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Abstract. Currently, non-maneuverable passenger aircraft are not equipped with engine 

failure compensation units. Failure of the engine(s) at take-off modes often leads to disaster. The 

article discusses ways to improve flight safety in case of engine failure on takeoff. 

Key words: failure, takeoff, engine failure compensation algorithms, thrust asymmetry, 

thrust vector rotation. 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʘ, ʚ ʩʨʝʜʥʝʤ 22...25% ʚʩʝʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʢʘʪʘʩʪʨʦʬ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ ʠ ʥʘʙʦʨʘ ʚʳʩʦʪʳ [ɻʘʣʢʦʚ, 2003, ʩ. 19]. 

ʅʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʤ ʩʯʠʪʘʝʪʩʷ ʦʪʢʘʟ ʜʚʠʛʘʪʝʣʷ (ʜʚʠʛʘʪʝʣʝʡ) ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ. 

ʆʪʢʘʟ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʜʚʠʛʘʪʝʣʝʡ ʦʪ ʢʨʳʣʘ ʥʘ ʵʪʘʧʝ ʚʟʣʝʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ (ʚʟʣʝʪʥʳʤ, ʯʨʝʟʚʳʯʘʡʥʳʤ), 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ ʧʨʠ ʨʘʟʙʝʛʝ ʩʘʤʦʣʝʪʘ ʧʦ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ (ɺʇʇ), ʚʦʟʤʦʞʥʳʤ ʧʦʧʘʜʘʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʘʤʦʣʝʪʘ ʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʵʢʠʧʘʞ. 
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ʇʨʠ ʦʪʢʘʟʝ ʜʚʠʛʘʪʝʣʷ ʥʘ ʵʪʘʧʝ ʨʘʟʙʝʛʘ ʚʦʟʥʠʢʘʝʪ ʘʩʠʤʤʝʪʨʠʷ ʪʷʛʠ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʧʣʝʯʘ ὤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ 

ʩʘʤʦʣʝʪʘ, ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʦʪʦʨʫʶ ʥʝ ʚʩʝʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ-ʟʘ 

ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʫʧʨʘʚʣʝʥʠʝ ʵʢʠʧʘʞʘ ʠ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʫʣʝʡ. ʇʨʠ ʥʘʙʦʨʝ ʚʳʩʦʪʳ ʠ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʝ ʣʝʪʯʠʢʘ ʚ 

ʫʧʨʘʚʣʝʥʠʝ ʩʘʤʦʣʝʪ ʧʝʨʝʭʦʜʠʪ ʢ ʫʛʣʫ ʩʢʦʣʴʞʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝʤʫ ʧʦ ʚʝʣʠʯʠʥʝ, 

ʯʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʠ ʙʦʣʴʰʝ ʪʷʛʘ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʈ ʠ ʧʣʝʯʦ 

ὤ. ʋʛʦʣ ʩʢʦʣʴʞʝʥʠʷ ʚʳʟʳʚʘʝʪ ʧʦʧʝʨʝʯʥʳʡ ʤʦʤʝʥʪ ʥʘ ʢʨʝʥ ʩʘʤʦʣʝʪʘ ʚ ʩʪʦʨʦʥʫ 

ʦʪʢʘʟʘʚʰʝʛʦ ʜʚʠʛʘʪʝʣʷ. ʂʨʝʥ ʩʘʤʦʣʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʩʦʪʳ, ʘ 

ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʥʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ. 

ʇʦ ʥʦʨʤʘʤ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʩʘʤʦʣʝʪ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʧʦʣʝʪ (ʦʪ ʚʟʣʝʪʘ 

ʜʦ ʧʦʩʘʜʢʠ) ʧʨʠ ʦʪʢʘʟʝ ʚʩʝʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʣʦʩʢʦʩʪʠ 

ʩʠʤʤʝʪʨʠʠ ʩʘʤʦʣʝʪʘ. ʊʷʛʠ ʩʘʤʦʣʝʪʘ ʧʨʠ ʦʩʪʘʚʰʠʭʩʷ ʨʘʙʦʪʘʶʱʠʭ ʜʚʠʛʘʪʝʣʷʭ 

ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʟʣʝʪʘ, ʤʘʨʰʝʚʦʛʦ ʧʦʣʝʪʘ ʠ ʧʦʩʘʜʢʠ; 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʫʣʝʡ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʦʪʢʘʟʘ ʜʚʠʛʘʪʝʣʝʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʢʘʪʘʩʪʨʦʬ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ ʠʟ-ʟʘ 

ʦʪʢʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʚʟʣʝʪʝ, ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʟʘ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ [ʉʧʠʩʦʢ ʢʘʪʘʩʪʨʦʬ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, 2021]: 

2018 ʛʦʜ: 

ʈʝʡʩ CU972 ʚʳʣʝʪʝʣ ʠʟ ʘʵʨʦʧʦʨʪʘ ʠʤʝʥʠ ʍʦʩʝ ʄʘʨʪʠ ʚ 12:10 ʧʦ ʤʝʩʪʥʦʤʫ 

ʚʨʝʤʝʥʠ ʠ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 40 ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʟʣʸʪʘ ʨʫʭʥʫʣ ʥʘ ʟʝʤʣʶ ʧʨʠ ʦʪʢʘʟʝ 

ʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʟʘʛʦʨʝʣʩʷ). ʇʦʛʠʙʣʠ 110 ʯʝʣʦʚʝʢ (ʚʩʝ 6 ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʠ 104 

ʧʘʩʩʘʞʠʨʘ) ʥʘ ʤʝʩʪʝ ʢʘʪʘʩʪʨʦʬʳ. 

2019 ʛʦʜ: 

ʂʘʪʘʩʪʨʦʬʘ Dornier 228 ʚ ɻʦʤʝ ï ʘʚʠʘʮʠʦʥʥʘʷ ʢʘʪʘʩʪʨʦʬʘ, ʧʨʦʠʟʦʰʝʜʰʘʷ 

24 ʥʦʷʙʨʷ 2019 ʛʦʜʘ. ʊʫʨʙʦʚʠʥʪʦʚʦʡ ʩʘʤʦʣʸʪ Dornier 228ï201, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʡ 

ʤʝʩʪʥʦʡ ʘʚʠʘʢʦʤʧʘʥʠʝʡ Busy Bee Congo, ʨʘʟʙʠʣʩʷ ʚʩʢʦʨʝ ʧʦʩʣʝ ʚʳʣʝʪʘ ʠʟ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʵʨʦʧʦʨʪʘ ɻʦʤʘ (ɼʈ ʂʦʥʛʦ), ʫʧʘʚ ʥʘ ʛʫʩʪʦʥʘʩʝʣʸʥʥʳʡ ʨʘʡʦʥ 

ʛʦʨʦʜʘ. 19 ʯʝʣʦʚʝʢ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʸʪʘ ʧʦʛʠʙʣʠ ʧʨʠ ʫʜʘʨʝ. 

2021 ʛʦʜ: 

ʕʢʠʧʘʞ L-410 ʚʳʧʦʣʥʷʣ ʪʨʝʥʠʨʦʚʦʯʥʳʡ ʧʦʣʝʪ ʥʘ ʚʳʙʨʦʩʢʫ 

ʧʘʨʘʰʶʪʠʩʪʦʚ ʚ ɸʅʆ çʎʝʥʪʨʘʣʴʥʳʡ ʉʠʙʠʨʩʢʠʡ ʧʘʨʘʰʶʪʥʳʡ ʢʣʫʙ ɼʆʉɸɸʌè 

ʥʘ ʘʵʨʦʜʨʦʤʝ ʊʘʥʘʡ ʚʙʣʠʟʠ ʜʝʨʝʚʥʠ ɾʫʨʘʚʣʝʚʦ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʷʪʦʤ 

(ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ ʚ ʯʝʪʚʸʨʪʦʤ) ʧʦ ʩʯʸʪʫ ʧʦʜʲʸʤʝ ʚ ʩʤʝʥʫ, ʧʦʩʣʝ ʚʟʣʸʪʘ ʥʘ 

ʚʳʩʦʪʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 20 ʤ ʧʨʦʠʟʦʰʸʣ ʦʪʢʘʟ ʧʨʘʚʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʕʢʠʧʘʞ 

ʜʦʣʦʞʠʣ ʦ ʧʨʦʙʣʝʤʘʭ ʠ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʦ ʚʦʟʚʨʘʪʝ ʥʘ ʘʵʨʦʜʨʦʤ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʙʦʨʝ ʚʳʩʦʪʳ ʧʨʦʠʟʦʰʸʣ ʦʪʢʘʟ ʣʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʕʢʠʧʘʞ ʧʨʠʥʷʣ 

ʨʝʰʝʥʠʝ ʧʨʦʠʟʚʝʩʪʠ ʘʚʘʨʠʡʥʫʶ ʧʦʩʘʜʢʫ ʥʘ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʧʣʦʱʘʜʢʫ ʠ 

ʧʨʝʜʫʧʨʝʜʠʣ ʧʘʨʘʰʶʪʠʩʪʦʚ ʦ ʞʸʩʪʢʦʡ ʧʦʩʘʜʢʝ. ʉʘʤʦʣʸʪ ʩ ʧʨʘʚʳʤ ʢʨʝʥʦʤ 

ʩʪʦʣʢʥʫʣʩʷ ʩ ʟʝʤʣʸʡ ʚ ʨʘʡʦʥʝ ʜʝʨʝʚʥʠ ɾʫʨʘʚʣʸʚʦ ʠ ʨʘʟʨʫʰʠʣʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʘʪʘʩʪʨʦʬʳ ʧʦʛʠʙʣʦ 4 ʯʝʣʦʚʝʢʘ, ʧʦʩʪʨʘʜʘʣʠ 15 ʯʝʣʦʚʝʢ. 

ɼʘʣʝʢʦ ʥʝʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʢʘʪʘʩʪʨʦʬ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ: 

https://ru.wikipedia.org/wiki/Let_L-410_Turbolet
https://ru.wikipedia.org/wiki/%D0%96%D1%83%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%B2%D0%BE_(%D0%9A%D0%B5%D0%BC%D0%B5%D1%80%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD)
https://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BC%D0%B5%D1%80%D0%BE%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C
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1. ɺ ʨʝʡʪʠʥʛʝ ʥʝʜʦʩʪʘʪʢʦʚ ʩʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʧʦʜ ʢʨʳʣʦʤ 
(ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʮ.ʤ. ʩʘʤʦʣʝʪʘ) ʩʣʫʯʘʡ ʦʪʢʘʟʘ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ [ɼʵʚʠʩ, 1975, ʩ. 48]. 

2. ɹʦʣʴʰʦʡ ʧʫʪʝʚʦʡ ʤʦʤʝʥʪ ʧʨʠ ʦʪʢʘʟʝ ʜʚʠʛʘʪʝʣʷ ʪʨʝʙʫʝʪ ʧʨʝʜʝʣʴʥʳʭ 
(ʧʨʠ ʦʪʢʘʟʝ ʜʚʫʭ ʜʚʠʛʘʪʝʣʝʡ) ʦʪʢʣʦʥʝʥʠʡ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʤʘʣʦʡ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʚʟʣʝʪʥʳʭ ʩʢʦʨʦʩʪʷʭ.  

3. ʌʘʢʪʦʨ çʚʥʝʟʘʧʥʦʩʪʠè ʦʪʢʘʟʘ ʜʚʠʛʘʪʝʣʷ ʟʘʪʨʫʜʥʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʝʛʦ 
ʦʙʥʘʨʫʞʝʥʠʝ, ʙʳʩʪʨʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʠ ʧʨʘʚʠʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʳʯʘʛʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʝʪʦʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʊʨʝʥʠʨʦʚʦʯʥʳʝ ʠ ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʧʦʣʝʪʳ ʥʘ ʧʘʨʠʨʦʚʘʥʠʝ ʦʪʢʘʟʘ ʜʚʠʛʘʪʝʣʷ 

ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʳʭ (ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ) ʨʝʞʠʤʘʭ ʧʦʣʝʪʘ, ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʵʢʠʧʘʞʘ ʠ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

4. ɺ ʩʘʤʦʣʝʪʘʭ ʥʝ ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʘ 

ʜʚʠʛʘʪʝʣʷ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʣʫʯʘʡ ʦʪʢʘʟʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʚʟʣʝʪʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ: 

 ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʚʟʣʝʪʝ, ʢʦʪʦʨʘʷ 

ʨʝʢʦʤʝʥʜʫʝʪ ʩʧʦʩʦʙʳ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʜʦʣʞʝʥʠʝ ʠʣʠ ʧʨʝʢʨʘʱʝʥʠʝ ʚʟʣʝʪʘ; 

 ʦʮʝʥʢʦʡ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʭʦʜʘ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʘʨʠʨʦʚʘʥʠʷ 

ʧʫʪʝʚʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʦʪʢʘʟʝ ʜʚʠʛʘʪʝʣʷ; 

 ʦʮʝʥʢʦʡ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʢʘʢ ʧʨʘʚʠʣʦ ʥʘ 

ʢʨʝʡʩʝʨʩʢʠʭ ʨʝʞʠʤʘʭ ʧʦʣʝʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʬʘʢʪʦʨʘʭ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ʙʦʨʪʦʚʘʷ ʮʠʬʨʦʚʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ (ɹʎɺʄ) ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʧʘʤʷʪʠ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ. 

ɸʣʛʦʨʠʪʤʳ ʩʧʦʩʦʙʥʳ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʩʯʝʪ ʜʦʧʫʩʪʠʤʦʡ ʘʩʠʤʤʝʪʨʠʠ ʪʷʛʠ ʜʣʷ 

ʧʨʦʜʦʣʞʝʥʠʷ ʚʟʣʝʪʘ, ʧʦʪʨʝʙʥʳʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ, ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʩʫʱʝʩʪʚʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩ ʫʯʝʪʦʤ 

ʩʢʦʨʦʩʪʠ ʠ ʜʣʠʥʳ ʨʘʟʙʝʛʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʝʣ ʦʪʢʘʟ ʜʚʠʛʘʪʝʣʷ 

(ʜʚʠʛʘʪʝʣʝʡ), ʧʨʠ ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʧʨʦʜʦʣʞʝʥʠʷ ʚʟʣʝʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʜʝʡʩʪʚʠʷ 

ʧʦ ʝʛʦ ʧʨʝʢʨʘʱʝʥʠʶ.   

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʘʩʩʠʤʝʪʨʠʯʥʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ: 

 ʠʟʤʝʨʠʪʝʣʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʟʘ ʪʫʨʙʠʥʦʡ 
(ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ˉ ʦʪʢʘʟʘʚʰʝʛʦ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ); 

 ʜʘʪʯʠʢʠ ʧʫʪʝʚʳʭ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʩ ʪʘʨʠʨʦʚʢʦʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 
ʦʪʢʘʟʘʚʰʠʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ˉ ʦʪʢʘʟʘʚʰʝʛʦ 

ʜʚʠʛʘʪʝʣʷ. ʇʦʢʘʟʘʪʝʣʠ ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʧʫʪʝʚʳʤ 

ʤʦʤʝʥʪʘʤ, ʯʪʦ ʠʩʢʣʶʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
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ʅʘ ʩʘʤʦʣʝʪʘʭ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʚʠʛʘʪʝʣʝʡ ʚʜʦʣʴ ʨʘʟʤʘʭʘ ʢʨʳʣʘ (ʧʨʠ 

ʙʦʣʴʰʠʭ ὤ) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʦʩʪʘʝʪʩʷ ʨʫʣʴ 
ʥʘʧʨʘʚʣʝʥʠʷ. ʅʘ ʯʝʪʳʨʝʭʜʚʠʛʘʪʝʣʴʥʦʤ ʩʘʤʦʣʝʪʝ ʧʨʠ ʦʪʢʘʟʝ ʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʘʚʦʤ ʢʨʳʣʝ, ʘʚʪʦʤʘʪʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʪʷʛʫ ʨʘʙʦʪʘʶʱʝʛʦ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʵʪʦʤ ʢʨʳʣʝ ʠ ʜʨʦʩʩʝʣʠʨʫʝʪ ʪʷʛʫ ʨʘʙʦʪʘʶʱʠʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʜʨʫʛʦʤ 

(ʣʝʚʦʤ) ʢʨʳʣʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʘʩʠʤʤʝʪʨʠʠ ʪʷʛʠ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʪʷʛʠ ʜʦʣʞʥʦ 

ʭʚʘʪʠʪʴ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʚʟʣʝʪʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʧʨʝʢʨʘʱʝʥʠʝ ʚʟʣʝʪʘ. 

ʅʘ ʩʘʤʦʣʝʪʘʭ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʚʠʛʘʪʝʣʝʡ ʚ ʭʚʦʩʪʝ (ʧʨʠ ʤʘʣʦʤ ὤ  ʠ 

ʙʦʣʴʰʦʤ ʧʨʦʜʦʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʩʦʧʣʘ ʦʪ ʮ.ʤ. ʩʘʤʦʣʝʪʘ ï  xc ) ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʦʤʠʤʦ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʧʦʚʦʨʦʪ ʚʝʢʪʦʨʘ ʪʷʛʠ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʫʛʦʣ.  ɺ ʢʘʯʝʩʪʚʝ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʝʘʢʪʠʚʥʳʝ ʩʦʧʣʘ ʜʚʠʛʘʪʝʣʝʡ. 

 

ɺʳʚʦʜʳ 

1. ʆʪʢʘʟ ʜʚʠʛʘʪʝʣʷ ʥʘ ʚʟʣʝʪʥʳʭ ʨʝʞʠʤʘʭ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʘʪʘʩʪʨʦʬʝ. 

2. ʆʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ ʧʨʠ 
ʠʭ ʦʪʢʘʟʝ ʥʘ ʚʟʣʝʪʝ ʧʦʚʳʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

3. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʷʛʠ 

ʨʘʟʥʝʩʝʥʥʳʭ ʚʜʦʣʴ ʢʨʳʣʘ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʦʚʦʨʦʪʘ ʚʝʢʪʦʨʘ ʪʷʛʠ ʜʚʠʛʘʪʝʣʝʡ ʚ 

ʭʚʦʩʪʝ ʩʘʤʦʣʝʪʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ (ʢ ʨʫʣʶ ʥʘʧʨʘʚʣʝʥʠʷ) ʦʨʛʘʥʦʚ 

ʧʫʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

4. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 
ʩʘʤʦʣʝʪʘ ʧʨʠ ʦʪʢʘʟʝ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʚʟʣʝʪʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʘ ʜʚʠʛʘʪʝʣʷ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
 

1. ɻʘʣʢʦʚ ɸ. ɺ. ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʤʫ / ɻʘʣʢʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ. ʀʨʢʫʪʩʢ, 2003. 117 ʩ. 

2. ɼʵʚʠʩ ɼ. ʇʠʣʦʪʠʨʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʨʝʘʢʪʠʚʥʳʭ ʩʘʤʦʣʝʪʦʚ. ʄ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 

1975. 365 ʩʪʨ. 

3. ʉʧʠʩʦʢ ʢʘʪʘʩʪʨʦʬ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ URL: https://google-

info.org/197113/1/spisok-katastrof-v-grazhdanskoy-aviatsii.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.10.2021) 
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ɺʆɿɼʋʐʅʓʍ ʉʋɼʆɺ, ɺ ʉʀʉʊɽʄʋ ʃʆɻʀʉʊʀʏɽʉʂʆʁ ʇʆɼɼɽʈɾʂʀ 
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ɽʚʜʦʢʠʤʝʥʢʦʚ ɺ. ʅ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ 
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ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ) 

(ʛ. ʄʦʩʢʚʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥ ʤʝʪʦʜ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʠʥʪʝʨʝʩʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʝʪʦʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚʳʩʪʫʧʘʝʪ ʦʙʨʘʪʥʳʡ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʢʨʠʪʝʨʠʡ (ʢʚʘʥʪʠʣʴ).  

ʇʨʠʚʝʜʝʥʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʧʦʣʝʪʥʳʭ 

ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʝʧʦʟʠʪʦʨʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʘʵʨʦʥʘʚʪʠʢʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (NASA).  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ, 

ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ, ʦʙʨʘʙʦʪʢʘ ʧʦʣʝʪʥʳʭ 

ʜʘʥʥʳʭ. 

 

INTEGRATION OF THE METHOD OF PROBABILISTICALLY 

GUARANTEED ASSESSMENT OF RISKS ASSOCIATED WITH THE 

TECHNICAL CONDITION OF AIRCRAFT INTO THE SYSTEM OF 

LOGISTICS SUPPORT OF AVIATION EQUIPMENT  

 

Evdokimenkov V. N., Doctor of Technical Sciences 

Kim R. V., Candidate of Technical Sciences 

 

Moscow Aviation Institute (National Research University) 

(Moscow) 

 
Abstract. The method of probabilistic-guaranteed risk function evaluation related to the 

technical statement of the aircraft in order to generate so called integrated logistics support of AT 

products is described. The proposed method uses the inverse probability criterion (quintile) as an 

integral characteristic of the aircraft's onboard systems technical statement. 

Evaluations of the aircraft gas turbine engine residual resource prediction using the proposed 

method are given on the basis of real flight data, presented in the repository of the National 

Aeronautics and Space Administration (NASA). 

Keywords: aircraft, integrated logistics support, technical statement evaluation, probability-

guaranteeing approach, flight data processing. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʜʭʦʜʳ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʨʚʠʩʥʦʛʦ 

ʧʣʘʥʘ ʧʦ ʢʘʞʜʦʤʫ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤʫ ʦʙʨʘʟʮʫ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ɺʉ) ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʦʨʠʪʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʪʠʧʘ [Peng 

et al., 2010, p. 300] ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ [Grall et al., 2002, p. 148]. 
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ɺ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʠʜʝʦʣʦʛʠʡ ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠʩʪʦʨʠʯʝʩʢʠ ʠʟʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ: ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ [Li 

et al.,1999, p. 105], ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʥʘʥʠʡ [Frelicot, 1996, p. 

292], ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ (Data-Driven Methodology ï DDM) [Kothamasu, 2006, p. 

1018]. 

ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʧʦʩʣʝʜʥʠʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ 

ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ 

ʧʨʦʜʦʣʞʘʶʪ ʥʘʨʘʱʠʚʘʪʴʩʷ ʥʘ ʙʘʟʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʝʪʦʜʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ DDM-

ʧʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

çʠʥʜʠʢʘʪʦʨ ʟʜʦʨʦʚʴʷè (Health Indicator, HI). ɸʨʛʫʤʝʥʪʦʤ ʵʪʦʡ ʬʫʥʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʦʙʲʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʝʝ 

ʟʥʘʯʝʥʠʝ ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʫʟʣʘ ʧʨʠ 

ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʘʨʛʫʤʝʥʪʘ. ʇʦʢʘʟʘʪʝʣʴ HI ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ.  

ʎʝʥʪʨʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʨʘʤʢʘʭ DDM-ʧʦʜʭʦʜʘ ʦʩʪʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ HI, ʚʚʠʜʫ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʨʘʟʣʠʯʠʷ ʢʘʢ ʚ ʧʨʠʥʮʠʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʪʘʢ ʠ ʚ ʤʝʪʦʜʘʭ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ.  

ɺ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ [ɽʚʜʦʢʠʤʝʥʢʦʚ, 2010, ʩ. 190; 

ɽʚʜʦʢʠʤʝʥʢʦʚ, 2014, ʩ. 45; ʂʠʤ, 2012, ʩ. 13] ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʛʥʦʟʘ ʙʫʜʫʱʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ɺʉ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʨʝʘʣʠʟʫʶʱʠʝ ʵʪʫ ʢʦʥʮʝʧʮʠʶ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʇʄʆ).  

ʌʘʢʪʠʯʝʩʢʠ, ʦʧʠʩʘʥʥʳʡ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʤʝʪʦʜ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ɺʉ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ HI, 

ʢʦʪʦʨʳʡ ʥʝ ʥʫʞʜʘʝʪʩʷ ʥʠ ʚ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʥʮʠʧʘʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʠ ʚ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʠʥʮʠʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʩʝʪʠ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

  

 1. ɺʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ.  

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ɺʉ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ 

ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ, ʜʣʷ ʪʝʢʫʱʝʛʦ ʤʦʤʝʥʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ὸ ʚʚʦʜʠʪʩʷ 
ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ὢὸ, ʦʪʨʘʞʘʶʱʠʭ 
ʩʦʩʪʦʷʥʠʝ ʥʝʢʦʪʦʨʦʡ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ (ʘʛʨʝʛʘʪʘ, ʫʟʣʘ). 

ɼʘʣʝʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʵʪʘʣʦʥʥʦʡ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ɱ, ʟʘʜʘʶʱʝʡ 
ʜʦʧʫʩʪʠʤʳʡ ʨʘʟʙʨʦʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 
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ɺʉ. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʡ ʦʙʣʘʩʪʠ ɱ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦʤʝʨʥʳʡ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʟʥʘʢʦʤ ʰʪʘʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʦʡ ʙʦʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ɺʉ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʫʩʣʦʚʠʡ 
 

                              ὢ ὢ ὸ ὢ ȟὭ ρȟȢȢȟὲ                                   (1) 
 

ʛʜʝ ὢ ȟὢ  ɀ ʦʪʨʝʟʦʢ, ʟʘʜʘʶʱʠʡ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ i-ʛʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʙʨʘʥʥʦʡ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʟʘʜʘʥʥʳʤ. ʅʘʨʫʰʝʥʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʩʣʦʚʠʡ (1) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʦʡ ʙʦʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʠ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʩʢʨʳʪʦʛʦ ʦʪʢʘʟʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ (1) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ ʚʠʜʘ: 
 

                               ╧◄ ἵἩὀ
░

╧░ ╧░□░▪╧░□╪●

╧░□╪●╧░□░▪
ȟ                            (2) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʪʘʣʦʥʥʘʷ ʦʙʣʘʩʪʴ ʟʘʜʘʝʪʩʷ ʫʩʣʦʚʠʝʤ  
 

                                       ╧◄ȡ ╧◄  .                                      (3) 
 

ʉ ʫʯʝʪʦʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʪʘʣʦʥʥʦʡ ʦʙʣʘʩʪʠ ʦ ʩʦʩʪʦʷʥʠʠ 

ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʦʤʝʥʪʫ ʵʢʩʧʣʫʘʪʘʮʠʠ 

t, ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʢʫʱʝʛʦ ʚʝʢʪʦʨʘ ╧◄ ʦʙʣʘʩʪʠ : 
 

                                             ὢὸ ɴ ɱ                                                              (4) 
 

ɺʳʭʦʜ ʟʥʘʯʝʥʠʡ ὢὸ  ʟʘ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ɱ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ 

ʫʭʫʜʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ ʧʦ ʤʝʨʝ 

ʚʳʨʘʙʦʪʢʠ ʝʶ ʨʝʩʫʨʩʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʟʥʘʯʝʥʠʷ ὢὸ  

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ (4) ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʪʥʳʡ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʢʨʠʪʝʨʠʡ (ʢʚʘʥʪʠʣʴ). 

ʂʚʘʥʪʠʣʴ •ὸ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʨʘʟʙʨʦʩʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ ʩ ʫʯʝʪʦʤ ʝʸ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ t, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ: 
 

                       •ὸ ÍÉÎὖɮὢὸ ὶ ‌̈ ȟ                                     (5) 

 

ʛʜʝ ♪̈ ï ʟʘʜʘʥʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺʉ 
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ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʫʩʣʦʚʠʝ (5) ʦʧʨʝʜʝʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʙʣʘʩʪʴ ʨʘʟʙʨʦʩʘ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʝʸ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ ʪʦʛʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʙʦʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ɺʉ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ aʟ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ 
 

                                               •ὸ ρ                                                               (6) 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ (ʘʥʘʣʦʛʘ ʠʥʜʝʢʩʘ HI) ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʚʘʥʪʠʣʴ •ὸ, ʯʪʦ ʧʨʦʜʠʢʪʦʚʘʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʛʣʷʜʥʦʩʪʴʶ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʝʨʩʦʥʘʣʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʷ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ †ɴ πȟὸ, ʛʜʝ † π   
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ, ʘ † ὸ  ï ʪʝʢʫʱʝʤʫ 
ʥʘʣʸʪʫ ɺʉ, ʧʦʚʝʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ •† ʠ, ʧʨʦʛʥʦʟʠʨʫʷ ʝʸ ʙʫʜʫʱʝʝ ʧʦʚʝʜʝʥʠʝ 

ʥʘ ʠʥʪʝʨʚʘʣʝ ὸȟὝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ɺʉ 

ʤʦʤʝʥʪ T ʧʨʝʢʨʘʱʝʥʠʷ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦʪ 

ʤʦʤʝʥʪ ʥʘʩʪʫʧʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ •Ὕ ρ  . 
ʂʦʥʢʨʝʪʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʦʮʝʥʦʢ ʢʚʘʥʪʠʣʠ ʥʘ 

ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ɺʉ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʣʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʦʷʥʥʦ ʥʘʨʘʱʠʚʘʝʤʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ [ɽʚʜʦʢʠʤʝʥʢʦʚ, 2010, ʩ. 190]. 

 

2. ɸʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʦʮʝʥʦʢ 

ʩʦʩʪʦʷʥʠʷ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ɺʉ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ɺʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʘʵʨʦʥʘʚʪʠʢʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (NASA) [NASA Prognostics Center of 

Excellence, 2020; Saxena, 2008, p. 1]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɻʊɼ) ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʝʪʥʳʭ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʯʘʩʪʚʦʚʘʣʠ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʫʧʦʤʷʥʫʪʦʤ ʚʳʰʝ ʨʝʧʦʟʠʪʦʨʠʠ NASA, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ὔ ʨʘʟʣʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ɻʊɼ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʦʩʪʦʷʣ ʠʟ ʥʘʙʦʨʘ ʚʨʝʤʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ, ʚ 

ʢʘʞʜʦʤ ʠʟ ʝʛʦ ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 

ɿʥʘʯʝʥʠʷ ὼȟὭ ρȟȢȢȟςφ ʚ ʪʘʙʣ. 1 ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ɻʊɼ. ʀʤʝʥʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦ ʤʝʨʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʮʠʢʣʦʚ ʨʘʙʦʪʳ ɻʊɼ ʩʪʝʧʝʥʴ ʝʛʦ ʠʟʥʦʩʘ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʝʛʦ ʦʪʢʘʟʫ. ɿʥʘʯʝʥʠʝ ὅ ȟὭ ρȟȣȟὔ ʚ ʪʘʙʣ. 1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʠʢʣʫ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʥʘʩʪʫʧʠʣ ʦʪʢʘʟ. 
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ʊʘʙʣʠʮʘ 1 ï ʉʪʨʫʢʪʫʨʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʦʪʨʘʞʘʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ɻʊɼ 

ʅʦʤʝʨ 

ʜʚʠʛʘʪʝʣʷ 

ʅʦʤʝʨ ʮʠʢʣʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 
ὼ ὼ é ὼ  

1 1 518,67 641,82  23,419 

1 2 518,67 642,15  23,423 

1 é     

1 ὅ ρως 518,67 643,54  22,964 

2 1 518,67 641,89  23,458 

2 2 518,67 641,82  23,408 

2 ὅ  518,67 643,85  23,084 

é é é é é é 

N 1 518,67 642,25  23,3899 

 é é é é é 

N ὅ  518,67 643,85  23,0522 

 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʦʤʝʥʪʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ὸ , ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʠʣʠ 
•ὸ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʝʨʦʷʪʥʦʩʪʠ 0,95. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 
ʜʘʥʥʳʭ ʧʫʪʝʤ ʠʭ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʦʨʤʠʨʦʚʘʣʩʷ ʪʨʝʥʜ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʚʘʥʪʠʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʪʨʝʥʜ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʦʛʥʦʟʘ 

ʤʦʤʝʥʪʘ ʦʪʢʘʟʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʥʦʤʝʨʦʤ ʮʠʢʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʝ 

ʢʚʘʥʪʠʣʠ ʧʨʝʚʳʩʠʪ ʝʜʠʥʠʮʫ •ὸ ρ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʚʘʥʪʠʣʠ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʩʣʝ 125 ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɻʊɼ 
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ʅʘ ʨʠʩ. 1 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʧʨʦʛʥʦʟʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʧʦʚʝʜʝʥʠʝ ʢʚʘʥʪʠʣʠ •ὸ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, 
ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʩʣʝ 125 ʮʠʢʣʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɻʊɼ. ɺʠʜʠʤ, ʯʪʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʥʦʟʦʤ ʦʪʢʘʟ ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʧʦʩʣʝ 224 ʮʠʢʣʦʚ ʨʘʙʦʪʳ 

ɻʊɼ, ʭʦʪʷ ʨʝʘʣʴʥʦ ʦʥ ʥʘʩʪʫʧʠʣ ʧʦʩʣʝ 192 ʮʠʢʣʘ. ʊʦ ʝʩʪʴ, ʠʤʝʝʪ ʤʝʩʪʦ ʦʰʠʙʢʘ 

ʧʨʦʛʥʦʟʘ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʘ.   

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʦʙʲʝʤ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊɼ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʛʥʦʟʘ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʝʥʘ ʩʚʦʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʪʨʘʞʘʶʱʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʤʦʤʝʥʪʘ 

ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʘ ɻʊɼ (ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʛʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʘ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ɻʊɼ ʦʪ 

ʧʝʨʠʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʫʭʫʜʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʘ, ʦʜʥʘʢʦ ʫʞʝ ʟʘ 25 ʮʠʢʣʦʚ 

ʜʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʘ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʝʩʫʨʩʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 2%. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʚ ʠʥʪʝʨʝʩʘʭ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠʟʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʳʭ ʨʝʩʫʨʩʦʚ ʜʨʫʛʠʭ ɻʊɼ, ʜʘʥʥʳʝ ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ) [NASA Prognostics Center of Excellence, 2020], ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ. ʆʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʙʨʘʪʥʳʡ ʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʢʨʠʪʝʨʠʡ (ʢʚʘʥʪʠʣʴ), ʚʳʩʪʫʧʘʶʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺʉ, ʯʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ɺʉ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ 

ʨʝʩʫʨʩʫ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʧʦʣʝʪʥʳʭ ʜʘʥʥʳʭ 

(Data-Driven Methodology ï DDM).  

ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʦʯʝʚʠʜʥʦ ʫʭʫʜʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʘ, ʦʜʥʘʢʦ ʫʞʝ ʟʘ 25 ʮʠʢʣʦʚ ʜʦ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʘ ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʝʩʫʨʩʘ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 2%. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
 

1. ɽʚʜʦʢʠʤʝʥʢʦʚ ɺ. ʅ. ʀʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʘʚʠʘʮʠʦʥʥʳʭ ʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ / ɺ. ʅ. ɽʚʜʦʢʠʤʝʥʢʦʚ, ɺ. ɻ. ɼʠʥʝʝʚ, ʂ. ɸ. ʂʘʨʧ. ʄ.: ʌʀɿʄɸʊʃʀʊ, 2010. 

ï 320 ʩ. 
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ɽʨʝʤʝʥʢʦ ɺ. ɺ. 

 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʋɻɸʊʋ) 

(ʛ. ʋʬʘ) 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʬʨʦʥʪʦʚʦʡ ʘʚʠʘʮʠʠ ʠ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ ʚ ʉʐɸ ʠ ɽʚʨʦʧʝ ʧʦ ʩʦʟʜʘʥʠʶ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʰʝʩʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʠ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʠʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʧʝʨʟʚʫʢʦʚʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʙʫʜʫʪ ʠʤʝʪʴ ʩʠʣʦʚʫʶ ʫʩʪʘʥʦʚʢʫ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʨʷʤʦʪʦʯʥʳʭ ʚʦʟʜʫʰʥʦ-

ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʊʘʢʠʝ ʛʠʧʝʨʟʚʫʢʦʚʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ 

ʜʦʩʪʠʯʴ M=8. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʧʝʨʟʚʫʢʦʚʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʣʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʛʠʧʝʨʟʚʫʢ. 

 

COMBINATION CYCLE HYPERSONIC POWER PLANTS OVERVIEW  

 

Eremenko V. V.  

 

Ufa State Aviation Technical University (USATU) 

(Ufa) 

 
Abstract. The current state of front-line aviation and the main directions of work in the 

USA and Europe on the creation of sixth generation aircraft systems and engines for their power 

plants are considered. It is shown that hypersonic aircraft are likely to have a combined cycle power 

plant based on gas turbine engines and ramjet engines. Such hypersonic aircraft will be able to 

reach M = 8. The main problems arising in the design of combined power plants are presented. 

Key words: hypersonic aircraft, combined power plants, hypersonic. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ 

ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɻʃɸ) ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ 

ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʪʠʚʥʠʢʘ, ʪʘʢ ʠ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʦʝʚʳʭ ʟʘʜʘʯ. 

ɺ 1960 ʛʦʜʫ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʩʦʟʜʘʥʠʷ ʃɸ ʩ ʛʠʧʝʨʟʚʫʢʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ: ʦʪ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʦ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʃɸ: ʍ-34ɸ, ʍ-51ɸ. ʉ ʪʝʭ ʧʦʨ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʥʦ ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ ʦʩʪʘʶʪʩʷ 

ʥʝʨʝʰʝʥʥʳʤʠ. 
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ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ï ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʝ, ʩʧʦʩʦʙʥʦʡ 

ʜʦʩʪʠʯʴ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘʣʠʯʠʝ ʠʥʞʝʢʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʧʨʳʩʢ ʚʦʜʳ, ʞʠʜʢʦʛʦ 

ʚʦʟʜʫʭʘ ʠʣʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ, ʧʦʟʚʦʣʷʝʪ ʚ 

ʪʝʦʨʠʠ ʜʦʩʪʠʯʴ ὓ φ. ʊʘʢ ʞʝ ʥʘʠʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʜʣʷ ʛʠʧʝʨʟʚʫʢʦʚʳʭ 
ʧʦʣʝʪʦʚ ʧʦʣʫʯʠʣʠ ʧʨʷʤʦʪʦʯʥʳʝ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ (ʇɺʈɼ). 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʦʪ ὓ ςȟυȣσ, ʪʦ ʝʩʪʴ 
ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʟʛʦʥʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

[ʂʫʣʘʛʠʥ, 2003. ʩ. 35]. 

ʇʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʥʘʟʳʚʘʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʨʘʟʣʠʯʥʳʭ ʩʠʣʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʧʦʩʦʙʥʳʭ ʚʤʝʩʪʝ ʜʦʩʪʠʛʥʫʪʴ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʩʠʣʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʥʘ ʦʩʥʦʚʝ ɻʊɼ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʳʩʪʫʧʘʝʪ ʢʦʤʧʘʥʠʷ 

Lockheed Martin, ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʩʘʤʦʣʝʪʘ-ʨʘʟʚʝʜʯʠʢʘ ʪʠʧʘ SR-71. ʂʦʤʧʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ɹʇʃɸ SR-72 ʩ ʂʉʋ ʫʞʝ ʩ 2007 ʛʦʜʘ (ʧʦ ʜʘʥʥʳʤ ʉʄʀ). ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʙʫʜʝʪ ʨʘʟʛʦʥʷʪʴ ɹʇʃɸ ʜʦ ʯʠʩʣʘ ὓ  σ, ʘ 
ɻʇɺʈɼ ï ʜʦ ʯʠʩʣʘ ὓ υȟυȣφ. (ʨʠʩ. 1) ʃʝʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʝʤʦʥʩʪʨʘʪʦʨʘ 
ɹʇʃɸ ʫʞʝ ʜʦʣʞʥʳ ʙʳʣʠ ʥʘʯʘʪʴʩʷ ʚ 2020 ʛ. [ʉʢʠʙʠʥ, 2004]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʂʉʋ SR-72: 1 ï ʆʙʱʠʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ, 2 ï ɻʊɼ, 3 ï 

ɻʇɺʈɼ, 4 ï ʆʙʱʝʝ ʩʦʧʣʦ 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʉʋ ʜʣʷ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʧʦʣʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ ʞʝ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ RTA. ʎʝʣʴ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʂʉʋ ʥʘ ʦʩʥʦʚʝ ɻʊɼ, 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʞʠʤʘ ɻʊɼ ʠ ɻʇɺʈɼ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʊʇɼ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ὓ, 

ʢʦʤʧʘʥʠʷ General Electric ʧʨʝʜʣʦʞʠʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ ʊʈɼɼʌ 

F120 ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʂʉʋ. ʕʪʦʪ 

ʘʜʘʧʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʪʷʛʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʛʘʟʦʪʫʨʙʠʥʥʦʤ ʨʝʞʠʤʝ ʜʦ ʯʠʩʣʘ ὓ σ ʠ ʧʝʨʝʭʦʜʘ ʥʘ 
ʧʨʷʤʦʪʦʯʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ὓ σȣτ [Norris, 2017]. 
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ɽʱʝ ʦʜʥʘ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʢʘʣʠʬʦʨʥʠʡʩʢʦʡ ʩʪʘʨʪʘʧ-ʢʦʤʧʘʥʠʠ HyperSpace Propulsion. ʀʭ ʛʠʧʝʨʟʚʫʢʦʚʘʷ 

ʂʉʋ ʙʫʜʝʪ ʩʦʯʝʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ɻʊɼ, ʜʚʫʭʨʝʞʠʤʥʳʡ 

ʇɺʈɼ/ɻʇɺʈɼ ʠ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʂʉʋ Hyscram 

 

ɻʊɼ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ Hyscram (ʨʠʩ. 2), ʩʦʜʝʨʞʠʪ ʨʘʙʦʯʠʝ ʩʪʫʧʝʥʠ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʥʘ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ ʪʨʸʭʩʪʫʧʝʥʯʘʪʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʠ 13-

ʩʪʫʧʝʥʯʘʪʦʛʦ ʂɺɼ, ʘ ʪʘʢʞʝ ʪʨʸʭʩʪʫʧʝʥʯʘʪʫʶ ʪʫʨʙʠʥʫ ï ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ. ʂʘʞʜʘʷ ʩʪʫʧʝʥʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʤʘʛʥʠʪʥʦʤ ʧʦʜʚʝʩʝ, ʯʪʦ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʝʡ, ʯʝʤ ʧʨʠʤʝʥʝʥʠʝ ʚʘʣʦʚ, ʤʘʩʣʦʩʠʩʪʝʤʳ ʠ ʨʝʜʫʢʪʦʨʦʚ. 

ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʳ ʩʦʟʜʘʸʪ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ 

ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʚʤʝʩʪʝ ʩ ʧʨʦʜʫʢʪʘʤʠ ʩʛʦʨʘʥʠʷ ʫʩʢʦʨʷʝʪʩʷ ʚ ʯʝʪʳʨʸʭʢʦʣʴʮʝʚʦʤ 

ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʫʚʝʣʠʯʝʥʠʷ ʪʷʛʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʚʳʭʣʦʧʥʦʡ ʯʘʩʪʠ ɻʊɼ. 

ɻʊɼ ʦʢʨʫʞʸʥ ʜʝʚʷʪʴʶ ʜʚʫʭʨʝʞʠʤʥʳʤʠ ʇɺʈɼ/ɻʇɺʈɼ, ʚ ʧʨʦʪʦʯʥʳʝ 

ʪʨʘʢʪʳ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʦʙʱʠʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʳʤ 

ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʣʦʤ ʧʦʩʪʫʧʘʝʪ ʚʦʟʜʫʭ. ʂʦʛʜʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʚʳʜʚʠʥʫʪʦ 

ʚʧʝʨʸʜ, ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʪʨʘʢʪ ʇɺʈɼ/ɻʇɺʈɼ, ʘ ʢʦʛʜʘ 

ʦʪʚʦʜʠʪʩʷ ʥʘʟʘʜ ï ʦʩʥʦʚʥʘʷ ʝʛʦ ʤʘʩʩʘ ʧʦʧʘʜʘʝʪ ʚ ɻʊɼ. 

ʋʞʝ ʢ 2023 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʜʝʤʦʩʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ, ʘ ʥʘ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʠʩʧʳʪʘʥʠʷ ʉʋ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʫʶ ʂʉʋ [HyperSpace Unveilsé, 2020]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ NASA ʫʜʝʣʷʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ. ʉʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʣʝʪʘʪʝʣʴʥʦʤ 

ʘʧʧʘʨʘʪʝ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʊʈɼɼʌ F-101, ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʷʚʰʝʡʩʷ 

ʥʘ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʝ B-1A, ʠ ʇɺʈɼ. ʇʨʠ ʵʪʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪ ʧʝʨʝʧʫʩʢ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʇɺʈɼ ʚʦ 

ʚʨʝʤʷ ʧʦʣʝʪʘ ʥʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ [NASA Steps Upé, 2021]. 

ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʥʘ ʦʩʥʦʚʝ ɻʊɼ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʥʦʛʨʘʟʦʚʳʭ ʛʠʧʝʨʟʚʫʢʦʚʳʭ 
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ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ: 

1) ʪʝʧʣʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʧʦʣʝʪʘ; 

2) ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʥʪʫʨʳ; 

3) ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʘʪʴ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ; 

4) ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ; 

5) ʜʦʩʪʠʞʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʨʝʥʠʷ ʚ ʜʚʫʭʨʝʞʠʤʥʦʤ ɻʇɺʈɼ, ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʨʝʰʝʥʳ, ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʩʪʦʷʱʠʝ ʠʩʧʳʪʘʥʠʷ ɻʃɸ ʥʦʩʷʪ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʚʦʜʘ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʩʪʘʜʠʶ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʨʘʙʦʪʳ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʜʝʤʦʥʩʪʨʘʪʦʨʘ ʪʝʭʥʦʣʦʛʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʝʨʩʦʥʘʣ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʩ ʛʘʟʦʪʫʨʙʠʥʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ï ʚʠʭʨʝʚʦʝ ʟʘʩʘʩʳʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʚʦʟʜʫʰʥʳʡ ʪʨʘʢʪ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʘʪʠʢʝ ʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʳʜʝʣʝʥ 

ʬʘʢʪʦʨ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ, ʚʣʠʷʶʱʠʡ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʧʦʜ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘʤʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʦ ʥʝ ʫʯʪʝʥʥʳʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʙʦʪʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʚʣʠʷʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʵʨʦʜʨʦʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʇʨʝʜʣʦʞʝʥ 

ʧʫʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʳʷʚʣʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʚʝʣʠʯʠʥ 

ʦʧʘʩʥʳʭ ʟʦʥ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʰʠʨʦʪ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʭʨʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ, ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʦʧʘʩʥʳʝ ʟʦʥʳ, 

ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ.  
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Abstract. The article discusses one of the main problems faced by engineering and technical 

personnel during the operation of aircraft with gas turbine engines ï vortex suction of foreign 

objects into the engine air path. The analysis of works on the topic under study was carried out and 

the main results were identified. The factor of the Coriolis force, which influences the formation of 

vortices under the air intakes of aircraft engines, but was not taken into account in the analyzed 

works, is highlighted. The dependence of the influence of this factor on the geographic location of 

the aerodrome for the operation of the aircraft on the Earth's surface has been investigated. A way 

of practical application of the revealed feature when adjusting the values of hazardous zones of 

aircraft engines for different geographic latitudes is proposed. 

Keywords: air intake vortices, gas turbine engine, hazardous areas, Coriolis force. 

 

ɺʦʟʜʫʰʥʳʝ ʩʫʜʘ (ɺʉ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʝʨʝʚʦʟʠʪʴ ʧʘʩʩʘʞʠʨʦʚ ʠ ʛʨʫʟʳ ʥʘ 

ʦʛʨʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʟʘ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ. ʇʦ ʜʘʥʥʦʡ ʧʨʠʯʠʥʝ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ ʧʘʩʩʘʞʠʨʦ- ʠ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ 

ʫʞʝ ʤʥʦʛʦ ʣʝʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ.  

ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʩʣʫʞʠʪ 

ʧʦʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʦʟʜʫʰʥʳʡ ʪʨʘʢʪ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

(ɻʊɼ) ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʨʘʙʦʪʳ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʢʫʥʜʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʜʚʠʛʘʪʝʣʴ ʦʪ ʛʦʜʘ ʝʛʦ 

ʚʳʧʫʩʢʘ (ʨʠʩ. 1), ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʝʣʠʯʠʥʘ Gɺ ʚʳʨʦʩʣʘ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ.   
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ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʢʫʥʜʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʜʚʠʛʘʪʝʣʴ ʦʪ ʛʦʜʘ ʝʛʦ ʚʳʧʫʩʢʘ 

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʚʝʣʠʯʠʥʳ ʩʝʢʫʥʜʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʯʝʨʝʟ 

ʚʦʟʜʫʰʥʳʡ ʪʨʘʢʪ ɻʊɼ ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ 

ʨʘʙʦʪʳ, ʥʦ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʠʭʨʝʡ ʧʦʜ ʥʠʤ (ʨʠʩ. 2, 

ʘ), ʢʦʪʦʨʳʝ ʧʦʨʦʜʠʣʠ ʨʷʜ ʧʨʦʙʣʝʤ. ʆʩʥʦʚʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʪʘʣʦ ï ʚʠʭʨʝʚʦʝ ʟʘʩʘʩʳʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 2, ʙ). ʉʣʝʜʩʪʚʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʪʨʘʢʪʘ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 

2, ʚ), ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʘ 

ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʚʨʝʤʝʥʥʦʛʦ ʩʥʷʪʠʷ ɻʊɼ ʩ ɺʉ, ʘ ʠʥʦʛʜʘ ʠ ʧʦʣʥʫʶ ʝʛʦ ʟʘʤʝʥʫ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʠʭʨʴ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ɻʊɼ (ʘ), ʟʘʩʘʩʳʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʝʛʦ 

ʧʨʝʜʤʝʪʘ ʚ ɻʊɼ (ʙ) ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ (ʚ) 

 

ʇʨʦʙʣʝʤʘ ʚʠʭʨʝʚʦʛʦ ʟʘʩʘʩʳʚʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʟʘ ʛʦʜʳ ʝʸ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʥʦʛʠʤʠ ʫʯʝʥʳʤʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʚʠʭʨʝʡ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘʤʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ: 
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 ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʷ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ 
ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʘʥʘʣʦʛʠʯʝʥ ʧʨʦʮʝʩʩʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʠʭʨʝʡ ï ʪʦʨʥʘʜʦ [ɼʘʥʠʣʝʥʢʦ, 2011; ɼʘʥʠʣʝʥʢʦ, 2018]; 

 ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ ʩʝʢʫʥʜʥʦʛʦ 
ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ɻʊɼ, ʥʦ ʠ ʦʪ ʚʳʩʦʪʳ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʵʨʦʜʨʦʤʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʳ ʝʛʦ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ [ʂʦʤʦʚ, 2014; 

ɽʚʜʦʢʠʤʦʚ, 1987; ɼʘʥʠʣʝʥʢʦ, 2011]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ [ɼʘʥʠʣʝʥʢʦ, 2011], ʢʘʢ ʟʘʱʠʱʘʶʱʠʭ ʵʣʝʤʝʥʪʳ ɻʊɼ ʦʪ 

ʟʘʩʘʩʳʚʘʝʤʳʭ ʚʠʭʨʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ (ʟʘʱʠʪʥʳʝ ʩʝʪʢʠ), ʪʘʢ ʠ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʷ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

(ʚʳʜʚʠʞʥʳʝ ʱʠʪʢʠ, ʩʪʨʫʡʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʦʢʥʘ ʧʦʜʧʠʪʢʠ ʠ ʧʨʦʯʝʝ).  

ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ. 

ʊʘʢʞʝ ʚ ʘʚʠʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʩʥʠʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ɻʊɼ ɺʉ ʧʨʠ 

ʝʛʦ ʨʘʙʦʪʝ ʚʚʝʣʠ ʪʘʢʦʝ ʧʦʥʷʪʠʝ ʢʘʢ çʦʧʘʩʥʳʝ ʟʦʥʳè (hazard areas) ï ʵʪʦ ʟʦʥʳ 

ʧʝʨʝʜ ʠ ʟʘ ʜʚʠʛʘʪʝʣʝʤ ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʧʝʨʩʦʥʘʣʘ. ɼʘʥʥʳʝ ʟʦʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ɺʉ ʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʥʝʤ ʜʚʠʛʘʪʝʣʷ ʠ ʚʳʩʦʪʳ ʝʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʵʨʦʜʨʦʤʘ. ɺʝʣʠʯʠʥʘ ʜʘʥʥʳʭ ʟʦʥ ʫʢʘʟʘʥʘ ʢʘʢ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʪʘʢ ʠ ʥʘʥʝʩʝʥʘ ʥʘ ʩʘʤʠ ʜʚʠʛʘʪʝʣʠ (ʨʠʩ. 3).  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʧʘʩʥʳʝ ʟʦʥʳ ʜʚʠʛʘʪʝʣʷ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʚʠʭʨʝʚʦʛʦ ʟʘʩʘʩʳʚʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ, ʥʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʘ ʫʯʠʪʳʚʘʷ 

ʪʝʥʜʝʥʮʠʶ ʚ ʨʘʟʚʠʪʠʠ ɻʊɼ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʝʢʫʥʜʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦʙ ʫʩʠʣʝʥʠʠ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʙʫʜʫʱʝʤ. 

ʊʘʢʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʭʦʞʝʩʪʴ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚʠʭʨʝʡ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʚʠʭʨʝʡ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʚ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ 

ʨʘʙʦʪʘʭ, ʚʣʠʷʥʠʝ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʝʥʝʨʘʪʦʨʦʚ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʚʠʭʨʝʡ, ʥʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʫʯʝʥʳʭ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʜʘʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʥʘʰʣʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʚʠʭʨʝʚʦʛʦ ʟʘʩʘʩʳʚʘʥʠʷ.   

ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʠʣʳ 
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ʂʦʨʠʦʣʠʩʘ ʥʘ ʧʨʦʮʝʩʩ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ [ɼʘʥʠʣʝʥʢʦ, 2018; ʂʠʨʝʥʯʝʚ, 2016], ʘ 

ʠʤʝʥʥʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʚʣʠʷʝʪ ʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫ ʟʝʤʣʠ, ʫʚʝʣʠʯʠʚʘʷ ʝʸ ʥʘ 11,26 %, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʨʨʝʢʪʝʥ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪʩʢʘ (ʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ), 

ʛʜʝ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ɚ = 52Ü. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʠʟ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ [ɼʘʥʠʣʝʥʢʦ, 2011], ʤʦʞʥʦ ʧʨʦʩʯʠʪʘʪʴ ʧʨʦʮʝʥʪ 

ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ æʩ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʘʵʨʦʜʨʦʤʘ ʚʙʣʠʟʠ ʚʠʭʨʷ ʧʦ ʚʩʝʤ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʰʠʨʦʪʘʤ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ: 

 

ὖʢʦʨά ς ό ÓÉÎ ʇ,                                                   (1) ̈‫ 

 

ʛʜʝ m ï ʤʘʩʩʘ ʦʙʲʝʢʪʘ ʠʣʠ ʯʘʩʪʠʮʳ; 

ɤʟ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ; 

u ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʠʣʠ ʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; 

ɚ ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʠʭʨʷ ɻʊɼ ʦʪ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʵʨʦʜʨʦʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʧʫʩʢ ɺʉ ʩ ʜʘʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ (ʨʠʩ. 4).   

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʨʘʱʝʥʠʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʠʭʨʷ 

ɻʊɼ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʵʨʦʜʨʦʤʘ 

 

ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ 4 ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʷ ʧʦʜ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘʤʠ 

ɻʊɼ, ʫʚʝʣʠʯʠʚʘʷ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʪ 0% ʥʘ ʵʢʚʘʪʦʨʝ ʜʦ 14, 

23% ʥʘ ʧʦʣʶʩʘʭ. ʅʦ ʜʣʷ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʬʘʢʪʦʨʘ ʩʪʦʠʪ ʫʯʝʩʪʴ, ʥʘ ʢʘʢʠʭ ʰʠʨʦʪʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ. ɼʣʷ ʜʘʥʥʦʡ ʮʝʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʘʚʠʘʧʝʨʝʚʦʟʢʘʤ ʟʘ 2019 ʛʦʜ ʧʦ ʨʘʟʣʠʯʥʳʤ ʟʦʥʘʤ 

ʟʝʤʥʦʛʦ ʰʘʨʘ (ʨʠʩ. 5) ʠ ʜʘʥʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʝʪʦʚ ʟʘ ʜʝʥʴ, ʚʟʷʪʳʤʠ ʩ 

ʩʘʡʪʘ Flightradar24 (ʨʠʩ. 6). ɼʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
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ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʧʨʦʠʩʭʦʜʠʪ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʘ 

ʠʤʝʥʥʦ ʚ ʝʛʦ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ (ʚʝʣʠʯʠʥʘ ɚ ʦʪ 20 Ü ʜʦ 50Ü). ɺ ʫʢʘʟʘʥʥʳʭ ʰʠʨʦʪʘʭ 

ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʦʪ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 5 ʜʦ 11 ʧʨʦʮʝʥʪʦʚ, ʧʦʜʦʙʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʝʩʦʤʥʝʥʥʦ 

ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊɼ ɺʉ ʥʘ ʘʵʨʦʜʨʦʤʝ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʮʝʥʪʳ ʪʨʘʬʠʢʘ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʘʩʩʘʞʠʨʦ-ʢʠʣʦʤʝʪʨʘʭ ʧʦ 

ʟʦʥʘʤ ʟʘ 2019 ʛʦʜ [World Air Transport Statistics 2019 Edition, 2019] 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʝʪʦʚ ʚ ʤʠʨʝ ʥʘ 10.10.2021 [Flightradar24: Live 

Flight Tracker, 2021] 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʫʯʝʩʪʴ ʧʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʦʧʘʩʥʳʭ ʟʦʥ 

ʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʣʠʩʴ ʚʳʰʝ (ʩʤ. ʨʠʩ. 2), ʧʦʩʢʦʣʴʢʫ ʠʭ ʨʘʟʤʝʨʳ 

ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ɻʊɼ ʠ ʝʛʦ ʚʳʩʦʪʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʵʨʦʜʨʦʤʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ ʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʷ [ɼʘʥʠʣʝʥʢʦ, 2011]. ɽʩʣʠ ʩʜʝʣʘʪʴ ʜʦʧʫʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ ʦʧʘʩʥʦʡ ʟʦʥʳ ʜʚʠʛʘʪʝʣʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦʜ ʝʛʦ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʦʤ, ʪʦ ʪʦʛʜʘ ʧʨʠʨʘʱʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʟʦʥʳ ʙʫʜʝʪ ʨʘʚʥʦ 

ʧʨʠʨʘʱʝʥʠʶ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ Dl å Dʩ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 4 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ Dl ʦʪ ɚ (ʨʠʩ. 7). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʵʨʦʜʨʦʤʘʭ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʚʝʣʠʯʠʥʘ ʦʧʘʩʥʳʭ ʟʦʥ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʠʨʘʱʝʥʠʷ Dl, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʥʫʣʶ ʥʘ ʵʢʚʘʪʦʨʝ, ʛʜʝ 

ʚʣʠʷʥʠʝ ʩʠʣ ʂʦʨʠʦʣʠʩʘ ʤʠʥʠʤʘʣʴʥʦ ʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ 14, 23 % ʥʘ ʧʦʣʶʩʘʭ ɿʝʤʣʠ.   

 

 
 

ʈʠʩʫʥʦʢ 7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʧʘʩʥʳʭ ʟʦʥ 

ʦʪ ʰʠʨʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʵʨʦʜʨʦʤʘ 

 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʠʨʘʱʝʥʠʷ ʦʧʘʩʥʳʭ ʟʦʥ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʘʭ 

ʈʦʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ çʟʦʥ ʦʧʘʩʥʦʩʪʠè ʜʚʠʛʘʪʝʣʷ ʧʦ ʛʦʨʦʜʘʤ 

ʈʦʩʩʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʘ 
 

ʅʘʟʚʘʥʠʝ ʛʦʨʦʜʘ ʈʦʩʩʠʠ ʐʠʨʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ, ɚ̄ D l, % 

ʄʘʭʘʯʢʘʣʘ 42,984913 9,7 

ʉʦʯʠ 43,581509 9,8 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 47,227151 10,4 

ʍʘʙʘʨʦʚʩʢ 48,472584 10,6 

ɺʦʨʦʥʝʞ 51,661535 11,2 

ʀʨʢʫʪʩʢ 52,28638 11,2 

ʅʦʚʦʩʠʙʠʨʩʢ 55,028739 11,7 

ʄʦʩʢʚʘ 55,755773 11,8 

ʇʝʨʤʴ 58,004785 12,1 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 59,938806 12,3 

ʗʢʫʪʩʢ 62,027833 12,6 

ɸʨʭʘʥʛʝʣʴʩʢ 64,539304 12,9 

ʄʫʨʤʘʥʩʢ 68,9695 13,3 

ʅʦʨʠʣʴʩʢ 69,349039 13,3 
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ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʥʝʪʦʯʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʘʩʥʳʭ ʟʦʥ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʵʨʦʜʨʦʤʘʭ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʥʝ ʫʯʠʪʳʚʘʝʤʦʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʧʨʠʨʘʱʝʥʠʝ ʚʝʣʠʯʠʥ ʦʧʘʩʥʳʭ ʟʦʥ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 9,7 ʜʦ 13,3%, ʯʪʦ ʤʦʞʝʪ 

ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ ʚ ʥʘʰʝʤ ʨʝʛʠʦʥʝ.      

 

ɺʳʚʦʜʳ 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʧʘʩʥʳʭ ʟʦʥ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ɻʊɼ ʟʘʚʠʩʠʪ ʦʪ ʚʣʠʷʥʠʷ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʵʨʦʜʨʦʤʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʵʢʩʧʣʫʘʪʘʮʠʷ ɺʉ ʩ ʜʘʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ 0% ʥʘ 

ʵʢʚʘʪʦʨʝ ʜʦ 14,23 % ʥʘ ʧʦʣʶʩʘʭ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 5 ʜʦ 11 ʧʨʦʮʝʥʪʦʚ. ɺʳʷʚʣʝʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊɼ ɺʉ, ʥʝʩʦʤʥʝʥʥʦ, ʪʨʝʙʫʝʪ ʫʯʝʪʘ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ 

ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʠ ʧʨʠʚʝʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ.  
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Abstract. The article presents the definition of a gas turbine engine with a variable 

workflow and considers the ways of development of gas turbine engines with a variable workflow 
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ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ɺʦʝʥʥʦʡ ʜʦʢʪʨʠʥʳ ʈʌ. ʈʫʢʦʚʦʜʩʪʚʦʤ ʄʆ ʠ 

ɺʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʣ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ 

ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʚʠʘʮʠʠ. ʆʧʳʪ ʙʦʝʚʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʘʚʠʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚ 

ʉʠʨʠʡʩʢʦʡ ɸʨʘʙʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʫʩʧʝʭ 

ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ [ɹʘʨʘʙʘʥʦʚ, 2018]. 

ʋʩʧʝʭ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʜʥʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʨʘʙʦʪʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɻʊɼ), ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʩʦʩʪʘʚʝ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚʦʟʥʠʢʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʨʝʘʢʪʠʚʥʦʡ ʘʚʠʘʮʠʠ [ʂʨʘʩʥʦʚ, 2016].  
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ɼʚʠʛʘʪʝʣʠ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ ʥʘ ʢʘʞʜʳʡ ʭʘʨʘʢʪʝʨʥʳʡ 

ʨʝʞʠʤ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʠʟʤʝʥʷʝʤʳʤ ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ. 

ɼʚʠʛʘʪʝʣʠ ʩ ʠʟʤʝʥʷʝʤʳʤ ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʜʚʫʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1. ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ çʢʣʘʩʩʠʯʝʩʢʠʤè ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʊɼ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʭʝʤ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʫʧʨʘʚʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʩ 

ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ ɸʃ-31ʌ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʉʫ-27 ʠ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʡ, ʈɼ33-2ʉ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʄʠɻ-29 ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ, ɸʃ-

41ʌ-1ʉ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʉʫ-35ʉ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʊɼ ʩʣʝʜʫʶʱʠʝ ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ: 

 ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ (ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ); 

 ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʢʦʤʧʨʝʩʩʦʨʘ 
ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʟʘʢʨʳʣʢʦʚ ʚʭʦʜʥʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʢʦʤʧʨʝʩʩʦʨʘ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ 

ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ); 

 ʚʳʜʚʠʞʝʥʠʝ ʢʣʠʥʘ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ (ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʪʨʝʙʫʝʤʳʭ ʟʘʧʘʩʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ) [ʂʫʣʝʰʦʚ, 

1986; ʊʠʭʦʤʠʨʦʚ, 2005]. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ɻʊɼ ʦʪ ʥʘʨʫʰʝʥʠʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

1) ʜʝʞʫʨʥʳʡ: ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʨʳʚʥʦʛʦ ʨʝʞʠʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ 

ʢʦʤʧʨʝʩʩʦʨʝ, ʣʠʢʚʠʜʘʮʠʶ ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ; 

2) ʩʧʝʮʠʘʣʴʥʳʡ (ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʣʝʪʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ): ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʟʘʧʘʩʦʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʛʘʪʝʣʷ [ʂʫʣʝʰʦʚ, 1986]. 

ɺ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʤ ʜʚʫʭʢʦʥʪʫʨʥʦʤ ʜʚʠʛʘʪʝʣʝ ʩ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ 

ʩʛʦʨʘʥʠʷ ɼ-30ʌ6 ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʄʠɻ-31 ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ɻʊɼ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ: 

 ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʚʳʢʣʶʯʝʥʠʝ ʦʩʥʦʚʥʦʡ ʠ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ 

ʦʪ 0,3 ʜʦ 5,3 ʩ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʦʨʦʪʦʤ ʣʦʧʘʪʦʢ ʚʭʦʜʥʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʘʧʧʘʨʘʪʘ ʥʘ 0,3 ʩ; 

 ʚʳʜʚʠʞʝʥʠʝ ʢʣʠʥʘ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʥʘ 0,3 ʩ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ [ʂʫʣʝʰʦʚ, 1984].  

ɺ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʤ ʜʚʫʭʢʦʥʪʫʨʥʦʤ ʜʚʠʛʘʪʝʣʝ ʩ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ 

ʩʛʦʨʘʥʠʷ ʅʂ-25 ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʊʫ-22ʄ3 ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ɻʊɼ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʦʩʥʦʚʥʦʡ ʠ ʬʦʨʩʘʞʥʦʡ 

ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ, ʘ ʥʘ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʚ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ [ɺʣʘʜʠʤʠʨʦʚ, 1984].  
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ʋʧʨʘʚʣʝʥʠʝ ɻʊɼ ʈ-100-PW-229 ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ F-15 ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠʩʪʨʝʙʠʪʝʣʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʠʚʘʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʜʘʝʪʩʷ ʢʦʤʘʥʜʘ ʣʠʙʦ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ, 

ʩʦʧʣʘ, ʣʠʙʦ ʥʘ ʨʝʛʫʣʠʨʦʚʢʫ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ [ʂʨʘʩʥʦʚ, 2016].  

ɺ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ɸʀ-222-

25 ʦʪ ʥʘʨʫʰʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʗʢ-130 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʊɼ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʚ ʦʩʥʦʚʥʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʘʧʧʘʨʘʪʦʚ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ [ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʈɼɼ ɸʀ-222-25, 2015]. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʫʨʙʦʚʘʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117ɺʄɸ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʄʠ-28 ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʚʧʨʳʩʢʘ ʚʦʜʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ. ɼʣʷ ʚʧʨʳʩʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʠʣʠ ʚʦʜʦʩʧʠʨʪʦʚʘʷ ʩʤʝʩʴ. ɺʧʨʳʩʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦ 

ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʦʩʪʠ ʩʝʢʮʠʡ ʧʳʣʝʟʘʱʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʚʭʦʜ ʚ ʢʦʤʧʨʝʩʩʦʨʳ 

ʜʚʠʛʘʪʝʣʝʡ. ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʢʘʙʠʥʳ ʵʢʠʧʘʞʘ ʧʨʠ 

ʥʘʞʘʪʠʠ ʛʘʰʝʪʢʠ çʇʋʉʂè ʥʘ ʨʫʯʢʝ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʪʦʣʝʪʦʤ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ 

ʛʘʰʝʪʢʠ çʇʋʉʂè ʩʭʦʜ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʟʘʜʝʨʞʢʦʡ ʚ 0,25 

ʩ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʚʧʨʳʩʢʘ ʚʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʣʠʪʩʷ 2 ʩ [ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʝʨʪʦʣʝʪʘ ʄʠ-28ʅ, 2005]. 

ʅʘ ʪʫʨʙʦʚʘʣʴʥʦʤ ʜʚʠʛʘʪʝʣʝ ɺʂ-2500 ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʄʠ-28, ʂʘ-

50, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117ɺʄɸ ʫʚʝʣʠʯʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʥʘ 

ʨʝʞʠʤʘʭ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʢʦʤʧʨʝʩʩʦʨʘ ʠ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʶʱʠʡ ʜʚʠʛʘʪʝʣʴ ʚ ʨʝʞʠʤ çʄʘʣʳʡ ʛʘʟè.  

ʅʘ ʪʫʨʙʦʚʘʣʴʥʦʤ ʜʚʠʛʘʪʝʣʝ ɺʂ-2500ʇ(ʇʉ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ɺʂ- 2500ʇ(ʇʉ) ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʦʙʲʝʢʪʦʚʳʡ ʚʧʨʳʩʢ ʚʦʜʳ ʠʣʠ ʚʦʜʦʩʧʠʨʪʦʚʦʡ ʩʤʝʩʠ ʥʘ ʚʭʦʜ ʚ ʢʦʤʧʨʝʩʩʦʨ.  

ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ɸʃ-41ʌ-1 ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʉʫ-57 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʦʚʝʡʰʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ɸʃ-41ʌ-1 ʷʚʣʷʝʪʩʷ ʧʣʘʟʤʝʥʥʘʷ ʙʝʩʢʠʩʣʦʨʦʜʥʘʷ 

ʩʠʩʪʝʤʘ ʨʦʟʞʠʛʘ ʦʩʥʦʚʥʦʡ ʠ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʘ ʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʘ 

ʥʘ ʨʦʩʩʠʡʩʢʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ. 

ɼʚʠʛʘʪʝʣʴ ʦʪʣʠʯʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʝʨʭʟʚʫʢʦʚʫʶ ʩʢʦʨʦʩʪʴ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʩʘʞʘ, ʘ ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ ʮʠʬʨʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʦʣʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʥʪʨʦʣʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 
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ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [ɼʚʠʛʘʪʝʣʴ ɸʃ-41ʌ-1, 

2019]. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ɻʊɼ 

ʧʦʢʘʟʘʣ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠʢʨʳʪʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʛʣʳ 

ʘʪʘʢʠ ʥʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ ʙʣʠʟʢʠʝ ʢ ʨʘʩʯʝʪʥʳʤ, ʥʦ ʫʤʝʥʴʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ. ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʦʚ ʘʪʘʢʠ ʥʘ 

ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ ʧʨʠ ʪʘʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʢʦʤʧʨʝʩʩʦʨʝ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʠ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʷʛʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʚʠʛʘʪʝʣʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʨʠʡʥʦʛʦ ɻʊɼ ɸʃ-31ʌ,  

ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

UniTTF (ʢʦʥʪʨʘʢʪ ˉ 20-ʆɺ ʦʪ 14.12.2012 ʛ.), ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʫʨʦʚʥʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʊɼ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʪʝʥʜʝ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʢʨʳʪʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

çʧʨʦʚʘʣʫè ʪʷʛʠ ɻʊɼ ʥʘ 9,3 %. 

2. ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʜʚʠʛʘʪʝʣʝʡ, ʫ ʢʦʪʦʨʳʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʘʤʦʡ ʩʭʝʤʳ. ʕʪʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ, ʢʘʩʢʘʜʦʚ 

ʢʦʤʧʨʝʩʩʦʨʦʚ, ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʨʝʢʣʶʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʀʟʤʝʥʝʥʠʝ ʩʭʝʤʳ ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʣʦʞʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʠ ʩʪʝʧʝʥʴ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʝʥʪʠʣʷʪʦʨ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ ʩ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ 

ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ ʥʘ ʢʨʝʡʩʝʨʩʢʠʭ ʨʝʞʠʤʘʭ ʠ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʪʷʛʦʡ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʜʝʷ ʜʚʠʛʘʪʝʣʷ, ʦʩʥʘʱʝʥʥʦʛʦ 

ʪʘʢʦʛʦ ʨʦʜʘ ʚʝʥʪʠʣʷʪʦʨʦʤ (çʜʚʠʛʘʪʝʣʴ ʩ ʘʜʘʧʪʠʚʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤè), ʰʠʨʦʢʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʘʤʦʣʝʪʥʳʤʠ ʠ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʳʤʠ ʬʠʨʤʘʤʠ [ʂʫʣʠʙʠʥ, 

2013]. 

ʇʦʜ ʘʜʘʧʪʠʚʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ 

ʚʝʥʪʠʣʷʪʦʨ, ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 

ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʧʨʠʚʝʜʝʥʥʦʡ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʉʭʝʤʘ ʪʘʢʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʜʚʫʭʲʷʨʫʩʥʦʡ ʩʪʫʧʝʥʠ ʚʝʥʪʠʣʷʪʦʨʘ ʩ 

ʧʨʠʚʦʜʦʤ ʦʪ ʢʘʩʢʘʜʦʚ ʥʠʟʢʦʛʦ ʠʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʩʥʘʱʝʥʥʳʭ 

ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʩʪʘʪʦʨʥʳʤʠ ʢʘʩʢʘʜʘʤʠ ʠ ʢʘʥʘʣʘʤʠ 

ʧʝʨʝʧʫʩʢʘ. ɺ ʩʣʫʯʘʝ ʧʨʠʚʦʜʘ ʵʪʦʡ ʩʪʫʧʝʥʠ ʦʪ ʢʘʩʢʘʜʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜ 

ʚʝʥʪʠʣʷʪʦʨʦʤ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʚʩʶ ʩʠʩʪʝʤʫ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥ, ʩʞʠʤʘʶʱʠʭ 

ʚʦʟʜʫʭ ʜʣʷ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ. ʈʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʚʢʣʶʯʝʥʠʷ ʠʣʠ 

ʚʳʢʣʶʯʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʯʘʩʪʝʡ ʜʚʫʭʲʷʨʫʩʥʳʭ ʩʪʫʧʝʥʝʡ ʧʦʟʚʦʣʷʶʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʥʪʠʣʷʪʦʨʘ. ɼʚʠʛʘʪʝʣʴ, 
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ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʜʘʧʪʠʚʥʳʡ ʚʝʥʪʠʣʷʪʦʨ, ʤʦʞʝʪ ʠʤʝʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʪʨʝʪʠʡ 

ʢʦʥʪʫʨè ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʩ ʨʘʟʜʝʣʴʥʳʤ ʠʩʪʝʯʝʥʠʝʤ ʧʦʪʦʢʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠʟ 

ʢʘʥʘʣʘ ʵʪʦʛʦ ʢʦʥʪʫʨʘ, ʪʘʢ ʚ ʚʘʨʠʘʥʪʝ ʩʦ ʩʤʝʰʝʥʠʝʤ ʩ ʦʩʥʦʚʥʳʤ ʧʦʪʦʢʦʤ 

ʜʚʠʛʘʪʝʣʷ, ʨʠʩʫʥʦʢ 1. 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʷʤʠ VCE ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ɻʊɼ 

ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ʜʚʘ ʢʘʩʢʘʜʘ ʩ ʜʚʦʡʥʳʤ ʧʝʨʝʧʫʩʢʦʤ: 

ʚʥʝʰʥʠʡ ʢʘʥʘʣ ʧʝʨʝʧʫʩʢʘ ʤʝʞʜʫ ʢʘʩʢʘʜʘʤʠ ʚʝʥʪʠʣʷʪʦʨʘ ʧʣʶʩ ʩʪʘʥʜʘʨʪʥʳʡ 

ʢʘʥʘʣ ʧʝʨʝʧʫʩʢʘ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʢʘʩʢʘʜʘ ʚʝʥʪʠʣʷʪʦʨʘ; ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 

ʯʝʨʝʟ ʧʝʨʚʳʡ ʢʘʩʢʘʜ ʙʦʣʴʰʝ, ʯʝʤ ʙʳʣ ʙʳ ʚʦʟʤʦʞʝʥ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ ʪʝʭ ʞʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʂʘʞʜʳʡ ʢʘʩʢʘʜ ʚʝʥʪʠʣʷʪʦʨʘ ʦʩʥʘʱʝʥ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ 

ʘʧʧʘʨʘʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʫʧʨʘʚʣʷʪʴ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ [ʃʘʥʰʠʥ, 2017]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʚʠʛʘʪʝʣʷ VCE (Variable Cycle Engine) ʬʠʨʤʳ GE 

 

ʅʘ ʨʝʞʠʤʘʭ ʜʦʟʚʫʢʦʚʦʛʦ ʢʨʝʡʩʝʨʩʢʦʛʦ ʧʦʣʝʪʘ (ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ) ʧʝʨʚʳʡ ʢʘʩʢʘʜ ʚʝʥʪʠʣʷʪʦʨʘ 

ʫʧʨʘʚʣʷʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʪʝʨʷʤʠ ʥʘ 

ʚʭʦʜʝ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘ ʵʪʦʤ ʨʝʞʠʤʝ 

ʚʪʦʨʦʡ ʢʘʩʢʘʜ ʚʝʥʪʠʣʷʪʦʨʘ ʫʧʨʘʚʣʷʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʢʨʝʡʩʝʨʩʢʫʶ ʪʷʛʫ. 

ʅʘ ʨʝʞʠʤʘʭ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʠ/ʠʣʠ ʫʩʢʦʨʝʥʠʷ ʠ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʣʝʪʘ 

(ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ) ʚʪʦʨʦʡ 

ʢʘʩʢʘʜ ʚʝʥʪʠʣʷʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʚʩʝʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʠʟ 

ʧʝʨʚʦʛʦ ʢʘʩʢʘʜʘ ʚʝʥʪʠʣʷʪʦʨʘ; ʧʨʠ ʵʪʦʤ ʜʚʠʛʘʪʝʣʴ ʨʝʛʫʣʠʨʫʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ VCE ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʫʚʝʣʠʯʝʥʥʫʶ ʤʘʩʩʫ ʜʚʠʛʘʪʝʣʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʫʚʝʣʠʯʝʥʥʳʝ ʧʦʪʝʨʠ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʥʘ ʨʝʞʠʤʝ ʜʚʦʡʥʦʛʦ ʧʝʨʝʧʫʩʢʘ ʚ 

ʩʚʷʟʠ ʩʦ ʩʤʝʰʝʥʠʝʤ ʧʦʪʦʢʦʚ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩʤʝʩʠʪʝʣʷ. 
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ʈʘʟʨʝʰʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ 

ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʪʷʛʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʥʦ ʠ ʘʜʘʧʪʠʚʥʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʜʘʞʝ ʢʦʥʮʝʧʮʠʷ ʪʘʢʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ ʤʦʞʝʪ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʧʨʝʩʩʦʨ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʘʜʘʧʪʠʚʥʘʷ ʪʫʨʙʠʥʘ, ʩʘʤ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʳʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ 

ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 

ʧʘʪʝʥʪʝ [ʃʘʥʰʠʥ, 2017]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ɻʊɼ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ 

 

ʇʦʪʦʢ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ ʚ ʜʚʠʛʘʪʝʣʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʫʨʙʠʥʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʢʘʢ ʦʙʳʯʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ 

ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ. 

ʇʨʠ ʧʦʣʝʪʝ ʩ ʚʳʩʦʢʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʦʛʜʘ ʚʦʟʜʫʭ ʵʬʬʝʢʪʠʚʥʦ 

ʩʞʠʤʘʝʪʩʷ ʚʦ ʚʭʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʢʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʢʨʳʪ, ʪʝʤ ʩʘʤʳʤ ʥʘʧʨʘʚʣʷʷ ʚʦʟʜʫʭ ʠʟ-ʟʘ ʚʝʥʪʠʣʷʪʦʨʘ ʩʨʘʟʫ ʚ ʢʘʤʝʨʫ 

ʩʛʦʨʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʚʠʛʘʪʝʣʴ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʤʫ ʜʚʠʛʘʪʝʣʶ. 

ʂʣʘʧʘʥʳ ʧʝʨʝʧʫʩʢʘ ʧʦʟʚʦʣʷʶʪ ʧʣʘʚʥʦ ʧʝʨʝʢʣʶʯʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʪʘʢʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʧʫʩʢʘʷ ʚʦʟʜʫʭ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʘʥʘʣ ʧʝʨʝʧʫʩʢʘ. 

ʊʦʪ ʞʝ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʚ ʧʨʦʛʨʘʤʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʚ 

ʪʫʨʙʠʥʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ: ʛʘʟ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʚ 

ʦʙʭʦʜ ʪʫʨʙʠʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʯʝʨʝʟ ʢʘʥʘʣ ʧʝʨʝʧʫʩʢʘ ʣʠʙʦ ʚ ʪʫʨʙʠʥʫ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʣʠʙʦ ʧʦ ʦʙʦʠʤ ʢʘʥʘʣʘʤ. ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʛʘʟʘ ʚ 

ʪʫʨʙʠʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʦʨʦʪʥʳʝ ʩʦʧʣʦʚʳʝ ʘʧʧʘʨʘʪʳ. 

ɼʚʠʛʘʪʝʣʴ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʢʦʤʧʨʝʩʩʦʨʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʢʣʶʯʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʣʝʪʘ, ʵʪʦ ʩʪʘʚʠʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʦ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ. ʊʘʢʞʝ ʩʘʤʳʡ 

ʥʘʛʨʫʞʝʥʥʳʡ ʵʣʝʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ï ʪʫʨʙʠʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ï ʨʘʙʦʪʘʝʪ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ, ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʘʛʨʫʞʝʥʠʷ. ʂʦʥʮʝʧʮʠʷ ʩʤʝʥʳ ʢʘʥʘʣʘ ʪʝʯʝʥʠʷ ʛʘʟʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʩʪʘʥʦʚʢʫ ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʦʧʣʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʢʘʞʜʦʤ ʠʟ 

ʢʘʥʘʣʦʚ ʚ ʪʫʨʙʠʥʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʪʴ ʪʝʯʝʥʠʝ ʛʘʟʘ. 
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ʀʟʤʝʥʝʥʠʝ ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʚ ʩʦʧʣʦʚʦʤ ʘʧʧʘʨʘʪʝ ʪʫʨʙʠʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʘʥʦʚʢʫ ʥʦʚʳʭ 

ʟʘʜʘʯ ʧʦ ʨʘʩʯʝʪʫ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʩʯʝʪʫ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ 

ʠ ʪʫʨʙʠʥʳ. ʊʘʢʞʝ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʬʘʢʪʦʨʳ ʧʨʠ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʣʦ ʙʳ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʘʜʘʧʪʠʚʥʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʩ 

ʙʦʣʝʝ ʧʨʦʩʪʦʡ (ʪʨʘʜʠʮʠʦʥʥʦʡ) ʢʦʥʩʪʨʫʢʮʠʝʡ, ʩʦʭʨʘʥʷʶʱʠʡ ʧʝʨʝʤʝʥʥʳʡ ʨʘʩʭʦʜ 

ʠ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʫʶ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʮʠʢʣʝ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʘʜʘʧʪʠʚʥʳʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʨʘʩʭʦʜʘ ʠ ʦʪʥʦʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʠʛʨʳʰ ʧʦ ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʧʦʣʝʪʘ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ ʩ ʠʟʤʝʥʷʝʤʳʤ ʨʘʙʦʯʠʤ 

ʧʨʦʮʝʩʩʦʤ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʧʦʣʝʪʘ, ʧʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ 

ʠʟʤʝʥʷʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ [ʃʘʥʰʠʥ, 2017].  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʠʟʤʝʥʷʝʤʳʤ ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʳʧʦʣʥʷʝʤʳʭ ʠʤ ʟʘʜʘʯ ʜʦʣʞʝʥ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʝʪʘ.  

ʂʘʞʜʦʤʫ ʟʘʜʘʥʥʦʤʫ ʨʝʞʠʤʫ ʧʦʣʝʪʘ ʦʪʚʝʯʘʶʪ ʩʚʦʠ ʥʘʠʚʳʛʦʜʥʝʡʰʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʚʦʷ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ. 

ɺ ʉʐɸ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʠʟʤʝʥʷʝʤʳʤ 

ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ ʘʚʠʘʮʠʦʥʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ XA100. ɼʚʠʛʘʪʝʣʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʟʘʢʘʟʫ ɺɺʉ ʉʐɸ ʢʦʤʧʘʥʠʝʡ GE Aviation ʩ 2007 ʛʦʜʘ. 

ɸʜʘʧʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ XA100 ʧʦʣʫʯʠʣ ʪʨʠ ʢʦʥʪʫʨʘ: ʚʥʫʪʨʝʥʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʠ ʩʦʧʣʦʚʦʡ ʯʘʩʪʠ, ʠ ʜʚʘ ʚʥʝʰʥʠʭ. ʇʨʠ ʧʦʣʝʪʝ ʥʘ ʜʦʟʚʫʢʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʪʨʝʪʠʡ ʚʦʟʜʫʰʥʳʡ ʢʦʥʪʫʨ ʙʫʜʝʪ ʦʪʢʨʳʪ, ʠ ʜʚʠʛʘʪʝʣʴ ʩʪʘʥʝʪ ʨʘʙʦʪʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘʷ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʣʫʯʠʪ ʙʦʣʴʰʫʶ ʪʷʛʫ, 

ʧʨʠ ʵʪʦʤ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ ʫʤʝʥʴʰʠʪʩʷ. ʇʨʠ ʧʦʣʝʪʝ ʥʘ ʩʚʝʨʭʟʚʫʢʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʪʨʝʪʠʡ ʢʦʥʪʫʨ ʙʫʜʝʪ ʟʘʢʨʳʚʘʪʴʩʷ ʧʦʣʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʚʪʦʨʦʡ ʢʦʥʪʫʨ, ʫʤʝʥʴʰʠʪʩʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʘʜʘʧʪʠʚʥʦʤʫ ʦʙʚʦʜʥʦʤʫ ʚʦʟʜʫʰʥʦʤʫ ʧʦʪʦʢʫ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ XA100 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʣʦʧʘʩʪʷʭ 

ʪʫʨʙʠʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ ʧʦʟʚʦʣʷʶʪ 

GE ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʩʥʠʞʘʪʴ ʦʭʣʘʞʜʘʶʱʠʝ 

ʥʘʛʨʫʟʢʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ. ʉʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʜʝʢʘʙʨʷ 2020 ʛʦʜʘ. ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ 

ʧʦʢʘʟʘʣʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʧʨʦʛʥʦʟʘʤ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɸʜʘʧʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʠʩʪʨʝʙʠʪʝʣʝ F-35 Lightning II. 
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ʉʝʡʯʘʩ ʥʘ ʠʩʪʨʝʙʠʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ɻʊɼ Pratt & Whitney F135. ʋʩʪʘʥʦʚʢʘ 

ʘʜʘʧʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ XA100 ʥʘ ʃɸ F-35 ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʥʘ 50 %, ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ï ʥʘ 35%, ʘ ʪʷʛʘ ï ʥʘ 

10%. ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʧʦʣʝʪʝ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 25%.    

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚʦʟʜʫʰʥʳʤ 

ʧʦʪʦʢʦʤ, ʜʚʠʛʘʪʝʣʴ GE ACE ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʝʤ ʩ ʧʝʨʝʤʝʥʥʳʤ ʮʠʢʣʦʤ, ʢʦʪʦʨʳʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʤʝʞʜʫ ʨʝʞʠʤʦʤ ʚʳʩʦʢʦʡ ʪʷʛʠ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʠ ʨʝʞʠʤʦʤ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ. ʇʦʤʠʤʦ GE Aviation ʨʘʟʨʘʙʦʪʢʦʡ ʘʜʘʧʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʟʘʥʠʤʘʝʪʩʷ ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Pratt & Whitney. ɽʝ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ 

ʧʦʣʫʯʠʣʘ ʦʙʦʟʥʘʯʝʥʠʝ XA101. ʇʝʨʚʳʝ ʦʙʨʘʟʮʳ ʜʚʠʛʘʪʝʣʝʡ XA100 ʠ XA101 ʩʤʦʛʫʪ 

ʨʘʟʚʠʚʘʪʴ ʪʷʛʫ ʜʦ 200 ʢʅ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ F135 

ʠʩʪʨʝʙʠʪʝʣʷ F-35 ʩʦʩʪʘʚʣʷʝʪ 125 ʢʅ ʠ 191 ʢʅ ʚ ʨʝʞʠʤʝ ʬʦʨʩʘʞʘ [ʃʘʥʰʠʥ, 2017]. 

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ɻʝʨʤʘʥʠʠ ʠ 

ʌʨʘʥʮʠʠ ʩʦʟʜʘʣʠ ʩʦʶʟ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʠʩʪʨʝʙʠʪʝʣʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʣʝʪ ʠ ʧʦʣʝʪ ʥʘ 

ʥʠʟʢʦʡ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʫʶ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʤʝʥʴʰʠʡ ʚʝʩ, ʯʝʤ ʫ ʜʚʠʛʘʪʝʣʷ ʠʩʪʨʝʙʠʪʝʣʷ Rafale, 

ʪʷʛʘ ʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʠ ʧʦʟʚʦʣʠʪ ʠʩʪʨʝʙʠʪʝʣʶ SCAF 

ʥʝʩʪʠ ʙʦʣʴʰʝ ʚʦʦʨʫʞʝʥʠʷ. ɼʚʠʛʘʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʘʜʘʧʪʠʚʥʳʤ, ʩ ʠʟʤʝʥʷʝʤʦʡ 

ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ (ʨʝʛʫʣʠʨʫʝʤʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ), ʘ 

ʪʘʢʞʝ ʠʤʝʪʴ ʩʦʧʣʦ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ [ʆʙʦʟʨʝʥʠʝ ʎʀɸʄé, 2020]. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʝʡ ɻʊɼ 
(ɸʃ-31ʌ, ʈɼ33-2ʉ, ɸʃ-41ʌ-1ʉ, ɼ-30ʌ6, ʅʂ-25, ʈ-95ʐ, ʈ-100-PW-229, ɸʀ-

222-25, ʊɺ3-117ɺʄɸ, ɺʂ-2500, ɺʂ-2500ʇ(ʇʉ)), ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʊɼ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ɺʉ ʈʌ ʠ ʫ ʟʘʨʫʙʝʞʥʳʭ çʧʘʨʪʥʝʨʦʚè. 

2. ʇʨʠʤʝʥʝʥʠʝ ʫʧʨʘʚʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ ɻʊɼ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʊɼ ʠʤʝʶʪ 

ʥʝʜʦʩʪʘʪʢʠ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

3. ʇʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ɻʊɼ ʩ ʠʟʤʝʥʷʝʤʳʤ ʨʘʙʦʯʠʤ 

ʧʨʦʮʝʩʩʦʤ. 

4. ɺ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʥʦʚʳʭ ʩʭʝʤ ʜʣʷ ʩʚʝʨʭʟʚʫʢʦʚʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʩʬʦʨʩʘʞʥʦʛʦ ʢʨʝʡʩʝʨʩʢʦʛʦ 

ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʣʝʪʘ.  

5.  ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʠʟʤʝʥʷʝʤʳʤ 

ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʡ ʘʜʘʧʪʠʚʥʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʘʜʘʧʪʠʚʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʪʨʝʪʴʝʛʦ ʢʦʥʪʫʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʨʘʟʨʘʙʦʪʢʘ ʜʚʠʛʘʪʝʣʷ ʩ ʘʜʘʧʪʠʚʥʳʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ ʧʦʪʨʝʙʫʝʪ ʧʨʦʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʣʶʯʝʥʠʷ ʩʪʫʧʝʥʝʡ, ʪʝʭʥʦʣʦʛʠʡ ʰʠʨʦʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʥʘ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʨʝʛʫʣʠʨʫʝʤʳʡ ʩʦʧʣʦʚʦʡ ʘʧʧʘʨʘʪ ʪʫʨʙʠʥʳ. 
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6. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʭʝʤʦʡ, ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʭʝʤʘ ʜʚʠʛʘʪʝʣʷ ʩ ʪʨʝʪʴʠʤ ʢʦʥʪʫʨʦʤ ʠ ʘʜʘʧʪʠʚʥʳʤ  

ʚʝʥʪʠʣʷʪʦʨʦʤ ʚʩʣʝʜʩʪʚʠʝ ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʜʚʠʛʘʪʝʣʷ ʠ 

ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʪʴʝʛʦ ʢʦʥʪʫʨʘ [ʃʘʥʰʠʥ, 2017]. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʪʨʦʣʝʧʨʠʛʦʜʥʦʩʪʴʶ 

ʚʝʨʪʦʣʝʪʘ ʧʨʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʘʩʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʥʦʩʦʤ ʢʨʝʩʪʦʚʠʥ ʠ ʠʛʦʣʴʯʘʪʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʰʘʨʥʠʨʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʚʝʨʪʦʣʝʪʘ 

ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʪʨʦʣʷ ʩʦʦʩʥʦʩʪʠ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ, ʨʘʜʠʘʣʴʥʦʛʦ ʣʶʬʪʘ ʚ ʰʣʠʮʝʚʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʧʨʦʚʝʨʢʠ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʘʣʦʚ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʜʫʢʪʦʨʘ 

ʚʝʨʪʦʣʝʪʘ ʄʠ-8. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʦʥʪʨʦʣʷ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʧʦʩʣʝ ʝʛʦ ʤʦʥʪʘʞʘ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʪʦʣʝʪ, ʪʨʘʥʩʤʠʩʩʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʢʘʨʜʘʥʥʳʡ ʚʘʣ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

 

CARDAN SHAFT CONTROL TECHNOLOGY  OF FAN DRIVE  

ON THE MI -8 HELICOPTER AFTER ITS REPLACEMENT  

 

Kondratôeva M. A. 

Kuznetsov S. N., Candidate of Technical Sciences 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The article deals with the issues related to the inspectability of helicopter 

maintenance. Based on the analysis of the dangerous consequences associated with the wear of 

cross members and needle bearings of helicopter transmission joints, the measures of a constructive 

and technological nature aimed at improving the control of the cardan shaft, eccentricity in the 

spline connection of the fan drive and checking the parallelism of the fan and gearbox shafts of Mi-

8 helicopter are proposed. The technology of cardan shaft control after its installation with the aim 

of increasing the reliability of its operation is proposed. 

Key words: helicopter, transmission, devices, cardan shaft, flight safety. 

 

ʇʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ 

ʦʪʢʘʟ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʘʩʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʪʨʘʥʩʤʠʩʩʠʠ 

ʚʝʨʪʦʣʝʪʘ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʮʝʥʪʨʦʤ çɹʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʥʘ ʚʦʟʜʫʰʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝè ʥʝʦʜʥʦʢʨʘʪʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʣʫʯʘʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʨʠʚʦʜʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ʚʝʨʪʦʣʝʪʝ ʄʠ-8 ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ ʰʘʨʥʠʨʦʚ, ʘ ʪʘʢʞʝ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʣʫʯʘʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʢʨʝʩʪʦʚʠʥ ʠ ʠʛʦʣʴʯʘʪʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʧʝʨʚʦʛʦ ʨʝʤʦʥʪʘ 

ʚʝʨʪʦʣʝʪʘ ʠʣʠ ʩ ʜʝʪʘʣʷʤʠ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʝʨʪʦʣʝʪʝ ʄʠ-8ʊ (RA-24542) ʚ ʘʚʠʘʢʦʤʧʘʥʠʠ 

çʏʫʢʦʪʘʚʠʘè ʧʨʦʠʟʦʰʝʣ ʧʦʞʘʨ ʚ ʨʝʜʫʢʪʦʨʥʦʤ ʦʪʩʝʢʝ. ɺʝʨʪʦʣʸʪ ʧʦʣʥʦʩʪʴʶ 

ʩʛʦʨʝʣ. [ɸʚʠʘʮʠʦʥʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʠʥʮʠʜʝʥʪʳ ʠ ʘʚʠʘʢʘʪʘʩʪʨʦʬʳ ʚ ʉʉʉʈ ʠ 

ʈʦʩʩʠʠ]. 
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ʂʦʤʠʩʩʠʷ, ʧʨʦʚʦʜʠʚʰʘʷ ʨʘʩʩʣʝʜʦʚʘʥʠʝ, ʫʩʪʘʥʦʚʠʣʘ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ 

ʦʜʥʦʛʦ ʰʠʧʘ ʢʨʝʩʪʦʚʠʥʳ ʟʘʜʥʝʛʦ ʢʘʨʜʘʥʘ ʩ ʚʳʭʦʜʦʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʰʠʧʘ 

ʠʟ ʥʘʨʫʞʥʦʡ ʦʙʦʡʤʳ ʧʦʜʰʠʧʥʠʢʘ ʬʣʘʥʮʝʚʦʡ ʚʠʣʢʠ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʧʨʠʚʦʜʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠʚʝʣʦ ʢ ʪʷʞʝʣʦʤʫ ʘʚʠʘʮʠʦʥʥʦʤʫ ʧʨʦʠʩʰʝʩʪʚʠʶ [ɸʚʠʘʮʠʦʥʥʳʝ 

ʧʨʦʠʩʰʝʩʪʚʠʷ, ʠʥʮʠʜʝʥʪʳ ʠ ʘʚʠʘʢʘʪʘʩʪʨʦʬʳ ʚ ʉʉʉʈ ʠ ʈʦʩʩʠʠ]. 

ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʫʟʣʘ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʷʚʠʣʠʩʴ 

[ʇʠʩʴʤʦ ʄʠʥʪʨʘʥʩʘ ʈʌ ʦʪ 18.05.2004ˉ22.15-613, 2004]: 

- ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ ʚʝʣʠʯʠʥʳ ʠʟʣʦʤʘ ʦʩʝʡ ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
ʢʘʨʜʘʥʘ ʧʦʩʣʝ ʤʦʥʪʘʞʘ ʨʝʜʫʢʪʦʨʘ ʚʝʨʪʦʣʝʪʘ ʚ ʫʩʣʦʚʠʷʭ ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʷ; 

- ʫʯʝʩʪʴ ʥʘʨʘʙʦʪʢʫ ʫʟʣʘ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ 

ʧʨʝʜʩʪʘʚʠʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʯʝʪʘ ʚ ʧʘʩʧʦʨʪʝ 

ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʠ ʚ ʜʝʣʝ ʨʝʤʦʥʪʘ ʥʘ ʟʘʚʦʜʝ; 

- ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʝʤʦʥʪʘ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʢʘʨʜʘʥʥʳʭ ʚʘʣʦʚ ʚ 
ʫʩʣʦʚʠʷʭ ʘʚʠʘʨʝʤʦʥʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʠʟʥʦʩʘ 

ʠʛʦʣʴʯʘʪʳʭ ʧʦʜʰʠʧʥʠʢʦʚ; 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʨʝʛʣʘʤʝʥʪʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʝʨʪʦʣʝʪʘ ʄʠ-8 

ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʨʜʘʥʥʳʭ ʚʘʣʦʚ; 

- ʦʪʩʫʪʩʪʚʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʨʷʜʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʨʜʘʥʥʳʭ 

ʚʘʣʦʚ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ˉ21 ʢ ʈʆ ʚʝʨʪʦʣʝʪʘ ʄʠ-8 ʨʘʙʦʪ ʧʦ ʟʘʤʝʥʝ 

ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ [ʈʝʛʣʘʤʝʥʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʝʨʪʦʣʝʪʘ ʄʠ-8, 1993] ʩʦʜʝʨʞʠʪ ʥʝ ʚʩʝ ʦʧʝʨʘʮʠʠ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʪʨʦʣʝʤ 

ʤʦʥʪʘʞʘ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʧʦʩʣʝ ʝʛʦ ʟʘʤʝʥʳ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ: 

- ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʚʝʨʢʘ ʩʦʦʩʥʦʩʪʠ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ; 

- ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʚʝʨʢʘ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʘʣʦʚ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʜʫʢʪʦʨʘ; 

- ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʚʝʨʢʘ ʨʘʜʠʘʣʴʥʦʛʦ ʣʶʬʪʘ ʚ ʰʣʠʮʝʚʦʤ ʩʦʝʜʠʥʝʥʠʠ 
ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʋʩʪʨʘʥʝʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪ ʢʘʨʜʘʥʥʦʛʦ ʫʟʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʦʣʝʪʦʚ ʚʝʨʪʦʣʝʪʘ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʨʢʫ ʩʦʦʩʥʦʩʪʠ ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫ ʧʨʠʚʦʜʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 0071-20 

(ʠʤʝʶʱʝʛʦʩʷ ʚ ʢʦʤʧʣʝʢʪʝ ʚʝʨʪʦʣʝʪʘ ʄʠ-8) [ʊʝʭʥʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʟʘʤʝʥʝ 

ʘʛʨʝʛʘʪʦʚ ʚʝʨʪʦʣʝʪʘ ʄʠ-8 ʠ ʜʚʠʛʘʪʝʣʝʡ ʊɺ2-117ɸ, 1984], ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʩʦʦʩʥʦʩʪʠ ʭʚʦʩʪʦʚʦʛʦ ʚʘʣʘ ʪʨʘʥʩʤʠʩʩʠʠ (ʨʠʩʫʥʦʢ 1). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʢʦʥʪʨʦʣʷ ʥʝʩʦʦʩʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʜʫʢʪʦʨʘ ʚʝʨʪʦʣʝʪʘ ʠʟʣʦʤ ʦʩʝʡ ʚ ʰʘʨʥʠʨʥʦʤ ʫʟʣʝ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʝ ʤʝʥʝʝ 0,8 ʤʤ ʫ ʨʝʜʫʢʪʦʨʘ ʠ ʙʦʣʝʝ 1,2 ʤʤ ʫ ʚʝʥʪʠʣʷʪʦʨʘ.  
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1, 5, 8 ï ʚʠʥʪʳ; 2 ï ʧʨʦʩʪʘʚʢʘ ʰʣʠʮʝʚʦʡ ʤʫʬʪʳ; 3 ï ʦʙʦʡʤʘ; 4 ï ʦʩʴ ʧʦʚʦʨʦʪʘ ʨʳʯʘʛʘ; 6 ï 

ʨʳʯʘʛ; 7 ï ʠʥʜʠʢʘʪʦʨ 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʩʥʦʩʪʠ ʭʚʦʩʪʦʚʦʛʦ ʚʘʣʘ 

ʚʝʨʪʦʣʝʪʘ ʄʠ-8 

 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ 0071-20 ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʨʘʙʦʪʘʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʦʡʤʳ ʢʨʝʧʣʝʥʠʷ (3), ʠʟʛʦʪʦʚʠʚ ʨʘʟʲʝʤʥʳʡ ʩʪʘʢʘʥ (2) ʧʦ 

ʜʠʘʤʝʪʨʫ ʥʘʨʫʞʥʦʡ ʧʨʦʩʪʘʚʢʠ ʚʝʥʪʠʣʷʪʦʨʘ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʩʥʦʩʪʠ ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫ 

ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ 

 

ʇʨʦʚʝʨʢʫ ʩʦʦʩʥʦʩʪʠ (ʠʟʣʦʤʘ) ʚʘʣʘ ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʥʘ ʥʝʟʘʛʨʫʞʝʥʥʦʤ ʚʝʨʪʦʣʝʪʝ, ʧʨʠ ʵʪʦʤ ʚʝʨʪʦʣʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʨʦʚʥʦʡ ʧʣʦʱʘʜʢʝ ʧʨʦʪʠʚ ʚʝʪʨʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʝ ʙʦʣʝʝ 5 ʤ/ʩ. 

ɼʣʷ ʟʘʤʝʨʘ ʠʟʣʦʤʘ ʚʘʣʘ ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʦʡʤʫ 2 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʥʘʜʝʚʘʶʪ ʥʘ ʰʧʠʣʴʢʠ ʧʨʦʩʪʘʚʢʠ ʚʝʥʪʠʣʷʪʦʨʘ, ʟʘʪʷʛʠʚʘʷ 

ʛʘʡʢʘʤʠ 9. ʅʘ ʩʪʘʢʘʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʙʦʡʤʘ 3 ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 0071-20 ʠ 
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ʩʪʷʛʠʚʘʝʪʩʷ ʚʠʥʪʘʤʠ 1. ʅʘ ʨʳʯʘʛʝ 6 ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʚʠʥʪʦʤ 8 ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʢʨʝʧʠʪʴ ʠʥʜʠʢʘʪʦʨ 7 ʯʘʩʦʚʦʛʦ ʪʠʧʘ, ʟʘʪʝʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʨʳʯʘʛʘ ʚʦʢʨʫʛ ʦʩʠ 4 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʘʪʷʛ ʚ 1,1é1,2 ʤʤ ʠ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʠʥʪʦʤ 

5. ɺʨʘʱʘʷ ʣʦʧʘʩʪʴ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ, ʥʫʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘ 

ʠʥʜʠʢʘʪʦʨʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʪʨʝʣʢʠ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘ 

ʵʪʦʤ ʜʝʣʝʥʠʠ "0" ʰʢʘʣʳ ʠʥʜʠʢʘʪʦʨʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʦʨʦʪʝ ʪʨʘʥʩʤʠʩʩʠʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʠʟʣʦʤʘ ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʘʷ 1,2 ʤʤ, ʚ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʝʛʫʣʠʨʦʚʢʘ ʫʩʪʘʥʦʚʢʠ ʚʝʥʪʠʣʷʪʦʨʘ ʠʣʠ ʨʝʜʫʢʪʦʨʘ. 

ʇʨʦʚʝʨʢʘ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʛʦ ʣʶʬʪʘ ʬʣʘʥʮʘ ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ ʫ 

ʨʝʜʫʢʪʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ˉ2.05.16 ʢ ʈʆ 

ʚʝʨʪʦʣʝʪʘ ʄʠ-8. ʆʜʥʘʢʦ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʚʝʨʢʠ ʨʘʜʠʘʣʴʥʦʛʦ ʣʶʬʪʘ ʚ ʰʣʠʮʝʚʦʤ ʩʦʝʜʠʥʝʥʠʠ ʫ ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ. ʉ 

ʮʝʣʴʶ ʠʩʢʣʶʯʠʪʴ ʜʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʠʤʝʶʱʝʝʩʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʙʘʟʦʚʦʛʦ ʟʘʟʦʨʘ ʚ 

ʰʣʠʮʝʚʳʭ ʤʫʬʪʘʭ ʭʚʦʩʪʦʚʦʛʦ ʚʘʣʘ (ʨʠʩʫʥʦʢ 3). 

 

 
1, 4, 5 ï ʛʘʡʢʘ; 2 ï ʨʘʟʲʸʤʥʘʷ ʦʙʦʡʤʘ; 3 ï ʚʠʣʢʘ; 6 ï ʩʪʦʡʢʘ; 7 ï ʠʥʜʠʢʘʪʦʨ; 

8 ï ʟʘʞʠʤ 

 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʜʠʘʣʴʥʦʛʦ ʣʶʬʪʘ ʚ ʰʣʠʮʝʚʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ 

ɼʣʷ ʟʘʤʝʨʘ ʚʝʣʠʯʠʥʳ ʙʦʢʦʚʦʛʦ ʟʘʟʦʨʘ ʚ ʰʣʠʮʝʚʦʤ ʩʦʝʜʠʥʝʥʠʠ ʫ ʧʨʠʚʦʜʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʨʘʟʲʝʤʥʫʶ ʦʙʦʡʤʫ 2 ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʥʘʜʝʚʘʶʪ ʥʘ ʚʘʣ ʚʝʥʪʠʣʷʪʦʨʘ 

ʠ ʩʪʷʛʠʚʘʶʪ ʛʘʡʢʘʤʠ 1. ʅʘ ʧʨʦʩʪʘʚʢʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʙʦʡʤʫ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, 

ʩʪʷʥʫʚ ʝʸ ʚʠʥʪʘʤʠ. ʉ ʧʦʤʦʱʴʶ ʩʪʦʡʢʠ 6 ʠ ʟʘʞʠʤʘ 8 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʥʜʠʢʘʪʦʨ 

7 ʯʘʩʦʚʦʛʦ ʪʠʧʘ, ʩʦʟʜʘʝʪʩʷ ʥʘʪʷʛ 1 ʤʤ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʪʷʞʢʘ ʚʨʘʱʝʥʠʝʤ ʛʘʡʢʠ 

4 ʠ 5. 



43 

ɿʘʤʝʨ ʨʘʜʠʘʣʴʥʦʛʦ ʣʶʬʪʘ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʢʘʯʠʚʘʥʠʝʤ ʚʠʣʢʠ 3 ʢʘʨʜʘʥʘ, ʧʦʩʣʝ ʵʪʦʛʦ ʠʥʜʠʢʘʪʦʨ 7 ʩʦ ʩʪʦʡʢʦʡ 6 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʜʨʫʛʫʶ ʧʣʦʩʢʦʩʪʴ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʛʘʡʢʘʤʠ 4 ʠ 5, ʠ ʦʧʝʨʘʮʠʷ 

ʢʦʥʪʨʦʣʷ ʧʦʚʪʦʨʷʝʪʩʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʬʠʢʩʠʨʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʣʶʬʪʦʚ, ʧʨʠ ʣʶʬʪʝ ʙʦʣʝʝ 0,7 ʤʤ ʠʣʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ 

ʟʘʤʝʨʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,3 ʤʤ (ʥʦ ʥʝ ʙʦʣʝʝ 0,7 ʤʤ) ʢʘʨʜʘʥʥʳʡ ʚʘʣ ʧʨʠʚʦʜʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʟʘʤʝʥʷʝʪʩʷ. 

ʉ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʩʦʦʩʥʦʩʪʠ ʚʘʣʦʚ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʜʫʢʪʦʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ ʟʝʨʢʘʣʦʤ (ʨʠʩʫʥʦʢ 4).  

 

ʘ 

ɇ 
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʢʦʥʪʨʦʣʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ 
 

ʃʘʟʝʨ ʢʨʝʧʠʪʩʷ ʥʘ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ, ʥʘ ʚʘʣʫ ʚʝʥʪʠʣʷʪʦʨʘ ʢʨʝʧʠʪʩʷ ʟʝʨʢʘʣʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʠ ʧʦ ʧʨʠʝʤʥʠʢʫ ʚ ʣʘʟʝʨʥʦʤ ʜʘʣʴʥʦʤʝʨʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ (ʚ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʘʣʦʚ (ʨʠʩʫʥʦʢ 4 ʘ)). 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʘʣʦʚ (ʨʠʩʫʥʦʢ 4 ʙ) ʣʫʯ ʣʘʟʝʨʘ ʦʪʢʣʦʥʷʝʪʩʷ, ʠ 

ʬʠʢʩʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʬʠʢʩʘʮʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʣʘʟʝʨʥʳʤ ʜʘʣʴʥʦʤʝʨʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʢʝ ʚʝʥʪʠʣʷʪʦʨʘ ʠʣʠ ʨʝʜʫʢʪʦʨʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʧʦʣʝʪʝ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚʥʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʶ 

ʢʦʥʪʨʦʣʷ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʚʝʥʪʠʣʷʪʦʨʘ. 
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[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.airdisaster.ru/database.php?id=1098 (ʜʘʪʘ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʜʸʞʥʦʩʪʴʶ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʭʦʜʘ ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʸʞʥʦʩʪʴ, ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, 

ʩʘʤʦʣʸʪ, ʥʘʨʘʙʦʪʢʘ, ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 
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Abstract. The article deals with issues related to the reliability of aviation equipment in 

operation, which is determined, monitored and controlled by the consumption of the assigned 

resource and expressed in terms of the probability of fail safe performance. 

Keywords: reliability, assigned resource, probability of fail safe performance, aircraft, 

operating time, aviation equipment, operation of aviation equipment. 

 

ʉʘʤʦʣʸʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʣʦʞʥʝʡʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʢʦʛʜʘ- 

ʣʠʙʦ ʩʦʟʜʘʥʥʳʤ ʯʝʣʦʚʝʢʦʤ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʝʛʦ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʩʦʟʜʘʸʪ 
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ʧʦʚʳʰʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʏʪʦʙʳ ʩʥʠʟʠʪʴ ʝʸ ʜʦ ʧʨʝʜʝʣʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʥʘʜʸʞʥʦʩʪʴ. 

ʅʘʜʸʞʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʨʷʜʘ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ï ʵʪʦ ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʦʮʝʥʢʘ, ʠ ʦʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʸʪʘʭ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʥʘʟʥʘʯʝʥʠʷ ï ʧʨʝʜʚʠʜʝʥʠʷ 

ʦʞʠʜʘʝʤʦʡ ʥʘʜʸʞʥʦʩʪʠ ʠʟʜʝʣʠʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʥʘʨʘʙʦʪʢʠ ʦʪʢʘʟ ʦʙʲʝʢʪʘ ʥʝ 

ʚʦʟʥʠʢʘʝʪ. ʆʥʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʘʜʝʞʥʦʩʪʠ 

ʜʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʠ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʠʟʜʝʣʠʡ. ʕʪʦ ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʦʥ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ (ʈ (t)<1), ʦʜʥʘʢʦ ʧʨʠ ʝʛʦ ʥʘʟʥʘʯʝʥʠʠ 

ʠʣʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʳʚʘʪʴ ʚʨʝʤʷ ʠʣʠ ʥʘʨʘʙʦʪʢʫ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʥʠʞʝ ʫʢʘʟʳʚʘʝʤʦʡ ʚʝʣʠʯʠʥʳ [ɻʆʉʊ 

27.002-2015, 2017].   

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʘʤʦʣʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ʥʝ ʥʠʞʝ 0,98975435 ʟʘ ʦʜʠʥ ʧʦʣʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 4 ʯ, ʪ. ʝ. ʧʦʩʣʝ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʊʆ (ʧʨʦʚʝʜʝʥʠʝʤ ʨʷʜʘ ʨʘʙʦʪ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʤ)  

ʫʨʦʚʝʥʴ ʝʸ ʙʳʣ ʧʦʚʳʰʝʥ ʜʦ 0,98975495 (+ 0,0000060); ʜʣʷ 

ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʘʛʨʝʛʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʥʝ ʥʠʞʝ 0,90 ʧʨʠ ʥʘʨʘʙʦʪʢʝ 250 ʯ. ʏʪʦʙʳ ʥʘʨʘʙʦʪʘʪʴ 

(ʥʘʣʝʪʘʪʴ) ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ, ʩʘʤʦʣʸʪʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 125 ʜʚʫʭ-

ʯʘʩʦʚʳʭ ʧʦʣʸʪʦʚ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ï ʈ (t) ʠʟʜʝʣʠʷ ʩʚʷʟʘʥʘ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪʢʘʟʦʚ (l) ʠʣʠ ʥʘʨʘʙʦʪʢʦʡ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʜʠʥ ʦʪʢʘʟ (ʊʦ), 

ʠ ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ (t), ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

P(t)  = Ὡ᷿l  

 

 
 

ʈ = ʝ - l  t  = ʝ ï t  / Tʦ , 

 

ʛʜʝ Tʦ ï ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ. 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʩʘʤʦʣʝʪʘ 

ʠʣʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʠʣʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʣʸʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

 ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʘʤʦʣʝʪʦʤ ʧʦʣʝʪʘ ʠʣʠ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ; 

 ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʣʝʪʘ ʩʘʤʦʣʝʪʘ ʧʦ ʨʘʩʧʠʩʘʥʠʶ; 

 ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʴʥʦʡ ʯʘʩʪʠ (ʩʠʩʪʝʤ ʠʣʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ) ʩʘʤʦʣʝʪʘ ʚ ʧʦʣʝʪʝ [ʂʠʨʠʘʢʠʜʠ, 2009]. 

ʅʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʡ ʧʫʥʢʪ, ʟʘ 

ʢʦʪʦʨʳʡ ʥʝʩʸʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦ- ʪʝʭʥʠʯʝʩʢʘʷ ʩʣʫʞʙʘ. 
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ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʚʝʣʠʯʠʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʦʮʝʥʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʘʛʨʝʛʘʪʦʚ ʠʣʠ ʧʨʠʙʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʸʪʦʚ ʥʘ ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʰʠʙʢʘʤʠ, ʜʦʧʫʩʢʘʝʤʳʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦ 

ʫʢʘʟʘʥʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʠʟʜʝʣʠʷ, ʷʚʣʷʶʪʩʷ: 

 ʥʝʧʨʘʚʠʣʴʥʦʝ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ ʦʪʢʘʟʘ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ, ʢʦʛʜʘ 

ʦʪʢʘʟʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʫʟʣʦʚ, ʙʝʟ ʫʯʝʪʘ ʠʭ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, 

ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʦʪʢʘʟʫ ʠʟʜʝʣʠʷ; 

 ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ 
ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʪ. ʝ. ʚʤʝʩʪʦ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʧʦʣʝʪʘ ʧʦʜʩʯʝʪ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʙʣʘʛʦʜʘʨʷ ʚʳʧʦʣʥʝʥʠʶ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʥʝ ʦʩʪʘʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ɼʣʷ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʩʘʤʦʣʝʪ, ʚ 

ʮʝʣʦʤ, ʦʪʢʘʟ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘʛʨʝʛʘʪʦʚ ʠʣʠ ʫʟʣʦʚ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʤ ʙʦʣʝʝ ï ʢ ʦʪʢʘʟʫ 

ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ. ʄʥʦʛʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ 

ʘʛʨʝʛʘʪʳ ʠ ʫʟʣʳ, ʧʦʵʪʦʤʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʥʘʯʘʣʝ ʦʮʝʥʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʟʘʪʝʤ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʥʷʪʠʝ 

ʦʪʢʘʟʘ ʩʘʤʦʣʝʪʘ ʚ ʮʝʣʦʤ, ʠ ʚʳʯʠʩʣʷʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʙʝʟʦʪʢʘʟʥʦʛʦ ʧʦʣʝʪʘ. 

ʅʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʨʘ ʩʘʤʦʣʸʪʘ ʩʘʤʳʡ ʙʦʣʴʰʦʡ, 

ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʘʛʨʝʛʘʪʳ, ʫʟʣʳ ʠ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʨʝʩʫʨʩ ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʠʡ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʳ, ʘʛʨʝʛʘʪʳ, ʫʟʣʳ ʠ ʵʣʝʤʝʥʪʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʘʤʦʣʸʪʘ ʤʦʛʫʪ ʤʥʦʛʦʢʨʘʪʥʦ ʟʘʤʝʥʷʪʴʩʷ ʧʦ ʚʳʨʘʙʦʪʢʝ 

ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠ çʞʠʪʴè ʥʘ ʥʸʤ, ʧʦʢʘ ʥʝ ʠʟʨʘʩʭʦʜʫʝʪʩʷ ʥʘʟʥʘʯʝʥʥʳʡ 

ʨʝʩʫʨʩ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʨʘ ʩʘʤʦʣʸʪʘ. 

ɼʦʧʫʩʪʠʤ, ʢʦʥʩʪʨʫʢʮʠʷ ʧʣʘʥʝʨʘ ʩʘʤʦʣʸʪʘ (ʧʣʘʥʝʨ ʩʘʤʦʣʸʪʘ) ʠʤʝʝʪ 

ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ 20 000. ɺ ʧʝʨʠʦʜ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʚʦʜʷʪʩʷ 

ʧʣʘʥʦʚʳʝ ʦʩʤʦʪʨʳ, ʢʦʥʪʨʦʣʴ ʠ ʧʨʦʚʝʨʢʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɹʦʣʝʝ ʩʝʨʴʸʟʥʳʝ ʨʘʙʦʪʳ ʜʣʷ ʧʣʘʥʝʨʘ ʩʘʤʦʣʸʪʘ ʚʳʧʦʣʥʷʶʪʩʷ 

(ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ) ʚ ʭʦʜʝ ʧʣʘʥʦʚʳʭ ʩʨʝʜʥʠʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʨʝʤʦʥʪʦʚ. ʊʝʤ 

ʩʘʤʳʤ, ʯʘʩʪʠʯʥʦ çʧʦʚʳʰʘʶʪè ï ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʥʠʞʘʶʱʠʡʩʷ ʫʨʦʚʝʥʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

ʄʝʥʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʫʟʣʳ ʠ ʘʛʨʝʛʘʪʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʡ ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ. ɼʦʧʫʩʪʠʤ, ʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʪʦʧʣʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʨʝʩʫʨʩ 1500 ʯʘʩʦʚ. ɿʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʥʘʨʘʙʦʪʢʝ 

(ʥʘʣʸʪʝ ʩʘʤʦʣʸʪʘ) 300, 600, 900 ʠ 1200 ʯʘʩʦʚ, ʚ ʭʦʜʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʊʆ ʩ ʥʠʤ 4 

ʨʘʟʘ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʧʣʘʥʦʚʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ 

ʧʦʚʳʰʘʶʪ ʝʛʦ ʫʨʦʚʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. ʇʨʠ ʢʘʞʜʦʤ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʊʆ ʦʙʲʸʤ ʨʘʙʦʪ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʫʩʣʦʞʥʷʝʪʩʷ [ɿʫʙʘʨʝʚ, 2017]. 
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ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʛʨʘʬʠʢʘ (ʨʠʩ. 1) 

çʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠè. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 3 ʛʨʘʬʠʢʘ ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ: ʦʨʜʠʥʘʪʘ ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ɸʊ ï ʈ(t), ʘʙʩʮʠʩʩʘ ï ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ï t. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ, ʦʙʳʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʙʝʟ ʧʨʦʷʚʣʝʥʠʷ ʦʪʢʘʟʦʚ ʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ (ʨʠʩ. 1, ʘ) ʩʘʤʦʣʸʪ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʥʠʝ ï ʣʸʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ï 

ʥʘʢʣʦʥʥʘʷ ʥʠʩʭʦʜʷʱʘʷ ʧʨʷʤʘʷ ʣʠʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ɸʊ. ʇʦʩʣʝ ʧʦʩʘʜʢʠ ʩʘʤʦʣʸʪ ʟʘʨʫʣʠʚʘʝʪ ʥʘ 

ʩʪʦʷʥʢʫ, ʛʜʝ ʩ ʥʠʤ ʧʨʦʚʦʜʠʪʩʷ ʦʧʝʨʘʪʠʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʆʊʆ) ï 

ʫʯʘʩʪʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ, ʛʜʝ ʫʨʦʚʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ɸʊ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʩʘʤʦʣʸʪʝ ʦʩʤʦʪʨʦʚ, ʢʦʥʪʨʦʣʷ, 

ʟʘʧʨʘʚʢʠ ʠ, ʚʦʟʤʦʞʥʦ ʥʝʩʣʦʞʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʫʨʦʚʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ɸʊ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ï ʚʦʩʭʦʜʷʱʠʡ ʫʯʘʩʪʦʢ 

ʧʨʷʤʦʡ ʣʠʥʠʠ. ʀ ʜʘʣʴʰʝ, ʧʦʚʪʦʨʝʥʠʝ ʮʠʢʣʘ. 

ʇʨʠ ʧʨʦʷʚʣʝʥʠʠ ʦʪʢʘʟʘ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʧʦʣʸʪʝ, ʩʘʤʦʣʸʪ ʧʨʦʜʦʣʞʘʝʪ 

ʧʦʣʸʪ, ʥʦ ʫʨʦʚʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʟʠʪʩʷ ï 

ʥʠʩʭʦʜʷʱʘʷ ʧʨʷʤʘʷ ʣʠʥʠʷ, ʧʝʨʝʭʦʜʷʱʘʷ ʚ ʧʫʥʢʪʠʨʥʫʶ. ʀʣʠ, ʧʦʩʣʝ ʧʦʩʘʜʢʠ 

ʩʘʤʦʣʸʪʘ, ʚ ʭʦʜʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʙʥʘʨʫʞʝʥ ʦʪʢʘʟ 
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ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ï ʧʨʷʤʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ, ʙʦʣʴʰʘʷ ʧʦ ʨʘʟʤʝʨʫ 

ʧʨʝʜʳʜʫʱʝʡ, ʚʳʰʝʩʪʦʷʱʝʡ. ʀʟ ʝʸ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʦʧʫʱʝʥʘ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʣʠʥʠʷ ʚ ʥʠʞʥʶʶ ʪʦʯʢʫ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ. ʆʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ɸʊ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ. ʇʨʦʚʝʜʝʥʠʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ (ʫʩʪʨʘʥʝʥʠʝ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʧʨʦʚʝʜʝʥʠʝ 

ʨʘʙʦʪ ʧʦ ʦʧʝʨʘʪʠʚʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ (ʨʠʩ. 1, ʙ) ʧʦʚʳʰʘʝʪ 

ʫʨʦʚʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ï ʧʨʷʤʘʷ ʚʦʩʭʦʜʷʱʘʷ ʣʠʥʠʷ, 

ʚʳʭʦʜʷʱʘʷ ʥʘ ʫʨʦʚʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʡ ʥʘʤʥʦʛʦ 

ʚʳʰʝ, ʯʝʤ ʙʳʣ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʦʪʢʘʟʘ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (ʨʠʩ. 1, ʚ) ʩʘʤʦʣʸʪ, ʥʘʣʝʪʘʚʰʠʡ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ, 

ʩʥʠʤʘʝʪʩʷ ʩ ʣʸʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʘʚʠʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ 

ʙʘʟʫ ï ʧʠʣʦʦʙʨʘʟʥʘʷ ʢʨʠʚʘʷ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʛʨʘʬʠʢʘ (ʣʸʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʊʆ), ʧʝʨʝʭʦʜʠʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʣʠʥʠʶ. 

ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʘʤʠ ʨʝʛʣʘʤʝʥʪʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʚʦʜʠʪ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ï 

ʚʦʩʭʦʜʷʱʘʷ ʧʨʷʤʘʷ ʣʠʥʠʷ, ʚʳʭʦʜʷʱʘʷ ʥʘ ʫʨʦʚʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʢʘʢʦʝ-ʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʠʣʦʦʙʨʘʟʥʦʡ ʣʠʥʠʠ 

ʥʘ ʛʨʘʬʠʢʝ ʩʣʝʚʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʘʤʦʣʸʪ ʩʥʦʚʘ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʣʸʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘʜʸʞʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʦʪʩʣʝʞʠʚʘʶʪ. ɼʘ ʠ ʚ 

ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʅʘʜʸʞʥʦʩʪʴ, ʟʘʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʚ ʚʠʜʝ 

ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʯʘʩʘʭ ʥʘʣʸʪʘ, ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʪʴ 

ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʜʦ ʚʳʨʘʙʦʪʢʠ ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʥʘʜʸʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ. ʅʦ ʟʥʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʠʥʞʝʥʝʨʥʦ- 

ʪʝʭʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʷʟʘʥ.   

ʋʯʸʪ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʝʩʣʠ ʝʩʪʴ ʥʘ ʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ (ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʛʝʥʝʟʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʘʚʘʨʠʠ ʠʣʠ ʢʘʪʘʩʪʨʦʬʝ) ʧʨʦʚʦʜʠʪʩʷ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʯʝʨʝʟ ʦʬʦʨʤʣʷʝʤʫʶ ʫʯʸʪʥʦ- 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. ʊʦ ʝʩʪʴ, ʟʥʘʷ ʥʘʣʸʪ, ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʢʨʝʪʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ (ʮʠʬʨʫ) ʫʨʦʚʥʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 
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ʋɼʂ 629 

 

ɸʅɸʃʀɿ ʆʉʅʆɺʅʓʍ ʂʈʀʊɽʈʀɽɺ ʈɸɹʆʊʆʉʇʆʉʆɹʅʆʉʊʀ 

ɿʋɹʏɸʊʓʍ ʉʆɽɼʀʅɽʅʀʁ ʀ ɺʃʀʗʅʀɽ ʀʍ ʅɸ ɹɽɿʆʇɸʉʅʆʉʊʔ 

ʇʆʃɽʊʆɺ 

 

ʅʝʚʝʨʦʚ ʉ. ʆ., ʢʘʥʜ. ʚʦʝʥ. ʥʘʫʢ 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʝʛʦ ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʘ ʚʠʥʪʘ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ ʠ ʚʠʙʨʘʮʠʠ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʞʠʤʦʚ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʢʘʟʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʚʣʠʷʶʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʘʥʘʣʠʟ ʧʨʦʷʚʣʝʥʠʷ ʠʟʥʦʩʘ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʧʨʠʯʠʥʳ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʫʙʯʘʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʠʟʥʦʩ, ʟʫʙʯʘʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʦʣʸʪʦʚ. 
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Abstract. When operating an aircraft, its components and assemblies are exposed to loads, 

vibration, high temperatures, and atmospheric conditions. All these factors cause wear of parts and 

assemblies consisting in gradual changes in their dimensions, shape, surface quality and strength 

properties. As a result of these changes, the reliability and operability of aircraft components and 

assemblies affect flight safety. 

The article considers the analysis of wear types of components and parts, the causes of their 

occurrence. It also presents methods of gear joints workability improving. 

Key words: workability, wear, gear joints, flight safety. 

 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʟʫʙʯʘʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʨʪʦʣʝʪʘ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʝʛʦ ʧʨʠʚʦʜʘ ʚʠʥʪʘ ï ʪʨʘʥʩʤʠʩʩʠʶ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ: ʠʟ 

ʛʣʘʚʥʦʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʨʝʜʫʢʪʦʨʘ ʨʫʣʝʚʦʛʦ ʚʠʥʪʘ, 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʠ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʭ ʚʘʣʦʚ, ʚʝʥʪʠʣʷʪʦʨʘ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʝʛʦ ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʘ ʚʠʥʪʘ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ ʠ ʚʠʙʨʘʮʠʠ, ʚʳʩʦʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʠʟʥʦʩ 

ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʣʠʷʶʪ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 

1. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʚʝʨʪʦʣʝʪʘ 

ʄʠ-8. 

ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʚʝʨʪʦʣʝʪʘ ʄʠ-8 ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʢʣʶʯʝʥʳ ʩʠʛʥʘʣʠʟʘʮʠʷ çʉʪʨʫʞʢʘ ʚ ʤʘʩʣʝè, ʧʨʠʝʤʥʠʢ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ, ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʤʘʩʣʘ, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʘʩʣʦʤʝʨʥʦʤʫ ʩʪʝʢʣʫ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʱʫʧʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʜʫʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʠ ʫʜʦʙʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʣʦʤʢʠ, ʘʚʘʨʠʠ ʠ ʢʘʪʘʩʪʨʦʬʳ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʪʦʤʫ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʨʝʜʫʢʪʦʨʝ ʚʝʨʪʦʣʝʪʘ (ʨʠʩ. 1).  

ʊʘʢ ʢʘʢ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʥʘʛʨʫʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʯʠʩʣʝ ʦʙʦʨʦʪʦʚ 2600 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ, ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʨʝʜʫʢʪʦʨ ʚʝʨʪʦʣʝʪʘ ʄʠ-8 

 

2. ɸʥʘʣʠʟ ʢʨʠʪʝʨʠʝʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʫʙʯʘʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʫʙʯʘʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʯʠʪʘʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʢʘʟʳʚʘʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʥʘʰʠʚʘʥʠʶ [ʂʨʘʛʠʣʴʩʢʠʡ, 1987; ʂʦʛʘʝʚ, 1991]. ʇʦʢʘʟʘʪʝʣʝʤ 

ʠʟʥʘʰʠʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʦʡ, 

ʦʙʨʘʪʥʦʡ ʩʢʦʨʦʩʪʠ Vh ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ Jh ʠʟʥʘʰʠʚʘʥʠʷ. ʉʢʦʨʦʩʪʴ ʠ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʠʟʥʦʩʘ ʢ ʚʨʝʤʝʥʠ 

ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ. ʏʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʠʟʥʦʩʝ Dh, 

ʪʝʤ ʚʳʰʝ ʨʝʩʫʨʩ ʨʘʙʦʪʳ t ʫʟʣʘ ʪʨʝʥʠʷ (ʨʠʩ. 2). 

 

t=Dh/Vh 

 

ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʧʝʨʠʦʜʘ ʠʟʥʦʩʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʠʟʥʦʩʘ ʜʝʪʘʣʠ ʦʪ ʚʨʝʤʝʥʠ 

 

1. ʇʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʠʟʥʘʰʠʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʩʪʦʷʥʥʦ 

ʟʘʤʝʜʣʷʶʱʝʡʩʷ ʩʢʦʨʦʩʪʴʶ. 

2. ʇʝʨʠʦʜ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʟʥʦʩʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʥʝʙʦʣʴʰʘʷ 
ʠ ʧʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ. 

3. ʇʝʨʠʦʜ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ. 

ʉ ʮʝʣʴʶ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʟʥʦʩʘ. ʕʪʦ ʤʦʞʥʦ ʨʝʰʘʪʴ 

ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʩʧʣʘʚʦʚ ʩ ʙʦʣʴʰʝʡ ʪʚʝʨʜʦʩʪʴʶ. 

ɺ ʨʘʙʦʪʘʭ [ʂʫʨʣʦʚ, 2007; ʂʫʨʣʦʚ, 2005; ʉʠʣʘʝʚ, 2008] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʦʚ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʠ ʫʜʝʨʞʠʚʘʶʱʝʡ ʠʭ ʚʳʩʦʢʦʧʨʦʯʥʦʡ 

ʤʘʪʨʠʮʳ. ʂʘʨʙʠʜʥʳʝ ʩʧʣʘʚʳ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʭ 

ʫʩʣʦʚʠʷʭ. ʋʚʝʣʠʯʝʥʠʝ ʚ ʩʧʣʘʚʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Cr, W, Ti) ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʜʝʪʘʣʠ. 

ɽʩʣʠ ʨʘʟʜʝʣʠʪʴ ʜʝʪʘʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʦʜ ʙʦʣʴʰʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: 

 ʢʦʥʪʘʢʪʠʨʫʝʤʳʝ ʜʝʪʘʣʠ (ʧʦʜʰʠʧʥʠʢʠ, ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ); 

 ʜʝʪʘʣʠ, ʠʟʥʘʰʠʚʘʥʠʝ ʢʦʪʦʨʳʭ ʚʳʟʳʚʘʝʪ ʨʘʙʦʯʘʷ ʩʨʝʜʘ (ʞʠʜʢʦʩʪʴ, ʛʘʟ),  

ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ ʪʚʝʨʜʦʩʪʠ: e=bʅɺ, ʛʜʝ e-ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, 

b-ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʤʝʪʘʣʣʘ ʦʪ ʪʚʝʨʜʦʩʪʠ 

 

ʂʦʥʪʘʢʪʥʳʡ ʠʟʥʦʩ ʚ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʥʦʩʠʪ ʧʦʩʪʦʷʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʝʩʚʦʝʚʨʝʤʝʥʥʳʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ 

ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʤʝʩʪʦ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ 

ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʷʚʣʝʥʠʷ ʠʟʥʦʩʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʨʝʜʫʢʪʦʨʝ ʚʝʨʪʦʣʝʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʚ 

ʟʫʙʯʘʪʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʝʩʝʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʠʟʥʦʩ. ɼʘʥʥʳʡ ʚʠʜ ʠʟʥʦʩʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚʥʝʟʘʧʥʦ ʠ ʪʨʫʜʥʦ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʪʝʤ ʙʦʣʝʝ ʚ ʧʦʣʝʪʝ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʘʚʘʨʠʷʤ ʠ ʢʘʪʘʩʪʨʦʬʘʤ. ʆʩʪʘʣʴʥʳʝ ʚʠʜʳ ʠʟʥʦʩʘ ʥʦʩʷʪ 

ʧʦʩʪʝʧʝʥʥʳʡ (ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ) ʭʘʨʘʢʪʝʨ. 

ʇʨʠ ʢʦʥʪʘʢʪʥʦʤ ʠʟʥʦʩʝ ʦʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʦʣʞʥʦ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʢ 

ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ, ʝʛʦ ʧʦʢʨʳʪʠʶ ʠ ʪʠʧʫ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠʟʥʦʩʘ ʚ ʟʫʙʯʘʪʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ɺʂ20, ɺʂ25 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ WC. ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ 75-80 HRC, ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ (ʙʦʣʝʝ 800 ʛʨʘʜʫʩʦʚ). ʉʧʣʘʚʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʟʫʙʯʘʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 20ʍʅ3ɸ, 12ʍ2ʅ4ɸ, 18ʍ2ʅʄɸ, ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ 

ʪʚʝʨʜʦʩʪʴʶ 45-55 HRC ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 600 ʛʨʘʜʫʩʦʚ. 

ʊʚʝʨʜʦʩʧʣʘʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ ʧʦʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʰʠʧʥʠʢʦʚ 

ʢʘʯʝʥʠʷ. ɺ ʟʫʙʯʘʪʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʟʫʙʯʘʪʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʩʧʣʘʚʳ ʤʘʨʢʠ ɺʂ20, ɺʂ25 ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʠ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʟʥʦʩʘ, ʧʦʚʳʩʠʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ. ʊʝʤ 

ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʠʟ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʘʚʘʨʠʡʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʟʦʥʘʭ ʧʨʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʘʚʠʘʮʠʦʥʥʳʝ ʩʦʙʳʪʠʷ ʥʘ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʝʜʣʦʞʝʥʘ ʠʝʨʘʨʭʠʷ ʫʨʦʚʥʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʦʥ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʫʨʦʚʥʝʡ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʠʩʪʝʤ. ʇʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʨʝʜʘ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʦʙʳʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ. ʇʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʥʘ 

ʚʦʟʜʫʰʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʦʝ ʩʦʙʳʪʠʝ, ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ, ʚʦʟʜʫʰʥʳʡ ʪʨʘʥʩʧʦʨʪ. 
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Abstract. The article offers an analysis of geotechnical systems formed in anthropogenic 

emergency zones during aviation events. The authors provide examples of transport facilities where 

aviation events lead to the formation of geotechnical systems. There is a hierarchy of ecological 

extreme zones levels presented in the form of the emerging systems levels. The study carries out an 

assessment of the aviation event's harm to the environment. It also substantiates that the relevance 

of improving flight safety is the most appropriate and effective option for reducing the negative 

impact on the environment in air transport. 

Keywords: aviation event, environmental protection, geotechnical system, environmental 

hazard, air transport. 

 

ɺʚʝʜʝʥʠʝ 

ɺʦʟʜʫʰʥʳʝ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʛʨʫʟʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʘʢ 

ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʘʞʥʳ ʪʘʤ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʩʚʷʟʳʚʘʪʴ ʫʜʘʣʝʥʥʳʝ ʨʘʡʦʥʳ ʠ ʨʝʛʠʦʥʳ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ 

ʩʠʪʫʘʮʠʠ ʥʘʯʘʣʘ ʪʨʝʪʴʝʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʘʚʠʘʧʝʨʝʚʦʟʦʢ 

ʠ ʨʘʟʚʠʪʠʝ ʯʠʩʣʘ ʘʚʠʘ ʩʚʷʟʘʥʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʝʢ ʥʘ ʢʘʨʪʝ ʥʘʰʝʡ ʩʪʨʘʥʳ 

(ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚʩʝʛʦ ʤʠʨʘ) ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʧʫʣʷʨʥʦʩʪʠ ʘʚʠʘʮʠʠ, 

ʢʘʢ ʩʘʤʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʩʨʝʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. ʇʨʠ 

ʵʪʦʤ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʣʘ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ [ʆʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠé, 2021] ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʝʡ ʫʩʣʫʛ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ [IATA  Safety report, 2018], ʘʚʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [Ben Daley, 2016; 

ʅʠʢʦʣʘʡʢʠʥ ʠ ʜʨ., 2016].  

ʉʝʛʦʜʥʷ ʚʩʝʤʠʨʥʦ ʧʨʠʟʥʘʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʘʙʩʦʣʶʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʙʳʚʘʝʪ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ (ɸʇ) ʦʩʪʘʝʪʩʷ ʚʩʝʛʜʘ, ʥʦ ʨʠʩʢ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʚʦ ʚʩʝʭ ʚʳʧʦʣʥʷʝʤʳʭ 

ʧʦʣʝʪʘʭ. ʇʦʣʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ, ʯʘʩʪʦ ʩʚʷʟʘʥʳ 

ʩ çʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤè [ʎʝʪʣʠʥ, 2020], ʧʦʵʪʦʤʫ ʠ ʨʠʩʢ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʧʨʦʠʩʰʝʩʪʚʠʷ ʚ ʪʘʢʠʭ ʧʦʣʝʪʘʭ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʡ ʫʨʦʚʝʥʴ, ʥʝ ʚʩʝʛʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ çʧʨʠʝʤʣʝʤʦʤʫè. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʚ ɻɸ ʦʰʠʙʢʠ ʧʨʠ 

ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʩʘʤʦʣʝʪʦʚ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ 7-10% ʘʚʘʨʠʡ ʠ 20-

25% ʘʚʠʘʮʠʦʥʥʳʭ ʠʥʮʠʜʝʥʪʦʚ [IATA  Safety report, 2018]. 
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ʆʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʇʦʥʠʤʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ çʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚè ʚ 

ʥʘʰʠ ʜʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʠ ʩʝʛʦʜʥʷ, ʥʘʨʷʜʫ ʩ ʠʩʢʣʶʯʝʥʠʝʤ 

ʛʠʙʝʣʠ ʣʶʜʝʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʝʨʴ [Sharov et al., 2020; Environmental impacts 

assessments of projects, 2017], ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʣʠʤʠʥʘʮʠʶ ʥʝʜʦʧʫʩʪʠʤʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʨʦʜʫ [ʅʠʢʦʣʘʡʢʠʥ ʠ ʜʨ., 2016; Environmental impacts assessments 

of projects, 2017].  

ɺ ʥʘʰʠ ʜʥʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʦʤ ʧʨʠ ʘʚʠʘʧʝʨʝʚʦʟʢʘʭ [Sharov et al., 2020], ʦʜʥʘʢʦ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʥʝ ʦʧʨʝʜʝʣʝʥ, ʘʚʠʘʮʠʦʥʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʩʣʝʜʫʝʪ 

ʙʳʪʴ ʛʦʪʦʚʳʤ ʢ ʢʨʘʡʥʝ ʤʘʣʦʚʝʨʦʷʪʥʳʤ, ʥʦ ʚʦʟʤʦʞʥʳʤ ʘʚʠʘʮʠʦʥʥʳʤ 

ʧʨʦʠʩʰʝʩʪʚʠʷʤ, ʪ.ʝ. ʙʳʪʴ ʛʦʪʦʚʳʤ ʢ ʣʠʢʚʠʜʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʪʷʞʝʣʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦ ʩʥʠʞʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ ʩ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ.  

ʆʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʫ ʧʨʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʷʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʞʠʜʘʥʥʦʩʪʠ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʩʦʙʳʪʠʷ ʠ 

ʵʢʩʢʣʶʟʠʚʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʟʘʪʨʦʥʫʪʘ ʪʝʭʥʠʢʦʡ, 

ʪʝʨʧʷʱʝʡ ʘʚʘʨʠʶ [ʅʠʢʦʣʘʡʢʠʥ, 2006; ʂʫʨʘʢʠʥʘ ʠ ʜʨ. 2015]. ʐʘʥʩ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʘʡʥʝ ʥʠʟʦʢ [Whisner et al., 2020]. 

ʉʘʤʦ ʚʦʟʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʚʝʢʪʦʨʥʳʤ ʠ ʨʘʟʥʦʧʨʦʬʠʣʴʥʳʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ 

ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʮʝʥʦʟ 

ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʠʬʬʝʨʝʥʮʠʨʫʝʪʩʷ ʥʘ ʧʨʷʤʦʡ ʫʱʝʨʙ ʠ ʥʘ 

ʫʨʦʥ ʦʪ ʧʦʩʣʝʜʫʶʱʠʭ ʢʦʩʚʝʥʥʳʭ ʩʦʙʳʪʠʡ [Nikolaykin et al., 2017; Hannah, 2020]. 

ɺ ʨʝʛʫʣʷʨʥʦ (ʨʘʟ ʚ 3 ʛʦʜʘ) ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʦʤ ɼʦʢʣʘʜʝ ʀʂɸʆ ʦ ʟʘʱʠʪʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢʘʷ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʬʦʨʤʝ, ʚʠʜʘʭ ʠ ʦʙʲʝʤʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʛʘʪʠʚʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʦʙʳʪʠʠʡ [ICAO, 2019].  

ʋʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦ ʚʩʝʤ 

ʤʠʨʝ ʠ ʥʝʜʦʧʫʱʝʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʫ, 

ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʘʥʘʣʠʟʫ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʜʝʡʩʪʚʠʷʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [Environmental impacts 

assessments of projects, 2017; Wisner et al., 2020]. 

ʋʱʝʨʙ ʧʨʠʨʦʜʝ ʦʪ ʘʚʘʨʠʡʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ɸʇ ʨʝʟʶʤʠʨʫʝʪʩʷ ʠʟ 

ʫʱʝʨʙʘ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʟʘʪʨʘʪ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) 

ʫʪʨʘʯʝʥʥʦʛʦ ʙʠʦʮʝʥʦʟʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʨʘʪ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ 

ʧʦʪʝʨʴ ʥʘ ʩʣʫʯʘʡ ɸʇ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ [Smart Guide to Climate, 

2020]. 

ʇʨʘʚʠʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʝʣʠʯʠʥʝ ʨʠʩʢʘ ʠ ʨʘʟʤʝʨʘʭ ʚʦʟʤʦʞʥʦʛʦ 

ʫʱʝʨʙʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʠʦʮʝʥʦʟʦʚ, 

ʟʘʪʨʦʥʫʪʳʭ ʧʨʠ ɸʇ ʩ ʘʚʘʨʠʡʥʳʤʠ ʩʘʤʦʣʝʪʘʤʠ ʠ ʚʝʨʪʦʣʝʪʘʤʠ. ʂʦʤʧʣʝʢʩʥʘʷ 

ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʳʭ ʨʠʩʢʦʚ ʥʘʨʫʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʘ 

ʦʧʠʨʘʪʴʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ 
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ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ, ʪʦ ʝʩʪʴ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʫʶ ʝʜʠʥʦʦʙʨʘʟʥʫʶ ʰʢʘʣʫ 

ʦʮʝʥʦʢ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʫʶ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʰʢʘʣʫ ʟʘʠʤʩʪʚʦʚʘʪʴ ʠʟ ʨʘʙʦʪʳ 

[Nikolaykin et al., 2007], ʛʜʝ ʦʥʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠ ʫʙʝʜʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ 

ʘʚʪʦʨʘʤʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʠʩʢ, ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʩʦʙʳʪʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʧʘʩʥʳʭ ʩʦʙʳʪʠʡ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ, ʧʨʠ ʪʦʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʩʦʙʳʪʠʠ ʫʱʝʨʙ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʟʘʚʠʩʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʦʙʳʪʠʡ, ʥʦ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ 

ʝʜʠʥʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʠ ʥʘ ʦʜʥʦʤ ʫʯʘʩʪʢʝ ʪʝʨʨʠʪʦʨʠʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

[Environmental impacts assessments of projects, 2017] ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

 

Ὑ В ρВ ὖὭὮὟὭ                                            (1) 

 

ʛʜʝ Pij ï ʚʝʨʦʷʪʥʦʩʪʴ ʫʱʝʨʙʘ Ui ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʦʙʳʪʠʷ j; n, m ï 

ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʦʚʨʝʞʜʝʥʠʡ ʙʠʦʮʝʥʦʟʦʚ ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʜʦʢʫʤʝʥʪʘʭ ʀʂɸʆ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʥʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʫʧʦʤʠʥʘʥʠʡ ʦ ʥʝʛʘʪʠʚʥʦʤ ʚʢʣʘʜʝ ʠʥʮʠʜʝʥʪʦʚ ʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʚ çʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜè, ʦʩʪʘʚʣʷʝʤʳʡ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʛʨʘʞʜʘʥʩʢʠʤʠ ʘʚʠʘʢʦʤʧʘʥʠʷʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʘʚʠʘʧʝʨʝʚʦʟʢʠ ʥʘ ʥʘʰʝʡ 

ʧʣʘʥʝʪʝ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʦʢʣʘʜʝ UNDP, ʧʦʩʚʷʱʝʥʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʝʢʪʦʨʘ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʦʪ 

ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʠ ʬʠʥʘʥʩʠʨʫʝʤʦʤ ʧʦ ʧʨʦʛʨʘʤʤʝ The Global Environment Facility 

(GEF), ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʫʯʸʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ ʦʪ ʟʘʜʝʨʞʝʢ ʨʝʡʩʦʚ 

ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ ʘʵʨʦʧʦʨʪʳ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʟʘʪʨʦʥʫʪʳʝ ʧʨʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ [ICAO, 2018].   

 

ʄʝʪʦʜʠʢʘ 

ɺ ʩʣʫʯʘʝ ʥʝʛʘʪʠʚʥʦʛʦ ʘʚʠʘʩʦʙʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʵʢʩʪʨʝʤʘʣʴʥʦʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʘ ʙʠʦʪʦʧ, ʪʘʢ ʠ ʥʘ ʙʠʦʮʝʥʦʟ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʘ, 

ʛʜʝ ʩʦʙʳʪʠʝ ʠʤʝʣʦ ʤʝʩʪʦ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʵʢʦʩʠʩʪʝʤʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʟʦʥʫ ʪʝʭʥʦʛʝʥʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʘʚʠʘʩʦʙʳʪʠʷ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʨʘʟʨʝʰʝʥʥʳʡ ʫʨʦʚʝʥʴ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʠʘʩʦʙʳʪʠʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʢʘʢ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʌʍʉ) ʠ ʪʝʦʨʠʠ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ɻʊʉ) [ISO 14040:2006, 2016], ʯʪʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʨʦʜʦʟʘʱʠʪʥʳʭ ʤʝʪʦʜʦʚ ʫʟʣʦʚ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ [ʅʠʢʦʣʘʡʢʠʥ ʠ ʜʨ., 2016]. 

ɺ ʨʘʙʦʪʝ [ɹʘʣʘʙʝʢʦʚ ʠ ʜʨ., 1993] ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʩʣʝʜʫʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʡ ʌʍʉ ʠ ɻʊʉ: 

çʌʍʉ ï m-ʬʘʟʦʚʘʷ, n-ʬʘʟʦʚʘʷ ʩʧʣʦʰʥʘʷ ʩʨʝʜʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʝʨʝʤʝʥʥʘʷ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʩʪʦʢʘ ʚ 
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ʢʘʞʜʦʡ ʪʦʯʢʝ ʛʦʤʦʛʝʥʥʦʡ ʩʨʝʜʳ ʠ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ 

ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠè.  

çɻʊʉ ï ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʤʳʰʣʝʥʥʳʡ (ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʠʣʠ ʣʶʙʦʡ ʠʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ) ʦʙʲʝʢʪ ʦʙʤʝʥʠʚʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʨʦʮʝʩʩʳ ʧʝʨʝʜʘʯʠ ʤʘʩʩʳ, ʵʥʝʨʛʠʠ ʠ ʠʥʬʦʨʤʘʮʠʡ ʚ ɻʊʉ 

ʧʦʜʯʠʥʷʶʪʩʷ ʪʝʤ ʞʝ ʦʙʱʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʯʪʦ ʠ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʩʦʟʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʌʍʉ)è.  

ʀʤʝʥʥʦ ʵʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʣʝʝ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [ʅʠʢʦʣʘʡʢʠʥ ʠ ʜʨ., 2016] ʦʪʨʘʞʝʥʦ, ʯʪʦ ʩʦʧʦʜʯʠʥʝʥʥʦʩʪʴ 

ʌʍʉ ʠ ɻʊʉ ʜʣʷ ʩʣʫʯʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʮʝʥʦʟʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʧʦʣʥʝʥʘ ʝʱʸ ʚ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɼʘʣʝʝ ʥʘ 

ʨʫʙʝʞʝ ʍʍ ʠ ʍʍI ʚʝʢʦʚ ʧʨʦʠʟʚʝʜʝʥʘ ʘʜʘʧʪʠʚʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʵʪʦʡ ʪʝʦʨʠʠ ʜʣʷ 

ʫʟʣʦʚ ʩʝʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ 

ʦʙʲʝʢʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʚʝʟʝʥʥʦʛʦ ʛʨʫʟʘ. ɺ ʠʪʦʛʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʝʛʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ 

ʧʨʠʨʦʜʫ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʛʨʘʞʜʘʥʩʢʠʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʧʦʣʥʦʤ 

ʨʝʩʫʨʩʥʦʤ ʮʠʢʣʝ [ʅʠʢʦʣʘʡʢʠʥ, 2006; ISO 14040:2006, 2016] ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʛʨʘʞʜʘʥʩʢʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʬʣʦʪʘ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ 

ʜʘʪʴ ʧʝʨʚʳʝ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ ʥʝʛʘʪʠʚʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ ʜʣʷ 

ʵʢʦʩʠʩʪʝʤ ʪʝʨʨʠʪʦʨʠʡ ʤʝʩʪ ʧʨʦʠʩʰʝʩʪʚʠʷ [Nikolaykin, 2017]. 

ʀʩʭʦʜʥʳʤ ʘʢʪʦʤ ʚʩʷʢʦʡ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʛʝʥʝʨʠʨʦʚʘʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʵʣʠʤʠʥʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʮʝʥʦʟʳ, 

ʷʚʣʷʝʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʛʨʫʧʧʳ ʠ 

ʧʦʜʛʨʫʧʧʳ ʧʦ ʯʝʪʢʦ ʚʳʜʝʣʝʥʥʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [ʅʠʢʦʣʘʡʢʠʥ ʠ ʜʨ., 2016] ʫʜʘʣʦʩʴ ʚʳʨʘʙʦʪʘʪʴ ʠ ʥʘ 

ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʨʠʘʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʌʍʉ ʠ ɻʊʉ, ʢʦʪʦʨʳʡ ʨʘʟʫʤʥʦ ʧʨʠʤʝʥʠʪʴ 

ʜʣʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʝʨʘʨʭʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʘʚʠʘʩʦʙʳʪʠʷʭ. 

ʆʮʝʥʢʘ ʥʝʦʞʠʜʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʨʘʥʝʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʟʤʦʞʥʘ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʪʦʣʴʢʦ ʧʨʠ 

ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʧʦ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʰʢʘʣʝ. ʀʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʟʘʠʤʩʪʚʦʚʘʪʴ ʩʫʤʤʘʨʥʳʡ 

ʢʨʠʪʝʨʠʡ ʵʢʦʚʦʟʜʝʡʩʪʚʠʷ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ï Iɻɸ [Nikolaykin 

et al., 2007]. 

ʊʘʢʦʡ ʢʨʠʪʝʨʠʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [Sharov et al., 2020], 

ʧʦʟʚʦʣʷʝʪ ʧʨʠ çʨʘʟʙʦʨʝ ʧʦʣʸʪʦʚè ʚʳʜʝʣʷʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʬʨʘʢʮʠʠ ʠʩʪʦʯʥʠʢʦʚ 

ʥʝʛʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʩʪʘʙʠʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʇʦʵʪʦʤʫ, ʚ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʦʩʣʝ ʥʝʛʘʪʠʚʥʳʭ ʘʚʠʘʩʦʙʳʪʠʡ, ʢʨʠʪʝʨʠʡ Iɻɸ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʝʨʝʩʤʦʪʨʝʪʴ, ʨʘʩʰʠʨʠʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʥʦʚʳʝ ʫʩʣʦʚʠʷ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ 

ʢʨʠʪʝʨʠʷ ï Iɸʉ  . 
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Ὅ В ὔὍ                                                  (2) 
 

ʛʜʝ NI ï ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʨʦʜʫ; ʢ ï ʚʠʜʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʠʣʠ ʢʦʤʧʦʥʝʥʪʳ ʪʦʛʦ, ʯʪʦ ʥʘʟʳʚʘʶʪ ʟʘʛʨʷʟʥʝʥʠʷʤʠ. 

ɺ ʥʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʨʠʪʝʨʠʷ Iɸʉ ʠʟʤʝʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʦ ʦʩʪʘʚʠʪʴ 

ʥʝʠʟʤʝʥʥʳʤ, ʘ ʠʤʝʥʥʦ ʚ ʝʜʠʥʠʮʘʭ ʢʦʣʠʯʝʩʪʚʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʝʡʩʪʚʠʡ ʥʘ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʳʝ ʧʨʠʨʘʚʥʝʥʳ ʢ ʪʘʢʦʤʫ ʦʙʲʝʤʫ ʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ (ʘ ʜʘʣʝʝ ʥʘ ʧʨʦʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʨʦʥʫ, ʚʳʟʳʚʘʝʤʦʤʫ ʚʳʙʨʦʩʦʤ ʫʛʘʨʥʦʛʦ ʛʘʟʘ (ʉʆ) ʤʘʩʩʦʡ 1 ʪʦʥʥʘ). 

 

ʕʢʩʧʝʨʠʤʝʥʪ 

ɺ ʢʘʯʝʩʪʚʝ ʬʦʨʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʨʦʜʫ NI ʦʙʱ 

ʚʳʩʪʫʧʘʶʪ ʛʨʫʧʧʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʠʤʝʥʥʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥ, ʚ ʧʨʠʨʦʜʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʸʤʳ, 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʧʘʜʘʶʱʠʝ ʚ ʣʠʪʦʩʬʝʨʫ ʪʚʝʨʜʳʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʞʠʜʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʘʢʫʩʪʠʯʝʩʢʠʭ, 

ʨʘʜʠʘʮʠʦʥʥʳʭ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʧʨʦʯʠʭ) 
 

ὔὍ ̏̂̚ὔὍ ̃̏̈ ὔ̅Ὅ ̃̏ ὔ̅Ὅ ̌̉ ὔ̓Ὅ ̉̈̕                   (3)  
 

ɼʣʷ ʢʘʞʜʦʛʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʠʨʦʜʝ ʢʦʤʧʣʝʢʩʘ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʚʳʟʚʘʥʥʦʛʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʘʚʠʘʮʠʦʥʥʳʤ ʩʦʙʳʪʠʝʤ ʥʘ ʥʝʢʦʪʦʨʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʝʛʦ ʤʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ NI ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
 

ὔὍ ὓ Ὄ ὑ̂Ȣ̗Ȣ̂Ȣ̓ ˗̎Ȣ̕Ȣ ˗̅ ̏Ȣ̐̈́̐                               (4) 

 

ʛʜʝ M ï ʤʝʨʘ ʚʝʱʝʩʪʚʘ (ʵʥʝʨʛʠʠ, ʠʥʬʦʨʤʘʮʠʠ), ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚ 

ʙʠʦʪʦʧ ʠ ʙʠʦʮʝʥʦʟ ʧʨʠ ʥʝʛʘʪʠʚʥʦʤ ʘʚʠʘʩʦʙʳʪʠʠ, ʘ ʪʘʢʞʝ ʦʪ ʩʤʝʞʥʳʭ ʷʚʣʝʥʠʡ; H 

ï ʫʨʦʚʝʥʴ ʫʩʣʦʚʥʦʡ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʚʝʣʠʯʠʥʘ ʉʆ, ʨʘʚʥʘʷ 

ʫʨʦʥʫ, ʚʳʟʳʚʘʝʤʦʤʫ ʚʳʙʨʦʩʦʤ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʤʘʩʩʦʡ 1 ʪʦʥʥʘ; ʢʙ.ʮ.ʙ.ʪ. ï ʧʦʢʘʟʘʪʝʣʴ 

ʙʠʦʮʝʥʦʪʠʯʝʩʢʦʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ; ʢʥ.ʬ. ï ʧʦʢʘʟʘʪʝʣʴ ʥʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩʝʣʠʪʝʙʥʦʡ ʪʝʨʨʠʪʦʨʠʠ;  ʢʜʦʧ.ʟʘʧ ï 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʧʦʚʝʜʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ (ʨʘʚʥʳʡ ʝʜʠʥʠʮʝ ʠʣʠ 1,2). 

 

ʈʝʟʫʣʴʪʘʪ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʚʳʭʦʜʝ ʘʣʛʦʨʠʪʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʘʝʤ 

ʨʘʟʤʝʨ ʫʙʳʪʢʘ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ ʚʩʣʝʜʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʘʚʠʘʩʦʙʳʪʠʷ ʩ 

ʘʚʘʨʠʡʥʳʤ ʚʦʟʜʫʰʥʳʤ ʩʫʜʥʦʤ. ʇʨʠ ʜʦʧʫʩʪʠʤʦʩʪʠ ʦʙʦʙʱʝʥʥʦʡ ʢʚʘʣʠʤʝʪʨʠʠ 

ʧʨʠʝʤʣʝʤ ʥʝ ʩʪʦʣʴ ʜʝʪʘʣʴʥʳʡ ʧʨʠʸʤ ʦʮʝʥʢʠ, ʥʘʧʨʠʤʝʨ, ʠʟʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ 

[ɻʣʘʜʢʦʚ ʠ ʜʨ., 2019] ʜʣʷ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʙʳʪʠʡ. ʊʦʛʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ (ʋʟ ʧ), ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʋʟ ʚ), 

ʘʪʤʦʩʬʝʨʳ (ʋʟ ʘ), ʬʠʪʦʩʦʦʙʱʝʩʪʚ (ʋʟ ʬʩ) ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʫʨʦʥʘ ʧʨʠʨʦʜʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ:  
 

ˠ̈̐̑ ˠ̈̐ ˠ̈̃ ˠ̈́ ˠ̈̒̕                                                            (5) 



59 

ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʥʘʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʷʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ɸʇ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʵʢʦʩʠʩʪʝʤʫ, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʘʥʘʣʠʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʚ ʢʘʯʝʩʪʚʝ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʦʮʝʥʠʚʘʶʱʫʶ ʧʨʷʤʦʝ ʠ ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ 

ʫʯʠʪʳʚʘʶʱʫʶ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ɸʇ 

ʥʘ ʧʨʠʨʦʜʫ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʘ ʦʙʱʠʡ ʨʘʟʤʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʳ.  

ɿʘ ʦʩʥʦʚʫ ʙʳʣʠ ʚʟʷʪʳ ʩʚʝʜʝʥʠʷ ʦ ʨʝʘʣʴʥʳʭ ɸʇ ʠʟ ʤʘʪʝʨʠʘʣʦʚ 

ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʠʭ ʨʘʩʩʣʝʜʦʚʘʥʠʶ. 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʚʳʙʨʘʥʳ ʧʫʪʸʤ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠ ʦʙʦʙʱʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ (2006 ï 2020 ʛʛ.).  

ʈʘʟʥʦʨʦʜʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʩ ʘʚʘʨʠʡʥʳʤʠ ɺʉ ʧʦ ʪʠʧʘʤ 

ʘʚʠʘʪʝʭʥʠʢʠ, ʫʩʣʦʚʠʷʤ, ʤʘʩʰʪʘʙʘʤ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʠʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠ ʫʯʝʩʪʴ ʚʩʝ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʚʘʨʠʘʥʪʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʉ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ 

ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʤʝʚʰʠʭ 

ʤʝʩʪʦ ʚ ʧʨʦʠʟʦʰʝʜʰʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʷʭ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʜʦʧʫʱʝʥʠʷ ʢ ʤʦʜʝʣʠ, ʘ ʠʤʝʥʥʦ: 

1. ʅʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ɸʇ, ʠʤʝʚʰʠʝ ʤʝʩʪʦ ʥʘʜ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʚ 

ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

2. ʅʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ɸʇ, ʠʤʝʚʰʠʝ ʤʝʩʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʠʞʝ ʧʣʶʩ 5ʆʉ. 

3. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ɸʇ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. 

4. ɸʇ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʞʘʨʦʤ. 

5. ʅʘ ʤʦʤʝʥʪ ɸʇ ʥʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ. 

ʄʦʜʝʣʴ ʨʘʟʣʠʯʘʝʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʳʭ ʩʣʫʯʘʷ: ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ 

ʥʘʣʠʯʠʷ ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ (ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʆʉ). 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʦʟʜʝʡʩʪʚʠʷ ɸʇ ʥʘ ʆʉ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʨʝʰʠʪʴ ʚʘʨʠʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʚʝʣʠʯʠʥʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʠ ʬʫʥʢʮʠʦʥʘʣʘ ʟʘʪʨʘʪ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʵʢʦʩʠʩʪʝʤʳ, ʛʜʝ ʬʫʥʢʮʠʷ ʮʝʣʠ ʌ, ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʨʝʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ I, ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʭ ʛʨʫʧʧ ʬʫʥʢʮʠʡ: ʍ ï ʣʠʥʝʡʥʳʝ ʧʦ ʚʨʝʤʝʥʠ, Y ï 

ʢʚʘʜʨʘʪʠʯʥʳʝ ʧʦ ʚʨʝʤʝʥʠ, Z ï ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

 

ɺʳʚʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʦʨʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʚʠʜʦʚ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʉ, ʦʢʘʟʳʚʘʝʤʦʛʦ ʧʨʠ ɸʇ, 

ʦʪʣʠʯʘʶʱʫʶʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ (ʭʠʤʠʯʝʩʢʦʛʦ) ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʙʳʪʠʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʚʘʨʠʡʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ɸʇ, ʢʦʪʦʨʘʷ ʧʦʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʥʘ ʤʝʩʪʝ ɸʇ. 
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ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ ʀ ʄɽʊʆɼʆɺ 

ʇʈɽɼʆʊɺʈɸʑɽʅʀʗ ʆɹʃɽɼɽʅɽʅʀʗ ɺʆɿɼʋʐʅʆɻʆ ʉʋɼʅɸ 
 

ʉʘʨʘʥʠʥʘ ɽ. ɺ.  

ʂʫʟʥʝʮʦʚ ʉ. ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʘ ʦʙʣʝʜʝʥʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʟʚʝʩʪʥʘ ʩ ʩʘʤʦʛʦ 

ʟʘʨʦʞʜʝʥʠʷ ʘʚʠʘʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʣʝʜʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚʝʩʴʤʘ ʩʪʨʝʤʠʪʝʣʴʥʦ, ʤʝʥʷʷ ʛʝʦʤʝʪʨʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʚ ʧʦʣʸʪʝ ʩʦ 

ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ɹʦʨʴʙʘ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʸʪ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʝʜʝʥʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʙʦʨʴʙʘ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. 

 

REVIEW OF MODERN TECHNICAL MEANS AND METHODS OF 

AIRCRAFT ICING  PREVENTION  
 

Saranina E. V. 

Kuznetsov S. N., Candidate of Technical Sciences 
 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 
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Abstract. The problem of aircraft icing has been known since the very beginning of 

aviation. The formation of ice deposits under certain atmospheric conditions occurs very rapidly, 

changing the geometry of the aerodynamic surfaces of the aircraft. This phenomenon can lead to a 

complete loss of control in flight with all the ensuing consequences. Anti- icing is an integral part of 

flight safety. The article discusses various versions of de-icing systems. It analyzes the currently 

used systems for their advantages, disadvantages, and limitations. It also considers the prospects of 

improving the de-icing systems through the use of nanotechnology and innovative approaches. 

Keywords: aircraft de-icing, de-icing control, nanotechnology. 
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ʆʙʣʝʜʝʥʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ï ʢʨʘʡʥʝ ʦʧʘʩʥʦʝ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʠʤʠ ʨʠʩʢʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʣʠʯʠʝ 

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʇʆʉ) ʥʝ ʦʪʤʝʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʙʣʶʜʘʪʴ 

ʙʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʦʙʣʝʜʝʥʝʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʝʨʝʜʥʠʝ ʢʨʦʤʢʠ 

ʢʨʳʣʘ ʠ ʦʧʝʨʝʥʠʷ, ʵʣʝʤʝʥʪʳ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʵʣʝʤʝʥʪʳ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠ ʧʝʨʚʳʭ ʩʪʫʧʝʥʝʡ ʜʚʠʛʘʪʝʣʷ, ʣʦʧʘʩʪʠ 

ʥʝʩʫʱʝʛʦ ʠ ʨʫʣʝʚʦʛʦ ʚʠʥʪʦʚ ʠ ʵʣʝʤʝʥʪʳ ʠʭ ʚʪʫʣʦʢ, ʣʦʙʦʚʦʝ ʦʩʪʝʢʣʝʥʠʝ, 

ʦʙʪʝʢʘʪʝʣʠ ʤʝʪʝʦʣʦʢʘʪʦʨʦʚ ʠ ʙʦʨʪʦʚʳʭ ʘʥʪʝʥʥ, ʧʨʠʸʤʥʠʢʠ ʚʦʟʜʫʰʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʜʘʪʯʠʢʠ ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʧʨʦʯʠʝ ʵʣʝʤʝʥʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʙʜʫʚʘʝʤʳʝ ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ.  

ʂ ʇʆʉ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʣʸʪʘ ʚ 

ʣʶʙʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ ʠ ʥʘ ʣʶʙʳʭ ʚʳʩʦʪʘʭ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 

ʧʦʣʸʪʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʘ ʇʆʉ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʧʦ 

ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʇʆʉ. ʊʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʦʞʘʨʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʝʚʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʵʥʝʨʛʠʠ, ʥʘʣʠʯʠʝ ʜʘʪʯʠʢʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ 

ʇʆʉ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʯʘʣʝ ʦʙʣʝʜʝʥʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʫʶʪ ʜʝʡʩʪʚʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɹʦʨʴʙʘ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʸʪʘ ʚʦʟʤʦʞʥʘ ʙʣʘʛʦʜʘʨʷ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʇʆʉ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʤ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ ʪʝʧʣʦʚʳʤ [ɿʠʥʯʝʥʢʦ, 2009]. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʇʆʉ ʧʦ ʩʚʦʝʤʫ ʧʨʠʥʮʠʧʫ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʣʝʜʝʥʝʚʰʠʝ ʫʯʘʩʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʣʝʜʷʥʘʷ ʢʦʨʢʘ ʨʘʟʨʫʰʘʝʪʩʷ, 

ʘ ʣʝʜʷʥʳʝ ʦʩʢʦʣʢʠ ʫʥʦʩʷʪʩʷ ʥʘʙʝʛʘʶʱʝʤ ʧʦʪʦʤ. ʉʫʱʝʩʪʚʫʶʪ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʳʝ ʚʘʨʠʘʥʪʳ ʜʘʥʥʳʭ ʩʠʩʪʝʤ [ʊʝʥʠʰʝʚ, 1967, ʩ. 40]. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʩʪʚʦʨʝʥʠʷ 

ʣʴʜʘ ʟʘ ʩʯʸʪ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ 

ʧʦʥʠʞʝʥʠʷ ʪʦʯʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʜʳ ʥʘ ʵʣʝʤʝʥʪʘʭ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. 

ʊʝʧʣʦʚʳʝ ʩʠʩʪʝʤʳ ʛʣʦʙʘʣʴʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʚʦʟʜʫʰʥʳʝ [ʊʨʫʥʦʚ, 1965, ʩ. 70]. ʇʦ ʩʚʦʝʤʫ ʧʨʠʥʮʠʧʫ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʦʙʰʠʚʢʦʡ, ʧʠʪʘʝʤʳʡ ʦʪ ʙʦʨʪʦʚʦʡ ʩʝʪʠ, 

ʣʠʙʦ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʙʦʨ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʫʧʝʥʝʡ ʨʦʪʦʨʘ 

ʜʚʠʛʘʪʝʣʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʜʦʛʨʝʚ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʜʦ ʤʦʤʝʥʪʘ ʦʪʜʝʣʝʥʠʷ ʦʙʣʝʜʝʥʝʥʠʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʛʦ ʫʥʦʩʘ ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʝ ʝʸ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʙʦʨʴʙʳ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʇʆʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʦʛʦ ʘʩʧʝʢʪʘ ʷʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʝʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʨʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʘ ʩʘʤʘ 

ʩʠʩʪʝʤʘ ʚʩʪʨʦʝʥʘ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɹʣʘʛʦʜʘʨʷ ʪʱʘʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʭʘʨʘʢʪʝʨʘ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
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ʦʙʰʠʚʢʫ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʱʠʱʸʥʥʦʩʪʠ ʦʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʟʘ ʩʯʸʪ ʝʸ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʧʦʜʘʯʠ ʩʝʨʠʠ ʠʤʧʫʣʴʩʦʚ. ʇʨʠ ʵʪʦʤ ʚ 

ʤʘʪʝʨʠʘʣʝ ʚʦʟʥʠʢʘʶʪ ʜʝʬʦʨʤʘʮʠʠ, ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʣʴʜʘ. 

ʕʣʝʢʪʨʦʠʤʧʫʣʴʩʥʳʝ ʇʆʉ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʭ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʘʧʧʘʨʘʪʘ ʠʟ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ 

ʵʣʝʤʝʥʪʦʚ ʦʙʰʠʚʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʣʦʡ ʘʣʶʤʠʥʠʝʚʦʡ 

ʬʦʣʴʛʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʜʫʙʣʸʨ.  

ʅʘʨʷʜʫ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʇʆʉ, ʛʣʫʙʦʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʇʆʉ [ɻʠʰʚʘʨʦʚ, 

2006, ʩ. 103]. 

ʇʦʜ ʪʝʨʤʠʥʦʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʦʙʳʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʧʦʜʭʦʜ ʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ (ʢʘʢ ʧʨʘʚʠʣʦ, ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ) ʚ 

ʩʣʦʞʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʬʫʣʣʝʨʝʥʳ, ʢʘʧʩʫʣʳ), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʠʩ. 1. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʥʘʥʦʧʦʢʨʳʪʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʦʚʘʥʠʝʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʅʘʥʦʪʨʫʙʢʠ ʠ ʬʫʣʣʝʨʝʥʳ 

 

ʊʝʨʤʦʢʨʳʣʦ. ʇʨʦʝʢʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪʘʤʠ NASA, ʩʫʪʴ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʛʨʘʬʠʪʦʚʦʡ 

ʬʦʣʴʛʠ, ʨʠʩ. 2. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ ʚʧʣʦʪʴ ʜʦ ʜʚʫʢʨʘʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʸʤʢʦʩʪʴ ʜʦ ʧʦʣʫʪʦʨʘ ʨʘʟ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʙʣʝʜʝʥʝʥʠʶ. ɼʘʥʥʳʡ 

ʪʝʨʤʦʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʣʝʜʷʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʧʦʣʸʪʝ. 
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ʈʠʩʫʥʦʢ 2 ï ʌʦʣʴʛʘ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ. ʅʘʥʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʶʤʠʥʠʝʚʦʡ ʘʥʦʜʥʦʡ ʬʦʣʴʛʠ 

 

ʇʦʢʨʳʪʠʝ ʦʪ Battelle. ɼʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʢʦʧʨʦʚʦʜʷʱʫʶ ʢʨʘʩʢʫ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 3. ɼʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʤʦʞʥʦ ʥʘʥʦʩʠʪʴ ʥʘ 

ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʸʥʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ 

ʜʨʫʛʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʦʪʨʝʙʥʳʡ ʩʣʦʡ ʢʨʘʩʢʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʚʝʩ ʠ 

ʪʦʣʱʠʥʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʯʝʪʳʨʸʭʢʨʘʪʥʳʡ ʧʨʠʨʦʩʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ-ʘʥʘʣʦʛʘʤʠ. ʉʣʦʡ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʢʨʘʩʢʠ 

ʥʘʥʦʩʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʩʚʝʨʭʫ ʵʪʦʪ 

ʩʣʦʡ ʧʦʢʨʳʚʘʝʪʩʷ ʦʙʳʯʥʦʡ ʢʨʘʩʢʦʡ. ʇʨʷʤʦʝ ʥʘʥʝʩʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʜʚʝʨʞʝʥʥʳʝ ʦʙʣʝʜʝʥʝʥʠʶ, ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʝʨʪʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʠ ʝʸ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʦʢʨʳʪʠʝ ʦʪ Battelle ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ  
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ʉʫʧʝʨʛʠʜʨʦʬʦʙʥʦʝ ʧʦʢʨʳʪʠʝ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʢʨʳʪʠʡ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʫʛʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʫʶ 

ʟʘʢʨʝʧʣʝʥʠʝ ʯʘʩʪʠʮ ʚʦʜʳ ʠ ʣʴʜʘ.  

ɺ ʦʙʱʝʤ ʚʠʜʝ ʛʠʜʨʦʬʦʙʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟʚʝʩʪʥʳ ʠ ʩʫʱʝʩʪʚʫʶʪ ʜʦʚʦʣʴʥʦ 

ʜʘʚʥʦ. ʆʥʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʪ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʚʧʣʦʪʴ ʜʦ 

ʙʳʪʦʚʳʭ ʨʝʰʝʥʠʡ (ʟʘʱʠʪʘ ʦʜʝʞʜʳ ʦʪ ʧʨʦʤʦʢʘʥʠʷ). ʆʜʥʘʢʦ ʧʨʘʢʪʠʢʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʦʪʪʘʣʢʠʚʘʶʱʠʭ ʚʦʜʫ, ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 

ʧʦʨʷʜʢʘ 10 ʤʠʢʨʦʤʝʪʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʢʨʝʧʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʨʘʟʤʝʨʦʚ ʚ 50 

ʥʘʥʦʤʝʪʨʦʚ, ʯʝʛʦ ʜʦʙʠʪʴʩʷ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ (ʨʠʩ. 4). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʢʨʳʪʠʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʥʝ 

ʤʝʥʷʶʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʚʚʠʜʫ ʧʨʝʜʝʣʴʥʦ ʤʘʣʦʡ ʪʦʣʱʠʥʳ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʛʦ ʩʣʦʷ. ʊʘʢʞʝ ʜʘʥʥʳʡ ʚʠʜ ʧʦʢʨʳʪʠʡ ʥʝ ʪʨʝʙʫʝʪ ʥʠʢʘʢʦʛʦ 

ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʥʘ ʩʚʝʨʭʛʠʜʨʦʬʦʙʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʩʪʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʚʝʨʭʛʠʜʨʦʬʦʙʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 
 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʳʛʦʜʳ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʣʝʛʢʫʶ, 

ʵʬʬʝʢʪʠʚʥʫʶ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʙʝʟʦʧʘʩʥʫʶ ʪʝʭʥʠʢʫ ʩ ʫʤʝʥʴʰʝʥʥʳʤ 

ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠ ʚʣʠʷʥʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 
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Abstract. The article presents a method of thermodynamic calculation of the parameters of 

a gas medium in a pulsed combustion chamber. According to this method, the parameters were 

calculated during a single pulse. 

Keywords: pulsed combustion chamber, thermodynamic calculation of parameters, gas 

medium, ball combustion layer, flame front, combustion pressure, gas density, adiabatic index. 

 

ʀʤʧʫʣʴʩʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʞʘʨʦʚʫʶ ʪʨʫʙʫ ʩ ʛʘʟʦʩʙʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʚʠʜʝ ʢʦʥʠʯʝʩʢʠ 

ʩʫʞʘʶʱʝʛʦʩʷ ʩʦʧʣʘ. ʌʨʦʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʪʥʳʡ 

ʢʣʘʧʘʥ, ʪʘʨʝʣʢʘ ʢʦʪʦʨʦʛʦ ʧʨʦʧʫʩʢʘʝʪ ʚʦʟʜʫʭ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ [ʀʩʘʝʚ, 2012]. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʦʙʲʝʤʝ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʪʘʨʝʣʢʘ ʢʣʘʧʘʥʘ 

ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʝʛʦ ʩʝʜʣʫ ʠ ʧʦʜʘʯʘ ʚʦʟʜʫʭʘ ʧʨʝʢʨʘʱʘʝʪʩʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʧʣʦ 

ʷʚʣʷʝʪʩʷ ʜʨʦʩʩʝʣʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʝʛʦ ʜʠʘʤʝʪʨ ʥʘ ʩʨʝʟʝ ʦʧʨʝʜʝʣʷʝʪ 

ʩʪʨʫʢʪʫʨʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʚ ʦʙʲʝʤʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ɺ 

ʞʘʨʦʚʫʶ ʪʨʫʙʫ ʧʦʤʝʱʝʥʳ ʠʤʧʫʣʴʩʥʘʷ ʪʦʧʣʠʚʥʘʷ ʬʦʨʩʫʥʢʘ ʜʣʷ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʠ ʩʚʝʯʘ ʟʘʞʠʛʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʪʘʢʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʤʧʫʣʴʩʘʤʠ 

[ʀʩʘʝʚ, 2012]. ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʥʘʧʦʣʥʝʥʠʷ 

ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ ʠ ʦʪ ʚʨʝʤʝʥʠ ʠʩʪʝʯʝʥʠʷ ʛʦʨʷʯʠʭ 
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ʛʘʟʦʚ ʯʝʨʝʟ ʩʦʧʣʦ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʜʠʥʠʯʥʳʡ ʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʮʝʩʩ ʥʘʧʦʣʥʝʥʠʷ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʴʶ ʠ ʝʝ ʛʦʨʝʥʠʝ. ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʥʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʚʝʜʝʤ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʩʴ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʞʜʳʭ ʝʜʠʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [ʄʦʠʩʝʝʚ, 2006]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʛʦʨʝʥʠʷ ʠ ʜʝʪʦʥʘʮʠʠ ʛʘʟʦʚ ʛʦʨʝʥʠʝ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ [ɿʝʣʴʜʦʚʠʯ, 1980; ɻʦʚʦʨʦʚ, 2007]. 

ɺ ʤʘʣʦʤ ʦʙʲʝʤʝ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʦʪ ʩʚʝʯʠ ʟʘʞʠʛʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʠ ʥʘʯʠʥʘʝʪʩʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ. ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʚ ʵʪʦʤ ʦʙʲʝʤʝ ʜʦʩʪʠʛʥʝʪ ʤʘʢʩʠʤʫʤʘ, ʪʦ ʧʨʦʠʟʦʡʜʝʪ ʛʦʨʝʥʠʝ. ʅʘ 

ʛʨʘʥʠʮʝ ʵʪʦʛʦ ʦʙʲʝʤʘ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ ʩʦ ʩʨʝʜʦʡ ʚʦʟʥʠʢʘʝʪ ʬʨʦʥʪ ʧʣʘʤʝʥʠ. ɺ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʬʝʨʫ (ʨʠʩ. 1) 

[ɿʝʣʴʜʦʚʠʯ, 1980; ɻʦʚʦʨʦʚ, 2007]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʬʝʨʘ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʨʦʥʪʘ ʛʦʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʦʡ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʨʦʥʪʘ ʛʦʨʝʥʠʷ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʪʦʧʣʠʚʘ. ɿʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʘʢ ʞʝ ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʢʘ ʝʱʝ 

ʥʝ ʛʦʨʷʱʝʡ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʈʘʩʰʠʨʷʶʱʠʡʩʷ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʙʫʜʝʪ 

ʟʘʭʚʘʪʳʚʘʪʴ ʚʩʝ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʦʨʝʥʠʷ ʙʫʜʝʪ ʧʦʚʳʰʘʪʴʩʷ. ʈʘʩʰʠʨʷʶʱʠʡʩʷ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʙʫʜʝʪ ʩʤʝʱʘʪʴ 

ʥʝʩʛʦʨʝʚʰʫʶ ʩʤʝʩʴ ʚ ʩʪʦʨʦʥʫ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʦʧʣʘ ʠʤʧʫʣʴʩʥʦʡ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ [ʀʩʘʝʚ, 2016]. 

ʉʬʝʨʘ ʛʦʨʝʥʠʷ ʧʣʘʤʝʥʠ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʦ ʝʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʦ 

ʩʪʝʥʢʘʤʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ɿʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʛʦʨʝʥʠʠ ʦʙʨʘʪʥʳʡ 

ʢʣʘʧʘʥ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʨʦʝʪʩʷ, ʠ ʬʨʦʥʪ ʧʣʘʤʝʥʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʫʩʝʯʝʥʥʫʶ ʩʬʝʨʫ, ʥʘʯʥʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʪʨʫʙʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 
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ʪʦʣʴʢʦ ʚ ʩʪʦʨʦʥʫ ʩʦʧʣʘ, ʚʳʪʝʩʥʷʷ ʥʝʩʛʦʨʝʚʰʫʶ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʫʶ ʩʤʝʩʴ ʚ 

ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʦʥʘ ʙʫʜʝʪ ʜʦʛʦʨʘʪʴ (ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ 

 

ʅʘ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʜʣʠʥʘ ʩʦʧʣʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

ʋʜʣʠʥʝʥʠʝ ʩʦʧʣʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʠʙʨʘʮʠʡ ʧʣʘʤʝʥʠ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ 

ʚʦʣʥ. ʏʝʤ ʙʫʜʝʪ ʚʳʰʝ ʜʘʚʣʝʥʠʝ ʛʦʨʝʥʠʷ, ʪʝʤ ʚ ʜʣʠʥʥʦʤ ʩʦʧʣʝ ʙʫʜʝʪ 

ʠʥʪʝʥʩʠʚʥʝʝ ʜʝʪʦʥʘʮʠʦʥʥʘʷ ʚʦʣʥʘ [ɿʝʣʴʜʦʚʠʯ, 1984].  

ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʩʥʘʯʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʝʤ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ὠ̋,̒ ʧʦʪʦʤ ʦʙʲʝʤ 

ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʩʬʝʨʳ ʛʦʨʝʥʠʷ ʠ ʦʙʲʝʤ ʰʘʨʦʚʦʛʦ ʩʣʦʷ ὠ̙Ȣ̠̒̌̏. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʫʣ ʚʚʝʜʝʤ ʩʧʠʩʦʢ ʫʩʣʦʚʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ: 

Ὑ ï ʫʜʝʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ R å 287 ɼʞ/(ʢʛĀʂ); 

Ὕ̘̎́ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʜ ʛʦʨʝʥʠʝʤ, 
0ʂ; 

ὴ̎ ́ ̘ï ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʜ ʛʦʨʝʥʠʝʤ, ʇʘ; 

ά̃ Ȣ̙Ȣ̒Ȣ ï ʤʘʩʩʘ ʚʦʟʜʫʭʘ ʚ ʰʘʨʦʚʦʤ ʩʣʦʝ, ʢʛ; 

ά̃ Ȣ̄̏ ̑ ï ʤʘʩʩʘ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʚʦ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ ʢʛ; 

Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ; 

L0 ï ʧʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʜʣʷ ʩʞʠʛʘʥʠʷ 1 ʢʛ ʢʝʨʦʩʠʥʘ; 

ὠ̑̏̎̓́̕ ̐̌́̍̆̎̉  ï ʦʙʲʝʤ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚʦ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ ʤ3; 

ὠ̋  ̒ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʤ3; 

ὠ̙Ȣ̠̒̌̏ ï ʦʙʲʝʤ ʰʘʨʦʚʦʛʦ ʩʣʦʷ ʤ3; 

ὠ̖̏Ȣ̌̄́̈́ ï ʦʙʲʝʤ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʤ3; 

ά̄ Ȣ̄̏ ̑ ï ʤʘʩʩʘ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚʦ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ, ʢʛ; 

 Ὕ̄̏̑ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʢʝʨʦʩʠʥʘ, 
0ʂ; 

ὴ̄ ̏ ̑ ï ʜʘʚʣʝʥʠʝ ʛʦʨʝʥʠʷ, ʇʘ; 

Ὧ ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ, Ὧ = 1,25.  

ʊʘʢ ʢʘʢ ʚʦʟʛʦʨʘʥʠʝ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʜʘʣʝʥʠʠ 

0,035 ʤ ʦʪ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ, ʪʦ ʰʘʨʦʚʳʡ ʩʝʛʤʝʥʪ, ʜʦʩʪʠʛʰʠʡ ʬʨʦʥʪʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʜʘʣʝʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʌʨʦʥʪ ʧʣʘʤʝʥʠ ʫʩʪʨʝʤʣʷʝʪʩʷ ʢ ʚʳʭʦʜʫ ʠʟ 

ʩʦʧʣʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 
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ʀʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ ʚʦʟʜʫʭʘ 

ʚ ʰʘʨʦʚʦʤ ʩʣʦʝ: 

 

ὴ̎ ́Ͻ̘ὠ̙Ȣ̠̒̌̏ά̃ Ȣ̙Ȣ̒ȢϽὙϽὝ̘̎́,                                  (1) 

 

ʊʦʛʜʘ: 

 

ά̃ Ȣ̙Ȣ̒Ȣ ”Ͻὠ̙Ȣ̠̒̌̏
̎́Ͻ̘̙ Ȣ̠̒̌̏

Ͻ̎ ̘́
,                                  (2) 

 

ʛʜʝ r ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʛʦʨʝʥʠʷ ɟ= ̘̎́
Ͻ̘̎́

, ʢʛ/ʤ3. 

ɿʥʘʷ ʤʘʩʩʫ ʚʦʟʜʫʭʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʛʦʨʝʥʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʘ ʪʦʧʣʠʚʘ mʊ 

[ɼʘʚʳʜʦʚ, 2017] ʚ ʰʘʨʦʚʦʤ ʩʣʦʝ: 

 

ά̓ Ȣ̙̃Ȣ̒Ȣ

Ͻ
 ,                                                    (3) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʢʝʨʦʩʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʤʘʩʩʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ [ʇʦʨʪʦʣʘ, 2001]: 

 

4̄̏̑ ςρφς+ . 

 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʧʨʦʚʝʜʝʤ ʜʣʷ ʛʦʨʝʥʠʷ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʝʜʠʥʠʯʥʦʤ ʠʤʧʫʣʴʩʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ 

ʨʘʟʦʙʴʝʤ ʥʘ ʠʪʝʨʘʮʠʠ. ʂʘʞʜʘʷ ʠʪʝʨʘʮʠʷ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʜʠʥʠʯʥʦʤʫ 

ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ Ű. 

ɿʥʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʢʝʨʦʩʠʥʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʘʚʣʝʥʠʝ ʛʦʨʝʥʠʷ 

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ὴ̄ ̏ ̑: 

 

ὴ̄ ̏ ̑
̄̏Ͻ̘̑̎́

̘̎́
.                                                   (4) 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʤʧʫʣʴʩʥʦʛʦ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʛʦʨʷʯʠʡ ʛʘʟ ʚ ʰʘʨʦʚʦʤ ʩʣʦʝ, ʛʦʨʷʯʠʡ ʛʘʟ ʚʦ 

ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ, ʛʦʨʷʯʠʡ ʛʘʟ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʠ ʭʦʣʦʜʥʳʡ ʛʘʟ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʧʣʦʪʥʦʩʪʠ ʚ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ. 

 

”̕ ̑̏̎̓́ ̐̌́̍̆̎̉ 
̄̏ ̑ 

Ͻ̄̏̑
, 

 

”̄Ȣ̋  ̒
̘̎́

Ͻ̘̎́
, 

 

”̄ ́̈́ ̙Ȣ̒Ȣ
̄̏ ̑

Ͻ̄̏̑
, 
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”̖ ̏Ȣ̌̄Ȣ
̘̎́

Ͻ̘̎́
. 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʤʧʫʣʴʩʥʦʛʦ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʛʦʨʷʯʘʷ ʠ ʭʦʣʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ὴ̒  ̍ʥʘ 

ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʜʘʚʣʝʥʠʡ ʭʦʣʦʜʥʦʡ ὴ̒ Ȣ̖̍ ̏Ȣ̌ ʠ ʛʦʨʷʯʝʡ ὴ̒ Ȣ̍̄ ̏Ȣ̑ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʤʝʩʠ: 

 

ὴ̒ Ȣ̍ ὴ̒ Ȣ̍̄ ̏Ȣ̑ ὴ̒ Ȣ̖̍ ̏Ȣ̌.                                     (5) 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʜʘʚʣʝʥʠʡ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʠ ʧʝʨʝʡʜʝʤ 

ʢ ʠʭ ʫʜʝʣʴʥʳʤ ʦʙʲʝʤʘʤ, ʪʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʠʪʝʨʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʫʜʦʙʥʝʝ ʚʳʯʠʩʣʷʪʴ ʯʝʨʝʟ ʫʜʝʣʴʥʳʝ ʦʙʲʝʤʳ. 

ʊʘʢ ʢʘʢ ʩʬʝʨʘ ʛʦʨʝʥʠʷ ʩ ʢʘʞʜʳʤ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʟʘʭʚʘʪʳʚʘʝʪ 

ʥʦʚʳʡ ʦʙʲʝʤ, ʪʦ ʜʘʚʣʝʥʠʝ ʛʦʨʷʯʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʤʝʩʠ pʩʤ.ʛʦʨ.1 ʚ ʥʦʚʦʤ ʦʙʲʝʤʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫʣʦʡ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʘʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ 

(ʫʨʘʚʥʝʥʠʝ ʘʜʠʘʙʘʪʳ) [ɸʥʜʨʶʱʝʥʢʦ, 1975]: 

 

, 

 

ʠʣʠ: 

 

̒Ȣ̍̄̏Ȣ̑

̄̏ ̑

̑̏̎̓́̕ ̐̌́̍̆̎̉  

̋̒
. 

 

ʊʦʛʜʘ ʜʘʚʣʝʥʠʝ ʛʦʨʷʯʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʤʝʩʠ ὴ̒ Ȣ̍̄ ̏Ȣ̑: 

 

ὴ̒ Ȣ̍̄ ̏Ȣ̑ ὴ̄ ̏ ̑Ͻ
̑̏̎̓́̕ ̐̌́̍̆̎̉ 

Ȣ̄̄̏ ̑

̋̒
Ȣ̄̄̏ ̑

,                       (6) 

 
ɺ ʬʦʨʤʫʣʝ (6) ʚ ʯʠʩʣʠʪʝʣʝ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚʦ ʬʨʦʥʪʝ 

ʧʣʘʤʝʥʠ ̕‮ ̑̏̎̓́ ̐̌́̍̆̎̉ . ɺ ʟʥʘʤʝʥʘʪʝʣʝ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ̄‮ ̏Ȣ̑̄́̈́ ̋  ̒. 

ʄʘʩʩʘ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚʦ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ά̄ Ȣ̄̏ ̑ ”̕ ̑̏̎̓́ ̐̌́̍̆̎̉ Ͻὠ̑̏̎̓́̕ ̐̌́̍̆̎̉ . 

 

ɼʘʚʣʝʥʠʝ ʭʦʣʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʤʝʩʠ ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʫʨʘʚʥʝʥʠʝ ʘʜʠʘʙʘʪʳ. 

ʅʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ: 

ὴ̒ Ȣ̖̍ ̏Ȣ̌ ὴ̎ ́Ͻ̘
̖̏Ȣ̌̃Ȣ

̋ ̒
,                                     (7) 
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ʛʜʝ: ̖‮ ̏Ȣ̌̃Ȣ
̖̏Ȣ̌̃Ȣ

̖̏Ȣ̌̄́̈́ 
 ï ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ; ̋‮  ̒
̋̒

̋Ͻ̖̒̏Ȣ̌̄Ȣ
 ï ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʛʘʟʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. ɿʜʝʩʴ ὠ̋ Ͻ̒

”̖ ̏Ȣ̌̄Ȣ  ï ʤʘʩʩʘ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ;  

ά̖ ̏Ȣ̌̄́̈́ ὠ̋ Ͻ̒”̄ ̏Ȣ̑̄Ȣ ά̃ Ȣ̙Ȣ̒Ȣ ï ʤʘʩʩʘ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ; 

ʆʧʨʝʜʝʣʠʚ ʜʘʚʣʝʥʠʷ ʭʦʣʦʜʥʦʡ (7) ʠ ʛʦʨʷʯʝʡ (6) ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʘʟʦʚʳʭ 

ʩʤʝʩʝʡ, ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ (5) ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ ὴ̒ Ȣ̍ ʠ ʧʝʨʝʡʜʝʤ ʢ ʨʘʩʯʝʪʫ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ Ὕ̒ Ȣ̍.  

ʊʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʛʘʟʘ, ʧʦʜ ʢʦʪʦʨʳʤ 

ʧʦʥʠʤʘʶʪ ʤʝʨʫ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʦʣʝʢʫʣ ʛʘʟʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ Ὕ̒ Ȣ̖̍ ̏Ȣ̌ ʠ ʛʦʨʷʯʠʭ Ὕ̒ Ȣ̍̄ ̏Ȣ̑. ʀʟ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʧʨʠ 

ʘʜʠʘʙʘʪʥʦʤ ʩʞʘʪʠʠ [ɼʘʚʳʜʦʚ, 2017]: 

 

 , 

 

ʠʣʠ ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʜʣʷ ʛʦʨʷʯʝʛʦ ʛʘʟʘ: 

 

Ὕ̒ Ȣ̍̄ ̏Ȣ̑ Ὕ̄̏̑
̒Ȣ̍

̄̏Ȣ̑
,                                         (8) 

 

ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ: 

Ὕ̒ Ȣ̖̍ ̏Ȣ̌ Ὕ̎́Ͻ̘
̒Ȣ̍

̒Ȣ̖̍̏Ȣ̌
,                                     (9) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʠ ʛʘʟʦʚ ʚ ʦʙʲʝʤʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʊʘʢ ʢʘʢ ʦʙʲʝʤ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥ, ʪʦ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʤʝʩʠ ʛʦʨʷʯʝʛʦ ʠ 

ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ. ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ 

n ʤʦʣʝʡ ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ ʨʘʚʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ: 

 

Ὗ ὲὙὝ̒ Ȣ̍,                                               (10) 

 

ʛʜʝ Ὕ̒ Ȣ̍ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚ ʧʝʨʚʦʡ 

ʠʪʝʨʘʮʠʠ, R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (8) ʠ (9), ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʩʤʝʩʠ ʭʦʣʦʜʥʦʛʦ ʠ 

ʛʦʨʷʯʝʛʦ ʛʘʟʘ (10) ʙʫʜʝʪ ʨʘʚʥʘ: 

 

Ὗ ὲὙὝ̒ Ȣ̍̄ ̏Ȣ̑ ὲὙὝ̒ Ȣ̖̍ ̏Ȣ̌  Ȣ                               (11) 
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ʛʜʝ n1 ï ʯʠʩʣʦ ʤʦʣʝʡ ʛʦʨʷʯʝʛʦ ʛʘʟʘ, n2 ï ʯʠʩʣʦ ʤʦʣʝʡ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ. 

ʇʨʠ ʩʤʝʰʝʥʠʠ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʩʪʘʣʘ Ὕ̒ Ȣ̍, ʘ 

ʚʥʫʪʨʝʥʥʠʝ ʵʥʝʨʛʠʠ ʛʘʟʦʚ ʩʪʘʣʠ: 
 

Ὗ ὲὙὝ̒ Ȣ̍,    ʠ,     Ὗ ὲὙὝ̒ Ȣ̍. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (11): 
 

Ὗ ὲὙὝ̒ Ȣ̍̄ ̏Ȣ̑ ὲὙὝ̒ Ȣ̖̍ ̏Ȣ̌ ὲὙὝ̒ Ȣ̍ ὲὙὝ̒ Ȣ̍ . 

 

ʊʦʛʜʘ ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʡ ʩʤʝʩʠ Ὕ̒ Ȣ̍: 
 

Ὕ̒ Ȣ̍
̒Ȣ̍̄̏Ȣ̑ ̒Ȣ̖̍̏Ȣ̌ ̒Ȣ̍̄̏Ȣ̑ ̒Ȣ̖̍̏Ȣ̌

 .                   (12) 

 

ɺ ʬʦʨʤʫʣʫ (12) ʚʭʦʜʠʪ ʦʪʥʦʰʝʥʠʝ ʤʦʣʝʡ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ. 

ʅʘʡʪʠ ʝʛʦ ʤʦʞʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʛʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʦʙʦʠʭ ʛʘʟʦʚ ʜʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ: 
 

ὴ̒ Ȣ̍̄ ̏Ȣ̑Ͻὠ ὲϽὙϽὝ̒ Ȣ̍̄ ̏Ȣ̑ ; 

 

ὴ̒ Ȣ̖̍ ̏Ȣ̌Ͻὠ ὲϽὙϽὝ̒ Ȣ̖̍ ̏Ȣ̌ . 
 

ʈʘʟʜʝʣʠʚ ʧʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ ʥʘ ʚʪʦʨʦʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʰʝʥʠʝ 

ʤʦʣʝʡ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ: 
 

̒Ȣ̍̄̏Ȣ̑

̒Ȣ̖̍̏Ȣ̌

̒Ȣ̖̍̏Ȣ̌

̒Ȣ̍̄̏Ȣ̑
 . 

 

ʇʦʜʩʪʘʚʠʤ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʠ (12) ʠ ʧʦʣʫʯʠʤ: 
 

Ὕ̒ Ȣ̍
̒Ȣ̍̄̏Ȣ̑Ͻ̒ Ȣ̖̍ ̏Ȣ̌Ͻ ̒Ȣ̍̄̏Ȣ̑ ̒Ȣ̖̍̏Ȣ̌

̒Ȣ̍̄̏Ȣ̑Ͻ̒ Ȣ̖̍̏Ȣ̌ ̒Ȣ̖̍̏Ȣ̌Ͻ̒ Ȣ̍̄ ̏Ȣ̑
 .                            (13) 

 

ʅʘ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʠʤʧʫʣʴʩʥʦʡ 

ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʳ (6) ʠ (7) ʜʣʷ 

ʨʘʩʯʝʪʘ ʜʘʚʣʝʥʠʡ ʛʦʨʷʯʝʡ ὴ̒ Ȣ̍̄ ̏Ȣ̑ ʠ ʭʦʣʦʜʥʦʡ ὴ̒ Ȣ̖̍ ̏Ȣ̌ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʠ 

ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ: 
 

ὴ̒ Ȣ̍̄ ̏Ȣ̑ ὴ̄ ̏ ̑Ͻ
̑̏̎̓́̕ ̐̌́̍̆̎̉ 

Ȣ̃̄̏ ̑

̋̒
Ȣ̃̄̏ ̑

,                      (14) 

ʛʜʝ: ὴ̄ ̏ ̑
̄̏Ͻ̑̒Ȣ̍

̒Ȣ̖̍̏Ȣ̌
 ï ʜʘʚʣʝʥʠʝ ʛʦʨʝʥʠʷ ʚʦ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ; 

ὠ̑̏̎̓́̕ ̐̌́̍̆̎̉ ὠ̙Ȣ̠̒̌̏ ὠ̙Ȣ̠̒̌̏  ï ʦʙʲʝʤ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚʦ ʚʪʦʨʦʡ 

ʠʪʝʨʘʮʠʠ; 
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ά̃ Ȣ̄̏ ̑ ”̕ ̑̏̎̓́ ̐̌́̍̆̎̉ Ͻὠ̑̏̎̓́̕ ̐̌́̍̆̎̉  ï ʤʘʩʩʘ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʚ 

ʨʘʩʰʠʨʠʚʰʝʤʩʷ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ. 

ɼʣʷ ʭʦʣʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ: 

 

ὴ̒ Ȣ̖̍ ̏Ȣ̌ ὴ̒ Ȣ̖̍ ̏Ȣ̌Ͻ
̖̏Ȣ̌̄́̈́Ȣ

̖̏Ȣ̌̄́̈́Ȣ̒Ȣ
 ,                            (15) 

 

ʛʜʝ: 

̖‮ ̏Ȣ̌̄́̈́Ȣ
̖̏Ȣ̌̄́̈́Ȣ

̖̏Ȣ̌̄́̈́ 
 ï ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʥʘ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ; 

ὠ̖̏Ȣ̌̄́̈́Ȣ ὠ̋̒ ὠ̙Ȣ̠̒̌̏  ï ʫʤʝʥʴʰʠʚʰʠʡʩʷ ʦʙʲʝʤ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ; 

ά̖ ̏Ȣ̌̄́̈́ ὠ̋ Ͻ̒”̄ ́̈́ ̙Ȣ̒Ȣ ά̃ Ȣ̙Ȣ̒Ȣ ï ʤʘʩʩʘ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʥʘ ʚʪʦʨʦʡ 

ʠʪʝʨʘʮʠʠ; 

̖‮ ̏Ȣ̌̄́̈́Ȣ̒Ȣ
̖̏Ȣ̌̄́̈́Ȣ

̖̏Ȣ̌̄́̈́ ̖̏Ȣ̌̄́̈́ ̒Ȣ
 ï ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʩ 

ʫʯʝʪʦʤ ʚʳʰʝʜʰʝʡ ʤʘʩʩʳ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʠʟ ʩʦʧʣʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ; 

ά̖ ̏Ȣ̌̄́̈́ ̒Ȣ Ὃ̄ȢϽ† ï ʤʘʩʩʘ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʦʧʣʘ ʥʘ 
ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ, 

† ï ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ, 

Ὃ̄Ȣ ï ʨʘʩʭʦʜ ʛʘʟʘ ʠʟ ʩʦʧʣʘ, ̋̄ϳ̒. 

ʈʘʩʭʦʜ ʛʘʟʘ ʜʣʷ ʩʫʞʘʶʱʝʛʦʩʷ ʩʦʧʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ὃ̄Ȣ ά̄ Ͻ̒Ȣ̍

̒Ȣ̍
ϽὊ̒Ͻή‗ , 

 

ʛʜʝ: 

άː Ͻ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʜʘ ʛʘʟʘ; 

Ὂ̒ ï ʧʣʦʱʘʜʴ ʩʦʧʣʘ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ; 

ή‗ Ͻ‗ ρ Ͻ‗  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ; 

‗ ρ ˜‗̃  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ; 

˜‗̃ ̒Ȣ̍
ᶻ  ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ; 

ὴᶻ ὴ̒ Ȣ̍Ͻρ Ͻὓ  ï ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ 

ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ; 

ὓ
̄̏̑

 ï ʯʠʩʣʦ ʄʘʭʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ; 

ὥ ὯϽὙϽὝ̒ Ȣ̍ ï ʤʝʩʪʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ; 

ὧ̄̏̑ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. 
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ʀʤʝʷ ʜʘʚʣʝʥʠʷ ʛʦʨʷʯʝʡ (14) ʠ ʭʦʣʦʜʥʦʡ (15) ʩʤʝʩʠ ʚʦ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ, ʧʦ 

ʬʦʨʤʫʣʝ (5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ: 

 

ὴ̒ Ȣ̍ ὴ̒ Ȣ̍̄ ̏Ȣ̑ ὴ̒ Ȣ̖̍ ̏Ȣ̌. 

 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚʦ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ ʧʦ 

ʬʦʨʤʫʣʘʤ (8) ʠ (9) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʩʤʝʩʠ: 

 

Ὕ̒ Ȣ̍̄ ̏Ȣ̑ Ὕ̄̏Ȣ̑
̒Ȣ̍

̄̏ ̑
, 

 

ʛʜʝ: ὴ̄ ̏ ̑
̄̏Ͻ̑̒Ȣ̍

̒Ȣ̖̍̏Ȣ̌
 ï ʜʘʚʣʝʥʠʝ ʛʦʨʝʥʠʷ ʥʘ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ. 

 

Ὕ̒ Ȣ̖̍ ̏Ȣ̌ Ὕ̒ Ȣ̖̍ ̏Ȣ̌Ͻ
̒Ȣ̍

̒Ȣ̍
. 

 

ʆʙʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (13): 

 

Ὕ̒ Ȣ̍
̒Ȣ̍̄̏Ȣ̑Ͻ̒ Ȣ̖̍ ̏Ȣ̌Ͻ ̒Ȣ̍̄̏Ȣ̑ ̒Ȣ̖̍̏Ȣ̌

̒Ȣ̍̄̏Ȣ̑Ͻ̒ Ȣ̖̍̏Ȣ̌ ̒Ȣ̖̍̏Ȣ̌Ͻ̒ Ȣ̍̄ ̏Ȣ̑
 . 

 

ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʠʪʝʨʘʮʠʷʭ ʙʫʜʝʪ ʠʜʪʠ ʘʥʘʣʦʛʠʯʥʦ ʠʟʣʦʞʝʥʥʦʤʫ 

ʚʳʰʝ.  

ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ: 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ: 

ɼʣʠʥʘ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, Lʢʩ 0.13 ʤ 

ɼʣʠʥʘ ʢʦʥʠʯʝʩʢʦʛʦ ʩʦʧʣʘ, Lʩ 0,01 ʤ 

ʈʘʜʠʫʩ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, rʢʩ 0,035 ʤ 

ʈʘʜʠʫʩ ʩʨʝʟʘ ʩʦʧʣʘ, rʩ 0,01 ʤ 

ʅʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʪʝʣʘ: 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, p 95849 ʇʘ 

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Tʥʘʯ 3130 ʂ 

ɼʘʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʚʦʟʜʫʭʦʜʫʚʢʦʡ, 

ʨʚʦʟʜʫʭʦʜʫʚʢʠ 
2045 ʇʘ 

ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʨʥʘʯ 97894 ʇʘ 
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ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʋʜʝʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, R/M 287 ɼʞ/(ʢʛ*ʂ) 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, R 8.314 ɼʞ/(ʤʦʣʴ*K) 

ʇʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʜʣʷ ʩʞʠʛʘʥʠʷ 1 

ʢʛ ʢʝʨʦʩʠʥʘ, L0 
14,8 ʢʛ 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, Ŭ 1 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʢʝʨʦʩʠʥʘ, ʊʛʦʨ 21620 ʂ 

ʇʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ, k 1,25 

ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ, ὧ̄̏̑ 
45 ʤ/ʩ 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʧʨʠ ʛʦʨʝʥʠʠ 

ʢʝʨʦʩʠʥʘ, Q 
43050 ʢɼʞ/ʢʛ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ 

ʠʤʧʫʣʴʩʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ ʠʪʝʨʘʮʠʠ ʩ 

ʰʘʛʦʤ 0,001 ʩʝʢʫʥʜʳ, ʧʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 0,022 ʩʝʢʫʥʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ (ʨʠʩ. 3, 4, 

5, 6, 7), ʦʪʦʙʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ 

ʧʨʦʮʝʩʩʝ ʠʤʧʫʣʴʩʥʦʛʦ ʛʦʨʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦ ʬʨʦʥʪʝ ʛʦʨʝʥʠʷ 
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ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚʦ ʬʨʦʥʪʝ ʛʦʨʝʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚ ʰʘʨʦʚʦʤ ʩʣʦʝ 
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ʈʠʩʫʥʦʢ 6 ï ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʤʝʩʠ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʠ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ 
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ɺʳʚʦʜʳ: ɿʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʠʤʧʫʣʴʩʥʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʩʤʝʩʠ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʠʘʤʝʪʨ ʩʦʧʣʘ ʠ ʝʛʦ ʬʦʨʤʘ. ʈʘʩʯʝʪ ʚʝʣʩʷ ʜʣʷ ʩʫʞʘʶʱʝʛʦʩʷ 

ʩʦʧʣʘ. ɺ ʪʘʢʦʤ ʩʦʧʣʝ ʨʘʟʦʛʥʘʪʴ ʧʦʪʦʢ ʜʦ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʝʚʦʟʤʦʞʥʦ, 

ʭʦʪʷ ʫʞʝ ʥʘ ʪʨʝʪʴʝʡ ʠʪʝʨʘʮʠʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠʩʪʝʯʝʥʠʷ 

ʛʘʟʘ ʯʝʨʝʟ ʩʦʧʣʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʩʦʧʣʦ ʃʘʚʘʣʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ SaM146 ʷʚʣʷʝʪʩʷ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʊʈɼɼ ʩʦ 

ʩʤʝʰʝʥʠʝʤ ʧʦʪʦʢʦʚ. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʠʛʘʪʝʣʷʤ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʠʤʝʝʪ ʚʳʩʦʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʚ ʘʚʠʘʢʦʤʧʘʥʠʠ 

çʀʨɸʵʨʦè ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʨʝʱʠʥʳ ʚ ʨʘʡʦʥʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʧʘʨʘʤʝʪʨʳ 

ʪʨʝʱʠʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʣʠ ʥʘʜʝʞʥʦʩʪʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʚ ʮʝʣʦʤ ʜʚʠʛʘʪʝʣʷ. ʇʨʠʯʠʥʦʡ 

ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʤʦʛʣʠ ʙʳʪʴ ʥʝʜʦʩʪʘʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ ʪʦʧʣʠʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʠʛʘʪʝʣʴ, ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ʪʨʝʱʠʥʘ, ʤʦʜʫʣʴ, ʨʝʩʫʨʩ. 
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Abstract. The SaM146 aircraft engine is a bypass mixed-flow turbofan engine. It belongs to 

the fifth-generation engines and has high operating parameters. Cracks were detected in the area of 

the combustion chamber during the operation of the engines by the airline ñIrAeroò. The location 

and parameters of the cracks significantly worsened the reliability of the combustion chamber and 

the engine as a whole. The cause of the cracks could be structural drawbacks related to the 

characteristics of the materials used, the cooling system of the combustion chamber elements, and 

the automatic fuel supply control system operation. 

Key words: engine, combustion chamber, crack, module, resource.  

 

PowerJet SaM146 (ʉʄ 146) ï ʵʪʦ ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʩʦ ʩʤʝʰʝʥʠʝʤ ʧʦʪʦʢʦʚ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʦʚ. ɼʚʠʛʘʪʝʣʴ ʚʳʧʦʣʥʝʥ 

ʧʦ ʜʚʫʭʚʘʣʴʥʦʡ ʩʭʝʤʝ ʩ ʧʦʜʧʦʨʥʳʤʠ ʩʪʫʧʝʥʷʤʠ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ çʉʘʪʫʨʥè ʠ ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʝʡ 

çSnecmaè. ɼʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʘʤʦʣʝʪ Sukhoi Superjet 100. 

ɼʣʷ ʩʘʤʦʣʝʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʜʚʠʛʘʪʝʣʠ 

ʨʘʟʣʠʯʥʦʡ ʚʟʣʝʪʥʦʡ ʪʷʛʠ (61ʂʥ ʠ 69 ʢʅ). ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʝ 

ʫʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʩʠʣʦʚʫʶ ʫʩʪʘʥʦʚʢʫ ʩʘʤʦʣʝʪʘ ʚʭʦʜʷʪ ʜʚʘ ʜʚʠʛʘʪʝʣʷ, 

ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʧʠʣʦʥʘʭ. ɼʚʠʛʘʪʝʣʠ ʠʤʝʶʪ ʩʠʩʪʝʤʫ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʪʷʛʠ ʠ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. 

https://ru.wikipedia.org/wiki/Snecma
https://ru.wikipedia.org/wiki/Sukhoi_Superjet_100
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ɼʚʠʛʘʪʝʣʴ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ: 

 ʤʦʜʫʣʴ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʢʦʨʧʫʩʘ ʧʦʜʧʦʨʥʳʭ ʩʪʫʧʝʥʝʡ; 

 ʤʦʜʫʣʴ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ; 

 ʤʦʜʫʣʴ ʪʫʨʙʠʥʳ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ; 

 ʤʦʜʫʣʴ ʧʨʠʚʦʜʘ ʘʛʨʝʛʘʪʦʚ. 

ɺ ʧʝʨʚʳʡ ʤʦʜʫʣʴ ʚʭʦʜʠʪ ʚʝʥʪʠʣʷʪʦʨ ʠ ʢʦʨʧʫʩ ʧʦʜʧʦʨʥʳʭ ʩʪʫʧʝʥʝʡ, ʦʧʦʨʘ 

ʚʘʣʦʚ ʨʦʪʦʨʦʚ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʡ, ʧʝʨʝʜʥʷʷ ʢʦʨʦʙʢʘ ʧʨʠʚʦʜʦʚ 

ʘʛʨʝʛʘʪʦʚ. 

ɺʦ ʚʪʦʨʦʡ ʤʦʜʫʣʴ ʚʭʦʜʠʪ ʢʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʘʤʝʨʘ 

ʩʛʦʨʘʥʠʷ, ʩʦʧʣʦʚʦʡ ʘʧʧʘʨʘʪ ʪʫʨʙʠʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʦʪʦʨ ʪʫʨʙʠʥʳ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦʧʣʦʚʦʡ ʘʧʧʘʨʘʪ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

ɺ ʪʨʝʪʠʡ ʤʦʜʫʣʴ ʚʭʦʜʠʪ ʪʫʨʙʠʥʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɺ ʯʝʪʚʝʨʪʳʡ ʤʦʜʫʣʴ ʚʭʦʜʠʪ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʠʚʦʜ ʠ ʢʦʨʦʙʢʘ ʤʦʪʦʨʥʳʭ 

ʘʛʨʝʛʘʪʦʚ.  

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ SaM146 ʟʘʤʝʩʪʠʪʝʣʴ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʜʠʨʝʢʪʦʨʘ ʅʇʆ çʉʘʪʫʨʥè ï ʜʠʨʝʢʪʦʨ ʧʨʦʛʨʘʤʤʳ ʄʠʭʘʠʣ ɺʠʪʘʣʴʝʚʠʯ 

ɹʝʨʜʝʥʥʠʢʦʚ ʚ 2012 ʛʦʜʫ ʦʪʤʝʯʘʣ, ʯʪʦ ʜʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʥʘʜʝʞʥʦʩʪʠ. 
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ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʤʠ ʩʘʤʦʣʝʪʦʚ Sukhoi Superjet 100 

ʩʫʤʤʘʨʥʳʡ ʥʘʣʝʪ ʧʨʝʚʳʩʠʣ ʫʨʦʚʝʥʴ ʚ10000 ʯʘʩʦʚ (5400 ʮʠʢʣʦʚ). ʇʨʠ ʵʪʦʤ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʣʝʪʦʚ ʠ ʚʳʩʦʢʦʡ ʫʨʦʚʝʥʴ 

ʥʘʜʝʞʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ï 99,96% [ɼʚʠʛʘʪʝʣʴ SaM-146 ï Sukhoi Superjet 

100, 2013]. 

ʆʜʥʘʢʦ, ʚ ʥʦʷʙʨʝ 2018 ʛʦʜʘ ʥʘ ʬʦʨʫʤʝ çʊʨʘʥʩʧʦʨʪ ʈʦʩʩʠʠè ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʷʚʠʣʠʩʴ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï 

ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ. 

ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ. ʆʪ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ ʠ ʚ ʮʝʣʦʤ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ [ʂʨʘʚʯʝʥʢʦ, 2007]. 

ʕʣʝʤʝʥʪʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ (ʢʦʨʧʫʩ, ʞʘʨʦʚʘʷ ʪʨʫʙʘ) ʨʘʙʦʪʘʶʪ ʚ ʪʷʞʝʣʳʭ 

ʫʩʣʦʚʠʷʭ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʛʨʝʚʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ɼʘʥʥʳʝ 

ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʝʱʠʥ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ. 

ʇʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʢʦʨʦʙʣʝʥʠʷ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʧʦʷʚʣʝʥʠʷ ʥʘ ʥʝʡ ʪʨʝʱʠʥ, ʧʫʣʴʩʘʮʠʠ 

ʛʦʨʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ. 

ʂʦʨʦʙʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʠ ʞʘʨʦʚʳʭ ʪʨʫʙ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ. ʅʝʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʩʚʷʟʘʥ ʩ ʥʘʨʫʰʝʥʠʝʤ ʧʦʜʘʯʠ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 

ʢʦʥʫʩʘ ʨʘʩʧʳʣʘ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʤʝʩʪʥʦʛʦ ʥʘʛʨʝʚʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʦʙʣʝʥʠʝ ʞʘʨʦʚʦʡ 

ʪʨʫʙʳ, ʝʝ ʧʨʦʛʘʨ. 

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʛʦʨʝʥʠʷ ʚ ʞʘʨʦʚʦʡ ʪʨʫʙʝ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʚ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʝ. ʂʘʧʣʠ ʪʦʧʣʠʚʘ ʧʦʧʘʜʘʶʪ ʥʘ 

ʚʳʭʦʜʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʯʝʯʥʦʝ 

ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʠ ʤʝʩʪʥʳʡ ʥʘʛʨʝʚ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʪʨʝʱʠʥ [ʏʠʛʨʠʥ, 2004]. 

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʤʝʥʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢʦʥʫʩ ʨʘʩʧʳʣʘ, ʥʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʣʦʞʝʥʠʝ ʢʦʢʩʘ ʥʘ ʩʪʝʥʢʘʭ ʞʘʨʦʚʦʡ 

ʪʨʫʙʳ, ʟʘʚʠʭʨʠʪʝʣʷʭ. ʆʪʣʦʞʝʥʠʝ ʢʦʢʩʘ ʫʭʫʜʰʘʝʪ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʞʘʨʦʚʦʡ ʪʨʫʙʳ. ɹʦʣʴʰʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʠ ʠʭ ʦʪʨʳʚʝ ʤʦʛʫʪ ʧʦʚʨʝʜʠʪʴ ʩʦʧʣʦʚʳʝ 

ʠ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ. 

ʇʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʚ ʜʠʬʬʫʟʦʨʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʤʘʣʦʮʠʢʣʦʚʦʡ 

ʫʩʪʘʣʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ ʢʘʢ ʧʦʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʧʦʷʚʣʷʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ, ʢʦʛʜʘ ʢʦʤʧʨʝʩʩʦʨ ʝʱʝ ʥʝ 

ʩʦʟʜʘʣ ʨʘʩʯʝʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʘ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʫʞʝ ʧʦʩʪʫʧʘʝʪ ʪʦʧʣʠʚʦ, 

ʠ ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʙʦʛʘʪʘʷ ʪʦʧʣʠʚʦʤ ʩʤʝʩʴ ʥʘʯʠʥʘʝʪ ʛʦʨʝʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʙʨʦʩ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʤʘʪʝʨʠʘʣʘ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ 

http://yandex.ru/clck/jsredir?bu=86qz&from=yandex.ru%3Bsearch%2F%3Bweb%3B%3B&text=&etext=2202.l6k5oA4G7aJhxo6yRbWRzgwlzfxllygGE4e1K_0ebubBa_GrMbXLfNcDT_JTL8Z9l-hhcHTZ9VwbC9eRd1HWphU8JG48UrTNHgFhXkONY8JvWuoXV38al6yqduup3NFRc3BveWJreGZwcXV4Z2t1eQ.383dbfff76f9a8266b463f1c90b7819abad24cd1&uuid=&state=PEtFfuTeVD5kpHnK9lio9Y1w3Nt2jODPwxbNmm9jrX2V5wPKNndQiA,,&&cst=AiuY0DBWFJ7q0qcCggtsKXQDh8V1NM6eQlz7fmWZFP0gZVtUC7YXLa-J0aBl9isIDQE-Afbv_0NzB6irq_HGQxZu56CAGEoCYe2JE3lj_Xf13iG9YFoJDO6pmoGKYY5BudJp_G1hAOQALNrFQ6Bh22mocLNb14vRHKkVz5loLnHK-Y2hidGv94NSGXFombbtjQeaVlPFZpu_iVhW4ySpB3u06fyIwBksD43RFqubyDASSd_wi3X2s6n6Da0A5PSyns4-_kg2dMspaLvzXuL1MBMVfczAJKnFEaYdSXS7zvSV6mpn4Q20Et3ENKRlzO9JVkE24odkYjl791YPzGHNDLx5-UlpQU4T4BOd5oo1JUahTLgaXHhSHg,,&data=UlNrNmk5WktYejR0eWJFYk1LdmtxdlhwdVpuaTB6SmVNMFlseEFnZXFTSDdoYl9INm5lOEZfSFZPMnlLTFFFajJXTS16VmFFeGNWWllLOTY1cnBUZ0dpR0lSZHNPZXV1LXAzY3hqMVlXekhfQ2RZU194VGFpOTFkdVRWUjhXQmxkaUJ4WFRsRzN0VSw,&sign=a14b99ca45d71e49cc807facb75ba4fc&keyno=0&b64e=2&ref=orjY4mGPRjk5boDnW0uvlrrd71vZw9kpjly_ySFdX80,&l10n=ru&cts=1635168735674&hdtime=225624.149
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ʨʦʩʪʫ ʪʨʝʱʠʥʳ. ɸʛʨʝʛʘʪ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʜʦʟʠʨʦʚʘʥʠʝ ʪʦʧʣʠʚʘ ʚ ʧʨʦʮʝʩʩʝ 

ʟʘʧʫʩʢʘ ï ʵʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ (ʕʉʋɼ). ʅʘ ʤʥʦʛʠʭ 

ʜʚʠʛʘʪʝʣʷʭ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʘʚʠʘʢʦʤʧʘʥʠʠ çʀʨɸʵʨʦè ʕʉʋɼ 

ʤʝʥʷʣʘʩʴ. ɸ ʫʞʝ ʧʦʪʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʩʤʦʪʨʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʪʨʝʱʠʥʳ. ʂʩʪʘʪʠ, ʝʩʣʠ ʪʨʝʱʠʥʘ ʧʦʷʚʠʣʘʩʴ, ʪʦ ʦʥʘ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ (ʨʘʩʪʠ). ʂʘʤʝʨʘ 

ʩʛʦʨʘʥʠʷ ʢʘʢ ʨʘʟ ʠ ʨʘʙʦʪʘʝʪ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʦʜʦʣʴʥʳʝ ʠʣʠ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʩʩʳ ʛʘʟʘ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʤʫʱʝʥʠʷ, 

ʩʦʟʜʘʚʘʝʤʳʝ ʵʣʝʤʝʥʪʘʤʠ ʩʘʤʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ (ʩʪʦʡʢʘʤʠ, ʣʦʧʘʪʦʯʥʳʤʠ 

ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʠ ʪ.ʜ.). ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʧʫʣʴʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʛʘʟʘ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ ʞʘʨʦʚʦʡ ʪʨʫʙʳ 

ʠ ʫʩʪʘʣʦʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʦʛʘʩʘʥʠʝ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʚ ʧʦʣʝʪʝ ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ ʪʦʧʣʠʚʘ, ʜʨʫʛʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʟʘʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ 

(ʚʩʪʨʝʯʥʦʤ ʟʘʧʫʩʢʝ) ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʝʱʠʥ. 

ʈʘʙʦʪʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘ ʝʝ ʵʣʝʤʝʥʪʘʭ, 

ʢʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʧʦʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʝʨʝʛʨʝʚ ʨʘʙʦʯʠʭ ʠ ʩʦʧʣʦʚʳʭ ʣʦʧʘʪʦʢ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ. 

ʆʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʳʤʠ ʟʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʟʦʥʳ ʚ ʨʘʡʦʥʝ ʧʦʜʚʦʜʘ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʞʘʨʦʚʦʡ ʪʨʫʙʝ ʠ ʟʦʥʳ ʚʙʣʠʟʠ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʞʘʨʦʚʳʭ ʪʨʫʙ ʜʚʫʭ ʜʚʠʛʘʪʝʣʝʡ 

SaM146, ʧʨʦʚʦʜʠʤʦʛʦ ʘʚʠʘʢʦʤʧʘʥʠʝʡ çʀʨɸʵʨʦè, ʪʨʝʱʠʥʳ ʚ ʞʘʨʦʚʦʡ ʪʨʫʙʝ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ʨʘʟ ʚ ʨʘʡʦʥʝ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʠ ʦʪʚʝʨʩʪʠʡ ʧʦʜʚʦʜʘ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʨʝʱʠʥʳ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʜʚʠʛʘʪʝʣʷ SaM146 

 



83 

 
 

ʈʠʩʫʥʦʢ 3 ï ʊʨʝʱʠʥʘ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ SaM146 

 

ʅʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʫʛʦʣ ʨʘʩʧʳʣʘ (ʢʦʥʫʩ ʧʣʘʤʝʥʠ) 

ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʨʘʟʥʳʡ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʘʩʧʳʣʘ ï ʥʘ ʨʝʞʠʤʝ ʤʘʣʦʛʦ 

ʛʘʟʘ, ʤʘʢʩʠʤʘʣʴʥʳʡ ï ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʅʝʠʩʧʨʘʚʥʦʩʪʠ ʪʦʧʣʠʚʥʳʭ 

ʬʦʨʩʫʥʦʢ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʢʦʥʫʩʘ ʨʘʩʧʳʣʘ, ʧʦʧʘʜʘʥʠʶ ʢʘʧʝʣʴ 

ʪʦʧʣʠʚʘ ʥʘ ʢʦʨʧʫʩ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʧʝʨʝʛʨʝʚʫ ʩʪʝʥʦʢ ʠ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ. ʅʘ 

ʜʚʠʛʘʪʝʣʷʭ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ çʀʨɸʵʨʦè, ʢʘʢ ʨʘʟ ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ ʚ ʨʘʡʦʥʘʭ 

ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ. 

ʊʨʝʱʠʥʳ ʚ ʢʦʨʧʫʩʝ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʧʦʜʚʦʜʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ (ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ) ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ. ʇʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʨʘʙʦʪʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʘʜʝʞʥʦʩʪʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ.   

ɼʘʥʥʳʝ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʵʣʝʤʝʥʪʦʚ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ (ʪʦʧʣʠʚʥʳʭ 

ʬʦʨʩʫʥʦʢ, ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʚʝʨʩʪʠʡ ʧʦʜʚʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʚʠʛʘʪʝʣʠ ʜʚʫʭ ʩʘʤʦʣʝʪʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ 

ʘʚʠʘʢʦʤʧʘʥʠʠ çʀʨɸʵʨʦè, ʠʤʝʶʪ ʩʨʝʜʥʶʶ ʥʘʨʘʙʦʪʢʫ 2872 ʯʘʩʘ (2031 ʣʝʪʥʳʡ 

ʮʠʢʣ). ɿʘ ʵʪʦ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʣʝʥʦ ʧʦ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʷʚʣʝʥʠʝʤ ʪʨʝʱʠʥ. 

ɺ 2018 ʛʦʜʫ ʪʦʧ-ʤʝʥʝʜʞʝʨʳ ʯʝʪʳʨʸʭ ʘʚʠʘʢʦʤʧʘʥʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ 

Sukhoi Superjet 100 ʚʧʝʨʚʳʝ ʟʘʛʦʚʦʨʠʣʠ ʦ ʥʠʟʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ [SSJ100é, 2018]. ʇʨʠ ʫʨʦʚʥʝ ʥʘʨʘʙʦʪʢʠ ʦʪ 1000 ʜʦ 

4000 ʯʘʩʦʚ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʨʝʤʦʥʪ ʜʚʠʛʘʪʝʣʝʡ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ. ʊʘʢ ʢʘʢ ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʥʦʩʷʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʨʝʤʦʥʪ 

ʜʚʠʛʘʪʝʣʝʡ SaM146 ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. 

ɺ ʜʝʢʘʙʨʝ 2018 ʛʦʜʘ ʧʦʷʚʠʣʦʩʴ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʢʦʤʧʘʥʠʠ Safran 

ʧʨʦʚʝʜʝʥʘ ʜʦʨʘʙʦʪʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʟʘʷʚʣʝʥʦ, 

https://ru.wikipedia.org/wiki/Sukhoi_Superjet_100
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ʯʪʦ ʠ ʚʩʝ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝʩʷ ʜʚʠʛʘʪʝʣʠ ʧʨʦʡʜʫʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʦʡ ʢ ʧʨʦʝʢʪʫ 

ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚ 2020 ʛʦʜʫ ʩʫʙʩʠʜʠʠ ʠʟ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʧʫʙʣʠʯʥʦʤʫ 

ʘʢʮʠʦʥʝʨʥʦʤʫ ʦʙʱʝʩʪʚʫ çɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʠʟʠʥʛʦʚʘʷ 

ʢʦʤʧʘʥʠʷè, ʛ. ʉʘʣʝʭʘʨʜ, ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ, ʥʘ ʚʦʟʤʝʱʝʥʠʝ 

ʧʦʪʝʨʴ ʚ ʜʦʭʦʜʘʭ ʧʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʘʚʠʘʢʦʤʧʘʥʠʷʤ ʩʢʠʜʢʠ ʧʦ ʫʧʣʘʪʝ 

ʘʨʝʥʜʥʳʭ ʧʣʘʪʝʞʝʡ ʧʦ ʜʦʛʦʚʦʨʘʤ ʘʨʝʥʜʳ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ Sukhoi Superjet 100, 

ʚ ʩʚʷʟʠ ʩ ʧʨʦʩʪʦʷʤʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʦ ʧʨʠʯʠʥʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè ʫʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ Sukhoi 

Superjet 100 ʙʳʣʠ ʚʳʷʚʣʝʥʳ  ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʚʠʛʘʪʝʣʝʡ SaM146 ʩʚʷʟʘʥʘ ʩ 

ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʦʚ ʧʦ ʫʣʫʯʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʝʝ ʵʣʝʤʝʥʪʦʚ. 
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(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʝʛʦʜʥʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʉʦʟʜʘʚʘʷ ʩʦʚʨʝʤʝʥʥʦʝ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ ʚ ʣʠʮʝ ʘʚʠʘʢʦʤʧʘʥʠʠ-ʵʢʩʧʣʫʘʪʘʥʪʘ, ʚ 

ʠʥʪʝʨʝʩʘʭ ʢʦʪʦʨʦʛʦ ʧʨʠʦʙʨʝʩʪʠ ʥʘʜʸʞʥʫʶ, ʙʝʟʦʪʢʘʟʥʫʶ ʠ ʵʢʦʥʦʤʠʯʥʫʶ ʤʘʰʠʥʫ. ʊʘʢʞʝ 

ʩʣʝʜʫʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ, ʦʙʝʩʧʝʯʠʚ ʢʦʤʬʦʨʪ, ʫʜʦʙʩʪʚʦ ʠ 
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ʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʸʪʦʚ ʟʘ ʨʫʙʝʞʦʤ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʵʤʠʩʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʩʦ ʩʧʣʦʰʥʦʡ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʯʘʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʛʦʨʝʥʠʷ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

 

DEVELOPMENT OF A COMBUSTION CHAMBER FOR AN ADVANCED 

GAS TURBINE ENGINE  

 

Skorobogatov S. V., Candidate of Technical Sciences 

 

Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 

 
Abstract. The improvement of aircraft engines today is carried out in different directions. 

Creating a modern, competitive aircraft, it is necessary to meet the requirements of the customer, 

represented by the airline-operator, whose interest is to have a reliable, trouble-free and cost-

effective airplane. It is also necessary to meet the requirements of passengers, ensuring comfort, 

convenience and safety. Besides you have to meet ecological requirements to be able to fly abroad. 

The article analyzes the existing approaches to improve the operating and emission of the 

combustion chamber of aircraft gas-turbine engines. The results of studies of the combustion 

process in a combustion chamber with a continuous inlet and outlet part are presented. 

Keywords: combustion chamber, gas-turbine engine, combustion, uneven temperature field. 

 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ [ʀʥʦʟʝʤʮʝʚ, 2008, ʩ. 214]. ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʦʚʦʮʠʨʫʶʱʠʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʦʩʪ ʪʨʝʱʠʥ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ 

ʪʫʨʙʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʤʝʞʨʝʤʦʥʪʥʳʡ ʨʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʘʩʪʦʪʘ ʙʦʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʦʚʝʨʦʢ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ ʧʦ ʧʨʠʯʠʥʝ ʩʥʷʪʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʩ 

ʣʸʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʪʦʧʣʠʚʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʢʘʤʝʨʘʤ ʩʛʦʨʘʥʠʷ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʠ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʮʠʢʣʦʚʦʛʦ 

ʚʦʟʜʫʭʘ ʥʘ ʥʫʞʜʳ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ çʛʦʨʷʯʝʡè ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʅʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʟʤʝʥʷʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ 

[ʀʥʦʟʝʤʮʝʚ, 2006, ʩ. 605]. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ 

ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 150 ʂʝʣʴʚʠʥ ʢʘʞʜʳʝ 10 ʣʝʪ ʠ ʵʪʘ 

ʪʝʥʜʝʥʮʠʷ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚʧʣʦʪʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʛʦʨʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʦʙʦʩʪʨʷʝʪ 

ʧʨʦʙʣʝʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʪʝʤʘʪʠʢʠ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 

ʆʜʥʘʢʦ ʧʦʤʠʤʦ ʧʦʚʳʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʘ, ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʜʚʠʛʘʪʝʣʷʤ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 

ʦʙʲʸʤʘ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ [ʉʘʤʦʡʣʦʚ, 2011; ʃʝʩʥʠʯʠʡ, 2019]. 

ʇʦʩʢʦʣʴʢʫ ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ï ʵʪʦ ʪʝʧʣʦʚʘʷ ʤʘʰʠʥʘ, ʛʜʝ ʢ ʨʘʙʦʯʝʤʫ 

ʪʝʣʫ ʧʦʜʚʦʜʠʪʩʷ ʪʝʧʣʦ ʚ ʧʨʦʮʝʩʩʝ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, ʪʦ ʠʤʝʥʥʦ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʲʸʤ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʉʨʝʜʠ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʶʪ ʫʨʦʚʥʶ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʥʝʩʛʦʨʝʚʰʠʤ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʙʲʸʤʘ ʚʳʙʨʦʩʦʚ NOx ʥʝʦʙʭʦʜʠʤʦ 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʥʠʞʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʦʨʦʛʘ ʚ ʩʠʣʫ 

ʪʝʨʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʨʝʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ 

ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʥʫʞʥʦ ʩʥʠʞʘʪʴ ʵʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʙʲʸʤʘ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ; ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʢʦʥʩʪʨʫʢʪʦʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʚʳʥʫʞʜʝʥʳ ʠʜʪʠ ʥʘ 

ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʨʝʰʝʥʠʷ. 
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ʆʙʝʩʧʝʯʝʥʠʝ ʭʦʨʦʰʠʭ ʵʤʠʩʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʶ ʝʜʠʥʦʡ 

ʟʦʥʳ ʛʦʨʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʫʟʦʥʥʦʛʦ ʬʨʦʥʪʦʚʦʛʦ ʤʦʜʫʣʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʘ ʪʘʢʞʝ 

ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʤʥʦʞʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʬʨʦʥʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3 [Health, 2016]. ʇʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʝʜʠʥʘʷ ʟʦʥʘ ʛʦʨʝʥʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʝʞʫʨʥʫʶ ʠ ʦʩʥʦʚʥʫʶ. ɺ 

ʜʝʞʫʨʥʦʡ ʟʦʥʝ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʩʥʦʚʥʘʷ ʟʦʥʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʥʘ ʪʷʞʸʣʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʚʫʟʦʥʥʳʡ ʬʨʦʥʪʦʚʦʡ ʤʦʜʫʣʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ TAPS II  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʦʣʴʮʝʚʘʷ ʪʨʸʭʨʷʜʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ NASA multipoint LDI  
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ʆʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʪʜʝʣʴʥʳʭ ʬʨʦʥʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʧʨʦʙʣʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʳʣʘ ʚʚʠʜʫ ʢʨʘʡʥʝ 

ʤʘʣʳʭ ʨʘʩʭʦʜʦʚ ʪʦʧʣʠʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʜʠʩʢʨʝʪʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ 

ʢʦʣʴʮʝʚʫʶ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ. ɺ ʨʘʙʦʪʘʭ [ʀʩʘʝʚ, ʉʢʦʨʦʙʦʛʘʪʦʚ, 

2019] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʝʜʠʥʳʤ ʬʨʦʥʪʦʤ ʧʦ 

ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 4. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʠʤʝʝʪ ʜʠʩʢʨʝʪʥʳʡ 

ʛʘʟʦʩʙʦʨʥʠʢ, ʦʨʛʘʥʠʟʘʮʠʷ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʝʜʠʥʳʤ ʬʨʦʥʪʦʤ ʧʦʟʚʦʣʠʣʘ 

ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ. 

ʊʘʢ, ʨʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʨʝʜʥʝʡ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʘʜʠʫʩʫ ʚʳʭʦʜʥʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʨʘʩʩʯʠʪʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʤʝʥʴʰʝ ʥʘ 

33%, ʯʝʤ ʫ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ. 
 

 
 

ʘ) ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʧʨʠ              ʙ) ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ            ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ 

ʝʜʠʥʳʤ ʬʨʦʥʪʦʤ                               ʯʝʨʝʟ ʦʪʜʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʱʸ ʙʦʣʴʰʝʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʩʩʣʝʜʦʚʘʣʩʷ ʚʘʨʠʘʥʪ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʜʠʩʢʨʝʪʥʦʩʪʴ 

ʢʘʢ ʚʦ ʚʭʦʜʥʦʤ, ʪʘʢ ʠ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 5. 

 
 

ʘ) ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ  ʙ) ʙʦʢʦʚʘʷ ʧʨʦʝʢʮʠʷ 
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ʚ) ʢʦʥʪʫʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ 

1 ï ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ; 2 ï ʨʘʟʜʝʣʷʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ; 3 ï ʦʙʱʠʡ ʛʘʟʦʩʙʦʨʥʠʢ 

 

ʈʠʩʫʥʦʢ 5 ï ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʩʦ ʩʧʣʦʰʥʳʤ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʠ ʥʘʩʪʨʦʝʢ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [ʀʩʘʝʚ, 

ʉʢʦʨʦʙʦʛʘʪʦʚ, 2019]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʘ ʛʦʨʝʥʠʷ ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʫʩʪʨʘʥʝʥʠʝ ʜʠʩʢʨʝʪʥʦʩʪʠ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ ʚʳʭʦʜʥʦʤ 

ʩʝʯʝʥʠʠ. ʇʨʦʚʘʣ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩ. 6, ʚ ʦʙʫʩʣʦʚʣʝʥ 

ʵʞʝʢʪʠʨʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʣʣʝʢʪʦʨʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʢʦʣʣʝʢʪʦʨʘ ʠ ʛʘʟʦʩʙʦʨʥʠʢʘ (ʨʠʩ. 5, ʘ ʠ ʨʠʩ. 5, 

ʙ). ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʢʨʝʪʥʦʩʪʠ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʚʣʠʷʝʪ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

  

           ʘ) ʨʘʜʠʘʣʴʥʳʝ ʵʧʶʨʳ                                    ʙ) ʨʘʜʠʘʣʴʥʳʝ ʵʧʶʨʳ ʪʝʤʧʝʨʘʪʫʨ 

    ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ                       ʛʘʟʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʩʦ ʩʧʣʦʰʥʳʤ 

              ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ                                             ʚʭʦʜʦʤ ʠ ʜʠʩʢʨʝʪʥʳʤ ʚʳʭʦʜʦʤ 
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ʚ) ʨʘʜʠʘʣʴʥʳʝ ʵʧʶʨʳ ʪʝʤʧʝʨʘʪʫʨ 

ʛʘʟʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʩʦ ʩʧʣʦʰʥʳʤ 

ʚʭʦʜʦʤ ʠ ʩʧʣʦʰʥʳʤ ʚʳʭʦʜʦʤ 

 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʩʨʝʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʦ ʨʘʜʠʫʩʫ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 
 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ 

ʜʠʩʢʨʝʪʥʦʡ ʢ ʩʧʣʦʰʥʦʡ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʯʘʩʪʠ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ, ʘ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʠ ʫʧʨʦʱʝʥʠʷ ʝʸ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʛʦʨʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ ʞʸʩʪʢʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʟʦʥ ʧʨʷʤʳʭ ʠ 

ʦʙʨʘʪʥʳʭ ʪʦʢʦʤ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʕʪʦ ʟʘʪʨʫʜʥʠʪ ʧʨʦʮʝʩʩ 

ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʪʝʯʝʥʠʷ ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʩʯʸʪʦʚ. 
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ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂɺɸɼʈʆʎʀʂʃʆɺ ɺ 

ʆʈɻɸʅʀɿɸʎʀʀ ɺʆʁʉʂʆɺʆɻʆ ʈɽʄʆʅʊɸ ɺʆɿɼʋʐʅʓʍ ʉʋɼʆɺ 
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ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè  

(ʛ. ɺʦʨʦʥʝʞ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʤʦʥʪʘ 

ʙʦʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʩʪʨʘʥʘʭ ʅɸʊʆ ʠ ʉʐɸ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʜʨʦʮʠʢʣʦʚ ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʠ ʚ ɺʉ ʈʌ. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʜʨʦʮʠʢʣʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʘʵʨʦʤʦʙʠʣʴʥʳʭ ʧʦʜʚʠʞʥʳʭ ʛʨʫʧʧ ʨʝʤʦʥʪʘ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʤʦʥʪ ʙʦʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʦʜʚʠʞʥʘʷ ʨʝʤʦʥʪʥʘʷ ʛʨʫʧʧʘ, 

ʢʚʘʜʨʦʮʠʢʣ, ʛʨʫʟʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʯʝʤʦʜʘʥ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ. 
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ɺʦʦʨʫʞʝʥʥʳʝ ʩʠʣʳ ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʮʝʣʷʭ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʡ 

ʙʦʝʚʦʡ ʛʦʪʦʚʥʦʩʪʠ ʩʚʦʠʭ ʚʦʡʩʢ ʥʫʞʜʘʶʪʩʷ ʚ ʚʳʩʦʢʦʤʦʙʠʣʴʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ: ʧʝʨʝʙʨʦʩʢʘ ʠ ʵʚʘʢʫʘʮʠʷ 

ʚʦʡʩʢ ʠ ʨʘʥʝʥʥʳʭ, ʜʦʩʪʘʚʢʘ ʙʦʝʧʨʠʧʘʩʦʚ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʡʩʢ; ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ ʚʦʝʥʥʦʡ 

ʪʝʭʥʠʢʠ ʠ ʨʷʜ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ.  

ɸʨʤʠʠ ʨʘʟʥʳʭ ʩʪʨʘʥ ʠʩʧʦʣʴʟʫʶʪ ʩʘʤʳʝ ʨʘʟʥʳʝ ʤʘʰʠʥʳ, ʥʦ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʦʝʥʥʳʝ ʢʚʘʜʨʦʮʠʢʣʳ. ʆʥʠ ʟʘʚʦʝʚʘʣʠ ʜʦʚʝʨʠʝ 

ʚʦʝʥʥʳʭ ʙʣʘʛʦʜʘʨʷ ʧʨʘʢʪʠʯʥʦʩʪʠ, ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʠ ʦʪʣʠʯʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ. 

ʂʚʘʜʨʦʮʠʢʣʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʛʘʙʘʨʠʪʳ, 

ʤʦʛʫʪ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
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ʘʨʤʝʡʩʢʠʭ ʟʘʜʘʯ. ʀʪʘʢ, ʢʘʢʠʝ ʞʝ ʢʚʘʜʨʦʮʠʢʣʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʨʤʠʷʤʠ ʛʦʩʫʜʘʨʩʪʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ɺʧʝʨʚʳʝ ʧʨʠʤʝʥʷʪʴ ʤʦʪʦʪʝʭʥʠʢʫ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ ʩʪʘʣʠ ʝʱʝ 

ʚʦʡʩʢʘ ɻʝʨʤʘʥʠʠ ʚʦ ʚʨʝʤʝʥʘ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ ʚʦʡʥʳ. ʊʦʛʜʘ ʫ ʥʝʤʮʝʚ ʥʘ 

ʚʦʦʨʫʞʝʥʠʠ ʙʳʣ ʤʦʪʦʮʠʢʣ Kleines Kettenkraftrad Sd.Kfz.2. ʀʟʥʘʯʘʣʴʥʦ ʘʧʧʘʨʘʪ 

ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʜʣʷ ʛʦʨʥʳʭ ʠ ʜʝʩʘʥʪʥʳʭ ʜʠʚʠʟʠʡ. ʇʦʟʞʝ ʤʦʪʦʮʠʢʣ ʩʪʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʘʚʠʘʮʠʠ, ʘʨʪʠʣʣʝʨʠʠ ʠ ʠʥʞʝʥʝʨʥʳʭ ʚʦʡʩʢʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʨʤʠʷʭ ʩʪʨʘʥ ʅɸʊʆ ʠ ʦʩʦʙʝʥʥʦ ʚ ʉʐɸ ʩʘʤʳʤ 

ʧʦʧʫʣʷʨʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚʦʝʥʥʳʭ ʢʚʘʜʨʦʮʠʢʣʦʚ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ Polaris. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʝʚʦʡ ʪʝʭʥʠʢʠ ʫ ʢʦʤʧʘʥʠʠ ʜʘʞʝ 

ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Polaris Defence. 

ʅʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʤ ʘʨʤʝʡʩʢʠʤ ʢʚʘʜʨʦʮʠʢʣʦʤ ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, Polaris 

MV700. ʆʥ ʥʝʧʨʠʭʦʪʣʠʚ, ʧʨʦʭʦʜʠʤ ʠ ʜʦʩʪʫʧʝʥ ï ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʦʥ 

ʧʦʣʫʯʠʣ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʚʦʝʥʥʳʭ. ʕʪʘ ʤʦʜʝʣʴ ʫʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʩʣʫʞʙʳ ʚ ʛʦʨʷʯʠʭ ʪʦʯʢʘʭ ɸʬʛʘʥʠʩʪʘʥʘ (ʩʤ. ʨʠʩ. 1). 

ʅʘ ʵʪʦʤ ʢʚʘʜʨʦʮʠʢʣʝ ʢʦʤʧʘʥʠʷ Polaris ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʚʦʠ 

ʙʝʟʚʦʟʜʫʰʥʳʝ ʰʠʥʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʜʘʞʝ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʢʦʣʝʩʘ. ɺʩʝ ʩʦʛʣʘʩʷʪʩʷ, ʯʪʦ ʵʪʦ ʜʦʚʦʣʴʥʦ ʧʦʣʝʟʥʳʡ 

ʜʝʚʘʡʩ ʜʣʷ ʘʨʤʝʡʩʢʦʡ ʪʝʭʥʠʢʠ [ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʜʨʦʮʠʢʣʦʚé, 2013]. 
 

  
  

Polaris MV700 Polaris Sportsman MV850 

  

ʈʠʩʫʥʦʢ 1 ï ʂʚʘʜʨʦʮʠʢʣ ʢʦʤʧʘʥʠʠ Polaris ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ 
 

ɽʱʝ ʦʜʠʥ ʢʚʘʜʨʦʮʠʢʣ ʦʪ Polaris ʜʣʷ ʘʨʤʠʠ ʉʐɸ ï Sportsman 800 6Ĭ6. ʆʥ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʦʚ ʧʦ ʪʷʞʝʣʦ ʧʨʦʭʦʜʠʤʦʡ ʤʝʩʪʥʦʩʪʠ. 

ɻʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ï ʛʨʫʟʦʚʦʡ ʢʫʟʦʚ ʩ ʧʥʝʚʤʦʧʦʜʲʝʤʥʠʢʦʤ ʠ 6 ʢʦʣʝʩ (ʩʤ. ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʚʘʜʨʦʮʠʢʣ Polaris Sportsman 800 6Ĭ6 
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ɼʣʷ ʘʨʤʠʡ ʩʪʨʘʥ ʅɸʊʆ ʠ ʉʐɸ ʪʘʢ ʞʝ ʧʦʩʪʘʚʣʷʶʪʩʷ ʥʝʜʦʨʦʛʠʝ ATV 

Yamaha Kodiak 450, Arctic Cat Diesel 700, ʣʝʛʢʠʡ ʠ ʥʘʜʝʞʥʳʡ çside-by-sideè 

Kawasaki Teryx 750 ʠ ʙʨʦʥʠʨʦʚʘʥʥʳʡ Can-Am Commander 1000 [ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʚʘʜʨʦʮʠʢʣʦʚé, 2013]. 

ʂʦʤʘʥʜʥʳʡ ɺɺʉ ʉʐɸ ʠ ʩʪʨʘʥ ʅɸʊʆ ʚ ʩʚʦʠʭ ʧʨʦʛʨʘʤʤʘʭ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ 

(ʢʚʘʜʨʦʮʠʢʣʦʚ) ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʤʦʥʪʘ ʙʦʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʩʘʤʦʣʝʪʦʚ ʠ 

ʚʝʨʪʦʣʝʪʦʚ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʬʘʢʪʦʨ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʙʦʝʩʧʦʩʦʙʥʦʩʪʠ ʘʚʠʘʮʠʠ ʚ ʭʦʜʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. ʆʨʛʘʥʠʟʘʮʠʷ ʨʝʤʦʥʪʘ ʙʦʝʚʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ (Battle Damage Repair) ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʠʩʢʘ ʧʫʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʠʨʤʘʤʠ-

ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʘʚʠʘʨʝʤʦʥʪʥʳʤʠ ʟʘʚʦʜʘʤʠ ʠ 

ʤʘʩʪʝʨʩʢʠʤʠ, ʦʨʛʘʥʘʤʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʠʘʮʠʦʥʥʳʤʠ ʯʘʩʪʷʤʠ [ʌʠʣʠʧʧʦʚ, 1989]. 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʦʪʣʠʯʠʝʤ ʤʝʪʦʜʦʚ 

ʨʝʤʦʥʪʘ ʙʦʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ (ʈɹʇ) ʚ ʭʦʜʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʠʣʠ ʚ ʟʦʥʘʭ 

ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʦʪ ʨʝʤʦʥʪʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʤʠʨʥʦʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ: ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʦ- 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʂʘʢʠʝ ʞʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʚʣʠʷʪʴ 

ʥʘ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʟʚʨʘʱʝʥʠʶ ʚ ʩʪʨʦʡ 

ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ, ʘ ʠʤʝʥʥʦ: ʤʝʩʪʥʳʡ ʣʘʥʜʰʘʬʪ ʤʝʩʪʥʦʩʪʠ; 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʤʦʥʪʥʳʭ ʙʨʠʛʘʜ, ʪʘʢ ʢʘʢ ʤʝʩʪʦ ʨʝʤʦʥʪʘ 

ʟʘʯʘʩʪʫʶ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʩʦʦʙʱʝʥʠʡ ʠʥʦʩʪʨʘʥʥʦʡ ʧʝʯʘʪʠ ʠ ʘʥʘʣʠʟʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʡʩʢʦʚʦʛʦ ʨʝʤʦʥʪʘ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ ʉʐɸ ʠ ʩʪʨʘʥ ʅɸʊʆ ʜʝʡʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʳ ʈɹʇ, ʢʦʪʦʨʳʝ 

ʫʯʠʪʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ, 

ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʥʳʭ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʘʪʨʘʭ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ 

(ʊɺɼ) ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ [ʌʠʣʠʧʧʦʚ, 1989].  

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʤʦʥʪʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ʈɹʇ ʜʣʷ ʢʘʞʜʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʵʩʢʘʜʨʠʣʴʠ ʩ ʟʘʜʘʯʝʡ 

ʙʳʩʪʨʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʣʘʤʠ ʵʪʠʭ ʛʨʫʧʧ ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ, ʠʤʝʶʱʠʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʙʦʝʚʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʇʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʠ ʦʩʥʘʱʝʥʠʶ ʛʨʫʧʧʳ ʈɹʇ ʚ ʧʝʨʠʦʜ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ 

ʠʤʝʶʪ ʢʘʞʜʘʷ ʧʦ ʢʦʤʧʣʝʢʪʫ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʨʘʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʢʣʘʜʳʚʘʝʤʳʭ ʚ ʧʷʪʴ-ʰʝʩʪʴ ʥʝʙʦʣʴʰʠʭ ʢʦʥʪʝʡʥʝʨʦʚ. ʂʦʥʪʝʡʥʝʨʳ 

ʘʵʨʦʤʦʙʠʣʴʥʳ ʠ ʤʦʛʫʪ ʣʝʛʢʦ ʧʝʨʝʙʨʘʩʳʚʘʶʪʩʷ ʢ ʤʝʩʪʫ ʨʝʤʦʥʪʘ ʢʘʢ ʥʘʟʝʤʥʳʤ 

(ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʢʚʘʜʨʦʮʠʢʣʦʚ), ʪʘʢ ʠ ʚʦʟʜʫʰʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʚ ʭʦʜʝ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ ʠʛʨʘʶʪ 

ʛʨʫʧʧʳ ʈɹʇ. ʕʪʠ ʛʨʫʧʧʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʛʦʪʦʚʥʦʩʪʴʶ, 

ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʩʪʴʶ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ, ʦʩʥʘʱʝʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʝʤʦʥʪʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʳʩʪʨʦʛʦ ʤʘʥʝʚʨʘ ʚ 

ʧʨʝʜʝʣʘʭ ʊɺɼ [ʌʠʣʠʧʧʦʚ, 1989].  

http://www.shop.btr.ua/kvadrocikly/atv-kvadrocikly/kvadrocikl-teryx4-750-4x4-eps-camo-2012.html
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ʉʝʛʦʜʥʷʰʥʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʦʡ ʫʢʦʤʧʣʝʢʪʦʚʘʥʳ 

ʚʦʦʨʫʞʝʥʥʳʝ ʩʠʣʳ, ʥʝ ʦʙʦʰʣʦ ʩʪʦʨʦʥʦʡ ʠ ʢʚʘʜʨʦʮʠʢʣʳ. ʇʦ ʧʨʠʤʝʨʫ ʟʘʧʘʜʥʳʭ 

ʘʨʤʠʡ, ʵʪʘ ʪʝʭʥʠʢʘ ʧʦʩʪʝʧʝʥʥʦ ʟʘʥʷʣʘ ʩʚʦʝ ʤʝʩʪʦ ʚ ʨʷʜʘʭ ɺʦʦʨʫʞʝʥʥʳʭ ʩʠʣ 

(ɺʉ) ʠ ʚ ʈʦʩʩʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʚʘʜʨʦʮʠʢʣʳ ʦʙʨʘʪʠʣʦ ʚʥʠʤʘʥʠʝ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ɺʉ 

ʈʦʩʩʠʠ. ʇʦʜʦʙʥʘʷ ʪʝʭʥʠʢʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʬʠʛʫʨʠʨʦʚʘʣʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʳʩʪʘʚʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʩʢʦʣʴʢʦ ʢʚʘʜʨʦʮʠʢʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʭʦʜʝ ʩʦʚʤʝʩʪʥʳʭ ʫʯʝʥʠʡ, ʧʨʦʰʝʜʰʠʭ ʚ ʉʝʨʙʠʠ, ʘ ʪʘʢʞʝ ʠ ʚ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ [ʈʦʩʩʠʡʩʢʘʷ ʘʨʤʠʷé, 2013].  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʚʘʜʨʦʮʠʢʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʌ, ʧʦʩʢʦʣʴʢʫ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ 

ʟʘʜʘʯ: ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʣʠʞʥʝʤ ʪʳʣʫ 

ʧʨʦʪʠʚʥʠʢʘ; ʵʚʘʢʫʘʮʠʷ ʨʘʥʝʥʳʭ, ʜʦʩʪʘʚʢʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʙʦʝʧʨʠʧʘʩʦʚ 

ʠ ʜʨʫʛʠʝ ʟʘʜʘʯʠ. ʇʦ ʢʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʢʚʘʜʨʦʮʠʢʣʳ ʠʤʝʶʪ ʟʘʤʝʪʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʆʥʠ 

ʣʝʛʢʦ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʧʦ ʧʝʩʢʫ, ʯʝʨʝʟ ʛʫʩʪʳʝ ʧʦʩʘʜʢʠ, ʧʦ ʟʘʙʦʣʦʯʝʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʧʨʝʦʜʦʣʝʚʘʶʪ ʩʥʝʞʥʳʝ ʩʫʛʨʦʙʳ ʠ ʪ.ʜ. ʅʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʚʘʜʨʦʮʠʢʣʦʚ ʜʚʠʛʘʪʴʩʷ ʧʦ ʧʨʦʪʠʚʦʪʘʥʢʦʚʳʤ ʤʠʥʥʳʤ ʧʦʣʷʤ ʟʘ 

ʩʯʝʪ ʤʘʣʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʫʥʪ. 

ʈʦʩʩʠʡʩʢʦʝ ʚʦʝʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʢʚʘʜʨʦʮʠʢʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ɺʉ ʈʌ, ʦʩʥʘʱʘʝʤʳʭ ʚʦʦʨʫʞʝʥʠʝʤ ʠ 

ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʆʙʝ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʭʦʜʷʪ ʠʩʧʳʪʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʨʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʫʯʝʥʠʡ. ʇʝʨʚʳʡ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʚʘʜʨʦʮʠʢʣʦʚ ï 

ʤʘʰʠʥʘ çʊʫʣʴʯʘʥʢʘè. ʀʤʝʥʥʦ ʪʘʢʘʷ ʪʝʭʥʠʢʘ ʙʳʣʘ ʦʪʧʨʘʚʣʝʥʘ ʚ ʉʝʨʙʠʶ ʜʣʷ 

ʫʯʘʩʪʠʷ ʚ ʫʯʝʥʠʷʭ. ʇʨʦʝʢʪ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʷ ʛʨʘʞʜʘʥʩʢʦʛʦ ʢʚʘʜʨʦʮʠʢʣʘ ʚ 

ʙʦʝʚʦʡ ʚʘʨʠʘʥʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʪʫʣʴʩʢʦʤ ʎʂʀɹ ʉʆʆ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ 

çʊʫʣʴʯʘʥʢʠè ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʠʡʥʳʡ ʛʨʘʞʜʘʥʩʢʠʡ ʢʚʘʜʨʦʮʠʢʣ Stels ATV 600 

Leopard, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ çɺʝʣʦʤʦʪʦʨʩè ʠ ʚʳʧʫʩʢʘʝʤʳʡ ɾʫʢʦʚʩʢʠʤ 

ʤʦʪʦʚʝʣʦʟʘʚʦʜʦʤ (ʩʤ. ʨʠʩ. 3) [ʈʦʩʩʠʡʩʢʘʷ ʘʨʤʠʷé, 2013]. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʦʛʠʯʥʘʷ ʪʝʭʥʠʢʘ ʥʘ ʙʘʟʝ ʤʘʰʠʥ 

ʢʦʤʧʘʥʠʠ çʈʫʩʩʢʘʷ ʤʝʭʘʥʠʢʘè (ʛ. ʈʳʙʠʥʩʢ). ʈʳʙʠʥʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

ʧʨʝʜʩʪʘʚʠʣʦ ʥʘ ʠʩʧʳʪʘʥʠʷ ʤʦʪʦʚʝʟʜʝʭʦʜʳ ʈʄ 500 6ʭ4 (ʩʤ. ʨʠʩ. 3). 
 

  

çʊʫʣʴʯʘʥʢʘè ʈʄ 500 6ʭ4 

 

ʈʠʩʫʥʦʢ 3 ï ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʢʚʘʜʨʦʮʠʢʣʦʚ ʜʣʷ ɺʉ ʈʌ 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʤʦʥʪʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠ 

ʙʦʝʚʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʚ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʯʘʩʪʠ (ʊʕʏ) 

ʘʚʠʘʮʠʦʥʥʳʭ ʧʦʣʢʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʧʫʩʢʘʝʤʳʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ 

ʤʘʩʪʝʨʩʢʠʝ, ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʩʪʘʥʮʠʠ ʠʟ ʩʦʩʪʘʚʘ ʧʦʜʚʠʞʥʳʭ ʩʨʝʜʩʪʚ ʚʦʡʩʢʦʚʦʛʦ 

ʨʝʤʦʥʪʘ (ʇʉɺʈ). ʊʨʘʥʩʧʦʨʪʥʦʡ ʙʘʟʦʡ ʇʉɺʈ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʭʦʜʠʤʦʩʪʠ.  

ʆʜʥʘʢʦ ʦʧʳʪ ʠʥʞʝʥʝʨʥʦ-ʘʚʠʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʉɺʈ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦ-ʧʫʩʪʳʥʥʦʡ ʠ ʣʝʩʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʥʘ 

ʤʝʩʪʘʭ ʚʳʥʫʞʜʝʥʥʦʡ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʝʪʦʚ ʠʣʠ ʥʘ ʧʦʣʝʚʳʭ ʘʵʨʦʜʨʦʤʘʭ ï ʥʝ 

ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʣʠ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʣʠʯʥʳʡ ʩʦʩʪʘʚ 

ʧʦʜʚʠʞʥʳʭ ʨʝʤʦʥʪʥʳʭ ʛʨʫʧʧ ʠʣʠ ʚʳʝʟʜʥʳʭ ʨʝʤʦʥʪʥʳʭ ʙʨʠʛʘʜ ʜʦʩʪʘʚʣʷʝʪʩʷ ʢ 

ʧʦʚʨʝʞʜʝʥʥʦʤʫ ɺʉ ʚʦʟʜʫʰʥʳʤ ʠʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʘʩʪʝʨʩʢʠʝ, ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʩʪʘʥʮʠʠ ʠʟ ʩʦʩʪʘʚʘ ʇʉɺʈ 

ʚʝʨʪʦʣʸʪʘʤʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʥʝ ʤʦʛʫʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʝʤʦʥʪʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʤʝʩʪʘʭ ʚʳʥʫʞʜʝʥʥʳʭ ʧʦʩʘʜʦʢ ʠʣʠ ʤʝʩʪʘʭ ʘʚʘʨʠʠ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ, ʘʚʪʦʥʦʤʥʳʝ ʧʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʶ ʩʨʝʜʩʪʚʘ 

ʦʙʳʯʥʦ ʜʦʩʪʘʚʣʷʶʪʩʷ ʪʝʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʜʣʷ 

ʧʝʨʝʚʦʟʢʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʵʨʦʤʦʙʠʣʴʥʦʡ ʧʦʜʚʠʞʥʦʡ ʨʝʤʦʥʪʥʦʡ 

ʛʨʫʧʧʳ (ɸʇʈɻ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʜʨʦʮʠʢʣ PM 500 6x4. ɺʘʨʠʘʥʪ 

ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4, ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ.  

ʅʘ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʜʫʛʠ ʜʣʷ ʪʝʥʪʘ 

ʠ ʦʙʦʨʫʜʦʚʘʥʦ 8 ʷʯʝʝʢ ʜʣʷ ʯʝʤʦʜʘʥʦʚ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ.  

ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚʝʨʭ ʧʣʘʪʬʦʨʤʳ ʙʫʜʝʪ ʟʘʢʨʳʪ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʬʘʥʝʨʦʡ ʪʦʣʱʠʥʦʡ 10 ʤʤ. ʉʚʦʙʦʜʥʫʶ ʧʣʦʱʘʜʴ ʧʦʜ ʪʝʥʪʦʤ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʰʘʥʮʝʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʘʣʘʪʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɻʨʫʟʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ʢʚʘʜʨʦʮʠʢʣʘ PM 500 6x4 
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ʏʝʨʪʝʞ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

1 ï ɹʘʢ ʥʘ 20ʣ ʩ ɸʄɻ-10; 2 ï ʯʝʤʦʜʘʥ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ˉ1; 3 ï ʯʝʤʦʜʘʥ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ˉ2; 4 ï ʯʝʤʦʜʘʥ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ˉ3; 5 ï ʯʝʤʦʜʘʥ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ˉ4; 6 ï ɹʘʢ ʥʘ 20ʣ ʩ 

ʄʉ-8ʇ; 7 ï ɹʘʢ ʥʘ 20ʣ ʩ ʙʝʥʟʠʥʦʤ ɸʀ-92; 8 ï ʛʝʥʝʨʘʪʦʨ Denzel GE6900; 9 ï ʯʝʤʦʜʘʥ ʩ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ˉ5 ʠ ˉ6; 10 ï ʯʝʤʦʜʘʥ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ˉ7ʠ ˉ8 

 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʛʨʫʟʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ʩ 8-ʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 

ʷʱʠʢʘʤʠ ʧʦʜ ʯʝʤʦʜʘʥʳ (ʚʠʜ ʩʙʦʢʫ ʠ ʩʚʝʨʭʫ) 

 

ɺ ̫ʯʝʡʢʘʭ ʜʣʷ ʯʝʤʦʜʘʥʦʚ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʙʫʜʫʪ ʨʘʟʤʝʱʝʥʳ: 

1. ʂʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʤʦʥʪʘ ʧʣʘʥʝʨʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ 

ʢʣʸʧʢʦʡ. 

2. ʂʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʨʝʤʦʥʪʘ ʦʩʪʝʢʣʝʥʠʷ. 

3. ʂʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʤʦʥʪʘ ʜʝʪʘʣʝʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. 

4. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʷʱʠʢ ʜʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʨʝʤʦʥʪʘ ʤʷʛʢʠʭ ʪʦʧʣʠʚʥʳʭ 
ʙʘʢʦʚ. 

5. ʂʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʤʦʥʪʘ ʜʝʪʘʣʝʡ ʞʠʜʢʦʩʪʥʦ-ʛʘʟʦʚʳʭ 

ʩʠʩʪʝʤ. 

6. ʂʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʤʦʥʪʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

(ʩʦʪʦʚʳʭ). 

7. ʂʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʤʦʥʪʘ ʪʷʛ ʠ ʪʨʦʩʦʚ. 

8. ʈʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʙʦʣʪʳ, ʰʧʣʠʥʪʳ, ʢʣʝʠ, ʢʦʥʪʨʦʚʦʯʥʳʝ ʰʘʡʙʳ, 
ʛʘʡʢʠ ʠ ʪ.ʜ.). 

ʏʝʤʦʜʘʥ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʛʘʙʘʨʠʪʘʤʠ 40ʭ30ʭ15 ʠ ʠʤʝʪʴ 

ʬʦʨʤʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʢʣʶʯʠʪʴ ʚ ʢʦʤʧʣʝʢʪʘʮʠʶ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʤʦʱʥʳʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ 

ʙʝʥʟʠʥʦʚʳʡ ʘʛʨʝʛʘʪ Denzel GE6900 ʤʦʱʥʦʩʪʴʶ 5ʢɺʊ (ʩʤ. ʨʠʩ.7). 

ʉʠʣʦʚʘʷ ʨʦʟʝʪʢʘ ʧʦʟʚʦʣʷʝʪ ʩʥʷʪʴ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʩ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʚʳʩʦʢʠʤʠ ʧʫʩʢʦʚʳʤʠ ʪʦʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 6 ï ʉʪʘʥʜʘʨʪʥʳʡ ʯʝʤʦʜʘʥ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʕʢʦʥʦʤʠʯʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʛʝʥʝʨʘʪʦʨ ʚ 

ʠʥʪʝʥʩʠʚʥʦʤ ʨʝʞʠʤʝ. ʆʥ ʧʦʪʨʝʙʣʷʝʪ 2,5 ʣ/ʯ ʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʜʦ 10 ʯʘʩʦʚ ʧʨʠ 

ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ. ɿʘʧʫʩʪʠʪʴ ʛʝʥʝʨʘʪʦʨ ʜʘʞʝ ʚ ʭʦʣʦʜʥʫʶ ʧʦʛʦʜʫ ʥʝ ʧʨʦʙʣʝʤʘ ï 

ʨʫʯʥʦʡ ʩʪʘʨʪʝʨ ʦʙʣʝʛʯʘʝʪ ʟʘʜʘʯʫ. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ɹʝʥʟʠʥʦʚʳʡ ʛʝʥʝʨʘʪʦʨ Denzel GE6900 

 

ʇʦ ʚʧʦʣʥʝ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʢʚʘʜʨʦʮʠʢʣʳ çʊʫʣʴʯʘʥʢʘè ʠ ʜʨʫʛʘʷ 

ʪʝʭʥʠʢʘ ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʝ ʟʘʤʝʥʷʪ ʚ ʚʦʡʩʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʚʪʦʤʦʙʠʣʠ ʠʣʠ 

ʙʨʦʥʝʤʘʰʠʥʳ. ɹʦʝʚʳʝ ʢʚʘʜʨʦʮʠʢʣʳ ʜʦʣʞʥʳ ʜʦʧʦʣʥʷʪʴ ʠʥʫʶ ʪʝʭʥʠʢʫ ʠ 

ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʩʧʝʮʠʬʠʢʘ ʢʦʪʦʨʳʭ ʤʝʰʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʘʚʪʦʤʦʙʠʣʝʡ ʠʣʠ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʝʨʦʚ. ʂ ʧʨʠʤʝʨʫ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʙʦʪʘ ʚ 

ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʣʝʩʠʩʪʦʡ ʠʣʠ ʚ ʧʝʩʯʘʥʦʡ ʤʝʩʪʥʦʩʪʠ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʜʨʦʮʠʢʣʦʚ ʚ ʘʨʤʠʷʭ ʅɸʊʆ. ʀʥʪʝʨʥʝʪ-ʞʫʨʥʘʣ çɸʨʤʝʡʩʢʠʡ 

ʚʝʩʪʥʠʢè. 2013. ˉ08. // [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2013. URL: (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 11.10.2021). 

2. ʈʦʩʩʠʡʩʢʘʷ ʘʨʤʠʷ ʦʩʚʘʠʚʘʝʪ ʢʚʘʜʨʦʮʠʢʣʳ. ʀʥʪʝʨʥʝʪ-ʞʫʨʥʘʣ çɸʨʤʝʡʩʢʠʡ 

ʚʝʩʪʥʠʢè. 2013. ˉ08. // [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2014. URL: http://army-

news.org/2014/11/rossijskaya-armiya-osvaivaet-kvadrocikly/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 11.10.2021). 

3. ʌʠʣʠʧʧʦʚ ɺ. ʈʝʤʦʥʪ ʙʦʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʟʘ ʨʫʙʝʞʦʤ / 

çɿʘʨʫʙʝʞʥʦʝ ʚʦʝʥʥʦʝ ʦʙʦʟʨʝʥʠʝè. ʄʦʩʢʚʘ: ɺʦʝʥʠʟʜʘʪ. 1989. ˉ9. ʉ. 38-43. 

 

http://army-news.org/2014/11/rossijskaya-armiya-osvaivaet-kvadrocikly/
http://army-news.org/2014/11/rossijskaya-armiya-osvaivaet-kvadrocikly/
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ʋɼʂ 629.036 

 

ʆʎɽʅʂɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄɽɾɺɸʃʔʅʆɻʆ ʇʆɼʐʀʇʅʀʂɸ ɻʊɼ 

 

ʍʦʜʘʮʢʠʡ ʉ. ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ɻɸ 

(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʜʦʩʨʦʯʥʳʭ ʩʲʝʤʦʚ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʚʷʟʘʥʦ ʩ ʦʪʢʘʟʘʤʠ ʤʝʞʚʘʣʴʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. ɺʦʟʤʦʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʪʘʢʠʭ ʦʪʢʘʟʦʚ 

ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʡ ʠʭ ʩʤʘʟʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʩʣʦʧʨʦʚʦʜʘ ʧʨʠ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʨʦʪʦʨʘ ʥʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʨʠ ʨʘʙʦʪʝ ʊʈɼɼ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʨʦʪʦʨʘ, ʝʛʦ ʚʘʣ ʩʦʚʝʨʰʘʝʪ 

ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʩʣʦʧʨʦʚʦʜ, ʨʘʟʤʝʱʝʥʥʳʡ ʚʥʫʪʨʠ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, 

ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ 

ʨʘʩʭʦʜʘ ʤʘʩʣʘ ʯʝʨʝʟ ʤʘʩʣʦʧʨʦʚʦʜ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʚʠʙʨʘʮʠʡ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʝʪ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʤʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʚʠʙʨʦʩʢʦʨʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʧʘʨʘʤʝʪʨʳ ʤʘʩʣʷʥʦʡ ʩʠʩʪʝʤʳ ɻʊɼ. 
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Abstract. Operational experience shows that a quite large number of aircraft engines are 

taken out from service due to inter-shaft bearing failures. The main causes of their failure can be a 

violation of lubrication and cooling conditions under various operating conditions. The article 

presents the methodology of estimating the durability of the inter-shaft bearing taking into account 

the rotor bending vibrations and the experimental studies results. 

Due to the imbalance of the rotor its shaft makes an oscillating process. Since the oil drive 

through which the oil is supplied to lubricate the inter-shaft bearing is located inside the shaft, it is 

also involved in the oscillating process. This increases the rotor vibration level and reduces the oil 

flow through the oil drive. In addition, the durability of the bearing is affected by its temperature 

level. Vibration and increased bearing temperature generally have a negative effect on bearing 

durability. 

Key words: aircraft engine, inter-shaft bearing, vibration velocity, durability, parameters of 

the gas turbine oil system. 

 

ɼʚʫʭʢʦʥʪʫʨʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ɼ-30ʂʇ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ɻʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʈʦʩʩʠʠ. ʆʥʠ ʚʭʦʜʷʪ ʚ ʩʠʣʦʚʫʶ ʫʩʪʘʥʦʚʢʫ ʩʘʤʦʣʝʪʘ ʀʣ-76 

ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ ʀʣ-62ʄ.  
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ɼʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʠʛʘʪʝʣʷʤ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ɼʚʠʛʘʪʝʣʴ ʥʘʜʝʞʝʥ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʥ, ʠʤʝʝʪ ʤʝʞʨʝʤʦʥʪʥʳʡ ʨʝʩʫʨʩ 9000 ʯʘʩʦʚ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʜʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ 

ʥʘʜʝʞʥʦʩʪʴ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. ɺʚʠʜʫ ʟʥʘʯʠʤʦʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ ʝʛʦ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʕʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʠ ʦʙʲʷʩʥʷʶʪʩʷ 

ʘʚʠʘʮʠʦʥʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ ʩ ʩʘʤʦʣʝʪʦʤ ʀʣ-76 (1989 ʛ.) ʠ ʀʣ-62ʄ (1986 ʛ.).  

ʀʟ ʘʥʘʣʠʟʘ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪ 45 % ʜʦ 81 

% ʚʩʝʭ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʥʠʞʘʶʱʠʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʫʩʣʦʞʥʝʥʠʝ ʠʭ ʩʭʝʤ, ʧʦʚʳʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʚ ʩʠʣʦʚʳʭ ʩʠʩʪʝʤʘʭ ʨʦʪʦʨʘ 

ʤʝʞʚʘʣʴʥʳʭ (ʤʝʞʨʦʪʦʨʥʳʭ) ʧʦʜʰʠʧʥʠʢʦʚ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʢʘʬʝʜʨʝ ʃʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ ʀʨʢʫʪʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ʄɻʊʋ ɻɸ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʠʩʩʣʝʜʫʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʥʠʤʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʰʠʧʥʠʢʘ ʠ ʝʛʦ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʩʙʘʣʘʥʩʘ ʨʦʪʦʨʘ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʚʦʟʨʘʩʪʘʶʪ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʡ ʠ ʦʩʝʚʦʡ ʥʘʛʨʫʟʦʢ, ʜʘʥʥʳʝ 

ʥʘʛʨʫʟʢʠ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʦʧʦʨʳ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ [ʉʠʜʦʨʦʚ, 2009]. 

ʈʘʩʯʝʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʠʩʙʘʣʘʥʩʘ ʨʦʪʦʨʘ ʥʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [ʉʠʜʦʨʦʚ, 2009]: 

 

ὒ ὥϽὥ Ͻ
ρπ

φπϽὲ
Ͻ
ὧ̅̉̎

ὖ ὖ̅̏̐
ȟ (1) 

 

ʛʜʝ ʘ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ; 

ʘ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʩʤʘʟʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ; 

ʩʜʠʥ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ; 

ʈ ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ; 

ʈʜʦʧ ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʜʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʤʝʞʚʘʣʴʥʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ ʦʙʘ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ ʚʨʘʱʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʦ ʤʥʦʛʠʭ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ 
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ʧʨʠʥʠʤʘʝʤʳʝ ʜʦʧʫʱʝʥʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʨʘʙʦʪʝ ʤʝʞʚʘʣʴʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ 

ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ ʧʝʨʝʢʦʩʘ ʢʦʣʝʮ, ʯʪʦ ʪʘʢ ʞʝ ʩʣʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ. 

ɺ ʨʘʙʦʪʝ [ʀʚʢʦ, 2013] ʙʳʣʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ɼ-30ʂʇ ʥʘ 

ʚʩʝʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ ʦʪ ʧʦʣʝʪʥʦʛʦ ʤʘʣʦʛʦ ʛʘʟʘ ʜʦ ʚʟʣʝʪʥʦʛʦ 

ʨʝʞʠʤʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʢʦʣʝʮ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ, ʧʨʠʥʠʤʘʷ ʜʦʧʫʱʝʥʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʧʝʨʝʢʦʩʘ ʢʦʣʝʮ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʧʨʠ ʦʮʝʥʢʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʧʦʜʰʠʧʥʠʢʘ ʩ ʫʯʝʪʦʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʦʪʦʨʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʩʯʝʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (1).    

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʜʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʠʙʨʘʮʠʝʡ ʨʦʪʦʨʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

 

ὖ̅̏̐ ὖ άϽὮ άϽὃϽ‫ άϽὺϽ‫ȟ   (2) 

 

ʛʜʝ Pj ï ʠʥʝʨʮʠʦʥʥʘʷ ʩʠʣʘ ʨʦʪʦʨʘ; 

m ï ʩʠʣʘ ʨʝʘʢʮʠʠ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʦʪ ʤʘʩʩʳ ʨʦʪʦʨʘ; 

A ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʨʦʪʦʨʘ; 

vj ï ʚʠʙʨʦʩʢʦʨʦʩʪʴ; 

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʜʚʠʛʘʪʝʣʷ 

ɼ-30ʂʇ ʩ ʫʯʝʪʦʤ ʚʠʙʨʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

 ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ 
10% é 14%), ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʦʪ ʧʦʣʝʪʥʦʛʦ ʤʘʣʦʛʦ ʛʘʟʘ ʜʦ 

ʚʟʣʝʪʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ ʚʠʙʨʘʮʠʠ; 

 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 
ʜʚʠʛʘʪʝʣʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ 

(ʥʘ 74% é 85%). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʮʝʥʢʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʮʝʥʢʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ 

ɼ-30ʂʇ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ. 

ʊʘʢ ʢʘʢ ʨʦʪʦʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʘ ʤʘʩʣʦʧʨʦʚʦʜ ʧʦʜʚʦʜʘ ʤʘʩʣʘ ʢ ʤʝʞʚʘʣʴʥʦʤʫ ʧʦʜʰʠʧʥʠʢʫ 

ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʠ ʨʦʪʦʨʘ, ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ ʧʦʜʚʦʜʘ 

ʤʘʩʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ 

ʤʘʩʣʦʧʨʦʚʦʜʘ. 
 

 
1 ï ʪʨʫʙʘ; 2 ï ʤʘʩʣʦʧʨʦʚʦʜ; 3 ï ʤʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ 

 

ʈʠʩʫʥʦʢ 2 ï ʈʘʟʤʝʱʝʥʠʝ ʤʘʩʣʦʧʨʦʚʦʜʘ ʚ ʨʦʪʦʨʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ʊʘʢ ʢʘʢ ʤʘʩʣʦʧʨʦʚʦʜ ʨʘʟʤʝʱʝʥ ʚʥʫʪʨʠ ʨʦʪʦʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦ ʝʛʦ 

ʚʠʙʨʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʚʠʙʨʘʮʠʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʘʤʦʛʦ ʨʦʪʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʠʟ [ʐʪʦʜʘ, 1970] ʩʣʝʜʫʝʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ (ʚʠʙʨʦʩʢʦʨʦʩʪʠ) ʚ 

ʨʘʡʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʦʧʦʨ ʜʚʠʛʘʪʝʣʷ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ Vʚʠʙʨ=60é90ʤʤ/ʩ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʝʨʝʛʨʫʟʢʠ ʂj = 4é5. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʩʣʦʧʨʠʚʦʜʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ çʤʘʩʣʦʧʨʦʚʦʜè, ʨʠʩʫʥʦʢ 3. 
 

 
 

1 ï ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʚʪʫʣʢʘ; 2 ï ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ; 3 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʤʘʩʣʷʥʦʛʦ 

ʥʘʩʦʩʘ; 4 ï ʤʘʩʣʷʥʳʡ ʥʘʩʦʩ; 5 ï ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʚʪʫʣʢʠ 
 

ʈʠʩʫʥʦʢ 3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʩʣʦʧʨʦʚʦʜʘ 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʘʩʣʦʧʨʦʚʦʜʘ ʧʦʜʚʦʜʘ ʤʘʩʣʘ ʢ ʤʝʞʚʘʣʴʥʦʤʫ ʧʦʜʰʠʧʥʠʢʫ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʝʧʦʜʚʠʞʥʦ ʚʥʫʪʨʠ ʨʦʪʦʨʘ, ʘ ʟʘʤʳʢʘʶʱʘʷ ʯʘʩʪʴ ï 

ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʚʪʫʣʢʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʚʦʜʷʱʘʷ ʤʘʩʣʦ ʢ 

ʤʝʞʚʘʣʴʥʦʤʫ ʧʦʜʰʠʧʥʠʢʫ, ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʜʚʠʞʥʦ ʠ ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ 

ʨʦʪʦʨʦʤ. 

ɺ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʚʪʫʣʢʝ ʥʘʭʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʤʘʩʣʘ, 

ʥʘ ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʶʪ ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ. ɺʝʣʠʯʠʥʘ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʤʘʩʩʝ ʤʘʩʣʘ 

ʚ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʚʪʫʣʢʝ ʠ ʨʘʜʠʫʩʫ. ʆʥʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʧʦ ʨʝʞʠʤʘʤ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʚʪʫʣʢʘ. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʚʪʫʣʢʠ 

 

ʇʨʠ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʨʦʪʦʨʘ ʠ ʧʨʝʮʝʩʩʠʦʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚʘʣʘ ʥʘ 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʚʪʫʣʢʝ ʦʙʲʝʤ ʤʘʩʣʘ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ 

ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ. ɼʘʥʥʳʝ ʩʠʣʳ ʙʫʜʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʦʜʚʦʜʫ ʤʘʩʣʘ ʢ 

ʤʝʞʚʘʣʴʥʦʤʫ ʧʦʜʰʠʧʥʠʢʫ. ʆʩʦʙʝʥʥʦ ʚʝʣʠʢʦ ʜʘʥʥʦʝ ʚʣʠʷʥʠʝ ʙʫʜʝʪ ʧʨʠ ʧʨʷʤʦʡ 

ʩʠʥʭʨʦʥʥʦʡ ʧʨʝʮʝʩʩʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʦʜʚʦʜʘ 

ʤʘʩʣʘ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʚʪʫʣʢʠ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʨʦʛʠʙʘ ʚʘʣʘ (ʪʦʯʢʘ 1, ʨʠʩʫʥʦʢ 5). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʦʯʢʝ 1 ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʝʨʮʠʦʥʥʦʡ 

ʩʠʣʳ [ʐʪʦʜʘ, 1970]. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʙʫʜʝʪ ʥʘʨʫʰʝʥ ʧʦʜʚʦʜ 

ʤʘʩʣʘ ʢ ʤʝʞʚʘʣʴʥʦʤʫ ʧʦʜʰʠʧʥʠʢʫ ʯʝʨʝʟ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʚʪʫʣʢʫ. ʕʪʦ 

ʫʩʣʦʞʥʠʪ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʠ ʩʢʘʞʝʪʩʷ ʥʘ ʝʛʦ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʘʣʘ 
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ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʣʦʧʨʦʚʦʜʘ ʩ ʫʯʝʪʦʤ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʚʪʫʣʢʝ ʚ ʨʘʡʦʥʝ ʚʳʭʦʜʥʦʛʦ 

ʩʝʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʢʦʣʴʮʝʚʦʡ ʛʨʫʟʠʢ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʜʠʩʙʘʣʘʥʩʘ. 

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʨʘʩʭʦʜʘ ʤʘʩʣʘ ʯʝʨʝʟ ʤʘʩʣʦʧʨʦʚʦʜ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [ʂʘʨʘʚʘʝʚ, 2014], ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʤʘʩʣʘ 

ʧʨʠ ʚʝʣʠʯʠʥʝ ʚʠʙʨʦʩʢʦʨʦʩʪʠ 90 ʤʤ/ʩ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʠ 

ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʘʣʘ ʩʦʩʪʘʚʠʣʦ 35,4 %. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʣʦʧʨʦʚʦʜʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʦʙʦʡʤ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ [ʂʘʨʘʚʘʝʚ, 2014]. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʤʝʞʚʘʣʴʥʳʡ 

ʧʦʜʰʠʧʥʠʢ ʜʚʠʛʘʪʝʣʷ ɼ-30ʂʇ (ʨʠʩʫʥʦʢ 6). 

ʄʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ 3 ʨʘʩʧʦʣʦʞʝʥ ʚ ʢʦʨʧʫʩʝ, ʟʘʢʨʝʧʣʝʥʥʦʤ ʥʘ 

ʩʪʘʥʠʥʝ 1. ʉʪʘʥʠʥʘ 1 ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʘʥʠʥʳ 

ʨʘʟʤʝʱʝʥ ʤʘʩʣʷʥʳʡ ʙʘʢ 2. ʅʦʫʪʙʫʢ 4 ʦʙʝʩʧʝʯʠʚʘʣ ʟʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʤʝʨʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʦʡʤʳ ʧʦʜʰʠʧʥʠʢʘ. ʅʘ ʥʝʤ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʣʠʮʝʥʟʠʦʥʥʳʡ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ZetLab ʩ ʮʠʬʨʦʚʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ZET7121 5. ʇʦʜʘʯʘ ʤʘʩʣʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘʛʥʝʪʘʶʱʠʤ ʥʘʩʦʩʦʤ 6, ʘ ʦʪʢʘʯʢʘ 

ʤʘʩʣʘ ï ʦʪʢʘʯʠʚʘʶʱʠʤ ʥʘʩʦʩʦʤ 7. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʜʘʪʯʠʢʘʤʠ ʠ ʫʢʘʟʘʪʝʣʷʤʠ 8. ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʣʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʤʘʩʣʦ ʄʂ-8ʇ. 
 

 
 

ʈʠʩʫʥʦʢ 6 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 
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ʉ ʮʝʣʴʶ ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʤʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ, 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʩʣʷʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʨʘʜʠʘʪʦʨ. ʈʘʜʠʘʪʦʨ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʟʘ 

ʦʪʢʘʯʠʚʘʶʱʠʤ ʥʘʩʦʩʦʤ ʩʠʩʪʝʤʳ ʧʦʜʚʦʜʘ ʤʘʩʣʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʤʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʘ 

ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ ʊʤʚʧ. ʀʟʤʝʨʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʤʝʞʚʘʣʴʥʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ n ʠ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʢʘʯʢʝ ʤʘʩʣʘ ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢ q. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʢʘʯʢʠ ʤʘʩʣʘ ʩʪʝʧʝʥʴ ʧʦʜʦʛʨʝʚʘ ʧʦʜʰʠʧʥʠʢʘ æt 

ʚʦʟʨʘʩʪʘʝʪ, ʨʠʩʫʥʦʢ 8.  

 
 

ʈʠʩʫʥʦʢ 8 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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ʊʘʢ ʢʘʢ ʨʘʜʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʤʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʦʩʪʘʚʣʷʝʪ 70 ʅ, ʘ ʥʘ ʜʚʠʛʘʪʝʣʝ ɼ-30ʂʇ ï 2650 

ʅ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 9. 

ɺ ʧʨʦʮʝʩʩʝ çʤʘʩʣʷʥʦʛʦ ʛʦʣʦʜʘʥʠʷè ʧʨʠ ʨʘʙʦʪʝ ʧʦʜʰʠʧʥʠʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʝʛʦ ʧʦʜʦʛʨʝʚʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʥʠʞʘʶʱʠʤ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ 

ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʰʠʧʥʠʢʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ 

ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

 ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʜʚʦʜ ʪʝʧʣʘ ʧʨʠ ʨʘʙʦʪʝ ʧʦʜʰʠʧʥʠʢʘ ʦʪ ʜʝʪʘʣʝʡ 
ʦʧʦʨʳ; 

 ʪʝʧʣʦ, ʚʳʜʝʣʷʶʱʝʝʩʷ ʦʪ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ, ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʤʝʥʪʫ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʤʫ ʚ ʧʦʜʰʠʧʥʠʢʝ; 

 ʧʨʠ ʜʘʥʥʳʭ ʜʦʧʫʱʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʧʦʜʰʠʧʥʠʢ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʦʜʠʥʘʢʦʚʳ. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʤʝʞʚʘʣʴʥʦʤ 

ʧʦʜʰʠʧʥʠʢʝ, ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ [ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ 

ʪʨʝʥʠʷé, 2006]: 

 

ὓ̓ ̑ ὨϽ‘Ͻὖȟ (3) 

 

ʛʜʝ ʄ ï ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʝ; 

d ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʧʦʜʰʠʧʥʠʢʘ;  

ɛ ïʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; 

ʈ ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ. 

ʊʝʧʣʦ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʧʨʠ ʪʨʝʥʠʠ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ 

[ʐʪʦʜʘ, 1970] ʠ ʫʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ὄ̓ ̑ ήϽὧϽ”ϽЎὸȟ (4) 

 

ʛʜʝ q ï ʧʦʪʨʝʙʥʘʷ ʧʨʦʢʘʯʢʘ ʤʘʩʣʘ ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢ; 

c ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʩʣʘ; 

ɟ ïʧʣʦʪʥʦʩʪʴ ʤʘʩʣʘ; 

æt = tʚʳʭ - tʚʭ ï ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʧʦʜʰʠʧʥʠʢʝ. 

ʉ ʫʯʝʪʦʤ ʧʨʠʥʷʪʦʛʦ ʜʦʧʫʱʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʪʝʧʣʦ Bʪʨ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʤʝʥʪʫ ʪʨʝʥʠʷ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ Bʪʨ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʧʦʜʰʠʧʥʠʢʝ ʜʚʠʛʘʪʝʣʷ. 

 

ὄ̓  ̑̍ ̃̐

ὄ̓ Ͻ̑ὓ̓  ̑̍ ̃̐

ὓ̓ ̑
ȟ         (5) 

 

ʛʜʝ ɺʪʨ ʤʚʧ ï ʪʝʧʣʦ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʧʦʜʰʠʧʥʠʢʝ ʥʘ ʫʩʪʘʥʦʚʢʝ; 

       ʄʪʨ ʤʚʧ ï ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʜʚʠʛʘʪʝʣʷ. 
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ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (4), ʦʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʫ ʧʦʜʦʛʨʝʚʘ ʤʝʞʚʘʣʴʥʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʜʚʠʛʘʪʝʣʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʧʦʩʪʨʦʠʤ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʰʠʧʥʠʢʘ 

 

ɹʦʣʝʝ ʢʨʫʪʦʡ ʧʦʜʲʝʤ ʣʠʥʠʠ ʧʦʜʦʛʨʝʚʘ ʧʦʜʰʠʧʥʠʢʘ q = q(v) ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʩʣʦʧʨʦʚʦʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʘ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʨʘʩʯʝʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ (1) ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ɺʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʩʣʦʧʨʦʚʦʜʘ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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1. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʦʪʦʨʘ ʥʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʚʥʫʪʨʠʨʦʪʦʨʥʦʤ ʧʦʜʚʦʜʝ ʤʘʩʣʘ. 

2. ʉʥʠʞʝʥʠʝ ʧʨʦʢʘʯʢʠ ʤʘʩʣʘ ʯʝʨʝʟ ʤʝʞʚʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʳʰʝʥʠʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʊʈɼɼ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʝʛʦ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʘ 45% é 53%.  

3. ɺʳʷʚʣʝʥʥʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʢʘʯʢʠ ʤʘʩʣʘ ʥʘ 
ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʞʚʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʧʦʚʳʰʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʚʷʱʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʨʝʚʝʨʩʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʠ ʧʝʨʝʢʣʘʜʢʝ ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʈɼɼ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʚʝʨʩʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ, ʊʈɼɼ. 
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Abstract. A reversing device is a unit that affects the gas-dynamic characteristics of the 

entire turbojet engine. Experimental methods of research of reversible devices are associated with 

labor intensity and high cost. The use of numerical simulations has made it possible to cope with 

many of these problems. The existing studies are mainly devoted to stationary studies of reversible 

devices and do not affect the change in the characteristics of the reversible device when the reverse 

device is shifted. In this regard, studies of the non-stationary mode of operation are of great 

practical interest for ensuring flight safety and improving the gas-dynamic characteristics of the 

turbojet engine. 
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ʆʜʥʠʤ ʠʟ ʫʟʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠ ʧʦʩʘʜʢʝ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʶʱʠʤ 10-15% ʚʝʩʘ ʜʚʠʛʘʪʝʣʷ, ʷʚʣʷʝʪʩʷ ʨʝʚʝʨʩʠʚʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʦʪ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʦʪʦʨʦʛʦ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʛʦ ʊʈɼɼ. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʨʝʚʝʨʩʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʥʘʯʘʣʠʩʴ ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʠ ʟʘ ʵʪʦʪ ʙʦʣʝʝ ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ 

ʙʳʣ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʙʳʣʠ 

ʩʦʧʨʷʞʝʥʳ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ (ʪʨʫʜʦʝʤʢʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ, ʜʦʨʦʛʦʚʠʟʥʘ ʠ ʪ.ʜ.). 

ʇʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʠʚʰʝʛʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʙʣʘʛʦʜʘʨʷ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, 

ʧʦʟʚʦʣʠʣʦ ʩʧʨʘʚʠʪʴʩʷ ʩ ʤʥʦʛʠʤʠ ʠʟ ʵʪʠʭ ʧʨʦʙʣʝʤ [ɺʘʨʩʝʛʦʚ, ʐʘʙʘʣʠʥ, 2017]. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʚʦʟʜʫʰʥʦʛʦ 

ʩʫʜʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʦ 80% ʠʟ ʥʠʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʚʝʨʩʠʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [ɺʘʨʩʝʛʦʚ, 2017] ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʚʷʱʝʥʳ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʝʚʝʨʩʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʚʘʞʥʳʡ 

ʘʩʧʝʢʪ ï ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʧʝʨʝʢʣʘʜʢʝ 

ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ ʵʪʦ ʦʙʳʯʥʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʧʨʦʤʝʞʫʪʢʦʚ ʧʦʣʝʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ï ʧʦʩʘʜʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʈɼɼ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʝʰʝʪʯʘʪʦʛʦ 

ʪʠʧʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʥʘʨʫʞʥʦʤ ʢʦʥʪʫʨʝ ʊʈɼɼ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʧʨʦʛʨʘʤʤʝ 

Linkage ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠ ʨʘʩʩʤʦʪʨʝʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1) ʠ 

ʨʘʩʩʤʦʪʨʝʥʳ 4 ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʦʪʢʨʳʪʠʷ ʩʪʚʦʨʢʠ ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʧʨʦʛʨʘʤʤʝ Linkage 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS Fluent. ʉʝʪʢʘ ʛʝʥʝʨʠʨʦʚʘʣʘʩʴ ʚ 

ʧʨʦʛʨʘʤʤʝ Gambit. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [ʐʘʙʘʣʠʥ, 2017], ʧʦʵʪʦʤʫ ʤʦʜʝʣʴ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʠʜʝʥʪʠʯʥʳ ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʩʪʘʪʴʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʨʝʰʝʪʯʘʪʦʛʦ ʪʠʧʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʡ (ʨʠʩ. 2-5). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʚʝʨʩʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʨʝʰʝʪʯʘʪʦʛʦ ʪʠʧʘ ʊʈɼɼ. 
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
 

1. ɺʘʨʩʝʛʦʚ ɺ. ʃ. ɺʣʠʷʥʠʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʳʭ ʢʨʦʤʦʢ ʧʨʦʜʦʣʴʥʳʭ ʨʝʙʝʨ ʥʘ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʰʝʪʦʢ ʫʩʪʨʦʡʩʪʚʘ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʪʷʛʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʘʨʫʞʥʦʤ ʢʦʥʪʫʨʝ ʊʈɼɼ // ɺʝʩʪʥʠʢ ʋɻɸʊʋ. 2017. ʊ. 21, ˉ 1 (75). ʉ. 80-

90. 

2. ɺʘʨʩʝʛʦʚ ɺ. ʃ. ʏʠʩʣʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʰʝʪʦʢ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʳʭ ʢʨʦʤʦʢ ʧʨʦʜʦʣʴʥʳʭ ʨʝʙʝʨ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ / ɺ. ʃ. ɺʘʨʩʝʛʦʚ, ɸ. ʉ. ʐʘʙʘʣʠʥ. // 

ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ɸʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ. 2017. ̄  2. ʉ. 43-49. 

3. ʐʘʙʘʣʠʥ ɸ. ʉ. ɺʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʥʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʚʝʨʩʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ / ɸ. ʉ. ʐʘʙʘʣʠʥ, ɺ. ʃ. ɺʘʨʩʝʛʦʚ. // ɺʝʩʪʥʠʢ 

ʇʅʀʇʋ. ɸʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ. 2017. ˉ49. ʉ. 55-62. 
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ʉɽʂʎʀʗ 

çɸɺʀʆʅʀʂɸ, ɸɺʀɸʎʀʆʅʅʓɽ ʕʃɽʂʊʈʆʉʀʉʊɽʄʓ ʀ ʇʀʃʆʊɸɾʅʆ-

ʅɸɺʀɻɸʎʀʆʅʅʓɽ ʂʆʄʇʃɽʂʉʓ ʀ ʄɽʊʆɼʓ ʀʍ ʕʂʉʇʃʋɸʊɸʎʀʀè 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʇʦʧʦʚ ɺ. ʄ., ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ɸʕʉ ʠ ʇʅʂ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

 

ʋɼʂ 681.2:621.826 

 

ʈɸɿʈɸɹʆʊʂɸ ɼɸʊʏʀʂɸ ʉʊɸʊʀʏɽʉʂʆɻʆ ʀ ʇʆʃʅʆɻʆ ɼɸɺʃɽʅʀʁ, 

ʆɹʃɸɼɸʖʑɽɻʆ ʇʈɸʂʊʀʏɽʉʂʀ ʈɸɺʅʆʁ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔʖ 

ɺʆ ɺʉɽʄ ɼʀɸʇɸɿʆʅɽ ʀɿʄɽʈɽʅʀʁ 

 

ɸʥʪʦʥʝʮ ʀ. ɺ.1, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʅʠʛʤʘʪʫʣʣʠʥʘ ʃ. ɸ.1  

ʂʘʰʪʘʥʦʚ ʅ. ɺ.2 

 

1ʋʣʴʷʥʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʤʝʥʠ ɻʣʘʚʥʦʛʦ ʤʘʨʰʘʣʘ 

ʘʚʠʘʮʠʠ ɹ. ʇ. ɹʫʛʘʝʚʘ  

(ʛ. ʋʣʴʷʥʦʚʩʢ) 
2ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʋʣʴʷʥʦʚʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʩʠʥʪʝʟʦʤ ʜʘʪʯʠʢʘ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʧʨʫʛʦʡ ʤʝʤʙʨʘʥʳ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʧʨʠʤʝʥʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʚʪʦʨʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʥʦʚʠʟʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ 

ʜʘʪʯʠʢʘ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʇɿʉ-ʣʠʥʝʝʢ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʘʤʧʣʠʪʫʜʫ ʦʪʢʣʦʥʝʥʠʡ ʫʧʨʫʛʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʠʣʠ ʧʦʣʥʳʭ ʜʘʚʣʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 

ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ, ʢʦʪʦʨʳʝ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʣʠʥʝʡʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʞʝʩʪʢʦʛʦ ʮʝʥʪʨʘ ʤʝʤʙʨʘʥ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʠʛʥʘʣʳ ʩ ʚʳʭʦʜʘ ʦʧʪʠʯʝʩʢʦʡ 

ʣʠʥʝʡʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʷʪʥʘ ʚ ʬʫʥʢʮʠʠ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʜʘʚʣʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʷʝʤʳʭ ʜʘʚʣʝʥʠʡ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʨʝʥʠʝ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʚ ʢʦʨʧʫʩʝ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʪʯʠʢ, ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ, ʬʦʪʦʧʨʠʝʤʥʳʝ 

ʇɿʉ ʣʠʥʝʡʢʠ, ʤʝʤʙʨʘʥʘ, ʬʦʪʦʧʨʠʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʮʝʥʪʨʦʠʜ-ʤʝʪʦʜ, ʩʚʝʪʦʚʦʝ ʧʷʪʥʦ. 
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Abstract. The article discusses issues related to the synthesis of a static and full pressure 

sensor. The principle of operation of the sensor is based on the use of an elastic membrane of the 

primary converter and the application of the optical method in the secondary information converter. 

A significant novelty of the sensor developed by us is the use of highly sensitive CCD lines as a 

secondary converter, which, in turn, made it possible to significantly reduce the amplitude of 

deviations of the elastic sensing element. Theoretical and experimental studies of information 

processing procedures from an optical ruler depending on static or total pressures have been carried 

out. Mathematical models and microcontroller control algorithms have been developed, which, 

when measuring linear displacements of the rigid center of membranes, process signals from the 

output of the optical ruler when the optical spot coordinate changes as a function of changing 

pressure. The proposed pressure sensor, in comparison with analogues, has a high sensitivity over 

the entire range of measured pressures and, in addition, the measurement of static and total 

pressures occurs only in the housing of one sensor.  

Keywords: sensor, static pressure, total pressure, photodetector CCD rulers, membrane, 

photodetector devices, centroid method, light spot. 

 

ʉʠʩʪʝʤʘ ʚʦʟʜʫʰʥʳʭ ʩʠʛʥʘʣʦʚ (ʉɺʉ), ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂʉʎʇʅʆ), ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʘʵʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʪʘ ʠ 

ʩʢʦʨʦʩʪʴ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʷ ʩʬʦʨʤʠʨʦʚʘʥʦ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʘʪʤʦʩʬʝʨʥʦʤ ʠ ʧʦʣʥʦʤ 

ʜʘʚʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʪʦʨʤʦʞʝʥʥʦʛʦ ʥʘʙʝʛʘʶʱʝʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʜʘʪʯʠʢʦʚ ʩʪʘʪʠʯʝʩʢʦʛʦ (ʘʪʤʦʩʬʝʨʥʦʛʦ) ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʂʉʎʇʅʆ.  

ʂʨʠʪʝʨʠʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ [ʂʣʶʝʚ, 2005] 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʧʦ ʠʤʝʶʱʠʤ ʥʦʨʤʘʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʰʝʣʦʥʠʨʦʚʘʥʠʷ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʡ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 0,95, ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 0,02 ʠ 0,05% 

ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʶʪ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʚʦʟʜʫʰʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʆʥʠ 

ʩʦʜʝʨʞʘʪ: ʧʝʨʚʠʯʥʳʡ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʨʠʝʤʥʠʢ ʜʘʚʣʝʥʠʷ 

ʠ ʩʦʙʩʪʚʝʥʥʦ ʜʘʪʯʠʢ, ʘ ʪʘʢʞʝ ʩʭʝʤʫ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝ 

ʜʘʪʯʠʢʘʭ ʜʘʚʣʝʥʠʷ. ɽʛʦ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ ʜʝʬʦʨʤʘʮʠʝʡ, ʚʳʨʘʞʝʥʥʳʤ ʚ 

ʘʙʩʦʣʶʪʥʳʭ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 
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ɼʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʉɺʉ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʠʩʪʝʤʫ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʠʟʤʝʨʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ʀʟʚʝʩʪʥʳ [ʇʨʠʣʝʧʩʢʠʡ, 

2012] ʪʨʠ ʤʝʪʦʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ: ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʝʤʥʦʡ ʤʝʤʙʨʘʥʳ ʚ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʚʪʦʨʠʯʥʳʡ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ (ʋʕ) 

ʧʫʪʝʤ ʝʛʦ ʜʝʬʦʨʤʘʮʠʠ; ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʫʧʨʫʛʦʡ ʤʝʤʙʨʘʥʳ ʚ 

ʝʝ ʧʝʨʝʤʝʱʝʥʠʝ; ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʫʛʦʡ ʤʝʤʙʨʘʥʳ ʚ ʝʝ 

ʜʝʬʦʨʤʘʮʠʶ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʡ ʠʩʢʣʶʯʘʝʪ ʧʨʷʤʦʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʧʝʨʚʠʯʥʳʤ ʠ ʚʪʦʨʠʯʥʳʤ ʜʘʪʯʠʢʘʤʠ ʜʘʚʣʝʥʠʡ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʝ [ʄʝʪʦʜʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ]. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʋʕ ʙʝʟ ʢʦʥʪʘʢʪʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʝʤʢʦʩʪʥʳʝ, ʠʥʜʫʢʪʠʚʥʳʝ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʦ ʧʝʨʚʳʝ ʜʚʘ 

ʤʝʪʦʜʘ ʦʙʣʘʜʘʶʪ ʥʝʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʬʫʥʢʮʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʉɺʉ. ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʘʚʠʘʮʠʠ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʡ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ, 

ʦʙʣʘʜʘʶʱʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʦʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʚʣʝʥʠʷ [ʂʣʶʝʚ, 2005, ʩ. 

429] ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʉɺʉ. ɺ 

ʢʘʯʝʩʪʚʝ ʫʧʨʫʛʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʤʙʨʘʥʘ, 

ʪʦʥʢʦʩʪʝʥʥʳʡ ʮʠʣʠʥʜʨ, ʩʪʨʫʥʘ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. 

ɺʪʦʨʠʯʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʦ ʚʩʝʭ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʠʥʝʨʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ ʚ ʚʠʜʝ ʤʘʩʩʳ, 

ʩʧʦʩʦʙʥʦʡ ʥʘʢʘʧʣʠʚʘʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʠ ʵʣʝʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ 

ʥʘʢʘʧʣʠʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʧʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ [ʂʣʶʝʚ, 2005, ʩ. 431], ʚʳʟʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ 

ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʫʧʨʫʛʦʛʦ 

ʵʣʝʤʝʥʪʘ ʦʪ ʚʝʣʠʯʠʥʳ ʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 1). ʅʘ 

ʦʙʱʝʤ ʦʩʥʦʚʘʥʠʠ 10 ʫʢʨʝʧʣʝʥʳ ʚʤʝʩʪʝ ʨʝʟʦʥʘʪʦʨ 2, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʥʫʪʨʠ 

ʛʝʨʤʝʪʠʯʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 7. ʊʘʢʦʡ ʜʘʪʯʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʟʤʝʨʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠʣʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ 

ʨʝʟʦʥʘʪʦʨʘ ʧʦʜʘʝʪʩʷ ʠʟʤʝʨʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʈʩʪ. ʉ ʧʦʤʦʱʴʶ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢʦʣʝʙʘʥʠʷ ʩʪʝʥʢʠ ʨʝʟʦʥʘʪʦʨʘ ʚʦʟʙʫʞʜʘʶʪʩʷ. ɺ ʪʦʤ ʞʝ ʜʘʪʯʠʢʝ 

ʚʥʦʩʠʪʩʷ ʥʝʙʦʣʴʰʘʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ, ʵʪʦʪ ʩʠʛʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʫʩʠʣʠʪʝʣʴ ʠ ʧʦ ʢʘʥʘʣʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʜʘʝʪʩʷ ʥʘ ʢʘʪʫʰʢʫ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʝʥʦʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ, ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʷʪ ʦʪ ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʵʪʠ ʜʘʪʯʠʢʠ ʠʤʝʶʪ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʚʳʩʦʢʠʝ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ 

ʙʦʣʴʰʫʶ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ. ʉʭʝʤʘ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʩʣʦʞʥʘʷ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʝʟʦʥʘʪʦʨʘ; 

ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʜʘʚʣʝʥʠʶ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 
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ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʜʘʚʣʝʥʠʷ ʠ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 7% ʦʪ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʜʘʚʣʝʥʠʡ 

[ɸʣʤʘʟʦʚ, 2017, ʩ. 389]. 

ɸʚʪʦʨʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʨʘʟʨʘʙʦʪʘʥ ʜʘʪʯʠʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ [ɸʥʪʦʥʝʮ, 2018, ʩ. 2], ʢʦʪʦʨʳʡ ʥʝ ʦʙʣʘʜʘʝʪ ʵʪʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ.  ʆʥ 

ʦʩʥʦʚʘʥ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪ 

ʫʩʠʣʠʪʝʣʴ ʜʝʬʦʨʤʘʮʠʠ ʤʝʤʙʨʘʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ 

ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʣʘʩʪʠʥʦʡ, ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʞʝʩʪʢʦʤʫ ʮʝʥʪʨʫ ʤʝʤʙʨʘʥʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʜʘʪʯʠʢ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʭ 

ʠʟʤʝʥʝʥʠʷ. ʉʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʜʚʝ ʫʧʨʫʛʠʝ ʤʝʤʙʨʘʥʳ: ʚʝʨʭʥʶʶ 2 ʠ ʥʠʞʥʶʶ 3, 

ʢʦʪʦʨʳʝ ʨʘʟʥʝʩʝʥʳ ʧʦ ʚʳʩʦʪʝ ʠ ʦʙʨʘʟʫʶʪ ʟʘʟʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʢʘʯʘʥ ʚʦʟʜʫʭ. 

ʆʙʝ ʤʝʤʙʨʘʥʳ ʛʝʨʤʝʪʠʯʥʦ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʢʦʨʧʫʩʫ 1 ʧʦ ʧʝʨʠʤʝʪʨʫ. ʇʨʠʯʝʤ ʚ 

ʢʦʨʧʫʩʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʘ ʦʪʚʝʨʩʪʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ (Pʩʪ) ʠ ʧʦʣʥʦʛʦ (Pʧʦʣʥ) ʜʘʚʣʝʥʠʡ. ʏʝʨʝʟ ʦʙʦʟʥʘʯʝʥʥʳʝ ʦʪʚʝʨʩʪʠʷ 

ʧʦʩʪʫʧʘʶʪ ʩʪʘʪʠʯʝʩʢʦʝ ï ʚ ʚʝʨʭʥʶʶ ʧʦʣʦʩʪʴ ʠ ʧʦʣʥʦʝ ï ʚ ʥʠʞʥʶʶ ʧʦʣʦʩʪʴ, 

ʜʘʚʣʝʥʠʷ. ʌʝʨʨʦʤʘʛʥʠʪʥʳʝ ʵʣʝʤʝʥʪʳ 4 ʠ 5 ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʞʝʩʪʢʠʤ ʮʝʥʪʨʘʤ 

ʫʧʨʫʛʠʭ ʤʝʤʙʨʘʥ, ʘ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ 6 ʠ 7, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʨʝʧʷʪʩʷ ʢ ʚʥʫʪʨʝʥʥʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʢʨʳʰʝʢ 

ʢʦʨʧʫʩʘ. ʀʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ 9, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʪʦʡʢʝ 8, ʬʦʨʤʠʨʫʝʪ ʯʝʨʝʟ 

ʧʨʦʨʝʟʠ 11 ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʰʪʦʨʦʢ 10 ʦʧʪʠʯʝʩʢʠʝ ʧʷʪʥʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ  

ʇɿʉ-ʣʠʥʝʡʢʠ 12, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʤʝʤʙʨʘʥʘʭ. 

 

ʈʠʩʫʥʦʢ 1 ï ɼʘʪʯʠʢ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʡ 

 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʝʤʙʨʘʥʳ ʟʘʥʠʤʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʝʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʨʘʙʦʯʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʩʞʘʪʠʠ ʠ ʨʘʩʪʷʞʝʥʠʠ 

ʚʦʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʡ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʧʨʫʛʠʭ ʩʠʣ ʤʝʤʙʨʘʥ, ʘ ʪʘʢʞʝ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ 

ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʠʣʘ ʧʨʠʪʷʞʝʥʠʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʠʤʠ. ʆʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʝʨʝʟ ʧʨʦʨʝʟʠ 

ʰʪʦʨʦʢ ʧʦʜʘʝʪʩʷ ʚ ʚʠʜʝ ʦʧʪʠʯʝʩʢʠʭ ʧʷʪʝʥ ʥʘ ʬʦʪʦʧʨʠʝʤʥʳʝ ʣʠʥʝʡʢʠ. 
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ʉʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʧʠʢʩʝʣʠ) ʚ ʣʠʥʝʡʢʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʦʡ 

ʢʦʦʨʜʠʥʘʪʝ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ Pʩʪ ʠ ʧʦʣʥʦʛʦ Pʧʦʣʥ ʤʝʤʙʨʘʥʳ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʠʣʦʡ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʩʪʘʪʠʯʝʩʢʦʝ ʠ ʧʦʣʥʦʝ 

ʜʘʚʣʝʥʠʷ ʤʝʤʙʨʘʥ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ 

ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʡ  ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʡ ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʤʙʨʘʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʠʟ-ʟʘ ʦʩʣʘʙʣʝʥʠʷ 

ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʠʥʘʢʦʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ ʢ ʠʟʤʝʥʝʥʠʷʤ ʜʘʚʣʝʥʠʷ. 

ʅʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʮʠʬʨʦʚʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʪʘʪʠʯʝʩʢʦʤʫ ʠ ʧʦʣʥʦʤʫ ʜʘʚʣʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʜʘʪʯʠʢ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʝʣʠʥʝʡʥʦ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʜʘʚʣʝʥʠʷ (ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ ʧʦʣʥʦʛʦ), ʘ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʫʛʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [ɸʥʪʦʥʝʮ, 

2018, ʩ. 3].  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʧʦ ʚʳʩʦʪʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ, ʪʦ ʥʘ ʩʨʝʜʥʠʭ ʠ ʪʝʤ ʙʦʣʝʝ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʘʪʯʠʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ (ʨʠʩ. 2). ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʘʪʯʠʢʘ ʧʦ ʚʳʩʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ 

ʥʝʙʦʣʴʰʦʡ ʛʨʘʜʠʝʥʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ, ʫʚʝʣʠʯʝʥʠʝ 

ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʬʝʨʦʤʘʛʥʠʪʥʦʡ ʧʣʘʩʪʠʥʳ ʞʝʩʪʢʦʛʦ ʮʝʥʪʨʘ ʤʝʤʙʨʘʥʳ ʢ 

ʧʦʩʪʦʷʥʥʦʤʫ ʤʘʛʥʠʪʫ [ɸʥʪʦʥʝʮ, 2007, ʩ. 60]. 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʝʬʦʨʤʘʮʠʷ ʤʝʤʙʨʘʥʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ (1) ʩ ʚʳʩʦʪʦʡ ʠ 

ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʞʝʩʪʢʦʛʦ ʮʝʥʪʨʘ ʤʝʤʙʨʘʥʳ (2) ʧʦ ʚʳʩʦʪʝ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʘʷ 

(3) ʜʝʬʦʨʤʘʮʠʷ 
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ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʩʥʠʞʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʚʠʙʨʘʮʠʷʤ. 

ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʬʦʪʦʧʨʠʝʤʥʳʭ ʣʠʥʝʝʢ (ʄʌʇʃ) ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʉʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʄʌʇʃ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ - ʧʠʢʩʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʧʘʜʘʶʱʫʶ ʥʘ ʥʠʭ ʦʧʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʦʧʨʦʩ 

ʧʠʢʩʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ 

ʫʧʨʘʚʣʷʶʱʠʡ ʚʭʦʜ ʣʠʥʝʡʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʳʭʦʜʝ ʄʌʇʃ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, 

ʘʤʧʣʠʪʫʜʘ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʠʢʩʝʣʷ [ʂʘʰʪʘʥʦʚ, 2020, ʩ. 176]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟ Mʌʇʃ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʝʡ ʟʘʨʷʜʘ ʧʠʢʩʝʣʝʡ ʦʪ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʤʙʨʘʥʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 

ʦʥʦ ʧʝʨʝʤʝʱʘʝʪ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʠʩʪʦʯʥʠʢ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʘʷ ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʤʙʨʘʥʳ (~ 1 ʤʢʤ) ʩʨʘʚʥʠʤʘ ʩ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ Mʌʇʃ (~ 8 ʤʢʤ), 

ʥʝʣʴʟʷ ʧʨʠʥʷʪʴ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʦʨʜʠʥʘʪʳ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ, ʪʘʢ 

ʢʘʢ ʬʫʥʢʮʠʷ ʜʠʩʢʨʝʪʥʘʷ, ʘ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʧʠʢʩʝʣʷ ʢ 

ʧʠʢʩʝʣʶ, ʪ.ʝ. Ñ 8 ʤʢʤ [ʂʘʰʪʘʥʦʚ, 2020, ʩ. 177]. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʌʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʄʌʇʃ 

 

ʇʦʵʪʦʤʫ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʟʘ ʢʦʦʨʜʠʥʘʪʫ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ ʤʳ ʚʟʷʣʠ 

ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʬʫʥʢʮʠʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʥʪʨʦʠʜ-

ʤʝʪʦʜʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ çʦʙʦʡʪʠè ʘʧʧʘʨʘʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ Mʌʇʃ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʮʝʥʪʨʦʠʜ-ʤʝʪʦʜ ʥʘʜ ʜʠʩʢʨʝʪʥʦʡ 

ʬʫʥʢʮʠʝʡ ʤʦʞʝʪ ʚʦʟʚʨʘʱʘʪʴ ʢʦʦʨʜʠʥʘʪʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʩ ʮʝʣʳʤ, ʥʦ 

ʠ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ [ʏʝʨʪʦʨʠʡʩʢʠʡ, 2012, ʩ. 26]: 
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ʛʜʝ xi  ï ʥʦʤʝʨ ʧʠʢʩʝʣʷ, ui ï  ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʩ i-ʦʛʦ ʧʠʢʩʝʣʷ ʄʌʇʃ. 

 

ʋʩʪʘʥʦʚʠʚ ʢʦʦʨʜʠʥʘʪʫ ʧʷʪʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʥʪʨʦʣʴʥʦʤ ʫʨʦʚʥʝ 

(ʥʘʧʨʠʤʝʨ, 0 ʤ ʦʪ ʫʨʦʚʥʷ ʤʦʨʷ), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʜʘʚʣʝʥʠʝ ʠʣʠ ʩʢʦʨʦʩʪʴ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ.  

ʉʘʤ ʮʝʥʪʨʦʠʜ-ʤʝʪʦʜ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ, ʫʧʨʘʚʣʷʶʱʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ Mʌʇʃ. ʉʦʚʨʝʤʝʥʥʳʝ ʣʠʥʝʡʢʠ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʤʦʛʫʪ 

ʦʙʥʦʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʪʳʩʷʯʠ ʛʝʨʮ, ʧʦʵʪʦʤʫ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ, ʥʝ ʟʘʪʨʘʯʠʚʘʷ ʥʘ ʵʪʦ ʢʨʠʪʠʯʝʩʢʠ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʊʦʯʥʦʩʪʴ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʚʳʭ ʧʷʪʝʥ, 

ʪʘʢ ʢʘʢ ʨʘʟʤʝʨ Mʌʇʃ ʧʦʟʚʦʣʠʪ çʫʤʝʩʪʠʪʴè ʥʘ ʩʝʙʝ ʦʢʦʣʦ 5-10 ʧʷʪʝʥ 

[ʏʝʨʪʦʨʠʡʩʢʠʡ, 2018, ʩ. 34]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ 

ʘʵʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʟʚʦʣʠʪ ʣʠʥʝʘʨʠʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʡ ʤʝʤʙʨʘʥʳ ʦʪ ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʜʘʚʣʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʢʘʢ ʧʦ ʚʳʩʦʪʝ, ʪʘʢ ʠ ʧʦ 

ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩʘʤʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫʧʨʫʛʦʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʠʥʝʡʢʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʟʠʪʴ 

ʘʤʧʣʠʪʫʜʫ ʜʝʬʦʨʤʘʮʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʩʢʣʶʯʠʪʴ ʨʷʜ ʦʰʠʙʦʢ, ʪʘʢʠʭ ʢʘʢ 

ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʥʝʣʠʥʝʡʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʙʝʞʘʪʴ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ, ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʝʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʪ. ʧ. 
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ɸʥʥʦʪʘʮʠʷ. ʂʨʠʪʝʨʠʝʤ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʘʞʘʶʱʠʭ ʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʪʴ ʟʥʘʥʠʷ, ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʚ 

ʧʨʦʬʝʩʩʠʠ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʨʘʢʪʦʚʢʠ ʧʦʥʷʪʠʡ 

çʢʦʤʧʝʪʝʥʮʠʷè, çʢʦʤʧʝʪʝʥʪʥʦʩʪʴè.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚ ʢʘʞʜʦʡ ʪʨʘʢʪʦʚʢʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʨʤʠʥʘ çʢʚʘʣʠʬʠʢʘʮʠʷè, ʢʦʤʧʝʪʝʥʮʠʠ ʦʪʨʘʞʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʥʦ ʠ ʪʘʢʠʝ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʠʥʠʮʠʘʪʠʚʥʦʩʪʴ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʙʦʪʝ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʫʤʝʥʠʝ ʫʯʠʪʴʩʷ, 

ʦʮʝʥʠʚʘʪʴ ʠ ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ, ʦʪʙʠʨʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʨ. ɺ ʨʘʥʝʝ 

ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʢʘʜʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʠʞʝʥʠʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʕʪʠʤ ʞʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʝʪʝʥʮʠʠ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʠʥʩʧʝʢʪʦʨʳ 
ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ.  
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʠʥʩʧʝʢʪʦʨʦʚ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠè, ʚʳʧʦʣʥʷʝʤʦʛʦ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ʄɻʊʋ ɻɸ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʢʘʥʜʠʜʘʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʚʦʟʜʫʰʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ ʄɻʊʋ ɻɸ ʂʦʨʷʛʠʥ ʅ.ɼ. 
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Abstract. The criterion for the quality level of the formation and development of 

professional competencies of aviation specialists is a set of characteristics that reflect their 

professionalism, the ability to acquire knowledge, apply the acquired knowledge in the profession. 

In the scientific literature, there are various interpretations of the concepts of "competence", 

"competence". 

In almost every interpretation of domestic and foreign authors, it can be noted that, unlike 

the term "qualification", competencies reflect not only the level of professional knowledge and 

skills, but also such qualities as initiative, the ability to work in a team, communication skills, the 

ability to learn, evaluate and to think logically, select and use information, etc. Previous studies 

have emphasized the difficulty of obtaining quantitative values of the level of development of 

individual competencies, since the applicability of specific statistical data is very limited. This 

creates objective difficulties for assessing the professional preparedness of personnel through the 

use of the achievements of scientific and technological progress in the field of artificial intelligence. 

This determines the direction of the research, the main purpose of which is the adaptation and 

application of methodological tools for assessing the quality level of expert systems. 

Keywords: competencies, competence, expert systems, safety inspectors. 

 
ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ çʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷè ʠ çʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳè 

ʫʧʦʤʠʥʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʦʥʷʪʠʷʤʠ çʢʦʤʧʝʪʝʥʮʠʷ ʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴè, 

ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʣʠ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ, ʚʢʣʶʯʘʷ ʪʨʠ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʢʘʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ; ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ; ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ.  

ʂʦʤʧʝʪʝʥʮʠʷ ï ʵʪʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʩʧʝʮʠʘʣʠʩʪ 

ʭʦʨʦʰʦ ʦʩʚʝʜʦʤʣʝʥ ʠ ʧʨʦʷʚʣʷʝʪ ʛʦʪʦʚʥʦʩʪʴ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʴ ï ʪɻʦ ʟʥʘʥʠʷ, ʥʘʚʳʢʠ ʠ ʫʤʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʣʠʯʥʦʩʪʥʳʝ 

ʢʘʯʝʩʪʚʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʧʦ 

ʠʟʙʨʘʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ.  
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ɺ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʠʭ ʨʝʰʝʥʠʷ [ɹʘʭʚʘʣʦʚ, 2014]. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʩʪʘʝʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʚ ʨʘʤʢʘʭ 

ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʈʌʌʀ) çʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʘʣʛʦʨʠʪʤʦʚ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʠʥʩʧʝʢʪʦʨʦʚ ʧʦ 

ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠè. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ, 

ʦʪʨʘʞʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ï ʵʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʠʭ ʨʘʟʚʠʪʠʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

 ʨʘʟʨʘʙʦʪʢʫ ʧʝʨʝʯʥʷ ʢʦʤʧʝʪʝʥʮʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʵʪʘʧʦʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, 
ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʙʱʝʢʫʣʴʪʫʨʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ; 

 ʨʘʟʨʘʙʦʪʢʫ ʫʯʝʙʥʳʭ ʤʦʜʫʣʝʡ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, 
ʷʚʣʷʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʚʪʦʨʦʛʦ ʚʘʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʮʝʥʢʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʘʯʝʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ; 

 ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ 
ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ (ʨʠʩ. 1). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʝʩʪʦ ʠ ʨʦʣʴ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʨʘʟʚʠʪʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʉʦʚʦʢʫʧʥʦʩʪɹ 

ʦʙɦ ʝʢʫʣɹʪʫʨʥr ʭ ʠ

ʧʨʦʬʝʩʩʠʦʥʘʣɹʥr ʭ 

ʢʦʤʧʝʪʝʥʮʠʡ

ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠ̫ 

ʧʨʦʮʝʩʩʦʤ 
ʦʙʫʯʝʥʠ̫

ʇʨʠʤʝʥʝʥʠʝ 

ʢɻʩʧʝʨʪʥr ʭ 

ʩʠʩʪʝʤ ʜʣ̫ ʦʮʝʥʢʠ

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘ̫ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ

ɿʘʜʘʯʘ:
ʄʦʜʫʣʠ ʦʮʝʥʢʠ 
ʧʨʦʬʝʩʩʠʦʥʘʣɹʥr ʭ 
ʢʦʤʧʝʪʝʥʮʠʡ

ɿʘʜʘʯʘ:
ʆʙʝʩʧʝʯʝʥʠʝ
ʧʨʠʝʤʣʝʤʦʛʦ
ʫʨʦʚʥ̫ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ

ɿʘʜʘʯʘ:
ʈʘʟʨʘʙʦʪʢʘ ʧʝʨʝʯʥ̫ 
ʢʦʤʧʝʪʝʥʮʠʡ ʩ 

ʫʢʘʟʘʥʠʝʤ ʪɻʘʧʦʚ ʠʭ 
ʬʦʨʤʠʨʦʚʘʥʠ̫

ʆʙʣʘʩʪɹ ʬʦʨʤʠʨʦʚʘʥʠ̫ ʧʨʦʬʝʩʩʠʦʥʘʣɹʥr ʭ 

ʢʦʤʧʝʪʝʥʮʠʡ
ʆʙʣʘʩʪɹ ʨʘʟʚʠʪʠ̫ ʧʨʦʬʝʩʩʠʦʥʘʣɹʥr ʭ

ʢʦʤʧʝʪʝʥʮʠʡ

ʕʢʩʧʝʨʪʥʘ̫ ʦʮʝʥʢʘ 

ʠ ʢʦʥʪʨʦʣɹ ʫʨʦʚʥ̫ 

ʨʘʟʚʠʪʠ̫ 

ʧʨʦʬʝʩʩʠʦʥʘʣɹʥr ʭ 

ʢʦʤʧʝʪʝʥʮʠʡ

ɿʘʜʘʯʘ:
ʄʦʜʝʣʠ ʠ ʤʝʪʦʜr  

ʦʮʝʥʢʠ ʫʨʦʚʥ̫ ʢʘʯʝʩʪʚʘ 
ʢɻʩʧʝʨʪʥr ʭ ʩʠʩʪʝʤ
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʦʡ ʢʘʜʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʦʮʝʥʢʫ ʠʭ ʦʩʚʦʝʥʠʷ, ʢʦʪʦʨʳʝ, 

ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʩʚʦʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʠʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ: 

 ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘʙʦʨʘ ʠ ʦʪʙʦʨʘ ʥʦʚʳʭ 

ʨʘʙʦʪʥʠʢʦʚ; 

 ʧʦʚʳʰʝʥʠʝ ʢʦʥʪʨʦʣʷ ʨʘʟʚʠʪʠʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ; 

 ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥ ʚ ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʧʝʨʩʦʥʘʣʘ; 

 ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ; 

 ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʘʜʨʦʚʦʛʦ ʨʝʟʝʨʚʘ ʠ ʜʨ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʟʫʯʘʷ, ʥʘʢʘʧʣʠʚʘʷ ʠ ʢʦʤʙʠʥʠʨʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʦʤʧʝʪʝʥʮʠʷʭ ʠ ʦʮʝʥʠʚʘʷ ʠʭ ʦʩʚʦʝʥʠʝ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʧʝʨʪʥʳʭ 

ʩʠʩʪʝʤ, ʠʩʢʣʶʯʘʶʱʠʡ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʩʣʦʞʥʦʩʪʠ (ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʝʪʝʥʮʠʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʥʩʧʝʢʪʦʨʦʚ 

ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʘʪʝ 

ʦʙʦʙʱʝʥʥʳʭ ʛʨʫʧʧ ʠ ʧʦʜʛʨʫʧʧ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʜʘʥʥʦʡ ʠʜʝʠ ʚ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʛʨʫʧʧ ʙʘʟʦʚʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʠʥʩʧʝʢʪʦʨʦʚ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ, ʚʢʣʶʯʘʷ ʧʦʜʛʨʫʧʧʳ ʩ 

ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʠʥʜʝʢʩʘ ʜʦʩʪʠʞʝʥʠʡ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʢʘʞʜʦʡ ʧʦʜʛʨʫʧʧʝ 

ʦʮʝʥʠʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʙʘʣʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʠʣʠ ʨʝʰʝʥʠʷ ʩʠʪʫʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. ɼʣʷ ʦʮʝʥʢʠ ʠʥʜʝʢʩʘ ʜʦʩʪʠʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ ʥʘʜʟʦʨʘ ʟʘ ʥʦʨʤʘʪʠʚʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ

ʧʨʦʮʝʩʩʘ 

ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ

X
j

ʉʪʨʫʢʪʫʨʘ 

ʧʨʦʛʨʘʤʤr , 

ʬʦʨʤʠʨʫʁ ʘɦ̫

ʩʦʚʦʢʫʧʥʦʩʪɹ 

ʢʦʤʧʝʪʝʥʮʠʡ

ʍʢʦʤi, I  = 1,n

ɸʥʘʣʠʟ 

ʠʥʬʦʨʤʘʮʠʠ,

ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʝʡ ʪʝʩʪʦʚ 

ʠ ʟʘʜʘʥʠʡ 

S j, j =1,m

Xʢʦʤ Sj

ʈʘʟʨʘʙʦʪʢʘ 

ʤʦʜʝʣʝʡ 

ʦʮʝʥʢʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ

Xj

ʆʮʝʥʢʘ 

ʫʨʦʚʥ̫ ʢʘʯʝʩʪʚʘ  

ʢɻʩʧʝʨʪʥr ʭ ʩʠʩʪʝʤ 

ʂ (Sj)

ʂ (Sj)

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟr  ʜʘʥʥr ʭ ʦʙ ʫʨʦʚʥʝ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ

X
j

X
ʢ
ʦʤ



122 

ʙʘʣʣʦʚ ʀɼ1(ʇʂ1) ʠ ʩʫʤʤʦʡ ʙʘʣʣʦʚ ʚ ʛʨʫʧʧʝ ʢʦʤʧʝʪʝʥʮʠʡ (ʇʂ1). ɼʣʷ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʘʧʨʠʤʝʨ (ʇʂ2), ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʣʣʦʚ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʧʦʣʫʯʝʥʥʳʭ ʙʘʣʣʦʚ ʧʦ ʚʩʝʤ ʢʦʤʧʝʪʝʥʮʠʷʤ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʵʪʦ ʩʫʤʤʘ 

ʙʘʣʣʦʚ (ʇʂ1 ʠ ʇʂ2). 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʢʘʞʜʦʡ 

ʢʦʤʧʝʪʝʥʮʠʠ ʩ ʫʯʝʪʦʤ ʠʥʜʝʢʩʘ ʦʩʚʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʚʳʢʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʭʘʥʠʟʤʘ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ. 

 
ʊʘʙʣʠʮʘ 1 ï ʇʨʠʤʝʨ ʛʨʫʧʧʠʨʦʚʢʠ ʙʘʟʦʚʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʠʥʩʧʝʢʪʦʨʦʚ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ  
 

ɻʨʫʧʧʳ ʢʦʤʧʝʪʝʥʮʠʡ ʇʦʜʛʨʫʧʧʳ ʢʦʤʧʝʪʝʥʮʠʡ ʩ ʦʧʠʩʘʥʠʝʤ ʠʥʜʝʢʩʘ 

ʜʦʩʪʠʞʝʥʠʡ 

 

 

 

 

 

 

(ʇʂ1) 

 

 

 

 

 

 

ɺʣʘʜʝʥʠʝ ʤʝʪʦʜʘʤʠ ʥʘʜʟʦʨʘ ʚ 

ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ 

 

ʀɼ1(ʇʂ1) 

ɺʣʘʜʝʝʪ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ 

ʥʘʜʟʦʨʘ ʟʘ ʥʦʨʤʘʪʠʚʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

 

 

ʀɼ2(ʇʂ1) 

ʉʧʦʩʦʙʝʥ ʧʣʘʥʠʨʦʚʘʪʴ, ʧʨʦʚʦʜʠʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʩʧʝʢʮʠʠ c 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʠ 

ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʧʨʘʢʪʠʢʠ 

 

ʀɼ3(ʇʂ1) 

ʉʧʦʩʦʙʝʥ ʚʳʷʚʣʷʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʦʨʦʚ 

ʨʠʩʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʵʢʩʧʣʫʘʪʘʥʪʘ 

 

ʀɼ4(ʇʂ1) 

ʇʦʥʠʤʘʝʪ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʘʜʟʦʨʦʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʢʦʥʪʨʦʣʝ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʠ 

ʥʘʜʟʦʨʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

 

 

 

 

 

 

 

(ʇʂ2) 

 

 

 

 

 

 

 

ʅʘʚʳʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʥʝʩʝʥʠʷ 

ʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

 

ʀɼ1(ʇʂ2) ʉʧʦʩʦʙʝʥ ʢʨʠʪʠʯʝʩʢʠ ʠ ʪʦʯʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʥʜʝʥʮʠʠ, ʧʨʦʙʣʝʤʥʳʝ 

ʩʠʪʫʘʮʠʠ ʠ ʚʦʧʨʦʩʳ 

ʀɼ2(ʇʂ2) ʉʧʦʩʦʙʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʠʢʫ ʠ ʘʥʘʣʠʟ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʳʚʦʜʦʚ ʠʟ ʨʝʣʝʚʘʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ 

ʀɼ3(ʇʂ2) ʉʧʦʩʦʙʝʥ ʧʨʦʷʚʣʷʪʴ ʨʘʩʩʫʜʠʪʝʣʴʥʦʩʪʴ, 

ʠʥʪʝʣʣʝʢʪ ʠ ʦʩʤʦʪʨʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ 

ʀɼ4(ʇʂ2) ʀʤʝʝʪ ʥʘʚʳʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ 

ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʙʫʜʫʱʝʤ 

ʀɼ5(ʇʂ2) ʀʤʝʝʪ ʥʘʚʳʢʠ ʫʧʨʘʚʣʝʥʠʷ ʵʤʦʮʠʷʤʠ ʠ 

ʧʨʦʙʣʝʤʘʤʠ ʚʦʩʧʨʠʷʪʠʷ ʜʣʷ ʛʘʨʘʥʪʠʠ 

ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʷʭ 
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ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʠʥʩʧʝʢʪʦʨʦʚ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʤʝʪʦʜʳ ʨʘʥʞʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤ ʩʚʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʂʝʥʜʘʣʣʘ [ɹʦʰʪʷʥʯʠʯ, 2016]. 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʨʘʥʛʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʠʣʠ ʫʙʳʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ 

ʧʨʠʟʥʘʢʘ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʬʘʢʪʦʨʥʦʛʦ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ, 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ, ʙʣʠʟʢʠʤ ʧʦ ʩʚʦʝʤʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʨʘʥʛʦʚ ʉʧʠʨʤʝʥʘ [ɹʦʰʪʷʥʯʠʯ, 2016]. ʉʣʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʠ ʬʦʨʤʫʣʠʨʦʚʢʫ ʞʝʣʘʝʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ [ɿʘʡʮʝʚ, 2014; ʃʠʩʦʚʘ, 2017; ɻʨʘʙ, 2007; 

ʄʘʛʦʤʝʜʦʚʘ, 2016]. 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʠʪʦʛʦʚʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʥʦ ʠ ʢʦʤʧʣʝʢʩʥʳʡ, ʦʙʦʙʱʘʶʱʠʡ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʩʠʩʪʝʤʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʟʥʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʥʘ ʦʙʣʘʜʘʝʪ ʦʩʦʙʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

 ʥʘʣʠʯʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

 ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʩʧʨʠʥʠʤʘʪʴ ʤʥʝʥʠʝ ʠ ʨʘʩʩʫʞʜʝʥʠʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

 ʩʧʦʩʦʙʥʦʩʪʴʶ ʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʫʞʜʝʥʠʡ; 

 ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ;  

 ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʤʳʰʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ 

ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ; 

 ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
ʟʥʘʥʠʷʭ, ʢʦʪʦʨʳʤʠ ʦʥʘ ʦʙʣʘʜʘʝʪ; 

 ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʦʪʚʝʪʳ ʠʣʠ ʨʝʢʦʤʝʥʜʘʮʠʠ; 

 ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʦʜʥʘ ʯʘʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʯʝʩʪʚʦ ʵʢʩʧʝʨʪʥʦʡ 

ʩʠʩʪʝʤʳ, ʤʦʞʝʪ ʠʤʝʪʴ ʯʝʪʢʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʠʭ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʤʝʝʪ ʥʝʢʦʪʦʨʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ [ʉʪʝʙʝʥʷʝʚʘ, 2015]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʝʥ 

ʫʯʠʪʳʚʘʪʴ ʚʘʞʥʦʩʪʴ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦ ʚʨʝʤʝʥʠ ʠʣʠ ʦʙʣʘʩʪʠ 
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ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ: 

 

                                       ʂ(Sj) = Ax(yi) * Bx(yi) / Bx(yi)   ,                                        (1) 

 

ʛʜʝ: ʂ(Sj) ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ; 

Ax(yi) ï ʩʪʝʧʝʥʴ ʥʘʣʠʯʠʷ j-ʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ;  

Bx(yi) ï ʩʪʝʧʝʥʴ ʚʘʞʥʦʩʪʠ j-ʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɽʩʣʠ ʵʢʩʧʝʨʪʦʚ ʥʝʩʢʦʣʴʢʦ, ʦʮʝʥʢʘ 

ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ j-ʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʝʪ ʥʦʩʠʪʴ ʩʫʙʲʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨ. 

ʇʦʵʪʦʤʫ ʤʥʝʥʠʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʪʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʝʩʦʚʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʚʝʩ ʢʘʞʜʦʛʦ ʚ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʝ. ʇʨʠ ʵʪʦʤ 

ʩʫʤʤʘ ʚʝʩʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʊʦʛʜʘ Bx(yi)  ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:    

 

                                                     M0
j = 1 / n* Ki Bx(yi)                                                (2) 

 

ʛʜʝ: M0
j ï ʩʨʝʜʥʷʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʪʦʚ. 

 

ɺʳʚʦʜ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʠʛʥʫʪʘ ʧʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʠ 

ʨʝʰʝʥʘ ʦʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʘʜʘʧʪʘʮʠʶ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʆʙʦʩʥʦʚʘʥ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʢʨʫʛ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʟʘʜʘʯ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʠʭ ʨʘʟʚʠʪʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʝʯʥʷ ʢʦʤʧʝʪʝʥʮʠʡ, ʩ 

ʫʢʘʟʘʥʠʝʤ ʵʪʘʧʦʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ; ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʝʡ ʦʮʝʥʢʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ; ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʧʨʠʤʝʨʥʳʡ ʧʝʨʝʯʝʥʴ ʢʦʤʧʝʪʝʥʮʠʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʠʥʩʧʝʢʪʦʨʦʚ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʦʣʝʪʦʚ, ʢʦʪʦʨʳʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʬʦʨʤʘʪʝ ʦʙʦʙʱʝʥʥʳʭ ʛʨʫʧʧ ʠ ʧʦʜʛʨʫʧʧ. 

3. ɺʳʚʦʜʳ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. 

4. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ 
ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʝʝ ʚ ʬʦʨʤʘʪ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʘʧʨʦʙʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʝ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  
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Abstract. The architecture of perspective aircraft cockpit indication system simulator was 

proposed. This solution allows to significantly reduce the application development cost due to 

validation of logic and appearance of indication at an early stage. 

Key words: civil  aircraft, aircraft cockpit, ergonomics, avionics, logic integration bench. 

 
ɺʚʝʜʝʥʠʝ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, 

ʫʯʠʪʳʚʘʝʤʳʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʚ ʤʠʨʝ ʧʦʩʪʦʷʥʥʦ ʩʥʠʞʘʝʪʩʷ, 

ʦʥʦ ʚʩʝ ʨʘʚʥʦ ʦʩʪʘʸʪʩʷ ʥʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʪʘʸʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʇʦ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʦʰʠʙʢʠ ʵʢʠʧʘʞʘ ʚʳʟʳʚʘʶʪʩʷ ʧʨʦʙʣʝʤʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʟʜʫʰʥʳʤ 

ʩʫʜʥʦʤ. ɿʘʯʘʩʪʫʶ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʦʧʳʪʢʝ ʧʠʣʦʪʘ 

ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʩʦʙʳʪʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʸʪʘ, ʦʪʦʙʨʘʞʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʠʥʜʠʢʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʠʟ-ʟʘ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ, ʚʥʝʟʘʧʥʦʩʪʠ ʠ ʩʨʦʯʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʩʠʪʫʘʮʠʠ [Rouwhorst, 2017]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʝ ʧʦʣʝ (ʀʋʇ) ʢʘʙʠʥʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʘʛʨʫʞʝʥʥʳʭ ʯʘʩʪʝʡ ʩʘʤʦʣʸʪʘ. ʅʘ ʩʘʤʳʭ ʟʘʛʨʫʞʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʦʣʸʪʘ, ʥʝʦʧʪʠʤʘʣʴʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʠʧʘʞ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ (ʏʄʀ) ʢʘʙʠʥʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʝ ʠʥʞʝʥʝʨʘʤʠ ʪʨʘʪʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʠʣʠʡ ʥʘ ʩʦʟʜʘʥʠʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʡ ʣʦʛʠʢʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʝʸ ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʮʚʝʪʦʚ, ʩʪʠʣʝʡ ʰʨʠʬʪʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʘʩʧʝʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʦʛʥʠʪʠʚʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʠʧʘʞ. ɽʱʸ ʦʜʥʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʣʝʤ ʜʣʷ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ 

ʦʪʦʙʨʘʞʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʘʤʦʣʸʪʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʯʝʨʝʟ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʜʨʳ ʠʥʜʠʢʘʮʠʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ), 

ʥʝʦʙʭʦʜʠʤʦ ʚʘʣʠʜʠʨʦʚʘʪʴ ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʀʋʇ ʢʘʙʠʥʳ ʨʝʰʝʥʠʷ ʥʘ 

ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɺ ʵʪʠʭ ʮʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʪʝʥʜʳ, ʦʜʥʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʪʝʥʜʳ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 
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ʦʪʨʘʙʘʪʳʚʘʪʴ ʣʦʛʠʢʫ ʩʠʩʪʝʤ ʥʘ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ. ʇʦʜʦʙʥʳʝ ʩʪʝʥʜʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʀʋʇ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʤʠʪʘʮʠʶ ʧʝʨʝʜʥʝʡ 

ʧʨʠʙʦʨʥʦʡ ʜʦʩʢʠ ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʴʝʜʝʩʪʘʣʘ ʢʘʙʠʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʦʚ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʅʘ ʥʠʭ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʘʢʦʝ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ ʠʣʠ ʧʫʣʴʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʣʦʛʠʢʫ ʠ 

ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʳ 

ʠʥʜʠʢʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʘʤʦʣʸʪʘ ʚ ʩʦʩʪʘʚʝ ʩʪʝʥʜʘ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʧʦʜʭʦʜʫ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʚʘʣʠʜʠʨʦʚʘʪʴ ʣʦʛʠʢʫ ʠ ʚʥʝʰʥʠʡ ʚʠʜ 

ʠʥʜʠʢʘʮʠʠ, ʧʨʦʚʦʜʠʪʴ ʵʨʛʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʢʘʙʠʥʳ, 

ʯʪʦ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʚʝʜʸʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʝ. 

ʉʪʝʥʜ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ɺʉ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʠʤ. ɽʩʣʠ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʰʠʙʢʘ ʣʠʙʦ ʥʝʫʜʘʯʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, 

ʪʦ ʥʘ ʝʸ ʫʩʪʨʘʥʝʥʠʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʟʘʪʨʘʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʮʝʣʷʭ ʨʘʥʥʝʡ ʚʘʣʠʜʘʮʠʠ ʟʘʢʣʘʜʳʚʘʝʤʦʡ ʚ ʂʀ ʣʦʛʠʢʠ 

ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʝʥʜʳ ʧʦʠʩʢʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʩʪʝʥʜʳ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʣʦʛʠʢʠ ʥʘ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʷʭ. 

ʆʩʦʙʦ ʰʠʨʦʢʦ ʪʘʢʠʝ ʩʪʝʥʜʳ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʀʋʇ ʢʘʙʠʥʳ, 

ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚʳʭ ʩʝʩʩʠʡ ʩ ʣʸʪʥʳʤ ʩʦʩʪʘʚʦʤ ʦʮʝʥʠʪʴ 

ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʙʠʥʳ ʚ ʯʘʩʪʠ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ 

ʚʳʧʦʣʥʷʝʤʳʝ ʦʧʝʨʘʮʠʠ, ʣʦʛʠʢʫ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʠʥʜʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʸʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʠʤʘʶʪʩʷ ʟʘʨʘʥʝʝ ʚʘʣʠʜʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʤʘʪʝʨʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʨʘʟʣʠʯʥʳʭ ʩʘʤʦʣʸʪʥʳʭ ʩʠʩʪʝʤ [ʃʝʚʠʥ, 2019]. 

ʅʘ ʨʠʩʫʥʢʝ 1ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʝʥʜʘ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʢʘʙʠʥʳ 

ʩʘʤʦʣʸʪʘ ʄʉ-21. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʨʘʙʦʪʦʢ ʏʄʀ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ 

ʩʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ, ʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʵʢʠʧʘʞʘ, ʩʠʩʪʝʤʘ 

ʩʘʤʦʣʸʪʦʚʦʞʜʝʥʠʷ ʠ ʜʨʫʛʠʭ. 
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LIB

DPC-5

DPC-4

DPC-3

DPC-2

DPC-1

RTPC

Power

Display ˉ1 DPC-1 Display ˉ2 DPC-1

Display ˉ1 DPC-2 Display ̄ 1 DPC-3

Display ˉ1 

DPC-4

Display ˉ2 

DPC-4

Display ̄ 1

 DPC-5

Display ̄ 2

 DPC-5

Display ̄ 2

 DPC-3

DPC ï Display Personal 

Computer (ʧʝʨʩʦʥʘʣɹʥrʡ 

ʢʦʤʧɹ ʪʁʝʨ ʩ ʤʦʥʠʪʦʨʘʤʠ ʜʣ̫ 

ʦʪʦʙʨʘʞʝʥʠ̫ ʜʘʥʥrʭ)

RTPC ï Real-Time Personal 

Computer (ʧʝʨʩʦʥʘʣɹʥrʡ 

ʢʦʤʧɹ ʪʁʝʨ ʨʝʘʣɹʥʦʛʦ 

ʚʨʝʤʝʥʠ)  

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ 

 

ɺ ʩʦʩʪʘʚ ʩʪʝʥʜʘ ʚʭʦʜʷʪ: 

ʢʦʤʧʴʶʪʝʨ DPC-1 ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʆʉ) 

Windows, ʤʦʥʠʪʦʨʳ ʢʦʪʦʨʦʛʦ ʦʪʦʙʨʘʞʘʝʪ ʟʘʢʘʙʠʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ FlightGear; 

ʢʦʤʧʴʶʪʝʨʳ DPC-2, DPC-3, DPC-4 ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Windows, 

ʩʝʥʩʦʨʥʳʝ ʤʦʥʠʪʦʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʏʄʀ 

ʤʦʜʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʥʘ ʧʨʠʙʦʨʥʦʡ ʧʘʥʝʣʠ ʠ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʴʝʜʝʩʪʘʣʝ ʢʘʙʠʥʳ; 

ʢʦʤʧʴʶʪʝʨ DPC-5 ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Windows, ʩʝʥʩʦʨʥʳʝ ʤʦʥʠʪʦʨʳ 

ʢʦʪʦʨʦʛʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʪʦʣʦʯʥʳʤ ʧʫʣʴʪʦʤ; 

ʢʦʤʧʴʶʪʝʨ RTPC ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ CentOS ʜʣʷ ʠʤʠʪʘʮʠʠ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʶʪ ʤʦʜʝʣʠ ʙʝʟ ʏʄʀ, ʪʘʢʠʝ ʢʘʢ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʜʘʪʯʠʢʠ, ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʸʪʘ ʠ ʜʨʫʛʠʝ; 

ʬʠʟʠʯʝʩʢʠʝ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʸʪʦʤ ï ʙʦʢʦʚʘʷ ʨʫʯʢʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʨʳʯʘʛ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ, ʧʝʜʘʣʴʥʳʡ ʧʦʩʪ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʴʝʜʝʩʪʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʘʚʣʝʥ ʣʠʙʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʥʠʪʦʨ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʝʡ ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ, ʣʠʙʦ ʧʣʘʩʪʠʥʘ ʠʟ ʬʘʥʝʨʥʦʡ ʜʦʩʢʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʫʣʴʪʳ ʜʣʷ ʦʮʝʥʢʠ ʠʭ 

ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʠʩʪʝʤʦʡ ʠʥʜʠʢʘʮʠʠ. 
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ɺʩʝ ʢʦʤʧʴʶʪʝʨʳ ʩʪʝʥʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʫʩʢʘ ʤʦʜʝʣʝʡ ʥʘ ʨʘʟʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʦʙʤʝʥʦʤ ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ ʥʠʤʠ. ʉʚʷʟʴ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʳ Avionics Development System - 2nd Generation (ADS2) ʢʦʤʧʘʥʠʠ TechSat. 

ADS2 ï ʵʪʦ ʩʨʝʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ, ʚʝʨʠʬʠʢʘʮʠʠ, ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʚʘʣʠʜʘʮʠʠ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʨʝʜʘ ADS2 ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ 

ʣʦʛʠʢʠ ʩʠʩʪʝʤ ʩ ʠʤʠʪʘʮʠʝʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʙʘʪʳʚʘʪʴ ʪʠʧʦʚʳʝ ʧʦʣʸʪʥʳʝ ʩʮʝʥʘʨʠʠ ʠʣʠ ʥʝʰʪʘʪʥʳʝ 

ʩʠʪʫʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʙʦʨʪʫ [TechSAT, 2018]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʄʦʜʫʣɹ 

ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥrʭ

ʄʦʜʝʣʠ ʠʥʜʠʢʘʪʦʨʦʚ

ʉʨʝʜʘ Avionics 

Development 

System 2 (ADS2)

ÈTechSat

DU_OL

DU_OR

ʄʦʜʝʣʠ ʧʫʣɹʪʦʚ 

ʫʧʨʘʚʣʝʥʠ̫ 

ʠʥʜʠʢʘʮʠʝʡ ʠ 

ʪʨʝʢʙʦʣʦʚ

ʀʤʠʪʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ

DA

DA ï Display Application ï ʇʨʠʣʦʞʝʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠ̫ ʠʟʦʙʨʘʞʝʥʠ̫ ʥʘ 

ʠʥʜʠʢʘʪʦʨʝ

CONF ï ʇʨʠʣʦʞʝʥʠʝ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ

A661Srv ï ʇʨʠʣʦʞʝʥʠʝ ʦʪʦʙʨʘʞʝʥʠ̫ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 661

Conf

A661Srv

ʌʠʟʠʯʝʩʢʠʝ 

ʦʨʛʘʥr 

ʫʧʨʘʚʣʝʥʠ̫

 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʠʪ: 

ʤʦʜʝʣʠ ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʫ ʠʥʜʠʢʘʪʦʨʦʚ ʥʘ 

ʙʦʨʪʫ; 

ʤʦʜʝʣʠ ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ; 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʤʦʜʝʣʴ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʸʪʘ ʜʣʷ ʠʤʠʪʘʮʠʠ ʧʦʣʸʪʘ ʠ ʥʘʙʦʨ ʤʦʜʝʣʝʡ 

ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ, ʦʪʦʙʨʘʞʘʝʤʳʭ ʥʘ 
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ʤʦʜʝʣʷʭ ʠʥʜʠʢʘʪʦʨʦʚ (ʠʥʝʨʮʠʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʨʘʜʠʦʚʳʩʦʪʦʤʝʨ, 

ʛʣʦʙʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʚʦʟʜʫʰʥʳʭ ʩʠʛʥʘʣʦʚ 

ʠ ʜʨ.); 

ʬʠʟʠʯʝʩʢʠʝ ʧʫʣʴʪʳ ʫʧʨʘʚʣʝʥʠʷ ʪʠʧʘ çRotary Knobè ʤʦʜʝʣʠ çBMW 

iDrive); 

ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʬʠʟʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ; 

ʩʨʝʜʘ ADS2 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʯʘʩʪʷʤʠ ʢʦʤʧʣʝʢʩʘ. 

ʀʥʜʠʢʘʪʦʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʧʮʠʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʫʣʴʥʦʡ ʘʚʠʦʥʠʢʠ. ʇʨʠ ʜʘʥʥʦʤ 

ʧʦʜʭʦʜʝ ʬʫʥʢʮʠʠ ʩʘʤʦʣʸʪʥʳʭ ʩʠʩʪʝʤ ʚʳʜʝʣʷʶʪʩʷ ʚ ʣʦʛʠʯʝʩʢʠʝ ʨʘʟʜʝʣʳ ï 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [ʇʦʣʷʢʦʚ, 2018; ʌʝʜʦʩʦʚ, 2015]. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʩʘʤʦʣʸʪʝ ʄʉ-21 ʚ ʩʦʩʪʘʚ ʠʥʜʠʢʘʪʦʨʦʚ ʚʭʦʜʷʪ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʬʫʥʢʮʠʶ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ ARINC 661 ʠ ʬʫʥʢʮʠʶ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʬʦʨʤʘʪʦʚ ʠʥʜʠʢʘʮʠʠ. 

ɼʘʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ ʩʦʩʪʘʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʷʪʴ ʢ ɺʉ ʩ 

ʨʘʟʣʠʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʣʦʛʠʢʫ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʧʦʩʣʝ ʚʘʣʠʜʘʮʠʠ ʩ ʣʸʪʥʳʤ ʩʦʩʪʘʚʦʤ. ʊʦ ʝʩʪʴ 

ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʘ 

ARINC 661, ʪʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʘʩʪʴ ʤʦʜʝʣʠ ʠʥʜʠʢʘʪʦʨʦʚ ʥʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ, ʠ ʥʘʦʙʦʨʦʪ. 

ʉʪʘʥʜʘʨʪ ARINC 661 ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʩʠʩʪʝʤʦʡ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʧʦʜ 

ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʘʤʦʣʸʪʥʳʝ ʩʠʩʪʝʤʳ, ʜʘʥʥʳʝ ʦʪ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʙʨʘʞʘʪʴ ʵʢʠʧʘʞʫ. ʊʘʢʞʝ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʦʨ ʧʨʦʩʪʝʡʰʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʚʠʜʞʝʪʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ ʬʦʨʤʘʪʳ 

ʠʥʜʠʢʘʮʠʠ [Aeronautical Radio Inc, 2013; Zheng, 2014]. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʪʘʥʜʘʨʪ ARINC 661 ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʪʨʘʥʠʮ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʠʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʥʘʩʪʨʦʡʢʫ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʠʩʪʝʤʘ ʩʘʤʦʣʸʪʦʚʦʞʜʝʥʠʷ ʠʣʠ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʩʨʝʜʩʪʚʘʤʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ ʠʥʜʠʢʘʮʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦ ʚʩʝʤ ʦʪʦʙʨʘʞʘʝʤʳʤ ʬʦʨʤʘʪʘʤ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʂʊ-178ʉ/DO-178C, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʮʝʣʠ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʜʦʙʨʝʥʠʷ 

ʘʚʠʘʮʠʦʥʥʳʤʠ ʚʣʘʩʪʷʤʠ ʠ ʜʦʧʫʩʢʫ ʢ ʧʨʦʮʝʩʩʫ ʩʝʨʪʠʬʠʢʘʮʠʠ ɺʉ. ɼʦʩʪʠʞʝʥʠʝ 

ʪʨʝʙʫʝʤʳʭ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʦʡ ʟʘʜʘʯʝʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʦʱʝʥʠʶ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʨʘʟʨʘʙʦʪʢʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ, ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʘʩʧʝʢʪʳ 

ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʇʆ, ʟʘʤʝʥʷʶʪʩʷ ʠʭ ʘʙʩʪʨʘʢʪʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ, ʪʦ ʝʩʪʴ 
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ʤʦʜʝʣʴʶ. ʄʦʜʝʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʈ-331/DO-331, ʷʚʣʷʶʱʠʤʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʂʊ-178ʉ [ɸʈ ʄɸʂ, 2016; RTCA, 

2011]. 

ɺ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʷʚʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ANSYS SCADE. ʄʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩ ʝʛʦ 

ʧʦʤʦʱʴʶ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʈ-331/DO-331 ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʨʝʙʦʚʘʥʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʠ/ʠʣʠ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʇʆ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʪʦʤ 

ʤʦʞʝʪ ʙʳʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʛʝʥʝʨʠʨʦʚʘʥ ʠʩʭʦʜʥʳʡ ʢʦʜ [ɹʫʨʢʦʚ, 

2015]. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘ: SCADE Suite, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʝʡ ʣʦʛʠʢʠ, 

SCADE Display ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʬʦʨʤʘʪʦʚ ʠʥʜʠʢʘʮʠʠ, SCADE 

UA Page Creator ʜʣʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩʠʩʪʝʤ ʘʚʠʦʥʠʢʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ARINC 661. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ ʣʦʛʠʢʠ ʥʘ ʩʪʝʥʜʝ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʚ 

ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʙʦʨʪʦʚʦʛʦ ʇʆ, ʟʘ ʩʯʸʪ ʯʝʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʙʦʨʪʦʚʦʛʦ ʇʆ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʜʝʥʪʠʯʥʳʡ ʥʘʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʪʠʧʦʚ ʜʘʥʥʳʭ ʠ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʙʦʨʪʦʚʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʦʜʝʣʠ ʩʘʤʦʣʸʪʥʳʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʝʡ ʠʥʜʠʢʘʪʦʨʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ ADS2 

ʧʦʜʢʣʶʯʘʪʴ ʢ ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʨʝʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʤʝʩʪʦ 

ʤʦʜʝʣʝʡ ʚ ʮʝʣʷʭ ʠʟʫʯʝʥʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʮʝʣʝʡ 

ʪʝʩʪʦʚʳʭ ʩʝʩʩʠʡ ʩʦʩʪʘʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʠʯʝʥ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʘʜʨʘ 

ʥʝʦʙʭʦʜʠʤʳ ʤʦʜʝʣʠ ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤ: 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʚʥʝʰʥʠʭ ʫʛʨʦʟʘʭ ï ʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʘʤʦʣʸʪʦʚ ʚ ʚʦʟʜʫʭʝ, ʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʩʘʤʦʣʸʪʦʚ ʩ ʟʝʤʣʸʡ ʠ ʤʝʪʝʦʣʦʢʘʪʦʨ; 

ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʠʥʝʨʮʠʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʚʦʟʜʫʰʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʨʘʜʠʦʚʳʩʦʪʦʤʝʨ ʠ ʪ.ʜ.; 

ʩʠʩʪʝʤʳ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʠ ʧʦʩʘʜʢʠ ï ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʡ ʘʟʠʤʫʪʘʣʴʥʳʡ 

ʨʘʜʠʦʤʘʷʢ, ʜʘʣʴʥʦʤʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʨʘʜʠʦʢʦʤʧʘʩ, ʢʫʨʩʦ-ʛʣʠʩʩʘʜʥʘʷ ʩʠʩʪʝʤʘ ʠ 

ʜʨ.; 

ʩʠʩʪʝʤʳ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʩʚʷʟʠ; 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʦʤ. 

ɼʣʷ ʠʤʠʪʘʮʠʠ ʨʝʘʣʴʥʦʛʦ ʧʦʣʸʪʘ ʚ ʩʦʩʪʘʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʸʪʘ, 

ʚʳʯʠʩʣʷʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʝʪ, ʩ ʧʦʤʦʱʴʶ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 



132 

ʧʦʣʦʞʝʥʠʝ, ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʘʨʰʝʚʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʦʤ ʩʘʤʦʣʸʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʢʦʚʳʝ ʨʫʯʢʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʝʜʘʣʴʥʳʝ ʧʦʩʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʣʦʢ ʨʳʯʘʛʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʢʘʞʜʘʷ ʤʦʜʝʣʴ ʠʥʜʠʢʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ 

ʯʘʩʪʝʡ: 

ʬʫʥʢʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʠʥʜʠʢʘʪʦʨʝ DA; 

ʬʫʥʢʮʠʷ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʜʨʦʚ ʠʥʜʠʢʘʮʠʠ CONF; 

ʬʫʥʢʮʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʫ ARINC 661. 

ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʨʝʜʳ ADS2 ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʬʫʥʢʮʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʦʝ ʠʩʧʦʣʥʷʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʬʫʥʢʮʠʠ DA. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ï 

ʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʚʥʝʰʥʠʡ ʚʠʜ ʢʘʜʨʘ ʠ ʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ, 

ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʤʦʜʝʣʝʡ 

ʦʢʨʫʞʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʠʤʠʪʠʚʘʤʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ADS2 ʠ ʤʦʜʝʣʴʶ ʠʥʜʠʢʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʧʨʦʪʦʢʦʣʫ TCP [ʉʝʨʛʝʝʚ, 2016]. 

 

AIRSPEED_INDICATION

ALTITUDE_INDICATION

...

ANGLE_OF_ATTACK

DA

Scade Suite Scade Display

ʇʘʨʘʤʝʪʨr ʦʪ ʤʦʜʝʣʝʡ 

ʦʢʨʫʞʝʥʠ̫ ʇʘʨʘʤʝʪʨr 

ʫʧʨʘʚʣʝʥʠ̫ 

ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʨʠʤʠʪʠʚʘʤʠ

ADS2

ʃʦʛʠʯʝʩʢʘ̫ ʯʘʩʪɹ ɻʨʘʬʠʯʝʩʢʘ̫ ʯʘʩʪɹ

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʠ DA 

 

ʄʦʜʝʣʴ ʬʫʥʢʮʠʠ CONF ʥʝ ʠʤʝʝʪ ʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʘ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ SCADE Suite. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠʥʜʠʢʘʮʠʠ 

(Cockpit Display System (CDS)) ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʩʘʤʦʣʸʪʥʳʭ ʩʠʩʪʝʤ (User Application (UA)) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ARINC 661. 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʩʘʤʦʣʸʪʥʳʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʣʦʛʠʢʫ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʚ UA ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʚ ʬʘʡʣʝ ʦʧʨʝʜʝʣʝʥʠʷ (Definition File (DF)), ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʠʩʦʚʢʘ ʢʘʜʨʦʚ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʚʠʜʞʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʙʠʙʣʠʦʪʝʢʝ ʚʠʜʞʝʪʦʚ. UA ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʪ ʜʨʫʛʠʭ ʩʘʤʦʣʸʪʥʳʭ ʩʠʩʪʝʤ ʠ 

ʫʚʝʜʦʤʣʝʥʠʡ ʦʪ CDS ʦ ʜʝʡʩʪʚʠʷʭ ʵʢʠʧʘʞʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʘʜʨʘʤʠ 

ʬʦʨʤʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʘʥʜʳ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʠʜʞʝʪʦʚ. 

ʌʫʥʢʮʠʶ ʦʪʨʠʩʦʚʢʠ ʢʘʜʨʦʚ ʥʘ ʠʥʜʠʢʘʪʦʨʝ ʚʳʧʦʣʥʷʝʪ ʷʜʨʦ ʧʨʠʣʦʞʝʥʠʷ ARINC 

661, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʚʠʜʞʝʪʦʚ, ʚ ʬʘʡʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʤʘʥʜ ʦʪ UA. 
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ʋʩʪʨʦʡʩʪʚʘ 

ʚʚʦʜʘ 

ʢɻʠʧʘʞʘ

ʆʪʦʙʨʘʞʝʥʠʝ

ʠʥʬʦʨʤʘʮʠʠ

ɼʝʡʩʪʚʠ̫

ʢɻʠʧʘʞʘ

CDS (ɻʨʘʬʠʢʘ)

ɹʠʙʣʠʦʪʝʢʘ 

ʚʠʜʞʝʪʦʚ

ʗʜʨʦ

DF

UA (ʃʦʛʠʢʘ)

ʂʦʤʘʥʜr ʥʘ

ʦʙʥʦʚʣʝʥʠʝ

ʜʘʥʥrʭ ʚ 

ʚʠʜʞʝʪʘʭ

ʋʚʝʜʦʤʣʝʥʠ̫ ʦʪ

ʚʠʜʞʝʪʦʚ

(ʧʨʠ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩ ɻʢʠʧʘʞʝʤ)

CDS ï Cockpit Display System 

(ʉʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ ʢʘʙʠʥr )

UA ï User Application 

(ʇʦʣɹʟʦʚʘʪʝʣɹʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ)

DF ï Definition File (ʌʘʡʣ 

ʦʧʨʝʜʝʣʝʥʠ̫)  
 

ʈʠʩʫʥʦʢ 4 ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ARINC 661 

 

ɺ ʩʦʩʪʘʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ ʬʫʥʢʮʠʶ CDS 

ʚʳʧʦʣʥʷʝʪ ʠʤʠʪʘʪʦʨ ʧʨʠʣʦʞʝʥʠʷ ARINC 661. DF ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ SCADE 

UA Page Creator, ʘ ʤʦʜʝʣʴ UA ʚ SCADE Suite. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ ʵʢʠʧʘʞʘ, UA ʠ ʠʤʠʪʘʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʞʝ ʩ 

ʧʦʤʦʱʴʶ ʩʨʝʜʳ ADS2 ʧʦ ʧʨʦʪʦʢʦʣʫ TCP. 

ʇʦʤʠʤʦ ʦʮʝʥʢʠ ʣʦʛʠʢʠ ʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠʥʜʠʢʘʮʠʠ, ʝʱʸ ʦʜʥʦʡ ʟʘʜʘʯʝʡ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʵʨʛʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʣʦʛʠʢʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʣʝʤ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʦʜʝʣʠ 

ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ʤʦʜʝʣʠ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʜʠʢʘʮʠʝʡ ʠ ʤʦʜʝʣʠ ʧʫʣʴʪʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʘʤʦʣʸʪʘ ʄʉ-21 [ʆʆʆ çʆɸʂ-ʎʝʥʪʨ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷè, 2017]. 

 

ʇʫʣɹʪ ʫʧʨʘʚʣʝʥʠ̫ ʠʥʜʠʢʘʮʠʝʡ

ʇʫʣɹʪ ʩʠʩʪʝʤr  ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠ̫

 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʣʠ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʥʜʠʢʘʮʠʝʡ ʠ ʧʫʣʴʪʘ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
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ʄʦʜʝʣʠ ʧʫʣʴʪʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʮʝʣʷʭ ʠʤʠʪʘʮʠʠ ʀʋʇ 

ʢʘʙʠʥʳ ʩʘʤʦʣʸʪʘ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʣʦʛʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʜʠʢʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʜʣʷ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʶʙʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. ʄʦʜʝʣʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 5, ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ SCADE 

Rapid Prototyper, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʜʣʷ 

ʦʪʣʘʜʢʠ ʫʧʨʘʚʣʷʶʱʝʡ ʣʦʛʠʢʠ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚʳʙʨʘʥ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʥ 

ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ SCADE Display, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʘʮʠʠ ʤʦʜʝʣʝʡ 

ʥʘ ʩʪʝʥʜ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʥʝʤ, ʠʜʝʥʪʠʯʥʳʡ ʧʨʦʮʝʩʩʫ 

ʠʥʪʝʛʨʘʮʠʠ ʤʦʜʝʣʝʡ SCADE Display. ʊʘʢʞʝ ʦʥ ʦʙʣʘʜʘʝʪ ʥʘʙʦʨʦʤ ʚʩʪʨʦʝʥʥʳʭ 

ʚʠʜʞʝʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʥʦʧʢʠ, ʢʨʝʤʘʣʴʝʨʳ, ʜʞʦʡʩʪʠʢʠ ʠ ʪ.ʜ., ʯʪʦ ʩʦʢʨʘʱʘʝʪ 

ʚʨʝʤʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʝʡ ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʪʨʘʙʦʪʦʢ ʥʘ ʩʪʝʥʜʝ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ ʥʘʞʘʪʠʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʠ ʩʝʥʩʦʨʥʳʭ ʤʦʥʠʪʦʨʦʚ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʦʮʝʥʢʘ ʧʨʷʤʦʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʣʝʤ 

ʯʝʨʝʟ ʩʝʥʩʦʨʥʳʝ ʵʢʨʘʥʳ, ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʀʋʇ ʢʘʙʠʥʳ. ʆʜʥʘʢʦ ʚ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʥʜʘ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʵʨʛʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʥʝʢʦʪʦʨʳʭ 

ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ ʵʢʠʧʘʞ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʝ ʦʜʥʦʢʨʘʪʥʳʤʠ 

ʥʘʞʘʪʠʷʤʠ, ʘ ʚʳʧʦʣʥʷʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʤʘʥʠʧʫʣʷʮʠʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ 

ʧʫʣʴʪʘ ʷʚʣʷʝʪʩʷ ʧʫʣʴʪ ʪʨʝʢʙʦʣ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʝʥʠʝ ʢʫʨʩʦʨʦʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʩʪʨʘʥʠʮʘʤʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʚʢʣʶʯʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʫʪʸʤ ʧʦʜʢʣʶʯʝʥʠʷ ʪʘʢʠʭ ʧʫʣʴʪʦʚ ʢ ʢʦʤʧʴʶʪʝʨʘʤ ʩʪʝʥʜʘ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʜʨʘʡʚʝʨʦʚ ʠ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʞʘʪʠʡ ʚ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʚ ʩʨʝʜʫ ADS2 ʧʦ ʧʨʦʪʦʢʦʣʫ TCP. ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ 

ʧʨʷʤʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʧʫʣʴʪʦʚ ʢ ʩʨʝʜʝ ADS2 ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʧʣʘʪʳ, ʝʩʣʠ 

ʠʟʚʝʩʪʝʥ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʳ 

ʠʥʜʠʢʘʮʠʠ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʀʋʇ 

ʢʘʙʠʥ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʸʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʇʆ 

ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʜʠʢʘʮʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʫʞʝ ʚʘʣʠʜʠʨʦʚʘʥʥʳʝ ʩ ʣʸʪʥʳʤ ʩʦʩʪʘʚʦʤ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ ʈ-

331/DO-331, ʘ ʟʥʘʯʠʪ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʦʨʪʦʚʦʛʦ ʇʆ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʚʘʣʠʜʘʮʠʠ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ 

ʨʘʟʨʘʙʦʪʢʠ ʙʦʨʪʦʚʦʛʦ ʇʆ, ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʝʥʜʘ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 



135 

ʦʙʫʯʝʥʠʷ ʵʢʠʧʘʞʘ ʨʘʙʦʪʝ ʩ ʀʋʇ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ɺʉ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʘʤʦʣʸʪʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʥʣʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʠʟʥʘʢʠ ʩʦʥʣʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʷ: 
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ʯʘʩʪʦʪʘ ʟʝʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʟʛʣʷʜʘ, ʯʘʩʪʦʪʘ ʠ ʩʢʦʨʦʩʪʴ ʤʦʨʛʘʥʠʷ ʚʝʢ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʟʘʢʨʳʪʠʷ ʛʣʘʟ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, MediaPipe, python.  
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Abstract. The article discusses the development of an algorithm for an intelligent system for 

monitoring the drowsiness of crew members in real time using a neural network model. Features of 

drowsiness of the status were investigated: the frequency of yawning, the direction of gaze, the 

frequency and speed of blinking of the eyelids, the duration of eye closure. 

Keywords: computer vision, recurrent neural network, object detection, MediaPipe, python. 

 

ɺʚʝʜʝʥʠʝ 

ʋʩʪʘʣʦʩʪʴ ʠ ʩʦʥʣʠʚʦʩʪʴ ʧʠʣʦʪʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʨʠʩʢʦʚ ʚ 

ʩʬʝʨʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ. 

ʋʩʪʘʣʦʩʪʴ ʧʠʣʦʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʠʭ ʩʘʤʦʯʫʚʩʪʚʠʷ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʠʥʮʠʜʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷ ʫʩʪʘʣʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʥʘʨʫʰʝʥʠʝ ʧʩʠʭʠʯʝʩʢʠʭ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ. 

ʅʘʨʫʰʝʥʠʝ ʠ ʫʭʫʜʰʝʥʠʝ ʧʩʠʭʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʠʣʦʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʟʘʤʝʜʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʨʘʩʩʝʚʘʥʠʶ ʚʥʠʤʘʥʠʷ. ʅʘʨʫʰʝʥʠʝ ʧʩʠʭʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʣʠʷʝʪ ʥʘ ʧʘʤʷʪʴ, ʙʜʠʪʝʣʴʥʦʩʪʴ, ʙʳʩʪʨʦʪʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʕʪʠ ʬʘʢʪʦʨʳ 

ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʧʫʩʢʫ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʣʘʙʳʝ ʩʠʛʥʘʣʳ, 

ʟʘʙʳʚʘʥʠʶ ʠʣʠ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʟʘʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʡ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ, 

ʥʝʘʜʝʢʚʘʪʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʋʪʦʤʣʝʥʠʝ ʚʳʟʳʚʘʝʪ ʠʣʣʶʟʠʠ, ʣʦʞʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʩʘʤʦʣʝʪʘ. ɺ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʧʠʣʦʪ ʥʘʯʠʥʘʝʪ ʥʝʧʨʦʠʟʚʦʣʴʥʦ 

ʟʘʩʳʧʘʪʴ (çʢʣʝʚʘʪʴ ʥʦʩʦʤè). ʇʨʠ ʟʘʭʦʜʝ ʥʘ ʧʦʩʘʜʢʫ ʵʢʠʧʘʞ ʜʘʞʝ ʟʘʙʳʚʘʣ 

ʚʳʧʫʩʪʠʪʴ ʰʘʩʩʠ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʳʭ ʧʦʣʝʪʘʭ ʠʟ-ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ 

ʩʫʜʥʦʤ ʯʣʝʥʳ ʵʢʠʧʘʞʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʴ ʧʠʣʦʪʘʞʥʳʭ ʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʥʝʨʝʜʢʦ ʚʳʟʳʚʘʝʪ ʫʩʧʦʢʦʝʥʥʦʩʪʴ ʠ ʩʢʫʢʫ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʠʤ ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʥʝʢʦʪʦʨʳʝ ʘʚʠʘʢʦʤʧʘʥʠʠ 

ʩʪʘʣʠ ʥʘʟʥʘʯʘʪʴ ʜʚʘ ʵʢʠʧʘʞʘ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʯʣʝʥʘ ʵʢʠʧʘʞʘ ʥʘ 
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ʜʘʣʴʥʝʤʘʛʠʩʪʨʘʣʴʥʳʭ ʨʝʡʩʘʭ. ʊʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʥʠʤʘʥʠʷ ʠ ʙʜʠʪʝʣʴʥʦʩʪʠ 

ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʚ ʧʦʣʝʪʝ ʚʦʟʥʠʢʘʶʪ ʣʦʞʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʚʝʜʝʥʳ 

ʝʱʝ ʥʘ ʟʝʤʣʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʫʪʦʤʣʝʥʠʷ ʧʠʣʦʪʘ ʧʨʠ ʧʦʩʘʜʢʝ ʚ 5 ʯʘʩʦʚ ʫʪʨʘ ï

ʪʘʢʦʡ ʞʝ, ʢʘʢ ʧʨʠ 0,08% ʘʣʢʦʛʦʣʷ ʚ ʢʨʦʚʠ. 

ɺ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʣʝʪʦʚ ʚʥʝʩʝʥ ʨʝʛʣʘʤʝʥʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʪʜʳʭʘ ʵʢʠʧʘʞʘ ʚ ʧʦʣʝʪʝ ʜʣʷ ʜʚʫʭʯʣʝʥʥʦʛʦ ʵʢʠʧʘʞʘ, ʫʩʠʣʝʥʥʦʛʦ ʠ ʜʚʦʡʥʦʛʦ 

ʵʢʠʧʘʞʘ. ʊʘʢʞʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ (ICAO) ʨʫʢʦʚʦʜʩʪʚʦ ʵʢʩʧʣʫʘʪʘʥʪʘʤ ʧʦ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʪʦʤʣʷʝʤʦʩʪʴʶ ʉʋʈʋ (FRMS), ʧʦʟʚʦʣʷʷ ʠʤ ʨʘʙʦʪʘʪʴ ʠ 

ʙʝʟʦʧʘʩʥʝʝ, ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ [ʈʫʢʦʚʦʜʩʪʚʦ ʵʢʩʧʣʫʘʪʘʥʪʘʤé, 2011]. ɺ 

ʜʦʢʫʤʝʥʪʝ ʧʨʦʧʠʩʘʥʦ, ʯʪʦ ʩʦʥ ʠ ʝʛʦ ʥʝʭʚʘʪʢʘ ʩʥʠʞʘʶʪ ʦʙʲʝʤ ʚʥʠʤʘʥʠʷ, ʧʘʤʷʪʠ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ, ʥʘʧʨʠʤʝʨ, ʚʥʝʜʨʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʪʜʳʭʘ ʚ 

ʪʝʯʝʥʠʝ 30-40 ʤʠʥʫʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʝʪʝ ʥʘ ʵʰʝʣʦʥʝ ʚ ʢʘʙʠʥʝ 

ʜʚʫʭʯʣʝʥʥʦʛʦ ʵʢʠʧʘʞʘ ʚ ʘʚʠʘʢʦʤʧʘʥʠʠ çɺʦʣʛʘ-ɼʥʝʧʨè, ʢʘʢ ʩʨʝʜʩʪʚʦ ʙʦʨʴʙʳ ʩ 

ʫʪʦʤʣʝʥʠʝʤ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʦʣʝʪʝ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʨʠʩʢ ʤʠʢʨʦʩʥʘ ʠ 

ʧʦʚʳʰʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʵʢʠʧʘʞʘ ʥʘ ʩʘʤʦʤ ʦʪʚʝʪʩʪʚʝʥʥʦʤ ʵʪʘʧʝ ʧʦʣʝʪʘ ʧʨʠ 

ʟʘʭʦʜʝ ʥʘ ʧʦʩʘʜʢʫ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʩʥʘ ʚʪʦʨʦʛʦ ʧʠʣʦʪʘ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʘʚʠʘʢʦʤʧʘʥʠʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʨʝʪʴʝʛʦ ʯʝʣʦʚʝʢʘ.  

ʅʦ ʧʘʥʜʝʤʠʷ ʚʥʝʩʣʘ ʩʚʦʠ ʢʦʨʨʝʢʪʠʚʳ ʚ ʜʝʡʩʪʚʠʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʘʚʠʘʢʦʤʧʘʥʠʡ. ʀʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʧʦʣʝʪʦʚ ʩʪʘʣʠ ʩʦʢʨʘʱʘʪʴ ʧʠʣʦʪʦʚ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʷ ʥʘʛʨʫʟʢʫ ʦʩʪʘʚʰʠʤʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʨʦʩʣʦ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʠʥʮʠʜʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʰʠʙʢʘʤʠ 

ʧʠʣʦʪʦʚ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ, ʫʪʦʤʣʷʝʤʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʥʣʠʚʦʩʪʠ.  

ʇʦʵʪʦʤʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʥʣʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ. 

ʇʝʨʚʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩ ʪʝʣʘ ʣʝʪʯʠʢʘ. ʉʘʤʳʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ:  

 ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ, 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ, ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ, ʵʣʝʢʪʨʦʦʢʫʣʦʛʨʘʬʠʷ, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʣʝʢʪʨʦʤʠʦʛʨʘʤʤʘ, ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʢʦʞʠ ʠ ʜʳʭʘʥʠʝ 

[Driver fatigueé, 2011; Berka, 2007]. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʪʨʦʣʠʨʫʷ ʫʩʪʘʣʦʩʪʴ, 

ʪʘʢʞʝ ʩʦʟʜʘʶʪ ʬʠʟʠʯʝʩʢʠʡ ʜʠʩʢʦʤʬʦʨʪ ʯʣʝʥʘʤ ʵʢʠʧʘʞʘ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʰʢʘʣʝ, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪ 

ʫʩʪʘʣʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʰʢʘʣʘ çKarolinska Sleepiness Scaleè [De 

Rosario, 2010]. ʕʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʙʣʶʜʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʩ ʢʘʢʠʤ-ʪʦ 

ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʩʧʨʘʰʠʚʘʝʪ ʯʣʝʥʘ ʵʢʠʧʘʞʘ ʦ ʝʛʦ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʣʝʪʯʠʢ ʯʘʩʪʦ ʩʦʦʙʱʘʣ ʦ ʩʚʦʝʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʜʦʚʦʣʴʥʦ 

ʥʘʚʷʟʯʠʚʘʷ ʤʝʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʝʘʣʠʟʫʝʤʦʡ ʩʠʩʪʝʤʝ. 

ʉʠʩʪʝʤʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʦʩʪʦʷʥʠʝ ʩʦʥʣʠʚʦʩʪʠ ʧʠʣʦʪʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʝ 

ʜʘʥʥʳʭ ʠʟ ʩʠʛʥʘʣʦʚ, ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ, ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʢʘʞʜʦʤʫ ʯʝʣʦʚʝʢʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʥʦʚʦʛʦ ʯʣʝʥʘ ʵʢʠʧʘʞʘ ʦʥʘ ʙʫʜʝʪ ʥʝ ʧʨʠʤʝʥʠʤʘ. 
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ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʢʦʥʪʨʦʣʝ ʣʠʮʘ ʧʠʣʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʤʝʨʳ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʥʣʠʚʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ: 

 ʯʘʩʪʦʪʘ ʟʝʚʘʥʠʷ; 

 ʥʘʧʨʘʚʣʝʥʠʝ ʚʟʛʣʷʜʘ; 

 ʤʝʜʣʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʛʣʘʟ; 

 ʩʢʦʨʦʩʪʴ ʤʠʛʘʥʠʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʢʨʳʪʠʷ ʛʣʘʟ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʩʦʥʣʠʚʦʩʪʴ 

ʧʠʣʦʪʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʫʩʪʘʣʦʩʪʠ ʥʘ ʣʠʮʝ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ ʨʘʟʜʨʘʞʘʝʪ ʧʠʣʦʪʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʩʦʥʣʠʚʦʩʪʠ. 

1. ʏʘʩʪʦʪʘ ʟʝʚʘʥʠʷ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʟʝʚʦʪʳ ï ʫʩʪʘʣʦʩʪʴ ʠ ʧʝʨʝʫʪʦʤʣʝʥʠʝ 

ʦʨʛʘʥʠʟʤʘ. ɿʝʚʘʷ, ʯʝʣʦʚʝʢ ʩʥʘʙʞʘʝʪ ʤʦʟʛ ʢʠʩʣʦʨʦʜʦʤ, ʧʦʜʜʝʨʞʠʚʘʷ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ. ʋʩʪʘʣʦʩʪʴ ʪʘʢʞʝ ʟʘʩʪʘʚʣʷʝʪ ʟʝʚʘʪʴ. ʂʦʛʜʘ ʯʝʣʦʚʝʢ ʫʩʪʘʝʪ, 

ʟʘʤʝʜʣʷʝʪʩʷ ʨʘʙʦʪʘ ʦʨʛʘʥ-ʩʠʩʪʝʤ, ʜʳʭʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ, ʚ ʢʨʦʚʠ 

ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʧʦʵʪʦʤʫ ʟʝʚʦʪʘ ʘʢʪʠʚʠʟʠʨʫʝʪ 

ʢʨʦʚʦʪʦʢ, ʩʧʦʩʦʙʩʪʚʫʷ ʫʜʘʣʝʥʠʶ ʠʟ ʦʨʛʘʥʠʟʤʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʋʤʩʪʚʝʥʥʦʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʟʝʚʦʪʳ, ʢʦʪʦʨʘʷ ʘʢʪʠʚʠʨʫʝʪ ʫʩʪʘʚʰʠʡ 

ʤʦʟʛ. ɿʝʚʦʢ ʜʣʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 6 ʩʝʢʫʥʜ.  ʇʦʩʣʝ ʟʝʚʢʘ ʚʪʦʨʦʡ ʨʘʟ ʯʝʣʦʚʝʢ ʟʝʚʘʝʪ 

ʦʙʳʯʥʦ ʥʝ ʨʘʥʴʰʝ, ʯʝʤ ʯʝʨʝʟ ʦʜʥʫ-ʧʦʣʪʦʨʳ ʤʠʥʫʪʳ.  ʇʨʠʟʥʘʢ ʩʦʥʣʠʚʦʩʪʠ ï 2-4 

ʟʝʚʘʥʠʷ ʚ ʤʠʥʫʪʫ. 

2. ʅʘʧʨʘʚʣʝʥʠʝ ʚʟʛʣʷʜʘ, ʢʠʚʘʥʠʝ ʛʦʣʦʚʦʡ. ʆʜʥʠʤ ʠʟ ʟʘʤʝʪʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʩʦʥʣʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʠʣʦʪ ʦʧʫʩʢʘʝʪ ʛʦʣʦʚʫ. 

3. ʏʘʩʪʦʪʘ ʠ ʩʢʦʨʦʩʪʴ ʤʦʨʛʘʥʠʷ ʚʝʢ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʡ ʤʠʥʫʪʳ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʧʦʨʷʜʢʘ 10-15 ʜʚʠʞʝʥʠʡ ʚʝʢʘʤʠ. ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 2/5 ʩʝʢʫʥʜʳ, ʥʦ ʧʨʠ ʨʘʟʚʠʪʠʠ ʩʦʥʣʠʚʦʩʪʠ ʤʦʨʛʘʥʠʝ ʛʣʘʟ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʠ ʧʨʠ ʤʦʨʛʘʥʠʠ ʚʝʢʠ ʥʘʯʠʥʘʶʪ ʦʧʫʩʢʘʪʴʩʷ 

ʩ ʥʝʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ. ʇʨʠʟʥʘʢ ʩʦʥʣʠʚʦʩʪʠ ï ʚʨʝʤʷ ʟʘʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʢ 

ï ʩʢʦʨʦʩʪʴ ʤʠʛʘʥʠʷ ï 3-5 ʩ, ʯʘʩʪʦʪʘ ʤʦʨʛʘʥʠʷ ʚʝʢ ï 3-5 ʨʘʟ ʚ ʤʠʥʫʪʫ. 

4. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʢʨʳʪʠʷ ʛʣʘʟ. ʂʨʠʪʝʨʠʝʤ ʩʦʥʣʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ ʛʣʘʟʘ ʟʘʢʨʳʪʳ ʙʦʣʴʰʝ 80% ʟʘ ʤʠʥʫʪʫ. ɽʩʣʠ ʧʨʦʮʝʥʪ 

ʟʘʢʨʳʚʘʥʠʷ ʛʣʘʟ ʧʨʝʚʳʰʘʝʪ 80% ʚ ʪʝʯʝʥʠʝ ʤʠʥʫʪʳ, ʪʦ ʯʝʣʦʚʝʢ ʩʯʠʪʘʝʪʩʷ 

ʜʨʝʤʣʶʱʠʤ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

1. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʈʝʰʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʣʠʮʘ ʣʸʪʯʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʤʝʨʳ ʠ 

ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʩʚʝʜʝʥʠʡ, ʘ ʠʤʝʥʥʦ ï ʬʠʟʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʧʠʣʦʪʘ, 

ʪʘʢʠʭ ʢʘʢ: 

 ʯʘʩʪʦʪʘ ʟʝʚʘʥʠʷ; 

 ʥʘʧʨʘʚʣʝʥʠʝ ʚʟʛʣʷʜʘ; 

 ʯʘʩʪʦʪʘ ʠ ʩʢʦʨʦʩʪʴ ʤʠʛʘʥʠʷ ʚʝʢ; 

 ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʢʨʳʪʠʷ ʛʣʘʟ. 
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ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʵʪʠ ʩʚʝʜʝʥʠʷ, ʥʫʞʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʠʮʝ ʣʸʪʯʠʢʘ, ʘ ʢʦʥʢʨʝʪʥʦ ï ʦ ʢʣʶʯʝʚʳʭ ʪʦʯʢʘʭ ʣʠʮʘ. ɼʣʷ ʵʪʦʛʦ 

ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʝʢʪʦʤ MediaPipe ʦʪ Google [Google/MediaPipeé, 2019]. 

ʕʪʦ ʬʨʝʡʤʚʦʨʢ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʦʪʦʚʳʝ, 

ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʩʬʝʨʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʧʦʪʦʢʦʚʦʡ ʤʝʜʠʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʩʪʫʧʘʝʪ ʚ ʚʳʯʠʩʣʠʪʝʣʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʤʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʮʝʥʪʨʘʣʴʥʳʭ ʠ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ (ʎʇ, ɻʇ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʥʸʤ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʘʣʛʦʨʠʪʤ Face Mesh, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪ 468 ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʣʠʮʘ ʚ ʪʨʸʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʥʝ ʪʨʝʙʦʚʘʪʝʣʝʥ ʢ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʪʨʝʙʫʝʪ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ.  

 

2. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ɸʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: ʜʝʪʝʢʪʦʨʘ BlazeFace 

[BlazeFace: Sub-millisecondé, 2019], ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʣʠʮ ʚ 

ʢʘʜʨʝ, ʠ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʣʠʮʘ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʝ 

ʨʝʛʨʝʩʩʠʠ. ɹʣʘʛʦʜʘʨʷ ʦʙʣʝʛʯʸʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʫʜʘʸʪʩʷ ʜʦʙʠʪʴʩʷ 

ʭʦʨʦʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʠ ʜʘʞʝ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ 

ʪʦʣʴʢʦ ʥʘ ʎʇ (ʙʝʟ ʫʩʢʦʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ɻʇ). ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʤʦʜʝʣʠ 

ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ Face Mesh 

 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʱʝʛʦ ʢʘʩʢʘʜʘ ʤʦʜʝʣʝʡ, 

ʠʟ ʢʦʪʦʨʳʭ ʠ ʩʦʩʪʦʠʪ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʚʩʶ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʩʝʪʢʫ ʠ ʦʩʪʘʚʠʪʴ 

ʪʦʣʴʢʦ ʪʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʢʦʥʪʫʨʳ ʛʫʙ ʫ ʨʪʘ ʠ ʚʝʢ ʛʣʘʟ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʳʜʝʣʝʥʠʝ ʢʦʥʪʫʨʘ ʛʣʘʟ ʧʦ ʪʦʯʢʘʤ 
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ʂʘʞʜʘʷ ʪʦʯʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ x ʠ y ʧʠʢʩʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 

ʪʦʯʢʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʦʣʦʚʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʪʳʭ/ʟʘʢʨʳʪʳʭ ʛʣʘʟ ʠ ʟʝʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ ʛʣʘʟ (EAR ï Eyes Aspect Ratio) ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ ʨʪʘ 

(MAR ï Mouth Aspect Ration). ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʟʝʚʘʝʪ ʯʝʣʦʚʝʢ 

ʠʣʠ ʥʝʪ, ʪʘʢʞʝ ʚʚʝʜʝʥʦ ʦʪʥʦʰʝʥʠʝ MAR ʢ EAR (MOE ï Mouth over Eyes). 

EAR ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

 

(N1+N2+N3)/3ẗD,                                              (1) 

 

ʛʜʝ N1, N2, N3 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ; D ï ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʛʣʘʟ 

  

 ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʳʩʯʠʪʳʚʘʝʪʩʷ MAR, ʘ MOE = MAR/EAR. ʇʨʠ 

ʧʝʨʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʘ: ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʚʷʟʘʥ 

ʢ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʘʚʠʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʨʳʪʳʭ/ʦʪʢʨʳʪʳʭ ʛʣʘʟ ʠ ʨʪʘ. ʏʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, 

ʧʝʨʝʜ ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʢʘʣʠʙʨʦʚʢʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʚʳʩʯʠʪʳʚʘʶʪʩʷ ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ EAR, MAR ʠ MOE ʚ ʩʫʤʤʝ ʩ 25 ʢʘʜʨʦʚ. 

 ɿʘʚʠʩʠʤʦʩʪʴ EAR, MAR ʠ MOE ʧʨʠ ʟʘʧʠʩʠ ʚ ʪʝʯʝʥʠʝ 600 ʢʘʜʨʦʚ 

(600/27~22 ʩʝʢʫʥʜ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʠ EAR, MAR ʠ MOE ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ: 

ʘ ï ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʛʣʘʟʘ ʙʳʣʠ ʟʘʢʨʳʪʳ; ʙ ï ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʚ 

ʢʦʪʦʨʳʡ ʙʳʣ ʩʜʝʣʘʥ ʟʝʚʦʢ ʩ ʦʪʢʨʳʪʳʤ ʨʪʦʤ (ʛʣʘʟʘ ʚʚʠʜʫ ʟʝʚʢʘ ʧʨʠʢʨʳʪʳ); ʚ ï 

ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʡ ʧʨʦʠʟʦʰʣʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʤʦʨʛʘʥʠʝ 
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ɺʩʧʣʝʩʢʠ ʥʘ ʛʨʘʬʠʢʝ, ʚʳʜʝʣʝʥʥʳʝ ʦʪʨʝʟʢʘʤʠ ʘ, ʙ ʠ ʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʦ ʣʠʮʝ ʧʠʣʦʪʘ: ʟʘʢʨʳʪʠʶ ʛʣʘʟ, ʟʝʚʢʫ, 

ʤʦʨʛʘʥʠʶ (ʦʜʥʦʢʨʘʪʥʦʤ). 

ɿʥʘʷ ʬʦʨʤʫ ʜʘʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ 

ʘʤʧʣʠʪʫʜʫ), ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʬʘʢʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʦʨʤʠʨʦʚʢʠ EAR, MAR ʠ 

MOE, ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʫʩʣʦʚʠʷ ʠ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʝ ʜʝʡʩʪʚʠʝ ʩʦʚʝʨʰʠʣ ʧʠʣʦʪ (ʟʘʢʨʳʣ ʛʣʘʟʘ, ʟʝʚʥʫʣ ʠʣʠ 

ʤʦʨʛʥʫʣ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪ.ʢ. ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʠʜʫʪ ʢʘʜʨʳ, ʪʦ, ʟʥʘʷ ʯʘʩʪʦʪʫ 

ʢʘʜʨʦʚ, ʩ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʦʞʥʦ ʥʘʡʪʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʦʨʦʥ. ʀʤʝʷ EAR, MAR ʠ MOE, 

ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʦʩʪʦʷʥʠʷ ʧʠʣʦʪʘ, ʥʦ ʟʥʘʯʝʥʠʡ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʦʜʥʦʛʦ ʢʘʜʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʣʠʪʴ 

ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ ʥʘ ʛʨʫʧʧʳ ʢʘʜʨʦʚ (ʥʘʧʨʠʤʝʨ, ʧʦ 5), ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʙʫʜʝʪ ʩʫʜʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʥʣʠʚʦʩʪʠ ʣʸʪʯʠʢʘ ʠʣʠ ʝʸ 

ʦʪʩʫʪʩʪʚʠʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʨʝʰʝʥʦ ʩʦʟʜʘʪʴ ʠ ʦʙʫʯʠʪʴ ʨʝʢʫʨʨʝʥʪʥʫʶ 

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʩ ʜʦʣʛʦʩʨʦʯʥʦʡ ʢʦʨʦʪʢʦʡ ʧʘʤʷʪʴʶ, ʪʘʢ ʢʘʢ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʚʦʸʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʝ ʩʧʦʩʦʙʥʳ, ʟʘʧʦʤʠʥʘʷ ʧʨʝʜʳʜʫʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʝʸ ʠ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦ ʙʫʜʫʱʝʡ, ʪ.ʝ. 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʥʝʟʘʚʠʩʠʤʳʝ ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʥʠʭ 

ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ʋ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʈʅʉ) ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ, ʧʦʵʪʦʤʫ ʈʅʉ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʥʝʩʢʦʣʴʢʦ ʢʦʧʠʡ ʦʜʥʦʡ 

ʠ ʪʦʡ ʞʝ ʩʝʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʝʪ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʧʠʠ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ʧʨʝʜʳʜʫʱʝʡ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʪʨʫʢʪʫʨʘ ʈʅʉ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʆʙʦʙʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʈʅʉ 

 

X(t) ï ʵʪʦ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʘ ʰʘʛʝ t, S(t) ï ʵʪʦ ʩʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʰʘʛʝ 

t. ʕʪʦ, ʧʦ ʩʫʪʠ, ʧʘʤʷʪʴ ʩʝʪʠ. ʆʥʘ, ʢʘʢ ʬʫʥʢʮʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʜʫʱʠʭ 

ʩʦʩʪʦʷʥʠʡ ʠ ʪʝʢʫʱʝʛʦ ʚʭʦʜʘ  

 

                                 S(t) = f(Ux(t)+Ws(t-1)).                                                   (2) 

 

ʌʫʥʢʮʠʶ ʚʳʙʠʨʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʣʠʥʝʡʥʫʶ (ReLU ʠʣʠ tanh). O(t) ï 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʘ ʰʘʛʝ t. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠʰʣʦʩʴ ʚʳʙʨʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʚʠʜ 

ʈʅʉ ï LTSM (Long Short-Term Memory), ʪ.ʝ. ʩʝʪʠ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʠ. 

ʆʥʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʈʅʉ, ʥʘʤʥʦʛʦ ʣʫʯʰʝ ʭʨʘʥʠʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʵʤʧʠʨʠʯʝʩʢʠ, ʥʦ ʩ ʫʯʸʪʦʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ 

(ʤʦʜʝʣʴ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʥʦ ʧʣʦʭʦ ʥʘ ʨʝʘʣʴʥʳʭ 
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ʜʘʥʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ) ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʦʚ dropout, ʢʦʪʦʨʳʝ ʦʪʙʨʘʩʳʚʘʶʪ 

(ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʣʴ) ʩ ʟʘʜʘʥʥʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʝʨʝʜ ʝʛʦ ʧʝʨʝʜʘʯʝʡ ʥʘ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩʦ ʚʩʪʨʦʝʥʥʦʡ LSTM-ʩʝʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.  

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʧʠʣʦʪʘ ʧʦ ʟʥʘʯʝʥʠʷʤ 

EAR, MAR ʠ MOE ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LSTM-ʩʝʪʠ 

 

ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʳʧʦʣʥʝʥʘ ʚ ʙʠʙʣʠʦʪʝʢʝ PyTorch 

[PyTorch, 2017]. 

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ReLU. ɹʣʦʢʠ addmm 

ʦʪʚʝʯʘʶʪ ʟʘ ʤʘʪʨʠʯʥʦʝ ʧʝʨʝʤʥʦʞʝʥʠʝ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʝʩʦʚ 

ʩ ʫʯʸʪʦʤ ʠʭ ʩʜʚʠʛʦʚ. ʉʣʦʠ reshape ʦʪʚʝʯʘʶʪ ʟʘ ʠʟʤʝʥʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʩʣʦʸʚ. ʇʝʨʝʜ ʚʳʭʦʜʦʤ ʩʪʦʷʪ ʣʠʥʝʡʥʳʝ ʩʣʦʠ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʠʪʦʛʝ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʤʦʜʝʣʠ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʝʜʩʢʘʟʘʥʠʝ, ʘ ʠʤʝʥʥʦ ï ʮʝʣʦʝ ʯʠʩʣʦ ʦʪ 0 ʜʦ 1. 0 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʠʣʦʪ ʥʝ 

ʩʧʠʪ, ʘ 1 ï ʦ ʪʦʤ, ʯʪʦ ʦʥ ʫʞʝ ʫʩʥʫʣ. 

ʂʦʥʝʯʥʘʷ ʦʙʦʙʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʆʙʦʙʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʩʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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 ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʂʘʜʨʳ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

 

 ʆʙʦʟʥʘʯʝʥʠʝ FPS (Frames Per Second) ï ʯʠʩʣʦ ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ. 

Sleepy/alert ï ʧʦʜʧʠʩʴ ʨʝʟʫʣʴʪʘʪʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʦʙʦʟʥʘʯʘʶʱʘʷ 

ʩʧʷʱʝʝ ʩʦʩʪʦʷʥʠʝ/ʙʦʜʨʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʥʣʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ EAR ʠ 

MAR ʧʦʜ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʮʘ ʧʠʣʦʪʘ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʚʦʶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʠʟʥʘʢʠ ʩʦʥʣʠʚʦʩʪʠ ʵʢʠʧʘʞʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʢʘʢ 

ʟʘʢʨʳʪʠʝ ʛʣʘʟ, ʟʝʚʘʥʠʝ ʠ ʤʦʨʛʘʥʠʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ 

ʠ ʠʭ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʫʯʝʥʠʝ ʥʘ ʙʦʣʝʝ ʦʙʲʸʤʥʦʤ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦʤ ʥʘʙʦʨʝ ʟʥʘʯʝʥʠʡ EAR, MAR ʠ MOE, ʧʦʣʫʯʝʥʥʳʭ ʩ ʨʝʘʣʴʥʳʭ 

ʚʠʜʝʦ ʩ ʣʶʜʴʤʠ ʚ ʙʦʜʨʦʤ ʠ ʩʦʥʣʠʚʦʤ ʩʦʩʪʦʷʥʠʷʭ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʇʈʆʎɽɼʋʈʅʓʍ ʊʈɽʅɸɾɽʈʆɺ 

çFAROS A-320è ʇʈʀ ʇʆɼɻʆʊʆɺʂɽ ʆɹʋʏɸʖʑʀʍʉʗ ɺ ɺʋɿɽ 
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(ʛ. ʀʨʢʫʪʩʢ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʮʝʜʫʨʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ, ʘʚʠʘʮʠʦʥʥʳʭ ʫʯʝʙʥʳʭ ʮʝʥʪʨʘʭ ʘʚʠʘʢʦʤʧʘʥʠʡ. ʇʨʠʚʦʜʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʩʬʝʨʝ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʩʦʩʪʦʷʥʠʝ ʪʨʝʥʘʞʝʨʥʦʛʦ ʧʘʨʢʘ ʥʝʢʦʪʦʨʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʫʯʝʙʥʦ-

ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʮʝʥʪʨʦʚ ʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ɻɸ ʈʦʩʩʠʠ. ɼʘʝʪʩʷ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʦʮʝʜʫʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ FTD çFAROS A-320è. ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʧʨʦʮʝʜʫʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ çFAROS A-320è. ʉʬʦʨʤʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʧʨʦʮʝʜʫʨʥʳʡ ʪʨʝʥʘʞʝʨ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʜʫʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ çFAROS A-320è, ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ (ɺʋɿ), 

ʘʚʠʘʮʠʦʥʥʳʝ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʮʝʥʪʨʳ (ɸʋʊʎ), ʩʦʩʪʦʷʥʠʝ ʪʨʝʥʘʞʝʨʥʦʛʦ ʧʘʨʢʘ, 

ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 
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Abstract. The article provides a brief overview of the features of the use of procedural 

simulators in the training of aviation specialists in higher educational institutions, airline aviation 
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training centers. The peculiarities of Russian and international documentation in the field of training 

of civil aviation engineering personnel, the state of the simulator fleet of some aviation training 

centers and educational institutions of the Russian State are given. The general description of the 

FTD "FAROS A-320" procedural simulator is given. Examples of using the FAROS A-320 

procedural simulator by trainees are shown. The main directions of improving the quality of 

training of aviation specialists have been formed. 

Keywords: training system for trainees, a procedural simulator, characteristics of the 

"FAROS A-320" procedural simulator, a higher educational institution (university), aviation 

training centers (UTS), the state of the training fleet, and the quality of training of aviation 

specialists. 

 

ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ɺʋɿʝ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʫʩʣʦʚʠʷʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʆʙʫʯʝʥʠʝ ʚ ɺʋɿʝ ʧʦ ʧʨʦʛʨʘʤʤʘʤ 

ʚʳʩʰʝʡ ʠ ʩʨʝʜʥʝʡ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʶ 

ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʘʣʝʝ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ, ʚʚʝʜʝʥʠʝ 

ʚ ʩʪʨʦʡ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ɺʉ [ɺʦʨʦʙʴʝʚ, 2007]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ ʧʦʜʛʦʪʦʚʢʝ ʧʠʣʦʪʦʚ ʦʪʚʦʜʠʪʩʷ ʦʩʦʙʘʷ 

ʨʦʣʴ; ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ, ʩʦʟʜʘʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʠʣʦʪʘʞʥʳʝ ʪʨʝʥʘʞʝʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ɺʉ, ʥʦ ʧʨʠ 

ʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚʥʠʤʘʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʜʝʣʷʝʪʩʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ, ï ʨʦʩʪ ʯʠʩʣʘ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ 

[ɺʦʨʦʙʴʝʚ, 2007; ʑʝʨʙʘʢ, 2016]. 

 

1 ʆʉʆɹɽʅʅʆʉʊʀ ʈʆʉʉʀʁʉʂʆʁ ʀ ɿɸʈʋɹɽɾʅʆʁ 

ɼʆʂʋʄɽʅʊɸʎʀʀ ɺ ʉʌɽʈɽ ʇʆɼɻʆʊʆɺʂʀ ʀʅɾɽʅɽʈʅʆ-

ʊɽʍʅʀʏɽʉʂʀʍ ʂɸɼʈʆɺ ɻʈɸɾɼɸʅʉʂʆʁ ɸɺʀɸʎʀʀ. ʉʆʉʊʆʗʅʀɽ 

ʊʈɽʅɸɾɽʈʅʆɻʆ ʇɸʈʂɸ ʅɽʂʆʊʆʈʓʍ ɸɺʀɸʎʀʆʅʅʓʍ ʋʏɽɹʅʆ-

ʊʈɽʅʀʈʆɺʆʏʅʓʍ ʎɽʅʊʈʆɺ ʀ ʋʏɽɹʅʓʍ ɿɸɺɽɼɽʅʀʁ ɻɸ ʈʆʉʉʀʀ 

ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʨʦʩʩʠʡʩʢʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʩʬʝʨʝ 

ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ [ʌʝʜʝʨʘʣʴʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ (ʌɸʇ-147), 

2015; EASA (PART 66), 2014; ʑʝʨʙʘʢ, 2016]:  

 ʦʪʤʝʯʘʝʪʩʷ ʥʝʘʢʪʫʘʣʴʥʦʩʪʴ ʨʦʩʩʠʡʩʢʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚ ʩʬʝʨʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʥʦʨʤʘʪʠʚʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʬʘʢʪʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʧʨʦʮʝʜʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʫʩʠʣʠʡ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ;  

 ʨʘʙʦʪʳ ʧʦ ʛʘʨʤʦʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʩ ʟʘʨʫʙʝʞʥʦʡ 
ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ ʩ ʧʨʠʟʥʘʥʠʷ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʩ ʘʚʠʘʮʠʦʥʥʳʤʠ 

ʪʨʝʥʘʞʝʨʘʤʠ; 
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 ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʟʘʨʫʙʝʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʚ ʈʦʩʩʠʠ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʦʙʫʯʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʝʥʘʞʝʨʳ ʧʨʦʮʝʜʫʨ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

 ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʚʠʦʥʠʢʠ ɺʉ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʨʝʜʩʪʚ 

ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʦʷʚʣʝʥʠʝ ʙʦʨʪʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟʤʝʥʠʣʠ ʬʠʣʦʩʦʬʠʶ ʪʝʭʥʦʣʦʛʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʚʩʝ ʵʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ; 

 ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ ʘʢʪʫʘʣʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ 
ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʘʚʠʘʮʠʦʥʥʳʭ ʢʘʜʨʦʚ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʜʫʨʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʠ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʨʝʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ 

ʵʪʘʧʝ ï ʧʨʠ ʜʦʧʫʩʢʝ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

 ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʦʪʨʘʞʘʝʪʩʷ ʚ 

ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʘʭ ʠ ʩʪʘʥʜʘʨʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʦʙʣʝʤʘ ʫʤʝʥʴʰʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ɺʋɿʦʚ ʠ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʝʪʦʚ ɺʉ ɻɸ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʇʦʵʪʦʤʫ ʩ ʫʯʝʪʦʤ ʬʝʜʝʨʘʣʴʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʌɻʆʉ 

ɺʆ) ʚ ʄɻʊʋ ɻɸ ʠ ʜʨʫʛʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ɺʋɿʘʭ ʚ ʫʯʝʙʥʳʭ ʧʣʘʥʘʭ ʜʦʙʘʚʣʝʥʘ ʠʣʠ 

ʚʟʘʤʝʥ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ: ʨʝʤʦʥʪʥʦʡ ʠ ʯʘʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ, ʚʚʝʜʝʥʘ ʧʨʘʢʪʠʢʘ ï ʪʨʝʥʘʞʝʨʥʘʷ ʧʦʜʛʦʪʦʚʢʘ. ʊʨʝʥʘʞʝʨʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʘʤʢʘʭ ɺʋɿʘ ʦʪʨʘʙʦʪʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʫʤʝʥʠʷ ʠ 

ʧʦʣʫʯʠʪʴ ʦʧʳʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʨʝʥʘʞʝʨʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝʜʫʨʥʳʡ ʪʨʝʥʘʞʝʨ çFAROS A-

320è, ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʪʨʝʥʘʞʝʨʥʦʛʦ ʧʘʨʢʘ ʥʝʢʦʪʦʨʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʫʯʝʙʥʦ-

ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʮʝʥʪʨʦʚ ʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ɻɸ ʈʦʩʩʠʠ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ [ʑʝʨʙʘʢ, 2016]: 

1) ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʈʦʩʩʠʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʮʝʜʫʨʥʳʭ 

ʪʨʝʥʘʞʝʨʦʚ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ. 

2) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ɸʋʊʎ çʊʫʧʦʣʝʚè ʠ 

ʧʠʣʦʪʘʞʥʦʛʦ ʪʨʝʥʘʞʝʨʘ FPTD SSJ-100 ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʥʝ ʦʧʨʘʚʜʘʥʦ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʠ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʘ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ï ʜʦʨʦʛʦ. 

3) ʇʨʦʮʝʜʫʨʥʳʝ ʪʨʝʥʘʞʝʨʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘ ʟʘʨʫʙʝʞʥʳʝ ɺʉ, ʦʥʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʝʢʦʪʦʨʳʭ ɺʋɿʘʭ ʠ ʫʯʝʙʥʳʭ ʮʝʥʪʨʘʭ ʨʷʜʘ ʘʚʠʘʢʦʤʧʘʥʠʡ, 

ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ: 

 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻɸ (ʉʇʙ ɻʋ ɻɸ) ï 

MFTD ɸ-320, ɸ-330, ɺ-737; 
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 ɼʇɸʇ çɸʵʨʦʬʣʦʪ-ʈɸè ï MFTD ɸ-320, ɸ-330, ɺ737 ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʪʠʧʦʚ; 

 ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʥʘʟʝʤʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 
ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʮʝʥʪʨʝ S7 TRAINING ï MFTD ɸ-320, ɸ-330, ɺ-737.  

 ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʩʫʱʝʩʪʚʫʝʪ 

ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɻɸ (ʄɻʊʋ ɻɸ) ʠ 

ʝʛʦ ʬʠʣʠʘʣʘʭ ï FTD ɸ-320, ɸ-330, ɺ-737. 

ʆʙʱʠʝ ʚʳʚʦʜʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʥʘʞʝʨʦʚ, ʊʉʆ:  

 ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʥʘʞʝʨʦʚ ʧʨʦʮʝʜʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ, ʥʘ ʨʦʩʩʠʡʩʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ; 

 ʧʦʜʛʦʪʦʚʢʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʥʘ ʜʨʫʛʠʝ ʨʦʩʩʠʡʩʢʠʝ 

ʛʨʘʞʜʘʥʩʢʠʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ ʧʨʝʜʧʦʣʘʛʘʣʘ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʠ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

 ʧʦʜʛʦʪʦʚʢʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʥʘ ʟʘʨʫʙʝʞʥʳʝ ʚʦʟʜʫʰʥʳʝ 

ʩʫʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʚʠʘʮʠʦʥʥʳʭ 

ʪʨʝʥʘʞʝʨʦʚ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʡ ʧʨʦʝʢʪ MTD A-320, 

ɸ-330 ʧʨʦʠʟʚʦʜʩʪʚʘ ECA FAROS). 

 

2 ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʈʆʎɽɼʋʈʅʆɻʆ ʊʈɽʅɸɾɽʈɸ  

FTD çFAROS A-320è 

ʇʨʦʮʝʜʫʨʥʳʝ ʪʨʝʥʘʞʝʨʳ FTD (Flight Procedures Training Device) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʠʣʦʪʘʤʠ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʠʤʠʪʘʮʠʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʦʣʝʪʘʤ, ʘ ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɺʉ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʣʝʪʦʚ. 

ɺ ʧʨʦʮʝʜʫʨʥʳʭ ʪʨʝʥʘʞʝʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʥʩʦʨʥʳʝ ʤʦʥʠʪʦʨʳ, ʦʥʠ 

ʠʤʠʪʠʨʫʶʪ ʨʘʙʦʪʫ ʨʝʘʣʴʥʳʭ ʧʫʣʴʪʦʚ, ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʨʝʘʣʴʥʦʡ ʢʘʙʠʥʳ ʧʠʣʦʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʝʘʣʴʥʳʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʝ ʤʘʢʝʪʳ: ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ, ʧʘʥʝʣʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʦʚʦʞʜʝʥʠʷ, ʙʦʢʦʚʳʭ ʨʫʯʝʢ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʫʣʴʪʦʚ. 

ʊʘʢ ʢʘʢ ʧʨʦʮʝʜʫʨʥʳʝ ʪʨʝʥʘʞʝʨʳ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ɺʉ, ʪʦ ʦʥʠ ʥʝ ʦʙʦʨʫʜʫʶʪʩʷ ʩʠʩʪʝʤʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ. 

1) ʇʨʦʮʝʜʫʨʥʳʡ ʪʨʝʥʘʞʝʨ FTD ʩʘʤʦʣʝʪʘ ɸ320 ʩʦʩʪʦʠʪ ʠʟ: 

 ʪʨʝʥʘʞʝʨʘ TST (ʊʨʝʥʘʞʝʨ ʪʘʢʪʠʣʴʥʦ-ʚʠʟʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 3D ʠʤʠʪʘʮʠʶ ʢʘʙʠʥʳ ʧʠʣʦʪʦʚ ʩʘʤʦʣʝʪʘ ɸ-320; 

 ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ (IOS), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ 

ʫʧʨʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʪʨʝʥʘʞʝʨʘ ʪʘʢʪʠʣʴʥʦ-ʚʠʟʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ (TST).  

 ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʩʘ ʥʘ 12 ʨʘʙʦʯʠʭ ʤʝʩʪ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 2D ʠʤʠʪʘʮʠʶ ʨʘʙʦʪʳ ʪʨʝʥʘʞʝʨʘ 

ʪʘʢʪʠʣʴʥʦ-ʚʠʟʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (TST), ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ (IOS). 

ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʦʮʝʜʫʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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2) ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʥʘʞʝʨʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ AirN@v; ʕʣʝʢʪʨʦʥʥʳʝ ʫʨʦʢʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʩʘʤʦʣʝʪʘ 

ɸ320]: 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʜʫʨʥʳʡ ʪʨʝʥʘʞʝʨ çFAROS A-320è: ʪʨʝʥʘʞʝʨ TST ʠ ʨʘʙʦʯʘʷ 

ʩʪʘʥʮʠʷ ʠʥʩʪʨʫʢʪʦʨʘ (IOS) 

 

 ʇʨʦʛʨʘʤʤʘ Virtual Walkaround (ʚʠʨʪʫʘʣʴʥʳʝ ʦʩʤʦʪʨʦʚʳʝ ʨʘʙʦʪʳ ʥʘ 

ʩʘʤʦʣʝʪʝ) ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʤʦʜʫʣʝʡ: Cockpit Preparaition (ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʦʩʤʦʪʨʘ ʢʘʙʠʥʳ ʩʘʤʦʣʝʪʘ); Virtual Training (ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʚʥʝʰʥʝʛʦ ʦʩʤʦʪʨʘ ʩʘʤʦʣʝʪʘ); VirtualWalkAround (ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ 

ʧʨʦʛʨʘʤʤʘ ʦʩʤʦʪʨʘ ʩʘʤʦʣʝʪʘ ï ʠʤʠʪʘʮʠʷ ʨʝʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʩʤʦʪʨʘ 

ʩʘʤʦʣʝʪʘ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʠ ʚʳʩʪʘʚʣʝʥʠʝʤ ʦʮʝʥʦʢ). 

 ADOC N@vigator (ArNAV ) ʵʣʝʢʪʨʦʥʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʩʘʤʦʣʝʪʘ ï

ʧʨʦʛʨʘʤʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʙʩʣʫʞʠʚʘʥʠʶ), ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʣʘʚʥʦʝ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʣʘʚʥʦʝ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ ADOC N@vigator (ArNAV) 
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 A-320 Component locator (ʚʠʨʪʫʘʣʴʥʳʡ ʩʘʤʦʣʝʪ ï ʧʨʦʛʨʘʤʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʠʨʪʫʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʩʘʤʦʣʝʪʫ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʢʨʳʪʴ 

ʠ ʧʨʦʥʠʢʥʫʪʴ ʚ ʣʶʙʦʡ ʪʝʭʦʪʩʝʢ, ʣʶʢ, ʢʘʙʠʥʫ ʧʠʣʦʪʦʚ, ʧʘʩʩʘʞʠʨʩʢʠʡ ʩʘʣʦʥ ʠ 

ʪ.ʜ.).  

 AIRBUS LMS (ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʦʢʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ 

ʩʘʤʦʣʝʪʘ ɸ320 ʠ ʝʛʦ ʩʠʩʪʝʤ), ʥʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʣʘʚʥʦʝ ʤʝʥʶ 

ʧʨʦʛʨʘʤʤʳ 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʣʘʚʥʦʝ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ AIRBUS LMS 

 

² A320 2D Std1,8 Maintenance Training Device (ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ 2D ʠʤʠʪʘʮʠʶ ʢʘʙʠʥʳ ʵʢʠʧʘʞʘ ʩʘʤʦʣʝʪʘ ɸ-320 ï ʪʨʝʥʘʞʝʨ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʧʨʦʮʝʜʫʨʘʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ).  

3) ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠʥʞʝʥʝʨʥʦ-ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʨʷʜʘ ʫʯʝʙʥʳʭ ʟʘʜʘʯ ʥʘ ʧʨʦʮʝʜʫʨʥʦʤ ʪʨʝʥʘʞʝʨʝ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʢʫʤʝʥʪʦʤ EASA PART-66 ʥʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʫʯʝʙʥʳʝ 

ʟʘʜʘʯʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʕʪʠ 

ʟʘʜʘʯʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʥʘ ʪʨʝʥʘʞʝʨʝ: 

 ʨʘʙʦʪʳ ʧʦ ʦʩʤʦʪʨʫ ʩʘʤʦʣʝʪʘ (LOC (Location)); 

 ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʜʫʨ ʧʦ ʜʝʤʦʥʪʘʞʫ ʠ ʤʦʥʪʘʞʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʘʤʦʣʝʪʘ 
(R/I (Removal/Installation)); 

 ʨʘʙʦʪʳ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʪʝʩʪʘ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʙʦʨʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (FOT (Functional/Operational Test)); 

 ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ ʧʦ ʥʘʟʝʤʥʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʘʤʦʣʝʪʘ (SGH 

(Service and Ground Handling)); 

 ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʦʪʢʘʟʦʚ (TS (Trouble Shooting)); 

 ʧʨʦʮʝʜʫʨʳ ʧʦ ʜʦʧʫʩʢʫ ʩʘʤʦʣʝʪʘ ʢ ʧʦʣʝʪʫ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʢʘʟʦʚ ʠ 
ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ (MEL (Minimum Equipment List)). 
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3 ʇʈʀʄɽʈʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʆɹʋʏɸʖʑʀʄʀʉʗ 

ʇʈʆʎɽɼʋʈʅʆɻʆ ʊʈɽʅɸɾɽʈɸ çFAROS A-320è  

ʇʨʦʮʝʜʫʨʥʳʡ ʪʨʝʥʘʞʝʨ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʣʶʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʷʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʫʯʘʝʤʳʭ 

ʩʠʩʪʝʤ. ʅʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ ʤʦʞʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʦʧʨʦʩʳ: ʦʪ 

ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʦ ʧʦʠʩʢʘ ʠ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʆʩʦʙʘʷ ʨʦʣʴ ʧʨʦʮʝʜʫʨʥʦʤʫ ʪʨʝʥʘʞʝʨʫ ʦʪʚʦʜʠʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ï ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʧʠʩʘʥʠʠ 

ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ɺʂʈ), ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʪʨʘʙʦʪʘʪʴ 

ʨʝʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʦʣʝʪʫ, 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʩʘʤʦʣʝʪʘ; ʨʘʙʦʪʫ ʚ ʧʦʣʝʪʝ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʪʢʘʟʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʩʦʙʳʭ ʩʠʪʫʘʮʠʷʭ, ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʚ ʦʙʲʝʤʝ ʧʦʩʣʝʧʦʣʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʥʦʛʦ 

ʪʨʝʥʘʞʝʨʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʤʝʱʝʥʥʦʡ 

ʠʥʝʨʮʠʘʣʴʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʠʩʪʝʤʳ (ADIRS) ʩʘʤʦʣʝʪʘ ɸ-320 [ʉʠʟʳʭ, 2021].  

ɿʜʝʩʴ ʪʨʝʥʘʞʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʵʪʘʧʝ ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠ 

ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʘ ʜʘʣʝʝ ʦʪʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʩʦʙʳʭ ʨʝʞʠʤʦʚ: ʚʳʩʪʘʚʢʘ 

ʩʠʩʪʝʤʳ; ʦʪʨʘʙʦʪʢʘ ʧʝʨʝʜ ʧʦʣʝʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʚʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʛʦʨʦʜʦʚ, 

ʧʫʥʢʪʦʚ ʦʪʧʨʘʚʣʝʥʠʷ, ʥʘʟʥʘʯʝʥʠʷ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʫʥʢʪʦʚ ʤʘʨʰʨʫʪʘ; ʢʦʥʪʨʦʣʴ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ; ʚʳʧʦʣʥʝʥʠʝ ʢʦʥʪʨʦʣʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʚʚʝʜʝʥʠʝ, ʧʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʰʪʘʪʥʦʤ ʠ 

ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʨʠ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʨʫʢʪʫʨʳ. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʆʙʱʘʷ ʩʭʝʤʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʟʝʨʚʥʦʛʦ ʙʣʦʢʘ ADIRU ʚ ʘʚʘʨʠʡʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʠ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 
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ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʦʛʦ ʚʳʰʝ ʤʘʪʝʨʠʘʣʘ, ʦʧʳʪʘ ʨʘʙʦʪʳ ʥʘ ʪʨʝʥʘʞʝʨʝ ʚ 

ʨʘʤʢʘʭ ɺʂʈ ʦʙʫʯʘʶʱʠʤʩʷ ʧʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʫʯʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦ ʩʦʚʤʝʱʝʥʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʠʩʪʝʤʝ, ʛʜʝ ʚʦʧʨʦʩʘʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʠ ʦʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʥʘʟʝʤʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʘʤʦʣʝʪʘ ɸ-320 ʚ 

ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ï ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ [ɻʘʡʥʫʜʠʥʦʚʘ, 

2021]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʦʧʨʦʩʦʚ ʥʘʟʝʤʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʟʫʯʝʥʳ ʪʝʭʥʦʣʦʛʠʠ 

ʩʣʝʜʫʱʠʭ ʨʘʙʦʪ: ʦʙʝʩʧʝʯʝʥʠʝ ʩʘʤʦʣʝʪʘ ʥʘʟʝʤʥʳʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝʤ (Aircraft 

ground power supply); ʟʘʟʝʤʣʝʥʠʝ ʩʘʤʦʣʝʪʘ (Aircraft grounding); ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʜʚʝʨʝʡ ɺʉ (Aircraft doors operations); ʟʘʧʨʘʚʢʘ ʩʘʤʦʣʝʪʘ ʪʦʧʣʠʚʦʤ (Aircraft 

fuelling); ʚʥʝʰʥʠʡ ʦʩʤʦʪʨ ʩʘʤʦʣʝʪʘ (Aircraft external walk-around check).  

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪʘ ʧʨʠ 

ʢʦʥʪʨʦʣʝ ʟʘʧʨʘʚʢʠ ʩʘʤʦʣʝʪʘ ʪʦʧʣʠʚʦʤ. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ɺʠʨʪʫʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʢʦʥʪʨʦʣʝ 

ʟʘʧʨʘʚʢʠ ʩʘʤʦʣʝʪʘ ɸ-320 ʪʦʧʣʠʚʦʤ 

 

ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚʫʟʘ ʢʨʦʤʝ ʰʪʘʪʥʳʭ ʧʨʦʮʝʜʫʨʥʳʭ ʪʨʝʥʘʞʝʨʦʚ 

ʩʘʤʦʣʝʪʘ ʦʯʝʥʴ ʧʦʣʝʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʠʤʠʪʘʪʦʨʳ ʙʦʨʪʦʚʳʭ 

ʩʠʩʪʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ çʀʤʠʪʘʪʦʨ 

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʝʨʪʦʣʸʪʘ ʄʀ-8è, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 

ʢʘʬʝʜʨʝ ɸʕʉ ʠ ʇʅʂ (ʘʚʠʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʩʠʩʪʝʤ ʠ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ) ʚ ʀʨʢʫʪʩʢʦʤ ʬʠʣʠʘʣʝ ʄɻʊʋ ɻɸ. ɼʘʥʥʳʡ ʠʤʠʪʘʪʦʨ ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ çAtmega328Pè, ʦʥ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʣʦʛʠʢʫ ʨʘʙʦʪʳ 
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ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʚʝʜʝʥʠʝ ʨʝʞʠʤʦʚ ʚʦʟʤʦʞʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʪʢʘʟʦʚ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʤʠʪʘʪʦʨʘ 

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ [ʂʦʙʣʠʮʢʠʡ, 2021]. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

 

ʇʦʜʦʙʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ ʠʤʠʪʘʪʦʨʳ-ʤʘʢʝʪʳ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʧʦ 

ʠʟʫʯʝʥʠʶ ʩʠʩʪʝʤ ʩʘʤʦʣʝʪʘ ɸ-320. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʤʘʪʝʨʠʘʣʘ ʩʬʦʨʤʠʨʫʝʤ 

ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ:  

 ʠʥʪʝʛʨʘʮʠʷ ɺʋɿʦʚ ʩ ʘʚʠʘʮʠʦʥʥʳʤʠ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʤʠ ʠ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ (ɸʋʄʎ, ɸʋʊʎ), ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤʠ ʙʶʨʦ, ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʷʤʠ; 

 ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʫʯʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʜʠʘʣʦʛʦʚʳʭ ʦʙʫʯʘʶʱʠʭ 

ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ; 

 ʩʦʟʜʘʥʠʝ ʧʨʦʮʝʜʫʨʥʳʭ ʪʨʝʥʘʞʸʨʦʚ ʜʣʷ ʚʩʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ 

ʠʟʫʯʘʝʤʳʭ ʩʘʤʦʣʸʪʦʚ; 

 ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʨʦʮʝʜʫʨʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʪʨʝʥʘʞʸʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ; 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʨʝʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ. 
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ʩʠʩʪʝʤʝ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʥʘ ʥʦʚʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʩʪʴ 05.22.14. ï ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: 

ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ / ʑʝʨʙʘʢ ɺʣʘʜʠʤʠʨ 

ɺʘʣʝʥʪʠʥʦʚʠʯ; ʄɻʊʋ ɻɸ. ʄ., 2016. 150 ʩ. 

7. ʕʣʝʢʪʨʦʥʥʳʝ ʫʨʦʢʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʩʘʤʦʣʝʪʘ ɸ320 ʠ ʝʛʦ ʩʠʩʪʝʤ 
AIRBUS LMS ʚ ʩʦʩʪʘʚʝ ʧʨʦʮʝʜʫʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ FAROS A320. ʀʨʢʫʪʩʢ: ʃʦʢʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ ʀʨʢʫʪʩʢʦʛʦ ʬʠʣʠʘʣʘ ʄɻʊʋ ɻɸ. 

8. ʕʣʝʢʪʨʦʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ AirN@v ʚ ʩʦʩʪʘʚʝ ʧʨʦʮʝʜʫʨʥʦʛʦ 

ʪʨʝʥʘʞʝʨʘ FAROS A320, ɸ330. ʀʨʢʫʪʩʢ: ʃʦʢʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ 

ʀʨʢʫʪʩʢʦʛʦ ʬʠʣʠʘʣʘ ʄɻʊʋ ɻɸ.  

9. EASA Acceptable Means of Compliance (AMC) and Guidance Material (GM) to 

Annex III (PART 66) to Commission Regulation (EU) No 1321/2014. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʧʝʨʘʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʚʦʟʥʠʢʘʶʱʠʭ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʘʚʪʦʧʠʣʦʪʘ. ʅʘʩʪʨʦʡʢʘ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ANN), ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
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ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʩ ʧʨʷʤʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʠ ʦʧʘʩʥʦʤ ʠʟʤʝʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʘʚʪʦʧʠʣʦʪ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʇʀɼ-

ʨʝʛʫʣʷʪʦʨ, ʢʦʨʨʝʢʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

INCREASING THE STABILITY OF AN UNMANNED AERIAL VEHICLE 

UNDER UNSTABLE FLIGHT CONDITIONS  
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Abstract. The problem of increasing the stability of an unmanned aerial vehicle with an 

abrupt change in flight conditions is considered. The proposed approach is based on the rapid 

diagnosis of emerging dangerous situations and the corresponding adjustment of the parameters of 

the autopilot PID controller. The setup is implemented using an artificial neural network (ANN), 

which is considered a multilayer perceptron with direct feedback. The results of model experiments 

confirm the possibility of increasing the stability of the aircraft under study with a dangerous 

change in some flight conditions. 

Keywords: Unmanned aerial vehicle, autopilot, stability, PID controller, coefficient 

correction. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʩʰʠʨʝʥʠʝ ʢʨʫʛʘ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ 

ʘʧʧʘʨʘʪʘʤʠ (ɹʃɸ) [ɸʬʘʥʘʩʴʝʚ, 2010, ʩ. 654], ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʃɸ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʝʪʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʞʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʸʪʘ (ʚʳʩʦʪʳ, ʥʘʧʨʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ) 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʚʪʦʧʠʣʦʪʦʤ, ʦʙʳʯʥʦ ʦʩʥʘʱʸʥʥʳʤ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ 

[ɽʨʤʠʣʦʚ, 2020, ʩ. 32-39]. ʐʪʘʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʦʣʸʪʘ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʫʩʣʦʚʠʡ. ɺʦʧʨʦʩʳ, 

ʩʚ̫ʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ [ʄʘʣʢʠʥ, 

2012, ʩ. 5-10], [ʇʘʨʘʬʝʩʴ, 2016, ʩ. 143-150], [ʉʳʨʦʚ, 2017, ʩ. 56-67]. 

ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚʦʟʤʦʞʝʥ ʚʳʭʦʜ ɹʃɸ ʟʘ 

ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʸʪʘ ʠ ʧʝʨʝʭʦʜ ʚ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʠ 

ʥʝʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʧʦʣʸʪʘ. ʊʘʢʠʝ ʩʣʫʯʘʠ ʦʙʳʯʥʦ ʟʘʢʘʥʯʠʚʘʶʪʩʷ 

ʢʘʪʘʩʪʨʦʬʘʤʠ ɹʃɸ. 

ʂ ʧʦʜʦʙʥʳʤ ʩʠʪʫʘʮʠʷʤ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ʩʠʣʴʥʳʝ ʧʦʨʳʚʳ ʚʝʪʨʘ 

[ʉʘʥʴʢʦ, 2019, ʩ. 41-51], ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʛʦʨʘʭ; ʨʝʟʢʠʝ 

ʚʳʥʫʞʜʝʥʥʳʝ ʤʘʥʝʚʨʳ ɹʃɸ ʧʨʠ ʧʦʧʳʪʢʘʭ ʫʭʦʜʘ ʦʪ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʚ ʪ. ʯ. ʩ 

ʣʝʪʘʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʠʣʠ ʧʨʠ ʦʙʣʸʪʝ ʧʨʝʧʷʪʩʪʚʠʡ, ʚʥʝʟʘʧʥʦ ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ ʠ ʪ.ʜ.  
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ɺʦʟʤʦʞʥʳ 3 ʚʘʨʠʘʥʪʘ ʨʝʘʢʮʠʡ ʘʚʪʦʧʠʣʦʪʘ ɹʃɸ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʦʧʘʩʥʳʝ 

ʩʠʪʫʘʮʠʠ: 

1. ɸʚʪʦʧʠʣʦʪ ʩʦʭʨʘʥʷʝʪ ʪʨʝʙʫʝʤʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʫʩʧʝʰʥʦ ʧʘʨʠʨʫʝʪ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʚʦʟʤʫʱʝʥʠʷ; 

2. ɸʚʪʦʧʠʣʦʪ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ɹʃɸ ʠ ʧʝʨʝʭʦʜʠʪ ʚ 
ʥʝʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʧʦʣʸʪʘ. ʋʩʣʦʚʠʷ ʧʦʣʸʪʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʃɸ ʪʘʢʦʚʳ, 

ʯʪʦ ʚʦʟʚʨʘʪ ʚ ʫʧʨʘʚʣʷʝʤʳʡ ʨʝʞʠʤ ʧʦʣʸʪʘ ʬʠʟʠʯʝʩʢʠ ʥʝʨʝʘʣʠʟʫʝʤ; 

3. ɹʃɸ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ, ʥʦ ʚʦʟʤʦʞʝʥ (ʬʠʟʠʯʝʩʢʠ 
ʨʝʘʣʠʟʫʝʤ) ʚʦʟʚʨʘʪ ʚ ʫʧʨʘʚʣʷʝʤʳʡ ʨʝʞʠʤ ʧʦʣʸʪʘ ʧʫʪʸʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʘʚʪʦʧʠʣʦʪʝ [ɻʝʨʫʩ, 2018, ʩ. 25-

31], [ʉʳʨʦʚ, 2014, ʩ. 45-52], [ʋʣʴʷʥʦʚ, 2012, ʩ. 70-73]. 

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ɹʃɸ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ 1. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚʘʨʠʘʥʪʘ 2 ʧʦʪʝʨʷ ɹʃɸ ʥʝʠʟʙʝʞʥʘ. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʘʨʠʘʥʪʘ 3, ʝʩʣʠ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʘʚʪʦʧʠʣʦʪʘ ʜʦ ʚʨʝʤʝʥʥʦʡ çʪʦʯʢʠ ʥʝʚʦʟʚʨʘʪʘè, ʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ɹʃɸ ʠ ʧʨʦʜʦʣʞʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʮʝʣʝʚʳʭ ʟʘʜʘʯ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ɹʃɸ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʫʩʣʦʚʠʡ ʫʧʨʘʚʣʷʝʤʦʛʦ ʨʝʞʠʤʘ ʧʦʣʸʪʘ ʟʘ ʩʯʸʪ 

ʦʧʝʨʘʪʠʚʥʦʡ ʥʘʩʪʨʦʡʢʠ ʘʚʪʦʧʠʣʦʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʦʣʸʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʩʪʨʦʡʢʘ ʘʚʪʦʧʠʣʦʪʘ ʥʝ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ɹʃɸ, ʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴʢʦ ʧʝʨʝʭʦʜ ʚ 

ʫʩʪʦʡʯʠʚʳʡ ʠ ʫʧʨʘʚʣʷʝʤʳʡ ʨʝʞʠʤ ʧʦʣʝʪʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʚʪʦʧʠʣʦʪʫ ʤʦʛʫʪ 

ʙʳʪʴ ʚʦʟʚʨʘʱʝʥʳ ʠʩʭʦʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ: 

 ɺʳʷʚʠʪʴ ʬʘʢʪ ʨʘʟʚʠʪʠʷ ʧʝʨʝʭʦʜʘ (ʧʦ ʚʘʨʠʘʥʪʫ 3) ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ 
ʨʝʞʠʤ; 

 ʆʧʨʝʜʝʣʠʪʴ ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ (çʪʦʯʢʫ ʥʝʚʦʟʚʨʘʪʘè) ʢʦʨʨʝʢʪʠʨʦʚʢʠ 
ʘʚʪʦʧʠʣʦʪʘ; 

 ɽʩʣʠ ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ (ʧʨʦʮʝʩʩ 

ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤ), ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʝʪʩʷ ʧʦʣʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹʃɸ, 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʡ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʪʦʪʠʧʘ) ʚʳʙʨʘʥ ʤʘʣʦʨʘʟʤʝʨʥʳʡ 

ɹʃɸ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ. 

ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ɹʃɸ, ʪ.ʢ. ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ ʜʦʣʞʥʘ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 
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ʆʜʥʘʢʦ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʧʦ ʦʮʝʥʢʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʸʪʘ ɹʃɸ ʢ ʠʟʤʝʥʝʥʠʶ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

ʪʨʝʙʫʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʫʧʨʦʱʸʥʥʦʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ. 

 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩʣʝʜʫʶʱʠʡ ʨʷʜ 

ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

 ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ; 

 ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠ; 

 ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ; 

 ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʘʚʪʦʧʠʣʦʪʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ 

ʤʦʜʝʣʴ ɹʃɸ [ʇʫʛʘʯʝʚ, 1974, ʩ. 720]. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ʇʘʨʘʤʝʪʨʳ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠʩʭʦʜʥʦʡ (ʧʦʣʥʦʡ) ʤʦʜʝʣʠ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʧʦʢʘʟʘʚʰʝʝ ʩʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʠʩʭʦʜʥʦʡ 

ʤʦʜʝʣʷʭ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʟʤʝʥʷʝʤʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʭ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʃɸʌʏʍ) ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʠʩʪʝʤ (ʚ ʩʨʝʜʝ ʄʘʪʣʘʙ ï ʜʠʘʛʨʘʤʤʳ ɹʦʜʝ). 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʃɸʌʏʍ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚ 

ʥʝʫʩʪʦʡʯʠʚʦʤ ʨʝʞʠʤʝ. 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ɹʦʜʝ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ ʚ ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʳʭ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘʩʪʨʦʡʢʘ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ANN) [Kumar, 2014, p. 7995-8002], [Kumar, 2016, p. 1-6], 

[Sahin, 2016, p. 482-521].  

ɼʣʷ ʧʦʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʨʷʜ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʦʚ [ʏʝʨʪʢʦʚ, 2014, ʩ. 164-171], ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʙʳʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʜʣʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʦʰʠʙʦʢ ʚ ʩʠʩʪʝʤʝ ʩ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʦ ʢʘʢ ʧʨʦʙʣʝʤʘ, ʪʨʝʙʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʥʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ. 

ɿʜʝʩʴ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦ 

ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʝʚ ʦʰʠʙʦʢ 

ʦʙʫʯʝʥʠʷ. ʅʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʷʤʦʡ ʩʚʷʟʠ ʚ 

ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ (MLP ANN). 

ʉʝʪʴ ʠʤʝʝʪ ʦʜʠʥ ʩʢʨʳʪʳʡ ʩʣʦʡ ʩ 20 ʥʝʡʨʦʥʦʚ (ʨʠʩ. 3).  
 

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʃɸ ʩ ʘʜʘʧʪʠʚʥʳʤ ʢʦʥʪʫʨʦʤ ʫʧʨʘʚʣʝʥʠʷ 
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʘʤʢʘʭ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʘʚʪʦʧʠʣʦʪʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʫʤʝʥʴʰʘʶʱʠʭ ʟʥʘʯʝʥʠʝ 

ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚ ʤʦʜʝʣʠ ɹʃɸ (ʨʠʩ. 1).   

ʇʨʠ ʵʪʦʤ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʜʘʚʘʣʩʷ ʩʪʫʧʝʥʯʘʪʳʡ ʪʠʧ ʩʠʛʥʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʞʝʣʘʝʤʦʛʦ ʫʛʣʘ ʪʘʥʛʘʞʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʭʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 

ʪʘʥʛʘʞʘ ɹʃɸ ʧʨʠ ʠʩʭʦʜʥʳʭ (ʰʪʘʪʥʳʭ ʥʘʩʪʨʦʡʢʘʭ) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ ʠ ʥʘʩʪʨʦʡʢʘʭ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ (Ki, Kd ʠ Kp, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ)  

 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʥʘʩʪʨʦʡʢʠ ʧʨʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʚʭʦʜʥʦʤ ʩʠʛʥʘʣʝ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʪʘʥʛʘʞʘ ɹʃɸ. 

 



159 

 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʘ 

ʪʘʥʛʘʞʘ 

 

ɻʨʘʬʠʢ (Standart PID ʥʘ ʨʠʩ. 5) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʪʘʥʛʘʞʘ 

ʧʨʠ ʠʩʭʦʜʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʜʦʩʪʘʪʦʯʥʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ɹʃɸ ʚ ʰʪʘʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ (ʨʠʩ. 4) ʧʨʦʮʝʩʩ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʠ ʪʘʥʛʘʞ (ʢʨʠʚʘʷ Adaptive ʥʘ ʨʠʩ. 5) ʩʪʨʝʤʠʪʩʷ ʢ ʟʘʜʘʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʝʨʘʪʠʚʥʘʷ ʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ɹʃɸ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʝʰʪʘʪʥʳʭ 

ʩʠʪʫʘʮʠʷʭ.  

 

ɺʳʚʦʜ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʸʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ. ʈʝʘʣʠʟʦʚʘʥ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚʦʟʥʠʢʘʶʱʠʭ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʘʚʪʦʧʠʣʦʪʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʩ 

ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ. ʇʨʦʚʝʜʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʝʪʘ 

ɹʃɸ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ. 
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