʘʨʫʰʝʥʠʝ 
ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʨʦʮʝʜʫʨ (SOP); 

2. ʇʦʪʝʨʷ ʢʦʥʪʨʦʣʷ 
ʥʘʜ ʩʘʤʦʣʸʪʦʤ 

(LOC); 

3. ʆʰʠʙʢʠ 
ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʘʤʠ; 

4. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 
ʨʝʘʢʮʠʷ ʥʘ 

ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʩʠʩʪʝʤ 

1. ʅʝʧʨʘʚʠʣʴʥʘʷ 
ʧʦʜʛʦʪʦʚʢʘ 

ʩʘʤʦʣʸʪʘ ʢ 

ʚʳʣʝʪʫ; 

2. ʆʰʠʙʢʠ ʚ 
ʟʘʧʨʘʚʢʝ ʠ 

ʟʘʛʨʫʟʢʝ; 

3. ʅʘʨʫʰʝʥʠʝ 
ʧʨʦʮʝʜʫʨ 

ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ 

1. ʅʝʚʝʨʥʳʝ 
ʫʢʘʟʘʥʠʷ 

ʵʢʠʧʘʞʫ; 

2. ʆʰʠʙʢʠ 
ʢʦʦʨʜʠʥʘʮʠ

ʠ ʤʝʞʜʫ 

ʜʠʩʧʝʪʯʝʨʘʤ

ʠ; 

3. ʅʝʜʦʩʪʘʪʦʢ 
ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʚʦʟʜʫʰʥʦʡ 

ʩʠʪʫʘʮʠʠ 

1. ʉʪʨʝʩʩ; 

2. ʋʩʪʘʣʦʩʪʴ; 

3. ʇʝʨʝʥʘʧʨʷʞʝʥ
ʠʝ; 

4. ʅʘʨʫʰʝʥʠʝ 
ʛʨʘʬʠʢʘ 

ʨʘʙʦʪʳ ʠ 

ʦʪʜʳʭʘ; 

5. ʉʣʘʙʘʷ 
ʢʫʣʴʪʫʨʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʢʦʤʧʘʥʠʠ 

1. ʅʝʧʦʥʠʤʘʥʠʝ 
ʠʥʩʪʨʫʢʮʠʡ; 

2. ʆʰʠʙʢʠ ʧʨʠ 
ʧʝʨʝʜʘʯʝ 

ʩʦʦʙʱʝʥʠʡ 

 

ʊʘʙʣʠʮʘ 2 ï ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ 

ʂʘʪʝʛʦʨʠʠ ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʇʨʝʠʤʫʱʝʩʪʚʘ 
ʉʩʳʣʢʘ ʥʘ 

ʣʠʪʝʨʘʪʫʨʫ 

ʆʰʠʙʢʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ 

 

AI-ʘʩʩʠʩʪʝʥʪʳ 

(çʚʠʨʪʫʘʣʴʥʳʡ ʚʪʦʨʦʡ 

ʧʠʣʦʪè) 

ʇʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʩʥʠʞʝʥʠʝ 

ʥʘʛʨʫʟʢʠ 

[8] 

ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʫʩʪʘʣʦʩʪʠ  

(eye-tracking, CV) 

ʈʘʥʥʝʝ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ 

ʫʩʪʘʣʦʩʪʠ, ʩʥʠʞʝʥʠʝ 

ʨʠʩʢʘ ʦʰʠʙʦʢ 

[9] 

SVS/EVS ʩ ʠʥʪʝʛʨʘʮʠʝʡ 

ʀʀ 

ʋʣʫʯʰʝʥʠʝ ʦʙʟʦʨʘ 

ʧʨʠ ʧʣʦʭʦʡ 

ʚʠʜʠʤʦʩʪʠ 

[10] 

ʆʰʠʙʢʠ ʥʘʟʝʤʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ 

ɼʨʦʥʳ ʠ CV ʜʣʷ ʦʩʤʦʪʨʘ 

ɺʉ 

ɹʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ, 

ʯʝʤ ʚʠʟʫʘʣʴʥʳʡ 

ʦʩʤʦʪʨ ʯʝʣʦʚʝʢʦʤ 

 

[11] 

ʆʰʠʙʢʠ ʜʠʩʧʝʪʯʝʨʦʚ ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʨʘʜʠʦʧʝʨʝʛʦʚʦʨʦʚ 

ʉʦʢʨʘʱʝʥʠʝ ʦʰʠʙʦʢ 

ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ 

[12] 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ 

AI-ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʵʢʠʧʘʞʘ 

ʈʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ 

ʩʪʨʝʩʩʘ 

[13] 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʦʰʠʙʢʠ (ʚ ʵʢʠʧʘʞʝ ʠ ʩ 

ʜʠʩʧʝʪʯʝʨʘʤʠ) 

ʉʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ 

ʩʠʥʪʝʟʘ ʨʝʯʠ ʚ ʢʘʙʠʥʝ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

ʌʠʢʩʘʮʠʷ 

ʧʝʨʝʛʦʚʦʨʦʚ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʥʝʜʦʧʦʥʠʤʘʥʠʷ 

[14] 
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ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʩʤʦʪʨʷ ʥʘ 

ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ï ʪʘʢʠʭ ʢʘʢ CRM, ʪʨʝʥʘʞʸʨʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʯʝʢ-ʣʠʩʪʳ ʠ ʢʫʣʴʪʫʨʘ ʦʪʯʸʪʥʦʩʪʠ ï ʦʰʠʙʢʠ 

ʯʝʣʦʚʝʢʘ ʧʨʦʜʦʣʞʘʶʪ ʩʦʩʪʘʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʩʝʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ. ʀ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʪʘʙʣʠʮʝ ʚʳʰʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʘ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʱʘʪʴʩʷ ʦʪ 

çʨʝʘʢʪʠʚʥʦʛʦè ʧʦʜʭʦʜʘ (ʢʦʛʜʘ ʦʰʠʙʢʠ ʨʘʟʙʠʨʘʶʪ ʧʦʩʪʬʘʢʪʫʤ) ʢ 

çʧʨʦʘʢʪʠʚʥʦʤʫè ʠ ʜʘʞʝ çʧʨʝʜʠʢʪʠʚʥʦʤʫè (ʢʦʛʜʘ ʦʰʠʙʢʠ ʧʨʝʜʚʠʜʷʪʩʷ ʠ ʠʭ 

ʧʦʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʦ ʜʦ ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ). 

ʅʘ ʧʨʠʤʝʨʝ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ CRM 

ʩʦʟʜʘʶʪ ʙʘʟʫ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ, ʥʦ ʠʤʝʥʥʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʥʠʟʠʪʴ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʰʠʙʢʠ ʜʦ 

ʠʭ ʧʨʦʷʚʣʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʨʘʙʦʪʝ ʜʠʩʧʝʪʯʝʨʦʚ: 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʦʩʪʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʬʫʥʜʘʤʝʥʪʦʤ, ʥʦ 

ʠʤʝʥʥʦ ʀʀ ʩʧʦʩʦʙʝʥ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʢʦʥʬʣʠʢʪʳ ʪʨʘʝʢʪʦʨʠʡ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʛʨʫʟʢʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ. ɿʜʝʩʴ 

ʩʦʯʝʪʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ SMS ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʠʢʪʠʚʥʦʡ 

ʘʥʘʣʠʪʠʢʠ ʩʦʟʜʘʸʪ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʤʦʜʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʛʜʘ ʨʠʩʢʠ ʥʝ 

ʪʦʣʴʢʦ ʬʠʢʩʠʨʫʶʪʩʷ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʟʘʨʘʥʝʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʘ 

ʚʳʩʪʨʘʠʚʘʪʴ ʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʠʥʮʠʜʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
 

1. ʆʚʯʘʨʦʚ ɺ. ɽ. "ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ" ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ : (ʤʝʪʦʜ. 

ʤʘʪʝʨʠʘʣʳ) / ɺ. ɽ. ʆʚʯʘʨʦʚ ; ɺ. ɽ. ʆʚʯʘʨʦʚ ; ʄʝʞʛʦʩ. ʘʚʠʘʮ. ʢʦʤ., ʄʝʞʜʫʥʘʨ. ʘʢʘʜ. ʧʨʦʙʣʝʤ 

ʯʝʣʦʚʝʢʘ ʚ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʦʥʘʚʪʠʢʝ. ï ʄʦʩʢʚʘ : ʕʥʝʨʛʠʷ, 2005. ï 79 ʩ. ï EDN QNSRBJ. 

2. ʃʝʚʠʥ ɸ. ɼ. ʇʨʦʙʣʝʤʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʘʚʠʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʜʠʘʛʨʘʤʤʳ 

ʀʩʠʢʘʚʳ / ɸ. ɼ. ʃʝʚʠʥ // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. ï 

2024. ï ˉ 2-2(89). ï ʉ. 132-136. ï DOI 10.24412/2500-1000-2024-2-2-132-136. ï EDN 

XNXGOU. 

3. Oster, C.V.; Strong, J.S.; Zorn, C.K. Analyzing aviation safety: Problems, challenges, 

opportunities. Res. Transp. Econ. 2013 

4. Bourgeois-Bougrine, Samira et al. Perceived fatigue for short- and long-haul flights: a 

survey of 739 airline pilots// Aviation, space, and environmental medicine vol. 74,10 (2003): 1072-

7. 

5. ʉʘʛʠʪʦʚ ɼ. ʀ. ɸʥʘʣʠʟ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʘʚʠʘʮʠʠ. ʆʰʠʙʢʠ ʯʣʝʥʦʚ ʣʝʪʥʳʭ 

ʵʢʠʧʘʞʝʡ / ɼ. ʀ. ʉʘʛʠʪʦʚ, ɸ. ɺ. ʂʦʨʷʢʠʥ, ʇ. ʇ. ʂʦʩʫʣʴʥʠʢʦʚ // ʉʪʦʣʳʧʠʥʩʢʠʡ ʚʝʩʪʥʠʢ. ï 

2023. ï ʊ. 5, ˉ 11. ï EDN QQHLLE.  

6. ɸʥʘʣʠʟ ʘʚʠʘʧʨʦʠʩʰʝʩʪʚʠʡ, ʨʘʩʩʣʝʜʦʚʘʥʥʳʭ ʄɸʂ ʟʘ 2014ï2024 ʛ // [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï 2024. URL: https://habr.com/ru/articles/896790 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 08.09.2025) 

7. ʊʠʮ ʉ. ʅ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: tic-s.n.-

chelovecheskii-faktor.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 08.09.2025) 

https://habr.com/ru/articles/896790
file:///C:/Users/aea23/Downloads/Telegram%20Desktop/tic-s.n.-chelovecheskii-faktor.pdf
file:///C:/Users/aea23/Downloads/Telegram%20Desktop/tic-s.n.-chelovecheskii-faktor.pdf


14 

8. Virtual Co-Pilot: Multimodal Large Language Model-enabled Quick-access Procedures for 

Single Pilot Operations [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]-2024. ï URL: https://arxiv.org/abs/2403.16645 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 08.09.2025) 

9. Li, Yongkai et al. ñA CNN-Based Wearable System for Driver Drowsiness Detection.ò 

Sensors (Basel, Switzerland) vol. 23,7 3475. 26 Mar. 2023. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL:  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10099375 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 08.09.2025) 

10. Xu M., Guo Y., Yang B., Chen W., Lv P., Fan L., Zhou B. Improving Aviation Safety using 

Synthetic Vision System integrated with Eye-tracking Devices // IEEE Transactions on Systems, Man, 

and Cybernetics: Systems. ï 2018. ï Vol. XX, No. X. 

11. LRATD: a lightweight real-time abnormal trajectory detection approach for road traffic 

surveillance [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL:  https://link.springer.com/article/10.1007/s00521-022-

07626-2#citeas (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 08.09.2025)  

12. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʜʠʦʩʚʷʟʠ ʚ ʘʚʠʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL:  https://na-

journal.ru/9-2023-elektrotehnika/6406-avtomatizaciya-radiosvyazi-v-aviacii (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

08.09.2025) 

13. A CNN-Based Wearable System for Driver Drowsiness Detection [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ï URL: https://pmc.ncbi.nlm.nih.gov/articles/PMC10099375/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 08.09.2025)  

14. Application of speech recognition and synthesis in the general aviation cockpit 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL:  https://ntrs.nasa.gov/citations/19840056495 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

08.09.2025) 
 
 

ʋɼʂ 629.735 
 

ʂ ɺʆʇʈʆʉʋ ʆɹɽʉʇɽʏɽʅʀʗ ɹɽɿʆʇɸʉʅʆɻʆ ɺɿʃɽʊɸ ʉɸʄʆʃɽʊɸ 

ʉ ʅɽʉʀʄʄɽʊʈʀʏʅʆʁ ʊʗɻʆʁ ʉʀʃʆɺʆʁ ʋʉʊɸʅʆɺʂʀ 
 

ɺʝʨʝʱʠʢʦʚ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʄʘʢʘʨʦʚ ʀʣʴʷ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʂʠʩʝʣʝʚ ɺʣʘʜʠʩʣʘʚ ʀʛʦʨʝʚʠʯ 

vkiselev2015@gmail.com 
 

ɺʋʅʎ ɺɺʉ çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ 
ʖ.ɸ. ɻʘʛʘʨʠʥʘè 
(ʛ. ɺʦʨʦʥʝʞ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʚʟʣʝʪʘ ʩʘʤʦʣʝʪʘ ʚ 

ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʠʟ ʜʚʠʛʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʣʝʪʯʠʢʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢ ʧʘʨʠʨʦʚʘʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʪʷʛʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʩʠʤʫʣʷʪʦʨ, ʚʟʣʝʪ, ʩʘʤʦʣʝʪ, ʜʚʠʛʘʪʝʣʴ, ʣʝʪʯʠʢ. 
 

ON THE ISSUE OF ENSURING A SAFE TAKEOFF FOR AN AIRCRAFT 

WITH AN ASYMMETRICAL PROPULSION SYSTEM  
 

Vereshchikov Dmitry V., Candidate of Technical Sciences 

Makarov Ilya K., Candidate of Technical Sciences 

Kiselev Vladislav I. 
 

Military Training and Research Center of the Air Force çAir Force Academy after 
Professor N.E. Zhukovsky and Y.A. Gagarinè 

(Voronezh) 

https://arxiv.org/abs/2403.16645
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10099375
https://link.springer.com/article/10.1007/s00521-022-07626-2#citeas
https://link.springer.com/article/10.1007/s00521-022-07626-2#citeas
https://na-journal.ru/9-2023-elektrotehnika/6406-avtomatizaciya-radiosvyazi-v-aviacii
https://na-journal.ru/9-2023-elektrotehnika/6406-avtomatizaciya-radiosvyazi-v-aviacii
https://pmc.ncbi.nlm.nih.gov/articles/PMC10099375/
https://ntrs.nasa.gov/citations/19840056495


15 

Abstract. The article describes a method for ensuring the safe takeoff of an aircraft in the 

event of a single engine failure, through additional information support for the pilot regarding the 

ability of the control surfaces to counteract the effects of asymmetric thrust. 

Keywords: glight simulator, takeoff, aircraft, engine, pilot. 

 

ʉʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ ʯʘʩʪʦ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʜʚʘ ʜʚʠʛʘʪʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʘ ʧʨʠ ʦʪʢʘʟʝ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʠʟ ʥʠʭ. ʂʦʤʧʦʥʦʚʢʘ ʨʘʟʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʩʘʤʦʣʝʪʝ ʪʘʢʦʚʘ, ʯʪʦ ʧʨʠ ʦʪʢʘʟʝ 

ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʨʳʩʢʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦʪʝʨʷ ʪʷʛʠ. ʊʘʢʦʝ ʨʘʟʚʠʪʠʝ ʩʠʪʫʘʮʠʠ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʦ ʧʨʠ ʚʟʣʝʪʝ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʷʛʘ ʠ ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʝʪʦʤ ʤʘʣʳ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʟʤʫʱʝʥʠʡ. ʏʘʩʪʦ ʧʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʫʛʦʣ ʘʪʘʢʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʣʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʧʦʪʝʨʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʠ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ Simulink-ʤʦʜʝʣʠ 

ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʩ ʦʪʢʘʟʘʚʰʠʤ ʜʚʠʛʘʪʝʣʝʤ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʝʛʦ ʙʝʟʦʧʘʩʥʦʛʦ ʚʟʣʝʪʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʧʠʣʦʪʘʞʥʳʭ ʥʘʚʳʢʦʚ ʣʝʪʯʠʢʘ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʩʠʩʪʝʤʦʡ 

ʠʤʠʪʘʮʠʠ ʧʦʣʝʪʘ (ʘʚʠʘʩʠʤʫʣʷʪʦʨ). 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʙʣʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʘʤʦʣʝʪʘ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʪʷʛʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʦʩʥʦʚʘʥʦ ʥʘ ʚʳʙʦʨʝ ʪʘʢʠʭ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʙʳ ʫʩʣʦʚʠʶ ʨʘʚʝʥʩʪʚʘ 

ʥʫʣʶ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ, ʠʥʝʨʮʠʦʥʥʳʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʦʤʝʥʪʦʚ ʠ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʝʪ. ʊʘʢʫʶ ʙʘʣʘʥʩʠʨʦʚʢʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʙʘʣʘʥʩʠʨʦʚʢʦʡ ʧʦ 

ʩʠʣʘʤ ʠ ʤʦʤʝʥʪʘʤ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʩʘʤʦʣʝʪ ʧʦ 

ʤʦʤʝʥʪʘʤ ʢʨʝʥʘ, ʨʳʩʢʘʥʠʷ ʠ ʙʦʢʦʚʦʡ ʩʠʣʝ, ʪʦ ʝʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʙʦʢʦʚʫʶ 

ʙʘʣʘʥʩʠʨʦʚʢʫ. ɼʣʷ ʵʪʦʛʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʝʪʦʤ ʚ ʢʘʥʘʣʘʭ ʢʨʝʥʘ, ʨʳʩʢʘʥʠʷ ʠ ʩʦʟʜʘʚʘʪʴ ʢʨʝʥ. ʇʨʠ ʵʪʦʤ 

ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʩʧʦʩʦʙʘ ʙʦʢʦʚʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ: ʙʝʟ ʢʨʝʥʘ, ʙʝʟ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʩ ʥʝ ʦʪʢʣʦʥʝʥʥʳʤ ʨʫʣʝʤ ʥʘʧʨʘʚʣʝʥʠʷ [1, 2]. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ 

ʩʧʦʩʦʙʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʦʣʝʪʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʧʦʩʦʙ 

ʙʘʣʘʥʩʠʨʦʚʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʣʝʪʯʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʥʝʢʦʪʦʨʦʝ ʦʪʩʪʫʧʣʝʥʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʞʝʪ ʜʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ ʙʘʣʘʥʩʠʨʦʚʢʠ ʙʝʟ 

ʩʢʦʣʴʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʦʤʝʥʪ ʨʳʩʢʘʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʡ ʨʘʙʦʪʘʶʱʠʤ ʜʚʠʛʘʪʝʣʝʤ, 
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ʧʘʨʠʨʫʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ. ɹʦʢʦʚʘʷ ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʩʘ ʩʘʤʦʣʝʪʘ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʢʨʝʥʘ ʥʘ ʨʘʙʦʪʘʶʱʠʡ ʜʚʠʛʘʪʝʣʴ. ʇʦʪʨʝʙʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʢʨʝʥʫ ʥʝʚʝʣʠʢʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʤʦʤʝʥʪʘ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʫʣʝʤ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʘʤʦʣʝʪ ʩʦʚʝʨʰʘʝʪ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʧʦʣʝʪ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ, ʢʦʛʜʘ 

ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʢʨʝʥʫ ʪʝʨʷʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʥʳʭ ʥʘʧʦʨʦʚ ʠ ʩʨʳʚʘ ʧʦʪʦʢʘ ʩ ʢʦʥʮʝʚʳʭ ʩʝʯʝʥʠʡ ʢʨʳʣʘ ʧʨʠ ʙʦʣʴʰʠʭ 

ʫʛʣʘʭ ʘʪʘʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʤʦʤʝʥʪʘ ʢʨʝʥʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʢʦʣʴʞʝʥʠʷ ʟʘ ʩʯʝʪ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʘʤʦʣʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʘʤʦʣʝʪʘ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʘʨʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʘ ʨʳʩʢʘʥʠʷ ʨʫʣʝʤ ʥʘʧʨʘʚʣʝʥʠʷ [3]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʩʣʫʯʘʡ. ʇʦʣʝʪ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʠ ʢʨʝʥʘ 

(ʈʠʩʫʥʦʢ 1). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʝʪ ʧʨʠ 

ʧʦʣʝʪʝ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʘʟʚʦʨʦʪʝ ʩ ʦʪʢʘʟʘʚʰʠʤ ʣʝʚʳʤ ʜʚʠʛʘʪʝʣʝʤ 

ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʠ ʢʨʝʥʘ 
 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʙʦʢʦʚʘʷ ʩʠʣʘ, ʩʦʟʜʘʥʥʘʷ 

ʦʪʢʣʦʥʝʥʥʳʤ ʨʫʣʝʤ ʥʘʧʨʘʚʣʝʥʠʷ. ʕʪʘ ʩʠʣʘ ʟʘʩʪʘʚʣʷʝʪ ʩʘʤʦʣʝʪ ʠʩʢʨʠʚʣʷʪʴ 

ʪʨʘʝʢʪʦʨʠʶ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʊʘʢ ʢʘʢ ʩʢʦʣʴʞʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ 

ʩʘʤʦʣʝʪ ʩʙʘʣʘʥʩʠʨʫʝʪʩʷ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʘʟʚʦʨʦʪʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʢʦʚʦʡ 

ʧʝʨʝʛʨʫʟʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʧʦʣʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʨʠʚʣʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʫw, ʘ ʟʥʘʯʠʪ  ʧʦʷʚʣʷʶʪʩʷ ʜʝʤʧʬʠʨʫʶʱʠʡ yy
yM w
w

 

ʠ ʩʧʠʨʘʣʴʥʳʡ yx
yM w
w

 ʤʦʤʝʥʪʳ, ʧʨʠʯʝʤ ʜʝʤʧʬʠʨʫʶʱʠʡ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʚ 

ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʤʦʤʝʥʪʫ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ. ʇʦʪʨʝʙʥʦʝ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʤʦʤʝʥʪʘ ʨʳʩʢʘʥʠʷ ʦʪʢʣʦʥʝʥʠʝ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʙʘʣʘʥʩʠʨʦʚʢʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (1), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʩʧʦʣʘʛʘʝʤʳʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʨʳʩʢʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 

ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʣʝʪʘ, ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʤʘʩʩ ʩʘʤʦʣʝʪʘ 

ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʘʟʚʦʨʦʪʝ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʠ ʢʨʝʥʘ.  

 ( )

ʥ

y ʥ

ʥ

y ʬʥ ʵ

ʬ ʵ

z
x x

z ɹ
y y y y y ʥ

ɹ x x

c
m m

c
M m m m km qSl

m km

d
w d

d
w dd f

d f

m
d

m

è ø
+é ùå õ

é ù= + - +æ ö
+é ùç ÷

é ù
ê ú

. (1) 

ʉʨʘʚʥʠʚʘʷ ʵʪʦʪ ʤʦʤʝʥʪ ʩ ʤʦʤʝʥʪʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʨʘʙʦʪʘʶʱʝʤ 

ʜʚʠʛʘʪʝʣʝʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʘʤʦʣʝʪʘ ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʨʦʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʘʤʦʣʝʪʘ ʧʨʠ ʚʟʣʝʪʝ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʪʷʛʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʝʱʝ ʠ ʝʛʦ 

ʨʘʟʛʦʥ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʟʣʝʪ ʙʝʟʦʧʘʩʝʥ.  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʥʝʦʙʭʦʜʠʤʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʨʫʣʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢ ʨʘʟʛʦʥʫ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʰʢʘʣʳ ʠʥʜʠʢʘʪʦʨʘ ʥʘ ʣʦʙʦʚʦʤ ʩʪʝʢʣʝ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʤʘʨʢʝʨʳ) ʘʚʠʘʩʠʤʫʣʷʪʦʨʘ (ʈʠʩʫʥʦʢ 2), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʣʝʪʯʠʢʫ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢ ʧʘʨʠʨʦʚʘʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʪʷʛʠ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʠʥʜʠʢʘʪʦʨʘ ʥʘ ʣʦʙʦʚʦʤ ʩʪʝʢʣʝ 
 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʚʠʘʩʠʤʫʣʷʪʦʨʘ ʩ ʧʦʜʦʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʟʣʝʪʘ ʩʘʤʦʣʝʪʦʚ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʠʟ ʜʚʠʛʘʪʝʣʝʡ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʧʦ ɺʇʇ ʩ ʥʝʧʦʣʥʦʡ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʪʷʛʦʡ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʟʣʝʪʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʩ ʜʚʫʭʜʚʠʛʘʪʝʣʴʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ (ʉʋ) ʩ ʥʝʧʦʣʥʦʡ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʪʷʛʦʡ (ʥʘ ʵʪʘʧʝ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʘ). ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ. ʉʘʤʦʣʝʪ ɹʦʠʥʛ 777 ʚʟʷʪ ʟʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ 

ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʟʣʝʪʘ, 

ʘʩʠʤʤʝʪʨʠʷ ʪʷʛʠ, ʥʦʤʦʛʨʘʤʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. 

 

SOFTWARE FOR CALCULATI ON OF THE DYNAMICS OF MOVEMENT 

OF A TWIN -ENGINE AIRCRAFT ON A RUNWAY WITH REDUCED AND 

ASYMMETRICAL THRUST  

 

Galkov Alexander V., Candidate of Technical Sciences 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. To calculate parameters of aircraft movement on the runway with reduced and 

asymmetrical thrust, software is developed for evaluation of passenger aircraft takeoff safety with 

twin-engine power plant with reduced and asymmetrical thrust (at the stage of failure 

compensation). To write the program, the C++ programming language was used with the ability to 

create graphical interfaces. The Boeing 777 aircraft was taken as an object of research due to the 

high accident rate at the takeoff stage over the past five years. 
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ɺʚʝʜʝʥʠʝ  

ʀʟ ʩʪʘʪʠʩʪʠʢʠ ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʦʚ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

(ʉʋ) ʚʦ ʚʨʝʤʷ ʨʘʟʙʝʛʘ ʩʘʤʦʣʝʪʘ ʧʦ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ (ɺʇʇ). ɼʘʥʥʳʝ 

ʦʪʢʘʟʳ ʩʚʷʟʘʥʳ ʩ ʚʳʭʦʜʦʤ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʟʘ ʪʫʨʙʠʥʦʡ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʠ 

ʜʨ.). ɼʘʥʥʳʝ ʦʪʢʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʫʪʝʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ 
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ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʩʥʠʞʝʥʠʷ: ʧʦʚʳʰʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ 

ʦʧʦʨʳ ʨʦʪʦʨʘ; ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʥʠʞʘʶʱʠʭ ʧʨʝʜʝʣ ʜʣʠʪʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʛʦʨʷʯʝʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʅʦ ʩʥʠʞʝʥʠʝ ʪʷʛʠ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʵʪʘʧʝ ʨʘʟʙʝʛʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʠʘʮʠʦʥʥʦʤʫ ʧʨʦʠʩʰʝʩʪʚʠʶ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʙʝʟʦʧʘʩʥʘʷ ʚʳʩʦʪʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʧʨʠ 

ʚʟʣʝʪʝ (ʥʘ ʵʪʘʧʝ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʘ). 

ʉʘʤʦʣʝʪ ɹʦʠʥʛ 777 ʚʟʷʪ ʟʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ 

ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ. ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʚʟʣʝʪʘ ʩʘʤʦʣʝʪʘ ɹʦʠʥʛ 777 ʩ ʜʚʫʭʜʚʠʛʘʪʝʣʴʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ 

(ʉʋ) ʥʘ ʵʪʘʧʝ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʘ ʩʦʟʜʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ 

ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʨʘʟʤʝʨʳ 

ʠ ʩʦʩʪʦʷʥʠʝ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ (ɺʇʇ), ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʩʘʤʦʣʝʪʘ (ʙʘʟʘ ʰʘʩʩʠ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʩʘʤʦʣʝʪʘ ʜʦ ʦʩʠ ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʨ.), 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʧʨʠ ʦʪʢʘʟʝ, ʪʷʛʘ ʉʋ (ʧʨʠ ʤʠʥʠʤʘʢʩʥʦ-

ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ), ʩʢʦʨʦʩʪʴ ʦʪʨʳʚʘ ʧʝʨʝʜʥʝʛʦ ʢʦʣʝʩʘ, 

ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ), 

ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ  ʠ ʧʝʨʝʜʥʝʛʦ ʢʦʣʝʩʘ (ʨʠʩʫʥʦʢ 1).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʏʘʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʣʦʢ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʝʪ, ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʨʘʚʳʝ ʯʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ 4-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ʤʝʪʦʜʫ ʈʫʥʛʝ-ʂʫʪʪʘ ʩ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0,01 

ʩʝʢ (ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʃɸ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʶʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʦʪ 

ɺʇʇ (ʨʠʩʫʥʦʢ 2) ʧʨʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʛʣʫʙʠʥʝ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʠʩʧʨʘʚʥʦʛʦ ʠ 

ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʘʩʠʤʤʝʪʨʠʠ ʪʷʛʠ. ʈʘʩʯʝʪ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʦʨʪʦʚʳʤ ʮʠʬʨʦʚʳʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʦʩʥʦʚʥʫʶ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʘʢʦʥʫ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʦʪ ɺʇʇ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʦʪʨʳʚʘ ʩʘʤʦʣʝʪʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʧʨʠʝʤʣʝʤʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʨʘʥʠʮ ɺʇʇ (ʜʣʠʥʘ ɺʇʇ ï 2500 ʤ; ʰʠʨʠʥʘ ɺʇʇ ï 

50 ʤ): ʧʨʦʜʦʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ï 2022, 28 ʤ; ʙʦʢʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ï 17,04 ʤ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʦʤʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 3) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʨʘʟʤʝʨʦʚ ɺʇʇ, ʚʟʣʝʪʥʦʡ ʤʘʩʩʳ ʩʘʤʦʣʝʪʘ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ɺʇʇ ʩ ʜʣʠʥʦʡ 3200 ʤ, ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ï +30ʉ0, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ï 0,095 ʄʇʘ),  

ʚʟʣʝʪʥʦʡ ʤʘʩʩʦʡ ʩʘʤʦʣʝʪʘ ï 220 ʪʦʥʥ, ʩʢʦʨʦʩʪʴʶ ʦʪʢʘʟʘ ï 115 ʢʤ/ʯʘʩ, ʛʣʫʙʠʥʘ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʠʪ 5% ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ 

ʥʝʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʜʚʫʭʜʚʠʛʘʪʝʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʧʦ ɺʇʇ ʧʨʝʜʥʘʟʥʘʯʝʥʦ: 

- ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ɹʦʠʥʛ-777 ʧʦ ɺʇʇ 

ʥʘ ʵʪʘʧʝ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ; 

- ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʩʢʦʨʦʩʪʠ ʦʪʢʘʟʘ, ʩʦʩʪʦʷʥʠʷ ʠ 
ʨʘʟʤʝʨʦʚ ɺʇʇ, ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʝʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ɹʦʠʥʛ-777 ʧʦ ɺʇʇ 

ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʦʚ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ; 

- ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʆʩʥʦʚʳ 

ʘʚʪʦʤʘʪʠʢʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷè. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʨʝʥʘʞʝʡ ʩ 

ʣʝʪʥʳʤʠ ʵʢʠʧʘʞʘʤʠ ʧʦ ʜʝʡʩʪʚʠʷʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʩʦʙʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʚʟʣʝʪʝ. 
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(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ 

ʩʨʝʜ ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʚʠʭʨʝʚʳʝ ʪʝʣʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. ɼʘʥʦ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʘ ʙʘʟʝ ʫʨʘʚʥʝʥʠʷ ʉʪʦʢʩʘ ʠ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʘʵʨʦʜʠʥʘʤʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦ ʠʭ ʨʘʙʦʯʝʤʫ ʧʨʦʮʝʩʩʫ, ʘ ʪʘʢʞʝ ʜʘʥʳ ʥʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʚʠʭʨʝʡ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʪʝʦʨʝʤʘ ʦʙ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʛʨʘʜʠʝʥʪʥʳʭ ʠ ʛʝʥʝʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʠʭʨʝʡ ʢʦʥʪʘʢʪʥʳʭ ʪʝʣ 

ʚʨʘʱʝʥʠʷ. 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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ɺʚʝʜʝʥʠʝ 

ʗʚʣʝʥʠʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɺʆ) ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʩʨʝʜʝ ɿʝʤʣʠ ʦʢʘʟʳʚʘʝʪ 

ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʠʘʮʠʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʳ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʚʠʭʨʠ, ʪʘʢʠʝ ʢʘʢ 

ʮʠʢʣʦʥʳ ʠ ʪʦʨʥʘʜʦ, ʚʣʠʷʶʪ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʤʝʩʪʥʦʩʪʠ ʠ 

ʤʦʛʫʪ ʢʦʩʚʝʥʥʦ ʫʩʣʦʞʥʠʪʴ ʢʘʢ ʪʝʭʥʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʣʝʪʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ). ʊʝʭʥʦʛʝʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʚʠʭʨʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʝʜ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘʤʠ (ɺɿ) ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ɺʉ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʩʘʤʠʭ ʜʚʠʛʘʪʝʣʝʡ ʚʩʣʝʜʩʪʚʠʝ ʨʠʩʢʘ 

ʟʘʩʘʩʳʚʘʥʠʷ ʠʤʠ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʛʘʟʦʚʦʟʜʫʰʥʳʡ ʪʨʘʢʪ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʝʤ ʠ ʩʥʷʪʠʝʤ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɺʩʸ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʠʥʪʝʨʝʩʘ ʢ ʠʟʫʯʝʥʠʶ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʫʯʝʥʳʤʠ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʙʦʨʴʙʳ ʩ ʝʛʦ ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʦʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʭʨʝʡ [1, 

2, 3]. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʷʶʪ ʯʝʪʢʦ ʧʦʥʠʤʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ʷʚʣʝʥʠʷ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ [4, 5], ʥʦ ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʢʘ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʥʝ ʚʩʝ ʪʠʧʳ ʚʠʭʨʝʡ, ʢʘʢ ʨʘʥʝʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ 

[6]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʠʭʨʝʡ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ ʨʘʙʦʯʝʤʫ ʧʨʦʮʝʩʩʫ. 

 

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʩʨʝʜ ɿʝʤʣʠ 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʷʚʣʝʥʠʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʥʘ 

ʧʨʠʤʝʨʝ ʝʸ ʛʣʦʙʘʣʴʥʳʭ ʮʠʨʢʫʣʷʮʠʡ. ɻʣʦʙʘʣʴʥʳʝ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ 

ɿʝʤʣʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

- ʦʩʨʝʜʥʸʥʥʫʶ ʜʥʝʚʥʫʶ ʢʦʥʚʝʢʪʠʚʥʦ-ʪʝʧʣʦʚʫʶ ʮʠʨʢʫʣʷʮʠʶ B [2] ʚ 

ʧʦʣʝ ʜʝʡʩʪʚʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ɸʨʭʠʤʝʜʘ Pɸʨʭ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʚʦʟʜʫʰʥʫʶ 

ʩʨʝʜʫ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʠ ʩʨʝʜʥʠʭ ʰʠʨʦʪ, ʧʦʜʦʛʨʝʪʫʶ ʪʝʧʣʦʪʦʡ Ql ʧʨʠʪʦʢʘ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ Qʩ. ʨ, ʟʘʚʠʩʠʤʦʡ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ l: 

 

( )ʩ. ʨ ʩ. ʨcos =  ʠ ; (1)Q Q ɚ f Ql  l=  

 

- ʮʠʨʢʫʣʷʮʠʶ ʉ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ:  

 

( )2

ʮ.ʙ ɿ ɿ(1 )cos =  , ,  (2)ʈ m R ʅ ɚ f ʅ=- W ° l  

 

ʛʜʝ  Qɿ ʠ Rɿ - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ɿʝʤʣʠ; 

H = H / Rɿ - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʩʩʳ 
ʝʸ ʩʨʝʜ; 

- ʮʠʨʢʫʣʷʮʠʶ ɸ ʩʢʦʨʦʩʪʠ ɻ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʧʦ NS. 
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ɺʠʭʨʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ 

ɿʘʚʠʭʨʸʥʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ - ʩʣʝʜʩʪʚʠʝ ʢʦʥʚʝʢʪʠʚʥʦ-ʪʝʧʣʦʚʦʛʦ, 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠ ʚʠʭʨʝʚʦʛʦ ʧʦʣʝʡ ʠ ʠʭ ʛʣʦʙʘʣʴʥʳʭ ʮʠʨʢʫʣʷʮʠʡ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʣʦʙʘʣʴʥʳʭ ʮʠʨʢʫʣʷʮʠʡ ɿʝʤʣʠ: ɸ ï ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ; 

ɺ ï ʧʨʠʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; ʉ ï ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

 

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʩʨʝʜ ɿʝʤʣʠ ʦʪʨʘʞʝʥ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. 

ɺʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ 

ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʝ ʚʠʭʨʝʚʦʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʰʥʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠ 

(ʠʣʠ) ʪʝʧʣʦʪʳ, ʧʝʨʝʧʘʜʘ ʚʥʫʪʨʝʥʥʝʡ ʠ (ʠʣʠ) ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʠʣ 

ʪʨʝʥʠʷ, ʩʙʦʨʘ ʚʥʝʰʥʝʡ ʟʘʚʠʭʨʸʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʝʛʦ ʛʝʥʝʨʘʮʠʠ. 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʘʷ 

ʟʘʚʠʭʨʸʥʥʦʩʪʴ. ʆʥʘ ʘʢʪʠʚʥʦ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʬʨʦʥʪʦʚ, ʮʠʢʣʦʥʦʚ, ʫʨʘʛʘʥʦʚ, ʰʪʦʨʤʦʚ, ʰʢʚʘʣʦʚ ʠ ʧʦʜʦʙʥʳʭ ʠʤ ʚʠʭʨʝʚʳʭ 

ʷʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʚʠʭʨʝʡ ʩʪʦʢʦʚʦʛʦ ʠ ʠʥʦʛʦ 

ʪʠʧʘ. ɺ ʦʩʥʦʚʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʛʘʟʦʚʦʡ (ʞʠʜʢʦʡ) ʩʨʝʜʳ ʣʝʞʘʪ 

ʛʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ. ʆʥʠ ʠʩʪʦʯʥʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʬʨʦʥʪʦʚ, ʧʦ 

ʬʣʘʥʛʘʤ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʚʠʭʨʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. ɺʟʘʠʤʦʩʚʷʟʴ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩ ʛʨʘʜʠʝʥʪʘʤʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [7] ʦʪʨʘʞʝʥʘ ʚ ʫʨʘʚʥʝʥʠʠ: 

 

1 1 1
( ), ( ), ( ). (3)

2 2 2

y yx xz z
ʭ y z

c cc cc c
ɤ ɤ ɤ

y z z x x y

µ µµ µµ µ
= - = - = -

µ µ µ µ µ µ

 

2 2 2 ,ʨʘʜ/ʩ. (4)ʭ ʫ zɤ ɤ ɤ+ɤ= +  

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ I ʠ 

ʥʘʧʨʷʞʝʥʠʷ ɻ ʩ ʛʨʘʜʠʝʥʪʘʤʠ ʣʠʥʝʡʥʦʡ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʠʭ ʨʘʟʨʳʚʝ 

ʤʦʞʥʦ ʦʙʦʩʥʦʚʘʪʴ ʬʦʨʤʫʣʦʡ: 
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Ű Űɻ 2 ( , ). (5)
l S

I c dl ɤdS f c ɤ,l= = = Ö =ñ ññ  

ʊʦʛʜʘ ʧʦ ʪʝʦʨʝʤʝ ʉʪʦʢʩʘ [7] ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʥʘʧʨʷʞʝʥʠʷ ʚʠʭʨʷ ɻ ʠ 

ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ I ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʠʭʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʛʘʟʦʚʦʡ (ʞʠʜʢʦʡ) ʩʨʝʜʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʯʝʚʠʜʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ: 

 

 I = ɻ = f (ʩt  ̧0 ʠ w  ̧0). (6) 

 

ʈʘʟʨʳʚ ʩʢʦʨʦʩʪʝʡ ʩt ʠ w ʚʝʜʸʪ ʢ ʨʘʟʨʳʚʫ I ʠ ʥʘʧʨʷʞʝʥʠʷ ɻ ʚ ʚʠʭʨʝʚʳʭ 

ʫʟʣʘʭ. ʅʘ ʯʝʤ ʙʫʜʝʪ ʦʩʥʦʚʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʝʭʥʦʛʝʥʥʦʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

(w  = 0) ʩʦʩʪʦʷʥʠʷ ʧʦʪʦʢʘ ʚ ʚʠʭʨʝʚʦʝ (w  ̧0) ʚ ʧʦʣʝ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʝʸ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʣ (ʢʨʳʣʘ, ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʜʨ.) ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʧʦʪʦʢ rV ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʮʠʨʢʫʣʷʮʠʝʡ ʩʢʦʨʦʩʪʠ (ɻ  ̧0). 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʜʠʥ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ɺʆ ï ʨʘʙʦʪʫ ʢʨʳʣʘ ʠ ʜʨʫʛʠʭ ʪʝʣ ʧʦ ʩʦʟʜʘʥʠʶ 

ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ Y ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ɻ. ʀʤʝʥʥʦ ʩʠʣʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʨʳʣʘ ʥʘ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ (w = 0) ʧʦʪʦʢ ʧʝʨʝʚʦʜʠʪ 

ʝʛʦ ʚ ʚʠʭʨʝʚʫʶ ʢʘʪʝʛʦʨʠʶ (w  ̧ 0). ʆʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ (ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ). ɺʳʷʚʠʤ ʠʭ ʠʟ ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ʚ ʨʘʟʚʸʨʥʫʪʦʤ ʚʠʜʝ [7], ʩʦʜʝʨʞʘʱʝʤ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ r2w2 / 2 

ʚʨʘʱʝʥʠʷ ʝʛʦ ʯʘʩʪʠʮ (w  ̧0) [7]. ɺ ʫʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ: 

 
2 2 2 2 2 2

1 1 1 2 2 2
1 ʚʥ ʚʥ 2

ɼʞ
, . (7)

2 2 2 2 ʢʛ

c r ɤ c r ɤ
i L Q i+ + ° ° = + +  

 

ʇʨʝʦʙʨʘʟʫʝʤ ʝʛʦ (7) ʢ ʩʣʝʜʫʶʱʝʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʚʠʜʫ:  

 
2 2 2 2 2 2

2 2 1 2 1 1
1 2 ʚʥ ʚʥ( , , , , ). (8)

2 2 2

r ɤ c c r ɤ
f i i L Q

-
= -  

 

ʀʟ ʟʘʚʠʩʠʤʦʩʪʠ (8) ʥʘʭʦʜʠʤ, ʯʪʦ ʬʘʢʪʦʨʘʤʠ ʛʝʥʝʨʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚʨʘʱʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʠʟʙʳʪʦʢ ʚʥʫʪʨʝʥʥʝʡ (Di  ); 

- ʠʟʙʳʪʦʢ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Dʩ2 / 2; 

- ʵʥʝʨʛʦʦʙʤʝʥ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʚ 
ʚʠʜʝ ʚʥʝʰʥʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ °Lʚʥʝʰ ʠ ʪʝʧʣʦʪʳ  °Qʚʥʝʰ ; 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʟʘʚʠʭʨʸʥʥʦʩʪʴ ʚ ʚʠʜʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ  r1
2 w1

2  / 2. 
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ʇʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʵʥʝʨʛʠʠ ʧʦʣʦʞʝʥʠʷ (ʚʳʩʦʪʳ h1-2) 

ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʦʣʦʞʝʥʠʷ gh. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʚʠʭʨʝʚʳʭ ʪʝʣ ʛʨʘʜʠʝʥʪʥʦʛʦ  

ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʘʪʤʦʩʬʝʨʥʦʡ ʩʨʝʜʳ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʢʨʠʪʝʨʠʷ ʚʠʭʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ w  ̧0 ʚ ʧʦʣʝ D ʩt  ̧0 ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ: 

- ʟʘʢʨʫʪʢʘ ʚʷʟʢʠʭ ʩʨʝʜ ʥʘ ʛʨʘʜʠʝʥʪʥʦʤ ʨʘʟʨʳʚʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʚʷʟʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʧʦʣʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ; 

- ʟʘʢʨʫʪʢʘ ʚʷʟʢʠʭ ʚʠʭʨʝʚʳʭ ʩʨʝʜ ʚ ʧʦʣʝ ʤʘʢʩʠʤʫʤʘ ʠʭ ʮʠʨʢʫʣʷʮʠʠ 
(ʚʨʘʱʝʥʠʷ w  ̧0) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʠʭʨʝʚʳʭ ʫʟʣʦʚ ʠ ʛʝʥʝʨʘʮʠʝʡ ʩʚʦʙʦʜʥʳʭ ʢ 

ʨʘʟʚʠʪʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʠʭʨʝʡ ʥʘ ʨʘʟʨʳʚʝ ʮʠʨʢʫʣʷʮʠʠ ʬʣʘʥʛʦʚʳʭ 

ʚʠʭʨʝʚʳʭ ʪʝʣ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʚʠʭʨʝʡ, ʢʘʢ ʧʨʦʜʫʢʪʘ ʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʦʞʥʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʭʨʷʤ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. 

ɺʠʭʨʴ ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʠʧʘ - ʧʨʦʜʫʢʪ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʚʠʭʨʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʫʪʸʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʨʳʚʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩt ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʝʛʦ ʙʘʟʝ ʚʠʭʨʷ ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʠʧʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʟʘʢʦʥʫ 

2 2

2 2 0 ( ).
2

r ɤ
f ct¸ = D

 

ɺʠʭʨʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ - ʧʨʦʜʫʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʚʠʭʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʚʠʭʨʝʡ) ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʚʠʭʨʝʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʨʳʚʝ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʜʣʠʥʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʠʭʨʝʚʦʛʦ ʰʥʫʨʘ const ( ),ɤ f ɤ¸ = D ʧʨʦʜʫʢʪʦʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʚʠʭʨʴ (ʚʠʭʨʠ) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. 

ʅʘʛʣʷʜʥʳʝ ʧʨʠʤʝʨʳ ʦʪʣʠʯʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʜʠʝʥʪʥʳʭ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʠʭʨʝʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

  
 

ʘ ʙ 

 

ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʡ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ: 

ʘ ï ʥʘ ʧʨʠʤʝʨʝ ʚʠʭʨʝʚʦʛʦ ʰʥʫʨʘ; ʙ ï ʦʪ ʙʦʢʦʚʳʭ ʢʨʦʤʦʢ ʚʭʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʠʧʘ 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʤʫ ʦʙ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʛʨʘʜʠʝʥʪʥʳʭ ʠ ʛʝʥʝʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʠʭʨʝʡ 

ʢʦʥʪʘʢʪʥʳʭ ʪʝʣ ʚʨʘʱʝʥʠʷ.  

ɺ ʧʦʣʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ɺʆ ʧʨʠ ʦʙʤʝʥʝ ʵʥʝʨʛʠʝʡ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚʦʟʥʠʢʘʝʪ ʜʠʩʙʘʣʘʥʩ ʚ ʪʝʣʝ ʠʩʭʦʜʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʚʠʭʨʷ, 

ʢʦʤʧʝʥʩʠʨʫʝʤʳʡ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʝ 

ʚʠʭʨʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ 

ʮʠʨʢʫʣʷʮʠʠ ʚʩʝʭ ʚʠʭʨʝʡ ʚ ʪʦʯʢʝ ʚʠʭʨʝʚʦʛʦ ʫʟʣʘ, ʚʢʣʶʯʘʷ ʚʠʭʨʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʧʦ ʟʘʢʦʥʫ 
1

ɻ 0.
n

i

i=

=ä  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚʠʭʨʝʡ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʧʦʟʚʦʣʷʝʪ ʩ ʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʘʢʪʠʚʥʳʤ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʦʢʦʚʦʛʦ ʪʠʧʘ ʫ ʵʢʨʘʥʘ ʠ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʘʩʳʚʘʥʠʷ 

ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʟʝʤʣʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 
1.  ʇʘʭʦʤʦʚ ʉ. ɺ. ɺʣʠʷʥʠʝ ʚʝʪʨʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʯʝʥʠʷ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ / ʉ. ɺ. ʇʘʭʦʤʦʚ, ʆ. ʉ. ʄʝʡʝʨ // ʊʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ. ï 2019. ï ʊ. 2. ï ʉ. 271-275. ï EDN BHBFLE. 

2. ɼʘʥʠʣʝʥʢʦ ʅ. ɺ. ʊʝʦʨʠʷ ʚʠʭʨʝʡ ʧʝʨʝʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘʤʠ ʩʘʤʦʣʸʪʦʚ ʧʨʠ 

ʨʘʙʦʪʝ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʘʵʨʦʜʨʦʤʝ / ʅ. ɺ. ɼʘʥʠʣʝʥʢʦ, ʇ. ʄ. ʂʨʠʚʝʣʴ, ʉ. ɺ. 

ʇʘʭʦʤʦʚ. ʀʨɻʊʋ. 2-ʝ ʠʟʜ., ʜʦʧ. ï ʀʨʢʫʪʩʢ, 2011. ï 348 ʩ. ï ISBN 978-5-8038-0685-1. ï 

EDN VAAANF 

3. ʂʠʨʝʥʯʝʚ ɸ. ɻ. ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʧʦʣʝ ʩʪʦʢʦʚʳʭ 

ʚʠʭʨʝʡ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ: ʤʦʥʦʛʨʘʬʠʷ / ɸ. ɻ. ʂʠʨʝʥʯʝʚ, ʅ. ɺ. ɼʘʥʠʣʝʥʢʦ. ï ʀʨʢʫʪʩʢ: 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ, 2022. ï 140 ʩ. ï ISBN 978-5-6047924-3-8. 

4. ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ ʉ. ʄ. ʆʪʨʳʚʥʦʝ ʠ ʙʝʟʦʪʨʳʚʥʦʝ ʦʙʪʝʢʘʥʠʝ ʪʦʥʢʠʭ ʢʨʳʣʴʝʚ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ / ʉ. ʄ. ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ, ʄ. ʀ. ʅʠʰʪ. ï ʄ.: ʅʘʫʢʘ, 1978. ï 351 ʩ. 

5. ʇʘʭʦʤʦʚ ʉ. ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʩʘʤʦʣʝʪʘ / ʉ. ɺ. ʇʘʭʦʤʦʚ // 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ. ï 2013. ï ˉ 2(38). ï ʉ. 

91-98. ï EDN QCLXSJ. 

6. ɼʘʥʠʣʝʥʢʦ ʅ. ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘʤʠ 

ɻʊɼ ʩ ʫʯʸʪʦʤ ʛʨʘʜʠʝʥʪʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʚʣʠʷʥʠʷ / ʅ. ɺ. ɼʘʥʠʣʝʥʢʦ, ɸ. ɻ. 

ʂʠʨʝʥʯʝʚ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ : 

ʤʘʪʝʨʠʘʣʳ XIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʀʨʢʫʪʩʢ, 10ï11 

ʦʢʪʷʙʨʷ 2024 ʛʦʜʘ. ï ʀʨʢʫʪʩʢ: ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 2024. ï ʉ. 12-17. ï EDN JLQLMI. 

7. ʅʠʰʪ ʄ. ʀ. ɸʵʨʦʜʠʥʘʤʠʢʘ ʙʦʝʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʛʠʜʨʘʚʣʠʢʘ ʠʭ 

ʩʠʩʪʝʤ. ï ʄ.: ɺɺʀɸ ʠʤ. ʧʨʦʬ. ʅ. ɽ. ɾʫʢʦʚʩʢʦʛʦ, 1994. ï 570 ʩ. 

 

 



28 

ʋɼʂ 621.65 

 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʆɹʒɽʄʅʆɻʆ ʅɸʉʆʉɸ 

ʇɽʈɽʄɽʅʅʆʁ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ 

 

ʂʦʩʪʠʥ ʇʘʚʝʣ ʉʝʨʛʝʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

texnnik@mail.ru 

ʍʘʪʫʥʮʝʚ ʗʨʦʩʣʘʚ ɻʨʠʛʦʨʴʝʚʠʯ 

hatuntseff.yaroslav@yandex.ru 

 

ɺʋʅʎ ɺɺʉ çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ 

ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè 

(ʛ. ɺʦʨʦʥʝʞ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʦʙʝ̡ʤʥʦʛʦ ʥʘʩʦʩʘ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʝʝ ʨʝʘʣʠʟʘʮʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Matlab&Simulink. ʇʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʰʥʷ ʨʫʣʝʚʦʛʦ ʧʨʠʚʦʜʘ ʩ ʫʯʝʪʦʤ ʤʦʜʝʣʠ ʥʘʩʦʩʘ ʠ ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʘ ʨʘʟʥʠʮʘ ʚʦ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʨʘʙʦʪʫ ʥʘʩʦʩʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʣʝʚʳʭ ʧʨʠʚʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʲʝʤʥʳʡ ʥʘʩʦʩ, ʤʦʜʝʣʴ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʠʥʘʤʠʢʘ, ʨʫʣʝʚʦʡ 

ʧʨʠʚʦʜ. 

 

MATH MODEL O F A VA RIABLE  CAPACIT Y VOLUMET RIC PUMP  

 

Kostin Pavel S., Candidate of Technical Sciences  

Khatuntsev Yaroslav G.  

 

Military Training and Research Center of the Air Force çAir Force Academy after 

Professor N.E. Zhukovsky and Y.A. Gagarinè 

(Voronezh) 

 
Abstract. The article describes a method for constructing a mathematical model of a 

volumetric pump with variable capacity of hydraulic systems of aircraft, its implementation in the 

Matlab&Simulink software package. The motion of the steering piston is simulated with 

consideration of the pump model and a constant - pressure source. The difference in the transient 

response time has been identidied. Thus, it is shown that it is necessary to take into account the 

operation of the pump when studying the dynamic characteristics of steering actuators. 

Keywords: volumetric pump, model, simulation, dynamics, steering actuator. 

 

ɺʚʝʜʝʥʠʝ 

ʂ ʩʦʚʨʝʤʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ (ʉʋʃɸ) 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ. 

ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʥʠʭ ʠʛʨʘʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʨʫʣʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʦʩʪʦʚʝʨʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠ ʜʦʣʞʥʦ ʧʦʟʚʦʣʷʪʴ 
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ʠʟʙʝʛʘʪʴ ʦʰʠʙʦʢ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɿʘʯʘʩʪʫʶ, ʧʨʠ ʦʮʝʥʢʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʣʝʚʳʭ ʧʨʠʚʦʜʦʚ, ʧʝʨʝʜ ʟʦʣʦʪʥʠʢʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠʜʝʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʨʘʩʭʦʜʘ [1, 2]. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʘ 

ʥʘ ʢʦʥʪʫʨ ʧʠʪʘʥʠʷ, ʘ ʤʝʪʦʜʠʢ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʦʙʲʝʤʥʦʛʦ ʥʘʩʦʩʘ ʜʣʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

Matlab&Simulink ʥʝ ʚʩʪʨʝʯʘʣʦʩʴ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʩʦʩʘ ʧʝʨʝʤʝʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʠ 

ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʥʘ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʚ 

ʢʦʤʧʣʝʢʩʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘʩʦʩʘ ʥʘ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʯʘʩʪʥʳʭ ʟʘʜʘʯ: 

1. ɺʳʜʝʣʝʥʠʝ ʧʦʜʩʠʩʪʝʤ ʤʦʜʝʣʠ ʥʘʩʦʩʘ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʩʦʩʘ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

4. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʣʠʥʠʠ ʥʘʛʥʝʪʘʥʠʷ ʥʘ 

ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʨʫʣʝʚʳʭ ʧʨʠʚʦʜʦʚ. 

ʄʝʪʦʜʳ. ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʕɺʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Matlab&Simulink. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʦʙʨʘʪʥʳʤ ʤʝʪʦʜʦʤ 

ʕʡʣʝʨʘ ode1be ʩ ʰʘʛʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 0.01t c= . 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʠ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʥʘʩʦʩʘ, ʘ ʪʘʢʞʝ ʙʣʦʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʦʜʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ, ʢʘʢ ʦʙʲʝʤ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʘʣʘ [3]. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 
n-ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʰʥʝʡ; 
w-ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʘ ʥʘʩʦʩʘ, ʨʘʜ/ʩ; 

tj w= Ö -ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʘʣʘ, ʨʘʜ; 

R-ʨʘʜʠʫʩ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʨʰʥʝʡ (ʨʘʜʠʫʩ ʨʦʪʦʨʘ), ʤ; 
a-ʫʛʦʣ ʥʘʢʣʦʥʘ ʰʘʡʙʳ, ʨʘʜ; 

ʧS -ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʨʰʥʷ, 2ʤ. 

ʍʦʜ ʧʦʨʰʥʷ xʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʨʪʚʦʡ ʪʦʯʢʠ: 

 

 ( ) ( ) (1 cos( ))x R tgj a j= Ö Ö -  (1) 

 

ɼʣʷ ʘʢʩʠʘʣʴʥʦʛʦ ʥʘʩʦʩʘ ʭʦʜ ʧʦʨʰʥʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʫʛʣʘ. ʆʙʲʝʤ 

ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 
iV : 

 

 
min ʧ min ʧ i( ) ( ) ( ) (1 cos( )iV V S x V S R tgj j a j= + Ö = + Ö Ö Ö -, (2) 
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ʛʜʝ i

2
( 1)i

n

p
j j= + Ö - -ʫʛʦʣ ʜʣʷ i-ʛʦ ʧʦʨʰʥʷ, 

minV -ʤʝʨʪʚʳʡ ʦʙʲʝʤ ʢʘʤʝʨʳ. 

ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ i-ʡ ʢʘʤʝʨʳ (ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ): 

 

 i i
ʧ i( ) (1 cos( ))

dV dV d
S R tg

dt d dt

j
a j

j
= Ö = Ö Ö Ö -. (3) 

 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʯʘʩʪʴ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪ, ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠʚʦʜʠʪ 

ʢ ʩʦʟʜʘʥʠʶ ʧʦʪʦʢʘ ʠ ʜʘʚʣʝʥʠʷ: 

ʘ) ʀʜʝʘʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʤʛʥʦʚʝʥʥʳʡ ʨʘʩʭʦʜ ʥʘʩʦʩʘ ʨʘʚʝʥ ʩʫʤʤʝ ʩʢʦʨʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʚʩʝʭ ʢʘʤʝʨ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʥʘʧʦʨʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ʇʦʨʰʝʥʴ ʨʘʙʦʪʘʝʪ ʥʘ ʥʘʛʥʝʪʘʥʠʝ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

0idV

dt
> .  

 ʪʝʦʨ

1

max( ,0)
n

i

i

dV
Q

dt

j

=

=ä . (4) 

 

ʙ) ʈʝʘʣʴʥʳʡ ʨʘʩʭʦʜ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟ-ʟʘ ʫʪʝʯʝʢ. ʄʦʜʝʣʴ ʫʪʝʯʝʢ 

ʦʙʳʯʥʦ ʣʠʥʝʡʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ: 

 

 
ʥʚʥʪ

ʥʚʥ

ʣʫʪ
|

)(
PPK

PP
KQ -Ö+

-
Ö=
m

j , (5) 

 

ʛʜʝ j
ʫʪ

Q  ς ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʫʪʝʯʝʢ, 
3ʤ
ʩ

; 
ʚʥP -ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, 

ʇʘ; 
ʥP -
ʜʘʚʣʝʥʠʝ ʚ ʣʠʥʠʠ ʥʘʛʥʝʪʘʥʠʷ, ʇʘ; m- ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʇʘ ʩÖ;
ʣ ʪ,K K -ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʘʤʠʥʘʨʥʳʭ ʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʫʪʝʯʝʢ. 

 

ʈʝʘʣʴʥʳʡ ʨʘʩʭʦʜ ʥʘʩʦʩʘ: 

 

 jjj
ʫʪʪʝʦʨ

)( QQQ -= . (6) 

 

ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʣʠʥʠʠ ʥʘʛʥʝʪʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

 

 ʥ P

ʧ i

( )ʥdP E
Q Q

dt n V
= - , (7) 

 

ʛʜʝ 
ʧn
 ï ʢʦʣʠʯʝʩʪʚʦ ʧʣʫʥʞʝʨʦʚ ʚ ʥʘʩʦʩʝ, 

ʨQ  ï ʨʘʩʭʦʜ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝ, 
3ʤ
ʩ

. 
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ʄʦʜʝʣʴ ʨʫʣʝʚʦʛʦ ʧʨʠʚʦʜʘ ʠʟʣʦʞʝʥʘ ʚ [4, 5] ʠ ʩʦʩʪʦʠʪ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʧʦʨʰʥʷ (ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ), ʜʘʚʣʝʥʠʝ ʚ ʧʦʣʦʩʪʷʭ ʮʠʣʠʥʜʨʘ ʩ 

ʫʯʝʪʦʤ ʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʯʝʪʳʨʝʭʧʦʟʠʮʠʦʥʥʦʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ. 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʥʘʩʦʩʘ ʩ ʨʫʣʝʚʳʤ ʧʨʠʚʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
 
a ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʰʘʡʙʳ, ʛʨʘʜ; n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, ʨʘʜ/ʩ; E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʞʠʜʢʦʩʪʠ, ʄʇʘ; V ï ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʣʫʥʞʝʨʦʚ, ʤ3; 
ʘQï ʨʘʩʭʦʜ ʤʘʩʣʘ ʚ ʢʘʤʝʨʝ ʘ; 

bQ  ï 

ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʚ ʢʘʤʝʨʝ b; ʨQ  ï ʨʘʩʭʦʜ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝ; ʈʋ ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ; ʈʇ ï ʨʫʣʝʚʦʡ ʧʨʠʚʦʜ; x ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ; 
hX  ï ʭʦʜ ʰʪʦʢʘ, ʤ; F  hï ʥʘʛʨʫʟʢʘ, ʅ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʫʣʝʚʦʤ ʧʨʠʚʦʜʝ ʩ 

ʫʯʝʪʦʤ ʤʦʜʝʣʠ ʥʘʩʦʩʘ ʠ ʙʝʟ ʥʝʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ ʩʪʫʧʝʥʯʘʪʳʭ ʩʠʛʥʘʣʘʭ 

x ʠ ʥʘʛʨʫʟʢʘʭ ʥʘ ʧʦʨʰʝʥʴ F  hʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʤʦʜʝʣʠ ʥʘʩʦʩʘ ʥʘ 

ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ Xh.  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ 

 ɺʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F ,h ʢʛʩ 

ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ 1000 3000 5000 8000 9000 

0,3 0,04 0,08 0,1 0,21 0,32 

0,6 0,12 0,18 0,18 0,34 0,44 

0,9 0,15 0,21 0,25 0,41 0,52 

 

ʇʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʥʘʛʨʫʟʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 3, 

ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʘʩʦʩʘ ʚ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ. ʏʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, 

ʪʝʤ ʩʠʣʴʥʝʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘʩʦʩ ʥʘ ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 52 %. 

ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʣʝʚʦʛʦ ʧʨʠʚʦʜʘ 

ʩ ʥʘʩʦʩʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ ʦʱʫʪʠʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʘʤʧʣʠʪʫʜʘʭ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʨʫʣʝʚʦʛʦ ʧʨʠʚʦʜʘ ʥʘ ʫʨʦʚʥʝ 49,6 %.  

 

ɺʳʚʦʜ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʦʙʲʝʤʥʦʛʦ ʥʘʩʦʩʘ ʧʝʨʝʤʝʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

(ʥʘʩʦʩ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-ʨʫʣʝʚʦʡ ʧʨʠʚʦʜ) ʩ ʫʯʝʪʦʤ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʥʘʩʦʩʘ ʠ 

ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʣʠʷʥʠʷ ʚʭʦʜʥʦʛʦ 
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ʩʠʛʥʘʣʘ ʠ ʥʘʛʨʫʟʢʠ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʣʝʚʦʛʦ ʧʨʠʚʦʜʘ. 

ʆʧʨʝʜʝʣʝʥʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʙʦʪʳ 

ʥʘʩʦʩʘ ʠ ʙʝʟ ʥʝʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʫʣʝʚʳʭ ʧʨʠʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʭʨʘʥʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʷʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʦʥʷʪʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ. ʕʪʦ ʜʚʘ ʩʚʷʟʘʥʥʳʭ, ʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʥʷʪʠʷ ʚ ʦʙʣʘʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʝʛʜʘ ʚʝʨʥʦ ʧʦʥʠʤʘʶʪʩʷ ʠ ʪʨʘʢʪʫʶʪʩʷ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʜʘʥʥʳʭ ʪʝʨʤʠʥʦʚ, ʢʘʢ 

ʩʨʝʜʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʪʘʢ ʠ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ, ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʫʱʥʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ ʧʦʥʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʝʥʪ-

ʘʥʘʣʠʟʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ 

ʵʪʠʤʠ ʧʦʥʷʪʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚ ʧʝʨʠʦʜ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʉ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʜʘʥʥʳʭ ʧʦʥʷʪʠʡ ʩʦ 

ʩʪʨʘʪʝʛʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʝʪʦʜʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʪʥʘʷ ʛʦʜʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦʣʝʪ, ʪʝʨʤʠʥ, ʦʧʨʝʜʝʣʝʥʠʝ, 

ʩʧʦʩʦʙʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʠʝ, ʧʦʜʜʝʨʞʘʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʩʪʨʘʪʝʛʠʠ, 

ʤʝʪʦʜʳ, ʵʢʩʧʣʫʘʪʘʮʠʷ. 
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Abstract. Preservation and maintenance of airworthiness are fundamental concepts ensuring 

flight safety in civil aviation. These two interrelated but distinct terms in the field of aircraft 

operation are not always correctly understood or interpreted. To improve clarity for professionals as 

well as students and postgraduate researchers, this article examines the essence and scope of these 

concepts using a qualitative content-analysis approach. Based on the conducted analysis, key 

differences between these concepts have been identified, and the process of preservation and 

maintenance of airworthiness throughout an aircraftôs life cycle is presented graphically. The 

relationship between these concepts with operational strategies, as well as methods of aircraft 

technical servicing, is also discussed. 
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ɺʚʝʜʝʥʠʝ 

ʊʝʨʤʠʥ çʣʝʪʥʘʷ ʛʦʜʥʦʩʪʴè ʧʦʷʚʠʣʩʷ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚʤʝʩʪʝ ʩ ʨʘʟʚʠʪʠʝʤ 

ʘʚʠʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ ï ʵʪʦ 

ʥʝ ʧʨʦʩʪʦ ʪʝʨʤʠʥ, ʘ ʮʝʣʦʝ ʧʦʥʷʪʠʝ, ʚ ʢʦʪʦʨʦʝ ʚʣʦʞʝʥʳ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ 

(ɺʉ) [1].  

ʃʝʪʥʫʶ ʛʦʜʥʦʩʪʴ ɺʉ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʪʚʝʨʞʜʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʝʡʩʪʚʫʶʱʠʤ 

ʥʦʨʤʘʤ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʝʟʦʧʘʩʥʦʤʫ 

ʚʳʧʦʣʥʝʥʠʶ ʧʦʣʝʪʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʦ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ. 

ʌʠʣʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʘʤ ʪʝʨʤʠʥ ʥʝ ʪʦʣʴʢʦ ʚʳʨʦʩ ʠʟ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʥʦ ʠ ʩʪʘʣ ʯʘʩʪʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, 

ʦʪʨʘʞʘʶʱʝʡ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʥʦʨʤʳ ʠ ʩʪʘʥʜʘʨʪʳ [2].  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʦʨʤʘʤʠ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ʠ ʦʙʷʟʘʪʝʣʴʥʳ ʜʣʷ ʣʠʮ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ, ʠʩʧʳʪʘʥʠʷʭ, ʩʝʨʠʡʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠʝʤʢʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʝʤʦʥʪʝ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ 

(ʉʪʘʪʴʷ 35. ɺʦʟʜʫʰʥʳʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 19.03.1997). 

çʉʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè ʠ çʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ï ʵʪʦ ʜʚʘ ʩʚʷʟʘʥʥʳʭ, ʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʥʷʪʠʷ ʚ ʦʙʣʘʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ çʩʦʭʨʘʥʷʪʴè ʠʣʠ 

çʧʦʜʜʝʨʞʠʚʘʪʴè ʣʝʪʥʫʶ ʛʦʜʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʜʘʥʥʳʭ ʧʦʥʷʪʠʷʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʘʢʪʦʚʦʢ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟʘ (ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ), ʜʘʥʥʳʡ ʧʦʜʭʦʜ 
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ʩʚʷʟʘʥ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʛʣʫʙʦʢʦʤ ʧʦʥʠʤʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʥʘʯʝʥʠʡ ʩʣʦʚ ʠ ʪʝʨʤʠʥʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪ.ʝ. ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʦʪʙʦʨʘ ʠ 

ʦʮʝʥʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʚʦʩʧʨʠʷʪʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʙʝʟ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ çʪʝʢʩʪʫʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷè (ʊʨʦʮʫʢ ʀ. ɺ. ʂʦʥʪʝʥʪ-ʘʥʘʣʠʟ).  

1. ʂʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʪʝʨʤʠʥʘ çʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè.  

ʊʝʨʤʠʥ çʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè ʦʙʣʘʜʘʝʪ ʤʥʦʛʦʘʩʧʝʢʪʥʦʡ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʩʪʨʦʝʥʠʝ ʣʝʢʩʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʦʚʘ), ʵʪʦ ʧʦʥʷʪʠʝ 

ʦʙʦʟʥʘʯʘʝʪ ʜʝʡʩʪʚʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʫʜʝʨʞʘʥʠʝ ʠʣʠ ʟʘʱʠʪʫ ʯʝʛʦ-ʣʠʙʦ ʦʪ 

ʫʪʨʘʪʳ, ʧʦʚʨʝʞʜʝʥʠʷ ʠʣʠ ʫʭʫʜʰʝʥʠʷ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʵʪʦ ʣʝʪʥʘʷ 

ʛʦʜʥʦʩʪʴ ɺʉ.  

ʉʦʛʣʘʩʥʦ çʉʣʦʚʘʨʶ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘè ʉʝʨʛʝʷ ʀʚʘʥʦʚʠʯʘ ʆʞʝʛʦʚʘ: 

ʩʦʭʨʘʥʠʪʴ ï ʥʝ ʥʘʨʫʰʠʪʴ ʯʝʛʦ-ʥʠʙʫʜʴ; ʩʦʭʨʘʥʠʪʴ ï ʥʝ ʫʪʨʘʪʠʪʴ, ʦʩʪʘʚʠʪʴ ʚ ʩʠʣʝ, 

ʚ ʜʝʡʩʪʚʠʠ; ʦʭʨʘʥʠʪʴ ï ʩʙʝʨʝʯʴ, ʥʝ ʜʘʪʴ ʢʦʤʫ-ʯʝʤʫ-ʥʠʙʫʜʴ ʧʨʦʧʘʩʪʴ, ʫʪʨʘʪʠʪʴʩʷ 

ʠʣʠ ʧʦʪʝʨʧʝʪʴ ʫʱʝʨʙ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʊʦʣʢʦʚʳʤ ʩʣʦʚʘʨʝʤ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘè ʧʦʜ ʨʝʜʘʢʮʠʝʡ 

ɼʤʠʪʨʠʷ ʅʠʢʦʣʘʝʚʠʯʘ ʋʰʘʢʦʚʘ: ʩʦʭʨʘʥʷʪʴ ï ʫʜʝʨʞʘʪʴ ʚ ʩʠʣʝ, ʥʝ ʣʠʰʠʪʴ (ʠʣʠ ʥʝ 

ʣʠʰʠʪʴʩʷ) ʯʝʛʦ-ʥʠʙʫʜʴ, ʦʩʪʘʚʠʪʴ ʚ ʯʴʝʤ-ʥʠʙʫʜʴ ʦʙʣʘʜʘʥʠʠ (ʠʣʠ ʦʩʪʘʪʴʩʷ 

ʦʙʣʘʜʘʪʝʣʝʤ ʯʝʛʦ-ʥʠʙʫʜʴ). 

ʉʪʨʫʢʪʫʨʥʦ çʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʝʜʠʢʘʪʠʚʥʫʶ ʛʨʫʧʧʫ, ʛʜʝ ʧʝʨʚʦʝ ʩʣʦʚʦ (ʩʦʭʨʘʥʝʥʠʝ) ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ, ʘ 

ʚʪʦʨʦʝ (ʣʝʪʥʘʷ ʛʦʜʥʦʩʪʴ) ï ʦʙʲʝʢʪʦʤ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʣʦʣʦʛʠʠ, çʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ɺʉè 

ʘʢʮʝʥʪʠʨʫʝʪ ʚʘʞʥʦʩʪʴ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʧʨʘʛʤʘʪʠʯʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʚ ʘʚʠʘʮʠʠ. 

ɺ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ICAO, Dʦʩ. 9642 ʜʘʚʘʣʘʩʴ 

ʪʨʘʢʪʦʚʢʘ ʧʦʥʷʪʠʷ ʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʩʚʦʝʛʦ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ɺʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ʠ ʠʭ ʩʦʩʪʦʷʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ 

ʨʫʢʦʚʦʜʩʪʚʦ ʫʪʨʘʪʠʣʦ ʩʚʦʶ ʩʠʣʫ ʩ ʚʚʝʜʝʥʠʝʤ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ICAO, Dʦʩ. 9760, ʚ ʢʦʪʦʨʦʤ ʫʞʝ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʝ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʘ 

ʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʫʯʥʦʡ ʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺʝʜʫʱʠʤʠ ʫʯʝʥʳʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʉʤʠʨʥʦʚʳʤ ʅ. ʅ., ʏʠʥʶʯʠʥʳʤ ʖ. ʄ. ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʪʘʢʘʷ 

ʪʨʘʢʪʦʚʢʘ ʧʦʥʷʪʠʷ: çé. ʧʦʜ çʩʦʭʨʘʥʝʥʠʝʤ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè ʧʦʥʠʤʘʶʪʩʷ ʚʩʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʩʚʦʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ɺʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʠ ʠʭ ʩʦʩʪʦʷʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶè (ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʅ. ʅ. ʉʤʠʨʥʦʚ, ʖ. ʄ. ʏʠʥʶʯʠʥ). 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʨʤʠʥʘ çʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè. 
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ʊʘʙʣʠʮʘ 1 ï ʂʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʨʤʠʥʘ çʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠè 

ʇʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ (ʀʂɸʆ) ɺʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ (ʈʦʩʩʠʷ) 

ɺ ʧʝʨʚʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʤʝʨʦʧʨʠʷʪʠʡ. ʕʪʦ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚ 

ʨʘʤʢʘʭ ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ɺʦ ʚʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ 

ʩʘʤʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ɺʉ 

ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʝʛʦ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɿʜʝʩʴ ʘʢʮʝʥʪ ʙʦʣʴʰʝ ʥʘ 

ʧʨʦʮʝʩʩʝ ʠ ʩʦʜʝʨʞʘʥʠʠ ʨʘʙʦʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʣʝʪʥʫʶ ʛʦʜʥʦʩʪʴ 

ʇʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʣʝʝ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ 

ɺʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ 

ʆʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚʢʣʶʯʘʝʪ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ɺʉ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʩʪʘʥʜʘʨʪʘʤ (ʥʦʨʤʘʤ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ) ʠ 

ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʦʞʠʜʘʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʩ ʫʯʝʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʧʨʦʮʝʜʫʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʠʩʧʨʘʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ɺʉ. 

2. ʂʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʪʝʨʤʠʥʘ çʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè. 

ʊʝʨʤʠʥ çʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʣʦʞʥʫʶ 

ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʮʝʩʩ ʠʣʠ ʜʝʡʩʪʚʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 

ʩʦʭʨʘʥʝʥʠʝ ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʝ ʯʝʛʦ-ʣʠʙʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʪʨʫʢʪʫʨʘ 

ʪʝʨʤʠʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʣʘʚʥʳʭ ʯʘʩʪʝʡ: ʧʦʥʷʪʠʷ 

çʧʦʜʜʝʨʞʘʥʠʝè, ʦʙʦʟʥʘʯʘʶʱʝʛʦ ʜʝʡʩʪʚʠʝ, ʠ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʛʦ çʣʝʪʥʘʷ 

ʛʦʜʥʦʩʪʴè, ʫʢʘʟʳʚʘʶʱʝʛʦ ʥʘ ʦʙʲʝʢʪ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ. ʕʪʦ ʩʦʟʜʘʝʪ ʷʩʥʳʡ ʠ 

ʧʦʥʷʪʥʳʡ ʦʙʦʨʦʪ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʘʚʠʘʮʠʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʊʦʣʢʦʚʳʤ ʩʣʦʚʘʨʝʤ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘè ʧʦʜ ʨʝʜʘʢʮʠʝʡ 

ɼʤʠʪʨʠʷ ʅʠʢʦʣʘʝʚʠʯʘ ʋʰʘʢʦʚʘ: ʧʦʜʜʝʨʞʘʥʠʝ ï ʧʦʜʜʝʨʞʘʥʠʷ, ʤʥ. ʥʝʪ, ʩʨ. 

(ʢʥʠʞʥ.). ɼʝʡʩʪʚʠʝ ʧʦ ʛʣ. ʧʦʜʜʝʨʞʘʪʴ ʚ 3 ʟʥʘʯ. ʧʦʜʜʝʨʞʠʚʘʪʴ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʨʷʜʢʘ. ʇʦʜʜʝʨʞʘʥʠʝ ʟʜʦʨʦʚʴʷ.  

ʉʣʦʚʦ çʧʦʜʜʝʨʞʘʥʠʝè ʧʦ çʉʣʦʚʘʨʶ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘè ʉʝʨʛʝʷ ʀʚʘʥʦʚʠʯʘ 

ʆʞʝʛʦʚʘ ʦʟʥʘʯʘʝʪ ʧʨʦʮʝʩʩ ʠʣʠ ʜʝʡʩʪʚʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ, ʫʜʝʨʞʘʥʠʝʤ 

ʯʝʛʦ-ʣʠʙʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʣʠ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʕʪʦ ʤʦʞʝʪ 

ʢʘʩʘʪʴʩʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʫʩʣʦʚʠʡ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʫʪʨʘʪʳ, ʫʭʫʜʰʝʥʠʷ ʠʣʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʯʝʛʦ-ʣʠʙʦ. 

ʇʦʜʜʝʨʞʘʥʠʝ ï ʦʙʩʣʫʞʠʚʘʥʠʝ, ʫʭʦʜ ʟʘ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ (ʪʘʢʘʷ ʪʨʘʢʪʦʚʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʘʥʛʣʦ-

ʨʫʩʩʢʦʤ ʛʣʦʩʩʘʨʠʠ ʪʝʨʤʠʥʦʚ).  

https://dic.academic.ru/dic.nsf/ushakov/943974
https://technical_translator_dictionary.academic.ru/173327/%D0%BF%D0%BE%D0%B4%D0%B4%D0%B5%D1%80%D0%B6%D0%B0%D0%BD%D0%B8%D0%B5_


37 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʣʦʣʦʛʠʠ, ʪʝʨʤʠʥ çʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠè ʥʝ 

ʧʨʦʩʪʦ ʥʘʙʦʨ ʩʣʦʚ, ʘ ʩʣʦʞʥʦʝ ʧʦʥʷʪʠʝ, ʢʦʪʦʨʦʝ ʦʭʚʘʪʳʚʘʝʪ ʘʩʧʝʢʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʆʥ ʧʝʨʝʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʢʪʠʚʥʳʭ ʜʝʡʩʪʚʠʡ ʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʫʩʧʝʰʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʧʝʮʠʬʠʢʫ ʷʟʳʢʘ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ ʠ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʞʘʨʛʦʥʦʤ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʨʤʠʥʦʣʦʛʠʝʡ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʀʂɸʆ ʇʨʠʣʦʞʝʥʠʝ 8 ʢ ʏʠʢʘʛʩʢʦʡ ʢʦʥʚʝʥʮʠʠ 

çʃʝʪʥʘʷ ʛʦʜʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚè ʪʨʘʢʪʫʝʪ ʧʦʥʷʪʠʝ ʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʜʚʠʛʘʪʝʣʷ, ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ ʠʣʠ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ 

ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʩʦʩʪʦʷʥʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʩʣʦʚʠʷʤ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʨʦʢʘ ʠʭ 

ʩʣʫʞʙʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ (ɻʆʉʊ ʈ 54080-2010: 

ɺʦʟʜʫʰʥʳʡ ʪʨʘʥʩʧʦʨʪ) ʧʦʥʷʪʠʝ ʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ɺʉ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʩʚʦʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʉ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʥʦʨʤʘʤ) 

ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ, ʠ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʦʥʷʪʠʡ çʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠè ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʂʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʨʤʠʥʘ çʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠè 

ʇʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ (ʀʂɸʆ) ɺʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ (ɻʆʉʊ ʈ) 

ʇʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʘʢʪʫʝʪ ʧʦʜʜʝʨʞʘʥʠʝ 

ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ɺʉ ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʝʛʦ 

ʩʦʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʫʩʣʦʚʠʷʤ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ɺʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʞʝ ʦʭʚʘʪʳʚʘʝʪ 

ʧʨʦʮʝʩʩ ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʟʥʘʯʠʤʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʘʨʘʥʪʠʨʫʷ, ʯʪʦ 

ɺʉ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

 

ɺ ʧʝʨʚʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʩʪʦʷʥʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɺʦ ʚʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʘʢʮʝʥʪʠʨʫʝʪʩʷ 

ʚʥʠʤʘʥʠʝ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʠʭ 

ʚʳʧʦʣʥʝʥʠʠ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʥʘʣʠʯʠʝ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʠʭ ʯʝʪʢʦʝ 

ʠʩʧʦʣʥʝʥʠʝ 

ʇʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʧʦʜʜʝʨʞʘʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʜʦʣʛʦʩʨʦʯʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ɺʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ɺʉ ʜʦʣʞʥʦ ʙʳʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʦʙʘʚʣʷʝʪ 

ʵʣʝʤʝʥʪʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ 
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ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʠ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ, ʥʦ ʧʝʨʚʦʝ ʜʝʣʘʝʪ ʘʢʮʝʥʪ ʥʘ ʮʝʣʦʩʪʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʝ ï ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʯʝʨʝʟ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ. 

3. ɸʥʘʣʠʟ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʪʝʨʤʠʥʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʥʳʝ ʧʨʦʮʝʩʩʳ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ɺʉ, ʷʚʣʷʷʩʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ɺʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʮʝʣʝʡ, ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʠ ʤʝʪʦʜʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 3 ï ʆʩʥʦʚʥʳʝ ʢʣʶʯʝʚʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

 ʉʠʩʪʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠ 

ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠ 

ʎʝʣʴ: ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ 

ɸʢʪʠʚʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʦʩʤʦʪʨʦʚ 

ʠ ʧʨʦʚʝʨʦʢ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʇʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʦʚ ʠ ʟʘʤʝʥ 

ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʤʝʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʂʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ 

ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʚʝʨʠʬʠʢʘʮʠʷ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ʄʝʪʦʜʳ: 

 

ʈʝʛʫʣʷʨʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʤʦʪʨʳ ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʩʦʛʣʘʩʥʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʩʘʤʦʣʝʪʘ 

ɿʘʤʝʥʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʦʩʪʠʛʰʠʭ 

ʧʨʝʜʝʣʴʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ɺʝʜʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʚʝʨʢʠ ʠ 

ʠʩʧʳʪʘʥʠʷ ʧʦʩʣʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʂʣʶʯʝʚʳʝ ʨʘʟʣʠʯʠʷ: ʉʠʩʪʝʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʙʣʝʤ 

ʉʠʩʪʝʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʫʞʝ ʚʦʟʥʠʢʰʠʭ 

ʧʨʦʙʣʝʤ 

ʌʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʘʭ 

ʌʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʨʝʤʦʥʪʥʳʭ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʷʭ 

ɺʢʣʶʯʘʝʪ ʧʦʩʪʦʷʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ɺʉ 

ʇʨʠʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʚʳʷʚʣʝʥʠʷ 

ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤ 
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ʊʝʨʤʠʥ çʩʦʭʨʘʥʝʥʠʝè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʫʶ ʧʦʟʠʮʠʶ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʣʸʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʳʤ 

çʧʦʜʜʝʨʞʘʥʠʝʤè, ʚʢʣʶʯʘʷ ʢʘʢ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʳ, ʪʘʢ ʠ ʜʝʡʩʪʚʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ʆʙʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤʠ ʯʘʩʪʷʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʥʘʜʝʞʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʜʦʧʦʣʥʷʷ ʜʨʫʛ ʜʨʫʛʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ. 

ʂʣʶʯʝʚʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʥʷʪʠʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʝʡʩʪʚʠʡ ʠ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʦʙʝʩʧʝʯʝʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʘʚʠʘʮʠʦʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʢʦʥʢʨʝʪʥʳʭ, ʪʝʢʫʱʠʭ ʜʝʡʩʪʚʠʷʭ ʠ ʤʝʨʦʧʨʠʷʪʠʷʭ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʘ ʪʝʨʤʠʥʘ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʠ ʥʝ 

ʚʩʝʛʜʘ ʩʪʨʦʛʦ ʨʘʟʣʠʯʘʪʴʩʷ. 

ʅʘ ʚʟʛʣʷʜ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʠʥʘ çʧʦʜʜʝʨʞʘʥʠʝè ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʙʦʣʝʝ ʧʦʣʥʦ 

ʦʪʨʘʞʘʝʪ ʩʫʱʝʩʪʚʦ ʜʝʣʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʠʣʫ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ (ʥʘʧʨʠʤʝʨ, 

ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ ʠ ʩʪʘʨʝʥʠʝ ɺʉ) ʣʝʪʥʘʷ ʛʦʜʥʦʩʪʴ ɺʉ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʭʫʜʰʝʥʠʶ ʠ ʧʦʵʪʦʤʫ ʣʝʪʥʫʶ ʛʦʜʥʦʩʪʴ ɺʉ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʩʪʦʣʴʢʦ ʩʦʭʨʘʥʠʪʴ 

(ʩʙʝʨʝʯʴ), ʩʢʦʣʴʢʦ ʧʦʜʜʝʨʞʘʪʴ (ʪ.ʝ. ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ɺʉ). ʂʨʦʤʝ ʪʦʛʦ, ʩʣʦʚʦ 

çʧʦʜʜʝʨʞʘʥʠʝè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʫʶ ʧʦʟʠʮʠʶ ʕʢʩʧʣʫʘʪʘʥʪʘ, ʯʝʤ 

ʩʣʦʚʦ çʩʦʭʨʘʥʠʪʴè. 

ɼʘʥʥʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʦʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʘʥʘʣʠʟʫ 

ʧʦʥʷʪʠʡ ʠ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʦʚʘʭ çʧʦʜʜʝʨʞʘʥʠʝè ʠ çʩʦʭʨʘʥʝʥʠʝè ʚ 

ʢʦʥʪʝʢʩʪʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʧʦʜʯʝʨʢʠʚʘʷ ʘʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ. ʆʩʥʦʚʥʦʡ ʩʤʳʩʣ ʚʳʩʢʘʟʳʚʘʥʠʷ ï çʧʦʜʜʝʨʞʘʥʠʝè ʢʘʢ 

ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ: ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʧʦʩʪʦʷʥʥʫʶ ʦʮʝʥʢʫ, ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠ ʤʝʨʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ɺʉ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʤ ʧʦʜʭʦʜʦʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʨʝʘʣʴʥʦʩʪʴ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʠ ʩʪʘʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ çʩʦʭʨʘʥʝʥʠʝè ʤʦʞʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʩʪʘʛʥʘʮʠʷ, ʪʦʛʜʘ ʢʘʢ çʧʦʜʜʝʨʞʘʥʠʝè ï ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ.  

ɺ ʮʝʣʦʤ, ʚʳʩʢʘʟʘʥʥʘʷ ʤʳʩʣʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʠʥʘ 

çʧʦʜʜʝʨʞʘʥʠʝè ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ [2, 3]. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ 

ʢʘʨʪʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʣʝʪʥʫʶ 

ʛʦʜʥʦʩʪʴ, ʚʢʣʶʯʘʷ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʴʶ ʜʦʣʞʝʥ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʠ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʩʧʝʢʪʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʤʫ ʠ ʙʝʟʦʧʘʩʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʇʦʜʭʦʜ ʢ ʩʦʭʨʘʥʝʥʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʢʘʢ ʢ ʩʠʩʪʝʤʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʧʨʦʮʝʩʩʳ ʠ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʝʜʠʥʦʤ ʢʦʥʪʝʢʩʪʝ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ɺʉ, ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ [4]. 

ʇʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʢʣʠʯʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʦ 

ʩʦʭʨʘʥʝʥʠʶ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʧʫʪʝʤ ʝʝ ʧʦʜʜʝʨʞʘʥʠʷ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (ɻʝʨʘʩʠʤʦʚʘ, ɽ. ɼ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʨʝʞʠʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʃɸ ʠ 

ɸɼ; ʀʮʢʦʚʠʯ, ɸ. ɸ. ʅʘʜʝʞʥʦʩʪʴ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ), ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʉ Xi ʟʘ ʧʝʨʠʦʜ ti ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʦʞʠʜʘʝʤʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʫʩʣʦʚʠʷ 

ʧʨʠʤʝʥʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Ximax ʜʦ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ Ximin, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʤ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ɺʉ, ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʧʦ ʧʨʠʚʝʜʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʉ ʚ ʥʦʨʤʘʪʠʚʥʦʝ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʝʨʠʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ t iɻ, tʨi [5, 6] (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩʩ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʉ 

 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʫʤʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʨʘʪʝʛʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʝʪʦʜʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ 

ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ. 

ʉʪʨʘʪʝʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʦʥʠ ʬʦʢʫʩʠʨʫʶʪʩʷ 

ʥʘ ʨʘʟʥʳʭ ʤʦʤʝʥʪʘʭ [7, 8]. 
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ʉʪʨʘʪʝʛʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʣʘʥ, 

ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ, ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʦʚ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʪʨʘʪʝʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ï 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʨʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. 

ʄʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ï ʵʪʦ ʩʠʩʪʝʤʳ ʠ 

ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʣʝʞʘʱʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪ.ʝ. ʢʦʥʢʨʝʪʥʳʝ 

ʧʦʜʭʦʜʳ ʠ ʧʨʦʮʝʜʫʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ɺʉ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʤʝʪʦʜʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʨʘʚʥʦʩʪʠ 

ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʚʳʧʦʣʥʝʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʧʨʦʚʝʨʦʢ, 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ [8]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʧʨʦʮʝʜʫʨʘʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʠʥʩʧʝʢʮʠʠ, ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʜʟʦʨʘ (Doc 8335 ICAO) ʧʦʥʷʪʠʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʚʢʣʶʯʘʷ 

ʢʦʥʪʨʦʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʝʨʢʠ, ʟʘʤʝʥʳ, ʫʩʪʨʘʥʝʥʠʝ 

ʜʝʬʝʢʪʦʚ, ʚʳʧʦʣʥʷʝʤʳʝ ʢʘʢ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʩʦʯʝʪʘʥʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ ʨʝʤʦʥʪʘ. 

ʄʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʩʪʨʘʪʝʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺʉ. ʕʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʘʪʝʛʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʝʪʦʜʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʯʘʩʪʦ ʠʤʝʶʪ ʙʦʣʝʝ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʪʨʘʪʝʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʭʚʘʪʳʚʘʶʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʣʘʥʳ ʠ ʪʝʥʜʝʥʮʠʠ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʨʛʫʤʝʥʪʳ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʪʨʘʪʝʛʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʦ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʦ ʧʨʝʜʦʪʢʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʦ ʦʪʢʘʟʘ) ʠʤʝʶʪ 

ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʪʦʜʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ ʥʘʨʘʙʦʪʢʝ, 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʩ ʢʦʥʪʨʦʣʝʤ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʜʜʝʨʞʘʥʠʶ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʯʝʨʝʟ ʘʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʝʝ 

ʦʙʝʩʧʝʯʝʥʠʶ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʃʝʪʥʘʷ ʛʦʜʥʦʩʪʴ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʘʚʠʘʮʠʦʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ (ʥʦʨʤʘʤʠ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʝʪʥʘʷ ʛʦʜʥʦʩʪʴ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʩʦʙʣʶʜʝʥʠʝʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʥ çʩʦʭʨʘʥʝʥʠʝ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠè ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʱʠʡ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, 
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ʜʦʣʛʦʩʨʦʯʥʦʝ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʨʤʠʥ çʧʦʜʜʝʨʞʘʥʠʝ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʧʨʦʮʝʜʫʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʩʧʨʘʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʪ.ʝ. ʦʧʝʨʘʪʠʚʥʳʝ, ʪʝʢʫʱʠʝ 

ʤʝʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. 
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ɺʋʅʎ ɺɺʉ çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ 

ʖ.ɸ. ɻʘʛʘʨʠʥʘè 

(ʛ. ɺʦʨʦʥʝʞ) 

 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʩʘʤʦʣʝʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʤʘʥʝʚʨʝʥʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ ʚ ʩʨʝʜʝ 

Matlab&Simulink. ɺ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʚʢʣʶʯʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʢʦʤʧʝʥʩʘʮʠʶ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ. ɿʘʜʘʥʘ ʧʨʦʛʨʘʤʤʘ ʧʦʣʝʪʘ, ʚʳʧʦʣʥʷʷ 

ʧʦʣʝʪ ʧʦ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʠʟʫʯʠʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʢʘʥʘʣʦʚ ʢʨʝʥʘ ʠ ʨʳʩʢʘʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʝʪʦʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʙʦʪʝ PID-

ʨʝʛʫʣʷʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʣʝʪʘ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ 

ʚʣʠʷʥʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʘʤʦʣʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ, ʢʦʤʧʣʝʢʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʜʚʠʞʝʥʠʝ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, PID-ʨʝʛʫʣʷʪʦʨ. 
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Abstract. The article is devoted to the study of cross-coupling arising in the spatial motion 

of the aircraft. The study was carried out using simulation modeling. In the course of the work, a 

model of the spatial movement of a supersonic maneuverable fighter in the Matlab&Simulink 

environment was developed. The simulation model includes a complex control system that provides 

cross-coupling compensation. A flight program is set, performing a flight on which it is possible to 

study the mutual influence of the roll and yaw channels on each other. An automatic flight control 

algorithm based on PID controllers was developed. Based on the simulation results, a comparative 
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analysis of the aircraft's kinematic parameters was presented, taking into account and excluding the 

compensation of cross-links. It was concluded that further research is necessary to reduce the 

influence of cross-coupling effect on the aircraft's spatial movement. 

Keywords: ʩross-coupling, integrated control system, spatial motion, simulation model, PID 

controller. 
 

ɺʚʝʜʝʥʠʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, 

ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʣʝʪʘ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʢʘʥʘʣʘ ʢʨʝʥʘ ʠ ʢʘʥʘʣʘ ʨʳʩʢʘʥʠʷ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʚʦʟʤʫʱʝʥʠʷ ʠʣʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ 

ʢʨʝʥʘ ‎ ʧʦʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʷʚʣʷʶʱʘʷʩʷ ʜʣʷ ʮʝʥʪʨʘ ʤʘʩʩ 
ʩʘʤʦʣʝʪʘ ʙʦʢʦʚʦʡ ʩʠʣʦʡ ὤ́. ʈʦʩʪ ʙʦʢʦʚʦʡ ʩʠʣʳ ʧʨʠʚʦʜʠʪ ʢ ʙʦʢʦʚʦʤʫ 

ʩʢʦʣʴʞʝʥʠʶ ‍. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʩʠʤʤʝʪʨʠʯʥʦ ʥʘ ʢʦʥʩʦʣʷʭ ʢʨʳʣʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʉʋʃɸ) 

ʪʨʝʙʫʶʪ ʫʯʝʪʘ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʢʦʥʪʨʦʣʴ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ (ʂʉʋ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʘʪʴ ʪʘʢʦʝ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʟʜʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʘʥʥʳʭ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ. ʂ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʘʤ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʦʪʥʦʩʷʪʩʷ: 

- ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʳʧʦʣʥʝʥʠʝ 

ʤʘʥʝʚʨʘ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ ʪʨʝʙʫʝʪ ʦʪ ʣʝʪʯʠʢʘ ʠʣʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʦʪʚʝʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʜʨʫʛʠʭ ʢʘʥʘʣʘʭ; 

- ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ (ʛʦʣʣʘʥʜʩʢʠʡ 

ʰʘʛ); 

- ʦʛʨʘʥʠʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ; 

- ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʦʩʪ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ 
ʥʘ ʫʧʨʘʚʣʝʥʠʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʤʘʥʝʚʨʝʥʥʳʭ 

ʠʩʪʨʝʙʠʪʝʣʷʭ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʠʭ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

 

ɺ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʢʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʬʝʨʘʭ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʝʡʯʘʩ, ʠʩʧʦʣʴʟʫʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʦʣʫʥʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʪʴ ʣʝʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʣʝʪʘ [1]. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʮʝʣʴ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʙʣʦʢʘ ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ 

ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʂʉʋ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʤʘʥʝʚʨʝʥʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ 

ʤʘʥʝʚʨʝʥʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Matlab&Simulink [2, 3].  
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ʋʨʘʚʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ: 
 

Ὑ ὢὧέί‌ὣίὭὲ‌ὖ˞ ὧɣέί•Ƞ 
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ρ

Ὅ
Ὅ Ὅ‫‫ Ὅ ‫ ‫ ὓ ȟ 

 

ʛʜʝ Rx, Ry, Rz ï ʧʨʦʜʦʣʴʥʘʷ, ʥʦʨʤʘʣʴʥʘʷ, ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ὍȟὍȟὍ ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ, ὢ́ȟὣ ï ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, 

ὓ ȟὓ ȟὓ  ï ʤʦʤʝʥʪʳ ʢʨʝʥʘ, ʨʳʩʢʘʥʠʷ, ʪʘʥʛʘʞʘ, ‫ȟ‫ȟ‫  ï ʩʢʦʨʦʩʪʠ 

ʢʨʝʥʘ, ʨʳʩʢʘʥʠʷ, ʪʘʥʛʘʞʘ, ὠȟὠȟὠ ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʦʩʷʤ ʩʚʷʟʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, m ï ʤʘʩʩʘ ʩʘʤʦʣʝʪʘ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, t ï 

ʚʨʝʤʷ [4]. 

ʂʉʋ ʠʩʪʨʝʙʠʪʝʣʷ ʚ ʙʦʢʦʚʦʤ ʢʘʥʘʣʝ ʢʦʨʨʝʢʪʠʨʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʨʫʣʝʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʘʤʦʣʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʧʝʨʝʤʝʱʝʥʠʷ ʨʫʯʢʠ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʝʪʦʤ (ʈʋʉ) ʚ ʢʘʥʘʣʝ ʢʨʝʥʘ ὢ̞; 

- ʯʠʩʣʘ M, ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʈ, ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ q; 

- ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ‫ȟ‫  (ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʠ ʚʘʞʥʳ ʜʣʷ ʥʘʩ ʚ 

ʢʦʥʪʝʢʩʪʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ); 

- ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ɓ; 

- ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʜʘʣʝʡ ὢ̎; 

- ʧʦʧʝʨʝʯʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ὲ; 

- ʧʦʣʦʞʝʥʠʷ ʰʘʩʩʠ; 

- ʧʠʣʦʪʘʞʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ (ὲ ȟ‌ ȟὓ̅ ̏ ̐Ȣ 

ʈʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʥʘʣʠʯʠʝ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ. 

ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʝʪʘ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ. ɺ ʧʝʨʚʦʡ 

ʯʘʩʪʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʜʣʷ ʨʫʣʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʂʉʋ, 

ʫʯʠʪʳʚʘʷ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʜʚʫʭ ʨʘʟʥʳʭ ʢʘʥʘʣʦʚ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ï ʵʪʦ 

ʚʣʠʷʥʠʝ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ. 
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ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʣʝʪʘ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʤ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʠʣʦʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʤʝʱʝʥʠʝ ʈʋʉ ʠ ʧʝʜʘʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʘʢʦʥʫ, ʨʝʘʣʠʟʦʚʘʥʥʦʤʫ ʧʨʠ ʧʦʤʦʱʠ PID-ʨʝʛʫʣʷʪʦʨʦʚ: 

 

- ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ ʧʦʣʝʪʘ 

ὢ̃  Ὧ Ὄ Ὄ̈ ́̅ ὯὌ Ὧ
᷿
Ὄ Ὄ̈ ́Ὠ̅ὸȠ  

- ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʛʣʘ ʢʨʝʥʘ 

ὢ̞  Ὧ ‎ ‎̈́̅ Ὧ‎ Ὧ
᷿
‎ ‎̈́ Ὠ̅ὸȠ 

- ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ 

ὢ̎  Ὧ ‍ ‍̈ ́̅ Ὧ‍ Ὧ
᷿
‍ ‍̈ ́Ὠ̅ὸȟ 

ʛʜʝ ὯȟὯ , Ὧ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʯʣʝʥʦʚ, Ὧ , Ὧ‎, 

Ὧ‍ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʯʣʝʥʦʚ, ʤὯ
᷿

, Ὧ
᷿

, Ὧ
᷿

 ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʯʣʝʥʦʚ, Ὄ, Ὄ̈ ́̅ ï ʚʳʩʦʪʘ ʠ ʟʘʜʘʥʥʘʷ 

ʚʳʩʦʪʘ ʧʦʣʝʪʘ, ‍ȟ‍̈ ́̅ ï ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ ʠ ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ, ‎ȟ‎̈́̅ ï 
ʫʛʦʣ ʢʨʝʥʘ ʠ ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʢʨʝʥʘ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʛʨʘʤʤʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ 
 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ‍ ʠ ‎. 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʨʝʛʫʣʷʪʦʨʦʚ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʎʠʛʣʝʨʘ-ʅʠʢʦʣʦʩʘ. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦ, ʢʘʢ 

ʠʟʤʝʥʷʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʘʤʦʣʝʪʘ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ 

ʪʦʣʴʢʦ ʢʨʝʥ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʨʳʩʢʘʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʟʘʪʝʤ, ʢʦʛʜʘ 

ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ, ʘ ʠʟʤʝʥʝʥʠʝ ʢʨʝʥʘ ʥʝʞʝʣʘʪʝʣʴʥʦ. 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ H=10000 ʤ, 

V=900 ʢʤ/ʯ, m=16000 ʢʛ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʛʜʝ ̑‏ ̎  ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ, ̞‏  ̌ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʵʣʝʨʦʥʦʚ, 

ὢ̞  ʧʝʨʝʤʝʱʝʥʠʝ ʈʋʉ ʧʦ ʢʨʝʥʫ, ὢ̎  ʧʝʨʝʤʝʱʝʥʠʝ ʧʝʜʘʣʝʡ, ‍  ʫʛʦʣ 
ʩʢʦʣʴʞʝʥʠʷ, ‎  ʫʛʦʣ ʢʨʝʥʘ, •  ʫʛʣʳ ʨʳʩʢʘʥʠʷ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʘ ʛʨʘʬʠʢʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʫʯʝʪʦʤ (ʉʂ) ʠ ʙʝʟ ʫʯʝʪʘ (ɹʂ) ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʝʨʝʢʨʸʩʪʥʳʭ ʩʚʷʟʝʡ.  

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ 

ʚʠʜʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ: 

1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʝʥʩʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ 
ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʣʝʨʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʣʝʨʦʥʦʚ 

 

2. ʅʘ ʨʠʩʫʥʢʝ 3, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʨʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʝʥʩʘʮʠʠ 
ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ, ʩʥʠʟʠʣʦʩʴ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ 

ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʣʝʨʦʥʦʚ ʩ 8 ʜʦ 2 ʩʝʢʫʥʜ (ʠ ʵʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PID-

ʨʝʛʫʣʷʪʦʨʘ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʨʘʟʥʠʮʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝ), ʘ ʪʘʢʞʝ ʩʥʠʟʠʣʘʩʴ 

ʚʝʣʠʯʠʥʘ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

3. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʛʣʘ ʢʨʝʥʘ, 
ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʣʝʨʦʥʦʚ ʠ ʦʪʢʣʦʥʝʥʠʝ ʈʋʉ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʣʝʪʯʠʢʘ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʣʝʨʦʥʦʚ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ 

 

4. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʩʘʤʦʣʝʪ 

ʚʳʭʦʜʠʪ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʧʦʣʝʪʘ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʠ 

ʙʳʩʪʨʝʝ ʥʘ 3 ʩʝʢʫʥʜʳ. 
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ʈʠʩʫʥʦʢ 5 ï ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʢʨʝʥʘ 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: ʨʘʩʩʤʦʪʨʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʤʘʥʝʚʨʝʥʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ ʩ ʙʣʦʢʦʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʘʤʦʣʝʪʘ ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʧʦʣʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʠʣʠ ʥʝʪ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʨʝʢʨʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʂʉʋ ʩʘʤʦʣʝʪʘ, ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʝʝ ʘʣʛʦʨʠʪʤʳ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ. ʀ ʚʩʝ ʞʝ, ʧʦʪʝʥʮʠʘʣ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʚ ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ, 

ʚʳʧʦʣʥʷʶʱʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʘʢʪʫʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʘʤʦʣʝʪʘ. ʅʝʧʨʝʨʳʚʥʘʷ ʘʜʘʧʪʘʮʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʤ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʚʳʟʚʘʥʥʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʚʦʜʫ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʌ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʨʘʟʤʝʨʦʚ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʢʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ 

ʢʦʨʨʝʢʮʠʠ ʚʠʟʫʘʣʴʥʦ ʠʟʤʝʨʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʫʟʳʨʴʢʘ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʧʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ 

(ʧʨʝʣʦʤʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ) ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʫʟʳʨʴʢʘ ʧʨʠ ʚʩʧʣʳʪʠʠ. ʇʨʠʚʝʜʝʥʳ 

ʚʳʚʦʜ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ. ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʦʤʦʛʨʘʤʤʳ ʠ ʪʘʙʣʠʮʳ 

ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʪʠʧʦʚʳʭ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩʥʠʞʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʧʫʟʳʨʴʢʘ ʩ 22,3% ʜʦ 8,7% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʳʤ ʚʠʟʫʘʣʴʥʳʤ ʟʘʤʝʨʦʤ. ʄʝʪʦʜ ʥʝ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʥʝʜʨʝʥ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʘʚʠʘʮʠʦʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʫʟʳʨʴʢʦʚʳʡ ʤʝʪʦʜ, 

ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʨʘʩʯʝʪʥʳʡ ʩʧʦʩʦʙ. 
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BUBBLE -METHOD LEAK TESTING OF AIRCRAFT COMPONENTS 
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Abstract. The water immersion leak testing method is widely used in the Russian aviation 

industry due to its simplicity and accessibility. Its key limitation is the high subjectivity and 

inaccuracy of visual bubble size assessment using a ruler. This paper proposes a computational 

correction method for visually measured bubble diameters, accounting for optical distortion (water-

air interface refraction) and bubble expansion during ascent. The derivation and verification of the 

computational formulas are presented. Practical nomograms and correction coefficient tables for 

standard test conditions have been developed. Experimental results demonstrate that the applied 
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computational correction reduces the error in determining true bubble diameter from 22.3% to 8.7% 

compared to direct visual measurement. The method requires no additional equipment and can be 

promptly integrated into existing technological processes. 

Keywords: leak tightness of aircraft components, bubble method, visual inspection, 

computational approach. 

 

ɺʚʝʜʝʥʠʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʪʦʧʣʠʚʥʳʭ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʃɸ) ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ (ʛʝʣʠʝʚʦʝ ʪʝʯʝʠʩʢʘʥʠʝ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ), ʤʝʪʦʜ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʚʦʜʫ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʘ ʤʥʦʛʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʩʪʦʪʝ, ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʜʦʨʦʛʦʩʪʦʷʱʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ [1-3].   

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ: 

1. ʆʧʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ: ʧʨʝʣʦʤʣʝʥʠʝ ʩʚʝʪʘ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʠʜʠʤʦʛʦ ʨʘʟʤʝʨʘ ʧʫʟʳʨʴʢʘ (Ὀ̃ ̉)̅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ 

ʠʩʪʠʥʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʜ ʚʦʜʦʡ ( Ὀ̉ ̒̓). 

2. ʈʘʩʰʠʨʝʥʠʝ ʧʫʟʳʨʴʢʘ: ʧʨʠ ʚʩʧʣʳʪʠʠ ʧʫʟʳʨʝʢ ʨʘʩʰʠʨʷʝʪʩʷ (ʟʘʢʦʥ 
ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ), ʧʦʵʪʦʤʫ ʝʛʦ ʨʘʟʤʝʨ ʫ ʧʦʚʝʨʭʥʦʩʪʠ (Ὀ̐ ̏)̃ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ ʨʘʟʤʝʨʘ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʦʪ ʤʝʩʪʘ ʜʝʬʝʢʪʘ (Ὀ̏ ̜̓̑)̃ ʥʘ ʛʣʫʙʠʥʝ Ὤ. 

3. ʉʫʙʲʝʢʪʠʚʥʦʩʪʴ: ʦʮʝʥʢʘ ʨʘʟʤʝʨʘ ʣʠʥʝʡʢʦʡ ʩʣʝʩʘʨʝʤ-ʠʩʧʳʪʘʪʝʣʝʤ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʫʟʳʨʴʢʦʚ Ï < 2 ʤʤ. 

4. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ 
ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʫʟʳʨʴʢʘ ʚ ʟʦʥʝ ʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ (Ὀ̏ ̜̓̑)̃ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (Ὀ̃ ̉ ̅ ʠʣʠ 

Ὀ̐ ̏)̃ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ Ὤ ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʛʣʘʟ ʠʩʧʳʪʘʪʝʣʷ Ὄ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʜʘʧʪʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʚʠʟʫʘʣʴʥʳʭ ʟʘʤʝʨʦʚ ʣʠʥʝʡʢʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʦʜʭʦʜʘ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʦʤʦʛʨʘʤʤ 

ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 
 

ʈʘʩʯʝʪʥʘʷ ʤʝʪʦʜʠʢʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪ 

1. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʨʨʝʢʮʠʠ. ʂʦʨʨʝʢʮʠʷ ʚʠʜʠʤʦʛʦ ʜʠʘʤʝʪʨʘ ʧʦʜ 

ʚʦʜʦʡ (Ὀ̃ ̉ ̅ Ÿ  Ὀ̉ ̒)̓ ʫʯʠʪʳʚʘʝʪ ʧʨʝʣʦʤʣʝʥʠʝ ʩʚʝʪʘ. ʀʩʪʠʥʥʳʡ ʜʠʘʤʝʪʨ 

ʧʫʟʳʨʴʢʘ ʧʦʜ ʚʦʜʦʡ: 

 

 Ὀ̉ ̒̓ Ὀ̃ ̉̅z  ȟ (1) 

 

ʛʜʝ Ὀ̃ ̉ï̅ ʜʠʘʤʝʪʨ, ʚʠʟʫʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʡ ʠʩʧʳʪʘʪʝʣʝʤ ʧʦʜ ʚʦʜʦʡ (ʣʠʥʝʡʢʦʡ); 

Ὄ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʣʘʟ ʠʩʧʳʪʘʪʝʣʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ (ʤ); Ὤ ï ʛʣʫʙʠʥʘ 
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ʥʘʭʦʞʜʝʥʠʷ ʧʫʟʳʨʴʢʘ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʤ); ὲ = 1,33 ï ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ. ʇʨʠ Ὄ >> Ὤ:  Ὀ̉ ̒̓ å Ὀ̃ ̉*̅ ὲ (ʫʧʨʦʱʝʥʥʘʷ ʬʦʨʤʫʣʘ). 

ʂʦʨʨʝʢʮʠʷ ʜʠʘʤʝʪʨʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ (Ὀ̐ ̏Ÿ̃ Ὀ̏ ̜̓̑)̃ ʫʯʠʪʳʚʘʝʪ 

ʨʘʩʰʠʨʝʥʠʝ ʧʫʟʳʨʴʢʘ ʧʨʠ ʚʩʧʣʳʪʠʠ (ʟʘʢʦʥ ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ, T=const): 

 

 Ὀ̏ ̜̓̑ Ὀ̃̐ ̏̃z
́̓̍

́̓̍
 , (2) 

 

ʛʜʝ Ὀ̐ ̏ ̃ ï ʜʠʘʤʝʪʨ ʧʫʟʳʨʴʢʘ, ʠʟʤʝʨʝʥʥʳʡ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ; Ὀ̏ ̜̓̑̃ ï 

ʜʠʘʤʝʪʨ ʧʫʟʳʨʴʢʘ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʦʪ ʜʝʬʝʢʪʘ ʥʘ ʛʣʫʙʠʥʝ Ὤ; ὖ́̓ ̍ ï 

ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ (~0,1 ʄʇʘ); ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ (~1000 ʢʛ/ʤį); g ï 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ (9,81 ʤ/ʩĮ); Ὤ ï ʛʣʫʙʠʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʟʳʨʴʢʘ 
(ʤ). 

ʌʦʨʤʫʣʘ (2) ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ: ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ (ʚʳʟʳʚʘʶʱʝʡ ʢʘʢ ʦʪʨʳʚ Ὀ̏ ̜̓̑,̃ ʪʘʢ ʠ ʩʜʚʠʛ Ὀ̐ ̏)̃ ʠ ʚʥʝʰʥʝʛʦ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʛʣʫʙʠʥʳ Ὤ). 
2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩʫʥʦʢ 1) ʠ ʤʝʪʦʜʠʢʘ. ɺʘʥʥʘ 0,6 x 0,5 x 

0,4 ʤ. ɺʦʜʘ, t = (25Ñ2) ÁC. ʆʙʨʘʟʮʳ/ʵʪʘʣʦʥʳ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ: 

- ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʩʪʘʣʴʥʳʝ ʰʘʨʠʢʠ (Ï 1,0; 2,0; 3,0 ʤʤ ï ɻʆʉʊ 3722-81). 

- ʢʘʧʠʣʣʷʨʳ ʩ ʢʘʣʠʙʨʦʚʘʥʥʳʤʠ ʫʪʝʯʢʘʤʠ (Ï 0,1; 0,2 ʤʤ ï ʈʊʄ 1513-69). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʟʘʤʝʨʘʤʠ ʣʠʥʝʡʢʦʡ 

 

ʀʟʤʝʨʝʥʠʷ. ʕʪʘʣʦʥʳ/ʦʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩʴ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ Ὤ (0,2; 

0,4; 0,6 ʤ). ʊʨʠ ʠʩʧʳʪʘʪʝʣʷ ʥʝʟʘʚʠʩʠʤʦ ʠʟʤʝʨʷʣʠ Ὀ̃ ̉ ̅ʰʘʨʠʢʦʚ ʠ ʧʫʟʳʨʴʢʦʚ ʧʦʜ 

ʚʦʜʦʡ ʠ Ὀ̐ ̏ ̃ʚʩʧʣʳʚʰʠʭ ʧʫʟʳʨʴʢʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ ʩ ʮʝʥʦʡ 
ʜʝʣʝʥʠʷ 0,5 ʤʤ. ʈʘʩʩʪʦʷʥʠʝ Ὄ = 0,5 ʤ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ 

ʟʘʤʝʨʦʚ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ Ὀ̉ ̒̓ (1) ʠ Ὀ̏ ̜̓̑̃ (2). ʆʮʝʥʠʚʘʣʘʩʴ ʧʦʛʨʝʰʥʦʩʪʴ: ŭ = 

|Ὀ̉ ̈̍̆̑-  Ὀ̞ ̓́̌| /  Ὀ̞ ̓́̌* 100%. 
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3. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʘʪʝʣʷ ʠ ʤʝʪʦʜʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (CV) 

ʤʝʞʜʫ ʠʩʧʳʪʘʪʝʣʷʤʠ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʷʤʦʡ ʚʠʟʫʘʣʴʥʳʡ ʟʘʤʝʨ Ὀ̃ ̉ ̅ ʣʠʥʝʡʢʦʡ (ʪʘʙʣ. 1) ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ (ŭ) ʠ ʨʘʟʙʨʦʩ (CV). ɼʣʷ ʚʩʝʭ ʵʪʘʣʦʥʥʳʭ ʨʘʟʤʝʨʦʚ (1,0; 2,0; 3,0 ʤʤ) 

ʠʟʤʝʨʝʥʥʳʡ  Ὀ̃ ̉ ̅ʩʪʘʙʠʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʠʩʪʠʥʥʳʡ ʜʠʘʤʝʪʨ ʧʦʜ ʚʦʜʦʡ (Ὀ̉ ̒)̓. ʕʪʦ 

ʧʨʷʤʦʝ ʩʣʝʜʩʪʚʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʘ-ʚʦʟʜʫʭ, ʢʘʢ ʠ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ ʪʝʥʜʝʥʮʠʷ: ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ŭ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʧʫʟʳʨʴʢʘ (40,0% ʜʣʷ Ï1,0 ʤʤ 

ʧʨʦʪʠʚ 26,7% ʜʣʷ Ï3,0 ʤʤ). ʕʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʤʝʣʢʠʝ ʧʫʟʳʨʴʢʠ ʯʘʩʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʣʳʤ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ ʜʝʬʝʢʪʘʤ. ɹʦʣʴʰʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ (CV) ʤʝʞʜʫ ʠʩʧʳʪʘʪʝʣʷʤʠ (ʜʦ 21,4%) ʥʝʜʚʫʩʤʳʩʣʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʈʘʟʙʨʦʩ 

ʦʩʦʙʝʥʥʦ ʚʝʣʠʢ ʜʣʷ ʤʝʣʢʠʭ ʧʫʟʳʨʴʢʦʚ, ʛʜʝ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʣʠʥʝʡʢʠ ʠ 

ʚʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʜʨʦʙʥʳʭ ʜʝʣʝʥʠʡ ʥʘʠʙʦʣʝʝ ʟʘʪʨʫʜʥʝʥʳ. 
 

ʊʘʙʣʠʮʘ 1 ï ʇʦʛʨʝʰʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʢʦʡ 

ʕʪʘʣʦʥ Ï, ʤʤ ʉʨʝʜʥʠʡ ╓̃ ̉,̅ ʤʤ ŭ, % CV ʤʝʞʜʫ 

ʠʩʧʳʪʘʪʝʣʷʤʠ, % 

1,0 1,4Ñ0,3 40,0 21,4 

2,0 2,7Ñ0,4 35,0 14,8 

3,0 3,8Ñ0,4 26,7 10,5 

 

ʇʨʠʤʝʥʝʥʠʝ ʬʦʨʤʫʣʳ (1) ʢʦʨʨʝʢʮʠʠ Ὀ̃ ̉Ÿ̅ Ὀ̉ ̒ ̓ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ŭ 

ʠ ʨʘʟʙʨʦʩ (ʚ ʪʘʙʣ. 2 ʧʨʠʤʝʨ ʜʣʷ Ὤ = 0,4 ʤ; Ὄ = 0,5 ʤ). 
 

ʊʘʙʣʠʮʘ 2 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ ʢʦʨʨʝʢʮʠʠ 

ʕʪʘʣʦʥ Ï, ʤʤ ʉʨʝʜʥʠʡ ╓̉ ̒(̓ʨʘʩʯ.), ʤʤ ŭ, % ʋʣʫʯʰʝʥʠʝ, % 

1,0 1,05Ñ0,15 5,0 35,0 

2,0 1,97Ñ0,28 1,5 33,5 

3,0 2,92Ñ0,30 2,7 24,0 

 

ʂʦʨʨʝʢʮʠʷ ʨʘʩʰʠʨʝʥʠʷ (Ὀ̐ ̏Ÿ̃ Ὀ̏ ̜̓̑)̃. ɼʣʷ ʧʫʟʳʨʴʢʘ ʦʪ ʢʘʧʠʣʣʷʨʘ Ï 0,2 

ʤʤ ʥʘ Ὤ = 0,6 ʤ: 

 Ὀ̐ ̏ ̃(ʠʟʤʝʨʝʥʥʳʡ) = 1,8 Ñ 0,3 ʤʤ (ŭ ʦʪʥʦʩʠʪʝʣʴʥʦ Ὀ̞ ̓́ ̌ʦʪʨʳʚʘ ~50%). 

 Ὀ̏ ̜̓̑̃ ʧʦ ʬʦʨʤʫʣʝ (2) = 1,1 Ñ 0,2 ʤʤ (ŭ ~10%). 

ʂʣʶʯʝʚʦʡ ʚʳʚʦʜ: ʠʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʘ ʧʫʟʳʨʴʢʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ (Ὀ̐ ̏)̃ ʙʝʟ 

ʫʯʝʪʘ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʛʨʫʙʳʤ ʦʰʠʙʢʘʤ ʚ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʘ. 

ʌʦʨʤʫʣʘ (2) ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ. 

ʇʦʩʪʨʦʝʥʳ ʥʦʤʦʛʨʘʤʤʳ (ʨʠʩʫʥʢʠ 2 ʠ 3) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ: 

- ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ὑ̋ ̏̑ =  Ὀ̉ ̒̓/ Ὀ̃ ̉ ̅ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Ὄ ʠ 

Ὤ; 
- ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʰʠʨʝʥʠʷ ὑ̑ ̙́̒ = Ὀ̏ ̜̓̑̃/ Ὀ̐ ̏ ̃ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ὬȢ 
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ʈʠʩʫʥʦʢ 2 ï ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʩʢʘʞʝʥʠʷ Ὀ̃ ̉ ̅O Ὀ̉ ̒̓ 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʨʘʩʰʠʨʝʥʠʷ ʧʫʟʳʨʴʢʘ Ὀ̐ ̏ ̃O Ὀ̏ ̜̓̑̃ 

 

ʅʦʤʦʛʨʘʤʤʳ ʫʩʪʨʘʥʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʯʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʘʤ 

(1) ʠ (2) ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʠʥʠʤʠʟʠʨʫʶʪ ʨʠʩʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʦʰʠʙʦʢ ʠʩʧʳʪʘʪʝʣʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʶʪ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ. ʉʦʚʦʢʫʧʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʢʮʠʠ ʧʦ ʦʙʦʠʤ ʬʘʢʪʦʨʘʤ (ʦʧʪʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ + 

ʨʘʩʰʠʨʝʥʠʝ) ʥʘ ʦʩʥʦʚʝ ʥʦʤʦʛʨʘʤʤ ʠʣʠ ʬʦʨʤʫʣ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʘʷʚʣʝʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʩʨʝʜʥʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Ὀ̏ ̜̓̑̃ ʜʦ 8,7%, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʚʩʝʤ ʪʠʧʘʤ ʵʪʘʣʦʥʦʚ. 

ʇʨʠʤʝʨ: ʜʣʷ Ὤ =0,4 ʤ; Ὄ =0,5 ʤ: ὑ̋ ̏̑ å 1,124; ὑ̑ ̙́̒ å 0,987. 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

1. ʀʟʤʝʨʷʪʴ ʛʣʫʙʠʥʫ Ὤ: ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʤʝʨʷʪʴ ʛʣʫʙʠʥʫ ʪʦʯʢʠ ʫʪʝʯʢʠ 
ʨʫʣʝʪʢʦʡ. 

2. ʌʠʢʩʠʨʦʚʘʪʴ Ὄ: ʩʣʝʩʘʨʴ-ʠʩʧʳʪʘʪʝʣʴ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ (~ 0,5 ʤ) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʩʪʘʚʢʫ ʜʣʷ ʣʠʥʝʡʢʠ. 
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3. ʇʨʠʦʨʠʪʝʪ ʟʘʤʝʨʘ ʧʦʜ ʚʦʜʦʡ: ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʷʪʴ 

Ὀ̃ ̉ ̅ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʚʦʜʦʡ ʚ ʟʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ ʠ ʧʨʠʤʝʥʷʪʴ 
ʬʦʨʤʫʣʫ (1) ʠʣʠ ʥʦʤʦʛʨʘʤʤʫ. 

4. ʂʦʨʨʝʢʮʠʷ ʟʘʤʝʨʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ: ʝʩʣʠ ʠʟʤʝʨʷʝʪʩʷ Ὀ̐ ̏,̃ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʨʠʤʝʥʷʪʴ ʬʦʨʤʫʣʫ (2) ʠʣʠ ʥʦʤʦʛʨʘʤʤʫ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʚ Ὀ̏ ̜̓̑̃. 

5. ʋʩʨʝʜʥʝʥʠʝ: ʧʨʦʚʦʜʠʪʴ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʟʘʤʝʨʦʚ ʦʜʥʦʛʦ ʧʫʟʳʨʴʢʘ 
ʨʘʟʥʳʤʠ ʠʩʧʳʪʘʪʝʣʷʤʠ. 

6. ʆʙʫʯʝʥʠʝ ʠʩʧʳʪʘʪʝʣʝʡ: ʚʢʣʶʯʠʪʴ ʬʦʨʤʫʣʳ/ʥʦʤʦʛʨʘʤʤʳ ʚ 

ʠʥʩʪʨʫʢʮʠʠ (ʈʕ, ʊʀ), ʧʨʦʚʦʜʠʪʴ ʪʨʝʥʠʨʦʚʢʠ ʥʘ ʵʪʘʣʦʥʘʭ. 

7. ʅʦʨʤʠʨʦʚʘʥʠʝ: ʠʩʧʦʣʴʟʦʚʘʪʴ Ὀ̏ ̜̓̑̃ (ʘ ʥʝ Ὀ̃ ̉ ̅ʠʣʠ Ὀ̐ ̏)̃ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʙʨʘʢʦʚʢʠ (ʊʋ ʠʟʜʝʣʠʷ). 

8. ʆʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʘ: ʦʩʥʦʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ï ʥʝʪʦʯʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ 

ʟʘʤʝʨʘ ʣʠʥʝʡʢʦʡ. ʄʝʪʦʜ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʫʟʳʨʴʢʦʚ Ï > 1,5 ʤʤ. ɼʣʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʝʨʝʭʦʜ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺʠʟʫʘʣʴʥʳʡ ʟʘʤʝʨ ʜʠʘʤʝʪʨʘ ʧʫʟʳʨʴʢʦʚ ʣʠʥʝʡʢʦʡ ʙʝʟ ʢʦʨʨʝʢʮʠʠ ʠʤʝʝʪ 
ʚʳʩʦʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ (ŭ ʜʦ 40%) ʠ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ (CV ʜʦ 21%). 

2. ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʢʦʨʨʝʢʮʠʠ ʚʠʜʠʤʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘ 
ʦʧʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ (1) ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠ ʚʩʧʣʳʪʠʠ (2) ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʫʟʳʨʴʢʘ ʚ ʟʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ 

(Ὀ̏ ̜̓̑)̃ ʜʦ 8-10%. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʤʦʛʨʘʤʤʳ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʦʪʫ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

4. ʄʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ 
ʦʧʝʨʘʪʠʚʥʦ ʚʥʝʜʨʝʥ ʚ ʜʝʡʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʦʥʪʨʦʣʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʚʦʜʫ ʥʘ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʌ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ 

ʧʦʧʨʘʚʦʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ὲ ʠ ʚʷʟʢʦʩʪʴ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʚ ʦʪʨʘʩʣʝʚʳʭ ʈʊʄ. 
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(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʚ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʭ ʤʘʩʩʫ ʠ ʧʦʚʳʩʠʪʴ ʘʙʩʦʣʶʪʥʳʝ ʠ ʫʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʞʝʩʪʢʦʩʪʴʶ, ʥʦ ʚ ʠʭ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʨʝʱʠʥʳ 

ʠ ʨʘʩʩʣʦʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʇʂʄ ʩʫʱʝʩʪʚʫʝʪ ʪʨʫʜʥʘʷ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʝʪʘʣʝʡ ʠ ʘʛʨʝʛʘʪʦʚ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʜʝʪʘʣʠ ʠ ʘʛʨʝʛʘʪʳ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

 

OF NON-DESTRUCTIVE TESTING TECHNOLOGIES FOR AIRCRAFT 

POWER PLANT PARTS AND ASSEMBLIES MADE OF POLYMER 

COMPOSITE MATERIALS  
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Abstract. This paper examines the main trends in the use of polymer composite materials 

(PCM) in civil aviation power plants, which can reduce weight and increase the absolute and 

specific parameters of aircraft engines.  

Such materials have high specific strength and rigidity, but subsurface cracks and 

delaminations can develop in their multilayer structure. Therefore, there is a difficult task in the 

PCM to detect such damages that occur during production and operation.  

Methods of non-destructive testing of power plant parts and assemblies made of composite 

materials are analyzed. Almost all methods and techniques used in the production and operation of 

aviation equipment have been used to identify defects and damages. 

Keywords: aircraft power plants, power plant parts and assemblies made of polymer 

composite materials, non-destructive testing methods. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʠ ʠʭ ʩʠʣʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʘʣʶʤʠʥʠʝʚʳʝ, ʤʘʛʥʠʝʚʳʝ, ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʠ 

ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ).  

ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʦʚ ʩʪʘʚʠʪ ʟʘʜʘʯʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʣʦʰʥʦʩʪʴ. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ, ʥʦ ʚ ʠʭ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʨʝʱʠʥʳ ʠ 

ʨʘʩʩʣʦʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʇʂʄ ʩʫʱʝʩʪʚʫʝʪ ʪʨʫʜʥʘʷ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ [5].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʄʅʂ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ɺʉ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʇʂʄ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʂ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʮʝʥʢʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠ ʥʝʨʘʟʨʫʰʘʶʱʝʤ ʢʦʥʪʨʦʣʝ ʜʝʪʘʣʝʡ ʠ ʘʛʨʝʛʘʪʦʚ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʩʯʝʪʝ ʨʝʩʫʨʩʘ ʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ 

(ɻʆʉʊ ʈ 58989-2020). 

ʄʥʦʛʦʩʣʦʡʥʦʩʪʴ ʠ ʘʥʠʟʦʪʨʦʧʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʧʦʜʭʦʜʦʚ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ [3].  

ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ. ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ 

ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ, ʨʘʜʠʘʮʠʦʥʥʳʭ, ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʠ ʰʝʨʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢ ʢʦʤʧʦʟʠʪʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ (ɻʆʉʊ ʈ 56787-2015). 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ (ʋɿʂ).  

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʠʣʠ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ: ʵʭʦ-ʠʤʧʫʣʴʩʥʳʡ ʤʝʪʦʜ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠ ʪʝʥʝʚʦʡ ʤʝʪʦʜ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩ 

ʜʦʩʪʫʧʦʤ ʢ ʜʚʫʤ ʩʪʦʨʦʥʘʤ ʜʝʪʘʣʠ ʠʣʠ ʘʛʨʝʛʘʪʘ.  

ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʠʣʠ ʥʝʩʧʣʦʰʥʦʩʪʝʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦʨʠʩʪʦʩʪʠ, ʚʢʣʶʯʝʥʠʡ ʠ ʨʘʩʩʣʦʝʥʠʡ. ʊʠʧ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ.  

ʇʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥʪʨʦʣʝ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ 

ʇʂʄ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʚʦʟʙʫʞʜʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ʥʠʞʝ 1 

ʄɻʮ. ɼʣʷ ʦʙʲʝʢʪʦʚ ʩ ʪʦʣʱʠʥʘʤʠ ʙʦʣʝʝ 100 ʤʤ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪ 55 ʜʦ 500 ʢɻʮ. ʆʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʩʥʠʞʘʝʪ ʨʘʟʨʝʰʘʶʱʫʶ 
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ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʫʚʝʣʠʯʝʥʠʝ 

ʯʘʩʪʦʪʳ ʫʤʝʥʴʰʘʝʪ ʜʠʘʧʘʟʦʥ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʪʦʣʱʠʥ [6]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʪʘʢʪʥʘʷ ʞʠʜʢʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʛʝʣʴ ʠʣʠ ʤʘʩʣʦ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʯʠʱʝʥʘ ʦʪ ʛʨʷʟʠ ʠ ʜʨʫʛʠʭ ʠʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ. ɼʝʬʝʢʪʳ ʤʦʥʦʣʠʪʥʳʭ ʜʝʪʘʣʝʡ 

ʭʦʨʦʰʦ ʚʳʷʚʣʷʶʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʵʭʦ-ʠʤʧʫʣʴʩʥʳʤ ʤʝʪʦʜʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʢʚʦʟʥʦʛʦ 

ʧʨʦʟʚʫʯʠʚʘʥʠʷ.  

ʌʘʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʘʚʣʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʣʫʯʘ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠ ʘʚʪʦʬʦʢʫʩʠʨʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ.  

ʇʨʠ ʢʦʥʪʨʦʣʝ ʫʛʣʝʧʣʘʩʪʠʢʦʚʦʡ ʧʘʥʝʣʠ ʪʦʣʱʠʥʦʡ 8 ʤʤ ʬʘʟʠʨʦʚʘʥʥʦʡ 

ʨʝʰʝʪʢʦʡ ʩ ʯʘʩʪʦʪʦʡ 5 ʄɻʮ ʫʜʘʝʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʨʘʩʩʣʦʝʥʠʷ ʨʘʟʤʝʨʦʤ ʦʪ 3 ʤʤ 

ʥʘ ʛʣʫʙʠʥʝ ʜʦ 6 ʤʤ. ʈʘʟʚʝʨʪʢʘ ʥʘ ʵʢʨʘʥʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʠ 

ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ ʜʝʬʝʢʪʦʚ. 

ʊʨʝʭʩʣʦʡʥʳʝ ʩʦʪʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʨʦʰʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʪʝʥʝʚʳʤ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʤʝʪʦʜʦʤ ʠ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʤʧʝʜʘʥʩʥʳʤ. 

ʅʘʠʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʧʷʪʠ- ʠ ʩʝʤʠʩʣʦʡʥʳʭ 

ʩʦʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʝʭ-, ʧʷʪʠ- ʠ ʩʝʤʠʩʣʦʡʥʳʭ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʪʦʛʦʥʜʦʣʳ 

ʜʚʠʛʘʪʝʣʷ ʩ ʩʦʪʦʚʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʷʚʣʷʶʪʩʷ: ʠʥʦʨʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ; 

ʨʘʩʩʣʦʝʥʠʷ (ʥʝʧʨʦʢʣʝʠ) ʚ ʦʙʰʠʚʢʘʭ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʦʙʰʠʚʢʦʡ ʠ ʩʦʪʦʚʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ; ʧʦʨʠʩʪʦʩʪʴ ʚ ʦʙʰʠʚʢʘʭ; ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʩʤʷʪʠʝ) ʩʦʪʦʚʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ; ʟʘʪʝʢʠ ʩʚʷʟʫʶʱʝʛʦ ʚ ʩʦʪʳ; ʥʝ ʨʘʩʪʷʥʫʪʳʝ ʩʦʪʳ ʠ ʪ.ʜ. [4].  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʋɿʂ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʪʘʢʦʡ ʢʦʥʪʨʦʣʴ ʦʪʨʘʙʦʪʘʥ, 

ʥʝʜʦʨʦʛ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʛʣʫʙʠʥʫ ʜʝʬʝʢʪʘ. 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʤʦʙʠʣʴʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 

60 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ.  

ɺʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ. 

ɺʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʨʦʛʠʤ, ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʠʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ. 

ɺʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛʠʤʠ ʄʅʂ ʩ ʮʝʣʴʶ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ. 

ɺʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʝʧʣʦʚʳʭ ʠ ʫʜʘʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʕʪʠ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʩʩʣʦʝʥʠʡ, ʨʘʩʪʨʝʩʢʠʚʘʥʠʡ ʠ ʪ. ʜ. 

ʇʦʩʣʝ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ɺʠʭʨʝʪʦʢʦʚʳʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʝʪʘʣʝʡ ʠ ʘʛʨʝʛʘʪʦʚ ʠʟ 

ʇʂʄ.  

ʄʝʪʦʜ ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚʘ ʩʣʘʙʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʨʘʙʦʪʘʝʪ ʩ ʪʦʥʢʦʩʪʝʥʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʵʬʬʝʢʪʠʚʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ 

ʤʝʪʦʜʦʤ [2]. 

ʇʨʦʚʝʜʝʥʠʝ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚʠʭʨʝʪʦʢʦʚʳʤ ʤʝʪʦʜʦʤ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʝʬʝʢʪʦʚ: ʨʘʩʩʣʦʝʥʠʝ, ʥʝʧʨʦʢʣʝʠ, ʧʦʨʠʩʪʦʩʪʴ, 

ʧʦʩʪʦʨʦʥʥʠʝ ʚʢʣʶʯʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʘ ʢ 

ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʘ ʜʝʪʘʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʜʝʪʘʣʝʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʜʝʪʘʣʝʡ ʠʟ ʇʂʄ. 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ 

ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʵʪʦʪ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʠʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʝʢʪʥʳʭ ʠ ʙʝʟʜʝʬʝʢʪʥʳʭ ʦʙʣʘʩʪʝʡ. ɸʢʪʠʚʥʳʡ ʪʝʧʣʦʚʦʡ 

ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ ʥʘʛʨʝʚʘʝʪʩʷ 

ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ, ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʡ, ʧʦʨ ʠ ʚʢʣʶʯʝʥʠʡ. 

ʊʝʧʣʦʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʝʪ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ, ʠ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʛʣʫʙʴ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ʅʘʣʠʯʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʩʦʟʜʘʝʪ ʙʘʨʴʝʨ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ, 

ʬʦʨʤʠʨʫʷ ʣʦʢʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʘʣʦʛʝʥʥʳʝ ʣʘʤʧʳ, 

ʠʤʧʫʣʴʩʥʳʝ ʣʘʤʧʳ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʠʣʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ. ɺʳʙʦʨ ʠʩʪʦʯʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʪʦʣʱʠʥʳ ʠʟʜʝʣʠʷ ʠ ʪʨʝʙʫʝʤʦʡ ʛʣʫʙʠʥʳ ʢʦʥʪʨʦʣʷ. 

ʇʨʠ ʢʦʥʪʨʦʣʝ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʧʘʥʝʣʝʡ ʪʦʣʱʠʥʦʡ 5 ʤʤ ʩ ʧʦʤʦʱʴʶ 

ʠʤʧʫʣʴʩʥʳʭ ʣʘʤʧ ʫʜʘʝʪʩʷ ʚʳʷʚʠʪʴ ʨʘʩʩʣʦʝʥʠʷ ʧʣʦʱʘʜʴʶ ʦʪ 10 ʤʤĮ ʥʘ ʛʣʫʙʠʥʝ 

ʜʦ 3 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʝʬʝʢʪʥʳʭ ʦʙʣʘʩʪʝʡ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʙʝʟʜʝʬʝʢʪʥʳʭ ʥʘ 4é24 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʦʚʨʝʞʜʝʥʠʷ. 

ɸʢʪʠʚʥʳʡ ʪʝʧʣʦʚʦʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʫʜʘʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʟʢʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ ʵʣʝʤʝʥʪʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ. ʋʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʚʦʜʦʨʦʜ ʩʣʘʙʦ 

ʧʦʛʣʦʱʘʶʪ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʠʩʪʝʤʳ ʠ 



60 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ 

ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʄʅʂ ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʪʦʤʦʛʨʘʬʠʷ. ʇʨʠ ʧʦʤʦʱʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʦʤʦʛʨʘʬʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʚ ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠʟ ʇʂʄ. ʄʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ 

ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ [1]. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʤʧʦʟʠʪʦʚ ʚʢʣʶʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʧʦ 

ʚʩʝʡ ʪʦʣʱʠʥʝ ʠʟʜʝʣʠʷ ʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʦʨʦʜʥʳʤ ʚʢʣʶʯʝʥʠʷʤ. 

ʄʝʪʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, 

ʚʣʘʛʠ, ʧʣʦʪʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʢʨʫʧʥʳʭ ʧʦʨ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʤʧʦʟʠʪʦʚ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (20é80 ʢɺ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2é5 ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʘʤʠ ʘʥʘʣʦʛʠʯʥʦʡ ʪʦʣʱʠʥʳ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʠ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʤʧʦʟʠʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ, ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢʪʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʠʜʥʳ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʩʥʠʤʢʘʭ. 

ʇʨʠ ʢʦʥʪʨʦʣʝ ʢʦʤʧʦʟʠʪʥʳʭ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʤʝʪʦʜʦʤ ʫʜʘʝʪʩʷ ʚʳʷʚʠʪʴ ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ ʦʪ 0,1 ʤʤ, ʧʦʨʳ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 0,2 ʤʤ ʠ ʦʮʝʥʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʨʤʠʨʫʶʱʠʭ 

ʚʦʣʦʢʦʥ. ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʯʪʠ ʧʨʦʟʨʘʯʥʳ ʜʣʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ ʥʠʟʢʦʡ 

ʵʥʝʨʛʠʠ.  

ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʘʤʠ 

ʩʚʠʥʮʦʚʦʡ ʟʘʱʠʪʳ ʠ ʩʦʙʣʶʜʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʪʦʣʴʢʦ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʘʛʨʝʛʘʪʦʚ 

ʧʣʘʥʝʨʘ ʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʪʠʧ ʤʘʪʝʨʠʘʣʘ, ʛʝʦʤʝʪʨʠʶ ʠʟʜʝʣʠʷ, ʪʨʝʙʫʝʤʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʢ ʢʦʤʧʦʟʠʪʘʤ. 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʨʘʩʩʣʦʝʥʠʡ ʚ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʄʝʪʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʝʪʦʜʘ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʠʟʜʝʣʠʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʚʳʩʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʫʪʨʝʥʥʠʤ ʜʝʬʝʢʪʘʤ ʠ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʨʘʟʤʝʨʳ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ. ʄʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʟʜʝʣʠʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ, ʥʦ ʪʨʝʙʫʝʪ ʭʦʨʦʰʝʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʤʦʞʝʪ ʜʘʚʘʪʴ ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ ʚ ʩʠʣʴʥʦ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʲʝʢʪʠʚʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʣʦʪʥʦʩʪʥʳʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ. 

ʄʝʪʦʜ ʥʝʟʘʤʝʥʠʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʥʦʨʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʢʦʥʪʨʦʣʷ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʦʚ. ʆʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʙʠʣʴʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʄʅʂ ʢʦʥʪʨʦʣʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʪʦʣʱʠʥʘʭ ʠʟʜʝʣʠʡ: ʪʝʨʤʦʛʨʘʬʠʷ ʜʦ 10 ʤʤ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʜʦ 100 ʤʤ, 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ.  

ʊʠʧ ʦʧʨʝʜʝʣʷʝʤʳʭ ʄʅʂ ʜʝʬʝʢʪʦʚ: ʨʘʩʩʣʦʝʥʠʷ ï ʚʩʝ ʤʝʪʦʜʳ, ʪʨʝʱʠʥʳ ʠ 

ʥʝʩʧʣʦʰʥʦʩʪʠ ï ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʢʦʥʪʨʦʣʴ, 

ʚʢʣʶʯʝʥʠʷ ï ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʢʦʥʪʨʦʣʴ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʄʅʂ: ʪʝʨʤʦʛʨʘʬʠʷ ï ʚʳʩʦʢʘʷ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʢʦʥʪʨʦʣʴ ï ʩʨʝʜʥʷʷ, ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʢʦʥʪʨʦʣʴ ï ʥʠʟʢʘʷ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 
1. ɺʘʡʥʙʝʨʛ ʕ. ʀ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʦʤʦʛʨʘʬʳ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ. ʂʨʠʪʝʨʠʠ ʚʳʙʦʨʘ / ʕ. 

ʀ. ɺʘʡʥʙʝʨʛ, ʀ. ɸ. ɺʘʡʥʙʝʨʛ // ɼʚʠʛʘʪʝʣʴ. ï 2011. ï ˉ 4 (76). ï ʉ. 22-27 

2. ʌʝʜʦʩʝʥʢʦ ʖ. ʂ. ɺʠʭʨʝʪʦʢʦʚʳʡ ʢʦʥʪʨʦʣʴ : / ʖ. ʂ. ʌʝʜʦʩʝʥʢʦ, ʇ. ʅ. ʐʢʘʪʦʚ, ɸ. 

ɻ. ɽʬʠʤʦʚ ; ʈʦʩʩʠʡʩʢʦʝ ʦʙʱʝʩʪʚʦ ʧʦ ʥʝʨʘʟʨʫʰʘʶʱʝʤʫ ʢʦʥʪʨʦʣʶ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʝ. ï ʄʦʩʢʚʘ : ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʉʧʝʢʪʨè, 2011. ï 224 ʩ. ï (ɼʠʘʛʥʦʩʪʠʢʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ). ï ISBN 978-5-904270-64-3. ï EDN QMHEEL. 

3. ʂʘʙʣʦʚ ɽ. ʅ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʌɻʋʇ "ɺʀɸʄ" ɻʅʎ ʈʌ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 

çʉʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʧʝʨʠʦʜ 

ʜʦ 2030 ʛʦʜʘè / ɽ. ʅ. ʂʘʙʣʦʚ // ɸʚʠʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ï 2015. ï ˉ 1(34). ï ʉ. 

3-33. ï EDN TJEMOB. 

4. ɺʳʷʚʣʝʥʠʝ ʨʘʩʩʣʦʝʥʠʡ ʠ ʥʝʧʨʦʢʣʝʝʚ ʚ 5- ʠ 7-ʩʣʦʡʥʳʭ ʩʦʪʦʚʳʭ ʜʝʪʘʣʷʭ ʠ 

ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ ʘʢʫʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ / ɸ. ʉ. ɻʝʥʝʨʘʣʦʚ, ɸ. ʉ. ɹʦʡʯʫʢ, 

ɺ. ʖ. ʏʝʨʪʠʱʝʚ [ʠ ʜʨ.] // ʂʣʝʠ. ɻʝʨʤʝʪʠʢʠ. ʊʝʭʥʦʣʦʛʠʠ. ï 2017. ï ˉ 3. ï ʉ. 23-26. ï EDN 

YFSXFT. 

5. ʌʝʡʛʝʥʙʘʫʤ ʖ. ʄ. ɺʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ / ʖ. ʄ. ʌʝʡʛʝʥʙʘʫʤ, ʉ. ɺ. ɼʫʙʠʥʩʢʠʡ // 

ʅʘʫʯʥʳʡ ʚʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ. ï 2013. ï ˉ 187. ï ʉ. 83-91. ï EDN PXQKIH.  

6. ʄʫʨʘʰʦʚ ɺ. ɺ. ʂʦʥʪʨʦʣʴ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʣʝʝʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʦʪʨʘʞʝʥʠʷ / ɺ. ɺ. ʄʫʨʘʰʦʚ, ɸ. ʉ. ɻʝʥʝʨʘʣʦʚ // ɸʚʠʘʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ï 2017. ï ˉ 1(46). ï ʉ. 69-74. ï DOI 10.18577/2071-9140-2017-0-1-

69-74. ï EDN XRYAFF. 

 
 



62 

ʋɼʂ 621.96/98 (075.08) 

 

ʇʆɼʍʆɼ ʂ ʄɽʊʆɼʀʂɽ ʈɸʉʏɽʊɸ ʕʃɽʈʆʅɸ ʂʈʓʃɸ ɺʆɿɼʋʐʅʆɻʆ 

ʉʋɼʅɸ ʉ ʎɽʃʔʖ ʆʇʈɽɼɽʃɽʅʀʗ ɼʆʇʋʉʊʀʄʓʍ ʅɸɻʈʋɿʆʂ 

 

ʅʝʚʝʨʦʚ ʉʪʘʥʠʩʣʘʚ ʆʣʝʛʦʚʠʯ1, ʢʘʥʜ. ʚʦʝʥ. ʥʘʫʢ 

ɻʘʣʢʦʚ ʇʘʚʝʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ2 

 
1ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 
2ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ) 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʦʚʝʨʭʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ï ʵʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ ʠ 

ʫʛʣʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʢʨʳʣʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ï ʵʣʝʨʦʥʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʵʣʝʨʦʥ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʣʦʥʷʶʱʫʶʩʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ, 

ʧʨʠʢʨʝʧʣʝʥʥʫʶ ʢ ʥʝʤʫ ʥʝʩʢʦʣʴʢʠʤʠ ʰʘʨʥʠʨʥʳʤʠ ʫʟʣʘʤʠ ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʪʷʛʦʡ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʥʘʚʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʨʦʥʘ ʠ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʤʝʥʝʝ ʜʚʫʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʛʨʫʟʢʠ, ʩʠʣʳ ʨʝʘʢʮʠʠ, ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʦʚʳʝ ʬʘʢʪʦʨʳ, 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ. 

 

APPROACH TO CALCULATING AN AIRCRAFT WING AI LERON 

FOR DETERMIN ING PERMISSIBLE LOADS  
 

Neverov S.O.1, Candidate of Military Sciences 

Galkov Pavel A.2 

 
1Moscow State Technical University of Civil Aviation, Irkutsk branch 

(Irkutsk) 
2Moscow Aviation Institute (National Research University) 

(Moscow) 
 

Abstract. An aircraft control surface is a structural element designed to generate the forces 

and moments necessary to control the trajectory and attitude of the aircraft. This article examines 

the calculation methodology for an aircraft wing control surface elementðthe aileron. Structurally, 

an aircraft aileron is a deflecting portion of the wing surface, attached to it by several hinge 

assemblies and connected to a control rod. The number of hinge assemblies is determined by the 

aileron's geometric parameters and cannot be less than two. 

Keywords: loads, reaction forces, internal force factors, bending moment, shear forces. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʚʝʨʭʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ï ʵʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʝʢʪʦʨʠʝʡ ʠ ʫʛʣʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʨʳʣʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ï ʵʣʝʨʦʥʘ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʵʣʝʨʦʥ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʢʣʦʥʷʶʱʫʶʩʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ, ʧʨʠʢʨʝʧʣʝʥʥʫʶ ʢ ʥʝʤʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʰʘʨʥʠʨʥʳʤʠ ʫʟʣʘʤʠ ʠ ʩʚʷʟʘʥʥʫʶ ʪʷʛʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʥʘʚʝʩʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʨʦʥʘ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ 

ʜʚʫʭ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʠʟ ʥʠʭ ʤʦʞʝʪ ʧʦʟʚʦʣʷʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʅʘʛʨʫʞʘʝʪʩʷ ʵʣʝʨʦʥ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʨʝʘʢʮʠʷʤʠ R 

ʦʧʦʨ ʚ ʫʟʣʘʭ ʥʘʚʝʩʢʠ ʠ ʥʘʛʨʫʟʢʦʡ ʚ ʨʘʡʦʥʝ ʢʨʝʧʣʝʥʠʷ ʪʷʛʠ ʧʨʦʚʦʜʢʠ 

ʫʧʨʘʚʣʝʥʠʷ ʊ. ʄʘʩʩʦʚʳʝ ʩʠʣʳ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʨʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʙʦʣʴʰʠʝ ʠ 

ʠʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʥʝʙʨʝʛʘʶʪ (ʨʠʩ. 1). 

 
 

ʈʠʩʫʥʦʢ 1 ï ʅʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʨʦʥ 
 

ʈʘʩʯʝʪʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʵʣʝʨʦʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ 

ʧʣʦʱʘʜʠ ʠ ʩʢʦʨʦʩʪʥʦʤʫ ʥʘʧʦʨʫ: 
 

qkfSʈ ʕ

ʨʘʩʯ

ʕ =
 (1) 

 

ɺ ʚʳʨʘʞʝʥʠʠ (1): k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʣʫʯʘʷ ʥʘʛʨʫʞʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʅʦʨʤʘʤʠ ʧʨʦʯʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ï f ʜʣʷ 

ʵʣʝʨʦʥʦʚ (ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʜʚʫʤ). ʇʨʠ ʨʘʩʯʝʪʘʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʵʣʝʨʦʥ 

ʧʨʦʚʝʨʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʥʘʛʨʫʞʝʥʠʷ ʢʨʳʣʘ ʢʘʢ ʚ ʦʪʢʣʦʥʝʥʥʦʤ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʛʣʳ, ʪʘʢ ʠ ʚ ʥʝ ʦʪʢʣʦʥʝʥʥʦʤ ʧʦʣʦʞʝʥʠʷʭ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʦʟʜʫʰʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʨʘʟʤʘʭʫ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʭʦʨʜʘʤ ʠ 

ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʘʚʠʣʫ ʪʨʘʧʝʮʠʠ: 
 

i

ʕ

ʨʘʩʯ

ʕʨʘʩʯ b
S

ʈ
q =

 
(2) 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʚ ʫʟʣʘʭ ʥʘʚʝʩʢʠ 

ʵʣʝʨʦʥʘ, ʪʷʛʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 2), ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʧʝʨʝʯʥʫʶ ʩʠʣʫ, ʧʨʠʤʝʤ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2, 3) : 0,5 ʤb= , 
ʣ 0,1x b= , 

ʞ 0,2x b= , 

: 0,25h b= , 0,1 ʤa= , 
1 0,6 ʤl = , 

2 0,5 ʤl = , 0,2 ʤe= , 
max 14000 ʇʘq = . 
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ʈʠʩʫʥʦʢ 2 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʨʦʥʘ 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʅʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʪʷʛʝ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʨʦʥʦʤ 

 

ɺʥʘʯʘʣʝ ʦʧʨʝʜʝʣʷʝʤ ʨʘʩʯʝʪʥʫʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

 

ʨʘʩʯ ʚP f P= Ö, (3) 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ 2f = , ʚʦʟʜʫʰʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʚ ʨʫʣʷ.ʈ ql=  

ɺʝʣʠʯʠʥʘ ʧʦʛʦʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʥʘʛʨʫʟʢʠ 
ʚq, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʭʦʨʜʝ 

(ʨʠʩ. 2), ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
 

1 2
ʚ .

2

p p
q b

+
=  (4) 

 

ɿʥʘʯʝʥʠʷ 
1 2ʠp p

  

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʅʦʨʤ ʧʨʦʯʥʦʩʪʠ: 

 

1 max0,64 0,64 14000 8960ʇʘ,p q= Ö = Ö =  2 1

1 1
8960 2986ʇʘ.

3 3
p p= Ö = Ö =

 
 

ʊʦʛʜʘ: 
 

1 2
ʚ

8960 2986 ʅ
0,5 2986,5

2 2 ʤ

p p
q b

+ +
= = Ö = .

 

 

ɺʦʟʜʫʰʥʘʷ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʘ: 
 

ʚ ʚ ʨʫʣ2̫986,5 1,4 4181,1ʅʈ ql= = Ö = .
 

 

ʈʘʩʯʝʪʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʨʘʩʯʈ  ʙʫʜʝʪ ʨʘʚʥʘ: 

 

ʨʘʩʯ ʚ2 4181,1 8362,2ʅ.P f P= Ö = Ö =
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ʊʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʨʘʩʯʸʪʥʦʡ ʩʠʣʳ 
ʜx  ʥʘ ʧʨʦʝʢʮʠʠ 

ʚʜʦʣʴ ʭʦʨʜʳ ʨʫʣʷ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
 

1 2
ʜ

1 2

2 0,5 8960 2 2986
0,2.

3 3 8960 2986

p pb
x

p p

+ + Ö
= Ö = Ö =

+ +
 

 

ʀʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʦʡ ʨʘʩʯʈ  ʠ 

ʨʝʘʢʮʠʝʡ ʊ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʫʣʷ (ʨʠʩ. 3), ʚʳʯʠʩʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʚ
 

ʪʷʛʝ ʫʧʨʘʚʣʝʥʠʷ: 
 

( ) ( )ʨʘʩʯ ʜ ʣ8362,2 0,2 0,1 0,5 1254,3
10034,4 ʅ.

0,25 0,5 0,125

ʈ x x
T

h

- - Ö
= = = =

Ö  
 

ʃʦʥʞʝʨʦʥ ʵʣʝʨʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʨʘʟʨʝʟʥʫʶ ʪʨʝʭʦʧʦʨʥʫʶ ʙʘʣʢʫ, 

ʨʘʙʦʪʘʶʱʫʶ ʥʘ ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʆʧʦʨʘʤʠ ʣʦʥʞʝʨʦʥʘ ʷʚʣʷʶʪʩʷ ʫʟʣʳ ʥʘʚʝʩʢʠ ʣʦʥʞʝʨʦʥʘ ʢ ʢʨʳʣʫ.  

ɺʝʣʠʯʠʥʘ ʧʦʛʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʣʦʥʞʝʨʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ: 
 

ʚ ʜ

ʣ

ʣ

2986,5 0,2 ʅ
11946 .

0,1 0,5 ʤ

q x
q

x

Ö
= = =

Ö
 

 

ʅʝʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ ʚ ʫʟʣʘʭ ʥʘʚʝʩʢʠ ʠ ʟʥʘʯʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ 

ʤʦʤʝʥʪʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʫʨʘʚʥʝʥʠʷ ʪʨʝʭ ʤʦʤʝʥʪʦʚ: 
 

( ) ( )3 3

1 1 2 1 2 3 2 ʣ 1 ʣ 22 0,25 .M l M l l M l q l q l+ + + = +
 

 

ʄʦʤʝʥʪ ʥʘ ʧʝʨʚʦʡ ʦʧʦʨʝ ʨʘʚʝʥ: 
 

2 2

ʣ
1

11946 0,1
59,7ʅʤ.

2 2

q a
ʄ

Ö
= = =  

 

ʄʦʤʝʥʪ ʥʘ ʪʨʝʪʴʝʡ ʦʧʦʨʝ ʨʘʚʝʥ: 
 

2 2

ʣ
3

11946 0,2
239ʅʤ.

2 2

q e
ʄ

Ö
= = =  

 

ʄʦʤʝʥʪ ʚʦ ʚʪʦʨʦʡ ʦʧʦʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʨʝʭ ʤʦʤʝʥʪʦʚ: 
 

( )
( )

3 3

ʣ 1 2 1 1 3 2

2

1 2

0,25
,

2

q l l M l M l
M

l l

+ - -
=

+
 

( )
( )

( )
( )

3 3

2

3 3

0,25 11946 0,6 0,5 59,7 0,6 239 0,5

2 0,6 0,5

0,25 11946 0,6 0,5 59,7 0,6 239 0,5
       = 377 ʅʤ.

2 0,6 0,5

M
Ö + - Ö - Ö

= =
+

Ö + - Ö - Ö
=

+
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ʈʝʘʢʮʠʠ ʚ ʫʟʣʘʭ ʥʘʚʝʩʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʨʠʩ. 4. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʈʝʘʢʮʠʠ ʚ ʦʧʦʨʘʭ ʤʥʦʛʦʧʨʦʣʝʪʥʦʡ ʙʘʣʢʠ 
 

( )
2

ʣ 1

2 1 1 20,  0,
2

q a l
M R l M

+
= - - =ä

 
( )

( )

2

ʣ 1

2

1

1

0,5 11946 0,1 0,6 3772 4249 ,
0,6

q a l
M

R ʅ
l

+
- Ö + -

= = =

 

( )
2

ʣ 2

2 3 2 20,  0,
2

q e l
M R l M

+
= - + + =ä

 
( )

( )

2

ʣ 2
2

2

3

2

0,5 11946 0,2 0,5 3772 5099,5 ʅ.
0,5

q e l
M

R
l

+
- Ö + -

= = =  

 

ʈʝʘʢʮʠʷ 
2Rʚʦ ʚʪʦʨʦʡ ʦʧʦʨʝ ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʙʘʣʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ: 
 

ʣ ʨʫʣʷ 1 2 3,q l R R R= + +  

( )

( )

2 ʣ 1 2 1 3

 =11946 0,1 0,6 0,5 0,2 4249 5099,5 7375,9 ʅ.

R q a l l e R R= + + + - - =

+ + + - - =
 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʠʣ ʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʕʧʶʨʳ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ 
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l1 e
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3262,7
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʨʝʟʳʚʘʶʱʝʡ ʩʠʣʳ ʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʪʦʨʦʡ 

ʦʧʦʨʝ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʚʪʦʨʫʶ ʦʧʦʨʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʚʝʣʠʯʠʪʴ h 

(ʚʳʩʦʪʫ ʢʨʦʥʰʪʝʡʥʘ ʪʷʛʠ ʫʧʨʘʚʣʝʥʠʷ) ʥʘ 5-10%, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʵʪʫ 

ʥʘʛʨʫʟʢʫ ʥʘ 15-20%. ʅʘ ʚʩʝʭ ʪʨʝʭ ʦʧʦʨʘʭ ʢʨʝʧʣʝʥʠʷ ʵʣʝʨʦʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʫʚʝʣʠʯʠʪʴ ʚʝʣʠʯʠʥʫ Xʣ  (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʦʩʢʘ ʵʣʝʨʦʥʘ ʜʦ ʣʦʥʞʝʨʦʥʘ) ʥʘ 3-5%, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʦʨʳ ʥʘ 7-10%. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʤʘʣʦʛʦ ʜʚʫʭʪʘʢʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ DLE 35 RA, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 

ʘʚʠʘʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʤʘʣʦʡ ʘʚʠʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʤʦʱʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ, ʜʚʫʭʪʘʢʪʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʤʦʱʥʦʩʪʥʳʝ 
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STUDY OF AN AIRCRAFT ENGINE ON A TEST STAND 

 

Otetleev Kazhymukan K. 

Garipova Lyaysan I., Candidate of Technical Sciences 

Batrakov Andrey S., Candidate of Technical Sciences  

 

Kazan National Research Technical University named after A.N. Tupolev ï KAI 

(Kazan) 

 
Abstract. This article presents the results of tests of a test stand for the study of the small 

two-stroke engine DLE 35 RA, used in aircraft modeling and small aviation. The main objective of 

the work was to study the influence of operational parameters on the power and dynamic 

characteristics of the power plant. 
Keywords: test stand, two-stroke engine, dynamic characteristics, torque, rotational speed. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʜʚʠʞʠʪʝʣʝʡ ʥʘ ʪʘʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ. ɿʘʯʘʩʪʫʶ ʨʘʟʨʘʙʦʪʯʠʢʠ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʤʘʣʳʝ ʜʚʫʭʪʘʢʪʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʳʥʢʝ. ʆʜʥʘʢʦ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ ʨʝʘʣʴʥʳʝ ʤʦʱʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʷʚʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʘʣʴʥʳʭ ʤʦʱʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʚʠʥʪʘʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʝʥʜʳ [1, 2]. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʚʫʭʪʘʢʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʦʟʜʫʰʥʳʤʠ ʚʠʥʪʘʤʠ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʢʦʥʩʦʣʠ ʚʘʣʘ. ɺʘʣ ʫʩʪʘʥʦʚʣʝʥ 

ʚ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ï ʧʦʚʦʨʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʘʣʘ. ɺʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʨʳʯʘʛ. ʈʳʯʘʛ ʚʳʧʦʣʥʝʥ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʦ ʜʣʠʥʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʨʳʯʘʛʘ 

ʫʩʪʘʥʦʚʣʝʥ ʛʨʫʟ ʧʨʦʪʠʚʦʚʝʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɼʨʫʛʦʡ ʩʪʦʨʦʥʦʡ ʨʳʯʘʛ ʧʝʨʝʜʘʝʪ ʫʩʠʣʠʝ ʥʘ ʪʝʥʟʦʜʘʪʯʠʢ. 

ʇʝʨʝʤʥʦʞʝʥʠʝʤ ʧʦʢʘʟʘʥʠʷ ʪʝʥʟʦʜʘʪʯʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʩʠ ʚʘʣʘ ʦʮʝʥʠʚʘʝʪʩʷ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ. ʀʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʪʘʭʦʤʝʪʨʘ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʪʘʭʦʤʝʪʨʘ 

ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʢ ʜʘʪʯʠʢʫ ʭʦʣʣʘ. 

ʂʦʤʧʦʥʦʚʢʘ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʘ) ʚʠʜ ʩʙʦʢʫ ʙ) ʚʠʜ ʩʚʝʨʭʫ 

 

ʈʠʩʫʥʦʢ 1 ï ʂʦʤʧʦʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 

 

ʉʪʝʥʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 1. ʜʚʠʛʘʪʝʣʴ; 2. ʚʘʣ; 3. ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ; 4. 

ʩʪʦʣ; 5. ʛʨʫʟ; 6. ʨʳʯʘʛ; 7. ʨʫʯʢʘ ʜʨʦʩʩʝʣʷ; 8. ʙʣʦʢ ʧʠʪʘʥʠʷ; 9. ʮʠʬʨʦʚʦʡ 

ʜʠʥʘʤʦʤʝʪʨ, 10. ʚʦʟʜʫʰʥʳʡ ʚʠʥʪ. 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʭʪʘʢʪʥʳʡ ʜʚʠʛʘʪʝʣʴ 

DLE 35 RA [3]. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɿʘʷʚʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ 

 

ʄʘʢʩ. ʤʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ, ʢɺʪ 

(ʣ.ʩ.) 

ʄʘʢʩ. ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ, ʦʙ/ʤʠʥ  

ʆʙʲʝ

ʤ, ʩʤ3 

ʄʘʩʩʘ 

ʜʚʠʛʘʪʝʣʷ

, ʢʛ 

ʈʝʢʦʤʝʥʜʦʚʘʥʥʳʝ 

ʚʠʥʪʳ 

DLE 35 RA 3.01 (4.1) 8500 34.5 0.95 
18ʭ10, 19ʭ8, 

20ʭ8, 20ʭ10 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ʀʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʢʠ ʩʪʝʧʝʥʠ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʈʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʢʦʤʧʦʥʦʚʢʝ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʚʠʥʪʘʤʠ ʠʟ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʨʷʜʘ. ʄʝʪʦʜʠʢʘ 

ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʙʘʟʝ ʨʘʙʦʪ [4, 5]. 



70 

ʈʝʟʫʣʴʪʘʪʳ 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʥʦʤ ʫʨʦʚʥʝ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ: 

1. ɿʘʧʫʩʢ ʠ ʧʨʦʛʨʝʚ ʜʚʠʛʘʪʝʣʷ. 

2. ɺʳʚʦʜ ʜʚʠʛʘʪʝʣʷ ʥʘ ʨʝʞʠʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʩ ʬʠʢʩʠʨʦʚʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ. 

3. ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʛʘʟʘ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʘʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʪʢʨʳʪʠʷ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʠ: 40%, 60%, 80%, 100%. 

4. ɺʳʢʣʶʯʝʥʠʝ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʩ ʚʦʟʜʫʰʥʳʤ ʚʠʥʪʦʤ 20ʭ10 (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 ï ɼʨʦʩʩʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ 

ʄʢʨ, HĀm N, ʢɺʪ n, ʦʙ/ʤʠʥ 

0,29 0,052 1700 

0,45 0,108 2300 

0,69 0,225 3120 

0,96 0,405 4050 

1,18 0,634 5100 

 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʤʦʱʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ 

 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʜʦʙʘʚʣʷʶʪʩʷ ʚʠʥʪʳ 20ʭ8, 

19ʭ10, 19ʭ8. ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʨʢʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʨʠ 

ʨʘʟʥʦʤ ʫʨʦʚʥʝ ʥʘʛʨʫʞʝʥʠʷ.  
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ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʥʦʡ ʟʘʛʨʫʟʢʝ ʜʚʠʛʘʪʝʣʷ: 

1. ɿʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ. 

2. ɼʦʚʝʜʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʠ ʩʦ 

ʩʥʷʪʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

3. ɺʳʢʣʶʯʝʥʠʝ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʝʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʳʧʦʣʥʝʥʳ ʩ ʪʨʝʭʢʨʘʪʥʳʤ ʧʦʚʪʦʨʝʥʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 ʠ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʷ ʦʪ ʚʠʜʘ ʥʘʛʨʫʟʢʠ 

ɺʠʥʪʳ  ̄ ʄʢʨ, H*m N, ʢɺʪ n, ʦʙ/ʤʠʥ 

20ʭ10 

1 1.08 0.533 4700 

2 1.12 0.561 4800 

3 1.18 0.633 5100 

20ʭ8 

1 1.47 0,893 5800 

2 1.57 0,953 5800 

3 1.84 1,212 6500 

19ʭ10 

1 2,08 1,462 6700 

2 2,47 1,789 6900 

3 2,5 1,823 7000 

19ʭ8 

1 1,23 0,706 5500 

2 1,47 0,897 5800 

3 1,57 0,953 5800 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʷʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʥʘ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʘ ʤʝʩʪʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʥʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ ʚʠʥʪʘʤʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʥʫʪʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʠʣʘ N=1.823 ʢɺʪ 

(60,5% ʦʪ ʟʘʷʚʣʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʦʱʥʦʩʪʠ). ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 7000 ʦʙ/ʤʠʥ.  

ʀʟ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʘ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʥʝʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʚʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʯʪʦ ʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ 

ʨʘʟʚʠʪʴ ʟʘʷʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʏʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʨʝʞʠʤ ʦʩʝʚʦʡ ʦʙʜʫʚʢʠ), ʠʣʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʰʘʛʘ 

ʚʠʥʪʘ ʥʘ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʘ ʤʝʩʪʝ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʨʘʚʥʝʥʠʝ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩ ʟʘʷʚʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʧʦʩʪʨʦʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦʛʦ 

ʜʚʫʭʪʘʢʪʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ DLE35 RA. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʥʘ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʘ ʤʝʩʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʷʚʣʝʥʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ɺʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʘʷʚʣʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤ 

ʚʠʥʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʝʪʝ ʚʚʠʜʫ ʨʘʟʛʨʫʟʢʠ 

ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɻʊɼ) 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʛʨʝʚʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ (ʚʦʟʜʫʭʘ, ʛʘʟʘ) ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ. 

ʂʦʤʧʦʥʝʥʪʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʨʘʙʦʪʘʶʪ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

- ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ (ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ T = 1700...2100 ʂ); 

- ʙʦʣʴʰʠʝ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ (ʜʦ 40-10 ʇʘ); 

- ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ (ʩʢʦʨʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ ʜʦ 120...140 ʤ/ʩ). 

ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʥʘʛʨʫʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʢʘʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʪ ʠ ʩʢʦʨʦʩʪʝʡ ʧʦʣʝʪʘ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʚʦʟʥʠʢʘʶʪ 

ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʥʘʛʨʝʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ 

ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ʕʪʠ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʝʨʤʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ, 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ, 

ʪʨʝʱʠʥʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʦʜʝʣʴ. 
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Abstract. The combustion chamber of an aircraft gas turbine engine (GTE) is designed to 

heat the working fluid (air or gas) by burning fuel. 

Combustion chamber components operate under the following conditions: 

- high gas temperatures (in the combustion zone, T = 1700...2100 K); 

- large pressure drops (up to 4Ĭ10ώ Pa); 

- high flow velocities (compressor outlet velocity up to 120...140 m/s). 

These conditions generate significant static and dynamic mechanical loads due to variations 

in aircraft altitude, flight speed, and engine operating modes. Under such operating conditions, 

thermal stresses arise in the combustion chamber components due to different heating levels of the 

combustion chamber components and the flame tube. These thermal stresses may lead to thermal 

deformations, crack formation, and their further growth during operation. The purpose of this article 

is to assess the damage and thermal state of the combustion chamber components of the SaM 146 

engine. 

Keywords: aircraft engine, combustion chamber, faults, cracks, temperature, model. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʨʦʙʣʝʥʠʷ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, 

ʧʨʦʛʘʨʳ, ʧʦʷʚʣʝʥʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ. 

ʂʦʨʦʙʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʠ ʞʘʨʦʚʳʭ ʪʨʫʙ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʛʨʝʚʘ. ʇʨʠʯʠʥʘʤʠ ʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʨʫʰʝʥʠʝ ʧʦʜʘʯʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʭʣʘʞʜʝʥʠʷ 

ʞʘʨʦʚʳʭ ʪʨʫʙ, ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʢʦʥʫʩʘ ʨʘʩʧʳʣʘ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʨʝʞʠʤʘʭ ʧʨʠʝʤʠʩʪʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʤʝʩʪʥʦʛʦ ʥʘʛʨʝʚʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʦʙʣʝʥʠʝ, ʧʨʦʛʘʨ. 

ɺʦʟʤʦʞʥʦʝ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʧʨʦʛʨʝʚʘ ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ.  

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʢʘʧʝʣʴ ʪʦʧʣʠʚʘ ʥʘ ʩʪʝʥʢʠ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʚʦʟʥʠʢʘʝʪ 

ʪʦʯʝʯʥʦʝ ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʠ ʤʝʩʪʥʳʡ ʥʘʛʨʝʚ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʳ 

ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʠ ʦʪʣʦʞʝʥʠʝ 

ʢʦʢʩʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ʕʪʦ ʫʭʫʜʰʘʝʪ ʦʭʣʘʞʜʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ʇʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʠ ʩ ʪʝʨʤʦʫʩʪʘʣʦʩʪʴʶ. ʇʦʷʚʣʝʥʠʝ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ [2, 3]. 

ɼʚʠʛʘʪʝʣʴ Saʄ 146 ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʦʤʧʘʥʠʝʡ PowerJet, ʢʦʪʦʨʘʷ ʷʚʣʷʣʘʩʴ 

ʩʦʚʤʝʩʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʨʦʩʩʠʡʩʢʦʛʦ ʅʇʆ çʉʘʪʫʨʥè ʠ ʬʨʘʥʮʫʟʩʢʦʡ 

ʢʦʤʧʘʥʠʠ çSnecmaè (çSnecmaè ʦʪʚʝʯʘʝʪ ʟʘ çʛʦʨʷʯʫʶ ʯʘʩʪʴè ʜʚʠʛʘʪʝʣʷ ï 

ʛʘʟʦʛʝʥʝʨʘʪʦʨ, çʉʘʪʫʨʥè ʠʟʛʦʪʘʚʣʠʚʘʣ çʭʦʣʦʜʥʫʶè ʯʘʩʪʴè ʜʚʠʛʘʪʝʣʷ 

(ʚʝʥʪʠʣʷʪʦʨ ʠ ʪʫʨʙʠʥʫ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʠ ʚʳʧʦʣʥʷʣ ʦʙʱʫʶ ʩʙʦʨʢʫ). 

ɼʚʠʛʘʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʘʤʦʣʸʪʦʚ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ Sukhoi Superjet 100 [4]. 

ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ ʜʠʬʬʫʟʦʨʘ, ʥʘʨʫʞʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʢʦʨʧʫʩʦʚ ʠ ʞʘʨʦʚʦʡ ʪʨʫʙʳ (ʨʠʩʫʥʦʢ 1). 

 

https://ru.wikipedia.org/wiki/PowerJet
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%82%D1%83%D1%80%D0%BD_(%D0%9D%D0%9F%D0%9E)
https://ru.wikipedia.org/wiki/Snecma
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82
https://ru.wikipedia.org/wiki/Sukhoi_Superjet_100
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ʈʠʩʫʥʦʢ 1 ï ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ Saʄ 146 
 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʜʚʠʛʘʪʝʣʝʡ Saʄ 146 

ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʥʠʟʠʣʘʩʴ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʥʘʣʝʪ ʩʘʤʦʣʝʪʘ Sukhoi Superjet-

100 ʚ ʈʦʩʩʠʠ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʥʘʣʝʪʘ ʣʘʡʥʝʨʦʚ Airbus 

320/321 ʠ Boeing 737 [5, 6]. 

ʄʘʣʳʡ ʥʘʣʝʪ ʨʦʩʩʠʡʩʢʠʭ ʩʘʤʦʣʝʪʦʚ Sukhoi Superjet 100 ʚʳʟʚʘʥ 

ʧʨʦʙʣʝʤʘʤʠ ʩ çʛʦʨʷʯʝʡ ʯʘʩʪʴʶè ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ SaM-146. ʇʨʠ ʵʪʦʤ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʜʚʠʛʘʪʝʣʷ SaM-146 ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. 

ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʨʦʩʪʦʤ ʪʨʝʱʠʥ ʚ ʞʘʨʦʚʦʡ ʪʨʫʙʝ ʚ 

ʨʘʡʦʥʝ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ, ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʧʦʜʚʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʦʥʝ 

ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠ ʛʘʟʦʩʙʦʨʥʠʢʘ. ʇʨʠʯʝʤ ʪʨʝʱʠʥʳ ʥʘʯʠʥʘʶʪ 

ʧʦʷʚʣʷʪʴʩʷ ʫʞʝ ʧʦʩʣʝ ʪʳʩʷʯʠ ʯʘʩʦʚ ʥʘʣʝʪʘ ʩʘʤʦʣʝʪʘ (ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʪʦʨʦʤ 

ʛʦʜʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ).  
 

ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɹʦʨʦʩʢʦʧʠʯʝʩʢʠʡ ʦʩʤʦʪʨ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʪʨʝʱʠʥʳ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʚ ʨʘʡʦʥʝ 

ʦʪʚʝʨʩʪʠʡ ʧʦʜʚʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʨʝʱʠʥʳ ʞʘʨʦʚʦʡ ʪʨʫʙʳ 
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ʈʠʩʫʥʦʢ 3 ï ʊʨʝʱʠʥʳ ʚʥʝʰʥʝʡ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʦʜʦʣʴʥʳʝ ʪʨʝʱʠʥʳ ʚ ʨʘʡʦʥʝ ʧʦʜʚʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʦʧʝʨʝʯʥʳʝ ʪʨʝʱʠʥʳ ʚ ʨʘʡʦʥʝ ʦʪʚʝʨʩʪʠʡ 



77 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʚʨʝʞʜʝʥʠʷ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʊʨʝʱʠʥʳ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʚ ʨʘʡʦʥʝ ʬʦʨʩʫʥʦʢ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʨʝʱʠʥʳ ʚ ʞʘʨʦʚʦʡ ʪʨʫʙʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʧʦʷʚʣʷʶʪʩʷ 

ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ. 

ʇʦʚʨʝʞʜʝʥʠʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʚ ʨʘʡʦʥʝ ʪʦʧʣʠʚʥʦʡ ʬʦʨʩʫʥʢʠ ʚʳʟʚʘʥʦ 

ʥʘʨʫʰʝʥʠʝʤ ʨʝʞʠʤʘ ʠʭ ʨʘʙʦʪʳ. ʇʨʠ ʨʘʙʦʪʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʬʦʨʩʫʥʢʘʤʠ 

ʩʦʟʜʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʫʩʘ ʨʘʩʧʳʣʘ ʪʦʧʣʠʚʘ, ʨʘʟʣʠʯʥʳʝ ʥʘ ʨʘʟʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʈʘʙʦʪʘ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʘ ʩ ʚʧʨʳʩʢʦʤ ʪʦʧʣʠʚʘ, ʝʛʦ ʩʤʝʰʠʚʘʥʠʝʤ ʩ ʚʦʟʜʫʭʦʤ ʚ ʟʦʥʝ ʦʙʨʘʪʥʳʭ 

ʪʦʢʦʚ, ʥʘʭʦʞʜʝʥʠʝʤ ʠ ʨʘʟʤʝʱʝʥʠʝʤ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ. 

ʅʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʫʭʫʜʰʝʥʠʠ ʠʭ 

ʨʘʩʧʳʣʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʚʳʭʦʜʥʦʤ ʩʦʧʣʝ ʬʦʨʩʫʥʢʠ 

ʦʙʨʘʟʫʝʪʩʷ ʦʪʣʦʞʝʥʠʝ ʯʘʩʪʠʮ ʢʦʢʩʘ (ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ). 

ʇʨʠ ʨʘʙʦʪʝ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠ ʦʪʦʨʚʘʚʰʠʝʩʷ ʦʪ ʩʦʧʣʘ 

ʯʘʩʪʠʮʳ ʢʦʢʩʘ ʧʝʨʝʤʝʰʠʚʘʷʩʴ ʩ ʪʦʧʣʠʚʦʤ, ʚʳʭʦʜʷʱʠʤ ʠʟ ʬʦʨʩʫʥʢʠ, ʧʦʧʘʜʘʶʪ 

ʥʘ ʵʣʝʤʝʥʪʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʏʘʩʪʠʮʳ ʢʦʢʩʘ ʢʘʢ ʙʦʣʝʝ ʛʦʨʷʯʠʝ ʷʚʣʷʶʪʩʷ 

ʣʦʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʝʚʘ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʝʨʝʛʨʝʚʫ ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʠ ʧʦʷʚʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʨʝʱʠʥ. 

ʂʦʢʩʦʚʘʥʠʝ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʡʦʥʝ ʚʳʭʦʜʥʦʛʦ ʩʦʧʣʘ 

ʬʦʨʩʫʥʢʠ. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʢʦʥʫʩʘ ʨʘʩʧʳʣʘ, ʫʭʫʜʰʝʥʠʷ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʦʧʘʜʘʥʠʷ ʥʝʩʛʦʨʝʚʰʠʭ ʢʘʧʝʣʴ ʪʦʧʣʠʚʘ ʥʘ ʩʪʝʥʢʠ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ʕʪʦ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ Saʄ 146 [1]. 

ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Ansys 18.2. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 3D ʤʦʜʝʣʴ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʩʦʟʜʘʥʥʘʷ ʚ CAD ʧʨʦʛʨʘʤʤʝ.  
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ʈʠʩʫʥʦʢ 7 ï ʄʦʜʝʣʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʞʘʨʦʚʦʡ ʪʨʫʙʳ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʫʣʠ Ansys 

Static Structural ʠ Thermal Steady State. ɺ ʧʦʩʣʝʜʥʝʤ ʤʦʜʫʣʝ ʟʘʜʘʚʘʣʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

 

ɺ ʨʘʡʦʥʝ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʠ ʦʪʚʝʨʩʪʠʡ ʧʦʜʚʦʜʘ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʩʦʩʪʘʚʠʣʘ 1800ʂ. ʕʪʠʤ ʠ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʚ ʨʘʡʦʥʝ ʬʦʨʩʫʥʦʢ ʠ ʦʪʚʝʨʩʪʠʡ ʧʦʜʚʦʜʘ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʚʢʣʶʯʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʳʝ ʟʘʚʦʜʦʤ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʝ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. 
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ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʟʘʧʘʩ 

ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʞʘʨʦʚʦʡ ʪʨʫʙʝ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʧʨʠʤʝʥʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʚ 

ʛʦʣʦʚʢʝ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʜʝʣʦʚ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʂ ʤʝʨʦʧʨʠʷʪʠʷʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʦʪʥʦʩʠʪʩʷ: 

- ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʝʪʥʦʛʦ ʮʠʢʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃɸ, ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ 
ʚʳʩʦʢʠʭ ʨʝʞʠʤʦʚ (ʚʟʣʝʪʥʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʚ ʧʦʣʝʪʥʦʤ ʮʠʢʣʝ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʃɸ ʩ ʫʯʝʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʀʨʢʫʪʩʢʦʛʦ ʨʝʛʠʦʥʘ; 

- ʠʩʢʣʶʯʝʥʠʝ ʧʦʤʧʘʞʥʳʭ ʷʚʣʝʥʠʡ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʧʨʠ ʥʘʨʫʰʝʥʠʠ 
ʧʨʘʚʠʣ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʚʦʧʨʦʩʝ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘʜʝʞʥʦʩʪʠ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʥʦ ʠ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ; 

- ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ 
ʩʛʦʨʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʚʠʘʩʢʦʧʦʚ ʠʣʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʵʣʝʤʝʥʪʘʭ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʢʘʤʝʨ 

ʩʛʦʨʘʥʠʷ ɻʊɼ. 
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(ʛ. ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ɻʘʟʦʚʘʷ ʪʫʨʙʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʷ. 

ʃʦʧʘʪʢʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʦʟʥʠʢʘʶʪ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʪʘʣʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʜʝʬʦʨʤʘʮʠʷʤ ʧʨʦʬʠʣʷ 

ʣʦʧʘʪʢʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʣʦʧʘʪʦʢ ʥʝʦʙʭʦʜʠʤʳ ʛʣʫʙʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ANSYS ʠ ʜʨʫʛʠʝ, ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʪʴ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʥʘʛʨʫʟʢʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʠ ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʟʘʧʘʩʦʚ ʧʨʦʯʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʦʧʘʪʦʢ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ 

ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʭ ʥʘʜʝʞʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʥʘʧʨʷʞʝʥʠʝ, ʣʦʧʘʪʢʘ, ʥʘʛʨʫʟʢʠ, ʩʝʪʢʘ, ʨʘʩʯʝʪ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʜʝʬʦʨʤʘʮʠʷ, ʟʘʙʦʠʥʘ. 
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Abstract. A gas turbine is one of the most heavily loaded engine components. Gas turbine 

blades are exposed to high gas flow temperatures, pressures, and flow velocities. When operating 

modes change, thermomechanical stresses occur, which can lead to material fatigue, cracks, and 

blade profile deformations. Therefore, to ensure high blade reliability, in-depth strength studies are 

required using various experimental and numerical methods. 

Currently, modern numerical modeling methods, such as ANSYS software and others, 

enable highly reliable investigation of the stress-strain state of turbine blades. This method allows 

for a comprehensive study of a selected object, the assignment of various operational loads, the 
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analysis of various design solutions, and the identification of the most appropriate ones for 

achieving the required safety margins and service life. 

The article aims is to evaluate the stress state of the gas turbine blades of a bypass gas 

turbine engine, accounting for operational damage, using ANSYS software, and to develop 

recommendations for improving their reliability. 

Keywords: aircraft engine, stress, blade, loads, mesh, calculation, temperature, deformation, 

notch. 

 

ɺʚʝʜʝʥʠʝ 

ɻʘʟʦʚʘʷ ʪʫʨʙʠʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʩʞʘʪʦʛʦ ʠ ʥʘʛʨʝʪʦʛʦ ʛʘʟʘ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʥʘ ʚʘʣʫ, 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʧʨʠʚʦʜʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʘʛʨʝʛʘʪʦʚ, ʚʠʥʪʦʚ. ɻʘʟʦʚʘʷ ʪʫʨʙʠʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ, ʫʤʝʨʝʥʥʳʤʠ 

ʛʘʙʘʨʠʪʘʤʠ ʠ ʤʘʩʩʘʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʠ ʢʘʯʝʩʪʚʘ 

ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʦʙʫʩʣʦʚʠʣʠ ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʆʩʥʦʚʥʳʤʠ ʯʘʩʪʷʤʠ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ ʷʚʣʷʝʪʩʷ ʩʪʘʪʦʨ ʠ ʨʦʪʦʨ. ʉʪʘʪʦʨ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʧʣʦʚʦʡ ʘʧʧʘʨʘʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʥʝʧʦʜʚʠʞʥʳʡ 

ʣʦʧʘʪʦʯʥʳʡ ʚʝʥʝʮ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʝʨʝʜ ʨʦʪʦʨʦʤ. ɺ ʩʫʞʠʚʘʶʱʠʭʩʷ 

ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʘʭ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʦʥ ʛʘʟʘ ʠ 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 

ʧʦʥʠʞʘʝʪʩʷ. ʈʦʪʦʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʛʘʟ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʘʪʴ ʨʘʟʛʦʥʷʪʴʩʷ ʠ ʦʙʷʟʘʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʘ ʥʘ ʚʳʧʫʢʣʦʡ ï ʧʦʥʠʞʘʝʪʩʷ. ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʜʘʚʣʝʥʠʷ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ, ʩʦʟʜʘʶʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʨʦʪʦʨ ʚʦ ʚʨʘʱʝʥʠʝ. 

ʈʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ, ʮʠʢʣʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʛʨʫʞʝʥʠʡ, ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ [3]. 

ʊʷʞʝʣʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʨʝʜʲʷʚʣʷʶʪ ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 

ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ. ʄʥʦʛʦʢʨʘʪʥʳʝ ʮʠʢʣʳ ʥʘʛʨʝʚʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ, 

ʫʩʪʘʣʦʩʪʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʣʦʢʘʣʴʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ [2]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʯʘʷ ʣʦʧʘʪʢʘ ʪʫʨʙʠʥʳ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺʠʜʥʳ ʥʘʨʫʰʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦ ʧʝʨʫ ʣʦʧʘʪʢʠ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʙʦʯʘʷ ʣʦʧʘʪʢʘ ʪʫʨʙʠʥʳ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʧʦʩʣʝʜʥʠʭ ʩʪʫʧʝʥʝʡ 

ʙʘʥʜʘʞʠʨʦʚʘʥʳ ʧʦ ʚʥʝʰʥʝʡ ʢʨʦʤʢʝ. ʅʘ ʙʘʥʜʘʞʥʳʭ ʧʦʣʢʘʭ ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ 

ʜʝʬʝʢʪʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩʫʥʦʢ 2). 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ɹʘʥʜʘʞʥʘʷ ʧʦʣʢʘ ʣʦʧʘʪʢʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
 

ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʝʨʝ ʣʦʧʘʪʢʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʟʦʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʦʚʳʤʠ ʦʪʪʝʥʢʘʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ 

ʥʘʨʫʰʝʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ (ʨʠʩʫʥʦʢ 3). 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʦ ʣʦʧʘʪʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʦʚʳʤʠ ʟʦʥʘʤʠ 
 

ʊʘʢʞʝ ʜʣʷ ʣʦʧʘʪʦʢ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʦʧʣʘʚʣʝʥʠʝ ʢʨʦʤʦʢ, ʩʢʦʣʳ ʠ ʟʘʙʦʠʥʳ ʥʘ ʧʝʨʝ ʣʦʧʘʪʢʠ ʠ ʙʘʥʜʘʞʥʦʡ ʧʦʣʢʝ. 
 

ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʝʦʭʣʘʞʜʘʝʤʦʡ ʣʠʪʦʡ ʙʘʥʜʘʞʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ 

ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ [1]. 

ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Ansys 18.2. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 3D ʤʦʜʝʣʴ 

ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ, ʩʦʟʜʘʥʥʘʷ ʚ CAD ʧʨʦʛʨʘʤʤʝ. ʄʦʜʝʣʴ ʣʦʧʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 4. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʄʦʜʝʣʴ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ 
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ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʟʘʜʘʥ ʞʘʨʦʧʨʦʯʥʳʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʩʧʣʘʚ. 

ʇʨʦʛʨʘʤʤʘ Ansys ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɿʘʪʝʤ ʚ 

ʤʦʜʫʣʝ Ansys mesher ʩʪʨʦʠʣʘʩʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ. ʅʘ ʨʠʩʫʥʢʝ 5 

ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʣʦʧʘʪʢʠ ʩ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʦʡ.  
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ 
 

ɺ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʝ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʟʘʙʦʠʥʘ ʥʘ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ ʧʝʨʘ ʚ 

ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʠ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʜʣʠʥʦʡ 7 ʤʤ ʠ ʛʣʫʙʠʥʦʡ 1,5 ʤʤ (ʨʠʩ. 6, 7). 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʜʦʙʘʚʣʷʣʘʩʴ ʬʫʥʢʮʠʷ sizing, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʩʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʨʘʟʙʠʝʥʠʠ. ɺ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʙʦʠʥʳ ʧʨʦʚʦʜʠʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʷʯʝʝʢ 

ʩʝʪʢʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʚʘʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʥʘʧʨʷʞʝʥʠʷ. 
 

 
 

ʈʠʩʫʥʦʢ 6 ï ʈʘʩʯʸʪʥʘʷ ʩʝʪʢʘ ʧʨʠ ʢʦʨʥʝʚʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʟʘʙʦʠʥʳ 
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ʈʠʩʫʥʦʢ 7 ï ʈʘʩʯʸʪʥʘʷ ʩʝʪʢʘ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʟʘʙʦʠʥʳ ʧʦʩʝʨʝʜʠʥʝ ʧʝʨʘ 

  

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʜʣʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʚʘʣʠʩʴ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʫʱʝʥʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʣʦʧʘʪʢʘ 

ʪʫʨʙʠʥʳ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʦʙʦʜʳ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʪʝʣʝ ʜʠʩʢʘ, ʯʪʦ 

ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʫʣʠ Ansys 

Static Structural ʠ Thermal Steady State. ɺ ʧʦʩʣʝʜʥʝʤ ʤʦʜʫʣʝ ʟʘʜʘʚʘʣʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ.  

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʚʘʣʦʩʴ ʣʠʥʝʡʥʦ ʧʦ ʜʣʠʥʝ ʣʦʧʘʪʢʠ. ɺ 

ʢʦʨʥʝʚʦʤ ʩʝʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʣʦʧʘʪʢʠ ʩʦʩʪʘʚʠʣʘ 1020 ʂ, ʘ ʚ ʢʦʥʮʝʚʦʤ 1400 ʂ. 

ɼʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʫʨʙʠʥʝ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʣʦʧʘʪʦʢ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʨʝʩʫʨʩʘ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʜ ʨʘʙʦʯʠʤʠ ʣʦʧʘʪʢʘʤʠ ʧʨʦʬʠʣʠʨʫʝʪʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʴ 

ʣʦʧʘʪʢʠ ʠʣʠ ʚ ʩʝʯʝʥʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2/3 ʦʪ ʢʦʨʥʝʚʦʛʦ 

ʩʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʚʘʷ ʯʘʩʪʴ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʠ ʢʦʨʥʝʚʘʷ ʥʘʛʨʝʚʘʶʪʩʷ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ 

ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʨʘʩʯʸʪʥʳʡ ʤʦʜʫʣʴ Ansys Static Structural, ʚ ʢʦʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʸʪ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʟʘʜʘʚʘʣʠʩʴ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʪʫʨʙʠʥʳ ʚ 500 ʨʘʜ./ʩ, 

ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʣʦ ʮʝʥʪʨʦʙʝʞʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʣʦʧʘʪʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʚ ʨʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ ʠʤʧʦʨʪʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʤʦʜʫʣʷ Thermal Steady State. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʣʦʧʘʪʢʠ ʩ ʟʘʙʦʠʥʦʡ ʫ ʢʦʨʥʷ ʣʦʧʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʙʦʠʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʣʦʧʘʪʢʠ ʠ ʩʦʩʪʘʚʣʷʶʪ 350 ʄʇʘ. ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ 

ʚ ʨʘʡʦʥʝ ʟʘʙʦʠʥʳ ʩʦʩʪʘʚʠʣʠ 120 ʄʇʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʥʘ ʧʦʣʢʝ ʣʦʧʘʪʢʠ ʜʦ ʚʝʣʠʯʠʥʳ 140-160 ʄʇʘ. 
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ʈʠʩʫʥʦʢ 8 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʣʦʧʘʪʢʠ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʦʧʘʪʢʝ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʟʘʙʦʠʥʳ 

ʧʦʩʝʨʝʜʠʥʝ ʧʝʨʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 9, 10, 11. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʦʧʘʪʢʝ 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʝʨʝ ʣʦʧʘʪʢʠ 
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ʈʠʩʫʥʦʢ 11 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʣʦʧʘʪʢʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʥʘ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ ʣʦʧʘʪʢʠ ʠ ʨʘʚʥʳ 280 ʄʇʘ. ɿʦʥʘ ʥʘʧʨʷʞʝʥʠʡ 

ʚʦʟʨʘʩʪʘʝʪ ʢ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʣʦʧʘʪʢʠ. ɺ ʨʷʜʦʤ ʣʝʞʘʱʠʭ ʟʦʥʘʭ ʥʘʧʨʷʞʝʥʠʷ 

ʨʘʚʥʳ 140 ʄʇʘ. 

 

 
 

ʈʠʩʫʥʦʢ 12 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʡʦʥʝ ʟʘʙʦʠʥʳ 

 

ɺ ʨʘʡʦʥʝ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ ʫ ʟʘʙʦʠʥʳ (ʨʠʩʫʥʦʢ 12, 13) ʥʘʧʨʷʞʝʥʠʷ 

ʩʦʩʪʘʚʠʣʠ 280 ʄʇʘ, ʘ ʚ ʩʣʦʷʭ, ʣʝʞʘʱʠʭ ʨʷʜʦʤ ï 140 ʄʇʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʟʘʙʦʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʚʘ ʨʘʟʘ. 

ʅʘʣʠʯʠʝ ʟʘʙʦʠʥʳ ʚ ʨʘʡʦʥʝ ʢʦʨʥʝʚʳʭ ʩʝʯʝʥʠʡ ʣʦʧʘʪʢʠ ʙʦʣʝʝ ʦʧʘʩʥʦ, ʪʘʢ 

ʢʘʢ ʢʦʨʥʝʚʦʝ ʩʝʯʝʥʠʝ ʙʦʣʝʝ ʥʘʛʨʫʞʝʥʦ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 13 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʝʨʫ ʣʦʧʘʪʢʠ ʩ ʟʘʙʦʠʥʦʡ  

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʙʦʠʥʳ ʚʦʟʨʘʩʪʘʶʪ ʚ ʜʚʘ ʨʘʟʘ 

ʠ ʤʦʛʫʪ ʧʨʝʚʳʩʠʪʴ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʣʴʟʷ 

ʜʦʧʫʩʢʘʪʴ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʟʘʙʦʠʥ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʙʦʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʨʝʜʝʣʠʪʴ ʟʦʥʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʠʡ. ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʣʦʧʘʪʦʢ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ. 
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Abstract. This paper presents an overview of scientific and technical solutions involved in 

converting aviation turbofan engines (TFE) into industrial gas turbine units (GTU). The principles 

of adapting D-30 Series III, D-30KU/KP, and PS-90A engines for power generation and gas 

transportation applications are examined, along with prospective projects based on PD-14 and PD-

35 gas generators. Particular attention is given to improving GTU efficiency, reliability, service life, 

and environmental performance, as well as to programs for component import substitution. 

Keywords: aviation engine conversion, industrial gas turbine units, gas generator, low-

emission combustor, service life, import substitution. 
 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʳʪ ʢʦʥʚʝʨʩʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʨʘʱʠʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ 
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ʩʪʨʘʥʳ ʠ ʩʪʦʷʱʠʤʠ ʟʘʜʘʯʘʤʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʠʢʠ ʥʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ, ʥʘʜʸʞʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚ ʩʝʢʪʦʨʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʧʳʪ, ʥʘʢʦʧʣʝʥʥʳʡ ʧʨʠ 

ʨʝʰʝʥʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʢʦʥʚʝʨʩʠʠ, ʠ ʦʙʦʟʥʘʯʠʪʴ ʢʣʶʯʝʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʈʘʙʦʪʳ ʧʦ ʢʦʥʚʝʨʩʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ɻʊʋ ʚ 

ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʙʳʣʠ ʨʘʟʚʝʨʥʫʪʳ ʚ 1992 ʛʦʜʫ ʠ ʩ ʪʝʭ ʧʦʨ ʩʪʘʣʠ 

ʩʠʩʪʝʤʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʩʝʨʠʡʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʤʦʱʥʦʩʪʝʡ ʦʪ 2,5 ʜʦ 25 ʄɺʪ, ʘ ʪʘʢʞʝ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʨʘʟʣʠʯʥʦʤ 

ʢʣʘʩʩʝ ʤʦʱʥʦʩʪʠ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʦʩʚʦʝʥʦ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

14 ʪʠʧʦʚ ɻʊʋ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʜʚʠʛʘʪʝʣʷʭ ɼ-30 III  ʩʝʨʠʠ, ɼ-30ʂʋ/ʂʇ ʠ ʇʉ-

90ɸ ʚ ʢʣʘʩʩʝ ʪʷʛʠ 7é16 ʪʩ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʫʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʧʨʦʝʢʪʳ ʥʘ ʙʘʟʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ ʇɼ-14 ʠ ʇɼ-35. 
 

ʈʘʟʨʘʙʦʪʢʘ ɻʊʋ ʥʘ ʙʘʟʝ ʩʝʤʝʡʩʪʚʘ ʊʈɼɼ ɼ-30 

ʂʦʥʚʝʨʩʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʧʦʟʚʦʣʷʝʪ: 

 ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ; 

 ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʥʳʝ ʨʝʩʫʨʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʚʠʘʮʠʦʥʥʳʤ ʧʨʦʪʦʪʠʧʦʤ; 

 ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʝʨʚʳʤ ʦʧʳʪʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ɻʊʋ ʥʘ ʙʘʟʝ 

ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ɻʊʋ ʚ ʤʘʣʦʤ ʢʣʘʩʩʝ ʤʦʱʥʦʩʪʠ 

2,5...6 ʄɺʪ ʥʘ ʙʘʟʝ ʊʈɼɼ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ: ɼ-30 III ʩʝʨʠʠ ʠ ɼ-30ʂʋ/ʂʇ. ʕʪʠ 

ʜʚʠʛʘʪʝʣʠ, ʦʙʣʘʜʘʶʱʠʝ ʫʤʝʨʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, 

ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. 

ʂʣʶʯʝʚʳʤ ʧʨʠʥʮʠʧʦʤ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ɼ-30 ʩʪʘʣʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʙʘʟʦʚʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʯʘʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʪʫʨʙʠʥ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊʅɼ) ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ 

ʜʦʨʘʙʦʪʦʢ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʠ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʣʠ: 

 ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʠʚʦʜʘ ʥʘʛʨʫʟʢʠ ʩʦ ʩʪʦʨʦʥʳ ʢʦʤʧʨʝʩʩʦʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʪʠʧʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ; 

 ʧʨʠʤʝʥʝʥʠʝ ʨʝʜʫʢʪʦʨʦʚ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʥʘʛʨʫʟʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʢʘʢ ʩ ʧʦʩʪʦʷʥʥʦʡ, 

ʪʘʢ ʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ; 

 ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʘ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʥʝʝ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʚʰʠʭʩʷ ʚ ʘʚʠʘʮʠʠ, ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ɻʊʋ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ɻʊʋ, ʩʦʟʜʘʥʥʦʡ 

ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ ɼ-30 III ʩʝʨʠʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ɻʊʋ ʥʘ ʙʘʟʝ ʊʈɼɼ ɼ-30 III  ʩʝʨʠʠ 

 

ʅʘ ʙʘʟʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ɼ-30 III ʩʝʨʠʠ ʙʳʣ ʩʦʟʜʘʥ ʰʠʨʦʢʠʡ 

ʤʦʜʝʣʴʥʳʡ ʨʷʜ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʘʰʝʜʰʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ 

ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ (ɻʇɸ) ʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

(ɻʊʕʉ).  

ʅʦʤʝʥʢʣʘʪʫʨʘ ʠ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ɻʊʋ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ 

ɼ-30 III ʩʝʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴʥʳʡ ʨʷʜ ɻʊʋ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ ɼ-30 III ʩʝʨʠʠ 
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ʈʘʟʨʘʙʦʪʢʘ ɻʊʋ ʥʘ ʙʘʟʝ ʩʝʤʝʡʩʪʚʘ ʊʈɼɼ ʇʉ-90ɸ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ʙʦʣʝʝ ʤʦʱʥʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ɻʊʋ ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʠ 10...25 ʄɺʪ ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 4-ʛʦ ʧʦʢʦʣʝʥʠʷ ʇʉ-90ɸ.  

ɹʘʟʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʇʉ-90ɸ ï ʩʝʨʠʡʥʳʡ ʨʦʩʩʠʡʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʜʣʷ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʘʚʠʘʮʠʠ, ʠʤʝʶʱʠʡ ʩʝʨʪʠʬʠʢʘʪ ʪʠʧʘ ʠ ʧʦʣʥʦʩʪʴʶ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʵʢʦʥʦʤʠʯʥʳʭ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ ʪʷʛʠ. ɺʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʇʉ-90ɸ 

ʜʦʩʪʠʛʥʫʪʘ ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʫ, 

ʚʢʣʶʯʘʶʱʝʤʫ ʚ ʩʝʙʷ ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʦʚ ʚ ʈʦʩʩʠʠ ʚʳʩʦʢʦʥʘʧʦʨʥʳʡ 

ʢʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ɺɼ) ʩʦ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ ʚ ʦʜʥʦʤ ʢʘʩʢʘʜʝ 

p*
ʢ=16 ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʪʫʨʙʠʥʫ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʊ*
ʩʘ=1640 ʂ. 

ʋʥʠʢʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʧʨʦʩʪʦʪʘ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʦʜʥʦʚʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʥʘʯʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʚʳʩʦʢʠʡ ʨʝʩʫʨʩ ʠ ʮʠʢʣʠʯʝʩʢʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʘʣʠ ʦʙʲʝʢʪʠʚʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 

ʫʩʧʝʰʥʦʡ ʢʦʥʚʝʨʪʘʮʠʠ ʙʘʟʦʚʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʥʘʟʝʤʥʳʝ ɻʊʋ ʩ 

ʤʠʨʦʚʳʤ ʫʨʦʚʥʝʤ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʠʯʴ ʂʇɼ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʫʨʦʚʥʝ 33ï39 %. 

ʂʦʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ ʩʦʭʨʘʥʠʣ ʚʳʩʦʢʫʶ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʧʨʦʪʦʪʠʧʘ, ʧʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʧʦ ʫʟʣʘʤ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʪʘʣʠ: 

 ʫʩʠʣʝʥʠʝ ʙʘʟʦʚʳʭ ʢʦʨʧʫʩʦʚ, ʦʧʦʨ ʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ; 

 ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ; 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɻʊʋ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʩʝʤʝʡʩʪʚʘ ʩʠʣʦʚʳʭ ʪʫʨʙʠʥ, ʩ ʧʨʠʚʦʜʦʤ ʥʘʛʨʫʟʢʠ ʩ çʛʦʨʷʯʝʡè ʩʪʦʨʦʥʳ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʥʘ ʯʘʩʪʦʪʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ, ʟʘʜʘʥʥʳʝ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʚʦʡ ʫʩʪʘʥʦʚʢʠ ʵʪʦʛʦ ʨʷʜʘ ï ɻʊʋ-12ʇ ʚ ʢʣʘʩʩʝ 

ʤʦʱʥʦʩʪʠ 12 ʄɺʪ ï ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʦʚʳʡ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ɻʊʋ-16ʇ ʚ ʢʣʘʩʩʝ ʤʦʱʥʦʩʪʠ 16 ʄɺʪ ʙʘʟʦʚʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʙʳʣ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʧʦʜʩʪʘʥʦʚʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʫʧʝʥʠ ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʠ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʠʙʦʣʝʝ 

ʤʦʱʥʦʡ ʠ ʵʢʦʥʦʤʠʯʥʦʡ ɻʊʋ-25ʇ ʤʦʱʥʦʩʪʴʶ 25,6 ʄɺʪ ʩ ʂʇɼ 39,2 % 

ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʙʳʣ ʥʘʜʩʪʨʦʝʥ ʢʘʩʢʘʜʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʝʪʘʣʝʡ ʙʘʟʦʚʦʛʦ ʘʚʠʘʜʚʠʛʘʪʝʣʷ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ ʥʘ ʧʨʠʤʝʨʝ ɻʊʋ-16ʇ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʠ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ɻʊʋ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ 

ʇʉ-90ɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ɻʊʋ ʥʘ ʙʘʟʝ ʊʈɼɼ ʇʉ-90ɸ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʈʠʩʫʥʦʢ 3 ï ʆʙʱʠʡ ʚʠʜ ɻʊʋ-16ʇ ʥʘ ʙʘʟʝ ʊʈɼɼ ʇʉ-90ɸ 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʄʦʜʝʣʴʥʳʡ ʨʷʜ ɻʊʋ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʩʝʤʝʡʩʪʚʘ ɻʊʋ ʥʘ ʙʘʟʝ ʊʈɼɼ ʇʉ-90ɸ 

ʇʦʢʘʟʘʪʝʣʠ ɻʊʋ-10ʇ ɻʊʋ-12ʇ ɻʊʋ-16ʇ ɻʊʋ-25ʇ 

ʄʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ, ʄɺʪ 10,3 12,4 16,5 25,6 

ʂʇɼ ʥʘ ʚʘʣʫ, % 33,1 34,6 37,0 39,2 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʢʛ/c 44,6 47,0 57,1 81,7 

ʉʪʝʧʝʥʴ ʩʞʘʪʠʷ 14,3 15,8 19,6 27,8 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʣʦʧʝ, ʉ̄ 463 470 540 488 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʠʣʦʚʦʡ ʪʫʨʙʠʥʳ, 

ʦʙ/ʤʠʥ 
9000 6500 5300 5000 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ɻʊʋ 

1. ʄʦʜʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʩʝʨʴʝʟʥʘʷ ʘʜʘʧʪʘʮʠʷ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ. ʆʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʢʣʶʯʘʣʠ: 

 ʟʘʤʝʥʫ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʩʪʘʣʴʥʳʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʫʧʝʥʷʭ, ʟʘʤʝʥʫ 
ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʢʦʚ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʦʧʫʪʥʦʤ ʛʘʟʝ; 

 ʦʧʪʠʤʠʟʘʮʠʶ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʝʤʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ, ʧʨʦʛʨʘʤʤ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟʘʮʠʝʡ. 

ɺ 1998 ʛʦʜʫ ʥʘ ʙʘʟʝ 13-ʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ ʙʳʣ 

ʩʦʟʜʘʥ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʈʦʩʩʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 14-ʩʪʫʧʝʥʯʘʪʳʡ 

ʢʦʤʧʨʝʩʩʦʨ ʩʦ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ 22:1 ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ɻʊʋ-16ʇ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ. 

2. ʄʦʜʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʣʦʵʤʠʩʩʠʦʥʥʳʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ (ʄʕʂʉ). 

ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʷʚʣʷʣʘʩʴ ʘʜʘʧʪʘʮʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʞʠʛʘʥʠʷ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ, ʚʢʣʶʯʘʷ ʧʦʧʫʪʥʳʡ ʛʘʟ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ɻʊʋ ʥʘ ʙʘʟʝ ɼ-

30 III ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʜʦʨʘʙʦʪʢʘ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ, ʘ ʚ ɻʊʋ ʥʘ ʙʘʟʝ ʇʉ-90ɸ, 

ʧʦʤʠʤʦ ʬʦʨʩʫʥʦʢ, ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. 

ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʠ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʨʳʥʢʦʤ ɻʊʋ ʚ 

ʢʣʘʩʩʘʭ ʤʦʱʥʦʩʪʠ 16 ʠ 25 ʄɺʪ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʙʘʟʦʚʳʭ 

ɻʊʋ-16ʇ ʠ ɻʊʋ-25ʇ ʩ ʩʫʭʠʤʠ ʤʘʣʦʵʤʠʩʩʠʦʥʥʳʤʠ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ ʩ 

ʮʝʣʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʤʠʩʩʠʠ NOx < 50 ʤʛ/ʤ
3, ʉʆ < 100 ʤʛ/ʤ3 ʥʘ ʨʝʞʠʤʘʭ 

70é100 % ʥʦʤʠʥʘʣʴʥʦʛʦ. 

ʉʦʟʜʘʥʠʝ ʄʕʂʉ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʢ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʦʚʦʜʢʠ ʧʨʦʮʝʩʩʦʚ ʙʦʛʘʪʦ-

ʙʝʜʥʦʛʦ ʛʦʨʝʥʠʷ, ʩʞʠʛʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʝʜʥʝʥʥʳʭ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʳʭ 

ʩʤʝʩʝʡ. 

ʆʙʣʠʢ ʄʕʂʉ ʜʣʷ ɻʊʋ-16ʇ ʠ ɻʊʋ-25ʇ ʚʢʣʶʯʘʝʪ: 

 ʧʨʦʪʠʚʦʪʦʯʥʫʶ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʩ 12-ʶ ʚʳʥʦʩʥʳʤʠ ʞʘʨʦʚʳʤʠ 

ʪʨʫʙʘʤʠ; 

 ʦʜʥʦʤʦʜʫʣʴʥʦʝ (ɻʊʋ-16ʇ) ʠʣʠ ʤʥʦʛʦʤʦʜʫʣʴʥʦʝ (ɻʊʋ-25ʇ) ʬʨʦʥʪʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʣʘʤʝʥʠ ʧʣʦʭʦʦʙʪʝʢʘʝʤʳʤ ʪʝʣʦʤ; 

 ʠʤʧʘʢʪʥʦ-ʢʦʥʚʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ; 

 2 ʜʠʬʬʫʟʠʦʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘ ʠ 2 ʛʦʤʦʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʘ ʄʕʂʉ ʚ ʭʦʜʝ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʩʦʩʪʘʚʝ ɻʊʋ-16ʇ ʥʘ ʂʉ çʏʘʡʢʦʚʩʢʘʷè ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 11000 ʯ., ʚ ʩʦʩʪʘʚʝ 

ɻʊʋ-25ʇ ʥʘ ʂʉ çʀʛʨʠʥʩʢʘʷè ʙʦʣʝʝ 3000 ʯ. 

3. ʂʦʥʚʝʨʩʠʷ ʪʫʨʙʠʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊɺɼ) ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ ʠ 
ʨʘʟʨʘʙʦʪʢʘ ʩʝʤʝʡʩʪʚʘ ʩʚʦʙʦʜʥʳʭ ʩʠʣʦʚʳʭ ʪʫʨʙʠʥ. 
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ɸʜʘʧʪʘʮʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʊɺɼ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ 

ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʢʣʶʯʘʣʘ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʳʩʦʢʠʝ ʥʘʨʘʙʦʪʢʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. 

ʋʥʠʢʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ, ʨʝʰʝʥʥʦʡ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ, ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʩʝʤʝʡʩʪʚʘ ʩʠʣʦʚʳʭ ʪʫʨʙʠʥ (ʉʊ), ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʪʦʠʤʦʩʪʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʂʣʶʯʝʚʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʝʤʝʡʩʪʚʘ ʉʊ ʩʪʘʣʠ: 

 ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʳʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʘʚʠʘʮʠʦʥʥʳʭ 
ʪʫʨʙʠʥ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ; 

 ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ; 

 ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʳʰʝʥʥʦʝ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʘʢʪʠʢʝ) ʂʇɼ ʪʫʨʙʠʥʳ ʥʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʝʞʠʤʘʭ ʯʘʩʪʠʯʥʦʡ ʤʦʱʥʦʩʪʠ; 

 ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʘʢʘʟʯʠʢʦʚ 

ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʷʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

4. ʋʩʧʝʰʥʦ ʙʳʣʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ: 

 ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʩ ʥʦʚʦʡ 
ʘʨʭʠʪʝʢʪʫʨʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʜʚʠʛʘʪʝʣʝʤ ʧʦ ʟʘʢʦʥʫ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʠʣʦʚʦʡ ʪʫʨʙʠʥʳ (nʉʊ=const); 

 ʘʜʘʧʪʘʮʠʶ ʪʦʧʣʠʚʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʧʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

 ʤʦʜʠʬʠʢʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟʘʮʠʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʭʦʜʦʤ ʢ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʫʟʣʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʘʩʣʘ ʚʤʝʩʪʦ ʪʦʧʣʠʚʘ; 

 ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʩʫʨʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʉɸʋ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ɻʊʋ; 

 ʧʝʨʝʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʙʦʣʝʝ 

ʥʘʜʝʞʥʦʛʦ ʵʣʝʢʪʨʦʟʘʧʫʩʢʘ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʚʠʘʮʠʦʥʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʧʨʠ ʵʪʦʤ ʩʪʘʣʠ: 

 ʧʝʨʝʥʦʩ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʉɸʋ ʩ ʜʚʠʛʘʪʝʣʷ ʚ ʦʪʜʝʣʴʥʳʡ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʠʙʨʘʮʠʡ; 

 ʤʝʥʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʩʫ ʢʦʤʧʣʝʢʪʫʶʱʠʭ; 

 ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʉɸʋ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

5. ɸʜʘʧʪʘʮʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ ʚ ʥʘʟʝʤʥʳʝ ɻʊʋ ʪʘʢʞʝ ʧʦʪʨʝʙʦʚʘʣʘ 
ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʘʯ: 

 ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ 

ʜʚʠʛʘʪʝʣʷ ʩʝʤʝʡʩʪʚʘ ɼ-30, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ɻʊʋ-2,5ʇ/-4ʇ/-6ʇ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ 

ʥʘ ʢʨʳʣʝ; 



95 

 ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʭʣʦʧʥʳʭ 
ʩʠʩʪʝʤ ʜʣʷ ɻʊʋ ʚ ʨʘʟʣʠʯʥʦʤ ʢʣʘʩʩʝ ʤʦʱʥʦʩʪʠ; 

 ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ ʦʙʚʷʟʢʠ 

ʜʚʠʛʘʪʝʣʷ; 

 ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʭʦʜʥʳʭ ʢʦʨʧʫʩʦʚ ʩ ʦʙʦʛʨʝʚʘʝʤʳʤʠ ʤʘʩʣʦʤ 

ʵʣʝʤʝʥʪʘʤʠ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʢʪʘ ʠ ʫʧʨʦʱʝʥʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ; 

 ʠʟʤʝʥʝʥʠʷ ʩʭʝʤʳ ʤʘʩʣʦʩʠʩʪʝʤʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʦʧʦʨ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʨʝʩʫʨʩʦʤ. 

 

ʈʝʘʣʠʟʘʮʠʷ ʇʨʦʛʨʘʤʤʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʦʚ ʜʚʠʛʘʪʝʣʝʡ 

ʇʉ-90ɻʇ-1, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʕɻʕʉ-12ʉ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, ʦʪʨʘʙʦʪʘʚʰʠʭ 100 000 ʯʘʩʦʚ, ʚʢʣʶʯʘʷ ʨʘʙʦʪʳ ʧʦ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʠ ʧʨʦʯʥʦʩʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʠ ʧʦ ʠʪʦʛʘʤ ʨʘʙʦʪ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ: 

 ʫʚʝʣʠʯʠʪʴ ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ ʜʦ 150 000 ʯʘʩʦʚ ʜʚʠʛʘʪʝʣʷʤ 

ʇʉ-90ɻʇ-1, ʥʦʚʳʤ ʠ ʨʝʤʦʥʪʥʳʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʇʨʦʛʨʘʤʤʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʕɻʕʉ-12ʉ; 

 ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʨʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷʤ ʇʉ-90ɻʇ-1, 

ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʇʨʦʛʨʘʤʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʕɻʕʉ-12ʉ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

 ʧʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʪʘʣʠ 

ʵʪʘʧʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ ʕɻʕʉ-12ʉ ʥʘ ɺʘʪʴʝʛʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʆʆʆ çʃʋʂʆʁʃ-ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴè: 

 ʚ 2008 ʛʦʜʫ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ɻʊʕʉ-72 ʥʘ 

ʙʘʟʝ ʰʝʩʪʠ ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ ʕɻʕʉ-12ʉ; 

 ʚ 2010 ʛʦʜʫ ʙʳʣ ʟʘʢʣʶʯʝʥ ʜʦʛʦʚʦʨ ʥʘ ʩʝʨʚʠʩʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʊʕʉ-72 ʧʦ ʧʨʦʛʨʘʤʤʝ ʬʠʨʤʝʥʥʦʛʦ ʨʝʤʦʥʪʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʦʧʣʘʪʦʡ ʟʘ ʤʘʰʠʥʦʯʘʩ; 

 ʚ 2020 ʛʦʜʫ ʵʥʝʨʛʦʘʛʨʝʛʘʪʳ ʕɻʕʉ-12ʉ ʚ ʩʦʩʪʘʚʝ ɻʊʕʉ-72 ʚʳʨʘʙʦʪʘʣʠ 

ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ 100 ʪʳʩ. ʯʘʩʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇʨʦʛʨʘʤʤʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʝʩʧʝʯʠʣʦ 

ʥʘʜʝʞʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ ʠ ʚʳʨʘʙʦʪʢʫ ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʜʣʠʪʴ ʜʝʡʩʪʚʠʝ ʜʦʛʦʚʦʨʘ ʜʦ 200 ʪʳʩ. ʯʘʩʦʚ. 

 

ɻʘʟʦʪʫʨʙʠʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

1. ʉʝʤʝʡʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʥʘ ʙʘʟʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʇɼ-14 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʜʝʣ, ʩʦʟʜʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʊʈɼɼ ʇɼ-14 ʜʣʷ ʙʣʠʞʥʝ-ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʩʘʤʦʣʝʪʘ ʄʉ-21-310, ʤʦʞʝʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʩʧʦʣʴʟʫʷ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʵʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʦʪʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʇɼ-14 ʪʝʭʥʦʣʦʛʠʠ, ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʣʠʥʝʡʢʠ ɻʊʋ ʤʦʱʥʦʩʪʴʶ ʦʪ 
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6 ʜʦ 16 ʄɺʪ. ɼʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʙʫʜʫʪ ʠʤʝʪʴ ʂʇɼ ʥʘ ʫʨʦʚʥʝ 33ï39 % ʠ 

ʫʣʫʯʰʝʥʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. 

ʆʙʱʠʡ ʚʠʜ ʠ ʧʘʨʘʤʝʪʨʳ ʩʝʤʝʡʩʪʚʘ ɻʊʋ ʥʘ ʙʘʟʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʇɼ-14 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʆʙʱʠʡ ʚʠʜ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʤʝʡʩʪʚʘ ɻʊʋ 

ʥʘ ʙʘʟʝ ʊʈɼɼ ʇɼ-14 

 

2. ʉʝʤʝʡʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʥʘ ʙʘʟʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʇɼ-35 

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʡ ʪʷʛʠ ʇɼ-35 ʜʣʷ 

ʜʘʣʴʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, 

ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɸʆ çʆɼʂè ʠ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè, ʚʝʜʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʣʶʯʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʉʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ 

ʧʨʦʛʨʘʤʤʳ ʇɼ-35 ʷʚʣʷʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʢʦʤʧʝʪʝʥʮʠʠ ʠ ʚʳʭʦʜ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʛʨʘʞʜʘʥʩʢʦʛʦ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʥʘ 

ʧʝʨʝʜʦʚʦʡ ʧʦʟʠʮʠʠ.  

ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʦʜʷʪʩʷ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ 

ʜʚʠʛʘʪʝʣʷ-ʜʝʤʦʥʩʪʨʘʪʦʨʘ ʪʝʭʥʦʣʦʛʠʡ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʟʣʦʚ. ʎʝʣʴ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ï 

ʧʦʜʪʚʝʨʜʠʪʴ ʛʦʪʦʚʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʇɼ-35 ʧʣʘʥʠʨʫʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʟʜʘʥʠʝ 

ʩʝʤʝʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʨʘʟʤʝʨʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʥʘ ʝʛʦ ʙʘʟʝ 

ʣʠʥʝʡʢʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʤʦʱʥʦʩʪʴʶ ʦʪ 20 ʜʦ 32 ʄɺʪ ʜʣʷ ʧʨʠʚʦʜʘ 
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ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. ʎʝʣʝʚʦʡ ʂʇɼ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ, ʧʨʝʚʳʰʘʶʱʝʤ ʧʦʢʘʟʘʪʝʣʠ ʣʫʯʰʠʭ ʟʘʨʫʙʝʞʥʳʭ 

ʘʥʘʣʦʛʦʚ. 

ʆʙʱʠʡ ʚʠʜ ʠ ʧʘʨʘʤʝʪʨʳ ʩʝʤʝʡʩʪʚʘ ɻʊʋ ʥʘ ʙʘʟʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʇɼ-35 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʆʙʱʠʡ ʚʠʜ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʤʝʡʩʪʚʘ ɻʊʋ  

ʥʘ ʙʘʟʝ ʊʈɼɼ ʇɼ-35 

 

3. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ɻʊʋ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʤʦʱʥʦʩʪʥʦʡ ʣʠʥʝʡʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʪʨʘʪʝʛʠʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ʕʪʘ ʩʪʨʘʪʝʛʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʙʘʟʦʚʳʭ ʫʟʣʦʚ, ʧʨʦʚʝʨʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʷʭ ʠ ʪʝʭʥʦʣʦʛʠʷʭ, 

ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʫ ʧʨʦʪʦʪʠʧʦʚ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ɻʊʋ ʤʦʛʫʪ: 

 ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʭʝʤʳ ʩʦ ʩʚʦʙʦʜʥʦʡ ʩʠʣʦʚʦʡ ʪʫʨʙʠʥʦʡ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʥʘʛʨʫʟʢʠ (ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ) ʢʘʢ ʥʘʧʨʷʤʫʶ, ʪʘʢ ʠ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ; 

 ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʦʚʘʣʴʥʳʝ ʙʝʟʨʝʜʫʢʪʦʨʥʳʝ ʩʭʝʤʳ (ʜʣʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ɻʊʋ ʚ ʙʦʣʴʰʦʤ ʢʣʘʩʩʝ ʤʦʱʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʩ ʨʝʜʫʢʪʦʨʥʳʤ 

ʧʨʠʚʦʜʦʤ ʛʝʥʝʨʘʪʦʨʘ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʪʦʢʘ. 

ɼʘʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʤʦʛʫʪ ʚʳʧʫʩʢʘʪʴʩʷ ʢʘʢ ʚ ʘʚʠʘʮʠʦʥʥʦʤ, ʪʘʢ ʠ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. 
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ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ 

ʧʦʜʭʦʜʳ: 

 ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ɻʊʋ-16ʇ ʠ 

ʇɼ-35 ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ 20é23; 

 ʠʥʪʝʛʨʘʮʠʷ ʚ çʛʦʨʷʯʫʶè ʯʘʩʪʴ ɻʊʋ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 
ʪʝʭʥʦʣʦʛʠʡ, ʦʪʨʘʙʦʪʘʥʥʳʭ ʚ ʜʚʠʛʘʪʝʣʷʭ ʇɼ-14 ʠ ʇɼ-35; 

 ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʣʦʵʤʠʩʩʠʦʥʥʦʛʦ ʛʦʨʝʥʠʷ (ʄʕʂʉ); 

 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʤʝʥ ʠ ʢʦʦʧʝʨʘʮʠʷ ʩ ʚʝʜʫʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 
ʵʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʨʦʬʠʣʴʥʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʣʷ ʙʘʟʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʚ ʜʠʘʧʘʟʦʥʝ ʂʤʦʜ=1,3é2,0 ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʫʩʪʘʥʦʚʢʠ ʤʦʱʥʦʩʪʴʶ 40é100 ʄɺʪ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʂʇɼ 38é40 % (ʩ 

ʨʝʜʫʢʪʦʨʥʳʤ ʧʨʠʚʦʜʦʤ ʛʝʥʝʨʘʪʦʨʘ). 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʂʤʦʜ=3,5é3,7 ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ɻʊʋ ʚ ʜʠʘʧʘʟʦʥʝ 250é400 ʄɺʪ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʂʇɼ 39é41 % (ʩ ʧʨʷʤʳʤ ʧʨʠʚʦʜʦʤ ʛʝʥʝʨʘʪʦʨʘ). 

ʇʨʦʛʨʘʤʤʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ 

ɺʚʝʜʝʥʠʝ ʩʘʥʢʮʠʡ ʧʨʦʪʠʚ ʈʌ ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ ʧʨʠʚʝʣʦ ʢ 

ʠʟʤʝʥʝʥʠʶ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʤʠʨʝ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʋʯʠʪʳʚʘʷ ʚʚʝʜʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʩʪʘʚʢʫ, ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè ʨʘʟʨʘʙʦʪʘʥʘ ʇʨʦʛʨʘʤʤʘ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʠʟ ʩʦʩʪʘʚʘ 

ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ. ɼʘʥʥʘʷ ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ 

ʘʥʘʣʦʛʠʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟ çʜʨʫʞʝʩʪʚʝʥʥʳʭè 

ʩʪʨʘʥ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʩʝʭ 

ʧʦʢʫʧʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʩʦʩʪʘʚʘ ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ: 

 ʜʚʠʛʘʪʝʣʠ ɻʊʋ ʥʘ ʙʘʟʝ ɻʊɼ ɼ-30 ï ʥʘ 100% ʩʦʩʪʦʷʪ ʠʟ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

 ʘʛʨʝʛʘʪʳ ɻʊʋ ʥʘ ʙʘʟʝ ɻʊɼ ɼ-30 ï ʥʘ 100% ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʧʣʝʢʪʫʶʱʠʭ 

ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 ʜʚʠʛʘʪʝʣʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʙʘʟʝ ɻʊɼ ʇʉ-90ɸ/ɸ2 ï 

ʥʘ 100% ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

 ʘʛʨʝʛʘʪʳ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʙʘʟʝ ɻʊɼ ʇʉ-90ɸ/ɸ2 ï ʥʘ 

~95% ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘ ~5% ʩʦʩʪʦʷʪ ʠʟ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ çʜʨʫʞʝʩʪʚʝʥʥʳʭè ʩʪʨʘʥ. 

ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʇʨʦʛʨʘʤʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʘʚʢʫ ʥʦʚʳʭ ʕɻʕʉ ʠ ʧʨʦʜʦʣʞʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʘʥʝʝ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʕɻʕʉ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʛʨʘʤʤʘ ʢʦʥʚʝʨʩʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ɻʊʋ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè, ʜʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ 
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ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʢʦʝʤʢʠʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ ʠ ʵʥʝʨʛʝʪʠʢʠ. 

ɺ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʣʝʞʠʪ ʥʝʩʢʦʣʴʢʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʢʦʪʦʨʳʝ ʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʟʥʘʥʠʝ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʊʋ ʨʘʟʨʘʙʦʪʢʠ ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè: 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʦʩʥʦʚʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʦʡ ʠ 

ʚʳʩʦʢʦʨʝʩʫʨʥʦʡ ʙʘʟʳ; 

 ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʠʥʥʦʚʘʮʠʠ ʠ ʘʜʘʧʪʘʮʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ 
ʯʘʩʪʠ ʙʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ; 

 ʫʩʪʘʥʦʚʢʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʠʦʨʠʪʝʪʘ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ ʚ 

ʯʘʩʪʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʜʣʷ ʟʘʢʘʟʯʠʢʘ, ʜʦʩʪʠʛʘʝʤʘʷ 
ʟʘ ʩʯʝʪ ʥʦʚʝʡʰʠʭ ʬʦʨʤ ʧʦʩʣʝʧʨʦʜʘʞʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʦʧʣʘʪʫ ʧʦ 

ʬʘʢʪʫ ʦʪʨʘʙʦʪʢʠ (ʟʘ ʤʘʰʠʥʦ-ʯʘʩ); 

 ʩʪʘʚʢʘ ʥʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ 

ʧʦʩʪʘʚʱʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʢʣʶʯʠʪʴ ʩʘʥʢʮʠʦʥʥʳʝ ʨʠʩʢʠ. 

ɹʦʛʘʪʳʡ ʦʧʳʪ ʧʝʨʤʩʢʦʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʰʢʦʣʳ, ʥʘʢʦʧʣʝʥʥʳʡ 

ʜʝʩʷʪʠʣʝʪʠʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʘʤʳʝ ʩʣʦʞʥʳʝ ʧʨʦʝʢʪʳ ʚ 

ʦʙʣʘʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʥʘʟʝʤʥʦʡ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʜʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʫʩʪʦʡʯʠʚʦʤ ʨʘʟʚʠʪʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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2ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ) 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʙʦʨʘ ʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʵʪʘʧʦʚ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʜʣʷ 

ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʠ ʥʘʣʠʯʠʝ ʫʜʦʙʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʝʩʧʝʯʝʥʠʝ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʘʷ 
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ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 
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Abstract. The software is proposed and developed for implementing the stages of 

transformation, selection and formatting of aeronautical information in the process of providing it   

to MS-21 family aircraft. The software also supports validation and verification of the results of 

these stages. The software is unique for the flight management system of MS-21 family aircraft and 

the presence of a convenient graphical interface. 

Keywords: provision of aeronautical information, aeronautical database, flight management 

system, MS-21 family aircraft, software. 
 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʦʝ ʘʚʠʘʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʴʶ 

ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ. ʈʘʟʨʘʙʦʪʢʘ ʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21, ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʦʪ 

ʟʘʧʘʜʥʳʭ ʧʘʨʪʥʝʨʦʚ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʘ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʦʩʥʦʚʥʦʝ ʥʘʚʝʜʝʥʠʝ, 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʣʝʪʘ ʠ ʚʝʜʝʥʠʝ ʧʦ ʤʘʨʰʨʫʪʫ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ. ʉʠʩʪʝʤʘ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ [1, 2]:  

1. ʂʦʨʨʝʢʮʠʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʟʘ ʩʯʝʪ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʩ ʥʘʟʝʤʥʳʤʠ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙ ʠʭ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʯʘʩʪʦʪʝ, ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʠ ʪʠʧʝ. 

2. ʇʦʩʪʨʦʝʥʠʷ ʧʣʘʥʘ ʧʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʵʨʦʧʦʨʪʘʭ, 
ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨʘʭ ʚʳʣʝʪʘ, ʧʨʠʙʳʪʠʷ ʠ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ, ʚʦʟʜʫʰʥʳʭ 

ʪʨʘʩʩʘʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʢʘʭ ʤʘʨʰʨʫʪʘ. 

ʕʪʠ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʚʳʧʦʣʥʷʝʤʳʤʠ ʩʠʩʪʝʤʦʡ 

ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʩʘʤʦʣʝʪʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ [3]. 
 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩʝʤʝʡʩʪʚʘ ʩʘʤʦʣʝʪʦʚ ʄʉ-21 ʚ ʯʘʩʪʠ 

ʢʦʥʚʝʨʪʘʮʠʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʦʨʪʦʚʦʡ ʬʦʨʤʘʪ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʘʪʳ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ɺʉ; 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʵʪʘʧʳ ʦʙʝʩʧʝʯʝʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʛʣʘʩʥʦ ʂʊ-200ɸ; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʬʦʨʤʘʪʘ ARINC424-20 ʚ ʙʦʨʪʦʚʦʡ ʬʦʨʤʘʪ 

ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21; 

4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʧʦʩʦʙʳ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʛʣʘʩʥʦ ʂʊ-200ɸ; 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʙʦʨʪʦʚʳʭ ʙʘʟ 
ʜʘʥʥʳʭ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ 

ʄʉ-21. 



102 

ʇʨʦʮʝʩʩ ʦʙʝʩʧʝʯʝʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ɸʵʨʦʥʘʚʠʛʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʫʯʘʶʪ ʠʟ ʦʬʠʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʫʙʣʠʢʫʝʤʳʭ ʘʚʠʘʮʠʦʥʥʳʤʠ ʚʣʘʩʪʷʤʠ ʛʦʩʫʜʘʨʩʪʚ. ɿʘʪʝʤ ʝʝ ʧʨʠʚʦʜʷʪ ʢ ʚʠʜʫ, 

ʧʨʠʛʦʜʥʦʤʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʘʭ. ɸʵʨʦʥʘʚʠʛʘʮʠʦʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʪʦ ʝʩʪʴ ʜʘʥʥʳʤ, ʥʝʠʟʤʝʥʥʳʤ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʦʣʝʪʘ, ʧʦʵʪʦʤʫ ʦʥʘ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ ʙʦʨʪ ʟʘʨʘʥʝʝ ʠ ʭʨʘʥʠʪʩʷ ʚ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ [1]. 

ʇʨʦʮʝʩʩ ʦʙʝʩʧʝʯʝʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ 

ʂʊ-200ɸ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʪʘʥʜʘʨʪʥʳʤ ʬʦʨʤʘʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ARINC 424. ʌʦʨʤʘʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

 ʩʪʨʦʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ; 

 ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ; 

 ʧʦʜʨʦʙʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡ ʢʘʞʜʦʛʦ ʪʠʧʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ 
ʦʙʲʝʢʪʦʚ. 

ʀʟ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʪʝʢʘʶʪ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʬʦʨʤʘʪʘ ARINC 424: 

 ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʬʘʡʣʦʚ; 

 ʤʝʜʣʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʬʘʡʣʦʚ ʠ ʜʦʣʛʠʡ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʨʪʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ 

ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʟʘʛʨʫʞʘʝʤʦʡ ʥʘ ʙʦʨʪ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʩʪʨʦʛʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʥʠʤʘʝʤʦʤʫ ʦʙʲʝʤʫ ʟʘʛʨʫʞʘʝʤʦʛʦ ʬʘʡʣʘ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ.  

ɼʣʷ ʟʘʛʨʫʟʢʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʙʦʨʪ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʦʨʤʘʪʘ ARINC 424 ʚ 

ʩʧʝʮʠʘʣʴʥʳʡ ʙʦʨʪʦʚʦʡ ʬʦʨʤʘʪ, ʣʠʰʝʥʥʳʡ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ. [4] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʧʦʜʧʨʦʮʝʩʩʘ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʬʦʨʤʘʪʝ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 424; 

2. ʇʦʜʛʦʪʦʚʢʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʙʦʨʪʦʚʦʤ ʬʦʨʤʘʪʝ. 

ʆʙʘ ʧʦʜʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʂʊ-200ɸ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʧʦʜʛʦʪʦʚʢʠ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ: 

1. ʕʪʘʧ ʩʙʦʨʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʙʦʨʝ 
ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

2. ʕʪʘʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ 
ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʝʝ ʚ ʚʠʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ; 

3. ʕʪʘʧ ʦʪʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦʡ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʪʙʦʨʝ ʢʦʥʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʦʙʨʘʥʥʳʭ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ; 

4. ʕʪʘʧ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪ, ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʩ 

ʫʯʘʩʪʥʠʢʦʤ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʮʝʩʩʘ ʜʘʥʥʳʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʂʊ-200ɸ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʚʘʣʠʜʘʮʠʶ ʠ ʚʝʨʠʬʠʢʘʮʠʶ. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʚ ʙʦʨʪʦʚʦʤ ʬʦʨʤʘʪʝ ʜʣʷ ʧʦʩʪʘʚʢʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʘʤʦʣʝʪʳ 

ʩʝʤʝʡʩʪʚʘ ʄʉ-21. 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʵʪʘʧ ʩʙʦʨʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʨʝʘʣʠʟʦʚʘʥ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 424. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʙʦʨʘ ʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦ-

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè. 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè 

ʂʣʶʯʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʂʦʥʚʝʨʪʝʨ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè ʷʚʣʷʶʪʩʷ: 

1. ʉʦʟʜʘʥʠʝ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘ ʬʘʡʣʘ, ʧʨʠʤʝʥʠʤʦʛʦ ʜʣʷ ʩʠʩʪʝʤʳ 

ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21; 

2. ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʬʘʡʣʘ; 

3. ʀʩʢʣʶʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʥʝ ʠʩʧʦʣʴʟʫʝʤʦʡ 
ʩʠʩʪʝʤʦʡ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ; 

4. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʪʨʝʙʫʝʤʳʭ 

ʨʝʛʠʦʥʦʚ ʀʂɸʆ ʜʣʷ ʩʦʟʜʘʚʘʝʤʦʛʦ ʬʘʡʣʘ.  

ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʬʘʡʣʳ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʬʦʨʤʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 424 ʚ ʬʘʡʣʳ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘ, ʦʙʨʘʙʦʪʢʘ 

ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʦʡ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʵʬʬʝʢʪʠʚʥʝʝ ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʪʥʠ ʨʘʟ ʙʳʩʪʨʝʝ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʬʦʨʤʘʪʘè ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʇʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʬʘʡʣʘ. 

2. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʬʠʣʴʪʨʘʮʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

3. ʇʨʦʚʝʨʢʘ ʚʩʝʭ ʪʠʧʦʚ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ARINC 424. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʚ 

ʙʦʨʪʦʚʦʤ ʬʦʨʤʘʪʝ ʠ ʩʦʟʜʘʥʠʝ ʦʪʯʝʪʘ ʦ ʢʦʥʚʝʨʪʘʮʠʠ. 

ʇʨʠ ʟʘʛʨʫʟʢʝ ʚʭʦʜʥʦʛʦ ʬʘʡʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʜʣʠʥʳ ʝʛʦ ʩʪʨʦʢ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʟʘʛʦʣʦʚʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʬʘʡʣ ʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʪʨʦʯʥʦ. ʂʘʞʜʘʷ ʟʘʧʠʩʴ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʪʠʧʫ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʨʝʛʠʦʥʫ ʀʂɸʆ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʧʨʠʤʝʥʷʶʪʩʷ ʟʘʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʨʠʪʝʨʠʠ ʬʠʣʴʪʨʘʮʠʠ. ʀʟ ʦʙʱʝʛʦ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʠʩʢʣʶʯʘʶʪʩʷ: 

a. ʅʘʚʠʛʘʮʠʦʥʥʳʝ ʦʙʲʝʢʪʳ, ʪʠʧʳ ʢʦʪʦʨʳʭ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ 
ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21 (ʪʘʢʠʝ, ʢʘʢ TACAN (Tactical Air  

Navigation System) ï ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʚʦʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ); 

b. ʆʙʲʝʢʪʳ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʚʳʙʨʘʥʥʳʤ ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ ʨʝʛʠʦʥʘʤ 

ʀʂɸʆ. 
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ɿʘʪʝʤ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ ʩʘʤʦʣʝʪʦʚ 

ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʜʘʥʥʳʝ ʦ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ARINC 424. 

ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʬʘʡʣ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʚ 

ʙʦʨʪʦʚʦʤ ʬʦʨʤʘʪʝ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʝʪʩʷ ʜʝʪʘʣʴʥʳʡ ʦʪʯʝʪ ʦ ʧʨʦʚʝʜʝʥʥʦʡ 

ʢʦʥʚʝʨʪʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʟʘʧʠʩʝʡ ʠ 

ʧʨʠʤʝʥʝʥʥʳʭ ʬʠʣʴʪʨʘʭ. 

ʌʘʡʣ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʥʘʨʥʳʡ ʬʘʡʣ, ʦʙʲʝʤ 

ʢʦʪʦʨʦʛʦ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ ʦʙʲʝʤʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʬʘʡʣʘ ʚ ʬʦʨʤʘʪʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 424, ʘ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʦʙʲʝʢʪʳ ʚ ʥʝʤ ʭʨʘʥʷʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʠʩʢ ʧʦ ʬʘʡʣʫ. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʡʣʦʚ ʥʘ ʙʦʨʪʫ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʨʠʩʫʥʦʢ 1) ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʨʝʰʝʥʠʷ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʧʦʜʟʘʜʘʯ: ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ: 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭè 



105 

1. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

a. ɺʳʙʦʨ ʠʩʭʦʜʥʦʛʦ ʬʘʡʣʘ (çARINC424 Database Fileè). ʇʦʟʚʦʣʷʝʪ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʙʨʘʪʴ ʠʩʭʦʜʥʳʡ ʬʘʡʣ ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ. 

b. ʇʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʬʘʡʣʘ. ʇʦʣʷ çAIRAC Cycleè (ʮʠʢʣ 

AIRAC), çEffective Dateè (ʜʘʪʘ ʥʘʯʘʣʘ ʮʠʢʣʘ) ʠ çExpiration Dateè (ʜʘʪʘ 

ʦʢʦʥʯʘʥʠʷ ʮʠʢʣʘ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʶʪ ʢʣʶʯʝʚʳʝ ʜʘʥʥʳʝ ʠʟ ʟʘʛʦʣʦʚʢʘ 

ʚʳʙʨʘʥʥʦʛʦ ʬʘʡʣʘ, ʧʦʟʚʦʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʠʟʫʘʣʴʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʝʛʦ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ. 

2. ɹʣʦʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ ʠ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ: 

a. ɺʳʙʦʨ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ (çGeographical Area(s)è). ɺ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʨʝʘʣʠʟʦʚʘʥ ʚʳʙʦʨ ʨʝʛʠʦʥʦʚ ʀʂɸʆ (ʥʘʧʨʠʤʝʨ, EEU ï ɺʦʩʪʦʯʥʘʷ 

ɽʚʨʦʧʘ, EUR ï ɽʚʨʦʧʘ) ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʙʦʨʪʦʚʫʶ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ ʪʦʣʴʢʦ ʪʝʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʝʪʦʚ ʚ ʚʳʙʨʘʥʥʳʭ 

ʨʝʛʠʦʥʘʭ. 

b. ʋʧʨʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʨʝʛʠʦʥʦʚ. ʂʥʦʧʢʠ çSelect allè ʜʣʷ 

ʚr ʙʦʨʘ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ, çRemove allè ï ʜʣʷ ʦʪʤʝʥʳ ʚʳʙʦʨʘ 

ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʠʟ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʥʦʧʢʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ (çSave to 

Setè), ʚʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ ʩʦʭʨʘʥʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ çConfigurationsè, ʘ 

ʪʘʢʞʝ ʢʥʦʧʢʘ çDeleteè ï ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩ ʯʘʩʪʳʤʠ ʩʮʝʥʘʨʠʷʤʠ ʬʠʣʴʪʨʘʮʠʠ. 

c. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʤʝʥʠ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ. ʇʦʣʝ çLabelè, ʛʜʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ ʥʘ 

ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʛʦ ʬʘʡʣʘ ʚ ʬʦʨʤʘʪʝ ARINC 424 ʠ ʟʘʧʦʣʥʝʥʥʦʛʦ ʧʦʣʷ çRegion 

nameè, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʝ, ʥʦ ʛʠʙʢʦʝ ʠʤʝʥʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ 

ʬʘʡʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ. 

3. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʢʦʥʚʝʨʪʘʮʠʠ: 

a. ɿʘʧʫʩʢ ʠ ʤʦʥʠʪʦʨʠʥʛ. ʂʥʦʧʢʠ çStartè ʠ çResults...è ʚ ʦʙʣʘʩʪʠ 

çConvertingè ʠʥʠʮʠʠʨʫʶʪ ʧʨʦʮʝʩʩ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʫʧ ʢ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʇʦʣʝ çʉʪʘʪʫʩè ʠʥʬʦʨʤʠʨʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ. 

b. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʦʣʷ çOutput Directoryè ʠ 

çName folderè ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʪʴ ʧʫʪʴ ʢ ʧʘʧʢʝ ʩ ʚʳʭʦʜʥʳʤʠ ʬʘʡʣʘʤʠ ʠ ʝʝ ʠʤʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʂʦʥʚʝʨʪʝʨ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè ʧʦʢʨʳʚʘʝʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʘ ʠʤʝʥʥʦ, 

ʨʝʘʣʠʟʫʶʪʩʷ ʵʪʘʧʳ ʩʙʦʨʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʪʙʦʨʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʘʣʠʜʘʮʠʠ ʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʉʦʛʣʘʩʥʦ ʂʊ-200ɸ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚʘʣʠʜʘʮʠʶ ʠ ʚʝʨʠʬʠʢʘʮʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ ʧʦʜʛʦʪʦʚʢʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʜʥʘʢʦ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʘʣʠʟʫʝʪ 3 ʠʟ ʥʠʭ, 

ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʧʨʦʚʝʩʪʠ ʚʘʣʠʜʘʮʠʶ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʪʦʣʴʢʦ 

ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʧʘ. 
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ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ 

ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʮʝʣʝʚʦʡ ʤʘʰʠʥʝ 

(ʙʦʨʪʦʚʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21) 

ʠ ʯʪʦ ʜʘʥʥʳʝ ʥʝ ʙʳʣʠ ʧʦʚʨʝʞʜʝʥʳ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ. ʊʦ ʝʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʙʦʨʪʦʚʦʤ ʬʦʨʤʘʪʝ ʠ ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʚʦ 

ʚʭʦʜʥʦʤ ʬʘʡʣʝ ʚ ʬʦʨʤʘʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 424. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ ʂʊ-200ɸ, ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʚʘʣʠʜʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʪʘʧʦʚ ʩʙʦʨʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʪʙʦʨʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ ʦʙʝʩʧʝʯʝʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩʘʤʦʣʝʪʦʚ 

ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: 

1. ɺʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʂʦʥʚʝʨʪʝʨ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè ʧʫʪʝʤ ʝʛʦ ʤʦʜʫʣʴʥʦʛʦ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ; 

2. ʈʫʯʥʘʷ ʚʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

3. ɺʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʠʣʦʞʝʥʠʝʤ. 

ʊʘʢ ʢʘʢ çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè ʩʦʟʜʘʝʪ ʬʘʡʣʳ, 

ʟʘʛʨʫʞʘʝʤʳʝ ʥʘ ʙʦʨʪ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʚʝʨʠʬʠʢʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʠʤʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʪʨʝʙʦʚʘʣ ʙʳ ʨʘʟʨʘʙʦʪʢʫ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʝʥʠʝ ʤʦʜʫʣʴʥʦʛʦ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʢʨʘʡʥʝ ʪʨʫʜʦʟʘʪʨʘʪʥʳʤʠ. ʆʜʥʘʢʦ, ʵʪʦʪ ʩʧʦʩʦʙ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ: 

ʚʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʣʘ ʙʳ, ʯʪʦ ʚʩʝ ʝʛʦ 

ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʢʦʨʨʝʢʪʥʳʤʠ. ʊʦ ʝʩʪʴ, ʚʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ 

ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʦʥʚʝʨʪʝʨʘ ʙʳʣʘ ʙʳ ʥʝʦʙʷʟʘʪʝʣʴʥʦʡ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ 

ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʠ ʨʫʯʥʦʡ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʩʧʦʩʦʙ 

ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʤʝʥʥʦ: 

1. ʈʝʩʫʨʩʦʟʘʪʨʘʪʥʦʩʪʴ (ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ); 

2. ɺʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʭ 
ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ; 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ; 

4. ʊʨʝʙʦʚʘʥʠʝ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʵʪʦʪ 
ʧʨʦʮʝʩʩ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʜʝʣʘʶʪ ʨʫʯʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ 

ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʨʘʡʥʝ 

ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʠ ʟʘʪʨʘʪʥʦʡ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʣʠʣʦ ʙʳ ʫʩʪʨʘʥʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ ʨʫʯʥʦʛʦ ʩʧʦʩʦʙʘ ï ʧʨʦʮʝʩʩ 
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ʙʳʣ ʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʠ ʣʠʰʝʥ ʨʠʩʢʘ ʦʰʠʙʦʢ ʠʟ-ʟʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, 

ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ ʧʦʪʨʝʙʦʚʘʣʦ ʙʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʥʘʥʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʢʚʘʣʠʬʠʢʘʮʠʷ ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ, ʯʝʤ ʚʝʨʠʬʠʢʘʮʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè, ʪʘʢ ʢʘʢ 

ʟʘʜʘʯʘ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʧʨʦʚʝʨʢʘ ʚʳʭʦʜʥʳʭ ʠ ʠʩʭʦʜʥʳʭ ʬʘʡʣʦʚ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ, ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʢʚʘʣʠʬʠʢʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʢ 

ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʬʦʨʤʘʪʘè. ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʢʘʢ ʠ 

ʧʨʠ ʨʫʯʥʦʤ ʩʧʦʩʦʙʝ, ʚʘʣʠʜʘʮʠʶ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʙʳ 

ʧʦʚʪʦʨʷʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

 

ʀʥʩʪʨʫʤʝʥʪ çɺʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭè 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʢʘʞʜʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ 

ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ 

ʩʧʦʩʦʙ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʠʣʦʞʝʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʀʥʩʪʨʫʤʝʥʪ çɺʝʨʠʬʠʢʘʮʠʷ ʠ 

ʚʘʣʠʜʘʮʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘè. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʧʨʦʚʝʜʝʥʠʝ ʚʘʣʠʜʘʮʠʠ ʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ɺ ʨʘʤʢʘʭ ʚʘʣʠʜʘʮʠʠ ʬʘʡʣ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʩʠʩʪʝʤʝ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ, ʪʦ ʝʩʪʴ, ʧʨʦʚʝʨʷʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʡʣʘ ʥʘ 

ʙʦʨʪʦʚʦʤ ʚʳʯʠʩʣʠʪʝʣʝ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʜʦʧʫʩʪʠʤʦ, ʘ ʚ ʨʘʤʢʘʭ 

ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʦʚʝʨʷʝʪʩʷ, ʯʪʦ ʚʩʝ ʜʘʥʥʳʝ ʦ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʬʘʡʣʝ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʚ ʠʩʭʦʜʥʦʤ 

ʬʘʡʣʝ ʬʦʨʤʘʪʘ ARINC 424, ʪʦ ʝʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ ʠʩʢʘʞʝʥʠʝ 

ʜʘʥʥʳʭ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʰʘʛʠ: 

1. ʇʨʦʚʝʨʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʚʦʠʤ ʬʦʨʤʘʪʘʤ; 

2. ʇʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʙʦʨʪʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʦʨʤʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 

424 (ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʚ ʠʭ ʟʘʛʦʣʦʚʢʘʭ); 

3. ɺʘʣʠʜʘʮʠʷ ʙʦʨʪʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ; 

4. ʂʦʥʚʝʨʪʘʮʠʷ ʜʘʥʥʳʭ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʦʨʤʘʪ, ʦʪʣʠʯʥʳʡ ʦʪ 

ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘ ʠ ARINC 424; 

5. ɺʝʨʠʬʠʢʘʮʠʷ ʙʦʨʪʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ; 

6. ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʦʪʯʝʪʘ ʦ ʧʨʦʚʝʜʝʥʥʦʡ ʚʘʣʠʜʘʮʠʠ ʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʙʦʨʪʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʬʠʢʩʠʨʫʶʪʩʷ 

ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʭʘʨʘʢʪʝʨʘ ʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʀʥʪʝʨʬʝʡʩ ʠʥʩʪʨʫʤʝʥʪʘ çɺʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭè (ʨʠʩʫʥʦʢ 2) ʦʨʛʘʥʠʟʦʚʘʥ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʨʘʟʜʝʣʦʚ, ʩʦʟʜʘʥʥʳʭ ʜʣʷ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʦʧʠʩʘʥʥʳʤ 

ʘʣʛʦʨʠʪʤʦʤ: 
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ʈʠʩʫʥʦʢ 2 ï ʀʥʪʝʨʬʝʡʩ ʠʥʩʪʨʫʤʝʥʪʘ çɺʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘè 

 
1. ʈʘʟʜʝʣ ʚʝʨʠʬʠʢʘʮʠʠ ʟʘʛʦʣʦʚʢʦʚ (çHEADERSè). 

ɼʘʥʥʘʷ ʩʝʢʮʠʷ ʚʳʧʦʣʥʷʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʬʫʥʢʮʠʶ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʬʘʡʣʦʚ ʠʥʩʪʨʫʤʝʥʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʢʘʝʪ ʠ 

ʩʨʘʚʥʠʚʘʝʪ ʠʭ ʩʣʫʞʝʙʥʳʝ ʟʘʛʦʣʦʚʢʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʫ ʟʘʛʨʫʞʝʥʥʳʭ ʬʘʡʣʦʚ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʦʙʨʘʞʝʥʥʳʭ ʚ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʠʥʪʝʨʬʝʡʩʘ, ʟʘʧʫʩʢ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʚʘʣʠʜʘʮʠʠ ʙʫʜʝʪ 

ʥʝʚʦʟʤʦʞʝʥ. ɺ ʨʘʟʜʝʣʝ ʦʪʦʙʨʘʞʘʶʪʩʷ: 

a. ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ (çLABELè) ʠ ʧʦʩʪʘʚʱʠʢ ʜʘʥʥʳʭ (çPROVIDERè). 

b. ʉʦʚʧʘʜʝʥʠʷ ʮʠʢʣʘ AIRAC (çAIRAC CYCLEè) ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ 

(çCRC32è) ʤʝʞʜʫ ʬʘʡʣʘʤʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʬʣʘʛʘʤʠ. 

c. ʇʝʨʠʦʜ ʜʝʡʩʪʚʠʷ: ɼʘʪʳ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʜʝʡʩʪʚʠʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 
(çEff. dateè, çExp. dateè). 

2. ʈʘʟʜʝʣ ʫʧʨʘʚʣʝʥʠʷ ʠʩʭʦʜʥʳʤʠ ʬʘʡʣʘʤʠ (çINPUT FILESè). 

ɼʣʷ ʚʳʙʦʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʢʥʦʧʢʠ çBrowse ANDF fileè 

(ʜʣʷ ʬʘʡʣʘ ʙʦʨʪʦʚʦʛʦ ʬʦʨʤʘʪʘ) ʠ çBrowse ARINC424-20 fileè. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʦʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʟʘʛʨʫʟʢʠ. 

3. ʈʘʟʜʝʣ ʥʘʩʪʨʦʡʢʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ (çOUTPUT FILEè). 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʫʢʘʟʘʪʴ ʜʠʨʝʢʪʦʨʠʶ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʨʢʠ. ʇʦʣʝ çFolder nameè ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʠʤʷ ʧʘʧʢʠ, ʘ ʢʥʦʧʢʘ çBrowse 

path to resultsè ï ʚʳʙʨʘʪʴ ʝʸ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʧʦʨʷʜʦʢ ʧʨʠ ʨʘʙʦʪʝ. 
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4. ʈʘʟʜʝʣ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠ ʣʦʛʠʨʦʚʘʥʠʷ (çValidation and 

verification logsè). 

ʕʪʦ ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ ʫʧʨʘʚʣʝʥʠʷ. ʂʥʦʧʢʘ çSTARTè ʠʥʠʮʠʠʨʫʝʪ 

ʧʨʦʮʝʩʩ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ. ʍʦʜ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠ ʠʪʦʛʦʚʳʡ ʩʪʘʪʫʩ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʩʪʨʦʢʝ ʩʦʩʪʦʷʥʠʷ (çProcess statusè) ʠ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʦʦʙʱʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʚʝʨʢʠ ʢʥʦʧʢʘ çRESULTSè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʢ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ 

ʦʪʯʝʪʘʤ (çExcelè-ʬʘʡʣʘʤ ʩ ʜʘʥʥʳʤʠ ʠ ʣʦʛʘʤ ʩ ʦʧʠʩʘʥʠʝʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

çʀʥʩʪʨʫʤʝʥʪ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭè 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʩʩʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʉ-21 ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʜʚʫʭ ʢʣʶʯʝʚʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ: çʂʦʥʚʝʨʪʝʨ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘè, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʙʦʨʘ ʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʠʥʩʪʨʫʤʝʥʪ çɺʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭè, ʚʘʣʠʜʠʨʫʶʱʠʡ ʠ ʚʝʨʠʬʠʮʠʨʫʶʱʠʡ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʟʘʛʨʫʟʢʠ ʥʘ 

ʙʦʨʪ. 

ʈʝʰʘʝʤʦʡ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʂʊ-200ɸ ʠ ʧʦʣʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʝʨʪʠʬʠʢʘʪʘ ʣʝʪʥʦʡ 

ʛʦʜʥʦʩʪʠ. ʋʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʵʪʦʛʦ ʵʪʘʧʘ ʧʦʟʚʦʣʠʪ ʚʥʝʜʨʠʪʴ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʘʤʦʣʝʪʘʭ ʩʝʤʝʡʩʪʚʘ ʄʉ-21. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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2013. P. 420-427. 
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Administration. ï 2009. P. 3-1 ï 3-7. 

4. Albert A. Herndon, Michael Cramer, Kevin Sprong. Analysis of advanced Flight 

Management Systems (FMS), flight management computer (FMC) field observations trials, radius-
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systems conference. P. 2-8. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʚ ʚʠʜʝ ʘʧʧʘʨʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʭʝʤ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘʟʝʤʥʳʭ ʠ 

ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʪʝʥʜʘ ʷʚʣʷʝʪʩʷ ʤʘʢʝʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʠʢʨʦʩʭʝʤʫ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ 

ʠʥʪʝʛʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʜʢʣʶʯʘʪʴ ʚ ʥʫʞʥʦʡ ʪʦʯʢʝ ʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʜʣʷ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʪʦʜʠʦʜʥʳʡ ʨʝʛʠʩʪʨ ʠʥʜʠʢʘʮʠʠ, ʦʩʮʠʣʣʦʛʨʘʬ ʠʣʠ 

ʜʨʫʛʦʡ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʠʟʫʯʝʥʠʶ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ, ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 

ʠ ʩʦʟʜʘʥʥʳʝ ʥʘ ʠʭ ʙʘʟʝ ʩʪʝʥʜʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʟʫʯʝʥʠʝ ʨʝʘʣʴʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩʦ ʰʪʘʪʥʦʡ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʘʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʚʫʟʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʩʭʝʤʳ, ʮʠʬʨʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʤʘʢʝʪʥʦʝ ʧʦʣʝ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ, ʚʠʨʪʫʘʣʴʥʳʝ 

ʩʪʝʥʜʳ, ʧʦʜʛʦʪʦʚʢʘ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 
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Abstract. The article discusses an educational and laboratory stand designed as a hardware 

platform for studying and investigating combinational and sequential circuits of digital devices used 

in ground-based and onboard digital computing systems. A distinctive feature of the developed stand 

is the prototype field, which allows for the placement of virtually any integrated circuit of low and 

medium integration for research, and also connect logical variables at the desired point, and use an 

LED indicator register, oscilloscope or other measuring device to record the results. The article 

analyzes the main approaches to the study of digital technology, and concludes that virtual 

experiments on a computer and the stands created on their basis limit the study of the real element 

base of modern digital electronics, acquiring skills in working with standard control and measuring 

equipment and, as a result, reducing the practical focus in the aviation specialists training at the 

university. 
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ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʦʩʚʦʝʥʠʷ ʪʘʢʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʢʘʢ çɹʦʨʪʦʚʳʝ 

ʮʠʬʨʦʚʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘè, çɸʚʠʘʮʠʦʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳè, çʕʣʝʢʪʨʦʥʥʳʝ ʠ ʧʨʠʙʦʨʥʳʝ ʩʠʩʪʝʤʳè, çʇʠʣʦʪʘʞʥʦ-

ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳè, çɸʚʠʦʥʠʢʘ ʩʘʤʦʣʝʪʦʚè ʠ ʜʨʫʛʠʭ. ɺʩʝ ʵʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʩʦʚʨʝʤʝʥʥʳʭ, ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ï ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʦʚ ʠ ʘʚʠʦʥʠʢʦʚ (ɼʦʢʫʤʝʥʪ ʀʂɸʆ Doc 7192 

çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʦʙʫʯʝʥʠʶè, ʯʘʩʪʴ D-1 çʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ʪʝʭʥʠʢ/ʠʥʞʝʥʝʨ/ʤʝʭʘʥʠʢ)è (ʚʪʦʨʦʝ ʠʟʜʘʥʠʝ, 2003)).  

ɿʜʝʩʴ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʩʣʝ 

ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʨʦʚʝʜʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʡ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʦʮʝʜʫʨʥʳʝ ʪʨʝʥʘʞʝʨʳ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʧʝʨʩʦʥʘʣʴʥʳʝ 

ʢʦʤʧʴʶʪʝʨʳ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ [1, 2, 3].   

ɼʣʷ ʠʟʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ, ʦʙʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʩʝʛʦʜʥʷ 

ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʥʜʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʧʨʦʛʨʘʤʤʳ-ʵʤʫʣʷʪʦʨʳ, ʚʩʝ ʵʪʠ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ [4].  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ, ʨʘʩʩʤʦʪʨʠʤ 

ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʢʝʪʥʦʛʦ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʅʦʚʠʟʥʦʡ ʜʘʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʢʝʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʣʶʙʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʤʘʣʦʡ ʠʣʠ 

ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʠʭ ʨʘʙʦʪʳ. ɺ ʧʦʜʦʙʥʳʭ ʩʪʝʥʜʘʭ 

ʚʤʝʩʪʦ ʥʘʙʦʨʥʦʛʦ ʧʦʣʷ ʨʘʟʤʝʱʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʮʠʬʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʫʟʣʦʚ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʘʚʠʘʮʠʦʥʥʳʭ 

ʚʫʟʘʭ, ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʳʧʫʩʢ ʮʠʬʨʦʚʦʛʦ 

ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʠ ʨʝʤʦʥʪʫ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

 

1 ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ ʮʠʬʨʦʚʦʡ ʩʭʝʤʦʪʝʭʥʠʢʠ  

ʇʨʠ ʦʩʚʦʝʥʠʠ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ 

ʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʭʦʜʷʪ ʢ ʮʠʢʣʫ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʠ ʚʳʧʦʣʥʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. ʇʨʠ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʮʠʬʨʦʚʦʡ ʩʭʝʤʦʪʝʭʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ: 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ 

ʮʠʬʨʦʚʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʠ ʵʤʫʣʷʮʠʷ ʠʭ ʨʘʙʦʪʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ. 
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ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʩʪʝʥʜʳ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʣʠʮʝʚʫʶ ʯʘʩʪʴ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, 

ʠʥʜʠʢʘʮʠʠ ʠ ʫʩʣʦʚʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʤʠʢʨʦʩʭʝʤ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʩʪʝʥʜʘ çʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠè. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ   

çʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠè 

 

ʆʩʥʦʚʥʳʤʠ ʤʦʜʫʣʷʤʠ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʷʚʣʷʶʪʩʷ: 

1) ʈʘʩʧʦʣʦʞʝʥʥʦʝ ʩʣʝʚʘ ʚʚʝʨʭʫ ʧʦʣʝ ʫʩʪʘʥʦʚʢʠ ʫʨʦʚʥʝʡ ʣʦʛʠʯʝʩʢʠʭ 
ʧʝʨʝʤʝʥʥʳʭ (0 ʠʣʠ 1). 

2) ʈʘʩʧʦʣʦʞʝʥʥʦʝ ʩʣʝʚʘ ʚʥʠʟʫ ʧʦʣʝ ʟʘʧʫʩʢʘ ʦʜʠʥʦʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ 
ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʦʪ ʦʪ 100 ʜʦ 1600 ɻʮ. 

3) ʈʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʮʝʥʪʨʫ ʧʦʣʷ çʃʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʪʨʠʛʛʝʨʳè, 
çʄʫʣʴʪʠʚʠʙʨʘʪʦʨʳ ʠ ɸʎʇè, çʈʝʛʠʩʪʨʳ ʠ ʩʯʝʪʯʠʢʠè ʠ çʉʫʤʤʘʪʦʨʳ ʠ 

ʜʝʰʠʬʨʘʪʦʨʳè, ʩʙʦʨʢʘ ʩʭʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ. 

4) ʈʘʩʧʦʣʦʞʝʥʥʳʝ ʩʧʨʘʚʘ ʧʝʨʝʢʣʶʯʘʪʝʣʴ çʉʝʪʴè, ʜʝʩʷʪʴ ʩʚʝʪʦʜʠʦʜʦʚ, 
ʦʪʨʘʞʘʶʱʠʭ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʳʭʦʜʦʚ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ, ʘ 

ʪʘʢʞʝ ʩʝʤʠʩʝʛʤʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ. 
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ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʥʝʜʦʩʪʘʪʦʢ ï ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʟʘʜʘʥʥʦʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. 

ʇʨʠ ʚʪʦʨʦʤ ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ-ʵʤʫʣʷʪʦʨʳ, 

ʥʘʧʨʠʤʝʨ, çElectronics Workbenchè (EWB), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʨʦʛʨʘʤʤʥʦ ʤʦʞʥʦ ʩʠʤʫʣʠʨʦʚʘʪʴ ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ 

ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʪʨʠʛʛʝʨʦʚ ʧʦʩʪʨʦʠʪʴ ʫʟʝʣ ʎʋ. 

 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ çElectronics Workbenchè 

ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʝʚʝʨʩʠʚʥʦʛʦ ʜʝʩʷʪʠʯʥʦʛʦ ʩʯʝʪʯʠʢʘ 

 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʩʭʝʤʳ, ʥʘ ʚʳʙʦʨ ʥʘʣʠʯʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

(ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ) ʠʣʠ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʙʥʠʢʘ ʩ ʪʘʙʣʠʮʝʡ ʠʩʪʠʥʥʦʩʪʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʨʝʘʣʠʟʦʚʘʥʥʦʩʪʴ ʨʦʩʩʠʡʩʢʦʛʦ ɻʆʉʊ 2.743-91 

ʠʟʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ (ʫʩʣʦʚʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ ʉʐɸ), ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʨʝʘʣʴʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩʦ 

ʰʪʘʪʥʦʡ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. 
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2 ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʢʝʪʥʦʛʦ ʫʯʝʙʥʦ-

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ  

ʉʦʟʜʘʥʠʝ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʨʷʜʘ ʧʨʦʙʣʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʨʘʟʨʘʙʦʪʢʘ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ, ʚʳʙʦʨ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʜʣʷ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʣʠ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. ɺ-ʪʨʝʪʴʠʭ, ʨʝʘʣʠʟʘʮʠʷ ʝʛʦ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʝʥʜʘ [4, 5]. 

ɼʘʥʥʳʡ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʙʦʨʪʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ 

ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʴʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʧʝʨʝʯʝʥʴ ʧʣʘʥʠʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ: 

 ʟʥʘʥʠʷ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ, ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʘʙʦʪʳ ʙʦʨʪʦʚʳʭ 
ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʘʢ ʦʙʲʝʢʪʦʚ ʧʨʦʮʝʩʩʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

 ʟʥʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʠ ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 
ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

 ʟʥʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ; 

 ʟʥʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʦʨʪʦʚʳʭ, ʥʘʟʝʤʥʦ-ʙʦʨʪʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ 

ʢʦʥʪʨʦʣʷ ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

 ʫʤʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

 ʥʘʚʳʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʥʘʣʠʟʫ ʨʘʙʦʪʳ ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʮʝʣʷʭ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

 ʥʘʚʳʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʦʠʩʢʫ ʠ ʫʩʪʨʘʥʝʥʠʶ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 
ʙʦʨʪʦʚʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʝʥʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ: 

 ʙʣʦʢ ʧʠʪʘʥʠʷ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

ʥʦʤʠʥʘʣʦʤ 220 ɺ 50 ɻʮ ʚ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 12 ɺ ʠ ʜʘʣʝʝ ʚ 

ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʤʘʢʝʪʥʦʡ ʧʣʘʪʳ ʥʘʧʨʷʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʦʤʠʥʘʣʦʤ 5 ɺ; 

 ʤʘʢʝʪʥʫʶ ʧʣʘʪʫ ʩ ʢʦʤʧʣʝʢʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʠʢʨʦʩʭʝʤ 

ʠʟʫʯʘʝʤʳʭ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ; 

 ʛʝʥʝʨʘʪʦʨ ʦʜʠʥʦʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʘʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ; 

 ʚʦʩʴʤʠʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʚʚʦʜʘ ʜʘʥʥʳʭ ʩ ʠʥʜʠʢʘʮʠʝʡ ʩʦʩʪʦʷʥʠʷ ʧʦ 
ʚʳʭʦʜʘʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ; 
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 ʜʚʝʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʠʥʜʠʢʘʮʠʠ ʥʘ ʩʚʝʪʦʜʠʦʜʘʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʳʭʦʜʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʢʝʪʥʦʛʦ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ çʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠè. 

 

ʈɽɻʀʉʊʈ ʀʅɼʀʂɸʎʀʀ

ʈɽɻʀʉʊʈ ɺɺʆɼɸ ɼɸʅʅʓʍ

0

1

0

1

ɻɽʅɽʈɸʊʆʈ

ʆɼʀʅʆʏʅʓʍ

ʀʄʇʋʃʔʉʆɺ

-5ɺ

+5ɺ

-5ɺ

+5ɺ

-5ɺ

+
-

+
-

 ʄʘʢʝʪʥr ʡ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥr ʡ ʩʪʝʥʜ 

çʆʩʥʦʚr  ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠè

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʝʢʪ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʢʝʪʥʦʛʦ ʫʯʝʙʥʦ-

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ çʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠè 

 

ʋʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ ʦʙʫʯʘʶʱʠʤʠʩʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ 

ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʟʘ ʩʯʝʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʚʦʜʦʚ ʮʝʧʝʡ ʧʠʪʘʥʠʷ, ʠʭ ʚʭʦʜʦʚ, ʚʳʭʦʜʦʚ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ, 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʛʥʘʣʘʤʠ ʨʝʛʠʩʪʨʦʚ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʥʜʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ ʠʥʜʠʢʘʮʠʠ. ɼʘʥʥʳʡ 

ʩʪʝʥʜ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʘʟʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

(ʩʭʝʤʳ ç2ʀ-ʅɽè, ç2ʀʃʀ-ʅɽè), ʪʨʠʛʛʝʨʦʚ, ʣʠʙʦ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʣʶʙʳʭ ʮʠʬʨʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʪʠʧʦʚʳʭ ʫʟʣʦʚ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ (ʨʝʛʠʩʪʨʦʚ, 

ʩʯʝʪʯʠʢʦʚ, ʩʫʤʤʘʪʦʨʦʚ, ʜʝʰʠʬʨʘʪʦʨʦʚ, ʢʦʤʤʫʪʘʪʦʨʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʢʦʜʦʚ, 

ʩʭʝʤ ʢʦʥʪʨʦʣʷ ʠ ʜʨʫʛʠʭ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦʨʘ ʦʜʠʥʦʯʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. 

 

3 ʇʨʠʤʝʨ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ 

ʫʟʣʦʚ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʯʝʙʥʦ-

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ  

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʙʦʨʢʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʤʠʢʨʦʩʭʝʤ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʘʯʝ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʠ ʥʘ ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʠʩʩʣʝʜʫʝʤʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʤʠʢʨʦʩʭʝʤʳ.  

ʇʨʠʤʝʨ 1: ʉʦʙʨʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 4 ʘ, ʙ. 

ʇʦʜʘʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʍ1 ʠ ʍ2 ʩ ʪʫʤʙʣʝʨʥʦʛʦ ʨʝʛʠʩʪʨʘ ʚʚʦʜʘ 

ʜʘʥʥʳʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ç2ʀ-ʅɽè, ç2ʀʃʀ-

ʅɽè. ɿʘʧʦʣʥʠʪʴ ʪʘʙʣʠʮʫ ʦʪʯʝʪʘ ʚ ʨʘʙʦʯʝʡ ʪʝʪʨʘʜʠ, ʘʥʘʣʦʛʠʯʥʫʶ ʪʘʙʣʠʮʝ 1. 

 

&

Y1

ʍ1

ʍ2
 

1

Y2

ʍ1

ʍ2
 

 

ʘ) ç2ʀ-ʅɽè 

 

ʙ) ç2ʀʃʀ-ʅɽè 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʳ ʩʙʦʨʢʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʅʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5 ʘ, ʙ. 
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ʘ) 4Ĭ2ʀ-ʅɽ (155ʃɸ3) 

 

ʙ) 4Ĭ2ʀʃʀ-ʅɽ (155ʃɽ1) 

 

ʈʠʩʫʥʦʢ 5 ï ʅʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ  

ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ:  

1) ʅʫʤʝʨʘʮʠʷ ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʢʦʨʧʫʩʘ, ʥʘʯʠʥʘʷ ʩʣʝʚʘ, ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʥʫʤʝʨʘʮʠʠ ʚʳʚʦʜʦʚ ʥʘ ʢʦʨʧʫʩʝ ʤʠʢʨʦʩʭʝʤʳ ʥʘʥʦʩʠʪʩʷ ʤʝʪʢʘ. 

ʄʝʪʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʫʛʣʫʙʣʝʥʠʝ ʚ ʢʦʨʧʫʩʝ ʚ ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʠ ʠʣʠ ʧʦʣʫʦʚʘʣʘ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4 ʘ, ʙ. 

2) ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʤʠʢʨʦʩʭʝʤ ʪʨʝʙʫʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʚʭʦʜʫ ç+5ɺè, ʘ ʪʘʢʞʝ ʟʘʟʝʤʣʝʥʠʝ ʤʠʢʨʦʩʭʝʤʳ 

ʚʳʚʦʜʦʤ çʆʙʱʠʡè. 
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ʊʘʙʣʠʮʘ 1 ï ʊʘʙʣʠʮʳ ʠʩʪʠʥʥʦʩʪʠ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʍ1 ʍ2 
2ʀ-ʅɽ 2ʀʃʀ-ʅɽ 

Y1(ʨʠʩ. 4ʘ) Y2 (ʨʠʩ. 4ʙ) 

0 0   

0 1   

1 0   

1 1   

 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʟʣʦʚ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʝʛʠʩʪʨʦʚ ʠʣʠ ʩʯʝʪʯʠʢʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʦʜʠʥʦʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʢʨʝʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʠ ʬʠʢʩʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ [6, 7]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʮʠʬʨʦʚʦʡ ʩʭʝʤʦʪʝʭʥʠʢʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʠʨʪʫʘʣʴʥʳʝ ʵʤʫʣʷʪʦʨʳ ʠ ʩʦʟʜʘʥʥʳʝ ʥʘ ʠʭ ʙʘʟʝ ʩʪʝʥʜʳ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʠʟʫʯʝʥʠʝ ʨʝʘʣʴʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩʦ ʰʪʘʪʥʦʡ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʚʫʟʝ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʢʝʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʣʶʙʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʤʘʣʦʡ ʠʣʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ 

ʠʥʪʝʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʨʘʩʰʠʨʷʶʱʝʡ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

 
1. ɸʣʝʢʩʝʝʥʢʦ ɸ. ɺ. ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ / ɸ. ɺ. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ [1, 2, 3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʣʠʙʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥ ʨʘʟʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʩ ʧʝʨʚʠʯʥʦʡ W1 ʠ ʚʪʦʨʠʯʥʦʡ W2 ʪʨʝʭʬʘʟʥʳʤʠ ʦʙʤʦʪʢʘʤʠ. ʆʙʝ ʦʥʠ ʙʘʨʘʙʘʥʥʳʝ ʠ 

ʨʘʟʤʝʱʝʥʳ ʚ ʧʘʟʘʭ ʧʝʨʚʠʯʥʦʛʦ 1 ʠ ʚʪʦʨʠʯʥʦʛʦ 3 ʷʨʤʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ [1]. ɺ ʧʘʟʘʭ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʷʨʤʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ 2 ʨʘʟʤʝʱʝʥʳ 

ʚʠʪʢʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ Wʦʧ. ʕʪʘ ʦʙʤʦʪʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʷʨʤʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ 

ʬʫʥʢʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʰʫʥʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʠʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʘʛʥʠʪʥʳʤ ʰʫʥʪʦʤ 

 

ʂʘʢ ʠ ʫ ʦʙʳʯʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʟʜʝʩʴ ʨʘʩʯʝʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʷʚʣʷʶʪʩʷ ʜʠʘʤʝʪʨ D ʠ ʪʦʣʱʠʥʘ ʰʠʭʪʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ l. ʅʘ ʨʠʩ. 

1 ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʥʘʨʫʞʥʦʤ ʷʨʤʝ ʌ̫ 1, ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʤʘʛʥʠʪʥʦʤ ʰʫʥʪʝ ʌ̫  hʠ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʷʨʤʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ 

ʌ̫ 2. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʩʳ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʝʛʦ ʧʝʨʚʠʯʥʘʷ ʠ ʚʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʜʚʫʭʧʦʣʶʩʥʳʤʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʝʥʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌ̫ 2, ʩʮʝʧʣʝʥʥʦʛʦ ʩ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʪʦʢʝ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ, ʟʘʟʦʨ ʤʝʞʜʫ ʟʫʙʮʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʴʶ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ŭ2 ʜʦʣʞʝʥ ʙʳʪʴ ʚ 3-4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ 

ʥʝʙʦʣʴʰʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʟʦʨ ŭ1=0,03-0,05 ʤʤ ʤʝʞʜʫ ʟʫʙʮʘʤʠ ʚʥʝʰʥʝʡ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʯʝʥʴ ʤʘʣʦʤ ʪʦʢʝ ʚ ʦʙʤʦʪʢʝ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ ʠ ʦʜʠʥʘʢʦʚʳʭ ʨʘʜʠʘʣʴʥʳʭ ʨʘʟʤʝʨʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʷʨʤʘ 
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hʷ2 ʠ ʰʫʥʪʘ h  hʦʢʦʣʦ 80% ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚʥʝʰʥʝʛʦ ʷʨʤʘ ʌ̫ 1 ʟʘʤʳʢʘʝʪʩʷ 

ʯʝʨʝʟ ʰʫʥʪ ʠ ʪʦʣʴʢʦ ʦʢʦʣʦ 20% ï ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʝʝ ʷʨʤʦ. ʇʦʵʪʦʤʫ 

ʠʥʜʫʢʪʠʨʫʝʤʳʝ ʚ ʬʘʟʘʭ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʕɼʉ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 20% ʩʚʦʠʭ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʪ.ʢ. ʌh  ʤʘʢʩ å 0,8 ʌ̫ 1, ʘ ʌ̫ 2 ʤʠʥå 0,2 ʌ̫ 1. 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʪʦʢʝ ʚ ʦʙʤʦʪʢʝ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ ʝʛʦ 

ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ 

ʦʯʝʥʴ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ʌh  ʤʠʥ å 0,04 ʌ̫ 1, ʘ ʌ̫ 2 ʤʘʢʩå 0,96 ʌ̫ 1. 

ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌ1 = 2ʌʷ1, ʩʮʝʧʣʝʥʥʦʛʦ ʩ ʧʝʨʚʠʯʥʦʡ 

ʦʙʤʦʪʢʦʡ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʧʝʨʚʠʯʥʦʡ 

ʦʙʤʦʪʢʠ U1, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʘ, ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʥʝʙʦʣʴʰʦʡ 

ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʦʙʤʦʪʢʠ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʮʝʧʣʝʥʥʦʛʦ ʩʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ 

ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʌ2 = 2ʌʷ2, ʠ ʠʥʜʫʢʪʠʨʫʝʤʳʭ ʠʤ ʕɼʉ ʚ ʬʘʟʘʭ ʚʪʦʨʠʯʥʦʡ 

ʦʙʤʦʪʢʠ ɽʬ2 ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ: 

 

Ὀ
Ὁ ̍́̋̒
Ὁ ̍̉̎

ˡ  ̍ ́̋̒

ˡ  ̍̉̎
τȟψȢ 

 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 

ʌ2 ʠ ʕɼʉ E2 ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʚʝʥʩʪʚʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʠʭ ʩʠʣ (ʅʉ), 

ʜʝʡʩʪʚʫʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʤʘʛʥʠʪʥʳʡ ʰʫʥʪ ʠ ʥʘ ʮʝʧʴ, ʧʦ ʢʦʪʦʨʦʡ 

ʟʘʤʳʢʘʝʪʩʷ ʧʦʪʦʢ ʌ2, ʩʮʝʧʣʝʥʥʳʡ ʩ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 

 

ὒ̙Ὄ̙ ςὬ̈ Ὄ̙̙ ρȟφ‏ὄ̈ ρπ ςὬ̈ Ὄ̈ ὒ̠ Ὄ̠ Ȣ 
 

ʈʘʩʯʝʪ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦ ʤʝʪʦʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɿʘʜʘʚʰʠʩʴ ʪʨʝʙʫʝʤʳʤ ʦʪʥʦʰʝʥʠʝʤ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ 
ˡ̙  ̍́̋̒

ˡ̠  ̍̉̎
, ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʨʘʟʤʝʨʘʭ ʫʯʘʩʪʢʦʚ ʤʘʛʥʠʪʥʳʭ ʮʝʧʝʡ 

ʚʳʯʠʩʣʠʤ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʳʭ ʠʥʜʫʢʮʠʡ ɺh , ɺʟ ,h ɺʟ2, ɺ̫ 2 ʠ ʥʘʡʜʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ H ,h Hʟ ,h Hʟ2, Hʷ2 ʧʦ ʪʘʙʣʠʮʘʤ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʩʦʨʪʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʪʘʣʠ. ɽʩʣʠ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ Hi ʨʘʚʝʥʩʪʚʦ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʠʟʤʝʥʷʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʦʨʦʥʫ 

ʦʪʥʦʰʝʥʠʝ 
ˡ̙  ̍́̋̒

ˡ̠  ̍̉̎
. 

ʋʚʝʣʠʯʝʥʠʝ ʟʘʟʦʨʘ ʤʝʞʜʫ ʟʫʙʮʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʝʡ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ŭ2 ʜʦ 0,1-0,15 ʤʤ ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ 

ʪʦʢʘ ʠ ʫʤʝʥʴʰʝʥʠʝ cosű1, ʧʦʵʪʦʤʫ ʚʤʝʩʪʦ ʫʚʝʣʠʯʝʥʠʷ ʟʘʟʦʨʘ ŭ2, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʠʞʝ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʥʘ ʚʪʦʨʠʯʥʦʤ ʷʨʤʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʪʦʨʦʠʜʘʣʴʥʫʶ 

ʦʙʤʦʪʢʫ ʜʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʷʨʤʘ ʚʳʧʨʷʤʣʝʥʥʳʤ ʪʦʢʦʤ ʩ ʮʝʣʴʶ ʙʦʣʴʰʝʛʦ 

ʚʳʪʝʩʥʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌ̫ 2. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʅʉ ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ, ʚ 6-8 ʨʘʟ ʤʝʥʴʰʘʷ ʅʉ 

ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʝʝ ʚʠʪʢʦʚ ʚ ʦʙʱʠʭ 

ʧʘʟʘʭ ʚʤʝʩʪʝ ʩʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ ʪʨʝʙʫʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʘʟʦʚ. 
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ɼʣʷ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʦʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (D ʠ l), ʝʛʦ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ, ʘ ʪʘʢʞʝ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ 

ʦʙʤʦʪʦʢ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʰʘʛʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ 

ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʦʡ ʥʘ ʨʦʪʦʨʝ. 

ɹʦʣʝʝ ʩʣʦʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪ ʠʥʜʫʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʘʩʩʝʷʥʠʷ 

ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʦʢ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʰʫʥʪʘ, ʘ ʪʘʢʞʝ 

ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʅʉ Fʦʧ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠʟ ʰʫʥʪʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ 

ʜʝʡʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʰʠʭʪʦʚʘʥʥʳʤ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ. ɽʝ ʚʥʝʰʥʠʡ ʚʠʜ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠʟ ʰʫʥʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʘʷ 

ʚʳʧʨʷʤʣʝʥʥʳʤ ʪʦʢʦʤ ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ ʅh  ʤʘʢʩ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 20-30% ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ ʪʦʢʘ 

ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ɸ1: 

 

Ὄ̙  ̍ ́̋̒ρȟσὃ ̍́̋̒
ςȟφά ὡ̕ Ὅ̕  ̍́̋̒

σȟρτὈ̙  ̒̑
 

ʠʣʠ 

 

Ὂ̏  ̐̍ ́̋̒σȟρτὈ̙  ̒ Ὄ̙̑  ̍́̋̒ςȟφά ὡ̕ Ὅ̕  ̍́̋̒ Ȣ 

 

ɿʘʜʘʚʰʠʩʴ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ Iʦʧ ʤʘʢʩ, 

ʥʘʡʜʝʤ ʯʠʩʣʦ ʚʠʪʢʦʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ ὡ̏ ̐
̏ ̐̍́̋̒

̏ ̐̍̉̎
 ʠ ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ ʦʜʥʦʡ ʩʝʢʮʠʠ 
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ὡ̒
ὡ̏ ̐

ᾀ
Ȣ 

 

ʏʠʩʣʘ ʚʠʪʢʦʚ ʚʦ ʚʩʝʭ ʩʝʢʮʠʷʭ ʪʦʨʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ, ʘ ʯʠʩʣʦ ʧʘʟʦʚ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ z 

ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʷʤ ʚʳʧʦʣʥʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʝʨʚʠʯʥʦʡ 

ʪʨʝʭʬʘʟʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʤʥʦʛʦʬʘʟʥʦʡ ʠʣʠ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʦʢ. ɽʩʣʠ ʨ=1, ʪʦ 

z=2m1q1=2m2q2, ʛʜʝ q1 ʠ q2 ï ʮʝʣʳʝ ʯʠʩʣʘ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʠʥʜʫʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠ 

ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʦʢ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʣʦʙʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʞʥʦ 

ʚʳʯʠʩʣʷʪʴ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʠ ʨʘʩʯʝʪʝ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ. 

ʇʨʦʚʦʜʠʤʦʩʪʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪ.ʢ. ʟʫʙʮʳ 

ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩʦʚʧʘʜʘʶʪ ʩ ʟʫʙʮʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʰʫʥʪʘ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʦʚʧʘʜʘʶʪ ʩ ʟʫʙʮʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʧʘʟʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʦʱʝʥʥʫʶ ʬʦʨʤʫʣʫ: 

 

‗̐
Ὤ̐

σὦ̐  ̒ ̑

Ὤ̐ ̙

σὦ̐  ̙̒ ̑
ȟ 

 

ʛʜʝ hʧ1 ʠ hʧ  h ï ʛʣʫʙʠʥʘ ʧʘʟʦʚ, ʘ bʧ1 ʩʨ ʠ bʧʰ ʩʨ ï ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʧʘʟʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʠ ʥʘ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʰʫʥʪʘ. ʇʘʟʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʣʷ 

ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʬʦʨʤʫʣʝ: 

 

‗̐
Ὤ̐

σὦ̐  ̒ ̑

Ὤ̐ ̙

σὦ̐  ̙̒ ̑
Ȣ 

 

ʆʩʥʦʚʥʳʤ ʧʦʪʦʢʦʤ ʨʘʩʩʝʷʥʠʷ ʚ ʨʝʛʫʣʠʨʫʝʤʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʩ 

ʤʘʛʥʠʪʥʳʤ ʰʫʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʶʱʠʡʩʷ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʟʘʤʳʢʘʶʱʠʡʩʷ 

ʯʝʨʝʟ ʰʫʥʪ ʌh. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʧʦʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʰʫʥʪʘ 

ʧʦʩʪʦʷʥʥʳʤ ʧʦʪʦʢʦʤ ʪʦʢʘ ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ, ʪ.ʝ. ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʅh. ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌh  ʫʯʠʪʳʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʩʯʝʪʦʤ ʨʘʙʦʯʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌ2=ʌ2ïʌh , ʩʮʝʧʣʝʥʥʦʛʦ 

ʩʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ. 

ɺ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʘʛʥʠʪʥʳʤ ʰʫʥʪʦʤ (ʩʤ. ʨʠʩ. 1) 

ʧʝʨʚʠʯʥʘʷ ʪʨʝʭʬʘʟʥʘʷ ʦʙʤʦʪʢʘ, ʨʘʟʤʝʱʘʝʤʘʷ ʚ ʧʘʟʘʭ ʚʥʝʰʥʝʡ ʯʘʩʪʠ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʦʙʷʟʘʪʝʣʴʥʦ ʚ ʚʠʜʝ ʦʙʳʯʥʦʡ ʙʘʨʘʙʘʥʥʦʡ 

ʜʚʫʭʩʣʦʡʥʦʡ ʠʣʠ ʦʜʥʦʩʣʦʡʥʦʡ ʦʙʤʦʪʢʠ. ɹʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʚʫʭʧʦʣʶʩʥʦʡ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ ʜʣʠʥʘ ʝʝ ʣʦʙʦʚʳʭ 

ʯʘʩʪʝʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʜʠʘʤʝʪʨʫ ʦʢʨʫʞʥʦʩʪʠ, ʧʦʣʫʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʦʡ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ï ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʩʝʚʦʡ ʨʘʟʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʩʭʦʜ 

ʤʝʜʠ ʥʘ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ.  

ɽʱʝ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ï ʪʦ, ʯʪʦ ʨʘʙʦʯʠʡ ʤʘʛʥʠʪʥʳʡ 

ʧʦʪʦʢ ʌ2=2ʌ̫ 2 ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʘʩʳʱʝʥʥʳʡ ʧʦʩʪʦʷʥʥʳʤ ʧʦʪʦʢʦʤ 
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ʤʘʛʥʠʪʥʳʡ ʰʫʥʪ. ʀʟ-ʟʘ ʵʪʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʝʘʢʪʠʚʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ, ʘ cosű1 ʩʥʠʞʘʝʪʩʷ ʜʦ 0,8-0,83.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʨʘʙʦʪʘʥ ʚʘʨʠʘʥʪ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʚʥʝʰʥʠʤ ʨʘʟʤʝʱʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʰʫʥʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ W1 ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʪʦʨʦʠʜʘʣʴʥʦʡ ʠ ʨʘʟʤʝʱʘʪʴʩʷ ʚʦ 

ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʘʟʘʭ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ [2]. ɺʪʦʨʠʯʥʘʷ 

ʦʙʤʦʪʢʘ W2 ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʧʘʟʘʭ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʩʦʩʪʘʚʥʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʪʦʨʦʠʜʘʣʴʥʦʡ, ʪʘʢ ʠ ʙʘʨʘʙʘʥʥʦʡ (ʨʠʩ. 3). 

ʊʦʨʦʠʜʘʣʴʥʘʷ ʧʝʨʚʠʯʥʘʷ ʪʨʝʭʬʘʟʥʘʷ ʦʙʤʦʪʢʘ W1 ʩʮʝʧʣʝʥʘ ʩ ʤʘʛʥʠʪʥʳʤ 

ʧʦʪʦʢʦʤ ʷʨʤʘ ʌ̫ 1, ʢʦʪʦʨʳʡ ʚʜʚʦʝ ʤʝʥʴʰʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌ1, ʩʮʝʧʣʝʥʥʦʛʦ ʩ 

ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʦʡ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ (ʩʤ. ʨʠʩ. 1), ʧʦʵʪʦʤʫ ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ 

ʬʘʟʝ ʪʦʨʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʠ ʜʦʣʞʥʦ ʙʳʪʴ ʚʜʚʦʝ ʙʦʣʴʰʠʤ, ʯʝʤ ʚ ʙʘʨʘʙʘʥʥʦʡ 

ʦʙʤʦʪʢʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʪʦʨʦʠʜʘʣʴʥʘʷ ʦʙʤʦʪʢʘ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʝʤ ʙʘʨʘʙʘʥʥʘʷ ʦʙʤʦʪʢʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʘʭ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ʆʜʥʘʢʦ ʪʦʨʦʠʜʘʣʴʥʘʷ ʦʙʤʦʪʢʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʡ 

ʚʳʣʝʪ ʣʦʙʦʚʳʭ ʯʘʩʪʝʡ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ ʛʣʫʙʠʥʳ ʧʘʟʘ, ʘ 

ʦʙʱʘʷ ʜʣʠʥʘ ʚʠʪʢʦʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʠ ʧʨʠ l Ò D ʤʝʥʴʰʝ ʜʣʠʥʳ ʦʜʥʦʛʦ 

ʚʠʪʢʘ ʙʘʨʘʙʘʥʥʦʡ ʦʙʤʦʪʢʠ [3], ʧʦʵʪʦʤʫ ʨʘʩʭʦʜ ʤʝʜʠ ʥʘ ʪʦʨʦʠʜʘʣʴʥʫʶ ʦʙʤʦʪʢʫ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʙʘʨʘʙʘʥʥʫʶ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʦʥʩʪʨʫʢʮʠʷ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʰʫʥʪʦʤ 

 

ɺʳʧʦʣʥʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ 

ʰʫʥʪʦʤ (ʩʤ. ʨʠʩ. 3) ʠ ʙʘʨʘʙʘʥʥʦʡ ʧʝʨʚʠʯʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʦʡ ʥʘ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʥʝʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʥʝʰʥʠʡ ʤʘʛʥʠʪʥʳʡ ʰʫʥʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʷʨʤʦ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʜʤʘʛʥʠʯʠʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ (ʧʘʨʘʣʣʝʣʴʥʦʛʦ) ʷʨʤʘ ʚʳʟʳʚʘʝʪ ʣʠʰʴ ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ, ʘ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʌ1 ʠ 

ʌ2 ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ. 

ʕʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʕɼʉ, ʜʦʩʪʠʛʘʝʤʳʡ ʚ 

ʜʚʫʭʩʣʦʡʥʦʡ ʦʙʤʦʪʢʝ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʰʘʛʦʤ, ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʠ ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʝ, ʝʩʣʠ ʚʳʧʦʣʥʠʪʴ ʝʝ ʬʘʟʳ ʠʟ ʜʚʫʭ 

ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʝʡ, ʩʤʝʱʝʥʥʳʭ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʘ 1-2 ʧʘʟʦʚʳʭ ʰʘʛʘ, ʠ 

ʩʦʝʜʠʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 
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ʅʘ ʨʠʩ. 4 ʠʟʦʙʨʘʞʝʥʳ ʚʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʤʘʛʥʠʪʥʳʤ ʰʫʥʪʦʤ ʠ ʦʙʤʦʪʢʦʡ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʰʫʥʪʘ. 

ɿʜʝʩʴ ʚ ʩʣʫʯʘʷʭ ʘ) ʠ ʙ) ʠʤʝʝʪ ʤʝʩʪʦ ʭʦʣʦʩʪʦʡ ʭʦʜ, ʘ ʥʘ ʨʠʩ. 4, ʚ ï ʥʦʤʠʥʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ. ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʰʫʥʪʝ ʫʢʘʟʘʥʦ ʚ ʨʘʤʢʝ ʧʦʜ 

ʢʘʞʜʳʤ ʨʠʩʫʥʢʦʤ. 

ʆʙʱʘʷ ʤʘʩʩʘ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʦʙʳʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʪʘʣʠ, 

ʤʦʱʥʦʩʪʴʶ 3 ʢɺɸ ʨʘʚʥʘ 4,5 ʢʛ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʩ ʤʘʛʥʠʪʥʳʤ ʰʫʥʪʦʤ 

 

ɺʳʚʦʜʳ 

1. ɺʘʨʠʘʥʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ 

ʰʫʥʪʦʤ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ 

ʂʇɼ ʠ cosű1 ʥʘ 2-3% ʙʦʣʴʰʝ, ʯʝʤ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʰʫʥʪʦʤ.  

2. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ ʠʟ ʢʨʫʛʣʳʭ ʰʪʘʤʧʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʩ ʧʘʟʘʤʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʩʣʦʞʥʝʝ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʪʘʣʠ. ʊʘʢ ʧʨʠ ʰʪʘʤʧʦʚʢʝ ʢʨʫʛʣʳʭ 

ʣʠʩʪʦʚ ʩ ʧʘʟʘʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤ ʦʪʚʝʨʩʪʠʝʤ ʙʦʣʝʝ 30% ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʪʘʣʠ 

IӾ2R
Ӿ
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ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʪʭʦʜʳ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʷʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ ʚʠʪʳʭ ʣʝʥʪʦʯʥʳʭ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʭ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [4, 5]. 
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Abstract. The article examines the concept, operating principles, advantages, and the key 
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ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʦʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ.  

ʉ ʮʝʣʴʶ ʣʫʯʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ AR, ʢʦʪʦʨʘʷ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʘʪʴ ʙʦʨʪʦʚʳʝ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʘ, ʥʦ ʠ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʦʚʪʦʨʷʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʚʝʨʢʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʠʭ ʣʫʯʰʝʛʦ ʫʩʚʦʝʥʠʷ. 

 

1. ʉʪʨʫʢʪʫʨʘ ʠ ʘʣʛʦʨʠʪʤʳ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʊʝʭʥʦʣʦʛʠʷ AR ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʦʩʦʙ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ 

ʢʘʨʪʠʥʢʠ ʥʘ ʫʯʘʩʪʢʝ ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʟʘʜʘʚʘʝʤʦʛʦ ʩʧʝʮʠʘʣʴʥʳʤ 

ʤʘʨʢʝʨʦʤ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʨʪʠʥʢʝ. ɺʳʙʦʨ ʤʘʨʢʝʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʨʪʠʥʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʢʩʪ, ʘʥʠʤʘʮʠʷ ʠ ʟʚʫʢ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʩʦʚʤʝʱʝʥʠʷ 

ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʨʪʠʥʢʠ ʷʚʣʷʝʪʩʷ ʟʥʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʨʪʠʥʢʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʘʢʫʨʩʦʤ ʠ ʤʘʩʰʪʘʙʦʤ, ʘ 

ʟʘʪʝʤ ʥʘʢʣʘʜʳʚʘʪʴ ʠʭ ʥʘ ʫʯʘʩʪʢʝ ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʟʘʜʘʚʘʝʤʦʛʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʤʘʨʢʝʨʦʤ [1]. 

ʊʝʭʥʦʣʦʛʠʷ AR ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ: 

- ʦʯʢʦʚ ʠ ʰʣʝʤʦʚ AR, ʥʘʧʨʠʤʝʨ Microsoft HoloLens, Magic Leap 
(ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʟʘʭʚʘʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʧʣʘʥʰʝʪʦʚ ʠ ʩʤʘʨʪʬʦʥʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ;  

- ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʚ ʨʝʘʣʴʥʳʡ ʤʠʨ; 
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- ʠʥʪʝʨʬʝʡʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʯʝʨʝʟ ʞʝʩʪʳ, ʛʦʣʦʩʦʚʳʝ ʢʦʤʘʥʜʳ ʠʣʠ ʩʝʥʩʦʨʥʳʝ ʵʢʨʘʥʳ, ʥʘʧʨʠʤʝʨ, 

Unity3D, Vuforia [2, 3]. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï AR-ʦʯʢʠ 
 

ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ (ʨʠʩʫʥʦʢ 2). ʀʟʦʙʨʘʞʝʥʠʝ ʩ ʦʯʢʦʚ ʠʣʠ ʰʣʝʤʘ AR ʧʦʩʣʝ ʠʭ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʵʢʨʘʥ ʩʤʘʨʪʬʦʥʘ ʠʣʠ ʧʣʘʥʰʝʪʘ. ʇʨʠʣʦʞʝʥʠʝ 

çʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷè ʠʱʝʪ ʚ ʢʘʞʜʦʤ ʢʘʜʨʝ ʤʘʨʢʝʨ, ʢʦʪʦʨʳʡ ʟʘʨʘʥʝʝ ʟʘʜʘʣ 

ʧʦʣʴʟʦʚʘʪʝʣʴ. ɺ ʩʣʫʯʘʝ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʚ ʧʨʠʣʦʞʝʥʠʠ çʙʘʟʘ 

ʤʘʨʢʝʨʦʚè ʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʰʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ 

ʢʘʜʨʝ ʥʘ ʫʯʘʩʪʢʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʝ çʚʠʨʪʫʘʣʴʥʘʷ 

ʢʘʤʝʨʘè ʚʳʯʠʩʣʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʨʢʝʨʘ. ɺ 

ʧʨʠʣʦʞʝʥʠʠ çʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪè ʚʳʙʠʨʘʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʨʢʝʨʫ, ʢʦʪʦʨʳʡ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʣʦʞʝʥʠʝʤ çʚʠʟʫʘʣʠʟʘʮʠʷè 

ʥʘ ʫʯʘʩʪʢʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʤʝʯʝʥʥʦʛʦ ʤʘʨʢʝʨʦʤ ʩ ʫʯʝʪʦʤ ʦʨʠʝʥʪʘʮʠʠ ʢʘʤʝʨʳ ʚ 

ʦʯʢʘʭ ʠʣʠ ʰʣʝʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ çʠʥʪʝʨʬʝʡʩè ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 
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2. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ AR ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʊʝʭʥʦʣʦʛʠʶ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ AR ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʤʘʨʢʝʨʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʉ ʫʯʝʪʦʤ ʝʸ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʦʙʫʯʘʶʱʠʭ ʩʠʤʫʣʷʪʦʨʦʚ ʥʘ ʙʘʟʝ AR ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʝʤʳʤ 

ʦʪʨʘʙʘʪʳʚʘʪʴ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʘʤʦʣʝʪʦʚ [4]. 

ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ AR ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʝʪʦʤ ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ 

ʩʘʤʦʣʝʪʘ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʫʜʫʱʠʤ ʠʥʞʝʥʝʨʘʤ ʧʦʣʫʯʠʪʴ ʦʧʳʪ ʨʘʙʦʪʳ ʩ 
ʥʦʚʝʡʰʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ AR ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ 

ʪʨʝʥʘʞʝʨʦʚ ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ 

ʠʟʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʠʙʦʨʳ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʢʣʘʩʩʘ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʝ ʩ ʥʦʚʳʤʠ ʤʦʜʝʣʷʤʠ ʩʘʤʦʣʝʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ [4]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ AR ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʫ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʝʤʳʤ ʚʠʜʝʪʴ 

ʧʦʰʘʛʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʨʷʤʦ ʥʘ ʧʣʘʥʰʝʪʝ ʠʣʠ ʚ ʦʯʢʘʭ AR [3]. ʄʥʦʛʦʢʨʘʪʥʦʝ 

ʧʦʚʪʦʨʝʥʠʝ ʦʧʝʨʘʮʠʡ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ʩʬʦʨʤʠʨʫʝʪ ʫ ʦʙʫʯʘʝʤʳʭ 

ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʨʝʘʣʴʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ ʠ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʦʰʠʙʦʢ. 

ʊʝʭʥʦʣʦʛʠʷ AR ʫʞʝ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʡ Boeing ʠ Airbus. ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ 

"Boeing Augmented Reality" ʠʥʞʝʥʝʨʳ ʤʦʛʫʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʠʤʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʘʥʠʝʡ Airbus AR-ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʧʦʰʘʛʦʚʦʛʦ 

ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʨʘʟʙʦʨʢʝ ʢʘʙʝʣʝʡ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʧʦʟʚʦʣʠʣʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʙʫʯʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ɸR ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʙʦʪ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʛʥʦʟʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠʟʜʝʣʠʡ ʙʦʨʪʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʟʥʘʯʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʚʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʦʚʝʨʦʢ. ɽʩʣʠ ʧʨʠ ʦʯʝʨʝʜʥʦʡ ʧʨʦʚʝʨʢʝ ʧʨʦʛʥʦʟ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʦʮʝʥʠʚʘʥʠʷ 

ʚʳʡʜʝʪ ʟʘ ʧʨʘʚʫʶ ʛʨʘʥʠʮʫ ʠʥʪʝʨʚʘʣʘ, ʠʟʜʝʣʠʝ ʩʥʠʤʘʝʪʩʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʨʝʤʦʥʪʘ ʠʣʠ 

ʟʘʤʝʥʳ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʝʨʦʢ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʜʝʣʠʡ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʚʝʨʦʢ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʦʮʝʥʠʚʘʥʠʷ ʨʘʟʣʠʯʥʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʜʣʷ ʟʘʤʝʥʳ ʠʟʜʝʣʠʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʥʘʟʥʘʯʘʪʴ ʫʧʨʝʞʜʘʶʱʠʝ 

ʜʦʧʫʩʢʠ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʳʭ ʦʙʲʝʢʪ ʩʥʠʤʘʝʪʩʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʘ ʧʦ ʦʜʥʦʤʫ ʠʟʤʝʨʝʥʠʶ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʜʣʷ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʘ ʧʦ ʦʜʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ʭʘʨʘʢʪʝʨʥʦ ʩʦʭʨʘʥʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʣʶʙʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʝʞʥʦʩʪʴ ʠʟʜʝʣʠʡ, ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʮʝʥʠʚʘʥʠʷ, ʫʧʨʝʞʜʘʶʱʠʝ ʜʦʧʫʩʢʠ ʥʘ ʧʘʨʘʤʝʪʨ, ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʠʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʠʟʜʝʣʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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Abstract. When solving problems related to predicting the technical condition of onboard 

systems, it is customary to assign certain equal intervals for inspections. If, during the next 

inspection, the prediction value of the key evaluation parameter is expected to exceed the upper 

allowable limit, the product is withdrawn from service for repair or replacement. Statistical analysis 

of performance checks for most products shows that even when the same time intervals are assigned 

for conducting checks, the rate of change of the evaluation parameter is different, which makes it 

difficult to determine the time for replacing the product. Therefore, during operation it is necessary 

not only to define permissible parameter limits, but also to establish preventive tolerances, upon 

reaching which the object is removed from service. 

This work proposes one of the possible forecasting approachesðnamely, the single-

measurement prediction method.  As can be seen from the conducted research, the single-

measurement forecasting method is characterized by maintaining the reliability of control under 

given conditions for any distribution law of the time-to-failure density. 

Keywords: product reliability, acceptable values of estimation parameters, proactive 

tolerances for parameters, distribution laws for estimation parameters, forecasting of product 

operating conditions. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʨʘʙʦʪʢʠ 

ʠʟʜʝʣʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʤʝʥʳ ʠʟʜʝʣʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʠʟʥʦʩ ʫʛʦʣʴʥʳʭ ʱʝʪʦʢ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ (ʛʝʥʝʨʘʪʦʨʳ, ʵʣʝʢʪʨʦʤʘʰʠʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ). 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘʟʥʘʯʘʶʪʩʷ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 

ʦʯʝʨʝʜʥʳʭ ʧʨʦʚʝʨʦʢ, ʥʘʧʨʠʤʝʨ ʥʘʨʘʙʦʪʢʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ) ʤʝʞʜʫ 

ʚʳʧʦʣʥʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ (ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ), ʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʨʝʤʷ (ʥʘʣʝʪ ɺʉ), ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ɺʉ ʥʘ ʙʘʟʦʚʳʡ 

ʘʵʨʦʜʨʦʤ ʧʦʩʘʜʢʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʤ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʠʢʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʫʪʝʤ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʦʮʝʥʠʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʩʯʝʪʦʚ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʘ ʧʘʨʘʤʝʪʨʘ ʟʘ ʧʨʝʜʝʣʳ 

ʜʦʧʫʩʢʦʚ [1]. ʊʘʢʞʝ ʤʦʞʥʦ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʠʢʫ 

ʥʘʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ ʠʟʜʝʣʠʷ ʠ ʜʘʣʝʝ 

ʦʪʩʣʝʞʠʚʘʪʴ ʟʘʧʘʩ ʚʨʝʤʝʥʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʤ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 
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ʥʘʧʨʠʤʝʨ, ʟʘʧʘʩʦʤ ʚʨʝʤʝʥʠ ʜʦ ʧʨʠʣʝʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʙʘʟʦʚʳʡ ʘʵʨʦʜʨʦʤ 

ʧʦʩʘʜʢʠ [2, 3]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, ʜʘʞʝ ʧʨʦʩʪʝʡʰʠʡ ʠ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʠʤʳ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ὼὸ ʥʘ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʪʨʦʣʷ.  

ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʨʠʩʫʥʢʦʤ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩʩ ʥʘʙʣʶʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʦʮʝʥʠʚʘʥʠʷ 

ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ 

 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʜʣʷ ʝʛʦ 

ʟʘʤʝʥʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʤ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʤʝʪʦʜʘʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5]. 

ʇʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ (ʠʥʪʝʨʚʘʣʳ) ʥʘʙʣʶʜʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʟʥʘʯʘʪʴ 

ʨʘʚʥʳʤʠ. ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʠʣʠ ʛʨʘʥʠʮʳ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ  ὼ̅, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʠʟʚʝʩʪʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʨʝʩʫʨʩʘʤʠ ʠʣʠ ʥʘʨʘʙʦʪʢʘʤʠ ʠʟʜʝʣʠʡ ʜʦ ʦʪʢʘʟʘ 

[4, 5]. 

ʆʙʦʟʥʘʯʠʤ ʚʨʝʤʷ ʠʥʪʝʨʚʘʣʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʚʝʨʦʢ ʯʝʨʝʟ  †. ʆʯʝʚʠʜʥʦ, 
ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʘʨʘʤʝʪʨʦʤ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʜʝʣʠʝ ʩʥʠʤʘʝʪʩʷ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʟʘʤʝʥʳ ʠʣʠ ʨʝʤʦʥʪʘ, ʪ.ʝ. ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ  ὼ̅ ὼὸȢ 
ʆʜʥʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚ ʧʝʨʠʦʜ ʤʝʞʜʫ ʩʣʝʜʫʶʱʠʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʚʝʨʢʘʤʠ ʧʘʨʘʤʝʪʨʘ ʦʮʝʥʠʚʘʥʠʷ ὼὸ ʝʛʦ ʟʥʘʯʝʥʠʝ 

ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʜʦʧʫʩʢ ʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʥʷʪʠʝ ʠʟʜʝʣʠʷ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ὼ̔ ὼὸ, ʛʜʝ ὼ̔ ï ʫʧʨʝʞʜʘʶʱʝʝ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʦʚʝʜʝʥ ʟʘʤʝʨ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ὸ. ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ 
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ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʥʘ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʟʣʠʯʥʘ ʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʘ, 

ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʝʝ ʚʳʯʠʩʣʝʥʠʝ ʧʦ ʜʚʫʤ ʢʨʘʡʥʠʤ 

ʠʟʤʝʨʝʥʠʷʤ ʠ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʝ: 

 

ὼ , 

 

ʛʜʝ    ὼὸ  ï ʠʟʤʝʨʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ὼὸ, ʩʜʝʣʘʥʥʦʝ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ  ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʝ ʠʟʤʝʨʝʥʠʶ ὼὸ ; 

† ὸ ὸ  ï ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ 

ὼὸ. 
ʂʨʦʤʝ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʘʢʞʝ ʧʦ ʛʨʘʥʠʮʘʤ ʠʥʪʝʨʚʘʣʘ 

ʦʮʝʥʠʚʘʥʠʷ ʧʨʝʜʣʦʞʠʪʴ ʚʳʯʠʩʣʠʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʦʮʝʥʠʚʘʥʠʷ ὼ̐ Ȣ̑̏ ὸ̐ Ȣ̑̏  ʜʣʷ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʢʦʥʪʨʦʣʷ ὸ̐ Ȣ̑̏, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ὼ̐ Ȣ̑̏ ὸ̐ Ȣ̑̏  ʩʪʘʥʝʪ ʤʝʥʴʰʝ ὼ̅: 

 

ὸ̐ Ȣ̑̏
̅

ȿ ȿ

̅

ȿȿ
. 

 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʛʨʘʬʠʢʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

  
 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʜʝʣʠʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʨʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ 

ὸʧʨȢʦ ὸ  ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 
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ʨʝʤʦʥʪʘ ʠʣʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠʣʠ ʦʙʲʝʢʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʨʫʛʦʛʦ ʫʩʣʦʚʠʷ  ὸʧʨȢʦ ὸ  ʠʟʜʝʣʠʝ ʩʥʠʤʘʝʪʩʷ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʟʘʤʝʥʳ ʠʣʠ ʨʝʤʦʥʪʘ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʦ ʜʚʫʤ 

ʠʟʤʝʨʝʥʠʷʤ. 

ʈʝʘʣʴʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʣʦʛʠʯʥʝʝ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʛʥʦʟʥʦʛʦ ʢʦʥʪʨʦʣʷ ὸ̐ Ȣ̑̏, ʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩ 

ʫʧʨʝʞʜʘʶʱʠʤ ʜʦʧʫʩʢʦʤ   ὼ. 

ʊʘʢ ʢʘʢ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʜʝʣʠʷ ʧʦ ʜʚʫʤ 

ʠʟʤʝʨʝʥʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʟʘʤʝʨʳ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ x  ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ, ʪʦ ʥʘʟʥʘʯʘʪʴ ʟʥʘʯʝʥʠʷ ʫʧʨʝʞʜʘʶʱʠʭ ʜʦʧʫʩʢʦʚ 

ὼ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʝʣʠʯʠʥʘ ὼὸ ʠʤʝʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʫʯʘʡʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʙʣʘʩʪʠ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʦʜʥʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʛʠʧʦʪʝʟ: 

- Ὄ :ὼὸ ὼʜ ʧʨʠ ʫʩʣʦʚʠʠ ï ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʤʦʞʥʦ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʜʘʣʴʰʝ; 

- Ὄ :ὼὸ ὼʜ ï ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʤʘʪʴ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠʣʠ ʟʘʤʝʥʳ. 

ɼʣʷ ʚʳʙʦʨʘ ʛʠʧʦʪʝʟʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ὸʧʨ, ʢʦʪʦʨʦʝ 

ʙʳ ʜʘʚʘʣʦ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: 

ὸʧʨȢʦ ¢ ὸ  ­ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘ ʛʠʧʦʪʝʟʘ Ὄ ; 

ὸʧʨȢʦ > ὸ  ­ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘ ʛʠʧʦʪʝʟʘ Ὄ . 

ʇʨʠ ʨʝʰʝʥʠʠ ʪʘʢʦʡ ʟʘʜʘʯʠ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʦʰʠʙʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʪ.ʝ. ʧʨʠʥʷʪʘ ʛʠʧʦʪʝʟʘ Ὄ, ʭʦʪʷ ʥʘ 
ʩʘʤʦʤ ʜʝʣʝ ʚʝʨʥʘ ʛʠʧʦʪʝʟʘ Ὄ .  

ʆʧʠʩʘʥʥʫʶ ʚʳʰʝ ʦʰʠʙʢʫ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʘʢ çʣʦʞʥʘʷ ʪʨʝʚʦʛʘè ʠʣʠ 

ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠ ʚʚʝʜʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʠʟʣʦʞʝʥʠʷ ʩʣʝʜʫʶʱʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

- ὖʣ ï ʚʝʨʦʷʪʥʦʩʪʴ çʣʦʞʥʦʡ ʪʨʝʚʦʛʠè; 

- ὖʧ ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʦʪʢʘʟʘ ʠʣʠ ʦʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ʇʨʦʧʫʩʢ ʦʪʢʘʟʘ ʠʣʠ ʦʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʪ.ʝ. ʧʨʠʥʷʪʘ ʛʠʧʦʪʝʟʘ Ὄ, ʭʦʪʷ 
ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚʝʨʥʘ ʛʠʧʦʪʝʟʘ Ὄ  .  

ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ ʦʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʪ.ʝ. ʧʨʦʧʫʩʢ 

ʦʪʢʘʟʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʦʙʳʪʠʷʤ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʧʦʵʪʦʤʫ 

ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʦʧʘʩʥʦʡ, ʯʝʤ ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʪʦʣʴʢʦ ʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ (ʩʥʷʪʠʝ ʠʩʧʨʘʚʥʦʛʦ ʠʟʜʝʣʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ). ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʚʝʨʦʷʪʥʦʩʪʴ: 
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ὖ ρ ὖʧ. 
 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ὖ  ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ †. ʉʣʫʯʘʷʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠʣʠ ʦʰʠʙʢʘʤʠ ʧʝʨʚʦʛʦ 
ʨʦʜʘ ʜʘʣʝʝ ʙʫʜʝʤ ʧʨʝʥʝʙʨʝʛʘʪʴ. 

ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ, ʜʦʩʪʠʛʘʝʤʦʡ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʘ ʧʦ 

ʜʚʫʤ ʠʟʤʝʨʝʥʠʷʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʘʭ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ 

ʜʦ ʦʪʢʘʟʘ, ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʩʪʘʨʝʶʱʝʛʦ ʪʠʧʘ ʜʦ ʧʨʝʜʦʪʢʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

[3, 4]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʙʳʣʘ ʚʟʷʪʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ (ʨʠʩʫʥʦʢ 3). ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ † ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʘ 

ʜʦʩʪʦʚʝʨʥʳʡ ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʨʦʣʝ 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʦʪʢʘʟʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚʳʭʦʜʘ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ 

ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ †, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ 

ʧʨʦʛʥʦʟʘ ʧʦ ʜʚʫʤ ʠʟʤʝʨʝʥʠʷʤ, ʧʨʠ ʪʠʧʦʚʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʨʠʩʫʥʦʢ 4), 

ʘ ʥʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʠʩʘʥʥʘʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʧʨʠ ʤʘʣʦʡ 

ʚʳʙʦʨʢʝ. 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʛʥʦʟʘ  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʦʪ ʝʜʠʥʠʮʳ. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʚʳʭʦʜʘ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ †, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʘ ʧʦ 
ʜʚʫʤ ʠʟʤʝʨʝʥʠʷʤ ʧʨʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʥʘ ʨʠʩʫʥʢʝ 7 

ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʧʠʩʘʥʥʘʷ ʟʘʢʦʥʦʤ ʕʨʣʘʥʛʘ ʧʨʠ ʩʨʝʜʥʝʡ ʚʳʙʦʨʢʝ. 
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ʈʠʩʫʥʦʢ 6 ï ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚʳʭʦʜʘ 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʧʠʩʘʥʥʘʷ ʟʘʢʦʥʦʤ ʕʨʣʘʥʛʘ ʧʨʠ ʩʨʝʜʥʝʡ ʚʳʙʦʨʢʝ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʯʝʚʠʜʥʳʡ 

ʚʳʚʦʜ, ʯʪʦ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ὖ  ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ. 

ʇʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʝʪʦʜʠʢʦʡ ʧʨʦʛʥʦʟʘ 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʦʜʥʦʤʫ 

ʠʟʤʝʨʝʥʠʶ. ʉʦʢʨʘʱʝʥʥʦ: ʤʝʪʦʜ ʧʨʦʛʥʦʟʘ ʧʦ ʦʜʥʦʤʫ ʠʟʤʝʨʝʥʠʶ. 

ʊʘʢʦʡ ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʠʟʚʝʩʪʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʢʦʨʦʩʪʠ ʤʦʥʦʪʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ὓὼ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦ ʢʨʘʡʥʝʤʫ ʠʟʤʝʨʝʥʠʶ 
ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ὼὸ  ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʨʦʛʥʦʟ ʟʥʘʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʤʦʤʝʥʪ ʩʣʝʜʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ὸ : 

 

ὼὸ ὼὸ ὓὼ†. 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʧʨʦʛʥʦʟʘ ὸʧʨȢʦ ʙʫʜʝʪ ʨʘʚʥʦ ὸʧʨȢʦ
ȿʜ ȿ

ȿ ȿ
. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʧʦ ʜʚʫʤ ʠʟʤʝʨʝʥʠʷʤ, ʝʩʣʠ ὸʧʨȢʦ ὸ , ʪʦ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʨʘʚʥʳʡ † ʧʘʨʘʤʝʪʨ ὼʧʨȢʦὸ ʚʳʡʜʝʪ ʟʘ ʛʨʘʥʠʮʫ ὼʜ. ʇʨʠ ʪʘʢʦʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ 

ʧʨʦʛʥʦʟʝ ʜʘʥʥʦʝ ʠʟʜʝʣʠʝ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʤʘʪʴ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʟʘʤʝʥʳ ʠʣʠ 

ʨʝʤʦʥʪʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʧʦ 

ʨʘʙʦʪʝ: 

1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʥʦʡ ʤʦʜʝʣʠ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʜʣʷ ʟʘʤʝʥʳ ʠʣʠ ʨʝʤʦʥʪʘ 

ʧʦ ʟʥʘʯʝʥʠʷʤ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʦʮʝʥʠʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʣʶʙʦʡ 

ʚʠʜ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ ʩʦʭʨʘʥʝʥʠʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

2. ʊʘʢʞʝ, ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʷ † ʨʝʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʝʞʜʘʶʱʠʭ ʜʦʧʫʩʢʦʚ ʥʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ὼ̔, ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʟʘʤʝʥʝ ʠʣʠ ʨʝʤʦʥʪʝ ʠʟʜʝʣʠʷ. 

3. ɼʣʷ ʚʳʙʦʨʘ ʛʠʧʦʪʝʟʳ ʦʙ ʠʩʧʨʘʚʥʦʩʪʠ ʠʟʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ὼὸ, ʢʦʪʦʨʦʝ ʙʳ ʜʘʚʘʣʦ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʷ: 

ὼ̔ ¢ ὼὸ  ­ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘ ʛʠʧʦʪʝʟʘ Ὄ ; 

ὼ̔ > ὼὸ  ­ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘ ʛʠʧʦʪʝʟʘ Ὄ . 

4. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʡʪʠ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ †, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠʝʤʣʝʤʦʝ ʟʥʘʯʝʥʠʝ 
ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʣʝʪʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʦ ʚʨʝʤʷ ʨʘʟʙʝʛʘ. 

ʊʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʩʪʨʦʷʪʩʷ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠ ʤʘʩʩʦʚʦ-ʪʷʛʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʠʘʮʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

ʧʦʣʸʪʘ (ʚʟʣʸʪ ʠ ʧʦʩʘʜʢʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʟʘ 

ʩʯʸʪ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʣʝʪʦʚ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʭ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʨʝʞʠʤʘʤ 

ʩʚʘʣʠʚʘʥʠʷ ʠ ʰʪʦʧʦʨʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʠʥʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ ʠ 

ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ [1]. 

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪ ʢʣʶʯʝʚʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪʨʳʚʘ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʫʛʣʘ ʘʪʘʢʠ ʠ ʟʘʛʨʫʟʢʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʙʝʛʘ, ʦʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʚʟʣʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʵʪʘʧʝ ʨʘʟʙʝʛʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʧʘʩʩʘʞʠʨʩʢʠʡ ʩʘʤʦʣʝʪ 

Boeing 737-800, ʢʦʪʦʨʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ ʣʘʡʥʝʨʦʚ ʚ ʤʠʨʦʚʦʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ. 

ɺʳʙʦʨ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩʘʤʦʣʝʪʘ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʤʠ, ʢʘʢ 

ʪʠʧʠʯʥʦʩʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ ʣʘʡʥʝʨʦʚ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʣʝʪʥʳʭ ʜʘʥʥʳʭ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ.  

 

ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʌʠʟʠʢʘ ʧʦʣʝʪʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʢʦʥʘʭ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ 

ʠʛʨʘʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ ʥʘ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ 

ʜʝʡʩʪʚʫʝʪ ʥʘʛʨʫʟʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʷʛʠ ʜʚʠʛʘʪʝʣʝʡ, ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʠ ʩʠʣʳ ʪʨʝʥʠʷ, ʠʭ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ Ra, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʨʳʣʦ ʩʘʤʦʣʝʪʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʝ (1) ʧʦʢʘʟʳʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

 

Ὂ ὯϽὠ  (1) 

 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʫʨʘʚʥʝʥʠʠ F ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ, ʅ; k ï ʝʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʫʩʠʣʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʚʦʟʜʫʰʥʦʛʦ 
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ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʧʣʦʱʘʜʴ ʢʨʳʣʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ.  

ʏʪʦʙʳ ʧʦʜʥʷʪʴ ʩʘʤʦʣʝʪ ʚ ʚʦʟʜʫʭ, ʘʚʠʘʣʘʡʥʝʨʫ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩʠʣʫ ʪʷʞʝʩʪʠ ʟʘ ʩʯʸʪ ʧʦʜʲʝʤʥʦʡ, ʧʨʦʪʠʚʦʧʦʩʪʘʚʠʚ ʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʚʦʟʜʫʭʘ. ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʠʤʦ, ʧʦʪʦʤʫ ʯʪʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʨʳʣʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʝʪ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʩʘʤʦʣʝʪ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ 

 

ʉʨʝʜʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʣʸʪʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʕʪʘ ʩʠʣʘ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʢʨʳʣʦ ʩʘʤʦʣʝʪʘ ʠ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ 

ʢʨʳʣʘ çʚʳʧʫʢʣʘʷè, ʧʦʣʫʯʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʚʦʟʜʫʭ ʦʛʠʙʘʝʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʢʨʳʣʘ ʩ 

ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʥʝʞʝʣʠ ʥʠʞʥʶʶ. ʀʟ-ʟʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʩʦʟʜʘʝʪʩʷ ʨʘʟʥʦʩʪʴ 

ʜʘʚʣʝʥʠʡ, ʢʦʪʦʨʘʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʲʝʤʥʦʡ ʩʠʣʝ, ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʡ ʚ ʧʦʣʝʪʝ 

ʚʝʩ ʩʫʜʥʘ [2]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʨʳʣʦ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʝʡʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ ʥʘ ʢʨʳʣʦ ʘʚʠʘʣʘʡʥʝʨʘ 

 

ʀʤʝʥʥʦ ʠʟʫʯʝʥʠʝʤ ʚʣʠʷʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ 

ʩʠʣʳ (Cya_max)  ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʤʳ ʙʫʜʝʤ ʟʘʥʠʤʘʪʴʩʷ ʜʘʣʝʝ.  
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʦʪʨʳʚʘ, ʦʙʨʘʪʠʤʩʷ ʢ ʚʳʨʘʞʝʥʠʶ (2), ʢʦʪʦʨʦʝ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʢʘʝʪ ʠʟ 

ʟʘʚʠʩʠʤʦʩʪʠ (1). 
 

ὠ
ςϽὣ

ὅώᾥάὥὼϽ”ϽὛ̋̑
 (2) 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʘʤʦʣʝʪ ʦʪʦʨʚʘʣʩʷ ʦʪ ʚʟʣʝʪʥʦʡ ʧʦʣʦʩʳ, ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʨʳʣʦ, ʜʦʣʞʥʘ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʩʠʣʫ ʪʷʞʝʩʪʠ, ʧʦʵʪʦʤʫ 

Ymin=M*g, ʛʜʝ ʄ ï ʬʘʢʪʠʯʝʩʢʘʷ ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ [3]. ʇʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʦʪʨʳʚʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ʅʠʞʝ, ʥʘ ʨʠʩʫʥʢʝ 3, ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ, ʧʦʢʘʟʳʚʘʶʱʠʡ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪʨʳʚʘ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ Cya_max ʚʟʷʪʳ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ 15-20 

ʛʨʘʜʫʩʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʟʣʝʪʥʦʡ ʤʘʩʩʳ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ.  
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʪʨʳʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Cya_max 
 

ʇʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ Cya_max, ʪʝʤ ʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʦʪʨʳʚʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʦʪʨʳʚʘ ʦʪ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ Cya max ʠ ʟʘʛʨʫʟʢʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ʫʢʘʟʘʥʘ ʜʦʣʷ ʚ 

ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʟʣʝʪʥʦʡ ʤʘʩʩʳ).  
 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪʨʳʚʘ ʦʪ ʟʘʛʨʫʟʢʠ ɺʉ ʠ ʫʛʣʘ ʘʪʘʢʠ 

Cya  1,0 1,25 1,5 1,75 2,0 ɿʘʛʨʫʟʢʘ (% 

ʦʪ mʤʘʢʩ.)  

ʉʢʦʨʦʩʪʴ 

v1, ʢʤ/ʯ 

257 234 210 194 182 50 

281 257 230 213 199 60 

304 277 248 230 215 70 

324 296 265 245 230 80 

344 314 281 260 243 90 

363 331 296 274 257 100 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʫʩʨʝʜʥʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʝʛʘ 

ʚʦʟʜʫʰʥʦʛʦ ʦʪ ʟʥʘʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ.  
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ʇʦ ʤʝʪʦʜʫ ʦʮʝʥʢʠ ʩʪʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ Cya max=1.5. 

ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʛʦʥʘ ʧʦ ʚʟʣʝʪʥʦʡ ʧʦʣʦʩʝ ʫʩʢʦʨʝʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʟʘʚʠʩʠʪ ʧʦ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʆʧʠʨʘʷʩʴ ʥʘ ʨʘʩʯʝʪʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ (3), ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ ʚʩʪʨʝʯʥʦʛʦ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

 

ὢ ὅ Ͻ
”ϽὛ̋̑

ς
Ͻὠ  (3) 

 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 4.  

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʨʘʟʙʝʛʘ 

 

ʇʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʨʘʟʙʝʛʘ ʥʘ ʩʘʤʦʣʝʪ ʜʝʡʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʷʛʦ-ʤʘʩʩʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʳʨʘʞʝʥʠʠ 4. 

 

ὥ
Ὃ

ὓ
 (4) 

 

ʛʜʝ G ï ʩʫʤʤʘʨʥʘʷ ʚʟʣʝʪʥʘʷ ʪʷʛʘ ʜʚʠʛʘʪʝʣʝʡ, ʢʅ; ʄ ï ʬʘʢʪʠʯʝʩʢʘʷ ʤʘʩʩʘ 

ʟʘʛʨʫʟʢʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʢʛ.  

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪ 

ʟʘʛʨʫʟʢʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʪ ʤʘʩʩʳ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ 
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ʅʘ ʨʠʩʫʥʢʝ 5 ʦʙʦʟʥʘʯʝʥʠʝ ɚ ï ʧʨʦʮʝʥʪ ʟʘʛʨʫʟʢʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ.  

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʸʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʨʘʟʙʝʛʘ 

ʥʘ ʧʘʩʩʘʞʠʨʦʚ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʜʝʡʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʝʨʝʛʨʫʟʢʘ, 

ʧʦʩʢʦʣʴʢʫ ʫʩʢʦʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʣʠʰʴ ʪʷʛʦ-ʤʘʩʩʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɺ ʧʨʦʮʝʩʩʝ ʥʘʙʦʨʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʛʨʫʟʢʘ 

ʥʘʯʠʥʘʝʪ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʪʴʩʷ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʟʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʦʪʨʳʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʣʝʪʥʦʡ ʤʘʩʩʳ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʠʧʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 
 

ʊʘʙʣʠʮʘ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪʨʳʚʘ ʦʪ ɺʇʇ ʦʪ ʟʘʛʨʫʟʢʠ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ 

ɿʘʛʨʫʟʢʘ, % 

ʊʠʧ ɺʉ 

0.6 ʄ 0.7 ʄ 0.75ʄ 0.8 ʄ 0.9 ʄ 1.0 ʄ ʉʨʝʜʥʝʝ, ʢʤ/ʯ 

Boeing-737-800 210 230 240 250 260 280 245 

Airbus A-320 210 230 240 250 260 270 243,333 

Boeing-737-8-MAX  220 240 240 250 270 280 250 

Airbus A-320-NEO 210 230 240 250 260 270 243,333 

Airbus A-321 230 250 270 280 290 300 270 

Airbus A-321-LR 240 260 270 270 290 310 273,333 

Boeing-757-200 240 260 270 280 290 310 275 

Boeing-767-300/ER 250 260 270 280 300 320 280 

Boeing-777-300 260 280 290 300 320 340 298,333 

Boeing-777-300ER 280 310 320 330 350 360 325 

Boeing-747-400 310 330 340 350 370 390 348,333 

Airbus A-350-900 250 270 280 290 300 320 285 

Airbus A-380-800 310 330 340 350 370 390 348,333 

Boeing-787-900 240 260 270 290 300 310 278,333 

ATR-72-500 150 160 170 180 190 200 175 

CRJ-100/200 150 160 170 180 190 200 175 

ʉʫʧʝʨʜʞʝʪ-100 

(SU95) 
200 220 230 240 250 260 233,333 

 

ɺ ʢʫʨʩʝ ʬʠʟʠʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʩ ʧʦʟʠʮʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʥʘʥʠʷ [4]. ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʦʪʨʳʚʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʟʘʛʨʫʟʢʠ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. 

ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʨʘʞʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʟʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʚ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 0 ʜʦ 100 ʢʤ/ʯ ʩʦʦʪʥʦʰʝʥʠʝ X/Y=3-

5%, ʧʦʵʪʦʤʫ ʚ ʥʘʯʘʣʝ ʨʘʟʙʝʛʘ ʫʩʢʦʨʝʥʠʝ ʩʘʤʦʣʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʧʘʩʩʘʞʠʨʳ 

ʦʱʫʱʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʝʨʝʛʨʫʟʢʫ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1.35-1.5G ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʘʢʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʚʟʣʝʪʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʩʦʩʪʘʚʣʷʝʪ 
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ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 80-85%, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦʤʫ ʜʚʠʞʝʥʠʶ, 

ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʙʝʛ ʩʘʤʦʣʝʪʘ ʧʨʦʮʝʩʩ 

ʥʝʣʠʥʝʡʥʳʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʨʘʩʯʝʪʦʚ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [5].  

ʅʘ ʙʘʟʝ ʩʦʟʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʦʪʨʳʚʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪ ʚʟʣʝʪʥʦʡ ʧʦʣʦʩʳ, ʠ ʧʨʦʠʟʚʦʜʠʪ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʠʞʝ, ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʴʤʝʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʟʣʝʪʥʫʶ ʤʘʩʩʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʤʠ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ Boeing-737-800, ʧʣʦʱʘʜʴ ʢʨʳʣʘ ʠ ʚʨʝʤʷ ʨʘʟʙʝʛʘ, ʠʟʤʝʨʝʥʥʦʝ 

ʧʦ ʩʝʢʫʥʜʦʤʝʨʫ. ɺʳʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʥʠʤʦʢ ʵʢʨʘʥʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʙʝʛʘ 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʫʯʥʦʡ ʮʝʥʥʦʩʪʴʶ, 

ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʥʝʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʛʥʦʚʝʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʠ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʦʯʝʚʠʜʥʦʩʪʴ, 

ʨʝʜʢʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. ʆʜʥʘʢʦ 

ʠʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪʦʨ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʨʘʟʙʝʛʘ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʬʘʢʪʠʯʝʩʢʫʶ ʜʣʠʥʫ ʨʘʟʙʝʛʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʪ ʢʣʶʯʝʚʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʝʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʮʝʣʠ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ 

ʨʝʘʣʠʟʦʚʘʥʳ.  

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ ʫʩʧʝʰʥʦ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪʨʳʚʘ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ ʧʫʪʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪ ʚʟʣʝʪʥʦʡ 

ʤʘʩʩʳ ʠ ʫʛʣʘ ʘʪʘʢʠ; ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʣʠʷʥʠʷ ʫʛʣʘ ʘʪʘʢʠ ʠ ʟʘʛʨʫʟʢʠ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʙʝʛʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʛʨʫʟʢʠ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ 

ʥʘʯʠʥʘʶʱʠʭ ʣʝʪʯʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʢʫʨʩʘʥʪʦʚ ʣʝʪʥʳʭ ʫʯʠʣʠʱ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʠʣʦʪʦʚ ʧʨʠ ʧʝʨʝʫʯʠʚʘʥʠʠ ʥʘ ʥʦʚʳʡ ʪʠʧ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʪʩʣʝʞʠʚʘʥʠʠ ʧʣʘʥʦʚ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʢʫʨʩʘʭ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʩʫʙʲʝʢʪʠʚʠʟʤʘ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʢʘʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʥʳʭ ʟʘʜʘʥʠʡ ʠ ʦʰʠʙʦʢ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʜʛʦʪʦʚʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʦʣʥʦʪʫ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʣʝʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʸʥ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ, ʧʦʢʘʟʘʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ 

ʠ ʦʙʦʩʥʦʚʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʦʜʭʦʜʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʥʘʟʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʸʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʥʝʜʨʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ, ʩʪʘʪʠʩʪʠʢʘ, ʪʝʭʥʠʢʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ, 

ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʴ, ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ, ʢʨʠʪʝʨʠʠ ʦʮʝʥʠʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʣʸʪʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ. 
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Abstract. The work focuses on the development of software modules that allow to automate 

the decision-making process in planning flight training for novice pilots, such as cadets at flight 

schools. The proposed methods can also be applied to pilots undergoing retraining for a new aircraft 

type or for monitoring training plans in advanced courses. 
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The main objective is to eliminate subjectivity in assessing the quality of flight tasks and 

reduce errors in training planning in accordance with regulatory documents that define the 

completeness and sequence of required flight exercises. 

The paper presents an in-depth analysis of existing methods, highlighting their drawbacks 

and justifying the advantages of the proposed solutions. The authors propose two main approaches 

to developing methods for assessing training levels, which are implemented in software packages. 

These solutions can be implemented as separate software modules for ground-based flight 

information processing devices and put into operation. 

Keywords: flight safety, statistics, piloting techniques, training, training programs, 

evaluation criteria, flight training planning. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʘ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʪʩʷ ʩʪʨʦʛʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦʜʛʦʪʦʚʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʦʙʲʝʤ, 

ʟʘʜʘʯʠ ʠ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʧʠʣʦʪʦʚ. 

ʉʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʦʚʳʭ ʪʘʙʣʠʮ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʥʘʯʠʥʘʶʱʠʭ ʣʝʪʯʠʢʦʚ 

(ʢʫʨʩʘʥʪʦʚ ʣʝʪʥʳʭ ʫʯʠʣʠʱ, ʣʝʪʯʠʢʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʧʝʨʝʫʯʠʚʘʥʠʝ ʥʘ ʥʦʚʫʶ 

ʘʚʠʘʮʠʦʥʥʫʶ ʪʝʭʥʠʢʫ, ʧʦʜʛʦʪʦʚʢʠ ʧʠʣʦʪʦʚ ʜʣʷ ʧʨʠʩʚʦʝʥʠʷ ʢʣʘʩʩʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʪ.ʜ.) ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʩ ʯʘʩʪʠʯʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʦʪʩʣʝʞʠʚʘʥʠʝ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʠʣʠ ʦʮʝʥʢʠ 

ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʩʪʨʫʢʪʦʨʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʚʨʫʯʥʫʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʚʳʧʫʩʢʫ ʚ ʧʦʣʝʪ 

ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʣʝʪʯʠʢʘ [1]. 

ɺ ʘʚʠʘʢʦʤʧʘʥʠʷʭ ʜʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʧʦʣʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  

ʙʦʨʪʦʚʳʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʟʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʅʋʆʇʀ), ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʚʦʜʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ: ʙʣʘʥʢʦʚ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ; 

ʩʠʛʥʘʣʦʛʨʘʤʤ (ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ); ʧʦʢʘʟʘʥʠʡ 

ʧʨʠʙʦʨʦʚ ʥʘ ʧʨʠʙʦʨʥʦʡ ʜʦʩʢʝ ʧʠʣʦʪʦʚ ʠ ʪ.ʜ., ʪ.ʝ. ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʚ 

ʚʠʜʝ ʙʘʣʣʴʥʳʭ ʦʮʝʥʦʢ, ʦʧʨʝʜʝʣʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʣʝʪʥʦʛʦ 

ʟʘʜʘʥʠʷ ʠ ʧʦʣʝʪʘ (ʫʧʨʘʞʥʝʥʠʷ) ʚ ʮʝʣʦʤ [1, 2]. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʣʝʪʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠʥʩʪʨʫʢʪʦʨʩʢʠʡ ʩʦʩʪʘʚ ʩʣʝʜʠʪ ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʣʝʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ, ʢʘʯʝʩʪʚʦʤ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʪʦʨʦʚ. 

ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʦʰʠʙʢʘ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʚʳʧʫʩʢʫ ʚ ʦʯʝʨʝʜʥʦʡ ʧʦʣʝʪ 

ʣʝʪʯʠʢʘ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʫʧʨʘʞʥʝʥʠʶ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ 

ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʣʝʪʯʠʢʦʚ ʩ ʫʯʝʪʦʤ ʙʘʣʣʴʥʳʭ ʦʮʝʥʦʢ 

ʟʘ ʪʝʭʥʠʢʫ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʤʘʥʝʚʨʦʚ ʠʣʠ ʬʠʛʫʨ 

ʧʠʣʦʪʘʞʘ, ʘ ʪʘʢʞʝ ʧʦʣʝʪʥʦʛʦ ʫʧʨʘʞʥʝʥʠʷ ʚ ʮʝʣʦʤ, ʪ.ʝ. ʦʮʝʥʠʚʘʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʣʥʦʪʳ ʦʩʚʦʝʥʠʷ ʠʤʠ 

ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ [3]. 
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ʆʙʲʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʧʠʣʦʪʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʆʜʥʘʢʦ ʚʳʭʦʜ ʝʩʪʴ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʥʘʚʳʢʦʚ ʧʠʣʦʪʠʨʦʚʘʥʠʷ.  

 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ 

ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʦʙʣʶʜʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʧʦʣʝʪʥʳʭ ʟʘʜʘʥʠʡ 

(ʫʧʨʘʞʥʝʥʠʡ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦʜʛʦʪʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʠʭ ʚʳʧʦʣʥʝʥʠʷ, ʜʦʧʫʩʪʠʤʳʝ 

ʧʝʨʝʨʳʚʳ ʚ ʧʦʜʛʦʪʦʚʢʝ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ. ʈʝʰʝʥʠʝ ʦ ʜʘʣʴʥʝʡʰʝʤ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ ʮʝʣʠʢʦʤ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ ʠʥʩʪʨʫʢʪʦʨʘ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʫʧʨʦʩʪʠʪ 

ʧʨʦʮʝʩʩ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʦʚ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʦʰʠʙʢʠ ʚ 

ʧʣʘʥʠʨʦʚʘʥʠʠ. 

ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ ʧʨʦʭʦʞʜʝʥʠʷ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʘ ʧʨʠʤʝʨ ʦʪʨʘʙʦʪʢʠ ʣʝʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2 [1, 2, 3]. 

ɼʣʷ ʢʫʨʩʘʥʪʦʚ ʣʝʪʥʳʭ ʫʯʠʣʠʱ ʚʨʝʤʷ ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʝʨʳʚʦʚ ʦʧʨʝʜʝʣʝʥʦ 

ʧʨʦʛʨʘʤʤʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ɺʉ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʨʳʚʘ ʧʠʣʦʪ ʦʙʷʟʘʥ ʣʠʙʦ ʧʦʚʪʦʨʠʪʴ 

ʫʧʨʘʞʥʝʥʠʝ ʚ ʧʦʣʝʪʝ, ʣʠʙʦ ʦʩʚʦʠʪʴ ʥʘʚʳʢʠ ʥʘ ʪʨʝʥʘʞʝʨʝ ʠ, ʪʘʢʞʝ, ʧʦʚʪʦʨʠʪʴ 

ʧʦʣʝʪ. 
 

ɼʥʝʚʥʳʝ ʧʦʣʝʪʳ 

 

ʅʦʯʥʳʝ ʧʦʣʝʪʳ 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ ʧʨʦʭʦʞʜʝʥʠʷ ʣʝʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʦʪʨʘʙʦʪʢʠ ʣʝʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ 

 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʧʦ ʦʮʝʥʢʝ ʫʨʦʚʥʷ 

ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʣʝʪʯʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʷʜ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ [4]: 

 ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʷʭ (ʢʦʤʧʣʝʢʩʘʭ) ʚ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʩʥʦʚʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʧʦ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ; 

 ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʚʪʦʨʦʚ ʫʧʨʘʞʥʝʥʠʡ, ʧʝʨʝʨʳʚʦʚ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ, 

ʛʣʘʚʥʦʝ, ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʣʝʪʘ ʠ ʫʧʨʘʞʥʝʥʠʷ ʚ ʮʝʣʦʤ; 

 ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʢʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ 
ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʧʦʣʝʪʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʙʦʨʪʦʚʳʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʧʦʣʝʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʟʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ; 

 ʤʝʪʦʜʠʢʘ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʠ   
ʠʟʤʝʥʝʥʠʷʭ ʠʣʠ ʜʦʧʦʣʥʝʥʠʷʭ ʚ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ; 

 ʚʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʧʦ ʬʦʨʤʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʦʢʫʤʝʥʪʘʤ, 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʥʝ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʦʩʪʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ 

ʦʜʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʜʨʫʛʫʶ; 

 ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʣʠ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʪʨʝʙʦʚʘʣʠʩʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʟʥʘʥʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ; 
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² ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ 
ʩ ʪʦʡ ʮʝʣʴʶ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʩ ʕɺʄ. 

 

ɸʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʨʦʚʥʷ 

ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʄʘʪʝʨʠʘʣʳ ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʙʫʯʝʥʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʤʝʥʠʤ ʜʣʷ ʧʦʢʘʟʘʪʝʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

Ὂὼ ρ Ὡ ȟ 
 

ʛʜʝ     † ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ; 

x ï ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʫʪʝʤ ʥʝʢʦʪʦʨʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʬʦʨʤʫʣʝ [5, 6, 7]: 

 

ὑὔ ὔ ρ ʝ , 

 

ʛʜʝ   ὔï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʥʘ ʤʦʤʝʥʪ 
ʥʘʯʘʣʘ ʧʦʜʛʦʪʦʚʢʠ (ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʣʝʪʥʦʛʦ ʫʯʠʣʠʱʘ, ʦʧʳʪʘ ʧʦʣʝʪʦʚ ʥʘ 

ʜʨʫʛʠʭ ʪʠʧʘʭ ɺʉ, ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʝʨʳʚʘʭ ʚ ʧʦʜʛʦʪʦʚʢʝ);  

KN ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ; 

n ï ʯʠʩʣʦ ʧʦʚʪʦʨʦʚ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʧʨʘʞʥʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʦʡ ʦʙʫʯʝʥʠʷ;  

q ï ʙʘʣʣʴʥʘʷ ʦʮʝʥʢʘ ʟʘ ʧʦʣʝʪ; 

k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʝʥʠʡ (ʮʠʢʣʦʚ) ʣʝʪʥʦʛʦ 

ʫʧʨʘʞʥʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ [8].  
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ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʟʘʜʘʯ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ KN. 

ʋʤʝʥʴʰʝʥʠʝ KN(t) ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ ʧʝʨʝʨʳʚʘ ʚ  

ʪʨʝʥʠʨʦʚʢʝ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [8]: 

 

ὑὔὸ ὑὔὸ Ὡ ȟ  
       

ʛʜʝ    ὔὸ  ï ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʴ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t0 ; 

b ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʜʣʷ ʢʘʞʜʦʛʦ ʣʝʪʯʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ;  

t ï ʪʝʢʫʱʠʡ (ʟʘʜʘʥʥʳʡ) ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʘʩʯʝʪʫ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʣʝʪʯʠʢʦʚ, ʘ ʥʘ ʨʠʩʫʥʢʝ 5 ï ʛʨʘʬʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʌʨʘʛʤʝʥʪ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʠʚʘʥʠʷ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʠʚʘʥʠʷ 

ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ 
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ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʦʛʜʘ ʫʜʦʙʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʥʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ, ʘ ʚ 

ʘʙʩʦʣʶʪʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ 5 ʧʦʣʝʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ, 

ʟʘʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ, ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʮʝʥʢʫ ç4è, ʦʙʱʠʡ 

ʨʝʟʫʣʴʪʘʪ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʝʥ 20 ʙʘʣʣʘʤ (ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʝʨʳʚʦʚ ʚ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ), ʘ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ 

ʫʧʨʘʞʥʝʥʠʡ, ʟʘʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʥʘ ʦʮʝʥʢʫ ç5è, ʵʪʦʪ ʙʘʣʣ ʙʫʜʝʪ 

ʨʘʚʝʥ 25.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʝʛʯʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʣʝʪʦʚ ʠʣʠ ʪʨʝʥʠʨʦʚʢʘʭ ʥʘ ʘʚʠʘʮʠʦʥʥʦʤ ʪʨʝʥʘʞʝʨʝ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʧʦʣʝʪʥʳʤ 

ʟʘʜʘʥʠʷʤ ʠʣʠ ʫʧʨʘʞʥʝʥʠʷʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʘ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ çNATRè ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʩʝʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʩʪʘʚʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʦʮʝʥʢʫ, 

ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʸʪʦʚ, ʦʮʝʥʦʢ ʟʘ ʧʦʣʸʪʳ, 

ʧʝʨʝʨʳʚʦʚ ʧʦʣʸʪʦʚ ʧʦ ʫʧʨʘʞʥʝʥʠʶ ʠ ʥʘʯʘʣʴʥʦʡ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ [7, 8].   

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʤʦʜʫʣʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʧʠʣʦʪʦʚ [9]: 

 

ὑὔ ὑὔὸπ В ὥz ὗˎ Ὡz ὦz ὗˎ Ὑ, 

 

ʛʜʝ    ὑὔ ï ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʣʝʪʥʦʛʦ 
ʩʦʩʪʘʚʘ; 

 ὗ̎  ̎ï ʥʘʯʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ; 

 a ï ʟʥʘʯʝʥʠʝ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʨʦʚʥʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʩʪʨʫʢʪʦʨʦʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʭʨʘʥʝʥʠʝ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʟʘ ʚʨʝʤʷ ʧʝʨʝʨʳʚʘ ʚ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ; 

ὗˎ  ï ʦʮʝʥʢʘ ʟʘ ʚʳʧʦʣʥʝʥʠʝ i-ʦʛʦ ʧʦʣʸʪʘ; 

 ὸ ï ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ (ʪʝʢʫʱʠʡ) ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ; 

ʊ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʧʘʜʝʥʠʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ, ʜʥʝʡ ï ʤʦʞʥʦ 

ʩʪʘʚʠʪʴ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ, ʥʘ ʩʚʦʸ ʫʩʤʦʪʨʝʥʠʝ. ɼʣʷ ʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʥʝʡ, ʚʦʩʝʤʴ ʩʫʪʦʢ, ʣʸʪʯʠʢ ʪʝʨʷʝʪ ʧʦʣʦʚʠʥʫ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ɿʘ 32 ʜʥʷ 

ʥʘʚʳʢʠ ʙʫʜʫʪ ʫʪʨʘʯʝʥʳ; 

b ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʪʘʪʢʘ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʟʘ ʦʜʠʥ ʙʘʣʣ ʦʮʝʥʢʠ 

ï ʵʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʘʤʷʪʴ, ʭʨʘʥʠʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʶ;  

R ï ʥʝ ʨʘʩʭʦʜʫʝʤʳʡ ʦʩʪʘʪʦʢ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ï ʜʣʷ ʣʸʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʦʭʦʜʷʪ ʧʝʨʝʧʦʜʛʦʪʦʚʢʫ ʠ ʫ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʧʳʪ ʧʦʣʸʪʦʚ. 

ʇʦʩʣʝ ʨʘʩʯʸʪʦʚ ʟʘʧʦʣʥʷʝʪʩʷ ʢʦʣʦʥʢʘ çʅʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʴè ʚ ʚʠʜʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥ ʧʝʨʝʨʳʚʦʚ 

ʤʝʞʜʫ ʚʳʣʝʪʘʤʠ ʠ ʧʦʷʚʣʷʝʪʩʷ ʛʨʘʬʠʢ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʣʝʪʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ. 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʦʮʝʥʢʠ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʜʣʷ 4-ʭ ʧʠʣʦʪʦʚ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 6, ʘ ʥʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʙʘʣʣʴʥʳʭ ʦʮʝʥʦʢ ʟʘ 

ʪʝʭʥʠʢʫ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʧʨʠ ʧʝʨʝʨʳʚʘʭ ʚ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ. 
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ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ  

 

 
 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʙʘʣʣʴʥʳʭ ʦʮʝʥʦʢ ʟʘ ʪʝʭʥʠʢʫ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʨʳʚʦʚ ʚ ʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʝ  

 

ɽʜʠʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʝʪʘ  

ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʠ, ʚʳʩʪʘʚʣʷʝʤʳʝ ʟʘ ʧʦʣʝʪ [10, 11, 12]. 

ʄʝʪʦʜʠʢʠ, ʘʣʛʦʨʠʪʤʳ ʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʠʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʢʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʝʪʥʳʭ ʟʘʜʘʥʠʡ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ ʠ 

ʧʦʩʘʜʢʠ ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ɺʉ, ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ [11, 12]. 


