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ɼʝʨʞʘʚʥʝ ʢʦʩʤʽʯʥʝ ʘʛʝʥʪʩʪʚʦ ʋʢʨʘʾʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ ʤʦʣʦʜʽ ʽʤʝʥʽ ʆ.ʄ. ʄʘʢʘʨʦʚʘ 

¶ ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ. 

¶ ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè 

ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè. 

¶ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè. 

¶ ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ 

ʽʥʩʪʠʪʫʪè. 

¶ ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɺʠʨʦʙʥʠʯʝ ʦʙôʻʜʥʘʥʥʷ ʇʽʚʜʝʥʥʠʡ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ ʽʤʝʥ̔ ʆ.ʄ. ʄʘʢʘʨʦʚʘè. 

¶ ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽ ɼʂɸ ʋʢʨʘʾʥʠ. 

¶ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘè. 

¶ ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ. 

¶ ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 

¶ ʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʄʆʅ ʋʢʨʘʾʥʠ. 

¶ ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ. 

¶ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʥʘ ʨʘʜʘ. 

¶ ɺʠʢʦʥʘʚʯʠʡ ʢʦʤʽʪʝʪ ɼʥʽʧʨʦʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ. 

¶ ɼʝʧʘʨʪʘʤʝʥʪ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʥʦʾ ʜʝʨʞʘʚʥʦʾ 

ʘʜʤʽʥʽʩʪʨʘʮʽʾ. 

¶ ɼʥʧ̔ʨʦʧʝʪʨʦʚʩʴʢʠʡ ʦʙʣʘʩʥʠʡ ʮʝʥʪʨ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʪʚʦʨʯʦʩʪʽ 

 ̔ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ. 

¶ ʋʢʨʘʾʥʩʴʢʝ ʤʦʣʦʜʽʞʥʝ ʘʝʨʦʢʦʩʤʽʯʥʝ ʦʙôʻʜʥʘʥʥʷ çʉʫʟʽʨôʷè. 

¶ ɸʝʨʦʢʦʩʤʽʯʥʠʡ ʢʦʤʽʪʝʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʮʠʬʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʽʥʥʦʚʘʮʽʡ 

ʪʘ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʈʝʩʧʫʙʣʽʢʠ ʂʘʟʘʭʩʪʘʥ. 

¶ ʊʆʆ GHALAM, ʈʝʩʧʫʙʣʽʢʘ ʂʘʟʘʭʩʪʘʥ. 

¶ Institute for Q-shu Pioneers of Space, Inc,Tenjin, Chuo-ku, Fukuoka, 

Japan. 

¶ Laboratory of Aerospace Structures at the University of Brasilia, Brasilia, 

Brazil. 
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ʍʍVII ʄʽʞʥʘʨʦʜʥʘ ʤʦʣʦʜʽʞʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʃʶʜʠʥʘ ʽ ʂʦʩʤʦʩè 

ɿʙʽʨʥʠʢ ʪʝʟ, ʅʎɸʆʄ, ɼʥʽʧʨʦ, 2025 

 

ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʤʦʣʦʜʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ XXVII ʄʽʞʥʘʨʦʜʥʽʡ ʤʦʣʦʜʽʞʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʃʶʜʠʥʘ ʽ ʂʦʩʤʦʩè ʟʘ ʪʝʤʘʪʠʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʧʦʚôʷʟʘ-

ʥʠʤʠ ʟ ʢʦʩʤʦʩʦʤ, ʢʦʩʤʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʘʝʨʦʢʦʩʤʽʯʥʦʶ ʪʝʭʥʽʢʦʶ. 

 

 

ʈʝʮʝʥʟʝʥʪʠ: 

 ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ʇʦʰʠʚʘʣʦʚ ɺ.ʇ 

 ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʦʨ 

ʆʢʦʚʠʪʠʡ ʉ. ɯ. 

 ʢ.ʪ.ʥ., ʃʘʫʨʝʘʪ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʨʝʤʽʾ 

ʋʢʨʘʾʥʠ ʽʤʝʥʽ ɹʦʨʠʩʘ ʇʘʪʦʥʘ 

ɼʝʛʪʷʨʴʦʚ ʄ.ʆ. 

 

ɻʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ: 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʉʘʥʽʥ ɸ.ʌ. 

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɸʣʻʢʩʻʻʥʢʦ ʉ.ɺ. 

 ʜ.ʭ.ʥ., ʧʨʦʬʝʩʦʨ ɺʘʨʛʘʣʶʢ ɺ.ʌ. 

 ʜ.ʭ.ʥ., ʧʨʦʬʝʩʦʨ ʂʥʠʰ ʃ.ɯ. 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʄʘʥʴʢʦ ʊ.ɸ. 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʄʽʪʽʢʦʚ ʖ.ʆ. 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʄʽʪʷʻʚ ʆ.ɸ. 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʉʦʢʦʣ ɻ.ɯ. 

 ʜ.ʬʽʟ.-ʤʘʪ.ʥ., ʧʨʦʬʝʩʦʨ ʉʦʢʦʣʦʚʩʴʢʠʡ ʆ.ʁ. 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʍʦʨʦʰʠʣʦʚ ɺ.ʉ. 

 ʢ.ʭ.ʥ., ʧʨʦʬʝʩʦʨ ɺʘʨʣʘʥ ʂ.ɭ. 

 ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɻʫʙʠʥ ʉ.ɺ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɹʦʥʜʘʨʝʥʢʦ ʆ.ɺ. 

 ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ɻʦʨʙʘʥʴ ɺ.ɸ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  ɼʞʫʨ ʆ.ɭ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  ʂʘʨʧʦʚʠʯ ʆ.ɺ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  ʂʣʠʤʝʥʢʦ ʉ.ɺ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  ʂʫʣʠʢ ʆ.ɺ.  

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  ʄʦʟʛʦʚʠʡ ɼ.ʂ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʅʦʩʦʚʘ ʊ.ɺ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʍʫʪʦʨʥʠʡ ɺ.ɺ. 

 ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  ʐʝʚʮʦʚ ɺ.ʖ. 

 ʢ.ʽ.ʥ.  ʌʝʜʦʨʝʥʢʦ ɯ.ɺ. 

ɺʝʨʩʪʢʘ ʦʨʠʛʽʥʘʣ-ʤʘʢʝʪʘ ʬʘʭʽʚʮ̔ ʅʎɸʆʄ: ʏʝʙʦʪʘʨ ɸ.ʄ., ʉʪʝʰʝʥʢʦ ʆ.ʇ. 
 

ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʟʤʽʩʪ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʩʫʪʴ ʢʦʦʨʜʠʥʘʪʦʨʠ ʥʘʫʢʦʚʠʭ 

ʥʘʧʨʷʤʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. 



3 

ʋʅɯɺɽʈʉʀʊɽʊʉʔʂɸ ʅɸʋʂɸ ɼʃʗ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅʆɰ ɻɸʃʋɿɯ 

ʋʢʨʘʾʥʘ ð ʢʦʩʤʽʯʥʘ ʜʝʨʞʘʚʘ ʟ ʙʘʛʘʪʠʤ ʤʠʥʫʣʠʤ ʪʘ ʚʧʝʚʥʝʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʥʘ 

ʤʘʡʙʫʪʥʻ. 

ɿʘʨʘʟ, ʢʦʣʠ ʙʫʨʭʣʠʚʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʚʽʪʦʚʘ ʢʦʩʤʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠ-

ʚʦʶ ʻ ʧʦʧʫʣʷʨʽʟʘʮʽʷ ʢʦʩʤʦʥʘʚʪʠʢʠ ʩʝʨʝʜ ʤʦʣʦʜʽ, ʟʘʦʭʦʯʝʥʥʷ ʜʦ ʽʜʝʡ ʢʦʩʤʦʩʫ ʪʘ ʟʘʣʫ-

ʯʝʥʥʷ ʾʾ ʜʦ ʩʠʩʪʝʤʠ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ. ʋ ʥʝʜʘʣʝʢʦʤʫ ʤʠʥʫʣʦʤʫ ʥʘʚʯʘʥʥʷ ʫ 

ʟʘʢʣʘʜʘʭ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʟʚʦʜʠʣʦʩʷ ʣʠʰʝ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʜʣʷ ʥʘʫʢʦʚʠʭ  

ʜʦʩʣʽʜʞʝʥʴ, ʩʪʚʦʨʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ʋ ʜʘʥʠʡ ʯʘʩ ʚʩʝ 

ʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʦʶ ʩʪʘʻ ʧʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ ʜʣʷ ʽʥʜʫʩʪʨʽʾ ʢʦʩʤʽʯʥʠʭ ʧʦʩʣʫʛ: ʢʦʩʤʽʯ-

ʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʟʥʤ̔ʢʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʚô̫ ʟʢʫ ʪʘ ʽʥʪʝʨʥʝʪʫ, ʩʫʧʫʪʥʠʢʦʚʦʾ ʛʝʦʜʝʟʽʾ ʪʘ ʥʘʚʽʛʘʮʽʾ ʪʦʱʦ. 

ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʘ ʥʘʫʢʘ ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ð ʮʝ ʪʦʡ ʩʘʤʠʡ ʥʘʧʨʷʤ ʥʘʫʢʦ-

ʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚʘʭ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʞʝʥʝʨʽʾ ʫ ʩʬʝʨʽ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʻ ʩʧʽʚʧʨʘʮʷ ʤʽʞ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ, ʜʝʨʞʘʚʥʠʤʠ ʢʦʤ-

ʧʘʥʽʷʤʠ ʪʘ ʥʘʫʢʦʚʠʤʠ ʽʥʩʪʠʪʫʪʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʫ ʪʘʢʠʭ ʩʬʝʨʘʭ, 

ʷʢ: ʨʘʢʝʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʢʦʩʤʽʯʥʽ ʩʠʩʪʝʤʠ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, ʘʚʽʘʮʽʡʥʽ ʪʘ ʢʦʩʤʽʯʥʽ 

ʜʚʠʛʫʥʠ, h ʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʤʽʞʥʘʨʦʜʥʘ ʩʧʽʚʧʨʘʮʷ. 

ɺ ʋʢʨʘʾʥʽ ʪʘ ʚ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʧʨʦʚʽʜʥʠʭ 

ʫʥʽʚʝʨʩʠʪʝʪʘʭ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʽʥʩʪʠʪʫʪʘʭ, ʘ ʪʘʢʦʞ ʚ ʨʘʤʢʘʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʢʦʩʤʽʯ-

ʥʠʭ ʧʨʦʛʨʘʤ. ʉʪʫʜʝʥʪʠ ʪʘ ʤʦʣʦʜʽ ʚʯʝʥʽ ʯʘʩʪʦ ʜʦʣʫʯʘʶʪʴʩʷ ʜʦ ʧʨʦʝʢʪʽʚ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʽ ʮʝ ʚʽʜʢʨʠʚʘʻ ʾʤ ʧʝʨʩʧʝʢ-

ʪʠʚʠ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. 

ʇʨʦʚʽʜʥʽ ʟʘʢʣʘʜʠ ʚʠʱʦʾ ʦʩʚʽʪʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ, ʷʢʽ ʥʝ ʪʽʣʴʢʽ ʛʦʪʫʶʪʴ 

ʬʘʭʽʚʮʽʚ ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʘ ʪʘʢʦʞ ʟʘʡʤʘʶʪʴʩʷ ʥʘʫʢʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ  

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʚ ʦʨ-

ʛʘʥʽʟʦʚʘʥʠʡ ʫ 1951 ʨʦʮʽ ʟʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʫʯʘʩʪʶ ɺʘʩʠʣʷ ʉʝʨʛʽʡʦʚʠʯʘ ɹʫʜʥʠʢʘ ʟ ʤʝ-

ʪʦʶ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʪʘ ʝʥʝʨʛʝʪʠʢʠ.  

ʇʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʪʝʥʜʝʥʮʽʷʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʽ ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʅʘ ʬʘʢʫʣʴʪʝʪʽ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʦʚʽ ʜʠʩʮʠʧʣʽʥʠ ʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ. ʎʝ ʨʦʟʨʦʙʢʘ ʥʦ-

ʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʚʠʨʦʙʥʠʮʪʚ, ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʚôʷʟʢʫ, ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʪʦ-ʪʝʭʥʽʯ-

ʥʠʭ ʩʠʩʪʝʤ ʽ ʢʦʤʧʣʝʢʩʽʚ, ʚʠʨʽʰʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʜʘʯ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʽʥ. 

ɿʘ ʨʦʢʠ ʽʩʥʫʚʘʥʥʷ ʌʊʌ ʦʩʚʽʪʫ ʥʘ ʮʴʦʤʫ ʬʘʢʫʣʴʪʝʪʽ ʦʪʨʠʤʘʣʠ ʪʠʩʷʯʽ ʬʘʭʽʚʮʽʚ. ʌʘ-

ʢʫʣʴʪʝʪ ʧʽʜʛʦʪʫʚʘʚ ʙʘʛʘʪʦ ʪʘʣʘʥʦʚʠʪʠʭ ʢʦʥʩʪʨʫʢʪʦʨʽʚ, ʽʥʞʝʥʝʨʽʚ, ʚʯʝʥʠʭ, ʟʘʩʣʫʞʝʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʢʨʘʾʥʠ. 

ʅʘ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʽ ʧʨʘʮʶʻ ʩʪʫʜʝʥʪʩʴʢʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ, 

ʧʨʦʝʢʪ çʉʪʫʜʝʥʪʩʴʢʘ ʨʘʢʝʪʘè ð ʮʝ ʛʦʨʜʽʩʪʴ ʬʽʟʪʝʭʘ. ʉʪʫʜʝʥʪʠ ʩʘʤʦʩʪʽʡʥʦ ʛʦʪʫʶʪʴ ʨʘ-

ʢʝʪʠ ʜʦ ʩʪʘʨʪʫ, ʟʜʽʡʩʥʶʶʪʴ ʫ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʾʭʥʽ ʟʘʧʫʩʢʠ, ʚʝʜʫʪʴ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʦʮʝʩʦʤ ʟʘʧʫʩʢʫ ʪʘ ʧʨʠʡʤʘʶʪʴ ʪʝʣʝʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʘ-

ʢʝʪʠ ʚ ʧʦʣʴʦʪʽ. 
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ʃʘʙʦʨʘʪʦʨʽʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ Noosphere Engineering School ʟʜʽʡʩʥʶʻ  

ʟʥʘʯʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʧʨʦʝʢʪʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʫ ʽʟ 3D-ʜʨʫʢʦʤ ʜʝʪʘ-

ʣʝʡ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʥʘʤʦʪʫʚʘʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʩʪʫʜʝʥʪʠ ʬʽʟʪʝʭʫ ʚ ʨʘʤʢʘʭ ʩʚʦʾʭ ʜʠʧʣʦʤʥʠʭ ʽ ʢʫʨʩʦʚʠʭ ʧʨʦʝʢʪʽʚ ʨʦʟʨʦʙʠʣʠ, 

ʟʽʙʨʘʣʠ ʪʘ ʚʚʝʣʠ ʫ ʨʦʙʦʪʫ 3D-ʧʨʠʥʪʝʨʠ, ʜʦʦʧʨʘʮʶʚʘʣʠ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʧʨʦʛʨʘʤʫ ʢʝʨʫ-

ʚʘʥʥʷ ʥʘʤʦʪʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʢʦʩʤʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʟʨʦʩʪʘʻ 

ʽʥʪʝʨʝʩ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ  

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʦʟʨʦʙʢʠ ʫ ʢʦʩʤʽʯʥʽʡ ʩʬʝʨʽ. ʊʦʤʫ ʥʘ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʽ 

ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʽ ʢʦʥʪʘʢʪʠ. ʋ ʪʦʤʫ ʯʠʩʣʽ ʚʝʜʝʪʴʩʷ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʟ 

ʚʠʱʠʤʠ ʥʘʚʯʘʣʴʥʠʤʠ ʟʘʢʣʘʜʘʤʠ ʽ ʫʩʪʘʥʦʚʘʤʠ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, ʩʝʨʝʜ ʷʢʠʭ ʊʫʨʝʯ-

ʯʠʥʘ, ʈʝʩʧʫʙʣʽʢʘ ʂʦʨʝʷ, ɹʨʘʟʠʣʽʷ, ʂʘʟʘʭʩʪʘʥ. ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ ʙʝʨʝ ʫʯʘʩʪʴ 

ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʝʢʪʘʭ ʽ ʧʨʦʛʨʘʤʘʭ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè ð 

ʦʜʠʥ ʟ ʧʝʨʝʜʦʚʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʷʢʠʡ ʫʞʝ ʙʘʛʘʪʦ ʨʦʢʽʚ ʟʜʽʡʩʥʶʻ 

ʢʦʤʧʣʝʢʩʥʫ ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʽʚʮʽʚ ʟ ʘʚʽʘʮʽʡʥʦʛʦ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʛʦ ʥʘʧʨʷʤʽʚ. 

ʊʫʪ ʛʦʪʫʶʪʴ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʽʥʞʝʥʝʨʽʚ ʟ ʫʩʽʭ ʥʘʧʨʷʤʽʚ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʥʘʫʢʠ 

ʡ ʪʝʭʥʽʢʠ, ʥʘʫʢʦʻʤʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʝʢʦʥʦʤʽʢʠ ʡ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʽʥʰʝ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪ ʙʫʣʦ ʟʘʩʥʦʚʘʥʦ 17 ʢʚʽʪʥʷ 1930 ʨʦʢʫ ʥʘ ʙʘʟʽ ʘʚʽʘ-

ʮʽʡʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʍʘʨʢʽʚʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʪʘ ʤʘʚ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʜʚʘ 

ʬʘʢʫʣʴʪʝʪʠ ð ʣʽʪʘʢʦʙʫʜʽʚʥʠʡ ʽ ʜʚʠʛʫʥʦʙʫʜʽʚʥʠʡ. ʅʘ ʤʦʤʝʥʪ ʟʘʩʥʫʚʘʥʥʷ ʚ ʍɸɯ ʙʫʣʦ 

ʚʩʴʦʛʦ 12 ʚʠʢʣʘʜʘʯʽʚ ʽ 69 ʩʪʫʜʝʥʪʽʚ. 

ʍɸɯ ʧʠʰʘʻʪʴʩʷ ʩʚʦʾʤʠ ʙʘʛʘʪʦʨʽʯʥʠʤʠ ʪʨʘʜʠʮʽʷʤʠ ʟ ʧʽʜʛʦʪʦʚʢʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʥʘʫʢʦʚʠʤʠ ʰʢʦʣʘʤʠ, ʚʽʜʦʤʠʤʠ ʜʘʣʝʢʦ ʟʘ ʤʝʞʘʤʠ ʋʢʨʘʾʥʠ, ʩʧʽʚʧʨʘʮʝʶ ʟ 

ʙʘʛʘʪʴʤʘ ʘʚʽʘʮʽʡʥʠʤʠ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʙʶʨʦ ʽ ʧʽʜʧʨʠʻʤʩʪ-

ʚʘʤʠ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ. ɼʝʩʷʪʢʠ ʪʠʩʷʯ ʚʠʧʫʩʢʥʠʢʽʚ ʍɸɯ ʟ ʯʝʩʪʶ ʽ ʛʽʜʥʽʩʪʶ ʥʝʩʫʪʴ 

ʤʘʨʢʫ ʨʽʜʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʨʦʙʣʷʪʴ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʤʽʩʪʢʦʛʦ ʽ ʧʨʽʦ-

ʨʠʪʝʪʥʦʛʦ ʜʣʷ ʋʢʨʘʾʥʠ ʥʘʧʨʷʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ð ʩʪʚʦʨʝʥʥʷ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

ɺ ʍɸɯ ʩʪʚʦʨʝʥʦ ʩʪʫʜʝʥʪʩʴʢʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ ʜʝ ʚʠʢʣʘʜʘʯʽ ʨʘʟʦʤ ʟʽ ʩʪʫʜʝ-

ʥʪʠ ʩʧʨʦʻʢʪʫʚʘʣʠ ʪʘ ʧʽʜʥʷʣʠ ʚ ʥʝʙʦ ʧʦʥʘʜ 30 ʨʽʟʥʠʭ ʣʽʪʘʢʽʚ ʽ ʜʝʩʷʪʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʘʧʘ-

ʨʘʪʽʚ ʽʟ ʤʘʨʢʦʶ ʍɸɯ. ʋʥʽʚʝʨʩʠʪʝʪ ʚʭʦʜʠʪʴ ʜʦ ʜʝʩʷʪʢʠ ʥʘʡʢʨʘʱʠʭ ʚʠʰʽʚ ʋʢʨʘʾʥʠ (10 

ʤʽʩʮʝ ʚ ʊʦʧ-200). 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" ð ʦʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰʠʭ ʪʘ ʥʘʡʧʨʝʩʪʠʞʥʽʰʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʋʢ-

ʨʘʾʥʠ, ʱʦ ʘʢʪʠʚʥʦ ʟʘʡʤʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ. ʅʘʫʢʦʚʽ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʂʇɯ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʝ ʢʦʣʦ ʪʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʘʚʽʘʮʽʻʶ, ʢʦʩʤʦʥʘʚʪʠʢʦʶ ʪʘ 

ʚʠʩʦʢʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʽ ʚʢʣʶʯʘʶʪʴ ʷʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢ ʽ ʨʦʟʨʦʙʢʫ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʢʦʩʤʽʯʥʦʾ ʪʘ ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠ. 

ʂʇɯ ʤʘʻ ʩʠʣʴʥʫ ʥʘʫʢʦʚʫ ʰʢʦʣʫ, ʱʦ ʛʦʪʫʻ ʩʧʝʮʽʘʣʽʩʪʽʚ ʜʣʷ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʘ ʪʘ-

ʢʦʞ ʟʘʣʫʯʘʻ ʩʪʫʜʝʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ ʜʦ ʨʝʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʦʙʦʢ ʫ 
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ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʧʨʦʝʢʪʽʚ. ʉʪʫʜʝʥʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʽʥʥʦ-

ʚʘʮʽʡʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʨʦʟʚʠʚʘʪʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʪʘ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ 

ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʩʤʽʯʥʠʭ ʧʨʦʝʢʪʘʭ. 

09 ʙʝʨʝʟʥʷ 2019 ʨʦʢʫ ʫ ʩʢʣʘʜʽ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ɯʥʩʪʠʪʫʪ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʞʝ ʚʣʽʪʢʫ ɯʥʩʪʠʪʫʪ ʧʨʠʡʥʷʚ ʧʝʨʰʠʭ ʩʪʫʜʝʥʪʽʚ ʥʘ ʦʩʚʽʪʥʶ 

ʧʨʦʛʨʘʤʫ çʈʘʢʝʪʥʽ ʪʘ ʢʦʩʤʽʯʥʽ ʢʦʤʧʣʝʢʩʠè. 

ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʦʣʦʜʽʞʥʽʡ ʪʝʭʥʽʯʥʽʡ ʪʚʦʨʯʦʩʪʽ. ʊʚʦʨʯʦ ʧʨʘʮʶʻ ʛʫʨ-

ʪʦʢ ʘʚʽʘ- ʪʘ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ, ʛʫʨʪʦʢ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ð ʮʽ 

ʛʫʨʪʢʽʚʮʽ ʧʨʘʮʶʶʪʴ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʩʦʥʮʝʣʴʦʪʫ. ʎʝʡ ʘʧʘʨʘʪ, ʜʦ ʨʝʯʽ, ʤʘʻ ʚʞʝ ʙʽʣʷ 30 

ʛʦʜʠʥ ʥʘʣʴʦʪʫ. ʉʪʫʜʝʥʪʠ ʧʨʦʚʦʜʷʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʚʝʣʠʢʦʛʦ ʙʝʟʧʽʣʦʪʥʠʢʘ ʨʦʟʤʘʭʦʤ 

ʢʨʠʣ ʷʢʦʛʦ 7,2 ʤʝʪʨʘ. ʎʝʡ ʙʝʟʧʽʣʦʪʥʠʢ ʥʠʥʽ ʧʨʦʭʦʜʠʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʨʦʙʠʪʴ ʧʝʨʰʽ 

ʧʦʣʴʦʪʠ. 

ʊʘʢʘʞ ʛʨʫʧʦʶ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ ʪʘ ʽʥʞʝʥʝʨʽʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʽ ʨʘʜʽʦʪʝʭʥʽ-

ʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʽʚ, ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʥʽʢʠ, ʘ ʪʘʢʦʞ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠ-

ʩʪʝʤ ʂʇɯ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʪʨʠ ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʥʦʩʫʧʫʪʥʠʢʘ "PolyITAN-1", 

"PolyITAN-2" ʪʘ "PolyITAN-HP-30", ʷʢʽ ʙʫʣʦ ʟʘʧʫʱʝʥʦ ʚ ʢʦʩʤʦʩ ʫ 2014, 2017 ʪʘ 2023 

ʨʦʢʘʭ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ð ʚʠʟʥʘʥʠʡ ʦʩʝʨʝʜʦʢ ʥʘʫʢʠ 

ʪʘ ʦʩʚʽʪʠ, ʚʽʜʦʤʠʡ ʚ ʋʢʨʘʾʥʽ ʪʘ ʜʘʣʝʢʦ ʟʘ ʾʾ ʤʝʞʘʤʠ. 

ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ð ʮʝ ʫʥʽʚʝʨʩʠʪʝʪ ʟ ʧʦʥʘʜ ʜʚʦʭʩʦʪʣʽʪʥʽʤʠ ʪʨʘʜʠʮʽʷʤʠ, ʷʢʠʡ 

ʟʜʦʙʫʚ ʤʽʞʥʘʨʦʜʥʝ ʚʠʟʥʘʥʥʷ ʪʘ ʤʘʻ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʡ ʽʤʽʜʞ. 

ʋʥʽʚʝʨʩʠʪʝʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 16 ʽʥʩʪʠʪʫʪʽʚ, 114 ʢʘʬʝʜʨ, ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʽʚ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʚʝʜʝ ʥʘʚʯʘʥʥʷ ʟʘ 135 ʩʧʝʮʽʘ-

ʣɹ ʥʦʩʪʷʤʠ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʟʜʽʡʩʥʶʻ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 33 ʛʘʣʫʟʷʭ ʟʥʘʥʴ. 

ɿʘ ʯʘʩ ʩʚʦʻʾ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʧʽʜʛʦʪʫʚʘʣʘ ʧʦʥʘʜ 250 

ʪʠʩʷʯ ʬʘʭʽʚʮʽʚ, ʟ ʥʠʭ ʧʦʥʘʜ 4 ʪʠʩʷʯʽ ð ʮʝ ʽʥʦʟʝʤʮʽ ʟ ʤʘʡʞʝ 90 ʢʨʘʾʥ ʩʚʽʪʫ. 

ɺ ɯʥʩʪʠʪʫʪʽ ʤʝʭʘʥʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʪʨʘʥʩʧʦʨʪʫ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ ʥʘ ʢʘʬʝʜʨʽ 

ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʚʽʜʢʨʠʣʠ ʥʦʚʫ ʦʩʚʽʪʥʶ ʧʨʦʛʨʘʤʫ ð çɹʝʟʧʽʣʦʪʥʽ 

ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠè ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɸʚʽʘʮʽʡʥʘ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘè. 

ʅʘ ʩʴʦʛʦʜʥʽʮʝ ʧʨʦʬʝʩʽʷ ʤʘʡʙʫʪʥʴʦʛʦ, ʥʦʚʠʡ ʥʘʧʨʷʤ, ʷʢʠʡ ʙʫʜʝ ʜʫʞʝ ʙʫʨʭʣʠʚʦ ʨʦ-

ʟʚʠʚʘʪʠʩʷ ʥʘʡʙʣʠʞʯʠʤʠ ʨʦʢʘʤʠ ʽ ʩʪʘʥʝ ʣʽʜʝʨʦʤ ʥʘ ʨʠʥʢʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. 

ʅʝʚʜʦʚʟʽ ʥʝ ʙʫʜʝ ʪʘʢʦʾ ʛʘʣʫʟʽ, ʜʝ ʣʶʜʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ 

ʘʧʘʨʘʪʠ. ʎʝ ð ʜʦʩʪʘʚʣʷʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʦʚʘʨʽʚ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʢʦʥʪʨʦʣʴ ʽʟ ʧʦʚʽʪʨʷ; 

ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʟ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʨʦʟʙʨʠʟʢʫʶʪʴ ʭʽʤʽʢʘʪʠ. ʋ ʇʦʣʽʪʝʭʥʽʮʽ ʥʘʚʯʘʪʠ-

ʤʫʪʴ, ʟʦʢʨʝʤʘ, ʷʢ ʧʨʦʻʢʪʫʚʘʪʠ, ʚʠʛʦʪʦʚʣʷʪʠ ʪʘ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ  

ʘʧʘʨʘʪʠ. 

ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʂʘʬʝʜʨʘ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʨʦʚʦ-

ʜʠʪʴ ʥʘʚʯʘʥʥʷ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘè ʟʘ ʦʩʚʽʪʥʴʦʶ ʧʨʦ-

ʛʨʘʤʦʶ (ʩʧʝʮʽʘʣʽʟʘʮʽʻ )ʁ çʉʫʧʫʪʥʠʢʦʚʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠè. 
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ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʌʽʟʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ ʂʅʋ ʟʜʽʡʩʥʶʻ ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʽʚʮʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ ʩʧʝʮʽʘʣʴ-

ʥʽʩʪʶ çʌʽʟʠʢʘ ʪʘ ʘʩʪʨʦʥʦʤʽʷè. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɸʝʨʦʢʦʩʤʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ ʅɸʋ ʟʜʽʡʩʥʶʻ ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʽʚʮʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ ʩʧʝ-

ʮʘ̔ʣʴʥʽʩʪʶ çɸʚʽʘʮʽʡʥʘ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘè. ɺ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʘʚʽʘʮʽʡʥʦʤʫ 

ʫʥʠʚʝʨʩʠʪʝʪʽ ʚ ʤ. ʂʠʻʚ ʧʨʘʮʶʻ ʈʘʢʝʪʥʠʡ ʢʣʫʙ, ʜʝ ʨʘʢʝʪʦʤʦʜʝʣʽʩʪʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽ ʟʘ-

ʧʫʩʢʘʶʪʴ ʤʘʩʰʪʘʙʥʽ ʤʦʜʝʣʽ ʨʘʢʝʪ. ɯʩʥʫʻ ʪʘʢʦʞ ʉʪʫʜʝʥʪʩʴʢʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ 

NAU Rocket, ʚ ̫ʢʦʤʫ ʩʪʚʦʨʶʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ ʪʘ ʩʪʫʜʝʥʪʩʴʢʽ ʨʘʢʝʪʠ. 

ɾʠʪʦʤʠʨʩʴʢʠʡ ʚʽʡʩʴʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʉ.ʇ. ʂʦʨʦʣʴʦʚʘ 

ɿʜʽʡʩʥʶʻ ʧʽʜʛʦʪʦʚʢʫ ʦʬʽʮʝʨʽʚ ʬʘʭʽʚʮʽʚ ʟ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʩʠʩʪʝʤ 

ʦʟʙʨʦʻʥʥʷ ʽ ʪʝʭʥʽʢʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ, ʟʘʩʦʙʽʚ ʨʘ-

ʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ, ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺʽʡʩʴʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  

ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ɿʜʽʡʩʥʶʻ ʧʽʜʛʦʪʦʚʢʫ ʦʬʽʮʝʨʽʚ ʟ ʨʦʟʚʽʜʫʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷ-

ʣʴʥʦʩʪʽ ʚʽʡʩʴʢ (ʩʠʣ), ʬʘʭʽʚʮʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʤʠ ʪʦʧʦʛʝʦʜʝʟʠʯʥʠʭ ʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʽʜ-

ʨʦʟʜʽʣʽʚ ʚʽʡʩʴʢ (ʩʠʣ), ʪʘ ʽʥʰʽ. 

 

ɺʠʱʽ ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʟʜʽʡʩʥʫʶʪʴ ʧʽʜ-

ʛʦʪʦʚʢʫ ʥʘʫʢʦʚʠʭ ʢʘʜʨʽʚ ʚ ʘʩʧʽʨʘʥʪʫʨʽ ʽ ʜʦʢʪʦʨʘʥʪʫʨʽ, ʥʘʜʘʶʪʴ ʜʦʧʦʤʦʛʫ ʟʜʦʙʫʚʘʯʘʤ 

ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ. ɸʩʧʽʨʘʥʪʫʨʘ ʽ ʜʦʢʪʦʨʘʥʪʫʨʘ ʟʘʣʠʰʘʶʪʴʩʷ ʦʩʥʦʚʥʠʤ ʢʘʥʘʣʦʤ ʧʦ-

ʧʦʚʥʝʥʥʷ ʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʢʘʜʨʘʤʠ ʚʠʱʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. ʊʘʢʦʞ ʟʜʽʡʩʥʶʶʪʴ 

ʧʽʜʛʦʪʦʚʢʫ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ, ʷʢʘ ʻ ʪʨʝʪʽʤ ʮʠʢʣʦʤ ʥʘʚʯʘʥʥʷ (ʧʽʩʣʷ ʙʘʢʘʣʘʚʨʘʪʫ ʪʘ 

ʤʘʛʽʩʪʨʘʪʫʨʠ) ʫ ʩʠʩʪʝʤʽ ʚʠʱʦʾ ʦʩʚʽʪʠ. 

ʆʜʥʽʻʶ ʟ ʝʬʝʢʪʠʚʥʠʭ ʬʦʨʤ ʟʘʣʫʯʝʥʥʷ ʤʦʣʦʜʽ ʜʦ ʨʝʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʞʝ ʙʫʪʠ 

ʄʽʞʥʘʨʦʜʥʘ ʤʦʣʦʜʽʞʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʃʶʜʠʥʘ ʽ ʢʦʩʤʦʩè, ʷʢʘ ʚʞʝ 

27 ʨʦʢʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ ʤʦʣʦʜʽ ʽʤʝʥʽ 

ʆ.ʄ. ʄʘʢʘʨʦʚʘ. 

ʂʦʥʬʝʨʝʥʮʽʷ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʘ ʘʢʪʠʚʥʽʡ ʫʯʘʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʦʨʛʘʥʽʟʘ-

ʮʽʡ, ʮʝʥʪʨʽʚ ʽ ʚʠʱʠʭ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ, ʩʪʚʦʨʶʶʯʠ ʪʠʤ ʩʘ-

ʤʠʤ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʽ ʫʤʦʚʠ ʜʣʷ ʚʟʘʻʤʥʦʛʦ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʧʝʨʝʜʦʚʠʤʠ ʨʦʟʨʦʙ-

ʢʘʤʠ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ, ʚʟʘʻʤʦʚʠʛʽʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʡ ʫʥʽʚʝʨ-

ʩʠʪʝʪʽʚ, ʟʘʣʫʯʝʥʥʷ ʤʦʣʦʜʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʬʘʭʽʚʮʽʚ ʜʦ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

2025 ʨʽʢ ð ʨʽʢ ʧʨʦʚʝʜʝʥʥʷ XXVII  ʄʽʞʥʘʨʦʜʥʽʡ ʤʦʣʦʜʽʞʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʃʶʜʠʥʘ ʽ ʢʦʩʤʦʩè. ʆʨʛʘʥʽʟʘʪʦʨʠ ʪʘ ʢʦʦʨʜʠʥʘʪʦʨʠ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʥʘʧʨʷʤʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʥʝʪʝʨʧʽʥʥʷʤ ʦʯʽʢʫʶʪʴ ʚʽʜ ʫʯʘʩʥʠʢʽʚ ʥʘʫʢʦʤʽʩʪʢʠʭ, ʟʤʽʩʪʦʚʥʠʭ 

ʪʘ ʮʽʢʘʚʠʭ ʜʦʧʦʚʽʜʝʡ ʧʨʦ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ. 

ʊʨʝʪʻ ʪʠʩʷʯʦʣʽʪʪʷ, ʙʝʟʫʤʦʚʥʦ, ʩʪʘʥʝ ʪʠʩʷʯʦʣʽʪʪʷʤ ʙʫʨʭʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʘʚʽʘʮʽʾ ʪʘ 

ʢʦʩʤʦʥʘʚʪʠʢʠ, ʤʽʞʧʣʘʥʝʪʥʠʭ ʧʦʣʴʦʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʋʩʽ ʤʠ ʟ 

ʦʧʪʠʤʽʟʤʦʤ ʜʠʚʠʤʦʩʷ ʚ ʤʘʡʙʫʪʥʻ ʽ ʛʦʪʦʚʽ ʚʠʨʽʰʫʚʘʪʠ ʥʦʚʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʦʩʪʘʚʠʪʴ ʯʘʩ. 

 

ʋʥʽʚʝʨʩʠʪʝʪʠ ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʚʠʚʘʪʠʩʷ! 

https://www.facebook.com/nauhub/


7 

 



 

8 

˔˙˴˞˟ 

ʄɯʎʅɯʉʊʔ ʈɸʂɽʊʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ, ɺɯɹʈɸʎɯʗ, 

ɸʂʋʉʊʀʏʅɯ ʍɺʀʃɯ ʊɸ ʐʋʄʆɺɯ ɽʌɽʂʊʀ ............................................. 22 

ɹʘʙʫʨʦʚ ɺ.ɺ., ʂʣʠʤʝʥʢʦ ɼ.ɺ. 
ɼʦ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʈʂʊ ......................... 23 

ɹʘʪʫʪʽʥʘ ʊ.ʗ., ʂʣʠʤʝʥʢʦ ɼ.ɺ. 
ʋʨʘʭʫʚʘʥʥʷ ʢʦʝʬʽʮʽʝʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʧʨʠ ʦʮʽʥʮʽ ʘʢʫʩʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 

ʧʽʜʦʙʪʽʯʥʠʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ...................................................................................... 26 

ɹʝʨʝʞʥʦʡ ɼ.ɭ., ʖʰʢʝʚʠʯ ʆ.ʇ. 
ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦ ʚʽʩʽ ʧʝʨʝʪʠʥʫ 

ʧʝʨʝʭʨʝʱʠʚʘʶʱʠʭʩʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ......................................................... 28 

ɹʠʩʪʨʷʥʠʢ ɼ.ʆ., ʉʦʢʦʣ ɻ.ɯ. 
ɯʥʬʨʘʟʚʫʢ ʫ ʧʨʠʨʦʜʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ .......................................... 30 

ɾʤʫʨʢʦ ɺ.ʉ., ʉʦʢʦʣ ɻ.ɯ. 
ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ....................... 33 

ʂʣʠʤʝʥʢʦ ɼ.ɺ., ɸʢʽʤʦʚ ɼ.ɺ. 
ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʩʤʽʯʥʦʾ 

ʛʦʣʦʚʥʦʾ ʯʘʩʪʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ........................................ 35 

ʃʽʧʦʚʩʴʢʠʡ ɺ.ɯ. 
ʆʮʽʥʢʘ ʥʘʢʦʧʠʯʝʥʦʾ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʙʨʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ .............................................................................................................. 37 

ʄʠʭʘʣʴʦʚ ɼ.ɺ., ʉʦʢʦʣ ɻ.ɯ. 
ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ............... 40 

ʇʦʥʦʤʘʨʝʥʢʦ ɭ.ʉ. 
ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʢʣʶʯʝʥʥʷʤ ʧʨʷʤʦʢʫʪʥʠʭ ʙʘʣʦʢ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ .................................................................................. 43 

ʉʥʦʙʢʦ ɼ.ʆ., ʉʦʢʦʣ ɻ.ɯ. 
ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʪʽʣ ʢʦʩʤʦʥʘʚʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʘʥʘʣʦʛʽʡ ................................................... 46 

ʌʝʜʦʨʽʥʘ ɺ.ʉ., ʉʦʢʦʣ ɻ.ɯ. 
3D ʜʨʫʢ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʽʮʥʠʭ ʜʝʪʘʣʝʡ ʫ ʨʦʙʦʪʦʪʝʭʥʽʮʽ ..................................... 49 



9 

ɻɯɼʈʆɸɽʈʆɼɯʅɸʄʀʂɸ ɯ ʊɽʇʃʆʄɸʉʆʇɽʈɽʅɽʉɽʅʅʗ 

ɺ ʉʀʉʊɽʄɸʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ..................................................... 52 

ɿʦʣʦʪʘʨʝʥʢʦ C.ɸ., ɸʣʝʢʩʻʻʥʢʦ ʉ.ɺ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʰʫʤʫ ʧʨʦʬʽʣʶ NACA0012 ʧʨʠ ʤʘʣʠʭ ʯʠʩʣʘʭ 

ʈʝʡʥʦʣʴʜʩʘ ................................................................................................................ 53 

ʅʝʢʨʘʩʦʚ ɺ.ɭ., ɼʘʚʠʜʦʚ ʉ.ʆ., ɸʣʝʢʩʻʻʥʢʦ ʉ.ɺ. 
ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʢʠ ʰʚʠʜʢʽʩʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʟʝʤʣʽ ................................... 56 

ʉʝʤʝʥʝʥʢʦ ʇ.ɺ., ɹʽʣʷʻʚ ʄ.ʄ. 
ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʥʘʚʢʦʣʦ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚ ʦʙôʻʤʽ 

ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ................................................................................................. 59 

ɻʈɸɺɯʊɸʎɯʗ ɯ ʌʋʅɼɸʄɽʅʊɸʃʔʅɸ ʌɯɿʀʂɸ ......................................... 61 

ɺʝʨʝʩ ʆ.ʆ., ʉʢʘʣʦʟʫʙ ɺ.ɺ. 
ʈʫʭ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ ʝʣʝʢʪʨʦʥʽʚ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ........................................... 62 

ɻʘʣʘʛʘʥ ʇ.ʆ., ʂʫʰʥʝʨʴʦʚ ʆ.ɯ., ʈʷʙʮʝʚ ʉ.ɯ., ɹʘʰʝʚ ɺ.ʌ. 
ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʘ ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʟ ʨʦʟʧʣʘʚʫ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʣʘʚʫ FeCoNiB0.7Si0.3Be ................................................... 64 

ɻʘʤʦʣʴʩʴʢʠʡ ɯ.ɯ., ʉʢʘʣʦʟʫʙ ɺ.ɺ. 
ɯʥʜʫʢʦʚʘʥʽ ʢʦʣʴʦʨʦʚʽ ʟʘʨʷʜʠ ʫ ʢʚʘʨʢ-ʛʣʶʦʥʥʽʡ ʧʣʘʟʤʽ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʧʝʪʣʽ 

ʇʦʣʷʢʦʚʘ ʪʘ ʭʨʦʤʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ......................................................................... 67 

ɿʘʧʦʨʦʞʝʮʴ ɸ.ʉ., ɺʘʩʠʣʴʻʚʘ ɻ.ɺ., ʂʘʨʙʦʚʘʥʝʮʴ ʄ.ɯ. 
ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʪʘʥʦʚʦʢ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝʨʝʣ ʙʝʪʘ-  ̔

ʥʝʡʪʨʦʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʛʘʣʫʟʽ ʨʘʜʽʘʮʽʡʥʦʾ ʬʽʟʠʢʠ  ̔ʨʘʜʽʦʝʢʦʣʦʛʽʾ ......... 69 

ʂʘʟʘʢʦʚ ɺ.ɯ., ʃʘʟʫʨ ɺ.ʖ., ɻʝʜʝʦʥ ʉ.ɺ. 
ʈʦʟʨʘʭʫʥʢʠ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʜʥʦʢʨʘʪʥʦ ʽʦʥʽʟʦʚʘʥʦʛʦ ʚʘʥʘʜʽʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʣʝʞʥʠʭ ʚʽʜ ʪʝʨʤʫ ʥʝʦʨʪʦʛʦʥʘʣʴʥʠʭ ʦʨʙʽʪʘʣʝʡ ......................... 72 

ʂʦʚʪʫʥ ʊ.ʇ., ʂʘʨʙʦʚʘʥʝʮʴ ʄ.ɯ. 
ɺʧʣʠʚ ʢʫʣʦʥʽʚʩʴʢʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʦʾ ʽʦʥ-

ʘʪʦʤʥʦʾ ʧʝʨʝʟʘʨʷʜʢʠ ................................................................................................. 75 

ʅʝʤʝʰ ɻ.ɯ., ʅʦʜʴ ɭ.ɸ. 
ɻʣʠʙʠʥʥʝ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʦʙôʻʢʪʽʚ ...................................................................................................................... 77 



 

10 

Tsiplenkova A.V., Dmytriiev M.S. 
Conditions for the emergence of deterministic chaos in the motion of a double 

pendulum in a homogeneous electrostatic field .......................................................... 79 

ɼɺʀɻʋʅʀ ʊɸ ɽʅɽʈɻɽʊʀʏʅɯ ʋʉʊɸʅʆɺʂʀ. 

ɽʅɽʈɻʆɿɸɹɽɿʇɽʏɽʅʅʗ ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɯɺ .............................. 82 

ɸʢʩʴʦʥʦʚ ʆ.ʉ. 
ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʽʤʧʫʣʴʩʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ....................................................................... 83 

ɸʪʘʤʘʥʯʫʢ ɯ.ʈ., ʂʦʣʦʩʢʦʚʘ ɻ.ʄ. 
ʆʧʪʠʤʽʟʘʮʽʷ ʤʘʩʠ ʢʦʨʧʫʩʫ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 

ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ......................................................................................... 85 

ɹʘʛʣʘʡ ʆ.ɺ., ɹʽʣʦʛʫʨʦʚ ʉ.ʆ. 
ʐʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʨʫʰʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʘʣʠʚʽ ʜʣʷ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ .............................................................. 88 

ɹʘʞʘʥʦʚ ɸ.ʄ., ɻʫʙʽʥ ʉ.ɺ. 
ɸʥʘʣʽʟ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʟʘ ʪʝʤʥʦʚʦʶ ʚʦʣʴʪ-

ʘʤʧʝʨʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ .................................................................................... 90 

ɹʘʨʘʥʦʚ ʄ.ɺ., ɻʫʙʽʥ ʉ.ɺ. 
ʊʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦ-ʨʫʭʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʩʤʽʯʥʦʛʦ ʙʫʢʩʠʨʘ ʥʘ 

ʦʩʥʦʚʽ ʚʦʜʥʝʚʦ-ʢʠʩʥʝʚʦʾ ʩʠʩʪʝʤʠ ............................................................................ 93 

ɻʦʣʫʙʝʥʢʦ ɻ.ʈ. 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʃʘʤʙʝʨʪʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʙʘʛʘʪʦʧʝʨʝʭʽʜʥʦʛʦ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ .......................................... 95 

ɼʦʙʨʦʜʦʤʦʚ ʆ.ʆ., ɼʦʙʨʦʜʦʤʦʚ ʆ.ʆ., ʂʫʣʠʢ ʆ.ɺ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʟʚôʷʟʥʠʢʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʨʘʢʝʪʥʠʭ ʟʘʨʷʜʽʚ ........................................................................... 97 

ʂʦʩʠʭ ɼ.ɯ., ɹʽʣʦʛʫʨʦʚ ʉ.ʆ. 
ʆʛʣʷʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʫʨʙʦʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʟ 

ʜʦʧʘʣʶʚʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʪʷʛʦʶ ʜʦ 10 ʪʦʥ ............................................ 100 

ʂʨʘʚʯʝʥʢʦ ʄ.ʖ., ʂʦʣʦʩʢʦʚʘ ɻ.ʄ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʣʽʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʤʧʫʣʴʩʥʠʭ ʪʚʝʨʜʦʪʦʧʘʣʠʚʥʠʭ 

ʜʚʠʛʫʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʾʭ ʟʘʨʷʜʫ .......................................................... 103 



11 

ʄʽʥʘʢʦʚ ʖ.ʆ., ʄʽʪʽʢʦʚ ʖ.ʆ. 
ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʛʘʩ-ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ .. 106 

ʇʘʚʣʝʥʢʦ ɸ.ɸ., ʄʽʪʽʢʦʚ ʖ.ʆ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʘʢʝʪʥʠʭ ʧʘʣʠʚ ʧʽʜ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʝʢʦʣʦʛʽʾ . 109 

ʉʣʶʩʘʨʻʚ ɺ.ɺ., ɹʫʯʘʨʩʴʢʠʡ ɺ.ʃ. 
ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʦʨʝʙʨʝʥʥʷ ʚ ʪʨʘʢʪʘʭ ʢʘʤʝʨ 

ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʘʜʠʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ....................... 111 

ʉʪʦʣʷʨʯʫʢ ɺ.ɺ., ʉʝʤʝʥʝʥʢʦ ʇ.ɺ., ɿʘʚʝʨʫʭʘ ɺ.ɺ. 
ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʢʪʠʚʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ 

ʜʚʠʛʫʥʘ .................................................................................................................... 113 

ʉʪʨʫʢʦʚ ʆ.ʖ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ................. 116 

ʏʝʨʥʷʚʩʴʢʠʡ ʆ.ʉ. 
ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʞʠʚʣʝʥʥʷ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ................................. 118 

Chorna V., Karpovych O. 
Analysis of the design and measurement parameters of the Hall thruster ................ 121 

ʐʝʡʢʦ ɿ.ɺ., ɹʦʥʜʘʨʝʥʢʦ ʉ.ɻ. 
ɸʥʘʣʽʟ ʽ ʧʦʨʽʚʥʷʥʥʷ ʈʈɼ ʪʘ ʈɼʊʇ ʷʢ ʜʚʠʛʫʥʽʚ ʘʚʽʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʫʨʘʞʝʥʥʷ 

ʥʘ ʧʨʠʢʣʘʜʽ ʨʘʜʷʥʩʴʢʠʭ ʨʘʢʝʪ ʢʣʘʩʫ çʧʦʚʽʪʨʷ-ʧʦʚʝʨʭʥʷè ................................... 123 

ɼʀʅɸʄɯʂɸ, ɹɸʃɯʉʊʀʂɸ ʊɸ ʂɽʈʋɺɸʅʅʗ ʈʋʍʆʄ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ............................................................................... 126 

ʃʘʧʭʘʥʦʚ ɽ.ʆ. 
ʆʮʽʥʢʠ ʟʘʛʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪʘʣʴʥʦʾ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ ....................................................... 127 

ʊʽʥʷʢʦʚ ɺ.ʆ., ʃʘʙʫʪʢʽʥʘ ʊ.ɺ. 
ɹʘʣʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ ʢʝʨʫʚʘʥʥʷ ʩʝʘʥʩʦʤ ʟʚôʷʟʢʫ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ ................................................................ 130 

ʏʘʡʢʽʥ ɼ.ʄ., ʃʘʙʫʪʢʽʥʘ ʊ.ɺ. 
ʇʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʘ ʪʦʧʦʣʦʛʽʷ ʩʫʧʫʪʥʠʢʚʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʥʘ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʦʨʙʽʪʘʣʴʥʠʭ ʩʝʛʤʝʥʪʘʭ. ɹʘʣʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ ......................................................... 133 



 

12 

ʆʉɺʆɭʅʅʗ ʄɯʉʗʎʗ ʊɸ ʇʃɸʅɽʊ ........................................................... 136 

ɻʫʩʘʨʦʚʘ ɯ.ʆ., ʆʩʽʥʦʚʠʡ ɯ.ɻ. 
ɺʠʜʦʙʫʪʦʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʄʽʩʷʮʽ .............................................................. 137 

ɼʘʥʠʣʶʢ ɺ.ɼ., ʂʦʟʽʩ ɯ.ɭ., ʆʩʽʥʦʚʠʡ ɯ.ɻ. 
ʇʨʦʙʣʝʤʠ ʦʪʨʠʤʘʥʥʷ ʘʣʶʤʽʥʽʶ ʟ ʤʽʩʷʯʥʦʛʦ ˇʨʫʥʪʫ ........................................... 139 

ʃʠʩʝʥʢʦ ʗ.ɸ., ʇʫʩʪʦʚʛʘʨʦʚ ɸ.ɸ., ʆʩʽʥʦʚʠʡ ɻ.ɻ. 
ʂʦʥʮʝʧʮʽʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ (ʞʠʪʣʦʚʦʛʦ ʪʘ ʰʣʶʟʦʚʦʛʦ) ʤʦʜʫʣʷ ʤʽʩʷʯʥʦʾ ʙʘʟʠ .. 141 

ʈʘʜʯʝʥʢʦ ʃ.ɺ., ɺʦʨʦʙʡʦʚ ɺ.ɺ., ʐʠʣʦ ʆ.ʉ. 
ɸʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʽ ʘʩʧʝʢʪʠ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ ʽ ʄʘʨʩʫ .......................... 144 

ʉʝʤʝʥʝʥʢʦ ɭ.ɺ., ʉʝʤʝʥʝʥʢʦ ʇ.ɺ., ɹʝʣʷʻʚ ʄ.ʄ. 
ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʽʣʷʥʢʠ ʚʠʜʦʙʫʪʢʫ ʤʽʩʷʯʥʦʛʦ ʨʝʛʦʣʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʥʝʢʫ ....................................................................................................................... 147 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ. ʉʀʉʊɽʄʀ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ. 

ʈɸɼɯʆɽʃɽʂʊʈʆʅʅɸ ɸʇɸʈɸʊʋʈɸ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅʀʍ 

ʉʀʉʊɽʄ ............................................................................................................ 150 

ɼʴʷʯʦʢ ɯ.ʄ., ʂʣʠʤʝʥʢʦ ʆ.ɼ., ʃʘʟʘʨʻʚʘ ʖ.ɯ. 
ʈʦʟʨʦʙʢʘ ʜʦʜʘʪʢʫ çFuture School VR Chemistryè ................................................. 151 

ɯʛʥʘʪʝʥʢʦ ɯ.ɻ., ʂʣʠʤʝʥʢʦ ʉ.ɺ. 
ʂʚʘʥʪʦʚʘ ʢʨʠʧʪʦʛʨʘʬʽʷ ʚ ʢʽʙʝʨʙʝʟʧʝʮʽ: ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ............ 154 

ɯʣʫʮʘ ɸ.ʉ., ʇʘʚʣʝʥʢʦ ɺ.ɼ. 
Web-ʦʨʽʻʥʪʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʘʡʪʨʝʢʽʥʛʫ ........... 157 

ʂʣʠʤʝʥʢʦ ʆ.ɼ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ ʪʘ ʌʨʦʥʮʠʥʽ .................................................................... 160 

ʂʦʥʴʢʦ ɺ.ʂ., ʂʣʠʤʝʥʢʦ ʆ.ɼ., ʂʣʠʤʝʥʢʦ ʉ.ɺ. 
ɽʚʦʣʶʮʽʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʣʠʢʠ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ 

ʚʧʣʠʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ .................................................................................... 163 

ʂʫʣʽʥʽʯ ɺ.ɺ., ɹʫʭʘʨʦʚ ʉ.ɺ. 
ʂʦʥʽʯʥʘ ʩʧʽʨʘʣʴʥʘ ʘʥʪʝʥʘ ʟ ʚʢʣʶʯʝʥʠʤʠ ʽʥʜʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ................ 166 



13 

ʃʫʢʘʰʫʢ ɼ.ʂ., ʇʘʚʣʝʥʢʦ ɺ.ɼ. 
ɹʘʡʻʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʘʡʪʨʝʢʽʥʛʫ..................................................................................................... 168 

ʃʶʙʽʤʦʚ ʆ.ɺ. 
ʇʦʙʫʜʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʂɸ ʟ ʥʝʪʨʘʜʠʮʽʡʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ............................................................. 171 

ʄʠʛʦʚʠʯ ʖ.ʉ., ʂʣʠʤʝʥʢʦ ʉ.ɺ. 
ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʽʣʦʤʝʥʪʥʦʾ ʥʘʤʦʪʢʠ 

ʚʠʨʦʙʽʚ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ......................................................................... 174 

Murashko O., Tkachov Y. 
Aerospace design based on semantic vector search and transfer learning ................ 177 

ʄʫʭʽʥ ɸ.ɸ., ʇʝʪʨʝʥʢʦ ʆ.ʄ. 
ʆʛʣʷʜ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʥʘʛʣʷʜʫ ʟʘ ʩʪʘʥʦʤ 

ʟʜʦʨʦʚôʷ ʚʦʜʽʷ ......................................................................................................... 180 

ʅʝʟʛʫʨʦʚ ʉ.ʉ., ʂʣʠʤʝʥʢʦ ʆ.ɼ., ʃʘʟʘʨʻʚʘ ʖ.ɯ. 
ʈʦʟʨʦʙʢʘ VR-ʜʦʜʘʪʢʫ çFuture School VR Defence of Ukraineè ........................... 182 

ʈʘʜʽʦʥʦʚ ɭ.ɼ. 
ʆʛʣʷʜ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ..................................................................... 185 

ʉʘʚʝʥʢʦ ɯ.ʉ., ɹʫʭʘʨʦʚ ʉ.ɺ. 
ɼʨʫʢʦʚʘʥʘ ʣʦʛʦʧʝʨʽʦʜʠʯʥʘ ʘʥʪʝʥʘ ʥʘ ʙʘʟʽ ʜʠʧʦʣʝʡ ʟ ʚʢʣʶʯʝʥʠʤʠ 

ʽʥʜʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ..................................................................................... 188 

ʉʝʨʜʶʢ ʂ.ʆ., ʂʣʠʤʝʥʢʦ ʉ.ɺ., ʃʘʟʘʨʻʚʘ ʖ.ɯ. 
ʈʦʟʨʦʙʢʘ ʨʦʟʫʤʥʦʛʦ ʰʫʢʘʯʘ ʜʣʷ ʪʝʣʝʩʢʦʧʘ .......................................................... 190 

ʉʠʟʦʥʝʥʢʦ ʈ.ʄ. 
ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤʘʭ ........ 193 

ʉʫʩʣʦʚʘ ʄ.ʄ., ʂʣʠʤʝʥʢʦ ʉ.ɺ. 
ɼʘʨʢʥʝʪ ʪʘ ʘʥʦʥʽʤʥʽ ʤʝʨʝʞʽ ʤʝʪʦʜʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʟʫ .............................. 196 

ʊʢʘʯʦʚ ʉ.ʇ., ʄʽʥʘʡ ʆ.ʄ. 
ɸʣʛʦʨʠʪʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ð ɼʇ çʂɹ çʇɯɺɼɽʅʅɽè ........................................... 199 



 

14 

ʄɽʊʆɼʀ ʅɽʈʋʁʅɯɺʅʆɻʆ ʂʆʅʊʈʆʃʖ ʋ ɺʀʈʆɹʅʀʎʊɺɯ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ............................................................................... 201 

ʃʽʪʦʪ ʆ.ɺ., ʄʘʥʴʢʦ ʊ.ɸ. 
ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʦʙʦʣʦʥʦʢ ʽʟ 

ʚʫʛʣʝʧʣʘʩʪʠʢʫ ......................................................................................................... 202 

ʄʽʥʘʡ ʆ.ʄ. 
ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʦʻʢʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ .............................................................................. 204 

ʉʘʟʦʥʦʚ ʇ.ʆ., ʂʣʠʤʝʥʢʦ ʉ.ɺ. 
ʈʦʟʨʘʭʫʥʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ.................................................................................. 207 

ɽʂʆʃʆɻɯʗ ʂʆʉʄʆʉʋ .................................................................................. 210 

ʇʝʪʨʝʥʢʦ ʈ.ɺ., ɿʦʣʦʪʴʢʦ ʆ.ɺ. 
ʆʮʽʥʢʘ ʘʢʫʩʪʠʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ........................................................................ 211 

ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ ʊɸ ʏʀʉɽʃʔʅɯ ɽʂʉʇɽʈʀʄɽʅʊʀ ........... 213 

Alieksieienko V., Bucharski V. 
Modeling of gas flow in pneumatic systems of LRE based on local models of 

system elements........................................................................................................ 214 

ɹʦʣʶʙʘʰ ɭ.ʉ. 
ɸʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ 

ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʶ ʚ ʧʝʨʝʰʢʦʜʫ ................................................................ 216 

ɹʫʢʦʚʩʴʢʘ ɼ.ɺ., ɸʥʪʦʥʶʢ ɺ.ʉ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʧʦʨʮʽʡʥʦʾ 

ʥʘʚʽʛʘʮʽʾ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʡʥʦ-

ʽʛʨʦʚʦʛʦ ʧʽʜʭʦʜʫ ..................................................................................................... 218 

ɹʫʢʦʚʩʴʢʠʡ ʆ.ʄ., ɺʠʩʣʦʫʭ ʉ.ʇ. 
ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʤʽʞʙʣʦʢʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟôʻʜʥʘʥʴ ... 221 

ʉʘʪʦʢʽʥ ɺ.ɺ. 
ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʦʨʥʦʾ ʨʘʤʠ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʘʢʝʪ 

ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʾʾ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ......................... 224 



15 

ʅɽʊʈɸɼʀʎɯʁʅɯ ɯɼɽɰ ʊɸ ʇʈʆɽʂʊʀ ......................................................... 227 

ɻʦʣʫʙ ɺ.ɸ., ʐʝʧʝʪʦʚ ʖ.ʆ. 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (MPPT) ʚ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʷʭ .............................................................. 228 

ɼʷʜʯʝʥʢʦ ɻ.ʆ., ʐʝʚʮʦʚ ɺ.ʖ. 
ʎʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ........... 231 

ɾʫʛʘʥ ʆ.ʉ. 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʝʨʦʩʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʫ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʫ ʜʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ......................................................... 234 

ɿʝʣʝʥʠʡ ɺ.ʇ., ʐʝʚʮʦʚ ɺ.ʖ. 
ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʟ ʧʦʪʦʢʦʤ ʨʝʯʦʚʠʥʠ ...................................... 237 

ɿʝʣʝʥʠʡ ɺ.ʇ., ʐʝʚʮʦʚ ɺ.ʖ. 
ʆʧʪʠʤʘʣʴʥʽʩʪʴ ʢʦʣʦʚʠʭ ʝʢʚʘʪʦʨʽʘʣʴʥʠʭ ʦʨʙʽʪ ʜʣʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ............... 240 

ʉʘʣʽʡ ʉ.ɺ., ʃʘʙʫʪʢʽʥʘ ʊ.ɺ. 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ ʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ. 

çʢʘʨʢʘʩʥʽè ʟʚôʷʟʢʠ ʽ ʟʚôʷʟʢʠ çʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫè .......................................... 243 

ʉʝʤʝʥʝʥʢʦ ʄ.ʆ., ʐʝʚʮʦʚ ɺ.ʖ. 
ʂʦʩʤʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ........................................................................................... 246 

ʉʪʨʷʧʘʥ ʉ.ʆ., ʐʝʚʮʦʚ ɺ.ʖ. 
ʄʦʜʠʬʽʢʘʮʽʷ ʧʨʦʪʠʛʨʘʜʦʚʠʭ ʨʘʢʝʪ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ............................................................................................................ 249 

ʊʦʢʘʨʩʴʢʠʡ ɯ.ʄ., ɻʘʙʨʽʥʝʮʴ ɺ.ʆ. 
ɺʠʜʠ ʪʘ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʛʘʟʦʚʠʭ ʧʘʣʴʥʠʢʽʚ ʚ ʢʦʪʣʘʭ ʦʧʘʣʝʥʥʷ ...................... 251 

ʇʈʆɽʂʊʋɺɸʅʅʗ, ɺʀʈʆɹʅʀʎʊɺʆ ʊɸ ɺʀʇʈʆɹʋɺɸʅʅʗ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ............................................................................... 255 

ɼʷʜʯʝʥʢʦ ɻ.ʆ., ʍʦʨʦʣʴʩʴʢʠʡ ʄ.ʉ. 
ɺʠʩʦʢʦʷʢʽʩʥʽ ʟʥʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʷʢ ʟʘʧʦʨʫʢʘ ʰʚʠʜʢʦʾ ʚʽʜʙʫʜʦʚʠ 

ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ................................................................................................. 256 

ɼʷʜʶʢ ɸ.ʉ. 
ʊʦʨʦʥʘʤʦʪʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʦʙʦʣʦʥʦʢ 

ʨʘʢʝʪ-ʥʦʩʽʾʚ ............................................................................................................. 259 



 

16 

ɯʚʘʥʝʥʢʦ ʈ.ʆ., ɺʦʣʦʰʢʦ ʆ.ɺ. 
ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʘ ʨʽʟʘʥʥʷ ............................................... 262 

ʂʘʨʘʢʘʡ ʄ.ʖ., ʂʘʨʘʢʘʡ ɸ.ʆ., ʂʘʨʧʦʚʠʯ ɯ.ɯ. 
ɹʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ .................................. 264 

ʂʫʮʝʣʘ ɼ.ʊ., ʂʘʨʧʦʚʠʯ ɯ.ɯ. 
ʆʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʣʘʜʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʣʝʤʝʥʪʽʚ 

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ................................................................................................... 266 

ʃʝʚʯʝʥʢʦ ɽ.ʆ., ʂʘʨʘʢʘʡ ɸ.ʆ., ʂʘʨʧʦʚʠʯ ɯ.ɯ. 
ɿʘʩʪʦʩʫʚʘʥʥʷ CAD, CAM, CAE-ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ....... 268 

ʅʦʩʢʦʚʘ ʅ.ʉ., ʂʘʨʧʦʚʠʯ ʆ.ɺ. 
ɸʥʘʣʽʟ ʢʦʤʧʦʥʦʚʦʢ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʙʧʣʘ ʟʽ 

ʩʧʽʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʾ ʨʽʟʢʠ ...................................................... 270 

ʉʝʣʶʪʽʥ ʄ.ɺ., ʇʝʨʝʨʚʘ ɺ.ʆ. 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʠʧʫ çʩʪʘʢʘʥè ʜʣʷ ʘʚʽʘʮʽʡʥʦʾ ʪʘ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ................................................................................... 273 

ʉʝʤʝʥʝʥʢʦ ʄ.ʆ., ʍʦʨʦʣʴʩʴʢʠʡ ʄ.ʉ. 
ʄʘʡʙʫʪʥʴʦʤʫ ʧʦʢʦʣʽʥʥʶ ʥʘʣʝʞʠʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʻʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ........... 276 

ʉʽʨʝʥʢʦ ʄ.ʂ., ʂʘʨʧʦʚʠʯ ʆ.ɺ. 
ʄʝʪʦʜʠ ʥʘʧʦʚʥʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʚʦʣʦʢʥʦʤ ʜʝʪʘʣʝʡ ʈʂʃɸ, ʱʦ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʘʤʠ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ...................................................... 280 

ʋʜʦʚʠʯʝʥʢʦ ɼ.ʆ. 
ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʥʝʚʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪʠ-

ʥʦʩʽʷ ......................................................................................................................... 282 

ɹɽɿʇɯʃʆʊʅɯ ʉʀʉʊɽʄʀ ɯ ʂʆʄʇʃɽʂʉʀ ................................................ 284 

ʂʝʡʛʣ ɼ.ʆ., ʂʦʣʦʩʢʦʚʘ ɻ.ʄ., ɹʝʪʽʥ ɼ.ʆ. 
ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʦʩʥʘʱʝʥʠʭ 

ʨʽʜʠʥʥʠʤ ʨʘʢʝʪʥʠʤ ʜʚʠʛʫʥʦʤ................................................................................ 285 

ʂʦʩʪʝʥʢʦ ɺ.ʆ. 
ɸʥʘʣʽʟ ʘʣʛʦʨʠʪʤʽʚ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʜʣʷ ʛʨʫʧʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʧʣʘ .. 288 

ʄʘʥʦʡʣʦ ʄ.ʆ., ʄʘʤʯʫʨ ʉ.ɯ. 
ʇʨʦʙʣʝʤʘʪʠʢʘ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʬʫʥʢʮʽʻʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʟʣʴʦʪʫ ʪʘ ʧʦʩʘʜʢʠ ................................................................................................... 290 



17 

ʇʦʛʦʨʻʣʦʚ ɹ.ʖ., ʇʦʚʰʝʥʢʦ ʆ.ɸ. 
ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʦʨʪʘʪʠʚʥʠʡ ʢʦʤʧʣʝʢʩ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 293 

ʈʠʩʝʥʢʦ ɻ.ɸ., ʂʘʨʧʦʚʠʯ ɯ.ɯ. 
ɯʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʜʨʦʥʽʚ ʫ 

ʙʦʡʦʚʠʭ ʫʤʦʚʘʭ ...................................................................................................... 296 

Suima I.P. 
Linguistic aspects of unmanned aerial vehicles control (based on material of the 

English language) ..................................................................................................... 299 

ʂʆʅʉʊʈʋʂʎɯʁʅɯ ʊɸ ʌʋʅʂʎɯʆʅɸʃʔʅɯ ʄɸʊɽʈɯɸʃʀ ..................... 302 

ɹʫʰʪʨʫʢ ʉ.ɯ., ʄʠʨʦʥʦʚʘ ʊ.ʄ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ 

ʩʧʣʘʚʫ 1.4859 ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ PBF-LB/M ............................................................. 303 

ɻʘʣʫʰʢʘ ɭ.ʇ., ʍʫʪʦʨʥʠʡ ɺ.ɺ. 
ʇʝʨʩʧʝʢʪʠʚʠ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʦʤʽʪʥʦʩʪʽ ʃɸ ............................................................................. 306 

ɭʩʽʢʦʚ ʂ.ʖ., ʊʦʤʽʥʘ ɸ.ʄ., ɹʘʰʝʚ ɺ.ʌ. 
ɺʧʣʠʚ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʩʠʩʪʝʤʠ Al-Mn ʥʘ ʧʦʢʘʟʥʠʢ ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ 

ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ................................................................. 309 

ʄʫʨʘʰʢʦ ɺ.ɺ., ʄʘʥʴʢʦ ʊ.ɸ. 
ʂʦʤʧʦʟʠʮʽʡʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʚ ʩʫʯʘʩʥʦʤʫ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ ............................... 311 

ʇʦʜʣʻʩʥʠʡ ɹ.ɯ., ʃʽʩʪʨʘʪʝʥʢʦ ʆ.ʄ., ʐʝʧʝʪʦʚ ʖ.ʆ., ʂʨʘʚʯʝʥʢʦ ʆ.ɺ., ɹʦʨʱʦʚ ɯ.ɺ. 
ʊʝʧʣʦʧʨʦʚʽʜʥʽ ʪʝʨʤʦʽʥʪʝʨʬʝʡʩʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ............... 313 

ʇʦʜʦʣʴʩʴʢʠʡ ʈ.ɺ., ɸʜʞʘʤʩʴʢʠʡ ʉ.ɺ., ʂʦʥʦʥʝʥʢʦ ɻ.ɸ. 
ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʪʝʨʤʽʯʥʦʤʫ ʦʙʨʦʙʣʝʥʽ ʩʧʣʘʚʫ LPBF-ALSi10Mg....................... 317 

ʇʦʧʽʣʴ ʆ.ɯ., ʊʦʤʽʥʘ ɸ.ʄ., ɹʘʰʝʚ ɺ.ʌ. 
ɺʧʣʠʚ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʩʠʩʪʝʤʠ Al-Cr ʥʘ ʪʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʙʝʟ ʟʤʘʱʝʥʥʷ ............... 320 

ʈʦʤʝʥʩʴʢʘ ʆ.ʇ., ɼʝʨʝʚʷʥʢʦ ɯ.ɯ., ɻʘʣʘʛʘʥ ʇ.ʆ. 
ɺʧʣʠʚ ʪʠʧʫ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ................................................................................. 322 



 

18 

ʉʢʣʷʨʩʴʢʠʡ ɯ.ɸ., ʉʘʥʽʥ ɸ.ʌ. 
ɺʧʣʠʚ ʝʨʦʟʽʡʥʦʾ ʢʘʚʽʪʘʮʽʾ ʥʘ ʤʘʪʝʨʽʘʣʠ ................................................................ 325 

ʉʦʨʦʯʠʥʩʴʢʠʡ ɺ.ɺ., ʍʦʨʦʰʠʣʦʚ ʉ.ɺ. 
ɯʤʧʫʣʴʩʥʝ ʢʝʨʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʫ ʢʦʚʟʥʦʤʫ 

ʨʝʞʠʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ........................................... 328 

ʉʧʦʜʦʙʝʮʴ ɸ.ɸ., ʉʘʥʽʥ ɸ.ʌ. 
ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ... 330 

ʍɯʄɯʏʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʈɸʂɽʊʅɯʁ ʊɽʍʅɯʎɯ ..................................... 333 

ɸʨʭʠʧʦʚʘ ʄ.ɼ., ʇʦʣʦʥʩʴʢʠʡ ɺ.ɸ. 
ʉʠʥʪʝʟ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ .......................................... 334 

ɹʫʪ ʊ.ʆ., ɺʘʨʛʘʣʶʢ ɺ.ʌ., ɹʦʨʱʝʚʠʯ ʃ.ɺ., ʉʪʝʮʴ ʅ.ɺ. 
ʇʦʯʘʪʢʦʚʽ ʩʪʘʜʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʦʙʘʣʴʪʫ ʚ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ........................ 337 

ʃʘʛʫʪʘ ʆ.ɺ., ɺʘʨʛʘʣʶʢ ɺ.ʌ., ʇʦʣʦʥʩʴʢʠʡ ɺ.ɸ. 
ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʢʠʩʣʦʛʦ ʤʘʣʝʾʥʘʪʫ 

Cu+ ........................................................................................................................... 341 

ʇʝʨʝʧʽʯʘʡ ʗ.ʖ., ɺʘʨʣʘʥ ʂ.ɭ., ʏʝʨʚʘʢʦʚ ʆ.ɺ., ɹʝʣʷʥʦʚʩʴʢʘ ʆ.ɸ. 
ʉʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʪʘ ʜʦʩʪʫʧʥʦʾ ʩʠʨʦʚʠʥʠ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʨʘʢʝʪʥʠʭ ʪʚʝʨʜʠʭ ʧʘʣʠʚ .................................................................... 344 

ʉʫʚʦʨʦʚʘ ʖ.ʆ., ɺʘʨʣʘʥ ʂ.ɭ., ʏʝʨʚʘʢʦʚ ʆ.ɺ., ʉʫʭʠʡ ʂ.ʄ., ɺʦʨʦʥʢʦʚʘ ɺ.ʃ. 
ʂʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʘʣʽʬʘʪʠʯʥʠʭ ʽʟʦʮʽʘʥʘʪʽʚ, ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʽ 

ʘʩʧʘʨʘʛʽʥʦʚʠʭ ʩʤʦʣ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʟʚôʷʟʫʚʘʣʴʥʽ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ................................................................................................................ 347 

ʊʠʤʦʰʝʥʢʦ ʂ.ɯ., ʇʘʣʴʯʠʢʦʚ ɺ.ʆ. 
ʉʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚʽ ʬʝʨʦʮʝʥʘʣʴʜʝʛʽʜʫ ............................ 350 

ɼʀʉʊɸʅʎɯʁʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ɿɽʄʃɯ ................................................ 352 

ɸʜʽʣʦʚ ɼ.ʂ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʥʘʜʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ 

ʚʠʜʠʤʦʛʦ ʪʘ ɯʏ ʜʽʘʧʘʟʦʥʽʚ ...................................................................................... 353 

ɹʣʦʭʘ ɸ.ɺ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʉʫʧʫʪʥʠʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʠʥʘʤʽʢʠ ʫʨʙʘʥʽʟʘʮʽʾ ʟʘ ʜʘʥʠʤʠ ʥʽʯʥʦʾ ʟʡʦʤʢʠ 

vnir ʜʽʘʧʘʟʦʥʫ .......................................................................................................... 356 



19 

ɻʫʥʯʘʢ ɺ.ɺ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʆʧʝʨʘʪʠʚʥʘ ʩʫʧʫʪʥʠʢʦʚʘ ʟʡʦʤʢʘ ʧʨʦʪʷʞʥʠʭ ʽ ʩʣʘʙʢʦʢʦʥʪʨʘʩʪʥʠʭ ʜʽʣʷʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ......................................................................................................... 359 

ɿʚʻʨʻʚ ɸ.ʖ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʄʝʪʦʜʦʣʦʛʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʟʽ ʩʫʧʫʪʥʠʢʽʚ 

Suomi NPP ʪʘ NOAA-20 ......................................................................................... 362 

ʂʘʣʶʞʥʠʡ ɺ.ʖ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʣʽʥʽʾ ʩʫʧʫʪʥʠʢʘ ɼɿɿ .......................................... 365 

ʂʦʧʠʣʴʯʝʥʢʦ ɼ.ʆ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʟʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ....................................................................................... 368 

ʄʘʡʤʫʨ ɹ.ʉ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʣʽʥʽʾ ʩʫʧʫʪʥʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ ........................................................................................................................ 371 

ʈʦʞʢʦʚ ɸ.ɼ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʇʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʤʘʨʥʦʩʪʽ .... 374 

ʈʫʧʽʯ ʉ.ʉ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ . 377 

ʉʦʨʦʢʽʥ ɺ.ɸ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ ........................................................................................................................ 380 

ʊʝʦʢʦʣʢʽʥ ɼ.ʄ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʤʘʨʥʦʩʪʽ ʪʘ ʪʽʥʽ ʚʽʜ ʭʤʘʨ 

ʥʘ ʤʫʣɹʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʘʭ ʟʽ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2A/B ............................. 383 

ʋʢʨʘʾʥʝʮʴ ʆ.ʖ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʨʠʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ..................................... 386 

ʎʠʩʝʣʴʩʢʠʡ ʈ.ɸ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʟʥʽʤʢʘʤʠ ʟʽ ʩʫʧʫʪʥʠʢʘ DubaiSat-2.................................... 389 

ʏʫʭʥʽʥ ɼ.ɽ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʦʨʽʻʥʪʘʮʽʻʶ ʩʫʧʫʪʥʠʢʘ ʧʽʜ ʯʘʩ 

ʟʡʦʤʢʠ ..................................................................................................................... 392 



 

20 

ʐʧʘʢʦʚʩʴʢʠʡ ɺ.ʉ., ʄʦʟʛʦʚʠʡ ɼ.ʂ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʥʠʭ ʟʦʙʨʘʞʝʥʴ NDWI ʪʘ MNDWI 

ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʟʥʽʤʢʘʤʠ ʟʽ ʩʫʧʫʪʥʠʢʘ Landsat-8 ................................. 395 

ɽʂʆʅʆʄɯʂɸ ʊɸ ʂʆʄɽʈʎɯɸʃɯɿɸʎɯʗ ʂʆʉʄɯʏʅʆɰ ɼɯʗʃʔʅʆʉʊɯ 398 

ɭʣʴ ʄʫʪʘʭʽʜ ɸ.ʈ., ʑʝʨʙʠʥʘ ʅ.ɺ. 
ɸʩʪʨʦʥʦʤʽʷ ʷʢ ʩʬʝʨʘ ʢʨʠʪʠʯʥʠʭ ʟʥʘʥʴ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʪʘ 

ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ .................................................................... 399 

ʆʯʝʨʝʪʷʥʠʡ ɹ.ʈ., ɼʞʫʨ ʆ.ɭ. 
ʄʘʨʢʝʪʠʥʛʦʚʽ ʩʪʨʘʪʝʛʽʾ Boeing ʫ ʢʦʥʪʝʢʩʪʽ ʛʣʦʙʘʣʴʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ 

ʘʝʨʦʢʦʩʤʽʯʥʦʤʫ ʨʠʥʢʫ ........................................................................................... 402 

ʊʢʘʯʦʚ ʉ.ʇ., ʄʽʥʘʡ ʆ.ʄ. 
ɯʥʪʝʛʨʘʮʽʷ ʩʤʘʨʪ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʣʽʢʦʚʠʭ ʦʧʝʨʘʮʽʡ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ .............................................................. 405 

ʊʢʘʯʦʚ ʉ.ʇ., ʉʝʤʝʥʝʥʢʦ ʇ.ɺ. 
ʈʦʟʛʣʷʜ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ............. 407 

ʅɸʅʆʊɽʍʅʆʃʆɻɯɰ ʊɸ ʅɸʅʆʄɸʊɽʈɯɸʃʀ ɺ ʈʂʊ............................... 410 

ɹʘʢʫʥ ɹ.ʊ., ʅʦʩʦʚʘ ʊ.ɺ., ʄʘʤʯʫʨ ʉ.ɯ. 
ɸʜʠʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʨʦʙʦʯʠʭ ʢʦʣʝʩ ʜʣʷ ʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ......... 411 

ɻʘʣʫʰʢʘ ɭ.ʇ., ʄʘʤʯʫʨ ʉ.ɯ., ʅʦʩʦʚʘ ʊ.ɺ., ʍʫʪʦʨʥʠʡ ɺ.ɺ. 
ʄʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʥʘʥʦʧʦʨʦʰʢʽʚ...................................................... 414 

ɼʷʜʯʝʥʢʦ ɻ.ʆ., ʅʦʩʦʚʘ ʊ.ɺ., ʄʘʤʯʫʨ ʉ.ɯ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʘʤʠ ʽʦʥʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ....................................................................... 418 

ʂʫʧʢʘ ɺ.ɺ., ʅʦʩʦʚʘ ʊ.ɺ., ʄʘʤʯʫʨ ʉ.ɯ. 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʫ ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ .............................................. 421 

ʂʫʮ ɼ.ɺ., ʄʘʤʯʫʨ ʉ.ɯ., ʅʦʩʦʚʘ ʊ.ɺ. 
ʉʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʘ ʢʦʥʩʦʣʽʜʦʚʘʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ................................ 423 

ʃʘʟʘʨʝʮʴ ʉ.ʉ., ʄʘʤʯʫʨ ʉ.ɯ., ʅʦʩʦʚʘ ʊ.ɺ. 
ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ...................................................... 426 



21 

ʃʠʩʝʥʢʦ ʆ.ɺ., ʄʘʤʯʫʨ ʉ.ɯ., ʅʦʩʦʚʘ ʊ.ɺ. 
ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ .................................................................. 429 

ʄʽʪʷʻʚʘ ɿ.ɸ., ʃʦʬʝʨʜʶʢ ɺ.ɯ., ʄʽʪʷʻʚ ʆ.ɸ. 
ʅʘʥʦ- ʪʘ ʤʽʢʨʦʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʩʧʣʘʚʫ ɸʂ12ʄ2ʄʛʅ ..................... 432 

ʄʦʨʦʟ ʗ.ɺ., ɼʘʚʠʜʶʢ ɸ.ɺ. 
ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ...................................................... 435 

ʈʠʩʝʥʢʦ ɻ.ɸ., ʄʘʤʯʫʨ ʉ.ɯ., ʅʦʩʦʚʘ ʊ.ɺ. 
ʅʘʥʦʤʘʪʝʨʽʘʣʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʥʫʯʢʠʭ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʢʦʩʤʽʯʥʠʭ 

ʩʪʘʥʮʽʷʭ ʪʘ ʩʫʧʫʪʥʠʢʘʭ .......................................................................................... 438 

ʈʠʩʝʥʢʦ ʉ.A., ʅʦʩʦʚʘ ʊ.ɺ., ʄʘʤʯʫʨ ʉ.ɯ. 
ʄʝʪʦʜʠ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚ ʈʂʊ .......... 441 

ʉʝʤʝʥʝʥʢʦ ʄ.ʆ., ʅʦʩʦʚʘ ʊ.ɺ. 
ɿʤʽʮʥʝʥʥʷ çʘʝʨʦʛʝʣʷè ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ........................................ 444 

ʏʫʞʙʦʡʩʴʢʘ ʇ.ɺ., ʄʘʤʯʫʨ ʉ.ɯ., ʅʦʩʦʚʘ ʊ.ɺ. 
ʊʠʧʠ ʩʪʨʫʢʪʫʨ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ .............................................................................. 447 

 



˸˱̇˹˱˿́̎ ˾ˢ˴˩́˹ˮ̆ ˴ ˻˹˿́˾̂˴̇˱˯Σ ˤ˱ˣ˾ˢ̇˱̒Σ ˢ˴̂˿́ˮ̉˹˱ ̆ˤˮ˶˱ ́ˢ ̊̂˸˻ˤ˱ ˩̅˩˴́ˮ 

22 

 ˹ ˢ˽˾̒˸˻˴ 

˙˴ˣ˚˴˞˟˩ ̱̋ ˗˒˟˚˕ˢ ̠˛˚˞˟˝ˠ˗ˣ˴˖ȟ 
ˏ˴ˎ˝ˍˣ˴ˬȟ ˍ˗ˠ˞˟˕ˤ˚˴ s ˏ˕˘˴ 

˟  ̱˥ ˠ˙˛ˏ˴ ˒ ˡ˒˗˟˕ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʦʢʦʣ ɻʘʣʠʥʘ ɯʚʘʥʽʚʥʘ  

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ɼʅʋ 

ʂʣʠʤʝʥʢʦ ɼʤʠʪʨʦ ɺʘʩʠʣʴʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʂɹ çʇʽʚʜʝʥʥʝè 

ɹʘʪʫʪʽʥʘ ʊʝʪʷʥʘ ʗʢʽʚʥʘ  

ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʫ, ʂɹ çʇʽʚʜʝʥʥʝè  

 



̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

23 

ʋɼʂ 656.2.013: [504.6:519.87] 

DOI: 10.62717/2221-4550-2025-1-001 

ɹʘʙʫʨʦʚ ɺ.ɺ. 
ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè 

ORCID 0000-0001-7202-5133 

E-mail: literator11@i.ua 

ʂʣʠʤʝʥʢʦ ɼ.ɺ. 
ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè 

ORCID 0000-0001-7392-0973 

E-mail: Klymenko_dv@hotmail.com 

ɼʆ ɺʀɹʆʈʋ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ɺʀʂʆʅɸʅʅʗ ʉʀʃʆɺʀʍ ɽʃɽʄɽʅʊɯɺ 

ʈʂʊ 
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ʚʦʛʦ ʪʘ ʨʦʟʛʽʥʥʦʛʦ ʩʪʫʧʝʥʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʨʫʣʽʚ ʪʘ ʾʭ ʧʨʠʚʦʜʽʚ, ʧʨʠʣʘ-

ʜʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʝʢʪʥʦʛʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥ-

ʪʽʚ ʚʽʜʩʽʢʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʤʽʮʥʦʩʪʽ, ʤʘʩʠ ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʦʜʘʣʴʰʦʛʦ 

ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʤʽʮʥʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʽʢʫ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʢʘ-

ʟʘʚ, ʱʦ ʚʘʨʽʘʥʪ ʚʽʜʩʽʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ð ʩʠʣʦʚʘ ʦʙʦʣʦʥʢʘ ʧ̔ʜʢ-

ʨ̔ʧʣʝʥʘ ʰʧʘʥʛʦʫʪʘʤʠ ð ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʽʩʪʴ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʥʫʪ-

ʨʽʰʥʽʡ ʦʙôʻʤ ʜʣʷ ʢʦʤʧʦʥʫʚʘʥʥʷ ʚʽʜʩʽʢʫ ʧʨʠʣʘʜʘʤʠ ʪʘ ɸɼʈ, ʧʨʠ ʥʝʧʝʨʝʚʠʱʝʥʽ ʤʘʩʠ ʧʨʦ-

ʝʢʪʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʽʜʩʽʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, 

ʤʽʮʥʽʩʪʴ, ʚʠʧʘʜʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʘʣʢʘ, ʦʙʦʣʦʥʢʘ, ʰʧʘʥʛʦʫʪ. 
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compartment variant using the classical solution ð a power shell supported by frames ð 

provides strength under specified operating conditions and an internal volume for completing 

the compartment with control system devices and ADR, while not exceeding the weight of 

the design variant. 

Keywords: finite element model, stress-strain state, strength, loading cases, beam, 

shell, frame. 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʩʪʘʶʪʴ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʪʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʈʂʊ ʻ ʫʤʦʚʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʘʜʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭ ʤʘʩʠ. ʈʦʟʛʣʷʥʝʤʦ ʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʥʘ ʧʨʠʢʣʘʜʽ ʚʽʜʩʽʢʫ, ʷʢʠʡ 

ʩʣʫʛʫʻ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʤʘʨʰʦʚʦʛʦ ʪʘ ʨʦʟʛʽʥʥʦʛʦ ʩʪʫʧʝʥʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʨʫʣʽʚ (ɸɼʈ) ʪʘ ʾʭ ʧʨʠʚʦʜʽʚ, ʧʨʠʣʘʜʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʝʢʪʥʠʡ ʚʘʨʽʘʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʽʢʫ ʟ ʥʘʩʪʫʧʥʦʶ ʩʠʣʦʚʦʶ ʩʭʝʤʦʶ. 

ɺ̔ ʜʩʽʢ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʣʦʚʠʡ ʢʘʨʢʘʩ ʟ ʯʦʪʠʨʴʦʭ ʙʘʣʦʢ (ʪʨʫʙʠ ʟʽ ʩʪʘʣʽ 45), ʷʢʽ 

ʯʝʨʝʟ ʚʩʪʘʚʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʚʝʨʭʥʽʡ ʪʦʨʮʝʚʠʡ ʰʧʘʥʛʦʫʪ. ʇʦ ʥʠʞʥʴʦʤʫ ʪʦʨʮʶ ʙʘʣʢʠ 

ʟôʻʜʥʘʥʽ ʭʨʝʩʪʦʚʠʥʦʶ. ʇʨʠʙʣʠʟʥʦ ʧʦʩʝʨʝʜʠʥʽ ʙʘʣʦʢ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʦʤʽʞʥʠʡ ʰʧʘʥʛʦʫʪ. 

ʄʽʞ ʪʦʨʮʝʚʠʤ ʪʘ ʧʨʦʤʽʞʥʠʤ ʰʧʘʥʛʦʫʪʦʤ ʚʩʪʘʥʦʚʣʝʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʰʠʚʢʘ, ʱʦ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʽʚʦʙʠʯʘʡʦʢ ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʜʚʦʤʘ ʧʣʘʩʪʠʥʘʤʠ. ɹʘʣʢʠ ʯʝʨʝʟ ʚʩʪʘ-

ʚʢʠ ʟʽ ʩʪʘʣʽ 45 ʟôʻʜʥʫʶʪʴʩʷ ʟ ʧʝʨʝʭʽʜʥʠʢʦʤ ʨʦʟʛʽʥʥʦʛʦ ʙʣʦʢʫ 8-ʤʘ ʛʚʠʥʪʘʤʠ. ʇʝʨʝʭʽʜʥʠʢ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʥʽʯʥʫ ʦʙʦʣʦʥʢʫ ʚʠʢʦʥʘʥʫ ʟʽ ʩʪʘʣʽ 45. ʇʦ ʚʝʨʭʥʴʦʤʫ ʪʦʨʮʶ ʚʠʢʦ-

ʥʘʥʽ ʥʘʧʣʠʚʠ ʜʣʷ ʩʪʠʢʫʚʘʥʥʷ ʟ ʙʘʣʢʘʤʠ ʚʽʜʩʽʢʫ. ʂʨʽʧʣʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʝʚʦʛʦ ʰʧʘʥ-

ʛʦʫʪʫ ʜʦ ʩʫʤʽʞʥʦʛʦ ʚʽʜʩʽʢʫ ð ʢʽʣʴʮʝʚʠʡ ʩʪʠʢ ʟ 6-ʤʘ ʰʧʠʣʴʢʘʤʠ ʨʽʚʥʦʤʽʨʥʦ ʚʩʪʘʥʦʚʣʝ-

ʥʠʤʠ ʧʦ ʢʦʣʫ. ʂʨʽʧʣʝʥʥʷ ʙʘʣʦʢ ʪʘ ʦʙʰʠʚʢʠ ʜʦ ʰʧʘʥʛʦʫʪʽʚ, ʭʨʝʩʪʦʚʠʥʠ ʜʦ ʙʘʣʦʢ ʪʘ ʧʽ-

ʚʦʙʠʯʘʡʦʢ ʜʦ ʧʣʘʩʪʠʥ ð ʛʚʠʥʪʦʚʝ. ʄʘʪʝʨʽʘʣ ʰʧʘʥʛʦʫʪʽʚ, ʦʙʠʯʘʡʢʠ ʪʘ ʚʝʨʭʥʽʭ ʚʩʪʘʚʦʢ 

ð ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ɸʄʛ6ʄ. ɼʽʘʤʝʪʨ ʚʽʜʩʽʢʫ ʧʦ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʥʪʫʨʫ ð 270 ʤʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʦʮʽʥʢʘ ʩʪʘʪʠʯ-

ʥʦʾ ʤʽʮʥʦʩʪʽ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʽʢʫ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʦʩʥʦʚʘʥʦʤʫ ʥʘ ʥʴʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʫ MSC.NASTRAN. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʛʝʦʤʝʪʨʠʯʥʘ ʪʘ ʬʽʟʠʯʥʘ ʥʝʣʽʥʽʡʩʪʴ ʤʘʪʝʨʽʘʣʫ ʡ ʢʦʥʪʘ-

ʢʪʥʘ ʚʟʘʻʤʦʜʽʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʪʠʧ ʘʥʘʣʽʟʫ Multi -Step Structural). 

ʈʦʟʛʣʷʥʫʪʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʧʘʜʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʩʽʢʫ ʧʨʠ ʥʘʟʝʤʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʠʨʦʙʫ, ʩʪʘʨʪʽ ʪʘ ʚ ʧʦʣʴʦʪʽ. ɸʥʘʣʽʟ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʚʠʧʘʜʢʦʤ ʻ ʩʪʘʨʪ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʚʽʜʩʽʢʫ ʧʦʢʘʟʘʚ, ʱʦ ʤʽʮʥʽʩʪʴ ʚʽʜʩʽʢʫ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮ-

ʥʦʩʪʽ ʙʘʣʦʢ ʩʢʣʘʜʘʻ 0,43. ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʙʘʣʦʢ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰ-

ʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʱʦʜʦ ʢʦʤʧʦʥʫʚʘʥʥʷ ʚʽʜʩʽʢʫ ʧʨʠʣʘʜʘʤʠ ʪʘ ɸɼʈ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʩʠʣʦʚʘ ʩʭʝʤʘ. 

ɺʽʜʩʽʢ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʙʦʣʦʥʢʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʧʽʜʢʨʽʧʣʝʥʫ ʰʧʘʥʛʦʫʪʘʤʠ. 

ʆʙʦʣʦʥʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ, ʩʝʨʝʜʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʦʙʦʣʦʥʢʠ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʚʘ 

ʪʦʨʮʴʦʚʠʭ ʪʘ ʜʚʘ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʠ. ɺʝʨʭʥʷ ʪʘ ʩʝʨʝʜʥʷ ʦʙʦʣʦʥʢʠ ð ʮʠʣʽʥʜʨʠʯʥʽ, 

ʥʠʞʥʷ ʦʙʦʣʦʥʢʘ ð ʢʦʥʽʯʥʘ. ʆʙʦʣʦʥʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʧʽʚʦʙʠʯʘʡʦʢ ʟôʻʜʥʘʥʠʭ ʤʽʞ 

ʩʦʙʦʶ ʜʚʦʤʘ ʧʣʘʩʪʠʥʘʤʠ. ʂʨʽʧʣʝʥʥʷ ʦʙʦʣʦʥʦʢ ʜʦ ʰʧʘʥʛʦʫʪʽʚ ʪʘ ʧʽʚʦʙʠʯʘʡʦʢ ʜʦ ʧʣʘʩ-

ʪʠʥ ð ʛʚʠʥʪʦʚʝ. ʂʨʽʧʣʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʝʚʦʛʦ ʰʧʘʥʛʦʫʪʫ ʜʦ ʩʫʤʽʞʥʦʛʦ ʚʽʜʩʽʢʫ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ð ʢʽʣʴʮʝʚʠʡ ʩʪʠʢ ʟ 6-ʤʘ ʰʧʠʣʴʢʘʤʠ ʨʽʚʥʦʤʽʨʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʦ ʢʦʣʫ. 

ʂʨʽʧʣʝʥʥʷ ʚʽʜʩʽʢʫ ʜʦ ʧʝʨʝʭʽʜʥʠʢʘ ʨʦʟʛʽʥʥʦʛʦ ʙʣʦʢʫ ð ʯʦʪʠʨʠ ʨʦʟʨʠʚʥʽ ʙʦʣʪʠ (ʈɹ) ʨʽʚ-

ʥʦʤʽʨʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦ ʢʦʣʫ ʪʘ 8 ʰʪʠʨʽʚ (ʧʦ ʜʚʘ ʙʽʣʷ ʢʦʞʥʦʛʦ ʈɹ). ʇʝʨʝʭʽʜʥʠʢ 
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ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʮʽʣʴʥʦ-ʬʨʝʟʝʨʦʚʘʥʠʡ ʢʦʥʽʯʥʠʡ ʚʽʜʩʽʢ. ʄʘʪʝʨʽʘʣ ʰʧʘʥʛʦʫʪʽʚ, ʦʙʦ-

ʣʦʥʦʢ ʪʘ ʧʝʨʝʭʽʜʥʠʢʘ ð ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ɸʄʛ6ʄ. 

ʈʦʟʨʘʭʫʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʦʮʽʥʢʘ ʩʪʘʪʠʯ-

ʥʦʾ ʤʽʮʥʦʩʪʽ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʽʢʫ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʦʩʥʦʚʘʥʦʤʫ ʥʘ ʥʴʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʫ MSC.NASTRAN. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʛʝʦʤʝʪʨʠʯʥʘ ʪʘ ʬʽʟʠʯʥʘ ʥʝʣʽʥʽʡʩʪʴ ʤʘʪʝʨʽʘʣʫ ʡ ʢʦʥʪʘ-

ʢʪʥʘ ʚʟʘʻʤʦʜʽʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʪʠʧ ʘʥʘʣʽʟʫ Multi -Step Structural). 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʚʽʜʩʽʢʫ, ʧʝʨʝʭʽʜʥʠʢʘ ʪʘ ʾʭ ʩʪʠʢʫ ʜʦʩʪʘʪʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʤʘʩʘ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʽʢʫ ʟ 

ʧʝʨʝʭʽʜʥʠʢʦʤ ʦʨʽʻʥʪʦʚʥʦ ʥʝ ʟʤʽʥʠʣʘʩʴ ʚʽʜʥʦʩʥʦ ʧʝʨʚʽʩʥʦʛʦ ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʚʘʨʽʘʥʪ ʚʽʜʩʽʢʫ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʢʣʘʩʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ð ʩʠʣʦʚʘ ʦʙʦʣʦʥʢʘ ʧʽʜʢʨʽʧʣʝʥʘ ʰʧʘʥʛʦʫʪʘʤʠ ð ʟʘʙʝʟʧʝ-

ʯʫʻ ʤʽʮʥʽʩʪʴ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʜʣʷ ʢʦʤʧʦʥʫʚʘʥʥʷ 

ʚʽʜʩʽʢʫ ʧʨʠʣʘʜʘʤʠ ʪʘ ɸɼʈ, ʧʨʠ ʥʝʧʝʨʝʚʠʱʝʥʽ ʤʘʩʠ ʧʨʦʝʢʪʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʽʜʩʽʢʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʃʠʟʠʥ ɺ.ʊ., ʇʷʪʢʠʥ ɺ.ɸ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʄʦʩʢʚʘ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1976. 408 ʩ. 

2. ʈʳʯʢʦʚ ʉ.ʇ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʨʝʜʝ Femap with NX Nastran. 
ʄʦʩʢʚʘ: ɼʄʂ ʇʨʝʩʩ, 2013. 784 ʩ. 

3. ʄʦʩʩʘʢʦʚʩʢʠʡ ɺ.ʀ., ʄʘʢʘʨʝʥʢʦʚ ɸ.ɻ., ʅʠʢʠʪʠʥ ʇ.ʀ., ʉʘʚʚʠʥ ʖ.ʀ., 

ʉʧʠʨʠʜʦʥʦʚ ʀ.ʅ. ʇʨʦʯʥʦʩʪʴ ʨʘʢʝʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʦʩʢʚʘ : ɺʳʩʰʘʷ ʰʢʦʣʘ, 

1990. 359 ʩ. 



˸˱̇˹˱˿́̎ ˾ˢ˴˩́˹ˮ̆ ˴˻˹˿́˾̂˴̇˱˯Σ ˤ˱ˣ˾ˢ̇˱̒Σ ˢ˴̂˿́ˮ̉˹˱ ̆ˤˮ˶˱ ́ˢ ̊̂˸˻ˤ˱ ˩̅˩˴́ˮ 

26 

ʋɼʂ 656.2.013 [504.6519.87]  

DOI: 10.62717/2221-4550-2025-1-002 

ɹʘʪʫʪʽʥʘ ʊ.ʗ. 
ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè 

ORCID 0000-0002-5881-589X 

E-mail: tatanabatutina46@gmail.com 

ʂʣʠʤʝʥʢʦ ɼ.ɺ. 
ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè 

ORCID 0000-0001-7392-0973 

E-mail: Klymenko_dv@hotmail.com 

ʋʈɸʍʋɺɸʅʅʗ ʂʆɽʌɯʎɯɽʅʊɸ ɿɸʇʆɺʅɽʅʅʗ ʇʈʀ ʆʎɯʅʎɯ ɸʂʋʉʊʀʏʅʀʍ 

ʅɸɺɸʅʊɸɾɽʅʔ ʋ ʇɯɼʆɹʊɯʏʅʀʂʆɺʆʄʋ ʇʈʆʉʊʆʈɯ 

ɸʥʦʪʘʮʽʷ. ɺ ʥʘʩʪʫʧʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʨʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʽʥʞʝʥʝʨʥʦʾ 

ʦʮʽʥʢʠ ʘʢʫʩʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʧʽʜʦʙʪʽʯʥʠʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʻʬʽʮʽ-

ʝʥʪʘ ʟʘʧʦʚʥʝʥʥʷ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʦʙʪʽʯʥʠʢʦʚʠʡ ʧʨʦʩʪʽʨ, ʘʢʫʩʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʩʢʨʽʟʥʘ ʟʘ-

ʜʘʯʘ, ʧʦʚʟʜʦʚʞʥʦ-ʟʛʠʥʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, ʘʢʫʩʪʦʧʨʫʞʥʘ ʚʟʘʻʤʦʜʽʷ, ʟʚʫʢʦʚʝ ʧʦʣʝ, ʯʘʩʪʦ-

ʪʥʦ-ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ. 

 

T. Batutina 
Yuzhnoye State Design Office 

ORCID 0000-0002-5881-589X 

E-mail: tatanabatutina46@gmail.com 

D. Klymenko 
Yuzhnoye State Design Office 

ORCID 0000-0001-7392-0973 

E-mail: Klymenko_dv@hotmail.com 

CONSIDERATION OF THE FILLING COEFFICIENT WHEN ASSESSING 

ACOUSTIC LOADS IN SUB-FLOW SPACE 

Abstract. In the following materials, the possibilityof a quick engineering assessment 

of acoustic loads in the sub-airfoil space, taking into account the filling factor, is considered. 
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ʇʽʜ ʯʘʩ ʽʥʪʝʛʨʘʮʽʾ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʘ (ʂɺ) ʫ ʨʘʢʝʪʫ-ʥʦʩʽʡ (ʈʅ) ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ 

ʧʠʪʘʥʴ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʷʢʽ ʘʢʫʩʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʫʪʴ ʜʽʷʪʠ ʫ ʧʽʜʦʙʪʽʯʥʠʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʥʘ ʂɺ. ʗʢ ʧʨʘʚʠʣʦ ʙʫʚʘʻ, ʱʦ ʈʅ ʚʞʝ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʽ ʟʦʚʥʽʰʥʽ ʘʢʫʩʪʠʯʥʽ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʪʽʯʥʠʢ ʚʽʜʦʤʽ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʬʽʛʫʨʘʮʽʷ ʂɺ ʽ ʷʢ ʩʣʽʜʩʪʚʦ ʢʦʻʬʽʮʽʝʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʧʽʜʦʙʪʽʯʥʠʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʠʤʽʨʷʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʧʫ-

ʩʢʘʭ. ɸʢʫʩʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʽ ʘʧʘʨʘʪʫʨʫ ʂɺ ʻ ʦʜʥʠʤ ʟ 

ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ, ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʬʫʥʢʮʽʶʚʘʥʥʷ. ʊʦʤʫ ʧʨʠ ʝʩ-

ʢʽʟʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʰʚʠʜʢʫ ʪʘ ʷʢʽʩʥʫ ʦʮʽʥʢʫ ʨʽʚʥʷ ʘʢʫʩʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʂɺ. 
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ɹʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʧʘʜʽʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʬʨʦʥʪʫ ʥʘ ʦʪʦʯʝʥʠʡ ʘʪʤʦʩʬʝʨʥʠʤ ʧʦʚʽʪ-

ʨʷʤ ʢʦʨʧʫʩ ʨʘʢʝʪʠ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʾ ʧʨʫʞʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʨʦ-

ʟʪʘʰʦʚʘʥʦ ʢʦʨʠʩʥʠʡ ʚʘʥʪʘʞ. ɸʢʫʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʢʦʨʧʫʩʦʤ ʽ ʚʘʥʪʘʞʝʤ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʚʽʪʨʷ, ʫʪʨʠʤʫʚʘʥʝ ʧʽʜ ʛʦʣʦʚʥʠʤ ʦʙʪʽʯʥʠʢʦʤ. 

ɿ ʪʦʯʥʽʩʪʶ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʩʠʛʥʘʣʫ, ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʩʠʩʪʝʤʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʣʘʩʠʯʥʠʡ ʩʮʝʥʘʨʽʡ ʧʨʦʭʦʜʞʝʥʥʷ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ ʯʝʨʝʟ ʤʝʞʫ ʨʦʟʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʦʢʨʝʤʘ, ʛʫʩʪʠʥʘʤʠ ʡ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʰʠʨʝʥʥʷ 

ʦʙôʻʤʥʠʭ ʯʠ ʧʦʟʜʦʚʞʥʽʭ ʭʚʠʣʴ. ʂʦʨʧʫʩ ʨʘʢʝʪʠ, ʷʢʠʡ ʨʦʟʜʽʣʷʻ ʟʦʚʥʽʰʥʶ ʪʘ ʚʥʫʪʨʽʰʥʶ 

ʦʙʣʘʩʪʽ, ʟ ʤʝʭʘʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʻ ʪʦʥʢʦʩʪʽʥʥʦʶ ʦʙʦʣʦʥʢʦʶ, ʥʘ ʷʢʫ ʧʘʜʘʻ ʬʨʦʥʪ ʘʢʫʩ-

ʪʠʯʥʦʾ ʭʚʠʣʽ. ʂʦʨʠʩʥʠʡ ʚʘʥʪʘʞ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʩʝʨʝʜʠʥʽ ʦʙʪʽʯʥʠʢʘ, ʤʦʜʝʣʶʚʘʚʩʷ ʤʦ-

ʥʦʣʽʪʥʦʶ ʚʩʪʘʚʢʦʶ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʋ ʨʘʤʢʘʭ ʮʠʭ ʧʨʠʧʫʱʝʥʴ ʙʫʣʦ ʨʦʟʛʣʷ-

ʥʫʪʦ ʩʧʨʦʱʝʥʫ ʜʚʦʚʠʤʽʨʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. ɺʚʘʞʘʣʦʩʷ, ʱʦ ʧʦʚʝʨʭʥʽ ʚʘʥʪʘʞʫ ʡ 

ʦʙʪʽʯʥʠʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʻ ʢʦʥʮʝʥʪʨʠʯʥʠʤʠ ʢʦʣʘʤʠ ʟ ʨʘʜʽʫʩʘʤʠ r0 ʽ R0 ʚʽʜʧʦ-

ʚʽʜʥʦ. ʊʦʚʱʠʥʫ ʦʙʦʣʦʥʢʠ ʧʦʟʥʘʯʝʥʦ ʷʢ h. ʇʦʧʨʠ ʽʛʥʦʨʫʚʘʥʥʷ ʩʢʽʥʯʝʥʥʦʩʪʽ ʧʦʟʜʦʚʞʥʽʭ 

ʨʦʟʤʽʨʽʚ ʈʅ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʦʚʦʣʽ ʜʦʩʪʦʚʽʨʥʦ ʦʮʽʥʠʪʠ ʨʽʚʥʽ ʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽ-

ʣʽʚ ʘʢʫʩʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ [1]. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʡʦʛʦ ʤʦʞʥʘ 

ʫʟʘʛʘʣʴʥʠʪʠ ʥʘ ʪʨʠʚʠʤʽʨʥʫ ʧʦʩʪʘʥʦʚʢʫ [2]. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪʘʭ ʚ ʦʙʦʣʦʥʮʽ ʩʪʫʧʽʥʴ ʧʨʦʥʠʢʥʝʥʥʷ 

ʟʚʫʢʫ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʯʘʩʪʦʪʠ, ʪʘʢ ʽ ʚʽʜ ʢʦʝʬʽ-

ʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʻ ʥʠʟʢʫ ʨʝʟʦʥʘʥʩʥʠʭ ʤʘʢʩʠ-

ʤʫʤʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʦʢʨʫʞʥʠʭ ʤʦʜ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʧʦʟʜʦʚʞʥʴʦ-ʟʛʠʥʘʣʴ-

ʥʠʭ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʢʠ, ʧʽʜʢʨʽʧʣʝʥʦʾ ʧʨʫʞʥʽʩʪʶ ʰʘʨʫ ʧʦʚʽʪʨʷ ʤʽʞ ʢʦʨʧʫʩʦʤ ʽ ʧʦʚʝʨʭ-

ʥʝʶ ʚʘʥʪʘʞʫ. 

ʇʨʠ ʮʴʦʤʫ ʚʥʝʩʦʢ ʨʝʟʦʥʘʥʩʽʚ, ʽʥʜʫʢʦʚʘʥʠʭ ʧʝʨʝʚʘʞʥʦ ʦʢʨʫʞʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ 

ʩʠʩʪʝʤʠ, ʰʚʠʜʢʦ ʩʧʘʜʘʻ ʟ ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʤʦʜʠ. ʉʝʨʽʷ ʞ ʧʽʢʽʚ, ʧʦʚôʷʟʘʥʠʭ, ʟʦʢʨʝʤʘ, ʟ 

ʨʝʟʦʥʘʥʩʦʤ ʧʫʣʴʩʘʮʽʡ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʧʦʚʽʪʨʷ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰʦʶ ʩʪʽʡʢʽʩʪʶ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʜʣʷ ʟʘʭʠʩʪʫ ʧʽʜʦʙʪʽʯʥʠʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜ ʥʘʜʤʽʨʥʠʭ ʘʢʫʩʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʜʦʮʽʣʴʥʦ ʨʦʟʤʽʱʫʚʘʪʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʨʘʢʝʪʠ ʜʝʤʬʽʨʫʶʯʽ 

ʧʦʢʨʠʪʪʷ ʯʠ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʙ ʩʧʨʠʷʣʠ ʨʫʡʥʫʚʘʥʥʶ ʢʽʣʴʢʦʭ ʥʠʞʯʠʭ ʦʢʨʫʞʥʠʭ ʤʦʜ. ʅʘ 

ʜʦʜʘʯʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʭʠʩʪ ʧʦʚʝʨʭʥʽ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʫʢʦʧʦʛʣʠ-

ʥʘʶʯʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʇʨʠʥʘʛʽʜʥʦ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʯʘʩʪʦʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʘʢʫʩʪʠʯ-

ʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʜʝʬʦʨʤʽʚʥʠʭ ʤʦʜʝʣʝʡ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʽ ʚ ʽʥʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [3]. 
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ʈʆɿʈɸʍʋʅʂʆɺɸ ʄʆɼɽʃʔ ʈʆɿʇʆɼɯʃʋ ʂʆʅʊɸʂʊʅʀʍ ʅɸʇʈʋɾɽʅʔ ʇʆ 

ɺɯʉɯ ʇɽʈɽʊʀʅʋ ʇɽʈɽʍʈɽʑʀɺɸʖʑʀʍʉʗ ʎʀʃɯʅɼʈʀʏʅʀʍ ɼɽʊɸʃɽʁ 

ɸʥʦʪʘʮʽʷ. ʇʦʙʫʜʦʚʘʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʢʦ-

ʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʽ ʜʚʦʭ ʧʝʨʝʭʨʝʱʝʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ. 

ʄʝʪʦʜ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟʤʽʮʥʝʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʨʝʡʦʢ ʽ ʢʦʣʝʩ. ʆʜʝʨʞʘʥʽ ʨʝ-

ʟʫʣʴʪʘʪʠ ʟʘʙʝʟʧʝʯʘʪʴ ʚʠʩʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʣʽ-

ʟʥʠʮ ɹʢʦʩʤʦʜʨʦʤʽʚ. 
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ʈʦʙʦʪʘ ʩʪʘʨʪʫ ʧʫʩʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʦʩʤʦʜʨʦʤʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʬʫ-

ʥʢʮʽʦʥʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʊʦʤʫ ʥʘ ʨʝʡʢʦʚ ̔ʜʝʪʘʣ ̔ʥʝʦʙʭʽ-

ʜʥʦ ʟʘʢʣʘʜʘʪʠ ʪʘʢʽ ʧʨʦʝʢʪʥʽ ʨʽʰʝʥʥʷ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ), ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʩ̔ʪɹ, ʜʦʚʛʦʚʽʯʥʩ̔ʪɹ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʩʪʽʡʢʩ̔ʪɹ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʽʣʴʥʠʮʴ ʚʥʫʪʨʽʰʥʽʭ ʟʘʣʽʟʥʠʮʴ [1]. 

ɺ ʨʦʙʦʪʽ [2] ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʨʦʟʨʘʭʫʥʦʢ ʽ ʧʨʦʛʨʘʤʘ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʤʦʚʠ ʉʽ, ʷʢʽ ʚʠʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ ʪʠʩʢʫ p0 ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʥʪʘʢʪʫ ʪʘ ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʜʚʦʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʽʟ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ 

ʦʩʷʤʠ ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʢʦʣʝʩʥʫ ʧʘʨʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʘʛʦʥʫ, ʱʦ ʷʚʣʷʻ ʧʦʭʽʜʥʽ 
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ʜʘʥʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʛʣʠʙʠʥʫ ʧʦ ʚʽʩʽ ʧʝʨʝʪʠʥʫ 

ʛʦʣʦʚʢʠ ʨʝʡʢʠ. 

ɹʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʚ ʦʙ`ʻʤʽ ʟʘʣʽʟʥʠʯʥʦʾ ʨʝʡʢʠ. ʈʦʟʨʘʭʫʥʦʢ ʮʠʭ ʥʘʧʨʫʛ ʦʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʘʭ ʪʝʦʨʽʾ ʧʨʫʞ-

ʥʦʩʪʽ ɻ. ɻʝʨʮʘ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʚʟʷʪʽ ʬʽʟʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʟʤʽʥʠ ʥʦʨʤʘʣʴʥʠʭ ʢʦʥ-

ʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ůx, ůy ̔  ůz ʧʦ ʦʩʽ ʧʝʨʝʪʠʥʫ ʟ ʛʣʠʙʠʥʦʶ ʚʽʜ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ ʜʣʷ ʜʚʦʭ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʮʠʣʽʥʜʨʘ. 

ʆʜʥʘʢ ʮʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜôʻʤʥʽ ʽ ʛʦʣʚʘʥʽ, ʪʦʤʫ ʤʝʪʘʣ ʫ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʚʩʝʙʽʯʥʦʤʫ ʩʪʠʩʢʘʥʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜ ʜʽʻʶ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʤʝʪʘʣ 

ʨʝʡʢʠ ʥʝ ʨʫʡʥʫʻʪʴʩʷ. 

ʇʨʠʯʠʥʦʶ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ʨʝʡʢʠ ʻ ʪʘʥʛʝʥʮʽʡʥʽ ʥʘʧʨʫʞʝʥʥʷ Űzx ʽ Űzy, 

ʤʘʢʩʠʤʫʤʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʥʦ İ( ůz ð ůx) ʪʘ İ( ůz ð ůx) ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ 

ʚʽʜ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ [3]. 

ɿʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ ɻʫʙʝʨʪʘ-ʄʽʟʝʩʘ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʘʙʦ ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʙʦ ʨʝʡʢʘ ʤʦʞʝ ʨʫʡ-

ʥʫʚʘʪʠʩʴ ʘʙʦ ʚʪʨʘʯʘʪʠ ʩʚʦʶ ʬʦʨʤʫ, ʱʦ ʥʝʧʨʠʧʫʩʪʠʤʦ ʧʨʠ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [1]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʶʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʣʽʟʥʠʯʥʠʭ ʨʝʡʦʢ ʧʨʠ ʟʥʘʯʥʠʭ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʛʣʠ-

ʙʠʥʫ ʙʽʣʴʰʫ ʥʽʞ ʤʘʢʩʠʤʫʤ ʟʩʫʚʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ. 
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INFRASOUND IN NATURE, INDUSTRY AND TRANSPORT  

ɸbstract. There are much more infrasound vibrations in nature than vibrations in the 

audio frequency range. All living things that move in the air environment create vibrations of 

different frequencies and intensities in this environment. Flying birds, running animals, any 

movements of people, gusts and breaths of wind, vibrations of tree branches, a falling stream 

of water cause IZ vibrations. 

Keywords: Infrasonic vibrations, frequency range, turbulence. 

 

ɯʥʬʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʫ ʧʨʠʨʦʜʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ ʢʦʣʠʚʘʥʴ ʟʚʫʢʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. ʋʩʝ ʞʠʚʝ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʩʪʚʦʨʶʻ ʨʽʟʥʦʾ 

ʯʘʩʪʦʪʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʠʚʘʥʥʷ ʮʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʪʘʭʠ, ʱʦ ʣʝʪʷʪʴ, ʪʚʘʨʠʥʠ, ʱʦ 

ʧʨʦʙʽʛʘʶʪʴ, ʙʫʜʴ-ʷʢʽ ʨʫʭʠ ʣʶʜʝʡ, ʧʦʨʠʚʠ ʡ ʧʦʜʠʭʠ ʚʽʪʨʫ, ʢʦʣʠʚʘʥʥʷ ʛʽʣʦʢ ʜʝʨʝʚ, 

ʩʪʨʫʤʽʥʴ ʚʦʜʠ, ʱʦ ʧʘʜʘʻ, ʩʧʨʠʯʠʥʷʶʪʴ ɯɿ-ʢʦʣʠʚʘʥʥʷ. ʄʽʢʨʦʩʝʡʩʤʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʯʘʩʪʦʪʦʶ 1-0,1 ɻʮ ʩʪʚʦʨʶʶʪʴ ʧʦʩʪʽʡʥʠʡ ɯɿ-ʬʦʥ ʥʘʜ ʫʩʽʻʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʧʣʘʥʝʪʠ [1, 2]. ɯɿ-ʢʦʣʠʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ, ʫ ʙʽʣʴ-

ʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʝʨʝʥʦʩʷʪʴ ʤʽʟʝʨʥʫ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ, ʟʝʤʣʝʪʨʫʩʠ, ʚʠʚʝʨʞʝʥʥʷ 

ʚʫʣʢʘʥʽʚ, ʩʝʣʽ, ʰʪʦʨʤʠ ʪʘ ʫʨʘʛʘʥʠ ʥʘ ʤʦʨʽ ʧʦʨʦʜʞʫʶʪʴ ʧʦʪʫʞʥʽ ɯɿ-ʢʦʣʠʚʘʥʥʷ. 
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ʅʘʧʨʠʢʣʘʜ, ɯɿ ʚʽʜ ʰʪʦʨʤʫ ʤʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜ 50 ʜʦ 90 ʜɹ. ʋʨʘʛʘʥʠ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʽ 

ʪʫʨʙʫʣʝʥʪʥʽʩʪʶ ʨʫʭʦʤʠʭ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ, ʛʝʥʝʨʫʶʪʴ ɯɿ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʦ 75 ʜɹ, ʘ ʧʽʜ 

ʯʘʩ ʩʠʣʴʥʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʾʭʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʷʛʘʻ 90-100 ʜɹ. ʑʦʨʽʯʥʦ ʥʘ ɿʝʤʣʽ ʨʝʻʩʪʨʫ-

ʶʪʴ ʚʽʜ 100 ʜʦ 150 ʩʠʣʴʥʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʽ ʜʦ 7000, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʩʣʘʙʢʽ ʨʫʡʥʫʚʘʥʥʷ, 

ʱʦ ʟʥʘʯʥʦ ʥʘʩʠʯʫʻ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ ɯɿ-ʭʚʠʣʷʤʠ. 

ʃ. ʇʽʤʦʥʦʚ [1] ʟʘʟʥʘʯʘʻ, ʱʦ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʚ ʷʢʽʡʩʴ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʥʝ ʤʦʞʥʘ 

ʟʤʽʰʫʚʘʪʠ ʟ ʧʝʨʝʧʘʜʦʤ ʚʝʣʠʯʠʥʠ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʚ ʤʘʢʩʠʤʫʤʽ ʽ ʤʽʥʽʤʫʤʽ ʽʥʬʨʘʟʚʫʢʦʚʦʾ 

ʭʚʠʣʽ. ʏʘʩʪʦ ʚʽʪʝʨ ʘʙʦ ʧʝʨʝʧʘʜ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʚʠʢʣʠʢʘʻ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʤʽʥʥʠʡ 

ʪʠʩʢ, ʘʣʝ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ ʭʚʠʣʴʦʚʠʤ ʧʨʦʮʝʩʦʤ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦ-

ʥʦʚʘʥʦ ʨʦʟʨʽʟʥʷʪʠ çʽʩʪʠʥʥʠʡè ʽʥʬʨʘʟʚʫʢ ʽ çʧʩʝʚʜʦʽʥʬʨʘʟʚʫʢè. ʇʩʝʚʜʦʽʥʬʨʘʟʚʫʢʦʤ ʥʘ-

ʟʠʚʘʶʪʴʩʷ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʟ ʽʥʬʨʘʟʚʫʢʦʚʦʶ ʯʘʩʪʦʪʦʶ, ʱʦ ʤʘʶʪʴ ʥʝʭʚʠʣʴʦʚʠʡ ʭʘʨʘʢʪʝʨ. 

ʇ̔ ʜ ʯʘʩ ʙʽʛʫ ʘʙʦ ʧʽʜʩʪʨʠʙʫʚʘʥʥʷ ʣʶʜʠʥʘ ʚʽʜʯʫʚʘʻ ʜʽʶ çʧʩʝʚʜʦʽʥʬʨʘʟʚʫʢʫè. ɯɿ-ʭʚʠʣʽ 

ʧʨʠʩʫʪʥʽ ʚ ʘʪʤʦʩʬʝʨʽ ʩʝʨʝʜ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ ʩʧʦʨʫʜ (ʈ.ʖ. ɺʠʥʦʢʫʨ), ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ 

ʦʙʪʽʢʘʥʥʷ ʚʽʪʨʦʤ ʽʟ ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʤʘʶʪʴ ʜʦʚʦʣʽ ʚʝʣʠʢʽ 

ʧʦʧʝʨʝʯʥʽ ʨʦʟʤʽʨʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʠʚ ʚʠʭʦʨʽʚ, ʷʢʽ ʡ ʛʝʥʝʨʫʶʪʴ ɯɿ-ʭʚʠʣʽ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɯɿ-ʰʫʤʫ ʚʽʪʨʫ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʛʽʛʘʥʪʩʴʢʽ 

ʩʧʦʨʫʜʠ ʫ ʚʠʛʣʷʜʽ 2400-ʤʝʪʨʦʚʦʾ ʣʽʥʽʡʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʚ ʧʽʚʥʽʯʥʦ-

ʩʭʽʜʥʽʡ ɸʪʣʘʥʪʠʮʽ, ʦʧʠʩʘʥʦʾ ʚ ʨʦʙʦʪʽ ʫ Westervelt P.J. ɯʥʬʨʘʟʚʫʢʦʚʠʡ ʰʫʤ ʚʽʪʨʫ ʚʠʚ-

ʯʘʚʩʷ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, Wilson James, Georges T. M., Beasley William 

H. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʅʏ-ʰʫʤ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚʽʪʨʦʤ ʧʽʜ ʯʘʩ ʫʜʘʨʫ ʚʦʜʷ-

ʥʠʭ ʙʨʠʟʦʢ ʦʙ ʧʦʚʝʨʭʥʶ ʦʢʝʘʥʫ. ɯɿ ʚ ʘʪʤʦʩʬʝʨʽ ʛʝʥʝʨʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʜʽʾ ʧʦʪʫʞʥʠʭ ʦʜʠ-

ʥʠʯʥʠʭ ʨʦʟʨʷʜʥʠʭ ʘʙʦ ʚʠʙʫʭʦʚʠʭ ʷʚʠʱ. ʎʝ ʤʦʞʝ ʙʫʪʠ ɯɿ ʚʽʜ ʛʨʦʟʦʚʠʭ ʨʦʟʨʷʜʽʚ, ʦʧʠʩʘ-

ʥʠʡ ʫ ʨʦʙʦʪʘʭ Bahannon J.L., Davies K., Georges T.M. ɯɿ ʚʽʜ ʧʦʣʷʨʥʠʭ ʩʷʡʚ, ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʫ ʨʦʙʦʪʽ ʉhimonas J. ʽ ʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ, ɯɿ ʚʽʜ ʧʦʩʪʨʽʣʽʚ, ʚʽʜ ʤʝʪʝʦʨʽʚ ʽʟ ʯʘʩʪʦʪʦʶ 4 

ɻʮ, ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪʘʭ ʫ Watson M.D., Mc Intoch B.A., Revelle D.O., Bedard A.J. ɯɿ ʚʽʜ 

ʷʜʝʨʥʠʭ ʚʠʙʫʭʽʚ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ɯɿ ʛʝʥʝʨʫʻʪʴʩʷ ʷʢ ʦʜʥʘ ʘʙʦ 

ʢʽʣʴʢʘ ʛʘʨʤʦʥʽʢ ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʧʝʢʪʨʽ ʰʫʤʽʚ ʷʜʝʨʥʠʭ ʚʠʙʫʭʽʚ. ʉʪʝʬʝʥʩ ʫ ʜʦʧʦʚʽʜʽ ʥʘ 

ʢʦʣʦʢʚʽʫʤʽ ʟ ɯɿ ʫ ʌʨʘʥʮʽʾ 1973 ʨ. ʥʘʚʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʚʠʤʽʨʶʚʘʥʥʷ ɯɿ ʯʘ-

ʩʪʦʪʦʶ 2 ɻʮ ʽ ʚʠʱʝ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʢʦʣʠʚʘʥʥʷʤʠ ʧʦʚʽʪʨʷ ʽ ʚʽʙʨʘʮʽʷʤʠ ʜʫʛʦʚʦʾ ʧʝʯʽ. ʇʽʢ 

ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʻ ʥʘ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ 8-16 ɻʮ. ɭ ʜʘʥʽ ʧʨʦ ʚʠʤʽʨʶʚʘʥʥʷ ɯɿ ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʶ 118 ʜɹ ʯʘʩʪʦʪʦʶ 6 ɻʮ ʧʦʙʣʠʟʫ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʽʚ ʧʨʠ ʧʨʘʮʶʶʯʠʭ ʩʪʘʣʝʧʣʘ-

ʚʠʣʴʥʠʭ ʧʝʯʘʭ. 

ʅʘʡʧʦʚʥʽʰʠʤ ʜʞʝʨʝʣʦʤ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʥʠʢʥʝʥʥʷ, ʧʦʰʠʨʝʥʥʷ, ʚʠʤʽʨʶʚʘʥʴ  ̔

ʛʣʫʰʽʥʥʷ ɯɿ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʝʪʘʣʫʨʛʽʾ ʩʣʽʜ ʚʚʘʞʘʪʠ ʤʦʥʦʛʨʘʬʽʶ ɹʨʠʥʟʠ ɺ.ʄ., ʇʦʜ-

ʣʝʚʩʴʢʠʭ ʄ.ʄ., ʉʣʦʙʦʜʷʥʠʢʘ ʊ.ʄ.  

ʋ ʨʦʙʦʪʽ ɹʨʠʥʟʠ ɺ.ʄ. ʪʘ ʡʦʛʦ ʩʧʽʚʘʚʪʦʨʽʚ ʚʠʢʣʘʜʝʥʦ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ ɯɿ, ʜʽʶ ʥʘ 

ʚʠʨʦʙʥʠʯʠʡ ʧʝʨʩʦʥʘʣ ʧʽʜʧʨʠʻʤʩʪʚ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʤʝʪʦʜʠ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʦ-

ʘʥʘʣʽʟʦʚʘʥʦ ʜʞʝʨʝʣʘ ɯɿ ʚ ʦʩʥʦʚʥʠʭ ʽ ʚ ʜʦʧʦʤʽʞʥʠʭ ʮʝʭʘʭ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ 

ʚʽʜ ʚʧʣʠʚʫ ɯɿ, ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʦʙʠ ʟʥʠʞʝʥʥʷ ʅʏ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʜʞʝʨʝʣʽ ʚʠʥʠʢ-

ʥʝʥʥʷ ʪʘ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ. ʆʮʽʥʶʚʘʥʥʷ ʦʢʪʘʚʥʠʭ ʩʧʝʢʪʨʽʚ ʰʫʤʫ ʧʨʦʚʦʜʠʣʠ ʟʘ 

çɻʽʛʽʻʥʽʯʥʠʤʠ ʥʦʨʤʘʤʠ ʽʥʬʨʘʟʚʫʢʫ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭè ˉ 2274-80 ʜʣʷ ʩʤʫʛ ʽʟ ʉɻʏ  

2-31,5 ɻʮ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʜʞʝʨʝʣʘ ʽʥʬʨʘʟʚʫʢʫ ʻ ʚ ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʽ ʜʝʷʢʠʭ ʜʦʧʦʤʽʞʥʠʭ 

ʮʝʭʘʭ ʧʽʜʧʨʠʻʤʩʪʚ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ. ʈʝʻʩʪʨʘʮʽʻʶ ʥʠʟʴʢʦʯʘʩʪʥʦʛʦ ʟʚʫʢʫ ʫ ʧʦʚʽʪʨʽ ʤʦ-

ʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝ ʧʨʦʣʴʦʪʫ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ [3]. 

 

ɺʠʩʥʦʚʢʠ. 

ʋʨʘʭʦʚʫʶʯ ̔ʥʘʷʚʥʽʩʪʴ ʽʥʬʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ 

ʦʪʦʯʫʻ ʣʶʜʝʡ, ʪʨʝʙʘ ʚʠʚʯʘʪʠ ʾʭ ʜʽʶ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ. 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Pimonov L. Les infra-sons. ð Paris: CNRS, 1976. ð 277 p. 

2. ʉʦʢʦʣ ɻ.ʀ. ʆʩʦʙʝʥʥʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʥʬʨʘʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 
ʯʘʩʪʦʪ. ð ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ: ʇʨʦʤʠʥʴ, 2000. ð 134ʩ. 

3. ʉʦʢʦʣ ɻ.ɯ., ʄʠʭʘʣʴʦʚ ɼ.ɺ. ɿʚʫʢ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʧʨʦ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) / ʄʘʪʝʨʽʘʣʠ Vɯɯɯ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤè (ʂʄʆʉʉ-2023). 1-3 ʣʠʩʪʦʧʘʜʘ 2023 ʨʦʢʫ 

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ. ʉ. 213-215. https://udhtu.edu.ua/wp-content/uploads/2023/ 

11/zbirnyk-tez-kmoss-2023.pdf.  
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CALCULATIONS OF THE ACOUSTIC FIELD INDICATORS OF THE 

QUADCOPTER PROPELLERS 

ɸnnotation. A mathematical model for calculating the field from 4 propellers of a 

quadrocopter is created. All calculations were performed in the program Mathcad 15 and a 

radiation pattern of the acoustic field was constructed. 

Keywords: quadrocopter, Mathcad 15, radiation pattern, indicators, acoustic field. 

 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʘʚʽʘʮʽʾ ʻ ʨʦʟʨʦʙʢʘ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘ-

ʨʘʪʽʚ (ɹʇʃɸ) ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʪʠʧʦʤ ʻ ʢʚʘʜʨʦʢʦʧʪʝʨ [1-4]. ʇʝʨʰʽ ʟʨʘʟʢʠ 

ɹʇʃɸ ʟ'ʷʚʠʣʠʩʷ ʱʝ ʚ ʩʝʨʝʜʠʥʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʷʢ ʦʢʨʝʤʠʡ ʚʠʜ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʦʟʙʨʦʻʥʥʷ, ʘʣʝ ʟʘʨʘʟ ʢʚʘʜʨʦʢʦʧʪʝʨʠ ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʮʠʚʽʣʴʥʽʡ 

ʩʬʝʨʽ. ʂʦʤʧʘʥʽʷ ñPricewaterhouseCoopersò ʦʮʽʥʶʻ ʨʠʥʦʢ ɹʇʃɸ ʚ 2020 ʨʦʮʽ ʚ 127 ʤʽʣʴ-

ʷʨʜʽʚ ʜʦʣʘʨʽʚ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɹʇʃɸ, ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʪʝʞ ʚʦʥʠ 

ʷʚʣʷʶʪʴʩʷ ʜʞʝʨʝʣʦʤ ʰʫʤʫ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʣʶʜʠʥʫ ʽ ʪʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ 

ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʊʠʤ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʙʨʘʥʦʾ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ. 

https://doi.org/10.62717/2221-4550-2025-1-005
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ʋ ʥʘʚʝʜʝʥʠʭ ʨʦʙʦʪʘʭ [1-3] ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧ-

ʪʝʨʫ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. ʊʦʤʫ ʤʝʪʦʶ ʜʽʡʩʥʦʾ ʨʦʙʦʪʠ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʪʘ ʧʨʦʚʝ-

ʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʫ. ʈʦʟʛʣʷʜʘ-

ʻʪʴʩʷ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʨʽʚʥʽʚ 

ʘʢʫʩʪʠʯʥʠʭ ʰʫʤʽʚ ʚʽʜ ʯʦʪʠʨʴʦʭ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʫ ʚ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ ʥʠʤ ʧʦʣʴʦʪʫ 

ʥʘʜ ʤʽʩʮʝʚʽʩʪʶ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ, ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ, ʚʠʭʽʜʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ [4]. ʈʦʟʨʘʭʫ-

ʥʢʠ ʚʠʢʦʥʘʥʽ ʫ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʦʛʨʘʤʠ MathCad. ʈʦʟʨʘʭʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʂʦʞʝʥ ʛʚʠʥʪ ʤʘʻ ʜʚʽ 

ʣʦʧʘʪʽ. 

ɺʠʜʥʦ, ʱʦ ʨʽʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ 

ʰʫʤʫ. ʎʝ ʩʢʦʨʦʯʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 6 ʜɹ ʧʨʠ ʢʦʞʥʦʤʫ ʧʦʜʚʦʻʥʥʽ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʜʞʝʨʝʣʘ. 
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ɸʅɸʃɯɿ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ ɽʃɽʄɽʅʊɯɺ 

ʂʆʅʉʊʈʋʂʎɯɰ ʂʆʉʄɯʏʅʆɰ ɻʆʃʆɺʅʆɰ ʏɸʉʊɯ ʇʈʀ ʇʈʆɺɽɼɽʅʅɯ 

ʉʊɸʊʀʏʅʀʍ ɺʀʇʈʆɹʋɺɸʅʔ 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʟʘ-

ʣʽʢʦʚʠʭ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɺʠʟʥʘʯʝʥʦ ʥʘʡʤʝʥʰ çʥʝʙʝʟʧʝʯʥʽè, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦ-

ʩʪʽ, ʚʠʧʘʜʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʟ ʤʝʪʦʶ ʩʢʦʨʦ-

ʯʝʥʥʷ ʩʪʨʦʢʽʚ ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʩʢʦʨʦʯʝʥʥʷ 

ʦʙʩʷʛʫ ʚʠʧʨʦʙʫʚʘʥʴ. ɺʠʢʣʶʯʝʥʦ ʚʠʧʘʜʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʷʢʠʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘ-

ʭʫʥʢʫ ʥʝ ʨʝʘʣʽʟʫʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ, ʩʪʘʪʠʯʥʽ ʚʠʧʨʦ-

ʙʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʽ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʛʫ, ʢʦʥʩʪʨʫʢʮʽʶ ʜʦʧʫʱʝʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʣʴʦʪ-

ʥʦʤʫ ʚʠʨʦʙʽ. ʈʝʟʫʣʴʪʘʪʠ ʧʫʩʢʫ ʟʘʜʦʚʽʣʴʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ, ʢʦʩʤʽʯʥʘ ʛʦʣʦʚʥʘ ʯʘʩʪʠʥʘ, ʥʘʧʨʫ-

ʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʟʘʣʽʢʦʚʽ ʩʪʘʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚʠʧʘʜʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʢʦ-

ʨʦʯʝʥʥʷ ʩʪʨʦʢʽʚ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ. 
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ANALYSIS OF THE STRESS-STRAIN STATE OF THE STRUCTURAL 

ELEMENTS OF THE SPACE HEAD MODULE DURING STATIC TESTING  

Abstract. An analysis of the stress-strain state of the space head module structural 

elements for loads implemented in the process of conducting qualifying static tests was carried 

out. The least ñdangerousò loading cases in terms of strength have been identified. Based on 

the result of calculations and in order to reduce the time required to conduct static tests, a 

decision was made to reduce the scope of tests. Loading cases in which the calculation results 

did not result in the maximum stress values being realized were excluded. At the same time, 
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static tests were carried out in full, the design was approved for use in flight product. The 

launch result were positive. 

Keywords: finite element model (fem), space head module (shm), stress-strain state, 

experimental data, operating conditions, qualifying static tests, loading cases, reduce the time 

required to conduct static tests. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʥʘʟʝʤʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠ 

ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʬʘʢʪʦʨ ʯʘʩʫ ʟʘ ʷʢʠʡ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʦʡʜʝ 

ʥʘʟʝʤʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʻ ʜʦʟʚʽʣ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʣʴʦʪʥʦʤʫ ʚʠʨʦʙʽ. ʎʝ ʧʠ-

ʪʘʥʥʷ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʢʦʣʠ ʧʫʩʢ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʥʝ ʤʦʞʥʘ ʚʽʜʢʣʘʜʘʪʠ (ʧʽʜʛʦʪʦʚʢʘ 

ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʚʽʢʥʦ ʧʫʩʢʫ, ʜʦʟʚʽʣ ʥʘ ʧʫʩʢ ʪʘ ʽʥʰʝ). ɿ ʤʝ-

ʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʟʘʣʽʢʦʚʠʭ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʧʨʦʚʝ-

ʩʪʠ ʜʦʜʘʪʢʦʚʠʡ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ 

ʯʘʩʪʠʥʠ (ʂɻʏ) ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʮʠʭ ʚʠʧʨʦʙʫʚʘʥʴ [1]. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ð ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦ-

ʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʽ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʪʘ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʢʣʶʯʝʥʥʷ ʜʝʷʢʠʭ ʚʠʧʘʜʢʽʚ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʟ ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘʟʝʤʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ. 

ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʨʦʚʦʜʠʣʦʩʴ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ. ʇʦʙʫʜʦʚʘʥʦ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʤʦʜʝʣʴ ʂɻʏ ʪʘ ʚʠʟʥʘʯʝʥʦ ʾʾ ʥʘʧʨʫ-

ʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʴ [2]. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʽ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʪʠʯ-

ʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʢʣʘʜʝʥʦ ʟʚʝʜʝʥʫ ʪʘʙʣʠʮʶ ʨʦʟ-

ʨʘʭʫʥʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʚʠʥʠʢʘʶʯʠʭ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʂɻʏ ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʨʽʰʝʥʥʷ ʧʨʦ ʩʢʦʨʦʯʝʥʥʷ ʦʙ-

ʩʷʛʫ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʜʦʩʠʪʴ ʚʠ-

ʩʦʢʫ ʢʦʨʝʣʷʮʽʶ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʜʦʧʫʩʪʠʪʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʣʴʦʪʥʦʤʫ ʚʠʨʦʙʽ ʥʝ ʧʦʨʫʰʫʶʯʠ ʚʠʤʦʛʠ ʥʦʨʤ ʤʽʮʥʦʩʪʽ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ [3]. ɿʛʦʜʦʤ ʧʫʩʢ ʈʅ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʂɻʏ ʧʨʦʡʰʦʚ ʫʩʧʽʰʥʦ. ɺʩʝ ʢʦʨʠʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʚʝʜʝʥʦ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʦʨʙʽʪʠ. 
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ʆʎɯʅʂɸ ʅɸʂʆʇʀʏɽʅʆɰ ʇʆʐʂʆɼɾʋɺɸʅɯʉʊɯ ɿɸ ʈɽɿʋʃʔʊɸʊɸʄʀ 

ɺɯɹʈɸʎɯʁʅʀʍ ɺʀʇʈʆɹʋɺɸʅʔ 

ɸʥʦʪʘʮʽʷ. ʇʨʠʚʝʜʝʥʘ ʽʥʞʝʥʝʨʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʢʦʧʠʯʝʥʦʾ ʚʪʦʤʠ ʟʘ ʜʘ-

ʥʠʤʠ ʪʝʥʟʦʤʝʪʨʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʧʦ-

ʰʢʦʜʞʫʚʘʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʩʪʦʚʦʛʦ ʨʽʜʠʥʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʚʨʘ-

ʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʜʽʘʛʨʘʤ ʚʪʦʤʠ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝ-

ʪʦʜʫ ñʧʘʜʘʶʯʦʛʦ ʜʦʱʫò. 
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ASSESSMENT OF ACCUMULATED DAMAGE BASED ON VIBRATION TEST 

RESULTS 

Abstract. An engineering methodology for calculating accumulated fatigue based on 

strain gauge data during vibration tests is presented. Calculations of the damage to structural 

elements of a test liquid rocket engine were performed, taking into account actual material 

fatigue diagrams. The calculations were carried out using the 'rainflow' method. 

Keywords: material fatigue, damage, vibration testing, rainflow cycle counting method, 

experimental data. 

 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʶʯʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [1]. ɺ 

ʜʘʥʠʡ ʯʘʩ ʥʘʢʦʧʠʯʝʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʚʩʽʭ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʱʦ 

ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʂʦʞʝʥ ʪʘʢʠʡ ʦʙ'ʻʢʪ ʤʘʻ ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ, ʱʦ ʚʠʟʥʘ-

ʯʘʻ ʜʽʘʧʘʟʦʥ ʚʧʣʠʚʫ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ, ʛʘʨʤʦʥʽʡʥʠʭ, ʚʠʧʘʜʢʦʚʠʭ, ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥ-

ʪʘʞʝʥʴ. ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʙʦʚ'ʷʟʢʦʚʠʤʠ ʢʚʘ-

ʣʽʬʽʢʘʮʽʡʥʠʤʠ ʪʝʩʪʦʚʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ [2-4]. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʫ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʘʪʠ ʚʽʙʨʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʨʫʡ-

ʥʫʶʯʠʩʴ ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʢʦʧʠʯʝʥʫ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʮʠʢʣʫ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʎʝʡ ʧʘʨʘʤʝʪʨ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʻ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʛʦʪʦʚʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʪʝʥʟʦʤʝʪʨʽʾ. ɺ ʷʢʦʩʪʽ ʜʘʥʠʭ ʪʝʥʟʦʤʝʪʨʽʾ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʛʥʘʣ ʫ ʚʠ-

ʛʣʷʜʽ ʬʘʡʣʫ, ʷʢʠʡ ʦʪʨʠʤʘʥʠʡ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʟʘʜʘʥʦʤʫ ʤʽʩʮʽ ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʧʨʠ ʽʤʽʪʘʮʽʾ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʚʠʧʨʦʙʫʚʘʥʴ. ɸʥʘʣʽʟ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʦ ʢʦʞʥʦʤʫ ʪʝʥʟʦʜʘʪʯʠʢʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ. ɿʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʦʟʤʽʨʥʦʩʪʽ ð Õm/m. ʊʦʤʫ ʜʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʚʽʜʥʦʩʥʦʾ ʚʠʤʽʨʷʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ 
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ʥʘʧʨʫʞʝʥʥʷ ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʄʇʘ ʚʩʽ ʜʘʥʽ ʤʥʦʞʘʪʴʩʷ ʥʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ɸʥʘʣʽʟ ʪʘ ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʮʽʻʶ ʛʽʩʪʦʛʨʘʤʦʶ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʦ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʨʽʰʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ, ʚ ʷʢʽʡ ʚʠʥʠʢʘʶʪʴ ʦʜʥʘʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʱʦ ʜʦʨʽʚʥʶʶʪʴ 1 ʄʇʘ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʾ ʟʘʜʘʯʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʝʩʠʤʝʪʨʠʯʥʦ ʟʘʢʨʽʧʣʝʥʠʡ 

ʢʫʙʠʢ, ʽ ʥʘʚʘʥʪʘʞʝʥʠʡ ʩʠʣʦʶ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʨʽʚʥʦʤʽʨʥʝ ʥʘʧʨʫʞʝʥʥʷ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʚ 

1 ʄʇʘ. ɺʩʽ ʧʽʜʛʦʪʦʚʯʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʘ ʢʦʥ-

ʩʪʨʫʢʮʽʷ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ. ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʧʦʪʦʯʥʠʭ ʙʘʟ ʜʘʥʠʭ ʢʨʠ-

ʚʠʭ ʚʪʦʤʠ. 

ɼʘʥʽ ʩʪʘʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʩʫʤʫʶʪʴʩʷ ʪʘ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ ʫ ʜʘʥʦʤʫ ʤʽʩʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʪʦʯʥʦʛʦ ʪʝʥʟʦʜʘʪʯʠʢʘ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʤʝʪʦʜʫ ñʧʘʜʘʶʯʦʛʦ ʜʦʱʫñ. ɻʽʩʪʦʛʨʘʤʫ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʛʨʘ-

ʬʽʢʘ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ ʫ ʯʘʩʽ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʪʦʯʦʢ ʪʘ ʚʠ-

ʟʥʘʯʘʶʪʴʩʷ ʟʘʤʢʥʝʥʽ ʢʦʣʠʚʘʣʴʥʽ ʮʠʢʣʠ ʥʘʚʘʥʪʘʞʝʥʴ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ 

ʪʘ ʤʽʥʽʤʫʤʘʤʠ. ɺʩʽ ʟʥʘʡʜʝʥʽ ʮʠʢʣʠ ʩʦʨʪʫʶʪʴ ʟʘ ʘʤʧʣʽʪʫʜʦʶ. ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʡʜʝʥʦʛʦ 

ʮʠʢʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʤʧʣʽʪʫʜʘ ʥʘʧʨʫʞʝʥʴ ʪʘ ʾʭʥʶ ʢʽʣʴʢʽʩʪʴ. 
 

 
ʈʠʩ. 1. ʐʘʙʣʦʥ ʨʦʟʨʘʭʫʥʢʫ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ Ncode 

ɸʢʫʤʫʣʷʮʽʷ ʧʦʰʢʦʜʞʝʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʣʽʥʽʡʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦ-

ʜʞʝʥʴ ʄʽʥʝʨʘ (Minerôs Rule): 

Ὀ  В  , 

ʜʝ ni ð ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʘʥʦʾ ʘʤʧʣʽʪʫʜʠ, Ni ð ʯʠʩʣʦ ʮʠʢʣʽʚ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ ʮʽʻʾ 

ʘʤʧʣʽʪʫʜʠ ʟʘ ʜʽʘʛʨʘʤʦʶ ʚʪʦʤʠ ʤʘʪʝʨʽʘʣʫ. ɹʣʦʢ ʩʭʝʤʘ ʨʦʟʛʣʷʥʫʪʦʾ ʽʥʞʝʥʝʨʥʦʾ ʧʨʦʮʝ-

ʜʫʨʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. ɺʦʥʘ ʚʠʢʦʥʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ Ncode ʢʽʥʮʝʚʦ-ʝʣʝ-

ʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ Ansys. 

ʆʢʨʝʤʦ ʨʦʟʛʣʷʥʫʪʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʫ ʪʝʩʪʦʚʦʛʦ ʨʽʜʠʥ-

ʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʚʠʧʘʜʢʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʽʥ ʻ ʧʨʦ-

ʪʦʪʠʧʦʤ ʫʢʨʘʾʥʩʴʢʦʛʦ ʈʈɼ ʈɼ-843, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʫʧʨʘʚʣʷʶʯʦʤʫ ʤʦʜʫʣʽ IV ʩʪʫ-

ʧʝʥʷ ʻʚʨʦʧʝʡʩʴʢʦʾ ʨʘʢʝʪʠ-ʥʦʩʽʷ çVegaè. ʈʦʟʧʦʜʽʣ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʦʥʽ ʢʨʠ-

ʪʠʢʠ ʈʈɼ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʅʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦ ʧʦ 64 ʢʦʨʟʠʥʘʤ ʘʤʧ-

ʣʽʪʫʜʥʠʭ ʮʠʢʣʽʚ. 
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ʈʠʩ.2 ʈʦʟʧʦʜʽʣ ʜʠʥʘʤʽʯʥʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʦʪʦʯʥʦʤʫ ʪʝʥʟʦʜʘʪʯʠʢʫ 

ʈʦʟʛʣʷʥʫʪʘ ʽʥʞʝʥʝʨʥʘ ʤʝʪʦʜʠʢʘ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʚʪʦʤʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʮʠʢʣʽʯʥʠʭ ʥʘ-

ʚʘʥʪʘʞʝʥʴ. 
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MATHEMATICAL MODELING OF THE ACOUSTIC F IELD OF A WIND 

TURBINE PROPELLER  

Abstract. A method for calculating the acoustic propeller of a wind turbine has been 

created based on the mathematical model proposed by L.Ya. Gutin for calculating the noise 

of an aircraft propeller. In the calculation, the main source of noise is the propeller, therefore 

other noise sources are not taken into account. All calculations were made in the Mathcad 15 

program and acoustic field directivity graphs were constructed. A graph of the dependence of 

sound pressure in the far acoustic field was constructed. 

Keywords: wind turbine, Mathcad 15, directivity graph, far acoustic field, noise. 

 

ɿʘʨʘʟ ʥʘʙʠʨʘʻ ʦʙʝʨʪʽʚ ʧʦʧʫʣʷʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

(ɺɼɽ) ʚ ʝʢʦʥʦʤʽʮʽ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʝ ʣʠʰʝ ʦʙʤʝʞʝʥʠʤʠ ʟʘʧʘʩʘʤʠ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘ ʡ ʚʠʤʦʛʘʤʠ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʫ ʘʪʤʦʩʬʝʨʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ [1]. 

ɺɼɽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʛʘʣʫʟʝʡ ʻʚʨʦʧʝʡʩʴʢʦʾ ʪʘ ʩʚʽʪʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ. ɰɰ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʝʤʽʩʽʻʶ ʉʆ2, ʱʦ ʜʦʟʚʦʣʠʪʴ ʛʣʦʙʘʣʴʥʦ ʟʥʠʟʠʪʠ ʤʘʩ-

ʰʪʘʙʠ ʚʠʢʠʜʽʚ ʮʴʦʛʦ ʛʘʟʫ. ɺʽʪʨʦʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ɺɼɽ ʚʠʧʨʦʤʽʥʶʶʪʴ 

ʽʥʬʨʘʟʚʫʢ [2]. ɺʽʥ ʥʝ ʜʫʞʝ ʜʦʙʨʝ ʚʧʣʠʚʘʻ ʥʘ ʣʶʜʠʥʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. 

ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (ɺɽʇ), ʤʘʻ ʚʠʨʽʰʫʚʘʪʠʩʷ ʧʨʦʙʣʝʤʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʟʴʢʠʭ ʨʽʚʥʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʰʫʤʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰ-

ʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʘʢʫʩʪʠʯʥʠʭ ʧʦʣʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʽʚ ʽʥʪʝʥ-

ʩʠʚʥʦʩʪʽ ʰʫʤʽʚ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ʚʠʤʦʛʘʤʠ ʩʘʥʽʪʘʨʥʠʭ ʥʦʨʤ, ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʋʢʨʘ-

ʾʥʽ [3]. ɿʘʛʘʣʴʥʠʡ ʰʫʤ ɺɽʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʚʫʢʫ ʾʾ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʾʾ ʚʽʪʨʦʢʦʣʝʩʦ. ɿʥʘʶʯʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʘ 

ʨʦʟʤʽʨʠ ʚʽʪʨʦʢʦʣʝʩʘ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʫʤʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʷʢʱʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʮʽ ʧʦʢʘʟʥʠʢʠ, ʪʦ ʤʦʞʥʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ʊʦʤʫ ʮʝ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɺ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʘ ʚʟʷʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʃ.ʗ. ɻʫʪʽʥʠʤ 

[4] ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʰʫʤʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʛʚʠʥʪʘ ʣʽʪʘʢʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ-

ʙʫʜʦʚʘʥʦ ʧʦʣʷʨʥʽ ʛʨʘʬʽʢʠ ʜʣʷ ʬʫʥʢʮʽ ʾʦʩʥʦʚʥʦʛʦ ʪʦʥʫ (ʜʠʚ. ʨʠʩ.1), ʪʘ ʜʣʷ ʧôʷʪʠ ʛʘʨʤʦ-

ʥʽʢ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʛʨʘʬʽʢʠ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʪʦʥʫ, ʤʝʥʰʠʡ ʨʽʚʝʥʴ ʜʣʷ ʡʦʛʦ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ, ʱʝ ʤʝʥ-

ʰʠʡ ʜʣʷ ʪʨʝʪʴʦʾ, ʽ ʪʘʢ ʜʘʣʽ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʽʣʴʥʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʨʽʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʙʫʜʝ 

ʩʢʦʨʦʯʫʚʘʪʠʩʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 6 ʜɹ ʧʨʠ ʢʦʞʥʦʤʫ ʧʦʜʚʦʻʥʥʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ. 

 
ʈʠʩʫʥʦʢ 1. ð ʇʦʣʷʨʥʠʡ ʛʨʘʬʽʢ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʪʦʥʫ 

ɿ ʛʨʘʬʽʢʘ ʙʘʯʠʤʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʩʪʘʥʦʚʠʪʴ 0.0212 ʇʘ, ʘʙʦ 

60 ʜɹ ʥʘ ʚʽʜʩʪʘʥʽ 103 ʤ. ɺʽʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʢʫʪʘʭ 225 Ü ʪʘ 55Ü, ʘ ʜʣʷ ʜʨʫʛʦʾ ʛʘʨʤʦ-

ʥʽʢʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʩʪʘʥʦʚʠʪʴ 0.00012, ʘʙʦ 30 ʜɹ ʥʘ ʚʽʜʩʪʘʥʽ 51,5 

ʤʝʪʨʽʚ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʢʫʪʘʭ 235 Ü ʪʘ 115Ü. ɺʽʜʩʪʘʥʴ ʟʘʜʘʚʘʣʘʩʴ ʚʽʜ ʧʦʯʘʪʢʫ ʜʘ-

ʣʴʥʴʦʛʦ ʧʦʣʷ ʛʘʨʤʦʥʽʢ ʜʦ 600 ʤʝʪʨʽʚ. ɿ ʛʨʘʬʽʢʫ ʚʠʜʥʦ (ʜʠʚ. ʨʠʩ.2), ʱʦ ʜʣʷ ʧʝʨʰʦʾ ʛʘʨ-

ʤʦʥʽʢʠ ʘʢʫʩʪʠʯʥʠʡ ʪʠʩʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʘʥʽʪʘʨʥʠʤ ʥʦʨʤʘʤ, ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʽʜʩʪʘʥʽ ʫ 

100 ʤʝʪʨʽʚ, ʘ ʜʣʷ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʥʘ ʮʽʡ ʞʝ ʚʽʜʩʪʘʥʽ ʨʽʚʝʥʴ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʜʫʞʝ 

ʤʘʣʠʡ. 
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ʈʠʩʫʥʦʢ 2. ð ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʚʽʜ ʚʽʜʩʪʘʥʽ 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ɹʝʟʨʫʯʢʦ, ʂ.ɺ., ɻʫʙʠʥ ʉ.ɺ. ɸʚʪʦʥʦʤʥʳʝ ʥʘʟʝʤʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ [ʊʝʢʩʪ] ʫʯʝʙ. ʇʦʩʦʙʠʝ / ʂ.ɺ. 

ɹʝʟʨʫʯʢʦ, ʉ.ɺ. ɻʫʙʠʥ; ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥ-ʪ çʍʘʨʴʢʦʚʩʢʠʡ 

ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪè. ð ʍ., 2007. ð 310ʩ. ð ɹʠʙʣʠʦʛʨ. ʩ. 299 ð 310. ī 

300ʵʢʟ. ð ISBN 978 ð 966 ð 662 ð 154 ð 4 

2. ʉʦʢʦʣ ɻ.ʀ. ʀʥʬʨʘʟʚʫʢ ð ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʡ ʬʘʢʪʦʨ ʚ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʝ 

[ʊʝʢʩʪ] ʉʙ.ʪʨʫʜʦʚ. / ɻ.ʀ. ʉʦʢʦʣ // ʄʝʞʜʫʥʘʨ. ɸʢʫʩʪ. ʩʠʤʧ.ñʂʦʥʩʦʥʘʥʩ ð 

2005ò ʂʠʝʚ, 27 ð 29 ʩʝʥʪʷʙʨʷ, 2005. ð ʂ., 2005. ð ʉ. 283 ð 290 

3. ʉʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʚʠʨʦʙʥʠʯʦʛʦ ʰʫʤʫ, ʫʣʴʪʨʘʟʚʫʢʫ ʪʘ ʽʥʬʨʘʟʚʫʢʫ ɼʉʅ 3.3 6. 
037 ð 99. [ʊʝʢʩʪ] ɻʦʣʦʚʥʝ ʩʘʥʽʪʘʨʥʦ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ. ð ʂ. 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʋʢʨʘʾʥʠ, 1999. ð 79ʉ 

4. ɻʫʪʠʥ ʃ.ʗ., ɾʫʨʥʘʣ ʪʝʭʥʠʯ. ʬʠʟʠʢʠ, 6, 899, 1936 
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ʄʆɼɽʃʖɺɸʅʅʗ ʄɽʍɸʅɯʏʅʆɰ ʂʆʅʉʊʈʋʂʎɯɰ ɿ ɺʂʃʖʏɽʅʅʗʄ 

ʇʈʗʄʆʂʋʊʅʀʍ ɹɸʃʆʂ ʄɽʊʆɼʆʄ ʉʂɯʅʏɽʅʀʍ ɽʃɽʄɽʅʊɯɺ 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʚʦʭ ʧʨʷʤʦʢʫʪʥʠʭ 

ʙʘʣʦʢ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʠ ANSYS. 

ʉʪʚʦʨʝʥʦ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʪʦʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ ʯʘʩʪʠʥʠ ʣʽʪʘʢʘ, ʜʣʷ ʷʢʦʾ, ʧʽʩʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʪʠʧʠ 

ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʜʘʣʴʥʠʡ, ʛʘʨʤʦʥʽʯʥʠʡ ʪʘ ʘʢʫʩʪʠʯʥʠʡ. ɼʦʜʘʪʢʦʚʦ ʚʩʝʨʝʜʠʥʽ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʜʦʜʘʥʦ ʜʞʝʨʝʣʦ ʟʙʫʜʞʝʥʥʷ ʭʚʠʣʴʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʘ ʚʠʟʥʘʯʝʥʠʭ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ, ʪʘ ʦʙʯʠʩʣʝʥʦ 6 ʧʝʨʰʠʭ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ (ʤʦʜ ʢʦʣʠʚʘʥʴ). ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘ ʯʘʩʪʦʪʘʭ 

178,19 ɻʮ, 259,03 ɻʮ ʪʘ 259,76 ɻʮ ʟʘʛʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦʩʷʛʘʶʪʴ ʚ ʧʝʚʥʠʭ ʦʙʣʘʩʪʷʭ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʩʘʤʝ ʚ ʮʝʥʪʨʽ ʙʽʯʥʦʾ ʛʨʘʥʽ ʽ ʚʦʥʠ ʜʦʨʽʚʥʶʶʪʴ ʚ ʥʦ-

ʨʤʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ð 0,096515, 0,13827, 0,17195, ʘ ʮʝ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʚʪʦʤʠ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʘʨʤʦʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʯʘʩʪʦʪʠ 20000 ɻʮ ʦʪʨʠʤʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘ-

ʶʪʴʩʷ, ʩʘʤʝ ʚ ʝʧʽʮʝʥʪʨʽ ʩʪʚʦʨʝʥʥʷ ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʘʢʪʠʢʦʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʣʠʚʘʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ, ʘʥʘʣʽʟ, ʢʦʥ-

ʩʪʨʫʢʮʽʷ, ʙʘʣʢʘ, ʚʪʦʤʘ. 
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MODELING OF A MECHANICAL STRUCTURE WITH THE INCLUSION OF 

RECTANGULAR BEAMS BY THE FINITE ELEMENT METHOD  

Abstract. The mechanical structure of two rectangular beams was modeled by the finite 

element method based on the tools and resources of the ANSYS program. A geometric model 

of the prototype structure of an airplane part was created, for which, after determining the 

appropriate materials, three types of engineering analysis were carried out by the finite ele-

ment method modal, harmonic, and acoustic. Additionally, a source of excitation of wave 

oscillations under certain boundary conditions was added inside the structure, and the first 6 

natural frequencies (vibration modes) were calculated. It is found that at frequencies of 178.19 

Hz, 259.03 Hz, and 259.76 Hz, the total displacements reach maximum values in certain areas 

of the structure, namely in the center of the side face, and they are equal in normalized form 

to 0.096515, 0.13827, 0.17195, which in the future can lead to destruction due to structural 

fatigue. According to the results of the harmonic analysis for a frequency of 20,000 Hz, it was 

obtained that the highest values of the oscillatory velocity are observed at the epicenter of the 

creation of sound vibrations, which is confirmed by practice. 
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ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʦʩʪʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʚʩʝ ʯʘʩ-

ʪʽʰʝ ʜʦʩʣʽʜʥʠʢʠ ʧʨʦʚʦʜʷʪʴ ʧʦʧʝʨʝʜʥʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʘʢʫʩʪʠʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʘ ʩʪʨʘʪʝʛʽʷ ʜʦʟʚʦʣʷʻ ʥʘʧʝʨʝʜ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʚʠʟʥʘʯʠʪʠ ʟ ʧʝʚʥʦʶ ʜʦʩ-

ʪʦʚʽʨʥʽʩʪʶ ʧʘʨʘʤʝʪʨʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟôʷʩʫʚʘʪʠ ʤʦʞ-

ʣʠʚʽ ʢʨʠʪʠʯʥʽ ʜʽʣʷʥʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʽʱʠʥ ʪʘ ʥʘʜʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʚʠʜʘʭ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. ɿʚʽʩʥʦ, ʩʘʤʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʥʝ ʟʘʤʽʥʶʻ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʫʤʦʚʘʭ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʝʘʣʴʥʠʭ. ʈʘʟʦʤ 

ʟ ʪʠʤ, ʪʘʢ ʦʮʽʥʢʘ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʡʯʘʩʪʽʰʝ ʧʝ-

ʨʝʜʙʘʯʘʻ, ʷʢ ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʥʘʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʻ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʨʦʙʦʪʽ [1] ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝʣʽʥʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʩʦʢʦʤʽʮʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʦʙʫʜʦʚʘʥʦ 

ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʘʣʢʠ ʚʽʜ ʧʨʦʛʠʥʫ. ɹʽʣʴʰ ʩʢʣʘʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʙʘ-

ʣʦʢ ʨʦʟʛʣʷʥʫʪʘ ʚ ʜʦʩʣʽʜʞʝʥʥʽ [2]. ʂʦʨʦʙʯʘʩʪʽ ʙʘʣʢʠ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʨʦʟʛʣʷʥʫʪʦ ʷʢ 

ʩʢʣʘʜʦʚʽ ʧʨʦʛʦʥʥʦʾ ʙʫʜʦʚʠ ʙʘʣʦʯʥʦʛʦ ʤʦʩʪʘ (5 ʧʨʦʣʴʦʪʽʚ ʧʦ 32 ʤ ʢʦʞʥʠʡ). ɺ ʷʢʦʩʪʽ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʦʙʨʘʥʦ ʟʘʣʽʟʥʠʯʥʠʡ ʧʦʪʷʛ ʽ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘ ʮʠʭ ʫʤʦʚ, ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʩʪʚʦʨʝʥʦʾ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ANSYS. ʆʢʨʝʤʦ, ʚʠʟʥʘʯʝʥʦ ʨʝʟʫʣʴ-

ʪʘʪʠ ʧʨʦʛʠʥʽʚ ʪʘ ʥʘʧʨʫʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʣʦʯʥʦʛʦ ʤʦʩʪʘ ʧʨʠ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ. ʇʠʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʣʦʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʥʝʣʽʥʽʡʥʠʤʠ 

ʟôʻʜʥʘʥʥʷʤʠ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ [3]. ɿʥʘʡʜʝʥʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʤʝʪʦ-

ʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ ANSYS. ɼʦʜʘʪʢʦʚʦ, ʦʪʨʠ-

ʤʘʥʦ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʰʘʨʥʽʨʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟʫʶʯʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ, ʚʩʝ ʞ ʟʘʣʠ-

ʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ANSYS ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʧʨʦʪʦʪʠʧʫ ʙʣʦʢʫ ʣʽʪʘʢʘ Boeing 777-200, ʜʝ ʜʦʜʘʥʦ ʜʚ̔ ʙʘʣʦʯʥ ̔ʩʠʩʪʝʤʠ ʟ ʦʢʨʝ-

ʤʠʤʠ ʫʤʦʚʘʤʠ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʟʘ ʫʤʦʚʠ ʜʽʾ ʬʽʢʩʦʚʘʥʦʾ ʥʘʧʨʘʚʣʷʶʯʦʾ ʩʠʣʠ. ʂʨʽʤ ʮʴʦʛʦ, ʻ 

ʥʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʩʪʠ ʜʣʷ ʮʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʦʮʽʥʢʦʶ ʜʝʷʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʪʦʪʠʧʫ 

ʧʨʠʤʽʱʝʥʥʷ ʙʣʦʢʫ ʣʽʪʘʢʘ Boeing 777-200 ʟ ʜʦʜʘʚʘʥʥʷʤ ʜʚʦʭ ʙʘʣʦʯʥʠʭ ʩʠʩʪʝʤ ʟ ʦʢʨʝ-

ʤʠʤʠ ʫʤʦʚʘʤʠ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʨʦʟʤʽʱʝʥʥʷʤ ʚʩʝʨʝʜʠʥʽ ʜʞʝʨʝʣʘ ʟʚʫʢʫ. 

 
ʈʠʩʫʥʦʢ 1. ð ʇʨʦʪʦʪʠʧ ʙʣʦʢʫ ʧʨʠʤʽʱʝʥʥʷ 
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ʇʦʙʫʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʟ ʯʦʪʠʨʴʦʭ ʤʦʜʫʣʽʚ çʨʦʟʚôʷʟʫʚʘʯʽʚè, ʷʢʘ ʜʦʟʚʦʣʠʣʘ 

ʧʨʦʚʝʩʪʠ ʪʨʠ ʚʠʜʠ ʽʥʞʝʥʝʨʥʠʭ ʘʥʘʣʽʟʽʚ ʤʦʜʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʛʘʨʤʦʥʽʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʘʢʫʩ-

ʪʠʯʥʠʡ ʘʥʘʣʽʟ. ʆʙʯʠʩʣʝʥʦ ʰʽʩʪʴ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ (ʤʦʜ) ʜʣʷ ʚʢʣʘʜʝʥʥʷ ʜʞʝʨʝʣʘ ʟʙʫ-

ʜʞʝʥʥʷ ʭʚʠʣʴʦʚʠʭ ʢʦʣʠʚʘʥʴ. 

ɸʢʫʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ ʧʽʜʢʣʶʯʝʥʦʛʦ ʦʢʨʝʤʦʛʦ ʤʦʜʫʣʷ Harmonic Acoustics 

ʜʦʟʚʦʣʠʚ ʧʦʙʫʜʫʚʘʪʠ ʢʦʥʪʫʨʥʽ ʜʽʘʛʨʘʤʠ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ. ɿʥʘʡʜʝʥʦ, ʱʦ ʥʘ ʜʝʷʢʠʭ ʯʘ-

ʩʪʦʪʘʭ ʘʥʘʣʽʟʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʦ 

ʧʣʦʱʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʯʘʩʪʦʪʽ 16800 ɻʮ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʦʨʤʦʚʘʥʦʛʦ ʘʢʫʩʪʠʯ-

ʥʦʛʦ ʪʠʩʢʫ (ʜʽʘʧʘʟʦʥ ʥʦʨʤʫʚʘʥʥʷ ʚʽʜ -1 ʜʦ +1) ʻ ʜʦʚʦʣʽ ʥʝʣʽʥʽʡʥʠʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠ-

ʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʽ ʧʦʪʨʝʙʫʻ ʚʩʝ ʞ ʜʦʜʘʪʢʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʚ ʨʘʤʢʘʭ ʨʝʘʣʴʥʦʛʦ ʝʢʩ-

ʧʝʨʠʤʝʥʪʫ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Pandimani, Ponnada, M., Geddada, Y. Numerical nonlinear modeling and 

simulations of high strength reinforced concrete beams using ANSYS. J Build 

Rehabil. 2022. Vol. 22, ˉ 7. DOI: 10.1007/s41024-021-00155-w 

2. Shaikh, M., Nallasivam, K. Static analysis of box-girder bridge under the influence 

of Indian railway vehicle loading using ANSYS finite element model. ABEN. 2022. 

Vol. 25, ˉ 3. DOI: 10.1186/s43251-022-00076-9 

3. Wei, J., Cao, D., Huang, H. Dynamics of a multi-beam structure connected with 

nonlinear joints modelling and simulation. Arch Appl Mech. 2018. ˉ 88. P. 1059-

1074. DOI: 10.1007/s00419-018-1358-x 

 



˸˱̇˹˱˿́̎ ˾ˢ˴˩́˹ˮ̆ ˴˻˹˿́˾̂˴̇˱˯Σ ˤ˱ˣ˾ˢ̇˱̒Σ ˢ˴̂˿́ˮ̉˹˱ ̆ˤˮ˶˱ ́ˢ ̊̂˸˻ˤ˱ ˩̅˩˴́ˮ 

46 

ʋɼʂ 331.432.4 

DOI: 10.62717/2221-4550-2025-1-010 

ʉʥʦʙʢʦ ɼ.ʆ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

ORCID 0009-0008-8414-8825 

E-mail: landidsn@gmail.com 

ʉʦʢʦʣ ɻ.ɯ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

ORCID 0000-0002-6183-9155 

E-mail: gsokol@ukr.net 

ʄɽʊʆɼ ɺʀɿʅɸʏɽʅʅʗ ɺʃɸʉʅʀʍ ʈɽɿʆʅɸʅʉʅʀʍ ʏɸʉʊʆʊ ʊɯʃ 

ʂʆʉʄʆʅɸɺʊɯɺ ɿɸ ɼʆʇʆʄʆɻʆʖ ʄɽʊʆɼʋ ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʀʍ 

ɸʅɸʃʆɻɯʁ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʪʽʣʘ ʢʦʩʤʦ-

ʥʘʚʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʘʥʘʣʦʛʽʡ. ʉʪʚʦʨʝʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʪʽʣʘ ʢʦʩʤʦ-

ʥʘʚʪʘ ʷʢ ʙʘʛʘʪʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʫ ʷʢʽʡ ʤʘʩʠ ʟ'ʻʜʥʘʥʽ ʧʨʫʞʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʟ ʜʝʤʧʬʫʚʘ-

ʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʠ, 

ʥʘ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʰʢʽʜʣʠʚʽ ʚʽʙʨʘʮʽʡʥʽ ʚʧʣʠʚʠ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ. ʋ ʨʝʟʫʣʴ-

ʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʚʣʘʩʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʪʽʣʘ ʢʦʩ-

ʤʦʥʘʚʪʘ ð 1,702 ɻʮ. ɺʠʟʥʘʯʝʥʥʷ ʮʽʻʾ ʯʘʩʪʦʪʠ ʜʦʟʚʦʣʷʻ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʻʢʪʫʚʘʪʠ ʜʝʤʧ-

ʬʝʨʥʫ ʩʠʩʪʝʤʫ ʫ ʢʨʽʩʣʽ ʢʦʩʤʦʥʘʚʪʘ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡ. 

ʂʣʁ ʯʦʚʽ ʩʣʦʚʘ: ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʘʥʘʣʦʛʽʾ, ʚʽʙʨʘʮʽʾ, ʚʣʘʩʥʽ 

ʯʘʩʪʦʪʠ. 
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METHOD FOR DETERMINING THE NATURAL RESONANT FREQUENCIES 

OF COSMONAUTS' BODIES USING THE ELECTROMECHANICAL ANALOGY 

METHOD  

ɸnnotation. A method for determining the natural resonance frequencies of an 

astronaut's body using electromechanical analogies has been developed. A physical model of 

the astronaut's body has been created as a multi-mass system, where the masses are connected 

by elastic links with damping elements. The proposed computational scheme allows for the 

identification of frequencies at which harmful vibrational effects occur during the launch of a 

carrier rocket. As a result of the calculations, the natural resonance frequency of the astronaut's 

body was found to be 1.702 Hz. Determining this frequency enables the proper design of the 

damping system in the astronaut's seat to minimize the impact of low-frequency vibrations. 
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Keywords: resonance frequency, electromechanical analogies, vibrations, natural 

frequencies. 

 

ʈʦʟʨʦʙʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʪʽʣ ʞʠʚʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ/ʻʢʪʽʚ ʟ/ʷʚʠ-

ʣʠʩʷ ʟ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ 20-ʛʦ ʩʪʦʨʽʯʯʷ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʘʢʠʭ ʨʦʙʦʪʘʭ ʚʠʥʠʢʣʘ ʟ ʨʦʟʚʠʪ-

ʢʦʤ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ɹʦ ʚ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʪʨʘʢʪʦʨʽʚ, ʧʘʨʦʚʦʟʽʚ, ʪʝʧʣʦʚʦʟʽʚ, ʝʣʝ-

ʢʪʨʦʚʦʟʽʚ ʥʘ ʚʦʜʽʾʚ ʥʘʢʣʘʜʘʣʠʩʷ ʥʝ ʪʽʣʴʢʠ ʩʪʘʮʽʦʥʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʽ ʜʠʥʘʤʽʯʥʽ [1]. 

ɸ ʩʘʤʝ, ʚʠʥʠʢʘʣʠ ʨʽʟʥʦʛʦ ʚʠʜʫ ʢʦʣʠʚʘʥʥʷ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʣʴʥʽ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʧʨʦʷʚʠʣʠ ʩʝʙʝ ʧʨʠ ʧʦʣʴʦʪʘʭ ʣʽʪʘʢʽʚ ʪʘ ʨʘʢʝʪ [2]. ʇʨʠ ʚʠʚʝʜʝʥʥʽ ʢʦʩʤʽʯʥʦʛʦ ʢʦ-

ʨʘʙʣʷ ʟ ʢʦʩʤʦʥʘʚʪʘʤʠ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʫ ʦʨʙʽʪʫ ʨʘʢʝʪʘ-ʥʦʩʽʡ (ʈʅ) ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ ʚʽʙʨʘ-

ʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʪʽʣʘ ʢʦʩʤʦʥʘʚʪʘ, ʱʦʙ ʫʥʠʢʘʪʠ 

ʚʧʣʠʚ ʰʢʽʜʣʠʚʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʮʠʭ ʯʘʩʪʦʪʘʭ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʪʽʣʘ ʢʦʩʤʦʥʘʚʪʘ ʷʢ ʙʘʛʘʪʦʤʘʩʦʚʦʾ 

ʩʠʩʪʝʤʠ, ʤʘʩʠ ʚ ʷʢʽʡ ʟ'ʻʜʥʘʥʽ ʧʨʫʞʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ ʟ ʜʝʤʧʬʫʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʟʘ 

ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʘʥʘʣʦʛʽʡ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʣʘʩʥʦʾ ʨʝʟʦʥʘ-

ʥʩʥʦʾ ʯʘʩʪʦʪʠ ʪʽʣʘ ʢʦʩʤʦʥʘʚʪʘ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʪʽʣʦ ʷʢ ʩʠʩʪʝʤʫ ʤʘʩ, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʨʫʞʥʠʤʠ ʟʚ/ʷʟʢʘʤʠ, ʤʦ-

ʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ ʙʘʛʘʪʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʪʽʣʘ ʢʦʩʤʦʥʘʚʪʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʘʥʘʣʦʛʽʡ. ʉʭʦʞʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʪʽʣʘ ʢʦʩʤʦʥʘʚʪʘ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʬʝʩʦʨʦʤ ɯ.ʂ. ʂʦʩʴʢʦʤ [3]. ɸʣʝ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʘ ʚʧʝʨʰʝ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʪʫʪ ʚʽʜʽʛʨʘʻ ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ ʟʚ/ʷʟʢʽʚ 

ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʠʩ-

ʢʨʝʪʥʠʭ ʤʘʩ, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʨʫʞʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ 

ʯʘʩʪʦʪ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʩʢʣʘʜʝʥʦ ʤʦʜʝʣʴ, ʱʦ ʽʤʽʪʫʻ ʪʽʣʦ ʢʦʩʤʦʥʘʚʪʘ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʭ ʤʘʩ, ʟ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʨʫʞʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ. 

ʇʽʜ ʯʘʩ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʜʽʡʩʥʫ ʢʦʣʠʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʟʘʤʽʥʠʣʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ, 

ʷʢʘ ʻ ʘʥʘʣʦʛʦʤ ʪʽʣʘ ʣʶʜʠʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘʩʘʤʧʝʨʝʜ ʙʫʜʫʪʴ ʚʠʟʥʘʯʝʥʽ ʧʨʠ-

ʚʝʜʝʥʘ ʤʘʩʘ ʽ ʧʨʠʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʦʩʥʦʚʽ ʟʥʘʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʞʝ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʪʽʣʘ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ ʜʦʪʨʠʤʫʚʘʣʠʩʷ ʧʨʘʚʠʣ ʧʦʩʣʽʜʦʚʥʦʛʦ ʽ ʧʘ-

ʨʘʣʝʣʴʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ [4, 5].  

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʽʣ ʢʦʩʤʦʥʘʚʪʽʚ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʘʢʫʩʪʠʯʥʠʭ ʘʥʘʣʦʛʽʡ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʪʽʣʘ ʢʦʩʤʦʥʘʚʪʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ 

ʤʦʜʝʣʴ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪʠ, ʷʢʦʾ ʩʣʽʜ ʫʥʠʢʘʪʠ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʧʦʰʢʦʜʞʝʥ-

ʥʷʤ ʚʽʜ ʚʽʙʨʘʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪʦ-ʢʦʩʤʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʷ ʯʘ-

ʩʪʦʪʘ ʩʪʘʥʦʚʠʪʴ 1,702 ɻʮ. 

ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ ʟʙʽʛʘʥʥʷ ʚʣʘʩʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ 

ʯʘʩʪʦʪ ʪʽʣʘ ʢʦʩʤʦʥʘʚʪʘ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʦʨʛʘʥʽʚ ʽʟ ʯʘʩʪʦʪʘʤʠ, ʱʦ ʨʝʻʩʪʨʫʶʪʴʩʷ ʪʝʣʝʤʝ-

ʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʪʘ ʚʠʥʠʢʘʶʪʴ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪʦ-ʢʦʩʤʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʽʜ ʯʘʩ 

ʘʢʪʠʚʥʦʾ ʬʘʟʠ ʚʠʚʝʜʝʥʥʷ. ʎʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʜʝʤʧʬʝʨʥʦʾ ʩʠʩʪʝʤʠ ʚ ʢʨʽʩʣʽ ʢʦʩʤʦʥʘʚʪʘ. 

ʎʷ ʨʦʙʦʪʘ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʥʫ ʢʦʩʤʦʥʘʚʪʘ ʚ ʧʨʦʮʝʩʽ ʪʘ ʧʽʩʣʷ ʚʧʣʠʚʽʚ ʥʘ ʡʦʛʦ ʪʽʣʦ ʚʽʙʨʘʮʽʡ ʥʘ ʘʢ-

ʪʠʚʥʽʡ ʜʽʣʷʥʮʽ ʚʠʚʝʜʝʥʥʷ ʈʂʇ. 
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ɼʦʜʘʪʢʦʚʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ ʥʘ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʾʭʥʴʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʭʘʥʽʟʤʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 3D ʜʨʫʢ, ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʜʝʪʘʣʴ, ʤʽʮʥʽʩʪʴ. 
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3D PRINTING IN THE MANUFACTURING OF DURABLE PARTS IN ROBOTICS  

ɸbstract. The advantages of using 3D printing technology in robotics are considered. 

An innovative approach and the use of modern software and equipment contributed to the 

successful implementation of the project. A list of technological operations performed for the 

project implementation is provided. This made it possible to gain a clear understanding of all 

the steps of the technology. The results confirm the potential of 3D printing for creating 

efficient and functional mechanisms in robotics. Additionally, the impact of printing 

parameters on the strength of parts, which is a key factor for their further use in mechanisms, 

has been analyzed. 

Keywords: 3D printing, robotics, part, strength. 

 

ɿʘʨʘʟ 3D ʜʨʫʢ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʫ ʧʦʙʫʪʽ, ʪʘʢ ʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʘʚʜʷʢʠ 

ʩʚʦʾʡ ʧʨʦʩʪʦʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʶ-

ʜʠʥʠ ʽ ʥʝ ʚʪʨʘʯʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ [1, 2]. 

ɯʩʪʦʨʽʷ 3D ʜʨʫʢʫ ʧʦʯʘʣʘʩʷ ʫ 1980-ʭ ʽ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦʩʽ. ʇʝʨʰʽ ʢʨʦʢʠ ʙʫʣʠ ʟʨʦʙ-

ʣʝʥʽ ʫ ʗʧʦʥʽʾ, ʧʽʟʥʽʰʝ ʜʦʩʷʛʥʝʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʚʽʜʟʥʘʯʠʣʠ ʘʤʝʨʠʢʘʥʩʴʢʽ ʚʯʝʥʽ. ɿ ʯʘʩʦʤ 

ʪʝʭʥʦʣʦʛʽʷ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʶ, ʟ'ʷʚʠʣʠʩʷ ʢʦʤʧʘʥʽʾ, ʪʘʢʽ ʷʢ EOS GmbH ʪʘ Stratasys, ʷʢʽ 
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ʨʦʟʚʠʚʘʣʠ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʣʠ ʾʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ 3D ʜʨʫʢʫ ʚʠʷʚʠʣʦʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤ, 

ʚʢʣʶʯʘʶʯʠ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʪʝʟʽʚ, ʤʝʜʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ. ʄʦʞʣʠʚʦʩʪʽ 

3D ʜʨʫʢʫ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʚʢʣʶʯʘʶʯʠ ʚʠʛʦ-

ʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʫ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. ʎʝ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʨʦʙʦʪʽʚ ʽ 

ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ð ʮʝ ʟʜʽʡʩʥʝʥʥʷ 3D ʪʝʭʥʦʣʦʛʽʾ ʚ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʤʝʭʘʥʽʟʤʘ ʨʦʙʦʪʘ-

ʤʘʥʽʧʫʣʷʪʦʨʘ Robot.dp.ua. 

ɼʦ ʟʘʚʜʘʥʴ ʚʽʜʥʦʩʷʪʴʩʷ ʩʢʣʘʜʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʠʩʫʥʢʫ ʫ ʧʨʦʛʨʘʤʽ çAutodesk Au-

toCADè; ʤʦʜʝʣʶʚʘʥʥʷ ʨʠʩʫʥʢʫ ʜʣʷ ʜʨʫʢʫ ʫ ʧʨʦʛʨʘʤʽ çCura Ultimakerè; ʜʨʫʢ ʥʘ ʢʘʩʪʦʤ-

ʥʦʤʫ 3D ʧʨʠʥʪʝʨʽ. 

ʈʦʟʨʦʙʣʷʻʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʰʘʛʽʚ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ [3]. 

1. ɿʘ ʜʦʧʦʤʦʛʦʶ AutoCAD ʩʪʚʦʨʶʻʤʦ 2D ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ, ʜʝ ʟʘʜʘʻʤʦ ʨʦʟʤʽʨʠ 

ʜʣʷ ʜʨʫʢʫ, ʙʫʜʫʻʤʦ 3D ʝʩʢʽʟ. ʂʨʝʩʣʝʥʥʷ ʪʨʝʙʘ ʟʙʝʨʽʛʘʪʠ ʫ ʬʦʨʤʘʪʽ .stl, ʦʩʢʽʣʴʢʠ ʮʝʡ 

ʬʦʨʤʘʪ ʟʯʠʪʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘʤʠ, ʱʦ ʦʙʨʦʙʣʷʶʪʴ ʢʨʝʩʣʝʥʥʷ ʜʣʷ 3D ʧʨʠʥʪʝʨʘ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ Ultimaker Cura, ʧʽʜʛʦʪʦʚʣʶʻʤʦ ʢʨʝʩʣʝʥʥʷ ʜʣʷ 3D ʜʨʫʢʫ. ʅʘ-

ʣʘʰʪʦʚʫʻʤʦ ʧʘʨʘʤʝʪʨʠ ʜʨʫʢʫ ʚʠʩʦʪʘ ʰʘʨʫ, ʰʠʨʠʥʘ ʣʽʥʽʾ, ʟʘʧʦʚʥʝʥʥʷ, ʤʘʪʝʨʽʘʣ, ʰʚʠʜ-

ʢʽʩʪʴ ʜʨʫʢʫ, ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʱʦ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʻʤʦ ʟʘʧʦʚʥʝʥʥʶ ʪʘ ʚʠʩʦʪʽ 

ʰʘʨʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʽ. 

3. ʇʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ ʧʦʪʨʽʙʥʦ ʚʽʨʥʦ ʨʦʟʪʘʰʫʚʘʪʠ ʤʘʡʙʫʪʥʶ ʜʝʪʘʣʴ ʫ ʧʨʦʩʪʦʨʽ 

ʩʪʦʣʘ ʧʨʠʥʪʝʨʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʾ ʧʘʥʝʣʽ ʧʨʠʥʪʝʨʘ ʥʘʣʘʰʪʦʚʫʻʤʦ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ 

ʷʢ ʷʢʽʩʪʴ ʜʨʫʢʫ, ʪʝʤʧʝʨʘʪʫʨʘ, ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ, ʧʝʨʝʤʽʱʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʧʽʜʪʨʠʤʢʠ 

ʪʘ ʪʠʧ ʧʨʠʣʠʧʘʥʥʷ ʜʦ ʩʪʦʣʫ. ʇʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʧʦʧʝʨʝʜʥʽʡ 

ʧʝʨʝʛʣʷʜ ʜʨʫʢʫʚʘʥʥʷ. 

4. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʴ, ʬʘʡʣ ʢʨʝʩʣʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ 

ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʝʨʝʭʦʜʠʤʦ ʜʦ ʜʨʫʢʫ, ʚʤʠʢʘʻʤʦ ʧʨʠʥʪʝʨ. ɿʥʘʭʦʜʠʤʦ ʫ ʤʝʥʶ ʧʨʠʥʪʝʨʘ 

ʥʦʩʽʡ, ʚʠʙʠʨʘʻʤʦ ʩʪʚʦʨʝʥʠʡ ʬʘʡʣ, ʧʨʠʥʪʝʨ ʧʦʯʠʥʘʻ ʩʚʦʶ ʨʦʙʦʪʫ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ çAutodesk 

AutoCADè. ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʫ ʜʦ ʜʨʫʢʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

çCura Ultimakerè. ɼʨʫʢ ʚʠʨʦʙʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ 3D ʧʨʠʥʪʝʨʽ ʪʠʧʫ Ultimaker. 

ɺ ʧʨʦʮʝʩʽ ʜʨʫʢʫ ʜʝʪʘʣʝʡ ʧʨʦʚʝʜʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʰʫʤʽʚ. ʈʽʚʝʥʴ ʩʢʣʘʚ 45 ʜɹ. 

ʄʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʥʘʜʨʫʢʦʚʘʥʠʭ ʤʝʪʦʜʦʤ 3D ʜʨʫʢʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, 

ʟʦʢʨʝʤʘ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʦʙʨʘʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʦʨʽʻʥʪʘʮʽʾ ʜʨʫʢʫ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫ. ɺ ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʽʚ ʫ ʨʦʙʦʪʦʪʝʭʥʽʮʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠ ʤʝʪʦʜ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʘʣʘʰʪʫʚʘʥʴ. 

 

ɺʠʩʥʦʚʢʠ 

ɿʜʽʡʩʥʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʙ-

ʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ 3D ʧʨʠʥʪʝʨ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʟ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʝʪʘʣʝʡ ʨʦʙʦʪʘ. ʈʝʪʝʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʥʦʛʦ ʧʨʠʥʪʝʨʘ ʪʘ 

ʡʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʘʟʥʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ çAutodesk AutoCADè ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʫ ʜʦ ʜʨʫʢʫ. ʆʪʞʝ, ʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʘʞʣʠʚʽ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ, ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ 

ʧʝʨʩʧʝʢʪʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 3D ʜʨʫʢʫ ʫ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. 

ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ ʥʘ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ. ʈʝʟʫʣʴ-

ʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʪʚʝʨʜʠʣʠ ʚʘʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ ʜʣʷ ʦʪʨʠ-

ʤʘʥʥʷ ʙʽʣʴʰ ʜʦʚʛʦʚʽʯʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʬʝʨʽ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɸɽʈʆɼʀʅɸʄɯʏʅʆɻʆ ʐʋʄʋ ʇʈʆʌɯʃʖ NACA0012 ʇʈʀ 

ʄɸʃʀʍ ʏʀʉʃɸʍ ʈɽʁʅʆʃʔɼʉɸ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʰʫʤ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʩʠʤʝʪʨʠʯ-

ʥʠʤ ʧʨʦʬʽʣʝʤ NACA0012 ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʧʦʚʽʪʨʷʤ ʟʘ ʤʘʣʠʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ (Re ~10 ). 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʛʝʥʝʨʘʮʽʾ ʰʫʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝ-

ʪʦʜ ʚʝʣʠʢʠʭ ʚʠʭʦʨʽʚ (LES) ʫ ʩʝʨʝʜʦʚʠʱʽ ANSYS Fluent, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʜʝʪʘʣʴʥʦ ʚʽʜʪ-

ʚʦʨʠʪʠ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʪʫʨʙʫʣʝʥʪʥʽ ʩʪʨʫʢʪʫʨʠ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʰʫʤ. ʆʮʽʥʢʘ ʨʦʟʧʦʚ-

ʩʶʜʞʝʥʥʷ ʰʫʤʫ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʫʩʪʠʯʥʦʾ ʘʥʘʣʦʛʽʾ ʌʬʦʫʝʢʩʘ-ɺʽʣʴʷʤʩʘ ʪʘ 

ʍʦʢʽʥʛʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʩʪʝʥʜʽ ʚ 

ʙʝʟʣʫʥʥʽʡ ʢʘʤʝʨʽ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʩʧʝʢʪʨʽʚ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪ-

ʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʰʫʤʫ ʪʘ ʾʾ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʩʪʨʘʪʝʛʽʡ ʡʦʛʦ ʟʥʠʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʘʚʽʘʮʽʾ ʪʘ ʚʽʪʨʦʝʥʝʨʛʝʪʠʮʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʝʨʦʘʢʫʩʪʠʢʘ, ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʰʫʤ, ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʝ ʘʢʫʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

S. Zolotarenko 
Dnipro University of Technology 

ORCID 0009-0008-5291-4206 

E-mail: zolotarenko.s.an@nmu.one 

S. Aleksieienko 
Dnipro University of Technology 

ORCID 0000-0003-0320-989X 

E-mail: aleksieienko.s.v@nmu.one 

INVESTIGATION OF AERODYNAMIC NOISE OF THE NACA0012 AIRFOIL AT 
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Abstract. The paper investigates the aerodynamic noise generated by a symmetric 

NACA0012 airfoil when flowing around the air at low Reynolds numbers (Re ~10 ). For nu-

merical modeling of turbulent flow and noise generation, the large eddy simulation method 

(LES) was used in the ANSYS Fluent environment, which allowed for a detailed reproduction 

of large-scale turbulent structures responsible for noise. The noise propagation was estimated 

using the Ffoex-Williams and Hawking acoustic analogy. Experimental studies were carried 

out on a specialized stand in an anechoic chamber with measurement of sound pressure 
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spectra. Comparison of the obtained numerical and experimental data showed high agreement 

in the frequencies of tonal peaks. The results confirm the effectiveness of the proposed nu-

merical-experimental method for accurate prediction of aerodynamic noise and its practical 

significance for developing strategies for its reduction, in particular in aviation and wind 

power. 

Keywords: aeroacoustics, aerodynamic noise, numerical simulation, experimental 

acoustic modeling. 

 

ʉʫʯʘʩʥʘ ʽʥʞʝʥʝʨʽʷ ʧʨʠʜʽʣʷʻ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʟʤʝʥʰʝʥʥʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʘʝ-

ʨʦʜʠʥʘʤʽʯʥʦʛʦ ʰʫʤʫ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʷ ʧʨʦʙʣʝʤʘ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʚʽʪʨʦ-

ʝʥʝʨʛʝʪʠʢʠ, ʘʚʽʘʮʽʾ ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʜʝ ʥʝʩʪʘʙʽʣʴʥʽ ʪʝʯʽʾ ʩʧʨʠʯʠʥʷʶʪʴ 

ʥʝʙʘʞʘʥʽ ʘʢʫʩʪʠʯʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʜʞʝʨʝʣ ʪʘʢʦʛʦ ʰʫʤʫ ʻ ʫʪʚʦ-

ʨʝʥʥʷ ʚʠʭʦʨʽʚ ʪʘ ʾʭʥʷ ʚʟʘʻʤʦʜʽʷ ʟ ʟʘʜʥʴʦʶ ʢʨʘʡʢʦʶ ʧʨʦʬʽʣʶ [1]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʥʘʣʴʥʦʛʦ ʰʫʤʫ, 

ʷʢʠʡ ʛʝʥʝʨʫʻʪʴʩʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʧʨʦʬʽʣʶ NACA0012 ʟʘ ʤʘʣʠʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ, ʭʘʨʘ-

ʢʪʝʨʥʠʭ ʜʣʷ ʨʝʞʠʤʽʚ ʦʙʪʽʢʘʥʥʷ ʣʦʧʘʪʝʡ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʚʽʪʨʷʥʠʭ ʪʫʨʙʽʥ. 

ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʫʚʘʚʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ANSYS Fluent ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦ-

ʜʝʣʽ LES, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʚʽʜʪʚʦʨʶʚʘʪʠ ʪʫʨʙʫʣʝʥʪʥʽ ʩʪʨʫʢʪʫʨʠ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʛʝʥʝʨʘ-

ʮʽʶ ʪʦʥʘʣʴʥʦʛʦ ʰʫʤʫ [2,3]. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʝʪʘʣʴʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʽʪʢʘ, ʷʢʘ ʟʘʙʝʟ-

ʧʝʯʠʣʘ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʝʚʦʣʶʮʽʾ ʚʠʭʦʨʽʚ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʧʨʦʬʽʣʶ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʜʣʷ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʫ ʜʽʘʧʘʟʦʥʽ 1,0-1,6Ĭ10 , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝ-

ʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʦʧʘʪʝʡ ʤʘʣʠʭ ʚʽʪʨʷʥʠʭ ʪʫʨʙʽʥ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝ-

ʨʩʠʪʝʪʽ "ɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ" ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʝʥʜʫ, ʱʦ ʚʽʜʪʚʦʨʶʻ ʦʙʝʨʪʘʣʴʥʠʡ 

ʨʫʭ ʩʝʛʤʝʥʪʘ ʣʦʧʘʪʽ ʚʽʪʨʷʥʦʾ ʪʫʨʙʽʥʠ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʙʝʟʣʫʥʥʽʡ ʢʘʤʝʨʽ. ɼʘʥʽ ʧʨʦ 

ʘʢʫʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʤʽʢʨʦʬʦʥʫ ʪʘ 

ʦʙʨʦʙʣʝʥʦ ʤʝʪʦʜʦʤ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨô̒  ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʰʫʤʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ 

ʫʟʛʦʜʞʝʥʽʩʪʴ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʪʦʥʘʣʴʥʠʭ ʧʽʢʽʚ ʫ ʩʧʝʢʪʨʽ ʰʫʤʫ. ɼʣʷ ʫʤʦʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ Re = 1,6Ĭ10 , ʦʩʥʦʚʥʠʡ ʪʦʥʘʣʴʥʠʡ ʧʽʢ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʯʘʩʪʦʪʽ 

1200 ɻʮ ʷʢ ʫ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʪʘʢ ʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɺʪʦ-

ʨʠʥʥʽ ʧʽʢʠ ʪʘʢʦʞ ʧʨʦʷʚʠʣʠ ʩʭʦʞʫ ʪʝʥʜʝʥʮʽʶ. ɺʽʜʭʠʣʝʥʥʷ ʨʽʚʥʷ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʪʘ ʜʚʦʚʠʤʽʨʥʠʤ ʯʠʩʝʣʴʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʩʪʘʥʦʚʠʣʦ ʙʣʠʟʴʢʦ 15 ʜɹ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʦʤʠʤ ʜʘʥʠʤ ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʰʫʤʫ [4]. 

ʂʣʶʯʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ LES ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʰʫʤʫ ʫ 

ʧʨʘʢʪʠʯʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ CFD-ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ ʰʫʤʫ ʪʘ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʬʽʣʽʚ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʚʧʣʠʚʫ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫ-

ʜʫʪʴ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʪʨʠʚʠʤʽʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʝʬʝʢʪʠ, ʟʦʢʨʝʤʘ ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʚʠʭʦʨʽʚ ʽ ʩʢʣʘʜʥʽʰʽ ʨʝʞʠʤʠ ʪʝʯʽʾ. ʆʪʨʠʤʘʥʽ ʨʝ-

ʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʡ ʟʥʠʞʝʥʥʷ ʰʫʤʫ ʜʣʷ ʚʽʪʨʦ-

ʝʥʝʨʛʝʪʠʢʠ, ʘʚʽʘʮʽʾ ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 
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ʏʀʉɽʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɸɽʈʆɼʀʅɸʄɯʂʀ ʐɺʀɼʂɯʉʅʀʍ 

ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ, ʑʆ ɺʀʂʆʈʀʉʊʆɺʋʖʊʔ ɽʌɽʂʊ 

ʅɸɹʃʀɾɽʅʅʗ ɼʆ ɿɽʄʃɯ 

ɸʥʦʪʘʮʽʷ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʨʦʩ-

ʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʧʦʚʝʨ-

ʭʥʽ ʟʝʤʣʽ. ʊʘʢʽ ʘʧʘʨʘʪʠ ʟʘʧʦʚʥʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʨʠʚ ʤʽʞ ʟʚʠʯʘʡʥʠʤʠ ʣʽʪʘʢʘʤʠ ʪʘ 

ʥʘʟʝʤʥʠʤʠ ʘʙʦ ʥʘʜʚʦʜʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽ-

ʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʬʝʢʪ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʟʝʤʣʽ, ʥʘ ʦʩʥʦʚʽ ʘʝʨʦʜʠʥʘʤʽ-

ʯʥʦʾ ʩʭʝʤʠ ʪʠʧʫ çʣʽʪʘʶʯʝ ʢʨʠʣʦè. ʄʝʪʦʜʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʝʥʦ ʘʝʨʦʜʠ-

ʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʧʘʨʘʪʘ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʚʠʜʢʦʩʪʽ 

ʧʦʣʴʦʪʫ ʪʘ ʚʽʜʩʪʘʥʽ ʜʦ ʝʢʨʘʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟ ʤʝʪʦʶ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʟʝʤʣʽ. 
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NUMERICAL STUDY OF THE AERODYNAMICS OF HIGH -SPEED UAVS USING 

THE GROUND EFFECT 

Abstract. Modern trends in the development of vehicles indicate a growing interest in 

aircraft that use the wing-in-ground effect. Such aircrafts fill the technological gap between 

conventional airplanes and ground or water surface vehicles and are characterized by in-

creased aerodynamic efficiency. The work proposes the construction of an unmanned aerial 

vehicle that uses the wing-in-ground effect, based on the aerodynamic scheme of the "flying 

wing" type. The aerodynamic properties of the aircraft were evaluated using the computa-

tional fluid dynamics method and the influence of flight speed and distance to the ground on 

its characteristics was investigated. The results of the work can be used for the purpose of 

developing and improving the designs of aircraft that use the wing-in-ground effect. 

Keywords: trends in the development of vehicles indicate, aircraft, aerodynamic prop-

erties of the aircraft 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʟʝʤʣʽ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦʶ ʢʦʥʮʝʧʮʽʻʶ ʧʨʦ-

ʝʢʪʫʚʘʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʘ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʫ 

ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʷʢ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ, ʪʫʨʠʟʤ, ʨʷʪʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ, 

ʚʽʡʩʴʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. ʊʘʢʘ ʢʦʥʮʝʧʮʽʷ ʧʨʦʧʦʥʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʨʽ-

ʰʝʥʥʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ [1]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʪʝʯʽʾ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ʥʘʚʢʦʣʦ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ 

ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʠʚʠ-

ʤʽʨʥʠʭ ʫʩʝʨʝʜʥʝʥʠʭ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ. ʇʨʠ ʟʘʤʠʢʘʥʥʽ ʩʠʩʪʝʤʠ ʨʽ-

ʚʥʷʥʴ ʦʙʨʘʥʦ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST. ʏʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ 

ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʦ-ʦʙôʻʤʥʦʛʦ ʤʝʪʦʜʫ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝ-

ʪʦʜʠ, ʱʦ ʤʘʶʪʴ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʟʤʽʥʥʠʤʠ [2,3]. 

ʈʦʟʨʦʙʣʝʥʦ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʬʦʨʤʫ ʤʘʣʦʛʦ ʰʚʠʜʢʽʩʥʦʛʦ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ 

ʘʧʘʨʘʪʘ ʪʠʧʫ çʣʽʪʘʶʯʝ ʢʨʠʣʦè (ʨʠʩ. 1ʘ), ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʪʘ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʣʽʪʘʣʴ-

ʥʦʛʦ ʘʧʘʨʘʪʘ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʜʦʩʢʦʥʘʣʽʩʪʴ (ʨʠʩ. 1ʙ). ɼʦʩʣʽʜʞʝʥʦ 

ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʧʦʣʴʦʪʫ ʪʘ ʚʽʜʩʪʘʥʽ ʜʦ ʝʢʨʘʥʫ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟ-

ʨʦʙʣʝʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ. 

 

   
ʈʠʩ. 1 ð ɸʝʨʦʜʠʥʘʤʽʯʥʘ ʬʦʨʤʘ (ʟʣʽʚʘ) ʪʘ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʪʘ ʣʽʥʽʡ ʩʪʨʫʤʫ ʥʘʚʢʦʣʦ ʧʦʚʝʨʭʥʽ 

ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ (ʟʧʨʘʚʘ) 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ ʥʘ-

ʙʣʠʞʝʥʥʷ ʜʦ ʟʝʤʣʽ ʪʘ ʤʘʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʩʭʝʤʫ ʪʠʧʫ çʣʽʪʘʶʯʝ ʢʨʠʣʦè ʻ ʜʦʩʠʪʴ ʚʠʩʦ-

ʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʽʥʪʝʛʨʫ-

ʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʤʘʩʦ-ʰʚʠʜʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ 
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ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʣʴʦʪʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʘʜ ʥʝʨʽʚʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʘ 

ʚʦʜʦʶ. 

ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʟʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢ-

ʨʘʾʥʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ 2022.01/0170 çʆʙˇʨʫʥʪʫʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʽ ʧʨʦʻʢʪʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʥʘʜʚʦʜʥʦʛʦ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘè. 
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MODELING OF THERMAL FIELDS NEAR THE SPACECRAFT IN THE 

VOLUME OF THE MAIN FAIRING  

Abstract. The spacecraft is placed inside the main fairing. Certain conditions must be 

met to ensure a safe pre-launch stay in the main fairing volume. It is important to predict the 

temperature field around the spacecraft during its forced ventilation at the pre-launch stage. 

Keywords: main fairing, temperature field, pre-launch preparation, thermal fields. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʬʦʨʤʫʻʪʴʩʷ ʚʝʥʪʠʣʷʮʽʻʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʚʽʜʩʽʢʫ ʨʘʢʝʪʦ-ʥʦʩʽʷ ʪʘ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ ʚʽʜ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʷʚʣʷʻ 

ʩʦʙʦʶ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʫ ʟʘʜʘʯʫ [1-4]. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ. ʎʝ ʨʽʚʥʷʥʥʷ ʚʨʘʭʦʚʫʚʘʣʦ: 

ð ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʟ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʩʫʧʫʪʥʠʢʘ; 

ð ʢʘʨʪʠʥʫ ʦʙʪʽʢʘʥʥʷ ʩʫʧʫʪʥʠʢʘ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ; 

ð ʪʝʧʣʦʦʙʤʽʥ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʽʜʩʽʢʫ. 

ʅʝʦʜʥʦʨʽʜʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʤʦ-

ʜʝʣʽ ʧʦʪʝʥʮʽʡʥʦʾ ʪʝʯʽʾ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ 
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ʩʢʽʥʯʝʥʦ-ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʦʮʽ-

ʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʛʦʣʦʚʥʦʤʫ ʦʙʪʽʯʥʠʢʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘ-

ʮʽʡ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ʅʘʫʢʦʚʦʶ ʥʦʚʠʟʥʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʚʦʨʝʥʥʷ ʰʚʠʜʢʦʨʦʟʨʘ-

ʭʫʥʢʦʚʦʾ CFD ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʚʩʝʨʝʜʠʥʽ ʦʙʪʽʯʥʠʢʘ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʥʘ 

ʝʪʘʧʽ ʧʝʨʝʜʩʪʘʨʪʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦ-

ʟʧʦʜʽʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʚ ʩʝʨʝʜʠʥʽ ʦʙʪʽʯʥʠʢʘ. ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʦʟʨʦʙʣʝʥʥʷʤ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʘ ʜʣʷ ʚʠʙʦʨʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʨʝʞʠʤʫ ʚʝʥʪʠʣʷʮʽʾ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʨʘʢʝʪʠïʥʦʩʽʷ ʥʘ ʝʪʘʧʽ ʧʝʨʝʜʩʪʘʨʪʦʚʦʾ ʧʽʜʛʦʪʦ-

ʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʪʘ ʚʠʢʦ-

ʥʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ. ʄʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠ-

ʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʝʨʚʠʥʥʦʾ ʦʮʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʛʦʣʦʚʥʦʤʫ ʦʙʪʽʯʥʠʢʫ ʥʘ 

ʝʪʘʧʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʞʠʤʫ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʘʙʦ ʩʫʧʫʪ-

ʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʽ ʧʠʪʘʥʥʷ ʨʘʥʽʰʝ ʚʞʝ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʫ ʪʨʫʜʘʭ ʚʽʪʯʠʟʥʷʥʠʭ 

ʚʯʝʥʠʭ ɯʥʩʪʠʪʫʪʫ ʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽ ʅʂɸʋ ʪʘ ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè ʱʝ ʥʘ ʧʨʠ ʢʽʥʮʽ ʜʨʫʛʦʛʦ ʪʠʩʷ-

ʯʦʣʽʪʪʷ [5]. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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PROPAGATION OF ELECTRON WAVE PACKETS IN MAGNETIC FIELD  

Abstract. The amplitude of wave packets of electrons passing through a resonant 

quantum system with a single level was obtained using a saddle point asymptotic method. The 

numerical parameters of the problem are analyzed. The delay time was estimated. 

Keywords: wave packet, fermion, magnetic field, Hartman effect, quantum system. 

 

ʈʫʭ ʯʘʩʪʠʥʦʢ ʢʨʽʟʴ ʢʚʘʥʪʦʚʽ ʩʠʩʪʝʤʠ ʻ ʢʣʘʩʠʯʥʦʶ ʟʘʜʘʯʝʶ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ, ʷʢʘ 

ʤʘʻ ʷʢ ʪʝʦʨʝʪʠʯʥʠʡ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. ʎʷ ʟʘʜʘʯʘ ʦʭʦʧʣʶʻ ʥʠʟʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʮʝ ʟʘʜʘʯʘ ʧʨʦʭʦʜʞʝʥʥʷ 

ʨʽʟʥʦʛʦ ʪʠʧʫ ʩʠʛʥʘʣʽʚ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɺʽʜʦʤʦ, ʱʦ ʨʫʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʚʟʜʦʚʞ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʻ ʚʽʣʴʥʠʤ, ʘ ʨʽʚʥʽ ʝʥʝʨʛʽʾ ð ʜʠʩʢʨʝʪʥʠʤʠ, ʱʦ ʤʘʶʪʴ ʥʘʟʚʫ ʨʽʚ-

ʥʽʚ ʃʘʥʜʘʫ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʯʘʩʪʠʥʢʠ ʷʢ ʭʚʠʣʴʦʚʦʛʦ ʧʘʢʝʪʘ, ʟʘʤʽʩʪʴ ʧʣʘʩʢʦʾ ʭʚʠʣʽ, ʚʠʥʠʢʘʻ ʝʬʝʢʪ 

ʍʘʨʪʤʘʥʘ [1], ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʤʘʪʠ ʰʚʠʜʢʽʩʪʴ ʙʽʣʴʰʫ, ʥʽʞ ʰʚʠ-

ʜʢʽʩʪʴ ʩʚʽʪʣʘ, ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ [2]. ɺ ʨʦʙʦʪʽ [3] ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʥʘ-

ʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʜʣʷ ʟʘʜʘʯʽ ʧʨʦʭʦʜʞʝʥʥʷ ɻʘʫʩʽʚʩʴʢʦʛʦ ʧʘʢʝʪʫ ʢʨʽʟʴ ʨʝʟʦʥʘʥʩʥʫ ʢʚʘʥ-

ʪʦʚʫ ʩʠʩʪʝʤʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʠ ʤʘʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ 

ʨʫʭʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʨʝʟʦʥʘʥʩʥʠʭ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʧʨʠ ʪʦʤʫ ʱʦ ʙʫʜʝʤʦ ʾʭ ʦʧʠ-

ʩʫʚʘʪʠ ɻʘʫʩʽʚʩʴʢʠʤʠ ʧʘʢʝʪʘʤʠ. ʆʜʥʘʢ ʟʘʜʘʯʘ ʧʦʚʠʥʥʘ ʙʫʪʠ (ʢʚʘʟʽ)-ʦʜʥʦʚʠʤʽʨʥʦʶ. 

https://doi.org/10.62717/2221-4550-2025-1-015
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ʅʘʧʨʠʢʣʘʜ, ʨʫʭ ʟʘʨʷʜʞʝʥʦʾ ʯʘʩʪʠʥʢʠ ʫ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʫʭ ʚʟʜʦʚʞ ʧʦʣʷ ʻ ʚʽʣʴʥʠʤ. ʉʧʝʢʪʨ ʝʥʝʨʛʽʾ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʚʽʜʦʤʠʡ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨ-

ʤʫʣʦʶ 
ὴ ά ὴ ςὲ ρὩὌ ‘ὩὌȟ 

ʜʝ ὲ πȟρȟςȟȣȟ ὴ ʮʝ ʽʤʧʫʣʴʩ ʚʟʜʦʚʞ ʧʦʣʷ, Ὄ Ὄȟ‘ ρȢ ʄʦʞʝʤʦ ʧʦʙʫʜʫʚʘʪʠ ɻʘʫ-
ʩʽʚʩʴʢʠʡ ʧʘʢʝʪ ʟ ʧʣʘʩʢʦʾ ʭʚʠʣʽ Ὡ , ʱʦ ʚʭʦʜʠʪʴ ʚ ʭʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ ʝʣʝʢʪʨʦʥʘ 

‪ὼȟὼȟώȟᾀ ὅὌὩ , ʜʝ ὅὌ  ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ. ʊʘʢʘ ʽʥ-

ʪʝʨʧʨʝʪʘʮʽʷ ʧʽʜʭʦʜʠʪʴ ʷʢ ʜʦ ʨʝʣʷʪʠʚʽʩʪʩʴʢʦʾ ʪʝʦʨʽʾ, ʪʘʢ ʽ ʜʦ ʥʝʨʝʣʷʪʠʚʽʩʪʩʴʢʦʾ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʧʠʩʘʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʢʨʽʟʴ ʢʚʘʥʪʦʚʫ ʩʠʩʪʝʤʫ, ʤʘʻʤʦ ʦʪʨʠ-

ʤʘʪʠ ʤʘʪʨʠʮʶ ʨʦʟʩʽʷʥʥʷ 

Ὓὴ Ὓ
Ὥῲ

ὴ ὴ Ὥῲ
Ὓȟ 

ʜʝ Ὓ ʪʘ Ὓ ð ʜʝʷʢʽ ʯʠʩʣʘ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʝʟʦʥʘʥʩʥʽ ʨʽʚʥʽ ʪʘ ʬʦʥ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ, ῲ 

ʚʽʜʧʦʚʽʜʘʻ ʰʠʨʽʥʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʽʚʥʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʘʪʠ ʨʽʚʥʷʥʥʷ ʃʽʧʧʤʘʥʥʘ-ʐʚʽʥʛʝʨʘ. ɼʣʷ ʦʙʨʘʭʫʥʢʫ ʘʧʣʽʪʫʜʠ ʯʘʩʪʠʥʢʠ, ʱʦ ʧʨʦʡ-

ʰʣʘ ʢʨʽʟʴ ʢʚʘʥʪʦʚʫ ʩʠʩʪʝʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʝʨʝʚʘʣʫ. 
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ʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʊɸ ʉʊʈʋʂʊʋʈɸ ɿɸɻɸʈʊʆɺɸʅʆɻʆ ɿ ʈʆɿʇʃɸɺʋ 

ɹɸɻɸʊʆʂʆʄʇʆʅɽʅʊʅʆɻʆ ʉʇʃɸɺʋ FeCoNiB0.7Si0.3Be 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʫ, ʤʘʛʥʽʪʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦ-
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Co)2B ʟ ʪʝʪʨʘʛʦʥʘʣʴʥʦ  ʁ ʨʝʰʽʪʢʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʫ 

FeCoNiB0.7Si0.3Be ʧʦʢʘʟʘʣʦ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʤʘʛʥʽʪʦʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʚʠʩʦʢʦʝʥʪʨʦʧʽʡʥʠʡ ʩʧʣʘʚ, ʩʪʨʫʢʪʫʨʘ, ʛʘʨ-

ʪʫʚʘʥʥʷ ʟ ʨʦʟʧʣʘʚʫ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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PHYSICAL PROPERTIES AND STRUCTURE OF RAPIDLY QUENCHED 

MULTICOMPONENT ALLOY FeCoNiB0.7Si0.3Be 

Abstract. The structure magnetic and mechanical properties of the multicomponent 

high-entropy alloy FeCoNiB0.7Si0.3Be in the as-cast and melt-quenched state were 

investigated. According to the X-Ray diffraction analysis the as-cast sample contains an or-

dered BCC solid solution (structural type B2), and the intermetallic (Fe, Ni, Co)2B phase with 

a tetragonal lattice. The study of the magnetic characteristics of the FeCoNiB0.7Si0.3Be alloy 

confirmed its classification as a hard magnetic material. 

Keywords: multicomponent high-entropy alloy, structure, melt-quenching, 

microhardness, magnetic properties. 

 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ɺɽʉ ʻ ʥʘʜʰʚʠʜʢʝ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟ-

ʧʣʘʚʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʥʘʜ 104 ʂ/ʩ. ʎʝʡ ʤʝʪʦʜ, ʚʽʜʦʤʠʡ ʷʢ ʛʘʨʪʫʚʘʥʥʷ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ, 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʝʨʽʚʥʦʚʘʞʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʟʘʨʘʟ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʫ ɺɽʉ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ, ʟʦʢʨʝʤʘ ʤʘʛʥʽʪʥʠʭ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚʽʜʤʽʥʥʽ ʤʝʭʘʥʽʯʥʽ ʡ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʫ 

FeCoNiB0.7Si0.3Be. ʆʩʥʦʚʦʶ ʩʧʣʘʚʫ ʻ ʚʠʩʦʢʦʝʥʪʨʦʧʽʡʥʝ ʤʝʪʘʣʝʚʝ ʩʢʣʦ 

FeCoNiB0.7Si0.3Be, ʜʦ ʷʢʦʛʦ ʙʫʣʦ ʜʦʜʘʥʦ ʙʝʨʠʣʽʡ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʥʴʦʛʦ ʪʘʢʠʭ 

ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢ ʚʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ ʪʘ ʥʠʟʴʢʘ ʛʫʩʪʠʥʘ. ɿʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʫ 

ʧʝʯʽ ʊʘʤʤʘʥʘ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ, ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʝʧʣʘʚʣʷʣʠʩʷ ʽ ʧʽʜʜʘʚʘʣʠʩʷ ʥʘʜʰʚʠʜ-

ʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ (ʜʦ 106 ʂ/ʩ) ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʤʽʜʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʱʦ ʦʙʝʨʪʘʚʩʷ 

ʟʽ ʰʚʠʜʢʽʩʪʶ ʙʣʠʟʴʢʦ 8000 ʦʙ/ʭʚ. 

ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʘʥʘʣʽʟ ʣʠʪʠʭ ʽ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ FeCoNiB0.7Si0.3Be ʚʠʷʚʠʚ ʙʘʛʘ-

ʪʦʬʘʟʥʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʣʠʪʠʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʬʘʟʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʧʦʨʷʜʢʦʚʘ-

ʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʫ ʟ ʨʝʰʽʪʢʦʶ ʪʠʧʫ ʆʎʂ (ʩʪʨʫʢʪʫʨʥʠʡ ʪʠʧ ɺ2, a= 0,2655 ʥʤ) ʪʘ 

ʩʧʦʣʫʮʽ ʪʠʧʫ (Co,Ni)Be. ʊʘʢʦʞ ʧʨʠʩʫʪʥʷ ʬʘʟʘ (Fe, Ni, Co)2B ʽʟ ʪʝʪʨʘʛʦʥʘʣʴʥʦʶ ʨʝʰʽʪ-

ʢʦʶ. ʋ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʧʨʠʩʫʪʥʽ ʪʽ ʞ ʬʘʟʠ, ʘʣʝ ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ ɺ2 ʟʤʝʥʰʠʚʩʷ 

(a= 0,2653 ʥʤ). ɿʽ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʢʩʠʤʫʤʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʫ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʘʭ 

ʚʤʽʩʪ ɺ2-ʬʘʟʠ ʚʠʱʠʡ, ʥʽʞ ʬʘʟʠ (Fe, Ni, Co)2B. 

ɸʥʘʣʽʟ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʢʘʟʘʚ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ ʤʽʞ ʟʨʘʟʢʘʤʠ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʣʠ-

ʪʠʭ ʟʨʘʟʢʽʚ ʩʪʘʥʦʚʠʪʴ Hɛ =10400 ʄʇʘ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘ-

ʟʢʽʚ (8900 ʄʇʘ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ɺ2-ʬʘʟʠ ʡ ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ 

ʩʧʦʣʫʢ ʽʟ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʚʝʨʜʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʫ FeCoNiB0.7Si0.3Be ʧʽʜʪʚʝʨʜʠʣʠ ʡʦʛʦ 

ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ ʢʣʘʩʫ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʜʣʷ ʣʠʪʠʭ, ʪʘʢ ʽ ʜʣʷ ʟʘʛʘʨʪʦʚʘʥʠʭ 

ʟʨʘʟʢʽʚ. ʂʦʝʨʮʠʪʠʚʥʝ ʧʦʣʝ Hc ʫ ʰʚʠʜʢʦʦʭʦʣʦʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʟʥʘʯʥʦ ʙʽʣʴʰʝ (17 500 

ɸ/ʤ), ʥʽʞ ʫ ʣʠʪʠʭ (5200 ɸ/ʤ), ʪʦʜʽ ʷʢ ʧʠʪʦʤʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ MS ʟʘʣʠʰʘʻʪʴʩʷ 

ʤʘʡʞʝ ʥʝʟʤʽʥʥʦ  ʁ(71 ɸĿʤĮ/ʢʛ ʜʣʷ ʣʠʪʠʭ ʽ 73 ɸĿʤĮ/ʢʛ ʜʣʷ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ). ɿʨʦʩ-

ʪʘʥʥʷ Hc ʫ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʚʦʯʝʚʠʜʴ ʧʦʷʩʥʶʻʪʴʩʷ ʟʜʨʽʙʥʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ, ʧʽʜʚʠ-

ʱʝʥʥʷʤ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ, ʥʘʷʚʥʽʩʪʶ ʜʝʬʝʢʪʽʚ ʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʚʢʣʶʯʝʥʴ, ʷʢʽ ʫʪʨʫʜʥʶ-

ʶʪʴ ʨʫʭ ʜʦʤʝʥʥʠʭ ʤʝʞ. 
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ɯʅɼʋʂʆɺɸʅɯ ʂʆʃʔʆʈʆɺɯ ɿɸʈʗɼʀ ʋ ʂɺɸʈʂ-ɻʃʖʆʅʅɯʁ ʇʃɸɿʄɯ 
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ʇʦʣʷʢʦʚʘ ʪʘ ʭʨʦʤʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʨʦ-

ʟʨʘʭʫʥʢʘʤʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʧʦʣʽʚ. ʆʙʛʦʚʦʨʝʥʦ ʚʟʘʻʤʦʜʽʶ ʪʘ ʚʧʣʠʚ ʽʥʜʫʢʦʚʘ-

ʥʠʭ ʟʘʨʷʜʽʚ ʥʘ ʢʣʘʩʠʯʥʽ ʧʦʣʷ ʫ ʂɻʇ. 
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INDUCED COLOR CHARGES IN QUARK -GLUON PLASMA AT POLYAKOVôS 

LOOP AND CHROMOMAGNETIC FIELDS  

Abstract. Induced color charge in QGP at Polyakovôs loop and chromomagnetic fields 

was calculated. Obtained results of calculations were compared to zero field case. The 

interaction and influence of induced charges on classical fields in QGP have been discussed. 

Keywords: Effective charge, quark-gluon plasma (QGP), asymptotic freedom, 

Polyakovôs loop, spontaneous magnetization. 

 

ʂʚʘʨʢ-ʛʣʶʦʥʥʘ ʧʣʘʟʤʘ (ʂɻʇ) ð ʩʪʘʥ ʨʝʯʦʚʠʥʠ ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʣʴʥʠʭ ʢʚʘʨ-

ʢʽʚ ʪʘ ʛʣʶʦʥʽʚ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʜʫʞʝ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʪʠʩʢʫ. ɺʽʥ ʻ ʮʽʢʘʚʠʤ 

ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʦʙʣʘʩʪʽ ʬʽʟʠʢʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ, ʟʦʢʨʝʤʘ ʫ ʢʚʘʥʪʦʚʽʡ ʭʨʦʤʦʜʠ-

ʥʘʤʽʮʽ (ʂʍɼ), ʬʽʟʠʮʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʜʝʨʥʦʾ ʪʘ ʘʩʪʨʦʬʽʟʠʢʠ. ʊʝʦʨʽʷ ʚʝʣʠʢʦʛʦ 

ʚʠʙʫʭʫ ʪʘ ʩʫʯʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʧʨʠʩʢʦʨʶʚʘʯʘʭ ʯʘʩʪʠʥʦʢ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʩʪʘ-

ʥʦʤ ʤʘʪʝʨʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʂɻʇ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʨʘʥʥʽʭ ʝʪʘʧʽʚ 

ʝʚʦʣʶʮʽʾ ɺʩʝʩʚʽʪʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. 
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ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [1], [2] ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʱʦ ʫ ʂɻʇ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

, ʜʣʷ SU(2) ʤʦʜʝʣʽ ʫ ʜʚʦʧʝʪʣʴʦʚʦʤʫ ʧʨʠʙʣʠʞʝʥʥʽ, ʚʠʥʠʢʘʻ ʥʦʚʠʡ ʝʬʝʢʪ ʩʧʦʥʪʘʥʥʦʾ ʛʝ-

ʥʝʨʘʮʽʾ ʭʨʦʤʦʤʘʛʥʽʪʥʠʭ ʪʘ ʟʚʠʯʘʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ  ʧʦʣʽʚ, ʪʘ ʾʭ ʩʘʤʦʫʟʛʦʜʞʝʥʥʷ [4] ʟ -

ʢʦʥʜʝʥʩʘʪʦʤ, ʷʢʠʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʝʪʣʝʶ ʇʦʣʷʢʦʚʘ, ʷʢ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ ʜʝʢʦʥʬʘʡʥʤʝ-

ʥʪʫ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʝʢʦʥʬʘʡʥʤʝʥʪʫ  -ʢʦʥʜʝʥʩʘʪ ʦʪʨʠʤʫʻ ʥʝʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʧʦʨʫʰʝʥʥʷ ʪʝʦʨʝʤʠ ʌʘʨʽ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʥʫʣʴʦʚʠʭ ʚʥʝʩʢʽʚ ʝʬʝʢʪʠʚʥʠʭ 

ʚʝʨʰʠʥ ʟ ʥʝʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ñʭʚʦʩʪʽʚò. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʥʝʩʢʽʚ ʮʠʭ ʚʝʨʰʠʥ ʤʦʞʝ 

ʧʦʢʨʘʱʠʪʠ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʂɻʇ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ SU(3) ʤʦʜʝʣʴ ʫ ʜʚʦʧʝʪʣʴʦʚʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ɼʘʣʽ ʦʙ-

ʯʠʩʣʝʥʠʡ ʽʥʜʫʢʦʚʘʥʠʡ ʢʦʣʴʦʨʦʚʠʡ ʟʘʨʷʜ  ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʩʢʽʣʴʢʠ ʫ ʚʠʧʘ-

ʜʢʫ ʜʚʦʧʝʪʣʴʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ [3],  ʪʦʜʽ . ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʙʫʣʠ 

ʚʟʷʪʽ ʷʢ ʢʦʥʩʪʘʥʪʠ. ʆʪʨʠʤʘʥʠʡ ʥʝʥʫʣʴʦʚʠʡ  ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʽʥʜʫʢʦʚʘʥʦʛʦ ʢʦ-

ʣʴʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʷʢʠʡ ʛʝʥʝʨʫʻʪʴʩʷ ʟ ʥʝʥʫʣʴʦʚʠʤʠ ʚʥʝʩʢʘʤʠ ʦʜʥʦʭʚʦʩʪʦʾ ʚʝʨʰʠʥʠ ñʛʦ-

ʣʦʚʘʩʪʠʢò. 

ɯʥʜʫʢʦʚʘʥʠʡ ʢʦʣʴʦʨʦʚʠʡ ʟʘʨʷʜ  ʪʘ ʽʥʜʫʢʦʚʘʥʠʡ ʟʘʨʷʜ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʣʷ  ʤʘʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ -ʢʦʥʜʝʥʩʘʪʫ, ʪʘ ʨʽʟʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ [3]. ʗʢʱʦ ʫ ʜʨʫʛʦʤʫ ʚʠ-

ʧʘʜʢʫ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʷʤʫ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ  ʫ ʬʫʥʢʮʽʾ, ʪʦ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʪʝʤʧʝ-

ʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʜʽʥʢʫ ʧʦʣʷ  ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʥʝ ʪʘʢ ʩʠʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [4]. ʆʪʞʝ ʦʪʨʠʤʘʥʠʡ ʽʥʜʫʢʦʚʘʥʠʡ ʢʦʣʴʦʨʦʚʠʡ ʟʘʨʷʜ ʙʫʜʝ 

ʤʝʥʰʝ ʥʽʞ ʽʥʜʫʢʦʚʘʥʠʡ ʟʘʨʷʜ, ʽ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʠʡ ʦʙʨʘʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. 

ʊʘʢʦʞ ʦʙʛʦʚʦʨʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʧʨʦʙʣʝʤʦʶ ʥʘʜʣʠʰʢʦʚʠʭ ʧʨʷʤʠʭ ʬʦʪʦʥʽʚ ʫ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʭ ʥʘ ʚʝʣʠʢʦʤʫ ʘʜʨʦʥʥʦʤʫ ʢʦʣʘʡʜʝʨʽ ʪʘ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʧʦʣʷʤʠ. 
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purpose of the work is to assess the possibilities, prospects, and safety of using stationary 

sources of radioactivity, such as the Sirius Facility and the PuBe Neutron Source Facility, 

installed in the Department of Nuclear and Elementary Particle Physics of Uzhhorod National 

University to conduct studies of radiation resistance of some inorganic materials. 

Keywords: beta radiation, neutron radiation, radioecology, modern dosimeters, 

radiation destruction of waste. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʫʤʦʚʣʝʥʘ ʨʷʜʦʤ ʧʨʠʯʠʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʘʮʽʡ-

ʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʢʪʫʘʣʴʥʝ ʜʣʷ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, 

ʜʣʷ ʧʦʪʨʝʙ ʝʢʦʣʦʛʽʾ ʘʙʦ ʚʦʻʥʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʝʨʽʜʢʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʩʢʦʨʶʚʘʯʽ ʝʣʝʢʪʨʦʥʽʚ, ʘʙʦ ʚʘʞʢʠʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

[1]. ʆʜʥʘʢ, ʚʽʡʩʴʢʦʚʘ ʘʛʨʝʩʽʷ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʽ ʘʪʘʢʠ ʨʬ ʥʘ ʝʥʝʨʛʦʩʪʨʫʢʪʫʨʫ ʥʘʰʦʾ ʢʨʘʾʥʠ, 

ʨʦʙʣʷʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʧʦʰʫʢ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʚ ʮʽʡ ʛʘʣʫʟʽ. ʊʦʤʫ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʨʠʚʝʨʪʘʻ ʜʦ ʩʝʙʝ ʫʚʘʛʫ. ʂʨʽʤ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʤʦ-

ʥʽʪʦʨʠʥʛ ʽ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠ ʨʦʙʦʪʽ ʽʟ ʜʞʝʨʝʣʘʤʠ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦ-

ʤʽʥʶʚʘʥʥʷ. 

ɹʝʪʘ-; ʛʘʤʤʘ- ʽ ʥʝʡʪʨʦʥʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʘʫʢʦʚʮʷʤʠ 

ʚʩʴʦʛʦ ʩʚʽʪʫ, ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʚʠʜʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ, ʝʥʝʨ-

ʛʝʪʠʮʽ, ʥʘʫʮʽ, ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ [2] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʡʪʨʦʥʥʝ ʚʠʧʨʦʤʽ-

ʥʶʚʘʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʢʫʤʫʣʷʪʠʚʥʠʭ ʚʠʭʦʜʽʚ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʧʦʜʽʣʫ 238U. ʅʝʡʪ-

ʨʦʥʥʦ-ʘʢʪʠʚʘʮʽʡʥʽ ʜʝʪʝʢʪʦʨʠ ʽ ʤʦʞʣʠʚʽʩʪʴ ʘʢʪʠʚʘʮʽʾ ʥʝʡʪʨʦʥʘʤʠ ʦʧʠʩʘʥʽ ʫ ʧʫʙʣʽʢʘʮʽʷʭ 

[3, 4]. ɸʚʪʦʨʠ ʥʘʫʢʦʚʦʾ ʩʪʘʪʪʽ [5] ʚʠʤʽʨʶʚʘʣʠ ʜʦʟʫ ʥʝʡʪʨʦʥʽʚ ʫ ʧʦʣʷʭ ʟʤʽʰʘʥʦʾ ʥʝʡʪʨʦʥ-

ʥʦʾ ʽ ʛʘʤʤʘ- ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʯʫʪʣʠʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʝʡʪʨʦʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʧʣʠʚ 

ʥʝʡʪʨʦʥʥʦʛʦ, ʙʝʪʘ- ̔  ʛʘʤʤʘ- ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʢʪʫʘʣʴʥʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. 

ʈʘʜʽʘʮʽʡʥʘ ʜʝʩʪʨʫʢʮʽʷ ʜʝʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʙʽʦ-ʜʝʩʪʨʫʢʮʽʾ ʤʦʞʝ ʟʤʝʥ-

ʰʠʪʠ ʾʭ ʚʤʽʩʪ ʫ ʜʦʚʢʽʣʣʽ. ʅʘʧʨʠʢʣʘʜ ʫ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ [6] ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʥʦ ʛʘʤʤʘ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ (ʨʦʟʢʣʘʜʘʥʥʷ) ʮʝʣʶʣʦʟʠ ʫ ʚʽʜʭʦʜʘʭ. ʊʘʢʦʞ ʭʦʯʝʤʦ ʟʘ-

ʟʥʘʯʠʪʠ, ʱʦ ʧʠʪʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟ ʪʦ-

ʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ ʘʜʩʦʨʙʮʽʾ ʽ ʨʦʟʜʽʣʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʪʦʙʪʦ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʷʢʽ ʩʘʤʽ ʻ ʜʞʝʨʝʣʦʤ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [7]. ʅʝʡʪʨʦʥʥʝ ʚʠʧʨʦʤʽʥʶ-

ʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʤʝʜʠʮʠʥʽ. ʎʷ ʪʝʭʥʽʢʘ ʤʘʻ ʥʘʟʚʫ 

çNeutron imaging (make image using neutrons)è. ʆʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʪʨʦʥʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ ʟ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, 

ʘʣʝ ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʦʮʝʩʘʭ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ, ʘ ʥʝ ʛʘʤʤʘ 

ʢʚʘʥʪʽʚ, ʪʦ ʪʘʢʠʡ ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʝʞʽ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦ-

ʩʪʠʢʠ. ʗʢ ʙʘʯʠʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʥʘʫʮʽ, ʤʝ-

ʜʠʮʠʥʽ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ. 

ʅʘʰʘ ʨʦʙʦʪʘ, ʧʨʠʩʚʷʯʝʥʘ ʦʮʽʥʮʽ ʧʝʨʩʧʝʢʪʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝʨʝʣ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. ɼʘʥʘ ʦʮʽʥʢʘ ʥʦʩʠʪʴ ʧʝʨʝʚʘʞʥʦ 

ʤʝʪʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʄʝʪʘ ʨʦʙʦʪʠ ð ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʦʩʪʽ, ʧʝʨʩʧʝʢʪʠʚʠ ʽ ʙʝʟʧʝʢʫ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʋʩʪʘʥʦʚʢʘ ʉʽʨʽʫʩ ʪʘ Pu-Ŭ-

Be ʜʞʝʨʝʣʦ ʥʝʡʪʨʦʥʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʫ ɺʽʜʜʽʣʝʥʥʽ ʬʽʟʠʢʠ ʷʜʨʘ ʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ɼɺʅɿ ʋʞʅʋ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʝʷʢʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ. 
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ʅɽʆʈʊʆɻʆʅɸʃʔʅʀʍ ʆʈɹɯʊɸʃɽʁ 

ɸʥʦʪʘʮʽʷ. ɹʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʍʘʨʪʨʽ-ʌʦʢʘ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʨʦʟʨʘʭʫ-

ʥʢʫ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʦʩʥʦʚʥʦʛʦ ʪʘ ʥʠʞʥʽʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʦʜʥʦʢʨʘʪʥʦʛʦ ʽʦʥʘ ʚʘʥʘ-

ʜʽʶ ʟ ʝʥʝʨʛʽʻʶ ʟʙʫʜʞʝʥʥʷ E < 6.7 ʝɺ. ʆʪʨʠʤʘʥʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠ-

ʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʽʚ ʬʦʪʦʽʦʥʽʟʘʮʽʾ ʪʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʝʣʝʢʪ-

ʨʦʥʽʚ ʥʘ ʽʦʥʽ ʚʘʥʘʜʽʶ. 
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energies E < 6.7 eV. Obtained wave functions can be used in calculations of low-energy 

electron scattering by vanadium ion and photoionization processes. 

Keywords: vanadium, ion, multi-configuration Hartree-Fock, configuration interaction. 

 

https://doi.org/10.62717/2221-4550-2025-1-019
mailto:mickrochip0@gmail.com
https://orcid.org/0000-0002-6958-1910
mailto:volodymyr.lazur@uzhnu.edu.ua
https://orcid.org/0009-0004-4041-8716
mailto:sergej.gedeon@uzhnu.edu.ua
mailto:mickrochip0@gmail.com
https://orcid.org/0000-0002-6958-1910
mailto:volodymyr.lazur@uzhnu.edu.ua
https://orcid.org/0009-0004-4041-8716
mailto:sergej.gedeon@uzhnu.edu.ua


̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

73 

ɺʠʚʯʝʥʥʷ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘ-

ʣʽʚ ScïNi (21 Ò Z Ò 28) ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʷʢ ʫ ʘʩʪ-

ʨʦʬʽʟʠʯʥʽʡ ʪʘʢ ʽ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʣʘʟʤʽ. ɺʘʥʘʜʽʡ, ʷʢ ʽ ʨʝʰʪʘ ʧʝʨʝʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʧʨʠʩʫʪʥʽʡ ʚ ʘʪʤʦʩʬʝʨʘʭ ʙʽʜʥʠʭ ʥʘ ʤʝʪʘʣʠ ʟʽʨʦʢ ʟʜʝʙʽʣʴʰʦʛʦ ʚ ʽʦʥʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ [1]. 

ɼʦʩʪʦʚʽʨʥʘ ʦʮʽʥʢʘ ʧʦʰʠʨʝʥʦʩʪʽ ʚʘʥʘʜʽʶ ʚ ʢʦʩʤʦʩʽ ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴ-

ʢʦʩʪʽ ʘʪʦʤʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʽʚ, ʽʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʽʚ, ʧʝʨʝʨʽʟʠ ʟʙʫ-

ʜʞʝʥʥʷ ʪʘ ʽʦʥʽʟʘʮʽʾ [2, 3]. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʽʣʴʰʦʩʪʽ ʩʧʝʢʪʨʦʩ-

ʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʢʣʘʜʥʠʭ ʘʪʦʤʽʚ ʪʘ ʽʦʥʽʚ ʟ ʚʽʜʢʨʠʪʠʤʠ ʦʙʦʣʦʥʢʘʤʠ ʚʠʤʘʛʘʶʪʴ 

ʟʥʘʥʥʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʦʩʥʦʚʥʦʛʦ ʽ ʥʠʞʥʽʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʽʦʥʘ 

V II  ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʍʘʨʪʨʽ-ʌʦʢʘ (ɹʂʍʌ) [4] ʫ ʧʦʻʜ-

ʥʘʥʥʽ ʟ ʤʝʪʦʜʦʤ ʚʟʘʻʤʦʜʽʾ ʢʦʥʬʽʛʫʨʘʮʽʡ (ɺʂ) [5, 6], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʦʨʪʦʛʦʥʘʣʴʥʽ 

ʦʨʙʽʪʘʣʽ ʪʘ B-ʩʧʣʘʡʥʠ ʷʢ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʨʘʭʦʚʫ-

ʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʘʣʝʥʪʥʠʭ ʦʨʙʽʪʘʣʝʡ ʚʽʜ ʪʝʨʤʫ, ʝʬʝʢʪʠ ʢʦʨʝʣʷʮʽʾ ʪʘ ʨʝʣʘʢʩʘʮʽʾ. 

ɺ ʷʢʦʩʪʽ ʢʦʨʘ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʦʨʙʽʪʘʣʽ 1s, 2s ʽ 2p, ʨʦʟʨʘʭʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʍʘʨʪʨʽ-ʌʦʢʘ (ʍʌ) ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʘʥʘʜʽʶ [Ar] 3d34s2 4F. ʎʝ ʥʘ-

ʙʣʠʞʝʥʥʷ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ ʨʦʟʨʘʭʦʚʘʥʽ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʨʽʚʥʽʚ ʽʦʥʘ VII, ʧʨʦʪʝ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʦʜʘʣʴʰʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʮʝʩʽʚ ʬʦʪʦʽʦʥʽʟʘʮʽʾ ʚʘʥʘʜʽʶ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ 

ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʘʣʝʥʪʥʠʭ ʦʨʙʽʪʘʣʝʡ ʚʽʜ ʪʝʨʤʫ, ʪʦʤʫ ʩʫʙʚʘʣʝʥʪʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ 

ʦʨʙʽʪʘʣʽ 3s ʽ 3p, ʨʘʟʦʤ ʟ ʚʘʣʝʥʪʥʠʤʠ 3d, 4s ʪʘ 4p ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʚ ʦʢʨʝʤʠʭ ʫʩʝʨʝʜ-

ʥʝʥʠʭ ʧʦ ʪʝʨʤʫ ʍʌ-ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ ʢʦʞʥʦʾ ʟ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʘʤʢʘʭ 

ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 3d4, 3d34s, 3d34p ʪʘ 3d24s2. ɸʥʘʣʦʛʽʯʥʦ, ʥʘʙʦʨʠ ʢʦʨʝʣʷʮʽʡʥʠʭ ʦʨ-

ʙʽʪʘʣʝʡ 4l (l = 0ï3) ʪʘ 5l (l = 0ï4) ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʦʢʨʝʤʠʭ ɹʂʍʌ-ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ 

ʦʜʥʦʛʦ ʟ ʪʝʨʤʽʚ ʢʦʞʥʦʛʦ ʪʠʧʫ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ɺ ʢʽʥʮʝʚʽ ɺʂ-ʨʦʟʢʣʘʜʠ ʙʫʣʠ 

ʚʢʣʶʯʝʥʽ ʪʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʤʽʰʫʚʘʥʥʷ ʙʽʣʴ-

ʰʠʤʠ, ʥʽʞ 0.001. 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚ ʨʘʤʢʘʭ ʥʝʨʝʣʷʪʠʚʽʩʪʩʴʢʦʛʦ LS-ʥʘʙʣʠʞʝʥʥʷ, ʥʘʤʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʦʩʥʦʚʥʦʛʦ ʪʘ ʥʠʞʥʽʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʦʜʥʦʢʨʘʪʥʦʛʦ ʽʦʥʘ ʚʘʥʘʜʽʶ ʟ 

ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ 3d4, 3d34s, 3d34p ʪʘ 3d24s2 ʽ ʝʥʝʨʛʽʷʤʠ ʟʙʫʜʞʝʥʥʷ Eexc < 6.7 ʝɺ (ʪʝʨʤʠ 
1S1,3,5PDF1,3GH1I ʽ 1,3,5SPDF1,3GH1Io). ʈʦʟʨʘʭʦʚʘʥʽ ʥʘʤʠ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʫʩʝʨʝʜʥʝʥʠʤʠ ʟʘ ʨʽʚʥʷʤʠ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʝʥʝ-

ʨʛʽʷʤʠ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ NIST [7]. ɺʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘ-

ʯʝʥʴ ʩʪʘʥʦʚʠʪʴ ʧʨʠ ʮʴʦʤʫ ~10-20%. 

ʆʪʨʠʤʘʥʽ ʥʘʙʦʨʠ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫ-

ʥʢʘʭ ʩʪʨʫʢʪʫʨʠ ʽʦʥʘ VII  ʚ ʢʚʘʟʽ-ʨʝʣʷʪʠʚʽʩʪʩʴʢʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ɹʨʝʡʪʘïʇʘʫʣʽ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʨʽʚʥʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʥʢʦʛʦ ʨʦʟʱʝʧ-

ʣʝʥʥʷ. ʊʘʢʦʞ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʥʝʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦ-

ʮʝʩʽʚ ʬʦʪʦʽʦʥʽʟʘʮʽʾ ʪʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʽʦʥʽ ʚʘʥʘʜʽʶ. 
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THE INFLUENCE OF COULOMB DISTORTIONS ON THE PROBABILITY OF 

HIGHENERGY ION -ATOMIC RECHARGING  

Abstract. Based on the quasi-classical variant of the distorted waves method, a modifi-

cation of the Oppenheimer-Brinkmann-Kramers (OBK) approximation was performed to de-

scribe single-electron ion-atomic charge transfer at medium and high collision velocities. An-

alytical representations for the electron capture cross section from the 1s-shell of the target 

into the 1s-shell of the incident ion are obtained, taking into account the Coulomb distortions 

of the wave functions in both the input and output reaction channels. 

Keywords: one-electron charge transfer, OBʂ approximation, Coulomb distortions. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʰʚʠʜʢʠʭ ̔ ʦʥ-ʘʪʦʤʥʠʭ ʟʽʪʢʥʝʥʥʷʭ ̒  

ʘʢʪʫʘʣʴʥʦʶ ʦʙʣʘʩʪʶ ʬʽʟʠʢʠ ʽʦʥ-ʘʪʦʤʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʱʦ ʩʪʘʥʦʚʠʪʴ ̔ ʥʪʝʨʝʩ ʷʢ ʜʣʷ ʨʦʟʚʠ-

ʪʢʫ ʪʝʦʨʽʾ ʘʪʦʤʥʠʭ ʟʽʪʢʥʝʥʴ ʫ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʯʠʩʝʣʴʥʠʭ ʧʨʠʢʣʘʜ-

ʥʠʭ ʟʘʜʘʯ [1-3]. ʊʘʢ, ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʙʘʛʘʪʦʟʘʨʷʜʥʠʤʠ ʽʦʥʘʤʠ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚ-

ʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʦʾ ʧʣʘʟʤʠ. ɼʣʷ ʦʮʽʥʢʠ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʙʫʜʞʝʥʠʭ ʽʦʥʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ, 

https://doi.org/10.62717/2221-4550-2025-1-020
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ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʝʨʝʨʽʟʠ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʷʢ ʬʫʥʢʮʽʾ ʝʥʝʨʛʽʾ ʟʽʪʢʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʥʥʷ ʟʘʣʝʞʥʦʩʪ ̔ʽʤʦʚʽʨʥʦʩʪʝʡ ʦʢʨʝʤʠʭ 

ʟʚôʷʟʘʥʦ-ʟʚôʷʟʘʥʠʭ ʽ ʟʚôʷʟʘʥʦ-ʚʽʣʴʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚʽʜ ʧʨʠʮʽʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʅʘʨʘʟʽ ʥʝ-

ʤʘʻ ʻʜʠʥʦʾ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ, ʷʢʘ ʦʧʠʩʫʻ ʚʩʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝ-

ʟʘʨʷʜʢʠ ʚ ʫʩʽʭ ʦʙʣʘʩʪʷʭ h ʚʠʜʢʦʩʪʝʡ ʟʽʪʢʥʝʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʨʦʟʨʘʭʫʥʦʢ ʨʝʘʢʮʽʡ ʧʝʨʝʟʘ-

ʨʷʜʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʩʠʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʢʘʥʘʣʽʚ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʨʦʟʨʘʭʫʥʢʦ-

ʚʦʾ ʨʦʙʦʪʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʥʝʟʨʫʯʥʠʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɺʠʥʷ-

ʪʦʢ ʩʢʣʘʜʘʻ ʜʦʙʨʝ ʚʽʜʦʤʝ ʥʘʙʣʠʞʝʥʥʷ ʆʧʧʝʥʛʝʡʤʝʨʘ-ɹʨʽʥʢʤʘʥʘ-ʂʨʘʤʝʨʩʘ (ʆɹʂ), ʷʢʝ 

ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʧʝʨʝʨʽʟʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ. ʊʘʢ, ʜʣʷ 

ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʽʟ 1s-ʦʙʦʣʦʥʢʠ ʤʽʰʝʥʽ ʚ 1s-ʦʙʦʣʦʥʢʫ ʥʘʣʽʪʘʶʯʦʛʦ ʽʦʥʘ 

ʧʝʨʝʨʽʟ ʧʝʨʝʟʘʨʷʜʢʠ ʫ ʥʘʙʣʠʞʝʥʥʽ ʆɹʂ ʤʘʻ ʚʠʛʣʷʜ: 
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ʇʨʦʪʝ, ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʫ ʥʘʙʣʠʞʝʥʥʽ ʆɹʂ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚ ʨʘʤʢʘʭ ʢʚʘʟʽʢʣʘʩʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʩʧʦʪʚʦʨʝ-

ʥʠʭ ʭʚʠʣʴ ʙʫʣʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʥʘʙʣʠʞʝʥʥʷ ʆɹʂ ʜʣʷ ʦʧʠʩʘʥʥʷ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʾ ʽʦʥ-

ʘʪʦʤʥʦʾ ʧʝʨʝʟʘʨʷʜʢʠ ʧʨʠ ʩʝʨʝʜʥʽʭ ʽ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʟʽʪʢʥʝʥʴ. ʆʜʝʨʞʘʥʦ ʘʥʘʣʽʪʠ-

ʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʽʟ 1s-ʦʙʦʣʦʥʢʠ ʤʽʰʝʥʽ ʚ 1s-ʦʙʦ-

ʣʦʥʢʫ ʥʘʣʽʪʘʶʯʦʛʦ ʽʦʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʫʣʦʥʽʚʩʴʢʠʭ ʩʧʦʪʚʦʨʝʥʴ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʷʢ 

ʫ ʚʭʽʜʥʦʤʫ, ʪʘʢ ʽ ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʘʭ ʨʝʘʢʮʽʾ: 

( )( ) OBK
ssptss ZvZv 1111 ,, -- Ö= sbas

 

ʇʝʨʝʚʘʛʦʶ ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ss 11 -s  ʻ ʪʝ, ʱʦ ʟʙʫʨʝʥʥʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʥʘ ʟ ʘʪʦʤʦʤ ʤʽʰʝʥʽ ʪʘ ʥʘʣʽʪʘʶʯʠʤ ʽʦʥʦʤ, 

ʦʧʠʩʫʶʪʴʩʷ ʥʝʟʘʣʝʞʥʠʤʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ( )tZv,a  ʽ ( )pZv,b , ʱʦ ʟʥʘʯʥʦ 

ʩʧʨʦʱʫʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʟʙʫʨʝʥʴ ʥʘ ʧʝʨʝʨʽʟ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʧʫʩʢʘʻ 

ʧʨʦʩʪʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘ ʚʠʧʘʜʦʢ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ. ɺʢʘʟʘʥʦ ʥʘ 

ʚʘʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʟʙʫʨʝʥʴ ʚ ʦʙʦʭ ʢʘʥʘʣʘʭ ð ʚʭʽʜʥʦʤʫ ʽ ʚʠʭʽʜʥʦʤʫ ð ʧʨʠ ʤʘʣʠʭ ʽ 

ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʽʷʭ ʟʽʪʢʥʝʥʴ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʫʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʥʘ ʟ 

ʘʪʦʤʦʤ ʤʽʰʝʥʽ ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʚʝʣʠʯʠʥʫ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ʧʨʠ 

ʤʘʣʠʭ ʝʥʝʨʛʽʷʭ, ʘ ʚ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʝʥʝʨʛʽʡ 48,0­a . ɺʟʘʻʤʦʜʽʷ ʝʣʝʢʪʨʦʥʘ ʟ ʥʘʣʽʪʘ-

ʶʯʠʤ ʽʦʥʦʤ ʫ ʚʭʽʜʥʦʤʫ ʢʘʥʘʣʽ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ 

ʧʨʠ ʤʘʣʠʭ ʝʥʝʨʛʽʷʭ, ʦʩʢʽʣʴʢʠ ʧʨʠ 1<v  ʟʙʫʨʝʥʥʷ ʩʪʘʻ ʚʝʣʠʢʠʤ ʽ ʧʨʦʮʝʩ ʟʘʭʦʧʣʝʥʥʷ ʩʪʘʻ 

ʩʫʪʪʻʚʦ ʥʝʨʝʟʦʥʘʥʩʥʠʤ. ʋ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ 1>b , ʘ ʚ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʰʚʠ-

ʜʢʦʩʪʝʡ 1­b . ʈʦʟʨʘʭʫʥʢʠ ʧʝʨʝʨʽʟʫ 1s ð ls ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʧʨʠ ʟʽʪʢʥʝʥʥʽ 

( )21sHeH ++  ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʽ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʚʠ-

ʢʦʥʘʥʠʤʠ ʚ ʤʝʞʘʭ ʽʥʰʠʭ ʥʘʙʣʠʞʝʥʴ. 
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ɻʃʀɹʀʅʅɽ ʅɸɺʏɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ɿɻʆʈʊʂʆɺʀʍ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ 

ɼʃʗ ɺʀʗɺʃɽʅʅʗ ʆɹôɭʂʊɯɺ 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʻ ʦʜ-

ʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʫʯʘʩʥʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɿʜʽʡʩʥʝʥʦ ʧʨʦʛʨʘʤʥʫ 

ʨʝʘʣʽʟʘʮʽʶ ʜʣʷ 1) ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ; 2) ʚʠ-

ʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʜʦʨʦʛʠ ʟʘ ʪʠʧʦʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ; 3) ʘʣ-

ʛʦʨʠʪʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ, ʟʛʦʨʪʢʦʚʽ ʥʝʡ-

ʨʦʥʥʽ ʤʝʨʝʞʽ, ʛʣʠʙʠʥʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʧʝʨʩʝʧʪʨʦʥ, ʣʽʥʽʡʥʘ ʨʦʟʜʽʣʴʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ. 
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DEEP LEARNING BASED ON CONVOLUTIONAL NEURAL NETWORKS FOR 

OBJECT DETECTION  

Abstract. The principles of operation of convolutional neural networks, which are one 

of the key tools of modern deep learning, are studied. A software implementation is carried 

out for 1) determining the state of a car using logical functions; 2) determining the state of the 

road by the type of weather conditions using logical functions; 3) an algorithm for recognizing 

road signs using computer vision. 

Keywords: artificial neural network, object classification, convolutional neural 

networks, deep neural network, perceptron, linear object separation. 

 

ɻʣʠʙʠʥʥʝ ʥʘʚʯʘʥʥʷ ʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ ʦʙʣʘʩʪʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʟʦʩʝʨʝ-

ʜʞʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʽʻʨʘʨʭʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ ʘʙʩʪʨʘʢʮʽʡ 

ʜʘʥʠʭ. ʎʝʡ ʧʨʦʮʝʩ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʣʠʙʠʥʥʠʭ ʛʨʘʬʽʚ ʟ ʯʠʩʣʝʥʥʠʤʠ ʦʙʨʦʙ-

ʥʠʤʠ ʰʘʨʘʤʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʷʢ ʣʽʥʽʡʥʽ, ʪʘʢ ʽ ʥʝʣʽʥʽʡʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ [1]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʦʩʷʛʘʻʪʴʩʷ ʙʘʛʘʪʦʨʽʚʥʝʚʝ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ ʟ ʥʝʦʙʨʦʙʣʝʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʋ 

ʮʝʥʪʨʽ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʛʣʠʙʠʥʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘ ʤʝʪʦʜʠ ʾʭʥʴʦʾ 

ʨʦʟʨʦʙʢʠ. 

ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʻ ʪʠʧʦʤ ʛʣʠʙʠʥʥʠʭ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʨʷ-

ʤʦʛʦ ʧʦʰʠʨʝʥʥʷ [2]. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʟʥʦʚʠʜ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʝʡʨʦʥʥʠʭ 
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ʤʝʨʝʞ, ʘʜʘʧʪʦʚʘʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ɿʛʦʨʪʢʦʚʽ ʤʝʨʝʞʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʦʨʦʚʦʾ ʢʦʨʠ ʪʚʘʨʠʥ, ʜʝ ʦʢʨʝʤʽ ʥʝʡʨʦʥʠ ʢʦʨʠ ʨʝʘʛʫʶʪʴ ʥʘ ʩʪʠʤʫʣʠ ʣʠʰʝ ʚ 

ʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ ʟʦʨʦʚʦʛʦ ʧʦʣʷ (ʨʝʮʝʧʪʠʚʥʦʤʫ ʧʦʣʽ). ʈʝʮʝʧʪʠʚʥʽ ʧʦʣʷ ʨʽʟʥʠʭ ʥʝʡʨʦ-

ʥʽʚ ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʢʨʠʚʘʶʯʠ ʚʩʝ ʟʦʨʦʚʝ ʧʦʣʝ. 

ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʰʘʨʽʚ, ʘ ʪʘʢʦʞ ʢʽ-

ʣʴʢʦʭ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʧʨʠʭʦʚʘʥʽ ʰʘʨʠ ʚ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʤʘʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʩʪʨʫʢ-

ʪʫʨʫ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʟʛʦʨʪʢʦʚʽ ʰʘʨʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ; ʰʘʨʠ 

ʘʛʨʝʛʘʮʽʾ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʨʦʟʤʽʨʠ ʜʘʥʠʭ ʪʘ ʚʠʜʽʣʷʶʪʴ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʦʟʥʘʢʠ; ʧʦʚ-

ʥʦʟᾷʻʜʥʘʥʽ ʰʘʨʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʘʙʦ ʨʝʛʨʝʩʽʶ; ʪʘ ʰʘʨʠ ʥʦʨʤʘʣʽʟʘʮʽʾ, ʱʦ 

ʩʪʘʙʽʣʽʟʫʶʪʴ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʽ ʧʨʠʩʢʦʨʶʶʪʴ ʡʦʛʦ [2]. ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʻ ʦʩ-

ʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʝʦ. 

ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ð ʟʛʦʨʪʢʠ ð ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʦʟʥʘʢ ʽʟ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʽ ʚʠʚʯʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʬʦʨʤʠ, ʪʝʢʩʪʫʨʠ ʘʙʦ 

ʥʘʚʽʪʴ ʜʠʥʘʤʽʢʫ ʦʙôʻʢʪʽʚ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python (ʙʽʙʣʽʦʪʝʢʠ OpenCV) ʙʫʣʦ ʨʝʘʣʽʟʦ-

ʚʘʥʦ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ [3,4]. ɿʦʙʨʘ-

ʞʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʤʘʩʰʪʘʙʫʚʘʣʠ ʜʦ 500x500 ʧʽʢʩʝʣʽʚ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʣʠ ʟ BGR ʫ HSV 

ʜʣʷ ʪʦʯʥʽʰʦʾ ʨʦʙʦʪʠ ʟ ʢʦʣʴʦʨʘʤʠ. ɹʫʣʠ ʩʪʚʦʨʝʥʽ ʬʽʣʴʪʨʠ ʜʣʷ ʯʝʨʚʦʥʦʛʦ ʡ ʩʠʥʴʦʛʦ ʢʦ-

ʣʴʦʨʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʱʦ ʜʦʟʚʦʣʷʣʦ ʚʠʜʽʣʠʪʠ ʦʙʣʘʩʪʽ ʟʥʘʢʽʚ. ɿʥʘʡʜʝʥʽ ʢʦʥ-

ʪʫʨʠ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʟʘ ʧʣʦʱʝʶ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʥʝʟʥʘʯʥʽ ʝʣʝʤʝʥʪʠ. ɻʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ 

ʢʦʥʪʫʨʽʚ ʟʘʣʝʞʘʣʘ ʚʽʜ ʪʠʧʫ ʟʥʘʢʫ ʪʨʠʢʫʪʥʽ, ʢʨʫʛʣʽ ʘʙʦ ʚʦʩʴʤʠʢʫʪʥʽ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʢʦʥʪʫʨʽʚ ʥʘʧʨʠʢʣʘʜ, STOP ʤʘʚ 8 ʚʝʨʰʠʥ, ʘ ʢʨʫ-

ʛʣʽ ʟʥʘʢʠ ʧʦʥʘʜ 8. ʅʘ ʚʠʭʦʜʽ ʘʣʛʦʨʠʪʤ ʧʦʚʝʨʪʘʚ ʚʽʜʧʦʚʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʨʦʟʧʽʟʥʘ-

ʥʠʡ ʟʥʘʢ ʘʙʦ ʧʨʦ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ. ʂʦʜ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴ-

ʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 
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CONDITIONS FOR THE EMERGENCE OF DETERMINISTIC CHAOS IN THE 

MOTION OF A DOUBLE PENDULUM IN A HOMOGENEOUS ELECTROSTATIC 

FIELD  

Abstract. The conditions for the emergence of deterministic chaos in the motion of a 

double pendulum in a homogeneous electrostatic field were investigated. The calculations 

were carried out using the Hamiltonian formalism. We observe presence of deterministic 

chaos qualitatively with numerical simulation of Poincare sections for different initial 

conditions. Ranges of the model parameters were identified when the pendulum motion is 

regular and chaotic. 
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formalism. 
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ʋʄʆɺʀ ɺʀʅʀʂʅɽʅʅʗ ɼɽʊɽʈʄɯʅʆɺɸʅʆɻʆ ʍɸʆʉʋ ʋ ʈʋʉɯ 

ʇʆɼɺɯʁʅʆɻʆ ʄɸʗʊʅʀʂɸ ʋ ʆɼʅʆʈɯɼʅʆʄʋ ɽʃɽʂʊʈʆʉʊɸʊʀʏʅʆʄʋ 

ʇʆʃɯ 

ɸʥʦʪʘʮʽʷ. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʭʘʦʩʫ ʚ ʨʫʩʽ ʧʦ-

ʜʚʽʡʥʦʛʦ ʤʘʷʪʥʠʢʘ ʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʤʫ ʧʦʣʽ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʨʤʘʣʽʟʤʫ ɻʘʤʽʣʴʪʦʥʘ. ɼʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʦʩ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʷʢʽʩʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝ-

ʣʴʥʦʾ ʩʠʤʫʣʷʮʽʾ ʧʝʨʝʨʽʟʽʚ ʇʫʘʥʢʘʨʝ ʜʣʷ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʽʥʪʝʨ-

ʚʘʣʠ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʜʣʷ ʷʢʠʭ ʨʫʭ ʤʘʷʪʥʠʢʘ ʨʝʛʫʣʷʨʥʠʡ ʘʙʦ ʭʘʦʪʠʯʥʠʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʦʩ, ʧʦʜʚʽʡʥʠʡ ʤʘʷʪʥʠʢ, ʧʝʨʝʨʽʟʠ ʇʫʘʥʢʘʨʝ, 

ʬʦʨʤʘʣʽʟʤ ɻʘʤʽʣʴʪʦʥʘ. 

 

There are many nature phenomena which have features of deterministic chaos. It is 

easier to find systems where the latter is absent. For example, weather, electricity consumption 

fluctuations, water level changes in reservoirs demonstrate chaotic behaviour. In our 

invenstigation we study when deterministic chaos in a double pendulum motion emerges in 
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an external electrostatic field. The mechanical system considered in our research consists of 

two rods with masses and electric charges on their ends. One of the rods is attached to the end 

of the other. 

We study dynamics of this system by the means of Hamiltonian equations. We identify 

intervals of parameters of the system where deterministic chaos emerges. We research effect 

of electric field strenght magnitude on the pendulum motion at different signs of charges. We 

derive these results by the means of numerical simulation of Poincare sections of the 

pendulum phase portrait in Wolfram Mathematica. In our approach magnitude of electric field 

is proportional to dimensionless coefficient Ů. 

If external field is weak the system moves similary to a free pendulum, as shown in 

Figs. 1a and 1b. When Ů is increased to Ů=Ñ0.1 (Figs. 1c and 1d), our system demonstrates 

features of deterministic chaos, but certain trajectories on a Poincare section are still visible. 

When Ů=1 (Fig. 1e) regular trajectories vanish, which means that the system becomes chaotic. 

But if we increase Ů further then some trajectories are restored (Fig. 1f). When Ů=5 an 

interesting effect is present. If signs of charges are the same, then we continue to observe 

deterministic chaos in the system, as could be seen in Fig. 1h. But if signs of charges are 

opposite, then regular trajectories are restored (Fig. 1g). This conclusion is new ð this effect 

is absent in a double pendulum in gravitational field. 

Quantum model of this system might be researched in the future. 

 

  

  

a) b) c) d) 

 
 

  

e) f) g) h) 

Figure 1. Poincare sections of double pendulum at different values of electric field strenght 
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ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʌɸʂʊʆʈɯɺ ɿʆɺʅɯʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ʅɸ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɯʄʇʋʃʔʉʅʆɻʆ ɼɽʊʆʅɸʎɯʁʅʆɻʆ ɼɺʀɻʋʅɸ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ ʽʤʧʫʣʴʩʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ. ʆʩʥʦʚʥʠʤʠ ʚʠʟʥʘʯʘʣʴ-

ʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ ʚʠʩʪʫʧʘʣʠ ʪʠʩʢ ʪʘ ʛʫʩʪʠʥʘ ʛʘʟʫ ʟ ʷʢʠʤ ʚʟʘʻʤʦʜʽʶʪʴ ʧʨʦʜʫʢʪʠ 

ʜʝʪʦʥʘʮʽʾ ʧʽʜ ʯʘʩ ʾʭ ʚʠʭʦʜʫ ʟ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ. ɺʟʘʻʤʦʜʽʷ ʬʨʦʥʪʫ ʜʝʪʦʥʘʮʽʡʥʦʾ ʭʚʠʣʽ 

ʟ ʙʽʣʴʰ ʱʽʣʴʥʦʶ ʨʝʯʦʚʠʥʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʛʫʩʪʠʥʦʶ ʬʨʦʥʪʫ, ʚʠʢʣʠʢʘʻ ʯʘʩʪʢʦʚʝ ʚʽʜʙʠʪʪʷ 

ʫʜʘʨʥʦʾ ʭʚʠʣʽ. ɺʽʜʙʠʪʘ ʫʜʘʨʥʘ ʭʚʠʣʷ ʧʽʜʩʠʣʶʻ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʟʘ ʬʨʦʥʪʦʤ ʜʝʪʦʥʘʮʽʾ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʫʩʪʠʥʠ ʨʝʯʦʚʠʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʣʠʚʝ ʩʫʪʪʻʚʝ ʟʙʽʣʴ-

ʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʤʧʫʣʴʩʥʠʡ ʜʝʪʦʥʘʮʽʡʥʠʡ ʜʚʠʛʫʥ; ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ; ʚʧʣʠʚ ʟʦʚ-

ʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ANALYSIS OF THE INFLUENCE OF ENVIRONMENTAL FACTORS ON THE 

CHARACTERISTICS OF THE PULSE DETONATION ENGINE  

Abstract. The influence of environmental parameters on the specific impulse of a pulse 

detonation engine is considered. The main determining factors of influence were the pressure 

and density of the gas with which the detonation products interact during their exit from the 

detonation chamber. The interaction of the detonation wave front with a denser substance, 

compared to the density of the front, causes partial reflection of the shock wave. The reflected 

shock wave enhances the flow parameters behind the detonation front. A significant increase 

in specific impulse is possible depending on the density of the environment. 

Keywords: pulse detonation engine; specific impulse; influence of the environment. 

 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʮʠʢʣʦʤ ɹʨʘʡʪʦʥʘ, ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʪʽʢʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʟ ʢʘʤʝʨʠ ʜʚʠʛʫʥʘ. ɼʣʷ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʙʫʜʝ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɹʽ-

ʣʴʰʽʩʪʴ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ ʨʦʙʦʪʠ ʜʚʠ-

ʛʫʥʘ ʥʘ ʨʝʞʠʤʽ ʧʝʨʝʨʦʟʰʠʨʝʥʥʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ 

ʧʨʘʮʶʻ ʧʨʠ ʟʥʘʯʥʦʤʫ ʧʨʦʪʠʪʠʩʢʫ. ʅʘʧʨʠʢʣʘʜ ʧʨʠ ʧʽʜʚʦʜʥʦʤʫ ʟʘʧʫʩʢʫ, ʯʠ ʧʨʠ ʨʦʙʦʪʽ 

ʚʠʩʦʪʥʦʛʦ ʜʚʠʛʫʥʘ ʫ ʟʝʤʥʠʭ ʫʤʦʚʘʭ. ʇʝʨʝʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʩʢʦʤ ʥʘ ʟʨʽʟʽ ʩʦʧʣʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʨʠʚʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ 

ʩʪʽʥʦʢ ʩʦʧʣʘ ʪʘ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʩʪʨʠʙʢʽʚ ʫʱʽʣʴʥʝʥʴ. ʋ ʩʚʦʶ ʯʝʨʛʫ, 
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ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʪʠʜʽʾ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʦʧʣʘ ʪʘ ʟʥʠʞʫʻ ʚʝ-

ʣʠʯʠʥʫ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ ʜʚʠʛʫʥʘ [1]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʽʤʧʫʣʴʩʥʽ ʜʝʪʦʥʘʮʽʡʥʽ ʜʚʠʛʫʥʠ 

(ɯɼɼ) ʧʨʘʮʶʶʪʴ ʫ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʽ ʽʟ ʟʥʘʯʥʦʶ ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʪʠʩʢ ʥʘʚʢʦʣʠʰ-

ʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʝ ʧʝʨʝʚʘʞʘʪʠ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʙʦʯʦʾ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ. 

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʤʧʫʣʴʩʥʠʭ 

ʜʝʪʦʥʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʦʶ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ ʫ ʧʨʦʚʝʜʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʩʪʫ-

ʧʘʣʠ ʪʠʩʢ ʪʘ ʛʫʩʪʠʥʘ ʛʘʟʫ ʟ ʷʢʠʤ ʚʟʘʻʤʦʜʽʶʪʴ ʧʨʦʜʫʢʪʠ ʜʝʪʦʥʘʮʽʾ ʧʽʜ ʯʘʩ ʾʭ ʚʠʭʦʜʫ ʟ 

ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ. ʋ ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [2] ʟʘʟʚʠʯʘʡ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʫ ʷʢʦʩʪʽ ʦʢʠʩʥʶʚʘʯʘ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʛʫʩʪʠʥʘ ʧʨʦ-

ʜʫʢʪʽʚ ʜʝʪʦʥʘʮʽʾ ʪʘ ʛʘʟʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʤʘʶʪʴ ʟʥʘʯʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ. ɼʦ-

ʩʣʽʜʞʝʥʥʷ ʧʨʷʤʠʭ ʩʦʧʣʦʚʠʭ ʥʘʩʘʜʢʽʚ ʜʣʷ ʢʘʤʝʨʠ ʽʤʧʫʣʴʩʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ 

ʧʦʢʘʟʫʻ, ʱʦ ʨʽʟʥʠʮʷ ʛʫʩʪʠʥʠ ʤʽʞ ʧʨʦʜʫʢʪʘʤʠ ʜʝʪʦʥʘʮʽʾ ʪʘ ʛʘʟʦʤ ʫ ʩʦʧʣʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʫ ʟʦʥʽ ʧʣʘʪʦ ʟʘ ʬʨʦʥʪʦʤ ʜʝʪʦʥʘʮʽʡʥʦʾ ʭʚʠʣʽ [3]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʬʨʦʥʪʫ ʜʝ-

ʪʦʥʘʮʽʡʥʦʾ ʭʚʠʣʽ ʟ ʙʽʣʴʰ ʱʽʣʴʥʦʶ ʨʝʯʦʚʠʥʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʛʫʩʪʠʥʦʶ ʬʨʦʥʪʫ, ʚʠʢʣʠʢʘʻ 

ʯʘʩʪʢʦʚʝ ʚʽʜʙʠʪʪʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ. ɺʽʜʙʠʪʘ ʫʜʘʨʥʘ ʭʚʠʣʷ ʧʽʜʩʠʣʶʻ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʟʘ 

ʬʨʦʥʪʦʤ ʜʝʪʦʥʘʮʽʾ. ɿʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʫ ʟʦʥʽ ʩʪʘʣʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩ ʧʨʦʭʦ-

ʜʞʝʥʥʷ ʝʪʘʧʫ ʩʧʦʨʦʞʥʝʥʥʷ ʢʘʤʝʨʠ ʚʽʜ ʧʨʦʜʫʢʪʽʚ ʜʝʪʦʥʘʮʽʾ ʟʙʽʣʴʰʫʶʯʠ ʡʦʛʦ ʪʨʠʚʘ-

ʣʽʩʪʴ. ʉʫʢʫʧʥʝ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʨʘʟʦʤ ʽʟ ʯʘʩʪʢʦʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʠʩʢʫ ʚʩʝʨʝʜʠʥʽ ʢʘʤʝʨʠ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʽʤʧʫʣʴʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯɼɼ. ʈʝʟʫʣʴ-

ʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʛʫʩʪʠʥʘ ʧʨʦʜʫʢʪʽʚ ʜʝʪʦ-

ʥʘʮʽʾ ʧʝʨʝʚʠʱʫʻ ʛʫʩʪʠʥʫ ʨʝʯʦʚʠʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʤʘʡʞʝ ʥʝ 

ʨʝʘʛʫʻ ʥʘ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʦʪʠʣʝʞʥʦ ʮʴʦʤʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʟʥʠʮʽ ʛʫʩʪʠʥʠ, ʧʠʪʦʤʠʡ ʽʤʧʫ-

ʣʴʩ ʪʷʛʠ ʟʘ ʨʦʙʦʯʠʡ ʮʠʢʣ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠʩʷ ʜʦ 25%, ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʛʫʩʪʠʥʽ ʨʝʯʦʚʠʥ. ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʷʚʣʷ-

ʻʪʴʩʷ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ ʥʠʞʯʦʤʫ ʟʘ ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʫ ʜʝʪʦʥʘʮʽʡʥʽʡ ʢʘʤʝʨʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʠʩʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯɼɼ 

ʧʦʢʘʟʫʻ ʩʭʦʞʠʡ ʷʚʠʱʘ ʜʦ ʚʧʣʠʚʫ ʛʫʩʪʠʥʠ. ʋ ʚʠʧʘʜʢʫ ʧʝʨʝʚʠʱʝʥʥʷ ʪʠʩʢʫ ʥʘʚʢʦʣʠʰ-

ʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʩʢʦʤ ʧʦʜʘʯʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʚʽʜʙʠʪʪʷ ʬʨʦʥʪʫ ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʫ 

ʟʦʥʽ ʩʪʘʣʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʘ ʢʦʤʧʝʥʩʘʮʽʷ ʚʪʨʘʪʠ 

ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ ʜʚʠʛʫʥʘ, ʩʧʨʠʯʠʥʝʥʦʾ ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 
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ɸʥʦʪʘʮʽʷ. ɺʠʨʽʰʝʥʦ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʘ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢ-
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ʜʚʠʛʫʥʘ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʙʽʥʘʮʽʾ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʪʘ ʪʠʩʢʫ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ ʤʘʩʠ. 
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ʤʽʟʘʮʽʷ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ. 
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OPTIMIZATION OF THE ROCKET ENGINE BODY MASS  TAKING INTO 

ACCOUNT ITS HEAT -PROTECTIVE COATING  

Abstract. The problem of optimizing the wall thickness and heat-protective coating of 

a solid-fuel rocket engine is solved. The minimum mass of the structure is taken as the value 

of the objective function, and the permissible stress arising in the shell under the influence of 

internal pressure and the permissible temperature load during engine operation are taken as 

limitations. The thickness of the layers is studied depending on the combination of 

temperature and pressure at a minimum mass. 

Keywords: solid propellant rocket engine, heat-protective coatings, optimization of 

rocket engines. 

 

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ (ʈɼʊʇ) ʻ ʥʝ-

ʦʙʭʽʜʥʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʦʙʦʣʦʥʢʫ ʨʘʢʝʪʠ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʨʦʛʠʭ ʞʘʨʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʦʶ ʜʝʰʝʚʠʟʥʫ ʨʘʢʝʪ. ɿʘʜʣʷ ʟʜʝ-

ʰʝʚʣʝʥʥʷ ʨʘʢʝʪ, ʦʙʦʣʦʥʢʫ ʈɼʊʇ ʩʣʽʜ ʨʦʙʠʪʠ ʽʟ ʜʝʰʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ 

ʥʘʥʝʩʝʥʥʷʤ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ (ʊɿʇ) [1, 2]. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʻ 

https://doi.org/10.62717/2221-4550-2025-1-024
mailto:i.r.atamanchuk@student.khai.edu
https://orcid.org/0000-0001-7118-0115
mailto:g.koloskova@khai.edu
mailto:i.r.atamanchuk@student.khai.edu
https://orcid.org/0000-0001-7118-0115
mailto:g.koloskova@khai.edu


˨ˤˮ˥̂˹ˮ ́ˢ ˩˹˩˾˥˩́ˮ̉˹˱ ̂˿́ˢ˹˻ˤ˴ˮΦ ˩˹˩˾˥˻˭ˢˣ˩˭˽˩̉˩˹˹̒ ˴˻˿˸˱̉˹ˮ̆ ˢ˽ˢ˾ˢ́˱ˤ 

86 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʠʣʝʤʠ: ʟʤʝʥʰʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ 

ʨʘʢʝʪʠ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʙʦʡʦʚʦʾ ʯʘʩʪʠʥʠ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ, ʧʦ-

ʟʙʫʪʠʩʷ ʚʠʱʝ ʟʘʟʥʘʯʝʥʦʾ ʜʠʣʝʤʠ, ʟʜʝʰʝʚʠʪʠ ʨʘʢʝʪʫ ʪʘ ʟʨʦʙʠʪʠ ʾʾ ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʩʦʚʽ-

ʰʠʤ, ʱʦ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦ ʥʝ ʪʽʣʴʢʠ ʚ ʫʤʦʚʘʭ ʤʽʥʣʠʚʦʾ ʧʽʜʪʨʠʤʢʠ ʧʘʨʪʥʝʨʽʚ ʟʘʨʘʟ, ʘ ʽ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ, ʪʘʢ ʷʢ ʛʘʣʫʟʴ ʆʇʂ ʤʘʻ ʩʪʘʪʠ ʦʩʥʦʚʥʦʶ ʫ ʧʽʩʣʷʚʦʻʥʥʽʡ ʚʽʜʙʫʜʦʚʽ ʋʢʨʘʾʥʠ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʘʭʫʥʦʢ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʢʘʤʝʨʠ ʈɼʊʇ ʚʝʜʫʪʴ ʟʘ ʫʤʦʚʠ ʚʠʩʦʢʦʛʦ ʪʠ-

ʩʢʫ, ʘ ʚʧʣʠʚ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʣʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʇ. ʄʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ 

ʊɿʇ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʝʞʽ ʤʝʪʘʣ-ʧʦʢʨʠʪʪʷ ʟʘ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ ʊɿʇ. ʋ ʷʢʦ-

ʩʪʽ ʊɿʇ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʈɼʊʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʢʘʫʯʫʢʽʚ ʪʘ ʪʝʧʣʦʩ-

ʪʽʡʢʽ ʧʣʘʩʪʤʘʩʠ, ʛʫʩʪʠʥʘ ʮʠʭ ʤʘʪʝʨʽʚ ʩʪʘʥʦʚʠʪʴ 1300-2000 ʢʛ/ʤ3. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʚʽʪʴ 

ʥʝʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʊʇɿ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʈɼʊʇ. 

ɿʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢ: 

ʟʥʘʡʪʠ ʪʦʚʱʠʥʠ ʢʦʨʧʫʩʫ ʽ ʊɿʇ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙʦ-

ʣʦʥʢʠ ʤʽʥʽʤʫʤ ʤʘʩʠ ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ 
ὓ ʍ̏ Ὤ̂̏ ̂ ʍ̓Ὤ̓,   (1) 

ʜʝ ʍ̏  ̂ʪʘ ʍ̓ ð ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ ʪʘ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʽʜʧʦʚʽʜʥʦ; Ὤ̏  ̂

ʪʘ Ὤ̓ ð ʪʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ ʪʘ ʊɿʇ ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʟʚʠʯʘʡ ʚʚʘʞʘʻʪʴʩʷ ʱʦ ʰʘʨ ʊɿʇ ʤʘʪʝʨʽʘʣʫ ʥʝ ʥʝʩʝ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʡʦʛʦ ʩʧʨʠʡʤʘʻ ʦʙʦʣʦʥʢʘ, ʦʜʥʘʢ ʚ ʨʝʘʣʴʥʦʩʪʽ ʷʢʱʦ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʊɿʇ ʤʘʻ ʪʦʡ ʩʘʤʠʡ 

ʧʦʨʷʜʦʢ ʘʙʦ ʙʽʣʴʰʠʡ ʟʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʦʙʦʣʦʥʢʠ, ʪʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʤʽʮʥʽʩʪʴ 

ʚʝʜʫʪʴ ʟʘ ʪʘʢ ʟʚʘʥʦʶ ʧʨʠʚʝʜʝʥʦʶ ʪʦʚʱʠʥʦʶ [3]. 

ʈʦʟʪʷʛʫʶʯʘ ʥʘʧʨʫʛʘ ʱʦ ʚʠʥʠʢʘʻ ʚ ʦʙʦʣʦʥʮʽ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʽʜ ʜʽʻʶ ʚʥʫ-

ʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

ʎ
̏̂
ᶻ „,    (2) 

ʜʝ Ὠ Ὠ̈ ̏̃ Ὤ̏ ̂
ᶻ ð ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʦʙʦʣʦʥʢʠ ʧʨʠʚʝʜʝʥʦʾ ʪʦʚʱʠʥʠ; Ὤ̏ ̂

ᶻ ð ʧʨʠʚʝʜʝʥʘ 

ʪʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ, ὖ ð ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ, [ů] ð ʜʦʧʫʩʪʠʤʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ 

ʥʘʧʨʫʛʘ. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʧʨʠʪʘʤʘʥʥʦ ʟʤʝʥʰʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʥʘʧʨʫʛʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (2) ʜʦʚʦʜʠʪʴʩʷ ʟʙʽʣʴʰʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ Ὤ̏ ,̂ ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʦʙʦʣʦʥʢʠ ʢʘʤʝʨʠ. ʋʥʠʢʥʫʪʠ ʩʫʪʪʻ-
ʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʦʣʦʥʢʠ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʊɿʇ, 

ʘʣʝ ʮʝ ʪʘʢʦʞ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʋʤʦʚʘ (2) ʻ ʫʤʦʚʦʶ ʤʽʮʥʦʩʪʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɼʣʷ ʜʚʦʰʘʨʦʚʦʾ ʧʣʘʩʪʠʥʠ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [4]. 

Ὑ̄
̒

̏̂

̏̂

̓

̓ ̄
,   (3) 

ʜʝ ‌̄ ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʜʦ ʊɿʇ; ‌̒ ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʚʽʜ ʦʙʦʣʦʥʢʠ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ‗̏  ̂ʽ ‗̓ ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚʽʜ ʦʙʦʣʦʥʢʠ ʽ ʊɿʇ ʚʽʜʧʦʚʽʜʥʦ. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʪʘ ʊɿʇ ʭʘʨʘʢʪʝʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
̏̂

̏̂
Ḻ ̓

̓
, ʪʦ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʦʣʦʥʢʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὕ̏̂ Ὕ
̄

̄
,    (4) 

ʜʝ Ὕ ð ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʢʦʨʧʫʩʫ ʃɸ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷʤ. 

Ὕ̏̂ Ὕ
̄

̄
Ὕ,   (5) 

ʜʝ Ὕ ð ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʷʢʦʾ ʤʦʞʝ ʥʘʛʨʽʚʘʪʠʩʷ ʢʦʨʧʫʩ ʚ ʧʨʦʮʝʩʽ 

ʧʦʣʴʦʪʫ ʃɸ. 

ʆʢʨʽʤ ʦʙʤʝʞʝʥʴ ʟʘʟʥʘʯʝʥʠʭ ʫ ʬʦʨʤʫʣʘʭ (2) ʽ (5) ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʚʨʘʭʦʚʫʚʘ-

ʣʠʩʷ ʪʘʢʦʞ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʩʠ ʢʦʨʧʫʩʫ ʈɼʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦ-

ʚʱʠʥʠ ʡʦʛʦ ʊɿʇ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ: 

1. ʄʽʥʽʤʫʤ ʤʘʩʠ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʨʧʫʩʫ, 

ʦʩʢʽʣʴʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʘʜʘʻ ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʥʝʩʫʯʦʾ ʦʙʦʣʦʥʢʠ; 

2. ɯʩʥʫʶʪʴ ʢʦʤʙʽʥʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʪʠʩʢʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʜʣʷ ʷʢʠʭ ʢʦʨʧʫʩʠ ʈɼʊʇ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʤʽʥʽʤʘʣʴʥʫ ʤʘʩʫ. ʎʽ ʢʦʤʙʽʥʘʮʽʾ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʟʘʢʦʥʫ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʈɼʊʇ ʟ ʥʘʡʣʽʧʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʛʦʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ. 
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ʐʃʗʍʀ ɺɼʆʉʂʆʅɸʃɽʅʅʗ ɽʌɽʂʊʀɺʅʆɰ ʉʀʉʊɽʄʀ ʇʆɼɸʏɯ ʈʋʐɯʁʅʆɰ 

ʋʉʊɸʅʆɺʂʀ ʅɸ ɽʂʆʃʆɻɯʏʅʆʄʋ ʇɸʃʀɺɯ ɼʃʗ ʅɸʅʆʉʋʇʋʊʅʀʂɯɺ 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʘʥʘʣʽʟʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʨʫʰʽʡʥʠʭ ʫʩʪʘʥʦ-

ʚʦʢ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʪʠʧʫ CubeSat [1] ʥʘ ʦʩʥʦʚʽ çʟʝʣʝʥʦʛʦè ʤʦʥʦʧʘʣʠʚʘ. ʈʦʙʦʪʘ 

ʤʽʩʪʠʪʴ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʧʦʜʘʯʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʚʝʨʜʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭ-

ʥʽʯʥʽ ʨʽʰʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʽʜ-

ʧʦʚʽʜʥʽʩʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʢʦʩʤʽʯʥʠʭ ʟʘʧʫʩʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: CubeSat, ʨʫʰʽʡʥʘ ʫʩʪʘʥʦʚʢʘ, çʟʝʣʝʥʝè ʧʘʣʠʚʦ, HAN, ADN, ʧʦ-

ʜʘʯʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʪʚʝʨʜʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ. 
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WAYS TO IMPROVE AN EFFICIENT SYSTEM FOR SUPPLYING 

A PROPULSION SYSTEM ON ECOLOGICAL FUEL FOR  

Abstract. The study is dedicated to the analysis and improvement of propulsion systems 

for CubeSat-class spacecraft using green monopropellant. The paper provides an overview of 

existing solutions, and a discussion of a promising approach for propellant storage and supply 

using solid chemical compounds. The proposed technical solutions aim to enhance safety, 

reduce energy consumption, and comply with modern space launch requirements. 

Keywords: CubeSat, propulsion system, green propellant, HAN, ADN, propellant sup-

ply, solid chemical composition, spacecraft. 

 

ʇʽʜʢʦʨʝʥʥʷ ʢʦʩʤʦʩʫ ʱʦʨʦʢʫ ʩʪʘʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʜʦʩʪʫʧʥʽʰʠʤ. ʊʝ, ʱʦ ʢʦʣʠʩʴ 

ʙʫʣʦ ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʜʣʷ ʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʮʽʡ, ʩʴʦʛʦʜʥʽ ʩʪʘʻ ʨʝʘʣʴʥʽʩʪʶ ʜʣʷ ʫʥʽʚʝʨʩʠ-

ʪʝʪʽʚ, ʽʥʩʪʠʪʫʪʽʚ, ʷʢʽ ʟʘʧʫʩʢʘʶʪʴ ʚʣʘʩʥʽ ʩʫʧʫʪʥʠʢʠ, ʪʘ ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʩʪʚʦʨʶ-

ʶʪʴ ʦʨʙʽʪʘʣʴʥʽ ʢʦʥʩʪʝʣʷʮʽʾ ʟ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ɿʘ ʦʜʠʥ ʨʽʢ ʥʘ ʟʝʤʥʫ ʦʨʙʽʪʫ ʚʠʚʦʜʠʪʴʩʷ 

ʩʪʽʣʴʢʠ ʞ ʘʧʘʨʘʪʽʚ, ʩʢʽʣʴʢʠ ʨʘʥʽʰʝ ʟʘʧʫʩʢʘʣʠ ʟʘ ʮʽʣʝ ʜʝʩʷʪʠʣʽʪʪʷ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʦʧʦʨʮʽʡʥʦ ʟʨʦʩʪʘʻ ʧʦʧʠʪ ʧʽʜʪʨʠ-

ʤʘʥʥʽ ʦʨʙʽʪʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʤʘʥʝʚʨʘʭ, ʘ ʪʘʢʦʞ ʫ ʙʝʟʧʝʯʥʦʤʫ ʚʠʚʝʜʝʥʥʽ 
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ʘʧʘʨʘʪʽʚ ʟ ʦʨʙʽʪʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʽʩʥʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʥʘ ʨʫʰʽʡʥʽ ʫʩʪʘʥʦ-

ʚʢʠ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʜʦʚʠʚʝʜʝʥʥʽ ʥʘ ʦʨʙʽʪʫ, ʘʧʘʨʘʪʫ. 

ʈʘʟʦʤ ʟ ʮʠʤ, ʨʦʟʨʦʙʥʠʢʠ ʨʫʰʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʩʪʽʡʥʦ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʦʚʠʤʠ ʚʠ-

ʢʣʠʢʘʤʠ ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʫh ʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ [4]: 

ð ʆʙʤʝʞʝʥʥʷ ʤʘʩʠ, ʛʘʙʘʨʠʪʽʚ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ð ʥʘʥʦʩʫʧʫʪʥʠʢʠ ʤʘʶʪʴ 

ʩʫʚʦʨʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ð ɹʝʟʧʝʢʘ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ð ʟʘʙʦʨʦʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʧʘʣʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʚʠʩʦʢʦʪʠʩʢʦʚʠʭ ʩʫʜʠʥ. 

ð ʆʙʤʝʞʝʥʥʷ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ ð ʩʫʧʫʪʥʠʢʠ ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʞʦʨʩʪʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʧʝʢʠ 

ð ʉʢʣʘʜʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʚʫʟʣʽʚ ð ʨʫʰʽʡʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʥʘʜʽʡʥʠʤʠ, ʢʦʤʧʘʢʪʥʠʤʠ ʪʘ ʝʬʝʢʪʠʚʥʠʤʠ 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʰʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ "ʟʝʣʝ-

ʥʦʤʫ" ʧʘʣʠʚʽ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ [2]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʫ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʛʘʟʫ ʥʘʜʜʫʚʫ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʚʝʨʜʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ (ʥʽʪʨʘʪʠ, ʢʘʨʙʦʥʘʪʠ) [3], ̫ ʢʽ ʧʨʠ ʧʨʦʩʪʦʤʫ ʥʘ-

ʛʨʽʚʘʥʥʽ ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʘʟʽʚ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ 

ʪʽʣʘ ʥʘʜʫʚʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ: 

ð ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʫʧʫʪʥʠʢʽʚ ʚʠʤʦʛʘʤ ʧʫʩʢʦʚʠʭ ʦʧʝʨʘʪʦʨʽʚ; 

ð ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ð ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʦʜʘʯʽ ʛʘʟʫ, ʱʦ 
ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ CubeSat [5]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ ʪʘ ʩʧʨʠʷʪʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʢʪʥʠʭ ʨʫʰʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʩʬʝʨʽ ʤʘ-

ʣʠʭ ʩʫʧʫʪʥʠʢʽʚ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ISO 177702017. Space systems ð Cube satellites (CubeSats) 

2. ɺ.ʄ. ɼʫʨʘʯʝʥʢʦ, ɽ.ʅ. ʂʦʤʝʢʦ, ɸ.ɺ. ɹʘʛʣʘʡ (ɼʥʝʧʨ). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʥʳʭ 

ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʠʟʢʦʪʦʢʩʠʯʥʦʤ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʤ ʪʦʧʣʠʚʝ ʜʣʷ ʂɸ ʪʠʧʘ CubeSat. XXɯII ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʂʦʥʛʨʝʩʩ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʝʡ 4-9 ʩʝʥʪʷʙʨʷ 2018 ʛ. 

3. Haynes, W. M., Lide, D. R., & Bruno, T.J. (2016). CRC handbook of chemistry and 

physics a ready-reference book of chemical and physical data. 2016-2017, 97th 

Edition / Boca Raton, Florida, CRC Press. 

4. ʖ.ɸ. ʐʦʚʢʦʧʣʷʩ, ɺ.ʄ. ɼʫʨʘʯʝʥʢʦ (ɼʥʝʧʨ). ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʠʡ 
ʨʘʟʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʡ ʪʷʛʠ ʚ ɻʇ çʂɹ çʖʞʥʦʝè. XXɯII 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʂʦʥʛʨʝʩʩ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʝʡ 4-9 ʩʝʥʪʷʙʨʷ 2018 ʛ. 

5. CUBESAT SESSION VIPROPULSION. Small Satellite Conference 2016. Utah 

State University. Logan, Utah. 



˨ˤˮ˥̂˹ˮ ́ˢ ˩˹˩˾˥˩́ˮ̉˹˱ ̂˿́ˢ˹˻ˤ˴ˮΦ ˩˹˩˾˥˻˭ˢˣ˩˭˽˩̉˩˹˹̒ ˴˻˿˸˱̉˹ˮ̆ ˢ˽ˢ˾ˢ́˱ˤ 

90 

ʋɼʂ 629.78 

DOI: 10.62717/2221-4550-2025-1-026 

ɹʘʞʘʥʦʚ ɸ.ʄ. 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè 

ORCID 0009-0000-9246-2226 

E-mail: a.m.bazhanov@student.khai.edu 

ɻʫʙʽʥ ʉ.ɺ. 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè 

ORCID 0000-0003-3182-1840 

E-mail: s.gubin@khai.edu 

ɸʅɸʃɯɿ ʇʈɸʎɽɿɼɸʊʅʆʉʊɯ ʌʆʊʆɽʃɽʂʊʈʀʏʅʆɻʆ ʄʆɼʋʃʗ 

ɿɸ ʊɽʄʅʆɺʆʖ ɺʆʃʔʊ-ɸʄʇɽʈʅʆʖ ʍɸʈɸʂʊɽʈʀʉʊʀʂʆʖ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʽ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʪʦʝʣʝʢ-

ʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʥʘʣʽʟʫ ʩʚʽʪʣʦʚʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʝʨʝʜʩʪʘʨʪʦʚʠʭ ʫʤʦʚʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʤʥʦʚʫ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʷʢ ʝʢʩʧʨʝʩ ʘʣʴʪʝʨʥʘʪʠʚʫ. ʆʙˇʨʫʥʪʦʚʘʥʽ ʧʝʨʝʚʘʛʠ ʨʽ-

ʰʝʥʥʷ, ʪʘʢʽ ʷʢ ʤʝʥʰʽ ʚʠʤʦʛʠ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʘ ʷʢʽʩʪʴ ʝʢʩʧʨʝʩ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦ-

ʟʚʠʪʢʫ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʜʩʪʘʨʪʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʜʣʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʢʨʦʩʫʧʫʪʥʠʢʽʚ. 

ʂʣʁ ʯʦʚʽ ʩʣʦʚʘ: ʉʠʩʪʝʤʘ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ, ʩʚʽʪʣʦʚʘ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʝʤʥʦʚʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʜʽʘʛʥʦʩʪʠʢʘ, 

ʤʽʢʨʦʩʫʧʫʪʥʠʢ. 
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ANALYSIS OF THE PERFORMANCE OF THE PHOTOVOLTAIC MODULE 

BY THE DARK VOLT -AMPERE CHARACTERISTIC  

Abstract. The difficulties of measuring the parameters of a photovoltaic module using 

the standard analysis of the light volt-ampere characteristic in pre-start conditions are consid-

ered. It is proposed to use the dark volt-ampere characteristic as an express alternative. The 

advantages of the solution, such as lower requirements for laboratory equipment and improved 

quality of rapid determination of the characteristics of the photovoltaic module, are substan-

tiated. Prospects for the development of such a method to improve the pre-launch diagnostics 

of a photovoltaic power supply for microsatellites are analyzed. 

Keywords: Power supply system, photovoltaic module, light volt-ampere characteris-

tic, dark volt-ampere characteristic, diagnostics, microsatellite. 
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ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʚʠʤ̔ʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʩʠʩ-

ʪʝʤʠ ʝʥʝʨʛʦʟʘʙʝʩʧʝʯʝʥʥʷ ʤʽʢʨʦʩʫʧʫʪʥʠʢʘ h ʣʷʭʦʤ ʘʥʘʣʽʟʫ ʩʚʽʪʣʦʚʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʤʽʪʘʪʦʨʽʚ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʤʥʦʚʫ ʚʦʣʴʪ-ʘʤʧʝʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ, ʱʦ ʙʘʟʫ-

ʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʪʝʦʨʝʪʠʯʥʠʭ, ʘʙʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʟʥʘʯʝʥʥʷʭ ʩʚʽʪʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʫ ʧʝʨʝʜʩʪʘʨʪʦʚʦʤʫ ʢʦʥʪʨʦʣʽ, ʟʦʢʨʝʤʘ ʟʥʠʞʝʥʥʷ ʚʠ-

ʤʦʛ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʨʝʩ ʜʽʘʛʥʦʩʪʠʢʠ ʩʦ-

ʥʷʯʥʦʛʦ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʫʧʫʪʥʠʢʽʚ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʥʦʚʦʾ ɺɸʍ ʜʘʻ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʘʙʦ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ. ɿ ʪʝʤʥʦʚʦʾ ɺɸʍ ʦʪʨʠʤʫʶʪʴ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʫʣʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʦʢʦʚʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚ-

ʣʝʥʥʷ ʫ ʤʝʞʘʭ ʩʪʨʫʤʫ 0éIsc. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʚʝʩʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʘ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʨʫʤ ʢʦʨʦʪ-

ʢʦʛʦ ʟʘʤʠʢʘʥʥʷ (Isc), ʥʘʧʨʫʛʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (Voc) ʽ ʪʦʯʢʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

(Pmax) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʪʨʫʤʦʤ (Impp) ʽ ʥʘʧʨʫʛʦʶ (Vmpp) [1]. ʊʝʤʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ð ʮʝ ʥʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʧʝʨʝʭʦʜʫ, ʘ ʪʘʢʦʞ ʦʧʽʨ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʽ 

ʢʦʥʪʘʢʪʽʚ, ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʪʘʥ ʧʝʨʚʠʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [2]. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʡ ʘʥʘʣʽʟ ʪʝʤʥʦʚʦʾ ʪʘ ʩʚʽʪʣʦʾ ɺɸʍ, ʱʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʞʠʤʽʚ ʚʽʜʤʦʚʠ, ʪʘʢʠʭ ʷʢ ʜʝʛʨʘʜʘʮʽʷ ʬʦʪʦʝʣʝʢʪ-

ʨʠʯʥʦʛʦ ʤʦʜʫʣʷ, ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʦʱʦ [3]. ʊʘʢʦʞ ʟʘʧʨʦʧʦ-

ʥʦʚʘʥʦ ʘʥʘʣʽʟ ʪʝʤʥʦʚʦʾ ɺɸʍ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʬʦʪʦʤʦ-

ʜʫʣʽʚ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʪʝʨʤʦʮʠʢʣʫʚʘʥʥʶ ʪʘ ʤʝʭʘʥʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ ʪʝʩʪʫ-

ʚʘʥʥʶ [4]. 

ʋ ʨʦʙʦʪʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʤʘʣʽ ʢʨʝʤʥʽʻʚʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭʥʴʦʾ ʜʝʛʨʘʜʘʮʽʾ ʧʽʩʣʷ ʧʨʠʢʣʘʜʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʟʘʪʽʥʝʥʠʭ ʝʣʝʤʝ-

ʥʪʽʚ. ʂʽʣʴʢʘ ʟʥʘʯʝʥʴ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʧʦʜʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ ʽ ʚʠ-

ʤʽʨʶʻʪʴʩʷ ʪʝʤʥʦʚʘ ɺɸʍ. ʄʦʜʫʣʴ ʚ ʮʴʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ pn-

ʧʝʨʝʭʽʜ. ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʘʜʘʣʽ ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠ-

ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʽ ʧʦʰʫʢʫ ʙʫʜʴ-ʷʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʰ-

ʢʦʜʞʝʥʴ [5]. 

ʈʦʟʛʣʷʥʫʪʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʪʝʤʥʦʚʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʧʝʨʩʧʝʢʪʠ-

ʚʥʠʤ ʟʘʩʦʙʦʤ ʧʝʨʝʚʽʨʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʠʡ ʟʘʚʜʷʢʠ ʧʨʦʩ-

ʪʦʪʽ, ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʩʪʘʨʪʦʚʽ ʝʢʩʧʝʨʩ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ ʟʨʦʙʠʪʴ ʧʽʜʛʦʪʦʚʢʫ ʤʽʢʨʦʩʫʧʫʪʥʠʢʽʚ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. 
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ʊɽʍʅɯʏʅɽ ʈɯʐɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆ-ʈʋʍʆɺʆɰ ʋʉʊɸʅʆɺʂʀ 

ʂʆʉʄɯʏʅʆɻʆ ɹʋʂʉʀʈɸ ʅɸ ʆʉʅʆɺɯ ɺʆɼʅɽɺʆ-ʂʀʉʅɽɺʆɰ ʉʀʉʊɽʄʀ 

ɸʥʦʪʘʮʽʷ. ɺʠʢʣʘʜʝʥʦ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʝʥʝʨʛʦʨʫʰʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʢʦʩʤʽʯ-

ʥʦʛʦ ʙʫʢʩʠʨʫ ʥʘ ʦʩʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʚʦʜʥʝʚʦ-ʢʠʩʥʝʚʦʛʦ ʨʝʚʝʨʩʠʚʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʝʣʝ-

ʤʝʥʪʫ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʦʜʥʦʶ ʟ ʷʢʠʭ ʧʣʘʥʫ-

ʻʪʴʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʪʘʨʥʦʛʦ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʣʷ ʜʽʩʦʮʽʘʮʽʘʮʽʾ 

ʚʦʜʠ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʨʘʭʫʥʦʢ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʽ ʚʽʜʧʨʘʚʣʷʪʠʤʫʪʴʩʷ ʫ ʚʣʘʩʥʽ ʙʘʢʠ 

ʟʙʝʨʽʛʘʥʥʷ. ɿ ʙʘʢʽʚ ʢʦʤʧʦʥʝʥʪʠ ʤʘʶʪʴ ʧʦʩʪʫʧʘʪʠ ʥʘ ʨʽʜʠʥʥʠʡ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, ʜʝ ʙʫ-

ʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʧʘʣʠʚʥʫ ʩʫʤʽʰ, ʘ ʨʫʰʽʡ ʚʠʢʦʥʫʚʘʪʠ ɻʦʤʘʥʽʚʩʴʢʠʡ ʧʝʨʝʭʦʜ, ʪʘ ʪʝʨʤʽ-

ʯʥʠʡ ʝʣʝʢʪʨʦʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, ʷʢʠʡ ʙʫʜʝ ʫʪʦʯʥʶʚʘʪʠ ʦʨʙʽʪʘʣʴʥʫ ʧʦʟʠʮʽʶ ʙʫʢʩʠʨʫ ʧʝ-

ʨʝʜ ʟʘʧʫʩʢʦʤ ʧʽʢʦʩʫʧʫʪʥʠʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʦʩʤʽʯʥʠʡ ʙʫʢʩʠʨ, ʝʥʝʨʛʝʪʠʯʥʘ ʫʩʪʘʥʦʚʢʘ, ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʧʘ-

ʣʠʚʥʠʡ ʝʣʝʤʝʥʪ, ʨʽʜʠʥʥʠʡ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, ʝʣʝʢʪʨʦʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ. 
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TECHNICAL SOLUTION OF THE POWER PROPULSION SYSTEM OF THE 

SPACE TUG BASED ON THE HYDROGEN-OXYGEN SYSTEM 

Abstract. A technical solution for the propulsion system of a space tug based on a hy-

drogen-oxygen reversible fuel cell is presented. The selection of the energy system compo-

nents is justified, including the planned use of a unitized regenerative fuel cell for water dis-

sociation into its components using solar energy. These components will be stored in dedi-

cated storage tanks. From the tanks, the components will be supplied to a liquid rocket engine, 

where they will form a propellant mixture, enabling the execution of a Hohmann transfer, and 

to a thermal electric rocket engine, which will refine the tug's orbital position before deploying 

picosatellites. 
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ʋ ʨʦʙʦʪʽ ʚʠʢʣʘʜʝʥʦ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʝʥʝʨʛʦʨʫʰʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʢʦʩʤʽ-

ʯʥʦʛʦ ʙʫʢʩʠʨʘ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʦʜʥʝʚʦ-ʢʠʩʥʝʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʟ ʧʝʨʚʠʥʥʦʶ ʩʦʥʷʯʥʦʶ 

ʙʘʪʘʨʝʻʶ[1]. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʢʣʶʯʥʦ ʟ ʫʥʽʪʘʨʥʠʤ ʨʝʛʝʥʝ-

ʨʘʪʠʚʥʠʤ ʧʘʣʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ (URFC), ʷʢʠʡ ʚʠʢʦʥʫʻ ʝʣʝʢʪʨʦʣʽʟ ʚʦʜʠ ʟ ʾʾ ʧʦʜʘʣʴʰʦʶ 

ʜʠʩʦʮʽʘʮʽʻʶ ʥʘ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʪʨʠʤʘʥʽ ʧʘʣʠʚʥʽ ʢʦʤʧʦ-

ʥʝʥʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʦ ʧʝʨʝʜʙʘʯʝʥʠʭ ʙʘʢʘʭ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʨʝ-

ʞʠʤʘʭ ʨʦʙʦʪʠ ʙʫʢʩʠʨʘ ʨʦʙʦʪʠ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʜʚʠʛʫʥʘ ʢʦʨʝʢʮʽʾ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ[2]. 

ʆʪʨʠʤʘʥʘ ʧʘʣʠʚʥʘ ʧʘʨʘ ʢʠʩʝʥʴ ʽ ʚʦʜʝʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʤʘʥʝʚʨʽʚ, ʜʝ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʠʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ (ʈʈɼ) ʫ ʷʢʦʤʫ ʚʦ-

ʜʝʥʴ ʽ ʢʠʩʝʥʴ ʟʤʽʰʫʶʪʴʩʷ ʫ ʚʠʟʥʘʯʝʥʽʡ ʧʨʦʧʦʨʮʽʾ, ʫʪʚʦʨʶʶʯʠ ʧʘʣʠʚʥʫ ʩʫʤʽʰ ʜʣʷ ʨʝʘ-

ʣʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ɻʦʤʘʥʽʚʩʴʢʦʛʦ ʧʝʨʝʭʦʜʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʦʨʙʽʪʘʣʴʥʽ ʤʘ-

ʥʝʚʨʠ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʙʫʢʩʠʨʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʪʘ ʯʘʩʫ. ʆʢ-

ʨʽʤ ʦʩʥʦʚʥʦʛʦ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʫʩʪʘʥʦʚʢʘ ʤʽʩʪʠʪʴ ʪʝʨʤʽʯʥʠʡ ʝʣʝʢʪʨʦʨʘʢʝʪʥʠʡ ʜʚʠ-

ʛʫʥ (ɽʈɼ) ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʦʜʝʥʴ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʩʦʢʦʪʦʯʥʦʾ ʢʦʨʝʢʮʽʾ ʦʨʙʽʪʠ. 

ɽʈɼ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʚʽʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʙʫʢʩʠʨʘ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ 

ʧʽʢʦʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʾʭ ʧʦʣʦʞʝʥʥʷ ʫ ʟʘʜʘʥʠʭ ʪʦʯʢʘʭ ʦʨ-

ʙʽʪʠ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʫ ʪʝʭʥʽʯʥʦʤʫ ʨʽʰʝʥʥʽ ʢʦʤʧʦʥʦʚʮʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦ-

ʚʢʠ, ʟʦʢʨʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʶ URFC, ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʪʘ ʢʠʩʥʶ, ʘ ʪʘʢʦʞ ʧʘʣʠ-

ʚʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʽ ʤʦʜʫʣʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʷʢ ʥʘ ʤʘʥʝʚʨʠ ʙʫʢʩʠʨʫ, ʪʘʢ ʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʠʰʢʽʚ ʧʘʣʠʚʘ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɸʥʘʣʽʟʫʻʪʴʩʷ ʘʚ-

ʪʦʥʦʤʥʽʩʪʴ ʙʫʢʩʠʨʘ ʚ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʷʭ[4]. 

ʈʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʙʫʢʩʠ-

ʨ̔ ʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘ-

ʣʠʭ ʩʫʧʫʪʥʠʢʽʚ ʽ ʢʦʨʠʛʫʚʘʥʥʷ ʾʭʥʽʭ ʦʨʙʽʪ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʫʪʠʣʽʟʘʮʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʄ.ɺ. ɹʘʨʘʥʦʚ, ʉ.ɺ. ɻʫʙʽʥ. ʂʦʩʤʽʯʥʠʡ ʙʫʢʩʠʨ ʟ ʚʦʜʥʝʚʦ-ʢʽʩʥʝʚʦʶ 

ʝʥʝʨʛʦʨʫʰʠʡʥʦʶ ʫʩʪʘʥʦʚʢʦʶ, [Text] / ɺʽʩʥʠʢ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ / ʉʝʨʽʷ 

ʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ / ɼʥʽʧʨʦ. ð 2024. ð ̄ 4. ð ʊ.33. ð ʉ. 173-176 

2. UNITISED REGENERATIVE FUEL CELLS IN SOLAR ð HYDROGEN 

SYSTEMS FOR REMOTE AREA POWER SUPPLY ð RMIT University RMIT 

University, 2008. ð 240 ʩ. ð (School of Aerospace, Mechanical and 

Manufacturing Engineering) 

3. Ryzhkov V.V., Morozov I.I. Choosing the mixing pattern for oxygen-hydrogen 

low-thrust rocket engines. Vestnik of Samara University. Aerospace and 

Mechanical Engineering. 2018. V. 17, no. 3. P. 103-115. DOI: 10.18287/2541-

7533-2018-17-3-103-115 

4. Regenerative Fuel Cell Power Systems for Lunar and Martian Surface Exploration 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / [M.C. Guzik,, I.J. Jakupca,, R.P. Gilligan, ʪʘ ʽʥ.] // Glenn 

Research Center. ð 2017. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ 

https://ntrs.nasa.gov/citations/20170009088 

https://ntrs.nasa.gov/citations/20170009088


̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

95 

ʋɼʂ 621.383.51 

DOI: 10.62717/2221-4550-2025-1-028 

ɻʦʣʫʙʝʥʢʦ ɻ.ʈ. 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè 

ORCID 0009-0007-0517-4340 

E-mail: h.r.holubenko@khai.edu 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ ʃɸʄɹɽʈʊɸ ɼʃʗ ɺʀʈɯʐɽʅʅʗ 

ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ɹɸɻɸʊʆʇɽʈɽʍɯɼʅʆɻʆ ʌʆʊʆɽʃɽʂʊʈʀʏʅʆɻʆ 

ʇɽʈɽʊɺʆʈʖɺɸʏɸ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʃʘʤʙʝʨʪʘ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʧʝʨʝʭʽʜʥʦʛʦ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʤʝʪʦʜ ʃʘʤʙʝʨʪʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, ʨʝʢʦʤʙʽʥʘʮʽʾ ʪʘ ʧʝʨʝʥʦʩʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʙʘʛʘʪʦʧʝʨʝʭʽʜʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝ-

ʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʯʠʩʝʣʴʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪ-

ʚʦʨʶʚʘʯʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʪʦʜ ʃʘʤʙʝʨʪʘ, ʙʘʛʘʪʦʧʝʨʝʭʽʜʥʠʡ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦ-

ʨʶʚʘʯ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ. 
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APPLICATION OF THE LAMBERT METHOD FOR SOLVING T HE 

MATHEMATICAL MODEL OF A MULTI -JUNCTION PHOTOELECTRIC 

CONVERTER 

Abstract. The paper considers the application of the Lambert method for the analytical 

solution of the mathematical model of a multijunction photovoltaic converter. It is shown that 

the Lambert method allows efficient solving of nonlinear equations describing the processes 

of generation, recombination, and charge carrier transport in multijunction structures. Exam-

ples of calculations demonstrating the high accuracy and efficiency of the method compared 

to traditional numerical approaches are provided. The results of the study can be used to op-

timize the parameters of photovoltaic converters. 

Keywords: Lambert method, multijunction photovoltaic converter, mathematical 

model, nonlinear equations. 

 

ɹʘʛʘʪʦʧʝʨʝʭʽʜʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ɹʌʇ) ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠʩʪ-

ʨʦʷʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʾʭ ʤʘʪʝʤʘ-

ʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʥʝʣʽʥʽʡʥʽʩʪʴ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʬʽʟʠʯʥʽ 

ʧʨʦʮʝʩʠ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʃʘʤʙʝʨʪʘ 

ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ. 

ʄʝʪʦʜ ʃʘʤʙʝʨʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʾ ʃʘʤʙʝʨʪʘ W(z), ʷʢʘ ʻ ʨʦʟʚôʷʟ-

ʢʦʤ ʨʽʚʥʷʥʥʷ W(z)ĬʝW(z)=z. ʎʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ 
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ɹʌʇ ʜʦ ʚʠʛʣʷʜʫ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʘʥʘʣʽʪʠʯʥʦ. ʅʘʧʨʠʢʣʘʜ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʨʫʤʫ 

ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 
ʜʝ I0 ð ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ, V ð ʥʘʧʨʫʛʘ, n ð ʽʜʝʘʣʴʥʽʩʪʴ ʧʝʨʝʭʦʜʫ, VT ð 

ʪʝʧʣʦʚʘ ʥʘʧʨʫʛʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʃʘʤʙʝʨʪʘ ʮʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʚʠ-

ʛʣʷʜʫ: 

 
ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʪʦʜ ʃʘʤʙʝʨʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʜʣʷ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʌʇ, ʪʘʢʠʭ ʷʢ ʥʘʧʨʫʛʘ, ʩʪʨʫʤ ʪʘ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ. ʇʦʨʽʚʥʷʥʥʷ ʟ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʽʜʪʚʝʨʜʠʣʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʄʝʪʦʜ ʃʘʤʙʝʨʪʘ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʤʘʪʝ-

ʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʘʛʘʪʦʧʝʨʝʭʽʜʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʁʦʛʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘ-

ʪʘʤʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘ ʩʪʚʦ-

ʨʝʥʥʷ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽ ʊɽʈʄʆʈɽɸʂʊʀɺʅʀʍ ɿɺôʗɿʅʀʂɯɺ 

ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ʊɺɽʈɼʆʇɸʃʀɺʅʀʍ ʈɸʂɽʊʅʀʍ ɿɸʈʗɼɯɺ 

ɸʥʦʪʘʮʽʷ. ʉʫʯʘʩʥʝ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʦʙʥʠ-

ʮʪʚʘ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʟʘʨʷʜʽʚ, ʟʦʢʨʝʤʘ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʟʚôʷʟʥʠʢʽʚ 

ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟʫʻ ʧʝʨʝʚʘʛʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʨʦʙʢʠ ʪʘ ʧʽʜʚʠ-

ʱʝʥʥʷ ʙʝʟʧʝʢʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʽ ʢʘʪʝʛʦʨʽʾ ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʟʚôʷʟʥʠʢʽʚ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʽ ʧʦʣʽʤʝʨʠ ʟ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ, ʣʝʛʢʦʧʣʘʚʢʽ ʤʝʪʘʣʠ (ʛʘ-

ʣʽʡ, ʽʥʜʽʡ) ʪʘ ʾʭ ʩʧʣʘʚʠ, ʢʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ (ʪʨʦʪʠʣ, ʩʝʯʦʚʠʥʘ), ʘ ʪʘʢʦʞ ʝʚʪʝʢʪʠʯʥʽ 

ʩʫʤʽʰʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ, ʪʘʢʽ ʷʢ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʪʘʣʽʚ ʘʙʦ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʽʥʪʝʛʨʘʮʽʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʩʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ 

ʩʪʽʡʢʠʭ, ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʽ ʥʘʜʽʡʥʠʭ ʨʘʢʝʪʥʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʽ ʟʚôʷʟʥʠʢʠ, ʪʚʝʨʜʦʧʘʣʠʚʥʽ ʟʘʨʷʜʠ, ʪʝʨʤʦʧʣʘʩ-

ʪʠʯʥʽ ʧʦʣʽʤʝʨʠ, ʣʝʛʢʦʧʣʘʚʢʽ ʤʝʪʘʣʠ. 
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USE OF NON-THERMOREACTIVE BINDERS FOR THE PRODUCTION 

OF THE SOLID ROCKET PROPELLANTS  

Abstract. Modern rocket engineering requires innovative approaches to the production 

of solid rocket propellants, particularly the replacement of traditional thermoreactive binders 

with alternative non-thermoreactive materials. The study analyzes the advantages of such sys-

tems, including reduced energy consumption, recyclability, and enhanced safety. Promising 

categories of non-thermoreactive binders are examined thermoplastic polymers with low 

melting points, low-melting metals (gallium, indium) and their alloys, crystalline substances 

(TNT, urea), and eutectic mixtures. Despite technological challenges, such as metal reactivity 

or high costs, the integration of these materials paves the way for environmentally sustainable, 

cost-effective, and reliable rocket systems. 

Keywords: non-thermoreactive binders, solid rocket propellants, thermoplastic poly-

mers, low-melting metals, eutectic mixtures, environmental efficiency. 

 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʪʨʝʙʫʶʪʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʆʜʥʠʤ ʽʟ 

ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʟʘʤʽʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʟʚôʷʟʥʠʢʽʚ ʥʘ ʘʣʴʪʝʨʥʘʪʠ-

ʚʥʽ ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ. ʎʝʡ ʧʝʨʝʭʽʜ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʥʝʜʦʣʽʢʠ ʢʣʘʩʠʯʥʠʭ ʩʠ-

ʩʪʝʤ, ʟʦʢʨʝʤʘ ʥʝʦʙʦʨʦʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʚʠʩʦʢʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʪʘ ʦʙʤʝʞʝʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʢʠ, ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʽʥʥʦʚʘʮʽʡ [1]. 

ʇʦ-ʧʝʨʰʝ, ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʧʦʚʪʦʨʥʦ ʧʝʨʝʧʣʘʚʣʷʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʟʤʝ-

ʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʚʽʜʭʦʜʽʚ. ʎʝ ʨʦʙʠʪʴ ʪʝʭʥʦʣʦʛʽʾ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʜʨʫʞ-

ʥʽʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʮʝʩʠ ʣʠʪʪʷ, ʝʢʩʪʨʫʟʽʾ ʘʙʦ ʥʘʚʽʪʴ 3D-ʜʨʫʢʫ 

ʩʪʘʶʪʴ ʙʽʣʴʰ ʛʥʫʯʢʠʤʠ, ʜʦʟʚʦʣʷʶʯʠ ʩʪʚʦʨʶʚʘʪʠ ʟʘʨʷʜʠ ʟʽ ʩʢʣʘʜʥʠʤʠ ʛʝʦʤʝʪʨʽʷʤʠ, ʷʢʽ 

ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ. 

ʉʝʨʝʜ ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʣ̔ʴʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʘ-

ʪʝʛʦʨʽʡ: 

ð ʊʝʨʤʦʧʣʘʩʪʠʯʥʽ ʧʦʣʽʤʝʨʠ ʟ ʤʘʣʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ, ʪʘʢʽ ʷʢ ʧʦʣʽʝʪʠʣʝʥ 
ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ (LDPE), ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ ʘʙʦ ʝʪʠʣʝʥʚʽʥʽʣʘʮʝʪʘʪ (EVA), ʚʽʜʨʽ-

ʟʥʷʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʦʙʨʦʙʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 60-150ÁC. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʽ ʜʦʙʨʝ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʦʢʠʩʣʶʚʘʯʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʧʝ-

ʨʭʣʦʨʘʪʦʤ ʘʤʦʥʽʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʢʦʤʧʦʟʠʪʥʠʭ ʧʘʣʠʚ[2]. 

ð ʃʝʛʢʦʧʣʘʚʢʽ ʤʝʪʘʣʠ ʪʘ ʾʭ ʩʧʣʘʚʠ. ʏʠʩʪʽ ʤʝʪʘʣʠ, ʪʘʢʽ ʷʢ ʛʘʣʽʡ (ʧʣʘʚʠʪʴʩʷ ʧʨʠ 

29.8ÁC) ʘʙʦ ʽʥʜʽʡ (156.6ÁC), ʘ ʪʘʢʦʞ ʩʧʣʘʚʠ ʥʘ ʾʭ ʥʘʧʨʠʢʣʘʜ, ʩʧʣʘʚ ɺʫʜʘ (70ÁC) 

ʩʧʣʘʚ ʈʦʟʝ (94ÁC), ʩʧʣʘʚ ʅʴʶʪʦʥʘ (97ÁC), ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʣʝʥʥʷ [3]. 

ð ʂʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ ʪʨʦʪʠʣ (TNT) ʘʙʦ ʢʘʨʙʘʤʽʜ (ʩʝʯʦʚʠʥʘ), ʧʨʦʧʦʥʫ-

ʶʪʴ ʚʠʩʦʢʫ ʝʥʝʨʛʝʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʽ. ʆʜ-

ʥʘʢ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫʤʦʚ ʩʠʥʪʝʟʫ ʯʝʨʝʟ ʨʠʟʠʢ ʧʝ-

ʨʝʜʯʘʩʥʦʛʦ ʟʘʡʤʘʥʥʷ ʪʘ ʜʝʪʦʥʘʮʽʾ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʚʘʛʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʟʚôʷʟʥʠʢʽʚ ʧʦʚôʷʟʘʥʝ 

ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ɼʝʷʢʽ ʣʝʛʢʦʧʣʘʚʢʽ ʤʝʪʘʣʠ, ʪʘʢʽ ʷʢ ʛʘʣʽʡ, ʤʦʞʫʪʴ ʚʩʪʫ-

ʧʘʪʠ ʚ ʨʝʘʢʮʽʾ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʘʣʠʚʘ, ʱʦ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ʂʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ TNT, ʧʦʪʨʝʙʫʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʝʛʨʘʜʘʮʽʾ. 

ɽʢʦʥʦʤʽʯʥʠʡ ʘʩʧʝʢʪ ʪʘʢʦʞ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʦʶ ʚʘʨʪʽʩʪʴ ʽʥʜʽʶ ʘʙʦ ʩʧʣʘʚʫ ɺʫʜʘ ʦʙ-

ʤʝʞʫʻ ʾʭ ʤʘʩʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʪʞʝ, ʧʝʨʝʭʽʜ ʜʦ ʥʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʟʚôʷʟʥʠʢʽʚ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʤʦʜʝʨʥʽʟʘ-

ʮʽʾ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʥʝ ʣʠʰʝ ʩʧʨʦʱʫʶʪʴ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ, ʘʣʝ ʡ 
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ʨʦʙʣʷʪʴ ʪʝʭʥʦʣʦʛʽʾ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤʠ. ɯʥʪʝʛʨʘʮʽʷ 

ʪʝʨʤʦʧʣʘʩʪʠʢʽʚ, ʣʝʛʢʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʨʘʟʦʤ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʪʚʝ-

ʨʜʦʧʘʣʠʚʥʠʭ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. 
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gas afterburning and a thrust of up to 10 tons. The study considers LREs from Ukraine, 
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ʊʫʨʙʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʴʥʦʛʦ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʫ ʈʈɼ, 

ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʘʯʫ ʧʘʣʴʥʦʛʦ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʽ ʚʠʪʨʘʪ. ɺ ʟʘʣʝ-

ʞʥʦʩʪʽ ʚʽʜ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ 

ʊʅɸ ʯʝʨʝʟ ʚʠʭʣʦʧʥʽ ʧʘʪʨʫʙʢʠ, ʜʚʠʛʫʥʠ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

ð ɺʽʜʢʨʠʪʫ ʩʭʝʤʫ (ʙʝʟ ʜʦʧʘʣʶʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ) ð ʨʦʙʦʯʝ ʪʽʣʦ ʧʽʩʣʷ ʚʠ-

ʭʦʜʫ ʟ ʪʫʨʙʽʥʠ ʚʠʜʘʣʷʻʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʽʡ ʧʨʦʩʪʽʨ ʯʝʨʝʟ ʩʦʧʣʦʚʽ ʥʘʩʘʜʢʠ ʘʙʦ 

ʧʦʜʘʻʪʴʩʷ ʫ ʟʘʢʨʠʪʠʯʥʫ ʯʘʩʪʠʥʫ ʩʦʧʣʘ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʢʪʦʨʦʤ ʪʷʛʠ. ʊʘʢʘ 
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ʩʭʝʤʘ ʧʨʦʩʪʘ ʫ ʨʝʘʣʽʟʘʮʽʾ, ʜʝʰʝʚʰʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʘʣʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʪʨʘ-

ʪʦʶ ʪʷʛʠ ʯʝʨʝʟ ʥʝʨʘʮʽʦʥʘʣʴʥʫ ʚʠʪʨʘʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʴʥʦʛʦ [1]. 

ð ɿʘʢʨʠʪʫ ʩʭʝʤʫ (ʟ ʜʦʧʘʣʶʚʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ) ð ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʨʦʙʦʯʝ 

ʪʽʣʦ ʧʦʜʘʻʪʴʩʷ ʚ ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ, ʜʝ ʟʤʽʰʫʻʪʴʩʷ ʟ ʧʘʣʴʥʠʤ ʘʙʦ ʦʢʠʩʣʶʚʘʯʝʤ ʜʦ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʧʘʣʶʚʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʘʣʴʥʦʛʦ. ʎʝ ʫʩʫʚʘʻ ʚʪʨʘʪʠ 

ʪʷʛʠ, ʟʙʽʣʴʰʫʻ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʜʚʠʛʫʥʘ ʪʘ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʱʠʭ ʪʠʩʢʽʚ ʫ 

ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ. ʇʨʦʪʝ ʪʘʢʘ ʩʭʝʤʘ ʻ ʩʢʣʘʜʥʽʰʦʶ ʫ ʨʝʘʣʽʟʘʮʽʾ, ʤʘʻ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʽ ʩʪʚʦʨʶʻ ʚʘʞʯʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʪʫʨʙʽʥʠ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʠʭ ʦʩʴʦʚʠʭ 

ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʦʪʦʨ ʊʅɸ. 

ʇʦʧʨʠ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʨʠʪʦʾ ʩʭʝʤʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷ-

ʤʦʤ ʜʣʷ ʈʈɼ ʪʷʛʦʶ ʜʦ 10 ʪʦʥ, ʦʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʟʦʢʨʝʤʘ 3D-ʜʨʫʢʫ, ʪʘ ʟʘ ʫʤʦʚʠ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʨʦʪʦʨʫ ʊʅɸ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ɸʈʋ. 

ʇʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʟʘʢʨʠ-

ʪʦʶ ʩʭʝʤʦʶ ʪʘ ʤʘʶʪʴ ʪʷʛʫ ʜʦ 10 ʪʦʥ, ʧʦʢʘʟʘʚ: 

1. ɼʚʠʛʫʥʠ ʂɹ-4 ɼʇ çʂɹ ʇʽʚʜʝʥʥʝè ð ʩʝʨʝʜ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʟʨʘʟʢʽʚ [2] ʣʠʰʝ ʜʚʠ-

ʛʫʥ ʈɼ8 (11ɼ513) ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʙʭʽʜʥʠʤ ʢʨʠʪʝʨʽʷʤ. ʇʨʦʪʝ ʘʥʘʣʽʟ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ-

ʢʘʟʘʚ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʠʡ ɸʈʇ ʫ ʊʅɸ ʮʴʦʛʦ ʜʚʠʛʫʥʘ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ [3]. 

2. ɼʚʠʛʫʥ Draper (Ursa Major, ʉʐɸ) ʪʷʛʦʶ 2 ʪʦʥʠ ʪʘ ʜʚʠʛʫʥ Hadley (Ursa Major, 

ʉʐɸ) ʪʷʛʦʶ 2,3 ʪʦʥʠ ð ʩʫʯʘʩʥʽ ʈʈɼ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʟʘʢʨʠʪʦʶ ʩʭʝʤʦʶ [4]. ɺʽʜʢʨʠʪʽ 

ʜʞʝʨʝʣʘ ʥʝ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʥʩʪʨʫʢʮʽʶ ʡʦʛʦ ʊʅɸ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʤʦʞʣʠʚʽʩʪʴ 

ʡʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

3. ɯʥʰʽ ʈʈɼ ʪʷʛʦʶ ʜʦ 10 ʪʦʥ ð ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ [5] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʩʽ ʨʦʟ-

ʛʣʷʥʫʪʽ ʜʚʠʛʫʥʠ ʧʨʘʮʶʶʪʴ ʟʘ ʚʽʜʢʨʠʪʦʶ ʩʭʝʤʦʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʾ ʰʠʨʰʝ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʫ ʮʴʦʤʫ ʢʣʘʩʽ ʜʚʠʛʫʥʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʭʦʯʘ ʜʚʠʛʫʥʠ ʽʟ ʟʘʢʨʠʪʦʶ ʩʭʝʤʦʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʚʦʥʠ, ʧʦʢʠ ʱʦ, ʤʝʥʰ ʧʦʰʠʨʝʥʽ ʩʝʨʝʜ ʈʈɼ ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʪʷʛʠ. 

ʆʜʥʽʻʶ ʟ ʢʨʠʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʫ ʨʦʙʦʪʽ ʊʅɸ ʻ ʦʩʴʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣ, ʱʦ ʚʠ-

ʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʥʠʭ ʪʠʩʢʽʚ ʽ ʥʘʷʚʥʦʩʪʽ ʨʝʘʢʪʠʚʥʦʾ ʪʫʨʙʽʥʠ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʟʥʦʩʫ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʨʝʩʫʨʩʫʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʘʛ-

ʨʝʛʘʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʡʦʛʦ ʚʽʜʤʦʚʠ. 

ɸʈʇ ʜʦʟʚʦʣʷʻ: 

ð ʢʦʤʧʝʥʩʫʚʘʪʠ ʦʩʴʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ð ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʊʅɸ; 

ð ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʚʽʜʤʦʚʠ ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʝ ʟʥʦʰʝʥʥʷ; 

ð ʧʦʢʨʘʱʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ɸʈʇ ʻ ʞʦʨʩʪʢʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʤʝʪʨʽʻʶ 

ʢʦʥʪʘʢʪʥʠʭ ʧʣʦʱʠʥ. ʆʧʪʠʤʽʟʘʮʽʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʊʅɸ, ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʟʙʽʣʴʰʠʪʠ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʜʚʠʛʫʥʠ ʤʘʣʦʾ ʪʷʛʠ, ʜʦ 10 ʪʦʥ, ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʧʨʦʩʪʽʰʦʶ ʩʭʝʤʦʶ ð 

ʙʝʟ ʜʦʧʘʣʶʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʱʦ ʟʤʝʥʰʫʻ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʚʠʛʫʥʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʩʝʨʝʜ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʣʠʰʝ ʦʢ-

ʨʝʤʽ ʤʦʜʝʣʽ ʧʨʘʮʶʶʪʴ ʟʘ ʟʘʢʨʠʪʦʶ ʩʭʝʤʦʶ, ʽ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ ʙʨʘʢʫʻ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʊʅɸ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ. 

ɸʈʇ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ʊʅɸ, ʦʩʦʙʣʠʚʦ ʫ ʜʚʠʛʫʥʘʭ ʟʘ-

ʢʨʠʪʦʾ ʩʭʝʤʠ, ʜʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʛʨʝʛʘʪʠ ʻ ʚʠʱʠʤʠ. ɺʠʱʝʟʛʘʜʘʥʽ ʬʘʢʪʦʨʠ ʨʦʙʣʷʪʴ 

ʨʦʙʦʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ɸʈʇ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʘʢʪʫʘʣʴʥʠʤʠ. 
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ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ɸʈʇ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʊʅɸ. 
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ʊɺɽʈɼʆʊʆʇɸʃʀɺʅʀʍ ɼɺʀɻʋʅɯɺ ɺ ɿɸʃɽɾʅʆʉʊɯ ɺɯɼ ʌʆʈʄʀ ɰʍ ɿɸʈʗɼʋ 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʠʩʪʝʤ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʤʧʫʣʴʩʥʽ ʪʚʝʨʜʦʧʘʣʠʚʥʽ 

ʜʚʠʛʫʥʠ, ʾʭ ʢʦʤʧʦʥʫʚʘʥʥʷ ʥʘ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʪʘ ʬʦʨʤ ʧʘʣʠʚʥʠʭ ʰʘʰʦʢ. ʈʦʟʛʣʷʥʫʪʦ 
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ʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʾʭ ʙʘʣʽʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋ ʨʘʤʢʘʭ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʟʤʽʥʫ ʧʣʦʱʽ ʪʘ ʰʚʠʜʢʽʩʪʴ ʛʦʨʽʥʥʷ, ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʪʘ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʣʠʚʘ 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʤʧʫʣʴʩʥʠʡ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, ʬʦʨʤʘ ʟʘʨʷʜʫ, ʙʘʣʽʩʪʠʯʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ. 
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STUDY OF BALLISTIC CHARACTERISTICS OF  PULSE SOLID PROPELLANT 

ENGINES DEPENDING ON THEIR CHARGE FORM  

Abstract. The analysis of systems using pulse solid-propellant engines, their 

arrangement on aircraft and forms of fuel pellets is carried out. "Brush", roll, tablet charges 

and a monolithic pellet with conicity are considered, and the calculation of ballistic 

characteristics is carried out. As part of the calculation, the change in the area and combustion 

rate, mass flow rate and pressure in the chamber are analyzed depending on the fuel used and 

the form of the fuel charge under consideration. 

Keywords: pulse rocket engine, charge form, ballistic characteristics. 

 

ɯʩʥʫʻ ʢʣʘʩ ʦʙôʻʢʪʽʚ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘʢʽ ʷʢ çɯʤʧʫʣʴʩʥʽ ʜʚʠʛʫʥʠè. ɰʭ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʣʘʻ ʦʙʤʝʞʝʥʥʷ, ʧʦʚôʷʟʘʥʝ ʽʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʧʨʦʩʪʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʽ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʘ-

ʣʶʚʘʥʥʷ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʜʚʠʛʫʥʽʚ. ɯʤʧʫʣʴʩʥʠʡ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ ʜʦʟʚʦʣʷʻ ʩʧʘʣʶʚʘʪʠ 

ʜʚʠʛʫʥ ʩʝʛʤʝʥʪʘʤʠ (ʽʤʧʫʩʣʴʩʘʤʠ), ʷʢʽ ʛʦʨʷʪʴ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʮʴʦʛʦ ʩʝʛʤʝʥʪʫ. ʅʘʩʪʫʧʥʠʡ 

ʩʝʛʤʝʥʪ (ʽʤʧʫʣʴʩ) ʤʦʞʝ ʙʫʪʠ ʟʘʧʫʱʝʥʠʡ ʧʦ ʢʦʤʘʥʜʽ ʘʙʦ ʚʙʫʜʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʘʙʦ ʚ 
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ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʧʣʘʥʦʚʘʥʽʡ ʬʘʟʽ. ɺʩʽ ʩʝʛʤʝʥʪʠ ʤʽʩʪʷʪʴʩʷ ʚ ʻʜʠʥʦʤʫ ʢʦʨʧʫʩʽ ʨʘʢʝʪʥʦʛʦ ʜʚʠ-

ʛʫʥʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʫʧʝʥʝʚʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ. 

ɼʚʠʛʫʥʠ ʽʤʧʫʣʴʩʥʦʛʦ ʪʠʧʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ (ʛʘʣʴʤʫ-

ʚʘʥʥʷ, ʟʘʢʨʫʪʢʘ, ʚʽʜʜʽʣʝʥʥʷ, ʢʦʨʝʢʮʽʷ, ʩʪʘʨʪ ʪʦʱʦ.), ʫ ʩʚʦʾʡ ʽʤʧʫʣʴʩʥʽ ʨʘʢʝʪʥʽ ʪʚʝʨʜʦʧʘ-

ʣʠʚʥʽ ʜʚʠʛʫʥʠ (ʈɼʊʇ) ʦʙ'ʻʜʥʘʥʽ ʦʜʥʽʻʶ ʨʠʩʦʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʜʘʯʫ ʩʪʨʦʛʦ ʜʦʟʦʚʘʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʨʝʘʢʪʠʚʥʦʾ ʩʠʣʠ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ ʦʙʫʨʝʥʥʷʤʠ [1, 2]. 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ ʟʘʨʷʜʽʚ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. ʎʝ ʨʽʟʥʦʤʘ-

ʥʽʪʪʷ ʧʦʨʦʜʞʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʫ ʷʢʠʭ ʧʨʘʮʶʶʪʴ ʜʚʠʛʫʥʠ ʥʘ ʪʚʝʨ-

ʜʦʤʫ ʧʘʣʠʚʽ. ɼʣʷ ʜʝʷʢʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʧʦʪʨʽʙʥʘ ʘʙʦ ʟʘʢʦʥʦʤʽ-

ʨʥʘ ʟʤʽʥʘ ʪʷʛʠ, ʘʙʦ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ [3]. 

ʋ ʨʦʙʦʪʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʙʘʣʽʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʦʪʠʨʴʦʭ ʬʦʨʤ 

ʟʘʨʷʜʽʚ ʈɼʊʇ. 

ʐʘʰʢʠ "ʑʽʪʢʦʚʦʛʦ" ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʫ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʜʥʽ ʢʘʤʝʨʠ 

ʜʚʠʛʫʥʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʮʠʤ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʚʠʛʫʥʘ ʚ ʧʦʨʽʚ-

ʥʷʥʥʽ ʟ ʚʢʣʘʜʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. ʊʘʢʠʡ ʟʘʨʷʜ ʟʘʙʝʟʧʝʯʫʻ ʩʣʘʙʦ ʨʝʛʨʝʩʠʚʥʠʡ ʟʘʢʦʥ ʛʦ-

ʨʽʥʥʷ ʯʝʨʝʟ ʦʜʠʥ ʪʦʨʝʮʴ, ʱʦ ʛʦʨʠʪʴ, ʫ ʢʦʞʥʦʛʦ ʧʦʨʦʭʦʚʦʛʦ ʝʣʝʤʝʥʪʘ. ʋ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫ-

ʥʢʦʚʦʛʦ ʙʫʚ ʦʙʨʘʥʠʡ ʩʢʣʘʜ ʧʘʣʠʚʘ ʤʘʨʢʠ HES-4016. ɼʦ ʥʝʜʦʣʽʢʫ ʪʘʢʦʾ ʬʦʨʤʠ ʟʘʨʷʜʫ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ, ʩʢʣʘʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʨʷʜʫ ʫ ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ ʜʚʠʛʫʥʘ. 

ʈʫʣʦʥʥʠʡ ʟʘʨʷʜ ʟʘʙʝʟʧʝʯʫʻ ʩʣʘʙʢʦ ʨʝʛʨʝʩʠʚʥʠʡ ʟʘʢʦʥ ʪʷʛʠ ʯʝʨʝʟ ʛʦʨʽʥʥʷ ʥʝʟʘʙʨʦ-

ʥʴʦʚʘʥʠʤʠ ʪʦʨʮʷʤʠ. ʋ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʘʣʠʚʘ ʙʫʣʦ ʦʙʨʘʥʦ ɹʊʈʇ ʤʘʨʢʠ ʅ. ʇʝ-

ʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʟʘʨʷʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʣʽʩʪʠʪʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʧʘ-

ʣʠʚʘ (ɹʊʈʇ) ʽʟ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʛʦʨʽʥʥʷ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʨʦʪʠʪʘʥʢʦ-

ʚʦʛʦ ʨʘʢʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çʄ47 Dragonè. ɼʦ ʥʝʜʦʣʽʢʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʢʣʘʜʥʽʩʪʴ ʫʩʪʘ-

ʥʦʚʢʠ ʫ ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ. 

ʇʽʨʦʪʝʭʥʽʯʥʠʡ ʟʘʨʷʜ (ʪʘʙʣʝʪʢʦʚʠʡ), ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦ ʙʘʣʽʩʪʠʯ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦ-ʈɼʊʇ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʩʫʤʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʪʷʛʠ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ (ʧʦʥʘʜ 75%). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʨʦʣʘʥʪʽʚ ʘʙʦ ʩʫʤʽʰʝʚʠʭ ʪʚʝʨʜʠʭ 

ʨʘʢʝʪʥʠʭ ʧʘʣʠʚ (ʉʊʈʇ) ʥʘ ʦʩʥʦʚʽ ʧʝʨʭʣʦʨʘʪʫ ʢʘʣʽʶ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʟʘʢʦʥʫ ʛʦʨʽʥʥʷ. ʋ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʙʫʚ ʦʙʨʘʥʠʡ ʥʝʤʝʪʘʣʽʟʦʚʘʥʠʡ ʉʊʈʇ ALT-161. ɼʦ ʥʝ-

ʜʦʣʽʢʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʩʢʣʘʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ. 

ʄʦʥʦʣʽʪʥʘ ʰʘʰʢʘ ʽʟ ʢʦʥʫʩʥʽʩʪʪʶ, ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʛʨʝʩʠʚʥʠʡ ʟʘʢʦʥ ʛʦʨʽʥʥʷ ʫ 

ʟʚôʷʟʢʫ ʽʟ ʨʦʟʛʦʨʷʥʥʷʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. ɿʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʛʦʨʽʥʥʷ 

ʪʦʨʮʝʤ ʥʝʟʥʘʯʥʝ. ʏʝʨʝʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʩʢʣʝʧʽʥʥʷ ʛʦʨʽʥʥʷ ʯʝʨʝʟ ʢʨʽʧʣʝʥʥʷ ʟʦʚʥʽʰ-

ʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽʟ ʢʦʨʧʫʩʦʤ ʤʽʢʨʦ-ʈɼʊʇ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ ʱʦ ʰʚʠʜʢʦ ʟʛʦ-

ʨʠʪʴ. ɿʘ ʩʫʢʫʧʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʡʙʽʣʴʰʝ ʟʘʜʘʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʘʜʦʚʦʣʴʥʷʻ ʤʝ-

ʪʘʣʽʟʦʚʘʥʝ ʧʘʣʠʚʦ ɸʉʉ. 

ɯʟ ʧʝʨʝʣʽʯʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʡʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʤʦʥʦʣʽʪʥʘ ʰʘ-

ʰʢʘ, ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʮʽʻʾ ʬʦʨʤʠ ʟʘʨʷʜʫ ʻ ʪʝ ʰʦ ʚʦʥʘ ʜʦʚʛʦ ʛʦʨʠʪʴ. ʏʝʨʝʟ ʮʝ ʧʦʪʨʽʙʥʦ 

ʦʙʠʨʘʪʠ ʩʢʣʘʜʠ ʧʘʣʠʚ ʰʚʠʜʢʦ ʛʦʨʷʪʴ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʪʦʥʘʮʽʾ. 
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ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʈɸʂɽʊʅʆɻʆ ʇɸʃʀɺɸ ʅɸ ʆʉʅʆɺɯ ɻɸʉ-

ʇɽʈʆʂʉʀɼ ɺʆɼʅʖ 

ɸʥʦʪʘʮʽʷ. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʨʘʢʝʪʥʠʤ ʧʘʣʠʚʦʤ, 

ʡʦʛʦ ʝʢʦʣʦʛʽʯʥʽʩʪʶ, ʝʢʦʥʦʤʽʯʥʽʩʪʶ, ʟʨʫʯʥʽʩʪʶ. ʆʧʠʩʘʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘ-

ʣʠʚʥʦʾ ʧʘʨʠ ʛʘʩ-ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʪʘ ʥʘʛʦʣʦʰʝʥʦ ʦʩʥʦʚʥʽ ʾʭ ʧʝʨʝʚʘʛʠ ʥʘ ʩʚʽʪʦʚʽʡ ʘʨʝʥʽ. 
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Abstract. Related rocket fuel problems, its environmental friendliness, economy, and 

convenience were analyzed, the prospects for using kerosene-hydrogen peroxide propellant 

were described, emphasized their main advantages on the world stage. A comparison with 

other fuel pairs is made. Emphasis is placed on the prospect of using ethanol. 
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ɿ ʦʛʣʷʜʫ ʥʘ ʩʫʯʘʩʥʠʡ ʽ ʤʘʡʙʫʪʥʽʡ ʩʪʘʥ ʩʝʨʝʜʦʚʠʱʘ ʥʘʰʦʾ ʧʣʘʥʝʪʠ, ʘ ʪʘʢʦʞ ʘʢʪʠʚ-

ʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʚʘʞʣʠʚʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʟʜʘʪʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦ, ʰʚʠʜʢʦ ʽ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʥʽ ʟʘʚʜʘʥʥʷ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʢʝʪʠ, ʟ ʷʢʦ-

ʤʦʛʘ ʤʝʥʰʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʽ ʚʠʪʨʘʪʘʤʠ. 

ʇʝʨʝʣʽʯʝʥʽ ʧʨʦʙʣʝʤʠ ʩʪʘʣʠ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʽ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʧʘʣʠʚʘ ʜʣʷ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ (ʈʈɼ), ʽ ʪʦʤʫ ʟʘʨʘʟ ʣʶʜʩ-

ʪʚʦ ʧʦʯʘʣʦ ʥʘʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʩʘʤʝ çʟʝʣʝʥʠʤè ʚʠʜʘʤ ʧʘʣʠʚʘ, ʩʝʨʝʜ ʷʢʠʭ ʜʦʩʪʘʪʥʴʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦʾ ʧʘʨʠ ʛʘʩ-ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ, ʷʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʝʨʝʚʘʛ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʪʘʢʠʤ ʷʢ ɸʊ-ʅɼʄɻ, ʛʘʩ-ʨʽʜʢʠʡ ʢʠʩʝʥʴ(LOX), 

ʤʝʪʘʥ-LOX ʪʦʱʦ. 
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ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʻ ʪʝ, ʱʦ ʦʙʠʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ʻ ʚʠʩʦʢʦʢʠʧʣʷ-

ʯʠʤʠ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʻ ʪʦʢʩʠʯʥʠʤʠ ʽ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʦʙʠʜʚʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʜʢʦʤʫ 

ʩʪʘʥʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʟ ʮʽʻʾ ʩʪʦʨʦʥʠ ʛʦʚʦʨʠʪʠ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʘʣʴʥʦʛʦ ʛʘʩʫ, 

ʪʦ ʨʽʜʢʠʡ ʢʠʩʝʥʴ ʚ ʥʘʡʧʦʧʫʣʷʨʥʽʰʽʡ ʧʘʨʽ ɻʘʩ-LOX ʻ ʧʨʦʙʣʝʤʥʠʤ ʯʝʨʝʟ ʡʦʛʦ ʥʠʟʴʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʽʥʥʷ (-1830ʉ). ɺʽʜʩʫʪʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʟʤʝʥʰʫʻ ʤʘʩʫ ʽ ʮʽʥʫ ʨʘʢʝʪʠ, ʱʦ ʻ ʱʝ ʦʜʥʽʻʶ ʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ. 

ʋ ʧʦʻʜʥʘʥʥʽ ʛʘʩʫ ʟ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʥʶ ʧʘʣʠʚʦ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʩʝʨʝʜʥʶ ʛʫʩʪʠʥʫ ʩʝ-

ʨʝʜ ʚʽʜʦʤʠʭ ʧʘʣʠʚʥʠʭ ʧʘʨ. ʗʢʱʦ ʨʦʟʢʣʘʩʪʠ ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ ʯʠ ʩʨʽʙ-

ʥʦʤʫ ʢʘʪʘʣʽʟʘʪʦʨʽ, ʪʦ ʚʠʜʽʣʷʻʪʴʩʷ ʢʠʩʝʥʴ, ʚʦʜʷʥʘ ʧʘʨʘ ʽ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ. ʎʝ ʪʝʧʣʦ 

ʨʦʙʠʪʴ ʩʫʤʽʰ ʩʘʤʦʟʘʡʤʠʩʪʦʶ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʘʻ ʣʝʛʰʦʶ ʽ ʧʨʦʩʪʽʰʦʶ ʯʝ-

ʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʘʧʘʣʶʚʘʥʥʷ. ʉʘʤʦʟʘʡʤʘʥʥʷ ʩʫʤʽʰʽ ʜʘʻ 

ʟʤʦʛʫ ʧʦʚʪʦʨʥʦ ʚʤʠʢʘʪʠ ʜʚʠʛʫʥ ʧʨʠ ʧʦʚʝʨʥʝʥʥʽ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪ ʽ ʾʭ ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠ-

ʩʪʘʥʥʽ. 

ʋ ʮʽʡ ʧʘʨʽ ʚʽʜʩʫʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʨʫʡʥʫʶʪʴ ʦʟʦʥʦʚʠʡ ʰʘʨ ʘʪʤʦʩʬʝʨʠ, ʱʦ ʨʦ-

ʙʠʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʫʞʝ ʝʢʦʣʦʛʽʯʥʠʤ. ʇʝʨʦʢʩʠʜ ʚʦʜʥʶ ʻ ʥʘ 100% ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ, 

ʦʩʢʽʣʴʢʠ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʢʠʩʝʥʴ ʽ ʚʦʜʫ, ʘ ʦʪʞʝ ʥʝ ʤʽʩʪʠʪʴ ʨʝʯʦʚʠʥ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠ-

ʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʞʠʚʠʭ ʽʩʪʦʪ, ʘ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʷʥʥʷ ʛʘʩʫ ʻ ʚʫʛʣʝʢʠ-

ʩʣʠʡ ʛʘʟ ʽ ʚʦʜʘ. 

ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʽ ʛʘʩ ʻ ʜʦʩʪʫʧʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ ʚʽʜ-

ʥʦʩʥʦ ʜʝʰʝʚʠʤʠ, ʱʦ ʧʦʚôʷʟʘʥʝ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʇʨʦʪʝ, ʷʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʧʝ-

ʨʦʢʩʠʜ ʚʦʜʥʶ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʡʦʛʦ ʙʘʢʠ ʤʘʶʪʴ ʙʫʪʠ ʯʠʩʪʽ ʽ ʩʪʽʡʢʽ ʜʦ ʢʦʨʦʟʽʾ, ʦʩʢʽ-

ʣʴʢʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʙʘʛʘʪʴʤʘ ʨʝʯʦʚʠʥʘʤʠ ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʧʦʯʠʥʘʻ ʨʦʟʢʣʘʜʘʪʠʩʴ ʟ ʚʠʜʽ-

ʣʝʥʥʷʤ ʪʝʧʣʘ, ʱʦ ʻ ʥʝʙʘʞʘʥʠʤ. 

ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ, ʧʦʨʽʚʥʶʶʯʠ ʛʘʩ ʽ, ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʦʛʦ ʢʦʥʢʫʨʝʥʪʘ, ʤʝʪʘʥ, ʜʣʷ ʧʦ-

ʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʧʘʣʴʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ, ʟʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʷʤ ʦʢʠʩʣʶʚʘʯʘ ʜʦ ʧʘʣʴʥʦʛʦ, ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ ʛʘʩʫ ʥʝʦʙʭʽʜʥʦ 7,285 ʦʜʠʥʠʮʴ 

ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʤʝʪʘʥʫ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʘʻ 8,5 ʦʜʠʥʠʮʴ[2]. 

ʆʪʞʝ, ʱʦʙ ʫʥʠʢʥʠʪʫ ʧʦʷʚʠ ʩʘʞʽ ʚ ʧʘʨʽ ʛʘʩ-ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ ʤʝʥʰʝ 

ʦʢʠʩʥʠʢʘ, ʥʽʞ ʚ ʧʘʨʽ ʤʝʪʘʥ-ʧʝʨʦʢʩʠʜ. 

ʇʝʨʦʢʩʠʜ ʚʦʜʥʶ ʥʘ ʧʨʦʪʠʚʘʛʫ ʢʠʩʥʶ ʤʘʻ ʙʽʣʴʰʫ ʛʫʩʪʠʥʫ 1,4 ʢʛ/ʣ ʧʨʦʪʠ 1,14 ʢʛ/ʣ 

ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʦʢʩʠʜʫ ʙʽʣʴʰʝ, 

ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʠʩʥʶ. ʆʙʠʜʚʘ ʮʽ ʧʦʢʘʟʥʠʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʜʘʩʪʴ ʙʽʣʴʰʫ ʪʷʛʫ ʽ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʯʝʨʝʟ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʦʢʠʩʥʠʢʘ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʙʽʣʴʰʫ ʤʘʩʦʚʫ ʚʠʪʨʘʪʫ. 

ʆʢʨʽʤ ʛʘʩʫ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʠʨʪʫ. ɺʽʥ ʻ ʚʽʜʥʦʚʣʶʚʘʣʴ-

ʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʽʥʠ ʥʘʬʪʠ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ. ʇʠʪʦʤʠʡ ʽʤʧʫʣʴʩ 

ʧʘʣʠʚʥʦʾ ʧʘʨʠ ʩʧʠʨʪ-ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʧʘʣʠʚʫ ʥʘ ʛʘʩʽ ʽ ʨʽʜʢʦʤʫ ʢʠʩʥʽ. ʎʝ 

ʻ ʜʦʩʪʘʪʥʽʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʱʦʙ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʘʣʴʥʦʛʦ. 
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ʧʦʨʽʚʥʷʥʦ ʟʽ ʰʢʽʜʣʠʚʠʤ. ʈʦʟʛʣʷʥʫʪʦ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʙʽʦʧʘʣʠʚ ʟ ʾʭ ʚʠʨʦʙʥʠʯʠʤʠ  

ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʦʧʘʣʠʚʦ, ʤʝʪʘʥ, ʝʢʦʣʦʛʽʷ, ʩʘʤʦʚʽʜʥʦʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

 

A. Pavlenko 
Ukrainian State University of Science and Technology 

E-mail: mr.fire2004yahoo@gmail.com 

Yu. Mitikov 
Ukrainian State University of Science and Technologies 

ORCID 0000-0002-4787-603X 

E-mail: mitikov2017@gmail.com 

USE OF PROSPECTIVE ROCKET FUELS UNDER CURRENT 
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Abstract. The paper presents the results of the analysis of rocket fuels for two-compo-

nent rocket engines used today in the world. The shortcomings of the fuel requirements system 

and the threat from them in the future are indicated. Promising fuel alternatives are proposed 

in line with the trends of modern ecology and their advantages and disadvantages compared 

to harmful ones are described. Methods of obtaining biofuels with their production technolo-

gies are considered. 
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ʅʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʜʠʥʥʽ ʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ ʜʣʷ ʚʠʚʦʜʫ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʥʘ ʦʨʙʽʪʫ. ʇʦʧʫʣʷʨʥʽ ʚʠʜʠ ʧʘʣʠʚʘ ʥʘ ʩʴʦʛʦʜʥʽ ʮʝ ð ʚʦʜʝʥʴ, ʛʘʩ, ʛʽʜʨʘʟʠʥ, 

ʅɼʄɻ, ʘʝʨʦʟʠʥ ð 50, ʪʦʥʢʘ, ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ. ɹʽʣʴʰʽʩʪʴ ʜʘʥʦʛʦ ʨʦʜʫ ʧʘʣʠʚ ʤʘʶʪʴ ʜʦʙʨʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʢʽʥʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʣʝ ʥʝ ʚʩʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ. ʊʘʢʦʞ ʮʝ ʩʪʦ-

ʩʫʻʪʴʩʷ ʜʦ ʦʢʠʩʥʠʢʽʚ ʜʦ ʥʠʭ. ɿ ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʚʠʜʠ ʷʢ ʨʽʜʢʠʡ ʢʠʩʝʥʴ, ʧʝʨʝʢʠʩ 

ʚʦʜʥʶ, ʘʟʦʪʥʘ ʢʠʩʣʦʪʘ, ɸʊ ʪʘ ʩʫʤʽʰʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ɸʊ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʚʠʜʽʚ 

ʧʘʣʠʚʘ, ʷʢʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʻ ʥʝʙʝʟʧʝʯʥʠʤʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʚʘʞʢʽ 
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ʭʽʤʽʯʥʽ ʫʨʘʞʝʥʥʷ, ʥʝʢʨʦʟ, ʩʠʣʴʥʝ ʧʦʜʨʘʟʥʝʥʥʷ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ ʪʘ ʽʥʰʝ ʩʪʦʩʦʚʥʦ ʜʦ 

ʣʶʜʠʥʠ, ʘ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʙʠʪʠ ʡʦʛʦ ʧʦʚʥʽʩʪʶ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ 

ʞʠʪʪʷ. ʋ ʚʠʤʦʛʘʭ ʜʦ ʧʘʣʠʚ ʟʛʘʜʫʻʪʴʩʷ ʧʨʦ ʙʝʟʧʝʯʥʽʩʪʴ ʩʘʤʦʛʦ ʧʘʣʠʚʘ ʪʘ ʡʦʛʦ ʧʨʦʜʫʢʪʽʚ 

ʟʛʦʨʷʥʥʷ, ʘʣʝ ʜʦ ʟʦʙʦʚ'ʷʟʘʥʦʩʪʽ ʾ ʭ ʜʦʪʨʠʤʘʥʥʷ ʥʝ ʟʤʫʰʫʶʪʴ ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʦʩʪʽ ʜʦʪʨʠ-

ʤʘʥʥʷ ʚʩʽʭ ʚʠʤʦʛ, ʷʢʽ ʙ ʟʘʜʦʚʦʣʴʥʷʣʠ ʨʦʙʦʯʠʤ ʧʦʪʨʝʙʘʤ ʨʘʢʝʪʠ. ʂʨʘʾʥʠ, ʷʢʽ ʫʩʚʽʜʦʤʣʶ-

ʶʪʴ ʥʘʩʣʽʜʢʠ ʮʴʦʛʦ ʨʦʙʣʷʪʴ ʟʘʙʦʨʦʥʫ ʥʘ ʢʦʤʧʦʥʝʥʪʠ, ʷʢ ʧʨʠʢʣʘʜ ʋʢʨʘʾʥʘ ʟʘʙʦʨʦʥʠʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʡ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʍʦʯʘ ʚ ʋʢʨʘʾʥʽ ʚʚʦʜʠʣʠʩʷ ʟʘʢʦʥʠ ʧʨʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʚʠʜʠ ʧʘʣʠʚʘ, ʘʣʝ ʦʩʦʙʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚʦʥʠ ʥʝ ʥʘʙʫʣʠ ʡ ʚʠʥʠʢʘʻ ʛʦʩʪʨʝ ʧʠʪʘʥʥʷ ʱʦʜʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚ ʜʣʷ ʨʘʢʝʪ. 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʧʘʣʠʚʘ ʷʚʣʷʶʪʴʩʷ ʚʫʛʣʝʚʦʜʥʽ ʨʝʯʦʚʠʥʠ ʪʘʢʽ ʷʢ ʨʽʜʢʠʡ ʤʝʪʘʥ, ʝʪʘʥ, 

ʧʨʦʧʘʥ. ʇʦʻʜʥʘʥʥʽ ʟ ʢʠʩʥʝʤ ʫʪʚʦʨʶʶʪʴ ʪʽʣʴʢʠ ʚʦʜʫ ʪʘ ʦʢʩʠʜʠ ʚʫʛʣʝʮʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʦʤʽʞ ʮʴʦʛʦ ʚʫʛʣʝʚʦʜʥʝʚʽ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ ʚʽʜʥʦʚʣʷʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʦʤʘʩʠ ʡ ʦʪʨʠʤʫʚʘʪʠ ʙʽʦʧʘʣʠʚʦ ʧʦʪʨʽʙʥʦʛʦ ʩʦʨʪʫ. ʅʘ ʩʴʦʛʦʜʥʽ ʦʪʨʠʤʫ-

ʶʪʴ ʧʝʨʝʚʘʞʥʦ ʙʽʦʤʝʪʘʥ, ʙʽʦʝʪʘʥʦʣ ʪʘ ʙʽʦʙʫʪʘʥʦʣ. ʆʪʨʠʤʘʥʥʷ ʙʽʦʧʘʣʠʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʯʝʨʝʟ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʧʽʜ ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʘ ʩʠʨʦʚʠʥʫ ʜʣʷ ʮʴʦʛʦ ʟʘ ʯʦʪʠ-

ʨʤʘ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʇʝʨʰʝ ʧʦʢʦʣʽʥʥʷ ʚʽʜ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʜʨʫʛʝ ʚʽʜ ʜʝʨʝʚʠʥʠ ʪʘ ʦʨ-

ʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʪʨʝʪʻ ð ʚʦʜʦʨʦʩʪʽ, ʘ ʯʝʪʚʝʨʪʝ ʚʽʜ ʚʩʽʭ ʪʨʴʦʭ ʚʠʜʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʥʥʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʦʙʫʚʘʥʥʷ ʧʘʣʠʚʘ ʜʦʟʚʦʣʷʻ ʨʦʟʛʦ-

ʨʪʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʚ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ ʩʝʨʝʜʦʚʠʱʘ ʡ ʥʝ ʦʙʤʝʞʫʻ ʫ ʜʝʬʽʮʠʪʥʦʩʪʽ ʪʘ ʮʽʥʽ. 

ʗʢʱʦ ʙʽʦʝʪʘʥʦʣ ʪʘ ʙʽʦʙʫʪʘʥʦʣ ʥʝ ʟʛʘʜʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦ ʫ ʜʦʚʽʜʥʠʢʘʭ ʪʦ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʝ ʩʧʦʥʫʢʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʧʨʦʪʝ ʤʝʪʘʥ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ 

ʩʴʦʛʦʜʥʽ. ʄʝʪʘʥ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʨʦʤʽʩ ʧʦ ʧʠʪʦʤʦʤʫ ʽʤʧʫʣʴʩʫ ʪʷʛʠ ʤʽʞ ʚʦʜʥʝʤ ʪʘ ʛʘ-

ʩʦʤ ʤʘʶʯʠ ʙʣʠʟʴʢʦ 4000 ʤ/ʩ ʧʨʦʪʠ 4500 ʤ/ʩ ʪʘ 3500 ʤ/ʩ ʚʽʜʧʦʚʽʜʥʦ. ɯʥʰʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʟʘʟʥʘʯʝʥʽ ʫ ʜʦʚʽʜʥʠʢʘʭ. 

ʈʘʢʝʪʥʽ ʜʚʠʛʫʥʠ ʥʘ ʤʝʪʘʥʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟʘ ʙʝʟʛʝʥʝʨʘʪʦʨʥʦʶ ʩʭʝʤʦʶ. ʄʝʪʘʥ 

ʜʣʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʩʪʫʧʝʥʽʚ ʩʧʨʦʱʫʻ ʪʝʭʥʦʣʦʛʽʶ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʟʘʧʫʩʢʫ. 

ʉʘʞʽ ʚ ʪʨʘʢʪʘʭ ʥʝʤʘʻ, ʧʽʩʣʷ ʧʨʠʟʝʤʣʝʥʥʷ ʤʝʪʘʥ ʩʘʤʦʩʪʽʡʥʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚ ʜʣʷ ʨʽʜʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʧʝʨʝʚʘʞʥʦ ʥʝ ʥʦʨ-

ʤʫʻʪʴʩʷ ʧʦ ʝʢʦʣʦʛʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʘʣʝ ʜʦʙʨʦʚʽʣʴʥʘ ʚʽʜʤʦʚʘ, ʘʙʦ ʥʦʨʤʦʚʘʥʘ ʟʘʙʦʨʦʥʘ 

ʜʘʩʪʴ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʝʨʝʭʽʜ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʘʣʠʚʘ ʩʧʨʠʷʻ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʟ ʩʫʯʘʩʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦ-

ʟʚʠʪʢʫ ʩʚʽʪʫ. 
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DEVELOPMENT OF A METHODOLOGY FOR DETERMINING THE FINNING 

COEFFICIENT IN THE CHAMBERS OF LIQUID ROCKET ENGINES 

MANUFACTURED BY ADDITIVE METHODS  

Abstract. This paper presents a new approach to determining the finning coefficient 

when using fins of variable thickness. This problem is relevant due to the active development 

of additive manufacturing technologies, which enable the production of engine chamber struc-

tures with complex shapes that are unattainable using traditional manufacturing methods. 

Keywords: fin efficiency, liquid propellant rocket engine, variable thickness fin, math-

ematical model of heat transfer, additive manufacturing. 

 

ʆʭʦʣʦʜʞʝʥʥʷ ʢʘʤʝʨʠ ʜʚʠʛʫʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʟʘʜʘʯ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ (ʈʈɼ). ʎʝ ʟʫʤʦʚʣʝʥʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʤʠ 

ʪʠʩʢʘʤʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, ʦʙʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʦʭʦʣʦʜʞʫʚʘʯʘ, 

ʥʘʷʚʥʽʩʪʶ ʩʫʪʪʻʚʠʭ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʢʦʥʪʫʨʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʤʘʩʽ 
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ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʟʘʜʘʯʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʫʩʢʣʘʜʥʷ-

ʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ, ʚʠʩʦʪʘ ʢʘʥʘʣʫ, 

ʰʠʨʠʥʘ ʨʝʙʨʘ ʽ ʪ. ʜ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʢʪʫ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʦʙʦʪʘʤʠ [1-2]. 

ʋ ʟʚôʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʪʘ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʪʘʻ ʟʘ-

ʜʘʯʘ ʚʠʙʦʨʫ ʱʝ ʦʜʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚ ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʬʦʨʤʠ 

ʨʝʙʨʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʘʤʝʨ ʜʚʠʛʫʥʽʚ, ʱʦ ʙʘʟʫ-

ʻʪʴʩʷ ʥʘ ʬʨʝʟʝʨʫʚʘʥʥʽ ʢʘʥʘʣʽʚ, 3-D ʜʨʫʢ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʥʠʭ ʬʦʨʤ 

ʙʝʟ ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʙ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʨʝʘʣʽʟʫʚʘʪʠ ʫʚʝʩʴ ʧʦʪʝʥʮʽʘʣ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʦʙ-

ʭʽʜʥʦ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʚʧʣʠʚ ʟʤʽʥʠ ʬʦʨʤʠ ʨʝʙʨʘ ʥʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʚ ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʨʝʙʨʘʭ ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ [3] 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʝʙʨʝʥʦʛʦ ʪʨʘʢʪʫ. ɼʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʦʚʽ ʨʦʟʨʘʭʫʥʢʠ. 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʢʣʠʢʘʥʘ ʜʦʧʦʚʥʠʪʠ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʫ ʘʚʪʦʨʘʤʠ ʙʝʟʧʝʨʝʨʚʥʫ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʨʘʢʪʫ ʦʭʦʣʦʜʞʝʥʥʷ [4]. ʆʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʧʽʜʭʽʜ ʜʦʟʚʦ-

ʣʠʪʴ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʜʫʨʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʢʘʤʝʨʘʭ ʈʈɼ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 
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ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈɽɸʂʊʀɺʅʆɻʆ 

ɼɽʊʆʅɸʎɯʁʅʆɻʆ ɼɺʀɻʋʅɸ 

ɸʥʦʪʘʮʽʷ. ɼʝʪʦʥʘʮʽʡʥʽ ʨʝʘʢʪʠʚʥʽ ʜʚʠʛʫʥʠ ð ʧʝʨʩʧʝʢʪʠʚʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠ-

ʮʽʡʥʠʤ ʨʝʘʢʪʠʚʥʠʤ ʜʚʠʛʫʥʘʤ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʜʝʪʦʥʘʮʽʡ-

ʥʠʭ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ. ɿʚʝʨʥʝʥʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʞʝ ʧʦʥʘʜ 25 ʨʦʢʽʚ ʚʝʜʫʪʴʩʷ ʘʢʪʠʚʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʨʝʘʢʪʠʚʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ. ɺʞʝ 

ʽʩʥʫʶʯʽ ʜʝʪʦʥʘʮʽʡʥʽ ʜʚʠʛʫʥʠ ʽʩʥʫʶʪʴ ʷʢ ʟʨʘʟʢʠ ʪʘ ʤʘʶʪʴ ʧʦʢʠ ʱʦ ʥʝʚʝʣʠʢʽ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʪʦʥʘʮʽʡʥʽ ʧʨʦʮʝʩʠ; ʜʝʪʦʥʘʮʽʡʥʘ ʢʘʤʝʨʘ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ; 

ʷʢʽʩʪʴ ʩʫʤʽʰʽ ʧʘʣʴʥʦʛʦ ʪʘ ʦʢʠʩʥʠʢʘ. 
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METHODS AND MEANS OF INCREASING THE EFFICIENCY  OF A JET 

DETONATION ENGINE  

Abstract. Detonation jet engines are a promising alternative to traditional jet engines. 

The problematic issues of developing detonation jet engines are analyzed. It is emphasized 

that active theoretical and practical work on the creation of a detonation jet engine has been 

underway for more than 25 years. Already existing detonation engines exist as samples and 

have small capacities. 
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ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ [1] ʚʽʡʩʴʢʦʚʦ-ʤʦʨʩʴʢʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʉʐɸ 2000 

ʨʦʢʫ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʢʪʠ-

ʚʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʤʦʞʣʠʚʝ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ ʧʨʠʥʮʠʧ, ʷʢʠʡ ʙʘ-

ʟʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ʚʠʙʫʭʫ ʪʘ ʜʝʪʦʥʘʮʽʾ. ʇʦʜʘʥʦ ʜʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʦʩʪʘʥʥʴʦʛʦ 

ʜʝʩʷʪʠʣʽʪʪʷ ʱʦʜʦ ʧʣʫʥʞʝʨʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʘ ʽʤʧʫʣʴʩʥʠʭ ʜʝʪʦʥʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ. 

ɿʚʝʨʥʫʪʘ ʫʚʘʛʫ ʥʘ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʙʽʪ ʽ ʥʠʟʢʫ ʧʨʦʙʣʝʤ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʤʝʞʘʤʠ ʣʘʙʦ-

ʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ ʱʝ ʥʝ ʜʦʩʷʛʥʫʪʦ ʫʩʧʽʭʽʚ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʜʝʪʦʥʘʮʽʡʥʠʭ ʨʫ-

ʭʦʚʠʭ ʫʩʪʘʥʦʚʦʢ [1]. 

20 ʛʨʫʜʥʷ 2023 ʨʦʢʫ ʅɸʉɸ ʫʩʧʽʰʥʦ ʚʠʧʨʦʙʫʚʘʣʘ ʨʦʪʦʨʥʠʡ ʜʝʪʦʥʘʮʽʡʥʠʡ ʨʘʢʝʪ-

ʥʠʡ ʜʚʠʛʫʥ [2]. ɼʚʠʛʫʥ ʧʨʘʮʶʚʘʚ ʧʨʦʪʷʛʦʤ 251 ʩʝʢʫʥʜʠ, ʩʪʚʦʨʠʚʰʠ ʧʦʥʘʜ 5800 ʬʫʥʪʽʚ 

ʪʷʛʠ. 

ʉʘʤ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ ʧʨʠ ʜʝʪʦʥʘʮʽʾ ʤʘʻ ʥʘʙʘʛʘʪʦ ʽʥʪʝʥʩʠʚʥʽʰʠʡ ʭʘʨʘʢʪʝʨ. ɿʘ ʩʚʦʻʶ 

ʩʫʪʪʶ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʟ ʫʩʧʽʭʦʤ ʫʞʝ ʨʦʟʚ'ʷʟʘʥʽ ʜʣʷ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʝʬʝʢʪʽ ʜʝʬʣʘʛʨʘʮʽʾ, ʪʝʧʝʨ ʥʘ ʥʦʚʦʤʫ ʨʽʚʥʽ, ʧʨʦʷʚʠʣʠʩʷ ʽ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʘʢʪʠʚ-

ʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʝʬʝʢʪʽ ʜʝʪʦʥʘʮʽʾ. ʄʦʞʥʘ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʥʘʡ-

ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ: 

ð ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʘ. ʇʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 
ʚʩʽʭ ʝʪʘʧʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ð ʩʧʦʩʦʙʠ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. ʇʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ 
ʩʢʣʘʜʽʚ ʪʘ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

ð ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʩʫʥʦʯʥʠʭ ʛʦʣʦʚʦʢ. ʇʠʪʘʥʥʷ ʨʦʟʤʽʱʝʥʥʷ, ʢʽʣʴʢʦʩʪʽ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ; 

ð ʤʝʪʦʜʠ ʟʘʡʤʘʥʥʷ ʩʫʤʽʰʝʡ ʘʙʦ ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʛʦʨʽʥʥʷ. ʇʠ-
ʪʘʥʥʷ ʧʽʜʪʨʠʤʘʥʥʷ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʬʨʦʥʪʫ ʭʚʠʣʽ ʧʦʚʪʦʨʥʠʤʠ ʽʥʽʮʽʘʮʽʷʤʠ; 

ð ʬʦʨʤʘ ʽ ʢʦʥʩʪʨʫʢʮʽʷ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ. ʇʠʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʛʝʦʤʝʪʨʽʾ ʜʝʪʦ-

ʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʧʝʨʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʰʠʨʝʥʥʷ ʬʨʦʥʪʫ 

ʜʝʪʦʥʘʮʽʡʥʦʾ ʭʚʠʣʽ; 

ð ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʠ-
ʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʝʣʠʯʝʟʥʠʤʠ ʛʨʘʜʽʻʥʪʘʤʠ ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʮʝʩʫ ʜʝʪʦʥʘ-

ʮʽʾ, ʷʢ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢ ʽ ʥʘ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ; 

ð ʪʷʛʘ ʽʤʧʫʣʴʩʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʜʘʯʝʶ ʽʤʧʫʣʴʩʫ 
ʜʝʪʦʥʘʮʽʡʥʦʾ ʭʚʠʣʝʶ ʥʘ ʪʘʢ ʟʚʘʥʫ çʪʷʛʦʚʦʶ ʩʪʽʥʢʠè. ʇʠʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʬʦʨʤ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ; 

ð ʨʝʛʫʣʶʚʘʥʥʷ ʪʷʛʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, ʱʦ ʚʠʪʽʢʘʶʪʴ ʽʟ ʥʘʜʟʚʫ-

ʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʜʣʷ ʱʝ ʙʽʣʴʰʦʛʦ ʚʠʣʫʯʝʥʥʷ ʢʦʨʠʩʥʦʾ ʝʥʝʨʛʽʾ. ʇʠʪʘʥʥʷ ʬʦʨʤʠ 

ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʦʧʣʘ; 

ð ʨʝʛʫʣʶʚʘʥʥʷ ʪʷʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ ʧʘʣʠʚʘ. ʇʠʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 
ʧʘʣʠʚʘ ʪʘ ʯʘʩʪʦʪʠ ʡʦʛʦ ʧʦʜʘʯʽ ʚ ʫʤʦʚʘʭ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʛʦʨʽʥʥʷ; 

ð ʛʘʟʦʜʠʥʘʤʽʢʘ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʨʦ-
ʙʦʪʠ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ. ʇʠʪʘʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʬʨʦʥʪʫ 

ʜʝʪʦʥʘʮʽʡʥʦʾ ʭʚʠʣʽ ʟ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤʠ ʭʚʠʣʷʤʠ ʘʙʦ ʟʫʩʪʨʽʯʥʠʤʠ ʜʝʪʦʥʘʮʽʡ-

ʥʠʤʠ ʭʚʠʣʷʤʠ ʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ; 

ð ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʥʘʷʚʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʙʘʟʠ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʜʝʬʣʘʛʨʘʮʽʾ ʪʘ 
ʜʝʪʦʥʘʮʽʾ. ʇʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ʎʽ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʢʠ ʤʝʪʦʜʽʚ ʪʘ ʟʘʭʦʜʽʚ ʧʦ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʢʪʠʚʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ. ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʤʘ-

ʶʪʴ ʤʽʩʮʝ ʚ ʨʦʙʦʪʘʭ [3, 4]. 

ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʪʘ ʽʥʰʠʭ ʧʠʪʘʥʴ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʪʝʦʨʽʾ ʤʦ-

ʜʝʣʠ ɿʝʣʴʜʦʚʠʯʘ, ʅʝʡʤʘʥʘ ʠ ɼʸʨʠʥʛʘ ʚʞʝ ʤʘʣʠ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʴ ʫ ʧʨʦʚʽʜ-

ʥʠʭ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʱʝ ʟ ʩʝʨʝʜʠʥʠ 20 ʩʪʦʣʽʪʪʷ [5, 6]. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʇɸʃʀɺʅʀʍ ʂʆʄɯʈʆʂ ɺ ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ 

ɸʇɸʈɸʊɸʍ 

ɸʥʦʪʘʮʽʷ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ ʷʢ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ ʜʣʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʘʢʫ-

ʤʫʣʷʪʦʨʘʤʠ ʪʘ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ). ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʧʨʦʧʦʥʫʶʪʴ 

ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ, ʪʘʢʽ ʷʢ ʙʽʣʴʰʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʤʝʥʰʘ ʚʘʛʘ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ. ʋ ʨʦ-

ʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʯʘʩʫ ʧʦʣʴʦʪʫ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ʪʘ ʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɹʇʃɸ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ, ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ʘʢʫʤʫʣʷʪʦʨʠ, ʜʚʠ-

ʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 
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USE OF FUEL CELLS IN UNMANNED AERIAL VEHICLES  

Abstract. This paper discusses the use of fuel cells as an energy source for unmanned 

aerial vehicles (UAVs) compared to traditional batteries and internal combustion engines 

(ICEs). Fuel cells offer significant advantages such as higher energy capacity, lower weight, 

and environmental friendliness. In this paper, a comparative analysis of the efficiency, flight 

time, environmental impact, and cost of operating UAVs with different types of energy sys-

tems is carried out. 

Keywords: fuel cells, unmanned aerial vehicles, batteries, internal combustion engines, 

energy efficiency. 

 

1. ɺʩʪʫʧ 

ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʩʪʘʣʠ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʚʽʡʩʴʢʦʚʽʡ, 

ʢʦʤʝʨʮʽʡʥʽʡ ʪʘ ʥʘʫʢʦʚʽʡ ʩʬʝʨʘʭ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʾʭ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ, ʻ ʚʠʙʽʨ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʝʥʝʨʛʽʾ ʜʣʷ ɹʇʃɸ ʻ ʘʢʫʤʫʣʷʪʦʨʠ ʪʘ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ). ʆʜʥʘʢ ʧʘ-

ʣʠʚʥʽ ʢʦʤʽʨʢʠ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʭʽʤʽʯʥʫ ʝʥʝʨʛʽʶ ʚʦʜʥʶ ʚ ʝʣʝʢʪʨʠʯʥʫ, ʧʨʦʧʦʥʫʶʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʨʽʰʝʥʥʷ ʟ ʥʠʟʢʦʶ ʧʝʨʝʚʘʛ. 

2. ʇʦʨʽʚʥʷʥʥʷ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ ʟ ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʪʘ ɼɺɿ. 

2.1. ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʪʘ ʯʘʩ ʧʦʣʴʦʪʫ. 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ: 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʘʢʫʤʫ-

ʣʷʪʦʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚʦʜʝʥʴ ʤʘʻ ʝʥʝʨʛʝʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʫ 3-5 ʨʘʟʽʚ ʚʠʱʫ, ʥʽʞ ʫ ʣʽʪʽʡ-

ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ɹʇʃɸ ʟ ʧʘʣʠʚʥʠʤʠ ʢʦʤʽʨʢʘʤʠ ʟʘʣʠʰʘʪʠʩʷ ʚ ʧʦʚʽʪʨʽ 

ʥʘʙʘʛʘʪʦ ʜʦʚʰʝ ð ʜʦ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʘʙʦ ʥʘʚʽʪʴ ʜʥʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ɸʢʫʤʫʣʷʪʦʨʠ: 

ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ɹʇʃɸ, ʦʙʤʝʞʝʥʽ 

ʩʚʦʻʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ. ʏʘʩ ʧʦʣʴʦʪʫ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 1-4 ʛʦʜʠʥ, ʱʦ ʟʥʘʯʥʦ ʤʝʥʰʝ, 

ʥʽʞ ʫ ɹʇʃɸ ʟ ʧʘʣʠʚʥʠʤʠ ʢʦʤʽʨʢʘʤʠ. 

ɼʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ): 

ɼɺɿ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʦʣʴʦʪʫ, ʘʣʝ ʚʦʥʠ ʚʘʞʯʽ ʪʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʽ ʫ ʧʝ-

ʨʝʪʚʦʨʝʥʥʽ ʝʥʝʨʛʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʣʠʚʥʠʤʠ ʢʦʤʽʨʢʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ɼɺɿ ʚʠʤʘʛʘʶʪʴ ʨʝʛʫ-

ʣʷʨʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʝʢʦʣʦʛʽʯʥʫ ʯʠʩʪʦʪʫ. 

2.2. ɺʘʛʘ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ. 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ: 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʤʘʶʪʴ ʤʝʥʰʫ ʚʘʛʫ ʧʦʨʽʚʥʷʥʦ ʟ ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʪʘ ɼɺɿ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʫ ʚʘʛʫ ɹʇʃɸ. ɺʦʥʠ ʪʘʢʦʞ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʠ-

ʨʦʙʣʷʶʪʴ ʣʠʰʝ ʚʦʜʫ ʷʢ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ. 

ɸʢʫʤʫʣʷʪʦʨʠ: 

ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʚʘʛʫ, ʱʦ ʦʙʤʝʞʫʻ ʯʘʩ ʧʦʣʴʦʪʫ ʪʘ ʚʘʥʪʘʞʦ-

ʧʽʜʡʦʤʥʽʩʪʴ ɹʇʃɸ. ʂʨʽʤ ʪʦʛʦ, ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʩʪʚʦʨʶʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦ-

ʙʣʝʤʠ. 

ɼʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ): 

ɼɺɿ ʻ ʚʘʞʢʠʤʠ ʪʘ ʚʠʨʦʙʣʷʶʪʴ ʚʠʢʠʜʠ CO2 ʪʘ ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʨʦ-

ʙʠʪʴ ʾʭ ʤʝʥʰ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʣʠʚʥʠʤʠ ʢʦʤʽʨʢʘʤʠ. 

2.3. ɺʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ: 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʦʯʘʪʢʦʚʫ ʚʘʨʪʽʩʪʴ ʯʝʨʝʟ ʜʦʨʦʞʥʝʯʫ ʚʦʜʥʶ ʪʘ 

ʩʢʣʘʜʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦ-

ʜʝʥʴ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

ɸʢʫʤʫʣʷʪʦʨʠ: 

ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʤʘʶʪʴ ʥʠʞʯʫ ʧʦʯʘʪʢʦʚʫ ʚʘʨʪʽʩʪʴ, ʘʣʝ ʾʭ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʦʙʤʝʞʝʥʠʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʘʩʪʽʰʦʾ ʟʘʤʽʥʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ. 

ɼʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ): 

ɼɺɿ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʽʯ-

ʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ. 

3. ɺʠʩʥʦʚʢʠ. 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʽʻʶ ʙʝʟʧʽ-

ʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ɺʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ ʘʢʫʤʫʣʷʪʦ-

ʨʘʤʠ ʪʘ ɼɺɿ, ʪʘʢʽ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʦʣʴʦʪʫ, ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʷʢʽ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʧʘʣʠʚʥʠʭ 

ʢʦʤʽʨʦʢ ʜʦʟʚʦʣʠʪʴ ʾʤ ʩʪʘʪʠ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ ɹʇʃɸ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʏʅʀʍ ʇʈʆʎɽʉɯɺ 

ɺ ɻɯɼʈɸɺʃɯʏʅʀʍ ʉʀʉʊɽʄɸʍ ɾʀɺʃɽʅʅʗ ɿʄɯʅʅʆɰ ʉʊʈʋʂʊʋʈʀ 

ʈɯɼʀʅʅʀʍ ʈɸʂɽʊʅʀʍ ɼɺʀɻʋʅɯɺ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʞʠʚʣʝʥʥʷ ʟʤʽʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ. ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʫ 

ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʘʭ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʧʨʠʚʘʪʥʦʶ ʢʦʤʧʘʥʽʻʶ Flight Control 

Propulsion. ʄʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥ ̔ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʽʭ ʛʽ-

ʣʦʢ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʽʤʧʝʜʘʥʩʥʠʤ ʤʝʪʦʜʦʤ ʷʢ ʩʠʩʪʝʤʠ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʘ ʧʦʜʘʣʴʰʦʾ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩ-

ʪʝʤʽ ʞʠʚʣʝʥʥʷ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʷʢ ʩʠʩʪʝʤʠ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʜʠʥʥʽ ʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ, ʟʘʧʫʩʢ ʜʚʠʛʫʥʘ, ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 

ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʽʤʧʝʜʘʥʩʥʠʡ ʤʝʪʦʜ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʜʠ-

ʥʘʤʽʢʘ. 
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MATHEMATICAL MODELING OF DYNAMIC PROCESSES IN HYDRAULIC 

SYSTEMS OF VARIABLE STRUCTURE IN LIQUID ROCKET ENGINES  

Abstract. The paper presents a systematic approach to the mathematical modeling of 

low-frequency dynamic processes in the hydraulic power supply systems of variable-structure 

liquid rocket engines. The study focuses on engines developed by the private company Flight 

Control Propulsion. The proposed methodology involves determining the frequency charac-

teristics of all branches of the power supply system using the impedance method, treating it 

as a distributed-parameter system. Based on these characteristics, a mathematical model of 

dynamic processes in the hydraulic power supply system is then developed, representing it as 

a lumped-parameter system. 

Keywords: liquid rocket engines, engine start-up, variable-structure power systems, 

impedance method, mathematical modeling, low-frequency dynamics. 

 

ɻʽʜʨʘʚʣʽʯʥʽ ʪʨʘʢʪʠ ʫ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʘʭ (ʈʈɼ) ʯʠʩʣʝʥʥʽ ʡ ʨʽʟʥʦʤʘʥʽ-

ʪʥʽ. ɼʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʥʠʭ ʚʠʩʫʚʘʶʪʴʩʷ ʪʘʢʽ ʞ 

ʚʠʩʦʢʽ ʚʠʤʦʛʠ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʈʈɼ. ɺʽʜʦʤʘ ʩʭʝʤʘ ʈʈɼ ʟ ʜʦʧʘʣʶʚʘʥʥʷʤ ʛʝ-

ʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʽʟ ʥʝʟʘʡʤʠʩʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʘʣʠʚʘ, ʢʦʣʠ ʟʘʡʤʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʘʣʠʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʩʢʦʚʦʛʦ ʧʘʣʴʥʦʛʦ. ʎʝ ʧʫʩʢʦʚʝ ʧʘʣʴʥʝ ʤʽʩʪʠʪʴʩʷ 

ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʘʤʧʫʣʽ, ʽ ʧʽʩʣʷ ʾʾ ʨʦʟʢʨʠʪʪʷ ʧʘʣʴʥʝ ʥʘʜʭʦʜʠʪʴ ʫ ʚʦʛʥʝʚʽ ʧʦʨʦʞʥʠʥʠ ʛʘ-

ʟʦʛʝʥʝʨʘʪʦʨʘ ʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ, ʜʝ ʧʽʩʣʷ ʢʦʥʪʘʢʪʫ ʟ ʦʢʠʩʣʶʚʘʯʝʤ ʩʘʤʦʟʘʡʤʘʻʪʴʩʷ. 

ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʈʈɼ ʽ ʧʝʨʝʭʦʜʫ ʥʘ ʦʩʥʦʚʥʝ ʧʘʣʴʥʝ ʛʽʜʨʘʚʣʽʯʥʠʡ ʪʨʘʢʪ, ʱʦ ʚʢʣʶʯʘʻ 
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ʘʤʧʫʣʫ ʧʫʩʢʦʚʦʛʦ ʧʘʣʴʥʦʛʦ, ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʦʧʽʨ. ɾʠʚʣʝʥʥʷ ʦʩʥʦʚʥʠʤ 

ʧʘʣʴʥʠʤ ʥʘ ʨʝʞʠʤʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʪʨʘʢʪʦʤ. ʆʧʠʩʘʥʘ ʩʭʝʤʘ ʟʘ-

ʡʤʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʤʽʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʥʘʜʽʡʥʦʛʦ ʟʘʧʫʩʢʫ ʈʈɼ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʠʪʴ ʧʣʘʚʥʠʡ ʧʝʨʝ-

ʭʽʜ ʚʽʜ ʞʠʚʣʝʥʥʷ ʧʫʩʢʦʚʠʤ ʧʘʣʴʥʠʤ ʜʦ ʞʠʚʣʝʥʥʷ ʦʩʥʦʚʥʠʤ ʧʘʣʴʥʠʤ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʟʤʽʥʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ ʡ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡ-

ʢʽʩʪʴ ʨʦʙʦʪʠ ʪʫʨʙʦʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ. 

ʆʙ'ʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʚʘ ʜʚʠʛʫʥʠ ʟ ʜʦʧʘʣʶʚʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʨʦʟ-

ʨʦʙʢʠ ʧʨʠʚʘʪʥʦʾ ʢʦʤʧʘʥʽʾ Flight Control Propulsion, ʷʢʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʥʘʟʠ-

ʚʘʪʠ FC1 ʽ FC2. ʈʈɼ FC1 ʦʜʥʦʨʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʥʷ. ɼʣʷ ʟʘʡʤʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ 

ʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ ʪʘ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʜʣʷ ʥʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʫ ʛʽʜʨʘʚʣʽʯʥʫ ʩʠ-

ʩʪʝʤʫ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʘʤʧʫʣʫ ʟ ʧʫʩʢʦʚʠʤ ʧʘʣʴʥʠʤ. ʈʈɼ FC2 ʙʘʛʘʪʦ-

ʨʘʟʦʚʦʛʦ ʚʢʣʶʯʝʥʥʷ. ɼʣʷ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʟʘʡʤʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʫ ʛʘʟʦʛʝʥʝʨʘ-

ʪʦʨʽ ʪʘ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʜʣʷ ʥʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʫ ʛʽʜʨʘʚʣʽʯʥʫ ʩʠʩʪʝʤʫ ʟʤʽʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʟʘʧʘʣʶʚʘʯʽ (ɻɼɿ). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ɻɼɿ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ɻʘʨʪʤʘʥʘ-ʐʧʨʝʥʛʝʨʘ ʥʘʛʨʽʚʘʥʥʷ ʛʘʟʫ ʚʩʝʨʝʜʠʥʽ ʪʫʧʠʢʦʚʦʾ ʧʦ-

ʨʦʞʥʠʥʠ ʧʦʥʘʜ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ, ʱʦ ʥʘʙʽʛʘʻ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚʢʣʶʯʘʻ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʛʽʜʨʘʚʣʽʯʥʘ ʩʠʩ-

ʪʝʤʘ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʥʘʯʫʱʽ ʛʽʣʢʠ. ɼʣʷ ʢʦʞʥʦʾ ʟ 

ʮʠʭ ʛʽʣʦʢ ʽʤʧʝʜʘʥʩʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʤʦʜʝʣʽ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʠʥʘ-

ʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩʪʝʤʽ ʞʠʚʣʝʥʥʷ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʷʢ ʩʠʩʪʝʤʠ ʽʟ ʟʦ-

ʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʫʤʦʚʠ ʫʟʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʤʦʜʝʣʽ ʟ ʨʦʟʧʦ-

ʜʣ̔ʝʥʠʤʠ ʽ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʙʫʜʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʚʩʴʦʛʦ ʜʚʠʛʫʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʟʥʘʯʫʱʠʭ ʘʛʨʝʛʘʪʽʚ ʈʈɼ, ʘ ʜʣʷ ʤʘʛʽʪʨʘʣʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʜʘʪʣʠʚʦʩʪʝʡ, ʷʢʽ ʙʫʣʠ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʽ ʥʘ ʧʝʨ-

ʰʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʨʘʭʫʚʘʥʥʷ ʯʘʩʪʦʪ, ʷʢʽ ʽʩʥʫ-

ʶʪʴ ʚ ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʽʜ 

ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʟʘʧʫʩʢʫ. 

ɼʣʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʦʙʦʭ ʜʚʠʛʫʥʽʚ ʽʤʧʝʜʘʥʩʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʦ ʯʘʩʪʦ-

ʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʥʘʯʫʱʠʭ ʛʽʣʦʢ ʷʢ ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʈʈɼ FC1 ʧʦʙʫʜʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʨʘʢʪʽʚ 

ʚʽʜ ʚʠʭʦʜʫ ʟ ʥʘʩʦʩʘ ʜʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʜʣʷ ʚʠʧʘʜʢʽʚ ʞʠʚʣʝʥʥʷ ʧʫʩ-

ʢʦʚʠʤ ʽ ʦʩʥʦʚʥʠʤ ʧʘʣʴʥʠʤ. ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʜʝʣʽ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝ-

ʪʨʘʤʠ ʟ ʫʤʦʚʠ ʫʟʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʤʦʜʝʣʷʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʪʘ 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʷʢ ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦ-

ʜʽʣʝʥʠʤʠ ʪʘ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʜʦ 200 ɻʮ. ɼʣʷ ʈʈɼ FC2 ʧʦ-

ʙʫʜʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʨʘʢʪʽʚ ʚʽʜ ʚʠʭʦʜʫ ʟ ʥʘʩʦʩʘ ʽ ʚʽʜ ʧʫʩ-

ʢʦʚʦʛʦ ʙʘʯʢʘ ʜʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ. ʇʨʠ ʫʟʛʦʜʞʝʥʥʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʨʘʢʪʽʚ, ʷʢ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʪʘ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝ-

ʪʨʘʤʠ ʦʪʨʠʤʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝ-

ʩʽʚ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ. 

ʆʪʨʠʤʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʨʘʢʪʘʭ ʟʤʽʥ-

ʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ 

ʜʚʠʛʫʥʽʚ FC1 ʽ FC2. 
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ɸʅɸʃɯɿ ʂʆʅʉʊʈʋʂʎɯɰ ʊɸ ɺʀʄɯʈʖɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ 

ʍʆʃʃʆɺʉʔʂʆɻʆ ɼɺʀɻʋʅɸ 

ɸʥʦʪʘʮʽʷ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʭʦʣʣʦʚʩʴʢʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʚʠ-

ʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʈʦʟʛʣʷ-

ʥʫʪʦ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʪʷʛʘ, ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ, ʨʦʟʧʦ-

ʜʽʣ ʧʣʘʟʤʠ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨ-

ʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʭʦʣʣʦʚʩʴʢʠʭ ʜʚʠʛʫʥʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʍʦʣʣʦʚʩʴʢʠʡ ʜʚʠʛʫʥ, ʪʷʛʘ, ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʚʠ-

ʤʽʨʶʚʘʣʴʥʽ ʚʝʣʠʯʠʥʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

Hall thrusters are a promising type of electric propulsion system for spacecraft. They 

provide high efficiency in propellant utilization, long operational lifetime, and stable perfor-

mance in extended space missions. A key advantage of these thrusters is the ability to pre-

cisely control the thrust vector, making them ideal for satellite orbit correction [1]. This study 
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presents a detailed analysis of the thruster's design and identifies the key measurement param-

eters required for performance evaluation in various operating modes. 

1. Hall Thruster Design 

ð Main structural components anode, cathode, magnetic system, ionization chamber, 

power supply system, and support systems. 

ð Operating principle the interaction of ionized gas with a magnetic field generates 

thrust, ensuring ionization stability and reducing electrode erosion. 

ð Construction materials and their effect on efficiency the use of heat-resistant materi-

als, minimizing erosion impact on working components, and selecting the optimal 

composition of the propellant. 

ð Interaction between the magnetic field and plasma analysis of magnetic field lines, 

identification of the zone of maximum ionization, and optimization strategies for the 

magnetic system [2]. 

2. Measurement Parameters 

ð Thrust (mN) measured using thrust stands to improve accuracy. 

ð Power consumption (W) determined by measuring the voltage and current at the an-

ode and analyzing energy efficiency. 

ð Specific impulse (s) calculated as the ratio of thrust to propellant flow rate, which is 

a key parameter for evaluating thruster efficiency in long-duration missions. 

ð Plasma distribution analyzed using probe measurements, spectroscopy, and numerical 

modeling. 

ð Thermal regimes studied using thermocouples and heat flow simulations. 

ð Thruster operational stability assessed by analyzing changes in thrust characteristics 

and plasma parameter fluctuations during long-term testing [3]. 

3. Analysis of Experimental Data 

ð Analysis of thrust dependence on power supply parameters impact of voltage, current, 

and propellant type on thruster characteristics [2]. 

ð Study of the influence of the magnetic field on thruster stability evaluation of mag-

netic field uniformity and its role in maintaining optimal plasma conditions [3]. 

ð Comparison of experimental results with theoretical calculations validation of math-

ematical models against experimental data. 

ð Assessment of thruster lifespan impact on operational characteristics under different 

load conditions [1]. 

The conducted analysis provides deeper insight into the structural features of the thruster 

and identifies the key parameters affecting its efficiency. The obtained results can be used for 

further design optimization, improving energy efficiency, and enhancing the longevity of Hall 

thrusters. The research also confirms the importance of precise control over the magnetic field 

parameters and propellant properties to ensure stable thruster operation in extended space 

missions. 
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ɸʅɸʃɯɿ ɯ ʇʆʈɯɺʅʗʅʅʗ ʈʈɼ ʊɸ ʈɼʊʇ ʗʂ ɼɺʀɻʋʅɯɺ ɸɺɯɸʎɯʁʅʀʍ 

ɿɸʉʆɹɯɺ ʋʈɸɾɽʅʅʗ ʅɸ ʇʈʀʂʃɸɼɯ ʈɸɼʗʅʉʔʂʀʍ ʈɸʂɽʊ ʂʃɸʉʋ 

çʇʆɺɯʊʈʗ-ʇʆɺɽʈʍʅʗè 

ɸʥʦʪʘʮʽʷ. ɿʘ ʦʩʪʘʥʥʽ 60 ʨʦʢʽʚ ʘʚʽʘʮʽʡʥʽ ʢʝʨʦʚʘʥʽ ʨʘʢʝʪʠ ʢʣʘʩʫ çʧʦʚʽʪʨʷ-ʧʦʚʝʨʭʥʷè 

ʟʘʟʥʘʣʠ ʟʥʘʯʥʠʭ ʟʤʽʥ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ. ʆʢʨʝʤʠʤ ʧʠʪʘʥʥʷʤ ʟʘʚʞʜʠ ʙʫʚ ʚʠʙʽʨ ʜʚʠʛʫʥʘ ʜʣʷ 

ʨʘʢʝʪ ʮʴʦʛʦ ʢʣʘʩʫ ð ʦʯʝʚʠʜʥʦ, ʱʦ ʜʚʠʛʫʥ ʧʦʚʠʥʝʥ ʩʪʚʦʨʶʚʘʪʠ ʨʝʘʢʪʠʚʥʫ ʪʷʛʫ, ʘʣʝ, ʷʢ 

ʚʽʜʦʤʦ, ʽʩʥʫʻ ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʧʦʜʽʙʥʠʭ ʜʚʠʛʫʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʈʈɼ, ʈɼʊʇ, 

ʇʈɼ, ʫ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ð ʻ ʩʚʦʾ ʧʽʜʢʣʘʩʠ (ʈɼʊʇ ʽʟ ʙʘʣʽʩʪʠʯʥʠʤ ʘʙʦ ʩʫʤʽʰʝʚʠʤ ʧʘʣʠ-

ʚʦʤ, ʈʈɼ ʽʟ ʚʠʪʠʩʥʦʶ ʘʙʦ ʥʘʩʦʩʥʦʶ ʩʭʝʤʦʶ, ʇʈɼ ʷʢ ʊʈɼ ʘʙʦ ʷʢ ʇʇʈɼ). ʇʨʠʯʦʤʫ ʢʦ-

ʞʝʥ ʜʚʠʛʫʥ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʷʢʝ ʚʠʢʦʥʫʻ ʨʘ-

ʢʝʪʘ. ʋ ʮʠʭ ʪʝʟʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʚʠʜʽʚ ʜʚʠʛʫʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ð ʈʈɼ ʪʘ 

ʈɼʊʇ ʥʘ ʧʨʠʢʣʘʜʽ ʨʘʜʷʥʩʴʢʠʭ ʢʝʨʦʚʘʥʠʭ ʨʘʢʝʪ ʍ-28 ʪʘ ʍ-58. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʜʠʥʥʠʡ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, 

ʘʚʽʘʮʽʡʥʘ ʨʘʢʝʪʘ. 
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ANALYSIS AND COMPARISON OF LIQUID -PROPELLANT ROCKET ENGINES 

AND SOLID-PROPELLANT ROCKET MOTORS AS PROPULSION SYSTEMS 

FOR AERIAL ATTACK VEHICLES BASED ON THE EXAMPLE OF SOVIET 

AIR -TO-SURFACE MISSILES 

Abstract. Over the past 60 years, air-to-surface guided missiles have undergone 

significant changes and modernization. One of the key issues has always been the choice of 

engine for missiles of this class ð it is evident that the engine must generate jet thrust, but, 

as is known, there are numerous ways to implement such propulsion systems ð LPRE, SPRE, 

ABJE, each with its own subclasses (SPRE with ballistic or mixed fuel, LPRE with a cut-off 

or pump-fed cycle, ABJE as a turbojet or a PJE). Moreover, each engine type has its own 

advantages and disadvantages when performing the tasks assigned to the missile This thesis 

compares two types of propulsion systems ð LPRE and SPRE ð using the example of the 

Soviet guided missiles Kh-28 and Kh-58. 
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ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʘʡʞʝ ʚʩʽ ʢʝʨʦʚʘʥʽ ʨʘʢʝʪʠ ʢʣʘʩʫ çʇʦʚʽʪʨʷ-ʧʦʚʝʨʭʥʷè ʟʘʛʘʣʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 3 ʪʠʧʠ ʜʚʠʛʫʥʽʚ ð ʈɼʊʇ, ʈʈɼ ʪʘ ʇʈɼ. ɸʣʝ ʪʝʤʘ ʘʥʘʣʽʟʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ 

ʈʈɼ ʪʘ ʈɼʊʊ ʩʘʤʝ ʫ ʧʦʟʠʮʽʷʭ ʜʚʠʛʫʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʘʚʽʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʫʨʘʞʝʥʥʷ, ʘ ʩʘʤʝ 

ð ʘʚʽʘʮʽʡʥʠʭ ʢʝʨʦʚʘʥʠʭ ʨʘʢʝʪ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʯʝʨʝʟ ʪʝ ʱʦ ʩʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʮʽʣʢʦʤ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʜʚʠʛʫʥʠ ʥʘʟʚʘʥʠʭ ʚʠʜʽʚ. ɸ ʪʦʤʫ 

ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ, ʽʟ ʦʛʣʷʜʦʤ ʥʘ ʩʴʦʛʦʜʝʥʥʷ, ʷʢʠʡ ʪʠʧ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʙʫʜʝ ʤʘʪʠ ʙʽ-

ʣʴʰʝ ʧʝʨʝʚʘʛ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʽʚ ʨʦʟʛʣʷʥʝʤʦ 2 ʨʘʜʷʥʩʴʢʽ ʨʘʢʝʪʠ ʢʣʘʩʫ çʇʦʚʽ-

ʪʨʷ ð ʧʦʚʝʨʭʥʷè, ʘ ʩʘʤʝ ʍ-58 ʪʘ ʍ-28. ʆʙʠʜʚʽ ʨʘʢʝʪʠ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʚʦʛʥʝʚʦʛʦ 

ʫʨʘʞʝʥʥʷ ʨʘʜʽʦ-ʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ ʟʝʥʽʪʥʦ-ʨʘʢʝʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʈʃʉ ɿʈʂ) ʧʨʦʪʠʚ-

ʥʠʢʘ ʤʝʪʦʜʦʤ ʧʝʣʝʥʛʘʮʽʾ ʪʘ ʥʘʚʝʜʝʥʥʷ ʥʘ ʜʞʝʨʝʣʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ, ʷʢʝ ʧʦ-

ʧʝʨʝʜʥʴʦ ʦʙʨʘʣʦʩʷ ʽʟ ʣʽʪʘʢʘ-ʥʦʩʽʷ. 

 

ʍ-28 ð ʨʘʢʝʪʥʘ ʯʘʩʪʠʥʘ ʘʚʽʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʂ-28ʇ (ʇ ʚʽʜ ʩʣʦʚʘ çʇʘʩʠʚʥʠʡè). 

ʈʘʢʝʪʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʫ 1960-ʭ ʨʦʢʘʭ ʫ ʬʽʣʽʘʣʽ ɼʂɹ-2-155 ʫ ʤ. ɼʫʙʥʘ ʄʦʩʢʦʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ, ʷʢʝ ʧʽʟʥʽʰʝ ʙʫʜʝ ʚʽʜʦʤʦ ʷʢ ʄʂɹ çʈʘʜʫʛʘè. ʈʘʢʝʪʘ ʧʦʚʠʥʥʘ ʙʫʣʘ ʤʘʪʠ ʤʦʞʣʠ-

ʚʽʩʪʴ ʫʨʘʞʝʥʥʷ ʈʃʉ ɿʈʂ ʟʘ ʤʝʞʘʤʠ ʜʽʾ ʩʘʤʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʏʝʨʝʟ ʪʝ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽ-

ʰʝʥʥʷ ʟʘʤʽʥʠʪʠ ʈɼʊʇ ʥʘ ʈʈɼ ʟʘʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʪʘʥʮʽʾ ʧʫʩʢʫ ʨʘʢʝʪʠ (ʜʦ 120 ʢʤ). ʋ 

ʍ-28 ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʈʈɼ ʈ-253-300, ʨʦʟʨʦʙʣʝʥʠʡ ɼʂɹ-300, ʱʦ ʚʞʝ ʝʢʩʧʣʫʘʪʫʚʘʚʩʷ 

ʥʘ ʢʨʠʣʘʪʠʭ ʨʘʢʝʪʘʭ ʂʉʈ-5. ʈʘʢʝʪʘ ʤʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʛʘʥʷʪʠʩʷ ʜʦ 3 ʄʘʭʽʚ. ʉʘʤʘ ʨʘ-

ʢʝʪʘ ʚʘʞʠʣʘ 715 ʢʛ, ʘ ʨʝʡʢʘ ʥʘʧʨʘʚʣʷʶʯʦ ʾð 100 ʢʛ, ʱʦ ʩʪʚʦʨʶʚʘʣʦ ʫʩʢʣʘʜʥʝʥʥʷ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ ʮʽʻʾ ʨʘʢʝʪʠ. ʈʈɼ ʤʘʚ ʩʪʘʨʪʦʚʫ ʪʷʛʫ ʙʽʣʴʰʝ 8 ʪc, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʚʠʩʦʢʫ ʜʘ-

ʣʴʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ. ɸʣʝ ʩʘʤ ʈ-253-300 ʧʨʠʥʽʩ ʤʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʢʣʘʜ-

ʥʦʱʽʚ. ʆʢʨʽʤ ʧʨʦʙʣʝʤʠ ʽʟ ʤʘʩʦʶ (ʚʠʢʣʠʢʘʥʦʶ ʨʦʟʤʽʱʝʥʥʷʤ ʙʘʢʽʚ ʧʘʣʴʥʦʛʦ, ʦʢʠʩʥʶ-

ʚʘʯʘ, ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ), ʜʚʠʛʫʥ, ʯʝʨʝʟ ʦʙʨʘʥʫ ʢʦʤʧʦʥʝʥʪʥʫ ʧʘʨʫ (ɸʂ-27ʇ ʫ ʚʠʛʣʷʜʽ 

ʦʢʠʩʥʶʚʘʯʘ ʪʘ ʊɻ-02 ʫ ʚʠʛʣʷʜʽ ʧʘʣʴʥʦʛʦ) ʫʩʢʣʘʜʥʶʚʘʚ ʜʦʚʛʝ ʟʙʝʨʽʛʘʥʥʷ ʨʘʢʝʪʠ ʫ ʟʘʧʨʘ-

ʚʣʝʥʦʤʫ ʩʪʘʥʽ. ɸ ʧʨʦʮʝʜʫʨʠ ʧʦ ʟʣʠʚʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʧʨʦʤʠʚʢʠ ʙʘʢʽʚ çʥʝʡʪʨʘʣʽ-

ʟʘʮʽʡʥʠʤ ʨʦʟʯʠʥʦʤè ʚʠʢʦʥʫʚʘʣʠʩʷ ʽʟ ʟʥʘʯʥʠʤʠ ʩʢʣʘʜʥʦʱʘʤʠ, ʥʘʚʽʪʴ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʘ ʦʙʣʘʰʪʦʚʘʥʠʭ ʘʝʨʦʜʨʦʤʘʭ [3]. 

ʍ-58 ð ʧʨʦʪʠʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʨʘʢʝʪʘ ʢʣʘʩʫ çʇʦʚʽʪʨʷ-ʧʦʚʝʨʭʥʷè, ʨʦʟʨʦʙʣʝʥʘ 

ʄʂɹ çʈʘʜʫʛʘè. ʈʦʙʦʪʠ ʧʦ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʶ ʧʦʯʘʣʠʩʴ ʱʝ ʟʘ ʯʘʩʽʚ ʨʦʟʨʦʙʢʠ ʍ-28 ʽ ʚʚʘ-

ʞʘʣʦʩʷ, ʱʦ ʨʘʢʝʪʘ ʧʦʚʠʥʥʘ ʙʫʣʘ ʤʘʪʠ ʽʥʜʝʢʩ çʍ-28ʄè [1]. ʋ ʍ-58 ʚ ʷʢʦʩʪʽ ʜʚʠʛʫʥʘ 

ʙʫʚ ʦʙʨʘʥʠʡ ʜʚʦʨʝʞʠʤʥʠʡ ʈɼʊʇ ʽʟ çʮʝʥʪʨʘʣʴʥʠʤè ʩʦʧʣʦʤ. ʆʩʢʽʣʴʢʠ ʨʘʢʝʪʠ ʪʘʢʦʛʦ 

ʢʣʘʩʫ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʜʠʩʪʘʥʮʽʡ ʧʫʩʢʫ, ʈɼʊʇ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʮʶ ʥʝʦʙʭʽʜʥʫ ʜʠʩʪʘʥʮʽʶ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘ 3,6 ʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ð ʩʪʘʨ-

ʪʦʚʠʡ ʨʝʞʠʤ ʽʟ ʪʷʛʦʶ ʧʨʠʙʣʠʟʥʦ 6 ʪʩ, ʘ ʧʽʩʣʷ 15 ʩ ð ʤʘʨʰʦʚʠʡ ʨʝʞʠʤ. ʇʨʠ ʮʴʦʤʫ 

ʈɼʊʇ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ, ʥʝ ʚʝʜʝ ʟʘ ʩʦʙʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʨʘʢʝʪʠ [3]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʘʢʝʪʠ ʍ-28 ʪʘ ʍ-58 ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʜʚʠʛʫʥʽʚ, ʤʠ ʤʦʞʝʤʦ ʩʢʘ-

ʟʘʪʠ, ʱʦ ʜʣʷ ʘʚʽʘʮʽʡʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʦʟʙʨʦʻʥʥʷ ʢʣʘʩʫ çʇʦʚʽʪʨʷ-ʧʦʚʝʨʭʥʷè (ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘʢʪʠʯʥʦʛʦ ʨʽʚʥʷ) ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʤʝ 

ʈɼʊʇ, ʯʝʨʝʟ ʥʠʟʢʫ ʧʨʠʯʠʥ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ð ʯʝʨʝʟ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʝʢʩʧʣʫʘʪʘ-

ʮʽʾ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ ʽʟ ʈɼʊʇ [1]. ʗʢʱʦ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ 

ʈɼʊʇ ʪʘ ʩʭʝʤʫ ʈʈɼ ʤʠ ʦʜʨʘʟʫ ʧʦʙʘʯʠʤʦ, ʱʦ ʫ ʈɼʊʇ ʟʥʘʯʥʦ ʤʝʥʰʝ ʘʛʨʝʛʘʪʽʚ ʪʘ ʪʝʭʥʽ-

ʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ʗʢ ʧʨʘʚʠʣʦ ʚʩʝ ʦʙʤʝʞʫʻʪʴʩʷ ʢʦʨʧʫʩʦʤ, ʟʘʧʘʣʶʚʘʣʴʥʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʟʘʨʷʜʦʤ ʧʘʣʠʚʘ ʪʘ ʩʦʧʣʦʚʠʤ ʙʣʦʢʦʤ [2]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ ʱʦ ʈʈɼ ʜʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ ʫ ʜʠʩʪʘʥʮʽʾ ʧʦʣʴʦʪʫ ʪʘ 

ʧʠʪʦʤʦʤʫ ʽʤʧʫʣʴʩʽ, ʜʣʷ ʚʽʡʩʴʢʦʚʦʾ ʩʬʝʨʠ ʚʩʝ ʞ ʪʘʢʠ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚʠʭʦʜʠʪʴ ʦʛʦʚʦʨʝʥʽ 

ʚʠʱʝ ʤʦʤʝʥʪʠ. ʎʽ ʚʠʩʥʦʚʢʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʥʘ ʩʴʦʛʦʜʥʽ ʧʽʜ ʯʘʩ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ 

ʚʽʡʥʠ ʋʢʨʘʾʥʠ ʟ ʨʦʩʽʻʶ. 
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ʉʪʘʥ ʧʨʦʙʣʝʤʠ. ʇʨʦʙʣʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʰʠʨʦʢʦ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʤʽʞ-

ʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʣʘʭ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʘʛʘʪʴʦʭ ʩʫʧʝʨʝʯʦʢ, ʷʢ ʩʝʨʝʜ ʬʘʭʽʚʮʽʚ ʢʣʽ-

ʤʘʪʫ, ʪʘʢ ʽ ʩʝʨʝʜ ʤʝʜʽʡʥʠʭ ʚʽʜʦʤʠʭ ʧʝʨʩʦʥ ʚ ʩʚʽʪʽ. ʇʨʦʪʝ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʪʘʥʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʙʽʣʴʰʽʩʪʴ ʚʯʝʥʠʭ ʩʭʠʣʷʶʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʮʷ ʧʨʦʙʣʝʤʘ ʚʩʝ ʞ ʪʘʢʠ ʥʝʩʝ ʧʝʚʥʫ 

ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʣʶʜʩʪʚʘ ʽ ʾʾ ʩʣʽʜ ʦʙʛʦʚʦʨʶʚʘʪʠ ʪʘ ʰʫʢʘʪʠ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʙʘʛʘʪʴʤʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʟ ʧʠʪʘʥʴ ʢʣʽʤʘʪʫ ʨʦʟʨʦʙ-

ʣʶʶʪʴʩʷ ʟʘʩʦʙʠ ʛʝʦʽʥʞʠʥʽʨʠʥʛʫ [1] ʱʦʜʦ ʧʨʦʪʠʜʽʾ ʮʽʡ ʛʣʦʙʘʣʴʥʽʡ ʧʨʦʙʣʝʤ.̔ 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʩʝʨʝʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʛʝʦʽʥʞʠʥʽʨʠʥʛʫ ʻ ʨʦʟʨʦʙʢʘ ʢʦʩʤʽʯ-

ʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ 

[2-5]. ɼʦ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʧʨʷʤʦʛʦ ʰʢʽʜ-

ʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ ʫ ʨʘʟʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʢʦʩʤʽʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʪʘ ʙʣʦʢʫʚʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʟʘ ʤʝʞʘʤʠ ʱʽʣʴʥʠʭ ʰʘʨʽʚ 

https://doi.org/10.62717/2221-4550-2025-1-040
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ʘʪʤʦʩʬʝʨʠ. ʊʘʢʦʞ ʢʦʩʤʽʯʥ ̔ʩʠʩʪʝʤʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘ-

ʜʽʘʮʽʾ ʤʦʞʥʘ ʫʤʦʚʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

1) ʟʘ ʤʽʩʮʝʤ ʜʠʩʣʦʢʘʮʽʾ: 

- ʜʠʩʣʦʢʘʮʽʷ ʚ ʦʢʦʣʠʮʽ ʪʦʯʢʠ ʃʘʛʨʘʥʞʘ L1 [2,3]; 

- ʜʠʩʣʦʢʘʮʽʷ ʚ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ [4,5]; 

2) ʟʘ ʢʽʣʴʢʽʩʪʶ ʢʦʩʤʽʯʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦ-

ʚʝʨʭʥʶ ɿʝʤʣʽ: 

- ʦʜʠʥʠʯʥʽ ʥʘʜʚʝʣʠʢʽ ʢʦʩʤʽʯʥʽ ʚʽʪʨʠʣʘ-ʱʠʪʠ ʜʣʷ ʙʣʦʢʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʧʦʪʦʢʫ ʩʦ-

ʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ [2]; 

- ʨʦʟʧʦʜʽʣʝʥʽ (ʢʣʘʩʪʝʨʥʽ) ʢʦʩʤʽʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʫʛʨʫʧʦʚʘʥʥʷ ʢʦʩʤʽ-

ʯʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ [3-5]. 

ɺʨʘʭʦʚʫʶʯʽ, ʪʝ ʱʦ ʟʘʧʫʩʢ ʥʘʜʚʝʣʠʢʠʭ ʦʜʠʥʠʯʥʠʭ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʦʩʤʽʯʥʠʭ ʩʠ-

ʩʪʝʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ [2, 3] ʚ ʪʦʯʢʫ ʃʘʛʨʘʥʞʘ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʻ ʩʢʣʘʜʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ [4, 5], ʜʦʮʽʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʢʣʘʩʪʝʨʥʠʭ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪʘʭ. ʇʨʦʪʝ, ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʩʠʩ-

ʪʝʤ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪʘʭ ʪʘʢʦʞ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʟʘʜʘʯ ʩʝʨʝʜ ʷʢʠʭ: 

1) ʚʠʟʥʘʯʝʥʥʷ ʦʨʙʽʪ ʜʠʩʣʦʢʘʮʽʾ ʫʛʨʫʧʦʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʤʦʜʫʣʽʚ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣ;̔ 

2) ʦʮʽʥʢʘ ʨʝʩʫʨʩʽʚ ʪʘ ʝʥʝʨʛʽʾ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ; 

3) ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʨʫʭʫ ʪʘ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʪʝʨʘ ʝʣʝʤʝʥ-

ʪʘʨʥʠʭ ʤʦʜʫʣʽʚ ʚ ʯʘʩʽ; 

4) ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ ʦʨʙʽʪʘʣʴʥʦʛʦ ʽʩʥʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ. 

ʆʮʽʥʢʠ ʟʘʛʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪʘʣʴʥʦʾ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʤʝʥʰʝʥʥʷ ʧʦ-

ʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ. ʆʜʥʽ ʟ ʧʝʨʰʠʭ ʦʮʽʥʦʢ ʤʘʩʦʚʦʛʘʙʘʨʠʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʩʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʦʨ-

ʙʽʪʘʣʴʥʦʛʦ ʢʽʣʴʮʷ, ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [4]. ʊʘʢ, ʟʛʽʜʥʦ [4] ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʢʽʣʝʮʴ, ʱʦ ʨʦʟ-

ʪʘʰʦʚʘʥʽ ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʩʦʪ ʚʽʜ 1200 ʢʤ ʜʦ 3500 ʢʤ ʩʢʣʘʣʘ 3,7Ĭ107 ʢʤ2 ʧʨʠ ʜʽʘʧʘʟʦʥʽ ʤʘʩ 

ʚʽʜ 5Ĭ109 ʢʛ ʜʦ 2Ĭ1012 ʢʛ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʘʥʠʡ ʢʣʘʩ ʩʠʩʪʝʤ ʻ ʜʠʥʘʤʽ-

ʯʥʠʤ ʜʝ ʢʦʞʝʥ ʤʦʜʫʣʴ ʧʦʩʪʽʡʥʦ ʨʫʭʘʻʪʴʩʷ ʽ ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʙʣʦʢʫʚʘʥʥʷ ʧʦ-

ʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ (ʨʠʩ. 1) ʜʦʮʽʣʴʥʦ ʚʚʝʩʪʠ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʪʨʘʻʢʪʦʨʽʾ ʘʢʪʠʚʥʦʾ ʟʦʥʠ (ʜʝ ʙʣʦʢʫʚʘʥʥʷ ʧʦʪʦʢʫ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ) ʜʦ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦ ʦʨʙʽʪʽ ʥʘ ʚʠʪʢʫ: 

0

1

˥͙ͪ͊ͤͼΎ ͙͍͊ͭͤͦ͟͝ 
͙ͦͤ͘

˥͙ͪ͊ͤͼΎ ͙͍͊ͭͤͦ͟͝ 
͙ͦͤ͘

 
ʈʠʩ. 1 ɻʨʘʥʠʮʷ 1-ʘʢʪʠʚʥʦʾ ʽ 0-ʧʘʩʠʚʥʦʾ ʟʦʥʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʜʠʩʣʦʢʘʮʽʾ ʩʠʩʪʝʤʠ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʥʘ-

ʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪ ʟ ʚʠʩʦʪʘʤʠ ʚʽʜ 300 ʢʤ ʜʦ 3000 ʢʤ ʧʨʠ ʨʽʟʥʠʭ ʥʘʭʠʣʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 25 % ʜʦ 37 %, ʱʦ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʧʦʧʝʨʝʜʥʽʭ 
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ʦʮʽʥʦʢ [5]. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʜʽʘʧʘʟʦʥ ʧʣʦʱ ʢʦʩʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʤʝʥ-

ʰʝʥʥʷ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ ʜʣʷ ʜʘʥʦʛʦ ʜʽ-

ʘʧʘʟʦʥʫ ʦʨʙʽʪ ʩʢʣʘʚ 71.3 10Ö  2ʢʤ ʜʦ 71.73 10Ö  2ʢʤ, ʱʦ ʪʘʢʦʞ ʙʣʠʟʴʢʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ-

ʚʝʜʝʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʥʽ [4]. 
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ɹɸʃɯʉʊʀʏʅɯ ɸʉʇɽʂʊʀ ʂɽʈʋɺɸʅʅʗ ʉɽɸʅʉʆʄ ɿɺôʗɿʂʋ ʂʆʉʄɯʏʅʀʍ 

ʂʆʈʀʉʊʋɺɸʏɯɺ ʉʋʇʋʊʅʀʂʆɺʆɰ ʄɽʈɽɾɯ ʂʆʄʋʊɸʎɯɰ ʇɸʂɽʊɯɺ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʝʘʥʩʘʤʠ 

ʟʚôʷʟʢʫ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ. ɺ ʦʩʥʦʚʽ ʤʝʪʦ-

ʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʫ ʩʫʧʫʪʥʠʢʦʚʽʡ ʤʝʨʝʞʽ ʤʽʞ ʧʘʨʦʶ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ ʾʭ 

ʟʚôʷʟʢʫ. ʇʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ ʜʘ-

ʥʠʭ ʤʽʞ ʧʘʨʦʶ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʫʪʴ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʘʨʽʶʚʘʪʠʩʷ ʥʘʚʢʦʣʦ 

ʦʙʨʘʥʦʛʦ ʥʘ ʯʘʩ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ ʙʘʟʦʚʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ð ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨ-

ʤʘʮʽʾ ʚ ʤʝʨʝʞʽ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʽʥʽʡ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ. ɹʘʟʦʚʠʡ ʚʽʨʪʫʘʣʴʥʠʡ ʢʘʥʘʣ ʤʦʞʝ ʤʘʪʠ ʜʝʢʽ-

ʣʴʢʘ ʟʤʽʥ ʧʨʦʪʷʛʦʤ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʦʪʦʯʥʠʡ ʯʘʩ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʨ-

ʙʽʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ 

ʷʢ ʰʣʷʭ ʥʘʡʤʝʥʰʦʾ ʜʦʚʞʠʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʙʽʨ ʙʘʟʦʚʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʢʘʥʘʣʫ ʥʝ ʥʘ ʚʩʽʡ ʤʝʨʝʞʽ, ʘ ʥʘ ʯʘʩʪʠʥʽ ʤʝʨʝʞʽ, ʚʠʜʽʣʝʥʦʾ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʨʙʽʪʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫʛʨʫʧʦʚʘʥʥʷ ʽ ʦʨʙʽʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ. ʈʦʟ-

ʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʘʥʠʭ ʚ ʩʫʧʫʪʥʠʢʦʚʽʡ ʤʝʨʝʞʽ ʤʽʞ ʟʘʜʘʥʠʤʠ 

ʧʘʨʘʤʠ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʦʨʙʽʪʘʣʴʥʝ ʫʛʨʫʧʦʚʘʥʥʷ, ʦʨʙʽʪʘʣʴʥʽ ʧʘʨʘʤʝ-

ʪʨʠ, ʩʫʧʫʪʥʠʢʦʚʘ ʤʝʨʝʞʘ ʟʚôʷʟʢʫ, ʤʘʨʰʨʫʪʠʟʘʮʽʷ. 
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BALLISTIC ASPECTS OF COMMUNICATION SESSION CONTROL OF SPACE 

USERS OF A PACKET SWITCHING SATELLITE NETWORK  

Abstract. Methodological support for software control of communication sessions of 

space users of a packet-switched satellite network has been developed. The methodological 

support is based on an approach to routing data transmitted in a satellite network between a 

https://doi.org/10.62717/2221-4550-2025-1-041
mailto:vtinakov98@gmail.com
https://orcid.org/0000-0002-3333-3296
mailto:tvlabut@ukr.net
mailto:vtinakov98@gmail.com
https://orcid.org/0000-0002-3333-3296
mailto:tvlabut@ukr.net


̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

131 

pair of space user-vehicle during their communication session. The approach involves the use 

of a quasi-virtual channel the data transmission paths between a pair of space users can vary 

slightly around the basic virtual channel selected for the duration of the communication ses-

sion ð the information transmission path in the network, which consists of elementary lines 

between adjacent network nodes represented by spacecraft. The basic virtual channel can have 

several changes during the communication session and is determined at the current time using 

the orbital parameters of the satellite system and the spacecraft-users of the network as the 

path of the shortest length. It is proposed to select the main data transmission path not on the 

entire network, but on a part of the network allocated taking into account the orbital parame-

ters of the group and the orbital parameters of the network users. A simulation model of data 

routing in a satellite network between given pairs of user spacecraft has been developed, 

which is intended to study the implementation of the proposed approach. 

Keywords: space vehicle, orbital grouping, orbital parameters, satellite communication 

network, routing. 

 

ʉʫʯʘʩʥʽ ʤʝʨʝʞʽ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ ʦʭʦʧʠʣʠ ʩʚʽʪ, ʧʽʜʥʷʪʽ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʽ ʦʨʙʽʪʠ 

[1,2]. ʉʫʧʫʪʥʠʢʦʚʽ ʤʝʨʝʞʽ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʟʝʤʥʠʭ ʽ ʘʚʽʘʮʽʡʥʠʭ ʢʦʨʠ-

ʩʪʫʚʘʯʽʚ, ʩʪʘʶʪʴ ʟʘʩʦʙʦʤ ʢʦʤʫʥʽʢʘʮʽʾ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ [2,3]. ʆʢʨʝʤʽ ʢʦʩʤʽʯʥʽ 

ʘʧʘʨʘʪʠ ʽ ʥʝʚʝʣʠʯʢʽ ʫʛʨʫʧʦʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʣʘʛʦʜʞʝʥʦ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʽ, ʟʘ-

ʩʪʦʩʦʚʫʶʯʠ ʩʫʧʫʪʥʠʢʦʚʽ ʤʝʨʝʞʽ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʠʪʘʥʥʷʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʝʘʥʩʘʤʠ ʟʚôʷʟʢʫ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʫʧʫʪ-

ʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ. ʈʦʟʛʣʷʜʘʻʤʦ ʩʫʧʫʪʥʠʢʦʚʫ ʤʝʨʝʞʫ ʥʘ ʜʝʢʽʣʴʢʦʭ ʨʽʟ-

ʥʦʚʠʩʦʢʠʭ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ (ʟʦʢʨʝʤʘ, ʥʠʟʢʫ ʨʽʟʥʦʚʠʩʦʢʠʭ ʫʛʨʫʧʦʚʘʥʴ ʥʘ 

ʥʠʟʴʢʠʭ ʦʨʙʽʪʘʭ). ʂʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʧʽʜʪʨʠʤʫʶʪʴ ʟʚôʷʟʢʠ ʫʟʜʦʚʞ 

ʦʨʙʽʪʠ ʽ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʫ ʩʫʩʽʜʥʽʭ ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ, ʩʪʚʦʨʶʶʯʠ ʤʝʨʝʞʫ 

ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʫ. ʊʘʢʦʞ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʶʪʴ ʤʽʞ-

ʩʝʛʤʝʥʪʥʽ ʟʚôʷʟʢʠ. ʂʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ-ʢʦʨʠʩʪʫʚʘʯʽ ʤʝʨʝʞʽ ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʢʦʣʦʚʠʭ 

ʦʨʙʽʪʘʭ, ʷʢʘ ʻ ʚʠʱʦʶ, ʘʙʦ ʥʠʞʯʦʶ ʟʘ ʦʨʙʽʪʠ ʥʘʡʙʣʠʞʯʦʛʦ ʜʦ ʥʴʦʛʦ ʩʝʛʤʝʥʪʫ ʩʫʧʫʪʥʠ-

ʢʦʚʦʾ ʤʝʨʝʞʽ. ʂʦʣʠ ʧʘʨʘ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ʟʚôʷʟʫʻʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʢʦʞʥʠʡ 

ʟ ʥʠʭ ʤʘʻ çʪʦʯʢʫ ʜʦʩʪʫʧʫè ῐ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʤʝʨʝʞʽ, ʯʝʨʝʟ ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʻʜ-

ʥʘʥʥʷ ʜʦ ʤʝʨʝʞʽ. ɺʚʘʞʘʪʠʤʝ, ʱʦ ʟʽ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʢʦʩʤʽʯʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʩʠʩʪʝʤ ʦʙʠʨʘʻʪʴʩʷ ʪʦʡ, ʟ ʷʢʠʤ ʩʝʘʥʩ 

ʟʚôʷʟʢʫ ʙʫʜʝ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʠʤ. ʇʝʨʝʢʣʶʯʝʥʥʷ ʟ ʦʜʥʦʾ ʪʦʯʢʠ ʚʭʦʜʫ ʫ ʤʝʨʝʞʫ ʜʦ ʽʥʰʦʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʦʶ ʞ ʦʟʥʘʢʦʶ. ʇʨʠ ʥʝʚʝʣʠʢʽʡ ʨʽʟʥʠʮʽ ʫ ʚʠʩʦʪʽ ʦʨʙʽʪ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘ-

ʪʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʽ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ-ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʙʝʟ ʧʝʨʝʢ-

ʣʶʯʝʥʴ ʟ ʦʜʥʦʾ çʪʦʯʢʠ ʚʭʦʜʫè ʫ ʤʝʨʝʞʫ ʜʦ çʽʥʰʦʾ ʪʦʯʢʠè ʙʫʜʫʪʴ ʜʦʚʦʣʽ ʪʨʠʚʘʣʠʤʠ (ʷʢ 

ʤʽʥʽʤʫʤ, ʪʨʠʚʘʣʽʩʪʶ ʙʽʣʴʰ ʥʽʞ ʦʜʠʥ ʦʙʦʨʦʪ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ-ʢʦʨʠʩʪʫʚʘʯʘ). 

ɺʚʘʞʘʪʠʤʝ, ʱʦ ʜʘʥʽ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʥʽʞ 

ʜʘʥʥʽ ʥʘʟʝʤʥʠʭ ʽ ʘʚʽʘʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʝʘʥʩʽʚ ʟʚôʷʟʢʫ ʧʘʨ ʢʦʩʤʽʯ-

ʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʜʫʪʴ ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʽ ʩʢʣʘʜʘʪʠ ʥʝʚʝʣʠʢʫ ʯʘʩʪʠʥʫ 

ʚʽʜ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ɺʽʜʪʘʢ, ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʫʟʣʘʤʠ ʥʘ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʽ ʤʘʡʞʝ 

ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʩʝʥʩʽʚ ʟʚôʷʟʢʫ ʤʽʞ ʧʘʨʦʶ ʢʦʩʤʽ-

ʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʠʡ ʚʽʨʪʫʘʣʴʥʠʡ ʢʘ-

ʥʘʣ (ʙʽʣʴʰ ʪʦʯʥʦ ῐ ʢʚʘʟʽ ʚʽʨʪʫʘʣʴʥʠʡ ʢʘʥʘʣ) ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʧʘʨʦʶ ʢʦʩʤʽʯʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʫʪʴ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʘʨʽʶʚʘʪʠʩʷ ʥʘʚʢʦʣʦ ʦʙʨʘʥʦʛʦ ʥʘ ʯʘʩ ʩʝʘʥʩʫ 

ʟʚôʷʟʢʫ ʙʘʟʦʚʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ῐ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʽ, ʷʢʠʡ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʽʥʽʡ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ (ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ). 

ɹʘʟʦʚʠʡ ʚʽʨʪʫʘʣʴʥʠʡ ʢʘʥʘʣ ʤʦʞʝ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʟʤʽʥ ʧʨʦʪʷʛʦʤ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ ʽ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʨʙʽʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ʷʢ h ʣʷʭ ʥʘʡʤʝʥʰʦʾ ʜʦʚʞʠʥʠ. ɿʘʧʨʦ-

ʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʙʽʨ ʙʘʟʦʚʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʥʝ ʥʘ ʚʩʽʡ ʤʝʨʝʞʽ, ʘ ʥʘ ʯʘʩ-

ʪʠʥʽ ʤʝʨʝʞʽ, ʚʠʜʽʣʝʥʦʾ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʨʙʽʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʛʨʫʧʦʚʘʥʥʷ ʽ ʦʨʙʽʪʘʣʴ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʩʤʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ. ʈʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʰʚʠʜʢʦʛʦ ʚʠʟʥʘ-

ʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ. ʈʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʘʥʠʭ 

ʚ ʩʫʧʫʪʥʠʢʦʚʽʡ ʤʝʨʝʞʽ ʤʽʞ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʠ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʘ ʧʨʠ-

ʟʥʘʯʝʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 
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ʟʥʘʯʝʥʥʷʤʠ ʥʘʭʠʣʫ ʦʨʙʽʪʠ  ̔ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟʥʘʯʝʥʴ ʚʠʩʦʪʠ). ʈʦʟʨʦʙʣʝʥʘ 

ʤ̔ʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʦʾ ʪʦʧʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. 
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ʉʴʦʛʦʜʝʥʥʷ ʚʽʜʟʥʘʯʝʥʦ ʨʦʟʚʠʪʢʦʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʠʭ 

ʦʨʙʽʪʘʭ. ʉʫʯʘʩʥʽ ʪʨʝʥʜʠ ʧʦʙʫʜʦʚʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʨʝʞ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʾʭ ʩʪʨʫʢʪʫʨʽ ʨʽʟʥʦʚʠʩʦʢʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʩʝʛʤʝʥʪʽʚ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ (ʥʘ ʜʝʢʽʣʴʢʦʭ ʨʽʟ-

ʥʦʚʠʩʦʢʠʭ ʩʫʟʽʨôʷʭ ɺʦʣʢʝʨʘ) [1-4]. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʘ ʩʫʧʫʪʥʠʢʦʚʘ ʤʝʨʝʞʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʝʛʤʝʥʪʽʚ ʥʘ ʥʠʟʴʢʠʭ, ʩʝʨʝʜʥʴʦʚʠʩʦʢʠʭ ʽ ʚʠʩʦʢʠʭ ʦʨʙʽʪʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʽ-

ʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʝʛʤʝʥʪʘʤʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 100 ʢʤ ʽ ʙʽʣʴʰʝ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷ-

ʯʝʥʦ ʨʦʟʚʠʪʢʫ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʽ ʟʘʜʘʯ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʻʶ ʤʝʨʝʞʽ (ʧʦʪʦʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘ-

ʪʘʤʠ). 

ɿʘ ʦʩʥʦʚʫ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʧʨʠʡʥʷʪʠʡ ʧʽʜʭʽʜ, ʦʧʠ-

ʩʘʥʠʡ ʚ ʥʠʟʮʽ ʧʫʙʣʽʢʘʮʽʾ (ʫ ʪʦʤʫ ʯʠʩʣʽ, ʫ ʧʫʙʣʽʢʘʮʽʷʭ [5,6]). ɿʛʽʜʥʦ ʮʴʦʤʫ ʧʽʜʭʦʜʫ ʫ ʢʦ-

ʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʘ ʢʫʪʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʙʘʨʠʮʝʥʪʨʠ-

ʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ 

ʰʽʩʪʴʦʭ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾ ʪʠʧʽʚ 1 ʽ 2 ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʽʞʩʝʛʤʝʥʪʥʽ ʟʚôʷʟʢʠ ʥʘʜ ʽ ʧʽʜ ʧʣʦʱʠ-

ʥʦʶ ʤʠʪʪʻʚʦʛʦ ʤʽʩʮʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚʽʜʧʦʚʽʜʥʦ; ʧʨʠʩʪʨʦʾ ʪʠʧʽʚ 3 ʽ 4 ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʦ-

ʢʦʚʽ ʟʚôʷʟʢʠ ʚ ʦʜʥʦʤʫ ʩʝʛʤʝʥʪʽ ð ʧʨʘʚʦʨʫʯ ʽ ʣʽʚʦʨʫʯ ʚʽʜ ʦʨʙʽʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʚʽʜʧʦ-

ʚʽʜʥʦ; ʧʨʠʩʪʨʦʾ ʪʠʧʽʚ 5 ʽ 6 ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚôʷʟʢʠ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘ ʦʜʥʽʡ ʦʨʙʽʪʽ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʧʠʩʘʥʠʭ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʥʦʚʽʪʥʴʦʾ 

ʩʪʨʫʢʪʫʨʠ ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʫ, ʷʢʘ ʚʩʝ ʯʘʩʪʽʰʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʝʨʩʧʝ-

ʢʪʠʚʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ. ɿʘ ʢʦʥʮʝʧʮʽʻʶ ʧʦʙʫʜʦʚʠ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦ-

ʚʘʥʥʷ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʫ ʚʦʥʦ ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʧʽʜʫʛʨʫʧʦʚʘʥʴ, ʷʢʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʝʥ-

ʥʷʤʠ ʥʘʭʠʣʫ ʦʨʙʽʪʠ ̔  ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟʥʘʯʝʥʴ ʚʠʩʦʪʠ (ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʢʦʤʙʽʥʘʮʽʶ ʙʣʠʟʴʢʠʭ ʟʘ ʚʠʩʦʪʦʶ ʩʫʟʽʨôʾʚ ɺʦʣʢʝʨʘ). ʋʛʨʫʧʦʚʘʥʥʷ ʟ ʦʨʙʽʪʘʤʠ, ʩʫʪʪʻʚʦ 

ʥʘʭʠʣʝʥʠʤʠ ʜʦ ʧʣʦʱʠʥʠ ʝʢʚʘʪʦʨʘ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʥʘ ʪʠʭ ʰʠ-

ʨʦʪʘʭ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʙʽʣʴʰʝ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʽ ʫ ʷʢʠʭ ʙʽʣʴʰʘ ʧʣʦʱʘ ʥʽʞ ʫ ʪʝʨʠʪʦʨʽʡ ʥʘ 

ʚʠʩʦʢʠʭ ʰʠʨʦʪʘʭ. ʋʛʨʫʧʦʚʘʥʥʷ ʟ ʢʚʘʟʽ ʧʦʣʷʨʥʠʤʠ ʦʨʙʽʪʘʤʠ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʦʤ ʧʦʣʷʨʥʠʭ ʽ ʧʨʠʧʦʣʷʨʥʠʭ ʨʘʡʦʥʽʚ ɿʝʤʣʽ. ɸʣʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠ-

ʤʽʟʘʮʽʾ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʩʫʧʫʪʥʠʢʦʚʽʡ ʤʝʨʝʞʽ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʢʚʘʟʽʧʦʣʷʨʥʠʭ ʦʨ-

ʙʽʪʘʭ ʙʫʜʫʪʴ ʢʦʨʠʩʥʽ ʪʘʢʦʞ ʜʣʷ ʰʚʠʜʢʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʩʫʪʪʻʚʦ ʚʽʜʜʘʣʝʥʠʤʠ 

ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ. ɯʥʬʦʨʤʘʮʽʷ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, ʨʦʟʥʝʩʝʥʠʤʠ ʟʘ ʜʦʚʛʦʪʦʶ ʚʠʩʭʽʜʥʦʛʦ 

ʚʫʟʣʘ ʙʣʠʟʴʢʦ ʜʦ 180 ʛʨʘʜʫʩʽʚ, ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʰʣʷʭʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʨʽʟʢʠ ʰʣʷʭʫ 

ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ (ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ) ʥʘ ʢʚʘʟʽʧʦʣʷʨʥʠʭ ʦʨʙʽʪʘʭ, ʷʢʽ ʥʘ ʧʦʪʦʯʥʠʡ 

ʤʦʤʝʥʪ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ ʚʽʜʧʦʚʽʜʥʠʤ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦʣʶʩʦʤ ɿʝʤʣʽ. ʂʨʽʤ 

ʪʦʛʦ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʥʘ ʥʘʭʠʣʝʥʠʭ ʜʦ ʧʣʦʱʠʥʠ ʝʢʚʘʪʦʨʘ ʥʠʟʴʢʠʭ ʦʨʙʽ-

ʪʘʭ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʝʢʚʘʪʦʨʘ ʜʽʣʷʥʢʘʭ ʦʨʙʽʪ çʚʪʨʘʯʘʶʪʴè ʦʜʠʥ ʟ ʙʦʢʦʚʠʭ ʟʚôʷʟʢʽʚ 

(ʦʜʠʥ ʙʦʢʦʚʠʡ ʟʚôʷʟʦʢ ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʤ ʚʥʘʩʣʽʜʦʢ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ). ʎʝʡ ʥʝʜʦʣʽʢ ʥʘ ʨʽʚʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʤʦʞʝ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʢʚʘʟʽʧʦʣʷʨʥʠʭ ʦʨʙʽʪʘʭ. ʅʝ-

ʚʝʣʠʢʘ ʚʽʜʤʽʥʥʽʩʪʴ (ʜʦ 20 ʢʤ) ʚʠʩʦʪ ʦʨʙʽʪ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʧʽ-

ʜʫʛʨʫʧʦʚʘʥʥʷʤ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʫ, ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʧʝʨʝʨʠʚʽʚ ʙʦʢʦʚʠʭ 

ʟʚôʷʟʢʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʦʨʙʽʪ ʚ ʦʪʦʯʝʥʥʽ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʦʨʙʽʪ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʤʽʞ 

ʷʢʠʤʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʣʽʥʽʷ ʟʚôʷʟʢʫ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʢʝʨʫ-

ʚʘʥʥʷ ʟʚôʷʟʢʘʤʠ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ (ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʛʨʘʤ çʧʝʨʝʢʣʶʯʝʥʥʷ ʟʚôʷʟʢʽʚè) ʜʣʷ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʦʧʠʩʘʥʠʤ ʚʠʱʝ ʧʨʠʥʮʠʧʦʤ. ʈʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘ-

ʮʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʦʾ ʪʦʧʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. 
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ʂʦʤʫʥʘʣʴʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ʦʩʚʽʪʠ çʅʘʫʢʦʚʠʡ ʤʝʜʠʯʥʠʡ ʣʽʮʝʡ çɼʥʽʧʨʦè 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʥʦʾ ʨʘʜʠ 

ɺʀɼʆɹʋʊʆʂ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ ʅɸ ʄɯʉʗʎɯ 

ɸʥʦʪʘʮʽʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʄʽʩʷʮʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʩʥʫʶʯʠʭ ʤʽʩʮʝʚʠʭ ʨʝʩʫʨʩʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʭʽʤʽʯʥʝ ʪʘ ʢʘʨʙʦʪʝʨʤʽʯʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʦʣʽʪʫ ʧʦʪʨʝʙʫʻ ʨʝʛʫʣʷʨʥʦʾ ʜʦʩʪʘʚʢʠ ʚʽʜʥʦʚʣʶʚʘʯʽʚ ʟ ɿʝʤʣʽ. ʇʽʨʦʣʽʟ ʚʠ-

ʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʨʦʙʠʪʴ ʤʘʣʦʡʤʦʚʽʨʥʠʤ ʡʦʛʦ ʨʝʘʣʽ-

ʟʘʮʽʶ. ɽʣʝʢʪʨʦʣʽʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʣʘʚʣʝʥʠʭ ʬʪʦʨʠʩʪʠʭ ʩʦʣʝʡ ʘʙʦ ʨʦʟʧʣʘʚʣʝʥʽʡ 

ʩʦʣʽ CaCl2 ʧʦʪʨʝʙʫʻ ʜʦʩʪʘʚʢʠ ʬʣʶʩʽʚ ʟ ɿʝʤʣʽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʚʠʛʣʷʜʘʻ ʧʨʷʤʠʡ ʝʣʝʢʪ-

ʨʦʣʽʟ ʨʦʟʧʣʘʚʫ ʨʝʛʦʣʽʪʫ ʟʘʚʜʷʢʠ ʡʦʛʦ ʧʨʦʩʪʦʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʧʦʩʪʘʯʘʶʪʴʩʷ ʟ ɿʝʤʣʽ. ɺʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ, ʻ 

ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʞʘʨʦʩʪʽʡʢʠʭ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʥʦʜʽʚ ʽ ʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʱʦ ʟʜʘʪʥʽ ʜʦʚʛʦ ʧʨʘʮʶʚʘʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʢʪʠʚʥʦʛʦ ʢʠʩʥʶ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʧʣʘʚʽʚ, ʽʥʝʨʪʥʽ ʘʥʦʜʠ. 
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MINING ON THE MOON  

Abstract. The technologies of mineral extraction on the Moon using existing local re-

sources are analyzed. It is shown that chemical and carbothermic regolith reduction requires 

regular delivery of reducing agents from Earth. Pyrolysis requires a high level of technological 

development, which makes its implementation unlikely. Electrolysis using molten fluoride 

salts or molten CaCl2 salt requires delivery of fluxes from Earth. Direct electrolysis of regolith 

melt looks promising due to its simplicity and the absence of consumables supplied from 

Earth. An important problem of this process that needs to be solved is the development of new 

heat-resistant conductive anode materials and protective materials that are capable of operat-

ing for a long time in an active oxygen environment at high temperatures. 

Keywords: electrochemical reduction of melts, inert anodes. 
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ʆʩʥʦʚʥʠʤ ʩʠʨʦʚʠʥʥʠʤ ʨʝʩʫʨʩʦʤ ʥʘ ʄʽʩʷʮʽ ʻ ʧʦʚʝʨʭʥʝʚʠʡ ˇʨʫʥʪ ð ʨʝʛʦʣʽʪ. ɼʚʘ 

ʪʠʧʠ ʤʽʩʷʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʚʘʞʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʽʚ ʪʘ ʢʠ-

ʩʥʶ ʽʣʴʤʝʥʽʪ FeTiO3 ʪʘ ʩʠʣʽʢʘʪʠ CaAl 2Si2ʆ8. ɻʦʣʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʨʠʩʥʠʭ 

ʨʝʯʦʚʠʥ ʟ ʨʝʛʦʣʽʪʫ ʥʘ ʄʽʩʷʮʽ ʚʢʣʶʯʘʶʪʴ ʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʣʴʤʝʥʽʪʫ, ʭʽʤʽʯʥʝ ʚʽʜʥʦ-

ʚʣʝʥʥʷ ʩʠʣʽʢʘʪʽʚ; ʝʣʝʢʪʨʦʣʽʟ ʩʠʣʽʢʘʪʥʦʛʦ ʨʦʟʧʣʘʚʫ; ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʽʨʦʣʽʟ. 

ʍʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʣʴʤʝʥʽʪʫ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʚʦʜʥʝʤ, ʤʝʪʘʥʦʤ ʪʘ ʧʣʘʟʤʦʶ 

CO, CO-Cl2 ̔  Cl2. ɺʩʽ ʮʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʨʝʛʫʣʷʨʥʦʾ ʜʦʩʪʘʚʢʠ ʚʽʜʥʦʚʣʶʚʘʯʽʚ ʟ ɿʝʤʣʽ. 

ʂʘʨʙʦʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʦʣʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 1600 ÁC ʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘ-

ʪʠʩʷ ʤʝʪʘʥʦʤ, ʚʫʛʣʝʮʝʤ ʘʙʦ ʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ ʉʆ FeTiO3 + 4C ---->Fe + TiC + 3CO. ʎʝʡ 

ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʫʛʣʝʮʶ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʂʘʨʙʦʪʝ-

ʨʤʘʣʴʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʣʽʢʘʪʽʚ ʤʝʪʘʥʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʝʩʪʠ ʧʨʠʙʣʠʟʥʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1625 ʦC ʥʘ ʨʦʟʧʣʘʚʣʝʥʠʭ ʩʠʣʽʢʘʪʘʭ. ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʴʦʛʦ ˇʨʫ-

ʥʪʫ, ʘ ʥʝ ʣʠʰʝ ʟʙʘʛʘʯʝʥʦʾ ʯʘʩʪʠʥʠ. ʅʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʝʪʘʥʫ 

ʇʽʨʦʣʽʟ ð ʮʝ ʨʦʟʢʣʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʠʩʥʶ, 

ʪʦʙʪʦ ʫ ʚʘʢʫʫʤʽ, ʷʢʱʦ ʧʨʦʮʝʩ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʄʽʩʷʮʽ. ʎʝ ʽʜʝʘʣʴʥʝ ʚʠʨʦʙʥʠʯʝ ʧʽʜʧʨʠ-

ʻʤʩʪʚʦ, ʷʢʝ ʧʨʘʮʶʚʘʪʠʤʝ ʘʚʪʦʥʦʤʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰʝ ʤʽʩʮʝʚʽ ʨʝʩʫʨʩʠ, ʘ ʩʘʤʝ 

ʙʫʜʴ-ʷʢʠʡ ʪʠʧ ʤʽʩʷʯʥʦʛʦ ʨʝʛʦʣʽʪʫ, ʚʠʩʦʢʠʡ ʚʘʢʫʫʤ ʽ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ. ʆʜʥʘʢ ʜʣʷ ʥʴʦʛʦ 

ʥʝʦʙʭʽʜʥʠʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʨʦʙʠʪʴ ʜʫʞʝ ʤʘʣʦʡʤʦʚʽʨʥʠʤ 

ʨʝʘʣʽʟʘʮʽʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʩʴʦʛʦʜʥʽ. 

ɺʠʣʫʯʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʟ ʤʽʩʷʯʥʦʛʦ ˇʨʫʥʪʫ ʤʦʞʣʠʚʦ ʝʣʝʢʪʨʦʣʽʟʦʤ, ʱʦ ʜʘʩʪʴ ʢʠʩʝʥʴ ʽ 

ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʤʝʪʘʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʠʭ ʬʪʦʨʠʩʪʠʭ ʩʦʣʝʡ ʘʙʦ ʨʦʟʧʣʘʚʣʝʥʽʡ 

ʩʦʣʽ CaCl2 ʷʢ ʬʣʶʩʽʚ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʤʽʩʷʯʥʦʛʦ ʨʝʛʦʣʽʪʫ ʜʦʟʚʦʣʷʶʪʴ ʚʝʩʪʠ ʝʣʝʢʪʨʦʣʽʟ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 900-1250 ÁC. ʆʜʥʘʢ ʮʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʪʘʚʢʠ ʬʣʶʩʽʚ ʟ ɿʝʤʣʽ. 

ʄʝʪʦʜʠ ʝʣʝʢʪʨʦʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʙʝʟ ʬʣʶʩʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʧʣʘʚ-

ʢʠʤ ʘʥʦʜʦʤ. ʇʦʧʝʨʝʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʧʣʘʚʣʝʥʘ ʧʦʨʦʜʘ ʘʙʦ ˇʨʫʥʪ ʜʦ-

ʩʪʘʪʥʴʦ ʧʨʦʚʽʜʥʽ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʝʣʝʢʪʨʦʣʽʟ. ʇʨʷʤʠʡ ʝʣʝʢʪʨʦʣʽʟ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʨʝ-

ʛʦʣʽʪʫ ʚʠʤʘʛʘʻ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰ ʥʽʞ 1600 Áʉ. ʇʝʨʝʚʘʛʘ ʧʨʷʤʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ ʨʦʟʧʣʘʚʽʚ 

ʨʝʛʦʣʽʪʫ ʚ ʡʦʛʦ ʧʨʦʩʪʦʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʦʩʪʘʯʘʶʪʴʩʷ ʟ ɿʝʤʣʽ. 

ʊʦʙʪʦ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʥʘ ʄʽʩʷʮʽ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʠʤ. 

ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʧʨʦʮʝʩʫ ð ʧʦʪʨʽʙʥʝ ʟʥʘʯʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦ-

ʜʽʚ ʽ ʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʪʨʠʚʘʣʦ ʚ ʘʪʤʦʩʬʝʨʽ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʥʶ ʟʘ ʚʠ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʄʽʩʷʮʽ ʧʦʢʘʟʘʚ, ʱʦ ʧʝʨʩʧʝʢ-

ʪʠʚʥʠʤ ʚʠʛʣʷʜʘʻ ʧʨʷʤʠʡ ʝʣʝʢʪʨʦʣʽʟ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʨʝʛʦʣʽʪʫ ʟʘ ʫʤʦʚ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʞʘʨʦʩʪʽʡʢʠʭ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʥʦʜʽʚ ʽ ʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʂʦʤʫʥʘʣʴʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ʦʩʚʽʪʠ çʅʘʫʢʦʚʠʡ ʤʝʜʠʯʥʠʡ ʣʽʮʝʡ çɼʥʽʧʨʦè 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʥʦʾ ʨʘʜʠ 

ʇʈʆɹʃɽʄʀ ʆʊʈʀʄɸʅʅʗ ɸʃʖʄɯʅɯʖ ɿ ʄɯʉʗʏʅʆɻʆ ˆʈʋʅʊʋ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʘʣʶʤʽʥʽʶ ʥʘ ʄʽʩʷʮʽ ʝʣʝʢʪʨʦʭʽʤʽʯ-

ʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʨʦʟʧʣʘʚʽʚ ʘʥʦʨʪʠʪʫ ʘʙʦ ʛʣʠʥʦʟʝʤʫ, ʘ ʩʘʤʝ ʧʨʷʤʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʽʜ-

ʥʦʚʣʝʥʥʷ ʘʥʦʨʪʠʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ ʧʨʦʮʝʩʫ FFC (900-1100ʦʉ), ʝʣʝʢʪʨʦ-

ʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʧʣʘʚʫ ʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ CaAl2O4 (1600ʦʉ) ʪʘ ʛʣʠʥʦʟʝʤʫ 

(2000ʦʉ), ʧʨʦʮʝʩ ʍʦʣʣʘ-ɽʨʫ ð ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ 

ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʢʨʽʦʣʽʪʽ (960ʦʉ), ʧʨʦʮʝʩ ʝʣʝʢʪʨʦʣʽʟʫ EMEC. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʜʥʽʻʶ ʟ 

ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʨʦʙʢʠ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʘʣʶʤʽʥʽʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʝʨʪʥʠʭ 

ʘʥʦʜʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʘʪʤʦʩʬʝʨʽ ʢʠʩʥʶ ʪʘ 

ʧʨʦʪʠʩʪʦʷʪʠ ʢʦʨʦʟʽʡʥʽʡ ʜʽʾ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʢʨʽʦʣʽʪʫ, ʩʠʣʽʢʘʪʽʚ ʪʘ ʘʣʶʤʽʥʽʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʧʣʘʚʽʚ, ʽʥʝʨʪʥʽ ʘʥʦʜʠ. 

 

V. Danylyuk 
Yuzhnoye State Design Office 

E-mail: info@yuzhnoye.com 

I. Kozis 
Dnipro Scientific Chemical and Ecological Lyceum of the Dnipro City Council 

I. Osinovyi 
Municipal educational institution óScientific Medical Lyceum óDniproô of the Dnipro Regional 

Council 

PROBLEMS OF OBTAINING ALUMINUM FROM LUNAR SOIL  

Abstract. Technologies for the production of aluminum on the Moon by 

electrochemical reduction of anorthite or alumina melts are considered, namely direct 

electrochemical reduction of anorthite using the Cambridge FFC process (900-1100Áʉ), 

electrochemical reduction of calcium aluminate melt CaAl 2O4 (1600Áʉ) and alumina 

(2000Áʉ), process Hall-Heroult ð electrochemical reduction of aluminum oxide solution in 

molten cryolite (960ÁC), EMEC electrolysis process. It is shown that one of the main problems 

of developing technologies for the electrochemical recovery of aluminum on the Moon and 

on Earth is the lack of inert anodes that can work for a long time at high temperatures in an 

oxygen atmosphere and resist the corrosion of molten cryolite, silicates, and aluminum. 

Keywords: electrochemical reduction of melts, inert anodes. 
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ʄʝʪʦʜʠ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʄʽʩʷʮʽ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʚʽʜ ʟʝʤʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʽʜʤʽʥʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʽʚ ʪʘ ʫʤʦʚʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ. 

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʣʶʤʽʥʽʶ ʥʘ ʄʽʩʷʮʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʥʦʨʪʠʪ (CaAl2Si2O8), ʷʢʠʡ 

ʚʭʦʜʠʪʴ ʚ ʩʢʣʘʜ ʘʥʦʨʪʦʟʠʪʫ. ɸʥʦʨʪʠʪ ʤʦʞʥʘ ʚʽʜʦʢʨʝʤʠʪʠ ʚʽʜ ʘʥʦʨʪʦʟʠʪʫ ʧʽʩʣʷ ʧʦʜʨʽʙ-

ʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʤʘʛʥʽʪʥʦʶ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʩʝʧʘʨʘʮʽʻʶ. ʆʪʨʠʤʘʪʠ 

ʘʣʶʤʽʥʽʡ ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʻ ʟ ʘʥʦʨʪʠʪʫ ð ʧʨʷʤʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʘʙʦ ʜʦʙʫʪʠ ʟ ʘʥʦʨʪʠʪʫ 

ʛʣʠʥʦʟʝʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʣʫʯʝʥʥʷʤ ʘʣʶʤʽʥʽʶ. ʅʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʦʭʽʤʽ-

ʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʘʥʦʨʪʠʪʫ ʘʙʦ ʛʣʠʥʦʟʝʤʫ. 

ʇʨʷʤʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ 

ʧʨʦʮʝʩʫ FFC. ɸʥʦʨʪʠʪ ʧʨʝʩʫʶʪʴ/ʩʧʽʢʘʶʪʴ ʫ ʢʘʪʦʜ, ʷʢʠʡ ʧʦʤʽʱʘʶʪʴ ʫ ʚʘʥʥʫ ʟ ʨʦʟʧʣʘʚ-

ʣʝʥʠʤ ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʽʶ ʪʘ ʧʽʜʜʘʶʪʴ ʝʣʝʢʪʨʦʣʽʟʫ. ʂʠʩʝʥʴ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʘʥʦʜʽ, ʟʘʣʠ-

ʰʘʶʯʠ ʘʣʶʤʽʥʽʡ, ʢʘʣʴʮʽʡ ʽ ʢʨʝʤʥʽʡ. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 900-

1100 ÜC, ʽ ʽʥʝʨʪʥʽ ʘʥʦʜʠ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʫ ʦʣʦʚʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟ ʥʠʤ. 

ɺʠʧʘʨʶʚʘʥʥʷʤ ʜʦʤʽʰʦʢ ʟ ʘʥʦʨʪʠʪʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1500-2000 ÜC ʚ ʫʤʦʚʘʭ ʚʘʢʫ-

ʫʤʫ ʦʪʨʠʤʫʶʪʴ ʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ (CaAl2O4), ʟ ʷʢʦʛʦ ʦʜʝʨʞʫʶʪʴ ʛʣʠʥʦʟʝʤ. ɸʣʶʤʽʥʘʪ 

ʢʘʣʴʮʽʶ CaAl2O4 ʤʦʞʥʘ ʨʦʟʧʣʘʚʠʪʠ ʪʘ ʧʽʜʜʘʪʠ ʝʣʝʢʪʨʦʣʽʟʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʫʪʚʦʨʶʶʯʠ 

ʘʣʶʤʽʥʽʡ ʪʘ ʦʢʩʠʜ ʢʘʣʴʮʽʶ. ʅʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ð 1600ÜC, ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʧʨʦʙʣʝʤʫ ʥʝʨʫʡʥʽʚʥʠʭ ʘʥʦʜʽʚ. 

ɻʣʠʥʦʟʝʤ ʤʦʞʥʘ ʪʘʢʦʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʧʣʘʚʠʪʠ ʪʘ ʝʣʝʢʪʨʦʣʽʟʫʚʘʪʠ ʪʘʢʠʤ ʞʝ 

ʯʠʥʦʤ. ʆʜʥʘʢ ʜʣʷ ʮʴʦʛʦ ʟʥʘʜʦʙʣʷʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʙʣʠʟʥʦ 2000ÜC, ʱʦ ʟʥʦʚʫ ʚʠʢʣʠ-

ʢʘʻ ʧʨʦʙʣʝʤʫ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʽʚ. 

ʋ ʧʨʦʮʝʩʽ ʍʦʣʣʘ-ɽʨʫ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ ʨʦʟʯʠʥʷʶʪʴ ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʢʨʽʦʣʽʪʽ (ʛʝʢ-

ʩʘʬʪʦʨʘʣʶʤʽʥʘʪ ʥʘʪʨʽʶ, Na3AlF6). ʇʨʠ ʨʦʟʯʠʥʝʥʥʽ ʚ ʢʨʽʦʣʽʪʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʜʦ 20 

ʤʦʣ.% ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 960 Üʉ. ɺ ʥʘʩʪʫʧʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʥʦʜʠ ʟ ʚʫʛʣʝʮʶ. ʉʧʦʞʠʚʘʥʥʷ ʘʥʦʜʘ ʻ ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ. ʅʝʚʽʜʦʤʦ, ʯʠ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʽʥʝʨʪʥʠʡ (ʥʝʚʠʪʨʘʪʥʠʡ) ʘʥʦʜʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʙʠ ʧʨʘʮʶʚʘʚ ʫ ʮʠʭ ʫʤʦʚʘʭ. 

ɼʫʞʝ ʤʘʣʦ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʪʘ ʟʜʘʪʥʽ ʧʨʦʪʠʩʪʦʷʪʠ ʢʦʤʙʽ-

ʥʦʚʘʥʽʡ ʢʦʨʦʟʽʡʥʽʡ ʜʽʾ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʢʨʽʦʣʽʪʫ ʪʘ ʘʣʶʤʽʥʽʶ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʩʧʦʩʽʙ ʝʣʝʢʪʨʦʣʽʟʫ EMEC, ʱʦ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ ʝʣʝʤʝʥʪʘʨʥʠʡ 

ʢʨʝʤʥʽʡ, ʝʣʝʤʝʥʪʘʨʥʠʡ ʘʣʶʤʽʥʽʡ ʽ ʣʠʚʘʨʥʽ ʩʧʣʘʚʠ ʢʨʝʤʥʽʶ ʽ ʘʣʶʤʽʥʽʶ ʟ ʥʠʟʴʢʠʤʠ ʪʝʤ-

ʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ˇʨʫʥʪʫ 

ʘʙʦ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʷʢ ʩʠʨʦʚʠʥʫ. ʅʝʜʦʣʽʢ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʽʥʝʨʪʥʽ ʝʣʝʢʪʨʦʜʠ, ʷʢʽ ʥʝ ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʬʣʶʩʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʘʣʶʤʽʥʽʶ ʥʘ ʄʽʩʷʮʽ ʽ ʥʘ ɿʝʤʣʽ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʝʨʪʥʠʭ ʘʥʦʜʽʚ, ʷʢʽ ʟʜʘʪʥʽ 

ʧʨʘʮʶʚʘʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʘʪʤʦʩʬʝʨʽ ʢʠʩʥʶ ʪʘ ʧʨʦʪʠʩʪʦʷʪʠ ʢʦ-

ʨʦʟʽʡʥʽʡ ʜʽʾ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʢʨʽʦʣʽʪʫ, ʩʠʣʽʢʘʪʽʚ ʪʘ ʘʣʶʤʽʥʽʶ, ʱʦ ʻ ʧʝʨʩʧʝʢʪʠʚʦʶ ʜʣʷ ʧʦ-

ʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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THE CONCEPT OF THE UNIVERSAL (HABITATION AND AIRLOCK) MODULE 

OF MOON BASE 

Abstract. The concept of the universal (habitation and airlock) module of the moon 

base is described, its main characteristics and view are given, its construction is described, 

attention is paid to the purpose-designed equipment, delivery systems on the Moon. 

Keywords: Universal moon base module, moon base habitation module, moon base 

airlock, launch vehicle of a super-heavy class. 
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ʜʦʣʫʯʘʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ ð ʜʝʨʞʘʚʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ, ʥʘʮʽʦʥʘ-

ʣʴʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ. 

ʅʘʡʙʣʠʞʯʠʤ ʜʝʩʷʪʠʨʽʯʯʷʤ (2025-2034 ʨʨ.) ʦʯʽʢʫʻʪʴʩʷ ʢʽʣʴʢʘ ʧʽʣʦʪʦʚʘʥʠʭ ʤʽʩʽʡ ʥʘ 

ʄʽʩʷʮʴ ʟ ʨʽʟʥʠʭ ʢʨʘʾʥ. ʇʝʨʰʽ ʝʢʩʧʝʜʠʮʽʾ, ʟʚʠʯʘʡʥʦ, ʙʫʜʫʪʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʢʘʟʦʚʠʤʠ ʪʘ 

ʤʘʪʠʤʫʪʴ ʧʨʦʧʘʛʘʥʜʠʩʪʩʴʢʠʡ ʭʘʨʘʢʪʝʨ, ʩʠʤʚʦʣʽʟʫʶʯʠ ʜʣʷ ʦʜʥʠʭ ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʄʽ-

ʩʷʮʴ, ʜʣʷ ʽʥʰʠʭ ð ʚʠʭʽʜ ʥʘ ʚʠʱʠʡ ʨʽʚʝʥʴ, ʪʦʙʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʯʫʪʠ ʩʝʙʝ ʨʽʚʥʠʤ ʟʽ ʩʚʽ-

ʪʦʚʠʤ ʣʽʜʝʨʦʤ. 

ʂʦʣʦʥʽʟʘʮʽʷ ʄʽʩʷʮʷ ʙʫʜʝ ʥʝʤʦʞʣʠʚʦʶ ʙʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ 

ʣʶʜʝʡ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʮʴʦʛʦ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʚʝʜʫʪʴʩʷ ʘʢʪʠʚʥʽ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦ-

ʨʝʥʥʷ ʧʨʦʝʢʪʽʚ ʤʽʩʷʯʥʠʭ ʙʘʟ. 

ʊʘʢʽ ʙʘʟʠ ʤʘʪʠʤʫʪʴ ʧʝʨʝʚʘʞʥʦ ʤʦʜʫʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢʘ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʴ ʥʝ 

ʪʽʣʴʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʙʘʟ, ʘʣʝ ʡ ʜʦʩʪʘʚʢʫ ʮʠʭ ʯʘʩʪʠʥ ʥʘ ʧʦʚʝʨʭʥʶ ʄʽ-

ʩʮ̫.̫ 

ʅʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʧʦʙʫʜʦʚʠ ʤʽʩʷʯʥʠʭ ʙʘʟ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʠ ʜʣʷ 

ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ, ʷʢʽ ʧʨʦʪʷʛʦʤ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦʛʦ ʯʘʩʫ ʙʨʘʪʠʤʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯ-

ʘʩʪʴ ʫ ʮʽʡ ʧʦʙʫʜʦʚʽ. ʊʦʙʪʦ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʞʠʪʠ ʥʘ ʄʽʩʷʮʽ ʽ ʧʨʘʮʶʚʘʪʠ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʱʝ ʥʝ ʽʩʥʫʚʘʪʠʤʝ ʤʽʩʷʯʥʘ ʙʘʟʘ, ʷʢʘ ʡ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʦʞʠʚʘʥʥʷ 

ʪʘ ʚʠʭʦʜʠ ʥʘ ʧʦʚʝʨʭʥʶ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʣʦʪʦʚʘʥʽ ʢʦʩʤʽʯʥʽ ʢʦʨʘʙʣʽ, 

ʷʢʽ ʙʫʜʫʪʴ ʜʦʩʪʘʚʣʷʪʠ ʣʶʜʝʡ ʥʘ ʄʽʩʷʮʴ ʪʘ ʟʛʦʜʦʤ ʧʦʚʝʨʪʘʪʠ ʥʘ ɿʝʤʣʶ, ʤʘʣʦʧʨʠʜʘʪʥʽ 

ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʭʦʜʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʄʽʩʷʮʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʷʢʠʡ ʧʦʻʜʥʫ-

ʚʘʚ ʙʠ ʚ ʩʦʙʽ ʬʫʥʢʮʽʾ ʞʠʪʣʦʚʦʛʦ ʪʘ ʰʣʶʟʦʚʦʛʦ ʤʦʜʫʣʷ ʤʽʩʷʯʥʦʾ ʙʘʟʠ ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʮʶ 

ʙʘʟʫ ʙʫʜʝ ʩʪʚʦʨʝʥʦ. ʌʘʢʪʠʯʥʦ ʮʝ ʘʧʘʨʘʪ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʷʢ ʫʥʽʚʝʨʩʘ-

ʣʴʥʠʡ ʤʦʜʫʣʴ, ʭʦʯʘ ʡʦʛʦ ʽʥʪʝʛʨʘʮʽʶ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʙʘʟʠ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ, ʘ ʚʽʥ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʧʦʢʠ ʙʘʟʫ ʱʝ ʥʝ ʚʚʝʜʝʥʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʽ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè ʢʦʥ-

ʮʝʧʮʽʾ ʪʘʢʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʙʫʣʦ: 

ð ʚʠʟʥʘʯʝʥʦ ʧʨʠʟʥʘʯʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʤʽʩʷʯʥʦʾ ʙʘʟʠ; 

ð ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʡʦʛʦ ʟʘʜʘʯʽ; 

ð ʚʠʨʦʙʣʝʥʦ ʡʦʛʦ ʢʦʥʮʝʧʮʽʶ; 

ð ʨʦʟʨʦʙʣʝʥʦ (ʢʦʥʮʝʧʪʫʘʣʴʥʦ) ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ; 

ð ʚʠʟʥʘʯʝʥʽ ʩʢʣʘʜ ʪʘ ʬʫʥʢʮʽʾ ʮʽʣʴʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ð ʩʬʦʨʤʦʚʘʥʦ ʚʠʛʣʷʜ ʤʦʜʫʣʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʡʦʛʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ð ʢʦʨʦʪʢʦ ʦʧʠʩʘʥʦ ʟʘʩʦʙʠ ʜʦʩʪʘʚʢʠ ʤʦʜʫʣʷ ʥʘ ʄʽʩʷʮʴ. 

 

ɺ ʜʦʧʦʚʽʜʽ ʧʦʢʘʟʘʥʦ, ʱʦ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè ʚʝʜʝ ʧʨʦʝʢʪʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʩʧʨʷʤʦ-

ʚʘʥʫ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ. 

ʇʦʜʘʣʴʰʽ ʝʪʘʧʠ ʨʦʙʦʪʠ ʥʘʜ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʦʜʫʣʝʤ (ʧʦʛʦʜʞʝʥʽ ʟ ʨʦʙʦʪʘʤʠ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʤʽʩʷʯʥʦʛʦ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ) ʜʦʟʚʦʣʷʪʴ ʧʝʨʝʚʝʩʪʠ ʧʣʘʥʠ ʚʠ-

ʚʯʝʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ ʥʘ ʙʽʣʴʰ ʷʢʽʩʥʠʡ ʨʽʚʝʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʤʽʞʥʘ-

ʨʦʜʥʠʭ ʧʨʦʝʢʪʘʭ. 
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ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʽ ʘʩʧʝʢʪʠ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ ʪʘ 
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ʊʝʨʨʘʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʝʪ ʚʢʣʶʯʘʻ 4 ʩʢʣʘʜʦʚʽ: ʩʪʚʦʨʝʥʥʷ ʘʪʤʦʩʬʝʨʠ; ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ; ʩʪʚʦʨʝʥʥʷ ʦʟʦʥʦʚʦʛʦ ʧʨʦʰʘʨʢʫ; ʩʪʚʦʨʝʥʥʷ ʙʽʦʩʬʝʨʠ. ʂʨʽʤ ʪʦʛʦ 

ð ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʣʶʜʠʥʠ: ʢʦʞʝʥ ʝʪʘʧ ʪʝʨʨʘʬʦʨʤʫʚʘʥʥʷ ʄʽʩʷʮʷ ʪʘ ʄʘʨʩʘ ʚʝʩʪʠʤʝ ʽ 

ʜʦ ʙʽʦʣʦʛʽʯʥʦʾ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʣʶʜʠʥʠ ʷʢ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʜʫ, ʱʦ ʦʩʝʣʠ-

ʚʩʷ ʥʘ ʥʦʚʽʡ ʧʣʘʥʝʪʽ [2],[5]. 

ɸʨʭʽʪʝʢʪʫʨʥʦ-ʤ̔ ʩʪʦʙʫʜʽʚʥʽ ʘʩʧʝʢʪʠ ʪʝʨʨʘʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʝʪ ʚʢʣʶʯʘʶʪʴ: ʧʠ-

ʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʡʥʷʪʥʠʭ ʜʣʷ ʞʠʪʪʷ ʧʝʨʝʩʝʣʝʥʮʽʚ ʽʟ ɿʝʤʣʽ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʘʙʨʠʩʠ ʙʝʨʝʛʦʚʠʭ ʣʽʥʽʡ, ʦʨʦʛʨʘʬʽʶ ʪʘ ʛʽʜʨʦʛʨʘʬʽʶ ʢʦʥʪʠʥʝʥʪʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʦʢʝʘʥʽʚ; ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʩʭʝʤʠ 

ʨʦʟʩʝʣʝʥʥʷ ʣʶʜʝʡ ʥʘ ʥʦʚʠʭ ʢʦʥʪʠʥʝʥʪʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝ-

ʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʮʽʡ ʧʣʘʥʝʪʽ (ʘʙʦ, ʽʥʘʢʰʝ, ʛʝʥʝʨʘʣʴʥʦʾ ʩʭʝʤʠ ʨʦʟʩʝʣʝʥʥʷ ʥʘ ʧʣʘʥʝʪʽ, 

ʚʢʣʶʯʘʶʯʠ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʝʢʫʤʝʥʦʧʦʣʽʩʫ); ʧʠʪʘʥʥʷ ʨʦ-

ʟʨʦʙʢʠ ʝʢʦʥʦʤʽʢʠ ʧʣʘʥʝʪʠ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʮʠʤ ʥʘʩʝʣʝʥʥʷʤ; ʧʠʪʘʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʛʦ ʘʜʤʽʥʽʩʪʨʘ-

ʪʠʚʥʦ-ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʩʪʘʪʫʩʫ; ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʙʘʟʦʚʠʭ ʪʠʧʽʚ ʧʦʩʝ-

ʣʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʜʠʥʠʮʴ ʥʘ ʮʽʡ ʧʣʘʥʝʪʽ; ʧʠʪʘʥʥʷ ʩʢʣʘʜʫ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʭ ʟʦʥ ʫ ʧʣʘʥʫʚʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ ʧʦʩʝʣʝʥʴ ʪʘ ʾʭ ʧʨʠʤʽʩʴʢʠʭ ʟʦʥ, 

ʘ ʪʘʢʦʞ ʤʽʞʩʝʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ; ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʣʘʥʫʚʘʣʴʥʦʾ ʩʪʨʫʢ-

ʪʫʨʠ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ ʢʦʞʥʦʛʦ ʪʠʧʫ ʧʦʩʝʣʝʥʥʷ; ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʩʪʫʧʝ-

ʥʝʚʦʾ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʚ'ʷʟʘʥʦʾ ʟ ʥʝʶ ʪʠʧʦʣʦʛʽʾ ʟʘʙʫʜʦʚʠ (ʧʠʪʘʥʥʷ ʬʦʨʤʫ-

ʚʘʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʨʢʘʩʫ) ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʦʩʝʣʝʥʥʷ; ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʽʥʦʧʣʘ-

ʥʝʪʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʩʪʠʣʽʚ ʟʘʙʫʜʦʚʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʞʠʪʣʦʚʦʛʦ, ʛʨʦ-

ʤʘʜʩʴʢʦʛʦ, ʚʠʨʦʙʥʠʯʦʛʦ, ʢʦʤʫʥʘʣʴʥʦʛʦ, ʩʢʣʘʜʩʴʢʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ, ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʪʘ 

ʽʥʰʠʭ ʧʨʠʟʥʘʯʝʥʴ; ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʩʫʙʨʝʛʽʦʥʘʣʴʥʦʛʦ, ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʢʦʥ-

ʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʘʨʢʘʩʫ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʤʽʩʪʘ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʥʘʩʝʣʝʥʠʭ 

ʤʽʩʮʴ ʧʣʘʥʝʪʠ; ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʽʥʞʝʥʝʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʩʽʭ ʨʽʚʥʽʚ ʦʨʛʘʥʽʟʘ-

ʮʽʾ ʪʝʨʠʪʦʨʽʡ ʪʘ ʧʦʩʝʣʝʥʴ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʪʝʨʨʘʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʝʪ ʙʫʜʝ ʨʦʟʪʷʛʥʫʪʠʡ ʫ ʯʘʩʽ, ʘʨʭʽʪʝʢʪʫʨʥʦ-

ʤʽʩʪʦʙʫʜʽʚʥʽ ʘʩʧʝʢʪʠ ʪʝʨʨʘʬʦʨʤʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʝʪʘʧʠ. ʇʨʦʪʷʞʥʽʩʪʴ ʢʦʞ-

ʥʦʛʦ ʝʪʘʧʫ ð ʚʝʣʠʢʘ. ɺʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ. ʂʦʞʥʦʤʫ ʝʪʘʧʫ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ 

ʩʚʦʾ ʧʽʜʭʦʜʠ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ. 

ʂʦʞʥʦʤʫ ʝʪʘʧʫ ʪʝʨʨʘʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʽ ʟʤʽʥʠ ʙʽʦʣʦʛʽʯʥʠʭ ʷʢʦʩʪʝʡ 

ʣʶʜʠʥʠ. ʎʝ ð ʚʟʘʻʤʦʟʘʣʝʞʥʽ ʧʨʦʮʝʩʠ. ʇʦʩʪʫʧʦʚʘ ʟʘʤʽʥʘ ʤʦʜʝʣʝʡ ʨʝʬʣʝʢʩʽʡ ʣʶʜʠʥʠ 

ʥʘ ʥʦʚʽ ʫʤʦʚʠ ʞʠʪʪʷ ʚʠʤʘʛʘʪʠʤʝ ʟʤʽʥ ʫ ʩʢʣʘʜʽ ʧʨʠʤʽʱʝʥʴ, ʫ ʧʨʠʥʮʠʧʘʭ ʾʭʥʴʦʛʦ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ, ʫ ʩʭʝʤʘʭ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚ ʽʥʰʠʭ ʩʭʝʤʘʭ. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʷʚʣʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫ-

ʜʽʚʥʠʭ ʘʩʧʝʢʪʽʚ ʪʝʨʘʬʦʨʤʫʚʘʥʥʷ ʄʽʩʷʮʷ ʪʘ ʄʘʨʩʘ ʧʦʚʠʥʥʽ ʩʧʠʨʘʪʠʩʷ ʥʘ ʪʘʢʝ ʧʨʘʚʠʣʦ: 

ʙʫʜʴ-ʷʢʘ ʤʘʪʝʨʽʘʣʴʥʘ ʬʦʨʤʘ ʙʫʜʽʚʣʽ ʘʙʦ ʧʦʩʝʣʝʥʥʷ ʷʢ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʦʙ'ʻʢʪʘ ʧʦʚʠʥʥʘ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʫʶʯʘ ʨʝʘʢʮʽʷ ʨʝʯʦʚʠʭ ʪʘ ʝʥʝʨʛʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦ-

ʢʽʚ ʥʘ ʜʠʥʘʤʽʯʥʽ(ʮʠʢʣʽʯʥʦ ʦʙʦʨʦʪʥʽ) ʽ ʝʚʦʣʶʮʽʦʥʫʶʯʽ (ʥʝʟʚʦʨʦʪʥʽ) ʧʦʻʜʥʘʥʥʷ ʪʘ ʚʟʘʻ-

ʤʦʜʽʾ ʚʝʢʪʦʨʽʚ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʫ ʪʠʭ ʯʠ ʽʥʰʠʭ ʜʽʘʧʘʟʦʥʘʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʢʦʥʪʠʥʫ-

ʫʤʫ ʚ ʟʘʜʘʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʯʘʩʪʦʪ ʽ ʽʤʧʫʣʴʩʽʚ, ʘ ʪʘʢʦʞ ʤʦʜʝʣʝʡ ʾʭ ʧʨʷʤʠʭ ʽ ʟʚʦ-

ʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʽʥʰʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʾʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʠʟʭʽʜʥʽ ʪʘ ʚʠʩʭʽʜʥʽ ʨʝʜʫʢʮʽʡʥʽ ʧʨʦʝʢʮʽʾ 

ʤʘʪʨʠʮʴ ʟ ʙʽʣʴʰʠʤ ʯʠ ʤʝʥʰʠʤ ʯʠʩʣʦʤ ʚʠʤʽʨʽʚ. ɸʜʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʧʣʠʚʫ ʩʠʣ ʚʠʟʥʘʯʠʪʴ 

ʬʽʟʠʯʥʫ, ʬʽʟʽʦʣʦʛʽʯʥʫ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʦʨʛʘʥʽʟʤʫ ʟʝʤʣʷʥ ð ʧʝʨʝʩʝʣʝʥ-

ʮʽʚ (ʢʦʣʦʥʽʩʪʽʚ) ʪʘ ʦʢʨʝʩʣʠʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʘʙʨʠʩʠ ʧʦʩʝʣʝʥʴ ʪʘ ʙʫʜʽʚʝʣʴ ʫ ʾʭ ʩʢʣʘʜʽ, ʘ 

ʪʘʢʦʞ ʦʙ'ʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʘʨʭʽʪʝʢʪʦʥʽʢʫ ʬʘʩʘʜʽʚ ʦʢʨʝʤʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦ-

ʨʫʜ, ʘ ʪʘʢʦʞ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʽ ʘʩʧʝʢʪʠ ʪʘʢʠʭ ʦʙ'ʻʢʪʽʚ [1],[2],[3], [4],[5]. 
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ɺʠʩʥʦʚʢʠ. ʂʦʥʢʨʝʪʥʽ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʽ ʨʽʰʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʨʘʬʦʨʤʠ-

ʨʦʚʘʥʠʝʤ ʄʽʩʷʮʷ ʽ ʄʘʨʩʘ, ʧʽʜʚʦʜʷʪʴ ʜʦ ʢʦʥʮʝʧʮʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫ-

ʜʽʚʥʠʭ ʘʩʧʝʢʪʽʚ ʫ ʤʝʞʘʭ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʉʧʦʨʫʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʮʝʩ 

ʪʝʨʨʘʬʦʨʤʫʚʘʥʥʷ, ʙʫʜʫʪʴ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʝʰʝʣʦʥʘʤʠ: ʦʨʙʽʪʘʣʴʥʠʤʠ; ʣʽʪʘʶʯʠʤʠ ʚ ʘʪʤʦ-

ʩʬʝʨʽ; ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʩʫʭʦʜʦʣʫ; ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʽʜ ʡʦʛʦ ˇʨʫʥʪʦʤ, ʘ ʪʘʢʦʞ 

ʧʽʜ ʚʦʜʦʶ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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area of the site of possible regolith extraction and the corresponding volume of its extraction, 

depending on the parameters of the screw and the selected electric motor. The use of an asyn-

chronous electric motor powered by solar panels is assumed. 

Keywords: Moon, regolith, auger, electric motor, mining area, mining volume. 

 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʫʤʦʚʘʭ ʄʽʩʷʮʶ  ̒ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʚʠʜʦʙʫʪʢʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʦʩʥʦʚʽ ʰʥʝʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

[1 ð 3]. ɺ̔ ʜʦʤʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʰʥʝʢʦʚʠʭ ʪʨʘʥʩʧʦʨ-

ʪʝʨʽʚ, ʱʦ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʫʤʦʚ ʄʽʩʷʮʶ, ʜʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʝʤʥʠʭ ʫʤʦʚ ʩʠʣʠ ʪʝʨʪʷ ʙʫʜʫʪʴ 

ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ [3] 
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ʜʝ Q  ð ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʤ3/ʩ; P  ð ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢ-

ʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ, ɺʪ; R  ð ʨʘʜʽʫʩ ʣʦʧʘʪʽ ʰʥʝʢʫ, ʤ; b  ð h ʘʛ ʰʥʝʢʫ, ʤ; 0w  ð ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʩ-1; ks  ð ʢʨʠʪʠʯʥʝ ʢʦʚʟʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠ-

ʛʫʥʘ [3]; J ð ʝʣʝʢʪʨʠʯʥʦ-ʤʝʭʘʥʽʯʥʠʡ ʧʘʨʘʤʝʪʨ; h ð ʩʪʫʧʝʥʴ ʥʘʧʦʚʥʝʥʦʩʪʽ ʰʥʝʢʘ-

ʪʨʘʥʩʧʦʨʪʝʨʫ; mM  ð ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ, ʅĀʤ [3]; 

gk  ð ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʚ ʫʤʦʚʘʭ ʄʽʩʷʮʷ ʫ ʧʦʨʽʚ-

ʥʷʥʥʷ ʟ ʟʝʤʥʠʤʠ ʫʤʦʚʘʤʠ, 0,1655 [3]; g  ð ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʚ ʟʝʤʥʠʭ 

ʫʤʦʚʘʭ, ʤ/ʩ2; m ð ʧʦʨʠʩʪʽʩʪʴ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

0,42 ʜʦ 0,54, ʜ. ʦʜ. [3]; sr ð ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

1300 ʜʦ 2000 ʢʛ/ʤ3 [3]; L  ð ʜʦʚʞʠʥʘ ʰʥʝʢʘ-ʪʨʘʥʩʧʦʨʪʝʨʫ, ʤ; f  ð ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦ-

ʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʦ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʪʨʫʙʠ; y ð 

ʢʫʪ ʤʽʞ ʣʦʧʘʪʪʶ ʰʥʝʢʫ ʪʘ ʚʽʩʩʶ ʾʾ ʦʙʝʨʪʘʥʥʷ, ʨʘʜ; 0h  ð ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʚʱʠʥʥʘ ʰʘʨʫ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʤ. 

ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʜʽʣʷʥʢʠ ʚʠʜʦʙʫʪʢʫ ʤʽʩʷʯʥʦʛʦ ʨʝʛʦʣʽʪʫ. 

ʈʦʟʛʣʷʥʫʚʰʠ ʩʫʤʽʩʥʦ ʦʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʾʾ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥ-

ʥʷʤ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥ ̔ʥʝʙʝʟʧʝʢʦʶ ʚʝʣʠʢʦʛʦ ʥʘʛʨʽʚʫ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʫ, ʷʢʠʡ 

ʽʥʽʮʽʶʻ ʢʦʚʟʘʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ, ʷʢʠʡ ʥʘʣʘʰʪʦʚʘʥʦ ʥʘ 

ʧʝʚʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʤʦʪʦʢ, ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦ-

ʧʦʩʪʘʯʘʥʥʷ, ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʙʝʟʨʦʟ-

ʤʽʨʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʠʧʫʩʪʠʤʫ ʜʘʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 
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ʅʝʨʽʚʥʽʩʪʴ (1) ʦʙʫʤʦʚʣʶʻ ʤʦʞʣʠʚʽ ʧʘʨʘʤʝʪʨʠ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʥʝʢʫ 

ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʨʝʛʦʣʽʪʫ ʚ ʫʤʦʚʘʭ ʤʽʩʷʮʷ, ʪʘ ʚʠʟʥʘʯʘ ̒ʧʨʠʧʫʩʪʠʤ ̔ʟʥʘʯʝʥʴ ʚʽʜʩʪʘʥʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʧʨʠ ʚʽʜʦʤʠʭ ʚʝʣʠʯʠʥʘʭ ʜʽʘʤʝʪʨʫ ʰʥʝʢʫ ʪʘ ʡʦʛʦ ʩʪʫʧʝʥʶ ʥʘʧʦʚʥʝʥʦ-

ʩʪʽ, ʷʢʽ ʤʦʞʣʠʚʽ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦ ʦʙʨʘʥʦ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (1) ʧʣʦʱʘ ʜʽʣʷʥʢʠ ʤʦʞʣʠʚʦʛʦ ʚʠʜʦʙʫʪʢʫ ʨʝʛʦʣʽʪʫ ʦʙʯʠʩʣʶʻʪʴʩʷ 
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ʜʝ S  ð ʧʣʦʱʘ ʜʽʣʷʥʢʠ ʚʠʜʦʙʫʪʢʫ ʨʝʛʦʣʽʪʫ, ʤ2; j ð ʮʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ʜʽʣʷʥʢʠ ʚʠʜʦʙʫ-

ʪʢʫ, ʧʨʠ 6,28 ʮʝ ʢʦʣʦ, ʨʘʜ; W ð ʝʣʝʢʪʨʠʯʥʦ-ʤʝʭʘʥʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ɿʥʘʶʯʠ ʧʣʦʫɦ ʜʽʣʷʥʢʠ ʚʠʜʦʙʫʪʢʫ ʨʝʛʦʣʽʪʫ, ʬʦʨʤʫʣʘ (2), ʥʝʚʘʞʢʦ ʦʙʯʠʩʣʠʪʠ ʚʽʜ-

ʧʦʚʽʜʥʠʡ ʦʙʩʷʛ ʡʦʛʦ ʚʠʜʦʙʫʪʢʫ: 

( )RSmW h-=1
 

ʜʝ W  ð ʦʙʩʷʛ ʚʠʜʦʙʫʪʢʫ ʨʝʛʦʣʽʪʫ ʟ ʜʽʣʷʥʢʠ, ʤ3 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʪʚʦʨʝʥʥʶ ʚʽʨʪʫʘʣʴʥʦʾ ʭʽʤʽʯʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʜʣʷ ʧʦ-
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ʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 
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DEVELOPMENT OF THE çFUTURE SCHOOL VR CHEMISTRYè APPLICATION 

Abstract. This work is dedicated to the creation of a virtual chemical laboratory to im-

prove the educational process. The development of a software complex with interactive ele-

ments, allowing students to conduct chemical experiments in a virtual environment, is pro-

posed. 
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ɺʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ (VR) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʜʘʪʥʠʭ 

ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʩʢʣʘʜʥʠʭ ʧʨʝʜʤʝʪʽʚ, ʪʘʢʠʭ ʷʢ ʭʽʤʽʷ. ɺʦʥʘ ʚʽʜʢʨʠ-

ʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʫʯʥʽʚ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʥʝ ʣʠʰʝ ʚʠʚʯʘʪʠ ʭʽʤʽʶ ʯʝʨʝʟ ʧʽʜʨʫʯʥʠʢʠ, 

ʘʣʝ ʡ ʘʢʪʠʚʥʦ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʢʪʠʮʽ. ʉʪʚʦʨʝʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʾ ʭʽʤʽʯʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʯʥʷʤ ʜʦʩʣʽʜʞʫʚʘʪʠ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʙʝʟ 
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ʦʙʤʝʞʝʥʴ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʟʚʠʯʘʡʥʽʡ ʰʢʽʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ. ɺʦʥʠ ʤʦʞʫʪʴ ʢʦʤʙʽʥʫʚʘʪʠ ʨʽ-

ʟʥʽ ʨʝʯʦʚʠʥʠ, ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʾʭ ʚʟʘʻʤʦʜʽʻʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʥʝ ʪʫʨʙʫʶʯʠʩʴ ʧʨʦ ʟʘ-

ʪʨʘʪʠ ʨʝʘʛʝʥʪʽʚ ʘʙʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ɯʥʪʝʨʘʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʧʨʦ-

ʮʝʩʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʤʦʪʠʚʘʮʽʶ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. ɺʦʥʠ ʥʝ ʧʨʦʩʪʦ ʯʠʪʘʶʪʴ ʧʨʦ ʭʽʤʽ-

ʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʽʜʨʫʯʥʠʢʘʭ, ʘ ʩʪʘʶʪʴ ʘʢʪʠʚʥʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɿʘʚʜʷʢʠ VR 

ʤʦʞʥʘ ʙʝʟ ʦʙʤʝʞʝʥʴ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʟʤʽʥʘʤʠ ʽ ʧʦʚʪʦʨʶʚʘʪʠ 

ʾʭ ʢʽʣʴʢʘ ʨʘʟʽʚ. 

ʇʨʦʻʢʪ ʷʚʣʷʪʠʤʝ ʩʦʙʦʶ ʚʽʨʪʫʘʣʴʥʫ ʰʢʽʣʴʥʫ ʭʽʤʽʯʥʫ ʣʘʙʦʨʘʪʦʨʽʶ. ʋ ʥʴʦʤʫ ʙʫʜʝ 2 

ʨʝʞʠʤʠ ð ʚʽʣʴʥʠʡ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ. ʋ ʚʽʣʴʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʥʘ ʙʫʜʝ ʟʤʽʰʫʚʘʪʠ 

ʙʫʜʴ-ʷʢʽ ʨʝʘʛʝʥʪʠ ʟʘ ʚʠʙʦʨʦʤ ʢʦʨʠʩʪʫʚʘʯʘ. ʄʦʞʣʠʚʽ ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʪʠʤʫʪʴʩʷ. ʋ ʨʝʞʠʤʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟʜʦʙʫʚʘʯʫ ʦʩʚʽʪʠ ʙʫʜʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʡʪʠ ʟʘʚʜʘʥʥʷ ʟʽ ʟʙʽʨʥʠʢʽʚ, 

ʘʜʘʧʪʦʚʘʥʝ ʧʽʜ VR. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʙʫʜʝ ʚʠʩʪʘʚʣʝʥʠʡ ʙʘʣ, ʱʦ ʩʧʨʦʱʫʚʘ-

ʪʠʤʝ ʦʮʽʥʶʚʘʥʥʷ ʚʯʠʪʝʣʶ [1]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʣʘʙʦʨʘʪʦʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Blender. 

ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 3D-ʤʦʜʝʣʽ ʪʘ ʪʝʢʩʪʫʨʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʯʘʩʪʦʪʫ 

ʢʘʜʨʽʚ (FPS) ʫ VR. Blender ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʜʣʷ ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʙʘʛʘʪʦ ʢʦʤ-

ʧʦʥʝʥʪʽʚ (ʧʨʠʣʘʜʠ, ʦʙʣʘʜʥʘʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ), ʱʦ ʨʝʘʛʫʚʘʪʠʤʫʪʴ ʥʘ ʜʽʾ ʢʦʨʠ-

ʩʪʫʚʘʯʘ ʧʝʨʝʜʙʘʯʫʚʘʥʦ ʽ ʧʣʘʚʥʦ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʬʽʟʠʢʫ ʽ ʣʦʛʽʢʫ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʫ ʨʽʚʥʦʤʽʨʥʽʩʪʴ. ʎʝ ʧʦʪʫʞʥʠʡ ʽ ʛʥʫʯʢʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ VR-ʣʘʙʦʨʘʪʦʨʽʾ ʟ ʨʽʚʥʦʤʽʨʥʠʤʠ ʽ ʨʝʘʣʽʩʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [2, 3]. 

ɺʠʙʽʨ ʨʫʰʽʷ ʜʣʷ VR-ʧʨʦʻʢʪʫ ð ʮʝ ʢʣʶʯʦʚʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʚʧʣʠʚʘʻ ʥʘ ʚʝʩʴ ʧʨʦʮʝʩ 

ʨʦʟʨʦʙʢʠ ʪʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ. Unity ʪʘ Unreal Engine ʻ ʜʚʦʤʘ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʚʘ-

ʨʽʘʥʪʘʤʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɼʣʷ ʨʦʟʨʦʙʢʠ VR-ʣʘʙʦʨʘʪʦʨʽʾ ʙʫʚ 

ʦʙʨʘʥʠʡ Unity. ʇʦ-ʧʝʨʰʝ, ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ Unity ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʣʘʪʬʦʨʤ, ʚʢʣʶʯʘʶʯʠ ʇʂ, ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʪʘ VR-ʰʦʣʦʤʠ, ʱʦ ʨʦʙʠʪʴ VR-

ʣʘʙʦʨʘʪʦʨʽʶ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʰʠʨʦʢʦʾ ʘʫʜʠʪʦʨʽʾ. ʇʦ-ʜʨʫʛʝ, ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

Unity, ʟ ʡʦʛʦ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʨʦʙʠʪʴ ʡʦʛʦ ʟʨʫʯʥʠʤ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ, 

ʜʦʟʚʦʣʷʶʯʠ ʰʚʠʜʢʦ ʦʩʚʦʾʪʠ ʨʫʰʽʡ ʪʘ ʧʦʯʘʪʠ ʨʦʟʨʦʙʢʫ VR-ʧʨʦʻʢʪʫ. ʊʘʢʦʞ ʤʘʛʘʟʠʥ ʘʩʝ-

ʪʽʚ Unity Asset Store ʧʨʦʧʦʥʫʻ ʜʦʩʪʫʧ ʜʦ ʪʠʩʷʯ ʛʦʪʦʚʠʭ 3D-ʤʦʜʝʣʝʡ, ʪʝʢʩʪʫʨ, ʩʢʨʠʧʪʽʚ 

ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ VR-ʣʘʙʦʨʘʪʦʨʽʾ. [3]. 

ʅʘ ʨʠʩʫʥʢʘʭ 1-3 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D ʧʦʢʘʟʘʥʘ ʭʽʤʽʯʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʚʠʜ ʟʚʝʨʭʫ, ʨʦʙʦ-

ʯʠʡ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʽʣ, ʷʢʠʡ ʙʘʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯ. 
 

 
ʈʠʩ. 1 ð 3D ʣʘʙʦʨʘʪʦʨʥʘ ʢʽʤʥʘʪʘ 
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ʈʠʩ. 2 ð 3D ʣʘʙʦʨʘʪʦʨʥʘ ʢʽʤʥʘʪʘ 

 

 
ʈʠʩ. 3 ð 3D ʣʘʙʦʨʘʪʦʨʥʘ ʢʽʤʥʘʪʘ 

ʈʦʟʨʦʙʢʘ ʜʦʜʘʪʢʫ çFutureSchoolVR Chemistryè ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʥʘ-

ʚʯʘʥʥʷ ʭʽʤʽʾ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ɯʥʪʝʨʘʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ-

ʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʟʘʥʫʨʠʪʠʩʷ ʫ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ, ʙʝʟʧʝʯʥʦ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʨʝ-

ʯʦʚʠʥʘʤʠ ʪʘ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚ ʨʝʘʣʴ-

ʥʦʤʫ ʞʠʪʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʙʝʟʧʝʯʥʠʤʠ ʘʙʦ ʚʘʞʢʦʜʦʩʪʫʧʥʠʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʜʦʜʘʪʦʢ ʥʝ 

ʪʽʣʴʢʠ ʧʽʜʚʠʱʫʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫ ʥʘʚʯʘʥʥʽ ʫʯʥʽʚ, ʘ ʡ ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʟʘʩʚʦʶʚʘʪʠ ʤʘ-

ʪʝʨʽʘʣ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʦʜʘʪʢʫ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ, ʜʦʜʘ-

ʚʘʥʥʷ ʥʦʚʠʭ ʭʽʤʽʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʘʜʘʧʪʘʮʽʶ ʜʣʷ ʨʽʟʥʠʭ ʦʩʚʽʪʥʽʭ ʨʽʚʥʽʚ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ, FutureSchoolVR Chemistry ʩʪʘʻ ʽʥʥʦʚʘʮʽʡʥʠʤ ʨʽʰʝʥʥʷʤ, ʱʦ ʬʦʨʤʫʻ ʤʘʡʙʫʪʥʻ 

ʦʩʚʽʪʠ ʪʘ ʨʦʙʠʪʴ ʥʘʚʯʘʥʥʷ ʟʘʭʦʧʣʠʚʠʤ, ʜʦʩʪʫʧʥʠʤ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʤ. 
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ʂʚʘʥʪʦʚʽ ʢʦʤʧôʶʪʝʨʠ, ʢʚʘʥʪʦʚʠʡ ʽʥʪʝʨʥʝʪ ʽ ʢʚʘʥʪʦʚʘ ʢʨʠʧʪʦʛʨʘʬʽʷ ð ʫʩʝ ʮʝ ʩʢʣʘ-

ʜʦʚʽ ʦʜʥʽʻʾ ʨʝʚʦʣʶʮʽʡʥʦʾ ʛʘʣʫʟʽ, Quantum Information Science, ʷʢʘ ʩʪʨʽʤʢʦ ʟʤʽʥʶʻ ʩʚʽʪ. 

ɺʦʥʘ ʚʽʜʢʨʠʚʘʻ ʥʝʡʤʦʚʽʨʥʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʢʠʜʘʻ ʚʠʢʣʠʢ ʩʫʯʘʩʥʠʤ ʩʠʩʪʝʤʘʤ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ. ɿ ʧʦʷʚʦʶ ʢʚʘʥʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʰʠʬʨʫʚʘʥʥʷ ʦʧʠʥʷ-

ʶʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ, ʱʦ ʟʤʫʰʫʻ ʥʘʫʢʦʚʮʽʚ ʽ ʨʦʟʨʦʙʥʠʢʽʚ ʘʢʪʠʚʥʦ ʰʫʢʘʪʠ ʥʦʚʽ ʨʽʰʝʥʥʷ 

ʚ ʛʘʣʫʟʽ ʢʚʘʥʪʦʚʦʾ ʪʘ ʧʦʩʪʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ. ʄʠ ʞʠʚʝʤʦ ʚ ʝʧʦʭʫ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, 

ʜʝ ʙʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʾ ð ʚʽʜ ʙʘʥʢʽʚʩʴʢʠʭ ʪʨʘʥʟʘʢʮʽʡ ʽ ʤʝʜʠʯʥʠʭ ʟʘʧʠʩʽʚ ʜʦ ʫʨʷʜʦʚʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʽ ʦʩʦʙʠʩʪʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ð ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ʉʫʯʘʩʥʘ ʢʨʠʧʪʦʛʨʘ-

ʬʽʷ ʪʨʠʤʘʻ ʮʝʡ ʮʠʬʨʦʚʠʡ ʩʚʽʪ ʧʽʜ ʟʘʤʢʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʢʣʘʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 
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ʘʣʛʦʨʠʪʤʠ [1, 2]. ʅʘʡʧʦʪʫʞʥʽʰʽ ʟ ʥʠʭ ð ʩʠʤʝʪʨʠʯʥʽ (AES, ChaCha20), ʘʩʠʤʝʪʨʠʯʥʽ 

(RSA, ECC), ʘ ʪʘʢʦʞ ʟʘʭʠʱʝʥʽ ʧʨʦʪʦʢʦʣʠ (SSL/TLS) ʽ ʥʘʜʽʡʥʽ ʭʝʰ-ʬʫʥʢʮʽʾ (SHA-256). 

ɰʭʥʷ ʩʪʽʡʢʽʩʪʴ ʚʨʘʞʘʻ ʥʘʧʨʠʢʣʘʜ, ʥʘʚʽʪʴ ʽʟ ʩʫʢʫʧʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʤʝ-

ʨʝʞʽ Bitcoin ʟʣʘʤʘʪʠ 128-ʙʽʪʥʠʡ ʰʠʬʨ ʟʘʡʥʷʣʦ ʙ ʙʣʠʟʴʢʦ 2 ʪʨʠʣʴʡʦʥʽʚ ʨʦʢʽʚ ð ʫ ʩʦʪʥʽ 

ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʚʽʢ ʥʘʰʦʛʦ ɺʩʝʩʚʽʪʫ (13 ʤʽʣʴʷʨʜʽʚ ʨʦʢʽʚ). ʇʨʦʛʨʝʩ ʫ ʩʬʝʨʽ ʢʚʘʥʪʦʚʠʭ 

ʦʙʯʠʩʣʝʥʴ ʚʞʝ ʥʝ ʧʨʦʩʪʦ ʪʝʦʨʝʪʠʯʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ð ʚʽʥ ʩʪʘʻ ʨʝʘʣʴʥʽʩʪʶ. ʇʝʨʰʠʡ ʩʝʨ-

ʡʦʟʥʠʡ ʧʨʦʨʠʚ ʩʪʘʚʩʷ ʱʝ ʚ 1994 ʨʦʮʽ, ʢʦʣʠ ʇʽʪʝʨ ʐʦʨ ʨʦʟʨʦʙʠʚ ʘʣʛʦʨʠʪʤ, ʟʜʘʪʥʠʡ ʰʚʠ-

ʜʢʦ ʨʦʟʢʣʘʜʘʪʠ ʚʝʣʠʢʽ ʯʠʩʣʘ ʥʘ ʧʨʦʩʪʽ ʤʥʦʞʥʠʢʠ. ʎʝ ʚʽʜʢʨʠʪʪʷ ʧʦʭʠʪʥʫʣʦ ʦʩʥʦʚʠ ʢʨʠ-

ʧʪʦʛʨʘʬʽʾ, ʟʦʢʨʝʤʘ ʙʝʟʧʝʢʫ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʢʰʪʘʣʪ RSA, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʢʣʘʜʥʦʩʪʽ ʬʘ-

ʢʪʦʨʠʟʘʮʽʾ. ʋ 2001 ʨʦʮʽ ʮʝʡ ʘʣʛʦʨʠʪʤ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʘ ʚ 2019 

ʨʦʮʽ ʢʚʘʥʪʦʚʠʡ ʢʦʤʧôʶʪʝʨ Google Sycamore ʜʦʚʽʚ ʩʚʦʶ ʧʝʨʝʚʘʛʫ, ʚʠʢʦʥʘʚʰʠ ʦʙʯʠʩ-

ʣʝʥʥʷ ʟʘ ʭʚʠʣʠʥʠ, ʷʢʽ ʥʘʡʧʦʪʫʞʥʽʰʠʡ ʩʫʧʝʨʢʦʤʧôʶʪʝʨ ʚʠʢʦʥʫʚʘʚ ʙʠ ʪʠʩʷʯʽ ʨʦʢʽʚ. ʉʴʦ-

ʛʦʜʥʽ ʛʽʛʘʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʚʽʪʫ, ʪʘʢʽ ʷʢ IBM, Google ʪʘ Rigetti, ʘʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ 

ʥʘʜ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʫʙʽʪʽʚ ʫ ʢʚʘʥʪʦʚʠʭ ʧʨʦʮʝʩʦʨʘʭ, ʱʦ ʥʘʙʣʠʞʘʻ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʩʫʯʘʩʥʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʘʣʛʦʨʠʪʤʠ ʩʪʘʥʫʪʴ ʙʝʟʟʘʭʠʩʥʠʤʠ ʧʝʨʝʜ ʢʚʘʥʪʦʚʠʤʠ ʘʪʘʢʘʤʠ. ʋ 

2022 ʨʦʮʽ IBM ʧʨʝʜʩʪʘʚʠʣʘ ʧʨʦʮʝʩʦʨ ʽʟ ʨʝʢʦʨʜʥʠʤʠ 433 ʢʫʙʽʪʘʤʠ, ʘ ʚʞʝ ʫ ʥʘʡʙʣʠʞʯʽ 

ʨʦʢʠ ʧʣʘʥʫʻ ʩʪʚʦʨʠʪʠ ʧʨʠʩʪʨʦʾ ʟ 1000+ ʢʫʙʽʪʽʚ. ʎʽ ʜʦʩʷʛʥʝʥʥʷ ʯʽʪʢʦ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ 

ʟʘʛʨʦʟʘ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ ʥʝ ʧʨʦʩʪʦ ʪʝʦʨʝʪʠʯʥʘ ð ʚʦʥʘ ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʨʝʘʣʴʥʦʶ [3, 4]. ʂʚʘʥʪʦʚʘ ʢʨʠʧʪʦʛʨʘʬʽʷ, ʟʦʢʨʝʤʘ ʢʚʘʥʪʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʣʶʯʽʚ 

(QKD), ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʢʦʥʘʭ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʛʘʨʘʥʪʫʻ ʙʝʟʧʝʢʫ ʦʙʤʽʥʫ ʢʣʶʯʘʤʠ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʩʪʘʶʪʴ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ 

ʜʣʷ ʢʽʙʝʨʙʝʟʧʝʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʤʝʪʦʜʽʚ ʫ ʟʘʭʠʩʪ ʜʘʥʠʭ ʤʦʞʝ ʨʘʜʠʢʘʣʴʥʦ 

ʟʤʽʥʠʪʠ ʧʽʜʭʽʜ ʜʦ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʫʥʝʤʦʞʣʠʚʠʪʠ ʧʝʨʝʭʦʧʣʝʥʥʷ ʜʘʥʠʭ ʪʨʝ-

ʪʽʤʠ ʩʪʦʨʦʥʘʤʠ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʚʘʥʪʦ-

ʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚ ʩʫʯʘʩʥʠʭ ʢʽʙʝʨʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʮʽʥʢʘ ʨʽʚʥʷ ʟʘ-

ʭʠʩʪʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ QKD, ʪʘ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʧʽʜ ʯʘʩ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ɻʽʧʦʪʝʟʘ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ QKD 

ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʘʙʩʦʣʶʪʥʦ ʟʘʭʠʱʝʥʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ, ʷʢʱʦ ʡʦʛʦ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚʽ-

ʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʩʝʙʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʩʫ-

ʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ, ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʢʚʘʥʪʦʚʦʛʦ ʦʙʤʽʥʫ ʽʥʬʦʨ-

ʤʘʮʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ QuNetSim, ʘ ʪʘʢʦʞ ʥʘ 

ʧʦʨʽʚʥʷʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʢʣʘʩʠʯʥʠʭ ʪʘ ʢʚʘʥʪʦʚʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ. ʆʩʦʙʣʠʚʠʡ 

ʘʢʮʝʥʪ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʥʘ ʚʠʚʯʝʥʥʽ ʧʨʦʪʦʢʦʣʽʚ ʢʚʘʥʪʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʣʶʯʽʚ (QKD), ʟʦ-

ʢʨʝʤʘ BB84 ʽ E91 ð ʜʣʷ ʦʮʽʥʢʠ ʾʭʥʴʦʾ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʦʚʫʚʘʥʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʪʨʘʪ ʬʦʪʦʥʽʚ ʫ ʢʚʘʥʪʦʚʠʭ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠ-

ʟʥʘʯʠʪʠ ʚʧʣʠʚ ʜʝʢʦʛʝʨʝʥʮʽʾ ʪʘ ʰʫʤʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʢʚʘʥʪʦ-

ʚʠʭ ʩʪʘʥʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ QKD ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ 

ʟʘʚʜʷʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʧʨʠʥʮʠʧʘʤ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ, ʪʘʢʠʤ ʷʢ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ɻʝʡʟʝʥʙʝʨʛʘ ʪʘ ʢʚʘʥʪʦʚʘ ʟʘʧʣʫʪʘʥʽʩʪʴ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʦʣʦʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʜʣʷ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ QKD ʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ, ʩʧʨʠʯʠ-

ʥʝʥʘ ʟʦʚʥʽʰʥʽʤʠ ʬʘʢʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ ʚ ʜʘʣʴʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ. ʈʘʟʦʤ ʽʟ 

ʮʠʤ ʚʠʷʚʣʝʥʦ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ QKD ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, ʩʪʚʦʨʶʶʯʠ ʛʽʙʨʠʜʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ 

ʜʘʥʠʭ [4]. 

ʂʚʘʥʪʦʚʘ ʢʨʠʧʪʦʛʨʘʬʽʷ ʻ ʦʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʩʬʝʨʽ ʢʽ-

ʙʝʨʙʝʟʧʝʢʠ. ɺʦʥʘ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʫ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʦʪʝ ʾʾ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ 

ʢʚʘʥʪʦʚʽ ʧʦʚʪʦʨʶʚʘʯʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʘʯʽ ʢʚʘʥʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʋ 
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ʤʘʡʙʫʪʥʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʜʦʚʞʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʚʘʥ-

ʪʦʚʠʭ ʤʝʨʝʞ ʪʘ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡ-

ʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʨʦʟʰʠʨʠʪʠ ʾʾ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʧʽʜʛʦʪʫʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʦ ʥʦʚʦʾ ʝʨʠ ʢʚʘʥʪʦʚʠʭ ʢʦ-

ʤʫʥʽʢʘʮʽʡ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʨʦʟʛʣʷʥʫʪʠ ʦʢʨʝʤʦ ʧʠʪʘʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʚʟʘʻʤʦʜʽʾ ʢʣʘʩʠʯʥʠʭ ʽ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʧʦʩʪʢʚʘ-

ʥʪʦʚʦʾ ʙʝʟʧʝʢʠ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʟʚôʷʟʢʫ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʽʚ ʦʯʝʡ ʽʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ 

ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʧʩʠʭʦʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʩʧʨʠʷʶʪʴ 

ʛʣʠʙʰʦʤʫ ʨʦʟʫʤʽʥʥʶ ʤʝʭʘʥʽʟʤʽʚ ʨʦʙʦʪʠ ʤʦʟʢʫ, ʡʦʛʦ ʧʦʨʫʰʝʥʴ, ʟʤʽʥ ʫ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽ-

ʯʥʠʭ ʩʪʘʥʘʭ ʽ ʧʨʦʮʝʩʽʚ ʩʧʨʠʡʥʷʪʪʷ, ʤʠʩʣʝʥʥʷ, ʫʷʚʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʠʩʪʠʭ ʥʘʤʽʨʽʚ. 

ɸʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʪʝʭʥʦʣʦʛʽʷ ʩʪʝ-

ʞʝʥʥʷ ʟʘ ʨʫʭʘʤʠ ʦʯʝʡ (eye-tracking) [1] ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʛʥʽʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʘʤôʷʪʽ 
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[2], ʘ ʪʘʢʦʞ ʫ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʪʫʜʝʥʪʽʚ ʧʽʜ ʯʘʩ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʛʣʠʙʰʽ ʟʥʘʥʥʷ ʧʨʦ ʩʚʽʜʦʤʽ ʡ ʧʽʜʩʚʽʜʦʤʽ ʘʩʧʝʢʪʠ ʣʶʜʩʴʢʦʾ ʧʦʚʝʜʽʥʢʠ. ɯʥʬʦʨ-

ʤʘʮʽʷ ʧʨʦ ʨʫʭʠ ʦʯʝʡ ʤʘʻ ʷʢ ʪʝʦʨʝʪʠʯʥʝ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʧʝʮʠʬʽʢʠ ʨʽʟʥʠʭ ʧʨʦʬʝʩʽʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʘʮʽ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʘʡʪʨʝʢʽʥʛʫ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʡʨʦʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʜʘʪʥʦʛʦ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ. ɯʩʥʫʻ ʧʦʪʨʝʙʘ ʫ ʥʘ-

ʜʽʡʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʧʩʠʭʽʯʥʦʛʦ ʟʜʦʨʦʚôʷ ʷʢ ʦʢʨʝʤʠʭ ʦʩʽʙ, ʪʘʢ ʽ ʨʽʟʥʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʛʨʫʧ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʪʘʥ ʥʝʨʚʦʚʦʾ ʩʠʩ-

ʪʝʤʠ ʪʘ ʦʮʽʥʠʪʠ ʾʾ ʩʪʘʥ ʫ ʩʠʪʫʘʮʽʷʭ ʧʽʜʚʠʱʝʥʦʛʦ ʨʠʟʠʢʫ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ 

ʷʢ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʚʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ ʧʽʜʛʦʪʦʚʣʝʥʠʭ, ʫ ʧʩʠʭʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ, ʢʦʩʤʦʥʘ-

ʚʪʽʚ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. ɸʥʘʣʽʟ ʟʤʽʥ ʫ ʪʨʘʻʢʪʦʨʽʷʭ ʨʫʭʫ ʦʯʝʡ ʜʦʟʚʦ-

ʣʷʻ ʨʦʙʠʪʠ ʢʦʥʢʨʝʪʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʩʽʙ. 

ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʚʯʘʣʴʥʽ ʧʨʦʮʝʩʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ [3]. 

ʄʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ, ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜ-

ʥʘʥʥʷ ʢʦʥʮʝʧʮʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ PaaS ʪʘ SaaS, ʧʦʢʨʘʱʘʪʴ ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʮʽʥʢʠ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽ-

ʯʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʘʡʪʨʝʢʽʥʛʫ. 

ʈʦʟʨʦʙʣʝʥʦ web-ʦʨʽʻʥʪʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʦʩʣʽʜʞʝʥʴ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ PaaS (ʧʣʘʪʬʦʨʤʘ ʷʢ ʩʝʨʚʽʩ) ʽ SaaS (ʧʨʦʛʨʘʤʥʝ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʷʢ ʩʝʨʚʽʩ). ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʥʠʢʘʤ ʧʨʘʮʶʚʘʪʠ ʷʢ ʯʝʨʝʟ ʚʙʫʜʦʚʘʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʪʘʢ ʽ ʟ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʨʝʜʘ-

ʢʪʦʨ. ɿʘʚʜʷʢʠ ʚʙʫʜʦʚʘʥʦʤʫ ʨʝʜʘʢʪʦʨʫ ʢʦʜʫ (PaaS) ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʘ-

ʣʴʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʨʝʜʘʛʫʚʘʪʠ ʢʦʜ ʘʣʛʦʨʠʪʤʽʚ (ʩʢʨʠʧʪʽʚ), ʚʠʢʦʥʫ-

ʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʩʝʨʚʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʢʨʠʧʪ-ʢʦʜʫ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʨʝ-

ʟʫʣʴʪʘʪʠ ʫ ʙʨʘʫʟʝʨʽ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʩʠʩʪʝʤʘ 

ʧʽʜʪʨʠʤʫʻ ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚʽʜ ʘʡ-

ʪʨʝʢʝʨʘ, ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʟ ʮʽʣʣʶ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʽʜʝʥʪʠʬʽʢʘʮʽʾ) 

ʦʢʦʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ GUI ʽʥʪʝʨʬʝʡʩʠ (SaaS). 

ʈʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ ʥʘ ʪʘʢʠʭ ʤʦ-

ʚʘʭ, ʷʢ Python ʽ JavaScript, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ 

ʨʝʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ GUI-ʽʥʪʝʨʬʝʡʩʠ, ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʨʦʙʦʪʫ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʧʨʠʩʪʨʦʷʭ ʫ ʬʦʨʤʘʪʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʚʟʘʻʤʦʜʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ 

ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ ʥʘ ʨʠʩʫʥʢʫ 1: 

ð ʩʝʨʚʝʨ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷʤ ʫʩʽʤʘ ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ð ʚʝʙ-ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ (ʢʣʽʻʥʪ) 

ð ʘʛʝʥʪʠ ð ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʥʘʜʽʩʣʘʥʠʡ ʢʦʜ 

ð ʙʘʟʘ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʫʩʽʭ ʜʘʥʠʭ ʢʦʤʧʣʝʢʩʫ ʪʘ ʧʨʦʻʢʪʽʚ 
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ʈʠʩʫʥʦʢ 1 ð ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ 

ʊʘʢʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʥʝʟʘʣʝʞʥʦ ʚʝʩʪʠ ʨʦʟʨʦʙʢʫ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʫ. 

 

ɺʠʩʥʦʚʢʠ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʻ ʾʭ ʤʽʥʽʤʘ-

ʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʣʽʻʥʪʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʥʘ ʩʝʨʚʝʨʽ. 

ʄʦʜʫʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʧʦʻʜʥʘʥʥʷ ʧʨʠʥʮʠʧʽʚ PaaS ʪʘ 

SaaS, ʨʦʙʠʪʴ ʾʭ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ʊʘʢʦʞ, ʚʦʥʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʥʘʜ ʪʘʢʠʤʠ ʩʝʨʚʽʩʘʤʠ, ʷʢ 

Project Jupyter ʪʘ Google Colab, ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʟ ʪʘʢʠʤʠ ʧʦʧʫʣʷʨʥʠʤʠ ʤʦ-

ʚʘʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢ Python ʽ JavaScript; ʽʥʪʝʛʨʘʮʽʾ ʚʽʜʣʘʛʦʜʞʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦ-

ʙʽʚ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ GUI-ʽʥʪʝʨʬʝʡʩʠ; ʧʽʜʚʠʱʝʥʦʤʫ ʨʽʚʥʶ ʘʙʩʪʨʘʢʮʽʾ ʪʘ ʨʦʟʰʠʨʝʥʽʡ 

ʩʦʮʽʘʣʴʥʽʡ ʩʢʣʘʜʦʚʽʡ. ʎʝ ʦʧʪʠʤʽʟʫʻ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʧʨʦʮʝʩ ʽ ʥʘʜʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Pavlenko V., Shamanina T., Chori V. Eyetracking Technology and its Application 

in Neuroscience, Proceedings of the 12th IEEE International Conference on 

Intelligent Data Acquisition and Advanced Computing Systems Technology and 

Applications (IDAACS-2023). 2023. 7-9 September. Dortmund, Germany. Vol. 1. 

P. 187-193. 

2. Keehn B., Monahan P., Enneking B., Ryan T., Swigonski N., Keehn R.M. Eye-

Tracking Biomarkers and Autism Diagnosis in Primary Care. JAMA Netw Open. 

2024. Vol. 7. No 5. P. 1-14. 

3. ɯʣʫʮʘ ɸ.ʉ., ɻʽʜʫʣʷʥ ɺ.ɯ., ʇʘʚʣʝʥʢʦ ɺ.ɼ. ʆʨʛʘʥʽʟʘʮʽʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʫ 

ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʘʡʪʨʝʢʽʥʛʫ. ɺʽʩʥʠʢ ɼʅʋ 

ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ. ʉʝʨʽʷ ʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ ˉ4. 2024. ʊʦʤ 33 (28). 

P. 152-160. 

 



˱˹̅˻˾˸ˢ̇˱˯˹˱ ́˩̆˹˻˶˻˥˱˲Φ ˿ˮ˿́˩˸ˮ ́˩˶˩˴˻˸̂˹˱˴ˢ̇˱˯Φ ˾ˢ˨˱˻˩˶˩˴́˾˻˹˹ˢ ˢ˽ˢ˾ˢ́̂˾ˢ ˾ˢ˴˩́˹˻-˴˻˿˸˱̉˹ˮ̆ ˿ˮ˿́˩˸ 

160 

ʋɼʂ 519.2681.3 

DOI: 10.62717/2221-4550-2025-1-051 

ʂʣʠʤʝʥʢʦ ʆ.ɼ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: klymenko_o@365.dnu.edu.ua 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʉɽɺɼʆɺʀʇɸɼʂʆɺʀʍ ɺɽʃʀʏʀʅ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʂʈʀʊɽʈɯɰɺ ʂʆʃʄʆɻʆʈʆɺɸ-ʉʄɯʈʅʆɺɸ ʊɸ ʌʈʆʅʎʀʅɯ 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʷʚʣʝʥʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʢʨʠʪʝ-

ʨʽʾʚ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʦʯʥʽʰʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ (seed) 

ʛʝʥʝʨʘʪʦʨʘ. ɹʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ ʩʪʘʚʣʷʪʴ ʧʽʜ ʩʫʤʥʽʚ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʛʝʥʝʨʘʪʦ-

ʨʽʚ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʟʘʟʥʘʯʘʶʯʠ, ʱʦ ʾʤ ʥʝ ʤʦʞʥʘ ʦʜʥʘʢʦʚʦ ʜʦʚʽʨʷʪʠ. ʈʦʟʨʦʙʣʝʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ 

ʢʨʠʪʝʨʽʾʚ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ ʪʘ ʌʨʦʥʮʠʥʽ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ 

ʤʘʣʠʭ ʚʠʙʽʨʢʘʭ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʟʛʝʥʝʨʦʚʘʥʦʾ ʚʠʙʽʨʢʠ. ʆʜʥʘʢ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʚʠʙʽʨʢʠ (n), ʧʨʠ ʟʥʘʯʝʥʥʷʭ  

n > 200, ʚʧʣʠʚ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝʟʥʘʯʥʠʤ ʽ ʡʦʛʦ 

ʤʦʞʥʘ ʽʛʥʦʨʫʚʘʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʥʝʨʘʪʦʨ, ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, ʤʝʪʦʜ, ʢʨʠʪʝʨʽʡ, ʘʣʛʦ-

ʨʠʪʤ, ʚʠʙʽʨʢʘ, ʩʪʘʪʠʩʪʠʢʘ. 
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RESERCH ON PSEUDORANDOM VARIABLES USING THE KOLMOGOROV -

SMIRNOV AND FRONCIN I CRITERIA  

Abstract. A study was conducted, revealing the instability of criterion results depending 

on the generator, or more specifically, on the seed value of the generator. Many researchers 

question the reliability of results from generators on different devices, noting that they cannot 

be equally trusted. The research was carried out using two criteria the Kolmogorov-Smirnov 

test and the Froncini test. The study found that for small sample sizes, the pseudorandom 

number generator has a significant impact on the generated sample. However, as the sample 

size (n) increases, with values of n > 200, the influence of the generator on the result becomes 

negligible and can be ignored. 

Keywords: generator, pseudorandom variables, method, criteria, algorithm, sample, 

statistics. 

 

ʂʨʠʪʝʨʽʾ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʙʽʨʦʢ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʽ ʪʘ ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ. 

ʇʘʨʘʤʝʪʨʠʯʥʽ ʢʨʠʪʝʨʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ, ʱʦ ʨʦʟʧʦʜʽʣ ʦʟʥʘʢʠ ʫ ʛʝʥʝʨʘʣʴʥʽʡ ʩʫʢʫʧʥʦʩʪʽ ʻ 

ʥʦʨʤʘʣʴʥʠʤ, ʽ ʧʝʨʝʜ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʚʝʨʜʠʪʠ ʥʦʨʤʘʣʴʥʽʩʪʴ ʚʠʙʽʨʢʠ. ɿʘ-

ʟʚʠʯʘʡ ʚʦʥʠ ʤʘʶʪʴ ʚʠʱʫ ʩʪʘʪʠʩʪʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʤʠ. ɺʠ-

ʢʦʨʠʩʪʘʥʥʷ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʫ ʚʠʧʘʜʢʘʭ, ʜʝ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʤʝʪ-

ʨʠʯʥʠʭ, ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʭʠʙʥʦʾ ʥʫʣʴʦʚʦʾ ʛʽʧʦʪʝʟʠ (ʧʦʤʠʣʢʠ ʜʨʫʛʦʛʦ 

ʨʦʜʫ) [1]. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ, 

ʱʦ ʨʦʙʠʪʴ ʧʘʨʘʤʝʪʨʠʯʥʽ ʪʝʩʪʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʾʭ ʘʥʘʣʽʟʫ. ʋ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ ʚʘʞʣʠʚʫ 

https://doi.org/10.62717/2221-4550-2025-1-051
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ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ ʨʦʙʘʩʪʥʽ ʪʝʩʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʠʟʴʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫ-

ʚʘʪʠʩʷ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ [1, 2]. 

ɺʠʧʘʜʢʦʚʽʩʪʴ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ, ʦʜʥʘʢ ʢʦʤʧôʶʪʝʨʠ 

ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʥʝ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʩʧʨʘʚʞʥʽ ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʛʝʥʝʨʘʪʦʨʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ (ɻʇɺʏ), ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ 

(seed) ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʯʠʩʝʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ. 

ʇʨʦʪʝ ʪʘʢʽ ʯʠʩʣʘ ʟʘʣʠʰʘʶʪʴʩʷ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ, ʘ ʷʢʽʩʪʴ ɻʇɺʏ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʪʨʦʧʽʾ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ. ɻʝʥʝʨʘʪʦʨʠ ʩʧʨʘʚʞʥʽʭ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ (ɻɺʏ) ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ 

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʠʡ ʰʫʤ ʘʙʦ ʥʘʧʽ-

ʚʧʨʦʚʽʜʥʠʢʦʚʽ ʝʬʝʢʪʠ. ʆʜʥʘʢ ʪʘʢʽ ʤʝʪʦʜʠ ʻ ʩʢʣʘʜʥʠʤʠ ʪʘ ʜʦʨʦʛʠʤʠ ʜʣʷ ʤʘʩʦʚʦʛʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ. ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣ ʝʥʪʨʦʧʽʾ, ʷʢʽ ʣʝʛʢʦ ʽʥ-

ʪʝʛʨʫʚʘʪʠ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ ʙʝʟ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ [3]. ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʨʠʩʚʷʯʝʥʽ ʛʝʥʝʨʘʮʽʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʪʘ ʾʭ ʪʝʩʪʫʚʘʥʥʶ, ʥʘʙʫʣʠ ʚʝʣʠʢʦʾ ʫʚʘʛʠ ʚ 

ʛʘʣʫʟʷʭ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ. ʆʩʪʘʥʥʽ ʨʦʙʦʪʠ 

ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʛʝʥʝʨʘʮʽʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʧʦʢʨʘ-

ʱʝʥʥʽ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʾʭ ʪʝʩʪʫʚʘʥʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʽ ʙʝʟʧʝʢʠ. ʊʘ-

ʢʦʞ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʧʦʰʫʢ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʛʝʥʝ-

ʨʘʪʦʨʽʚ ʽ ʜʞʝʨʝʣ ʝʥʪʨʦʧʽʾ [3]. ʋ ʨʦʙʦʪʽ [4] ʘʚʪʦʨʠ ʧʦʨʽʚʥʶʶʪʴ ʨʽʟʥʽ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜ-

ʢʦʚʠʭ ʪʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽ ʨʦʟʛʣʷʜʘʶʪʴ ʤʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦ-

ʨʽʚ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [5] ʚʠʚʯʘʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʥʝʧʽʜʢ-

ʣʶʯʝʥʦʛʦ ɸʎʇ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ Arduino Duemilanove. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʤʦʣʦʜʰʽ ʙʽʪʠ ʟʯʠʪʘʥʠʭ ʟʥʘʯʝʥʴ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʧʘʜʢʦʚʫ ʧʦʚʝʜʽʥʢʫ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ 

ʧʨʦ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʰʫʤʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʩʪʘʨʰʽ ʙʽʪʠ. ʆʜʥʘʢ ʜʣʷ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʜʞʝʨʝʣʘ ʝʥʪʨʦʧʽʾ ʥʝʦʙʭʽʜʥʦ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʤʦʣʦʜʰʠʭ ʙʽʪʘʭ ʪʘ ʨʦʟ-

ʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʾʭ ʦʙʨʦʙʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ ʂʦʣʤʦʛʦʨʦʚʘ-

ʉʤʽʨʥʦʚʘ ʪʘ ʌʨʦʥʮʠʥʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʛʝʥʝʨʘʪʦʨʽʚ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. ʂʨʠʪʝʨʽʡ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ ʧʦʨʽʚʥʶʻ ʨʦʟʧʦʜʽʣ ʚʠʙʽʨʢʠ ʟ ʪʝʦʨʝʪʠʯʥʠʤ, ʚʠʷʚʣʷʶʯʠ ʚʽʜʭʠ-

ʣʝʥʥʷ. ʂʨʠʪʝʨʽʡ ʌʨʦʥʮʠʥʽ ʧʝʨʝʚʽʨʷʻ ʟʜʘʪʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʆʙʠʜʚʘ ʢʨʠʪʝʨʽʾ ʚʘʞʣʠʚʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʨʠ-

ʧʪʦʛʨʘʬʽʾ, ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. 

ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠ-

ʯʠʥ. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʤʘʣʠʭ ʚʠʙʽʨʢʘʭ ʛʝʥʝʨʘ-

ʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʟʛʝʥʝʨʦʚʘʥʦʾ ʚʠʙʽʨʢʠ. 

ʎʝʡ ʚʧʣʠʚ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʚʽʜʭʠʣʝʥʴ ʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʠ-

ʙʽʨʢʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʮʠʭ ʚʠʙʽʨʦʢ ʫ ʧʦʜʘʣʴʰʠʭ ʘʥʘʣʽʟʘʭ. ʆʜʥʘʢ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ, ʟʦʢʨʝʤʘ ʧʨʠ ʟʥʘ-

ʯʝʥʥʷʭ ʚʠʙʽʨʢʠ n > 200, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʘʙʦ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʫʩʫʥʫʪʠ 

ʚʧʣʠʚ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʠ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ ʚʠʙʽʨʢʘʭ ʩʪʘʪʠʩʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʛʝʥʝʨʦʚʘʥʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ, ʽ ʾʭʥʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʪʝʦʨʝʪʠʯʥʦ ʦʯʽʢʫʚʘʥʠʭ ʟʥʘʯʝʥʴ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʛʝ-

ʥʝʨʘʪʦʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚʧʣʠʚʦʤ ʛʝʥʝʨʘʪʦʨʘ, ʷʢʱʦ ʚʠʙʽʨʢʘ ʤʘʻ ʜʦʩʪʘʪʥʽʡ ʨʦʟʤʽʨ. ʎʝ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʫ ʨʽ-

ʟʥʠʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʷʢ ʢʨʠʧʪʦʛʨʘʬʽʷ, ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʛʘʣʫʟʴ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶ-

ʚʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʽʥʰʽ ʛʘʣʫʟʽ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʧʘʜʢʦʚʽ 

ʚʝʣʠʯʠʥʠ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʾʭ. 
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ɽɺʆʃʖʎɯʗ ʈʆɿʈʆɹʂʀ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺʀʂʃʀʂʀ, 

ʆʇʊʀʄɯɿɸʎɯʗ ʊɸ ɺʇʃʀɺ ʉʋʏɸʉʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʝʚʦʣʶʮʽʷ ʽʥʜʫʩʪʨʽʾ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ; ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʧʣʠʚ ʟʨʦʩʪʘʥʥʷ ʘʧʘʨʘʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʨʠʜʽʣʝʥʦ ʫʚʘʛʫ ʧʨʦʙʣʝʤʘʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʰʘʨʽʚ ʘʙʩʪ-

ʨʘʢʮʽʾ, ʥʝʦʧʪʠʤʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʪʘ ʟʥʠʞʝʥʥʷʤ ʢʚʘʣʽʬʽʢʘʮʽʾ ʬʘʭʽʚʮʽʚ. ʇʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʩʪʘ-

ʥʜʘʨʪʠʟʘʮʽʶ ʧʽʜʭʦʜʽʚ ʨʦʟʨʦʙʢʠ. 
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OPTIMIZATION AND IMPACT OF MODERN TECHNOLOGIES  

Abstract. The article examines the evolution of the software development industry; an-

alyzes the impact of increasing hardware capabilities on programming. Attention is paid to 

the problems arising from the large number of abstraction layers, suboptimal dependencies, 

and the decline in the skills of specialists. An analysis of the impact of optimization and arti-

ficial intelligence on the software creation process was conducted, as well as possible ways to 

solve existing challenges, through standardization of development approaches. 
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ɯʩʥʫʶʪʴ ʽʥʽʮʽʘʪʠʚʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʦʜʥʘʢ ʚʦʥʠ ʯʘʩʪʦ ʚʚʘʞʘʶʪʴʩʷ ʢʨʘʡʥʽʤʠ ʽ ʥʝ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ. ʆʜʥʠʤ ʟ ʧʝ-

ʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ, ʷʢʠʡ ʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʧʦʜʘʣʴʰʦʤʫ ʨʝʛʨʝʩʫ ʚ ʛʘʣʫʟʽ ̔ ʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʘ 

ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ-

ʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʦʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʧʨʦʛʨʘʤ, ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʩʫʤʽʩʥʠʤ ʟ ʮʽʣʴʦʚʦʶ ʩʠʩʪʝʤʦʶ, ʨʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ ʧʦ-

ʚʠʥʥʽ ʤʘʪʠ ʧʨʦʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʥʝʦʙʭʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʶʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʠʤʠ, 

ʧʨʦʛʨʘʤʥʽ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠ ʣʠʰʝ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ, ʦʧʪʠʤʽʟʘʮʽʷ ʜʣʷ ʮʽʣʴʦ-

ʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʥʝʩʫʤʽʩʥʠʭ ʧʣʘʪʬʦʨʤ. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ 

ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʧʨʠʥʮʠʧʽʚ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ, ʟʤʝʥʰʠʪʠ ʾʭ ʩʢʣʘʜʥʽʩʪʴ ʽ ʫʥʠʢʥʫʪʠ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʪʘ-

ʢʠʭ ʷʢ ʥʘʜʤʽʨʥʘ ʘʙʩʪʨʘʢʮʽʷ, ʥʝʧʦʪʨʽʙʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ[1]. 

ʈʦʟʚʠʪʦʢ ʽʥʜʫʩʪʨʽʾ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʧʦ-

ʚ'ʷʟʘʥʠʡ ʟʽ ʟʤʽʥʘʤʠ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʘʧʘʨʘʪʥʠʭ ʤʦʞʣʠʚʦ-

ʩʪʝʡ. ʎʝ ʚʽʜʢʨʠʣʦ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʘʭ ʽʥʪʝʨʥʝʪ-

ʪʝʭʥʦʣʦʛʽʡ, ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɿʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦʟʚʦ-

ʣʠʣʦ ʨʦʟʨʦʙʣʷʪʠ ʨʘʥʽʰʝ ʥʝʜʦʩʷʞʥʽ ʧʨʦʛʨʘʤʠ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʟʨʫʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦ-

ʟʨʦʙʢʠ. ʆʜʥʘʢ ʟʥʠʞʝʥʥʷ ʧʦʨʦʛʫ ʚʭʦʜʫ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʝʚʝ ʨʦʟʫʤʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʆʜʥʠʤ ʽʟ ʨʽʰʝʥʴ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩ-

ʪʝʤ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʢʦʤʧʽʣʷʪʦʨʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ [1]. 

ʉʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘʢʠʭ ʷʢ LLVM, ʧʨʠʟʚʝʣʦ ʜʦ ʥʦʚʠʭ ʧʨʦ-

ʙʣʝʤ, ʟʦʢʨʝʤʘ ʫʩʢʣʘʜʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʦʧ-

ʪʠʤʽʟʘʮʽʡ ʜʣʷ ʧʨʦʛʨʘʤʽʩʪʽʚ, ʱʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʦʤʠʣʢʠ [3]. ʈʦʟʚʠʪʦʢ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʦʞʝ ʟʘʤʽʥʠʪʠ ʪʨʘʜʠʮʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ ʯʝʨʝʟ 

AI, ʱʦ ʤʘʻ ʝʢʦʥʦʤʽʯʥʽ ʚʠʛʦʜʠ, ʘʣʝ ʡ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʽʩʪʦʨʠʯʥʽ ʧʨʠʢʣʘʜʠ 

ʪʘʢʠʭ ʟʤʽʥ. ʇʨʦʙʣʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʦʧʪʠʤʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʥʘʢʦʧʠʯʝʥʥʷ ʰʘʨʽʚ ʘʙʩʪʨʘʢʮʽʾ ʽ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʦʤ. ʅʝʢʦʨʝʢʪ-

ʥʠʡ ʚʠʙʽʨ ʙʽʙʣʽʦʪʝʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʫʙʣʶʚʘʥʥʷ ʢʦʜʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʧʨʦʛʨʘʤ. 

ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤ ʥʘ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʥʘ Windows, ʩʪʚʦʨʶʻ ʥʘʜʣʠʰʢʦʚʽ 

ʢʦʧʽʾ ʟʘʛʘʣʴʥʠʭ ʬʘʡʣʽʚ. ʎʝ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʯʝʨʝʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʧʘʢʝʪʥʽ ʤʝʥʝʜʞʝʨʠ, 

ʷʢ portage, ʱʦ ʜʦʧʦʤʘʛʘʶʪʴ ʢʝʨʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʽ ʟʥʠʞʫʶʪʴ ʨʠʟʠʢ ʟʘʨʘʞʝʥʥʷ ʰʢʽʜ-

ʣʠʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. Portage ð ʦʩʥʦʚʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʘʢʝʪʘʤʠ ʚ Gentoo Linux, 

ʘʥʘʣʦʛ ʩʠʩʪʝʤʠ ʧʦʨʪʽʚ ʫ FreeBSD. ɺʦʥʘ ʚʢʣʶʯʘʻ ʫʪʠʣʽʪʠ ʥʘ Python ʪʘ Bash ʜʣʷ ʦʨʛʘʥʽ-

ʟʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ [4]. ɯʩʥʫʶʪʴ ʽʥʽʮʽʘʪʠʚʠ, ʩʧʨʷ-

ʤʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʣʝ ʚʦʥʠ ʯʘʩʪʦ ʥʝ 

ʦʪʨʠʤʫʶʪʴ ʰʠʨʦʢʦʛʦ ʚʠʟʥʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʽʩʥʫʶʯʠʭ 

ʪʨʫʜʥʦʱʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽ,ʾ ʷʢʽ ʤʦʞʫʪʴ ʟʘʧʦʙʽʛʪʠ ʨʝʛʨʝʩʫ ʚ ʮʽʡ 

ʛʘʣʫʟʽ. ʆʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ, ʻ ʧʨʽʦʨʠʪʝʪ ʰʚʠʜʢʦʜʽʾ, ʫʟʛʦ-

ʜʞʝʥʽʩʪʴ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʽʣʴʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʩʪʘ ʪʘ ʟʨʦʟʫʤʽʣʘ ʩʪʨʫʢʪʫʨʘ, ʯʽʪʢʝ ʚʠ-

ʟʥʘʯʝʥʥʷ ʽ ʧʦʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʣʝʞʥʦʩʪʝʡ, ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʥʘ ʚʠʨʽʰʝʥʥʽ ʢʦʥʢʨʝʪʥʠʭ ʟʘ-

ʚʜʘʥʴ, ʦʧʪʠʤʘʣʴʥʽ ʤʝʪʦʜʠ ʧʦʰʠʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʠʰʝ ʚ ʨʘʟʽ ʥʝʩʫʤʽʩʥʦʩʪʽ ʧʣʘʪʬʦʨʤ [5]. 

ʆʪʞʝ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʯʽʪʢʠʭ ʧʨʠʥʮʠʧʽʚ ʤʦʞʝ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘ-

ʤʥʠʭ ʨʽʰʝʥʴ, ʟʤʝʥʰʝʥʥʷ ʾʭ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʥʘʜʤʽʨʥʦʶ ʘʙʩʪʨʘʢʮʽʻʶ, 
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ʟʘʡʚʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʪʘ ʟʥʠʞʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ. 
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CONICAL SPIRAL WITH INCLUDED INDUCTIV ELEMENTS  

Abstract. A conical spiral with included inductive elements was simulated. 

Calculations were performed using the method of moments in the FEKO environment. 

Frequency dependences of input impedance, VSWR, and directivity diagrams for the 

frequency range of 1-6 GHz were obtained. The calculated results for variants with and 

without inductivities were compared. 

Keywords: conical spiral antenna, included inductive elements, method of moments, 

experimental data. 

 

ʂʦʥʽʯʥʽ ʩʧʽʨʘʣʴʥʽ ʘʥʪʝʥʠ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʷʢ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʽ ʘʥ-

ʪʝʥʠ ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʠʩʪʝʤʘʤʠ ʟʚôʷʟʢʫ.[1,2,3] ʆʙʝʨʪʘʣʴʥʘ ʧʦʣʷʨʠʟʘʮʽʷ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʤʽʥ ʜʘʥʠʤʠ ʧʨʠ ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʧʨʠʡʤʘʣʴʥʦʾ ʪʘ ʧʝʨʝʜʘʚʘ-

ʣʴʥʦʾ ʘʥʪʝʥʠ, ʱʦ ʧʦʢʨʘʱʫʻ ʩʪʽʡʢʽʩʪʴ ʟʚôʷʟʢʫ. 

ʂʦʥʽʯʥʘ ʩʧʽʨʘʣʴʥʘ ʘʥʪʝʥʘ ʻ ʘʥʪʝʥʦʶ ʙʽʞʫʯʦʾ ʭʚʠʣʽ, ʪʦʙʪʦ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʽʚ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʧʦ ʫʩʽʡ ʧʦʚʝʨʭʥʽ ʘʥʪʝʥʠ. ɸʣʝ ʞ ʧʨʠ ʨʦʙʦʪʽ ʚ ʥʘʜʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʦʢ-

ʨʝʤʽ ʚʠʪʢʠ ʧʦʯʠʥʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʢʦʥʽʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ 
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ʧʦʛʽʨʰʫʻ ʜʽʘʛʨʘʤʫ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʚ ʜʘʥʦʤʫ ʧʽʜʜʠʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʪʘ ʨʦʙʠʪʴ ʟʚ'ʷʟʦʢ ʥʝʤʦ-

ʞʣʠʚʠʤ ʜʣʷ ʜʘʥʦʛʦ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʘʥʪʝʥ ʙʦʨʪʘ ʪʘ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʝʪʦʜʦʤ ʤʦʤʝʥʪʽʚ ʜʽʘʧʘʟʦʥ 1-6 ɻɻʮ ʙʫʚ ʧʦʜʽʣʝʥʠʡ ʥʘ ʪʨʠ ʧʽʜ-

ʜʽʘʧʘʟʦʥʠ 1-2 ɻɻʮ, 2-4 ɻɻʮ, 4-6 ɻɻʮ, ʨʦʟʤʽʨ ʩʪʦʨʦʥʠ ʢʦʤʽʨʢʠ ʤʝʰʘ ʦʙʠʨʘʚʩʷ ʷʢ ʜʚʘʜʮʷʪʘ 

ʯʘʩʪʠʥʘ ʥʘʡʤʝʥʴʰʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ, ʂʉʍʅ, ʜʽʘʛ-

ʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʩʧʽʨʘʣʴʥʠʭ ʘʥʪʝʥ ð ʙʝʟ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʘ ʩ ʽʥʜʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɼʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ ʜʝʢʽʣʴʢʘ ʟʥʠʞʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʢʦʝ-

ʬʽʮʽʝʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʘʣʝ ʧʦʢʨʘʱʫʶʪʴ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʜʣʷ ʦʢʨʝʤʠʭ ʧʽʜʜʽʘʧʘʟʦ-

ʥʽʚ ʯʘʩʪʦʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʫʚʘʪʠ ʨʦʟʤʽʨ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʟ 

ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʚʽʜʜʘ-

ʣʝʥʥʽ ʚʽʜ ʮʝʥʪʨʫ ʘʥʪʝʥʠ ʫʩʢʣʘʜʥʶʻ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʽʚ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʧʦ ʛʽʣʢʘʤ ʘʥ-

ʪʝʥʠ ʪʘ ʟʙʝʨʽʛʘʻ ʨʝʞʠʤ ʦʩʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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BAYESIAN CLASSIFIER OF HUMAN NEUROPHYSIOLOGICAL STATE BASED 

ON EYE-TRACKING DATA  

Abstract. Software tools have been developed for constructing a nonparametric dy-

namic model of the human eye movement system in the form of 2nd-order Volterra polyno-

mials. The 1st- and 2nd-order transient characteristics of the eye movement system have been 

determined based on experimental "input-output" data using eye-tracking technology. The 

effectiveness of the obtained information models, built using 2 and 3 step test signals, has 

been studied for assessing the neurophysiological state using Bayesian machine learning. 

Keywords: eye movement system, modeling, Volterra models, eye-tracking technol-

ogy, modeling accuracy, neurophysiological condition. 
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ʤʦʞʣʠʚʦʩʪʝʡ ʟʜʦʙʫʚʘʯʘ ʦʩʚʽʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʧʨʦʝʢʪʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽ-

ʯʥʦʛʦ ʩʪʘʥʫ ʦʩʦʙʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʦʪʨʠʤʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʽʥʥʦʚʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʡʪʨʝʢʽʥʛʫ ʪʘ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʢʫʣʦ-

ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ (ʆʈʉ), ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʜʽʘʛʥʦʩʪʠʢʫ ʩʪʘʥʫ ʢʦʛ-

ʥʽʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ [1, 2]. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʥʝʧʘʨʘʤʝʪʨʠʯʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʆʈʉ ʣʶʜʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ 

ʽʥʝʨʮʽʡʥʠʭ ʽ ʥʝʣʽʥʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

"ʚʭʽʜ-ʚʠʭʽʜ" ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʘʡʪʨʝʢʽʥʛʫ; ʜʦʩʣʽʜʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʢʦʛʥʽʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʙʦʨʠ ʚʽʜʛʫʢʽʚ ʆʈʉ ʥʘ ʪʝʩʪʦʚʽ ʚʽʟʫʘʣʴʥʽ 

ʩʪʠʤʫʣʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʢʦʤʧôʶʪʝʨʘ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ xj 

(j = 1, 2, 3) ʚʽʜ ʩʪʘʨʪʦʚʦʾ ʧʦʟʠʮʽʾ ʫ ʥʘʧʨʷʤʢʫ "ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ" x1=(1/3)ʍ, x2=(2/3)X, x3=X 

(X ð h ʠʨʠʥʘ ʝʢʨʘʥʘ ʫ ʧʽʢʩʝʣʷʭ). ʊʘʢʽ ʪʝʩʪʦʚʽ ʩʠʛʥʘʣʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʚʭʽʜʥʠʤ ʩʪʫʧʽʥʯʘʪʠʤ 

ʩʠʛʥʘʣʘʤ ajɗ(t) (ɗ(t) ð ʬʫʥʢʮʽʷ ˆʝʚʽʩʘʡʜʘ) ʟ ʘʤʧʣʽʪʫʜʘʤʠ aj, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥ-

ʥʷʤʠ ʚʽʜʩʪʘʥʽ ʭj. ɽʤʧʽʨʠʯʥʽ ʜʘʥʽ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʡʪʨʝʢʝʨʘ Tobii Pro TX300 ʫ 

ʨʽʟʥʠʡ ʯʘʩ "ɺʨʘʥʮʽ" (ʜʦ ʟʘʥʷʪʴ) ʽ "ɺʚʝʯʝʨʽ" (ʧʽʩʣʷ ʟʘʥʷʪʴ), ʘ ʪʘʢʦʞ ʫ ʨʽʟʥʽ ʜʥʽ [1]. ʇʦʚʥʠʡ 

ʮʠʢʣ ʜʦʩʣʽʜʞʝʥʥʷ ʆʈʉ ʜʣʷ ʦʜʥʦʛʦ ʨʝʩʧʦʥʜʝʥʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʠ 

ʨʽʟʥʠʭ ʘʤʧʣʽʪʫʜʘʭ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ ʘ1, ʘ2 ʪʘ ʘ3. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʥʝʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʆʈʉ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʧʦ-

ʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʚʽʜʛʫʢʽʚ ʆʈʉ ʥʘ ʪʝʩʪʦʚʽ ʚʽʟʫʘʣʴʥʽ ʩʪʠʤʫʣʠ ʥʦʨʤʘʣʽʟʘʮʽʶ, ʩʠʥʭʨʦʥʽʟʘ-

ʮʽʶ ʪʘ ʚʠʜʽʣʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ ʫ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʘʭ ʘʡʪʨʝʢʝʨʘ [3]. ɺ ʜʦʩʣʽʜʞʝʥʥʽ 

[4] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʢʚʘʜʨʘʪʠʯʥʦʾ ʤʦʜʝʣʽ M2.2/3 ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭ ʩʪʫʧʽʥʯʘʪʠʭ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʷʻ ʟʤʝ-

ʥʰʠʪʠ ʚʜʚʽʯʽ ʧʦʭʠʙʢʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʆʈʉ ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʜʝʣʣʶ M2.2/2, ʧʦʙʫʜʦʚʘʥʦʶ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. ɻʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 1 ʛʦ ʪʘ 2-ʛʦ 

ʧʦʨʷʜʢʽʚ ʤʦʜʝʣʝʡ ʄ2.2/2 ʪʘ ʄ2.2/3 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1, ʘ ʚʽʜʛʫʢʠ ʆʈʉ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʜʝʣʝʡ ʆʈʉ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

ɼʣʷ ʦʮʽʥʢʠ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ (ʚʪʦʤʠ) ʦʩʦʙʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʆʈʉ ʫ ʚʠ-

ʛʣʷʜʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ h1(t), h2(t,t) (ʜʝ t ð ʟʤʽʥʥʘ ʯʘʩʫ) ʟʜʽʡʩ-

ʥʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʝʚʨʠʩʪʠʯʥʠʭ ʦʟʥʘʢ [3] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥ-

ʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʝʪʦʜʦʤ ɹʘʡʝʩʘ. ʇʨʦʩʪʦʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʥʘʢ ʩʬʦʨʤʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʝʡ ʆʈʉ ʄ2.2/2 ʪʘ ʄ2.2/3. 

ɸʥʘʣʽʟ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʧʦʻʜʥʘʥʴ ʦʟʥʘʢ ʧʦ ʜʚʘ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠ-

ʪʝʨʽʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ (ɺʇʈ), (P). ɺʠʟʥʘʯʝʥʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘ-

ʟʥʠʢʘ ɺʇʈ ʨʽʟʥʠʭ ʧʘʨ ʦʟʥʘʢ ʜʦ ʟʙʫʨʝʥʥʷ ʾʭ ʛʘʫʩʽʚʩʴʢʠʤ ʰʫʤʦʤ ʚ 1% ʪʘ 5%. 

ɼʣʷ ʤʦʜʝʣʽ M2.2/2 ʦʪʨʠʤʘʥʦ 5 ʨʦʙʘʩʪʥʠʭ ʥʘʙʦʨʽʚ ʧʘʨ ʦʟʥʘʢ, ʩʪʽʡʢʠʭ ʜʦ ʰʫʤʫ 1% 

ʪʘ 5%, ʱʦ ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ɺʇʈ Pmax=93,75%. ɼʣʷ ʤʦʜʝʣʽ M2.2/3 ʤʘʢʩʠ-

ʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ɺʇʈ Pmax ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ ʜʣʷ ʨʦʙʘʩʪʥʦʛʦ ʥʘʙʦʨʫ ʦʟʥʘʢ: 

   (1) 

ʊʫʪ )('1 mth  ð ʧʦʭʽʜʥʘ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʊʘʢ ʩʘʤʦ ʤʘ-

ʻʤʦ 10 ʨʦʙʘʩʪʥʠʭ ʥʘʙʦʨʽʚ ʧʘʨ ʦʟʥʘʢ ʟ ʦʜʥʘʢʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ Pmax=93,75%. 
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ʈʠʩʫʥʦʢ 1 ð ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 1-ʛʦ 

ʪʘ 2-ʛʦ ʧʦʨʷʜʢʽʚ ʤʦʜʝʣʝʡ ʆʈʉ ʄ2.2/2 ʪʘ 

ʄ2.2/3 

ʈʠʩʫʥʦʢ 2 ð ɺʽʜʛʫʢʠ ʆʈʉ ʪʘ ʤʦʜʝʣʝʡ ʆʈʉ 

ʄ2.2/2 ʪʘ ʄ2.2/3 ʟ ʘʤʧʣʽʪʫʜʦʶ ʘ2=2/3 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ ʧʦʙʫʜʦʚʽ ʢʚʘʜʨʘʪʠʯʥʦʾ ʜʠ-

ʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʆʈʉ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝ-

ʪʦʜʫ ɹʘʡʻʩʘ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʙʫʜʦʚʘʥʠʭ ʤʦʜʝʣʝʡ 
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ʇʆɹʋɼʆɺɸ ʆɹʏʀʉʃʖɺɸʃʔʅʀʍ ɿɸʉʆɹɯɺ ʂɸ ɿ ʅɽʊʈɸɼʀʎɯʁʅʀʄ 

ʇɯɼʍʆɼʆʄ ɼʃʗ ɺʀʂʆʅɸʅʅʗ ɿɸɺɼɸʅʔ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ 

ɸʥʦʪʘʮʽʷ. ɿʘʚʜʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʡʤʘʶʪʴ ʚʩʝ ʙʽʣʴʰʫ ʯʘʩ-

ʪʢʫ ʚʠʨʽʰʝʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʟʘʚʜʘʥʴ ʷʢ ʚ ʢʦʩʤʦʩʽ ʪʘʢ ʽ ʥʘ ʟʝʤʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥ-

ʜʘʨʪʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʜʣʷ ʟʘʚʜʘʥʴ ʂʫʙʉʘʪʽʚ ʥʝ ʜʘʻ ʥʝʦʙʭʽʜʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦ-

ʩʪʽ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʯʽʚ ʪʠʧʫ ʛʨʘʬʽʯʥʠʭ ʘʙʦ ʇʃɯʉ ʻ ʜʦʨʦʛʦ-

ʚʘʨʪʽʩʥʠʤ ʪʘ ʩʢʣʘʜʥʠʤ. ɸʚʪʦʨʠ ʩʪʘʪʪʽ ʥʘʜʘʶʪʴ ʩʚʽʡ ʧʦʛʣʷʜ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʴʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ Digital Signal Processor (DSP) ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʛʦ ʢʣʘʩʫ ʟʘʚʜʘʥʴ ʚ ʝʥʝʨʛʦ-

ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʜʝʰʝʚʠʡ ʩʧʦʩʽʙ. 
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NON-STANDARD APPROACH TO THE DESIGN OF SPACECRAFT ON-BOARD 

COMPUTERS TAILORED FOR THE MACHINE LEARNING TASKS  

Abstract. Machine learning tasks and algorithms are taking up an increasing share of 

algorithmic problem solving both in space and on the ground. The use of standard processors 

for CubeSats tasks does not provide the necessary computing power, and the use of special-

ized computers such as GPUs or FPGAs is expensive and complex. The authors of this article 

provide their view on the use of Digital Signal Processors (DSPs) to solve this class of prob-

lems in an energy-efficient and cheap way. 

Keywords: CubeSat, Nanosatellite, machine learning, signal processors, DSP, ML, 

SIMD 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ COTS (Commercial Off The Shelf) ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʧʦʩʪʽʡʥʠʡ ʟʨʽʩʪ ʾʾ 

ʩʪʫʧʝʥʷ ʽʥʪʝʛʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʤʦʛ ʜʦ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʥʦʩʫʧʫʪ-

ʥʠʢʽʚ, ʧʨʠʟʚʝʣʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʟʘʚʜʘʥʴ ʱʦ ʤʘʶʪʴ 

ʚʠʨʽʰʫʚʘʪʠʩʷ ʥʘ ʙʦʨʪʫ ʂɸ. ɹʽʣʴʰʽʩʪʴ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ ʱʦ ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ ɼɿɿ (ɼʠ-

ʩʪʘʥʮʽʡʥʦʛʦ ɿʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ) ʪʘ ʧʨʘʮʶʶʪʴ ʟ ʦʙʨʦʙʢʦʶ ʟʦʙʨʘʞʝʥʴ ð ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʩʠʚʽʚ ʟʦʙʨʘʞʝʥʴ ʪʘ ʧʦʰʫʢʫ ʘʥʦ-

ʤʘʣʽʡ ʘʙʦ ʟʘʚʜʘʥʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʝʚʥʠʭ ʦʙʨʘʟʽʚ. 

ʂʣʘʩʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʱʦ ʻ ʩʝʨʮʝʤ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʬʫʥʢʮʽʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʥʝʡʨʦʥʽʚ ð ʥʘʧʨʠʢʣʘʜ ʬʫʥʢʮʽʷ çʉʽʛʤʦʾʜè 

ð Sigmoid. 
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ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʜʽʾ, ʧʨʦʚʝʜʝʤʦ ʜʝʪʘʣʴʥʠʡ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʘʢʪʠʚʘʮʽʡ-

ʥʦʾ ʬʫʥʢʮʽʾ Sigmoid ʤʦʚʦʶ ʘʩʝʤʙʣʝʨʘ ʜʣʷ ARM Cortex-M, ʷʢʠʡ ʧʦʨʽʚʥʶʻ ʢʣʘʩʠʯʥʠʡ 

ʧʽʜʭʽʜ (ʙʝʟ DSP ʨʦʟʰʠʨʝʥʴ) ʽʟ SIMD/DSP-ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʚʘʨʽʘʥʪʦʤ. 

ʌʫʥʢʮʽʷ Sigmoid ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ: 

Sigmoid(x) = 1 / (1 + ê (-x)) 

ɿʘʟʚʠʯʘʡ, ʚʙʫʜʦʚʘʥʽ ML-ʟʘʚʜʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʘʢʪʠʚʘʮʽʡ ʜʣʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ. 

1. ʉʢʘʣʷʨʥʘ ʨʝʘʣʽʟʘʮʽʷ Sigmoid (ʙʝʟ DSP): 

ʂʦʞʥʝ ʟʥʘʯʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʢʨʝʤʦ. 
; r0  ð ʧʦʢʘʞʯʠʢ ʥʘ ʤʘʩʠʚ ʚʭʦʜʽʚ (x[]) 

; r1  ð ʧʦʢʘʞʯʠʢ ʥʘ ʤʘʩʠʚ ʚʠʭʦʜʽʚ (y[]) 

; r2  ð ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ (N) 

scalar_sigmoid_loop:  

    vldr.f32    s0, [r0], #4  

    vneg.f32    s1, s0  

    bl          expf  

    vadd.f32    s0, s0, #1.0  

    vrecpe.f32  s0, s0  

    vstr.f32    s0, [r1], #4  

    subs        r2, r2, #1  

    bne         scalar_sigmoid_loop  

2. SIMD/DSP-ʦʧʪʠʤʽʟʦʚʘʥʘ ʨʝʘʣʽʟʘʮʽʷ Sigmoid: 

ʇʨʦʮʝʩʦʨʠ ʟ DSP (Cortex-M4F/M7F) ʟʜʘʪʥʽ ʧʘʨʘʣʝʣʴʥʦ ʦʙʨʦʙʣʷʪʠ ʢʽʣʴʢʘ Sigmoid 

ʟʘ ʜʦʧʦʤʦʛʦʶ SIMD-ʽʥʩʪʨʫʢʮʽʡ ʪʘ ʥʘʙʣʠʞʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʝʢʩʧʦʥʝʥʪʠ. 

ʇʨʠʢʣʘʜ ʘʩʝʤʙʣʝʨʘ (SIMD-ʚʘʨʽʘʥʪ): 
; r0  ð ʧʦʢʘʞʯʠʢ ʥʘ ʤʘʩʠʚ ʚʭʦʜʽʚ (x[]) 

; r1  ð ʧʦʢʘʞʯʠʢ ʥʘ ʤʘʩʠʚ ʚʠʭʦʜʽʚ (y[]) 

; r2  ð ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ (ʢʨʘʪʥʦ 4) 

 

simd_sigmoid_loop:  

vldmia.f32  r0!, {q0}  

vneg.f32    q1, q0  

bl          exp_approx_simd  

vadd.f32    q2, q2, q3  

vrecpe.f32  q4, q2  

vstmia.f32  r1!, {q4}  

subs        r2, r2, #4  

bne         simd_sigmoid_loop  

3. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʜʣʷ N=1024): 

ʇʨʠ ʫʤʦʚʽ ʦʜʥʘʢʦʚʠʭ ʪʘʢʪʦʚʠʭ ʯʘʩʪʦʪ ʦʙʦʭ ʧʨʦʮʝʩʦʨʽʚ. 
ʈʝʘʣʽʟʘʮʽʷ ʂʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʇʨʠʩʢʦʨʝʥʥʷ 

ʉʢʘʣʷʨʥʘ (ʙʝʟ DSP) ~15 000 1 

SIMD ~3 000 ~5 
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ɿʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʘʨʘʣʝʣʽʟʤʦʤ SIMD-ʽʥʩʪʨʫʢʮʽʡ ʽ ʰʚʠʜʢʠʤʠ ʥʘ-

ʙʣʠʞʝʥʥʷʤʠ ʝʢʩʧʦʥʝʥʪʠ. 

 

ʏʦʤʫ DSP/SIMD ʝʬʝʢʪʠʚʥʽʰʽ ʜʣʷ ML-ʟʘʚʜʘʥʴ? 

ð ʇʘʨʘʣʝʣʴʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. 

ð ʄʝʥʰʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ð ʂʨʘʱʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʪʫʧʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʪʠʧʫ DSP ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ ʦʙʯʠ-

ʩʣʶʚʘʯʽ ʂɸ ʥʘ ʜʝʰʝʚʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʪʘ ʢʦʤʧʦʥʝʥʪʘʭ ʱʦ ʥʝ ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʢʦʤʧʦʥʝʥʪʠ 

ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʆʎɽʉʋ 

ʌɯʃʆʄɽʅʊʅʆɰ ʅɸʄʆʊʂʀ ɺʀʈʆɹɯɺ ɿ ʂʆʄʇʆɿʀʊʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʽ-

ʣʘʤʝʥʪʥʦʾ ʥʘʤʦʪʢʠ ʚʠʨʦʙʽʚ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 4-ʦʩʴʦʚʦʤʫ ʚʝʨʩʪʘʪʫ, ʱʦ ʤʘʻ 

ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʦʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʤʦʪʢʠ, ʬʫʥʢʮʽʶ ʩʠʤʫ-

ʣʷʮʽʾ ʥʘʤʦʪʢʠ ʪʘ ʟʚʽʪʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʘʨʘʤʝʪʨʽʚ (ʦʧʨʘʚʢʠ, ʪʠʧ 

ʚʦʣʦʢʥʘ, ʥʘʧʨʷʤʦʢ ʥʘʤʦʪʢʠ, ʚʠʙʽʨ ʩʤʦʣʠ ʪʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʫ). ʇʨʦʛʨʘ-

ʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽ ʾʥʘʤʦʪʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʢʦʥ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʽʚ, ʟʤʝʥʰʝʥʥʶ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʚʠʪʨʘʪ ʪʘ ʟʘʧʦʙʽʛʘʥʥʶ ʜʝʬʝʢʪʘʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʤʽʥʽʤʽʟʫʻ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʧʦʢʨʘʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜ-

ʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʨʦʙʽʚ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʘʚʽʘʮʽʷ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ 

ʪʘ ʢʦʩʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽʩʪʴ, ʢʦʥʪʨʦʣʴ, ʢʦʤ-
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DEVELOPMENT OF A PROGRAM FOR AUTOMATED G -CODE GENERATION 

FOR FILAMENT WINDING OF C OMPOSITE MATERIAL PRODUCTS  

Abstract. The proposed software automates the filament winding process of composite 

material products on a 4-axis machine tool, featuring a user-friendly interface, automatic ac-

curacy control, winding simulation, and reporting based on user-defined parameters (mandrel, 

fiber type, winding direction, resin selection, and mechanical characteristics of the product). 

The software optimizes winding trajectories and ensures uniform fiber distribution, contrib-

uting to increased product strength, reduced material consumption, and defect prevention. The 

implementation of this software minimizes human error, enhances production stability, and 
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improves the quality of composite products in industries such as aviation, automotive manu-

facturing, and space technology. 

Keywords: automation, software, quality, control, composite materials, machine tool, 

optimization. 

 

ɺʠʨʦʙʠ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʟʘʚʜʷʢʠ 

ʧʦʻʜʥʘʥʥʶ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ, ʤʘʣʦʾ ʚʘʛʠ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʭʦʧʣʶʻ ʪʘʢʽ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʛʘʣʫʟʽ, ʷʢ ʘʚʽʘʮʽʷ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʢʦʩʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʠʭ ʩʬʝʨ, ʜʝ ʚʘʞʣʠʚʘ ʦʧʪʠʤʽʟʘʮʽʷ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟ ʚʪʨʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʨʦʙʽʚ ʻ ʬʽ-

ʣʘʤʝʥʪʥʘ ʥʘʤʦʪʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚʽʩʝʩʠʤʝʪʨʠʯʥʽ ʜʝʪʘʣʽ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝ-

ʪʨʘʤʠ ʤʽʮʥʦʩʪʽ ʪʘ ʛʝʦʤʝʪʨʽʾ. ʆʜʥʘʢ ʨʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʩʪʘʪʦʤ, ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʥʘʤʦʪʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʨʽʚ-

ʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʢʦʥ. 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 4-ʦʩʴʦʚʦʛʦ ʥʘʤʦʪʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʬʽʣʘʤʝʥʪʥʦʾ ʥʘʤʦʪʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʘʱʠʪʠ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʨʦʙʽʚ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʽʣʘʤʝʥʪʥʦʾ 

ʥʘʤʦʪʢʠ ʻ ʩʪʚʦʨʝʥʥʷ G-ʢʦʜʫ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʥʘʤʦʪʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʬʽʣʘʤʝʥʪʥʦʾ ʥʘʤʦʪʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʢʦ-

ʨʠʩʪʫʚʘʯʘ ʟʨʫʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʚʚʝʜʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʘʚʪʦʤʘʪʠ-

ʯʥʦ ʛʝʥʝʨʫʚʘʪʠ G-ʢʦʜ ʜʣʷ ʚʝʨʩʪʘʪʘ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʜʣʷ ʚʚʝʜʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ð ʚʚʝʜʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʠ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʨʘʚʢʠ (ʜʽʘʤʝʪʨ, ʜʦʚ-

ʞʠʥʘ, ʧʨʦʬʽʣʴ ʪʦʱʦ), ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦ-

ʮʝʩʫ ʬʽʣʘʤʝʥʪʥʦʾ ʥʘʤʦʪʢʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʠʨʦʙʽʚ; 

ð ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʱʦʜʦ ʪʠʧʫ ʚʦʣʦʢʥʘ (ʥʘʧʨʠʢʣʘʜ, ʩʢʣʦʚʦʣʦʢʥʦ, ʚʫʛʣʝ ʚʦʣʦʢʥʦ), 

ʢʫʪʘ ʥʘʤʦʪʢʠ, ʪʦʚʱʠʥʠ ʪʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ; 

ð ʚʚʝʜʝʥʥʷ ʩʤʦʣʠ ʟʘʣʝʞʥʦ ʚʽʜ ʙʘʞʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ, ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʙʦʨʫ ʩʤʦʣʠ ʽʟ ʚʙʫʜʦʚʘʥʦʾ ʫ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʽʙʣʽʦʪʝʢʠ ʽʟ ʟʘʟʥʘʯʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʚ'ʷʟʢʽʩʪʴ, ʘʜʛʝʟʽʷ, ʪʝʨ-

ʤʦʩʪʽʡʢʽʩʪʴ, ʪʦʱʦ; 

ð ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʩʭʝʤʠ (ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʜʣʷ 4-ʦʩʴʦʚʦʛʦ ʚʝʨʩʪʘʪʘ) 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʢʦʥ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ, ʩʪʠʩʥʝʥʥʷ, ʪʦʱʦ. 

ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʩʭʝʤ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʦ-

ʣʦʢʦʥ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʟʤʝʥʰʫʻ ʚʠ-

ʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʽʣʘʤʝʥʪʥʦʾ ʥʘʤʦʪʢʠ ʜʣʷ 4-ʦʩʴʦʚʦʛʦ ʥʘʤʦʪʫ-

ʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʦʩʝʡ ð ʫʧʨʘʚʣʽʥʥʷ 4 ʦʩʷʤʠ (X, Y, Z, ɸ) ʧʦʪʨʝʙʫʻ ʪʦʯ-

ʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʟʣʘʛʦʜʞʝʥʦʛʦ ʨʫʭʫ ʚ ʧʨʦʮʝʩʽ ʥʘʤʦʪʢʠ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽ ʧʦʭʠʙʢʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʝʨʝʜʙʘʯʘʻ ʬʫʥʢʮʽʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫ-

ʚʘʥʥʷ ʧʦʤʠʣʦʢ, ʪʘʢʠʭ ʷʢ ʦʙʨʠʚ ʥʠʪʢʠ ʘʙʦ ʜʝʬʦʨʤʘʮʽʷ ʦʧʨʘʚʢʠ. ʊʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʦ ʚʽʟʫ-

ʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʥʘʤʦʪʢʠ ʫ ʚʠʛʣʷʜʽ 3D-ʩʠʤʫʣʷʮʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴ-

ʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɼʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥ-

ʪʨʦʣʴ ʷʢʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʘʥʘʣʽʟ ʚʽʜʭʠʣʝʥʴ ʚʽʜ 
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ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʥʘʜ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝ-

ʩʦʤ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʻ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʠ ʟ ʩʝʥʩʦʨʘʤʠ ʜʣʷ ʢʦʥʪ-

ʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʘʙʽʣʽ-

ʟʫʚʘʪʠ ʧʨʦʮʝʩ ʥʘʤʦʪʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ, ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʨʦʙʽʚ 

ʪʘ ʨʦʟʰʠʨʝʥʥʶ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʨʦʙʥʠʮʪʚʘ. 
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AEROSPACE DESIGN BASED ON SEMANTIC VECTOR SEARCH AND 

TRANSFER LEARNING  

Abstract. This paper explores the potential of a decision support system for aerospace 

design that integrates semantic vector search and transfer learning. The study investigates the 

application of transfer learning to adapt pre-trained neural networks for aerospace-specific 

datasets and examines how semantic vector search can transform complex design data into 

high-dimensional vector representations to reveal latent relationships. Various supervised and 

unsupervised learning approaches are evaluated to address different phases of the aerospace 

lifecycle. Preliminary validation on both synthetic and real-world datasets indicates promising 

improvements in design analysis efficiency and predictive accuracy, laying a foundation for 

further development of AI-based decision support systems in aerospace engineering. 

Keywords: aerospace design, semantic vector search, transfer learning, decision sup-

port. 
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ɸɽʈʆʂʆʉʄɯʏʅɽ ʇʈʆɭʂʊʋɺɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ʉɽʄɸʅʊʀʏʅʆɻʆ 

ɺɽʂʊʆʈʅʆɻʆ ʇʆʐʋʂʋ ʊɸ ʊʈɸʅʉʌɽʈʅʆɻʆ ʅɸɺʏɸʅʅʗ 

ɸʥʦʪʘʮʽʷ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽ-

ʰʝʥʴ ʜʣʷ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʱʦ ʦʙôʻʜʥʫʻ ʤʝʪʦʜʠ ʩʝʤʘʥʪʠʯʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʰʫʢʫ ʪʘ ʪʨʘʥʩʬʝʨʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʩʬʝʨʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʰʫʢʫ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʝʢʪʥʠʭ ʜʘʥʠʭ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʚʝʢʪʦʨʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟ ʤʝ-

ʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʟʚôʷʟʢʽʚ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʷʢ ʢʦʥʪʨʦʣʴʦʚʘʥʽ, ʪʘʢ ʽ ʥʝʢʦʥʪʨʦʣʴʦ-

ʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʝ-

ʨʦʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ. ʇʦʧʝʨʝʜʥʷ ʧʝʨʝʚʽʨʢʘ ʷʢ ʩʠʥʪʝʪʠʯʥʠʭ, ʪʘʢ ʽ ʨʝʘʣʴʥʠʭ ʥʘʙʦʨʽʚ 
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ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʘʛʘʪʦʦʙʽʮʷʶʯʽ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ ʧʨʦʝʢʪʥʠʭ ʜʘʥʠʭ 

ʪʘ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʟʘʢʣʘʜʘʻ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʧʽʜʪ-

ʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʐɯ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʽʥʞʝʥʝʨʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʝʨʦʢʦʩʤʽʯʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʩʝʤʘʥʪʠʯʥʠʡ ʚʝʢʪʦʨʥʠʡ ʧʦʰʫʢ, ʪʨʘ-

ʥʩʬʝʨʥʝ ʥʘʚʯʘʥʥʷ, ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ. 

 

This research aims to pioneer a decision support system for aerospace design through 

the integration of semantic vector search and transfer learning techniques. The study builds 

on prior work demonstrating the efficacy of AI in addressing critical aerospace challenges, 

such as damage detection in composite materials (Das et al., 2021) and fault diagnosis in 

complex aerospace systems (Ezzat et al., 2021). Comprehensive overviews of AI and machine 

learning applications in aerospace further underscore the potential of these methodologies to 

transform design practices (Kumar & Jayasimha, 2023). 

At the core of the proposed approach is the adaptation of transfer learning, which tailors 

advanced pre-trained neural networks to aerospace-specific datasets, enhancing model 

performance and agility (Kumar & Jayasimha, 2023). Complementing this, semantic vector 

search is utilized to convert raw, multifaceted design data-ranging from engineering 

specifications to performance metrics and sensor logs-into high-dimensional vector 

representations. Such transformations facilitate the extraction of latent relationships and 

patterns, a process supported by recent advancements in knowledge-based retrieval methods 

for aerospace documentation (Duan et al., 2024) and data-driven engineering paradigms 

(Brunton et al., 2021). 

The system further integrates supervised and unsupervised learning models to address 

the varied demands across different phases of an aircraftôs lifecycle. During the development 

and testing stages, where uncovering new insights is paramount, these models help refine 

design decisions. In contrast, during active operation and failure analysis, the focus shifts to 

delivering accurate predictions and rapid diagnosticsða duality reflecting the challenges 

outlined in studies on AI applications in space missions (Oche et al., 2024). Although AI has 

also been extensively applied to domains such as aviation cybersecurity (Garcia et al., 2021), 

the current work concentrates on leveraging these techniques to optimize design processes. 

The resulting model encompasses modules for data preprocessing, high-dimensional 

vector representation, similarity-driven retrieval, and dynamic knowledge transfer. Its 

performance is rigorously validated against both synthetic datasets and real-world aerospace 

project data to ensure robustness and practical applicability, while also considering the latest 

algorithmic trends and technological advancements in aerospace manufacturing and design. 

Ultimately, the envisioned decision support system promises to substantially reduce 

design data analysis time and improve the predictive accuracy of critical design parameters. 

These enhancements are anticipated to redefine efficiency in aerospace design and catalyze 

the integration of next-generation AI techniques into engineering practice. In summary, this 

paper confirms the transformative potential of integrating semantic vector search with transfer 

learning as a cornerstone for decision support in aerospace design, laying a robust foundation 

for future advancements in automated design analysis and intelligent system integration 

(Duan et al., 2024; Brunton et al., 2021; Oche et al., 2024). 
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ʅɸɻʃʗɼʋ ɿɸ ʉʊɸʅʆʄ ɿɼʆʈʆɺôʗ ɺʆɼɯʗ 

ɸʥʦʪʘʮʽ.̫ ʈʦʙʦʪʘ ʦʭʦʧʣʶʻ ʪʝʤʫ ʙʝʟʧʝʢʠ ʚʦʜʽʾʚ ʧʽʜ ʯʘʩʫ ʨʫʭʫ, ʘ ʩʘʤʝ ʝʣʝʢʪʨʦʥʥʦʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ , ʷʢʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʩʝʨʮʝʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʩʠʛ-

ʥʘʣʽʟʫʚʘʥʥʷ ʚʦʜʽʻʚʽ ʚ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʡʦʤʫ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʩʚʽʡ ʩʪʘʥ ʽ ʟʘ ʧʦʪʨʝʙʠ 

ʟʫʧʠʥʠʪʠʩʷ. ɺ ʮʠʭ ʪʝʟʘʭ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʪʘ ʩʧʝʮʠʬʽʢʫ ʘʣʛʦʨʠʪʤʽʚ ʢʦʪʨʽ 

ʟʜʽʡʩʥʶʶʪʴ ʢʝʨʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʴ ʟʘ ʩʠʩʪʝʤʦʶ. ʊʘʢʦʞ ʙʫʣʦ ʦʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʨʦʪʦ-

ʢʦʣʫ ʢʦʤʫʥʽʢʘʮʽʾ ʩʠʩʪʝʤʠ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʦʩʥʦʚʥʠʤ 

ʢʦʥʪʨʦʣʝʨʦʤ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ, ʤʦʥʽʪʦʨʠʥʛ, ʚʦʜʽʡ, ʩʝʥʩʦʨ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʘʣʛʦʨʠʪʤ, 

ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ, ʧʨʦʪʦʢʦʣ. 

 

A. Mukhin 
Oles Honchar Dnipro National University 

ORCID 0009-0001-7292-2333 

E-mail: Mukhin@ftf.dnu.edu.ua 

O. Petrenko 
Oles Honchar Dnipro National University 

ORCID 0000-0001-5648-5068 

E-mail: Petrenko@ftf.dnu.edu.ua 

SOFTWARE PART OVERVIEW FOR THE AUTOMATED SYSTEM OF 

MONITORING THE DRIVER'S HEALTH CONDITION  

Abstract. The work covers the topic of driver safety while driving, namely an electronic 

automated system that performs the functions of monitoring cardiac activity and signaling the 

driver in situations when he should pay attention to his condition and, if necessary, stop. These 

theses consider the software implementation and the specifics of the algorithms that control 

and monitor the system. The issue of the system's communication protocol and the features of 

its operation during communication with the main controller of the car system were also 

examined. The work is devoted to analysis and development of a system of medical 

supervision of drivers with the possibility of researching heart diseases. The paper analyzes 

the possible care factors and the component base that can be used to implement such a system. 
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ʄʝʪʘ ʽ ʥʘʧʨʷʤʦʢ ʨʦʙʦʪʠ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʨʦʙʢʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʝʨʮʝʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʦʜʽʾʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦ-

ʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʟʯʠʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ, ʪʘʢʠʭ ʷʢ [1, c.1] ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ (ɽʂɻ), 

ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʘ [2, c.1] (ʌʇɻ), ʤʽʢʨʦʬʦʥʠ ʪʘ ʽʥʰʽ, ʜʦ ʢʦʥʪʨʦʣʶʶʯʠʭ ʚʫʟʣʽʚ ʘʚʪʦ-

ʤʦʙʽʣʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ [3, c.1] STM32, ʦʧʝʨʘʮʽʡʥʘ ʩʠ-

ʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ FreeRTOS, ʘ ʪʘʢʦʞ ʤʦʜʫʣʽ DMA, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʟʘʪʨʠ-

ʤʢʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ UART ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʢʦʤʫʥʽʢʘʮʽʾ, ʜʦʟʚʦʣʷ-

ʶʯʠ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ʄʙʽʪ/ʩ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʪʦʢʦʣʦʤ ʢʦ-

ʤʫʥʽʢʘʮʽʾ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʥʘ ʦʩʥʦʚʽ ʧʘʢʝʪʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ ʽ ʚʣʘʩʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ ʜʣʷ ʙʽʣʴ-

ʰʦʾ ʥʘʜʽʡʥʦʩʪʽ. ɼʣʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʤʦʜʫʣʴʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʘʣʛʦʨʠʪʤʠ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʽʚ, ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʊʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʦʙʨʦʙʣʷʪʠ 

ʜʘʥʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰʝ ʙʣʠʟʴʢʦ 80% ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʦʨʘ, 

ʥʘʚʽʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ ʜʫʙʣʴʦʚʘʥʠʤʠ ʩʝʥʩʦʨʘʤʠ ʢʦʞʥʦʛʦ ʪʠʧʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʦʤʠʣʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʘʥʦʤ ʟʜʦʨʦʚôʷ ʚʦʜʽʷ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ. ʋʥʽʢʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʘʮʽʾ 

ʜʝʢʽʣʴʢʦʭ ʩʝʥʩʦʨʽʚ ʽ ʧʨʦʪʦʢʦʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʾ ʘʜʘʧʪʫʚʘʪʠ ʜʣʷ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʡ, ʚʢʣʶʯʘʶʯʠ ʤʝʜʠʮʠʥʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʧʨʘʮʽʚʥʠʢʽʚ ʢʨʠʪʠʯʥʠʭ ʧʨʦʬʝʩʽʡ. 

ʅʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʫ ʩʫʯʘʩʥʽ ʘʚʪʦ-

ʤʦʙʽʣʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʨʠʚʘʶʪʴ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʽʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʚ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʜʦʛʣʷʜʫ ʟʘ ʩʪʘʥʦʤ 

ʟʜʦʨʦʚôʷ ʚʦʜʽʷ, ʧʨʠʚʝʜʝʥʦ ʧʣʘʥ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʪʘ ʜʦʚʝ-

ʜʝʥʦ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ 
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ʈʆɿʈʆɹʂɸ VR-ɼʆɼɸʊʂʋ çFUTURE SCHOOL VR DEFENCE OF UKRAINEè 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʪʚʦʨʝʥʥʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʥʘʚʯʘʥʥʷ ʟ ʚʦʛʥʝʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚ ʨʘʤʢʘʭ ʧʨʝʜʤʝʪʫ ɿʘʭʠʩʪʫ ʋʢʨʘʾʥʠ. ʎʷ ʩʠʩʪʝʤʘ ʙʘʟʫ-

ʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʧʽʜʚʠ-

ʱʠʪʠ ʙʝʟʧʝʢʫ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʘʣʝ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʘʢʫʧʽʚʣʶ ʪʘ ʟʙʝʨʽ-

ʛʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʩʧʨʠʷʪʠʤʝ ʟʙʽʣʴ-

ʰʝʥʥʶ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʫʯʥʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʾʭʥʽʭ ʥʘʚʠʯʦʢ ʚʦʣʦʜʽʥʥʷ ʟʙʨʦʻʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ, ʚʦʛʥʝʚʘ ʧʽʜʛʦʪʦʚʢʘ, ʟʘʭʠʩʪ ʋʢʨʘʾʥʠ, ʥʘʚ-

ʯʘʥʥʷ, ʙʝʟʧʝʢʘ ʥʘʚʯʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʪʨʘʪ, ʥʘʚʠʯʢʠ ʚʦʣʦʜʽʥʥʷ ʟʙʨʦʻʶ. 
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Abstract. This work is dedicated to the creation and implementation of an effective 

training system for Firearm Training in the lessons of Defense of Ukraine. This system is 

based on the use of virtual reality technologies, which will not only increase the safety of the 

educational process, but also optimize the costs of purchasing and storing materials. In 

addition, the use of virtual reality will contribute to increasing student engagement and 

improving their weapon handling skills. 
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ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʩʪʘʣʠ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʙʘʛʘʪʴʦʭ ʩʬʝʨ, ʟʦʢʨʝʤʘ ʡ ʦʩʚʽʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʚ ʨʘʤʢʘʭ ʧʨʝʜ-

ʤʝʪʫ ɿʘʭʠʩʪʫ ʋʢʨʘʾʥʠ ʻ ʟʥʘʯʥʠʤ ʢʨʦʢʦʤ ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ. ʎʝʡ ʧʽʜʭʽʜ ʜʦ-

ʟʚʦʣʷʻ ʫʯʥʷʤ ʦʪʨʠʤʫʚʘʪʠ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʫ ʙʝʟʧʝʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦ-

ʞʣʠʚʽʩʪʴ ʪʨʝʥʫʚʘʪʠʩʷ ʙʝʟ ʨʠʟʠʢʫ ʜʣʷ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ. ʊʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʽʤʽʪʫʚʘʪʠ ʩʪʨʽʣʴʙʫ ʟʽ ʟʙʨʦʾ ʙʝʟ ʨʠʟʠʢʫ ʜʣʷ ʫʯʥʷ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʙʝʟ ʦʩʪʨʘʭʫ 

ʧʨʘʢʪʠʢʫʚʘʪʠʩʷ ʫ ʩʪʨʽʣʴʙʽ, ʘʜʞʝ ʧʦʤʠʣʢʠ ʥʝ ʥʝʩʫʪʴ ʞʦʜʥʠʭ ʩʝʨʡʦʟʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

VR-ʦʢʫʣʷʨʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʩʪʝʨʝʦʩʢʦʧʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʜʚʦʤ ʜʠʩʧʣʝʷʤ, ʧʦ ʦʜʥʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʘ. ʅʘ ʢʦʞʝʥ ʜʠʩʧʣʝʡ ʚʠʚʦʜʠʪʴʩʷ 

ʪʨʦʭʠ ʚʽʜʤʽʥʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʽʤʽʪʫʶʯʠ ʙʽʥʦʢʫʣʷʨʥʠʡ ʟʽʨ, ʱʦ ʩʪʚʦʨʶʻ ʝʬʝʢʪ ʛʣʠʙʠʥʠ ʪʘ 

ʦʙ'ʻʤʥʦʩʪʽ, ʟʘʥʫʨʶʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʚʽʨʪʫʘʣʴʥʠʡ ʧʨʦʩʪʽʨ. ɺʙʫʜʦʚʘʥʽ ʜʘʪʯʠʢʠ, ʪʘʢʽ ʷʢ 

ʛʽʨʦʩʢʦʧʠ ʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʚʽʜʩʪʝʞʫʶʪʴ ʨʫʭʠ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʜʠʩʧʣʝʷʭ ʤʠʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʨʫʭʽʚ, ʩʪʚʦʨʶʶʯʠ ʽʣʶʟʽʶ ʧʦʚʦʨʦʪʫ ʛʦ-

ʣʦʚʠ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʚʽʪʽ. ʉʧʝʮʽʘʣʴʥʽ ʣʽʥʟʠ ʬʦʢʫʩʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʜʠʩʧʣʝʾʚ, ʨʦʙʣʷʯʠ 

ʡʦʛʦ ʯʽʪʢʠʤ ʽ ʢʦʤʬʦʨʪʥʠʤ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ. VR-ʦʢʫʣʷʨʠ ʤʦʞʫʪʴ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʢʦʤ-

ʧ'ʶʪʝʨʘ ʘʙʦ ʩʤʘʨʪʬʦʥʘ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʚʽʨʪʫʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ [1]. GCVR RELOADED 

ʮʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʩʠʤʫʣʷʪʦʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʥʘʚʯʘʥʥʷ ʚʦʛʥʝ-

ʚʦʾ ʧʽʜʛʦʪʦʚʢʠ, ʩʪʚʦʨʶʶʯʠ ʨʝʘʣʽʩʪʠʯʥʝ ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʜʝ ʤʦʞʥʘ ʙʝʟʧʝʯʥʦ ʪʨʝ-

ʥʫʚʘʪʠʩʷ ʚ ʧʦʚʦʜʞʝʥʥʽ ʟʽ ʟʙʨʦʻʶ. ʉʠʤʫʣʷʪʦʨ GCVR RELOADED ʩʪʚʦʨʶʻ ʚʽʨʪʫʘʣʴʥʠʡ 

ʧʨʦʩʪʽʨ, ʚ ʷʢʦʤʫ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʦʙ'ʻʢʪʘʤʠ ʪʘ ʧʝʨʩʦʥʘʞʘʤʠ. ɺʽʥ ʽʤʽʪʫʻ 

ʨʝʘʣʴʥʽ ʫʤʦʚʠ, ʪʘʢʽ ʷʢ ʦʩʚʽʪʣʝʥʥʷ, ʬʽʟʠʢʘ ʦʙ'ʻʢʪʽʚ ʽ ʟʚʫʢʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʠʡ ʩʪʫ-

ʧʽʥʴ ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʚʽʨʪʫʘʣʴʥʠʤ ʩʚʽʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʝʨʽʚ ʘʙʦ ʨʫʭʽʚ ʪʽʣʘ. ʋ ʚʠʧʘʜʢʫ GCVR RELOADED ʮʝ ʽʤʽʪʘʮʽʷ ʚʦʛʥʝʚʦʾ ʧʽʜʛʦʪʦ-

ʚʢʠ, ʜʝ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʚʽʨʪʫʘʣʴʥʦʶ ʟʙʨʦʻʶ, ʚʝʩʪʠ ʧʨʠʮʽʣʴʥʠʡ ʚʦʛʦʥʴ ʽ 

ʚʠʢʦʥʫʚʘʪʠ ʽʥʰʽ ʜʽʾ. ʉʠʤʫʣʷʪʦʨ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʥʘʧʨʠʢʣʘʜ, ʚʽʙʨʘ-

ʮʽʶ ʢʦʥʪʨʦʣʝʨʽʚ ʘʙʦ ʟʚʫʢʦʚʽ ʝʬʝʢʪʠ, ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʝʬʝʢʪʫ ʟʘʥʫʨʝʥʥʷ. ɺʟʘʻʤʦʜʽʷ VR-

ʦʢʫʣʷʨʽʚ ʽ ʩʠʤʫʣʷʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ VR-ʦʢʫʣʷʨʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʨʪʫ-

ʘʣʴʥʠʡ ʧʨʦʩʪʽʨ, ʩʪʚʦʨʝʥʠʡ ʩʠʤʫʣʷʪʦʨʦʤ, ʽ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʧʨʦ ʨʫʭʠ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ 

ʚ ʩʠʤʫʣʷʪʦʨ. ʅʘ ʨʠʩʫʥʢʘʭ 1-2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʙʘʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯ ʜʦʜʘʪʢʫ, 

ʘ ʥʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʧʨʠʣʘʜ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʥʘʚʯʘʥʥʽ [2, 3]. 
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ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʫ ʥʘʚʯʘʥʥʷ ʟ ɺʦʛʥʝʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʽ-

ʜʢʨʠʚʘʻ ʥʦʚʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ. VR-ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʫʶʪʴ 

ʙʝʟʧʝʢʫ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʫʩʫʚʘʶʯʠ ʨʠʟʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʦʾ 

ʟʙʨʦʾ, ʘ ʡ ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʤʝʞʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʝʥʴ ʜʣʷ ʚʽʜʪʦʯʝʥʥʷ ʥʘʚʠʯʦʢ ʙʝʟ ʜʦʜʘʪ-

ʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʙʦʻʧʨʠʧʘʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝʨʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʩʧʨʠʷʻ 

ʙʽʣʴʰ ʛʣʠʙʦʢʦʤʫ ʟʘʥʫʨʝʥʥʶ ʚ ʩʠʪʫʘʮʽʶ, ʱʦ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʟʘʩʚʦʻʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɿʘʚʜʷʢʠ VR ʥʘʚʯʘʥʥʷ ʩʪʘʻ ʜʠʥʘʤʽʯʥʠʤ, ʟʘʭʦʧʣʶ-

ʶʯʠʤ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʨʝʘʣʴʥʠʭ ʙʦʡʦʚʠʭ ʩʠʪʫʘʮʽʡ. 
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ʚʘʥʥʷ ʦʙᾷʻʢʪʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 
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OVERVIEW OF METHODS FOR REAL -TIME MILITARY OBJECTS 

RECOGNITION USING DEEP LEARNING  

Abstract. A review of real-time military object recognition methods has been con-

ducted. Their performance in terms of detection speed and accuracy has been compared. The 

challenges and issues in this field have been analyzed. 

Keywords: machine learning, military object recognition, real-time object recognition. 

 

ɺʩʪʫʧ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʻ ʦʜʥʠʤ ʽʟ 

ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ. ɿʨʦʩʪʘʥʥʷ ʛʝʦʧʦʣʽʪʠʯʥʦʾ ʥʘ-

ʧʨʫʞʝʥʦʩʪʽ, ʨʦʟʚʠʪʦʢ ʘʚʪʦʥʦʤʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʛʨʦʟʠ ʚʠʤʘʛʘʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʾ ʪʘ ʰʚʠʜʢʦʜʽʶʯʦʾ 

ʘʥʘʣʽʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʄʝʪʦʜʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʟʛʦʨ-

ʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘ ʪʨʘʥʩʬʦʨʤʝʨʥʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠ-

ʚʥʽʩʪʴ ʫ ʟʘʜʘʯʘʭ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʽʡʩʴʢʦʚʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. ɸʣʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [1] 

ʚʠʩʫʚʘʻ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʟʦʢʨʝʤʘ ʾʭʥʴʦʾ ʟʜʘ-

ʪʥʦʩʪʽ ʜʦ ʨʦʙʦʪʠ ʥʘ ʚʙʫʜʦʚʘʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟ ʦʙʤʝʞʝʥʠʤʠ ʘʧʘʨʘʪʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ ʩʫʪʪʻʚʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʪʘʢʠʭ ʷʢ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠ-

ʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʮʽʣʝʡ ʥʘ ʘʝʨʦʬʦʪʦʟʥʽʤʢʘʭ, ʤʦʥʽʪʦʨʠʥʛ ʧʝʨʝʩʫʚʘʥʥʷ ʪʝʭʥʽʢʠ 

ʥʘ ʧʦʣʽ ʙʦʶ, ʘʥʘʣʽʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʨʦʟʚʽʜʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ 

[2]. ʋʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʧʝʢʠ, ʟʤʝʥʰʝʥʥʶ ʨʠʟʠʢʽʚ ʜʣʷ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘ-

ʥʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʦʧʝʨʘʮʽʡ. 

ʄʦʜʝʣʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙᾷʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʄʦʜʝʣʴ YOLO ʩʪʘʣʘ ʦʜ-

ʥʽʻʶ ʟ ʧʝʨʰʠʭ ʘʨʭʽʪʝʢʪʫʨ, ʱʦ ʜʦʟʚʦʣʠʣʘ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ 
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ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɰʾ ʢʣʶʯʦʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʨʦʟʜʽʣʝʥʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʽʪʢʫ, ʜʝ ʢʦʞʥʘ ʢʦʤʽʨʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʮʽʻʾ ʦʙʣʘʩʪʽ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [3] ʘʚʪʦʨʠ ʧʦʨʽʚʥʶʶʪʴ 

ʨʽʟʥʽ ʤʦʜʝʣʽ ʟ ʬʨʝʡʤʚʦʨʢʫ YOLO, ʩʪʚʝʨʜʞʫʶʯʠ, ʱʦ ʤʦʜʝʣʴ YOLOv5m ʜʝʤʦʥʩʪʨʫʻ 

ʥʘʡʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʚʠʷʚʣʝʥʥʽ ʚʘʥʪʘʞʽʚʦʢ, ʪʘʥʢʽʚ, ʣʽʪʘʢʽʚ, ʚʝʨʪʦʣʴʦʪʽʚ ʪʘ ʘʚ-

ʪʦʤʦʙʽʣʽʚ, ʜʦʩʷʛʘʶʯʠ ʧʦʢʘʟʥʠʢʽʚ Precision 91.2%, Recall 94.4%, ʪʘ mAP50 95.9%. ɸʨ-

ʭʽʪʝʢʪʫʨʘ YOLO, ʭʦʯʘ ʽ ʝʬʝʢʪʠʚʥʘ, ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ʚʦʥʘ ʜʝʤʦʥʩʪʨʫʻ 

ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʙôʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴ-

ʢʦʩʪʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʣʘ-

ʩʪʝʡ. ɺʦʜʥʦʯʘʩ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʜʽʾ, YOLO ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪ-

ʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

SSD ʻ ʤʦʜʝʣʣʶ, ʱʦ ʨʝʘʣʽʟʫʻ ʢʦʥʮʝʧʮʽʶ ʧʦʜʽʣʫ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʙʣʘʩʪʽ, ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʽ ʬʽʣʴʪʨʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. ɿʘʚʜʷʢʠ ʦʜ-

ʥʦʝʪʘʧʥʦʤʫ ʧʽʜʭʦʜʫ, SSD ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʦʩ-

ʪʫʧʝʥʝʚʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ Faster R-CNN, ʱʦ ʚʢʣʶʯʘʶʪʴ ʨʝʛʽʦʥʘʣʴʥʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʻ ʝʬʝʢʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʨʽʟʥʦʛʦ ʤʘʩʰ-

ʪʘʙʫ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʟʘʜʘʯ ʟ ʚʠʩʦʢʦʶ ʚʘʨʽʘʪʠʚʥʽʩʪʶ ʦʙôʻʢʪʽʚ. ʆʜʥʘʢ ʪʦʯ-

ʥʽʩʪʴ ʤʦʜʝʣʽ ʟʥʠʞʫʻʪʴʩʷ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʜʨʽʙʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩ-

ʪʷʤʠ ʾʾ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʤʦʜʝʣʴ ʘʚʪʦʨʠ ʚ ʨʦʙʦʪʽ [4] ʟʤʦʛʣʠ 

ʜʦʩʷʛʥʫʪʠ ʧʦʢʘʟʥʠʢʘ 25 ʢ/ʩ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʙᾷʻʢʪʽʚ ʥʘ ʚʽʜʝʦ ʟ ʢʘʤʝʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʘ ʪʘʢʦʞ ʚʝʙ-ʢʘʤʝʨ. ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢ 15 ʢ/ʩ ʧʨʠ ʟʘʧʫʩʢʫ ʮʽʻʾ ʤʦʜʝʣʽ ʥʘ 

ʩʤʘʨʪʬʦʥʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ SSD, ʘʨʭʽʪʝʢʪʫʨʘ DEtection TRansformers (DETR) ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥ-

ʰʽʡ ʧʘʨʘʜʠʛʤʽ ð ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʭʘʥʽʟʤ ʛʣʦʙʘʣʴʥʦʾ ʩʘʤʦʫʚʘʛʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝ-

ʢʪʠʚʥʦ ʤʦʜʝʣʶʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʥʘ ʚʩʴʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʎʝ ʫʩʫʚʘʻ ʥʝ-

ʦʙʭʽʜʥʽʩʪʴ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʝʪʘʧʘʭ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʚʽʜʙʦʨʫ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʤʦʜʝʣʝʡ 

R-CNN. ʆʜʥʘʢ ʦʜʥʠʤ ʽʟ ʥʝʜʦʣʽʢʽʚ DETR ʻ ʧʦʚʽʣʴʥʘ ʟʙʽʞʥʽʩʪʴ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʱʦ ʧʦ-

ʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʽ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʮʽʻʾ ʘʨʭʽʪʝʢʪʫʨʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʽʣʴʢʘ ʚʜʦʩʢʦʥʘʣʝʥʴ. ʅʘʧʨʠʢʣʘʜ, 

Deformable DETR [5] ʽʥʪʝʛʨʫʻ ʤʝʭʘʥʽʟʤ ʜʝʬʦʨʤʽʚʥʦʾ ʩʘʤʦʫʚʘʛʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʢʫʩʫ-

ʚʘʪʠʩʷ ʣʠʰʝ ʥʘ ʨʝʣʝʚʘʥʪʥʠʭ ʯʘʩʪʠʥʘʭ ʟʦʙʨʘʞʝʥʥʷ, ʟʤʝʥʰʫʶʯʠ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜ-

ʥʽʩʪʴ. ʋ ʨʦʙʦʪʽ [6] ʧʨʝʜʩʪʘʚʣʝʥʦ RT-DETR ð ʤʦʜʠʬʽʢʦʚʘʥʫ ʚʝʨʩʽʶ, ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʚʠ-

ʩʦʢʫ ʰʚʠʜʢʦʜʽʶ, ʷʢʘ ʧʝʨʝʚʝʨʰʫʻ YOLOv8 ʟʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʜʦʩʷʛʘʶʯʠ 108 ʢ/ʩ ʽ 

53.1% AP, ʧʦʨʽʚʥʷʥʦ ʟ 96 ʢ/ʩ ʽ 50.2% AP ʫ YOLOv8 ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ. 

ʎʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʨʠʷʶʪʴ ʨʦʟʰʠʨʝʥʥʶ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ DETR ʫ ʚʠʩʦʢʦ-

ʥʘʚʘʥʪʘʞʝʥʠʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʷʢ ʘʚʪʦʥʦʤʥʽ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ ʪʘ ʩʠʩʪʝʤʠ ʤʦ-

ʥʽʪʦʨʠʥʛʫ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ. ɸʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [7] ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʥʦʚʫ ʤʦʜʝʣʴ RT-

DETR, ʦʧʪʠʤʽʟʫʚʘʚʰʠ ʽ ʘʜʘʧʪʫʚʘʚʰʠ ʾʾ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ, ʜʦʩʷʛʥʫʚʰʠ ʧʨʠʨʦʩʪʫ 8.1% ʚ ʧʦʢʘʟʥʠʢʫ mAP50. 

ɺʠʩʥʦʚʢʠ. ʄʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙᾷʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʦʜʦʚʞʫʶʪʴ ʘʢʪʠ-

ʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ, ʦʩʦʙʣʠʚʦ ʫ ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʽ ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ YOLO, SSD ʪʘ DETR, 

ʢʦʞʥʘ ʟ ʘʨʭʽʪʝʢʪʫʨ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʤʦ-

ʜʝʣʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʘʫʢʦʚʮʷʤʠ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʤʦʜʠ-

ʬʽʢʘʮʽʡ ʟʘʛʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʪʠʤʽʟʦʚʘʥʽ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ ʘʙʦ ʫʤʦʚʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʜʦʩʷʛʥʝʥʥʶ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ, ʘ ʪʘʢʦʞ ʟʤʝʥ-

ʰʝʥʥʶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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PRINTED LPDA BASED ON DIPOLES WITH INCLUDED INDUC TIV 

ELEMENTS  

Abstract. A printed logperiodic antenna based on flat dipoles with included inductive 

elements was simulated. Calculations were performed using the method of moments in the 

FEKO environment. Frequency dependences of input impedance, VSWR, and directivity 

diagrams for the frequency range of 1-6 GHz were obtained. The calculated results were 

compared with experimental data. 

Keywords: printed logperiodic antenna, dipole with included inductive elements, 

method of moments, experimental data. 

 

ʃʦʛʦʧʝʨʽʦʜʠʯʥʽ ʘʥʪʝʥʠ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʷʢ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʽ ʘʥʪʝʥʠ 

ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʠʩʪʝʤʘʤʠ ʟʚôʷʟʢʫ, ʨʘʜʘʨʘʤʠ, ʽʥʰʠʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ.[1,2,3] ɺ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ ʙʦʨʦʪʴʙʠ ʟʘ ʚʘʛʫ ʪʘ ʛʘʙʘʨʠʪʠ ʚʠʨʦʙʽʚ ʨʦʟʤʽʨʠ ʜʽʧʦ-

ʣʝʡ ʘʥʪʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠ-

ʛʣʷʜ ʜʠʧʦʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1. 
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ʈʠʩ.1 ɼʨʫʢʦʚʘʥʠʡ ʜʠʧʦʣʴ ʟ ʚʢʣʶʯʝʥʠʤʠ ʽʥʜʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ɼʦʚʞʠʥʘ ʜʠʧʦʣʶ ʜʦʙʠʨʘʝʪʴʩʷ ʽʟ ʫʤʦʚ ʨʝʟʦʥʘʥʩʫ ʥʘ ʟʘʚʜʘʥʽʡ ʯʘʩʪʦʪʽ, ʰʠʨʠʥʘ ʜʠ-

ʧʦʣʶ ʜʦʙʠʨʘʝʪʴʩʷ ʽʟ ʫʤʦʚ ʚʝʣʠʯʠʥʠ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʙʽʣʷ 50 ʆʤ. ʂʽʣʴʢʽʩʪʴ ʜʠʧʦʣʝʡ ʜʦ-

ʙʠʨʘʝʪʴʩʷ ʽʟ ʫʤʦʚ ʧʦʚʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʨʽʚʥʷ ʧʫʣʴʩʘʮʽʡ ʯʘʩʪʦʪʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʦʧʦʨʫ ʪʘ ʂʉʍ. ʄʘʪʝʨʽʘʣ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʦʙʠʨʘʝʪʴʩʷ ʽʟ ʫʤʦʚ ʥʠʟʴʢʠʭ ʜʽ-

ʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʰʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ FR-4, ʘʣʝ 

ʜʣʷ ʩʫʨʴʝʟʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʷʢʽʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʘʧʨʠʢʣʘʜ 

ʈʦʜʞʝʨʩ RO4350. 

ʈʦʟʤʽʨʠ ʜʠʧʦʣʝʡ ʜʣʷ ʥʘʡʚʠʱʽʭ ʯʘʩʪʦʪ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘʣʠʰʘʶʪʴʩʷ ʙʝʟ ʟʤʽʥ, 

ʨʦʟʤʽʨʠ ʜʠʧʦʣʝʡ ʜʣʷ ʩʝʨʝʜʥʽʭ ʪʘ ʥʘʡʥʠʞʯʠʭ ʯʘʩʪʦʪ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʦ ʥʘ 25-30% 

ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʝʟ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʝʥʪʫ 

ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ. 

ʇʨʠ ʨʦʙʦʪʽ ʚ ʥʘʜʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʧʦʣʽʚ ʙʝʟ ʽʥʜʫʢʪʠ-

ʚʥʦʩʪʝʡ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʘʢʽ ʨʦʟʧʦʜʽʣʠ ʩʪʨʫʤʽʚ ʧʦ ʧʦʣʦʪʥʫ ʘʥʪʝʥʠ, ʟʘ ʷʢʠʭ ʬʦʨʤʘ ʜʽ-

ʘʛʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʩʪʘʻ ʥʝʧʨʠʜʘʪʥʦʶ, ʛʦʣʦʚʥʘ ʧʝʣʶʩʪʢʘ ʟʤʽʥʶʻʪʴʩʷ ʙʽʯʥʠʤʠ. ɺʠʢʦ-

ʨʠʩʪʘʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫʩʢʣʘʜʥʶʻ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʽʚ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʧʦ 

ʜʠʧʦʣʷʤ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ (ʙʽʣʴʰʠʭ, ʥʽʞ ʯʚʝʨʪʴ ʭʚʠʣʽ ʥʘʡʚʠʱʦʾ ʯʘʩʪʦʪʠ) ʪʘ ʧʦʢʨʘʱʫʻ 

ʜʽʘʛʨʘʤʫ ʥʘʧʨʘʚʣʝʥʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Abdulghafor A. Abdulhameed , Zdenĝek Kub²k Design a Compact Printed Log-

Periodic Biconical Dipole Array Antenna for EMC Measurements Electronics 

2022, 11, 2877. doi:10.3390/electronics11182877 

2. Arielly Rodrigues, Edson R. Schlosser and Marcos V.T. Heckler A Detailed Design 

Procedure for Printed Log-Periodic Antennas With Koch Fractal Dipoles 

JOURNAL OF COMMUNICATION AND INFORMATION SYSTEMS, VOL. 

39, NO.1, 2024. doi:10.14209/jcis.2024.2 

3. Mistry, K.K.; Lazaridis, P.I.; Zaharis, Z.D.; Loh, T.H. Design and Optimization of 

Compact Printed Log-Periodic Dipole Array Antennas with Extended Low-

Frequency Response. Electronics 2021, 10, 2044. doi:10.3390/electronics10172044 

 

https://doi.org/10.3390/electronics11182877
https://doi.org/10.14209/jcis.2024.2
https://doi.org/10.3390/electronics10172044


˱˹̅˻˾˸ˢ̇˱˯˹˱ ́˩̆˹˻˶˻˥˱˲Φ ˿ˮ˿́˩˸ˮ ́˩˶˩˴˻˸̂˹˱˴ˢ̇˱˯Φ ˾ˢ˨˱˻˩˶˩˴́˾˻˹˹ˢ ˢ˽ˢ˾ˢ́̂˾ˢ ˾ˢ˴˩́˹˻-˴˻˿˸˱̉˹ˮ̆ ˿ˮ˿́˩  ˸

190 

ʋɼʂ 681.5 

DOI: 10.62717/2221-4550-2025-1-062 

ʉʝʨʜʶʢ ʂ.ʆ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: kosteter29@gmail.com 

ʂʣʠʤʝʥʢʦ ʉ.ɺ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: klymenko_s@365.dnu.edu.ua 

ʃʘʟʘʨʻʚʘ ʖ.ɯ. 
ɺʉʇ çʌʂʈʂʄ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘè 

E-mail: julialazareva1976@gmail.com 

ʈʆɿʈʆɹʂɸ ʈʆɿʋʄʅʆɻʆ ʐʋʂɸʏɸ ɼʃʗ ʊɽʃɽʉʂʆʇɸ 

ɸʥʦʪʘʮʽʷ. ʎʷ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ð ʨʦʟʫʤ-

ʥʦʛʦ ʰʫʢʘʯʘ ʜʣʷ ʪʝʣʝʩʢʦʧʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʷʢʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʟʨʫʯʥʠʡ ʤʦʙʽʣʴʥʠʡ 

ʜʦʜʘʪʦʢ. ɿʘʚʜʷʢʠ ʡʦʤʫ, ʘʩʪʨʦʥʦʤʠ-ʣʶʙʠʪʝʣʽ ʟʤʦʞʫʪʴ ʰʚʠʜʢʦ ʪʘ ʪʦʯʥʦ ʟʥʘʭʦʜʠʪʠ ʙʫʜʴ-

ʷʢʽ ʥʝʙʝʩʥʽ ʪʽʣʘ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ ʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʽʨʦʢ 

ʥʘ ʦʩʥʦʚʽ ʚʘʰʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʧʦʰʫʢʫ ʦʙôʻʢʪʽʚ ʽ ʨʦʙʠʪʴ ʘʩʪʨʦʥʦʤʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʩʪʫʧʥʽʰʠʤʠ. ʐʫʢʘʯ ʤʘʻ ʥʠʟʢʫ 

ʧʝʨʝʚʘʛ ʚʽʥ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʜʦʩʪʫʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʥʠʞʫʻ ʡʦʛʦ ʚʘʨʪʽʩʪʴ, ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʢʦ ʥʘʚʝʩʪʠ ʪʝʣʝʩʢʦʧ ʥʘ ʧʦʪʨʽʙʥʠʡ ʦʙ'ʻʢʪ ʽ ʥʝ ʚʠʤʘʛʘʻ ʷʩʢʨʘʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ. ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʢʝʨʫʚʘʪʠ ʧʨʠʩʪʨʦʻʤ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘ-

ʮʽʶ ʧʨʷʤʦ ʥʘ ʝʢʨʘʥʽ ʚʘʰʦʛʦ ʩʤʘʨʪʬʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʩʪʨʦʥʦʤʽʯʥʽ ʦʙôʻʢʪʠ, ʨʦʟʫʤʥʠʡ ʰʫʢʘʯ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʝʢʚʘʪʦ-

ʨʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 
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DEVELOPMENT OF A SMART TELESCOPE FINDER  

Abstract. This work is dedicated to the development of an innovative tool ð an elec-

tronic finder for telescopes, managed through a convenient mobile application. Thanks to it, 

amateur astronomers will be able to quickly and accurately locate any celestial bodies. An 

algorithm has been developed that allows calculating the precise coordinates of stars based on 

your location and observation time. This significantly simplifies the object search process and 

makes astronomical observations more accessible. The finder has a number of advantages it 
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is made from affordable components, which reduces its cost, allows you to quickly point the 

telescope at the desired object, and does not require bright lighting for accurate coordinate 

determination. The mobile application provides an intuitive interface, allowing you to easily 

control the device and receive the necessary information directly on your smartphone screen. 

Keywords: astronomical objects, electronic finder, microcontroller, equatorial coordi-

nate system. 

 

ʇʨʠ ʟʘʥʷʪʽ ʘʩʪʨʦʥʦʤʽʻʶ ʢʦʞʝʥ ʘʩʪʨʦʣʶʙʠʪʝʣʴ ʩʪʠʢʘʚʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʥʘʚʝʜʝʥʥʷ 

ʥʘ ʘʩʪʨʦʥʦʤʽʯʥʽ ʦʙ`ʻʢʪʠ. ʆʧʪʠʯʥʽ ʰʫʢʘʯʽ ʥʝ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʜʣʷ ʥʘʚʝʜʝʥʥʷ ʥʘ ʪʫʩʢʣʽ 

ʦʙôʻʢʪʠ, ʘ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʥʘʚʝʜʝʥʥʷ ʤʘʶʪʴ ʟʥʘʯʥʫ ʚʘʨʪʽʩʪʴ. ʊʦʤʫ, ʨʦʟʨʦʙʢʘ 

ʨʦʟʫʤʥʦʛʦ ʰʫʢʘʯʘ ʷʢʠʡ ʨʦʟʨʘʭʫʻ ʢʦʦʨʜʠʥʘʪʠ ʟʽʨʢʠ ʪʘ ʧʝʨʝʜʘʻ ʢʦʨʠʩʪʫʚʘʯʫ ʽʥʬʦʨʤʘʮʽʶ 

ʥʘ ʷʢʽ ʢʫʪʠ ʪʨʝʙʘ ʨʦʟʚʝʨʥʫʪʠ ʪʝʣʝʩʢʦʧ ʱʦʙ ʩʧʨʷʤʫʚʘʪʠʩʷ ʥʘ ʦʙôʻʢʪ, ʜʘʩʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ 

ʜʦʧʦʤʘʛʘʻ ʩʧʨʷʤʫʚʘʪʠʩʷ ʥʘ ʦʙôʻʢʪʠ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʷʩʢʨʘʚʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʠ, ʤʘʻ ʜʦ-

ʩʪʫʧʥʫ ʮʽʥʫ, ʜʦʧʦʤʘʛʘʻ ʰʚʠʜʰʝ ʩʧʨʷʤʫʚʘʪʠʩʷ ʥʘ ʰʫʢʘʥʠʡ ʦʙôʻʢʪ. 

ʈʦʟʫʤʥʠʡ ʰʫʢʘʯ ʻ ʥʘʡʢʨʘʱʽʤ ʚʠʙʦʨʦʤ ʜʣʷ ʘʩʪʨʦʣʶʙʠʪʝʣʽʚ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʜʦʟʚʦ-

ʣʠʪʠ ʩʦʙʽ ʤʝʭʘʥʽʟʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʥʘʚʝʜʝʥʥʷ, ʷʢʠʡ ʤʦʞʝ ʧʽʜʚʠʩʠʪʠ ʮʽʥʫ ʚ ʜʝʢʽʣʴʢʘ ʨʘ-

ʟʽʚ, ʪʘ ʪʠʭ ʣʶʜʝʡ ʷʢʽ ʭʦʯʫʪʴ ʧʦʙʘʯʠʪʠ ʷʢʥʘʡʙʽʣʴʰʝ ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ʊʘʢʦʞ, ʮʝʡ 

ʧʨʠʣʘʜ ʜʦʩʪʫʧʥʽʰʝ ʟʘ ʧʨʦʬʝʩʽʡʥʫ ʦʧʪʠʢʫ. ɺ ʨʦʟʫʤʥʦʤʫ ʰʫʢʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝ-

ʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ, ̫ ʢʽ ʚ ʥʘʰ ʯʘʩ ʩʪʘʣʠ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʚʩʽʭ. ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʟʫʤʥʦʛʦ 

ʰʫʢʘʯʘ ʪʨʝʙʘ ʚʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʘ ʝʣʝʢʪʨʦʥʥʦʾ ʩʭʝʤʠ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʨʦʟʨʦʙʢʘ ʢʦʨʧʫʩʫ, ʚʠʚʯʝʥʥʷ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʧʨʦʛʥʦʟʫ ʧʦʣʦʞʝʥʥʷ ʟʽʨʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʦʟʫʤʥʦʛʦ h ʫʢʘʯʘ ʜʣʷ ʪʝʣʝʩʢʦʧʘ: 

ð MPU-6050 (ʘʢʩʝʣʝʨʦʤʝʪʨ) ð ʧʨʠʣʘʜ, ʱʦ ʚʠʤʽʨʶʻ ʧʨʦʝʢʮʽʶ ʚʠʜʠʤʦʛʦ ʧʨʠʩʢʦ-

ʨʝʥʥʷ. [1]. 

ð MPU-6050 (ʛʽʨʦʩʢʦʧ) ð ʧʨʠʣʘʜ, ʷʢʠʡ ʤʦʞʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ 

ʪʽʣʘ. 

ð QMC5883L (ʤʘʛʥʽʪʦʤʝʪʨ) ð ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ð ESP32 ð ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʦʪʨʠʤʫʻ ʚʽʜ ʜʘʪʯʠʢʽʚ ʽʥʬʦʨʤʘʮʽʶ ʨʦʟʨʘʭʦʚʫʻ ʧʦʣʦ-

ʞʝʥʥʷ ʟʽʨʢʠ ʪʘ ʚʠʚʦʜʠʪʴ ʥʘ ʝʢʨʘʥ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʩʢʽʣʴʢʠ ʛʨʘʜʫʩʽʚ ʪʨʝʙʘ ʨʦʟʚʝʨ-

ʥʫʪʠ ʪʝʣʝʩʢʦʧ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʨʝʞʽ Wi-Fi, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʡʦʛʦ ʽʥʪʝʛʨʘʮʽʶ ʟ ʜʦʜʘʪʢʦʤ. 

ð SSD1306 (ʝʢʨʘʥ) ð ʚʠʩʪʫʧʘʻ ʜʠʩʧʣʝʻʤ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʚʽʜ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ð AT24C256 ð EEPROM ʤʦʜʫʣʴ ʧʘʤôʷʪʽ ʚ ʷʢʦʤʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ʥʘʣʘʰʪʫʚʘʥʴ ʪʘ ʢʦʦʨʜʠʥʘʪʠ ʟʽʨʦʢ. EEPROM ʤʦʜʫʣʴ ʟʙʝʨʝʞʝ ʽʥʬʦʨʤʘʮʽʶ ʥʘʚʽʪʴ 

ʧʽʩʣʷ ʚʠʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ. 

ð DS3231SN ð ʮʝ ʛʦʜʠʥʥʠʢ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʦʩʢʽʣʴʢʠ ʟ ʯʘʩʦʤ ʟʽʨʢʠ ʟʤʽʥʶʶʪʴ 

ʩʚʦʶ ʧʦʟʠʮʽʶ, ʪʦ ʪʨʝʙʘ ʤʘʪʠ ʪʦʯʥʠʡ ʛʦʜʠʥʥʠʢ ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʟʫʤʽʻ ʦʙʥʦʚʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʦʣʦʞʝʥʥʷ ʟʽʨʢʠ. [2] 

ʇʨʠʥʮʠʧ ʧʨʘʮʽ. ʇʽʩʣʷ ʚʚʽʤʢʥʝʥʥʷ ʧʨʠʣʘʜʫ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ ʢʦ-

ʤʘʥʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʜʦʜʘʪʢʘ. ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʚʝʩʪʠ ʚ ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʎʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʝʥʝʨʛʦ-

ʥʝʟʘʣʝʞʥʽʡ ʧʘʤ'ʷʪʽ ʧʨʠʩʪʨʦʶ, ʪʦʤʫ ʾʭ ʧʦʪʨʽʙʥʦ ʚʚʦʜʠʪʠ ʣʠʰʝ ʦʜʠʥ ʨʘʟ, ʜʦʢʠ ʥʝ ʟʤʽ-

ʥʠʪʴʩʷ ʤʽʩʮʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɼʘʣʽ, ʢʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʢʦʦʨʜʠʥʘʪʠ ʙʘʞʘʥʦʛʦ ʥʝʙʝʩʥʦʛʦ 

ʪʽʣʘ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʝʨʝʨʘʭʦʚʫʻ ʾʭ ʚ ʘʟʠʤʫʪʘʣʴʥʫ 

ʩʠʩʪʝʤʫ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʦʯʥʠʡ ʯʘʩ ʽ ʤʽʩʮʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʽ ʧʝʨʝʜʘʻ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʥʘ 

ʪʝʣʝʩʢʦʧ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽ ʨʫʭʠ ʪʝʣʝʩʢʦʧʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʜʦʜʘʪʢʘ. 

ʉʠʩʪʝʤʘ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʻ ʨʦʟʨʘʭʫʥʦʢ ʢʦʦʨʜʠʥʘʪ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʝ ʥʘʚʝʜʝʥʥʷ ʥʘ 

ʥʝʙʝʩʥʝ ʪʽʣʦ ʥʘʚʽʪʴ ʧʨʠ ʡʦʛʦ ʨʫʩʽ. 
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ʈʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʦʩʧʣʘʪʬʦʨ-

ʤʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʻʜʠʥʫ ʢʦʜʦʚʫ ʙʘʟʫ ʜʣʷ iOS ʪʘ Android. 

React Native ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʨʽʰʝʥʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ JavaScript ʪʘ 

ʙʽʙʣʽʦʪʝʢʠ React, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ, ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʛʦʪʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʘʢ-

ʪʠʚʥʫ ʧʽʜʪʨʠʤʢʫ ʩʧʽʣʴʥʦʪʠ. [3]. 

Flutter, ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʚʫ Dart ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ ʚʣʘʩ-

ʥʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʨʫʰʽʶ Skia, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʽʥʪʝʨʬʝʡʩʠ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ Flutter ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʦʜʥʘʢʦʚʦ ʷʢʽ-

ʩʥʠʡ UI ʜʣʷ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʘʜʘʧʪʘʮʽʾ. 
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1. Datasheet. MPU-6000 and MPU-6050 Product Specification Revision 3.4 

[ɯʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ (29/01/2025) invensense.tdk.com/wp-content/ 

uploads/2015/02/MPU-6000-Datasheet1.pdf  

2. Arduino and MPU6050 Accelerometer and Gyroscope Tutorial. [ɯʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ (29/01/2025) howtomechatronics.com/tutorials/arduino/arduino-

and-mpu6050-accelerometer-and-gyroscope-tutorial 

3. N. Dabit. React Native in Action ð Manning, 2019. ð 320p. 
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ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ 

ɺ ɹɽɿʇɯʃʆʊʅʀʍ ʉʀʉʊɽʄɸʍ 

ɸʥʦʪʘʮʽʷ. ʊʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʨʽʟʥʠʭ ʘʩʧʝʢʪʘʭ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʦʧʪʠʤʽ-

ʟʘʮʽʾ ʦʧʝʨʘʮʽʡ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ. ʋ ʧʫʙʣʽʢʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤʘʭ, ʨʦʣʴ ʐɯ ʚ ʥʘʚʽʛʘʮʽʾ ʪʘ ʘʚʪʦʧʽ-

ʣʦʪʫʚʘʥʥʽ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤ ʪʘ ʚʠʢʣʠʢʽʚ ʽʥʪʝʛʨʘʮʽʾ ʐɯ ʚ ʙʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ. 

ʅʘʦʩʪʘʥʦʢ, ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽ-

ʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ. 
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PROSPECTS FOR THE USE OF ARTIFICIAL INTELLIGENCE IN UNMANNED 

SYSTEMS 

Abstract. The utilization of artificial intelligence (AI) technologies has seen a marked 

increase in various management contexts, with the aim of enhancing decision-making 

processes, optimizing operations, and increasing efficiency.This publication offers a 

comprehensive review of the predominant AI technologies employed in unmanned systems, 

delving into their role in navigation and autopiloting functions.It further explores the 

challenges and obstacles associated with integrating AI into unmanned systems, providing a 

nuanced analysis of the pertinent issues.The publication concludes with a discussion of the 

prospects for the development and implementation of AI in unmanned aerial vehicles. 

Keywords: artificial intelligence, UAVs, machine learning, computer vision. 

 

ʉʴʦʛʦʜʥʽ ʩʪʘʣʦ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʥʦʚʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʽʥʪʝʣʝʢ-

ʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʫʜʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʩʶʜʥʦ ʫ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʘʭ (ʧʦʚʽʪʨʷʥʠʭ, 

ʥʘʟʝʤʥʠʭ, ʥʘʜʚʦʜʥʠʭ ʪʘ ʧʽʜʚʦʜʥʠʭ). ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ 

(ɹʇʉ) ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʘ ʥʘʙʠʨʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ. ʉʬʝʨʠ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ɹʇʉ ʫ ʨʽʟʥʽ ʩʬʝʨʠ ʞʠʪʪʷ ʪʘʢʦʞ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ. ɺʽʜ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘ-

ʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʧʃɸ) ʜʦ ʘʚʪʦʥʦʤʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ ʩʧʠʨʘʶʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʘ ʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [1], 

ʱʦʙ ʟʜʽʡʩʥʶʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ. ʂʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʘʥʦʛʦ ʧʨʦ-

ʮʝʩʫ ʻ ʩʘʤʝ ʽʥʪʝʛʨʘʮʽʷ ʐɯ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʘʜʘʧʪʘʮʽʾ 

ʜʦ ʟʤʽʥʶʚʘʥʠʭ ʫʤʦʚ. ɼʦ ʪʦʛʦ ʞ ʽʩʥʫʶʪʴ ʥʘʧʽʚ-ʘʚʪʦʥʦʤʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʱʦ ʜʦʟʚʦʣʷ-

ʶʪʴ ʦʧʝʨʘʪʦʨʫ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʘʙʦ ʞ ʧʨʦʩʪʦ 
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ʨʦʟʛʨʫʞʫʶʪʴ ʡʦʛʦ ʚʽʜ ʨʫʪʠʥʥʠʭ ʟʘʚʜʘʥʴ. ʋ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʚ ʙʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ, ʾʭ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʚʪʦʥʦʤʽʾ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʊʝʭʥʦʣʦʛʽʾ ʐɯ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʥʦʤʥʽʩʪʴ ɹʇʉ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʥʝ ʪʽʣʴʢʠ ʟʙʠʨʘʪʠ 

ʜʘʥʽ, ʘ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʾʭ, ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʘʧʘʨʘʪʦʤ. ʆʩ-

ʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʐɯ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ɹʇʉ, ʚʢʣʶʯʘʶʪʴ: 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɹʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ, ʦʙʣʘʜʥʘʥʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢ-

ʪʦʤ, ʤʘʶʪʴ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʽʟ ʜʘʥʠʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝ-

ʨʘʪʠʚʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʙʦ ʯʘʩʪʦʾ ʯʠ ʨʘʟʶʯʦʾ ʟʤʽʥʠ 

ʩʠʪʫʘʮʽʾ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ (ML). Cʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʠʭ ʧʣʘʪʬʦʨʤ, ʦʙʣʘʜʥʘʥʽ ʐɯ, ʚʯʘʪʴʩʷ 

ʥʘ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʜʘʥʠʭ. ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦ-

ʚʠʭ ʫʤʦʚ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʾ ʨʽʰʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [2]. ʅʘʧʨʠʢʣʘʜ, ɹʧʃɸ, ʱʦ ʚʠʢʦ-

ʨʠʩʪʦʚʫʻ ML, ʤʦʞʝ ʧʦʢʨʘʱʫʚʘʪʠ ʩʚʦʾ ʥʘʚʽʛʘʮʽʡʥʽ ʥʘʚʠʯʢʠ ʟ ʢʦʞʥʠʤ ʧʦʣʴʦʪʦʤ. ɼʦ ʪʦʛʦ 

ʞ ʽʥʪʝʛʨʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʜʦʟʚʦʣʷʻ ʜʨʦʥʫ ʚʠʢʦʥʫʚʘʪʠ ʤʘʥʝʚʨʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, 

ʥʘʚʽʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʤʽʩʴʢʠʭ ʟʦʥʘʭ ʘʙʦ ʧʽʜ ʯʘʩ ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴ-

ʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ (DL). ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ, ʷʢʝ ʻ ʯʘʩʪʠʥʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦʰʘʨʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʘʪʝʨʥʽʚ ʚ ʜʘ-

ʥʠʭ [3]. ʎʝ ʜʦʟʚʦʣʷʻ ɹʇʉ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʷʪʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʽʜʝʦ ʜʣʷ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʽ ʘʥʘʣʽʟʫ ʩʠʪʫʘʮʽʡ. 

ʂʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ (CV) ð ʜʦʟʚʦʣʷʻ ʙʝʟʧʽʣʦʪʥʠʤ ʩʠʩʪʝʤʘʤ çʙʘʯʠʪʠè ʥʘʚʢʦʣʠʰʥʽʡ 

ʩʚʽʪ ʯʝʨʝʟ ʢʘʤʝʨʠ ʪʘ ʩʝʥʩʦʨʠ. ɸʣʛʦʨʠʪʤʠ ʐɯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ ʜʣʷ ʚʠ-

ʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʽʣʦʪʥʠʢʫ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʚʪʦʥʦʤʥʫ ʥʘʚʽʛʘʮʽʶ. ɺʦʥʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʧʦʤʘʛʘʻ ʙʝʟʧʽʣʦʪʥʠʢʘʤ ʩʘʤʦʩʪʽʡʥʦ ʧʣʘʥʫ-

ʚʘʪʠ ʩʚʦʾ ʤʘʨʰʨʫʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʧʝʨʝʰʢʦʜʠ, ʟʤʽʥʠ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ. ɿʘ-

ʚʜʷʢʠ ʘʣʛʦʨʠʪʤʘʤ ʐɯ ʩʠʩʪʝʤʘ ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʩʠʪʫʘʮʽʡ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶ-

ʜʠʥʠ. ʆʢʨʝʤʠʤ ʧʫʥʢʪʦʤ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʰʢʦʜ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ɹʧʃɸ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʧʝʨʝʰʢʦʜʠ (ʜʝ-

ʨʝʚʘ, ʙʫʜʽʚʣʽ, ʘʚʪʦʤʦʙʽʣʽ, ʧʽʰʦʭʦʜʠ, ̔ ʥʰʽ ʦʙ'ʻʢʪʠ) ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʠʛʫʚʘʪʠ ʩʚʦʶ ʪʨʘ-

ʻʢʪʦʨʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʫʥʠʢʥʝʥʥʷ ʟʽʪʢʥʝʥʴ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤʘʭ ʥʝ 

ʧʦʟʙʘʚʣʝʥʝ ʥʠʟʢʠ ʚʠʢʣʠʢʽʚ, ʽʟ ʷʢʠʭ, ʥʘʧʝʚʥʦ, ʥʘʡʛʦʣʦʚʥʽʰʠʤ ʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʘ. 

ʊʦʡ ʬʘʢʪ, ʱʦ ʙʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʚ ʩʢʣʘʜʥʠʭ ʘʙʦ ʥʝʙʝʟʧʝʯʥʠʭ ʫʤʦʚʘʭ, 

ʥʘʢʣʘʜʘʻ ʚʠʤʦʛʫ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʟʜʘʪʥʘ ʧʨʠʡʤʘʪʠ ʙʝʟʧʝʯʥʽ ʨʽʰʝʥʥʷ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʦʙʩʪʘʚʠʥ. 

ʊʘʢʦʞ, ʚʘʞʣʠʚʠʤ ʧʫʥʢʪʦʤ ʻ ʝʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʘʢʠʭ ʷʢ ʚʽʡʩʴʢʦʚʽ ʦʧʝʨʘʮʽʾ ʘʙʦ ʘʚʘʨʽʾ ʥʘ 

ʜʦʨʦʛʘʭ, ʧʦʨʦʜʞʫʻ ʝʪʠʯʥʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʧʨʠʡʥʷʪʽ ʨʽʰʝʥʥʷ ʪʘ ʾʭ ʥʘ-

ʩʣʽʜʢʠ. 

ʅʝ ʚʘʨʪʦ ʟʘʙʫʚʘʪʠ ʽ ʧʨʦ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʘʜʞʝ ɹʇʉ, ʦʩʥʘʱʝʥʽ ʐɯ, ʩʪʘʶʪʴ ʧʦʪʝʥʮʽʡ-

ʥʠʤʠ ʮʽʣʷʤʠ ʜʣʷ ʭʘʢʝʨʩʴʢʠʭ ʘʪʘʢ. ʅʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ 

ʢʽʙʝʨʟʘʛʨʦʟ ʜʣʷ ʛʘʨʘʥʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ. 

ʆʩʢʽʣʴʢʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʤʙʽʦʟʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ ʢʦ-

ʨʦʪʢʦ ʥʘʚʝʜʝʥʦ ʚʠʱʝ, ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʽ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ, ʷʢʽ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʜʦʩʠʪʴ ʰʠʨʦʢʽ. ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʙʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ 

ʩʪʘʚʘʪʠ ʚʩʝ ʙʽʣʴʰ ʘʚʪʦʥʦʤʥʠʤʠ, ʪʦʯʥʠʤʠ ʽ ʝʬʝʢʪʠʚʥʠʤʠ. ʉʝʨʝʜ ʧʝʨʩʧʝʢʪʠʚ ʩʣʽʜ ʚʠʜʽ-

ʣʠʪʠ: 
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ɯʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʦʻʜʥʘʥʥʷ ʐɯ ʟ 5G ʽ ʢʚʘʥʪʦʚʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʧʦ-

ʣʽʧʰʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ. 

ɽʚʦʣʶʮʽʦʥʫʶʯʽ ʩʠʩʪʝʤʠ. ʅʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ ʙʝʟ ʚʯʠʪʝʣʷ ʻ ʜʘʚʥʦ ʚʽʜʦʤʠʤ, ʽ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʝʨʮʽʡʥʠʭ ʨʽʰʝʥʥʷʭ. ɹʝʨʫʯʠ ʟʘ ʧʨʠʢʣʘʜ ChatGPT, ʱʦ ʥʘ-

ʚʯʘʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʟʘʧʠʪʽ, ʥʝʩʢʣʘʜʥʦ ʫʷʚʠʪʠ ʧʨʦʝʢʮʽʶ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʩʧʝʮʽʘʣʽʟʦ-

ʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʐɯ, ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʙʝʟʧʽʣʦʪʥʽ ʘʧʘʨʘʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝ 

ʧʦʢʨʘʱʫʚʘʪʠ ʩʚʦʾ ʬʫʥʢʮʽʾ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʾʭ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʩʪʘʚ ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʾʭʥʶ ʘʚʪʦʥʦʤʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɺʽʜ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʜʦ ʘʚ-

ʪʦʥʦʤʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʐɯ ʧʨʦʜʦʚʞʫʻ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ ʥʘʰʦʛʦ ʞʠʪʪʷ, 

ʩʪʚʦʨʶʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʙʽʟʥʝʩʫ, ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʘʢ, ʚʘʞʣʠʚʦ ʧʘʤ'ʷ-

ʪʘʪʠ, ʱʦ ʟ ʫʩʽʤʘ ʧʝʨʝʚʘʛʘʤʠ ʚʠʥʠʢʘʶʪʴ ʽ ʩʝʨʡʦʟʥʽ ʚʠʢʣʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʝʟʧʝʢʦʶ, ʝʪʠ-

ʢʦʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ 

ʤʘʡʙʫʪʥʴʦʛʦ, ʜʝ ʙʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ ʩʪʘʶʪʴ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʥʘʰʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ 

ʞʠʪʪʷ. 
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ɼɸʈʂʅɽʊ ʊɸ ɸʅʆʅɯʄʅɯ ʄɽʈɽɾɯ ʄɽʊʆɼʀ ʄʆʅɯʊʆʈʀʅɻʋ ʊɸ ɸʅɸʃɯɿʋ 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʜʘʨʢʥʝʪʫ ʪʘ ʘʥʦʥʽʤʥʠʭ ʤʝʨʝʞ, ʤʝ-

ʪʦʜʠ ʾʭ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʠ ʧʨʦʪʠʜʽʾ ʥʝʟʘʢʦʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. ʆʩʦʙ-
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ʜʘʞʫ ʪʝʭʥʦʣʦʛʽʡ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʘʛʨʦʟʘʤ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʪʦ-

ʢʘʤ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ. ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʟʘʛʨʦʟ, 

ʤʦʥʽʪʦʨʠʥʛʫ ʢʨʠʧʪʦʚʘʣʶʪ ʪʘ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. 
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DARKNET AND ANONYMOUS NETWORKS METHODS OF MONITORING AND 

ANALYSIS  

Abstract. The article discusses the features of the darknet and anonymous networks, 

methods of their monitoring and analysis, as well as means of counteracting illegal activities. 

Particular attention is paid to the use of the darknet in the rocket and space industry, including 

the sale of dual-use technologies, threats to satellite systems and leaks of confidential data. 

Modern approaches to detecting cyber threats, monitoring cryptocurrencies and international 

cooperation in the field of cybersecurity are discussed. 
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cybersecurity. 

 

ɼʘʨʢʥʝʪ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʭʦʚʘʥʠʡ ʩʝʛʤʝʥʪ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʜʦʩʪʫʧ ʜʦ ʷʢʦʛʦ ʤʦ-

ʞʣʠʚʠʡ ʚʠʢʣʶʯʥʦ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʥʦʥʽʤʽʟʘʮʽʾ, ʪʘʢʽ ʷʢ Tor, I2P ʪʘ 

Freenet. ʎʷ ʯʘʩʪʠʥʘ ɯʥʪʝʨʥʝʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʟʦʢʨʝʤʘ ʜʣʷ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʘʥʦʥʽʤʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡ, ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʘ ʪʘʢʦʞ ʜʣʷ 

https://doi.org/10.62717/2221-4550-2025-1-064
https://orcid.org/0009-0005-4026-2405
mailto:suslova_m@365.dnu.edu.ua
https://orcid.org/0000-0003-2005-9993
mailto:klymenko_s@365.dnu.edu.ua
https://orcid.org/0009-0005-4026-2405
mailto:suslova_m@365.dnu.edu.ua
https://orcid.org/0000-0003-2005-9993
mailto:klymenko_s@365.dnu.edu.ua


̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

197 

ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʪʠʧʨʘʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʨʘʭʦʚʫʶʯʠ ʟʨʦʩʪʘʶʯʽ ʟʘʛʨʦʟʠ, ʧʦʚôʷʟʘʥʽ ʟ ʜʘʨ-

ʢʥʝʪʦʤ, ʡʦʛʦ ʤʦʥʽʪʦʨʠʥʛ ʥʘʙʫʚʘʻ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟ-

ʧʝʢʠ, ʜʽʷʣʴʥʦʩʪʽ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʄʝʪʦʜʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʘʨʢʥʝʪʫ [1] fʥʘʣʽʟ ʪʨʘʬʽʢʫ Tor ʧʝ-

ʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʦʜ ʜʣʷ ʟʙʦʨʫ ʤʝʪʘʜʘʥʠʭ, ʚʠʷʚʣʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 

ʥʘ ʦʩʥʦʚʽ ʢʦʨʝʣʷʮʽʾ ʪʨʘʬʽʢʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʝʘʥʦʥʽʤʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʰʣʷ-

ʭʦʤ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʟʘʧʠʪʽʚ. ɺʝʙ-ʩʢʨʝʡʧʽʥʛ ʽ ʧʘʨʩʠʥʛ ʜʘʨʢʥʝʪ-ʬʦʨʫʤʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʦʪʽʚ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʽʟ ʧʨʠʭʦʚʘʥʠʭ ʚʝʙ-ʩʘʡʪʽʚ, ʘʥʘʣʽʟʫ ʟʤʽʩʪʫ ʬʦʨʫʤʽʚ ʽ 

ʪʦʨʛʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ, ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʣʶʯʦʚʠʭ ʫʯʘ-

ʩʥʠʢʽʚ ʯʝʨʝʟ ʣʽʥʛʚʽʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʜʝʣʝʡ ʧʦʚʝʜʽʥʢʠ. ʄʦʥʽʪʦʨʠʥʛ ʢʨʠ-

ʧʪʦʚʘʣʶʪʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʙʣʦʢʯʝʡʥʫ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʥʝʣʝʛʘʣʴʥʠʭ ʬʽ-

ʥʘʥʩʦʚʠʭ ʧʦʪʦʢʽʚ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥ-

ʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʢʨʠʧʪʦʚʘʣʶʪʥʠʭ ʘʜʨʝʩ ʽʟ ʨʝʘʣʴʥʠʤʠ ʦʩʦʙʘʤʠ 

ʯʝʨʝʟ ʤʦʥʽʪʦʨʠʥʛ ʙʽʨʞ ʽ ʛʘʤʘʥʮʽʚ [2]. ʉʦʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ʪʘ OSINT ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʽʜʢʨʠʪʽ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʣʶʯʦʚʠʭ ʦʩʽʙ, ʘʥʘʣʽʟʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʢʦ-

ʨʠʩʪʫʚʘʯʽʚ ʫ ʜʘʨʢʥʝʪ-ʩʧʽʣʴʥʦʪʘʭ ʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʟʘʻʤʦʜʽʶ ʟ ʫʯʘʩʥʠʢʘʤʠ ʟʘʢʨʠʪʠʭ ʬʦ-

ʨʫʤʽʚ ʜʣʷ ʟʙʦʨʫ ʨʦʟʚʽʜʫʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʥʪʝʥʪʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝ-

ʥʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʜʘʥʠʭ ʪʘ ʦʮʽʥʢʠ ʨʠ-

ʟʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ ʪʦ-

ʨʛʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʽ ʥʝʣʝʛʘʣʴʥʠʭ ʦʛʦʣʦʰʝʥʴ.ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʫ ʜʘʨʢʥʝʪʽ. ɿʘʩʪʦ-

ʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʪʝʢʩʪʫ ʟ ʤʝʪʦʶ ʚʠ-

ʟʥʘʯʝʥʥʷ ʪʝʤʘʪʠʢʠ ʦʙʛʦʚʦʨʝʥʴ ʽ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʟʘʛʨʦʟ. ʃʽʥʛʚʽʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʩʪʠ-

ʣʦʤʝʪʨʽʷ ʜʘʶʪʴ ʟʤʦʛʫ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʘʚʪʦʨʩʪʚʦ ʘʥʦʥʽʤʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʤʦʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʠʣʦʤʝʪʨʽʶ ʜʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʧʨʦʬʽʣʽʚ ʫ ʜʘʨ-

ʢʥʝʪʽ ʪʘ ʚʽʜʢʨʠʪʦʤʫ ɯʥʪʝʨʥʝʪʽ. ʌʦʨʝʥʟʠʢʘ ʢʨʠʧʪʦʚʘʣʶʪ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʪʨʘʥʟʘʢʮʽʡ ʫ 

ʙʣʦʢʯʝʡʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʟʚôʷʟʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʧʽʜʦʟʨʽʣʠʭ ʛʘʤʘʥʮʽʚ 

ʽ ʤʘʡʜʘʥʯʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʤʠʚʘʥʥʷ ʛʨʦʰʝʡ.ɼʘʨʢʥʝʪ ʽ ʨʘʢʝ-

ʪʥʦ-ʢʦʩʤʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʨ-

ʢʥʝʪʫ ʜʣʷ ʥʝʣʝʛʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ. ɿʦʢʨʝʤʘ, ʯʝʨʝʟ ʟʘʢʨʠʪʽ ʬʦ-

ʨʫʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʜʘʞ ʪʝʭʥʦʣʦʛʽʡ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʦʙʤʽʥ ʢʨʝ-

ʩʣʝʥʥʷʤʠ, ʩʭʝʤʘʤʠ ʪʘ ʢʦʜʘʤʠ ʢʝʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʘʤʠ ʡ ʨʘʢʝʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʍʘʢʝʨ-

ʩʴʢʽ ʛʨʫʧʠ ʧʨʦʜʘʶʪʴ ʘʙʦ ʧʫʙʣʽʢʫʶʪʴ ʝʢʩʧʣʦʡʪʠ ʜʣʷ ʟʣʦʤʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʨʝʞ, ʩʪʚʦ-

ʨʶʶʯʠ ʩʝʨʡʦʟʥʽ ʢʽʙʝʨʟʘʛʨʦʟʠ ʜʣʷ ʙʝʟʧʝʢʠ ʟʚôʷʟʢʫ ʪʘ ʥʘʚʽʛʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʫ ʜʘʨʢʥʝʪʽ 

ʟôʷʚʣʷʶʪʴʩʷ ʚʠʪʦʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʢʦʤʧʘʥʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʮʽʡ ʩʬʝʨʽ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʢʫʨʝʥʪʠ ʘʙʦ ʜʝʨʞʘʚʥʽ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʰʧʠʛʫʥʩʪʚʘ. ʊʘʢʦʞ ʥʘ ʟʘʢʨʠʪʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʤʦʞʫʪʴ ʧʨʦʧʦʥʫʚʘʪʠ ʥʝʣʝʛʘʣʴʥʽ ʧʦʩʣʫʛʠ 

ʟ ʟʘʧʫʩʢʫ ʤʽʥʽʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʙʦʨʫ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʜʘ-

ʥʠʭ ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʾ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ. ɼʣʷ ʧʨʦʪʠʜʽʾ ʪʘʢʽʡ ʥʝʟʘʢʦʥʥʽʡ ʜʽʷ-

ʣʴʥʦʩʪʽ ʚ ʜʘʨʢʥʝʪʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʨʘʚʦʦʭʦʨʦʥʥʽ ʦʧʝʨʘʮʽʾ ʪʘ ʤʽʞʥʘʨʦʜʥʘ ʩʧʽʚʧʨʘʮʷ, ʱʦ 

ʚʢʣʶʯʘʻ ʢʦʦʨʜʠʥʘʮʽʶ ʤʽʞʜʝʨʞʘʚʥʠʭ ʟʫʩʠʣʴ ʫ ʙʦʨʦʪʴʙʽ ʟ ʢʽʙʝʨʟʣʦʯʠʥʥʽʩʪʶ ʪʘ ʚʠʷʚ-

ʣʝʥʥʷ ʽ ʟʘʢʨʠʪʪʷ ʥʝʣʝʛʘʣʴʥʠʭ ʤʘʨʢʝʪʧʣʝʡʩʽʚ (ʥʘʧʨʠʢʣʘʜ, Silk Road, AlphaBay). ɼʦʜʘʪ-

ʢʦʚʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʙʣʦʢʫʚʘʥʥʷ ʡ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ, ʟʦʢʨʝʤʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ DPI (Deep Packet Inspection) ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʨʢʥʝʪ-ʪʨʘʬʽʢʫ ʪʘ ʙʣʦʢʫʚʘʥʥʷ ʜʦ-

ʩʪʫʧʫ ʜʦ ʚʽʜʦʤʠʭ ʥʦʜ Tor ʪʘ ʽʥʰʠʭ ʘʥʦʥʽʤʥʠʭ ʤʝʨʝʞ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʦʩʚʽʪʥʽ 

ʽʥʽʮʽʘʪʠʚʠ ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʙʝʟʧʝʯʥʦʛʦ ʢʦʨʠʩʪʫ-

ʚʘʥʥʷ ɯʥʪʝʨʥʝʪʦʤ ʽ ʧʨʦʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʤʧʘʥʽʡ ʱʦʜʦ ʨʠʟʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʨʢʥʝʪʫ [3]. 
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198 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʽ ʦʙʤʝʞʝʥʴ ʤʦʥʽʪʦʨʠʥʛʫ ʜʘʨʢʥʝʪʫ ʚʠʜʽʣʷʶʪʴʩʷ ʢʽʣʴʢʘ 

ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ. ʇʦ-ʧʝʨʰʝ, ʶʨʠʜʠʯʥʽ ʘʩʧʝʢʪʠ, ʦʩʢʽʣʴʢʠ ʜʽʷʣʴʥʽʩʪʴ ʫ ʮʽʡ ʩʬʝʨʽ ʧʦ-

ʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʤʽʞʥʘʨʦʜʥʠʤ ʥʦʨʤʘʤ ʽ ʟʘʢʦʥʦʜʘʚʩʪʚʫ, ʱʦ ʯʘʩʪʦ ʫʩʢʣʘʜʥʶʻ ʧʨʘʚʦʦ-

ʭʦʨʦʥʥʽ ʟʘʭʦʜʠ. ʇʦ-ʜʨʫʛʝ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʜʞʝ 

ʤʝʪʦʜʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝ ʧʦʚʠʥʥʽ ʧʦʨʫʰʫʚʘʪʠ ʧʨʘʚʘ ʥʘ ʧʨʠʚʘʪʥʽʩʪʴ ʪʘ ʩʚʦʙʦʜʫ ʚ ɯʥʪʝʨ-

ʥʝʪʽ. ʇʦ-ʪʨʝʪʻ, ʚʠʩʦʢʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʟʣʦʯʠʥʮʽʚ ʜʦ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ, ʱʦ ʫʩʢʣʘʜ-

ʥʶʻ ʙʦʨʦʪʴʙʫ ʟ ʥʝʣʝʛʘʣʴʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʪʘ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʥʘʣʽ-

ʪʠʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʧʽʜʭʦʜʽʚ. 

ʆʪʞʝ, ʤʦʥʽʪʦʨʠʥʛ ʜʘʨʢʥʝʪʫ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʽʡ ʢʽʙʝʨʙʝʟʧʝʮʽ, ʟʘʙʝʟ-

ʧʝʯʫʶʯʠ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ ʪʘ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʧʨʦʪʠʜʽʾ. ʇʦʻʜ-

ʥʘʥʥʷ ʤʝʪʦʜʽʚ OSINT, ʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʢʨʠʧʪʦʚʘʣʶʪʥʠʭ ʪʨʘ-

ʥʟʘʢʮʽʡ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʩʝʙʽʯʥʫ ʢʘʨʪʠʥʫ ʥʝʣʝʛʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʪʽʥʴʦʚʦʤʫ ʩʝʛʤʝʥʪʽ ɯʥʪʝʨʥʝʪʫ. 
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ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʘʢʠʭ ̫ ʢ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ çɼʇ ʂɹ çʇʽʚʜʝʥʥʝè ð  ̒ʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʯʠʩʣʶ-

ʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ (ɸʉʋ), ɦ ʦ ʚ ʜʦʜʘʪʦʢ ʜʦ ʚʠʯʝʨʧʘ-

ʥʦʩʪʽ ʛʘʨʘʥʪʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʝʨʚʝʨʽʚ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʙʘʟ ʜʘʥʠʭ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʟʥʘʯʥʦʛʦ ʦʙô̒ ʤʫ IT ʧʦʪʫʞʥʦʩʪʝʡ ʟ ʯʘʩʪʢʦʚʠʤ 
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ʧʦʰʢʦʜʞʝʥʥʷʤ, ʘʙʦ ʧʦʚʥʦʶ ʚʪʨʘʪʦʶ ʜʘʥʠʭ. ʊʦʤʫ ʨʦʟʤʝʞʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʪʘ ʘʨʭʽʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʚ ʙʫʜʴ-ʷʢʽʡ ʦʨʛʘʥʽʟʘʮʽʾ. ʎʝ ʜʦʟʚʦ-

ʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥ-

ʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.[1] 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʘʟ ʜʘʥʠʭ ɸʉʋ 

ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ  ̔ʚʧʨʦʚʘʜʞʝʥʥʽ ʘʣʛʦʨʠʪʤʠ ʾʭ ʥʘʧʦʚʥʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʦ-

ʨʝʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʪʘ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʘʣʛʦʨʠʪʤʽʚ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ.[2] 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ, ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʙʫʣʦ ʚʜʦʩʢʦʥʘʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʘ ʦʩ-

ʥʦʚʽ ʻʜʠʥʦʾ ʙʘʟʠ ʜʘʥʠʭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʧʽʜʧʨʠʻʤʩʪʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. ʈʦ-

ʟʨʦʙʣʝʥʽ ʢʨʠʪʝʨʽʾ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʨʦʙʦʯʫ (ʦʧʝʨʘʪʠʚʥʫ) ʪʘ ʘʨʭʽʚʥʫ, ʧʨʠ ʘʨʭʽʚʘʮʽʾ 

ʟʤʽʩʪʫ ʙʘʟ ʜʘʥʠʭ ɸʉʋ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʘʙʣʠʮʷʭ ʙʘʟ 

ʜʘʥʠʭ ʽ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʘʤʠʭ ʙʘʟ ʜʘʥʠʭ ʪʘ ʟʤʝʥʰʠʪʴ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʩʝʨʚʝʨʘʭ ɸʉʋ.[3] 

ʈʦʟʨʦʙʣʝʥʽ ʽ ʚʧʨʦʚʘʜʞʝʥʽ ʘʣʛʦʨʠʪʤʠ ʟʘʧʦʚʥʝʥʥʷ ʙʘʟ ʜʘʥʠʭ ɸʉʋ ʜʦʟʚʦʣʠʣʠ ʚ ʦʧʝ-

ʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʧʽʜʚʠʱʠʪʠ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʧʦʣʝʛʰʠʪʠ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ 

ʧʨʘʚʠʣʴʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʟʘʙʝʟʧʝʯʠʪʠ ʫʧʨʘʚʣʽʥʩʴʢʠʡ ʧʝʨʩʦʥʘʣ ʘʢʪʫʘʣʴʥʦʶ, 

ʘʜʨʝʩʥʦʶ, ʧʦʚʥʦʶ, ʢʦʨʠʩʥʦʶ ʪʘ ʧʦʨʽʚʥʷʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

ORCID 0000-0003-4146-607X 

ʋʃʔʊʈɸɿɺʋʂʆɺʀʁ ʂʆʅʊʈʆʃʔ ɹɸɻɸʊʆʐɸʈʆɺʀʍ ʂʆʄʇʆɿʀʊʅʀʍ 

ʆɹʆʃʆʅʆʂ ɯɿ ɺʋɻʃɽʇʃɸʉʊʀʂʋ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʪʨʴʦʭʰʘʨʦʚʠʭ ʦʙʦʣʦʥʦʢ ʪʘ ʤʽʩʮʴ ʾʭ 

ʧʝʨʝʭʦʜʫ ʜʦ ʩʫʮʽʣʴʥʦʥʘʧʦʚʥʝʥʦʛʦ ʚʫʛʣʝʧʣʘʩʪʠʢʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʛʘʪʦ-

ʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʦʙʦʣʦʥʢʘʭ ʽʟ ʚʫʛʣʝʧʣʘʩʪʠʢʫ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ. ʇʨʠʚʝʜʝʥʦ ʘʥʘ-

ʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʦʚʠʭ ʜʝʬʝʢʪʽʚ ʥʘ ʟʨʘʟʢʘʭ-ʩʚʽʜʢʘʭ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʜʝ-

ʬʝʢʪʦʩʢʦʧʫ. ɺʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦ-

ʥʪʨʦʣʶ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʦʙʦʣʦʥʦʢ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ ʥʘʤʦʪʫ-

ʚʘʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʜʽʣʷʥʢʠ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʢʦʤ-

ʧʦʟʠʪʥʦʾ ʦʙʦʣʦʥʢʠ ʽʟ ʚʫʛʣʝʧʣʘʩʪʠʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʦʤʧʦʟʠʪʥʽ ʦʙʦʣʦʥʢʠ, ʥʝʨʫʡʥʽʚʥʽ ʤʝ-

ʪʦʜʠ ʢʦʥʪʨʦʣʶ, ʚʫʛʣʝʧʣʘʩʪʠʢ. 
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ULTRASONIC CONTROL OF COMPOSITE CARBON PLASTIC SHELLS  

Abstract. The possibility of controlling three-layer shells and their transition points to 

solid carbon fiber is considered. The study was conducted on multilayer composite shells 

made of large diameter carbon fiber. An analysis of the effectiveness of determining typical 

defects on control samples in different modes of the flaw detector is presented. The 

requirements and technological parameters of the ultrasonic control process of multilayer 

composite shells obtained by the wet winding method are determined. The results of ultrasonic 

testing of a section of a multilayer composite shell made of carbon fiber are presented. 

Keywords: fabrication technology, composite shells, non-invasive control methods, 

carbon fiber plastic. 

 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʪʘ ʾʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʟʘʻʤʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʨʫʡʥʽʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʶ. ɿʘ-

ʚʜʷʢʠ ʧʨʦʚʝʜʝʥʥʶ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢʽʩʪʴ 
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ʚʠʨʦʙʽʚ ʙʝʟ ʾʭ ʨʫʡʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʚ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʱʦʜʦ ʧʨʦ-

ʚʝʜʝʥʥʷ ʨʝʞʠʤʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ/ʩʢʣʝʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ ʜʝʬʝʢʪʠ ʱʦ ʩʪʚʦʨʶ-

ʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ [1]. ʆʪʞʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʟʘʜʘʯʽ ʢʦʥʪʨʦʣʶ ʪʨʴʦʭʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʦʙʦʣʦʥʦʢ ʪʘ ʤʽʩʮʴ ʾʭ ʧʝʨʝʭʦʜʫ ʜʦ ʩʫʮʽʣʴ-

ʥʦʥʘʧʦʚʥʝʥʦʛʦ ʚʫʛʣʝʧʣʘʩʪʠʢʫ ʟ ʤʝʪʦʶ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪʥʦ-ʢʦʩ-

ʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ [2,3]. 

ɼʣʷ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʦʙôʻʢʪʫ ʢʦʥʪʨʦʣʷ, ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʪʨʴʦʭʰʘʨʦʚʦʾ ʢʦʤʧʦʟʠʪʥʦʾ ʦʙʦʣʦʥʢʠ ʽʟ ʚʫʛʣʝʧʣʘʩʪʠʢʫ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝ-

ʪʨʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ, 

ʟʦʥʠ ʟʥʘʯʥʦʛʦ ʧʦʪʦʚʱʝʥʥʷ ʪʘ ʟ ʯʘʩʪʦʶ ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ ʘʨʤʫʚʘʥʥʷ ʧʦ ʪʦʚʱʠʥʽ ʚʦʣʦ-

ʜʽʶʪʴ ʚʣʘʩʪʠʚʽʩʪʶ ʱʦʜʦ ʟʥʘʯʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʩʠʛʥʘʣʫ ʽ ʚ ʪʘʢʠʭ ʤʽʩʮʷʭ ʥʝ ʻ ʜʦʩʠʪʴ ʝʬʝʢ-

ʪʠʚʥʠʤ. ʈʦʟʛʣʷʥʫʪʠʡ ʤʝʪʦʜ ʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʜʫʢʪʠʚʥʠʤ ʪʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʠ ʷʢ ʦʜʠ-

ʥʦʯʥʦʛʦ ʪʘʢ ʽ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʉʋʏɸʉʅʀʁ ʇɯɼʍɯɼ ɼʆ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʇɯɼʊɺɽʈɼɾɽʅʅʗ 

ʇʈʆɭʂʊʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɿɸɹɯʈʅʀʍ ʇʈʀʉʊʈʆɰɺ 

ɸʥʦʪʘʮʽʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʩʪʘʪʠʯʥʦʛʦ ʪʘ ʜʠ-

ʥʘʤʽʯʥʦʛʦ ʟʘʣʠʰʢʫ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʜʦʩʣʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʘʢʫ ʧʝʨ-

ʰʦʛʦ ʩʪʫʧʝʥʶ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʚʽʜʙʦʨʦʤ ʽ ʾʭ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʤʘ-

ʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʚʝʨʠ-

ʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦ ʧʽʜʪ-

ʚʝʨʜʞʝʥʥʶ ʧʨʦʻʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʙʽʨʥʽ ʧʨʠʩʪʨʦʾ; ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ; ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʘʣʠʰʦʢ; 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ; ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʧʦʜʽʙʥʽʩʪʴ; ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʛʽʜʨʦʜʠ-

ʥʘʤʽʢʘ; ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 
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MODERN APPROACH TO EXPERIMENTAL CONFIRMATION OF DESIGN 

PARAMETERS OF INTAKE DEVICES  

Abstract. Based on the results of physical experiments to determine the static and dy-

namic residue of rocket fuel components on experimental designs of the first stage tank of a 

launch vehicle with central sampling and their numerical modeling using mathematical mod-

els, the author developed a computational and experimental method for verifying the model-

ing results, which allows for numerical calculations to confirm the design parameters of intake 

devices with the required accuracy. 
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ʇʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʙʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʚ ʽʥʞʝʥʝʨ-

ʥʽʡ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʽ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʨʽʜʠʥʠ [1], [2]. ɸʣʝ, ʦʪʨʠʤʘʥʽ ʽʟ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ, ʝʤʧʽʨʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʝʞʝʥʦʛʦ ʢʦʣʘ ʟʘʜʘʯ, ʫʤʦʚʠ ʷʢʠʭ (ʧʦʯʘʪʢʦʚʽ ʽ ʛʨʘʥʠ-

ʯʥʽ) ʧʦʜʽʙʥʽ ʪʠʤ, ʜʣʷ ʷʢʠʭ ʙʫʣʠ ʦʪʨʠʤʘʥʥʽ ʜʘʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

ʊʦʤʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʨʦʻʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦ-

ʚʠʥʥʘ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ. ɽʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʙʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʪʝʥʜʘʭ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʥʘʪʫʨʥʠʭ ʙʘʢʘʭ ʽ ʥʘ ʾʭ ʤʘʩʰʪʘʙʥʠʭ ʤʦʜʝʣʷʭ (ʜʦʩʣʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ) ʚ 

ʟʝʤʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʘʩʰʪʘʙʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʦʭ ʜʦ-

ʩʣʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ ʽ ʥʘ ʜʝʢʽʣʴʢʦʭ ʤʦʜʝʣʴʥʠʭ ʨʽʜʠʥʘʭ [3], [4]. 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʟ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʨʽʜʠʥʠ, ʟôʷʚʠʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠʪʠ ʧʨʘʢ-

ʪʠʯʥʦ ʧʦʚʩʶʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʙʽʣʴʰ ʪʦʯʥʠʤ ʦʙʯʠʩʣʶʚʘʣʴ-

ʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ [5], [6]. ʎʝ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʪʝʨʤʽʥʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘ-

ʮʶʚʘʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʠʪʨʘʪʠ. 

ɸʚʪʦʨʦʤ ʨʦʟʛʣʷʥʫʪʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʽ ʜʠ-

ʥʘʤʽʯʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʟʘʣʠʰʢʫ ʢʦʤʧʦʥʝʥʪʫ ʧʘʣʠʚʘ ʚ ʜʦʩʣʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʘʢʫ 

ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʶ ʨʘʢʝʪʠ-ʥʦʩʽ ̫ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʚʽʜʙʦʨʦʤ ʢʦʤʧʦʥʝʥʪʫ ʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʜʦʩʣʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʘʥʘʣʦʛʽʯʥʠʭ ʤʘʩʰʪʘʙʽʚ). ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʨʦʟʨʦʙʣʝʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʯʠʩʝʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʦ ʧʽʜʪʚʝʨʜʞʝʥʥʶ ʧʨʦʢ̒ʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʪʦʯʥʽʩʪʶ [7], [8]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʫ ʪʨʘʜʠʮʽʡʥʫ ʤʝʪʦʜʠʢʫ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʙʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʞʝ ʥʘ ʥʘʯʘʣʴʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦ-

ʙʢʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭ ʧʘʨʘʤʝʪʨʠ, ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʥʝʦʙʭʽʜʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜ-

ʧʨʘʮʶʚʘʥʥʷ ʽ ʟʥʠʟʠʪʠ ʯʘʩʦʚʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʥʘ ʾʭ ʧʨʦʚʝʜʝʥʥʷ. 
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ʈʆɿʈɸʍʋʅʂʀ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ 

ʅɽʈʋʁʅɯɺʅʆɻʆ ʂʆʅʊʈʆʃʖ ʉʂʃɸɼʅʀʍ ʊɽʍʅɯʏʅʀʍ ʆɹôɭʂʊɯɺ 

ɸʥʦʪʘʮʽʷ. ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʥʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ (ʋɿʂ) ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚ-

ʥʽʰʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ ʫ ʚʠʨʦʙʘʭ. ɼʫʞʝ ʛʦʩʪʨʦ ʧʠʪʘʥʥʷ ʚʠ-

ʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʧʦʩʪʘʻ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙ'ʻʢ-

ʪʽʚ (ʉʊʆ) ʪʘ ʦʙôʻʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʋɿʂ ʤʘʶʪʴ ʦʙʤʝ-

ʞʝʥʥʷ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʦʮʽʥʢʠ ʜʝʬʝʢʪʽʚ ʯʝʨʝʟ ʨʦʟʙʽʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʽʚ ʚʽʜ ʚʽʜʙʠʚʘ-

ʯʽʚ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʘʭ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʧʘʨʘʪʫʨʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽ-

ʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʽʚ ʚʽʜ ʚʽʜʙʠʚʘʯʽʚ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʘʭ ʜʣʷ ʥʘʣʘʰʪʫ-

ʚʘʥʥʷ ʘʧʘʨʘʪʫʨʠ ʧʨʦʧʦʥʫʻ ʧʽʜʭʦʜʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʋɿʂ ʟʘ ʨʘʭʫʥʦʢ ʫʩʫ-

ʥʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʦʧʨʘʚʦʢ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ, ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʢʦʥʪʨʦʣʴ, ʩʠʛʥʘʣ, ʩʢʣʘ-

ʜʥʽ ʪʝʭʥʽʯʥʽ ʦʙ'ʻʢʪʠ, ʟʨʘʟʦʢ, ʤʝʪʦʜ. 
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CALCULATIONS OF THE APPLICATION OF THE ULTRASONIC NON -

DESTRUCTIVE TESTING METHOD FOR COMPLEX TECHNICAL OBJECTS  

Abstract. Ultrasonic Non-Destructive Testing (UT) is one of the most effective meth-

ods for detecting internal discontinuities in products. The need for reliable defect detection is 

particularly critical for ensuring the safety and quality of complex technical objects (CTOs) 

and high-risk structures. However, existing UT methods have limitations regarding defect 

evaluation accuracy due to discrepancies in the amplitude responses of reflectors in reference 

blocks used for equipment calibration. This study investigates analytical models of amplitude 

signals from reflectors in calibration reference blocks and proposes approaches to enhance 

UT efficiency by eliminating amplitude signal discrepancies through the application of vali-

dated correction factors. 
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ʉʢʣʘʜʥʽ ʪʝʭʥʽʯʥʽ ʦʙôʻʢʪʠ ð ʮʝ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʚʠʩʦ-

ʢʠʡ ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʽʥʪʝʛʨʘʮʽʶ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʦʙôʻʢʪʠ, ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ, ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩ-

ʪʝʤʠ, ʘ ʪʘʢʦʞ ʘʚʽʘʮʽʡʥʘ ʪʘ ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ. ɰʭʥʷ ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʘ ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ 

ʚʽʜ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, ʘ ʡ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʢʦʤʧʦʥʝ-

ʥʪʽʚ, ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ɹʝʟʧʝʢʘ ʽʥʞʝʥʝʨʥʠʭ ʦʙ'ʻʢʪʽʚ ð ʮʝ ʢʦʤ-

ʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʤʦ-

ʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪ-

ʨʦʣʶ. ʅʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ 

ʪʘ ʘʚʘʨʽʡ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʢʨʠʪʠʯʥʠʤ ʟʦʥʘʤ, ʜʝ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʨʽʱʠʥʠ, 

ʢʦʨʦʟʽʷ ʘʙʦ ʽʥʰʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣ ʁʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʫ 

ʚʥʫʪʨʽʰʥʽʡ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʾʭ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʮ ̔ʤʝʪʦʜʠ ʥʝʟʘʤʽʥʥʠʤʠ 

ʫ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ [1]. ɿʘʚʜʷʢʠ ʰʚʠʜʢʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ, ʤʦʞʣʠʚʦʩʪʽ ʘʚ-

ʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʪʦʢʦʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ ʢʦʥʪ-

ʨʦʣʶ ʥʝ ʣʠʰʝ ʚʠʷʚʣʷʶʪʴ ʧʨʠʭʦʚʘʥʽ ʜʝʬʝʢʪʠ, ʘ ʡ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʾʭʥʽʡ ʨʦʟʚʠʪʦʢ ʫ 

ʜʠʥʘʤʽʮʽ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʧʨʠʡʤʘʪʠ ʚʯʘʩʥʽ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʥʝʙʝʟʧʝʯʥʠʤ 

ʩʠʪʫʘʮʽʷʤ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝ-

ʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʜʝʬʝʢʪʽʚ ʻ ʘʤʧʣʽʪʫʜʥʠʡ ʤʝʪʦʜ ʪʘ ʤʝʪʦʜ ʫʤʦʚʥʦʾ 

ʧʨʦʪʷʞʥʦʩʪʽ. ɸʤʧʣʽʪʫʜʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʜʝʬʝʢʪʫ ʥʘ ʦʩʥʦʚʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʜʝʬʝʢʪʘ ʩʠʛʥʘʣʫ. ʄʝʪʦʜ ʫʤʦʚʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʜʩʪʘʥʽ, ʥʘ ʷʢʫ ʧʝʨʝʤʽʱʫʶʪʴ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦ-

ʨʶʚʘʯ ʟʘ ʫʤʦʚ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚʽʜ ʜʝʬʝʢʪʘ ʧʝʚʥʦʶ ʘʤʧʣʽʪʫʜʦʶ. ʆʩʪʘʥʥʽʡ ʤʝʪʦʜ ʜʘʻ 

ʜʫʞʝ ʥʝʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɸʣʝ ʡ ʘʤʧʣʽʪʫʜʥʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʟʘʜʦʚʽʣʴʥʠʤ ʣʠʰʝ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʬʘʟʦʚʘʥʠʤʠ ʘʧʝʨʪʫʨʥʠʤʠ ʨʝʰʽʪʢʘʤʠ. ɼʽʡʩʥʦ, ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʝʬʝʢʪʦʩʢʦʧʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ ʬʘʟʦ-

ʚʘʥʠʤʠ ʘʧʝʨʪʫʨʥʠʤʠ ʨʝʰʽʪʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʟ 16 ʧôʻʟʦʝʣʝʤʝʥʪʘʤʠ ʥʘ ʯʘʩʪʦʪʽ 5 ʄɻʮ, 

ʣʝʛʢʦ ʜʦʩʷʛʪʠ ʛʨʘʥʠʮʴ ʧʦʭʠʙʢʠ ʥʘ ʨʽʚʥʽ Ñ 0,1 ʤʤ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʜʝʬʝʢʪʫ ʨʦʟʤʽʨʘʤʠ 

ʚʽʜ 2 ʜʦ 6 ʤʤ ʜʽʘʤʝʪʨʦʤ ʥʘ ʛʣʠʙʠʥʠ ʚʽʜ 20 ʜʦ 100 ʤʤ ʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʷʭ, ʘʣʶʤʽʥʽʾ 

ʘʙʦ ʧʣʘʩʪʠʢʫ. ɸʣʝ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʜʝʬʝʢʪʦʩʢʦʧʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ ʬʘ-

ʟʦʚʘʥʠʤʠ ʘʧʝʨʪʫʨʥʠʤʠ ʨʝʰʽʪʢʘʤʠ ʤʘʶʪʴ ʜʫʞʝ ʨʦʟʚʠʥʝʥʫ ʣʦʛʽʢʫ ʪʘ ʥʘʨʘʟʽ ʫ ʢʽʣʴʢʦ ʨʘʟʽʚ 

ʜʦʨʦʞʯʽ ʥʽʞ ʟʚʠʯʘʡʥʽ. ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʟ ʬʘʟʦʚʘʥʠʤʠ ʘʧʝʨʪʫʨʥʠʤʠ ʨʝʰʽʪʢʘʤʠ ʜʫʞʝ ʚ ʜʝ-

ʩʷʪʢʠ ʨʘʟʽʚ ʜʦʨʦʞʯʝ ʟʚʠʯʘʡʥʠʭ. ɯ ʥʘʡʛʦʣʦʚʥʽʰʝ ð ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟ ʬʘʟʦʚʘʥʠʤʠ ʘʧʝʨ-

ʪʫʨʥʠʤʠ ʨʝʰʽʪʢʘʤʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʽ ʧʦʪʨʝʙʫʶʪʴ ʫ ʢʽʣʴʢʦ ʨʘʟʽʚ ʙʽʣʴʰʫ ʧʣʦʱʫ 

ʥʘʜʽʡʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʦʙôʻʢʪʦʤ ʢʦʥʪʨʦʣʶ. ɺʩʽ ʮʽ ʥʝʜʦʣʽʢʠ ʦʙʤʝʞʫʶʪʴ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʝʬʝʢʪʦʩʢʦʧʽʚ, ʷʢʽ ʧʨʘʮʶ-

ʶʪʴ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ ʬʘʟʦʚʘʥʠʤʠ ʘʧʝʨʪʫʨʥʠʤʠ ʨʝʰʽʪʢʘʤʠ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ ʱʦ 

ʚʦʥʠ ʦʪʨʠʤʘʣʠ ʜʫʞʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʝʜʠʮʠʥʽ. ʄʽʥʽʘʪʶʨʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʢʦʥʪ-

ʨʦʣʶ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʘʟʦʤ ʟ ʫʩʢʣʘʜʥʝʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʾʭ ʧʦʚʝʨʭʥʽ ʨʦʙʠʪʴ ʧʝʨʩʧʝʢ-

ʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʝʬʝʢʪʦʩʢʦʧʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ 

ʬʘʟʦʚʘʥʠʤʠ ʘʧʝʨʪʫʨʥʠʤʠ ʨʝʰʽʪʢʘʤʠ ʜʫʞʝ ʦʙʤʝʞʝʥʠʤʠ. ʇʨʦʪʝ ʧʨʠ ʟʘʩʪʦʩʦʚʫʚʘʥʥʽ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʠʭ ʜʝʬʝʢʪʦʩʢʦʧʽʚ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʩʫʤʽʩʥʠʤʠ ʘʙʦ ʨʦʟʜʽʣʴʥʦ-ʩʫʤʽʩʥʠʤʠ ʧôʻʟʦ-

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʘʤʧʣʽʪʫʜʥʦʛʦ ʤʝʪʦʜʫ ʻ ʨʦʟʙʽʞʥʦʩʪʽ ʩʠʛ-

ʥʘʣʽʚ ʚʽʜ ʽʜʝʥʪʠʯʥʠʭ ʚʽʜʙʠʚʘʯʽʚ ʥʘʚʽʪʴ ʟʘ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ 

ʟʨʘʟʢʽʚ [2]. ʊʘʢʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʦʞʫʪʴ ʩʷʛʘʪʠ 6 ʜɹ ʽ ʙʽʣʴʰʝ, ʱʦ ʧʦʟʥʘʯʘʻ ʧʦʭʠʙʢʫ ʧʨʠ 
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ʚʠʤʽʨʶʚʘʥʥʽ ʨʦʟʤʽʨʫ ʜʝʬʝʢʪʫ, ʷʢʘ ʩʷʛʘʻ ʟʥʘʯʝʥʴ ʮʴʦʛʦ ʨʦʟʤʽʨʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʢʦʤ-

ʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ ʟʤʫʰʫʻ ʚʠʨʦʙʥʠʢʽʚ ʘʙʦ çʧʝʨʝʨʝʙʨʘʢʦʚʫʚʘʪʠè ʧʨʦʜʫʢʮʽʶ, ʱʦ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʾ ʚʘʨʪʦʩʪʽ, ʘʙʦ ʤʠʨʠʪʠʩʷ ʟ ʥʝʩʪʘʙʽʣʴʥʦʶ ʷʢʽʩʪʶ ʧʨʦʜʫʢ-

ʮʽʾ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʾʭʥʽ 

ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʻ ʟʘʩʪʦʩʦʚʥʽ ʩʪʘʥʦʤ ʥʘ ʟʘʨʘʟ ʫ ʤʠʨʦ-

ʚʦʾ ʧʨʘʢʪʠʮʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʜʝ-

ʬʝʢʪʽʚ. ʈʦʟʛʣʷʥʫʪʽ ʪʠʧʠ ʽʤʽʪʘʪʦʨʽʚ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʽ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʘʭ ʙʦʢʦʚʽ ʩʚʝʨʜʣʝʥʥʷ, ʧʣʦʩʢʦʜʦʥʥʽ ʦʪʚʦʨʠ, ʧʦʚʝʨʭʥʝʚʽ ʧʨʦʧʠʣʠ ʪʘ 

ʫʤʦʚʥʦ ʥʝʩʢʽʥʯʝʥʥʽ ʧʦʚʝʨʭʥʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʽʚ [3], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʟʤʝʥʰʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʝʡ ʘʤʧʣʽʪʫʜ ʩʠʛʥʘ-

ʣʽʚ ʚʽʜ ʚʽʜʙʠʚʘʯʽʚ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʘʭ ʋɿʂ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʧʨʘʚʦʢ ʜʦ ʬʘ-

ʢʪʠʯʥʠʭ ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʽʚ ʚʽʜ ʮʠʭ ʚʽʜʙʠʚʘʯʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʟʘ-

ʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ISO 97122021 Non-destructive testing ð Qualification and certification of NDT 

personnel. 

2. ISO 55772017 Non-destructive testing ð Ultrasonic testing ð Vocabulary. 

3. Josef Krautkrªmer, Herbert Krautkrªmer ð Werkstoffpr¿fung mit Ultraschall, 

Springer-Verlag, 2013, ISBN 3642529615 ð 415-420 ʩ. 
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ʆʎɯʅʂɸ ɸʂʋʉʊʀʏʅʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ʅɸɺʂʆʃʀʐʅʔʆɻʆ 

ʉɽʈɽɼʆɺʀʑɸ ʇʈʀ ɺʀʇʈʆɹʋɺɸʅʅʗʍ ʈɸʂɽʊʅʀʍ ɼɺʀɻʋʅɯɺ 

ɸʥʦʪʘʮʽʷ. ɺʠʩʦʢʽ ʨʽʚʥʽ ʘʢʫʩʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʦʜʥʠʤ ʟʽ ʰʢʽʜʣʠʚʠʭ ʬʘʢ-

ʪʦʨʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʜʚʠʛʫʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʢʦʩʤʽʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʮʽ-

ʥʢʠ ʨʽʚʥʽʚ ʰʫʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʘʥʘʣʽʟʫ ʜʦʧʫʩʪʠʤʦʩʪʽ ʚʧʣʠʚʫ ʪʘʢʦʛʦ 

ʰʫʤʫ ʥʘ ʧʝʨʩʦʥʘʣ ʪʘ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʧʨʦʞʠʚʘʻ ʚ ʩʝʣʽʪʝʙʥʽʡ ʟʦʥʽ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ 

ʨʽʚʥʷ ʟʚʫʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʜʚʠʛʫʥʘ. ʈʦʟʨʘʭʦʚʘʥʦ ʩʧʝʢʪʨ ʰʫʤʫ ʩʪʨʫʤʝʥʷ ʜʣʷ ʚʦʩʴʤʠ ʦʢʪʘʚʥʠʭ ʩʤʫʛ. ɺʠʢʦʥʘʥʠʡ 

ʘʢʫʩʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʦʢʪʘʚʥʠʭ ʨʽʚʥʽʚ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʦʯʢʘʭ ʥʘ ʨʽ-

ʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʜʞʝʨʝʣʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʘ-

ʢʪʦʨʫ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʰʫʤʫ. ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʠʷʚʠʣʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯ-

ʥʠʤ ʥʦʨʤʘʤ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʦʢʪʘʚʥʠʭ ʨʽʚʥʽʚ ʰʫʤʫ ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ ʥʦʨʤʘʪʠʚʠ ʚʧʣʠʚʫ ʰʫʤʫ; ʨʽʚʝʥʴ ʟʚʫʢʦʚʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ; ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ. 
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ASSESSMENT OF ACOUSTIC ENVIRONMENTAL POLLUTION DURING 

ROCKET ENGINE TESTS 

Abstract. High levels of acoustic radiation are one of the harmful factors that arise during 

tests of propulsion systems of space launch vehicles. The operation of test complexes is associated 

with the need to assess noise levels during tests, analyze the admissibility of the impact of such 

noise on personnel and the population living in the residential area. The sound power level of the 

jet stream that occurs during engine tests was calculated. The jet noise spectrum was calculated for 

eight octave bands. An acoustic calculation of octave sound pressure levels was performed at design 

points at different distances from the source located in open space, taking into account the noise 

directivity factor. The assessment revealed that the calculated values of octave noise levels of the 

jet stream comply with sanitary and hygienic standards. 
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ʉʝʨʝʜ ʫʩʽʭ ʜʞʝʨʝʣ ʰʫʤʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʽ ʨʽʚʥʽ ʩʪʚʦ-

ʨʶʶʪʴ ʧʫʩʢʦʚʽ ʢʦʤʧʣʝʢʩʠ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʘ ʪʘʢʦʞ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʩʪʘʥʮʽʾ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫ-

ʥʽʚ. ʈʽʚʥʽ ʰʫʤʫ ʚ ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ 130-150 ʜɹ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ [1], 

ʱʦ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʽ ʛʽʛʽʻʥʽʯʥʽ ʥʦʨʤʘʪʠʚʠ ʜʣʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʥʘʩʝʣʝʥʥʷ. ʎʠʤ ʧʦʷʩ-

ʥʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʧʦ ʟʥʠʞʝʥʥʶ ʰʫʤʫ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʩʪʚʦʨʝʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ, ʙʫʜʽʚʥʠʮʪʚʦ ʩʧʦʨʫʜ ʪʘ ʙʫʜʠʥʢʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʟʚʫ-

ʢʦʽʟʦʣʶʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʘʢʪʠʚʥʦʛʦ ʪʘ ʧʘʩʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʩʪʨʫʤʽʥʴ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʪʨʘʢʪʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʟʚʫʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʪʨʫʤʝʥʷ 

ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʨʽʜʠʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʝʣʠ-

ʯʠʥʠ ʟʤʝʥʰʝʥʥʷ ʦʢʪʘʚʥʠʭ ʨʽʚʥʽʚ ʰʫʤʫ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʜʞʝʨʝʣʘ, ʧʝʨʝʚʽʨʢʘ ʫʤʦʚ 

ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʚʧʣʠʚʫ ʰʫʤʫ ʥʘ ʧʝʨʩʦʥʘʣ ʪʘ ʥʘ ʥʘʩʝʣʝʥʥʷ. 

ɼʣʷ ʪʝʨʠʪʦʨʽʾ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ, ʥʘ ʷʢʫ ʚʧʣʠʚʘʻ ʰʫʤ ʟʦʚʥʽʰʥʽʭ ʦʙôʻʢʪʽʚ, ʝʢʚʽʚʘ-

ʣʝʥʪʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʥʝ ʧʦʚʠʥʥʠʡ ʧʝʨʝʚʠʱʫʚʘʪʠ 55 ʜɹɸ ʚʜʝʥʴ ʪʘ 45 ʜɹɸ ʚʥʦʯʽ. [2]. 

ɼʣʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʛʨʘʥʠʯʥʠʡ ʩʧʝʢʪʨ ʰʫʤʫ ʚʽʜʧʦʚʽʜʘʻ ɻʉ-75, ʜʦʧʫʩʪʠʤʠʡ ʝʢ-

ʚʽʚʘʣʝʥʪʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʩʢʣʘʜʘʻ 80 ʜɹɸ [3]. 

ɸʢʫʩʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʫʤʦʚ, ʢʦʣʠ ʜʞʝʨʝʣʦ ʰʫʤʫ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʪʦʯʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ. ʈʦʟʨʘʭʫʥʦʢ ʨʽʚʥʽʚ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʚʠʢʦʥʫ-

ʚʘʣʠ ʜʣʷ ʦʢʪʘʚʥʠʭ ʩʤʫʛ ʽʟ ʩʝʨʝʜʥʴʦʛʝʦʤʝʪʨʠʯʥʠʤʠ ʯʘʩʪʦʪʘʤʠ 63, 125, 250, 500, 1000, 

2000, 4000, 8000 ɻʮ ʫ ʪʦʯʢʘʭ ʥʘ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 50 ʤ ʜʦ 700 ʤ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʨʘʭʦʚʫʚʘʣʠ ʬʘʢʪʦʨ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʰʫʤʫ, ʧʨʦʩʪʦʨʦʚʠʡ ʢʫʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʦʛʣʠ-

ʥʘʥʥʷ ʟʚʫʢʫ ʫ ʧʦʚʽʪʨʽ. 

ɼʣʷ ʚʠʪʽʢʘʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʦʙʣʘʩʪʽ ʜʦʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʨʽʚʝʥʴ 

ʟʚʫʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʢʣʘʚ 123 ʜɹ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʫ ʰʫʤʫ ʚʠʢʦʨʠʩʪʘʣʠ ʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʽ ʤʽʞ ʨʽʚʥʝʤ ʟʚʫʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʟʥʘʯʝʥʥʷʤ ʧʦʧʨʘʚʦʢ ʜʣʷ ʢʦʞʥʦʾ ʦʢʪʘʚʠ. 

ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʢʪʘʚʥʠʭ ʨʽʚʥʽʚ ʰʫʤʫ ʧʦʢʘʟʘʚ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʚʠ-

ʝɦʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʜʣʷ ʧʝʨʩʦʥʘʣʫ. ɼʣʷ ʥʘʩʝʣʝʥʥʷ ʚʠʷʚʣʝʥʽ ʧʝʨʝ-

ʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʰʫʤʫ ʥʘ ʯʘʩʪʦʪʘʭ 63, 125, 250, 500 ʪʘ 1000 ɻʮ ʧʨʠ ʨʽʟʥʠʭ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʫʪʘʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʫʤʫ ʪʘ ʥʘ ʚʽʜʩʪʘʥʷʭ, ʤʝʥʰʠʭ 200 ʤ. ʉʣʽʜ ʟʘʟʥʘ-

ʯʠʪʠ, ʱʦ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʚʧʣʠʚʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʪʫʭʘʥʥʷʤ ʮʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʫ ʰʫʤʫ ʩʪʨʫʤʝʥʷ ʫ ʧʦʚʽʪʨʽ. 

ʋ ʷʢʦʩʪʽ ʟʘʭʦʜʽʚ ʧʦ ʟʥʠʞʝʥʥʶ ʰʫʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʜʘʪʢʦʚʝ ʦʟʝʣʝʥʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʣʠʩʪʷʥʽ ʧʦʨʦʜʠ ʜʝʨʝʚ ʟʜʘʪʥʽ ʧʦʛʣʠʥʘʪʠ ʜʦ 25% ʟʚʫʢʦʚʦʾ ʝʥʝʨʛʽʾ, ʥʘʡʢʨʘʱ ̔

ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥ ̔ʚʣʘʩʪʠʚʦʩʪ ̔ʤʘʁʪʴ ʯʘʛʘʨʥʠʢʦʚʽ ʪʘ ʭʚʦʡʥʽ ʧʦʨʦʜʠ ʜʝʨʝʚ. 
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ʽʥʬʨʘʟʚʫʢʫ. ð ʂ. ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, 1999. ð 34ʩ. zakon.rada.gov.ua/rada/ 

show/va037282-99 

https://ips.ligazakon.net/document/Re33252?an=29
https://ips.ligazakon.net/document/Re33252?an=29
https://zakon.rada.gov.ua/rada/show/va037282-99
https://zakon.rada.gov.ua/rada/show/va037282-99


̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

213 

 ˹ ˢ˽˾̒˸˻˴ 

˙ˍ˟˒˙ˍ˟˕ˤ˚˴ ˙˛ˑ˒˘˴ 
˟  ̱ʕ ˕˞˒˘˩˚˴ ˒˗˞˜˒˝˕˙˒˚˟˕ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɹʘʡʙʫʟ ʆʣʝʛ ɻʨʠʛʦʨʦʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ɼʅʋ 

ʂʥʠʰ ʃʶʜʤʠʣʘ ɯʚʘʥʽʚʥʘ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ɼʅʋ 
 



˸ˢ́˩˸ˢ́ˮ̉˹˱ ˸˻˨˩˶˱ ́ˢ ̉ˮ˿˩˶̎˹˱ ˩˴˿˽˩˾ˮ˸˩˹́ˮ 

214 

ʋɼʂ 629.7.036 

DOI: 10.62717/2221-4550-2025-1-070 

V. Alieksieienko 
Oles Honchar Dnipro National University 

ORCID 0009-0000-8317-0096 

E-mail: alexeenko.vitaliy.89@gmail.com 

V. Bucharski 
Oles Honchar Dnipro National University 

ORCID 0000-0002-8245-5652 

E-mail: bucharskyi@ftf.dnu.edu.ua 

MODELING OF GAS FLOW IN PNEUMATIC SYSTEMS OF LRE 

BASED ON LOCAL MODELS OF SYSTEM ELEMENTS  

Abstract. The paper presents a new mathematical model describing processes in the 

pneumatic systems of liquid rocket engines. To determine gas parameters, the specific initial 

value problem was solved. The developed model can be used in the design of tank pressuri-

zation systems for liquid rockets. 

Keywords: pneumatic system of a liquid rocket engine, mathematical model of gas 

flow, tank pressurization. 
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ORCID 0000-0002-8245-5652 
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ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʏɯɰ ɻɸɿʋ ɺ ʇʅɽɺʄʆʉʀʉʊɽʄɸʍ ʈʈɼ ʅɸ ʆʉʅʆɺɯ 

ʃʆʂɸʃʔʅʀʍ ʄʆɼɽʃɽʁ ɽʃɽʄɽʅʊɯɺ ʉʀʉʊɽʄ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʫ 

ʧʥʝʚʤʦʩʠʩʪʝʤʘʭ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ ʨʦʟʚôʷʟʫ-

ʚʘʣʘʩʷ ʟʘʜʘʯʘ ʨʦʟʧʘʜʫ ʜʦʚʽʣʴʥʦʛʦ ʨʦʟʨʠʚʫ. ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʘʜʜʫʚʫ ʙʘʢʽʚ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʥʝʚʤʦʩʠʩʪʝʤʘ ʨʽʜʠʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦ-

ʜʝʣʴ ʪʝʯʽʾ ʛʘʟʫ, ʥʘʜʜʫʚ ʙʘʢʚ̔. 

 

The tank pressurization system is a crucial component of all liquid rockets. At the de-

velopment stage, mathematical modelling of its operation is extremely important, as autono-

mous testing of the pressurization system is associated with a number of challenges. In turn, 

when creating an appropriate mathematical model, it is necessary to take into account all the 

specific features of the pressurization process, such as the unsteadiness of the processes, 

changes in the working fluid parameters, phase transitions of the components and pressurizing 

gas, and so on. 
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Recently, CAE systems such as Ansys Fluent [1], OpenFOAM, and others have been 

increasingly used to solve such problems. These systems enable high-accuracy modelling of 

a wide range of tasks. However, their use still requires significant computational resources 

and time, which can pose challenges at the early stages of design or during system optimiza-

tion. In such cases, a more rational approach is the development of specialized models that 

combine high modelling accuracy with low computational complexity [2]. 

This study presents a new mathematical model of the pneumatic system of a liquid 

rocket engine. The system under consideration consists of a pressurizing gas cylinder, a pro-

pellant tank, and the pipeline connecting them. 

The mathematical model of each system element was developed based on the laws of 

mass, momentum, and energy conservation. To determine the changes in the main parameters 

of the gas flow as it transfers between elements, the problem of arbitrary discontinuity decay 

was solved [3]. 

Using the developed model, test calculations were carried out, confirming a satisfactory 

accuracy in determining the parameters of the pressurization system. 

Thus, the mathematical model developed in this study will improve the accuracy of 

pressurization system modelling for liquid rocket propellant tanks and reduce the time re-

quired for its design. Moreover, in the future, the developed model will enable the optimiza-

tion of pneumatic systems to enhance their efficiency. 
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ORCID 0000-0003-1228-9377 

E-mail: bolyubas@gmail.com 

ɸʅɸʃɯɿ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ ɺʀɿʅɸʏɽʅʅʗ ɻʃʀɹʀʅʀ 

ʇʈʆʅʀʂʅɽʅʅʗ ʂʋʄʋʃʗʊʀɺʅʆɻʆ ʉʊʈʋʄɽʅʖ ɺ ʇɽʈɽʐʂʆɼʋ 

ɸʥʦʪʘʮʽʷ. ɸʚʪʦʨʦʤ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʡʥʠʭ ʢʫʤʫʣʷʪʠʚʥʠʭ ʟʘʨʷʜʽʚ ʫ 

ʩʠʩʪʝʤʘʭ ʨʦʟʜʽʣʝʥʥʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʫ ʧʝʨʝʰʢʦʜʫ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʢʣʘʩʠʯʥʽ ʘʥʘʣʽʪʠʯʥʽ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʃʂɿ ʟ ʥʘʧʽʚʮʠ-

ʣʽʥʜʨʠʯʥʦʶ ʢʫʤʫʣʷʪʠʚʥʦʶ ʚʠʾʤʢʦʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʪʦʯʥʝʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫ-

ʥʢʫ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʬʦʢʫʩʥʫ ʚʽʜʩʪʘʥʴ ʽ 

ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʨʷʜʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡʥʠʭ ʢʫʤʫʣʷʪʠʚʥʠʭ ʟʘʨʷʜʽʚ, ʱʦ 

ʧʽʜʚʠʱʠʪʴ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʃʽʥʽʡʥʠʡ ʢʫʤʫʣʷʪʠʚʥʠʡ ʟʘʨʷʜ, ʢʫʤʫʣʷʪʠʚʥʠʡ ʩʪʨʫʤʽʥʴ, ʤʘʪʝʤʘ-

ʪʠʯʥʘ ʤʦʜʝʣʴ, ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ, ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ, ʨʘʢʝʪʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ. 
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ANALYSIS OF MATHEMATICAL MODELS FOR DETERMINING THE 

PENETRATION DEPTH OF A SHAPED CHARGE JET INTO A TARGET  

Abstract. The author examines the use of linear shaped charges in separation systems 

for aerospace technology. Mathematical models for determining the penetration depth of a 

shaped charge jet into a target are analyzed. It is established that classical analytical ap-

proaches have limitations when applied to linear shaped charges with a semi-cylindrical 

shaped cavity. A refined formula is proposed for calculating the penetration depth of a shaped 

charge jet, which takes into account the focal distance and the level of charge manufacturing 

technology. The results obtained can be used to improve methods for calculating the parame-

ters of linear shaped charges, which will increase the reliability and efficiency of their appli-

cation in spacecraft. 

Keywords: Linear shaped charge, shaped charge jet, mathematical model, focal dis-

tance, penetration depth, aerospace technology. 

 

ʋ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʩʪʫʧʝʥʽʚ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʚʽʜʩʽʢʽʚ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʟʦʥʜʽʚ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʢʦʥʘʚʯʽ ʝʣʝ-

ʤʝʥʪʠ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʮʠʭ ʮʽʣʝʡ ʻ ʣʽʥʽʡʥʽ ʢʫʤʫʣʷʪʠʚʥʽ ʟʘʨʷʜʠ 

(ʃʂɿ), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʚôʷʟʢʽʚ 

ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ (ʂʉ). 
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ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʃʂɿ, ʻ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʂʉ ʫ ʧʝʨʝʰʢʦʜʫ. ʎʽʡ ʧʨʦʙʣʝʤʘʪʠʮʽ ʧʨʠʩʚʷʯʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ɹʘʫʤʘ ʌ.ɸ., 

ʃʘʚʨʝʥʪʴʻʚʘ ʄ.ʆ., ʇʝʪʫʰʢʦʚʘ ɺ.ɻ., ʆʨʣʝʥʢʘ ʃ.ʇ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʴʦʤʫ ʥʘʧʨʷ-

ʤʢʫ ʚʝʜʫʪʴ ɺʦʡʪʝʥʢʦ ɺ.ɯ., ʊʦʣʢʫʥʦʚ ɯ.ʆ., ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʘʢʫʩʠʣʦ ʈ.ɺ., ʉʤʠʨʥʦʚ 

ʆ.ʄ. ʪʘ ʽʥʰʽ. 

ʉʝʨʝʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʝʡ ʧʨʦʮʝʩ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʻ ʛʽ-

ʜʨʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʃʘʚʨʝʥʪʴʻʚʘ ʄ.ʆ., ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʂʉ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʩʪʨʫʤʝʥʷ, ʘ ʪʘʢʦʞ ʛʫʩʪʠʥʦʶ ʤʘʪʝʨʽʘʣʽʚ ʟʘʨʷʜʫ ʪʘ ʧʝʨʝʰʢʦʜʠ [1-4]. 

ὒ̆ ́̃Ȣ̑ ὰϽ
”

”
 ȟ 

ʜʝ, l ï ʜʦʚʞʠʥʘ ʂʉ; l ʜʣʷ ʚʽʩʴʦʩʠʤʝʪʨʠʯʥʠʭ ʢʦʥʽʯʥʠʭ ʂɿ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʪʚʽʨʥʦʾ ʢʦ-

ʥʫʩʘ; ɟJ ʽ ɟT ï ʛʫʩʪʠʥʘ ʤʝʪʘʣʫ ʂʉ ʽ ʧʝʨʝʰʢʦʜʠ ʚʽʜʧʦʚʽʜʥʦ. 

 

ʇʨʦʪʝ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʩʫʯʘʩʥʠʭ ʃʂɿ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʘʢʝʪʥʽʡ ʪʝʭʥʽʮʽ, 

ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʃʘʚʨʝʥʪʴʻʚʘ, ʂʦʣʝʩʥʽʢʦʚʘ ʂ.ʉ., ɭʬʘ-

ʥʦʚʘ, ʆʨʣʝʥʢʦ ʃ.ʇ., ʪʦʱʦ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʥʦʛʦ ʚ ʨʘʢʝʪʥʽʡ ʪʝʭʥʽʮʽ ʃʂɿ ʟ ʥʘʧʽʚʮʠʣʽʥʜʨʠʯʥʦʶ ʢʫʤʫʣʷʪʠʚʥʦʶ ʚʠʾʤʢʦʶ (ʚʽʪʯʠʟʥʷ-

ʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʬʦʨʤʫʣ ʻ ʦʙʤʝʞʝʥʠʤ. ʇʝʨʝʜʫ-

ʩʽʤ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦ-

ʚʞʠʥʘ ʂʉ ʷʢʘ ʚʠʚʝʜʝʥʘ ʟʘ ʜʚʦʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ ʟʽʪʢʥʝʥʥʷ ʜʚʦʭ ʧʣʦʩʢʠʭ ʩʪʨʫʤʝʥʽʚ ʨʽ-

ʜʠʥʠ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʧʨʠʪʘʤʘʥʥʦʛʦ ʃʂɿ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʣʶʯʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʣʠʙʠʥʫ 

ʧʨʦʥʠʢʥʝʥʥʷ ʂʉ ʫ ʧʝʨʝʰʢʦʜʫ ʻ: 

ð ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃʂɿ, ʧʦʚôʷʟʘʥʽ ʟ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 
ʢʽʣʴʢʽʩʪʶ ʽ ʪʠʧʦʤ ɺʈ; 

ð ʜʦʚʞʠʥʘ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ; 

ð ʤʽʮʥʽʩʪʴ ʽ ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʰʢʦʜʠ ʪʘ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜʧʦʚʽʜʥʦ; 

ð ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ; 

ð ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ. 

ʋʪʦʯʥʝʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʂʉ ʃʂɿ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘ-

ʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʃʂɿ ʫ ʩʠʩʪʝʤʘʭ ʨʦʟʜʽʣʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠ-

ʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʊʆʏʅʆʉʊɯ ʅɸɺɽɼɽʅʅʗ ɹʇʃɸ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʄɽʊʆɼʋ ʇʈʆʇʆʈʎɯʁʅʆɰ ʅɸɺɯɻɸʎɯɰ ɿ ʂʆʄʇɽʅʉɸʎɯɭʖ ɿʆɺʅɯʐʅɯʍ 

ɺʇʃʀɺɯɺ ɿɸ ɼʆʇʆʄʆɻʆʖ ɼʀʌɽʈɽʅʎɯʁʅʆ-ɯɻʈʆɺʆɻʆ ʇɯɼʍʆɼʋ 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘ-

ʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʧʦʨʮʽʡʥʦʾ ʥʘʚʽʛʘʮʽʾ ʚ ʫʤʦʚʘʭ ʜʽʾ ʟʦʚʥʽ-

ʰʥʽʭ ʚʧʣʠʚʽʚ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʮʠʭ ʚʧʣʠʚʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʬʝʨʝʥ-

ʮʽʡʥʦ-ʽʛʨʦʚʠʡ ʧʽʜʭʽʜ. ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʥʘʚʝʜʝʥʥʷ, 

ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʦ-

ʩʪʽ ʟʙʫʨʝʥʴ ʥʘ ʪʦʯʥʽʩʪʴ ʥʘʚʝʜʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʽʛʨʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʩʠ-

ʩʪʝʤʠ ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ. 
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RESEARCH OF UAV GUIDANCE ACCURACY USING PROPORTIONAL 

NAVIGATION METHOD WITH COMPENSATION OF EXTERNAL 

INFLUENCES THROUGH DIFFERENT IAL -GAME APPROACH  

Abstract. This paper is dedicated to the research of the accuracy of unmanned aerial 

vehicle (UAV) guidance using the proportional navigation method under the influence of ex-

ternal factors. To compensate for these influences, a differential-game approach is proposed. 

The work involves developing a mathematical model of the guidance process, conducting 

numerical simulations, and analyzing the impact of various types and intensities of disturb-

ances on guidance accuracy. The results obtained demonstrate the effectiveness of the differ-

ential-game approach in enhancing the accuracy and stability of UAV guidance systems. 
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ɼʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʄʝʪʦʜ ʧʨʦʧʦʨʮʽʡʥʦʾ 

ʥʘʚʽʛʘʮʽʾ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʻ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʢʝ-

ʨʫʚʘʥʥʷ. ʇʨʦʪʝ, ʡʦʛʦ ʪʦʯʥʽʩʪʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ð ʧʦʨʠʚʽʚ ʚʽʪʨʫ, 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʧʝʨʝʰʢʦʜ [1]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-

ʽʛʨʦʚʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʫʚʘʪʠ ʤʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʾ ʧʨʦʪʠʚʥʠʢʘ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ɹʇʃɸ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ-ʧʝʨʝʩʣʽʜʫʚʘʯʘ (ʇ) ʥʘ ʤʘʥʝʚʨʫʶʯʫ 

ʮʽʣʴ (ʎ) ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʟʘ ʫʤʦʚ ʜʽʾ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ, ʪʘʢ ʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʝ-

ʨʝʰʢʦʜ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ɹʇʃɸ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʨʦʧʦʨʮʽʡʥʦʾ ʥʘʚʽʛʘʮʽʾ, ʘ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʧʝʨʝʰʢʦʜ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʣʠʚʘʥʥʷ ɹʇʃɸ ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʯʥʦʾ ʦʩʽ, ʟʘ-

ʩʪʦʩʦʚʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʽʛʨʦʚʠʡ ʘʣʛʦʨʠʪʤ [2]. 

ʇʨʦʮʝʩ ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʚʨʘ-

ʭʦʚʫʶʪʴ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʮʠʭ ʨʽʚʥʷʥʴ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ [3]: 

ɻʝʦʤʝʪʨʽʷ ʪʘ ʢʽʥʝʤʘʪʠʢʘ. ʂʫʪ ʥʘʭʠʣʫ ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ ʃ, ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 
ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʧʦʧʝʨʝʯʥʦʾ ʦʩʽ ʖ, ʢʫʪ ʪʘʥʛʘʞʫ ɾ, ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʨʫʣʽʚ ʚʠʩʦʪʠ ɿ, 

ʢʫʪ ʘʪʘʢʠ ɻ, ʥʦʨʤʘʣʴʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ., ʰʚʠʜʢʽʩʪʴ 6, ʢʦʦʨʜʠʥʘʪʠ ɹʇʃɸ ØȟÙ, 

ʧʣʦɦʘ ʤʽʜʝʣʷ 3, ʰʚʠʜʢʽʩʥʠʡ ʪʠʩʢ Ñ. 
ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʝʟʨʦʟʤʽʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ ʾʭ ʧʦʭʽʜʥʽ 

Ãȟ!ȟÃȟÃ ȟÍ ȟÍ ȟÍ , ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʢʫʪʘ ʘʪʘʢʠ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʨʫʣʽʚ ʥʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪ. 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʨʠʚʦʜʘ ʨʫʣʽʚ Ë , ʩʪʘʣʘ ʯʘʩʫ ʧʨʠ-

ʚʦʜʘ 4 , ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʥʪʫʨʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ËȟË , ʢʝ-

ʨʫʶʯʠʡ ʩʠʛʥʘʣ Õ, ʩʠʛʥʘʣ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ʧʨʠʚʦʜʘ ʀ, ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ Ì. 
ʇʝʨʝʰʢʦʜʠ. ɹʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ Í  ʪʘ ʚʣʘʩʥʝ ʟʙʫ-

ʨʝʥʥʷ ʊ. 
ʊʝʧʝʨ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʝʜʩʪʘʚʠʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡ-

ʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ ʨʫʭ ɹʇʃɸ-ʧʝʨʝʩʣʽʜʫʚʘʯʘ (ʇ): 
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ʜʝ .  ï ʥʦʨʤʘʣʴʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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ὔ
ὧ ὧɻήὛ

άὫ
Ȣ 

ʂʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ÕÔ ʦʙʤʝʞʝʥʠʡ: ȿÕÔȿ Õ .  

ɺʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʰʢʦʜ ʊÔ ʥʝʚʽʜʦʤʽ, ʘʣʝ ʦʙʤʝʞʝʥʽ: ȿʊÔȿ ʊ . 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʽʛʨʦʚʠʡ ʘʣʛʦ-

ʨʠʪʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʤʽʥʽʤʘʢʩʥʦʛʦ ʧʽʜʭʦʜʫ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʢʝʨʫʶʯʫ ʜʽʶ ÕÔ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ ʧʝʨʝʰʢʦʜ ʥʘ ʪʦʯʥʽʩʪʴ ʥʘʚʝʜʝʥʥʷ, 
ʚʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʾ ʧʨʦʪʠʚʥʠʢʘ (ʤʘʥʝʚʨʠ ʮʽʣʽ). 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ ʥʘ ʤʘʥʝʚʨʫʶʯʫ ʮʽʣʴ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ. ʈʦʟʛʣʷʥʫʪʦ 

ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʰʢʦʜ (ʩʪʦʭʘʩʪʠʯʥʽ ʪʘ ʜʝ-

ʪʝʨʤʽʥʦʚʘʥʽ). ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʽʛʨʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘ-

ʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʧʦʨʮʽʡʥʦʾ ʥʘʚʽʛʘʮʽʾ ʙʝʟ ʢʦʤʧʝʥʩʘʮʽʾ ʧʝʨʝʰʢʦʜ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʽʛʨʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʝʥʩʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʧʦʨʮʽʡʥʦʾ ʥʘʚʽʛʘ-

ʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʡʦʛʦ ʧʨʘʢ-

ʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʥʷ ɹʇʃɸ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʽ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʝʩʫʨʩʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘ-

ʜʥʠʭ ʤʦʜʝʣʝʡ ʤʘʥʝʚʨʫʚʘʥʥʷ ʮʽʣʽ ʪʘ ʨʦʟʨʦʙʢʫ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ. 
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ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʪʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʠʣʘʜʦʙʫʜʽʚʥʽʡ 

ʛʘʣʫʟʽ, ʚʠʩʫʚʘʶʪʴ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʘʞʣʠ-

ʚʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʤʽʞʙʣʦʢʦʚʽ ʝʣʝʢʪʨʠʯʥʽ ʟôʻʜʥʘʥʥʷ, ʩʪʘʥ ʽʟʦʣʷʮʽʾ ʷʢʠʭ ʩʫʪ-

ʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ɿʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʱʽʣʴʥʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜʚʠʱʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ ʜʝʛʨʘʜʘʮʽʷ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ [1]. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʟʦʚ-

ʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ, ʩʪʨʫʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʱʽ ʛʘʨ-

ʤʦʥʽʢʠ, ʥʘ ʩʪʘʥ ʽʟʦʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʢʠ ʾʾ ʝʣʝʢʪ-

ʨʠʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ. 

ʇʨʦʙʣʝʤʘ ʜʝʛʨʘʜʘʮʽʾ ʽʟʦʣʷʮʽʾ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ, ʷʢʽ ʚʠʥʠ-

ʢʘʶʪʴ ʯʝʨʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʡʤʘʯʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ ʛʘʨʤʦʥʽʢ ʥʘ-

ʧʨʫʛʠ ʚ ʪʦʯʢʘʭ ʟôʻʜʥʘʥʥʷ [2]. ʎʽ ʛʘʨʤʦʥʽʢʠ ʩʧʨʠʯʠʥʷʶʪʴ ʜʦʜʘʪʢʦʚʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʛʨʽʚʫ ʽʟʦʣʷʮʽʾ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʾʾ ʩʣʫʞʙʠ. ɼʣʷ ʘʥʘ-

ʣʽʟʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʱʦʜʦ ʥʘʛʨʽʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʩʪʨʫʤʠ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ, ʟʚʦʨʦʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ, ʫʩʝʨʝʜʥʝʥʽ ʟʘ ʽʥʪʝʨʚʘʣʦʤ 

ʯʘʩʫ Ўὸ τϽὝȢ 
ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʟôʻʜʥʘʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠ-

ʯʥʦʛʦ ʦʧʦʨʫ ʧʨʦʚʽʜʥʠʢʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʽʚ ʧʦʚʝʨʭʥʽ ʪʘ ʙʣʠʟʴʢʦʩʪʽ. 

ʆʧʽʨ ʧʨʦʚʽʜʥʠʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [3]: 

Ὑ̈ Ȣ̍̒ ̓Ȣ̑ Ὑ̐ ̏̒̓Ȣ̒̓Ȣ̑ẗρ ώ ώ ȟ 

ʜʝ ώ ð ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʝʬʝʢʪʫ, ώ ð ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʫ ʙʣʠʟʴʢʦʩʪʽ, Ὑ̐ ̏̒̓Ȣ̒̓Ȣ̑ 

ð ʦʧʽʨ ʧʨʦʚʽʜʥʠʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧ-

ʥʠʤ ʯʠʥʦʤ: 

Ὑ̐ ̏̒̓Ȣ̒̓Ȣ̑

ρ Ὧ ẗὰẗ”

Ὓ̐ ̑̏Ȣ̃
ẗρ ‌ Ὕ̐̑̏Ȣ̃ ςπȟ 

ʜʝ ”  ʧʠʪʦʤʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʽʜʥʠʢʘ ʧʨʠ 20ºʉ, ὰ ï ʜʦʚʞʠʥʘ ʧʨʦʚʽʜʥʠʢʘ, Ὓ̐ ̑̏Ȣ̃ ð 

ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ‌  ð ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, Ὕ̐̑̏Ȣ̃ ð ʨʦʙʦʯʘ ʪʝʤʧʝ-

ʨʘʪʫʨʘ, Ὧ ð ʢʦʝʬʽʮʽʻʥʪ ʩʢʨʫʯʫʚʘʥʥʷ. 

ɼʣʷ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʦʧʽʨ Ὑ  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʤʝʨʘ ʛʘʨʤʦʥʽʢʠ ὲ: 

Ὑ Ὑ̈ Ȣ̍̒ ̓Ȣ̑ẗπȟρψχπȟυσςẗЍὲȢ 

ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚʽʜ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʪʨʫʤʽʚ ʫ ʬʘʟʥʠʭ ʧʨʦʚʽʜʥʠʢʘʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ: 

ὖ ὍẗὙ ὍẗὙȟ 

ʘ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʧʨʦʚʽʜʥʠʢʫ ð ʷʢ: 

ὖ̎ ̆̊̓̑Ȣ σẗ Ὅ

ȟȟ ȣ

ẗὙȢ 

ɿʘʛʘʣʴʥʽ ʘʢʪʠʚʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʪʨʠʬʘʟʥʦʛʦ ʢʘʙʝʣʶ ʟ ʥʝʡʪʨʘʣʣʶ ʚʨʘʭʦʚʫ-

ʶʪʴ ʷʢ ʬʘʟʥʽ, ʪʘʢ ʽ ʥʝʡʪʨʘʣʴʥʽ ʚʪʨʘʪʠ: 

ὖ σẗὍẗὙẗὑ̃ ̓ȟ̑ 

ʜʝ ὑ̃ ̓̑ ð ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʛʘʨʤʦʥʽʯʥʽ ʩʢʣʘʜʦʚʽ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʽʟʦʣʷʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʪʝʧʣʦʚʠʤ ʟʘʢʦʥʦʤ ʆʤʘ: 

ῳὝ  ὖ ẗὛȟ 
ʜʝ Ὓ ð ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʢʘʙʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪ-

ʨ̔ ʚ (ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ, ʜʽʘʤʝʪʨʘ ʧʨʦʚʽʜʥʠʢʽʚ ʪʦʱʦ); ὖ ð ʧʦʪʫʞʥʽʩʪʴ (ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ) ʚ 

ʢʘʙʝʣʽ. ɼʣʷ ʯʦʪʠʨʠʞʠʣʴʥʦʛʦ ʢʘʙʝʣʶ ʪʝʤʧʝʨʘʪʫʨʘ ʽʟʦʣʷʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

†̨̈̏̌Ȣ ὖ ẗὛ σẗὖ Ὓ Ὓ Ὓ †̏ Ȣ̓̒ ̆ȟ̑ 
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ʜʝ †̨̈̏̌Ȣ ð ʪʝʤʧʝʨʘʪʫʨʘ ʽʟʦʣʷʮʽʾ; ὖ  ð ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʫ ʬʘʟʥʠʭ ʧʨʦʚʽʜʥʠʢʘʭ; ὛȟὛȟὛȟὛ 

ʪʝʧʣʦʚʽ ʦʧʦʨʠ ʦʢʨʝʤʠʭ ʧʨʦʚʽʜʥʠʢʽʚ; ὖ  ð ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʧʨʦʚʽʜʥʠʢʫ; 

†̏ Ȣ̓̒ ̆̑ ð ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʯʝʨʝʟ ʪʝʧʣʦʚʝ ʩʪʘʨʽʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥ-

ʥʷʤ ɸʨʨʝʥʽʫʩʘ: 

ὠ̨̈̏̌Ȣ ὠ̎̏Ȣ̍ẗὩὼὴὑ
ρ

—̎ ̏Ȣ̍

ρ

—̨ ̈̏̌Ȣ
ȟ 

ʜʝ ὠ̎̏Ȣ̍ ð ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ; —̨ ̈̏̌Ȣ ð ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʽʟʦʣʷʮʽʾ; ὑ , Ὁ 

ð ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ, Ὑ ð ʛʘʟʦʚʘ ʩʪʘʣʘ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʝʬʝʢʪʫ ʪʘ ʝʬʝʢʪʫ ʙʣʠʟʴʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʚʥʷʥʥʷ ɸʨʨʝ-

ʥʽʫʩʘ ʜʣʷ ʦʮʽʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ʽʟʦʣʷʮʽʾ ʟʘ 

ʫʤʦʚ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʜʝʬʝʢʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʧʫʩʪʠʤʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨ-

ʜʞʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʢʘʙʝʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʠʣʘʜʦʙʫʜʽʚʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʥʘʜʽʡʥʽʩʪʴ ʟôʻʜʥʘʥʴ ʻ ʢʨʠʪʠʯʥʦʶ. 
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ɺ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè ʧʦʚʝʜʝʥʽ ʨʦʙʦʪʠ ʧʦ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʦʧʦʨʥʦʾ ʨʘʤʠ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʘʢʝʪ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʤʧʣʝʢʩʽ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘ-

ʣʽʟʫ ANSYS [1,2,3]. ʏʘʩ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʠʰʘʻʪʴʩʷ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ. ʉʘʤʝ 

ʪʦʤʫ ʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʝʛʫʣʷʨʥʝ ʽ ʩʪʨʫʢʪʫʨʦʚʘʥʝ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʦʜʝʣʴ ʙʫʜʫʚʘʣʘʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʄʝʪʦʜʫ ʄʽʢʝʣʘʥʜʞʝʣʦè [4]. 

ɽʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 1-5. 

ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʦʧʦʨʥʦʾ ʨʘʤʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 6. 

 
ʈʠʩʫʥʦʢ 1 ð ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʦʨʥʦʾ ʨʘʤʠ 
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ʈʠʩʫʥʦʢ 2 ð ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʦʨʥʦʾ ʨʘʤʠ 

 
ʈʠʩʫʥʦʢ 3 ð ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʦʨʥʦʾ ʨʘʤʠ 

 
ʈʠʩʫʥʦʢ 4 ð ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʦʨʥʦʾ ʨʘʤʠ 

 
ʈʠʩʫʥʦʢ 5 ð ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʦʨʥʦʾ ʨʘʤʠ 

 

 
ʈʠʩʫʥʦʢ 6 ð ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʦʧʦʨʥʦʾ ʨʘʤʠ 
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ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʦ-

ʨʥʦʾ ʨʘʤʠ ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽʥʞʝʥʝʨʥʠʤ ʨʦʟʨʘʭʫʥʢʘʤ ʽ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʥʘ ʨʦʟʨʘʭʫʥʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʥʝ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 7 ʽ 

ʧʦʢʘʟʫʻ, ʱʦ ʥʝ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʤʦʜʝʣʽ ʥʝ ʬʽʟʠʯʥʽ. ʅʘʧʨʠʢʣʘʜ ʪʫʪ ʥʝ ʧʦʙʫʜʦʚʘʥʽ ʬʽʟʠʯʥʦ 

ʟʚʘʨʶʚʘʣʴʥʽ ʰʚʠ, ʘ ʰʘʡʙʠ ʽ ʛʚʠʥʪʠ ʥʝ ʢʦʥʪʘʢʪʫʶʪʴ ʧʦ ʧʦʚʝʨʭʥʷʤ. ʉʪʨʫʢʪʫʨʦʚʘʥʘ ʤʦ-

ʜʝʣʴ ʧʦʟʙʘʚʣʝʥʘ ʮʠʭ ʥʝʜʦʣʽʢʽʚ. 

 
ʈʠʩʫʥʦʢ 7 ð ʅʝ ʩʪʨʫʢʪʫʨʦʚʘʥʽ (ʣʽʚʦʨʫʯ ʽ ʚ ʮʝʥʪʨʽ) ʽ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʤʦʜʝʣʽ 

ɸʥʘʣʽʟ ʽ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʨʝʛʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ. ʊʘʢʽ ʩʽʪʢʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʨʝʘʣʴʥʠʭ ʚʠʧʨʦ-

ʙʫʚʘʥʴ ʽ ʜʦʩʣʽʜʞʝʥʴ, ʪʘ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʚʘʪʠ ʯʘʩ ʥʘ ʨʦʟʨʘʭʫʥʢʠ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Advanced Analysis Techniques Guide. Documentation. ANSYS Inc., 2013. 

2. Theory Reference for the Mechanical APDL and Mechanical Applications. 

Documentation. ANSYS Inc., 2013. 

3. ANSYS Connection User's Guide. Documentation. ANSYS Inc., 2021. 

4. ɺ.ɺ. ʉʘʪʦʢʽʥ, çʈʦʟʨʦʙʢʘ ʽ ʘʧʨʦʙʘʮʽʷ çʄʝʪʦʜʫ ʄʽʢʝʣʘʥʜʞʝʣʦèè. ʄʦʩʢʚʘ, ʆʆʆ 

çʂʦʤʧʴʶʪʝʨʇʨʝʩè, ʉɸʇʈ ʽ ɻʨʘʬʽʢʘ, 2013, ˉ7, ʉ. 78-79. 
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APPLICATION OF ARTIFICIAL INTELLIGENCE FOR MAXIMUM POWER 
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Abstract. this article explores the application of artificial intelligence algorithms for 

Maximum Power Point Tracking (MPPT) in solar panels. The effectiveness of traditional 

MPPT methods is analyzed, along with the potential of machine learning to enhance system 

adaptability and reduce energy losses. 
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ɺʩʪʫʧ 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʶʯʠʡ ʧʦʧʠʪ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʦʚʽʜʥʫ ʧʦʟʠʮʽʶ ʟʘʡʤʘʻ ʩʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʪʦʯʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (MPPT). ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʥʠʟʢʫ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ, 

ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʟʙʽʣʴ-

ʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣ-

ʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʝʥʥʷ MPPT ʫ ʩʦʥʷʯʥʠʭ ʧʘ-

ʥʝʣʷʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʦʨʽʚʥʷʣʴ-

ʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʚʢʣʶʯʘʻ ʦʛʣʷʜ ʪʘ ʦʮʽʥʢʫ ʪʨʘʜʠʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ MPPT ʽ ʩʫʯʘʩʥʠʭ 

ʧʽʜʭʦʜʽʚ ʥʘ ʙʘʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʥʘʡ-

ʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʘʣʛʦʨʠʪʤʠ MPPT, ʪʘʢʽ ʷʢ ʤʝʪʦʜ ʟʙʫʨʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

(P&O), ʤʝʪʦʜ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (INC) ʪʘ ʤʝʪʦʜ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ (Constant 

Voltage). 

ʂʦʞʝʥ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʟʦʢʨʝʤʘ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ, 

ʥʠʟʴʢʫ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʰʚʠʜʢʠʭ ʟʤʽʥ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʊʘʢʦʞ ʘʣʛʦʨʠʪʤʠ MPPT ʤʘʶʪʴ 

ʨʷʜ ʩʧʽʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʢʝʨʫʚʘʥʥʽ ʩʦʥʷʯʥʠʤʠ 

ʧʘʥʝʣʷʤʠ. ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʷʢ ʤʝʪʦʜʫ P&O, ʪʘʢ ʽ ʤʝʪʦʜʫ INC ʻ ʙʝʟʧʝʨʝʨʚʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʠ ʚ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʪʘ ʩʚʦʻʯʘʩʥʦ ʢʦʨʠʛʫʚʘʪʠ ʨʦʙʦʯʫ ʪʦʯʢʫ. 

ʆʪʞʝ, ʥʘʡʙʽʣʴʰʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʤʘʻ ʝʪʘʧ ʘʥʘʣʽʟʫ ʪʘ ʚʠʟʥʘ-

ʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʢʦʨʠʛʫʚʘʥʥʷ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʐɯ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʪʦʯʥʠʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʇʦʢʨʘʱʝʥʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʾ ʨʝʘʢ-

ʮʽʾ ʐɯ ʥʘ ʟʤʽʥʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʘʜʞʝ ʐɯ ʤʦʞʝ ʤʠʪʪʻʚʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʠʙʦʨʫ ʤʦʜʝʣʝʡ ʐɯ ʻ ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʫ-

ʚʘʪʠʩʷ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʪʘ ʝʥʝʨʛʦʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʟʦʢʨʝʤʘ ʨʝ-

ʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (RNN) ʪʘ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʚʝʨʩʽʡ, ʪʘʢʠʭ ʷʢ LSTM (Long 

Short-Term Memory) ʽ GRU (Gated Recurrent Unit). ʂʨʽʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʝʬʝʢʪʠʚʥʠʤʠ 

ʻ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʘʢʽ ʷʢ ʤʝʪʦʜʠ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (SVM) ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʪʘ ʨʝʛʨʝʩʽʾ ʪʘ ʘʣʛʦʨʠʪʤʠ ʛʨʘʜʽʻʥʪʥʦʛʦ ʙʫʩʪʠʥʛʫ (XGBoost, LightGBM). ʊʘʢʦʞ ʧʝʨʩʧʝʢ-

ʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʬʦʨʤʝʨʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʰʚʠʜʢʦ ʘʜʘ-

ʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʝʟ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ. 

ʇʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ, ʪʘʢʠʭ ʟʙʽʨ ʜʘʥʠʭ, 

ʧʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ ʪʘ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ (ʨʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1 ð ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ MPPT 
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ʄʦʜʝʣʴ ʥʘʚʯʘʻʪʴʩʷ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʥʘʙʦʨʽ, ʧʽʩʣʷ ʯʦʛʦ ʾʾ ʪʦʯʥʽʩʪʴ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʥʘ ʚʘʣʽʜʘʮʽʡʥʠʭ ʜʘʥʠʭ. ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʛʽʧʝʨʧʘʨʘʤʝ-

ʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʪʘ ʛʣʠʙʠʥʘ ʘʨʭʽʪʝʢʪʫʨʠ. ʇʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʴ ʪʝʩʪʫʻʪʴʩʷ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʽʥʪʝʛʨʫ-

ʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ MPPT. 

ɺʠʩʥʦʚʢʠ: 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʐɯ ʜʦʟʚʦʣʷʻ ʟʥʘ-

ʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ MPPT ʪʘ ʰʚʠʜʰʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʧʦʣʷʛʘʻ ʚ ʦʧʪʠʤʽ-

ʟʘʮʽʾ ʨʦʙʦʪʠ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʎɯʃʔʆɺɯ ʌʋʅʂʎɯɰ ɺ ʇʈʆɽʂʊʋɺɸʅʅɯ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅʀʍ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

ɸʥʦʪʘʮʽʷ. ʉʫʯʘʩʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʩʦʚʽʡ ʪʘ ʝʢʦʥʦʤʽʯʥʽʡ ʝʬʝʢʪʠʚʥʦ-

ʩʪ̔. ɺʦʜʥʦʯʘʩ ʙʽʣʴʰ ʥʘʛʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝ-

ʭʥʽʢʠ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʯʘʩʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʈʂʃɸ ʪʘ ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʩʧʝʢʪʠʚʠ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʦʧʪʠʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʘ-

ʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ, ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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OBJECTIVE FUNCTIONS IN THE DESIGN OF ROCKET AND SPACECRAFT  

Abstract. Modern design is based on mass and economic efficiency. At the same time, 

the functioning of rocket and space technology is becoming more urgent. This article proposes 

a new objective function of the time of optimal functioning of the rocket and spacecraft and 

considered the prospects for its application. 
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ʇʨʠ ʨʦʟʨʦʙʮʽ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ʈʂʃɸ) ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛ-

ʨʘʻ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʠʙʠʨʘ-

ʶʪʴʩʷ ʽ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʝʢʪʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʘʜʘʣʽ ʬʦʨʤʫʶʪʴ ʩʽʤʝʡʩʪʚʦ ʣʴʦʪʥʦ-ʪʝʭʥʽʯ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʡʙʫʪʥʴʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ. ʂʦʞʝʥ ʽʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʤʽʟʫʻ ʮʽ-

ʣʴʦʚʫ ʬʫʥʢʮʽ ʁʧʨʦʝʢʪʫʚʘʥʥʷ ̔  ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʝʢʪʥʫ ʷʢʽʩʪʴ ʦʙôʻʢʪʘ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ.  

ɺ ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽ ʾʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʘʥʽ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ. ʅʘʡ-

ʯʘʩʪʽʰʝ ʪʘʢʠʤʠ ʬʫʥʢʮʽʷʤʠ ʻ: ʤʽʥʽʤʽʟʘʮʽʷ ʩʪʘʨʪʦʚʦʾ ʤʘʩʠ ὓ ʟʘ ʫʤʦʚʠ ʜʦʪʨʠʤʘʥʥʷ ʦʙʤʝ-

ʞʝʥʴ ʥʘ ʽʥʰʽ ʤʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʘʢʩʠʤʽʟʘʮʽʷ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ L ʘʙʦ ʚʠʩʦʪʠ ʧʦ-

ʣʴʦʪʫ H, ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ Ὃ̋ ,̃ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʥʘ ʩʪʘʨʪʦʚʫ ʤʘʩʫ 

ʈʂʃɸ, ʤʽʥʽʤʽʟʘʮʽʷ ʚʘʨʪʦʩʪʽ C ʟʘ ʟʘʜʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ W, ʘʙʦ ʤʘʢ-

ʩʠʤʽʟʘʮʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʦʙʤʝʞʝʥʴ ʥʘ ʚʘʨʪʽʩʪʴ, ʪʦʱʦ [1, ʩ. 5-6].  
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ɺʠʭʦʜʷʯʠ ʟ ʟʘʛʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʩʥʦʚʥʠʤʠ ʮʽʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʻ ʤʘʩʦʚʘ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ [2, ʩ. 75]. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘ-

ʚʣʝʥʠʭ ʮʽʣʝʡ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʣʝʛʢʦʾ ʪʘ ʥʝʜʦʨʦʛʦʾ ʚ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʥʩʪʨʫʢ-

ʮʽʾ. ʆʜʥʘʢ ʟ̔ ʧʦʩʪʽʡʥʦʶ ʟʤʽʥʦʶ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʽ ʚʠʤʦʛʠ ʜʦ ʮʽʣʴʦʚʠʭ ʬʫ-

ʥʢʮʽʡ. ʇʨʽʦʨʠʪʝʪʥʽʩʪʴ ʤʘʩʠ ʪʘ ʚʘʨʪʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʩʪʫʧʦʚʦ ʚʪʨʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚ 

ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʫʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʩʢʦʨʦʯʫʻ ʯʘʩ 

ʤʘʡʙʫʪʥʴʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʃɸ. ʉʴʦʛʦʜʝʥʥʷ ʧʦʪʨʝʙʫʻ ʨʦʟʛʣʷʜʫ ʪʘ ʚʝʜʝʥʥʷ ʥʦʚʠʭ ʙʘ-

ʟʦʚʠʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʚ ʷʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

ʯʘʩʫ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʃɸ, ʟ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʻʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʧʨʦʝʢʪʥʠʭ ʟʘʚʜʘʥʴ. 

ɽʪʘʧ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʶʯʦʚʽ ʧʝʨʽʦʜʠ: ʝʪʘʧ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʪʘʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ [3, ʩ. 5]. ʗʢ 

ʧʨʘʚʠʣʦ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʯʘʩʫ ʧʨʠʧʘʜʘʻ ʩʘʤʝ ʥʘ ʨʦʟʨʦʙʢʫ, ʱʦ ʩʢʦʨʦʯʫʻ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ. ʏʠʤ ʜʦʚʰʝ ʪʨʠʚʘʻ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʠʤ ʚʠʱʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʱʝ ʜʦ ʾʾ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ɼʣʷ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʫʢʘʟʘʥʠʭ ʝʪʘʧʽʚ ʜʦʮʽʣʴʥʦ ʚʚʝʩʪʠ ʥʦʚʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ï ʯʘʩ 

ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʘʢʘ ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʘʪʠʤʝ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʪʨʠʚʘʣʽʩʪʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʾ ʧʨʠʟ-

ʥʘʯʝʥʥʷ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʥʘʜʤʽʨʥʦ ʪʨʠʚʘʣʠʭ ʨʦʟʨʦʙʦʢ  ̔ʟʘʙʝʟʧʝʯʠʪʠ ʘʢʪʫʘʣʴ-

ʥʽʩʪʴ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʤʦʤʝʥʪ ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ [4, ʩ. 65]. ʆʢ-

ʨʽʤ ʮʴʦʛʦ, ʱʦ ʚʘʞʣʠʚʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʦʧ-

ʪʠʤʽʟʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʽʥʞʝʥʝʨʥʠʭ 

ʛʨʫʧ. ʄʦʥʽʪʦʨʠʥʛ ʚʧʨʦʚʘʜʞʫʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʢʦʤʙʽʥʫʚʘʪʠ ʧʝʨʝ-

ʚʽʨʝʥʽ ʨʽʰʝʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʨʦʟʨʦʙʢʠ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʽʜʪʨʠʤʮʽ ʚʠʩʦʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ʊʘʢʦʞ, ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʧʨʠʷʪʠʤʝ ʙʽʣʴʰ ʪʦʯʥʦʤʫ ʚʠ-

ʙʦʨʫ ʢʨʠʪʝʨʽʾʚ ʧʨʠʥʮʠʧʦʚʦʾ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʦʾ ʩʭʝʤʠ ʃɸ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʩʠʩʪʝʤ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ 

ʪʘ ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ, ʜʝ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʤʦʛʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟ ʦʛʣʷʜʫ 

ʥʘ ʢʦʥʢʨʝʪʥʽ ʟʘʚʜʘʥʥ.̫ 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʬʫʥʢʮʽʾ ʯʘʩʫ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ: ʙʘʣʘʥʩ ʤʽʞ ʧʨʦʮʝ-

ʩʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʃɸ; ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʪʨʘʪʠ ʘʢʪʫʘʣʴʥʦʩʪʽ ʨʦʟʨʦʙʢʠ; ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʽʜʝʡ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ.  

ɺʠʩʥʦʚʦʢ. ʇʝʨʩʧʝʢʪʠʚʥʽ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʽʰʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ 

ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻ ʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʪʘ ʩʚʽʪʦʚʦʤʫ ʨʠ-

ʥʢʘʭ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʯʘʩʫ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢ ʦʜʥʽʻʾ ʟ ʦʩʥʦʚʥʠʭ ʮʽʣʴʦʚʠʭ ʬʫ-

ʥʢʮʽʡ ʜʦʟʚʦʣʷʻ ʚʽʜʢʨʠʪʠ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʦʩʦʙʣʠʚʦ, ʢʦʣʠ 

ʩʝʨʝʜ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʈʂʃɸ ʻ ʤʽʩʽ ʾʟ ʜʦʩʣʽʜʞʝʥʥʷ ʄʘʨʩʫ, 

ʄʽʩʷʮʷ ʪʘ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʯʘʩ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʦ-

ʚʽʪʥʽ ʪʝʥʜʝʥʮʽʾ ʚ ʨʦʟʨʦʙʮʽ ʡ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠ-

ʰʚʠʜʰʠʪʴ ʥʝ ʪʽʣʴʢʠ ʯʘʩ ʨʦʟʨʦʙʢʠ, ʘ ʡ ʦʧʪʠʤʽʟʫʻ ʯʘʩ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʈʂʃɸ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɸɽʈʆʉʊɸʊʅʆɻʆ ʂʆʄʇʃɽʂʉʋ ʋ ʗʂʆʉʊɯ ɹɸɿʆɺʆɻʆ 
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ɸʥʦʪʘʮʽʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʙʣʝʤʠ ʟʘʩʦʙʽʚ ʇʇʆ ʟ ʚʠʷʚʣʝʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʧʘʜʫ ʧʨʦʪʠʚʥʠʢʘ, ʥʘʚʝʜʝʥʦ ʽʩʥʫʶʯʽ ʧʨʠʢʣʘʜʠ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʇʇʆ ʥʘ ʙʘʟʽ ʘʝʨʦʩʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʩʬʦʨ-
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APPLICATION OF THE AEROSTAT SYSTEM AS A BASIC ELEMENT FOR 

DEPLOYMENT OF THE AIR DEFENSE SYSTEM 

Abstract. Problems of air defense systems with detection and tracking of the enemyôs 

modern aerial weapons were analyzed, actual examples of the air defense system alternative 

option based on the aerostat system were cited and recommendations for such system were 

formed in accordance to modern battlefield features. 

Keywords: aerostat, air defense, radar system, loitering munition. 

 

ɺʽʡʩʴʢʦʚʽ ʢʦʥʬʣʽʢʪʠ ʍʍI ʩʪ. ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʩʰʪʘʙʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦ-

ʙʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʧʘʜʫ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʥʦʛʦ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʣʘʩʫ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ 

ʩʫʪʪʻʚʫ ʟʘʛʨʦʟʫ ʷʢ ʜʣʷ ʚʽʡʩʴʢʦʚʠʭ ʦʙ'ʻʢʪʽʚ, ʪʘʢ ʽ ʜʣʷ ʦʙ'ʻʢʪʽʚ ʮʠʚʽʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʟʜʦʨʦʚôʷ ʪʘ ʞʠʪʪʷ ʟʚʠʯʘʡʥʠʭ ʛʨʦʤʘʜʷʥ. ɿ ʜʦʩʚʽʜʫ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʧʘʜʫ ʟʘʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ ʩʪʘ-

ʥʦʚʣʷʪʴ ʢʨʠʣʘʪʽ ʨʘʢʝʪʠ ʧʦʚʽʪʨʷʥʦʛʦ, ʤʦʨʩʴʢʦʛʦ ʪʘ ʥʘʟʝʤʥʦʛʦ ʙʘʟʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʙʘʨʘ-

ʞʫʶʯʽ ʙʦʻʧʨʠʧʘʩʠ ʪʠʧʫ çɻʝʨʘʥʴ-2è (Shahed-136). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʽʦʨʠʪʝʪ ʥʘʜʘʻʪʴʩʷ 

ʟʘʩʦʙʘʤ, ʱʦ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʧʦʣʽʪ ʥʘ ʤʘʣʠʭ ʪʘ ʛʨʘʥʠʯʥʦ ʤʘʣʠʭ ʚʠʩʦʪʘʭ, ʤʘʶʪʴ ʥʠ-

ʟʴʢʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʫ ʪʘ ʦʧʪʠʯʥʫ ʧʦʤʽʪʥʽʩʪʴ. 

ʇʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʪʘʢʠʭ ʮʽʣʝʡ ʟʘʩʦʙʘʤʠ ʇʇʆ ʋʢʨʘʾʥʠ ʦʙʫ-

ʤʦʚʣʝʥʽ ʢʨʠʚʠʟʥʦʶ ɿʝʤʣʽ ʪʘ ʨʝʣʴʻʬʦʤ ʤʽʩʮʝʚʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʰʣʷʭʘʤʠ ʟʙʽ-

ʣʴʰʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

ð ʚʠhʦʢ ʜʣʷ ʧʽʜʡʦʤʫ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ; 

ð ʣʽʪʘʢʽʚ ʪʘ ʚʝʨʪʦʣʴʦʪʽʚ ʜʘʣʴʥʴʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʠʷʚʣʝʥʥʷ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʚʠʰʢʠ ʜʣʷ ʧʽʜʡʦʤʫ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʦʙʤʝʞʫʶʪʴ ʨʽʚʝʥʴ ʤʦʙʽʣʴʥʦʩʪʽ 

ʪʘ ʞʠʚʫʯʦʩʪʽ ʧʽʜʨʦʟʜʽʣʽʚ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʚʽʡʩʴʢ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʰʦʢ ʟ ʚʠʩʦʪʦʶ ʧʦʥʘʜ 
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40 ʤ ʫʩʢʣʘʜʥʝʥʝ ʯʝʨʝʟ ʪʝʭʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʨʦʙʣʝʤʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʣʦʪʦʚʘʥʽ 

ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ ʜʘʣʴʥʴʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʤʘʶʪʴ ʜʫʞʝ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ 

ʟʘʢʫʧʽʚʣʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʙʤʝʞʝʥʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʙʦʡʦʚʦʤʫ ʯʝʨʛʫʚʘʥʥʽ ʪʘ ʫʨʘʟ-

ʣʠʚʽ ʜʣʷ ʟʘʩʦʙʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʧʘʜʫ ʧʨʦʪʠʚʥʠʢʘ ʧʽʜ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʘʝʨʦʜʨʦʤʽ ʙʘ-

ʟʫʚʘʥʥʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʧʝʨʝʣʽʯʝʥʠʤ ʟʘʩʦʙʘʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʝʨʦʩʪʘʪʽʚ ʟ ʘʧʘʨʘʪʫʨʦʶ ʨʘ-

ʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʨʦʟʚʽʜʢʠ ʪʘ ʟʘʩʦʙʘʤʠ ʨʝʪʨʘʥʩʣʷʮʽʾ. ʇʦʜʽʙʥʽ ʘʝʨʦʩʪʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʥʘʨʘʟʽ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʉʐɸ, ɯʪʘʣʽʾ, ɯʟʨʘʾʣʽ, ʉʘʫʜʽʚʩʴʢʽʡ ɸʨʘʚʽʾ, ʂʫʚʝʡʪʽ ʪʘ ʈʝʩʧʫʙ-

ʣʽʮʽ ʂʦʨʝʷ. ʈʽʰʝʥʥʷ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʝʨʦʩʪʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘʢʦʞ ʧʨʠʡʥʷʪʝ ʚ ʊʫ-

ʨʝʯʯʠʥʽ, ʆɸɽ, ʇʘʢʠʩʪʘʥʽ, ɯʥʜʽʾ, ʂʠʪʘʾ, ɯʥʜʦʥʝʟʽʾ ʪʘ ʄʘʣʘʡʟʽʾ [1]. ʂʣʶʯʦʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ 

ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ (ʜʝʢʽʣʴʢʘ ʪʠʞʥʽʚ) ʚʝʜʝʥʥʷ ʨʦʟʚʽʜʢʠ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʥʠʟʴʢʦʚʠʩʦʪʥʠʭ ʮʽʣʝʡ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʡʦʤʫ 

ʈʃʉ ʥʘ ʚʠʩʦʪʫ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ. ɿʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʘʝʨʦʩʪʘʪʽ 420ʂ ʨʘʜʽʦʣʦ-

ʢʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʟʘʙʝʟʧʝʯʫʻ ʚʠʷʚʣʝʥʥʷ ʮʽʣʝʡ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 370 ʢʤ ʧʨʠ ʦʧʝʨʘʮʽʡʥʽʡ 

ʚʠʩʦʪʽ 4570 ʤ [2]. 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʘʝʨʦʩʪʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʥʘʙʫʣʠ ʚ ʟʙʨʦʡʥʠʭ ʩʠʣʘʭ ʉʐɸ. 

ɺʽʜʦʤʦ ʧʨʦ ʥʘʩʪʫʧʥʽ ʧʨʦʛʨʘʤʠ: 

ð Aerostat Test Bed, ʩʫʭʦʧʫʪʥʽ ʚʽʡʩʴʢʘ; 

ð Altus, ʩʫʭʦʧʫʪʥʽ ʚʽʡʩʴʢʘ; 

ð Joint Land Attack Cruise Missile Defense Elevated Netted Sensor System, ʩʫʭʦʧʫʪʥʽ 

ʚʽʡʩʴʢʘ; 

ð Persistent Ground Surveillance System, ʚʽʡʩʴʢʦʚʦ-ʤʦʨʩʴʢʽ ʩʠʣʠ; 

ð Persistent Threat Detection System, ʩʫʭʦʧʫʪʥʽ ʚʽʡʩʴʢʘ; 

ð Rapid Aerostat Initial System, ʩʫʭʦʧʫʪʥʽ ʚʽʡʩʴʢʘ; 

ð Rapidly Elevated Aerostat Platforms XL B, ʩʫʭʦʧʫʪʥʽ ʚʽʡʩʴʢʘ; 

ð Small Tactical Multi-Payload Aerostat System, ʩʫʭʦʧʫʪʥʽ ʚʽʡʩʴʢʘ; 

ð Tethered Aerostat Radar System, ʚʽʡʩʴʢʦʚʦ-ʧʦʚʽʪʨʷʥʽ ʩʠʣʠ [3]. 

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʽʩʥʫʶʯʽ ʘʝʨʦʩʪʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʻ ʚʠʷʚʣʝʥʥʷ, 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʮʽʣʝʡ, ʚʠʟʥʘʯʝʥʥʷ ʜʝʨʞʘʚʥʦʾ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʘʩʽʚ ʚʠʷʚʣʝʥʠʭ ʮʽʣʝʡ, ʚʠʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʝʨʝʚʝ-

ʜʝʥʥʷ ʩʠʣ ʪʘ ʟʘʩʦʙʽʚ ʇʇʆ ʫ ʧʽʜʚʠʱʝʥʠʡ ʨʝʞʠʤ ʙʦʡʦʚʦʾ ʛʦʪʦʚʥʦʩʪʽ, ʚʠʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʡ ʇʇʆ ʧʦ ʧʦʚʽʪʨʷʥʠʤ ʮʽʣʷʤ, ʱʦ ʜʽʶʪʴ ʥʘ ʤʘʣʠʭ ʚʠʩʦʪʘʭ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʧʘʜʫ ʟ ʜʦʩʚʽʜʫ 

ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʻ ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʨʘʞʫʶʯʠʭ ʙʦʻʧʨʠʧʘʩʽʚ ʟʘʤʽʩʪʴ ʢʨʠʣʘʪʠʭ ʨʘʢʝʪ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʩʪʫʧʥʠʤʠ ʦʩʦʙʣʠ-

ʚʦʩʪʷʤʠ ʙʘʨʘʞʫʶʯʠʭ ʙʦʻʧʨʠʧʘʩʽʚ: 

ð ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ; 

ð ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʦʙʤʝʞʝʥʘ ʤʘʥʝʚʨʝʥʽʩʪʴ; 

ð ʜʦʩʪʫʧʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ; 

ð ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʩʪʠʩʣʽ ʩʪʨʦʢʠ ʪʘ ʟ ʤʝʥʰʠʤʠ ʢʘʧʽʪʘʣʦʚ-
ʢʣʘʜʝʥʥʷʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʢʨʠʣʘʪʠʭ ʨʘʢʝʪ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʝʜʝʥʥʷ ʙʘʨʘʞʫʶʯʠʭ ʙʦʻʧʨʠʧʘʩʽʚ ʥʘ ʮʽʣʴ ʟʜʽʡ-

ʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʽʜʣʷʛʘʻ ʚʧʣʠʚʫ ʨʘʜʽʦ-

ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʰʢʦʜ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ ʚʠʱʝ, ʧʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʦʛʦ ʘʝʨʦʩʪʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʜʦʮʽʣʴʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʙʦʨʪʫ ʦʢʨʽʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ 

ʟʘʩʦʙʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ, ʟʘʩʦʙʽʚ ʨʝʪʨʘʥʩʣʷʮʽʾ ʪʘ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʟʘʩʦʙʽʚ ʧʝ-

ʨʝʭʦʧʣʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʧʨʦʪʠʧʦʚʽʪʨʷʥʽ ʙʘʨʘ-

ʞʫʶʯʽ ʙʦʻʧʨʠʧʘʩʠ, ʦʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʫ [4]. 
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COMPARISON OF STRESS DISTRIBUTION WITH THE FLOW OF MATTER  

ɸnnotation Stress distribution in parts with cutouts and complex geometry is uneven. 

For high-quality design, an engineer must understand the location of the most dangerous areas, 

i.e., those where the greatest stresses occur. The paper analyzes the relationship between stress 

distribution and material flow, due to the fact that the stress state is represented as a force 

flow, the designer can immediately identify dangerous areas in the first approximation, the 

design will be more rational. 

Keywords: Stress, power flow, ethanol. 

 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʧʣʘʩʪʠʥʠ ʟ ʢʨʫʛʣʠʤ ʦʪʚʦʨʦʤ, ʑʦ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʩʠʣ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʪʦ ʥʘʡʙʽʣʴʰʽ ʥʘʧʨʫʞʝʥʥʷ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʚ ʢʨʠʪʠ-

ʯʥʦʤʫ ʧʝʨʝʨʽʟʽ, ʧʝʨʝʨʽʟʽ ʟ ʥʘʡʤʝʥʰʦʶ ʧʣʦʱʝʶ. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʧʦ ʜʘʥʦʤʫ ʧʝʨʝʨʽʟʫ 

ʥʝ ʙʫʜʝ ʨʽʚʥʦʤʽʨʥʠʤ, ʥʘʡʙʽʣʴʰʽ ʥʘʧʨʫʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʪʠʤʫʪʴʩʷ ʙʽʣʷ ʦʪʚʦʨʫ. ʗʢʱʦ ʨʦ-

ʟʛʣʷʜʘʪʠ ʣʽʥʽʾ ʪʦʢʫ ʨʽʜʠʥʠ ʥʘʚʢʦʣʦ ʢʨʫʛʣʦʛʦ ʜʠʩʢʘ, ʪʦ ʥʘʡʙʽʣʴʰʘ ʛʫʩʪʦʪʘ ʣʽʥʽʡ ʪʦʢʫ ʙʫʜʝ 

ʙʽʣʷ ʜʚʦʭ ʪʦʯʦʢ ʜʠʩʢʘ, ʚʽʩʴ ʷʢʠʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʨʝʯʦʚʠʥʠ ʽ ʧʨʦ-

ʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨʘ ʜʠʩʢʘ, ʘ ʰʚʠʜʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʚ ʜʘʥʠʭ ʪʦʯʢʘʭ ʙʫʜʝ ʥʘʡʙʽʣʴʰʘ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʽ ʪʠʩʢʫ ʚ ʧʦʪʦʮʽ ʨʝʯʦʚʠʥʠ, ʩʧʽʚʩʪʘʚʣʷʣʦʩʴ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʚ ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ ʧʣʘʩʪʠʥʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʦʪʚʦʨʫ ʽ ʚʫ-

ʟʣʦʚʠʭ ʪʦʯʢʘʭ ʜʠʩʢʫ, ʱʦ ʦʙʪʽʢʘʻʪʴʩʷ ʨʝʯʦʚʠʥʦʶ. 
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʦʜʽʙʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʜʝʪʘʣʽ ʽ ʪʠʩʢʫ ʚ ʧʦʪʦʮʽ ʨʝʩʦʚʠʥʠ 

ʙʫʣʦ ʚʟʷʪʦ ʪʨʠ ʧʣʘʩʪʠʥʠ ʪʦʚʱʠʥʦʶ 5 ʤʤ ʟ ʦʪʚʦʨʘʤʠ ʢʨʫʛ, ʢʚʘʜʨʘʪ, ʢʨʠʣʦ V16. ʄʘʪʝʨʽʘʣ 

ʧʣʘʩʪʠʥʠ ʩʪʘʣʴ, ʩʠʣʘ 10000 N. ʇʨʦʛʨʘʤʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ SolidWorks Simulation, 

SolidWorks Flow simulation. ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫʚʠʢʦʥʫʚʘʚʩʷ ʤʝʪʦʜʦʤ ʢʽʥ-

ʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʯʠ ʜʚʦʚʠʤʽʨʥʽ ʩʠʤʧʣʝʢʩ ʝʣʝʤʝʥʪʠ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʟʜʽʡ-

ʩʥʶʚʘʣʘʩʴ ʧʨʦʜʫʚʢʘ ʜʠʩʢʫ, ʢʚʘʜʨʘʪʘ, ʢʨʠʣʘ. ʈʽʜʠʥʘ ʦʙʜʫʚʘʥʥʷ ʝʪʘʥʦʣ, ʧʦʯʘʪʢʦʚʘ ʰʚʠ-

ʜʢʽʩʪʴ 100 ʤ/ʩ, ʪʘ 10 ʤ/ʩ. ʗʢ ʧʦʢʘʟʘʚ ʨʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʽʩʪʴ ʦʙʜʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠ-

ʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʧʝʨʝʨʽʟʫ ʧʨʦʩʪʦʨʫ ʦʙʪʽʢʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʚʦʜʠʣʠʩʴ ʧʨʠ-

ʧʫʱʝʥʥʷ, ʱʦ ʧʦʚʝʨʭʥʽ ʦʙʪʽʢʘʥʥʷ ʛʣʘʜʢʽ, ʪʝʤʧʝʨʘʪʫʨʘ 20Áʉ, ʟʘʜʘʯʘ ʟʦʚʥʽʰʥʷ, ʢʦʨʦʙʢʘ 

ʤʘʻ ʧʦʜʽʙʥʽ ʨʦʟʤʽʨʠ ʜʦ ʧʣʘʩʪʠʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ (ʧʦ ʄʽʟʝʩʫ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʈʠʩ.1: 

  

 

ʈʠʩ.1 ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚ ʩʠʣʦʚʦʤʫ ʧʦʪʦʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʨʽʟʥʠʤʠ ʬʦʨʤʘʤʠ ʚʠʨʽʟʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʘ ʧʦʜʽʙʥʽʩʪʴ ʩʠʣʦʚʠʭ ʧʦʪʦʢʽʚ, 

ʪʦʯʥʽʰʝ ʥʘʧʨʫʞʝʥʠʡ, ʜʦ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦ-

ʬʽʣʽʚ ʥʘʡʙʽʣʴʰ ʚ'ʷʟʢʦʶ ʨʽʜʠʥʦʶ, ʪʦʤʫ ʥʠʞʯʝ ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʝʪʘʥʦʣʫ. ʇʦʨʽʚ-

ʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʦʪʚʦʨʽʚ ʽʟ ʰʚʠʜʢʽʩʪʶ ʨʽʜʠʥʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘ ʟʥʘ-

ʯʝʥʥʷʤʠ ʚʝʣʠʯʠʥ ʥʘʧʨʫʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ ʚ ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ. 
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ʈʠʩ. 2 ð ʇʨʦʬʽʣʽ ʦʙʪʽʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʥʦʾ ʬʦʨʤʠ ʝʪʘʥʦʣʦʤ 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʜʘʥʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ 

ʥʘʧʨʫʞʝʥʴ ʚ ʩʠʣʦʚʦʤʫ ʧʦʪʦʮʽ ̔  hʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʚʽʜʥʦʰʝʥʥʷ ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥ 

ʙʽʣʷ ʚʠʨʽʟʽʚ ʚ ʧʣʘʩʪʠʥʽ ʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʢʘʭ ʧʨʦʬʽʣʽʚ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʪʦʙʪʦ ʧʨʦʝʢʪʫʚʘ-

ʣʴʥʠʢ ʤʦʞʝ ʟʨʦʙʠʪʠ ʷʢʽʩʥʫ ʦʮʽʥʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥʠ ʥʘʡʙʽʣʴʰʠʭ ʥʘʧʨʫʞʝʥʴ, ʘʣʝ ʟʘ-

ʣʝʞʥʽʩʪʴ ʤʽʞ ʜʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʝʣʽʥʽʡʥʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ɹʣʠʟʥʠʯʝʥʢʦ ɺ.ɺ., ɼʞʫʨ ɭ.ʆ., ʂʨʘʩʥʽʢʦʚʘ ʈ.ɼ. ʪʘ ʽʥ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʢʦʥʩʪʨʫʢʮʽʷ ʨʘʢʝʪ ʥʦʩʽʾʚ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ ʚʠʜʘʚʥʠʮʪʚʦ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 2007. ʉ. 503. 

2. ɸʣʝʢʩʻʻʚ ʖ.ʉ. ʪʘ ʽʥ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʅʘʚʯ. ʇʦʩʽʙʥʠʢ / ʖ.ʉ. ɸʣʝʢʩʻʻʚ, ʆ.ɭ. ɼʞʫʨ, ʆ.ɺ. ʂʫʣʠʢ, ʃ.ɼ. ʂʫʯʤʘ, 

ɭ.ʖ. ʅʽʢʦʣʝʥʢʦ, ɺ.ɺ. ʍʫʪʦʨʥʠʡ / ʇʽʜ ʨʝʜ. ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ ɭ.ʆ. ɼʞʫʨʘ. ð ɼ.: 

ɸʈʊ-ʇʈɽʉ, 2007. ð 480 ʩ. 

3. Dassault Syst¯mes ð SolidWorks Corporation. Studentôs Guide to Learning 

SolidWorks Software. ʉ. 150. 

 



˹˩́˾ˢ˨ˮ̇˱˯˹˱ ˱˨˩˲ ́ˢ ˽˾˻˩˴́ˮ 

240 

ʋɼʂ 629.78 

DOI: 10.62717/2221-4550-2025-1-079 

ɿʝʣʝʥʠʡ ɺ.ʇ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: 17062018f1@gmail.com 

ʐʝʚʮʦʚ ɺ.ʖ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: vas.shevtsov@ukr.net 

ʆʇʊʀʄɸʃʔʅɯʉʊʔ ʂʆʃʆɺʀʍ ɽʂɺɸʊʆʈɯɸʃʔʅʀʍ ʆʈɹɯʊ 

ɼʃʗ ʂʆʉʄɯʏʅʆɻʆ ʉʄɯʊʊʗ 

ɸʥʦʪʘʮʽʷ. ʅʘ ʦʨʙʽʪʽ LEO ʙʽʣʴʰʝ 20000 ʦʙôʻʢʪʽʚ ʙʽʣʴʰʠʭ, ʥʽʞ 10 ʩʤ, ʷʢʽ ʻ ʢʦʩʤʽʯ-

ʥʠʤ ʩʤʽʪʪʷʤ, ʥʘ ʽʥʰʠʭ ʦʨʙʽʪʘʭ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʙʽʣʴʰʝ 6000. ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʫ ʦʨʙʽʪʫ ʜʣʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ, ʮʝ ʢʨʫʛʦʚʘ ʦʨʙʽʪʘ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʧʣʦ-

ʱʠʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʫʛʦʚʘ ʦʨʙʽʪʘ ʧʦʪʨʝʙʫʻ ʥʘ 37% ʤʝʥʰʝ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʩʘʤ 

ʧʝʨʝʭʽʜ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʥʘ ʢʨʫʛʦʚʫ ʝʢʚʘʪʦʨʽʘʣʴʥʫ ʦʨʙʽʪʫ ʟʫʤʦʚʣʝʥʠʡ ʦʙʝʨʪʘʥʥʷʤ 

ʧʣʘʥʝʪʠ ʥʘʚʢʦʣʦ ʦʩʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʆʨʙʽʪʘ, ʰʚʠʜʢʽʩʪʴ, ʝʥʪʨʦʧʽʷ. 
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OPTIMALITY OF CIRCULAR EQUATORIAL ORBITS FOR SPACE DEBRIS  

ɸnnotation In LEO orbit, there are more than 20,000 objects larger than 10 cm that are 

space debris, while in other orbits there are more than 6,000 such objects. The paper analyzes 

the most favorable orbit for space debris, which is a circular orbit in the equatorial plane. It 

was found that a circular orbit requires 37% less kinetic energy, and it was established that 

the transition of space debris to a circular equatorial orbit is due to the rotation of the planet 

around the axis. 

Keywords: Orbit, velocity, entropy. 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʘ ʤʘʻ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ, ʪʦʤʫ ʚ ʧʣʦʱʠʥʽ ʜʦʚʽʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʣʘʥʝʪʠ ʦʪʨʠʤʘʻʤʦ ʝʣʽʧʩ, ʘ ʢʦʣʦʚʠʡ ʧʝʨʝʨʽʟ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʟ ʤʽʥʽʤʫ-

ʤʦʤ ʝʥʝʨʛʽʾ, ʟʥʘʭʦʜʠʪʴʩʷ ʣʠʰʝ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʇʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ ʟʘʚʞʜʠ 

ʩʧʨʷʤʦʚʘʥʽ ʜʦ ʤʘʢʩʠʤʫʤʫ ʝʥʪʨʦʧʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʥʘʧʨʘʚʣʝʥʦʛʦ ʨʫʭʫ ʪʘ 

ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʭʘʦʪʠʯʥʦʛʦ ʨʫʭʫ. ɼʣʷ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʜʨʝʡʬʫ ʪʽʣ, ʱʦ ʨʫʭʘʶʪʴʩʷ 

ʧʦ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ, ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʷʪʠ ʩʝʨʝʜʥʽ ʢʽʥʝʪʠʯʥʽ ʝʥʝʨʛʽʾ ʥʘ ʢʦʣʦʚʽʡ ʽ ʝʣʽ-

ʧʪʠʯʥʽʡ ʦʨʙʽʪʽ ʧʨʠ ʨʽʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʩʠ ʽ ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʘ ʩʘʤʝ ʧʦʨʽʚʥʷʪʠ 

ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠ ʾʭ ʰʚʠʜʢʦʩʪʝʡ. ʂʚʘʜʨʘʪʠ ʰʚʠʜʢʦʩʪʝʡ ʜʦʜʘʪʥʽ, ʘ ʪʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʾʭ 

ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʢʦʨʝʢʪʥʝ, ʽ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʢʦʣʦʚʦʾ ʦʨʙʽʪʠ ʥʝʦʙʭʽʜʥʦ 

ʜʦʚʝʩʪʠ, ʱʦ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʢʚʘʜʨʘʪʫ ʰʚʠʜʢʦʩʪʽ ʢʦʣʦʚʦʾ ʦʨʙʽʪʠ ʤʝʥʰʘ ʥʽʞ 
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ʚʽʜʧʦʚʽʜʥʘ ʚʝʣʠʯʠʥʘ ʜʣʷ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʜʘʥʫ ʩʠʪʫʘʮʽʶ ʥʘ ʧʨʠʢʣʘʜʽ 

ʨʫʭʫ ɺʝʥʝʨʠ ʥʘʚʢʦʣʦ ʉʦʥʮʷ. 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦ ʢʦʣʦʚʽʡ ʦʨʙʽʪʽ ὠ ,  

ʜʝ ‘ Ὃװ ὓװװ , G = 6,67Ĭ10-11 (
̍

̋̄̒
) ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ, M = 1,989Ĭ1030 (ʢʛ) ʤʘʩʘ ʉʦʥʮʷ.  

ʐʚʠʜʢʽʩʪʴ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʦʨʙʽʪʽ ὠ ‘ ,  

ʜʝ R ï ʨʘʜʽʫʩ ʚʝʢʪʦʨ ʦʙôʻʢʪʫ, ʘ ï ʚʝʣʠʢʘ ʧʽʚʚʽʩʴ ʝʣʽʧʩʫ.  

ʇʝʨʠʤʝʪʨ ʝʣʽʧʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ὒװ τװ , ʘ ʡʦʛʦ ʝʢʩʮʝʥʪ-

ʨʠʩʠʪʝʪ ʜʦʨʽʚʥʶʻ Ὡװ
Ѝ

 , ʜʝ b ï ʤʘʣʘ ʧʽʚʚʽʩʴ ʝʣʽʧʩʫ. ɺʝʣʠʢʫ ʽ ʤʘʣʫ ʧʽʚʚʽʩʴ ʝʣʽʧʩʫ 

ʧʨʠʡʤʫ ʪʘʢʠʤʠ, ʱʦʙ ʚʝʣʠʯʠʥʠ ʙʫʣʠ ʩʧʽʚʤʽʨʥʽ ʟ ʨʦʟʤʽʨʘʤʠ ʦʨʙʽʪ ʧʣʘʥʝʪʠ ʉʦʥʷʯʥʦʾ ʩʠ-

ʩʪʝʤʠ. 

ʘ = 12Ĭ1010 (ʤ), b = 6Ĭ1010 (ʤ), ʜʝ 1 ʘʩʪʨʦʥʦʤʽʯʥʘ ʦʜʠʥʠʮʷ = 15Ĭ1010 (ʤ), ʪʦʙʪʦ 

ʨʦʟʛʣʷʜʘʶ ʚʠʧʘʜʦʢ ʦʨʙʽʪʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʉʦʥʷʯʥʽʡ ʩʠʩʪʝʤʽ ʧʦʙʣʠʟʫ ɺʝʥʝʨʠ. ɽʢʩʮʝ-

ʥʪʨʠʩʠʪʝʪ ʪʘʢʦʾ ʦʨʙʽʪʠ e = 0,866. ʈʘʜʽʫʩ ʢʦʣʦʚʦʾ ʦʨʙʽʪʠ, ʷʢʘ ʤʘʻ ʜʦʚʞʠʥʫ ʪʘʢʫ ʞ ʷʢ ʽ 

ʝʣʽʧʪʠʯʥʘ, ʩʪʘʥʦʚʠʪʴ Ὑ , R = 9,27Ĭ1010 (ʤ). ʉʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʩ̔ʪʴ 

ὑ̒̆̑ , ʪʦʙʪʦ ʥʘ ʢʦʣʦʚʽʡ ʦʨʙʽʪʽ ʰʚʠʜʢʽʩʪʴ ʧʦʩʪʽʡʥʘ, ʘ ʦʪʞʝ ʽ ʢʚʘʜʨʘʪ ʰʚʠʜʢʦʩʪʽ ʧʦʩ-

ʪʽʡʥʠʡ. ʆʪʞʝ, ʩʝʨʝʜʥʷ ʝʣʽʧʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ, 

װ
ρ
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ρ

ὥ
Ὑ ςÌÎὙ Ự װ  ὑ̒̆̑װװ

ὑ̒̆̑ ‘ ρ ςÌÎὥ ςÌÎὦ ‘ ρ ςÌÎ . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ Kkʩʝʨ = 

14,31Ĭ108 (
̍

̒
), Keʩʝʨ = 19,6Ĭ108 (

̍

̒
). ʇʦʨʽʚʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 

̒̆̑ ̒̆̑

̒̆̑
πȟσχ, ʙʘʯʠʤʦ,ʱʦ ʢʦʣʦʚʘ ʦʨʙʽʪʘ ʦʧʪʠʤʘʣʴʥʽʰʘ ʟʘ ʝʣʽʧʪʠʯʥʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘ-

ʢʩʠʤʫʤʫ ʝʥʪʨʦʧʽʾ ʥʘ 37%. 

ɽʥʝʨʛʝʪʠʯʥʘ ʤʽʥʽʤʽʟʘʮʽʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʨʫʭʫ ʜʦʚʦʜʠʪʴ, ʱʦ ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ ʯʝʨʝʟ 

ʧʝʚʥʠʡ ʯʘʩ ʤʘʪʠʤʝ ʢʦʣʦʚʫ ʦʨʙʽʪʫ, ʷʢʘ ʤʦʞʣʠʚʘ ʣʠʰʝ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʜʝ ʩʠʣʘ 

ʪʷʞʽʥʥʷ ʻ ʢʦʥʩʪʘʥʪʦʶ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʨʠʯʠʥʠ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ ʦʨʙʽʪʠ ʢʦʩʤʽʯʥʦʛʦ 

ʩʤʽʪʪʷ, ʪʦ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʥʘʚʢʦʣʦ ʉʦʥʮʷ ʧʨʠʟʚʝʜʝ ʪʦ ʧʦʷʚʠ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʘʣʝ 

ʟʘʚʜʷʯʫʶʯʘ ʾʡ ʩʠʣʘ ʂʦʨʽʦʣʽʩʘ Ὂ ςάύ ὠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʦʩʽ, ʱʦ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʘ ʜʦ ʧʣʦʱʠʥʠ ʦʙʝʨʪʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ, ʘ ʪʦʤʫ ʩʠʣʘ ʂʦʨʽʦʣʽʩʘ ʙʫʜʝ ʟʘʚʞʜʠ 

ʧʨʠʢʣʘʜʝʥʘ ʚ ʧʣʦʱʠʥʽ ʦʨʙʽʪʠ, ʽ ʥʝ ʩʪʘʥʝ ʧʨʠʯʠʥʦʶ ʥʝʢʦʤʧʣʘʥʘʨʥʦʛʦ ʤʘʥʝʚʨʫ. ʇʦʷʩ-

ʥʝʥʥʷʤ ʧʦʚʦʨʦʪʫ ʦʨʙʽʪʠ ʤʦʞʝ ʙʫʪʠ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ, ʘʣʝ ʰʚʠʜʢʽʩʪʴ 

ʥʝ ʻ ʜʦʙʫʪʢʦʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɿʝʤʣʽ ʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʚʽʜ ʦʙôʻʢʪʫ ʜʦ ʮʝʥʪʨʫ ɿʝʤʣʽ 

(ʙʣʠʟʴʢʦ 500(
̍

̒
)) , ʧʨʠ ʪʦʤʫ ʱʦ ʟʚôʷʟʦʢ ʤʽʞ ɿʝʤʣʝʶ ʽ ʦʙôʻʢʪʦʤ ʥʝ ʞʦʨʩʪʢʠʡ. ʇʨʠʙʘʚʢʘ 

ʰʚʠʜʢʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ ʥʘʷʚʥʽʩʪʶ ʛʨʘʚʽʪʘʮʽʡʥʦʾ, ʩʣʘʙʢʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʘ ʟʤʝʥʰʫ-

ʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʫ ʚʽʜʩʪʘʥʽ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʷʢʦʾ ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ ʧʨʠ ʦʙʝʨ-

ʪʘʥʥʽ ʧʣʘʥʝʪʠ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʜʫʞʝ ʥʝʟʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʣʝʞʠʪʴ ʚ ʧʣʦʱʠʥʽ ʧʝ-

ʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ. ʗʢʱʦ ʦʨʙʽʪʘ ʝʣʽʧʪʠʯʥʘ, ʪʦ ʧʨʠ ʦʙʝʨʪʘʥʥʽ 

ʦʙôʻʢʪʫ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʪʦʯʢʘʭ ʦʨʙʽʪʠ ʥʝ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ, ʦʩʢʽʣʴʢʠ ʚʽʜ-

ʩʪʘʥʴ ʜʦ ʧʣʘʥʝʪʠ ʨʽʟʥʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʣʦʚʦʾ ʦʨʙʽʪʠ, ʘ ʪʦʤʫ ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ ʧʦʚʝʨʪʘʻ 

ʧʣʦʱʠʥʫ ʦʙʝʨʪʘʥʥʷ ʦʙôʻʢʪʘ ʜʦ ʝʢʚʘʪʦʨʽʘʣʴʥʦʾ ʧʣʦʱʠʥʠ. 
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ʟʚôʷʟʢʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ ʩʢʣʘʜʽ ʩʚʦʾʭ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʩʫʟʽʨôʷ ɺʦʣʢʝʨʘ ʥʘ ʝʣʽʧʪʠ-

ʯʥʠʭ ʦʨʙʽʪʘʭ (ʫ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ ʻ ʩʝʛʤʝʥʪʠ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ). ɺ ʩʝʛʤʝʥʪʽ ʥʘ ʝʣʽ-

ʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʚ ʘʧʦʛʝʡʥʠʭ ʯʘʩʪʠʥʘʭ ʦʨʙʽʪ ʜʦʜʘʪʢʦʚʦ ʜʦ ʨʝʘʣʽʟʘʮʽʾ çʢʘʨʢʘʩʥʦʾè ʤʝ-

ʨʝʞʽ (ʟʚôʷʟʢʠ ʢʘʨʢʘʩʥʦʾ ʤʝʨʝʞʽ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʨʝʘʣʽʟʫʻ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʫ 

ʙʣʠʟʴʢʦʤʫ ʦʪʦʯʝʥʥʽ ʧʨʠʩʪʨʦʷʤʠ ʙʦʢʦʚʠʭ ʟʚôʷʟʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʩʪʨʦʷʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʟʚ'ʷʟʦʢ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘ ʦʜʥʽʡ ʟ ʥʠʤ ʦʨʙʽʪʽ ʧʦʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ ʡʦʛʦ 

ʨʫʭʫ) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʟʚôʷʟʢʽʚ, ʷʢʽ çʧʨʦʥʠ-

ʟʫʶʪʴè (çʟʘʧʦʚʥʶʶʪʴè) ʧʨʦʩʪʽʨ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ, ʦʪʦʯʝʥʠʡ çʢʘʨʢʘʩʥʦʶè ʤʝʨʝ-

ʞʝʶ. ɿʚôʷʟʢʠ çʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫè ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʦʨʙʽʪ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦ-

ʪʫʞʥʽʩʪʶ ʧʨʠʩʪʨʦʾ çʢʘʨʢʘʩʥʠʭè ʟʚôʷʟʢʽʚ ʽ ʤʘʶʪʴ ʩʧʨʷʤʫʚʘʥʥʷ ʧʽʜ ʧʣʦʱʠʥʫ ʤʠʪʪʻʚʦʛʦ 

ʤʽʩʮʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ. ʈʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʚʯʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʪʦʧʦʣʦ-

ʛʽʻʶ ʦʧʠʩʘʥʦʾ ʤʝʨʝʞʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʩʫʧʫʪʥʠʢʦʚʘ ʤʝʨʝʞʘ ʟʚôʷʟʢʫ, ʝʣʽʧʪʠʯʥʽ ʦʨʙʽʪʠ, 

ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ. 
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APPLICATION OF ELLIPTICAL ORBITS IN SATELLITE COMMUNICATION 

NETWORKS çFRAMEWORKè COMMUNICATIONS AND çSPATIAL-FILLINGè 

COMMUNICATIONS  

Abstract. Innovations are proposed in the task of building satellite communication net-

works that include in their orbital groups the Walker constellations on elliptical orbits (the 

system includes segments on elliptical orbits). In the segment on elliptical orbits in the apogee 

parts of the orbits, in addition to the implementation of the "framework" network (the space 
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vehicle implements the framework network connections with spacecraft in the close vicinity 

of it by side link devices, as well as devices that provide communication with space vehicle 

on the same orbit ahead and behind its movement), it is proposed to establish connections 

between space vehicle that "penetrate" ("fill") the space above the Earth's surface, surrounded 

by the "framework" network. "Spatial-filling" communications are established between space 

vehicle in corresponding orbital segments using communication devices that exceed the 

power of "framework" communications and are directed below the plane of the instantaneous 

local horizon. A simulation model has been developed to study the control of the topology of 

the described network. 

Keywords: spacecraft, satellite communication network, elliptical orbits, network to-

pology. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚʠʪʢʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 

ʩʢʣʘʜʽ ʩʚʦʛʦ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʴ ʩʫʟʽʨôʷ ɺʦʣʢʝʨʘ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ (ʫ ʩʢʣʘʜʽ 

ʩʠʩʪʝʤʠ ʻ ʩʝʛʤʝʥʪʠ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ) [1-4]. ʅʘ ʩʴʦʛʦʜʝʥʥʷ ʚʠʚʯʘʶʪʴʩʷ ʨʽʟʥʽ ʘʩʧʝ-

ʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ ʚ ʛʣʦʙʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʡʯʘʩʪʽʰʝ 

ʫʚʘʛʘ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ ʱʦʜʦ ʧʦʻʜʥʘʥʥʷ ʥʘʜʽʡʥʠʤ ʟʚôʷʟ-

ʢʦʤ ʩʝʛʤʝʥʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʚʠʩʦʪʠ [2-4]. ʎʷ 

ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʽʥʰʦʤʫ ʘʩʧʝʢʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ. 

ɺʨʘʭʦʚʘʥʦ, ʱʦ ʚ ʩʚʦʾʡ ʘʧʦʛʝʡʥʽʡ ʯʘʩʪʠʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʝʣʽʧʪʠʯ-

ʥʠʭ ʦʨʙʽʪʘʭ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʶʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʚ ʦʜʥʦʤʫ 

ʩʝʛʤʝʥʪʽ [2,5]. 

ɿʚôʷʟʢʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʦʨʙʽʪʘʣʴʥʠʭ ʩʝʛʤʝʥʪʘʭ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʤʦʞʥʘ ʥʘ-

ʟʚʘʪʠ çʢʘʨʢʘʩʥʠʤʠè, ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ çʢʘʨʢʘʩʥʫè ʤʝʨʝʞʫ. ɿʚôʷʟʢʠ ʢʘʨʢʘʩʥʦʾ ʤʝʨʝʞʽ ʢʦ-

ʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʨʝʘʣʽʟʫʻ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʫ ʙʣʠʟʴʢʦʤʫ ʦʪʦʯʝʥʥʽ ʧʨʠʩʪʨʦʷʤʠ ʙʦ-

ʢʦʚʠʭ ʟʚôʷʟʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʩʪʨʦʷʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʦʢ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘ 

ʦʜʥʽʡ ʟ ʥʠʤ ʦʨʙʽʪʽ ʧʦʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ ʡʦʛʦ ʨʫʭʫ. çʂʘʨʢʘʩʥʫè ʩʫʧʫʪʥʠʢʦʚʫ ʤʝʨʝʞʫ (ʦʜ-

ʥʦʰʘʨʦʚʫ, ʘʙʦ ʟ ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ) ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʫʷʚʣʷʪʠ ʷʢ ʩʬʝʨʠʯʥʠʡ h ʘʨ, ɦ ʦ ʦʛʦ-

ʨʪʘʻ ɿʝʤʣʶ. ʊʘʢʘ ʞ çʢʘʨʢʘʩʥʘè ʤʝʨʝʞʘ, ʪʽʣʴʢʠ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʦʧʠʩʘʥʠʤ ʧʨʠʥʮʠʧʦʤ ʚ ʩʝʛʤʝʥʪʽ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ. ɸʣʝ ʚ ʦʨʙʽʪʘʣʴʥʦʤʫ ʫʛʨʫʧʦ-

ʚʘʥʥʽ, ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ, ʻ ʤʦʞʣʠʚʽʩʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʽʣʴʰ ʧʦ-

ʪʫʞʥʽ ʧʨʠʩʪʨʦʾ ʟʚôʷʟʢʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʜʘʣʝʥʽ ʟʚôʷʟʢʠ, ʷʢʽ çʧʨʦʥʠʟʫʶʪʴè ʧʨʦʩʪʽʨ ʥʘʜ 

ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ, ʦʪʦʯʝʥʠʡ çʢʘʨʢʘʩʥʦʶè ʤʝʨʝʞʝʶ. ɿʚôʷʟʢʠ çʟʘʧʦʚʥʝʥʥʷè ʧʨʦʩʪʦʨʫ ʤʦ-

ʞʣʠʚʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʦʨʙʽʪ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʩʧʨʷʤʦʚʘʥʽ ʧʽʜ ʧʣʦʱʠʥʫ ʤʠʪʪʻʚʦʛʦ ʤʽʩʮʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʨʠ-

ʩʪʨʦʶ ʚ ʨʦʙʦʪʽ [5] ʦʧʠʩʘʥʦ ʜʣʷ ʚʠʧʘʜʢʫ ʟʚôʷʟʢʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʦʜʥʽʡ ʦʨʙʽʪʽ ʯʝʨʝʟ 

ʣʽʥʽʶ ʘʧʩʠʜ). ʇʨʘʚʠʣʘ, ʟʘ ʷʢʠʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʦʪʦʯʥʽ ʟʚôʷʟʢʠ çʟʘʧʦʚʥʝʥʥʷè ʧʨʦʩ-

ʪʦʨʫ (ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʦʜʥʦʩʧʨʷʤʦʚʘʥʦʛʦ ʘʙʦ ʧʨʦʪʠʣʝʞʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ 

ʩʪʦʩʦʚʥʦ ʧʦʣʶʩʽʚ ɿʝʤʣʽ), ʚʽʜʤʽʥʥʽ ʚʽʜ ʧʨʘʚʠʣ ʧʦʙʫʜʦʚʠ ʢʘʨʢʘʩʥʦʾ ʤʦʜʝʣʽ. ʇʨʘʚʠʣʘ ʢʝ-

ʨʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʻʶ ʤʝʨʝʞʽ (ʟʦʢʨʝʤʘ, ʾʾ çʧʨʦʩʪʦʨʦʚʠʤʠè ʟʚôʷʟʢʘʤʠ) ʽ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫ-

ʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. ʈʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʚʯʝʥʥʷ ʢʝʨʫ-

ʚʘʥʥʷ ʪʦʧʦʣʦʛʽʻʶ ʦʧʠʩʘʥʦʾ ʤʝʨʝʞʽ. 
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ɸʥʦʪʘʮʽʷ. ʂʦʩʤʽʯʥʠʡ ʪʝʣʝʩʢʦʧ ɼʞʝʡʤʩʘ ɺʝʙʙʘ (JWST) ʚʽʜʢʨʠʚ ʥʘʡʚʽʜʜʘʣʝʥʽʰʫ ʟ 

ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʛʘʣʘʢʪʠʢ JADES-GS-z14-0, ʱʦ ʽʩʥʫʚʘʣʘ ʣʠʰʝ ʯʝʨʝʟ 290 ʤʽʣʴʡʦʥʽʚ 

ʨʦʢʽʚ ʧʽʩʣʷ ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ. ʎʝ ʚʽʜʢʨʠʪʪʷ ʚʠʢʣʠʢʘʻ ʥʘʫʢʦʚʫ ʜʠʩʢʫʩʽʶ ʱʦʜʦ ʧʦʪʦʯʥʠʭ 

ʫʷʚʣʝʥʴ ʧʨʦ ʨʘʥʥʽʡ ɺʩʝʩʚʽʪ, ʦʩʢʽʣʴʢʠ ʛʘʣʘʢʪʠʢʘ ʤʘʻ ʘʥʦʤʘʣʴʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ ʬʦʨʤʫ-

ʚʘʥʥʷ ʪʘ ʚʝʣʠʢʫ ʷʩʢʨʘʚʽʩʪʴ ʽ ʢʽʣʴʢʽʩʪʴ ʚʘʞʢʠʭ ʩʬʦʨʤʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʢʠʜʘʻ ʚʠʢʣʠʢ 

ʊʝʦʨʽʾ ʚʝʣʠʢʦʛʦ ʚʠʙʫʭʫ ʧʽʜ ʩʫʤʥʽʚ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: JADES-GS-z14-0, ʢʦʩʤʦʣʦʛʽʷ, ʨʘʥʥʽʡ ɺʩʝʩʚʽʪ, ɺʝʣʠʢʠʡ ʚʠʙʫʭ, ʯʝ-

ʨʚʦʥʝ ʟʤʽʱʝʥʥʷ, ɼʞʝʡʤʩ ɺʝʙʙ, ʛʽʧʦʪʝʟʠ ɺʩʝʩʚʽʪʫ. 
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SPACE EXPLORATION  

Abstract. The James Webb Space Telescope (JWST) has discovered the most distant 

galaxy known to date, JADES-GS-z14-0, which existed only 290 million years after the Big 

Bang. The discovery is sparking scientific debate about current ideas about the early universe, 

as the galaxy has an anomalously short formation time and is bright and rich in heavy ele-

ments, challenging the Big Bang theory. 

Keywords: JADES-GS-z14-0, cosmology, early universe, Big Bang, redshift, James 

Webb, hypotheses of the universe. 

 

ʂʦʩʤʽʯʥʠʡ ʪʝʣʝʩʢʦʧ ɼʞʝʡʤʩʘ ɺʝʙʙʘ (JWST) ʟʜʽʡʩʥʠʚ ʨʝʚʦʣʶʮʽʡʥʝ ʚʽʜʢʨʠʪʪʷ, ʚʠ-

ʷʚʠʚʰʠ ʛʘʣʘʢʪʠʢʫ JADES-GS-z14-0, ̫ ʢʘ  ̒ʥʘʡʚʽʜʜʘʣʝʥʽʰʦʶ ʟ ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽ. ʎʝ 

ʚʽʜʢʨʠʪʪʷ ʢʠʜʘʻ ʚʠʢʣʠʢ ʩʫʯʘʩʥʠʤ ʫʷʚʣʝʥʥʷʤ ʧʨʦ ʝʚʦʣʶʮʽʶ ɺʩʝʩʚʽʪʫ. ʋ 2024 ʨʦʮʽ, ʚ ʨʘ-

ʤʢʘʭ ʧʨʦʛʨʘʤʠ JWST Advanced Deep Extragalactic Survey (JADES), ʤʽʞʥʘʨʦʜʥʘ ʢʦʤʘʥʜʘ 

ʘʩʪʨʦʥʦʤʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘ ʛʘʣʘʢʪʠʢʫ JADES-GS-z14-0 ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ 

NIRCam. ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʷʚʠʚ ʯʝʨʚʦʥʝ ʟʤʽʱʝʥʥʷ z = 14,32, ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʨʽʦʜʫ ʧʨʠʙʣʠʟʥʦ 290 ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ ʧʽʩʣʷ ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ ʥʘ ʨʠʩ.1 
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ʈʠʩʫʥʦʢ 1 ð ɻʘʣʘʢʪʠʢʘ (JADES-GS-z14-0) 

JADES-GS-z14-0 ʜʝʤʦʥʩʪʨʫʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʷʩʢʨʘʚʽʩʪʴ. ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʠʡ 

ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʽʦʥʽʟʦʚʘʥʠʭ ʛʘʟʽʚ, ʚʢʣʶʯʘʶʯʠ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ ʥʘ ʨʠʩ.2. 

 

 
ʈʠʩʫʥʦʢ 2 ð ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ (JADES-GS-z14-0) 

ʎʝ ɺʧʣʠʚʘʻ ʥʘ ʪʝʦʨʽʶ ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ. ʆʩʢiʣʴʢʠ ʚʽʜʢʨʠʪʪʷ ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ 

ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʩʪʘʥʜʘʨʪʥʦʾ ʢʦʩʤʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ. ɿʦʢʨʝʤʘ, ʧʨʠʩʫʪʥʽʩʪʴ ʢʠʩʥʶ ʚ ʪʘʢʽʡ 

ʨʘʥʥʽʡ ʛʘʣʘʢʪʠʮʽ. ʑʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʦʮʝʩʠ ʟʦʨʷʥʦʛʦ ʥʫʢʣʝʦʩʠʥʪʝʟʫ ʪʘ ʟʙʘʛʘʯʝʥʥʷ 

ʤʽʞʟʦʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʘʞʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʽʜʙʫʚʘʣʠʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʧʝʨʝʜʙʘʯʘ-

ʣʦʩʷ. ʎʝ ʚʽʜʢʨʠʪʪʷ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʧʝʨʝʛʣʷʜʫ ʤʦʜʝʣʝʡ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʝʚʦʣʶʮʽʾ ʧʝʨʰʠʭ 

ʛʘʣʘʢʪʠʢ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʽ ʨʦʙʠʪʴʩ̫ , ʦʩʦʙʣʠʚʦ ʨʦʙʠʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʦʛʨʘʬʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (NIRSpec) 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʩʝʨʝʜʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (MIRI) ʥʘ JWST. ʎʽ 
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ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʟʥʘʯʥʫ ʚʽʜʩʪʘʥʴ ʜʦ ʛʘʣʘʢʪʠʢʠ ʪʘ ʥʘʜʘʣʠ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ ʧʨʦ 

ʾʾ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʦʧʦʟʠʮʽʷ. ɭ ʢʽʣʴʢʘ ʛʽʧʦʪʝʟ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʷʩʥʠʪʠ ʮʝ ʷʚʠʱʝ: 

1. ʇʨʠʩʢʦʨʝʥʝ ʟʦʨʝʫʪʚʦʨʝʥʥʷ. ʄʦʞʣʠʚʦ, ʟʦʨʝʫʪʚʦʨʝʥʥʷ ʧʦʯʘʣʦʩʷ ʟʥʘʯʥʦ ʨʘʥʽʰʝ, 

ʥʞ̔ ʧʝʨʝʜʙʘʯʘʻ ʩʪʘʥʜʘʨʪʥʘ ʤʦʜʝʣʴ. ʗʢʱʦ ʧʝʨʰʽ ʟʽʨʢʠ ʟôʷʚʠʣʠʩʷ ʤʘʡʞʝ ʦʜʨʘʟʫ ʧʽʩʣʷ ɺʝ-

ʣʠʢʦʛʦ ʚʠʙʫʭʫ (~100 ʤʣʥ ʨʦʢʽʚ), ʪʦ ʛʘʣʘʢʪʠʢʠ ʤʦʛʣʠ ʧʦʯʘʪʠ ʬʦʨʤʫʚʘʪʠʩʷ ʰʚʠʜʰʝ. 

JADES-GS-z14-0 ʤʦʛʣʘ ʤʽʩʪʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʘʩʠʚʥʠʭ ʟʽʨʦʢ, ʷʢʽ ʰʚʠʜʢʦ ʧʨʦʭʦʜʠʣʠ 

ʩʚʽʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʚʠʙʫʭʘʣʠ ʷʢ ʥʘʜʥʦʚʽ ʡ ʟʙʘʛʘʯʫʚʘʣʠ ʩʝʨʝʜʦʚʠʱʝ ʚʘʞʢʠʤʠ ʝʣʝʤʝʥ-

ʪʘʤʠ. 

2. ʅʦʚʘ ʬʽʟʠʢʘ ʪʝʤʥʦʾ ʤʘʪʝʨʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ ʤʦʜʝʣʽ ȿCDM (ʃʷʤʙʜʘ-

ʭʦʣʦʜʥʘ ʪʝʤʥʘ ʤʘʪʝʨʽʷ), ʚʝʣʠʢʽ ʛʘʣʘʢʪʠʢʠ ʥʝ ʤʦʛʣʠ ʩʬʦʨʤʫʚʘʪʠʩʷ ʪʘʢ ʰʚʠʜʢʦ, ʦʩʢʽʣʴʢʠ 

ʛʨʘʚʽʪʘʮʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʯʘʩʫ. ʄʦʞʣʠʚʦ, ʪʝʤʥʘ ʤʘʪʝʨʽʷ ʚʟʘʻʤʦʜʽʻ ʟ ʙʘʨʽʦʥʥʦʶ 

(ʟʚʠʯʘʡʥʦʶ) ʤʘʪʝʨʽʻʶ ʽʥʘʢʰʝ, ʥʽʞ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʰʝ ʫʪʚʦʨʶʚʘʪʠ ʚʝʣʠʢʽ 

ʛʘʣʘʢʪʠʢʠ. 

3. ʉʫʯʘʩʥʘ ʪʝʦʨʽʷ ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ ʥʝʧʦʚʥʘ ʘʙʦ ʧʦʪʨʝʙʫʻ ʤʦʜʠʬʽʢʘʮʽʡ. ʄʦʞʣʠʚʠʡ 

ʚʘʨʽʘʥʪ ð ɺʩʝʩʚʽʪ ʤʽʛ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ ʘʙʦ ʫ ʥʴʦʤʫ ʽʩʥʫʚʘʣʠ ʱʝ ʥʝ ʚʽʜʢ-

ʨʠʪʽ ʷʚʠʱʘ, ʷʢʽ ʧʨʠʩʢʦʨʶʚʘʣʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ. ʊʝʦʨʽʷ ʚʘʨʽʘʮʽʡʥʦʾ ʢʦʩʤʦʣʦʛʽʾ ʧʨʠ-

ʧʫʩʢʘʻ, ʱʦ ʬʽʟʠʯʥʽ ʢʦʥʩʪʘʥʪʠ ʤʦʛʣʠ ʙʫʪʠ ʽʥʰʠʤʠ ʚ ʨʘʥʥʴʦʤʫ ɺʩʝʩʚʽʪʽ, ʱʦ ʚʧʣʠʚʘʣʦ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʟʽʨʦʢ. 

4. ʄʦʞʣʠʚʦ ʛʨʘʚʽʪʘʮʽʡʥʝ ʣʽʥʟʫʚʘʥʥʷ. ʆʜʥʘ ʟ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ð ʝʬʝʢʪ ʛʨʘʚʽʪʘ-

ʮʽʡʥʦʛʦ ʣʽʥʟʫʚʘʥʥʷ, ʢʦʣʠ ʩʚʽʪʣʦ ʜʘʣʝʢʦʛʦ ʦʙôʻʢʪʘ ʚʠʢʨʠʚʣʶʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʤʘʩʠʚʥʦʛʦ 

ʩʢʫʧʯʝʥʥʷ ʤʘʪʝʨʽʾ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʙʣʠʞʯʝ. ʎʝ ʤʦʛʣʦ ʩʪʚʦʨʠʪʠ ʽʣʶʟʽʶ, ʱʦ JADES-GS-

z14-0 ʚʠʛʣʷʜʘʻ ʷʩʢʨʘʚʽʰʦʶ ʽ ʤʘʩʠʚʥʽʰʦʶ, ʥʽʞ ʻ ʥʘʩʧʨʘʚʜʽ. 

 

ɺʠʩʥʦʚʦʢ. 

JADES-GS-z14-0 ð ʮʝ ʘʙʦ ʥʦʚʠʡ ʚʠʢʣʠʢ ʩʪʘʥʜʘʨʪʥʽʡ ʢʦʩʤʦʣʦʛʽʾ, ʘʙʦ ʚʢʘʟʽʚʢʘ ʥʘ 

ʽʩʥʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʱʝ ʥʝ ʚʨʘʭʦʚʘʥʽ ʫ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʷʭ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʣʝʩʢʦʧʘ ɼʞʝʡʤʩʘ ɺʝʙʙʘ ʜʦʧʦʤʦʞʫʪʴ ʟôʷʩʫʚʘʪʠ ʩʧʨʘʚʞʥʶ ʧʨʠʨʦʜʫ ʮʴʦʛʦ ʷʚʠʱʘ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʊʝʣʝʩʢʦʧ (JamesWebb) ð ʬʦʪʦ ʪʘ ʘʥʘʣʽʟ. https://webbtelescope.org/contents/ 

media/ images/01HZ083EXXCJNE64ERAH2ER2FM  

2. NASA ð ɻʘʣʘʢʪʠʢʘ (JADES-GS-z14-0). https://blogs.nasa.gov/webb/ 2024/05/ 

30/nasas-james-webb-space-telescope-finds-most-distant-known-galaxy  

3. Spectroscopic confirmation of two luminous galaxies at a redshift of 14. ð 

https://arxiv.org/pdf/2405.18485  

https://webbtelescope.org/contents/%20media/%20images/01HZ083EXXCJNE64ERAH2ER2FM
https://webbtelescope.org/contents/%20media/%20images/01HZ083EXXCJNE64ERAH2ER2FM
https://blogs.nasa.gov/webb/%202024/05/%2030/nasas-james-webb-space-telescope-finds-most-distant-known-galaxy
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ʄʆɼʀʌɯʂɸʎɯʗ ʇʈʆʊʀɻʈɸɼʆɺʀʍ ʈɸʂɽʊ ɼʃʗ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ɺ ʉɯʃʔʉʔʂʆʄʋ ɻʆʉʇʆɼɸʈʉʊɺɯ 

ɸʥʦʪʘʮʽʷ. ʇʨʦʪʠʛʨʘʜʦʚʽ ʨʘʢʝʪʠ ʻ ʩʫʯʘʩʥʠʤ, ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʝʪʦ-

ʜʦʤ ʙʦʨʦʪʴʙʠ ʟ ʛʨʘʜʦʤ. ʇʨʦʪʝ ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʘʥʠʡ ʨʝʘʛʝʥʪ ð ʡʦʜʠʩʪʝ ʩʨʽʙʣʦ, ʤʘʻ 

ʨʷʜ ʥʝʜʦʣʽʢʽʚ. ɼʣʷ ʙʽʣʴʰ ʜʦʩʪʫʧʥʦʛʦ ʽ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʨʘʜʦʚʠʭ ʨʘʢʝʪ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʩʦʣʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʜʦʩʪʦʡʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʪʘ ʟʘʤʽ-

ʥʠʪʠ ʡʦʜʠʩʪʝ ʩʨʽʙʣʦ. ʊʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʦʜʠʬʽʢʫʚʘʪʠ ʨʘʢʝʪʫ ʚʠʢʦʨʠʩʪʘʚʰʠ ʙʘʣʦʥ ʟ 

ʛʘʟʦʤ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʇʨʦʪʠʛʨʘʜʦʚʽ ʨʘʢʝʪʠ, ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʚʦʜʠ. 
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MODIFICATION OF ANTI -HAIL ROCKETS FOR USE IN AGRICULTURE  

Abstract Anti-hail rockets are a modern, efficient, and technological method of com-

bating hail. However, the most commonly used reagent ð silver iodide has a lot of drawbacks. 

To make the use of anti-hail rockets more accessible and safer, it is proposed to use salts that 

can serve as worthy analogs and replace silver iodide. It is also proposed to modify the rocket 

using a high-pressure gas cylinder. 

Keywords: Anti-hail rockets, crystallization of water. 

 

ʈʘʢʝʪʥʘ ʪʝʭʥʽʢʘ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʽʡʩʴʢʦʚʽʡ 

ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʫ ʮʠʚʽʣʴʥʦʤʫ ʞʠʪʪʽ. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʪʝʭʥʽʯʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ, ʨʘʢʝʪʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʫ ʢʦʩʤʦʩʽ, ʦʙʦʨʦʥʽ, ʥʘʫʢʦʚʠʭ ʜʦ-

ʩʣʽʜʞʝʥʥʷʭ, ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʤʝʪʝʦʨʦʣʦʛʽʾ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʧʨʦʪʠʛʨʘʜʦʚʽ ʨʘʢʝʪʠ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʘʩʽʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʭʤʘʨ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʧʨʦʮʝʩ ʰʪʫʯʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʦʜʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʨʠʟʠʢ ʚʠʧʘʜʽʥʥʷ ʛʨʘʜʫ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʘʙʦ ʛʨʘʜ ʚʟʘʛʘʣʽ ʥʝ ʚʠʧʘʜʘʻ. 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʚʽʪʴ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʤʦʞʝ ʧʦʪʝʥʮʽʡʥʦ ʧʦʢʨʘʱʠʪʠ ʚʨʦʞʘʡʥʽʩʪʴ. 

ʊʦʙʪʦ ʯʘʩʪʠʥʢʠ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʜʽʶʪʴ ʷʢ ʷʜʨʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʩʪʚʦʨʶʶʪʴ ʚʝ-

ʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʨʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʚʦʜʘ ʚ ʭʤʘʨʽ ʧʦʯʠʥʘʻ ʟʘʤʝʨʟʘʪʠ ʥʘʚʢʦʣʦ ʮʠʭ 

https://doi.org/10.62717/2221-4550-2025-1-082
mailto:sofiiastriapan@gmail.com
mailto:Vas.shevtsov@ukr.net
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ʢʨʠʩʪʘʣʽʚ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ ʚʝʣʠʢʠʭ ʛʨʘʜʦʚʠʭ ʯʘʩʪʦʢ. ʋʥʘʩʣʽʜʦʢ ʮʠʭ ʬʽʟʠʢʦ-ʭʽ-

ʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʦʜʘ ʤʦʞʝ ʟʘʣʠʰʠʪʠʩʴ ʚ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ, ʘʙʦ ʚʠʧʘʜʘʪʠ ʫ ʚʠ-

ʛʣʷʜʽ ʜʦʱʫ ʥʘ ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ. 

ɺ ʧʨʦʪʠʛʨʘʜʦʚʠʭ ʨʘʢʝʪʘʭ ʚ ʷʢʦʩʪʽ ʨʝʘʛʝʥʪʫ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡʦʜʠʩʪʝ 

ʩʨʽʙʣʦ (AgI), ʷʢʝ ʩʧʨʠʯʠʥʷʻ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʚʦʜʠ. ɸʣʝ ʮʷ ʩʧʦʣʫʢʘ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. ʇʝ-

ʨʰʠʡ ʥʝʜʦʣʽʢ ð ʚʘʨʪʽʩʪʴ, ʪʘʢ ʷʢ ʩʨʽʙʣʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʦʨʦʛʦʮʽʥʥʠʭ ʤʝʪʘʣʽʚ, ʩʧʦʣʫʢʘ 

AgI ʻ ʜʦʚʦʣʽ ʜʦʨʦʛʦʶ. ɼʨʫʛʠʡ ʥʝʜʦʣʽʢ ð ʧʦʚʽʣʴʥʝ ʨʦʟʢʣʘʜʘʥʥʷ, ʯʝʨʝʟ ʱʦ ʟʘʣʠʰʢʠ AgI 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ˇʨʫʥʪʽ ʪʘ ʧʦʛʘʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʪʘ ʷʢʽʩʪʴ ˇʨʫʥʪʫ ʚ ʮʽ-

ʣʦʤʫ. 

ʅʘ ʟʘʤʽʥʫ ʡʦʜʠʩʪʦʤʫ ʩʨʽʙʣʫ ʤʦʞʫʪʴ ʧʨʠʡʪʠ ʩʦʣʽ (NaCl, KCl), ʷʢʽ ʤʘʶʪʴ ʪʘʢʠʡ ʞʝ 

ʚʧʣʠʚ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʚʦʜʠ. ɿʚʽʩʥʦ ʩʦʣʽ ʪʝʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ˇʨʫʥʪʫ, ʥʘʜʤʽʨʥʘ ʢʽ-

ʣʴʢʽʩʪʴ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʨʦʩʪʫ ʨʦʩʣʠʥ. ɸʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʡʦʜʠʩʪʦʛʦ ʩʨʽʙʣʘ, ʩʦʣʽ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ ʚʠʚʦʜʷʪʴʩʷ ʟ ˇʨʫʥʪʽʚ, ʟʘʚʜʘʶʯʠ ʤʝʥʰʝ ʰʢʦʜʠ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʝʢʦʣʦʛʽʾ. 

ʊʘʢʦʞ ʩʝʨʝʜ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ NaCl ʪʘ KCl, ʚ ʷʢʦʩʪʽ ʨʝʘʛʝʥʪʽʚ ʚ ʧʨʦʪʠʛʨʘʜʦ-

ʚʠʭ ʨʘʢʝʪʘʭ ʻ ʾʭ ʜʦʩʪʫʧʥʽʩʪʴ. ʊʘʢ ʷʢ ʩʦʣʽ ʻ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ, ʾʭ ʚʘʨʪʽʩʪʴ ʟʥʘʯʥʦ 

ʤʝʥʰʘ ʟʘ ʡʦʜʠʩʪʝ ʩʨʽʙʣʦ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʟʘʤʽʩʪʴ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʪʠʛʨʘʜʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʣʦʥ ʟ ʛʘʟʦʤ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. ʆʩʥʦʚʫʶʯʠʩʴ ʥʘ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʚʦʜʠ, ʧʨʠ ʟʤʽʥʽ ʚʠʩʦʪʠ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ ʪʠʩʢ, ʷʢ ʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʪʠʤʝ ʪʝ-

ʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ ʚʦʜʠ. ʂʦʣʠ ʪʠʩʢ ʨʽʜʠʥʠ ʚ ʙʘʣʦʥʽ ʜʦʩʷʛʘʪʠʤʝ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ ʚʽʜ-

ʙʫʚʘʪʠʤʝʪʴʩʷ ʨʦʟʨʠʚ ʤʝʤʙʨʘʥʠ ʢʨʠʪʠʯʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʠʩʢ ʧʘʜʘʪʠʤʝ, ʘ 

ʧʝʨʝʛʨʽʪʘ ʚʦʜʘ ʤʠʪʪʻʚʦ ʧʝʨʝʡʜʝ ʚ ʩʪʘʥ ʧʝʨʝʛʨʽʪʦʛʦ ʧʘʨʫ, ʷʢʠʡ ʚʠʪʽʢʘʪʠʤʝ ʯʝʨʝʟ ʩʦʧʣʦ-

ʚʠʡ ʙʣʦʢ, ʯʠʤ ʙʫʜʝ ʧʨʠʚʦʜʠʪʠ ʨʘʢʝʪʫ ʚ ʜʽʶ. 

ʈʝʘʣʽʟʫʚʘʚʰʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚʠʱʝ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʦʪʠʛʨʘʜʦʚʠʭ ʨʘʢʝʪ ʚʜʘʩʪʴʩʷ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʙʝʟʧʝʯʥʫ ʫʩʪʘʥʦʚʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʥʰ ʰʢʽʜʣʠʚʠʭ ʨʝʘʛʝʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʟʥʘʯʥʦ ʟʝʢʦʥʦʤʠʪʠ ʥʘ ʥʠʭ, ʟʘʤʽʥʠʚʰʠ ʜʦʨʦʛʦʮʽʥʥʠʡ ʨʝʘʛʝʥʪ ʥʘ ʰʠʨʦʢʦʜʦʩʪʫ-

ʧʥʫ ʩʽʣʴ. 
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Abstract. The types of gas burners are presented. Their operating principles with 
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are provided. 
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ɻʘʟʦʚʽ ʧʘʣʴʥʠʢʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ[1]: 

1. ʌʘʢʝʣʴʥʽ ʟ ʧʦʚʥʠʤ ʟʦʚʥʽʰʥʽʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ð ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʧʦʟʘ ʧʘʣʴ-

ʥʠʢʦʤ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʦʧʮʽ. 

2. ʌʘʢʝʣʴʥʽ ʟ ʯʘʩʪʢʦʚʠʤ ʧʦʧʝʨʝʜʥʽʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ð ʛʘʟ ʟʤʽʰʫʻʪʴʩʷ ʟ ʯʘʩʪʠ-

ʥʦʶ ʧʦʚʽʪʨʷ ʜʦ ʧʦʜʘʯʽ ʚ ʪʦʧʢʫ, ʨʝʰʪʘ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʟʦʚʥʽ. 

3. ɹʝʟʬʘʢʝʣʴʥʽ ð ʧʦʚʽʪʨʷ ʟʤʽʰʫʻʪʴʩʷ ʟ ʧʘʣʠʚʦʤ ʜʦ ʧʦʜʘʯʽ ʚ ʪʦʧʢʫ. 

 

ʌʘʢʝʣʴʥʽ ʧʘʣʴʥʠʢʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ[1] ʙʫʚʘʶʪʴ ʥʠʟʴʢʦʛʦ, ʩʝʨʝʜ-

ʥʴʦʛʦ ʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. ʇʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʬʘʢʝʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʪʦʧʢʫ ʢʦʤʧʘʢʪʥʽʰʦʶ, ʘʣʝ ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ. 
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ʊʠʧʠ ʢʦʥʩʪʨʫʢʮʽʡ: 

ð "ʊʨʫʙʘ ʚ ʪʨʫʙʽ" ð ʮʝʥʪʨʘʣʴʥʘ ʪʨʫʙʘ ʟ ʩʦʧʣʦʤ ʽ ʟʦʚʥʽʰʥʽʡ ʧʘʪʨʫʙʦʢ (ʨʠʩʫʥʦʢ 1). 

ð ɹʘʛʘʪʦʩʦʧʣʦʚʠʡ ð ʮʝʥʪʨʘʣʴʥʘ ʪʨʫʙʘ ʟ ʥʘʢʦʥʝʯʥʠʢʦʤ, ʱʦ ʤʘʻ ʢʽʣʴʢʘ ʩʦʧʝʣ[2]. 

ʇʦʚʽʪʨʷ ʟʘʚʠʭʨʶʻʪʴʩʷ ʜʣʷ ʰʚʠʜʰʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʛʘʟʽʚ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʘʣʴʥʠʢʘ ʪʠʧʫ ñʪʨʫʙʘ ʚ ʪʨʫʙʽò 

 

 
ʈʠʩʫʥʦʢ 2 ð ʉʭʝʤʘ ʙʘʛʘʪʦʩʦʧʣʦʚʦʛʦ ʧʘʣʴʥʠʢʘ 

ʇʘʣʴʥʠʢʠ ʟ ʯʘʩʪʢʦʚʠʤ ʧʦʧʝʨʝʜʥʽʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʭʝʤʦʶ ʧʦ-

ʜʘʯʽ ʧʦʚʽʪʨʷ: 

ð ʂʦʥʩʪʨʫʢʮʽʷ "ʪʨʫʙʘ ʚ ʪʨʫʙʽ" ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʟʦʥʦʶ ʟʤʽʰʫʚʘʥʥʷ, ʜʝ ʧʝʨʝʤʽʰʫ-

ʚʘʥʥʷ ʟ ʯʘʩʪʢʦʶ ʧʦʚʽʪʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʧʦʜʘʯʽ ʚ ʪʦʧʢʫ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʧʦʜʘʯʘ ʧʦʚʽʪʨʷ (ʨʠʩʫʥʦʢ 3).  

ð ʇʘʣʴʥʠʢ ʟ ʽʥʞʝʢʮʽʻʶ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʽ ʧʨʠʤʫʩʦʚʦʶ ʧʦʜʘʯʝʶ ʚʪʦʨʠʥʥʦʛʦ ʧʦ-
ʚʽʪʨʷ[3], ʜʝ ʧʝʨʚʠʥʥʝ ʧʦʚʽʪʨʷ ʟʤʽʰʫʻʪʴʩʷ ʟ ʛʘʟʦʤ ʟʘʚʜʷʢʠ ʽʥʞʝʢʮʽʾ, ʘ ʚʪʦʨʠʥʥʝ 

ð ʫʞʝ ʚ ʩʘʤʽʡ ʪʦʧʮʽ. ʈʝʛʫʣʶʶʯʠ ʧʦʜʘʯʫ ʧʦʚʽʪʨʷ, ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʦʚʞʠʥʫ 

ʬʘʢʝʣʘ (ʨʠʩʫʥʦʢ 4). 
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ʈʠʩʫʥʦʢ 3 ð ʉʭʝʤʘ ʧʘʣʴʥʠʢʘ ʪʠʧʫ ʪʨʫʙʘ ʚ ʪʨʫʙʽ ʟ ʯʘʩʪʢʦʚʠʤ ʧʦʧʝʨʝʜʥʽʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

 

 
ʈʠʩʫʥʦʢ 4 ð ʉʭʝʤʘ ʧʘʣʴʥʠʢʘ ʟ ʽʥʞʝʢʮʽʻʶ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ, ʽ ʧʨʠʤʫʩʦʚʦʶ ʧʦʜʘʯʝʶ 

ʚʪʦʨʠʥʥʦʛʦ 

ɹʝʟʬʘʢʝʣʴʥʽ ʧʘʣʴʥʠʢʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʟʘ ʪʠʧʦʤ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ: ʧʨʠʤʫʩʦʚʽ ʽ ʽʥʞʝʢ-

ʮʽʡʥʽ. 

ʋ ʚʠʧʘʜʢʫ ʧʨʠʤʫʩʦʚʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʧʘʣʴʥʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʫʥʝʣʴʥʦʾ ʟʦʥʠ ʟʛʦ-

ʨʘʥʥʷ ʽ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʯʘ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʾ ʪʨʫʙʠ ʢʨʫʛʣʦʛʦ ʘʙʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

(ʨʠʩʫʥʦʢ 5). ʊʫʥʝʣʴ ʧʦ ʤʽʨʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʪʦʧʢʠ ʨʦʟʰʠʨʶʻʪʝʩʷ ʽ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʝʢʽ-

ʣʴʢʘ ʢʘʥʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʚʥʷʪʠ ʧʦʪʽʢ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʇʣʦʱʘ ʧʝʨʝʨʽʟʫ ʚ ʟʦʥʽ 

ʟôʻʜʥʘʥʥʷ ʪʫʥʝʣʶ ʽ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʯʘ ʨʦʙʠʪʴʩʷ ʤʝʥʰʦʶ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʫ-

ʤʽʰʽ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʧʦʣʫʤôʷ ʫ ʟʤʽʰʫʚʘʯ. ʊʘʢʦʞ ʟ ʮʽʣʣʶ ʥʝʜʦʧʫʱʝʥʥʷ ʧʦ-

ʣʫʤôʷ ʚ ʟʤʽʰʫʚʘʯ ʥʘ ʡʦʛʦ ʢʽʥʮʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʦʜʷʥʝ ʦʭʦʣʦʜʞʝʥʥʷ[1]. 

ʂʦʥʩʪʨʫʢʮʽʷ ʽʥʞʝʢʮʽʡʥʦʛʦ ʧʘʣʴʥʠʢʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ[3]: 

ʢʦʤʧʨʝʩʽʡʥʦʾ ʢʘʤʝʨʠ, ʪʨʫʙʠ ʟʤʽʰʫʚʘʯʘ ʽ ʨʦʟʰʠʨʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ (ʨʠʩʫʥʦʢ 6). ʇʨʦʮʝʩ 

ʛʦʨʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʨʦʟʰʠʨʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ, ʬʦʨʤʘ ʷʢʦʛʦ ʩʣʫʛʫʻ ʜʣʷ 
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ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ. ʊʘʢʠʡ ʪʠʧ ʧʘʣʴʥʠʢʘ ʤʘʻ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʜʦʚʞʠʥʫ ʽ ʷʢ ʧʨʘʚʠʣʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʣʘʩʪʝʨʽ ʧʦʜʽʙʥʠʭ ʧʘʣʴʥʠʢʽʚ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ. 
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ɺʀʉʆʂʆʗʂɯʉʅɯ ɿʅɸʅʅʗ ɿɼʆɹʋɺɸʏɯɺ ʆʉɺɯʊʀ ʗʂ ɿɸʇʆʈʋʂɸ ʐɺʀɼʂʆɰ 

ɺɯɼɹʋɼʆɺʀ ɽʂʆʅʆʄɯʂʀ ʋʂʈɸɰʅʀ 

ɸʥʦʪʘʮʽʷ. ɿʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ ʦʪʨʠʤʫʶʪʴ ʟʥʘʥʥʷ ʧʝʨʝʚʘʞʥʦ ʚʽʜ ʚʠʢʣʘʜʘʯʽʚ, ʟ ʧʽʜʨʫ-

ʯʥʠʢʽʚ, ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ, ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ ʪʦʱʦ, ʦʩʢʽʣʴʢʠ ʧʦʢʠ ʱʦ ʥʝ ʤʘʶʪʴ ʜʦʩʪʘʪ-

ʥʴʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ. ʋ ʜʝʷʢʠʭ ʜʞʝʨʝʣʘʭ ʽʥʬʦʨʤʘʮʽʾ ʤʘʻ ʤʽʩʮʝ ʥʝʢʦʨʝʢʪʥʘ ʘʙʦ 

ʧʦʤʠʣʢʦʚʘ ʪʝʭʥʽʯʥʘ ʪʝʨʤʽʥʦʣʦʛʽʷ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʟʜʦʙʫʪʦʾ ʦʩʚʽʪʠ. ʋ ʨʦ-

ʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʧʦʤʠʣʢʠ ʚʞʠʚʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ ʚ ʦʩʚʽʪʥʽʭ 

ʤʘʪʝʨʽʘʣʘʭ. 
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HIGH -QUALITY KNOWLEDGE OF STUDENTS AS A GUARANTEE OF RAPID 

RECONSTRUCTION OF THE ECONOMY OF UKRAINE  

Abstract. Students primarily receive knowledge mainly from lecturers, textbooks, 

scientific articles, internet resources, etc., as they still lack sufficient practical experience. 

Some sources of information contain incorrect or inaccurate technical terminology, which 

significantly affects the quality of education. In the article analyzed the most common 

mistakes in the use of technical terminology in educational materials. 

Keywords: technical terms, scientific and technical literature, terminological mistakes, 

incorrect usage, technical properties of construction materials. 

 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ð ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʥʘʫʢʦʚʦʾ ʙʘʟʠ, ʷʢʘ ʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʟʥʘʥʴ ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ, 

ʬʘʭʽʚʮʽʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʪʘ ʥʘʫʢʦʚʮʽʚ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽ-

ʜʞʝʥʥʷʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ. ʆʩʚʽʪʷʥʠ ʪʘ ʽʥʰʽ ʩʫʙôʻʢʪʠ ʥʘʫʢʦʚʦʾ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯ-

ʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘʡʤʘʶʪʴʩʷ ʩʘʤʦʩʪʽʡʥʠʤ ʥʘʧʠʩʘʥʥʷʤ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ, ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ 
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ʪʘ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

ʪʘ ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʝʨʝʭʽʜ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʚ ʦʩʚʽʪʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʘ ʪʘʢʦʞ ʜʠʥʘ-

ʤʽʯʥʠʡ ʽ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʧʨʠʟʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʥʘ-

ʷʚʥʽ ʧʽʜʨʫʯʥʠʢʠ, ʩʣʦʚʥʠʢʠ, ʜʦʚʽʜʥʠʢʠ, ʜʝʨʞʘʚʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘ ʤʦʥʦʛʨʘʬʽʾ ʪʦʱʦ ʯʘʩʪʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʤʽʩʪʷʪʴ ʪʝʨʤʽʥʦʣʦʛʽʯʥʽ ʥʝʪʦʯʥʦ-

ʩʪʽ, ʘ ʪʘʢʦʞ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʫʤʽʥʥʷ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝ-

ʨʘʪʫʨʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʠʪʠ ʪʘ ʚʠʷʚʠʪʠ ʥʘʡʪʠʧʦʚʽʰʽ ʪʝʨʤʽʥʦʣʦʛʽʯʥʽ ʧʦʤʠʣʢʠ ʪʘ ʟʚʝ-

ʨʥʫʪʠ ʫʚʘʛʫ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ, ʚʠʢʣʘʜʘʯʽʚ, ʜʦʩʣʽʜʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʫʢʣʘʜʘʯʽʚ ʩʣʦʚʥʠʢʽʚ ʥʘ 

ʧʨʘʚʠʣʴʥʝ ʚʞʠʚʘʥʥʷ ʽ ʧʝʨʝʢʣʘʜ ʪʠʭ ʯʠ ʽʥʰʠʭ ʪʝʨʤʽʥʽʚ (ʙʘʞʘʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ) ʘʙʦ 

ʪʨʠʚʘʣʦʛʦ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟ ʥʘʷʚʥʠʤ ʪʝʭʥʽʯʥʠʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ [1]. 

ʄʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʚʠʜʘʥʴ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʟʥʘ-

ʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʧʝʨʝʢʣʘʜʽʚ ʪʘ ʪʚʝʨʜʞʝʥʴ ʥʝ ʣʠʰʝ ʫ ʪʝʨʤʽʥʦʣʦʛʽʯʥʦʤʫ, ʘ ʽ ʫ 

ʥʘʫʢʦʚʦʤʫ ʧʣʘʥʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘʢʠʭ ʥʝʷʢʽʩʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ, ʚʦʥʠ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʧʠʪʦʤ ʫ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʪʘ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʝʨʝʜ ʧʦʩʠʣʘʥʴ ʚ ʾʭ ʥʘʫʢʦ-

ʚʠʭ ʧʨʘʮʷʭ. ɼʦʮʽʣʴʥʦ ʥʘʚʝʩʪʠ ʢʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʠ. ʋ ʉʠʣʘʙʫʩʽ ʦʩʚʽʪʥʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

çʊʝʭʥʦʣʦʛʽʷ ʧʝʨʝʨʦʙʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʘʩʪʦʤʝʨʽʚè, ʘʚʪʦʨʦʤ ʷʢʦʛʦ ʻ ɹʣʠʟʥʶʢ ʆ. ɺ., 

ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʧʨʘʚʠʣʴʥʝ ʚʞʠʚʘʥʥʷ ʪʝʨʤʽʥʘ çʝʣʘʩʪʦʤʝʨè ʫ ʥʘʟʚʽ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧ-

ʣʽʥʠ, ʫ ʪʝʢʩʪʽ ʩʠʣʘʙʫʩʫ ʘʚʪʦʨ ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʦʤʠʣʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʚʽʨʥʠʡ ʧʝʨʝʢ-

ʣʘʜ ʟ ʨʦʩʽʡʩʴʢʦʾ ʤʦʚʠ ð çʝʣʘʩʪʦʤʽʨè ʟ ʩʫʬʽʢʩʦʤ çʤʽʨè ʥʘʧʝʚʥʦ ʚʽʜ ʩʣʦʚʘ çʚʠʤʽʨʁʚʘʪʠè, 

çʤʽʨʥʠʡè [2, ʩ. 3]. ɸʣʝ ʩʣʦʚʦ çʝʣʘʩʪʦʤʝʨè ʡ ʘʥʘʣʦʛʽʯʥʽ ʭʽʤʽʯʥʽ ʥʘʟʚʠ, ʪʘʢʽ ʷʢ çʧʦʣʠʤʝʨè, 

çʤʦʥʦʤʝʨè, çʦʣʠʛʦʤʝʨè ʪʦʱʦ ʤʽʩʪʷʪʴ ʩʫʬʽʢʩ ʽʟ ʩʣʽʚ ʽʥʰʦʤʦʚʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ð çʤʝʨè. 

ɸʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʩʣʦʚʘ çelastomerè, çmonomerè ʧʠʰʫʪʴʩʷ ʟ ʩʫʬʽʢʩʦʤ çmerè ʚʽʜʧʦ-

ʚʽʜʥʦ. ɺ ʦʧʠʩʽ ʮʽʻʾ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʘʚʪʦʨʦʤ ʪʘʢʦʞ ʜʦʧʫʱʝʥʦ ʪʝʨʤʽʥʦʣʦʛʽʯʥʽ ʧʦʤʠ-

ʣʢʠ ʫ ʪʝʨʤʽʥʘʭ çʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚè, çʰʧʨʠʮʤʘʰʠʥʠ ʪʝʧʣʦʛʦ ʪʘ 

ʭʦʣʦʜʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷè, çʧʦʨʦʞʥʽ ʚʠʨʦʙʠè [2, ʩ. 1 ð 4]. ʊʝʨʤʽʥ çʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩ-

ʪʠʚʦʩʪʽè ʧʨʘʚʠʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʛʦʚʦʨʠʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦ 

ʚʠʨʦʙʠ, ʪʠʤ ʯʘʩʦʤ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʣʠʰʝ ʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩ-

ʪʠʚʦʩʪʷʤʠ. ɿʘʤʽʩʪʴ ʪʝʨʤʽʥʫ çʭʘʨʯʫʚʘʥʥʷè, ʱʦ ʦʟʥʘʯʘʻ ʧʨʠʡʦʤ ʾʞʽ, ʧʨʘʚʠʣʴʥʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥ çʞʠʚʣʝʥʥʷè, ʘ ʢʦʨʝʢʪʥʠʤ ʧʝʨʝʢʣʘʜʦʤ ʟ ʨʦʩʽʡʩʴʢʦʛʦ ʪʝʨʤʽʥʫ çʧʦʣʳʝ 

ʠʟʜʝʣʠʷè ʻ ʥʝ çʧʦʨʦʞʥʽè ʚʠʨʦʙʠ, ʘ çʧʫʩʪʦʪʽʣʽè. ɺ ʪʝʢʩʪʽ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʘʥʦ ʥʝʚʽʨʥʠʡ 

ʧʝʨʝʢʣʘʜ ʪʝʨʤʽʥʫ çʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʘʣʳè ʚ ʨʦʜʦʚʦʤʫ ʚʽʜʤʽʥʢʫ ð çʤʝʪʘʣʣʦʨʝʟʽ-

ʥʦʚʠʭ ʚʘʣʽʚè, ʢʦʣʠ ʧʨʘʚʠʣʴʥʦ ð çʛʫʤʦʤʝʪʘʣʝʚʠʭè ʚʘʣʽʚ. 

ʑʝ ʦʜʥʠʤ ʧʦʰʠʨʝʥʠʤ ʧʨʠʢʣʘʜʦʤ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʞʠʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʪʝʨʤʽʥʽʚ ð 

ʪʝʨʤʽʥ çʟʙʠʨʘʥʥʷè (ʨʦʩ. ð ʩʙʦʨʢʘ), ʧʨʘʚʠʣʴʥʠʡ ʚʘʨʽʘʥʪ ʷʢʦʛʦ ð çʩʢʣʘʜʘʥʥʷè. ɺʠʢʦʨʠ-

ʩʪʘʚ ʮʝʡ ʪʝʨʤʽʥ ʡ ɸ.ʂ. ʉʢʫʨʘʪʦʚʩʴʢʠʡ ʫ ʩʚʦʻʤʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ çʇʽʜʰʠʧʥʠʢʠ 

ʢʦʚʟʘʥʥʷè, ʥʘʧʠʩʘʚʰʠ çʟʙʠʨʘʥʥʷ ʥʝʨʦʟʥʽʤʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʧʦʣʷʛʘʻ ʚéè [3, ʩ. ð 9] 

ʋ ʧʽʜʨʫʯʥʠʢʫ çʄʝʪʘʣʦʟʥʘʚʩʪʚʦè ʘʚʪʦʨʽʚ ʆ.ʄ. ɹʷʣʽʢ, ɺ.ʉ. ʏʝʨʥʝʥʢʦ, ɺ.ʄ. ʇʠʩʘ-

ʨʝʥʢʦ, ʖ.ʅ. ʄʦʩʢʘʣʝʥʢʦ, ʜʦʧʫʱʝʥʦʛʦ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʷʢ ʧʽʜʨʫ-

ʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʨʦʟʜʽʣ 12 ʧʨʠʩʚʷʯʝʥʦ çʧʽʜʯʽʧʥʠʢʦʚʠʤ 

ʩʧʣʘʚʘʤè ʜʣʷ çʧʽʜʯʽʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷè. ʊʝʨʤʽʥ çʧʽʜʯʽʧʥʠʢè ʻ ʛʨʘʤʘʪʠʯʥʦʶ ʧʦʤʠʣʢʦʶ ʪʘ 

ʤʘʻ ʙʫʪʠ ʚʠʧʨʘʚʣʝʥʠʡ ʥʘ çʧʽʜʰʠʧʥʠʢè [4, ʩ. ð 370] 

ɿʚʝʨʪʘʶʪʴ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʡ ʽʥʰʽ ʪʠʧʦʚʽ ʧʦʤʠʣʢʠ ʽ ʥʝʧʨʘʚʠʣʴʥʝ ʚʞʠʚʘʥʥʷ ʧʝʨʝʢʣʘ-

ʜʝʥʠʭ ʟ ʨʦʩʽʡʩʴʢʦʾ ʤʦʚʠ ʪʝʭʥʽʯʥʠʭ ʪʝʨʤʽʥʽʚ ʨʦʩʽʡʩʴʢʠʡ ʪʝʨʤʽʥ çʦʩʥʘʩʪʢʘè ʟʘʤʽʩʪʴ ʧʨʘ-

ʚʠʣʴʥʦʛʦ çʦʩʥʘʱʝʥʥʷè; çʫʩʪʨʽʡè ʟʘʤʽʩʪʴ çʧʨʠʩʪʨʽʡè; ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ ʤʘʪʝʨʽʘʣʫ ʷʢ 

çʛʫʩʪʠʥʘè ʚʢʘʟʫʻʪʴʩʷ ʷʢ çʱʽʣʴʥʽʩʪʴè; çʧʝʨʝʨʽʟè ʟʨʘʟʢʽʚ ʚʠʨʦʙʽʚ ʥʘʟʠʚʘʶʪʴ çʧʝʨʝʪʠ-

ʥʦʤè; ʪʝʨʤʽʥ çʥʘʧʨʫʛʘè ʧʣʫʪʘʶʪʴ ʟ çʥʘʧʨʫʞʝʥʥʷʤè ʪʦʱʦ [1] 
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ʏʘʩʪʦ, ʢʦʣʠ ʧʦʩʠʣʘʶʪʴʩʷ ʥʘ ʧʝʚʥʽ ʩʪʘʥʜʘʨʪʠ, ʟʘʢʦʥʠ, ʘʢʪʠ ʪʘ ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦ-

ʢʫʤʝʥʪʠ, ʧʠʰʫʪʴ çʟʛʽʜʥʦ ʟʘʢʦʥʫ, ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʫè ʚ ʜʘʚʘʣʴʥʦʤʫ ʚʽʜʤʽʥʢʫ, ʱʦ ʚʽʜʧʦ-

ʚʽʜʘʻ ʧʨʘʚʠʣʘʤ ʨʦʩʽʡʩʴʢʦʾ ʤʦʚʠ çʩʦʛʣʘʩʥʦ (ʯʝʤʫ?) ʟʘʢʦʥʫè. ʋʢʨʘʾʥʩʴʢʦʶ ʚʽʨʥʠʤʠ ʘʥʘ-

ʣʦʛʘʤʠ ʻ ʜʚʘ ʚʘʨʽʘʥʪʠ ʧʝʨʝʢʣʘʜʫ çʟʛʽʜʥʦ ʟ/ʽʟ (ʯʠʤ?) ʟʛʽʜʥʦ ʟ/ʽʟ ʟʘʢʦʥʦʤ; ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

(ʯʦʛʦ?) ð ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫè ʚ ʦʨʫʜʥʦʤʫ ʪʘ ʨʦʜʦʚʦʤʫ ʚʽʜʤʽʥʢʘʭ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷʤ ʧʨʠʡʤʝʥʥʠʢʽʚ çʟʛʽʜʥʦ ʟ/ʽʟè ʪʘ çʚʽʜʧʦʚʽʜʥʦ ʜʦè. 

ʇʦʤʠʣʢʦʚʝ ʪʣʫʤʘʯʝʥʥʷ ʙʘʛʘʪʴʦʭ ʪʝʭʥʽʯʥʠʭ ʪʝʨʤʽʥʽʚ, ʘ ʪʘʢʦʞ ʨʽʟʥʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦ-

ʮʝʩʽʚ ʽ ʷʚʠʱ ʫʧʦʚʽʣʴʥʶʻ ʧʦʜʘʣʴʰʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʋʢʨʘʾʥʠ. ʇʽʜʚʠʱʝʥʥʷ 

ʚʠʤʦʛ ʜʦ ʥʘʧʠʩʘʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʥʘʫʢʦʚʠʭ ʪʝʢʩʪʽʚ ʘʚʪʦʨʘʤʠ ʽ ʾʭʥʽʤʠ 

ʨʝʮʝʥʟʝʥʪʘʤʠ ʩʧʨʠʷʪʠʤʝ ʩʪʚʦʨʝʥʥʶ ʷʢʽʩʥʽʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ. ʂʦʨʝʢʪʥʝ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʾʾ ʯʽʪʢʝ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʻ ʢʣʶʯʦʚʠʤʠ 

ʯʠʥʥʠʢʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʩʚʽʪʠ ʪʘ ʥʘʜʘʥʥʷ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ ʷʢʽʩʥʠʭ ʟʥʘʥʴ, ʥʝʦʙ-

ʭʽʜʥʠʭ ʜʣʷ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. 
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ʊʆʈʆʅɸʄʆʊʋɺɸʃʔʅɯ ɺɽʈʉʊɸʊʀ ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ 

ʂʆʄɹɯʅʆɺɸʅʀʍ ʆɹʆʃʆʅʆʂ ʈɸʂɽʊ-ʅʆʉɯɰɺ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʝʚʘʛʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʦʨʦʚʠʭ ʙʘʢʽʚ ʪʘ ʧʨʦʙʣʝʤʠ ʱʦ ʚʠ-

ʥʠʢʘʶʪʴ ʧʨʠ ʾʭʥʴʦʤʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. ɿʨʦʙʣʝʥʦ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʪʦʨʦʥʘʤʦʪʫʚʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʽʚ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʘʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ-

ʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʦʪʨʝʙ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʨʦʥʘʤʦʪʫʚʘʣʴʥʠʡ ʚʝʨʩʪʘʪ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʪʦʨʦʚʘ ʦʙʦʣʦʥʢʘ, 

ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʨʘʢʝʪʘ-ʥʦʩʽʡ. 
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TOROIDAL WINDING MACHINES FOR THE MANUFACTURE OF COMBINED 

ROCKET TANKS  

Abstract. The paper provides an overview of the advantages of toroidal combined tanks 

and the main problems of their manufacture. An analysis of toroidal winding machine designs 

has been conducted. The feasibility of applying available toroidal winding machines in 

rocketry has been assessed. 

Keywords: toroidal winding machine, combined torus tank, composite material, launch 

vehicle. 

 

ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʪʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʪʦʨʦʚʽ ʦʙʦʣʦʥʢʠ ʧʝʨʝʚʘʞʥʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʨʦʙʦʯʠʭ ʪʽʣ ʩʠʩʪʝʤ ʥʘʜ-

ʜʫʚʫ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʪʘ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ. ɿʘʟʚʠʯʘʡ ʟʘ-

ʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʨʘʢʝʪʥʠʭ ʙʣʦʢʘʭ ʟ ʦʜʥʦʢʘʤʝʨʥʠʤʠ ʜʚʠʛʫʥʘʤʠ, ʤʘʶʪʴ ʢʨʫʛʣʠʡ ʧʝʨʝʨʽʟ 

ʪʘ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʤʝʪʘʣʽʚ[4]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʙʘʢʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʪʘʣʝʚʦʛʦ ʣʝʡʥʝʨʘ ʪʘ ʢʦʤ-

ʧʦʟʠʪʥʦʛʦ ʧʽʜʢʨʽʧʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʾ ʢʦʤʧʦʟʠʪʥʦʾ ʩʪʨʽʯʢʠ, ʪʝʦʨʝʪʠʯʥʦ 

ʜʘʻ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʚʽʜʥʦʩʥʦ ʧʦʚʥʽʩʪʶ ʤʝʪʘʣʝʚʦʾ ʦʙʦʣʦʥʢʠ ʥʘ 9-23 % ʧʨʠ ʨʦʙʦʪʽ ʢʦʤʧʦ-

ʟʠʪʘ ʫ ʧʨʫʞʥʽʡ ʟʦʥʽ ʤʝʪʘʣʘ[1] ʪʘ 20-50 % ʧʨʠ ʨʦʙʦʪʽ ʤʝʪʘʣʘ ʥʘ ʧʦʚʥʫ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨ-

ʤʘʮʽʾ ʢʦʤʧʦʟʠʪʫ[2]. 

ʇʨʦʪʝ ʩʪʚʦʨʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʦʨʦʚʠʭ ʙʘʢʽʚ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʩʧʝʮʽʘ-

ʣʽʟʦʚʘʥʠʭ ʚʝʨʩʪʘʪʽʚ. ɺ ʨʦʙʦʪʽ [3] ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʙʘʢʽʚ ʤʘʣʠʭ ʛʘʙʘʨʠʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʝʨʩʪʘʪʠ ʩʝʨʽʾ ʉʅʊ, ʱʦ ʧʦʯʘʪʢʦʚʦ ʧʨʠʟʥʘʯʘʣʠʩʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʢʦʪʫʰʦʢ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʚʦʥʠ ʙʫʣʠ ʤʦʜʝʨʥʽʟʦʚʘʥʽ 

ʜʦ ʚʝʨʩʽʡ ʉʅʊ-ɸ ʪʘ ʉʅʊ-ʋ[5], ʧʨʦʪʝ ʥʘʚʽʪʴ ʧʽʩʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʘʥʽ ʚʝʨʩʪʘʪʠ ʥʝ ʟʘʜʦʚʦ-

ʣʴʥʷʶʪʴ ʙʽʣʴʰʽʩʪʴ ʧʦʪʨʝʙ ʈʂʊ, ʟʦʢʨʝʤʘ ʱʦʜʦ ʛʘʙʘʨʠʪʽʚ ʥʘʤʦʪʫʚʘʥʦʛʦ ʙʘʢʫ. 
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ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʠ ʚʝʨʩʪʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʥʰʠʭ ʩʬʝ-

ʨʘʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʦʜʨʘʟʫ ʘʙʦ ʧʽʩʣʷ ʥʝʟʥʘʯʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʦʛʣʠ ʙ ʚʠʢʦʥʘʪʠ ʥʘʤʦ-

ʪʫʚʘʥʥʷ ʪʦʨʦʚʠʭ ʣʝʡʥʝʨʽʚ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ. ʎʝ ʚʝʨʩʪʘʪʠ ʜʣʷ ʥʘʤʦʪʫʚʘʥʥʷ ʪʘ ʽʟʦʣʷʮʽʾ 

ʢʦʪʫʰʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʦʙʛʦʨʪʘʥʥʷ ʪʘ ʧʘʢʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʨʦʪʽʚ, ʢʘʙʝʣʽʚ, ʟʫʙʯʘʩ-

ʪʠʭ ʢʦʣʽʩ, ʧʽʜʰʠʧʥʠʢʽʚ, ʪʨʫʙ ʪʘ ʰʠʥ, ʘ ʪʘʢʦʞ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʫ ʚʠʛʣʷʜʽ ʨʫʣʦʥʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʪʦʨʦʥʘʤʦʪʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʜʚʦʭ ʚʠʜʽʚ ʢʨʶʯʢʦʚʽ ʪʘ ʦʨʙʽʪʘʣʴʥʽ. ɺʠʟʥʘ-

ʯʝʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ɿʘ ʜʦʧʫʩʪʠʤʠʤʠ ʨʦʟʤʽʨʘʤʠ ʚʠʨʦʙʽʚ ʨʦʟʛʣʷ-

ʥʫʪʠʭ ʚʝʨʩʪʘʪʽʚ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʾʭʥʶ ʢʣʘʩʠʬʽʢʘʮʽʶ. 

ʋ ʨʦʟʛʣʷʥʫʪʠʭ ʚʝʨʩʪʘʪʽʚ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʟʦʢʨʝʤʘ ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʥʘʤʦʪʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʟʜʦʚʞʥʴʦʾ ʥʘʤʦʪʢʠ, ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʥʠ-

ʟʴʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʘʙʘʨʠʪʽʚ ʚʠʨʦʙʫ, ʤʘʣʠʡ ʜʽʘʤʝʪʨ ʦʙʝʨʪʘʣʴʥʦʾ 

ʛʦʣʦʚʢʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʣʘʚʥʦʛʦ ʩʪʘʨʪʫ. 

 

  
ʈʠʩʫʥʦʢ 1 ð ʇʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʦʨʦʥʘʤʦʪʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʪʘ ʽʩʥʫʶʯʠʭ ʪʦʨʦʚʠʭ 

ʦʙʦʣʦʥʦʢ 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪ ʦʛʣʷʜʫ. ɺʽʥ ʧʦʢʘʟʫʻ ʱʦ ʥʘʷʚʥʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʪʦʨʦʥʘʤʦʪʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʟʘʛʘʣʦʤ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʽʩʥʫʶʯʠʭ ʦʙʦʣʦʥʦʢ. ɹʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʠ ʷʢʠʭ ʧʦʯʘʪʢʦʚʽ ʬʫʥʢʮʽʾ ʚʝʨʩʪʘʪʽʚ ʟʙʝʨʽʛʘ-

ʶʪʴʩʷ, ʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ ð ʟʙʽʣʴʰʫʶʪʴʩʷ. 
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DEVELOPMENT OF A SYSTEM FOR C ONTROLLING THE CUTTING 

PROCESS 

Abstract. Mathematical research which leads to is considered in the article, necessity 

of location of sensor in the direction of maximal action of vibroacoustic wave in-bulk tool-

piece for the receipt of effective informative signal from the area of metal-workingness. 

Keywords: cutting instrument, control, touch. 

 

ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘʤʠ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʧʦʚ'ʷʟʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʧʘ-

ʨʘʤʝʪʨ ʪʘ ʢʦʥʪʨʦʣʶ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʽʙʨʦʘʢʫʩʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʛʫʢʫ ʪʝʭʥʦʣʦʛʽʯ-

ʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ (ʊʆʉ). 

ʆʜʥʠʤ ʽʟ ʧʘʨʘʤʝʪʨʽʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝʧʨʷʤʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ, ʻ ʚʽʙʨʦʘʢʫʩʪʠʯʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʟʦʥʦʶ ʨʽʟʘʥʥʷ. ɼʘʥʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ 

ʚʠʤʽʨʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦ-

ʩʪʽ ʜʦ ʟʦʥʠ ʨʽʟʘʥʥʷ [1-4]. 

ɿʦʥʦʶ ʨʽʟʘʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʠʥʘʤʽʯʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʨʦʭʦʜʷʯʠ 

ʯʝʨʝʟ ʧʨʫʞʥʫ ʩʠʩʪʝʤʫ ʊʆʉ, ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥ ʚʽʜʛʫʢʫ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ 

ʯʠ ʩʠʩʪʝʤʠ ʜʝʪʘʣʽ (ʟʘʣʝʞʥʦ ʚʽʜ ʮʴʦʛʦ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ ʧô̒ʟʦʘʢʩʝʣʝʨʦʤʝʪʨ). ʅʘʡʙʽʣʴʰʠʡ 

ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʣʝʞʠʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 0õ20 ʢɻʮ, ʘ ʰʫʤʠ ʚʝʨʩʪʘʪʘ ʣʝʞʘʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 0õ2 

ʢɻʮ. ʊʦʤʫ ʜʽʘʧʘʟʦʥ 2õ20 ʢɻʮ ʻ ʥʘʡʽʥʬʦʨʤʘʪʠʚʥʽʰʠʤ ʟ ʧʦʛʣʷʜʫ ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʤʝʪʘʣʦʦʙʨʦʙʢʠ. ɼʣʷ ʩʠʩʪʝʤ ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʠʛʥʘʣʠ, 
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ʚʠʤʽʨʷʥʽ ʫ ʚʫʟʴʢʠʭ ʨʽʟʥʠʭ ʯʘʩʪʦʪʥʠʭ ʩʤʫʛʘʭ, ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʣʘʩʪʽ ʨʝʟʦʥʘʥʩʫ, ʘʙʦ ʘʥʪʠ-

ʨʝʟʦʥʘʥʩʫ, ʢʦʣʠ ʩʘʤʘ ʩʠʩʪʝʤʘ ʊʆʉ ʚʠʩʪʫʧʘʻ ʷʢ ʬʽʣʴʪʨ. 

ʇʨʠʩʪʨʽʡ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ, ʤʽʩʪʠʪʴ ʟôʻʜʥʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʧʽʜʢʣʶʯʝʥʠʡ 

ʜʘʪʯʠʢ ʚʽʙʨʦʘʢʫʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʙʣʦʢ ʯʘʩʪʦʪʠ, ʙʣʦʢ ʜʝʪʝʢʪʦʨʽʚ ʘʤʧʣʽʪʫʜʠ, ʙʣʦʢ ʧʦʨʦ-

ʛʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʙʣʦʢʫ ʪʨʠʛʝʨʽʚ, ʙʣʦʢ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʙʣʦʢ ʘʥʘʣʽʟʫ, ʜʘʪʯʠʢ ʯʠʩʣʘ ʦʙʝʨʪʽʚ 

ʰʧʠʥʜʝʣʶ, ʚʠʭʽʜ ʷʢʦʛʦ ʧʦʚ'ʷʟʘʥʠʡ ʯʝʨʝʟ ʙʣʦʢ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʟ ʚʭʦʜʦʤ 

ʙʣʦʢʫ ʯʘʩʪʦʪ, ʙʣʦʢ ʧʘʤ'ʷʪʽ, ʚʭʽʜ ʷʢʦʛʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʭʦʜʦʤ ʪʨʠʛʝʨʽʚ ʙʣʦʢʫ, ʘ ʚʠʭʽʜ ð 

ʟ ʚʭʦʜʦʤ ʙʣʦʢʫ ʧʦʨʽʚʥʷʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʩʪʦʩʦʚʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʙʨʦʘʢʫʩʪʠʯʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʫ ʤʘʩʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʟʘʩʘʜ ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʧʮʽʶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚ ʪʽʣʽ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʎʝ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʢʨʝʪʠʟʫʚʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝ-

ʪʚʦʨʶʚʘʯʘ ʚ ʪʽʣʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʗʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʜʘʣʦʩʷ ʟʚôʷʟʘʪʠ ʚ ʦʜʥʝ ʮʽʣʝ 

ʢʦʥʩʪʨʫʢʮʽʶ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʦʨʢʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʽʙʨʦʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɹʘʛʘʪʦʨʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʙʨʦʘʢʫʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʛʫʢʫ ʊʆʉ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʘʚʘ-

ʨʽʡʥʠʭ ʩʪʘʥʽʚ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʟʤʽʨʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢ-

ʽʩʪʴ ʦʙʨʦʙʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ. 
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SECURITY OF INFORMATION ENVIRONMENTS OF PRODUCTION 

PROCESSES 

Abstract. The relevance of cybersecurity measures for enterprises is considered. Ways 

of their implementation in the activities of companies at different levels of interaction between 

employees and customers are listed. Measures for organizing cybersecurity of production pro-

cesses are investigated. 

Keywords: production process, cybersecurity, systems, threats, cloud services. 

 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʚʣʘʩʥʽʩʪʴ ʟʘʚʞʜʠ ʙʫʣʘ ʨʫʭʦʤʦʶ ʩʠʣʦʶ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 
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ʚʣʘʩʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʮʠʚʽʣʴʥʦʾ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʘ ʘʚ-

ʪʦʤʘʪʠʯʥʠʭ ʮʠʢʣʽʚ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. [1-4] 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ 

ʢʦʤʧʘʥʽʡ, ʦʨʛʘʥʽʟʘʮʽʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʤʘʻ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʟʘʭʦʜʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʘʚʪʦ-

ʨʠʟʘʮʽʷ, ʰʠʬʨʫʚʘʥʥʷ, ʟʘʭʠʩʪ ʚʽʜ ʚʽʨʫʩʽʚ ʪʘ ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʚʠʷʚ-

ʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʟʘʭʠʩʪ ʚʽʜ DDoS-ʘʪʘʢ, ʟʘʭʠʩʪ ʚʽʜ ʚʠʪʦʢʫ ʜʘʥʠʭ, ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ, 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ, ʟʘʭʠʩʪ ʚʽʜ ʽʥʩʘʡʜʝʨʩʴʢʠʭ ʟʘʛʨʦʟ. [1] 

ʂʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʚ ʤʝʪʘʣʫʨʛʽʡʥʽʡ, ʬʘʨʤʘʮʝʚʪʠʯ-

ʥʽʡ, ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʮʝ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ, ʘʣʝ ʽ ʩʢʣʘʜʘʻ ʥʝʙʝʟʧʝʢʫ ʭʘʢʝʨʩʴʢʠʭ ʘʪʘʢ ʪʘ ʢʽʙʝ-

ʨʽʥʮʝʥʜʝʥʪʽʚ, ʥʘʩʣʽʜʢʠ ʪʘʢʠʭ ʟʘʛʨʦʟ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ ʥʘ ʾʭ ʣʽʢʚʽʜʫ-

ʚʘʥʥʷ ʪʘ ʥʝʚʠʧʨʘʚʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʥʘʱʝʥʥʷ, ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʛʦʪʦʚʦʢ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʟʘʛʨʦʟ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʨʷʜ ʟʘʭʦʜʽʚ, ʷʢʽ ʜʦ-

ʟʚʦʣʷʪʴ ʟʘʭʠʩʪʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʢʽʙʝʨʘʪʘʢ. [2] 

ɿ ʧʦʯʘʪʢʦʤ ʧʦʚʥʦʤʘʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʩʫʪʪʻʚʘ ʥʝʙʝʟʧʝʢʘ ʟʘʛʨʦʞʫʻ ʙʽʟʥʝʩʫ ʯʝ-

ʨʝʟ ʟʘʛʨʦʟʫ ʢʽʙʝʨʘʪʘʢ, ʥʘʩʣʽʜʢʠ ʘʪʘʢ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʦʻʥʥʽ ʜʽʾ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʦʮʽʣʴʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ, ʦʩʦʙ-

ʣʠʚʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʷʢʠʭ ʥʘʣʝʞʠʪʴ ʥʘʣʘʛʦʜʞʝʥʥʶ ʧʦʪʫʞʥʦʛʦ ʢʽʙʝʨʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘ-

ʮʽʡʥʠʭ ʩʠʩʪʝʤ. [3] 
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ʆʇʊʀʄɯɿɸʎɯʗ ʊɽʍʅʆʃʆɻɯɰ ɺʀʂʃɸɼʂʀ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɼʃʗ ɽʃɽʄɽʅʊɯɺ ʂʆʉʄɯʏʅʆɰ ʊɽʍʅɯʂʀ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʩʭʝʤ ʚʠʢʣʘʜʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ 

ʩʭʝʤʠ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʝʚʘʛʠ ʛʽʙʨʠʜʥʦʾ ʟʤʽʥʥʦ-ʢʫʪʦʚʦʾ ʚʠʢʣʘʜʢʠ, ʆʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ 

ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʧʦʣʦʛʽʯʥʫ ʦʧʪʠʤʽʟʘʮʽʶ 

ʪʘ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ, ʟʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘ-

ʜʢʘ, ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ. 
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OPTIMIZATION OF THE TECHNOLOGY OF DEPOSITION OF COMPOSITE 

MATERIALS FOR SPACE EQUIPMENT ELEMENTS  

Abstract. The article investigates the optimization of space technology structures using 

various composite material layup schemes. The main schemes are analyzed and the 

advantages of a hybrid variable-angle tow layup are substantiated. The algorithm for 

implementing the technology is described, including computer modeling, topological 

optimization, and quality control. The results confirm the effectiveness of the proposed 

approach for manufacturing critical space technology components. 

Keywords: composite materials, space technology, variable-angle layout, design 

optimization. 

 

ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʤʘʩʽ, ʽ ʩʘʤʝ ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʭʝʤʠ ʚʠʢʣʘʜʢʠ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜʽʛʨʘʻ ʪʫʪ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ [1] 

ʋ ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʙʘʟʦʚʽ ʩʭʝʤʠ ʚʠʢʣʘʜʢʠ ʢʦʤʧʦʟʠʮʽʡ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: 
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ð ʦʜʥʦʩʧʨʷʤʦʚʘʥʘ ð ʤʘʢʩʠʤʘʣʴʥʘ ʤʽʮʥʽʩʪʴ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ; 

ð ʧʝʨʝʭʨʝʩʥʘ ð ʟʙʘʣʘʥʩʦʚʘʥʘ ʤʽʮʥʽʩʪʴ ʫ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ; 

ð ʢʚʘʟʽ-ʽʟʦʪʨʦʧʥʘ ð ʥʘʙʣʠʞʝʥʽ ʜʦ ʽʟʦʪʨʦʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʽ; 

ð ʢʫʪʦʚʘ ð ʧʽʜʚʠʱʝʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʨʫʪʠʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʩʭʝʤʦʶ ʚʠʢʣʘʜʢʠ ʜʣʷ ʙʽʣʴ-

ʰʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʴ ʻ ʛʽʙʨʠʜʥʘ ʟʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘʜʢʘ [2]. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʘʥʦʛʦ ʚʠ-

ʙʦʨʫ: 

1. ɸʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʩʢʣʘʜʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɽʣʝʤʝʥʪʠ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʽʜʜʘʶʪʴʩʷ ʩʢʣʘʜʥʠʤ ʢʦʤʙʽʥʦʚʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷʤ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʟʘʧʫʩʢ, ʚʠʭʽʜ ʥʘ ʦʨʙʽʪʫ, ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ). ɿʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘʜʢʘ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʧʦ ʚʩʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

2. ɺʠʱʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘʜʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜ-

ʚʠʱʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ 35% ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʭʝʤʘʤʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ 

ʤʘʩʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

3. ʂʨʘʱʽ ʚʽʙʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘʜʢʘ ʜʝʤʦʥʩʪʨʫʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʜʝʤʧʬʫ-

ʚʘʥʥʷ ʚʽʙʨʘʮʽʡ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʥʘ ʦʨʙʽʪʫ. 

4. ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ʆʧʪʠʤʽʟʦʚʘʥʘ ʟʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘʜʢʘ ʤʽʥʽʤʽʟʫʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʝʮʠʟʽʡʥʠʭ ʧʨʠʣʘʜʽʚ. 

ɿʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘʜʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʟ ʏʇʋ ʟʘ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ [3]: 

1. ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʢʦʥʢʨʝʪʥʦʾ ʜʝʪʘʣʽ. 

2. ʊʦʧʦʣʦʛʽʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʦʣʦʢʦʥ. 

3. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʫʢʣʘʜʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

4. ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʝʬʝʢʪʦʩʢʦʧʽʾ. 

ʆʪʞʝ, ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʩʭʝʤʠ ʚʠʢʣʘʜʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ð ʢʣʶʯʦʚʠʡ 

ʬʘʢʪʦʨ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ, ʟʤʽʥʥʦ-ʢʫʪʦʚʘ ʚʠʢʣʘʜʢʘ ʟ ʢʦʤʧ'ʶʪʝʨʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽ-

ʜʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 
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mechanism is justified. The leading industry for which the implementation of automation is 

characteristic has been identified. The possibilities of implementing parallel design and the 

types of parts for which the automation of manufacturing processes is characteristic have been 

considered. 

Keywords: manufacturing process, automation, systems, parallel design, detail. 

 

ʊʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (CAD/CAM/CAE) ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽ-

ʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘʢʠʭ ʷʢ ʘʚʪʦʤʦʙʽʣʴʥʘ, ʘʝʨʦʢʦʩ-

ʤʽʯʥʘ ʪʘ ʚʽʡʩʴʢʦʚʦ-ʤʦʨʩʴʢʘ. [1, 2, 3] 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚ ʩʢʦʨʦʯʝʥʽ ʪʝʨʤʽʥʠ ʟ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʜʦʩʪʫʧʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ. [1] 

ʅʘʙʽʨ ʩʠʤʫʣʷʮʽʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ (CAE), ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʦʮʽ-

ʥʢʫ ʚʪʦʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. [2] 

ʃʽʜʝʨʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ CAD/CAM-ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʻ ʘʝʨʦ-

ʥʘʚʪʠʢʘ, ʷʢʘ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʢʠ, ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʝʣʠʢʠʭ ʽʥʚʝʩ-

ʪʠʮʽʡ. [3] 

ɻʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ ʩʴʦʛʦʜʝʥʥʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʰʚʠʜʢʘ ʨʝʘʢʮʽʷ ʥʘ ʨʽʟʥʽ ʧʦʪ-

ʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ, ʽ ʩʢʦʨʦʯʝʥʥʷ ʮʠʢʣʫ ʚʽʜ ʝʪʘʧʫ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʜʦ ʝʪʘʧʫ ʨʦʟʨʦʙʢʠ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ, ʮʴʦʛʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʝʨʩ-

ʧʝʢʪʠʚʥʠʤ ʚ ʮʴʦʤʫ ʩʝʥʩʽ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. [4] 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ CAD/CAM/CAE-

ʩʠʩʪʝʤ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʩʢʦʨʦʯʝʥʽ 

ʪʝʨʤʽʥʠ. [5] 
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ʣʝʥʥʷ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ɹʇʃɸ ʟʽ ʩʧʽʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʾ ʨʽʟʢʠ. ʋ ʨʦ-
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Abstract. This work is dedicated to the analysis of equipment layouts for manufacturing 
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examines the main components of foam-cutting machines and their application in UAV 

production. The most efficient machine layout for manufacturing UAV airframe components 

was determined to be a machine consisting of four independent axes with wire tension 

maintained by a counterweight system. Such machines are most rationally used for producing 

UAV airframe components of small and medium-class UAVs with a wingspan of up to 3 
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ɺʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʚʠʤʘʛʘʻ 

ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʣʝʛʢʠʭ ʧʦ ʚʘʟʽ ʪʘ ʩʪʽʡʢʠʭ ʜʦ ʜʝʬʦʨʤʘʮʽʡ ʤʘʪʝʨʽʘʣʽʚ. 

ʉʧʽʥʝʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʧʦʣʽʫʨʝʪʘʥ, EPP, XPS ʪʘ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ (EPS) [1], ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ ʮʽ ʷʢʦʩʪʽ. ʅʘʡʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ɹʇʃɸ ʟʽ ʚʩʽʤʘ ʦʩʦʙ-

ʣʠʚʦʩʪʷʤʠ ʬʦʨʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʪʝʨʤʽʯʥʦʾ ʨʽʟʢʠ. ɸʥʘʣʽʟ 

ʢʦʤʧʦʥʦʚʦʢ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʪʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʡʢʨʘʱʽ ʚʘʨʽʘʥʪʠ ʜʣʷ 

ʨʦʙʦʪʠ. 

ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʝʨʤʽʯʥʦʾ ʨʽʟʢʠ ʩʧʽʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʩʠ-

ʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ, ʨʦʙʦʯʦʶ ʟʦʥʦʶ, ʢʽʣʴʢʽʩʪʶ ʢʝʨʦʚʘʥʠʭ ʦʩʝʡ, ʥʘʪʷʛʦʤ, ʤʘʪʝʨʽʘʣʦʤ ʪʘ 

ʜʽʘʤʝʪʨʦʤ ʜʨʦʪʫ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ɹʇʃɸ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ: 

ð ʨʫʯʥʝ ʨʽʟʘʥʥʷ, ʢʦʣʠ ʦʧʝʨʘʪʦʨ ʚʝʜʝ ʤʘʪʝʨʽʘʣ ʧʦ ʢʦʥʪʫʨʫ ʰʘʙʣʦʥʫ ʩʘʤʦʩʪʽʡʥʦ; 

ð ʢʦʦʨʜʠʥʘʪʥʝ ʘʙʦ ʧʦʨʪʘʣʴʥʝ, ʢʦʣʠ ʜʨʽʪ ʟʘʢʨʽʧʣʝʥʠʡ ʫ ʨʫʭʦʤʠʭ ʥʘʧʨʷʤʥʠʭ ʚʝʨ-
ʩʪʘʪʘ ʟ ʏʇʋ; 

ð ʙʘʛʘʪʦ ʦʩʴʦʚʝ, ʢʦʣʠ ʜʦʜʘʪʢʦʚʽ ʦʩʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʭʠʣʷʪʠ ʜʨʽʪ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʢʦʥʪʫʨʽʚ; [2;3] 

ʅʘʡʙʽʣʴʰ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʻ ʙʘʛʘʪʦ ʦʩʴʦʚʝ ʨʽʟʘʥʥʷ, ʷʢʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ 

ʏʇʋ ʟ ʥʝʟʘʣʝʞʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʧʦ ʢʦʞʥʽʡ ʦʩʽ. ʊʦʜʽ ʢʘʨʝʪʢʠ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤ ʜʨʦʪʦʤ ʤʦ-

ʞʫʪʴ ʥʘʜʘʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ð ʣʽʥʽʾ ʜʨʦʪʫ ʩʢʣʘʜʥʫ ʪʨʘʻʢʪʦʨʽʶ, ʱʦ ʫʪʚʦʨʶʻ ʩʢʣʘʜʥʽ ʧʦ-

ʚʝʨʭʥʽ. 

ɺʠʙʽʨ ʜʨʦʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʝʨʽʡʥʽʩʪʴ, ʙʶʜʞʝʪ, ʛʘʙʘ-

ʨʠʪʠ ʚʠʨʦʙʽʚ, ʤʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʦʢ. ɼʣʷ ʪʝʨʤʽʯʥʦʾ ʨʽʟʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʽʭʨʦʤʦʚʽ, ʪʘʥ-

ʪʘʣʦʚʽ ʪʘ ʚʦʣʴʬʨʘʤʦʚʽ ʜʨʦʪʠ [2]. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ɹʇʃɸ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʥʽʭʨʦʤʦʚʠʡ ʜʨʽʪ 0,3 ð 0,4 ʤʤ, ʯʝʨʝʟ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʪʦʯ-

ʥʦʩʪʽ. 

ɼʽʘʤʝʪʨ ʜʨʦʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʨʽʟʘʥʥʷ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʇʦʨʽʚʥʶ-

ʶʯʠ ʨʽʟʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʧʨʠʢʣʘʜ ʜʣʷ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʪʦʚʱʠʥʦʶ 10 ð 

50 ʤʤ, ʧʽʜʭʦʜʷʱʠʤ ʜʽʘʤʝʪʨʦʤ ʜʨʦʪʫ ʻ 0,2 ð 0,4 ʤʤ; ʜʣʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʪʦʚʱʠʥʦʶ 10 

ð 25 ʤʤ ð ʜʨʽʪ 0,3 ð 0,6 ʤʤ. [3] 

ʅʘʪʷʛ ʜʨʦʪʫ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʛʦ, ʪʦʯʥʦʛʦ ʪʘ ʯʠʩʪʦʛʦ ʨʽʟʫ, 

ʦʩʢʽʣʴʢʠ ʩʣʘʙʢʠʡ ʥʘʪʷʛ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʚʠʩʘʥʥʷ, ʘ ʥʘʜʤʽʨʥʠʡ ð ʜʦ ʦʙʨʠʚʫ ʜʨʦʪʫ. 

ʄʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʪʘʢʽ ʩʭʝʤʠ ʥʘʪʷʛʫ ʜʨʦʪʫ: 

1. ʇʨʫʞʠʥʥʠʡ ʥʘʪʷʛ, ʧʨʠ ʷʢʦʤʫ ʦʜʠʥ ʢʽʥʝʮʴ ʜʨʦʪʫ ʢʨʽʧʠʪʴʩʷ ʞʦʨʩʪʢʦ, ʘ ʽʥʰʠʡ ð 

ʯʝʨʝʟ ʧʨʫʞʠʥʫ, ʷʢʘ ʢʦʤʧʝʥʩʫʻ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʰʠʨʝʥʥʷ ʜʨʦʪʫ. 

2. ɺʘʥʪʘʞʥʠʡ ʥʘʪʷʛ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʨʽʧʣʝʥʥʷʤ ʦʜʥʦʛʦ ʢʽʥʮʷ ʜʨʦʪʫ ʜʦ ʥʘʪʷʞʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʟ ʥʝʚʝʣʠʢʠʤ ʚʘʥʪʘʞʝʤ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʧʦʩʪʽʡʥʝ ʟʫʩʠʣʣʷ. 

3. ʄʝʭʘʥʽʯʥʠʡ ʥʘʪʷʛ ð ʜʨʽʪ ʥʘʪʷʛʫʻʪʴʩʷ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʘ. 

4. ʇʥʝʚʤʘʪʠʯʥʠʡ ʘʙʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʥʘʪʷʛ ʟʘʙʝʟʧʝʯʫʻ ʥʘʪʷʛ ʜʨʦʪʫ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ ʘʙʦ ʧʨʠʚʦʜʫ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ ʨʝʛʫʣʶʻ ʥʘʪʷʛ. [2;3] 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ɹʇʃɸ, ʦʩʦʙʣʠʚʦ ʢʨʠʣ 

ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʢʨʘʱʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʘʛʘʪʦ ʦʩʴʦʚʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʋ. ɿʘʟʚʠʯʘʡ ʮʝ ʯʦʪʠ-

ʨʴʦʭ ʦʩʴʦʚʠʡ ʚʝʨʩʪʘʪ, ʷʢʠʡ ʢʦʤʧʦʥʫʻʪʴʩʷ ʟ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʦʩʝʡ (X, A) ʪʘ 2 ʚʝʨ-

ʪʠʢʘʣʴʥʠʭ ʦʩʝʡ (Y, Z). ʈʫʭ ʚʩʽʭ ʦʩʝʡ ʻ ʥʝʟʘʣʝʞʥʠʤ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʂʘʨʝʪʢʘ ʟʽ ʟʘʢʨʽʧ-

ʣʝʥʠʤ ʜʨʦʪʦʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʦʩʷʭ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʢʘʨʝʪʢʘʭ ʚʠʢʦʥʫ-

ʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʨʦʪʫ. ʅʘʪʷʛ ʜʨʦʪʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʚʘʥʪʘʞʝʤ, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʟʤʽʥʶʚʘʪʠ ʜʦʚʞʠʥʫ ʜʨʦʪʫ ʧʽʜ ʯʘʩ ʚʠʨʽʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ. 
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ʅʝʟʘʣʝʞʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʝʡ ʚʝʨʩʪʘʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ɹʇʃɸ 

ʷʢ ʩʪʨʽʣʦʚʠʜʥʽ ʢʨʠʣʘ ʟ ʘʝʨʦʜʠʥʘʤʽʯʥʦʶ, ʘʙʦ ʛʝʦʤʝʪʨʠʯʥʦʶ ʢʨʫʪʢʦʶ ʢʨʠʣʘ, ʧʝʨʝʭʽʜʥʽ 

ʜʽʣʷʥʢʠ ʤʽʞ ʬʶʟʝʣʷʞʝʤ ʪʘ ʢʨʠʣʦʤ, ʩʢʣʘʜʥʽ ʟʘ ʧʝʨʝʪʠʥʦʤ ʜʝʪʘʣʽ ʬʶʟʝʣʷʞʫ. ʅʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʦ ʪʘʢʠʡ ʚʝʨʩʪʘʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ 

ɹʇʃɸ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ, ʟ ʨʦʟʤʘʭʦʤ ʢʨʠʣʘ ʜʦ 3 ʤ. 
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APPLICATION AND MANUFACTURING OF "GLASSES" TYPE PARTS FOR 

AVIATION AND ROCKET AND SPACE TECHNOLOGY  

Abstract. The general features of the technological processes for manufacturing "glass" 

type parts for aviation and rocket and space technology are analyzed. A conclusion is made 

about the feasibility of using "machining center" type machines and combined technological 

processes. 

Keywords: technological process, machining center, combined technological process. 

 

ɼʝʪʘʣʽ ʪʠʧʫ çʩʪʘʢʘʥè ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘʮʽʡʥʽʡ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯ-

ʥʽʡ ʪʝʭʥʽʮʽ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʤʦʞʣʠʚʦ ʥʘʚʝʩʪʠ ʢʦʨʧʫʩʥʽ ʜʝʪʘʣʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʣʘʧʘ-

ʥʽʚ ʪʘ ʩʪʘʢʘʥʠ ʧʽʜʰʠʧʥʠʢʽʚ ʫ ʢʦʨʧʫʩʘʭ ʨʝʜʫʢʪʦʨʽʚ, ʪʫʨʙʦʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʥʘʩʦʩʽʚ, 

ʢʦʤʧʨʝʩʦʨʽʚ [1]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʢʘʥʽʚ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚ-

ʣʷʪʠ ʢʦʨʧʫʩʥʽ ʜʝʪʘʣʽ ʥʘʚʝʜʝʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʣʝʛʢʠʭ ʩʧʣʘʚʽʚ, ʪʘʢʠʭ ʷʢ ʣʠʚʘʨʥʽ ʪʘ 

ʜʝʬʦʨʤʦʚʘʥʽ ʘʣʶʤʽʥʽʻʚʽ, ʘʙʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʚʘʪʠ ʪʦʚʱʠʥʫ ʾʭ ʩʪʽʥʦʢ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʩʪʘʣʝʡ ʪʘ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ [1,2], ʱʦ ʩʧʨʠʷʻ ʩʫʪʪʻʚʦʤʫ ʟʤʝʥʰʝʥʥʶ ʾʭ ʤʘʩʠ ʽ ʧʦ-

ʢʨʘʱʝʥʥʶ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ɼʣʷ 
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ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʢʘʥʽʚ ʧʽʜʰʠʧʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʪʘʢʽ ʷʢ ʩʪʘʣʽ ʽ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ. ʂʦʨʧʫʩʥʽ ʜʝʪʘʣʽ ʢʣʘʧʘʥʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ 

ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. 

ɿʘʛʦʪʦʚʢʘʤʠ ʜʣʷ ʜʝʪʘʣʝʡ ʪʠʧʫ çʩʪʘʢʘʥè ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʣʠʚʢʠ, ʢʦʚʘʥʽ ʪʘ ʰʪʘʤʧʦ-

ʚʘʥʽ ʧʦʢʦʚʢʠ, ʧʨʦʢʘʪʥʽ ʧʨʦʬʽʣʽ, ʘ ʪʘʢʦʞ ʰʪʫʯʥʽ ʟʘʛʦʪʦʚʢʠ ʟ ʧʦʨʦʰʢʦʚʠʭ ʪʘ ʢʦʤʧʦʟʠʮʽʡ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1,2]. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʦʙʠ, ʥʘʧʨʠʢʣʘʜ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʚʠʧʣʘʚʢʠ [3]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʤʦʜʠʬʽʢʫʚʘʥʥʶ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʜʘʥʽ ʷʢ ʣʠʚʘʨʥʽ, ʪʘʢ ʽ ʜʝʬʦʨʤʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ [3,4]. 

ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʩʝʨʽʡʥʦʩʪʽ ʚʠʧʫʩʢʫ ʜʝʪʘʣʝʡ [1]. 

ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡ ʪʠʧʫ çʉʪʘʢʘʥè ʻ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦ-

ʙʢʘ, ʷʢ ʣʝʟʦʚʘ, ʪʘʢ ʽ ʘʙʨʘʟʠʚʥʘ. ɽʣʝʢʪʨʦʬʽʟʠʯʥʘ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʽ 

ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ 

ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɺʠʙʽʨ ʦʙ-

ʣʘʜʥʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ 

ʜʝʪʘʣʽ ʪʘ ʩʝʨʽʡʥʦʩʪʽ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ [5]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʜʝʪʘʣʽ ʘʚʽʘʮʽʡʥʦʾ ʪʘ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʚʠʧʫʩʢʘʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʽʜ ʦʜʠʥʠʯʥʦʛʦ ʜʦ ʩʝʨʝʜʥʴʦ-ʩʝʨʽʡʥʦʛʦ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ʦʩʥʘʱʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ. ʉʪʦʩʦʚʥʦ ʜʝʪʘʣʝʡ ʪʠʧʫ çʩʪʘʢʘʥè ʮʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʙʨʦʙʢʠ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ 

ʽʟ ʟʘʢʨʽʧʣʝʥʥʷʤ ʫ ʪʨʠʢʫʣʘʯʢʦʚʠʭ ʧʘʪʨʦʥʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝ-

ʪʘʣʝʡ ʪʠʧʫ çʩʪʘʢʘʥè ʩʫʯʘʩʥʽ ʪʦʢʘʨʥʽ ʦʙʨʦʙʥʽ ʮʝʥʪʨʠ, ʦʙʣʘʜʥʘʥʽ ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʩʫʧʦʨ-

ʪʘʤʠ ʽ ʥʝ ʧʝʨʝʩʪʘʚʣʷʪʠ ʟʘʛʦʪʦʚʢʠ ʟ ʚʝʨʩʪʘʪʘ ʥʘ ʚʝʨʩʪʘʪ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘ-

ʱʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʪʘ ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʣʦʱʫ ʚʠʨʦʙʥʠʯʠʭ 

ʜʽʣʴʥʠʮʴ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ ʪʠʧʫ çʩʪʘʢʘʥè ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʪʝʨʤʽʯʥʦʾ 

ʪʘ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʥʘ ʦʢʨʝʤʽ ʧʦʚʝʨʭʥʽ ʥʘʥʝʩʝʥʽ ʧʦʢʨʠʪʪʷ [1,2]. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʠʧʫ çʩʪʘʢʘʥè ʜʣʷ ʘʚʽʘʮʽʡʥʦʾ ʪʘ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʻ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʧʦʣʫʯʝʥʥʷʭ ʩʧʦʩʦʙʽʚ ʯʠʩʪʦʚʦʾ ʪʘ 

ʦʟʜʦʙʣʶʚʘʣʴʥʦʾ ʣʝʟʦʚʦʾ ʽ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ, ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫ-

ʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʝʨʤʽʯʥʦʾ ʽ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʦʾ ʪʘ ʧʨʦʤʝʥʝʚʦʾ ʦʙ-

ʨʦʙʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʙʨʦʙʢʘ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʭ ʧʦʚʝ-

ʨʭʦʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʦʙʪʦ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʝʬʝʢʪʽʚ [6]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʠʧʫ çʩʪʘʢʘʥè ʜʣʷ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩ-

ʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʜʙʘʯʘʻ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʪʠʧʫ ʦʙ-

ʨʦʙʥʠʡ ʮʝʥʪʨ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʄɸʁɹʋʊʅʔʆʄʋ ʇʆʂʆʃɯʅʅʖ ʅɸʃɽɾʀʊʔ ʉʊɺʆʈɽʅʅʗ ʅɸʋʂʆɭʄʅʀʍ 

ʊɽʍʅʆʃʆɻɯʁ 

ɸʥʦʪʘʮʽʷ. ʋ ʩʫʯʘʩʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʪʘ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʢʽʣʴʢʽʩʪʴ ʦʨʬʦʛʨʘʬʽʯ-

ʥʠʭ ʪʘ ʩʪʠʣʽʩʪʠʯʥʠʭ ʧʦʤʠʣʦʢ ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ. ʎʷ ʧʨʦʙʣʝʤʘ ʩʪʦ-

ʩʫʻʪʴʩʷ ʷʢ ʥʘʚʯʘʣʴʥʠʭ ʧʦʩʽʙʥʠʢʽʚ, ʪʘʢ ʽ ʨʽʟʥʠʭ ʩʪʘʪʝʡ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʬʦʨʤʫʚʘʥʥʽ ʛʨʘʤʦʪʥʦʩʪʽ ʫ ʤʦʣʦʜʠʭ ʧʦʢʦʣʽʥʴ. ʅʝʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʦʣʦʛʽʾ, 

ʣʦʛʽʯʥʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʣʝʢʩʠʯʥʽ ʧʦʤʠʣʢʠ ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʢʣʠʢʘʶʪʴ ʧʣʫʪʘʥʠʥʫ ʫ ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʧʦʪʚʦʨʶʶʪʴ ʥʘʫʢʦʚʽ ʜʘʥʽ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘ-

ʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʾʭ ʚʧʣʠʚ ʥʘ ʦʩʚʽ-

ʪʥʽʡ ʧʨʦʮʝʩ ʪʘ ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʪʦʜʠ ʾʭʥʴʦʾ ʤʽʥʽʤʽʟʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʨʬʦʛʨʘʬʽʯʥʽ ʧʦʤʠʣʢʠ, ʩʪʠʣʽʩʪʠʯʥʽ ʧʦʤʠʣʢʠ, ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ, 

ʚʧʣʠʚ ʥʘ ʦʩʚʽʪʫ, ʛʨʘʤʦʪʥʽʩʪʴ, ʷʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʪʝʢʩʪʽʚ, ʢʫʣʴʪʫʨʘ ʧʠʩʝʤʥʦʛʦ ʤʦʚʣʝʥʥʷ, 

ʩʪʘʥʜʘʨʪʠ ʥʘʫʢʦʚʦʛʦ ʧʠʩʴʤʘ. 
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ɺʩʪʫʧ 

ɿʘʨʘʟ ʷʢ ʧʨʠʢʣʘʜ ʥʘʛʣʷʜʥʠʭ ʧʦʤʠʣʦʢ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʦʧʫʙʣiʢʦʚʘʥʫ ʩʪʘʪʪʶ ʫ ɺʽʩ-

ʥʠʢʫ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ˉ4, ʩʝʨʽʷ çʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘè 2024 

ʨʦʢʫ, ʪʦʤ 33, ʚʠʧʫʩʢ 27 [1]. ʊʘ ʧʦʜʠʚʠʤʦʩʷ ʥʘ ʟʘʛʦʣʦʚʦʢ ʘʚʪʦʨʽʚ ʩʪʘʪʪʽ ʥʘ ʩʪʦʨiʥʮi 48 

ʷʢʠʡ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʥʘ ʨʠʩ. 1 [1, c. 48] 

 

 
ʈʠʩʫʥʦʢ 1 ð ɿʘʛʦʣʦʚʦʢ ʩʪʘʪʪʽ ʟ ʚʠʜʽʣʝʥʥʷʤ ʧʦʤʠʣʦʢ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ 

ʗʢ ʙʘʯʠʤʦ ʱʦ ʣʠʰʝ ʚ ʦʜʥʦʤʫ ʟʘʛʦʣʦʚʢʫ ʜʦʧʫʱʝʥʦ ʷʢ ʤʽʥʽʤʫʤ ʯʦʪʠʨʠ ʧʦʤʠʣʢʠ. ɺ 

ʧʝʨʰʦʤʫ ʩʣʦʚʽ ʟʘʤʽʩʪʴ "ʭʦʨʦʤʦʚʘʥʠʭ" ʧʦʪʨʽʙʥʦ ʥʘʧʠʩʘʪʠ "ʭʨʦʤʦʚʘʥʠʭ". ɺ ʜʨʫʛʦʤʫ 

ʩʣʦʚʽ ʚ "ʦʩʥʘʱʝʥʽ" ʟʘʙʫʣʠ ʥʘʧʠʩʘʪʠ ʜʨʫʛʫ ʙʫʢʚʫ "ʥ", ʪʦʙʪʦ ʧʨʘʚʠʣʴʥʦ "ʦʩʥʘʱʝʥʥʽ" ʟ 

ʜʚʦʤʘ ʙʫʢʚʘʤʠ "ʥʥ". ɸʙʦ ʟʘʤʽʩʪʴ "ʥʘ ʧʨʝʩʦʚʦʤʫ ʦʩʥʘʱʝʥʥʽ" ʥʘʧʠʩʘʪʠ "ʫ ʧʨʝʩ-ʬʦʨʤʽ", 

ʪʘʢ ʙʫʜʝ ʜʦʨʝʯʥʦ ʫ ʩʤʠʩʣʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ. ɼʘʣi ʩʣʦʚʦ "ʛʫʤʦ-ʪʝʭʥʽʯʥʠʭ" ʧʠʰʝʪʴʩʷ ʙʝʟ 

ʜʝʬʽʩʫ ʪʦʙʪʦ "ʛʫʤʦʪʝʭʥʽʯʥʠʭ" ʨʘʟʦʤ. ʊʘ ʦʩʪʘʥʥʻ ʩʣʦʚʦ "ʨʦʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ" ʧʠ-

ʰʝʪʴʩʷ "ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ" ʯʝʨʝʟ ʙʫʢʚʫ "ʘ". 

ɼʘʣʽ ʧʦʜʠʚʠʤʦʩʴ ʘʥʦʪʘʮʽʾ ʥʘ ʨʠʩ. 2 [1, c. 48] 

 

 
ʈʠʩʫʥʦʢ 2 ð ʏʘʩʪʠʥʘ ʘʥʦʪʘʮiʾ ʟ ʚʠʜʽʣʝʥʠʤʠ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ ʧʦʤʠʣʢʘʤʠ. 

ɺʽʜʨʘʟʫ ʧʦʤʽʯʘʻʤʦ, ʱʦ ʫ ʨʝʯʝʥʥʽ (éʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚi ʛʫʤ ʯʘʩʪʦ ʤʘʶʪʴ ʤʝʥʰʫ 

"ʱiʣʴʥiʩʪʴ"é). ʇʨʘʚʠʣʴʥʦ ʥʝ "ʱiʣʴʥiʩʪʴ" ʘ "ʛʫʩʪʠʥʘ", ʘ ʩʘʤʘ ʛʫʤʘ ʻ ʢʦʤʧʦʟʠʮʽʡʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. ʉʣʦʚʦ "ʱiʣʴʥiʩʪʴ" ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʣʠʮʽ ʱʽʣʴʥʦ ʢʥʠʞʦʢ ʪʦʱʦ. ɼʘʣʽ ʥʘ ʱʦ ʟʚʝʨʪʘʻʤʦ ʫʚʘʛʫ, ʱʦ ʯʝʨʝʟ ʮʝ 

ʟʤʽʥʶʻʪʴʩʷ ʧʦʩʣiʜʦʚʥʦ ʟʤʽʩʪ. ʋ ʨʝʯʝʥʥʽ ʟʘʤiʩʪʴ (ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ "ʚʘʛʠ" 

ʚʠʨʦʙʽʚé), ʧʦʪʨiʙʥʦ ʚʞʝ ʥʘʧʠʩʘʪʠ (ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ "ʤʘʩʠ" ʚʠʨʦʙʽʚé). 

ʊʦʜʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʝʯʝʥʥʽ ʦʩʢʽʣʴʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʛʫ-

ʤʦʚʽ ʢʦʤʧʦʟʠʪʠ, ʥʝ ʤʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʽʣʴʰ ʟʤʽʩʪʦʚʥʠʤ ʪʘ ʜʦʨʝʯ-

ʥʠʤ ʙʫʣʦ ʙ çɺʠʨʦʙʠ ʟ ʛʫʤʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʤʦʨʪʠʟʘʮʽʻʶ, ʛʥʫʯʢʽʩʪʶ 

ʪʘ ʝʣʘʩʪʠʯʥʽʩʪʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʟʜʘʪʥʠʤʠ "ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ" ʧʨʠ ʜʠʥʘʤʽʯ-

ʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭè. ʊʘ ʚ ʦʩʪʘʥʥʴʦʤʫ ʧʽʜʢʨʝʩʣʝʥʦʤʫ ʨʝʯʝʥʥʽ "ʙʝʟ ʚʪʨʘʪʠ ʩʪʨʫʢʪʫʨʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ" ʧʦʪʨʽʙʥʦ ʥʘʧʠʩʘʪʠ "ʙʝʟ ʚʪʨʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʦʤ". 
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ɼʘʣʽ ʧʦʜʠʚʠʤʦʩʷ ʥʘ ʧʨʦʜʦʚʞʝʥʥʷ ʘʥʦʪʘʮʽʾ ʪʘ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʥʘ ʨʠʩ. 3 [1, c. 49] 

 

 
ʈʠʩʫʥʦʢ 3 ð ʉʤʠʩʣʦʚʽ ʧʦʤʠʣʢʠ ʚʠʜʽʣʝʥʽ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ. 

ɹʘʯʠʤʦ ʫ ʨʝʯʝʥʥi (çéʪʝʨʤʽʥ ʩʣʫʞʙʠ ʢʦʥʩʪʨʫʢʮiʡ ʽ ʦʙʣʘʜʥʘʥʥʷè). ɺ ʮʴʦʤʫ ʨʝʯʝʥʥʽ 

ʤʘʻ ʤʽʩʮʝ ʷʢ ʤʽʥʽʤʫʤ ʜʚʽ ʩʪʠʣʽʩʪʠʯʥʽ ʧʦʤʠʣʢʠ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʝ ʩʠʥʦʥʽʤʽʯʥʽ ʪʝ-

ʨʤʽʥʠ, ʘ çʢʦʥʩʪʨʫʢʮiʾ ʽ ʦʙʣʘʜʥʘʥʥʷè ʥʝ ʤʘʶʪʴ ʩʣʫʞʙʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʩʢʽʣʴʢʠ ʪʝʨʤʽʥ 

ʩʣʫʞʙʦʚʽ ʦʙʦʚôʷʟʢʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ ʣʶʜʝʡ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰ 

ʧʨʘʚʠʣʴʥʠʤ ʙʫʣʦ ʙ ʚʠʩʣʦʚʣʶʚʘʥʥʷ çéʪʝʨʤʽʥʫ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʽ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʦʙʣʘʜʥʘʥʥʷ". ʋ ʢʣʶʯʦʚʠʭ ʩʣʦʚʘʭ ʟʘʟʥʘʯʝʥʦ ʧʦʤʠʣʢʠ ʜʝ ʥʘʧʠʩʘʥʦ " ʨʝʟʠʥʦ-

ʪʝʭʥʽʯʥʽ ʚʠʨʦʙʠ ", ʭʦʯʘ ʜʦ ʮʴʦʛʦ ʘʚʪʦʨʠ ʧʠʩʘʣʠ ʫ ʟʘʛʦʣʦʚʢʫ ʭʦʯ ʽ ʟ ʧʦʤʠʣʢʦʶ "ʛʫʤʦ-

ʪʝʭʥʽʯʥʠʭ", ʘʣʝ ʚʠʢʦʨʠʩʪʘʣʠ ʧʨʘʚʠʣʴʥʝ ʩʣʦʚʦ "ʛʫʤʘ" ʘ ʥʝ "ʨʝʟʠʥʘ", ʘ ʜʣʷ ʩʣʦʚʘ "ʦʩʥʘʩ-

ʪʢʘ", ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ ʻ ʧʨʘʚʠʣʴʥʠʡ ʟʘʤʽʥʥʠʢ "ʦʩʥʘʱʝʥʥʷ". 

ʎʝ ʣʠʰʝ ʧʨʠʢʣʘʜʠ, ʘ ʾʭ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʜʫʞʝ ʙʘʛʘʪʦ ʽ ʤʠ, ʩʪʫʜʝʥʪʠ, ʩʠʣʴʥʦ ʩʪʨʘʞʜʘ-

ʻʤʦ ʚʽʜ ʨʽʟʥʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. ʆʩʦʙʣʠʚʦ ʢʦʣʠ ʩʪʘʪʪʽ ʨʦʙʣʷʪʴ ʥʝ ʟʘ ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ 

3008-2015 [2]. ʅʘʧʨʠʢʣʘʜ, ʷʢ ʩʪʘʪʪʷ ʫ ʟʙʽʨʥʠʢʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʥʘ ʨʠʩ. 4 ʪʘ ʨʠʩ. 5 [3, c. 

265 -266]. ɺ ʪʘʙʣʠʮʽ ʟʘʤʽʩʪʴ ʪʝʨʤʽʥʫ çʤʘʩʘè ʚʢʘʟʘʥʘ çʚʘʛʘè. 

 

 
ʈʠʩʫʥʦʢ 4 ð ʉʣʦʚʦ "ʊʘʙʣʠʮʷ 2" ʧʦʚʠʥʥʘ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʣʽʚʦʨʫʯ ʧʝʨʝʜ ʾʾ ʥʘʟʚʦʶ. 

 

 
ʈʠʩʫʥʦʢ 5 ð ʇʦʤʠʣʢʘ, ʟʘʤʽʩʪʴ "ʈʠʩ.2." ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʘʧʠʩʘʥʦ "ʈʠʩʫʥʦʢ 2 ð ". 
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ɺʠʩʥʦʚʦʢ 

ʆʨʬʦʛʨʘʬʽʯʥʽ ʪʘ ʟʤʽʩʪʦʚʽ ʧʦʤʠʣʢʠ ʚ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʥʝʛʘʪʠ-

ʚʥʠʡ ʚʧʣʠʚ ʥʘ ʦʩʚʽʪʫ ʪʘ ʨʦʟʚʠʪʦʢ ʤʦʣʦʜʦʛʦ ʧʦʢʦʣʽʥʥʷ. ɺʦʥʠ ʥʝ ʣʠʰʝ ʩʧʦʪʚʦʨʶʶʪʴ 

ʟʤʽʩʪ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʡ ʬʦʨʤʫʶʪʴ ʫ ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ ʥʝʧʨʘʚʠ-

ʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʥʦʨʤʠ ʘʢʘʜʝʤʽʯʥʦʛʦ ʧʠʩʴʤʘ. ʇʦʰʠʨʝʥʥʷ ʪʘʢʠʭ ʧʦʤʠʣʦʢ ʫ ʥʘʚʯʘʣʴ-

ʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʥʠʞʫʻ ʨʽʚʝʥʴ ʛʨʘʤʦʪʥʦʩʪʽ, ʩʪʚʦʨʶʻ ʪʨʫʜʥʦʱʽ ʫ ʩʧʨʠʡʥʷʪʪʽ ʩʢʣʘʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʮʝʧʮʽʡ ʽ ʟʤʝʥʰʫʻ ʟʘʛʘʣʴʥʫ ʷʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ɹ.ʇ. ʉʝʨʝʜʘ, ɸ.ʄ. ʋʜʦʜ. Formation chromated coatings on a press tooling in the 
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METHODS OF COMPOSITE FIBER FILLING FOR AEROSPACE PARTS MADE 

WITH ADDITIVE MANUFACTURING METHODS  

Abstract. An analysis of the types of filling with composite fibers of parts obtained by 

FDM 3D printing methods was carried out, the advantages and disadvantages, and application 

features were analyzed. Several methods were selected and proposed, based on the previous 

material product. Examples of the implementation of the method of layer-by-layer filling of 

parts with composite fibers were provided. 

Keywords: additive manufacturing, 3D-printing, composite fibers, filling. 

 

ɿ ʧʦʰʠʨʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ 

ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʘ ʘʚʽʘʮʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʯʠ ʦʩʥʘʱʝʥʥʷ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʚ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ, ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʧʦʪʨʝʙ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʨʦʙʽʚ. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʚʠʜʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ð FDM 3D-

ʜʨʫʢ. ʎʝ ʟʘʩʚʦʻʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʟ ʚʝʣʠʢʦʶ ʰʠʨʦʪʦʶ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʡ ʫʩʪʘʪ-

ʢʫʚʘʥʥʷ. ʆʜʠʥ ʟ ʧʦʰʠʨʝʥʠʭ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
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ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ð ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʢʫ, ʱʦ ʥʘʧʦʚʥʝʥʠʡ ʢʦʤʧʦ-

ʟʠʮ̔ʡʥʠʤʠ ʚʦʣʦʢʥʘʤʠ. ɼʦʚʛʽ ʚʦʣʦʢʥʘ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʚʠʨʦʙʫ, ʘ ʽʥʦʜʽ ʽ ʧʦʢʨʘʱʠʪʠ ʩʧʝʢʪʨ ʪʝʧʣʦʚʠʭ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʚʠʨʦʙʠ. ɸʣʝ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʥʘʧʦʚʥʝʥʥʷ ʧʣʘʩʪʠʢʫ ʚʦʣʦʢʥʦʤ ʤʘʶʪʴ 

ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʥʝʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʚʦʣʦʢʥʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʝʨʝʜʙʘ-

ʯʫʚʘʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʪʘ ʩʪʚʦʨʶʻ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʨʫʞʝʥʴ ʫ ʜʝʪʘʣʽ. ʊʘʢʦʞ ʙʘʛʘʪʦ ʤʝ-

ʪʦʜʽʚ ʥʘʧʦʚʥʝʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʫʮʽʣʴʥʽʩʪʴ ʚʦʣʦʢʥʘ ʤʽʞ ʰʘʨʘʤʠ ʜʝʪʘʣʽ ʯʠ ʤʦʞ-

ʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʚʦʣʦʢʥʦʤ. 

ʎʣ̔ʣʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʥʘʧʦʚʥʝʥʥʷ ʜʝʪʘʣʝʡ ʚʦʣʦʢʥʦʤ, ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʥʥʷ ʤʝʪʦʜʫ (ʤʝʪʦʜʽʚ), ʱʦ ʥʝ ʤʘʻ ʾʭ. ʊʘʢʦʞ 

ʙʫʜʫʪʴ ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʢʣʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʦʙʨʘʥʠʭ ʤʝʪʦʜʽʚ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʥʘʧʦʚʥʝʥʥʷ ʜʝʪʘʣʝʡ, ʦʪʨʠʤʘʥʠʭ 

3D-ʜʨʫʢʫʚʘʥʥʷʤ, ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ ʢʦʤʙʽʥʘʮʽʡ ʤʘʪʝʨʽʘ-

ʣʽʚ ʧʣʘʩʪʠʢʫ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʚʦʣʦʢʥʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʤʽʮʥʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʥʘʧʦʚʥʝʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʥʘʧʦʚʥʝʥʥʷ 

ʜʝʪʘʣʝʡ ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʠʤʦʛ ʪʘ ʫʤʦʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʷʢʦʩʪʽ ʚʦʣʦʢʥʘ ʥʘʧʦʚʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝ-

ʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʟʘʜʦʚʽʣʴʥʠʤʠ ʷʢʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝ-

ʪʘʣʝʡ ʻ ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ. ʗʢ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ 

ʥʘʧʦʚʥʝʥʥʷ, ʟʦʢʨʝʤʘ ʧʦʜʘʚʘʥʥʷ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʚʦʣʦʢʥʘ ʦʢʨʝʤʠʤ ʩʦʧʣʦʤ, ʤʽʞʰʘʨʦʚʝ 

ʧʨʦʢʣʘʜʘʥʥʷ ʪʢʘʥʠʥ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʚʦʣʦʢʥʘ ʪʘ ʤʽʞʰʘʨʦʚʝ ʧʨʦʢʣʘʜʘʥʥʷ ʥʘʙʦʨʫ ʦʢ-

ʨʝʤʠʭ ʥʠʪʦʢ ʯʠ ʜʞʛʫʪʽʚ ʚʦʣʦʢʥʘ. ʇʦʜʘʚʘʥʥʷ ʚʦʣʦʢʥʘ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʚʽʜʩʦʪʢʦʚʝ 

ʚʽʜʥʦʰʝʥʥʷ ʥʘʧʦʚʥʝʥʥʷ ʜʦ ʦʩʥʦʚʥʦʛʦ ʧʣʘʩʪʠʢʫ, ʪʦʜʽ ʷʢ ʤʽʞʰʘʨʦʚʝ ʧʨʦʢʣʘʜʘʥʥʷ ʪʢʘ-

ʥʠʥʠ ʘʙʦ ʥʠʪʦʢ-ʜʞʛʫʪʽʚ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʥʝʨʦʟʨʠʚʥʽʩʪʴ ʪʘ ʩʫʮʽʣʴʥʽʩʪʴ ʚʦʣʦʢʥʘ ʥʝ 

ʪʽʣʴʢʠ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʰʘʨʫ, ʘ ʡ ʧʨʠ ʧʝʨʝʭʦʜʽ ʤʽʞ ʰʘʨʘʤʠ. 

ɿʘ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ 

ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʢʣʘʜʘʥʥʷ ʜʞʛʫʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʧʨʦʮʝʩʽ 3D-ʜʨʫʢʫ ʜʝʪʘʣʽ, 

ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ 3D-

ʧʨʠʥʪʝʨ. ɹʫʣʦ ʥʘʜʨʫʢʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ. ʇʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʚʠʧʨʦʙʫʚʘʥʴ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʤʘʡʞʝ ʚʜʚʽʯʽ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ð 

ʪʨʦʭʠ ʙʽʣʴʰʝ ʥʽʞ ʚʜʚʽʯʽ. ɺʽʜʧʦʚʽʜʥʦ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝ-

ʪʦʜ ʘʨʤʫʚʘʥʥʷ ʧʨʘʮʶʻ ʽ ʧʦʢʨʘʱʫʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ. 
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1. Nehls, G. (2023, January 27) Weber State applies composite-based 3D printing for 

aerospace support, research. CompositesWorld. www.compositesworld.com/news/ 

weber-state-applies-composite-based-3d-printing-for-aerospace-support-research  
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ʆʇʊʀʄɯɿɸʎɯʗ ʇɸʈɸʄɽʊʈɯɺ ʇʅɽɺʄɸʊʀʏʅʆɰ ʉʀʉʊɽʄʀ ʈʆɿɼɯʃɽʅʅʗ 

ʉʊʋʇɽʅɯɺ ʈɸʂɽʊʀ-ʅʆʉɯʗ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ, ʷʢʘ ʟʘʙʝʟʧʝ-

ʯʫʻ ʤʽʥʽʤʘʣʴʥʽ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ, ʤʽʥʽʤʘʣʴʥʫ ʤʘʩʫ ʽ ʚʠʢʣʶʯʘʻ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ. ʅʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪ-ʥʦʩʽʷ çʎʠʢʣʦʥ-

4Mè ʩʬʦʨʤʫʣʴʦʚʘʥ̔ ʧʦʩʪʘʥʦʚʢʘ ʦʧʪʠʤʟ̔ʘʮ̔ʡʥʦʾ ʟʘʜʘʯ,̔ ʩʢʣʘʜʝʥʘ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʦʩʥʦ-

ʚʥ̔ ʜʦʧʫʱʝʥʥ ̫̔  ʧʨʠʧʫʱʝʥʥʷ, ʟʘʩʪʦʩʦʚʘʥʽ ʘʥʘʣʪ̔ʠʯʥ ̔ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʝʢʪʥʠʭ ʧʘ-

ʨʘʤʝʪʨʚ̔ (ʤʝʪʦʜ ʤʥʦʞʥʠʢ̔ʚ ʃʘʛʨʘʥʞʘ), ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʠ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ, ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʽ-

ʰʝʥʥʷ ʟʘʜʘʯʽ, ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ  ̔ʚʠʢʦʥʫʶʯʠʭ ʦʨ-

ʛʘʥ̔ʚ ʩʪʚʦʨʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʦʧʪʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ, ʢʽʣʴʢʽʩʪʴ ʰʪʦʚʭʘʯʽʚ 

ʽ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. ɺʠʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʨʦʟʨʦʙʮʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʘʥʦ-

ʚʦʯʥʠʭ ʩʭʝʤ ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʨʦʟʜ̔ʣʝʥʥ.̫ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ, ʧʥʝʚʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʧʥʝʚʤʦ-

ʰʪʦʚʭʘʯ. 

 

D. Udovichenko 
Yuzhnoye State Design Office 

E-mail: karlleteckiu11@gmail.com 

OPTIMITHATION PROFILE OF PNEUMATIC SYSTEM OF SEPARATION 

STAGE ROCKET  

Abstract. Examine pneumatic system of separation stage, which ensure minimum angle 

speed, minimum mass and exclude pollution surface of space vehicle. On example system of 

separation çCyclone-4Mè launch vehicle formulate setting optimization problem, make up 

objective function, basic assumption and supposition, use analytical method optimization pro-

file (method multiplier Lagrang), basic create methodology and method determination profile 

system of separation stage, reduced solution mission, define optimal relation source energy 

and accomplish organization creation comparative swiftness optimal magnitude pressure, 

amount pushers and them geometric parameter. Make out counsel about create design pattern, 

pneumatic system of separation. 

Keywords: system of separation stage, pneumatic system, pneumatic pushers. 

 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʨʦʟʜʽʣʝʥʥʷ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʩʪʚʦ-

ʨʝʥʥʽ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ ʤʽʥʽʤʘʣʴʥʦʾ ʤʘʩʠ, ̫ ʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʫ ʚʽʜʥʦ-

ʩʥʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ, ʤʽʥʽʤʘʣʴʥʫ ʨʽʟʥʦʪʷʛʦʚʽʩʪʴ  ̔ʚʠʢʣʶʯʘʶʪʴ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʂɸ. 

ɼʦ ʮʴʦʛʦ ʚ ʷʢʦʩʪʽ ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘ-

ʣʠʩʴ ʈɼʊʇ, ̫ ʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʦʪʨʽʙʥʫ ʚʽʜʥʦʩʥʫ h ʚʠʜʢʽʩʪʴ, ʨʦʟʜʽʣʷʶʯʠʭʩʷ ʩʪʫʧʝʥʽʚ. ɺ 

ʟʚô̫ ʟʢʫ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʦʥʴ ʂɸ, ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʠʭ 

https://doi.org/10.62717/2221-4550-2025-1-094
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ʢʫʪʦʚʠʭ h ʚʠʜʢʦʩʪʝʡ ʚ ʩʫʯʘʩʥʠʭ ʈʅ çFalconè  ̔ʈʅ çDeltaè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʥʝʚʤʘʪʠ-

ʯʥʽ ʩʠʩʪʝʤʽ ʨʦʟʜʽʣʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʥʝʚʤʦʩʠʩʪʝʤʠ ʨʦʟ-

ʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʘ ʤʥʦʞʠʪʝʣʽʚ ʃʘʛʨʘʥʞʘ ʽ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʘʣʴʥʦʾ 

ʤʘʩʠ. 

ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʚ ʷʢʦʤʫ 

ʨʦʙʦʪʘ ʧʥʝʚʤʦʰʪʦʭʘʯʽʚ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ, ʨʦʟʜʽʣʷʶʯʠʭʩʷ ʩʪʫʧʝʥʽʚ. 

ɺ ʷʢʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʦʙʤʝʞʝʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʤʽʮʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʥʝʚʤʦʰʪʦʚʭʘʯʽʚ ʽ ʛʘʟʦʚʦʛʦ ʙʘʣʣʦʥʫ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʾʭ ʚʠʛʦʪʦʚ-

ʣʝʥʦ. ʈʦʟʛʣʷʥʫʪʦ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʧʥʝʚʤʦʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʶʤʽʥʽʻʚʠʭ, ʪʠ-

ʪʘʥʦʚʠʭ ʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʨʽʰʝʥʥʷ 

ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʥʘ ʧʨʠʢʣʘʜʽ ʧʥʝʚʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽ ʽ ʨʦ-

ʟʛʽʥʥʦʛʦ ʙʣʦʢʫ ʂɸ ʈʅ çʎʠʢʣʦʥ-4è. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʯʠ-

ʩʝʣʴʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʘ, ʤʝʪʦʜ ʛʨʘʜʽʻʥʪʥʦʛʦ ʧʦʰʫʢʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʚʘʛʫ ʩʠʩʪʝʤʠ 2,5 ʨʘʟʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʝʢʪʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʦʙʽʪ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʤʝʪʦʜʠʢʫ ʥʘ ʙʘʟʽ ʤʝʪʦʜʽʚ ʤʥʦʞʠʪʝʣʽʚ ʃʘʛʨʘʥʞʘ ʽ ʦʧʪʠʤʘʣʴʥʫ ʧʦ ʢʨʠʪʝʨʽʶ ʤʽ-

ʥʽʤʘʣʴʥʦʾ ʤʘʩʠ ʧʥʝʚʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʨʽʙʥʽ ʧʘ-

ʨʘʤʝʪʨʠ ʨʦʟʜʽʣʝʥʥʷ, ʚʽʜʥʦʩʥʫ ʰʚʠʜʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʽ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʂɸ. 
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ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʚʠ-

ʢʦʥʫʶʯʠ ʰʠʨʦʢʝ ʢʦʣʦ ʟʘʚʜʘʥʴ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʽ, ʮʠʚʽʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. 

ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʦʩʠʪʴ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʟʘʚʜʷʢʠ ʥʠʟʮʽ ʫʥʽʢʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ɹʇʃɸ ʚʠʢʦʥʫʶʪʴ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ ʚ ʚʽʡʩʴʢʦʚʽʡ ʩʧʨʘʚʽ, ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʨʦʟ-

ʚʽʜʫʚʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʫʜʘʨʥʠʭ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʪʘ ʥʘʚʽʪʴ ʜʨʦʥʽʚ-ʢʘʤʽʢʘʜʟʝ. ʉʴʦʛʦʜʥʽ ʥʘ 

ʦʟʙʨʦʻʥʥʽ ʨʽʟʥʠʭ ʜʝʨʞʘʚ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʴʰʝ 90 ʨʽʟʥʦʚʠʜʽʚ ɹʇʃɸ, ʷʢʽ ʄʽʥʽʩʪʝʨʩʪʚʦ 

ʦʙʦʨʦʥʠ ʉʐɸ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʾʭ ʦʧʝʨʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʽʣʠʪʴ ʥʘ 5-ʪʴ ʢʣʘʩʽʚ [1]. 

ʆʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʰʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ ɹʇʃɸ, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟ ʷʢʠʭ ʩʴʦ-

ʛʦʜʥʽ ʚʦʥʘ ʦʙʤʝʞʫʻʪʴʩʷ 0,4ʄ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ɹʇʃɸ ʻ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ 

ʧʦʣʴʦʪʫ. ʍʦʯʘ ʽʜʝʷ ʥʝ ʥʦʚʘ, ʽ ʫ ʯʘʩʠ ʭʦʣʦʜʥʦʾ ʚʽʡʥʠ ʘʤʝʨʠʢʘʥʮʽ ʧʨʦʙʫʚʘʣʠ ʟʘʩʪʦʩʫʚʘʪʠ 

ʙʝʟʧʽʣʦʪʥʠʢ D-21 (ʨʠʩ. 1), ʚʠʛʦʪʦʚʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ Lockheed Martin, ʰʚʠʜʢʽʩʪʴ ʷʢʦʛʦ 

ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 2,5ʄ [2], ʘʣʝ ʣʠʰʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʮʷ ʽʜʝʷ ʥʘʙʫʣʘ ʥʦʚʦʛʦ ʜʠʭʘʥʥʷ. ʋ 

2021 ʨʦʮʽ ʢʠʪʘʡʩʴʢʠʤʠ ʽʥʞʝʥʝʨʘʤʠ ʥʘ ʏʞʫʭʘʡʩʴʢʦʤʫ ʘʚʽʘʩʘʣʦʥʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʙʝʟʧʽʣʦʪʥʠʢ WZ-8 [3], ʷʢʠʡ ʤʦʞʝ ʨʦʟʚʠʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʜʦ 3ʄ. ʐʚʝʜʩʴʢʘ ʢʦʤʧʘʥʽʷ Saab 

ʨʦʟʨʦʙʣʷʻ ʥʘʜʟʚʫʢʦʚʠʡ ɹʇʃɸ [4], ʰʚʠʜʢʽʩʪʴ ʷʢʦʛʦ ʙʫʜʝ ʜʦʩʷʛʘʪʠ 1,7 ʄ. ɹʇʃɸ ʦʩʥʘʱʝ-

ʥʠʡ ʦʜʥʠʤ ʧʨʷʤʦʪʦʯʥʠʤ ʜʚʠʛʫʥʦʤ. ʐʚʝʡʮʘʨʩʴʢʘ ʢʦʤʧʘʥʽʷ Destinus ʫ 2023 ʨʦʮʽ ʥʘ ʇʘ-

ʨʠʟʴʢʦʤʫ ʘʚʽʘʩʘʣʦʥʽ ʧʨʝʜʩʪʘʚʠʣʘ ʛʽʧʝʨʟʚʫʢʦʚʠʡ ʙʝʟʧʽʣʦʪʥʠʢ çLordè [5]. ʆʜʥʘʢ ʫ ʚʽʜʢ-

ʨʠʪʠʭ ʜʞʝʨʝʣʘʭ ʤʘʡʞʝ ʥʝ ʥʘʚʦʜʷʪʴʩʷ ʜʘʥʽ ʱʦʜʦ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʟʥʘʯʝʥʠʭ ɹʇʃɸ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʝʣʠʢʠʭ ʥʘʜʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʩʘʤʝ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʨʘʢʝʪʥʠʭ ʧʘʣʠʚ. ʊʦʤʫ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʤʦʞ-

ʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ɹʇʃɸ ʦʩʥʘʱʝʥʦʛʦ ʨʽʜʠʥʥʠʤ ʨʘʢʝʪʥʠʤ ʜʚʠʛʫʥʦʤ (ʈʈɼ). ɺʠʙʽʨ ʥʘ ʢʦ-

ʨʠʩʪʴ ʈʈɼ ʚʧʘʚ ʯʝʨʝʟ ʪʝ ʱʦ ʈʈɼ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʛʦʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʣʽʪʘʣʴʥʦʤʫ ʘʧʘʨʘʪʫ (ʃɸ) ʰʚʠʜʢʦ ʥʘʙʠʨʘʪʠ ʚʠʩʦʪʫ ʪʘ ʧʨʠʩʢʦʨʶʚʘʪʠʩʷ; ʈʈɼ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʃɸ, ʱʦ ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʣʽʪʘʪʠ ʥʘ ʚʝʣʠʢʠʭ ʚʠʩʦʪʘʭ, ʦʙʽʡʪʠ ʧʝʨʝʰʢʦʜʠ 

ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʦʣʴʦʪʫ; ʈʈɼ ʤʦʞʝ ʙʫʪʠ ʢʝʨʦʚʘʥʠʤ ʫ ʧʦʣʴʦʪʽ; ʜʚʠʛʫʥ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ 

ʚ ʙʫʜʴ ʷʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʡʦʛʦ ʨʦʙʦʪʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʆʩʪʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʫʥʘ, ʘ ʩʘʤʝ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ, ʚʽʜʢʨʠʚʘʻ ʨʷʜ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ ʽ ʤʦʞʣʠʚʦʩʪʝʡ. ʊʘʢʠʡ ɹʇʃɸ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦ-

ʩʦʚʘʥʠʡ ʫ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʩʦʪ, ʟʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, 

ʤʦʞʝ ʨʦʟʚʠʚʘʪʠ ʥʘʜʟʚʫʢʦʚʫ ʰʚʠʜʢʽʩʪʴ, ʤʘʻ ʚʝʣʠʢʫ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ, ʘ ʪʘʢʦʞ ʤʘʻ ʧʦ-

ʪʝʥʮʽʘʣ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʟʥʘʯʝʥʽ ʧʝʨʝʚʘʛʠ ʽ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ 

ʚ ʦʩʥʦʚʫ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʨʦʙʦʪʠ. 

ʇʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ɹʇʃɸ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʙʘʛʘʪʦ ʥʝʙʝʟʧʝʯʥʠʭ 

ʚʠʜʽʚ ʩʢʣʘʜʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʧʽʜʚʠʱʝʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʭʦʜʫ ʥʘ ʢʨʠʪʠʯʥʽ ʪʘ ʟʘ-

ʢʨʠʪʠʯʥʽ ʢʫʪʠ ʘʪʘʢʠ, ʥʝʫʩʪʘʣʝʥʠʭ ʨʫʭʽʚ, ʧʦʪʨʘʧʣʷʥʥʷ ɹʇʃɸ ʫ ʟʚʘʣʶʚʘʥʥʷ ʪʘ ʰʪʦʧʦʨ 

ʪʦʱʦ. 

ʋ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʧʦʣʴʦʪʫ ɹʇʃɸ ʟ ʈʈɼ ʪʘ ʚʠʟʥʘ-

ʯʠʪʠ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʥʘʧʨʷʤʢʫ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɹʇʃɸ. 
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2. LockheedD-21 URL en.wikipedia.org/wiki/Lockheed_D-21 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

30.09.2024) 
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3. Thomas Newdick This Is Saabôs Concept For A Supersonic, Stealthy Loyal 
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ANALYSIS OF TRAJECTORY PLANNING ALGORITHMS FOR GROUP 

APPLICATION OF UAVS  

Abstract. The rapid development of unmanned aerial vehicles (UAVs) has significantly 

expanded their scope of application, particularly in military operations, search and rescue 

missions, agriculture, urban planning, and more. Collaborative UAV flight trajectory planning 

is a key component of mission execution. This paper reviews UAV flight trajectory planning 

algorithms. The challenges and future research directions in UAV trajectory planning 

algorithms are summarized, and prospects are identified in accordance with current 

requirements. 

Keywords: UAV, trajectory planning, optimization, obstacle avoidance. 

 

ʄʝʪʦʶ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʘʮʽʡ ɹʇʃɸ ʻ ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘ-

ʚʜʘʥʴ, ʨʝʣʴʻʬʫ, ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ɹʇʃɸ, ʘ 

ʪʘʢʦʞ ʡʦʛʦ ʚʣʘʩʥʠʭ ʣʴʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʢʽʣʴʢʦʭ ʦʙʤʝʞʝʥʴ ʤʦ-

ʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʘʙʦ ʧʦʣʽʧʰʠʪʠ ʟʘʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦʙ ʚʩʽ ɹʇʃɸ ʚ ʬʦ-

ʨʤʘʮʽʾ ʤʦʛʣʠ ʙʝʟʧʝʯʥʦ ʜʽʩʪʘʪʠʩʷ ʜʦ ʮʽʣʽ ʟ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ. ʋ ʚʠʚʯʝʥʥʽ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘ-

ʻʢʪʦʨʽʾ ɹʇʃɸ ʘʣʛʦʨʠʪʤ ʻ ʦʩʥʦʚʦʶ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ, ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʘʥʫʚʘʥʥʷʤ 

ʪʨʘʻʢʪʦʨʽʾ ʦʜʥʦʛʦ ɹʇʃɸ ʩʢʣʘʜʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ ɹʇʃɸ ʛʦʣʦʚ-

ʥʠʤ ʯʠʥʦʤ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʘʢʠʭ ʘʩʧʝʢʪʘʭ: 

1. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʙʣʘʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʻ ʚʝʣʠʢʦʶ ʪʘ ʩʢʣʘʜʥʦʶ. 

2. ʅʘʷʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʦʙʤʝʞʝʥʴ. ɿʘʧʣʘʥʦʚʘʥʘ ʪʨʘʻʢʪʦʨʽʷ ʧʦʣʴʦʪʫ ʧʦʚʠʥʥʘ 

ʚʽʜʧʦʚʽʜʘʪʠ ʥʝ ʪʽʣʴʢʠ ʬʘʢʪʠʯʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʽ ʢʽʥʝʤʘʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɹʇʃɸ, 

https://doi.org/10.62717/2221-4550-2025-1-096
https://orcid.org/0009-0003-4327-583X
mailto:v.kostenko@khai.edu
https://orcid.org/0009-0003-4327-583X
mailto:v.kostenko@khai.edu
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ʘʣʝ ʡ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʦʨʜʠʥʘʮʽʶ ʤʽʞ ʯʘʩʦʤ ʽ ʧʨʦʩʪʦʨʦʤ, ʘ ʪʘʢʦʞ ʧʨʠʭʦʚʘʥʽʩʪʴ 

ʪʨʘʻʢʪʦʨʽʾ. 

3. ʇʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʜʣʷ ʢʽʣʴʢʦʭ ɹʇʃɸ ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʜʠʥʘʤʽʯʥʠʭ 

ʟʤʽʥ ʪʘ ʢʦʨʠʛʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺ ʨʦʙʦʪʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʘʣʛʦʨʠʪʤʠ ʛʣʦʙʘʣʴʥʦʛʦ (A*, GA, PSO, DE, ACO ʪʘ ʽʥʰʽ) 

ʪʘ ʣʦʢʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ ɹʇʃɸ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʾʭʥ ̔ʧʝʨʝʚʘʛʠ, 

ʥʝʜʦʣʽʢʠ, ʦʧʪʠʤʘʣʴʥʽʩʪʴ  ̔ʩʢʣʘʜʥʽʩʪʴ ʜʣʷ ʟʘʜʘʥʦʾ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘ ʦʧʪʠʤʘʣʴ-

ʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ, ̫ ʢ ʦʙʣʘʩʪʴ ʧʨʦʙʣʝʤʠ, ʩʢʣʘʜʥʽʩʪʴ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʙʣʝʤʠ ʪʦʱʦ. ɸʣʛʦʨʠʪʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ ʙʝʟ-

ʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʩʪʠʢʘʶʪʴʩʷ ʟ ʯʠʩʣʝʥʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: 

ð ʬ̔ ʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʬʦʨʤʘʮʽʾ ɹʇʃɸ; 

ð ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɹʇʃɸ; 

ð ʧʨʦʙʣʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʝʨʝʜʦʚʠʱ; 

ð ʧʨʦʙʣʝʤʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

ð ʘʜʘʧʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ɹʇʃɸ; 

ð ʧʨʦʙʣʝʤʘ ʢʦʤʫʥʽʢʘʮʽʾ ʫ ʬʦʨʤʫʚʘʥʥʽ ɹʇʃɸ. 
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ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʢʽʚ ʟ ʬʫʥʢʮʽʻʶ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʟʣʴʦʪʫ ʪʘ ʧʦʩʘʜʢʠ ʚʢʘʟʘʥʽ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʚʠʜʽʚ, ʦʙʣʘʩʪʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʢʘʟʘʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʡʣʩʽʪʪʝʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʇʃɸ, ʚʝʨʪʠʢʘʣʴʥʠʡ ʟʣʽʪ, ʃɺɿʇ, ʣʽʪʘʢ, ʢʦʧʪʝʨ. 
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SUBJECT MATTER CHALLENGES OF UNMANNED AIRCRAFT WITH 

VERTICAL TAKEOFF AND LANDING FUNCTION  

ɸnnotation. The main types of unmanned aircraft with vertical takeoff and landing 

function are considered the main advantages and disadvantages of each type, their areas of 

use and purpose are indicated, and the development trends of tailsitters are indicated. 
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ɹʫʜʴ-ʷʢʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ (ʃɸ) ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ 

(ʊɿ), ʩʢʣʘʜʝʥʦʛʦ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʃɸ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʝʚʥʦʛʦ ʨʦʜʫ ʟʘʜʘʯ ʟʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ. ʎʝ ʥʘʢʣʘʜʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʽʶ ʃɸ ʪʘ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʦʩʥʦʚʥʫ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʩʭʝʤʫ, ʣʽʪʘʢ, ʢʦʧʪʝʨ, ʨʘʢʝʪʘ 

ʪʦɦʦ. ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ ʫ ʩʚʦʻʤʫ ʨʦʜʽ ʻ ʪʦʡ, 

ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʫ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʃɸ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. 

ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʊɿ, ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ ʤʦʞʝ 

ʥʘʙʫʚʘʪʠ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʜʨʽʟʥʷʶʪʴ ʡʦʛʦ ʚʽʜ ʽʥʰʠʭ 

ʚʠʜʽʚ ʃɸ ʪʦʛʦ ʞ ʨʦʜʫ, ʱʦ ʤʦʞʝ ʧʦʨʦʜʞʫʚʘʪʠ ʦʢʨʝʤʠʡ ʧʽʜʚʠʜ ʃɸ. ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ 

ʮʴʦʛʦ ʻ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʟ ʬʫʥʢʮʽʻʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʣʴʦʪʫ ʪʘ ʧʨʠʟʝ-

ʤʣʝʥʥʷ (ʃɺɿʇ, ʘʥʛʣ.ð VTOL Vertical Take-Off and Landing). ʋ ʢʦʥʪʝʢʩʪʽ ʙʽʣʴʰʦʩʪʽ 

ɹʇʃɸ ʬʫʥʢʮʽʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʣʴʦʪʫ ʪʘ ʧʨʠʟʝʤʣʝʥʥʷ ʦʟʥʘʯʘʻ ʩʫʤʽʱʝʥʥʷ ʥʝ ʪʽʣʴʢʠ 
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ʬʫʥʢʮʽʦʥʘʣʫ ʣʽʪʘʢʘ ʪʘ ʢʦʧʪʝʨʘ, ʘ ʡ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʘʢʠʭ ʷʢ ʧʣʘʥʝʨ 

ʣʽʪʘʢʘ ʪʘ ʅ-ʧʦʜʽʙʥʘ, ʯʠ ʋ-ʧʦʜʽʙʥʘ ʢʦʧʪʝʨʥʘ ʧʣʘʪʬʦʨʤʘ. 

  
ʈʠʩʫʥʦʢ 1 ð ʧʦʧʫʣʷʨʥʽ ʢʦʤʧʦʥʦʚʢʠ ʣʽʪʘʢʽʚ ʥʘ ʅ ʪʘ ʋ-ʧʦʜʽʙʥʽʡ ʢʦʧʪʝʨʥʽʡ ʧʣʘʪʬʦʨʤʽ. 

ɿʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1 ʅ-ʧʦʜʽʙʥʘ ʢʦʤʧʦʥʦʚʢʘ ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʦʶ ʩʝʨʝʜ ʃɺɿʇ 

ʟʣʽʪʥʦʶ ʚʘʛʦʶ ʚʽʜ 5 ʜʦ 30 ʢʽʣʦʛʨʘʤ, ʟʦʢʨʝʤʘ ʟʘʚʜʷʢʠ ʢʦʤʬʦʨʪʥʦʤʫ ʪʘ ʩʪʽʡʢʦʤʫ ʧʝʨʝ-

ʭʦʜʫ ʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʴʦʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʝʟ ʟʘʡʚʠʭ ʨʠʟʠʢʽʚ ʚʠ-

ʢʦʥʫʚʘʪʠ ʧʝʨʝʭʽʜ ʥʝ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʟʣʝʪʫ ʯʠ ʧʨʠʟʝʤʣʝʥʥʷ ʘ ʽ ʧʽʜʯʘʩ ʚʠʢʦʥʘʥʥʷ ʤʽʩʽʾ. 

ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʢʦʤʧʦʥʦʚʢʠ ʻ ʥʝʟʘʜʽʷʥʘ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ʚ ʦʜʥʦʤʫ ʟ ʨʝʞʠʤʽʚ 

ʤʘʩʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʬʶʟʝʣʷʞ ʯʠ ʅ-ʧʣʘʪʬʦʨʤʘ. ʊʘʢʦʞ ʧʦʜʽʙʥʽ ʃɸ ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʘʝʨʦ-

ʜʠʥʘʤʽʯʥʫ ʷʢʽʩʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʴʦʪʽ, ʢʦʨʦʪʢʠʡ ʯʘʩ ʧʦʣʴʦʪʫ ʤʦʜʠʬʽʢʘʮʽʡ ʟ ʦʩ-

ʥʦʚʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʜʚʠʛʫʥʦʤ. 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʜʽʷʥʦʾ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʢʦʤʧʦʥʦ-

ʚʢʘ ʟ ʋ-ʧʦʜʽʙʥʦʶ ʧʣʘʪʬʦʨʤʦʶ, ʧʨʦʪʝ ʽ ʚʦʥʘ ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʩʝʨʝʜ ʥʠʭ ʤʝʥʰ ʥʘʜʽʡ-

ʥʠʡ ʧʝʨʝʭʽʜ ʤʽʞ ʨʝʞʠʤʘʤʠ ʧʦʣʴʦʪʫ; ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʦʢ ʚʽʜʤʦʚʠ ʯʝʨʝʟ ʧʦʷʚʫ ʜʚʦʭ ʧʦʚʦ-

ʨʦʪʥʠʭ ʤʦʪʦʛʦʥʜʦʣ; ʥʝʧʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʩʫʯʠʭ ʛʚʠʥʪʽʚ, ʯʝʨʝʟ ʱʦ ʢʦʧʪʝʨʥʘ ʧʣʘʪʬʦʨʤʘ 

ʻ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʶ ʟʘ ʤʦʤʝʥʪʘʤʠ. ɺʢʘʟʘʥʘ ʢʦʤʧʦʥʦʚʢʘ ʟʘʢʨʽʧʠʣʘʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʩʝʨʝʜ 

ʣʽʪʘʢʽʚ ʤʘʩʦʶ ʜʦ 5 ʢʽʣʦʛʨʘʤ. 

ɹʇʃɸ ʟ ʬʫʥʢʮʽʻʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʣʴʦʪʫ ʪʘ ʧʦʩʘʜʢʠ ʧʨʦʝʢʪʫʶʪʴ ʪʘ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʚ ʫʩʽʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʛʥʫʯʢʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʥʠ 

ʟʘʡʤʘʪʠ ʚʫʟʴʢʫ ʥʽʰʫ ʥʘ ʨʠʥʢʫ ɹʇʃɸ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʮʠʚʽʣʴʥʠʭ ʩʬʝ-

ʨʘʭ, ʪʘʢʠʭ ʷʢ ʘʝʨʦʜʦʩʪʘʚʢʘ, ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ, ʛʝʦʨʦʟʚʽʜʢʘ, ʨʦʟʚʘʛʠ ʪʘ ʽʥʰʝ. 

ʋ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʽ ʧʦʜʽʙʥʽ ɹʇʃɸ ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʝʨʝʟ ʾʭ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʪʘ 

ʧʦʛʽʨʰʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʣʽʪʘʢʘ. 

ʉʝʨʝʜ ʜʨʦʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʡʩʴʢʦʚʽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʚ 

ʦʩʥʦʚʥʠʭ ʚʠʜʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʃɸ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ. ʊʦʞ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʃɺɿʇ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʣʴʦʪʫ ʙʝʟ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʘʥʝʨʘ. 

ɼʦ ʪʘʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʣʽʪʘʢʠ ʬʦʨʤʘʪʫ ʪʝʡʣʩʽʪʪʝʨ (ʘʥʛʣ.ð tailsitter), ʪʦʙʪʦ ʪʽ, ʱʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʦʩʥʦʚʥʽ ʪʷʛʥʫʯʽ ʜʚʠʛʫʥʠ ʷʢ ʥʝʩʫʯʽ ʧʽʜʯʘʩ ʟʣʴʦʪʫ ʪʘ ʧʦʩʘʜʢʠ ʥʘ ʭʚʽʩʪ. 

 
ʈʠʩʫʥʦʢ 2 ð ʧʝʨʝʭʽʜ ʪʝʡʣʩʽʪʪʝʨʘ ʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʦʣʽʪ. 
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ɸʝʨʦʜʠʥʘʤʽʯʥʘ ʷʢʽʩʪʴ ʪʘʢʦʛʦ ʃɺɿʇ ʥʘʙʣʠʞʝʥʘ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʠʯʘʡʥʦʛʦ ʣʽ-

ʪʘʢʘ, ʱʦ ʜʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʴʦʪʫ ʽ ʟʙʝʨʽʛʘʻ ʤʦʞʣʠ-

ʚʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʣʴʦʪʫ. ʅʝʜʦʣʽʢʦʤ ɹʇʃɸ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʟʙʽʣʴʰʝʥʘ ʚʘʛʘ ʤʦʪʦ-

ʨʽʚ, ʫʩʢʣʘʜʥʝʥʠʡ ʤʘʥʝʚʨ ʧʝʨʝʭʦʜʫ ʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʽ ʥʘ-

ʚʧʘʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʤʽʥʫʩʠ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʢʠ ʪʘʢʦʛʦ ʪʠʧʫ ʢʨʘʱʝ ʟʘ ʽʥʰʽ ʃɺɿʇ ʧʽʜʭʦ-

ʜʷʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʡʩʴʢʦʚʠʤʠ, ʷʢ ʫ ʨʦʣʽ ʢʘʤʽʢʘʜʟʝ ʪʘʢ ʽ ʨʦʟʚʽʜʫʚʘʣʴʥʦʛʦ ʜʨʦʥʘ, 

ʜʘʶʯʠ ʟʤʦʛʫ ʟʘʧʫʩʢʘʪʠ ʣʽʪʘʢ ʫ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. 
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ʥʘʤʘʛʘʶʪʴʩʷ ʥʘʜʘʪʠ ʚʩʝ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ ʟʤʽʥʶʶʯʠ ʧʦʚʟʜʦʚʞʥʶ ʢʦʤʧʦʥʦʚʢʫ 

ʢʦʨʧʫʩʫ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ, ʽʥʦʜʽ ʜʦʜʘʶʯʠ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʧʣʦʱʠʥʠ ʜʣʷ ʙʽʣʴʰʦʾ ʝʥʝʨʛʦʝ-
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Abstract. The paper proposes the use of an automated portable complex to improve the 
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increase the noise immunity of the data communication channel between the control center 

and the UAV. Modern approaches to the implementation of such systems are analyzed. 
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ʊʝʭʥʦʣʦʛʽʷ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʦʛʦ ʨʘʜʽʦ (ʇɺʈ) ð ʮʝ ʩʠʩʪʝʤʘ ʨʘʜʽʦʟʚôʷʟʢʫ, ʫ ʷʢʽʡ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʘʥʘʣʦʛʦʚʦʤʫ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʥʘʪʦ-

ʤʽʩʪʴ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʯʠ ʚʙʫʜʦ-

ʚʘʥʽʡ ʩʠʩʪʝʤʽ. ʉʠʩʪʝʤʠ ʇɺʈ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʫ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʝ-

ʨʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) [1]. ɺʠʢʦʨʠʩ-

ʪʘʥʥʷ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ (ʎʆʉ) ʪʘ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʇɺʈ ʜʘʻ ʟʤʦʛʫ ʘʚ-

ʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʫ ʪʘ ʧʝʨʝʭʦʜʫ ʥʘ ʦʙʨʘʥʫ ʯʘʩʪʦʪʫ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠ-

ʱʝʥʥʶ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʤʽʞ ɹʇʃɸ ʪʘ ʮʝʥʪʨʦʤ ʢʝʨʫʚʘʥʥʷ. 
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ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʠʪʠ ʥʘʡʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʘʙʽʣʴʥʫ ʪʘ ʥʘʜʽʡʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʟʤʽʥ ʫ ʨʘʜʽʦʝʬʽʨʽ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʙʝʟʧʝʢʠ ɹʇʃɸ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʚʠʤʦʛ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʟʚôʷʟʢʫ [2]. 

ʇʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʇɺʈ ʚʽʜʭʦʜʷʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʘʥʘʣʦʛʦʚʦʾ ʦʙ-

ʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʝʨʝʢʣʘʜʘʶʯʠ ʙʽʣʴʰʽʩʪʴ ʟʘʚʜʘʥʴ ʥʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʚ ʦʩ-

ʥʦʚʥʦʾ ʩʤʫʛʠ, ʚʢʣʶʯʘʶʯʠ ʾʭʥʶ ʛʝʥʝʨʘʮʽʶ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ, ʟʘʤʽʥʶʶʯʠ ʪʨʘʜʠʮʽʡʥʽ ʬʽʟʠ-

ʯʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʬʽʣʴʪʨʠ, ʧʽʜʩʠʣʶʚʘʯʽ, ʤʦʜʫʣʷʪʦʨʠ, ʜʝʤʦʜʫʣʷʪʦʨʠ, ʜʝʪʝʢʪʦʨʠ ʪʘ 

ʨʦʟʜʽʣʴʥʠʢʠ ʪʘ ʾʭʥʽʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʟ ʪʘʥʜʝʤʦʤ ʤʝʥʰʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʝʣʝʤʝʥʪʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ 

ʧʨʦʛʨʘʤʥʦʤʫ ʝʪʘʧʽ. ɸʥʘʣʦʛʽʯʥʦ, ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʠʛʥʘʣʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʤʽʞ 

ʘʥʘʣʦʛʦʚʦʶ ʪʘ ʮʠʬʨʦʚʦʶ ʦʙʣʘʩʪʷʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʎʝ ʧʝʨʝʪ-

ʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦ-

ʨʶʚʘʯʽʚ (ɸʎʇ) ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʎɸʇ) ʫʩʝʨʝʜʠʥʽ ʧʨʠʩʪʨʦʾʚ ʟ 

ʇɺʈ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʇɺʈ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʘʥʘʣʽʟʫ 

ʩʧʝʢʪʨʫ ʯʘʩʪʦʪ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʘʡʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʨʘʜʽʦʢʘʥʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜ-

ʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʟʚôʷʟʢʫ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʤ ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ ʪʘ ʮʝʥʪʨʦʤ ʢʝ-

ʨʫʚʘʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʽʚ ɹʇʃɸ ð ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠ-

ʥʛʫ ʪʘ ʦʙʨʦʙʢʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʤʦʞʣʠʚʠʭ ʧʝʨʝ-

ʰʢʦʜ ʫ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ 

2. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʙʦʨʫ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ð ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʜʠʥʘʤʽʯ-

ʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʚôʷʟʢʫ 

3. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ð ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧ-

ʨʘʚʣʽʥʥʷ ʯʘʩʪʦʪʦʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʟʘʚʘʜ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝ-

ʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʮʝʥʪʨʦʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ɹʇʃɸ 

ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʚôʷʟʢʫ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ɹʇʃɸ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʧʝʮʽʘʣʴ-

ʥʠʭ ʪʘ ʮʠʚʽʣʴʥʠʭ ʩʬʝʨʘʭ 

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʪʠʧʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʧʨʠʣʘʜʽʚ ʟ ʇɺʈ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ ʘʧʘʨʘʪʥʦʾ ʪʘ ʧʨʦʛʨʘʤʥʦʾ 

 
ʈʠʩʫʥʦʢ ð 1. ʊʠʧʦʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʦʛʦ ʨʘʜʽʦ. 
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ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʦʛʦ ʨʘʜʽʦ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚʢʣʶʯʘʻ: 

1. ɸʥʪʝʥʫ ð ʧʨʠʡʤʘʻ ʨʘʜʽʦʩʠʛʥʘʣʠ. 

2. ɸʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʯʘʩʪʦʪʥʦʶ ʘʜʘʧʪʘʮʽʻʶ ð ʧʽʜʩʠʣʶʻ, ʬʽʣʴʪʨʫʻ ʩʠʛʥʘʣ, 

ʚʠʜʽʣʷʻ ʧʦʪʨʽʙʥʠʡ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʽ ʧʨʠʛʥʽʯʫʻ ʰʫʤʠ, ʤʦʞʣʠʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʘ ʧʨʦʤʽʞʥʫ ʯʘʩʪʦʪʫ. 

3. ɸʎʇ ʪʘ ʎɸʇ ð ʧʝʨʝʪʚʦʨʶʶʪʴ ʩʠʛʥʘʣ ʤʽʞ ʘʥʘʣʦʛʦʚʦʶ ʪʘ ʮʠʬʨʦʚʦʶ ʬʦʨʤʘʤʠ. 

4. ʏʘʩʪʦʪʥʫ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ð ʚʠʜʽʣʷʻ ʢʘʥʘʣ, ʟʤʽʥʶʻ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʣʷ ʦʧ-

ʪʠʤʽʟʘʮʽʾ ʦʙʨʦʙʢʠ. 

5. ʆʙʨʦʙʢʫ ð ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʽ ʘʣʛʦʨʠʪʤʠ ʥʘ ʇʃɯʉ, ʎʆʉ ʘʙʦ ASIC. 

6. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ð ʨʝʘʣʽʟʫʻ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʚ (CORBA, GNU Radio) [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʛʦ ʧʦʨʪʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʱʦ ʙʘʟʫ-

ʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʦʛʦ ʨʘʜʽʦ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʟʜʘʪʥʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʤʽʞ ɹʇʃɸ ʪʘ ʮʝʥʪʨʦʤ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝ-

ʜʘʯʽ ʜʘʥʠʭ.  
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ɯʅʅʆɺɸʎɯʁʅɯ ʇɯɼʍʆɼʀ ɼʆ ɺʀʗɺʃɽʅʅʗ ʊɸ ɿʅʀʑɽʅʅʗ 

ʆʇʊʆɺʆʃʆʂʆʅʅʀʍ ɼʈʆʅɯɺ ʋ ɹʆʁʆɺʀʍ ʋʄʆɺɸʍ 

ɸʥʦʪʘʮʽʷ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʶʪʴ ʧʨʠʨʦʜʫ ʚʽʡʥʠ. ɺʽʜʪʘʢ, 

ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʜʽʡ ʧʽʜ ʯʘʩ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ ʥʘ ʪʝʨʠʪʦ-

ʨʽʶ ʋʢʨʘʾʥʠ, ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʦʥʽʚ ʽ ɹʇʃɸ. ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʜʨʦʥʠ ʷʚ-

ʣʷʶʪʴ ʩʦʙʦʶ ʟʥʘʯʥʠʡ ʢʨʦʢ ʚʧʝʨʝʜ ʚ ʝʚʦʣʶʮʽʾ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʦʩʦʙʣʠʚʦ 

ʚ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʦʾ ʚʽʡʥʠ. ʆʙʭʦʜʷʯʠ ʚʨʘʟʣʠʚʽ ʤʽʩʮʷ ʪʨʘʜʠʮʽʡʥʠʭ ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʮʽ ʩʠ-

ʩʪʝʤʠ ʧʨʦʧʦʥʫʶʪʴ ʥʝʧʝʨʝʚʝʨʰʝʥʫ ʩʪʽʡʢʽʩʪʴ ʫ ʟʦʥʘʭ ʙʦʡʦʚʠʭ ʜʽʡ, ʜʦʟʚʦʣʷʶʯʠ ʚʽʡʩʴʢʦ-

ʚʠʤ ʩʠʣʘʤ ʚʠʢʦʥʫʚʘʪʠ ʪʦʯʥʽ ʫʜʘʨʠ ʪʘ ʟʘʚʜʘʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʙ ʥʝʤʦʞʣʠʚʽ 

ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʙʝʟʧʽʣʦʪʥʠʢʽʚ. ʈʦʣʴ ʮʠʭ ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʡʤʦʚʽʨʥʦ, ʙʫʜʝ ʨʦʟʰʠʨʶʚʘʪʠʩʷ, 

ʩʘʤʝ ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠ-

ʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʪʠʜʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʜʨʦʥʠ, ʚʠʷʚʣʝʥʥʷ, ʟʥʠʱʝʥʥʷ, ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʘ ʙʦ-

ʨʦʪʴʙʘ, ʙʦʡʦʚʽ ʫʤʦʚʠ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʣʘʟʝʨʥʝ ʦʟʙʨʦʻʥʥʷ, FPV. 
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INNOVATIVE APPROACHES TO DETECTING AND DESTROYING FIBRE -

OPTIC DRONES IN COMBAT CONDITIONS  

Abstract. Technological innovations are constantly changing the nature of warfare. 

Thus, one of the most important developments during russia's full-scale invasion of Ukraine 

is the introduction and use of drones and UAVs. Fibre optic drones represent a significant step 

forward in the evolution of unmanned aerial vehicles, especially in the context of modern 

warfare. By bypassing the vulnerabilities of traditional drones, these systems offer unparal-

leled stability in combat zones, allowing military forces to carry out precision strikes and 

surveillance missions that would be impossible with conventional drones. The role of these 
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drones is likely to expand, which is why researching new approaches to detecting and destroy-

ing them is critical to ensuring effective countermeasures. 

Keywords: fibre-optic drones, detection, destruction, electronic warfare, combat con-

ditions, spectral analysis, laser weapons, FPV. 

 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʙʦʡʦʚʠʭ ʜʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʚʠʚʘ-

ʶʪʴʩʷ ʡ ʤʝʪʦʜʠ ʧʨʦʪʠʜʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʟʘʩʦʙʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʙʦʨʦʪʴʙʠ (ʈɽɹ). ʆʜʥʘʢ, ʧʦʯʠʥʘʶʯʠ ʟ ʢʽʥʮʷ 2024 ʨʦʢʫ, ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʚʠʢʣʠʢʦʤ 

ʜʣʷ ʢʨʘʾʥʠ ʩʪʘʣʦ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ FPV-ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʩʪʽʡʢʠʭ 

ʜʦ ʈɽɹ. 

ʆʩʥʦʚʥʠʤ ʩʪʠʤʫʣʦʤ ʜʦ ʧʝʨʝʭʦʜʫ ʥʘ ʦʧʪʦʚʦʣʦʢʦʥʥʽ FPV-ʜʨʦʥʠ ʻ ʨʦʟʰʠʨʝʥʥʷ ʤʦ-

ʞʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʚʽʡʩʴʢ. ʊʨʘʜʠʮʽʡʥʽ ʨʘʜʽʦʢʝʨʦʚʘʥʽ ʙʝʟʧʽʣʦʪʥʠʢʠ ʣʝʛʢʦ ʧʽʜʜʘʶʪʴʩʷ 

ʛʣʫʰʽʥʥʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʚʨʘʟʣʠʚʠʤʠ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʙʦʨʦʪʴʙʠ (ʈɽɹ). ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʜʨʦʥʠ ʚʠʨʽʰʫʶʪʴ ʮʶ ʧʨʦʙʣʝʤʫ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʢʘʙʝʣʶ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʜʨʦʥʦʤ ʽ ʡʦʛʦ ʦʧʝʨʘʪʦʨʦʤ, ʬʘʢʪʠʯʥʦ 

ʫʩʫʚʘʶʯʠ ʨʠʟʠʢ ʧʝʨʝʭʦʧʣʝʥʥʷ ʘʙʦ ʙʣʦʢʫʚʘʥʥʷ ʩʠʛʥʘʣʫ [1]. 

ʆʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʜʨʦʥʘ ʚʢʣʶʯʘʶʪʴ ʣʝʛʢʠʡ ʢʦʨʧʫʩ ʽʟ ʢʦʤʧʦʟʠʪ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʽ ʞʠʚʣʝʥʥʷ, ʩʠʩʪʝʤʫ ʘʚ-

ʪʦʧʽʣʦʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʴʦʪʦʤ, ʘ ʪʘʢʦʞ ʩʝʥʩʦʨʠ ʪʘ ʢʘ-

ʤʝʨʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ. ɿʘʚʜʷʢʠ ʮʠʤ ʝʣʝʤʝʥʪʘʤ ʪʘʢʽ 

ʜʨʦʥʠ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʭʦʜʠ ʜʣʷ ʧʝʨʝ-

ʭʦʧʣʝʥʥʷ ʘʙʦ ʟʙʠʪʪʷ ʪʽʣʴʢʠ ʧʦʯʠʥʘʶʪʴ ʟô̫ ʚʣʷʪʠʩʴ, ʥʘʧʨʠʢʣʘʜ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. ʎʝʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʜʨʦʥʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭ ʦʧʪʠʯʥʠʭ ʘʙʦ ʪʝʧʣʦʚʠʭ ʧʽʜʧʠʩʽʚ, ʦʜʥʘʢ ʮʝʡ ʤʝʪʦʜ 

ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʠʤ ʫ ʩʢʣʘʜʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ ʘʙʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʰʢʦʜ. 

ʊʘʢʦʞ ʣʘʟʝʨʥʽ ʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʟʥʠʱʫʚʘʪʠ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʪʘ 

ʜʨʦʥʠ, ʩʧʨʷʤʦʚʫʶʯʠ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʫ ʝʥʝʨʛʽʶ ʥʘ ʮʽʣʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʧʦʰ-

ʢʦʜʞʝʥʥʷ ʘʙʦ ʧʦʚʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ. ɿʘʚʜʷʢʠ ʪʦʯʥʦʤʫ ʥʘʮʽʣʶʚʘʥʥʶ ʣʘʟʝʨʥʠʡ ʧʨʦ-

ʤʽʥʴ ʤʦʞʝ ʫʨʘʟʠʪʠ ʢʨʠʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʨʦʥʘ, ʜʦʩʷʛʘʶʯʠ ʮʽʣʽ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʚʽʪʣʘ ʽ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʠʪʪʻʚʠʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʦʪʝ ʣʘʟʝʨʥʘ ʟʙʨʦʷ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʟʦʢʨʝʤʘ ʟʘ-

ʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʪʘʢʠʭ ʷʢ ʪʫʤʘʥ ʘʙʦ ʜʦʱ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʫ ʚ ʟʥʘʯʥʠʭ ʝʥʝʨ-

ʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʘʭ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʤʝʥʷ, ʘ ʪʘʢʦʞ ʻ ʜʦʨʦʛʦ ʚʘʨ-

ʪʽʩʥʦʶ [2]. 

ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʜʨʦʥʠ ʤʦʞʫʪʴ ʧʨʠʭʦʚʫʚʘʪʠ ʩʚʦʾ ʢʦʤʫʥʽʢʘʮʽʾ, ʘʣʝ ʥʝ ʩʚʦʶ ʬʽʟʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ. ʂʦʤʧʘʢʪʥʽ ʨʘʜʘʨʥʽ ʩʠʩʪʝʤʠ (CRS) ʚʚʘʞʘʶʪʴʩʷ ʜʽʻʚʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʽʜʝʥʪʠʬʽ-

ʢʘʮʽʾ ʟʘʛʨʦʟ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʙʝʟʧʽʣʦʪʥʠʢʽʚ. ɺʦʥʠ ʝʬʝʢʪʠʚʥʦ ʬʽʢʩʫʶʪʴ ʧʦʨʫʰʝʥʥʷ ʧʝ-

ʨʠʤʝʪʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʚʽʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʪʘʢʠʭ ʷʢ ʥʝʜʦʩʪʘʪʥʻ ʦʩʚʽʪ-

ʣʝʥʥʷ, ʛʫʩʪʠʡ ʪʫʤʘʥ, ʜʠʤ ʯʠ ʽʥʰʽ ʬʘʢʪʦʨʠ ʟʥʠʞʝʥʦʾ ʚʠʜʠʤʦʩʪʽ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʝ ʧʨʦʛʨʘ-

ʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʙʫʜʦʚʘʥʝ ʚ CRS, ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʤʠʪʪʻʚʦ ʚʠʷʚʣʷʪʠ ʟʘʛʨʦʟʠ ʚʽʜ ʙʝʟ-

ʧʽʣʦʪʥʠʢʽʚ ʽ ʰʚʠʜʢʦ ʚʽʜʨʽʟʥʷʪʠ ʾʭ ʚʽʜ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʧʪʘʭʠ ʘʙʦ ʮʠʚʽʣʴʥʽ ʣʽʪʘ-

ʣʴʥʽ ʘʧʘʨʘʪʠ [3]. ʉʝʨʝʜ ʫʩʽʭ ʥʘʨʘʟʽ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ, ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʧʦʩʽʙ ʟʙʠʪʪʷ ʚʦʨʦ-

ʞʠʭ ʜʨʦʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʘʤʠʭ FPV. ʇʦʤʽʞ ʽʥʰʠʭ ʮʝʡ ʩʧʦʩʽʙ ʻ ʥʘʡʜʝʰʝʚʰʠʤ ʪʘ ʜʽʻ-

ʚʠʤ. FPV-ʜʨʦʥʠ ʟʜʘʪʥʽ ʩʪʨʽʤʢʦ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʚʦʨʦʞʠʭ ʜʨʦʥʽʚ ʽ ʚʠʢʦʥʫʚʘʪʠ ʤʘʥʝʚʨʠ 

ʜʣʷ ʾʭʥʴʦʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʣʘʜʥʘʥʽ ʚʠʙʫʭʦʚʠʤʠ ʟʘʨʷʜʘʤʠ ʘʙʦ ʽʥ-

ʰʠʤʠ ʟʘʩʦʙʘʤʠ ʜʣʷ ʬʽʟʠʯʥʦʛʦ ʟʥʠʱʝʥʥʷ ʮʽʣʽ. ʎʝʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʤʘʡ-

ʩʪʝʨʥʦʩʪʽ ʚʽʜ ʦʧʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ FPV-ʜʨʦʥʽʚ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʭʦʧʣʝʥʥʷ. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʚ ʙʦʨʦʪʴʙʽ ʟ ʜʨʦʥʘʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʜʦ-

ʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ. ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʥʽʪʥʠʭ ʨʘʢʝʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ 
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ʟʥʠʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʥʝʜʦʨʦʛʠʭ ʜʨʦʥʽʚ ʻ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʧʨʘʚʜʘʥʠʤ. ɺʦʜʥʦʯʘʩ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ ʦʙʤʝʞʫʻʪʴʩʷ ʯʝʨʝʟ ʢʦʤʧʘʢʪʥʠʡ ʨʦʟʤʽʨ ʜʨʦʥʽʚ, ʾʭʥʶ ʟʥʘʯʥʫ ʰʚʠ-

ʜʢʽʩʪʴ ʽ ʚʠʩʦʢʫ ʤʘʥʝʚʨʝʥʽʩʪʴ [4]. 

ɸʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʪʠʜʽʾ ʦʧʪʦʚʦʣʦʢʦʥʥʠʤ FPV-ʜʨʦʥʘʤ ʧʽʜʢʨʝʩʣʶʻ 

ʢʨʠʪʠʯʥʫ ʧʦʪʨʝʙʫ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʾʭʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ. ʉʝʨʝʜ 

ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʣʘʟʝʨʥʫ ʟʙʨʦʶ, ʢʦʤʧʘʢʪʥʽ ʨʘʜʘʨʥʽ ʫʩʪʘʥʦʚʢʠ 

ʪʘ FPV-ʜʨʦʥʠ-ʧʝʨʝʭʦʧʣʶʚʘʯʽ. ʆʜʥʘʢ ʪʝʤʧʠ ʨʦʟʨʦʙʢʠ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʦ ʧʦʩʪʫʧʘ-

ʶʪʴʩʷ ʰʚʠʜʢʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʧʨʦʪʠʚʥʠʢʘ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʟʙʝʨʝʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯ-

ʥʦʾ ʧʝʨʝʚʘʛʠ. ʎʝ ʚʠʩʫʚʘʻ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʰʚʠʜʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦ-

ʨʝʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʩʫʯʘʩʥʠʭ ʩʝʥʩʦʨʽʚ ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʙʦʡʦʚʠʭ ʪʘʢʪʠʢ. ʃʠʰʝ ʢʦʤʧʣʝʢʩʥʠʡ ʽʥʥʦ-

ʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʟʜʘʪʝʥ ʝʬʝʢʪʠʚʥʦ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʮʶ ʟʘʛʨʦʟʫ ʪʘ ʛʘʨʘʥʪʫʚʘʪʠ ʥʘʜʽʡʥʠʡ 

ʟʘʭʠʩʪ ʜʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʚʽʡʩʴʢʦʚʠʭ ʫ ʙʦʡʦʚʠʭ ʫʤʦʚʘʭ. 
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LINGUISTIC ASPECTS OF UNMANNED AERIAL VEHICLES CONTROL 

(BASED ON MATERIAL OF THE ENGLISH LANGUAGE)  

Abstract. It has been studied that the development of UAV control technologies 

requires a comprehensive approach to linguistic aspects, in particular, the standardization of 

voice commands, the integration of natural language into control interfaces, and automatic 

translation for international interaction. The use of modern language technologies will 

contribute to increasing the efficiency and safety of drone control in both military and civil 

spheres. 

Keywords: linguistic aspects, unmanned aerial vehicles, voice commands, natural 

language processing, technologies for adapting language commands. 
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ʃɯʅɻɺɯʉʊʀʏʅɯ ɸʉʇɽʂʊʀ ʋʇʈɸɺʃɯʅʅʗ ɹɽɿʇɯʃʆʊʅʀʂɸʄʀ 

(ʅɸ ʄɸʊɽʈɯɸʃɯ ɸʅɻʃɯʁʉʔʂʆɰ ʄʆɺʀ) 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʢʝʨʫʚʘʥʥʷ ɹʇʃɸ ʧʦʪʨʝʙʫʻ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʟʦʢʨʝʤʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʛʦʣʦʩʦʚʠʭ ʢʦ-

ʤʘʥʜ, ʽʥʪʝʛʨʘʮʽʾ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʚ ʽʥʪʝʨʬʝʡʩʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʢʣʘʜʫ 

ʜʣʷ ʤʽʞʥʘʨʦʜʥʦʾ ʚʟʘʻʤʦʜʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʪʠʤʝ ʧʽʜ-

ʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʫʧʨʘʚʣʽʥʥʷ ʜʨʦʥʘʤʠ ʷʢ ʫ ʚʽʡʩʴʢʦʚʠʭ, ʪʘʢ ʽ ʚ ʮʠʚʽʣʴ-

ʥʠʭ ʩʬʝʨʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʽʥʛʚʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ, ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ʛʦʣʦʩʦʚʽ ʢʦ-

ʤʘʥʜʠ, ʦʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʪʝʭʥʦʣʦʛʽʾ ʘʜʘʧʪʘʮʽʾ ʤʦʚʥʠʭ ʢʦʤʘʥʜ. 

 

The development of unmanned aerial vehicles (UAVs) requires effective control meth-

ods, particularly through the use of natural language. Linguistic aspects of drone interaction 

are becoming critically important in both military and civilian operations. This article exam-

ines key issues related to the development of universal voice commands, the integration of 

natural language into control interfaces, and the automatic translation of commands for inter-

national use. 

Voice control of drones requires the creation of clear, unambiguous, and standardized 

commands that can be easily understood by speech recognition systems. The main require-

ments for such commands include: 

Conciseness and clarity ð Commands should be short to avoid ambiguity (e.g., "Take 

off" ð "Launch into the air", "Land" ð "Landing"). 

https://doi.org/10.62717/2221-4550-2025-1-100
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Lexical standardization ð Terminology should be aligned with international standards 

(e.g., ICAO in aviation). 

Resistance to acoustic interference ð Commands should be recognized even in noisy 

environments [1;3]. 

Consideration of linguistic variations ð English commands may have different pronun-

ciations depending on regional accents (e.g., British and American English). 

Example of a basic set of voice commands "Take off" ð Launch into the air, "Land" 

ð Landing, "Hold position" ð Maintain position, "Return to home" ð Return to the takeoff 

point, "Increase altitude" ð Increase altitude, "Decrease altitude" ð Decrease altitude. The 

universalization of these commands allows for the use of consistent language structures re-

gardless of the drone manufacturer or application (military, rescue, commercial) [2]. 

Traditional methods of drone control (via controllers or mobile applications) are gradu-

ally being supplemented or replaced by voice and text-based interfaces utilizing Natural Lan-

guage Processing (NLP). 

Key NLP tasks in UAV control recognition of voice commands considering different 

accents and noise levels, context processing ð The drone should understand not just individ-

ual words but also the meaning of a phrase in a specific situation (e.g., "Fly higher" means 

increasing altitude, while "Fly home" means returning); interactive control ð The ability for 

the operator to issue queries and receive responses Operator "How much battery is left?" 

Drone "Battery at 45%". 

Modern NLP systems can also integrate gesture recognition, simplifying control in ex-

treme conditions where voice commands may be difficult to execute (e.g., during strong winds 

or explosions in combat zones). 

To ensure interoperability between international military forces or civilian services, the 

ability to automatically translate commands is crucial. This prevents misunderstandings dur-

ing joint missions. 

Challenges of automatic command translation: 

Maintaining command accuracy ð Automated translators must avoid loose interpreta-

tions and preserve technical meaning. 

Considering context and specialization ð The same command may have different mean-

ings in civilian and military contexts. For example, "Hold position" in military operations could 

mean "Take defensive positions", while for drones, it means "Stay in place in the air". 

Processing speed ð Automatic translation must be instantaneous to avoid delays in 

executing critical commands. 

Technologies for adapting language commands: 

Using machine translation specialized in aviation and military terminology (e.g., Google 

Translate for aviation or NATO military systems). 

Employing bilingual voice commands (e.g., English + local language). 

Integrating real-time text and voice recognition for instant translation. 

In military operations, automatic command translation systems are already being imple-

mented to facilitate interaction between allies from different countries. Similar solutions can 

also be applied in the civilian sector, such as international rescue operations. 

The development of UAV control technologies requires a comprehensive approach to 

linguistic aspects, including standardizing voice commands, integrating natural language into 

control interfaces, and enabling automatic translation for international collaboration. The use 

of modern language technologies will enhance the efficiency and safety of drone control in 

both military and civilian domains. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʄɯʂʈʆʉʊʈʋʂʊʋʈʀ ʊɸ ɺʃɸʉʊʀɺʆʉʊɽʁ ɺʀʈʆɹɯɺ, 

ɺʀɻʆʊʆɺʃɽʅʀʍ ɿɯ ʉʇʃɸɺʋ 1.4859 ɿɸ ʊɽʍʅʆʃʆɻɯɭʖ PBF-LB/M 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʤʦʨʬʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʪʘ-

ʢʦʞ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʪʽʡʢʦʩʪʽ ʧʨʦʪʠ ʤʽʞʢʨʠʩʪʘʣʽʪʥʦʾ ʢʦʨʦʟʽʾ ʥʘʜʨʫʢʦʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʟʽ ʩʧʣʘʚʫ 1.4859. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ ʜʨʫʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʧʝʨʝʚʠ-

ʱʫʶʪʴ ʚʠʤʦʛʠ ʜʦ ʣʠʪʠʭ ʚʠʨʦʙʽʚ ʜʘʥʦʛʦ ʩʧʣʘʚʫ, ʘ ʪʘʢʦʞ ʧʨʦʢʘʪʫ ʟʽ ʩʧʣʘʚʫ ʍʅ32ʊ. ʉʪʽʡ-

ʢʽʩʪʴ ʧʨʦʪʠ ʤʽʞʢʨʠʩʪʘʣʽʪʥʦʾ ʢʦʨʦʟʽʾ ʻ ʟʘʜʦʚʽʣʴʥʦʶ ʪʽʣʴʢʠ ʧʽʩʣʷ ʜʦʜʘʪʢʦʚʦʾ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʠ 1150Üʉ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʘʟʝʨʥʝ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ, ʟʘʣʽʟʦ-ʥʽʢʝʣʝ-

ʚʠʡ ʩʧʣʘʚ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʤʽʮʥʽʩʪʴ, ʤʽʞʢʨʠʩʪʘʣʽʪʥʘ ʢʦʨʦʟʽʷ. 
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INVESTIGATION OF MICROSTRUCTURE AND PROPERTIES OF PRODUCTS 

MADE OF ALLOY 1.4859 USING PBF-LB/M TECHNOLOGY  

Abstract The phase composition, structure morphology, mechanical properties, and 

intergranular corrosion resistance of printed samples made of alloy 1.4859 were investigated. 

It was established that in the as-printed condition, the strength properties exceed the 

requirements for castings of this alloy, as well as for the wrought alloy KhN32T. Intergranular 

corrosion resistance is satisfactory only after additional heat treatment at 1150ÜC. 

Keywords: laser-based powder bed fusion of metals, iron-nickel alloy, microstructure, 

strength, intergranular corrosion. 

 

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʪʝʭʥʦʣʦʛʽʾ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʩʝ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʨʝʤʦʥʪʫ ʫʥʽʢʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʪʘ ʧʦʰʠʨʝʥʦʶ ʘʜʠʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟ 

ʤʝʪʘʣʫ ʻ ʪʝʭʥʦʣʦʛʽʷ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ PBF-LB/M [1], 
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ʷʢʘ ʪʘʢʦʞ ʨʘʥʽʰʝ ʤʘʣʘ ʘʢʨʦʥʽʤ L-PBF, ʪʘ ʻ ʫʟʘʛʘʣʴʥʝʥʠʤ ʧʦʟʥʘʯʝʥʥʷʤ ʨʽʟʥʠʭ ʟʘʧʘʪʝʥ-

ʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʜ ʥʘʟʚʘʤʠ SLM, DMLS, LMF. 

ɺʠʙʽʨ ʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʨʫʢʫ ʟʘʟʚʠʯʘʡ ʥʝ ʥʘʜʪʦ ʚʝʣʠʢʠʡ, ʦʙʤʝʞʝʥʠʡ ʧʝ-

ʨʝʣʽʢʦʤ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʧʝʨʝʣʽʢʦʤ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʚʠ-

ʨʦʙʥʠʢʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʨʫʢʫ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʩʧʣʘʚʫ ʧʦʪ-

ʨʝʙʫʻ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʝʞʠʤʫ ʜʨʫʢʫ, ʱʦ ʬʦʢʫʩʫʻʪʴʩʷ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʽ 

ʱʽʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʠʭ ʟʜʘʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ. ɼʦ ʪʘʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʚʠʨʦʙʥʠʢʠ ʟʜʝʙʽʣʴʰʦʛʦ ʚʢʣʶʯʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʩʪʘʥʽ ʧʽʩʣʷ ʜʨʫʢʫ, 

ʘʙʦ ʧʽʩʣʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʨʝʞʠʤʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɿʘ ʽʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʟʦʢ-

ʨʝʤʘ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʽʥʬʦʨʤʘʮʽʷ ʟʘʟʚʠʯʘʡ ʥʝ ʥʘʜʘʻʪʴʩʷ, ʭʦʯʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʩʧʽʰʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʝʡ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʝ. 

ʉʧʣʘʚ 1.4859 (0.1% ʉ, 32% Ni, 20% Cr, 1% Si, 1% Nb, ʦʩʥ. ð Fe), ʪʨʘʜʠʮʽʡʥʦ ʻ 

ʣʠʚʘʨʥʠʤ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʘʛʨʝʛʘʪʘʭ ʚʠʩʦʢʦʛʦ ʪʠ-

ʩʢʫ ʪʘ ʜʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [2]. ʇʨʦʢʘʪʥʠʤʠ ʘʥʘʣʦʛʘʤʠ 

ʜʘʥʦʛʦ ʩʧʣʘʚʫ ʻ ʟʘʣʽʟʦ-ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ ʍʅ32ʊ ʪʘ Incoloy 800, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʙʦʪʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 600-1050Üʉ ʚ ʘʪʤʦʩʬʝʨʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʟʽʚ, ʘ ʪʘʢʦʞ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʽʡ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ ʡ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝ-

ʘʢʪʦʨʘʭ. ɿ ʜʨʫʢʦʚʘʥʦʛʦ ʩʧʣʘʚʫ 1.4859, ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʜʝʪʘʣʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʪʘ ʝʣʝʤʝʥʪʠ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥ, ʘʣʝ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʡʦʛʦ ʚ ʭʽʤʽʯʥʽʡ ʛʘʣʫʟʽ, ʘ ʪʘʢʦʞ ʜʘʥʽ ʧʦ ʢʦʨʦʟʽʡʥʽʡ ʩʪʽʡʢʦʩʪʽ ʚʽʜʩʫʪʥʽ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʽ ʩʧʣʘʚʫ 1.4859 ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ, ʚʠ-

ʟʥʘʯʝʥʦʤʫ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʠʪʪʷʤ. ʆʩʥʦʚʥʦʶ ʩʪʨʫʢʪʫʨʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʩʧʣʘʚʫ ʻ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʘʫʩʪʝʥʽʪʫ ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʦʙʦ-

ʯʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʣʠʚʠʤʠ ʬʘʟʘʤʠ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʻ ʥʘʩʘʤʧʝʨʝʜ ʢʘʨʙʦʥʽ-

ʪʨʠʜʠ ʪʠʧʫ M2(C,N), ʘ ʪʘʢʦʞ ʢʘʨʙʽʜʠ ʪʠʧʫ M23C6. ʆʩʢʽʣʴʢʠ ʩʘʤʝ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʙʽʜʽʚ 

ʭʨʦʤʫ Cr23C6 ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʤʽʞʢʨʠʩʪʘʣʽʪʥʦʾ ʢʦʨʦʟʽʾ, ʪʦ ʧʦʜʘʣʴʰʝ 

ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʩʧʣʘʚʫ, ʷʢ ʟʘ-

ʤʽʥʥʠʢʘ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʨʦʢ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʫ ʩʪʘʥʽ ʧʽʩʣʷ ʜʨʫʢʫ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʡʞʝ ʙʝʟʜʝʬʝʢʪʥʫ ʟʘ 

ʱʽʣʴʥʽʩʪʶ ʩʪʨʫʢʪʫʨʫ (99.9%), ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʫʩʪʝʥʽʪʥʠʭ ʟʝʨʝʥ ʟʽ ʩʧʝʮʠʬʽʯʥʦʶ ʤʦʨ-

ʬʦʣʦʛʽʻʶ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʠʥʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʦʚʧʯʘʩʪʠʭ ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʫ, ʱʦ ʚʠʪʷʛʥʫʪʽ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜʚʦʜʫ ʪʝ-

ʧʣʘ, ʪʘ ʧʝʨʝʚʠʱʫʶʪʴ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ ʢʨʦʢ ʜʨʫʢʫ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʥʶ 

ʟʘ ʚʠʩʦʪʦʶ ʤʽʞ ʪʘʢ ʟʚʘʥʠʤʠ çʣʫʩʢʘʤʠè, ʷʢʽ ʻ ʥʠʞʥʽʤʠ ʛʨʘʥʠʮʷʤʠ ʚʘʥʥ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʨʠ ʦʢʨʝʤʠʭ ʧʨʦʭʦʜʘʭ ʣʘʟʝʨʘ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʪʷʛʥʫʪʽ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ ʬʦʨʤʫʶʪʴ 

ʪʘʢ ʟʚʘʥʽ çʢʦʤʽʨʢʠè, ʜʝ ʧʦ ʢʦʥʪʫʨʫ ʢʚʘʜʨʘʪʽʚ ʟʽ ʩʪʦʨʦʥʦʶ 100 ʤʢʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʦʢʫ 

ʜʨʫʢʫ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ, ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʪʷʛʥʫʪʽ ʟʝʨʥʘ, ʘ ʚ ʩʝʨʝʜʠʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʝʢʨʠ-

ʩʪʘʣʽʟʦʚʘʥʽ ʟʝʨʥʘ ʨʽʚʥʦʚʽʩʥʦʾ ʬʦʨʤʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʜʨʫʢʦʚʘʥʠʡ ʩʧʣʘʚ 1.4859 ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʠʤʦʛʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʣʠʚʘʨʥʦʛʦ ʚʘ-

ʨʽʘʥʪʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʘʥʦʾ ʤʘʨʢʠ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʜʦ ʧʨʦʢʘʪʥʦʛʦ ʩʧʣʘʚʫ ʍʅ32ʊ. ɿʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʜʨʫʢʦʚʘʥʠʡ ʩʧʣʘʚ, ʥʘʚʧʘʢʠ, ʧʦʩʪʫʧʘʻʪʴʩʷ, ʥʝ ʟʘʙʝʟʧʝʯʫ-

ʶʯʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʨʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʽʚʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʜʝʢʣʘʨʫʻ ʚʠʨʦʙʥʠʢ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʤʽʞʢʨʠʩʪʘʣʽʪʥʦʾ ʢʦʨʦʟʽʾ ʟʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʤʝ-

ʪʦʜʦʤ ʜʣʷ ʤʘʨʢʠ ʍʅ32ʊ ʫ ʩʫʣʴʬʘʪʥʽʡ ʢʠʩʣʦʪʽ, ʟʛʽʜʥʦ ʤʝʪʦʜʫ ɸ ISO [3], ʧʦʢʘʟʘʣʦ, ʱʦ 

ʟʨʘʟʢʠ ʫ ʩʪʘʥʽ ʧʽʩʣʷ ʜʨʫʢʫ, ʫ ʩʪʘʥʽ ʧʽʩʣʷ ʜʨʫʢʫ ʪʘ ʧʨʦʚʦʢʘʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ ʧʨʠ 650Üʉ, ʫ 

ʩʪʘʥʽ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʧʨʠ 1150Üʉ ʪʘ ʫ ʩʪʘʥʽ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʧʨʠ 1150Üʉ ʟ ʧʦʜʘʣʴʰʠʤ 

ʧʨʦʚʦʢʘʮʽʡʥʠʤ ʥʘʛʨʽʚʦʤ, ʥʝ ʩʭʠʣʴʥʽ ʜʦ ʤʽʞʢʨʠʩʪʘʣʽʪʥʦʾ ʢʦʨʦʟʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʚʝʨʭʥʽ. ʊʠʤ ʥʝ ʤʝʥʰ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʠʛʠʥ 

ʜʣʷ ʟʨʘʟʢʽʚ ʥʘ ʷʢʠʭ ʥʝ ʚʠʢʦʥʫʚʘʣʦʩʴ ʛʘʨʪʫʚʘʥʥʷ 1150Üʉ ʙʫʣʠ ʧʝʨʝʚʘʞʥʦ ʥʝʟʘʜʦʚʽʣʴʥʽ. 

ʇʨʠʩʢʦʨʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʚ 60% ʨʦʟʯʠʥʽ ʩʫ-

ʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʪʨʘʚʣʝʥʥʽ ʜʽʣʷʥʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʛʨʘʥʠ-

ʮʷʭ ʚʠʪʷʛʥʫʪʠʭ ʟʝʨʝʥ, ʩʬʦʨʤʦʚʘʥʠʭ ʧʽʜ ʯʘʩ ʜʨʫʢʫ, ʪʘ ʪʘʢ ʩʘʤʦ ʙʽʣʴʰ ʟʥʘʯʥʽ ʥʘ ʟʨʘʟʢʘʭ, 

ʜʝ ʥʝ ʚʠʢʦʥʫʚʘʣʦʩʴ ʛʘʨʪʫʚʘʥʥʷ 1150Üʉ. 

ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʝ ʜʣʷ ʤʘʨʢʠ ʍʅ32ʊ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʠʛʠʥ ʥʘ ʢʫʪ 180Ü ʧʨʠ ʜʦ-

ʩʣʽʜʞʝʥʥʽ ʜʨʫʢʦʚʘʥʦʛʦ ʩʧʣʘʚʫ 1.4859 ʧʦʢʘʟʘʣʦ, ʱʦ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʣʠʰʝ ʥʘ 

ʟʨʘʟʢʘʭ, ʱʦ ʧʨʦʭʦʜʠʣʠ ʛʘʨʪʫʚʘʥʥʷ 1150Üʉ, ʘ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʜ-

ʨʠʚʠ ʘʙʦ ʪʨʽʱʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚʞʝ ʧʨʠ ʚʠʛʠʥʽ ʥʘ ʢʫʪ 90Ü, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʠʟʴʢʦʶ 

ʚʠʭʽʜʥʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʘʨʪʫʚʘʥʥʷ ʧʨʠ 1150Üʉ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡ-

ʢʽʩʪʴ ʽ ʧʣʘʩʪʠʯʥʽʩʪʴ ʜʨʫʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʩʧʣʘʚʫ 1.4859, ʘʣʝ ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ, ʱʦ ʚʽʜʟʥʘ-

ʯʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʟ 230HV ʜʦ 175HV. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ISO/ASTM 52911-12019 Additive manufacturing ð Design ð Part 1 Laser-based 

powder bed fusion of metals. 

2. EN 102132007+A12016 Steel castings for pressure purposes. 

3. ISO 3651-2 Determination of resistance to intergranular corrosion of stainless steels 

ð Part 2 Ferritic,austenitic and ferritic-austenitic (duplex) stainless steels ð 

Corrosion test in media containing sulfuric acid. 
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PROSPECTS FOR CREATING A RADIO-ABSORBING COATING TO REDUCE 

THE RADAR VISIBILITY OF THE AIRCRAFT  

Abstract. The issues of using composite structures to create radio-absorbing coatings 

for aircraft in order to reduce radar detection are considered. 

Keywords: Aircraft, radio-absorbing materials, stheals-technology, dielectric constant, 

magnetic permeability. 

 

ʉʪʚʦʨʝʥʥʷ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ ð ʮʝ ʧʠʪʘʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ, ʩʪʚʦʨʶʶʯʠ ʞʠʪʪʻʟʜʘʪʥʫ ʪʝʭʥʽʢʫ. ʅʘ ʩʴʦ-

ʛʦʜʥʽʰʥʽʡ ʯʘʩ ʜʣʷ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʜʠʩʧʝʨʩʽʡʥʽ ʤʘʪʝʨʽʘʣʠ (ʩʘʞʘ, ʛʨʘʬʽʪ, ʤʝʪʘʣʝʚʽ ʯʘʩʪʠʥʢʠ), ʚʦʣʦʢʥʠʩʪʽ 

(ʚʫʛʣʝʮʝʚʽ, ʤʝʪʘʣʝʚʽ, ʧʦʣʽʤʝʨʥʽ ʤʝʪʘʣʽʟʦʚʘʥʽ). 

ʄʘʛʥʽʪʥʽ ʥʘʧʦʚʥʶʚʘʯʽ (ʩʧʝʯʝʥʽ ʬʝʨʠʪʦʚʽ ʧʣʘʩʪʠʥʠ, ʧʦʨʦʰʢʠ ʬʝʨʠʪʽʚ, ʦʢʩʠʜʫ ʟʘ-

ʣʽʟʘ ʽ ʢʘʨʙʦʥʽʣʴʥʦʛʦ ʟʘʣʽʟʘ). ʈʘʜʽʦʧʦʛʣʠʥʘʶʯʽ ʤʘʪʝʨʽʘʣʠ ð ʮʝ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʜʽʝʣʝʢʪ-

ʨʠʢʠ, ʝʬʝʢʪʠʚʥʦ ʧʦʛʣʠʥʘʶʯʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʝʥʝʨʛʽʶ ʨʘʜʽʦʭʚʠʣʴ. ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʨʘ-

ʜʽʦʧʦʛʣʠʥʘʶʯʽ ʤʘʪʝʨʽʘʣʠ (ʈʇʄ) ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʤʘʛʥʽʪʥʽ (ʛʨʘʜʽʻʥʪʥʽ, ʽʥʪʝʨʬʝʨʝʥʮʠʡʥʽ, 

ʢʦʤʙʽʥʦʚʘʥʽ), ʤʘʛʥʽʪʥʽ (ʬʝʨʠʪʦʚʽ). 

ɻʨʘʜʽʻʥʪʥʽ ʈʇʄ ʤʘʶʪʴ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʟ ʧʣʘʚʥʦʶ ʘʙʦ ʩʪʫʧʽʥʯʘʩʪʦʶ ʟʤʽ-

ʥʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʽ ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʦʩʪʽ ʧʦ ʪʦʚʱʠʥʽ ʤʘʪʝʨʽʘʣʫ. 

ɯʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʈʇʄ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʰʘʨʽʚ ʜʽʝʣʝʢʪʨʠʢʘ (ʧʣʘʩʪʤʘʩʠ, ʢʘʫʯʫʢ ʪʘ ʽʥ.) 

ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʂʦʤʙʽʥʦʚʘʥʽ ʈʇʄ ʧʦʻʜʥʫʶʪʴ ʛʨʘʜʽʻʥʪʥʠʡ ʽ 
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ʽʥʪʝʨʝʬʝʨʝʥʮʠʡʥʠʡ ʤʘʪʝʨʽʘʣʠ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʈʇʄ ʧʦʻʜʥʫʻʪʴʩʷ 

ʙʽʣʴʰ ʚʠʩʦʢʘ ʤʽʨʘ ʧʦʩʣʘʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʨʘʜʽʦʭʚʠʣʴ ʚ ʨʦʟʰʠʨʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʅʘʧʦʚʥʶʚʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʦʢʨʝʤʦ, ʪʘʢ ʽ ʩʧʽʣʴʥʦ ʦʜʠʥ ʟ ʦʜʥʠʤ. ɺʠʙʽʨ ʩʧʦʣʫ-

ʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ, ʘʣʝ ʪʘʢʦʞ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ. ʋ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʨʘʜʽʦʧʦʛʣʠʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʈʇʄ) ʽ ʧʦʢ-

ʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʦʣʽʤʝʨʥʽ ʽ ʝʣʘʩʪʦʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʬʘʨʙʠ, ʥʝ-

ʪʢʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʝʨʘʤʽʢʘ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽ ʚʜʘʻʪʴʩʷ ʟʥʠʟʠʪʠ ʢʦʝʬʽʮʽ-

ʻʥʪ ʚʽʜʙʠʪʪʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 20 ʜɹ ʽ ʙʽʣʴʰʝ ʚ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 

(ʜʦ 30% ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ). 

ʊʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʤʘʣʦʧʦʤʽʪʥʠʭ ʦʙᾷʻʢʪʽʚ ʚ ʫʤʦʚʘʭ ʾʭ ʩʧʦʩʪʨʝʞʝʥʝʥʥʷ ʨʘʜʽʦ-

ʣʦʢʘʮʽʡʥʠʤʠ ʩʪʘʥʮʠʽʷʤʠ, ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʽ ʣʘʟʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʪʨʠʤʘʣʘ ʟʘʛʘʣʴʥʫ 

ʥʘʟʚʫ Stealth-ʪʝʭʥʦʣʦʛʽʷ [1]. ʃʘʟʝʨʥʽ ʽ ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, 

ʻ ʜʦʧʦʤʽʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʪʦʤʫ ʥʘʤʠ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʧʠʪʘʥʥʷ, ʧʦʚᾷʷʟʘʥʽ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʦʤʽ-

ʪʥʦʩʪʽ. ʆʩʥʦʚʥʠʤ ʬʽʟʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʤʽʪʥʽʩʪʴ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ 

(ʃɸ) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʭʚʠʣʴ (ʜʝʮʠʤʝʪʨʦʚʛʦ, 

ʩʘʥʪʠʤʝʪʨʦʚʛʦ ʽ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ), ʻ ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ (ʧʦʚʝʨʭʥʷ) ʨʦʟʩʽʶʚʘʥʥʷ 

(ɽʇʈ). ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʽ ʥʝʦʜʥʦʨʽʜʥʦʩ-

ʪʝʡ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʃɸ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʧʦʰʫʢʫ ʪʘ ʧʘʪʝʥʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚ-

ʣʝʥʦ: 

ʉʫʯʘʩʥʽ ʨʦʟʨʦʙʢʠ ʚ ʛʘʣʫʟʽ ʩʪʚʦʨʝʥʥʷ ʈʇʄ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦ-

ʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ, ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʭʚʠʣʴ, 

ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʽ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʜʽʾ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʦʣʴʦʪʽ ʨʘʢʝʪ ʽ ʣʽʪʘʢʽʚ. 

ɺʠʷʚʣʝʥʽ ʦʩʥʦʚʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʘʧʨʷʤʠ ʈʇʄ ʥʘʧʠʣʶʚʘʥʥʷ (ʤʘʛʥʝ-

ʪʨʦʥʥʝ, ʚʘʢʫʫʤʥʝ, ʽʦʥʥʦ-ʧʣʘʟʤʦʚʝ ʪʦʱʦ); ʥʘʤʘʟʫʚʘʥʥʷ ʪʦʥʢʠʤ ʰʘʨʦʤ ʪʦʱʦ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʠʩʦʢʦʪʭʝʥʦʣʦʛʽ-

ʯʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʦʤʽʪʥʦʩʪʽ ʃɸ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ: 

ð ʚʚʝʜʝʥʥʽ ʜʦʙʘʚʦʢ ʬʝʨʠʪʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʽ ʧʦʚʝʨʭʥʝʚʦʾ ʱʽʣʴ-
ʥʦʩʪʽ ʧʦʢʨʠʪʪʷ, ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʚʘʞʘʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʦʯʦʢ ʂʶʨʽ ʧʨʠ ʚʚʝ-

ʜʝʥʥʽ ʚ ʧʦʢʨʠʪʪʷ ʬʝʨʠʪʫ, ʙʦ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʬʝʨʠʪʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʪʦʯʢʠ 

ʂʶʨʽ ʾʭ ʤʘʛʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʢʦ ʽ ʩʠʣʴʥʦ ʟʤʝʥʰʘʪʴʩʷ, ʪʦʙʪʦ ʤʘʪʝʨʽʘʣʠ ʙʫʜʫʪʴ 

ʥʝʦʙʦʨʦʪʥʦ ʟʽʧʩʦʚʘʥʽ; 

ð ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʥʘ ʩʢʣʘʜʘʭ ʟ ʯʘʩʦʤ ʬʝʨʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʚʪʨʘʯʘʶʪʴ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠ-
ʚʦʩʪʽ, ʥʘʚʽʪʴ ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʣʘ ʧʦʩʪʽʡʥʘ ʽ ʚʽʜʩʫʪʥʷ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. ʇʘʨʘ-

ʤʝʪʨʠ ʧʦʯʠʥʘʶʪʴ ʧʦʛʽʨʰʫʚʘʪʠʩʷ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʨʦʙʫ. ʄʦʞʣʠʚʘ ʟʤʽʥʘ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟ ʯʘʩʦʤ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ (ʧʨʦʮʝʩ ʜʝʟʘʢʦʤʦʜʘʮʽʾ); 

ð ʨʽʟʢʦ ʧʦʛʽʨʰʠʪʠ ʧʘʨʘʤʝʪʨʠ ʬʝʨʠʪʫ ʤʦʞʫʪʴ ʤʝʭʘʥʽʯʥʽ ʜʽʾ ʩʠʣʴʥʘ ʚʽʙʨʘʮʽʷ, ʽ ʫʜʘʨʠ 
ʥʝʦʙʦʨʦʪʥʦ ʟʥʠʞʫʶʪʴ ʧʦʯʘʪʢʦʚʫ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʬʝʨʠʪʽʚ (ʰʦʢ-ʝʬʝʢʪ). 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ ʚʠʱʝ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʚʠʜʽ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʴʦʛʦʜʝʥʥʷ. 
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ɺʇʃʀɺ ɹɯʅɸʈʅʆɻʆ ʉʇʃɸɺʋ ʉʀʉʊɽʄʀ AL-MN ʅɸ ʇʆʂɸɿʅʀʂ 

ɸɹʈɸɿʀɺʅʆɻʆ ʉʊʀʈɸʅʅʗ ʅɸɼɺʀʉʆʂʆʄʆʃɽʂʋʃʗʈʅʆɻʆ 

ʇʆʃɯɽʊʀʃɽʅʋ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʩʠʩʪʝʤʠ Al-Mn ʥʘ ʧʦʢʘʟ-

ʥʠʢ ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝ-

ʜʝʥʥʷ ʮʴʦʛʦ ʩʧʣʘʚʫ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʧʦʢʘʟʥʠʢʘ ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ ʫ 1,8 ʨʘʟʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʝʪʠʣʝʥ, ʙʽʥʘʨʥʠʡ ʩʧʣʘʚ Al-Mn, ʜʠ-

ʩʧʝʨʩʥʠʡ ʥʘʧʦʚʥʶʚʘʯ, ʧʦʢʘʟʥʠʢ ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ. 
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ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʪʘ 

ʪʨʠʙʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʇʂʄ), ʱʦ ʤʽʩʪʷʪʴ ʥʝʦʨʛʘʥʽʯʥʠʡ ʥʘʧʦʚʥʶʚʘʯ (ʅʧ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʽʚ ʯʠʩʪʠʭ ʤʝ-

ʪʘʣʽʚ, ʦʢʩʠʜʽʚ, ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ, ʩʠʣʽʢʘʛʝʣʶ, ʟʦʣʴʥʠʭ ʤʽʢʨʦʩʬʝʨ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʇʂʄ ʽʟ ʚʠʩʦʢʦʶ ʘʙʨʘʟʠʚʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʤʽʮʥʽʩʪʶ, ʘ ʪʘʢʦʞ 

ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʤʽʯʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ [1, 2]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʇʂʄ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʝʪʠʣʝʥ 

(ʅɺʄʇɽ, ʚʠʨʦʙʥʠʢ ð ʂʠʪʘʡ) ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 5-5,5 ʤʣʥ ʛʨ./ʤʦʣʴ, ʷʢʠʡ ʭʘʨʘʢ-

ʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʽʜ ʚʧʣʠʚʦʤ ʘʛʨʝʩʠʚʥʠʭ ʩʝ-

ʨʝʜʦʚʠʱ. ʗʢ ʅʧ ʦʙʨʘʣʠ ʜʠʩʧʝʨʩʥʠʡ (50-100 ʤʢʤ) ʙʽʥʘʨʥʠʡ ʩʧʣʘʚ Al-Mn, ʟʘʛʘʨʪʦʚʘʥʠʭ 

ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ, ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ Mn 11,6 ʤʘʩ.%. ʌʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʤʽʩʪʠʣʠ 5-

25 ʤʘʩ.% ʅʧ, ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʨʝʞʠʤʦʤ, ʤʝʪʦʜʠʢʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʫ ʨʦʙʦʪʽ [3]. ɺʠʟʥʘ-

ʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʪʝʨʪʷ ʟʜʽʡʩʥʶʚʘʣʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʩʣʽʜʥʦʾ ʤʘʰʠʥʠ HECKERT ʪʘ ʱʫʧʦʚʦʛʦ ʧʨʦʬʽʣʦʤʝʪʨʘ 170621 [3]. 

ɯʟ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ.1 ʚʠʜʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʩʧʣʘʚʫ ʩʠʩʪʝʤʠ Al-Mn ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ ʅɺʄʇɽ ʫ 1,8. ʇʦʢʨʘʱʝʥʥʷ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʩʧʣʘʚʫ ʟʤʽʮʥʶʶʪʴ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʤʘ-

ʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚ 1,43 ʨʘʟʠ. 

 

ʊʘʙʣʠʮʷ 1 ð ʊʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʅɺʄʇɽ ʪʘ ʇʂʄ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. 

ʇʦʢʘʟʥʠʢ 
ɺʤʽʩʪ ʥʘʧʦʚʥʶʚʘʯʘ, ʤʘʩ.% 

0 5 10 15 20 25 30 

ʇʦʢʘʟʥʠʢ ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʠ-

ʨʘʥʥʷ, Vi, ʤʤ3/ʤ 
1,36 1,02 0,82 0,76 0,74 0,85 0,97 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 
Ra, ʤʢʤ 

2,57 2,27 1,96 1,84 1,80 2,01 2,23 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ɹʘʨʜʘʜʠʤ ʖ.ɺ., ɺʽʣʝʥʩʴʢʠʡ ɺ.ʆ. ʉʪʨʫʢʪʫʨʘ ʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʫ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʷʭ. ʇʦʣʽʤʝʨʥʠʡ ʞʫʨʥʘʣ. 2016. ˉ2 (38). ʉ. 115-124. 

2. ʇʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʚôʷʞʫʯʠʭ / ɹʫʨʷ ʆ.ɯ., ʪʘ ʽʥ. 
ɼʥʽʧʨʦ: ʉʝʨʝʜʥʷʢ ʊ.ʂ., 2019. 239 ʩ. 

3. Bashev V.F., Tomina A.-M.V., Mykyta K.A., Kalinina T.V., Riabtsev S.I., Kushnerov 

O.I. The influence of a rapidly-quenched filler on the wear resistance of ultrahigh 

molecular weight polyethylene. Functional Materials. 2024. V.31 (3). P 387-390. 

 



̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

311 

ʋɼʂ 621.45.046.5 

DOI: 10.62717/2221-4550-2025-1-104 

ʄʫʨʘʰʢʦ ɺ.ɺ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: murashko_v@365.dnu.edu.ua 

ʄʘʥʴʢʦ ʊ.ɸ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: tamaramanko1607@gmail.com 

ʂʆʄʇʆɿʀʎɯʁʅɯ ʊʈʋɹʆʇʈʆɺʆɼʀ ɺ ʉʋʏɸʉʅʆʄʋ ʈɸʂɽʊʆɹʋɼʋɺɸʅʅɯ 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʨʦʙʦʢ ʢʨʽʦʛʝʥʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʽʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʦʩʣʽ-

ʜʞʝʥʦ ʩʢʣʘʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʢʨʽʦʛʝʥʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʩʧʝʢʪʠ-

ʚʥʽ ʽ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʢʦʤʧʘʥʽʡ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʶ ʨʦʟʚʠ-

ʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ ʢʨʽʦʛʝʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʘʢʝʪʥʦ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʽʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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COMPOSITE PIPELINES IN MODERN ROCKET ENGINEERING  

Abstract. The current state of development of cryogenic structures of rocket and space 

technology from polymer composite materials has been analyzed. The complexities of using 

composite materials in cryogenic pipelines have been studied. Promising and experimental 

models of leading world companies have been considered, and the trend of development of 

technologies for their creation has been determined. A promising direction for the 

development of cryogenic structures of rocket and space technology from polymer composite 

materials has been established. 

Keywords: pipeline, carbon fiber, cryogenic fuel components, tightness. 

 

ɹʘʛʘʪʦ ʩʫʯʘʩʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʚ ʦʙʣʘʩʪʽ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʧʦʚôʷʟʘʥʽ ʽʟ ʾʾ ʝʢʦ-

ʣʦʛʽʯʥʠʤ ʚʧʣʠʚʦʤ ʟʘʧʫʩʢʫ ʨʘʢʝʪʦʥʦʩʽʾʚ ʥʘ ʧʦʚʽʪʨʷ ʪʘ ʦʟʦʥʦʚʠʡ ʰʘʨ, ʘʥʘʣʽʟ ʷʢʠʭ ʧʦʢʘʟʘʚ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʪʫʧʝʥʽʚ ʥʦʩʽʾʚ ʥʘ ʢʨʽʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʧʘʣʠʚʘ [1]. 

ʉʫʯʘʩʥʘ ʣʽʪʝʨʘʪʫʨʘ ʚʠʜʽʣʷʻ ʪʘʢʽ ʪʠʧʠ ʢʦʤʧʦʟʠʪʥʠʭ ʙʘʢʽʚ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʧʨʠʜʘ-

ʪʥʠʭ ʜʦ ʟʙʝʨʽʛʘʥʥʷ ʢʨʽʦʛʝʥʥʦʛʦ ʧʘʣʴʥʦʛʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘʷʚʥʦʩʪʽ 

ʢʦʤʧʦʟʠʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʊʠʧ ɯ (ʤʝʪʘʣʽʯʥʽ), ʊʠʧ ɯɯ (ʤʝʪʘʣʽʯʥʽ ʣʝʡʥʝʨʠ ʯʘʩʪʢʦʚʦ ʧʦʩʠʣʝʥʽ 

ʢʦʤʧʦʟʠʪʥʦʶ ʦʙʦʣʦʥʢʦʶ), ʊʠʧ III (ʤʝʪʘʣʽʯʥʽ ʣʝʡʥʝʨʠ ʧʦʩʠʣʝʥʽ ʩʫʮʽʣʴʥʦʶ ʢʦʤʧʦʟʠʪ-

ʥʦʶ ʦʙʤʦʪʢʦʶ), ʊʠʧ IV (ʢʦʤʧʦʟʠʪʥʽ ʣʝʡʥʝʨʠ ʧʦʩʠʣʝʥʽ ʩʫʮʽʣʴʥʦʶ ʢʦʤʧʦʟʠʪʥʦʶ 
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ʦʙʤʦʪʢʦʶ) ʪʘ ʊʠʧ V (ʙʘʢ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʣʝʡʥʝʨʘ, ʪʘ ʧʦʚʥʽʩʪʶ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʤʧʦʟʠʪ-

ʥʦʛʦ ʤʘʪʝʨʽʘʣʫ) [2, 3]. 

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʚ ʮʠʭ ʧʠʪʘʥʥʷʭ ʚʠʢʣʠʢʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʪʝʭʥʦ-

ʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʫʟʣʽʚ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʦʱʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽ-

ʘʣʽʚ ʚ ʢʨʽʦʛʝʥʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ [4, 5]. ʊʘʢʽ ʦʙʤʝʞʝʥʥʷ ʤʦʞʣʠʚʦ ʯʘʩʪʢʦʚʦ ʧʦʜʦʣʘʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ AFP (Automated Fiber Placement) ʪʘ ATL 

(Automatic Tape Laying), ʷʢʽ ʪʽʣʴʢʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʦʧʨʘʮʶʚʘʥʥʷ [6, 7]. 
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ʊɽʇʃʆʇʈʆɺɯɼʅɯ ʊɽʈʄʆɯʅʊɽʈʌɽʁʉʅɯ ʂʆʄʇʆɿʀʎɯʁʅɯ ʇʆʃɯʄɽʈʅɯ 

ʄɸʊɽʈɯɸʃʀ 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʪʝʨʤʦʽʥʪʝʨʬʝʡʩʥʽ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʧʦʣʽʽʤʽʜʽʚ ʽ ʩʠʣʽʢʦʥʽʚ ʽʟ ʥʘʧʦʚʥʶʚʘʯʝʤ AlN. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭʥʶ ʩʪʨʫʢʪʫʨʫ, ʪʝ-

ʧʣʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʝʬʝʢʪʠʚʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ʅʘʧʦʚʥʶʚʘʯ AlN ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʫʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʱʦ ʨʦʟʰʠʨʶʻ ʾʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʘʝʨʦʢʦʩ-

ʤʽʯʥʽʡ ʛʘʣʫʟʽ. 
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MATERIALS  

Abstract. The study investigates thermally conductive polymer composite interface 

materials based on polyimides and silicones with AlN fillers. Their structure, thermal 
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properties, and effective thermal conductivity are analyzed. AlN fillers significantly enhance 

thermal conductivity, expanding their application in electronics and aerospace industries. 

Keywords: thermal conductivity, interface materials, polymers, aluminum nitride, pol-

yimide, silicone, electronics, aerospace technologies. 

 

ʄʦʜʠʬʽʢʘʮʽʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʝʨʝʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʽʚ ʣʽʜʠʨʫ-

ʶʪʴ ʧʦʣʽʦʨʛʘʥʦʩʽʣʦʢʩʘʥʦʚʽ (ʩʠʣʽʢʦʥʦʚʽ) ʪʘ ʧʦʣʽʽʤʽʜʥʽ (ʇɯ) ʤʘʪʝʨʽʘʣʠ ʟʘʚʜʷʢʠ ʪʝʨʤʦʩʪʽʡ-

ʢʦʩʪʽ, ʤʽʮʥʦʩʪʽ, ʤʘʣʽʡ ʚʘʟʽ, ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʽ ʩʪʽʡʢʦʩʪʽ ʜʦ ʨʦʟʯʠʥʥʠʢʽʚ. 

ʅʽʪʨʠʜ ʘʣʶʤʽʥʽʶ (AlN) ð ʻʜʠʥʠʡ ʪʝʭʥʽʯʥʠʡ ʢʝʨʘʤʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦ-

ʚʽʜʥʽʩʪʶ ʧʦʨʷʜʢʫ 170-230 ɺʪ/(ʤÅK) ʪʘ ʯʫʜʦʚʠʤʠ ʽʟʦʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʦʜʘ-

ʚʘʥʥʷ ʤʽʢʨʦʥʥʠʭ ʯʘʩʪʦʢ AlN ʫ ʧʦʣʽʤʝʨʥʽ ʤʘʪʨʠʮʽ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ 

ʟ ʧʦʢʨʘʱʝʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. [1, 2, 3] 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʢʘ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʣʘ-

ʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʪʝʨʤʦʽʥʪʝʨʬʝʡʩʥʠʭ ʧʦʣʽʤʝʨʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘ ʦʩʥʦʚʽ ʇɯ ʪʘ ʩʠʣʽʢʦʥʦʚʠʭ ʩʧʦʣʫʯʥʠʭ ʪʘ ʤʽʥʽʥʘʧʦʚʥʶʚʘʯʽʚ ʽʟ ʧʦʨʦʰʢʽʚ ʙʽʣʦʛʦ 

AlN ʟ ʤʽʢʨʦʥʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʢ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʠʭ ʪʦ-

ʥʢʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʇɯ ʪʘ ʩʠʣʽʢʦʥʦʚʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʷʢʦʩʪʽ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʝʣʘʩʪʠʯʥʠʭ ʧʽʜʢʣʘʜʦʢ, ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʽʟʦʣʷʪʦʨʽʚ ʪʘ ʧʣʽʚʦʢ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʛʦʪʦʚʣʝʥʦ ʟʨʘ-

ʟʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʇɯ ʧʣʽʚʦʢ ʪʦʚʱʠʥʦʶ 25-30 ʤʢʤ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʯ-

ʥʦʛʦ ʟ ʨʦʟʯʠʥʫ ʧʦʣʽʘʤʽʜʥʦʾ ʢʠʩʣʦʪʠ Pyre ML RC 5069 (ʉʐɸ) ʪʘ ʟʨʘʟʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʠʣʽʢʦʥʦʚʠʭ ʧʽʜʢʣʘʜʦʢ ʪʦʚʱʠʥʦʶ ʚʽʜ 250 ʤʢʤ ʜʦ 4 ʤʤ ʥʘ ʦʩʥʦʚʽ ʩʽʣʽʢʦ-

ʥʦʚʦʛʦ ʩʧʦʣʫʯʥʦʛʦ ʉʂʊʅ-ɸ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʙʽʣʦʛʦ ʧʦʨʦʰʢʫ AlN 

ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʢ 8 ð 10 ʤʢʤ ʚʠʧʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ SIGMA-ALDRICH Chemie 

GmbH (ʅʽʤʝʯʯʠʥʘ). 

 

 ʘ) ʙ) 
ʈʠʩʫʥʦʢ 1 ð ɽʬʝʢʪʠʚʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʨʽʟʥʠʭ 

ʦʙ'ʻʤʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʽʥʽʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʙʽʣʦʛʦ ʧʦʨʦʰʢʫ AlN ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʢ AlN 

ʧʦʨʷʜʢʫ 10 ʤʢʤ ʘ) ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʇɯ ʤʘʪʝʨʽʘʣ (Pi+AlN); ʙ) ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʩʠʣʽʢʦʥʦʚʠʡ ʤʘʪʝʨʽʘʣ (ʉʂʊʅ-ɸ + AlN). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ COMSOL MULTIPHYSICSÈ ʙʫʣʠ ʚʠʢʦ-

ʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʩʝʨʝʜʥʽʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʦʪʨʠʤʘʥʽ ʦʮʽʥʦʯʥʽ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʠʣʽʢʦʥʦʚʠʭ ʪʘ ʇɯ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʨʦʝʢʪʫʚʘʣʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙ'ʻʤʫ ʥʘʧʦʚʥʶʚʘʯʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯ-

ʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 
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ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʨʽʟʥʠʭ ʦʙ'ʻʤʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 1. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠ-

ʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ ʩʝʨʝʜʥʴʦ ʥʘʧʦʚʥʝʥʠʭ ʤʽʢʨʦʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʜʦ ʤʘʡʞʝ 1,25 ɺʪ/(ʤ K) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ AlN 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʦʨʷʜʢʫ 50 ʦʙ. %. 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ. ɼʦʩʣʽʜʞʫʚʘʣʠ ʩʠʣʽʢʦʥʦʚʽ ʧʽʜʢʣʘʜʢʠ (Ï 50 

ʤʤ, ʪʦʚʱʠʥʘ 4 ʤʤ) ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʫ ʉʂʊʅ-ɸ, ʘ ʪʘʢʦʞ ʜʚʽ ʢʦʤʧʦʟʠʮʽʾ ʟ ʪʠʤ ʩʘʤʠʤ 

ʩʧʦʣʫʯʥʠʤ ʽ ʥʘʧʦʚʥʶʚʘʯʝʤ AlN (ʯʘʩʪʢʠ ~10 ʤʢʤ) ʫ ʢʽʣʴʢʦʩʪʽ 30 ʦʙ.% ʽ 45 ʦʙ.%. 

 
ʘ) 

 
 ʙ) 

ʈʠʩʫʥʦʢ 2 ð ɿʨʘʟʢʠ ʩʠʣʽʢʦʥʦʚʠʭ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʠʣʽʢʦʥʦʚʠʭ ʧʽʜʢʣʘʜʦʢ ʜʽʘʤʝʪʨʦʤ 50 ʤʤ ʟʘ 

ʪʦʚʱʠʥʦʶ 4 ʤʤ ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʦʥʦʚʦʛʦ ʧʦʣʽʤʝʨʘ ʉʂʊʅ-ɸ ʘ) ʩʠʣʽʢʦʥʦʚʠʡ ʤʘʪʝʨʽʘʣ (ʉʂʊʅ-ɸ); ʙ) 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʩʠʣʽʢʦʥʦʚʠʡ ʤʘʪʝʨʽʘʣ (ʉʂʊʅ-ɸ + AlN) 

ʋ ʩʠʣʽʢʦʥʦʚʠʭ ʧʽʜʢʣʘʜʦʢ ʚʠʛʦʪʦʚʣʝʥʠʭ ʪʽʣʴʢʠ ʟ ʩʠʣʽʢʦʥʦʚʦʛʦ ʧʦʣʽʤʝʨʫ ʉʂʊʅ-ɸ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ ʧʦʨʷʜʢʫ 0,21 ɺʪ/(ʤĿK). ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ AlN ʯʘʩʪʦʢ ~ 30 

ʦʙ. % ʫ ʩʠʣʽʢʦʥʦʚʽʡ ʤʘʪʨʠʮʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʽʢʨʦʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʩʪʘʥʦʚʠʣʘ ʧʦʨʷʜʢʫ 0,65 ɺʪ/(ʤĿK). ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ AlN ʯʘʩʪʦʢ ~ 45 ʦʙ. % ʪʝʧ-

ʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ ʧʦʨʷʜʢʫ 1,05 ɺʪ/(ʤĿK). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙ'ʻʢʪʠʚʥʦ ʧʽʜʪ-

ʚʝʨʜʞʫʶʪʴ ʜʦʩʪʘʪʥʶ ʧʨʘʢʪʠʯʥʫ ʪʦʯʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʘʚʪʦʨʘʤʠ ʩʪʨʫʢʪʫ-

ʨʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʩʧʦʩʦʙʫ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʝʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʦʚʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʩʝʨʝʜʥʴʦ ʥʘʧʦʚʥʝʥʠʭ (30-50 ʦʙ. % ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʦʙôʻʤʥʦʛʦ ʚʤʽʩʪʫ ʯʘʩʪʠʥʦʢ AlN (10 ʤʢʤ), ʘ ʪʘʢʦʞ ʾʭ ʘʛʨʝʛʘʮʽʾ ʫ ʜʠʩʧʝʨʩʥʠʭ ʨʦʟʯʠʥʘʭ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʢʣʶʯʝʥʴ ʫ 

ʢʦʤʧʦʟʠʪʘʭ ʜʦ 50-60 ɺʪ/(ʤÅK) [4]. ʆʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝ-

ʭʥʦʣʦʛʽʯʥʦʩʪʽ ʥʦʚʠʭ ʇɯ ʪʘ ʩʠʣʽʢʦʥʦʚʠʭ ʪʝʨʤʦʽʥʪʝʨʬʝʡʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ 0,7-1,1 ɺʪ/(ʤÅK). 

ʈʦʟʨʦʙʣʝʥʽ ʊʆɺ çʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʃʊʋè ʩʠʣʽʢʦʥʦʚʽ ʪʘ ʇɯ ʪʝʨ-

ʤʦʽʥʪʝʨʬʝʡʩʥʽ ʤʘʪʝʨʽʘʣʠ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ, ʨʘʜʽʦʝʣʝʢʪʨʦ-

ʥʽʮʽ, ʘʚʽʘʮʽʡʥʽʡ ʽ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʷʭ. ɺʦʥʠ ʟʥʠʞʫʶʪʴ ʚʘʛʫ ʪʘ ʛʘʙʘʨʠʪʠ ʚʠʨʦʙʽʚ, ʧʽʜʚʠʱʫ-

ʶʪʴ ʾʭʥʶ ʥʘʜʽʡʥʽʩʪʴ, ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʽʡʢʽʩʪʴ. ɿʦʢʨʝʤʘ, ʤʘʪʝʨʽʘʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʛʥʫʯʢʠʭ ʧʣʽʚʢʦʚʠʭ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘʭ ʜʣʷ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ ʫ ʢʦ-

ʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ, ʫʣʴʪʨʘ ʣʝʛʢʠʭ ʩʦʥʷʯʥʠʭ ʤʦʜʫʣʷʭ ʥʘ ʘʣʶʤʽʥʽʡ-ʧʦʣʽʽʤʽʜʥʠʭ ʥʦʩʽʷʭ ʽʟ 

ʂʂɼ 30-32% ʜʣʷ CubeSat ʽ ʩʪʨʘʪʦʩʬʝʨʥʠʭ ɹʇʃɸ, ʘ ʪʘʢʦʞ ʫ ʢʦʥʮʝʥʪʨʘʪʦʨʥʠʭ ʧʨʠʡʤʘ-

ʯʘʭ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʧʦʣʽʽʤʽʜʥʠʭ ʜʽʝʣʝʢʪʨʠʢʘʭ. 
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FEATURES OF THE FORMATION OF MICROSTRUCTURE AND 

MECHANICAL PROPERTIES DURING CRYSTALLIZATION AND HEAT 

TREATMENT OF THE LPBF -ALSI10MG ALLOY  

Abstract. When manufactured using LPBF technology, the microstructure of the 

AlSi10Mg alloy due to high cooling rates during crystallization is significantly different from 

that obtained during casting, the main difference is the significant dissolution of silicon in the 

aluminum matrix. After heat treatment of LPBF AlSi10Mg using T3, T4, T5 and T6 modes, 

the formation of the structure and properties is determined by the influence of the initial 

structure. 

Keywords: laser powder bed melting LPBF, AlSi10Mg alloy, microstructure, heat 

treatment, mechanical properties. 

 

ɸʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ (AM) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫ-

ʯʘʩʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʦʥʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʰʘʨʦʚʦʤʫ ʜʦʜʘʚʘʥʥʽ ʤʘʪʝʨʽ-

ʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʩʢʣʘʜʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽ-

ʣʦʛʦ ʧʘʨʢʫ ʜʦʨʦʛʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ [1]. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ AM ʻ ʣʘʟʝʨʥʝ ʧʣʘ-

ʚʣʝʥʥʷ ʚ ʧʦʨʦʰʢʦʚʦʤʫ ʰʘʨʽ (LPBF), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʘʣʝʚʠʡ ʧʦʨʦʰʦʢ ʪʘ ʣʘʟʝʨ-

ʥʠʡ ʧʨʦʤʽʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʱʽʣʴʥʠʭ ʚʠʨʦʙʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʠʨʦʙʠ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʩʧʦʩʦʙʦʤ LPBF, ʤʘʶʪʴ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʣʠʪʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ (10  ð 10  K/s) 

[1], ʷʢʘ ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʨʦʟʯʠʥʝʥʥʶ ʢʨʝʤʥʽʶ ʚ ʘʣʶʤʽʥʽʻʚʽʡ ʤʘʪʨʠʮʽ ʩʧʣʘʚʫ AlSi10Mg. ʋ 

ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʨʦʟʯʠʥʥʽʩʪʴ Si ʫ LPBF AlSi10Mg ʤʦʞʝ ʜʦʩʷʛʘʪʠ 6-

8 ʤʘʩ.% [2]. ɺ ʪʦʡ ʯʘʩ, ʷʢ ʨʽʚʥʦʚʘʞʥʘ ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʘ AlïSi ʚʢʘʟʫʻ, ʱʦ ʧʨʠ 200 ÁC ʨʦʟ-

ʯʠʥʥʽʩʪʴ Si ʤʘʡʞʝ ʥʫʣʴʦʚʘ, ʱʦ ʧʦʷʩʥʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʟʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʢʦʥʪʨʦ-

ʣʴʦʚʘʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʟ ʘʣʶʤʽʥʽʻʚʦʾ ʤʘʪʨʠʮʽ [2-3]. 

ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ, ʦʩʦʙʣʠʚʦ AlSi10, ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽ-

ʣʴʥʽʡ ʪʘ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʷʭ ʯʝʨʝʟ ʾʭʥʻ ʚʠʩʦʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʦ ʚʘʛʠ [2]. 

ʉʧʣʘʚ AlSi10 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʝʢʫʯʽʩʪʶ ʧʽʜ ʯʘʩ ʟʘʪʚʝʨʜʽʥʥʷ ʟʘʚʜʷʢʠ ʟʥʘʯ-

ʥʦʤʫ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʛʘʨʷʯʦʛʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ 

ʧʦʨʠʩʪʽʩʪʴ. ʇʨʦʪʝ ʜʘʥʠʡ ʩʧʣʘʚ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤ ʜʣʷ ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʚʠʨʦʙʽʚ, ʦʩʢʽʣʴʢʠ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʦʙʢʠ ʚʠʢʣʠʢʘʻ ʫʢʨʫʧʥʝʥʥʷ ʢʨʝʤʥʽʻʚʦʾ ʬʘʟʠ, ʱʦ ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ 

ʽ ʧʽʜʚʠʱʫʻ ʧʣʘʩʪʠʯʥʽʩʪʴ [2]. ɼʦʜʘʚʘʥʥʷ ʤʘʛʥʽʶ (Mg) ʫ ʩʧʣʘʚ AlSi10Mg ʜʦʟʚʦʣʷʻ ʧʽʜʚʠ-

ʱʠʪʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʟʦʢʨʝʤʘ ʟʘ ʨʝʞʠʤʦʤ T6. 

ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʜ ʯʘʩ LPBF ʬʦʨʤʫʻ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʤʝʪʘʩʪʘʙʽ-

ʣʴʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʥʠʟʴʢʽʡ ʘʙʦ ʧʦʤʽʨʥʽʡ ʧʣʘʩʪʠ-

ʯʥʦʩʪʽ. ɺʟʘʻʤʦʧʦʚôʷʟʘʥʘ ʝʚʪʝʢʪʠʯʥʘ ʩʽʪʢʘ AlïSi ʫ ʤʘʪʨʠʮʽ ʘʣʶʤʽʥʽʶ ʩʫʪʪʻʚʦ ʟʤʽʮʥʶʻ 

ʤʘʪʝʨʽʘʣ. ʆʜʥʘʢ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʜʦʟʚʦʣʷʻ ʤʦʜʠʬʽʢʫʚʘʪʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʧʦʢʨʘʱʫ-

ʶʯʠ ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʝʚʪʝʢʪʠʯʥʦʾ ʩʽʪʢʠ ʪʘ ʫʢʨʫʧʥʝʥʥʷ ʢʨʝʤʥʽʻʚʠʭ 

ʯʘʩʪʠʥʦʢ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ LPBF-AlSi10Mg ʩʚʽʜʯʘʪʴ ʧʨʦ ʨʽʟʥʽ ʚʘ-

ʨʽʘʥʪʠ ʧʽʜʭʦʜʽʚ [2-3]. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʧʫʩʢ T4 (ʦʙʨʦʙʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 500 ÁC, ʱʦ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʯʠʥʝʥʥʷ ʬʘʟ) ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ ʧʣʘʩʪʠʯʥʽʩʪʴ. ɺʽʜʧʘʣ ʧʨʠ 300 ÁC 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʷʪʪʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. 

ɺʽʜʧʫʩʢʠ T5 ʽ T6 ʧʽʜʚʠʱʫʶʪʴ ʤʽʮʥʽʩʪʴ, ʘʣʝ ʟʤʝʥʰʫʶʪʴ ʧʣʘʩʪʠʯʥʽʩʪʴ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ 

ʬʘʟ Mg-Si. ʨʝʞʠʤʠ ʚʽʜʧʘʣʫ, ʪʘʢʽ ʷʢ T4, ʩʧʨʠʷʶʪʴ ʜʦʩʷʛʥʝʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ 

ʤʽʞ ʤʽʮʥʽʩʪʶ ʪʘ ʧʣʘʩʪʠʯʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦ-

ʣʦʜʞʝʥʥʷ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ LPBF-AlSi10Mg ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʤʝʪʘʩʪʘʙʽʣʴʥʦʾ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʠ ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, ʦʜʥʘʢ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʥʝʦʙʭʽʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦ-

ʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ LPBF ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟ-

ʥʘʚʩʪʚʘ ʚ LPBF ʧʨʦʮʝʩʘʭ. 
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ɺʇʃʀɺ ɹɯʅɸʈʅʆɻʆ ʉʇʃɸɺʋ ʉʀʉʊɽʄʀ AL-CR ʅɸ ʊʈʀɹʆʃʆɻɯʏʅɯ 

ɺʃɸʉʊʀɺʆʉʊɯ ʅɸɼɺʀʉʆʂʆʄʆʃɽʂʋʃʗʈʅʆɻʆ ʇʆʃɯɽʊʀʃɽʅʋ 

ɺ ʋʄʆɺɸʍ ʊɽʈʊʗ ɹɽɿ ɿʄɸʑɽʅʅʗ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʦʜʥʦʬʘʟʥʦʛʦ ʨʽʜʠʥʥʦ-ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʙʽʥʘʨ-

ʥʦʛʦ ʩʧʣʘʚʫ ʩʠʩʪʝʤʠ Al -Cr ʽʟ ʚʤʽʩʪʦʤ ʭʨʦʤʫ 5 ʤʘʩ.% ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʟʥʦʰʫ-

ʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʜʦ ʧʦʣʽʤʝʨʫ 

ʩʧʣʘʚʫ ʫ ʢʽʣʴʢʦʩʪʽ 5-25 ʤʘʩ.% ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʫ 2,7 ʨʘʟʠ, ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʪʚʝʨʜʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʝʪʠʣʝʥ, ʙʽʥʘʨʥʠʡ ʩʧʣʘʚ Al-Cr, ʜʠʩ-

ʧʝʨʩʥʠʡ ʥʘʧʦʚʥʶʚʘʯ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 
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EFFECT OF AL -CR BINARY ALLOY ON THE TRIBOLOGICAL PROPERTIES 
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FRICTION CONDITIONS  

Abstract. The study examines the effect of a single-phase liquid-quenched binary Al-

Cr alloy with a chromium content of 5 wt.% on the linear wear rate of ultra-high-molecular-
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weight polyethylene. It was found that the addition of 5-25 wt.% of the alloy to the polymer 

reduces its linear wear rate by 2,7 times due to increased hardness. 

Keywords: ultra-high-molecular-weight polyethylene, binary Al-Cr alloy, dispersed 

filler, linear wear rate. 

 

ɹʣʠʟʴʢʦ 80% ʚʠʧʘʜʢʽʚ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʚʫʟʣʽʚ ʪʝʨʪʷ ʩʽʣʴ-

ʩɹ ʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʪʘ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʫʤʦʚʣʝʥʽ ʚʪʦʤʥʠʤ ʟʥʦʰʫ-

ʚʘʥʥʷʤ [1] ʧʽʜ ʚʧʣʠʚʦʤ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʟʙʽ-

ʣʴʰʝʥʥʷ ʾʭʥʴʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʇʂʄ). ɿʘʤʽʥʘ ʩʝʨʽʡʥʠʭ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʥʘ ʇʂʄ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʤʦʙʽʣʴʥʦʩʪʽ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʪʘʙʽʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʛʨʝʛʘʪʽʚ [2]. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ ʙʘʛʘʪʴʦʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʻ ʨʦʟʨʦ-

ʙʢʘ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʟʥʦʩʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ 

ʧʨʦʪʠʩʪʦʷʪʠ ʽʥʪʝʥʩʠʚʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʂʦʤʝʨʮʽʡʥʠʡ ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʝʪʠʣʝʥ (ʅɺʄʇɽ) ʬʽʨʤʠ Jiujiang 

Zhongke Xinxing New Material Co.,Ltd. (ʂʠʪʘʡ) ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʢʣʘ-

ʜʽʚ ʟʥʦʩʦʩʪʽʡʢʠʭ ʇʂʄ. ʗʢ ʥʘʧʦʚʥʶʚʘʯ (ʅʧ), ʦʙʨʘʣʠ ʜʠʩʧʝʨʩʥʠʡ (40-100 ʤʢʤ) ʦʜʥʦʬʘ-

ʟʥʠʡ ʨʽʜʠʥʥʦ-ʟʘʛʘʨʪʦʚʘʥʠʡ ʙʽʥʘʨʥʠʡ ʩʧʣʘʚ ʩʠʩʪʝʤʠ Al-Cr ʽʟ ʚʤʽʩʪʦʤ ʭʨʦʤʫ 5 ʤʘʩ.%. ʅʧ 

ʜʘʥʦʛʦ ʪʠʧʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ (ȹa/aÓ2,5Ŀ10-3) ʨʽʚʥʶ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ ʟ-ʟʘ 

ʩʫʪʪʻʚʦʾ ʨʽʟʥʠʮʽ ʚ ʘʪʦʤʥʠʭ ʨʘʜʽʫʩʘʭ ʘʣʶʤʽʥʽʶ (rAl=0,142 ʥʤ) ʪʘ ʭʨʦʤʫ (rCr=0,128 ʥʤ). 

ʌʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʇʂʄ, ʱʦ ʤʽʩʪʠʣʠ 5-25 ʤʘʩ.% ʅʧ, ʟʜʽʡʩʥʶʚʘʣʠ 

ʤʝʪʦʜʦʤ ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ [3]. ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʇʂʄ ʪʘ ʅɺʄʇɽ ʟʘ ʩʭʝʤʦʶ çʜʠʩʢ-ʢʦʣʦʜʢʘè ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʙʝʟ ʟʤʘʱʝʥʥʷ 

ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 1 ʄʇʘ ʪʘ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 1 ʤ/ʩ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2. 

ɯʟ ʪʘʙʣ.1 ʚʠʜʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʅʧ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ-

ʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʅɺʄʇɽ ʫ 2,7 ʨʘʟʠ. ʇʦʢʨʘʱʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʫʤʦʚʣʝʥʝ ʧʽʜʚʠ-

ʱʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɺʄʇɽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʻ ʟʤʽʮʥʝʥʥʶ ʡʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

 

ʊʘʙʣʠʮʷ 1 ð ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʅɺʄʇɽ ʪʘ ʇʂʄ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 
ʇʦʢʘʟʥʠʢ ɺʤʽʩʪ ʥʘʧʦʚʥʶʚʘʯʘ, ʤʘʩ.% 

0 5 10 15 20 25 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, 
IhĿ10-7 

15,8 11,2 8,7 6,9 5,7 6,8 

ʊʚʝʨʜʽʩʪʴ HRR, ʦʜ. ʪʚ. 32 38 41 45 48 46 
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INFLUENCE OF FILLER TYPE ON PHYSICAL AND MECHANICAL 

PROPERTIES OF THERMAL PROTECTIVE COATING OF SPACECRAFT  

Abstract. The tensile deformation of three types of heat-shielding coating samples was 

determined. A distinctive feature of the test samples is the type of filler. I will consider the 

following types of filler ceramic thread, ceramic thread-based tow, and plain weave fabric 

made of ceramic thread. 
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ʧʦʪʨʝʙ) [1]. ʉʢʣʘʜʘʶʪʴʩʷ ʽʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʝʧʣʦʟʘʭʠʩʥʝ ʧʦʢʨʠʪʪʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʦʟʠʪ 

ʥʘ ʦʩʥʦʚʽ ʢʝʨʘʤʽʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʱʦ ʤʘʻ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʤʽʮʥʽʩʪʴ ʜʦʩʪʘʪʥʶ ʜʣʷ ʨʦʙʦʪʠ ʚ 

ʫʤʦʚʘʭ ʧʦʚʝʨʥʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʟʦʚʥʽʰʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʘ-

ʪʝʨʽʘʣʫ ʜʦ 1350 ÁC (ʈʠʩʫʥʦʢ 1). ʂʝʨʘʤʽʯʥʝ ʚʦʣʦʢʥʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ 

ʥʠʪʢʠ (ʜʽʘʤʝʪʨʦʤ 2 ʤʤ), ʜʞʛʫʪʘ (ʜʽʘʤʝʪʨʦʤ 4 ʤʤ) ʘʙʦ ʪʢʘʥʠʥʠ (ʪʦʚʱʠʥʦʶ 2 ʤʤ, ʧʦʣʦʪ-

ʥʷʥʦʛʦ ʧʣʝʪʽʥʥʷ). 

 
ʈʠʩʫʥʦʢ 1 ð ɿʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʠʧʫ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʛʦ-

ʪʦʚʣʷʣʠ ʨʦʟʤʽʨʦʤ 210Ĭ15 ʤʤ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʚʠʟʥʘʯʘʣʠ ʧʦ 

ʜʘʪʯʠʢʫ ʩʠʣʦʚʠʤʽʨʶʚʘʯʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʄʈʄ-10ʉ ʾʭ ʚʽʜʥʦʩʥʫ ʜʝʬʦʨʤʘʮʽʶ 

ʧʨʠ ʨʦʟʪʷʟʽ, ʢʝʨʫʶʯʠʩʴ ʥʦʨʤʘʪʠʚʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ [1]. ʈʦʟʛʣʷʜʘʣʠ ʟʨʘʟʢʠ ʦʜʥʘʢʦʚʦʾ 

ʪʦʚʱʠʥʠ (7Ñ0,5 ʤʤ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘʧʦʚʥʶʚʘʯʘ, ʘ ʩʘʤʝ ʥʠʪʢʠ ʢʝʨʘʤʽʯ-

ʥʦʾ; ʜʞʛʫʪʘ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽʟ ʮʽʻʾ ʞ ʥʠʪʢʠ; ʪʢʘʥʠʥʠ, ʪʢʘʥʦʾ ʽʟ ʮʽʻʾ ʞ ʥʠʪʢʠ. ɺ ʷʢʦʩʪʽ 

ʤʘʪʨʠʮʽ ʜʣʷ ʫʩʽʭ ʟʨʘʟʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʝʧʣʦʩʪʽʡʢʝ ʩʧʦʣʫʯʥʝ [3]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2. 

 
ʈʠʩʫʥʦʢ 2 ð ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʨʦʟʪʷʟʽ (%) ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʅ) 

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʥʘʧʦʚʥʶʚʘʯʘ ʟʦʥʘ 

ʫʤʦʚʥʦ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʷʛʘʻ ~0,7 %. ʎʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʙʦʪʦʶ ʥʘ ʨʦʟʪʷʛ 

ʤʘʪʨʠʮʽ. ɼʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʪʠʧʽʚ ʟʨʘʟʢʽʚ ʧʦ ʟʘʚʝʨʰʝʥʥʶ ʟʦʥʠ ʫʤʦʚʥʦ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘ-

ʮʽʾ ʡʜʝ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ ʥʘ ʤʝʞʽ çʥʠʪʢʘ-ʥʠʪʢʘè ʧʦ ʚʩʴʦʤʫ ʧʝʨʝʨʽʟʫ ʤʘʪʝʨʽʘʣʫ, ʪʦʙʪʦ 

ʡʦʛʦ ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʜʣʷ ʪʨʝʪʴʦʛʦ ʪʠʧʫ ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʤʘʪʨʠʮʽ 

ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʩʧʽʣʴʥʦ ʟ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʥʝʧʨʦʩʦʯʝʥʦʾ ʯʘʩʪʠʪʠ ʪʢʘʥʠʥʠ ʪʘ ʥʝ-

ʧʨʫʞʥʦʾ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʾ ʜʦ ʨʽʚʥʷ ʩʝʨʽʾ ʤʽʢʨʦʪʨʽʱʠʥ ʤʘʪʨʠʮʽ, ʧʨʠ ʮʴʦʤʫ ʮʽʣʴʥʽʩʪʴ, 
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ʤʽʮʥʽʩʪʴ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚ ʮʽʣʦʤʫ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ. ʎʝʡ ʩʪʘʥ 

ʪʨʠʚʘʻ ʱʦʥʘʡʤʝʥʰʝ ʜʦ 3-4,5 % ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʤʘʪʨʠʮʽ. ʇʦʪʽʤ ʩʫʧʨʦʪʠʚ ʨʦʟʨʠʚʫ 

ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʤʘʪʨʠʮʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʪʢʘʥʠʥʠ, ʬʦʨʤʫʻʪʴʩʷ ʧʦʜʦʚʞʝʥʥʷ ʚʞʝ ʚ ʣʦ-

ʢʘʣʴʥʦʤʫ ʥʘʡʩʣʘʙʰʦʤʫ ʤʽʩʮʽ ʟʨʘʟʢʫ, ʧʨʠ ʮʴʦʤʫ, ʨʫʡʥʫʚʘʥʥʷ ʪʢʘʥʠʥʠ (ʩʧʘʜ ʟʥʘʯʝʥʥʷ 

ʩʫʧʨʦʪʠʚʫ ʥʘʚʘʥʪʘʞʝʥʥʶ) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥʠ ʧʦ ʚʩʴʦʤʫ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʟʘ 7 % ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʪʠʧ ʥʘʧʦʚʥʶʚʘʯʘ ʚʧʣʠʚʘʻ ʥʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʝʧʣʦ-

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ.. ʆʙʠʨʘʶʯʠ ʧʝʚʥʠʡ ʪʠʧ ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʚʠʭʽʜʥʠʭ ʤʘ-

ʪʝʨʽʘʣʘʭ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ, ʪʠʤ ʩʘʤʠʤ ʟʘʩʪʦʩʦʫʚʘʪʠ ʡʦʛʦ ʜʣʷ 

ʪʝʨʤʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʽʣʷʥʦʢ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. 
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THE IMPACT OF EROSIVE CAVITATION ON MATERIALS  

Abstract. The paper examines the mechanism of erosive cavitation and its impact on 

materials used in hydrodynamic equipment and rocket-space technology. A comparison is 

provided of the cavitation resistance of various materials, including traditional ones and 

modern ones. The prospects of using wear-resistant materials and coatings to improve the 

durability of components operating under severe hydrodynamic conditions are discussed. 
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ɺʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ (ʈʂʊ) ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʢʣʘʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙ-

ʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʚʧʣʠʚ ʝʨʦʟʽʡʥʦʾ ʢʘʚʽʪʘʮʽʾ. ʉʘʤʝ ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʘʚʽʪʘ-

ʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʮʴʦʛʦ ʚʠʜʫ ʨʫʡ-

ʥʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʫʟʣʽʚ ʈʂʊ ʪʘ ʽʥʰʦʛʦ ʛʽʜʨʦʜʠ-

ʥʘʤʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʂʘʚʽʪʘʮʽʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʽ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʷʚʠʱ ʫ ʛʽʜʨʦʜʠʥʘʤʽʯ-

ʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʝʨʡʦʟʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ɺʦʥʘ ʚʠ-

ʥʠʢʘʻ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʡ ʧʦʜʘʣʴʰʠʡ ʢʦʣʘʧʩ ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʤʠ ʛʽʜʨʦʫʜʘʨʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ʆʩʦʙʣʠʚʦ 
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ʨʫʡʥʽʚʥʠʤ ʻ ʚʧʣʠʚ ʝʨʦʟʽʡʥʦʾ ʢʘʚʽʪʘʮʽʾ, ʢʦʣʠ ʧʦʚʪʦʨʶʚʘʥʽ ʫʜʘʨʠ ʩʧʨʠʯʠʥʷʶʪʴ ʧʣʘʩʪʠʯʥʫ 

ʜʝʬʦʨʤʘʮʽʶ, ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʽ ʧʦʩʪʫʧʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ɽʨʦʟʽʡʥʘ ʢʘʚʽʪʘʮʽʷ ʻ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʥʘʩʦʩʽʚ, ʛʽʜʨʦʪʫʨʙʽʥ, ʩʫʜʥʦʚʠʭ 

ʛʚʠʥʪʽʚ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʰʚʠʜʢʦ ʟʥʦʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝ-

ʥʠʭ ʚʠʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʨʦʩʪʘʻ ʫ ʟʚôʷʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʤʦʛ ʜʦ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʥʦʰʫʚʘʥʥʷ, ʩʧʨʠʯʠʥʝʥʝ ʢʘʚʽʪʘ-

ʮʽʻʶ, ʤʦʞʝ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʚʘʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʝʢʪʦʨʽʚ. ʊʦʤʫ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʝʨʦʟʽʡʥʦʾ ʢʘʚʽʪʘʮʽʾ ʪʘ 

ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʾʾ ʤʽʥʽʤʽʟʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʽʥʞʝʥʝʨʽʚ ʪʘ 

ʜʦʩʣʽʜʥʠʢʽʚ. 

ʄʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ ʝʨʦʟʽʡʥʦʾ ʢʘʚʽʪʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ ʟʘʢʦʥʽ 

ɹʝʨʥʫʣʣʽ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠʩʷ ʜʦ ʨʽʚʥʷ, 

ʥʠʞʯʦʛʦ ʟʘ ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʫʪʚʦʨʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ. 

ɺʦʥʠ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʧʦʪʦʢʦʤ ʫ ʟʦʥʠ ʧʽʜʚʠʱʝʥʦʛʦ ʪʠʩʢʫ, ʜʝ ʩʭʣʦʧʫʶʪʴʩʷ, ʛʝʥʝʨʫʶʯʠ 

ʣʦʢʘʣʴʥʽ ʫʜʘʨʠ ʟ ʪʠʩʢʦʤ ʫ ʜʝʩʷʪʢʠ ʪʠʩʷʯ ʘʪʤʦʩʬʝʨ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦ ʢʽʣʴʢʦʭ ʪʠʩʷʯ 

ʛʨʘʜʫʩʽʚ ʂʝʣʴʚʽʥʘ 

ʈʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ: 

ð ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʽʢʨʦʩʪʨʫʤʝʥʽ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ ʥʝʩʠʤʝʪʨʠʯʥʦʤʫ ʩʭʣʦ-
ʧʫʚʘʥʥʽ ʙʫʣʴʙʘʰʢʠ; 

ð ʫʜʘʨʥʽ ʭʚʠʣʽ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ ʩʭʣʦʧʫʚʘʥʥʽ; 

ð ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʮʠʢʣʽʯʥʽ ʫʜʘʨʠ ʤʽʢʨʦʩʪʨʫʤʝʥʽʚ. 

ɼʣʷ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʜʝʢʩ 

ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʗʢʱʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʝ ʜʣʷ ʤʘʪʝʨʽʘʣʫ, ʧʦ-

ʯʠʥʘʻʪʴʩʷ ʝʨʦʟʽʡʥʠʡ ʟʥʦʩ. 

ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʘ-

ʪʝʨʽʘʣʫ, ʜʘʣʽ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʢʨʦʪʨʽʱʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʘʤʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦ-

ʚʝʨʭʥʽ ʪʘ ʚʪʨʘʪʠ ʤʘʩʠ ʯʝʨʝʟ ʚʠʥʦʩ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ. 

ʏʫʪʣʠʚʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʢʘʚʽʪʘʮʽʡʥʦʾ ʝʨʦʟʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʟʜʘʪʥʦʩʪʽ ʯʠʥʠʪʠ ʦʧʽʨ ʫʜʘʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɹʽʣʠʡ ʯʘʚʫʥ 

ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʭʨʦʤʫ ʤʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʩʭʠʣʴʥʠʡ ʜʦ ʤʽʢʨʦʪʨʽʱʠʥ 

ʽ ʣʘʤʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʅʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʫ ʩʪʽʡʢʽʩʪʴ ʟʘʚʜʷʢʠ 

ʢʦʤʙʽʥʘʮʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʃʝʛʦʚʘʥʽ ʙʨʦʥʟʠ ʪʘ ʣʘʪʫʥʽ ʤʘʶʪʴ ʚʠ-

ʩʦʢʽ ʜʝʤʧʬʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʤʝʥʰʫʶʯʠ ʨʠʟʠʢ ʨʫʡʥʫʚʘʥʥʷ, ʘ ʪʚʝʨʜʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ 

ʢʘʨʙʽʜʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʭʦʯʘ ʡ ʟʘʣʠʰʘʶʪʴʩʷ ʚʨʘʟʣʠʚʠʤʠ ʜʦ 

ʨʘʧʪʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʪʚʝʨʜʽʩʪʶ, ʧʣʘʩʪʠʯʥʽʩʪʶ ʪʘ ʫʜʘʨʥʦʶ ʚôʷʟʢʽʩʪʶ. ʇʦʢʨʘ-

ʱʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʦʧʪʠʤʽʟʘʮʽʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʦʩʦ-

ʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʜʝʪʘʣʝʡ 

ʥʘʩʦʩʽʚ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʈʂʊ. 

ʆʢʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʚʩʝ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴʩʷ ʪʠʪʘʥʦʚʽ (ʥʘʧʨʠʢʣʘʜ, Ti-6Al-4V) ʪʘ ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ (7075, 6061), ʘ ʪʘʢʦʞ ʢʦʤ-

ʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʥʠʭ ʽ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʨʠʮʴ. ʊʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʠ-

ʪʦʤʫ ʤʽʮʥʽʩʪʴ ʽ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʧʽʜ ʜʽʻʶ ʣʦ-

ʢʘʣʴʥʠʭ ʛʽʜʨʦʫʜʘʨʽʚ. ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʨʘʱʫ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʘʣʝ ʤʘʶʪʴ 

ʥʠʞʯʫ ʪʚʝʨʜʽʩʪʴ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʟʥʦʩʫ. ʂʦʤʧʦʟʠʪʠ, 
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ʦʩʦʙʣʠʚʦ ʢʝʨʘʤʽʯʥʽ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʤʦʞʫʪʴ ʙʫʪʠ ʢʨʠʭʢʠʤʠ, ʱʦ ʦʙ-

ʤʝʞʫʻ ʾʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʫʟʣʘʭ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 
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ɯʄʇʋʃʔʉʅɽ ʂɽʈʋɺɸʅʅʗ ɺɯɼʅʆʉʅʀʄ ʈʋʍʆʄ ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɯɺ 

ʋ ʂʆɺɿʅʆʄʋ ʈɽɾʀʄɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅɸɺʏɸʅʅʗ 

ɿ ʇɯɼʂʈɯʇʃɽʅʅʗʄ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʢʝʨʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ, ʷʢʽ ʤʘʶʪʴ ʣʠʰʝ ʜʚʘ ʩʪʘʥʠ ð ʚʢʣʶʯʝʥʦ ʘʙʦ ʚʠʤʢ-

ʥʝʥʦ. ʂʝʨʫʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʢʦʚʟʥʦʤʫ ʨʝʞʠʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝ-

ʥʪʫ, ʱʦ ʥʘʣʘʰʪʦʚʫʻ ʧʘʨʘʤʝʪʨʠ ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧ-

ʣʝʥʥʷʤ. ɺʠʟʥʘʯʝʥʦ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʷʢʠʭ ʛʘʨʘʥʪʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ 

ʨʫʭʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʘʤʧʣʽʪʫʜʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʝʨʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ, ʢʦʚʟʥʠʡ ʨʝʞʠʤ, ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽ-

ʧʣʝʥʥʷʤ, ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ. 
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SPACECRAFT ON-OFF RELATIVE CONTROL IN SLIDING MODE VIA 

REINFORCEMENT LEARNING  

Abstract. The task of the spacecraft relative control using thrusters, that have only two 

states on or off, is studies. The control is implemented in a sliding mode using an intelligent 

agent that adjusts the parameters of the control law using reinforcement learning. The ranges 

of the parameter variations, where the stability of the motion is guaranteed, are determined 

considering the constrains on the amplitude of the control actions. 

Keywords: relative motion control, sliding mode, reinforcement learning, motion 

stability. 

 

ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʢʝʨʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʘʢʪʠʚʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ, ʚʠʭʽʜ ʷʢʠʭ ʤʘʻ ʜʚʘ ʩʪʘʥʠ "ʚʢʣʶʯʝʥʦ" ʘʙʦ "ʚʠʤʢʥʝʥʦ". 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [1] ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʜʣʷ ʚʠʧʘʜʢʽʚ ʢʦʣʠ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

https://doi.org/10.62717/2221-4550-2025-1-110
https://orcid.org/0009-0006-6860-2456
mailto:vovas99@ukr.net
https://orcid.org/0000-0001-7648-4791
mailto:skh@ukr.net
https://orcid.org/0009-0006-6860-2456
mailto:vovas99@ukr.net
https://orcid.org/0000-0001-7648-4791
mailto:skh@ukr.net


̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

329 

ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʣʽʥʽʡʥʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʪʷʛʠ [2] ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚ-

ʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʣʷ ʧʨʷʤʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʚʝʢʪʦʨʦʤ ʩʪʘʥʫ ʽ ʢʦʤʘʥʜʘʤʠ ʚʢʣʶʯʝʥʥʷ-ʚʠʤʠʢʘʥʥʷ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʝʨʰʠʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴʩʷ ʣʽʥʽʡʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ ʽʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʤʦʜʫʣʷʪʦʨʦʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʦ-

ʩʪʽ ʢʝʨʫʚʘʥʥʷ, ʰʚʠʜʢʦʜʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʢʣʶʯʝʥʴ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ, ʚʽʥ ʥʝ ʛʘʨʘʥʪʫʶ 

ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʫ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʫ, ʢʨʽʤ ʮʴʦʛʦ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ 

ʜʦʚʦʣʽ ʜʦʚʛʠʡ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʩʢʣʘʜʥʦʱʽʚ ʟʘʙʦʨʦʥʦʚʘʥʦ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʫ ʢʦ-

ʚʟʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ɺʠʙʽʨ ʢʦʚʟʥʦʛʦ ʨʝʞʠʤʫ ʢʝʨʫʚʘʥʥʷ ʦʙʫ-

ʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʥʝ ʙʝʟʧʝʨʝʨʚʥʽ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʩʦ-

ʙʣʠʚʦʩʪʷʤ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ. 

ɿ ʧʦʯʘʪʢʫ ʚʠʙʨʘʥʦ ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʨʦʣʝʨʫ ʢʦʚʟʥʦʛʦ ʨʝʞʠʤʫ. ʇʦʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʬʫʥʢʮʽʡ ʃʷʧʫʥʦʚʘ ʚʠʟʥʘʯʝʥʦ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʝʨʘ, ʷʢʽ ʛʘʨʘ-

ʥʪʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʘʤʧʣʽʪʫʜʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. ʅʘ ʟʘ-

ʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ʥʘʣʘʰʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʫ ʢʦʥʪʨʦʣʝʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢ-

ʨʽʧʣʝʥʥʷʤ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʴ ʢʝʨʦʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʜʚʦʭ 

ʩʫʧʫʪʥʠʢʽʚ ʫ ʬʦʨʤʽ ʄʘʨʢʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʛʝʥʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ çʚʠʢʦʥʘʚʮʷè ʪʘ çʢʨʠʪʠʢʘè ʪʘ ʚʠʟʥʘʯʝʥʦ ʘʨ-

ʭʽʪʝʢʪʫʨʠ ʮʠʭ ʤʦʜʫʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʝʨʘ. 

ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʥʝ 

ʪʽʣʴʢʠ ʧʝʨʝʚʝʨʰʠʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ ʽʟ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʠʤ ʤʦʜʫʣʷʪʦʨʦʤ, ʘʣʝ ʡ ʛʘʨʘʥʪʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʩʫʧʫʪʥʠʢʘ ʪʘ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʥʘʚʯʘʥʥʷ. 
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ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʌɽʂʊʀɺʅʆɻʆ ɿɸʍʀʉʊʋ ɺɯɼ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʆɻʆ 

ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 

ɸʥʦʪʘʮʽʷ. ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʄʈʊ) ʻ ʚʠʩʦʢʦʯʫʪʣʠʚʦʶ ʪʝʭʥʦʣʦ-

ʛʽʻʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ, ʦʜ-

ʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ ʨʦʙʦʪʠ ʤʦʞʝ ʙʫʪʠ ʧʦʨʫʰʝʥʘ ʟʦʚʥʽʰʥʽʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ 

(ɽʄʇ). ʎʽ ʧʦʣʷ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʟ ʩʠʛʥʘʣʘʤʠ ʪʦʤʦʛʨʘʬʘ, ʱʦ ʧʦʛʽʨ-

ʰʫʻ ʪʦʯʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʄʈʊ ʚʽʜ ʚʧʣʠʚʫ ɽʄʇ, 

ʟʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʽʪʢʠ ʌʘʨʘʜʝʷ ʪʘ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʝʢʨʘʥʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʛʨʘʬʽʪ ʽ 

ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ. ɸʢʮʝʥʪ ʟʨʦʙʣʝʥʦ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʪʝʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʤʦʥʪʘʞʫ ʤʘ-

ʪʝʨʽʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʘ ʪʘʢʦʞ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫ-

ʛʦʚʫʚʘʥʥʷ ʝʢʨʘʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʭʠʩʪ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ 

ʪʦʤʦʛʨʘʬʽʷ. 
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PROVIDING EFFECTIVE PROTECTION AGAINST ELECTROMAGNETIC 

RADIATION  

Abstract. Magnetic resonance imaging (MRI) is a highly sensitive technology that uses 

magnetic fields to create images of internal organs, but its efficiency can be impaired by ex-

ternal electromagnetic fields (EMP). These fields can interfere with the scannerôs signals, re-

ducing diagnostic accuracy. This article reviews methods for protecting MRI from EMP, in-

cluding the use of Faraday cages and shielding materials such as graphite and metal alloys. 

Emphasis is placed on the need of careful selection and installation of materials to provide 

reliable shielding, as well as the importance of regular maintenance of shielding structures to 

maintain their effectiveness. 

Keywords: protection, electromagnetic radiation, magnetic resonance imaging. 

 

ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʄʈʊ) ʻ ʚʠʩʦʢʦʯʫʪʣʠʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʘ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻ ʧʦʪʫʞʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʽ ʪʢʘ-

ʥʠʥ. ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʄʈʊ ʤʦʞʝ ʙʫʪʠ ʧʦʨʫʰʝʥʘ ʟʦʚʥʽʰʥʽʤʠ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ (ɽʄʇ), ʱʦ ʩʪʚʦʨʶʶʪʴ ʩʝʨʡʦʟʥʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʘ ʚʣʘʩʥʝ ʧʦʩʪʘʥʦʚʢʠ ʤʝʜʠʯʥʦʛʦ ʜʽʘʛʥʦʟʫ ʧʘʮʽʻʥʪʫ. ɿʘʭʠʩʪ ʤʘʛʥʽʪʫ ʚʽʜ 

ʮʠʭ ʭʚʠʣʴ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʄʈʊ ʪʘ ʙʝʟʧʝʢʠ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʈʊ ʻ ʚʧʣʠʚ ʥʘ ʤʘʛʥʽʪ ʚʠʩʦʢʦʯʘʩ-

ʪʦʪʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʦʥʠʢʘʪʠ ʚ ʩʝʨʝʜʠʥʫ ʧʨʠʤʽʱʝʥʥʷ, ʜʝ ʚʩʪʘ-

ʥʦʚʣʝʥʠʡ ʪʦʤʦʛʨʘʬ, ʽ ʚʠʢʣʠʢʘʪʠ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʽʟ ʩʠʛʥʘʣʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʰʫʤʽʚ, ʘʨʪʝʬʘʢʪʽʚ ʘʙʦ ʩʧʦʪʚʦ-

ʨʝʥʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʈʦʟʫʤʽʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʨʘʥʦʚʘʥʦʾ ʨʘ-

ʜʽʦʯʘʩʪʦʪʥʦʾ (ʈʏ) ʢʘʤʝʨʠ, ʦʩʦʙʣʠʚʦ ʚʣʘʩʪʠʚʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʛʣʠʥʘʪʠʩʷ ʨʝʯʦʚʠʥʦʶ [1], ʤʦʞʝ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦʶ ʧʽʜʤʦʛʦʶ ʜʣʷ ʚʠʙʦʨʫ ʝʢʨʘʥʦʚʘ-

ʥʦʾ ʢʘʤʝʨʠ. ɺʠʙʽʨ ʝʢʨʘʥʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʧʦʩʽʙ ʾʭ ʟʙʽʨʢʠ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʨʦʙʦʪʠ ʢʘʤʝʨʠ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʻ ʧʦʜʚʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ð ʭʚʠʣʽ ʪʘ ʯʘʩʪʢʠ. 

ɺʦʥʦ ʤʘʻ ʚʩʽ ʦʟʥʘʢʠ, ʦʢʨʽʤ ʤʘʩʠ ʧʦʢʦʶ, ʘ ʪʘʢʦʞ ʙʫʜʝ ʨʝʘʛʫʚʘʪʠ ʟ ʨʝʯʦʚʠʥʦʶ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʷʢ ʯʘʩʪʢʘ. ɺʠʜʠ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʝʥʝʨʛʽʾ ʯʘʩʪʢʠ (ʢʚʘʥʪʘ), ʧʨʠ ʮʴʦʤʫ ʦʩʪʘʥʥʽʡ ʥʝ ʤʦʞʝ ʚʽʜʜʘʚʘʪʠ ʝʥʝʨʛʽʶ ʯʘʩʪʢʦʚʦ, ʚʽʥ ʾʾ 

ʚʽʜʜʘʻ ʧʦʚʥʽʩʪʶ ʽ ʟʥʠʢʘʻ [1]. 

ɺʠʜʠ ʚʟʘʻʤʦʜʽʾ: 

ð ʟʙʫʜʞʝʥʥʷ; 

ð ʽʦʥʽʟʘʮʽʷ ʘʙʦ ʬʦʪʦʝʬʝʢʪ; 

ð ʝʬʝʢʪ ʂʦʤʧʪʦʥʫ; 

ð ʥʘʨʦʜʞʝʥʥʷ ʧʘʨʠ; 

ð ʚʟʘʻʤʦʜʽʷ ʟ ʷʜʨʦʤ ʽ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʯʘʩʪʢʘʤʠ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʤʘʛʥʽʪʫ ʄʈʊ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ɽʄʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʢʣʽʪʢʘ 

ʌʘʨʘʜʝʷ ð ʤʝʪʘʣʝʚʠʡ ʝʢʨʘʥ, ʱʦ ʧʦʚʥʽʩʪʶ ʦʪʦʯʫʻ ʧʨʠʤʽʱʝʥʥʷ ʟ ʪʦʤʦʛʨʘʬʦʤ ʽ ʙʣʦʢʫʻ 

ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚʩʝʨʝʜʠʥʫ. ʇʨʦʪʝ, ʥʘʚʽʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʣʽʪʢʠ 

ʌʘʨʘʜʝʷ, ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʚʠʢʣʠʢʠ, ʟʦʢʨʝʤʘ: 

ð ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʨʘʥʫʚʘʥʥʷ ʤʝʪʘʣʝʚʽ ʝʢʨʘʥʠ ʤʘʶʪʴ ʙʫʪʠ ʨʝʪʝʣʴʥʦ ʩʧʨʦʻʢʪʦʚʘʥʽ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʽ ʟʘʟʦʨʠ ʘʙʦ ʜʝʬʝʢʪʠ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ ʧʨʠ-

ʟʚʝʩʪʠ ʜʦ ʧʨʦʥʠʢʥʝʥʥʷ ɽʄʇ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʜʚʝʨʷʤ, ʚʽʢʥʘʤ ʽ 

ʧʨʦʭʽʜʥʠʤ ʝʣʝʤʝʥʪʘʤ (ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʪʚʦʨʘʤ), ʜʝ ʤʦʞʣʠʚʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥ-

ʪʘʢʪ ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʝʢʨʘʥʫ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ; 

ð ʤʘʪʝʨʽʘʣ ʝʢʨʘʥʫ ʭʦʯʘ ʜʣʷ ʝʢʨʘʥʫʚʘʥʥʷ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʶʤʽʥʽʡ, ʮʝʡ 

ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʤʘʪʠ ʧʨʦʙʣʝʤʠ ʟ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʢʦʥʪʘʢʪʦʤ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʥʘ 

ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʦʢʩʠʜʫ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʽ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʟʘʭʠʩʪʫ. ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʤʽʜʴ ʘʙʦ 

ʣʘʪʫʥʴ, ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʽʰʠʤʠ, ʘʣʝ ʪʘʢʦʞ ʚʠʤʘʛʘʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʧʽʜʙʦʨʫ 

ʽ ʤʦʥʪʘʞʫ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʶ ʝʢʨʘʥʫʚʘʥʥʷ; 

ð ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʯʘʩʦʤ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʢʨʘʥʫʚʘʥʥʷ, 

ʤʦʞʫʪʴ ʚʪʨʘʯʘʪʠ ʩʚʦʾ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʯʝʨʝʟ ʢʦʨʦʟʽʶ ʘʙʦ ʤʝʭʘʥʽʯʥʠʡ ʟʥʦʩ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʩʪʦʩʫʻʪʴʩʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, ʪʘʢʠʭ ʷʢ ʜʚʝʨʽ ʘʙʦ ʬʣʘʥʮʽ, ʜʝ ʢʦʥʪʘʢʪʥʽ 

ʪʦʯʢʠ ʤʦʞʫʪʴ ʚʪʨʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ; 

ð ʢʦʤʧʣʝʢʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɦ ʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ, ʢʣʽʪʢʘ ʌʘʨʘʜʝʷ 

ʧʦʪʨʝʙʫʻ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʝʨʝʚʽʨʢʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʘʙʦ 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʝʢʨʘʥʫʚʘʥʥʷ. ʎʝ ʚʢʣʶʯʘʻ ʧʝʨʝʚʽʨʢʫ ʷʢʦʩʪʽ ʢʦʥʪʘʢʪʽʚ, ʩʪʘʥʫ ʤʘ-

ʪʝʨʽʘʣʽʚ ʽ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʧʨʠ ʧʦʷʚʽ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʻ ʛʨʘʬʽʪ (ʷʢ 
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ʥʘʧʦʚʥʶʚʘʯ) ʽ ʩʧʣʘʚʠ ʤʝʪʘʣʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ. ɺ ʫʤʦʚʘʭ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʠ ʤʽʜʽ ʪʘ 

ʘʣʶʤʽʥʽʶ, ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʟʘʛʘʩʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ >90 ɼʙ ʚ ʯʘ-

ʩʪʦʪʥʠʭ ʤʝʞʘʭ 15-128 ʄHz ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ [2]. 

ɻʨʘʬʽʪ. ʉʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʝʢʨʘʥʫʶʪʴ. ɿʘʟʚʠʯʘʡ 

ʛʨʘʬʽʪ ʟʤʽʰʫʶʪʴ ʟ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʽʥ ʜʦʙʨʝ ʬʦʨ-

ʤʫʻʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʤʘʪʝʨʽʘʣ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠ-

ʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʨʘʥʫʚʘʥʥʷ. 

ʄʝʪʘʣʝʚʽ ʩʧʣʘʚʠ. ʂʦʤʙʽʥʘʮʽʷ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʤʝʪʘʣʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʝʢʨʘ-

ʥʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʘʢʽ ʩʧʣʘʚʠ ʧʦʩʠʣʶʶʪʴ ʟʜʘʪʥʽʩʪʴ ʚʽʜ-

ʙʠʚʘʪʠ ʯʠ ʧʦʛʣʠʥʘʪʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ʇʨʠʢʣʘʜʦʤ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ʻ ʥʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ, 

ʘʣʶʤʽʥʽʡ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʘʛʥʽʪʥʽ ʩʧʣʘʚʠ, ʪʘʢʽ ʷʢ ʤʶ-ʤʝʪʘʣʠ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʈʊ ʚʠʥʠʢʘʻ ʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ (ʥʝʦʙʭʽʜʥʽʩʪʴ) ð ʟʘʭʠʩʪ ʧʝ-

ʨʩʦʥʘʣʫ ʪʘ ʧʘʮʽʻʥʪʽʚ ʚʽʜ ɽʄʇ. ʋʢʨʘʾʥʘ ʚʟʷʣʘ ʥʘ ʩʝʙʝ ʦʙʦʚ'ʷʟʢʠ ʚʠʢʦʥʘʥʥʷ ʟʘʪʚʝʨʜʞʝ-

ʥʦʛʦ ʧʣʘʥʫ ʟʘʭʦʜʽʚ [3] ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. ʇʣʘʥʦʤ ʟʘʭʦʜʽʚ ʚʠ-

ʟʥʘʯʝʥʽ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʝʢʩʧʦʟʠʮʽʾ, ʨʽʚʥʽ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ (ɽʄʇ) ʪʘ ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʧʣʠʚʦʤ ɽʄʇ ʥʘ 

ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʫʩʪʘʥʦʚʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ ʪʘ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ, ʥʘ ʷʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʩʠʨʦʚʠʥʘ ʪʘ ʤʘʪʝʨʽʘʣʠ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʰʢʽʜʣʠʚʠʭ ʽ ʥʝʙʝʟʧʝʯ-

ʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʧʦʚôʷʟʘʥʽ ʟ ɽʄʇ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʪʠ 

ʥʘ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʪʘ ʙʝʟʧʝʢʫ ʧʨʘʮʽʚʥʠʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʧʝʨʩʦʥʘʣʫ ʽ ʘʧʘʨʘʪʫʨʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʷ ʄʈʊ ʻ ʘʢ-

ʪʫʘʣʴʥʦʶ ʽ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʜʘʯ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʦ-

ʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʪʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ʉʀʅʊɽɿ ɯ ɺʃɸʉʊʀɺʆʉʊɯ ɼʀʉʇɽʈʉɯɰ ʅɸʅʆʏɸʉʊʀʅʆʂ ʉʈɯɹʃɸ 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʧʦʢʨʦʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʠʥʪʝʟʫ ʥʘʥʦʜʠʩʧʝ-

ʨʩʽʾ ʩʨʽʙʣʘ ʮʠʪʨʘʪʥʠʤ ʤʝʪʦʜʦʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴ-

ʥʠʤ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʦʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʤʽʩʪʠʪʴ ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʨʽʙʣʘ ʩʬʝʨʠʯʥʦʾ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʨʦʟ-

ʤʽʨʘʤʠ ʜʦ 50 ʥʤ. ʈʝʘʢʮʽʷʤʠ ʟ ʨʦʟʚʝʜʝʥʦʶ ʭʣʦʨʠʜʥʦʶ ʪʘ ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʘʤʠ ʧʦʢʘʟʘʥʘ 

ʧʽʜʚʠʱʝʥʘ ʭʽʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʦʯʦʢ ʩʨʽʙʣʘ. ɼʦʩʣʽʜʞʝʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦ-

ʮʝʩʽʚ ʥʫʢʣʝʘʮʽʾ ʽ ʨʦʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʡʦʥʫ Ag+ ʪʘʥʽʥʦʤ ʟʘ ʪʝʤ-

ʧʝʨʘʪʫʨ 20Üʉ ʽ 50Üʉ. 
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SYNTHESIS AND PROPERTIES OF SILVER NANOPARTICLE DISPERSION  

Abstract. A step-by-step study of the laboratory synthesis of silver nanodispersion us-

ing the citrate method was conducted. It was shown that the obtained solution remains stable 

for an extended period. Spectral analysis revealed that the resulting solution contains silver 

nanoparticles of spherical and cylindrical shapes, with sizes up to 50 nm. Reactions with di-

luted hydrochloric and acetic acids demonstrated the increased chemical activity of the ob-

tained silver particles. The duration of nucleation and growth processes of silver nanoparticles 

during the reduction of Ag+ ions by tannin at temperatures of 20ÁC and 50ÁC was investigated. 

Keywords: Silver nitrate, sodium citrate, tannin, silver nanoparticles, spectrophotome-

try. 

 

ʉʫʯʘʩʥʘ ʥʘʫʢʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ ʩʪʠʢʫ ʭʽʤʽʾ, ʬʽʟʠʢʠ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʫʤʦʚʣʝʥʘ ʥʦʚʽʪʥʽʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʩʠʥʪʝʟʫ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ, ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʫ ʬʘʨʤʘʮʝʚʪʠʮʽ, ʤʝʜʠʮʠʥʽ, ʦʭʦʨʦʥʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 
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ʦʙʣʘʩʪʷʭ [1, 2]. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ, ʭʽʤʽʯʥʠʤ ʪʘ ʙʽʦʣʦʛʽʯʥʠʤ ʚʣʘʩʪʠ-

ʚʦʩʪʷʤ ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʨʽʙʣʘ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʪʘ ʪʝʭ-

ʥʽʢʠ. ɺʦʥʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʩʦ-

ʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʭʽʤʽʦʪʝʨʘʧʝʚʪʠʯʥʽ ʧʨʝʧʘʨʘʪʠ ʪʘ ʢʘʪʘʣʽʟʘʪʦʨʠ ʭʽʤʽʯ-

ʥʠʭ ʨʝʘʢʮʽʡ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʩʪʝʨʠʣʽʟʘʮʽʾ ʪʘ ʜʝʟʠʥʬʝʢʮʽʾ 

ʚʦʜʠ [3]. ɼʘʥʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚʠʨʦʙʥʠʮʪʚʦ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ ʫʧʘʢʦʚʢʠ, ʧʝ-

ʨʝʚôʷʟʢʠ, ʪʝʢʩʪʠʣʶ, ʚʦʜʦʝʤʫʣʴʩʽʡʥʠʭ ʬʘʨʙ ʽ ʝʤʘʣʝʡ. ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʢʦʣʦ-

ʾʜʥʦʛʦ ʩʨʽʙʣʘ ʚʠʧʫʩʢʘʶʪʴʩʷ ʨʽʟʥʽ ʧʨʝʧʘʨʘʪʠ ʪʘ ʢʦʩʤʝʪʠʯʥʽ ʟʘʩʦʙʠ [4, 5]. ɹʝʟʫʤʦʚʥʦ ʘʢ-

ʪʫʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʟʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʝʧʘʨʘʪʽʚ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʦʩʤʽʯʥʦʛʦ 

ʧʨʦʩʪʦʨʫ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʢʨʦʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʫ ʢʦʣʦʾʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘʥʦʩʨʽ-

ʙʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʪʨʘʪʥʦʛʦ ʤʝʪʦʜʫ ʊʫʨʢʝʚʠʯʘ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʪʨʘʪʥʦʛʦ 

ʤʝʪʦʜʫ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʯʘʩʦʤ ʢʠʧôʷʪʽʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʪʘ ʚʽʜʙʦʨʫ ʧʨʦʙ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʘʙʦ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʯʠʥʫ ʥʘʥʦʯʘʩʪʦʯʦʢ ʩʨʽʙʣʘ ʜʣʷ ʧʨʠ-

ʧʠʥʝʥʥʷ ʨʝʘʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ. ʊʘʢʦʞ ʤʦʞʣʠʚʦ ʚʘʨʽʶʚʘʥʥʷ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʯʠʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʤʝʭʘʥʽʟʤʽʚ ʟʨʦʩʪʘʥʥʷ 

ʫʪʚʦʨʝʥʠʭ ʯʘʩʪʦʯʦʢ ʩʨʽʙʣʘ [6]. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚʘʨʽʘʥʪ ʮʠ-

ʪʨʘʪʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʟ ʥʘʜʣʠʰʢʦʤ ʚʽʜʥʦʚʥʠʢʘ, ʢʦʣʠ ʟʨʦʩʪʘʥʥʷ çʧʝʨʚʠʥʥʠʭè ʥʘʥʦ-

ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʘʚʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʦʥʽʚ ʤʝʪʘʣʫ ʥʘ ʾʭ ʧʦ-

ʚʝʨʭʥʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʠʩʧʝʨʩʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʩʨʽʙʣʘ, ʷʢʘ ʟʘʣʠʰʘʣʘʩʷ ʩʪʘʙʽʣʴʥʦ  ʁʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ (ʨʠʩ. 1). 

 
 

 
 

ʈʠʩʫʥʦʢ 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʦʪʨʠʤʘʥʦʾ ʜʠʩʧʝʨʩʽʾ 

ʈʠʩʫʥʦʢ 2 ð ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ, 

ʦʪʨʠʤʘʥʠʭ ʮʠʪʨʘʪʥʠʤ ʤʝʪʦʜʦʤ 

ɿʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [6] ʥʘ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʢʦʣʦʾʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʨʽʙʣʘ 

ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʧʽʢʽʚ, ʟʫʤʦʚʣʝʥʠʭ ʷʚʠʱʝʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟ-

ʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʇʦʣʦʞʝʥʥʷ ʧʽʢʫ ʚ ʩʧʝʢʪʨʽ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʚʝʣʠʯʠʥʘ, ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʨʦʟʤʽʨʽʚ. ʅʘ ʦʪʨʠʤʘʥʠʭ ʥʘʤʠ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ (ʨʠʩ. 2) 

ʬʽʢʩʫʶʪʴʩʷ ʜʚʘ ʭʘʨʘʢʪʝʨʥʠʭ ʤʘʢʩʠʤʫʤʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʨʦʟʯʠʥʽ ʥʘʥʦʯʘʩʪʦ-

ʯʦʢ ʩʨʽʙʣʘ ʩʬʝʨʠʯʥʦʾ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʘʤʠ ʜʦ 50 ʥʤ. 

ʆʪʨʠʤʘʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʨʽʙʣʘ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʜʦʚʝʜʝʥʦ 

ʾʭ ʚʟʘʻʤʦʜʽʻʶ ʟ ʨʦʟʚʝʜʝʥʦʶ ʭʣʦʨʠʜʥʦʶ ʪʘ ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʘʤʠ. 

ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʽʚ ʥʫʢʣʝʘʮʽʾ ʽ ʨʦʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʡʦʥʫ Ag+ ʪʘʥʽʥʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 20Ü ʉ ʽ 50Ü ʉ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʜʣʷ ʦʙʦʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʜʽʷ ʥʫʢʣʝʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʾ ʭʚʠʣʠʥʠ ʨʝʘʢʮʽʾ. ʉʪʘʜʽʷ ʟʙʽ-

ʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20Ü ʉ ʟʘʡʤʘʻ ʯʘʩ ʙʣʠʟʴʢʦ ʜʚʦʭ ʛʦʜʠʥ. ʇʨʠ 
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ʙʽʣʴʰ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 50Ü ʉ ʪʨʠʚʘʣʽʩʪʴ ʩʪʘʜʽʡ ʫʪʚʦʨʝʥʥʷ ʽ ʟʨʦʩʪʘʥʥʷ ʥʘʥʦʯʘʩʪʦʯʦʢ 

ʩʨʽʙʣʘ ʩʧʽʚʤʽʨʥʽ (ʧʨʠʙʣʠʟʥʦ ʧʦ ʦʜʥʽʡ ʭʚʠʣʠʥʽ). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʩʠʥʪʝʟʫ ʩʪʘʙʽʣʴʥʠʭ 

ʢʦʣʦʾʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘʥʦʩʨʽʙʣʘ. 
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INITIAL STAGES OF COBALT CRYSTALLISATION IN AQUEOUS MEDIUM  

Abstract. By quantum chemical modelling of the reaction of 

Co(H2O)6
2+ + 2Ǜ Ÿ Co*aq Ÿ Conaq, it was found that the product of the electroreduction 

of [ʉʦ(ʅ2ʆ)6]2+ is hydrated ʉʦ(ʅ2ʆ) atoms. In the process of their aggregation, a tetrahedral 

cluster of increased stability is formed. It is proposed to consider it as a critical germ of the 

cobalt crystallisation process. 

Keywords: cobalt, electrocrystallisation, quantum chemical modeling. 

 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ-

ʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʥʘʥʦʜʠʩʧʝʨʩʽʡ ʻ ʢʦʥ-

ʜʝʥʩʘʮʽʷ ʨʝʯʦʚʠʥʠ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. ɸʣʝ ʮʝʡ ʤʝʪʦʜ ʥʝʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʷʢʱʦ ʥʝʦʙ-

ʭʽʜʥʦ ʥʘʥʦʩʠʪʠ ʦʜʥʦʨʽʜʥʽ ʟʘ ʩʢʣʘʜʦʤ ʽ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʥʘ ʚʠʨʦʙʠ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ɼʣʷ ʦʙʨʦʙʢʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʧʦʩʽʙ, 

ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʾ ʝʣʝʢʪʨʦʣʽʟʫ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ. ʇʨʠʥʮʠʧʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʥʝ ʽʥʜʠʚʽʜʫʘ-

ʣʴʥʽ ʘʪʦʤʠ, ʘ ʾʭ ʩʧʦʣʫʢʠ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʦʟʯʠʥʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʢʘʟʘʥʘ ʜʝʪʘʣʴ ʚʠʟʥʘ-

ʯʘʣʴʥʦ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʥʘʥʦʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦ-

ʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʧʨʦʮʝʩʠ ʘʛʨʝʛʘʮʽʾ [1]. 

ʋ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʧʨʦʮʝʩ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʜ-

ʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ. ʈʝʘʢʮʽʻʶ, ʱʦ ʧʝʨʝʜʫʻ ʚʣʘʩʥʝ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʻ ʝʣʝʢʪʨʦʚʽʜʥʦʚʣʝʥʥʷ 

[ʉʦ(ʅ2ʆ)6]2+ ʜʦ ʘʪʦʤʘʨʥʦʛʦ ʩʪʘʥʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʛʽʜʨʘʪʘʮʽʾ ʘʪʦʤʽʚ ʢʦʙʘʣʴʪʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ (winGAMES) ʨʝʘʢʮʽʾ. 

 

[Co2+(H2O)6] + 2Ǜ Ÿ [Co0(H2O)x] + (6 ï x) H2O (1) 

ʅʘ ʨʠʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ʢʣʘʩʪʝʨʽʚ. ɺʠʭʽʜʥʠʤʠ ʯʘ-

ʩʪʢʘʤʠ, ʱʦ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʫ ʝʥʝʨʛʽʶ, ʻ ʛʝʢʩʘ- ʽ ʧʝʥʪʘʘʢʚʘʢʦʤʧʣʝʢʩʠ. ʈʽʟʥʠʮʷ ʝʥʝʨʛʽʡ 

ʤʽʞ ʥʠʤʠ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ ʣʠʰʝ 4,85 ʢɼʞ. ʅʘʡʙʣʠʞʯʠʡ ʜʦ ʥʠʭ ʢʣʘʩʪʝʨ ʤʘʻ ʝʥʝʨʛʽʶ ʧʨʠ-

ʙʣʠʟʥʦ ʥʘ 40 ʢɼʞ/ʤʦʣʴ ʙʽʣʴʰʫ. ɺ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʘʭ ʩʦʣʝʡ ʽʦʥʠ ʉʦ2+ ʽʩʥʫʶʪʴ ʫ ʚʠ-

ʛʣʷʜʽ [ʉʦ(ʅ2ʆ)6]2+. ɼʣʷ ʨʦʟʛʣʷʜʫ ʤʦʞʣʠʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʚʽʜʥʦʚʣʝʥʥʷ 

ʉʦ2+ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ [ʉʦ(ʅ2ʆ)6]2+ ʷʢ ʚʠʭʽʜʥʽ ʨʝʘʛʝʥʪʠ [2, 3]. ɼʣʷ ʯʘʩʪʢʦʚʦ ʚʽʜʥʦʚʣʝ-

ʥʦʛʦ ʢʦʙʘʣʴʪʫ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤʠ ʻ ʯʘʩʪʠʥʢʠ ʟ 3-ʤʘ ʪʘ 2-ʤʘ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ ʫ ʥʘʡ-

ʙʣʠʞʯʦʤʫ ʦʪʦʯʝʥʥʽ. ʈʽʟʥʠʮʷ ʚ ʾʭ ʝʥʝʨʛʽʷʭ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 5,42 ʢɼʞ/ʤʦʣʴ. ɼʣʷ ʧʦʚʥʽʩʪʶ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʢʦʙʘʣʴʪʫ ʤʽʥʽʤʘʣʴʥʫ ʝʥʝʨʛʽʶ ʤʘʻ ʢʦʤʧʣʝʢʩ ʟ ʦʜʥʽʻʶ ʤʦʣʝʢʫʣʦʶ ʚʦʜʠ ʫ 

ʚʥʫʪʨʽʰʥʽʡ ʩʬʝʨʽ. 

 



̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

339 

1 2 3 4 5 6

-603,600

-603,525

-603,450

-603,375

-603,300

-603,225

n(H
2
O)

 Co
2+

 Co
+

 Co
0

E,H

1

2

3

 
ʈʠʩʫʥʦʢ. ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʢʣʘʩʪʝʨʽʚ [Co2+(H2O)n] (H2O)6-n ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʤʦʣʝʢʫʣ ʚʦʜʠ 

ʫ ʚʥʫʪʨʽʰʥʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʩʬʝʨʽ (n) 1-z=0; 2-z=+1; 3-z=+2 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ [ʉʦ(ʅ2ʆ)6]2+ ʧʨʠʡʤʘʻ ʦʜʠʥ ʝʣʝʢʪʨʦʥ. ʈʝʘʢʮʽʷ ʜʝʛʽʜʨʘʪʘʮʽʾ ʫʪʚʦ-

ʨʝʥʦʛʦ ʽʥʪʝʨʤʝʜʽʘʪʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ: 

 

 
(2) 

ʋʯʘʩʪʴ ʽʥʪʝʨʤʝʜʽʘʪʫ ʚ ʥʘʩʪʫʧʥʽʡ ʦʜʥʦʝʣʝʢʪʨʦʥʥʽʡ ʩʪʘʜʽʾ ʧʝʨʝʙʽʛʘʻ ʜʦʩʠʪʴ ʣʝʛʢʦ, 

ʦʩʢʽʣʴʢʠ ʮʝʥʪʨʘʣʴʥʠʡ ʘʪʦʤ ʚ ʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʽ ʘʢʮʝʧʪʫʻ ʚʚʝʜʝʥʠʡ ʝʣʝʢʪʨʦʥ ʙʝʟʧʦʩʝʨʝ-

ʜʥʴʦ, ʘ ʚʽʜʱʝʧʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʜʚʦʭ ʤʦʣʝʢʫʣ ʚʦʜʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ: 

 

 

(3) 

 

(4) 

ʅʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʤ ʢʽʥʮʝʚʠʤ ʧʨʦʜʫʢʪʦʤ ʝʣʝʢʪʨʦʚʽʜʥʦʚʣʝʥʥʷ ʉʦ2+-ʡʦʥʽʚ ʻ ʯʘʩ-

ʪʢʠ ʉʦ(ʅ2ʆ), ʟ ʷʢʠʭ ʽ ʬʦʨʤʫʶʪʴʩʷ ʢʣʘʩʪʝʨʠ Conaq. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʪʦʟʘʨʦʜʢʽʚ ʤʝʪʘʣʝʚʦʾ ʬʘʟʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ Conaq ʟ n=2-4 [3]. ɽʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʻ ʣʽ-

ʥʽʡʥʠʡ ʜʠʤʝʨ ʉʦ2(ʅ2ʆ)2 ʟ ʤʫʣʴʪʠʧʣʝʪʥʽʩʪʶ ʄ=5, ʨʽʚʥʦʙʝʜʨʝʥʠʡ ʪʨʠʢʫʪʥʠʢ ʉʦ3(ʅ2ʆ)3 

ʟ ʤʫʣʴʪʠʧʣʝʪʥʽʩʪʶ ʄ=4. ʆʩʪʘʥʥʽʡ ʢʣʘʩʪʝʨ ʻ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʩʧʽʥʦʚʠʤ (ʄ=7) ʪʘ ʤʦʞʝ 

ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʘ ʚ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 
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IMPROVEMENT OF THE METHOD FOR SYNTHESIS OF A COMPOSITE 

BASED ON ACIDIC MALEINATE Cu+ 

Abstract. To improve the quality of the target product in the existing method of syn-

thesis of a copper-containing composite based on acidic maleate Cu+, metallic zinc was re-

placed with ascorbic acid. Permissible quantitative ratios of reagents were established. The 
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optimal synthesis algorithm was determined, which ensures stable homogeneity of the com-

ponent composition of the composite. 

Keywords: synthesis methodology, copper-containing composite, Cu+ acid maleate, 

ascorbic acid, bactericidal drug. 

 

ɺ [1] ʧʦʚʽʜʦʤʣʷʣʦʩʴ ʧʨʦ ʟʥʘʯʥʠʡ ʙʘʢʪʝʨʠʮʠʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʽʜʴʚʤʽʩʥʠʭ ʢʦʤʧʦʟʠ-

ʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʠʩʣʦʛʦ ʤʘʣʝʾʥʘʪʫ ʉu+ ʟʘʛʘʣʴʥʦʛʦ ʩʢʣʘʜʫ {[Cu(C4O4H3)(H2O)]xCu}. ɺʠʭʦ-

ʜ̫ ʯʠ ʟ ʚʩʪʘʥʦʚʣʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʽʥʛʽʙʫʶʯʦʶ ʜʽʻʶ ʧʨʝʧʘʨʘʪʫ ʥʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʽ 

ʚʤʽʩʪʦʤ ʫ ʥʴʦʤʫ ʘʪʦʤʘʨʥʦʾ ʤʽʜʽ, ʨʦʟʛʣʷʜʘʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʙʽʦʘʢʪʠʚʥʽʩʪʶ ʮʴʦʛʦ ʢʣʘʩʫ ʨʝʯʦʚʠʥ. ʆʜʥʘʢ, ʷʢ ʚʠʷʚʠʣʦʩʴ, ʟʘʩʪʦʩʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ 

{[ Cu(C4O4H3)(H2O)]xCu} ʥʝ ʜʘʚʘʣʘ ʦʜʥʦʨʽʜʥʦʾ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʨʝʯʦʚʠʥʠ. ɺʤʽʩʪ 

ʤʽʜʽ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʟʨʘʟʢʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 47 ʚʘʛ.% ʜʦ 74 ʚʘʛ.% [2]. ʇʨʠʯʠʥʦʶ 

ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʚʽʜʥʦʚʥʠʢʘ ʤʝʪʘʣʝʚʦʛʦ ʮʠʥʢʫ. 

ɸʜʞʝ ʪʫʪ ʨʝʘʢʮʽʷ ʚʽʜʥʦʚʣʝʥʥʷ ʡʦʥʽʚ ʉu+ 

 
ʻ ʛʝʪʝʨʦʛʝʥʥʦʶ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʧʦʚʝʨʭʥʽ ʮʠʥʢʦʚʠʭ ʢʨʠʩʪʘʣʽʚ, ʩʪʚʦʨʶʶʯʠ ʩʘʤʝ 

ʚ ʮʽʡ ʟʦʥʽ ʧʝʨʝʩʠʯʝʥʥʷ ʘʪʦʤʘʤʠ ʢʫʧʨʫʤʫ. ɺʽʜʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʚʛʣʠʙ ʨʦʟʯʠʥʫ 

ʧʦʪʨʝʙʫʻ ʯʘʩʫ ʽ ʪʦʤʫ ʯʠʤ ʜʘʣʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʮʠʥʢʫ, ʪʠʤ ʤʝʥʰʦʶ ʩʪʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʜʽ. 

ʆʩʢʽʣʴʢʠ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʟʠʪʫ ʻ ʥʝʨʦʟʯʠʥʥʦʶ ʫ ʚʦʜʽ ʨʝʯʦʚʠʥʦʶ, ʫʩʝ-

ʨʝʜʥʝʥʥʷ ʡʦʛʦ ʩʢʣʘʜʫ ʧʦ ʟʘʚʝʨʰʝʥʥʶ ʧʨʦʮʝʩʫ ʥʝ ʚʽʜʙʫʚʘʣʦʩʴ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʜʦʚʦʣʽ ʫʩʧʽʰʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʠ-

ʥʪʝʟʫ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʤʽʜʽ ʜʦʙʨʝ ʨʦʟʯʠʥʥʦʾ ʫ ʚʦʜʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ [3]. ʆʜʥʘʢ 

ʩʧʨʦʙʘ ʩʠʥʪʝʟʫʚʘʪʠ ʢʦʤʧʦʟʠʪ {[Cu(C4O4H3)(H2O)]xCu} ʜʽʻʶ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʥʘ 

ʢʦʤʧʣʝʢʩ [Cu(C4O4H3)(H2O)] ʚʠʷʚʠʣʘʩʴ ʥʝʚʜʘʣʦʶ. ɺʦʯʝʚʠʜʴ, ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʱʝʥʥʷ ʤʦ-

ʣʝʢʫʣʠ ʚʦʜʠ ʚ ʘʢʚʘʢʦʤʧʣʝʢʩʘʭ Cu+ ʥʘ ʢʠʩʣʠʡ ʤʘʣʝʾʥʘʪ-ʡʦʥ ʩʫʪʪʻʚʦ ʟʤʽʥʠʚʩʷ ʨʝʜʦʢʩ-

ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ [Cu(C4O4H3)(H2O)]/Cu ʚʽʜʥʦʩʥʦ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ 

[Cu(H2O)2]+/Cu. ʊʦʤʫ, ʜʣʷ ʢʦʤʧʣʝʢʩʽʚ [Cu(C4O4H3)(H2O)] ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʚʞʝ ʥʝ ʻ 

ʚʽʜʥʦʚʥʠʢʦʤ. 

ʄʠ ʜʦʩʣʽʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʩʪʫʧʽʥʯʘʪʦʾ ʩʭʝʤʠ ʩʠʥʪʝʟʫ ʤʽʜʴʚʤʽʩʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ, ʚ ʨʘʤʢʘʭ ʷʢʦʾ ʡʦʥʠ ʢʫʧʨʫʤʫ ʚʽʜʥʦʚʣʶʚʘʣʠʩʴ ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦ ʨʦʟʯʠʥʫ 0,1ʄ CuSO4, 0,1ʄ ʤʘʣʝʾʥʦʚʦ ʾʢʠʩʣʦʪʠ ʜʦʜʘʚʘʣʠ ʝʢ-

ʚʽʤʦʣʷʨʥʠʡ ʨʦʟʯʠʥ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɺʠʜʽʣʷʚʩʷ ʞʦʚʪʠʡ ʦʩʘʜ ʢʦʤʧʣʝʢʩʫ 

[Cu(C4O4H3)(H2O)]. 

ʋ ʧʨʠʥʮʠʧʽ, ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʡʦʥʽʚ ʉu2+ ʜʦ ʉu+ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʜʦʩʪʘʪʥʴʦ ʚʠ-

ʢʦʨʠʩʪʘʪʠ ʚʜʚʽʯʽ ʤʝʥʰʝ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚʦʥʘ ʻ ʜʚʦʝʣʝʢʪʨʦʥ-

ʥʠʤ ʚʽʜʥʦʚʥʠʢʦʤ ʜʣʷ ʘʢʚʘʢʦʤʧʣʝʢʩʽʚ ʉu2+ [3]. 

ʆʜʥʘʢ, ʥʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʤʦʥʦʟʘʤʽʱʝʥʠʤʠ ʢʠʩʣʠʤ ʤʘ-

ʣʝʾʥʘʪ-ʡʦʥʦʤ ʘʢʚʘʢʦʤʧʣʝʢʩʘʤʠ ʉu2+ ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʚʝʜʝ ʩʝʙʝ ʚʠʢʣʶʯʥʦ ʷʢ ʦʜʥʦ-

ʝʣʝʢʪʨʦʥʥʠʡ ʚʽʜʥʦʚʥʠʢ. ʊʦʤʫ, ʜʣʷ ʧʦʚʥʦʪʠ ʧʝʨʝʭʦʜʫ ʉu2+ ʚ ʉu+ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʝʢʚʽʤʦʣʷʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʠʩʥʠʢ-ʚʽʜʥʦʚʥʠʢ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʫ ʦʪʨʠʤʘʥʫ ʩʫʩʧʝʥʟʽʶ ʚʥʦʩʠʣʠ ʩʽʣʴ CuSO4Ā5H2O ʫ ʤʦʣʷʨʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦ ʢʽʣʴʢʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 0,51. ʇʦʪʽʤ ʧʦʩʪʫʧʦʚʦ ʧʨʠ ʽʥʪʝʥʩʠ-

ʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʚʘʣʠ ʘʩʢʦʨʙʽʥʦʚʫ ʢʠʩʣʦʪʫ ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥʫ, ʚʠʪʨʠʤʫʶʯʠ 

ʢʽʥʮʝʚʝ ʤʦʣʷʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ CuSO4  ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ = 1  1. ɿʤʽʥʘ ʢʦʣʴʦʨʫ ʜʠ-

ʩʧʝʨʩʥʦʾ ʬʘʟʠ ʟ ʞʦʚʪʦʛʦ ʥʘ ʩʚʽʪʣʦ ʢʦʨʠʯʥʝʚʠʡ ʩʚʽʜʯʠʣʘ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʫ. ɿʘ 

ʢʽʣʴʢʽʩʥʠʤ ʩʢʣʘʜʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʥ ʚʽʜʧʦʚʽʜʘʚ ʬʦʨʤʫʣʽ {[Cu(C4O4H3)(H2O)]0.5Cu} ʽ 

ʙʫʚ ʘʙʩʦʣʶʪʥʦ ʦʜʥʦʨʽʜʥʠʤ. 

Zn  + 2[Cu(C4O4H3)(H2O)] = Zn2+ + 2Cu + 2C4O4H3
- + 2H2O 



̆̆±LL ˸͗ͤ͊ͪͦ͒ͤ͊͜ ͣͦͦ͒͗ͤ͊͜͡ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύζ˶Ό͙͒ͤ͊ ͜ ˴ͦͫͣͦͫη  16-му ͍ͭͤ͟͜Ύ нлнр ͪͦͯ͟ 

343 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʤʽʜʴʚʤʽʩʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʠʩʣʦʛʦ ʤʘʣʝʾ-

ʥʘʪʫ ʉu+ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʠʡ ʧʨʦʜʫʢʪ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʩʢʣʘʜʫ, ʛʦʪʦ-

ʚʠʡ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʧʨʝʧʘʨʘʪʫ. 
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COMPONENTS BASED ON RENEWABLE AND AVAILABLE RAW MATERIALS 

AS PROMISING COMPONENTS OF SOLID ROCKET PROPELLANTS  

Abstract. The possibility expanding of the domestic component base for mixed solid 

rocket fuels with oleochemical products based on renewable raw materials ð vegetable oils 

and available synthetic compounds amides, amidoamines, aminoalcohols, amidoesters of fatty 

acids was considered. 

Keywords: mixed rocket solid fuels, raw base, oleochemical products. 

 

ʉʫʤʽʰʝʚʽ ʨʘʢʝʪʥʽ ʪʚʝʨʜʽ ʧʘʣʠʚʘ (ʉʈʊʇ) ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʫ ʚʽʡ-

ʩʴʢʦʚʽʡ ʩʧʨʘʚʽ, ʪʘʢ ʽ ʟʘ ʮʠʚʽʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʟʦʢʨʝʤʘ ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ. 

ʉʈʊʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʜʚʠʛʫʥʘʭ ʨʘʢʝʪ-ʟʦʥʜʽʚ, ʨʘʢʝʪ-ʥʦʩʽʾʚ ʜʣʷ ʚʠʚʦʜʫ ʦʙôʻʢʪʽʚ ʥʘ ʥʘ-

ʚʢʦʣʦʟʝʤʥʫ ʦʨʙʽʪʫ. ʂʨʽʤ ʪʦʛʦ ʪʘʢʽ ʧʘʣʠʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʜʦʧʦʤʽʞʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠ-

ʛʫʥʘʭ ʽ ʤʝʭʘʥʽʟʤʘʭ ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠ, ʧʦʜʫʰʢʘʭ ʙʝʟʧʝʢʠ, ʜʣʷ ʟʥʠʱʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʙʽ-

ʦʣʦʛʽʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʪʦʱʦ [1]. 

ʋʢʨʘʾʥʘ ʤʘʻ ʚʣʘʩʥʽ ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʉʈʊʇ. ɸʣʝ ʩʫʯʘʩʥʫ ʢʦʤ-

ʧʦʥʝʥʪʥʫ ʙʘʟʫ ʜʣʷ ʥʠʭ ʩʢʣʘʜʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʩʠʥʪʝʪʠʯʥʽ ʩʧʦʣʫʢʠ [1-2], ʷʢʽ ʚʽʪʯʠʟʥʷʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚʠʨʦʙʣʷʻ ʚ ʢʨʘʡ ʥʝʜʦʩʪʘʪʥʽʭ ʦʙʩʷʛʘʭ ʯʝʨʝʟ ʜʝʬʽʮʠʪ ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʮʴʦʛʦ 

ʧʨʦʜʫʢʪʽʚ ʥʘʬʪʦʧʝʨʝʨʦʙʢʠ. ɼʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʧʦʪʨʝʙʠ ʚ ʪʘʢʽʡ ʩʠʨʦʚʠʥʽ ʟʥʘʯʥʦʶ ʤʽ-

ʨʦʶ ʟʘʜʦʚʦʣʴʥʷʣʠʩʷ ʽʤʧʦʨʪʥʠʤʠ ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʟ ʢʨʘʾʥ, ʷʢʽ ʟʘʨʘʟ ʻ ʚʦʨʦʞʠʤʠ ʘʙʦ ʥʝ-

ʜʨʫʞʥʽʤʠ. ʇʝʨʝʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘ ʟʘʭʽʜʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʪʨʝʙʫʻ ʯʘʩʫ ʪʘ ʧʦʚôʷʟʘʥʦ ʽʟ 

ʣʦʛʽʩʪʠʯʥʠʤʠ ʩʢʣʘʜʥʦʱʘʤʠ ʟʘ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʫʩʫʥʝʥʥʷ ʦʟʥʘʯʝʥʦʾ 

ʧʨʦʙʣʝʤʠ ʻ ʨʦʟʰʠʨʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ ʜʣʷ ʉʈʊʇ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʦʣʫʢ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʣʘʩʥʦʾ ʚʽʜʥʦʚʣʶʚʘ-

ʥʦʾ ʪʘ ʜʦʩʪʫʧʥʦʾ ʩʠʥʪʝʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ. ɿʦʢʨʝʤʘ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʉʈʊʇ ʘʚʪʦʨʠ ʚʚʘʞʘʶʪʴ ʨʦʟʨʦʙʢʫ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ 

ʦʣʝʦʭʽʤʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʧʦʭʽʜʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ) ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʩʠʥ-

ʪʝʟʫ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [3], ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʘ-

ʣʴʥʠʭ-ʟʚôʷʟʫʚʘʣʴʥʠʭ ʜʣʷ ʉʈʊʇ. ʉʠʨʦʚʠʥʦʶ ʚ ʦʣʝʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʻ ʨʦʩʣʠʥʥʽ ʦʣʽʾ, 

ʷʢʽ ʜʦʙʫʚʘʶʪʴ ʚ ʋʢʨʘʾʥʽ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙʩʷʛʘʭ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ [4], ʥʘ ʦʩʥʦʚʽ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʨʦʙʢʠ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʩʠʥʪʝʟʦʚʘʥʦ ʨʷʜ 

ʘʤʽʜʽʚ, ʘʤʽʜʦʘʤʽʥʽʚ, ʘʤʽʜʦʩʧʠʨʪʽʚ ʪʘ ʘʤʽʜʦʝʩʪʝʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʷʢʽ ʜʦʩʣʽʜʞʝʥʦ ʷʢ ʤʦ-

ʞʣʠʚʽ ʢʦʤʧʦʥʝʥʪʠ ʉʈʊʇ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʝʷʢʽ ʘʤʽʜʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ɺʠʷʚʣʝʥʦ ʧʝ-

ʨʝʜʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʜʫʢʪʽʚ ʘʤʽʥʦʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʟʦʢʨʝʤʘ ʥʘ ʦʩ-

ʥʦʚʽ ʜʽʝʪʠʣʝʥʪʨʽʘʤʽʥʫ, ʽ ʦʨʛʘʥʽʯʥʦʾ ʩʦʣʽ ʟʘʣʽʟʘ ʷʢ ʢʦʤʧʦʥʝʥʪʽʚ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʬʫʥʢʮʽʾ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʛʦʨʽʥʥʷ ʪʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʯʘ. 

ʇʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʷʢʠʭ ʘʤʽʜʦʩʧʠʨʪʽʚ ʪʘ ʘʤʽʜʦʝʩʪʝʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʷʢ 

ʩʢʣʘʜʦʚʠʭ ʧʘʣʴʥʠʭ-ʟʚôʷʟʫʚʘʣʴʥʠʭ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʪʘ ʫʨʝʪʘʥʦʚʠʭ ʦʣʽʛʦʤʝʨʽʚ. 
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COMPOSITIONS BASED ON ALIPHATIC ISOCYANATES, VEGETABLE OILS 

AND ASPARTIC RESINS AS THE PROMISING BINDERS FOR HIGH -ENERGY 

MATERIALS  

Abstract. In order to find an alternative to fuel-binder SRTP based on scarce liquid 

rubber ʅʊʈɺ, studies were conducted to determine the prospects for the use of aliphatic iso-

cyanate ð castor oil and aliphatic isocyanate ð aspartic resin systems. 

Keywords: mixed solid rocket fuel, fuel-binder, castor oil, aliphatic isocyanate, aspartic 

resin. 

 

ʉʝʨʝʜ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʩʫʤʽʰʝʚʽ ʨʘʢʝʪʥʽ 

ʪʚʝʨʜʽ ʧʘʣʠʚʘ (ʉʈʊʇ), ʷʢʽ ʥʘʙʫʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʘʢʝʪʥʽʡ ʪʝʭʥʽʮʽ ʚʽʡʩʴʢʦʚʦʛʦ ʪʘ ʮʠʚʽ-

ʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʚʜʷʢʠ ʥʠʟʮʽ ʧʝʨʝʚʘʛ, ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʣʽʩʪʠʪʥʠʤʠ ʪʘ ʨʽʜʠʥʥʠʤʠ ʧʘ-

ʣʠʚʘʤʠ. ɰʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʚʠʩʦʢʦʥʘʧʦʚʥʝʥʠʭ ʝʣʘʩʪʦʤʝʨʽʚ, ʚ ʷʢʠʭ ʤʽʥʝʨʘʣʴʥʠʡ ʦʢʠ-

ʩʥʶʚʘʯ, ʧʝʨʝʚʘʞʥʦ ʧʝʨʭʣʦʨʘʪ ʘʤʦʥʽʶ, ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ ʚ ʦʨʛʘʥʽʯʥʽʡ ʤʘʪʨʠʮʽ. ʋ ʷʢʦʩʪʽ ʦʩʪʘʥʥʴʦʾ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʦʣʽʤʝʨʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʧʘʣʴʥʦʛʦ [1]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ 

ʥʘʫʢʦʚʠʭ ʪʘ ʧʘʪʝʥʪʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʦʩʦʚʥʦ ʧʘʣʴʥʦʛʦ-ʟʚôʷʟʫʣʴʥʦʛʦ ʜʣʷ ʉʈʊʇ ʧʝʨʝʚʘʞʘʻ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʅʊʈɺ ï ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʙʫʪʘʜʽʻʥʦʚʠʡ ʢʘʫʯʫʢ ʟ ʢʽʥʮʝʚʠʤʠ ʛʽ-

ʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ [2]. ɺ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʡʦʛʦ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʨʘʟʦʤ ʟ ʽʟʦʮʽʘʥʘʪʥʠʤʠ ʩʧʦʣʫʢʘʤʠ (ɯʎ). ʌʦʨʤʫʚʘʥʥʷ ʟʘʨʷʜʽʚ ʉʈʊʇ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ 

ʅʊʈɺ-ɯʎ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʨʝʘʢʮʽʶ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʡ ʽʟʦʮʽʘʥʘʪʥʠʭ ʛʨʫʧ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʧʦʣʽʫʨʝʪʘʥʽʚ [3]. ɸʣʝ, ʷʢ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʚ ʨʷʜʽ ʧʫʙʣʽʢʘʮʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʊʈɺ ʽ ʜʦʩ-

ʪʫʧʥʠʭ ɯʎ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʜʝʷʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʙʣʝʤ 

[4-5], ʱʦ ʩʣʫʛʫʻ ʧʨʠʚʦʜʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʦʜʠʬʽʢʘʮʽʾ ʮʴʦʛʦ 

ʢʘʫʯʫʢʫ ʽ ʧʽʜʙʦʨʫ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʭ ʦʪʚʝʨʜʞʫʚʘʯʽʚ. ʅʘʷʚʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʢʦʤʧʦʥʝ-

ʥʪʥʦʾ ʙʘʟʠ ʜʣʷ ʉʈʊʇ ʻ ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʢʨʘʾʥʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʉʈʊʇ ʚʽʪʯʠʟʥʷʥʘ ʧʨʦʤʠʩʣʦ-

ʚʽʩʪʴ ʢʦʥʯʝ ʧʦʪʨʝʙʫʻ ʨʽʜʢʠʭ ʢʘʫʯʫʢʽʚ, ʧʝʨʝʚʘʞʥʦ ʅʊʈɺ, ʽʟ ʩʪʘʙʽʣʴʥʠʤʠ ʽ ʚʽʜʪʚʦʨʶʚʘ-

ʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɸʣʝ ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ, ʷʢ ʚʽʜʩʫʪʥʷ 

ʽ ʚʣʘʩʥʘ ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʜʢʠʭ ʢʘʫʯʫʢʽʚ.  

ɿ ʤʝʪʦʶ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʝʬʽʮʠʪʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʉʈʊʇ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ ʧʘʣʴʥʠʭ-ʟʚôʷʟʫʚʘʣʴʥʠʭ ʥʘ ʦʩʥʦʚʽ ʜʦʩʪʫʧʥʦʾ ʩʠʨʦʚʠʥʠ. ɿʘ-

ʤʽʩʪʴ ʜʝʬʽʮʠʪʥʦʛʦ ʅʊʈɺ ʚʠʢʦʨʠʩʪʘʥʦ ʨʠʮʠʥʦʚʫ ʦʣʽʶ (ʈʆ), ʷʢʫ ʟʤʽʰʫʚʘʣʠ ʟ ʢʦʤʝʨʮʽʡ-

ʥʠʤ ʘʣʽʬʘʪʠʯʥʠʤ ɯʎ ʤʘʨʢʠ POLYRENE ʟʘ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʠʟʥʘ-

ʯʝʥʦ ʽʥʪʝʨʚʘʣ ʦʧʪʠʤʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʈʆ : ɯʎ, ʟʘ ʷʢʠʭ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ ʉʈʊʇ 

ʟ ʧʨʠʡʥʷʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɯʥʰʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ 

ʧʘʣʴʥʦʛʦ-ʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʉʈʊʇ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ɯʎ ʽ ʦʣʽʛʦʤʝʨʥʠʭ ʘʩʧʘʨʛʽʥʦʚʠʭ ʩʤʦʣ 

(ɸʉ), ʷʢʽ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʧʦʣʽʩʝʯʦʚʠʥʠ. ɸʉ ʩʠʥʪʝʟʫʚʘʣʠ ʨʝʘʢʮʽʻʶ ʧʨʠʻʜʥʘʥʥʷ ʄʽ-

ʭʘʻʣʷ ʟ ʜʽʝʩʪʝʨʫ ʤʘʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʦʣʽʛʦʤʝʨʥʠʭ ʦʢʩʽʘʣʽʬʘʪʠʯʥʠʭ ʘʤʽʥʽʚ ʤʘʨʢʠ 
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Jeffaminʝ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɯʎ : ɸʉ ʦʪʨʠʤʘʥʦ ʧʨʦʟʦʨʽ ʧʨʫʞʥʽ ʘʙʦ ʝʣʘʩ-

ʪʠʯʥʽ ʤʘʩʠ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʩʝʙʝ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʟʚôʷʟʫʚʘʣʴʥʽ ʜʣʷ ʉʈʊʇ. 
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SYNTHESIS OF HETEROCYCLIC COMPOUNDS BASED ON 

FERROCENEALDEHYDE  

Abstract. A series of reactions involving ferrocene aldehyde were carried out, leading 

to the formation of heterocyclic products. The most promising synthesis directions have been 

identified. Further work is underway to expand the range of synthesized compounds. 

Keywords: ferrocenealdehyde, multicomponent reactions, heterocycles. 

 

ʌʝʨʦʮʝʥʦʚʠʡ ʬʨʘʛʤʝʥʪ ʪʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʟʘʤʽʩʥʠʢʠ ʚʭʦʜʷʪʴ ʫ ʩʪʨʫʢʪʫʨʫ ʰʠʨʦ-

ʢʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ [1,2]. ʉʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʽʚ ʤʦʞʣʠʚʦ 

ʟʜʽʡʩʥʠʪʠ ʰʣʷʭʦʤ ʨʝʘʢʮʽʡ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ) ʟʘ ʫʯʘʩʪʶ ʘʨʦʤʘʪʠʯʥʠʭ 

ʘʣʴʜʝʛʽʜʽʚ [3]. ɼʣʷ ʧʦʻʜʥʘʥʥʷ ʬʝʨʦʮʝʥʦʚʦʛʦ ʪʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʝʨʩʧʝʢʪʠ-

ʚʥʦʶ ʚʠʭʽʜʥʦʶ ʨʝʯʦʚʠʥʦʶ ʻ ʬʝʨʦʮʝʥʘʣʴʜʝʛʽʜ. 

ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʩʠʥʪʝʟʽʚ ʥʘ ʦʩʥʦʚʽ ʬʝʨʦʮʝʥʘʣʴʜʝʛʽʜʫ (ʉʭʝʤʘ 1), ʧʨʦʜʫ-

ʢʪʘʤʠ ʷʢʠʭ ʻ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʧʦʣʫʢʠ. 

ʅʘʡʙʽʣʴʰ ʫʩʧʽʰʥʠʤ ʚʠʷʚʠʚʩʷ ʩʠʥʪʝʟ ʩʧʦʣʫʢ ʪʠʧʫ 2 ʪʘ 5. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʨʝʘʢʮʽʷ 

ʦʜʝʨʞʘʥʥʷ 1 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʦʾ ʩʫʤʽʰʽ, ʘ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ 3 ʪʘ 4 ʟʫʧʠʥʷʶʪʴʩʷ ʥʘ 

ʩʪʘʜʽʾ ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʜʫʢʪʫ 6. 
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ʉʭʝʤʘ 1 ð ɹʫʜʦʚʘ ʧʨʦʜʫʢʪʽʚ 2 ʪʘ 5 ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʩʧʦʣʫʢʘ 6 ʚʠʷʚʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻʍʄʉ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʬʝʨʦʮʝʥʘʣʴʜʝʛʽʜ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ɹʽʜʞʠʥʝʣʣʽ ʪʘ ʙʘ-

ʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʩʠʥʪʝʟ ʟ ʛʽʜʨʘʟʠʥ-ʛʽʜʨʘʪʦʤ, ʘʮʝʪʦʦʮʪʦʚʠʤ ʝʩʪʝʨʦʤ ʪʘ ʤʘʣʦʥʦʜʠʥʽʪ-

ʨʠʣʦʤ ʧʦʜʽʙʥʦ ʜʦ ʽʥʰʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʘʣʴʜʝʛʽʜʽʚ. 

ʊʘʢʦʞ, ʥʘʤʠ ʟʘʧʣʘʥʦʚʘʥʦ ʚʚʝʜʝʥʥʷ ʬʝʨʦʮʝʥʘʣʴʜʝʛʽʜʫ ʚ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝ-

ʘʢʮʽʡ (ʉʭʝʤʘ 2). 

 
ʉʭʝʤʘ 2 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Patra M., Gasser G. The medicinal chemistry of ferrocene and its derivatives. Nature 

Reviews Chemistry. 2017. Vol. 1, no. 9. 

2. Jampilek J. Heterocycles in Medicinal Chemistry. Molecules. 2019. Vol. 24, no. 21. 

P. 3839. 

3. Solvent-Free Heterocyclic Synthesis / M.A.P. Martins et al. Chemical Reviews. 

2009. Vol. 109, no. 9. P. 4140-4182. 



˨ˮ˿́ˢ˹̇˱˯˹ˮ˯ ˸˻˹˱́˻˾ˮ˹˥ ˭˩˸˶˱ 

352 

 ˹ ˢ˽˾̒˸˻˴ 

ˑ˕˞˟ˍ˚ˣ˴˖˚˕˖ ˙˛˚˴˟˛˝˕˚ː ˔˒˙˘˴ 
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EFFECTIVE USE OF ULTRAHIGH SPATIAL RESOLUTION  VISIBLE AND 

INFRARED DATA  

Abstract. The main characteristics of modern satellite sensors with ultra-high spatial 

resolution in the visible and infrared ranges are presented. The technical, economic and or-

ganizational advantages of using satellite data in comparison with ground-based measurement 

methods and aerial photography are determined. 

Keywords: remote sensing of the Earth, multispectral satellite sensors, ultra-high spa-

tial resolution. 

 

ɿʘʚʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʜʝʪʘ-

ʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 

ʉʘʤʝ ʪʦʤʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ̔ ʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʩʫʧʫʪʥʠʢʽʚ 

ʪʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʥʘʜʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ 

ʚʠʜʠʤʦʛʦ ʪʘ ɯʏ-ʜʽʘʧʘʟʦʥʽʚ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1.  

ʉʫʧʫʪʥʠʢ ʈʽʢ ʂʨʘʾʥʘ-ʦʧʝʨʘʪʦʨ ʈʦʟʨʽʟʥʝʥʥʷ ʩʝʥʩʦʨʽʚ 
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ʟʘʧʫʩʢʫ ʇʨʦʩʪʦʨ. 

PAN/MS, 
ʤ 

ʈʘʜʽʦ-

ʤʝʪ., 
ʙʽʪ 

ʂʽʣ-ʪ ɹ

ʢʘʥʘ-
ʣʽʚ 

ʉʤʫʛʘ ʟʘ-

ʭʚʘʪʫ, ʢʤ 

ʊʦʯʥʽʩʪʴ 

ʛʝʦʧʨʠʚ'ʷ-
ʟʢʠ, ʤ 

TeLEOS-1 2015 ʉʠʥʛʘʧʫʨ 1,0/4,0 10 1 12 ʥ.ʜ. 

Deimos-2 2015 ʂʘʥʘʜʘ 1,0/4,0 10 4 12 ʥ.ʜ. 

TripleSat-1,2,3 

(DMC-3) 

2015 ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 1,0/4,0 10 4 23 ʥ.ʜ. 

Jilin-1ɸ 2015 ʂʠʪʘʡ 0,8/3,2 ʥ.ʜ. 4 48 ʥ.ʜ. 

Kompsat-3A 2015 ʂʦʨʝʷ 0,4/1,6 14 4 12 13 

Cartosat-2C 2016 ɯʥʜʽʷ 0,65/2,0 10 4 10 100 

PeruSat-1 2016 ʇʝʨʫ 0,7/2,0 12 4 10 ʥ.ʜ. 

SkySat-3...7 2016 ʉʐɸ 0,8/2,0 11 4 8 ʥ.ʜ. 

Gokturk-1A 2016 ʊʫʨʝʯʯʠʥʘ 0,7/2,8 12 4 20 10 

SuperView-1A/B 2016 ʂʠʪʘʡ 0,5/2 11 4 12 20 

WorldView-4 2016 ʉʐɸ 0,3/1,2 11 4 13 3 

Cartosat-2D/2E 2017 ɯʥʜʽʷ 0,65/2,0 10 4 10 100 

Mohammed-VIA  2017 ʄʘʨʦʢʢʦ 0,7/2,8 12 4 20 ʥ.ʜ. 

SkySat-8...13 2017 ʉʐɸ 0,8/2,0 11 4 8 ʥ.ʜ. 

Cartosat-2F 2018 ɯʥʜʽʷ 0,65/2,0 10 4 10 100 

SuperView-1ʉ/D 2018 ʂʠʪʘʡ 0,5/2 11 4 12 20 

KhalifaSat 2018 ʆɸʕ 0,72/2,98 10 4 12 ʥ.ʜ. 

Vision-1 2018 ʌʨʘʥʮʽʷ 0,9/3,5 10 4 21 ʥ.ʜ. 

SkySat-14...21 2020 ʉʐɸ 0,8/2,0 11 4 8 ʥ.ʜ. 

Pleiades-3, 4 2021 ʌʨʘʥʮʠʷ 0,3/2,0 12 4 14 ʥ.ʜ. 

 

ɼʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʥʘʜʚʠʩʦʢʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʧʝʨʝʰʢʦʜʞʘʣʘ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʾʭʥʷ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʘ ʪʘʢʦʞ 

ʩʢʣʘʜʥʽʩʪʴ ʽ ʜʦʨʦʞʥʝʯʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘ-

ʥʠʭ ɼɿɿ. ʆʜʥʘʢ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʚ ʦʙʣʘʩʪʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʟ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʜʦʟʚʦʣʠʣʠ ʽʩʪʦʪʥʦ ʧʨʠʩʢʦʨʠʪʠ ʪʘ ʟʜʝʰʝʚʠʪʠ ʧʨʦ-

ʮʝʩ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ, ʘ ʪʘʢʦʞ ʩʧʨʦʩʪʠʪʠ ʜʦʩʪʫʧ ʤʘʩʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʽʟʥʠʭ 

ʧʨʠʢʣʘʜʥʠʭ ʛʘʣʫʟʝʡ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭʥʴʦʾ ʦʙʨʦʙʢʠ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʟʝʤʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʽʚ ʽ ʘʝʨʦʬʦʪʦʟʥʽʤʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ: 

ð ʰʠʨʦʢʘ ʦʛʣʷʜʦʚʽʩʪʴ (ʟʡʦʤʢʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʢʦʨʦʪʢʠʡ ʩʪʨʦʢ); 

ð ʚʠʩʦʢʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ (ʚʠʢʦʥʘʥʥʷ ʟʡʦʤʢʠ ʪʘ ʦʙʨʦʙʢʘ ʟʘʡʤʘʶʪʴ ʤʝʥʰ 1 ʜʦʙʠ); 

ð ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʧʦʤʠʣʦʢ (ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʜʫʨ 
ʦʙʨʦʙʢʠ); 

ð ʚʠʩʦʢʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ (ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʟʡʦʤʢʫ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʜʦ 
ʜʝʢʽʣʴʢʦʭ ʨʘʟʽʚ ʥʘ ʜʦʙʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʛʨʫʧʦʚʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ); 

ð ʙʘʛʘʪʦʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ (ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʭ ʩʘʤʠʭ ʟʥʽʤʢʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʧʝʨʝʣʽʢʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʚ ʽʥʪʝʨʝʩʘʭ ʨʽʟʥʠʭ ʩʧʦʞʠ-

ʚʘʯʽʚ); 

ð ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʶʨʠʜʠʯʥʠʭ ʜʦʟʚʦʣʽʚ ʥʘ ʟʡʦʤʢʫ ʦʙ'ʻʢʪʽʚ, ʱʦ 
ʜʦʟʚʦʣʷʻ ʟʥʽʤʘʪʠ ʙʫʜʴ-ʷʢʽ ʙʘʞʘʥʽ ʦʙ'ʻʢʪʠ; 

ð ʧʦʚʥʘ ʙʝʟʧʝʢʘ (ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʤʦʥʽʪʦʨʠʥʛ, ʥʝ ʢʦʥʪʘʢʪʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟ ʥʝ-

ʙʝʟʧʝʯʥʠʤ ʦʙ'ʻʢʪʦʤ, ʪʠʤ ʩʘʤʠʤ ʚʠʢʣʶʯʠʪʠ ʨʠʟʠʢ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʡ ʞʠʪʪʷ ʣʶʜʝʡ); 
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ð ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʩʪʫʧʥʽʩʪʴ (ʤʦʞʥʘ ʟʥʽʤʘʪʠ ʦʙ'ʻʢʪʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʚʘʞʢʦ-
ʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ); 

ð ʚʠʩʦʢʘ ʜʝʪʘʣʴʥʽʩʪʴ, ʜʦʩʪʘʪʥʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ (ʧʨʦʩʪʦ-

ʨʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ 30...80 ʩʤ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʽʚ); 

ð ʩʠʥʭʨʦʥʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʜʘʥʠʭ (ʦʜʥʦʯʘʩʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 
ʦʙ'ʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʟʥʘʯʥʦʤʫ ʚʠʜʘʣʝʥʥʽ ʜʨʫʛ ʚʽʜ ʜʨʫʛʘ); 

ð ʚʠʩʦʢʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʽʩʪʦʪʥʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʚʝʙ-ʩʝʨʚʽʩʽʚ). 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʫʯʙʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ çʆʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʥʘʜʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʨʽʟʥʝʥʥʷè, ʱʦ ʚʠʢʣʘʜʘʻʪʴʩʷ ʩʪʫʜʝʥʪʘʤ ʩʪʘʨʰʠʭ ʢʫʨʩʽʚ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴ-

ʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ. 
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ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʠʥʘʤʽʢʠ ʫʨʙʘʥʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʥʘʬʪʦʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ 

ʉʐɸ ʟʘ ʜʘʥʠʤʠ ʥʽʯʥʦʾ ʟʡʦʤʢʠ VNIR ʜʽʘʧʘʟʦʥʫ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʨʽʟʥʦʯʘʩʦʚʽ RGB-ʢʦʤʧʦʟʽʪʠ ʜʣʷ ʜʚʦʭ ʥʘʙʦʨʽʚ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʥʽʤʢʽʚ (ʨʠʩ. 1ʘ ð ʩʪʘʨʽ ʟʥʽʤʢʠ, ʨʠʩ. 2ʙ ð ʥʦʚʽ ʟʥʽʤʢʠ). ʈʽʟʥʦʢʦʣʴʦʨʦʚʽ 

ʜʨʽʙʥʽ ʦʙôʻʢʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʬʪʦʚʠʜʦʙʫʚʥʠʤ ʤʘʡʜʘʥʯʠʢʘʤ, ʩʽʨʽ ʪʘ ʙʽʣʽ ʚʝʣʠʢʽ ʦʙôʻʢʪʠ 

ð ʥʘʩʝʣʝʥʠʤ ʧʫʥʢʪʘʤ. 
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ʘ) 

 

 
ʙ) 

 

ʈʠʩ. 1 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʧʨʠʣʘʜʫ VIIRS (ʢʘʥʘʣ DNB): 

ð ʩʫʪʪʻʚʽ ʢʦʣʠʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʜʣʷ ʦʙ'ʻʢʪʽʚ ʪʘ ʬʦʥʫ ʩʮʝʥʠ, ʭʘ-
ʨʘʢʪʝʨʥʝ ʜʣʷ ʱʦʜʝʥʥʠʭ ʤʦʟʘʾʢ (ʤʦʞʣʠʚʦ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʢʦ-

ʨʝʢʮʽʶ); 
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ð ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʰʫʤʽʚ, ʟʫʤʦʚʣʝʥʠʡ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʯʝʨʝʟ ʤʘʣʫ ʧʣʦʱʫ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʰʪʫʯʥʠʭ ʥʘʟʝʤʥʠʭ ʜʞʝ-

ʨʝʣ ʩʚʽʪʣʘ (ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʥʥʦʶ ʟʡʦʤʢʦʶ); 

ð ʥʘʷʚʥʽʩʪʴ ʨʘʜʽʦʤʝʪʨʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʪʘ ʘʨʪʝʬʘʢʪʽʚ ʟʰʠʚʢʠ ʥʘ ʜʽʣʷʥʢʘʭ ʩʪʠʢʫ-
ʚʘʥʥʷ ʩʮʝʥ ʽʟ ʩʫʩʽʜʥʽʭ ʚʠʪʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʱʦʜʝʥʥʠʭ 

ʤʦʟʘʾʢ (ʚʠʢʣʠʢʘʥʠʭ, ʚ ʦʩʥʦʚʥʦʤʫ, ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʯʘʩʦʤ ʟʡʦʤʢʠ); 

ð ʚʽʜʩʫʪʥʽʩʪʴ ʷʢʽʩʥʠʭ ʤʘʩʦʢ ʭʤʘʨʥʦʩʪʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʦʙʨʦʙʣʷʪʠ ʨʽʟʥʦ-

ʯʘʩʦʚʽ ʨʷʜʠ ʱʦʜʝʥʥʠʭ ʤʦʟʘʾʢ ʟ ʭʤʘʨʥʽʩʪʶ (ʪʦʙʪʦ ʥʝ ʤʦʞʥʘ ʜʦʩʪʦʚʽʨʥʦ ʚʠʟʥʘ-

ʯʠʪʠ, ʯʠ ʦʙ'ʻʢʪ ʥʝ ʩʚʽʪʠʪʴʩʷ, ʯʠ ʚʽʥ ʟʘʢʨʠʪʠʡ ʭʤʘʨʥʽʩʪʶ); 

ð ʟʥʘʯʥʝ ʘʪʤʦʩʬʝʨʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʪʦʯʢʦʚʠʤʠ ʦʙ'ʻʢ-
ʪʘʤʠ, ʦʙʫʤʦʚʣʝʥʝ ʥʘʷʚʥʽʩʪʶ ʩʣʘʙʢʦʾ ʭʤʘʨʥʦʩʪʽ, ʩʝʨʧʘʥʢʫ, ʪʫʤʘʥʫ, ʤʽʩʴʢʦʛʦ 

ʩʤʦʛʫ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʝʥʴ ʘʪʤʦʩʬʝʨʠ; 

ð ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʚʠʭʽʜʥʠʭ ʟʥʽʤʢʽʚ (ʟʘ ʢʦʞʝʥ ʜʝʥʴ ʟʘ ʜʘʥʠʤʠ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʢʦʞʥʦʛʦ 

ʩʫʧʫʪʥʠʢʘ ʬʦʨʤʫʶʪʴʩʷ 6 ʤʦʟʘʾʢ, ʢʦʞʥʘ ʨʦʟʤʽʨʦʤ ʙʽʣʴʰʝ 2 ɻʙʘʡʪ ʫ ʘʨʭʠʚʽ); 

ð ʥʝʤʦʞʣʠʚʽʩʪʴ ʩʢʘʯʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʤʦʟʘʾʢ ʜʣʷ ʟʘʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʧʦʩʽʙʥʠʢ çɸʚʪʦʤʘʪʠʟʦʚʘʥʘ 

ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ VNIR ʜʽʘʧʘʟʦʥʫè. 
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ʈʠʩ. 1 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʂɸ ɼɿɿ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʽʜʤʽʥʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʠʭ ʻ: 

1) ʚʫʟʴʢʘ ʩʤʫʛʘ ʟʘʭʦʧʣʝʥʥʷ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʟʥʽʤʘʪʠ ʜʦʚʽʣʴʥʦ ʨʦʟʪʘ-

ʰʦʚʘʥʽ ʧʨʦʪʷʞʥʽ ʜʽʣʷʥʢʠ ʟʘ ʦʜʠʥ ʚʠʪʦʢ; 

2) ʤʘʣʠʡ ʨʦʟʤʽʨ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʣʽʥʽʡʢʠ ʇɿɿ (ʪʦʙʪʦ ʥʠʟʴʢʘ ʯʫʪʣʠʚʽʩʪʴ), ʱʦ ʥʝ ʜʦ-

ʟʚʦʣʷʻ ʟʥʽʤʘʪʠ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥ ̔ʦʙ'ʻʢʪʠ ʽ ʚʠʢʦʥʫʚʘʪʠ ʩʚʝʨʭʦʧʝʨʘʪʠʚʥʫ ʟʡʦʤʢʫ ʟ ʩʫʩʽʜ-

ʥʽʭ ʚʠʪʢʽʚ ʧʨʠ ʥʠʟʴʢʠʭ ʢʫʪʘʭ ʉʦʥʮʷ. 

ɼʣʷ ʧʦʢʨʠʪʪʷ ʧʨʦʪʷʞʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʜʦʚʽʣʴʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʥʝʦʙʭʽʜʥʘ ʟʡʦʤʢʘ 

ʢʣ̔ʴʢʦʭ ʩʮʝʥ ʟ ʨʽʟʥʠʭ ʚʠʪʢʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʚʽʜ 3-ʭ ʜʥʽʚ ʜʦ 3-ʭ ʪʠʞʥʽʚ (ʟʘʣʝʞʥʦ ʚʽʜ ʩʤʫʛʠ 

ʟʘʭʦʧʣʝʥʥʷ ʩʢʘʥʝʨʘ ʪʘ ʜʽʘʧʘʟʦʥʫ ʢʫʪʽʚ ʧʝʨʝʥʘʮʽʣʶʚʘʥʥʷ ʩʫʧʫʪʥʠʢʘ). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʭʤʘʨʥʦʩʪʽ ʟʡʦʤʢʘ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʱʝ ʙʽʣʴʰʝ ʯʘʩʫ, ʱʦ ʙʽʣʴ-

ʰʽʩʪʴ ʟʘʚʜʘʥʴ ʥʝʧʨʠʡʥʷʪʥʦ. 

ʗʢʱʦ ʪʘʢʫ ʟʡʦʤʢʫ ʧʨʦʚʦʜʠʪʠ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʥʘʮʽʣʶʚʘʥʥʷ (ʪʦʙʪʦ ʟ ʥʝʥʫʣʴʦʚʠʤʠ 

ʢʫʪʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʦʨʽʻʥʪʘʮʽʾ), ʪʦ ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ ʩʢʘʥʫ-

ʚʘʥʥʷ ʽ ʟʥʽʤʘʪʠ ʜʦʚʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʦʪʷʞʥʽ ʜʽʣʷʥʢʠ ʟʘ ʦʜʠʥ ʚʠʪʦʢ, ʪʦʙʪʦ ʙʽʣʴʰ ʦʧʝ-

ʨʘʪʠʚʥʦ. 

ʂʨʽʤ ʪʦʛʦ, ʟʡʦʤʢʘ ʟ ʥʝʥʫʣʴʦʚʠʤʠ ʢʫʪʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ (ʪʦʙʪʦ ʟʥʽʤʘʪʠ ʤʘʣʦʢʦʥʪʨʘʩʪʥʽ ʘʙʦ ʩʣʘʙʦʦʩʚʽʪʣʝʥʽ ʦʙ'ʻʢʪʠ). 

ʆʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘʢʦʾ ʟʡʦʤʢʠ ʻ: 

ð ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʨʦʪʷʞʥʦʛʦ ʦʙ'ʻʢʪʘ, ʟʘʜʘʥʦʛʦ ʦʢʨʝʤʠʤʠ ʚʫʟʣʦʚʠʤʠ ʪʦʯʢʘʤʠ ʥʘ 
ʮʠʬʨʦʚʽʡ ʢʘʨʪʦʦʩʥʦʚʽ (ʣʽʥʽʡʥʘ, ʢʚʘʜʨʘʪʠʯʥʘ, ʩʧʣʘʡʥʦʚʘ ʪʦʱʦ); 

ð ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʦʪʷʞʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʤʫʛʠ ʟʘ-
ʭʦʧʣʝʥʥʷ ʟʥʽʤʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ ʩʢʘʥʫʚʘʥʥʷ; 

ð ʨʦʟʨʘʭʫʥʦʢ ʦʨʙʽʪʘʣʴʥʦʛʦ ʨʫʭʫ ʩʫʧʫʪʥʠʢʘ ʪʘ ʚʠʙʽʨ ʚʠʪʢʘ ʟʡʦʤʢʠ ʪʘ ʯʘʩʫ ʚʢʣʶ-

ʯʝʥʥʷ ʟʥʽʤʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

(ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʨʝʞʠʤʫ çʟʡʦʤʢʘ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤè); 

ð ʨʦʟʨʘʭʫʥʦʢ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʩʫʧʫʪʥʠʢʘ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʡʦʤʢʠ ʟʘʜʘʥʦʛʦ ʧʨʦʪʷʞ-
ʥʦʛʦ ʦʙ'ʻʢʪʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʫʪʽʚ ʫʩʪʘʥʦʚʢʠ ʟʥʽʤʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ; 
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ð ʨʦʟʨʘʭʫʥʦʢ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʧʫʪʥʠʢʘ ʧʽʜ ʯʘʩ ʟʡʦʤʢʠ ʪʘ ʘʥʘʣʽʟ ʨʝʘʣʽʟʦʚʘ-
ʥʦʩʪʽ ʟʡʦʤʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʚʝʣʠʯʠʥʠ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʪʘ 

ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʧʫʪʥʠʢʘ; 

ð ʤʦʜʝʣʶʚʘʥʥʷ ʟʡʦʤʢʠ ʟʘʜʘʥʦʛʦ ʧʨʦʪʷʞʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ 

ʬʘʢʪʦʨʽʚ (ʘʪʤʦʩʬʝʨʥʘ ʨʝʬʨʘʢʮʽʷ, ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʽʥ.); 

ð ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦ-
ʦʨʜʠʥʘʪ ʟʥʷʪʠʭ ʦʙ'ʻʢʪʽʚ (ʧʦʭʠʙʢʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʽʤʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ, ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʘ ʪʘ ʽʥ.). 

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʚʯʝʥʽ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚ-

ʣʽʥʥʷ ʂɸ ɼɿɿ ʧʨʠ ʟʡʦʤʮʽ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʧʨʦʱʝʥʴ ʽ ʧʦʭʠʙʦʢ ʽʩʥʫʶ-

ʯʠʭ ʤʦʜʝʣʝʡ ʟʡʦʤʢʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʚ ʯʘʩʪʠʥʽ ʦʧʝʨʘʪʠ-

ʚʥʦʩʪʽ ʟʡʦʤʢʠ, ʧʣʦʱʽ ʧʦʢʨʠʪʪʷ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ ɼɿɿ. 
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ɼʅʋ, 2010. ð ʉ. 108. 
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/ Makarov, O.L.; Mozgovoy, D.K.; Khoroshilov, V.S.; more authors. // Microwave 

and Telecommunication Technology (CriMiCo), 21th International Crimean 

Conference. ð Sevastopol, 12-16 Sept. 2011. ð IEEE. ð ʈ. 905-907. 

3. ʄʦʟʛʦʚʦʡ ɼ.ʂ. ʋʧʨʘʚʣʝʥʠʝ ʦʨʠʝʥʪʘʮʠʝʡ ʂɸ ɼɿɿ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ // ɺʽʩʥʠʢ ɼʅʋ. ʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ. ð 2009. ð ɺʠʧ. 13, ʪ. 

1. ˉ 17/4. ð ʉ. 59-65. 

4. D.K. Mozgovoy et al. Fast satellite imagery of lengthy territories with complex 

configuration. IOP Conf. Series Materials Science and Engineering MIST 

Aerospace 2018; DOI: 10.1088/1757-899X/450/2/022013. 
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ʄɽʊʆɼʆʃʆɻɯʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʆɹʈʆɹʂʀ ɼɸʅʀʍ 

ʅɯʏʅʆɰ ɿʁʆʄʂʀ ɿɯ ʉʋʇʋʊʅʀʂɯɺ SUOMI NPP ʊɸ NOAA-20 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦ-

ʤʢʠ ʟʽ ʩʫʧʫʪʥʠʢʽʚ Suomi NPP ʪʘ NOAA-20. ɺʠʟʥʘʯʝʥʦ ʧʨʦʮʝʜʫʨʠ ʧʦʧʝʨʝʜʥʴʦʾ ʪʘ ʪʝʤʘ-

ʪʠʯʥʦʾ ʦʙʨʦʙʢʠ. ʅʘʚʝʜʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽ ʾʥʘ 

ʧʨʠʢʣʘʜʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙʨʘʥʠʭ ʥʘʬʪʦʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʉʐɸ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʥʘʬʪʦʚʠʜʦʙʫʚʥʽ ʨʝʛʽʦʥʠ, ʥʽʯʥʘ ʟʡʦ-

ʤʢʘ, ʧʦʧʝʨʝʜʥʷ ʪʘ ʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ, Suomi NPP, NOAA-20. 
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AUTOMATED DATA PROCESSING METHODOLOGY OF NIGHT IMAGERY 

FROM SUOMI NPP AND NOAA -20 SATELLITES 

Abstract. A methodology for automated processing of nighttime data from the Suomi 

NPP and NOAA-20 satellites has been developed. Pre-processing and thematic processing 

procedures have been defined. A flowchart of experimental testing of the methodology is pre-

sented using the example of satellite monitoring of selected oil-producing regions of the USA. 

Keywords: satellite monitoring, oil-producing regions, night imaging, pre- and the-

matic processing, Suomi NPP, NOAA-20. 

 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽ ʾʘʚʪʦʤʘ-

ʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʟʽ ʩʫʧʫʪʥʠʢʽʚ Suomi NPP ʪʘ NOAA-20 ʪʘ ʾʾ ʪʝʩ-

ʪʫʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙʨʘʥʠʭ ʥʘʬʪʦʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ 

ʉʐɸ. 

ʆʙʨʦʙʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦʾ (ʨʠʩ. 1) ʪʘ ʪʝʤʘʪʠʯʥʦʾ (ʨʠʩ. 2). 
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ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ: 

ð ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʚʠʭʽʜʥʠʭ ʟʥʽʤʢʽʚ ʧʦ ʟʘʜʘʥʽʡ ʪʝʨʠʪʦʨʽʾ (ʩʪʚʦʨʝʥʥʷ ʙʘ-

ʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʬʘʡʣʫ ʟ ʨʽʟʥʦʯʘʩʥʠʭ ʟʥʽʤʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʽʘʧʘʟʦʥʽʚ ʜʘʪ, ʷʢʽ 

ʟʯʠʪʫʶʪʴʩʷ ʟ ʬʘʡʣʫ ʫʩʪʘʥʦʚʦʢ ʘʙʦ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʨʫʯʥʫ); 

ð ʚ̔ ʢʦʥʥʘ ʬʽʣʴʪʨʘʮʽʷ (ʚʠʜʘʣʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʰʫʤʽʚ ʽ ʧʝʨʝʰʢʦʜ ʥʘ ʚʠʭʽʜʥʠʭ 
ʟʥʽʤʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʧʽʚ ʬʽʣʴʪʨʽʚ ʽ ʥʘʣʘʰʪʫʚʘʥʴ, ʱʦ ʟʯʠʪʫʶʪʴʩʷ ʟ ʬʘʡʣʫ 

ʫʩʪʘʥʦʚʦʢ ʘʙʦ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʨʫʯʥʫ); 

ð ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʥʦʨʤʘʣʽʟʘʮʽʷ (ʚʠʜʽʣʝʥʥʷ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʽʢʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ, 
ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ ʟʘʜʘʥʠʭ ʪʠʧʽʚ ʥʘʟʝʤʥʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʪʠʧʽʚ ʬʽʣʴʪʨʽʚ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ, ʱʦ ʟʯʠʪʫʶʪʴʩʷ ʟ ʬʘʡʣʫ ʫʩʪʘʥʦʚʦʢ ʘʙʦ ʟʘʜʘ-

ʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʨʫʯʥʫ); 

ð ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʠʧʫ ʜʘʥʠʭ ʟ floating point ʫ byte, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʽʚ 
ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚ ʨʝʞʠʤʽ çʥʘ ʣʴʦʪʫè ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜ-

ʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʪʠʩʢʘʥʥʷ ʝʥʪʨʦʧʽʡʥʦʛʦ ʦʙʨʦʙʣʝʥʠʭ 

ʟʥʽʤʢʽʚ; 

ð ʝʥʪʨʦʧʽʡʥʝ (ʽʥʬʦʨʤʘʮʽʡʥʝ) ʩʪʠʩʥʝʥʥʷ ʦʙʨʦʙʣʝʥʠʭ ʟʥʽʤʢʽʚ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ 

ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ 

ʧʦ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ (ʚʠʜ ʩʪʠʩʥʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʤʧʨʝʩʽʾ ʟʯʠʪʫʶʪʴʩʷ ʟ 

ʬʘʡʣʫ ʫʩʪʘʥʦʚʦʢ ʘʙʦ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʨʫʯʥʫ); 

ð ʝʢʩʧʦʨʪ ʦʙʨʦʙʣʝʥʠʭ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʫ ʟʘʜʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯʝʤ ʬʦʨʤʘʪ 
(GeoTIFF, JPEG2000); 

ð ʝʢʩʧʦʨʪ ʧʘʣʽʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʟʘʜʘʥʦʾ ʜʘʪʠ ʘʙʦ ʜʽʘʧʘʟʦʥʽʚ ʜʘʪ ʚ ʟʘʜʘʥʠʡ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʬʦʨʤʘʪ (PNG, JPEG); 

ð ʝʢʩʧʦʨʪ ʨʽʟʥʦʯʘʩʥʠʭ RGB-ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ ʚʠʙʨʘʥʠʭ ʜʘʪ ʫ ʟʘʜʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʬʦʨʤʘʪ (PNG, JPEG). 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈɸɼɯʆʃɯʅɯɰ ʉʋʇʋʊʅʀʂɸ ɼɿɿ 

ɸʥʦʪʘʮʽʷ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʪʠʧʽʚ ʤʦʜʫʣʷʮʽʾ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ɼɿɿ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢ ʽ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ. ɿʘʩʪʦʩʦʚʘʥʦ ʤʦʜʝʣʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʟ ʘʜʠʪʠʚʥʠʤ ʙʽʣʠʤ ʛʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ, ʙʘ-

ʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʟʛʘʩʘʥʥʷʤ ʈʝʣʝʷ, ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʟʛʘʩʘʥʥʷʤ ʈʘʡʩʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢ ɼɿɿ, ʮʠʬʨʦʚʘ ʨʘʜʽʦʣʽʥʽʷ, ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ, ʟʘ-

ʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ, ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ. 
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INCREASING THE EFFICIENCY OF THE RADIO LINE  

OF THE REMOTE SENSING SATELLITE  

Abstract. A comparison of the noise immunity and bandwidth of the most common 

types of modulation used in modern remote sensing systems was performed using both com-

putational methods and computer simulation. Communication channel models with additive 

white Gaussian noise, Rayleigh multipath fading, and Rice multipath fading were used. 

Keywords: remote sensing satellite, digital radio link, bandwidth, noise-resistant cod-

ing, additive white Gaussian noise. 

 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʦʾ ʨʘʜʽʦʣʽʥʽʾ ʩʫʧʫʪʥʠʢʘ ɼɿɿ, ʘ ʩʘʤʝ ʾʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦ-

ʤʦʞʥʦʩʪʽ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ. 

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʪʠʧʽʚ ʤʦʜʫʣʷʮʽʾ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ɼɿɿ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʫ ʧʨʦʛʨʘʤʽ BERTool, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʥʠʢʘ BER (Bit Error Rate). ʇʨʠ ʮʴʦʤʫ ʙʫʣʠ ʟʘ-

ʩʪʦʩʦʚʘʥʽ ʪʨʠ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ: 

ð ʪʝʦʨʝʪʠʯʥʠʡ (ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʟʘ ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ); 

ð ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ (ʧʦʻʜʥʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ); 

ð ʩʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʠ ʦʙʨʘʥʽ ʤʦʜʝʣʽ ʢʘʥʘʣʽʚ 

ʟʚôʷʟʢʫ ʟ ʘʜʠʪʠʚʥʠʤ ʙʽʣʠʤ ʛʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ (AWGN), ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʟʛʘʩʘʥʥʷʤ 

ʈʝʣʝʷ (Rayleigh), ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʟʛʘʩʘʥʥʷʤ ʈʘʡʩʘ (Rician). 

ʋ ʩʝʨʝʜʦʚʠʱʽ BERTool ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʘʜʘʥʦʛʦ ʥʘʙʦʨʫ ʪʠʧʽʚ ʮʠʬʨʦʚʦʾ ʤʦʜʫʣʷʮʽʾ 

(QPSK, PSK-8, QAM-16, QAM-32) ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ BER ʚʽʜ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ Eb/No , ʜʝ Eb ð ʝʥʝʨʛʽʷ ʙʠʪʘ, No ð ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫ-

ʣʷʮʽʾ QAM-16 ʪʘ QPSK ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʘʱʘ ʫ QPSK ʘ 

ʩʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʘʱʘ ʫ QAM-16. ɼʣʷ ʛʘʫʩʽʚʩʴʢʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʧʨʠ ʟʥʘ-

ʯʝʥʥʽ BER=10-5 ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʛʨʘʰ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ BPSK ʜʣʷ PSK-8 ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

3 ʜɹ, ʘ ʜʣʷ PSK-16 ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 8 ʜɹ. ʇʨʠ ʟʥʘʯʝʥʥʽ BER=10-6 ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʛʨʘʰ 

DBPSK ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ PAM-2 ʩʢʣʘʜʘʻ ʜʣʷ ʛʘʫʩʽʚʩʴʢʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʙʣʠʟʴʢʦ 0,5 ʜɹ, 

ʘ ʜʣʷ ʨʝʣʝʾʚʩʴʢʦʛʦ ð ʙʣʠʟʴʢʦ 1 ʜɹ. 

ʊʘʢʦʞ ʫ ʩʝʨʝʜʦʚʠʱʽ BERTool ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʘʜʘʥʦʛʦ ʥʘʙʦʨʫ ʤʝʪʦʜʽʚ ʟʘʚʘʜʦʩ-

ʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ (ʙʣʦʢʦʚʝ ʪʘ ʟʛʦʨʪʢʦʚʝ) ʙʫʣʠ ʧʦʙʫʜʦʚʘʥ ̔ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ BER ʚʽʜ 

Eb/No ʜʣʷ ʮʠʬʨʦʚʦʾ ʤʦʜʫʣʷʮʽʾ QAM-16 (ʨʠʩ. 2). 
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ʈʠʩ. 2 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʤʘʥʽʧʫʣʷʮʽʾ QAM-16 ʟʽ ʟʛʦʨʪʢʦʚʠʤ ʢʦʜʫʚʘʥʥʷʤ 

ʢʨʘʱʘ, ʥʽʞ ʟ ʙʣʦʢʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʧʨʠ ʤʝʥʰʦʤʫ ʟʥʘʯʝʥʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʝʥʝʨʛʽʾ ʙʽʪʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʰʫʤʫ (Eb/No). 
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ɸɺʊʆʄɸʊʀɿʆɺɸʅɽ ɺʀʗɺʃɽʅʅʗ ɿʄɯʅ ʄɯʉʔʂʆɰ ɿɸɹʋɼʆɺʀ 

ɿɸ ʄʋʃʔʊʀʉʇɽʂʊʈɸʃʔʅʀʄʀ ʉʋʇʋʊʅʀʂʆɺʀʄʀ ɿʅɯʄʂɸʄʀ 

ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʢʣʶʯʘʣʠ ʧʦʧʝʨʝʜʥʶ ʦʙ-

ʨʦʙʢʫ (ʥʦʨʤʘʣʽʟʘʮʽʶ) ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʦʨʪʦʨʝʢʪʠʬʽʢʘʮʽʶ, ʧʽʜʚʠ-

ʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʪʘ ʢʦʨʝʣʷʮʽʡʥʫ ʧʨʠʚ'ʷʟʢʫ ʜʦ ʝʪʘʣʦʥʫ; ʪʝʤʘʪʠʯʥʫ ʦʙ-

ʨʦʙʢʫ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʬʽʣʴʪʨʘʮʽʶ ʪʽʥʝʡ ʽ ʤʘʣʦʨʦʟ-

ʤʽʨʥʠʭ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ, ʨʦʟʨʘʭʫʥʦʢ 1-ʾ ʛʦʣʦʚʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʜʚʦʧʦʨʦʛʦʚʫ ʙʽʥʘʨʠʟʘ-

ʮʽʶ, ʤʦʨʬʦʣʦʛʽʯʥʫ ʪʘ ʦʙ'ʻʢʪʥʫ ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʚʝʢʪʦʨʠʟʘʮʽʶ ʨʦʟʧʽʟʥʘʥʠʭ ʟʤʽʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʨʽʟʥʦʯʘʩʦʚʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʘʚʪʦ-

ʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ, ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ. 
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AUTOMATED DETECTION OF URBAN BUILDING CHANGES  

FROM MULTISPECTRAL SATELLITE IMAGERY  

Abstract. The main results of the research are presented, which included pre-processing 

(normalization) of different time satellite images, orthorectification, increasing spatial resolu-

tion and correlation reference to the standard; thematic processing of normalized satellite im-

ages, which includes filtering of shadows and small-sized moving objects, calculation of the 

1st principal component, two-threshold binarization, morphological and object filtering, and 

vectorization of recognized changes. 

Keywords: remote monitoring, different time satellite images, automated processing, 

change detection. 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʟʤʽʥ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʟʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʩʫʙʤʝʪʨʦʚʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʚʠʜʠʤʦʛʦ ʪʘ ɯʏ-ʜʽʘʧʘʟʦʥʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝ-

ʨʘʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʢʘʨʪ ʤʽʩʪ. 
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ʈʦʙʦʪʠ, ʧʨʦʚʝʜʝʥʽ ʚ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʢʣʶʯʘʣʠ ʪʘʢʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ 

ʟʥʽʤʢʽʚ: 

ð ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ (ʥʦʨʤʘʣʽʟʘʮʽʶ) ʨʽʟʥʦʯʘʩʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʦʜʥʘ-
ʢʦʚʫ ʜʣʷ ʩʪʘʨʦʛʦ ʪʘ ʥʦʚʦʛʦ ʟʥʽʤʢʘ, ʱʦ ʚʢʣʶʯʘʻ ʦʨʪʦʨʝʢʪʠʬʽʢʘʮʽʶ, ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʪʘ ʢʦʨʝʣʷʮʽʡʥʫ ʧʨʠʚ'ʷʟʢʫ ʜʦ ʝʪʘʣʦʥʫ; 

ð ʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʬʽʣʴʪʨʘ-
ʮʽʶ ʪʽʥʝʡ ʽ ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ (ʤʘʰʠʥʠ, ʣʦʪʢʠ ʚʠʥʦʩʥʦʾ ʪʦʨʛʽʚʣʽ 

ʪʦʱʦ), ʨʦʟʨʘʭʫʥʦʢ 1-ʾ ʛʦʣʦʚʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʜʚʦʧʦʨʦʛʦʚʫ ʙʽʥʘʨʠʟʘʮʽʶ, ʤʦʨʬʦ-

ʣʦʛʽʯʥʫ ʪʘ ʦʙ'ʻʢʪʥʫ ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʚʝʢʪʦʨʠʟʘʮʽʶ ʨʦʟʧʽʟʥʘʥʠʭ ʟʤʽʥ (ʨʠʩ.1). 

 

 
ʈʠʩ. 1 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʜʘʥʽ ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʢʘʥʘʣʫ, ʧʦʣʷʛʘʻ ʚ ʟʜʘʪʥʦʩʪʽ ʚʠʷʚʠʪʠ 

ʟʤʽʥʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʨʽʚʥʶʚʘʥʽ ʦʙ'ʻʢʪʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʘʣʴʙʝʜʦ ʥʘ 

ʩʪʘʨʦʤʫ ʽ ʥʦʚʦʤʫ ʟʥʽʤʢʘʭ ʚ ʧʘʥʭʨʦʤʘʪʠʯʥʦʤʫ ʢʘʥʘʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦ-

ʚʠʭ ʟʥʽʤʢʽʚ, ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ. ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʽ ʪʠʤ ʩʘʤʠʤ 

ʧʽʜʚʠʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʘʧ. 

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʩʠʪʴ ʰʠʨʦʢʝ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʥʝ ʪʽʣʴʢʠ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ, ʘʣʝ ʡ 

ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ (ʜʦʨʦʞʥʷ ʤʝʨʝʞʘ, ʨʦʩʣʠʥʥʽ ʪʘ 

ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʪʦʱʦ). 

ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʽʥʬʦʨʤʫʚʘʥʥʷ ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ ʥʘ-

ʩʝʣʝʥʥʷ ð ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʽ ʫ ʽʥʪʝʨʝʩʘʭ ʨʽʟʥʠʭ ʜʝʨʞʘʚʥʠʭ 

ʩʣʫʞʙ, ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʝʜʝʪʴʩʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ɿʝʤʣʽ, ʦʪʨʠʤʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʽʚ, ʩʫʙʤʝʪʨʦ-

ʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ, ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʪʠʧʽʚ ʩʫʯʘʩʥʠʭ ʙʦʨʪʦʚʠʭ ʩʢʘʥʝʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʛʽʦʥʫ ʪʘ ʫʤʦʚ ʟʡʦʤʢʠ. ʜʘʥʦʾ ʤʝʪʦ-

ʜʠʢʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʘʩʦʢ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʤʝʪʦʶ ʧʽʜ-

ʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ çɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʟʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʫ-

ʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ.è, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ, ʣʘʙʦʨʘʪʦ-

ʨʥʠʭ ʪʘ ʢʫʨʩʦʚʠʭ ʨʦʙʽʪ ʩʪʫʜʝʥʪʘʤʠ ʩʪʘʨʰʠʭ ʢʫʨʩʽʚ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽ-

ʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈɸɼɯʆʃɯʅɯɰ ʉʋʇʋʊʅʀʂɸ 

ɼʀʉʊɸʅʎɯʁʅʆɻʆ ɿʆʅɼʋɺɸʅʅʗ ɿɽʄʃɯ 

ɸʥʦʪʘʮʽʷ. ʆʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʨʘʜʽʦʣʽʥʽʾ ʩʫʧʫʪʥʠʢʘ ʜʠʩʪʘʥʮʽʡ-

ʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟʘ ʟʤʽʥʶʚʘʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʅʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʪʘ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ. ɿʘʚʜʷʢʠ ʧʦʩʠʣʝʥʥʶ 

ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʙʽʪʽʚ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʚʠʧʨʘ-

ʚʠʪʠ, ʥʠʞʯʽʡ ʨʽʚʝʥʴ ʯʘʩʪʦʪʠ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ 

ʥʘ ʚʠʭʦʜʽ ʢʘʥʘʣʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢʦʚʘ ʨʘʜʽʦʣʽʥʽʷ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʤʘʪʝʤʘ-

ʪʠʯʥʽ ʤʦʜʝʣʽ, ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 
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INCREASING THE EFFICIENCY OF THE RADIO LINE  

OF THE EARTH REMOTE SENSING SATELLITE  

Abstract. The results of the operation of the radio link model of the Earth remote sens-

ing satellite with changing input data are obtained. The graphs and values of the received 

signals, the efficiency of error prevention and the data transmission rate are presented. The 

results are analyzed and the influencing factors are determined. Due to the improvement of 

the signal quality, a smaller number of error bits that cannot be corrected, a lower level of 

error frequency and, accordingly, a smaller signal-to-noise value at the channel output were 

obtained. 

Keywords: satellite radio link, remote sensing of the Earth, mathematical models, in-

creasing noise immunity, simulation modeling. 
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ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙʨʘʥʦʛʦ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʪʘ ʤʝʪʦʜʫ ʟʘʚʘ-

ʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʨʘʜʽʦʣʽʥʽʡ ʮʠʬʨʦʚʦʛʦ ʟʚôʷʟʢʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʨʘʜʽʦʣʽʥʽʾ ʩʫʧʫʪʥʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫ-

ʚʘʥʥʷ ɿʝʤʣʽ ʧʨʦʚʦʜʠʣʠʩʷ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʘʢʝʪʽ Simulink. (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1 

ɺ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʚ ʢʘ-

ʥʘʣʽ AWGN, ʘʜʘʧʪʠʚʥʦ ʟʤʽʥʶʚʘʚʩʷ ʪʠʧ ʤʦʜʫʣʷʮʽʾ ʪʘ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʨʘʜʽʦʣʽʥʽʾ ʩʫʧʫʪʥʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝ-

ʤʣʽ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʧʨʦʛʨʘʤʽ BERTool, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʥʠʢʘ 

BER ʜʣʷ ʟʘʜʘʥʦʛʦ ʥʘʙʦʨʫ ʪʠʧʽʚ ʮʠʬʨʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʪʘ ʤʝʪʦʜʽʚ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫ-

ʚʘʥʥʷ. (ʨʠʩ. 2). 

 
























































































































































