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ɼʝʨʞʘʚʥʝ ʢʦʩʤʽʯʥʝ ʘʛʝʥʪʩʪʚʦ ʋʢʨʘʾʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ ʤʦʣʦʜʽ ʽʤ. ʆ.ʄ. ʄʘʢʘʨʦʚʘ 
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ʄ.ʂ.ʗʥʛʝʣʷ.è 

¶ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 
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çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè. 

¶ ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɺʠʨʦʙʥʠʯʝ ʦʙôʻʜʥʘʥʥʷ ʇʽʚʜʝʥʥʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ 
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¶ ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ. 
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ʅʘʫʢʘ ʜʣʷ ʢʦʩʤʦʩʫ, ʢʦʩʤʦʩ ʜʣʷ ʣʶʜʠʥʠ 

ü ʢʦʣʠ ʣʶʜʠʥʘ ʚʧʝʨʰʝ ʧʦʜʫʤʘʣʘ ʧʨʦ ʢʦʩʤʦʩ 

ʑʝ ʟʘʜʦʚʛʦ ʜʦ ʥʘʰʦʾ ʝʨʠ ʫ ʣʶʜʝʡ ʟ'ʷʚʠʣʠʩʷ ʜʫʤʢʠ ʧʨʦ ʧʽʜʢʦʨʝʥʥʷ ʥʝʙʘ, ʙʘ-

ʞʘʥʥʷ ʥʘ ʥʴʦʛʦ ʧʦʣʝʪʽʪʠ. ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʣʴʦʪʠ ʥʘ ʥʝʙʦ ʫ ʣʝʛʝʥʜʘʭ ʧʨʠʧʠʩʫ-

ʚʘʣʠ ʟʥʘʤʝʥʠʪʠʤ ʣʶʜʷʤ. ɯʩʥʫʚʘʣʘ ʣʝʛʝʥʜʘ ʧʨʦ ʪʝ, ʱʦ ʚʘʚʠʣʦʥʩʴʢʠʡ ʮʘʨ ɽʪʘʥ ʣʽʪʘʚ ʥʘ 

ʦʨʣʽ. ʆʣʝʢʩʘʥʜʨ ʄʘʢʝʜʦʥʩʴʢʠʡ ʥʽʙʠʪʦ ʣʽʪʘʚ ʥʘ ʛʨʠʬʦʥʽ, ʧʪʠʮʽ ʟ ʪʫʣʫʙʦʤ ʣʝʚʘ ʪʘ ʟ 

ʢʨʠʣʘʤʠ ʦʨʣʘ. ʉʠʥ ɸʧʦʣʣʦʥʘ - ʌʘʝʪʦʥ ʣʽʪʘʚ ʥʘ ʥʝʙʝʩʥʽʡ ʢʦʣʽʩʥʠʮʽ, ʘʣʝ ʥʝ ʟʤʽʛ ʫʪʨʠ-

ʤʘʪʠ ʢʦʥʝʡ, ʫʧʘʚ ʽ ʨʦʟʙʠʚʩʷ. ɺʩʝ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʛʘʨʷʯʝ ʧʨʘʛʥʝʥʥʷ ʣʶʜʠʥʠ ʜʦ ʧʦʣʴʦʪʫ 

ʚ ʥʝʙʦ. 

ʊʠʩʷʯʦʣʽʪʥʷ ʤʨʽʷ ʣʶʜʩʪʚʘ ʟʜʽʡʩʥʠʣʘʩʷ 4 ʞʦʚʪʥʷ 1957 ʨʦʢʫ. ʎʝʡ ʜʝʥʴ, ʚʽʜʟʥʘ-

ʯʝʥʠʡ ʫʩʧʽʰʥʠʤ ʩʪʘʨʪʦʤ ʨʘʢʝʪʦʥʦʩʽʷ ʽʟ ʩʫʧʫʪʥʠʢʦʤ ʥʘ ʙʦʨʪʫ, ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʠʜʘʪʥʽ-

ʰʠʭ ʚ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ ʨʘʢʝʪʥʦʾ ʪʘ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ʉʪʘʨʪ 4 ʞʦʚʪʥʷ ʜʦʚʛʽ ʨʦʢʠ ʘʥʘʣʽ-

ʟʫʚʘʚʩʷ ʟ ʫʩʽʭ ʙʦʢʽʚ: ʥʘʫʢʦʚʦʾ, ʪʝʭʥʽʯʥʦʾ, ʽʩʪʦʨʠʯʥʦʾ ʪʘ ʧʦʣʽʪʠʯʥʦʾ! ɺʽʥ ʟʤʫʩʠʚ ʧʦ-

ʥʦʚʦʤʫ ʧʦʛʣʷʥʫʪʠ ʥʘ ʧʨʦʙʣʝʤʠ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ʊʘʢ, ʧʨʦ ʧʦʣʽʪʠʢʫ, ʧʝʨʰʽʩʪʴ ʚ 

ʝʢʦʥʦʤʽʮʽ, ʥʦʚʫ ʟʙʨʦʶ ʛʦʚʦʨʠʣʠ ʥʘʡʙʽʣʴʰʝ ʽ ʣʠʰʝ ʧʽʟʥʽʰʝ ʚʽʜʢʨʠʣʘʩʷ ʚʩʷ ʬʽʣʦʩʦʬʩʴʢʘ 

ʪʘ ʩʚʽʪʦʛʣʷʜʥʘ ʛʣʠʙʠʥʘ ʮʽʻʾ ʧʦʜʽʾ. ɺʩʝ ʥʘʩʪʫʧʥʝ, ʩʚʽʜʢʘʤʠ ʯʦʛʦ ʤʠ ʩʪʘʣʠ: ʣʫʥʥʠʢʠ, 

ʧʦʣʽʪ ʣʶʜʠʥʠ, ʤʽʞʧʣʘʥʝʪʥʽ ʧʦʣʴʦʪʠ, ʚʠʩʘʜʢʘ ʥʘ ʄʽʩʷʮʴ, ʦʨʙʽʪʘʣʴʥʽ ʩʪʘʥʮʽʾ ʪʘ ʧʦʣʽʪ ʟʘ 

ʤʝʞʽ ʩʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ. ɺʩʝ, ʩʚʽʜʢʘʤʠ ʯʦʛʦ ʩʪʘʥʫʪʴ ʥʘʰʽ ʤʘʡʙʫʪʥʽ ʧʦʢʦʣʽʥʥʷ. ʄʽʩʷʯʥʘ 

ʽʥʜʫʩʪʨʽʷ, ʝʢʩʧʝʜʠʮʽʾ ʥʘ ʥʘʡʙʣʠʞʯʽ ʧʣʘʥʝʪʠ, ʩʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʥʘʚʢʦ-

ʣʦʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ - ʚʩʝ ʮʝ ʚʞʝ ʚʜʨʫʛʝ ʽ ʧʦ ʩʫʪʽ ʚʞʝ ʻ ʣʠʰʝ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʤ ʚʘʨʽʘʥ-

ʪʦʤ ʪʦʛʦ, ʱʦ ʩʪʘʣʦʩʷ 4 ʞʦʚʪʥʷ 1957 ʨʦʢʫ. ʇʦʯʘʚʩʷ ʚʽʜʣʽʢ ʥʦʚʦʾ, ʢʦʩʤʽʯʥʦʾ ʝʧʦʭʠ! 

ü ʥʘʚʽʱʦ ʥʘʤ ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʦʩʤʦʩ 

ʅʘʫʢʘ ʪʘ ʢʦʩʤʦʩ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʥʘʰʦʛʦ ʩʚʽʪʫ,  ʾʭ ʚʟʘʻʤʦʜʽʷ ʤʘʻ ʟʥʘ-

ʯʫʱʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʣʶʜʩʪʚʘ. ɺʠʚʯʝʥʥʷ ʢʦʩʤʦʩʫ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ 

ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʧʨʦʛʨʝʩʫ. ʇʝʨʰʝ, ʱʦ ʚʘʨʪʦ ʚʽʜʟʥʘ-

ʯʠʪʠ, ʮʝ ʪʝ, ʷʢ ʥʘʫʢʘ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʩʤʦʩʫ. ʈʦʟʚʠʪʦʢ ʘʩʪʨʦʥʦʤʽʾ, 

ʬʽʟʠʢʠ ʪʘ ʽʥʰʠʭ ʥʘʫʢ ʚ ʩʠʥʝʨʛʽʾ ʟ ʽʥʞʝʥʝʨʥʦʶ ʪʘ ʢʦʩʤʽʯʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʦʟʚʦʣʷʻ ʥʘʤ 

ʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʢʦʩʤʦʩʫ, ʬʦʨʤʫʚʘʪʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʦʭʦʜʞʝʥʥʷ ɺʩʝʩʚʽʪʫ ʪʘ ʨʦʟʚʠʚʘ-

ʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʦʩʤʦʩ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʢʨʠʚʘʻ ʜʣʷ ʣʶ-

ʜʠʥʠ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ. ʂʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʪʘ ʩʫʧʫʪʥʠʢʠ ʥʘʜʘʶʪʴ ʥʘʤ ʫʥʽʢʘʣʴʥʽ ʜʘʥʽ 

ʧʨʦ ʥʘʰʫ ʧʣʘʥʝʪʫ, ʜʦʟʚʦʣʷʶʯʠ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʢʣʽʤʘʪ, ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʚʟʘʻʤʦʜʽʶ ʣʶ-

ʜʝʡ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ʅʘʚʽʪʴ ʚ ʨʘʤʢʘʭ ʢʦʩʤʽʯʥʠʭ ʧʦʜʦʨʦʞʝʡ ʪʘ ʢʦʣʦʥʽʟʘʮʽʾ ʽʥʰʠʭ ʧʣʘʥʝʪ ʤʦʞʥʘ ʧʦ-

ʙʘʯʠʪʠ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. ʎʝ ʩʪʠʤʫʣʶʻ ʽʥʥʦʚʘ-

ʮʽʾ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʽʜ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʢʦʩʤʦʩʽ ʜʦ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʬʝʢʪʠʚ-

ʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʩʫʚʘʥʥʷ. ʆʪʞʝ, ʥʘʫʢʘ ʪʘ ʢʦʩʤʦʩ ʚʟʘʻʤʦʜʽʶʪʴ ʷʢ ʜʚʽ ʩʪʦʨʦʥʠ ʦʜʥʽʻʾ 

ʤʝʜʘʣʽ, ʜʝ ʢʦʞʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʠʥʝʩʣʘ ʽ ʧʨʠʥʦʩʠʪʴ ʥʦʚʽ ʟʜʦʙʫʪʢʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ. ʈʦʟʫ-

ʤʽʥʥʷ ʢʦʩʤʦʩʫ ʨʦʟʢʨʠʚʘʻ ʧʝʨʝʜ ʣʶʜʩʪʚʦʤ ʥʝʦʙʤʝʞʝʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʟʘʚʦʶʚʘʥʥʷ ʥʦʚʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʨʦʙʣʷʯʠ ʥʘʫʢʫ ʽ ʢʦʩʤʦʩ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ 

ʨʫʰʽʡʥʠʤʠ ʩʠʣʘʤʠ ʧʨʦʛʨʝʩʫ. 

ü ʥʘʫʢʘ ʜʣʷ ʢʦʩʤʦʩʫ: ʧʝʨʰʽ ʜʦʩʣʽʜʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ 

ʂʦʩʤʦʩ ʥʘʜʘʻ ʚʝʣʠʯʝʟʥʝ ʧʦʣʝ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ. ʆʩʴ ʢʽʣʴ-

ʢʘ ʢʣʶʯʦʚʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʢʦʩʤʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ: 

1. ɸʩʪʨʦʥʦʤʽʷ: ɺʠʚʯʝʥʥʷ ʥʝʙʝʩʥʠʭ ʦʙ'ʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʟʽʨʢʠ, ʧʣʘʥʝʪʠ, ʛʘʣʘʢʪʠʢʠ, 

ʯʦʨʥʽ ʜʽʨʢʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ɸʩʪʨʦʥʦʤʽʷ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʚʠʚʯʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʷʚʠʱ ʽ 

ʩʪʨʫʢʪʫʨ. 



4 

2. ʌʽʟʠʢʘ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ: ɺʠʚʯʝʥʥʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʧʨʠʭʦʜʷʪʴ ʟ ʢʦʩʤʦʩʫ, ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ɿʝʤʣʶ ʪʘ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ. 

3. ʂʦʩʤʽʯʥʘ ʙʽʦʣʦʛʽʷ: ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʞʠʚʽ ʦʨ-

ʛʘʥʽʟʤʠ. ʎʝ ʚʢʣʶʯʘʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ, ʨʘʜʽʘʮʽʾ ʪʘ ʽʥʰʠʭ ʘʩʧʝʢʪʽʚ ʢʦʩ-

ʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʞʠʪʪʷ. 

4. ɻʝʦʣʦʛʽʷ ʢʦʩʤʽʯʥʠʭ ʪʽʣ: ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʜʦʚʠ ʪʘ ʩʢʣʘʜʫ ʧʣʘʥʝʪ, ʤʽʩʷʮʽʚ, ʘʩʪʝ-

ʨʦʾʜʽʚ ʪʘ ʽʥʰʠʭ ʢʦʩʤʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ. 

5. ʂʦʩʤʽʯʥʘ ʬʽʟʠʢʘ: ɺʠʚʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʢʦʩʤʦʩʽ, 

ʪʘʢʠʭ ʷʢ ʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʧʣʘʟʤʘ, ʩʦʥʷʯʥʽ ʚʽʪʨʠ ʪʦʱʦ. 

6. ʂʦʩʤʽʯʥʘ ʽʥʞʝʥʝʨʽʷ: ʈʦʟʨʦʙʢʘ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʩʚʦʻʥʥʷ ʢʦʩʤʦ-

ʩʫ, ʚʢʣʶʯʘʶʯʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʟʘʩʦʙʽʚ ʧʝʨʝʩʫʚʘʥʥʷ. 

7. ɽʢʟʦʙʽʦʣʦʛʽʷ: ɺʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʞʠʪʪʷ ʧʦʟʘ ɿʝʤʣʝʶ. 

8. ʊʝʦʨʝʪʠʯʥʘ ʬʽʟʠʢʘ: ʈʦʟʨʦʙʢʘ ʪʝʦʨʽʡ ʪʘ ʤʦʜʝʣʝʡ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʦʩʥʦʚʥʽ ʬʽ-

ʟʠʯʥʽ ʷʚʠʱʘ ʫ ʢʦʩʤʦʩʽ. 

ʎʽ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʪʘ ʧʨʘʮʶʶʪʴ ʨʘʟʦʤ ʜʣʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʢʦʩʤʦ-

ʩʫ ʪʘ ʡʦʛʦ ʷʚʠʱ. 

ü ʢʦʩʤʦʩ ʜʣʷ ʣʶʜʩʪʚʘ 

ʂʦʩʤʦʩ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʞʠʪʪʽ ʣʶʜʠʥʠ ʽ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʙʝʟʣʽʯ 

ʧʝʨʝʚʘʛ ʪʘ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʥʘʰʦʾ ʮʠʚʽʣʽʟʘʮʽʾ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʥʘʫʢʫ, ʪʝʭʥʦʣʦʛʽʾ, ʢʫʣʴʪʫʨʫ 

ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʚʽʜʥʦʩʠʥʠ. ʈʦʟʛʣʷʥʝʤʦ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ, ʷʢ ʢʦʩʤʦʩ ʚʧʣʠʚʘʻ ʥʘ ʣʶʜʠʥʫ: 

ʅʘʫʢʦʚʽ ʚʽʜʢʨʠʪʪʷ: ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ ʨʦʟʰʠʨʶʻ ʥʘʰʽ ʟʥʘʥʥʷ ʧʨʦ ʚʣʘʰʪʫ-

ʚʘʥʥʷ ɺʩʝʩʚʽʪʫ, ʧʦʭʦʜʞʝʥʥʷ ʧʣʘʥʝʪ, ʟʽʨʦʢ, ʛʘʣʘʢʪʠʢ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʭ ʢʦʩʤʽʯʥʠʭ ʷʚʠʱ. 

ʎʽ ʥʘʫʢʦʚʽ ʚʽʜʢʨʠʪʪʷ ʥʝ ʣʠʰʝ ʨʦʟʰʠʨʶʶʪʴ ʥʘʰʝ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ, ʘ ʡ ʤʦʞʫʪʴ ʧʨʠ-

ʟʚʝʩʪʠ ʜʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ɿʝʤʣʽ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʨʠʚʠ: ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʩʚʦʻʥʥʷ ʢʦʩʤʦʩʫ ʩʧʨʠʷʻ 

ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ ʤʝʜʠʮʠʥʘ, ʪʨʘʥʩʧʦʨʪ, ʟʚ'ʷʟʦʢ ʪʘ ʽʥʰʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʇʦʜʦʨʦʞ ʫ ʢʦʩʤʦʩ ʜʦʟʚʦʣʷʻ ʣʶʜʠʥʽ ʚʠʚʯʘ-

ʪʠ ʽʥʰʽ ʧʣʘʥʝʪʠ, ʩʫʧʫʪʥʠʢʠ ʪʘ ʢʦʩʤʽʯʥʽ ʦʙ'ʻʢʪʠ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʫʢʫ ʫʤʦʚ 

ʞʠʪʪʷ ʚ ʽʥʰʠʭ ʯʘʩʪʠʥʘʭ ɺʩʝʩʚʽʪʫ. 

ʄʽʞʥʘʨʦʜʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ: ʇʨʦʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʢʦʩʤʦʩʫ, ʯʘʩ-

ʪʦ ʩʪʘʶʪʴ ʩʬʝʨʦʶ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ. ʉʧʽʣʴʥʽ ʤʽʩʽʾ ʪʘ ʧʨʦʝʢʪʠ ʩʧʨʠʷʶʪʴ 

ʦʙ'ʻʜʥʘʥʥʶ ʟʫʩʠʣʴ ʨʽʟʥʠʭ ʢʨʘʾʥ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʠʭ ʮʽʣʝʡ. 

ɺʧʣʠʚ ʥʘ ʩʧʦʩʽʙ ʞʠʪʪʷ: ʂʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʦ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʩʫʧʫʪʥʠʢʦʚʦʾ ʥʘʚʽʛʘʮʽʾ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡ ʜʦ ʪʝʭʥʦ-

ʣʦʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ: ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʝʚʘʛʦʤʦʩʪʽ ʥʘ ʪʽʣʦ ʣʶʜʠʥʠ ʚ 

ʢʦʩʤʦʩʽ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘ ɿʝʤʣʽ. 

ɯʥʩʧʽʨʘʮʽʷ ʪʘ ʦʩʚʽʪʘ: ʇʨʦʝʢʪʠ ʚ ʛʘʣʫʟʽ ʢʦʩʤʦʩʫ ʯʘʩʪʦ ʻ ʜʞʝʨʝʣʦʤ ʥʘʪʭʥʝʥʥʷ ʜʣʷ 

ʣʶʜʝʡ, ʦʩʦʙʣʠʚʦ ʤʦʣʦʜʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʽʥʪʝʨʝʩʫ ʜʦ ʥʘʫʢʠ, 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʞʝʥʝʨʽʾ. 

ü ʦʙ'ʻʜʥʘʥʥʷ ʣʶʜʩʪʚʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ, ʤʽʞʥʘʨʦʜʥʽ ʧʨʦʛʨʘʤʠ ʪʘ 
ʧʦʣʴʦʪʠ 

ʂʦʩʤʦʥʘʚʪʠʢʘ ʚʞʝ ʜʘʚʥʦ ʧʝʨʝʡʰʣʘ ʥʘʮʽʦʥʘʣʴʥʽ ʤʝʞʽ ʪʘ ʢʦʨʜʦʥʠ, ʧʝʨʝʪʚʦʨʠʚ-

ʰʠʩʴ ʫ ʟʘʩʽʙ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʚ ʽʥʪʝʨʝʩʘʭ ʫʩʴʦʛʦ ʣʶʜʩʪʚʘ. ɿʛʘʜʘʻ-

ʤʦ, ʥʘʧʨʠʢʣʘʜ, ʦʨʙʽʪʘʣʴʥʫ ʩʪʘʥʮʽʶ çʄʠʨè, ʱʦ ʷʚʣʷʣʘ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʙʘʛʘʪʦʮʽʣʴʦʚʠʡ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʢʦʤʧʣʝʢʩ. ʅʝ ʤʦʞʥʘ ʥʝ ʟʘʭʦʧʣʶʚʘʪʠʩʷ ʧʨʘʮʝʶ ʪʘ ʪʚʦʨʯʽʩʪʶ ʢʦʣʝ-
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ʢʪʠʚʽʚ ʫʯʝʥʠʭ, ʢʦʥʩʪʨʫʢʪʦʨʽʚ, ʨʦʙʽʪʥʠʢʽʚ, ʷʢʽ ʩʪʚʦʨʠʣʠ ʪʘ ʝʢʩʧʣʫʘʪʫʚʘʣʠ ʾʾ. ʇʦʯʘʚʰʠ ʫ 

1986 ʨʦʮʽ ʙʘʛʘʪʦʨʽʯʥʫ ʚʘʭʪʫ ʚ ʢʦʩʤʦʩʽ, ʚʦʥʘ ʥʽʞ ʫʜʚʽʯʽ ʧʝʨʝʢʨʠʣʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʪʝʨ-

ʤʽʥ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ. ʅʘ ʥʽʡ ʧʦʙʫʚʘʣʦ ʙʽʣʴʰʝ ʩʦʪʥʽ ʢʦʩʤʦʥʘʚʪʽʚ ʽʟ 12 ʢʨʘʾʥ ʩʚʽʪʫ.    

ü ʷʢ ʣʶʜʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʟʫʣʴʪʘʪʠ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʴ 

ʆʩʚʦʻʥʥʷ ʢʦʩʤʦʩʫ ʚʞʝ ʜʘʚʥʦ ʧʨʠʥʦʩʠʪʴ ʚʩʽʤ ʣʶʜʷʤ ʚʝʣʠʯʝʟʥʫ ʢʦʨʠʩʪʴ: ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ʟ ʢʦʩʤʦʩʫ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʨʦʟʚʽʜʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʥʘʜʽʡʥʽʰʝ 

ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʛʦʜʫ ʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʢʘʪʘʩʪʨʦʬʠ, ʩʪʝʞʠʪʠ ʟʘ ʝʢʦʣʦʛʽʯʥʦʶ ʦʙʩʪʘʥʦʚ-

ʢʦʶ, ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʚʩʝʩʚʽʪʥʶ ʩʣʫʞʙʫ ʧʦʨʷʪʫʥʢʫ. ɹʝʟʩʫʤʥʽʚʥʦ, ʱʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ 

ʨʦʣʴ ʂʦʩʤʦʩʫ ʟʨʦʩʪʘʻ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʪʫʨʠʟʤʫ, 

ʝʥʝʨʛʝʪʠʢʠ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʛʘʣʫʟʝʡ ð ʧ̔ ʜʥʷʪʪʷ 

ʾʭʥʴʦʾ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ, ʧʦʢʨʘʱʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʨʦʙʦʪʠ ʥʘ ɿʝʤʣʽ ʘʙʦ ʚ ʢʦʩʤʦʩʽ. 

ʂʦʣʠʩʴ ʪʘʣʘʥʦʚʠʪʽ ʡ ʟʜʽʙʥʽ ʝʥʪʫʟʽʘʩʪʠ ʟʨʦʙʠʣʠ ʧʝʨʰʽ ʢʨʦʢʠ ʚ ʧʽʜʢʦʨʝʥʥʽ ʂʦʩ-

ʤʦʩʫ. ʉʴʦʛʦʜʥʽ ʮʝ ʩʧʨʘʚʘ ʤʦʣʦʜʠʭ. ʊʘʣʘʥʦʚʠʪʘ ʤʦʣʦʜʴ ʧʨʘʛʥʝ ʜʦ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠ-

ʚʯʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ ʦʩʚʦʻʥʥʷ, ʙʘʞʘʻ ʟʨʦʙʠʪʠ ʩʚʽʡ ʚʥʝʩʦʢ 

ʫ ʨʦʟʚʠʪʦʢ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ, ʘʚʽʘʮʽʾ ʪʘ ʢʦʩʤʦʥʘʚʪʠʢʠ. ʄʽʞʥʘʨʦʜʥʘ ʤʦʣʦʜʽʞʥʘ ʥʘʫʢʦ-

ʚʦ-ʧʨʘʢʪʠʯʥʘ ʂʦʥʬʝʨʝʥʮʽʷ çʃʶʜʠʥʘ ʽ ʂʦʩʤʦʩè ʮʝ  ʩʪʘʨʪʦʚʘ  ʧʣʦʱʘʜʢʘ, ʜʝ ʩʪʫʜʝʥʪʠ, 

ʘʩʧʽʨʘʥʪʠ, ʤʦʣʦʜʽ ʬʘʭʽʚʮʽ ʪʘ ʤʦʣʦʜʽ ʚʯʝʥʽ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʠʪʠ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʨʦʝʢʪʠ ʪʘ ʽʜʝʾ, ʦʙʤʽʥʷʪʠʩʷ ʟʥʘʥʥʷʤʠ ʪʘ ʜʦʩʚʽʜʦʤ, ʚʩʪʘʥʦʚʠʪʠ ʢʦʥʪʘʢʪʠ ʟ ʢʦʣʝʛʘʤʠ ʪʘ 

ʧʨʦʚʽʜʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ.  

ʆʪʞʝ ʢʦʥʬʝʨʝʥʮʽʷ çʃʶʜʠʥʘ ʽ ʢʦʩʤʦʩè ʜʘʣʘ ʩʪʘʨʪ ʙʘʛʘʪʴʦʤ ʛʽʜʥʠʤ ʽ ʧʦʪʨʽʙʥʠʤ 

ʽʜʝʷʤ, ʚʽʜʢʨʠʣʘ ʰʣʷʭ ʜʣʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ ʜʦʧʦʤʦʛʣʘ ʟ ʚʠʙʦʨʦʤ ʪʝʤ ʤʘʡʙʫʪʥʽʭ ʥʘʫ-

ʢʦʚʠʭ ʨʦʙʽʪ, ʚʠʟʥʘʯʠʣʘ ʟʘʜʘʯʽ, ʷʢʽ ʪʨʝʙʘ ʚʠʨʽʰʫʚʘʪʠ, ʱʦʙ ʂʦʩʤʦʩ ʩʪʘʚ ʙʣʠʞʯʠʤ ʽ 

ʙʝʟʧʝʯʥʽʰʠʤ. 
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ɺʀɿʅɸʏɽʅʅʗ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ ɽʃɽʄɽʅʊɯɺ 

ʂʆʅʉʊʈʋʂʎɯɰ ʂʆʉʄɯʏʅʆɰ ɻʆʃʆɺʅʆɰ ʏɸʉʊɯ ʊɸ ʇʆʈɯɺʅʗʅʅʗ 

ʈɽɿʋʃʔʊɸʊɯɺ ʈʆɿʈɸʍʋʅʂɯɺ ɿ ʆʊʈʀʄɸʅʀʄʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʄʀ 

ɼɸʅʀʄʀ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʜʽʘʛʨʘʤ ʜʝʬʦʨʤʘʮʽʾ ʤʘʪʝʨʽʘʣʫ, ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʦʪʨʠʤʘʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʈʦʟʨʘʭʫʥʢʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ 

ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʤʽʨʦʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʛʨʘʥʠʯʥʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚ-

ʥʦʾ ʯʘʩʪʽ ʚ ʫʤʦʚʘʭ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ, ʢʦʩʤʽʯʥʘ ʛʦʣʦʚʥʘ ʯʘʩʪʠʥʘ, ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

Annotation: Calculations of structural elements of the space head module were carried out 

taking into account the real deformation diagrams of the material, the stress-strain state was 

determined and the results of calculations were compared with the obtained experimental 

data. The results of the analysis and experiment showed a high correlation, which allows 

predicting with a high degree of probability the ultimate, from the point of view of strength, 

load of structural elements of the space head module in conditions close to operational ones 

Keywords: finite element model (FEM), space head module (SHM), stress-strain state, 

experimental data, operating conditions 

 

ɺ ʢʦʥʩʪʨʫʢʮʽʷʭ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʡ ʘʚʽʘʮʽʡʥʦʾ 

ʪʝʭʥʽʢʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʦʙʦʣʦʥʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯ-

ʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʭʦ-

ʜʷʯʠ ʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʢʘʟʘʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩ-

ʣʦʚʦʩʪʽ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʫʪʪʻʚʘ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʦʙʦʣʦʥʦʢ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʘʣʶ-

ʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. 

ʅʘʜʽʡʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʝʨʝʜʚʠʧʨʦʙʫʚʘʣʴʥʝ ʤʦʜʝʣʶ-

ʚʘʥʥʷ, ʤʘʻ ʚʠʩʦʢʠʡ ʩʪʘʪʫʩ ʫ ʟʚôʷʟʢʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʥʘʯʥʦʛʦ ʧʦʣʝʛʰʝʥʥʷ ʢʦʨʧʫʩʥʠʭ 

ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷʤ, ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʥʘʪʫʨʥʠʭ ʧʦ-

ʚʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʤʽʮʥʽʩʪʴ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʽʩʥʝ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʚʜʘʥʴ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʠ-

ʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʜʽʘʛʨʘʤ ʜʝʬʦʨʤʘʮʽʾ ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ 

ʪʘ ʩʠʩʪʝʤ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʥʝʦʙʭʽʜʥʽ ʥʘʜʽʡʥʽ ʧʽʜʭʦʜʠ, ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʛʨʘʥʠʯʥʽ ʩʪʘʥʠ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʙʘʟʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʽ (ʦʙʦʣʦʥʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 
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ʢʦʥʬʽʛʫʨʘʮʽʾ) ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʤʠ ʜʘʥʠʤʠ. 

ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʨʦʚʦʜʠʣʦʩʴ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ: 

- ʧʦʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ; 

- ʧʦʨʽʚʥʷʥʥʷ ʧʝʨʝʤʽʱʝʥʴ. 

ʈʦʟʨʘʭʫʥʢʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʢʦʨʝ-

ʣʷʮʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʤʽʨʦʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʛʨʘʥʠʯʥʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʽʮʥʦʩʪʽ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪ ̔ ʚ ʫʤʦʚʘʭ, 

ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
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ʘʥʘʣʠʟ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ. ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫ-
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ɸʅɸʃɯɿ ʄʆɾʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʈʆɿʈɯɿʅʆɻʆ ɺɸʃʋ ɺ 

ɿôɭɼʅɸʅʅɯ ʈʋʃʔʆɺʆɻʆ ʇʈʀɺʆɼʋ ɿ ɸɼʈ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʜʦʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʘʣʫ ʟôʻʜʥʘʥʥʷ ʨʫʣʴʦʚʦʛʦ ʧʨʠʚʦʜʫ ʟ ɸɼʈ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ, ʚʘʣ, ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʨʫʣʴ, ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

Annotation: Calculations and strength tests of the finalized design of the steering drive shaft 

connection to the aerodynamic rudder were carried out. Comparison of the obtained experi-

mental and calculated data is carried out. 

 

ʇʽʜ ʯʘʩ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʠʨʦʙʽʚ ʚʠʥʠʢʘʶʪʴ ʟʘʜʘʯʽ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦ-

ʨʦʙʢʠ ʽʩʥʫʶʯʦʾ ʚʠʧʨʦʙʫʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʥʝʟʘʧʣʘʥʦʚʘʥʠʭ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʈʦʟʛʣʷʥʝʤʦ ʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʥʘ ʧʨʠʢʣʘʜʽ ʜʦʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʫʩʫʥʝʥ-

ʥʷ ʟʘʟʦʨʽʚ ʚ ʰʣʽʮʴʦʚʦʤʫ ʟôʻʜʥʘʥʽ. ɿ ʤʝʪʦʶ ʚʠʢʣʶʯʝʥʥʷ ʟʘʟʦʨʽʚ ʚ ʰʣʽʮʴʦʚʦʤʫ ʟôʻʜʥʘʥʽ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʜʦʧʫʩʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʥʘʥʥʷ ʧʦ-

ʚʟʜʦʚʞʥʴʦʛʦ ʨʽʟʫ ʚʘʣʫ ʚʟʜʦʚʞ ʚʩʽʡ ʜʦʚʞʠʥʽ ʰʣʽʮʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʧʽʨʥʦʾ ʚʪʫʣʢʠ ʟ 

ʧʦʧʝʨʝʜʥʽʤ ʥʘʪʷʛʦʤ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʽʮ-

ʥʽʩʪʴ ʨʦʟʨʽʟʥʦʛʦ ʚʘʣʫ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘ-

ʭʫʥʢʦʚʠʭ ʜʘʥʠʭ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ 

ʦʩʥʦʚʘʥʠʡ ʥʘ ʥʴʦʤʫ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ MSC.NASTRAN [1]. ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʦʞ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ [2]. 

ɺʠʟʥʘʯʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʚʘʣʫ ɸɼʈ ʻ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʚʠʥʠʢʘʶʯʠʡ ʚʽʜ ʜʽʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʥʘ ɸɼʈ ʪʘ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʠʥʠʢʘʶʯʠʡ ʚʽʜ 

ʜʽʾ ʧʨʠʚʦʜʫ. 

ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʦʚʦʜʠʚʩʷ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩ-

ʪʽ: 

- ʨʦʟʨʘʭʫʥʢʠ ʅɼʉ ʪʘ ʤʽʮʥʦʩʪʽ ʚʘʣʫ, ʧʨʠ ʜʽʾ ʦʩʴʦʚʦʛʦ ʟʫʩʠʣʣʷ ʥʘʪʷʛʫ ʟ ʤʝ-

ʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʠʥʠʢʘʶʯʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʟʫʩʠʣʣʷ ʨʦʟʢʣʠʥʶʚʘʥʥʷ; 

- ʦʮʽʥʢʘ ʅɼʉ ʪʘ ʤʽʮʥʦʩʪʽ ʚʘʣʫ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʛʠʥʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ, ʚʠ-

ʥʠʢʘʶʯʠʤ ʧʨʠ ʜʽʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʫʩʠʣʣʷ ʨʦʟʢʣʠʥʶʚʘʥʥʷ; 

- ʦʮʽʥʢʘ ʅɼʉ ʪʘ ʤʽʮʥʦʩʪʽ ʚʘʣʫ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʫʤʽʩʥʦʶ ʜʽʻʶ ʟʛʠʥʘʣʴʥʦ-

ʛʦ ʤʦʤʝʥʪʫ, ʚʠʥʠʢʘʶʯʦʛʦ ʧʨʠ ʜʽʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʪʘ ʢʨʫʪʠʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ 

ʧʨʠʚʦʜʽʚ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʫʩʠʣʣʷ ʨʦʟʢʣʠʥʶʚʘʥʥʷ. 
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ʈʦʟʨʘʭʫʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʛʝʦ-

ʤʝʪʨʠʯʥʦʾ ʪʘ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ (ʪʠʧ ʘʥʘʣʽʟʫ Nonlinear Static). ʇʨʠ ʩʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʠʧ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ï Solid. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ ʤʽʮʥʽʩʪʴ ʨʦʟʨʽʟʥʦʛʦ ʚʘʣʫ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 4-ʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ (ʢʨʠʪʝʨʽʡ ʄʽʟʝʩʘ). 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʪʚʝʨʜʠʣʠ ʜʦʩʪʘʪʥʶ ʤʽʮʥʽʩʪʴ ʨʦʟʨʽʟʥʦʛʦ ʚʘʣʫ ʜʣʷ 

ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫ-

ʢʮʽʶ ʨʦʟʨʽʟʥʦʛʦ ʚʘʣʫ ʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʨʦʟʧʽʨʥʦʶ ʚʪʫʣʢʦʶ ʤʦʞʣʠʚʦ ʧʨʠʡʥʷʪʠ ʜʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʽ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
 

[1] ï ʈʳʯʢʦʚ ʉ.ʇ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʨʝʜʝ Femap with NX Nastran. 

ʄʦʩʢʚʘ: ɼʄʂ ʇʨʝʩʩ, 2013. 784 ʩ. 

[2]. ï ʃʠʟʠʥ ɺ. ʊ, ʇʷʪʢʠʥ ɺ. ɸ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʄʦʩʢʚʘ: çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè, 1976. 408 ʩ. 
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ɸɺʊʆʄʆɹɯʃʔʅɯ ʐʋʄʀ ʊɸ ʉʇʆʉʆɹʀ ɰʍ ɿʅʀɾɽʅʅʗ 

ɸʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʦʚʠʜʠ ʰʫʤʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʜʚʠʛʫʥʘʭ ʪʘ ʢʫʟʦʚʥʠʭ ʯʘʩʪʠ-

ʥʘʭ ʤʝʭʘʥʽʟʤʽʚ, ʟʦʢʨʝʤʘ, ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ɺʠʢʣʘʜʝʥʦ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦ-

ʙʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʚʫʢʦʽʟʦʣʷʮʽʾ ʪʘ ʚʽʙʨʦʽʟʦʣʷʮʽʾ. ʇʦʜʘʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪ-

ʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʪʘ ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʘʮʽʾ ʜʚʠʛʫʥʘ, ʰʫʤʠ ʜʚʠʛʫʥʘ, ʟʚʫʢʦʽʟʦʣʷʮʽʷ ʜʚʠʛʫʥʘ.  

Annotation: Types of noise arising in engines and body parts of mechanisms, in particular, 

internal combustion engines, are considered. The methods and means used for sound insula-

tion and vibration insulation are described. The main parameters that characterize sound 

insulation and vibration insulation materials are given. 

Keywords: engine vibrations, engine noise, engine sound insulation. 

 

ʂʦʞʥʦʛʦ ʨʘʟʫ, ʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʛʝʥʝʨʫʻ, ʧʝʨʝʜʘʻ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʝʥʝʨʛʽʶ, ʯʘʩʪʢʘ ʮʽʻʾ ʝʥʝʨʛʽʾ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʚʫʢʦʚʫ ʽ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠ-

ʱʝ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʞʝʨʝʣʦ ʟʚʫʢʫ ʙʫʣʦ ʯʫʪʥʦ, ʥʝʦʙʭʽʜʥʘ ʥʝ ʚʝʣʠʢʘ ʘʢʫʩʪʠʯʥʘ ʧʦʪʫʞ-

ʥʽʩʪʴ. 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʩʪʚʦʨʶʻ ʜʚʘ ʪʠʧʠ ʰʫʤʫ: ʰʫʤ, ʷʢʠʡ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʧʦ-

ʚʽʪʨʽ, ʧʦʚʽʪʨʷʥʠʡ ʰʫʤ, ʽ ʰʫʤ, ʷʢʠʡ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʘʚʪʦʤʦʙʽʣʷ, ʩʪʨʫʢ-

ʪʫʨʥʠʡ ʰʫʤ. ʇʦ ʩʧʝʢʪʨʫ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʪʠʧʠ ʰʫʤʫ - ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʽ ʚʫʟʴʢʦʩʤʫʛʦ-

ʚʠʡ. ʈʝʟʦʥʘʥʩʠ, ʷʢʽ ʪʘʢʦʞ ʚʠʢʣʠʢʘʶʪʴʩʷ ʪʦʥʘʣʴʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʜʚʦʭ 

ʚʠʜʽʚ: ʩʪʨʫʢʪʫʨʥʠʤʠ ʘʙʦ ʘʢʫʩʪʠʯʥʠʤʠ. ʉʪʨʫʢʪʫʨʥʠʡ ʨʝʟʦʥʘʥʩ ʣʝʛʰʝ ʚʠʟʥʘʯʠʪʠ ʪʘ 

ʚʠʧʨʘʚʠʪʠ. ʇʨʦʩʪʦ ʟʥʘʡʜʽʪʴ ʨʝʟʦʥʫʶʯʠʡ ʝʣʝʤʝʥʪ ʪʘ ʟʨʦʙʽʪʴ ʡʦʛʦ ʞʦʨʩʪʢʽʰʠʤ. ɸʢʫ-

ʩʪʠʯʥʠʡ ʨʝʟʦʥʘʥʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʜʦʚʞʠʥʠ ʧʦʚʽʪʨʦʚʦʜʫ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ ʧʘʨʘʟʠʪʥʦʛʦ ʟʚʫʢʫ. 

ʄʝʭʘʥʽʟʤ ʧʨʷʤʦʾ ʛʝʥʝʨʘʮʽʾ ʟʚʫʢʫ: ʧʦʚʽʪʨʷʥʠʡ ʰʫʤ. ɿʚʫʢ ʛʝʥʝʨʫʻʪʴʩʷ ʬʽʟʠʯ-

ʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʘ ʧʦʪʽʤ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ. ɼʞʝʨʝʣʦ ʤʘʞʝ ʙʫʪʠ ʥʘʩʪʫʥʠʤ: ʛʘʨʷʯʝ 

ʚʠʪʽʩʥʝʥʥʷ ʤʘʩʠ ʘʙʦ ʦʙôʻʤʫ ʨʽʜʠʥʠ (ʛʫʯʥʦʤʦʚʝʮʴ, ʚʠʭʣʦʧʥʘ ʪʨʫʙʘ), ʥʝʩʪʘʮʽʦʥʘʨʥʝ 

ʛʦʨʽʥʥʷ (ʜʚʠʛʫʥ, ʧʽʯ, ʢʦʪʝʣ), ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʪʨʘʥʩʧʦʨʪ ʨʽʜʠʥʠ (ʰʫʤ ʧʦʪʦʢʫ), ʩʠʣʘ 

ʢʦʣʠʚʘʥʴ ʱʦ ʜʽʻ ʚ ʨʽʜʠʥʘʭ, ʢʦʣʠʚʘʥʥʷ ʩʠʣʠ ʟʩʫʚʫ (ʰʫʤ ʰʘʨʫ ʟʩʫʚʫ ʚ ʩʪʨʫʤʝʥʽ). ɼʣʷ 

ʢʝʨʫʚʘʥʥʷ ʚʠʭʽʜʥʦʶ ʟʚʫʢʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ ʜʞʝʨʝʣʘ ʟʚʫʢʫ ʚ ʜʞʝʨʝʣʽ ʤʦʞʥʘ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʟʤʝʥʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ, ʟʤʽʥʶʶʯʠ ʧʘʨʘʤʝʪʨʠ ʚ 

ʩʘʤʦʤʫ ʬʽʟʠʯʥʦʤʫ ʧʨʦʮʝʩʽ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʟʛʦʨʷʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʩʠʣʘ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʨʽʜʠʥʽ, ʪʦʱʦ; ʟʤʝʥʰʠʪʠ ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ ʜʞʝʨʝʣʘ ʷʢ ʟʘʩʽʙ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣʘ. 

ʄʝʭʘʥʽʟʤ ʥʝʧʨʷʤʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʟʚʫʢʫ: ʩʪʨʫʢʪʫʨʥʠʡ ʰʫʤ 
ʐʫʤ ʩʪʚʦʨʶʻʪʴʩʷ ʢʦʣʠʚʘʣʴʥʦʶ ʩʠʣʦʶ, ʷʢʘ ʟʙʫʜʞʫʻ ʩʪʨʫʢʪʫʨʥʽ ʨʝʘʢʮʽʾ ʪʘ ʟʚʫʢʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʦʰʠʨʝʥʽ ʥʝʧʨʷʤʽ ʜʞʝʨʝʣʘ ʟʚʫʢʫ ʚ ʘʚʪʦʤʦʙʽʣʷʭ: 

ʚʽʙʨʘʮʽʷ ʢʦʨʧʫʩʫ, ʰʫʤ ʧʽʜʰʠʧʥʠʢʘ, ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʘʙʦ ʛʝʥʝʨʘʪʦʨʘ, ʨʝʤʽʥʥʽ, 

ʣʘʥʮʶʛʦʚʽ ʘʙʦ ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ, ʩʪʨʫʢʪʫʨʥʠʡ ʰʫʤ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ʂʦʥʪʨʦʣʴ ʰʫʤʫ ʚ ʥʝʧʨʷʤʠʭ ʜʞʝʨʝʣʘʭ ʟʚʫʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦ-

ʤʘ ʟ ʥʘʩʪʫʧʥʠʭ ʟʘʩʦʙʽʚ: ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʣʠ ʘʙʦ, ʷʢʱʦ ʧʨʠʩʫʪʥʽʡ ʨʷʜ ʥʝʟʘʣʝʞ-

mailto:dm.v.beda@gmail.com
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ʥʠʭ ʮʠʢʣʽʯʥʠʭ ʩʠʣ, ʦʨʛʘʥʽʟʦʚʫʶʯʠ ʾʭ ʬʘʟʫʚʘʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʾʭ ʢʦʤʧʝʥʩʫʚʘʪʠ, 

ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ ʨʝʘʢʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʟʘʜʘʥʫ ʩʠʣʫ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʢʫʩʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʨʠʪʠʯ-

ʥʦʾ ʯʘʩʪʦʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ. 

ʉʧʦʩʽʙ ʟʥʠʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʰʫʤʫ ʪʘ ʚʠʙʽʨ ʰʫʤʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ. ʅʘ ʧʨʘʢʪʠʮʽ ʽʩʥʫʻ ʪʨʠ ʤʝʪʦʜʠ ʟʤʝʥʴʰʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʚʽʙʨʘʮʽʾ ʜʣʷ ʟʥʠ-

ʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʰʫʤʫ. ʇʝʨʰʠʡ - ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʭʘʥʽʟʤ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦ-

ʤʦʙʽʣʷ. ʈʝʟʦʥʘʥʩ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʽʟʦʚʘʥʠʡ, ʱʦʙ ʙʫʣʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʢʦʥʪʨʦʣʴ ʰʫʤʫ ʚʩʝʨʝʜʠʥʽ ʘʚʪʦʤʦʙʽʣʷ. ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʠ ʧʦʚʠʥʥʽ 

ʥʘʤʘʛʘʪʠʩʷ ʫʥʠʢʘʪʠ ʩʧʽʚʧʘʜʽʥʥʷ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ ʪʘ 

ʟʦʚʥʽʰʥʴʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ. ʇʦ-ʜʨʫʛʝ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʛʝʨʤʝʪʠʟʘʮʽʶ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʘʚʪʦʤʦʙʽʣʷ. ɯ ʪʦʜʽ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʰʫʤʫ ʚ ʘʚʪʦʤʦʙʽʣʴ ʯʝʨʝʟ ʧʨʦʤʽʞʢʽ ʫ ʢʫʟʦʚʽ ʘʚʪʦʤʦʙʽʣʷ. ʇʦ-ʪʨʝʪʻ, ʤʦʞʥʘ ʧʝʚʥʦʶ 

ʤʽʨʦʶ ʟʤʝʥʰʠʪʠ ʨʝʟʦʥʘʥʩ ʘʚʪʦʤʦʙʽʣʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʢʫʩʪʠʯʥʽ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʪʘ 

ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ.  

ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʚʠʙʦʨʽ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʠʭ ʪʘ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʢʨʠʪʝʨʽʾ: 

- ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʟʚʫʢʦʽʟʦʣʷʮʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʠʪʴ ʚʠʩʦ-

ʢʠʤʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 

- ʄʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʤʘʪʝʨʽʘʣʠ 

ʥʝ ʙʫʜʫʪʴ ʣʝʛʢʦ ʧʦʰʢʦʜʞʝʥʽ ʧʽʜ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘ ʤʘʶʪʴ ʪʨʠʚʘ-

ʣʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʦʚʠʥʥʽ ʣʝʛʢʦ ʨʽʟʘʪʠʩʷ ʪʘ ʟʨʫʯʥʽ ʚ ʦʙʨʦʙʮʽ. 

- ʄʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʪʘ ʥʝ ʤʽʩʪʠʪʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, 

ʪʘʢʠʭ ʷʢ ʩʢʣʦʚʦʣʦʢʥʦ, ʘʟʙʝʩʪ ʪʦʱʦ. 

- ʄʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʦʜʦʥʝʧʨʦʥʠʢʥʠʤʠ ʪʘ ʚʦʣʦʛʦʩʪʽʡʢʠʤʠ, ʩʪʽʡʢʠʤʠ ʜʦ 

ʤʦʣʽ ʪʘ ʢʦʨʦʟʽʾ, ʚʦʛʥʝʩʪʽʡʢʠʤʠ 

- ʄʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʙʫʪʠ ʣʝʛʢʠʤʠ. ɺʘʛʘ ʻ ʦʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʚʩʽʻʾ ʨʦʟʨʦʙʢʠ, ʽ 

ʚʘʛʘ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ ʥʝ ʩʠʣʴʥʦ ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 
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ʂʆʄʇôʖʊɽʈʅɸ ʈʆɿʈɸʍʋʅʂʆɺɸ ʄʆɼɽʃʔ ʂʆʅʊɸʂʊʅʀʍ ʊʀʉʂɯɺ 

ʇɽʈɽʍʈɽʑʀɺɸʖʑʀʍʉʗ ʎʀʃɯʅɼʈʀʏʅʀʍ ɼɽʊɸʃɽʁ 

ɸʥʦʪʘʮʽʷ: ɺʠʚʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʤʽʮʥʦʩʪʽ 

ʜʝʪʘʣʝʡ ʫ ʤʽʩʮʷʭ ʾʭʥʴʦʛʦ ʜʦʪʠʢʘʥʥʷ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧ`ʶʪʝʨʥʠʡ ʢʦʜ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉʽ. ʇʨʦʛʨʘʤʘ 

ʨʦʟʨʘʭʦʚʫʻ ʚʝʣʠʯʠʥʫ ʥʘʡʙʽʣʴʰʦʛʦ ʪʠʩʢʫ ʪʘ ʨʦʟʤʽʨʠ ʤʘʡʜʘʥʯʠʢʘ ʢʦʥʪʘʢʪʫ ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʝʡ ʽ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʦʜʨʦʤ, ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ, ʨʝʡʢʘ, ʤʽʮʥʽʩʪʴ. 

Annotation. The study of contact pressures is necessary to solve the problem of the strength 

of parts in the places of their contact. A computer code in the C programming language was 

developed to model contact interaction parameters. The program calculates the value of the 

greatest pressure and the dimensions of the contact area under various loads, taking into 

account the properties of the materials of the parts and their geometric parameters. 

Keywords: cosmodrome, contact pressures, rail, strength. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʠʩʢʽʚ ʫ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ, ʧʝʨʝʭʨʝʱʠʚʘʶʱʠʭʩʷ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʨʦʟʜʽʣʽʚ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʌʘʢʪʠʯʥʦ ʮʝʡ 

ʨʦʟʜʽʣ ʻ ʧʝʨʝʭʽʜʥʠʤ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʟʘʚʜʘʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʢʦʪʨʠʤ ʭʘʨʘʢʪʝʨʥʘ 

ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʴ, ʜʦ ʟʘʚʜʘʥʴ ʪʠʧʦʚʠʭ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ. 

ɺʠʚʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʤʽʮʥʦʩʪʽ 

ʜʝʪʘʣʝʡ ʫ ʤʽʩʮʷʭ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ  ʧʨʠ ʧʝʨʝʜʘʯʽ ʟʫʩʠʣʴ ʤʽʞ ʥʠʤʠ. ʈʦʟʨʘʭʫʥʦʢ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʝʡ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʠʟʢʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ [1]. ʊʝʦʨʽʷ ʢʦʥʪʘʢʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘʢʦʞ 

ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʥʽ. ʊʠʧʦʚʠʤʠ ʜʝʪʘʣʷʤʠ, 

ʱʦ ʚʠʤʘʛʘʶʪʴ ʟʥʘʥʥʷ ʚʝʣʠʯʠʥ ʪʠʩʢʽʚ ʫ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ, ʻ ʟʘʣʽʟʥʠʯʥʽ ʢʦʣʝʩʘ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʽ ʨʝʡʢʠ [2].  

ʈʦʙʦʪʘ ʢʦʩʤʦʜʨʦʤʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʊʦʙʪʦ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʜʝʪʘʣʝʡ ʚʠʟʥʘʯʝʥʘ ʥʘʣʘʛʦʜʞʝʥʘ ʪʘ ʩʠʩʪʝʤʘʪʠʯʥʘ 

ʨʦʙʦʪʘ ʩʪʘʨʪʫ ʧʫʩʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʊʦʤʫ ʥʘ ʢʦʩʤʦʜʨʦʤʽ ʥʝʦʙʭʽʜʥʦ ʟʘʢʣʘʜʘʪʠ ʪʘʢʽ 

ʧʨʦʝʢʪʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʘʣʽʟʥʠʮʷʤ ʩʣʫʞʠʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʫ ʩʢʣʘʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

ɿʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ ɻʫʙʝʨʪʘ-ʄʽʟʝʩʘ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ 

ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʘʙʦ ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

ʜʝʪʘʣʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʝʡʢʘ, ʨʫʡʥʫʻʪʴʩʷ ʘʙʦ ʚʪʨʘʯʘʻ ʩʚʦʶ ʬʦʨʤʫ, ʱʦ ʥʝʧʨʠʧʫʩʪʠʤʦ 

ʧʨʠ ʾʾ ʨʦʙʦʪʽ [3]. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʤʧ`ʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ ʉʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʥʘʡʙʽʣʴʰʦʛʦ ʪʠʩʢʫ ʪʘ 

ʨʦʟʤʽʨʽʚ ʤʘʡʜʘʥʯʠʢʘ ʢʦʥʪʘʢʪʫ ʤʽʞ ʨʝʡʢʦʶ ʪʘ ʢʦʣʝʩʦʤ ʙʘʛʘʪʦ ʦʩʴʦʚʦʛʦ ʝʢʽʧʘʞʫ. 
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ʇʦʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʫ ʻ: ʚʘʛʘ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʛʦʥʫ Q (ʪʦʥ), ʢʽʣʴʢʽʩʪʴ ʦʩʝʡ N, 

ʨʘʜʽʫʩ ʛʦʣʦʚʢʠ ʨʝʡʢʠ r (ʤʤ), ʜʽʘʤʝʪʨ ʢʦʣʝʩʘ ʚʘʛʦʥʘ D (ʤʤ). 

ʉʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʙʘʥʜʘʞʘ, ʷʢʦʶ ʢʦʣʝʩʦ ʧʝʨʝʚʘʞʥʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʨʝʡʢʦʶ, 

ʨʦʙʠʪʴʩʷ ʟʣʝʛʢʘ ʢʦʥʽʯʥʦʶ. ʇʽʜ ʜʽʘʤʝʪʨʦʤ ʢʦʣʝʩʘ ʧʨʠʡʥʷʪʦ ʨʦʟʫʤʽʪʠ ʜʽʘʤʝʪʨ ʢʦʣʘ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ (ʜʣʷ ʜʘʥʦʛʦ ʢʦʣʝʩʘ) ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ (ʛʨʝʙʝʥʝʚʦʾ) 

ʛʨʘʥʽ ʙʘʥʜʘʞʘ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʮʽʣʢʦʤ ʤʦʞʣʠʚʦ ʮʽʻʶ ʤʘʣʦʶ 

ʢʦʥʫʩʥʽʩʪʶ ʟʥʝʭʪʫʚʘʪʠ ʽ ʨʦʟʛʣʷʜʘʪʠ ʪʦʨʢʘʥʥʷ ʢʦʣʝʩʘ ʪʘ ʨʝʡʢʠ, ʷʢ ʢʦʥʪʘʢʪ ʜʚʦʭ 

ʮʠʣʽʥʜʨʽʚ ʽʟ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʦʩʷʤʠ. ɼʦ ʜʝʬʦʨʤʘʮʽʾ ʮʽ ʮʠʣʽʥʜʨʠ 

ʪʦʨʢʘʶʪʴʩʷ ʚ ʪʦʯʮʽ. ʇʽʩʣʷ ʜʝʬʦʨʤʘʮʽʷ ʢʦʣʝʩʘ ʪʘ ʨʝʡʢʠ ʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʜʦʪʠʢ ʧʦ ʝʣʽʧʪʠʯʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʝʣʠʢʘ ʚʽʩʴ 2ʘ ʢʦʥʪʫʨʥʦʛʦ ʝʣʽʧʩʘ 

ʤʘʡʜʘʥʯʠʢʘ ʢʦʥʪʘʢʪʫ ʩʧʨʷʤʦʚʘʥʘ ʧʦ ʜʦʪʠʯʥʽʡ ʤʘʣʦʛʦ ʮʠʣʽʥʜʨʘ (ʨʝʡʢʠ), ʤʘʣʘ ʚʽʩʴ 2b - 

ʧʦ ʜʦʪʠʯʥʽʡ ʚʝʣʠʢʦʛʦ ʮʠʣʽʥʜʨʘ (ʢʦʣʝʩʘ). ʅʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʢʦʣʝʩʘ ʥʘ 

ʨʝʡʢʫ ὖ. ɻʦʣʦʚʥʽ ʢʨʠʚʠʟʥʠ ʢʦʣʝʩʘ Ὧ , Ὧ π. ɻʦʣʦʚʥʽ ʢʨʠʚʠʟʥʠ ʛʦʣʦʚʢʠ ʨʝʡʢʠ 

Ὧ , Ὧ π. ɻʝʦʤʝʪʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ɋ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʣʦʱʠʥʠ ʛʦʣʦʚʥʠʭ ʢʨʠʚʠʟʥʽʚ ʜʦʪʠʯʥʠʭ ʪʽʣ ʽ ʚʝʣʠʯʠʥ ʾʭ ʛʦʣʦʚʥʠʭ ʢʨʠʚʠʟʥ ʫ ʪʦʯʮʽ 

ʧʦʯʘʪʢʦʚʦʛʦ ʢʦʥʪʘʢʪʫ, ʜʘʻ ʜʦʚʽʜʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ὲ, ὲ, ὲ , ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʨʦʟʨʘʭʫʥʦʢ ʥʘʡʙʽʣʴʰʦʛʦ ʪʠʩʢʫ p0, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʨʝʡʢʠ ʪʘ ʢʦʣʝʩʘ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ, ʪʦʙʪʦ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʨʫʞʥʦʾ 

ʧʦʩʪʽʡʥʦʾ ʤʘʪʝʨʽʘʣʽʚ ʜʦʪʠʯʥʠʭ ʪʽʣ – ς . 

ʅʘ ʧʨʠ ʢʽʥʮʽ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʚʠʜʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ ʪʠʩʢʫ p0 

ʤʘʡʜʘʥʯʠʢʘ ʢʦʥʪʘʢʪʫ ʪʘ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʜʚʦʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʽʟ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʦʩʷʤʠ ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʚʽʩʴ ʝʢʽʧʘʞʫ, ʷʢʝ 

ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʘʤʠ ʤʝʞ ʤʽʮʥʦʩʪʽ ʪʘ ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʦʜʝʨʞʫʶʪʴʩʷ ʧʦʭʽʜʥʽ ʜʘʥʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʧʦ ʚʽʩʽ 

ʧʝʨʝʪʠʥʫ ʛʦʣʦʚʢʠ ʨʝʡʢʠ. 
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ʑʆɼʆ ɺʀɹʆʈʋ ɺɯɹʈɸʎɯʁʅʆɻʆ ɿɸʍʀʉʊʋ ʈʆɹʆʊʀɿʆɺɸʅʀʍ ʇʃɸʊʌʆʈʄ  

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʙʦʪʠʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ  ʷʢ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, ʷʢʠʡ ʻ ʜʦʩʠʪʴ 

ʞʦʨʩʪʢʠʤ ʪʽʣʦʤ, ʧʦʚ'ʷʟʘʥʠʤ ʟ ʥʝʨʫʭʦʤʦʶ ʦʩʥʦʚʦʶ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʂʦʣʠʚʘʥʥʷ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʽʣʘʤʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ, ʪʦʤʫ 

ʟʥʠʞʝʥʥʷ ʚʽʙʨʦʘʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʧʦʣʷʛʘʻ ʚ ʟʤʝʥʰʝʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʦʽʟʦʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ. ɺʽʙʨʦʽʟʦʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ ʩʪʘʥʦʚʠʪʴ 

ʥʘʡʚʘʞʣʠʚʽʰʫ ʯʘʩʪʠʥʫ ʚʽʙʨʦʟʘʭʠʩʥʦʾ ʩʠʩʪʝʤʠ ʧʣʘʪʬʦʨʤʠ, ʘ ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʣʷʛʘʻ 

ʫ ʩʪʚʦʨʝʥʥʽ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʧʨʠ ʷʢʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʘ ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʘ. ɼʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʥʦʾ ʧʣʘʪʬʦʨʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ  ʚʽʙʨʦʽʟʦʣʷʮʽʶ, 

ʨʦʟʛʣʷʥʫʚʰʠ ʚʘʨʽʘʥʪʠ ʧʨʫʞʠʥʥʠʭ, ʛʫʤʦʚʠʭ ʪʘ ʧʥʝʚʤʘʪʠʯʥʠʭ ʘʤʦʨʪʠʟʘʪʦʨʽʚ, 

ʜʦʩʣʽʜʠʚʰʠ ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ, ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʚʽʙʨʦʦʧʦʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʽʟʦʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ, ʨʦʙʦʪʦʟʠʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ, ʛʘʩʽʥʥʷ 

ʢʦʣʠʚʘʥʴ.  

ɸnnotation. We consider a robotic platform as a working body, which is a rather rigid body 

connected to a fixed base by elastic elements. Oscillations occurring in robotic platforms are 

associated with moving bodies, so reducing the vibration activity of the source is to reduce 

dynamic reactions by means of a vibration isolation device. The vibration isolation device is 

the most important part of the vibration protection system of the platform, and its purpose is 

to create a mode of movement in which the purpose of protecting the object is realized. For 

the manufacture of a robotic platform, it is necessary to choose vibration isolation by 

considering the options of spring, rubber and pneumatic shock absorbers, and by examining 

the parameters of which, you can select the appropriate vibration supports. 

Keywords: vibration isolation device, robotic platform, vibration damping. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ ʽ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʦʥʠ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʛʘʣʫʟʷʭ 

ʪʨʘʥʩʧʦʨʪʫ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘ ʪʘʢʦʞ ʩʬʝʨʠ ʙʝʟʧʝʢʠ ʡ ʢʦʥʪʨʦʣʶ, 

ʜʝʤʦʥʩʪʨʫʶʯʠ ʩʚʦʶ ʛʥʫʯʢʽʩʪʴ ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʜʘʶʯʠ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʽʟʥʽ 

ʧʨʦʮʝʩʠ ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ. 

ʈʦʙʦʪʠʟʦʚʘʥʫ ʧʣʘʪʬʦʨʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, ʷʢʠʡ ʻ ʜʦʩʠʪʴ 

ʞʦʨʩʪʢʠʤ ʪʽʣʦʤ, ʧʦʚ'ʷʟʘʥʠʤ ʟ ʥʝʨʫʭʦʤʦʶ ʦʩʥʦʚʦʶ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɺʠʥʠʢʘʻ 

ʟʘʜʘʯʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʚʩʽʻʾ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʽʙʨʦʽʟʦʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ ʥʘʡʚʘʞʣʠʚʽʰʫ ʯʘʩʪʠʥʫ ʚʽʙʨʦʟʘʭʠʩʥʦʾ 

ʩʠʩʪʝʤʠ, ʘ ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʱʦ ʽʥʽʮʽʶʻʪʴʩʷ 

ʟʘʜʘʥʠʤʠ ʟʙʫʜʞʝʥʥʷʤʠ,  ʽ ʧʨʠ ʷʢʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʘ ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʘ. 

ɸʢʪʫʘʣʴʥʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʚʽʙʨʦʽʟʦʣʶʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʦʪʨʠʤʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʠʥʘʤʽʢʠ ʣʽʥʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ [1,2]. ʇʦʜʘʣʴʰʝ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʪʘ ʩʠʥʪʝʟ ʥʦʚʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʛʘʩʥʠʢʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʢʘʪʘʩʪʨʦʬ ʧʦʚôʷʟʘʥʠʭ ʟ ʤʝʭʘʥʽʯʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʤʝʭʘʥʽʟʤʽʚ, ʤʘʰʠʥ ʪʘ ʩʧʦʨʫʜ, 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ [3].  
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ʋ ʩʚʦʶ ʯʝʨʛʫ, ʤʝʪʦʜʠ ʚʽʙʨʦʟʘʭʠʩʪʫ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ, ʘ ʾʭ ʚʠʙʽʨ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʜʞʝʨʝʣʘ ʚʽʙʨʘʮʽʾ. ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʤʦʞʣʠʚʦ 

ʚʧʣʠʥʫʪʠ ʥʘ ʜʞʝʨʝʣʦ ʚʽʙʨʘʮʽʡ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʱʦ 

ʟʥʠʞʫʶʪʴ ʧʝʨʝʜʘʯʫ ʚʽʙʨʘʮʽʾ ʽ ʫʩʫʚʘʶʪʴ ʾʾ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙ'ʻʢʪ.  

ɼʣʷ ʚʩʽʭ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽʩʥʫʻ ʜʚʘ ʩʧʦʩʦʙʠ ʟʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ: 

ʫʩʫʥʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʷʚʠʱ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʙ'ʻʢʪʽ. 

ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʚʽʜʥʝʩʪʠ 

ʨʦʙʦʪʠʟʦʚʘʥʫ ʧʣʘʪʬʦʨʤʫ ʷʢ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʡ ʟ ʪʝʭʥʽʯʥʦʛʦ ʟʦʨʫ ʦʙôʻʢʪ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʦʽʟʦʣʷʮʽʾ. ɼʽʷ ʚʽʙʨʦʽʟʦʣʷʮʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚ'ʷʟʢʽʚ ʤʽʞ 

ʜʞʝʨʝʣʦʤ ʪʘ ʦʙ'ʻʢʪʦʤ, ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʶʪʴʩʷ ʜʠʥʘʤʽʯʥʽ ʜʽʾ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʦʙ'ʻʢʪʫ.  

ʉʫʯʘʩʥʽ ʚʽʙʨʦʽʟʦʣʷʪʦʨʠ ʧʨʠʡʥʷʪʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʚʠʛʣʷʜʦʤ ʘʙʦ 

ʩʧʦʩʦʙʦʤ ʚʚʝʜʝʥʥʷ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʘʙʦ ʟʘ ʤʘʪʝʨʽʘʣʦʤ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʛʫʤʦʤʝʪʘʣʝʚʽ, ʧʨʫʞʠʥʥʽ ʽ ʩʫʮʽʣʴʥʦʤʝʪʘʣʝʚʽ ʚʽʙʨʦʽʟʦʣʷʪʦʨʠ ʟ ʧʦʚʽʪʨʷʥʠʤ ʘʙʦ ʩʫʭʠʤ 

ʪʝʨʪʷʤ, ʘ ʪʘʢʦʞ ʥʝʜʝʤʧʬʦʚʘʥʽ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʽʙʨʦʽʟʦʣʷʪʦʨʽʚ ʥʝʜʦʮʽʣʴʥʦ ʜʣʷ ʨʦʙʦʪʠʟʦʚʘʥʠʭ 

ʧʣʘʪʬʦʨʤ, ʪʦʤʫ ʱʦ ʩʫʧʨʦʚʦʜʞʫʚʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʥʝʙʘʞʘʥʠʭ ʷʚʠʱ: ʟʙʽʣʴʰʝʥʥʷʤ 

ʩʪʘʪʠʯʥʠʭ ʟʩʫʚʽʚ ʦʙ'ʻʢʪʘ ʱʦʜʦ ʜʞʝʨʝʣʘ, ʟʙʽʣʴʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜ ʚʽʜʥʦʩʥʠʭ ʢʦʣʠʚʘʥʴ, 

ʟʙʽʣʴʰʝʥʥʷʤ ʛʘʙʘʨʠʪʽʚ ʩʠʩʪʝʤʠ. 

ʋ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʩʠʚʥʽ ʝʣʝʤʝʥʪʠ: ʤʘʩʫ, ʧʨʫʞʠʥʫ, ʜʝʤʧʬʝʨ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʧʦʨʷʜʢʫ ʚʢʣʶʯʝʥʥʷ ʨʽʟʥʠʭ ʣʘʥʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʩʘʤʝ, ʟʙʫʨʝʥʥʷʤ 

(ʩʠʣʦʚʠʤ ʘʙʦ ʢʽʥʝʤʘʪʠʯʥʠʤ); ʚʽʜʭʠʣʝʥʥʷʤ (ʟʚʦʨʦʪʥʽʤ ʟʚ'ʷʟʢʦʤ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʰʚʠʜʢʦʩʪʽ, ʧʝʨʝʤʽʱʝʥʥʷ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʰʠʨʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʙʨʦʛʘʩʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʙʝʟʧʝʨʝʨʚʥʝ 

ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʛʘʩʥʠʢʘ ʬʫʥʢʮʽʾ ʜʽʶʯʠʭ ʟʙʫʨʝʥʴ ʽ, ʦʪʞʝ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʛʘʩʽʥʥʷ ʚ ʫʤʦʚʘʭ ʤʽʥʣʠʚʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ.  
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ʆɻʃʗɼ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊʆʈʆɺʀʍ ʆɹʆʃʆʅʆʂ ɺ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅɯʁ 

ʊɽʍʅɯʎɯ. 

ɸʥʦʪʘʮʽʷ: ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘ-

ʢʝʪ-ʥʦʩʽʾʚ (ʈʅ) ʪʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ (ʂɸ). ɺʽʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʽʡʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʧʝʨʽʦʜ ʟ 1957 ʧʦ 2023 ʨʽʢ. ʈʦʟʛʣʷʥʫʪʽ ʨʘʢʝʪʠ-ʥʦʩʽʾ ʪʘ ʢʦʩʤʽʯʥʽ 

ʘʧʘʨʘʪʠ ʢʨʘʾʥ ɭʚʨʦʧʠ, ʋʢʨʘʾʥʠ, ʈʦʩʽʾ ʪʘ ɯʥʜʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʨ, ʪʦʨʦʚʘ ʦʙʦʣʦʥʢʘ, ʪʦʨʦʾʜʘʣʴʥʘ ʦʙʦʣʦʥʢʘ. 

ɸnnotation: The study of the use of toroidal shells in the design of launch vehicles 

and spacecrafts has been conducted. It includes actual examples of toroidal shells that were 

used from 1957 to 2023. Among them were constructions used in the laucnh vehicles and 

spacecrafts of the European Union, Ukraine, Russia and India. 
Keywords: torus, toroidal shell, toroidal tank. 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ (ʈʂʊ) ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʢʨʠʪʝʨʽʾʚ  ̒ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʘʣʴʥʦʾ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʄʘʩʘ ʢʦʥʩʪʨʫʢʮʽʾ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʊʂʉ) ʪʘ ʥʘ ʚʘʨʪʽʩʪʴ ʟʘ-

ʧʫʩʢʫ, ʦʩʦʙʣʠʚʦ ʜʣʷ  ʚʝʨʭʥʽʭ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʜʝ 1 ʢʛ ʤʘʩʠ ʟʘʦʱʘʜʞʝʥʦʾ ʥʘ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʜʘʻ ʜʦʜʘʪʢʦʚʠʡ 1 ʢʛ ʤʘʩʠ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʂʅ). ɼʣʷ ʧʝʨʰʦʛʦ ʪʘ 

ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʽʚ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʘʻ ʚʽʜ 5:1 [3] ʜʦ 8:1, ʟʘʣʝʞʥʦ ʚʽʜ ʩʠʩʪʝʤʠ [2]. 

ʄʘʩʘ ʢʦʥʩʪʨʫʢʮʽʾ ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʦʥʫʚʘʥʥʷ ʨʘʢʝʪʠ-ʥʦʩʽʷ. ɺʠʢʦʨʠ-

ʩʪʘʥʥʷ ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ ʟʙʽʣʴʰʫʻ ʱʽʣʴʥʽʩʪʴ ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʜʦʚʞʠʥʫ 

ʭʚʦʩʪʦʚʦʛʦ ʚʽʜʩʽʢʫ ʩʪʫʧʝʥʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʜʽʡʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʨʫʛʦʚʠʭ ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ 

[1], ʤʘʪʝʨʽʘʣʠ, ʟ ʷʢʠʭ ʚʦʥʠ ʟʨʦʙʣʝʥʽ, ʪʘ ʾʭʥʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʮʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʚʽʜ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʨʘ ʦʙôʻʤʦʤ V ʻ ʨʘʜʽʫʩ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ R, ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʜʦ ʮʝʥʪʨʫ ʧʝʨʝʨʽʟʫ c, ʪʘ ʧʦʭʽʜʥʽ ʚʽʜ ʥʠʭ ï 

ʚʥʫʪʨʽʰʥʽ ʨʘʜʽʫʩ ʪʦʨʘ Rʚʥʫʪ ʪʘ ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʪʦʨʘ Rʟʦʚʥ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ ʛʝʦʤʝʪ-

ʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ a, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ c ʜʦ R. 

ɺʩʴʦʛʦ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʦʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ 21 ʪʦʨʦʚʦʾ ʦʙʦʣʦʥʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠʩʴ ʥʘ ʨʘʢʝʪʘʭ-ʥʦʩʽʷʭ, ʪʘ 7 ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ (ʂɸ).  

ʉʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ ʈʅ 9 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ, ʷʢ ʻʤʥʦʩʪʽ ʜʣʷ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, 2 ʷʢ ʻʤʥʦʩʪʽ ʜʣʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʩʠʩʪʝʤʠ ʥʘʜʜʫʚʫ, 6 ʷʢ 

ʻʤʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʩʠʩʪʝʤʠ ʊʅɸ ʪʘ ʱʝ 4 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʢʦʥʪʝʡʥʝʨʠ ʧʨʠʣʘ-

ʜʦʚʦʛʦ ʚʽʜʩʽʢʫ ʘʙʦ ʤʘʣʠ ʟʤʽʰʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ 

ʂɸ ʚʩʽ, ʢʨʽʤ ʦʜʥʽʻʾ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠʣʘʜʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

(ʉʋ). 

ʉʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ ʈʅ 6 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ 

ʩʪʫʧʝʥʽ, 3 ʥʘ ʜʨʫʛʦʤʫ ʪʘ 12 ʥʘ ʪʨʝʪʴʦʤʫ-ʯʝʪʚʝʨʪʦʤʫ (ʚʝʨʭʥʽʭ) ʩʪʫʧʝʥʷʭ. ʅʘ ʧʝʨʰʦʤʫ 

ʪʘ ʜʨʫʛʦʤʫ ʩʪʫʧʝʥʷʭ ʪʦʨʦʚʽ ʦʙʦʣʦʥʢʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʧʦʤʽʞʥʠʭ 

ʩʠʩʪʝʤ, ʤʘʶʪʴ ʤʘʣʠʡ ʘʙʦ ʩʝʨʝʜʥʽʡ ʦʙôʻʤ, ʤʘʣʠʡ ʨʘʜʽʫʩ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʫ 
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ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ ʷʢʠʭ ʜʚʠʛʫʥ ʥʝ ʚʩʪʘʚʣʷʻʪʴʩʷ. ʅʘ ʚʝʨʭʥʽʭ ʩʪʫʧʝʥʷʭ ʪʦʨʦʚʽ ʦʙʦ-

ʣʦʥʢʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʤʘʶʪʴ ʩʝʨʝʜʥʽʡ 

ʘʙʦ ʚʝʣʠʢʠʡ ʦʙôʻʤ, ʫ ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ ʷʢʠʭ ʚʩʪʘʚʣʷʻʪʴʩʷ ʜʚʠʛʫʥ. ʂʦʣʠ ʫ 

ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ ʚʩʪʘʚʣʷʻʪʴʩʷ ʜʚʠʛʫʥ, ʽ ʚʽʜʩʪʘʥʴ ʜʦ ʟʨʽʟʫ ʩʦʧʣʘ ʟʤʝʥʰʫʻʪʴʩʷ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʦʙʦʣʦʥʢʫ, ʜʣʷ ʧʨʦʪʠʜʽʾ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʝʧʣʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ ʘʙʦ ʪʝʧʣʦʟʘʭʠʩʥʝ ʧʦʢʨʠʪʪʷ. 

ʆʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʦʙʦʣʦʥʦʢ ʻ ʘʣʶʤʽʥʽʻʚʦ-ʤʘʛʥʽʻʚʠʡ ʩʧʣʘʚ, ʯʝʨʝʟ ʡʦʛʦ 

ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʤʽʮʥʽʩʪʴ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʪʘʣʴ ʪʘ ʪʠʪʘʥ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʙʫʣʦ ʩʢʣʘʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʦʨʦʚʠʭ ʦʙʦʣʦʥʦʢ ʟʘ ʬʦʨ-

ʤʦʶ, ʧʨʠʟʥʘʯʝʥʥʷʤ, ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʫ ʯʘʩʪʢʦʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ.  

 
ɺʠʢʦʥʘʥʠʡ ʦʛʣʷʜ ʪʦʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʢʘʟʘʚ, ʱʦ ʭʦʯ ʽ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʚʘʨʽʘʥʪʠ ʪʦʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʪʽʣʴʢʠ ʤʝʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʠʪʦʤʘ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʧʦʨʽʚʥʷʥ-

ʥʽ ʟ ʧʠʪʦʤʦʶ ʤʽʮʥʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʟʥʘʯʥʦ 

ʙʽʣʴʰʝ. ʊʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʦʨʫ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʚʘʛʫ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʅɽʃɯʅɯʁʅɯ ɸʉʇɽʂʊʀ ʋ ɼʆʉʃɯɼɾɽʅʅʗʍ ɸʂʋʉʊʀʏʅʀʍ 

ɺʀʇʈʆʄɯʅʖɺɸʅʔ ʇʈʀ ʉʊɸʈʊɯ ʈɸʂɽʊ ʂʆʉʄɯʏʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

ɸʥʦʪʘʮʽʷ: ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʪʘʨʪʽ ʨʘʢʝʪ, ʻ ʛʝ-

ʥʝʨʘʮʽʷ ʽʥʪʝʥʩʠʚʥʠʭ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʨʘʭʦʚʫʶʯʽ, 

ʱʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʱʫʤʽʚ ʤʘʶʪʴ ʜʫʞʝ ʚʠʩʦʢʽ ʘʤʧʣʽʪʫʜʠ, ʬʽʟʠʯʥʽ ʫʤʦʚʠ ʛʝʥʝʨʫʚʘʥʥʷ 

ʻ ʩʢʣʘʜʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ 

ʨʦʟʨʘʭʫʥʢʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʢʫʩʪʠʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʥʝʣʽʥʽʡʥʽ ʤʝʪʦʜʠ, ʩʪʘʨʪ ʨʘʢʝʪ. 

Annotation: One of the key problems that arise during rocket launches is the genera-

tion of intense acoustic vibrations in the middle environment. Looking at the complex phys-

ical minds and dynamic processes, it is important to recognize nonlinear effects in the de-

velopment of acoustic characteristics. 

Keywords: acoustic vibrations, nonlinear methods, rocket launch. 

 

ʎʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʚ ʟʘʚʜʘʥʥʷʭ ʥʝʣʽʥʽʡʥʦʾ ʘʢʫʩʪʠʢʠ ʟʘʡʤʘʶʪʴ ʧʠʪʘʥʥʷ ʧʦʰʠ-

ʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʡ ʦʜʥʝ ʟ ʦʜʥʠʤ. ʊʦʤʫ ʥʝʣʽʥʽʡʥʫ ʘʢʫʩʪʠʢʫ 

ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ  ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʣʽʥʽʡʥʫ, ʦʜʥʠʤ ʟ ʨʦʟʜʽʣʽʚ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦ-

ʚʠʱ [1,2]. ɺ ʨʦʙʦʪʘʭ [3,4] ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʥʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʨʦʩʧʦʚʩʶʜʞʝʥʥʷ ʢʽʥʮʝʚʦʾ ʭʚʠʣʽ ʫ ʨʝʧʦʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. 

ʇʨʠ ʧʦʰʠʨʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʾ ʭʚʠʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʘ ʟʤʽʥʘ ʬʦʨʤʠ ʭʚʠʣʽ 

ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʚ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʾʾ ʧʨʦʬʽʣʶ. ʊʦʯʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘ-

ʶʪʴ ʙʽʣʴʰʦʤʫ ʩʪʠʩʥʝʥʥʶ, ʨʫʭʘʶʪʴʩʷ ʰʚʠʜʰʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʨʫʪʠʟʥʘ ʬʨʦʥʪʽʚ ʩʪʠʩʥʝʥ-

ʥʷ ʟʨʦʩʪʘʻ, ʽ ʚʠʥʠʢʘʶʪʴ ʫʜʘʨʥʽ ʭʚʠʣʽ. ʇʝʨʽʦʜʠʯʥʽ ʭʚʠʣʽ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʚ ʭʚʠʣʽ ʟ 

ʧʠʣʢʦʧʦʜʽʙʥʠʤ ʧʨʦʬʽʣʝʤ, ʘ ʧʦʦʜʠʥʦʢʽ ʽʤʧʫʣʴʩʠ - ʚ ʟʙʫʨʝʥʥʷ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ. ɽʚʦ-

ʣʶʮʽʶ ʬʦʨʤʠ ʭʚʠʣʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʤʽʥʫ ʾʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ: ʟʙʽʣʴʰʝʥʥʷ 

ʢʨʫʪʠʟʥʠ ʬʨʦʥʪʽʚ ʚʽʜʧʦʚʽʜʘʻ ʥʘʨʦʩʪʘʥʥʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʛʘʨʤʦʥʽʢ. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʧʦʚʩʶʜ-

ʞʝʥʥʷ ʰʫʤʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜ ʧʨʘʮʶʶʯʦʾ ʜʚʠʛʫʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʥʝʣʽʥʽʡʥʽ ʯʣʝʥʠ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʎʝ ʥʝʣʽʥʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʠ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʯʠʩʣʦ ʄʘʭʘ ʘʢʫʩʪʠʯʥʝ. ʗʢʱʦ ʚʦʥʦ ʙʽʣʴʰ, ʥʽʞ 0,01 (ʄʘʢ > 

0,01). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʭʚʠʣʷ, ʚʽʜʦʤʘ ʚ ʘʢʫʩʪʠʮʽ, ʷʢ ʭʚʠʣʷ ʢʽʥʮʝʚʦʾ ʘʤ-

ʧʣʽʪʫʜʠ. 

ʅʘ (ʨʠʩ. 1) ʥʘʚʝʜʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʽʥʮʝʚʦʾ, ʯʠ ʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ ʘʢʫʩʪʠʯʥʦʾ 

ʭʚʠʣʽ. ʅʘ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʦ: V  -  ʢʦʣʠʚʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ, x ï ʚʽʜʩʪʘʥʴ ʭʚʠʣʽ. 

ɿ (ʨʠʩ. 1) ʤʦʞʣʠʚʦ ʥʘʛʣʷʜʥʦ ʙʘʯʠʪʠ, ʷʢ ʧʨʦʭʦʜʠʪʴ ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ 

ʝʬʝʢʪʽʚ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴ ʢʨʠʚʫ ʢʦʣʠʚʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ V. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ ʨʝʘʣʽʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʻ 

ʢʣʶʯʦʚʠʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʠʩʪʝʤ ʟʚʫʢʦʽʟʦʣʷʮʽʾ ʨʘʢʝʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ 

ʘʩʧʝʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʙʣʠʟʫ ʩʪʘʨʪʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ. 
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ʇʦʻʜʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤʠ 

ʨʦʙʠʪʴ ʮʝʡ ʧʽʜʭʽʜ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ʇʝʨ-

ʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʘʥ-

ʜʘʨʪʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʩʧʨʠʷʶʯʠ ʟʘʛʘʣʴʥʦʤʫ ʧʨʦʛʨʝʩʫ ʪʘ ʙʝʟʧʝʮʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʝʨʦ-

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

 

      
 

ʈʠʩʫʥʦʢ 1. Ƅ  ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʘʤʧʣʽʪʫʜʠ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ ʢʽʥʮʝʚʦʾ, ʯʠ ʚʝʣʠʢʦʾ ʘʤ-

ʧʣʽʪʫʜʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʘʢʫʩʪʠʢʠ ʧʽʜʢʨʝʩʣʶʻ ʾʾ ʚʘʞʣʠʚʽʩʪʴ ʫ ʤʝʭʘʥʽʮʽ ʩʫʮʽʣʴ-
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ɸʂʋʉʊʀʏʅʀʁ ʇʈʀʉʊʈɯʁ ɺʀʗɺʃɽʅʅʗ ʊɸ ʇɽʃɽʅɻʋɺɸʅʅʗ ɹʇʃɸ 

ɸʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʥʫʪʘ ʧʨʦʙʣʝʤʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʝʣʝʥʛʫʚʘʥʥʷ ɹʇʃɸ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʘʢʫʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʘʢʝʪ ʧʨʠʩʪʨʦʶ, ʱʦ ʨʝʘʣʽʟʫʻ ʮʽ ʤʝʪʦʜʠ, 

ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʩʢʣʘʜʽ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ, ʦʙ'ʻʜʥʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ 

ʜʝʪʝʢʮʽʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ɹʇʃɸ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʚʠʷʚʣʝʥʥʷ, ʧʝʣʝʥʛʫʚʘʥʥʷ, ɹʇʃɸ, ʘʢʫʩʪʠʯʥʽ ʰʫʤʠ, ʤʝʪʦʜʠ ʧʝ-

ʣʝʥʛʫʚʘʥʥʷ. 

Annotation: The issue of detecting and bearing of UAVs using acoustic methods has 

been examined. The proposed device prototype, implementing these methods, can operate as 

part of a multisensory system, combining various detection types for effective UAV detec-

tion and observation. 

Keywords: detection, direction finding, UAV, acoustic noises, direction finding 

methods. 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʦʙʣʝʤʘ ʧʦʚʽʪʨʷʥʦʛʦ ʰʫʤʦʧʝʣʝʥʛʫʚʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʰʫʤʦ-

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʦʙô̒ ʢʪʽʚ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʫ ʮʽʢʘʚʽʩʪʴ ʫ ʟʚô̫ ʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʧʘʨʢʫ 

ʙʝʟʧʽʣʦʪʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʪʘ ʟʽ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʩʠʩʪʝʤ ʧʦʚʽʪʨʷʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ  ̔ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʨʦʙʦʪʠ. ʉʘʤʝ ʪʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʽ ʧʨʠʩʪʨʦʶ ʧʦʚʽʪʨʷʥʦʛʦ ʰʫʤʦʧʝ-

ʣʝʥʛʫʚʘʥʥʷ. 

ʄʝʪʦʶ ʧʝʨʰ ʟʘ ʚʩʝ ʻ: ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʫʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʦʛʣʷʜʫ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ɹʇʃɸ, ʚʣʘʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʥʘʧʨʠʢʣʘʜ LabView, ʜʣʷ  ʨʦʟʨʦʙʢʠ ʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʘʢʫʩʪʠʯʥʠʭ ʢʘʥʘʣʽʚ ʧʨʠʩʪʨʦʾʚ ʚʠʷʚʣʝʥʥʷ ʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ, ʩʪʚʦʨʝʥʥʷ ʤʘʢʝʪʫ ʧʨʠʩʪʨʦʶ, 

ʱʦ ʨʝʘʣʽʟʫʻ ʘʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ɹʇʃɸ ʟʘ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʢʫ-

ʩʪʠʯʥʦʛʦ ʧʦʣʷ, ʘ ʩʘʤʝ: ʟʤʽʥʘ ʘʢʫʩʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʧʨʠ ʧʦʷʚʽ ʜʦʜʘʪ-

ʢʦʚʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʜʞʝʨʝʣʘ, ʟʤʽʥʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʘʢʫʩʪʠʯʥʠʭ ʰʫʤʽʚ, ʪʘ ʟʘ 

ʚʟʘʻʤʥʠʤ ʩʧʝʢʪʨʦʤ [1]. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ, ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ʪʘ ʟʥʝʰʢʦʜʞʝʥʥʷ ɹʇʃɸ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ ʻ ʤʫʣʴʪʠʩʝʥ-

ʩʦʨʥʽ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʪʘʢʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʘʢʫʩʪʠʯʥʦʾ, ʦʧʪʠʯʥʦʾ ʪʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʜʝʪʝʢʮʽʾ ʽ ʚʦʜʥʦʯʘʩ ʘʥʘʣʽʟʫʶʪʴ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʨʽʟʥʠʭ ʪʠʧʽʚ. ɿʘʧʨʦʧʦ-

ʥʦʚʘʥʠʡ ʥʘʤʠ ʤʘʢʝʪ ʧʨʠʩʪʨʦʶ ʤʦʞʝ ʩʪʘʪʠ ʯʘʩʪʠʥʦʶ ʮʽʻʾ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʫ 

ʚʠʛʣʷʜʽ ʘʢʫʩʪʠʯʥʦʛʦ ʪʨʘʢʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥ-

ʥʷ, ʨʽʟʥʠʭ ʟʘ ʬʽʟʠʯʥʦʶ ʧʨʠʨʦʜʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʫʙʣʶʶʯʠʭ ʧʨʠʥʮʠʧʽʚ ʚʠʷʚʣʝʥʥʷ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʧʨʦʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ [2]. 

ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʧʨʦʛʥʦʟʦʚʘʥʫ ʜʘʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ɹʇʃɸ, ʱʦ ʚʢʣʶʯʘʻ ʛʝʦ-

ʤʝʪʨʠʯʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʜʘʣʴʥʦʩʪʽ. ʇʨʦʛʥʦʟʦʚʘʥʘ ʜʘʣʴʥʽʩʪʴ ʚ 1000 ʤ ʜʣʷ ɹʇʃɸ ʪʠʧʫ 

ʢʨʠʣʦ ʽ 200 ʤ ʜʣʷ ɹʇʃɸ ʪʠʧʫ ʢʚʘʜʨʦʢʦʧʪʝʨ ʻ ʜʦʩʷʞʥʠʤʠ. 
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ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ, ʨʦʟʨʦʙʣʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʤʦʜʝʣʴ, ʪʘ ʨʦ-

ʟʨʘʭʫʥʢʠ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʘʢʫʩʪʠʯʥʦʾ 

ʘʥʪʝʥʠ [3]. ʄʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʘ ʚʝʢʪʦʨʥʘ ʘʢʫʩʪʠʯʥʘ ʘʥʪʝʥʘ ʧʨʠʩʪʨʦʾʚ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʧʝʣʝʥʛʫʚʘʥʥʷ  ʤʽʩʪʠʪʴ ʪʨʠ ʣʽʥʽʡʥʽ ʜʠʩʢʨʝʪʥʽ ʘʢʫʩʪʠʯʥʽ ʘʥʪʝʥʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʧʨʠʡʤʘʯʽʚ ʪʠʩʢʫ, ʨʦʟʤʽʱʝʥʽ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʦ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʨʦʟʤʽʨʠ ʙʘʟ ʽ 

ʩʧʽʣʴʥʠʡ ʬʘʟʦʚʠʡ ʮʝʥʪʨ, ʫ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʡʤʘʯ ʪʠʩʢʫ. ʅʦʚʠʤ ʻ ʪʝ, ʱʦ ʫ ʦʜʥʫ ʟ 

ʣʽʥ̔ʡʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʘʢʫʩʪʠʯʥʠʭ ʘʥʪʝʥ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʙʘʟʦʶ ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʱʝ ʜʚʘ ʧʨʠʡʤʘʯʽ ʪʠʩʢʫ, ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʫ. ɼʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʨʠʡʤʘʯʽ ʪʠʩʢʫ ʟʙʽʣʴʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʝʣʝʥʛʫʚʘʥʥʷ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʦʙʢʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʘʢʝʪ ʧʨʠʩʪʨʦʶ ʰʫʤʦʧʝʣʝʥʛʫʚʘʥʥʷ, 

ʧʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʷʢʦʛʦ, ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʩʝʨʝʜʦʚʠʱʽ LabView, ʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠ-

ʚʦʩʪʽ, ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʚ  ʧʨʘʢʪʠʯʥʠʭ  ʫʤʦʚʘʭ  ʽʟ  ʟʘʣʫʯʝʥʥʷʤ  ɹʇʃɸ ʢʚʘʜʨʦʢʦʧʪʝʨʥʦʛʦ 

ʪʠʧʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ɹʇʃɸ ʤʘʻ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʨʘʢʪʽʚ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚ ʫʤʦʚʘʭ ʜʦʜʘʪ-

ʢʦʚʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʆʪʞʝ, ʩʪʚʦʨʝʥʦ ʤʘʢʝʪ ʧʨʠʩʪʨʦʶ ʰʫʤʦʧʝʣʝʥʛʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʦʙôʻʢʪʽʚ ʽʟ ʟʘ-

ʣʫʯʝʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʠʡ ʤʦʞʣʠʚʦ ʚʧʨʦʚʘʜʠʪʠ ʫ ʩʢʣʘʜʘ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ. 
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ʄɽʊʆɼʀʂɸ ʈʆɿʈɸʍʋʅʂʋ ʊɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ɿɸɻɸʃʔʅʆɻʆ ɸʂʋʉʊʀʏʅʆɻʆ ʇʆʃʗ ɻɺʀʅʊɯɺ ʂɺɸɼʈʆʂʆʇʊɽʈɸ 

ɸʥʦʪʘʮʽʷ. ʉʪʚʦʨʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ 4-ʭ 

ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʘʢʫʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʽʪʨʷʥʦʛʦ ʛʚʠʥʪʘ. ɺʩʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʫ ʧʨʦʛʨʘʤʽ Mathcad 

15 ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺ ʷʢʦʩʪʽ ʜʦʩʣʽ-

ʜʞʫʚʘʥʦʛʦ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʙʫʣʦ ʦʙʨʘʥʦ  ʢʚʘʜʨʦʢʦʧʪʝʨ Syma X23. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʚʘʜʨʦʢʦʧʪʝʨ, Mathcad 15, ʛʨʘʬʽʢ ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʟʘʛʘʣʴʥʝ ʘʢʫ-

ʩʪʠʯʥʝ ʧʦʣʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸnnotation. A method of calculating the total acoustic field from 4 quadrocopter 

propellers was created based on theoretical information on determining the acoustic charac-

teristics of a propeller. All calculations were made in the Mathcad 15 program and a graph 

of the directionality of the acoustic field was drawn. Experimental studies of the general 

acoustic field of quadrocopter propellers were conducted. The Syma X23 quadrocopter was 

chosen as the researched quadrocopter. 

Keywords: quadrocopter, Mathcad 15, directivity graph, general acoustic field, ex-

perimental studies. 

 

ɿʘʨʘʟ ʢʚʘʜʨʦʢʦʧʪʝʨʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

(ɹʇʃɸ), ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʠʚʽʣʴʥʽʡ ʪʘ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʘʭ, ʪʠʤ ʧʘʯʝ ʚʦʥʠ ʻ  

ʪʠʧʦʚʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʫ. ʅʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢ ʧʨʠ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʤʘʻ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ ʫ ʧʦʚʽʪʨʽ. ʊʦʤʫ ʚʽʥ ʤʦʞʝ ʥʝʛʘʪʠʚ-

ʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʣʶʜʠʥʫ. ʊʘʢʦʞ, ʨʝʻʩʪʨʫʶʯʠ ʮʝʡ ʟʚʫʢ ʚʽʜ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʤʦʞʥʘ ʧʨʦʚʝ-

ʩʪʠ ʡʦʛʦ ʧʝʣʝʥʛ ʪʘ ʟʥʠʱʠʪʠ ʘʧʘʨʘʪ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʽ ʪʘ  ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ 4-ʭ ʛʚʠʥʪʽʚ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 

ʂʚʘʜʨʦʢʦʧʪʝʨ Syma X23 ʤʘʻ ʥʝʚʝʣʠʢʠʡ ʨʦʟʤʽʨ (210x210x50) ʤʤ ʙʝʟ ʢʘʤʝʨʠ ʥʘ 

ʙʦʨʪʫ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʰʫʤʫ ɹʇʃɸ ʻ ʜʚʠʛʫʥʠ ʪʘ ʛʚʠʥʪʠ. ɽʣʝʢʪʨʦʜʚʠʛʫʥʠ, 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘʭ, ʻ ʥʘʡʪʠʭʽʰʠʤʠ ʟ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʥʠʭ. ʊʦʤʫ ʤʠ ʚʚʘʞʘʻ-

ʤʦ, ʱʦ ʜʞʝʨʝʣʦʤ ʰʫʤʫ ʻ ʛʚʠʥʪʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯ-

ʥʦʛʦ ʧʦʣʷ ʚʽʜ 4-ʭ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʟʘʩʪʦʩʦʚʫʻʤʦ ʪʝʦʨʽʶ ʃ. ʗ. ɻʫʪʽʥʘ [1], ʱʦ 

ʦʧʠʩʫʻ ʟʚʫʢʦʚʝ ʧʦʣʝ ʧʦʚʽʪʨʷʥʦʛʦ ʛʚʠʥʪʘ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʫʢʫ ʚʽʜ 4-ʭ ʛʚʠʥʪʽʚ 

ʧʦʢʣʘʜʝʥʠʡ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ [2], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʘʣʠʭ ʘʤʧʣʽʪʫʜ ʪʠʩ-

ʢʫ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʫ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ MathCad 15. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ ʦʜʥʦʛʦ ʛʚʠʥʪʘ (ʜʠʚ. ʨʠʩ.1). ʇʨʦ-

ʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦ-

ʧʪʝʨʫ (ʜʠʚ. ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 1. ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʚʽʜ ʦʜʥʦʛʦ ʛʚʠʥʪʘ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

 
ʈʠʩʫʥʦʢ 2. ī ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ 

4-ʭ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʉʢʣʘʜʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʢʘ ʪʠʧʫ ʢʚʘʜʨʦʢʦʧʪʝʨ ʪʘ 

ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʠʯʠʥʠ ʧʦʷʚʠ ʟʚʫʢʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʦʣʴʦʪʫ ʘʧʘʨʘʪʘ[3]. ʈʦʟʛʣʷʥʫʪʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʙʝʟʧʽʣʦʪʥʠʢʘ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʥʦʚʽʡ ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʛʦ 

ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ ʫʩʽʭ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺʩʽ ʨʦʟʨʘʭʫʥʢʠ ʟʨʦʙʣʝʥʽ ʫ ʧʨʦʛʨʘʤʽ 

Mathcad 15, ʧʦʙʫʜʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʠʤʽʨʠ ʨʽʚʥʽʚ ʰʫʤʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʦʣʷ ʱʦ ʩʢʣʘʣʠ 82,9 ʜɹ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʈʆɻʈɸʄʅʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ANSYS ɺ ɺʀʂʃɸɼɸʅʅɯ 

ɹɯʆʄɽʍɸʅɯʂʀ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʝʭʘʥʽʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʭʘʥʽʯʥʦʾ 

ʤʦʜʝʣʽ ʚʽʨʫʩʫ ʪʘ ʡʦʛʦ ʟʥʠʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ. ɿʘʚʜʘʥʥʷ ʚʢʣʶ-

ʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʨʫʩʫ, ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʘʢʫʩʪʠʯʥʦʛʦ ʚʧʣʠʚʫ, 

ʜʦʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ 

ʚʽʨʫʩʘʤʠ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʽʦʤʝʭʘʥʽʢʘ, ɸʢʫʩʪʠʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʄʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ, ɿʥʠʱʝʥʥʷ 

ʚʽʨʫʩʽʚ, ɸʥʩʠʩ, ʈʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ, ɯʥʪʝʨʬʝʨʦʥ, ʍʽʤʽʦʪʝʨʘʧʽʷ. 

Annotation. The study explores the use of biomechanics to develop a mechanical model of a 

virus and destroy it using acoustic vibrations. The task includes the calculation of the 

mechanical parameters of the virus, the selection of the parameters of the acoustic impact, 

proving the effectiveness of the method and developing the application protocol. The 

analysis of existing methods of combating viruses confirms the urgency of finding new 

approaches. 

Keywords: Biomechanics, Acoustic oscillations, Mechanical model, Virus destruction, 

Ansis, Resonance frequency, Interferon, Chemotherapy. 

 

 ʆʜʠʥ ʽʟ ʚʘʞʣʠʚʠʭ ʨʦʟʜʽʣʽʚ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ð ʙʽʦʤʝʭʘʥʽʢʘ -  ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʤʝʭʘʥʽʢʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʞʠʚʠʭ ʪʢʘʥʠʥ. ʅʝʘʙʠʷʢ ʚʘʞʣʠʚʦʶ ʚ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʙʽʦʤʝʭʘʥʽʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʨʫʩʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʪʠʜʽʾ ʮʠʤ ʚʽʨʫ-

ʩʘʤ ʻ ʢʨʠʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ. 

 ʄʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʨʫʩʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Ansys ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʡʦʛʦ ʟʥʠʱʝʥʥʷ 

ʚʧʣʠʚʦʤ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ. 

ʎʽʣʴʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʻ: 

1. ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʨʫʩʫ: ʤʘʩʠ, ʨʝʟʦʥʘʥʩʥʦʾ 

ʯʘʩʪʦʪʠ ʪʘ ʞʦʨʩʪʢʦʩʪʽ. 

2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʘʢʫʩʪʠʯʥʦʛʦ ʚʧʣʠʚʫ. 

3. ɼʦʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʟʥʠʱʝʥʥʷ ʚʽʨʫʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠ-

ʚʘʥʴ. 

4. ʈʦʟʨʦʙʢʘ ʧʨʦʪʦʢʦʣʫ ʘʢʫʩʪʠʯʥʦʛʦ ʟʥʠʱʝʥʥʷ ʚʽʨʫʩʽʚ. 

 ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ 

ʚʽʨʫʩʘʤʠ, ʘ ʪʘʢʦʞ ʚʢʘʟʘʥʦ ʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʧʨʦʪʠʜʽʾ ʚʽʨʫʩʥʠʤ 

ʽʥʬʝʢʮʽʷʤ. ʇʦʨʽʚʥʷʥʥʷ ʟʘʩʦʙʽʚ ʙʦʨʦʪʴʙʠ ʟ ʚʽʨʫʩʘʤʠ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ 

ʧʽʜʭʦʜʠ: ʚʘʢʮʠʥʘʮʽʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʨʬʝʨʦʥʫ ʪʘ ʭʽʤʽʦʪʝʨʘʧʽʷ. ɸʣʝ ʙʽʣʴʰ ʧʦʟʠʪʠʚ-

ʥʠʤ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʻ ʘʢʫʩʪʠʯʥʠʡ ʤʝʪʦʜ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦ-

ʙʢʠ ʥʦʚʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʟʥʠʱʝʥʥʷ ʚʽʨʫʩʽʚ. 
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 ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʽ ʧʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʽʨʫʩʫ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Ansys. ʎʝ ʤʘʩʘ, ʦʙ'ʻʤ ʪʽʣʘ ʪʘ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʠʱʝʥʥʷ ʚʽʨʫʩʫ ʯʝʨʝʟ ʘʢʫʩʪʠʯʥʽ ʚʧʣʠʚʠ. 
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ʆʎɯʅʂɸ ʄʆɾʃʀɺʀʍ ʈɽɿʋʃʔʊɸʊɯɺ ɼʆɺɻʆʊɽʈʄɯʅʆɺʆɻʆ 

ʊɽʍʅʆɻɽʅʅʆɻʆ ɸʂʋʉʊʀʏʅʆɻʆ ɺʇʃʀɺʋ ʅɸ ɽʂɯʇɸɾɯ ʂʆʉʄɯʏʅʀʍ 

ʂʆʈɸɹʃɯɺ 

ɸʥʥʦʪʘʮʽʷ: ʧʽʜ ʯʘʩ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʢʦʩʤʽʯʥʠʭ ʧʝʨʝʣʴʦʪʽʚ ʤʦʞʣʠʚʽ ʟʥʘʯʥʽ ʟʤʽʥʠ 

ʫ ʧʩʠʭʦʣʦʛʽʯʥʦʤʫ ʩʪʘʥʽ ʣʶʜʝʡ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ, ʪʘʢ ʽ 

ʤʦʞʣʠʚʽ ʾʭ ʥʘʩʣʽʜʢʠ. ʆʜʥʠʤ ʽʟ ʜʽʶʯʠʭ ʬʘʢʪʦʨʽʚ ʪʘʢʠʭ ʟʤʽʥ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʘ ʯʘʩʪʦʪʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʨʠʡʥʷʪʪʷ ʩʣʫʭʫ ʣʶʜʠʥʦʶ ʧʽʜ ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʚ 

ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʛʨʘʚʽʪʘʮʽʾ ʘʙʦ ʾʾ ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʢʦʨʝʢʮʽʡʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʣʶʜʠʥʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʟʠʯʥʦʾ ʪʝʨʘʧʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʢʫʩʪʠʯʥʠʡ ʚʧʣʠʚ, ʤʫʟʠʯʥʘ ʪʝʨʘʧʽʷ, ʨʽʚʝʥʴ ʩʪʨʝʩʫ. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʠʪʘʥʥʷ ʦʩʚʦʻʥʥʷ ʢʦʩʤʽʯʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʢʦʨʘʙʣʷʤʠ ʽʟ ʝʢʽʧʘʞʘʤʠ. ɯ ʷʢʱʦ ʧʦʣʴʦʪʠ ʜʦ ʥʝʜʘʣʝʢʠʭ ʦʙôʻʢʪʽʚ ʚʞʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʽ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʧʠʪʘʥʴ ʱʦʜʦ ʜʦʚʛʦʪʝʨʤʽʥʦʚʦʛʦ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ 

ʝʢʽʧʘʞʫ, ʪʦ ʧʦʣʴʦʪʠ ʜʦ ʄʘʨʩʫ ʽʟ ʝʢʽʧʘʞʦʤ ʤʦʞʫʪʴ ʪʨʠʚʘʪʠ ʚʽʜ ʰʝʩʪʠ ʜʦ ʚʦʩʴʤʠ 

ʤʽʩʷʮʽʚ[1]. ɿʘ ʮʝʡ ʯʘʩ ʤʦʞʣʠʚʘ ʧʦʷʚʘ ʟʤʽʥ ʫ ʬʽʟʽʦʣʦʛʽʾ ʝʢʽʧʘʞʫ,  ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʪʘʢʠʭ 

ʟʤʽʥ ï ʮʝ ʟʤʽʥʘ ʬʫʥʢʮʽʦʥʘʣʫ ʦʨʛʘʥʫ ʩʣʫʭʫ. 

ʎʷ ʟʤʽʥʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʜʽʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʝʚʘʛʦʤʦʩʪʽ ʪʘ 

ʰʫʤʫ ʚʪʨʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʚʥʫʪʨʽʰʥʽʭ ʚʦʣʦʩʢʦʚʠʭ ʢʣʽʪʠʥ[2], ʪʦʙʪʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʘ 

ʜʝʬʦʨʤʫʻʪʴʩʷ (ʤʦʞʣʠʚʘ ʟʤʽʥʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1) ʢʨʠʚʘ ʨʽʚʥʦʾ ʛʫʯʥʦʩʪʽ[3].  

 
ʈʠʩ.1 ɯʩʥʫʶʯʘ ʢʨʠʚʘ ʨʽʚʥʦʾ ʛʫʯʥʦʩʪʽ (ʧʦʨʽʛ ʯʫʪʥʦʩʪʽ) ʪʽ ʾʾ ʤʦʞʣʠʚʘ ʟʤʽʥʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) 

ʅʘʩʣʽʜʢʦʤ ʪʘʢʠʭ ʟʤʽʥ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʩʠʭʦʬʽʟʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʣʶʜʠʥʫ ʪʝʭʥʦʛʝʥʥʠʭ ʰʫʤʽʚ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ï ʰʫʤʫ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʽʚ, ʨʦʙʦʪʠ 

ʩʠʩʪʝʤ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥ. ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʫʢʦʚʦʛʦ ʬʦʥʫ 

ʜʚʦʭ ʚʽʜʩʽʢʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʂʦʩʤʽʯʥʦʾ ʉʪʘʥʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2 ï ʘʤʝʨʠʢʘʥʩʴʢʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ ʟʣʽʚʘ ʪʘ ʚʫʟʣʘ 3 ʩʧʨʘʚʘ[4]. ʄʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʚʦʥʘ ʤʘʻ ʜʝʢʽʣʴʢʘ ʧʽʢʽʚ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʘ ʥʝ ʣʠʰʝ ʥʘ ʥʠʟʴʢʠʭ. 

 
ʈʠʩ.2 ʏʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʢʫʩʪʠʯʥʦʛʦ ʬʦʥʫ ʄʽʞʥʘʨʦʜʥʦʾ ʂʦʩʤʽʯʥʦʾ 

ʉʪʘʥʮʽʾ 
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ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ ʽ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʜʚʦʭ ʚʽʜʩʽʢʽʚ ʂʠʪʘʡʩʴʢʦʾ 

ʂʦʩʤʽʯʥʦʾ ʉʪʘʥʮʽʾ [5] ʧʦʢʘʟʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʟʚʫʢʦʚʦʤʫ 

ʬʦʥʽ, ʭʦʯʘ ʚʦʥʘ ʽ ʤʘʻ ʽʥʰʽ ʯʘʩʪʦʪʥʽ ʤʘʢʩʠʤʫʤʠ. 

ʆʢʨʝʤʦ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʪʘʢʦʞ ʝʬʝʢʪ ʩʫʢʫʧʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʧʩʠʭʦʬʽʟʠʯʥʠʡ ʩʪʘʥ ʣʶʜʠʥʠ ʷʢ ʽ ʘʢʫʩʪʠʯʥʦʛʦ, ʪʘʢ ʽ ʩʪʨʝʩʦʚʦʛʦ ʚʧʣʠʚʽʚ. ʋ 

ʧʨʘʮʽ[6] ʧʦʢʘʟʘʥʦ ʩʫʢʫʧʥʠʡ ʚʧʣʠʚ ʤʫʟʠʯʥʦʾ ʪʝʨʘʧʽʾ ʽ ʩʪʨʝʩʦʚʦʛʦ ʬʘʢʪʦʨʫ ʥʘ 

ʧʩʠʭʦʬʽʟʠʯʥʠʡ ʩʪʘʥ ʣʶʜʠʥʠ, ʘ ʩʘʤʝ ʥʘʷʚʥʽʩʪʴ ʫ ʩʪʨʝʩʫ ʚʣʘʩʪʠʚʦʩʪʽ ʥʽʚʝʣʶʚʘʪʠ ʝʬʝʢʪ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʫʟʠʯʥʦʾ ʪʝʨʘʧʽʾ. ʉʘʤʝ ʪʦʤʫ ʮʝʡ ʬʘʢʪ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʢʽʧʘʞʫ ʢʦʩʤʽʯʥʦʛʦ ʢʦʨʘʙʣʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʧʦʜʦʣʘʥʥʷ ʩʪʨʝʩʫ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʟʠʯʥʦʾ ʪʝʨʘʧʽʾ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʤʦʚ ʥʘ 

ʢʦʩʤʽʯʥʦʤʫ ʢʦʨʘʙʣʝʚʽ ï ʘ ʩʘʤʝ ʥʘʷʚʥʦʛʦ ʪʘʤ ʰʫʤʫ ʪʘ ʤʦʞʣʠʚʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʟʤʽʥ 

ʦʨʛʘʥʫ ʩʣʫʭʫ ʧʽʜ ʯʘʩ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʦʣʴʦʪʫ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
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ɺʀɿʅɸʏɽʅʅʗ çʄɽʊʆɼʆʄ ʈʆɿʄɯʈʋè ɻɽʆʄɽʊʈʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ʂʆʅʉʊʈʋʂʎɯʁ ɿ ʉʂʃʆʂɽʈɸʄɯʂʀ ɼʃʗ ʆʊʈʀʄɸʅʅʗ ɰʍ 

ʄɸʂʉʀʄɸʃʔʅʀʍ ʄɯʎʅʆʉʊʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ɸʥʦʪʘʮʽʷ. ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʚ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʮʥʦʩʪʽ ʰʘʨʥʽʨʥʦ 

ʟʘʢʨʽʧʣʝʥʠʭ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ ʧʨʠʚʽʚ ʘʚʪʦʨʘ ʜʦ ʥʘʫʢʦʚʦʛʦ ʚʽʜʢʨʠʪʪʷ çʤʝʪʦʜʫ 

ʨʦʟʤʽʨʫè, ʷʢʝ, ʱʝ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ANSYS, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʾʭ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʢʣʦʢʝʨʘʤʽʢʘ, ʤʝʪʦʜ ʨʦʟʤʽʨʫ, ʤʽʮʥʽʩʪʴ. 

Annotation. Conducted in SDO Yuzhnoye analysis calculations strength hinged glassceram-

ic plastins brought author to scientific discovery "method of size", which yet on the stage of 

design in ANSYS, allows to determine the geometrical parameters of glassceramic plastins, 

which will realize them maximal strength 

Keywords: glassceramic, method of size, strength. 

 

ɺ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʽʮʥʦʩʪʽ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ 

ʧʣʘʩʪʠʥ ʥʘ ʜʽʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʫ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʧʣʝʢʩʫ ANSYS. ʈʦʟʛʣʷʜʘʣʦʩʴ ʜʚʘ ʚʘʨʽʘʥʪʠ ʟʘʢʨʽʧʣʝʥʥʷ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ. 

ʧʦ ʪʦʨʮʶ ï ʟʘʱʝʤʣʝʥʝ ʟʘʢʨʽʧʣʝʥʥʷ, ʪʘ ʧʦ ʥʠʞʥʴʦʤʫ ʧʝʨʠʤʝʪʨʫ ï ʰʘʨʥʽʨʥʝ ʟʘʢʨʽʧʣʝʥ-

ʥʷ. ɿʘʧʘʩʠ ʤʽʮʥʦʩʪʽ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ ʜʣʷ ʨʽʟʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʥʘʚʝ-

ʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ɿʘʧʘʩʠ ʤʽʮʥʦʩʪʽ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ 

ɿʘʢʨʽʧʣʝʥʥʷ ɼʽʘʤʝʪʨ, ʤʤ ʊʦʚʱʠʥʘ 3 ʤʤ ʊʦʚʱʠʥʘ 6 ʤʤ ʊʦʚʱʠʥʘ 9 ʤʤ 

ʈʝʬʝʨʝʥʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 600 ̄ ʉ 

ɿʘʱʝʤʣʝʥʝ 

60 1,80 0,53 0,32 

70 1,73 0,51 0,35 

80 1,67 0,49 0,36 

ʐʘʨʥʽʨʥʝ 

60 1,16 2,42 2,11 

70 1,13 2,38 2,25 

80 1,10 2,34 2,28 

ʈʝʬʝʨʝʥʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 50 ʉ̄ 

ɿʘʱʝʤʣʝʥʝ 

60 0,25 0,21 0,18 

70 0,24 0,23 0,19 

80 0,24 0,23 0,21 

ʐʘʨʥʽʨʥʝ 

60 0,39 0,31 0,47 

70 0,38 0,31 0,47 

80 0,36 0,31 0,47 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 1 ʟʘʧʘʩʽʚ ʤʽʮʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ 

ʟʘʱʝʤʣʝʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʟʘʢʨʽʧʣʝʥʥʷ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ, ʘ ʧʨʠ ʰʘʨʥʽʨʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʟʘʢʨʽʧʣʝʥʥʷ 

ʧʣʘʩʪʠʥ ʩʧʦʯʘʪʢʫ ʟʘʧʘʩ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʪʦʚʱʠʥʘ 6 ʤʤ), ʘ ʧʦʪʽʤ ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʴ 

(ʪʦʚʱʠʥʘ 9 ʤʤ), ʘʙʦ ʥʘʚʧʘʢʠ: ʩʧʦʯʘʪʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ï ʚ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʨʝʬʝʨʝʥʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʩʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʚʩʽʭ ʤʦʜʝʣʝʡ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ ʦʜʥʘʢʦʚʽ. 

ɭʜʠʥʦʶ ʟʤʽʥʥʦʶ ʻ çʨʦʟʤʽʨè ʧʣʘʩʪʠʥ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʮʥʦʩʪʽ ʜʣʷ ʰʘʨʥʽʨʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʩʢʣʦʢʝ-

ʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ ʧʨʠʚʽʚ ʘʚʪʦʨʘ ʜʦ ʥʘʫʢʦʚʦʛʦ ʚʽʜʢʨʠʪʪʷ, ʷʢʝ ʦʪʨʠʤʘʣʦ ʥʘʟʚʫ çʤʝʪʦʜ 

ʨʦʟʤʽʨʫè - ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʽʩʥʫʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʢʣʦ-

ʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʚʱʠʥʘ ʪʘ ʜʽʘʤʝʪʨ), ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʾʭ ʤʘʢʩʠ-

ʤʘʣʴʥʠʭ ʤʽʮʥʦʩʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ çʤʝʪʦʜʫ ʨʦʟʤʽʨʫè ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʴ, ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʾʭ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ. 

ɺʽʜʢʨʠʪʪʷ ʙʫʣʦ ʟʨʦʙʣʝʥʝ ʚ ʞʦʚʪʥʽ 2023 ʨʦʢʫ. 
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ɺʀɿʅɸʏɽʅʅʗ ɺʃɸʉʅʆɰ ʏɸʉʊʆʊʀ ʂʈʀʃɸ ʂʆʃʆʈɸɼʉʔʂʆɻʆ ʍʈʋʑɸ ɿ 

ʇʈʆɻʈɸʄʆʖ ANSYS 

ɸʥʦʪʘʮʽʷ: ɺ ʩʝʡ ʯʘʩ ʚʞʝ ʩʪʚʦʨʝʥʠʡ ʘʢʫʩʪʠʯʥʠʡ ʩʧʦʩʽʙ ʟʥʠʱʝʥʥʷ ʢʦʣʦʨʘʜʩʴʢʦʛʦ 

ʭʨʫʱʘ ɸʣʝ ʟʛʫʙʥʘ ʯʘʩʪʦʪʘ ʚʧʣʠʚʫ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ ʚʠʟʥʘʯʘʣʘʩʷ ʥʘ ʚʽʙʨʦʩʪʝʥʜʽ ʜʣʷ 

ʫʩʴʦʛʦ ʪʽʣʘ ʭʨʫʱʘ, ʷʢ ʜʣʷ ʪʽʣʘ ʥʝʚʠʟʥʘʯʝʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʣʘʩʥʘ ʯʘʩʪʦʪʘ ʦʢʨʝʤʠʭ ʯʘ-

ʩʪʠʥ ʪʽʣʘ ʭʨʫʱʘ ʥʝ ʚʠʟʥʘʯʘʣʘʩʷ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʨʠʣʘ ʢʦʣʦʨʘʜʩʴʢʦʛʦ ʭʨʫʱʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ANSYS. 

ʉʪʚʦʨʝʥʘ ʬʽʟʠʯʥʘ ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʽ ʢʨʠʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʽ 

ʟʥʘʯʝʥʥʷ ʧôʷʪʠ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʨʠʣʘ ʚ ʤʝʞʘʭ ʚʽʜ 3126 ɻʮ ʜʦ 1.9*105  ɻʮ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ANSYS. ʙʽʦʤʝʭʘʥʽʢʘ, ʨʝʟʦʥʘʥʩ, ʤʦʜʝʣʴ, ʟʚʫʢ 

Annotation: An acoustic method of exterminating the Colorado potato beetle has 

now been developed, but the destructive frequency of the acoustic waves was determined on 

a vibration test bench for the entire body of the beetle as a body of indefinite structure. The 

natural frequency of individual parts of the May beetle's body was not determined. There-

fore, the aim of this study was to determine the natural frequency of the Colorado potato 

beetle wing in the ANSYS software environment. Physical and mathematical models of the 

wing were created. As a result of the calculations, the values of five natural frequencies of 

the wing were obtained in the range from 3126 Hz to 1.9*105 Hz. 

 

ɺ ʩʝʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫ-

ʚʘʥʥʷ ʟ ʩʪʚʦʨʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʟʥʠʱʝʥʥʷ ʢʦʣʦʨʘʜʩʴʢʦʛʦ ʭʨʫʱʘ [1]. ɸʣʝ ʟʛʫʙ-

ʥʘ ʯʘʩʪʦʪʘ ʚʧʣʠʚʫ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ ʚʠʟʥʘʯʘʣʘʩʷ ʥʘ ʚʽʙʨʦʩʪʝʥʜʽ ʜʣʷ ʫʩʴʦʛʦ ʪʽʣʘ ʭʨʫ-

ʱʘ, ʷʢ ʜʣʷ ʪʽʣʘ ʥʝʚʠʟʥʘʯʝʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʣʘʩʥʘ ʯʘʩʪʦʪʘ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʪʽʣʘ ʭʨʫʱʘ ʥʝ 

ʚʠʟʥʘʯʘʣʘʩʷ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ  ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʨʠʣʘ 

ʢʦʣʦʨʘʜʩʴʢʦʛʦ ʭʨʫʱʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ANSYS.  

ʇʝʨʰ ʟʘ ʚʩʝ ʩʪʚʦʨʝʥʽ ʬʽʟʠʯʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʽ ʢʨʠʣʘ. ɺʽʜʦʤʦ, ʱʦ ʚʣʘʩʥʘ 

ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʪʽʣʘ [1] ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʘʩʠ. ʊʦʤʫ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠʩʷ ʟ 

ʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʢʨʠʣʘ ʢʦʣʦʨʘʜʩʴʢʦʛʦ ʭʨʫʱʘ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʽʣʘ ʭʨʫʱʘ, 

ʷʢa  ʡʦʛʦ ʢʨʠʣʘ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʽʪʠʥʫ [2]. ʊʦʤʫ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘʢʣʘʜʘʻʤʦ ʩʘʤʝ ʮʝʡ ʤʘʪʝʨʽʘʣ ʪʘ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ.. ʇʨʦʪʝ ʚ ʩʠʩʪʝʤʽ ANSYS ʮʝʡ ʤʘ-

ʪʝʨʽʘʣ ʚʽʜʩʫʪʥʽʡ, ʪʦʤʫ ʮʽ ʜʘʥʽ ʜʦʜʘʥʽ ʚʨʫʯʥʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʘʡʪʠ ʚ ʨʦʟʜʽʣ 

ñEngineering dataò ʽ ʟʘʧʦʚʥʠʪʠ ʜʘʥʽ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʢʨʠʣʘ, ʢʝʨʫʶ-

ʯʠʩʴ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [2]. ɸʧʨʦʢʩʠʤʫʻʤʦ ʢʨʠʣʦ ʤʦʜʝʣʣʶ çʢʨʠʰʢʘè. ɿʥʘʭʦʜʠʤʦ ʚ 

ANSYS ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ ʢʨʠʰʢʠ-ʢʨʠʣʘ. ɿʘʚʘʥʪʘʞʫʻʤʦ ʛʝʦʤʝʪʨʽʶ ʢʨʠʰʢʠ-ʢʨʠʣʘ ʚ 

ANSYS. ɼʦʜʘʻʤʦ ʪʦʯʢʫ ʢʨʽʧʣʝʥʥʷ ʢʨʠʰʢʠ-ʢʨʠʣʘ ʢ ʪʽʣʫ ʽ ʟʘʧʫʩʢʘʻʤʦ ʧʨʦʨʘʭʫʥʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʥʘʡʜʝʥʽ ʧôʷʪʴ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʚ ʤʝʞʘʭ ʚʽʜ 3126 ɻʮ ʜʦ 1.9*105  ɻʮ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʢʽʥʮʝʚʦ-ʨʽʟʥʦʩʪʥʘ ʤʦʜʝʣʴ ʢʨʠʣʘ ʷʢ ʥʝʢʦʾ ʢʨʠʰʢʠ. 
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ɺʠʩʥʦʚʢʠ. 

ʈʦʟʨʦʙʣʝʥʽ ʬʽʟʠʯʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʽ ʢʨʠʣʘ ʢʦʣʦʨʘʜʩʴʢʦʛʦ ʭʨʫʱʘ. ɺʠʢʦʨʠ-

ʩʪʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ANSYS ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʜʝ ʦʪʨʠʤʘʥʽ ʧôʷʪʴ ʨʝʟʦʥʘʥʩʥʠʭ 

ʯʘʩʪʦʪ ʢʨʠʣʘ, ʘʧʨʦʢʩʠʤʦʚʘʥʦʛʦ ʤʦʜʝʣʣʶ çʢʨʠʰʢʠè 
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3D ɼʈʋʂ ʇʈʀ ɺʀʂʆʅɸʅʅɯ ɼɽʊɸʃɽʁ ʋ ʈʆɹʆʊʆʊɽʍʅɯʎɯ 

ɸʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʥʫʪʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 3D ʜʨʫʢʫ ʫ ʨʦʙʦʪʦʪʝʭ-

ʥʽʮʽ. ɯʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʩʧʨʠʷʣʠ ʫʩʧʽʰʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ. ʅʘʚʝʜʝʥʠʡ ʧʝʨʝʣʽʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʚʩʽ ʢʨʦʢʠ ʪʝʭʥʦʣʦʛʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʪʝʥʮʽʘʣ 3D ʜʨʫʢʫ ʜʣʷ ʩʪʚʦʨʝʥ-

ʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  3D ʜʨʫʢ, ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʜʝʪʘʣʴ. 

Annotation: Considered advantages of using 3D printing technology in robotics. An 

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

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

project implementation is given. This made it possible to get a clear idea of all the steps of 

the technology. The results confirm the potential of 3D printing to create efficient and 

functional mechanisms in robotics. 

Keywords: 3D printing, robotics, detail. 

 

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

ʚʜʷʢʠ ʩʚʦʾʡ ʧʨʦʩʪʦʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʣʶʜʠʥʠ ʽ ʥʝ ʚʪʨʘʯʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ [1, 2]. 

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

ʟʨʦʙʣʝʥʽ 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 ʨʦʟʚʠʚʘʣʠ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʣʠ ʾʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ 3D ʜʨʫʢʫ ʚʠʷʚʠʣʦʩʷ ʨʽʟ-

ʥʦʤʘʥʽʪʥʠʤ, ʚʢʣʶʯʘʶʯʠ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʪʝʟʽʚ, ʤʝʜʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ. 

ʄʦʞʣʠʚʦʩʪʽ 3D ʜʨʫʢʫ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ, 

ʚʢʣʁʯʘʶʯʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʫ ʨʦʙʦʪʦʪʝʭʥʠʮʽ. ʎʝ ʤʦʞʝ ʤʘʪʠ 

ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʦʩʪʽ ʨʦʙʦʪʽʚ.  

ʄʝʪʘ ʨʦʙʦʪʠ - ʮʝ ʟʜʽʡʩʥʝʥʥʷ 3ɼ ʪʝʭʥʦʣʦʛʽʾ ʚ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʤʝʭʘʥʽʟʤʘ ʨʦʙʦʪʘ-

ʤʘʥʽʧʫʣʷʪʦʨʘ Robot.dp.ua. 

ɼʦ ʟʘʚʜʘʥʴ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʢʣʘʜʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʠʩʫʥʢʫ ʫ ʧʨʦʛʨʘʤʽ çAutodesk 

AutoCADè; ʤʦʜʝʣʶʚʘʥʥʷ ʨʠʩʫʥʢʫ ʜʣʷ ʜʨʫʢʫ ʫ ʧʨʦʛʨʘʤʽ çCura Ultimakerè; ʜʨʫʢ ʥʘ 

ʢʘʩʪʦʤʥʦʤʫ 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. 

ʅʘʣʘʰʪʦʚʫʻʤʦ ʧʘʨʘʤʝʪʨʠ ʜʨʫʢʫ: ʚʠʩʦʪʘ ʰʘʨʫ, ʰʠʨʠʥʘ ʣʽʥʽʾ, ʟʘʧʦʚʥʝʥʥʷ, ʤʘʪʝʨʽʘʣ, 

ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ, ʧʝʨʝʤʽʱʝʥʥʷ, ʪʦʱʦ. 
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3. ʇʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ, ʧʦʪʨʽʙʥʦ ʧʨʘʚʠʣʴʥʦ ʨʦʟʪʘʰʫʚʘʪʠ ʤʘʡʙʫʪʥʶ ʜʝʪʘʣʴ ʫ 

ʧʨʦʩʪʦʨʽ ʥʘ ʩʪʦʣʽ ʧʨʠʥʪʝʨʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʾ ʧʘʥʝʣʽ ʧʨʠʥʪʝʨʘ ʥʘʣʘʰʪʦʚʫʻʤʦ 

ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʷʢʽʩʪʴ ʜʨʫʢʫ, ʪʝʤʧʝʨʘʪʫʨʘ, ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ, ʧʝʨʝʤʽʱʝʥʥʷ, ʦʭʦʣʦ-

ʜʞʝʥʥʷ, ʧʽʜʪʨʠʤʢʠ ʪʘ ʪʠʧ ʧʨʠʣʠʧʘʥʥʷ ʜʦ ʩʪʦʣʫ. ʇʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʜʽʡʩʥʠʪʠ ʧʦʧʝʨʝʜʥʽʡ ʧʝʨʝʛʣʷʜ ʜʨʫʢʫʚʘʥʥʷ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʩʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʽʨʥʽ. 

4. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʩʽʭ ʥʘʣʘʰʪʫʚʘʥʴ, ʬʘʡʣ ʢʨʝʩʣʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʟʦʚʥʽ-

ʰʥʴʦʤʫ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʛʦʪʦʚʠʡ ʜʦ ʜʨʫʢʫʚʘʥʥʷ ʥʘ 3D ʧʨʠʥʪʝʨʽ. 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. ɺʦʥʠ ʧʨʦʚʦʜʠ-

ʣʠʩʷ ʰʫʤʦʤʽʨʦʤ, ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʚ ʤʦʙʽʣʴʥʦʤʫ ʪʝʣʝʬʦʥʽ. ʐʫʤʠ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʚʽʜʩ-

ʪʘʥʽ 1,5 ʤʝʪʨʠ ʚʽʜ 3ɼ ʧʨʠʥʪʝʨʘ. ʈʽʚʝʥʴ ʩʢʣʘʚ 45 ʜɹ.  

ɺʠʩʥʦʚʢʠ. 

ɿʜʽʡʩʥʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʦʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ 3D ʧʨʠʥʪʝʨ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʟ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪ-

ʚʘ ʜʝʪʘʣʝʡ ʨʦʙʦʪʘ.  

ʈʝʪʝʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʥʦʛʦ ʧʨʠʥʪʝʨʘ ʪʘ ʡʦʛʦ ʦʙʣʘ-

ʜʥʘʥʥʷ.  

ɿʘʟʥʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ çAutodesk AutoCADè 

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

ʟʫʣʴʪʘʪʠ ʚʘʞʣʠʚʽ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ, ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʪʘ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʩʧʝʢʪʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 3ɼ ʜʨʫʢʫ ʫ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʰʫʤʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ ʧʨʠʥʪʝʨʘ. 

ʅʘ ʚʽʜʩʪʘʥʽ 1,5 ʤʝʪʨʠ ʚʽʜ 3ɼ ʧʨʠʥʪʝʨʘ. ʈʽʚʝʥʴ ʩʢʣʘʚ 45 ʜɹ, ʱʦ ʥʝ ʚʢʘʟʫ ̒ʰʢʽʜʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʦʧʝʨʘʪʦʨʘ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
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ʪʘʣʝʡ ʫ ʨʦʙʦʪʦʪʝʭʥʠʮʽ. ɺʠʢʣʠʢʠ ʪʘ ʧʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] 

CIMS : ʟʙ. ʥʘʫʢ. ʧʨ. ï ɼʥʽʧʨʦ : [ʙ. ʚ.], 2023. ï ʊ. 1. ï 623 ʩ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://doi.org/10.6084/m9.figshare.22886720. ï ʉ. 286-288. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 
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ʏʀʉɽʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɸɽʈʆɼʀʅɸʄɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʉʋɹʆʈɹɯʊɸʃʔʅʆɰ ʈɸʂɽʊʀ ʅɸɼʃɽɻʂʆɻʆ ʂʃɸʉʋ ʂ110 METEO20000 

ɸʥʦʪʘʮʽʷ: ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ ʂ110 Meteo20000 ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʚʽʜʭʠʣʝʥʥʷ ʨʫʣʽʚ ʫʧʨʘʚʣʽʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST k-ɤ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʯʽʾ ʥʘʚʢʦʣʦ ʧʦ-

ʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʨʘʢʝʪʠ ʥʘ ʜʦʟʚʫʢʦʚʠʭ, ʪʨʘʥʩʟʚʫʢʦʚʠʭ ʪʘ ʥʘʜʟʚʫʢʦʚʠʭ ʨʝʞʠʤʘʭ ʧʨʠ 

ʚʽʜʭʠʣʝʥʥʽ ʫʧʨʘʚʣʷʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʜʽʘʧʘʟʦʥʽ °10̄ . ʆʪʨʠʤʘʥʦ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʚʧʣʠʚʫ ʚʜ̔ʭʠʣʝʥʥʷ ʨʫʣʽʚ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʦʨʛʘʥʽʚ ʢʝʨʫʚʘʥʥʷ 

ʪʘʢ ʽ ʨʘʢʝʪʠ ʚ ʮʽʣʦʤʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʘʢʝʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʙʦʨʙʽʪʘʣʴʥʘ ʨʘʢʝʪʘ, ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʨʫʣʽ, ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʛʽʜʨʦʜʠʥʘʤʽʢʘ, ʢʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

Annotation. The paper researches and analyzes the aerodynamic characteristics of 

the K110 Meteo20000 ultralight class suborbital rocket, taking into account the influ-

ence of the deflection of the control rudders. The study was performed using numerical 

modeling methods based on the Navier-Stokes equations using the SST k-ɤ turbulence 

model. The peculiarities of the flow around the surface of the rocket body in subsonic, 

transonic and supersonic modes with deviation of the control surfaces in the range of 

°10̄  have been analyzed. A quantitative assessment of the influence of the rudder de-

flection on the aerodynamic characteristics of both the controls and the rocket as a 

whole was performed. The obtained results will be used in the development and design 

of the missile control system. 

Keywords: suborbital rocket, aerodynamic rudders, computational fluid dynamics, 

computer modeling, aerodynamic coefficients. 

 

ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʢʦʥʩ-

ʪʨʫʶʚʘʥʥʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ɿʦʢʨʝʤʘ, ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ ʦʮʽ-

ʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʘʣʴʥʦʩʪʽ 

ʧʦʣʴʦʪʫ, ʚʠʩʦʪʠ ʪʘ ʰʚʠʜʢʦʩʪʽ, ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʽʡʢʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ, 

ʦʮʽʥʠʪʠ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ [1]. ɺʘʞʣʠ-

ʚʠʤ ʘʩʧʝʢʪʦʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʽ ʤʦ-

ʤʝʥʪʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ʩʫʙ-

ʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʚʽʜʭʠʣʝʥʥʷ ʨʫʣʽʚ 

ʫʧʨʘʚʣʽʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʦʙʪʽʢʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩ-

ʥʦʚʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʢʝʪʠ. 
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ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʨʠʚʠʤʽʨʥʠʭ ʫʩʝʨʝʜʥʝʥʠʭ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ. ʇʨʠ ʟʘʤʠʢʘʥʥʽ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʦʙʨʘʥʦ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST k-ɤ. ʏʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ 

ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʦ-ʦʙôʻʤʥʦʛʦ ʤʝʪʦʜʫ. ʋ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ, ʱʦ ʤʘʶʪʴ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘ ʧʨʦ-

ʩʪʦʨʦʚʠʤʠ ʟʤʽʥʥʠʤʠ [2,3].  

ʇʨʦʚʝʜʝʥʦ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ ʦʙ-

ʪʽʢʘʥʥʷ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥ-

ʥʷ ʽʟ ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ ANSYS Fluent, ʪʘ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʝ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʨʘʢʝʪʠ 

(ʨʠʩ. 1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʢʫʪʽʚ ʚʽʜʭʠʣʝʥʥʷ ʨʫʣʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʩʘʤʝ 0 ,̄ 5̄  ʪʘ 

10̄ . ʐʚʠʜʢʽʩʪʴ ʥʘʙʽʛʘʶʯʦʛʦ ʧʦʪʦʢʫ ʚʘʨʽʶʚʘʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,6 ʜʦ 3 ʄʘʭ. 

 
 

 ʈʠʩʫʥʦʢ 1. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʥʘʜʣʝʛʢʦʾ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʂ110 Meteo20000 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʧʨʦ ʦʩʥʦʚʥʽ ʘʝʨʦ-

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʢʝʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʣʴʦʪʫ ʪʘ ʢʫʪʘ 

ʚʽʜʭʠʣʝʥʥʷ ʨʫʣʽʚ ʫʧʨʘʚʣʽʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʫ ʪʝʯʽʾ, ʘ ʩʘʤʝ ʚʠʭʦʨʦʚʽ ʩʪʨʫʢ-

ʪʫʨʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʢʝʨʫʶʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʨʫʣʽʚ ʪʘ ʾʭ 

ʚʟʘʻʤʦʜʽʶ ʟʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ ʨʘʢʝʪʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʨʫʣʽʚ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʜʽʥʢʫ ʨʘʢʝʪʠ ʚ ʘʪʤʦʩʬʝʨʽ ʥʘ ʝʪʘʧʘʭ ʧʦʣʴʦʪʫ ʚʽʜ ʜʦʟʚʫʢʠʭ ʜʦ 

ʥʘʜʟʚʫʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʜʣʝʛʢʦʾ ʨʘʢʝʪʠ ʂ110 Meteo20000 ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʾʾ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɸɽʈʆɼʀʅɸʄɯʏʅʀʁ ʈʆɿʈɸʍʋʅʆʂ ʅɸɼʃɽɻʂʆɰ ʉʋɹʆʈɹɯʊɸʃʔʅʆɰ 

ʈɸʂɽʊʀ ʂ110 ʉʋ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʘʭʫʥʦʢ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʚʘ-

ʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʾʭ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ. ɸʝʨʦʜʠʥʘ-

ʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ ʨʘʢʝ-

ʪʠ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʙʘʣʽʩʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʨʘʭʫʥʢʘʭ 

ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʚʠʨʽʰʝʥʥʷ ʽʥʰʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ. ʋ ʨʦʙʦʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʘʥʦ ʯʠ-

ʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʽʟ ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ 

ʛʦʣʢʠ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʨʘʢʝʪʠ ʥʘ ʾʾ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʨʽʟʥʠʭ 

ʯʠʩʝʣ ʄʘʭʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʝʨʦʜʠʥʘʤʽʢʘ, ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʘ, ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʩʫʙʦʨʙʽʪʘʣʴʥʘ ʨʘʢʝʪʘ. 

Annotation. Calculating the aerodynamic characteristics of aircraft is an important 

stage in solving the tasks of their design and development. Aerodynamic calculations are 

necessary for determining the optimal aerodynamic shape of the rocket, when conducting 

ballistic calculations, developing control systems, strength calculations and solving other 

problems that arise during the design of aircraft. Numerical modeling based on the Navier-

Stokes equations was used in the work to determine the aerodynamic characteristics. The 

results were compared with known experimental data. The influence of the aerodynamic 

needle and the roughness of the rocket surface on its aerodynamic characteristics at different 

Mach numbers was studied. 

Keywords: aerodynamics, Computational Fluid Dynamics, numerical methods, aer-

odynamic coefficients, suborbital rocket. 

 

ɺʠʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ̒ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʦʙô̒ ʢʪʽʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʥʘʜʣʝʛʢʠʭ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ. ɸʝʨʦ-

ʜʠʥʘʤʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʪʠʩʢʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ 

ʨʘʢʝʪʠ, ʯʠʩʣʘ ʄʘʭʘ, ʢʫʪʘ ʘʪʘʢʠ, ʚʠʩʦʪʠ, ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʪ ʨʘʢʝʪʠ ʪʦʱʦ. ʎʽ 

ʜʘʥʽ ʣʷʛʘʶʪʴ ʚ ʦʩʥʦʚʫ ʙʘʣʽʩʪʠʯʥʦʛʦ ʪʘ ʮʝʥʪʨʦʚʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʟʥʘʯʘʶʪʴ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʘʢʝʪʫ ʚ ʧʦʣʴʦʪʽ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠ-

ʥʘʤ̔ʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ. 

ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʠ-

ʚʠʤʽʨʥʠʭ ʫʩʝʨʝʜʥʝʥʠʭ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ. ʇʨʠ ʟʘʤʠʢʘʥʥʽ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ ʦʙʨʘʥʦ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST k-ɤ. ʏʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʅʘʚôʻ-

ʉʪʦʢʩʘ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʦ-ʦʙôʻʤʥʦʛʦ ʤʝʪʦʜʫ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠ-

ʩʪʘʥʦ ʤʝʪʦʜʠ, ʱʦ ʤʘʶʪʴ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʟʤʽʥʥʠʤʠ 

[2,3].  
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ɿ ʤʝʪʦʶ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʪʽʢʘʥʥʷ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʟ ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʤʠ ʜʘʥʠʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʝʯʽʾ 

ʥʘʚʢʦʣʦ ʢʦʨʧʫʩʫ ʨʘʢʝʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ ʚʧʣʠʚ ʥʘ ʘʝʨʦʜʠʥʘʤʽʢʫ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘ-

ʪʫ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʦʢʨʝʤʘ ʢʦʝʬʽʮʽʻʥʪʘ ʣʦʙʦʚʦ-

ʛʦ ʦʧʦʨʫ ʟʘ ʥʫʣʴʦʚʦʛʦ ʢʫʪʘ ʘʪʘʢʠ, ʚʽʜ ʯʠʩʣʘ ʄʘʭʘ ʥʘ ʜʦʟʚʫʢʦʚʦʤʫ, ʪʨʘʥʩʟʚʫʢʦʚʦʤʫ ʪʘ 

ʥʘʜʟʚʫʢʦʚʦʤʫ ʨʝʞʠʤʘʭ ʧʦʣʴʦʪʫ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ ʂ110 ʉʋ 

(ʈʠʩ. 1).  

 

 
ʈʠʩʫʥʦʢ 1. 3D-ʤʦʜʝʣʴ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ ʂ110 ʉʋ 

 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʥʘʷʚ-

ʥʦʩʪʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʛʦʣʢʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʩʫʙ-

ʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ, ʡʦʛʦ ʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʨʘʢʝʪʠ.  

ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʣʦʙʦʚʦʛʦ 

ʦʧʦʨʫ ʧʨʠ ʧʦʣʴʦʪʽ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʠʩʝʣ ʄʘʭʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ ʚʜʦʩ-

ʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʟʨʘʟʢʽʚ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ.  
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ʇʈʀʄʋʉʆɺʆʄʋ ɺɽʅʊʀʃʖɺɸʅʅɯ 

ɸʥʥʦʪʘʮʽʷ: ʋ ʨʦʙʦʪʽ ʥʘʜʘʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ ʢʦʩʤʽʯʥʠʭ ʘʧʘ-

ʨʘʪʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʽ ʤʝʪʦʜʠ ʚʧʣʠʚʫ ʥʘ ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʢ ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʣʠʧ-

ʥʫʪʠ ʜʦ ʧʦʚʝʨʭʥʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ʅʘʚʦʜʠʪʴʩʷ ʧʨʦʛʥʦʟʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʜʣʷ 

ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʧʨʠ ʪʝʨʤʦʩʪʘʪʫʚʘʥʽ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʽʡ ʘʧʘʨʘʪ, ʧʘʣʴʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʦʥ,ɹ ʛʦʣʦʚʥʠʡ ʦʙʪʽʯʥʠʢ, 

ʪʝʨʤʦʩʪʫʚʘʥʥʷ, ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ. 

Annotation: This paper dwells on the method of analysis of the spacecraft surfaces contami-

nation. Methods influencing the distribution of particles, which can adhere to the surface of 

the spacecraft, are substantiated. Expected numerical model of the payload fairing during the 

thermostatting of the spacecraft is given. 

Keywords: spacecraft, dust contamination of the surface, payload fairing, thermostatting, 

numerical model. 

 

ʊʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʦʙôʻʤʘ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ 

ʙʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʽ ʫʤʦʚʠ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ [1]. ɿʘʙʝʟʧʝʯʝʥʥʷ ʯʠʩʪʦʪʠ ʧʦʚʝʨ-

ʭʦʥʴ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʥʘ ʝʪʘʧʽ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ, ʝ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʊʦʤʫ, ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘʤ, ʜʝ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ çʯʫʪʣʠʚʽè ʧʦʚʝʨʭʥʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ʉʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ ʨʽʰʝʥ-

ʥʷ ʟʘʜʘʯ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʪʘ, ʟʦʢʨʝʤʘ, ʟʘʜʘʯʽ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚ ʛʦʣʦʚʥʦʤʫ ʦʙʪʽʯʥʠʢʫ ʥʝʤʘʻ [2], [3]. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ 

ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʪʚʦʨʽʚ ʚʝʥʪʠʣʷʮʽʾ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʪʝʥʜʠ, ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʫʥʽʚʝʨʩʘ-

ʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʟʘʧʠʣʝʥʦʩʪʽ ʧʦʚʽʪʨʷ 

ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝ-

ʣʝʡ ʜʣʷ ʝʢʩʧʨʝʩ ʦʮʽʥʢʠ ʧʦʣʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʛʦʣʦʚ-

ʥʦʤʫ ʦʙʪʽʯʥʠʢʫ ʧʨʠ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʽ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ.  

ɺ ʨʦʙʦʪʽ ʥʘʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʣʝʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʨʽʚʝʥʴ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʛʦʣʦʚʥʦʤʫ ʦʙʪʽʯʥʠʢʫ ʧʨʠ 

ʪʝʨʤʦʩʪʘʪʫʚʘʥʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ʊʘʢʦʞ ʩʪʚʦʨʝʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʜʣʷ ʪʝʧʣʦʚʠʭ 

ʧʦʣʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ ʛʦʣʦʚʥʦʤʫ ʦʙʪʽʯʥʠʢʫ ʧʨʠ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʽ. ʇʦʙʫʜʦʚʘʥʽ ʯʠʩʝ-

ʣʴʥʽ ʤʦʜʝʣʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʩʝʨʝʜʠʥʽ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ 

ʧʨʠ ʡʦʛʦ ʧʨʠʤʫʩʦʚʽʡ ʚʝʥʪʠʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʨʫʭʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ ʥʘʚʢʦʣʦ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚ ʦʙôʻʤʽ ʛʦʣʦ-

ʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ, ʱʦ ʟʨʫʯʥʦ ʧʨʠ ʘʥʘʣʽʟʽ. ʄʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʝ ʚʠʨʘʞʝʥʥʷ ʯʘʩʪʠ-

ʥʦʢ ʧʠʣʫ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʩʫʧʫʪʥʠʢʘ.  
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ʏʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘ ʘʝʨʦʜʠʥʘʤʽʢʠ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʮʝʚʦ-ʨʽʟʥʽʮʝʚʠʭ ʩʭʝʤ ʨʦʟʱʝʧʣʝʥʥʷ. ɺʽʜʤʽʥʥʽʩʪʴ ʯʠʩʝʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʻ ʤʘʣʠ ʚʠʪʨʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʯʘʩʫ ʥʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴ-

ʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ, ʨʽʟʥʽ 

ʤʽʩʮʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʚ ʛʦʣʦʚʥʠʡ ʦʙʪʽʯʥʠʢ ʧʨʠ ʡʦʛʦ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʽ.  

ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʩʪʚʦʨʝʥʦ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ 

ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʤʦʚʽ FORTRAN. ʅʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽʚ. 
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ɸɽʈʆɼʀʅɸʄɯʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɹɽɿʇɯʃʆʊʅʆɻʆ ʃɯʊɸʃʔʅʆɻʆ 

ɸʇɸʈɸʊɸ ʉʍɽʄʀ çʃɯʊɸʖʏɽ ʂʈʀʃʆè 

ɸʥʦʪʘʮʽʷ: ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʙʣʝʤʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥ-

ʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʣʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʘ ʩʘʤʝ 

ʚʠʨʽʰʝʥʥʶ ʟʘʜʘʯ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦ-

ʜʠʢʫ ʧʦʙʫʜʦʚʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʬʦʨʤ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʠʧʫ çʣʽʪʘʶʯʝ 

ʢʨʠʣʦè ʪʘ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴ-

ʩʷ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ʪʘʢʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ɺʠʟʥʘʯʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪ ̔ʪʘ ʦʩʦʙʣʠʚʦʩʪ ̔

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ ʪʘ ʥʘʜʘʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ, ʘʝʨʦʜʠʥʘʤʽʢʘ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦ-

ʜʝʣʶʚʘʥʥʷ, ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ 

ɸnnotation. The work is devoted to the problem of designing, developing and ensur-

ing the effective functioning of small unmanned aerial vehicles, namely solving the prob-

lems of improving their aerodynamic characteristics. A method of designing of flying wing 

type unmanned aerial vehicles aerodynamic forms was developed and a numerical study of 

aerodynamic of such aircraft was carried out. The regularities and specific features of the 

processes occurring during the flow around the elements of the aircraft were determined, 

and recommendations for their improvement were provided. 

Keywords: unmanned aerial vehicle, aerodynamics, mathematical modeling, aero-

dynamic characteristics, Navier-Stokes equation 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʘ ʨʦʟʨʦʙʢʠ ʤʘʣʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ʊʘʢʽ ʘʧʘʨʘʪʠ, ʷʢ ʮʠʚʽʣʴʥʦʛʦ, ʪʘʢ ʽ 

ʚʦʻʥʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʟʘʜʘʯʽ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʨʝʪʨʘʥʩʣʷʮʽʷ ʩʠʛʥʘʣʽʚ ʟʚôʷʟʢʫ, ʚʠʷʚʣʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʪʘ 

ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʧʨʦʪʠʨʘʢʝʪʥʠʭ ʧʨʠʤʘʥʦʢ ʥʘ ʢʦʨʘʙʣʷʭ ʪʘ ʙʘʛʘʪʦ 

ʽʥʰʦʛʦ [1]. ɼʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʨʦʮʝʩ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʜʘʪʯʠʢʽʚ, ʚʽʜʝʦʢʘʤʝʨ ʪʘ 

ʽʥʰʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠʯʦʤʫ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙ-

ʣʝʥʥʷ ʾʭ ʢʦʤʧʦʥʫʚʘʥʥʷ ʚʩʝ ʙʽʣʴʰʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʩʭʝʤʽ çʣʽʪʘʶʯʝ 

ʢʨʠʣʦè. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʧʦʪʝʥʮʽʡʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʫ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʚʠʢʦʥʘʥʠʭ ʟʘ ʟʘʟʥʘʯʝʥʦʶ ʩʭʝʤʦʶ, ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʚʩʽʭ 

ʨʝʞʠʤʘʭ ʧʦʣʴʦʪʫ, ʥʘʩʘʤʧʝʨʝʜ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʘʜʘʯ 

ʘʝʨʦʜʠʥʘʤʽʢʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʬʦʨʤ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʠʧʫ çʣʽʪʘʶʯʝ ʢʨʠʣʦè ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʭʾ ʧʦʣʴʦʪʫ, ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 
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ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʦʙʪʽʢʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʩʥʦʚʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ. 

ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʠ-

ʚʠʤʽʨʥʠʭ ʫʩʝʨʝʜʥʝʥʠʭ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ. ʇʨʠ ʟʘʤʠʢʘʥʥʽ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ ʦʙʨʘʥʦ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST. ʏʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʅʘʚôʻ-

ʉʪʦʢʩʘ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʦ-ʦʙôʻʤʥʦʛʦ ʤʝʪʦʜʫ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠ-

ʩʪʘʥʦ ʤʝʪʦʜʠ, ʱʦ ʤʘʶʪʴ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʟʤʽʥʥʠʤʠ 

[2,3]. 

ʇʨʦʚʝʜʝʥʦ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʬʽʣʶ 

NACA0012 ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʚʽʜʦʤʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʬʦʨʤʫ ʤʘʣʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʪʠʧʫ çʣʽʪʘʶʯʝ ʢʨʠʣʦè, 

ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʘʝʨʦ-

ʜʠʥʘʤʽʯʥʫ ʜʦʩʢʦʥʘʣʽʩʪʴ. ɺʠʚʯʝʥʦ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦʾ ʘʝʨʦʜʠ-

ʥʘʤʽʯʥʦʾ ʬʦʨʤʠ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ, ʚʠʟʥʘʯʝʥʦ ʡʦʛʦ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʷʢʽʩʪʴ ʪʘ ʥʘʡ-

ʚʠʛʽʜʥʽʰʠʡ ʢʫʪ ʘʪʘʢʠ. ʅʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʨʦʙ-

ʣʝʥʦʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʩʥʫʶʯʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ.  

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʙʦʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʟʘ ʩʚʦʾʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʝ ʙʫʪʠ ʘʢʪʫʘʣʴʥʦ  ʁʜʣʷ ʜʝʢʽʣʴʢʦʭ ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ 

ï ʘʚʽʘʮʽʾ, ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʪʨʘʥʩʧʦʨʪʫ, ʝʥʝʨʛʝʪʠʢʠ, ʤʝʪʘʣʫʨʛʽʾ, ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʙʦʻʟʜʘʪʥʦʩʪʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ. 
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ʆɾɽ-ɯʆʅɯɿɸʎɯʗ ɼʀʇʆʃʔʅʆ-ɿɺôʗɿɸʅʆɻʆ ɸʅɯʆʅɸ ɺ ʉʊɸʃʆʄʋ 

ʆɼʅʆʈɯɼʅʆʄʋ ɽʃɽʂʊʈʀʏʅʆʄʋ ʇʆʃɯ 

ɸʥʦʪʘʮʽʷ: ʊʝʦʨʝʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʦ ʜʚʦʝʣʝʢʪʨʦʥʥʫ ʆʞʝ-ʽʦʥʽʟʘʮʽʶ ʜʠʧʦʣʴʥʦ-ʟʚôʷʟʘʥʦʛʦ 

ʘʥʽʦʥʘ (ɼɿɸ) ʚ ʩʪʘʣʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ɿôʷʩʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʤʦʚʽʨ-

ʥʦʩʪʽ ʆʞʝ-ʽʦʥʽʟʘʮʽʾ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ɼɿɸ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʟʦʚʥʽ-

ʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʜʚʦʝʣʝʢʪʨʦʥʥʦʛʦ ʆʞʝ-ʨʦʟʧʘʜʫ 

ɼɿɸ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʪʫʥʝʣʶʚʘʥʥʷ ʜʚʦʭ ʝʣʝʢʪʨʦʥʽʚ. ʈʝʟʫʣʴ-

ʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʩʪʘʣʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʫʟʘʛʘʣʴʥʝʥʦ ʥʘ ʚʠʧʘʜʦʢ ʪʫʥʝ-

ʣʴʥʦʾ ʽʦʥʽʟʘʮʽʾ ɼɿɸ ʫ ʟʤʽʥʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʣʝ ʦʜʥʦʨʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʆʞʝ-ʽʦʥʽʟʘʮʽʷ, ʜʠʧʦʣʴʥʦ-ʟʚôʷʟʘʥʽ 

ʘʥʽʦʥʠ. 

Annotation: The two-electron Auger ionization of a dipole-bound anion (DBA) in a constant 

uniform electric field was theoretically investigated. The dependence of the probability of 

Auger ionization on the orientation of the DBA dipole moment relative to the direction of 

the external electric field has been clarified. It is shown that the probability of a two-electron 

Auger decay of DBA is much higher than the probability of sequential tunneling of two 

electrons. The results obtained for the case of a constant electric field are generalized to the 

case of tunnel ionization of DBA in an alternating electric field. 

Keywords: constant uniform electric field, Auger ionization, dipole-bound anions. 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʦ ʆʞʝ-ʨʦʟʧʘʜ ʜʠʧʦʣʴʥʦ-ʟʚôʷʟʘʥʦʛʦ ʘʥʽ-

ʦʥʘ (ɼɿɸ) ʫ ʩʪʘʣʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʱʦ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʽʤʦʚʽʨʥʽʩʪʴ 

ʩʝʨʝʜ ʚʽʜʦʤʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʚʦʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʚʢʘʟʘʥʦʤʫ ʧʨʦʮʝʩʽ. ɺʽʜʦʤʦ 

(ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [1]), ʱʦ ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʘʪʦʤʥʦʾ ʯʘʩʪʠʥʢʠ ʚ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚʠʥʠ-

ʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʽʤ ʟʚôʷʟʘʥʠʤ ʟ ʮʽʻʶ ʯʘʩʪʠʥʢʦʶ ʝʣʝʢʪʨʦʥʘʤ ʚʽʜʽʨʚʘʪʠʩʷ ʚʽʜ ʥʝʾ ʰʣʷ-

ʭʦʤ ʪʫʥʝʣʶʚʘʥʥʷ ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ. ɯʤʦʚʽʨʥʽʩʪʴ ʪʫʥʝʣʶʚʘʥʥʷ ʦʜʥʦʛʦ ʝʣʝʢʪ-

ʨʦʥʘ, ʷʢʠʡ ʤʘʻ ʧʝʚʥʫ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ, ʦʙʯʠʩʣʶʚʘʣʘʩʷ ʫ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ ʜʣʷ ʚʠʧʘʜʢʫ 

ʩʣʘʙʢʦʛʦ ʚ ʘʪʦʤʥʠʭ ʤʘʩʰʪʘʙʘʭ ʧʦʣʷ ..1 ʦʘF<<  ʈʝʟʫʣʴʪʘʪʦʤ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʮʠʭ ʨʦ-

ʙʽʪ, ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʽʤʦʚʽʨʥʦʩʪʽ ʪʫʥʝʣʶʚʘʥʥʷ W  ʚʽʜ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ 

ʝʣʝʢʪʨʦʥʘ E : ~W ö
÷
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ç
å- FE 3/22exp
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ʜʝ 21, EE  ï ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʘʥʽʦʥʘ, 1W  ʽ 2W  ï ʡʤʦʚʽʨʥʦʩʪʽ ʪʫʥʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʝʣʝʢʪʨʦ-

ʥʽʚ. ɯʤʦʚʽʨʥʽʩʪʴ ʪʘʢʦʛʦ ʜʚʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʩʪʘʪʥʴʦ ʤʘʣʘ ʟʘ ʨʘʭʫʥʦʢ ʚʢʘʟʘʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʽʤʦʚʽʨʥʦʩʪʽ ʪʫʥʝʣʶʚʘʥʥʷ ʚʽʜ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ: ʜʨʫʛʠʡ ʧʦʪʝʥʮʽʘʣ ʽʦʥʽʟʘʮʽʾ 

ʘʪʦʤʘ ʚ 1,5 ï 2 ʨʘʟʠ ʙʽʣʴʰʠʡ, ʥʽʞ ʧʝʨʰʠʡ, ʪʦʤʫ ʽʤʦʚʽʨʥʽʩʪʴ ʽʦʥʽʟʘʮʽʾ ʜʨʫʛʦʛʦ ʝʣʝʢʪʨʦ-

ʥʘ 2W  ʧʨʠ ..1 ʦʘF<<  ʥʘ ʙʘʛʘʪʦ ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥʠ ʤʝʥʰʘ, ʥʽʞ 1W . 

ɺʽʜʨʠʚ ʜʝʢʽʣʴʢʦʭ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ɼɿɸ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʽʥʰʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʠʚʯʘʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ (ʟʘʟʥʘʯʠʤʦ, ʱʦ 

ʚʧʝʨʰʝ ʪʘʢʠʡ ʤʝʭʘʥʽʟʤ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ [2] ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʨʦʟʧʘʜʫ ʚʽʜôʻʤʥʦʛʦ ʘʪʦʤʥʦʛʦ ʽʦʥʘ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ). ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʪʫʥʝʣʶʻ 

ʣʠʰʝ ʦʜʠʥ, ʥʘʡʙʽʣʴʰ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʠʡ, ʝʣʝʢʪʨʦʥ ʟ ʝʥʝʨʛʽʻʶ ɽ1. ʅʘʙʨʘʚʰʠ ʚ ʦʜʥʦʨʽʜ-

ʥʦʤʫ ʧʦʣʽ ʝʥʝʨʛʽʶ ɽ2, ʜʦʩʪʘʪʥʶ ʜʣʷ ʽʦʥʽʟʘʮʽʾ ʽʥʰʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʚʽʥ, ʚʽʜʣʽʪʘʶʯʠ ʚʽʜ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʣʠʰʢʫ, ʽʦʥʽʟʫʻ (ʘʙʦ ʟʙʫʜʞʫʻ) ʡʦʛʦ. ʎʝʡ ʜʚʦʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʮʝʩ, 

ʷʢʠʡ ʤʘʻ ʯʠʩʪʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʆʞʝ-ʽʦʥʽʟʘʮʽʶ ɼɿɸ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ɯʤʦʚʽʨʥʽʩʪʴ ʪʘʢʦʾ ʽʦʥʽʟʘʮʽʾ ʤʘʣʘ ʽ, ʟʛʽʜʥʦ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ, ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʢʚʘʜʨʘʪʦʤ ʤʦʜʫʣʷ ʤʘʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʽʟ 

ʝʣʝʢʪʨʦʥʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʣʠʰʢʫ.  

ʋ ʤʝʞʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʥʘʤʠ ʦʙʯʠʩʣʝʥʦ ʡʤʦʚʽʨʥʽʩʪʴ ʜʚʦʝʣʝʢʪʨʦʥʥʦ-

ʛʦ ʆʞʝ-ʨʦʟʧʘʜʫ ɼɿɸ ʚ ʩʪʘʣʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ɸʢʩʽʘʣʴʥʦ-

ʩʠʤʝʪʨʠʯʥʝ ʧʦʣʝ ɼɿɸ ʤʦʜʝʣʶʚʘʣʦʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʪʦʯʢʦʚʦʛʦ ʜʠʧʦʣʷ [3], ʘ ʭʚʠʣʴʦʚʘ 

ʬʫʥʢʮʽʷ ʪʫʥʝʣʶʶʯʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʚ ʢʣʘʩʠʯʥʦ ʜʦʟʚʦʣʝʥʽʡ ʦʙʣʘʩʪʽ ʧʽʩʣʷ ʪʫʥʝʣʶʚʘʥʥʷ, 

ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʦʜʥʦʨʽʜʥʦʛʦ ʧʦʣʷ [2]. ɯʤʦʚʽʨʥʽʩʪʴ ʦʜʥʦʝ-

ʣʝʢʪʨʦʥʥʦʛʦ ʪʫʥʝʣʶʚʘʥʥʷ 1W  ʙʫʣʘ ʦʙʯʠʩʣʝʥʘ ʷʢ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʪʽʢ ʽʤʦʚʽʨʥʦʩʪʽ ʯʝʨʝʟ 

ʧʣʦʱʠʥʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ ʦʩʽ ʪʫʥʝʣʶʚʘʥʥʷ. ʋ ʛʨʘʥʠʮʽ ʦʙôʻʜʥʘʥʠʭ ʘʪʦʤʽʚ ʦʜʝʨʞʘ-

ʥʠʡ ʚʠʨʘʟ ʜʣʷ 1W  ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʽʜʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʚʽʜôʻʤʥʦʛʦ ʘʪʦʤʥʦʛʦ ʽʦʥʘ [2]. 

ɼʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʤʦʚʽʨʥʦʩʪʽ ʆʞʝ-ʽʦʥʽʟʘʮʽʾ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ ɼɿɸ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʈʝʟʫʣʴʪʘʪʠ, ʦʜʝʨ-

ʞʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʩʪʘʣʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʫʟʘʛʘʣʴʥʝʥʦ ʥʘ ʚʠʧʘʜʦʢ 

ʪʫʥʝʣʴʥʦʾ ʽʦʥʽʟʘʮʽʾ ɼɿɸ ʫ ʟʤʽʥʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ () tFtF wcos0= , ʜʝ w ï ʯʘʩʪʦ-

ʪʘ ʣʘʟʝʨʥʦʛʦ ʧʦʣʷ.  
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ɹɸɿʆɺɯ ʋʗɺʃɽʅʅʗ ʌɯɿʀʂʀ ɺ ʆʉɺɯʊɯ ʉʊʋɼɽʅʊɯɺ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅʆɰ 

ɻɸʃʋɿɯ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʢʫʧʥʽʩʪʴ ʧʦʥʷʪʴ ʽ ʟʘʢʦʥʽʚ ʬʽʟʠʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʫ-

ʤʽʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʘʢʝʪʥʽʡ ʪʝʭʥʽʮʽ ʪʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ, ʘ ʪʘʢʦʞ ʷʚʠʱ ʫ 

ɺʩʝʩʚʽʪʽ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʦʟʥʘʡʦʤʣʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʽʟ ʩʫ-

ʯʘʩʥʦʶ ʬʽʟʠʢʦʶ ʪʘ ʾʾ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʽʟʠʯʥʘ ʢʘʨʪʠʥʘ ʩʚʽʪʫ, ʚʽʜʥʦʩʥʽʩʪʴ, ʬʽʟʠʯʥʽ ʧʦʣʷ, ʢʚʘʥʪʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ. 

Annotation: The set of concepts and laws of physics necessary for understanding physical 

processes used in rocket technology and space vehicles, as well as phenomena in the Uni-

verse is analyzed. The need for a deeper familiarization of students with modern physics and 

its mathematical apparatus is justified. 

Keywords: physical picture of the world, relativity, physical fields, mathematical apparatus, 

quantum properties. 

 

ʉʘʤʘ ʧʦʷʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʙʫʣʘ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʟʘʣʫʯʝʥʥʷʤ 

ʥʦʚʽʪʥʽʭ ʥʘ ʪʦʡ ʯʘʩ ʬʽʟʠʯʥʠʭ ʽʜʝʡ: ʟʘʢʦʥʽʚ ʨʝʘʢʪʠʚʥʦʛʦ ʨʫʭʫ, ʦʙʯʠʩʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʫ 

ʟʝʤʥʽʡ ʘʪʤʦʩʬʝʨʽ ʡ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ ʪʘ ʚʠʙʫʭʫ, 

ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

66 ʨʦʢʽʚ ʪʦʤʫ ʜʦʩʷʛʥʝʥʥʷʤ ʙʫʣʦ ʚʠʚʝʜʝʥʥʷ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʫ ʦʨʙʽʪʫ ʩʫʧʫʪʥʠʢʘ, ʤʘʩʘ 

ʷʢʦʛʦ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 84 ʢʛ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʝʨʰʽ ʧʽʣʦʪʦʚʘʥʽ ʧʦʣʴʦʪʠ  ̔

ʚʨʝʰʪʽ-ʨʝʰʪ ʚʠʩʘʜʢʘ ʣʶʜʠʥʠ ʥʘ ʄʽʩʷʮ ɹ ʙʘʟʫʚʘʣʠʩʴ ʥʘ ʨʦʟʚô̫ ʟʘʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦ 

ʩʢʣʘʜʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ. ʋʩʷ ʮʷ ʨʦʙʦʪʘ ʙʫʣʘ ʙ ʥʝʤʦʞʣʠʚʦʶ ʙʝʟ ʧʽʟʥʘʥ-

ʥʷ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ ʫ ʜʚʠʛʫʥʘʭ, ʧʦʪʫʞʥʦʛʦ ʨʦʟʚʠʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ɿʤʽʥʠ ʚ ʮʠʭ ʩʬʝʨʘʭ ʟ ʧʦʯʘʪʢʫ ʢʦʩʤʽʯʥʦʾ ʝʨʠ ʤʘʶʪʴ ʨʝʚʦ-

ʣʶʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʟʜʘʚʘʣʠʩʷ ʙ ʬʘʥʪʘʩʪʠʢʦʶ ʚ ʪʽ ʨʦʢʠ. ɸʣʝ ʩʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ ʘʚʪʦ-

ʤʘʪʠʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʬʝʨʠ ʥʝ ʤʦʞʝ ʟʘʤʽʥʠʪʠ ʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʚʦʨʯʫ 

ʦʩʦʙʠʩʪʽʩʪʴ, ʷʢʘ ʙʘʯʠʪʴ ʟʚôʷʟʦʢ ʤʽʞ ʷʚʠʱʘʤʠ, ʦʟʙʨʦʻʥʘ ʟʥʘʥʥʷʤ ʩʫʪʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, 

ʟʜʘʪʥʘ ʜʦ ʩʘʤʦʨʦʟʚʠʪʢʫ. ʊʘʢʘ ʣʶʜʠʥʘ ʟʜʘʪʥʘ ʥʝ ʪʽʣʴʢʠ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʪʝʭʥʽʢʫ, ʘ ʡ 

ʨʫʭʘʪʠʩʴ ʜʘʣʽ. ʉʘʤʝ ʮʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʢʫʨʩʫ ʬʽʟʠʢʠ, ʷʢʘ ʤʘʻ ʚʽʜʽʛʨʘʚʘʪʠ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʛʦʪʦʚʮʽ ʽʥʞʝʥʝʨʽʚ. 

ʇʦʟʘ ʩʫʤʥʽʚʦʤ, ʩʪʫʜʝʥʪ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʘʧʘʨʘʪʦʤ 

ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʤʝʭʘʥʽʢʠ, ʧʦʥʷʪʪʷʤ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ ʽ ˇʘʣʽʣʝʻʚʦʾ ʚʽʜʥʦʩʥʦʩʪʽ, ʦʧʠʩʦʤ 

ʢʽʥʝʤʘʪʠʢʠ ʽ ʜʠʥʘʤʽʢʠ ʷʢ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʚ ʨʽʟʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʪʘʢ ʽ ʦʙʝʨʪʘʣʴʥʦ-

ʛʦ ʨʫʭʫ. ʇʨʠʨʦʜʘ ʥʝʚʘʛʦʤʦʩʪʽ, ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʣʴʦʪʘʭ ʤʘʻ ʙʫʪʠ 

ʡʦʤʫ ʟʨʦʟʫʤʽʣʦʶ. ʆʧʠʩ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʘʭ ʧʦʪʨʝʙʫʻ ʚʦʣʦʜʽʥʥʷ 

ʘʧʘʨʘʪʦʤ ʘʝʨʦʜʠʥʘʤʽʢʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʪʝʦʨʽʾ 

ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ. ɿʘʟʚʠʯʘʡ ʮʽ ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʩʧʝʮʢʫʨʩʘʭ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. ɸʣʝ ʞ ʙʘʟʘ ʜʣʷ ʚʩʴʦʛʦ ʮʴʦʛʦ ʜʘʻʪʴʩʷ ʢʫʨʩʦʤ ʬʽʟʠʢʠ! ʅʘʧʝʚʥʝ, ʣʘˇʨʘʥ-

ʞʝʚʘ ʽ ʛʘʤʽʣʴʪʦʥʦʚʘ ʤʝʭʘʥʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʯʠʤʦʩʴ ʬʘʢʫʣʴʪʘʪʠʚʥʠʤ ʜʣʷ ʽʥʞʝʥʝʨʘ, ʘʣʝ 
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ʚ ʥʘʫʮʽ ʥʘʷʚʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʝ ʩʢʣʘʜʥʽʰʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. ʅʘ 

ʥʘʰ ʧʦʛʣʷʜ, ʢʨʽʤ ʚʽʣʴʥʦʛʦ ʚʦʣʦʜʽʥʥʷ ʦʩʥʦʚʘʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʡ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʯʠʩʣʝʥʥʷ ʩʪʫʜʝʥʪʘʤ ʬʽʟʪʝʭʫ ʧʦʪʨʽʙʥʽ ʟʥʘʥʥʷ ʦʩʥʦʚ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʦʥʷʪʪʷ ʪʝʥ-

ʟʦʨʽʚ. ʊʨʠʚʦʞʠʪʴ ʪʝ, ʱʦ ʩʫʯʘʩʥʘ ʩʝʨʝʜʥʷ ʰʢʦʣʘ ʽ ʢʦʣʝʜʞʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʠʭ 

ʟʥʘʥʴ ʜʣʷ ʦʧʘʥʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʘʧʘʨʘʪʫ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʩʫʯʘʩʥʠʭ ʢʦʩʤʽʯʥʠʭ ʜʦ-

ʩʣʽʜʞʝʥʥʷʭ [1] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʡ ʝʬʝʢʪʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʧʝʮʽʘʣʴʥʦʶ ʽ ʥʘʚʽʪʴ ʟʘʛʘʣʴʥʦʶ 

ʪʝʦʨʽʻʶ ʚʽʜʥʦʩʥʦʩʪʽ ɸʡʥʰʪʘʡʥʘ, ʪʦʤʫ ʦʩʥʦʚʦʧʦʣʦʞʥʽ ʽʜʝʾ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʧʨʦʩʪʦʨʫ-

ʯʘʩʫ ʤʘʶʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʚ ʦʩʚʽʪʽ ʣʶʜʝʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʮʽʻʶ ʛʘʣʫʟʟʶ. 

ʇʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʽʡ ʬʽʟʠʯʥʽʡ ʢʘʨʪʠʥʽ ʩʚʽʪʫ ʚʽʜʽʛʨʘʻ ʧʦʥʷʪʪʷ ʧʦʣʷ. ɿ ʧʦ-

ʥʷʪʪʷʤ ʬʽʟʠʯʥʦʛʦ ʧʦʣʷ ʟʥʘʡʦʤʠʪʴ ʩʪʫʜʝʥʪʽʚ ʨʦʟʜʽʣ çɽʣʝʢʪʨʠʢʘ ʽ ʤʘʛʥʝʪʠʟʤè ʟʘʛʘʣʴʥʦ-

ʛʦ ʢʫʨʩʫ ʬʽʟʠʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʘʚʠʣʴʥʠʤ ʰʣʷʭʦʤ ʜʦ ʙʽʣʴʰ ʩʫʯʘʩʥʦʛʦ ʚʠʢʣʘʜʫ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʦʥʷʪʪʷ ʧʦʪʝʥʮʽʘʣʽʚ ʧʦʣʷ, ʧʦʷʩʥʝʥ-

ʥʷ ʧʨʠʨʦʜʠ ʧʦʣʷ ʽ ʡʦʛʦ ʜʞʝʨʝʣ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʷʢ ʦʩʥʦʚʠ 

ʘʧʘʨʘʪʫ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ. ʇʨʦ ʽʥʰʽ ʧʦʣʷ ʪʘ ʾʭ ʜʠʚʦʚʠʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʽ 

ʧʨʦ ʾʭ ʢʚʘʥʪʦʚʫ ʤʦʞʥʘ ʣʠʰʝ ʟʛʘʜʘʪʠ ʚ ʩʧʽʣʢʫʚʘʥʥʽ ʟʽ ʩʪʫʜʝʥʪʘʤʠ.  ʋ ʰʢʦʣʽ ʛʦʚʦʨʷʪʴ 

ʫʯʥʷʤ ʧʨʦ ʢʚʘʥʪʦʚʫ ʧʨʠʨʦʜʫ ʩʚʽʪʣʘ, ʘʣʝ ʥʘ ʨʽʚʥʽ ʬʦʨʤʫʣ ʜʣʷ ʬʦʪʦʝʬʝʢʪʫ. ʋʥʽʚʝʨʩʠ-

ʪʝʪʩʴʢʠʡ ʢʫʨʩ ʬʽʟʠʢʠ [2] ʤʽʛ ʙʠ ʦʟʥʘʡʦʤʠʪʠ ʩʪʫʜʝʥʪʽʚ ʽʟ ʦʩʥʦʚʥʠʤʠ ʽʜʝʷʤʠ ʢʚʘʥʪʦʚʦʾ 

ʪʝʦʨʽʾ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʥʷʪʪʷ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʧʝʚʥʠʤ ʨʽʚʥʷʥʥʷʤ. 

ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʣʶʜʷʤ, ʷʢʽ ʟʘʡʤʘʪʠʤʫʪʴʩʷ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦʤ ʽ ʟʽʪʢʥʫʪʴʩʷ ʟ ʬʽʟʠ-

ʢʦʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʩʣʽʜ ʙʫʪʠ ʛʦʪʦʚʠʤʠ ʜʦ ʩʧʨʠʡʥʷʪʪʷ ʾʾ ʤʦʚʠ.  

ʅʘ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʽ ɼʅʋ ʢʫʨʩ ʬʽʟʠʢʠ ʚʝʜʝ ʢʘʬʝʜʨʘ ʪʝʦʨʝʪʠʯʥʦʾ 

ʬʽʟʠʢʠ, ʷʢʘ ʪʘʢʦʞ ʟʘʡʤʘʻʪʴʩʷ ʧʽʜʛʦʪʦʚʢʦʶ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʉʝʨʝʜʥʷ ʦʩʚʽʪʘ 

(ʬʽʟʠʢʘ)è. ʊʫʪ ʟʘʡʤʘʶʪʴʩʷ ʪʘʢʦʞ ʨʦʙʦʪʦʶ ʟʽ ʰʢʦʣʷʨʘʤʠ ʡ ʘʥʘʣʽʟʦʤ ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥ-

ʥʷ ʩʠʪʫʘʮʽʾ ʟ ʥʘʚʯʘʥʥʷ ʬʽʟʠʢʠ.  ɺʘʞʣʠʚʦ ʟʙʫʜʠʪʠ ʽʥʪʝʨʝʩ ʤʦʣʦʜʽ ʜʦ ʬʽʟʠʢʠ, ʘ ʟʘʜʦ-

ʚʦʣʴʥʠʪʠ ʮʽʢʘʚʽʩʪʴ ʟʘʨʘʟ ʥʝʚʘʞʢʦ: ʽʩʥʫʶʪʴ ʯʫʜʦʚʽ ʰʢʽʣʴʥʽ ʧʽʜʨʫʯʥʠʢʠ, ʙʝʟʣʽʯ ʥʘʫʢʦʚʦ-

ʧʦʧʫʣʷʨʥʠʭ ʧʝʨʝʜʘʯ ʥʘ ʪʝʣʝʙʘʯʝʥʥʽ, ʩʫʯʘʩʥʽ ʪʚʦʨʠ ʚʠʜʘʪʥʠʭ ʚʯʝʥʠʭ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʟʘʛʘʣʫ [3]. ɸʣʝ ʚʢʨʘʡ ʫʨʽʟʘʥʽ ʛʦʜʠʥʠ ʥʘ ʬʽʟʠʢʫ ʚ ʰʢʦʣʽ ʧʨʠʟʚʝʣʠ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ 

ʧʘʜʽʥʥʷ ʨʽʚʥʷ ʟʥʘʥʴ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʡ ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ. ʂʫʨʩ ʟʘʛʘʣʴʥʦʾ ʬʽʟʠʢʠ ʜʣʷ 

ʚʠʰʫ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʘʫʜʠʪʦʨʥʠʭ ʛʦʜʠʥ. ʅʘ ʬʽʟʪʝʩʽ ʫ ʚʞʠʪʢʫ 

ʭʦʨʦʰʠʡ ʟʘʜʘʯʥʠʢ [4], ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʥʘ ʢʘʬʝʜʨʽ, ʘʣʝ  ʨʦʟʜʽʣʠ çʄʦʣʝʢʫʣʷʨʥʘ ʬʽʟʠʢʘè 

ʡ çʆʧʪʠʢʘè ʜʦʚʦʜʠʪʴʩʷ ʦʧʫʩʢʘʪʠ. ɸʣʝ ʞ ʜʣʷ ʪʝʦʨʽʾ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʤʦʣʝʢʫʣʷʨʥʘ 

ʬʽʟʠʢʘ ʥʝʦʙʭʽʜʥʘ! ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘ ʢʘʬʝʜʨʽ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʌʊʌ ʨʦʟʚʠʚʘʚʩʷ 

ʪʘʢʠʡ ʬʽʟʠʯʥʠʡ ʥʘʧʨʷʤʦʢ, ʷʢ ʝʣʝʢʪʨʦʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ. ʇʦʛʣʠʙʣʝʥʥʷ ʚʠʚʯʝʥʥʷ ʬʽʟʠʢʠ 

ʙʫʜʝ ʟʘʧʦʨʫʢʦʶ ʫʩʧʽʭʽʚ ʫ ʧʽʜʛʦʪʦʚʮʽ ʢʘʜʨʽʚ ʜʣʷ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʽ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦ-

ʣʦʛʽʡ. 
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ʈʆɿʈɸʍʋʅʂʀ ʉʊʈʋʂʊʋʈʀ ɸʊʆʄɸ ɺɸʅɸɼɯʖ 

ɹɸɻɸʊʆʂʆʅʌɯɻʋʈɸʎɯʁʅʀʄ ʄɽʊʆɼʆʄ ʍɸʈʊʈɯ-ʌʆʂɸ ɿ 

ʅɽʆʈʊʆɻʆʅɸʃʔʅʀʄʀ ʆʈɹɯʊɸʃʗʄʀ 

ɸʥʦʪʘʮʽʷ: ɹʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʍʘʨʪʨʽ-ʌʦʢʘ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʨʦ-

ʟʨʘʭʫʥʢʫ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʦʩʥʦʚʥʦʛʦ ʽ 20 ʥʠʞʥʽʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ ʚʘʥʘʜʽʶ. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ ʟʙʫʜʞʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʥʘʷʚʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʆʪʨʠʤʘʥʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʽʚ ʨʦʟʩʽʷʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʘʪʦʤʽ ʚʘʥʘʜʽʶ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʘʥʘʜʽʡ, ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʍʘʨʪʨʽ-ʌʦʢʘ, ʢʦʥʬʽʛʫ-

ʨʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ 
Annotation: The multi-configuration Hartree-Fock method is employed to generate 

wave functions of the ground state and 20 lowest excited states of neutral vanadium atom. 

Calculated excitation energies are in a satisfactory agreement with the available experi-

mental data. Obtained wave functions can be used in the subsequent study of electron scat-

tering on vanadium atoms. 
Keywords: vanadium, multi-configuration Hartree-Fock, configuration interaction 
 

ʇʦʰʠʨʝʥʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ Sc-Ni (21 Ò Z Ò 28) ʫ ʢʦʩʤʦʩʽ ʤʘʻ ʪʝʥʜʝʥʮʽʶ 

ʫʪʚʦʨʶʚʘʪʠ "ʧʽʢ" ʥʘʚʢʦʣʦ ʟʘʣʽʟʘ. ʊʦʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʰʠʨʝʥʦʩʪʽ ʻ ʢʣʶʯʦʚʠʤʠ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʭʽʤʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ʟʽʨʦʢ. ʆʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʦʰʠʨʝʥʦʩʪʽ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʪʦʯʥʠʭ ʘʪʦʤʥʠʭ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʧʝʨʝʨʽʟʽʚ 

ʽʦʥʽʟʘʮʽʾ ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʭʦʜʽʚ [1,2]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʘʪʦʤʽʚ ʟ ʚʽʜʢʨʠ-

ʪʠʤʠ d-ʦʙʦʣʦʥʢʘʤʠ ʩʪʘʥʦʚʠʪʴ ʽ ʪʝʦʨʝʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʯʝʨʝʟ ʧʦʩʠʣʝʥʥʷ ʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ 

ʪʘ ʢʦʨʝʣʷʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʪʦʯʥʝ ʚʨʘʭʫʚʘʥʥʷ ʷʢʠʭ ʻ ʟʥʘʯʥʠʤ ʚʠʢʣʠʢʦʤ ʜʣʷ ʘʪʦʤʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ [3]. 
ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʟʚôʷʟʘʥʠʭ ʩʪʘʥʽʚ ʘʪʦʤʘ ʚʘʥʘʜʽʶ ʙʫʣʦ ʟʘʩʪʦ-

ʩʦʚʘʥʦ ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʍʘʨʪʨʽ-ʌʦʢʘ (ɹʂʍʌ) [4] ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʦʤ 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ [5,6], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʦʨʪʦʛʦʥʘʣʴʥʽ ʦʨʙʽʪʘʣʽ ʪʘ B-

ʩʧʣʘʡʥʠ ʷʢ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ. ɺ ʷʢʦʩʪʽ ʢʦʨʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʦʜʥʦʝʣʝʢʪʨʦʥʥʽ ʦʨʙʽʪʘʣʽ 

1s, 2s ʪʘ 2p, ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʥʘʙʣʠʞʝʥʥʽ ʍʘʨʪʨʽ-ʌʦʢʘ ʜʣʷ ʢʦʥʬʽʛʫʨʘʮʽʾ 3d34s2 ʟ ʫʩʝʨʝʜ-

ʥʝʥʠʤ ʪʝʨʤʦʤ. ɺʘʣʝʥʪʥʽ ʦʨʙʽʪʘʣʽ 3s, 3p, 3d, 4s ʪʘ 4p ʧʨʦʷʚʣʷʶʪʴ ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʝʨʤʫ, ʪʦʤʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʢʦʥʬʽʛʫʨʘʮʽʡ: 3d34s2, 3d44s, 

3d34s4p ʪʘ 3d5. ɺʘʣʝʥʪʥʘ ʢʦʨʝʣʷʮʽʷ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʚ ʙʘʛʘʪʦ-

ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʨʦʟʢʣʘʜ ʥʘʙʦʨʽʚ ʢʦʨʝʣʷʮʽʡʥʠʭ ʦʨʙʽʪʘʣʝʡ 4l ʪʘ 5l (l=0-4), ʦʧʪʠʤʽʟʦʚʘ-

ʥʠʭ ʫ ʦʢʨʝʤʠʭ ɹʂʍʌ-ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ ʢʦʞʥʦʾ ʟ ʦʩʥʦʚʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʙʦʨʠ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʦʩʥʦʚʥʦʛʦ 

3d34s2 4F ʪʘ 20 ʥʠʞʥʽʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʘʪʦʤʘ ʚʘʥʘʜʽʶ ʟ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ 3d34s2 (ʪʝʨʤʠ 
2,4P, 2D, 2G, 2H), 3d44s (ʪʝʨʤʠ 2,4P, 4,6D, 2,4F, 4G, 2,4H), 3d34s4p (ʪʝʨʤʠ 4,6Do, 6Fo, 6Go) ʪʘ 

3d5 6S. ʈʦʟʨʘʭʦʚʘʥʽ ʚ ʥʝʨʝʣʷʪʠʚʽʩʪʩʴʢʦʤʫ LS-ʥʘʙʣʠʞʝʥʥʽ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʜʣʷ ʚʢʘʟʘ-

ʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʟʘʜʦʚʽʣʴʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʠʤʠ NIST [7] (ʩʝʨʝʜʥʻ ʟʚʘʞʝʥʝ ʟʘ ʨʽʚʥʷʤʠ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ). ɺʽʜʥʦʩʥʝ ʚʽʜʭʠ-
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ʣʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʝʥʝʨʛʽʡ ʟʙʫʜʞʝʥʥʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʩʪʘʥʦʚʠʪʴ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ~20%. ʂʽʣʴʢʽʩʪʴ ʢʦʥʬʽʛʫʨʘʮʽʡ ʫ ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʨʦʟʢʣʘʜʘʭ ʩʢʣʘʜʘʻ 

ʧʦʨʷʜʢʫ 300, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦ-

ʟʨʘʭʫʥʢʘʭ ʨʦʟʩʽʷʥʥʷ ʪʘ ʽʦʥʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʷʚʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʈʝʣʷʪʠʚʽʩʪʩʴʢʽ ʝʬʝʢʪʠ ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ, ʧʨʦʪʝ ʚʠʢʦʨʠ-

ʩʪʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʦʜʘʣʴʰʝ ʚʥʝʩʝʥʥʷ ʢʚʘʟʽʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ ʧʦʧʨʘʚʦʢ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʤʽʣʴʪʦʥʽʘʥʘ ɹʨʘʡʪʘ-ʇʘʫʣʽ. 
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ʄɽʍɸʅɯɿʄ ʇɽʈɽɼɸʏɯ ʂɺɸʅʊʆɺʆɰ ɯʅʌʆʈʄɸʎɯɰ ʅɸ ɼʆɺɯʃʔʅɯ ɺɯɼʉʊɸʅɯ 

ɺɯɼ ʆɼʅʆɻʆ ɸʊʆʄɸ ï ʂʋɹɯʊɸ ɼʆ ɯʅʐʆɻʆ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʦʜʥʦʛʦ ʜʚʦʨʽʚʥʝʚʦʛʦ ʘʪʦʤʘ ʜʦ ʽʥʰʦʛʦ, ʦʜʠʥ ʟ ʷʢʠʭ ʦʧʨʦʤʽʥʶʻʪʴʩʷ ʧʦʣʝʤ ʨʝʘʣʴʥʠʭ 

ʬʦʪʦʥʽʚ. ɼʚʦʨʽʚʥʝʚʽ ʘʪʦʤʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʫʙʽʪʘ ï 

ʥʦʩʽʷ ʦʜʠʥʠʮʽ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ [1]. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʨʝʩ ʜʦ ʪʘʢʠʭ ʜʚʦʘʪʦʤʥʠʭ 

ʩʠʩʪʝʤ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʦʥʠ ʦʧʠʩʫʶʪʴ ʩʠʩʪʝʤʠ ʢʫʙʽʪʽʚ, ʢʝʨʦʚʘʥʽ ʟʦʚʥʽʰʥʽʤʠ 

ʧʦʣʷʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʚʦʨʽʚʥʝʚʽ ʘʪʦʤʠ, ʝʬʝʢʪʠ ʟʘʧʽʟʥʶʚʘʥʥʷ, ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʘ 

ʚʟʘʻʤʦʜʽʷ, ʯʘʩ ʧʝʨʝʜʘʯʽ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

Annotation. The mechanisms of quantum information transfer from one two-level 

atom to another, one of which is irradiated by a field of real photons, are investigated in this 

paper. Two-level atoms can be used to physically implement the qubit, a carrier of a unit of 

quantum information [1]. Thus, the interest in such two-atom systems is due to the fact that 

they describe systems of qubits controlled by external fields. 

Keywords: two-level atoms, retardation effects, dipole-dipole interaction, quantum 

information transmission time. 

 

ʇʝʨʩʧʝʢʪʠʚʥi ʩʭʝʤʠ ʨʝʘʣiʟʘʮi  ʾ ʜʚʦʢʫʙiʪʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʣʦʛiʯʥʠʭ ʦʧʝʨʘʮiʡ ʟ 

ʥʝʡʪʨʘʣʴʥʠʤʠ ʘʪʦʤʘʤʠ ʤʦʞʫʪʴ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʝʬʝʢʪi ʨʝʟʦʥʘʥʩʥʦʾ ʧʝʨʝʜʘʯi ʢʚʘʥʪʦʚʦʾ 

iʥʬʦʨʤʘʮi  ʾ ʤiʞ ʜʚʦʤʘ ʚiʜʜʘʣʝʥʠʤʠ ʢʫʙiʪʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʧiʟʥʶʶʯʦʾ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʾ ʚʟʘʻʤʦʜi  ʾʘʪʦʤiʚ ʫ ʧʦʣi ʨʝʘʣʴʥʠʭ ʬʦʪʦʥiʚ [2]. ʋ ʮʠʭ ʩʭʝʤʘʭ ʫ ʷʢʦʩʪi ʢʚʘʥʪʦ-

ʚʠʭ iʥʬʦʨʤʘʮiʡʥʠʭ ʢʘʥʘʣiʚ ʟʚôʷʟʢʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʧʣʫʪʘʥi ʢʦʣʝʢʪʠʚʥi 

(ʩʠʤʝʪʨʠʯʥʠʡ ʪʘ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʡ) ʩʪʘʥʠ ʩʠʩʪʝʤʠ ʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʜʚʦʨiʚʥʝʚʠʭ 

ʘʪʦʤiʚ. 

ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʦʜʥʦʛʦ 

ʘʪʦʤʘ ʜʦ ʽʥʰʦʛʦ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʝʪʘʧʠ. ʇʝʨʰʠʡ ʝʪʘʧ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠ-

ʚʫ ʟʘʧʽʟʥʶʶʯʦʾ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʥʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʥʝʨʛʝʪʠʯ-

ʥʠʭ ʨʽʚʥʽʚ ʩʠʩʪʝʤʠ ʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʜʚʦʨʽʚʥʝʚʠʭ ʘʪʦʤʽʚ (ʜʠʚ. [3]), ʘ ʜʨʫʛʠʡ ï ʫ ʨʦʟʚ'ʷ-

ʟʘʥʥʽ ʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ï ʩʠʩʪʝʤʠ ʯʘʩʦʚʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʘʤʧʣʽʪʫʜ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʠ 

ʨʝʟʦʥʘʥʩʥʦʤʫ (ʥʝʨʝʟʦʥʘʥʩʥʦʤʫ) ʧʦʛʣʠʥʘʥʥʽ ʬʦʪʦʥʘ ʦʜʥʠʤ ʽʟ ʘʪʦʤʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʜʠʥʘʤʽʯʥʦʾ ʯʘʩʪʠʥʠ ʧʦʩʪʘʚʣʝʥʦʾ ʚʠʱʝ ʟʘʜʘʯʽ ʦʪ-

ʨʠʤʘʥʦ ʪʦʯʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʘʤʧʣʽʪʫʜ ʡʤʦʚʽʨʥʦʩʪʽ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʢʦʤʧʘʫʥʜ-

ʩʠʩʪʝʤʠ çʘʪʦʤ ὃ(1) + ʘʪʦʤ ὃ(2) + ʧʦʣʝè ʪʘ ʦʙʯʠʩʣʝʥʽ ʾʭ ʟʥʘʯʝʥʥʷ ʷʢ ʬʫʥʢʮʽʾ ʯʘʩʫ. 

ʆʢʨʝʤʦ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʛʨʘʥʠʯʥʽ ʚʠʧʘʜʢʠ ʦʪʨʠʤʘʥʠʭ ʪʦʯʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʩʠʩʪʝʤʠ ʯʘʩʦ-

ʚʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʘʤʧʣʽʪʫʜ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʤʫ (ʥʝʨʝʟʦʥʘʥʩʥʦʤʫ) ʧʦʛʣʠʥʘʥʥʽ 

ʬʦʪʦʥʘ ʽ ʧʨʠ ʨʽʟʥʠʭ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʷʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʧʦʣʷʨʠʟʫʶʯʠʭ ʧʦʣʽʚ, ʢʚʘʥʪʦʚʠʭ ʢʦʨʝʣʷʮʽʡ, ʝʬʝʢʪʽʚ 

ʟʘʧʽʟʥʶʚʘʥʥʷ, ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʨʝʘʣʴʥʠʭ ʬʦʪʦʥʽʚ ʥʘ ʘʪʦʤʠ ʪʦʱʦ) ʥʘ ʧʨʦʮʝʩ ʨʝʟʦ-

ʥʘʥʩʥʦʾ ʧʝʨʝʜʘʯʽ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʦʜʥʦʛʦ ʜʚʦʨʽʚʥʝʚʦʛʦ ʘʪʦʤʘ ʜʦ ʽʥʰʦʛʦ. 
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ʈʆɿʈɸʍʋʅʂʀ ɽʅɽʈɻɯɰ ɿɹʋɼɾɽʅʅʗ ɸʊʆʄɸ ʊʀʊɸʅʋ ɿ ɺɯɼʂʈʀʊʀʄʀ D-

ʆɹʆʃʆʅʂɸʄʀ 

ɸʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʩʪʨʫʢʪʫʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʘʪʦʤʥʠʭ ʩʠʩʪʝʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʍʘʨʪʨʽ-ʌʦʢʘ (MCHF). ɿʜʽʡʩʥʝʥʦ 

ʦʨʠʛʽʥʘʣʴʥʽ ʦʜʥʦ- ʽ ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʘ ʪʠʪʘʥʫ ʟ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʮʝʩʫ ʨʦʟʩʽʷʥʥʷ e ī Ti. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʄʝʪʦʜ ʍʘʨʪʨʽ-ʌʦʢʘ, ʩʪʨʫʢʪʫʨʘ ʘʪʦʤʘ, ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʝ ʥʘʙʣʠ-

ʞʝʥʥʷ, ʦʜʥʦʝʣʝʢʪʨʦʥʥʽ ʦʨʙʽʪʘʣʽ, ʘʪʦʤ ʪʠʪʘʥʫ, ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ. 

Annotation: The basic principles of structural calculations of atomic systems in the frame-

work of the one- and multiconfiguration Hartree-Fock method (MCHF) are considered. The 

purpose of these calculations is their further use in studies of the scattering processes of e ï 

Ti 

Keywords: Hartree-Fock method, atomic structure, multi-configuration approximations, 

one-electron orbitals, titanium atom, excitation energy. 

 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ 

ʙʫʣʦ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʘʪʦʤʥʦʾ 

ʬʽʟʠʢʠ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʘʥʽ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠʩʷ ʚ ʟʘʜʘʯʘʭ ʬʽʟʠʢʠ ʧʣʘʟʤʠ, ʘʩʪʨʦʬʽʟʠʢʠ, ʧʨʠ ʧʨʦʛʨʘʤʽ ʢʝʨʦʚʘʥʦʛʦ ʪʝʨʤʦʷʜʝ-

ʨʥʦʛʦ ʩʠʥʪʝʟʫ.  

ɼʦ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʣʝʞʘʪʴ ʙʘʛʘ-

ʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʤʝʪʦʜʠ (MC) [1,2], ʽ ʙʣʠʟʴʢʦ ʟʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ, ʘʣʝ ʚ ʟʘʛʘʣʴʥʦʤʫ ʤʝʥʰ 

ʪʦʯʥʽ ʤʝʪʦʜʠ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ (CI) [3,4]. ʆʩʥʦʚʥʠʤ ʧʨʠʧʫʱʝʥʥʷʤ ʦʙʦʭ ʤʝ-

ʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʘʪʦʤ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʘʪʦʤʥʦʛʦ ʩʪʘʥʫ, ɰ‎ὒὛ, ʷʢʘ ʻ 
ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʬʫʥʢʮʽʡ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʩʪʘʥʽʚ, ɮ‌ὒὛ, 

ɰ‎ὒὛ ὧ ɮ‌ὒὛȢ     

ʂʦʞʥʘ CSF ʧʦʙʫʜʦʚʘʥʘ ʷʢ ʟʚ'ʷʟʘʥʘ, ʘʥʪʠʩʠʤʝʪʨʠʯʥʘ ʩʫʤʘ ʜʦʙʫʪʢʽʚ ʦʜʥʦʯʘʩʪʠ-

ʥʢʦʚʠʭ ʬʫʥʢʮʽʡ ‰ὲὰ ï ʫʚʝʜʝʥʠʭ ʥʘʤʠ ʚʠʱʝ ʩʧʽʥ-ʦʨʙʽʪʘʣʝʡ: 

‰ὲὰ
ρ

ὶ
ὖ ὶὣ —ȟ•…  

ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʥʠʭ ʧʦʟʥʘʯʝʥʴ. 

ʋ ʮʠʭ ʜʚʦʭ ʬʦʨʤʫʣʘʭ ʻ ʜʚʘ ʥʘʙʦʨʠ ʥʝʚʽʜʦʤʠʭ: ʢʦʝʬʽʮʽʻʥʪʠ ὧ ʪʘ ʨʘʜʽʘʣʴʥʽ ʬʫʥ-

ʢʮʽʾ ὖ ὶ. ʈʽʟʥʠʮʷ ʤʽʞ ʤʝʪʦʜʘʤʠ MC ʪʘ CI ʧʦʣʷʛʘʻ, ʚ ʦʩʥʦʚʥʦʤʫ, ʫ ʩʧʦʩʦʙʽ ʦʪʨʠʤʘʥ-

ʥʷ ʦʩʪʘʥʥʴʦʛʦ ʥʘʙʦʨʫ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ MC ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʫ ʟʚóʷʟʘʥʠʭ ʽʥʪʝʛʨʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ī ʦʜʥʦʛʦ ʜʣʷ ʢʦʞʥʦʾ ʨʘʜʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʘʨʽʘʮʽʡʥʠʡ ʧʨʠʥʮʠʧ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʢʦʝʬʽʮʽʻʥʪʠ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʚóʷʟʘʥʥʷ 

ʩʝʢʫʣʷʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ  
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H E1Ἣ π, 

ʜʝ ʤʘʪʨʠʮʷ H ʤʘʻ ʝʣʝʤʝʥʪʠ Ὄ ộɮȿὌȿɮỚ, ʘ Ὄ ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ. ʎʽ ʜʚʽ ʦʧʪʠ-

ʤʽʟʘʮʽʾ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʽʥʪʝʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʟʘʟʚʠʯʘʡ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʘʤʦʫʟʛʦʜʞʝʥʠʤ ʧʦʣʝʤ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ CI-ʨʦʟʨʘʭʫʥʢʘʭ, ʨʘʜʽʘʣʴʥʽ ʬʫʥʢʮʽʾ ʻ ʟʫʤʦʚʣʝʥʠʤʠ ñʟʘ ʦʟʥʘ-

ʯʝʥʥʷʤò ʽ ʨʦʟʚóʷʟʫʻʪʴʩʷ ʪʽʣʴʢʠ ʩʝʢʫʣʷʨʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɸʪʦʤʠ ʩʢʘʥʜʽʶ ʪʘ ʪʠʪʘʥʫ, ʨʦʟʤʽʱʝʥʽ ʧʦʨʷʜ ʫ ʦʜʥʦʤʫ ʨʷʜʢʫ (4 ʧʝʨʽʦʜ) ʇʝʨʽʦʜʠ-

ʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ, ʻ ʧʝʨʰʠʤʠ ʘʪʦʤʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʝʣʝʢʪʨʦʥʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʷʢʠʭ ʚ ʦʩʥʦʚʥʦʤʫ (ʪʦʙʪʦ ʥʝ ʟʙʫʜʞʝʥʦʤʫ) ʩʪʘʥʽ ʤʽʩʪʷʪʴ d-ʝʣʝʢʪʨʦʥʠ ʫ ʚʘʣʝʥʪʥʠʭ ʦʙʦ-

ʣʦʥʢʘʭ. ʅʘʷʚʥʽʩʪʴ ʚ ʘʪʦʤʽ ʪʠʪʘʥʫ ʜʚʦʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ d-ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʝʟʘʧʦʚʥʝʥʽʡ 

ʦʙʦʣʦʥʮʽ ʨʽʟʢʦ ʫʩʢʣʘʜʥʶʻ ʚʝʩʴ ʧʨʦʮʝʩ ʦʜʥʦ- ʽ ʙʘʛʘʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʘ Ti ʚ ʥʘʙʣʠʞʝʥʥʽ ʍʘʨʪʨʽ ʌʦʢʘ. ʋ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʩʽ ʩʪʘʥʠ ʤʘʶʪʴ 

ʪʦʡ ʩʘʤʠʡ ʢʦʨ 1s 2 2s 22p 63s 23p 6. 

ɹʫʣʠ ʟʜʽʡʩʥʝʥʽ ʦʨʠʛʽʥʘʣʴʥʽ LS-ʨʦʟʨʘʭʫʥʢʠ ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʘ Ti ʫ ʦʜʥʦ- ʪʘ ʙʘʛʘ-

ʪʦʢʦʥʬʽʛʫʨʘʮʽʡʥʦʤʫ ʥʘʙʣʠʞʝʥʥʷʭ ʜʣʷ 3F ʪʘ 3Fo ʪʝʨʤʽʚ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ 3F ʪʝʨʤʽʚ 

ʙʫʣʠ ʚʢʣʶʯʝʥʥʽ ʥʘʩʪʫʧʥʽ ʦʜʥʦʝʣʝʢʪʨʦʥʥʽ ʦʨʙʽʪʘʣʽ: 3d 24s2, 3d 3[2F]4s, 3d 3[4F]4s, ʘ ʜʣʷ 
3Fo  ʪʝʨʤʽʚ: 3d 2[3F]4s4p[3Po], 3d 2[3F]4s4p[1Po] , 3d 2[1D]4s4p[3Po]. ʋ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʽ 

ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ Eexit ʜʣʷ ʘʪʦʤʘ ʪʠʪʘʥʫ: ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʘʤʠ ʙʘʛʘʪʦʢʦʥʬʽʛʫ-

ʨʘʮʽʡʥʠʭ MCHF-ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʜʘʥʠʤʠ NIST [5].  

 

ˉ Configuration Term E_NIST  E_MCHF ȹ_E 

1 3d24s2 a3F 0,0276 -848,4216  0,0276 

2 3d3(4F)4s b3F 1,4472 -848,3684 1,4487 -0,0014 

3 3d2(3F)4s4p(3PÁ) z3FÁ 2,4132 -848,3498 1,9530 0,4602 

4 3d3(2F)4s 3F 3,1072 -848,3065 3,1327 -0,0256 

5 3d2(3F)4s4p(1PÁ) y3FÁ 3,1328 -848,2814 3,8144 -0,6816 

6 3d2(1D)4s4p(3PÁ) x3FÁ 3,3387 -848,3095 3,0505 0,2883 

 

ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ Eexit ʜʝʷʢʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʨʽʚʥʷ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʝʥʝ-

ʨʛʽʡ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʘʪʦʤʘ 3d 24s 2 3F ʽ ʮʴʦʛʦ ʨʽʚʥʷ. ʊʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʧʝʨʝʚʘʞʥʦ 

ʩʢʣʘʜʘʻ 0.001-0.68 ʝɺ. 
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ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʀʂʀ ɺʀɿʅɸʏɽʅʅʗ ʄɸʉʀ ɿɸʇɸʉʋ ʈʆɹʆʏʆɰ 

ʈɽʏʆɺʀʅʀ ɽʃɽʂʊʈʆʈɸʂɽʊʅʆɰ ɼɺʀɻʋʅʅʆɰ ʋʉʊɸʅʆɺʂʀ ʅɸ ʆʉʅʆɺɯ 

ʍʆʃʃʆɺʉʔʂʆɻʆ ɼɺʀɻʋʅɸ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ 

ʌɸʂʊʆʈɯɺ 

ɸʥʦʪʘʮʽʷ: ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʘʩʠ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʨʠʚʝʜʝʥʽ ʫ 

ʚʽʪʯʠʟʥʷʥʽʡ ʪʘ ʟʘʨʫʙʽʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʜʚʠʛʫʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʥʝ ʚʨʘ-

ʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʟʘʧʘʩ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ, ʚʠʟʥʘʯʝʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʤʝʪʦ-

ʜʠʢ, ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʤʽʩʽʾ ʩʫʤʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʪʷʛʠ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʘʩʠ ʨʦʙʦʯʦʾ 

ʨʝʯʦʚʠʥʠ ʜʣʷ ʝʣʝʢʪʨʦʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʭʦʣʣʦʚʩʴʢʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʩʘ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ, ʝʣʝʢʪʨʦʨʘʢʝʪʥʘ ʜʚʠʛʫʥʥʘ ʫʩʪʘʥʦʚʢʘ, ʭʦʣʣʦʚ-

ʩʴʢʠʡ ʜʚʠʛʫʥ. 

Annotation: Approaches for determining the required propellant mass, as described in 

literature, are universal for different types of propulsion systems and do not take into 

account the specifics design and operation of an electric propulsion system. Consequently, 

the required propellant mass calculated using these methods may not be enough to achieve 

the total impulse required for the mission. Thus, an enhanced approach for determining the 

required propellant mass of an electric propulsion system based on the Hall-effect thruster, 

taking into account operational factors, is proposed. 

Keywords: propellant mass, electric propulsion system, Hall-effect thruster. 

 

ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʩʫʤʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ. ʉʫʤʘʨʥʠʡ ʽʤʧʫʣʴʩ ʪʷʛʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ 

ʜʚʠʛʫʥʘ ʪʘ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʜʘʥʠʤ ʚʠʤʦʛʘʤ ʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦ-

ʙʫʚʘʥʴ ʜʚʠʛʫʥʘ, ʤʘʩʘ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʻ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ. ʊʦʤʫ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʟʜʘʪʥʽʩʪʴ 

ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʤʽʩʽʾ ʩʫʤʘʨʥʠʡ ʽʤʧʫʣʴʩ ʪʷʛʠ. 

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʪʘ ʟʘʨʫʙʽʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ: ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʽʟ ʬʦʨʤʫʣʠ ʎʽʦʣʢʦʚʩʴʢʦʛʦ [1; 2; 3; 4]; ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ 

ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʯʝʨʝʟ ʩʫʤʘʨʥʠʡ ʽʤʧʫʣʴʩ ʪʷʛʠ ʪʘ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ [4; 5; 6; 7]; ʚʠʟʥʘ-

ʯʝʥʥʷ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʯʝʨʝʟ ʩʝʢʫʥʜʥʫ ʤʘʩʦʚʫ ʚʠʪʨʘʪʫ ʪʘ ʩʫʤʘʨʥʠʡ ʯʘʩ ʨʦʙʦ-

ʪʠ ʜʚʠʛʫʥʘ [8]; ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʝʷʢʦʛʦ ʢʦʝʬʽʮʽʻʥ-

ʪʘ ʟʘʧʘʩʫ [3; 4; 9]; ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʣʠʰʢʽʚ ʨʦʙʦ-

ʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʙʘʣʦʥʽ [3; 10; 11]; ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʟ ʚʨʘʭʫʚʘʥʥʷ 

ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ [3; 11]. 

ʇʝʨʝʣʽʯʝʥʽ ʤʝʪʦʜʠʢʠ ʻ ʜʦʩʪʘʪʥʴʦ ʟʘʛʘʣʴʥʠʤʠ ʽ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠ-

ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ. ɼʝʷʢʽ ʟ ʥʠʭ ʧʨʦʧʦʥʫʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 
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ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʦʚʽ, ʪʘʢʽ ʷʢ ʟʘʣʠʰʢʠ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʚʪʨʘʪʠ ʥʘ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʽ. 

ʇʨʦʪʝ ʚʦʥʠ ʥʝ ʦʭʦʧʣʶʶʪʴ ʚʩʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʬʘʢʪʦʨʠ ʝʣʝʢʪʨʦʨʘʢʝʪʥʦʾ ʜʚʠʛʫʥʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʭʦʣʣʦʚʩʴʢʦʛʦ ʜʚʠʛʫʥʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʠʢ ʧʨʠ ʚʠʟʥʘʯʝʥ-

ʥʽ ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʜʚʠʛʫʥʥʘ ʫʩʪʘʥʦʚʢʘ ʥʝ ʟʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʤʽʩʽʾ ʩʫʤʘʨʥʠʡ ʽʤʧʫʣʴʩ ʪʷʛʠ. 

ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʘʩʠ ʨʦʙʦ-

ʯʦʾ ʨʝʯʦʚʠʥʠ ʝʣʝʢʪʨʦʨʘʢʝʪʥʦʾ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʭʦʣʣʦʚʩʴʢʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ. ɿʛʽʜʥʦ ʟ ʜʘʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʧʨʠ ʚʠʟʥʘʯʝʥʽ 

ʟʘʧʘʩʫ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ: ʨʦʙʦʯʠʡ ʟʘʧʘʩ 

ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ; ʟʘʣʠʰʢʠ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʝ ʚʠʪʠʩʢʫʶʪʴʩʷ ʽʟ ʧʦʨʦʞʥʠʥ ʜʚʠ-

ʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ; ʟʘʧʘʩ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ ʥʘ ʥʝʛʝʨ-

ʤʝʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ; ʚʪʨʘʪ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ 

ʭʦʣʣʦʚʩʴʢʦʛʦ ʜʚʠʛʫʥʥʘ; ʚʪʨʘʪ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʭʦʣʣʦʚʩʴʢʦʛʦ ʜʚʠʛʫʥʘ; 

ʟʘʧʘʩ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʢʠ ʟʘʧʨʘʚʢʠ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ.  
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ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʄʆɼɽʃʔʅʀʍ ɺʀʇʈʆɹʋɺɸʅʔ 

ʂʋʃʔʂʆʇɯɼʐʀʇʅʀʂɯɺ ɼʃʗ ɺʀʉʆʂʆʆɹɽʈʊʆɺʀʍ ʈʆʊʆʈɯɺ 

ɸʥʦʪʘʮʽʷ ʇʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʫʣʴʢʦʧʽʜʰʠʧʥʠʢʽʚ ʜʚʦʭ ʪʠʧʦʨʦʟʤʽʨʽʚ (204 ʽ 205) ʟ 

ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 53 000 ʦʙ/ʭʚ. ʫ ʩʢʣʘʜʽ ʩʧʝʮʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʢʫʣʴʢʦʧʽʜʰʠʧʥʠʢ; ʚʠʧʨʦʙʫʚʘʥʥʷ; ʨʝʩʫʨʩ; ʩʫʭʝ ʪʝʨʪʷ 

 

ʇʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʫʣʴʢʦʧʽʜʰʠʧʥʠʢʽʚ ʜʚʦʭ ʪʠʧʦʨʦʟʤʽʨʽʚ (204 ʽ 205) ʟ 

ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 53 000 ʦʙ/ʭʚ. ʫ ʩʢʣʘʜʽ ʩʧʝʮʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʦʪʨʠ-

ʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʩʪʘʥ ʤʘʪʝʨʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʫʣʴʢʦʧʽʜʰʠʧʥʠʢʽʚ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʢʫʣʴ-

ʢʦʧʽʜʰʠʧʥʠʢʠ ʥʝ ʟʤʘʱʫʚʘʣʠʩʷ ʽ ʥʝ ʦʭʦʣʦʜʞʫʚʘʣʠʩʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʥʘ ʧʨʘʮʝ-

ʟʜʘʪʥʽʩʪʴ ʽ ʨʝʩʫʨʩ ʢʫʣʴʢʦʧʽʜʰʠʧʥʠʢʽʚ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. ʈʝʟʫʣʴ-

ʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʫʣʴʢʦʧʽʜʰʠʧʥʠʢʠ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʤʘʶʪʴ ʚʢʨʘʡ 

ʤʘʣʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ. ʅʘʚʝʜʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʣʴʢʦʧʽʜʰʠʧ-

ʥʠʢʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ ʩʫʭʦʛʦ ʪʝʨʪʷ. 
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ʉʋʏɸʉʅɯ ʄɽʊʆɼʀ ʇʈʆʊʀʇʆɺɯʊʈʗʅʆɰ ʆɹʆʈʆʅʀ ʊɸ ʉʇʆʉʆɹʀ 

ʇʈʆʊʀɼɯɰ ʎʀʄ ʄɽʊʆɼɸʄ ɼʃʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ʆʇɽʈɸʊʀɺʅʆ-

ʊɸʂʊʀʏʅʀʍ ʈɸʂɽʊɸʍ 

MODERN METHODS OF AI R DEFENSE AND COUNTERMEASURES FOR 

OPERATI ONAL -TACTICAL MISSILES  

ɸʥʦʪʘʮʽʷ ʅʘʨʘʟʽ ʫ ʩʫʯʘʩʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʢʦʥʬʣʽʢʪʘʭ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʭ ʪʠʧʽʚ 

ʦʟʙʨʦʻʥʥʷ  ̒ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʥʽ ʨʘʢʝʪʥʽ ʢʦʤʧʣʝʢʩʠ (ʆʊʈʂ). ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʆʊʈʂ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʧʨʦʪʠʨʘʢʝʪʥʦʾ ʦʙʦʨʦʥʠ.  

ʎʽ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʩʝʙʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʨʘʪʝʛʽʡ, ʚʽʜ ʢʣʘʩʠʯʥʠʭ 

ʟʝʥʽʪʥʠʭ ʨʘʢʝʪʥʠʭ ʩʠʩʪʝʤ ʜʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢ-

ʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʇʨʦʪʠʧʦʚʽʪʨʷʥʘ ʦʙʦʨʦʥʘ, ʨʘʢʝʪʠ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʨʘʜʘʨʠ, ʽʥʬʨʘʯʝʨʚʦʥʽ ʜʘʪʯʠʢʠ, ʙʝʟʧʽʣʦʪʥʽ ʩʠʩʪʝʤʠ, ʧʝʨʝʥʦʩʥʽ ʨʘʢʝʪʥʽ ʢʦʤʧʣʝʢʩʠ, ʧʨʦ-

ʪʠʜʽʷ ʩʠʩʪʝʤʘʤ ʇʇʆ, ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ, ʝʣʝʢʪʨʦʥʽ ʩʠʩʪʝʤʠ ʙʦʨʦʪʴʙʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʮʽʣʝʡ 

Annotation: Currently, in modern military conflicts, one of the most significant types of 

armament is operational-tactical missile systems (OTMS). To defend against OTMS, mod-

ern methods of anti-missile defense are developed and continuously improved. These meth-

ods include a wide range of technologies and strategies, from classical anti-aircraft missile 

systems to innovative control algorithms and artificial intelligence. 

Keywords: Air defence, operational-tactical missiles, radars, infrared sensors, unmanned 

systems, portable missile complexes, countermeasures to anti-missile defence systems, early 

detection, electronic warfare systems, target classification. 

 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʛʣʷʜʽ ʪʘ ʘʥʘʣʽʟʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʜʽʷʥʠʭ ʫ 

ʧʨʦʪʠʧʦʚʽʪʨʷʥʠʡ ʦʙʦʨʦʥʽ ʚʽʜ ʨʘʢʝʪ ʆʊʈʂ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʷʢ ʪʝʭʥʽʯʥʽ ʘʩ-

ʧʝʢʪʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢ ʽ ʩʪʨʘʪʝʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʪʘ ʥʘʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɻʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ 

ʨʦʣʴ ʫ ʚʠʙʦʨʽ ʩʠʩʪʝʤ ʧʨʦʪʠʜʽʾ ʇʇʆ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʽʷʥʽ ʫ ʩʫʯʘʩʥʠʭ ʆʊʈʂ.  

ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʪ̒ʴʩ̫ ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʇʇʆ: 

1.  ʉʪʘʮʽʦʥʘʨʥʽ ʨʘʢʝʪʥʽ ʩʠʩʪʝʤʠ ʇʇʆ; 

2.  ʇʝʨʝʥʦʩʥʽ ʧʨʦʪʠʧʦʚʽʪʨʷʥʽ ʨʘʢʝʪʥʽ ʢʦʤʧʣʝʢʩʠ; 

3.  ʉʠʩʪʝʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʥʘʚʝʜʝʥʥʷ; 

4.  ɽʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʙʦʨʦʪʴʙʠ ʪʘ ʧʨʦʪʠʜʽʾ; 

5.  ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʫ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʧʨʦʪʠʜʽʾ ʇʇʆ ʜʣʷ  

ʝʬʝʢʪʠʚʥʦʩʪ̔ ʪʘ ʪʦʯʥʦʩʪʽ ʧʦʣʴʦʪʫ ʨʘʢʝʪʠ ʆʊʈʂ ʚ ʫʤʦʚʘʭ ʙʦʡʦʚʠʭ ʜʽʡ. 

The aim of this work is to review and analyze modern methods involved in anti-

missile defense against OTMS. It is proposed to consider both the technical aspects of 

various systems and technologies, as well as strategic approaches to ensuring the protec-
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tion of airspace and territory. A deep understanding of these methods plays a significant 

role in choosing anti-aircraft defense systems that can be deployed against modern 

OTMS. 

The authors suggest considering the following methods of anti-missile defense: 

1. Stationary missile defence systems; 

2. Portable missile complexes; 

3. Radar detection and targeting systems; 

4. Electronic warfare and countermeasures systems; 

5. Use of unmanned systems and artificial intelligence. 

The discussed methods can help in the development of anti-missile defence systems 

to enhance the effectiveness and accuracy of OTMS flight in combat conditions. 
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INFLUENCE OF THE CHO ICE OF THE DESIGN PARAMETERS ON THE 

ROCKET ENGINE CHAMBE R EFFICIENCY  

ɸʥʦʪʘʮʽʷ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʧʝʨʝʞʠʚʘʻ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ 

ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʣʦʙʘʣʴʥʦʾ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʢʦʩʤʽʯʥʦʾ ʽʥʜʫʩʪʨʽʾ, ʪʘʢ  ̔ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʦʚʠʭ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ. ʄʘʶʯʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʢʘʤʝʨʠ ʈʈɼ, ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ L-PBF, ʧʦʪʨʝʙʫʶʪʴ ʧʝʚʥʦʾ ʫʚʘʛʠ ʚ ʢʦʥʪʝʢʩʪʽ ʜʦ-

ʮʽʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ ʥʘ ʙʘʟʽ ʘʜʠʪʠʚʥʦ-ʚʠʛʦʪʦʚʣʝʥʠʭ ʩʠʩʪʝʤ ʩʫʤʽʰʦ-

ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʨʦʙʦʪʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʢʘʤʝʨʘ ʈʈɼ, ʨʽʜʠʥʥʠʡ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, 

ʟʤʽʰʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ, ʩʠʩʪʝʤʘ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸnnotation. Rocket engine engineering is experiencing rapid advancements driven by the 

commercial space industry and the integration of additive manufacturing. While L-PBF 

chambers offer unique technological advantages, their impact on combustion chamber effi-

ciency requires careful consideration. This work investigates how additively manufactured 

mixture systems influence the efficiency of LPRE chambers, potentially paving the way for 

improved engine performance and reduced costs.  

Keywords: additive manufacturing, LPRE chamber, liquid propellant rocket engine, mixing 

head, mixture systems, LPRE efficiency, experimental study.  

 

The operation of a liquid rocket engine is a complex multi-factor process that is dif-

ficult to describe analytically. The efficiency of its operation is influenced by a large number 

of parameters, and recommendations for the implementation of design solutions are often 

the result of empirical experience. A successful combination of design components and the 

choice of initial parameters of the combustion chamber determines the quality of its opera-

tion. The following main parameters are usually varied to obtain maximum efficiency: 

relative mass flux, characteristic chamber length, number, and design features of mixing 

elements [1]. Their values are for reference and individual for separate component pairs. It is 

known that the main influence on the chamber operation is exerted by the mixing system, 

and its quality is largely determined by the most important components ï mixing elements, 

or injectors. In certain cases, the designer may encounter limitations associated with the 

technological impossibility of implementing technical solutions [2, 3]. In this case, it is 

important to understand the mutual influence of the design parameters of the combustion 

chamber on the overall efficiency of the engine. Primarily, in practice, designers strive to 

achieve high performance by changing the design of the mixing head. Such a solution is 

based on the possibility of maintaining the compactness of the design along with preferable 

mass properties. When the design options for improving the characteristics of the mixing 
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system are exhausted, additional means are considered, for example, increasing the charac-

teristic length or changing the relative mass flux parameter. Based on the results of the 

experimental study, the mutual influence of the design parameters on the efficiency of LRE 

combustion chambers was considered. The research designs of specimens of combustion 

chambers with mixing heads manufactured using additive technologies were taken as a 

basis. The obtained results were compared with the investigated mixing systems based on 

conventionally produced mixing elements. Conclusions and recommendations were formed 

based on the obtained data. 
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ɻɸʈʗʏʀʁ ʅɸɼɼʋɺ ɹɸʂɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʇɽʈɽʂʀʉʋ ɺʆɼʅʗ 

ɸʥʦʪʘʮʽʷ: ʇʨʠʥʮʠʧ ʜʽʾ ʛʘʨʷʯʦʛʦ ʥʘʜʜʫʚʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʨʦʟʧʘʜʘ-

ʻʪʴʩʷ ʥʘ ʚʦʜʫ ʪʘ ʢʠʩʝʥʴ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʨʝʘʢʮʽʾ. ʂʦʣʠ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʘʤʝʨʽ 

ʛʘʨʷʯʦʛʦ ʥʘʜʜʫʚʫ, ʫʪʚʦʨʶʻʪʴʩʷ ʛʘʟʦʚʘ ʩʫʤʽʰ, ʱʦ ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ. ʎʷ ʩʫʤʽʰ ʧʽʜʩʠʣʶʻ ʪʠʩʢ ʫ ʙʘʢʫ ʨʘʢʝʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝ-

ʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʘʨʷʯʠʡ ʥʘʜʜʫʚ, ʧʝʨʝʢʠʩ ʚʦʜʥʶ. 

ɸnnotation: The principle of operation of hot gas pressurization involves the decomposition 

of hydrogen peroxide into water and oxygen in a high-temperature reaction. When this 

occurs in the hot gas pressurization chamber, a gas mixture with very high temperature and 

expansion velocity is formed. This mixture boosts the pressure in the rocket tank, allowing 

for efficient engine operation. 

Keywords: hot gas pressurization, hydrogen peroxide. 

 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʜʣʷ ʛʘʨʷʯʦʛʦ ʥʘʜ-

ʜʫʚʫ ʙʘʢʽʚ ʨʘʢʝʪ. ʆʜʥʘ ʟ ʥʠʭ - ʢʘʪʘʣʽʪʠʯʥʝ ʛʦʨʽʥʥʷ, ʜʝ ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʨʦʟʧʘʜʘʻʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʦʩʦʙʣʠʚʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ. ʑʝ ʦʜʥʘ ʪʝʭʥʦʣʦʛʽʷ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʦʛʝʥʥʦʾ 

ʧʝʨʝʢʠʩʠ ʚʦʜʥʶ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʭʦʣʦʜʞʫʚʘʯ 

ʛʘʟʫ. 

ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʤʘʻ ʟʥʘʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ. ʆʜ-

ʥʽʻʶ ʟ ʥʠʭ ʻ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʷʢ ʢʦʤʧʦʥʝʥʪʫ ʧʘʣʠʚʘ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʧʝʨʝʨʦʙʢʘ ʻ ʜʝʰʝʚʰʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ. ʂʨʽʤ ʪʦʛʦ, 

ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʻ ʜʦʩʠʪʴ ʜʦʩʪʫʧʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ 

ʟʘʢʫʧʽʚʣʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʪʘʢʦʞ ʤʦʞʝ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʽʥʰʠʭ ʢʦʤʧʦ-

ʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʥʘʜʜʫʚʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽ ʧʦʪʨʝʙʫʻ ʤʝʥʰʝ ʦʙʣʘʜ-

ʥʘʥʥʷ ʜʣʷ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʝʚʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʧʨʦ-

ʙʣʝʤʘʤʠ. ʆʜʠʥ ʟ ʥʠʭ - ʮʝ ʚʠʩʦʢʘ ʨʝʘʢʪʠʚʥʽʩʪʴ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ, ʱʦ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴ-

ʥʦʾ ʩʠʩʪʝʤʠ ʧʦʩʪʘʯʘʥʥʷ ʧʘʣʠʚʘ, ʢʦʥʪʨʦʣʶ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ 

ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʻ ʜʦʩʠʪʴ ʢʦʨʦʟʽʡʥʠʤ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʢʽʚ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʥʘʜʜʫʚʫ. ʊʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʪʘʢʦʞ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʙʝʨʽʛʘʥʥʷʤ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʦʞʝ 

ʙʫʪʠ ʥʝʙʝʟʧʝʯʥʠʤ ʧʨʠ ʥʝʢʦʨʝʢʪʥʦʤʫ ʦʙʨʘʱʝʥʠʠ. ʑʦʙ ʫʩʧʽʰʥʦ ʚʠʨʽʰʠʪʠ ʮʽ ʧʨʦʙʣʝ-

ʤʠ, ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʥʘʜ-

ʜʫʚʫ ʜʦ ʚʠʤʦʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ. 

ɺʠʩʥʦʚʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʚ ʛʘʨʷ-

ʯʦʤʫ ʥʘʜʜʫʚʽ ʙʘʢʽʚ ʨʘʢʝʪ ʤʘʻ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʠʩʫ 

ʚʦʜʥʶ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʜʜʫʚʫ ʽ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ʆʜʥʘʢ, 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʘʨʷʯʦʤʫ ʥʘʜʜʫʚʽ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷ-

ʟʘʥʠʭ ʟ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷʤ, ʧʦʜʘʯʝʶ ʪʘ ʢʦʥʪʨʦʣʝʤ ʧʨʦʮʝʩʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʜʦ-

mailto:m.vorobei@ftf.dnu.edu.ua
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ʪʨʠʤʫʚʘʪʠʩʴ ʚʠʩʦʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤ. ʋʩʽ ʮʽ ʘʩʧʝʢʪʠ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʜʦʩʢʦʥʘ-

ʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜ ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʫ ʛʘʨʷʯʠʡ ʥʘʜʜʫʚ 

ʙʘʢʽʚ ʨʘʢʝʪ. 
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ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʀ ʊʀʇʋ AIII BV ɺ ʂʆʉʄɯʏʅʀʍ ɽʅɽʈɻʆʉʀʉʊɽʄɸʍ 

ɸʥʦʪʘʮʽʷ ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ AIIIBV ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʢʦʩʤʽ-

ʯʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʟʘʚʜʷʢʠ ʾʭʥʽʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʚʢʣʶʯʘʶʯʠ ʚʠʩʦʢʠʡ 

ʂʇɼ, ʥʠʟʴʢʫ ʧʠʪʦʤʫ ʤʘʩʫ, ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʽ 

ʩʪʨʫʢʪʫʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʣʝʢ-

ʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʪʘ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘʜʽʡʥʦ ʚ ʫʤʦʚʘʭ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʘʞ-

ʣʠʚʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʤʝʥ-

ʪʽʚ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ ʫ ʢʦʩʤʦʩʽ, ʜʦʟʚʦʣʷʶʯʠ 

ʧʝʨʝʜʙʘʯʠʪʠ ʾʭʥʶ ʨʝʘʢʮʽʶ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʫʤʦʚʠ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʟʘʭʦʜʠ ʜʣʷ ʟʘʧʦʙʽ-

ʛʘʥʥʷ ʤʦʞʣʠʚʠʭ ʚʽʜʤʦʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ, ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʢʦʩʤʽʯʥʽ ʝʥʝʨʛʦʩʠʩ-

ʪʝʤʠ. 

Annotation. Heterostructures based on AIIIBV compounds play a crucial role in space pow-

er systems due to their unique properties, including high efficiency, low specific mass, 

thermal stability, and radiation resistance. These structures ensure efficient conversion of 

solar radiation into electrical energy and can operate reliably in space environments. The 

importance of mathematical modeling based on certification testing of elements lies in 

ensuring the safety and reliability of these systems in space, allowing for predicting their 

response to extreme conditions and developing measures to prevent potential failures. 

Keywords: heterostructures, renewable energy sources, space power systems. 

 

AIIIBV ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʻ ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʫ ʢʦʩʤʽʯʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ 

ʟʘʚʜʷʢʠ ʾʭʥʽʡ ʫʥʽʢʘʣʴʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʎʽ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʽʟʥʠʭ 

ʰʘʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʟʽ ʩʧʦʣʫʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʝʣʝʤʝʥʪʠ ʛʨʫʧʠ 

III ʪʘ V ʧʝʨʽʦʜʠʯʥʦʾ ʪʘʙʣʠʮʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ AIIIBV 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʻ ʾʭ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʇɼ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʠ ʝʬʝʢ-

ʪʠʚʥʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ɺʠʩʦʢʠʡ ʂʇɼ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʢʦʩʤʽʯʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʧʨʠ ʦʙʤʝʞʝʥʠʭ 

ʨʝʩʫʨʩʘʭ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʫ ʚʽʜʢʨʠʪʦʤʫ ʢʦʩʤʦʩʽ.ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ 

ʥʠʟʴʢʘ ʧʠʪʦʤʘ ʤʘʩʘ AIIIBV ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʘʛʫ ʢʦʩʤʽʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʪʘ ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʢʦʩʤʽʯʥʠʭ 

ʤʽʩʽʡ. ʂʨʽʤ ʪʦʛʦ, ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʨʦʙʣʷʪʴ AIIIBV ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ. ɺʦʥʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʝʥʝʨʛʦʩʠʩʪʝʤ ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʨʘʜʽʘʮʽʾ, ʱʦ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʢʦʩʤʽʯʥʠʭ ʫʤʦʚ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ AIIIBV ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚʘʞʣʠʚʝ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʦ-

ʤʘʥʽʪʥʽ ʬʽʟʠʯʥʽ, ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɿʘʜʘʯʽ ʨʦʙʦʪʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʣʷʛʘʶʪʴ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʮʠʭ 
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ʤʦʜʝʣʝʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ AIIIBV ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʫ ʢʦʩʤʽ-

ʯʥʠʭ ʫʤʦʚʘʭ. ʐʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʜʦʩʣʽʜʥʠʢʠ ʤʦʞʫʪʴ ʧʝ-

ʨʝʜʙʘʯʠʪʠ, ʷʢʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʫʤʦʚ 

ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʠʭ ʷʢ ʨʘʜʽʘʮʽʷ ʪʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʩʠʩʪʝʤ ʚʽʜ ʤʦʞʣʠʚʠʭ ʚʽʜʤʦʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 

ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʥʘ ʧʨʦʪʷʟʽ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʢʦʩʤʦʩʽ. 

ɿʘʛʘʣʦʤ, AIIIBV ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤʠ ʩʢʣʘʜʦ-

ʚʠʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤ ʫ ʢʦʩʤʦʩʽ ʟʘʚʜʷʢʠ ʾʭʥʽʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʪʘʢʠʤ ʷʢ ʚʠʩʦʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʠʟʴʢʘ ʤʘʩʘ, ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʦʪʝ 

ʚʘʞʣʠʚʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʝʣʝʤʝʥʪʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʦʮʽʥʝʥʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʧʨʦʛʥʦʟʫ-

ʚʘʪʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʮʠʭ ʩʠʩʪʝʤ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʢʦʩʤʦʩʫ. 
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ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɺʀʈʆɹʅʀʎʊɺɸ ʊɺɽʈɼʆʇɸʃʀɺʅʀʍ 

ʈɸʂɽʊʅʀʍ ʇʈʀʉʂʆʈʖɺɸʏɯɺ ɼʃʗ ʈɸʂɽʊ ʅɸɼʃɽɻʂʆɻʆ ʂʃɸʉʋ 

ɸʥʦʪʘʮʽʷ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʪʚʝʨʜʦʧʘʣʠʚʥʽ ʨʘʢʝʪʥʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʚʠʢʦʥʫʶʪʴ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ, ʟʦʢʨʝʤʘ ʜʣʷ ʨʘʢʝʪ-

ʥʦʩʽʾʚ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ. ɿʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʥʘʜʣʝʛʢʠʭ ʨʘʢʝʪʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʩʪʘʚʠʪʴ ʧʝʨʝʜ 

ʪʚʝʨʜʦʧʘʣʠʚʥʠʤʠ ʧʨʠʩʢʦʨʶʚʘʯʘʤʠ ʥʦʚʽ ʚʠʤʦʛʠ ʱʦʜʦ ʣʝʛʢʦʩʪʽ, ʢʦʤʧʘʢʪʥʦʩʪʽ, ʥʘʜʽʡ-

ʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʘʢʦʞ ʚʽʜʯʫʚʘʶʪʴ ʪʠʩʢ ʥʘ ʟʤʝʥ-

ʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ. ɺʘʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʛʣʠ-

ʙʦʢʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʦʟʨʦʙʦʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʾʭʥʴʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʱʦʙ ʩʧʨʠʷʪʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʢʦʩʤʽʯʥʦʾ ʽʥʜʫʩʪʨʽʾ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʚʝʨʜʦʧʘʣʠʚʥʽ ʨʘʢʝʪʥʽ ʧʨʠʩʢʦʨʶʚʘʯʽ, ʨʘʢʝʪʠ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ, ʢʦ-

ʤʝʨʮʽʡʥʽ ʢʦʩʤʽʯʥʽ ʟʘʧʫʩʢʠ, ʢʦʩʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

ɸnnotation. In the modern world, solid rocket boosters play a key role in ensuring the effi-

ciency and reliability of space missions, particularly for lightweight-class rockets. The trend 

towards miniaturization of spacecrafts increases the demand for lightweight rocket systems, 

placing new requirements on solid rocket boosters for being powerful, yet lightweight, 

compact, reliable, and cost-effective. Additionally, they face pressure to reduce environmen-

tal impact and optimize resource consumption. It's important to conduct an in-depth analysis 

of manufacturing technologies and developments aimed at improving their efficiency and 

reliability to further the development of the space industry. 

Keywords: solid rocket boosters, lightweight-class rockets, commercial space launches, 

space industry. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʢʦʩʤʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʨʘʢʝʪʥʠʭ ʢʦʤ-

ʧʣʝʢʩʽʚ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ  ̔ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ, ʪʚʝʨʜʦʧʘʣʠʚʥʽ ʨʘʢʝʪʥʽ 

ʧʨʠʩʢʦʨʶʚʘʯʽ ʚʠʢʦʥʫʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ, ʟʦʢʨʝʤʘ ʜʣʷ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ. ʎʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʪʫʞʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʨʘʢʝʪʠ ʪʘ ʚʠʚʝʜʝʥ-

ʥʷ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ ʫ ʢʦʩʤʽʯʥʠʡ ʧʨʦʩʪʽʨ, ʚʧʣʠʚʘʶʯʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʾʾ ʧʨʦʜʫʢ-

ʪʠʚʥʽʩʪʴ ʽ ʫʩʧʽʰʥʽʩʪʴ ʤʽʩʽʾ, ʘ ʪʘʢʦʞ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ 

ʩʠʩʪʝʤ. 

ɿʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩ-

ʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʥʘʜʣʝʛʢʠʭ ʨʘʢʝʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʢʦʤʝʨʮʽʡʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʘʧʫʩʢʽʚ ʧʦʢʣʘʜʘʻ ʥʘ ʪʚʝʨʜʦʧʘʣʠʚʥʽ ʨʘʢʝʪʥʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʥʦʚʽ ʚʠʤʦʛʠ. 

ɺʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝ ʣʠʰʝ ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʠʤʠ, ʘ ʡ ʜʦʩʠʪʴ ʣʝʛʢʠʤʠ, ʢʦʤʧʘʢʪʥʠʤʠ, 

ʥʘʜʽʡʥʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʚʠʩʦʢʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, ʘʣʝ ʽ ʧʨʠʥʮʠʧʦʚʽ ʧʽʜʭʦʜʠ ʨʦ-

ʟʚʠʪʢʫ ʥʦʚʽʪʥʽʭ ʨʘʢʝʪ-ʥʠʭ ʩʠʩʪʝʤ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʟʦʢʨʝʤʘ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ. 
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ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ 

ʚ ʦʙʣʘʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʨʘʢʝʪʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ. ʎʷ ʩʪʘʪʪʷ 

ʧʨʦʧʦʥʫʻ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʢʣʶʯʘʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫ-

ʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʥʦʚʽʪʥʽʭ ʨʦʟʨʦʙʦʢ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʮʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ. 

ʄʝʪʘ ʮʽʻʾ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʝʪʝʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʨʘʢʝʪʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʜʣʷ ʨʘʢʝʪ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ, 

ʦʮʽʥʠʪʠ ʾʭʥʽ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ, ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʠʩʚʽʪʣʠ-ʪʠ ʥʦʚʽʪʥʽ ʚʠʢʣʠʢʠ ʫ ʩʬʝʨʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʥʘʜʣʝʛʢʦʛʦ 

ʢʣʘʩʫ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʠʩʥʦʚʢʠ 

ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʫ ʮʽʡ 

ʦʙʣʘʩʪʽ ʪʘ ʩʧʨʠʷʪʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʢʦʩʤʽʯʥʦʾ ʽʥʜʫʩʪʨʽʾ. 
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ELECTROMAGNETIC NETS  

Annotation: Rationale: 

Limitations of astronautics due 

to the difficulty of changing the 

momentum of a spacecraft; 

Goal: Harnessing the kinetic 

energy of high-energy cosmic 

particles; Idea: Deceleration of 

high-energy cosmic particles due 

to the electromagnetic induction 

Keywords: 
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Text of abstracts: 

Rationale 

A change in the 

momentum of a spacecraft 

(hereinafter abbreviated as 

"spacecraft") requires mass 

loss/addition, so mobility in 

space is a limitation. There are 

technologies that use the pulse 

of radiation from the sun or 

cosmic high-energy particles - 

solar and electric sails, 

respectively [1][2]. 

The latter were of 

particular interest to the world. 

In this paper, I want to suggest 

a technology that does this, in 

my opinion, more efficiently. 

Eddy currents. [3] 

In electromagnetism, 

an eddy current  is a loop of 

electric current induced within 

conductors by a changing 

magnetic field in the conductor 

according to Faraday's law of 

induction or by the relative motion of a conductor in a magnetic field. Eddy currents flow in 

Picture 1. Forces on an electron in the metal sheet under the 

magnet, explaining where the drag force on the sheet comes 

from. The red dot e1 shows a conduction electron in the sheet 

right after it has undergone a collision with an atom, and e2 

shows the same electron after it has been accelerated by the 

magnetic field. On average at e1 the electron has the same 

velocity as the sheet (v, black arrow) in the +x direction. The 

magnetic field (B, green arrow) of the magnet's North pole N 

is directed down in the īy direction. The magnetic field exerts 

a Lorentz force on the electron (pink arrow) of  F1 = īe(v Ĭ 

B), where e is the electron's charge. Since the electron has a 

negative charge, from the right hand rule this is directed in the 

+z direction. At e2 this force gives the electron a component 

of velocity in the sideways direction (v2, black arrow) The 

magnetic field acting on this sideways velocity, then exerts a 

Lorentz force on the particle of F2 = īe(v2 Ĭ B). From the 

right hand rule, this is directed in the īx direction, opposite to 

the velocity v of the metal sheet. This force accelerates the 

electron giving it a component of velocity opposite to the 

sheet. Collisions of these electrons with the atoms of the sheet 

exert a drag force on the sheet. [3] 
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closed loops within conductors, in planes perpendicular to the magnetic field. They can be 

induced within nearby stationary conductors by a time-varying magnetic field created by an 

AC electromagnet or transformer, for example, or by relative motion between a magnet and 

a nearby conductor. The magnitude of the current in a given loop is proportional to the 

strength of the magnetic field, the area of the loop, and the rate of change of flux, and 

inversely proportional to the resistivity of the material. When graphed, these circular 

currents within a piece of metal look vaguely like eddies or whirlpools in a liquid. 

By Lenz's law, an eddy current creates a magnetic field that opposes the change in 

the magnetic field that created it, and thus eddy currents react back on the source of the 

magnetic field. For example, a nearby conductive surface will exert a drag force on a 

moving magnet that opposes its motion, due to eddy currents induced in the surface by the 

moving magnetic field. 

Electromagnetic nets 

Picture little magnet bar in the space. The high-energy particle goes through its 

magnetic filed (the vector of velocity is not parallel), creating its of magnetic field (due to 

Eddy currents) - so it slows down - this what electromagnetic nets do. 

Electric Sails act with particles as sail do with wind. Whereas electromagnetic nets 

are more like mucus - slows them down 

It is a set of many magnets, that creates thin lay of magnetic filed around the satellite 

(as solar sails do). This technology uses a difference of several orders of magnitude between 

the charge and mass (mp = 1.6E-27 kg & qp =  1.6E-19 C respectively) of a proton as we 

know that that the acceleration (in non-relativistic case) is calculated as  

The better thing that the energy that is taken from moving objects dependents on the 

difference in quarters of initial and final velocity. 

Additional, as we can use permanent magnets, no energy should be wasted to keep 

nets working 

Conclusions 

1. Electromagnetic nets are better than Electric Sails because the do not need 

energy to keep working 

2. Calculations for the power of nets are to be performed. 

 

Used literature 

 

https://en.wikipedia.org/wiki/ESTCube-1 

https://en.wikipedia.org/wiki/Solar_sail 

https://en.wikipedia.org/wiki/Eddy_current 

 

https://en.wikipedia.org/wiki/ESTCube-1
https://en.wikipedia.org/wiki/Solar_sail


72 

ʋɼʂ: 629.7 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-032 

ɼ.ɸ. ɼʦʨʦʰ, ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

d.dorosh.ff31@kpi.ua 

 

ɽʃɽʂʊʈʀʏʅɽ ʇʆʃɽ, ɯʅɼʋʂʆɺɸʅɽ 

ʆɹɽʈʊɸʅʅʗʄ ʄɸɻʅɯʊʅʆɻʆ, ɺ ɸʊʄʆʉʌɽʈɯ 

ʉʆʅʎʗ ʗʂ ʉʇʆʉɯɹ ʇʈʀʉʂʆʈɽʅʅʗ 

ʂʆʉʄɯʏʅʆɻʆ ɸʇɸʈɸʊʋ 

ɸʥʥʦʪʘʮʽʷ: The rationale: ʆʙʤʝʞʝʥʥʷ 

ʢʦʩʤʦʥʘʚʪʠʢʠ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʟʤʽʥʠ ʽʤʧʫʣʴʩʫ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ; ʄʝʪʘ: ɿʤʽʥʘ ʽʤʧʫʣʴʩʫ ʂɸ ʟʘʜʣʷ 

ʧʝʨʝʩʫʚʘʥʥʷ ʚ ʜʘʣʝʢʽ ʤʽʩʮʷ ʢʦʩʤʦʩʫ ʙʝʟ ʚʪʨʘʪ ʤʘʩʠ; ɯʜʝʷ: 

ɿʤʽʥʘ ʽʤʧʫʣʴʩʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʟʘʚʜʷʢʠ ʟʤʽʥʽ 

ʽʤʧʫʣʴʩʫ ʡʦʥʘ ʘʪʤʦʩʬʝʨʠ ʩʦʥʮʷ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ, 

ʽʥʜʫʢʦʚʘʥʠʤ ʦʙʝʨʪʘʥʥʷʤ ʜʞʝʨʝʣʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Sun corona, Electromagnetism, Ion 

thruster 

 

ʇʨʦʙʣʝʤʘ. ɿʤʽʥʘ ʽʤʧʫʣʴʩʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ 

(ʜʘʣʽ ʚ ʜʦʢʫʤʝʥʪʽ ʩʢʦʨʦʯʝʥʦ ñʂɸò) ʧʦʪʨʝʙʫʻ 

ʚʪʨʘʪʫ/ʧʨʠʻʜʥʘʥʥʷ ʤʘʩʠ, ʪʦʤʫ ʤʦʙʽʣʴʥʽʩʪʴ ʚ ʢʦʩʤʦʩʽ ʻ 

ʦʙʤʝʞʝʥʥʶ. ɯʩʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʽʤʧʫʣʴʩ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʦʥʮʷ ʘʙʦ ʢʦʩʤʽʯʥʠʭ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʯʘʩʪʠʥʦʢ - ʩʦʥʷʯʥʽ 

ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʫʩʘ ʚʽʜʧʦʚʽʜʥʦ [1]. ɸ ʱʦ ʷʢʱʦ ʚʧʣʠʚʘʪʠ ʥʘ ʤʘʪʝʨʽʶ ʟʟʦʚʥʽ? ɼʦ 

ʧʨʠʢʣʘʜʫ, ʥʘ ʡʦʥʠ ʢʦʨʦʥʠ ʩʦʥʮʷ. ʅʘ ʥʠʭ ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʯʝʨʝʟ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʷʢʝ, 

ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʥʘ ʽʥʜʫʢʫʚʘʪʠ ʟʤʽʥʦʶ ʤʘʛʥʽʪʥʦʛʦ (ʧʝʨʰʠʡ 

ʟʘʢʦʥ ʌʘʨʘʜʝʷ). 

ʌʽʟʠʯʥʝ ʷʚʠʱʝ. ʆʩʦʙʣʠʚʦ ʛʘʨʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ 

ʦʙʝʨʪʘʥʥʷ ʜʞʝʨʝʣʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɼʦ ʧʨʠʢʣʘʜʫ, ʥʝʭʘʡ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ ʢʫʣʷʩʪʦʾ 

ʬʦʨʤʠ ʦʙʝʨʪʘʪʠʤʝʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ, ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʚʝʢʪʦʨʫ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʽ ʷʢʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʾʾ ʮʝʥʪʨ ʤʘʩ . ʊʦʜʽ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʽʥʜʫʢʫʚʘʪʠʤʝʪʴʩʷ ʷʢ ʥʘ ʨʠʩ.1 

[2][3][4][5, p.8].  
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ʅʘʧʨʫʞʝʥʽʩʪʴ ʽʥʜʫʢʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

(ʜʠʚ.ʨʠʩ. 2)[2]: 

,ʜʝ  ɤ - ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, t - ʯʘʩ, ʱʦ ʧʨʦʡʰʦʚ ʟ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ 

ʚʽʜʣʽʢʫ, r - ʤʦʜʫʣʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ, c - ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ, ɗ - ʢʫʪ ʤʽʞ ʚʽʩʩʶ x ʪʘ ʪʽʣʦʤ, ű 

- ʢʫʪ ʤʽʞ ʚʽʩʩʶ z  ʪʘ ʚʝʢʪʦʨʦʤ  ὶᴆ, ɛ - ʤʦʜʫʣʴ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚ ʜʘʥʽʡ ʪʦʯʮʽ. 

ɺʝʢʪʦʨ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ Ὁᴆ ʫ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ: 

ɯʤʧʣʝʤʝʥʪʘʮʽʷ. ɺʠʱʝ ʩʢʘʟʘʥʽ ʦʙʨʘʭʫʥʢʠ ʧʽʜʭʦʜʷʪʴ ʢʦʣʠ ʦʙʝʨʪʘʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ 

ʤʘʛʥʽʪ, ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ (ʫ ʚʠʧʘʜʢʫ ʢʫʣʷʩʪʦʾ ʬʦʨʤʠ 

ʤʘʛʥʽʪʫ). ʅʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʧʦʢʘʟʫʻ, ʱʦ ʦʙʝʨʪʘʶʯʠ ʜʞʝʨʝʣʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʥʝ 

ʜʦʧʫʩʢʘʶʯʠ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ ʚ ʧʝʚʥʽ ʤʽʩʮʷ, ʯʝʨʝʟ ʫʪʚʦʨʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ 

ʙʫʜʫʯʠ ʚ ʽʦʥʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʩʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʪʷʛʘ. ɯʜʝʷ 

ʛʨʘʻ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʠʩʢʦʨʝʥʥʷ ʯʘʩʪʠʥʢʠ (ʫ ʥʝʨʝʣʷʪʠʚʽʩʪʩʴʢʦʤʫ ʚʠʧʘʜʢʫ) ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʝ ʤʘʩʽ ʽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ ʩʠʣʽ mp = 1.6E-27 ʢʛ ʽ q = 1.6E-19 ʂʣ, ʨʽʟʥʠʮʷ ʚ 

9 ʧʦʨʷʜʢʽʚ ʩʣʫʛʫʻ ñʧʦʜʫʰʢʦʶ ʙʝʟʧʝʢʠò ʫ ʧʣʘʥʽ ʧʦʪʫʞʥʦʩʪʽ. 

Sunrunner. ʇʨʦʧʦʥʫʶ ʢʦʥʮʝʧʮʽʶ Sunrunner. ɼʦ ʂɸ ʘʨʤʘʪʫʨʦʶ ʧʨʠʙʫʜʦʚʘʥʝ 

ñʢʨʠʣʦò (ʜʠʚ ʨʠʩ. 3). ɿ ʙʦʢʫ ʂɸ ʯʝʨʝʟ ʘʨʤʘʪʫʨʫ ñʢʨʠʣʫò ʥʘʜʘʻʪʴʩʷ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

(ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʽ ʧʣʦʱʠʥʠ ñʢʨʠʣʘò). ñʂʨʠʣʦò ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 1. ʂʽʣʴʮʝʚʠʭ 

ʤʘʛʥʽʪʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʨʘʜʽʘʣʴʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ (ʚ ʥʘʧʨʷʤʫ ʚʽʜ ʮʝʥʪʨʘ ʂʨʠʣʘ; ʧʨʦ ʪʝ, 

ʷʢ ʡʦʛʦ ʟʘʤʢʥʫʪʠ, ʛʦʚʦʨʠʪʠʤʝʪʴʩʷ ʧʽʟʥʽʰʝ). ʑʦʙʠ ʟʘʤʢʥʫʪʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʦʩʪʘʥʥʽʤ 

ʢʽʣʴʮʝʤ ʻ ñʥʘʧʨʘʚʽ ʪʫʥʝʣʽò  - ʤʘʛʥʽʪ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʩʝʨʝʜʠʥʽ ʩʝʙʝ, 

ʥʘʧʨʷʤʣʝʥʝ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ñʚʠʭʽʜʥʦʛʦ ʪʫʥʝʣʶò - ʤʘʛʥʽʪʫ, ʷʢʠʡ ʥʘʧʨʷʤʣʶʻ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ ʜʦ ʂɸ. ɺ ʂɸ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʝʨʪʘʻʪʴʩʷ ʜʦ ʧʝʨʰʦʛʦ ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʫ - ʢʦʣʦ 

ʟʘʤʠʢʘʻʪʴʩʷ. 

ɺʠʩʥʦʚʦʢ. ʆʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʦʜʫʢʫʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʯʝʨʝʟ ʷʢʝ 

ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʥʘ ʽʦʥʽʟʦʚʘʥʫ ʘʪʤʦʩʬʝʨʫ ʩʦʥʮʷ ʟʘʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʷʛʠ. 

ɺʘʨʪʦ ʧʦʨʘʭʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ Sunrunner 
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ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʆɼʀ, ʗʂ ʇɸʃʀɺɸ ɼʃʗ ʈɸʂɽʊʅʀʍ 

ɼɺʀɻʋʅɯɺ ʄɸʃʆɰ ʊʗɻʀ ʅɸ ʐʊʋʏʅʀʍ ʉʋʇʋʊʅʀʂɸʍ ɿɽʄʃɯ 

ɸʥʦʪʘʮʽʷ: ɿʘʚʜʷʢʠ ʝʣʝʢʪʨʦʣʽʟʫ ʚʦʜʘ ʤʦʞʝ ʩʪʘʪʠ ʜʞʝʨʝʣʦʤ ʧʘʣʠʚʘ ʜʣʷ ʜʚʠʛʫʥʽʚ 

ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ɿʝʤʣʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʣʽʟʫ ʚʦʜʠ ʥʘ ʙʦʨʪʫ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʻ ʥʘʙʘʛʘʪʦ ʙʝʟʧʝʯʥʽʰʠʤ, ʥʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʩʠʯʥʠʭ ʤʦʥʦʧʘ-

ʣʠʚ, ʘʙʦ ʢʨʽʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ. ʇʘʣʠʚʥʘ ʧʘʨʘ, ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʣʽʟʫ, ʤʘʻ 

ʜʦʚʦʣʽ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʜʦ 400 ʩ. ʊʦʤʫ ʚ ʢʦʤʙʽʥʘʮʽʾ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʷ çʚʦʜʷʥʠʭè ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ ʤʦʞʝ ʩʪʘʪʠ ʚʘʛʦʤʠʤ 

ʢʦʥʢʫʨʝʥʪʦʤ ʽʥʰʠʤ ʜʚʠʛʫʥʘʤ ʥʘ ʤʦʥʦʧʘʣʠʚʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʈʘʢʝʪʥʽ ʜʚʠʛʫʥʠ ʤʘʣʦʾ ʪʷʛʠ, ʝʣʝʢʪʨʦʣʽʟ ʚʦʜʠ, ʰʪʫʯʥʽ ʩʫʧʫʪʥʠʢʠ.   

Annotation: Thanks to electrolysis, water can become a source of fuel for the engines of 

satellites of the Earth. Installing a water electrolysis system on a spacecraft is much safer 

than using toxic monopropellants or cryogenic components that require special condi-

tions of storage and operation during flight. The fuel obtained by the electrolysis method 

has a high specific impulse up to 400 s. Therefore, in a combination of safety and effi-

ciency, the technology of "water" low-thrust rocket engines can become a strong com-

petitor to other monopropellant engines. 

Keywords: Low-thrust rocket engines, electrolysis of water, satellites. 

ɹʘʛʘʪʦ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ  ɿʝʤʣʽ, ʷʢʽ ʟʘʧʫʩʢʘʶʪʴʩʷ ʚ ʥʘʚʢʦʣʦʟʝʤʥʠʡ 

ʧʨʦʩʪʽʨ ʧʦʪʨʝʙʫʶʪʴ ʥʝʚʝʣʠʢʽ ʢʦʨʝʢʮʽʾ ʦʨʙʽʪʠ ʚʧʨʦʜʦʚʞ ʾʭ ʽʩʥʫʚʘʥʥʷ, ʘʙʦ ʥʘʚʽʪʴ 

ʜʦʚʠʚʝʜʝʥʥʷ ʯʠ ʧʝʨʝʭʽʜ ʥʘ ʽʥʰʽ ʚʠʩʦʪʠ. ɼʫʞʝ ʙʘʛʘʪʦ ʥʝʚʝʣʠʢʠʭ ʢʦʤʝʨʮʽʡʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʚʦʜʷʪʴʩʷ ʚ ʢʦʩʤʦʩ ʫ ʷʢʦʩʪʽ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʦʩʥʦʚʥʦʛʦ ʢʦʨʠʩ-

ʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʤʫ ʟʤʫʰʝʥʽ ʘʙʦ ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʮʽʡ ʞʝ ʦʨʙʽʪʽ, ʘʙʦ ʧʦʚʠʥʥʽ 

ʩʘʤʽ ʧʝʨʝʣʝʪʽʪʠ  ʥʘ ʥʝʦʙʭʽʜʥʫ ʦʨʙʽʪʫ. ɿʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʦʨʙʽʪʠ 

ʥʘ ʮʽ ʘʧʘʨʘʪʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ ʤʘʣʦʾ ʪʷʛʠ (ʈɼʄʊ).  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʷʛʠ ʚ ʫʤʦʚʘʭ ʥʝʚʘʛʦʤʦʩʪʽ ʽʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʨʘʢʝʪʥʠʭ 

ʜʚʠʛʫʥʽʚ: ʭʽʤʽʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʜʚʠʛʫʥʠ (ʝʢʟʦʪʠʯʥʽ ʤʝʪʦʜʠ ʧʝʨʝʩʫʚʘʥʥʷ ʚ ʢʦʩʤʽʯ-

ʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʽ ʚʽʪʨʠʣʘ ʪʘ ʽʥ. ʥʝ ʨʦʟʛʣʷʜʘʻʤʦ). ʍʽʤʽʯʥʽ ʜʚʠʛʫʥʠ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʚʥʫʪʨʽʰʥʶ ʝʥʝʨʛʽʶ ʧʘʣʠʚʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʷʛʠ, ʝʣʝʢʪʨʠʯʥʽ ʨʦʟʛʘ-

ʥʷʶʪʴ ʨʦʙʦʯʝ ʪʽʣʦ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʘʣʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʠʛʫʥʽʚ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʦʢʘʟʥʠʢ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ, ʪʘʢ ʽ ʪʷʛʫ. ɿʘʟʚʠʯʘʡ ʥʘ ʰʪʫʯʥʠʭ 

ʩʫʧʫʪʥʠʢʘʭ ʟ ʭʽʤʽʯʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʦ ʩʪʠʩʥʫʪʠʡ ʛʘʟ, ʘʙʦ ʤʦʥʦ-

ʧʘʣʠʚʘ (ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʘʟʠʥʽʚ, ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʪʘ ʽʥ.). ʇʝʨʰʽ ʤʘʶʪʴ ʜʦʩʠʪʴ 

ʤʽʟʝʨʥʽ ʧʦʢʘʟʥʠʢʠ ʪʷʛʠ ï ʜʦ 4 ʅ ʪʘ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ï 40é110 ʩ, ʦʜʥʘʢ ʜʣʷ ʜʝ-

ʷʢʠʭ ʘʧʘʨʘʪʽʚ ʽ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ. ɼʨʫʛʽ ʥʘʙʘʛʘʪʦ ʮʽʢʘʚʽʰʽ. ʄʦʥʦʧʘʣʠʚʥʽ ʈɼʄʊ ʤʘ-

ʶʪʴ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʚʞʝ ʜʦ 310 ʩ ʪʘ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ  ʜʽʘʧʘʟʦʥ ʪʷʛ. ʍʽʤʽʯʥʽ ʈɼʄʊ 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʟʤʽʥʠʪʠ ʦʨʙʽʪʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʭʦʯ ʽ ʥʝ ʚʠʨʽʟʥʷ-

ʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɽʣʝʢʪʨʦʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ ʥʘʚʧʘʢʠ ï 

ʤʘʶʪʴ ʜʫʞʝ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʜʦ 3000 ʩ (ʘ ʚ ʜʝʷʢʠʭ ʝʢʟʝʤʧʣʷʨʘʭ ʜʦ 3200 

ʩ), ʦʜʥʘʢ ʨʦʟʚʠʚʘʶʪʴ ʤʽʟʝʨʥʫ ʪʷʛʫ ʚʽʜ 10-4 ʜʦ 10-2 ʅ, ʱʦ ʟʚʠʯʘʡʥʦ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 
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ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʫʚʘʥʥʷ ʪʘ ʤʘʥʝʚʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. ʆʜʠʥ ʽʟ ʚʘʛʦʤʠʭ 

ʥʝʜʦʣʽʢʽʚ ʈɼʄʊ ʥʘ ʨʽʜʢʦʤʫ ʤʦʥʦʧʘʣʠʚʽ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʢʦʤʝʨʮʽʡʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ, ʻ ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ʧʘʣʠʚʘ. ɺʦʥʦ ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʠʭ ʟʘʧʦʙʽʞʥʠʭ ʟʘ-

ʭʦʜʽʚ ʪʘ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʪʘ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ. ʊʘʢʦʞ ʤʦʥʦʧʘʣʠʚʥʽ 

ʜʚʠʛʫʥʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʚʠʪʠʩʢʥʫ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚ ʢʘʤʝʨʫ, ʱʦ ʟʦʙʦʚôʷʟʫʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʙʘʣʦʥʠ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ, ʷʢʽ ʟʘʧʨʘʚʣʷʶʪʴʩʷ ʥʘ 

ʟʝʤʣʽ.  

ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʨʦʙʣʷʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʈɼʄʊ ʥʝ ʜʫʞʝ ʟʨʫʯʥʠʤ ʫ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʩʘʤʝ ʪʦʤʫ ʤʥʦʶ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ 

ʫʥʠʢʥʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʭ ʘʙʦ ʢʨʽʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʨʦʟʢʣʘʜʘʥ-

ʥʷ ʚʦʜʠ ʥʘ ʢʠʩʝʥʴ ʪʘ ʚʦʜʝʥʴ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭ, ʷʢ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠ-

ʚʘ ʫ ʭʽʤʽʯʥʦʤʫ ʨʘʢʝʪʥʦʤʫ ʜʚʠʛʫʥʽ ʤʘʣʦʾ ʪʷʛʠ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʢʽʣʴʢʘ ʩʫʪʪʻʚʠʭ 

ʧʝʨʝʚʘʛ. ʇʦ-ʧʝʨʰʝ, ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ ʚʦʜʠ ʦʜʝʨʞʫʻʪʴʩʷ ʜʫʞʝ ʝʬʝʢʪʠʚʥʘ ʧʘʣʠʚʥʘ 

ʧʘʨʘ ɺʦʜʝʥʴ+ʂʠʩʝʥʴ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʦʜʝʨʞʘʪʠ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʜʦ 400 ʩ. ʎʝ ʧʘʣʠ-

ʚʦ ʥʝ ʻ ʪʦʢʩʠʯʥʠʤ, ʦʪʞʝ ʩʧʨʦʱʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʫʩʢʫ, ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʘʧʘʨʘʪʘ ʚ ʮʽʣʦʤʫ. ɺʦʜʘ, ʟ ʷʢʦʾ ʦʜʝʨʞʫʻʪʴʩʷ ʧʘʣʠʚʦ, ʥʝ ʧʦʪʨʝʙʫʻ 

ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ, ʦʢʨʽʤ ʜʦʜʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʫ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʠʩʪʝʤʘ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ ʩʫʧʫʪʥʠʢʘ. ʇʦ-ʜʨʫʛʝ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ, 

ʷʢʘ ʥʝ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ ʚ ʧʘʣʠʚʥʽʡ ʩʠ-

ʩʪʝʤʽ ʙʽʣʴʰʦʛʦ ʟʘ ʪʠʩʢ ʢʘʤʝʨʠ. ʇʽʜ ʯʘʩ ʨʦʟʢʣʘʜʘʥʥʷ ʚʦʜʠ ʝʣʝʢʪʨʦʣʽʟʝʨ ʟʜʘʪʝʥ 

ʩʪʚʦʨʶʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʪʠʩʢ ʛʘʟʽʚ, ʘ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʮʥʦʩʪʽ ʫʩʽʻʾ ʛʘ-

ʟʦʚʦʾ ʩʠʩʪʝʤʠ. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʢʠʩʝʥʴ ʪʘ ʚʦʜʝʥʴ ʫ ʛʘʟʦʚʦʤʫ ʩʪʘʥʽ ʟʘʧʘʩʘ-

ʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʙʘʣʦʥʘʭ ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʣʘʧʘʥʽʚ ʪʘ ʛʘʟʦʚʠʭ ʨʝ-

ʜʫʢʪʦʨʽʚ ʧʦʩʪʘʯʘʶʪʴʩʷ ʫ ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ ʈɼʄʊ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʝʣʝʢʪʨʦʣʽʟʝʨʘ, ʦʙôʻʤʫ ʙʘʣʦʥʽʚ ʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʜʚʠʛʫʥ ʤʘʪʠʤʝ 

ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʚ ʧʦʩʪʽʡʥʦʤʫ, ʪʘʢ ʽ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʘʭ. ʊʘʢʦʞ ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʽʛʨʽʚʫ ʛʘʟʫ ʚ ʙʘʣʦʥʘʭ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʟʙʽʣʴ-

ʰʝʥʥʷ ʚʭʽʜʥʦʛʦ ʪʠʩʢʫ. ɽʣʝʢʪʨʦʣʽʟʝʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʰʘʨʽʚ ʤʝʪʘʣʝʚʠʭ ʝʣʝʢ-

ʪʨʦʜʽʚ ʪʘ ʽʟʦʣʷʪʦʨʽʚ ʤʽʞ ʥʠʤʠ, ʢʦʞʥʘ ʧʘʨʘ ʝʣʝʢʪʨʦʜʽʚ ʫʪʚʦʨʶʚʘʪʠʤʝ ʦʜʥʫ ʢʦʤʽʨʢʫ. 

ɺʝʩʴ ʮʝʡ ʧʘʢʝʪ ʥʘʜʽʡʥʦ ʩʪʠʩʥʫʪʠʡ ʤʽʞ ʜʚʦʤʘ ʧʣʘʩʪʠʥʘʤʠ ʙʦʣʪʦʚʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ. 

ɹʦʢʦʚʽ ʧʣʘʩʪʠʥʠ ʤʘʶʪʴ ʢʽʣʴʢʘ ʰʪʫʮʝʨʽʚ ʜʣʷ ʧʦʜʘʯʽ, ʚʽʜʪʦʢʫ ʚʦʜʠ ʪʘ ʛʘʟʽʚ.  

   ʆʪʞʝ, ʧʦʜʽʙʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʥʝʚʝʣʠʢʠʭ ʢʦʤʝʨʮʽʡʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ ʜʦʧʦʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʧʝʨʩʦʥʘʣʫ ʧʨʠ 

ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʈɼʄʊ, ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʫ 

ʨʘʟʽ ʥʝʰʪʘʪʥʦʾ ʩʠʪʫʘʮʽʾ, ʧʽʜʚʠʱʠʪʴ ʤʦʙʽʣʴʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚ ʥʘʚʢʦʣʦʟʝʤ-

ʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʜʦʟʚʦʣʠʪʴ ʙʝʟʧʝʯʥʦ ʟʚʦʜʠʪʠ ʾʭ ʟ ʦʨʙʽʪʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ 

ʨʦʙʦʪʠ.  
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 ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɯʅɽʈʎɯʁʅʀʍ ɿɸʉʆɹɯɺ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʉʋʎɯʃʔʅʆʉʊɯ ʇɸʃʀɺɸ ɺ ɹɸʂɸʍ ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɯɺ 

ɸʥʦʪʘʮʽʷ. ʇʨʠ ʧʦʣʴʦʪʽ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟ ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʚʢʣʶʯʝʥʥʷʤ 

ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʘʫʟʠ ʤʽʞ ʡʦʛʦ ʚʢʣʶʯʝʥʥʷʤʠ ʤʘʶʪʴ ʙʫʜʴ ʷʢʫ ʪʨʠʚʘʣʽʩʪʴ ʽ ʤʦʞʫʪʴ 

ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʜʽʙ. ʇʽʜ ʯʘʩ ʮʠʭ ʧʘʫʟ ʨʽʜʠʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʙʫʜʴ ʷʢʝ ʧʨʦʩʪʦʨʦʚʝ ʧʦʣʦ-

ʞʝʥʥʷ ʚ ʩʝʨʝʜʠʥʽ ʙʘʢʘ. ʑʦʙ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ 

ʙʽʣʷ ʚʭʦʜʫ ʚ ʧʘʣʠʚʥʽ ʤʘʛʽʩʪʨʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʝʨʮʽʡʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫ-

ʮʽʣʴʥʦʩʪʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ, ʻ 

ʚʘʞʣʠʚʠʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʧʦ ʚʠʙʦʨʫ ʡ ʦʧʪʠ-

ʤʽʟʘʮʽʾ ʧʦʣʴʦʪʥʦʾ ʮʠʢʣʦʛʨʘʤʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʽʥʝʨʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ, ʜʚʠʛʫʥʠ ʤʘʣʦʾ 

ʪʷʛʠ. 

Annotation. During the flight of the space stage of the launch vehicle with multiple activa-

tion of the propulsion engine, the pauses between its inclusions have any duration and can 

reach several days. During these pauses, the liquid components of the fuel are under the 

influence of microgravity, and, as a consequence, can occupy any spatial position in the 

middle of the tank. To ensure the presence of propellant components at the entrance to the 

feed lines, inertial means to ensure continuity are used. 

Determining the time required to move the liquid from one position to another is important 

in the development of the launch vehicle, as well as in the selection and optimization of the 

flight cyclogram. 

Keywords: inertial continuity system, low-thrust engine 

 

ʇʨʠ ʧʦʣʴʦʪʽ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʘʫʟʠ ʤʽʞ ʚʢʣʶʯʝʥʥʷʤʠ ʜʚʠʛʫʥʘ 

ʤʦʞʫʪʴ ʜʦʩʪʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ, ʘ ʽʥʦʜʽ ʡ ʜʝʢʽʣʴʢʦʭ ʜʽʙ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʬʘʢʪʠʯʥʦ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʾ ʥʝʚʘʛʦʤʦʩʪʽ [1]. 

ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʘʣʠʚʘ, ʪʘʢʠʭ ʷʢ ʪʷʛʘ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ, ʾʭ ʢʽʣʴʢʽʩʪʴ, ʯʘʩ ʨʦʙʦʪʠ ʡ ʦʙôʻʤ ʧʘʣʠʚʘ, 

ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ, ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʷ ʨʘʢʝʪʠ.  

ʄʝʪʦʶ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʙʦʨʫ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʮʽʣʴʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʫʪʦʯʥʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʧʦʪʨʽʙʥʦ-

ʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. 

ʏʘʩ, ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʜʦ ʚʭʦʜʫ ʚ ʤʘʛʽʩʪʨʘʣʴ ʞʠ-

ʚʣʝʥʥʷ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʣʦʞʝʥʥʷ ʡ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝ-

ʥʪʽʚ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʧʝʨʝʜ ʚʢʣʶʯʝʥʥʷʤ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ [2] 

ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʥʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʨʫʭ ʨʽʜʠʥʠ ʥʦʩʠʪʴ ʩʫʪʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ [3]. ʊʷʛʘ ʜʚʠʛʫʥʘ, ʱʦ 

ʜʽʷʣʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʘʥʝʚʨʫ, ʙʫʣʘ ʪʽʻʶ ʩʠʣʦʶ, ʱʦ ʫʪʨʠʤʫʚʘʣʘ ʨʽʜʠʥʫ ʚ 
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ʾʾ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ. ɼʚʠʛʫʥʠ ʤʘʣʦʾ ʪʷʛʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʨʽʜʠʥʠ ʚ ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʮʠʭ ʧʨʦʮʝʩʽʚ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʦʙʫʤʦʚʣʝʥʽ 

ʪʨʫʜʥʦʱʘʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʨʫʭʫ ʨʽʜʠʥʠ ʟ ʚʽʣʴʥʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʥʦ-

ʞʠʥʠ ʽʥʰʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ, ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʧʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡ-

ʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ, ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʪʘ ʷʢ ʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʥʘ ʮʝʡ 

ʤʘʥʝʚʨ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʘʙʦ ʩʪʚʦʨʝʥʽ 

ʥʦʚʠʭ ʚʠʨʦʙʽʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ.  
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ʉʋʏɸʉʅɸ ʂʃɸʉʀʌɯʂɸʎɯʗ ʉʀʉʊɽʄ ʅɸɼɼʋɺɸʅʅʗ ʇɸʃʀɺʅʀʍ ɹɸʂɯɺ 

ʈɸʂɽʊʅʀʍ ɼɺʀɻʋʅɯɺ 

ɸʥʥʦʪʘʮʽʷ: ɺʧʝʨʰʝ ʥʘʚʝʜʝʥʦ ʩʫʯʘʩʥʫ ʧʨʠʨʦʜʥʶ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʠʩʪʝʤ ʥʘʜʜʫʚʘʥʥʷ 

ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ. ɺʦʥʘ ʧʨʦʚʝʜʝʥʘ ʟʘ ʦʩʥʦʚʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʎʝ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘʜʜʫʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʚ ʙʘʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʩʧʦʩʦʙʠ 

ʦʪʨʠʤʘʥʥʷ (ʟʙʝʨʽʛʘʥʥʷ) ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘʜʜʫʚʘʥʥʷ, ʨʦʜ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘʜʜʫʚʘʥʥʷ. 

ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʥʘʜʜʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʥʘʜʜʫʚʘʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʦʙʦʯʝ ʪʽʣʦ ʥʘʜʜʫ-

ʚʘʥʥʷ, ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

Annotation: For the first time, a modern natural classification of fuel tank pressurization 

systems for rocket engines is presented. It is conducted based on primary characteristics. 

These include the temperature of the pressurizing agent at the tank inlet, structural features, 

methods of obtaining (storing) the pressurizing agent, and the type of pressurizing agent 

used. Examples of pressurization systems' applications are provided. 

Keywords: pressurization system, classification, temperature, pressurizing agent, heat 

exchanger  
 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʽʟʥʠʭ ʷʚʠʱ ʧʨʠʨʦʜʠ, ʦʙ'ʻʢʪʽʚ ʪʝʭʥʽʢʠ ʻ ʦʜʥʦ ʽʟ ʦʩʥʦʚʥʠʭ ʧʨʠʟ-

ʥʘʯʝʥʴ ʥʘʫʢʠ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʫʛʨʫʧʦʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʯʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʟʘʛʘʣʴʥʠʭ ʦʟʥʘʢ. ɼʣʷ ʩʠʩʪʝʤ ʥʘʜʜʫʚʘʥʥʷ (ʉʅ) 

ʪʘʢʠʤʠ ʻ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʚʭʦʜʽ ʫ ʙʘʢ, ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʯʠ ʟʙʝʨʽʛʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʙʦʨʪʫ ʨʘʢʝʪʠ, ʩʘʤʝ ʨʦʙʦʯʝ ʪʽʣʦ ʥʘʜʜʫʚʘʥʥʷ. 

ʅʠʥʽ ʚʽʜʦʤʽ ʽ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʧʨʘʢʪʠʢʫ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʥʠʟʢʘ ʥʘʡʨʽʟʥʦʤʘʥʽʪ-

ʥʽʰʠʭ ʉʅ. ʅʘʡʙʽʣʴʰʠʭ ʫʩʧʽʭʽʚ ʥʘ ʮʽʡ ʥʠʚʽ ʜʦʩʷʛʣʘ ʜʥʽʧʨʦʚʩʴʢʘ ʰʢʦʣʘ ʉʅ. ɺʦʥʘ ʟʘ-

ʩʥʦʚʘʥʘ ʧʨʦʬʝʩʦʨʦʤ ʢʘʬʝʜʨʠ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʄ.ʄ. ɹʻʣʷʻʚʠʤ [1] ʫ ʩʝʨʝʜʠʥʽ ʧ'ʷʪʜʝ-

ʩʷʪʠʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. 

ʆʩʥʦʚʥʦʶ ʦʟʥʘʢʦʶ ʩʠʩʪʝʤ ʥʘʜʜʫʚʫ ʚʚʘʞʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ 

ʚʭʦʜʽ ʚ ʧʘʣʠʚʥʠʡ ʙʘʢ ʪʘ ʨʽʜ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘʜʜʫʚʘʥʥʷ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʥʘ ʚʭʦʜʽ ʚ ʙʘʢ ʉʅ ʧʨʠʡʥʷʪʦ ʨʦʟʜʽʣʠʪʠ (ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ) ʥʘ ʥʘʜʭʦʣʦʜʥʽ, 

ʭʦʣʦʜʥʽ, ʛʘʨʷʯʽ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʥʘʜʛʘʨʷʯʽ. ʇʝʨʰʠʤʠ ʟ'ʷʚʠʣʠʩʷ ʭʦʣʦʜʥʽ ʪʘ 

ʛʘʨʷʯʽ ʉʅ. ʍʦʣʦʜʥʠʤʠ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʉʅ, ʫ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘʜ-

ʜʫʚʫ ʥʘ ʚʭʦʜʽ ʚ ʙʘʢ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʧʘʣʠʚʘ (ʜʨʫʛʘ ʬʘʟʘ ʥʘʜʜʫʚʫ 

ʩʪʠʩʥʝʥʠʤ ʛʘʟʦʤ ʙʘʢʘ ʧʘʣʴʥʦʛʦ ʨʘʢʝʪʠ ʌʘʫ-2, ʉʅ ʙʘʢʘ ʧʘʣʴʥʦʛʦ ʨʘʢʝʪʠ 8ʂ63) [2]. 

ʅʘʜʭʦʣʦʜʥʠʤʠ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʪʘʢʽ ʉʅ, ʫ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘʜʜʫʚʫ (ʛʝʣʽʶ) 

ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʣʠʚʘ ʥʘ 150 - 200ʂ (ʉʅ ʙʘʢʽʚ ʧʘʣʴʥʦʛʦ 1 ʽ 2 ʩʪʫʧʝʥʽ ʈʅ çɿʝʥʽʪè, 

ʉʅ ʙʘʢʽʚ ʧʘʣʴʥʦʛʦ 1 ʩʪʫʧʝʥʽ ʈʅ çɽʥʝʨʛʽʷè ʪʘ 1 ʩʪʫʧʝʥʽ ʈʅ Antares [3 ]). ɻʘʨʷʯʠʤʠ 

ʥʘʟʠʚʘʶʪʴ ʉʅ, ʫ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘʜʜʫʚʫ ʥʘ 100 ï 400ʂ ʚʠʱʝ ʟʘ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʧʘʣʠʚʘ (ʉʅ ʙʘʢʘ ʟ ʨʽʜʢʠʤ ʢʠʩʥʝʤ ʨʘʢʝʪʠ ʌʘʫ-2, ʙʘʢʘ ʦʢʠʩʥʁ ʚʘʯʘ ʧʨʦʜʫʢʪʘ-

ʤʠ ʨʦʟʢʣʘʜʘʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʨʘʢʝʪʠ 8ʂ63). ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʉʅ ʟʘʩʪʦʩʦʚʫʚʘ-

ʣʠʩʷ ʥʘ ʦʩʪʘʥʥʽʭ ʧʦʢʦʣʽʥʥʷʭ ʤʽʞʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʨʽʜʠʥʥʠʭ ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ 15ɸ18 ʽ 

15ɸ18ʄ [4]. ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʜʦʩʷʛʘʣʘ 1300ʂ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʥʘʜʛʘʨʷʯʽ ʉʅ, ʫ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

ʥʘ ʚʭʦʜʽ ʚ ʙʘʢ ʟ ɸʤʛ-6 ʜʦʩʷʛʘʻ 1770ʂ [5]. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʘʞʽ ʚ 
ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʷʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʙʘʛʘʪʦʨʘʟʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪ.  

ɿʘ ʩʧʦʩʦʙʦʤ ʦʜʝʨʞʘʥʥʷ ʘʙʦ ʟʙʝʨʽʛʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʙʦʨʪʫ ʨʘʢʝʪʠ ʉʅ ʜʽ-

ʣʷʪʴ ʥʘ ʚʠʧʘʨʥʽ ʚ ʙʘʢʫ (ʫʧʦʨʩʢʫʚʘʥʥʷ ʘʟʦʪʫ ʘʙʦ ʢʠʩʥʶ ʟ ʢʨʽʦʛʝʥʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ 

ʙʘʢ ʟ ʛʘʩʦʤ [6]), ʛʘʟʦʙʘʣʦʥʥʽ (ʧʦʚʽʪʨʷ, ʘʟʦʪ, ʛʝʣʽʡ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ), ʟʘ ʨʘʭʫʥʦʢ ʢʠʧʽʥʥʷ 

ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʧʘʣʠʚʘ (ʢʠʩʝʥʴ, ʘʟʦʪʥʠʡ ʪʝʪʨʘʢʩʠʜ ï çʩʘʤʦʥʘʜʜʫʚʘʥʥʷè), ʚʠʧʘʨʥʽ ʚ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ (ʊʆ), ʰʚʠʜʢʽʩʥʠʤ ʥʘʪʠʩʢʦʤ ʧʦʚʽʪʨʷ (ʙʘʢ ʧʘʣʴʥʦʛʦ ʌʘʫ-2, ʈ-1, ʙʘʢ 

ʦʢʠʩʥʶʚʘʯʘ 1 ʩʪʫʧʝʥʴ ʨʘʢʝʪʠ 8ʂ64), ʛʝʥʝʨʘʪʦʨʥʽ ʥʘ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʧʘʣʠʚʘ, 

ʛʝʥʝʨʘʪʦʨʥʽ ʪʚʝʨʜʦʧʘʣʠʚʥʽ (ʦʙʠʜʚʘ ʙʘʢʠ ʈɼɼ 8ʂ11), ʭʽʤʽʯʥʽ (ʫʧʨʠʩʢʫʚʘʥʥʷ ʚ ʙʘʢ 

ʩʘʤʦʟʘʡʤʠʩʪʦʛʦ ʨʝʘʛʝʥʪʫ, ʄɹʈ ʦʩʪʘʥʥʽʭ ʧʦʢʦʣʽʥʴ). 

ɿ ʫʩʴʦʛʦ ʥʘʚʝʜʝʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʦʞʣʠʚʠʭ ʉʅ, ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʪʽʣʴʢʠ ʛʝʣʽʻʚʽ ʛʘʟʦʙʘʣʦʥʥʽ ʛʘʨʷʯʽ (ʙʘʢʠ ʟ ʢʠʩʥʝʤ) ʪʘ ʥʘʜʭʦʣʦʜʥʽ (ʙʘʢʠ ʟ ʈɻ-1), ʘ ʪʘʢʦʞ 

ʚʠʧʘʨʥʽ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʢʠʩʥʝʚʽ ʪʘ ʤʝʪʘʥʦʚʽ (ʥʘʛʨʽʚ ʫ ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʨʘʢʝʪʥʦʛʦ 

ʜʚʠʛʫʥʘ). 
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ʆʇʊʀʄɯɿɸʎɯʗ ʇɸʈɸʄɽʊʈɯɺ ʆʍʆʃʆɼɾʋɺɸʃʔʅʆɻʆ ʊʈɸʂʊʋ ʂɸʄɽʈʀ 

ɿɻʆʈʗʅʅʗ ʈɯɼʀʅʅʆɻʆ ʈɸʂɽʊʅʆɻʆ ɼɺʀɻʋʅɸ 

ɸʥʥʦʪʘʮʽʷ: ʋ ʜʦʧʦʚʽʜʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʘʤʝʨʠ ʨʽʜʠʥʥʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʤʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʯʠʥ-

ʥʠʢʠ ʷʢʽ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʤʘʩʫ ʢʘʤʝʨʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʢʘʤʝʨʠ ʟʘ ʫʤʦʚ ʤʽʥʽʤʫʤʘ ʤʘʩʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʜʠʥʥʠʡ ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʡ ʪʨʘʢʪ, ʦʧʪʠʤʽʟʘʮʽʡʥʘ 

ʟʘʜʘʯʘ 

Annotation: The report presents a solution to the problem of designing a liquid rocket engine 

chamber taking into account its mass characteristics. The factors influencing the design and 

mass of the chamber are analyzed. A solution to the problem of optimizing the cooling path 

of a chamber with a minimum mass is proposed, taking into account temperature, design and 

technological limitations. 

Keywords: liquid rocket engine, cooling tract, optimization problem 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʘʤʝʨʠ ʨʽʜʠʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʨʠʧʫʩ-

ʢʘʻ, ʱʦ ʤʠ ʟʘʜʘʻʤʦʩʴ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʽʥʦʢ ʢʘʤʝʨʠ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ, ʤʘʪʝʨʽʘʣʦʤ ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʽ ʝʣʝʤʝʥʪʠ ʢʦʨʧʫʩʫ, ʜʣʷ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʚʦʜʠʤʦ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʧʦʨʽʚʥʶʻʤʦ ʟʘʜʘʥʫ ʪʘ ʨʦʟʨʘʭʦʚʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʘʟʦʚʦʾ ʩʪʽʥʢʠ ʫ ʨʘʟʽ ʷʢʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʾ ʩʪʽʥʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʘʜʘ-

ʥʽʡ ʤʝʞʽ ʚʚʘʞʘʶʪʴ ʨʦʟʨʘʭʫʥʦʢ ʚʜʘʣʠʤ ʫ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʚʦʜʷʪʴ ʟʤʽʥʫ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ [1, 2]. ʆʜʥʘʢ ʪʘʢʽʡ ʧʽʜʭʽʜ ʥʽʷʢ ʥʝ ʚʨʘʭʦʚʫʻ ʤʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤʝʨʠ ʭʦʯʘ 

ʤʘʩʦʚʘ ʜʦʩʢʦʥʘʣʽʩʪʴ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʘʢʝ-

ʪʥʦʾ ʪʝʭʥʽʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʦʭʦ-

ʣʦʜʞʫʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʟʘ ʫʤʦʚ ʤʽʥʽʤʫʤʫ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽ ʾ

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʙʫʣʦ ʩʢʣʘʜʝʥʦ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʷʢʘ ʚʽʜʦ-

ʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʤʘʩʠ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤʝʨʠ. ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʤʘʩʘ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ, ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʦʬʨʫ ʪʘ 

ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ. ɯ ʟʘʛʘʣʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 6 ʧʘʨʘʤʝʪʨʽʚ: ʪʦʚʱʠʥʘ ʟʦʚʥʽʰʥʴʦʾ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʦʣʦʥʦʢ, ʚʠʩʦʪʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ, ʪʦʚʱʠʥʘ ʛʦʬʨʫ ʪʘ ʰʘʛ ʛʦʬʨʫ 

ʪʘ ʢʫʪ ʛʦʬʨʫ. ʋ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ ʮʝ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦʚʦʣʽ 

ʩʢʣʘʜʥʝ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʤʘʩʦʚʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʢʘʤʝʨʠ ʚʥʦʩʠʪʴ ʩʘʤʝ ʟʦʚʥʽʰʥʷ ʦʙʦʣʦʥʢʘ, ʧʨʠʯʦʤʫ ʥʝ ʩʢʽʣʴʢʠ ʾʾ ʪʦʚʱʠʥʘ ʷʢ 

ʜʽʘʤʝʪʨ. ʊʦʤʫ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʜʦ ʪʨʴʦʭ ʽ ʫ ʷʢʦʩʪʽ ʟʤʽʥʥʠʭ ʙʫʣʠ ʧʨʠ-

ʡʥʷʪʽ ʚʠʩʦʪʘ ʪʨʘʢʪʫ, ʢʨʦʢ ʛʦʬʨʫ, ʪʘ ʢʫʪ ʛʦʬʨʫ ʷʢ ʪʽ ʱʦ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʽʘʤʝʪʨ 

ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʢʦʨʧʫʩʫ. 

ʋ ʷʢʦʩʪʽ ʦʙʤʝʞʝʥʴ: ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʦʚʦʾ ʩʪʽʥʢʠ ʫ ʤʝʞʘʭ 5%.  
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʘʤʝʨʫ ʟʘ ʜʦʚʞʠʥʦʶ ʙʫʣʦ ʨʦʟʙʠʪʦ ʥʘ ʜʽʣʷʥʢʠ ʽ ʦʧʪʠʤʽʟʘʮʽʡʥʘ 

ʟʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʷ ʤʝʪʦʜʦʤ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʜʽʻʥʪʘ [3] ʫ ʤʝʞʘʭ ʢʦʞʥʦʾ 

ʦʢʨʝʤʦʾ ʜʽʣʷʥʢʠ. ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ 3 ʧʘʨʘʤʝʪʨʽʚ, ʪʦ ʧʨʠ ʨʦʟʨʘʭʫ-

ʥʢʫ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ʙʫʣʦ ʬʽʢʩʦʚʘʥʦ (ʢʫʪ ʥʘʭʠʣʫ ʛʦʬʨʽʚ) ʽ ʟʥʘʡʜʝʥʦ ʜʚʘ ʽʥʰʠʭ ʟʘ ʫʤʦʚʠ 

ʤʽʥʽʤʫʤʫ ʤʘʩʠ. ɼʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʙʫʣʦ ʚʠʥʘʡʜʝʥʦ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʷʢʠʭ ʚʦʥʘ ʤʘʻ 

ʤʽʥʽʤʘʣʴʥʫ ʤʘʩʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʢʦʥʦʤʽʷ ʧʦ 

ʤʘʩʽ ʩʢʣʘʜʘʻ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʦ 20%. 

ʆʜʥʘʢ ʟʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ. ʊʘʢ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʧʦ ʜʦ-

ʚʞʠʥʽ ʢʘʤʝʨʠ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʤʠ ʤʘʻʤʦ ʩʚʦʶ ʚʣʘʩʥʫ ʚʠʩʦʪʫ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ 

ʪʨʘʢʪʫ. ɯ ʭʦʯʘ ʚʠʩʦʪʘ ʪʨʘʢʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʟʤʝʥʰʫʻʪʴʩʷ) ʧʦʩʪʫʧʦʚʦ ʽ ʜʦʚʦʣʽ ʧʦʚʽʣʴʥʦ, 

ʘʣʝ ʮʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʽ ʥʘʚʽʪʴ ʟʨʦʙʠʪʠ ʥʝʤʦʞʣʠʚʠʤ ʩʢʣʘʜʘʥʥʷ ʢʘʤʝ-

ʨʠ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʬʽʢʩʫʚʘʪʠ 

ʚʠʩʦʪʫ ʛʦʬʨʽʚ ʥʘ ʮʠʭ ʜʽʣʷʥʢʘʭ ʽ ʫ ʷʢʦʩʪʽ ʟʤʽʥʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ 

ʦʙʨʘʪʠ ʣʠʰʝ ʢʫʪ ʥʘʭʠʣʫ ʽ ʢʨʦʢ ʛʦʬʨʽʚ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʝʢʦʥʦʤʽʷ ʤʘʩʠ ʤʦʞʝ ʩʢʣʘ-

ʜʘʪʠ ʜʦ 15%. 

 

ɹ̔ ʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ɿʘʚʽʩʪʦʚʩʴʢʠʡ ɼ.ɯ., ʉʧʝʩʽʚʮʝʚ ɺ.ɺ. ʂʦʥʩʪʨʫʢʮʽʷ ʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ 

ʈʈɼ. ʂʘʤʝʨʠ. ï ʍʘʨʴʢʽʚ: ʅʘʮ. ʘʝʨʦʢʦʩʤ. ʫʥ-ʪ çʍɸɯè, 2006. 122 ʩ. 

2. Alessandro de Iaco Veris Fundamental Concepts of Liquid-Propellant Rocket 

Engines. 2020. 747p. 

3. ʅʝʬʴʦʜʦʚ ʖ.ʄ., ɹʘʣʠʮʴʢʘ ʊ.ʖ. ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ. ï ʃʫʛʘʥʩʴʢ: ɺʠʜ-ʚʦ 

ʅʎʇʇʈʂ ñʅʦʫʣʽʜʞò, 2006. 304 ʩ. 



82 

ʋɼʂ 629.76 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-037 

ɸ.ɺ. ʄʘʨʪʠʥʝʥʢʦ, ʩʪʫʜʝʥʪ, ʖ.ʆ. ʄʽʪʽʢʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail ʘʚʪʦʨʽʚ: Martynenko@ftf.dnu.edu.ua, mitikov2017@gmail.com 

 

ɺɸʈɯɸʅʊ ʇʆʈʗʊʋʅʂʋ ʇɽʈʐʀʍ ʉʊʋʇɽʅɯɺ ɹɸɻɸʊʆɹʃʆʏʅʆɰ ʈʅ ʇʈʀ 

ʈʆɿɺʀʊʂʋ ɸɺɸʈɯʁʅʆɰ ʉɯʊʋɸʎɯɰ 

ɸʥʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʰʠʭ ʩʪʫʧʝʥʽʚ 

ʙʘʛʘʪʦʙʣʦʯʥʦʾ ʈʅ ʟʘ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ. ʇʦʯʘʪʦʢ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ ʦʜ-

ʥʦʤʫ ʙʣʦʮʽ ʨʫʭʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʙʘʛʘʪʦʩʦʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ. 

ɼʚʠʛʫʥ ʧʨʘʮʶʻ ʟʘ ʩʭʝʤʦʶ ʟ ʜʦʧʘʣʶʚʘʥʥʷʤ ʦʢʠʩʥʦʛʦ ʛʘʟʫ. ʉʧʦʩʽʙ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝ-

ʤʠ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʫ ʨʫʭʦʚʦʤʫ ʚʽʜʩʽʢʫ, ʷʢʽ ʚʠʢʣʶʯʘʶʪʴ ʧʦʞʝ-

ʞʫ (ʚʠʙʫʭ) 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʛʘʪʦʙʣʦʯʥʘ ʨʘʢʝʪʘ, ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʽʚ, ʘʚʘʨʽʡʥʘ ʩʠʪʫʘ-

ʮʽʷ, ʟʘʭʦʣʦʜʞʝʥʥʷ ʨʫʭʦʚʦʛʦ ʚʽʜʩʽʢʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ 

Annotation: The possibility of reusing the first stages of the multi-block launch vehicle 

under the following conditions is being considered. The beginning of an emergency situa-

tion is registered in one unit of the propulsion system, consisting of one multi-nozzle engine. 

The engine works according to the scheme with afterburning of oxidizing gas. The way to 

solve the problem is to ensure temperature regimes in the engine compartment that exclude 

fire (explosion) 

Keywords: multi-block rocket, reuse of blocks, emergency situation, engine compartment 

cooling, flash temperature 

 

ʆʜʥʠʤ ʽʟ ʧʦʧʫʣʷʨʥʠʭ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ ʚ ʩʚʽʪʽ ʟʘʨʘʟ ʻ ʙʘʛʘ-

ʪʦʨʘʟʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʈʅ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʟʥʘʭʦʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʘʚʘʨʽʡʥʠʭ ʙʣʦʢʽʚ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʦʾ ʈʅ . 

ɺ ʜʘʥʠʡ ʯʘʩ ʷʢ ʧʘʣʠʚʦ ʨʫʰʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʈʋ) ʩʫʯʘʩʥʠʭ ʈʅ, ʦʩʦʙʣʠʚʦ ʾʭ ʧʝ-

ʨʰʠʭ ʩʪʫʧʝʥʽʚ, ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʟʥʘʭʦʜʷʪʴ (ʽ ʧʣʘʥʫʶʪʴʩʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ) ʚʠʩʦ-

ʢʦʢʠʧʣʷʯʝ ʧʘʣʴʥʝ ʪʠʧʫ ʛʘʩ (RP-1) ʪʘ ʥʠʟʴʢʦʢʠʧʣʷʯʠʡ ʦʢʠʩʥʶʚʘʯ ï ʨʽʜʢʠʡ ʢʠʩʝʥʴ [1]. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜʠ - I ʪʘ II ʩʪʫʧʝʥʽ ʈʅ çɿʝʥʽʪè, Falcon-9, I ʩʪʫʧʝʥʽ ʈʅ çɽʥʝʨʛʽʷè, 

Antares, Atlas-V, Electron, "ʎʠʢʣʦʥ-4ʄ". ʈʷʜ ʩ ʮʠʭ ʥʦʩʽʾʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʢʠʩʥʽʡ ʛʝʥʝ-

ʨʘʪʦʨʥʽʡ ʛʘʩ ʜʣʷ ʧʨʠʚʦʜʫ ʪʫʨʙʽʥʠ (ʈʅ çɿʝʥʽʪè, çʎʠʢʣʦʥ-4ʄè, Antares, Atlas-V). ɯʥʰʽ 

ʈʅ (ʥʘʧʨʠʢʣʘʜ, Falcon-9, Electron )  - ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʩʭʝʤʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥ-

ʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʨʫʰʽʡʥʦʤʫ ʚʽʜʩʽʢʫ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʟʘ ʩʭʝ-

ʤʦʶ ʟ ʜʦʧʘʣʶʚʘʥʥʷʤ ʦʢʠʩʥʦʛʦ ʛʘʟʫ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʪʘʢʘ ʬʽʟʠʯʥʘ ʢʘʨʪʠʥʘ. ɺ ʨʫ-

ʰʽʡʥʦʤʫ ʚʽʜʩʽʢʫ ʻ ʜʝʢʽʣʴʢʘ ʘʛʨʝʛʘʪʽʚ ʟ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʇʨʠʯʦʤʫ, ʦʜʥʽ 

ʘʛʨʝʛʘʪʠ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤ ʛʘʟʦʤ (ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʦʢʠʩʥʶʚʘ-

ʯʘ Ŭ<1 ʟʘʚʞʜʠ), ʘ ʽʥʰʽ (ʛʘʟʦʛʝʥʝʨʘʪʦʨ, ʪʫʨʙʽʥʘ, ʛʘʟʦʚʽʜ) ï ʟ ʦʢʠʩʥʠʤ. ʋ ʨʘʟʽ ʥʝʨʦʟʨʘʭʫ-

ʥʢʦʚʠʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽ ʥʝʟʥʘʯʥʽ ʚʠʪʦʢʠ ʽ ʦʢʠʩʥʦʛʦ 

ʛʘʟʫ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ. ɰʭʥʷ ʚʟʘʻʤʦʜʽʷ - ʧʨʠʯʠʥʘ ʚʠʙʫʭʫ. ʉʫ-

ʯʘʩʥʘ ʩʠʩʪʝʤʘ  ʫʧʨʘʚʣʽʥʥʷ ʚʠʟʥʘʯʘʻ ʘʚʘʨʽʡʥʫ ʩʠʪʫʘʮʽʶ ʪʘ ʧʦʜʘʻ ʢʦʤʘʥʜʫ ʥʘ ʚʠʤʠʢʘʥ-

ʥʷ ʜʚʠʛʫʥʘ. ʊʘʢʽ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʶʪʴʩʷ ʩʪʨʽʤʢʦ (ʯʘʩʪʢʠ ʩʝʢʫʥʜʠ). ɺ 

ʪʦʡ ʞʝ ʯʘʩ ʜʚʠʛʫʥ ʧʦʚʥʽʩʪʶ ʧʨʠʧʠʥʷʻ ʚʠʨʦʙʣʷʪʠ ʦʢʠʩʣʶʚʘʣʴʥʽ (ʛʘʟʦʛʝʥʝʨʘʪʦʨ) ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ (ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ) ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʟʘ ʯʘʩʦʤ ʜʦ ʪʨʴʦʭ ʩʝʢʫʥʜ [2]. 
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ʇʨʠʨʦʜʥʦ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʙʫʭʫ ʚ ʨʫʭʦʤʫ ʚʽʜʩʽʢʫ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ. ʊʘʢ, ʨʦʟʚʠʪʦʢ 

ʙʽʣʴʰʦʩʪʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʫ ʨʫʭʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʈʅ "ɿʝʥʽʪ" ʈɼ-171 ʟʘʧʦʙʽʛʪʠ ʥʝ 

ʚʜʘʚʘʣʦʩʷ.   

ɯʥʰʘ ʢʘʨʪʠʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʟʘ ʩʭʝʤʦʶ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴ-

ʥʠʤ ʛʘʟʦʤ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʚʩʽʭ ʘʛʨʝʛʘʪʘʭ ʜʚʠʛʫʥʘ ʛʘʟ ʟ ʥʘʜʣʠʰʢʦʤ ʧʘʣʴʥʦʛʦ. ʇʨʠ-

ʯʠʥ ʜʣʷ ʧʦʞʝʞʽ ʯʝʨʝʟ ʚʠʪʦʢ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʟʫ ʥʝʤʘʻ. ʇʨʠ ʥʘʩʪʘʥʥʽ ʘʚʘʨʽʡʥʦʾ 

ʩʠʪʫʘʮʽʾ ʫ ʜʚʠʛʫʥʽ ʟ ʷʢʠʭʦʩʴ ʽʥʰʠʭ ʧʨʠʯʠʥ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʡʦʛʦ ʚʽʜʢʣʶʯʘʻ. ɯʥʰʽ 

ʜʚʠʛʫʥʠ ʬʦʨʩʫʶʪʴ (Falcon-9). ɿʘʚʜʘʥʥʷ ʚʠʚʝʜʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʝʦʙ-

ʭʜ̔ʥʫ ʦʨʙʽʪʫ ʚʠʨʽʰʫʻʪʴʩʷ. ɭʜʠʥʝ, ʧʝʨʰʠʡ ʩʪʫʧʽʥʴ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʨʷʪʫʶʪʴ, ʷʢʱʦ 

ʘʚʘʨʽʡʥʠʡ ʜʚʠʛʫʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʜʽʷʥʠʡ ʫ ʩʭʝʤʽ ʧʦʩʘʜʢʠ. ʇʨʠʥʘʡʤʥʽ ʜʚʽʯʽ ʪʘʢʽ ʚʠʧʘʜ-

ʢʠ ʪʨʘʧʣʷʣʠʩʷ ʥʘ I ʩʪʫʧʝʥʽ Falcon-9 [3]. 

ɼʣʷ ʙʘʛʘʪʦʙʣʦʯʥʦʛʦ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʦʜʠʥ ʜʚʠʛʫʥ, ʱʦ ʧʨʘ-

ʮʶʻ ʟʘ ʩʭʝʤʦʶ ʟ ʜʦʧʘʣʶʚʘʥʥʷʤ ʦʢʠʩʥʦʛʦ ʛʘʟʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʝ ʨʽʰʝʥʥʷ. 

ɿʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʚʠʤʠʢʘʻʪʴʩʷ ʘʚʘʨʽʡʥʠʡ ʜʚʠʛʫʥ, ʫ ʨʫʭʦʚʦʤʫ ʚʽʜʩʽʢʫ ʩʪʚʦʨʶʶʪʴ 

ʩʝʨʝʜʦʚʠʱʝ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʷʢʝ ʥʝ ʧʝʨʝʚʠʱʫʻ ʥʠʞʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʘʣʘʭʫ ʢʠʩʥʶ ʪʘ 

ʧʘʨʽʚ ʛʘʩʫ (301ʂ [4]). ʊʝʤʧʝʨʘʪʫʨʘ ʾʭ ʩʘʤʦʟʘʡʤʘʥʥʷ ï 533ʂ. ʎʝ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʷʢʱʦ 

ʦʜʥʦʯʘʩʥʦ ʟ ʧʦʜʘʯʝʶ ʢʦʤʘʥʜʠ ʥʘ ʚʠʤʠʢʘʥʥʷ ʨʫʰʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʘʚʘʨʽʡʥʦʛʦ ʙʣʦʢʫ 

ʧʝʨʝʨʽʟʘʪʠ ʚʠʜʘʪʢʦʚʫ ʤʘʛʽʩʪʨʘʣʴ ʨʽʜʢʦʛʦ ʢʠʩʥʶ ʫ ʨʫʭʦʚʦʤʫ ʚʽʜʩʽʢʫ ʧʝʨʝʜ ʥʘʩʦʩʦʤ 

ʦʢʠʩʥʶʚʘʯʘ. ʏʘʩʪʠʥʫ ʢʠʩʥʶ ʧʦʜʘʪʠ ʥʘ ʟʦʚʥʽʰʥʻ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʽʥʰʫ 

ʯʘʩʪʠʥʫ ʢʠʩʥʶ - ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʽʣʴʥʠʡ ʦʙ'ʻʤ ʨʫʭʦʚʦʛʦ ʚʽʜʩʽʢʫ. ʂʠʩʝʥʴ ʥʘ ʚʠʭʦʜʽ ʟ 

ʤʘʛʽʩʪʨʘʣʽ ʤʠʪʪʻʚʦ ʟʘʢʠʧʘʻ ʽ ʟʘʭʦʣʦʜʞʫʻ ʚʩʝ ʚ ʨʫʭʦʚʦʤʫ ʚʽʜʩʽʢʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʴ-

ʢʠʭ ʜʦ ʢʨʽʦʛʝʥʥʠʭ. ʏʝʨʝʟ ʜʨʝʥʘʞʥʽ ʦʪʚʦʨʠ ʚ ʨʫʭʦʚʦʤʫ ʚʽʜʩʽʢʫ ʥʘʜʣʠʰʦʢ ʢʠʩʥʶ ʩʢʠʜʘ-

ʻʪʴʩʷ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʣʽʢʚʽʜʫʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʤʦʞʣʠʚʦʾ ʧʦʞʝʞʽ (ʚʠʙʫʭʫ) ʚ ʘʚʘʨʽʡʥʦʾ 

ʩʠʪʫʘʮʽʾ. 

ʐʚʠʜʢʽʩʪʴ ʟʣʠʚʫ ʢʠʩʥʶ ʟ ʙʘʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʪʠʩʢʫ ʛʘʟʫ ʫ ʙʘʢʘʭ. ɼʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʟʣʠʚʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʜʘʪʢʦʚʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʜʞʝʨʝʣʘ ʛʘʟʫ, 

ʥʘʧʨʠʢʣʘʜ, ʪʚʝʨʜʦʧʘʣʠʚʥʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʠ. ʇʽʩʣʷ ʚʠʧʦʨʦʞʥʝʥʥʷ ʙʘʢʘ ʦʢʠʩʥʶʚʘʯʘ 

ʩʧʦʨʦʞʥʶʶʪʴ ʙʘʢ ʧʘʣʴʥʦʛʦ. ɸʚʘʨʽʡʥʠʡ ʩʪʫʧʽʥʴ ʈʅ, ʷʢ ʽ ʥʝ ʘʚʘʨʽʡʥʽ, ʛʦʪʦʚʽ ʜʦ ʰʪʘʪʥʦ-

ʛʦ ʨʦʟʧʦʜʽʣʫ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ʉʧʦʩʽʙ ʥʘʛʨʽʚʘʥʥʷ ʛʝʣʽʶ ʩʠʩʪʝʤʠ ʥʘʜʜʫʚʘʥʷ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʨʫʰʽʡʥʠʭ ʫʩʪʘ-

ʥʦʚʦʢ ʨʘʢʝʪ-ʥʦʩʽʾʚ: ʧʘʪ. 121524 ʋʢʨʘʾʥʘ: ʄʇʂ B64D 37/00/ ʄʽʪʽʢʦʚ ʖ.ʆ. ï 

ˉʘ201808948; ʟʘʷʚʣ. 27.08.18. 

2. ʂʘʪʦʨʛʠʥ ɹ.ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʤʦʱʥʳʭ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘ-

ʪʝʣʝʡ / ɺʝʩʪʠ ʈɸʅ. ï 2004. ï ʪ.74. ï ˉ3. ï ʉ.499 ï 506. 

 3. ʇʦʮʝʣʫʻʚ ʇ. ɿʘʧʫʩʢʠ. ɯʥʬʦʨʤʘʮʽʷ ʧʦ ʧʫʩʢʫ SpaseX Falcon-9 14 ʩʽʯʥʷ 2017. 

https://thealphacentauri.net/falcon9-iridium-next-14012017/  

4.ʕʥʮʠʢʣʦʧʝʜʠʷ ʧʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ XXL. ʂʝʨʦʩʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ. 

ʉ. 132.  https://mash-xxl.info/info/86331/ 

5. ʉʧʦʩʽʙ ʧʦʨʷʪʫʥʢʫ ʙʘʛʘʪʦʙʣʦʯʥʦʾ ʨʘʢʝʪʠ-ʥʦʩʽʷ: ʟʘʷʚʢʘ ʥʘ ʚʠʥʘʭʽʜ 

ˉa202306142 ʚʽʜ 18.12. 2023, ʋʢʨʘʾʥʘ: ʄʇʂ B64D 37/26, B64D 37/32/ ɼʅʋ ʽʤ. ʆ. 

ɻʦʥʯʘʨʘ, ʘʚʪʦʨʠ ʄʽʪʽʢʦʚ ʖ.ʆ., ʄʘʨʪʠʥʝʥʢʦ ɸ.ɺ. 



84 

ʋɼʂ 929.78.064.5  

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-038 

ɹ.ɯ. ʇʦʜʣʻʩʥʠʡ, ʘʩʧʽʨʘʥʪ; ʖ.ʆ. ʐʝʧʝʪʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ ñʍʘʨʢʽʚʩʴʢʠʡ 

ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪò  

E-mail:bogdam.podliesniy@gmail.com  

 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʌʆʊʆɽʃɽʂʊʈʀʏʅʀʍ ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ʊɸ 

ɺʇʃʀɺ ʊɽʍʅɯʏʅʆɻʆ ʌɸʂʊʆʈɸ. 

ɸʥʦʪʘʮʽʷ: ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʝʣʝʢʪʨʠʢʫ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʤʘʻ 

ʰʠʨʦʢʠʡ ʜʦʩʪʫʧ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ ʽ ʧʨʠ ʾʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʤʫ ʧʝʨʝʪʚʦ-

ʨʝʥʥʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʄʝʪʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, 

ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯ, ʝʥʝʨʛʽʷ. 

Annotation: Solar energy conversion into electricity is the most promising direction in re-

newable energy and is actively developing. Solar energy has wide availability and practical-

ly unlimited resources, and its photovoltaic conversion does not cause environmental pollu-

tion. The aim of this study is a comparative analysis of photovoltaic converters, as well as 

the influence of technical factors on the characteristics of these photovoltaic converters. 

Keywords: solar energy, photovoltaic converter, energy. 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨ-

ʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʩʬʝʨʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʽ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʤʘʻ ʰʠʨʦʢʠʡ ʜʦʩʪʫʧ ʪʘ ʤʘʡʞʝ ʥʝʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ, ʽ ʧʨʠ ʾʾ ʬʦʪʦʝʣʝʢ-

ʪʨʠʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʟʘʙʨʫʜʥʶʻʪʴʩʷ. ɼʣʷ ʧʨʷʤʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʚʠʱʝ ʬʦʪʦʝʬʝʢʪʫ ʫ 

ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʘʭ ʟ p-n-ʧʝʨʝʭʦʜʦʤ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʠ ʟ'ʻʜʥʫʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʦ ʚ ʤʦʜʫʣʷʭ ʪʘ ʢʦʤʙʽʥʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ-ʧʘʨʘʣʝʣʴʥʠʤ ʩʧʦʩʦʙʦʤ 

ʫ ʙʘʪʘʨʝʷʭ. ʇʦʪʫʞʥʽʩʪʴ ʤʦʜʫʣʽʚ ʪʘ ʙʘʪʘʨʝʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʪʫʞʥʦʩʪʝʡ ʦʢʨʝʤʠʭ ʩʦ-

ʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʦʪʝ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʩʝʨʝʜ 

ʥʠʭ ʢʨʠʩʪʘʣʽʯʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʤʦʥʦ- ʘʙʦ ʤʫʣʴ-

ʪʠʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʘ ʪʘʢʦʞ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʝʣʝʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʽʶ, ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ, ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ, ʬʦʩʬʽʜʫ ʽʥʜʽʶ ʪʘ ʽʥʰʠʭ ʩʧʦʣʫʢ. 

ʈʦʟʛʦʨʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʷʢ ʫ ʢʦʩʤʦʩʽ, ʪʘʢ ʽ ʥʘ ɿʝʤʣʽ, ʩʪʘʚʠʪʴ ʧʝʨʝʜ 

ʽʥʞʝʥʝʨʘʤʠ ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ (ʌɽʉ). 

ʅʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʧʽʜ ʚʧʣʠʚʦʤ 

ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʪʘʨʝʡ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʮʽʥʠʪʠ ʧʦʚʝʜʽʥʢʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʫ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. 

ɼʝʛʨʘʜʘʮʽʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʽʥʪʝʥʩʠʚʥʦʾ ʨʘʜʽʘʮʽʾ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʢʦʩʤʦʩʽ. ɹʝʟ ʚʞʠʪʪʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʧʦʪʦʢʘʤ ʯʘʩʪʠʥʦʢ, ʤʦʞʫʪʴ ʧʦʚʥʽʩʪʶ ʜʝʛʨʘʜʫ-

ʚʘʪʠ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʜʥʽʚ. ʆʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʞʠʚʣʷʪʴʩʷ ʩʦʥʷʯ-
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ʥʦʶ ʝʥʝʨʛʽʻʶ, ʮʷ ʧʨʦʙʣʝʤʘ ʚʠʢʣʠʢʘʻ ʦʩʦʙʣʠʚʫ ʪʫʨʙʦʪʫ ʫ ʨʦʟʨʦʙʥʠʢʽʚ ʩʦʥʷʯʥʠʭ ʙʘʪʘ-

ʨʝʡ. 
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ʇʈɽɼʇʋʉʂʆɺɽ ʅɸɼʋɺɸʅʅʗ ʇɸʃʀɺʅʀʍ ɹɸʂɯɺ ʈɯɼʀʅʅʀʍ ʈɸʂɽʊʅʀʍ 

ʋʉʊɸʅʆɺʆʂ ɿɸ ɼʆʇʆʄʆɻʆʖ ɺɺɽɼɽʅʅʗ ʊɽʇʃʆɺʆɰ ɽʅɽʈɻɯɰ 

ɸʥʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʥʘʜʜʫʚʘʥʥʷ ʧʘʣʠʚʥʦ-

ʛʦ ʙʘʢʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚ ʥʴʦʛʦ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʧʽʜʚʦʜʠʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʾ ʟʽ ʩʪʘʨʪʦʚʦʾ ʧʦʟʠʮʽʾ. ʉʧʨʦʱʫʻʪʴʩʷ ʩʪʘʨʪ, ʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ, 

ʟʥʠʞʫʻʪʴʩʷ ʤʘʩʘ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʜʠʥʥʘ ʨʘʢʝʪʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʝʨʝʜʧʫʩʢʦʚʝ ʥʘʜʜʫʚʘʥʥʷ, ʛʝʣʽʡ, ʝʣʝʢ-

ʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʩʢʠʜʘʥʥʷ ʢʘʙʝʣʽʚ. 

Annotation: The task of conducting pre-launch pressurization of the fuel tank by introducing 

thermal energy into it is being considered. Thermal energy is supplied by means of electrici-

ty from the starting position. Simplification of the launch, system design, reduction of mass, 

and increased precision in pressure control are achieved. 

Keywords: liquid rocket engine, pre-launch pressurization, helium, electrical energy, cable 

release. 

 

ʉʠʩʪʝʤʠ ʥʘʜʜʫʚʘʥʥʷ (ʉʅ) ʻ ʥʘʡʙʽʣʴʰ ʜʦʨʦʛʠʤʠ ʪʘ ʥʘʫʢʦʤʽʩʪʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʨʽʜʠʥʥʦʾ ʨʘʢʝʪʠ ʧʽʩʣʷ ʾʾ ʜʚʠʛʫʥʘ. ʊʨʘʜʠʮʽʡʥʦ ʧʦʪʨʽʙʥʠʡ ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʜʚʠʛʫʥ ʜʣʷ 
ʡʦʛʦ ʟʘʧʫʩʢʫ ʩʪʚʦʨʶʶʪʴ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʛʘʟʫ ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ. ɼʣʷ ʮʴʦʛʦ ʫ 

ʚʽʣʴʥʠʡ ʦʙʩʷʛ ʙʘʢʘ ʚʚʦʜʷʪʴ ʛʘʟ (ʷʢ ʧʨʘʚʠʣʦ ʛʝʣʽʡ) ʽʟ ʩʪʘʨʪʦʚʦʾ ʧʦʟʠʮʽʾ. ʊʘʢʽ ʩʠʩʪʝʤʠ 

ʫʩʢʣʘʜʥʶʶʪʴ ʩʪʘʨʪ, ʤʘʶʪʴ ʚʝʣʠʢʫ ʤʘʩʫ. ʊʘʢ, ʜʣʷ ʚʚʝʜʝʥʥʷ ʚ ʙʘʢ 1 - 2 ʢʛ ʛʝʣʽʶ, ʤʘʩʘ 

ʉʅ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʢʽʣʦʛʨʘʤ. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚʽʜʦʤʽ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 
ʜʣʷ ʧʦʣʴʦʪʥʦʛʦ ʥʘʜʜʫʚʘʥʥʷ ʙʝʟʛʝʣʽʻʚʽ ʉʅ (ʧʘʨʦʚʽ, ʛʝʥʝʨʘʪʦʨʥʽ). ɻʝʣʽʡ ʟʘʣʠʰʘʻʪʴʩʷ 

ʣʠʰʝ ʥʘ ʝʪʘʧʽ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʥʘʜʜʫʚʘʥʥʷ (ʇʅ), ʱʦ ʫʩʢʣʘʜʥʶʻ ʩʪʘʨʪ ʪʘ ʣʦʛʽʩʪʠʢʫ[2]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʛʣʷʜ ʤʦʞʣʠʚʦʩʪʽ ʽ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʇʅ ʧʘ-

ʣʠʚʥʦʛʦ ʙʘʢʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚ ʥʴʦʛʦ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʪʝʧʣʦʚʫ 

ʝʥʝʨʛʽʶ ʧʽʜʚʦʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʾ ʟʽ ʩʪʘʨʪʦʚʦʾ ʧʦʟʠʮʽʾ.  

ɿʘʟʚʠʯʘʡ, ʯʘʩ ʷʢʠʡ ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʇʅ ʩʢʣʘʜʘʻ 100 ï 200 ʩ ʜʦ ʟʘ-

ʧʫʩʢʫ ʨʫʰʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʈʋ). ɼʣʷ ʧʽʜʥʷʪʪʷ ʪʠʩʢʫ ʚ ʙʘʢʫ ʟ ʢʠʩʥʝʤ, ʥʘʧʨʠʢʣʘʜ, ʟ 

1Ŀ105 ʇʘ ʜʦ 3Ŀ105 ʇʘ, ʪʨʝʙʘ ʥʘʛʨʽʪʠ ʡʦʛʦ ʧʘʨʠ ʚ ʪʨʠ ʨʘʟʠ, ʚʽʜʧʦʚʽʜʥʦ, ʟ 90ʂ ʜʦ 270ʂ. 

ʂʽʣʴʢʽʩʪʴ ʧʦʪʨʽʙʥʦʛʦ ʪʝʧʣʘ ʢ ʧʘʨʘʤ ʚ ʙʘʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʚ ʛʨʘʥʠʯʥʽ ʧʦʚʝʨʭʥʽ (ʟ 

ʟʘʧʘʩʦʤ) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ 

 Q = kĿcmȹt = kĿcm Ŀ ( t2 ï t1 ),  

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ; 

ʩ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʘʟʦʪʘ;  

m ï ʤʘʩʘ ʪʽʣʘ; 

t2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ;  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʚ ʚʝʨʭʥʻ ʜʥʠʱʝ ʽ ʥʝ ʜʦʧʫʱʝʥʥʷ ʡʦʛʦ ʧʝʨʝʛʨʽʚʘʥʥʷ ʚ ʧʦ-

ʜʘʣʴʰʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ ʤʦʞʥʘ ʝʢʨʘʥʫʚʘʪʠ ʚʽʜ ʥʴʦʛʦ. ʂ ʝʣʝʢʪʨʠʯʥʦʤʫ ʥʘʛʨʽʚʘ-

ʯʫ, ʷʢʠʡ ʨʦʟʤʽʱʫʶʪʴ ʚ ʚʽʣʴʥʦʤʫ ʦʙô̒ ʤʽ ʙʘʢʫ, ʧʽʜʚʦʜʷʪʴ ʥʘʧʨʫʛʫ ʧʦ ʢʘʙʝʣʶ ʟʽ ʩʪʘʨʪʫ, ʟ 

ʦʙʩʣʫʛʦʚʫʶʯʦʾ ʱʦʛʣʠ. ʅʘʧʨʫʛʘ ʥʘ ʙʦʨʪʫ ʈʅ ʚʽʜʦʤʘ. ʏʘʩ ʥʘʙʦʨʘ ʪʠʩʢʫ ʜʦ ʧʦʪʨʽʙʥʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʥʠʢʦʤ ʩʠʩʪʝʤʠ ʇʅ. ɿʛʽʜʥʦ ʽʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʤʘʩʘ ʢʘʙʝʣʶ ʟ ʝʣʝʢʪ-
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ʨʠʯʥʠʤ ʥʘʛʨʽʚʘʯʝʤ ʽ ʝʢʨʘʥʦʤ, ʚʠʭʦʜʠʪʴ ʤʘʡʞʝ ʚʜʚʽʯʽ ʤʝʥʰʝ, ʥʽʞ ʫ ʪʨʘʜʠʮʽʡʥʦʾ ʩʠʩʪʝ-

ʤʠ ʇʅ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ ʜʣʷ ʝʪʘʧʫ ʇʅ ʙʘʢʘ ʟ ʧʘʣʴ-

ʥʠʤ. ʗʢ ʚʽʜʦʤʦ, ʧʝʨʝʜ ʟʘʧʨʘʚʢʦʶ ʙʘʢʽʚ ʾʭ ʧʨʦʜʫʚʘʶʪʴ ʩʪʠʩʣʠʤ ʘʟʦʪʦʤ ʟ ʪʦʯʢʦʶ ʨʦʩʠ 

218ʂ. ɼʘʣʽ ʧʽʩʣʷ ʚʽʜʨʠʚʫ ʈʅ ʚʽʜ ʩʪʘʨʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʝʣʝʢʪʨʠʯʥʫ ʉʅ ʤʦʞʥʘ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʽ ʜʣʷ ʧʦʣʴʦʪʥʦʛʦ ʥʘʜʜʫʚʘʥʥʷ ʙʘʢʽʚ ʚʽʜ ʩʧʝʮʽʘʣʴʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʇʽʩʣʷ ʦʧʫʩ-

ʢʘʥʥʷ ʨʽʚʥʷ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʥʘ ʧʦʪʨʽʙʥʫ ʚʽʜʩʪʘʥʴ, ʧʨʠʧʠʥʷʶʪʴ ʥʘʛʨʽʚʘʥʥʷ ʛʘʟʫ. ɺʽʜʧʨʘ-

ʮʴʦʚʘʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʤʦʞʥʘ ʚʽʜʩʪʨʽʣʠʪʠ ʟʙʦʨʫ ʈʅ ʷʢ ʥʘ ʜʨʫʛʦʤʫ ʩʪʫʧʝʥʽ ʈʅ Electron. 

ɼʘʣʽ ʧʦʪʨʽʙʥʠʡ ʪʠʩʢ ʛʘʟʫ ʚ ʙʘʢʘʭ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʚʝʜʝʥʥʷʤ ʚ ʾʭ ʚʽʣʴʥʽ ʦʙô̒ ʤʠ 

ʛʘʨʷʯʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ ʚʟʜʦʚʞ ʧʦʟʜʦʚʞʥʽʭ ʦʩʝʡ ʙʘʢʽʚ ʟ ʜʦʧʫʩʪʠʤʠʤʠ ʰʚʠʜʢʦ-

ʩʪʷʤʠ ʚʚʝʜʝʥʥʷ [3].  

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʢʣʶʯʘʻʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʈʋ ʚʠʢʠʜ ʛʘʟʫ ʟ ʙʘʢʽʚ, ʟʤʝʥ-

ʰʫʻʪʴʩʷ ʧʨʦʛʨʽʚ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʨʦʟʤʽʨʠ ʟʘʧʦʙʽʞʥʠʭ ʢʣʘʧʘʥʽʚ, ʧʦʪʨʽʙʥʠʡ ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʥʘʩʦʩʠ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʽʣʴ-

ʢʦʩʪʽ ʪʝʧʣʦʪʠ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʥʘʛʨʽʚʘʯʘ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ 

ʢʘʙʝʣʶ ʙʝʟ ʚʪʨʘʪ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʻ ʝʢʦʥʦʤʽʯʥʽʡ ʚʠʛʦʜʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʫ ʩʬʝʨʽ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʰʽʡʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪ.  

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʽʻʚʽ ʧʨʦʧʦʟʠʮʽʾ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝ-

ʤʠ ʇʅ ʱʦ ʤʦʞʝ  ʧʦʢʨʘʱʠʪʠ ʨʘʢʝʪʥʠʡ ʢʦʤʧʣʝʢʩ, ʘ ʩʘʤʝ - ʩʧʨʦʱʫʻʪʴʩʷ ʩʪʘʨʪ, ʢʦʥ-

ʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ ʇʅ, ʟʥʠʞʫʻʪʴʩʷ ʤʘʩʘ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 

ʪʠʩʢʫ ʛʘʟʫ ʚ ʧʘʣʠʚʥʠʭ ʙʘʢʘʭ ʈʋ. 
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ɸʅɸʃɯɿ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ʊɸ ʉʍɽʄʅʀʍ ʈɯʐɽʅʔ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ 

ɽʅɽʈɻɽʊʀʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɺʀɻʋʅɯɺ ʈʆɿɻɯʅʅʀʍ ɹʃʆʂɯɺ 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʜʠʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ 

ʜʚʠʛʫʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʟʦʪʥʦʛʦ ʪʝʪʨʘʦʢʩʠʜʫ ʛʘʟʠʬʽʢʦʚʘʥʦʛʦ ʚ ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʨʘʜʽʘʣʴʥʦʾ ʪʫʨʙʽʥʠ ʊʅɸ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʟʦʪʥʠʡ ʪʝʪʨʘʦʢʩʠʜ, ʙʝʟʛʝʥʝʨʘʪʦʨʥʘ ʩʭʝʤʘ, ʜʦʮʝʥʪʨʦʚʘ ʪʫʨʙʽʥʘ. 

Annotation. The paper explores the energy characteristics of a liquid rocket engine using 

nitrogen tetroxide gasified in the cooling channels as the working fluid for the radial turbine 

of the TPU. 

Key words: NTO, expander-cycle, radial turbine. 

 

ɼʣʷ ʜʚʠʛʫʥʽʚ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʪʠʩʢ ʫ ʢʘʤʝʨʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʠʪʦʤʠʡ ʽʤ-

ʧʫʣʴʩ ʜʚʠʛʫʥʘ ʽ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ, ʪʦʞ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

(ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤʠ çʛʘʟ-ʛʘʟè [1] ʚ Raptor), ʟʘʨʘʜʠ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʻ 

ʚʠʧʨʘʚʜʘʥʠʤ. ɼʚʠʛʫʥʠ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ, ʜʣʷ ʷʢʠʭ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʢʘʤʝʨʠ ʜʚʠʛʫʥʘ 

ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʩʦʢʫ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʥʘʚʽʪʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʢʨʠʪʦʾ ʩʭʝʤʠ (ʥʘʧʨʠʢʣʘʜ, Merlin-1D Vac). 

ɸʣʝ ʜʣʷ ʜʚʠʛʫʥʽʚ ʨʦʟʛʽʥʥʠʭ ʙʣʦʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʨʠʪʦʾ ʩʭʝʤʠ ʥʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʙʘʞʘʥʽ ʧʘʨʘʤʝʪʨʠ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʯʝʨʝʟ ʩʫʪʪʻʚʽ ʚʪʨʘʪʠ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ 

ʚʽʜ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʚʽʜ ʪʫʨʙʽʥʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʠʭ ʂʂɼ 

ʘʛʨʝʛʘʪʽʚ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʥʘ ʜʚʠʛʫʥʘʭ ʤʘʣʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. ɸ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤʠ ʟ ʜʦʧʘ-

ʣʶʚʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʯʘʩʪʦ ʥʝʚʠʧʨʘʚʜʘʥʦ ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʟʤʝʥʰʫʻ 

ʥʘʜʽʡʥʽʩʪʴ ʜʚʠʛʫʥʘ. 

ʈʘʮʽʦʥʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʛʣʷʜʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʭʝʤʠ ʟ ʜʦ-

ʧʘʣʶʚʘʥʥʷʤ ʙʝʟ ʛʘʟʦʛʝʥʝʨʘʪʦʨʫ, ʥʘʧʨʠʢʣʘʜ,  ʢʦʣʠ ʦʜʠʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʛʨʽʚʘʻʪʴʩʷ ʚ 

ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʧʦʜʘʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʪʫʨʙʽʥʫ. ʊʘʢʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ 

ʧʦʟʙʘʚʠʪʠʩʷ ʚʪʨʘʪ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʚʽʜ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʚʽʜ ʪʫʨʙʽʥʠ ʙʝʟ ʩʝʨʡʦʟʥʠʭ 

ʫʩʢʣʘʜʥʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʩʭʝʤʠ ʜʦʚʝʜʝʥʘ ʽʩʥʫʶʯʠʤʠ ʜʚʠʛʫʥʘʤʠ, ʥʘʡʚʽʜʦʤʽʰʠʡ ʟ  

ʷʢʠʭ ï RL10 (ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ) [2] ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʽ ʧʨʦʜʦʚʞʫʻ ʝʢʩʧʣʫ-

ʘʪʫʚʘʪʠʩʷ ʫ 10 ʨʽʟʥʠʭ ʨʘʢʝʪʦ-ʥʦʩʽʷʭ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫʩʽ ʚʽʜʦʤʽ ʜʚʠʛʫʥʠ ʚʠʢʦʥʘʥʽ ʟʘ expander-cycle ʩʭʝʤʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʩʘʤʦʟʘʡʤʠʩʪʫ ʢʨʽʦʛʝʥʥʫ ʧʘʣʠʚʥʫ ʧʘʨʫ ʢʠʩʝʥʴ-ʚʦʜʝʥʴ, ʦʜʥʘʢ, ʚʨʘ-

ʭʦʚʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʚʢʣʶʯʝʥʴ (20 ʽ ʙʽʣʴʰʝ) ʜʚʠʛʫʥʽʚ ʨʦʟʛʽʥʥʠʭ ʙʣʦʢʽʚ, ʘ 

ʪʘʢʦʞ ʯʘʩ, ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʦʨʙʽʪʽ ʧʽʜ ʧʦʪʝʥʮʽʡʥʠʤʠ ʪʝʧʣʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʩʦʥʷʯ-

ʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʙʫʣʦ ʙ ʨʘʮʽʦʥʘʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʽʧʝʨʛʦʣʽʯʥʝ ʚʠʩʦʢʦʢʠ-

ʧʣʷʯʝ ʧʘʣʠʚʦ. 

ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʘʨʽʘʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʧʦʚʦʾ ʜʣʷ ʜʚʠʛʫʥʽʚ ʨʦʟ-

ʛʽʥʥʠʭ ʙʣʦʢʽʚ ʧʘʣʠʚʥʦʾ ʧʘʨʠ ɸʊ-ʅɼʄɻ, ʜʝ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʪʫʨʙʽʥʠ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʚʩʷ ʘʟʦʪʥʠʡ ʪʝʪʨʘʦʢʩʠʜ, ʛʘʟʠʬʽʢʦʚʘʥʠʡ ʚ ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʢʘʤʝʨʠ ʜʚʠʛʫʥʘ.  
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ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʘʟʦʪʥʠʡ ʪʝʪʨʘʦʢʩʠʜ ʨʦʟʢʨʠ-

ʚʘʻ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ ʷʢ ʦʭʦʣʦʜʞʫʚʘʯ, ʘʜʞʝ ʨʝʘʢʮʽʷ ʜʠʩʦʮʽʘʮʽʾ N2O4ź2NO2 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʘ, ʱʦ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [3] ʽ ʜʦʟʚʦʣʷʻ ʦʭʦ-

ʣʦʜʠʪʠ ʥʘʚʽʪʴ ʥʘʡʙʽʣʴʰ ʪʝʧʣʦʥʘʧʨʫʞʝʥʽ ʜʽʣʷʥʢʠ ʢʘʤʝʨʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰ-

ʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʩʧʨʦʩʪʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʜʚʠʛʫʥʘ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʛʝʥʝʨʘʪʦʨʥʦʾ ʩʭʝʤʠ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʘʜʽʘʣʴʥʦʾ, ʜʦʮʝʥʪʨʦʚʦʾ ʪʫʨʙʽʥʠ. ɼʘʥʠʡ ʪʠʧ ʪʫʨʙʽʥ ʥʝʪʠʧʦʚʠʡ ʜʣʷ ʈʈɼ, (ʭʦʯ ʽ ʟʘʩʪʦʩʦ-

ʚʫʚʘʚʩʷ ʨʘʥʽʰʝ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʫʨʙʦʥʘʩʦʩʥʦʤʫ ʘʛʨʝʛʘʪʽ ʜʚʠʛʫʥʘ 8ɼ43 [4]) ʘʣʝ ʧʨʠ 

ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʂʂɼ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ çʢʣʘʩʠʯʥʦʶè ʦʩʴʦʚʦʶ ʪʫʨʙʽ-

ʥʦʶ [5]. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʚʠʭʦʜʽ ʟ ʪʨʘʢʪʫ ʦʭʦʣʦʜʞʝʥʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʨʘʜʠʮʽʡʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʦʭʦʣʦʜʞʝʥʥʷ [1]. ʅʘʪʦʤʽʩʪʴ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʫ ʜʠʬʝʨʝʥʮʽʡʥʫ ʤʦʜʝʣʴ ʪʨʘʢʪʫ 

ʦʭʦʣʦʜʞʝʥʥʷ ʢʘʤʝʨʠ ʜʚʠʛʫʥʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʘʣʠʩʷ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʛʽʜʨʘʚʣʽʢʠ ʚ 

ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʢʘʤʝʨʠ ʜʚʠʛʫʥʘ, ʨʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʜʚʠʛʫʥʘ, 

ʥʘʚʝʜʝʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʮʝʥʪʨʦʚʦʾ ʪʫʨʙʽʥʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚ-

ʥʷʥʥʷ ʟ ʜʚʠʛʫʥʦʤ-ʧʨʦʪʦʪʠʧʦʤ ʟʘ ʧʠʪʦʤʠʤʠ ʪʷʛʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʄɸɻʅɯʊʅʆɻʆ ʇʆʃʗ ɽʃɽʂʊʈʆɼʋɻʆɺʆɻʆ 

ʈɽɸʂʊʀɺʅʆɻʆ ɼɺʀɻʋʅɸ ʅɸ ʄɽʊɸʃɽɺɯʁ ʇʃɸɿʄɯ.   

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʜʚʠʛʫʥʘ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʣʘʟʤʽ (ɽʈɼʄʇ) ʟ ʨʽʟʥʠʤʠ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʪʘ ʟ ʨʽʟʥʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʨʦʙʦʪʠ ʢʝʨʫʶʯʠʭ ʩʦʣʝʥʦʾʜʽʚ. ɼʦʩʣʽʜʞʝʥʽ ʨʽʟʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʬʦʨʤʠ ʘʨʢʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʢʘʪʦʜʥʠʭ ʧʣʷʤ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʝʨʦʟʽʶ 

ʢʘʪʦʜʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʛʦʨʠʪ-

ʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ɽʈɼʄʇ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʜʚʠʛʫʥ ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʜʫʛʦʚʠʡ ʨʝʘʢʪʠʚʥʠʡ ʜʚʠʛʫʥ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʣʘʟʤʽ, ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ, ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ, ʢʘʪʦʜʥʘ ʧʣʷʤʘ, ʝʨʦʟʽʷ ʢʘʪʦʜʫ. 

Annotation. The study of the magnetic field of an vacuum arc thruster (VAT) with different 

permanent magnets and with different options for the operation of control solenoids was 

carried out. Different configurations of the shape of magnetic field arch and their influence 

on the trajectory of the cathode spots of the arc discharge and the erosion of the cathode 

were studied. The result of the conducted research is the improvement of the design, func-

tioning algorithms, and the optimization of the operation VAT, which will allow creating an 

engine with increase technical characteristics. 

Keywords: vacuum arc thruster, magnetic field, electric arc, cathode spot, erosion. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʠʭ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʨʦʟʧʦ-

ʯʘʣʠʩʴ ʱʝ ʚ 60-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ, ʘʣʝ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʚʝʣʠʢʠʡ 

ʨʦʟʨʷʜʥʠʡ ʩʪʨʫʤ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ, ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ, ʧʨʠʟʚʝʣʠ ʜʦ ʰʚʠʜʢʦʛʦ ʟʛʦʨʪʘʥʥʷ 

ʮʠʭ ʨʦʙʽʪ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʨʝʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ ʜʫʛʦʚʦʛʦ 

ʨʦʟʨʷʜʫ ʙʫʚ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʽʤʧʫʣʴʩʥʠʭ ʜʚʠʛʫʥʘʭ ʥʠʟʴʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʤʽʢʨʦ- ʪʘ 

ʥʘʥʦ-ʩʫʧʫʪʥʠʢʽʚ.  

ʆʜʥʘʢ ʧʝʨʝʚʘʛʠ ʝʣʝʢʪʨʠʯʥʠʭ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʣʘʟʤʽ ʚʢʘʟʫ-

ʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʜʚʠʛʫʥʽʚ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʘʙʦ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʜʫʛʦʚʠʡ ʨʦʟʨʷʜ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʘʟʦʚʠʭ ʽʦʥʥʠʭ 

ʜʚʠʛʫʥʽʚ, ʜʚʠʛʫʥʘʤ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʣʘʟʤʽ ʥʝ ʧʦʪʨʽʙʥʽ ʢʦʥʪʝʡʥʝʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ, 

ʢʣʘʧʘʥʠ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʠ. ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʤʝʪʘʣʝ-

ʚʽʡ ʧʣʘʟʤʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ [1]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʻʢʪʦʨʽʻʶ 

ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʪʦʜʥʠʭ ʧʣʷʤ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʧʦ ʚʝʣʠʢʽʡ ʧʣʦʱʽ ʢʘʪʦʜʫ ʜʣʷ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʚʝʣʠʯʠʥʘʭ ʩʪʨʫʤʫ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ. 

ɺ ʨʦʙʦʪʽ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʙʽʥʦʚʘʥʦʾ ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʣʘʟʤʽ 

(ɽʈɼʄʇ), ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʦʛʦ ʙʫʣʘ ʧʨʠʚʝʜʝʥʘ ʚ ʨʦʙʦʪʽ [2]. ʅʘ ʨʠʩʫʥʢʫ 1 

ʟʦʙʨʘʞʝʥʽ ʢʘʪʦʜ ʪʘ ʘʥʦʜ ɽʈɼʄʇ. ɼʠʩʢʦʚʠʡ ʢʘʪʦʜ ʨʦʟʤʽʱʝʥʠʡ ʤʽʞ 

ʮʝʥʪʨʘʣʴʥʦʶ ʪʘ ʢʽʣʴʮʝʚʦʶ ʯʘʩʪʠʥʘʤʠ ʘʥʦʜʫ.  
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ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʪʦʜʥʠʭ ʧʣʷʤ ʧʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʘ-

ʛʥʽʪʥʝ ʧʦʣʝ ʘʨʦʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ [3, 4]. ʂʘʪʦʜʥʽ ʧʣʷʤʠ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʽʜ ʘʨʢʦʶ 

ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʤʘʛʥʽʪʥʦ-ʛʦ ʧʦʣʷ, ʚʠʧʘʨʦʚʫʶʯʠ ʡʦʛʦ ʧʦʚʝʨʭʥʶ ʽ ʩʪʚʦʨʶʶʯʠ ʪʘʢʠʤ 

ʯʠʥʦʤ ʨʝʘʢʪʠʚʥʫ ʪʷʛʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʨʦʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʽʱʫʻ ʢʘʪʦʜʥʽ 

ʧʣʷʤʠ ʧʦ ʢʽʣʴʮʝʚʽʡ ʪʨʘʻʢʪʦʨʽʾ (ʨʠʩ. 2). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʘʪʝʨʽʘʣ ʢʘʪʦʜʫ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʤʽ-

ʱʘʪʠ ʢʘʪʦʜʥʽ ʧʣʷʤʠ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʧʦ ʚʩʽʡ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠ ʨʘʜʽʫʩ ʘʨʢʠ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʤʘʛʥʽ-

ʪʥʦʛʦ ʧʦʣʷ. ɺ ʨʦʙʦʪʽ [5] ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʘʨʢʠ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪ-

ʨʦʜʫʛʦʚʦʛʦ ʚʠʧʘʨʥʠʢʘ ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʘʣʠ ʜʚʘ ʩʦʣʝʥʦʾʜʠ, ʚ ʷʢʠʭ ʟʤʽʥʶʚʘʣʠ ʚʝʣʠʯʠʥʫ 

ʩʪʨʫʤʫ. ɼʣʷ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʣʘʟʤʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʙʽʥʘ-

ʮʽʶ ʩʦʣʝʥʦʾʜʘ ʪʘ ʧʦʩʪʽʡʥʠʭ ʢʽʣʴʮʝʚʠʭ ʤʘʛʥʽʪʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ 

ʥʘ ʤʝʪʘ-ʣʝʚʽʡ ʧʣʘʟʤʽ ʟ ʨʽʟʥʠʤʠ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʪʘ ʟ ʨʽʟʥʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʨʦʙʦʪʠ ʢʝʨʫʶʯʠʭ ʩʦʣʝʥʦʾʜʽʚ. ɼʦʩʣʽʜʞʝʥʽ ʨʽʟʥʽ ʢʦʥʬʽʛʫ-

ʨʘʮʽʾ ʬʦʨʤʠ ʘʨʢʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʢʘʪʦʜ-

ʥʠʭ ʧʣʷʤ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʝʨʦʟʽʶ ʢʘʪʦʜʫ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩ-

ʪʨʫʢʮʽʾ, ʘʣʛʦʨʠʪʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ɽʈɼʄʇ, 

ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʜʚʠʛʫʥ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʄɽʊʆɼʀ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɼɽʊʆʅɸʎɯʁʅʀʍ ʈɽɸʂʊʀɺʅʀʍ 

ɼɺʀɻʋʅɯɺ  

ɸʥʦʪʘʮʽʷ: ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʜʝʪʦ-

ʥʘʮʽʡʥʦʤʫ ʨʝʘʢʪʠʚʥʦʤʫ ʜʚʠʛʫʥʽ ʟ ʜʝʪʦʥʘʮʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʨʦʙʦ-

ʯʦʛʦ ʪʽʣʘ ʚ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʜʝʪʦʥʘʮʽʡʥʽʡ ʢʘʤʝʨʽ ʟ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ. ʆʜʥʠʤ ʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʻ ʤʝʪʦʜ 

ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʪʦʥʘʮʽʡʥʽ ʧʨʦʮʝʩʠ; ʨʝʘʢʪʠʚʥʠʡ ʜʝʪʦʥʘʮʽʡʥʠʡ ʜʚʠʛʫʥ; ʘʝʨʦʜʠʥʘʤʽʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ; ʚʭʽʜʥʠʡ ʧʨʠʩʪʨʽʡ; ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. 
Annotation: The subject of the study is the modeling of processes that take place in a 

detonation jet engine with the detonation transformation of the chemical energy of the 

working body into the kinetic energy of the jet jet. The purpose of the work is to obtain the 

results of research of gas-dynamic and thermal processes in a detonation chamber with 

aerodynamic regulation. One of the tools for solving such a problem is the method of a 

numerical experiment using mathematical modeling technologies.                                         

Keywords: detonation processes; jet detonation engine; aerodynamic regulation; input 

device; mathematical model. 

ʇʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʥʘʧʨʷʤʦʤ ʫ ʨʦʟʚʠʪʢʫ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʜʚʠʛʫʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʜʝʪʦʥʘʮʽʡʥʦʤʫ ʧʨʠʥʮʠʧʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʨʦʙʦʯʦʛʦ 

ʪʽʣʘ. ʈʽʰʝʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʽʪʴ ʪʝʭʥʽʯʥʠʡ ʧʨʦʨʠʚ ʚ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʢʦʻʬʽʮʽʝʥʪʘ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʜʚʠʛʫʥʘ; ʤʝʥʰʘ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ; ʩʧʨʦʱʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ, 

ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ; ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚ ʢʘʤʝʨʫ ʟʛʦ-

ʨʷʥʥʷ. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ: ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʽʥʝʪʠʢʠ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʢʘʤʝʨʽ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʛʦʨʽʥʥʷ ʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ; ʚʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʫ 

ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʫ ʫ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʢʘʤʝʨʠ; ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʜʚʠʛʫʥʘ; ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʚʪʦʢʦʣʠʚʘʥʴ ʚ ʢʘʤʝʨʽ ʥʘ ʦʩʥʦʚʽ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʫʭʫ ʛʘʟʽʚ; ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤ̔ -

ʨʶʚʘʥʴ ʜʝʪʦʥʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ; ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʢʘʤʝʨ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʛʦʨʽʥʥʷ ʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ  ʥʘ ʟʘʜʘʥʫ  ʧʦʪʫʞʥʽʩʪʴ.  
ɺ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʩʚʽʪʣʝʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʝʪʦʥʘʮʽʡ-

ʥʠʭ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ:  
- ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʱʦ 

ʚʢʣʶʯʘʻ ʦʧʪʠʤʽʟʘʮʽʶ ʬʦʨʤʠ ʢʘʤʝʨʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʙʝʟʧʝʯʝʥ-

ʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʧʘʣʠʚʘ; 
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- ɺʧʨʦʚʘʜʞʝʥʥʷ ʬʦʨʩʘʞʥʦʾ ʢʘʤʝʨʠ, ʱʦ ʚʧʦʨʩʢʫʻ ʜʦʜʘʪʢʦʚʝ ʧʘʣʠʚʦ ʫ ʩʦʧʣʦʚʠʡ ʜʠʬʫ-

ʟʦʨ; 

- ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʚʠʛʫʥʽʚ ʟʽ ʟʤʽʥʥʠʤ ʮʠʢʣʦʤ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʦʣʴʦʪʫ, ʦʧʪʠʤʽʟʫʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʚʠʛʫʥʘ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʠʩʦʪ ʪʘ ʰʚʠʜʢʦʩʪʝʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

- ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʜʚʠʱʠʪʴ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ;  

- ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʜʚʠʛʫʥʘ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʫʤʦʚ [1]. 
ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʢʘʤʝʨ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠ-

ʯʥʽ ʤʦʜʝʣʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʘʤʝʨʽ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʛʦʨʽʥʥʷ ʟ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʪʘ 

ʧʘʣʠʚʘ,  ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ [2]. ʆʪʨʠʤʘʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʫ ʢʘʤʝʨʽ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʛʦ-

ʨʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʢʽʥʝʪʠʢʠ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʘʤʝʨʽ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʛʦʨʽʥʥʷ ʟʘʣʝʞ-

ʥʦ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ. ɹʫʣʦ ʚʠʟʥʘʯʝ-

ʥʦ ʱʦ ʯʠʤ ʚʠʱʠʡ ʪʠʩʢ ʫ ʢʝʨʦʚʘʥʽʡ ʩʠʩʪʝʤʽ, ʪʠʤ ʰʚʠʜʰʘ ʰʚʠʜʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʨʠʚʦʜʫ, ʽ ʪʠʤ ʙʽʣʴʰʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʛʘʟʫ [3]. ʇʦʨʽʚʥʶʶʯʠ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ 

ʬʨʦʥʪʫ ʧʦʣʫʤôʷ ʚ ʫʤʦʚʘʭ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʧʦʨʩʢʫʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʪʽʻʾ 

ʩʘʤʦʾ ʩʭʝʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ, ʘʣʝ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʧʦʨʦʞʥʠʥʠ, ʧʦʣʦʞʝʥʥʷ ʬʨʦʥʪʫ 

ʧʦʣʫʤôʷ ʤʘʻ ʪʫ ʩʘʤʫ ʪʝʥʜʝʥʮʽʶ, ʱʦ ʡ ʟʤʽʥʘ ʚ ʢʦʝʬʽʮʽʻʥʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʦʪʫʞʥʽʩʪʶ ʨʦʟʨʷʜʫ ʟʘʧʘʣʴʥʠʢʘ ʪʘ ʩʝʨʝʜʦʚʠʱʝʤ ʧʦʣʷ ʧʦʪʦʢʫ ʚʩʝʨʝʜʠʥʽ 

ʧʦʨʦʞʥʠʥʠ [4]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʦʥʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ 

ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ, ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʫ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠ.. 
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ʊɽʍʅʆʃʆɻɯɰ ɿɹɽʈɯɻɸʅʅʗ ɺʆɼʅʖ 

ɸʥʦʪʘʮʽʷ ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ. ʊʘʢʦʞ 

ʦʙʛʦʚʦʨʶʻʪʴʩʷ, ʷʢ ʚʦʥʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʟʨʦʙʠʪʠ ʚʦʜʝʥʴ ʞʠʪʪʻʟʜʘʪʥʠʤ ʚʘʨʽʘʥʪʦʤ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. ʍʦʯʘ ʪʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʚʩʝ ʱʝ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʩʪʘʜʽʾ 

ʨʦʟʨʦʙʢʠ, ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʟʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ 

ʯʠʩʪʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʜʝʥʴ, ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ 

ʝʥʝʨʛʽʾ. 

Annotation. This paper reviews hydrogen storage technologies. It also discusses how 

they can help make hydrogen a viable energy storage option. Although still under 

development, hydrogen storage technologies offer significant promise for accelerating the 

transition to cleaner energy production and use based primarily on renewable energy 

sources. 

Keywords: hydrogen, renewable energy sources, energy storage systems. 

 

ɺʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ ʤʘʡʙʫʪʥʴʦʛʦ ʤʘʻ ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ, 

ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʨʽʰʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʚʽʪʝʨ ʽ ʩʦʥʮʝ, ʚʠʤʘʛʘʻ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ [1].  ʈʦʟʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʻ 

ʢʣʶʯʦʚʠʤ ʚ ʘʩʧʝʢʪʽ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ. ɺʝʣʠʢʦʤʘʩʰʪʘʙʥʽ 

ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʜʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ [2]. ʇʦʩʪʫʧʦʚʘ ʚʽʜʤʦʚʘ ʚʽʜ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ ʧʦʪʨʝʙʫʻ ʧʦʻʜʥʘʥʥʷ 

ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʝʟ ʩʦʮʽʘʣʴʥʠʭ ʧʦʪʨʷʩʽʥʴ ʯʝʨʝʟ ʟʤʽʥʠ ʚ ʮʽʥʘʭ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ. 

ʉʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ (ʉɿɽ) ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʜʦʟʚʦʣʷʶʯʠ ʥʘʢʦʧʠʯʫʚʘʪʠ ʝʥʝʨʛʽʶ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʯʘʩʠ ʧʽʢʦʚʦʛʦ ʧʦʧʠʪʫ. ɺʦʥʠ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʟʝʤʥʝ 

ʟʙʝʨʽʛʘʥʥʷ, ʬʽʟʠʯʥʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʤʝʪʦʜʠ, ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʦʰʫʢʫ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ ʧʝʨʝʚʘʛʠ, ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʠʢʣʠʢʠ ʢʦʞʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʩʧʨʠʷʻ ʾʭ ʝʬʝʢʪʠʚʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ ʧʨʘʢʪʠʢʫ. 

ʉʦʣʷʥʽ ʢʘʚʝʨʥʠ ʪʘ ʚʠʩʥʘʞʝʥʽ ʥʘʬʪʦʚʽ ʪʘ ʛʘʟʦʚʽ ʨʦʜʦʚʠʱʘ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ, ʧʨʦʪʝ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʢʦʥʪʨʦʣʶ [3]. ɺʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʪʘʢʦʞ ʤʘʶʪʴ ʟʥʘʯʥʫ ʻʤʥʽʩʪʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ, ʟ 

ʥʠʟʴʢʠʤ ʨʠʟʠʢʦʤ ʚʠʪʦʢʫ ʛʘʟʫ. ʇʨʦʪʝ ʧʦʪʨʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʪʦʢʽʚ, ʨʝʘʢʪʠʚʥʦʩʪʽ 

ʧʦʨʽʜ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ. ʍʦʯʘ ʜʦʩʚʽʜ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʚʽʜʩʫʪʥʽʡ, 

ʫʩʧʽʰʥʦ ʩʪʚʦʨʝʥʦ ʧʽʜʟʝʤʥʽ ʩʭʦʚʠʱʘ ʛʘʟʫ. 

ʉʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʚʦʜʥʶ ʧʽʜ ʪʠʩʢʦʤ 35 ʄʇʘ (ʪʠʧ III) ʽ 70 ʄʇʘ 

(ʪʠʧ III ʽ ʪʠʧ IV), ʧʨʦʧʦʥʫʶʪʴ ʚʠʱʫ ʛʨʘʚʽʪʘʮʽʡʥʫ ʛʫʩʪʠʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 
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ʚʘʨʽʘʥʪʘʤʠ. ʎʽ ʩʠʩʪʝʤʠ ʻ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ 

ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʧʦʪʨʝʙʫʶʪʴ ʤʽʮʥʠʭ 

ʨʝʟʝʨʚʫʘʨʽʚ ʽ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ. ʗʢ ʥʘʩʣʽʜʦʢ, ʩʪʠʩʥʝʥʠʡ ʚʦʜʝʥʴ 

ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʥʝ ʚ ʪʨʘʥʩʧʦʨʪʽ. 

ʈʽʜʢʠʡ ʚʦʜʝʥʴ (ʈɺ) ʤʘʻ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʽ ʭʦʨʦʰʫ ʢʽʥʝʪʠʢʫ. ʆʜʥʘʢ ʚʽʥ 

ʚʠʤʘʛʘʻ ʥʘʣʝʞʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʪʨʘʪ ʽ ʩʪʠʢʘʻʪʴʩʷ ʟ ʪʘʢʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʷʢ ʚʠʢʠʜ ʯʝʨʝʟ ʟʘʧʦʙʽʞʥʽ ʢʣʘʧʘʥʠ. ʈʝʟʝʨʚʫʘʨʠ ʜʣʷ ʈɺ ʥʝ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʚʠʩʦʢʠʡ ʪʠʩʢ, ʘ ʚʘʨʪʽʩʪʴ ʪʘ ʝʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʨʽʜʞʝʥʥʷ ʚʦʜʥʶ, ʻ ʩʫʪʪʻʚʠʤʠ 

ʥʝʜʦʣʽʢʘʤʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʈɺ ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʦʩʥʦʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʽ 

ʤʦʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ, ʘ ʥʝ ʚ ʧʦʚʩʷʢʜʝʥʥʠʭ ʩʮʝʥʘʨʽʷʭ ʤʦʙʽʣʴʥʦʩʪʽ. 

ɿʙʝʨʽʛʘʥʥʷ ʢʨʽʦʢʦʤʧʨʝʩʦʚʘʥʦʛʦ ʚʦʜʥʶ ʜʝʤʦʥʩʪʨʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʟ ʚʠʩʦʢʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʽ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ ʧʨʠ ʧʨʠʡʥʷʪʥʠʭ ʚʠʪʨʘʪʘʭ. ʊʠʤ ʥʝ ʤʝʥʰ, ʩʠʩʪʝʤʠ 

ʢʨʽʦʢʦʤʧʨʝʩʦʚʘʥʦʛʦ ʚʦʜʥʶ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʠʩʥʝʥʥʷ ʽ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʙʣʝʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ɸʝʨʦʢʦʩʤʽʯʥʽ ʪʘ ʤʦʨʩʴʢʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʦʪʨʠʤʫʶʪʴ ʥʘʡʙʽʣʴʰʫ ʚʠʛʦʜʫ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʾ ʢʨʽʦʢʦʤʧʨʝʩʦʚʘʥʦʛʦ ʚʦʜʥʶ ʟʘʚʜʷʢʠ ʾʾ ʩʧʝʮʠʬʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ɸʜʩʦʨʙʝʥʪʠ, ʪʘʢʽ ʷʢ MOF-5, ʧʨʦʧʦʥʫʶʪʴ ʚʠʩʦʢʫ ʻʤʥʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʽ 

ʰʚʠʜʢʫ ʰʚʠʜʢʽʩʪʴ ʘʜʩʦʨʙʮʽʾ. ʆʜʥʘʢ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʧʝʚʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʽ ʚʠʤʘʛʘʻ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʾ. ʍʦʯʘ 

ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʜʣʷ ʾʾ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʪʨʽʙʥʽ ʧʦʜʘʣʴʰʽ ʨʦʟʨʦʙʢʠ. 

ɻʽʜʨʠʜʠ ʤʝʪʘʣʽʚ, ʪʘʢʽ ʷʢ MgH2, TiFe ʽ TiMn2, ʤʘʶʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʚʝʣʠʢʽ 

ʟʘʧʘʩʠ, ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʘʜʩʦʨʙʮʽʷ/ʜʝʩʦʨʙʮʽʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʆʜʥʘʢ ʚʦʥʠ 

ʤʘʶʪʴ ʪʘʢʽ ʥʝʜʦʣʽʢʠ, ʷʢ ʚʠʤʦʛʠ ʜʦ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʚʠʩʦʢʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʨʝʘʢʮʽʾ, 

ʧʦʚʽʣʴʥʘ ʢʽʥʝʪʠʢʘ ʽ ʚʠʩʦʢʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʧʦʚʽʪʨʷʤ ʽ/ʘʙʦ ʚʦʜʦʶ. 

ʆʪʞʝ, ʛʽʜʨʠʜʠ ʤʝʪʘʣʽʚ ʤʝʥʰ ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʦʜʥʝʚʠʭ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʧʘʜʢʽʚ, ʪʘʢʠʭ ʷʢ ʧʽʜʚʦʜʥʽ ʯʦʚʥʠ, ʘʚʪʦʥʦʤʥʽ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ, 

ʢʘʪʝʨʠ, ʥʝʚʝʣʠʢʽ ʧʦʾʟʜʠ, ʧʽʜʟʝʤʥʽ ʟʘʣʽʟʥʠʯʥʽ ʩʠʩʪʝʤʠ ʪʘ ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʥʘ ʧʘʣʠʚʥʠʭ 

ʝʣʝʤʝʥʪʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʘ ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʤʘʻ ʩʚʽʡ ʚʣʘʩʥʠʡ ʥʘʙʽʨ ʧʝʨʝʚʘʛ 

ʽ ʥʝʜʦʣʽʢʽʚ, ʘ ʪʘʢʦʞ ʩʧʝʮʠʬʽʯʥʫ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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ɿɸʍʀʉʊ ʆʇʊʀʂʆ-ɽʃɽʂʊʈʆʅʅʀʍ ʇʈʀʉʊʈʆɰɺ ʇɽʈɽʊɺʆʈɽʅʅʗ ɽʅɽʈɻɯɰ 

ʉʆʅʗʏʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ɺɯɼ ʅɸɺɸʅʊɸɾɽʅʅʗ, ɿɸʊɯʅɽʅʅʗ ʊɸ 

ʇɽʈɽɻʈɯɺʋ 

 ɸʥʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʷʢʘ ʻ 

ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺʠʩʚʽʪʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʩʠʚʥʠʭ ʙʦʡʧʘʩʥʠʭ ʜʽʦʜʽʚ, ʭʦʯʘ ʽ ʻ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦ-

ʜʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʛʨʽʚʫ, ʥʝ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʦ ʟʘ ʫʤʦʚ ʯʘʩʪʢʦʚʦʛʦ ʟʘʪʝʤʥʝʥʥʷ. ʋ 

ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʚʠʩʥʦʚʢʫ ʨʦʟʛʣʷʥʫʪʦ ʚʘʨʽʘʥʪ ʟʘʭʠʩʪʫ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʟʦʢʨʝʤʘ ʧʦʟʠʩʪʦʨʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʚʘʨʠʩʪʦʨʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʻ ʢʣʶʯʦ-

ʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʝʨʝʛʨʽʚʫ, ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʪʘ ʙʝʟʧʝʯʥʫ ʨʦʙʦʪʫ 

ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʜʽʡʥʽʩʪʴ, ʧʝʨʝʛʨʽʚ, ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʟʘʪʝʤ-

ʥʝʥʥʷ. 

 Annotation: In this work, we think about the problem of reliability of solar batteries, 

which is the key to ensure sustainable and efficient production of electricity. It is highlighted 

that the use of passive bypass diodes, although it is an advanced method of preventing over-

heating, is not always effective under conditions of partial follow-up. In the proposed con-

clusion, the main option for the protection of solar cells is the use of heterogeneous dielec-

trics, in particular, positron nanocomposite materials and varistors. This approach allows 

you to react to the increase in temperature, which is a key factor in the formation of over-

heating, and ensures stable and safe operation of solar cells. 

Key words: reliability, overheating, solar battery, overload, dimming. 

 

ʅʘʜʽʡʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ-

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ  ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ 

ʩʣʫʞʙʠ. ʉʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʅʝʥʘ-

ʜʽʡʥʽʩʪʴ ʘʙʦ ʚʽʜʤʦʚʘ ʫ ʨʦʙʦʪʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʝʥʝʨʛʽʾ ʪʘ ʚʠʪʨʘʪ ʥʘ ʟʘʤʽʥʫ/ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʅʘʡʚʽʜʦʤʽʰʠʤ ʤʝʪʦʜʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʘʤ ʟʤʝʥʰʝʥʥʷ ʥʘʜʽʡʥʦʩ-

ʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʻ ʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʷ ʪʘ ʧʝʨʝʛʨʽʚ ʤʦʜʫʣʽʚ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ 

ʻ ʚʚʽʤʢʥʝʥʥʷ ʧʘʩʠʚʥʠʭ ʰʫʥʪʫʚʘʣʴʥʠʭ ʜʽʦʜʽʚ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʣʘʥʮʶʛʘ ʩʦʥʷʯʥʦʛʦ ʝʣʝʤʝ-

ʥʪʘ. ʆʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʟ ʙʦʡʧʘʩʥʠʤʠ ʜʽʦʜʘʤʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʝʨʝʥʘʧʨʫʛʠ ʪʘ 

ʛʘʨʷʯʽ ʪʦʯʢʠ ʚʩʝ ʦʜʥʦ ʚʠʥʠʢʘʶʪʴ, ʧʨʠʩʢʦʨʶʶʯʠ ʜʝʛʨʘʜʘʮʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʥʷʯʥʦʾ 

ʙʘʪʘʨʝʾ. ʊʘʢ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʯʘʩʪʢʦʚʝ 

ʟʘʪʝʤʥʝʥʥʷ ʚ ʢʦʣʘʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʙʦʡʧʘʩʥʠʤʠ ʜʽʦʜʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʚʠʜʽʣʝʥʴ ʪʘ ʫʪʚʦʨʝʥʥʷ ʛʘʨʷʯʠʭ ʪʦʯʦʢ. 

ʆʜʥʘʢ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʪʝ, ʱʦ ʦʙʚʽʜʥʽ ʜʽʦʜʠ ʪʘʢ ʷʢ ʽ ʽʥʰʽ ʚʽʜʦʤʽ ʩʭʝʤʦʪʝʭʥʽʯʥʽ ʨʽ-

ʰʝʥʥʷ ʨʝʘʛʫʶʪʴ ʥʘʩʘʤʧʝʨʝʜ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ (ʟʘʟʚʠʯʘʡ ʧʝʨʝʥʘʧʨʫʞʝʥ-
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ʥʷ) [1]. ɿʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʻ ʜʣʷ ʥʠʭ ʚʭʽʜʥʠʤ ʢʦʥʪʨʦʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʠʭ ʩʘʤʠʭ ʥʘʩʣʽʜʢʽʚ, ʱʦ ʡ ʧʝʨʝʛʨʽʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʟʚô̫ ʟʢʫ ʟ 

ʮʠʤ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʣʷʪʠ ʟʘʭʠʩʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʨʝʘʛʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʽʜʚʠʱʝʥ-

ʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʦʤʫ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʟʘʭʠʩʪ ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʜʽʝʣʝʢʪʨʠʢʽʚ, ʘ ʩʘʤʝ ʧʦʟʠʩʪʦʨʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʘʨʠʩʪʦʨʠ, ʷʢʽ ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʮʽ ʷʢ ʝʣʝʤʝʥʪʠ ʧʨʠʩʪʨʦʾʚ ʟʘʭʠʩʪʫ 

ʚʽʜ ʩʪʨʫʤʦʚʠʭ ʪʘ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝ-

ʤʘʭ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʜʘʥʦʛʦ ʪʠʧʫ ʻ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʟʘʭʠʩʪʫ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʾʭ ʧʦʩʣʽʜʦʚʥʠʭ ʟôʻʜʥʘʥʴ ʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦ-

ʜʫʣʷʭ. 

ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʰʘʨʽʚ. 

ɺʘʨʠʩʪʦʨʥʠʡ ʱʘʨ ʚʠʟʥʘʯʘʻ ʚʭʽʜʥʫ ʥʘʧʨʫʛʫ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ ʽ ʧʽʜô̒ ʜʥʘʥʠʡ ʧʘʨʘʣʝʣʴ-

ʥʦ ʜʦ ʦʙô̒ ʢʪʫ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ[2]. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʚʭʽʜʥʦʾ ʧʝʨʝʥʘʧʨʫʛʠ, ʪʝʧʣʦ ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʚʘʨʠʩʪʦʥʦʤʫ ʰʘʨʽ, ʧʦʯʠʥʘʻ ʥʘʛʨʽʚʘʪʠ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʡ ʽʟ ʥʠʤ ʧʦʟʠ-

ʩʪʦʨʥʠʡ ʱʘʨ, ʟʙʽʣʴʰʫʶʯʠ ʡʦʛʦ ʦʧʽʨ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʭʽʜʥʘ ʧʝʨʝʥʘʧʨʫʛʘ ʧʝʨʝʨʦʟʧʦʜʽʣʷ-

ʻʪʴʩʷ ʤʽʞ ʰʘʨʘʤʠ, ʦʙʤʝʞʫʶʯʠ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ʚʘʨʠʩʪʦʨʥʦʛʦ ʰʘʨʫ ʽ ʚʽʜʧʦʚʽʜʥʦ, 

ʧʘʨʘʣʝʣʴʥʦ ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʦʡʧʘʩʥʠʭ ʜʽʦʜʽʚ ʤʦʞʝ ʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʚʽʜ 

ʛʘʨʷʯʠʭ ʪʦʯʦʢ ʪʘ ʧʝʨʝʛʨʽʚʫ ʤʦʜʫʣʽʚ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʫ ʨʘʟʽ ʯʘʩʪʢʦʚʦʛʦ ʟʘʪʝʤʥʝʥʥʷ [3].  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʟʦʢʨʝʤʘ ʧʦʟʠʩʪʦʨʥʠʭ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʘʨʠʩʪʦʨʽʚ, ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʩʪʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦ-

ʨʦʤ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʝʨʝʛʨʽʚʫ. ɿʘʭʠʩʪ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʦʙʤʝʞʝʥʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʫ ʪʘ ʙʝʟʧʝʯʥʫ ʨʦʙʦʪʫ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. Tonkoshkur A.S. Software for calculation of parameters of equivalent electric 

scheme of photovoltaic cells / A.S. Tonkoshkur, L.V. Nakashidze // ʉʠʩʪʝʤʥʽ ʪʝ-

ʭʥʦʣʦʛʽʾ. 2019. ï 1(120). ï ʉ. 150-155. 

2. Vieira R. G., de Ara¼jo F. M., Dhimish M., Guerra M. I. A comprehensive re-

view on bypass diode application on photovoltaic modules. Energies. 2020. No. 

13(10). P. 2472. https://doi.org/10.3390/en13102472 

3. Kreft W., Przenzak E., Filipowicz M. Photovoltaic chain operation analysis in 

condition of partial shading for systems with and without bypass diodes. Optik. 

2021. No. 247. P. 167840. https://doi.org/10.1016/j.ijleo.2021.167840 

 



98 

ʋɼʂ 62.9 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-045 

ʆ.ʉ. ʏʝʨʥʷʚʩʴʢʠʡ, ʘʩʧʽʨʘʥʪ, ʆ.ɭ. ɿʦʣʦʪʴʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
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ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ɺɯɼʆʄʀʍ ɼʆʉʃɯɼɾɽʅʔ ʈɯɼʀʅʅʀʍ ʈɸʂɽʊʅʀʍ 

ɼɺʀɻʋʅɯɺ ɹɽɿɻɸɿʆɻɽʅɽʈɸʊʆʈʅʆɰ ʉʍɽʄʀ 

ɸʥʦʪʘʮʽʷ. ʋ ʜʚʠʛʫʥʘʭ ʙʝʟʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʾ ʩʭʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʽʦʛʝʥʥʽ ʢʦʤʧʦ-

ʥʝʥʪʠ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ ʪʷʛʠ ʜʚʠʛʫʥʘ. ɺʠʩʦ-

ʢʽ ʧʘʨʘʤʝʪʨʠ ʈʈɼ, ʪʘʢʽ ʷʢ ʪʠʩʢ ʫ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ, ʪʷʛʘ ʜʚʠʛʫʥʘ ʪʘ ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ 

ʪʷʛʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʽʤʘʥʥʷ ʪʝʧʣʘ ʟ ʚʦʛʥʝʚʦʾ ʩʪʽʥʢʠ ʢʘʤʝʨʠ ʪʘ ʽʥʪʝʥʩʠʬʽ-

ʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʜʠʥʥʽ ʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ, ʙʝʟʛʘʟʦʛʝʥʝʨʘʪʨʥʘ ʩʭʝʤʘ, ʩʠʩʪʝʤʘ ʦʭʦʣʦʜ-

ʞʝʥʥʷ, ʢʨʽʦʛʝʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʘ, ʤʝʪʘʥ, ʚʦʜʝʥʴ 

Annotation. In engines without a gas-generator cycle, cryogenic components of rocket pro-

pellant are utilized, ensuring a high specific impulse of the engine thrust. The elevated pa-

rameters of a liquid rocket engine, such as pressure in the combustion chamber, engine 

thrust, and specific impulse, depend on the efficient removal of heat from the combustion 

chamber's fiery wall and the intensification of heat exchange in the cooling circuit. 

Keywords: liquid rocket engines, expander cycle, cooling system, cryogenic fuel compo-

nents, methane, hydrogen 

 

ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʈʈɼ ʙʝʟʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʭ ʩʭʝʤ (ɹʈɼ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʟ-

ʥʘʯʝʥʥʷʤ (ʨʦʟʤʽʨʥʽʩʪʶ) ʃɸ, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ɹʈɼ, ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ, ʨʦʟʨʦʙʢʫ, ʚʽʜʧʨʘʮʶʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʚʠʛʫʥʘ, ʚʠʤʦʛʘʤʠ 

ʥʘʜʽʡʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʈɼ ʜʣʷ ʨʘʢʝʪ ʣʝʛʢʦʛʦ 

ʢʣʘʩʫ (ʤʘʣʦʾ ʨʦʟʤʽʨʥʦʩʪʽ) ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʟʜʝ-

ʰʝʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʝʚʘʣʶʶʪʴ ʥʘʜ ʽʥʰʠʤʠ. ʗʢʱʦ ɹʈɼ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʝʨʭʥʽʭ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪ ʪʘ ʨʦʟʛʽʥʥʠʭ ʙʣʦʢʽʚ, ʪʦ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʘʞʘʶʪʴ ʢʨʠʪʝʨʽʾ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʤʘʩʠ. 

ʋ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʜʦʩʷʛʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʈʈɼ (ʚʝ-

ʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ) ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʴ ʰʣʷʭʦʤ ʫʩʢʣʘʜʥʝʥʥʷ 

ʧʥʝʚʤʦʛʽʜʨʘʚʣʽʯʥʦʾ ʩʭʝʤʠ ʜʚʠʛʫʥʘ, ʧʽʜʚʠʱʝʥʥʷʤ ʡʦʛʦ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʫ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ), ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦ-

ʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ, ʘʛʨʝʛʘʪʽʚ ʪʘ ʩʠʩʪʝʤ 

ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ. ɿʘ ʜʝʷʢʠʤʠ ʦʮʽʥʢʘʤʠ, ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫ-

ʥʘ ʟ 250 ʢʛʩ/ʩʤ2 ʜʦ 150 ʢʛʩ/ʩʤ2 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʈʈɼ ʫ 1,5 ʨʘʟʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʚʘʨʽʘʥʪʠ ɹʈɼ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʷʢʦʩʪʽ ʧʘʣʴʥʦʛʦ 

ʚʦʜʥʶ, ʤʝʪʘʥʫ ʪʘ ʟʨʽʜʞʝʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʽʜʠʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʢʠʩʥʝʚʦ-ʤʝʪʘʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚʽʜʢʨʠʪʦʾ ʩʭʝʤʠ (ʟ ʚʠʢʠʜʦʤ ʛʘʟʫ 

ʧʽʩʣʷ ʪʫʨʙʽʥʠ) ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʛʫʥʘ ʟʘʢʨʠʪʦʾ ʩʭʝʤʠ ʟ ʜʦʧʘʣʶʚʘʥʥʷʤ ʪʫʨʙʦʛʘʟʫ 

ʚ ʦʩʥʦʚʥʽʡ ʢʘʤʝʨʽ ʜʚʠʛʫʥʘ. 

ʗʢ ʚʽʜʦʤʦ, ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʈʈɼ ʜʦʚʞʠʥʘ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ (ʂɿ) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʤʦʚʘʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʦʚʞʠʥʠ ʂɿ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʯʘ ʫ ʪʨʘʢʪʽ ʢʘʤʝʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʽʥʞʝʥʝʨʽʚ ʬʽʨʤʠ "ʈʦʢʝʪʜʘʡʥ" ʜʦʚʝʣʠ, ʱʦ ʧʦʜʚʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ (ʧʦʥʘʜ ʦʧʪʠ-
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ʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ) ʮʠʣʽʥʜʨʠʯʥʦʾ ʂɿ ʢʠʩʥʝʚʦ-ʚʦʜʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ɸɽʉɽ (Advanced 

Expander ʉʫʩlʝ Engine) ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʝʧʣʦʟʥʽʤʘʥʥʷ ʤʘʡʞʝ ʥʘ 40 %. ʇʨʠ 

ʮʴʦʤʫ ʪʠʩʢ ʫ ʢʘʤʝʨʽ ʜʚʠʛʫʥʘ ɸɽʉɽ ʟʙʽʣʴʰʠʚʩʷ ʟ 6 ʄʇʘ ʜʦ 9 ʄʇʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʚʠ-

ʜʢʽʩʥʦʾ ʂɿ ʢʦʥʽʯʥʦʾ ʬʦʨʤʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʟʦʙʘʨʠʯʥʦʾ ʢʘʤʝʨʠ ʪʨʘʜʠʮʽʡʥʦʾ ʮʠʣʽʥʜʨʠʯ-

ʥʦʾ ʬʦʨʤʠ ʩʧʨʠʷʻ ʚʠʨʽʚʥʶʚʘʥʥʶ ʧʨʦʬʽʣʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʜʦʚʞʠʥʽ ʢʘʤʝʨʠ. ʊʘʢ, 

ʜʣʷ ʜʚʠʛʫʥʘ ɸɽʉɽ ʪʠʩʢ ʟʙʽʣʴʰʠʚʩʷ ʜʦ ʚʝʣʠʯʠʥʠ 10 ʄʇʘ. ʇʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʥʫʪʨʽʰ-

ʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʛʥʝʚʦʾ ʩʪʽʥʢʠ ʢʘʤʝʨʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʪʫʨʙʦʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʧʽʜʽʛʨʽʚ ʫ ʪʨʘʢʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʝ ʪʽʣʴʢʠ ʚʦʜʥʶ, ʘ ʱʝ ʽ ʢʠʩʥʶ ʜʦʟʚʦʣʠʣʦ ʽʥʞʝʥʝʨʘʤ ʬʽʨʤʠ Aerojet Liquid Rocket ʱʝ ʥʘ 

ʧʦʯʘʪʢʫ 1980-ʭ ʨʦʢʽʚ ʜʦʩʷʛʪʠ ʫ ʢʘʤʝʨʽ ʙʝʟʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʈʈɼ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ 13,8 

ʄʇʘ. ʂʘʤʝʨʘ ʟʛʦʨʷʥʥʷ ʜʚʠʛʫʥʘ ʬʽʨʤʠ Aerojet Liquid Rocket ʤʘʻ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ ʟ 

ʮʝʥʪʨʘʣʴʥʠʤ ʪʽʣʦʤ, ʷʢʝ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʢʠʩʥʝʤ. ɿʦʚʥʽʰʥʽ ʩʪʽʥʢʠ ʢʘʤʝʨʠ ʦʭʦʣʦʜʞʫ-

ʶʪʴʩʷ ʚʦʜʥʝʤ. 

ʋ ʷʧʦʥʩʴʢʦʤʫ ʙʝʟʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʤʫ ʈʈɼ HIPEX ʟ ʪʠʩʢʦʤ ʫ ʂɿ 9,8 ʄʇʘ ʜʦʜʘ-

ʪʢʦʚʝ ʧʽʜʽʛʨʽʚʘʥʥʷ ʚʦʜʥʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʴʦʢʘʤʝʨʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ 

ʢʽʣʴʮʝʚʦʾ ʬʦʨʤʠ, ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʟ ʤʽʜʥʦʛʦ ʩʧʣʘʚʫ. ʉʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦ-

ʢʫ ʧʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʜʝʱʦ ʧʝʨʝʚʠʱʠʣʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʜʽʣʷʥʮʽ ʢʘʤʝʨʠ ʮʴʦʛʦ ʜʚʠʛʫʥʘ. 

ɿʘʚʜʷʢʠ ʫʩʧʽʭʘʤ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʫ ʛʘʣʫʟʽ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ, ʟʘʩʪʦʩʫ-

ʚʘʥʥʶ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʘʤʝʨʠ ɹʈɼ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʪʝʧʣʦʟʥʽʤʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʢʘʤʝʨʠ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʟ ʢʘʤʝʨʠ ʜʦ ʦʭʦʣʦ-

ʜʞʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ ʪʫʨʙʦʛʘʟʫ ʤʦʞʣʠʚʠʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 

ʫ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ɹʈɼ ʜʦ ʨʽʚʥʷ, ʙʽʣʴʰʦʛʦ ʥʽʞ 10 ʄʇʘ. ʉʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʝʘʣʽʟʘ-

ʮʽʾ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ɹʈɼ ʟʘʙʝʟʧʝʯʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ. ɼʝʷʢʝ ʧʦʛʽʨʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹʈɼ 

ʚʥʘʩʣʽʜʦʢ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʤʦʞʥʘ ʢʦʤʧʝʥʩʫʚʘʪʠ, ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʩʦʧʣʘ ʟ ʚʠʩʦʢʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʩʪʫʧʝʥʝʤ ʨʦʟʰʠʨʝʥʥʷ. 
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ʉʇɽʎʀʌɯʂɸ ʇʆɹʋɼʆɺʀ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ɺɿɸɭʄʆɼɯɰ 

ʉɯʊʏɸʉʊʀʍ ɽʃɽʄɽʅʊɯɺ ɿɸʉʆɹɯɺ ɿɸɹɽɿʇɽʏɽʅʅʗ ʉʋʎɯʃʔʅʆʉʊɯ 

ʇɸʃʀɺɸ ɺ ɹɸʂɸʍ ʂʃɸ ɿ ɻɸɿʆɺʀʄʀ ʇʋɿʀʈʗʄʀ 

 ɸʥʥʦʪʘʮʽʷ: ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ 

ʚ ʥʝʚʘʛʦʤʦʩʪʽ, ʩʣʫʛʫʻ ʧʦʪʨʘʧʣʷʥʥʷ ʛʘʟʫ ʥʘʜʜʫʚʫ ʙʘʢʘ ʚ ʟʣʠʚʥʫ ʤʘʛʽʩʪʨʘʣʴ. ɼʣʷ ʚʠʢʣʶ-

ʯʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʨʦʟʜʽʣʶʚʘʯʽ. ʋ ʨʦʙʦʪʽ ʦʧʠʩʘʥʦ ʧʦʙʫ-

ʜʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʛʘʟʦʚʠʭ ʧʫʟʠʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʽʪʯʘʩʪʠʭ ʨʦʟʜʽʣʶʚʘʯʽʚ ʬʘʟ ʚ ʧʦʪʦʮʽ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʽʪʯʘʩʪʠʡ ʨʦʟʜʽʣʶʚʘʯ ʬʘʟ, ʛʘʟʦʚʽ ʧʫʟʠʨʽ, ʥʝʚʘʛʦʤʽʩʪʴ. 

 Annotation: One of the problems that prevents the normal start of the engine in 

weightlessness is the ingress of gas from the supercharging tank into the drain line. To 

eliminate this problem, special separators are used. The work describes the construction of a 

mathematical model for studying the behavior of gas bubbles on the surface of mesh phase 

separators in a viscous liquid flow 

Keywords: mesh phase separator, gas bubbles, weightlessness. 

 

ɺ ʫʤʦʚʘʭ ʧʨʘʢʪʠʯʥʦʾ ʥʝʚʘʛʦʤʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʘʩʠʚʥʦʾ ʜʽʣʷʥʢʠ ʧʦʣʴʦ-

ʪʫ, ʧʘʣʠʚʦ ʚ ʙʘʢʘʭ ʂʃɸ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʨʘʟʦʤ ʟ ʛʘʟʦʤ ʥʘʜʜʫʚʫ. ɼʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʧʨʦʥʠʢʥʝʥʥʷ ʛʘʟʦʚʠʭ ʧʫʟʠʨʽʚ ʚ ʟʣʠʚʥʫ ʤʘʛʽʩʪʨʘʣʴ ʧʘʣʠʚʥʦʛʦ ʙʘʢʘ, ʦʙ-

ʣʘʩʪʴ, ʷʢʘ ʧʨʠʣʷʛʘʻ ʜʦ ʟʣʠʚʥʦʛʦ ʦʪʚʦʨʫ, ʟʘʢʨʠʚʘʻʪʴʩʷ ʪʢʘʥʦʶ ʤʝʪʘʣʝʚʦʶ ʩʽʪʢʦʶ - 

ʩʽʪʯʘʩʪʠʤ ʨʦʟʜʽʣʴʥʠʢʦʤ ʬʘʟ (ʉʈʌ). 

ɼʣʷ ʟʘʧʫʩʢʘ ʤʘʨʰʦʚʠʭ ʜʚʠʛʫʥʽʚ ʂʃɸ, ʚ ʫʤʦʚʘʭ ʥʝʚʘʛʦʤʦʩʪʽ, ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʩʧʦʩʽʙ ʽʥʝʨʮʽʡʥʦʛʦ ʦʩʘʜʞʝʥʥʷ. ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʦʩʘ-

ʜʞʝʥʥʷ ʛʘʟʦʚʠʭ ʧʫʟʠʨʽʚ  ʥʘ ʧʦʚʝʨʭʥʽ ʉʈʌ ʧʨʠ ʟʣʠʚʽ ʧʘʣʠʚʘ ʟ ʙʘʢʘ. ʇʨʠ ʮʴʦʤʫ ʧʫʟʠʨʽ 

ʙʣʦʢʫʶʪʴ ʯʘʩʪʠʥʫ ʧʦʚʝʨʭʥʽ ʉʈʌ, ʥʝ ʜʦʟʚʦʣʷʶʯʠ ʧʨʦʭʦʜʠʪʠ ʧʘʣʠʚʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʜʘʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʝʤʠʥʫʯʝ ʙʫʜʝ ʨʦʩʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʣʠʚʘ ʯʝʨʝʟ 

ʚʽʣʴʥʫ ʚʽʜ ʛʘʟʫ ʧʦʚʝʨʭʥʶ ʉʈʌ. ʎʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ ʉʈʌ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʤʦʞʣʠʚʦʛʦ ʧʨʦʨʠʚʫ ʛʘʟʫ. ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, 

ʷʢʘ ʟʤʦʞʝ ʦʧʠʩʘʪʠ ʧʨʠ ʷʢʠʭ ʫʤʦʚʘʭ  ʛʘʟʦʚʽ ʧʫʟʠʨʽ ʧʦʢʠʜʘʶʪʴ  ʧʦʚʝʨʭʥʶ ʉʈʌ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ɼʘʚʳʜʦʚ ʉ.ɸ. ɼʦʟʘʪʦʨ / ʉ.ɸ. ɼʘʚʳʜʦʚ, ɸ.ɻ. ʉʘʝʥʢʦ, ɽ.ɸ. ʉʝʤʝʥʦʚ ʠ ʜʨ. ɸ.ʩ. 

ˉ 1118863 - ʉʉʉʈ, 1984.  

2. ɹʘʙʽʡʯʫʢ ʗ.ʆ. ʈʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʣʘ-

ʜʝʥʴ ʧʘʣʠʚʘ ʚ ʙʘʢʫ ʧʝʨʝʜ ʧʦʚʪʦʨʥʠʤ ʧʫʩʢʦʤ ʤʘʨʰʝʚʦʛʦ ʜʚʠʛʫʥʘ / ʗ.ʆ. 

ɹʘʙʽʡʯʫʢ, ɼ.ʉ. ʅʘʟʘʨʝʥʢʦ, ɯ.ɺ. ʉʻʜʠʭ // ʊʝʭʥʽʯʥʘ ʤʝʭʘʥʽʢʘ - ɼʥʽʧʨʦ, 2019. - 

VIP. ˉ 2. - ʉ. 39-47. 

3. Idelchik I.E. Handbook of hydraulic resistances / I.E. Idelchik - M .: Mashi-

nostroenie, 1975. - 559p. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ʄɽʊʆɼʀʂɸ ɺʀɿʅɸʏɽʅʅʗ ʇʈʆɽʂʊʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɿɸʉʆɹɯɺ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʉʋʎɯʃʔʅʆʉʊɯ ʇɸʃʀɺɸ ʂɸʇɯʃʗʈʅʆɻʆ ʊʀʇʋ 

 ɸʥʥʦʪʘʮʽʷ: ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʨʽʜʠʥʠ ʚ ʫʤʦʚʘʭ ʧʦʣʴʦʪʫ 

ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʧʦ ʧʘʩʠʚʥʽʡ ʜʽʣʷʥʮʽ ʪʨʘʻʢʪʦʨʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʣʠʚ ʧʘʣʠʚʘ ʟ ʙʘʢʫ ʙʝʟ ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʟ ʟʘʜʘʥʦʶ ʚʠʪʨʘʪʦʶ ʽ ʚ ʧʦʪ-

ʨʽʙʥʽʡ ʢʽʣʴʢʦʩʪʽ  ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʦʙ'ʻʤʦʤ ʟʘʣʠʰʢʽʚ ʥʝʟʘʙʦʨʫ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ ʚʠʙʦʨʫ ʧʦʪʨʽʙʥʦʛʦ ʢʫʪʫ ʥʘʭʠʣʫ ʩʽʪʯʘʩʪʦʛʦ ʨʦʟʜʽʣʴʥʠʢʘ ʬʘʟ, ʧʨʠ ʷʢʦʤʫ ʙʫʜʝ 

ʧʨʦʭʦʜʠʪʠ ʟʥʦʩ ʛʘʟʦʚʠʭ ʧʫʟʠʨʽʚ ʟ ʡʦʛʦ ʧʦʚʝʨʭʥʽ , ʪʦʙʪʦ ʧʨʦʭʦʜʠʪʠ ʩʘʤʦʦʯʠʱʝʥʥʷ 

ʩʽʪʯʘʩʪʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʽʪʯʘʩʪʠʡ ʨʦʟʜʽʣʶʚʘʯ ʬʘʟ, ʛʘʟʦʚʽ ʧʫʟʠʨʽ, ʥʝʚʘʛʦʤʽʩʪʴ. 

 Annotation: The effectiveness of monitoring fluid position during the passive 

segment of a flying vehicle's trajectory is determined by the ability to ensure fuel drainage 

from the tank without gas inclusions at any given time, with a specified flow rate and 

required quantity, while minimizing residual volume. This work proposes a methodology for 

selecting the optimal inclination angle of the mesh-phase separator to facilitate the removal 

of gas bubbles from its surface, thereby achieving self-cleaning of the mesh surface from 

gas inclusions. 

Keywords: mesh-phase separator, gas bubbles, weightlessness. 

 

1. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʖʥʛʘ - ʃʘʧʣʘʩʘ, ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʨʽʟ-

ʥʠʮʷ ʪʠʩʢʽʚ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʧʦʚʝʨʭʥʽ ʩʬʝʨʠʯʥʦʛʦ ʧʫʟʠʨʷ, æʨ: 

Ў̑
ς„

ὶ
 

2. ɺʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʥʝʨʽʚʥʦʩʪʽ: 

Ў̑ Ὧ̱ Ў̑  

ʗʢʱʦ ʜʘʥʘ ʥʝʨʽʚʥʽʩʪʴ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʩʽʪʯʘʩʪʠʡ ʨʦʟʜʽʣʶʚʘʯ ʬʘʟ (ʉʈʌ) ʚʠʙ-

ʨʘʥʦʛʦ ʪʠʧʫ ʥʝ ʧʽʜʭʦʜʠʪʴ. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʘʣʠʚʘ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʉʈʌ ʟʘ ʫʤʦʚʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʪʘʢʪʫ ʡʦʛʦ ʟ ʛʘʟʦʚʦʶ ʬʘʟʦʶ 

ὠ
ὗ

Ὓ
 

3. ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʧʨʠʚʝʜʝʥʠʡ ʨʘʜʽʫʩ ʛʘʟʦʚʠʭ ʧʫʟʠʨʽʚ R. 

Ὑ ςȟσz
”

”̄
ρ

„

ȿὲȿ ”
 

4. ʏʠʩʣʘ ʌʨʫʜʘ, ʈʝʡʥʦʣʴʜʩʘ ʪʘ ɹʦʥʜʘ ʜʣʷ ʉʈʌ: 

Ὂὶ  - ʯʠʩʣʦ ʌʨʫʜʘ; 

ὙὩ  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; 

mailto:9taumir7@gmail.com
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ὙὩ  ï ʩʽʪʯʘʩʪʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; 

ὄέ  ï ʯʠʩʣʦ ɹʦʥʜʘ; 

5. ʈʦʟʨʘʭʫʥʦʢ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ, ʧʨʠ ʷʢʦʤʫ ʚʠʥʠʢʘʻ ʟʤʽʱʝʥʥʷ ʛʘʟʦ-

ʚʠʭ ʧʫʟʠʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʉʈʌ.  

 

‌̋ ̑

“

τ
ÁÒÃÓÉÎ 

υȟω

ὙὩ
πȟπτὊὶ 

 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʮʽ ʨʦʟʨʘʭʫʥʢʠ ʪʨʝʙʘ ʧʨʦʚʦʜʠʪʠ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚ-

ʥʽʩʪʴ 

 
Ὂὶ

ὙὩ

ὠ‘

ὲὫ”Ὑ

ς

ω
 

 

ʪʦʙʪʦ ʛʘʟʦʚʽ ʧʫʟʠʨʽ, ʱʦ ʟʥʘʜʷʪʴʩʷ ʚ ʧʦʪʦʮʽ ʧʘʣʠʚʘ ʦʩʘʜʞʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʉʈʌ.  

ʗʢʱʦ ʮʴʦʛʦ ʥʝ ʚʠʥʠʢʘʻ, ʪʦ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ ʙʫʜʫʪʴ ʥʦʨʤʘʣʴʥʦ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ ʢʫʪʘ ʥʘʭʠʣʫ Ŭ. 

 ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ  Ŭʧʨ>Ŭʢʨ, ʪʦ ʜʣʷ ʦʙʨʘʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʝʩʢʽ-

ʟʥʦʛʦ ʧʨʦʝʢʪʫ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʉʈʌ ʙʫʜʝ ʩʘʤʦʦʯʠʱʘʪʠʩʷ. ʗʢʱʦ ʥʝʨʽʚʥʽʩʪʴ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʫʪ ʥʘʭʠʣʫ Ŭʧʨ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝʨʽʚʥʽʩʪʴ ʥʝ 

ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ, ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʽʥʰʽ ʧʨʦʝʢʪʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʾ ɿɿʉʇ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ Ŭʢʨ. ʎʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʪʠʧ ʉʈʌ ʽ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʘʣʠʚʘV ʥʘ 

ʩʽʪʯʘʩʪʽʡ ʧʦʚʝʨʭʥʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʱʝ ʨʘʟ ʧʦ ʟʘʟʥʘʯʝʥʽʡ 

ʚʠʱʝ ʤʝʪʦʜʠʮʽ. 
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ɸ.ʉ. ʐʚʝʮʴ, ʘʩʧʽʨʘʥʪ1 ʆ.ʆ. ɼʦʙʨʦʜʦʤʦʚ, ʘʩʧʽʨʘʥʪ1; 

 ɺ.ɺ. ʍʫʪʦʨʥʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,2  
1ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

2ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ ʤʦʣʦʜʽ ʽʤ. ʆ.ʄ. ʄʘʢʘʨʦʚʘ 

E-mail: ary26111998@gmail.com 

 

ʋʅɯʌɯʂɸʎɯʗ ɺʂʃɸɼʅʆɻʆ ʊɺɽʈɼʆʇɸʃʀɺʅʆɻʆ ɿɸʈʗɼʋ ɼʃʗ 

ʉʋɹʆʈɹɯʊɸʃʔʅʀʍ ʈɸʂɽʊ ʊɸ ʇʈʀʉʂʆʈʖɺɸʏɯɺ ɹʇʃɸ 

 ɸʥʥʦʪʘʮʽʷ: ʎʷ ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ ʤʦʞʣʠʚʦ-

ʩʪʝʡ ʫʥʽʬʽʢʘʮʽʾ ʚʢʣʘʜʥʦʛʦ ʪʚʝʨʜʦʧʘʣʠʚʥʦʛʦ ʟʘʨʷʜʫ ʜʣʷ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ ʪʘ ʧʨʠ-

ʩʢʦʨʶʚʘʯʽʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʠʭ ʧʘʣʠʚ ʪʘ ʾʭʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪʘʭ ʽ ʧʨʠʩʢʦʨʶʚʘʯʘʭ ɹʇʃɸ. ɿʦʢʨʝʤʘ, ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʘʩʧʝʢʪʠ 

ʾʭʥʴʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʢʨʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʙʦʨʙʽʪʘʣʴʥʘ ʨʘʢʝʪʘ, ʧʨʠʩʢʦʨʶʚʘʯ,ɹʇʃɸ, ʪʚʝʨʜʝ ʧʘʣʠʚʦ, 

ʚʢʣʘʜʥʠʡ ʟʘʨʷʜ. 

Annotation. This research is dedicated to the development and exploration of the 

possibilities of unifying the expendable solid fuel charge for suborbital rockets and un-

manned aerial vehicle (UAV) boosters. The study involves an analysis of the properties of 

solid fuels and their characteristics commonly used in suborbital rockets and UAV boosters. 

Specifically, aspects of their energy capacity, stability, and potential modifications to meet 

specific mission requirements will be examined. 

Keywords: suborbital rocket, booster, UAV, solid fuel, fuel charge. 

ʋʥʽʬʽʢʘʮʽʷ ʚʢʣʘʜʥʠʭ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʟʘʨʷʜʽʚ ʜʣʷ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ ʪʘ ʧʨʠ-

ʩʢʦʨʶʚʘʯʽʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʘʞʣʠʚʠʡ ʥʘʧʨʷʤʦʢ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʫʯʘʩʥʽʡ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʽʥʜʫʩʪʨʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫ ʮʠʭ ʜʚʦʭ ʚʘʞʣʠʚʠʭ ʩʝʛʤʝʥʪʘʭ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʝʣʠʢʦʛʦ ʢʨʦʢʫ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʨʘʢʝʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ɹʇʃɸ.  

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʟʘ-

ʩʪʦʩʫʚʘʥʥʽ ʦʜʥʘʢʦʚʠʭ ʥʘ ʨʦʟʤʽʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʚʢʣʘʜʥʠʭ 

ʰʘʰʦʢ, ʟ ʷʢʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʴ ʧʦʚʥʦʮʽʥʥʠʡ ʜʚʠʛʫʥ. ʎʝʡ ʜʚʠʛʫʥ ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʙʫʜʝ ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ ʦʜʠʥ ʯʠ ʙʽʣʴʰʝ ʚʢʣʘʜʥʠʡ ʟʘʨʷʜ.  

 
 

ʈʠʩʫʥʦʢ ï ʜʚʠʛʫʥ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ ʄʝʪʝʦ 7000 ʟ 

ʪʨʴʦʤʘ ʚʢʣʘʜʥʠʤʠ ʟʘʨʷʜʘʤʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʤʦʥʦʣʽʪʥʦʛʦ ʧʘʣʠʚʘ ʚ ʜʚʠʛʫʥʽ, ʫʥʽʬʽʢʦʚʘʥʠʡ ʚʢʣʘʜ-

ʥʠʡ ʟʘʨʷʜ ʤʘʻ ʨʘʜ ʧʝʨʝʚʘʛ, ʪʘʢʽ ʷʢ, ʜʝʚʝʰʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʝʨʽʡ-
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ʥʦʩʪʽ ʪʘ ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʄʘʶʯʠ ʧʦʩʪʽʡʥʠʡ ʜʽʘʤʝʪʨ ʢʦʨʧʫʩʫ ʜʚʠʛʫʥʘ, 

ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʨʽʟʥʠʭ ʪʷʛʦʚʠʭ ʭʘʨʘʢʝʪʠʨʠʩʪʠʢ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʟʘʨʷʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʟʘʜʘʯʽ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 
1. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ: ʧʽʜʨʫʯʥʠʢ 

/ʖ.ʉ ɸʣʝʢʩʻʻʚ, ʆ.ɭ. ɼʞʫʨ, ʆ.ɺ. ʂʫʣʠʢ, ʃ.ɼ. ʂʫʯʤʘ, ɭ.ʖ. ʅʽʢʦʣʝʥʢʦ, ɺ.ɺ. ʍʫ-

ʪʦʨʥʠʡ. ɼʥʽʧʨʦ, 2007.  

2. ʊʚʝʨʜʦʧʘʣʠʚʥʽ ʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ. ʄʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ 
ʚʠʱʠʭ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ , ʱʦ ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʩʧʝʮ. "ʃʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ", "ɽʥʝʨʛʝ-

ʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ", "ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠ-

ʤʠ ʘʧʘʨʘʪʘʤʠ ʽ ʢʦʤʧʣʝʢʩʘʤʠ", "ʈʘʢʝʪʥʽ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ": ʧʽʜʨʫʯʥʠʢ / ʉʘʥʽʥ ʌ. 

ʇ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 1999.  

3.  ʉʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ: ʢʥʠʛʘ / ʆ. ʉ. ʃʝ-

ʚʝʥʢʦ ɼʥʽʧʨʦ : ɼʦʤʽʥʘʥʪʘ ʇʨʽʥʪ 2018. 
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ʆ.ʉ. ɸʢʩʴʦʥʦʚ, Ph.D., ̔ ʥʞʝʥʝʨ1; ʆ.ɭ. ɿʦʣʦʪʴʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ2; 
1 ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝèè 

2 ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

 E-mail: aksyonov.olexander@gmail.com 

 

ɺʇʃʀɺ ɻɽʆʄɽʊʈʀʏʅʆɻʆ ʇʈʆʌɯʃʖ ɼɽʊʆʅɸʎɯʁʅʆɰ ʂɸʄɽʈʀ ʅɸ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɯʄʇʋʃʔʉʅʆɻʆ ɼɽʊʆʅɸʎɯʁʅʆɻʆ ɼɺʀɻʋʅɸ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ ʽʤʧʫʣʴʩʥʦʛʦ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʬʝʨʠʯ-

ʥʦʛʦ ʧʨʦʬʽʣʶ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʚʽʜôʻʤʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʪʷʛʠ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʭʦʜʫ ʜʦ ʩʦʧʣʦʚʦʛʦ ʥʘʩʘʜʢʘ. ʇʘʨʘʙʦʣʽʯʥʠʡ ʧʨʦʬʽʣʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʙʽʣʴʰʠʪʠ ʚʝʣʠʯʠʥʫ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ ʢʘʤʝʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 10% ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʨʷʤʠʤ ʮʠʣʽʥʜʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʨʦʬʽ-

ʣʶ ʟʽ ʩʬʝʨʠʯʥʦʶ ʪʷʛʦʚʦʶ ʩʪʽʥʢʦʶ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ 

ʪʷʛʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 10 %, ʘʣʝ ʤʘʻ ʧʝʨʝʚʘʛʠ ʥʘʜ ʧʘʨʘʙʦʣʽʯʥʦʶ ʢʘʤʝʨʦʶ ʟʘʚʜʷʢʠ ʩʧʨʦ-

ʱʝʥʥʶ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʤʧʫʣʴʩʥʠʡ ʜʝʪʦʥʘʮʽʡʥʠʡ ʜʚʠʛʫʥ; ʧʠʪʦʤʠʡ ʽʤʧʫʣʴʩ; ʛʝʦʤʝʪʨʠʯʥʠʡ 

ʧʨʦʬʽʣʴ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ. 

Annotation: The effect of the geometrical profile of the detonation chamber on the value of 

the specific impulse of the pulse detonation engine is considered. The use of a spherical 

profile is not effective enough due to the formation of a negative component of thrust in the 

region of the transition to the nozzle. The parabolic profile increase the value of the specific 

impulse by a maximum of 10% compared to the straight cylindrical profile. The use of a 

combined cylindrical profile with a spherical thrust wall also provides an increase in the 

specific impulse about 10%, but has advantages over the parabolic chamber due to the sim-

plification of the design. 

Keywords: pulse detonation engine; specific impulse; geometric profile of the detonation 

chamber. 

 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʨʽʜʠʥʥʠʭ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ 

(ʈʈɼ) ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʪʘ ʚʠʧʨʦʙʫʚʘʣʠʩʷ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʠʭ ʬʦʨʤ: ʮʠʣʽʥʜʨʠʯʥʽ, ʩʬʝʨʠʯʥʽ, ʢʦʥʽʯʥʽ ʪʘ ʽʥʰʽ. ʂʦʞʥʘ ʬʦʨʤʘ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʤʘʻ 

ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʻ ʢʘʤʝʨʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʙʽʣʴʰʽ ʛʘʙʘʨʠʪʠ, ʤʘʩʫ ʽ ʥʠʞʯʽ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʩʬʝʨʠʯʥʦʶ ʢʘʤʝʨʦʶ, ʮʠʣʽʥʜʨʠʯʥʘ ʢʘʤʝʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʪʘ ʣʝʛʰʝ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʜʽʡʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʘʤʝʨʠ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʤʝʨʠ ʻ ʥʘʡʧʨʦʩʪʽʰʦʶ [1]. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʬʦʨʤʦʶ ʢʘʤʝʨʠ ʽʤʧʫʣʴʩʥʠʭ ʜʝʪʦʥʘʮʽʡʥʠʭ ʜʚʠʛʫ-

ʥʽʚ (ɯɼɼ) ʪʘʢʦʞ ʻ ʮʠʣʽʥʜʨʠʯʥʘ [2]. ɺ ɯɼɼ ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʨʦʬʽʣʴ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʚʩʝʨʝʜʠʥʽ 

ʢʘʤʝʨʠ [3,4]. ɺʽʜʦʤʽ ʨʦʙʦʪʠ, ʫ ʷʢʠʭ ʨʦʟʛʣʷʜʘʣʘʩʴ ʢʦʥʽʯʥʘ ʬʦʨʤʘ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ 

[5]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʥʬʫʟʦʨʥʘ ʬʦʨʤʘ ʢʘʤʝʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʝʪʦʥʘʮʽʡʥʦʾ ʭʚʠʣʽ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʜʝʪʦʥʘʮʽʡʥʦʾ 

ʢʘʤʝʨʠ ɯɼɼ, ʘ ʩʘʤʝ: ʮʠʣʽʥʜʨʠʯʥʠʡ, ʩʬʝʨʠʯʥʠʡ, ʧʘʨʘʙʦʣʦʾʜʥʠʡ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʡ ï 
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ʮʠʣʽʥʜʨʠʯʥʠʡ ʽʟ ʩʬʝʨʠʯʥʦʶ ʪʷʛʦʚʦʶ ʩʪʽʥʢʦʶ. ɼʝʪʦʥʘʮʽʡʥʫ ʢʘʤʝʨʫ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʧʨʦʬʽʣʶ ʧʨʠʡʥʷʪʦ ʝʪʘʣʦʥʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʘʤʝʨʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʦʛʦ ʦʙôʻʤʫ ʜʝʪʦʥʘʮʽʡʥʦʾ 

ʢʘʤʝʨʠ ʜʣʷ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʬʦʨʤ. 

ʆʙʣʘʩʪʴ ʟʚʫʞʝʥʥʷ ʫ ʢʘʤʝʨʽ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʩʪʚʦʨʶʻ ʧʝʨʝʰʢʦʜʠ ʥʘ ʰʣʷʭʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʬʨʦʥʪʫ ʜʝʪʦʥʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜôʻʤʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʪʷʛʠ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʤʝʨʠ ʩʬʝʨʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ. 

ɻʝʦʤʝʪʨʠʯʥʠʡ ʧʨʦʬʽʣʴ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʫ ʬʦʨʤʽ ʧʘʨʘʙʦʣʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʙʽʣʴʰʠʪʠ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ ʥʘ 6% ï 10% ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʷʤʠʤ ʮʠʣʽʥʜ-

ʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʬʽʣʶ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʪʷʛʦʚʦʾ ʩʪʽʥʢʠ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʽʣʷʥʢʠ, ʟʘʙʝʟʧʝʯʫʻ 

ʘʥʘʣʦʛʽʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʠ. ʈʘʟʦʤ ʟ ʪʠʤ ʫ ʜʝʪʦʥʘʮʽʡʥʽʡ ʢʘʤʝʨʽ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʬʽʣʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ ʟʘʧʦʚʥʝʥʥʷ ʢʘʤʝʨʠ ʧʘʣʠʚ-

ʥʦʶ ʩʫʤʽʰʰʶ, ʪʘʢʽ ʢʘʤʝʨʠ ʻ ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʫ ʚʠʛʦʪʦʚʣʝʥʽ.  
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʈʆɹʆʏʆɰ ʇʆɺɽʈʍʅɯ 

ʉʆʅʗʏʅʀʍ  ɹɸʊɸʈɽʁ ɿɸɼʃʗ ɿɹɯʃʔʐɽʅʅʗ ɽʅɽʈɻʆɺɯɼɼɸʏɯ 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʽʻʾ ʩʪʦʨʽʥʢʠ, 3 ʜʞʝʨʝʣ. ʄʝʪʘ ʨʦʙʦʪʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟʘʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʚʽʜʜʘʯʽ, ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ɹʉ ʪʘ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʙôʻʢʪ 

ʜʦʩʣʽʜʞʝʥʥʷ: ʈʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ, ʬʦʪʦʝʣʝʤʝʥʪʠ. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ɹʉ ʪʘ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʪʝʢʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ,ʦʧʠʩʦʚʠʡ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʥʘʣʽʟ. ʋ  ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʘʨʽʘʥʪ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʥʘ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ ʟʘ ʨʘʭʫʥʦʢ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʬʦʪʦʝʣʝʤʝʥʪʽʚ. 

ʇʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʢʣʘʩʠʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʬʦʨ-

ʤʫʶ. ʊʘ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʝʣʝʤʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʦʪʦʝʣʝʤʝʥʪʠ, ʪʨʠʢʫʪʥʽ, ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ. 

Annotation: The work consists of one page, 3 sources. Purpose of work: Using the working 

surface of solar panels to increase energy generation. Object of study: Solar array (SA) 

working surface, photocells. Subject of study: Detailed analysis of the grometric shape of 

the SA and photocells for their effective use. Research methods: textual analysis, descriptive 

method, mathematical analysis. The work considers the option of increasing the efficiency 

of solar panels on spacecraft due to non-standard geometric shapes of photocells. Classical 

photocells are analyzed and compared with the proposed shape. The efficiency of the use of 

the photocell is calculated. 

Keywords: photocells, triangular, solar arrays. 

 

ʉʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʚ ʢʦʩʤʦʩʽ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ. ɰʭʥʽ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʟʜʘʪʥʽ ʢʦʥʚʝʨʪʫʚʘʪʠ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʝʣʝʢʪʨʠ-

ʯʥʫ ʝʥʝʨʛʽʶ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜ-

ʥʘʥʥʷ ʥʘ ʙʦʨʪʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʫ ʮʽʡ ʛʘʣʫʟʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʟʙʽʣʴʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩ-

ʪʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʟʤʝʥʰʝʥʥʽ ʤʘʩʠ ʪʘ ʦʙʩʷʛʫ, ʘ ʪʘʢʦʞ ʫ ʧʽʜʚʠʱʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʟʛʣʷʥʫʚʰʠ ʬʦʨʤʠ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʥʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ, ʤʦʞʥʘ ʧʦʙʘʯʠ-

ʪʠ, ʱʦ ʜʝʷʢʽ ʬʦʨʤʠ, ʘ ʩʘʤʝ ʟʦʥʪʠʯʥ,̔ ʤʘʶʪʴ ʦʜʠʥ ʥʝʜʦʣʽʢ ï ʮʝ ʥʝʧʦʚʥʝ ʟʘʧʦʚʥʶʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʬʦʪʦʝʣʝʤʝʥʪʘʤʠ ʥʘ ʥʝʩʫʯʽʡ ʧʦʚʝʨʭʥʽ. ɹʦ  ʬʦʨʤʘ ʬʦʪʦʝʣʝʤʝʥʪʽʚ, 

ʷʢʽ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʮʝ: ʧʨʷʤʦʢʫʪʥʽ,  ʢʨʫʛʣʽ, ʘʙʦ ʽʟ ʟʘʢʨʫʛʣʝʥʠʤʠ ʢʫʪʘʤʠ, ʪʦʤʫ 

ʟʘʢʨʠʪʠ ʪʨʠʢʫʪʥʫ ʧʦʚʝʨʭʥʶ ʧʦʚʥʽʩʪʶ ʥʝʤʦʞʣʠʚʦ. ɭ ʚʠʨʽʰʝʥʥʷ  ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ï ʮʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠʢʫʪʥʽ ʬʦʪʦʝʣʝʤʝʥʪʠ, ʷʢʽ ʜʦʮʽʣʴʥʦ  ʚʠʛʦʪʦʚʣʶʚʘʪʠ ʟ ʚʽʜʭʦʜʽʚ 

ʧʨʷʤʦʢʫʪʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ. ɼʦ ʪʦʛʦ ʞ, ʮʽ, ʚʽʜʭʦʜʠ ʜʝʰʝʚʽ, ʱʦ ʜʘʻ ʩʫʪʪʻʚʫ ʝʢʦʥʦʤʽʯ-

ʥʫ ʧʝʨʝʚʘʛʫ. ɿʘ ʨʘʭʫʥʦʢ ʟʘʧʦʚʥʝʥʥʷ ʥʝʟʘʜʽʷʥʦʾ ʯʘʩʪʠʥʠ  ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʤʦʞʥʘ 

ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ.  
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ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʩʦʥʷʯʥʫ ʙʘʪʘʨʝʶ ʫ ʬʦʨʤʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪ-

ʥʠʢʘ  ʨʦʟʤʽʨʘʤʠ: ʘ = 99 ʩʤ, b = 99 ʩʤ, ʩ = 113 ʩʤ  ʟ ʢʚʘʜʨʘʪʥʠʤʠ ʬʦʪʦʝʣʝʤʝʥʪʘʤʠ 

(ʦʜʠʥ ʬʦʪʦʝʣʝʤʝʥʪ ʨʦʟʤʽʨʘʤʠ 15,6 ʩʤ ʥʘ 15,6 ʩʤ, ʧʦʪʫʞʥʽʩʪʶ 4,7 ɺʪ) ʢʽʣʴʢʽʩʪʶ 21 ʰʪ. 

, ʪʦ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʫʜʝ 100 ɺʪ. ʇʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʮʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ, ʟʽ ʩʪʦʨʦʥʠ ʡʦʛʦ ʛʽʧʦʪʝʥʫʟʠ ʙʫʜʝ ʚʽʣʴʥʠʡ 

ʧʨʦʩʪʽʨ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʧʦʚʥʠʪʠ ʬʦʪʦʝʣʝʤʝʥʪʘʤʠ ʫ ʬʦʨʤʽ ʨʽʚʥʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ 

ʢʽʣʴʢʽʩʪʶ 7 ʰʪ. , ʨʦʟʤʽʨʘʤʠ  ʘ, b, c = 15,6 ʩʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 2,35 ɺʪ.  

ʆʪʞʝ, ʧʽʩʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʩʪʘʥʝ 116,45 ɺʪ, ʪʘʢʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ ʙʽʣʷ 16 %, ʱʦ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ.  
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ɹɸʃɯʉʊʀʏʅɯ ɸʉʇɽʂʊʀ ɿɸʉʊʆʉʋɺɸʅʅʗ ʉʂʃɸɼʆɺʀʍ ɻɯɹʈʀɼʅʀʍ 

ɿɸʉʆɹɯɺ ʉʇʆʉʊɽʈɽɾɽʅʅʗ ʆʈɹɯʊɸʃʔʅʀʍ ʆɹôɭʂʊɯɺ ɺ ʉɽɸʅʉɸʍ 

ʂʆʄɹɯʅʆɺɸʅʀʍ ʉʇʆʉʊɽʈɽɾɽʅʔ 

 ɸʥʥʦʪʘʮʽʷ: ɼʣʷ ʥʠʟʢʠ ʚʘʨʽʘʥʪʽʚ ʩʝʘʥʩʽʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʨʙʽʪʘʣʴ-

ʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ ʛʨʫʧ ʾʭ ʨʝʘʣʽʟʘʮʽʾ (ʜʦ ʛʨʫʧʠ ʚʭʦʜʷʪʴ 

ʦʙôʻʢʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʟʝʤʥʦʛʦ ʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥ-

ʥʷ). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʨʙʽʪʘʣʴʥʠʡ ʦʙôʻʢʪ, ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʥʘʟʝʤʥʽ ʩʪʘʥʮʽʾ, ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ, ʙʘʣʽʩʪʠʯʥʽ ʫʤʦʚʠ 

Annotation: For a number of options for sessions of combined observations of or-

bital objects, the time intervals of the existence of groups of their implementation were 

investigated (the group includes the observation object and ground- and orbital-based obser-

vation devices). 

Keywords: orbital object, spacecraft, ground station, observation, ballistic conditions  

 

ɸʢʪʫʘʣʴʥʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʥʦʞʠʥʠ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦ-

ʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʾ ʩʪʘʥ ʟ ʥʝʦʙʭʽʜʥʦʶ ʧʦʚʥʦʪʦʶ ʽ ʪʦʯʥʽʩʪʶ. ʉʫʯʘʩʥʽ ʧʽʜʭʽʜ ʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʟʝʤʥʠʭ ʽ ʦʨʙʽʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ [1], ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʧʦʻʜʥʘʥʥʷ ʤʝʨʝʞ ʥʘʟʝʤʥʠʭ ʽ ʦʨʙʽʪʘʣʴʥʠʭ ʩʪʘʥʮʽʡ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʻʜʠʥʫ ʛʣʦʙʘʣʴʥʫ ʩʠʩʪʝʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [2]. ɭʜʠʥʘ ʩʠʩʪʝʤʘ ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʟʣʘʛʦʜʞʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʻʾ ʥʘʷʚʥʦʾ ʤʥʦʞʠʥʠ ʥʘʟʝʤʥʠʭ ʽ 

ʦʨʙʽʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. ʈʦʟʚʠʪʦʢ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʘʢʪʽʚ ʤʘʻ ʚ ʩʚʦʻʤʫ ʪʨʝʥʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʟʘʩʦʙʽʚ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ (ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʠʡ ʦʙôʻʢʪ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦ, ʟʣʘʛʦ-

ʜʞʝʥʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʜʝʢʽʣʴʢʘ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ). ʗʢʱʦ ʟʘʩʽʙ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʩʢʣʘʜʝʥʦ ʟ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʪʦ ʤʘʻʤʦ ʩʢʣʘʜʦʚʠʡ ʛʽʙʨʠʜʥʠʡ ʟʘʩʽʙ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ʛʽʙʨʠʜʥʠʤ ʟʘʩʦʙʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʚʘʞʘʪʠʤʝ ʪʦʡ, ʜʦ ʷʢʦʛʦ 

ʚʭʦʜʷʪʴ ʧʨʠʩʪʨʦʾ ʥʘʟʝʤʥʦʛʦ ʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʝʘʥʩʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʜʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʘʥʩʽʚ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚ ʷʢʠʭ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ-ʥʦʩʽʾ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʘʤʽ ʩʪʘʶʪʴ ʦʙôʻʢʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʪʘʢʽ ʩʝʘʥʩʠ ʪʘ-

ʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʩʧʽʣʴʥʦ ʟ ʧʣʘʪʬʦʨʤʥʦʶ ʯʘʩʪʠʥʦʶ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘ-

ʪʘ-ʥʦʩʽʷ). 

ʊʫʪ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʝʘʥʩʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩ ̫

ʥʘʟʝʤʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʽʡ ʥʘʟʝʤʥʽʡ ʩʪʘʥʮʽʾ, ʘ ʪʘʢʦʞ ʜʝʢʽʣʴʢʦʤʘ ʟʘʩʦʙʘ-

ʤʠ ʦʨʙʽʪʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʦ ʨʦʟʛʣʷʜʫ ʨʽʟʥʽ ʟʘ ʩʢʣʘʜʦʤ 

ʛʨʫʧʠ ʨʝʘʣʽʟʘʮʽʾ ʩʝʘʥʩʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʜʦ ʩʢʣʘʜʫ ʛʨʫʧʠ ʚʭʦʜʠʪʴ ʦʨʙʽʪʘʣʴʥʠʡ ʦʙôʻʢʪ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʛʨʫʧʘ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʽ ʟʘʜʽʷʥʽ ʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʦʙôʻʢʪʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʙʦ ʜʝʷʢʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʥʦʩʽʾʚ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʨʙʽʪʘʣʴ-

ʥʦʛʦ ʙʘʟʫʚʘʥʥʷ). ʈʦʟʛʣʷʥʫʪʽ ʩʭʝʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʟʥʘ-
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ʯʝʥʦʛʦ ʩʢʣʘʜʫ (ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʟʥʘʯʝʥʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʝʘʥʩʽ ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ). ɿ ʚʝʣʠʢʦʾ ʤʥʦʞʠʥʠ ʛʨʫʧ ʨʝʘʣʽʟʘʮʽʾ ʩʝʘʥʩʽʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʛʽʙʨʠʜʥʠʭ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ ʪʘ ʩʭʝʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʛʨʫʧʠ  ʚʠʜʽʣʝʥʽ ʜʝʢʽʣʴʢʘ, ʷʢʽ ʟʜʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʧʨʘʢʪʠʯʥʦ ʟʘʪʨʝʙʫʚʘʥʠʤʠ (ʧʨʠʢʣʘʜʠ ʜʝʷʢʠʭ ʚʘʨʽʘʥʪʽʚ ʪʘʢʠʭ ʩʭʝʤ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ 

ʨʦʙʦʪʘʭ [3,4]). ʉʭʝʤʠ ʩʝʘʥʩʽʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚ ʷʢʠʭ ʟʘʜʽʷʥʽ ʧʨʠʩʪʨʦʾ 

ʦʜʥʦʾ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʚʠʜʠ. ɺ ʩʝʘʥʩʘʭ ʩʧʦʩʪʝʨʝʞʝʥ-

ʥʷ ʧʝʨʰʦʛʦ ʚʠʜʫ ʽ ʦʙôʻʢʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʽ ʚʩʽ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ-ʥʦʩʽʾ ʧʨʠʩʪʨʦʾʚ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʜʦʩʪʫʧʥʦʩʪʽ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ. ɺ 

ʩʝʘʥʩʘʭ ʜʨʫʛʦʛʦ ʪʠʧʫ ʻ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʥʦʩʽʾʚ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʟʘ ʤʝʞʘʤʠ ʜʦʩʪʫʧʥʦʩʪʽ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ. ɺ ʩʝʘʥʩʘʭ ʪʨʝʪʴ-

ʦʛʦ ʪʠʧʫ ʧʦʟʘ ʤʝʞʘʤʠ ʜʦʩʪʫʧʥʦʩʪʽ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙôʻʢʪ ʩʧʦʩʪʝʨʝʞʝʥ-

ʥʷ, ʘ ʜʦʩʪʫʧʥʽ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʽʣʴʢʠ ʜʝʷʢʽ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ-ʥʦʩʽʾ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʦʙʨʘʥʠʭ ʜʣʷ ʨʦʟʛʣʷʜʫ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʝʘʥʩʽʚ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ çʛʝʥʝʨʫʶʪʴʩʷè ʛʽʧʦʪʝʪʠʯʥʽ ʤʥʦʞʠʥʠ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʟʘʜʘʻʪʴʩʷ 

ʫʛʨʫʧʦʚʘʥʥʷ ʢʦʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʽ ʜʦʩʣʽʜʞʫʶʪʴ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ 

ʛʨʫʧ ʨʝʘʣʽʟʘʮʽʾ ʩʝʘʥʩʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʜʦʩʪʫʧʥʦʩʪʽ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʙʘʣʽʩʪʠʯʥʽ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷʤ ʦʙôʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʽ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ 

ʪʘ ʫʤʦʚʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʥʷ). 
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ʄʽʥʽʤʫʤ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʭʠʭ ʚʽʜʩʽʢʽʚ ʨʘʢʝʪʥʠʭ ʥʦʩʽʾʚ (ʈʅ) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʨʽʚʥʦʥʘʧʨʫʞʝʥʽʩʪʶ ʚʩʴʦʛʦ ʤʘʩʠʚʫ ʾʭ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨ-

ʤʦ ʁ  ̔ ʦʜʥʦʨʽʜʥʽʩʪʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʣʦʚʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʜʘʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʈʚ̔-

ʥʦʤʽʨʥʽʩʪʴ  ̔ʦʜʥʦʨʽʜʥʽʩʪ ɹʩʠʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʧʝʨʝʭʦʜʘʭ ʚʽʜ ʚʽʜʩʽʢʫ ʜʦ ʚʽʜʩʽʢʫ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʬʣʘʥʮʝʚʠʤʠ ʟô̒ ʜʥʘʥʥʷʤʠ (ʦʧʦʨʥʦ ðʩʪʠʢʫʚʘʣʴʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ). ɿʙʦʨʢʘ 

ʚʽʜʩʽʢʽʚ ʚ ʩʢʣʘʜ ̔ʈʅ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʦʣʪʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ, ʚʠʟʥʘ-

ʯʝʥʽʡ ʽʟ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʦʣʪʦʚʠʭ ʟô̒ ʜʥʘʥʴ ʧʨʠ ʜʽʾ ʟʛʠʥʘʶʯʦʛʦ ʤʦʤʝʥʪʫ. ɺ 

ʤʽʩʮʷʭ ʟʙʦʨʢʠ ð ʟʘʢʨʫʪʢʠ ʙʦʣʪʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʟʦʥʘ ʤʽʩʮʝʚʦʾ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʾ ʜʝ-

ʬʦʨʤʘʮʽʾ ʩʪʠʢʫʚʘʣʴʥʠʭ ʰʧʘʥʛʦʫʪʽʚ, ʷʢʘ ʬʦʨʤʫʻ ʾʭ çʭʚʠʣʷʩʪʠʡè ʧʨʦʬʽʣʴ ,̔ ʷʢ 

ʨʝʟʫʣʴʪʘʪ, ʚʽʜʩʫʪʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʧʣʦɦʠʥ ʚ ʤ̔ ʩʮʷʭ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʚʽʜ 

ʙʦʣʪʽʚ, ʱʦ ʫʥʝʤʦʤʦʞʣʠʚʣʶ̒  ʨʽʚʥʦʤʽʨʥʫ ʧʝʨʝʜʘʯʫ ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʦʜʥʦʾ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʜʦ ʽʥʰʦʾ. ɺ ʜʝʷʢʽʡ ʤʽʨʽ ʧʝʨʝʨʦʟʧʦʜʽʣ ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘʙʝʟ-

ʧʝʯʫʻʪʴʩʷ ʬ̔ ʪʠʥʛʘʤʠ, ʘʣʝ, ʚ ʮʽʣʦʤʫ, ʚ ʦʙʣʘʩʪʽ ʩʪʠʢʦʚʢʠ ʚʽʥ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ 

ʧʦʪʦʢʠ, ʷʢʽ ʚʞʝ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʜ̔ ʤ̔ ʩʮɹ ʟʙʦʨʢʠ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʚ ʩʫʮʽʣʴʥʠʡ ʧʦʪʽʢ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʨ̔ʥʛʝʨʥʦʾ ʯʠ ʚʘʬʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʩʠʣʦʚʦʾ ʩʭʝʤʠ ʚʽʜʩʽʢʫ.   

ʈʦʟʯʣʝʥʫʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʝʨʝʭʦʜʘʭ ʚʽʜ ʚʽʜʩʽʢʫ ʜʦ ʚʽʜʩʽʢʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʦʥ ʤʝʥʰʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʧʨʘʮʶʶʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ 

ʤʽʮʥʽʩʪʴ. ɿʘ ʥʘʙʣʠʞʝʥʠʤʠ, ʜʝʱʦ ʩʧʨʦʱʝʥʠʤʠ ʦʮʽʥʢʘʤʠ, ʮʝ ʦʙʣʘʩʪʽ ʟʘ ʧʨʦʬʽʣʝʤ ʥʘʙ-

ʣʠʞʝʥʠʤ ʜʦ ʪʨʠʢʫʪʥʦʛʦ ʟ ʰʠʨʠʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʤʽʞ ʬʽʪʠʥʛʘʤʠ çʛʣʠʙʠʥʦʶè 

ʙʣʠʟʴʢʦ 40ŭ (ŭ - ʪʦʚʱʠʥʘ ʦʙʰʠʚʢʠ). ɼʣʷ ʩʠʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʟʦʥ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʤʽʩʮʷʭ ʨʦʟʯʣʝʥʦʚʫʚʘʥʥʷ ʩʠʣʦ-

ʚʦʛʦ ʧʦʪʦʢʫ, ʥʝʦʙʭʽʜʥʝ ʱʽʣʴʥʝ ʧʨʠʣʷʛʘʥʥʷ ʩʪʠʢʫʚʘʣʴʥʠʭ ʧhʘʥʛʦʫʪʽʚ ʥʘ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ 

ʤʽʩʮʴ ʟʘʢʨʫʯʫʚʘʥʥʷ ʙʦʣʪʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʛʝʦʤʝʪʨʽʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʾʾ 

ʤʘʪʝʨʽʘʣʫ ʽ ʭʘʨʘʢʪʝʨʫ ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʝʦʙʭʽʜʥʘ ʩʪʫʧʽʥʴ ʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ 

ʩʪʠʢʫʚʘʣʴʥʠʭ ʧʣʦʱʠʥ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʘ ʩʘʤʝ: ʟʤʽʥʦʶ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʙʦʣʪʘʤʠ; çʧʨʠʪʠʨʢʦèʁ ʧʦʚʝʨʭʥʽ ʩʪʠʢʫʚʘʣʴʥʠʭ ʧʣʦʱʠʥ; ʨʦʟʤʽʱʝʥʥʷʤ ʤʽʞ 
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ʩʪʠʢʫʚʘʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ çʢʦʤʧʝʥʩʫʶʯʦʛʦè ʤʘʪʝʨʽʘʣʫ; ʦʙʪʠʩʢʦʤ ʬʣʘʥʮʽʚ ʧʽʩʣʷ 

ʟʙʦʨʢʠ.  

ʈʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʬʣʘʥʮʝʚʠʭ ʟôʻʜʥʘʥʴ ʚʽʜʩʽʢʽʚ ʈʅ ʪʘ 

ʚʘʨʽʘʥʪʠ ʫʩʫʥʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯ ʩʠʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʟʫʤʦʚʣʶʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʩʠ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʚ ʮʽʣʦʤʫ. 
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ʂʆʄʇôʖʊɽʈʅɸ ʄʆɼɽʃʔ ʈʋʍʋ ʈɸʂɽʊʀ-ʅʆʉɯʗ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ 

ʇʈʆɻʈɸʄʀ ʊɸʅɻɸɾʋ 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 

ʚʽʜʨʽʟʢʽʚ. ʂʦʞʝʥ ʚʽʜʨʽʟʦʢ ʤʘʻ ʦʢʨʝʤʽ ʚʠʤʦʛʠ ʜʦ ʨʫʭʫ ʟ ʢʫʪʦʚʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʽ ʰʚʠʜ-

ʢʽʩʪʶ. ʄʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʽ Python.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʢʝʪʘ-ʥʦʩʽʡ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʧʨʦʛʨʘʤʘ ʪʘʥʛʘʞʫ, ʦʧʪʠʤʽʟʘʮʽʷ 

ɸnnotation. A mathematical model of the launch vehicle motion, consisting of 5 segments, 

is proposed. Each segment has separate requirements for movement with angular accelera-

tion and speed. The model is implemented as a computer program in Python. 

Keywords: launch vehicle, mathematical model, pitch angle program, optimization 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʚʠʚʝʜʝʥʥʷ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ (ʂɸ) ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʽ ʦʨʙʽʪʠ, ʜʦʩʽ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤʠ ʟʘʧʫʩʢʫ ʟ ʧʦʛʣʷʜʫ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʷʢ ʤʘʢʩʠʤʽʟʘʮʽʷ ʢʦʨʠʩʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ, ʤʦʞʣʠʚʽʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ ʚʠʚʝʜʝʥʥʷ 

ʩʫʧʫʪʥʠʢʽʚ, ʪʦʯʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʠ, ʪʦʯʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʙʦʡʦʚʠʭ ʯʘʩʪʠʥ ʥʘ 

ʪʝʨʠʪʦʨʽʶ ʩʫʧʨʦʪʠʚʥʠʢʘ ʪʘ ʽʥ.  

ɼʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʚʠʚʝʜʝʥʥʷ ʂɸ ʧʦ ʪʘʥʛʘʞʫ ʥʘ ʢʨʫʛʦʚʽ ʦʨʙʽʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʣʦʱʠʥʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʨʘʢʝʪʦ-ʥʦʩʽʷ (ʈʅ) ʚ ʽʥʝʨʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠ-

ʥʘʪ ʟʘ ʧʨʠʧʫʱʝʥʥʷʤʠ, ʱʦ ɿʝʤʣʷ ʰʘʨ ʟ ʦʜʥʦʨʽʜʥʦʶ ʱʽʣʴʥʽʩʪʶ ʽ ʚʽʜʩʫʪʥʽ ʟʙʫʨʶʶʯʠʭ 

ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ ʨʫʭʫ ʧʦ ʪʘʥʛʘʞʫ ʻ ʚʠʩʦʪʘ ʦʨʙʽʪʠ ʚ ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ ʽ ʰʚʠʜʢʽʩʪʴ, ʷʢʫ ʧʦʪʨʽʙʥʦ 

ʥʘʜʘʪʠ ʜʣʷ ʚʠʚʦʜʫ ʂɸ ʥʘ ʢʨʫʛʦʚʫ ʦʨʙʽʪʫ, ʘ ʪʘʢʦʞ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʩʪʘʨʪʫ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʛʨʘʤʘ ʚʠʚʝʜʝʥʥʷ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʧôʷʪʠ ʜʽʣʷʥʦʢ. ʇʝʨʰʘ 

ʜʽʣʷʥʢʘ ï ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭ ʟ ʤʦʤʝʥʪʫ ʩʪʘʨʪʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʧʦ ʢʨʝʥʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʠʥʠ ʧʦʣʴʦʪʫ. ɼʨʫʛʘ ï ʨʫʭ ʟ ʢʫʪʦʚʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʜʣʷ ʧʦʯʘʪʢʫ ʨʦ-

ʟʚʦʨʦʪʫ ʈʅ ʧʦ ʪʘʥʛʘʞʫ. ʊʨʝʪʷ ï ʨʫʭ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʷʢʫ ʧʣʘʥʫʻʪʴʩʷ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ. ʏʝʪʚʝʨʪʘ ʜʽʣʷʥʢʘ ï ʨʫʭ ʟ ʧʦʩʪʽʡʥʠʤ 

ʢʫʪʦʚʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʧʨʦʪʠʣʝʞʥʠʤ ʧʨʠʩʢʦʨʝʥʥʶ ʥʘ ʜʨʫʛʽʡ ʜʽʣʷʥʮʽ. ʇôʷʪʘ ʜʽʣʷʥʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʈʅ ʟ ʥʫʣʴʦʚʠʤ ʢʫʪʦʤ ʪʘʥʛʘʞʫ ʚʽʜʥʦʩʥʦ ʤʽʩʮʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ. ɺʩʪʘʥʦʚ-

ʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʫʪʦʤ ʪʘʥʛʘʞʫ ʚ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʨʪʦʚʽʡ ʽʥʝʨʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠ-

ʥʘʪ ʽ ʢʫʪʦʤ ʰʚʠʜʢʦʩʪʽ ʨʘʢʝʪʠ ʚʽʜʥʦʩʥʦ ʤʽʩʮʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ.  

ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʩʠʣʫ ʪʷʛʠ, ʩʠʣʫ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ, ʩʠ-

ʣʫ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʧʨʦʪʠʚʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʘʪʤʦʩʬʝʨʠ ʽ ʨʦʟʤʽʨʽʚ ʈʅ. ʇʝ-

ʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʚʽʜʙʫʣʘʩʴ ʟʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʈʅ Falcon 9 ʟ ʜʚʠʛʫʥʘ-

ʤʠ Merlin 9 ʥʘ ʧʝʨʰʽʡ ʽ ʜʨʫʛʽʡ ʩʪʫʧʝʥʷʭ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠ-

ʩʪʘʥʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʜʴ ʷʢʦʛʦ ʽʥʰʦʛʦ ʈʅ. ʄʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Python ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ numpy, matplotlib, ambiance.  

ɺ ʧʦʜʘʣʴʰʦʤʫ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʚʠʤʦʛ ʜʦ ʜʦʚ-

ʞʠʥʠ ʢʦʞʥʦʾ ʟ ʧôʷʪʠ ʜʽʣʷʥʦʢ ʪʨʘʻʢʪʦʨʽʾ ʪʘ ʩʠʥʪʝʟʫ ʧʨʦʛʨʘʤʠ ʪʘʥʛʘʞʫ ʧʦ ʟʘʜʘʥʠʭ ʢʨʠ-

ʪʝʨʽʷʤ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ʉʴʦʛʦʜʝʥʥʷ ʚʽʜʟʥʘʯʝʥʦ ʨʦʟʚʠʪʢʦʤ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʥʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʫ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʦʚʽʪʥʽʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ. ɿʘ 

ʦʩʪʘʥʥʽʡ ʯʘʩ ʫ ʩʚʽʪʽ ʚʠʙʫʜʦʚʘʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʪʘ ʰʚʠʜʢʦ ʚʪʽʣʶʶʪʴʩʷ ʫ ʞʠʪʪʷ ʙʘʛʘʪʦ-

ʩʫʧʫʪʥʠʢʦʚʽ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʥʘ ʨʽʟʥʦʚʠʩʦʢʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ ʟ ʢʦʣʦʚʠʤʠ 

ʦʨʙʽʪʘʤʠ. ɸ ʥʝʚʜʦʚʟʽ ʚʽʜʙʫʜʝʪʴʩʷ ʜʦʧʦʚʥʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʛʨʫʧʦʚʘʥʥʷʤʠ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ [1,2]. ɻʦʣʦʚʥʽ ʧʝʨʝʚʘʛʠ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ 

ʫʛʨʫʧʦʚʘʥʴ ʟ ʢʦʣʦʚʠʤʠ ʽ ʝʣʽʧʪʠʯʥʠʤʠ ʦʨʙʽʪʘʤʠ ʥʝ ʦʜʥʦʨʘʟʦʚʦ ʥʘʟʚʘʥʽ (ʮʝ ʧʦʻʜʥʘʥʥʷ 

ʨʽʟʥʦʚʠʩʦʢʠʭ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʣʘʥʮʶʞʢʘʤʠ ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʝʣʽʧʪʠʯʥʠʭ 

ʦʨʙʽʪʘʭ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ, ʤʦʞʣʠʚʽʩʪʴ çʟʘʧʦʚʥʠʪʠè ʤʝʨʝʞʝʶ ʟʚôʷʟʢʫ ʦʙʣʘʩʪʽ ʨʘʜʽʘʮʽʡʥʠʭ 

ʧʦʷʩʽʚ ɺʘʥ-ɸʣʣʝʥʘ, ʪʘ ʽʥʰʽ). ʉʝʨʝʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʙʘʟʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘʟʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʮʽʣʴʦʚʦʶ ʘʧʘʨʘʪʫʨʦʶ ʩʠʩʪʝʤʠ. 

ɿʦʢʨʝʤʘ, ʧʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ (ʧʦʪʦʯʥʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʤʽʞ 

ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ), ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʷʤʘʤʠ ʣʽʥʽʡ 

ʤʽʞʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ. ɺ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ ʢʝʨʫʚʘʥʥʷ ʮʽʣʴʦʚʠʤ ʦʙʣʘʜʥʘ-

ʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʣʝʞʘʪʴ ʟʘʜʘʯʽ ʤʝʭʘʥʽʢʠ ʢʦʩʤʽʯʥʦʛʦ ʧʦʣʴʦʪʫ ʽ 

ʚʨʘʭʫʚʘʥʥʷ ʙʘʣʽʩʪʠʯʥʠʭ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ ʩʪʦʩʫʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʙʘʣʽʩʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʥʝʧʦʪʫʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʽ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ (ʧʦʜʦʚʞʝʥʘ ʪʝʤʘʪʠʢʘ ʨʦʙʦʪʠ 

[3]). ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʥʘ ʜʽʣʷʥʢʘʭ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ ʚ 

ʦʙʣʘʩʪʽ ʘʧʦʛʝʶ ʽ ʧʝʨʠʛʝʶ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʢʦʣʦʚʠʭ 

ʦʨʙʽʪ ʚʽʜʧʦʚʽʜʥʦʾ ʚʠʩʦʪʠ. ɺʠʟʥʘʯʝʥʥʷ çʥʝ ʧʦʪʫʞʥʠʡ ʧʨʠʩʪʨʽʡè ʪʫʪ ʦʟʥʘʯʘʻ, ʱʦ ʟʚôʷʟʢʠ 

ʙʫʜʫʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʪʽʣʴʢʠ ʥʘ ʪʠʭ ʜʽʣʷʥʢʘʭ ʝʣʽʧʪʠʯʥʠʭ ʽ ʢʦʣʦʚʠʭ ʦʨʙʽʪ, ʷʢʽ ʤʘʶʪʴ 

ʙʣʠʟʴʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘ-

ʨʘʪʘʤʠ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʟʘ ʚʠʩʦʪʦʶ, ʘʙʦ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ 

ʥʘ ʢʦʣʦʚʽʡ ʦʨʙʽʪʽ ʽ ʚʽʜʜʘʣʝʥʦʶ ʚʽʜ ʥʝʾ ʯʘʩʠʥʦʶ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ. ɿʘʜʘʯʘ ʜʦʩʣʽʜʞʫʻʪʴ-

ʩʷ ʫ ʦʧʠʩʘʥʽʡ ʜʘʣʽ ʧʦʩʪʘʥʦʚʮʽ. ɿʘʜʘʥʽ ʩʠʤʝʪʨʠʯʥʽ ʫʛʨʫʧʦʚʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʧʨʠʥʮʠ-
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ʧʦʤ çʩʫʟʽʨôʷ ɺʦʣʢʝʨʘè: ʦʜʥʝ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ; ʜʝʢʽʣʴʢʘ ʥʘ ʢʦʣʦʚʠʭ ʟ ʚʠʩʦʪʘʤʠ, 

ʙʣʠʟʴʢʠʤʠ ʘʙʦ ʜʦ çʘʧʦʛʝʡʥʦʾè, ʘʙʦ ʜʦ çʧʝʨʠʛʝʡʥʦʾè ʯʘʩʪʠʥʠ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ. ɺʚʘ-

ʞʘʻʪʴʩʷ, ʱʦ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʱʦ ʨʝʘʣʽʟʫʻ ʟʚôʷʟʦʢ, ʤʘʻ ʥʝʟʤʽʥʥʫ ʢʫʪʦʚʫ ʦʨʽʻʥʪʘʮʽʶ 

ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʙʘʨʠʮʝʥʪʨʠʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ, ʟʦʥʘ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʤʘʻ ʚʽʩʩʶ 

ʩʠʤʝʪʨʽʾ ʦʜʥʫ ʟ ʦʩʝʡ ʙʘʨʠʮʝʥʪʨʠʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɿʘ  ʥʘʧʨʷʤʢʦʤ 

ʤʦʞʣʠʚʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʧʨʠʩʪʨʦʾ ʟʚôʷʟʢʫ ʢʦʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʨʦʟʜʽʣʝʥʽ ʥʘ 

ʰʽʩʪʴ ʪʠʧʽʚ (ʷʢ ʽ ʚ ʨʦʙʦʪʘʭ [1-3], ʣʽʥʽʾ ʟʚôʷʟʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘʜ ʽ ʧʽʜ ʧʣʦ-

ʱʠʥʫ ʤʠʪʪʻʚʦʛʦ ʤʽʩʮʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʣʦʱʠʥʠ ʦʨʙʽʪʠ ʢʦʩʤʽʯ-

ʥʦʛʦ ʘʧʘʨʘʪʫ, ʧʦʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ ʚʽʜ ʙʽʥʦʨʤʘʣʴʥʦʾ ʧʣʦʱʠʥʠ). ɺʨʘʭʦʚʘʥʽ ʪʘʢʽ ʫʤʦʚʠ 

ʨʝʘʣʽʟʘʮʽʾ ʟʚô̫ʟʢʫ: 1) ʫʤʦʚʠ ʟʘ ʜʘʣʴʥʽʩʪʶ; 2) ʫʤʦʚʘ ʟʘ ʜʦʧʫʩʪʠʤʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʣʽʥʽʾ 

ʟʚôʷʟʢʫ ʚʽʜ ʚʽʩʽ ʩʠʤʝʪʨʽʾ ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ 

ʟʚôʷʟʢʫ; 3) ʫʤʦʚʘ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʚʽʜʥʦʩʥʦ 

ɿʝʤʣʽ ʽ ʚʠʩʦʪ ʾʾ ʱʽʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʪʦʯʝʥʥʷ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʶʻʪʴʩʷ 

ʨʫʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘʜʘʥʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. ɼʣʷ ʢʦʞʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʢʣʘʜʠ ʜʦʩʪʫʧʥʦʩʪʽ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʫʛʨʫʧʦʚʘʥʥʷ ʽʥʰʦʛʦ ʪʠʧʫ (ʜʣʷ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ï ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ, ʽ ʥʘʚʧʘʢʠ). ɺ ʨʦʟʢʣʘʜʘʭ ʜʦʩʪʫʧʥʦʩʪʽ ʢʨʽʤ ʽʥʪʝʨʚʘʣʽʚ ʜʦʩʪʫʧʥʦʩʪʽ 

ʬʽʢʩʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʠʭ ʘʥʦʤʘʣʽʡ, ʷʢʽ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʜʦʩʪʫʧʥʦʩʪʽ ʦʪʦʯʫʶʪʴ 

ʜʽʣʷʥʢʠ ʦʨʙʽʪ ʷʢ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʜʣʷ ʷʢʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʨʦʟʢʣʘʜ ʜʦʩʪʫʧʥʦʩʪʽ, ʪʘʢ ʽ 

ʜʣʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʜʦ ʨʦʟʢʣʘʜʫ ʜʦʩʪʫʧʥʦʩʪʽ. ʇʽʩʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘ ʟʘʜʘʥʦʤʫ ʚʽʜʨʽʟʢʫ ʯʘʩʫ ʨʦʙʠʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʩʢʣʘʜʝʥʠʭ ʨʦʟʢʣʘʜʽʚ ʜʦʩʪʫʧ-

ʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʽ 

ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʫ. 
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ʇʈʀʅʎʀʇʀ ʇʆɹʋɼʆɺʀ ʋɻʈʋʇʆɺɸʅʅʗ ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɯɺ, ʑʆ 

ɺʀʈɯʐʋɭ ɿɸɼɸʏʋ ʆʈɹɯʊɸʃʔʅʆɻʆ ʉɽʈɺɯʉʋ 

 ɸʥʥʦʪʘʮʽʷ: ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʫʛʨʫʧʦʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘ-

ʨʘʪʽʚ, ʱʦ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ.  ɺʨʘʭʦʚʘʥʦ, ʱʦ ʪʘʢʝ ʫʛʨʫʧʦʚʘʥʥʷ, 

ʤʘʻ ʤʘʪʠ ʬʫʥʢʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʽ ʟʚôʷʟʢʫ ʟ ʛʣʦʙʘʣʴʥʠʤ ʫʛʨʫʧʦ-

ʚʘʥʥʷʤ ʩʠʩʪʝʤʠ, ʷʢʘ ʢʦʦʨʜʠʥʫʻ ʩʝʨʚʽʩʥʽ ʦʧʝʨʘʮʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʛʨʫʧʦʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ, 

ʤʽʞʩʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ, ʦʨʙʽʪʘʣʴʥʠʡ ʩʝʨʚʽʩ, ʙʘʣʽʩʪʠʯʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ    

 Annotation: An approach to building a group of space vehicles, which performs the 

task of orbital service, is proposed. It is taken into account that such a grouping should have 

the functions of monitoring the execution of the operation and communication with the 

global grouping of the system that coordinates service operations. 

Keywords: grouping of space vehicles, satellite system, intersatellite communica-

tions, orbital service, ballistic design 

 

ʉʴʦʛʦʜʝʥʥʷ ʚʽʜʟʥʘʯʝʥʦ ʙʫʨʭʣʠʚʠʤ ʨʦʟʛʦʨʪʘʥʥʷʤ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪʘʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʽ ʮʝ ʪʽʣʴʢʠ ʩʪʘʨʪ ʧʝʨʝʜ ʧʦʻʜʥʘʥʥʷʤ ʮʠʭ 

ʩʠʩʪʝʤ ʚ ʻʜʠʥʫ ʧʦʪʫʞʥʫ ʛʽʙʨʠʜʥʫ ʤʽʣʴʪʠʟʘʜʘʯʥʫ ʩʫʧʫʪʥʠʢʦʚʫ ʽʥʪʝʨʩʠʩʪʝʤʫ [1]. ʅʘ-

ʩʪʫʧʥʠʤ ʝʪʘʧʦʤ, ʷʢʠʡ ʧʝʨʝʚʝʜʝ ʢʦʩʤʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʥʦʚʠʡ ʷʢʽʩʥʠʡ ʨʽʚʝʥʴ, ʩʪʘʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʩʤʦʩʫ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʽʜʢʨʠʪʪʷ ʜʦʜʘʪʢʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʞʝʨʝʣ. 

ɸ ʦʩʥʦʚʫ ʤʘʡʙʫʪʥʴʦʛʦ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʩʪʚʘ ʩʪʚʦʨʠʪʴ ʨʦʟʚʠʪʦʢ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʟʘʜʘʯ ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ [2,3]. ʅʝʚʝʣʠʢʽ ʫʛʨʫʧʦʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʨʝ-

ʘʣʽʟʫʶʪʴ ʟʘʜʘʯʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʪʦʯʥʦʾ ʤʽʩʽʾ ʙʫʜʫʪʴ ʥʘʙʣʠʞʝʥʽ 

ʜʦ ʘʚʪʦʥʦʤʥʠʭ, ʘʣʝ ʙʫʜʫʪʴ ʜʽʷʪʠ ʚ ʨʘʤʢʘʭ ʛʣʦʙʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʪʝʨʩʠʩʪʝʤʠ, ʱʦ 

ʤʽʩʪʠʪʴ ʷʢ ʤʥʦʞʠʥʫ ʫʛʨʫʧʦʚʘʥʴ ʤʘʡʞʝ ʘʚʪʦʥʦʤʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʪʘʢ ʽ ʚʝʣʠʢʽ ʫʛʨʫʧʦʚʘʥ-

ʥʷ ʨʝʛʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʧʨʠʥʮʠʧʦʤ ʩʫʟʽʨôʷ ɺʦʣʢʝʨʘ [1,4]. ʉʝʨʝʜ 

ʬʫʥʢʮʽʡ ʛʣʦʙʘʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʙʫʜʝ ʬʫʥʢʮʽʷ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʚʠʢʦ-

ʥʘʥʥʷ ʟʘʚʜʘʥʥʷ  ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ (ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʴ, ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʦʙʨʦʙʢʘ 

ʽʥʬʦʨʤʘʮʽʾ, ʜʦʜʘʪʢʦʚʘ ʧʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʜʦʜʘʪʢʦ-

ʚʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ ʭʽʜ ʦʧʝʨʘʮʽʾ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʝʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʪʦʱʦ) [1,4]. ʈʝ-

ʘʣʽʟʘʮʽʷ ʩʝʨʚʽʩʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʪʨʝʙʫʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ, ʷʢ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ, ʪʘʢ ʽ ʟ ʫʛʨʫʧʦʚʘʥʥʷʤ ʛʣʦʙʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ [4]. ʊʫʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʫʛʨʫʧʦʚʘʥʥʷ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʻ ʟʘʚʜʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ. ɼʦ ʡʦʛʦ ʩʢʣʘʜʫ ʚʚʦ-

ʜʠʪʴʩʷ ʧʽʜʫʛʨʫʧʦʚʘʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʢʦʥʪʨʦʣʶ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ  ʥʘʩʪʫʧʥʠʡ ʩʢʣʘʜ ʛʨʫʧʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʯʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ. 

ʅʝʭʘʡ ʻ ʦʨʙʽʪʘʣʴʥʠʡ ʦʙôʻʢʪ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ, ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ-ʚʠʢʦʥʘʚʝʮʴ ʟʘʜʘʯʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʪʦʙʪʦ ʻ ʦʨʙʽʪʘʣʴʥʘ ʧʘʨʘ ʦʙôʻʢʪ ʽ ʚʠʢʦʥʘʚʝʮʴ). ɿʘʜʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʠʢʦʥʘʚʮʷ ʚʽʜ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʚôʷʟʢʫ ʽʟ ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝ-

ʤʦʶ, ʫ ʙʣʠʟʴʢʦʩʪʽ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝ ʩʧʨʷʤʦʚʘʥʦʛʦ ʟʚôʷʟʢʫ, ʟʥʘʭʦʜʠʪʴʩʷ 
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ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʚ'ʷʟʦʢ. ʅʘʟʚʝʤʦ ʮʽʡ ʢʦʩʤʽʯʥʠʡ 

ʘʧʘʨʘʪ ʩʫʧʨʦʚʽʜʥʠʢʦʤ ʚʠʢʦʥʘʚʮʷ ʦʧʝʨʘʮʽʾ. ɺʠʜʽʣʠʤʦ ʜʚʽ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʨʙʽʪʘʣʴʥʦʾ ʧʘʨʠ ʦʙôʻʢʪ ʽ ʚʠʢʦʥʘʚʝʮʴ. ʇʝʨʰʘ ʩʭʝʤʘ: ʦʙôʻʢʪ ʽ ʚʠʢʦʥʘʚʝʮʴ ʨʦʟʪʘʰʦʚʘʥʽ 

ʥʘ ʦʜʥʽʡ ʚʠʩʦʪʽ. ʊʦʜʽ ʩʫʧʨʦʚʽʜʥʠʢ ʦʧʝʨʘʮʽʾ ʙʫʜʝ ʨʦʟʤʽʱʝʥʠʡ ʫ ʧʣʦʱʠʥʽ ʦʨʙʽʪʠ ʚʠʢʦ-

ʥʘʚʮʷ ʥʘʜ ʥʠʤ (ʧʨʠ ʥʝʪʨʠʚʘʣʠʭ ʦʧʝʨʘʮʽʷʭ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘʤʠ ʚʠʢʦʥʘʚ-

ʮʷ ʦʧʝʨʘʮʽʾ ʽ ʡʦʛʦ ʩʫʧʨʦʚʽʜʥʠʢʘ ʤʦʞʥʘ ʥʝ ʢʦʨʝʛʫʚʘʪʠ, ʘ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ ʨʽʰʝʥʴ, ʷʢʽ ʪʫʪ ʦʧʫʩʢʘʻʤʦ). ɼʨʫʛʘ ʩʭʝʤʘ: ʦʙôʻʢʪ ʽ ʚʠʢʦ-

ʥʘʚʝʮʴ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʜʥʽʡ ʦʨʙʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʊʦʜʽ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ-ʩʫʧʨʦʚʽʜʥʠʢ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʫʩʽʜʥʽʡ ʦʨʙʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ.  ɺʽʥ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʚ'ʷʟʦʢ ʽʟ ʫʛʨʫ-

ʧʦʚʘʥʥʷʤ ʛʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɸʣʝ ʚʨʘʭʫʻʤʦ ʽ ʜʦʜʘʪʢʦʚʫ ʟʘʜʘʯʫ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʝʙʽʯ-

ʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʧʝʨʘʮʽʾ.  ʊʦʜʽ ʜʦ ʩʢʣʘʜʫ ʛʨʫʧʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʩʝʨʚʽʩʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʚʦʜʠʪʴʩʷ ʱʝ ʜʝʢʽʣʴʢʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ (ʟ ʬʫʥʢʮʽʷʤʠ ʨʝʘʣʽʟʘʮʽʾ 

ʟʚôʷʟʢʫ ʽ ʩʧʦʩʪʝʨʝʞʝʥʴ). ʅʘʟʚʝʤʦ ʮʽ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʛʨʫʧʦʶ ʧʽʜʪʨʠʤʢʠ ʦʧʝʨʘʮʽʾ. ʎʽ 

ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʦʪʦʯʫʶʪʴ ʙʣʠʟʴʢʫ ʦʨʙʽʪʘʣʴʥʫ ʛʨʫʧʫ, ʜʦ ʷʢʦʾ ʚʭʦʜʷʪʴ ʦʙôʻʢʪ ʦʙʩʣʫʛʦ-

ʚʫʚʘʥʥʷ, ʚʠʢʦʥʘʚʝʮʴ ʽ ʩʫʧʨʦʚʽʜʥʠʢ ʚʠʢʦʥʘʚʮʷ. ɰʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʚʩʝʙʽʯʥʝ ʙʘʯʝʥʥʷ ʦʧʝʨʘʮʽʾ (ʘʙʦ ï ʯʘʩʪʢʦʚʝ, ʟʘ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ). ɺʽʜʩʪʘʥʴ ʚʽʜ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ-ʩʫʧʨʦʚʽʜʥʠʢʘ ʦʧʝʨʘʮʽʾ ʪʘʢʘ, ʮʽ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʽʟ 

ʩʫʧʨʦʚʽʜʥʠʢʦʤ ʛʦʩʪʨʦʩʧʨʷʤʦʚʘʥʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ, ʽ ʪʦʤʫ ʤʦʞʫʪʴ ʨʦʟʚʘʥʪʘʞʠʪʠ ʢʦʩʤʽʯʥʠʡ 

ʘʧʘʨʘʪ-ʩʫʧʨʦʚʽʜʥʠʢ ʚʽʜ  ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʜʘʣʝʢʠʭ ʟʚôʷʟʢʽʚ.    
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ʉʊɺʆʈɽʅʅʗ ʂɽʈʆɺɸʅʆɰ ʈɸʂɽʊʀ ɿ ɹɸʃɯʉʊʀʏʅʆʖ ʊʈɸɭʂʊʆʈɯɭʖ 

ɸʥʦʪʘʮʽʷ: ɹʘʣʽʩʪʠʯʥʘ ʨʘʢʝʪʘ ʤʘʣʦʾ ʜʘʣʴʥʦʩʪʽ ð ʮʝ ʨʽʟʥʦʚʠʜ ʨʘʢʝʪʥʦʾ ʟʙʨʦʾ, 

ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʧʦʣʴʦʪʫ ʟʜʽʡʩʥʶʻ ʥʝʢʝʨʦʚʘʥʦʶ ʙʘʣʽʩʪʠʯ-

ʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʟʘʭʠʩʪʫ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʧʨʠʢʦʨʜʦʥʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʥʦʾ 

ʧʨʠʮʽʣʴʦʚʦʾ ʧʦʧʨʘʚʢʠ ʥʘ ʚʽʜʩʪʘʥʴ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 300 ʢʽʣʦʤʝʪʨʽʚ. ʗʢ ʧʦʢʘ-

ʟʫʻ ʚʽʡʥʘ, ʙʘʣʽʩʪʠʯʥʽ ʨʘʢʝʪʠ ʜʫʞʝ ʪʷʞʢʦ ʟʙʠʪʠ ʥʘʚʽʪʴ ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʇʈʆ, ʪʦʤʫ 

ʾʭ ʥʘʷʚʥʽʩʪʴ ʥʘ ʦʟʙʨʦʻʥʥʽ ð ʯʠʤʘʣʠʡ ʢʦʟʠʨ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʣʽʩʪʠʢʘ, ʨʘʢʝʪʥʘ ʟʙʨʦʷ, ballistic, MLRS, ʈʉɿʆ 

 

ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʨʘʢʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʘʙʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫ. ʊʦʤʫ ʧʨʦʧʦʥʫʶ ʚʘʨʽʘʥʪ ʥʘʜʤʘʣʠʭ ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ, ʷʢʽ 

ʤʘʪʠʤʫʪʴ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʩʘʤʝ ʥʘ ʪʘʢʪʠʯʥʠʡ ʨʽʚʝʥʴ ʚʦʻʥʥʠʭ ʜʽʡ. ɿʜʘʚʘʣʦʩʴ ʙʠ, ʫʩʽʤ 

ʚʽʜʦʤʽ ʈʉɿʆ ʩʧʨʘʚʣʷʶʪʴʩʷ ʟ ʪʘʢʠʤʠ ʟʘʜʘʯʘʤʠ, ʦʙʨʘʚ ʢʚʘʜʨʘʪ, ʧʨʠʩʪʨʽʣʦʯʥʠʡ ʟʘʣʧ, 

ʧʝʨʝʟʘʨʷʜʠʚ, ʟʘʣʧ. ɸʣʝ ʮʝ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ, ʻ ʨʠʟʠʢ ʧʦʪʨʘʧʣʷʥʥʷ ʧʽʜ ʢʦʥʪʨʙʘʪʘʨʝʡ-

ʥʠʡ ʚʦʛʦʥʴ, ʱʦ ʟʘʛʨʦʞʫʻ ʨʦʟʨʘʭʫʥʢʫ ʈʉɿʆ. (ɸʣʝ ʮʝ ʟʘʟʚʠʯʘʡ ʩʪʦʩʫʻʪʴʩʷ ʨʘʜʷʥʩʴʢʠʭ 

ʈʉɿʆ ʪʠʧʫ "ɻʨʘʜ", "ʋʨʘʛʘʥ" ʪʦʱʦ, ʙʦ ʚʦʥʠ ʤʘʶʪʴ ʤʘʣʠʡ ʨʘʜʽʫʩ ʫʨʘʞʝʥʥʷ) ʪʘ ʪʦʯʥʽʩʪʴ 

ʪʘʢʠʭ ʟʘʣʧʽʚ ʥʝ ʜʫʞʝ ʚʠʩʦʢʘ. 

ʈʉɿʆ ʟ ʤʘʣʠʤ ʨʘʜʽʫʩʦʤ ʫʨʘʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʧʽʜʪʨʠʤʢʠ ʧʽʭʦʪʠ. ʗʢ ʫʢʘʟʘʥʦ ʚʠʱʝ, ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʜʫʞʝ ʚʘʞʢʦ ʚʣʫʯʠʪʠ ʟ ʧʝʨʰʦʛʦ 

ʟʘʣʧʫ, ʪʦʤʫ ʻ ʽʜʝʷ ʩʪʚʦʨʝʥʥʷ ʢʨʠʣʘʪʦʾ ʨʘʢʝʪʠ ʟ ʙʘʣʽʩʪʠʯʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ, ʷʢʘ ʟʘʧʫʩ-

ʢʘʻʪʴʩʷ ʧʦʦʜʠʥʦʢʦ ʘʙʦ ʤʘʣʠʤ ʧʘʢʝʪʦʤ. 

ʈʘʢʝʪʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʟʤʦʞʝ ʢʦʨʝʛʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʥʘ 

ʦʩʪʘʥʥʽʭ ʝʪʘʧʘʭ ʧʦʣʴʦʪʫ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʫʨʘʞʝʥʥʷ ʮʽʣʝʡ. ɼʣʷ ʮʴʦʛʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʮʽʣʽ ʪʘ 

ʢʦʨʝʛʫʚʘʪʠ ʥʘʧʨʷʤʦʢ ʧʦʣʴʦʪʫ ʨʘʢʝʪʠ. ʂʨʽʤ ʪʦʛʦ, ʨʘʢʝʪʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʩʥʘʱʝʥʘ ʢʘʤʝ-

ʨʦʶ, ʷʢʘ ʧʝʨʝʜʘʻ ʟʦʙʨʘʞʝʥʥʷ ʦʧʝʨʘʪʦʨʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʦʣʴʦʪʦʤ. 

ʊʘʢʘ ʨʘʢʝʪʘ ʙʫʜʝ ʢʦʨʠʩʥʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʥʘ ʤʘʣʽʡ ʚʽʜʩʪʘʥʽ, ʥʘʧʨʠ-

ʢʣʘʜ, ʫʜʘʨʽʚ ʧʦ ʨʽʟʥʠʤ ʜʽʣʷʥʢʘʤ ʦʢʦʧʽʚ ʚʦʨʦʛʘ, ʟʥʠʱʝʥʥʷ ʧʦʟʠʮʽʡ ʚʦʛʥʝʚʦʾ ʧʽʜʪʨʠʤʢʠ, 

ʫʨʘʞʝʥʥʷ ʣʝʛʢʦʾ ʪʝʭʥʽʢʠ ʪʘ ʽʥʰʽ ʟʘʚʜʘʥʥʷ ʥʘ ʪʘʢʪʠʯʥʦʤʫ ʨʽʚʥʽ. 

ʆʩʢʽʣʴʢʠ ʨʘʢʝʪʘ ʙʫʜʝ ʜʝʰʝʚʦʶ ʪʘ ʣʝʛʢʦʶ ʚ ʫʧʨʘʚʣʽʥʥʽ, ʪʦ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʩʪʚʦʨʝʥʘ çʢʫʩʪʘʨʥʠʤʠè ʧʦʪʫʞʥʦʩʪʷʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʦʩʝʨʝʜʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʘʢʠʭ ʨʘʢʝʪ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

1. https://www.business-standard.com/about/what-is-short-range-ballistic-

missile#collapse 

2. https://www.youtube.com/watch?v=hfFuZKc5tQM 

3. https://www.unian.ua/war/zbroya-grad-dalnist-strilbi-ploshcha-urazhennya-i-

chomu-ce-populyarne-rszv-novini-vtorgnennya-rosiji-v-ukrajinu-11781819.html 



121 

ʋɼʂ 629.78 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-057 

ɺ.ʆ. ʍʘʱʠʥʘ, ʘʩʧʽʨʘʥʪ; ɸ.ʄ. ʂʫʣʘʙʫʭʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

v.khashchyna@ftf.dnu.edu.ua 

 

ʄɽʊʆɼʀ ʂɽʈʋɺɸʅʅʗ ʈɸʂɽʊ ʋ ɺɽʈʊʀʂɸʃʔʅʆʄʋ ʇʆʃʔʆʊɯ 

 ɸʥʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʫ ʢʨʘʾʥʘʭ, ʱʦ ʥʝ ʤʘʶʪʴ ʜʦʩʪʫʧʫ ʜʦ ʚʝʣʠʢʠʭ ʢʦʩʤʦʜʨʦʤʽʚ. ʇʨʦʧʦʥʫʪ̒ʴʩʷ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʴʦʪʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʦʚʠʭ ʨʽʰʝʥʴ ʚ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʪʘ ʚʠʚʦ-

ʜʫ ʤʘʣʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʥʠʟʴʢʽ ʦʨʙʽʪʠ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʨʫʭʫ ʨʘʢʝʪʠ ʚ ʽʥʝʨʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʧʣʠʚʫ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʧʘʜʽʥʥʷ ʨʘʢʝʪ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʧʦʣʴʦʪʽ. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɺʝʨʪʠʢʘʣʴʥʠʡ ʧʦʣʽʪ, ʟʦʥʠ ʧʘʜʽʥʥʷ ʨʘʢʝʪ, ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ. 

Annotation: The problem of developing rocket and space technologies in countries 

that do not have access to large spaceports is considered. It is proposed to use vertical flight 

to test new solutions in the space industry and launch small spacecraft into low orbits. A 

mathematical model of rocket motion in inertial space is considered, considering control 

algorithms and the influence of Earth's rotation, which enables determination of the rocket 

fall zones in vertical flight. 

 Keywords: Vertical flight, rocket drop zones, Earth rotation. 

 

ʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʩʤʦʜʨʦʤʽʚ, 

ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʜʦ ʤʽʩʮʴ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ ʪʝʨʠʪʦʨʽʷʭ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʯʘʩʪʠʥʘ ʢʨʘʾʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʋʢʨʘʾʥʘ, ʪʘʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʝ ʤʘʻ. ɺ ʪʘ-

ʢʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʽʨʢʫ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʥʦʚʠʭ ʨʽʰʝʥʴ ʚ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʤʦʞʥʘ ʟʜʽʡ-

ʩʥʶʚʘʪʠ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʨʘʭʫʥʦʢ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʴʦʪʫ. ʎʝ ʪʘʢʦʞ 

ʩʪʘʻ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʘʣʠʭ ʨʘʢʝʪ, ʟʜʘʪʥʠʭ ʚʠʚʦʜʠʪʠ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ 

(ʂɸ) ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʥʘ ʥʠʟʴʢʽ ʢʨʫʛʦʚʽ ʦʨʙʽʪʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʦʥʠ ʧʘʜʽʥʥʷ ʨʘʢʝʪʠ 

ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʴʦʪʽ ʤʝʪʦʜʠʯʥʝ ʥʝ ʚʠʟʥʘʯʝʥʽ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ ʧʘʜʽʥʥʽ ʨʘʢʝʪʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʧʦʣʴʦʪʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʨʘʢʝʪʠ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʴʦʪʫ ʽ ʧʘʜʽʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʚʠʤ ʨʫʭʦʤ ɿʝʤʣʽ ʽ ʥʘ ʨʽʟʥʠʭ ʰʠʨʦʪʘʭ ʙʫʜʝ ʨʽʟʥʠʤ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʧʦʩʪʽʡʥʘ, ʘ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ, ʷʢʘ ʭʘʨʘʢʪʝ-

ʨʠʟʫʻ ʧʦʣʽʪ ʨʘʢʝʪʠ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ ʙʫʜʝ ʨʽʟʥʘ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʢʠ 

ʧʘʜʽʥʥʷ ʨʘʢʝʪʠ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʽ ʙʫʜʝ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʟʘʢʨʠʚʘʪʠ ʥʘ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ. ʅʘ ʨʫʭ ʨʘʢʝʪʠ ʪʘʢʦʞ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʘʣʛʦʨʠ-

ʪʤʠ ʢʝʨʫʚʘʥʥʷ ʩʘʤʦʾ ʨʘʢʝʪʠ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʟʦʥ ʧʘʜʽʥʥʷ ʨʘʢʝʪ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʴʦʪʫ ʩʪʚʦʨʶʻʪʴʩʷ ʤʘʪʝ-

ʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʨʘʢʝʪʠ ʚ ʽʥʝʨʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨ ̔ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʝʨʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʥʷ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʯʘʩ ʧʦʣʴʦʪʫ ʙʫʜʝ ʥʝʟʥʘʯʥʠʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʠʩ ʨʫʭʫ ʨʘʢʝʪʠ ʷʢ ʧʣʦʱʠʥʥʠʡ, ʚ ʷʢʦʤʫ ʦʜʥʘ ʚʩ̔ʴ (Y) ʥʘʧʨʘʚʣʝʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʪʦʯʮʽ ʩʪʘʨʪʫ, ʘ ʜʨʫʛʘ ʚʽʩʴ (X) ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʧʘʨʘʣʝʣʽ ʚ ʩʪʦʨʦʥʫ ʦʙʝʨ-

ʪʘʥʥʷ ɿʝʤʣʽ. ʇʨʠ ʮʴʦʤʫ ʨʘʢʝʪʘ ʧʦ ʦʩʽ ʍ ʦʪʨʠʤʫʻ ʜʦʜʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ. ɸʝʨʦʜʠʥʘʤʽʯʥʠʡ ʩʫʧʨʦʪʠʚ ʧʦ ʦʩʽ ʧʨʠ ʮʴʦʤʫ ʨʘʭʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʤ ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʨʘʟʦʤ ʽʟ ɿʝʤʣʝʶ. ʇʦ ʦʩʽ Y ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦ-
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ʚʫʶ ʨʫʭ ʨʘʢʝʪʠ ʧʽʜ ʜʽʻʶ ʨʫʰʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʨʘʢʝʪʠ, ʷʢ ʪʽʣʘ ʟʤʽʥʥʦʾ ʤʘʩʠ ʟ ʚʠʟʥʘʯʝ-

ʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʤʘʩʘ, ʜʽʘʤʝʪʨ ʨʘʢʝʪʠ, ʪʷʛʘ, ʩʝʢʫʥʜʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʤʘʩʘ 

ʧʘʣʠʚʘ), ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʘʪʤʦʩʬʝʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ʘʪʤʦʩʬʝʨʠ ʥʘ 

ʜʽʣʴʥʠʮʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʽ ʜʽʣʴʥʠʮʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʴʦʪʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʷʛʠ.  

ɺ ʽʥʝʨʮʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʘ ʨʘʭʫʥʦʢ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʭʠʣʝʥʥʷ ʧʘʜʽʥʥʷ ʨʘʢʝʪʠ ʧʦ ʦʩʽ X ʟʘ ʯʘʩ ʧʦʣʴʦʪʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʯʘʪʢʦʚʦʾ ʥʘʚʯʘʣʴʥʦʾ 

ʚhʠʜʢʦʩʪʽ. ɺʽʜʭʠʣʝʥʥʷ ʚ ʟʦʥʽ ʧʘʜʽʥʥʷ ʨʘʢʝʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠ-

ʮʷ ʚʽʜʭʠʣʝʥʥʷ ʧʘʜʽʥʥʷ ʧʦ ʢʦʦʨʜʠʥʘʪʽ ʍ ʚ ʽʥʝʨʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʽ ʦʙʝʨʪʘʥʥʷʤ 

ɿʝʤʣʽ ʥʘ ʰʠʨʦʪʽ ʟʘʧʫʩʢʘ. 
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ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ʈʋʏʅʆɻʆ ʊɸ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ɽʃɽʂʊʈʆʅʅʆ-

ʇʈʆʄɽʅɽɺʆɻʆ ɿɺɸʈʖɺɸʅʅʗ ʇʈʀ ʇʈʆɺɽɼɽʅʅɯ ʄʆʅʊɸɾʅʀʍ ɯ 

ʈɽʄʆʅʊʅʆ-ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ʈʆɹɯʊ ʅɸ ʇʆɺɽʈʍʅɯ ʄɯʉʗʎʗ 

ɸʥʦʪʘʮʽʷ. ʇʨʠ ʦʩʚʦʻʥʥʽ ʄʽʩʷʮʷ, ʜʝ ʧʣʘʥʫʻʪʴʩʷ ʙʫʜʽʚʥʠʮʪʚʦ ʜʦʚʛʦʪʨʠʚʘʣʠʭ 

ʤʽʩʷʯʥʠʭ ʙʘʟ (ɼʄɹ), ʚʠʥʠʢʥʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ  ʛʝʨʤʝʪʠʯʥʽ ʩʧʦʨʫʜʠ ʜʣʷ ʞʠʪ-

ʣʦʚʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʦʙ'ʻʢʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʞʠʪʪʻʜʽʷʣʴ-

ʥʽʩʪʴ ʽ ʨʦʙʦʪʫ ʝʢʩʧʝʜʠʮʽʡ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʤʦʥʪʘʞʥʦ-ʩʢʣʘʜʘʣʴʥʽ ʦʧʝʨʘʮʽʾ, ʘʙʦ ʨʝ-

ʤʦʥʪʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʨʦʙʦʪʠ. 

ɿʚʘʨʶʚʘʥʥʷ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶ-

ʚʘʪʠ ʥʘʜʽʡʥʽ ʟ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʛʝʨʤʝʪʠʯʥʽʩʪʶ ʙʝʟ ʟʥʠ-

ʞʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʽ ʟʙʝʨʝʞʝʥʥʽ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɯʟ ʫʩʽʭ ʽʩʥʫʶʯʠʭ ʚʠʜʽʚ 

ʟʚʘʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʢʦʩʤʽʯʥʠʭ ʫʤʦʚʘʭ: ʥʘ 

ʙʦʨʪʫ ʩʪʘʥʮʽʡ ʪʘ ʫ ʚʽʜʢʨʠʪʦʤʫ ʢʦʩʤʦʩʽ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʩʘʤʝ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ 

ʟʚʘʨʶʚʘʥʥʷ (ɽʇɿ) ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʢʦʩʤʽ-

ʯʥʦʛʦ ʚʘʢʫʫʤʫ, ʥʠʟʴʢʦʾ ʛʨʘʚʽʪʘʮʽʾ ʪʘ ʨʽʟʢʦʾ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʦʙʣʘʜʥʘʥʥʷ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʜʣʷ ʨʽʟʘʥʥʷ, ʧʘʷʥʥʷ, ʥʘʥʝʩʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʭʠʩʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʦʙʪʦ ʤʘʻ ʚʘʞʣʠʚʠʡ ʜʣʷ 

ʢʦʩʤʦʩʫ ʫʥʽʚʝʨʩʘʣʽʟʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: (ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʟʚʘʨʶʚʘʥʥʷ, ʢʦʤʧʣʝʢʩ ʘʧʘʨʘʪʫʨʠ, 

ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ, ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʛʘʨʤʘʪʘ) 

Keywords: (electron-beam welding, equipment complex, electron beam, electron-

beam gun) 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʽ ʨʝʤʦʥʪʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʧʨʠ ʩʪʚʦʨʝʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɼʄɹ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʫʤʦʚ ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ: ʚʠʩʦ-

ʢʠʡ ʚʘʢʫʫʤ (ʜʦ 10-11 ʇʘ), ʨʽʟʢʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʜʝʥʴ ʽ ʚʥʦʯʽ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʘ 

ʛʨʘʚʽʪʘʮʽʷ, ʚʠʤʘʛʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʘʜʽʡʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʟʚʘʨʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ (ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʪʘ ʦʙʦʣʦʥʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʨʫʙʦʧʨʦʚʦ-

ʜʠ ʪʘ ʽʥ.) [1]. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʫ ʚʽʜʢʨʠʪʦʤʫ ʢʦʩʤʦʩʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʪʘ ʨʫʯʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʘʧʘʨʘʪʫʨʘ, ʷʢʘ 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʨʘʥʽʰʝ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʟʚʘʨʶʚʘʥʥʷ ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ, 

ʪʠʪʘʥʦʚʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟʘʚʪʦʚʰʢʠ ʜʦ 1,5 ʤʤ [1, 2]. 

ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ, ʻ ʘʣʶʤʽʥʽʻʚʽ ʪʘ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ. ʊʦʚʱʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʦʙʦʣʦʥʦʢ ʧʽʣʦʪʦʚʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʜʦʩʷʛʘʻ 4é6 

ʤʤ, ʘ ʜʦʚʞʠʥʘ ʟʚʘʨʶʚʘʣʴʥʠʭ ʰʚʽʚ ʤʦʞʝ ʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʤʦʛʠ ʜʦ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʢʘʟʘʥʦʾ ʪʦʚʱʠʥʠ, ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʧʣʝʢʩʫ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʥʽʞ 2,5 ʢɺʪ. 
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ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʛʘʨʤʘʪʠ, ʷʢʘ ʩʧʨʠʷʣʘ ʧʽʜʚʠʱʝʥʥʶ ʧʠʪʦʤʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʤʝʥʶ, ʘ ʟʚʘʨʶʚʘʥʥʷ ʰʚʽʚ ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʟʚʘʨʶʚʘʥʥʷ.  

 ʋ ɯʥʩʪʠʪʫʪʽ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ (ɯɽɿ) ʚʠʨʽʰʝʥʦ ʧʨʦʙʣʝʤʫ ʟʚʘʨʶʚʘʥʥʷ ʤʘʪʝʨʽʘ-

ʣʽʚ ʪʦʚʱʠʥʦʶ ʜʦ 6 ʤʤ, ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʮʝʧʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʷʢʽʡ ʩʪʚʦʨʝʥʦ ʝʣʝʢ-

ʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʫ ʘʧʘʨʘʪʫʨʫ ʜʣʷ ʨʫʯʥʦʛʦ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʄʽʩʷʮʷ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʝʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʛʘʨʤʘʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʝʦʨʝ-

ʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʨʘʻʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʛʦʩʪʨʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ ʜʽʘʤʝʪʨʦʤ 0,8-2 ʤʤ (ʧʨʠ ʥʘʧʨʫʟʽ ʧʨʠ-

ʩʢʦʨʝʥʥʷ 10 ʢɺ) ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ 50 ʜʦ 120 ʤʤ. ɼʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʛʘʨ-

ʤʘʪʠ (ɽʇɻ) ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ: ʢʘʪʦʜʥʠʡ ʙʣʦʢ; ʘʥʦʜʥʠʡ ʙʣʦʢ; 

ʢʦʤʙʽʥʦʚʘʥʘ ʬʦʢʫʩʫʶʯʘ ʪʘ ʚʽʜʭʠʣʷʶʯʘ ʩʠʩʪʝʤʠ. ʄʘʣʦʛʘʙʘʨʠʪʥʘ ɽʇɻ ʟ'̒ʜʥʫʻʪʴʩʷ ʟ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʥʫʯʢʦʛʦ ʢʘʙʝʣʶ ʟ ʨʦʟ'ʻʤʦʤ, ʪʠʤ 

ʩʘʤʠʤ ʩʪʚʦʨʶʶʯʠ ʜʣʷ ʢʦʩʤʦʥʘʚʪʘ-ʦʧʝʨʘʪʦʨʘ, ʷʢ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ ʚʽʜ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢ ʽ ʟʨʫʯʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʚʽʜʩʪʘʥʽ ʜʦ ʤʽʩʮʷ ʦʙʨʦʙʢʠ 

ʦʙ'̒ʢʪʘ. 
ɺʽʜʦʤʦ, ʱʦ ʟʥʠʞʝʥʘ ʛʨʘʚʽʪʘʮʽʷ ʩʧʨʠʷ ̒ʚʠʥʠʢʥʝʥʥʶ ʥʝʱʽʣʴʥʦʩʪʝʡ ʫ ʚʠʛʣʷʜʽ 

ʧʦʨʠʩʪʦʩʪʽ ʚ ʰʚʘʭ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʚ ʥʠʟʴʢʠʭ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʦʣʷʭ ʥʝ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʧʨʠʨʦʜʥʦʛʦ ʩʧʣʠʚʘʥʥʷ ʧʫʭʠʨʮʽʚ ʧʘʨʫ ʯʠ ʛʘʟʫ ʟʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ [3]. ʆʩʦʙʣʠ-

ʚʦʛʦ  ʧʨʦʷʚʫ ʮʝ ʥʘʙʫʚʘʻ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝ-

ʥʠʤ ʚʤʽʩʪʦʤ ʨʦʟʯʠʥʝʥʠʭ ʛʘʟʽʚ (ʚ ʦʩʥʦʚʥʦʤʫ ʚʦʜʥʶ), ʘ ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʧʨʫʞʥʽʩʪʶ ʧʘʨʠ ʚ ʤʝʪʘʣʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʚʘʨʶʻʪʴʩʷ [4].  

1. ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʚʠʛʦʪʦʚʣʝʥʘ  ʩʠʩʪʝʤʘ 

ʘʧʘʨʘʪʫʨʠ  ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ  ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʟ ʧʨʦʛʨʘʤʦʚʘʥʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʛʨʽʚʫ ʧʦ ʟʘʜʘʥʽʡ ʪʨʘʻʢʪʦʨʽʾ ʜʣʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʧʣʠʚʘʥʥʷ 

ʙʫʣʴʙʘʰʦʢ ʟ ʛʘʟʦʤ ʘʙʦ ʟ ʧʘʨʘʤʠ ʤʝʪʘʣʫ [5]. ʉʪʚʦʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʥʮʠʧʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ɽʇɿ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʷʢʽʩʥʽ 

ʟʚʘʨʥʽ ʟôʻʜʥʘʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʦʢ ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ 

ʅɸʅ ʋʢʨʘʾʥʠ, ʷʢ ʚ ʘʧʘʨʘʪʫʨʥʦʤʫ, ʪʘʢ ʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʽʰʝʥʥʷʭ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʩʪʽʡʥʦ ʜʽʶʯʠʭ ʩʧʦʨʫʜ ʽ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ, ʚ ʪ.ʯ. ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ "ɸʨʪʝʤʽʜʘ". 
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ʇʈʆʎɽʉʀ ʆʊʈʀʄɸʅʅʗ ɹʋɼɯɺɽʃʔʅʀʍ ʊɸ ʂʆʅʉʊʈʋʂʎɯʁʅʀʍ 

ʄɸʊɽʈɯɸʃɯɺ ʅɸ ʄɯʉʗʎɯ 

ɸʥʦʪʘʮʽʷ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʨʦʚʽʜʥʽ ʢʨʘʾʥʠ ʩʚʽʪʫ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʶʪʴ 

ʚʠʚʯʝʥʥʶ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ ʄʽʩʷʮʷ. ʄʽʩʷʮʴ ʧʨʠʚʘʙʣʠʚʠʡ ʷʢ ʧʦʣʽʛʦʥ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʜʦʩʪʫʧʥʽ ʨʝʩʫʨʩʠ ʨʦʙʣʷʪʴ ʡʦʛʦ ʧʣʘʮʜʘʨʤʦʤ ʜʣʷ ʦʩʚʦʻʥʥʷ ʢʦʩʤʦʩʫ, ʪʦʤʫ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʫʯʘʩʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʙʫʜʽʚʝ-

ʣʴʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʤʽʩʮʝʚʠʭ ʨʝʩʫʨʩʽʚ ʄʽʩʷʮʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ, ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʤʽʩʷʯʥʘ ʩʠʨʦʚʠʥʘ, ʪʝʭʥʦ-

ʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʨʝʛʦʣʽʪʫ. 

Annotation. Nowadays, the worldôs leading countries pay more and more attention 

to the study and research of the Moon. The moon is attractive as a testing ground for 

technologies, and the available resources make it a bridgehead for space exploration, so the 

analysis and development of methods for obtaining building and construction materials from 

the local resources of the moon is a promising modern direction. 

Keywords: development of the Moon, minerals, lunar raw materials, technologies 

for obtaining building and construction materials from regolith. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʄʽʩʷʮʽ 

ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʢʘʚʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʦʙʣʘʩʪʶ, ʷʢʘ ʧʦʚôʷʟʘʥʦ ʟ  ʧʦʩʪʽʡʥʠʤ ʨʦʟʚʠʪʢʦʤ 

ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʧʨʘʛʥʝʥʥʷʤ ʦʩʚʦʻʥʥʷ ʢʦʩʤʦʩʫ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ ʽʟ ʤʽʩʮʝʚʠʭ ʨʝʩʫʨʩʽʚ ʄʽʩʷʮʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʽʟ ɿʝʤʣʽ, ʘ ʡ ʥʘʫʢʦʚʠʤ ʽʥʪʝʨʝʩʦʤ ʫ 

ʚʠʚʯʝʥʥʽ ʤʽʩʷʯʥʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʭʽʤʽʾ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʷʯʥʦʛʦ ʨʝʛʦʣʽʪʫ. 

ʄʽʩʷʯʥʠʡ ʨʝʛʦʣʽʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʠʣʫ, ʢʘʤʽʥʥʷ ʪʘ ʨʽʟʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʩʢʣʘ-

ʜʽʚ, ʻ ʢʣʶʯʦʚʠʤ ʨʝʩʫʨʩʦʤ ʄʽʩʷʮʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʥʘʧʨʷʤʽʚ ʡʦʛʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʻ ʚʠʨʦʙʥʠʮʪʚʦ ʩʠʨʦʚʠʥʠ ʧʨʷʤʦ ʥʘ ʤʽʩʷʯʥʽʡ ʧʦʚʝʨʭʥʽ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫ-

ʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʝʤʥʠʭ ʧʦʨʽʜ (ʙʘʟʘʣʴʪʽʚ, ʜʽʘʙʘʟʽʚ, ʛʨʘʥʽʪʽʚ ʪʘ ʽʥ.). ʆʜʥʘʢ ʮʽ 

ʩʧʦʩʦʙʠ ʥʝ ʧʨʠʡʥʷʪʥʽ ʚ ʤʽʩʷʯʥʠʭ ʫʤʦʚʘʭ ʟ ʝʢʦʥʦʤʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʦʩʢʽʣʴʢʠ ʮʝ ʚʠʤʘ-

ʛʘʪʠʤʝ ʧʦʩʪʘʯʘʥʥʷ ʽʥʰʠʭ ʜʦʜʘʪʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʮʝʤʝʥʪʫ. ʊʦʤʫ, ʚ ʤʽʩʷʯ-

ʥʠʭ ʫʤʦʚʘʭ ʥʘ ʧʦʚʝʨʭʥʽ, ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʦʪʨʠʤʘʥʥʷ ʚʽʜʨʘʟʫ ʛʦʪʦʚʦʾ ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʻ ʧʝʨʝʨʦʙʢʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʩʠʥʪʝʪʠʯʥʽ ʤʽʥʝʨʘʣʴʥʽ ʩʧʣʘʚʠ, 

ʙʽʣʴʰ ʚʽʜʦʤʘ ʷʢ çʢʘʤ'ʷʥʝ ʣʠʪʪʷè ʘʙʦ çcast basaltè. ʇʝʨʝʜʙʘʯʝʥʦ ʨʦʟʧʣʘʚʣʝʥʥʷ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʜʦ ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʣʘʚʫ ʩʭʦʞʦʛʦ ʟʘ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʛʘʨʷʯʦʶ 

ʤʘʛʤʦʶ. ʇʦʜʘʣʴʰʽ ʤʘʥʽʧʫʣʷʮʽʾ ʟ ʮʠʤ ʨʦʟʧʣʘʚʦʤ ʤʘʣʦ ʯʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʘʥʽʧʫ-

ʣʷʮʽʡ ʟ ʨʦʟʧʣʘʚʘʤʠ ʤʝʪʘʣʽʚ, ʪʦʙʪʦ ʡʦʛʦ ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʤʝʪʘʣʝʚʠʡ ʨʦʟʧʣʘʚ ʟʘʣʠʚʘʶʪʴ ʫ 

ʣʠʚʘʨʥʽ ʬʦʨʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʣʠʚʢʠ ʧʽʜʜʘʶʪʴʩʷ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɿʨʘʟʢʠ, ʦʪʨʠʤʘʥʽ ʟʘ 
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ʮʽʻʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʻ ʚʠʨʦʙʘʤʠ ʚʞʝ ʥʝ ʟ ʪʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ ʚʭʦʜʠʣʠ ʜʦ ʩʢʣʘʜʫ 

ʩʠʨʦʚʠʥʠ, ʘ ʚʠʨʦʙʘʤʠ ʽʟ ʩʠʥʪʝʪʠʯʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʩʧʣʘʚʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʧʣʘʚʣʝʥ-

ʥʷ ʟ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫʪʚʦʨʶʻʪʴʩʷ ʦʢʩʠʜʦ-ʤʽʥʝʨʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ (ʩʽʤʽʥʘʣ), ʱʦ ʤʽʩʪʠʪʴ ʫ 

ʩʦʙʽ ʤʽʥʝʨʘʣʴʥʽ ʬʘʟʠ ʙʣʠʟʴʢʽ, ʘʣʝ ʥʝ ʽʜʝʥʪʠʯʥʽ ʧʨʠʨʦʜʥʠʤ ʫʪʚʦʨʝʥʥʷʤ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʙʫʜʦʚʠ, ʚʩʽ ʩʽʤʽʥʘʣʠ ʤʘʶʪʴ ʘʤʦʨʬʥʽ ʽ ʢʨʠʩʪʘʣʽʯʥʽ ʩʢʣʘʜʦʚʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʨʦʟʨʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʧʦ-ʨʽʟʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʽ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ. ɰʭ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝ-

ʯʫʻ ʥʘʙʽʨ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʘʛʨʝʩʠʚʥʠʤ ʄʽʩʷʯʥʠʤ ʫʤʦʚʘʤ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʤʽʩʷʯʥʠʡ ˇʨʫʥʪ ʷʢ ʩʠʨʦʚʠʥʫ ʜʣʷ ʧʝʨʝʨʦʙʢʠ, ʪʦ ʚʘʨʪʦ ʚʽʜʤʽʪʠ-

ʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦ ʚʠʜʽʣʠʪʠ ʟ ʥʴʦʛʦ ʤʝʪʘʣʝʚʝ ʟʘʣʽʟʦ. ʏʘʩʪʠʥʢʠ, ʷʢʽ ʤʦʞʥʘ ʚʽʜʦ-

ʢʨʝʤʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʣʘʙʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʩʪʘʥʦʚʣʷʪʴ 0,15-0,2 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʚʘʛʠ ˇʨʫʥʪʫ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʦ 5% ʥʽʢʝʣʶ ʪʘ 0,2% ʢʦʙʘʣʴʪʫ. ɼʣʷ ʧʦʚʥʦʛʦ ʚʠʜʽʣʝʥ-

ʥʷ ʟʘʣʽʟʘ, ʘʣʶʤʽʥʽʶ, ʢʨʝʤʥʽʶ, ʤʘʛʥʽʶ ʽ, ʤʦʞʣʠʚʦ, ʪʠʪʘʥʫ, ʭʨʦʤʫ, ʤʘʨʛʘʥʮʶ, ʘ ʪʘʢʦʞ 

ʢʠʩʥʶ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʷʢ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʚʠʯʘʡʥʝ 

ʤʝʪʘʣʫʨʛʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʂʨʽʤ ʦʪʨʠʤʘʥʥʷ ʟ ʤʽʩʷʯʥʦʛʦ ˇʨʫʥʪʫ ʤʝʪʘʣʽʚ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʤʦʞʥʘ 

ʧʨʠʚʝʩʪʠ ʽʥʰʽ ʤʦʞʣʠʚʦʩʪʽ ʟ ʧʝʨʝʨʦʙʢʠ ʮʴʦʛʦ ˇʨʫʥʪʫ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ 

ʩʢʣʦ. ʉʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘ ʤʦʞʝ ʩʣʫʞʠʪʠ ʧʣʘʛʽʦʢʣʘʟ ʤʘʪʝʨʠʢʦʚʦʛʦ ʨʝʛʦ-

ʣʽʪʫ, ʱʦ ʻ ʤʘʡʞʝ ʯʠʩʪʠʤ CaAl2Si2O8 ʟ 0,5 % NaO2 ʽ ʯʘʩʪʢʘʤʠ ʚʽʜʩʦʪʢʫ FeO. ʇʦʨʽʚʥʷʥʦ 

ʽʟ ʟʝʤʥʠʤ, ʩʢʣʦ ʟ ʤʽʩʷʯʥʦʛʦ ˇʨʫʥʪʫ ʻ ʤʽʮʥʽʰʠʤ ʽ ʚʠʪʨʠʤʫʻ ʙʽʣʴʰ ʪʨʠʚʘʣʽ ʤʝʭʘʥʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ, ʪʦʤʫ ʱʦ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʦʜʠ ʚ ʧʦʨʦʜʘʭ ʄʽʩʷʮʷ, 

ʧʦʚʝʨʭʥʷ ʩʢʣʘ ʤʘʻ ʤʝʥʰʝ ʜʝʬʝʢʪʽʚ, ʱʦ ʟʙʽʣʴʰʫʻ ʡʦʛʦ ʤʽʮʥʽʩʪʴ. 

ɸʥʘʣʽʟ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʨʦʙʢʫ ʤʽʩʷ-

ʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʙʽʣʴʰ ʨʝʥʪʘʙʝʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʢʦʩʤʽʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʘ ʥʝ ʥʘ ʄʽʩʷʮʽ. ʇʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ ʥʝ 

ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ ʩʦʥʷʯʥʠʤʠ ʧʨʦʤʝʥʷʤʠ ʧʨʠʩʪʨʦʾʚ, 

ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʩʚʽʪʣʦ ʥʘ ʝʣʝʢʪʨʠʢʫ, ʪʦʜʽ ʷʢ ʫ ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʮʝ ʥʝ ʻ ʩʢʣʘʜ-

ʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʗʢʱʦ ʟʚʘʞʠʪʠ, ʱʦ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʟ ʤʽʩʷʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʢʦʩʤʦʩ ʧʦʪʨʽʙʥʦ ʝʥʝʨʛʽʾ ʚ 5 ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ ʥʘ ʡʦʛʦ ʧʝʨʝʨʦʙʢʫ, ʪʦ ʦʩʪʘʪʦʯʥʘ ʝʥʝʨʛʝ-

ʪʠʯʥʘ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʭʦʜʠʪʴ ʫ 8 ʨʘʟʽʚ ʤʝʥʰʦʶ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʶ, ʥʽʞ ʥʘ ʄʽʩʷʮʽ. 
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ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʈʆɹʅʀʎʊɺɸ ʈɸʂɽʊʅʆɻʆ ʇɸʃʀɺɸ ʅɸ ʄɯʉʗʎɯ 

ɸʥʦʪʘʮʽʷ: ʅʘʩʪʫʧʥʝ ʜʝʩʷʪʠʣʽʪʪʷ ʧʝʨʝʜʙʘʯʘʻ ʭʚʠʣʶ ʤʽʩʽʡ ʥʘ ʄʽʩʷʮʴ ʪʘ ʄʘʨʩ, ʘ ʧʦʩʪʘ-

ʯʘʥʥʷ ʧʘʣʠʚʘ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʮʠʭ ʧʦʜʦʨʦʞʝʡ. ʉʫʧʫʪʥʠʢ 

ɿʝʤʣʽ ï ʥʘʡʙʣʠʞʯʝ ʜʦ ʥʘʩ ʢʦʩʤʽʯʥʝ ʪʽʣʦ, ʷʢʝ ʤʘʻ ʨʝʩʫʨʩʠ ʡ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʪʝʩʪʦʚʠʭ ʢʦʣʦʥʽʟʘʮʽʡʥʠʭ ʙʘʟ, ʧʝʨʝʚʘʣʦʯʥʦʛʦ ʧʫʥʢʪʫ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʽʧʦʪʝʪʠʯʥʘ ʝʢʦʥʦʤʽʯʥʘ ʤʦʜʝʣʴ ʚʠʜʦʙʫʪʢʫ 

ʧʘʣʠʚʘ ʥʘ ʄʽʩʷʮʽ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʜʦʟʘʧʨʘʚʢʠ ʚ ʢʦʩʤʦʩʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʣʠʚʦ, ʄʽʩʷʮʴ, ʄʽʩʷʯʥʘ ʙʘʟʘ, ʚʠʜʦʙʫʪʦʢ ʣʴʦʜʫ, ʝʣʝʢʪʨʦʣʽʟ. 

Keywords: fuel, Moon, Moon base, ice extraction, electrolysis. 

ʇʘʣʠʚʦ ï ʦʩʥʦʚʥʠʡ ʨʝʩʫʨʩ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʡ ʛʦʣʦʚʥʠʡ ʩʪʨʠʤʫʶʯʠʡ ʬʘʢʪʦʨ 

ʘʢʪʠʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʝʪ. ʗʢ ʚʞʝ ʜʘʚʥʦ ʚʽʜʦʤʦ, ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʘʢʝʪʠ 

ʟʘʡʤʘʻ ʥʝ ʙʽʣʴʰ ʥʽʞ 5% ʚʽʜ ʚʩʽʻʾ ʤʘʩʠ ʥʦʩʽʷ. ʑʝ ʜʦ 5% ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʩʘʤʫ ʨʘʢʝʪʫ, ʘ 

ʦʩʪʘʪʢʦʚʽ 90% ʤʘʩʠ ï ʧʘʣʠʚʦ ʪʘ ʦʢʠʩʥʠʢ. ʁ ʙʽʣʴʰ ʥʽʞ 80% ʮʴʦʛʦ ʧʘʣʠʚʘ ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʱʦʙ ʚʠʡʪʠ ʥʘ ʅʆʆ (ʅʠʟʴʢʘ ʆʧʦʨʥʘ ʆʨʙʽʪʘ). ʏʠʤ ʜʘʣʽ ʟʥʘʭʦʜʠʪʴʩʷ ʮʽʣʴ ʢʦʩʤʽʯʥʦʾ 

ʤʽʩʽʾ, ʪʠʤ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʙʽʣʴʰʝ ʧʘʣʠʚʘ ʤʠ ʧʦʪʨʝʙʫʻʤʦ. ʎʽ ʫʤʦʚʠ ʤʘʡʞʝ ʥʝ ʟʤʽʥʥʽ. 

ɼʣʷ ɿʝʤʣʽ. ʄʽʩʷʯʥʘ ʛʨʘʚʽʪʘʮʽʷ, ʚ 6 ʨʘʟʽʚ ʩʣʘʙʰʘ ʟʘ ʟʝʤʥʫ, ʜʦʟʚʦʣʷʻ ʥʘʤ ʧʦʢʠʜʘʪʠ ʾʾ 

ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʢʦʣʦʜʷʟʴ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʨʘʟʠ ʤʝʥʰʝ ʧʘʣʠʚʘ. ʊʘʢʘ ʬʽʟʠʯʥʘ ʦʩʦʙʣʠ-

ʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʥʘʤ, ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʙʫʜʫʚʘʪʠ ʨʘʢʝʪʠ-ʥʦʩʽʾ ʟ ʤʝʪʦʶ 

ʜʦʩʷʛʥʝʥʥʷ ʄʽʩʷʯʥʦʾ ʙʘʟʠ, ʜʝ ʚʦʥʠ ʙʫʜʫʪʴ ʜʦʟʘʧʨʘʚʣʝʥʥʽ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʧʦʣʴʦʪʫ ʥʘ 

ʄʘʨʩ, ʧʣʘʥʝʪ ʟʘ ʧʦʷʩʦʤ ʂʦʡʧʝʨʘ. 

ʅʘ ʄʽʩʷʮʽ ʤʘʻ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʮʽʣʘ ʣʘʥʮʶʛʦʚʘ ʚʠʨʦʙʥʠʯʘ ʪʘ ʪʨʘʥʩʧʦʨʪʥʘ ʣʘʥʢʘ. 

ʇʦʯʘʪʢʦʚʽ ʽʥʚʝʩʪʠʮʽʾ ʟʥʘʯʥʽ (~ 7 ʤʣʨʜ ʜʦʣʘʨʽʚ), ʘʣʝ ʝʢʦʥʦʤʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦ-

ʨʝʥʥʷ ʧʘʣʠʚʘ ʫ ʢʦʩʤʦʩʽ ʧʦʚʠʥʥʽ ʽʩʥʫʚʘʪʠ, ʷʢʱʦ ʚʠʪʨʘʪʠ ʥʘ ʟʘʧʫʩʢ ʟ ɿʝʤʣʽ ʥʝ ʟʥʠʟʷʪʴʩʷ 

ʥʘʜʪʦ ʥʠʞʯʝ ʧʦʪʦʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ SpaceX [1]. ʆʧʪʠʤʽʟʘʮʽʷ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʪʘ ʟʙʽʣʴ-

ʰʝʥʥʷ ʤʘʩʰʪʘʙʫ ʧʦʚʠʥʥʽ ʥʘʜʘʣʽ ʧʦʢʨʘʱʠʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ 

ʧʘʣʴʥʠʭ. ʇʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʧʘʣʠʚʘ ʜʣʷ "ʟʝʤʥʠʭ" ʟʘʩʪʦʩʫʚʘʥʴ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʽʜʯʫʪʥʽ. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʩʤʽʯʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʄʽʩʷʮʽ ʧʦʪʨʽʙʥʦ ʨʦʟʚʠʚʘʪʠ 

ʧʦʚʥʠʡ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ, ʚʽʜ ʚʠʜʦʙʫʪʢʫ ʣʴʦʜʫ ʟ ʡʦʛʦ ʜʞʝʨʝʣʘ ʚ ʇɿʈ (ʇʦʩʪʽʡʥʦ ɿʘʪʽ-

ʥʝʥʽ ʈʝʛʽʦʥʠ) ʥʘ ʄʽʩʷʮʽ, ʯʝʨʝʟ ʡʦʛʦ ʦʙʨʦʙʢʫ (ʨʦʟʜʨʽʙʥʝʥʥʷ, ʧʣʘʚʣʝʥʥʷ), ʝʣʝʢʪʨʦʣʽʟ ʫ 

ʢʠʩʝʥʴ ʪʘ ʚʦʜʝʥʴ ʽ ʘʞ ʜʦ ʢʽʥʮʝʚʦʾ ʬʦʨʤʠ (ʨʽʜʢʠʡ ʦʢʩʠʛʝʥ ʪʘ ʛʽʜʨʦʛʝʥ) ʷʢ ʧʘʣʴʥʝ. ʇʦʚʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʪʠʤʝ ʚʝʣʠʢʽ ʩʠʩʪʝʤʠ: ʤʽʩʷʯʥʫ ʢʦʧʘʣʴʥʶ, ʦʙʨʦʙʢʫ ʧʘʣʴʥʦʛʦ, 

ʝʥʝʨʛʝʪʠʯʥʫ ʩʢʣʘʜʦʚʫ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʦʤʫʥʽʢʘʮʽʾ/ʥʘʚʽʛʘʮʽʷ ʪʘ ʣʦʛʽʩ-

ʪʠʢʫ ʧʘʣʴʥʦʛʦ (ʫ ʢʦʩʤʦʩʽ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ) [2,3]. ʑʦʙ ʙʫʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞ-

ʥʠʤʠ, ʚʩʽ ʙʫʜʽʚʝʣʴʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʧʦʪʨʝʙʘ ʫ ʤʘʥʝʚʨʦʚʠʭ ʤʽʩʽʷʭ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʦʤʘ ʚʠʥʷʪʢʦ-

ʚʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦ ʨʝʤʦʥʪʫ ʚ ʨʘʟʽ ʟʥʘʯʥʠʭ ʧʦʰʢʦ-

ʜʞʝʥʴ. 

ɺ ʜʘʥʠʡ ʯʘʩ, ʥʘʚʽʪʴ ʷʢʱʦ ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʴʥʦʛʦ ʥʘ ʄʽ-

ʩʷʮʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʜ ʧʠʪʘʥʥʷʤ, ʚʩʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʴʥʦʛʦ ʥʘ 

ʄʽʩʷʮʽ, ʘʙʦ ʚʞʝ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ, ʘʙʦ ʚʞʝ ʨʦʟʨʦʙʣʝʥʽ [3] 
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ɺʠʜʦʙʫʪʦʢ: ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʱʦʜʦ ʬʽʟʠʯʥʠʭ ʬʦʨʤ ʤʽʩʷʯʥʦʾ ʚʦʜʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʢʨʠʩʪʘʣʽʯʥʽ ʦʩʘʜʠ ʣʴʦʜʫ, ʘʜʩʦʨʙʦʚʘʥʽ ʤʦʣʝʢʫʣʠ ʪʘ ʛʽʜʨʘʪʦʚʘʥʽ 

ʤʽʥʝʨʘʣʠ ʚ ʦʙʣʘʩʪʷʭ ʇɿʈ. ɺʠʜʦʙʫʪʦʢ ʚʦʜʠ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʧʨʷʤʦʾ 

ʩʫʙʣʽʤʘʮʽʾ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʩʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ ʨʝʛʦʣʽʪʫ. ɼʞʦʨʜʞ ʉʘʫʝʨʩ, 

ʽʥʞʝʥʝʨ ʢʦʩʤʽʯʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʚ ʂʦʣʦʨʘʜʩʴʢʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ʪʘ ʧʦʥʘʜ 

ʜʝʩʷʪʦʢ ʽʥʰʠʭ ʚʯʝʥʠʭ ʦʧʫʙʣʽʢʫʚʘʣʠ ʩʪʘʪʪʶ, ʚ ʷʢʽʡ ʦʧʠʩʘʣʠ ʦʜʠʥ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʣʫʥʥʦʛʦ ʣʴʦʜʫ [4,5]. ɺʝʣʠʢʽ ʚʝʞʽ ʟ ʢʦʥʢʘʚʥʠʤʠ ʜʟʝʨʢʘʣʘʤʠ ʥʘ ʚʝʨʰʠʥʽ 

ʤʘʣʠ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦ ʦʙʨʠʚʘʭ ʢʨʘʪʝʨʽʚ, ʱʦʙ ʚʽʜʙʠʚʘʪʠ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ ʚʥʠʟ ʜʦ 

ʧʦʩʪʽʡʥʦ ʟʘʪʽʥʝʥʠʭ ʨʝʛʽʦʥʽʚ. ʎʷ ʝʥʝʨʛʽʷ ʧʽʜʽʛʨʽʚʘʣʘ ʙ ʤʽʩʷʯʥʠʡ ˇʨʫʥʪ ʜʦ 220 ʂ (-

53,15 ÁC), ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʫʙʣʽʤʫʚʘʪʠ ʣʽʜ ʚ ʧʘʨʫ. ɺʦʜʷʥʘ ʧʘʨʘ ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʜʦ ʨʝʟʝʨʚʫʘʨʽʚ ʟ ʙʦʢʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʜ ˇʨʫʥʪʦʤ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʤʝʪʦʚʠʡ ʧʦʢʨʠʚ 

(ʧʨʦʟʦʨʠʡ, ʱʦʙ ʧʝʨʝʥʘʧʨʘʚʣʝʥʝ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ ʤʦʛʣʦ ʜʦʩʷʛʘʪʠ ʧʦʚʝʨʭʥʽ), ʷʢʠʡ ʟʘʭʦʧ-

ʣʶʚʘʪʠʤʝ ʮʶ ʚʦʜʷʥʫ ʧʘʨʫ, ʷʢʘ ʧʦʪʽʤ ʙʫʜʝ ʧʝʨʝʤʽʱʝʥʘ ʚ ʚʝʣʠʢʽ ʘʣʶʤʽʥʽʻʚʽ ʢʦʥʪʝʡʥʝ-

ʨʠ, ʜʝ ʟʥʦʚʫ ʟʘʤʝʨʟʥʝ ʚ ʣʽʜ. ʊʨʘʥʩʧʦʨʪʝʨʠ (ʤʦʞʣʠʚʦ, ʨʦʙʦʪʠʟʦʚʘʥʽ, ʘʙʦ ʢʝʨʦʚʘʥʽ ʘʩʪ-

ʨʦʥʘʚʪʘʤʠ) ʜʦʩʪʘʚʣʷʪʠʤʫʪʴ ʣʽʜ ʜʦ ʫʩʪʘʥʦʚʠ, ʜʝ ʚʽʥ ʙʫʜʝ ʦʯʠʱʝʥʠʡ; 

ʆʙʨʦʙʢʘ: ɺʦʜʘ ʙʫʜʝ ʨʦʟʱʝʧʣʝʥʘ ʥʘ ʚʦʜʝʥʴ ʪʘ ʢʠʩʝʥʴ ʫ ʝʣʝʢʪʨʦʣʽʟʝʨʽ [4,5]. ʆʧʽʩʣʷ 

ʧʨʦʮʝʩʫ ʛʘʟʠ ʙʫʜʫʪʴ ʟʨʽʜʞʫʚʘʪʠʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ. ʅʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʢʨʘʪʝʨʘʭ 

ʩʪʘʥʫʪʴ ʚʠʢʣʠʢʦʤ ʜʣʷ ʚʩʽʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʦʧʝʨʘʮʽʡ, ʘʣʝ ʩʧʨʦʩʪʷʪʴ ʟʙʝʨʽʛʘʥʥʷ, ʪʨʠʤʘ-

ʶʯʠ ʢʠʩʝʥʴ ʪʘ ʛʽʜʨʦʛʝʥ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʽ ʟʤʝʥʰʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʝʥʝʨʛʽʾ; 

ɺʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ: ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ ʩʧʦʩʦʙʠ ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ. ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ - 

ʮʝ ʜʦʙʨʝ ʚʽʜʦʤʘ ʪʝʭʥʦʣʦʛʽʷ ʚ ʢʦʩʤʦʩʽ, ʘʣʝ ʜʣʷ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʽʙʥʦ ʤʽʩʮʝ ʧʦʟʘ 

ʇɿʈ ʥʘ ʦʩʚʽʪʣʝʥʽʡ ʩʦʥʮʝʤ ʪʝʨʠʪʦʨʽʾ, ʦʪʞʝ, ʥʝʦʙʭʽʜʥʘ ʩʧʝʮʠʬʽʯʥʘ (ʽ ʜʦʨʦʛʘ) ʽʥʬʨʘʩʪʨʫ-

ʢʪʫʨʘ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ. ʂʘʙʝʣʽ ʧʦʟʘ ʇɿʈ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʪʽʡʢʠʤʠ ʜʦ ʩʪʨʽʤʢʠʭ ʧʝʨʝʧʘʜʽʚ 

ʪʝʤʧʝʨʘʪʫʨ. ʗʜʝʨʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʤʝʞʘʭ ʇɿʈ, ʘʣʝ ʟʘ ʽʩʥʫʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʥʘʜʪʦ ʤʘʩʠʚʥʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʄʽʩʷʮʽ. 

ʉʪʘʥʮʽʾ ʜʦʟʘʧʨʘʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʦʚʝʨʭʥʝʚʠʤʠ ʪʘʢ ʽ ʦʨʙʽʪʘʣʴʥʠʤʠ (ʟ ʨʦʟʚʠ-

ʪʢʦʤ ʤʽʩʷʯʥʠʭ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ), ʱʦ ʧʦʣʝʛʰʠʪʴ ʧʨʦʮʝʩ ʟʘʧʨʘʚʢʠ ʡ ʟʙʽʣʴʰʠʪʴ ʝʢʦ-

ʥʦʤʽʶ ʧʘʣʠʚʘ. ɸʣʝ ʙʫʜʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥ-

ʩʧʦʨʪʥʠʭ ʤʽʩʽʡ ʥʘ ʄʽʩʷʮʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʣʝʛʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʙʦ ʞ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʘʤʦʤʫ ʩʫʧʫʪʥʠʢʫ. ʆʩʪʘʥʥʽʡ ʧʫʥʢʪ ʭʦʯʘ ʡ ʟʜʘʻʪʴʩʷ 

ʥʝʤʦʞʣʠʚʠʤ, ʻ ʛʽʧʦʪʝʪʠʯʥʦ ʟʜʽʡʩʥʝʥʥʠʤ ʚ ʥʘʩʪʫʧʥʽ 50 ʨʦʢʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʦʥʷʯ-

ʥʫ ʝʥʝʨʛʽʶ, ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʝ ʪʽʣʴʢʠ ʝʣʝʢʪʨʦʣʽʟ ʟ ʤʽʩʷʯʥʦʛʦ ʣʴʦʜʫ, ʘʣʝ ʡ ʚʠʜʦʙʫʚʘ-

ʪʠ ʩʠʣʽʢʦʥʦʚʠʡ ʪʘ ʘʣʶʤʽʥʽʻʚʠʡ ʧʦʨʦʰʦʢ ʟ ʤʽʩʷʯʥʦʾ ʧʦʨʦʜʠ [5]. ɯ ʥʝ ʪʽʣʴʢʠ. ʄʝʪʘʣʝʚʽ 

ʧʦʨʦʰʢʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʧʦʩʣʫʞʠʪʠ ʷʢ ʪʘʢ ʟʚʘʥʝ çʤʝʪʘʣʝʚʝ ʧʘʣʠʚʦè, ʱʦ ʧʦʢʘʟʫʶʪʴ 

ʥʝʱʦʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʄʘʢɻʽʣʣʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʂʘʥʘʜʽ ʪʘ ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨ-

ʩʠʪʝʪʫ ʚ ɸʡʥʜʭʦʚʝʥʽ ʚ ʅʽʜʝʨʣʘʥʜʘʭ. 
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ʄʠʩʣʝʥʥʷ ʣʶʜʠʥʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʜʫʤʢʦʬʦʨʤ ʪʘ ʬʦʨʤ ʾʭ ʧʨʦ-

ʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʚʟʘʻʤʦʜʽʾ. ɼʫʤʢʦʬʦʨʤʠ ï ʬʦʨʤʠ ʧʦʢʠ ʱʦ ʥʝ ʤʘʪʝʨʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙ'ʻʢ-

ʪʘ, ʷʢʽ ʣʶʜʠʥʘ ʙʘʯʠʪʴ ʫ ʩʚʦʾʡ ʫʷʚʽ. ɺʽʥ ʛʝʥʝʨʫʻ ʾʭ ʯʠ ʩʘʤ, ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ ʤʦʪʠʚʘʮʽʾ 

(ʪʦʙʪʦ ʪʝʞ ʜʫʤʢʦʬʦʨʤʳ). ɯ ʪʫʪ ʦʜʥʽ ʚʥʫʪʨʽʰʥʽ ʜʫʤʢʦʬʦʨʤʳ ʥʘʨʦʜʞʫʶʪʴ ʽʥʰʽ. ɸʙʦ 

ʣʶʜʠʥʘ ʙʘʯʠʪʴ ʟʦʚʥʽʰʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʧʨʦʜʫʢʫʻ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʤʫ (ʤʝʥʪʘʣʴʥʦʤʫ) ʧʣʘʥʽ ʽʥʰʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ. ʄʘʙʫʪʴ, ʥʘʨʦʜʞʫʻ ʥʝ-

ʟʨʠʤʝ. ɯ ʥʘʚʧʘʢʠ [1-4]. 

ɿʦʚʥʽʰʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʨʦʟʤʽʨʽʚ, ʧʦʣʦʞʝʥʥʷ ʫ 

ʧʨʦʩʪʦʨʽ, ʽ ʥʘʚʽʪʴ ʢʦʣʴʦʨʫ ʧʦʚʝʨʭʥʽ, ʟʤʽʥʶʶʪʴ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ. ɺʟʘʻʤʦʜʽʷ ʪʘ ʚʟʘʻʤʦʟʫʤʦʚʣʝʥʽʩʪʴ ʜʚʦʭ ʛʝʦʤʝʪʨʽʡ 

ï ʚʥʫʪʨʽʰʥʴʦʾ, ʫ ʬʦʨʤʽ ʜʫʤʢʦʦʙʨʘʟʫ ʦʙ'ʻʢʪʘ, ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʴʦʛʦ, ʤʘʪʝʨʽʘʣʽʟʦʚʘʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙʨʘʟʫ, ʫʪʚʦʨʶʶʪʴ ʦʩʦʙʣʠʚʫ ʛʨʫʧʫ ʚʟʘʻʤʦʜʽʡ. 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʟʤʽʩʪ ʜʫʤʢʦʬʦʨʤʳ ʣʶʜʠʥʠ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʟʤʽʥʶʻ ʟʦʚʥʽʰʥʶ 

ʛʝʦʤʝʪʨʽʶ ʬʦʨʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘʚʢʦʣʦ ʮʽʻʾ ʣʶʜʠʥʠ. ɿʤʽʥʝʥʘ ʛʝʦʤʝʪʨʽʷ ʮʽʻʾ 

ʬʦʨʤʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʬʦʨʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʱʦ ʥʘʨʦʜʞʫʶʪʴʩʷ ʛʝʦ-

ʤʝʪʨʽʻʶ ʬʦʨʤʠ ʧʨʠʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʛʝʦʤʝʪʨʽʾ ʬʦʨʤʠ ʚʩʴʦʛʦ ʤʽʩʷʯʥʦʛʦ ʧʦʩʝʣʝʥʥʷ. 

ɺʦʥʠ ʧʦʯʠʥʘʶʪʴ ʚʟʘʻʤʦʦʙʫʤʦʚʣʶʚʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ ʟʘ ʥʠʟʢʦʶ ʧʦʢʘʟʥʠʢʽʚ. ʎʝ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʪʠʧ ʘʙʨʠʩʽʚ ʬʽʟʠʯʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ (ʜʽʣʷʥʢʠ ʰʢʘʣʠ ʝʣʝʢʪʨʦʤʘʛ-

ʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ) ʘʢʪʠʚʽʟʫʻ ʪʫ ʜʽʣʷʥʢʫ ʢʦʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʷʢʘ ʚʦʣʽʻ ʧʨʘʮʶʚʘʪʠ ʩʘʤʝ 

ʚ ʮʽʡ ʯʘʩʪʦʪʽ. ʎʷ ʯʘʩʪʦʪʘ ʧʦʚ'ʷʟʘʥʘ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʬʣʝʢʩʽʷʤʠ ʣʶʜʠ-

ʥʠ (ʩʭʠʣʴʥʦʩʪʷʤʠ ʜʦ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʜʦ ʪʠʧʽʚ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ, ʜʦ ʪʨʘʢʽʚ ʧʝʨʝ-

ʤʽʱʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ). ɰʭ ʣʶʜʠʥʘ ʽ ʙʫʜʝ ʩʪʠʨʘʪʠʩʷ ʟʨʦʙʠʪʠ ʟʦʚʥʽʰʥʽʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ 

ʬʦʨʤʘʤʠ ʫ ʬʽʟʠʯʥʦʤʫ ʩʚʽʪʽ. ʊʘʢ ʚʠʥʠʢʘʻ ʙʝʟʧʝʨʝʨʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʪʘ ʚʟʘʻ-

ʤʦʟʫʤʦʚʣʝʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ (ʤʝʥʪʘʣʴʥʠʭ) ʪʘ ʟʦʚʥʽʰʥʽʭ (ʬʽʟʠʯʥʦ ʧʨʦʷʚʣʝʥʠʭ) ʛʝʦʤʝʪ-

ʨʠʯʥʠʭ ʬʦʨʤ. ɿʘʜʘʶʯʠ ʛʝʦʤʝʪʨʠʯʥʽ ʘʙʨʠʩʠ ʧʨʠʤʽʱʝʥʥʷ ʫ ʩʢʣʘʜʽ ʤʽʩʷʯʥʦʛʦ ʧʦʩʝʣʝʥʥʷ, 

ʨʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʧʨʦʛʨʘʤʫʚʘʪʠ ʤʝʥʪʘʣʴʥʽ ʨʝʘʢʮʽʾ ʤʘʡʙʫʪʥʽʭ ʢʦʣʦʥʽʩʪʽʚ, ʷʢʽ ʦʩʝ-

ʣʷʪʴʩʷ ʥʘ ʄʽʩʷʮʽ. ʊʦʙʪʦ ʚʧʣʠʚʘʪʠ ʥʘ ʾʭʥʻ ʤʠʩʣʝʥʥʷ ʟʘ ʧʨʘʚʠʣʘʤʠ ʧʨʠʭʦʚʘʥʦʛʦ ʩʮʝʥʘ-

ʨʥʦʛʦ ʧʽʜʭʦʜʫ. ʋ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʣʶʜʠʥʽ ʟʜʘʚʘʪʠʤʝʪʴʩʷ, ʱʦ ʨʽʰʝʥʥʷ ʫʭʚʘʣʶʻ ʚʽʥ. 

ʊʘʢ, ʚʽʥ, ʘʣʝ ʪʽʣʴʢʠ ʪʘʢʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʫ ʟʦʚʥʽʰʥʽʭ ʬʦʨʤ 

ʧʨʠʤʽʱʝʥʴ. 

ʋ ʭʦʜʽ ʘʚʪʦʨʩʴʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʤʘʢʝʪʘʤʠ ʥʘ ɿʝʤʣʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʦʚʥʽ-

ʰʥʷ ʛʝʦʤʝʪʨʽʷ ʤʽʩʷʯʥʦʛʦ ʧʦʩʝʣʝʥʥʷ ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʠ (ʢʫʧʦʣʘ, ʩʬʝʨʠ, ʮʠʣʽʥʜʨʘ ʯʠ 

ʽʥʰʦʾ) ʚ ʢʦʥʪʝʢʩʪʽ ʝʥʝʨʛʽʾ ʚʧʣʠʚʘʻ ʥʘ ʛʝʦʤʝʪʨʽʶ ʬʦʨʤʠ ʙʫʜʴ-ʷʢʦʛʦ ʦʢʨʝʤʦʛʦ ʧʨʠʤʽ-

ʱʝʥʥʷ, ʚ ʡʦʛʦ ʩʢʣʘʜʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʝ ʧʨʠʤʽʱʝʥʥʷ , ʚʙʫʜʦʚʫʶʯʠʩʴ ʫ 
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ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʫʩʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʤʽʩʷʯʥʦʛʦ ʧʦʩʝʣʝʥʥʷ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʥʴʦʛʦ. ɸ ʨʘʟʦʤ, ʫ ʨʘʤʢʘʭ ʩʫʤʘʨʥʦʛʦ ʝʬʝʢʪʫ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ, ʥʘʨʦʜʞʫʶʪʴʩʷ ʯʘʩʪʦʪʠ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɿʤʽʥʶʶʯʠ ʛʝʦʤʝʪʨʽʶ ʧʨʠʤʽʱʝʥʥʷ 

ʯʠ ʧʦʩʝʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʤʦʥʪʦʚʘʥʠʭ ʫʩʝ-

ʨʝʜʠʥʽ ʘʙʦ (ʽ) ʟʦʚʥʽ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʤʘʪʨʠʮʶ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʟʘ ʨʽʟʥʠʤʠ ʥʘ-

ʧʨʷʤʢʘʤʠ ʽʥʪʝʨʝʩʽʚ, ʟʘʨʘʜʠ ʷʢʠʭ ʮʝ ʧʦʩʝʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʝ. ɯ ʥʘʚʧʘʢʠ. ʄʦʞʣʠ-

ʚʦ, ʥʘʩʪʘʻ ʯʘʩ ʧʝʨʝʛʣʷʜʫ ʩʪʘʚʣʝʥʥʷ ʜʦ ʨʦʣʽ ʛʝʦʤʝʪʨʽʾ ʬʦʨʤʠ ʤʽʩʷʯʥʠʭ ʧʦʩʝʣʝʥʴ ʟ ʧʦʛ-

ʣʷʜʫ ʾʾ ʚʧʣʠʚʫ ʥʘ ʤʝʥʪʘʣʴʥʽ (ʚʥʫʪʨʽʰʥʽ) ʜʫʤʢʦʬʦʨʤʠ ʣʶʜʠʥʠ (ʡʦʛʦ ʨʽʰʝʥʥʷ) ʥʘ ʚʠʜʠ 

ʜʽʷʣʴʥʦʩʪʽ ʚʩʝʨʝʜʠʥʽ ʪʘ ʧʦʟʘ ʮʠʤʠ ʬʦʨʤʘʤʠ. ɯ ʟ ʮʴʦʛʦ ʧʦʛʣʷʜʫ ʬʦʨʤʠ ʬʽʟʠʯʥʽ ʽ ʤʝʥʪʘ-

ʣʴʥʽ ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʷʢʠʡʩʴ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʦʨʛʘʥʽʟʤ, ʷʢʠʡ ʞʠʚʝ ʟʘ 

ʟʘʢʦʥʘʤʠ, ʷʢʽ ʥʝ ʧʨʠʪʘʤʘʥʥʽ çʧʨʦʩʪʦè ʬʦʨʤʽ ʥʝ ʞʠʚʦʛʦ ʤʽʩʷʯʥʦʛʦ ʧʦʩʝʣʝʥʥʷ, ʽ çʧʨʦʩ-

ʪʦè ʬʦʨʤʽ ʞʠʚʦʛʦ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ, ʷʢʝ ʥʘ ʄʽʩʷʮʽ ʧʦʪʨʽʙʥʦ ʟʘʭʠʱʘʪʠ ʚʽʜ ʚʝʣʠʢʦʾ ʛʨʫʧʠ 

ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʎʝʡ ʥʝʚʠʚʯʝʥʠʡ ʦʨʛʘʥʽʟʤ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʟʘ ʩʚʦʻʶ ʚʥʫʪʨʽʰ-

ʥʴʦʶ ʪʘ ʟʦʚʥʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɯ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʦʥʘʤ, 

ʫ ʧʨʦʩʪʦʨʽ ʷʢʠʭ ʥʝ ʞʠʚʝ ʧʦʝʪʘʧʥʦ ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʞʠʚʝ ʟ ʧʦʛʣʷʜʫ ʫʷʚʣʝʥʴ 

ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ. ɸʣʝ ʥʝ ʪʽʣʴʢʠ. ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʦʚʦʩʪʚʦʨʝʥʠʡ 

ʩʠʤʙʽʦʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʟʜʘʪʥʠʡ ʩʘʤʦʩʪʽʡʥʦ çʥʽʙʠ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷè ʽ ʧʦ ʚʽʜʥʦʰʝʥ-

ʥʶ ʜʦ ʣʶʜʠʥʠ, ʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʘʤʦʾ ʩʝʙʝ. ɺʽʥ ʥʘʨʦʜʞʫʻ ʱʝ ʦʜʥʫ ʛʨʫʧʫ ʥʝʟʨʠʤʠʭ 

ʬʦʨʤ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʨʘʥʽʰʝ ʥʘʨʦʜʞʝʥʽ ʬʽʟʠʯʥʽ ʪʘ ʤʝʥʪʘʣʴʥʽ ʬʦʨʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʬʦʨʤʠ ʚʩʽʭ ʚʠʜʽʚ ʽ ʛʝʥʝʟ ʤʠʤʦʚʽʣʴʥʦ ʧʨʦʷʚʣʷʶʪʴ ʩʝʙʝ ʷʢ ʬʝʥʦʤʝʥ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ 

ʚʠʚʯʘʪʠ. 
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ʊɽʍʅʆʃʆɻɯʏʅɯ ʇɸʈɸʄɽʊʈʀ ʐʅɽʂʋ ɼʃʗ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ 

ʄɯʉʗʏʅʆɻʆ ʈɽɻʆʃɯʊʋ 

ɸʥʦʪʘʮʽʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʄʽʩʷʮʶ ʰʥʝʢʦʚʦʛʦ 

ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʛʦʣʽʪʫ ʚʽʜ ʤʽʩʮʷ ʚʠʜʦʙʫʪʢʫ ʜʦ ʤʽʩʮʷ ʧʝʨʝʨʦʙʢʠ ʡ 

ʚʽʜʧʨʘʚʢʠ ʥʘ ɿʝʤʣʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʫʣʠ, ʱʦ ʚʧʝʨʰʝ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʰʥʝʢʘ-ʪʨʘʥʩʧʦʨʪʝʨʫ, ʪʘʢʽ ʷʢ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʦʪʫʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦ ʡʦʛʦ ʟʘʙʝʟʧʝʯʫʻ, ʧʦ ʚʽʜʦʤʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʤʘʛʽʩʪʨʘʣʽ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʩʪʫʧʝʥʶ ʥʘʧʦʚʥʝʥʦʩʪʽ ʰʥʝʢʫ ʪʘ ʧʘʨʘʤʝʪʨʘʤ ʝʣʝʢʪʨʦ-

ʜʚʠʛʫʥʘ, ʱʦ ʦʙʨʘʥʦ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, 

ʷʢʠʡ ʞʠʚʠʪʴʩʷ ʚʽʜ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʄʽʩʷʮʴ, ʨʝʛʦʣʽʪ, ʰʥʝʢ, ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʚʠʪʨʘʪʘ, ʧʦʪʫʞʥʽʩʪʴ 

ɸnnotation. Demonstrated is the potential of using the auger mode of transport in the envi-

ronment of the Moon to transfer the regolith from the place of extraction to the site of pro-

cessing and shipping to the Earth. Formulas are suggested that for the first time enable calcu-

lation of the technological parameters of the auger conveyor such as consumption of materi-

al and electric motor power, provided by the well-known geometry of the pipelines, charge 

ratio of the auger and parameters of the selected electric motor. Asynchronous motor, pow-

ered by solar batteries, is planned to be applied. 

Keywords: Moon, regolith, auger, electric motor, consumption, power 

 

ʅʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤ ʚ ʫʤʦʚʘʭ ʄʽʩʷʮʶ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʎʝ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽ ʚʠʜʠ 

ʪʨʘʥʩʧʦʨʪʫ, ʟʘʣʠʰʘʻ ʣʠʰʝ ʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ 

ʣʶʜʠʥʠ, ʘʙʦ ʢʝʨʫʚʘʪʠʩʷ ʜʠʩʪʘʥʮʽʡʥʦ [1, 2]. ɺ ʫʤʦʚʘʭ ʄʽʩʷʮʶ ʚʽʜʩʫʪʥʻ ʧʦʚʽʪʨʷ, ʚʦʜʘ, ʷʢʽ-

ʥʝʙʫʜʴ ʛʘʟʠ ʪʘ ʨʽʜʠʥʠ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʪʨʘʥʩʧʦʨʪʫʻ 

ʩʠʧʢʠʡ ʤʘʪʝʨʽʘʣ. ʊʨʝʙʘ ʪʘʢʦʞ ʜʦʜʘʪʠ, ʱʦ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʷʢʫ ʥʝ ʧʦʪʨʽʙʥʦ 

ʜʦʩʪʘʚʣʷʪʠ ʟ ɿʝʤʣʽ ʥʘ ʄʽʩʷʮʴ, ʻ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ. ɺʩʝ ʮʝ ʨʦʙʠʪʴ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʄʽʩʷʮʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʦʟʩʠʧʽʚ ʤʽʩʷʯʥʦʛʦ ʨʝʛʦʣʽʪʫ, 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʰʥʝʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [1 ï 4]. ɸʣʝ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʨʦʟʨʘ-

ʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʰʥʝʢʦʚʠʭ ʪʨʘʥʩʧʦʨʪʝʨʽʚ ʥʝ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʫʤʦʚ 

ʄʽʩʷʮʶ, ʜʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʝʤʥʠʭ ʫʤʦʚ ʩʠʣʠ ʪʝʨʪʷ ʙʫʜʫʪʴ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ [5]. ʉʧʠ-

ʨʘʶʯʠʩʴ ʥʘ ʚʞʝ ʚʽʜʦʤʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʰʥʝʢʽʚ, ʪʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʯʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʝʭʘʥʽʢʠ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʡ ʝʣʝʢʪʨʦʜʠʥʘ-

ʤʽʢʠ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʘʚʪʦʨʠ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʥʝʢʫ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʨʝʛʦʣʽʪʫ ʚ ʫʤʦʚʘʭ 

ʤʽʩʷʮʷ [1, 2, 4, 5] 
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ʜʝ Q  ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʤ3/ʩ; P  ï ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯ-

ʥʦʛʦ ʜʚʠʛʫʥʘ, ɺʪ; R  ï ʨʘʜʽʫʩ ʣʦʧʘʪʽ ʰʥʝʢʫ, ʤ; b  ï h ʘʛ ʰʥʝʢʫ, ʤ; 0w  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʩ-1; ks  ï ʢʨʠʪʠʯʥʝ ʢʦʚʟʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ [5]; J ï

 ʝʣʝʢʪʨʠʯʥʦ-ʤʝʭʘʥʽʯʥʠʡ ʧʘʨʘʤʝʪʨ; h ï ʩʪʫʧʝʥʴ ʥʘʧʦʚʥʝʥʦʩʪʽ ʰʥʝʢʘ-ʪʨʘʥʩʧʦʨʪʝʨʫ; mM  ï

 ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ, ʅĀʤ [5]; gk  ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʝʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʚ ʫʤʦʚʘʭ ʄʽʩʷʮʷ ʫ ʧʦʨʽʚʥʷʥʥʷ ʟ ʟʝʤʥʠʤʠ ʫʤʦʚʘʤʠ, 0,1655 

[3]; g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʚ ʟʝʤʥʠʭ ʫʤʦʚʘʭ, ʤ/ʩ2; m ï ʧʦʨʠʩʪʽʩʪʴ ʰʘʨʫ ʤʘʪʝ-

ʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,42 ʜʦ 0,54, ʜ. ʦʜ. [3]; sr ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, 

ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1300 ʜʦ 2000 ʢʛ/ʤ3 [3]; L  ï ʜʦʚʞʠʥʘ ʰʥʝʢʘ-

ʪʨʘʥʩʧʦʨʪʝʨʫ, ʤ; f  ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʦ 

ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʪʨʫʙʠ; y ï ʢʫʪ ʤʽʞ ʣʦʧʘʪʪʶ ʰʥʝʢʫ ʪʘ ʚʽʩʩʶ ʾʾ ʦʙʝʨʪʘʥʥʷ, ʨʘʜ; 0h  ï

 ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʚʱʠʥʥʘ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʤ. 

ʌʦʨʤʫʣʠ, ʱʦ ʥʘʚʝʜʝʥʽ, ʚʧʝʨʰʝ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠ-

ʢʠ ʰʥʝʢʘ-ʪʨʘʥʩʧʦʨʪʝʨʫ, ʪʘʢʠʭ ʷʢ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦ 

ʡʦʛʦ ʟʘʙʝʟʧʝʯʫʻ, ʧʦ ʚʽʜʦʤʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʛʽʩʪʨʘʣʽ ʪʘ ʪʨʫʙʦʧʨʦ-

ʚʦʜʫ, ʩʪʫʧʝʥʶ ʥʘʧʦʚʥʝʥʦʩʪʽ ʰʥʝʢʫ ʪʘ ʧʘʨʘʤʝʪʨʘʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦ ʦʙʨʘʥʦ. 
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ʂʆʅʎɽʇʎɯʗ ʄʆɼʋʃʗ-ʆʈɸʅɾɽʈɽɰ ʄɯʉʗʏʅʆɰ ɹɸɿʀ 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʢʦʥʮʝʧʮʽʶ ʤʦʜʫʣʷ-ʦʨʘʥʞʝʨʝʾ ʤʽʩʷʯʥʦʾ ʙʘʟʠ, ʥʘʚʝʜʝʥʦ ʡʦʛʦ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʠʛʣʷʜ, ʦʧʠʩʘʥʦ ʙʫʜʦʚʫ, ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʫ ʮʽʣʴʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʶ, 

ʟʘʩʦʙʘʤ ʜʦʩʪʘʚʢʠ ʥʘ ʄʽʩʷʮʴ, ʥʘʟʝʤʥʦʤʫ ʚʽʜʧʨʘʮʶʚʘʥʥʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʫʣʴ-ʦʨʘʥʞʝʨʝʷ, ʬʦʪʦʙʽʦʨʝʘʢʪʦʨ ʭʣʦʨʝʣʠ, ʢʦʥʚʝʻʨʥʠʡ 

ʦʨʘʥʞʝʨʝʡʥʠʭ ʧʨʠʩʪʨʽʡ, ʝʢʦʩʠʩʪʝʤʘ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ, ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ, ʤʽʩʷʯʥʘ 

ʙʘʟʘ, ʨʘʢʝʪʘ-ʥʦʩʽʡ ʥʘʜʚʘʞʢʦʛʦ ʢʣʘʩʫ. 

Annotation. The concept of the module-greenhouse of moon base is described, its basic 

performances and a kind, a design and the device are resulted, the attention is paid to pur-

pose-designed equipment, delivery systems on the Moon, to terrestrial tests. 

Keywords: Module-greenhouse, biological reactor for chlorella, conveyor greenhouse 

device, ecological system of a locked cycle, Moon development, Moon base, launch vehicle 

of a superheavy class. 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʡʰʣʠ ʥʘ ʥʦʚʠʡ ʝʪʘʧ ʪʘ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʠʭ ʤʘʩʰʪʘʙʽʚ 

ʚʠʚʯʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʄʽʩʷʮʷ. ʆʩʚʦʻʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ɿʝʤʣʽ ʚʠʢʣʠʢʘʻ ʚʩʝ 

ʙʽʣʴʰʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ ð ʜʝʨʞʘʚʥʠʭ 

 ̔ʧʨʠʚʘʪʥʠʭ, ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ.   

ʎʽ ʧʨʦʮʝʩʠ, ʱʦ ʚ ʥʘʰ ʯʘʩ ʟʜʽʡʩʥʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʤʽʞʧʣʘʥʝʪʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ, ʚ ʩʚʦʻʤʫ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʙʫʜʝ ʧʨʦʜʦʚʞʝʥʦ ʧʽʣʦʪʦʚʘʥʠʤʠ 

ʝʢʩʧʝʜʠʮʽʷʤʠ, ʷʢʽ ʦʯʽʢʫʶʪʴʩʷ ʚ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ (ʩʧʦʯʘʪʢʫ ð 

ʢʦʨʦʪʢʦʯʘʩʥʠʤʠ, ʟʛʦʜʦʤ ð ʙʽʣʴʰ ʪʨʠʚʘʣʠʤʠ). 

ʆʜʥʘʢ ʧʦʚʥʦʮʽʥʥʫ ʨʦʙʦʪʫ ʚ ʙʘʛʘʪʴʦʭ ʥʘʧʨʷʤʘʭ ʥʘ ʄʽʩʷʮʽ ʤʦʞʥʘ ʙʫʜʝ ʚʝʩʪʠ 

ʣʠʰʝ ʧʽʩʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʣʶʜʝʡ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʟʙʫʜʫʚʘʪʠ ʤʽʩʷʯʥʽ ʙʘʟʠ, ʧʨʦʻʢʪʠ ʷʢʠʭ ʟʘʨʘʟ ʚʞʝ ʨʦʟʨʦʙʣʝʥʦ ʚ ʨʽʟʥʠʭ 

ʢʨʘʾʥʘʭ. 

ʊʘʢʽ ʙʘʟʠ ʙʫʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʤʦʜʫʣʷʤʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ð ʢʦʤʘʥʜʥʠʤʠ, ʞʠʪʣʦʚʠʤʠ, ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ, ʩʢʣʘʜʩʴʢʠʤʠ, ʰʣʶʟʦʚʠʤʠ, 

ʚʠʨʦʙʥʠʯʦ-ʨʝʤʦʥʪʥʠʤʠ ʪʦʱʦ. 

ʆʜʠʥ ʟ ʪʠʧʽʚ ʤʦʜʫʣʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʦʢʨʝʤʦ ʯʝʨʝʟ ʡʦʛʦ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʙʘʟʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʥʘ ʄʽʩʷʮʴ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ, ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʯʘʥʥʷ ʟ ɿʝʤʣʽ ʪʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ 

ʟʘʤʢʥʝʥʦʛʦ ʪʠʧʫ (ʟ ʢʨʫʛʦʦʙʽʛʦʤ ʨʝʯʦʚʠʥ) ʜʦʮʽʣʴʥʦ ʤʘʪʠ ʚ ʩʪʨʫʢʪʫʨʽ ʤʽʩʷʯʥʦʾ ʙʘʟʠ 

ʤʦʜʫʣʽ-ʦʨʘʥʞʝʨʝʾ. 

ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʽ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè 

ʢʦʥʮʝʧʮʽʾ ʪʘʢʦʛʦ ʦʨʘʥʞʝʨʝʡʥʦʛʦ ʤʦʜʫʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʙʫʣʦ: 

¶ ʚʠʟʥʘʯʝʥʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ-ʦʨʘʥʞʝʨʝʾ ʤʽʩʷʯʥʦʾ ʙʘʟʠ; 

¶ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʡʦʛʦ ʟʘʜʘʯʽ; 
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¶ ʚʠʨʦʙʣʝʥʦ ʡʦʛʦ ʢʦʥʮʝʧʮʽʶ; 

¶ ʨʦʟʨʦʙʣʝʥʦ (ʢʦʥʮʝʧʪʫʘʣʴʥʦ) ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ; 

¶ ʚʠʟʥʘʯʝʥʽ ʩʢʣʘʜ ʪʘ ʬʫʥʢʮʽʾ ʮʽʣʴʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

¶ ʩʬʦʨʤʦʚʘʥʦ ʚʠʛʣʷʜ ʤʦʜʫʣʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʡʦʛʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

¶ ʢʦʨʦʪʢʦ ʦʧʠʩʘʥʦ ʟʘʩʦʙʠ ʜʦʩʪʘʚʢʠ ʤʦʜʫʣʷ ʥʘ ʄʽʩʷʮʴ; 

¶ ʦʜʝʨʞʘʥʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʠʛʣʷʜ ʪʘ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ 

ʯʘʩʪʠʥʠ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ ʤʦʜʫʣʴ-ʦʨʘʥʞʝʨʝʷ; 

¶ ʦʧʠʩʘʥʦ ʤʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʥʘʟʝʤʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʦʜʫʣʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè ʚʝʜʝ ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ ʧʨʦʻʢʪʥʫ ʜʽʷʣʴʥʽʩʪʴ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ ʚʠʚʯʝʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʪʘ 

ʟʘʩʦʙʠ.  

ʇʦʜʘʣʴʰʽ ʨʦʙʦʪʠ ʥʘʜ ʤʦʜʫʣʝʤ-ʦʨʘʥʞʝʨʝʻʶ (ʧʦʛʦʜʞʝʥʽ ʟ ʨʦʙʦʪʘʤʠ ʷʢ ʥʘʜ 

ʝʣʝʤʝʥʪʘʤʠ ʤʽʩʷʯʥʦʾ ʙʘʟʠ, ʪʘʢ ʽ ʥʘʜ ʤʽʩʷʯʥʠʤ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʤ ʢʦʤʧʣʝʢʩʦʤ) 

ʜʦʟʚʦʣʷʪʴ ʧʝʨʝʚʝʩʪʠ ʧʣʘʥʠ ʚʠʚʯʝʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ ʥʘ ʙʽʣʴʰ ʷʢʽʩʥʠʡ ʨʽʚʝʥʴ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʝʢʪʘʭ. 
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ʇʈʆɹʃɽʄʅɯ ʇʀʊɸʅʅʗ ɺʀɼʆɹʋʊʂʋ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ ʅɸ ʄɯʉʗʎɯ 

ɸʥʦʪʘʮʽʷ. ɺ ʧʨʦʝʢʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʄʽʩʷʮʷ, ʘ ʪʘʢʦʞ ʢʦʥʮʝʧʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʦʪʨʠʤʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʽʩʷʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʟʠ ʪʘ 

ʤʽʞʧʣʘʥʝʪʥʠʭ ʧʝʨʝʣʴʦʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ, ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʤʽʩʷʯʥʘ ʩʠʨʦʚʠʥʘ, ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʜʦʙʫʪʢʫ. 

Annotation. The project analyzed the results obtained regarding the existing technologies of 

mining minerals of the Moon, as well as the concept of technologies and equipment for 

obtaining elements of lunar resources to ensure the functioning of the base and 

interplanetary flights. 

Keywords: development of the Moon, minerals, lunar raw materials, mining technologies. 

 

ɿʘʩʥʫʚʘʥʥʷ ʤʽʩʷʯʥʦʾ ʙʘʟʠ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢ-

ʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ ʾʭʥʴʦʾ ʜʦʩʪʘʚʢʠ ʽʟ ɿʝʤʣʽ ʜʫʞʝ ʚʠʩʦʢʘ, ʢʣʶʯʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʦʩʚʦʻʥʥʷ ʤʽʩʷʮʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʠʭ ʨʝʩʫʨʩʽʚ.  

ʆʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʷ ʄʽʩʷʮʷ ʻ ʧʫʭʢʠʤ ʰʘʨʦʤ ʨʦʟʜʨʦʙʣʝʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ (ʨʝ-

ʛʦʣʽʪ), ʷʢʝ ʪʦʚʱʠʥʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʜʝʩʷʪʢʽʚ ʩʘʥʪʠʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ, ʡʦʛʦ ʚʠʜʦ-

ʙʫʪʦʢ ʜʦʮʽʣʴʥʦ ʚʝʩʪʠ ʪʘʢ ʟʚʘʥʠʤ çʚʽʜʢʨʠʪʠʤè ʩʧʦʩʦʙʦʤ. ɺʽʜʢʨʠʪʠʡ ʩʧʦʩʽʙ ʚʠʜʦʙʫʪʢʫ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʟ ʤʽʩʷʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʘʛʣʠʙʣʝʥʥʷʤ ʟʘ ʧʣʦʱʝʶ ʚ ʧʨʦ-

ʮʝʩʽ ʨʦʙʦʪʠ ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʨ'ʻʨʥʠʤ.. 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʜʦʙʫʪʢʫ ʤʽʩʷʯʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ ʚʢʣʶ-

ʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ɻʝʦʣʦʛʦʨʦʟʚʽʜʢʘ. ʇʽʩʣʷ ʚʠʙʦʨʫ ʤʽʩʮʝʚʦʩʪʽ, ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʘ ʟʘʧʫʩʢʫ ʧʨʦʝʢʪʫ 

ʧʨʦʚʦʜʷʪʴʩʷ ʧʽʜʛʦʪʦʚʯʽ ʨʦʙʦʪʠ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʧʝʨʚʠʥʥʫ ʧʽʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʽ, ʾʾ 

ʨʦʟʯʠʱʝʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʦ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʽ ʩʢʣʘʜʩʴʢʠʭ ʤʽʩʷʯʥʠʭ ʩʧʦʨʫʜ. 

2. ʂʘʧʽʪʘʣʴʥʽ ʨʦʙʦʪʠ ʪʘ ʨʦʟʪʠʥ ʦʩʥʦʚʥʦʛʦ ʨʦʜʦʚʠʱʘ (ʨʦʟʢʨʠʚʥʽ ʨʦʙʦʪʠ). ʅʘ ʜʘ-

ʥʦʤʫ ʝʪʘʧʽ ʦʙʣʘʰʪʦʚʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʽʩʷʯʥʦʛʦ ʢʘʨ'ʻʨʫ ï ʚʥʫʪʨʽʰʥʽ ʪʘ 

ʟʦʚʥʽʰʥʽ ʪʨʘʥʰʝʾ, ʤʦʥʪʫʻʪʴʩʷ ʚʠʜʦʙʫʚʥʝ, ʪʝʭʥʦʣʦʛʽʯʥʝ ʪʘ ʪʨʘʥʩʧʦʨʪʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʜʦʙʫʪʦʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʽʟ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʚʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʪʘ ʬʦʨʤʠ ʧʦʢʣʘʜʽʚ ʱʦʜʦ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ, ʩʧʦʩʦʙʠ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʤʦʞ-

ʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ: 

ï ʧʦʚʝʨʭʥʝʚʠʡ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʥʝ ʦʩʚʦʻʥʥʷ ʜʽʣʷʥʢʠ ʪʘ ʦʙʨʦʙʢʫ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʦʙʩʷʛʫ, ʷʢ ʨʝʛʦʣʽʪʫ, ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʪʘʢ ʽ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ. ʇʨʠ ʮʴʦʤʫ ʦʩʪʘʥ-

ʥʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ ʢʘʨ'ʻʨʫ; 
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ï ʛʣʠʙʠʥʥʠʡ, ʧʨʠ ʷʢʦʤʫ ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ʚʠʪʷʛʫʶʪʴʩʷ ʚ ʥʠʟʭʽʜʥʦʤʫ ʧʦʨʷʜʢʫ 

ʰʘʨʘʤʠ; 

ï ʥʘʛʽʨʥʠʡ ï ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ʪʘ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʟʚʝʨʭʫ ʜʦ-

ʥʠʟʫ, ʜʦ ʛʣʠʙʠʥʥʠʭ ʚʽʜʤʽʪʦʢ; 

ï ʥʘʛʽʨʥʦ-ʛʣʠʙʠʥʥʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʚʘʨʽʘʥʪ ʥʘʛʽʨʥʦʛʦ ʧʨʠ ʜʫʞʝ 

ʩʢʣʘʜʥʦ ʨʝʣʴʻʬʽ. 

ɿʘ ʢʨʠʪʝʨʽʻʤ ʩʪʘʥʦʚʠʱʘ ʨʦʙʦʯʦʾ ʟʦʥʠ ʚʠʜʦʙʫʪʢʫ ʟ ʢʦʨʠʩʥʠʤʠ ʢʦʧʘʣʠʥʘʤʠ, ʽ 

ʥʘʚʽʪʴ ʧʝʨʝʤʽʱʝʥʥʶ ʬʨʦʥʪʫ ʨʦʙʽʪ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ: 

ï ʩʫʮʽʣʴʥʠʡ ʤʝʪʦʜ - ʚʠʢʦʧʥʽ ʚʠʜʦʙʫʚʘʶʪʴʩʷ ʚ ʧʦʢʣʘʜʘʭ ʛʦʨʠʟʦʥʪʫ ʘʙʦ ʤʽʩʮʝ-

ʚʦʩʪʽ ʧʦʨʦʞʥʠʩʪʦʛʦ ʪʠʧʫ; 

ï ʧʦʛʣʠʙʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ï ʦʩʚʦʻʥʥʷ ʢʨʫʪʠʭ ʪʘ ʧʦʭʠʣʠʭ ʧʦʢʣʘʜʽʚ ʟ ʨʦʟʤʽʱʝʥ-

ʥʷʤ ʨʦʟʢʨʠʚʫ ʫ ʟʦʚʥʽʰʥʽʭ ʚʽʜʚʘʣʘʭ; 

ï ʟʤʽʰʘʥʠʡ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʨʽʟʥʽʡ ʤʽʨʽ ʧʦʛʣʠʙʣʝʥʠʡ ʽ ʩʫʮʽʣʴʥʠʡ ʤʝʪʦʜʠ. 

ʊʝʭʥʦʣʦʛʽʶ ʚʠʜʦʙʫʪʢʫ ʤʽʩʷʯʥʦʾ ʩʠʨʦʚʠʥʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʪʠʧʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʜʽʚ ʛʽʨʥʠʯʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ: 

ï ʮʠʢʣʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʧʨʦʮʝʩʠ ʚʠʾʤʢʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʽʩʷʯʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʧʘʫʟʘʤʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʽʢʠ; 

ï ʮʠʢʣʽʯʥʦ-ʧʦʪʦʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʪʘ 

ʮʠʢʣʽʯʥʦʾ ʜʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʠʾʤʢʘ ʧʦʨʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʘʰʠʥʘʤʠ ʮʠʢʣʽʯʥʦʛʦ ʧʨʠʥʮʠ-

ʧʫ ʨʦʙʦʪʠ ï ʝʢʩʢʘʚʘʪʦʨʘʤʠ ʪʘ ʥʘʚʘʥʪʘʞʫʚʘʯʘʤʠ, ʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ï ʙʝʟʧʝʨʝʨʚʥʦ 

ʧʨʘʮʶʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʢʦʥʚʝʻʨʘʤʠ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʨʦʙʦʪʠʟʦʚʘʥʠ-

ʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

ï ʧʦʪʦʯʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʛʽʨʩʴʢʠʭ ʤʘʰʠʥ ʟ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʚʧʣʠʚʫ, ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʠ-

ʩʪʨʦʾʚ, ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ, ʙʘʛʘʪʦʢʦʚʰʦʚʠʭ ʝʢʩʢʘʚʘʪʦʨʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʚʠʜʦʙʫʪʢʫ ʤʽʩʷʯʥʦʾ 

ʩʠʨʦʚʠʥʠ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʢʘʨ'ʻʨʥʠʤ) ʚʽʜʢʨʠʪʠʤ ʪʠʧʦʤ, ʧʦʚʝʨʭʥʝʚʠʤ 

ʩʧʦʩʦʙʦʤ, ʩʫʮʽʣʴʥʠʤ ʤʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦ-ʧʦʪʦʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ. 
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ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʆʈɻɸʅɯɿɸʎɯɰ ʍʄɸʈʅʀʍ ʆɹʏʀʉʃɽʅʔ ʋ 

ʅɽʁʈʆʌɯɿɯʆʃʆɻɯʏʅʀʍ ɼʆʉʃɯɼɾɽʅʅʗʍ ʅɸ ʆʉʅʆɺɯ ɼɸʅʀʍ 

ɸʁʊʈɽʂɯʅɻʋ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ, ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ/ʧʣʘʪʬʦʨʤʠ ʫ web-ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʚʠʢʦʥʫʚʘʪʠ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʚʠʤʦʛʣʠʚʽʩʪʴ ʜʦ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ ʢʦʤʧʣʝʢʩʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʽʷ ʘʡʪʨʝʢʽʥʛʫ, ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, WEB-

ʟʘʩʪʦʩʫʥʦʢ, ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʥʝʣʽʥʽʡʥʘ ʜʠʥʘʤʽʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ.  

Annotation. The concept, architecture and interface of the software 

complex/platform in the web environment have been developed. It allows to carry out 

research with the proposed methods of identification of nonlinear dynamic systems and 

perform cloud computing, which ensures undemanding hardware and cross-platform 

compatibility of the complex. 

Keywords: eye-tracking technology, neurophysiological research, WEB-application, 

cloud services, cloud computing, nonlinear dynamic identification. 

 

ɸʥʘʣʽʟ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʦʢʫʣʦʤʦʪʦʨʽʢʽ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʥʝʨʚʦʚʦʶ ʩʠʩʪʝʤʦʶ ʩʧʨʠʷʻ 

ʚʠʚʯʝʥʥʶ ʤʝʭʘʥʽʟʤʽʚ ʨʦʙʦʪʠ ʤʦʟʢʫ  ̔ ʾʭ ʧʦʨʫʰʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʣʶʜʠʥʠ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʧʨʠʡʥʷʪʪʷ, ʤʠʩʣʝʥʥʷ, ʫʷʚʣʝʥʴ, 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʥʘʤʽʨʽʚ  ̔ ʫʩʪʘʥʦʚʦʢ ʦʩʦʙʠʩʪʦʩʪʽ. ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʥʠʭ 

ʟʘʩʦʙʽʚ ʽʥʥʦʚʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ Eye-tracking ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝʡʨʦʥʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʫʤʦʚʣʶʻ ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙô̒ ʤʘʤʠ ʜʘʥʠʭ 

[1], [2]. 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʽʥʩʪʠʪʫʮʽʷʭ 

ʪʘ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʾʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ/ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʤʽʥʽʤʘʣʴʥʦ ʨʦʙʦʯʫ ʚʝʨʩʽʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ/ʧʣʘʪʬʦʨʤʠ (STINDS ï Software Tools for Identification Nonlinear Dynamic 

Systems) ʫ web-ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʟ ʩʝʙʝ ʽʥʪʝʨʬʝʡʩ ʪʘ ʙʘʟʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ 

ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʥʘʣʘʰʪʦʚʘʥʦʤʫ 

ʩʝʨʚʝʨʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ Python-ʩʢʨʠʧʪʽʚ. ʂʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʢʦʜʫ. ʊʘʢʦʞ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʜʘʛʫʚʘʪʠ ʪʘ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʩʢʨʠʧʪ-ʢʦʜ ʙʫʪʴ ʷʢʦʛʦ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (ʷʢʱʦ ʢʦʜ ʦʬʦʨʤʣʝʥʦ 

ʟʛʽʜʥʦ ʜʦʢʫʤʝʥʪʘʮʽʾ), ʜʦʜʘʚʘʪʠ ʜʦ ʢʦʜʫ ʧʝʨʝʣʽʢ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʦʚʦʜʠʪʠ 

ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʢʨʠʧʪ-ʢʦʜʫ ʥʘ ʩʝʨʚʝʨʽ, ʦʪʨʠʤʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʚʞʝ ʥʘ ʩʪʦʨʦʥʽ ʢʦʨʠʩʪʫʚʘʯʘ (ʫ ʙʨʘʫʟʝʨʽ), ʪʘ ʟʙʝʨʽʛʘʪʠ ʾʭ. 

ʂʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ, ʜʣʷ ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʘʡʪʨʝʢʝʨʘ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʦʢʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ (ʆʈʉ) ʣʶʜʠʥʠ, ʟʜʽʡʩʥʶʚʘʪʠ ʩʧʝʮʽʘʣʴʥʫ ʧʽʜʛʦʪʦʚʢʫ 
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ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʭ ʦʙʨʦʙʢʠ ʚ ʧʨʦʮʝʜʫʨʽ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ [1]. 

ʇʨʦʮʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʆʈʉ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʘʡʪʨʝʢʽʥʛʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ:  

ɽʪʘʧ 1. ï ʆʯʠʱʝʥʥʷ ʜʘʥʠʭ: 1) ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʘʡʪʨʝʢʝʨʦʤ; 2) 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʜʽʣʝʥʥʷ ʟ ʧʦʪʦʢʫ ʜʘʥʠʭ ʦʢʨʝʤʠʭ ʮʠʢʣʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ 

ʨʝʩʧʦʥʜʝʥʪʘ; 3) ʚʠʜʘʣʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ; 4) ʚʠʜʽʣʝʥʥʷ ʯʠʩʣʦʚʠʭ ʤʘʩʠʚʽʚ ʚʽʜʛʫʢʽʚ ʥʘ 

ʪʝʩʪʦʚʽ ʚʽʟʫʘʣʴʥʽ ʩʪʠʤʫʣʠ; 5) ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʬʨʘʛʤʝʥʪʚ̔ ï ʤʘʩʠʚʽʚ ʚ̔ʜʛʫʢʚ̔ ʥʘ 

ʦʜʠʥʦʯʥʽ ʩʪʠʤʫʣʠ; 6) ʚʠʜʘʣʝʥʥʷ ʬʽʢʩʘʮʽʡ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʥʘ ʧʝʨʝʭʽʜʥʦʤʫ ʧʨʦʮʝʩʽ.  

ɽʪʘʧ 2. ï ʇʝʨʝʜʦʙʨʦʙʢʘ ʜʘʥʠʭ: 1) ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʨʘʛʤʝʥʪʽʚ ʫ 

ʧʘʨʘʣʝʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʨʠʚʝʜʝʥʥʷ ʚʽʜʛʫʢʽʚ ʚ ʮʠʢʣʽ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʩʧʽʣʴʥʦʛʦ 

ʧʦʯʘʪʢʫ; 2) ʥʦʨʤʘʣʽʟʘʮʽʷ ʜʘʥʠʭ. 

ɽʪʘʧ 3 ï ɯʜʝʥʪʠʬʽʢʘʮʽʷ: ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʥʝʣʽʥʽʡʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʆʈʉ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ ʧʝʨʝʜʦʙʨʦʙʢʠ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʻ ʥʝʚʠʤʦʛʣʠʚʽʩʪʴ ʜʦ 

ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʢʣʽʝʥʪʩʴʢʽʡ ʩʪʦʨʦʥʽ ʟʘʚʜʷʢʠ ʭʤʘʨʥʠʤ ʦʙʯʠʩʣʝʥʥʷʤ. 

ʊʘʢʦʞ, ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʽʜʦʤʠʭ ʧʦʜʽʙʥʠʭ 

ʧʣʘʪʬʦʨʤ (Project Jupyter [3], Matlab Online [4]), ʘ ʩʘʤʝ: ʩʦʮʽʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ 

ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʜʷʢʠ ʨʦʟʨʦʙʣʝʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ, ʚʠʢʦʥʘʥʦʤʫ ʟʛʽʜʥʦ ʫʩʽʤ 

ʚʠʤʦʛʘʤ UI/UX ʪʝʭʥʦʣʦʛʽʡ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ: ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript; ʤʦʚʠ HTML ʪʘ CSS ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ, ʬʨʝʡʤʚʦʨʢ 

Vue.js ʜʣʷ ʤʦʚʠ JavaScript; Python ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾʾ; Node.js ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʣʝʢʩʫ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʥʘʫʢʦʚʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʙʦʪʠ ʟ ʤʝʪʦʜʘʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʩʘʤʝ: ʟʙʝʨʝʞʝʥʥʷ 

ʩʢʨʠʧʪ-ʢʦʜʫ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ 

ʟ ʥʠʤʠ; ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʙʫʜʦʚʘʥʠʡ ʨʝʜʘʢʪʦʨ 

ʢʦʜʫ; ʦʙʤʽʥ ʤʝʪʦʜʘʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ 

ʟ ʧʣʘʪʬʦʨʤʦʶ ʥʘ ʙʫʜʴ ʷʢʦʤʫ ʧʨʠʩʪʨʦʾ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚʩʽ ʦʙʯʠʩʣʝʥʥʷ ʙʫʜʫʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʩʝʨʚʝʨʽ (çʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷè). ʊʘʢʦʞ, ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘʚʜʷʢʠ ʚʠʱʝʥʘʚʝʜʝʥʠʤ ʧʝʨʝʚʘʛʘʤ ʪʘ 

ʙʽʙʣʽʦʪʝʢʠ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʪʘ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ. 
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ɸʃɻʆʈʀʊʄ ʐʀʌʈʋɺɸʅʅʗ ɼɸʅʀʍ  

ɸʥʦʪʘʮʽʷ: ʫ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩ ʡʦʛʦ 

ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʧʦʩʦʙʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʜʝʰʠʬʨʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʽʙʝʨʙʝ-

ʟʧʝʢʘ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ. 

Annotation: The work describes an innovative data encryption algorithm, describes its prin-

ciple of operation, presents features and methods of its use. 

Keywords: data encryption, decryption, software security, cyber security, authentication.. 

 

ʄʠ ʞʠʚʝʤʦ ʫ ʚʽʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʽʥʬʦʨʤʘʮʽʷ ʻ ʢʣʶʯʦʚʠʤ ʨʝʩʫʨʩʦʤ. 

ʉʘʤʝ ʪʦʤʫ ʾʾ ʟʘʭʠʩʪ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ. ɺ ʪʦʡ ʯʘʩ ʷʢ ʽʩʥʫʶʯʽ ʘʣʛʦʨʠʪʤʠ ʧʦʢʨʠ-

ʚʘʶʪʴ ʧʦʩʪʘʚʣʝʥʽ ʾʤ ʟʘʜʘʯʽ, ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʧʨʷʤ-

ʢʫ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʩʪʘʚʣʷʪʴ ʩʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ ʜʘʥʠʤ, 

ʪʘʢ ʷʢ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʜʘʥʠʭ. ɹʽʣʴʰʽʩʪʴ ʢʦʤʧ'ʶ-

ʪʝʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʨʦʣʽ ʷʢ ʟʘʧʘʤ'ʷʪʦ-

ʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯʝʤ ʩʝʢʨʝʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʩʠʤʚʦʣʽʚ, ʷʢʽ ʜʨʫʢʫʶʪʴʩʷ. 

ʇʘʨʦʣʽ ʟʘʟʚʠʯʘʡ ʟʘʭʠʱʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʝʰʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʪʝʭʥʽʢ, ʱʦ ʛʘʨʘʥʪʫʻ ʾʭʥʶ 

ʙʝʟʧʝʢʫ.  

ʇʝʨʝʜ ʪʠʤ, ʷʢ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ. ʂʦʞʝʥ ʟ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʧʦʩʦʙʠ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ. ɸʣʛʦʨʠʪʤ 

RSA (Rivest-Shamir-Adleman) ʦʩʥʦʚʘʥʠʡ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʨʦʩʪʠʭ ʯʠʩʝʣ. ʎʝ ʘʩʠʤʝʪ-

ʨʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ, ʫ ʷʢʦʤʫ ʻ ʧʨʠʚʘʪʥʠʡ ʪʘ ʧʫʙʣʽʯʥʠʡ ʢʣʶʯʽ. ɸʣʝ, ʥʝʟʚʘ-

ʞʘʶʯʠ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ ʟ ʧʫʙʣʽʯʥʦʛʦ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧôʶʪʝʨʽʚ, ʪʘʢʽ ʷʢ ʚʝʣʠʢʠʡ ʧʘʨʘʣʝʣʽʟʤ ʪʘ ʢʚʘʥ-

ʪʦʚʘ ʘʧʨʦʢʩʠʤʘʮʽʷ [1]. ɯʩʥʫʻ ʘʣʛʦʨʠʪʤ ʜʣʷ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧôʶʪʝʨʽʚ [2], ʷʢʠʡ ʟʥʘʭʦʜʠʪʴ 

ʧʨʦʩʪʽ ʤʥʦʞʥʠʢʠ. ɸʣʛʦʨʠʪʤʠ ʪʠʧʫ ECC (Elliptic-Curve Cryptography) ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. ʐʠʬʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʩʠʤʝʪʨʠʯʥʠʤ. ʄʝʪʦʜ 

ʐʦʨʘ [2] ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʟʣʦʤʫ ʜʘʥʦʛʦ ʤʝʪʦʜʫ [3]. ɸʣʛʦʨʠʪʤ AES 

[4] (Advanced Encryption Standard) ï ʮʝ ʩʠʤʝʪʨʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʙʣʦʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ. 

ʅʠʥʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ. ɺ ʮʽʣʦʤʫ, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʚʘʞʘʻʪʴʩʷ ʩʪʽʡʢʠʤ ʜʦ 

ʢʚʘʥʪʦʚʠʭ ʘʪʘʢ, ʘʣʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ [5] (ʘʣʛʦʨʠʪʤ ʢʚʘʥʪʦʚʦʛʦ 

ʧʦʰʫʢʫ), ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʘʪʘʢʫ ʛʨʫʙʦʾ ʩʠʣʠ. ɿʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʢʣʶʯʘ ʤʦʞʝ ʪʠʤ-

ʯʘʩʦʚʦ ʚʠʨʽʰʠʪʠ ʪʘʢʫ ʟʘʛʨʦʟʫ.  

ɺ ʮʽʣʦʤʫ, ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʨʦʣʽʚ ʤʘ-

ʶʪʴ ʜʝʷʢʽ ʩʣʘʙʢʦʩʪʽ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʤʦʞʝ 

ʟʨʦʙʠʪʠ ʩʣʦʚʥʠʢʦʚʫ ʘʪʘʢʫ ʜʫʞʝ ʝʬʝʢʪʠʚʥʦʶ,  ʘʣʝ ʚʽʜ ʮʴʦʛʦ ʥʝ ʤʦʞʝ ʟʘʭʠʩʪʠʪʠ ʞʦʜʝʥ 

ʟ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʈʽʰʝʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ, ʥʝʟʚʠʯʘʡʥʠʭ ʧʘʨʦʣʽʚ ʪʘ ʪʘʢʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢ ʜʚʦʬʘʢʪʦʨʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ. ʉʘʤʝ ʪʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ, ʽʥʥʦʚʘ-

ʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʽʜʝʷ ʷʢʦʛʦ ʥʘʮʽʣʝʥʘ ʥʘ ʟʘʭʠʩʪ ʚʽʜ ʟʛʘʜʘʥʠʭ ʟʘ-

ʛʨʦʟ. 
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ɯʥʥʦʚʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʙʫʜʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʧʦʰʫʢʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʇʨʠʚʝʜʝʤʦ ʧʨʠʢʣʘʜ: ʥʝʭʘʡ ʽʩʥʫʶʪʴ ʜʘʥʽ d ʪʘ ʢʣʶʯ p. ɼʣʷ 

ʪʘʢʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʜʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ f, ʱʦʙ ʚʠʨʘʟ d = f(p) ʙʫʚ ʽʩʪʠʥʥʠʤ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʤʘʻ ʜʝʷʢʽ ʥʝʟʚʠʯʘʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʘʢ, ʦʜʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ 

ʦʧʠʩʫʚʘʪʠ ʨʽʟʥʽ ʜʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʢʣʶʯʽʚ (ʪʦʙʪʦ, ʜʣʷ ʜʘʥʠʭ d1 ʪʘ d2 ʽʩʥʫʚʘʪʠʤʝ ʬʫʥʢʮʽʷ f, 

ʱʦʙ f(p1) = d1 ʪʘ f(p2) = d2). ʊʘʢʦʞ, ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʜʘʥʠʭ d ʽʩʥʫʻ ʙʝʟʣʽʯ ʬʫʥʢʮʽʡ f ʱʦʙ 

ʚʠʨʘʟ f(p) = d ʚʠʢʦʥʫʚʘʚʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʢʣʶʯʘ ʪʘ ʜʘʥʠʭ ʽʩʥʫʻ 

ʙʝʟʣʽʯ ʬʫʥʢʮʽʡ, ʱʦ ʾʭ ʚʠʨʘʞʘʶʪʴ. 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯ-

ʥʠʭ ʟʘʜʘʯ, ʷʢ ʰʠʬʨʫʚʘʥʥʷ ʪʝʢʩʪʫ (ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ end-to-end ʰʠʬʨʫʚʘʥʥʷ) ʘʙʦ ʭʝʰʫ-

ʚʘʥʥʷ ʧʘʨʦʣʽʚ. ɯʥʰʽ ʟʘʜʘʯʽ, ʪʘʢʽ ʷʢ ʰʠʬʨʫʚʘʥʥʷ ʬʘʡʣʽʚ, ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ, ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʮʝʡ ʘʣʛʦʨʠʪʤ, ʘʣʝ, ʯʝʨʝʟ ʜʝʷʢʽ ʥʝʛʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʟʥʘʯʥʝ ʟʙʽʣʴ-

ʰʝʥʥʷ ʨʦʟʤʽʨʫ ʜʘʥʠʭ ʫ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʬʦʨʤʘʪʽ ʪʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʯʘʩ ʰʠʬʨʫʚʘʥʥʷ 

ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ, ʚʽʥ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤ ʢʘʥʜʠʜʘʪʦʤ. 

ɿʘʜʘʯʘ ʭʝʰʫʚʘʥʥʷ ʧʘʨʦʣʽʚ ʻ ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʫ ʧʨʦʮʝʩʽ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʩʝʨʚʽʩʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʛʣʷʥʫ-

ʪʦʛʦ ʘʣʛʦʨʠʪʤʫʪʘ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʽ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʜʘʥʠʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢ, ʢʦʨʠʩʪʫʚʘʯʽ ʟ ʦʜʥʘʢʦʚʠʤ ʧʘʨʦʣʝʤ, ʙʫʜʫʪʴ ʘʙʩʦʣʶʪʥʦ 

ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʭʝʰʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʱʦʜʦ ʜʦʚʞʠʥʠ). 
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ʈɽɸʃɯɿɸʎɯʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆɰ ɹʆʈʊʆɺʆɰ ʄɽʈɽɾɯ ʄɯɾ ʊʀʇʆɺʀʄʀ 

ʄʆɼʋʃʗʄʀ ʄɸʃʆɰ ɸɺɯʆʅɯʂʀ ʄɯʂʈʆʉʋʇʋʊʅʀʂɯɺ ʂʋɹʉɸʊ (CUBESAT) 

ɸʥʦʪʘʮʽʷ: ʉʪʘʪʪʷ ʥʘʜʘʻ ʜʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ 

ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʘʚʽʦʥʽʢʠ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ ʂʫʙʉʘʪ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ 

ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʪʠ ʚʧʝʚʥʝʥʠʡ ʜʠʟʘʡʥ ʪʘ ʨʦʟʨʦ-

ʙʢʫ ʩʫʯʘʩʥʦʾ ʘʚʽʦʥʽʢʠ ʩʫʧʫʪʥʠʢʽʚ ʪʘ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʪʨʘʪʠ ʢʝʨʫʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʤ ʥʘ ʦʨʙʽʪʽ. ʉʪʘʪʪʷ ʨʦʟʛʣʷʜʘʻ ʷʢ ʩʢʣʘʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʧʦʙʫʜʦʚʠ ʙʦʨʪʦʚʠʭ ʤʝʨʝʞ, ʪʘʢ ʽ ʧʦʨʽʚʥʶʻ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʤʽʭʦ-

ʩʪʽʡʢʽʩʪʴ. ɸʚʪʦʨʠ ʩʪʘʪʪʽ ʪʘʢʦʞ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʧʨʦʩʪʦʪʽ ʨʝʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʩʦʙʘʤʠ ʩʫʯʘʩʥʦʛʦ ʙʦʨʪʦʚʦʛʦ ʇɿ, ʪʘ ʥʘʜʘʶʪʴ ʪʠʧʦʚʠʡ ʧʽʜʭʽʜ ʪʘʢʠʭ ʨʽʰʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: CubeSat, SpaceWire, Nanosatellite, CAN, SSA, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʙʦʨʪʦʚʘ ʤʝʨʝʞʘ, SpaceCAN, LibCSP, CSP 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ COTS (Commercial Off The Shelf) ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʧʦʩʪʽʡʥʠʡ ʟʨʽʩʪ 

ʾʾ ʩʪʫʧʝʥʷ ʽʥʪʝʛʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʤʦʛ ʜʦ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʢʨʦ-

ʩʫʧʫʪʥʠʢʽʚ, ʧʨʠʟʚʝʣʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʙʦʨʪʦʚʦʛʦ ʪʨʘʬʽʢʫ ʤʽʞ ʨʽʟʥʠʤʠ ʧʽʜ-

ʩʠʩʪʝʤʘʤʠ ʘʚʽʦʥʽʢʠ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ ʷʢʽ ʤʘʶʪʴ ʩʠʩʪʝʤʫ ʦʨʽʻʥʪʘʮʽʾ ï 

ʚʠʤʦʛʠ ʜʦ ʟʤʝʥʰʝʥʦʛʦ ʯʘʩʫ ʨʝʘʢʮʽʾ ʥʘ ʦʢʨʝʤʽ ʢʦʤʘʥʜʠ ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʧʽʜʩʠ-

ʩʪʝʤʘʤʠ, ʩʫʪʪʻʚʦ ʟʨʦʩʣʠ. 

ʅʘ ʩʴʦʛʦʜʝʥʥʷ, ʽʩʥʫʻ ʙʝʟʣʽʯ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʱʦ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʙʦʨʪʦʚʦʛʦ 

ʟʚôʷʟʢʫ ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ, ʷʢʠʡ ʫ ʤʽʢʨʦʩʫʧʫʪʥʠʢʘʭ ʥʝ ʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ, ʷʢ ʥʘʧʨʠ-

ʢʣʘʜ ʫ ʚʝʣʠʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʩʫʧʫʪʥʠʢʘʭ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʠ MIL-STD-

1553, ʘʙʦ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʘ ʪʘ ʩʫʯʘʩʥʘ ʚʝʨʩʽʷ ï SpaceWire (ESA). 

 ʂʣʘʩʠʯʥʽ ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʙʦʨʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʫ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʻ ʪʘʢ ʟʚʘʥʽ ʚʥʫʪʨʽ-ʩʭʝʤʥʽ ʧʨʦ-

ʪʦʢʦʣʠ ï SPI (Serial Peripheral Interface) ʪʘ I2C (Inter Communication), ʘ ʪʘʢʦʞ ʾʭ ʨʦʟʛʘ-

ʣʫʞʝʥʥʷ ï TWI, 1-wire, ʪʘ ʽʥ. 

ʈʦʟʫʤʽʶʯʠ ʚʠʤʦʛʠ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʚʽʜʤʦʚʦ ʩʪʽʡʢʦʩʪʽ ï ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ ʩʠʩʪʝʤʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢ 

ʟʚʘʥʠʭ çʩʠʩʪʝʤʥʠʭè ʧʦʩʣʽʜʦʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʘ ʩʘʤʝ: CAN (Area Network), CAN FD 

(Flexible Data-rate), LIN. ʊʘʢʽ ʧʨʦʪʦʢʦʣʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʻ ʟʘʟʚʠʯʘʡ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ, 

ʪʘ ʟʘ ʪʦʧʦʣʦʛʽʻʶ ʻ ʧʨʦʪʦʢʦʣʘʤʠ ʪʘʢ ʟʚʘʥʦʛʦ ʤʫʣʴʪʽ-ʤʘʩʪʝʨʽʥʛʫ. 

ʈʦʙʦʪʘ ʥʘʜ ʩʪʘʪʪʝʶ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʪʠ ʩʢʣʘʜʥʦʱʽ ʪʘ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʙʦʨʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʥʘʜʘʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʤʦʜʝʣʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʚʽʦʥʽʢʠ ʤʽʢʨʦʩʫʧʫʪʥʠʢʽʚ ʢʣʘʩʫ ʂʫʙʉʘʪ.   

ʇʦʨʽʚʥʷʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʪʘ-

ʢʠʭ ʥʦʚʽʪʥʽʭ ʤʝʨʝʞ ʷʢ SpaceCAN ʘʙʦ LibCSP/CSP ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʟʚʠʯʘʡʥʦʤʫ CAN ï 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʨʭʽʪʝʢʪʫʨʠ ʩʫʯʘʩʥʦʾ ʘʚʽʦʥʽʢʠ. 
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ʇʨʘʢʪʠʯʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʘʪʪʽ ʻ ʥʘʜʘʥʥʷ ʪʠʧʦʚʦʾ Sequence Diagram (UML) ʱʦ 

ʜʦ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʇɿ ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʠ ʙʦʨʪʦʚʦʛʦ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʇɿ. 
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ʆɻʃʗɼ ʇʃɸʊʌʆʈʄʀ ARDUPILOT  ɼʃʗ ɸɺʊʆʅʆʄʅʀʍ ʃɯʊɸʃʔʅʀʍ 

ɸʇɸʈɸʊɯɺ: ɺɯɼ ɹɸɿʆɺʀʍ ʇʈʀʅʎʀʇɯɺ ɼʆ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ 

ɯʅʊɽɻʈɸʎɯɰ ɿ ɼʆɼɸʊʂʆɺʀʄ ʆɹʃɸɼʅɸʅʅʗʄ 

ɸʥʦʪʘʮʽʷ:  ʎʷ ʜʦʧʦʚʽʜʴ ʥʘʜʘʻ ʜʝʪʘʣʴʥʠʡ ʦʛʣʷʜ Ardupilot, ʧʨʦʚʽʜʥʦʾ ʚʽʜʢʨʠʪʦʾ ʧʣʘʪʬʦ-

ʨʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʚʪʦʥʦʤʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʘʢʮʝʥʪʫʶʯʠ ʥʘ ʾʾ ʤʦʜʫʣʴʥʦʩʪʽ, 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʽʡ ʩʫʤʽʩʥʦʩʪʽ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʟʜʘʪʥʦʩʪʽ 

Ardupilot ʜʦ ʝʤʫʣʷʮʽʾ ʧʦʣʴʦʪʥʠʭ ʟʘʜʘʯ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧʣʝʢʩʥʽ ʪʝʩʪʠ ʚ 

ʙʝʟʧʝʯʥʦʤʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʩʧʨʠʷʶʯʠ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʧʦʣʴʦʪʥʠʭ ʤʽʩʽʡ. ɸʥʦʪʘʮʽʷ ʧʽʜʢʨʝʩʣʶʻ ʟʥʘʯʝʥʥʷ Ardupilot ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʨʦʟʰʠʨʶʻ ʤʝʞʽ ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʩʬʝʨʽ ʘʚʪʦʥʦʤʥʠʭ ʣʽʪʘʣʴʥʠʭ ʩʠʩʪʝʤ, 

ʚʽʜʢʨʠʚʘʶʯʠ ʰʣʷʭ ʜʦ ʥʦʚʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. 

ɸnnotation: This article provides a detailed overview of Ardupilot, a leading open-source 

platform for the development of autonomous aerial vehicles, with a focus on its modularity, 

adaptability, and integration compatibility. Special attention is given to Ardupilot's capabil-

ity for flight task emulation, enabling comprehensive testing in a safe virtual environment, 

thereby facilitating energy consumption optimization and enhancing the reliability of flight 

missions. The annotation underscores the significance of Ardupilot as a tool that extends the 

boundaries of possibilities in the field of autonomous aerial systems, paving the way for new 

innovative solutions. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Ardupilot, UAV, ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʴʦʪʫ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

Keywords: Ardupilot, UAV, flight simulation, energy efficiency. 

 

Ardupilot ʩʪʦʾʪʴ ʥʘ ʧʝʨʝʜʦʚʽʡ ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʦʥʦʤʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʧʨʦ-

ʧʦʥʫʶʯʠ ʛʥʫʯʢʫ ʪʘ ʚʽʜʢʨʠʪʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʦʟʨʦʙʢʠ  ̔ʫʧʨʘʚʣʽʥʥʷ ʜʨʦʥʘʤʠ, ʣʽʪʘʢʘʤʠ, 

ʚʝʨʪʦʣʴʦʪʘʤʠ ʪʘ ʽʥʰʠʤʠ ʪʠʧʘʤʠ UAV. ʗʢ ʫʥʽʚʝʨʩʘʣʴʥʘ ʩʠʩʪʝʤʘ, Ardupilot ʧʽʜʪʨʠʤʫʻ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ  ̔ʧʨʦʛʨʘʤʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʦ-

ʧʫʣʷʨʥʽ ʢʦʥʪʨʦʣʝʨʠ ʧʦʣʴʦʪʫ, ʪʘʢʽ ʷʢ Pixhawk ʪʘ Cube, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʶ ʟ ʧʝʨʝʜʦʚʠ-

ʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʷʢ-ʦʪ QGroundControl ̔ Mission Planner. ʎ  ̫ʩʫʤʽʩʥʽʩʪʴ 

ʨʦʙʠʪʴ Ardupilot ʽʜʝʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʽ ʧʨʘʛʥʫʪʴ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʚʦʾʭ ʧʨʦʝʢʪʽʚ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ Ardupilot  ̒ʾʾ ʤʦʜʫʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠ-

ʩʪʫʚʘʯʘʤ ʣʝʛʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʪʘ ʨʦʟʰʠʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣ ʩʠʩʪʝʤʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʤʽʩʽʾ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʝʪʘʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦ-

ʪʫ, ʪʘʢʠʭ ʷʢ PID-ʨʝʛʫʣʷʪʦʨʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʱʦ ʤʦʞʝ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ Extended Kalman Filter (EKF), ʨʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʜʦʩ-

ʢʦʥʘʣʠʪʠ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʟ ʩʝʥʩʦʨʽʚ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʾ ʥʘʚʽʛʘʮʽʾ. 

ʂʨʽʤ ʪʦʛʦ, Ardupilot ʧʽʜʪʨʠʤʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʩʝʥʩʦʨʠ ʷʢ-ʦʪ ʣʽʜʘʨʠ ʜʣʷ 3D-ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʦʧʪʠʯʥʽ ʧʦʪʦ-

ʢʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ GPS, ʪʘ ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ 
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ʜʣʷ ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ʎʝ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʝʡ, ʨʦʙʣʷʯʠ 

Ardupilot ʽʜʝʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʩʢʣʘʜʥʠʭ ʤʽʩʽʡ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʥʘʚʽʛʘʮʽʾ ʪʘ ʟʙʽʨ ʜʘʥʠʭ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʤʫʣʷʮʽʷ ʧʦʣʴʦʪʥʠʭ ʟʘʜʘʯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Ardupilot ʚʽʜʢʨʠ-

ʚʘʻ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʢʠ ʚ ʛʘʣʫʟʽ ʘʚʪʦʥʦʤʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʤʫʣʷʪʦʨ SITL (Software In The Loop) ʪʘ HIL (Hardware In The 

Loop), Ardupilot ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʴʦʪʥʠʭ ʤʽʩʽʡ ʫ ʚʽʨʪʫ-

ʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʚʽʜʪʚʦʨʶʻ ʨʝʘʣʴʥʽ ʬʽʟʠʯʥʽ ʫʤʦʚʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʪʝʩʪʫʚʘʪʠ ʩʢʣʘʜʥʽ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʥʘʚʽʛʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜ-

ʞʫʚʘʪʠ ʽ ʚʝʨʠʬʽʢʫʚʘʪʠ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟ ʨʠʟʠʢʫ ʜʣʷ ʨʝʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 

ʆʜʠʥ ʽʟ ʧʨʠʢʣʘʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʦʞʣʠʚʦʩʪʽ ð ʜʝʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʪʨʘʪʠ GPS-ʩʠʛʥʘʣʫ ʚ ʢʨʠʪʠʯʥʠʭ ʬʘʟʘʭ ʧʦʣʴʦʪʫ. ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʝʤʫʣʶʚʘʪʠ ʮʝʡ 

ʩʮʝʥʘʨʽʡ ʚ Ardupilot, ʱʦʙ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʴʦʪʫ ʥʘ 

ʦʩʥʦʚʽ ʽʥʝʨʮʽʡʥʠʭ ʜʘʥʠʭ ʪʘ ʚʽʟʫʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʾ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦ ʜʨʦʥ 

ʟʤʦʞʝ ʙʝʟʧʝʯʥʦ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʪʦʯʢʠ ʟʘʧʫʩʢʫ ʘʙʦ ʧʨʦʜʦʚʞʠʪʠ ʤʽʩʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʶ-

ʯʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʝʪʦʜʠ ʥʘʚʽʛʘʮʽʾ. 

ʑʝ ʦʜʥʘ ʢʣʶʯʦʚʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚ Ardupilot ð ʮʝ ʦʧ-

ʪʠʤʽʟʘʮʽʷ ʧʣʘʥʫʚʘʥʥʷ ʤʽʩʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʏʝʨʝʟ ʽʥʪʝʛʨʘʮʽʶ ʟ 

ʪʘʢʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʷʢ Mission Planner, ʨʦʟʨʦʙʥʠʢʠ ʤʘʶʪʴ ʟʤʦʛʫ ʚʠʧʨʦʙʫʚʘʪʠ ʨʽʟʥʽ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʽʚ, ʘʥʘʣʽʟʫʶʯʠ ʚʠʪʨʘʪʫ ʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ ʽʥʜʠ-

ʢʘʪʦʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʣʴʦʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʪʘ 

ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʤʘʢʩʠʤʽʟʫʶʪʴ ʯʘʩ ʘʚʪʦʥʦʤʥʦʾ 

ʨʦʙʦʪʠ ʜʨʦʥʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʻ ʱʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ 

ʧʦʣʴʦʪʥʠʭ ʦʧʝʨʘʮʽʡ. ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʩʠʤʫʣʶʚʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ, 

ʪʘʢʽ ʷʢ ʩʠʣʴʥʠʡ ʚʽʪʝʨ ʘʙʦ ʜʦʱ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʧʦʣʪ̔ ʥʘʚʽʪʴ ʫ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʫʤʦʚʘʭ. ʎʝ ʚʘʞʣʠʚʦ ʥʝ ʪʽʣʴʢʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʽʩʽʡ, ʘʣʝ ʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʟʙʦʨʫ ʜʘʥʠʭ ʪʘ ʚʠʢʦ-

ʥʘʥʥʷ ʟʘʚʜʘʥʴ. 

ɺʠʩʥʦʚʢʠ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʜʽʡʪʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʧʣʘʪʬʦʨʤʠ 

Ardupilot, ʧʽʜʢʨʝʩʣʶʶʪʴ ʾʾ ʟʥʘʯʝʥʥʷ ʷʢ ʢʣʶʯʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʽʥʜʫʩʪʨʽʾ ʘʚʪʦʥʦʤʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʚʽʜʢʨʠʪʦʩʪʽ, ʤʦʜʫʣʴʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ, Ardupilot ʥʝ 

ʪʽʣʴʢʠ ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʥʦʚʘʮʽʡ ʫ ʮʽʡ ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʚʘʶʯʽʡ ʛʘʣʫʟʽ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʊɽʉʊʋɺɸʅʅʗ ɺ ɿɸɼɸʏɸʍ ʄɽɼʀʏʅʆɰ ɼɯɸɻʅʆʉʊʀʂʀ 

ɸʥʦʪʘʮʽʷ: ʫ ʨʦʙʦʪʽ  ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʪʝʩʪʫʚʘʥʥʷ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʜʽʣʝʥʦ ʢʣʶʯʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʧʽʜʭʦʜʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠ-

ʚʠʭ ʟʘʜʘʯ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʪʝʩʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʜʠ ʪʝʩʪʫʚʘʥʥʷ, security-ʪʝʩʪʫʚʘʥʥʷ, ʚʠʢʣʠʢʠ ʙʝʟʧʝʢʠ, ʩʪʘʥʜʘʨʪʠ 

ʷʢʦʩʪʽ 

Annotation: this paper analyzes the main approaches to testing medical systems. The key 

features and approaches to ensuring the safety of extremely important tasks of medical 

diagnostics are highlighted. Ways of improvement and improvement of medical data securi-

ty testing methods are analyzed. 

Keywords: medical systems? 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʤʝʜʠʯʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʪʘ ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʦʶ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘ-

ʯʝʥʥʷ ʜʣʷ ʪʦʯʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ. ʆʜʥʘʢ ʨʘʟʦʤ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ ʟʨʦʩʪʘʻ ʽ ʟʘʛʨʦʟʘ ʜʣʷ ʾʭ ʙʝʟʧʝʢʠ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. 

Security-ʪʝʩʪʫʚʘʥʥʷ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻ ʧʦʪʝʥʮʽʡʥʽ ʩʣʘʙʢʽ ʩʪʨʦʥʠ 

ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʙʝʟʧʝʢʠ ʜʘʥʥʠʭ. 

 

ɺʠʢʣʠʢʠ ʙʝʟʧʝʢʠ ʚ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ: 

1. ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʘʥʠʭ. ɿʙʝʨʝʞʝʥʥʷ ʦʩʦʙʠʩʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʮʽʻʥʪʽʚ ʫ ʙʝʟʧʝʯ-

ʥʦʤʫ ʨʝʞʠʤ ̔

2. ʎʽʣʽʩʥʽʩʪʴ ʜʘʥʠʭ: ɿʘʭʠʩʪ ʚʽʜ ʥʝʟʘʢʦʥʥʠʭ ʟʤʽʥ ʘʙʦ ʚʪʨʘʪʠ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

3. ɼʦʩʪʫʧʥʽʩʪʴ ʩʠʩʪʝʤ: ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʫ ʨʘʟʽ ʘʪʘʢ ʽ 
ʟʙʦʾʚ 

͙͙́ͨ security-͔͍ͭͫͭͯ͊ͤͤΎ ͍ ͔͙ͣ͒;͙ͤͻ ͙͔ͫͫͭͣ͊ͻΥ 
1. Penetration Testing: ʎʝʡ ʚʠʜ ʪʝʩʪʫʚʘʥʥʷ, ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢ-

ʥʝʥʥʷ, ʻ ʧʨʘʢʪʠʢʦʶ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʛʘʣʫʟʽ ʤʝʜʠʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʨʘʟʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ 

ʙʝʟʧʝʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ.  

2. Application-Level Testing: ʎʝʡ ʤʝʪʦʜ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ 

ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʷʢʠʡ ʯʘʩʪʦ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷʤ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʫ, 

ʧʝʨʝʚʽʨʷʻ, ʱʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝ ʚʠʢʦʥʫʻ ʞʦʜʥʠʭ ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ. ʇʽʜ 

ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʙʝʟʧʝʢʫ ʪʝʩʪʫʚʘʣʴʥʠʢʠ ʧʝʨʝʚʽʨʷʶʪʴ ʢʦʥʢʨʝʪʥʽ ʩʮʝʥʘʨʽʾ, ʧʦʚ'ʷ-

ʟʘʥʽ ʟ ʙʝʟʧʝʢʦʶ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʢʦʥʫʶʯʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʙʦ ʩʮʝʥʘʨʽʡʥʽ ʪʝʩʪʦʚʽ ʩʢʨʠʧʪʠ. 

3. Testing DoS and DDoS Vulnerabilit: ʎʝʡ ʪʠʧ ʪʝʩʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʶʻ ʘʪʘʢʠ DoS ʽ DDoS ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚʘʭ ʟ ʨʝʘʣʴʥʠʤ 
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ʪʨʘʬʽʢʦʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʚʘʰʝ ʩʝʨʝʜʦʚʠʱʝ, ʟʘʩʦʙʠ ʧʦʤ'ʷʢ-

ʰʝʥʥʷ ʪʘ ʢʦʤʘʥʜʘ ʤʦʞʫʪʴ ʧʨʦʪʠʩʪʦʷʪʠ ʪʘʢʠʤ ʘʪʘʢʘʤ. 

4. Security Code Review: ʎʝʡ ʧʨʦʮʝʩ ʚʠʟʥʘʯʘʻ ʪʘ ʚʠʧʨʘʚʣʷʻ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ 
ʚʨʘʟʣʠʚʦʩʪʽ ʙʝʟʧʝʢʠ ʚ ʢʦʜʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʮʽ ʚʨʘʟʣʠ-

ʚʦʩʪʽ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʫʥʠʢʥʝ ʧʨʦʙʣʝʤ ʘʙʦ ʚʝʣʠʢʠʭ ʚʠʧʨʘʚʣʝʥʴ ʧʽʜ ʯʘʩ ʧʽʟʥʽʰʠʭ 

ʝʪʘʧʽʚ ʮʠʢʣʫ ʨʦʟʨʦʙʢʠ.  

ɺʘʞʣʠʚʦʶ ʻ ʨʦʟʨʦʙʢʘ ʩʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʽ ʤʘʥʫʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ 

ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙʦʚᾷʷʟʢʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʫ ɯɽʉ ʚʩʽʭ 

ʽʩʥʫʶʯʠʭ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʋʢʨʘʾʥʠ ʮʝ ʪʘʢʦʞ ʜʫʞʝ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ ʪʘʢ ʷʢ ʥʘʰʘ 

ʢʨʘʾʥʘ ʻ ʮʠʬʨʦʚʦʶ ʢʨʘʾʥʦʾ ʽ ʟʘʨʘʟ ʘʢʪʠʚʥʦ ʚʧʨʚʘʜʞʫʻ ʝʣʝʢʪʨʦʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛ ʫ 

ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

 
ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ  
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ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʆɹʈʆɹʂʀ ʂʆʉʄɯʏʅʀʍ ɼɸʅʀʍ 

ɸʥʦʪʘʮʽʷ: ʉʪʘʪʪʷ ʦʧʠʩʫʻ ʝʪʘʧʠ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʚʽʜ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʥ̔-

ʬʦʨʤʘʮʽʾ ʜʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʡʜʝʥʠʭ ʜʘʥʠʭ. ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ 

ʚʘʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ̫ ʢ ʧʣʦʱʘ ʮʽʣʴʦʚʦʛʦ ʨʝʛʽʦʥʫ, ʧʝʨʽʦʜ ʘʢʪʫʘʣʴ-

ʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʪʘ ʧʨʦʩʪʦʨʦʚʘ/ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʫʧʫʪʥʠ-

ʢʦʚʠʭ ʜʘʥʠʭ. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʚʝʜʝʥʽ ʫ ʬʦʨʤʽ ʟʦʙ-

ʨʘʞʝʥʴ ʪʘ ʛʨʘʬʽʢʽʚ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʧʫʪʥʠʢ, ʩʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʘʥʘʣʽʟ. 

Annotation: The article describes the stages of satellite data analysis, from organising the 

information to choosing the analysis methods according to the data found. The importance 

of taking into account such parameters as the area of the target region, the period of infor-

mation relevance, physical quantities and spatial/temporal resolution of satellite data is 

emphasised. It is noted that the results of the analysis can be displayed in the form of images 

and graphs. 

Keywords: satellite, satellite data, analysis. 

 

ʅʘ  ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘ ʦʨʙʽʪʽ ɿʝʤʣʽ ʬʫʥʢʮʽʦʥʫʻ ʙʣʠʟʴʢʦ 1000 ʩʫʧʫʪʥʠʢʽʚ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɿ ʥʠʭ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʥʘʣʝʞʠʪʴ ʉʐɸ (45%), ʜʘʣʽ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʩʫʧʫʪʥʠʢʽʚ ʡʜʝ ʈʦʩʽʷ (10%), ʂʠʪʘʡ (7%) ʽ ʗʧʦʥʽʷ (4%). ʅʘ ʮʝʡ ʤʦʤʝʥʪ ʢʦʩʤʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʽ ʚʣʘʩʥʠʤʠ ʩʫʧʫʪʥʠʢʘʤʠ ʚʦʣʦʜʽʶʪʴ 44 ʢʨʘʾʥʠ, ʩʝʨʝʜ ʷʢʠʭ ʽ ʋʢʨʘʾʥʘ. ʎʽ 

ʩʫʧʫʪʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʙʠʨʘʪʠ ʜʘʥʽ ʟ ʢʦʩʤʦʩʫ, ʘ ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʘʥʘʣʽʟʫʚʘʪʠ ʟʽʙʨʘʥʥʽ ʜʘʥʽ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʚ ʘʥʘʣʽʟʽ ʩʫʧʫʪ-

ʥʠʢʦʚʠʭ ʜʘʥʠʭ ʻ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʚʠ ʭʦʯʝʪʝ ʦʪʨʠʤʘʪʠ ʟ 

ʘʥʘʣʽʟʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. ʎʽ ʝʣʝʤʝʥʪʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʠʞʯʝ 

¶ ʇʣʦʱʘ(ʎʽʣʴʦʚʠʡ ʨʝʛʽʦʥ - ʮʝ ʚʝʩʴ ʩʚʽʪ ʯʠ ʣʠʰʝ ʗʧʦʥʽʷ? ʗʢʱʦ ʮʽʣʴʦʚʘ ʪʝ-

ʨʠʪʦʨʽʷ ʟʘʥʘʜʪʦ ʚʝʣʠʢʘ, ʦʙʩʷʛ ʜʘʥʠʭ ʤʦʞʝ ʩʪʘʪʠ ʚʝʣʠʯʝʟʥʠʤ.) 

¶ ʇʝʨʽʦʜ(ʏʠ ʻ ʮʽʣʴʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʘʢʪʫʘʣʴʥʦʶ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʚ ʤʠʥʫʣʦ-

ʤʫ ʘʙʦ ʟʤʽʥʶʻʪʴʩʷ ʽ ʫʩʝʨʝʜʥʶʻʪʴʩʷ ʚʽʜ ʤʠʥʫʣʦʛʦ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ?) 

¶ ʌʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʪʘ ʽʥʬʦʨʤʘʮʽʷ(ʌʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʪʘʢʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʽ, ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʤʦʨʷ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʦʧʘʜʽʚé) 

¶ ʅʝʦʙʭʽʜʥʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ(ʏʠʤ ʚʠ-

ʱʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʪʠʤ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʠ 

ʤʦʞʝʪʝ ʦʪʨʠʤʘʪʠ. ) 

¶ ʅʝʦʙʭʽʜʥʘ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ(ʏʘʩʦʚʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ (ʯʘʩʪʦʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ), ʥʝʦʙʭʽʜʥʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʯʘʩʦʚʦʾ ʰʢʘʣʠ ʷʚʠʱʘ ʘʙʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʟʘʬʽʢʩʫʚʘʪʠ. ʏʠʤ ʚʠ-

ʱʘ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʪʠʤ ʚʠʱʘ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʴ-

ʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ.) 
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ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʡʜʝʥʠʭ ʩʫʧʫʪʥʠʢʦ-

ʚʠʭ ʜʘʥʠʭ. ɿʘʛʘʣʦʤ, ʚʠ ʤʦʞʝʪʝ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʚʣʘʩʥʽ ʧʨʦʛʨʘʤʠ ʘʥʘʣʽʟʫ ʘʙʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ, ʪʘʢʽ ʷʢ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʜʦʜʘʪʢʠ), ʷʢʠʤ ʤʦʞʥʘ 

ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ (GUI). ʋ ʚʽʜʢʨʠʪʦʤʫ ʜʦ-

ʩʪʫʧʽ ʜʦʩʪʫʧʥʽ ʨʽʟʥʽ ʪʠʧʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʥʘʣʽʟʫ, ʟʦʢʨʝʤʘ ʪʽ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʜʘʥʠʭ, ʽ ʪʽ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. ɹʽʣʴʰʽʩʪʴ 

ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʨʠʚʠʤʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽʟ ʧʦʟʠʮʽʡʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʧʨʦʝʢʮʽʾ. ʋ ʨʘʟʽ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʧʦʨʽʚʥʶʻ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ, ʜʘʥʽ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʘʙʦ ʜʘʥʽ ɻʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ (ɻɯʉ), ʥʝʦʙʭʽʜʥʦ ʟʽʩʪʘʚʠʪʠ ʛʝʦʜʝʟʠʯʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʩʣʫʞʠʪʴ ʝʪʘʣʦʥʦʤ ʜʣʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʚʠʨʘʞʝʥʦʾ ʚ ʰʠʨʦʪʽ ʪʘ ʜʦʚʛʦʪʽ (ʛʝʦʛʨʘʬʽʯʥʽ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ). ʇʽʩʣʷ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʽ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʪʘ ʽʥʰʦʾ ʦʙʨʦʙʢʠ ʚʠ ʤʦʞʝʪʝ ʚʠʢʦʥʘʪʠ ʦʙʨʦʙʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥ-

ʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. ɺʠʚʝʜʽʪʴ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ, ʷʢ-ʦʪ ʜʘʥʽ 

ʟʦʙʨʘʞʝʥʴ ʽ ʛʨʘʬʽʢʠ, ʫ ʬʦʨʤʽ ʟʦʙʨʘʞʝʥʴ, ʪʝʢʩʪʫ ʪʦʱʦ. ɺʠʢʦʥʘʚʰʠ ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʢʦʩʤʽʯʥʠʭ ʜʘʥʠʭ ʤʠ ʟʤʦʛʣʠ ʜʽʟʥʘʪʠʩʴ ʷʢ ʦʙʨʦʙʣʶʶʪʴ ʢʦʩʤʽʯʥʽ ʜʘʥʽ 
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ʂɸʃɯɹʈʋɺɸʅʅʗ ʏʋʊʃʀɺʀʍ ɽʃɽʄɽʅʊɯɺ ɹɯʅʉ ʗʂ ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ 

ʊʆʏʅʆʉʊɯ ɺʀɿʅɸʏɽʅʔ ʅɸɺɯɻɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ 

ɸʥʦʪʘʮʽʷ. ʊʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʙʝʟʧʣʘʪʬʦʨʤʥʦʾ ʽʥʝʨʮʽʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ̔ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʯʫʪʣʠʚʠʭ ʝʣʝ-

ʤʝʥʪʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʙʝʟʧʣʘʪʬʦʨʤʥʦʾ 

ʽʥʝʨʮʽʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɼʦʩʣʽʜʞʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʙʝʟʧʣʘʪ-

ʬʦʨʤʥʦʾ ʽʥʝʨʮʽʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʘʤ ʾʾ ʤʦʜʝʣʽ ʧʦʭʠʙʦʢ. ʋ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʦʢ ʜʘʪʯʠʢʽʚ ʪʘ  ʤʝʪʦʜ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʜʘʪʯʠʢʽʚ ʧʦ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʘʤ ʤʦʜʝʣʽ ʧʦʭʠʙʦʢ ʟ ʢʦʨʝʢʮʽʻʶ ʙʝʟʧʣʘʪʬʦʨʤʥʦʾ 

ʽʥʝʨʮʽʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦ ʩʠʛʥʘʣʘʭ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʜʘʪʯʠʢʠ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

Annotation. The accuracy of the platformless inertial navigation system depends from accu-

racy characteristic and quality of calibration of sensitive elements. The question of calibra-

tion accuracy increase of the platformless inertial navigation system is considered. The 

method of errors determination of the platformless inertial navigation system on output 

signals of its errors model is researched. In this work the algorithms of errors calculation 

with navigation system correction on testing stand signals are offered. 

Keywords: ʩalibration, accelerometers, angular speed sensors. 

 

ʈʝʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʙʝʟʧʣʘʪʬʦʨʤʥʦʾ ʽʥʝʨʮʽʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

(ɹɯʅʉ) ʤʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʨʝʞʠʤʫ, ʷʢʠʡ ʦʧʠʩʫʶʪʴ ʨʽʚʥʷʥʥʷ ʾʾ ʽʜʝʘʣʴʥʦʾ ʨʦʙʦʪʠ [1]. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ɹɯʅʉ, ʘ ʩʘʤʝ ʜʘʪʯʠʢʠ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, 

ʤʘʶʪʴ ʚʣʘʩʥʽ ʤʝʪʦʜʠʯʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʦʭʠʙʢʠ [2, 3]. ʇʽʜ ʚʧʣʠʚʦʤ ʮʠʭ ʬʘʢʪʦʨʽʚ 

ɹɯʅʉ ʬʫʥʢʮʽʦʥʫʻ ʚ ʪʘʢ ʥʘʟʚʘʥʦʤʫ ʟʙʫʨʝʥʦʤʫ ʨʝʞʠʤʽ  ̔ʚʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴ 

ʧʦʭʠʙʢʠ, ɦ ʦ ʚʠʢʣʠʢʘʥʽ ʚʧʣʠʚʦʤ ʟʙʫʨʝʥʴ.  

ʊʦʤʫ ʢʘʣʽʙʨʫʚʘʥʥʷ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ɹɯʅʉ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʄɽʄʉ-

ʜʘʪʯʠʢʘʭ, ̒  ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʪʦʯʥʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʟʥʘʯʝʥʴ.  

ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʴ  ̒ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥ ʧʦʭʠʙʦʢ ʯʫʪʣʠʚʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ɹɯʅʉ (ʪʘʢʠʭ ʷʢ ʟʤʽʱʝʥʥʷ ʥʫʣʷ, ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ, ʤʘʪʨʠʮʽ ʥʝʦʨʪʦʛʦ-

ʥʘʣʴʥʦʩʪʽ ʦʩʝʡ ʯʫʪʣʠʚʦʩʪʽ), ʱʦ ʟʘʜʘʶʪʴʩʷ ʚ ʩʧʝʮʠʬʽʢʘʮʽʾ ʥʘ ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ (ʘʢʩʝʣʝ-

ʨʦʤʝʪʨʠ ʪʘ ʜʘʪʯʠʢʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ). 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʽ, ʚ ʷʢʠʭ ʩʠʩʪʝʤʘ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ. ʆʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʪʘ ʾʭʥʽʭ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʝʡ ʧʦʚʠʥʥʦ ʧʨʦʚʦʜʠʪʠʩʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʩʪʝʥʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʴ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʝʟʧʣʘʪʬʦʨʤʥʠʭ 

ʽʥʝʨʮʽʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʚʠʟʥʘʯʝʥʽ ʩʠʩʪʝʤʘʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʟʤʽʱʝʥʥʷ ʥʫʣʷ, 

ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʤʘʪʨʠʮʷ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʦʩʝʡ ʯʫʪʣʠʚʦʩʪʽ ʜʣʷ ʜʘʪʯʠʢʽʚ 

ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. ʊʦʯʥʽʩʪʴ ʟʘʜʘʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ.  
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ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʏʋʊʃʀɺʀʍ 

ɽʃɽʄɽʅʊɯɺ ʉʀʉʊɽʄ ʅɸɺɯɻɸʎɯɰ 

ɸʥʦʪʘʮʽʷ. ʅʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʜʣʷ ʷʢʽʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʜʘʯ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʟʥʘʯʝʥʴ. ʋ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʫʪʣʠʚʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʙʝʟʧʣʘʪʬʦʨʤʥʠʭ ʽʥʝʨʮʽʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʩʪʝʥʜʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʯʥʽʩʪʴ, ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ, ʙʝʟʧʣʘʪʬʦʨʤʥʘ ʽʥʝʨʮʽʘʣʴʥʘ ʥʘʚʽʛʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ. 

Annotation. In the present-day world for qualitative realization of assigned task the naviga-

tion systems demand the increase of accuracy characteristics of navigation definitions. In 

work the method of increase of accuracy characteristics of sensitive elements of the plat-

formless inertial navigation systems is offered, by taking into account the calibration coeffi-

cients during carrying out accuracy tests with use of complex stands. 

Keywords: accuracy, sensitive elements, platformless inertial navigation system 

 

ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʝʟʧʣʘʪʬʦʨʤʥʠʭ 

ʽʥʝʨʮʽʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɹɯʅʉ) ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ  ̔ʝʬʝʢʪʠʚʥʦʛʦ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʥʘʚʽʛʘʮʽʾ [1, 2]. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ  ̒ʤʝʪʦʜ ʪʦʯʥʦʩʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʨʘʭʫʚʘʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ɹɯʅʉ, ʱʦ 

ʚʠʟʥʘʯʝʥʽ ʟʛʽʜʥʦ ʤʦʜʝʣʽ ʧʦʭʠʙʦʢ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ [3]. 

ʊʦʯʥʦʩʪʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣ ̫ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ  ʧʨʘ-

ʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʠʭ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ,  ̔ʷʢ ʥʘʩʣʽʜʦʢ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯ-

ʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɯʅʉ, ʘ ʩʘʤʝ, ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʨʽʰʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʟʘ 

ʜʘʥʠʤ ʽʥʝʨʮʽʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ.  

ʇʨʦʚʝʜʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʻ ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʽʩʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ, 

ʪʦʤʫ ɹɯʅʉ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʚ ʧʦʩʪʽʡʥʦʤʫ ʟʘʧʘʤôʷʪʦʚʫʶʯʦʤʫ ʧʨʠʩʪʨʦʾ ʩʧʝʮʽʘʣʴʥʝ 

ʧʨʦʛʨʘʤʥʦ-ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʊʦʯʥʦʩʪʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʫʤʦ-

ʚʘʭ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʽ, ʚ ʷʢʠʭ ʩʠʩʪʝʤʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ. ʆʪʨʠʤʘʥʥʷ ʜʘʥʠʭ 

ʧʦʚʠʥʥʦ ʧʨʦʚʦʜʠʪʠʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʩʪʝʥʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ɹɯʅʉ 

ʤʘʶʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ), ʷʢ: 

- ʯʘʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʘ ʪʦʯʥʦʩʪʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ɹɯʅʉ; 

- ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʢʦʞʥʦʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʘ-

ʥʘʣʽ; 

- ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʣʽʥʽʡʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʫ ʩʪʘʪʠʯ-

ʥʦʤʫ ʪʘ ʜʠʥʘʤʽʯʥʦʤʫ ʧʦʣʦʞʝʥʥʷʭ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɹɯʅʉ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʚʽʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʾʾ ʯʫʪʣʠ-

ʚʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʂʈʀʊɽʈɯɰ ʆʎɯʅʂʀ ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ ʂʆʄʇôʖʊɽʈʅʀʍ ʇʈʆɻʈɸʄʅʀʍ 

ɻɽʅɽʈɸʊʆʈɯɺ 

ɸʥʦʪʘʮʽʷ: ʫ ʨʦʙʦʪʽ  ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʚʠʟʥʘʯʝʥʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʧʨʦʛʨʘʤʥʽ ʛʝʥʝʨʘʪʦʨʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝ-

ʨʠʤʝʥʪʠ, ʢʨʠʪʝʨʽʡ, ʬʘʢʪʦʨʥʠʡ ʘʥʘʣʽʟ. 

Abstract: the paper presents the features of the use of computer program generators and 

defined criteria for evaluating their informativeness using modern criteria of mathematical 

statistics. The main features of the application of criteria for evaluating informativeness are 

defined. 

Keywords: mathematical statistics, software generators, computational experiments, criteri-

on, factor analysis. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʩʫʯʘʩʥʦʤʫ 

ʩʚʽʪʽ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʯʝʨʝʟ ʾʭʥʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʛʝʥʝʨʘʪʦʨʽʚ ʤʦʞʥʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʫʪʠʥʥʠʭ ʟʘʜʘʯ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʢʦʥʦʤʠʪʠ ʯʘʩ ʪʘ ʟʫʩʠʣʣʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʫ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʤʘʻ ʚʝʣʠʢʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʫ-

ʚʘʪʠ ʪʘ ʧʦʣʝʛʰʠʪʠ ʩʢʣʘʜʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ʈʦʟʛʣʷʥʝʤʦ 

ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ , ʷʢʽ ʚʠʢʦʨʠʪʦʚʫʶʪʴ 

ʤʘʡʞʝ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʟʥʘʥʴ ʩʴʦʛʦʜʝʥʥʷ:  

1. ʉʠʤʫʣʷʮʽʷ ʜʘʥʠʭ: ʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʩʠʤʫʣʷʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʪʠʩʪʠʯ-

ʥʠʭ ʤʝʪʦʜʽʚ. 

2. ʇʦʙʫʜʦʚʘ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ: ʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʘʥʘʣʽʟʘʭ ʪʘ ʦʮʽʥʮʽ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ. 

3. ɹʫʪʩʪʨʝʧʽʥʛ: ʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʚʠʙʽʨʢʠ ʟ ʦʩʥʦʚʥʦʛʦ 

ʥʘʙʦʨʫ ʜʘʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʫʪʩʪʨʝʧ-ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʚʽʨʯʽ ʽʥʪʝʨ-

ʚʘʣʠ ʪʘ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʨʝʨʚʥʠʭ ʨʦʟʧʦʜʽʣʽʚ. 

4. ɻʝʥʝʨʘʮʽʷ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ: ʛʝʥʝʨʘʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴ-

ʢʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʜʘʯʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧ'ʶʪʝʨʥʽ ʧʨʦʛʨʘʤʥʽ ʛʝʥʝʨʘʪʦʨʠ ʻ ʥʝʟʘʤʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ, 

ʜʦʧʦʤʘʛʘʶʯʠ ʚʯʝʥʠʤ ʪʘ ʜʦʩʣʽʜʥʠʢʘʤ ʝʬʝʢʪʠʚʥʦ ʚʠʚʯʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ. 

ɼʣʷ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʨʠʪʝʨʽʶ ʢʣʘʩʠʯʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʨʦ-

ʧʦʥʫʻ ʦʜʠʥʘʜʮʷʪʴ ʢʨʠʪʝʨʽʾʚ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧôʷʪʴ 

ʢʨʠʪʝʨʽʾʚ: ʂʨʠʪʝʨʽʡ ʐʝʨʤʘʥʘ (Sherman's criterion), ʂʨʠʪʝʨʽʡ ʄʦʨʘʥʘ (Moran's 
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criterion), ʂʨʠʪʝʨʽʡ ʏʘʥʛʘ-ʉʧʽʨʽʥʛʘ (Chang-Spiering criterion), ʂʨʠʪʝʨʽʡ ʌʨʦʮʠʥʽ (Fro-

cini criterion), ʂʨʠʪʝʨʽʡ ɻʨʽʥʚʫʜʘ-ʂʝʡʩʝʥʙʝʨʨʽ-ʄʽʣʣʝʨʘ (Greenwood-Casenberry-Miller  

criterion) ʪʘ ʥʘʚʝʜʝʤʦ ʢʦʨʦʪʢʫ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ: 

1. ʂʨʠʪʝʨʽʡ ʐʝʨʤʘʥʘ (Sherman's criterion) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴ-

ʥʦʩʪʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ. ɺʽʥ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʟʥʘʯʝʥʴ ʜʠʩʧʝʨʩʽʡʥʠʭ ʤʝʪʨʠʢ 

ʤʦʜʝʣʽ. ɿʘʟʚʠʯʘʡ, ʯʠʤ ʤʝʥʰʝ ʜʠʩʧʝʨʩʽʷ ʟʘʣʠʰʢʽʚ ʤʦʜʝʣʽ (ʨʽʟʥʠʮʷ ʤʽʞ ʩʧʦʩʪʝʨʝʞʫʚʘ-

ʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʘ ʟʥʘʯʝʥʥʷʤʠ, ʧʝʨʝʜʙʘʯʝʥʠʤʠ ʤʦʜʝʣʣʶ), ʪʠʤ ʢʨʘʱʝ ʤʦʜʝʣʴ. ʂʨʠ-

ʪʝʨʽʡ ʐʝʨʤʘʥʘ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʷʢʘ ʜʘʻ 

ʥʘʡʤʝʥʰʫ ʜʠʩʧʝʨʩʽʶ ʟʘʣʠʰʢʽʚ. 

2. ʂʨʠʪʝʨʽʡ ʄʦʨʘʥʘ (Moran's criterion) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʚʝʣʠʢʦʾ ʤʘʪʨʠʮʽ. ɺʽʥ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ ʧʨʦʩʪʦʨʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʜʘʥʠʭ.  

3. ʂʨʠʪʝʨʽʡ ʏʘʥʛʘ-ʉʧʽʨʽʥʛʘ (Chang-Spiering criterion) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʜʘʥʠʭ. ʂʨʠʪʝʨʽʡ ʏʘʥʛʘ-ʉʧʽʨʽʥʛʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʚʣʘʩ-

ʥʠʭ ʟʥʘʯʝʥʴ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ. ɺʽʥ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ ʘʥʘʣʽʟʽ ʜʘʥʠʭ, 

ʦʩʢʽʣʴʢʠ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʽ ʽ ʚʠʷʚʠʪʠ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠ-

ʚʘʶʪʴ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽ ʷʚʠʱʘ. 

4. ʂʨʠʪʝʨʽʡ ʌʨʦʮʠʥʽ (Frocini criterion) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʩ-

ʪʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʦʜʝʣʽ. ɺʽʥ 

ʜʦʧʦʤʘʛʘʻ ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʫ ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ ʤʦʜʝʣʴ ʟ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ. 

5. ʂʨʠʪʝʨʽʡ ɻʨʽʥʚʫʜʘ-ʂʝʡʩʝʥʙʝʨʨʽ-ʄʽʣʣʝʨʘ (Greenwood-Casenberry-Miller criterion) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. ɺʽʥ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚ-

ʥʷʥʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʩʧʝʨʩʽʾ ʟʦʚʥʽʰʥʴʦʾ ʜʠʩʧʝʨʩʽʾ ʤʦʜʝʣʽ.  

ʆʧʠʩʘʥʽ ʢʨʠʪʝʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʜʦʧʦʤʘʛʘ-

ʶʪʴ ʚ ʨʦʟʫʤʽʥʥʽ ʾʭ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ  
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʇʈʀ ʈʆɿʈʆɹʎɯ 

ʄɸʅɯʇʋʃʗʊʆʈɯɺ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʟ-

ʨʦʙʢʠ ʤʘʥʽʧʫʣʷʪʦʨʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʧʘʢʝʪʽʚ Mathcad, MATLAB ʪʘ ʩʠʤʫʣʷ-

ʪʦʨʘ Gazebo ʥʘʜʘʶʪʴ ʽʥʞʝʥʝʨʘʤ ʧʦʪʫʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʥʘʣʽʟʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʙʦʪ, ʤʘʥʽʧʫʣʷʪʦʨ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

Annotation. The use of information technologies at various stages of development of 

manipulators is considered. The use of engineering packages Mathcad, MATLAB and the 

Gazebo simulator provide engineers with powerful tools for analysis, simulation and 

optimization. The introduction of information technologies greatly simplifies the 

development and testing of manipulators.  

Keywords: robot, manipulator, software. 

 

ʈʦʙʦʪʠ ʤʘʥʽʧʫʣʷʪʦʨʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʦʥʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦ-

ʜʘʨʩʪʚʽ, ʤʝʜʠʮʠʥʽ, ʘ ʪʘʢʦʞ ʚ ʧʦʙʫʪʽ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ ʝʪʘʧʽʚ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʟʘʢʽʥʯʫʶʯʠ ʚʠʧʨʦ-

ʙʫʚʘʥʥʷʤ ʽ ʫʟʛʦʜʞʝʥʥʷʤ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʟ ʚʞʝ ʽʩʥʫʶʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ.  

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʤʘʥʽʧʫ-

ʣʷʪʦʨʽʚ. ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ Mathcad ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʦʙʦʪʽʚ ʤʘʥʽʧʫʣʷʪʦʨʽʚ 

ʦʙʫʤʦʚʣʝʥʘ [1]: 

- ʰʚʠʜʢʽʩʪʶ ʽ ʪʦʯʥʽʩʪʶ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʫ ʟʦʩʝʨʝʜʠʪʠʩʷ 

ʥʘ ʪʚʦʨʯʦʤʫ ʘʩʧʝʢʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

- ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ, ʜʽʘʛʨʘʤ ʪʘ ʪʘʙʣʠʮʴ, ʱʦ ʧʦ-

ʣʝʛʰʫʻ ʨʦʟʫʤʽʥʥʷ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

- ʤʦʞʣʠʚʽʩʪ ʁʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʩʧʨʦʱʫʻ ʩʧʽʣʴʥʫ 

ʨʦʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʦʤ ʪʘ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʠ. 

ʅʘ ʝʪʘʧʽ ʩʢʣʘʜʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ MATLAB  ʦʙʫ-

ʤʦʚʣʝʥʘ [2]: 

- ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʩʧʨʦ-

ʱʫʻ ʨʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ - ʝʣʝʢʪʨʠʯʥʠʭ, 

ʧʥʝʚʤʘʪʠʯʥʠʭ, ʛʽʜʨʘʚʣʽʯʥʠʭ ʽ ʪ.ʧ. 

- ʤʦʞʣʠʚʽʩʪʶ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ʽʥʞʝʥʝʨʥʠʤʠ ʧʘʢʝʪʘʤʠ, ʝʢʩʧʦʨʪʦʤ ʪʘ 

ʽʤʧʦʨʪʦʤ ʜʘʥʠʭ; ʱʦ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ çʧʘʨʘʣʝʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷè ʜʣʷ ʧʽʜʚʠʱʝʥ-

ʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʘʥʜʠ. 

ʅʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʦʢʨʝʤʠʭ ʣʘʥʦʢ ʽ ʢʦʥʩʪʨʫʢʮʽʾ "ʚ ʮʽʣʦʤʫ" ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʤʫʣʷʪʦʨʘ Gazebo ʦʙʫʤʦʚʣʝʥʘ [3]: 
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- ʤʦʞʣʠʚʽʩʪʶ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʥʽʧʫʣʷʪʦ-

ʨʘ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʣʘʥʦʢ, ʚʢʣʶʯʘʶʯʠ ʜʠʥʘʤʽʢʫ, ʤʘʩʫ, ʪʝʨʪʷ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. 

- ʤʦʞʣʠʚʽʩʪʶ ʩʠʤʫʣʷʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʫ ʰʚʠʜʰʝ 

ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʪʝʩʪʫʚʘʪʠ ʨʽʟʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʦʮʽʥʶʚʘʪʠ ʾʭʥʶ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ. 

- ʤʦʞʣʠʚʽʩʪʶ ʽʥʪʝʛʨʘʮʽʾ ʟ ROS (Robot Operating System), ʱʦ ʜʦʟʚʦʣʷʻ ʽʥ-

ʞʝʥʝʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʫ ʨʝʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʽʚ, ʘʥʘʣʽʟʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʰʚʠʜʰʝ ʽ ʝʬʝʢʪʠʚʥʽʰʝ. 

ʅʘʧʨʠʢʣʘʜ, ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʤʘʥʽʧʫʣʷʪʦʨʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʠʪʠ 

ʡʦʛʦ ʨʝʘʢʮʽʶ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʪʘ ʚʠʷʚʠʪʠ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ ʱʝ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ.  

ʊʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʝʪʘʧʽ ʾʭ ʨʦʟʨʦʙʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʪʘ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ. 

ʊʘʢʦʞ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʪʘ 

ʚʥʦʩʠʪʠ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʩʪʨʦʶ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʥʝʦʙʭʽʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʨʦʟʨʦʙ-

ʢʠ ʩʫʯʘʩʥʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʰʚʠʜʢʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ 

ʘʥʘʣʽʟ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʦʢʨʝʤʠʭ ʣʘʥʦʢ ʪʘ ʘʛʨʝʛʘʪʽʚ, ʪʘʢ  ʽ 

ʚʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ. 
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ʆʎɯʅʂɸ ʊʆʏʅʆʉʊɯ ɺʀɿʅɸʏɽʅʅʗ ɼʀʅɸʄɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʆʂʋʃʆʄʆʊʆʈʅʆɰ ʉʀʉʊɽʄʀ ʃʖɼʀʅʀ ɿɸ ɼɸʅʀʄʀ ɸʁʊʈɽʂɯʅɻɸ 

ɸʥʦʪʘʮʽʷ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʦʤʦʪʦʨʥʦʾ ʩʠʩʪʝʤʠ  (ʆʄʉ) ʫ 

ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʣʽʥʽʡʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ  ʽʜʝʥʪʠʬʽʢʘʮʽʾ "ʚʭʽʜ-ʚʠʭʽʜ" ʟʘ ʜʘʥʠʤʠ ʘʡʪʨʝʢʽʥʛʘ. ʅʘʚʝʜʝʥʽ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ 

ʧʦʙʫʜʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʨʷʜʽʚ ʪʘ ʧʦʣʽʥʦʤʽʚ ɺʦʣʴʪʝʨʨʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʢʫʣʦʤʦʪʦʨʥʘ ʩʠʩʪʝʤʘ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʤʦʜʝʣʽ ɺʦʣʴʪʝʨʨʠ, ʘʡʪʨʝʢʽʥʛ, 

ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ. 

Annotation. The dynamic characteristics of the oculomotor system (OMS) are determined in 

the form of multidimensional transient functions, which are obtained as a results of nonline-

ar dynamic identification "input-output" according to eye-tracking data. Estimates of the 

accuracy of the models built on the basis of Volterra series and polynomials are presented. 

Keywords: oculomotor system, identification, Volterra model, eye-tracking, accuracy of 

models. 

 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʫʣʦʤʦʪʦʨʥʦʾ ʩʠʩʪʝʤʠ (ʆʄʉ) ʣʶʜʠʥʠ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʥʝʣʽʥʽʡʥʽ ʤʦʜʝʣʽ [1] ï [3], ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʶʪʴ ʥʝʣʽ-

ʥʽʡʥʽ ʪʘ ʽʥʝʨʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʆʄʉ ʚʠʟʥʘʯʘ-

ʶʪʴʩʷ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʧʝʨʝʭʽʜʥʽ ʬʫʥʢʮʽʾ ʟʘ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ "ʚʭʽʜ-ʚʠʭʽʜ" [2], [3]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽʥʥʦʚʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʘʡʪʨʝʢʽʥʛʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʻʩʪʨʫʚʘʪʠ ʚʽʜʛʫʢʠ ʆʄʉ ʥʘ ʪʝʩʪʦʚʽ ʚʽʟʫʘʣʴʥʽ ʩʪʠʤʫʣʠ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ: ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʡ [3] ʪʘ ʤʝʪʦʜ ʥʘʡ-

ʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [2]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʤʝʪʦʜʫ ʦʪʨʠʤʫʻʤʦ ʤʦʜʝʣʴ 

ʆʄʉ ʫ ʚʠʛʣʷʜʽ ʚʽʜʨʽʟʢʘ ʨʷʜʫ ɺʦʣʴʪʝʨʨʠ ʧʦʨʷʜʢʫ N (ʄʦʜʝʣʴ1.N), ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʜʨʫʛʦʛʦ ʤʝʪʦʜʫ ï ʧʦʣʽʥʦʤ ɺʦʣʴʪʝʨʨʠ N-ʛʦ ʧʦʨʷʜʢʫ (ʄʦʜʝʣʴ2.N).  

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʣʛʦʨʠʪʤʽʯʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʦʙʯʠʩʣʝʥʥʷ ʜʠʥʘ-

ʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʄʉ ʟʘ ʜʘʥʠʤʠ ʘʡʪʨʝʢʽʥʛʫ, ʘʥʘʣʽʟ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽ-

ʢʘʮʽʾ. ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. 

ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚʽʜʛʫʢʠ ʆʄʉ ʥʘ ʪʝʩʪʦʚʽ ʩʪʫʧʽʥʯʘʩʪʽ ʩʠʛʥʘʣʠ ʭ(t)=ajɗ(t) (ɗ(t) ï 

ʬʫʥʢʮʽʷ ˆʝʚʽʩʘʡʜʘ) ʟ ʘʤʧʣʽʪʫʜʘʤʠ aj (j=1, 2, 3): a1=1/3, a2=2/3, a3=1 [2], [3].  

ɺʠʩʥʦʚʦʢ: ʤʦʜʝʣʽ ʄʦʜʝʣʴ 2.2 ʪʘ ʄʦʜʝʣʴ 2.3 ʧʦʨʽʚʥʷʥʦ ʢʨʘʱʽ ʟʘ ʽʥʰʽ. 
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ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠ-

ʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʏʇʂ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ. 

Annotation: This paper analyzes various options of software for computer numerical control 

(CNC) systems. The importance of choosing optimal software to enhance productivity, 

quality, and efficiency in managing technological processes in CNC-based manufacturing is 

discussed. 

Keywords: control systems, software, automation. 

 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʽʜʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɼʝʷʢʽ ʟ ʥʠʭ ʚʢʣʁ-

ʯʘʶʪʴ:ʧʨʦʤʠʩʣʦʚʠʡ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (Industrial Internet of Things, IIoT): ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʝʥʩʦʨʽʚ ʪʘ ʟʘʩʦʙʽʚ ʟʙʦʨʫ ʜʘʥʠʭ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʧʨʦʮʝ-

ʩʘʤʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ (Manufacturing Execution 

Systems, MES): ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʚʠʨʦʙʥʠʮʪʚʦ ʜʣʷ ʧʽʜʚʠ-

ʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ; ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙ-

ʥʠʮʪʚʘ (Manufacturing Resource Planning, MRP): ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʨʝʩʫʨ-

ʩʘʤʠ; ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ (Automated Quality Control Systems): 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʜʣʷ ʘʚʪʦ-

ʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ; ʨʦʙʦʪʠʟʦʚʘʥʽ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ (Robotic Process 

Automation, RPA): ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʫʪʠʥʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʟʘʚʜʘʥʴ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ. ʎ ̔ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠ-

ʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʏʇʂ, ʷʢʽ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. ʗʧʦʥʩʴʢʘ ʢʦʨʧʦʨʘʮʽʷ FANUC (FANUC) ʻ ʥʘʡʧʦʪʫʞʥʽʰʦʶ 

ʢʦʤʧʘʥʽʻʶ ʚ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʨʦʜʘʞʫ ʩʠʩʪʝʤ ʏʇʂ ʫ 

ʩʚʽʪʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ. ʇʨʠʩʪʨʽʡ ʟ ʏʇʂ SIEMENS ʤʘʻ ʤʦʜʫʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ 

ʻ ʝʢʦʥʦʤʽʯʥʠʤ. ʅʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʣʘʰʪʦʚʘʥʦ ʨʽʟʥʦʤʘʥʽʪʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦʙ ʤʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʧʨʦʮʝʩʽʚ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʧʦʪʨʝʙʠ ʨʽʟʥʠʭ ʚʝʨʩʪʘʪʽʚ.  ʏʇʂ Mitsubishi ð ʮʝ ʧʨʦʜʫʢʪ ʚʠʩʦʢʦʛʦ ʢʣʘʩʫ ʟ ʧʦʚʥʦʶ 

ʥʘʥʦʤʝʪʨʦʚʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ, ʚʠʩʦʢʦʪʦʯʥʦʶ ʪʘ ʷʢʽʩʥʦʶ ʦʙʨʦʙʢʦʶ, ʧʽʜʪʨʠʤʫʻ 

ʟʚôʷʟʦʢ 5 ʦʩʝʡ ʽ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠ ʟʘʛʦʪʦʚʢʠ ʟʽ ʩʢʣʘʜʥʦʶ ʬʦʨʤʦʶ ʧʦʚʝʨʭʥʽ. ʉʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ Heidenhain iTNC 530 ð ʮʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʘ 
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ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʦʙʨʦʙʥʠʭ ʮʝʥʪʨʽʚ ʘʙʦ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ, ʷʢʽ ʚʠʤʘ-

ʛʘʶʪʴ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʻʶ ʽʥʩʪʨʫʤʝʥʪʫ. ʏʇʋ Rexroth ʽʥʜʠʚʽʜʫʘʣʴ-

ʥʦ ʤʘʩʰʪʘʙʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʟ ʚʙʫʜʦʚʘʥʠʤ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʣʦʛʽʯʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ ʜʣʷ 

ʫʩʧʽʰʥʦʾ ʨʦʟʨʦʙʢʠ ʧʨʦʮʝʩʽʚ ʤʘʰʠʥʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ. NUM - ʤʦʜʫʣʴʥʘ, 

ʧʦʪʫʞʥʘ ʙʘʛʘʪʦʦʩʴʦʚʘ ʛʨʫʧʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ (ʬʨʝʟʝʨʫʚʘʥʥʷ, ʪʦʯʝʥʥʷ, 

ʰʣʽʬʫʚʘʥʥʷ), ʦʙʨʦʙʢʠ ʜʝʨʝʚʠʥʠ ʪʘ ʨʽʟʥʠʭ ʟʫʙʦʨʽʟʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ 

ʪʘ ʣʽʥʽʡʥʠʭ ʘʙʦ ʨʦʪʦʨʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʝʨʩʪʘʪʽʚ. ʏʇʂ FAGOR ï ʧʦʪʫʞʥʘ  ʧʣʘʪʬʦʨʤʘ 

ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙʨʦʙʢʠ, ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ 5-ʦʩʴʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ʏʇʂ MAZAK - ʮʝ ʚʧʝʨʰʝ ʚ ʩʚʽʪʽ ʪʝʭʥʦʣʦʛʽʷ ʟʣʠʪʪʷ ʏʇʂ ʽ 

ʇʂ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʏʇʂ. ʉʠʩʪʝʤʘ ʏʇʂ 

ʥʘʧʨʷʤʫ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʽ ʚʠ ʤʦʞʝʪʝ ʦʪʨʠʤʘʪʠ 24-ʛʦʜʠʥʥʫ ʧʦʩʣʫʛʫ ʦʥʣʘʡʥ-

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  
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ɿɸʍʀʉʊ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ɺ ʋʄʆɺɸʍ ʂʆʉʄɯʏʅʀʍ ɿʆʅɼɯɺ: 

ɺʀʂʃʀʂʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ. 

ɸʥʦʪʘʮʽʷ: ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ 

ʩʬʝʨʽ ʢʦʩʤʽʯʥʠʭ ʟʦʥʜʽʚ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʢʦʩʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʭʠ-

ʩʪʫ. ʇʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʪʘ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ, ʟʦʢʨʝʤʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʥʽʢʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ, ʷʢʽ ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫ ʚʽʜʢʨʠʪʦʤʫ ʢʦʩʤʦʩʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʽʙʝʨʙʝʟʧʝʢʘ, ʢʦʩʤʦʩ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʟʘʭʠʩʪ, ʟʦʥʜʠ. 

Annotation:The study is aimed at analyzing methods of protecting information systems in 

the sphere of space probes. In this context, important aspects of security arising in the space 

environment are considered, as well as possible ways to enhance protection. An analysis of 

existing methods of protection and their effectiveness in the conditions of space missions is 

conducted, taking into account the unique challenges faced by information systems in the 

open space. 

Keywords: Cybersecurity, space, information systems, protection, probes. 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʢʦʩʤʽʯʥʽ ʤʽʩʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚ-

ʥʠʤʠ, ʧʠʪʘʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʥʘʙʫʚʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʩʤʽʯʥʠʭ ʟʦʥʜʘʭ, ʩʴʦʛʦʜʥʽ ʩʪʠʢʘʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʪʘ ʚʠʢʣʠʢʘ-

ʤʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʷʚ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʢʦʩʤʽʯʥʠʭ ʟʦʥʜʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʟʘʭʠʩʪʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʠʡ ʤʝʪʦʜ, ʷʢ ʘʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ ʧʨʦ ʟʘʛʨʦʟʠ 

ʪʘ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ ʢʦʩʤʽʯʥʠʭ ʟʦʥʜʘʭ.  

ʆʩʥʦʚʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ ʢʦʩʤʽʯʥʠʭ ʟʦʥʜʘʭ ʥʝʩʫʪʴ ʚʠ-

ʧʘʜʢʦʚʽ ʨʘʜʽʦʽʤʧʫʣʴʩʠ, ʚʪʦʨʛʥʝʥʥʷ ʟ ʙʦʢʫ ʪʘ ʧʦʛʘʥʦ ʟʘʙʝʟʧʝʯʝʥʘ ʢʦʤʫʥʽʢʘʮʽʷ. ɿʘʛʨʦʟʠ 

ʩʧʨʠʷʶʪʴ ʚʠʥʠʢʥʝʥʥʶ ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʟʥʠʱʝʥʥʶ ʯʫʪʣʠʚʠʭ ʜʘʥʠʭ. ɺʪʦʨ-

ʛʥʝʥʥʷ ʟ ʙʦʢʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʟʘʢʦʥʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ, ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶ 

ʘʙʦ ʥʘʚʽʪʴ ʬʽʟʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ ʨʦʙʦʪʫ ʟʦʥʜʫ. ʅʘʩʣʽʜʢʘʤʠ  ʧʦʛʘʥʦ ʟʘʙʝʟʧʝʯʫʚʘʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʷ ʤʦʞʫʪʴ ʙʫʪʠ: ʚʪʨʘʪʘ ʟʚ'ʷʟʢʫ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʮʝʥʪʨʦʤ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝʧʨʘ-

ʚʠʣʴʥʠʭ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʤʽʩʽʾ.  ɼʣʷ ʟʘʭʠʩʪʫ  ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʨʦʟʨʦʙʢʘ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦ-

ʚʣʝʥʥʷ ʪʘ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ.  

ʐʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʫ ʚʠʧʘ-

ʜʢʫ ʧʝʨʝʭʦʧʣʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʾ, ʟʘʧʦʙʽʛʘʶʯʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʬʽʜʝʥ-

ʮʽʡʥʠʭ ʜʘʥʠʭ. ʈʦʟʨʦʙʢʘ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʬʫʥʢʮʽʦ-

ʥʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ ʚ ʨʘʟʽ ʚʪʨʘʪʠ ʟʚ'ʷʟʢʫ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʮʝʥʪʨʦʤ ʘʙʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʽʙʝ-

ʨʘʪʘʢʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ. 
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ɺʽʜʥʦʚʣʝʥʥʷ ʪʘ ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ ʜʘʥʠʭ ʜʦʧʦʤʘʛʘʻ ʚʽʜʥʦʚʠʪʠ ʚʪʨʘʯʝʥʫ ʘʙʦ ʧʦʰʢʦ-

ʜʞʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʚ ʨʘʟʽ ʟʙʦʾʚ ʘʙʦ ʘʪʘʢ. 

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʦ ʽʩʥʫʶʯʽ ʚʨʘʟʣʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʦʩʤʽ-

ʯʥʠʭ ʟʦʥʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʟʘʛʨʦʟʫ ʜʣʷ ʙʝʟʧʝʢʠ ʤʽʩʽʡ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ. 

ɯʜʝʥʪʠʬʽʢʦʚʘʥʦ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʫʩʫʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ, ʚʢʣʶʯʘʶʯʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʧ-

ʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ 

ʜʦʩʪʫʧʫ, ʘ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. 

ʆʢʨʽʤ ʪʦʛʦ ʧʽʜʢʨʝʩʣʝʥʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʡ̔-

ʥʠʭ ʩʠʩʪʝʤ ʫ ʢʦʩʤʦʩʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʽʩʽʡ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘ-

ʶʪʴʩʷ. ɿʨʦʙʣʝʥʽ ʘʥʘʣʽʟ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʶʪʴ ʨʠʟʠʢʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʫʩʧʽʰʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ. ʇʨʦʪʝ ʩʪʨʘʪʝʛʽʾ ʟʘʭʠʩ-

ʪʫ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʟʤʝʥʰʝʥʥʶ ʨʠʟʠʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʜʘʣʴʰʽ ʟʫʩʠʣʣʷ ʫ ʥʘʧʨʷʤʢʫ ʧʦʢʨʘʱʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚ ʢʦʩʤʦʩʽ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʧʽʰʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ʈʆɿʈʆɹʂɸ ɯʅʊɽʈʌɽʁʉʋ ʂʆʈʀʉʊʋɺɸʏɸ ɼʃʗ ʋʇʈɸɺʃɯʅʅʗ 

ʄɯʂʈʆʉʋʇʋʊʅʀʂʆʄ ʊʀʇʋ CUBESAT  

ɸʥʦʪʘʮʽʷ ɺʝʙ-ʽʥʪʝʨʬʝʡʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʨʫʯʥʠʡ ʪʘ ʜʦʩʪʫʧʥʠʡ ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʦʧʝʨʘ-

ʪʦʨʘ ʟ ʩʫʧʫʪʥʠʢʦʤ. ʆʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʢʝʨʫʚʘʪʠ ʪʘ ʤʦʥʽʪʦʨʠʪʠ ʩʫʧʫʪʥʠʢ, ʚʽʜʩʪʝʞʫʚʘ-

ʪʠ ʡʦʛʦ ʩʪʘʥ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʙʨʘʫʟʝʨʘ. ʑʦʙ 

ʚʠʢʦʥʫʚʘʪʠ ʮʽ ʬʫʥʢʮʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʩʧʨʷʤʦʚʘʥʠʡ 

ʥʘ ʧʦʣʝʛʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʦʧʝʨʘʪʦʨʽʚ ʟ ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ. ɿʘʚʜʷʢʠ ʩʫʯʘʩʥʦʤʫ 

ʜʠʟʘʡʥʫ ʽ ʟʨʦʟʫʤʽʣʦʤʫ ʽʥʪʝʨʬʝʡʩʫ, ʦʧʝʨʘʪʦʨʘʤ ʥʘʜʘʻʪʴʩʷ ʟʨʫʯʥʠʡ ʽ ʝʬʝʢʪʠʚʥʠʡ ʽʥ-

ʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʫ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, CubeSat, ʤʽʢʨʦʩʫʧʫʪʥʠʢ, ʚʝʙ-ʜʦʜʘʪʦʢ. 

ɸnnotation Web interfaces provide a convenient and affordable way for the operator to 

interact with the satellite. Operators can control and monitor the satellite, monitor its status 

and perform various functions using a web browser. To perform these functions, a special 

web interface was developed, which is aimed at facilitating the interaction of operators with 

the satellite system. Due to the modern design and clear interface, operators are provided 

with a convenient and effective tool for solving complex tasks in space research. 

Keywords: user interface, CubeSat, microsatellite, web application. 

 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʜʘʥʦʾ ʪʝʤʘʪʠʢʠ. ʄʽʢʨʦʩʫʧʫʪʥʠʢʠ ʪʠʧʫ CubeSat ʩʪʘʣʠ ʧʦʧʫ-

ʣʷʨʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʜʦʩʪʫʧ 

ʜʦ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʙʘʛʘʪʴʦʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʫʩʪʘʥʦʚ ʪʘ ʢʦ-

ʤʝʨʮʽʡʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ [1].  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʤʽʢʨʦʩʫʧʫʪʥʠʢ CubeSat ʟ ʤʽʢʨʦʧʨʦ-

ʮʝʩʦʨʦʤ ESP32. ʎʝ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʤʽʢʨʦʩʫʧʫʪʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʦʻʜʥʫʻ ʚ 

ʩʦʙʽ ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʽ ʧʦʪʫʞʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ [2]. ESP32 ʟʘʙʝʟʧʝʯʫʻ 

ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʢʫ, ʚʢʣʶʯʘʶʯʠ ʙʝʟʜʨʦʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

Wi-Fi ʪʘ Bluetooth, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʫ ʩʫʧʫʪ-

ʥʠʢʘʭ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʘʣʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʽ ʜʦ-

ʩʣʽʜʞʝʥʴ ʫ ʢʦʩʤʦʩʽ [3]. 

ʋʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʩʫʧʫʪʥʠʢʘʤʠ ʚʠʤʘʛʘʻ ʟʨʫʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦʙ ʦʧʝʨʘʪʦʨʠ ʤʦʛʣʠ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʩʫʧʫʪʥʠʢʦʤ, ʧʣʘʥʫʚʘʪʠ ʪʘ ʚʠʢʦʥʫʚʘ-

ʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʧʝʨʘʮʽʾ, ʪʘʢʽ ʷʢ ʢʝʨʫʚʘʥʥʷ ʧʦʣʴʦʪʦʤ, ʟʙʽʨ ʜʘʥʠʭ, ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ 

ʪʦʱʦ.  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʠʭ ʦʧʝʨʘʮʽʡ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʚ 

ʩʦʙʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʜʨʫʞʥʽʩʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɯʥʪʝʨʬʝʡʩ ʤʘʻ ʩʫʯʘʩʥʠʡ ʽ 

ʤʽʥʽʤʘʣʽʩʪʠʯʥʠʡ ʜʠʟʘʡʥ, ʟ ʜʦʙʨʝ ʧʽʜʽʙʨʘʥʠʤʠ ʢʦʣʴʦʨʘʤʠ ʪʘ ʟʨʦʟʫʤʽʣʠʤʠ ʛʨʘʬʽʢʘʤʠ. 

ɽʣʝʤʝʥʪʠ ʜʠʟʘʡʥʫ ʟʙʘʣʘʥʩʦʚʘʥʽ, ʱʦʙ ʥʝ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʊʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣ ʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ʨʦʙʦʪʠ ʩʫʧʫʪʥʠʢʘ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ 
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ʯʘʩʫ. ɺʩʝ ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʦʨʘʤ ʩʫʧʫʪʥʠʢʘ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ ʪʝʭʥʽʯʥʽ ʟʘʚ-

ʜʘʥʥʷ, ʪʘʢʽ ʷʢ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ, ʦʨʽʻʥʪʘʮʽʷ ʚ ʧʨʦʩʪʦʨʽ, ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʚʥʠʤʠ ʩʝʥʩʦʨʘʤʠ ʪʦʱʦ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʽ web-

ʪʝʭʥʦʣʦʛʽʾ, ʘ ʩʘʤʝ HTML, CSS ʽ JavaScript. HTML ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʩʪʨʫʢʪʫ-

ʨʫʚʘʥʥʷ ʚʤʽʩʪʫ ʚʝʙ-ʩʪʦʨʽʥʦʢ, CSS ï ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʮʠʭ ʩʪʦʨʽʥʦʢ, ʘ JavaScript ï ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ [4]. ɼʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʶʪʴ 

ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʚʝʙ-ʨʦʟʨʦʙʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʪʘ ʧʨʠʚʘʙʣʠʚʽ 

ʚʝʙ-ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʪʘ ʚʝʙ-ʩʘʡʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʩʫʧʫʪ-

ʥʠʢʦʤ ʪʠʧʫ CubeSat ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʨʫʯʥʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ 

ʥʠʤ. 

ɺ ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʫʧʫʪʥʠʢʘ CubeSat, ʷʢʘ ʙʫʜʝ ʧʦʣʷʛʘʪʠ 

ʚ ʦʥʦʚʣʝʥʥʽ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʧʦʣʽʧʰʝʥʥ ̔ʘʣʛʦʨʠʪʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ, ʟ ʤʝʪʦʶ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʢʦʩʤʦʩʽ. ɸ ʩʘʤ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ 

ʙʫʜʝ ʛʦʪʦʚʠʡ ʜʦ ʦʥʦʚʣʝʥʴ ʪʘ ʧʽʜʪʨʠʤʢʠ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
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ʉʀʅʊɽɿ ɽʌɽʂʊʀɺʅʀʍ ʈɯʐɽʅʔ ʇʈʀ ʇʈʆɭʂʊʋɺɸʅʅɯ ʈʈɼ ʋ 

ʂʆʄʇôʖʊɽʈʅʆ-ɯʅʊɽɻʈʆɺɸʅʀʍ ʉɽʈɽɼʆɺʀʑɸʍ 

ɸʥʦʪʘʮʽʷ. ɸʢʪʫʘʣʴʥʠʤ ʫ ʨʦʟʚʠʪʢʫ ʈʈɼ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝ-

ʪʦʜʽʚ. ɿʦʢʨʝʤʘ, ʯʘʩʪʢʦʚʠʡ ʘʙʦ ʧʦʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦ ʘʜʠʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʢʨʦʢʦʤ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. ɯʥʪʝʛʨʘʮʽʷ ʽʤʽʪʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ 

ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʽʥʞʝʥʝʨʥʠʡ ʧʨʦʮʝʩ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʈʈɼ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʈʈɼ, ʧʨʦʻʢʪʫʚʘʥʥʷ, ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ 

ʩʝʨʝʜʦʚʠʱʘ 

Annotation. The use of advanced technologies and methods is crucial in the development of 

LREs. Particularly, the partial or full transition from traditional methods to additive technol-

ogies represents a strategic step in this process. The integration of simulation systems in 

computer-integrated environments will optimize the engineering process and ensure effi-

cient production of LRE. 

Keywords: LRE, design, additive manufacturing, computer-integrated environments. 

 

ʇʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʈʈɼ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʻ ʤʦʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʜʘʚʥʦ ʜʦʩʷʛʣʠ ʩʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʢʩʠʤʫʤʫ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʈʈɼ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʈʈɼ ʻ ʤʽʥʽʤʘʣʴʥʘ ʤʘʩʘ, ʜʝʰʝʚʠʟʥʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ. ɺʩʝ 

ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʈʈɼ ʥʘʙʫʚʘʶʪʴ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʉʠʥʪʝʟ CAD/CAE/CAM ʩʠʩʪʝʤ ʟ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʰʪʫʯʥʦʛʦ ʽʥʪʝ-

ʣʝʢʪʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʪʴ ʽʥʪʝʛʨʫʚʘʪʠ 

ʨʽʟʥʽ ʝʪʘʧʠ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜ ʢʦʥʮʝʧʪʫ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʥʘʜʘʻ ʥʘʩʪʫʧʥʽ 

ʧʝʨʝʚʘʛʠ: 

 ʟʘʚʜʷʢʠ ʤʦʜʝʣʶʚʘʥʥʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʰʠʨʦʢʠʡ ʘʥʘʣʽʟ ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ 

 ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʽʜʧʨʘʮʶʚʘʥʴ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʥʷ ʯʠ-

ʩʝʣʴʥʠʭ ʤʦʜʝʣʶʚʘʥʴ; 

 ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʤʘʡʞʝ ʜʦ 1 ʟʘʚʜʷʢʠ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 3D ʜʨʫʢʫ; 

 ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʟʥʘʯʥʽʡ ʚʠʨʦʙʥʠʯʽʡ ʙʘʟʽ ʽ ʯʠʩʣʝʥʥʦʛʦ ʢʚʘʣʽʬʽʢʦ-

ʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ; 

 ʦʧʪʠʤʽʟʘʮʽʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʥʘʜ ʢʦʥʩʪʨʫʢʮʽʻʶ; 

ʈʦʟʚʠʪʦʢ ʈʈɼ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫ-

ʚʘʥʥʷ. ʋ ʪʝʧʝʨʽʰʥʽʭ ʨʝʘʣʽʷʭ ʥʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʟʘʧʠʪʠ ɿʉ ʽ ʦʧʪʠʤʽʟʘʮʽʷ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʟʨʦʙʢʠ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ-

ʙʣʠʟʥʦ ʫ 6 ʨʘʟʽʚ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɽʏɯʊʂʆɰ ʃʆɻɯʂʀ ɺ ɯʊ-ʉʀʉʊɽʄʀ  

ɸʥʦʪʘʮʽʷ: ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʛʣʷʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʱʦ 

ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ, ʢʦʣʠ ʧʨʦʮʝʩʠ ʯʠ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʥʘʜʪʦ ʩʢʣʘʜʥʽ. ʊʘʢ ʜʣʷ 

ʘʥʘʣʽʟʫ ʟʘʚʜʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫʩʽʣʷʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʫʤʦʚʘʭ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʟ ʚʝʣʠʢʠʤ ʚʠʙʦʨʦʤ çʷʢʱʦè, ʘʙʦ ʢʦʣʠ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ (ʚʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ) ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʥʝ ʪʦʯʥʦ, ʥʝ ʙʝʟʫʤʦʚʥʦ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ. ʅʝʯʽʪʢʘ ʣʦʛʽʢʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʅʘʷʚʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝʯʽʪʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦ-

ʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʫ ʨʝʘʣʴʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ, ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ, ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʙʽʟʥʝʩ-ʧʣʘʥ, 

ʘʣʛʦʨʠʪʤ. 

Annotation: The work is devoted to considering the use of a fuzzy logic algorithm, which is 

especially useful when the processes or methods for solving problems are too complex. So, 

to analyze problems with the help of frequently used various algorithms in the conditions of 

solving problems with a large choice of çifè, or when the source of information (input pa-

rameters) is not interpreted accurately, not definitely, a fuzzy logic algorithm is used. Fuzzy 

logic provides an effective means of representing uncertainty. The presence of mathematical 

means of reflecting the vagueness of the initial information allows us to build a model that is 

adequate to reality. 

Keywords: fuzzy logic, fuzzy set, software product, business plan, algorithm. 

 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, 

ʧʨʦʪʝ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʜʘʻ ʥʝʛʘʡʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʚʽʜʜʘʯʽ. 

ʉʠʩʪʝʤʘ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʟʘʚʜʘʥʥʷʭ ʫʧʨʘʚʣʽʥʥʷ, 

ʦʮʽʥʢʠ, ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʫ ʥʝʯʽʪʢʠʭ ʪʘ ʨʦʟʤʠʪʠʭ ʫʤʦʚʘʭ. ʇʨʠ 

ʩʪʚʦʨʝʥʥʽ ʘʣʛʦʨʠʪʤʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʜʦʜʘʪʦʢ ʩʘʤ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʘʙʦ ʧʨʦʛʨʘʤʘ 

ʧʨʠ ʚʠʙʦʨʽ ʚʘʨʽʘʮʽʡ ʫʤʦʚ ʧʨʠʡʤʘʻ ʩʘʤʦʩʪʽʡʥʦ ʨʽʰʝʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʢʣʽʻʥʪ 

ʧʨʦʛʨʘʤʠ ʫʧʨʘʚʣʷʻ ʘʙʦ ʤʦʞʝ ʥʘʚʽʪʴ ʟʣʘʤʘʪʠ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʦ 

ʢʦʜ ʧʨʦʩʪʦ ʟʘʩʤʽʯʫʻʪʴʩʷ ʣʦʛʽʢʦʶ if-else (ʧʦʢʠ ʚʽʥ ʥʝ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʥʘ ʢʘʰʫ). 

ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʦʮʽʥʶʻʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ, ʤʠ ʦʙʤʝʞʫʻʤʦ ʜʽʘʧʘʟʦʥ 

X = [0, T max], ʜʝ T max ð ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 100 ʛʨʘʜʫʩʽʚ ʟʘ ʎʝʣʴʩʽʻʤ. ʋ 

ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ, X ð ʯʽʪʢʘ ʤʥʦʞʠʥʘ.  

ʊʝʧʝʨ ʧʝʨʝʡʜʝʤʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ, ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ ʪʘ ʟʘʜʘʻʤʦ ʦʙʣʘʩʪʴ ʤʽʨʢʫ-

ʚʘʥʴ. ʅʝʯʽʪʢʦʶ ʤʥʦʞʠʥʦʶ A ʚ ʜʝʷʢʦʤʫ ʥʝʧʫʩʪʦʤʫ ʧʨʦʩʪʦʨʽ X ʥʘʟʠʚʘʻʪʴʩʷ ʙʝʟʣʽʯ ʧʘʨ: 

 
ð ʮʝ ʬʫʥʢʮʽʷ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ A, ʜʝ ɛ  ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʥʝ-

ʯʽʪʢʦʾ ʤʥʦʞʠʥʠ. ʎʷ ʬʫʥʢʮʽʷ ʧʨʠʧʠʩʫʻ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʍ ʩʪʫʧʽʥʴ ʡʦʛʦ ʧʨʠʥʘʣʝʞʥʦ-

ʩʪʽ ʥʝʯʽʪʢʽʡ ʤʥʦʞʠʥʽ A, ʧʨʠ ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʤʥʦʞʠʥʽ U, ʟ ʝʣʝʤʝʥʪʽʚ ʷʢʦʛʦ ʫʪʚʦʨʝʥʘ 

ʨʝʰʪʘ ʤʥʦʞʠʥʠ. 
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ʇʨʦʜʦʚʞʠʚʰʠ ʧʦʧʝʨʝʜʥʽʡ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʪʨʠ ʥʝʪʦʯʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʷʢ ʚʭʽ-

ʜʥʽ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʾ: 

ˈ ʅʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ; 

ˈ ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ; 

ˈ ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ. 

ʌʫʥʢʮʽʶ ʥʘʣʝʞʥʦʩʪʽ ʟʘ ʮʠʤʠ ʪʨʴʦʤʘ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʤʦʞʥʘ ʥʘʦʯʥʦ 

ʫʷʚʠʪʠ ʥʘ ʛʨʘʬʽʢʫ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʬʽʢʩʦʚʘʥʽʡ ʪʦʯʮʽ X = 30 ʛʨʘʜʫʩʽʚ ʟʘ ʎʝʣʴʩʽʻʤ, 

ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ çʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠè ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷʤ 

0,5. ʊʘʢʝ ʞ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ çʩʝʨʝʜʥʷ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʚʦʜʠè, ʪʦʜʽ ʷʢ ʜʣʷ ʤʥʦʞʠʥʠ çʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠè ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚ ʮʽʡ 

ʪʦʯʮʽ ʜʦʨʽʚʥʶʻ 0. 

 
ʈʠʩʫʥʦʢ 1. ï  ɻʨʘʬʽʢʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʤʥʦʞʠʥ 

ʅʘ ʧʨʠʥʮʠʧʘʭ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʙʫʜʴ-ʷʢʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʽʜ ʉ++ ʜʦ PHP ʪʘ Python. ʇʨʠʟʥʘʯʝʥʥʷ 

ʮʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ï ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʪʘ ʧʦʪʝʥʮʽʡʥʦʾ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʨʽʟʥʠʭ ʙʽʟ-

ʥʝʩ-ʧʣʘʥʽʚ, ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʪʘ ʧʨʦʩʪʦ ʽʜʝʡ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ. 

ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʧʨʦʧʦʥʫʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʚʝʩʪʠ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʦ-

ʛʨʘʤʘ ʟʘʜʘʻ ʥʠʟʢʫ ʧʠʪʘʥʴ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ ʷʢ ʪʦʯʥʽ ʢʽʣʴʢʽʩʥʽ ʚʽʜʧʦʚʽʜʽ, ʪʘʢ ʽ ʥʘʙʣʠʞʝʥʽ 

ʷʢʽʩʥʽ ʦʮʽʥʢʠ ï ʪʠʧʫ ʤʘʣʦʡʤʦʚʽʨʥʦ, ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʚʠʩʦʢʘ ʽ ʪ.ʜ. ʋʟʘʛʘʣʴʥʠʚʰʠ ʚʩʶ 

ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʩʭʝʤʠ ʙʽʟʥʝʩ-ʧʨʦʻʢʪʫ, ʧʨʦʛʨʘʤʘ ʥʝ ʪʽʣʴʢʠ ʚʠʥʦ-

ʩʠʪʴ ʦʩʪʘʪʦʯʥʠʡ ʚʝʨʜʠʢʪ ʱʦʜʦ ʨʠʟʠʢʦʚʘʥʦʩʪʽ ʧʨʦʻʢʪʫ ʪʘ ʦʯʽʢʫʚʘʥʠʭ ʧʨʠʙʫʪʢʽʚ, ʘ ʡ 

ʚʢʘʟʫʻ ʥʘ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʪʘ ʩʣʘʙʢʽ ʤʽʩʮʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ. 
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ɼʝʤʯʝʥʢʦ ɸʥʘʪʦʣʽʡ ɺʘʜʠʤʦʚʠʯ 
ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʝʥʥʷ,  

ɼʇ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè 

ʐʦʚʢʦʧʣʷʩ ʖʨʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ 
ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ 

ʙʶʨʦ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʢʦʤʧʣʝʢʩʽʚ ʽ ʩʠʩʪʝʤ,  

ɼʇ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷè 

ʂʦʣʦʩʢʦʚʘ ɻʘʥʥʘ  ʄʠʢʦʣʘʾʚʥʘ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
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ʄ.ɺ. ɹʘʨʘʥʦʚ, ʩʪʫʜʝʥʪ; ʉ.ɺ. ɻʫʙʽʥ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 
1ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ 

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè  

E-mail:m.baranov@student.khai.edu  

 

ʂʆʉʄɯʏʅʀʁ ɹʋʂʉʀʈ ɿ ɺʆɼʅɽɺʆ-ʂʀʉʅɽɺʆʖ ɽʅɽʈɻɽʊʀʏʅʆʖ 

ʋʉʊɸʅʆɺʂʆʖ  

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʱʦ ʤʽʩʪʠʪʴ ʛʽʙʨʠʜʥʫ ʝʥʝʨʛʝʪʠʯʥʫ 

ʫʩʪʘʥʦʚʢʫ ʥʘ ʦʩʥʦʚʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʪʘ ʨʝʚʝʨʩʠʚʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʫʩʪʘʥʦʚʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʝʣʝʢʪʨʦʣʽʟ ʚʦʜʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʙʦʨʪʽ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʫ ʧʨʦʮʝʩʽ ʩʪʘʨʪʫ. ɼʠʩʦʮʽʡʦʚʘʥʽ ʢʠʩʝʥʴ ʽ ʚʦʜʝʥʴ ʥʘʜʘʣʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʤʘʨʰʦʚʦʤʫ ʈʈɼ ʪʘ ʫ ʧʘʣʠʚʥʦʤʫ ʝʣʝʤʝʥʪʽ ʜʣʷ ʚʠʜʦʙʫʪʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ɽʈɼ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʝʥʝʨʛʝʪʠʯʥʘ ʫʩʪʘʥʦʚʢʘ, ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ, 

ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ, ʨʫʰʽʡʥʘ ʫʩʪʘʥʦʚʢʘ. 

ɸnnotation. A spacecraft containing a hybrid power plant based on a solar array and 

a reversible fuel cell is considered. The power plant allows electrolysis of water on board the 

spacecraft during the launch process. The dissociated oxygen and hydrogen are further used 

in the LRE and in the fuel cell to generate electricity for the SEP. 

Keywords: Spacecraft, power plant, solar array, fuel cell, propulsion system. 

 

ɼʣʷ ʩʫʯʘʩʥʠʭ ʤʘʣʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʦʜʥʦʶ ʟ ʚʠʤʦʛ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʤʘʥʝʚʨʝʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʙʫʢʩʠʨʽʚ, ʷʢʠʡ ʫʷʚʣʷʻ ʩʦʙʦʶ 

ʢʦʩʤʽʯʥʫ ʧʣʘʪʬʦʨʤʫ, ʱʦ ʦʩʥʘʱʝʥʘ ʩʪʘʨʪʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʤʘʣʠʭ ʩʫʧʫʪʥʠʢʽʚ ʪʘ 

ʚʣʘʩʥʦʶ ʝʥʝʨʛʦʨʫʰʽʡʥʦʶ ʫʩʪʘʥʦʚʢʦʶ. ɽʥʝʨʛʦʨʫʰʽʡʥʘ ʫʩʪʘʥʦʚʢʘ ʪʘʢʦʛʦ ʙʫʢʩʠʨʫ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʘ ʪʠʧʠ ʜʚʠʛʫʥʽʚ: ʟ ʚʝʣʠʢʦʶ ʪʷʛʦʶ ï ʨʽʜʠʥʥʦ-ʨʘʢʝʪʥʠʡ 

(ʄʘʨʰʦʚʠʡ), ʽ ʢʦʨʝʢʪʫʶʯʠʡ ï ʝʣʝʢʪʨʦʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥʠ. ɼʣʷ ʞʠʚʣʝʥʥʷ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ 

ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʝʚʦ-ʢʠʩʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʚʝʨʩʠʚʥʦʛʦ ʪʠʧʫ. ʇʨʠ 

ʮʴʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʟʙʝʨʽʛʘʥʥʷ ʧʘʣʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʪʘʢʠʭ ʪʠʧʽʚ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ.  

ʋ ʨʦʙʦʪʽ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʠ ʷʢ ʛʦʣʦʚʥʦʾ ʨʝʯʦʚʠʥʠ ʜʣʷ 

ʟʜʦʙʫʪʢʫ ʧʘʣʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʟʫ ʙʫʜʫʪʴ ʚʠʜʽʣʷʪʠʩʷ ʪʘʢʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢ ʛʽʜʨʦʛʝʥ ʪʘ ʢʠʩʝʥʴ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʤʘʨʰʦʚʦʛʦ ʈʈɼ ʪʘ 

ʜʣʷ ʞʠʚʣʝʥʥʷ ɽʈɼ. 

ʊʘʢʦʞ ʚ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʣʽʟʫ ʟʘ ʨʘʭʫʥʦʢ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʤʘʣʦʾ ʧʣʦʱʠʥʠ, ʷʢʠʭ ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʽʜʞʠʚʣʝʥʥʷ, ʱʦʙ 

ʨʦʟʧʦʯʘʪʠ ʮʝʡ ʧʨʦʮʝʩ, ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʢʦʥʚʝʨʪʘʮʽʻʶ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʧʦʩʪʽʡʥʠʡ 

ʩʪʨʫʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʚʝʨʪʦʨʽʚ. 

ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʙʝʟʧʝʯʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʥʘ ʝʪʘʧʽ ʟʘʧʫʩʢʫ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ ʨʝʯʦʚʠʥʠ, ʟʙʝʨʝʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʚʦʜʠ ʜʣʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʫʞʥʠʭ 

ʦʙʦʣʦʥʢʘʭ. 
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ʆ.ɯ. ɼʟʚʦʥʠʩʴʢʠʡ, ʩʪʫʜʝʥʪ; ʉ.ɺ. ɻʫʙʽʥ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄʠʢʦʣʠ ɾʫʢʦʚʩʴʢʦʛʦ çʍʘʨʢʽʚʩʴʢʠʡ 

ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè 

E-mail: o.i.dzvonyskyi@student.khai.edu 

 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʉʀʉʊɽʄɸ ɽʅɽʈɻʆɾʀɺʃɽʅʅʗ ʄɸʃʆɻʆ 

ʂʆʉʄɯʏʅʆɻʆ ɸʇɸʈɸʊʋ 

ɸʥʦʪʘʮʽʷ ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʘ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ ʤʘʣʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. The use of 

intelligent systems for forecasting and controlling the power supply system of a small 

spacecraft is considered. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʝʥʝʨʛʝʪʠʯʥʘ ʫʩʪʘʥʦʚʢʘ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʩʠʩʪʝʤʠ, ʙʘʪʘʨʝʷ ʘʢʫʤʫʣʷʪʦʨʥʘ, spacecraft, power system, intelligent system, battery 

rechargeable 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʤʘʣʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘʩʘʤʧʝʨʝʜ ʪʠʧʫ CubeSat ʽʥʽʮʽʶʻ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ (ʉɽɾ) ʷʢʽ ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ ʪʠʧʦʚʠʤʠ ʪʘ 

ʚʢʣʶʯʘʶʪʴ ʜʦ ʩʚʦʛʦ ʩʢʣʘʜʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʛʨʫʧʠ A B  ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʣʽʪʽʡ-

ʽʦʥʥʦʾ ʛʨʫʧʠ ʪʘ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʱʦ ʢʝʨʫʻʪʴʩʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ. ʊʘʢʘ 

ʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʫʪʨʠʤʘʥʥʷ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʫ ʪʦʯʮʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (MPP), ʦʜʥʘʢ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʧʦʰʫʢʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʙʘʪʘʨʝʾ ʭʽʤʽʯʥʦʾ (ɹʍ). 

ɯʩʥʫʶʯʽ battery management system (BMS) ʨʦʟʨʘʭʦʚʘʥʽ ʙʽʣʴʰʦʶ ʯʘʩʪʠʥʦʶ ʥʘ ʦʢʨʝʤʝ 

ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ ʫ ʙʘʪʘʨʝʾ, ʾʭ ʙʘʣʘʥʩʫʚʘʥʥʷ (ʥʽʚʝʣʶʚʘʥʥʷ), ʪʘ ʷʢ ʧʨʘʚʠʣʦ 

ʥʝ ʨʦʟʛʘʣʫʞʝʥʝ ʜʦ ʘʥʘʣʽʟʫ ʝʬʝʢʪʽʚ ʜʝʛʨʘʜʘʮʽʾ ʟʘ ʮʠʢʣʘʤʠ ʟʘʨʷʜʫ ʨʦʟʨʷʜʫ. ʊʦʤʫ 

ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʘʪʘʨʝʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ (ɹɸ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʾ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʪʦʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʩʪʘʥʫ ʻ ʜʦʩʠʪʴ 

ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʉɽɾ ʟʘʛʘʣʦʤ. 

ɿʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɽɾ ʟʘ ʨʘʭʫʥʦʢ ʧʦʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʘʥʫ ɹʍ ʧʦʚôʷʟʘʥʘ ʟ ʥʝ ʪʽʣʴʢʠ ʟ ʘʣʝ ʡ ʧʦʰʫʢʦʤ ʬʫʥʢʮʽʾ ʧʨʦʛʥʦʟʫ ʟʘ ʨʘʭʫʥʦʢ ʦʮʽʥʢʠ 

ʨʝʪʨʦʩʧʝʢʪʠʚʠ ʽ ʧʦʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʊʘʢʘ ʟʘʜʘʯʘ ʤʦʞʣʠʚʘ ʫ ʚʠʨʽʰʝʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʦʾ ʟʘ ʯʘʩʦʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ ʘʢʫʤʫʣʷʪʦʨʘ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʘʤôʷʪʽ ʢʦʥʪʨʦʣʝʨʘ ʡ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ BMS ʽ MPP ʘ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʧʦʜʽʣʘʤ ʝʥʝʨʛʽʾ ʥʘ ʚʪʦʨʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʉɽɾ. ɺʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʉɽɾ ʥʘʩʘʤʧʝʨʝʜ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʧʦʙʫʜʦʚʦʶ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ 

ʨʦʟʨʷʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʷʜʥʠʭ ʢʨʠʚʠʭ ʥʘ 

ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʟʨʷʜʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨ. ʄʦʜʝʣʴ ʪʘʢʦʛʦ ʪʠʧʫ ʫ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʢʦʥʪʨʦʣʝʨ ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʟʘ ʧʦʪʦʯʥʠʤʠ 

ʜʘʥʠʤʠ, ʧʦʪʦʯʥʫ ʪʦʯʢʫ ʚ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʧʽʜ-ʟʘʨʷʜ 

ʘʢʫʤʫʣʷʪʦʨʽʚ, ʱʦ ʚʽʜʩʪʘʶʪʴ ʫ ʙʘʪʘʨʝʾ ʟʘ ʨʘʭʫʥʦʢ ʦʪʨʠʤʘʥʥʷ ʥʘʜʣʠʰʢʽʚ ʝʥʝʨʛʽʾ ʚʽʜ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʷʢʘ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ MPP. 

 

 

 



175 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ʂ.ɺ. ɹʝʟʨʫʯʢʦ, ɺ.ʄ. ɹʦʨʱʦʚ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ. 

2. Tanzimul  H.  Farabi artificial  neural  network  based  prediction  of  solar  

array degradation  during  electric  orbit-raising 

3. Roger Alves de Oliveira , Math H.J. Bollen Deep learning for power 

quality 



176 

ʋɼʂ 629.7  

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-083 

ʄ.ɸ. ʃʫʢʘʰ, ʩʪʫʜʝʥʪ; ɸ.ɺ. ʇʠʩʘʨʝʮʴ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

E-mail:mish.lukash@gmail.com 

 

ʇʈʆ ʄɽʊʆɼʀ ʉʊʀʂʋɺɸʅʅʗ ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɯɺ 

ɸʥʦʪʘʮʽʷ. ʇʝʨʰʽ ʫʩʧʽʭʠ ʫ ʢʦʩʤʦʩʽ, ʜʦʩʷʛʥʫʪʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʪʦʤʫ, ʩʧʨʠʯʠʥʠʣʠ 

ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ 

ɿʝʤʣʽ ʥʘʙʫʣʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʷʢ ʮʠʚʽʣʴʥʠʭ ʪʘʢ ʽ ʚʽʡʩʴʢʦʚʠʭ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤ ʩʪʠʢʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥ-

ʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʩʠʩʪʝʤʘ ʩʪʠʢʫʚʘʥʥ.̫ 

Annotation. The initial successes in space exploration achieved several decades ago have led 

to significant advancements in space technology. The use of artificial Earth satellites has 

become widespread across various sectors, including both civilian and military applications. 

Improving and developing docking systems for spacecraft is a key task to ensure the effec-

tiveness of space missions. 

Keywords: spacecraft, docking system. 

 

ɺʩʪʫʧ. ɺʧʝʨʰʝ ʣʶʜʩʪʚʦ ʚʠʨʫʰʠʣʦ ʫ ʢʦʩʤʦʩ ʣʠʰʝ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʪʦʤʫ, ʘʣʝ 

ʚʞʝ ʟʘ ʮʝʡ ʯʘʩ ʟʜʦʙʫʪʢʠ ʚ ʦʙʣʘʩʪʽ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʣʠ ʥʝʦʮʽʥʝʥʥʠʤ ʜʞʝʨʝʣʦʤ 

ʟʥʘʥʴ ʪʘ ʜʦʩʷʛʥʝʥʴ. ʅʘʨʘʟʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ɿʝʤʣʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʚʠʚʯʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʤʝʪʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ,  ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʜʟʚʠ-

ʯʘʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ ʪʦʱʦ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʮʠʚʽʣʴʥʠʤʠ 

ʘʩʧʝʢʪʘʤʠ, ʘʣʝ ʪʘʢʦʞ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʠʨʽʰʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʧʨʦʙʣʝʤ, ʟʦʢʨʝʤʘ, ʫ 

ʧʨʦʚʝʜʝʥʥʽ ʬʦʪʦ ʪʘ ʨʘʜʽʦʪʝʭʥʽʯʥʦʾ ʨʦʟʚʽʜʢʠ. ʆʜʥʘʢ ʨʘʟʦʤ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʯʠʩʣʘ ʢʦʩʤʽʯ-

ʥʠʭ ʤʽʩʽʡ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʩʪʠʢʦʚʢʠ ʢʦʩʤʽ-

ʯʥʠʭ ʘʧʘʨʘʪʽʚ ï ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ, ʢʦʨʘʙʣʷʤʠ ʪʘ 

ʢʦʩʤʽʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ [1]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʩʪʠʢʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ 

ʥʘʜʘʩʪʴ ʽʥʞʝʥʝʨʘʤ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  

ɿʥʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʠʩʪʝʤ ʩʪʠʢʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽ-

ʘʥʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʢʦʥʢʨʝʪʥʦʾ ʤʽʩʽʾ. ʅʘʢʦʧʠʯʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ ʩʧʨʠʷʻ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʽʞ-

ʥʘʨʦʜʥʠʭ ʧʨʦʛʨʘʤ. ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʠʢʫʚʘʥʥʷ ʧʨʠʩʢʦʨʶʶʪʴ ʽʥʪʝʛʨʘʮʽʶ 

ʪʘ ʩʧʽʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʧʽʣʴʥʫ ʤʦʚʫ ʪʘ ʨʦʟʫʤʽʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ ʘʛʝʥʮʽ-

ʷʤʠ. 

ɿʘʛʘʣʦʤ ʩʠʩʪʝʤʠ ʩʪʠʢʫʚʘʥʥʷ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʟʘ: ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʩʪʚʦ-

ʨʝʥʥʷ ʤʦʜʫʣʴʥʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʩʪʘʥʮʽʡ; ʜʦʩʪʘʚʢʘ ʚʘʥʪʘʞʽʚ; ʟʤʽʥʘ ʝʢʽʧʘʞʽʚ; 

ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ ʚ ʢʦʩʤʦʩʽ ʪʦʱʦ); ʘʥʜʨʦʛʽʥʥʽʩʪʶ (ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʫʚʘʪʠ ʘʧʘʨʘʪʠ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʚʫʟʣʘʤʠ ʩʪʠʢʫʚʘʥʥʷ). 

ɺ ʷʢʦʩʪʽ ʧʦʨʽʚʥʷʣʴʥʠʭ ʦʟʥʘʢ ʩʠʩʪʝʤ ʩʪʠʢʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ: ʛʘʙʘʨʠʪʥʦ-

ʤʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʟʣʘ ʩʪʠʢʦʚʢʠ, ʧʨʠʥʮʠʧ ʜʽʾ ʩʠʩʪʝʤʠ ʩʪʠʢʫʚʘʥʥʷ, ʜʦʧʫʩʪʠʤʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʯʠ ʧʨʦʪʦʪʠʧʽʚ.  ʇʨʠ ʮʴʦʤʫ: 



177 

1. ɻʘʙʘʨʠʪʥʦ-ʤʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʟʣʘ ʩʪʠʢʦʚʢʠ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʦʙʤʝ-

ʞʝʥʥʷ ʜʣʷ ʩʪʠʢʫʚʘʣʴʥʠʭ ʤʘʥʝʚʨʽʚ. ʆʩʢʽʣʴʢʠ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʤʘʶʪʴ ʨʽʟʥʽ ʨʦʟ-

ʤʽʨʠ ʪʘ ʤʘʩʫ, ʪʦ ʛʘʙʘʨʠʪʠ ʩʠʩʪʝʤʠ ʩʪʠʢʫʚʘʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʧʽʜ ʢʦʥ-

ʢʨʝʪʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʞʥʦʛʦ ʘʧʘʨʘʪʫ. 

2. ʇʨʠʥʮʠʧ ʜʽʾ ʩʠʩʪʝʤʠ ʩʪʠʢʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʠʩʣʠʡ ʦʧʠʩ ʦʩʦʙʣʠʚʦʩʪʝʡ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʠʢʫʚʘʣʴʥʦʛʦ ʚʫʟʣʘ.  

3. ɼʦʧʫʩʪʠʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʚʘʛʫ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʩʠ-

ʩʪʝʤʘ ʩʪʠʢʫʚʘʥʥʷ ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ, ʱʦ ʥʘʢʣʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʪʘ ʦʙʤʝ-

ʞʝʥʥʷ ʥʘ ʚʠʙʽʨ ʪʘ ʢʦʥʩʪʨʫʢʮʽʶ ʩʠʩʪʝʤʠ ʩʪʠʢʫʚʘʥʥʷ.  

4. ɺʽʜʧʨʘʮʴʦʚʘʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʜʽʟʥʘʪʠʩʴ ʯʠ ʧʨʦʡʰʣʘ ʩʠʩʪʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʩʢʽʣʴ-

ʢʠ ʨʘʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ. 

ɿʘʟʥʘʯʝʥʽ ʢʨʠʪʝʨʽʾ ʜʦʟʚʦʣʷʶʪʴ: ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʤʽʩʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʠ-

ʢʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʩʤʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ; ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʩʪʠʢʫ-

ʚʘʥʥʷ ʜʦ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ; ʦʮʽʥʠʪʠ ʙʝʟʧʝʢʫ ʩʪʠʢʫʚʘʣʴʥʠʭ ʤʘʥʝʚʨʽʚ ʪʘ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ; ʦʢʨʝʩʣʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʟʘʚʜʘʥʴ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʩʪʠʢʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʣʷ ʩʪʠʢʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʦʪʨʠʤʘʣʠ: 

ʩʠʩʪʝʤʘ ʩʪʠʢʦʚʢʠ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʝʨʝʭʦʜʫ, ʘʥʜʨʦʛʽʥʥʦ-ʧʝʨʠʬʝʨʽʡʥʠʡ ʘʛʨʝʛʘʪ ʩʪʠʢʫ-

ʚʘʥʥʷ (ɸʇɸʉ), ʤʽʞʥʘʨʦʜʥʠʡ ʩʪʠʢʫʚʘʣʴʥʠʡ ʘʜʘʧʪʝʨ (IDA) ʪʘ ʽʥ. ɿʘʟʥʘʯʝʥʽ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʠʢʫʚʘʥʥʷ ʟ ʄʂʉ [2].  

ɺʠʩʥʦʚʢʠ.  

ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ 85 % ʚʽʜʤʦʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʧʫʪʥʠʢʽʚ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʥʝ-

ʩʪʘʯʫ ʧʘʣʠʚʘ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʦʨʙʽʪʠ [3].  

ɼʣʷ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʩʪʠʢʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʝʨʝʣʽʢ ʾʭ ʧʦʨʽʚʥʷʣʴʥʠʭ ʦʟʥʘʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʩʫʤʽʩʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʠʢʫ-

ʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʩʤʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʙʝʟʧʝʢʫ ʩʪʠʢʫʚʘʣʴʥʠʭ ʤʘʥʝʚʨʽʚ, ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʦʾ ʩʠʩʪʝʤʠ ʩʪʠʢʫʚʘʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʪʦʱʦ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤ ʩʪʠʢʫʚʘʥʥʷ ʻ ʟʘʩʦʙʦʤ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʽʥʩʪʨʫʤʝ-

ʥʪʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ɸʥʘʣʽʟ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽʡ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʫ ʢʦʩʤʽʯʥʠʭ 

ʦʧʝʨʘʮʽʷʭ. 
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ʅɸɼɯʁʅɯʉʊʔ ʇʋʉʂʆɺʀʍ ʇʆʉʃʋɻ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʥʘʜʽʡʥʦʛʦ ʽ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʦʛʦ ʧʦʩʪʘʯʘʣʴ-

ʥʠʢʘ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ ʜʣʷ ʚʠʚʦʜʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʥʠʟʴʢʽ ʢʨʫʛʦʚʽ ʦʨʙʽʪʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʢʝʪʦʥʦʩʽʡ, ʧʫʩʢʦʚʽ ʧʦʩʣʫʛʠ. 

ɸnnotation. The problem of choosing a reliable and relatively cheap provider of launch 

services for launching spacecraft into low circular orbits is considered. 

Keywords: missile carrier, commissioning services. 

 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ʻ ʡʦʛʦ ʟʘʧʫʩʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ (ʈʅ). ɯ ʪʫʪ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚ ʟʘʧʫʩʢʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ 

(ʂɸ) ʇʦʩʣʫʛʠ ʟʘʧʫʩʢʫ ʥʘʜʘʶʪʴ ʧʦʢʠ ʱʦ ʦʙʤʝʞʝʥʽ ʢʨʘʾʥʠ. ʂʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʢʨʘʾʥ ʜʦʩʽ 

ʦʙʤʝʞʝʥʘ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ 2015 ʨ. ʪʘʢʽ ʧʦʩʣʫʛʠ ʥʘʜʘʚʘʣʠ 7 ʢʨʘʾʥ. ʂʽʣʴʢʽʩʪʴ ʟʘʧʫʩʢʽʚ 

ʫ ʨʽʢ ʥʘ ʧʨʦʪʷʟʽ 2013-2017 ʨʦʢʽʚ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 80 ʜʦ 90. ɿ 2018 ʢʽʣʴʢʽʩʪʴ ʟʘʧʫʩʢʽʚ 

ʧʦʯʘʣʘ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʽ ʚ  2023 ʜʦʩʷʛʣʘ 221. ɺʘʨʪʽʩʪʴ ʟʘʧʫʩʢʫ ʂɸ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʈʅ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʨʽʟʥʘ ʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 10 ʜʦ 30 ʪʠʩ. ʜʦʣʘʨʽʚ ʟʘ ʦʜʠʥ 

ʢʽʣʦʛʨʘʤ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ. ʎʝ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʽ ʪʦʤʫ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʟʥʘʡʪʠ ʚʦʣʦ-

ʜʘʨʽʚ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ ʥʘʜʽʡʥʠʭ ʽ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʠʭ. 

ɹʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʮʽʥʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʫʩʢʽʚ ʽ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʚʠʙʦʨʫ ʚʦʣʦʜʘʨʷ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ. ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʥʘʜʘ-

ʶʪʴ ʚʦʣʦʜʘʨʽ ʈʅ ʢʦʨʠʩʪʫʚʘʯʘʤ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ 2015 ʨʦʮʽ ʢʽʣʴʢʽʩʪʴ ʢʨʘʾʥ ʷʢʽ 

ʥʘʜʘʚʘʣʠ ʧʫʩʢʦʚʽ ʧʦʩʣʫʛʠ  ʙʫʣʦ 7 ʽ ʜʘʣʽ ʧʦ ʨʦʢʘʤ 2016ʨ. ï 8, 2017 ʨ. ï 7, 2018 ʨ. ï 7, 

2019 ʨ. ï 8, 2020 ʨ. ï 8, 2021 ʨ. ï 9, 2022 ʨ. ï 9, 2023 ʨ. ï 12. ʂʽʣʴʢʽʩʪʴ ʟʘʧʫʩʢʽʚ ʧʦ 

ʨʦʢʘʤ: 2016 ʨ. ï 85, 2017 ʨ. ï 90, 2018 ʨ. ï 114, 2019 ʨ.ï 102, 2020 ʨ. ï 114, 2021 ʨ. ï 

145, 2022 ʨ. ï 186, 2023 ʨ. ï 221. ʇʨʠ ʢʦʞʥʦʤʫ ʟʘʧʫʩʢʫ ʢʽʣʴʢʽʩʪʴ ʩʫʧʫʪʥʠʢʽʚ ʢʦʣʠʚʘ-

ʣʘʩʴ ʚʽʜ 1 ʜʦ 103 (ʢʣʘʩʪʝʨʥʠʡ ʟʘʧʫʩʢ). 

 ʃʽʜʝʨʘʤʠ ʧʦ ʥʘʜʘʥʥʶ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ ʙʫʣʠ: 2016 ʨ. ʉʐɸ ï 22 ʽ ʂʠʪʘʡ 

ï 22; 2017 ʨ. ʉʐɸ ï 22; 2018 ʨ. ʂʠʪʘʡ ï 39; 2019 ʨ. ʂʠʪʘʡ ï 34; 2020 ʨ. ʂʠʪʘʡ ï 39; 

2021 ʨ. ʂʠʪʘʡ ï 55; 2022 ʨ. ʉʐɸ ï 78; 2023 ʨ. ʉʐɸ ï 106. ʃʽʜʝʨʠ ʧʫʩʢʽʚ ʤʘʣʠ ʚ 

ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʨʽʟʥʽ ʪʠʧʠ ʈʅ, ʥʘʡʙʽʣʴʰʝ ʪʠʧʽʚ ʈʅ ʫ ʂʠʪʘʶ. ʊʝʭʥʦʣʦʛʽʷʤʠ 

ʟʘʧʫʩʢʫ ʧʽʣʦʪʦʚʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʢʦʨʘʙʣʽʚ ʚʦʣʦʜʽʶʪʴ ʪʽʣʴʢʠ ʪʨʠ ʢʨʘʾʥʠ: ʉʐɸ. ʂʠʪʘʡ, 

ʈʦʩʽʷ. ʅʝ ʚʩʽ ʟʘʧʫʩʢʠ ʙʫʣʠ ʫʩʧʽʰʥʠʤʠ. ʊʘʢ ʥʝʚʜʘʣʠʤʠ ʟʘʧʫʩʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʧʦ ʨʦʢʘʤ 

ʙʫʣʠ: 2016 ʨ. ï 2, 2017 ʨ. ï 7, 2018 ʨ. ï 3, 2019 ʨ. ï 1, 2020 ʨ. ï 10, 2021 ʨ. ï 11, 2022 ʨ. 

ï 8, 2023 ʨ. ï 10. ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʚʜʘʣʠʭ ʟʘʧʫʩʢʽʚ ʙʫʣʠ: ʚʽʜʤʦʚʘ ʦʜʥʽʻʾ ʩʪʫ-

ʧʝʥʽ ʈʅ, ʧʝʨʝʜʯʘʩʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ, ʚʽʜʤʦʚʘ ʚʽʜʜʽʣʝʥʥʷ ʦʙʪʽʯʥʠʢʘ, ʚʽʜʤʦʚʘ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʥʝʚʽʜʧʨʘʮʴʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʧʫʩʢʫ ʥʦʚʠʭ ʈʅ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʘʪʠ, ʱʦ ʚʠʙʽʨ ʥʘʜʽʡʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʫʩʢʦʚʠʭ ʧʦʩʣʫʛ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʦʛʦ ʯʘʩʫ. ʇʨʦʮʝʜʫʨʘ ʚʽʜ ʧʦʜʘʯʽ ʜʦ ʥʘʜʘʥʥʷ ʧʫʩʢʦʚʦʾ ʧʦʩʣʫʛʠ ʧʦʪʨʝʙʫʻ ʷʢ ʧʨʘʚʠ-

ʣʦ ʜʦ ʦʜʥʦʛʦ ʨʦʢʫ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ ʽ ʥʘʜʽʡʥʠʡ ʥʘ 

ʜʘʥʠʡ ʯʘʩ ʻ ʈʅ Falcon 9. 
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ROCKET ENGINEERING T ERMINOLOGY: TRANSLAT ION ASPECT 

ɸʥʦʪʘʮʽʷ: ʇʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʬʘʭʦʚʦʾ ʘʩʪʨʦʥʦʤʽʯʥʦʾ ʪʘ ʨʘʢʝʪʦʪʝʭʥʽʯʥʦʾ ʣʝʢʩʠʢʠ 

ʩʧʨʠʷʻ ʙʽʣʴʰ ʧʦʚʥʦʤʫ ʨʦʟʢʨʠʪʪʶ ʧʨʦʚʽʜʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʪʝʨʤʽʥʦʣʦʛʽʾ, ʘ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ  ̔ʪʨʫʜʥʦʱʽʚ ʾʾ ʧʝʨʝʢʣʘʜʫ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ 

ʩʫʯʘʩʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʩʪʠʣʽʩʪʠʯʥʽ ʥʘʧʨʷʤʢʠ ʚ ʤʝʞʘʭ ʛʘʣʫʟʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʪʘ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʾʾ ʤʘʡʙʫʪʥʽ ʧʝʨʩʧʝʢʪʠʚʠ. 

ʂʣʁʯʦʚʽ ʩʣʦʚʘ: ʪʝʨʤʽʥʦʣʦʛʽʷ, ʩʧʦʩʽʙ ʧʝʨʝʢʣʘʜʫ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ, ʣʝʢʩʠʢʘ ʘʩʪʨʦʥʦʤʽʾ ʪʘ 

ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ, ʧʽʜʩʠʩʪʝʤʘ. 

ɸnnotation: An advanced study of the specialized astronomical and rocket engineering 

vocabulary contributes to a more complete disclosure of the leading trends in the develop-

ment of national terminology, and the study of the peculiarities and difficulties of its transla-

tion will allow to determine modern functional and stylistic trends within the given field and 

predict its future prospects.  

Keywords: terminology, translation method, transformation, astronomical and rocket engi-

neering vocabulary, subsystem. 

 

The aerospace terminological system does not exist separately from the terminologi-

cal systems of other industries. The inter-branch connections of these term systems are 

manifested in the fact that aerospace terminology is constantly replenished with terms from 

other scientific fields, such as mathematics, biology, ecology, mechanical engineering, 

aviation, electronics, cybernetics, telecommunications, etc., interaction with which deter-

mines the development of the aerospace industry and, accordingly, terminological base as a 

whole.  

The relevance of the problem under consideration is connected with the lack of sci-

entific works with a systematic and thorough coverage of the terminology of this field. An 

advanced study of the specialized astronomical and rocket engineering vocabulary will 

contribute to a more complete disclosure of the leading trends in the development of nation-

al terminology, and the study of the peculiarities and difficulties of its translation will allow 

to determine modern functional and stylistic trends within the given field and predict its 

future [1]. 

Characteristic features of the scientific and technical style: informativeness, logic, 

accuracy and objectivity, as well as clarity and comprehensibility. In addition, such features 

as objectivity, generalization, unambiguity, brevity, evidentiality, persuasiveness, etc. are 

distinguished [2, p. 81]. Abstract vocabulary, symbols, a large number of terms, schemes, 

tables, graphs, sample symbols, foreign words, scientific phraseology belong to the main 

language tools [3].  

Aerospace terminology, like the terminology of any professional terminological sys-

tem, has its own characteristics, in particular the English-speaking one, because English-

speaking countries are among the leaders in the world in the direction of aviation and space 

development. The Ukrainian and English languages, of course, differ in their structure, so 

when translating, it is often necessary to use grammatical and lexical-semantic transfor-
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mations, including in cases when there are no equivalent concepts in the translated language, 

denoting little-known latest developments, so translators resort to borrowing. 

Depending on the degree of specialization, the terms are divided into three groups: 

1. General scientific terms that are used in almost all branch terminology, for exam-

ple: system, tendency, concept, theory, analysis, synthesis, etc. It should be noted that such 

terms can specify their meaning within certain terminology. This category also includes 

general technical terminology: machine, appliance, aggregate. 

2. Interdisciplinary terms are terms that are used in several related or distant fields 

(economic science has a common terminology with other social and natural sciences), for 

example: amortization, ecological taxation, sanitation, technopolis, reflection, real time. 

3. Highly specialized terms are words or phrases that denote concepts that reflect the 

peculiarities of a specific field, in particular aerospace, for example: upper atmosphere 

research satellite, meteor, lunar module. 

Like any other terminology, the terminology of the aerospace industry is character-

ized by systematicity and thematic grouping and is a complex entity, the structure of which 

contains separate subsystems. The systematicity of the vocabulary of the space professional 

language is reflected in the systematicity of the conceptual field, which consists in the fact 

that the meaning of lexical units does not exist in isolation, but in a certain relationship with 

the meaning of other units of a defined semantic field. 

The use of semantic fields to describe terminological vocabulary is associated with 

the division of terminological units into certain lexical-semantic groups, which are separate 

microsystems within the framework of the aerospace terminology system. Modern English 

aerospace terminology is very diverse in terms of its lexical and semantic content. 
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ɽʂʆʃʆɻɯʗ ʂʆʉʄʆʉʋ: ɺʀʂʃʀʂʀ ʊɸ ʈɯʐɽʅʅʗ ɼʃʗ ʉʊɸʃʆɻʆ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʉʄɯʏʅʆɻʆ ʇʈʆʉʊʆʈʋ 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʝʢʦʣʦʛʽʾ ʢʦʩʤʦʩʫ, 

ʟʦʢʨʝʤʘ, ʥʘʨʦʩʪʘʶʯʘ ʟʘʛʨʦʟʘ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ 

ʢʦʩʤʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʪʘ 

ʙʝʟʧʝʢʫ ʢʦʩʤʽʯʥʠʭ ʧʦʣʴʦʪʽʚ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʢʦʥʪʨʦʣʶ ʪʘ ʘʢʪʠʚʥʦʛʦ ʫʩʫʥʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ, ʝʢʦʣʦʛʽʷ ʢʦʩʤʦʩʫ, ʫʧʨʘʚʣʽʥʥʷ ʢʦʩʤʽʯʥʠʤʠ 

ʚʽʜʭʦʜʘʤʠ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʢʦʩʤʦʩʫ. 

Annotation. At present, the current problem of space ecology, the disappearance and 

increasing threat of space debris is being considered. The main characteristics of space 

sources, their classification and the potential of impact on space instruments and without 

space phenomena are analyzed. Special methods of application of methods of monitoring, 

control and active closure of space waste, with the help of the method of changing the size 

of domestic space objects and banning the content of outer space. 

Keywords: space debris, space ecology, space exit management, space steel 

development. 

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʘ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʚʠʢʣʠʢʽʚ ʩʫʯʘʩʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʱʦ ʥʝ ʬʫʥʢʮʽʦʥʫʶʪʴ (ʚʠʚʝʜʝʥʽ 

ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʧʫʪʥʠʢʠ, ʬʨʘʛʤʝʥʪʠ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʽʥʰʽ ʝʣʝʤʝʥʪʠ), ʩʪʘʥʦʚʠʪʴ ʨʝʘʣʴʥʫ 

ʟʘʛʨʦʟʫ ʜʣʷ ʜʽʷʣʴʥʦʩʪʽ ʚ ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɯʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʩʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʠʟʚʝʣʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙ'ʻʤʽʚ 

ʢʦʩʤʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʞʝʨʝʣʘ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ.

 
 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʫʪʚʦʨʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʚʽʜʧʨʘʮʴʦʚʘʥʽ 

ʩʪʫʧʝʥʽ ʨʘʢʝʪ: ɿʘʣʠʰʢʠ ʨʘʢʝʪ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ 

ʦʨʙʽʪʫ.ɺʠʚʝʜʝʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʧʫʪʥʠʢʠ: ʉʫʧʫʪʥʠʢʠ, ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʷʢʠʭ 
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ʟʘʚʝʨʰʠʚʩʷ, ʘʣʝ ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʦʨʙʽʪʽ. ʌʨʘʛʤʝʥʪʠ ʚʽʜ ʟʽʪʢʥʝʥʴ ʪʘ ʪʝʩʪʫʚʘʥʴ: 

ʋʣʘʤʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʴ ʩʫʧʫʪʥʠʢʽʚ ʘʙʦ ʾʭ ʯʘʩʪʠʥ, ʘ ʪʘʢʦʞ 

ʯʝʨʝʟ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʙʨʦʾ ʫ ʢʦʩʤʦʩʽ. 

ɺʧʣʠʚ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʥʘ ʙʝʟʧʝʢʫ ʢʦʩʤʽʯʥʠʭ ʧʦʣʴʦʪʽʚ. ʂʦʩʤʽʯʥʝ ʩʤʽʪʪʷ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʩʝʨʡʦʟʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʥʘʚʽʪʴ ʟʥʠʱʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʽ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʥʘ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʎʝ ʟʘʛʨʦʞʫʻ ʙʝʟʧʝʮʽ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʪʘ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʯʝʨʝʟ 

ʣʘʥʮʶʛʦʚʽ ʨʝʘʢʮʽʾ ʟʽʪʢʥʝʥʴ, ʚʽʜʦʤʠʭ ʷʢ ʩʠʥʜʨʦʤ ʂʝʩʩʣʝʨʘ. ʎʝʡ ʝʬʝʢʪ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʟ ʫʣʘʤʢʽʚ ʥʘʚʢʦʣʦ ɿʝʤʣʽ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʠʪʴ ʘʙʦ ʥʘʚʽʪʴ 

ʟʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤʠ ʤʘʡʙʫʪʥʽ ʟʘʧʫʩʢʠ ʪʘ ʢʦʩʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʢʨʽʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʟʘʛʨʦʟʠ ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ ʽ ʢʦʩʤʽʯʥʠʭ ʩʪʘʥʮʽʡ, ʽʩʥʫʻ ʡ ʨʠʟʠʢ ʜʣʷ 

ʙʝʟʧʽʣʦʪʥʠʭ ʪʘ ʧʽʣʦʪʦʚʘʥʠʭ ʤʽʩʽʡ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʬʨʘʛʤʝʥʪʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ 

ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʤʦʞʫʪʴ ʧʨʦʙʠʪʠ ʢʦʨʧʫʩ ʘʧʘʨʘʪʫ ʘʙʦ ʩʪʘʥʮʽʾ, ʩʧʨʠʯʠʥʠʚʰʠ 

ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʶ ʘʙʦ ʢʨʠʪʠʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 
ʄʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʩʤʽʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. ʇʨʦʙʣʝʤʘ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ 

ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʷʢ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʷʚʽ 

ʥʦʚʦʛʦ ʩʤʽʪʪʷ, ʪʘʢ ʽ ʚʠʨʽʰʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʦʾ ʧʨʦʙʣʝʤʠ. ʆʩʥʦʚʥʠʤʠ ʩʪʨʘʪʝʛʽʷʤʠ ʻ: 

ʇʦʧʝʨʝʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ: ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʽ ʧʨʘʚʠʣ, ʱʦ ʟʦʙʦʚ'ʷʟʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ 

ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʤʦʛʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʾʤ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʤʽʩʽʾ ʧʦʚʝʨʪʘʪʠʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ, ʜʝ ʚʦʥʠ ʟʛʦʨʷʪʠʤʫʪʴ, ʘʙʦ 

ʚʠʭʦʜʠʪʠ ʥʘ ʦʨʙʽʪʠ-ʢʣʘʜʦʚʠʱʘ. ɸʢʪʠʚʥʝ ʫʩʫʥʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ: ʈʦʟʨʦʙʢʘ ʤʽʩʽʡ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʙʽʨ ʘʙʦ ʚʽʜʚʝʜʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʟ ʦʨʙʽʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʢʦʩʤʽʯʥʽ ʙʫʢʩʠʨʠ, ʤʝʨʝʞʽ ʘʙʦ ʣʘʟʝʨʥʽ 

ʩʠʩʪʝʤʠ ʜʣʷ ʟʤʽʥʠ ʦʨʙʽʪ ʦʙ'ʻʢʪʽʚ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʫʚʽʡʰʣʠ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ ʪʘ ʟʛʦʨʽʣʠ. 

ʇʦʢʨʘʱʝʥʥʷ ʤʝʪʦʜʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ: ʈʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʛʣʦʙʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʩʪʝʞʝʥʥʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʘʪʘʣʦʛʽʟʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʢʦʩʤʽʯʥʦʛʦ 

ʩʤʽʪʪʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʽʪʢʥʝʥʥʷ ʪʘ ʫʥʠʢʘʪʠ 

ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʙʝʟʧʝʢ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ: ɯʥʚʝʩʪʫʚʘʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʩʤʽʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʩʘʤʦʣʽʢʚʽʜʘʮʽʾ ʩʫʧʫʪʥʠʢʽʚ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʾʭ ʤʽʩʽʾ. 

ɺʠʩʥʦʚʢʠ.  ʂʦʩʤʽʯʥʝ ʩʤʽʪʪʷ ʩʪʘʥʦʚʠʪʴ ʩʝʨʡʦʟʥʠʡ ʚʠʢʣʠʢ ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʄʽʞʥʘʨʦʜʥʘ ʩʧʽʚʧʨʘʮʷ, ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʽʩʥʫʶʯʠʭ ʨʠʟʠʢʽʚ. ɸʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ 

ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ, ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʩʤʽʯʥʠʭ ʨʝʩʫʨʩʽʚ. 
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ɽʂʆʃʆɻɯʏʅɯ ɸʉʇɽʂʊʀ ʈɸʂɽʊʆɹʋɼʋɺɸʅʅʗ: ʄɯʅɯʄɯɿɸʎɯʗ 

ʐʂɯɼʃʀɺʆɻʆ ɺʇʃʀɺʋ ʅɸ ɼʆɺʂɯʃʃʗ 

ɸʥʦʪʘʮʽʷ: ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʦʰʫʢʫ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʮʴʦʛʦ ʚʧʣʠʚʫ. ʎʝ ʚʢʣʶʯʘʻ 

ʦʮʽʥʢʫ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʟʘʧʫʩʢʫ ʨʘʢʝʪ, ʽ ʨʦʟʨʦʙʢʫ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʛʘʣʫʟʴ, ʜʦʚʢʽʣʣʷ, ʨʘʡʦʥʠ ʧʘʜʽʥʥʷ, ʨʘʢʝʪʥʝ 

ʧʘʣʠʚʦ, ʪʝʭʥʦʣʦʛʽʷ ʟʥʠʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʧʫʩʢʽʚ ʨʘʢʝʪ ʥʘ ʜʦʚʢʽʣʣʷ. 

 

ʈʦʟʚʠʪʦʢ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ (ʈʂɻ) ʜʝʨʞʘʚʠ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʦʣʽʪʠʯʥʝ, 

ʝʢʦʥʦʤʽʯʥʝ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʩʪʘʥʦʚʠʱʝ. ʌʦʨʤʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʧʨʠʯʠʥʷʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʶ ʩʝʨʝʜʫ. ʅʘʡʙʽʣʴʰʝ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ 

ʜʝʛʨʘʜʘʮʽʾ ʩʭʠʣʴʥʽ ʨʘʡʦʥʠ ʧʘʜʽʥʥʷ ʚʽʜʜʽʣʷʶʯʠʭ ʩʷ ʯʘʩʪʠʥ ʨʘʢʝʪʦʥʦʩʽʾʚ. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʫʯʘʩʥʦʾ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 1-3%. 

ɺʽʜʩʦʪʢʦʚʘ ʯʘʩʪʢʘ ʚʽʜ ʤʘʩʠ ʩʠʩʪʝʤ, ʱʦ ʟʘʧʫʩʢʘʶʪʴʩʷ, ʻ ʚʽʜʭʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɺʧʣʠʚ ʈʂɻ ʥʘ ʜʦʚʢʽʣʣʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢ: 

ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʚ ʤʽʩʮʷʭ ʧʘʜʽʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ (ʈʅ) ʪʦʢʩʠʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ; ʅʝʟʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʣʘʥʜʰʘʬʪʫ ʪʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʝ ʟʘʩʤʽʯʝʥʥʷ 

ʨʘʡʦʥʽʚ ʧʘʜʽʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʩʪʫʧʝʥʽʚ ʈʅ; ʈʫʡʥʫʚʘʥʥʷ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ ʧʨʠ 

ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʈʅ ʚ ʘʪʤʦʩʬʝʨʽ; ʋʪʚʦʨʝʥʥʷ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʩʤʽʯʥʦʛʦ 

ʩʤʽʪʪʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʘʡʦʥʽʚ ʧʘʜʽʥʥʷ ʯʘʩʪʠʥ ʈʅ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ, 

ʟʘʧʫʩʢʘʶʪʴʩʷ ʟ ʢʦʩʤʦʜʨʦʤʫ çɹʘʡʢʦʥʫʨè (ʧʨʠʙʣʠʟʥʦ 40). ʇʦ ʢʦʞʥʦʤʫ ʤʘʨʰʨʫʪʫ 

ʧʦʣʴʦʪʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʜʦ ʪʨʴʦʭ ʨʘʡʦʥʽʚ ʧʘʜʽʥʥʷ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʠʭ ʞʦʨʩʪʢʦ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʱʦʜʦ ʤʽʩʮʷ ʩʪʘʨʪʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʤʘʨʰʨʫʪʫ ʦʙʫʤʦʚʣʝʥʦʶ ʦʨʙʽʪʦʶ.  

ʈʘʡʦʥʠ ʧʘʜʽʥʥʷ ʧʝʨʰʠʭ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪʦʥʦʩʽʾʚ ʩʪʘʥʦʚʣʷʪʴ ʨʝʘʣʴʥʫ ʟʘʛʨʦʟʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʟʘ ʨʘʭʫʥʦʢ ʦʩʽʜʘʥʥʷ ʥʘ ˇʨʫʥʪ ʟʘʣʠʰʢʽʚ ʪʦʢʩʠʯʥʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ (ʈʇ). ʇʨʠʢʣʘʜʦʤ ʻ ʧʘʣʠʚʦ-ʩʫʧʝʨʪʦʢʩʠʢʘʥʪ ï ʥʝʩʠʤʝʪʨʠʯʥʠʡ 

ʜʠʤʝʪʠʣʛʽʜʨʘʟʠʥ (ʛʝʧʪʠʣ). ɻʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʛʝʧʪʠʣ ʧʦʪʨʘʧʣʷʻ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʡʦʛʦ ʜʠʩʧʝʨʩʽʾ ʚ ʘʪʤʦʩʬʝʨʽ ʽ ʨʦʟʣʠʚ ʧʘʣʠʚʘ ʧʨʠ ʧʘʜʽʥʥʽ ʱʘʙʣʽʚ ʨʘʢʝʪ-

ʥʦʩʽʾʚ. ɼʘʥʽ ʨʘʡʦʥʠ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ çʟʦʥʘʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʯʷè, 

ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 77,09 ʤʣʥ. ʛʘ. 

ʅʘ̫ʚʥʽʩʪʴ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʩʪʽ ʈʂʇ ʪʘ ʚʧʣʠʚ ʮʴʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʥʘʚʢʦʣʠʰʥʶ 

ʩʝʨʝʜʫ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʽʜ ʨʘʡʦʥʠ ʧʘʜʽʥʥʷ. ɺʩʽ ʮʽ 

ʨʦʟʨʦʙʢʠ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʢʦʰʪʽʚ ʪʘ ʯʘʩʫ ʥʘ ʝʪʘʧʘʭ ʅɼʈ ʪʘ ɼʂʈ ʪʘ 

ʥʘʚʦʜʷʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʥʠʞʝʥʥʷ ʪʘʢʪʠʢʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʂʇ. 
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [1 ï 2] ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸɹʉʉ ï (ʘʢʪʠʚʥʘ 

ʙʦʨʪʦʚʘ ʩʠʩʪʝʤʘ ʩʧʫʩʢʫ) ʫ ʩʢʣʘʜʽ ɺʉ ï (ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʩʠʩʪʝʤʠ) ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʮʠʭ ʨʦʟʨʦʙʦʢ ʫ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʭʝʤʥʽ ʪʘ 

ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʪʷʛʪʠ ʥʝʚʠʨʦʙʣʝʥʽ 

ʟʘʣʠʰʢʠ ʂʈʇ, ʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʩʫʨʩ, ʫʢʣʘʜʝʥʠʡ ʫ ʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ ʧʣʦʱ ʨʘʡʦʥʽʚ ʧʘʜʽʥʥʷ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ɸɹʉʉ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʂʇ, 

ʟʥʠʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʨʽʚʥʷ ʈʂʇ, ʟʦʢʨʝʤʘ, ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʤ'ʷʢʦʾ ʧʦʩʘʜʢʠ ɺʉ. 
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ɸʅɸʃɯɿ ɼʀʅɸʄɯʂʀ ʈʆɿɺʀʊʂʋ ʉʊɸʅʋ ɿɸɻɸʃʔʅʆɰ ʅɸɺʂʆʃʆɿɽʄʅʆɰ 

ʂʆʉʄɯʏʅʆɰ ʆɹʉʊɸʅʆɺʂʀ 

ɸʥʦʪʘʮʽʷ. ʉʠʩʪʝʤʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʙʘʟʫ-

ʶʪʴʩʷ ʥʘ ʢʦʩʤʽʯʥʽʡ ʩʠʪʫʘʮʽʡʥʽʡ ʦʙʽʟʥʘʥʦʩʪʽ, ʪʦʙʪʦ ʥʘ ʦʙôʻʢʪʠʚʥʽʡ ʪʘ ʚʩʝʙʽʯʥʽʡ ʽʥʬʦʨ-

ʤʘʮʽʾ ʧʨʦ ʢʦʩʤʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʡ ʨʦʟʚʠʪʦʢ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʜʝʨʞʘʚʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʥʘʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʝʩʽʚ, ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝ-

ʢʠ. ʅʘʚʢʦʣʦʟʝʤʥʫ ʢʦʩʤʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʩʪʚʦʨʶʶʪʴ ʢʦʩʤʽʯʥʽ ʦʙôʻʢʪʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʘ ʩʘʤʝ: ʜʽʶʯʽ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ (ʂɸ) ʪʘ  ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ, ʜʦ ʷʢʦʛʦ ʚʽʜʥʦ-

ʩʷʪʴ ʥʝʜʽʶʯʽ ʂɸ, ʩʪʫʧʝʥʽ ʨʘʢʝʪ-ʥʦʩʽʾʚ (ʈʅ), ʨʦʟʛʽʥʥʽ ʙʣʦʢʠ (ʈɹ), ʬʨʘʛʤʝʥʪʠ ʂɸ, ʈʅ, 

ʈɹ. ʈʽʚʝʥʴ ʟʥʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʢʦʩʤʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ (ʂʆ) ʫ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʢʦʩʤʽʯ-

ʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʾʭ ʧʦʪʦʯʥʠʤ ʩʪʘʥʦʤ, ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʦʨʙʽʪʘʭ, ʩʪʘʥʦʤ ʟʘʩʤʽʯʝʥʦʩʪʽ ʢʦʩ-

ʤʽʯʥʠʭ ʦʨʙʽʪ ʪʘ ʡʦʛʦ ʚʧʣʠʚʦʤ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ; ʢʦʩʤʽʯʥʽ ʦʙôʻʢʪʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ; 

ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ. 

Annotation: Systematic approaches for the organization and implementation of space activi-

ties are based on space situational awareness, that is, on objective and comprehensive in-

formation about the space situation and its impact on the functioning and development of the 

rocket and space industry of the state, for the ensuring its national interests, national securi-

ty. The near-Earth space environment is created by space objects of man-made origin, name-

ly: operating spacecraft and space debris, which includes inactive spacecraft, stages of 

launch vehicles, upper stages, fragments of spacecraft and launch vehicles, and upper stages. 

The level of knowledge of the space situation is determined by the physical conditions of the 

space environment, the total number of space objects in near-Earth space, their current state, 

distribution in orbits, the state of debris in space orbits and its impact on the activities of 

space facilities. 

Key words: space situation; man-made origin space objects; space debris. 

 

 ʉʴʦʛʦʜʥʽ ʽʥʚʝʩʪʠʮʽʾ ʧʨʠʚʘʪʥʦʛʦ ʢʘʧʽʪʘʣʫ ʫ ʢʦʩʤʽʯʥʫ ʛʘʣʫʟʴ ʧʝʨʝʚʠʱʫʶʪʴ ʜʝʨ-

ʞʘʚʥʽ ʙʶʜʞʝʪʥʽ ʚʢʣʘʜʝʥʥʷ ʚʩʽʭ ʢʨʘʾʥ, ʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʛʘʣʫʟʴ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʟʘʛʘʣʽ 

ʙʝʟ ʙʶʜʞʝʪʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ. ʇʨʦʪʝ ʦʯʠʱʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʦʨʙʽʪ ʚʽʜ ʩʤʽʪʪʷ ʻ ʥʝʤʦʞ-

ʣʠʚʠʤ ʙʝʟ ʫʯʘʩʪʽ ʜʝʨʞʘʚʥʠʭ ʩʪʨʫʢʪʫʨ.  

 ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʢʦʩʤʽʯʥʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʩʴʦʛʦʜʥʽ ʻ ʜʠʩʪʘʥʮʽʡʥʝ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʟ ʢʦʩʤʦʩʫ, ʩʫʧʫʪʥʠʢʦʚʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʥʘʚʽʛʘʮʽʷ. ʋ  2020 

ʨʦʮʽ  ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʥʘ ʦʨʙʽʪʠ  176 ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ ʪʘ 1020 ʂɸ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʚôʷʟʢʫ ʪʘ ʥʘʚʽʛʘʮʽʾ. ɿʨʦʩʪʘʻ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʩʫʧʫʪʥʠʢʽʚ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɿʥʘʥʥʷ ʧʨʦ ʢʦʩʤʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʪʘ ʧʨʦʛʥʦʟ ʾʾ ʩʪʘʥʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʩʤʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ (ʂʆ) ʪʘ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʮʽʦʥʘ-

ʣʴʥʠʤ ʽʥʪʝʨʝʩʘʤ, ʩʧʨʠʷʶʪʴ ʧʦʢʨʘʱʝʥʥʶ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ [1].   

ʆʙôʻʢʪʠʚʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʨʽʟʥʦʛʦ ʧʦʭʦ-

ʜʞʝʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʾʭ ʦʨʙʽʪʘʣʴʥʦʛʦ ʨʫʭʫ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʫ 
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ʦʮʽʥʢʫ ʟʘʛʨʦʟ ʜʣʷ ʜʽʶʯʠʭ ʂɸ ʪʘ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ɿʝʤʣʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʫʙʣʽʢʦ-

ʚʘʥʠʭ ʜʘʥʠʭ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʽʶʯʠʭ ʂɸ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 28 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦ-

ʩʪʽ ʢʘʪʘʣʦʛʽʟʦʚʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɿʘ ʯʠʩʝʣʴʥʽʩʪʶ 

ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʜʽʶʯʠʭ ʂɸ ʣʽʜʝʨʦʤ ʻ ʉʐɸ (ʙʽʣʷ 5000 ʂɸ), ʜʨʫʛʝ ʤʽʩʮʝ ʧʦʩʽ-

ʜʘʻ ʂʅʈ (680 ʂɸ). ʈʌ ʤʘʻ ʪʽʣʴʢʠ 170 ʜʽʶʯʠʭ ʂɸ ʫ ʩʢʣʘʜʽ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. 

ɸʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʧʦʯʠʥʘʶʯʠ ʟ 2021 ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʘʞʘʶʯʝ ʟʙʽʣʴʰʝʥʥʷ ʫ ʟʘʛʘʣʴ-

ʥʽʡ ʢʽʣʴʢʦʩʪʽ ʂʆ ʜʽʶʯʠʭ ʂɸ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʜʽʶʯʠʤʠ ʫ ʟʚôʷʟʢʫ ʟ ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʟʘʧʫʩʢʽʚ [2]. ɿʘ ʢʽʣʴʢʽʩʪʶ ʟʘʧʫʩʢʽʚ ʧʝʨʰʽʩʪʴ ʥʘʣʝʞʠʪʴ ʂʅʈ. ʆʩʥʦʚʥʠʡ ʚʥʝ-

ʩʦʢ ʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʂɸ ʟʜʽʡʩʥʶʻ ʉʐɸ. ɹʽʣʴʰʝ 50 % ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʧʨʠʭʦ-

ʜʠʪʴʩʷ ʥʘ ʫʣʘʤʢʠ ʂɸ, ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʨʦʟʛʽʥʥʠʭ ʙʣʦʢʽʚ. ʏʘʩʪʢʘ ʉʐɸ ʫ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦ-

ʩʪʽ ʂʆ ʻ ʥʘʡʙʽʣʴʰʦʶ ʪʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 40 %. ʇʨʠʙʣʠʟʥʦ ʪʘʢʦʶ ʞ ʻ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ 

ʂʆ ʈʌ ʪʘ ʂʅʈ. ɸʣʝ ʯʘʩʪʢʘ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʜʚʦʭ ʢʨʘʾʥ ʤʘʡʞʝ ʫʜʚʽʯʽ 

ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʢʫ ʉʐɸ. ʇʨʠʯʦʤʫ ʢʽʣʴʢʽʩʪʴ ʫʣʘʤʢʽʚ ʂʆ ʜʣʷ ʪʨʴʦʭ ʥʘʟʚʘʥʠʭ ʢʨʘʾʥ 

ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ. ʉʫʧʫʪʥʠʢʦʚʽ ʫʛʨʫʧʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟ ʤʝʪʦʶ ʟʥʷʪʪʷ ʦʙʤʝʞʝʥʴ 

ʱʦʜʦ ʛʣʦʙʘʣʴʥʦʩʪʽ ʪʘ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʨʦʱʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʫʛʨʫʧʫʚʘʥʴ, ʥʘʩʘʤʧʝʨʝʜ, 

ʉʐɸ ʪʘ ʂʠʪʘʶ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʩʤʽʯʥʦʛʦ 

ʩʤʽʪʪʷ [3]. ɿʘ ʧʝʨʽʦʜ ʟ 2014 ʧʦ 2023 ʨʽʢ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʂʆ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥ-

ʥʷ ʟʙʽʣʴʰʠʣʘʩʴ ʤʘʡʞʝ ʫ 1,6 ʨʘʟʽʚ, ʢʽʣʴʢʽʩʪʴ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʫʚʘʥʴ ï ʫ 6 ʨʘʟʽʚ, ʘ ʢʽʣʴ-

ʢʽʩʪʴ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ï ʪʽʣʴʢʠ ʫ 1,25 ʨʘʟʠ [4]. 

ɿ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʨʦʟʚʠʪʢʫ ʩʪʘʥʫ ʥʘʚʢʦʣʦʟʝʤʥʦʾ ʢʦʩʤʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚʠʜʥʦ 

ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʧʨʠʯʦʤʫ 

ʪʝʤʧʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʂɸ  ʟʥʘʯʥʦ ʚʠʧʝʨʝʜʞʘʶʪʴ ʨʝʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʟʤʝʥ-

ʰʝʥʥʶ ʟʘʩʤʽʯʝʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʦʨʙʽʪ. 
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʇʈʆʎɽʉɯɺ ʋ ʉʀʉʊɽʄɯ ʅɸɼɼʋɺɸʅʅʗ 

ʇɸʃʀɺʅʆɻʆ ɹɸʂɸ ɹɽɿ ʋʈɸʍʋɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʊɽʇʃʆʆɹʄɯʅʋ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ  ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʮʝʩʽʚ ʚ 

ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ ʪʘ ʩʠʩʪʝʤʽ ʥʘʜʜʫʚʘʥʥʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ ʥʘʜʜʫʚʘʥʥʷ ʚ ʙʘʢʫ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ, ʛʘʟʦʚʽʡ ʧʦʨʦʞʥʠʥʽ ʧʘʣʠʚʥʦʛʦ ʙʘʢʫ ʪʘ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʯʘʩʦʤ. 

ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ ʽʥʞʝʥʝʨʥʠʭ ʦʮʽʥʦʢ ʥʘ 

ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʚʠʪʨʘʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʝʪʘʧʠ ʧʨʦʝʢʪʫʚʘʥʥʷ 

Annotation. A calculation mathematical model was developed for the processes in 

the fuel tank and the pressurization system without taking into account heat exchange 

processes. According to the results of the work, the distribution of the parameters of the 

charge gas in the high-pressure tank, the gas cavity of the fuel tank, and the mass flow of 

fuel over time was obtained. The resulting model can be used for preliminary engineering 

assessments at various design stages. 

Key words: mathematical model, component consumption, design stages 

 

ʉʠʩʪʝʤʘ ʥʘʜʜʫʚʫ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ (ʈʅ) ʧʨʦʝʢʪʫʻʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚ ʛʘʟʦʚʽʡ ʧʦʜʫʰʮʽ ʙʘʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ, 

ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʧʦʜʘʯʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʪʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʙʘʢʽʚ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʫʟʛʦʜʞʫʚʘʪʠ ʨʦʙʦʪʫ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʘʜʜʫʚʫ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟ ʦʜʥʦʛʦ ʙʘʣʦʥʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʜʘʣʽ ï ɹɺʊ), 

ʛʘʟʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʧʘʣʠʚʥʦʛʦ ʙʘʢʘ ʪʘ ʤʘʛʽʩʪʨʘʣʽ, ʱʦ ʾʭ ʦʙ'ʻʜʥʫʻ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʫ ʛʘʟʦʚʽʡ ʧʦʜʫʰʮʽ ʙʘʢʘ ʧʦʜʘʻʪʴʩʷ ʛʘʟ ʥʘʜʜʫʚʫ, ʚʠʪʨʘʪʘ ʷʢʦʛʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʫ ɹɺʊ, ʘ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʛʘʟʦʚʦʾ ʧʦʜʫʰʢʠ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʫ ʚʠʪʨʘʪʫ ʢʦʤʧʦʥʝʥʪʘ ʜʦ ʥʘʩʦʩʽʚ ʘʙʦ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ. ʊʘʢʽ 

ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʷʢ ʛʘʟʦʚʠʡ ʨʝʜʫʢʪʦʨ ʪʘ ʛʘʟʦʚʘ ʤʘʛʽʩʪʨʘʣʴ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʻʜʠʥʘ 

ʤʘʛʽʩʪʨʘʣʴ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʪʨʘʪʠ. ʊʝʧʣʦʦʙʤʽʥ ʽʟ ʜʦʚʢʽʣʣʷʤ ʥʝ 

ʚʨʘʭʦʚʫʚʘʚʩʷ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ, ʫ ʷʢʽʡ ʝʣʝʤʝʥʪʠ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ʋ ʟʘʜʘʯʽ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʚʠʪʨʘʪʠ ʢʦʤʧʦʥʝʥʪʘ 

ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʠʩʪʝʤʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʩʠʩʪʝʤʫ ʟʚʠʯʘʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ɹɺʊ ʪʘ ʧʘʣʠʚʥʦʛʦ ʙʘʢʫ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʟʘʢʦʥʽʚ 

ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʝʥʝʨʛʽʾ, ʪʘ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʛʘʟʫ ʥʘʜʜʫʚʘʥʥʷ [1]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʪʨʘʪʠ ʢʦʤʧʦʥʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʚʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʟ ʦʪʚʦʨʫ [2]. 

ɺʠʪʨʘʪʘ ʛʘʟʫ ʯʝʨʝʟ ʤʘʛʽʩʪʨʘʣʴ ʟ ʨʝʜʫʢʪʦʨʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ 

ʟ ʦʪʚʦʨʫ [3]. ʈʦʙʦʪʘ ʛʘʟʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʠ ʟʘ ʯʘʩʦʤ 

ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʦʪʚʦʨʫ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ. 
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ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘʜʜʫʚʘʥʥʷ. 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʛʘʟʦʚʦʾ 

ʤʘʛʽʩʪʨʘʣʽ ʚʽʜʭʠʣʝʥʥʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʟʘ ʯʘʩ ʩʧʦʨʦʞʥʝʥʥʷ ʙʘʢʘ 

ʩʢʣʘʜʘʻ 4% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʧʣʦʱʽ 

ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʮʝ ʚʽʜʭʠʣʝʥʥʷ ʜʦ 1%. 

ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʫ ʙʘʢʫ ʻ ʢʦʨʝʢʪʥʦʶ ʪʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʘʢʝʪ. 
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ON GRID EFFECTS IN SOLVING PROBLEMS OF AE RO- AND GAS DYNAMICS  

ɸʥʦʪʘʮʽʷ: ʈʦʟʨʦʙʣʝʥʦ ʩʽʪʢʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʨʝʛʫʣʷʨʥʦʾ ʪʨʠʢʫʪʥʦʾ ʩʽʪʢʠ, ʘ ʪʘʢʦʞ ʘʣʛʦ-

ʨʠʪʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʤʦʚʦʶ Fortran ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ. ɼʦʩʣʽʜʞʝʥʦ ʩʽʪʢʦʚʽ ʝʬʝʢʪʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʤʠʣʦʢ ʦʙʯʠʩʣʝʥʴ ʪʘ 

ʚʠʢʨʠʚʣʝʥʥʷ ʪʝʯʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʢʦʥʚʝʨʪʘʮʽʾ ʜʝʩʷʪʢʦʚʠʭ ʯʠʩʝʣ ʫ ʜʚʽʡʢʦʚʫ ʩʠʩʪʝ-

ʤʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʰʣʷʭʦʤ ʩʢʨʫʛʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ ʩʽʪʢʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʧʦʤʠʣʦʢ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

Annotation: A grid generator of a regular triangular grid and an algorithm for solving the 

system of Navier-Stokes equations in Fortran for solving gas dynamics problems are 

developed. Mesh effects leading to computational errors and flow distortion arising during 

the conversion of decimal numbers into binary system are investigated. A solution to the 

problem by rounding the coordinates of grid nodes is proposed, which allows to 

significantly reduce the influence of errors on the results of numerical modeling. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʽʪʢʦʚʠʡ ʛʝʥʝʨʘʪʦʨ, ʩʽʪʢʦʚʽ ʝʬʝʢʪʠ, ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; grid gener-

ator, grid effects, numerical modeling. 

 

A grid generator of a regular triangular mesh has been developed to solve two-

dimensional problems of gas dynamics (Fig., a). The mesh generation algorithm is as 

follows: a matrix of nodes is created in which the nodes lie at the vertices of isosceles 

triangles [1]; nodes are assigned coordinates; nodes belonging to the object under study are 

excluded from the matrix; the coordinates of nodes near the object under study are corrected 

- the nodes are attracted to the generatrix of the object; a list of elements is generated; a list 

of nodes belonging to the wall, area boundaries and features (sources and sinks) is 

generated. An algorithm for solving the system of Navier-Stokes equations using the finite 

volume method [2] has been developed and implemented in software in Fortran. A viscous 

heat-conducting compressible gas was considered in a two-dimensional formulation of the 

problem. Direct numerical modeling was used to solve the problem. The flows at the 

boundaries of the elements were determined from the conditions for solving the problem of 

an arbitrary discontinuity. At solid boundaries, a solution was used for the interaction of gas 

with an obstacle. The outflow at the free boundaries of the computational domain was 

specified by the outflow according to the characteristic. Various factors of the work process 

are specified using the source-sink feature method [3]. The flow model was tested on the 

problem of flow around an infinite cylinder (Fig., a) for Reynolds numbers of 40. The 

software algorithm for the mesh generator and flow calculation were implemented in 

Fortran. 

When solving problems, grid effects were discovered, leading to the accumulation 

of calculation errors and distortion of the flow pattern. The problem lies in the very nature of 

converting decimal floating point numbers to binary and vice versa. Namely, when 

converting numbers from binary representation to decimal form, the latter, in addition to the 

correct set of digits, have a ñtailò from the incorrect set. This situation occurs when writing 
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the coordinates of nodes to a mesh file and then reading them in the solver program. Using a 

higher-precision format, double precision, does not correct the situation, but only leads to a 

lengthening of the ñtailò. As a result, the calculated coordinates of the normal vectors to the 

faces also contain an error [4-6]. Then, when calculating the flows through the faces of the 

element, an extra remainder appears, which accumulates in the form of additional sources of 

flow disturbance. When switching to a regular grid and then adjusting the coordinates, grid 

effects are not observed. The correction consists of rounding the coordinates so that the last 

digit in the correct set is 0 or 5. 

 
 

Figure - Results of generating a regular computational mesh (a) and calculating the flow 

around an infinite cylinder (b) 
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ʊɽʍʅʆʃʆɻɯʗ ɺʀʄɯʈʋ ʇʈʆʉʊʆʈʆɺʀʍ ʇɸʈɸʄɽʊʈɯɺ ʇɽʈɽʄɯʑɽʅʅʗ 

ʆɹôɭʂʊɸ ʇɯɼ ʏɸʉ ɼɯɰ ʅɸ ʅʔʆɻʆ ɯʄʇʋʃʔʉʅʀʍ ʇʆʐʊʆɺʍɯɺ  

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ. ʇʨʠ ʫʤʦʚʽ ʱʦ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʦʙôʻʢʪʘ ʤʘʶʪʴ ʥʝʚʠʟʥʘʯʝʥʫ ʩʪʫʧʽʥʴ 

ʩʚʦʙʦʜʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ ʦʧʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʌʽʢʩʘʮʽʷ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʩʣʽʜʫ ʚʽʜ ʣʘʟʝʨʥʦʛʦ ʮʽʣʦʚʢʘʟʽʚʥʠʢʘ  ʚʠʢʦʥʫʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ɸnnotation. The technology of measuring the movement parameters of individual 

elements of the object is proposed. Provided that individual element of the object have an 

undefined degree of freedom. For this purpose, a system of optical measurements was 

developed. The trajectory of the trace from the laser target designator was recorded using a 

high-speed television camera. 
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ɿʘʨʘʟ ʚʩʝ ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʚʠʜʢʽʩʥʘ ʚʽʜʝʦʟʡʦʤʢʘ. ɺ ʫʤʦʚʘʭ 

ʩʴʦʛʦʜʝʥʥʷ ʮʝ ʟʨʫʯʥʠʡ ʩʧʦʩʽʙ ʜʣʷ ʚʠʚʯʝʥʥʷ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʧʨʦʮʝʩʽʚ ʰʣʷʭʦʤ  

ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʫ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʫʭʽʚ. ɼʣʷ ʫʤʦʚ ʽʤʧʫʣʴʩʥʠʭ ʧʦʰʪʦʚʭʽʚ, ʯʘʩ ʜʽʾ ʷʢʠʭ ʚʽʜ 

ʤʽʣʽʩʝʢʫʥʜ ʜʦ ʢʽʣʴʢʦʭ ʩʝʢʫʥʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʬʽʢʩʘʮʽʾ ʰʚʠʜʢʦʾ ʜʽʾ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʚʠʤʦʛʦʶ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ. ʋ 

ʨʦʙʦʪʽ ʧʽʜ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʫʤʽʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʦʚʠʭ ʪʘ ʣʽʥʽʡʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʚʽʜ ʯʘʩʫ. ɺ ʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʧʪʠʯʥʫ ʩʠʩʪʝʤʫ ʷʢʘ ʤʦʞʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʨʫʭʠ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ ʟ ʥʘʛʣʷʜʥʦʾ ʪʘ ʟʨʦʟʫʤʽʣʦʶ ʬʽʢʩʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʠʩʪʝʤʘ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ. ʆʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ. ɼʣʷ ʦʙʨʘʭʫʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʩʪʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ[2, 3]. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʠ ʦʙʨʦʙʣʷʻ ʜʘʥʥʽ ʪʘ ʬʦʨʤʫʻ ʪʘʙʫʣʴʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ.  

ʆʪʨʠʤʘʥʽ ʧʨʘʢʪʠʯʥʽ ʜʘʥʥʽ ʜʣʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʾ ʩʪʘʪʠʯʥʦʾ ʢʦʣʽʩʥʦʾ ʪʝʭʥʽʢʠ. ɹʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʫʟʦʚʘ ʦʙôʻʢʪʘ ̫ ʢ: ʨʠʩʢʘʥʥʷ, ʪʘʥʛʘʞ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ.  
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʇʆʗɺʀ ʇɽʈʐʆɰ ɯɼɽɰ 

ɸʥʦʪʘʮʽʷ. ʉʪʚʦʨʝʥʥʷ ʯʦʛʦʩʴ ʥʦʚʦʛʦ ʟʘʚʞʜʠ ʧʦʪʨʝʙʫʻ ʽʥʥʦʚʘʮʽʡ, ʚ ʪʝʭʥʽʮʽ ʮʝ ʚʠʥʘʭʦʜʠ. 

ɼʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʥʘʭʽʜʥʠʮʪʚʦʤ ʧʦʪʨʽʙʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. ʅʘ 

ʙʘʟʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʪʘʢʦʶ ʤʦʜʝʣʣʶ ʧʦʷʚʠ ʧʝʨʰʦʾ ʜʦʨʝʯʥʦʾ 

ʽʜʝʾ ʻ ʛʘʤʤʘ-ʨʦʟʧʦʜʽʣ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʤʽʞ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʙʣʝʤʦʶ ʜʦ ʚʠ-

ʥʘʡʜʝʥʥʷ ʧʝʨʰʦʛʦ ʰʫʢʘʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʥʘʭʽʜ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʽʜʝʷ, ʛʘʤʤʘ-ʨʦʟʧʦʜʽʣ. 

Annotation. Creation something always requires new innovations, in a technique it is inven-

tions. For a targeted management an invention mathematical models are needed. On the base 

of statistical material certainly, that such model of appearance of the first appropriate idea is 

gamut-distribution of interval of time between a cut-in above a  

problem to the invention of the first sought after decision. 

Keywords: invention, planning, mathematical model, idea, gamut-distribution. 

 

ʉʫʯʘʩʥʠʡ ʧʦʛʣʷʜ ʥʘ ʨʦʟʨʦʙʢʫ ʯʦʛʦʩʴ ʥʦʚʦʛʦ: ʙʫʜʴ-ʷʢʦʾ ʥʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʘʙʦ 

ʙʽʟʥʝʩʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ ʭʘʨʘʢʪʝʨʫ ï ʪʨʘʢʪʫʻ ʮʝ ʷʢ ʧʨʦʝʢʪʫʚʘʥʥʷ.  ʇʨʦʝʢʪʫʚʘʥ-

ʥʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ï ʥʦʚʠʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʪʝʭʥʽʯʥʠʭ, ʧʦʪʨʝʙʫʻ ʽʥʥʦʚʘʮʽʡ. ɿʘ 

ʐʫʤʧʝʪʝʨʦʤ ʪʝʭʥʽʯʥʦʶ ʽʥʥʦʚʘʮʽʻʶ ʻ ʚʠʥʘʭʽʜ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʠʥʘʭʽʜʥʠʮʪʚʦ ʤʘʻ 

ʚʠʧʘʜʢʦʚʫ ʧʨʠʨʦʜʫ, ʪʦʙʪʦ ʧʦʷʚʘ ʚʠʥʘʭʦʜʽʚ ï ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ. ʆʯʝʚʠʜʥʦ, ʱʦ ʩʪʘ-

ʣʠʡ ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʨʦʟʨʦʙʥʠʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʜʦʩʪʝʤʝʥʥʝ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘ-

ʥʦʛʦ ɿʘʤʦʚʥʠʢʦʤ ʨʝʟʫʣʴʪʘʪʫ ï ʚʩʝ ʮʝ ʚʠʤʘʛʘʻ ʢʝʨʫʚʘʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ ʫ ʚʠʟʥʘʯʝʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʥʘʭʽʜʥʠʮʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʽʟʥʠʤ ʯʠʥʦʤ ʦʨʛʘʥʽʟʦ-

ʚʫʻʪʴʩʷ. ʋ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʫʪʠʭ ʧʨʦʝʢʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʜʦ ʮʴʦʛʦ ʧʽʜʭʦʜʷʪʴ ʩʠʩʪʝʤʥʦ 

ʽ ʩʪʚʦʨʶʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʩʠʩʪʝʤʠ [1].  

ʅʘ ʮʝʡ ʯʘʩ ʩʫʯʘʩʥʽ ʨʦʟʨʦʙʢʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʉɸʇʈ) ʨʽʟʥʦʛʦ ʨʽʚʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʫʯʘʩʥʝ ʞ ʢʝʨʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ (ɸʉʂ). ɿʘʨʘʟ 

ʟʚʠʯʥʽ ɸʉʂ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ, ʘʙʦ E-commerce. ʎʽ ɸʉʂ ʨʽʚʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʜʘʥʠʤʠ ʚ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʉʈʉ (ʘʙʦ PLM) ʤʦʞʫʪʴ ʽʥʪʝʛʨʫʚʘʪʠ 

ʉɸʇʈ ʪʘ ʽʥʰʽ ɸʉʂ ʧʽʜʧʨʠʻʤʩʪʚʘ [2]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʉɸʇʈ ʚʠʱʦʛʦ ʨʽʚʥʷ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʉʈʉ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʨʦʮʝʩʠ ʟʘ ʩʫʪʪʶ ʻ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʤʠ. ɿʚʽʜʩʠ ʥʠʤʠ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʞ ʧʨʦʮʝʩʘʤʠ [2]. ɺʞʝ 

ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʽ ʚʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʥʘʭʽʜʥʠʮʪʚʦʤ [1], 

ʚʠʢʦʥʘʚʯʠʤ ʦʨʛʘʥʦʤ ʷʢʦʾ ʻ ʩʧʝʮʽʘʣʴʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʦʛʦ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʦʚʠʥʥʘ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ [2].   

ɸʉʂ ʚʠʟʥʘʯʘʻ ʢʝʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʟʘ-

ʣʫʯʝʥʥʷʤ ʣʶʜʠʥʠ ʫ ʚʠʧʘʜʢʘʭ ʨʽʰʝʥʥʷ ʩʣʘʙʦʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʟʘʜʘʯ. ʆʩʢʽʣʴʢʠ ʞ ʢʝ-

ʨʫʚʘʪʠ ʪʨʝʙʘ ʣʶʜʴʤʠ, ʪʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʽ ʜʦʨʝʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. 
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ʅʝʱʦʜʘʚʥʦ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʣʶʜʠʥʠ, ʱʦ 

ʜʽʻ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ [3]. 

ʅʘ ʮʝʡ ʯʘʩ ʚʽʜʦʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫ, ʟʥʘʥʴ [4], ʟʛʘʜʘʥʠʭ ʧʩʠʭʦ-

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʘʶʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚʽʨʥʽ ʥʘ ʚʝʣʠʢʦʤʫ ʟʘʛʘʣʽ 

ʚʠʥʘʡʜʝʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ, ʽ ʪʦʜʽ, ʢʦʣʠ ʧʨʦʮʝʩ 

ʚʠʥʘʭʽʜʥʠʮʪʚʘ ʩʘʤʝ ʚ ʚʝʣʠʢʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʻ ʩʪʘʣʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ ʜʣʷ ʨʽʚʥʷ ʦʢʨʝʤʠʭ ʚʠʢʦʥʘʚʮʽʚ.  

ɺ ʜʦʧʦʚʽʜʽ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʷʚʠ ʧʝʨʰʦʾ 

ʽʜʝʾ, ʟ ʷʢʦʾ ʩʘʤʝ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʽʥʽʮʽʘʮʽʷ ʧʨʦʮʝʩʫ ʚʠʥʘʭʽʜʥʠʮʪʚʘ.  

ɺʦʥʘ ʚʠʨʽʰʫʚʘʣʘʩʷ ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʽ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʩʘʤʝ: 

ʯʘʩʫ ʦʬʦʨʤʣʝʥʥʷ ʥʘ ʨʦʙʦʪʫ ʚ ʧʽʜʧʨʠʻʤʩʪʚʽ ʽ ʯʘʩʫ ʧʦʜʘʯʽ ʧʝʨʰʦʾ ʟʘʷʚʢʠ ʥʘ ʚʠʥʘʭʽʜ. 

ɼʘʣʽ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠʧʘʩʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʜʦ ʚʽʜʦʤʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩ ʧʦʷʚʠ ʧʝʨʰʦʾ ʛʽʜʥʦʾ ʽʜʝʾ ʧʽʜʢʦʨʷʻʪʴʩʷ ʟʘʢʦʥʫ ʛʘʤʤʘ-

ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

ɼʘʣʽ ʥʘ ʮʴʦʤʫ ʨʦʟʧʦʜʽʣʽ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʷʢ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʠʥʘʭʽʜʥʠʮʪʚʘ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɸʃɻʆʈʀʊʄɯɺ ʄʆɼɽʃʖɺɸʅʅʗ ɹʆʁʆɺʀʍ ʏɸʉʊʀʅ 

ʌʋɻɸʉʅʆɰ ɼɯɰ ɼʃʗ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ʈɯɿʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

ɸʥʦʪʘʮʽʷ. ʋ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʪʘʢʠʭ ʷʢ: ʪʨʦʪʠʣʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʟʘʨʷʜʫ, 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ, ʽʤʧʫʣʴʩ, ʰʚʠʜʢʽʩʪʴ ʫʜʘʨʥʦʛʦ ʬʨʦʥʪʫ ʫ ʟʘʨʷʜʽʚ ʥʝʩʪʘʥʜʘʨʪʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʦʪʠʣʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ, ʬʫʛʘʩʥʘ ʙʦʡʦʚʘ ʯʘʩʪʠʥʘ, ʫʜʘʨʥʘ ʭʚʠʣʷ. 

Annotation. In report consider the modeling algorithm and succession of 

determining shock wave parameters such as TNT equivalent, overpressure, general impulse, 

positive impulse, shock front velocity. 

Keywords: TNT equivalent, high-explosive warhead, shock wave. 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʢʣʘʜʽ ʨʘʢʝʪʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʦʟʙʨʦʻʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʙʦʡʦʚʠʭ ʯʘʩʪʠʥ. ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʙʦʡʦʚʠʭ ʯʘʩʪʠʥ ʃɸ ʻ ʙʦʡʦʚʽ 

ʯʘʩʪʠʥʠ ʬʫʛʘʩʥʦʾ ʜʽʾ, ʜʝ ʢʨʠʪʝʨʽʻʤ ʫʨʘʞʝʥʥʷʤ ʷʚʣʷʻʪʴʩʷ ʫʜʘʨʥʘ ʭʚʠʣʷ ʪʘ ʦʩʢʦʣʢʦʚʦʾ 

ʜʽʾ, ʜʝ ʦʩʥʦʚʥʘ ʝʥʝʨʛʽʷ ʚʠʙʫʭʫ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʣʽʪ ʫʣʘʤʢʽʚ; ʢʦʤʙʽʥʦʚʘʥʽ ʙʦʡʦʚʽ 

ʯʘʩʪʠʥʠ, ʱʦ ʤʘʶʪʴ ʩʫʤʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʫʨʘʞʝʥʥʷ ï ʬʫʛʘʩʥʠʡ ʪʘ ʫʣʘʤʢʦʚʠʡ; ʪʘ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʚʠʜʽʚ ʽʥʞʝʥʝʨʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʛʘʩʥʠʭ ʙʦʡʦʚʠʭ ʯʘʩʪʠʥ ʷʚʣʷʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ 

ʚʽʜʙʫʣʘʩʴ ʜʝʪʦʥʘʮʽʷ ʟʘʨʷʜʫ, ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʧʨʦʩʪʦʨʫ ʤʠʪʪʻʚʦ ʟʨʦʩʪʘʻ ʪʘ ʯʝʨʝʟ 

ʜʝʢʽʣʴʢʘ ʤʽʣʽʩʝʢʫʥʜ ʧʦʯʠʥʘʻ ʩʧʘʜʘʪʠ. ʎʝʡ ʪʠʩʢ ʧʦʪʨʽʙʥʦ ʦʮʽʥʠʪʠ ʫ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ 

ʢʦʣʠ ʫʜʘʨʥʘ ʭʚʠʣʷ ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʨʫʭʘʻʪʴʩʷ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʪʘ ʤʝʪʦʜʠʢʠ ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ 

ʦʮʽʥʶʚʘʥʥʷ ʩʬʝʨʠʯʥʦʛʦ ʪʘ ʧʦʣʫʩʬʝʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʫ ʧʦʚʽʪʨʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʚʠʙʫʭʽʚ [1, 2].  

ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʨʷʜʠ ʜʣʷ ʙʦʡʦʚʠʭ ʯʘʩʪʠʥ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʤʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʝʪʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʟʘʨʷʜ ʥʝʩʪʘʥʜʘʨʪʥʦʾ 

ʬʦʨʤʠ ʬʦʨʤʫʻ ʫʜʘʨʥʫ ʭʚʠʣʶ ʷʢʘ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʬʝʨʠʯʥʫ. ʅʘʪʦʤʽʩʪʴ ʪʨʝʙʘ 

ʟʥʘʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ.  

ɺ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʦʡʦʚʠʭ ʯʘʩʪʠʥ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS (Explicit Dynamics ʪʘ Autodyn) [3]: 

 

 
- ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʙʫʭʫ ʚʽʜ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʟʘʨʷʜʫ; 
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- ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʧʣʠʚ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʥʘ ʧʝʨʝʰʢʦʜʫ. 

ʊʘʢʦʞ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ ʧʨʦʚʝʜʝʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 
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ʉʋʇʋʊʅʀʂʆɺɸ ʉʀʉʊɽʄɸ ɿ ʌʋʅʂʎɯʗʄʀ ɿɺôʗɿʂʋ ɯ ʉʇʆʉʊɽʈɽɾɽʅʅʗ 

ʆʈɹɯʊɸʃʔʅʀʍ ʆɹôɭʂʊɯɺ, ʇʆɹʋɼʆɺɸʅɸ ʅɸ ʈʆɿʇʆɼɯʃɽʅʀʍ 

ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɸʍ 

ɸʥʥʦʪʘʮʽʷ: ɼʦʩʣʽʜʞʝʥʘ ʢʦʥʮʝʧʮʽʷ ʧʦʻʜʥʘʥʥʷ ʩʠʩʪʝʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʚ ʻʜʠʥʫ ʛʽʙʨʠʜʥʫ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʦʜʽ-

ʣʝʥʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʨʙʽʪʘʣʴʥʠʡ ʦʙôʻʢʪ, ʨʦʟʧʦʜʽʣʝʥʠʡ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʟʚ'ʷʟʦʢ  

Annotation: The concept of combining the observation systems of orbital objects and the 

communication system into a single hybrid system based on the use of distributed spacecraft 

is studied. 

Key words: orbital object, distributed spacecraft, observation, communication 

 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʤʥʦʞʠʥʠ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ, ʝʬʝʢʪʠʚʥʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ  ̔ʰʚʠʜʢʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʩʪʘʻ ʦʜʥʠʤ ʟ ʥʘʨʽʞʥʠʭ ʢʘʤʝʥʽʚ 

ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʩʪʚʦʤ ʥʘʚʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʄʠ ʩʪʦʾʤʦ ʥʘ ʧʦʨʦʟʽ 

ʝʨʠ ʛʽʙʨʠʜʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʷʢʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʚʽʪ ʥʦʚʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʪʝʭ-

ʥʦʣʦʛʽʷʤʠ, ʩʧʨʠʷʪʠʤʫʪʴ ʡʦʛʦ ʷʢʽʩʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ. ʊʦʤʫ  ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʚʯʝʥʥʶ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʛʽʙʨʠʜʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝ-

ʤʠ, ʷʢʘ ʧʦʻʜʥʘʻ ʚ ʩʦʙʽ ʬʫʥʢʮʽʾ ʟʚôʷʟʢʫ (ʷʚʠʪʴʩʷ ʩʫʧʫʪʥʠʢʦʚʦʶ ʤʝʨʝʞʝʶ ʟʚôʷʟʢʫ), ʘ 

ʪʘʢʦʞ ʬʫʥʢʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ. 

ɺ ʨʦʙʦʪʘʭ [1,2] ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ-  

ʥʦʩʽʾʚ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ [3] ʨʦʟʛʣʷʜʘʣʘʩʷ ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ 

ʟʚôʷʟʢʫ, ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʷʢʦʾ ʚʭʦʜʷʪʴ ʚ ʻʜʠʥʫ ʤʝʨʝʞʫ ʟʚôʷʟʢʫ ʟ ʪʝʭʥʽʢʦʶ ʢʦʤʫʪʘʮʽʾ 

ʧʘʢʝʪʽʚ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʣʽʥʽʾ ʤʽʞʩʫʧʫʪʥʠʢʦʚʠʭ ʟʚôʷʟʢʽʚ. ʆʙʨʘʥʽ ʧʨʠʥʮʠʧʠ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷ ʮʽʣʴʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʩʠʩʪʝʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʘʭ 

[1,2,4,5]) ʪʘ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ  (ʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʨʦʙʦʪʽ [3]) ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʩʭʦʞʽ. ʇʦ ʧʝʨ-

ʰʝ, ʢʦʩʤʽʯʥʦʤʫ ʘʧʘʨʘʪʫ-ʥʦʩʽʶ ʮʽʣʴʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʟʤʽʥʥʘ ʢʫʪʦʚʘ 

ʦʨʽʻʥʪʘʮʽʷ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʙʘʨʠʮʝʥʪʨʠʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʇʦ-ʜʨʫʛʝ, 

ʟʦʥʘ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠʡʥʷʪʘ ʢʦʥʫʩʦʧʦʜʽʙʥʦʶ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʯʝʨʛʦʚʦʤʫ ʨʝʞʠʤʽ çʣʽʥʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷè ʧʨʠʩʪʨʦʶ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʩʧʨʷʤʦʚʘʥʘ ʚʽʜ ʪʦʯʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ 

ʘʧʘʨʘʪʫ-ʩʧʦʩʪʝʨʽʛʘʯʘ ʜʦ ʦʙôʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘ ʣʽʥʽʷ ʟʚôʷʟʢʫ ʚ ʩʫʧʫʪʥʠʢʦʚʽʡ ʤʝʨʝʞʽ 

ʟʚôʷʟʢʫ ï ʤʘʻ ʥʘʧʨʷʤʦʢ ʫʟʜʦʚʞ ʚʽʜʨʽʟʢʘ ʧʨʷʤʦʾ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ, ʱʦ ʨʝ-

ʘʣʽʟʫʶʪʴ ʟʚ'ʷʟʦʢ. ʎʽʣʴʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ ʦʙʦʭ ʚʠʜʽʚ ʨʦʟʜʽʣʝʥʦ ʥʘ ʰʽʩʪʴ ʪʠʧʽʚ ʟʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʟʦʥ ʾʭ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʪʠʧʠ 1 ʽ 2 ʤʘʶʪʴ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʟʦʥʠ ʥʘʜ ʽ ʧʽʜ ʧʣʦʱʠʥʦʶ ʤʠʪʪʻʚʦʛʦ ʤʽʩʮʝʚʦʛʦ ʛʦʨʠʟʦʥ-

ʪʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ; ʧʨʠʩʪʨʦʾ 3 ʽ 4 ï ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʣʦʱʠʥʠ ʡʦʛʦ ʦʨʙʽʪʠ; 

ʧʨʠʩʪʨʦʾ 5 ʽ 6 ï ʧʦʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ ʚʽʜ ʡʦʛʦ ʙʽʥʦʨʤʘʣʴʥʦʾ ʧʣʦʱʠʥʠ. ɺ ʨʦʙʦʪʘʭ [1-5] 

ʮʽʣʴʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ ʚ ʻʜʠʥʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ 
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ʚʠʢʦʥʘʥʥʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʦʧʠʩʘʥʠʭ ʩʠʩʪʝʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ [1,2] ʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ [3] ʚ ʻʜʠʥʫ ʛʽʙʨʠʜʥʫ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʘʥʘʣʦʛʽʻʶ ʽ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʥʠʟʢʠ ʙʘʟʦʚʠʭ ʧʨʠʥʮʠʧʽʚ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘ-

ʪʫ, ʦʧʠʩʘʥʦʛʦ ʚ ʨʦʙʦʪʽ [6]. ʈʦʟʧʦʜʽʣʝʥʠʡ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʛʨʫʧʦʶ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʦʜʥʦʾ ʚʠʩʦʪʠ ʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʽ ʚ ʤʝʞʘʭ 300 ʤʝʪʨʽʚ (ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʡʦʛʦ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟ çʥʝ ʩʧʨʷʤʦʚʘʥʠʤè ʟʚôʷʟʢʦʤ). ɼʦ 

ʩʢʣʘʜʫ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʭʦʜʷʪʴ ʢʦʨʝʥʝʚʠʡ ʩʫʧʫʪʥʠʢ, ʷʢʠʡ ʟʘʙʝʟʧʝ-

ʯʫʻ ʟʘʛʘʣʴʥʫ ʢʦʦʨʜʠʥʘʮʽʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʶ ʟʚôʷʟʢʽʚ ʪʘ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ-

ʩʧʦʩʪʝʨʽʛʘʯʽ. ʇʨʠʥʮʠʧ ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʚʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʷʢ ʢʦʨʝʥʝʚʦʛʦ, ʪʘʢ ʽ ʩʫʧʫʪ-

ʥʠʢʽʚ-ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʦʜʥʘʢʦʚʠʡ, ʘʥʘʣʦʛʽʯʥʠʡ ʦʧʠʩʘʥʦʤʫ ʚ ʨʦʙʦʪʘʭ [1-5]. ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʦ ʽ ʚʠʚʯʝʥʦ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʫʛʨʫʧʦʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ ʩʠʩʪʝʤʠ (ʚʘʨʽʶʻʪʴʩʷ ʡʦʛʦ ʩʢʣʘʜ, ʦʩʥʘʱʝʥʥʷ ʮʽʣʴʦʚʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʜʦ ʛʽʙʨʠʜʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ). ɺʨʘʭʦʚʘʥʽ ʧʝʨ-

ʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʦʧʠʩʘʥʦʾ ʩʠʩʪʝʤʠ ʚ ʨʝʘʣʽʟʘʮʽʾ ʩʝʘʥʩʽʚ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ [4,5].  
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ʂʆʃɽʉɸ MECANUM ʇʈʀʅʎʀʇ ʈʆɹʆʊʀ ɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ʅɸɿɽʄʅʀʍ 

ɼʈʆʅɸʍ 

ɸʥʦʪʘʮʽʷ: ʋ ʨʦʙʦʪʽ ʦʧʠʩʘʥʽ ʥʦʚʽ ʢʦʣʝʩʘ ʜʣʷ ʥʘʟʝʤʥʠʭ ʜʨʦʥʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʨʦʥ , ʢʦʣʝʩʦ. 

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʝʤʥʠʭ ʜʨʦʥʽʚ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʨʦʟʚʦʨʦʪʫ 

ʽ ʨʫʭʫ ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɼʣʷ ʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘ-

ʪʠ mecanum ʢʦʣʝʩʘ , ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ ʰʚʝʜʩʴʢʽ ʢʦʣʝʩʘ . 

ʂʦʣʝʩʦ mecanum ï ʮʝ ʢʦʥʩʪʨʫʢʮʽʷ ʚʩʝʥʘʧʨʘʚʣʝʥʦʛʦ ʢʦʣʝʩʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʥʘ ʟʝʤʣʽ ʜʣʷ ʨʫʭʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɼʠʟʘʡʥ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʘʢ ʱʦʙ ʢʦʣʝʩʘ ʤʘʣʠ ʨʦʣʠʢʠ ʟ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʧʽʜ ʢʫʪʦʤ 45Á ʜʦ 

ʧʣʦʱʠʥʠ ʢʦʣʝʩʘ ʪʘ ʧʽʜ ʢʫʪʦʤ 45Á ʜʦ ʣʽʥʽʾ ʦʩʽ . ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʘʥʢʦʚʦʛʦ ʧʨʠʚʦʜʫ, ʷʢʠʡ 

ʨʫʭʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚʧʝʨʝʜ, ʥʘʟʘʜ ʽ ʨʦʙʠʪʴ ʧʦʚʦʨʦʪʠ, ʢʦʣʝʩʦ ʤʝʢʘʥʫʤ ʤʦʞʝ ʨʫʭʘʪʠʩʷ ʚ 

ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ: ʚʧʝʨʝʜ, ʥʘʟʘʜ, ʚʣʽʚʦ, ʚʧʨʘʚʦ, ʧʽʜ ʨʽʟʥʠʤ ʢʫʪʦʤ. ʇʝʨʝʚʘʛʠ ʮʴʦʛʦ 

ʤʝʭʘʥʽʟʤʫ: ʤʘʥʝʚʨʝʥʽʩʪʴ ï ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤʦʢ ʨʫʭʫ, ʥʝ ʟʘʡʤʘʶʯʠ ʙʘʛʘʪʦ ʤʽʩʮʷ 

ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ï ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʙʦʪʽʚ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʄʝʢʘ-

ʥʫʤ - ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘ ʤʽʩʮʽ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʪʝʨʪʷʤ, ʱʦ ʥʝ ʰʢʦʜʠʪʴ 

ʧʦʚʝʨʭʥʽ ʽ ʧʦʪʨʝʙʫʻ ʤʝʥʰʝ ʟʫʩʠʣʴ. 

ʎʽ ʢʦʣʝʩʘ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʟʚʠʯʘʡʥʠʤʠ ʢʦʣʝʩʘʤʠ. ɺʦʥʠ 

ʨʦʙʣʷʪʴ ʥʘʟʝʤʥʽ ʜʨʦʥʠ  ʤʘʥʝʚʨʝʥʠʤʠ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʣʝʩʘ ʜʘʶʪʴ 

ʟʤʦʛʫ ʨʫʭʘʪʠʩʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʙʝʟ ʨʦʟʚʦʨʦʪʫ , ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ 

ʨʦʙʦʪʠ ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆ. ɻʦʥʯʘʨʘ 
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ɸʂʊʀɺʅɯ ɿɸʉʆɹʀ ɹʆʈʆʊʔɹʀ ɿ ɻʃʆɹɸʃʔʅʀʄ ʇʆʊɽʇʃɯʅʅʗʄ. 

ɸʥʦʪʘʮʽʷ: ʊʝʧʣʦʚʘ ʨʽʚʥʦʚʘʛʘ ʧʣʘʥʝʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʣʘʥʩʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʜʭʦ-

ʜʠʪʴ ʜʦ ʥʝʾ, ʽ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚ ʢʦʩʤʦʩ. ʇʨʠ ʧʦʨʫʰʝʥʥʽ ʮʴʦʛʦ ʙʘʣʘʥʩʫ ʚʠʥʠʢʘʻ ʧʨʦ-

ʙʣʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ, ʨʽʰʝʥʥʷʤ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, 

ʱʦ ʩʢʠʜʘʻʪʴʩʷ ʚ ʢʦʩʤʦʩ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʘʪʤʦʩʬʝʨʠ 

ʽ ʩʢʠʜʘʥʥʷ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʦʟʝʤʥʠʡ ʧʨʦʩʪʽʨ.    

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʝ ʧʦʪʝʧʣʽʥʥʷ, ʢʦʩʤʦʩ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ, ʘʪʤʦʩʬʝʨʘ, ʪʫʨ-

ʙʫʣʝʥʪʥʽʩʪʴ, ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ, ʝʢʦ-ʚʝʥʪʠʣʷʪʦʨʠ, ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ. 

Annotation: The planet energy budget depends on balance of energy fluxes which radiated 

to space. The problem of global warming appear from energy fluxes imbalance and possible 

solution is heat increase. In article propose increase the atmosphere turbulence and heat 

release on the outer space. 

Keywords: global warming, space, energy balance, atmosphere, turbulence, natural process, 

ecological fan machine, solar energy.    

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʩʝ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, ʣʶʜʩʪʚʦ ʫ ʩʚʦʾʡ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʧʝʨʝʪʚʦ-

ʨʶʻ ʾʾ ʟ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʚ ʪʝʧʣʦʚʫ, ʟʘʙʨʫʜʥʶʶʯʠ ʪʝʧʣʦʤ ʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʧʽʜ-

ʚʠʱʫʶʯʠ ʩʝʨʝʜʥʴʦʧʣʘʥʝʪʘʨʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ çʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷè ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʘʢʪʠʚʥʽ, ʪʘʢ ʽ ʧʘʩʠʚʥʽ ʟʘʩʦʙʠ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ ʤʦʚʘ ʡʜʝ 

ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʧʝʨʝʭʦʜʦʤ ʥʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦ-

ʣʦʛʽʾ. ʇʦʜʽʙʥʽ ʚʘʨʽʘʥʪʠ ʥʘʛʘʜʫʶʪʴ çʪʝʭʥʦʣʦʛʽʶ ʙʦʨʦʪʴʙʠ ʟ ʥʝʩʪʘʯʝʶ ʧʨʦʜʦʚʦʣʴʩʪʚʘ è 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʚʞʠʚʘʥʥʷ. ʇʦ ʩʫʪʽ ʧʨʦʙʣʝʤʘ ʟʚʦʜʠʪʴʩʷ ʥʝ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʪʦʾ ʝʥʝʨʛʽʾ, ʘ ʜʦ ʧʽʜʪʨʠʤʢʠ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʤʦʞʣʠʚʦ ʚ ʙʘʣʘʥʩʽ 

ʝʥʝʨʛʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʪʘ ʝʥʝʨʛʽʾ, ʱʦ ʩʢʠʜʘʻʪʴʩʷ ʚ ʢʦʩʤʽʯʥʠʡ ʧʨʦʩʪʽʨ. ʊʦʤʫ ʧʨʠ ʟʙʽʣʴ-

ʰʝʥʥʽ ʥʘʜʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚʘʨʽʘʥʪʠ ʾʾ ʪʨʘʥʩʣʷʮʽʾ ʚ ʢʦʩʤʦʩ. ʆʜʥʝ 

ʽʟ ʨʽʰʝʥʴ ʣʶʜʩʪʚʫ ʧʽʜʢʘʟʫʻ ʩʘʤʘ ʧʨʠʨʦʜʘ. ɺ ʩʧʦʢʽʡʥʽʡ ʘʪʤʦʩʬʝʨʽ ʪʝʧʣʦ ʧʝʨʝʜʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ, ʪʨʠʚʘʣʽʩʪʴ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʰʘʨʽʚ ʘʪʤʦʩʬʝʨʠ ʟʘʡʤʘʻ ʧʝʚʥʠʡ ʯʘʩ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʫ ʧʦʩʪʫʧʦʚʦ ʟʥʠ-

ʞʫʻʪʴʩʷ, ʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʯʝʪʚʝʨʪʦʤʫ 

ʩʪʫʧʝʥʽ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʰʚʠʜʰʝ ʦʭʦʣʦʣʘ ʚʦʜʘ ʚ ʩʢʣʷʥʮʽ, ʤʠ ʾʾ ʧʝʨʝʤʽʰʫʻʤʦ, ʧʝʨʝʚʦʜʠʤʦ 

ʫ ʪʫʨʙʫʣʝʥʪʥʠʡ ʩʪʘʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ ʚʦʜʠ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʡ 

ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ ʚʽʜʜʘʚʘʪʠ ʩʚʦʻ ʪʝʧʣʦ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʯʘʩʪʦʪʠ ʫʪʚʦʨʝʥʥʷ 

ʪʘʢʠʭ ʧʨʠʨʦʜʥʠʭ ʩʪʨʫʢʪʫʨ ʷʢ ʫʨʘʛʘʥʠ, ʪʘʡʬʫʥʠ, ʮʠʢʣʦʥʠ, ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʪʘ ʤʘʩʰ-

ʪʘʙʥʦ ʧʝʨʝʤʽʱʫʚʘʪʠ ʘʪʤʦʩʬʝʨʫ ʡ ʩʢʠʜʘʪʠ ʥʘʜʣʠʰʢʠ ʪʝʧʣʘ ʚ ʢʦʩʤʦʩ. ɸʣʝ ʯʠʩʪʦ ʧʨʠ-

ʨʦʜʥʠʡ ʧʨʦʮʝʩ, ʷʢ ʚʠʷʚʠʣʠ ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʝʜʦʩʪʘʪʥʽʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʝʧʣʦʚʦ-

ʛʦ ʙʘʣʘʥʩʫ, ʪʘ ʱʝ ʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʨʫʡʥʽʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʩʪʚʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ, ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ çʛʣʦʙʘ-

ʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷè ʧʨʦʧʦʥʫʻʪʴʩʷ çʢʦʨʝʢʮʽʷ ʽ ʧʽʜʩʠʣʝʥʥʷè ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜ-

ʥʠʤ ʟ ʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʤʦʞʝ ʙʫʪʠ ʫʩʪʘʥʦʚʢʘ ʥʘʜʧʦʪʫʞʥʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ ʚ ʧʫʩʪʝʣʷʭ, 

ʱʦ ʩʧʨʷʤʦʚʫʚʘʣʠ ʙ ʧʝʨʝʛʨʽʪʝ ʧʦʚʽʪʨʷ ʫ ʚʠʩʦʪʥʽ ʰʘʨʠ ʘʪʤʦʩʬʝʨʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʠʭʨʦ-

mailto:stastari7@gmail.com
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ʚʠʭ ʩʪʨʫʢʪʫʨ ʷʢ ʜʣʷ ʩʢʠʜʘʥʥʷ ʪʝʧʣʘ, ʪʘʢ ʽ ʜʣʷ ʟʘʪʷʛʫʚʘʥʥʷ ʙʽʣʴʰ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʟ 

ʤʦʨʽʚ  ̔ʦʢʝʘʥʽʚ, ʪʘ ʫʪʚʦʨʝʥʥʷ ʭʤʘʨ, ʱʦ ʚʽʜʙʠʚʘʪʠʤʫʪʴ ʯʘʩʪʠʥʫ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ ʚ 

ʢʦʩʤʦʩ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʚʝʥʪʠʣʷʪʦʨʽʚ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʩʦʥʷʯʥʦʶ ʝʥʝʨʛʽʻʶ, 

ʱʦ ʪʝʞ ʟʤʝʥʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʫʩʪʝʣʽ. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. Archer, David. Global Warming: Understanding the Forecast, Chapter 4: 

Greenhouse Gases Wiley. Retrieved, 14 June 2023. ISBN 978-0470943410.  

2. Pierrehumbert, Raymond T. Principles of Planetary Climate. Cambridge 

University Press, 2010. ISBN 978-0-521-86556-2. 

3.  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. URL: https://www.climate-lab-book.ac.uk/2016/earths-

energy-imbalance/  



206 

ʋɼʂ 535(075.8)  

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-097 

ɺ.ʇ. ɿʝʣʝʥʠʡ, ʩʪʫʜʝʥʪ; ɺ.ʖ. ʐʝʚʮʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

E-mail: 17062018f1@gmail.com 

 

ɿɸʍʀʉʊ ɺɯɼ ɻɸʄʄɸ-ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 

ɸʥʦʪʘʮʽʷ: ɺʧʣʠʚ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʥʝʛʘʪʠʚʥʠʡ: 

ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ ʝʣʝʢʪʨʦʥʽʢʘ, ʧʩʫʻʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʦʞ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʫʞʝ ʰʢʽʜʣʠʚʝ ʜʣʷ ʣʶʜʝʡ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʷ ʨʦʟʛʣʷʥʫ ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʟʘʭʠʩʪʫ, 

ʪʘʢʦʞ ʥʘʚʝʜʫ ʧʨʘʢʪʠʯʥʠʡ ʧʨʠʢʣʘʜ ʟʘʭʠʩʪʫ ʚʽʜ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɹʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢʽ ʟʥʘʥʥʷ: ʦʧʪʠʢʘ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ (ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʨʠʩʪʘʣʽʯʥʽ 

ʨʝʰʽʪʢʠ). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɿʘʣʦʤʣʝʥʥʷ, ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ, ʢʨʠʩʪʘʣʽʯʥʘ ʨʝʰʽʪʢʘ. 

ɸnnotation: The impact of gamma radiation on space vehicles is negative: 

electronics fail, equipment deteriorates, and gamma radiation is also very harmful to people.  

In this work, I will consider theoretical approaches to protection, and also give a practical 

example of protection against gamma radiation.  The following knowledge will be used: 

optics, materials science (knowledge of crystal lattices). 

Keywords: Refraction, index of refraction, crystal lattice. 

    ɻʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - ʮʝ ʭʚʠʣʷ, ʘʙʦ ʧʦʪʽʢ ʯʘʩʪʠʥʦʢ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ, 

ʚʠʱʦʾ, ʥʽʞ ʫ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ, ʷ ʚʚʘʞʘʶ ʱʦ ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʩʚʽʪʣʦ ʽʟʦʤʦʨʬʥʽ, 

ʟʘʩʪʦʩʫʶ ʜʦ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʢʦʥʠ ʦʧʪʠʢʠ. ʇʨʦʘʥʘʣʽʟʫʶ ʟʘʭʠʩʪ ʜʚʦʤʘ 

ʩʧʦʩʦʙʘʤʠ: 

1) ɻʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - ʮʝ ʧʦʪʽʢ ʢʦʨʧʫʩʢʫʣ (ʯʘʩʪʠʥʦʢ); 

2) ʎʝ ʭʚʠʣʷ. 

1) , ὲ , c å 300000 (
̋̍

̒
) 

Ὥ Ὥ, ʜʣʷ ʚʽʜʙʠʪʪʷ ʪʨʝʙʘ, ʱʦʙ Ὥᴼ , ʦʪʞʝ, ρ, ʦʪʞʝ, ʟʘʜʘʯʝʶ ʻ 

ʟʥʠʞʝʥʥʷ ὺ 

2)  

ɿʘʜʘʯʝʶ ʻ ʟʥʘʡʪʠ ὺ ὧ ʱʦ ʧʦʢʠ ʚʚʘʞʘʻʪʴʩʷ ʥʝʜʦʩʷʞʥʠʤ ʫ ʧʨʠʡʥʷʪʽʡ ʬʽʟʠʮʽ. 

    ʆʪʞʝ, ʻ ʜʚʘ ʰʣʷʭʠ: 

1) ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʟ ʚʠʩʦʢʠʤʠ 

ʤʘʩʦʚʠʤʠ ʯʠʩʣʘʤʠ. 

2) ɿʥʘʡʪʠ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʙʫʜʝ ʙʽʣʴʰʘ, ʥʽʞ c. 

1) ɼʣʷ ʚʽʜʙʠʪʪʷ ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʪʠ ʪʦʥʢʽ ʰʘʨʠ ʝʣʝʤʝʥʪʽʚ, ʮʽ ʰʘʨʠ ʙʫʜʫʪʴ 

ʯʝʨʛʫʚʘʪʠʩʷ, ʪʘʢʦʞ ʚʦʥʠ ʙʫʜʫʪʴ ʤʘʪʠ ʪʦʚʱʠʥʠ, ʷʢʽ 

ʝʢʚʽʚʘʣʝʥʪʥʽ ʤʦʣʝʢʫʣʷʨʥʠʤ. 

    ɽʣʝʤʝʥʪʠ: 

ɺʦʣʴʬʨʘʤ: ʆʎʂ (ʘ=0.31589ʥʤ) 

ʈʪʫʪʴ: ʨʦʤʙʦʝʜʨʠʯʥʘ ʨʝʰʽʪʢʘ (ʘ=0.3464ʥʤ, 

ʩ=0.67ʥʤ) 

ʉʚʠʥʝʮʴ: ɻʎʂ (ʘ=0.495ʥʤ) 

ʈʝʥʽʡ: ɻʑʋ (ʘ=0.27ʥʤ, ʩ=0.44ʥʤ) 
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    ʊʨʝʙʘ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʢʨʠʩʪʘʣʽʯʥʽ ʨʝʰʽʪʢʠ ʥʘʚʝʜʝʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʚʦʥʠ 

ʨʽʟʥʽ. ʎʝ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʪʘʢ: ʤ'ʷʯ ʣʝʪʠʪʴ ʜʦ ʩʽʪʢʠ, ʷʢʘ ʤʘʻ ʚʝʣʠʯʝʟʥʽ ʧʝʨʽʦʜʠ, ʘʣʝ 

ʩʽʪʦʢ ʙʘʛʘʪʦ, ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʩʚʦʶ ʬʦʨʤʫ, ʩʪʨʫʢʪʫʨʫ, ʮʝ ʢʨʘʱʝ, ʥʽʞ ʦʜʥʘ ʧʦ ʩʪʨʫʢʪʫʨʽ 

ʩʽʪʢʘ. 

    ʇʨʠ ʧʝʨʝʭʦʜʽ ʤʽʞ ʰʘʨʘʤʠ ʙʫʜʝ ʟʘʣʦʤʣʝʥʥʷ, ʦʪʞʝ, ʪʨʘʝʢʪʦʨʽʻʶ ʙʫʜʝ ʢʨʠʚʘ, ʘ 

ʥʝ ʧʨʷʤʘ, ʜʦʚʞʠʥʘ ʢʨʠʚʦʾ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʷʤʦʾ, ʟʘʭʠʩʪ ʙʫʜʝ ʚʠʱʠʡ. 

    ʅʘʡʙʽʣʴʰ "ʱʽʣʴʥʠʤ" ʝʣʝʤʝʥʪʦʤ ʻ ʨʝʥʽʡ, ʚ ʥʴʦʛʦ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʥʘʡʤʝʥʰʽ. 

    ʇʨʠʚʝʜʝʥʘ ʜʫʤʢʘ ʧʦʪʨʝʙʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʗʢʱʦ ʜʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʙʠʚʘʥʥʷ, ʪʦ ʾʾ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢ: 

 

1. ʄʽʜʝʣʴ ʂɸ 

2. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʝʮʽʘʣʴʥʽ ʧʦʚʝʨʭʥʽ, ʚʢʨʠʪʽ 

ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʧʦʢʨʠʪʪʷʤ, ʧʨʠʯʦʤʫ ʾʭ ʜʦʚʞʠʥʘ ʤʘʻ 
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ʧʦʚʝʨʭʦʥʴ 2 ʙʫʜʝ ʙʣʠʟʴʢʠʤ ʜʦ ʥʦʨʤʘʣʽ ʧʦʚʝʨʭʦʥʴ, ʘ 
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ʉʋʇʋʊʅʀʂʆɺɸ ʉʀʉʊɽʄɸ ʅɸ ɽʃɯʇʊʀʏʅʀʍ ɯ ʂʆʃʆɺʀʍ ʆʈɹɯʊɸʍ: ʅʆɺɯ 

ɸʉʇɽʂʊʀ ɹɸɻɸʊʆɻʈɸʅʅʀʍ ʄʆɾʃʀɺʆʉʊɽʁ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɸʥʥʦʪʘʮʽʷ: ɺ ʩʪʨʫʢʪʫʨʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʧʨʦʝʢʪʫ-

ʚʘʥʥʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʽ ʧʨʠ ʚʠʨʽʰʝʥʽ ʟʘʜʘʯʽ ʢʝʨʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʧʦ-

ʥʫʻʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʦ ʪʨʠ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ: 1) ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʘʥʠʭ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʩʠʩʪʝʤʠ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ 

ʤʽʞ ʨʽʟʥʦʚʠʩʦʢʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷʤʠ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ; 2) ʩʪʚʦʨʝʥʥʷ ʥʘʙʣʠʞʝʥʠʤʠ ʜʦ 

ʧʝʨʠʛʝʶ ʯʘʩʪʠʥʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ ʧʩʝʚʜʦ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʧʩʝʚʜʦ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ; 

3) çʥʘʨʦʱʫʚʘʥʥʷè ʯʘʩʪʠʥʘʤʠ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ, ʥʘʙʣʠʞʝʥʠʤʠ ʜʦ ʧʝʨʠʛʝʶ, ʫʛʨʫʧʦʚʘʥʴ 

ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʨʙʽʪʠ, ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʩʫʧʫʪʥʠʢʦʚʽ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ  

Annotation: In the structure of the orbital grouping of the satellite system, when designing 

satellite systems and when solving the problem of load management, it is proposed to take 

into account three aspects of the functioning of the system in a comprehensive manner: 1) 

solving the problem of data transportation by spacecraft of the system in elliptical orbits 

between constellations of different heights in circular orbits; 2) creating a pseudo constella-

tion on pseudo circular orbits by parts of an elliptical orbit close to the perigee; 3) "building 

up" of constellation on circular orbits with parts of elliptical orbits close to perigee. 

Keywords: orbits, spacecraft, satellite communication networks  

 

ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʢʦ-

ʣʦʚʠʭ ʽ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʦʯʝʚʠʜʥʽ (ʨʦʟʛʣʷʜʘʣʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʘʭ [1-2]). ɺ 

ʨʦʙʦʪʽ [3,4] ʚʠʜʽʣʷʣʘʩʴ ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʡ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ï 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʘʥʠʭ ʤʽʞ ʨʽʟʥʦʚʠʩʦʢʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷʤʠ ʥʘ 

ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ, ʘ ʪʘʢʦʞ ʘʢʮʝʥʪʫʚʘʣʘʩʷ ʫʚʘʛʘ ʥʘ çʜʦʜʘʪʢʦʚʦʤʫ ʝʬʝʢʪʽè ʚʽʜ ʚʚʝʜʝʥʥʷ 

ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʟ ʘʨʛʫʤʝʥʪʘʤʠ ʧʝʨʠʛʝʶ -90 ʛʨʘʜʫʩʽʚ ʽ 90 ʛʨʘʜʫʩʽʚ, 

ʷʢʠʡ ʧʦʣʷʛʘʚ ʫ ʩʪʚʦʨʝʥʥʽ ʧʩʝʚʜʦ ʢʦʣʦʚʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘʙʣʠʞʝʥʠʤʠ ʜʦ ʧʝʨʠʛʝʶ 

ʯʘʩʪʠʥʘʤʠ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʽʜʝʷ ʨʦʙʦʪʠ [3] ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʜʦʧʦʚ-

ʥʶʻʪʴʩʷ. ʇʦʷʩʥʶʶʯʠ ʮʝʡ ʨʦʟʚʠʪʦʢ ʙʫʜʝʤʦ (ʷʢ ʽ ʚ ʨʦʙʦʪʘʭ [1-4]) ʚʚʘʞʘʪʠ, ʱʦ ʢʦʩʤʽʯʥʽ 

ʘʧʘʨʘʪʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʤʘʶʪʴ ʥʝʟʤʽʥʫ ʢʫʪʦʚʫ ʦʨʽʻʥʪʘʮʽʶ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʙʘʨʠ-

ʮʝʥʪʨʠʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

6 ʪʠʧʽʚ ʟʚôʷʟʢʫ: ʟʚôʷʟʢʠ ʪʠʧʽʚ 1 ʽ 2 ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘʜ ʽ ʧʽʜ ʧʣʦʱʠʥʦʶ ʤʠʪʪʻʚʦʛʦ ʤʽʩʮʝ-

ʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ (ʟʚôʷʟʢʠ çʚʚʝʨʭè ʽ çʚʥʠʟè ʫʟʜʦʚʞ ʨʘʜʽʘʣʴʥʦʛʦ 

ʥʘʧʨʷʤʢʫ); ʟʚôʷʟʢʠ ʪʠʧʽʚ 3 ʽ 4 ʨʝʘʣʽʟʫʶʪʴʩʷ ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʣʦʱʠʥʠ ʦʨʙʽʪʠ 

(çʙʦʢʦʚʽè ʟʚôʷʟʢʠ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ); ʟʚôʷʟʢʠ ʪʠʧʽʚ 5 ʽ 6 ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʦʧʝʨʝʜʫ ʽ 

ʧʦʟʘʜʫ ʚʽʜ ʙʽʥʦʨʤʘʣʴʥʦʾ ʧʣʦʱʠʥʠ (ʟʚôʷʟʢʠ çʫʟʜʦʚʞè ʦʨʙʽʪʠ). 

ʈʦʟʛʣʷʥʝʤʦ ʚʟʘʻʤʦʜʽʶ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʫʛʨʫʧʦʚʘʥʴ ʥʘ  ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʽ ʥʘ 

ʙʣʠʟʴʢʠʭ ʜʦ ʧʝʨʠʛʝʶ ʯʘʩʪʠʥʘʭ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ. ʊʫʪ ʤʦʞʥʘ (ʜʦʩʠʪʴ ʫʤʦʚʥʦ, çʛʨʘʥʠʮʽ 

ʨʦʟʜʽʣʝʥʥʷè ʙʫʜʫʪʴ çʨʦʟʤʠʪʠʤʠè) ʚʠʜʽʣʠʪʠ ʜʚʘ ʚʘʨʽʘʥʪʠ ʚʟʘʻʤʦʜʽʾ. ʇʦ-ʧʝʨʰʝ, 

ʚʽʜʩʪʘʥʴ ʤʽʞ çʜʽʣʷʥʢʘʤʠ ʚʟʘʻʤʦʜʽʾè ʥʘ ʢʦʣʦʚʠʭ ʽ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʥʝʚʝʣʠʢʘ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʧʦʪʫʞʥʽ ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ, ʘʣʝ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ 
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ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ ʪʠʧʫ 1 ʽ 2 (ʟʚôʷʟʢʽʚ ʚʚʝʨʭ ʽ ʚʥʠʟ) ʜʣʷ ʦʙʤʽʥʫ ʽʥ-

ʬʦʨʤʘʮʽʾ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʽ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜ-

ʢʫ ʟʚôʷʟʢʠ ʪʠʧʽʚ 3 -5 (ʙʦʢʦʚʽ ʽ ʫʟʜʦʚʞ ʦʨʙʽʪʠ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʩʝʚʜʦ 

ʢʦʣʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘʙʣʠʞʝʥʠʤʠ ʜʣʷ ʧʝʨʠʛʝʶ ʯʘʩʪʠʥʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪ [3]. ʇʦ-ʜʨʫʛʝ, 

ʚʽʜʩʪʘʥʴ ʤʽʞ çʜʽʣʷʥʢʘʤʠ ʚʟʘʻʤʦʜʽʾè ʥʘ ʢʦʣʦʚʠʭ ʽ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʤʦʞʝ ʙʫʪʠ 

ʥʘʩʪʽʣʴʢʠ ʥʝʚʝʣʠʢʘ, ʱʦ ʤʘʻ ʩʝʥʩ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘ-

ʪʘʤʠ ʥʘ ʢʦʣʦʚʠʭ ʽ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʟʚôʷʟʢʠ ʪʠʧʽʚ 3 ʽ 4 (ʙʦʢʦʚʽ). ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ çʧʝʨʠʛʝʡʥʽè ʯʘʩʪʠʥʠ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪ ʚʭʦʜʷʪʴ ʜʦ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ 

ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ, çʥʘʨʦʱʫʶʪʴ ʡʦʛʦè (ʧʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʢʦʩʤʽʯʥʠʤ ʘʧʘʨʘʪʦʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʜʝʢʽʣʴʢʘ ʙʦʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʦʜʥʦʛʦ ʪʠʧʫ, ʪʦ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʽ 

çʥʘʨʦʱʫʚʘʥʥʷè ʩʠʩʪʝʤʠ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ, ʽ ʩʪʚʦʨʝʥʥʷ ʧʩʝʚʜʦ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ çʧʝ-

ʨʠʛʝʡʥʠʭè ʯʘʩʪʠʥʘʭ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ (ʪʦʙʪʦ ʜʦ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ 

ʜʦʜʘʻʪʴʩʷ ʧʩʝʚʜʦ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ). çɹʘʯʝʥʥʷè ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʠʩʪʝʤʠ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʜʦʩʢʦʥʘʣʠʪʠ ʟʘʜʘʯʫ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʫʧʫʪʥʠʢʦ-

ʚʦʾ ʩʠʩʪʝʤʠ. ʇʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ. 
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ʂʃɸʉʊɽʈ ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɯɺ ʉʇʆʉʊɽʈɯɻɸʏɯɺ-ɿɺôʗɿʂɯɺʎɯɺ ɺ  

ɿɸɼɸʏɸʍ ʂʆʅʊʈʆʃʖ ʂʆʄʇɸʂʊʅʀʍ ɻʈʋʇ ʆʈɹɯʊɸʃʔʅʀʍ ʆɹôɭʂɯɺ   

ɸʥʥʦʪʘʮʽʷ: ʇʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʠʡ ʧʽʜʭʦʜʠʪʴ 

ʜʦ ʢʦʤʧʘʢʪʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ,  ʦʪʦʯʫʻ ʡʦʛʦ ʽ  ʩʧʦʩʪʝʨʽʛʘʻ ʜʝʷʢʠʡ 

ʯʘʩ. ʂʦʞʥʠʡ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ-ʩʧʦʩʪʝʨʽʛʘʯ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʻʜʠʥʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ 

ʚʠʢʦʥʘʥʥʽ ʽ ʻ ʥʦʩʽʻʤ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ. ʂʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ-

ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʚʦʨʶʶʪʴ ʤʝʨʝʞʫ ʟʚôʷʟʢʫ ʢʣʘʩʪʝʨʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʝʘʣʽʟʫʶʪʴ ʟʚôʷʟʢʠ ʟ 

ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʫʛʨʫʧʦʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʦʨʜʠʥʘʮʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʨʙʽʪʘʣʴʥʽ ʦʙôʻʢʪʠ, ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ, ʧʨʠʩʪʨʽʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʨʠ-

ʩʪʨʽʡ ʟʚôʷʟʢʫ, ʢʣʘʩʪʝʨ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ    

Annotation: It is proposed to use a cluster of spacecraft that approaches a compact grouping 

of orbital objects, surrounds it and observes it for some time. Each observing spacecraft is 

implemented in a single structural design and is a carrier of observation devices and com-

munication devices. Spacecraft-observer create a communication network of the cluster, as 

well as to implement communications with spacecraft grouping of the global satellite sys-

tem, which ensures the coordination of the use of such clusters 

Key words: orbital objects, spacecraft, surveillance device, communication device, space-

craft cluster   

 

ʅʘ ʟʘʨʘʟ ʥʘ ʦʨʙʽʪʘʭ ɿʝʤʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʪʫʞʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠ-

ʩʪʝʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ. ɹʝʟʧʝʯʥʝ ʽ ʝʬʝʢʪʠʚ-

ʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʦʩʫ ʤʦʞʣʠʚʦ, ʷʢʱʦ ʙʫʜʫʪʴ ʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʙʦʨʦʪʴʙʠ ʟ ʢʦʩʤʽʯ-

ʥʠʤ ʩʤʽʪʪʷʤ ʽ ʰʚʠʜʢʦʛʦ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʧʦʟʘʰʪʘʪ-

ʥʠʭ ʩʠʪʫʘʮʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʨʙʽʪʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ɺ ʦʩʥʦʚʽ ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ 

ʧʨʦʙʣʝʤʠ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ. ʋ ʪʦʤʫ ʯʠʩʣʽ ʚʘʞʣʠʚʽ ʟʘʜʘʯʽ  ʩʧʦʩʪʝʨʝʞʝʥʥʷ-ʽʥʩʧʝʢʮʽʾ 

ʢʦʤʧʘʢʪʥʠʭ ʛʨʫʧ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ (ʪʘʢʠʤʠ ʛʨʫʧʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ çʱʽʣʴʥʽè ʫʛʨʫ-

ʧʦʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ, ʨʦʟʧʦʜʽʣʝʥʽ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ, ʽʥʰʽ ʢʣʘʩʪʝʨʠ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʷʢʽ ʧʝʨʝʩʪʘʣʠ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʟʣʘʛʦʜʞʝʥʦ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʟʘʰʪʘʪʥʦʤʫ 

ʨʝʞʠʤ, ʪʦʱʦ).   

ɿʘʜʘʯʫ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʛʦ ʢʣʘʩʪʝʨʫ ʢʦʩ-

ʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʩʪʘʶʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʟ ʨʦʟʚʠʪʢʦʤ ʟʘʜʘʯ ʦʨʙʽʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ. 

ɿʦʢʨʝʤʘ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʠʡ ʧʽʜʭʦʜʠʪʴ ʜʦ 

ʢʦʤʧʘʢʪʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʦʪʦʯʫʻ ʡʦʛʦ ʽ  ʩʧʦʩʪʝʨʽʛʘʻ ʜʝʷʢʠʡ ʯʘʩ. 

ʂʦʞʥʠʡ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ-ʩʧʦʩʪʝʨʽʛʘʯ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʻʜʠʥʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ 

ʚʠʢʦʥʘʥʥʽ ʽ ʻ ʥʦʩʽʻʤ ʧʨʠʩʪʨʦʾʚ ʜʚʦʭ ʢʣʘʩʽʚ: ʮʝ ʧʨʠʩʪʨʦʾ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʤʽʞʩʫʧʫʪʥʠ-

ʢʦʚʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ ʧʨʠʩʪʨʦʾ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ.  ʂʦʩʤʽʯʥʦʤʫ ʘʧʘʨʘʪʫ ʫʛʨʫʧʦʚʘʥʥʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʘʨʘʤʝʪʨʘʤ ʡʦʛʦ ʦʨʙʽʪʠ 

ʟʘʜʘʥʽ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʫʛʨʫʧʦʚʘʥʥʽ, ʟʘʙʝʟʧʝʯʝʥʘ ʧʦʩʪʽʡʥʘ 

ʢʫʪʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʟʚôʷʟʘʥʦʾ ʟ ʥʠʤ ʙʘʨʠʮʝʥʪʨʠʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ. ɺʽʩʽ ʩʠʤʝʪʨʽʾ ʟʦʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʧʨʠʩʪʨʦʾʚ 
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ʟʚôʷʟʢʫ ʩʠʤʝʪʨʠʯʥʽ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʙʘʨʠʮʝʥʪʨʠʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʪʨʝʤʠ ʢʦʦʨʜʠʥʘʪ  ʽ 

ʩʧʨʷʤʦʚʘʥʽ ʘʙʦ ʫ ʙʽʢ ʚʽʜôʻʤʥʦʾ, ʘʙʦ ʫ ʙʽʢ ʥʝʚʽʜôʻʤʥʦʾ ʯʘʩʪʠʥʠ ʮʽʻʾ ʚʽʩʽ (ʪʘʢʠʤ ʯʠʥʦʤ, 

ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ ʟʘʚôʷʟʢʫ ʟʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʟʦʥ ʾʭ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ 

ʰʽʩʪʴ). ɺʚʘʞʘʪʠʤʝ, ʱʦ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʫʥʽʚʝʨʩʘʣʴʥʠʡ, ʦʩʥʘʱʝʥʠʡ ʰʽʩʪʴʤʘ ʪʠʧʘʤʠ 

ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʚôʷʟʢʫ ʽ ʧʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʇʨʠ ʦʪʦʯʝʥʥʽ ʩʧʦʩʪʝʨʝ-

ʞʫʚʘʥʦʾ  ʢʦʤʧʘʢʪʥʦʾ ʛʨʫʧʠ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʰʽʩʪʴ ʪʠʧʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʩʤʽʯ-

ʥʦʛʦ ʘʧʘʨʘʪʫ ʚʽʜʥʦʩʥʦ ʥʝʾ: ʟʚʝʨʭʫ, ʟʥʠʟʫ, ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ, ʧʦʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ. ʇʦʚʥʝ 

ʦʪʦʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʩʽʭ ʥʘʟʚʘʥʠʭ ʰʽʩʪʴʦʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ 

(ʘʙʦ ʧʦ ʦʜʥʦʤʫ ʢʦʩʤʽʯʥʦʤʫ ʘʧʘʨʘʪʫ ʥʘ ʢʦʞʥʠʡ ʪʠʧ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʘʙʦ, ʷʢʱʦ ʷʢʠʡʩʴ ʟ 

ʨʦʟʤʽʨʽʚ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʛʨʫʧʠ ʙʽʣʴʰ ʧʨʦʪʷʞʥʠʡ, ʪʦ ʢʦʞʥʠʡ ʪʠʧ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʞʝ 

ʧʦʪʨʝʙʫʚʘʪʠ ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ-ʩʧʦʩʪʝʨʽʛʘʯʘ). ɺ ʧʨʦʮʝʩʽ ʟʜʽʡʩ-

ʥʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʩʪʨʽʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʜʥʦʛʦ ʪʠʧʫ, ʟʚʦʨʦʪʥʦ-

ʛʦ ʜʦ ʚʘʨʽʘʥʪʫ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʽʚʦʨʫʯ, ʪʦ  ʧʨʠʩʪʨʽʡ 

ʩʧʨʷʤʦʚʘʥʠʡ ʧʨʘʚʦʨʫʯ, ʽ ʪʘʢ ʘʥʘʣʦʛʽʯʥʦ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ). ʋ ʚʩʽ ʽʥʰʽ ʧôʷʪʴ ʥʘʧʨʷʤʢʽʚ, 

ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʘʧʨʷʤʢʫ, ʚ ʷʢʠʡ ʩʧʨʷʤʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʨʠʩʪʨʦʾ ʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʠʧʽʚ. ʇʨʠʩʪʨʦʾʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʤʦʞʝ 

ʙʫʪʠ ʙʽʣʴʰʝ ʦʜʥʦʛʦ. ʃʽʥʽʾ ʟʚôʷʟʢʫ, ʷʢʽ ʨʝʘʣʽʟʫʻ ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ-ʩʧʦʩʪʝʨʽʛʘʯ, ʟʘʩʪʦʩʦ-

ʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʢʣʘʩʪʝʨʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʽʚ ʟ ʢʦʩʤʽʯʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ ʫʛʨʫʧʦʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʦʨʜʠʥʘ-

ʮʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ. ʂʣʘʩʪʝʨ ʤʦʞʝ ʙʫʪʠ ʜʦʧʦʚʥʝʥʠʡ ʜʦʜʘʪʢʦʚʠʤʠ ʢʦʩ-

ʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʬʫʥʢʮʽʶ ʟʚôʷʟʢʫ ʚʩʽʭ ʰʽʩʪʴʦʭ ʪʠʧʽʚ.         
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ʂʆʄɹɯʅʆɺɸʅʀʁ ɯʅʉʊʈʋʄɽʅʊ ʇʈʀ ʆɹʈʆɹʎɯ ɻʃʀɹʆʂʀʍ ʆʊɺʆʈɯɺ ʋ 

ʊʆɺʉʊʆʉʊɯʅʅʀʍ ɼɽʊɸʃʗʍ 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫ-

ʤʝʥʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʘ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʧʨʷʻ ʟʙʽʣʴʰʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪʠ ʯʘʩʦʚʠʭ ʘ ʟʥʘʯʠʪʴ ʽ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʨʽʟʥʽ ʬʫʥʢ-

ʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʥʦʤʽʶ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʪʘ 

ʧʦʢʨʘʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʭʘʥʽʟʤʘʤ ʢʦʥʪʨʦʣʶ 

ʧʨʦʮʝʩʫ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʚʽʜʩʦʪʢʫ ʙʨʘʢʫ. ʊʘʢʦʞ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʨʦʙʽʪʥʠʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʨʦʙʢʘ, ʛʣʠʙʦʢʽ ʦʪʚʦʨʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʷʢʽʩʪʴ, ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ. 

Annotation. The paper discusses the advantages of using a combined tool compared 

to a traditional tool and reveals that the use of such tools contributes to increasing the 

efficiency of the machining process by reducing time and optimizing the time expending 

and also human resources. Based on the research results, it was found that combined tools, 

which combine different functions, provide time and resource savings by reducing the 

number of operations and improving processing accuracy. Special attention is paid to 

process control mechanisms, which contribute to improving the quality and reliability of 

product manufacturing and potentially reducing the percentage of defects. It is also noted 

that the production and operation of a combined tool require higher qualifications of 

workers. 

Keywords: machining, deep holes, efficiency, grade, combined tool. 

 

ʆʙʨʦʙʢʘ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʫ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ. ʉʫʯʘʩʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ, ʚʠʤʘʛʘʶʯʠ ʚʽʜ ʚʠʨʦʙʥʠʢʽʚ ʰʚʠʜʢʦ ʘʜʘʧʪʫ-

ʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ. ʎʝ ʧʦʚôʷʟʘʥʦ ʷʢ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʮʠʚʽʣʴʥʠʭ ʚʠʨʦʙʽʚ ʪʘʢ ʡ 

ʚʠʨʦʙʽʚ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʻ ʦʙʨʦʙʢʘ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ. ʎʝ ʯʘʩʪʦ ʻ ʪʨʠʚʘʣʠʤ ʽ ʜʦʨʦ-

ʛʠʤ ʧʨʦʮʝʩʦʤ ʯʝʨʝʟ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʚʠʪʨʘʪʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʘʤʦʨʪʠʟʘʮʽʶ, ʚʥʫʪʨʽʰʥʴʦ 

ʮʝʭʦʚʽ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʚʠʪʨʘʪʠ. ʊʦʤʫ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʩʪʘʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ɻʣʠʙʦʢʽ ʦʪʚʦʨʠ, ʷʢʽ ʻ ʢʣʶʯʦʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʥʘʧʨʠʢʣʘʜ,  ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʪʚʦʣʽʚ, ʩʪʘʚʣʷʪʴ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʘʛʘʪʦʝʪʘʧʥʦʾ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʨʽʟʥʠʤʠ ʽʥ-

ʩʪʨʫʤʝʥʪʘʤʠ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʯʘʩʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ, ʘ 

ʩʘʤʝ ʩʚʝʨʜʣʽʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ, ʨʦʟʪʦʯʫʚʘʥʥʷ, ʭʦʥʽʥʛʫʚʘʥʥʷ ʘʙʦ ʦʙʢʘʪʫʚʘʥʥʷ ʪʘ  ʥʘʡ-

ʧʦʰʠʨʝʥʽʰʠʡ ʽʩʥʫʶʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʦʙʢʠ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʜʘʥʘ ʦʧʝʨʘʮʽʷ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʘ ʪʘ ʜʦʨʦʛʘ, ʦʪʞʝ ʨʘʮʽʦʥʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʙʫʣʦ ʙ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʦʙ ʧʦʻʜʥʫʚʘʚ ʜʝʷʢʽ ʟ ʮʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʪʚʦʨʫ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ, , ʭʦʯ ʽ ʟ ʤʝʥʰʠʤʠ ʨʝʞʠʤʘʤʠ 

ʨʽʟʘʥʥʷ. ʎʝ ʝʢʦʥʦʤʠʪʴ ʯʘʩ ʽ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʯʘʩ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʢʦʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʯʘʩʫ, ʚʠ-

ʪʨʘʯʝʥʦʛʦ ʥʘ ʢʦʞʥʫ ʦʧʝʨʘʮʽʶ ʦʢʨʝʤʦ. ʉʧʝʮʠʬʽʢʘ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʦʧʝʨʝʜʥʽ, ʧʝʨʝʜ ʬʽʥʽʰʥʦʶ ʦʙʨʦʙʢʦʶ. ɻʦʚʦʨʷʯʠ ʧʨʦ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʪʨʝʙʘ ʟʘʟʥʘʯʠʪʠ ʱʦ ʫ ʩʫʯʘʩʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ ʽʩʥʫʶʪʴ ʬʫʥʢʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷ-

ʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ  ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʪʘ ʚʠʷʚʣʷʪʠ ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʧʦʧʝʨʝʜʞʫʚʘʪʠ 

ʡʦʛʦ ʧʦʣʘʤʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʰʚʠ-

ʜʢʽʩʪʴ ʦʙʝʨʪʽʚ ʥ̔ʩʪʨʫʤʝʥʪʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ. ʆʢʨʽʤ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʫ ʦʙʨʦʙʮʽ 

ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʪʘʢʦʞ ʛʨʘʻ ʨʦʣʴ ʚʠʣʽʪ ʽʥʩʪʨʫʤʝʥʪʫ, ʙʦ ʥʘ ʚʝʣʠʢʽʡ ʜʦʚʞʠʥʽ ʦʧʨʘʚʢʘ 

ʤʦʞʝ ʧʨʦʚʠʩʘʪʠ ʪʘ ʚʽʙʨʫʚʘʪʠ, ʜʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʧʝʨʝʜʙʘʯʝʥʽ ʜʦʜʘʪʢʦʚʽ ʤʝʭʘʥʽʟʤʠ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ. ʊʘʢʦʶ ʜʠʥʘʤʽʯʥʦʶ ʙʘʟʦʶ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ 

ʢʦʨʧʫʩ ʦʧʨʘʚʢʠ ʨʦʣʠʢʠ, ʷʢʽ ʢʦʪʷʪʴʩʷ ʧʦ ʩʪʽʥʢʘʤ ʦʪʨʠʤʫʚʘʥʦʛʦ ʦʪʚʦʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʡ. 

ɿʘ ʚʠʩʥʦʚʢʦʤ ʤʘʻʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʝʨʝʚʘʞʘʻ 

ʫ ʰʚʠʜʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʪʦʚʦʾ ʜʝʪʘʣʽ, ʷʢʘ ʦʙʤʝʞʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʦʧʝʨʘʮʽʾ ʯʠʩʪʦ-

ʚʦʾ ʦʙʨʦʙʢʠ, ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʙʘʟʫʚʘʥʥʷ. ɸʣʝ ʤʘʻ ʡ ʥʝʜʦʣʽʢʠ. 

ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʚʠʱʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʚʝʨʩʪʘʪʥʠʢʘ. 
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ʇʈʆɹʃɽʄʀ ʇʆʐʋʂʋ ʇʆɿɸɿɽʄʅʆɻʆ ɾʀʊʊʗ 

Problems of finding extraterrestrial life   

ɸʥʦʪʘʮʽʷ: ɾʠʪʪʷ, ʷʢʝ ʤʠ ʟʥʘʻʤʦ ʫʥʽʢʘʣʴʥʝ ʘʙʦ ʮʝ ʧʦʰʠʨʝʥʝ ʷʚʠʱʝ?. ʏʠ ʻ ʤʠ 

ʻʜʠʥʠʤʠ ʫ ʚʩʝʩʚʽʪʽ, ʯʠ ʤʦʞʣʠʚʝ ʞʠʪʪʷ ʥʘ ʽʥʰʠʭ ʧʣʘʥʝʪʘʭ. ʏʠ ʻ ʮʠʚʽʣʽʟʘʮʽʾ ʟʘ ʨʽʚʥʝʤ 

ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ, ʽ ʷʢ ʤʠ ʤʦʞʝʤʦ ʮʝ ʚʠʷʚʠʪʠ. ʊʘʢʦʞ ʧʦʙʘʯʠʩʦ ʧʨʦʙʣʝʤʠ ʪʘ ʚʠʨʽʰʝʥʥʷ 

ʧʦʰʫʢʫ ʢʦʥʪʘʢʪʫ ʧʦʟʘʟʝʤʥʦʛʦ ʞʠʪʪʷ ʟ ʥʝʟʝʤʥʦʶ ʮʠʚʽʣʽʟʘʮʽʻʶ ʷʢʱʦ ʚʦʥʘ ʽʩʥʫʻ. ʊʘ 

ʧʦʙʘʯʠʤʦ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʚʠʷʚʣʝʥʥʷ ʧʦʟʘʟʝʤʥʦʛʦ ʞʠʪʪʷ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʦʩ, ʞʠʪʪʷ ʫ ʚʩʝʩʚʽʪʽ, ʧʦʰʫʢ ʧʦʟʘʟʝʤʥʦʛʦ ʞʠʪʪʷ. 

Annotation: Life as we know it is unique or is it a common phenomenon?. Are we 

the only ones in the universe, or is life possible on other planets. Are there civilizations 

according to the level of development of ours, and how can we detect it. You will also see 

the problems and solutions of finding the contact of extraterrestrial life with an 

extraterrestrial civilization if it exists. But let's see the methods of searching for the detection 

of extraterrestrial life. 

Keywords: space, life in the universe, search for extraterrestrial life. 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʤ ʚʽʜʦʤʦ 5523 ʟʘʪʚʝʨʜʞʝʥʠʭ ʝʢʟʦʧʣʘʥʝʪ  

ɿ ʥʠʭ 199 ʝʢʟʦʧʣʘʥʝʪ ʧʦʪʘʥʮiʘʣʴʥi ʧʨʠʛʦʜʥi ʜʣʷ ɾʠʪʷ. 
ɸʣʝ ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʢʟʦʧʣʘʥʝʪ ʫ ʛʘʣʘʢʪʠʮʽ ʏʫʤʘʮʴʢʠʡ ʐʣʷʭ ʦʮʽʥʶʻʪʴʩʷ ʥʝ 

ʤʝʥʰʝ ʥʽʞ ʫ 100 ʤʽʣʴʷʨʜʽʚ, ʟ ʷʢʠʭ ʚʽʜ 5 ʜʦ 20 ʤʽʣʴʷʨʜʽʚ, ʤʦʞʣʠʚʦ, ʻ çʟʝʤʣʝʧʦʜʽʙʥʠʤʠè  

ʪʦʙʪʦ ʩʢʝʣʷʩʪʠʤʠ, ʘ ʥʝ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʷʢ ʖʧʽʪʝʨ, ʟ ʥʠʭ ʙʣʠʟʴʢʦ 300 ʤʽʣʴʡʦʥʽʚ 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʦʙʽʪʥʠʮʽ, ʜʝ ʧʣʘʥʝʪʘ ʥʝ ʜʫʞʝ ʜʘʣʝʢʦ ʚʽʜ ʟʽʨʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʞʠʪʪʷ ʽ ʥʝ ʜʫʞʝ ʙʣʠʟʴʢʦ ʱʦʙ ʟʛʦʨʽʪʠ, ʽ ʪʘʤ ʜʝ ʻ ʦʟʥʘʢʠ ʚʦʜʠ. ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʥʝ 

ʥʝʚʞʝ ʩʝʨʝʜ 300 ʤʽʣʴʡʦʥʽʚ ʧʣʘʥʝʪ ʪʘʢʠʭ ʷʢ ʤʠ ʻʜʠʥʽ ʫ ʚʩʝʩʚʽʪʽ ʜʝ ʻ ʞʠʪʪʷ? ʁʤʦʚʽʨʥʦ, 

ʥʽ. 

ɭʜʠʥʝ ʞʠʪʪʷ ʷʢʝ ʤʠ ʟʥʘʻʤʦ ʮʝ ʥʘʰʝ ʞʠʪʪʷ, ʪʦʤʫ ʷʢ ʙʽʦʤʘʨʢʝʨ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʦʜʽʙʥʦʤʫ ʥʘʰʦʤʫ  ʢʘʨʙʦʥʦʚʦʤʫ ʩʧʦʩʦʙʫ ʞʠʪʪʷ. 

ɼʅʂ ʩʢʣʘʜʘʻʪʩʷ ʟ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ :  

 
ɸʣʝ ʷʢʱʦ ʥʘ ʮiʡ ʕʢʟʦʧʣʘʥʝʪi ʻ ʚʦʜʘ, ʮʝ ʥʝ ʦʟʥʘʯʘʻ ʱʦ ʦʩʪʘʪʦʯʥʦ i ʙʝʟ ʩʫʤʥʽʚʫ 

ʪʘʤ ʻ ʞʠʪʪʷ. 

ʅʫ ʘ ʷʢʱʦ ʻ ʞʠʪʪʷ, ʥʘʩʢʽʣʴʢʠ ʚʦʥʠ ʨʦʟʚʠʥʝʥʽ ʱʦʙ ʚʤʽʪʠ ʥʘʜʩʠʣʘʪʠ ʢʦʥʪʘʢʪ? 

ʊʫʪ ʥʘʤ ʜʦʧʦʤʦʞʝ ʨʽʚʥʷʥʥʷ ɼʨʝʡʢʘ, ʷʢʘ ʛʦʚʦʨʠʪʴ ʧʨʦ ʡʤʦʚʽʨʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʮʠʚʽʣʽʟʘʮʽʡ, ʟʜʘʪʥʘ ʜʘʚʘʪʠ ʨʘʜʽʦʩʠʛʥʘʣ. 

ʌʦʨʤʫʣʘ:  N = R * fp * ne * fl * fi * fc * L       

N = ʢʽʣʴʢʽʩʪʴ ʝʢʟʦʧʣʘʥʝʪ, 

R = 1 / ʨʽʢ (ʷʢʱʦ ʫ ʨʽʢ ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʟʽʨʢʘ),  
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fp = 0,5 (ʷʢʱʦ ʧʦʣʦʚʠʥʘ ʟʽʨʦʢ ʤʘʻ ʧʣʘʥʝʪʠ),  

ne = 2 (ʷʢʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʚʽ ʧʣʘʥʝʪʠ ʚ ʩʠʩʪʝʤʽ ʧʨʠʜʘʪʥʽ ʜʣʷ ʞʠʪʪʷ),  

fl = 1 (ʷʢʱʦ ʞʠʪʪʷ ʤʦʞʣʠʚʝ, ʚʦʥʦ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʥʠʢʥʝ),  

fi = 0,01 (1% ʡʤʦʚʽʨʥʦʩʪʽ, ʱʦ ʞʠʪʪʷ ʨʦʟʚʠʥʝʪʴʩʷ ʜʦ ʨʦʟʫʤʥʦʾ),  

fc = 0,01 (1% ʮʠʚʽʣʽʟʘʮʽʡ ʱʦ ʤʦʞʝ ʽ ʭʦʯʝ ʚʩʪʘʥʦʚʠʪʠ ʢʦʥʪʘʢʪ),  

L = 10 000 ʨʦʢʽʚ (ʪʝʭʥʽʯʥʦ ʨʦʟʚʠʥʝʥʘ ʮʠʚʽʣʽʟʘʮʽʷ ɯʩʥʫʻ 10 000 ʨʦʢʽʚ, ʟʘ ʜʘʥʠʤʠ 

ʧʨʠʢʣʘʜʫ ɿʝʤʣʽ). 

ʈʽʚʥʷʥʥʷ ɼʨʝʡʢʘ ʜʘʻ N = 1Ĭ0,5Ĭ2Ĭ1Ĭ0,01Ĭ0,01Ĭ10 000 = 1. ʆʩʢʽʣʴʢʠ ʤʠ ʻʜʠʥʠʡ 

ʧʨʠʢʣʘʜ ʞʠʪʪʷ. 

ʆʧʪʠʤʽʩʪʠʯʥʽ ʦʮʽʥʢʠ, ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ 10% ʤʦʞʫʪʴ ʽ ʭʦʯʫʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʢʦʥʪʘʢʪ ʽ ʧʨʠ ʮʴʦʤʫ ʽʩʥʫʶʪʴ ʜʦ 100 000 ʨʦʢʽʚ: 

R = 20/ʨʽʢ, fp = 0,1, ne = 0,5, fl = 1, fi = 0,5, fc = 0,1, ʪʘ L = 100000 ʨʦʢʽʚ. 

N = 20 Ĭ 0,1 Ĭ 0,5 Ĭ 1 Ĭ 0,5 Ĭ 0,1 Ĭ 100000 = 5000 ʵʢʟʦʧʣʘʥʝʪ 

(ʤʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʚʩʪʘʥʦʚʠʤʦ ʢʦʥʪʘʢʪ). 

ʇʝʩʠʤʽʩʪʠʯʥʽ ʦʮʽʥʢʠ, ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʞʠʪʪʷ ʨʽʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʦ 

ʨʦʟʫʤʥʦʛʦ, ʘ ʨʦʟʚʠʥʝʥʽ ʮʠʚʽʣʽʟʘʮʽʾ ʜʦʚʛʦ ʥʝ ʞʠʚʫʪʴ. 

R = 10/ʨʽʢ, fp = 0,5, ne = 0,005, fl = 1, fi = 0,001, fc = 0,01, ʪʘ L = 500 ʨʦʢʽʚ. 

N = 10 Ĭ 0,5 Ĭ 0,005 Ĭ 1 Ĭ 0,001 Ĭ 0,01 Ĭ 500 = 0,000125 ʵʢʟʦʘʣʘʥʝʪ 

(ʤʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʩʘʤʦʪʥʽ). 

ɸʣʝ ʷʢʱʦ ʚʦʥʠ ʧʦʩʠʣʘʶʪʴ cʠʛʥʘʣ,  ʪʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʧʦʩʠʣʘʪʠ ʥʝ ʧʝʨʝʨʚʥʦ ʧʦ 

ʚʩʽʭ ʟʽʨʢʘʭ ʩʠʛʥʘʣ ʽ ʧʨʠʡʤʘʪʠ ʥʝʧʝʨʝʨʚʥʦ ʚʽʜ ʫʩʽʭ ʟʽʨʦʢ, ʟ ʤʦʤʝʥʪʫ ʢʦʣʠ ʚʽʜʧʨʘʚʠʣʠ.  

ʅʘʰʘ ʇʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʧʦʟʘʟʝʤʥʦʛʦ ʞʠʪʪʷ  ʚ ʪʦʤʫ, ʱʦ ʤʠ ʟʝʤʣʷʥʠ ʪʘʢ ʥʝ 

ʨʦʙʠʤʦ. Cʣʫʭʘʻʤʦ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʯʝʨʝʟ ʨʘʜʽʦʪʝʣʝʩʢʦʧ, ʩʢʘʥʫʶʯʠ ʦʜʥʝ ʘ 

ʧʦʪʽʤ ʽʥʰʫ ʜʽʣʷʥʢʫ, ʘʜʞʝ ʢʨʽʤ ʪʦʛʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʧʦʜʘʪʠ ʩʠʛʥʘʣ ʜʦ ʥʘʰʦʾ ʟʽʨʢʠ ʢʦʣʠ 

ʧʝʨʝʜ ʥʠʤʠ ʙʽʣʴʰʝ  300 ʤʽʣʴʡʦʥʽʚ ʧʦʜʽʙʥʠʭ ʚʘʨʝʘʥʪʽʚ ʢʫʜʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʩʠʛʥʘʣ. 

ʇʣʶʩ ʧʦʢʠ ʜʽʡʜʝ ʩʠʛʥʘʣ ʚʽʜ ʥʠʭ, 1000  ʘʙʦ ʥʘʚʽʪʴ 5 000 ʩʚʽʪʣʦʚʠʭ ʨʦʢʽʚ, ʮʠʚʽʣʽʟʘʮʷ 

ʤʦʞʝ ʽ ʥʝ ʽʩʥʫʚʘʪʠ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʩʠʛʥʘʣ ʫ ʚʽʜʧʦʚʽʜʴ ʚiʜ ʥʘʩ, ʩʪʽʣʴʢʠ ʞ ʨʦʢʽʚ 

ʧʨʦʡʜʝ. ɸ ʷʢʱʦ ʩʠʛʥʘʣ ʤʠʤʦ ʧʨʦʭʦʜʠʚ ʤʠ ʤʦʛʣʠ ʙʫʪʠ ʪʦʜʽ ʱʝ ʧʨʠʤʽʪʠʚʥʠʤʠ, ʘ ʢʦʣʠ 

ʨʦʟʚʠʥʫʣʠʩʷ ʱʦʙ ʧʨʠʡʤʘʪʠ ʩʠʛʥʘʣ ʤʽʛ ʜʘʚʥʦ ʽ ʩʢʽʥʯʠʪʴʩʷ. ʎʝ ʜiʣʝʤʘ ʪʘ ʧʨʦʙʣʝʤʘ 

ʧʦʰʫʢ ʧʦʟʘʟʝʤʥʦʛʦ ʢʦʥʪʘʢʪʫ. 

ʊʦʤʫ ʤʘʻ ʙʫʪʠ ʙʝʟʧʝʨʝʨʚʥʘ ʧʨʠʡʥʷʪʷ ʩʠʛʥʘʣʽʚ ʜʦ ʫʩiʭ ʟiʨʦʢ ʦʜʥʦʯʘʩʥʦ ʜʝ 

ʦʙʝʨʪʘʶʪʴʩʷ ʧʦʪʘʥʮiʘʣʴʥi ʧʨʠʛʦʜʥi ʵʢʟʦʧʣʘʥʝʪʠ, ʷʢ ʽ ʚʽʜ ʥʘʩ, ʪʘʢ ʽ ʚʽʜ ʥʠʭ. ʇʨʠ ʮʴʦʤʫ 

ʤʠ ʧʦʚʠʥʥʽ ʧʦʙʫʜʫʚʘʪʠ ʽ ʥʘʣʘʰʪʫʚʘʪʠ ʈʘʜʽʦʤʘʷʢ, ʷʢ ʪʝʣʝʩʢʦʧ, ʷʢʘ ʧʦʜʘʻ ʩʠʛʥʘʣ 

ʙʝʟʧʝʨʝʨʚʥʦ ʥʘ ʢʦʞʥʫ ʧʦʪʝʥʮʽʡʥʫ ʟʽʨʢʫ ʜʝ ʻ ʞʠʪʪʻʟʜʘʪʥʘ ʧʣʘʥʝʪʘ, ʽ ʚʦʥʠ ʪʝʞ ʪʘʢ 

ʧʦʚʠʥʥʽ ʟʨʦʙʠʪʠ. ʊʘʢʦʞ ʤʠ ʧʦʚʠʥi ʧʦʙʫʜʫʚʘʪʠ ʙʘʛʘʪʦ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽʚ ʜʣʷ ʢʦʞʥʦʾ 

ʟʽʨʢʠ ʷʢʘ ʙʫʜʝ ʩʣʫʭʘʪʠ ʙʝʟʧʝʨʝʨʚʥʦ, ʽ ʚʦʥʠ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʝʞ ʪʘʢ ʧʦʚʠʥi ʥʘʣʘʰʪʫʚʘʪʠ. 

ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʟʫʩʪʨʽʪʠ ʢʦʥʪʘʢʪ ʚ ʨʘʟʠ ʟʙʽʣʴʰʠʪʴʩʷ. 

ʉʠʛʥʘʣ ʧʦʚʠʥʝʥ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʦʜʥʦʯʘʩʥʦ ʱʦʙ ʥʝ ʩʧʽʣʢʫʶʪʴʩʷ ʯʝʨʝʟ ʢʦʞʥʽ   2 

000 ʨʦʢʽʚ. ɺʦʥʘ ʧʦʚʠʥʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʚʦʶ ʟ ʦʜʠʥʠʮʽ ʽ ʥʫʣʠʢʽʚ 

ʨʝʢʣʘʤʫʯʠ ʥʘʩ. ɸ ʩʘʤʝ ʭʪʦ ʤʠ ʪʘʢʽ, ʷʢ ʤʠ ʚʠʛʣʷʜʘʻʤʦ, ʩʧʦʩʽʙ ʞʠʪʪʷ ʥʘ ʧʣʘʥʝʪʽ, 

ʩʪʨʫʢʪʫʨʘ ɼʅʂ, ʷʢʘ ʥʘʰʘ ʩʦʥʷʯʥʘ ʩʠʩʪʝʤʘ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʽʥʰʘ ʨʦʟʚʠʥʝʥʘ ʮʠʚʽʣʽʟʘʮʽʷ 

ʧʦʚʠʥʥʘ ʟʨʦʙʠʪʠ ʪʝʞ ʩʘʤʝ, ʱʦʙ ʷʢʱʦ ʩʠʛʥʘʣ ʣʠʪiʚʰʠ ʜʦ ʥʘʩ ʚʞʝ ʥʘʧʨʠʢʣʘʜ  1 000 

ʨʦʢʽʚ, ʱʦʙ ʤʠ ʚʽʜʨʘʟʫ ʦʪʨʠʤʘʣʠ ʽʥʬʦʨʤʘʮʽʶ ʨʝʢʣʘʤʫʶʯʠ ʾʭ ʘ ʥʝ ʧʨʦʩʪʦ WOW, ʪʘʢʠʤ 

ʯʠʥʦʤ ʤʠ ʨʦʟʚʠʥʝʤʦʩʷ ʷʢ ʣʶʜʩʪʚʦ ʽ ʷʢ ʮʠʚʽʣʽʟʘʮʽʷ ʟʜʘʪʥʘ ʮʝ ʟʨʦʙʠʪʠ. 
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1. NASA eyes on explanate (NASA ʚʩi ʜʘʥi ʕʢʟʦʧʣʘʥʝʪ) - 

https://exoplanets.nasa.gov/eyes-on-exoplanets/#/ 

2. ɼʅʂ - https://uk.wikipedia.org/wiki/ɼʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ_ʢʠʩʣʦʪʘ 

3. ʇʦʰʠʨʝʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ -

https://ru.wikipedia.org/wiki/ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ_ʭʠʤʠʯʝʩʢʠʭ_ʵʣʝʤʝʥʪʦʚ 

4. ʈʽʚʥʷʥʥʷ ɼʨʝʡʢʘ - https://uk.wikipedia.org/wiki/ʈʽʚʥʷʥʥʷ_ɼʨʝʡʢʘ 
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ʄʆɹɯʃʔʅɸ ʄɸʃʆɻɸɹɸʈʀʊʅɸ ʂʆʄɹɯʅʆɺɸʅɸ ɽʅɽʈɻʆʋʉʊɸʅʆɺʂɸ ʅɸ 

ʆʉʅʆɺɯ ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ ɼʃʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ 

ɿʆʅɯ ɹʆʁʆɺʀʍ ɼɯʁ 

ɸʥʥʦʪʘʮʽʷ: ʎʷ ʨʦʙʦʪʘ ʨʦʟʛʣʷʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʫʤʦʚʘʭ ʙʦʡʦʚʠʭ ʜʽʡ. ʎʷ ʨʦʙʦʪʘ ʨʦʟʛʣʷʜʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʫʤʦʚʘʭ 

ʙʦʡʦʚʠʭ ʜʽʡ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤʠ ʻ ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʫ ʧʦʪʨʽʙʥʠʡ ʤʦʤʝʥʪ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʞʝʨʝʣʦ, ʝʥʝʨʛʽʷ, ʩʠʩʪʝʤʘ, ʧʘʥʝʣʴ, ʝʣʝʤʝʥʪ. 

Annotation: This work examines the use of renewable energy sources, in particular 

the hybrid system, in combat conditions. This work examines the use of renewable energy 

sources, in particular, a hybrid system, in combat conditions. The main task of the system is 

to provide the user with a minimum source of energy for their own needs at the right time. 

Keywords: source, energy, system, panel, element. 

 

ʋ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚʽʡʩʴʢʦʚʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʪʘ ʧʽʜʪʨʠʤʢʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʦʞʝ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʣʦʩʪʽ ʚ ʫʤʦʚʘʭ ʙʦʡʦʚʠʭ ʦʧʝʨʘʮʽʡ. ɿʘ ʜʘʥʠʤʠ 

ʫʤʦʚʘʤʠ ʥʘʚʽʪʴ ʧʽʜʟʘʨʷʜʠʪʠ ʧʨʠʩʪʨʦʾ ʟʚôʷʟʢʫ ʯʘʩʪʦ ʙʫʚʘʻ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʪʦʤʫ ʥʘ 

ʤʦʶ ʜʫʤʢʫ ʻ  ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ. 

ʎʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʦʥʷʯʥʫ ʧʘʥʝʣʴ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʝʣʝʤʝʥʪ(ʪʝʨʤʦʛʝʥʝʨʘʪʦʨ). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ. ɻʽʙʨʠʜʥʘ 

ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʝ ʪʘ ʥʘʜʽʡʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʜʝ ʜʦʩʪʫʧ ʜʦ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʦʙʤʝʞʝʥʠʡ ʘʙʦ ʥʝʨʝʛʫʣʴʦʚʘʥʠʡ. 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʮʝ: ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʚʘʟʽ ʪʘ ʛʘʙʘʨʠʪʘʭ ʫ 

ʧʦʪʨʽʙʥʠʡ ʤʦʤʝʥʪ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʤʽʥʽʤʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ 

ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ. ɸʜʞʝ ʜʦʚʦʣʽ ʚʘʞʣʠʚʦ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʧʽʜʟʘʨʷʜʠʪʠ, ʥʝʦʙʭʽʜʥʽ 

ʧʨʠʩʪʨʦʾ. ʉʠʩʪʝʤʘ ʚʚʘʞʘʻʪʴʩʷ ʜʦʚʦʣʽ ʥʘʜʽʡʥʦʶ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʩʧʨʘʚʥʦ ʧʨʘʮʶʚʘʪʠ ʚ 

ʫʤʦʚʘʭ ʨʽʟʢʦʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ. 

ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʨʝʜʩʪʘʚʣʝʥʝ ʨʽʰʝʥʥʷ ʻ ʜʦʚʦʣʽ ʤʘʣʦ ʚʠʪʨʘʪʥʠʤ ʷʢʱʦ 

ʧʦʨʽʚʥʶʚʘʪʠ ʩ ʟʘʨʷʜʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʷʢʽ ʥʝ ʤʘʶʪʴ ʬʫʥʢʮʽʾ ʛʝʥʝʨʘʮʽʾ, ʧʨʠ ʮʴʦʤʫ ʤʘʶʪʴ 

ʤʝʥʰʫ ʚʘʛʫ ʪʘ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʤʘʡʞʝ ʙʫʜʴ ʜʝ. 

ɺʠʩʥʦʚʦʢ: ʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʥʝ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʛʣʦʙʘʣʽʟʘʮʽʾ, ʪʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʩʠʪʫʘʪʠʚʥʦ ʦʩʢʽʣʴʢʠ ʩʦʥʷʯʥʘ ʧʘʥʝʣʴ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʻ ʚ 

ʪʦʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʩʪʘʻ ʥʘʚʝʜʝʥʥʷʤ ʜʣʷ ʚʦʨʦʛʫ , ʘʣʝ ʚʩʝ ʞ ʪʘʢʠ ʧʨʠ ʮʴʦʤʫ ʤʘʶʪʴ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʟʘʤʽʥʥʽ, ʘʙʦ ʥʘʚʽʪʴ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤʠ  ʫ ʢʨʠʪʠʯʥʽʡ 

ʩʠʪʫʘʮʽʾ. 
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ʆɻʃʗɼ ʂʆʅʉʊʈʋʂʎɯɰ ʂʆʊʃɯɺ ʆʇɸʃɽʅʅʗ ɼʃʗ ʆʎɯʅʂʀ ʄʆɾʃʀɺʆʉʊɯ 

ʉʊɺʆʈɽʅʅʗ ɹɸɻɸʊʆʇɸʃʀɺʅʆɻʆ ʅɸɻʈɯɺɸʃʔʅʆɻʆ ʇʈʀʉʊʈʆʖ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʪʣʽʚ 

ʦʧʘʣʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʯʦʛʦ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʧʘʣʠʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʦʨʶʯʽ ʧʘʣʠʚʘ, ʢʦʪʣʠ ʦʧʘʣʝʥʥʷ, ʞʠʢʣʝʨʠ. 

Annotation. The operating principles and design of various types of heating boilers 

are considered. Based on this, a conclusion was made about the possibility of creating a 

universal system for burning the most common fuels. 

Keywords: combustible fuel, heating boilers, burner. 

ɺʩʪʫʧ. ʏʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʧʦʩʪʽʡʥʦ ʽʩʥʫʻ ʨʠʟʠʢ 

ʧʦʰʢʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦ-, ʛʘʟʦ- ʪʘ ʪʝʧʣʦʤʘʛʽʩʪʨʘʣʝʡ. ʎʝ ʨʦʙʠʪʴ ʜʦʮʽʣʴʥʠʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʝʟʝʨʚʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʜʣʷ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ, ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ ʪʘ ʽʥ.. 

ʉʠʩʪʝʤʠ ʨʝʟʝʨʚʥʦʛʦ ʦʙʽʛʨʽʚʫ ʙʘʞʘʥʦ ʨʦʙʠʪʠ ʙʘʛʘʪʦʧʘʣʠʚʥʠʤʠ, ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʧʘʣʠʚʘ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʧʘʣʠʚʥʦʛʦ 

ʦʙʽʛʨʽʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʪʣʘʭ ʦʧʘʣʝʥʥʷ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʪʣʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʘʣʠʚʘ, ʷʢʝ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʚʝʨʜʝ, ʨʽʜʢʝ ʪʘ ʛʘʟʦʧʦʜʽʙʥʝ. 

ʆʩʥʦʚʘʥʠʤʠ ʚʠʜʘʤʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʦʧʘʣʝʥʥʷ ʻ ʜʨʦʚʘ, ʧʘʣʠʚʥʽ ʙʨʠʢʝʪʠ, 

ʪʦʨʬ ʪʘ ʚʫʛʽʣʣʷ. ɺʠʢʦʧʥʝ ʚʫʛʽʣʣʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ[1]: ʙʫʨʝ, ʢʘʤôʷʥʝ 

ʽ ʘʥʪʨʘʮʠʪ.  

ɿ ʨʽʜʢʠʭ ʧʘʣʠʚ ʚ ʦʧʘʣʝʥʥʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʠʟʝʣʴ ʪʘ ʤʘʟʫʪ ʤʘʨʦʢ[1]: 

40, 100 ʽ 200.  

ʇʨʠʨʦʜʥʠʡ ʛʘʟ ʤʦʞʝ ʚʠʜʦʙʫʚʘʪʠʩʷ ʽʟ ʨʦʜʦʚʠʱ ʘʙʦ ʙʫʪʠ ʜʦʜʘʪʢʦʚʠʤ ʧʨʦʜʫʢʪʦʤ 

ʧʽʜ ʯʘʩ ʚʠʜʦʙʫʪʢʫ ʥʘʬʪʠ. ʁʦʛʦ ʦʩʥʦʚʥʦʶ ʛʦʨʶʯʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʤʝʪʘʥ (ʚʽʜ 80 ʜʦ 98%), 

ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʪʝʧʣʦʪʫ ʟʛʦʨʘʥʥʷ.  

ʊʚʝʨʜʦʧʘʣʠʚʥʽ ʢʦʪʣʠ ʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʪʠʧʦʤ ʧʘʣʠʚʘ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘ 

ʩʧʦʩʦʙʦʤ. ʅʘʡʙʽʣʴʰʫ ʮʽʢʘʚʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʣʘʩʠʯʥʽ (ʨʠʩ. 1) ʪʘ ʘʚʪʦʤʘʪʠʯʥʽ 

ʧʝʣʝʪʥʽ ʢʦʪʣʠ ʪʦʤʫ ʱʦ ʚ ʥʠʭ ʨʝʘʣʽʟʦʚʘʥʘ ʜʦʩʠʪʴ ʧʨʦʩʪʘ ʰʘʨʦʚʘ ʪʦʧʢʘ.  
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ʈʠʩ. 1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʚʥʫʪʨʽʰʥʻ ʦʙʣʘʰʪʫʚʘʥʥʷ ʪʚʝʨʜʦʧʘʣʠʚʥʦʛʦ ʢʦʪʣʘ. 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʥʶ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʧʘʣʠʚʘ ʚ ʪʦʧʮʽ  

ʐʘʨʦʚʽ ʪʦʧʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʢʫʩʢʦʚʦʛʦ ʧʘʣʠʚʘ. ʈʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʢʠʩʥʶ ʪʘ ʧʘʣʠʚʘ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. ʐʚʠʜʢʽʩʪʴ 

ʩʧʘʣʶʚʘʥʥʷ ʚ ʰʘʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʧʽʜʚʝʜʝʥʥʷ ʦʢʠʩʥʠʢʘ ʜʦ ʧʘʣʠʚʘ. ʐʘʨ 

ʰʣʘʢʫ ʥʘ ʨʝʰʽʪʮʽ ʟʘʭʠʱʘʻ ʾʾ ʚʽʜ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ[1], ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʷʻ ʽ ʥʘʛʨʽʚʘʻ 

ʧʦʚʽʪʨʷ, ʱʦ ʽʜʝ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ. 

ʈʽʜʢʦʧʘʣʠʚʥʽ ʢʦʪʣʠ ʟʘ ʩʚʦʻʶ ʙʫʜʦʚʦʶ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʭʦʞʽ ʥʘ ʛʘʟʦʚʽ 

(ʨʠʩʫʥʦʢ 2). ʄʘʣʽ ʢʦʪʣʠ, ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʙʫʜʽʚʝʣʴ ʘʙʦ ʦʢʨʝʤʠʭ ʟʦʥ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ. ʄʘʟʫʪ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʫʤʦʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʧʘʣʶʚʘʥʥʷ[2] ʽ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʚʝʣʠʢʠʭ ʢʦʪʣʽʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʧʘʣʝʥʥʷ. 

 
ʈʠʩ. 2. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʚʥʫʪʨʽʰʥʻ ʦʙʣʘʰʪʫʚʘʥʥʷ ʨʽʜʢʦʧʘʣʠʚʥʦʛʦ ʢʦʪʣʘ. 

ʉʭʝʤʘ ʨʽʜʢʦʧʘʣʠʚʥʦʛʦ ʧʘʣʴʥʠʢʘ 

 

ʉʧʘʣʶʚʘʥʥʷ ʤʘʟʫʪʫ ʪʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʚ ʪʦʧʢʘʭ ʢʦʪʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʧʘʨʦʛʘʟʦʚʽʡ ʬʘʟʽ, ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʾʭ ʢʠʧʽʥʥʷ ʟʥʘʯʥʦ ʥʠʞʯʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʘʡʤʘʥʥʷ. ʈʽʜʢʝ ʧʘʣʠʚʦ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʪʦʧʢʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʪʠ ʪʦʧʢʦʚʠʭ ʛʘʟʽʚ 

ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʨʦʟʧʠʣʶʻʪʴʩʷ ʥʘ ʬʦʨʩʫʥʢʘʭ ʨʽʜʢʦʧʘʣʠʚʥʠʭ ʞʠʢʣʝʨʽʚ[1]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʛʦʨʽʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʬʦʨʩʫʥʢʘʭ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʢʦʪʣʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʚʘʨʽʘʥʪʘʭ ʛʘʟ + ʪʚʝʨʜʝ ʧʘʣʠʚʦ ʪʘ ʛʘʟ + 

ʜʠʟʝʣʴ. ʋ ʚʠʧʘʜʢʫ ʢʦʤʙʽʥʘʮʽʾ ʛʘʟʫ ʟ ʪʚʝʨʜʠʤ ʧʘʣʠʚʦʤ ʨʦʙʣʷʪʴʩʷ ʨʦʟʜʽʣʴʥʽ ʪʦʧʢʠ ʟ 

ʟʘʛʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦ ʚʽʜ 

ʛʘʟʦʚʦʾ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʜʣʷ ʨʦʟʧʘʣʫ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ 

ʛʦʨʽʥʥʷ. ʂʦʪʣʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʥʘ ʛʘʟʦʚʽ ʽ ʨʽʜʢʦʤʫ ʧʘʣʠʚʽ ʤʘʶʪʴ ʦʜʥʫ ʢʘʤʝʨʫ 

ʟʛʦʨʘʥʥʷ, ʧʘʣʴʥʠʢ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʷʢ ʟʤʽʥʥʠʤ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʪʘʢ ʽ 

ʢʦʤʙʽʥʦʚʘʥʠʤ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʛʣʷʥʫʪʽ ʩʭʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ ʧʦʢʘʟʫʶʪʴ 

ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʦʪʣʘ ʟ ʜʚʦʤʘ ʢʘʤʝʨʘʤʠ ʟʛʦʨʘʥʥʷ, ʜʣʷ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʢʦʤʙʽʥʦʚʘʥʫ ʜʣʷ ʛʘʟʫ ʽ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ɻʦʣʦʚʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʧʦʜʽʙʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʫ ʢʠʩʥʶ 

ʜʣʷ ʨʽʟʥʠʭ ʢʘʤʝʨ, ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʦʜʥʦʯʘʩʥʦʾ ʾʭ ʨʦʙʦʪʠ, ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʢʦʪʣʘ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʊʆʂɸʈʅʆ-ʌʈɽɿɽʈʅʀʍ ɺɽʈʉʊɸʊɯɺ ɼʃʗ ɺʀʈʆɹʅʀʎʊɺɸ 

ɼɽʊɸʃɽʁ ʊʀʇʋ çʌʃɸʅɽʎʔè 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʠʧʫ çʬʣʘʥʝʮʴè ʥʘ ʪʦʢʘʨ-

ʥʦ-ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʘʭ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ, ʬʣʘʥʝʮʴ, ʥʘʢʠʜʥʝ ʢʽʣʴʮʝ, ʥʘʢʦʥʝʯʥʠʢ  

ɸnnotation. The possibilities of manufacturing "flange" type parts on lathes and milling 

machines are considered 

Keywords: Lathe-milling machine, flange, slip ring, tip 

 

ɼʝʪʘʣʽ ʪʠʧʫ çʬʣʘʥʝʮʴè hʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  ̔ʟʘ ʫʤʦʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʠʨʦʙ-

ʥʠʮʪʚʘ. ɼʦ ʜʝʪʘʣʝʡ ʪʠʧʫ çʬʣʘʥʝʮʴè ʚʽʜʥʦʩʷʪʴʩʷ ʚʣʘʩʥʝ ʬʣʘʥʮʽ, ʥʘʢʠʜʥʽ ʢʽʣʴʮʷ ʪʘ 

ʥʘʢʦʥʝʯʥʠʢʠ. ɺ ʘʚʽʘʮʽʡʥʽʡ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʪʘʢʽ ʜʝʪʘʣʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ 

ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ ʨʽʟʥʠʭ ʤʘʨʦʢ, ʜʝʱʦ ʨʽʜʰʝ ʟ ʜʝʬʦʨʤʽʚʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʪʠʪʘʥʦ-

ʚʠʭ ʩʧʣʘʚʽʚ [1]. ɼʣʷ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʦʾ, ʤʝʪʘʣʫʨʛʽʡʥʦʾ, ʝʥʝʨʛʝʪʠʯʥʦʾ, ʭʘʨʯʦʚʦʾ ʧʨʦ-

ʤʠʩʣʦʚʦʩʪʽ, ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʬʣʘʥʮʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚ-

ʣʝʥʽ ʟʽ ʩʪʘʣʝʡ ʨʽʟʥʠʭ ʤʘʨʦʢ ʪʘ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ. ʊʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʬʣʘʥʮʽʚ ʦʙʫʤʦʚ-

ʣʝʥʽ ʚʠʤʦʛʘʤʠ ʜʦ ʪʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʉʝʨʽʡʥʽʩʪʴ ʚʠʧʫʩ-

ʢʫ ʦʙʫʤʦʚʣʝʥʘ ʩʝʨʽʡʥʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʶ ʟôʻʜʥʘʥʴ 

ʫ ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʤʘʛʽʩʪʨʘʣʷʭ. 

ɼʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʘ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʬʣʘʥʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʟʘ ʫʤʦʚ ʦʜʠʥʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʦʜʠʥʠʮʽ ʽ ʜʝʩʷʪʢʠ ʜʝʪʘʣʝʡ ʦʜʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ ʽ 

ʪʠʧʦʨʦʟʤʽʨʫ ʥʘ ʨʽʢ). ɼʣʷ ʝʥʝʨʛʝʪʠʢʠ, ʭʽʤʽʯʥʦʾ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʢʦʤʫ-

ʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚ ʬʣʘʥʮʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʘ ʫʤʦʚ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʩʦʪʥʽ ʽ 

ʪʠʩʷʯʽ ʜʝʪʘʣʝʡ ʦʜʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ ʪʘ ʪʠʧʦʨʦʟʤʽʨʫ ʥʘ ʨʽʢ). 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʠʧʫ çʬʣʘʥʝʮʴè ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʦʜʠʥʠʯʥʦʛʦ ʪʘ 

ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʽ ʦʙʨʦʙʥʽ ʮʝʥʪʨʠ ʷʢ ʚ ʦʜʥʦ-

ʰʧʠʥʜʝʣʴʥʦʤʫ, ʪʘʢ ʽ ʚ ʢʦʥʪʨʰʧʠʥʜʝʣʴʥʦʤʫ (ʜʚʦʰʧʠʥʜʝʣʴʥʦʤʫ) ʚʠʢʦʥʘʥʥʽ. ʆʙʨʦʙʢʘ ʫ 

ʙʫʜʴ-ʷʢʦʤʫ ʟ ʮʠʭ ʚʠʧʘʜʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʚʘ ʫʩʪʘʥʦʚʠ: ʥʘ ʦʜʥʦʤʫ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʟʦʚʥʽʰʥʽ ʧʦʚʝʨʭʥʽ, ʥʘ ʜʨʫʛʦʤʫ ï- ʚʥʫʪʨʽʰʥʽ [2]. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʢʠ ʪʘ ʚʣʘʩʥʝ ʬʣʘʥʮʷ. ʉʢʣʘʜʥʽʩʪʴ ʤʦʞʝ ʩʪʘʥʦ-

ʚʠʪʠ ʦʙʨʦʙʢʘ ʢʦʥʽʯʥʠʭ ʦʪʚʦʨʽʚ  ʪʘ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʽʜ ʰʘʡʙʠ ʥʘ ʥʘʢʠʜʥʠʭ 

ʢʽʣʴʮʷʭ ʪʘ ʬʣʘʥʮʷʭ ʟʽ ʩʬʝʨʠʯʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ. ɺ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ 

ʦʙʨʦʙʢʠ ʥʘ ʦʜʥʦʤʫ ʚʝʨʩʪʘʪʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʮʽ ʧʝʨʝʭʦʜʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʧʦʩʣʽʜʦʚʥʦ ʪʘ 

ʱʦʙ ʦʙʠʜʚʘ ʰʧʠʥʜʝʣʽ ʢʦʥʪʨʰʧʠʥʜʝʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʤʦʛʣʠ ʧʦʚʝʨʪʘʪʠʩʷ ʥʘ ʟʘʜʘʥʠʡ 

ʢʫʪ. ʅʘʷʚʥʽʩʪʴ ʦʙʝʨʪʘʣʴʥʠʭ ʰʧʠʥʜʝʣʽʚ ʚ ʨʝʚʦʣʴʚʝʨʥʠʭ ʛʦʣʦʚʢʘʭ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦʾ 

ʰʧʠʥʜʝʣʴʥʦʾ ʙʘʙʢʠ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʚʦʨʦʪʫ ʰʧʠʥʜʝʣʷ (ʘʙʦ ʰʧʠʥʜʝʣʽʚ) ʥʘ 

ʟʘʜʘʥʠʡ ʢʫʪ ʽ ʡʦʛʦ (ʾʭ) ʧʦʚʽʣʴʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʬʣʘʥʮʽ ʟʽʨʯʘʩʪʦʾ 

ʬʦʨʤʠ. ɺʠʙʽʨ ʪʠʧʦʨʦʟʤʽʨʫ ʚʝʨʩʪʘʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʤʝʥʢʣʘʪʫʨʠ ʽ ʪʠʧʦʨʦʟʤʽʨʽʚ ʜʝʪʘ-

ʣʝʡ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʧʫʩʢʘʪʠ [3,4]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ 
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ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʪʠʧʫ çʬʣʘʥʝʮʴè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʙʣʘʜʥʘʥʥʷ (ʜʝʪʘʣʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʚʝʨʩʪʘʪʽ), ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʤʽʥʽʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ.  

ʊʘʢʠʤ ʯʠʥʦʤ,  ʩʫʯʘʩʥʽ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʦʥʪʨʰʧʠʥ-

ʜʝʣʴʥʽ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʪʠʧʫ çʬʣʘʥʝʮʴè ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʪʠʧʦ-

ʨʦʟʤʽʨʽʚ ʟʘ ʫʤʦʚ ʦʜʠʥʠʯʥʦʛʦ ʪʘ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.    
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ʈʆɿʐʀʈɽʅʅʗ ɼɯɸʇɸɿʆʅʋ ʈɽɾʀʄɯɺ ʆɹʈʆɹʂʀ ɿɸɻʆʊʆɺʆʂ ʅɸ 

ʉʋʏɸʉʅʀʍ ʊʆʂɸʈʅʆ-ʌʈɽɿɽʈʅʀʍ ʆɹʈʆɹʅʀʍ ʎɽʅʊʈɸʍ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʽʘʧʘʟʦʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʽʚ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʦʙʨʦʙʥʠʭ ʮʝʥʪʨʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ 

ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʪʘ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ, ʦʙʨʦʙʥʠʡ ʮʝʥʪʨ, ʏʇʋ ʚʝʨʩʪʘʪ  

ɸnnotation: The ranges of rotation speed control of the swindles of turning and 

milling machining centers are analyzed from the point of view of their suitability for work in 

the conditions of single and small-scale production of rocket and space technology. 

Keywords: lathe-milling machine, machining center, CNC machine 

 

ʋ ʩʫʯʘʩʥʽʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʘ ʘʚʽʘʮʽʡʥʽʡ ʪʝʭʥʽʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʠʨʦʢʘ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʣʠʚʘʨʥʽ ʪʘ ʜʝʬʦʨʤʦʚʘʥʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ 

ʘʣʶʤʽʥʽʶ, ʥʽʢʝʣʶ, ʪʠʪʘʥʫ, ʤʽʜʽ, ʘ ʪʘʢʦʞ ʥʝʨʞʘʚʽʶʯʽ ʥʘ ʚʠʩʦʢʦʤʽʮʥʽ ʩʪʘʣʽ. ɿʘʛʦʪʦʚʢʠ ʟ 

ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʨʦʙʣʷʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʝʟʦʚʦʛʦ ʪʘ 

ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʩʫʯʘʩʥʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʽ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʘʚʽʘʮʽʡʥʘ ʪʝʭʥʽʢʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʪʘ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʅʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ 

ʏʇʋ ʪʘ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʦʙʨʦʙʥʠʭ ʮʝʥʪʨʽʚ. 

ʋ ʪʦʡ ʯʘʩ ʷʢ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʽ ʦʙʨʦʙʥʽ ʮʝʥʪʨʠ ʩʪʘʶʪʴ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ 

ʨʽʰʝʥʥʷʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ. ɺʦʥʠ ʦʙ'ʻʜʥʫʶʪʴ ʚ 

ʩʦʙʽ ʤʦʞʣʠʚʦʩʪʽ ʪʦʢʘʨʥʠʭ ʽ ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʩʢʣʘʜʥʽ 

ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʽ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

ɯʩʪʦʨʠʯʥʦ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʚʝʨʩʪʘʪʽʚ ʙʫʣʘ ʦʙʤʝʞʝʥʘ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʪʘ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʦʙʨʦʙʢʠ. ʊʘʢ ʜʣʷ ʦʙʨʦʙʢʠ 

ʟʘʛʦʪʦʚʦʢ ʟʽ ʩʪʘʣʝʡ ʪʘ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʟʜʝʙʽʣʴʰʦʛʦ ʜʦʩʪʘʪʥʴʦ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʽʚ ʥʘ ʨʽʚʥʽ ʚʽʜ 1600 ʜʦ 2000 ʦʙ/ʭʚ. ʉʘʤʝ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʤʘʶʪʴ 

ʚʝʨʩʪʘʪʠ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ ʍʍ ʩʪʦʣʽʪʪʷ [1]. ʐʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ ʚʠʢʣʠʢʘʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ. ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʽʚ ʜʦ 6000é 8000 ʦʙ/ʭʚ, ʘ ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ ʜʦ 24000 ʦʙ/ʭʚ [2-11]. ʊʘʢʽ ʞ 

ʚʠʤʦʛʠ ʜʦ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʚʠʩʫʚʘʻ ʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʦʙʨʦʙʢʘ 

ʟʘʛʘʨʪʦʚʘʥʠʭ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ. ʊʘʢʠʤ ʯʠʥʦʤ ʟ ʧʦʷʚʦʶ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʤʝʪʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʪʠʪʘʥ ʪʘ ʩʧʣʘʚʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʘ ʪʘʢʦʞ ʥʝʜʘʚʥʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʚʠʤʘʛʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ. 

ʈʘʟʦʤ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʚʠʥʠʢʣʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʟʤʝʥʰʝʥʽ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʟ 30...63 ʦʙ/ʭʚ ʜʦ 10...12,5 ʦʙ/ʭʚ ʜʥʷ 

ʟʜʽʡʩʥʝʥʥʷ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʷʢ ʨʦʟʛʦʨʪʘʥʥʷ ʦʪʚʦʨʽʚ. 

mailto:dima.gerasimov200225@gmail.com


225 

ʇʦʯʘʪʢʦʚʦ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʙʫʣʠ ʦʙʤʝʞʝʥʠʤʠ, ʘʣʝ ʟ 

ʧʦʷʚʦʶ ʥʦʚʠʭ ʚʠʤʦʛ ʜʦ ʜʝʪʘʣʝʡ ʽ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʮʽ ʜʽʘʧʘʟʦʥʠ ʧʦʩʪʫʧʦʚʦ 

ʟʙʽʣʴʰʫʚʘʣʠʩʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʥʘʧʨʷʤʢʫ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʧʨʦʜʫʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʨʦʩʪʫʯʠʭ ʧʦʪʨʝʙ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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series_su_e44_200108_low.pdf  
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1ʄʘʰʠʥʦʙʫʜʽʚʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ʆʣʝʩʷ ɻʦʥʯʘʨʘ  
2ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: a.o.karakai.dnu@gmail.com  

 

ɸʃɻʆʈʀʊʄ ʇʆɹʋɼʆɺʀ ʊʈʀɺʀʄɯʈʅʀʍ ʄʆɼɽʃɽʁ ɼɽʊɸʃɽʁ ʉʂʃɸɼʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ 

ɸʥʦʪʘʮʽʷ. ɺ ʫʤʦʚʘʭ ʧʨʦʛʨʝʩʫʶʯʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʨʦʙʦʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, 

ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʚʘʶʪʴ CAD-ʧʨʦʛʨʘʤʠ. ʎʝ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʘʮʽʦ-

ʥʘʣʽʟʘʮʽ ʾʯʘʩʫ ʥʘ ʧʦʙʫʜʦʚʫ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʝʪʘʣʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚ 

ʧʨʦʮʝʩʠ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪ̔. ɸʣʛʦʨʠʪʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʽ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʯʽʪʢʠʤ 

ʧʦʨʷʜʢʦʤ ʜʽʡ, ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʪʦʱʦ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤ, ʧʨʦʮʝʩ, ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ, ʜʝʪʘʣʴ. 

Annotation. In the conditions of widespread use of CAD programs in the production process 

of enterprises, the rationalization of time for building a three-dimensional model of a part 

becomes relevant. Algorithms do not allow solving problems from various areas of science, 

which are related to a clear order of actions, mathematical modeling, etc. Algorithmization 

of processes provides an opportunity to analyze their rationality and expediency. 

Keywords: algorithm, process, three-dimensional model, detail. 

 

ʈʝʟʫʣʴʪʘʪʠ. / Results. ɼʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʽʡ ʚ ʧʨʦʮʝʩʽ ʧʦ-

ʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʘʢʪʫʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-

ʩʭʝʤ ʧʦʙʫʜʦʚ. 

ɼʣʷ ʜʦʢʣʘʜʥʦʛʦ ʦʧʠʩʫ ʜʽʡ ʪʝʢʩʪʦʚʽ ʘʣʛʦʨʠʪʤʠ ʟ ʚʢʘʟʘʥʥʷʤ ʨʦʟʤʽʨʽʚ, ʘʙʦ ʟʦʙʨʘ-

ʞʝʥʥʷʤʠ ʝʩʢʽʟʽʚ ʪʘ ʤʦʜʝʣʝʡ. 

ʂʽʣʴʢʽʩʪʴ ʜʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʝʩʢʽʟʽʚ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ. ɿʤʝʥʰʫʶ-

ʯʠ ʢʽʣʴʢʽʩʪʴ ʝʩʢʽʟʽʚ ʪʘ ʦʧʝʨʘʮʽʾ, ʤʠ ʤʦʞʝʤʦ ʚʧʣʠʥʫʪʠ ʥʘ ʯʘʩ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʦʾ 

ʤʦʜʝʣʽ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʪʠʧʦʚʠʭ ʜʝʪʘʣʝʡ ʜʦʮʽʣʴʥʦ ʟʘʜʘʪʠ ʧʨʘʚʠʣʘ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴ-

ʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʙʫʜʦʚʠ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-ʩʭʝʤ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʙʫʜʝ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʩʢʽʟʽʚ ʪʘ ʦʧʝʨʘʮʽʡ, ʘʣʝ ʨʝʟʫʣʴʪʘʪʦʤ 

ʮʴʦʛʦ ʻ ʩʢʣʘʜʥʽʩʪʴ ʬʦʨʤʠ ʝʩʢʽʟʘ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʤʦʚʽʨʥʠʭ ʧʦʤʠʣʦʢ 

ʚ ʡʦʛʦ ʚʠʢʦʥʘʥʥʽ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʪʠʥʽʚ ʢʦʥʪʫʨʽʚ ʘʙʦ ʥʝʟʘʤʢʥʝʥʠʭ ʢʦʥʪʫʨʽʚ. ʊʘʢʽ ʩʠʪʫ-

ʘʮʽʾ ʤʦʞʥʘ ʨʦʟʚ'ʷʟʘʪʠ ʟʘʣʫʯʝʥʥʷʤ ʢʦʤʘʥʜ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʥʝʩʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʘʥʜ ʜʦʧʦʤʽʞʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʦ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʩʢʽʟʫ ʜʝʪʘʣʽ 

ʟʘʚʘʥʪʘʞʝʥʦʤʫ ʚ ʬʦʨʤʘʪʽ ʟʦʙʨʘʞʝʥʥʷ. 

CAD- ʧʨʦʛʨʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʜʦʚʽʣʴʥʦ ʥʘʢʨʝʩʣʠʪʠ ʢʦʥʪʫʨ ʜʝ-

ʪʘʣʽ, ʘ ʜʘʣʽ ʟʘʬʽʢʩʫʚʘʪʠ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʧʦʣʦʞʝʥʥʷ. 

ɸʣʛʦʨʠʪʤʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ: 

Å ʨʦʟʚôʷʟʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʙʫʪʢʫ 

ʤʘʪʨʠʮʴ, ʦʙʝʨʥʝʥʠʭ ʤʘʪʨʠʮʴ; 

Å ʚʫʟʣʘʤʠ (ʚʠʨʦʙʥʠʢʘʤʠ, ʚʝʨʩʪʘʪʘʤʠ, ʧʨʘʮʽʚʥʠʢʘʤʠ, ʧʨʦʮʝʩʦʨʘʤʠ ʪʦʱʦ); 

Å ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʛʝʥʦʤʽ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ; 
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Å ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ ʚ ʛʣʦʙʘʣʴʥʽʡ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ; 

Å ʧʨʠʡʥʷʪʪʷ ʬʽʥʘʥʩʦʚʠʭ ʨʽʰʝʥʴ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʢʦʤʝʨʮʽʾ; 

Å ʦʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʘʫʜʽʦ ʪʘ ʚʽʜʝʦ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʝʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʪʘʢʫ ʛʘʣʫʟʴ ʪʦʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʝ ʙ ʥʝ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠʩʴ ʪʽ ʘʙʦ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. 

ʈʘʮʽʦʥʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʝʬʝʢʪʠʚʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʽʰʝʥʴ. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
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ʇɽʈɽɺɸɻʀ ʂʆʅʊʈʐʇɯʅɼɽʃʔʅʀʍ ʊʆʂɸʈʅʆ-ʌʈɽɿɽʈʅʀʍ ʆɹʈʆɹʅʀʍ 

ʎɽʅʊʈɯɺ  

ɸʥʦʪʘʮʽʷ: ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʢʦʤʧʦʥʦʚʦʯʥʽ ʩʭʝʤʠ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʦʙʨʦʙʥʠʭ ʮʝʥʪʨʽʚ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʪʘ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙ-

ʥʠʮʪʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ, ʦʙʨʦʙʥʠʡ ʮʝʥʪʨ, ʏʇʋ ʚʝʨʩʪʘʪ  

ɸnnotation: The layout schemes of turning and milling machining centers are analyzed from 

the point of view of their suitability for work in the conditions of single and small-scale 

production of rocket and space technology. 

Keywords: lathe-milling machine, machining center, CNC machine 

 

ʉʫʯʘʩʥʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʘ ʘʚʽʘʮʽʡʥʘ ʪʝʭʥʽʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʩʢʣʘʜʥʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ. ʇʨʠ ʮʴʦʤʫ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʜʝʪʘʣʝʡ ʚʠʛʦʪʦʚ-

ʣʷʻʪʴʩʷ ʟʘ ʫʤʦʚ ʦʜʠʥʠʯʥʦʛʦ, ʘ ʽʥʰʘ ï ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ ʦʙʣʘʜʥʘʥʥʽ.  

ʊʦʢʘʨʥʘ ʦʙʨʦʙʢʘ ʥʘ ʜʘʥʠʡ ʯʘʩ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ ʜʚʽ ʪʨʝʪʠʥʠ ʚʩʴʦʛʦ ʦʙʩʷʛʫ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ. ɸʣʝ ʢʦʥʩʪʨʫʢʮʽʷ ʜʝʪʘʣʝʡ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʜʫʞʝ ʯʘʩʪʦ ʚʠʤʘʛʘʻ ʢʨʽʤ ʪʦʢʘʨʥʦʾ ʱʝ ʡ ʩʚʝʨʜʣʠʣʴʥʦʾ ʽ ʬʨʝʟʝʨʥʦʾ 

ʦʙʨʦʙʢʠ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʥʘ ʦʜʥʦʤʫ ʚʝʨʩʪʘʪʽ ʧʨʠʟʥʘʯʝʥʽ ʪʦʢʘʨʥʦ-

ʬʨʝʟʝʨʥʽ ʦʙʨʦʙʥʽ ʮʝʥʪʨʠ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ [1-9]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʰʧʠʥʜʝʣʴʥʠʭ (ʜʚʦʰʧʠʥʜʝʣʴʥʠʭ) ʚʝʨʩʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʦʙʨʦ-

ʙʠʪʠ ʟʘʛʦʪʦʚʢʫ ʟ ʢʽʣʴʢʦʭ ʩʪʦʨʽʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʚʠʢʦʥʘʥʥʷʤ ʯʦʨʥʦʚʦʾ ʪʘ ʯʠʩʪʦʚʦʾ 

ʦʙʨʦʙʢʠ ʥʘ ʦʜʥʦʤʫ ʚʝʨʩʪʘʪʽ. ɺ ʫʤʦʚʘʭ ʩʝʨʝʜʥʴʦ ʩʝʨʽʡʥʦʛʦ, ʪʠʤ ʙʽʣʴʰʝ ʚʝʣʠʢʦʩʝʨʽʡʥʦ-

ʛʦ ʪʘ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʛʦʪʦʚʢʘ ʧʦʚʠʥʥʘ ʧʝʨʝʜʘʚʘʪʠʩʷ ʟ ʦʜʥʦʛʦ ʰʧʠʥʜʝʣʷ ʜʦ 

ʽʥʰʦʛʦ ʣʠʰʝ ʦʜʠʥ ʨʘʟ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʮʽ, ʥʝʦʙʝʨʪʘʣʴʥʽ ʦʩʴʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʦʙʝʨʪʘʣʴ-

ʥʽ ʬʨʝʟʠ ʽ ʦʩʴʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʨʝʚʦʣʴʚʝʨʥʠʭ ʛʦʣʦʚʢʘʭ. ʎʝ 

ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʚʽʜ 12 ʜʦ 16 ʽ ʙʽʣʴʰʝ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʢʦʞʥʽʡ ʨʝʚʦʣʴʚʝʨʥʽʡ ʛʦʣʦʚʮʽ.  

ʎʝ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʥʦʤʝʥʢʣʘʪʫʨʫ (ʢʽʣʴʢʽʩʪʴ) ʜʝʪʘʣʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦʯʘʩʥʦ 

ʦʙʨʦʙʣʝʥʽ ʙʝʟ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʚʝʨʩʪʘʪʫ. ʊʘʢʠʡ ʚʝʨʩʪʘʪ ʤʦʞʝ ʟʘʤʽʥʠʪʠ ʚʽʜ ʪʨʴʦʭ ʜʦ 

ʜʚʘʜʮʷʪʠ ʯʦʪʠʨʴʦʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʥʽʞ ʚ ʧʽʚʪʦʨʘ-ʜʚʘ 

ʨʘʟʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʥʽʞ ʜʚʘ ʦʜʥʦʰʧʠʥʜʝʣʴʥʽ ʚʝʨʩʪʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʮʠʢʣʫ ʦʙʨʦʙʢʠ. 

ɺ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʮʽʣʴʥʠʤ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʦʜʥʦʨʘʟʦʚʘ 

ʧʝʨʝʜʘʯʘ ʟʘʛʦʪʦʚʢʠ ʟ ʦʜʥʦʛʦ ʰʧʠʥʜʝʣʷ ʜʦ ʽʥʰʦʛʦ. ʄʦʞʣʠʚʠʤ ʻ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʝʪʘʣʝʡ ʚ ʨʽʟʥʠʭ ʰʧʠʥʜʝʣʷʭ.  

ʑʝ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʢʨʫʛʣʦʛʦ ʧʨʦʢʘʪʫ ʟʘʤʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʢʚʘʜʨʘʪʥʠʭ ʯʠ ʰʝʩʪʠʛʨʘʥʥʠʭ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʢʫʧʫʚʘʪʠ ʧʘʨʪʽʶ ʧʨʦʢʘʪʫ ʦʜʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ ʽ ʚʠʡʪʠ ʥʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ ʚ 

ʧʘʨʪʽʾ, ʷʢʫ ʛʦʪʦʚʽ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

https://mbox3.i.ua/#compose/180052193?cto=HD8%252BPwASVBz5HhszShUpfYmiz5CeXoSITktIY49umKStprhllJ3LcQ%253D%253D
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ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʪʨʰʧʠʥʜʝʣʴʥʽ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʟʘ ʫʤʦʚ ʷʢ ʦʜʠʥʠʯʥʦʛʦ, ʪʘʢ ʽ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʄʦʞ-

ʣʠʚʽʩʪʴ ʬʨʝʟʝʨʥʦʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʙʘʛʘʪʦʛʨʘʥʥʠʢ ʜʦʟʚʦʣʠʪʴ ʩʢʦ-

ʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʟʠʮʽʡ ʧʨʠ ʟʘʢʫʧʽʚʣʽ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʽ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʟʘʢʫʧʽʚʝʣʴʥʫ 

ʮʽʥʫ.         
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ʋʊʆʏʅɽʅʅʗ ʂʆɽʌɯʎɯɭʅʊʋ ɺʀʉʆʊʀ ʎɽʅʊʈɯɺ ɺɸɻʀ ʇʆʗʉɯɺ 

ʃʆʅɾɽʈʆʅɯɺ 

ɸʥʦʪʘʮʽʷ: ʨʦʟʛʣʷʥʫʪʦ ʟʘʣʝʞʥʦʩʪʽ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʚʨʘʭʦʚʫʻ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʚʘʛʠ ʧʦʷʩʽʚ ʣʦʥʞʝʨʦʥʽʚ ʤʝʥʰʝ ʪʝʦʨʝʪʠʯʥʦʾ 

ʚʠʩʦʪʠ ʧʨʦʬʽʣʶ ʚ ʤʽʩʮʷʭ ʫʩʪʘʥʦʚʢʠ ʣʦʥʞʝʨʦʥʽʚ, ʫʪʦʯʥʝʥʦ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʧʨʦʬʽʣʶ 

ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ.  

Annotation: the dependencies involving a coefficient that considers the distance 

between the centers of gravity of spars boom (spars cap) are considered, where it is less than 

the theoretical height of the profile at the locations of spar installations. Its value has been 

refined based on measurements. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʦʥʞʝʨʦʥ, ʢʦʝʬʽʮʽʻʥʪ, ʧʝʨʝʨʽʟ, ʪʝʦʨʝʪʠʯʥʘ ʚʠʩʦʪʘ.  

Key words: spar, coefficient, cross-section, theoretical height. 

 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʨʠʣʘ ʘʙʦ 

ʦʧʝʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʭʽʜ ʚʽʜ ʧʨʦʬʽʣʶ ʢʨʠʣʘ ʜʦ ʪʝʦʨʝʪʠʯʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʭʝʤʠ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʘ ʽʟ ʩʝʨʝʜʥʴʦʶ ʚʠʩʦʪʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ (ʜʣʷ 

ʜʚʦʣʦʥʞʝʨʦʥʥʦʛʦ ʢʨʠʣʘ) ʷʢ: 

˚̒ ̑

˚ ˚

ς
Ͻ‘ȟ 

ʜʝ ̊ ʪʘ ˚   ï ʚʠʩʦʪʘ 1-ʛʦ ʪʘ 2-ʛʦ ʣʦʥʞʝʨʦʥʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʤ; 

ɛ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʚʘʛʠ ʧʦʷʩʽʚ 

ʣʦʥʞʝʨʦʥʽʚ ʤʝʥʰʝ ʪʝʦʨʝʪʠʯʥʦʾ ʚʠʩʦʪʠ ʧʨʦʬʽʣʶ ʚ ʤʽʩʮʷʭ ʫʩʪʘʥʦʚʢʠ ʣʦʥʞʝʨʦʥʽʚ. 

ɿʘʟʚʠʯʘʡ ʢʦʝʬʽʮʽʻʥʪ ɛ ʘʙʦ: 

- ʥʝ ʚʨʘʭʦʚʫʶʪʴ (ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ 1) [1]; 

- ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ 0,85é0,95 [2, 3]; 

- ʚʠʟʥʘʯʘʶʪʴ ʽʪʝʨʘʮʽʡʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ [3]. 

ɹʝʟ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʩʧʨʦʻʢʪʦʚʘʥʠʡ ʧʝʨʝʨʽʟ ʙʫʜʝ 

ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ, ʱʦ ʚʠʤʘʛʘʻ ʘʙʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʦʢʨʫʛʣʝʥʥʷʤ ʚʩʽʭ ʨʦʟʤʽʨʽʚ ʚ ʙʽʣʴʰʫ 

ʩʪʦʨʦʥʫ, ʘʙʦ ʧʦʩʠʣʝʥʥʷ ʧʝʨʝʨʽʟʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʝʚʽʨʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʽʪʝʨʘʮʽʡʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ï ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʡ 

ʚʠʙʽʨ, ʘʣʝ ʚʩʝ ʦʜʥʦ ʚʠʤʘʛʘʻ ʟʘʚʜʘʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʽʜ ʪʦʯʥʦʩʪʽ ʷʢʦʛʦ ʙʫʜʝ 

ʟʘʣʝʞʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ,  ʪʦʙʪʦ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʟʘʜʘʯʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʪʘʚʨ, ʰʚʝʣʝʨ, ʢʫʪʥʠʢ), ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʩʠʣʦʚʦʾ 

ʩʭʝʤʠ (ʣʦʥʞʝʨʦʥʥʦʾ, ʢʝʩʦʥʥʦʾ, ʤʦʥʦʙʣʦʯʥʦʾ, ʬʝʨʤʦʚʦʾ) ʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʝʨʽʟʠ ʜʚʦʣʦʥʞʝʨʦʥʥʦʛʦ ʢʨʠʣʘ ʪʘ ʦʧʝʨʝʥʥʷ 

(ʨʠʩʫʥʦʢ 1), ʚʠʢʦʥʘʥʠʭ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʩʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ. ɼʣʷ ʣʦʥʞʝʨʦʥʽʚ, ʚʠʢʦʥʘʥʠʭ 

ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʠʤ, ʦʩʢʽʣʴʢʠ 
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ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʷʩʽʚ ʣʦʥʞʝʨʦʥʽʚ ʤʽʩʪʠʪʴ  ʫ ʩʦʙʽ  ʟʘʧʣʽʯʥʠʢʠ, ʱʦ ʻ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʧʨʦʜʦʚʞʝʥʥʷʤ ʩʪʽʥʢʠ. ʑʝ ʦʜʥʽʻʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʘ ʙʫʜʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ʨʦʟʧʦʜʽʣ ʧʣʦʱ ʚʟʜʦʚʞ ʢʦʥʪʫʨʫ ʧʘʥʝʣʽ.   

 

 
ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʣʦʥʞʝʨʦʥʘ ʢʽʣʷ ʣʽʪʘʢʘ ɸʥ-72 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʣʦʥʞʝʨʦʥʽʚ ʨʝʘʣʴʥʠʭ ʣʽʪʘʢʽʚ ʪʘ ʣʦʥʞʝʨʦʥʽʚ, ʱʦ 

ʩʧʨʦʝʢʪʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʜʞʝʨʝʣʘ [4], ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ɛ = 0,94é0,98 ʜʣʷ 

ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ɛ = 0,91é0,95 ʜʣʷ ʰʚʝʣʝʨʥʦʛʦ ʧʝʨʝʨʽʟʫ.  

ʄʝʥʰʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʨʽʟʘʤ, ʜʣʷ ʷʢʠʭ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʝ ʚʟʜʦʚʞ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʢʨʠʣʘ, ʘ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʟʽ ʩʪʽʥʢʦʶ. 

ʆʪʞʝ, ʩʣʽʜ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʦʥʞʝʨʦʥʽʚ ʚ ʟʦʥʘʭ ʥʠʟʴʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʢʽʥʮʝʚʽ ʧʝʨʝʨʽʟʠ ʢʨʠʣʘ) ʽ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʚ ʟʦʥʘʭ ʚʠʩʦʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʤʽʩʮʷʭ ʧʨʠʻʜʥʘʥʥʷ ʢʨʠʣʘ ʜʦ ʬʶʟʝʣʷʞʫ, ʧʽʜʢʦʩʽʚ ʜʦ 

ʢʨʠʣʘ). 
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ʈʆɿʈʆɹʂɸ ɺʋɿʃɸ ʇʆɼɸɺɸʅʅʗ ɸʈʄʋʖʏʆɻʆ ɺʆʃʆʂʅɸ ʇʈʀ FDM 3D-

ɼʈʋʎɯ ɺʀʈʆɹɯɺ ɼʃʗ ʈʂʃɸ 

ɸʥʦʪʘʮʽʷ ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʫʟʣʘ ʧʦʜʘʚʘʥʥʷ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʢʦʤʧʦ-

ʟʠʮʽʡʥʦʛʦ ʚʦʣʦʢʥʘ ʫ ʩʢʣʘʜʽ FDM 3D-ʧʨʠʥʪʝʨʫ. ʈʦʟʛʣʷʥʫʪʦ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʧʦʜʘʚʘʥʥʷ 

ʚʦʣʦʢʥʘ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʩʠʣʠ ʟʘʪʠʩʢʫ ʚʦʣʦʢʥʘ, ʪʠʧʫ ʽ ʤʘʪʝʨʽʘʣʫ ʧʦʜʘʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʣʷ ʚʫʟʣʫ ʧʦʜʘ-

ʚʘʥʥʷ ʤʝʪʦʜʘʤʠ FDM 3D-ʜʨʫʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʤʦʚʘʤ ʪʦʯʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  3d-ʜʨʫʢ, ʘʨʤʫʚʘʥʥʷ, ʧʦʜʘʚʘʥʥʷ ʚʦʣʦʢʥʘ 

ɸnnotation The work proposes the mechanism of feed unit for raw composite fiber as a part 

of FDM 3D-printer. Several methods of fiber feeding, as well as the impact of fiber pinch 

force, type, and material of feeding elements were analyzed. Also, a possibility of manufac-

turing such unit via FDM 3d-printing was investigated, as well as the accuracy and quality 

of end parts.  

Keywords: 3d-printing, reinforcing, fiber feed 

 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ 

ʪʘ ʚʠʨʦʙʽʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʭ ʪʘ ʘʚʽʘʮʽʡʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ FDM 3D-ʜʨʫʢʫ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʘʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʘʨʤʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʦʣʦʢʥʘ, ʱʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʥʘʡ-

ʯʘʩʪʽʰʝ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʜʦʜʘʚʘʥʥʷ ʦʢʨʝʤʦʾ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʜʣʷ ʚʠʢʣʘʜʝʥʥʷ ʘʨ-

ʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ 

ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ FDM 3D-ʧʨʠʥʪʝʨʘʭ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ-

ʜʘʻʪʴʩʷ ʚʞʝ ʧʨʦʩʦʯʝʥʝ ʚôʷʞʫʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʯʠ ʫ ʚʠʜʽ ʧʦʣʽʤʝʨʠʟʦʚʘʥʦʛʦ ʧʨʫʪʢʘ. ʎʝ 

ʧʝʨʝʰʢʦʜʞʘʻ ʪʦʯʥʦʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ ʢʽʥʮʝʚʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ ʪʦʤʫ, ʱʦ ʚʽʜʩʫʪʥʷ ʧʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʧʨʦ ʩʢʣʘʜ 

ʨʝʯʦʚʠʥʠ ʧʨʦʩʦʯʝʥʥʷ ʯʠ ʧʦʣʽʤʝʨʫ, ʷʢʠʤ ʦʙʨʦʙʣʝʥʦ ʚʦʣʦʢʥʦ. ɺʽʜʧʦʚʽʜʥʦ, ʮʝ ʫʩʢʣʘʜ-

ʥʶʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʦʣʦʢʥʘ.  

ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʠʪʠ ʟʘʩʽʙ ʽ ʚʫʟʦʣ ʧʦʜʘʚʘʥʥʷ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʚʦʣʦʢʥʘ, ʜʦ-

ʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʚʦʣʦʢʥʘ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ, ʙʘʟʘʣʴʪʦʚʦʛʦ 

ʚʦʣʦʢʥʘ ʪʘ ʦʨʛʘʥʦʚʦʣʦʢʥʘ ʪʠʧʫ ʉɺʄ. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʜʘʚʘʣʴʥʠʭ ʚʫʟʣʽʚ, 

ʥʘ ʦʩʥʦʚʽ ʨʝʤʽʥʥʠʭ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʷʛʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʘʢʦʞ ʙʫʚ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ 

ʚʧʣʠʚ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʠʧʽʚ ʪʷʛʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʷʢʽʩʪʴ ʧʦʜʘʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʪʘ ʦʮʽʥʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʨʽʰʝʥʴ ʜʣʷ ʧʦʜʘʚʘʣʴʥʦʛʦ ʚʫʟʣʘ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʢʘʟʘʥʽ ʩʧʦʩʦʙʠ ʧʦʜʘʯʽ ʥʝ ʨʝʘʣʽʟʫʶʪʴ 

ʚʠʤʦʛʠ ʜʦ ʫʢʣʘʜʘʥʥʷ ʚʦʣʦʢʥʘ ʫ ʧʨʦʮʝʩʽ ʜʨʫʢʫ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥ-

ʮʠʧʦʚʦ ʥʦʚʠʡ ʧʨʠʩʪʨʽʡ ʟ ʧʨʷʤʠʤ ʪʘ ʧʝʨʝʭʨʝʩʥʠʤ ʫʢʣʘʜʘʥʥʷʤ ʚʦʣʦʢʥʘ ʧʽʜ ʯʘʩ ʧʦʰʘ-

ʨʦʚʦʛʦ ʜʨʫʢʫ ʜʝʪʘʣʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʚʥʽʩʪʶ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʚʦʣʦʢʥʘ, ʡʦʛʦ 
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ʥʘʪʷʛ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʘʨʤʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʮʽʣʽʩʥʽʩʪʴ ʚʦʣʦʢʥʘ ʧʦ ʚʩʴʦʤʫ 

ʦʙôʻʤʫ ʜʨʫʢʦʚʘʥʦʾ ʜʝʪʘʣʽ. 
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ʊʆʂɸʈʅʆ-ʌʈɽɿɽʈʅɯ ʆɹʈʆɹʅɯ ʎɽʅʊʈʀ ɼʃʗ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅʆɰ 

ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʢʦʤʧʦʥʦʚʦʯʥʽ ʩʭʝʤʠ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʦʙʨʦʙʥʠʭ 

ʮʝʥʪʨʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʪʘ 

ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ, ʦʙʨʦʙʥʠʡ ʮʝʥʪʨ, ʚʝʨʩʪʘʪ ʏʇʋ 

ɸnnotation: The layout schemes of turning and milling machining centers are 

analyzed from the point of view of their suitability for work in the conditions of single and 

small-scale production of rocket and space technology. 

Keywords: lathe-milling machine, machining center, CNC machine 

 

ʉʫʯʘʩʥʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʣʷ ʩʚʦʾʭ ʧʨʦʜʫʢʪʽʚ. ʆʩʢʽʣʴʢʠ ʚʠʨʦʙʥʠʮʪʚʦ ʜʝʪʘʣʝʡ 

ʜʣʷ ʮʽʻʾ ʛʘʣʫʟʽ ʻ ʚ ʦʩʥʦʚʥʦʤʫ ʦʜʠʥʠʯʥʠʤ, ʢʦʞʥʘ ʜʝʪʘʣʴ ʤʘʻ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʘ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʨʦʛʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʪʘ ʚʝʨʩʪʘʪʽʚ ʟ ʯʠʩʣʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ 

(ʏʇʋ) ʚ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʝ ʟʘʚʞʜʠ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʝʪʘʣʝʡ ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʮʽ ʚʝʨʩʪʘʪʠ, ʭʦʯʘ ʽ ʟʜʘʪʥʽ 

ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʧʝʨʘʮʽʾ, ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʫ ʪʦʯʥʽʩʪʴ ʪʘ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʜʣʷ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʦʙʨʦʙʥʠʭ ʮʝʥʪʨʽʚ. ʎʽ ʦʙʨʦʙʥʽ 

ʮʝʥʪʨʠ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʤʦʞʣʠʚʦʩʪʽ ʪʦʢʘʨʥʦʛʦ ʪʘ ʬʨʝʟʝʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʦʙʨʦʙʢʠ [1].  

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʩʫʯʘʩʥʦʛʦ ʦʙʨʦʙʥʦʛʦ ʮʝʥʪʨʫ ʚʽʜ ʚʝʨʩʪʘʪʫ ʟ ʏʇʋ ʧʦʣʷʛʘʻ ʫ 

ʩʧʨʦʱʝʥʥʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʆʙʨʦʙʥʽ ʮʝʥʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʷʢʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ ʧʨʘʮʶʚʘʪʠ ʚ ʙʽʣʴʰ ʽʥʪʫʾʪʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʢʘʟʫʶʯʠ ʰʣʷʭʠ 

ʦʙʨʦʙʢʠ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʷʤʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʜʽʚ. 

ʉʫʯʘʩʥʽ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʽ ʦʙʨʦʙʥʽ ʮʝʥʪʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʢʦʤʧʦʥʦʚʢʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʧʦʪʨʝʙʘʤ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʽʩʥʫʶʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʧʽʜʢʘʪʥʽ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʩʝʡ. ɹʘʛʘʪʦʮʽʣʴʦʚʽ ʦʙʨʦʙʥʽ ʮʝʥʪʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʦʧʝʨʘʮʽʾ ʙʝʟ ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʪʘʣʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ [2-9]. 

ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʦʙʣʶʚʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʘʥʮʶʛʦʚʠʭ ʤʘʛʘʟʠʥʽʚ ʜʣʷ ʦʩʴʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʬʨʝʟ ʪʘ ʘʙʨʘʟʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦ 300 ʰʪʫʢ. ʈʽʟʮʽ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʜʥʽʡ ʘʙʦ ʜʚʦʭ ʨʝʚʦʣʴʚʝʨʥʠʭ ʛʦʣʦʚʢʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
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ʢʦʤʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʚʝʨʩʪʘʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʃʘʥʮʶʛʦʚʽ ʤʘʛʘʟʠʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʫ ʟʤʽʥʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʝʟ 

ʧʦʪʨʝʙʠ ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ 

ʦʙʨʦʙʢʠ ʪʘ ʟʤʝʥʰʫʻ ʯʘʩ, ʷʢʠʡ ʨʘʥʽʰʝ ʙʫʚ ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʨʫʯʥʫ ʟʘʤʽʥʫ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʪʘ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ 

ʧʦʤʠʣʦʢ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʘʥʮʶʛʦʚʠʭ ʤʘʛʘʟʠʥʽʚ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ 

ʦʙʨʦʙʢʠ. ʆʩʢʽʣʴʢʠ ʟʤʽʥʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʫʥʠʢʥʫʪʽ ʤʦʞʣʠʚʽ 

ʧʦʤʠʣʢʠ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʨʫʯʥʽʡ ʟʘʤʽʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʜʫʞʝ ʚʠʩʦʢʽ. 

ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʚʠʪʦʢ ʪʘ ʛʣʠʙʰʘ ʽʥʪʝʛʨʘʮʽʷ 

ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʫ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. ʎʝ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʩʪʘʪʘʤʠ, ʘ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ. 
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ɸʥʦʪʘʮʽʷ: ʆʮʽʥʢʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʢʦʨʧʫʩʽ ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ 

ʨʫʣʴʦʚʦʾ ʤʘʰʠʥʢʠ ʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ. 
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Annotation: Estimation of the maximum stresses in the case of the pneumocylinder 

body of the actuator using an analytical method. 
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ʅʘ ʢʨʠʣʘʪʠʭ ʃɸ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʽ ʨʫʣʴʦʚʽ ʤʘʰʠʥʢʠ, 

ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʨʦʩʪʦʪʦʶ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʘʣʠʤʠ ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʦʶ ʤʘʩʦʶ ʪʘ ʧʨʠʡʥʷʪʥʦʶ ʥʘʜʽʡʥʽʩʪʶ [1]. ɺʦʥʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʫ 

ʨʦʙʦʪʫ ʽ ʪʦʯʥʽʩʪʴ ʫ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ, ʪʦʤʫ ʦʮʽʥʢʘ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ 

ʨʫʣʴʦʚʦʾ ʤʘʰʠʥʢʠ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʦʨʛʘʥʽʚ 

ʢʝʨʫʚʘʥʥʷ ʃɸ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʡ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʟʘʜʘʥʦʛʦ ʩʠʣʦʚʦʛʦ ʮʠʣʽʥʜʨʘ [2, 3, 4]. ʉʠʣʦʚʠʡ ʮʠʣʽʥʜʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʦʪʢʦʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʠʯʘʡʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦ ʧʣʦʩʢʦʛʦ ʜʥʠʱʘ. ʗʢ ʧʨʘʚʠʣʦ, ʜʥʠʱʝ ʤʘʩʠʚʥʽʰʝ 

ʟʘ ʦʙʠʯʘʡʢʫ ʪʘ ʤʘʻ ʧʽʜʩʠʣʝʥʥʷ, ʪʦʤʫ ʥʘʜʘʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʠʯʘʡʢʠ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʢʽʣʴʮʝʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʪʘ ʦʢʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʟʜʦʚʞ ʦʙʠʯʘʡʢʠ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ 

ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ ʫ ʤʽʩʮʽ ʟôʻʜʥʘʥʥʷ ʦʙʠʯʘʡʢʠ ʟ ʜʥʠʱʝʤ. ʊʘʢʦʞ ʙʫʣʦ ʚʟʷʪʦ ʜʦ ʫʚʘʛʠ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʦʙʠʯʘʡʢʘ ʟʘʟʚʠʯʘʡ ʢʦʨʦʪʢʘ ʽ ʟʦʥʠ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʤʦʞʫʪʴ 

ʧʝʨʝʪʠʥʘʪʠʩʷ.  

ɿ ʦʪʨʠʤʘʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ  ʥʘ ʤʝʞʽ 

ʦʙʠʯʘʡʢʠ ʪʘ ʜʥʠʱʘ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚʟʜʦʚʞ ʦʙʠʯʘʡʢʠ:  

ʘ ï ʢʽʣʴʮʝʚʽ ʥʘʧʨʫʞʝʥʥʷ; ʙ ï ʦʢʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ 
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ʂʆʅʉʊʈʋʂʎɯʁʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʋʉʊɸʅʆɺʆʂ ɿɺɸʈʖɺɸʅʅʗ ʋ 

ɺɸʂʋʋʄɯ 

ɸʥʦʪʘʮʽʷ. ɽʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʟʚʘʨʶʚʘʥʥʷ ʥʘʙʫʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʫʥʽʢʘʣʴʥʠʭ ʪʨʫʙʯʘʩʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʪʠʪʘʥʫ ʽ ʤʦʣʽʙʜʝʥʫ, ʩʧʣʘʚʽʚ ʜʣʷ ɸɽʉ, ʧʦʨʰʥʽʚ, 

ʜʚʠʛʫʥʽʚ, ʧʘʣʠʚʥʠʭ ʙʘʢ̔ʚ ʪʘ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʘʢʝʪʦʥʦʩʽʾʚ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʪʨʠʤʝʪʘʣʽʯʥʠʭ ʩʪʨʽʯʦʢ, ʢʽʥʝʩʢʦʧʽʚ ʢʦʣʴʦʨʦʚʠʭ ʪʝʣʝʚʽʟʦʨʽʚ, ʢʦʨ-

ʧʫʩʥʠʭ ʪʘ ʨʦʪʦʨʥʠʭ ʚʫʟʣʽʚ ʘʚʽʘʮʽʾ, ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʟʚʘʨʶʚʘʥʥʷ, ʢʦʥʩʪʨʫʢʮʽʷ, ʫʩʪʘʥʦʚʢʘ, ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ. 

Annotation. Electron beam welding has been used for the manufacture of unique tubular 

structures made of titanium and molybdenum, alloys for nuclear power plants, pistons, 

engines, fuel tanks and other structures of launch vehicles made of high-strength aluminum 

alloys, trimetallic tapes, kinescopes of color televisions, body and rotor assemblies of avia-

tion, gas turbine engines. 

Keywords: electron beam welding, design, installation, manufacturing. 

 

ʈʝʟʫʣʴʪʘʪʠ. / Results. ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʥʘ ʧʦʚʝʨʭʥʶ ʟʚʘʨʶʚʘʥʠʭ ʚʠʨʦʙʽʚ ʝʣʝʢ-

ʪʨʦʥʠ ʛʘʣʴʤʫʶʪʴʩʷ, ʘ ʾʭʥʷ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʝʧʣʦʚʫ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚʠʥʠʢʘʻ ʟʚʘʨʶʚʘʣʴʥʘ ʚʘʥʥʘ. ʇ̔ʩʣʷ ʧʝʨʝʤʽʱʝʥʥʽ ʚʠʨʦʙʫ, ʘʙʦ ʜʞʝʨʝʣʘ ʟʚʘʨʶʚʘʥʥʷ, 

ʚʽʜʙʫʚʘʪ̒ʴʩʷ ʟʘʪʚʝʨʜʽʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʡ ʫʪʚʦʨʝʥʥʷ ʰʚʘ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ. 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 2-ʭ ʦʩʥʦʚ-

ʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ï ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʬʦʨʤʫʚʘʥʥʷ ʧʫʯʢʘ ʝʣʝʢʪʨʦʥʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʝʨʫʚʘʥʥʷ ʡʦʛʦ 

ʧʦʪʫʞʥʽʩʪʶ ʽ ʧʦʣʦʞʝʥʥʷʤ ʱʦʜʦ ʩʪʠʢʫ. ɿʘ ʩʪʫʧʝʥʝʤ ʟʘʭʠʩʪʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʚʽʜ 

ʚʧʣʠʚʫ ʜʦʚʢʽʣʣʷ ʫʩʪʘʥʦʚʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 3 ʢʣʘʩʠ: ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʠʩʦʢʦʤʫ ʚʘʢʫ-

ʫʤʽ; ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʚ ʧʨʦʤʽʞ-ʥʠʟʴʢʦʤʫ ʚʘʢʫʫʤʽ; ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʧʦʟʘ ʚʘʢʫʫʤʦʤ. 

ʇʝʨʝʚʘʛʠ: ʟʥʘʯʥʘ ʰʚʠʜʢʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʩʘʜʢʠ ʤʝʪʘʣʫ ʪʘ ʦʢʠʩʣʶʚʘʥʥʷ 

ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ, ʚʝʣʠʢʘ ʧʦʪʫʞʥʽʩʪʴ, ʤʘʣʽ ʜʝʬʦʨʤʘʮʽʾ, ʚʠʩʦʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʘï

ʰʠʨʠʥʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʰʚʘ. ʅʝʜʦʣʽʢʠ: ʥʝʦʙʭʽʜʥʝ ʟʘʭʠʩʪ ʚʽʜ  ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʜʽʙʥʝ 

ʟʚʘʨʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʢʣʶʯʥʦ ʜʦ ʨʦʟʤʘʛʥʽʯʝʥʠʭ ʜʝʪʘʣʝʡ. ʐʚʠʜʢʽʩʪʴ ʟʚʘʨʶʚʘʥ-

ʥʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 10 ʤ/ʛʦʜ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʟôʻʜʥʫʶʪʴ ʪʫʛʦʧʣʘʚʢʽ ʤʝʪʘʣʠ (ʚʦʣʴʬʨʘʤ, 

ʪʘʥʪʘʣ), ʘʣʶʤʽʥʽʡ, ʤʽʜʴ ʪʘ ʾʭʥʽ ʩʧʣʘʚʠ, ʩʧʝʮ. ʩʪʘʣʽ ʪʘ ʨʽʟʥʦʨʽʜʥʽ ʤʝʪʘʣʠ, ʩʧʣʘʚʠ ʪʠʪʘʥʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ  ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʟʚʘʨʶʚʘʥʥʷ ʨʦʟʧʦʯʘʣʦʩʷ ʚ 1950-ʭ ʨʨ. ʫ 

ʌʨʘʥʮʽʾ, ʌʈʅ, ʉʐɸ, ʉʈʉʈ ʫʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʦ 1957 ʫ ʌʨʘʥʮʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ. ɺ ʋʢʨʘʾʥʽ ʦʩʥʦʚʥʽ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʧʦʯʘʣʠʩʷ ʚ ʤʽʩʪʘʭ ʂʠʾʚ ,ʉʫʤʠ, ɺʽʥʥʠʮʷ, ʃʫʛʘʥʩʴʢ. 
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ɺʇʃʀɺ ʌʆʂʋʉʅʆɰ ɺɯɼʉʊɸʅɯ ɺʉʊɸʅʆɺʃɽʅʅʗ ʂʋʄʋʃʗʊʀɺʅʆɻʆ 

ʇɯʈʆʊɽʍʅɯʏʅʆɻʆ ʇʈʀʉʊʈʆʖ ʅɸ ʈʆɿɼɯʃɽʅʅʗ ɽʃɽʄɽʅʊʋ 

ʂʆʅʉʊʈʋʂʎɯɰ ʈɸʂɽʊʀ-ʅʆʉɯʗ 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʚʩʪʘʥʦʚ-

ʣʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʽʨʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ. ʈʦʙʦʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʠ ʨʦʟʜʽʣʝʥʥʷ, ʢʦʪʨʘ ʧʨʷʤʦ 

ʚʠʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʢʦʩʤʽʯʥʠʭ ʟʘʧʫʩʢʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʨʦ-

ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʣʽʥʽʡʥʠʭ ʢʫʤʫʣʷʪʠʚʥʠʭ ʟʘʨʷʜʽʚ), ʷʢ ʚʠʢʦʥʘʚʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʢʫʤʫʣʷʪʠʚʥʠʡ ʩʪʨʫʤʽʥʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʫʤʫʣʷʪʠʚʥʠʡ ʝʬʝʢʪ, ʣʽʥʽʡʥʠʡ ʢʫʤʫʣʷʪʠʚʥʠʡ ʟʘʨʷʜ, ʩʠʩʪʝʤʠ 

ʨʦʟʜʽʣʝʥʥʷ, ʧʽʨʦʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʨʦʟʜʽʣʝʥʥʷ. 

ɸnnotation. The study is aimed at determining the effect of the focal length of the installa-

tion of a cumulative pyrotechnic device on the separation of the launch vehicle structural 

element. The work is based on the relevance of the separation problem, which directly de-

termines the reliability and safety of space launches. The use of pyrotechnic devices (linear 

shaped charges) as actuating elements that form a cumulative jet for the effective separation 

of launch vehicle structural elements has been studied. 

Keywords: cumulative effect, linear shaped charge, separation systems, pyrotechnic separa-

tion devices. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʽʨʦʪʝʭ-

ʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʽʩʪʶ ʧʨʦʙʣʝʤʠ ʨʦʟʜʽʣʝʥʥʷ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝ-

ʢʫ ʢʦʩʤʽʯʥʠʭ ʟʘʧʫʩʢʽʚ; ʮʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ [3-7]. 

 ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʈʅ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʧʽʨʦʪʝʭ-

ʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʚʠʢʦʥʘʚʯʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʠʭ ʻ ʣʽʥʽʡʥʠʡ ʢʫʤʫʣʷʪʠʚʥʠʡ ʟʘʨʷʜ (ʃʂɿ). ʇʨʠ 

ʩʧʨʘʮʶʚʘʥʥʽ ʃʂɿ ʫʪʚʦʨʶʻ ʢʫʤʫʣʷʪʠʚʥʠʡ ʩʪʨʫʤʽʥʴ, ʷʢʠʡ ʧʨʦʥʠʢʘʻ ʚ ʧʝʨʝʰʢʦʜʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʈʅ [2]. 

ʄʝʪʘ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ 

ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪʠ-ʥʦʩʽʷ. ɻʽʧʦʪʝʟʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʥʘʣʘʰʪʦʚʘʥʘ ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ 

ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʮʝʩʫ ʨʦʟʜʽʣʝʥʥʷ. 

ʋ ʢʥʠʟʽ [1], ʄʠʭʘʡʣʦ ʆʣʝʢʩʽʡʦʚʠʯ ʃʘʚʨʝʥʪʴʻʚ ʚʢʘʟʫʻ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦ-

ʥʠʢʥʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʤʝʪʘʣʝʚʫ ʧʣʠʪʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʽʜʩʪʘʥʽ ʜʦ ʧʝʨʝʰʢʦʜʠ, ʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʚʽʜʩʪʘʥʴ ʥʘʟʠʚʘʶʪʴ ʬʦʢʫʩʥʦʶ. ɺ [4], 

ʃ.ʇ. ʆʨʣʝʥʢʦ ʚʢʘʟʫʻ, ʱʦ ʽʩʥʫʚʘʥʥʷ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʫ ʜʽʾ ʢʫʤʫʣʷʪʠʚʥʠʭ ʟʘʨʷʜʽʚ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʫ ʬʦʨʤʫʣʫ ʃʘʚʨʝʥʪʴʻʚʘ ʜʣʷ ʛʣʠ-

ʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʟ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʚʚʦʜʷʪʴ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ, ʷʢʠʡ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ.  
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ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʧʽʜʭʽʜ, ʜʝ ʢʫʤʫʣʷʪʠʚʥʠʡ ʧʽʨʦʪʝʭʥʽʯʥʠʡ ʧʨʠʩʪʨʽʡ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʽʜ ʢʫʪʦʤ ʜʦ ʧʝ-

ʨʝʰʢʦʜʠ. ɺʘʨʽʶʶʯʠ ʬʦʢʫʩʥʫ ʚʽʜʩʪʘʥʴ, ʤʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʚʯʘʣʠ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥ-

ʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʬʦʢʫʩʥʫ ʚʽʜʩʪʘʥʴ, 

ʧʨʠ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ 

ʧʝʨʝʰʢʦʜʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʻ ʚʘʞʣʠʚʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʈʅ. 
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7. ʂʫʤʫʣʷʪʠʚʥʠʡ ʝʬʝʢʪ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɭ.ʉ. ɹʦʣʶʙʘʰ / ʄʘ-

ʪʝʨ̔ʘʣʠ XVII ʥʘʫʢʦʚʠʭ ʯʠʪʘʥʴ çɼʥʽʧʨʦʚʩʴʢʘ ʦʨʙʽʪʘ ï 2022è (26ï28 ʞʦʚʪʥʷ). ɼʥʽʧʨʦ 

2022. ï 263 ʩ. 
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ʄ.ʖ. ɼʨʫʛʘʣʴʦʚʘ, ʽʥʞʝʥʝʨ; ɯ.ʄ. ʂʫʨʘʢʦ, ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ, 

ʄ.ɸ. ɺʦʣʦʰʠʥʘ, ʥʘʯʘʣʴʥʠʢ ʛʨʫʧʠ. 

ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤ. ʄ.ʂ. ʗʥʛʝʣʷè 

E-mail:info@yuzhnoe.com  

 

ʂɸʃɯɹʈʋɺɸʅʅʗ ʉʊɽʅɼʋ ɿʅɸʍʆɼɾɽʅʅʗ ʂʆʆʈɼʀʅɸʊ ʎɽʅʊʈʋ ʄɸʉ 

ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʪʝʥʜʫ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ ʤʘʩ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʠʣʦ ʟʥʘʭʦʜʠʪʠ ʢʦʦʨʜʠʥʘʪʠ 

ʮʝʥʪʨʫ ʤʘʩ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʧʦʭʠʙʢʘʤʠ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʝʥʜ, ʝʪʘʣʦʥʠ, ʮʝʥʪʨ ʤʘʩ. 

Annotation. The calibration methodology of the stand for the determination of the pace 

vehicle mass center coordinates is presented. Introduction of this methodology allowed 

decrimiuc the pace vehicle mass center coordinates this errors that does not exceed possible 

limits. 

Keywords: stand, standards, barycenter. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ ʤʘʩ ʂɸ ʙʫʚ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʡ 

ʩʪʝʥʜ 94.0334.205.0000.00.0. ɼʦʧʫʩʪʠʤʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ ʤʘʩ 

ʂɸ ʤʘʩʦʶ ʜʦ 1 ʪ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ Ñ3 ʤʤ ʧʦ ʦʩʷʭ OX ʪʘ OY, Ñ5 ʤʤ ʜʣʷ ʦʩʽ 

OZ. ɼʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʪʝʥʜʫ 94.0334.205.0000.00.0 ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ 

ʜʚʘ ʝʪʘʣʦʥʠ 94.0006.9635.0000.00.0 ʤʘʩʘ 48,950 ʢʛ,  94.0008.9636.0000.00.0 ʤʘʩʘ 16,90 

ʢʛ ʪʘʢʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʱʦʙ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʤ 

ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʾʭ ʮʝʥʪʨʫ ʤʘʩ. ɺʠʟʥʘʯʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ 

ʝʪʘʣʦʥʽʚ ʩʢʣʘʣʠ ʜʣʷ 94.0006.9635.0000.00.0 OX=0 ʤʤ, OY= 0 ʤʤ ʩ ʧʦʭʠʙʢʦʶ ʚʠʟʥʘ-

ʯʝʥʥʷ ʥʝ ʙʽʣʴʰʝ +0,3 ʤʤ, OZ = 360,547 ʤʤ ʩ ʧʦʭʠʙʢʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʙʽʣʴʰʝ +1,5 ʤʤ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʙʽʪ ʝʪʘʣʦʥʠ  ʧʦ ʯʝʨʟʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʩʪʝʥʜ ʪʘ ʚʠʤʽʨʶʚʘʣʠ ʢʦ-

ʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ ʮʠʭ ʝʪʘʣʦʥʽʚ ʟʛʽʜʥʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʩʪʝʥʜ. 

ʈʝʟʫʣʴʪʘʪʠ  ʨʦʙʽʪ ʚʠʷʚʠʣʠ, ʱʦ ʨʽʟʥʽʩʪʴ ʤʽʞ ʯʠʩʝʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ 

ʤʘʩ ʝʪʘʣʦʥʽʚ ʪʘ ʾʭ ʚʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʩʪʝʥʜʽ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙ-

ʢʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʧʦʧʨʘʚʦʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʩʪʝʥʜʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʦʧʨʘʚʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ 

ʥʝʦʙʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ɼʉʊʋ EN ISO/IEC 17025:2019 ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʦʤʧʣʝʢʪʥʦʩʪʽ ʚʠʧʨʦʙʫ-

ʚʘʣʴʥʠʭ ʪʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. 

2. ɼʉʊʋ ɻʆʉʊ ISO 5725-4:2005 ʊʦʯʥʽʩʪʴ (ʧʨʘʚʠʣʴʥʽʩʪʴ ʽ ʧʨʝʮʠʟʽʡʥʽʩʪʴ) ʤʝ-

ʪʦʜʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʏʘʩʪʠʥʘ 4. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʠʣʴ-

ʥʦʩʪʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ. 

3. ɼʉʊʋ ɻʆʉʊ ISO 5725-6:2005 ʊʦʯʥʽʩʪʴ (ʧʨʘʚʠʣʴʥʽʩʪʴ ʽ ʧʨʝʮʠʟʽʡʥʽʩʪʴ) ʤʝ-

ʪʦʜʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʏʘʩʪʠʥʘ 6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʥʘ 

ʧʨʘʢʪʠʮʽ. 
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ɺ.ʆ. ʄʝʜʚʝʜʻʚʘ, ʽʥʞʝʥʝʨ 2 ʢʘʪʝʛʦʨʽʾ; ɯ.ʄ. ʂʫʨʘʢʦ, ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ,  

ʄ.ʆ. ɺʦʣʦʰʠʥʘ, ʥʘʯʘʣʴʥʠʢ ʛʨʫʧʠ 

ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ̔ʤ. ʄ.ʂ. ʗʥʛʝʣʷè 

E-mail:info@yuzhnoe.com  

 

ɸʃʔʊɽʈʅɸʊʀɺʅʀʁ ʇɯɼʍɯɼ ɼʆ ʂɸʃɯɹʈʋɺɸʅʅʗ ɼɸʊʏʀʂɯɺ ɺʆʃʆɻʆʉʊɯ 

ɼɺ-1ʂ 

ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ɼɺ-1ʂ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʪʘʣʦʥʥʦʾ ʙʘʟʠ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ 

ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʪʘ ʛʨʦʰʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʚʠʪʨʘʪʠ ʥʘ 

ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʤ. ʂʠʾʚ ɼʇ çʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʣʽʤʘʪʠʯʥʘ ʢʘʤʝʨʘ, ʜʘʪʯʠʢ ʚʦʣʦʛʦʩʪʽ, ʢʘʣʽʙʨʫʚʘʥʥʷ, ʝʪʘʣʦʥʥʘ ʙʘʟʘ. 

Annotation. Method for calibrating relative humidity sensors ɼɺ-1ʂ using a reference base 

Yuzhnoye State Design Office.The implementation of this technique made it possible to 

reduce the time and money charges for calibration, as well as the charges of transportation to 

the city of Kyiv state enterprise çʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè. 

Keywords: Climate chamber, humidity sensor, calibration, reference base. 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʽʤʘʪʠʯʥʽ ʢʘʤʝʨʠ, ʷʢʽ ʚʽʜʪʚʦʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʽ ʨʝʞʠʤʠ ʟ 

ʥʝʦʙʭʽʜʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʦʯʥʦʩʪʽ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʠʭ ʨʝʞʠʤʽʚ 

ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ɼɺ-1ʂ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ 

ʱʦʨʽʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ. ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʚʦʥʠ ʧʨʦʭʦʜʠʣʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʫ ʤ. ʂʠʾʚ ɼʇ 

çʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè, ʱʦ ʟʘʡʤʘʣʦ ʙʽʣʴʰʝ ʤʽʩʷʮʷ ʪʘ ʟʥʘʯʥʠʭ ʛʨʦʰʦʚʠʭ ʚʠʪʨʘʪ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʪʨʫʜʥʦʱʽʚ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ 

ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ɼɺ-1ʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʪʘ-

ʣʦʥʥʦʾ ʙʘʟʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʩʘʤʝ ʝʪʘʣʦʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦ-

ʛʦʩʪʽ ʪʘ, ʷʢ ʜʦʧʦʤʽʞʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʢʣʽʤʘʪʠʯʥʦʾ  ʢʘʤʝʨʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʝʪʘʣʦʥʥʽʡ ʙʘʟʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʽʚ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ɼɺ-1ʂ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʚʠʜʘʥʽ ʩʚʽʜʦʮʪʚʘ ʧʨʦ ʢʘʣʽʙʨʫʚʘʥ-

ʥʷ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ  

 

1. ɼʉʊʋ ɻʆʉʊ 6651:2014 ʄʝʪʨʦʣʦʛʽʷ. ʊʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ ʟ ʧʣʘʪʠʥʠ, ʤʽʜʽ ʪʘ 

ʥʽʢʝʣʶ. ɿʘʛʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʪʘ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʥʷ (ɻʆʉʊ 6651-2009, IDT). 

2. ɼʉʊʋ EN ISO/IEC 17025:2019 ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ. 

3. ɼʉʊʋ ɻʆʉʊ ISO 5725-6:2005 ʊʦʯʥʽʩʪʴ (ʧʨʘʚʠʣʴʥʽʩʪʴ ʽ ʧʨʝʮʠʟʽʡʥʽʩʪʴ) ʤʝʪʦʜʽʚ ʪʘ 
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ɺɸʃɯɼɸʎɯʗ ʄɽʊʆɼʀʂʀ ɺʀʂʆʅɸʅʅʗ ɺʀʄɯʈʖɺɸʅʔ ʊʀʉʂʋ 

ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʚʘʣʽʜʘʮʽʾ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʪʠʩʢʫ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʫ ʩʢʣʘʜʽ ʜʘʪʯʠʢʽʚ ʈʅɽ167 ʪʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʤʦʛʠ ʟʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʛʽʜʥʦ ʜʽʶʯʠʭ ʧʨʦʛʨʘʤ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʘʣʽʜʘʮʽʷ, ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ, ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ, ʢʘʣʽʙʨʫʚʘʥʥʷ, 

ʧʨʘʚʠʣʴʥʽʩʪʴ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ. 

Annotation. Validation methodology for pressure measurement procedure by measurement 

channels including PHE 167 sensors and hardware and software complex is given. The 

implementation of this methodology made it possible to meet the requirements for the 

operational parameters in accordance with the current test programs. 

Keywords: validation, overpressure, measurement error, calibration, correctness, 

reproducibility. 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʘʣʽʜʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʚʠʢʦʥʘʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ ʪʠʩʢʫ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʪʠʩʢʫ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʪʠʩʢʫ ʫ ʩʢʣʘʜʽ ʜʘʪʯʠʢʽʚ ʈʅɽ167 ʪʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ (ʜʘʣʽ ï ʈʅɽ167-ɸʇʂ).  

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʩʪʘʥʦʚʣʶʻ ʧʨʘʚʠʣʘ ʪʘ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʧʨʷʤʠʭ ʦʜʠ-

ʥʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʠʩʢʫ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 40 ʢʛʩ/ʩʤ2 ʥʘ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʦʙôʻʢʪʫ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʚʩʪʘʥʦʚʠʚʩʷ, ʪʘ ʚʠʤʦʛʠ ʜʦ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʨʝʞʠʤʽʚ, 

ʘʣʛʦʨʠʪʤʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʦʙʨʦʙʣʷʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽ-

ʨʶʚʘʥʴ ʪʘ ʨʽʚʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʠʢʦʥʘʚʮʽʚ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘ ʜʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ: 

- ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ Ñ0,04 ʢʛʩ/ʩʤ2; 

- ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 0,1 ʢʛʩ/ʩʤ2; 

- ʨʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 0,5 ʢʛʩ/ʩʤ2; 

- ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 

0,1 ʢʛʩ/ʩʤ2; 

- ʨʦʟʰʠʨʝʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥ ɹ1,7 %. 

ɺʘʣʽʜʘʮʽ ʁ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʥʫʚʘʣʠ ʟʘʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʧʨʝʜôʷʚʣʝʥʠʤ ʜʦ ʥʝʾ ʚʠʤʦʛʘʤ ʚ 

ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʪʠʩʢʫ 

ʈʅɽ167-ɸʇʂ. 

ʄʝʪʘ ʚʘʣʽʜʘʮʽʾ ï ʜʦʚʝʩʪʠ, ʱʦ ʜʽʾ ʧʝʨʩʦʥʘʣʫ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʴ, ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʟʥʘʯʝʥʥʶ 

ʪʘ ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʦʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ʇ̔ ʜ ʯʘʩ ʚʘʣʽʜʘʮʽʾ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʦʮʽʥʝʥʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʷʢ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʟʙʽʞʥʽʩʪʴ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʪʘ 

ʨʦʟʰʠʨʝʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ.  

ɿʘʜʣʷ ʦʮʽʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 3 ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ 

ʟʘʜʘʚʘʥʠʭ ʟʥʘʯʝʥʴ ʪʠʩʢʫ ʧʦ 5 ʨʘʟʽʚ ʟʘ ʧʨʷʤʠʤ ʪʘ ʟʚʦʨʦʪʥʠʤ ʭʦʜʦʤ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ (

....3,2,1=j ). ɿʥʘʡʜʝʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʢʦʥʘʥʦ ʧʝʨʝʚʽʨʢʫ 

ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʠʢʠʜʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʤʠʨʥʦʚʘ-ɻʨʘʙʩʘ, ʨʦʟʨʘʭʦʚʘʥʦ 

ʩʠʩʪʝʤʘʪʠʯʥʫ ʩʢʣʘʜʦʚʫ ʧʦʭʠʙʢʠ.  

ɿʘʜʣʷ ʦʮʽʥʢʠ ʟʙʽʞʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʠʩʢʫ ʜʣʷ ʢʦʞʥʦʾ ʩʝʨʽʾ ʟʘ ʧʨʷʤʠʤ ʪʘ ʟʚʦʨʦʪʥʠʤ 

ʭʦʜʦʤ, ʧʝʨʝʚʽʨʢʘ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʜʦʧʫʩʪʠʤʝ ʨʦʟʭʦʜʞʝʥʥʷ 

ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɿʘʜʣʷ ʦʮʽʥʢʠ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ. 

ʆʮʽʥʢʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʪʠʩʢʫ ʚʠʢʦʥʫʚʘʣʠ ʟʘ DKD-R 6-1. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʘʣʽʜʘʮʽʾ ʤʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʢʘʥʘʣʠ ʪʠʩʢʫ ʈʅɽ167-ɸʇʂ ʧʦʚʠʥʥʽ ʨʘʟ ʥʘ ʨʽʢ ʧʨʦʭʦʜʠʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʟʚʝʜʝʥʦʾ, ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ɼʉʊʋ EN ISO/IEC 17025:2019 ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʪʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ (EN ISO/IEC 17025:2017, IDT; 

ISO/IEC 17025:2017, IDT). 

2. ʄʝʪʦʜʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ DKD-R 6-1 ʂʘʣʠʙʨʦʚʢʘ ʧʨʠʙʦʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. 

3. ɼʉʊʋ ɻʆʉʊ ʀʉʆ 5725-2:2005 ʊʦʯʥʽʩʪʴ (ʧʨʘʚʠʣʴʥʽʩʪʴ ʠ ʧʨʝʮʠʟʽʡʥʽʩʪʴ) 

ʤʝʪʦʜʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʏʘʩʪʠʥʘ 2. ʆʩʥʦʚʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʽ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ (ɻʆʉʊ ʀʉʆ 

5725-2-2003, IDT). 

4. ɼʉʊʋ ɻʆʉʊ ʀʉʆ 5725-2:2005 ʊʦʯʥʽʩʪʴ (ʧʨʘʚʠʣʴʥʽʩʪʴ ʠ ʧʨʝʮʠʟʽʡʥʽʩʪʴ) 

ʤʝʪʦʜʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʏʘʩʪʠʥʘ 6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʪʦʯʥʦʩʪʽ ʥʘ 

ʧʨʘʢʪʠʮʽ (ɻʆʉʊ ʀʉʆ 5725-6-2003, IDT). 
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ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɿʈʆɹʂʀ ʇʅɽɺʄɸʊʀʏʅʆɰ ʉʀʉʊɽʄʀ  

ʈʆɿɼɯʃɽʅʅʗ ʉʊʋʇɽʅɯɺ ʈɸʂɽʊʀ-ʅʆʉɯʗ 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʝʥʥʷ 

ʩʪʫʧʝʥʽʚ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʚ ʷʢʽʡ ʚ ʷʢʦʩʪʽ ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʥʝʚ-

ʤʦʰʪʦʚʭʘʯʽ. ʈʦʙʦʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʢʪʫʘʣʴʥʽʡ ʧʨʦʙʣʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʢʫʪʦ-

ʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʚʠʢʣʶʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʂɸ. ɼʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʨʫʭʫ 

ʩʪʫʧʝʥʽʚ ʟ ʧʥʝʚʤʘʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʨʦʟʜʽʣʝʥʥʷ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʟʚʠʯʘʡʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʨʫʭʦʤʠʭ 

ʯʘʩʪʠʥ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʟʤʽʥʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʚ ʧʥʝʚʤʦʰʪʦʚʭʘʯʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʥʝʚʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʧʥʝʚʤʦʰʪʦʚʭʘʯ, ʩʠʩʪʝʤʘ ʨʦʟʜʽʣʝʥʥʷ. 

Annotation. The investigation directives on creation system of pnevmatic division of stage 

rocket, which uses pushers. The work bases on actual subject ï provision minimum angle 

velocity and exception dirtying of spaceship. The dynamics movements of state with system 

division of pnevmatic was examined, process was described system usual non-linear differ-

ential equation, in which structure entered equation movements mobile part of rocket and 

equation describe process changes of thermodynamic quantities in pusher. 

Keyword: pnevmatic system, pusher, division system.  

 
ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʨʦʟʜʽʣʝʥʥʷ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ 

ʩʪʚʦʨʝʥʥʽ ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʫ ʚʽʜʥʦʩʥʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʜʽ-

ʣʝʥʥʷ ʩʪʫʧʝʥʽʚ, ʤʽʥʽʤʘʣʴʥʫ ʨʽʟʥʦʪʷʛʦʚʽʩʪʴ ʽ ʚʠʢʣʶʯʘʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ  

ʧʦʚʝʨʭʦʥʴ ʂɸ. 

ɼʦ ʮʴʦʛʦ ʚ ʷʢʦʩʪʽ ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʈɼʊʇ, ʷʢʽ ʟʘ-

ʙʝʟʧʝʯʫʚʘʣʠ ʧʦʪʨʽʙʥʫ ʚʽʜʥʦʩʥʫ ʰʚʠʜʢʽʩʪʴ ʩʪʫʧʝʥʽʚ, ʷʢʽ ʨʦʟʜʽʣʷʶʪʴʩʷ. ɺ ʟʚôʷʟʢʫ ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʦʥʴ ʂɸ, ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʠʭ ʢʫʪʦ-

ʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚ ʩʫʯʘʩʥʠʭ ʈʅ çFalconè ʽ ʈʅ çDeltaè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʽ 

ʩʠʩʪʝʤʽ ʨʦʟʜʽʣʝʥʥʷ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʧʥʝʚʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʽ ʨʦʟʜʽʣʝʥʥʷ, ʚ ʷʢʽʡ ʚ ʷʢʦʩʪʽ 

ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʥʝʚʤʦʰʪʦʚʭʘʯʽ, ʘ ʤʦʞʣʠʚʫ ʨʽʟʥʦʪʷʛʦʚʽʩʪʴ 

ʢʦʤʧʝʥʩʫʶʪʴ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʦʛʦ ʦʙôʻʤʫ ʧʽʜʚʦʜʷʱʠʭ ʤʘʛʽʩʪʨʘʣʝʡ. 

ɼʠʥʘʤʽʢʘ ʨʫʭʫ ʩʪʫʧʝʥʽʚ ʟ ʧʥʝʚʤʘʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʨʦʟʜʽʣʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩ-

ʪʝʤʦʶ ʟʚʠʯʘʡʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʨʽʚʥʷʥ-

ʥʷ ʨʫʭʫ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʟʤʽʥʠ ʪʝʨʤʦʜʠ-

ʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʥʝʚʤʦʰʪʦʚʭʘʯʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʝʢʪʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʦʙʽʪ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʧʥʝʚʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʨʦʟʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʪʨʽʙʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʜʽʣʝʥʥʷ, ʚʽʜʥʦʩʥʫ ʰʚʠʜʢʽʩʪʴ ʩʪʫʧʝʥʽʚ, ʙʝʟʫʜʘʨʥʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ, 

ʟʤʝʥʰʝʥʥʷ ʨʽʟʥʦʪʷʛʦʚʦʩʪʽ ʽ ʚʠʢʣʶʯʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʂɸ. 
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ˎ˒˔˜˴˘˛˟˚˴ ˞˕˞˟˒˙˕ ˴  ˗˛˙˜˘˒˗˞˕ 
 

ʂʘʨʧʦʚʠʯ ʆʣʝʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʨʠʮɹʢʠʡ ɼʤʠʪʨʦ ʄʠʢʦʣʘʡʦʚʠʯ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʂʘʣʠʥʠʯʝʥʢʦ  ɼʤʠʪʨʦ  ʉʝʨʛʽʡʦʚʠʯ 

ʥʘʯʘʣʴʥʠʢ ʧʨʦʝʢʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ,  ˨ ˽ ζ˴ͦͤͫͭͪͯͭͦͪͫ͟Έ͔͟ ͋Όͪͦ 
ζ˽͍͔͔͒ͤͤ͜η ͔ͣͤ͜͜ ˸Φ˴Φ ̒ ͎͔ͤ͡Ύη 
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ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɹʇʃɸ ɺ ʋʄʆɺɸʍ ɺɯʁʅʀ 

ɸʥʥʦʪʘʮʽʷ: ɹʽʣʴʰʽʩʪʴ ʜʨʦʥʽʚ ʚʠʤʘʛʘʶʪʴ ʨʦʟʫʤʽʥʥʷ ʪʝʨʤʽʥʫ çʨʘʜʽʦʛʦʨʠʟʦʥʪè ʪʘ çʧʨʷʤʘ 

ʨʘʜʽʦʚʠʜʠʤʽʩʪʴè. ʄʽʞ ʧʫʣʴʪʦʤ ʪʘ ɹʇʃɸ ʤʘʻ ʙʫʪʠ ʧʨʷʤʘ ʚʠʜʠʤʽʩʪʴ. ɺʘʨʪʦ ʨʦʟʫʤʽʪʠ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʨʦʥʫ ʪʘ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʡʦʛʦ ʚʪʨʘʪʠ. ɯʩʥʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ɹʇʃɸ. 

Annotation: Most drones require an understanding of the term "radio horizon" and "line of 

sight". There must be a direct line of sight between the remote control and the UAV. It 

should be understood in order to preserve the drone and prevent its loss. There are features 

of the use of various types of UAVs in war conditions. 

 

ɭ ʧʝʚʥʽ ʙʘʟʦʚʽ ʧʨʘʚʠʣʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʜʨʦʥʽʚ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ:  

1. ʈʦʟʚʽʜʫʚʘʣʴʥʠʡ ʜʨʦʥ, ʥʝ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʥʽʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʥʘʚʯʘʣʴʥʠʭ ʧʦʣʴʦʪʽʚ, 

ʪʦʯʢʠ ʧʨʦʞʠʚʘʥʥʷ, ʪʦʯʢʠ ʟʣʴʦʪʫ. ʎʠʤ ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ. ɺʽʜʝʦ ʮʠʭ ʜʨʦʥʽʚ ʟʘ ʚʽʜʩʫ-

ʪʥʦʩʪʽ ʈɽɹ ʧʠʰʫʪʴ ʪʦʯʥʝ ʤʽʩʮʝ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ. ʇʨʠ ʚʪʨʘʪʽ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ 

ʧʦʪʨʘʧʠʪʠ ʜʦ ʧʨʦʪʠʚʥʠʢʘ.  

2. ɼʨʦʥ ʤʘʻ ʙʫʪʠ ʧʨʦʰʠʪʠʤ. ɺʽʥ ʥʝ ʤʘʻ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʨʦʥ ʯʠ ʪʦʯʢʫ 

ʟʣʴʦʪʫ.  

3. ʂʦʞʝʥ ʧʽʣʦʪ ʤʘʻ ʟʥʘʪʠ IMEI ʩʚʦʛʦ ʢʦʧʪʝʨʘ ʪʘ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʚʘʪʠ ʚ ʚʟʘʻʤʦʜʽʾ ʟ 

ʘʝʨʦʩʢʦʧʦʤ. ʑʦʙ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʜʨʦʥ ʩʪʘʚ ʚʠʜʠʤʠʤ ʜʣʷ ʚʦʨʦʛʘ, ʥʘʰ ʘʝʨʦʩʢʦʧ ʦʜʨʘ-

ʟʫ ʧʨʦ ʮʝ ʧʦʚʽʜʦʤʠʚ, ʽ ʧʽʣʦʪ ʘʙʦʛʨʫʧʘ ʚʩʪʠʛʣʠ ʧʦʾʭʘʪʠ ʟ ʧʦʟʠʮʽʡ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ.  

4. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʜʦ ʟʣʽʪʥʦʾ ʜʽʣʷʥʢʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʘʨʪ ʙʝʟ ʫʰʢʦʜʞʝʥʥʷ ʧʨʦʧʝʣʝ-

ʨʽʚ ʪʽ ʽʥʰʠʭ ʯʘʩʪʠʥ ɹʇʃɸ.  

5. ʉʢʠʜ ʛʨʘʥʘʪ ʪʘ ʽʥʰʠʭ ʙʦʻʧʨʠʧʘʩʽʚ ʟ Mavic ï ʮʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʧʨʠʡʤʘʣʦʩʷ ʫ ʙʝʟʚʠʭʽ-

ʜʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʘ ʥʝ ʪʦʤʫ, ʱʦ ʮʝ ʝʬʝʢʪʠʚʥʦ. ʈʦʟʚʽʜʫʚʘʣʴʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʪʘʢʦʛʦ ʜʨʦʥʫ 

ʥʘʙʘʛʘʪʦ ʚʠʱʽ ʪʘ ʥʝ ʚʘʨʪʫʶʪʴ ʨʠʟʠʢʫ ʚʪʨʘʪʠ ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴ.  

6. ɺʘʞʣʠʚʦ ʩʚʦʻʯʘʩʥʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ɹʇʃɸ, ʟʜʚʦʻʥʘ ʙʘʪʘʨʝʷ ʤʦʞʝ ʧʨʦʜʦʚʞʠʪʠ ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʧʦʚʽʪʨʽ. ɺʠʥʦʩʥʘ ʘʥʪʝʥʘ ʚ ʩʫʯʘʩʥʽʡ ʱʽʣʴʥʦʩʪʽ ʈɽɹʽʚ ʤʘʻ ʚʭʦʜʠʪʠ ʚ 

ʢʦʤʧʣʝʢʪ ʥʘʚʯʘʥʥʷ, ʘʜʞʝ ʚʦʥʘ ʥʝ ʣʠʰʝ ʜʦʟʚʦʣʷʻ ʙʫʪʠ ʦʧʝʨʘʪʦʨʫ ʚ ʫʢʨʠʪʪʽ, ʘ ʽ ʧʦʩʠʣʶʻ 

ʩʠʛʥʘʣ. 

ɽʧʦʭʘ Mavic ʧʨʦʭʦʜʠʪʴ, ʚʽʡʥʘ ʧʦʪʨʝʙʫʻ ʜʨʦʥʽʚ ʪʘʢʪʠʯʥʦʛʦ ʨʽʚʥʷ, ʘʣʝ ʱʝ ʜʦʚʛʦ 

ʙʫʜʝ ʚʽʜʣʫʥʥʷʤ ʥʘʛʘʜʫʚʘʪʠ ʧʨʦ ʪʝ, ʷʢ ʚʝʩʽʣʴʥʽ ʜʨʦʥʠ ʨʝʬʦʨʤʫʚʘʣʠ ʧʦʛʣʷʜʠ ʩʚʽʪʫ ʥʘ 

ʚʽʡʥʫ. ʅʘʧʨʠʢʣʘʜ ʻ ʚʠʜ ʜʨʦʥʘ FPV. ɺʦʥʠ ʩʢʣʘʜʥʽʰʽ ʷʢ ʚ ʫʧʨʘʚʣʽʥʥʽ, ʪʘʢ ʽ ʚ ʧʣʘʥʽ ʦʙʣʘ-

ʜʥʘʥʥʷ. ʇʨʠʥʮʠʧ ʪʦʡ ʩʘʤʠʡ: 4 ʣʫʯʽ, 4 ʤʦʪʦʨʠ, ʧʨʦʪʝ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʘʻ ʷʢ 

ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ, ʪʘʢ ʽ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ ʟʽʙʨʘʥʦʩʪʽ ʧʽʣʦʪʘ. 

ʊʘʢʦʞ ʜʣʷ ʪʦʛʦ ʱʦʙ ʥʘʙʠʨʘʪʠ ʥʘʚʠʯʢʠ ʧʦʣʴʦʪʫ ʩ ʜʘʥʠʤ ʚʠʜʦʤ ʜʨʦʥʘ FPV, ʻ 

ʧʨʦʛʨʘʤʠ (ʝʤʫʣʷʪʦʨʠ), ʷʢʽ ʧʽʩʣʷ ʦʩʚʦʻʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʧʽʣʦʪ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʨʝʘʣʴʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʜʨʦʥʦʤ, ʪʘʤ ʷ ʚʚʘʞʘʶ ʜʣʷ ʧʦʯʘʪʢʽʚʮʷ ʪʨʝʙʘ ʦʩʥʘʱʘʪʠ ʟʘʭʠʩʪʦʤ ʜʨʦʥ ʪʽ ʞ 

ʧʨʦʧʝʣʝʨʠ ʪʘ ʩʭʝʤʠ. 

ʗʢ ʥʘʡʢʨʘʱʝ ʟʘʧʦʙʽʛʘʪʠ ʧʦʣʦʤʢʘʤ? ɿʚʽʩʥʦ, ʫʥʠʢʘʪʠ ʾʭ.  
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ʈʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʮʴʦʛʦ:  

ǒ ʆʙʦʚôʷʟʢʦʚʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʡʥʘ ʥʘ ʧʦʟʠʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʪʚʝʨʜʽ 

ʢʝʡʩʠ ʟ ʧʦʨʦʣʦʥʦʤ ʪʘ ʛʽʜʨʦʽʟʦʣʷʮʽʻʶ. ʇʦʜʙʘʪʠ ʧʨʦ ʪʝʥʪʠ ʪʘ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʻʾ 

ʪʝʭʥʽʢʠ ʟʛʽʜʥʦ ʜʦ ʥʦʨʤ ʾʾ ʟʙʝʨʝʞʝʥʥʷ.  

ǒ ɿʘʧʦʨʫʢʦʶ ʪʦʛʦ, ʱʦ ʥʝ ʙʫʜʝ ʧʦʣʦʤʦʢ ʥʘ ʧʦʟʠʮʽʷʭ, ʻ ʪʝ, ʱʦ ʧʝʨʝʜ ʚʠʾʟʜʦʤ 

ʧʨʦʚʝʣʠ ʜʽʘʛʥʦʩʪʠʢʫ ʚʩʴʦʛʦ ʚʜʦʤʘ. ɹʘʪʘʨʝʾ, ʧʘʫʝʨʙʘʥʢʠ ʜʦ ʙʘʪʘʨʝʡ, ʚʚʽʤʢʥʝʥʥʷ-

ʚʠʤʢʥʝʥʥʷ ʚʩʽʭ ʩʠʩʪʝʤ.  

ǒ ɼʽʡ ʚʠʢʣʶʯʥʦ ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ. ʗʢʱʦ ʻ 

ʧʝʨʝʜʩʪʘʨʪʦʚʽ ʯʝʢ-ʣʽʩʪʠ, ʥʝ ʚʽʜʭʦʜʴ ʚʽʜ ʧʨʦʮʝʜʫʨ, ʦʧʠʩʘʥʠʭ ʚ ʥʠʤ. ɺ 90% ʚʠʧʘʜʢʽʚ 

ʚʠʨʦʙʥʠʢʠ ʧʨʦʨʘʭʫʚʘʣʠ ʙʽʣʴʰʽʩʪʴ ʤʦʤʝʥʪʽʚ ʪʘ ʦʧʠʩʘʣʠ ʘʣʛʦʨʠʪʤʠ ʜʽʡ ʟ ʪʠʤ ʯʠ ʽʥʰʠʤ 

ʙʦʨʪʦʤ. ʊʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ çʩʪʘʚʠʪʠ ʣʦʡʪʝʨ ʥʘ ʛʣʽʩʘʜʽè ʯʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʙʫʚʘʪʠ, ʯʠ 

ʩʧʨʘʮʴʦʚʫʻ ʩʢʠʜ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ, ʷʢʱʦ ʚʽʥ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʩʢʠʜʘʪʠ ʥʘ ʧʝʚʥʠʭ ʢʦʦʨ-

ʜʠʥʘʪʘʭ, ʯʠ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʧʦʩʘʜʢʦʶ MAVIC ʫ ʙʝʪʦʥʥʫ ʪʨʫʙʫ ʪʦʱʦ. ʈʦʟʛʣʷʥʝʤʦ 

ʚʠʧʘʜʦʢ ʟ ɼɾɯ ʤʘʪʨʽʢʩ 300. ʑʦʙ ʟʥʷʪʠ ʢʘʤʝʨʫ, ʻ ʢʥʦʧʢʘ. ʏʠ ʤʦʞʥʘ ʟʥʷʪʠ ʢʘʤʝʨʫ, ʥʝ 

ʥʘʪʠʩʥʫʚʰʠ ʢʥʦʧʢʫ? ɯʟ ʟʫʩʠʣʣʷʤ ï ʪʘʢ. ʏʠ ʤʦʞʥʘ ʧʦʪʽʤ ʙʫʜʝ ʧʦʩʪʘʚʠʪʠ ʢʘʤʝʨʫ? ʅʽ. 

ʊʦʤʫ, ʷʢʱʦ ʻ ʷʢʽʩʴ ʥʝʦʯʝʚʠʜʥʽ ʨʝʯʽ, ʯʦʤʫ ʱʦʩʴ ʪʨʝʙʘ ʥʘʪʠʩʢʘʪʠ ʯʠ ʧʝʨʝʚʽʨʷʪʠ ʧʦ ʜʚʘ 

ʨʘʟʠ - ʟʥʘʡʪʝ, ʚʩʝ ʥʝ ʧʨʦʩʪʦ ʪʘʢ. ʎʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦʪʨʽʙʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. https://ru.wikipedia.org/wiki /First_Person_View 

2. https://uk.wikipedia.org/wiki /DJI_Mavic 

3. http://surl.li/rnzvy 
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ʄ.ʆ. ʄʘʥʦʡʣʦ, ʩʪʫʜʝʥʪ; ʉ.ɯ. ʄʘʤʯʫʨ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  
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ɺʇʃʀɺ ɹʆʁʆɺʀʍ ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ʅɸ ʈʆɿɺʀʊʆʂ 

ɺʀɼɯɺ ʆɿɹʈʆɭʅʅʗ 

ɸʥʦʪʘʮʽʷ ʉʴʦʛʦʜʝʥʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʥʘ ʧʦʣʽ ʙʦʶ ʜʫʞʝ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʙʦʡʦʚʠʭ ʦʧʝʨʘʮʽʡ ʽ ʭʽʜ ʚʽʡʥʠ 

ʚ ʮʽʣʦʤʫ. ʉʘʤ ʬʘʢʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘʥʦʩʠʪʴ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʟʙʨʦʡʥʽ ʩʠʣʠ, ʩʫʯʘʩʥʽ ʚʠʜʠ ʦʟʙʨʦʻʥʴ ʽ ʪʘʢʪʠʢʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʑʦ 

ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʟʘʩʦʙʽʚ ʘʪʘʢʠ ʽ ʦʙʦʨʦʥʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ 

ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ, ʘʙʠ ʦʪʨʠʤʘʪʠ ʧʝʨʝʚʘʛʫ ʥʘʜ ʩʫʧʨʦʪʠʚʥʠʢʦʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʇʃɸ, ʜʨʦʥʠ, ʜʨʦʥʠ-ʢʘʤʽʢʘʜʟʝ, ʟʘʩʦʙʠ ʦʙʦʨʦʥʠ, ʦʟʙʨʦʻʥʥʷ. 

ɸnnotation Today's intensity of use of unmanned aerial vehicles on the battlefield 

greatly affects the results of combat operations and the course of the war as a whole. The 

very fact of using unmanned aircraft systems has a significant impact on the armed forces, 

modern types of weapons and the tactics of their use. Which requires the use of the latest 

means of attack and defense, which must be constantly improved in order to gain an 

advantage over the opponent. 

Keywords: UAVs, drones, kamikaze drones, means of defense, weapons. 

 

ʉʚʽʪʦʚʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʰʠʨʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ ʟʘ ʦʩʪʘʥʥʽ ʜʚʘ 

ʨʦʢʠ ʥʘʙʫʚ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦʤ 

ʟʘʡʤʘʶʪʴʩʷ ʷʢ ʽʤʝʥʠʪʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʙʶʨʦ ʪʘʢ ʽ ʥʝʚʝʣʠʢʽ ʛʨʫʧʠ ʝʥʪʫʟʽʘʩʪʽʚ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʘʙʦ 

ʫʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ, ʚʽʜ ʢʫʨôʻʨʩʴʢʦʾ ʜʦʩʪʘʚʢʠ ʽ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʷʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʷʭ ʽ ʚʝʜʝʥʥʽ ʙʦʡʦʚʠʭ 

ʜʽʡ. 

ʋʞʝ ʷʢ ʜʚʘ ʨʦʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʝʜʫʪʴʩʷ ʘʢʪʠʚʥʽ ʙʦʡʦʚʽ ʜʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʣʴʰʦʩʪʽ ʥʘʷʚʥʠʭ ʫ ʩʚʽʪʽ ʚʠʜʽʚ ʦʟʙʨʦʻʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ɹʇʃɸ, ʱʦ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʥʫʣʦ ʥʘ ʤʝʪʦʜʠ ʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ, ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ 

ʥʦʚʠʭ ʪʘʢʪʠʢ ʽ ʟʘʩʦʙʽʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʨʦʪʠʜʽʾ. ʇʽʜˇʨʫʥʪʷʤ ʜʣʷ ʮʴʦʛʦ ʩʪʘʣʘ ʽʜʝʷ 

ʟʤʝʥʰʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʣʶʜʝʡ ʥʘ ʧʦʣʽ ʙʦʶ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʷʤʠʭ ʢʦʥʪʘʢʪʽʚ 

ʤʽʞ ʟʙʨʦʡʥʠʤʠ ʫʛʨʫʧʫʚʘʥʥʷʤʠ. ʊʘʢʘ ʪʘʢʪʠʢʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʣʶʜʩʴʢʽ ʚʪʨʘʪʠ ʧʽʜʨʦʟʜʽʣʫ, ʱʦ ʾʾ ʟʘʩʪʦʩʦʚʫʻ, ʜʦʟʚʦʣʷʶʯʠ ʦʧʝʨʘʪʠʚʥʦ ʪʘ ʪʦʯʥʦ 

ʥʘʥʦʩʠʪʠ ʧʦʪʫʞʥʽ ʫʜʘʨʠ ʧʦ ʚʦʨʦʛʫ ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʫʢʨʠʪʪʽ ʘʙʦ ʥʘ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʤʽʩʮʷ 

ʙʦʡʦʚʦʛʦ ʢʦʥʪʘʢʪʫ. ʇʨʦʪʝ ʘʥʘʣʦʛʽʯʥʫ ʪʘʢʪʠʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʚʦʨʦʞʽ ʩʠʣʠ, ʱʦ 

ʚʠʤʫʰʫʻ ʧʨʠʡʤʘʪʠ ʤʽʨʠ ʟ ʧʨʦʪʠʜʽʾ, ʫʧʝʨʝʜʞʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ 

ʧʦʟʠʮʽʾ ʟ ʷʢʦʾ ʚʝʜʝʪʴʩʷ ʘʪʘʢʘ. 

ʋ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ ʤʘʡʞʝ ʱʦʜʥʷ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʬʘʢʪ ʨʦʟʨʦʙʢʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʦʚʽʪʥʽʭ ʘʙʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʞʝ ʽʩʥʫʶʯʠʭ ʘʥʘʣʦʛʽʚ ʦʟʙʨʦʻʥʥʷ ʪʘ ɹʇʃɸ, ʟʘʩʦʙʽʚ 

ʧʨʦʪʠʜʽʾ ʙʝʟʧʽʣʦʪʥʠʤ ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʘʤ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʟʤʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʫʩʽʭ ʨʦʜʽʚ ʚʽʡʩʴʢ, ʷʢ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʪʘʢ ʽ ʰʣʷʭʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʙʦ ʚʠʧʫʩʢʫ, ʥʘ ʦʩʥʦʚʽ 
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ʚʧʨʦʚʘʜʞʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʙʨʦʥʝʪʝʭʥʽʢʠ, ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ 

ʫʩʪʘʥʦʚʦʢ  ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʫʚʘʛʠ ʽʥʞʝʥʝʨʽʚ ʽ ʚʽʡʩʴʢʦʚʠʭ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʫʜʘʨʥʠʤ ʟʘʩʦʙʘʤ ʙʝʟʧʽʣʦʪʥʦʾ ʘʚʽʘʮʽʾ, ʘ ʩʘʤʝ: ʜʨʦʥʘʤ-ʢʘʤʽʢʘʜʟʝ ʢʦʧʪʝʨʥʦʛʦ ʪʠʧʫ, 

ʙʘʨʘʞʫʶʯʠʤ ʙʦʻʧʨʠʧʘʩʘʤ, ʫʜʘʨʥʠʤ ʪʘ ʨʦʟʚʽʜʫʚʘʣʴʥʠʤ ʙʝʟʧʽʣʦʪʥʠʢʘʤ ʣʽʪʘʢʦʚʦʛʦ ʪʠʧʫ 

ʚʝʣʠʢʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʨʘʜʽʫʩʫ ʜʽʾ. ʑʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʞʝ ʥʘʷʚʥʽ ʟʘʩʦʙʠ  

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ ʪʘ ʧʨʦʪʠʧʦʚʽʪʨʷʥʦʾ ʦʙʦʨʦʥʠ,  ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʪʘʚʘʥʥʷ 

ʦʙʦʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜ ʥʘʩʪʫʧʘʣʴʥʠʭ, ʧʨʠʥʘʡʤʥʽ ʫ ʢʽʣʴʢʽʩʥʦʤʫ ʧʣʘʥʽ. 

ʅʘʩʪʫʧʘʣʴʥʽ ʽ ʦʙʦʨʦʥʥʽ ʚʠʜʠ ʦʟʙʨʦʻʥʥʷ ʫ ʛʘʣʫʟʽ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʙʫʜʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʩʫʤʽʩʥʦ, ʯʘʩ ʚʽʜ ʯʘʩʫ ʧʝʨʝʢʨʠʚʘʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʦʜʠʥ 

ʦʜʥʦʛʦ, ʪʠʤ ʩʘʤʠʤ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʚʧʣʠʚʘʶʯʠ ʥʘ ʽʥʰʽ ʚʠʜʠ ʦʟʙʨʦʻʥʴ. ʋ ʩʚʽʪʽ ʫʞʝ 

ʽʩʥʫʶʪʴ ʙʝʟʧʽʣʦʪʥʽ ʘʚʽʘʮʽʡʥʽ ʢʦʤʧʣʝʢʩʠ, ʱʦ ʥʝʫʨʘʟʣʠʚʽ ʜʦ ʟʘʩʦʙʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʙʦʨʦʪʴʙʠ ʽ ʧʝʚʥʦʶ ʤʽʨʦʶ ʤʦʞʫʪʴ ʧʨʦʪʠʩʪʦʷʪʠ ʧʨʦʪʠʧʦʚʽʪʨʷʥʽʡ ʦʙʦʨʦʥʽ, ʟʘʚʜʷʢʠ 

ʢʝʨʫʶʯʠʤ ʘʣʛʦʨʠʪʤʘʤ ʥʘ ʙʘʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ. ʇʨʦʪʝ ʮʝ ʥʝ 

ʛʘʨʘʥʪʫʻ ʟʥʘʯʥʦʛʦ ʫʩʧʽʭʫ ʧʦʜʽʙʥʠʭ ɹʇʃɸ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʋʉʊɸʅʆɺʂɸ ɼʃʗ ʆʎɯʅʂʀ ʊɸ ʇɯɼʊɺɽʈɼɾɽʅʅʗ 

ʈʆɹʆʏʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɽʃɽʂʊʈʀʏʅʀʍ ɼɺʀɻʋʅɯɺ 

ɸʥʥʦʪʘʮʽʷ: ʇʦʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʪʨʝʙʫʻ ʧʝʨʝʚʽʨʢʠ 

ʾʭ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʤʽʨʶʚʘʥ ɹʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʷʛʠ, ʜʚʠʛʫʥʠ ɹʇʃɸ. 

Annotation: The spread of the use of small electric motors requires checking their operating 

characteristics in different operating modes. The installation is proposed for conducting 

experimental studies and measuring performance characteristics. 

Keywords: bench tests, thrust measurement, UAV engines. 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʚʘ ʚʘʨʽʘʥʪʠ ʝʣʝʢʪʨʠʯ-

ʥʠʭ ʜʚʠʛʫʥʽʚ: ʢʦʣʝʢʪʦʨʥʠʡ ʡ ʙʝʟʢʦʣʝʢʪʦʨʥʠʡ, ʦʩʥʦʚʥʦʶ ʨʽʟʥʠʮʝʶ ʤʽʞ ʥʠʤʠ ʮʝ ʾʭ 

ʙʫʜʦʚʘ [1]. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ɹʇʃɸ, ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʝʟʢʦʣʝʢʪʦʨʥʽ, ʙʦ 

ʚʦʥʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʣʝʢʪʦʨʥʠʤʠ,  ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʘʶʪʴ ʟʥʦʰʫʻʤʠʭ ʜʝʪʘʣʝʡ. ʊʨʝʙʘ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʦʙʝʨʪʘʭ, ʙʝʟʢʦʣʝʢʪʦʨʥʠʡ  ʜʚʠʛʫʥ, ʪʘʢʦʞ, 

ʧʦʢʘʟʫʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʢʦʣʝʢʪʦʨʥʠʡ. ɸʣʝ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʝʨʝʚʝʟʝʥʴ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ, ʤʦʞʣʠʚʽ ʧʨʦʷʚʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʜʚʠʛʫʥʘʭ. 

ɺʠʧʨʦʙʫʚʘʣʴʥʠʡ ʩʠʣʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘ-

ʯʝʥʠʡ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʷʛʠ ʘʙʦ ʧʦʪʫʞʥʦʩʪʽ. ɭ ʜʚʘ ʪʠʧʠ ʩʠʣʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ: ʞʦʨʩʪʢʠʡ ʪʘ ʥʝʞʦʨʩ-

ʪʢʠʡ [2]. ɺʞʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘ ʚʽʜʦʤʽ  ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʪʝʥʜʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʙʘʛʘʪʦ 

ʯʘʩʫ ʡ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʙʠʨʘʥʥʷ ʡ ʫʩʪʘʥʦʚʢʠ.  ʆʙʨʦʙʢʘ ʜʘʥʠʭ, ʪʝʞ ʥʝ ʟʘʚʞʜʠ ʻ ʘʚʪʦʤʘ-

ʪʠʯʥʦʶ ʪʘ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʯʘʩʫ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ.   

ɯʩʥʫʶʪʴ ʚʽʜʦʤʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʤʦʪʦʨʽʚ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʧʝʣʝʨʽʚ [3]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʟʙʠʨʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʽʯʥʦʛʦ ʤʦʜʫ-

ʣʷ, ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ, ʣʘʟʝʨʥʦʛʦ ʪʘʭʦʤʝʪʨʘ, ʘʤʧʝʨʤʝʪʨʘ, ʚʦʣʴʪʤʝʪʨʘ. ʅʘ ʨʫʭʦ-

ʤʽʡ ʧʣʘʪʬʦʨʤʽ ʫʩʪʘʥʦʚʢʠ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʜʚʠʛʫʥ ʟ ʛʚʠʥʪʦʤ ʧʝʚʥʦʛʦ ʧʨʦʬʽʣʶ, ʧʨʦʚʦ-

ʜʷʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʷʛʠ ʪʘ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ  ʚʠʧʨʦʙʫʚʘʥʴ ʦʪʨʠʤʫʻʤʦ 

ʟʘʣʝʞʥʦʩʪ ̔ʪʷʛʠ ʚʽʜ ʩʠʣʠ ʩʪʨʫʤʫ ʡ ʥʘʧʨʫʛʠ (p=f(u,I)). 
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ɼ. ɺ. ʄʠʭʘʣʴʦʚ, ʩʪʫʜʝʥʪ, ɻ. ɯ. ʉʦʢʦʣ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ 

ɼʆʉʃɯɼɾɽʅʅʗ ɿɸɻɸʃʔʅʆɻʆ ɸʂʋʉʊʀʏʅʆɻʆ ʇʆʃʗ ɻɺʀʅʊɯɺ 

ʂɺɸɼʈʆʂʆʇʊɽʈɸ 

ɸʥʦʪʘʮʽʷ. ʉʪʚʦʨʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ 4-ʭ ʛʚʠʥʪʽʚ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʦʚʽʪʨʷʥʦʛʦ ʛʚʠʥʪʘ. ɺʩʽ ʨʦʟʨʘʭʫʥʢʠ ʟʨʦʙʣʝʥʽ ʫ ʧʨʦʛʨʘʤʽ Mathcad 15, ʧʦʙʫʜʦʚʘ-

ʥʦ ʛʨʘʬʽʢ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʚʘʜʨʦ-

ʢʦʧʪʝʨʘ ʦʙʨʘʥʦ  ʢʚʘʜʨʦʢʦʧʪʝʨ Syma X23. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʚʘʜʨʦʢʦʧʪʝʨ, Mathcad 15, ʛʨʘʬʽʢ ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʟʘʛʘʣʴʥʝ ʘʢʫʩʪʠʯʥʝ 

ʧʦʣʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸnnotation. A method of calculating the total acoustic field from 4 quadrocopter propellers 

was created based on theoretical information on determining the acoustic characteristics of a 

propeller. All calculations were made in the Mathcad 15 program and a graph of the direc-

tionality of the acoustic field was drawn. Experimental studies of the general acoustic field 

of quadrocopter propellers were conducted. The Syma X23 quadrocopter was chosen as the 

researched quadrocopter. 

Keywords: quadrocopter, Mathcad 15, directivity graph, general acoustic field, experimental 

studies. 

 

ɿʘʨʘʟ ʙʝʟʧʠʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʪʠʧʫ ʢʚʘʜʨʦʢʦʧʪʝʨ, ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʚ ʮʠʚʽʣʴʥʽʡ ʪʘ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʘʭ. ʊʘʢʽ ɹʇʃɸ ʻ ʪʠʧʦʚʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʫ. ʅʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʤʘʻ ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ ʫ ʧʦʚʽʪʨʽ. ʊʦʤʫ ʚʽʥ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʣʶʜʠʥʫ. ʈʝʻʩʪ-

ʨʫʶʯʠ ʪʘʢʠʡ ʟʚʫʢ ʚʽʜ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʡʦʛʦ ʧʝʣʝʥʛ ʪʘ ʟʥʠʱʠʪʠ ʘʧʘʨʘʪ. 

ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ 4-ʭ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʢʦʨʠ-

ʩʪʘʥʠʡ  ɹʇʃɸ  Syma X23. 

ʂʚʘʜʨʦʢʦʧʪʝʨ Syma X23 ʤʘʻ ʥʝʚʝʣʠʢʠʡ ʨʦʟʤʽʨ (210x210x50) ʤʤ ʙʝʟ ʢʘʤʝʨʠ ʥʘ 

ʙʦʨʪʫ, ʘʣʝ ʤʘʻ ʧʦʪʫʞʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʰʫʤʫ ɹʇʃɸ ʻ ʜʚʠʛʫʥʠ ʪʘ ʛʚʠʥʪʠ. ɽʣʝʢʪʨʦʜʚʠʛʫʥʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘʭ, ʮʝ 

ʥʘʡʪʠʭʽʰʽ ʜʚʠʛʫʥʠ. ʊʦʤʫ ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʜʞʝʨʝʣʦʤ ʰʫʤʫ ʻ ʛʚʠʥʪʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ 4-ʭ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʟʘʩʪʦʩʦʚʫ-

ʻʤʦ ʪʝʦʨʽʶ ʃ. ʗ. ɻʫʪʽʥʘ [1], ʱʦ ʦʧʠʩʫʻ ʟʚʫʢʦʚʝ ʧʦʣʝ ʧʦʚʽʪʨʷʥʦʛʦ ʛʚʠʥʪʘ. ɺ ʦʩʥʦʚʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʫʢʫ ʚʽʜ 4-ʭ ʛʚʠʥʪʽʚ ʧʦʢʣʘʜʝʥʠʡ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ [2], ʱʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʘʣʠʭ ʘʤʧʣʽʪʫʜ ʪʠʩʢʫ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʫ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ MathCad 

15. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʚʽʜ ʚʽʜʩʪʘʥʽ (ʜʠʚ. 

ʨʠʩ.1). ʇʨʦʚʝʜʝʥʽ ʚʠʤʽʨʠ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜʥʦʩʥʦ ʧʦʣʦʞʝʥʥʷ ʢʚʘʜʨʦʢʦ-

ʧʪʝʨʘ ʫ ʪʨʴʦʭ ʪʦʯʢʘʭ (ʜʠʚ. ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 1. ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʚʽʜ ʚʽʜʩʪʘʥʽ. 

 
ʈʠʩʫʥʦʢ 2. ī ʈʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜʥʦʩʥʦ ʧʦ-

ʣʦʞʝʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʜʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʧʽ-

ʣʦʪʥʠʢʽʚ ʪʠʧʫ ʢʚʘʜʨʦʢʦʧʪʝʨ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʠʯʠʥʠ ʧʦʷʚʠ 

ʟʚʫʢʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ʘʧʘʨʘʪʘ [3]. ʈʦʟʛʣʷʥʫʪʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟʧʽʣʦʪʥʠʢʘ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʥʦʚʽʡ ʤʝʪʦ-

ʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜ ʫʩʽʭ ʛʚʠʥʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺʩʽ 

ʨʦʟʨʘʭʫʥʢʠ ʟʨʦʙʣʝʥʽ ʫ ʧʨʦʛʨʘʤʽ Mathcad 15, ʧʦʙʫʜʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʦʩ-

ʪʽ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʠʤʽʨʠ ʨʽʚʥʽʚ ʰʫʤʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʦʣʷ 

ʱʦ ʩʢʣʘʣʠ 82,9 ʜɹ. 
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ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʽ ɻʦʥʯʘʨʘ 

spilnykdima3@gmail.com 

 

ʉʊɯʁʂɯʉʊʔ ɹʇʃɸ ɼʆ ʈɸɼɯʆʉʀɻʅɸʃɯɺ ʈʃʉ 

ɸʥʦʪʘʮʽʷ : ʋ ʨʦʙʦʪʽ ʦʧʠʩʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝʚʠʜʠʥʦʩʪʽ ɹʇʃɸ ʜʦ ʈʃʉ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ : ɹʇʃɸ , ʈʃʉ. 

 

ɺ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʚʽʡʥʠ ɹʇʃɸ ʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʘ ʧʦʣʽ ʙʦʶ ʽ ʦʜʥʠʤ ʟ 

ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʻ ʥʝʧʦʤʽʪʥʽʩʪʴ ʜʣʷ ʚʦʨʦʞʠʭ ʈʃʉ . ʑʦʙ ʟʘʧʦ-

ʙʽʛʪʠ ʚʠʷʚʣʝʥʥʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ: 

1. ʄʘʣʦʧʦʤʽʪʥʽ ʤʘʪʝʨʽʘʣʠ (ʢʦʤʧʦʟʠʮʽʡʥʽ) ʪʘʢʽ ʷʢ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʪʠ ʟ ʤʝʪʘ-

ʣʝʚʠʤʠ ʘʙʦ ʚʫʛʣʝʮʝʚʠʤʠ ʜʦʙʘʚʢʘʤʠ ʜʣʷ ʧʦʛʣʠʙʣʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʪʘ ʟʤʝʥ-

ʰʝʥʥʷ ʚʽʜʙʠʪʪʷ. 

2. ʊʽʥʠʩʪʽ ʘʙʦ ʯʦʨʥʽ ʬʘʨʙʠ - ʬʘʨʙʠ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʫ ʚʽʜʙʠʚʥʽʩʪʴ ʜʣʷ ʚʠʜʠʤʦʛʦ 

ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

3. ɺʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ ʪʘ ʢʦʤʧʦʟʠʪʠ  ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʽʜʙʠʪʪʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʊʘ-

ʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʬʫʟʦʨʥʽ ʤaʪʝʨʽʘʣʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʨʦʟ-

ʩʽʶʶʪʴ ʨʘʜʽʦʩʠʛʥʘʣʠ, ʟʘʤʽʩʪʴ ʚʽʜʙʠʚʘʥʥʷ ʾʭ ʥʘʟʘʜ. 

ʎʝ ʨʦʟʛʣʷʥʫʪʦ ʚaʨʽʘʥʪʠ ʧʘʩʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʈʃʉ, ʧʝʨʝʡʜʝʤʦ ʜʦ ʘʢʪʠʚʥʠʭ 

ʚʠʜʽʚ ʟʘʭʠʩʪʫ . 

1. ɽʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʟʘʩʣʘʥʶʚʘʥʥʷ (jamming devices): ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘ-

ʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʰʫʤ ʯʠ ʽʤʽʪʫʶʪʴ ʽʥʰʽ ʩʠʛʥʘʣʠ, 

ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʨʦʙʦʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

2.   ɿʘʩʣʘʥʶʚʘʥʥʷ ʜʘʥʠʭ: ʚʠʩʠʣʘʥʥʷ ʬʘʣʴʰʠʚʠʭ aʙʦ ʩʧʦʪʚʦʨʝʥʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʟʘʧʣʫʪʘʪʠ ʈʃʉ ʪʘ ʚʥʝʩʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʾʾ ʽʥʪʝʨʧʨʝʪʘʮʽʶ. 

3.   ɸʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ: ʟʜʘʪʥʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʪʘ ʨʝʘʛʫʚʘʪʠ 

ʥʘ ʚʠʷʚʣʝʥʥʷ ʈʃʉ, ʟʤʝʥʰʫʶʯʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʫʩʧʽʰʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ɹʇʃɸ. 

ɺ ʷʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʥʝʧʦʤʽʪʥʦʩʪʽ ɹʇʃɸ ʜʣʷ ʨʘʜʽʦʣʦ-

ʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʢʣʶʯʘʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʝʜʫʢʮʽʾ ʨʘʜʽʦʯʫʪʣʠʚʦʩʪʽ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʠʟʴʢʦʶ ʚʽʜʙʠʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʨʦʟʚʠʪʦʢ ʘʣʛʦʨʠʪʤʽʚ 

ʘʢʪʠʚʥʦʛʦ ʤʘʩʢʫʚʘʥʥʷ ʩʠʛʥʘʪʫʨʠ. 

ʎʽ ʪʝʭʥʽʢʠ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʟʘʧʣʫʪʘʪʠ, ʧʝʨʝʰʢʦʜʞʘʪʠ ʯʠ ʩʧʨʠʡʤʘʪʠ ʨʘʜʽʦʣʦʢʘ-

ʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʝ ʟʘʩʣʘʥʶʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʤʘʣʦʧʦʤʽʪʥʽʩʪʴ 

ɹʇʃɸ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. https://openarchive.nure.ua/bitstreams/a6db55b8-a492-47b6-860a-

c3d87428439d/download. 

2. https://ela.kpi.ua/bitstream/123456789/49328/1/Shuba_bakalavr.docx. 

3. https://openarchive.nure.ua/bitstreams/53e610ce-eed5-495f-aa91-

33c3f954b81f/download. 
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ʋɼʂ 681.54 
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ʎʠʛʘʥ ɸʥʪʦʥ, ʩʪʫʜʝʥʪ; ʉ.ɯ. ʄʘʤʯʫʨ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥ ̔ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

E-mail: anstal2002@gmail.com 

 

  ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ, ʊɸ ɭʂʆʅʆʄɯʏʅɸ ɼʆʎɯʃʔʅɯʉʊʔ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɸɿɽʄʅʀʍ ɹɽɿʇɯʃʆʊʅʀʍ ɸʇɸʈɸʊɯɺ 

 ɸʥʦʪʘʮʽʷ. ʅʘʟʝʤʥʽ ʙʝʟʧʽʣʦʪʥʽ ʘʧʘʨʘʪʠ (ʅɹɸ) ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘʙʫʣʠ ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʘ ʚʠʷʚʠʣʠ ʩʝʙʝ ʷʢ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʚʽʡʩʴʢʦʚʽ ʦʧʝ-

ʨʘʮʽʾ, ʮʠʚʽʣʴʥʠʡ ʟʘʭʠʩʪ, ʪʨʘʥʩʧʦʨʪ ʪʘ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. ʑʦʙ ʨʦʟʛʣʷʥʫʪʠ ʧʝʨʩʧʝ-

ʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅɹɸ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʚʽʜ ʪʘ ʧʦʨʘʜʠ ʽʥʦʟʝʤʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʪʘ ʽʩʪʦʨʠʯʥʽ ʬʘʢʪʠ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʝ ʥʘ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʅɹɸ ʫ ʧʣʘʥʽ ʟʤʝʥʰʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʜʣʷ ʣʶʜʝʡ ʫ ʥʝʙʝʟʧʝʯʥʠʭ ʫʤʦʚʘʭ, ʚʽʡʩʴ-

ʢʦʚʠʭ ʪʘ ʨʷʪʽʚʥʠʭ ʦʧʝʨʘʮʽʷʭ. ɸʥʘʣʽʟʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʅɹɸ 

ʚ ʩʝʢʪʦʨʠ, ʪʘʢʽ ʷʢ, ʚʽʡʩʴʢʦʚʽ ʪʘ ʧʦʣʽʮʝʡʩʴʢʽ ʦʧʝʨʘʮʽʾ, ʛʝʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʷʪʽʚʥʽ 

ʟʘʭʦʜʠ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ ʪʘ ʚʠʢʣʠʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʧʨʦʮʝʩʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʅɹɸ, ʘ ʪʘʢʦʞ ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʩʝʢʪʦ-

ʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʟʝʤʥʠʡ, ʙʝʟʧʽʣʦʪʥʠʡ, ʘʧʘʨʘʪ, ʚʽʡʩʴʢʦʚʽ ʦʧʝʨʘʮʽʾ, ʛʫʩʝʥʠʯʥʽ, ʢʦʣʝʩʥʽ, 

ʛʝʢʩʦʧʦʜ. 

Annotation: Ground unmanned vehicles (GUVs) have undergone significant development in 

recent years and have proven to be powerful tools in various fields, including military 

operations, civil defense, transportation, and agriculture. To examine the prospects for 

development and the economic feasibility of using GUVs in various sectors, the experience 

and advice of foreign specialists, as well as historical facts of using such systems, are 

utilized. The study focuses on the potential benefits of using GUVs in reducing risks for 

people in hazardous conditions, military and rescue operations. The economic feasibility of 

implementing GUVs in sectors such as military and police operations, geological research, 

and rescue operations is analyzed. Conclusions are drawn regarding the potential benefits 

and challenges arising from the implementation of GUVs, and recommendations are 

provided for the optimal utilization of this technology, taking into account the specific 

requirements and characteristics of different sectors. 

Keywords: ground, unmanned, vehicle, military operations, tracked, wheeled, hexapod.. 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʧʘʨʘʪʽʚ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ  ʱʦ 

ʚʦʥʠ ʩʪʘʣʠ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʎʝ ʧʦʚʠʥʥʦ ʟʤʽʥʠʪʠ ʥʘʰʝ 

ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʙʘʛʘʪʴʦʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ. ɯʩʪʦʨʽʷ ʚʢʘʟʫʻ ʥʘ ʾʭ ʙʝʟʧʝʨʝʯʥʽ 

ʧʝʨʝʚʘʛʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʩʠʪʫʘʮʽʡ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ . ʊʘʢʠʡ ʜʦʩʚʽʜ ʤʘʶʪʴ 

ʧʝʨʝʜʦʚʽ ʢʨʘʾʥʠ ʩʚʽʪʫ ʪʘʢʽ ʷʢ ɸʤʝʨʠʢʘ, ʅʽʤʝʯʯʠʥʘ ʽ ʥʘ ʩʘʤ ʧʝʨʝʜ ʋʢʨʘʾʥʘ. ʅʘʨʘʟʽ ʩʘʤʘ 

ʥʘʰʘ ʢʨʘʾʥʘ ʻ ʥʘʡʧʝʨʝʜʦʚʽʰʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʩʶ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʮʽʻʾ ʛʘʣʫʟʽ. ʆʜʥʘʢ ʨʘʟʦʤ ʟ ʪʠʤ ʜʦ ʫʚʘʛʠ ʤʘʡʞʝ ʥʝ ʙʝʨʝʪʴʩʷ ʜʦʩʚʽʜ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʘʨʘʪʽʚ ʩʘʤʝ ʥʘʟʝʤʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɭ ʙʘʛʘʪʦ ʧʨʠʚʦʜʽʚ ʚʚʘʞʘʪʠ ʱʦ 

ʩʘʤʝ ʥʘʟʝʤʥʽ ʙʝʟʧʽʣʦʪʥʽ ʘʧʘʨʘʪʠ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʛʘʣʫʟʟʶ ʜʣʷ ʨʦʟʚʠʪʢʫ. 

ʋ ʚʽʡʩʴʢʦʚʠʭ ʪʘ ʨʷʪʫʚʘʣʴʥʠʢʽʚ ʻ ʚʝʣʠʢʠʡ ʟʘʧʠʪ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʱʦ ʜʘʜʫʪʴ 

ʟʤʦʛʫ ʨʦʟʤʽʥʦʚʫʚʘʪʠ, ʜʦʩʪʘʚʣʷʪʠ ʥʝʦʙʭʽʜʥʠʡ ʚʘʥʪʘʞ, ʪʘ ʝʚʘʢʫʡʦʚʫʚʘʪʠ ʧʦʨʘʥʝʥʠʭ. ɿ 

ʪʘʢʠʤ ʰʠʨʦʢʠʤ ʧʝʨʝʣʽʢʦʤ ʜʽʡ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʤʝ ʥʘʟʝʤʥʽ ʘʧʘʨʘʪʠ.  

ɹʘʛʘʪʦ ʧʝʨʝʜʦʚʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʚʞʝ ʤʘʶʪʴ ʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʪʘ ʨʦʟʚʠʚʘʶʪʴ ʨʽʟʥʽ 

ʪʠʧʠ ɹʅɸ.  ʉʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ ʷʢ ʢʣʘʩʠʯʥʽ ʪʠʧʠ, ʥʘ ʛʫʩʝʥʠʯʥʦʤʫ ʪʘ ʢʦʣʝʩ-

ʥʦʤʫ ʭʦʜʫ, ʪʘʢ  ʽʥʥʦʚʘʮʽʡʥʽ ʧʦ ʪʠʧʫ ʛʝʢʩʦʧʦʜ ʪʘ ʨʦʙʦʪʘ ʩʦʙʘʢʠ ʚʽʜ Boston Dynamics. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ ʱʦ ʪʝʭʥʦʣʦʛʽʾ ʚʞʝ ʜʦʩʷʛʣʠ ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɰʭʥʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʽʟʥʠʭ 

ʫʤʦʚ ʨʦʙʦʪʠ ʨʦʙʠʪʴ ʾʭ ʥʝʟʘʤʽʥʥʠʤʠ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. Counter-Unmanned Aircraft System (CUAS) Capability for Battalion-and-Below 

Operations. Abbreviated Version of a Restricted Report (2018)  

2. Technology Development for Army Unmanned Ground Vehicles (2002) 

 3. Trailblazers of Unmanned Ground Vehicles Defense Threat Reduction Agency 

and Marine Corps Warfighting Lab Lt. Col. A. C. Turner, U.S. Army. 
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ɿɸʍʆɼʀ ɿʅʀɾɽʅʅʗ ʈɸɼɯʆʃʆʂɸʎɯʁʅʆɰ ʇʆʄɯʊʅʆʉʊɯ ɹɽɿʇɯʃʆʊʅʀʍ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

ɸʥʦʪʘʮʽʷ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʫ ʚʦʻʥʥʠʭ ʢʦʥʬʣʽʢʪʘʭ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʧʨʦʪʠʜʽʾ ʟʝʥʽʪʥʦ-

ʨʘʢʝʪʥʠʤ ʢʦʤʧʣʝʢʩʘʤ (ɿʈʂ) ʧʨʦʪʠʚʥʠʢʘ. ɺʢʘʟʫʻʪʴʩʷ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹʇʃɸ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʟʜʘʪʥʦʩʪʽ ʧʨʦʪʠʩʪʦʷʪʠ ʚʠʷʚʣʝʥʥʶ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ɿʈʂ. 

ɸʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʦʤʽʪʥʦʩʪʽ 

ɹʇʃɸ: ʥʘʜʘʥʥʷʤ ʡʦʤʫ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʦʛʦ 

ʧʦʢʨʠʪʪʷ (ʈʇʇ). ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʦʤʽʪʥʦʩʪʽ 

ʜʦʩʷʛʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʦʜʥʦʯʘʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʦʭ ʤʝʪʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʬʦʨʤʫ ɹʇʃɸ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʈʇʇ. 

ɿʥʠʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʦʤʽʪʥʦʩʪʽ ɹʇʃɸ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ 

ʟʘʩʦʙʽʚ ʧʨʦʪʠʜʽʾ ɿʈʂ ʧʨʦʪʠʚʥʠʢʘ, ʟʤʝʥʰʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʧʝʨʝʭʦʧʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ʟʝʥʽʪʥʦ-ʨʘʢʝʪʥʠʡ ʢʦʤʧʣʝʢʩ, 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʧʦʤʽʪʥʽʩʪʴ, ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʝ ʧʦʢʨʠʪʪʷ, ʝʬʝʢʪʠʚʥʘ ʧʦʚʝʨʭʥʷ 

ʨʦʟʩʽʶʚʘʥʥʷ. 

ɸnnotation. This paper discusses the relevance of the use of unmanned aerial 

vehicles (UAVs) in military conflicts, in particular in the conditions of countering the 

enemy's anti-aircraft missile systems (SAMS). It is indicated that the effectiveness of UAVs 

depends significantly on their ability to resist detection by air defense radar stations.The 

authors consider two main methods of reducing the radar visibility of a UAV: giving it a 

special shape and using a radio-absorbing coating (RPP). It is noted that the optimal 

reduction of radar visibility is achieved due to the simultaneous use of both methods. At the 

same time, it is important to optimize the shape of the UAV in order to make the most of the 

advantages of the RPP. Reducing the radar visibility of UAVs is defined as one of the 

possible means of countering enemy air defense systems, reducing the probability of 

detection and interception. 

Keywords: unmanned aerial vehicles, anti-aircraft missile complex, radar visibility, 

radio-absorbing coating, effective scattering surface. 

 

ɺʽʡʩʴʢʦʚʽ ʢʦʥʬʣʽʢʪʠ, ʷʢʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʛʦʨʘʶʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ 

ʚʠʩʚʽʪʠʣʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɹʇʃɸ. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʤʦʞʣʠʚʦʩʪʷʤ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʟʘʜʣʷ ʚʝʜʝʥʥʷ ʨʦʟʚʽʜʢʠ, ʪʘʢ ʽ ʟʘʜʣʷ ʟʥʠʱʝʥʥʶ ʚʽʡʩʴʢʦʚʠʭ ʪʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʧʨʦʪʠʚʥʠʢʘ. ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ɹʇʃɸ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʧʨʦʪʠʜʽʾ ʟʝʥʽʪʥʦ-ʨʘʢʝʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʨʦʪʠʚʥʠʢʘ. 

ɻʦʣʦʚʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚʠʷʚʣʝʥʥʷ ɹʇʃɸ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ɿʈʂ ʻ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ 

ʩʪʘʥʮʽʾ (ʈʃʉ), ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʩʢʣʘʜ ɿʈʂ. ʉʫʯʘʩʥʽ ʈʃʉ ɿʈʂ, ʧʝʨʝʚʘʞʥʦ, ʧʨʘʮʶʶʪʴ ʫ 
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ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʘ ʾʭ ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ɹʇʃɸ ʥʘ 

ʚʽʜʩʪʘʥʷʭ ʫ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʪʘ/ʘʙʦ  ʩʦʪʝʥɹ ʢʽʣʦʤʝʪʨʽʚ. ɺ̔ ʜʩʪʘʥʴ ʥʘ ʷʢʽʡ ʤʦʞʝ ʙʫʪʠ 

ʚʠʷʚʣʝʥʠʡ ɹʇʃɸ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ ʧʝʨʝʭʦʧʣʝʥʥʷ, ʘ ʦʪʞʝ ʡ 

ʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜʩʪʘʥʴ ʥʘ ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʚʠʷʚʣʝʥʠʡ ɹʇʃɸ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʃʉ ɿʈʂ, ʘ ʡ ʚʽʜ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʛʦ ɹʇʃɸ, ʘ ʩʘʤʝ ï ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ 

ʨʦʟʩʽʶʚʘʥʥʷ (ɽʇʈ). 

ɿʤʝʥʰʝʥʥʷ ɽʇʈ ɹʇʃɸ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ: 

¶ ʥʘʜʘʥʥʷ ɹʇʃɸ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ; 

¶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ɹʇʃɸ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʦʛʦ ʧʦʢʨʠʪʪ ̫(ʈʇʇ). 

ʉʫʪʥʽʩʪʴ ʥʘʜʘʥʥʷ ɹʇʃɸ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʜʣʷ ʥʴʦʛʦ ʪʘʢʠʭ 

ʟʦʚʥʽʰʥʽʭ ʦʙʚʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʤʝʥʰʠʪʠ ʧʦʪʽʢ ʨʦʟʩʽʷʥʦʾ ʝʥʝʨʛʽʾ ʚ ʥʘʧʨʷʤʢʫ ʥʘ ʈʃʉ 

ɿʈʂ. ɼʣʷ ʮʴʦʛʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ɹʇʃɸ ʥʝʦʙʭʽʜʥʦ ʥʘʤʘʛʘʪʠʩʷ ʚʠʢʣʶʯʠʪʠ ʟ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʛʦʩʪʨʽ ʢʨʦʤʢʠ, ʜʚʦʭ/ʪʨʴʦʭ ʛʨʘʥʥʽ ʧʨʷʤʽ ʢʫʪʠ, ʚʠʩʪʫʧʠ, ʦʪʚʦʨʠ, ʪʦʱʦ. ʅʘʜʘʥʥʷ ɹʇʃɸ 

ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ɽʇʈ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ. ʈʘʟʦʤ ʟ ʮʠʤ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʤʽʥʘ ʬʦʨʤʠ ɹʇʃɸ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʤʘʣʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʫ 

ʧʦʤʽʪʥʽʩʪʴ ʚʦ ʚʩʴʦʤʫ ʤʦʞʣʠʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʈʃʉ, ʪʦʤʫ ʦʜʥʠʤ ʟ 

ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʧʠʪʘʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ɹʇʃɸ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʭ ʩʝʢʪʦʨʽʚ ʟ ʷʢʠʭ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʡʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʈʃʉ ɿʈʂ. 

ʈʇʇ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʝʥʝʨʛʽʶ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ɹʇʃɸ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʾ ʚ ʽʥʰʽ ʚʠʜʠ ʝʥʝʨʛʽʾ. ʁʦʛʦ ʥʘʥʦʩʷʪʴ ʥʘ 

ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ɹʇʃɸ. ʈʇʇ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʩʣʽʜʫʶʯʠ ʢʣʘʩʠ: 

¶ ʬʝʨʦʤʘʛʥʽʪʥʝ ʧʦʢʨʠʪʪʷ ʘʙʦ ʤʘʛʥʽʪʥʠʡ ʝʢʨʘʥ ʉʦʣʩʙʝʨʽ; 

¶ ʨʝʟʦʥʘʥʩʥʝ ʈʇʇ; 

¶ ʰʠʨʦʢʦ-ʩʤʫʞʥʝ ʈʇʇ; 

¶ ʝʣʝʢʪʨʠʯʥʠʡ ʝʢʨʘʥ ʉʦʣʩʙʝʨʽ; 

¶ ʣʘʢʦʬʘʨʙʦʚʝ ʈʇʇ. 

ʈʇʇ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʪʘ ʩʢʣʘʜʫ, ʤʦʞʫʪʴ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶ, 

ʧʦʻʜʥʫʚʘʪʠ ʚ ʩʦʙʽ ʬʫʥʢʮʽʾ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʈʇʇ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ɽʇʈ ɹʇʃɸ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ɽʇʈ ʥʝʦʙʭʽʜʥʦ ʦʜʥʦʯʘʩʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢ ʟʘʭʦʜʽʚ ʧʦ ʥʘʜʘʥʥʶ ɹʇʃɸ ʩʧʝʮʽʘʣʴʥʠʭ ʬʦʨʤ, ʪʘʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʈʇʇ. ɯʥʘʢʰʝ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʚʝʩʪʠ ʥʘʥʽʚʝʮʴ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʜʥʠʭ ʟʘʩʦʙʽʚ ʽʛʥʦʨʫʶʯʠ ʽʥʰʠʤʠ. 

ʆʪʞʝ ʟʥʠʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʦʤʽʪʥʦʩʪʽ ɹʇʃɸ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʜʘʣʴʥʽʩʪʴ ʡʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʻ ʦʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠʜʽʾ ʟʝʥʽʪʥʦ-ʨʘʢʝʪʥʠʤ 

ʢʦʤʧʣʝʢʩʘʤ ʧʨʦʪʠʚʥʠʢʘ. 
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ɸɿʆʊʆɺɸʅɽ ʍʈʆʄʆɺɽ ʇʆʂʈʀʊʊʗ ɺʀʉʆʂʆɰ ʊɺɽʈɼʆʉʊɯ 

ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʘʟʦʪʦʚʘʥʦʛʦ ʭʨʦʤʦʚʦʛʦ 

ʧʦʢʨʠʪʪʷ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚʽʜ ʧʨʦʮʝʥʪʥʦʛʦ ʚʤʽʩʪʫ ʘʟʦʪʫ ʚ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ. 

ʇʦʨʽʚʥʷʥʦ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʦʚʠʭ ʽ ʘʟʦʪʦʚʘʥʠʭ ʭʨʦʤʦʚʠʭ ʧʦʢʨʠʪʴ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠ-

ʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʚʩʪʠʭ ʪʚʝʨʜʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʥʠʟʴʢʦʶ 

ʧʦʨʠʩʪʽʩʪʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʝ ʦʩʘʜʞʝʥʥʷ, ʘʟʦʪʫʚʘʥʥʷ, ʪʚʝʨʜʽʩʪʴ, ʩʪʨʫʢʪʫʨʘ. 

Abstract. The technology for removing high-grade nitrated chrome coating using the vacu-

um-arc deposition method is presented. The results of monitoring the microhardness of the 

coating as a percentage of nitrogen in the gas mixture are presented. The structure of chrome 

and nitrided chrome coats is compared. Optimal technological parameters have been estab-

lished for the extraction of tough hard coatings with low porosity. 

Keywords: vacuum-arc deposition, nitriding, hardness, structure. 

 

ɺʠʩʦʢʦʤʽʮʥʽ ʧʦʢʨʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʭʠʩʪʫ ʜʝʪʘʣʝʡ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʜʥʠʤʠ ʟ ʥʠʭ ʻ ʭʨʦʤʦʚʽ ʧʦʢʨʠʪʪʷ, ʷʢʽ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

ʞʘʨʦʩʪʽʡʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ [1]. ʇʦʢʨʠʪʪʷ ʭʨʦʤʫ ʫ 

ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʪʚʝʨʜʽʩʪʴ: 2-4 ɻʇʘ ʜʣʷ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʠʭ 

ʧʦʢʨʠʪʪʽʚ ʪʘ 6-8 ɻʇʘ ʜʣʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ [2]. ʇʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʭʨʦ-

ʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʘʟʦʪʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ. ʅʽʪʨʠʜʥʽ 

ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʪʚʝʨʜʽʩʪʴ ʥʘ ʨʽʚʥʽ 30 ɻʇʘ [3]. ɸʣʝ ʾʭ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʢʨʠʭʢʽʩʪʴ, 

ʪʦʤʫ ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʤʢʤ. 

ʉʪʚʦʨʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʭʨʦʤʫ ʚ ʛʘʟʦʚʽʡ ʘʪʤʦʩʬʝʨʽ 

ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʫʤʽʰ ʛʘʟʽʚ ʘʨʛʦʥʫ ʟ ʘʟʦʪʦʤ, ʪʠʩʢ ʛʘʟʫ ʢʘʤʝʨʽ 

4õ6Ĭ10-2 ʇʘ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʚʝʨʜʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʫ ʚ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ. ʋ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʘʟʦʪʫ ʟ 20 ʜʦ 100 % 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟ 3 ʜʦ 20 ɻʇʘ (ʨʠʩ.1). ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʢʽʣʴʢʽʩʪʴ 

ʘʟʦʪʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʠʪʪʷ: ʟʙʣ̔ʴʰʫʻʪʴʩʷ ʡʦʛʦ ʧʦʨʠʩʪʽʩʪʴ 

(ʨʠʩ. 2). 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʨʛʦʥʫ ʟʨʦʩʪʘʻ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʪʦʚʱʠʥʠ ʧʦ-

ʢʨʠʪʪʷ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʛʥʫʪʘ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʩʢʣʘʣʘ 0,8 ʤʢʤ/ʭʚ ʟʘ ʟʘʛʘʣʴʥʦʾ 

ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 80-100 ʤʢʤ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʘʢʫ-

ʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʚʝʨʜʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʥʠʟʴʢʦʶ ʧʦʨʠʩʪʽʩʪʶ. 

ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʨʽʚʥʷʥʦ ʪʦʚʩʪʽ ʤʽʮʥʽ ʧʦʢʨʠʪʪʷ ʟ ʚʠʩʦʢʠʤ 

ʩʪʫʧʝʥʝʤ ʘʜʛʝʟʽʾ ʜʦ ʤʝʪʘʣʝʚʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 
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ɺʇʃʀɺ ʐɺʀɼʂʆʉʊɯ ʆʍʆʃʆɼɾɽʅʅʗ ʅɸ ʉʊʈʋʂʊʋʈʋ ʊɸ ɺʃɸʉʊʀɺʆʉʊɯ 

ɺʀʉʆʂʆɽʅʊʈʆʇɯʁʅʆɻʆ  ʉʇʃɸɺʋ COCR0.8CU0.64FENI 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʚʠʩʦ-

ʢʦʝʥʪʨʦʧʽʡʥʦʛʦ ʩʧʣʘʚʫ CoCr0.8Cu0.64FeNi ʫ ʣʠʪʦʤʫ ʪʘ ʟʘʛʘʨʪʦʚʘʥʦʤʫ ʟ ʨʦʟʧʣʘʚʫ ʩʪʘ-

ʥʘʭ. ɺʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʧʣʘʚ CoCr0.8Cu0.64FeNi  

ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʤʘʛʥʽʪʦʤôʷʢʠʡ  ʤʘʪʝʨʽʘʣ. ʇʨʠ ʮʴʦʤʫ ʛʘʨʪʫʚʘʥʥʷ ʟ ʨʽʜʢʦʛʦ 

ʩʪʘʥʫ ʟʙʽʣʴʰʫʻ ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ ʟʨʘʟʢʽʚ ʪʘ ʧʽʜʚʠʱʫʻ  ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʚʠʩʦʢʦʝʥʪʨʦʧʽʡʥʠʡ ʩʧʣʘʚ, ʩʪʨʫʢʪʫʨʘ, ʛʘʨʪʫʚʘʥʥʷ ʟ ʨʦʟʧʣʘʚʫ, ʤʽʢʨʦ-

ʪʚʝʨʜʽʩʪʴ, ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɸnnotation. The  structure and physical properties of the multicomponent high-entropy alloy 

CoCr0.8Cu0.64FeNi  in the as-cast and melt-quenched state were investigated. Measurements 

of the magnetic properties showed that the CoCr0.8Cu0.64FeNi  alloy can be classified as soft 

magnetic material. Its coercivity and microhardness increase after quenching. 

Keywords: high entropy alloy, structure, melt-quenching, microhardness, magnetic proper-

ties. 

 

ʊʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʣʘʚʽʚ ʧʦʪʨʽʙʥʦ ʦʙʠʨʘʪʠ ʦʜʠʥ ʝʣʝ-

ʤʝʥʪ ʷʢ ʦʩʥʦʚʫ (ʥʘʧʨʠʢʣʘʜ, ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ Fe, Cu, Al, Ni, Mg ʪʦʱʦ). ɸʣʝ ʮʷ ʜʫʤʢʘ 

ʙʫʣʘ ʩʧʨʦʩʪʦʚʘʥʘ ʧʽʩʣʷ ʚʠʥʘʡʜʝʥʥʷ ʥʦʚʦʛʦ ʪʠʧʫ ʩʧʣʘʚʽʚ - ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʚʠʩʦ-

ʢʦʝʥʪʨʦʧʽʡʥʠʭ ʩʧʣʘʚʽʚ (ɺɽʉ), ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧôʷʪʠ ʘʙʦ ʙʽʣʴʰʝ ʝʣʝʤʝʥʪʽʚ ʫ ʨʽʚʥʠʭ 

ʝʢʚʽʤʦʣʷʨʥʠʭ ʧʨʦʧʦʨʮʽʷʭ. ʆʩʦʙʣʠʚʽʩʪʶ ɺɽʉ ʧʦʨʽʚʥʷʥʦ ʟ ʟʚʠʯʘʡʥʠʤʠ ʩʧʣʘʚʘʤʠ ʻ ʪʝ, 

ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʝʥʪʨʦʧʽʶ ʟʤʽʰʫʚʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʾʭ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

[1]. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʩʪʨʫʢʪʫʨʠ ɺɽʉ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ. ɯʩʥʫʶʪʴ ʪʘʢʦʞ 

ɺɽʉ ʟ ʥʝʝʢʚʽʤʦʣʷʨʥʠʤ ʚʤʽʩʪʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ, ʚ 

ʷʢʠʭ ʪʘʢʦʞ ʻ ʚʧʦʨʷʜʢʦʚʘʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ, ʽʥʪʝʨʤʝʪʘʣʽʯʥʽ ʩʧʦʣʫʢʠ, ʪʘ ʥʘʚʽʪʴ ʘʤʦʨʬʥʽ 

ʬʘʟʠ [2]. ɺɽʉ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʪʝʭʥʽʮʽ ʟʘʚʜʷʢʠ ʾʭ ʚʠʩʦʢʠʤ 

ʧʦʢʘʟʥʠʢʘʤ ʪʚʝʨʜʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʦ ʨʘʜʽʘʮʽʾ, ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʢʦʨʦʟʽʾ [1-4]. 

ʆʜʥʠʤ ʽʟ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ, 

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʻ ˇʘʨʪʫʚʘʥʥʷ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ 

(ˆʈʉ). ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ ʧʦʥʘʜ 104 ʂ/ʩ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʚ ʩʧʣʘʚʘʭ ʬʦʨʤʫʻʪʴʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʪʘʥʽʚ ʟ  ʫʥʽʢʘʣʴʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʦʤʫ ˆʈʉ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ɺɽʉ ʽʟ ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʽʜʚʠʱʠʚʩʷ ʽʥʪʝʨʝʩ ʜʦ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɽʉ ʥʝ ʣʠʰʝ 

ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ, ʘʣʝ ʡ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʝʷʢʽ ʟ 

ʮʠʭ ʩʧʣʘʚʽʚ ʚʠʛʣʷʜʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [4]. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ 
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ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʪʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɺɽʉ 

CoCr0.8Cu0.64FeNi. ʃʠʪʽ ʟʨʘʟʢʠ  ʩʧʣʘʚʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʯʽ ʊʘʤʤʘʥʘ ʫ 

ʧʦʪʦʮʽ ʘʨʛʦʥʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ˆʈʉ, ʷʢʘ ʧʦʣʷʛʘʣʘ ʚ ʰʚʠʜʢʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ ʢʨʘʧʝʣʴ ʨʦʟʧʣʘʚʫ ʧʨʠ ʾʭ ʟʽʪʢʥʝʥʥʽ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʶ ʧʦ-

ʚʝʨʭʥʝʶ ʧʦʨʦʞʥʠʩʪʦʛʦ ʤʽʜʥʦʛʦ ʮʠʣʽʥʜʨʘ ʷʢʠʡ ʰʚʠʜʢʦ ʦʙʝʨʪʘʚʩʷ (~8000 ʦʙ/ʭʚ) ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʧʣʽʚʢʠ ʩʧʣʘʚʫ. ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʥʦʚʠʣʘ ʜʦ 106 ʂ/ʩ. 

ɸʥʘʣʽʟ ʨʝʥʪʛʝʥʦʛʨʘʤ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʷʢ ʚ ʣʠʪʠʭ, ʪʘʢ ʽ ʚ ˆʈʉ ʟʨʘʟʢʘʭ  

CoCr0.8Cu0.64FeNi ʬʦʨʤʫʻʪʴʩʷ ʦʜʥʦʬʘʟʥʘ ɻʎʂ ʩʪʨʫʢʪʫʨʘ, ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʨʝʰʽʪʢʠ ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 0.3593 ʥʤ ʪʘ 0.3589 ʥʤ.  

ʄʘʛʥʽʪʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʨʘʟʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʧʣʘʚʫ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʧʦʚʦʶ ʬʝʨʦʤʘʛʥʽʪʥʦʶ ʧʦʚʝʜʽʥʢʦʶ. ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʨʮʠʪʠʚʥʦʾ 

ʩʠʣʠ Hc (120 ɸ/ʤ ʜʣʷ ʣʠʪʠʭ ʪʘ 240 ɸ/ʤ ʜʣʷ ˆʈʉ ʟʨʘʟʢʽʚ) ʾʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʤʘʛ-

ʥʽʪʦʤôʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ MS 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ (35 ɸĿʤ2/ʢʛ ʪʘ  33 

ɸĿʤ2/ʢʛ). ʆʯʝʚʠʜʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ  ʧʦʚôʷʟʘʥʦ ʟ ʚʥʫʪʨʽʰʥʽʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʤʘʪʝʨʽʘʣʽ ʧʽʜ ʯʘʩ ʟʘʛʘʨʪʫʚʘʥʥʷ ʟ ʨʦʟʧʣʘʚʫ, ʘ ʪʘʢʦʞ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʜʝʬʝʢʪʽʚ ʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʚʢʣʶʯʝʥʴ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʤʽʱʝʥʥʷ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ ʧʽʜ ʯʘʩ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ˆʈʉ ʟʨʘʟʢʽʚ  ʩʧʣʘʚʫ CoCr0.8Cu0.64FeNi ʧʦʢʘʟʘʣʦ, ʱʦ ʟʥʘ-

ʯʝʥʥʷ Hɛ ʜʣʷ ʥʠʭ ʚʠʱʝ, ʥʽʞ ʜʣʷ ʩʧʣʘʚʫ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ (2600 ʄʇʘ ʪʘ 2200 ʄʇʘ 

ʚʽʜʧʦʚʽʜʥʦ). ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʻ ʥʝʩʧʦʜʽʚʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʦʛʦ ʩʧʣʘʚʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʦʛʦ ʙʽʣʴʰ ʨʽʚʥʦʚʘʞʥʠʤ ʙʘʛʘʪʦʬʘʟʥʠʤ ʩʪʘʥʦʤ, ʪʦʜʽ ʷʢ ʫ ʰʚʠʜʢʦʦʭʦ-

ʣʦʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ 

ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ.  
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ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɾʃʀɺʆʉʊɯ ɿɸʄɯʅʀ ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺʋ ʅɸ 

ʉʂʃʆʇʃɸʉʊʀʂ ɺ ʂʆʅʉʊʈʋʂʎɯɰ ɸɽʈʆɼʀʅɸʄɯʏʅʆɻʆ ʂɽʈʄɸ 

ɸʥʦʪʘʮʽʷ. ʊʠʪʘʥ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʚʠʨʦʙʘʭ ʚ ʷʢʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʣʝʛʢʽʩʪʴ, 

ʞʦʨʩʪʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʪʘ ʞʘʨʦʩʪʽʡʢʽʩʪʴ. ʆʜʥʘʢ ʪʽ ʞ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʫʤʦʚʣʶ-

ʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʦʙʤʝʞʫʻ ʰʚʠʜʢʽʩʪʴ ʽ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. ɺ ʷʢʦʩʪʽ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʢʝʨʤʘ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʚ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʣʦʧʣʘʩʪʠʢ. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʧʽʜʪʚʝʨʜʠʣʠ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʟʘʤʽʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʦʧʣʘʩʪʠʢʫ ʟʘʙʝʟʧʝʯʠʪʴ ʟʤʝʥ-

ʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʜʝʪʘʣʽ, ʧʨʠʩʢʦʨʠʪʴ ʚʠʨʦʙʥʠʮʪʚʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʧʨʠ ʟʙʝʨʝ-

ʞʝʥʥʽ ʤʽʮʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʢʣʦʧʣʘʩʪʠʢ, ʪʠʪʘʥ, ʤʽʮʥʽʩʪʴ. 

Annotation. Titanium is widely used in modern aerospace products as a structural material 

due to the combination of such properties as lightness, rigidity, durability and heat re-

sistance. However, the same strength characteristics determine the complexity of machining, 

which limits the speed and expansion of production, and is the basis for the development of 

new design solutions. An alternative proposal is to use fiberglass in the manufacture of an 

aerodynamic control aircraft. Physical and mechanical tests confirmed the rationality of the 

replacement. The use of fiberglass will ensure a reduction in the cost of the part, speed up 

the production of aircraft while maintaining strength and stability. 

Keywords: fiberglass, titanium, durability. 

 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʦʯʝʚʠʜʥʦ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʭ-

ʥʽʢʠ ʚʽʜʽʛʨʘʶʪʴ ʡʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʧʨʠʩʢʦʨʝʥʥʷ, ʪʘ ʷʢ ʥʘʩʣʽʜʦʢ ʡʦʛʦ ʩʧʨʦʱʝʥʥʷ. 

ʆʙʤʝʞʫʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ  ̒ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʩʪʘʚʦʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʯʝʨʝʟ ʟʫʧʠʥʢʫ ʘʙʦ ʚʪʨʘʪʫ ʚʠʨʦʙʥʠʮʪʚ, ʫʜʦʨʦʞʯʘʥʥʷ ʯʝʨʝʟ ʫʩʢʣʘʜʥʝʥʥʷ 

ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʪʦʱʦ.  

ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʘʤʽʥʘ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ʩʪʘʻ ʥʝ ʪʽʣʴʢʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ, 

ʘʣʝ ʽ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʦʨʝʯʥʽʩʪʴ ʟʘʤʽʥʘ ʪʠʪʘʥʦ-

ʚʦʛʦ ʩʧʣʘʚʫ ʥʘ ʩʢʣʦʧʣʘʩʪʠʢ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʢʝʨʤʘ ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʧʽʜ 

ʯʘʩ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʪʨʝʭʪʦʯʢʦʚʠʤ ʟʛʠʥʦʤ ʤʦʜʝʣʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʢʝʨʤʘ, ʚʠʛʦʪʦʚʣʝ-

ʥʦʾ ʤʝʪʦʜʦʤ ʚʠʢʣʘʜʢʠ ʪʢʘʥʠʥʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ, ʧʨʦʩʦʯʝʥʦʾ ʝʧʦʢʩʠʜʥʠʤ ʩʧʦʣʫʯʥʠʤ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

Tira Test-2300. ɺ ʭʦʜʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʫʣʦ ʧʨʠʢʣʘʜʝʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 44860 ʅ ʧʽʩʣʷ 

ʯʦʛʦ ʟʨʘʟʦʢ ʧʽʜʜʘʚʩʷ ʚʠʢʨʠʚʣʝʥʥʶ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ, ʪʘ ʚʽʟʫʘʣʴʥʦ ʚʽʜʥʦʚʠʚ ʩʚʦʶ ʬʦʨʤʫ 

ʧʽʜ ʯʘʩ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. 

ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʜʦʚʞʠʪʠ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʽ ʟʘʭʦʜʠ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʢʝʨʤʘ. 
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ɸʅɸʃɯɿ ʉʊɺʆʈɽʅʅʗ ɹɸɻɸʊʆʌʋʅʂʎɯʆʅɸʃʔʅʆɻʆ ɿʆɺʅɯʐʅʔʆɻʆ 

ʇʆʂʈʀʊʊʗ ʂʆʄʇʆɿʀʊʅʆɻʆ ʂʆʈʇʋʉʋ ʈɸʂɽʊʀ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʝʨʤʦʩʪʽʡʢʦʛʦ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʘʜʽʦʥʝʧʦʤʽʪʥʽʩʪʴ ʽ ʪʝʧʣʦʚʠʡ ʟʘʭʠʩʪ 

ʯʘʩʪʠʥ ʨʘʢʝʪ. ʅʘʤʽʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ, 

ʤʘʪʨʠʮʷ, ʥʘʧʦʚʥʶʚʘʯ, ʨʘʜʽʦʥʝʧʦʤʽʪʥʽʩʪʴ 

Annotation: The analysis of composite materials for heat-resistant multifunctional 

coating, which provides radio invisibility and thermal protection of missile parts, is carried 

out. Promising directions for creating effective broadband radio-absorbing materials are 

outlined. 

Keywords: Composite material, multifunctional coating, matrix, filler, radiation 

shielding 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʚʽʜʩʫʪʥʽ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʤʧʣʝʢʩʫ ʚʠʤʦʛ ʽ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ, ʪʘʢ ʽ 

ʨʘʜʽʦʥʝʧʦʤʽʪʥʦʩʪʽ. 

ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʝ ʙʫʪʠ ʩʪʽʡʢʠʤ ʜʦ ʥʘʥʝʩʝʥʥʷ ʽ ʟʙʝʨʽʛʘʪʠ 

ʩʚʦʾ ʬʫʥʢʮʽʾ ʫ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ  650é1350Áʉ. ɺʠʤʦʛʠ ʱʦʜʦ ʚʠʩʦʢʦʾ 

ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʚʘʟʽ ʽ ʨʘʜʽʦʥʝʧʦʤʽʪʥʦʩʪʽ ʫ ʟʘʜʘʥʦʤʫ 

ʯʘʩʪʦʪʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʥʦ ʦʙʤʝʞʫʶʪʴ ʢʣʘʩ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ [1,2,3]. ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʷ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʶ ʨʘʢʝʪ ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʨʦʙʣʝʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʱʦ ʤʘʻ 

ʚʠʩʦʢʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʥʘʥʝʩʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘ ʢʦʨʜʦʥʦʤ ʽʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʴʩʷ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʟ 

ʧʨʦʪʠʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʟʦʢʨʝʤʘ ʫ ʉʐɸ ʟʘ ʧʨʦʛʨʘʤʦʶ ñʉʪʝʣʩò. 

ʈʦʟʨʦʙʣʶʚʘʥʝ ʧʦʢʨʠʪʪʷ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʬʫʥʢʮʽʡ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʚʠʤʦʛ ʜʦ ʦʡʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʻ ʚʠʩʦʢʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 1350Áʉ ʜʽʻ ʥʘ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʨʘʢʝʪʠ ʧʨʦʪʷʛʦʤ 30ʩ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʚʽʜʨʽʟʢʫ ʪʨʘʻʢʪʦʨʽʾ ʽ 20ʩ ʧʝʨʝʜ ʟʘʢʽʥʯʝʥʥʷʤ ʨʦʙʦʪʠ ʚʠʨʦʙʫ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ 

ʫʟʛʦʜʞʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʽʪʨʷʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʜʙʠʪʪʷ 

ʧʘʜʘʶʯʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʰʘʨʽʚ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʨʠʩ. 1): 
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1. ʋʟʛʦʜʞʫʚʘʣʴʥʠʡ ʰʘʨ 

2. ʇʦʛʣʠʥʘʣʴʥʠʡ ʰʘʨ 

3. ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ (ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ) 

ʉʠʣʦʚʘ ʦʙʦʣʦʥʢʘ ʢʦʨʧʫʩʫ 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ 

 

ʧʝʨʰʠʡ (ʟʦʚʥʽʰʥʽʡ) ʰʘʨ ʟʘʙʝʟʧʝʯʫʻ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʪʘ ʫʟʛʦʜʞʝʥʥʷ 

ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʽʪʨʷʤ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʜʙʠʪʪʷ 

ʧʘʜʘʶʯʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

ʜʨʫʛʠʡ ʰʘʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʩʣʘʙʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ 

ʨʘʜʽʦʭʚʠʣʴ ʽ ʤʽʩʪʠʪʴ ʧʦʛʣʠʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʛʨʘʜʽʻʥʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʦʥʮʝʥʪʨʘʮʽʡ, 

ʚʦʜʥʦʯʘʩ ʻ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ; 

ʪʨʝʪʽʡ ʰʘʨ - ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ - ʚʚʦʜʷʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

 ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʦʧʨʦʬʽʣʴʥʠʭ ʚʠʨʦʙʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʻ ʥʘʧʠʣʝʥʥʷ. ʅʝʦʙʭʽʜʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʨʘʜʽʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʙʝʟʧʝʯʫʻ ʣʠʰʝ ʘʨʤʫʚʘʥʥʷ ʪʝʨʤʦʩʪʽʡʢʦʾ ʤʘʪʨʠʮʽ 

ʪʝʨʤʦʩʪʽʡʢʠʤʠ ʨʘʜʽʦʧʨʦʟʦʨʠʤʠ ʚʦʣʦʢʥʘʤʠ. 

 ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʪʠ  ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ, ʜʣʷ ʷʢʦʛʦ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽʜʦʤʽ ʪʝʧʣʦʟʘʭʠʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʥʘʥʦʩʷʪʴ ʥʘʧʠʣʝʥʥʷʤ. 

 ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʦʩʪʽʡʢʝ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʤʦʩʪʽʡʢʦʛʦ ʰʘʨʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʽʪʨʷʤ, ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ, ʱʦ ʧʦʛʣʠʥʘʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʘʜʘʥʦʤʫ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

 ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ ʚʠʱʝ, ʨʦʟʨʦʙʣʝʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʩʪʽʡʢʦʾ ʤʘʪʨʠʮʽ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʜʦʤʽʰʢʘʤʠ ʘʨʤʦʚʘʥʦʾ ʪʢʘʥʠʥʘʤʠ ʘʙʦ ʩʪʨʽʯʢʘʤʠ ʟ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʝʨʘʤʽʯʥʠʭ 

ʨʘʜʽʦʧʨʦʟʦʨʠʭ ʚʦʣʦʢʦʥ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ɺʀʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅɸ ɺɸʂʋʋʄʅɸ ʇɸʁʂɸ ɺɺʂʄ ɿ ʄɽʊɸʃʆʄ ɼʃʗ 

ʂɸʊʆɼɯɺ ɼɺʀɻʋʅɯɺ ʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ 

ɸʥʦʪʘʮʽʷ: ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʴ-ʚʫʛʣʝʮʝʚʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ɺɺʂʄ) ʫ ʢʘʪʦʜʘʭ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ. ʇʽʜʢʨʝʩʣʝʥʦ ʚʘʞʣʠ-

ʚʽʩʪʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʚʘʢʫʫʤʥʦʾ ʧʘʡʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʟ'ʻʜʥʘʥʴ ʤʽʞ 

ɺɺʂʄ ʪʘ ʤʝʪʘʣʘʤʠ. ɿʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʧʘʷʥʥʷ, ʱʦ ʚʢʣʶʯʘ ̒ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʽʞʥʠʭ 

ʧʨʦʰʘʨʢʽʚ ʽ ʩʧʽʢʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʘʢʫʫʤʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʧʨʦʰʘʨʢʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʩʧʨʠʷʻ ʦʪʨʠʤʘʥʥʶ ʤʽʮʥʦ-

ʛʦ ʤʝʪʘʣʝʚʦʛʦ ʟʚ'ʷʟʢʫ ʽ ʧʦʣʽʧʰʝʥʥʶ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ'ʻʜʥʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɺɺʂʄ, ʧʘʷʥʥʷ, ʢʘʪʦʜ 

Annotation: The problems and prospects of using carbon-carbon composite materials 

(CCCM) in the cathodes of small thrust engines are investigated. The importance of high-

temperature vacuum soldering for obtaining quality connections between CCCM and metals 

is emphasized. A soldering method involving the use of intermediate layers and sintering of 

powder materials in vacuum is applied. The use of metal interlayers in combination with 

carbide-forming materials contributes to the formation of a strong metal bond and improves 

the plastic properties of the joint. 

Keywords: CCCM, soldering, cathode 

 

ɿʨʦʩʪʘʶʯʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥʠ ʤʘʣʦʾ ʪʷʛʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝ-

ʩʽʚ ʾʭ ʟ'ʻʜʥʘʥʥʷ. ʂʘʪʦʜ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʦʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʟʣʽʚ ʪʘʢʠʭ 

ʜʚʠʛʫʥʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʘʪʦʜʘ ʻ 

ʚʫʛʣʝʮʴ-ʚʫʛʣʝʮʝʚʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ (ɺɺʂʄ), ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʘʻ ʚʠʩʦʢʽ ʤʝʭʘʥʽ-

ʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʧʣʠʚʽ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɿʥʘʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɺʂʄ ʻ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʟ'ʻʜʥʘʥʴ ʟ ʤʝ-

ʪʘʣʘʤʠ, ʷʢʽ ʧʨʘʮʝʟʜʘʪʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1400-1700 ęʉ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʦʜʥʠʤ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʟ'ʻʜʥʘʥʥʷ ɺɺʂʄ ʻ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʧʘʡʢʘ ʫ 

ʚʘʢʫʫʤʽ. ʆʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʧʘʷʥʠʭ ʟôʻʜʥʘʥʴ ʜʝʪʘʣʝʡ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʝʨʽʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʨʤʦʢʘʪʦʜʽʚ, ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʩʪʽ ʟʦʥʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ 

ʰʠʨʦʢʦʛʦ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨ.  

ʉʧʦʩʦʙʠ ʟ'ʻʜʥʘʥʥʷ ʚʫʛʣʝʮʶ ʟ ʤʝʪʘʣʘʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʬʦʨʤʫʚʘʥʥʽ ʟʦʥʠ ʟ'ʻʜʥʘʥ-

ʥʷ ʚ ʨʽʜʢʽʡ ʘʙʦ ʪʚʝʨʜʽʡ ʬʘʟʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ 

ʧʨʠ ʮʴʦʤʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʧʘʷʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʧʨʦʥʠ-

ʢʥʝʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʧʦʨʠ ɺɺʂʄ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʡʢʠ: ʩʠʣʘ ʩʪʠʩ-

ʢʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʯʘʩ ʚʠʪʨʠʤʢʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʽ ʦʭʦʣʦʜʞʝʥʥʷ [1]. ʆʜʥʠʤʠ ʟ 

ʛʦʣʦʚʥʠʭ ʩʢʣʘʜʥʦʱʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʘʷʥʥʽ ʪʦʥʢʦʩʪʽʥʥʠʭ (ʜʦ 1 ʤʤ) ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʟ ɺɺʂʄ ʽ ʚʦʣʴʬʨʘʤʫ ʤʘʨʢʠ ɺɸ, ʻ ʚʠʩʦʢʘ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʘ ʧʦʨʫʚʘʪʽʩʪʴ ɺɺʂʄ. 

ʇʽʜ ʯʘʩ ʧʘʷʥʥʷ ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʨʦʟʛʘʣʫʞʝʥʫ ʩʠʩʪʝʤʫ ʢʘʧʽʣʷʨʽʚ, ʱʦ ʩʧʨʠʷʻ ʚʪʷʛʫʚʘʥ-
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ʥʶ ʧʨʠʧʦʶ ʽ ʟʘʧʦʚʥʝʥʥʶ ʧʫʩʪʦʪ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʫʪʚʦʨʶʶʯʠ ʜʝʬʝʢʪʠ 

ʧʘʷʥʦʛʦ ʰʚʘ ʫ ʚʠʛʣʷʜʽ ʥʝʧʨʦʧʘʶ ʽ ʧʦʨʦʞʥʠʥ. ʂʘʧʽʣʷʨʠ ʤʘʶʪʴ ʨʽʟʥʫ ʛʝʦʤʝʪʨʽʶ ʪʘ 

ʨʦʟʤʽʨʠ: 10õ70 ʤʢʤ ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʦʣʦʢʦʥ ʪʘ ʜʦ 0,5 ʤʤ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʧʽʜ ʯʘʩ ʧʘʷʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʥʘʥʝʩʝʥʥʷ ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ɺɺʂʄ ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʰʘʨʢʫ, ʱʦ ʤʘʻ 

ʚʠʱʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ, ʥʽʞ ʧʨʠʧʽʡ. ʇʘʩʪʘ, ʩʬʦʨʤʦʚʘʥʘ ʟ ʤʝʪʘʣʽʯʥʠʭ ʧʦʨʦʰʢʽʚ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ Ti-Nb-Zr ʪʘ ʥʘʥʦʩʠʪʴʩʷ ʤʝʪʦʜʦʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʠʥʪʝʟʫ, ʱʦ ʩʘʤʦʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ (ʉɺʉ). ʆʜʥʠʤ ʟ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʰʘʨʢʽʚ ʻ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʥʘʥʝʩʝʥʥʷ,. ʉʧʽʢʘʥʥʷ ʧʦ-

ʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʘʢʫʫʤʫ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʴʢʠʭ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʥʷ ʟ ʦʙʤʝʞʝʥʦʶ ʨʽʜʢʦʶ ʬʘʟʦʶ ʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1900 ęʉ. 

ʄʝʪʘʣʝʚʠʡ ʧʨʦʰʘʨʦʢ ʻ ʤʽʮʥʦʶ ʩʧʝʯʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʦʚʱʠʥʦʶ 20õ40 ʤʢʤ. ɺʩʪʘʥʦʚ-

ʣʝʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʟ ʤʝʪʘʣʝʚʠʤʠ ʧʦʨʦʰʢʘʤʠ Ti, Zr, Nb ʬʦʨʤʫ-

ʻʪʴʩʷ ʤʽʮʥʘ ʟʦʥʘ ʟ'ʻʜʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʄʝʉ-ʉ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʨʦʰʘʨʢʽʚ ʨʘʟʦʤ ʟ ʧʣʘʩʪʠʯʥʠʤʠ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠ-

ʤʠ ʤʘʪʝʨʽʘʣʘʤʠ Ti, Nb, Zr ʧʽʜ ʯʘʩ ʧʘʷʥʥʷ ʚ ʚʘʢʫʫʤʽ ʩʧʨʠʷʻ ʦʪʨʠʤʘʥʥʶ ʤʽʮʥʦʛʦ ʤʝʪʘ-

ʣʝʚʦʛʦ ʟʚ'ʷʟʢʫ, ʟʤʝʥʰʫʻ ʥʘʧʨʫʛʫ, ʚʠʢʣʠʢʘʥʫ ʨʽʟʥʠʮʝʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠ-

ʨʝʥʥʷ. ʇʨʦʤʽʞʥʠʡ ʧʨʦʰʘʨʦʢ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʧʦʩʪʫʧʦʚʦʛʦ ʛʨʘʜʽʻʥʪʘ ʢʦʥʮʝʥ-

ʪʨʘʮʽʾ ʚʫʛʣʝʮʶ ʧʽʜ ʯʘʩ ʧʘʷʥʥʷ ʚʽʜ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʜʦ ʚʦʣʴʬʨʘʤʫ, ʱʦ ʧʦʢʨʘʱʫʻ ʧʣʘʩʪʠ-

ʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟôʻʜʥʘʥʥʷ [2, 3]. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʈɸɼɯɸʎɯʁʅʆɰ ʉʊɯʁʂʆʉʊɯ ʅɽʆʈɻɸʅɯʏʅʀʍ 

ɸɼʉʆʈɹɽʅʊɯɺ ɺ ʋɾɻʆʈʆɼʉʔʂʆʄʋ ʅɸʎɯʆʅɸʃʔʅʆʄʋ ʋʅɯɺɽʈʉʀʊɽʊɯ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʦʧʠʩʘʥʦ, ʱʦ ʪʘʢʝ ʘʜʩʦʨʙʝʥʪʠ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʾʭ ʨʘʜʽʘ-

ʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. ɼʘʥʦ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʘʜʩʦʨʙʝʥʪʽʚ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɼʝʨʞʘʚʥʦʤʫ ɺʅɿ çʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽ-

ʚʝʨʩʠʪʝʪè ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ. ʆʧʠʩʘʥʦ ʪʝʭʥʽʯʥʽ ʧʨʠʣʘʜʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʪʘʢʠʭ ʜʦʩ-

ʣʽʜʞʝʥʥʷʭ. ʉʝʨʝʜ ʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʙʝʪʘ-ʜʞʝʨʝʣʦ 90Sr-90Y. ɺʢʘʟʘʥʦ ʥʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ ʟʤʽʥ ʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʘʜʩʦʨʙʝʥʪʘʭ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʩʦʨʙʝʥʪʠ, ʽʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʠʩʢʦʨʶʚʘʯʽ 

Annotation. The paper describes the main features of the adsorbents and the relevance of 

research on their radiation resistance. A brief overview of radiation resistance studies of 

inorganic adsorbents, which have been conducted at the State Higher Educational Institution 

"Uzhhorod National University" in recent years is given. The technical equipment used in 

such studies is described. Among them are 90Sr-90Y beta-source, for example. The prospects 

for conducting studies of radiation-induced changes in inorganic adsorbents are indicated. 

Keywords: adsorbents, ionizing radiation, accelerators 

 

ɸʜʩʦʨʙʝʥʪʠ ʮʝ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʫʚʘʪʠ ʪʘ ʫʪʨʠʤʫʚʘʪʠ ʤʦ-

ʣʝʢʫʣʠ ʽʥʰʠʭ ʨʝʯʦʚʠʥ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʘʜʩʦʨʙʝʥʪʠ ʮʝ ï ʘʢʪʠʚʦʚʘʥʝ 

ʚʫʛʽʣʣʷ, çʙʽʣʝ ʚʫʛʽʣʣʷè, ʮʝʦʣʽʪʠ, ʡʦʥʦʦʙʤʽʥʥʽ ʩʤʦʣʠ, ʩʦʣʽ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ (ʬʦʩ-

ʬʘʪʠ, ʚʘʥʘʜʘʪʠ, ʩʠʣʽʢʘʪʠ, ʪʦʱʦ), ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ. ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʨʽʜʠʥ ʽ ʛʘʟʽʚ, ʩʧʨʠʷʶʯʠ ʚʠʣʫʯʝʥʥʶ ʥʝʙʘʞʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

ʇʽʜ ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʘ ʨʝʯʦʚʠʥʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʏʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʦʜʥʦʤʫ 

ʘʙʦ ʜʝʢʽʣʴʢʦʤ ʘʪʦʤʘʤ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʘʣʴʬʘ-, ʙʝʪʘ- ʯʠ ʛʘʤʤʘ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ, ʥʘʧʨʠʢʣʘʜ ʧʘʨʠ ʌʨʝʥʢʝ-

ʣʷ. ʊʘʢʦʞ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʩʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ. ʗʢʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ, ʝʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ ʟʙʫʜʞʫʚʘʪʠʩʷ ʜʦ ʜʫʞʝ ʚʠʩʦʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʽʦʥʠ. ʇʝʨʝʨʘʭʦʚʘʥʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ.  

ɺʨʘʭʦʚʫʶʯʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʩʦʨʙʝʥʪʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶ-

ʯʠ ʝʢʦʣʦʛʽʶ, ʤʝʜʠʮʠʥʫ ʪʘ ʝʥʝʨʛʝʪʠʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ɰʭ ʟʜʘʪʥʽʩʪʴ ʚʠʜʘʣʷʪʠ ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ ʟ ʨʦʟʯʠʥʽʚ ʨʦʙʠʪʴ ʾʭ 

ʥʝʟʘʤʽʥʥʠʤʠ ʫ ʩʬʝʨʽ ʨʘʜʽʘʮʽʡʥʦʾ ʟʘʭʠʩʪʫ. ʊʘʢʦʞ ʘʜʩʦʨʙʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʛʨʫʥʪʽʚ ʪʘ ʧʦʚʽʪʨʷ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʚʘʞʣʠʚʠʤ. 

ʋʞʝ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʋʞʛʦʨʦʜʩʴʢʦʤʫ ʥʘʮʽʦʥʘ-

ʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ. ʅʘʷʚʥʽʩʪʴ ʧʨʠʩʢʦʨʶʚʘʯʽʚ, ʥʘʧʨʠʢʣʘʜ ɹʝʪʘʪʨʦʥʫ ɹ-25 ʜʘʻ ʟʤʦʛʫ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʟ ʝʥʝʨʛʽʻʶ ʜʦ 24 ʄʝɺ. ʅʘʧʨʠʢʣʘʜ 

ʫ ʧʫʙʣʽʢʘʮʽʷʭ [1, 2] ʜʦʩʣʽʜʞʝʥʦ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʽ ʟʤʽʥʠ ʧʦʚʝʨʭʥʽ ʬʦʩʬʘʪʫ ʪʠʪʘʥʫ 

ʽ ʩʠʣʽʢʘʪʫ ʮʠʨʢʦʥʽʶ ʧʽʜ ʜʽʻʶ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʥʝʚʠ-
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ʩʦʢʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʬʦʩʬʘʪʫ ʪʠʪʘʥʫ ʥʝʟʥʘʯʥʦ ʟʨʦʩʪʘʻ, ʦʜʥʘʢ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʜʦʟʠ, ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠ-

ʥʠ ʘʜʩʦʨʙʮʽʾ. ʊʘʢʦʞ ʫ ʄʽʢʨʦʪʨʦʥʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ɼɺʅɿ ʋʞʅʋ ʻ ʩʪʨʦʥʮʽʡ-ʽʪʨʽʻʚʝ ʜʞʝ-

ʨʝʣʦ ʙʝʪʘ-ʯʘʩʪʦʢ çʉʽʨʽʫʩè. ʇʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʜʞʝʨʝʣʘ ʻ ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʥʘʷʚʥʦʩʪʽ, ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʚʽʜʪʘʢ ʝʢʦʥʦʤʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʽ ʤʦʞ-

ʣʠʚʽʩʪʴ ʦʧʨʦʤʽʥʠʪʠ ʟʨʘʟʦʢ ʷʢ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʠʤʠ ʜʦʟʘʤʠ. ʅʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʨʦʥʮʽʡ-ʽʪʨʽʻʚʦʛʦ ʜʞʝʨʝʣʘ ʻ ʩʢʣʘʜʥʽʩʪʴ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ  ʝʥʝʨʛʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʪʠʧʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸʜʞʝ, ʙʝʪʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʫʞʝ ʯʘʩʪʦ 

ʛʝʥʝʨʫʻ ʛʘʣʴʤʽʚʥʽ ʛʘʤʤʘ-ʢʚʘʥʪʠ, ʷʢʽ ʪʘʢʦʞ ʤʘʶʪʴ ʥʝʧʝʨʝʨʚʥʠʡ ʩʧʝʢʪʨ [3]. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʟʤʦʜʝʣʶʚʘʪʠ ʩʧʝʢʪʨ ʛʘʣʴʤʽʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʋʞʅʋ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʦʛʨʘʤʫ NPMA@Bremssrtanhlung ʨʦʟʨʦʙʣʝʥʫ ɯʥʩʪʠʪʫʪʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ, ʅɸʅ 

ʋʢʨʘʾʥʠ.   

ʑʦʙ ʟʘʬʽʢʩʫʚʘʪʠ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʧʽʜ ʜʽʻʶ ʦʧʨʦʤʽʥʝʥʥʷ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʈʘʤʘʥʽʚʩʴʢʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ. ʉʧʝʢʪʨʦʤʝʪʨ XploRA PLUS ʪʘʢʦʞ ʻ ʚ ʥʘʷʚ-

ʥʦʩʪʽ ʫ ʎʝʥʪʨʽ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ɼɺʅɿ ʋʞʅʋ. 

ɺʨʘʭʦʚʫʶʯʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʩʦʨʙʝʥʪʽʚ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʻ  ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʧʽʜʚʠʱʝʥʽ ʜʦʟʠ ʨʘʜʽʘʮʽʾ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʮʽʡ ʛʘʣʫʟʽ ʤʦʞʫʪʴ ʩʪʦʩʫʚʘʪʠʩʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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ɺʇʈʆɺɸɼɾɽʅʅʗ ɸɼʀʊʀɺʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɺ ʇʈʆʎɽʉʀ ʈɽʄʆʅʊʋ 

ʄɸʐʀʅ 

ɸʥʦʪʘʮʽʷ. ɸʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʰʠʨʦʢʦ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ. ʎʝ ʦʙʫʤʦʚ-

ʣʝʥʦ ʛʥʫʯʢʽʩʪʶ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʬʦʨ-

ʤʠ ʫ ʩʢʦʨʦʯʝʥʥʽ ʪʝʨʤʽʥʠ ʚʠʨʦʙʥʠʮʪʚʘ ʰʠʨʦʢʠʤʠ ʩʧʝʢʪʨʦʤ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʤʘ-

ʪʝʨʽʘʣʽʚ. ɸʢʪʫʘʣʴʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ 

ʜʝʪʘʣʝʡ, ʪʘʢ ʽ ʫ ʨʝʤʦʥʪ ʽʩʥʫʶʯʠʭ. [1] 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʨʝʤʦʥʪ, ʜʝʪʘʣʴ, ʥʘʧʣʘʚʣʝʥʥʷ. 

Annotation. Additive technologies are widely implemented in production processes. This is 

due to the flexibility of the possibility of their use for the manufacture of parts of a complex 

shape in order to shorten production times with a wide range of possibilities and materials. 

Actual implementation of additive technologies, both in the production of new parts and in 

the repair of existing ones. 

Keywords: additive technologies, repair, part, surfacing. 

 

ʈʝʟʫʣʴʪʘʪʠ. / Results. ʇʨʠ ʨʦʙʦʪʽ ʤʘʰʠʥʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʪʘ 

ʪʠʤʯʘʩʦʚʦʛʦ ʨʝʤʦʥʪʫ ʜʝʪʘʣʝʡ, ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ ʯʝʨʝʟ ʘʚʘʨʽʡʥʫ ʩʠʪʫʘʮʽʶ. ɰʾ ʨʝʤʦʥʪ 

ʘʙʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʰʣʷʭʦʤ ʧʦʰʘʨʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦ-

ʜʘʣʴʰʠʤ ʡʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷʤ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ.  

ɼʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 3D-ʧʨʠʥʪʝʨʘ, ʱʦ ʧʨʘʮʶʻ ʟʘ FDM-

ʪʝʭʥʦʣʦʛʽʻʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʨʫʢʫ. ʇʨʦʮʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʬʦʨʤʫʚʘʥʥʷ ʜʝʪʘʣʽ ʰʣʷ-

ʭʦʤ ʧʣʘʚʣʝʥʥʷ ʪʘ ʝʢʩʪʨʫʟʽʾ ʪʦʥʢʦʾ ʤʝʪʘʣʝʚʦʾ ʥʠʪʢʠ, ʧʦʜʘʣʴʰʦʛʦ ʧʦʰʘʨʦʚʦʛʦ ʥʘʥʝʩʝʥ-

ʥʷ ʤʘʪʝʨʽʘʣʫ ʩʦʧʣʦʤ ʤʘʰʠʥʠ ʥʘ ʧʦʚʝʨʭʥʶ ʦʙʨʦʙʢʠ. [1] 

ʂʦʥʩʪʨʫʢʮʽʷ ʩʦʧʣʘ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʚʚʝʜʝʥʥʷ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʤʝʪʘʣʝʚʦʛʦ ʝʣʝ-

ʤʝʥʪʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʦʜʥʦʨʽʜʥʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʟ ʚʠʟʥʘʯʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʊʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʽʥʜʫʢʪʦʨʽʚ ʘʙʦ ʟʚʘʨʶʚʘʥʥʷ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʷʢʦʩʪʽ ʤʝʭʘʥʽʟʤʫ 

ʥʘʥʝʩʝʥʥʷ ʰʘʨʫ ʤʝʪʘʣʫ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʰʘʨ. [2] 

ʄʝʪʘʣʝʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʭʘʨʘʢʪʝʨʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʟ 

ʢʠʩʥʝʤ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʊʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʧʽʜʚʝʜʝʥʥʷ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ 

ʜʦ ʟʦʥʠ ʦʙʨʦʙʢʠ. [3] 

ɸʢʪʫʘʣʴʥʦʶ ʙʫʜʝ ʨʦʙʦʪʠʟʘʮʽʷ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ ʟʘ ʟʘʜʘʥʦʶ 

ʪʨʘʻʢʪʦʨʽʻʶ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ, ʱʦ ʜʦʟʚʦ-

ʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʦʩʥʦʚʥʠʡ ʪʘ ʜʦʧʦʤʽʞʥʠʡ ʯʘʩ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ. [4] 

ʈʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʦʚʝʨ-

ʭʦʥʴ, ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ - ʜʦʟʚʦʣʠʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʤʘʰʠʥʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʨʫʢʫ ʤʝʪʘʣʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʏʇʂ ʢʣʘʩʫ CNC [5]. 

ʊʘʢʦʞ, ʚ ʧʝʨʩʧʝʢʪʠʚʽ, ʮʶ ʤʘʰʠʥʫ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʨʽʙʥʦʛʘʙʘʨʠʪʥʠʭ, ʩʝʨʝʜʥʴʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ, ʚ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʘʙʦ ʦʜʠʥʠʯ-

ʥʦ, ʚ ʧʦʨʽʚʥʷʥʦ ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ. 
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ʈʦʟʨʦʙʢʘ ʙʫʜʝ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʩʝʨʝʜʥʴʦʛʘʙʘʨʠʪʥʠʭ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʨʦʟ-

ʤʽʨʦʤ ʜʦ 600 ʭ 400 ʭ 200 ʤʤ. ɺʨʘʭʦʚʫʶʯʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʙʫʜʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʾʭ ʥʘ ʙʘʟʦʚʽʡ ʧʦʚʝʨʭʥʽ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʨʦʟʤʽʱʝʥ-

ʥʷʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʠ (ʦʪʨʠʤʘʪʠ) ʩʪʘʣʝ ʧʦʣʦʞʝʥʥʷ ʜʝʪʘʣʽ ʧʨʠ ʚʠʛʦʪʦʚ-

ʣʝʥʥʽ, ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʨʫʭ ʤʝʪʘʣʫ ʚ 

ʟʦʥʽ ʥʘʧʣʘʚʣʝʥʥʷ. 
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ʉʊʈʋʂʊʋʈʅʀʁ ɸʅɸʃɯɿ ʏʀʅʅʀʂɯɺ ʅɽʉʊɸɹɯʃʔʅʆʉʊɯ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ʉʂʃɸɼʅʆʃɽɻʆɺɸʅʆɰ ʉʊɸʃɯ ɸʋʉʊɽʅɯʊʅʆɻʆ ʂʃɸʉʋ  

ɸʥʦʪʘʮʽʷ. ɺʠʩʦʢʦ ʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ʻ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʽ ʦʙʦʨʦʥʥʽʡ ʛʘʣʫʟʷʭ, ʟʘʚʜʷʢʠ ʩʪʘʙʽʣʴʥʽʡ ʘʫʩʪʝʥʽʪʥʽʡ ʩʪʨʫʢʪʫʨʽ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʟʜʘʪʥʦʩʪʽ ʟʤʽʮʥʶʚʘʪʠʩʷ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ 

ʜʝʬʦʨʤʘʮʽʾ. ɸʣʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʪʘʣʝʡ ʦʙʤʝʞʝʥʝ ʟʥʘʯʥʦʶ ʤʽʢʨʦʭʽʤʽʯʥʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʯʠʥʠ ʬʦʨʤʫʚʘʥʥʷ ʩʤʫʛʘʩʪʦʾ 

ʘʥʽʟʦʪʨʦʧʽʾ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʠʨʦʙʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʦʚʦʾ ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʽʟʦʪʨʦʧʽʷ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʘʫʩʪʝʥʽʪʥʘ ʩʪʘʣʴ, ʪʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ, ʩʤʫʛʘʩʪʘ ʤʽʢʨʦʭʽʤʽʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ. 

 

ɺʩʪʫʧ. ʉʴʦʛʦʜʝʥʥʷ ʚʠʩʫʚʘʻ ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʥʦʚʽ ʚʠʢʣʠʢʠ ʽ ʟʘʜʘʯʽ ʧʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʽʩʥʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ. ɼʦʜʘʪʢʦʚʽ ʫʩʢʣʘʜʥʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʽ 

ʚʽʡʥʦʶ, ʚʠʤʘʛʘʶʪʴ ʰʚʠʜʢʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʩʥʫʶʯʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʧʦʰʫʢʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ.  
ʈʦʟʨʦʙʣʝʥʘ ʥʘʧʨʠʢʽʥʮʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʘʫʩʪʝʥʽʪʥʘ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʘ ʩʪʘʣʴ 

9ɻ28ʖ9ʄɺɹ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʰʠʨʦʢʦʤʫ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʝʨʝʰʢʦʜʞʘʻ ʟʥʘʯʥʘ ʘʥʽʟʦʪʨʦʧʽʷ, ʷʢʘ 

ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʚʠʪʢʫ ʣʽʢʚʘʮʽʡʥʽʡ ʭʽʤʽʯʥʽʡ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʾʾ ʥʘʩʣʽʜʫʚʘʥʥʽ 

ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ (ʨʠʩ.1). ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʘʥʽʟʦʪʨʦʧʽʾ 

ʜʦʩʷʛʘʻ ʚ ʧʨʫʪʢʘʭ ʚʽʜ 1,5 ʜʣʷ ʧʨʫʪʢʘ ʧʝʨʝʪʠʥʦʤ 105ʭ105 ʤʤ ʜʦ 3,9 ʦʜʠʥʠʮʴ ʧʨʫʪʢʘ 

ʜʽʘʤʝʪʨʦʤ 120ʤʤ. ʂʦʝʬʽʮʽʻʥʪ ʘʥʽʟʦʪʨʦʧʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʧʦ ʬʦʨʤʫʣʽ: 

Ἧ = ρσ
̃̈̅̏̃̇

̐̏̐̆̑̆̋

̃̈̅̏̃̇

̐̏̐̆̑̆̋

́̎̃̈̅̏̃̇

́̎̐̏̐̆̑̆̋
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ʈʠʩʫʥʦʢ 1 ï ʉʤʫʛʘʩʪʘ ʤʽʢʨʦʭʽʤʽʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ ʫ 

ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ. ʘ,ʙ ʭ 300 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʠʣʠ 

ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʨʽʟʥʽ ʩʤʫʛʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʚʤʽʩʪ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ, 

ʟʘʟʚʠʯʘʡ, ʤʦʞʥʘ ʚʠʨʽʚʥʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʽʜʧʘʣʫ [2]. ʊʦʤʫ 

ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʘʫʩʪʝʥʽʪʥʦʾ 

ʩʪʘʣʽ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʨʝʞʠʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ 

9ɻ28ʖ9ʄɺɹ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ  ʟ ʥʘʛʨʽʚʫ ʜʦ 1250Áʉ, ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ʧʨʠ 

ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʥʘʩʪʫʧʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ ʚ ʚʦʜʫ, ʟ ʤʝʪʦʶ ʬʽʢʩʘʮʽʾ ʦʜʥʦʨʽʜʥʦʛʦ 

ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ʇʽʩʣʷ ʪʘʢʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ʩʤʫʛʘʩʪʘ ʤʽʢʨʦʭʽʤʽʯʥʘ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʢʦʝʬʽʮʽʻʥʪ ʘʥʽʟʦʪʨʦʧʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,1 ʦʜʠʥʠʮʶ 

ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʩʦʨʪʘʤʝʥʪʫ ʩʪʘʣʽ (ʨʠʩ.2). 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʩʪʘʣʽ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʘ,ʙ ʭ 300 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʫ ʟʥʘʯʥʦʾ 

ʭʽʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʦʾ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʽ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʧʦʩʦʙʠ ʾʾ ʫʩʫʥʝʥʥʷ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ɸʣʝʢʩʝʝʥʢʦ ʄ.ʌ,, ʂʨʠʚʦʥʦʛʦʚ ɻ.ʉ., ʂʦʟʳʨʝʚʘ ʃ.ɻ., ʠ ʜʨ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, 

ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʩ ʤʘʣʳʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ (9ɻ28ʖ9ʄɺɹ). ï ʄʠʊʆʄ, 1972, 

ˉ3, ʩ. 3-4. 

2. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ: ɺ 3-ʭ ʪ. ʊ.2. ʆʩʥʦʚʳ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ/ ʇʦʜ ʨʝʜ. ʄ.ʃ. ɹʝʨʥʰʪʝʡʥʘ ʠ ɸ.ɻ. ʈʘʭʰʪʘʜʪʘ. ï ʄ.: 

ʄʝʪʘʣʣʫʨʛʠʷ, 1983. -367 ʩ. 

3. ɸ.ʩ. 924124 (ʉʉʉʈ). ʉʧʦʩʦʙ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ/ʉ.ʀ. 

ʂʨʘʩʥʠʢʦʚʘ, ɸ.ɺ. ɼʨʦʙʦʪ, ʉ.ɸ. ɹʦʞʢʦ ʠ ʜʨ. ï ʆʧʫʙʣ. ʚ ɹ.ʀ. 1982, ˉ16. 
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ʆ.ɺ. ʃʽʪʦʪ2, Ph.D; ʊ.ɸ. ʄʘʥʴʢʦ1, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʠʭ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  
1ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

2ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ɹʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤʝʥʽ ʄ.ʂ. ʗʥʛʝʣʷ 

E-mail:kbu.litot@gmail.com 

 

Eʂʉʊʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɿôɭʄʅʀʍ ʌʃɸʅʎɽɺʀʍ 

ɿôɭɼʅɸʅʔ ʂʈɯʆɻɽʅʅʀʍ ʊʈʋɹʆʇʈʆɺʆɼɯɺ ʈɸʂɽʊ-ʅʆʉɯɰɺ ɯɿ 

ɺʋɻʃɽʇʃɸʉʊʀʂʋ 

ɸʥʦʪʘʮʽʷ: ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟôʻʤʥʦʛʦ ʬʣʘʥʮʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʚ ʩʢʣʘʜʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʨʽʦʛʝʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ ʚʫʛʣʝʧʣʘʩʪʠʢʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʽ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʬʣʘʥʮʷ, ʧʨʦʚʝʜʝʥʦ ʘʚʪʦʥʦʤʥʽ ʛʽʜʨʘʚʣʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʥʫʪʨʽʰʥʽʤ ʥʘʜʣʠʰʢʦʚʠʤ ʪʠʩʢʦʤ ʨʽʜʢʦʛʦ ʘʟʦʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʫʙʦʧʨʦʚʽʜ, ʟôʻʜʥʘʥʥʷ, ʚʫʛʣʝʧʣʘʩʪʠʢ, ʢʨʽʦʛʝʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʘ, 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ 

Annotation: In the work, a study of the removable flange connection as part of the structure 

of the cryogenic pipeline made of carbon fiber was carried out. In order to assess the tight-

ness and confirm the theoretical studies of the stress-strain state of the flange, autonomous 

hydraulic tests of the experimental structures were carried out with the internal excess pres-

sure of liquid nitrogen. 

Keywords: pipeline, connection, carbon fiber, cryogenic fuel components, tightness 

 

ʇʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ (ʇʂʄ),  ̔ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʫʛʣʝʧʣʘʩʪʠʢʠ, ʠh-

ʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘʮʽʡʥʽʡ  ̔ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʠʣʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʪʝʨʤʦʩʪʽʡʢʠʭ ʧʘʥʝʣʝʡ ʪʘ ʛʝʨʤʝʪʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʷʢʠʭ ʚʠʤʘʛʘʻ 

ʚʠʩʦʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ, ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʪʘ ʛʝʨʤʝʪʠʯʥʦʩʪʽ.  

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʚ ʮʠʭ ʧʠʪʘʥʥʷʭ ʚʠʢʣʠʢʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʢʨʽʦʛʝʥʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ, ̫ ʢʽ ʧʽʜʚʦʜʷʪʴ ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʘ ʜʣʷ ʙʘʢʽʚ ʟ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʣʘʥʝʮʴ, ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʩʦʢʦʶ ʨʽʟʥʠʮʝʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʚ ʢʦʥʪʘʢʪʽ, ʤʘʪʝʨʽʘʣʫ ʫʱʽʣʴʥʝʥʥʷ, ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ ʤʦʤʝʥʪʽʚ ʟʘʪʷʞʢʠ ʝʣʝ-

ʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ [1-3]. 

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʚʝʨʛʘʣʠ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ ʟ ʤʝ-

ʪʦʶ ʽʤʽʪʘʮʽʾ ʮʠʢʣʽʚ ʟʘʧʨʘʚʣʝʥʥʷ / ʥʘʜʜʫʚʘʥʥʷ / ʟʣʠʚ ʽʤʽʪʫʶʯʠ ʨʦʙʦʪʫ ʚ ʩʢʣʘʜʽ ʢʨʽʦʛʝʥ-

ʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ ʥʘʩʪʫʧʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʩʢʣʘʜʘʥʥʷ ʥʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʛʝʣʽʻʤ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʬʣʘʥʮʷ ʧʨʠʡʥʷʪʝ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠ-

ʧʨʦʙʫʚʘʥʴ ʫ ʩʢʣʘʜʽ ʩʫʮʽʣʴʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʙʝʟʣʝʡʥʝʨʥʦʛʦ ʢʨʽʦʛʝʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ. 
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ʂ. ɸ. ʄʠʢʠʪʘ, ʘʩʧʽʨʘʥʪ1, ɺ.ʌ. ɹʘʰʝʚ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ1; ʆ.ɯ. ʂʫʰʥʝʨʴʦʚ ʢ.ʬ.-ʤ-ʥ., 

ʜʦʮʝʥʪ2 ; ɸ-ʄ. ɺ. ʊʦʤʽʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ1 , ʊ.ɺ. ʂʘʣʽʥʽʥʘ, ʢ.ʬ.-ʤ.ʥ, ʜʦʮʝʥʪ1 
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ɺʽʜʦʤʦ, ʱʦ ʤʝʪʦʜ ʥʘʜʰʚʠʜʢʦʛʦ ʛʘʨʪʫʚʘʥʥʷ ʟ ʨʦʟʧʣʘʚʫ [1] ʟʽ ʰʚʠʜʢʽʩʪʶ 106-7 

ʂ/ʩ. ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʫ ʩʧʣʘʚʘʭ ʩʠʣʴʥʦ ʧʝʨʝʩʠʯʝʥʽ ʪʚʝʨʣʽ ʨʦʟʯʠʥʠ, ʤʝʪʘʩʪʘʙʽʣʴʥʽ 

ʬʘʟʠ, ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʘʙʦ ʘʤʦʨʬʥʽ ʩʪʘʥʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ 

ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʥʦ-ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ 

Al-Co ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʢʦʙʘʣʴʪʫ (3,5,10 ʤʘʩ.%). ʟʽ ʰʚʠʜʢʽʩʪʶ  106ʂ/ʩ. ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ 

Al-ʉʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʨʦʟʯʠʥʝʥʥʷ Co ʫ ʪʚʝʨʜʦʤʫ ʘʣʶʤʽʥʽʶ 

[2]. ɸʪʦʤʥʽ ʨʘʜʽʫʩʠ Al i ʉʦ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ 0,40494ʥʤ ʽ 0,127ʥʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ 

ʰʚʠʜʢʦʟʘʛʘʨʪʦʚʘʥʠʭ ʟ ʨʽʜʠʥʠ ʩʧʣʘʚʘʭ ʬʦʨʤʫʶʪʴʩʷ  ʦʜʥʦʬʘʟʥʽ ɻʎʂ-ʧʝʨʝʩʠʯʝʥʽ ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ ʟʘʤʽʱʝʥʥʷ ʽʟ ʟʤʽʥʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʥʘ ʙʘʟʽ ʘʣʶʤʽʥʽʶ, 

ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʘʥʘʣʽʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 0,40494 (Al) ï 1,65Ā10-4Āʍ (ʜʝ ʍ- 

ʚʤʽʩʪ ʉʦ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʤʘʩ.%). ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʢʘʟʫʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠ 

ʛʘʨʪʫʚʘʥʥʽ ʟ ʨʽʜʠʥʠ ʦʜʥʦʬʘʟʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʽ ʟ-ʟʘ 

ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʚ ʘʪʦʤʥʠʭ ʨʘʜʽʫʩʘʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ ʘʣʶʤʽʥʽʶ ʧʦʚʠʥʥʽ 

ʚʠʥʠʢʘʪʠ ʟʥʘʯʥʽ ʥʘʧʨʫʞʝʥʥʷ 2-ʛʦ ʨʦʜʫ (æʘ/ʘ), ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʈʉɸ) ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ [3]. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʉʦ ʫ ʩʧʣʘʚʽ ʚʝʣʠʯʠʥʘ (æʘ/ʘ) ʜʦʩʷʛʘʻ ʧʨʠ ʚʤʽʩʪʫ 10 ʤʘʩ.% ʉʦ ʫ 

ʩʧʣʘʚʽ ʟʥʘʯʝʥʴ æʘ/ʘ=2,83Ā10-3. ʎʝ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʘʢʦʾ ʤʝʭʘʥʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʷʢʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʫ ʉʦ ʩʪʘʥʦʚʠʪʴ ~780 

ʄʇʘ (ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʪʠʧʫ 

ʜʶʨʘʣʶʤʽʥʽʡ  ʥʝ ʧʝʨʝʚʠʱʫʻ 450-500 ʄʇʘ). ɿʘ ʜʘʥʠʤʠ ʈʉɸ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʪʘʢʠʭ 

ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫ ʩʧʣʘʚʘʭ Al-Co ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʪʝʢʩʪʫʨʘ (111). 
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ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ (ʜʘʣʽ ï ʉʃʇ, en. SLM). ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʜʣʷ 
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ʙʥʠʮʪʚʘ, ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʨʦʙʣʝʤ. 
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ʪʝʨʤʽʯʥʽ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ.  

Annotation: Currently, selective laser melting technology (hereinafter - SLP, en. SLM) is a 

widely demanded technology in AM. This technology has a number of advantages for the 

manufacture of aerospace products, but, like all production technologies, this technology has 

a number of disadvantages and problems. 
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stresses. 

 

ɸʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ (ʜʘʣʽ ïen. ɸʄ)  ʻ ʩʫʯʘʩʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʜʘʶʪʴ ʟʤʦʛʫ ʰʚʠʜʢʦ ʪʘ ʷʢʽʩʥʦ ʩʪʚʦʨʶʚʘʪʠ ʚʠʨʦʙʠ ʟ ʫʥʽʢʘʣʴʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʷʢʫ ʥʝ-

ʤʦʞʣʠʚʦ ʘʙʦ ʩʢʣʘʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʨʘʟʽ ʜʦʩ-

ʣʽʜʥʠʢʠ ʧʨʠʜʽʣʷʶʪʴ ʫʚʘʛʫ ʜʚʦʤ ʚʝʣʠʢʠʤ ʥʘʧʨʷʤʢʘʤ, ʘ ʩʘʤʝ ʩʠʩʪʝʤʘʤ ʷʢʦʩʪʽ ɸʄ [1] ʪʘ 

ʧʦʰʫʢʫ ʥʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʚʞʝ ʜʦʚʦʣʽ ʚʽʜʦʤʠʭ ʤʘʪʝʨʽʘʣʘʭ [2], ʱʦ ʚʠʛʦʪʦʚʣʷʣʠ-

ʩʷ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ.  

ɸʄ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʚʠʨʦʙʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʰʘʨʦʚʦʛʦ ʥʘ-

ʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ, ʜʨʦʪʫ ʪʘ ʽʥ.), ʡʦʛʦ ʰʚʠʜʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ʣʘʟʝʨ, ʧʫʯʦʢ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʽʥ.), ʷʢʠʡ ʩʢʘ-

ʥʫʻ ʧʦʚʝʨʭʥʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ. ʅʘʨʘʟʽ ʰʠʨʦʢʦ ʟʘʪʨʝʙʫʚʘʥʦʶ ʪʝʭʥʦʣʦ-

ʛʽʻʶ ʫ ɸʄ ʻ ʪʝʭʥʦʣʦʛʽʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʨʷʜ 

ʧʝʨʝʚʘʛ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʟ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʩʧʨʦʱʝʥʥʷ ʾʭʥʴʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʽ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫ-

ʢʮʽʶ ʚʠʨʦʙʫ, ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʝʛʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ çBuy-

to-Flyè. ɸʣʝ, ʷʢ ʽ ʚʩʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʪʘ 

ʧʨʦʙʣʝʤ. 

ɿʘʣʠʰʢʦʚʽ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʰʣʷʭʦʤ ʧʦʰʘʨʦʚʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʟʘ ʉʃʇ-ʪʝʭʥʦʣʦʛʽʻʶ. ʅʘʢʦʧʠʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʫʪʚʦʨʠʣʠʩʴ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʽʚʫ ʽ ʦʭʦʣʦʜʞʝʥʥʷ (ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ 103 ʜʦ 108 

ʂ/ʩ) [3] ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʤʦʞʣʠʚʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ ʜʝʪʘʣʝʡ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʚʚʘʞʘʻʪʴʩʷ 
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ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʪʘ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʫ ʛʘʣʫʟʽ ɸʄ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠ-

ʢʣʘʜʝʥʦʛʦ, ʧʠʪʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʟʘʣʠʰʢʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ 

ʧʦʪʨʝʙʫʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʩʣʫʞ-

ʙʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ɸʄ. 
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ʂʈʀʊɽʈɯɰ ɺʀɹʆʈʋ ʇʆʃɯʄɽʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɸʥʦʪʘʮʽʷ: ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʢʨʠʪʪʽʚ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʪʘʢʠʭ ʷʢ ʤʝʭʘʥʽʯʥʽ, ʭʽʤʽʯʥʽ, ʪʝʨʤʽʯʥʽ, ʝʩʪʝʪʠʯʥʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ 

ʘʩʧʝʢʪʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ, ʭʽʤʽʯʥʦʾ ʪʘ ʪʝʨʤʽ-

ʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʝʩʪʝʪʠʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  ɸʥʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʚʠʤʦʛʠ ʜʦ ʥʠʭ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʥʫʪʨʽʰʥʽ ʧʦʢʨʠʪʪʷ, ʪʨʘʥʩʧʦʨʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ, ʝʢʦ-

ʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ, ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚʠʤʦʛʠ, ʘʥʘʣʽʟ.  

Annotation: This paper examines the importance of selecting polymer materials for internal 

coatings in transportation manufacturing, taking into account various criteria such as 

mechanical, chemical, thermal, aesthetic, ecological, and economic aspects. Requirements 

for materials in terms of strength, chemical and thermal resistance, as well as aesthetic and 

ecological characteristics are discussed. Various methods of manufacturing polymer 

coatings and their respective requirements are analyzed. 

Keywords: polymer materials, internal coatings, transportation manufacturing, mechanical 

properties, chemical resistance, thermal resistance, ecological aspects, economic aspects, 

manufacturing methods, requirements, analysis. 

 

ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʠʨʦʙ-

ʥʠʮʪʚʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝ ʣʠʰʝ ʟʨʫʯʥʽʩʪʴ ʪʘ ʝʩʪʝʪʠʯʥʠʡ ʚʠʛʣʷʜ, ʘʣʝ ʡ ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʧʦʢʨʠʪʪʽʚ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ʆʙʠʨʘʶʯʠ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ, ʚʠʨʦʙʥʠʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʨʠ-

ʪʝʨʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʤʝʭʘʥʽʯʥʽ, ʭʽʤʽʯʥʽ, ʪʝʨʤʽʯʥʽ, ʝʩʪʝʪʠʯʥʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ 

ʘʩʧʝʢʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʝʥ ʟ ʥʠʭ.  

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʄʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʤʽʮʥʠʤʠ, ʱʦʙ ʚʠ-

ʪʨʠʤʫʚʘʪʠ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʘ 

ʪʘʢʦʞ ʩʪʽʡʢʠʤʠ ʜʦ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʚʪʨʘ-

ʪʠ ʷʢʦʩʪʽ. 

ʍʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʘʞʣʠʚʦ, ʱʦʙ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʩʪʽʡʢʠʤʠ ʜʦ ʭʽʤʽʯʥʠʭ ʪʘ ʢʣʽʤʘ-

ʪʠʯʥʠʭ ʚʧʣʠʚʽʚ, ʪʘʢʠʭ ʷʢ ʚʦʣʦʛʘ, ʩʦʣʽ, ʤʘʩʣʘ ʪʘ ʨʦʟʯʠʥʥʠʢʠ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʪʨʠʚʘʣʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʥʫʪʨʽʰʥʽʭ ʧʦʢʨʠʪʪʽʚ ʙʝʟ ʧʦʰʢʦʜʞʝʥʴ ʘʙʦ ʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʠʢʣʶ-

ʯʠʪʴ ʫʪʚʦʨʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ. 

ʊʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ. ʈʫʭʦʤʠʡ ʩʢʣʘʜ ʤʦʞʝ ʙʫʪʠ ʧʽʜʜʘʥʠʡ ʨʽʟʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʚʧʣʠʚʘʤ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʦʙʠʨʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʦʶ ʪʝʨʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ. ʎʝ ʛʘʨʘʥ-

ʪʫʻ, ʱʦ ʧʦʢʨʠʪʪʷ ʟʙʝʨʝʞʫʪʴ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʽʪʴ ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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ɽʩʪʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʽʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʝʩʪʝʪʠʯʥʠʡ ʚʠʛʣʷʜ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʢʨʠʪʪʽʚ ʪʘʢʦʞ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ. ʅʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʧʨʠʚʘʙʣʠʚʠʡ ʚʠʛʣʷʜ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʙʦʨʫ ʢʦʣʴʦʨʽʚ ʪʘ ʪʝʢʩʪʫʨ. 

ɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ: ɿʨʦʩʪʘʶʯʘ ʫʚʘʛʘ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞ-

ʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʢʨʠʪʪʽʚ, ʚʠʨʦʙʥʠʢʠ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭʥʶ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝ-

ʨʦʙʢʠ ʪʘ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ. ɭ ʦʜʥʠʤʠ ʽʟ ʢʨʠʪʝʨʽʾʚ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɺʥʫʪʨʽʰʥʽ ʧʦ-

ʢʨʠʪʪʷ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʤʠ, ʘʜʞʝ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ ʥʝ 

ʚʠʩʦʢʦ .ʁ 

ʄʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʄʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʩʧʦʩʦʙʽʚ ʥʘʥʝʩʝʥʥʷ, ʷʢʽ ʪʘʢʦʞ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʤʘ-

ʪʝʨʽʘʣʫ  ̔ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ: ʬʽʟʠʯʥʝ ʥʘʥʝʩʝʥʥʷ 

(ʨʦʟʧʠʣʝʥʥʷ, ʥʘʥʝʩʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʣʠʢʘ ʘʙʦ ʢʠʩʪʽ), ʭʽʤʽʯʥʝ ʥʘʥʝʩʝʥʥʷ, ʪʝʨʤʽʯʥʝ 

ʥʘʥʝʩʝʥʥʷ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʥʘʥʝʩʝʥʥʷ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ 

ʥʘʥʝʩʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʧʦʤʘʛʘʻ ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ʱʦʜʦ ʷʢʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʧʨʦʮʝʩʫ. 

ʊʘʢʦʞ ʜʦ ʚʥʫʪʨʽʱʥʽʭ ʧʦʢʨʠʪʪʽʚ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʠʩʫʚʘʶʪʴ ʚʠʤʦʛʠ, ʱʦ ʤʦ-

ʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʠʧ ʚʘʛʦʥʘ, ʡʦʛʦ ʧʨʠʟʥʘ-

ʯʝʥʥʷ (ʧʘʩʘʞʠʨʩʴʢʠʡ ʘʙʦ ʚʘʥʪʘʞʥʠʡ), ʨʝʛʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ ʪʘ 

ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ. ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ  ̒ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘ, ʛʽʛʽʻʥʘ ʪʘ ʣʝʛʢʽʩʪʴ ʦʯʠʱʝʥ-

ʥʷ, ʘʢʫʩʪʠʯʥʘ ʪʘ ʪʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ,  

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʥʠʭ, 

ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʘʣʽʚ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʢʨʠʪʪʽʚ ʪʘ 

ʟʜʽʡʩʥʠʪʠ ʦʙʛʨʫʥʪʦʚʘʥʠʡ ʾʭ ʚʠʙʽʨ. 
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ʄʝʪʦʜʦʤ ʛʘʨʪʫʚʘʥʥʷ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ [1] ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʥʥʷ ʫ ʩʧʣʘʚʘʭ ʥʠʟʢʠ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʩʪʘʥʽʚ: ʩʠʣʴʥʦ ʧʝʨʝʩʠʯʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʥʦʚʠʭ ʬʘʟ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʽ ʰʚʠʜʢʦ ʦʭʦʣʦʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʘʙʦ 

ʘʤʦʨʬʥʦʛʦ ʩʪʘʥʫ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ Al-Ni ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʥʽʢʝʣʶ, ʟʘʛʘʨʪʦʚʘʥʦʤʫ ʟ ʨʽʜʠʥʠ 

ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʥʘʜ 106ʂ/ʩ. ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ Al-Ni ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦʶ 

ʚʽʜʩʫʪʥʽʩʪʶ ʨʦʟʯʠʥʝʥʥʷ ʥʽʢʝʣʶ ʫ ʪʚʝʨʜʦʤʫ ʘʣʶʤʽʥʽʶ [2]. ɸʪʦʤʥʽ ʨʘʜʽʫʩʠ Al i Ni 

ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ 0,142 ʥʤ ʽ 0,128 ʥʤ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʦʪʨʠʤʘʥʥʶ ʟʘ ʧʝʚʥʠʭ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ ʚ ʩʧʣʘʚʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ Ni (3,5,10 ʤʘʩ.%) ʫ ʰʚʠʜʢʦ-ʟʘʛʘʨʪʦʚʘʥʠʭ ʟ ʨʽʜʠʥʠ ʩʧʣʘʚʘʭ 

ʬʦʨʤʫʶʪʴʩʷ ʩʘʤʝ ʦʜʥʦʬʘʟʥʽ ɻʎʂ-ʧʝʨʝʩʠʯʝʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʟʘʤʽʱʝʥʥʷ ʽʟ ʟʤʽʥʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʷʢʠʡ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʦʶ ʘʥʘʣʽʪʠʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ: 0,40494 (Al) ï 1,74Ā10-4Āʍ (ʜʝ ʍ-ʚʤʽʩʪ Ni ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʤʘʩ.%). 

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚʢʘʟʫʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʟ ʨʽʜʠʥʠ 

ʦʜʥʦʬʘʟʥʠʭ ʟ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʽ ʟ-ʟʘ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʚ 

ʘʪʦʤʥʠʭ ʨʘʜʽʫʩʘʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ ʧʦʚʠʥʥʽ ʚʠʥʠʢʘʪʠ ʟʥʘʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ 2-ʛʦ ʨʦʜʫ (æʘ/ʘ), ʱʦ ʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ [3]. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ Ni ʫ ʩʧʣʘʚʽ  ʚʝʣʠʯʠʥʘ 

æʘ/ʘ ʟʨʦʩʪʘʻ, ʜʦʩʷʛʘʶʯʠ ʧʨʠ 10 ʤʘʩ.%  ʥʽʢʝʣʶ ʫ ʩʧʣʘʚʽ æʘ/ʘ= 2,95Ā10-3. ɺʽʜʧʦʚʽʜʥʦ ʮʝ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʷʢʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʫ Ni ʜʦʩʷʛʘʻ ʧʦʥʘʜ 

590 ʄʇʘ (ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʪʠʧʫ 

ʜʶʨʘʣʶʤʽʥʽʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 450-500 ʄʇʘ). ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ 

ʛʘʨʪʫʚʘʥʥʷ ʟ ʨʽʜʠʥʠ ʫ ʤʝʪʘʣʫʨʛʽʾ. 
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ɺʀɿʅɸʏɽʅʅʗ ʂʆʅʉʊʈʋʂʊʀɺʅʆɰ ʉʍɽʄʀ ʊɸ ʄɸʊɽʈɯɸʃɯɺ ʉʀʃʆɺʆɰ 

ʋʉʊɸʅʆɺʂʀ ʅɸ ɹɸɿɯ ʇʈʗʄʆʊʆʏʅʆɻʆ ɼɺʀɻʋʅɸ ɹɽɿʇɯʃʆʊʅʆɻʆ 

ʃɯʊɸʃʔʅʆɻʆ ɸʇɸʈɸʊʋ ɸɺɯɸʎɯʁʅʆ-ʂʆʉʄɯʏʅʆɰ ʉʀʉʊɽʄʀ 

ɸʥʦʪʘʮʽʷ. ʋ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 

ʜʣʷ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ, ʜʽʶʯʽ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʪʘ ʦʙʠʨʘʻʪʴʩʷ ʤʘʪʝʨʽʘʣ ʜʣʷ ʾʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ. ʆʙʨʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʢʘʟʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʞʝ ʩʴʦʛʦʜʥʽ ʩʪʚʦʨʠʪʠ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʫ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʽ ʚʠʩʦʢʦʰʚʠʜ-

ʢʽʩʥʦʛʦ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʷʤʦʪʦʯʥʠʡ ʜʚʠʛʫʥ, ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ, ʘʚʽʘʮʽʡʥʦ-

ʢʦʩʤʽʯʥʘ ʩʠʩʪʝʤʘ. 

Annotation. In report consider unmanned aerial vehicle propulsion system for aerospace 

system. Defined it design scheme, load and chose material for it parts. Chooses material 

indicate possibility right now create aerospace system based on rapid unmanned aerial vehi-

cle. 

Keywords: ramjet engine, unmanned aerial vehicle, aerospace system. 

 

ɸʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʘ ʩʠʩʪʝʤʘ ʫ ʩʢʣʘʜʽ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ 

ʘʧʘʨʘʪʫ ʪʘ ʦʜʥʦʨʘʟʦʚʦʾ ʨʘʢʝʪʠ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ 

ʜʦʩʪʘʚʢʠ ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʽ ʦʨʙʽʪʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʣʴʦʪʫ 

ʟ ʽʩʥʫʶʯʠʭ ʘʝʨʦʜʨʦʤʥʠʭ ʩʤʫʛ ʜʣʷ ʢʨʘʾʥ, ʱʦ ʥʝ ʤʘʶʪʴ ʥʘ ʩʚʦʾʡ ʪʝʨʠʪʦʨʽʾ ʚʣʘʩʥʠʭ ʢʦʩ-

ʤʦʜʨʦʤʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [1] ʧʦʢʘʟʘʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʢʣʘʜʽ 

ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʧʨʷʤʦʪʦʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ. ɺʨʘʭʦ-

ʚʫʶʯʠ ʚʠʤʦʛʠ ʙʘʛʘʪʦʨʘʟʦʚʦʩʪʽ ʪʘ ʜʽʶʯʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ [2] ʜʦ 

ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʩʫʚʘʻʪʴʩʷ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʱʦʜʦ ʞʘʨʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʘʨʦʤʽʮʥʦʩʪʽ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʘʝʨʦʜʠʥʘʤʽʯʥʝ ʢʦʤʧʦʥʫʚʘʥʥʷ, 

ʱʦ ʚʠʟʥʘʯʠʣʦ ʧʦʯʘʪʢʦʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʥʝʾ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜ ʪʘ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʚʘʨʽʘʥʪʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʪʘ ʜʽʶʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ 

ʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʩʪʠʩʥʝʥʥʷ ʥʘʙʽʛʘʶʯʦʛʦ ʧʦʪʦʢʫ ʚ ʧʦʚʽʪʨʦ-

ʟʘʙʽʨʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʫʪʦʯʥʶʚʘʣʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

[3]. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʚʠʨʽʰʫʚʘʣʦʩʷ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʪʨʠʚʘʣʦ-

ʛʦ ʧʦʣʴʦʪʫ. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʛʣʷʜ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʦʙʤʝʞʫʻ ʧʘʨʘʤʝʪʨʠ ʨʦʟʜʽʣʝʥʥʷ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 

ʪʘ ʦʜʥʦʨʘʟʦʚʦʾ ʨʘʢʝʪʠ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʻ: ʫʤʦʚʠ ʨʦʙʦʪʠ ʤʘʪʝʨʽʘʣʫ (ʩʝʨʝʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʭʘʨʘʢʪʝʨ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ) ʪʘ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʢʠ. 
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ʊʘʢ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʤʘ-

ʪʝʨʽʘʣʠ: ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ Ni-Cr Inconel 718, ʍʅ75ʄɹʊʖ, ʍʅ70ʖ ʜʣʷ ʚʩʽʭ ʩʠʣʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʦʙʰʠʚʢʠ, ʧʘʥʝʣʝʡ ʩʪʠʩʥʝʥʥʷ ʥʘʙʽʛʘʶʯʦʛʦ ʧʦʪʦʢʫ ʪʘ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʽ ʥʽʦʙʽʶ 

ɺʅ-2ɸʕ ʜʣʷ ʥʘʡʙʽʣʴʰ ʪʝʤʧʝʨʘʪʫʨʥʦʥʘʧʨʫʞʝʥʦʛʦ ʝʣʝʤʝʥʪʫ ï ʢʨʦʤʢʠ ʧʦʚʽʪʨʦʟʘʙʽʨʥʦ-

ʛʦ ʧʨʠʩʪʨʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʦʧʦʚʽʜʽ ʙʫʜʝ ʥʘʚʝʜʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚ-

ʢʠ ʥʘ ʙʘʟʽ ʧʨʷʤʦʪʦʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ, ʜʽʶʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʙ-

ʨʘʥʽ ʤʘʪʝʨʽʘʣʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʩʥʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʜʦʟʚʦʣʷʶʪʴ ʚʞʝ 

ʩʴʦʛʦʜʥʽ ʩʪʚʦʨʠʪʠ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʙʝʟ-

ʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʦʜʥʦʨʘʟʦʚʦʾ ʨʘʢʝʪʠ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʋʢʨʘʾʥʽ ʥʝʟʘʣʝʞʥʠʡ ʜʦʩʪʫʧ ʫ ʢʦʩʤʽʯʥʠʡ ʧʨʦʩʪʽʨ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. Kalynychenko D., Manko T., Pavlenko V., Pavlenko T. Technical and economic 

substantiation of the air launch aerospace system parameters. Space Science and Technolo-

gy. 2023. 29, ˉ 2 (141). P. 3ð9. https://doi.org/10.15407/knit2023.02.003  

2. ɻʫʩʘʨʦʚʘ, ʀ.ɸ. ʆʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʚʙrʦʨʘ ʞʘʨʦʩʪʦʡʢʠʭ ʠ ʪʝʧʣʦʟʘʱʠʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʩʦʪʥʦʛʦ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ / ʀ.ɸ. ɻʫʩʘʨʦʚʘ, ɸ.ʄ. 

ʇʦʪʘʧʦʚ, ɻ.ʄ. ɻʦʣʫʙʢʦʚ, ɼ.ʉ. ʂʘʣʠʥʠʯʝʥʢʦ, ʅ.ɺ. ʇʦʣʫʷʥ, ʊ.ɸ. ʄʘʥʴʢʦ // ʂʦʩʤʠʯʝʩʢʘʷ 

ʪʝʭʥʠʢʘ. ʈʘʢʝʪʥʦʝ ʚʦʦʨʫʞʝʥʠʝ. ï 2017. ï ˉ1 (113). ï ʉ. ï 23ï29. 

https://journal.yuzhnoye.com/wp-content/uploads/2022/09/4-3.pdf  

3. Kornev A., Stetsenko S., Yatsenko V., Smolyakov A., Kalinichenko D. (2021). 

Integrated approach to gas-dynamic designing of supersonic air intakes of aircraft. Avia-

tion., 25, ˉ 1, 1ð9. https://doi.org/10.3846/aviation.2021.12327  

 

 
 

 



291 

ʋɼʂ 620 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-139 

ʗ.ɺ. ʂʘʩʧʝʨʦʚʠʯ, ɯ.ɯ. ɼʝʨʝʚʷʥʢʦ ʅ.ɯ. ʉʫʻʪʦʚʘ 

ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤ. ʄ.ʂ. ʗʥʛʝʣʷè 

E-mail:space@yuzhnoye.com 

 

ʆʎɯʅʂɸ ʇʈɸʎɽɿɼɸʊʅʆʉʊɯ ɺʋɻʃɽʎʔ ï ʂɸʈɹɯɼʆʂʈɽʄʅɯɭɺʆɻʆ 

ʄɸʊɽʈɯɸʃʋ ɺ ʂʆʅʉʊʈʋʂʎɯɰ ʊɽʇʃʆɿɸʍʀʉʊʋ ʃɯʊɸʃʔʅʆɻʆ ɸʇɸʈɸʊʋ 

ɸʥʦʪʘʮʽʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ  ʣʪ̔ʘʣʴʥʠʭ ʘʧʘʨʘʪʚ̔ ʞʘʨʦʩʪʡ̔-

ʢʠʭ ʤʘʪʝʨʘ̔ʣ̔ʚ ʪʠʧʫ ʚʫʛʣʝʮʴ ï ʢʘʨʙʜ̔ʦʢʨʝʤʥʽ,ʁ ʥʘ ʜʽʣʷʥʢʘʭ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨ, ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣ̔ʪʘʣʴʥʠʭ ʘʧʘʨʘʪʚ̔, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʙʘʛʘʪʦʨʘʟʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʢʦʥʩʪʨʫʢʮʡ̔,  ̒ʚʠʟʥʘʯʝʥʥʷ ʩʪ̔ʡʢʦʩʪ ̔ʤʘʪʝʨʘ̔ʣʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʢʦʥʩʪʨʫ-

ʢʮ̔ʾ ʜʦ ʪʝʨʤʦʝʨʦʟ̔ʡʥʦʛʦ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʚ̔. ʂʨʠʪʝʨʽʤ̒ ʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ  ̒ʧʦʢʘʟ-

ʥʠʢ ʣ̔ʥ̔ʡʥʦʛʦ ʚʠʥʦʩʫ. ɺʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʚʠʥʦʩʫ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʘʣʴʥʦ ʩʧʨʦʝʢʪʫʚʘ-

ʪʠ ʪʝʧʣʦʟʘʭʠʩʥʽ ʩʠʩʪʝʤʠ ʣ̔ʪʘʣʴʥʠʭ ʘʧʘʨʘʪʚ̔ ʪʘ ʦʮ̔ʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʨʤʦʝʨʦʟ̔ʡʥʠʡ ʚʧʣʠʚ, ʣʽʥʽʡʥʠʡ ʚʠʥʦʩ. 

Annotation. The use of heat-resistant materials such as carbon-silicon carbide in heat-

shielding structures of aircraft, in areas exposed to high temperatures, increases the efficien-

cy of the use of aircraft, and in some cases ensures their multiple use. One of the main crite-

ria for the performance of heat-shielding structure to the thermal erosion effect of hot gases. 

The criterion of material stability is the index of linear ablation. Determining the linear 

ablation makes it possible to optimally design thermal protection systems of aircraft and 

evaluate the effectiveness of use in conditions of exposure to high temperatures. 

Key words: thermoerosion effect, linear ablation. 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪ̔ʡʢʦʩʪ ̔ ʚʫʛʣʝʮʴ-ʢʘʨʙʜ̔ʦʢʨʝʤʥʽʚ̒ʦʛʦ 

ʤʘʪʝʨʘ̔ʣʫ ʜʦ ʪʝʨʤʦʝʨʦʟ̔ʡʥʦʛʦ ʚʧʣʠʚʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ ʛʘʟʦʚʦ-

ʛʦ ʧʦʪʦʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔ʧʦʚʝʨʭʥ ̔ʤʘʪʝʨʠʘʣʫ ʜʦ 2000 Áʉ. ʅʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʝ-

ʨʽʘʣʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʬʘʢʝʣʦʤ ʧʨʦʧʘʥ-ʢʠʩʥʝʚʦʛʦ ʧʘʣʴʥʠʢʘ ʥʘ ʨʝʞʠʤʽ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ 

ʧʦʣʫʤ'ʷ. ʇʘʣʴʥʠʢ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʚʝʨʪʠʢʘʣʴʥʦ ʜʦ ʧʦʚʝʨʭʥ ̔ʟʨʘʟʢʘ ʥʘ ʰʪʘʪʠʚ ̔ʟ ʤʦʞʣʠ-

ʚʩ̔ʪʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʦʧʣʘ ʧʘʣʴʥʠʢʘ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʪʝʧʣʦʚʦ-

ʛʦ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʦʥʴ ʧʨʦʚʦʜʠʣʦʩʴ ʧʽʨʦʤʝ-

ʪʨʘʤʠ.  ɺʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʚʠʥʦʩʫ ʧʨʦʚʦʜʠʣʦʩʴ ʨʦʟʨʘʭʫʥʢʦʤ ʟʤʽʥʝʥʥʷ ʤʘʩʠ ʪʘ 

ʚʠʩʦʪʠ ʟʨʘʟʢʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʘ ʩʪʽʡʢʽʩʪʴ ʚʫʛʣʝʮʴ ï ʢʘʨʙʽʜʦʢʨʝʤʥʽʻʚʦʛʦ ʤʘ-

ʪʝʨʽʘʣʫ ʜʦ ʪʝʨʤʦʝʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʧʨʦʪʷʛʦʤ 500 ʩʝʢ, ʘ ʩʘʤʝ: 

- ʚʪʨʘʪʘ ʤʘʩʠ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʩʢʣʘʣʘ ʥʝ ʙʽʣʴʰ 30%; 

- ʚʠʩʦʪʘ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʩʢʣʘʣʘ ʥʝ ʙʽʣʴʰ 1,7 ʤʤ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʈɸɼɸʈʅʀʍ ɼɸʅʀʍ ʉ-ɼɯɸʇɸɿʆʅʋ ɼʃʗ ɿɼɯʁʉʅɽʅʅʗ 

ɺʉɽʇʆɻʆɼʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʁ 

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʉ-ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʩʝʧʦʛʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠ-

ʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʘʚʪʦʤʘ-

ʪʠʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʽ ʜʦ-

ʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʽ ʧʣʦʱ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʜʽʣʷʥʦʢ ʧʨʠ ʦʮʽʥʮʽ ʤʘʩʰʪʘʙʽʚ, ʜʠʥʘʤʽʢʠ ʪʘ ʥʘʩʣʽʜʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʇʨʦʚʝ-

ʜʝʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʚʝʣʠʢʦʤʫ ʥʘʙʦʨʽ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʟʽ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1A/B ʧʦʢʘʟʘʣʦ ʜʦʩʪʘʪʥʴʦ ʭʦʨʦʰʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʛʝʦʽʥ-

ʬʦʨʤʘʮʽʡʥʦʛʦ ʚʝʙ-ʩʝʨʚʽʩʫ, ʷʢʠʡ ʬʫʥʢʮʽʦʥʫʚʘʪʠʤʝ ʚ ʽʥʪʝʨʝʩʘʭ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʜʝʨʞʘʚ-

ʥʠʭ ʩʣʫʞʙ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʦʞ ʚ ʽʥʪʝʨʝʩʘʭ ʦʢʨʝʤʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Sentinel-1ɺ, ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʽʤʢʠ ʉ-ʜʽʘʧʘʟʦʥʫ ʚʩʝʧʦʛʦʜʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, 

ʨʘʜʘʨʥʘ ʟʡʦʤʢʘ, ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 

Annotation: The method of automated processing of C-band radar satellite images for all-

weather satellite monitoring of natural and anthropogenic emergency situations is presented. 

Due to the high degree of automation, the proposed method allows to significantly increase 

the efficiency and reliability of recognition, as well as the accuracy of determining the 

boundaries and areas of controlled areas when assessing the scale, dynamics and conse-

quences of emergency situations. The testing of the proposed method on a large set of imag-

es of medium spatial resolution from Sentinel-1A/B satellites showed a fairly good stability 

of the obtained results and a fairly high stability of the used methods and algorithms. The 

developed technique can be software implemented in the form of a geo-information web 

service, which will function in the interests of a wide range of public services and commer-

cial structures, as well as in the interests of individual users. 

Keywords: Sentinel-1B, C-band satellite images, all-weather monitoring, radar imaging, 

image processing, object recognition. 

 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʜʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʘʭ, ʥʘʩʪʫʧʥʽ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʤʦʛ ʜʦ ʜʦʩʪʘʪʥʴʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ (ʤʦʞʣʠʚʘ 

ʟʡʦʤʢʘ ʷʢ ʫ ʜʝʥʥʠʡ, ʪʘʢ ʽ ʚ ʥʽʯʥʠʡ ʯʘʩ); 

- ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘʜ ʪʝʨʠʪʦʨʽʻʶ ʟʥʽʤʘʻʪʴʩʷ - ʤʦʞʣʠʚʘ ʟʡʦʤʢʘ 

ʥʘʚʽʪʴ ʟʘ 100% ʭʤʘʨʥʦʩʪʽ (ʨʠʩ. 1); 

- ʚʠʱʘ (ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʢʘʥʝʨʘʤʠ) ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʤʝʞ ʦʙ'ʻʢʪʽʚ ʧʨʠ ʤʘʣʦʭ-

ʤʘʨʥʽʡ ʟʡʦʤʮʽ; 

- ʧʨʦʩʪʦʪʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʦʩʚʦʻʥʥʷ ʜʣʷ ʥʝʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ (ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʤʘʩʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ); 
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- ʚʠʩʦʢʘ ʩʪʫʧʽʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʮʶ ʤʝʪʦʜʠʢʫ ʫ ʚʠʛʣʷʜʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʝʙ-

ʩʝʨʚʽʩʫ. 

 

 
ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ çʊʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʘʜʘʨʥʠʭ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʉ-ʜʽʘʧʘʟʦʥʫ 

ʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1ɸ/ɺè.  
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Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, ˉ 6 - P.137-143.  

3. ʄʦʟʛʦʚʠʡ ɼ.ʂ. ʊʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʘʜʘʨʥʠʭ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʉ-

ʜʽʘʧʘʟʦʥʫ ʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1ɸ/ɺ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦ-

ʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʉʠʩʪʝʤʠ ɼɿɿè. ɼ.: ɼʅʋ, 2020. ï 24ʩ. 
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ɹʣʦʭʘ ɸ.ɺ., ʩʪʫʜʝʥʪ; ɼ.ʂ. ʄʦʟʛʦʚʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

blokha20003@gmail.com 

 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ɻɽʆɯʅʌʆʈʄɸʎɯʁʅʀʍ ɺɽɹ-ʉɽʈɺɯʉɯɺ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʆɹʈʆɹʂʀ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ ɼɸʅʀʍ ɼɿɿ 

ɸʥʦʪʘʮʽʷ: ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʩʫʯʘʩʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʚʝʙ-ʩʝʨʚʽʩʽʚ: ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʤʘʩʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ (ʩʝʨʚʽʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʢʦʨʠʩʪʫʚʘʯʘ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ, ʪʘʢ ʽ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ); ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʦʩʚʦʻʥʥʷ ʜʣʷ ʥʝʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ (ʬʝʨʤʝʨʠ, ʣʽʩʥʠʢʠ, ʤʘʨʢʝʪʦʣʦʛʠ, ʪʫʨʠʩʪʠ, ʨʝʢʣʘʤʥʽ ʘʛʝʥʪʠ, 

ʢʘʨʪʦʛʨʘʬʠ, ʨʷʪʫʚʘʣʴʥʠʢʠ, ʝʢʦʣʦʛʠ, ʙʫʜʽʚʝʣʴʥʠʢʠ, ʥʘʬʪʦʚʠʢʠ, ʤʝʥʝʜʞʝʨʠ ʨʽʟʥʦʛʦ 

ʨʽʚʥʷ); ʨʦʙʦʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʙʨʘʫʟʝʨʽ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʢʣʽʻʥʪʘ; ʧʨʦʛʨʘʤʥʘ ʪʘ ʘʧʘʨʘʪʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʙ-ʩʝʨʚʽʩʠ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ; ʚʠʩʦʢʘ ʛʥʫʯʢʽʩʪʴ 

ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʦʙʨʦʙʢʠ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʚʜʘʥʥʷ (ʷʢ ʥʘ 

ʝʪʘʧʽ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʪʦʚʠʭ ʣʘʥʮʶʞʢʽʚ, ʪʘʢ ʽ ʥʘ ʝʪʘʧʽ ʽʥʪʝʨʘʢ-

ʪʠʚʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʣʘʥʮʶʞʢʽʚ ʦʙʨʦʙʢʠ);  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʚʝʙ-ʩʝʨʚʽʩʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ, 

ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʽʤʢʠ, ʮʠʬʨʦʚʽ ʢʘʨʪʠ ʤʽʩʮʝʚʦʩʪʽ. 

Annotation: the results of the analysis of the main advantages of modern geo-informational 

web services are presented: mass user orientation (services can be used to solve most of the 

user's practical tasks, both individual and corporate); the possibility of quick learning for 

non-specialists in the field of processing satellite images (farmers, foresters, marketers, 

tourists, advertising agents, cartographers, rescuers, ecologists, builders, oil workers, man-

agers of various levels); work directly in the browser, which does not require additional 

software to be installed by the client; software and hardware independence, which allows 

using web services on mobile devices; high flexibility of configuring the processing envi-

ronment by the user for specific tasks (both at the stage of automatic processing using ready-

made chains and at the stage of interactive creation of processing chains); 

Keywords: geo-informational web services, automated thematic processing, satellite images, 

digital terrain maps. 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʤʦʞʥʘ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ 

ʧʨʠʨʦʜʥʽ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ (ʨʠʩ. 1) ʟʤʽʥʠ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ (ʧʨʦʩʪʦʨʦʚʠʡ ʦʙôʻʢʪ - ʨʘʡʦʥ 

ʤʽʩʪʘ ï ʪʝʨʠʪʦʨʽʷ ʤʽʩʪʘ ï ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʡ ʨʘʡʦʥ ï ʦʙʣʘʩʪʴ) ʥʘ ʙʫʜʴ-ʷʢʽʡ ʪʝʨʠʪʦʨʽʾ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʫ ʦʙôʻʢʪʽʚ (ʞʠʪʣʦʚʘ ʟʘʙʫʜʦʚʘ, ʧʨʦʤʠʩʣʦʚʽ ʩʧʦʨʫʜʠ, ʜʦʨʦʛʠ, ʨʦʩ-

ʣʠʥʥʽʩʪʴ, ʚʦʜʦʡʤʠ ʪʘ ʽʥ.). 
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ʈʠʩ. 1. 

 

ʉʧʦʯʘʪʢʫ ʬʦʨʤʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʪʝʩʪʦʚʦʾ ʟʘʚ-

ʜʘʥʥʷ (ʪʦʙʪʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʝʨʚʽʩʫ ʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʚʜʘʥʥʷ), ʧʽʩʣʷ ʯʦʛʦ 

ʦʙʨʦʙʢʘ ʥʘʩʪʫʧʥʠʭ ʟʥʽʤʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ. ɺʩʷ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʽʥʰʠʭ ʟʥʽʤʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ʪʘʢʦʞ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʣʽʻʥʪʘʤ ʢʦʨʠʩʪʫʚʘ-

ʪʠʩʷ ʚʝʙ-ʩʝʨʚʽʩʦʤ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ çɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿè.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
 

1. ɼ.ʂ. ʄʦʟʛʦʚʦʡ, ʄ.ɺ. ʏʦʨʥʝʥʢʦ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʝʙ-ʩʝʨʚʠʩʳ ʦʥʣʘʡʥ ʦʙʨʘ-

ʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ. // ɺʽʩʥʠʢ ɼʅʋ. ʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ. - 2016. - 

ɺʠʧ. 13, ʪ. 24. ˉ 4. ï ʉ. 89-95. 

2. ɼ.ʂ. ʄʦʟʛʦʚʦʡ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʛʦʨʦʜʩʢʦʡ ʟʘ-

ʩʪʨʦʡʢʠ ʧʦ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ ʩʫʙʤʝʪʨʦʚʦʛʦ ʨʘʟʨʝʰʝ-

ʥʠʷ. // ʉʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 2 (2018). ï C. 15-21. 

3. ʄʦʟʛʦʚʦʡ ɼ.ʂ., ɺʘʩʠʣʴʝʚ ɺ.ɺ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʝʙ-ʩʝʨʚʠʩʳ EOS DA / 

ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʬʦʨʫʤ çʅʘʫʢʘ ʠ ʙʠʟʥʝʩè. - 1 ʠʶʣʷ 2016 ʛʦʜʘ, ɼʥʝʧʨ. - ʉ. 

54-61. 

4. ʄʦʟʛʦʚʠʡ ɼ.ʂ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʥʘʥ-

ʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʉʠʩʪʝʤʠ ɼɿɿè. ɼ.: ɼʅʋ, 2018. ï 

40ʩ. 
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ɸ.ʆ. ɻʘʮʫʪʘ, ʩʪʫʜʝʥʪ; ɼ.ʂ. ʄʦʟʛʦʚʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

argatsuta@gmail.com 

 

ʆɹʈʆɹʂɸ ɼɸʅʀʍ L-ɼɯɸʇɸɿʆʅʋ ɿ ʉʋʇʋʊʅʀʂɸ ALOS-2 

(ʉɽʅʉʆʈ PALSAR-2)  

ɸʥʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʚʩʝʧʦʛʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʟʦʢʨʝʤʘ, ʤʘʩʦʚʦʛʦ ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʽʚ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʨʘʜʘʨʥʽ ʜʚʦʧʦ-

ʣʷʨʠʟʘʮʽʡʥʽ ʟʥʽʤʢʠ L-ʜʽʘʧʘʟʦʥʫ ʟ ʩʫʧʫʪʥʠʢʘ ALOS-2 (ʩʝʥʩʦʨ PALSAR-2). ɿʘʚʜʷʢʠ 

ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠ-

ʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʪʘ 

ʧʣʦʱ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʧʨʠ ʦʮʽʥʮʽ ʤʘʩʰʪʘʙʽʚ, ʜʠʥʘʤʽʢʠ ʪʘ ʥʘʩʣʽʜʢʽʚ ʥʘʜʟʚʠ-

ʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʇʨʦʚʝʜʝʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʚʝʣʠʢʦʤʫ ʥʘʙʦʨʽ 

ʟʥʽʤʢʽʚ ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʜʦʩʠʪʴ ʚʠʩʦʢʫ 

ʩʪʽʡʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʝʥʩʦʨ PALSAR-2, ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʽʚ, ʩʫʧʫʪʥʠʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ, 

ʨʘʜʘʨʥʘ ʟʡʦʤʢʘ, ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ 

Annotation: The results of the development and testing of the method of automated pro-

cessing of radar satellite images of medium spatial resolution for all-weather satellite moni-

toring of anthropogenic emergency situations, in particular, massive deforestation, are pre-

sented. The work uses L-band dual-polarization radar images from the ALOS-2 satellite 

(PALSAR-2 sensor). Due to the high degree of automation, the proposed method allows to 

significantly increase the efficiency and reliability of recognition, as well as the accuracy of 

determining the boundaries and areas of controlled areas when assessing the scale, dynamics 

and consequences of emergency situations. Testing of the proposed method on a large set of 

images showed good stability of the obtained results and fairly high stability of the used 

methods and algorithms. 

Keywords: PALSAR-2 sensor, deforestation, satellite monitoring, radar imaging, image 

processing, object recognition 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʧʦʢʘʟʘʣʘ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ: 

- ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʨʦʟʧʽʟʥʘʥʠʭ ʘʙʦ ʭʠʙʥʦ ʨʦʟʧʽʟʥʘʥʠʭ ʦʙ'ʻʢʪʽʚ (ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʤʝʥʰʝ 5% ʧʣʦʱʽ ʨʦʟʧʽʟʥʘʥʠʭ ʦʙ'ʻʢʪʽʚ); 

- ʪʦʯʥʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʤʝʞ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʪʘʢʦʞ ʙʫʣʘ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʶ; 

- ʭʦʨʦʰʫ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʨʽʟʥʠʭ ʪʝ-

ʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ (ʧʨʠ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʥʘʣʘʰʪʫʚʘʥʥʷʭ); 

- ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ (ʩʪʘʙʽʣʴʥʽʩʪʴ) ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ 

ʟʥʽʤʢʘʭ ʟʘ ʨʽʟʥʽ ʜʘʪʠ (ʧʨʠ ʪʠʭ ʩʘʤʠʭ ʥʘʣʘʰʪʫʚʘʥʥʷʭ). 
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ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ çʊʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʘʜʘʨʥʠʭ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʦʤʧʦʟʠʪʽʚ L-ʜʽʘʧʘʟʦʥʫ 

ʟ ʩʫʧʫʪʥʠʢʘ ALOS-2 (ʩʝʥʩʦʨ PALSAR-2)è. ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʜʠ-

ʧʣʦʤʥʠʭ ʨʦʙʽʪ ʩʪʫʜʝʥʪʘʤʠ ʚʝʜʝʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʪʝʩʪʫ-

ʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʠʭ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ɿʝʤʣʽ, ʦʪʨʠʤʘʥʠʭ ʟ ʜʽʶʯʠʭ ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ. 
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ʄɽʊʆɼʆʃʆɻɯʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʆɹʈʆɹʂʀ ɹɸɻɸʊʆʉʇɽʂʊʈɸʃʔʅʀʍ 

ɼɸʅʀʍ SENTINEL -2A/B  

ɸʥʦʪʘʮʽʷ: ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽ ̫ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʩʧʝʢ-

ʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʷʚ-

ʣʝʥʥʷ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʨʫʙʦʢ ʣʽʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʘʨʧʘʪʩʴʢʠʭ ʛʽʨ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘ-

ʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʥʘ ʟʘʜʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʂʘʨʧʘʪ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʪʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʝʟʢʦʰʪʦʚʥʠʭ ʟʥʽʤʢʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2A/B (ʟʥʽʤʘʣʴʥʠʡ ʧʨʠʣʘʜ MSI). ʈʝʟʫʣʴʪʘ-

ʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʽ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʢʦʰʪʦʚʥʠʭ ʟʥʽʤʢʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2A/B ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʚʝʣʠʢʠʭ ʚʠʨʫʙʦʢ ʜʠʢʠʭ ʪʘ ʟʘʧʦʚʽʜʥʠʭ ʣʽʩʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ, ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥ ̔ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʽʤʢʠ, ʜʠ-

ʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʚʠʨʫʙʢʠ ʣʽʩʽʚ. 

Annotation: A methodology for automated processing and analysis of multispectral satellite 

images of medium spatial resolution has been developed for the purpose of detecting and 

remote monitoring of deforestation in the Carpathian Mountains. The results of testing and 

experimental development of the proposed methodology in the given territory of the Carpa-

thian forest massifs in the southwest of Ivano-Frankivsk and the southeast of Transcarpathi-

an regions using free images from Sentinel-2A/B satellites (MSI imaging device) are given. 

The results of the conducted research confirmed the possibility and fairly high efficiency of 

using free images from Sentinel-2A/B satellites to detect and assess the dynamics of large-

scale clearing of wild and protected forests. 

Keywords: automated processing, multispectral satellite images, remote monitoring, defor-

estation. 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ʧʦʢʘʟʘʚ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʤʝʞ 

ʨʦʟʧʽʟʥʘʥʠʭ ʚʠʨʫʙʦʢ ʥʘ ʨʽʟʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʥʘʣʘʰʪʫʚʘʥ-

ʥʷʭ(ʨʠʩ. 1).  

ʇʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʝʪʘʣʦʥʘ) ʜʣʷ 

ʨʽʟʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʙʫʣʘ ʚ ʤʝʞʘʭ 87 ... 91%, ʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʂʘʧʧʘ ʙʫʣʠ ʚ 

ʤʝʞʘʭ ʚʽʜ 0.69 ʜʦ 0.82. 
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ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʆʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟ-

ʥʝʥʥʷè. ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ ʩʪʫʜʝʥʪʘʤʠ ʚʝʜʝʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ɿʝʤʣʽ, ʦʪʨʠʤʘʥʠʭ ʟ ʜʽʶʯʠʭ ʩʫʧʫʪ-

ʥʠʢʽʚ ɼɿɿ. 
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ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙʽʪ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʉʠʩʪʝʤʠ ɼɿɿè. ɼ.: ɼʅʋ, 2020. ï 36ʩ. 
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ʇ.ɸ. ɼʘʚʠʜʯʫʢ, ʩʪʫʜʝʥʪ; ɼ.ʂ. ʄʦʟʛʦʚʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʅʆʈʄɸʃɯɿʆɺɸʅʀʍ ʈɯɿʅʀʎɽɺʀʍ ɯʅɼɽʂʉɯɺ, 

ʆʊʈʀʄɸʅʀʍ ɿɸ ɹɸɻɸʊʆʉʇɽʂʊʈɸʃʔʅʀʄʀ ɼɸʅʀʄʀ SENTINEL -2A/B  

ɸʥʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʤʫʣʴʪʠʩʧʝʢ-

ʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2A/B, ʷʢʠʡ  ʚʢʣʶʯʘʻ ʧʦʧʝʨʝʜʥʽ ʦʧʝʨʘʮʽʾ (ʚʠʙʽʨ 

ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ, ʧʦʰʫʢ ʟʥʽʤʢʽʚ ʟʘ ʜʘʪʦʶ ʪʘ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʟʥʽʤʢʽʚ),  ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʩʠʥʪʝʟ ʫ ʥʘʪʫʨʘʣʴʥʠʭ ʢʦʣʴʦʨʘʭ, ʦʙʯʠʩʣʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ ʦʙ'ʻʢʪʽʚ (NDVI, NDWI, NBR ʪʦʱʦ) ʟʘ ʜʚʦʤʘ ʨʽʟʥʦʯʘʩʥʠʤʠ ʟʥʽʤʢʘʤʠ, 

ʦʙʯʠʩʣʝʥʥʷ ʨʽʟʥʠʮʝʚʠʭ ʽʥʜʝʢʩʥʠʭ ʟʦʙʨʘʞʝʥʴ (dNDVI, dNDWI, dNBR ʪʦʱʦ) ʜʣʷ ʦʙ-

ʨʘʥʦʾ ʧʘʨʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʜʚʦʭ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʥʽʤʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢʠ Sentinel-2A/B, ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥ ̔ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʽʤʢʠ, ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ, ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʨʽʟʥʠʮʝʚʽ ʽʥʜʝʢʩʠ. 

Annotation: The given algorithm for automated processing and analysis of multispectral 

images from Sentinel-2A/B satellites, which includes preliminary operations (selection of 

the area of interest, search for images by date and image quality control), spectral synthesis 

in natural colors, calculation of normalized difference indices for a given object class objects 

(NDVI, NDWI, NBR, etc.) from two different time images, calculation of difference index 

images (dNDVI, dNDWI, dNBR, etc.) for a selected pair of spectral indices of two different 

time images. 

Keywords: Sentinel-2A/B satellites, multispectral satellite images, automated processing, 

normalized difference indices. 

 

ɿʘ ʜʘʥʠʤʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2A/B ʧʨʦʚʝʜʝʥʦ: 

- ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʥʘʣʴʥʠʭ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʽʥʜʝʢʩʽʚ ʟʤʽʥ NDI ʜʣʷ ʦʙ-

ʨʘʥʦʾ ʧʘʨʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʜʚʦʭ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʥʽʤʢʽʚ; 

- ʩʪʚʦʨʝʥʥʷ ʧʦʢʘʥʘʣʴʥʠʭ ʧʘʣʽʪʨʦʚʠʭ ʧʩʝʚʜʦʢʦʣʴʦʨʦʚʠʭ RGB-ʢʦʤʧʦʟʠʪʽʚ ʟʤʽʥ, ʚʠ-

ʷʚʣʝʥʠʭ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ ɯʏ ʜʽʘʧʘʟʦʥʽ; 

- ʧʦʨʦʛʦʚʫ ʙʽʥʘʨʠʟʘʮʽʶ ʽʥʜʝʢʩʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

- ʦʙ'ʻʜʥʘʥʥʷ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʫ ʬʽʣʴʪʨʘʮʽʶ ʙʽʥʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

- ʩʪʚʦʨʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʧʘʣʽʪʨʦʚʦʛʦ ʧʩʝʚʜʦʢʦʣʴʦʨʦʚʦʛʦ RGB-ʢʦʤʧʦʟʠʪʫ ʟʤʽʥ, ʚʠ-

ʷʚʣʝʥʠʭ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ ɯʏ ʜʽʘʧʘʟʦʥʽ; 

- ʚʝʢʪʦʨʠʟʘʮʽʶ ʢʣʘʩʫ ʟʤʽʥ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʣʘʩʽʚ 

ʘʙʦ ʦʙ'ʻʢʪʽʚ; 

- ʚʽʟʫʘʣʽʟʘʮʽʶ ʟʤʽʥ ʥʘ ʢʘʨʪʽ ʪʘ ʝʢʩʧʦʨʪ ʫ kml-ʬʦʨʤʘʪ (ʨʠʩ. 1). 
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ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʽʥʜʝʢʩʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴ-

ʥʠʤʠ ʜʘʥʠʤʠ Sentinel-2A/Bè. ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ 

ʩʪʫʜʝʥʪʘʤʠ ʚʝʜʝʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʝʪʦʜʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ɿʝʤʣʽ, ʦʪʨʠʤʘ-

ʥʠʭ ʟ ʜʽʶʯʠʭ ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ. 
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4. ʄʦʟʛʦʚʠʡ ɼ.ʂ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʽʥʜʝʢʩʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ Sentinel-2A/B. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʥʘʥ-

ʥ ̫ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʉʠʩʪʝʤʠ ɼɿɿè. ɼ.: ɼʅʋ, 2020. ï 

32ʩ. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  
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ʌʆʈʄʋɺɸʅʅʗ ʇʉɽɺɼʆʂʆʃʔʆʈʆɺʀʍ RGB-ʂʆʄʇʆɿʀʊɯɺ ʅɸ ʆʉʅʆɺɯ 

ɼɺʆʇʆʃʗʈʀɿɸʎɯʁʅʀʍ ɿʅɯʄʂɯɺ ʉ-ɼɯɸʇɸɿʆʅʋ  

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ 

ʟʥʽʤʢʽʚ ʟʽ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1A/B, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ: 

ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʰʝʥʴ ʜʣʷ ʢʘʥʘʣʽʚ HV ʽ VV ʧʦʣʷʨʠʟʘʮʽʡ, ʬʦʨʤʫʚʘʥʥʷ RGB-ʢʦʤʧʦʟʠʪʫ 

ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ, ʥʘʩʪʨʦʡʢʘ ʧʦʨʦʛʽʚ ʙʽʥʘʨʠʟʘʮʽʾ, ʚʠʜʽʣʝʥʥʷ ʢʣʘʩʫ ʚʦʜʠ, ʤʦʨʬʦʣʦʛʽʯʥʘ 

ʬʽʣʴʪʨʘʮʽʷ ʽ ʚʝʢʪʦʨʠʟʘʮʽʷ, ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʘʪʠʯʥʦʾ ʢʘʨʪʠ ʧʽʜʪʦʧʣʝʥʴ ʪʘ ʝʢʩʧʦʨʪ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʚ ʩʪʘʥʜʘʨʪʥʽ ʨʘʩʪʨʦʚʽ ʽ ʚʝʢʪʦʨʥʽ ʬʦʨʤʘʪʠ. ɺ ʧʨʦʮʝʩʽ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʢʦʨʠʛʦʚʘʥʠʭ ʜʘʥʠʭ ʢʘʥʘʣʽʚ HV ʽ VV ʧʦʣʷʨʠʟʘʮʽʡ ʙʫʣʠ ʦʪʨʠʤʘʥʽ: ʧʩʝʚʜʦʢʦ-

ʣʴʦʨʦʚʽ RGB-ʢʦʤʧʦʟʠʪʠ; ʨʘʩʪʨʦʚʽ ʤʘʩʢʠ ʚʦʜʠ ʜʦ ʧʦʚʝʥʽ ʽ ʧʽʜ ʯʘʩ ʧʦʚʝʥʽ; ʚʝʢʪʦʨʥʽ 

ʰʘʨʠ ʤʝʞ ʚʦʜʠ ʜʦ ʧʦʚʝʥʽ ʽ ʧʽʜ ʯʘʩ ʧʦʚʝʥʽ; ʚʝʢʪʦʨʥʠʡ ʰʘʨ ʤʝʞ ʚʦʜʠ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠ-

ʪʦʨʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢʠ Sentinel-1A/B, ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥ ̔ʨʘʜʘʨʥ ̔ʟʥʽʤʢʠ, ʪʝʤʘʪʠʯʥʘ 

ʦʙʨʦʙʢʘ, ʧʩʝʚʜʦʢʦʣʴʦʨʦʚʽ RGB-ʢʦʤʧʦʟʠʪʠ. 

Annotation: The main operations of the thematic processing of dual-polarization radar im-

ages from Sentinel-1A/B satellites performed in semi-automatic mode are presented: calcu-

lation of ratios for HV and VV polarization channels, RGB composite formation and visual-

ization, setting of binarization thresholds, selection of water class, morphological filtering 

and vectorization, formation of a thematic flood map and export of results in standard raster 

and vector formats. In the process of thematic processing, based on the corrected data of the 

HV and VV polarization channels, the following were obtained: pseudo-color RGB compo-

sites; raster masks of water before the flood and during the flood; vector layers of water 

boundaries before the flood and during the flood; vector layer of water boundaries of flood-

ed areas. 

Keywords: Sentinel-1A/B satellites, dual-polarization radar images, thematic processing, 

pseudo-color RGB composites. 

 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ  ̒ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʉ-ʜʽʘʧʘʟʦʥʫ (ʨʠʩ. 1) ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʚʩʝʧʦʛʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʥʝʡ ʟ ʤʝʪʦʶ ʧʜ̔ʚʠʱʝʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ  ̔ ʧʣʦʱ ʟʘʪʦʧʣʝʥʠʭ ʜʽʣʷʥʦʢ ʧʨʠ 

ʦʮʽʥʶʚʘʥʥʽ ʤʘʩʰʪʘʙʽʚ, ʜʠʥʘʤʽʢʠ  ̔ʥʘʩʣʽʜʢʽʚ ʧʦʚʝʥʝʡ. 
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ʈʠʩ. 1. 

 

ʇʨʦʚʦʜʠʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʜʽʣʷʥʢʘʭ 

ʤʘʩʰʪʘʙʥʠʭ ʧʦʚʝʥʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ ʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1A/B ʪʘ 

ʩʢʘʥʝʨʥʠʭ ʟʥʽʤʢʽʚ ʟ ʩʫʧʫʪʥʠʢʽʚ Landsat-7/8 ʪʘ Sentinel-2A/B. ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çʆʙʨʦʙʢʘ ʜʚʦʧʦʣʷʨʠ-

ʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ ʉ-ʜʽʘʧʘʟʦʥʫ ʟʽ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1A/Bè.  
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ʥʠʭ ʜʘʥʠʭ ʩʠʩʪʝʤʠ COPERNICUS ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʥʝʡ ʽ ʟʘʩʫʭ 
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91-93. 
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ɺɯɿʋɸʃɯɿɸʎɯʗ ʈɽɿʋʃʔʊɸʊɯɺ ʆɹʈʆɹʂʀ ʄʆɿɸɰʂ ʅɯʏʅʆɰ ɿʁʆʄʂʀ ɿɸ 

ɼɸʅʀʄʀ ʇʈʀʃɸɼʋ VIIRS ʉʋʇʋʊʅʀʂɸ SUOMI NPP 

ɸʥʦʪʘʮʽʷ: ʆʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʟʫʘʣʽʟʘʮʽ ʾʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʤʦʟʘʾʢ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʟʘ 

ʜʘʥʠʤʠ ʧʨʠʣʘʜʫ VIIRS: ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʦʾ 

ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ; ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ 

ʚʠʭʽʜʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʟʘʜʘʥʦʾ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

ʨʦʟʨʘʭʫʥʦʢ ʱʦʜʝʥʥʠʭ ʪʘ ʱʦʤʽʩʷʯʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʠʙʨʘʥʠʭ ʤʘʡ-

ʜʘʥʯʠʢʽʚ ʪʘ ʝʢʩʧʦʨʪ ʫ ʟʘʜʘʥʠʡ ʬʦʨʤʘʪ; ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʱʦʜʝʥʥʠʭ 

ʪʘ ʱʦʤʽʩʷʯʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʠʙʨʘʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʽʚ ʪʘ ʜʽʘʛʨʘʤ; ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʟʘʜʘʥʦʾ 

ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʧʘʣʽʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʪʘ ʨʽʟʥʦʯʘʩʦʚʠʭ RGB-ʢʦʤʧʦʟʠʪʽʚ. 

ʂʣʁʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢ Suomi NPP, ʧʨʠʣʘʜ VIIRS, ʤʦʟʘʾʢʠ ʥʽʯʥʦʾ ʟʡʦʤʢʠ, ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʘ ʦʙʨʦʙʢʘ, ʨʽʟʥʦʯʘʩʦʚ ̔RGB-ʢʦʤʧʦʟʠʪʠ. 

Annotation: The technology of visualization of the results of processing mosaics of night 

photography according to the data of the VIIRS device is described: the formation of the 

initial data array taking into account the given area of interest and the required period of 

observations; automated processing of output images for a given area of interest and re-

quired observation period; calculation of daily and monthly statistical characteristics for 

selected sites and export to the specified format; visualization of the results of calculating 

daily and monthly statistical characteristics for selected sites in the form of graphs and 

charts; visualization of the results of processing the original images for a given area of inter-

est and the required observation period in the form of palette images and different time RGB 

composites. 

Keywords: Suomi NPP satellite, VIIRS instrument, mosaics of night photography, automat-

ed processing, different time RGB composites. 

 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʦʙʨʦʙʢʠ ʤʦʟʘʾʢ ʥʽʯʥʦʾ ʟʡʦʤʢʠ  ̒ ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʥʦʨʤʘʣʽʟʘʮʽʷ - 

ʚʠʜʽʣʝʥʥʷ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʽʢʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ 

ʟʘʜʘʥʠʭ ʪʠʧʽʚ ʥʘʟʝʤʥʠʭ ʦʙ'ʻʢʪ̔ʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʧʽʚ ʬʽʣʴʪʨʽʚ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ, ʱʦ 

ʟʯʠʪʫʶʪʴʩʷ ʟ ʬʘʡʣʫ ʫʩʪʘʥʦʚʦʢ ʘʙʦ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʨʫʯʥʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪ-

ʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚ̔ ʟʫʘʣʽʟʘʮʽ ʾʫ ʚʠʛʣʷʜʽ ʧʘʣʽʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʨʽʟʥʦʯʘʩʦʚʠʭ RGB-

ʢʦʤʧʦʟʠʪʽʚ (ʨʠʩ. 1). 
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ʈʠʩ. 1. 

 

ʆʩʪʘʥʥʽʡ ʝʪʘʧ - ʝʥʪʨʦʧʽʡʥʝ (ʽʥʬʦʨʤʘʮʽʡʥʝ) ʩʪʠʩʥʝʥʥʷ ʦʙʨʦʙʣʝʥʠʭ ʟʥʽʤʢʽʚ ʟ ʤʝʪʦʶ 

ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʽʚ ʟʙʝʨʝʞʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʜʦʩʪʘʚʢʠ 

ʜʘʥʠʭ ʧʦ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ (ʚʠʜ ʩʪʠʩʥʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʤʧʨʝʩʽʾ ʟʯʠʪʫʶʪʴʩʷ ʟ 

ʬʘʡʣʫ ʫʩʪʘʥʦʚʦʢ ʘʙʦ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʨʫʯʥʫ).  

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ ʤʦʟʘʾʢ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʟʘ ʜʘʥʠʤʠ ʧʨʠʣʘʜʫ VIIRS ʩʫʧʫʪʥʠʢʘ 

Suomi NPPè. 
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ɸʃʔʊɽʈʅɸʊʀɺʅʀʁ ʄɽʊʆɼ ʂʆʈɽʂʎɯɰ ʇʈʀʃɸɼʆɺʀʍ ʉʇʆʊɺʆʈɽʅʔ 

ʉʂɸʅɽʈɸ ETM+ 

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʦʨʝʢʮʽʾ ʧʨʠʣʘʜʦʚʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʩʢʘʥʝʨʘ ETM+ ʥʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ Landsat-7. 

ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʽʣʴʪʨʘʮʽʾ ʚ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʽʟ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷʤ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʘʩʦʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʟʥʽʤʢʽʚ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʠʣʦ 

ʜʦʙʨʫ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʈʦʟʨʦʙʣʝʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʟ ʫʩʧʽʭʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʢʦʨʝʢʮʽʾ ʧʨʠʣʘʜʦʚʠʭ ʧʨʦʩʪʦ-

ʨʦʚʦ-ʧʝʨʽʦʜʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʘʨʭʽʚʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʽʥʰʠʭ ʦʧʪʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʩʢʘʥʝʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢ Landsat-7, ʩʢʘʥʝʨ ETM+, ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʟʥʽʤʢʠ, ʧʨʠʣʘ-

ʜʦʚʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʩʧʝʢʪʨʘʣʴʥʽ ʤʘʩʢʠ. 

Annotation: An alternative method of automated correction of instrument distortions of the 

ETM+ scanner on Landsat-7 multispectral satellite images is provided. The method is based 

on the use of filtering in the area of spatial frequencies with the use of fast Fourier transfor-

mation and spectral masks. Experimental testing of the proposed method on a large number 

of images also confirmed the good repeatability and high stability of the used algorithms. 

The developed technology can also be successfully used to correct instrument spatial-

periodic distortions on archival satellite images obtained with the help of other optical-

mechanical scanners. 

Keywords: Landsat-7 satellite, ETM+ scanner, multispectral images, instrument distortions, 

fast Fourier transform, spectral masks. 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʚʠʜʘʣʝʥʥʶ 

(ʨʠʩ. 1), ʥʘʢʣʘʜʘʻʪʴʩʷ ʬʽʣʴʪʨʫʶʯʘ ʤʘʩʢʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʠʢʩʝʣʽʚ ʟ ʥʫʣʴʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ. ʇʘʨʘʤʝʪʨʠ ʤʘʩʢʠ  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʽʜʦʤʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʧʝʨʽʦʜʦʤ ʟʘʚʘ-

ʜʠ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʣʴʪʨʘʮʽʾ. ʋ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ 

ʙʫʜʫʪʴ ʚʠʣʫʯʝʥʽ ʧʝʨʽʦʜʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʧʨʦʩʪʦʨʦʚʠʡ ʧʝʨʽʦʜ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʬʽʣʴ-

ʪʨʦʚʘʥʠʤ ʥʘ ʌʫʨ'ʻ-ʦʙʨʘʟʽ ʧʨʦʩʪʦʨʦʚʠʤ ʯʘʩʪʦʪʘʤ. ʗʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʤʘʩʢʦʶ. ɺ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʤʘʩʢʘ 

ʬʽʣʴʪʨʘ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʌʫʨ'ʻ-ʦʙʨʘʟʦʤ ʦʜʥʦʛʦ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʽʥʰʠʭ ʢʘʥʘʣʽʚ. 



309 

 
ʈʠʩ. 1. 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙʨʦʙʣʝʥʠʭ ʟʥʽʤʢʽʚ ʧʦʢʘʟʘʣʠ ʜʦʩʠʪʴ ʷʢʽʩʥʫ ʢʦʨʝʢʮʽʶ 

ʪʘ ʫʩʫʥʝʥʥʷ ʧʨʠʣʘʜʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʢʘʥʝʨʘ ETM+ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ: ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʘʜʘʥʠʭ ʪʘ ʤʘʩʦʢ ʧʨʠʣʘʜʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ; ʨʦʙʦʪʘ ʟ ʦʜʥʦʢʘʥʘʣʴʥʠʤʠ ʽ ʙʘʛʘʪʦʩʧʝʢ-

ʪʨʘʣʴʥʠʤʠ ʟʥʽʤʢʘʤʠ; ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʥʝʚʝʣʠʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩʮʝʥʠ; ʤʽʥʽʤʘʣʴ-

ʥʘ ʢʽʣʴʢʽʩʪʴ ʨʫʯʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʜʣʷ ʧʨʦʮʝʜʫʨ ʦʙʨʦʙʢʠ; ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʙʝʟ ʜʦ-

ʜʘʪʢʦʚʠʭ ʟʥʽʤʢʽʚ ʟʘ ʽʥʰʽ ʜʘʪʠ; ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʥʽʤʢʽʚ ʟ ʨʽʟʥʠʭ ʩʫʧʫʪʥʠʢʽʚ; ʜʦʩʠʪʴ ʜʦʙʨʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ, ʟʨʦʙʣʝʥʠʭ ʫ ʨʽʟʥʽ ʩʝʟʦʥʠ ʪʘ ʜʣʷ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʡ. 
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ɽʅɽʈɻɽʊʀʏʅʀʁ ʈʆɿʈɸʍʋʅʆʂ ʈɸɼɯʆʃɯʅɯɰ ɼʃʗ ʉʋʇʋʊʅʀʂɸ ɼɿɿ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʘʥʘʣʽʟʦʚʘʥ ̔ʩʪʨʫʢʪʫʨʥ ̔ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ 

ɼɿɿ ʪʘ ʧʨʠʡʤʘʣʴʥʦʾ ʩʪʘʥʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʙʦʨʪʦʚʦʛʦ ʧʝʨʝʜʘʚʘʯʘ ʩʫʧʫʪʥʠʢʘ ɼɿɿ ʪʘ ʧʨʠʡ-

ʤʘʣʴʥʦʾ ʩʪʘʥʮʽʾ, ʧʨʠʚʝʜʝʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʘʜʽʦʣʽʥʽʾ çʩʫʧʫʪʥʠʢ ï ʧʨʠʡ-

ʤʘʣʴʥʘ ʩʪʘʥʮʽʷè, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʘʜʽʦʣʽʥʽʾ 

ʜʣʷ ʩʫʧʫʪʥʠʢʘ ɼɿɿ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘ-

ʤʠ ʨʘʜʽʦʣʽʥʽʾ çʩʫʧʫʪʥʠʢ ï ʧʨʠʡʤʘʣʴʥʘ ʩʪʘʥʮʽʷè, ʘ ʪʘʢʦʞ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʤʦʜʫʣʷʮʽʾ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʣʷ ʛʘʫʩʽʚʩʴʢʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢ ɼɿɿ, ʧʨʠʡʤʘʣʴʥʘ ʩʪʘʥʮʽʷ, ʛʘʫʩʽʚʩʴʢʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ, ʨʦ-

ʟʨʘʭʫʥʦʢ ʨʘʜʽʦʣʽʥʽʾ, ʝʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʭʠʙʢʠ. 

Annotation: The structural diagrams of the data transmission system of the RS satellite and 

the receiving station are analyzed, mathematical models are proposed and the results of 

calculations of the bandwidth of the on-board transmitter of the RS satellite and the receiv-

ing station are presented, the energy calculation of the radio line "satellite - receiving sta-

tion" is given, and the interference immunity of the proposed radio line is evaluated for RS 

satellite. According to the results of the calculations, the energy diagrams of the radio link 

"satellite - receiving station" were constructed, as well as the graphs of the dependence of 

the error probability on the signal-to-noise ratio for various types of modulation and inter-

ference-resistant coding for the Gaussian communication channel were constructed. 

Key words: RS satellite, receiving station, Gaussian communication channel, radio line 

calculation, energy diagrams, probability of error. 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʥʽʧʫʣʷʮʽʡ BPSK 

(PSK-2) ʪʘ QPSK (PSK-4) ʜʣʷ ʛʘʫʩʽʚʩʴʢʦʛʦ ʢʘʥʘʣʫ ʟʚô̫ ʟʢʫ ʦʜʥʘʢʦʚʘ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ QPSK ̒  ʚʜʚʽʯʽ ʢʨʘʱʦʶ. ʊʘʢʦʞ ʜʣʷ ʛʘʫʩʽʚʩʴʢʦ-

ʛʦ ʢʘʥʘʣʫ ʟʚô̫ ʟʢʫ ʧʨʠ ʟʥʘʯʝʥʥʽ BER=10-5 ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʛʨʘʰ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ BPSK 

ʜʣʷ PSK-8 ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 3 ʜɹ, ʘ ʜʣʷ PSK-16 ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 8 ʜɹ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʥʽʧʫʣʷʮʽʾ PSK-4 ʥʘʡʢʨʘʱʘ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʢʦʜʦʤ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ̫ ʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʤʝʥʰʦʤʫ ʟʥʘʯʝʥʥʽ Eb/No 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʢʦʜʘʤʠ. 
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1. ʧʦʪʫʞʥʽʩʪʴ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʤʦʜʫʣʷʪʦʨʘ, ʜɹɺʪ; 

2. ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʙʦʨʪʦʚʦʛʦ 

ʧʝʨʝʜʘʚʘʯʘ, ʜɹɺʪ; 
3. ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʙʦʨʪʦʚʦʛʦ ʪʨʘʢʪʫ, 

ʜɹɺʪ; 

4. ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʦʧʨʦʤʽʥʶʚʘʯʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ ʙʦʨʪʦʚʦʛʦ ʧʝʨʝʜʘʚʘʯʘ, 
ʜɹɺʪ; 

5. ʝʢʚʽʚʘʣʝʥʪʥʘ ʽʟʦʪʨʦʧʥʦ ʚʠʧʨʦʤʽʥʶʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʦʨʪʦʚʦʛʦ ʧʝʨʝʜʘʚʘʯʘ, ʜɹɺʪ; 

6. ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʘʥʪʝʥʠ ʧʨʠʡʤʘʣʴʥʦʾ ʟʝʤʥʦʾ ʩʪʘʥʮʽʾ, ʜɹɺʪ/ʤ2;  
7. ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʜʝʤʦʜʫʣʷʪʦʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʣʦʢʫ ʧʨʠʡʤʘʣʴʥʦʾ ʟʝʤʥʦʾ 

ʩʪʘʥʮʽʾ, ʜɹɺʪ. 
ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çɽʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʘʜʽʦʣʽʥʽʾ ʜʣʷ ʩʫʧʫʪʥʠʢʘ ɼɿɿè, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʜʠʧʣʦʤʫʚʘʥʥʷ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
 

1. ʉʨʽʙʥʘ ɯ.ʄ., ɭ.ɯ. ʄʘʭʦʥʽʥ, ɺʣʘʩʝʥʢʦ ɻ.ʄ., ʂʠʨʧʘʯ ʃ.ɸ. ʉʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ 

ʟʚôʷʟʢʫ ʽ ʥʘʚʽʛʘʮʽʾ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʂ.: ɼʋʊ, 2019. ï123 ʩ. 

2. ɹʦʥʜʘʨʝʥʢʦ ɯ.ʄ. ʉʠʩʪʝʤʠ ʨʘʜʽʦʟʚʷʟʢʫ. ʂʥ.2, ʯ.1. ʈʘʜʽʦʣʽʥʽʾ ʟʚʷʟʢʫ: ʅʘʚʯ. ʧʦʩʽʙ-

ʥʠʢ. ï ʍʘʨʢʽʚ.: ʍɯ ɺʇʉ, 2003. - 162ʩ. 

3. ʉʘʚʯʝʥʢʦ ɯ.ɼ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʫʧʫʪʥʠʢʦʚʦʾ ʨʘʜʽʦʣʽʥʽʾ. ʄʝʪʦʜʠʯʥʽ ʨʝ-

ʢʦʤʝʥʜʘʮʽʾ. - ɼ: ɼʅʋ, 2018. ï 32 ʩ. 

4. ɺ.ɺ. ɻʥʘʪʫʰʝʥʢʦ, ʆ.ʆ. ɼʨʦʙʘʭʽʥ, ɺ.ʄ. ʂʦʨʯʠʥʩʴʢʠʡ. ʉʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʘ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ. ʅʘʚʯ. ʧʦʩʽʙ. - ɼ: ɼʅʋ, 2012. ï 80 ʩ. 
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ɸ.ɼ. ʈʠʤʘʨʝʥʢʦ, ʩʪʫʜʝʥʪ; ɼ.ʂ. ʄʦʟʛʦʚʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

rymarenko_ad@ffeks.dnu.edu.ua 

 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʆɹʈʆɹʂɸ ʅɯʏʅʀʍ ɿʅɯʄʂɯɺ ɯɿ ʉʋʇʋʊʅʀʂɸ TERRA 

(ʇʈʀʃɸɼ ASTER) ʊɸ ɿ ʉʋʇʋʊʅʀʂɸ LANDSAT -8 (ʇʈʀʃɸɼ TIRS)  

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ  ʪʝʧʣʦʚʦʛʦ ʽ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ. ɼʣʷ ʟʘʜʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʮʠʬ-

ʨʦʚʽ ʢʘʨʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʜʣʷ ʪʝʨʠʪʦʨʽʡ, ʥʘ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘʬʪʦʧʝ-

ʨʝʨʦʙʥʽ ʪʘ ʭʽʤʽʯʥʽ ʟʘʚʦʜʠ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʢʘʟʘʚ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ʪʝʧʣʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 

ʨʽʟʥʦʯʘʩʥʠʤʠ ʟʥʽʤʢʘʤʠ ʪʽʻʾ ʩʘʤʦʾ ʪʝʨʠʪʦʨʽʾ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʨʽʟʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. ʈʝʟʫʣʴ-

ʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʽʯʥʠʭ ʟʥʽʤʢʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Terra ʪʘ 

 Landsat-8 ʟ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʨʦʙʥʠʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʝʣʠʢʠʭ ʧʨʦʤʠ-

ʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʻ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʤʠʩʣʦʚʽ ʦʙ'ʻʢʪʠ, ʩʫʧʫʪʥʠʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʪʝʧʣʦʚʘ ʟʡʦʤʢʘ, 

ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 

 

Annotation: The results of the development and testing of the methodology of automated 

processing of satellite images with medium spatial resolution of the thermal and short-wave 

IR range are given. For the given test areas, digital maps of the Earth's surface temperature 

were obtained for areas where oil refineries and chemical plants are concentrated. A com-

parative analysis of the results of the automated recognition of sources of thermal radiation 

showed a fairly high degree of correlation between the results of processing images of the 

thermal IR range and the results of processing images of the short-wave IR range. A com-

parison of the results of automated recognition of thermal radiation sources based on differ-

ent time images of the same territory obtained from different satellites was also carried out. 

The results of testing the proposed methodology confirmed the possibility and high efficien-

cy of using night images from the Terra and Landsat-8 satellite for the purpose of monitor-

ing the production activity of large industrial facilities that are sources of thermal radiation. 

Keywords: industrial objects, satellite monitoring, thermal imaging, image processing, 

object recognition. 
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ʈʠʩ. 1. 

 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ - ʦʙ'ʻʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʱʦ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ (ʨʠʩ. 1) ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʟʘʜʘʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʧʦʨʦʛʘʤʠ (ʜʣʷ ʩʧʝʢ-

ʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʪʝʧʣʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ), ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʟʘʜʘʥʠʤʠ ʧʦʨʦʛʦʚʠʤʠ 

ʧʽʢʩʝʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʭʽʜʥʠʭ ʟʥʽʤʢʽʚ (ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʢʦʨʦʪʢʦʭʚʠʣʴ-

ʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ).  

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʆʙʨʦʙʢʘ ʜʘʥʠʭ ɼɿɿ ʪʝʧʣʦʚʦʛʦ ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʘè ʜʣʷ ʩʪʫʜʝʥʪʽʚ 

ʩʪʘʨʰʠʭ ʢʫʨʩʽʚ ɼʅʋ.  

 

ɹʙ̔ʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
 

1. Monitoring the Activity of Industrial Facilities Using Satellite Images of the Heat IR 

Range D. Mozgovoy, R. Tsarev, V. Korchynskyi, R. Kuzmich, A. Pupkov, A. Chikizov, 

V. Tynchenko, A. Knyazkov, E. Delahoz-Dom²nguez. CSOC 2021, LNNS 228, pp. 1ï

12, 2021.  

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʥʝʚʥʳʭ ʠ ʥʦʯʥʳʭ ʩʥʠʤʢʦʚ ʚʠʜʠʤʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦ-

ʥʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. ɹʝʣʦʫʩʦʚ ʂ.ɻ., ʉʚʠʥʘʨʝʥʢʦ ɼ.ʅ, ʍʦʨʦʰʠ-

ʣʦʚ ɺ.ʉ., ʄʦʟʛʦʚʦʡ ɼ.ʂ., ʉʘʤʩʦʥʦʚʘ ʖ.ʀ., ʍʤʘʨʘ ɼ.ɸ. // ʂʦʩʤʽʯʥʘ ʥʘʫʢʘ ʽ ʪʝʭʥʦ-

ʣʦʛʽʷ, ˉ 6 (24), 2018. - C. 33-43. 

3. ʇʦʧʦʚ ɽ.ɼ., ʄʦʟʛʦʚʦʡ ɼ.ʂ. ʂʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ ʪʝʧʣʦʚʦʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ / / XʍɯI ʄʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪʠʯ. 

ʢʦʥʬ. çʃʶʜʠʥʘ ʽ ʂʦʩʤʦʩè, 15-17 ʢʚʽʪʥʷ 2020ʨ., ʤ. ɼʥʽʧʨʦ. ï ɿʙ. ʪʝʟ. ï ʉ. 265. 

4. ʄʦʟʛʦʚʠʡ ɼ.ʂ. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ɼɿɿ ʪʝʧʣʦʚʦʛʦ ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ɯʏ-

ʜʽʘʧʘʟʦʥʘ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʥʘʚʯʘʣʴʥʦʾ 

ʜʠʩʮʠʧʣʽʥʠ çʉʠʩʪʝʤʠ ɼɿɿè. ɼ.: ɼʅʋ, 2020. ï 36ʩ. 
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ɸʅɸʃɯɿ ɺʇʃʀɺʋ ɿʄɽʅʐɽʅʅʗ ʈʆɿʈʗɼʅʆʉʊɯ ʊɸ ɯʅʌʆʈʄɸʎɯʁʅʆɻʆ 

ʉʊʀʉʅɽʅʅʗ ɿ ɺʊʈɸʊɸʄʀ ʅɸ ʈɽɿʋʃʔʊɸʊʀ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ 

ʈʆɿʇɯɿʅɸɺɸʅʅʗ 

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʽ ʚʪʨʘʪ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʽ 

ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʟʥʽʤʢʘʤʠ ʥʘʜʚʠʩʦʢʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʚʠʜʠʤʦʛʦ ʪʘ ɯʏ ʜʽʘʧʘʟʦʥʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʽ ʩʫʧʫʪʥʠʢʘ Jilin-1ɸ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ, 

ʧʽʜʪʚʝʨʜʠʣʠ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ ʨʦʟʧʽʟʥʘʥʠʭ 

ʚʦʜʥʠʭ ʪʘ ʨʦʩʣʠʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥ-

ʥʷ ʮʠʭ ʞʝ ʟʥʽʤʢʽʚ. ʅʘ ʨʽʟʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʨʦʟʜʽʣʝʥʥʷ ʢʣʘʩʽʚ 

ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʚʦʜʠ ʧʨʠ ʪʠʭ ʩʘʤʠʭ ʥʘʩʪʨʦʶʚʘʥʥʷʭ ʧʦʨʦʛʽʚ ʙʽʥʘʨʠʟʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʽ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʢʘʨʪ 

ʚʝʣʠʢʠʭ ʤʽʩʪ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʨʘʜʠʮʽʡʥʦʶ ʥʘʟʝʤʥʦʶ GPS-ʟʡʦʤʢʦʶ ʪʘ ʘʝʨʦʬʦʪʦ-

ʟʥʽʤʘʥʥʷʤ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʽ ʚʦʜʦʡʤ, ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥ ̔ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʽʤʢʠ. 

Annotation: The results of the analysis of the impact of reducing the bit rate and loss of 

information compression on the results of automated recognition of vegetation and water 

bodies on the territory of the city based on multispectral images of ultra-high spatial resolu-

tion of the visible and IR ranges obtained from the Jilin-1A satellite are presented. The 

results of image processing, which were obtained using the proposed method, confirmed the 

fairly high accuracy of the automated selection of the boundaries of recognized water and 

plant objects with the results of interactive visual recognition of the same images. A good 

separation of vegetation and water classes was obtained at the same settings of the binariza-

tion thresholds at different test sites. The proposed technique allows to significantly increase 

the efficiency and probability of restoring maps of large cities in comparison with traditional 

terrestrial GPS surveying and aerial photography while simultaneously reducing financial 

costs. 

Keywords: remote monitoring, automated recognition of vegetation and water bodies, multi-

spectral satellite images. 

 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʟʥʽʤʢʽʚ (ʟ 10 ʜʦ 8 ʙʽʪ)  ̔

ʥʘʩʪʫʧʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʠʩʥʝʥʥʷ (JPEG lossy ̔ JPEG2000 lossless) ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ  ̔ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʽʜʪʚʝʨʜʠʚ ʜʦʮʽʣʴʥʽʩʪʴ 

 ̔ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʤʝʪʦʜʽʚ (ʨʠʩ. 1). ʆʙʩʷʛ ʟʙʝʨʝʞʝʥʠʭ ʽ ʧʝʨʝʜʘʥʠʭ ʬʘʡʣʽʚ ʟʤʝʥʰʫ-

ʚʘʚʩʷ ʩʫʪʪʻʚʦ (ʚ 80..100 ʨʘʟʽʚ) ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʟʥʠʞʝʥʥʽ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʥʘ 

1...2%). 
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ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʄʝʪʦʜʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ  ʟʥʽʤʢʽʚ ʥʘʜ-

ʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷè. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
 

1. ʄʘʢʘʨʦʚ ʆ.ʃ. ʪʘ ʽʥ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʩʴʢʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʚʦ-

ʜʦʡʤ ʟʘ ʟʥʽʤʢʘʤʠ ʩʫʧʫʪʥʠʢʘ çJilin-1ɸè. ʂʦʩʤ. ʥʘʫʢʘ  ̔ʪʝʭʥʦʣ. 2021. ʊ. 27. ˉ 4. ï ʉ. 

42-53. 

2. Mozgovoy, D.K., Hnatushenko, V.V., Vasyliev, V.V. Automated recognition of vege-
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ɼʅʋ, 2020. ï 36ʩ. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  
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ʊɽʍʅʆʃʆɻɯʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʆɹʈʆɹʂʀ ɼɸʅʀʍ ɼɿɿ ʊɽʇʃʆɺʆɻʆ 

ʊɸ ʂʆʈʆʊʂʆʍɺʀʃʔʆɺʆɻʆ ɯʏ-ɼɯɸʇɸɿʆʅɸ 

ɸʥʦʪʘʮʽʷ: ʆʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʽ ̫ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʝʧʣʦʚʦʛʦ ʪʘ ʢʦʨʦʪʢʦʭ-

ʚʠʣʴʦʚʦʛʦ ɯʏ-ʜ̔ʘʧʘʟʦʥʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʣʘ 

ʧʦʰʫʢ, ʘʥʘʣʽʟ ʪʘ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʠʭ ɼɿɿ 

ʪʝʧʣʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ ʟʘ ʦʙʨʘʥʠʤʠ ʨʘʥʽʰʝ ʪʝʩʪʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ 

ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʩʫʧʫʪʥʠʢʽʚ (ʚʠʟʥʘʯʝʥʥʷ ʜʘʪʠ ʪʘ ʫʤʦʚ ʟʡʦʤʢʠ, ʚʽʜʩʦʪʢʘ ʧʦʢʨʠʪʪʷ, 

ʢʽʣʴʢʦʩʪʽ ʟʥʽʤʢʽʚ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʫ ʾʭ ʷʢʦʩʪʽ ʥʘ ʧʨʝʜʤʝʪ ʰʫʤʽʚ , ʩʧʦʪʚʦʨʝʥʴ, ʘ ʪʘʢʦʞ 

ʭʤʘʨʥʦʩʪʽ). ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʚ ʪʝʧʣʦʚʦʤʫ 

ɯʏ-ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʽ ʨʽʟʥʠʭ ʜʘʪ ʟʡʦʤʢʠ. ɺʠʢʦʥʘʥʝ 

ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʟʫʘʣʴʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʚʝʣʠʢʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ, ʚʠʢʦʥʘʥʦʛʦ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʥʘʜʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦ-

ʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʪʠʭ ʞʝ ʪʝʨʠʪʦʨʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ, ʜʘʥʽ ɼɿɿ ʪʝʧʣʦʚʦʛʦ ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ɯʏ-

ʜ̔ʘʧʘʟʦʥʘ; ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ 

Annotation: The technology of automated thermal and short-wave infrared data processing 

is described. The experimental part of the performed research included the search, analysis 

and selection of thermal IR range data suitable for the practical part of the research based on 

previously selected test areas for each of the above-mentioned satellites (determining the 

date and conditions of shooting, the percentage of coverage, the number of shots, as well as 

evaluating their quality on the subject of noises, distortions, as well as cloudiness). Auto-

mated recognition of thermal anomalies was also carried out on medium spatial resolution 

satellite images obtained in the thermal IR range for the above test areas and different shoot-

ing dates. A comparison of the obtained results with the results of the visual decoding of 

large industrial objects, made on the basis of ultra-high spatial resolution satellite images, 

which were made in the visible range for the same territories, was performed. 

Keywords: automated processing, RS data of thermal and short-wave IR range; recognition 

of thermal anomalies 

 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥ ̔ʪʝʧʣʦʚʦʛʦ ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʘ (ʨʠʩ.1.). 
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ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʆʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟ-

ʥʝʥʥʷè. ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ ʩʪʫʜʝʥʪʘʤʠ ʚʝʜʝʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ɿʝʤʣʽ, ʦʪʨʠʤʘʥʠʭ ʟ ʜʽʶʯʠʭ ʩʫʧʫʪ-

ʥʠʢʽʚ ɼɿɿ. 
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ʥʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. ɹʝʣʦʫʩʦʚ ʂ.ɻ., ʉʚʠʥʘʨʝʥʢʦ ɼ.ʅ, ʍʦʨʦʰʠ-
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  
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ɸɺʊʆʄɸʊʀɿʆɺɸʅɽ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ɺɽʃʀʂʀʍ ʄɽʊɸʃɽɺʀʍ ʆɹôɭʂʊɯɺ 

ɿɸ ɼɺʆʇʆʃʗʈʀɿɸʎɯʁʅʀʄʀ ʈɸɼɸʈʅʀʄʀ ɼɸʅʀʄʀ SENTINEL -1ɸ/B  

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʦʚʠʭ ʥʘʬʪʦʚʠʜʦ-

ʙʫʚʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʟʘʩʥʦʚʘʥʘ ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʨʽʟʥʠʮʝʚʦʛʦ ʽʥʜʝʢʩʫ 

(NDI) ʯʘʩʦʚʠʭ ʟʤʽʥ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʟʘʜʘʥʦʾ ʧʘʨʠ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠ-

ʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʽ ʚʠʙʨʘʥʠʭ ʩʧʝʢʪʨʘ-

ʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʙʘʛʘʪʦʧʦʨʦʛʦʚʦʶ ʙʽʥʘʨʠʟʘʮʽʻʶ. ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʦʚʘ-

ʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʝʣʠʢʠʭ ʤʝʪʘʣʝʚʠʭ ʦʙôʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʨʘʜʘ-

ʨʥʽ ʜʘʥʽ ʉ-ʜʽʘʧʘʟʦʥʫ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1ɸ/B. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦ-

ʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʚʠʷʚʠʪʠ ʥʦʚʽ ʥʘʬʪʦʚʠʜʦʙʫʚʥʽ ʤʘʡʜʘʥʯʠʢʠ 

ʪʘ ʚʝʣʠʢʽ ʤʝʪʘʣʝʚʽ ʦʙôʻʢʪʠ. ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʫʩʝʨʝʜʥʝʥʘ ʜʣʷ 20 ʟʦʥ 

ʪʝʩʪʫʚʘʥʥʷ, ʩʪʘʥʦʚʠʣʘ ʚʽʜ 85 ʜʦ 92 % ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʘʧʧʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,81 ʜʦ 0,87.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢʠ Sentinel-1ɸ/B, ʤʝʪʦʜʦʣʦʛʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥ-

ʥʷ, ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʨʽʟʥʠʮʝʚʠʡ ʽʥʜʝʢʩ ʯʘʩʦʚʠʭ ʟʤʽʥ (NDI). 

Annotation: The presented methodology for the automated recognition of new oil produc-

tion sites is based on the calculation of the normalized difference index (NDI) of temporal 

changes. Calculations are performed for a given pair of satellite images of different times in 

the visible and near-infrared bands and selected spectral channels followed by multi-

threshold binarization. The automated detection algorithm for large metallic objects uses C-

band dual-polarization radar data from the Sentinel-1A/B satellites. The proposed infor-

mation technology allows for automated detection of new oil production sites and large 

metal objects. Overall recognition accuracy averaged over the 20 test zones ranged from 85 

to 92% with kappa coefficients ranging from 0.81 to 0.87. 

Key words: Sentinel-1A/B satellites, automated recognition methodology, normalized dif-

ference temporal change index (NDI). 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʤʽʥ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʙʝʟʧʦʩʝʨʝʜʥʻ ʦʙʯʠʩʣʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʨʽʟʥʠʮʝʚʦʛʦ ʽʥʜʝʢʩʫ ʯʘʩʦʚʠʭ ʟʤʽʥ NDI ʜʣʷ 

ʟʘʜʘʥʦʾ ʧʘʨʠ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʚʠʤʦʛʠ ʜʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʜʽʣʝʥʥʷ 

ʢʦʨʜʦʥʽʚ ʥʦʚʠʭ ʦʙôʻʢʪʽʚ ʥʘʬʪʦʚʠʜʦʙʫʚʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ. ʋʩʝʧʦʛʦʜʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ (ʨʠʩ. 1).  
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ʈʠʩ. 1. 

 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ 

ʙʫʪʠ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʝʙ-ʩʝʨʚʽʩʫ ʚʩʝʧʦʛʦʜʥʦʛʦ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʡʦʥʽʚ ʥʘʬʪʦʚʠʜʦʙʫʪʢʫ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʝʣʠʢʠʭ ʤʝʪʘʣʝʚʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ 

ʨʘʜʘʨʥʠʤʠ ʜʘʥʠʤʠ Sentinel-1ɸ/Bè.  
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ɺʀʗɺʃɽʅʅʗ ʅʆɺʀʍ ɺɽʃʀʂʀʍ ɸʅʊʈʆʇʆɻɽʅʅʀʍ ʆɹ'ɭʂʊɯɺ ɿɸ ɼɸʅʀʄʀ 

ʅɯʏʅʆɰ ɿʁʆʄʂʀ ɺʀɼʀʄʆɻʆ ʊɸ ɹʃʀɾʅʔʆɻʆ ɯʏ-ɼɯɸʇɸɿʆʅʋ 

 

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʘ Suomi NPP, 

ʧʦʢʘʟʘʥʽ ʧʨʠʢʣʘʜʠ ʟʥʽʤʢʽʚ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ, ʦʪʨʠʤʘʥʠʭ ʽʟ 

ʩʫʧʫʪʥʠʢʘ ʪʘ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʧʨʠʣʘʜʫ. ʆʧʠʩʘʥʽ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ VIIRS ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ (ʢʘʥʘʣ 

DNB). ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʤʦʟʘʾʢ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ Suomi 

NPP, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʭʤʘʨʥʦʩʪʽ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ 

ʥʽʯʥʠʭ ʟʥʽʤʢʘʭ ʩʫʧʫʪʥʠʢʘ ʧʨʠʣʘʜʫ VIIRS. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʪʘ 

ʟʨʦʙʣʝʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʫʨʙʘʥʽʟʘʮʽʾ ʦʙʨʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʚʝʣʠʢʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ ʜʘʥʠʤʠ ʥʽʯʥʦʾ ʟʡʦʤʢʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʽʯʥʘ ʟʡʦʤʢʘ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ, ʩʫʧʫʪʥʠʢ 

Suomi NPP, ʟʥʽʤʘʣʴʥʠʡ ʧʨʠʣʘʜ VIIRS, ʚʠʷʚʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ. 

 

Annotation: The main technical characteristics of the Suomi NPP satellite are 

presented, examples of visible and near-IR images obtained from the satellite and the area of 

use of the instrument's night imaging data are shown. The main characteristics of the VIIRS 

instrument and the peculiarities of data processing of night photography (DNB channel) are 

described. The results of processing mosaics of night photography based on data from the 

Suomi NPP satellite, as well as the results of removing the effects of cloudiness and 

radiometric distortions on night images of the VIIRS instrument satellite are presented. The 

analysis of processing results was performed and the level of urbanization of the selected 

territory was assessed on a regional scale and new large anthropogenic objects were 

identified based on the data of night photography. 

Keywords: night imaging of the visible and near-IR range, Suomi NPP satellite, 

VIIRS imager, detection of anthropogenic objects. 

 

ʇʝʨʝʣʽʢ ʘʢʪʫʘʣʴʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ : 

- ʤʦʥʽʪʦʨʠʥʛ ʚʠʨʦʙʥʠʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʜʽʣʷʥʦʢ ʚʠʜʦʙʫʪʢʫ ʟ ʢʦʨʠʩʥʠʤʠ ʢʦʧʘʣʠʥʘʤʠ ʪʦʱʦ; 

- ʤʦʥʽʪʦʨʠʥʛ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʫ ʥʽʯʥʠʡ 

ʯʘʩ; 

- ʤʦʥʽʪʦʨʠʥʛ ʩʪʦʷʥʦʢ ʪʘ ʜʠʥʘʤʽʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʨʘʙʣʽʚ ʫ ʤʦʨʩʴʢʠʭ ʧʦʨʪʘʭ, 

ʟʦʥʘʭ ʥʘʬʪʦʚʠʜʦʙʫʪʢʫ, ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʨʠʙʥʠʭ ʧʨʦʤʠʩʣʽʚ, ʫ ʢʫʨʦʨʪʥʠʭ ʟʦʥʘʭ; 

- ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʚʝʣʠʢʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ (ʨʠʩ. 1). 
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ʈʠʩ. 1. 

 

ɺʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʽʤʢʽʚ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ɿʝʤʣʽ ʟ ʜʽʶʯʠʭ ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʫ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ɼʅʋ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ. ʄʘʪʝʨʽʘʣʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çɺʠʷʚʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ ʜʘʥʠʤʠ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ 

ɯʏ-ʜʽʘʧʘʟʦʥʫè. 
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ʆʎɯʅʂɸ ɼʀʅɸʄɯʂʀ ʊɸ ʅɸʉʃɯɼʂɯɺ ʃɯʉʆɺʀʍ ʇʆɾɽɾ ɿɸ ɼɸʅʀʄʀ ɼɿɿ 

ɺʀɼʀʄʆɻʆ ʊɸ ɯʏ ɼɯɸʇɸɿʆʅɯɺ 

ɸʥʦʪʘʮʽʷ: ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʥʠʟʴʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʪʘ 

ʥʘʩʣʽʜʢʽʚ ʣʽʩʦʚʠʭ ʧʦʞʝʞ. ɿʘ ʜʘʥʠʤʠ ɼɿɿ ʚʠʜʠʤʦʛʦ ʪʘ ɯʏ ʜʽʘʧʘʟʦʥʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ 

Terra, Aqua, Suomi NPP ʪʘ Sentinel-3 ʚʠʷʚʣʝʥʦ ʚʦʛʥʠʱʘ ʛʦʨʽʥʥʷ, ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ 

ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʚʠʟʥʘʯʝʥʦ ʤʝʞʽ ʚʠʛʦʨʽʣʠʭ ʜʽʣʷʥʦʢ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʧʣʦʱʫ ʧʦʩʪʨʘʞʜʘ-

ʣʦʾ ʪʝʨʠʪʦʨʽʾ. ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʪʘ ʧʣʦʱ ʚʠʛʦʨʽʣʠʭ ʜʽʣʷʥʦʢ 

ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ ʟʽ ʟʥʽʤʘʣʴʥʠʭ ʧʨʠ-

ʣʘʜʽʚ ʥʠʟʴʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ (ʧʨʠʣʘʜʠ MODIS, VIIRS ʪʘ OLCI) ʟ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʙʝʟʢʦʰʪʦʚʥʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʽʟ ʩʫʧʫʪ-

ʥʠʢʽʚ Sentinel-2ɸ/B ʪʘ Landsat-7 /8, ʟʥʷʪʠʭ ʫ ʪʦʡ ʞʝ ʧʝʨʽʦʜ ʥʘ ʚʠʙʨʘʥʽʡ ʪʝʨʠʪʦʨʽʾ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʦʩʪʫʧʥʠʭ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʥʽʪʦʨʠʥʛ ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʧʨʠʣʘʜʠ MODIS, VIIRS ʪʘ OLCI, ʙʘʛʘʪʦ-

ʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ. 

Annotation: The paper presents the results of processing and analysis of multispectral satel-

lite images of low spatial resolution in order to assess the dynamics and consequences of 

forest fires. Based on the data of visible and infrared DZ from the Terra, Aqua, Suomi NPP 

and Sentinel-3 satellites, the foci of burning were detected, the dynamics of forest fires were 

studied, the boundaries of burned areas were determined, and the area of the affected area 

was calculated. Quantitative assessment of the accuracy of determining the borders and 

areas of burned areas was performed by comparing the results of processing the data of DZ 

from low spatial resolution imaging devices (MODIS, VIIRS and OLCI devices) with the 

results of processing free images of medium spatial resolution from the Sentinel-2A/B and 

Landsat-7 satellites /8, taken in the same period in the selected monitoring area and availa-

ble on the Internet. 

Keywords: forest fire monitoring, MODIS, VIIRS and OLCI instruments, multispectral 

satellite images, image processing. 

 

ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʩʧʽʣʴʥʦʾ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʙʘʛʘʪʦ-

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʜʝʥʥʦʾ ʟʡʦʤʢʠ ʪʘ ʧʘʥʭʨʦʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʥʽʯʥʦʾ ʟʡʦʤʢʠ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʦʛʥʠʱ ʛʦʨʽʥʥʷ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ 

ʜʠʥʘʤʽʢʠ ʾʭ ʧʦʰʠʨʝʥʥʷ (ʨʠʩ. 1). 
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ʈʠʩ. 1. 

 

ʗʢʽʩʥʘ ʦʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʦʛʥʠʱ ʧʦʞʝʞ (ʟʘ ʜʠʤʦʚʠʤʠ ʰʣʝʡʬʘʤʠ ʪʘ 

ʪʝʧʣʦʚʠʤʠ ʘʥʦʤʘʣʽʷʤʠ), ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜ-

ʞʝʥʥʷ ʚʦʛʥʠʱ ʧʦʞʝʞ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ɼɿɿ ʟʽ ʟʥʽʤʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ MODIS, VIIRS ʽ OLCI ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞ ʚ 

ʪʽ ʞ ʪʽʻʾ ʞ ʪʝʨʠʪʦʨʽʾ, ʦʪʨʠʤʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʛʣʦʙʘʣʴʥʦ-

ʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʞʝʞ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘ-

ʯʝʥʥʷ ʧʣʦʱ ʪʘ ʤʝʞ ʛʘʨʽʚ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʨʽʟʥʝʥʥʷ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Landsat-7/8 ʪʘ Sentinel-2A/B, ʘ ʪʘʢʦʞ ʽʟ ʩʫʧʫʪʥʠʢʘ Terra 

(ʧʨʠʣʘʜ ASTER). 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ʧʦʢʘʟʘʚ ʜʦʩʠʪʴ ʪʦʯʥʫ (ʜʣʷ ʩʢʘʥʝʨʽʚ ʪʘʢʦʛʦ ʥʠʟʴʢʦ-

ʛʦ ʨʦʟʨʽʟʥʝʥʥʷ) ʣʦʢʘʣʽʟʘʮʽʶ ʚʦʛʥʠʱ ʧʦʞʝʞ ʟʘ ʪʝʧʣʦʚʠʤʠ ʘʥʦʤʘʣʽʷʤʠ ʷʢ ʚ ʢʘʥʘʣʘʭ ɯʏ-

ʜʽʘʧʘʟʦʥʫ (ʜʝʥʥʘ ʟʡʦʤʢʘ), ʪʘʢ ʽ ʟʘ ʜʞʝʨʝʣʘʤʠ ʩʚʽʪʣʘ ʚ ʧʘʥʭʨʦʤʘʪʠʯʥʦʤʫ ʢʘʥʘʣʽ (ʥʽʯʥʘ 

ʟʡʦʤʢʘ). 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʆʮʽʥʢʘ ʜʠʥʘʤʽʢʠ ʪʘ ʥʘʩʣʽʜʢʽʚ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʟʘ ʜʘʥʠʤʠ ɼɿɿ ʚʠʜʠʤʦʛʦ ʪʘ ɯʏ ʜʽʘʧʘ-

ʟʦʥʽʚè. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
 

1. Satellite technology of the forest fires effects monitoring. / V.V. Hnatushenko, Vik.V. 

Hnatushenko, D.K. Mozgovoy, V.V. Vasiliev // Scientific Bulletin of National Mining 

University, No.1. 

2. ʄʦʟʛʦʚʦʡ ɼ.ʂ., ɺʘʩʠʣʴʝʚ ɺ.ɺ.. ʆʮʝʥʢʘ ʧʦʩʣʝʜʩʪʚʠʡ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʧʦ ʜʘʥʥʳʤ 

ɼɿɿ. // ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ. ʅʘʫʢ.-ʪʝʭʥ. ʟʙ. ˉ 14 (2016). - 

ʉ. 42-52. 

3. ʄʦʟʛʦʚʠʡ ɼ.ʂ. ʆʮʽʥʢʘ ʜʠʥʘʤʽʢʠ ʪʘ ʥʘʩʣʽʜʢʽʚ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʟʘ ʜʘʥʠʤʠ ɼɿɿ ʚʠ-

ʜʠʤʦʛʦ ʪʘ ɯʏ ʜʽʘʧʘʟʦʥʽʚ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙʽʪ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʉʠʩʪʝʤʠ ɼɿɿè. ɼ.: ɼʅʋ, 2020. ï 32ʩ. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

rromann4k2030@gmail.com 

 

ʆɹʈʆɹʂɸ ɹɸɻɸʊʆʂɸʅɸʃʔʅʀʍ ʉʋʇʋʊʅʀʂʆɺʀʍ ɿʅɯʄʂɯɺ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʇɽʈɽʊɺʆʈɽʅʅʗ ɻʆʃʆɺʅʀʍ ʂʆʄʇʆʅɽʅʊ 

ɸʥʦʪʘʮʽʷ: ʅʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Landsat: ʧʽʜʛʦʪʦʚʯʽ 

ʦʧʝʨʘʮʽʾ (ʚʠʙʽʨ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ, ʧʦʰʫʢ ʟʥʽʤʢʘ ʟʘ ʜʘʪʦʶ ʪʘ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʟʥʽʤʢʘ); 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʠʥʪʝʟ ʫ ʥʘʪʫʨʘʣʴʥʠʭ ʢʦʣʴʦʨʘʭ ʪʘ ʰʪʫʯʥʠʭ ʢʦʣʴʦʨʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʧʣʦʚʠʭ ʢʘʥʘʣʽʚ; ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪ; ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʝʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʧʝʨʰʠʭ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʜʚʦʭ 

ʨʽʟʥʦʯʘʩʥʠʭ ʟʥʽʤʢʽʚ ʟʘʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ; ʧʦʨʦʛʦʚʘ ʙʽʥʘʨʠʟʘʮʽʷ ʨʽʟʥʠʮʝʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; 

ʤʦʨʬʦʣʦʛʽʯʥʘ ʬʽʣʴʪʨʘʮʽʷ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; ʚʝʢʪʦʨʠʟʘʮʽʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʛʝʦʤʝʪ-

ʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʚʽʟʫʘʣʽʟʘʮʽʷ ʟʤʽʥ ʥʘ ʢʘʨʪʽ ʪʘ ʝʢʩʧʦʨʪ ʫ ʬʦʨʤʘʪ kml. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥ ̔ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʽʤʢʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ, ʧʝʨʝ-

ʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʠʥʪʝʟ. 

Annotation: The main stages of image processing from Landsat satellites are given: prepara-

tory operations (selection of the area of interest, image search by date and image quality 

control); spectral synthesis in natural colors and artificial colors using thermal channels; data 

dimensionality reduction using the transformation of principal components; creation of a 

difference image for the first main components of two different time images of the given 

territory; threshold binarization of the difference image; morphological filtering of a binary 

image; vectorization and calculation of geometric characteristics; visualization of changes 

on the map and export to kml format. 

Keywords: multispectral satellite images, automated processing, transformation of principal 

components, spectral synthesis. 

 

ɼʣʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʦʛʣʷʜʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟʢʦʰʪʦʚʥʽ 

ʟʥʽʤʢʠ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʽʟ ʩʫʧʫʪʥʠʢʽʚ 

Landsat-7 (ʟʥʽʤʘʣʴʥʠʡ ʧʨʠʣʘʜ ɽʊʄ+) ̔  Landsat-8 (ʟʥʽʤʘʣʴʥʠʡ ʧʨʠʣʘʜ OLI). 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (Principal component analysis - ʈʉɸ) ʜʦʟʚʦʣʷʻ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʟʥʽʤʢʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʢʘʥʘʣʽʚ (ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʜʥʦʢʘʥʘʣʴʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʧʝʨʰʦʾ ʛʦʣʦʚʥʦʾ ʢʦʤʧʦʥʝʥʪʠ). 
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ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʆʙʨʦʙʢʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥ-

ʥè̫.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 
 

1. Satellite Monitoring of Consequences of Illegal Extraction of Amber in Ukraine / 

V.V. Hnatushenko, D.K. Mozgovoy, V.V. Vasyliev, ʆ.ʆ. Kavats. [text] 

http://www.nvngu.in.ua/ index.php/ en/ component/jdownloads/finish/67-02/8619-02-

2017-hnatushenko/0. 

2. D.K. Mozgoviy, O.I. Parshina, V.I. Voloshin, Y.I. Bushuev. Remote Sensing and GIS 

Application for Environmental Monitoring and Accidents Control in Ukraine. Geo-

graphic Uncertainty in Environmental Security / Dordrecht: Springer, 2007. ï P. 259-

270.  

3. ʄʦʟʛʦʚʠʡ ɼ.ʂ. ʆʙʨʦʙʢʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦ-

ʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʉʠʩʪʝʤʠ ɼɿɿè. ɼ.: ɼʅʋ, 2020. ï 24ʩ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅɼɽʂʉʅʀʍ ɿʆɹʈɸɾɽʅʔ NBR, ʇʆɹʋɼʆɺɸʅʀʍ ɿɸ 

ɹɸɻɸʊʆʉʇɽʂʊʈɸʃʔʅʀʄʀ ɿʅɯʄʂɸʄʀ ʉʋʇʋʊʅʀʂɸ LANDSAT-8 

ɸʥʦʪʘʮʽʷ: ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʘ Landsat-8, ʷʢʘ 

ʚʢʣʶʯʘʣʘ: ʧʦʧʝʨʝʜʥʽ ʦʧʝʨʘʮʽʾ (ʚʠʙʽʨ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ, ʧʦʰʫʢ ʟʥʽʤʢʘ ʟʘ ʜʘʪʦʶ ʪʘ ʢʦʥ-

ʪʨʦʣʴ ʷʢʦʩʪʽ ʟʥʽʤʢʘ); ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʠʥʪʝʟ ʫ ʥʘʪʫʨʘʣʴʥʠʭ ʢʦʣʴʦʨʘʭ ʪʘ ʰʪʫʯʥʠʭ ʢʦʣʴʦ-

ʨʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʢʘʥʘʣʽʚ; ʩʪʚʦʨʝʥʥʷ ʽʥʜʝʢʩʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ NBR; ʧʦʨʦ-

ʛʦʚʫ ʙʽʥʘʨʠʟʘʮʽʶ ʽʥʜʝʢʩʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; ʤʦʨʬʦʣʦʛʽʯʥʫ ʬʽʣʴʪʨʘʮʽʶ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘ-

ʞʝʥʥʷ; ʚʝʢʪʦʨʠʟʘʮʽʶ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʧʣʦʱʽ ʛʘʨʽʚ; ʚʽʟʫʘʣʽʟʘʮʽʶ 

ʟʤʽʥ ʥʘ ʢʘʨʪʽ ʪʘ ʝʢʩʧʦʨʪ ʚʝʢʪʦʨʥʦʛʦ ʰʘʨʫ ʫ kml-ʬʘʡʣ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢ Landsat-8, ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʣʽʩʦʚʽ ʧʦʞʝʞʽ, ʙʘʛʘʪʦ-

ʩʧʝʢʪʨʘʣʴʥ ̔ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʽʤʢʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ. 

Annotation: the results of the thematic processing of Landsat-8 satellite images are given, 

which included: preliminary operations (selection of the area of interest, search for the 

image by date and image quality control); spectral synthesis in natural colors and artificial 

colors using thermal channels; creating an NBR index image; threshold binarization of the 

index image; morphological filtering of a binary image; vectorization of a binary image and 

calculation of the area of the mountains; visualization of changes on the map and export of 

the vector layer to a kml file. 

Key words: Landsat-8 satellite, remote monitoring, forest fires, multispectral satellite imag-

es, automated processing. 

 

ɯʥʜʝʢʩʥʝ ʟʦʙʨʘʞʝʥʥʷ NBR (Normalized Burn Ratio) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ ʛʘʨ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʙʣʠʞʥʴʦʛʦ ɯʏ (NIR)  ̔ʩʝʨʝʜʥʴʦ-

ʛʦ ɯʏ (SWIR) ʜʽʘʧʘʟʦʥʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

NBR = (NIR ï SWIR) / (NIR + SWIR). 

ɼʘʥʘ ʬʦʨʤʫʣʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʫʪʪʻʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ 

(ʘʣʴʙʝʜʦ) ʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ ʙʣʠʞʥʴʦʛʦ ɯʏ  ̔ ʩʝʨʝʜʥʴʦʛʦ ɯʏ ʜʽʘʧʘʟʦʥʽʚ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʜʦʨʦʚʦʤʫ ʣʽʩʫ  ̔ʚʠʛʦʨʽʣʠʤ ʪʝʨʠʪʦʨʽʷʤ (ʨʠʩ. 1): ʫ ʙʣʠʞʥʴʦʤʫ ɯʏ ʜʽʘʧʘʟʦʥʽ 

ʙʽʣʴʰ ʚʠʩʦʢʝ ʘʣʴʙʝʜʦ ʫ ʟʜʦʨʦʚʦʛʦ ʣʽʩʫ, ʘ ʚ ʩʝʨʝʜʥʴʦʤʫ - ʫ ʛʘʨʫ. 
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ʈʠʩ. 1. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʆʮʽʥʢʘ ʜʠʥʘʤʽʢʠ ʪʘ ʥʘʩʣʽʜʢʽʚ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʟʘ ʜʘʥʠʤʠ ɼɿɿ ʚʠʜʠʤʦʛʦ ʪʘ ɯʏ ʜʽʘʧʘ-
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ʂʆʄɽʈʎɯɸʃɯɿɸʎɯʗ ʂʆʉʄɯʏʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʗʂ ʆɼʀʅ ɯɿ ɻʆʃʆɺʅʀʍ 

ʇʈɯʆʈʀʊɽʊɯɺ ʈʆɿɹʋɼʆɺʀ ʂʆʉʄɯʏʅʆɰ ɻɸʃʋɿɯ ɺ ʋʂʈɸɰʅɯ  

ɸʥʥʦʪʘʮʽʷ: ʋ ʪʝʟʘʭ ʨʦʟʛʣʷʥʫʪʦ ʩʫʪʥʽʩʪʴ ʤʽʩʮʷ ʪʘ ʨʦʣʽ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʫ ʩʫʯʘʩʥʠʭ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ. 

ʅʘʛʦʣʦʰʝʥʦ ʥʘ ʪʦʤʫ, ʱʦ ʢʦʩʤʽʯʥʘ ʛʘʣʫʟʴ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʝʢʦʥʦʤʽʢ 

ʋʢʨʘʾʥʠ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʨʦʙʢʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʢʦʩʤʽʯʥʦʾ 

ʪʘ ʮʠʚʽʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʦʙʦʪʘ ʱʦʜʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʫʢʨʘʾʥʩʴʢʠʭ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʜʦʩʠʪʴ ʥʦʚʦʶ ʜʣʷ ʛʘʣʫʟʽ, 

ʪʦʤʫ ʙʘʞʘʥʦ ʚʠʚʯʠʪʠ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʚ ʮʽʡ ʛʘʣʫʟʽ ʟ ʧʨʦʚʽʜʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʘʛʝʥʪʩʪʚʘ-

ʤʠ ʡ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʧʨʦʚʘʜʠʪʠ ʡʦʛʦ ʚ ʋʢʨʘʾʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʷ, ʢʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʤʦʜʝʨʥʽʟʘʮʽʷ, ʧʦʪʝʥʮʽʘʣ. 

Annotation: The essence of the place and role of technology commercialization in ensuring 

the efficiency of space industry development in modern market conditions is considered in 

the paper. It is emphasized that the space industry is one of the key national economies of 

Ukraine. It provides the development and production of competitive space and civilian 

products using space technologies. Work on ensuring the commercialization of Ukrainian 

space technologies is quite new for the industry, so it is desirable to study the experience of 

working in this field with leading space agencies and implement it in the best way in 

Ukraine. 

Key words: commercialization, space technologies, modernization, potential. 

 

ɼʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʚ ʢʦʩʤʦʩʽ ï ʧʨʷʤʘ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʘ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʭʦʜʷʯʠ ʽʟ ʨʝʘʣʽʡ ʩʴʦʛʦʜʝʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʘʤʦ-

ʮʽʣʣʶ.  

ɸʩʪʨʦʥʦʤʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʘʤʠ ʚ ʢʦʩʤʦʩʽ ʨʦʟʧʦʯʘʣʠʩʷ ʱʝ ʜʦ ʧʠʩʝ-

ʤʥʦʾ ʽʩʪʦʨʽʾ ʣʶʜʩʪʚʘ, ʘʣʝ ʪʽʣʴʢʠ ʨʦʟʨʦʙʢʘ ʚʝʣʠʢʠʭ ʽ ʚʽʜʥʦʩʥʦ ʝʬʝʢʪʠʚʥʠʭ ʨʘʢʝʪ ʫ ʩʝʨʝ-

ʜʠʥʽ ʜʚʘʜʮʷʪʦʛʦ ʩʪʦʣʽʪʪʷ ʜʦʟʚʦʣʠʣʘ ʟʙʽʣʴʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʽ ʩʪʘʣʽʩʪʴ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʢʦʩʤʽʯʥʠʡ ʧʨʦʩʪʽʨ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʥʘʚʽʛʘʮʽʾ ʪʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, 

ʪʝʣʝʙʘʯʝʥʥʷ, ʽʥʪʝʨʥʝʪʫ ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʮʠʚʽʣʽʟʘʮʽʾ.  

ɼʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʫ ʢʦʩʤʦʩʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ 

ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʢʦʩʤʦʥʘʚʪʠʢʠ, ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦʩʚʽʜ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʘʛʝʥʪʩʪʚ, ʥʘʧʨʠʢʣʘʜ - ʅɸʉɸ, ɽʂA ʚ ʩʫʯʘʩʥʠʭ 

ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʘʚ, ʱʦ ʯʝʨʝʟ ʙʨʘʢ ʙʶʜʞʝʪʥʠʭ ʨʝʩʫʨʩʽʚ ʩʝʨʝʜ ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʥʘʧʨʷʤʽʚ ʾʭʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʠʪʴ ʨʦʙʦʪʘ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʥʘʡʯʘʩʪʽʰʝ ʮʝʡ ʥʘʧʨʷʤ ʥʘʟʠʚʘʶʪʴ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʻʶ 

ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [2, ʩ. 72]. 

ʅʘʧʨʠʢʣʘʜ, ʅɸʉɸ ʩʪʚʦʨʠʣʦ ʚʽʜʧʦʚʽʜʥʝ ʫʧʨʘʚʣʽʥʥʷ 

(TechnologyUtilizationOffice) ʱʦʜʦ ʢʦʦʨʜʠʥʘʮʽʾ ʨʦʙʦʪʠ ʟ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʢʦʩʤʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʟʘʩʥʦʚʘʥʦ ʜʝʩʷʪʴ ʮʝʥʪʨʽʚ ʜʣʷ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʢʦʩʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɸʛʝʥʪʩʪʚʦ ʦʪʨʠʤʫʻ ʙʣʠʟʴʢʦ 500 ʤʽʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ ʉʐɸ ʱʦʨʽʯʥʦ ʯʝʨʝʟ 
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ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʶ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚ ɭʚʨʦʧʝʡ-

ʩʴʢʦʤʫ ʢʦʩʤʽʯʥʦʤʫ ʘʛʝʥʪʩʪʚʽ. ɿʘʚʜʷʢʠ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʻʚʨʦʧʝʡʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ɽʂA 

ʦʪʨʠʤʘʣʘ ʙʣʠʟʴʢʦ 200 ʤʽʣʴʡʦʥʽʚ ʻʚʨʦ [2, ʩ. 72]. 

ɿʘ ʩʣʦʚʘʤʠ ʬʘʭʽʚʮʽʚ, ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʧʘʥʫʶʪʴ ʞʦʨʩʪʢʽ ʨʝʘʣʽʾ. ʄʠ 

ʩʚʽʜʢʠ ʾʾ ʧʦʚʥʦʾ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ, ʢʦʩʤʽʯʥʠʡ ʙʽʟʥʝʩ ʩʪʘʚ ʽʥʪʝʨʥʘʮʽʦʥʘʣʴʥʠʤ, ʘ ʫʩʧʽʭ 

ʛʘʨʘʥʪʦʚʘʥʦ ʣʠʰʝ ʪʠʤ, ʭʪʦ ʩʧʨʦʤʦʞʥʠʡ ʫʚʽʡʪʠ ʚ ʰʠʨʦʢʫ ʤʽʞʥʘʨʦʜʥʫ ʢʦʦʧʝʨʘʮʽʶ ʟʽ 

ʩʚʦʾʤ ʽʥʥʦʚʘʮʽʡʥʠʤ, ʚʠʩʦʢʦʢʦʥʢʫʨʝʥʪʥʠʤ ʧʨʦʜʫʢʪʦʤ [2, ʩ. 73]. 

ɼʣʷ ʋʢʨʘʾʥʠ, ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʙʶʜʞʝʪʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʾʾ ʢʦʩʤʽ-

ʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ ʧʦʟʘʙʶʜʞʝʪʥʝ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʷ 

ʧʨʦʚʽʜʥʠʭ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ ʩʪʘʪʠ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʛʘʣʫʟʽ 

ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [1, ʩ. 207]. ʎʝ ʜʦʧʦʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʚʽʜʜʘʯʫ ʚʽʜ ʙʶʜʞʝʪʥʠʭ ʽʥʚʝʩ-

ʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʢʦʩʤʦʩʫ. ʂʦʩʤʽʯʥʘ ʛʘʣʫʟʴ ʧʦʚʠʥʥʘ ʩʪʘʪʠ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʥʘʮʽʦʥʘ-

ʣʴʥʠʭ ʝʢʦʥʦʤʽʢ ʋʢʨʘʾʥʠ [3, ʩ. 22ï23]. 

ʂʦʩʤʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʋʢʨʘʾʥʠ ʥʘʨʘʟʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʠʟʴʢʦ 40 ʧʨʦʤʠʩʣʦʚʠʭ ʧʽ-

ʜʧʨʠʻʤʩʪʚ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʙʶʨʦ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʽʥʩʪʠʪʫʪʽʚ. ʇ̔ʜʧʨʠʻʤʩ-

ʪʚʘ ʛʘʣʫʟʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʜʦʩʚʽʜ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʜʚʠʛʫʥʽʚ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʪʝʣʝʤʝʪʨʽʾ. ʋʥʽʢʘʣʴʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʦʾ ʢʦʩʤʽʯ-

ʥʦʾ ʛʘʣʫʟʽ ʧʦʣʷʛʘʻ ʫ ʥʘʷʚʥʦʩʪʽ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ: ʚʽʜ ʩʪʚʦʨʝʥʥʷ 

ʨʘʢʝʪ-ʥʦʩʽʾʚ ʜʦ ʟʘʧʫʩʢʫ ʨʘʢʝʪ ʪʘ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʦʢ. ʉʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ ʢʦʩʤʦʥʘʚʪʠʢʠ ʪʘ ʨʽʚʝʥʴ ʢʦʩʤʽʯʥʦʛʦ ʧʦ-

ʪʝʥʮʽʘʣʫ ʋʢʨʘʾʥʠ ʟʫʤʦʚʠʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʤʦʜʝʣʽ 

ʩʧʨʷʤʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʪʘ ʟʘʜʣʷ ʟʘʭʠʩʪʫ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʾʾ ʽʥʪʝʨʝʩʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʢʦʩʤʽʯʥʠʭ 

ʧʨʦʻʢʪʽʚ ʮʽʣʷʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ. 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ ʤʦʜʝʣʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠʡʥʷʪʠ ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʛʣʠʙʠʪʠ ʤʽʞ-

ʥʘʨʦʜʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ.  

ɺʠʭʽʜ ʢʦʩʤʽʯʥʠʭ ʧʦʩʣʫʛ ʽ ʧʨʦʜʫʢʮʽʾ ʥʘ ʤʽʞʥʘʨʦʜʥʽ ʨʠʥʢʠ ʻ ʧʨʽʦʨʠʪʝʪʦʤ ʢʦʩʤʽ-

ʯʥʦʾ ʛʘʣʫʟʽ, ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʡ ʨʦʟʨʦʙʣʝʥʥʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʨʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʘʭʦʜʠ ʱʦʜʦ ʾʭ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʻ ʧʨʽʦʨʠʪʝʪʘʤʠ ʜʝʨ-

ʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʚʩʽʭ ʢʦʩʤʽʯʥʠʭ ʢʨʘʾʥ. 
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ɸʅɸʃɯɿ ɽʂʆʅʆʄɯʏʅʆɰ ɼʆʎɯʃʔʅʆʉʊɯ ɸʃʔʊɽʈʅɸʊʀɺʅʆɰ 

ʉʋɹʆʈɹɯʊɸʃʔʅʆɰ ʈɸʂɽʊʀ ɺʀɻʆʊʆɺʃɽʅʆʖ ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ 

ɸɼʀʊʀɺʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ɸʥʦʪʘʮʽʷ: ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʧʝʨʝʞʠʚʘʻ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷ-

ʥʫʪʽ ʧʘʨʘʤʝʪʨʠ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ, ʢʦʤʧʦʥʦʚʦʯ-

ʥʘ ʩʭʝʤʘ ʷʢʦʾ ʩʪʚʦʨʝʥʘ ʟ ʫʨʘʫʚʘʥʥʷʤ ʟʤʽʥʠ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʥʦʛʦ 

ʚʽʜʩʽʢʫ, ʪʘ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʠʢʦʥʘʥʦ ʾʾ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʨʦʪʦʪʠʧʦʤ ʟʘ ʧʦʜʽʙʥʠʤʠ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʪʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʨʘʢʝʪʠ ʟ ʧʨʦʪʦʪʠʧʦʤ ʪʘ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ 

ʩʪʦʩʦʚʥʦ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʨʝʽʥʞʝʥʠʨʽʥʛʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʩʫʙʦʨʙʽʪʘʣʴʥʘ ʨʘʢʝʪʘ, ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴ-

ʥʽʩʪʴ. 

ɸnnotation: The modern state of rocketry is experiencing rapid development in the im-

plementation of new additive technologies in the production cycle. This paper examines 

the parameters of a designed alternative suborbital rocket, the layout of which has been 

created with the elimination of the change in the adjustable load of the fuel compartment 

and manufactured using additive technologies. A comparison is made with the prototype 

based on similar tactical and technical characteristics, manufactured using traditional 

technology. An assessment and comparison of the cost of the alternative rocket with the 

prototype have been made, and a conclusion has been drawn regarding the economic 

feasibility of reengineering.  

Keywords: additive manufacturing, suborbital rocket, economic expediency.  

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʣʠʚʠʡ ʫ ʚʠʧʘʜʢʫ ʝʢʦʥʦʤ̔ -

ʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʨʝʽʥʞʝʥʠʨʠʥʛʫ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʽʩʥʫʶ-

ʯʠʤʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ, ʾʭʥʽʭ ʢʦʤʧʘʥʫʚʘʣʴʥʠʭ ʩʭʝʤ, ʪʝ-

ʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1]. ʈʦʟʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʧʦʥʦʚʢʠ 

ʟ ʤʝʪʦʶ ʟʤʝʥʴʰʝʥʥʷ ʚʘʛʠ ʧʘʣʠʚʥʦʛʦ ʚʽʜʩʽʢʫ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʜʠ-

ʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʙʛʨʫʥʪʦʚʘʥʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʡʢʨʘʱʫ ʘʣʴʪʝʨʥʘʪʠʚʥʫ 

ʢʦʤʧʦʥʫʚʘʣʴʥʫ ʩʭʝʤʫ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʾʾ ʟ ʽʩʥʫʶʯʠʤ 

ʧʨʦʪʦʪʠʧʦʤ. ɺ ʷʢʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʚʠʙʨʘʥʦ ʧʨʦʪʦʪʠʧ - ʩʫʙʦʨʙʽʪʘʣʴʥʫ ʨʘʢʝʪʫ ʄʅ-

300. ʊʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʪʠʧʫ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʥʦʛʦ ʚʽʜʩʽʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʩʫʙʦʨ-

ʙʪ̔ʘʣʴʥʦʾ ʨʘʢʝʪʠ. ʄʅ-300 ï ʩʫʙʦʨʙʽʪʘʣʴʥʘ ʨʘʢʝʪʘ ʜʣʷ ʤʦʥʽʪʦʨʽʥʛʫ ʛʝʦʬʽʟʠʯʥʦʛʦ 

ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [2]. ʇʨʠ ʤʘʩʽ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ ʙʣʠʟʴʢʦ 150 ʢʛ. 

ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʩʪʘʥʦʚʠʪʴ 300 ʢʤ. ɼʣʷ ʘʥʘʣʽʟʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘ-

ʢʝʪʠ ʚʠʙʨʘʥʘ ʛʦʪʦʚʘ ʤʦʜʫʣʴʥʘ ʯʘʩʪʠʥʘ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ Rutherford ʚʠʨʦʙʥʠʢʘ 



332 

Rocket Lab [3], ʪʘ ʥʝʟʤʽʥʥʽ ʚʽʜʩʽʢʠ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ,ʩʠʩʪʝʤʠ ʥʘʚʽʛʘʮʽʾʾ ʪʘ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʽʜʩʽʢʫ ʧʘʨʘʰʫʪʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʪʦʪʠʧʫ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʘ ʧʨʠʙʣʠʟʥʘ ʦʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ 

ʘʣʪɹʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʠʪʠʚʥʦʾ ʪʝʭʥʦ-

ʣʦʛʽʾ, ʪʘ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʘʨʪʽʩʪʶ ʧʨʦʪʦʪʠʧʘ. ʇʨʠʙʣʠʟʥʘ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʪʘ ʧʦʩʪ-ʦʙʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʟʷʪʘ ʟ 

ʨʦʙʦʪʠ [4], ʚʘʨʪʽʩʪʴ ʧʘʣʠʚʘ ʟ ʨʦʙʦʪʠ [5], ʘ ʚʘʨʪʽʩʪʴ ʧʨʦʪʦʪʠʧʫ ʟ ʨʦʙʦʪʠ [3]. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʥʘʙʣʠʞʝʥʦʾ ʦʮʽʥʢʠ ʚʘʨʪʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʠʢʦʨʠʩʪʘʥʽ 

ʥʘʩʪʫʧʥʽ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʽ ʚʠʪʨʘʪʠ ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ: ʘ) ʨʦʟʨʦʙʢʘ ʪʘ ʚʠʨʦʙ-

ʥʠʮʪʚʦ ʨʘʢʝʪʠ: 30-60%; ʙ) ʧʘʣʠʚʦ ʪʘ ʨʘʢʝʪʥʽ ʜʚʠʛʫʥʠ: 20-40%; ʚ) ʚʠʪʨʘʪʠ ʥʘ ʟʘʧʫʩʢ 

ʪʘ ʧʽʜʛʦʪʦʚʢʫ: 10-30%; ʛ) ʣʦʛʽʩʪʠʢʘ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ: 5-15%; ʜ) ʣʽʮʝʥʟʽʾ ʪʘ ʜʦʟ-

ʚʦʣʠ: 1-5%; ʝ) ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ: 5-15% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ. ʇʨʠ-

ʙʣʠʟʥʘ ʚʘʨʪʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ 

ʣʝʞʠʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 280 ʪʠʩ.$ ʜʦ 350 ʪʠʩ.$. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʪʦʪʠʧʦʤ ʚʘʨʪʽʩʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʩʫʙʦʨʙʽʪʘʣʴʥʦʾ ʨʘʢʝʪʠ ʤʝʥʴʰʝ ʥʘ 30-40%. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʽʥʞʝ-

ʥʝʨʠʥʛʫ ʩʫʙʦʨʙʽʪʘʣʴʥʠʭ ʨʘʢʝʪ ʚʠʛʦʪʦʚʣʝʥʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. ʎʝʡ ʬʘʢʪ ʧʽʜʪʚʝʨʜʞʫʻ ʽ ʜʦʩʚʽʪ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʬʽʨʤʠ 

Rocket Lab ʷʢʘ ʩʧʨʦʝʢʪʫʚʘʣʘ, ʚʠʛʦʪʦʚʠʣʘ ʥʘ 85% ʟ ʜʦʧʦʤʦʛʦʶ 3ɼ ʜʨʫʢʫ ʨʘʢʝʪʫ 

TERRAN 1 ʪʘ ʚʠʢʦʥʘʣʘ ʫʩʧʽʰʥʠʡ ʟʘʧʫʩʢ 23.03.2023ʨʦʢʫ [6]. 
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ʄɸʈʂɽʊʀʅɻʆɺɯ ʉʊʈɸʊɽɻɯɰ SPACE X ɯɿ ɺʈɸʍʋɺɸʅʅʗʄ ʉʋʏɸʉʅʀʍ 

ʈʀʅʂʆɺʀʍ ʊɽʅɼɽʅʎɯʁ 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʛʣʷʜʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʢʦʤʧʘʥʽʾ 

SpaceX ʚ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʠʭ ʨʠʥʢʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʢʦʩʤʽʯʥʽʡ ʽʥʜʫʩʪʨʽʾ. ɿʦʩʝʨʝʜʞʫʶ-

ʯʠʩʴ ʥʘ ʽʥʥʦʚʘʮʽʷʭ ʪʘ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʽʜʭʦʜʘʭ, ʮʷ ʨʦʙʦʪʘ ʜʦʩʣʽʜʞʫʻ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʩʧʽʭ ʢʦʤʧʘʥʽʾ ʚ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʦʢʘʟʘʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ʩʢʣʘʜʦʚʠʭ ʽʻʨʘʨʭʽʾ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʤʽʨʽʚ, ʩʠʪʫʘʮʽʾ ʥʘ ʨʠʥʢʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʘʨʢʝʪʠʥ-

ʛʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʢʦʤʧʘʥʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʨʢʝʪʠʥʛʦʚʘ ʩʪʨʘʪʝʛʽʷ, Space X, ʤʽʩʽʷ, ʮʽʣʽ, ʨʠʥʦʢ. 

ɸnnotation. The work is devoted to the analysis and consideration of the marketing strate-

gies of the SpaceX in the context of modern market trends in the space industry. Focusing 

on innovation and strategic approaches, this work explores the key aspects that influence a 

company's success in a competitive environment. The relationship between the components 

of the hierarchy of strategic intentions, the situation on the market during the formation of 

the company's marketing strategies is shown. 

Keywords: marketing strategy, Space X, mission, goals, market.  

 

ʉʪʘʥʦʤ ʥʘ ʛʨʫʜʝʥʴ 2023 ʨ. ʢʦʤʧʘʥʽʷ SpaceX ʻ ʥʘʡʜʦʨʦʞʯʦʶ ʫ ʩʚʽʪʽ ʧʨʠʚʘʪ-

ʥʦʶ ʢʦʩʤʽʯʥʦʶ ʢʦʤʧʘʥʽʻʶ, ʾʾ ʚʘʨʪʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ ʚ 180 ʤʣʨʜ. ʜʦʣ. ʂʦʤʧʘʥʽʶ ʚʚʘʞʘ-

ʶʪʴ ʚʘʛʦʤʠʤ ʣʽʜʝʨʦʤ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʚʦʾʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ, ʢʦʤʧʘʥʽʷ ʚʠʟʥʘʯʘʻ ʪʨʝʥʜʠ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʨʠʥʢʫ ʪʦʚʘʨʽʚ ʪʘ ʧʦʩʣʫʛ. 

ɿʥʘʯʥʠʡ ʦʙʩʷʛ ʢʦʥʪʨʘʢʪʽʚ ʽʟ ʜʝʨʞʘʚʥʠʤʠ ʪʘ ʧʨʠʚʘʪʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʧʽʜʪʚʝʨʜʞʫʻ 

ʜʦʚʽʨʫ ʜʦ ʾʾ ʧʦʩʣʫʛ. ʋʩʧʽʰʥʘ ʦʧʝʨʘʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʢʦʤʝʨʮʽʡʥʠʡ ʫʩʧʽʭ ʢʦʤʧʘʥʽʾ ʩʚʽʜ-

ʯʘʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʠʡ ʩʪʨʘʪʝʛʽʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʽ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʥʽ ʤʘʨʢʝʪʠʥʛʦʚʽ ʩʪʨʘ-

ʪʝʛʽʾ ʥʘ ʮʴʦʤʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʨʠʥʢʫ. ʊʦʤʫ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦ-

ʛʦ ʘʥʘʣʽʟʫ ʚʠʜʽʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʦʟʥʘʢ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʢʦʤʧʘʥʽʾ ʷʢ ʧʨʠʢʣʘʜ 

ʫʩʧʽʰʥʦʛʦ ʜʦʩʚʽʜʫ ʜʣʷ ʽʥʰʠʭ ʛʨʘʚʮʽʚ ʩʚʽʪʦʚʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʨʠʥʢʫ. 

ʄʽʩʽʷ SpaceX, ʷʢ ʩʢʣʘʜʦʚʘ ʽʻʨʘʨʭʽʾ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʤʽʨʽʚ ʟʘ ʩʣʦʚʘʤʠ ɯʣʦʥʘ 

ʄʘʩʢʘ, ʧʦʣʷʛʘʻ çʚ ʩʪʚʦʨʝʥʥʽ ʤʘʡʙʫʪʥʴʦʛʦ, ʷʢʝ ʙʫʣʦ ʙ ʱʝ ʙʽʣʴʰ ʟʘʭʦʧʣʶʶʯʠʤ, ʥʽʞ 

ʤʠʥʫʣʝè. ʎʝ ʥʝ ʣʠʰʝ ʧʽʜʥʝʩʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʚʥʷ, ʘʣʝ ʡ ʨʝʘʣʽʟʘʮʽʷ ʘʤʙʽʪʥʠʭ 

ʧʨʦʝʢʪʽʚ ʫ ʢʦʩʤʦʩʽ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʮʽʣʦʛʦ ʣʶʜʩʪʚʘ. SpaceX ʩʪʨʽʤʢʦ 

ʨʦʟʚʠʚʘʻ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʩʤʽʯʥʽ ʧʨʦʛʨʘʤʠ, ʜʦʧʦʤʘʛʘʶʯʠ ʟʨʦʙʠʪʠ ʢʦʩʤʦʩ ʜʦʩʪʫʧ-

ʥʽʰʠʤ ʜʣʷ ʣʶʜʝʡ ʪʘ ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʢʦ-

ʣʦʥʽʟʘʮʽʾ ʽʥʰʠʭ ʧʣʘʥʝʪ. ʎʷ ʤʽʩʽʷ ʥʝ ʧʨʦʩʪʦ ʥʘʧʦʚʥʶʻ ʥʘʩ ʚʽʨʦʶ ʫ ʩʚʽʪʣʝ ʤʘʡʙʫʪʥʻ ʪʘ 

ʥʘʜʠʭʘʻ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʥʝʤʦʞʣʠʚʦʛʦ ʫ ʧʨʦʩʪʦʨʽ, ʘ ʡ ʬʦʨʤʫʻ ʘʣʛʦʨʠʪʤ ʧʦʜʘʣʴʰʦʾ ʨʝ-

ʘʣʽʟʘʮʽʾ ʮʠʭ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʮʽʣʝʡ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʦʙʦʢ. 

ʉʝʨʝʜ ʮʽʣʝʡ ʢʦʤʧʘʥʽʷ ʚʠʜʽʣʷʻ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʨʘʢʝʪ. ʆʩʥʦʚʥʠʡ 

ʧʽʜʭʽʜ SpaceX ʧʦʣʷʛʘʚ ʫ ʩʪʚʦʨʝʥʥʽ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʨʘʢʝʪ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʝʤʣʠʪʠʩʷ ʥʘ 

ʧʣʘʥʝʪʫ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʚʘʥʪʘʞʫ ʚ ʢʦʩʤʦʩ. SpaceX ʟʥʠʞʫʻ ʮʽʥʫ ʥʘ ʟʘʧʫʩʢ ʫ ʢʦʩʤʦʩ ʽ 

ʧʽʜʚʠʱʫʻ ʜʦʩʪʫʧʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ ʷʢ ʜʣʷ ʜʝʨʞʘʚʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ 
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ʦʨʛʘʥʽʟʘʮʽʡ. ɿ ʧʦʙʫʜʦʚʦʶ ʢʦʩʤʽʯʥʦʛʦ ʢʦʨʘʙʣʷ Starship ʽ ʥʘʜʚʘʞʢʦʾ ʨʘʢʝʪʠ ʢʦʤʧʘʥʽʷ 

ʧʨʘʮʶʻ ʥʘʜ ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦʙ ʟʨʦʙʠʪʠ ʤʦʞʣʠʚʠʤ ʢʦʣʦʥʽʟʘʮʽʶ ʄʘʨʩʘ.  

ɺ ʪʝʧʝʨʽʰʥʽʡ ʤʦʤʝʥʪ SpaceX ʢʦʥʢʫʨʫʻ ʥʘ ʨʠʥʢʫ ʟ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʱʦ ʤʘ-

ʶʪʴ ʩʪʘʣʫ ʽʩʪʦʨʽʶ ʙʽʟʥʝʩʘ ʪʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘ ʨʠʥʢʫ, ʘ ʩʘʤʝ Boeing, Lockheed 

Martin ʽ Blue Origin. ɸʣʝ SpaceX ʚʠʜʽʣʷʻʪʴʩʷ ʩʚʦʻʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʽʥʥʦʚʘʮʽʡʥʽʩʪʶ, 

ʰʚʠʜʢʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ʊʝʧʝʨʽʰʥʷ ʨʠʥʢʦʚʘ ʩʪʨʘʪʝʛʽʷ ʢʦʤʧʘʥʽʾ, ʷʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, 

ʘʢʮʝʥʪʫʻ ʥʘ ʟʨʦʩʪʘʥʥʽ ʧʨʦʜʫʢʪʦʚʦʾ ʣʽʥʽʡʢʠ, ʩʢʦʨʦʯʝʥʥʽ ʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ. ʉʪʚʦʨʶʶʯʠ ʥʦʚʽ ʢʦʩʤʽʯʥʽ ʢʦʨʘʙʣʽ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʟʙʽʣʴʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʫʩʢʽʚ ʽ ʬʽʥʘʥʩʫʶʯʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ, SpaceX ʤʘʻ 

ʥʘʤʽʨ ʜʦʩʷʛʪʠ ʮʠʭ ʟʘʚʜʘʥʴ. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʚʦʛʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫ ʢʦʤʧʘʥʽʷ ʟʘʩʪʦ-

ʩʦʚʫʻ ʤʘʨʢʝʪʠʥʛʦʚʫ ʩʪʨʘʪʝʛʽʶ ʽʟ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ. ʇʨʦʨʠʚʥʘ ʽʥʥʦʚʘʮʽʷ 

ʚʠʥʠʢʘʻ, ʢʦʣʠ ʥʦʚʠʡ ʪʦʚʘʨ ʘʙʦ ʧʦʩʣʫʛʘ ʩʪʚʦʨʶʻ ʥʦʚʠʡ ʨʠʥʦʢ, ʷʢʠʡ ʜʘʣʽ ʚʠʰʪʦʚʭʥʝ 

ʩʪʘʨʠʡ. ʉʪʘʨʠʡ ʢʦʩʤʽʯʥʠʡ ʙʽʟʥʝʩ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʝʨʞʘʚʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʘʛʝʥʪʩʪʚʘʤʠ 

ʽ ʩʴʦʛʦʜʥʽ ʨʫʡʥʫʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ SpaceX ʟʥʠʞʫʻ ʚʘʨʪʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʧʦʜʦʨʦʞʝʡ ʽ 

ʨʦʙʠʪʴ ʾʭ ʜʦʩʪʫʧʥʠʤʠ. ʊʦʙʪʦ, ʧʨʦʨʠʚʥʠʡ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʪʘ ʤʘʨʢʝʪʠʥʛʦʚʽ ʩʪʨʘʪʝ-

ʛʽʾ ʢʦʤʧʘʥʽʾ SpaceX ʦʨʽʻʥʪʦʚʘʥʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʚʩʝ ʙʽʣʴʰʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʥʦʚʘʮʽʡ ʽ ʥʝʜʦʨʦʛʠʭ ʨʽʰʝʥʴ. ɻʦʣʦʚʥʠʡ ʤʘʨʢʝʪʠʥʛʦʚʠʡ ʧʽʜʭʽʜ ʢʦʤʧʘʥʽʾ 

SpaceX, ʟʛʽʜʥʦ ʾʾ ʙʘʯʝʥʥʷ ʽ ʤʽʩʽʾʾ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʣʶʜʩʪʚʘ ʥʘ çʙʘʛʘʪʦʧ-

ʣʘʥʝʪʥʠʡ ʚʠʜè. ʂʦʤʧʘʥʽʷ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʣʘʪʬʦʨʤʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ, ʷʢ ʦʜʥʫ 

ʟ ʦʩʥʦʚʥʠʭ ʜʣʷ ʨʝʢʣʘʤʠ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷ ʟʥʘʯʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ɯʥʪʝʨʥʝʪʽ 

ʥʘ ʪʘʢʠʭ ʚʝʙ-ʩʘʡʪʘʭ, ʷʢ Twitter, Instagram ʪʘ YouTube, ʜʝ ʚʦʥʠ ʥʘʜʘʶʪʴ ʦʥʦʚʣʝʥʥʷ 

ʱʦʜʦ ʚʠʧʫʩʢʫ ʪʘ ʧʨʦʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʫ ʩʚʦʾʭ ʮʽʣʷʭ. ɻʦʣʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʤʘʨʢʝʪʠʥ-

ʛʦʚʦʛʦ ʧʽʜʭʦʜʫ SpaceX ʻ ʚʽʜʢʨʠʪʽʩʪʴ ʽ ʧʨʦʟʦʨʽʩʪʴ. ʏʝʨʝʟ ʩʦʮʽʘʣʴʥʽ ʤʝʜʽʘ ʢʦʤʧʘʥʽʷ 

ʽʥʪʝʥʩʠʬʽʢʫʻ ʚʟʘʻʤʦʜʽʶ ʟ ʛʨʦʤʘʜʩʴʢʽʩʪʶ ʪʘ ʥʘʜʘʻ ʨʝʛʫʣʷʨʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʦʥʦʚʣʝʥʥʷ 

ʧʨʦ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ. ɿʘʩʪʦʩʦʚʫʻ ʪʘʢʦʞ ʟʚʠʯʘʡʥʽ ʤʘʨʢʝʪʠʥʛʦʚʽ ʩʪʨʘʪʝʛʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʜʨʫʢʦʚʘʥʫ ʨʝʢʣʘʤʫ ʪʘ ʱʠʪʠ (ʧʨʠ ʧʨʦʩʫʚʘʥʥʽ ʧʦʩʣʫʛ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ Starlink) 

ʜʦʜʘʪʢʦʚʦ ʜʦ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ. ʆʪʞʝ ʤʘʨʢʝʪʠʥʛʦʚʽ ʩʪʨʘʪʝʛʽʾ ʢʦʤʧʘʥʽʾ ʚʢʣʶʯʘʶʪʴ 

ʧʣʘʥ ʜʽʡ, ʷʢʠʡ ʟʘʮʽʢʘʚʣʶʻ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʤʦʞʣʠʚʽʩʪʶ ʩʪʚʦʨʠʪʠ ʮʽʥʥʽʩʪʴ ʜʣʷ 

ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ (ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ ʯʝʨʝʟ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ Starship ʽ Star-

link, ʜʦʩʪʫʧʥʽʩʪʴ ʜʦ ʢʦʩʤʽʯʥʠʭ ʧʦʜʦʨʦʞʝʡ, ʢʦʩʤʽʯʥʦʛʦ ʪʫʨʠʟʤʫ ʪʘ ʢʦʣʦʥʽʟʘʮʽʾ ʪʦʱʦ) ʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʣʦʛʽʯʥʦʤʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʽʟ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʥʘʤʽʨʘʤʠ ʢʦʤʧʘʥʽʾ SpaceX.  
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 ʉʊʈʋʂʊʋʈɸ ʊɸ ɺʃɸʉʊʀɺʆʉʊɯ ʃʀɺɸʈʅʀʍ ʉʊɸʃɽʁ 09ɻ2 ɯ 09ɻ2ʉ 

ɸʥʦʪʘʮʽʷ: ʊʝʢʩʪ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʢʘʨʙʽʜʫ ʪʠʪʘʥʫ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʚʘʨʥʠʭ ʩʪʘʣʝʡ 09ɻ2 ʽ 09ɻ2ʉ. ʆʧʠʩʘʥʦ ʤʝʪʦʜ ʧʣʘʟ-

ʤʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʦʨʦʰʢʫ TiC ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʘʣʝʚʠʭ 

ʨʦʟʧʣʘʚʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʘʮʽʷ ʨʦʟʧʣʘʚʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʟʝʨʥʘ, ʧʽʜʚʠʱʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʽ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʝʡ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʦʟʠʪʠʚʥʠʡ 

ʝʬʝʢʪ ʚʧʣʠʚʫ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʢʘʨʙʽʜʫ ʪʠʪʘʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʧʝʨʩʥʽʩʪʴ, ʧʦʨʦʰʦʢ, ʧʣʘʟʤʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ, ʢʘʨʙʽʜ ʪʠʪʘʥʫ, ʜʦʜʘʪ-

ʢʦʚʽ ʮʝʥʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʪʝʨʤʦʟʤʽʮʥʝʥʥʷ, 

ʩʪʘʣʽ. 

Annotation: The text is dedicated to the investigation of the influence of titanium carbide 

dispersed particles on the structure and properties of cast steels 09G2 and 09G2C. The 

method of plasma-chemical synthesis of TiC powder and its use for modification of steel 

melts is described. It has been established that modification of melts leads to a reduction in 

grain size, an increase in microhardness, and yield strength of steels, indicating a positive 

effect of titanium carbide dispersed particles. 

Keywords: dispersity, powder, plasma-chemical synthesis, titanium carbide, additional 

crystallization centers, microstructure, plastic deformation, thermomechanical treatment, 

steels. 

 

ɼʠʩʧʝʨʩʥʽʩʪʴ ʤʦʜʠʬʽʢʫʶʯʦʛʦ ʧʦʨʦʰʢʫ ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʥʦʾ ʩʠ-

ʩʪʝʤʠ. ʉʧʦʩʽʙ ʧʣʘʟʤʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙ'ʻʤʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʛʘʟʦʧʣʘʟʤʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠ-

ʥʦʢ ʢʘʨʙʽʜʫ ʪʠʪʘʥʫ ʬʨʘʢʮʽʾ 50 ... 100 ʥʤ. ʆʪʨʠʤʘʥʽ ʜʠʩʧʝʨʩʥʽ ʧʦʨʦʰʢʠ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ 

ʨʠʩʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʩʠʚʥʠʤʠ ʧʦʨʦʰʢʘʤʠ: ʤʘʣʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, 

ʚʠʩʦʢʘ ʽ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ, ʥʘʷʚʥʽʩʪʴ ʘʤʦʨʬʥʠʭ ʫʪʚʦʨʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦ-

ʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʠʥʦʢ TiC. ɿʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. ɿʘʨʦʜʞʝʥʥʷ ʬʘʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʢʨʠ-

ʩʪʘʣʽʟʘʮʽʾ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ. ʈʦʣʴ ʜʠʩʧʝʨʩʥʠʭ ʜʦʙʘʚʦʢ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚ ʨʦʟʧʣʘʚʽ 

ʜʦʜʘʪʢʦʚʠʭ ʰʪʫʯʥʠʭ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɼʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʧʝʨʚʠʥʥʦʛʦ 

ʘʫʩʪʝʥʽʪʫ ʚ ʚʠʣʠʚʢʘʭ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ, ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ 40-50 ʥʤ. 

ɼʠʩʧʝʨʩʥʽʩʪʴ ʤʦʜʠʬʽʢʫʶʯʦʛʦ ʧʦʨʦʰʢʫ ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʥʦʾ ʩʠ-

ʩʪʝʤʠ. ʉʧʦʩʽʙ ʧʣʘʟʤʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙ'ʻʤʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʛʘʟʦʧʣʘʟʤʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠ-

ʥʦʢ ʢʘʨʙʽʜʫ ʪʠʪʘʥʫ ʬʨʘʢʮʽʾ 50 ... 100 ʥʤ. ʆʪʨʠʤʘʥʽ ʜʠʩʧʝʨʩʥʽ ʧʦʨʦʰʢʠ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ 

ʨʠʩʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʩʠʚʥʠʤʠ ʧʦʨʦʰʢʘʤʠ: ʤʘʣʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, 

ʚʠʩʦʢʘ ʽ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ, ʥʘʷʚʥʽʩʪʴ ʘʤʦʨʬʥʠʭ ʫʪʚʦʨʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦ-

ʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʠʥʦʢ TiC. ɿʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. ɿʘʨʦʜʞʝʥʥʷ ʬʘʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʢʨʠ-

ʩʪʘʣʽʟʘʮʽʾ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ. ʈʦʣʴ ʜʠʩʧʝʨʩʥʠʭ ʜʦʙʘʚʦʢ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚ ʨʦʟʧʣʘʚʽ 
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ʜʦʜʘʪʢʦʚʠʭ ʰʪʫʯʥʠʭ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɼʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʧʝʨʚʠʥʥʦʛʦ 

ʘʫʩʪʝʥʽʪʫ ʚ ʚʠʣʠʚʢʘʭ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ, ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ 40-50 ʥʤ. 

ɼʠʩʧʝʨʩʥʽʩʪʴ ʤʦʜʠʬʽʢʫʶʯʦʛʦ ʧʦʨʦʰʢʫ ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʥʦʾ ʩʠ-

ʩʪʝʤʠ. ʉʧʦʩʽʙ ʧʣʘʟʤʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙ'ʻʤʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʛʘʟʦʧʣʘʟʤʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠ-

ʥʦʢ ʢʘʨʙʽʜʫ ʪʠʪʘʥʫ ʬʨʘʢʮʽʾ 50-100 ʥʤ. ʆʪʨʠʤʘʥʽ ʜʠʩʧʝʨʩʥʽ ʧʦʨʦʰʢʠ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ 

ʨʠʩʠ: ʤʘʣʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʚʠʩʦʢʘ ʽ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ, ʥʘ-

ʷʚʥʽʩʪʴ ʘʤʦʨʬʥʠʭ ʫʪʚʦʨʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʠʥʦʢ TiC, 

ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. ʈʦʣʴ ʜʠʩʧʝʨʩʥʠʭ ʜʦʙʘʚʦʢ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʚʦ-

ʨʝʥʥʷ ʚ ʨʦʟʧʣʘʚʽ ʜʦʜʘʪʢʦʚʠʭ ʰʪʫʯʥʠʭ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʧʦʜʨʽʙʥʠʪʠ 

ʟʝʨʥʦ ʧʝʨʚʠʥʥʦʛʦ ʘʫʩʪʝʥʽʪʫ ʚ ʚʠʣʠʚʢʘʭ. 

ɼʠʩʧʝʨʩʥʽʩʪʴ ʤʦʜʠʬʽʢʫʶʯʦʛʦ ʧʦʨʦʰʢʫ ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʥʦʾ ʩʠ-

ʩʪʝʤʠ. ʉʧʦʩʽʙ ʧʣʘʟʤʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙ'ʻʤʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʛʘʟʦʧʣʘʟʤʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠ-

ʥʦʢ ʢʘʨʙʽʜʫ ʪʠʪʘʥʫ ʬʨʘʢʮʽʾ 50-100 ʥʤ. ʆʪʨʠʤʘʥʽ ʧʦʨʦʰʢʠ ʤʘʶʪʴ ʤʘʣʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠ-

ʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʚʠʩʦʢʫ ʽ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʘʤʦʨʬʥʠʭ ʫʪʚʦʨʝʥʴ. 

ʈʦʣʴ ʜʠʩʧʝʨʩʥʠʭ ʜʦʙʘʚʦʢ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʚ ʨʦʟʧʣʘʚʽ ʜʦʜʘʪʢʦʚʠʭ ʮʝʥʪʨʽʚ ʢʨʠ-

ʩʪʘʣʽʟʘʮʽʾ, ʱʦ ʩʧʨʠʷʻ ʧʦʜʨʽʙʥʝʥʥʶ ʟʝʨʥʘ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. Kim ʅ.K., Yoo J.E., Park J. et al. Formation of niobium oxide film with duplex 

layers by // Bull. Korean Chem. Soc. ï 2012. ï V. 33. ï ˉ 8. ï ʨʨ. 2675 ï 2678. 

2. ɻʨʠʛʦʨʝʥʢʦ ɻ. ʄ. ɺʣʠʷʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚʳʭ ʠʥʦʢʫʣʷʪʦʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 
ʩʚʦʡʩʪʚʘ ʣʠʪʦʛʦ ʤʝʪʘʣʣʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ / ɻ.ʄ. ɻʨʠʛʦʨʝʥʢʦ, ɺ.ɸ. ʂʦ-

ʩʪʠʥ, ɺ.ɺ. ɻʦʣʦʚʢʦ, ɺ.ɺ. ɾʫʢʦʚ, ʊ.ɸ. ɿʫʙʝʨ // ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨ-

ʛʠʷ. ï 2015.- ˉ2.-ʉ. 32-41. 

3. Oikawa Y., Minami T., Mayama H., Tsujii K. Preparation of self-organized po-

rous anodic niobium oxide microcones and their surface wettability // Acta Mate-

rialia. ï 2009. ï V. 57. ï ʨʨ. 3941 ï 3946. 

4. Ajayan P. M., Schadler L. S., Braun P. V. Nanocomposite Science and Technolo-

gy. Wiley-VCH; Weinheim, 2003. 

  



338 

ʋɼʂ 621.762.2  

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-161 

ɼ. ʄ. ʊʦʥʢʦʥʦʛ, ʘʩʧʽʨʘʥʪ1; ʉ. ɺ. ʉʝʡʜʘʤʝʪʦʚ, ʩʪ. ʚʠʢʣʘʜʘʯ2;  ɸ. ʆ. ʂʨʽʧʘʢ, 

ʘʩʧʽʨʘʥʪʢʘ1; ʉ.ɺ. ʃʦʩʢʫʪʦʚ, ʜ-ʨ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ2 

1ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè 

E-mail:tonkonohd@gmail.com, 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɺʆɼʅʖ ʅɸ ɺɽʃʀʏʀʅʋ ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɻʆ 

ʊʀʉʂʋ ʇʈʀ ɽʃɽʂʊʈʀʏʅʆʄʋ ɺʀɹʋʍʋ ʇʈʆɺɯɼʅʀʂɯɺ ʋ ʈɯɼʀʅɯ 

ɸʥʥʦʪʘʮʽʷ: ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʚʠʙʫʭʘʻ, ʥʘ ʚʝʣʠʯʠʥʫ ʛʽʜʨʦ-

ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʚʠʙʫʭʫ ʫ ʚʦʜʽ ʪʠʪʘʥʦʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʥʘʩʠʯʝʥʠʭ ʚʦʜʥʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʠʯʥʠʡ ʚʠʙʫʭ ʧʨʦʚʽʜʥʠʢʘ, ʫʜʘʨʥʘ ʭʚʠʣʷ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ, 

ʥʘʥʦʧʦʨʦʰʢʠ. 

Annotation: The influence of the material of the exploding conductor on the magnitude of 

hydrodynamic pressure was investigated. It was shown that the greatest hydrodynamic 

pressure is achieved at electrical explosion in water of titanium conductor, saturated with 

hydrogen. 

Keywords: electrical explosion of a conductor, shock wave, hydrodynamic pressure, na-

nopowders. 

 

ɽʣʝʢʪʨʠʯʥʠʤ ʚʠʙʫʭʦʤ ʧʨʦʚʽʜʥʠʢʽʚ (ɽɺʇ) ʥʘʟʠʚʘʶʪʴ ʷʚʠʱʝ ʚʠʙʫʭʦʧʦʜʽʙʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʥʴʦʛʦ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ 

ʚʝʣʠʢʦʾ ʱʽʣʴʥʦʩʪʽ (ʧʦʥʘʜ 1010 ɸ/ʤ2). ʎʝ ʷʚʠʱʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʷʩʢʨʘʚʠʤ ʩʧʘʣʘʭʦʤ 

ʩʚʽʪʣʘ, ʨʽʟʢʠʤ ʟʚʫʢʦʤ, ʫʜʘʨʥʦʶ ʭʚʠʣʝʶ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ, ʷʢʝ ʦʪʦʯʫʻ ʧʨʦʚʽʜʥʠʢ. ʇʨʦʜʫʢʪʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʘ  ̒ ʧʘʨʠ ʪʘ ʜʨʽʙʥʽ 

ʯʘʩʪʠʥʢʠ ʤʝʪʘʣʫ, ʷʢʽ ʫ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠ-

ʱʝʤ, ʫʪʚʦʨʶʶʯʠ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ. ʗʢʱʦ ɽɺʇ ʧʨʦʚʽʜʥʠʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʽʜʠʥʽ, 

ʚʠʥʠʢʘʻ ʫʜʘʨʥʘ ʭʚʠʣʷ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʜʝ-

ʩʷʪʢʽʚ ʘʪʤʦʩʬʝʨ [1]. ʗʚʠʱʝ ɽɺʇ ʫ ʨʽʜʠʥʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʫʜʘʨʥʠʤʠ ʭʚʠʣʷʤʠ, ʪʘʢ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʦ-

ʨʦʰʢʽʚ [2]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʪʫʞʥʠʭ ʽʤʧʫʣʴʩʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦ-

ʟʨʷʜ ʙʘʪʘʨʝʾ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʝʣʝʢʪʨʦʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʝʩʘ ʤʦʜʝʣʽ ʊ1220. ɿʘʛʘʣʴʥʘ 

ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʦ ʟ'ʻʜʥʘʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʠʧʫ ɯʄ 5-140 ï 

400 ʤʢʌ, ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ ï 10 ʢɺ, ʤʘʢʩʠʤʘʣʴʥʘ ʟʘʧʘʩʝʥʘ ʝʥʝʨʛʽʷ ï 20 

ʢɼʞ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʫ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʟʘʧʘʪʝʥʪʦʚʘʥʫ ʤʝʪʦʜʠʢʫ [3]. ʋ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʚʠʙʫʭʘʻ ʫ ʨʽʜʠʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʜʴ ʫ ʬʦʨʤʽ ʮʠʣʽʥʜʨʫ ʽ ʩʧʣʘʚ ʪʠʪʘʥʫ ɺʊ1-0 ʫ ʬʦʨʤʽ ʧʣʘʩʪʠʥʠ. ʋ 

ʷʢʦʩʪʽ ʨʽʜʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ.  

ɼʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʥʝʤ ʩʧʣʘʚʫ ʪʠʪʘʥʘ ɺʊ1-0 ʙʫʣʠ ʧʨʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʪʦʚʱʠ-

ʥʦʶ 0,3 ʪʘ 0,1 ʤʤ, ʰʠʨʠʥʦʶ 3 ʤʤ, ʜʦʚʞʠʥʦʶ 30 ʤʤ. ʋ ʨʘʟʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʠʙʫʭʫ ʤʝ-

ʪʘʣʫ ʟ ʨʦʟʯʠʥʝʥʠʤ ʫ ʥʴʦʤʫ ʚʦʜʥʝʤ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʜʦʜʘʪʢʦʚʘ ʝʥʝʨʛʽʷ [4]. ʅʘʩʠ-

ʯʝʥʥʷ ʟʨʘʟʢʽʚ ʚʦʜʥʝʤ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ 

ʢʠʩʣʦʪʠ H2SO4. ʑʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ ʩʪʘʥʦʚʠʣʘ 1é1,5 ɸ/ʩʤ
2, ʘ ʯʘʩ ʦʙʨʦʙʢʠ 10 ʛʦʜʠʥ.  
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʽʜʥʠʢʘ ʥʘ ʚʝʣʠʯʠʥʫ ʛʽʜʨʦʜʠʥʘʤʽ-

ʯʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ɽɺʇ ʫ ʨʽʜʠʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1. ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʤʽʨʽʚ ʚʽʜʙʠʪʢʽʚ ʥʘ ʟʨʘʟʢʫ-ʝʪʘʣʦʥʽ (ʜʶʨʘʣʶʤʽ-

ʥʽʡ) ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʩʪʽʥʢʫ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʝʣʝʢʪ-

ʨʠʯʥʦʤʫ ʚʠʙʫʭʫ ʫ ʚʦʜʽ ʤʽʜʥʠʭ ʪʘ ʪʠʪʘʥʦʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ 

ˉ 

ɼʽʘʤʝʪʨ 

ʚʽʜʙʠʪʢʫ, 

ʤʤ 

U, ʢɺ 
ʄʘʪʝʨʽʘʣ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʚʠʙʫʭʘʻ ʽ ʡʦʛʦ 

ʨʦʟʤʽʨʠ 

P, 

ʄʇʘ 

1 2,50 6 ʉu, d=0,7 ʤʤ, l=20 ʤʤ, V=7,7 ʤʤ3 400 

2 3,83 8 Cu, d=0,7 ʤʤ, l=20 ʤʤ, V=7,7 ʤʤ3 550 

3 4,00 8 ɺʊ1-0, a=0,1 ʤʤ, b=2,7 ʤʤ, V=5,4 ʤʤ3 600 

4 4,70 8 
ɺʊ1-0 ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʥʝʤ, 

a=0,1 ʤʤ, b=3 ʤʤ, V=6,0 ʤʤ3 
700 

5 3,37 8 ɺʊ1-0, a=0,3 ʤʤ, b=1,4 ʤʤ, V=8,4 ʤʤ3 490 

6 4,78 8 ɺʊ1-0, a=0,3 ʤʤ, b=1,4 ʤʤ, V=8,4 ʤʤ3 720 

7 5,21 8 
ɺʊ1-0 ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʥʝʤ, 

a=0,3 ʤʤ, b=1,5 ʤʤ, V=9,0 ʤʤ3 730 

 

ʗʢ ʚʠʜʥʦ ʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 1, ʪʠʩʢ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʚʠʙʫʭʘʻ, ʽ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʠʪʘʥʦʚʠʡ ʧʨʦʚʽʜʥʠʢ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʽʜʥʠʤ ʩʪʚʦʨʶʻ ʙʽʣʴʰʠʡ ʪʠʩʢ ʫʜʘʨʥʦʾ ʭʚʠʣʽ. ʅʘʡʙʽʣʴʰʠʡ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʝʣʝʢʪʨʠʯʥʦʤʫ ʚʠʙʫʭʫ ʪʠʪʘʥʦʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, 

ʥʘʩʠʯʝʥʠʭ ʚʦʜʥʝʤ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʚʦʜʝʥʴ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʫ ʧʦʨʘʭ 

ʪʠʪʘʥʫ, ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʽʶ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʧʨʦʜʫʢʪʠ ʨʦʟʧʘʜʫ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ 

ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ. 
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ɹɯʆʇʆʃɯʄɽʈʅɯ ʅɸʅʆʂʆʄʇʆɿʀʊʀ ɼʃʗ ʊɽʇʃʆɺʀʍ ɽʂʈɸʅɯɺ 

ʄɽʊɽʆʈʆʃʆɻɯʏʅʀʍ ʈɸʂɽʊ 

ɸʥʦʪʘʮʽʷ: ɹʽʦʧʦʣʽʤʝʨʠ ï ʧʦʣʽʤʝʨʠ, ʦʪʨʠʤʘʥʽ ʟ ʜʝʷʢʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʪʦʤʫ ʻ ʙʽʦʩʫ-

ʤʽʩʥʠʤʠ ʪʘ ʤʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʤʝʞʫ ʟ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʛʥʫ-

ʯʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʡ ʚʘʨʪʦʩʪʽ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɺ ʮʽʡ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʙʽʦʧʦʣʽʤʝʨʽʚ ʟ ʥʝʦʨʛʘʥʽʯʥʠ-

ʤʠ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʤʝʪʘʣ, ʦʢʩʠʜʠ ʤʝʪʘʣʽʚ, ʥʘʥʦʯʘʩʪʠʥʢʠ ʥʘʧʽʚʧʨʦʚʽʜ-

ʥʠʢʽʚ ʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʪʚʦʨʝʥʥʽ ʪʝʧʣʦʚʠʭ ʝʢʨʘ-

ʥʽʚ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʨʘʢʝʪ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʽʦʧʦʣʽʤʝʨʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ, ʧʽʥʘ, ʪʝʧʣʦʚʽ ʝʢʨʘʥʠ. 

ɸnnotation: Biopolymers are polymers obtained from some living organisms, so they are 

biocompatible and have various functional groups that allow controlling the border with 

nanofillers. Used in many areas due to its flexibility in processing conditions and competi-

tive cost of final products. This paper proposes the use of composites based on biopolymers 

with inorganic nanofillers, such as metal, metal oxides, semiconductor nanoparticles, and 

carbon-based nanoparticles for use in the creation of heat shields for meteorological mis-

siles. 

Keywords: Biopolymer nanocomposites, foams, heat shields. 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʪʝʨʤʽʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʟʚʝ-

ʣʠ ʜʦ ʨʦʟʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʤʘʢʨʦʤʘʩʰʪʘʙʫ ʟ ʜʫʞʝ ʙʘʞʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʪʝʭʥʽʢʫ ʘʬʽʥʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʧʣʽʚʦʢ ʽʟ ʩʫ-

ʩʧʝʥʟʽʾ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʦʤʧʦʟʠʪ, ʱʦ ʤʘʪʠʤʝ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʷʚʠʱ, ʥʘ-

ʧʨʠʢʣʘʜ ʜʠʬʫʟʽʾ. ʎʝ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʧʦʣʽʤʝʨʫ, ʜʝʤʦʥʩʪʨʫʻ 

ʚʠʩʦʢʫ ʚʦʛʥʝʟʘʭʠʩʥʫ ʟʜʘʪʥʽʩʪʴ ʥʘʚʽʪʴ ʜʣʷ ʜʫʞʝ ʤʘʣʦʾ ʪʦʚʱʠʥʠ. ʂʨʽʤ ʪʦʛʦ, ʚʠʩʦʢʝ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʞʦʨʩʪʢʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʟ 

ʥʘʥʦʛʣʠʥʠ ʧʨʠʟʚʝʣʦ ʜʦ ʨʦʟʨʦʙʢʠ ʙʽʦʧʦʣʽʤʝʨʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 

ʚʽʜ 10 ɻʇʘ ʜʦ 30 ɻʇʘ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɹʫʣʦ ʪʘʢʦʞ ʧʦʤʽʯʝʥʦ, ʱʦ ʥʘʚʽʪʴ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʮʝ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʠʱʝ 10 ɻʇʘ ʜʣʷ ʧʝʚʥʦʛʦ 

ʚʤʽʩʪʫ ʤʦʥʪʦʤʦʨʠʣʦʥʽʪʫ ʚ ʘʣʴʛʽʥʘʪʽ ʥʘʪʨʽʶ. ʅʘʧʨʠʢʣʘʜ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʤʦʜʫʣʝʤ ʧʨʫ-

ʞʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʥʦʛʣʠʥʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʠʰʝ ʯʘʩʪʠʥʽ ʚʠʤʦʛ, ʷʢʽ 

ʦʯʽʢʫʶʪʴʩʷ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʝʢʨʘʥʫ, ʧʝʨʝʪʚʦʨʠʚʰʠ ʙʽʦʧʦʣʽʤʝʨʥʠʡ ʥʘʥʦʢʦʤʧʦʟʠʪ ʥʘ 

ʪʚʝʨʜʫ ʨʝʯʦʚʠʥʫ, ʪʘʢʫ ʷʢ ʧʽʥʘ, ʤʦʞʥʘ ʟʘʜʦʚʽʣʴʥʠʪʠ ʚʩʽ ʢʨʠʪʝʨʽʾ, ʚʩʪʘʥʦʚʣʝʥʽ ʜʣʷ ʪʝʧ-

ʣʦʚʦʛʦ ʝʢʨʘʥʫ. ʏʝʨʝʟ ʪʝ, ʱʦ ʧʽʥʦʧʣʘʩʪ ʣʝʛʰʠʡ ʟʘ ʤʘʪʝʨʽʘʣ ʚʠʭʽʜʥʦʾ ʬʘʟʠ, ʱʽʣʴʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʝʢʨʘʥʫ ʱʝ ʙʽʣʴʰʝ ʟʥʠʞʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʛʘʟʦʚʘ ʬʘʟʘ ʤʘʻ ʪʝʥʜʝʥ-

ʮʽʶ ʟʘʡʤʘʪʠ ʙʽʣʴʰʫ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʚ ʧʽʥʘʭ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʧʦʜʘ-

ʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʽʰʠʚʰʠ ʨʦʟʨʦʙʠʪʠ ʙʽʦʧʦʣʽʤʝʨ-
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ʥʫ ʥʘʥʦʢʦʤʧʦʟʠʪʥʫ ʧʽʥʫ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʩʪʽʡʢʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʤʘʻ ʚʩʪʘʥʦʚʠʪʠ ʥʦ-

ʚʠʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ.  

ʇʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʫ ʧʽʥʦʧʣʘʩʪ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʟʜʘʪʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ ʚʦʛʥʝʟʘʭʠʩʥʽ ʤʘʪʝʨʽʘʣʠ. ʎʽ ʧʽʥʠ ʙʫʣʠ ʟʜʘʪʥʽ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʝʤʧʝ-

ʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ ʤʽʞ 1.5ʭ105 ʽ 3.2ʭ105 ʂ/ʤ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦ-

ʣʫʤôʷ ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚʦʛʦ ʬʘʢʝʣʘ ʧʨʦʪʷʛʦʤ 2 ʭʚʠʣʠʥ. ʎʽ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʛʨʘʜʽʻʥʪʦʤ, ʷʢʠʡ ʧʨʦʧʦʥʫʶʪʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʧʣʠʪʢʦʚʽ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ʙʦʨʪʫ ʦʨʙʽʪʘʣʴʥʦʛʦ ʢʦʨʘʙʣʷ NASA Space Shuttle. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. LJ Lee, C Zeng, X Cao, X Han, J Shen, and G Xu. Polymer nanocomposite foams. 
Composites science and technology: 2005. ʉ. 65 

2. ɹʦʨʦʚʠʡ ʄ. ʆ., ʂʫʥʠʮʴʢʠʡ ʖ. ɸ., ʂʘʣʝʥʠʢ ʆ. ʆ., ʆʚʩʽʻʥʢʦ ɯ., ɺ., ʎʘʨʝ-

ʛʨʘʜʩʴʢʘ ʊ. ʃ. ʅʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʥʘʥʦʧʨʠʩʪʨʦʾ. ʥʘʚʯ. ʧʦʩʽʙ. 

ʂʠʾʚ: ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, 2015. ʉ. 

351 

3. Amalie E Donius, Andong Liu, Lars A Berglund, and Ulrike GK Wegst. Superior 

mechanical performance of highly porous, anisotropic nanocellulose-

montmorillonite aerogels prepared by freeze casting: 2014. ʉ. 88-99 



342 

   ʋɼʂ 621.454.3 (075.8) 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-163 

ɼ. ɻ. ɹʫʨʷʢ, ʩʪʫʜʝʥʪ; ʊ.ɺ. ʅʦʩʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ; ʉ.ɯ. ʄʘʤʯʫʨ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

E-mail : ladeutr@gmail.com 

 

ʅɸʅʆʄɸʊɽʈɯɸʃʀ ɯ ʅɸʅʆʊɽʍʅʆʃʆɻɯɰ ɺ ʈʂʊ 

ɸʥʦʪʘʮʽʷ: ʅʘʥʦʤʘʪʝʨʽʘʣʠ ð ʮʝ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ 

(ʟʝʨʥʘ, ʢʨʠʩʪʘʣʽʪʠ, ʙʣʦʢʠ, ʢʣʘʩʪʝʨʠ), ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʷʢʠʭ ʭʦʯʘ ʙ ʚ ʦʜʥʦʤʫ ʚʠʤʽʨʽ 

ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 100 ʥʤ ʽ ʷʢʽ ʤʘʶʪʴ ʷʢʽʩʥʦ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘ ʧʝʚʥʠʭ 

ʫʤʦʚ ʮʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʪʚʝʨʜʠʤʠ ʘʙʦ ʥʘʜʧʣʘʩʪʠʯʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʥʽʢʝʣʶ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʥʘʥʦʨʦʟʤʽʨʽʚ ʤʽʮʥʽʩʪʴ ʽ ʪʚʝʨʜʽʩʪʴ ʟʨʦʩʪʘʶʪʴ ʫ 

ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ; ʜʦʜʘʚʘʥʥʷ ʘʣʶʤʽʥʽʶ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʤʘʻ ʥʘʥʦʨʦʟʤʽʨʠ, ʚ ʨʘʢʝʪʥʝ 

ʧʘʣʠʚʦ ʟʥʘʯʥʦ ʟʤʽʥʶʻ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʟʛʦʨʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Kʨʠʩʪʘʣʽʪʠ, ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʽʢʝʣʴ. 

Annotation: Nanomaterials are materials that contain many structural elements 

(grains, crystals, blocks, clusters), the metric dimensions of which in at least one world do 

not exceed 100 nm and which can have very new force characteristics. Nanocrystalline 

materials have completely mechanical power. For the first minds, these materials can be 

supra-solid or supra-plastic. For example, in crystalline nickel, when moving to nanosizes, 

density and hardness increase over the course of a decade; The addition of aluminum, whose 

structure is nanosized, in the rocket space means its formation rate. 

Keywords: Crystals, energy security, nickel. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʉʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʪʘʣʝʚʽ ʥʘʥʦʘʥʪʝʥʠ, ʤʦʞʫʪʴ ʧʦʛʣʠʥʘʪʠ ʜʦ 80% ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʪʦʜʽ ʷʢ 

ʽʩʥʫʶʯʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ 20% ʝʥʝʨʛʽʾ. ɺ ʩʫʯʘʩʥʠʭ 

ʘʢʫʤʫʣʷʪʦʨʘʭ ʟʘʤʽʩʪʴ ʚʫʛʣʝʮʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦ̔ʥʠ ʣʽʪʽʶ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʪʠ ʾʭʥʶ ʻʤʥʽʩʪʴ ʪʘ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʣʽʢʽʚ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʪʘʙʣʝʪʦʢ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʚʤʽʩʪ ʣʽʢʫʚʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʢʨʦʚʽ. ʅʘʥʦʯʘʩʪʠʥʢʠ ʪʘʢʦʞ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʘʨʙ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʚ ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ 

ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ. ɼʦʩʠʪʴ ʤʘʩʰʪʘʙʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʚ 

ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʜʦʟʚʦʣʠʪʴ ʨʘʜʠʢʘʣʴʥʦ ʧʦʣʽʧʰʠʪʠ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥʠ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʪʠʭ ʯʠ ʽʥʰʠʭ ʦʨʙʽʪʘʭ, 

ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʘʧʘʨʘʪʽʚ. ʆʩʥʦʚʥʘ 

ʩʴʦʛʦʜʥʽʰʥʻ ʟʘʚʜʘʥʥʷ - ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ , ʛʘʙʘʨʠʪʽʚ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʽʢʨʦ-ʽ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ (ʘʧʘʨʘʪʠ ʚʘʛʦʶ ʤʝʥʰʝ 10 ʢʛ). ɯʥʰʘ ʧʨʦʙʣʝʤʘ - ʚʠʚʝʜʝʥʥʷ 

ʥʘʥʦʩʧʫʪʥʠʢʽʚ ʥʘ ʦʨʙʽʪʫ. ʅʘʨʘʟʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʢʣʘʩʪʝʨʥʽ ʟʘʧʫʩʢʠ çʤʘʣʶʢʽʚè ʥʘ 

ʚʝʣʠʢʠʭ ʨʘʢʝʪʘʭ- ʥʦʩʽʷʭ , ʘʣʝ ʮʝʡ ʩʧʦʩʽʙ ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ. 

ʇʨʠ ʚʩʽʭ ʧʝʨʝʚʘʛʘʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ  ̔ ʟʘʛʨʦʟʫ 

ʟʜʦʨʦʚ'ʶ ʣʶʜʠʥʠ. ɿʘʭʦʧʣʝʥʦ ʧʝʨʝʜʯʫʚʘʶʯʠ ʪʽ ʧʦʟʠʪʠʚʥʽ ʟʤʽʥʠ, ʷʢʽ ʧʨʠʥʝʩʝ ʟ ʩʦʙʦʶ 

ʧʨʦʤʠʩʣʦʚʘ ʨʝʚʦʣʶʮʽʷ, ʥʝ ʚʘʨʪʦ ʙʫʪʠ ʥʘʩʪʽʣʴʢʠ ʥʘʾʚʥʠʤʠ, ʱʦʙ ʥʝ ʟʘʤʠʩʣʠʪʠʩʷ ʧʨʦ 

ʤʦʞʣʠʚʽ ʥʝʙʝʟʧʝʢʠ  ̔ ʧʨʦʙʣʝʤʠ. ɹʘʛʘʪʦ ʚʝʣʠʢʠʭ ʚʯʝʥʠʭ ʩʫʯʘʩʥʦʩʪʽ ʥʝ ʜʘʨʤʘ 
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ʥʘʤʘʛʘʶʪʴʩʷ ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʝ ʪʽʣʴʢʠ ʜʦ ʧʦʟʠʪʠʚʥʠʭ ʧʝʨʩʧʝʢʪʠʚ ʤʘʡʙʫʪʥʴʦʛʦ, ʘ ʡ 

ʜʦ ʤʦʞʣʠʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɼʝʷʢʽ ʚʯʝʥʽ, ʥʘʧʨʠʢʣʘʜ ɹʽʣʣ ɼʞʦʡ, ʟʘʢʣʠʢʘʶʪʴ ʜʦ 

ʪʦʛʦ, ʱʦʙ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʽ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʟʫʧʠʥʝʥʽ ʜʦ ʪʦʛʦ, ʷʢ ʮʝ ʟʘʰʢʦʜʠʪʴ ʣʶʜʩʪʚʫ. ʉʪʨʘʭʠ ʧʝʨʝʜ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʤʠ ʧʦʯʘʣʠ 

ʟ'ʷʚʣʷʪʠʩʷ ʟ 1986 ʨʦʢʫ, ʧʽʩʣʷ ʚʠʭʦʜʫ ʚ ʩʚʽʪ ʪʚʦʨʠ ɼʨʝʢʩʣʝʨʘ çʄʘʰʠʥʠ ʪʚʦʨʝʥʥʷè, ʜʝ 

ʚʽʥ ʥʝ ʪʽʣʴʢʠ ʥʘʤʘʣʶʚʘʚ ʫʪʦʧʽʯʥʫ ʢʘʨʪʠʥʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ, ʘ ʡ 

ʪʦʨʢʥʫʚʩʷ çʟʚʦʨʦʪʥʴʦèʾ, ʙʝʟʩʪʦʨʦʥʥʶ ʩʪʦʨʦʥʫ ʮʽʻʾ ʤʝʜʘʣʽ. 

ʂʦʩʤʦʩ ʷʢ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʻ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ 

ʤʝʭʘʥʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʜʣʷ ʢʦʩʤʽʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʘʤʝ ʨʦʟʚʠʪʦʢ ʥʘʜʩʢʣʘʜʥʠʭ ʥʘʥʦʩʠʩʪʝʤ ʤʦʞʝ ʩʪʘʪʠ ʥʘʮʽʦʥʘʣʴʥʦ ʾ

ʧʝʨʝʚʘʛʦʶ ʢʨʘʾʥʠ. ʗʢ ʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʜʘʜʫʪʴ ʥʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʩʝʨʡʦʟʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʧʽʣʦʪʦʚʘʥʠʭ ʧʦʣʴʦʪʘʭ ʜʦ ʨʽʟʥʠʭ ʧʣʘʥʝʪ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʉʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʽ ʥʘʥʦʤʝʭʘʥʽʟʤʽʚ ʤʦʞʝ ʟʨʦʙʠʪʠ ʨʝʘʣʴʥʽʩʪʶ 

ʧʽʣʦʪʦʚʘʥʽ ʧʦʣʴʦʪʠ ʥʘ ʄʘʨʩ ʪʘ ʦʩʚʦʻʥʥʷ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ. 
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ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɺʀʃʀɺʂɯɺ ɿ ɸʃʖʄɯʅɯɭɺʀʍ ʉʇʃɸɺɯɺ 

ʉʀʉʊɽʄʀ AL -SI 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚ ʨʦʟʧʣʘʚ. ʇʨʦʚʝʜʝʥʦ ʜʦ-

ʩʣʽʜʥʽ ʧʣʘʚʢʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ɸʃ4, ɸʄʛ6, 2219. ɺʩʪʘʥʦʚʣʝʥʦ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ɓ SiC. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʨʫʢʪʫʨʘ. 

ɸnnotation. The technology of introducing a modifier into the melt has been developed. 

Experimental melting of aluminium alloys AL4, AMg6, 2219 was carried out. Criteria for 

the selection of nanodisperse modifier ɓ SiC were established. 

Key words: aluminium alloys, mechanical properties, structure. 

 

ɿ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʧʨʦʚʝʜʝʥʦ ʤʦʜʠʬʽ-

ʢʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ ʜʠʩʧʝʨʩʥʠʤʠ ʢʦʤʧʦʟʠʮʽʷʤʠ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ SiC. ʎʝʡ 

ʤʦʜʠʬʽʢʘʪʦʨ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʟʘ ʩʭʦʞʽʩʪʶ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ ʪʘ ʘʪʦʤʥʠʭ ʨʘʜʽʫʩʽʚ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʣʠʚʢʽʚ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Al-Si ʚ ʜʘ-

ʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʧʣʘʚʢʠ ʩʧʣʘʚʽʚ ɸʃ4 (ɸʂ9ʯ), ɸʃ4ʉ, ɸʃ4ɼ.  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʻ ʧʦʨʦʰʢʦʚʽ ʪʫʛʦ-

ʧʣʘʚʢʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ SiC ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 1 ʤʢʤ. 

ʋ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʙʫʣʠ ʚʠʧʨʦʙʫʚʘʥʽ ʧʦʨʦʰʢʠ ʪʠʪʘʥʫ, ʥʽʪʨʠʜʫ, ʪʠʪʘʥʫ, 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʜʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʧʣʘʚʽʚ ɸʃ4 (ɸʂ9ʯ), 2219, ɸʄʛ6. ɿ ʤʝʪʦʶ ʧʽʜ-

ʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Al-Si, Al-Mg 

ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʝʜʝʥʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʠʤʠ ʧʦʨʦʰʢʘʤʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʤʦʜʠʬʽʢʘʮʽʾ ɓ-SiC ʨʦʟʤʽʨʘʤʠ ʜʦ 100 ʥʤ. 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʧʣʘʚʠ ʻ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʟʤʽʮʥʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʘʣʶʤʽʥʽʶ ʨʦʟʯʠʥʝʥʠʤʠ ʣʝʛʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ 

ʚʠʜʽʣʝʥʥʶ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʭ ʬʘʟ, ʱʦ ʩʪʚʦʨʶʻ ʝʬʝʢʪ 

ʟʤʽʮʥʝʥʥʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʨʽʥʥʽ. ʆʜʝʨʞʫʚʘʥʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʻ ʪʫʛʦʧʣʘʚʢʠʡ ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ, ʷʢʠʡ ʥʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʨʦʟʧʣʘʚʽ, ʘ ʩʣʫʞʠʪʴ ʜʦʜʘʪʢʦʚʠʤ ʮʝʥʪʨʦʤ ʢʨʠʩʪʘʣʽʟʘ-

ʮʽʾ. ʆʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚʠʟʥʘʯʝʥʦ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʦ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʣʘʚʢʘʭ ʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,07 ʜʦ 0,1% ʚʽʜ ʤʘʩʠ ʨʦʟʧʣʘʚʫ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʽʚ ʫ ʣʠʪʦʤʫ ʩʪʘʥʽ ʷʚʣʷʻ ʩʦʙʦʶ Ŭ-ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ, ʥʝʚʝʣʠ-

ʢʘ ʢʽʣʴʢʽʩʪʴ ʝʚʪʝʢʪʠʢʠ ʽ ʨʽʟʥʽ ʽʥʪʝʨʤʝʪʘʣʽʜʥʽ ʬʘʟʠ: AlSb, MgZn2, AlFeSi, CuAl2, ʷʢʽ 

ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʨʽʥʥʽ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʯʠʥʥʽʩʪʴ ʚʦʜʥʶ ʚ ʨʽʜʢʦʤʫ ʨʦʟʧʣʘʚʽ ʘʣʶʤʽʥʽʶ ʚʠʱʝ, ʥʽʞ ʚ ʪʚʝʨʜʦ-

ʤʫ ʩʪʘʥʽ, ʮʝ - ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʛʘʟʦʚʦʾ ʧʦʨʠʩʪʦʩʪʽ ʧʨʠ ʟʘʪʚʝʨʜʽʥʥʽ ʚʠʣʠʚʢʘ. ɼʣʷ ʟʤʝʥ-

ʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʨʘʬʽʥʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʛʝʢʩʘʭʣʦʨʝʪʘʥʦʤ. ɼʣʷ ʫʩʫʥʝʥʥʷ 

ʚʪʦʨʠʥʥʦʾ ʧʦʨʠʩʪʦʩʪʽ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʚʽʜʣʠʚʘʥʥʷ ʟʘʭʠʱʘʣʠ ʪʠʪʘʥʦʚʦʶ ʩʪʨʫʞ-

ʢʦʶ. 
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ʄʆɼʀʌɯʂʋɺɸʅʅʗ ʊɸ ʈɸʌɯʅʋɺɸʅʅʗ ɸʃʖʄɯʅɯɭɺʀʍ ʉʇʃɸɺɯɺ  

ɸʥʦʪʘʮʽʷ. ɺʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, 

ʦʙʨʦʙʣʝʥʠʭ ʜʠʩʧʝʨʩʥʠʤʠ ʪʘ ʥʘʥʦʜʠʩʧʝʨʩʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝ-

ʤʦʶ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Al-Si. ʅʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʦʙʨʘʥʦ 

ʪʠʧ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ - ʧʦʨʦʰʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ SiC. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ, ʥʘʥʦʜʠʩʧʝʨʩʥʠʡ ʤʦʜʠʬʽʢʘʪʦʨ. 

ɸnnotation. Studying the peculiarities of the structure and properties of aluminium alloys 

treated with dispersed and nanodispersed modifiers is an urgent problem of materials sci-

ence. The paper analyzes the existing modifiers of aluminium alloys of the Al-Si system. On 

the basis of the classical theory of modification, the type of refractory modifier was chosen - 

SiC silicon carbide powder. 

Key words: aluminium alloys, nanodisperse modifier. 

 

ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʦ ʙʝʟ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ. ɼʦ ʚʽʜʣʠʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʪʫʨʙʦʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʥʘʩʦʩʽʚ ʧʘʣʠʚʘ ʧʨʝʜ'ʷʚʣʷʶʪʴ ʚʠʤʦʛʠ, 

ʱʦ ʧʦʻʜʥʫʶʪʴ ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʥʠʟʴʢʫ ʧʦʨʠʩʪʽʩʪʴ, ʚʠʩʦʢʠʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʣʠʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʻ ʧʨʦʮʝʩ 

ʧʣʘʚʢʠ ʽ ʦʙʨʦʙʢʠ ʨʦʟʧʣʘʚʽʚ. ʉʘʤʝ ʥʘ ʮʠʭ ʩʪʘʜʽʷʭ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʧʝʨʘ-

ʮʽʾ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʨʘʬʽʥʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ. 

ʆʜʥʘʢ ʚʽʜʩʫʪʥʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʚʠʣʠʚʢʽʚ ʜʦ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʨʠʤʫʻ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʠʟʴʢʘ ʪʝʭʥʦʣʦʛʽʯ-

ʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʩʧʣʘʚʘʭ ʢʨʠʭʢʠʭ ʽ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʬʘʟ: FeAl3, Mg2Si, 

MgZn2, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʚʝʣʠʢʠʭ ʢʣʘʩʪʝʨʽʚ ʽ ʬʦʨʤʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʫ ʩʽʪʢʫ. ʎʽ 

ʢʨʠʭʢʽ ʬʘʟʠ ʻ ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʠ ʣʠʪʪʽ ʟʣʠʪʢʽʚ ʽ ʬʘʩʦʥʥʠʭ ʚʠʣʠʚʢʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʫʧʦʚʽʣʴʥʝʥʥʶ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʽʥʪʝʨʤʝʪʘ-

ʣʽʜʽʚ ʧʨʠ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʚʠʣʠʚʢʽʚ. ɺʝʣʠʢʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʛʘʟʦʥʘʩʠʯʝʥʽʩʪʴ ʣʠʚʘʨ-

ʥʠʭ ʩʧʣʘʚʽʚ. 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʫʜʦʩʢʦʥʘ-

ʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʧʣʘʚʽʚ. ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʣʠʚʢʽʚ, 

ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʽ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. 

ʇʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ ʩʦʣʷʤʠ ʥʘʪʨʽʶ, ʱʦ ʩʧʨʠʷʻ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʝʚʪʝʢʪʠʢʠ Al-Si. ʆʜʥʘʢ ʣʝʛʢʦʧʣʘʚʢʽ 

ʩʦʣʽ ʥʘʪʨʽʶ ʥʝ ʝʢʦʣʦʛʽʯʥʽ ʽ ʥʝ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩ ʨʦʟʧʣʘʚʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʪʫ-

ʛʦʧʣʘʚʢʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ: ʢʘʨʙʽʜʽʚ, ʥʽʪʨʠʜʽʚ, ʙʦʨʠʜʽʚ, ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩ-

ʪʠʥʦʢ 0,1...1 ʤʢʤ. ʇʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʣʠʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʜʠʩʧʝʨʩʥʠʤʠ 

ʯʘʩʪʢʘʤʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʨʦʟʤʽʨʦʤ ʜʦ 1 ʤʢʤ ʚʽʜʟʥʘʯʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʽ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. 
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ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʪʝʦʨʽʡ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʚʦʥʠ ʧʦʷʩʥʶʶʪʴ ʧʝʚʥʽ ʩʪʦ-

ʨʦʥʠ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʘʣʝ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʡʦʛʦ ʧʦʚʥʽ-

ʩʪʶ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʮʝʩʫ ʽ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʫʤʦʚ ʧʣʘʚʢʠ ʽ ʣʠʪʪʷ, ʘ 

ʪʘʢʦʞ ʚʧʣʠʚʦʤ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʽ ʚʟʘʻʤʦʜʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʽ 

ʷʢʽ ʤʦʞʫʪʴ ʷʢ ʧʦʩʠʣʶʚʘʪʠ, ʪʘʢ ʽ ʧʦʩʣʘʙʣʶʚʘʪʠ ʜʽʶ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. 
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ʉʋʏɸʉʅɯ ʄɽʊʆɼʀ ʆʊʈʀʄɸʅʅʗ ʅɸʅʆʄɸʊɽʈɯɸʃɯɺ 

ɸʥʦʪʘʮʽʷ: ɼʘʥʘ ʩʪʘʪʪʷ ʦʙʛʦʚʦʨʶʻ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʝʣʝʢʪʨʦʥʽʢʘ, ʙʽʦʣʦʛʽʷ ʽ ʭʽʤʽʷ. ʊʝʢʩʪ ʨʦʟʛ-

ʣʷʜʘʻ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ʇʝʨʰʠʡ ʚʢʣʶʯʘʻ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ 

ʷʢ ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ʪʘ ʛʘʟʦʬʘʟʥʝ ʢʦʤʧʘʢʪʫʚʘʥʥʷ, ʪʦʜʽ ʷʢ ʜʨʫʛʠʡ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠ-

ʤʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʟ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ ʯʝʨʝʟ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʘʙʦ ʤʝʪʦʜʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ. ʍʽʤʽʯʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʽ ʷʢ ʭʽʤʽʯʥʘ ʢʦʥ-

ʜʝʥʩʘʮʽʷ ʧʘʨʽʚ ʪʘ ʨʽʜʢʦʬʘʟʥʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʪʘʢʦʞ ʦʙʛʦʚʦʨʶʶʪʴʩʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʅʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʅʘʥʦʤʘʪʝʨʽʘʣʠ, ʉʠʥʪʝʟ, ʅʘʥʦʩʪʨʫʢʪʫʨʘ, ʇʣʘʟʤʦʚʝ 

ʥʘʧʠʣʝʥʥʷ 

Annotation: This article discusses methods of obtaining nanomaterials and their application 

to solving problems in such fields as electronics, biology, and chemistry. The text examines 

two approaches to obtaining nanomaterials. The first includes physical methods such as 

plasma spraying and gas-phase compaction, while the second involves obtaining objects 

from individual atoms through chemical reactions or molecular-beam epitaxy methods. 

Chemical methods of obtaining nanomaterials, such as chemical vapor condensation and 

solid-phase reduction, are also discussed. 

Keywords: Nanotechnology, Nanomaterials, Synthesis, Nanostructure, Plasma spraying 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʧʨʦʙʣʝʤ ð ʝʣʝʢʪʨʦʥʽʢʠ, ʙʽʦʣʦʛʽʾ, ʭʽʤʽʾ ð ʚʝʣʠʢʠʭ ʨʦʟʤʽ-

ʨʽʚ ʦʙôʻʢʪʽʚ ʥʝ ʧʦʪʨʽʙʥʦ, ʥʘʚʧʘʢʠ, ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦ-

ʣʠʣʦ ʚʠʨʽʰʠʪʠ ʪʽ ʞ ʩʘʤʽ ʟʘʚʜʘʥʥʷ, ʘʣʝ ʽ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʚʠʨʦʙʽʚ, ʧʨʠʯʦʤʫ ʚ ʨʷʜʽ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʻ ʥʝʦʙʭʽʜ-

ʥʦʶ ʫʤʦʚʦʶ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. 

ʊʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʮʴʦʛʦ, ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʯʘʩʪʠʥʠ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʥʘʥʦ-ʦʙôʻʢʪʠ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʟ ʚʝʣʠʢʦʾ ʟʘʛʦʪʦʚʢʠ, ʰʣʷʭʦʤ 

ʚʠʜʘʣʝʥʥʷ ʟʘʡʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ çʟʚʝʨʭʫ ʚʥʠʟè. ʎʝ ʚ 

ʦʩʥʦʚʥʦʤʫ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ: ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ð ʧʦ-

ʣʫʤôʷʥʝ, ʘʥʦʜʥʝ, ʤʘʛʥʝʪʨʦʥʝ ʽ ʪ.ʧ.; ʽʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʝʧʽʪʘʢʩʽʷ; ʛʘʟʦ ʬʘʟʥʝ ʢʦʤʧʘʢʪʫ-

ʚʘʥʥʷ; ʤʝʪʦʜʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; ʢʦʥʪʨʦʣʴʦʚʘʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ; ʜʠʩʧʝʨʛʫʚʘʥʥʷ 

ʽ ʧʦʜʨʽʙʥʝʥʥʷ; ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ.  

ʅʘʧʨʠʢʣʘʜ, ʚ ʫʩʪʘʥʦʚʮʽ ʧʣʘʟʤʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʚ ʟʦʥʫ ʧʣʘʟʤʠ ʨʘʟʦʤ ʟ ʽʥʝʨʪʥʠʤ 

ʛʘʟʦʤ-ʥʦʩʽʻʤ ʚʚʦʜʷʪʴʩʷ ʩʧʦʣʫʢʠ ʤʝʪʘʣʫ. ʋ ʟʦʥʽ ʧʣʘʟʤʠ ʚʦʥʠ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʦʨʛʘʥʽʯ-

ʥʠʤ ʤʦʥʦʤʝʨʦʤ ʽ ʫʪʚʦʨʶʶʪʴ ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʧʦʣʽʤʝʨʦʤ ʥʘʥʦʯʘʩʪʠʥʢʠ ʦʢʩʠʜʽʚ, ʥʽʪʨʠʜʽʚ, 

ʢʘʨʙʽʜʽʚ ʤʝʪʘʣʫ. ʇʨʠ ʛʘʟʦ ʬʘʟʥʦʤʫ ʦʪʨʠʤʘʥʥʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʯʘʩʪʢʠ ʤʝʪʘʣʽʚ ʟ ʪʠʛʣʷ-

ʚʠʧʘʨʥʠʢʘ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʥʘ ʬʽʣʴʪʨ, ʟ ʷʢʦʛʦ ʚʦʥʠ ʚʠʜʘʣʷʶʪʴʩʷ ʧʦʪʦʢʦʤ ʛʘʟʫ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʽ ʫʢʨʫʧʥʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʦʞʣʠʚʝ ʩʝʨʽʡʥʝ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽ-

ʘʣʽʚ. 

ʊʘʢʦʞ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʨʽʟʥʽ ʯʘʩʪʠʥʢʠ ʜʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʘʟʝʨʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʘʭ. ʇʨʠ 

ʮʴʦʤʫ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʘʜʘʻ ʥʘ ʤʝʪʘʣʝʚʠʡ ʩʪʨʠʞʝʥʴ, ʚʠʢʣʠ-
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ʢʘʶʯʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʘʪʦʤʽʚ ʟ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ, ʷʢʽ ʧʝʨʝʥʦʩʷʪʴʩʷ ʧʦʪʦʢʦʤ ʛʝʣʽʶ ʯʝʨʝʟ 

ʩʦʧʣʘ. ʈʦʟʰʠʨʝʥʥʷ ʮʴʦʛʦ ʧʦʪʦʢʫ ʚ ʚʘʢʫʫʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʫʪʚʦ-

ʨʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʘʪʦʤʽʚ (ʥʘʥʦʯʘʩʪʠʥʦʢ) ʤʝʪʘʣʫ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʩʫʭʦʛʦ ʽ ʪʦʥʢʦʛʦ ʧʝʨʝʤʦʣʫ ʤʘʪʝʨʽʘʣʫ, ʦʙʢʦʣʶʚʘʥʥʷ, ʚʽʜʧʠʣʶʚʘʥʥʷ ʽ ʪ.ʜ. ɼʨʫ-

ʛʠʡ ʚʠʜ, ʪʘʢ ʟʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ çʟʥʠʟʫ ʚʛʦʨʫè, ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʦʢʨʝʤʠʭ 

ʘʪʦʤʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʚʝʜʝʥʥʷ ʚ ʨʦʟʯʠʥʽ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʥʝʨʦʟʯʠʥʥʠʭ ʘʙʦ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ (ʨʽʟʥʽ ʪʠʧʠ ʨʝʘʢʮʽʡ: ʛʽʜʨʦʣʽʟ, 

ʦʢʠʩʥʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ, ʥʝʡʪʨʘʣʽʟʘʮʽʶ); ʤʝʪʦʜʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ 

ʯʝʨʝʟ ʪʨʘʬʘʨʝʪ, ʩʠʥʪʝʟ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʦʾ ʜʠʬʫʟʽʾ, ʫʪʚʦʨʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʢʦʥʬʽʛʫ-

ʨʘʮʽʾ ʟ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʥʘʣʝʞʘʪʴ ʪʘʢʽ: ʭʽʤʽʯ-

ʥʘ ʢʦʥʜʝʥʩʘʮʽʷ ʧʘʨʽʚ, ʨʽʜʢʦʬʘʟʥʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʨʘʜʽʦʣʽʟ, ʤʘʪʨʠʯʥʠʡ ʩʠʥʪʝʟ. ʄʦʞʣʠʚʽ ʽ 

ʧʨʦʤʽʞʥʽ ʚʘʨʽʘʥʪʠ, ʥʘʧʨʠʢʣʘʜ, ʪʝʭʥʦʣʦʛʽʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ ʥʘ çʧʦʨʠʩʪʦʤʫè ʢʨʝʤ-

ʥʽʾ, ʢʦʣʠ ʥʘ ʧʽʜʢʣʘʜʮʽ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʤʝʪʦʜʘʤʠ ʪʨʘʚʣʝʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ. 
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1.ʂʠʨʝʝʚ ɺ. ʅaʥɞʪʝʭʥɞʣɞʛʠʠ:ʠʩʪɞʨʠʷ ʚɞʟʥʠʢʥɞʚʝʥʠʷ ʠ ʨaʟʚʠʪʠʷ. ʅaʥɞʠʥʜʫʩʪʨʠʷ. ï 

2018. ï ˉ2. ï ʉ. 2-10. 

2.ʇʨɞʮʝʥʢɞ ɯ.ʖ.ā ʐʫʤaʢɞʚa ʅ.ɯ. Ƀʩʥɞʚʠ ʤaʪʝʨʽaʣɞʟʥaʚʩʪʚa ʥaʥɞʝʣʝʢʪʨɞʥʽʢʠ: 

ʅaʚʯaʣʴʥʠʡ ʧɞʩʽʙʥʠʢ. ï ʉʫʤʠ: ɺʠʜ-ʚɞ ʉʫʤɼʋā 2014. ï 108 ʩ. 

 



350 

ʋɼʂ 669.018 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-167 

ɻ.ʆ. ɼʷʜʯʝʥʢʦ, ʩʪʫʜʝʥʪʢʘ; ʊ.ɺ. ʅʦʩʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ; ʉ.ɯ. ʄʘʤʯʫʨ, ʢ.ʪ.ʥ, ,ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆ. ɻʦʥʯʘʨʘ 

E-mail: astarisann@gmail.com 

 

ɸʂʋʉʊʀʏʅɯ ɹɯʄɸʊɽʈɯɸʃʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɰʍ ɿɸʉʊʆʉʋɺɸʅʅʗ ɺ 

ʈɸʂɽʊʆɹʋɼʋɺɸʅʅɯ 

ɸʥʦʪʘʮʽʷ: ʇʨʦʻʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʤʦʜʝʨʥʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʡ ʃɸ ʚʠʤʘʛʘʻ 

ʘʢʪʫʘʣʴʥʠʭ ʨʽʰʝʥʴ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦ ʧʝʨʰʦʯʝʨʛʦʚʦ ʧʨʠʜʽʣʠʪʠ ʫʚʘʛʫ ʤʘʪʝʨʽʘʣʘʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʟʚʫʢʦʽʟʦʣʷʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʙʽʥʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʙʽʤʘʪʝʨʽʘʣʫ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠ-

ʚʦʩʪʷʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʢʫʩʪʠʯʥʠʡ ʪʠʩʢ, ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ , ʙʽʤʘʪʝʨʽʘʣ. 

Annotation: The design of modern engines and modernization of spacecraft structures 

requires actual solutions in the development and using of new materials. In the article 

propose to give priority attention to the materials used in sound insulation of the structure. 

The main direction of the article is to analyze and study the combination of materials in 

order to create a bimaterial with improved sound insulation qualities. 

Keywords: acoustic pressure, sound insulation materials, increased the NRC (Noise Reduc-

tion Coefficient), bimaterial. 

 

ʊʫʨʙʫʣʝʥʪʥʠʡ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʽʢ ʪʘ ʚʠʩʦʢʽ ʨʽʚʥʽ ʰʫʤʫ (160-170 ʜʝʮʠʙʝʣʽʚ), 

ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʜʚʠʛʫʥʦʤ ʃɸ, ʩʧʨʠʯʠʥʷʶʪʴ ʩʝʨʡʦʟʥʫ ʚʽʙʨʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪʦ-

ʥʦʩʽʷ, ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ ʪʘ ʥʘʟʝʤʥʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʽʻʶ ʟ ʧʝʨʰʦʯʝʨʛʦ-

ʚʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʦʛʦ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʝʥʰʠʪʠ ʘʢʫʩʪʠʯʥʠʡ ʪʠʩʢ ʚʽʜ 

ʚʠʪʽʢʘʶʯʦʛʦ ʧʦʪʦʢʫ. ʂʦʥʩʪʨʫʢʮʽʾ ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʫ ʘʙʦ ʨʝʟʦʥʘʥʩʥʽ ʟʚʫʢʦʧʦʛʣʠʥʘʯʽ 

(ʈɿʇ) ʮʝ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʚʠʜʠ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘʮʽʾ ʪʘ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ. ʉʧʨʦʱʝʥʘ ʤʦʜʝʣʴ ʈɿʇ ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʝʨʬʦʨʦʚʘʥʽ ʧʘʥʝʣʽ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʞʦʨʩʪʢʦʾ ʩʪʽʥʢʠ ʪʘ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʚ ʧʨʽʦʨʠʪʝʪʽ ʩʪʦʾʪʴ ʟʤʽʥʘ ʨʦʟʤʽ-

ʨʽʚ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʚʦʨʽʚ ʫ ʧʘʥʝʣʽ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʨʫʛʦʨʷʜʥʦ.   

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʢʪʫʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘ-

ʣʠ ʜʣʷ ʈɿʇ ʤʘʶʪʴ ʧʦʢʨʘʱʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ  ʧʦʻʜʥʘʥʥʽ (ʥʘʰʘʨʦʚʫʚʘʥʥʽ) ʟ ʽʥʰʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʠʟʴʢʦʛʦ 

ʰʫʤʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʫʡʥʽʚʥʠʭ ʚʽʙʨʘʮʽʡ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʩʪʘʚʠʪʠ ʚ ʧʨʽʦʨʠʪʝʪ ʩʪʚʦʨʝʥ-

ʥʷ ʤʘʪʝʨʽʘʣʫ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʤʘʪʠʤʝ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʘʣʠʭ ʟʦʚʥʽʰʥʴʦ-ʚʽʜʢʨʠʪʠʭ, 

ʟʘʧʦʚʥʝʥʠʭ ʧʦʚʽʪʨʷʤ  ̔ʩʧʦʣʫʯʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʦʨ. ɼʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩ-

ʪʝʡ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘʶʪʴ ʥʘʣʝʞʘʪʠ: ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ, ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ, 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʜʛʝʟʽʾ, ʘ ʥʘʡʛʦʣʦʚʥʽʰʝ ï ʥʠʟʴʢʘ ʛʫʩʪʠʥʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʡʦʛʦ ʣʝʛʢʽʩʪʴ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʰʘʨ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʡʯʘʩʪʽʰʝ ʩʢʣʘʜʘʻʪʴ-

ʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ ʚʫʛʣʝʩʦʪʦʩʢʣʦʧʣʘʩʪʫ (ɺʉʉʇ) ʽ ʧʽʥʦʧʦʫʣʝʨʠʪʘʥʫ (ʇʇʋ) ʨʽʟʥʦʾ 

ʪʦʚʱʠʥʠ. ʇʦʻʜʥʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʜʚʦʶʻ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʟʥʘʯʠʪʴ ʧʽʜʚʠʱʫʻ ʨʽ-
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ʚʝʥʴ ʟʚʫʢʦʽʟʦʣʷʮʽʾ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʤʦʞʝ ʩʪʘʪʠ ʩʪʚʦʨʝʥʥʷ ʙʽʤʘʪʝʨʽʘʣʫ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʢʦʤʙʽʥʫ-

ʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʨʝʛʫʣʶʚʘʪʠ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ ʙʝʟ ʚʪʨʘʪʠ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʜʦʩʷʛʥʫʚʰʠ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʜʥʦʯʘʩ ʟʙʝʨʽʛʘʶʯʠ ʣʝʛʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ. 

ɺʠʩʥʦʚʢʠ: Cʪʚʦʨʝʥʥʷ ʙʽʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʦʤʽʪʥʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʜʠʩʠʧʘʪʠʚ-

ʥʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ. ʅʝ ʻ 

ʚʠʥʷʪʢʦʤ, ʱʦ ʨʝʪʝʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʨʠʮʽ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʨʠʩʪʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘʢʦʛʦ ʙʽʤʘʪʝʨʽʘʣʫ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʜʘʪʢʦʚʫ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʜʣʷ ʢʦʥʩʪʨʫʢ-

ʮʽʾ, ʟʥʠʟʠʪʴ ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʡ, ʧʽʜʚʠʱʠʪʴ ʾʾ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ. ʇʣʘʩʪʠʯʥʽʩʪʴ ʙʽʤʘʪʝʨʽʘʣʫ 

ʜʦʟʚʦʣʠʪʴ ʣʝʛʢʦ ʢʨʽʧʠʪʠ ʽ ʨʦʟʤʽʱʫʚʘʪʠ ʛʦʪʦʚʽ ʧʘʥʝʣʽ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʊʀʇʀ ʉʊʈʋʂʊʋʈ ʅɸʅʆʄɸʊɽʈɯɸʃɯɺ 

ɸʥʦʪʘʮʽʷ: ɼʦ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʷʪʴ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘ-

ʥʦʤʝʪʨʦʚʦʶ ʨʦʟʤʽʨʥʦʶ ʰʢʘʣʦʶ ʧʨʠʥʘʡʤʥʽ ʚ ʦʜʥʦʤʫ ʟ ʪʨʴʦʭ ʚʠʤʽʨʽʚ ʧʨʦʩʪʦʨʫ. ʅʘʥʦ-

ʤʝʪʨʠʯʥʘ ʰʢʘʣʘ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʨʘʟʢʫ ʤʘʪʝʨʽʘʣʫ ʚ ʮʽʣʦʤʫ ʪʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʠʤ 

ʝʣʝʤʝʥʪʘʤ. ʅʘʥʦʤʘʪʝʨʽʘʣʠ, ʷʢ ʽ ʟʚʠʯʘʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚ ʨʽʟʥʠʭ ʘʛʨʝʛʘʪʥʠʭ 

ʩʪʘʥʘʭ. ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʪʚʝʨʜʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʧʦʣʽʤʝʨʠ, ʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ. 

Annotation: Nanomaterials include materials that are characterized by a nanometer 

size scale in at least one of the three dimensions of space. The nanometer scale can corre-

spond to the material sample as a whole and its structural elements. Nanomaterials, like 

ordinary materials, can be in different aggregate states. In practice, the most common are 

solid nanomaterials. 

Keywords: nanomaterials, polymers, solid materials. 

 

ɺʩʽ ʨʝʯʦʚʠʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ (ʧʨʦʪʦʥʽʚ, ʥʝʡʪʨʦʥʽʚ, ʝʣʝ-

ʢʪʨʦʥʽʚ ʪʘ ʜʨ.), ʷʢʽ ʤʘʶʪʴ ʤʘʩʫ ʩʧʦʢʦʶ, ʤʘʩʫ ʚʽʜʥʝʩʝʥʦʶ ʢ ʜʝʷʢʽʡ ʩʠʩʪʝʤʽ ʧʽʜʨʘʭʫʥʢʫ, 

ʚ ʷʢʽʡ ʮʽ ʯʘʩʪʠʥʢʠ ʷʚʣʷʶʪʴʩʷ ʥʝʨʫʭʦʤʠʤʠ.  ʇʨʠʨʦʜʥʽ ʥʘʫʢʠ ( ʬʽʟʠʢʘ, ʙʽʦʣʦʛʽʷ, ʭʽʤʽʷ) 

ʚʠʚʯʘʶʪʴ ʨʝʯʦʚʠʥʠ, ʦʨʛʘʥʽʟʦʚʘʥʽ ʚ ʘʪʦʤʠ ʽ ʤʦʣʝʢʫʣʠ ʘʪʦʤ ð ʮʝ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴ-

ʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʷʜʨʘ, ʫʪʚʦʨʝʥʦʛʦ ʥʫʢʣʽʜʘʤʠ (ʧʨʦʪʦ-

ʥʘʤʠ ʽ ʥʝʡʪʨʦʥʘʤʠ) ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽʡ ʦʙʦʣʦʥʮʽ ʫʪʚʦʨʝʥʽʡ ʝʣʝʢʪʨʦʥʘʤʠ, ʘʪʦʤ ʻ 

ʥʘʡʤʝʥʰʦʶ ʯʘʩʪʢʦʶ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʥʫʢʣʽʜʽʚ ʽ 

ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʠʤ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ, ʚʽʥ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚ-

ʥʶʻ ʤʦʜʫʣʶ ʟʘʨʷʜʫ ʥʫʢʣʽʜʽʚ ʽ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻ ʭʽʤʽʯʥʫ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʝʣʝʤʝʥʪʘ 

ʽ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʧʝʨʽʦʜʠʯʥʽʡ ʩʠʩʪʝʤʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʩʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʨʝʯʦʚʠʥ 

ʦʙʫʤʦʚʣʝʥʦ ʨʽʟʥʠʤʠ ʧʦʻʜʥʘʥʥʷʤʠ ʘʪʦʤʽʚ ʤʽʞ ʩʦʙʦʶ. ɿʚôʷʟʫʶʯʠʩʴ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʘʪʦ-

ʤʠ ʦʜʥʦʛʦ ʘʙʦ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫʪʚʦʨʶʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʯʘʩʪʠʥʢʠ ð ʤʦʣʝ-

ʢʫʣʠ. ʏʠʩʣʦ ʘʪʦʤʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʦʣʝʢʫʣ, ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʜʫʞʝ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ: ʚʽʜ ʜʚʦʭ (ʥʘʧʨʠʢʣʘʜ, ʤʦʣʝʢʫʣʘ ʚʦʜʥʶ) ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʽ ʪʠʩʷʯ (ʥʘʧʨʠʢʣʘʜ, 

ʤʦʣʝʢʫʣʠ ʧʦʣʽʤʝʨʽʚ).  

ʈʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʫ ʨʽʟʥʠʭ ʘʛʨʝʛʘʪʥʠʭ ʩʪʘʥʘʭ: ʧʣʘʟʤʦʚʦʤʫ, ʛʘʟʦʧʦ-

ʜʽʙʥʦʤʫ, ʨʽʜʢʦʤʫ ʪʘ ʪʚʝʨʜʦʤʫ. ɿʘ ʩʚʦʾʤ ʧʦʭʦʜʞʝʥʥʷʤ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʨʠ-

ʨʦʜʥʠʤʠ, ʪʘʢ ʽ ʩʠʥʪʝʪʠʯʥʠʤʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʦʣʦʜʽʪʠ ʨʽʟʥʠʤʠ ʬʽʟʠʯʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ 

ʘʙʦ ʙʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʩʪʨʫʢʪʫʨʠ.  

ɻʦʣʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʨʝʯʦʚʠʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘ-

ʢʪʝʨʠʟʫʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʠʟʥʘʯʘʶʯʠʤʠ ʾʭ ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʥʦ-

ʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʄʘʪʝʨʽʘʣʠ ʩʣʫʞʘʪʴ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʘʙʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰʝ 

ʧʦʰʠʨʝʥʥʷ ʟʥʘʭʦʜʷʪʴ ʪʚʝʨʜʦʪʽʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ, ʱʦ ʤʘʶʪʴ ʧʝʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʟʥʘʢʠ.  
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ɼʦ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʷʪʴ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʥʦʤʘʩʰ-

ʪʘʙʦʤ ʨʦʟʤʽʨʽʚ ʭʦʯʘ ʙ ʚ ʦʜʥʦʤʫ ʟ ʪʨʴʦʭ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠ ʮʴʦʤʫ ʥʘʥʦʨʦʟʤʽʨ ʤʦʞʝ 

ʚʽʜʥʦʩʠʪʠʩʷ ʷʢ ʜʦ ʟʨʘʟʢʘ ʤʘʪʝʨʽʘʣʘ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʜʦ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ɻʈɸʌɽʅ ɼʃʗ ʆʍʆʃʆɼɾɽʅʅʗ ʈɸʂɽʊʅʆɻʆ ɼɺʀɻʋʅɸ, ʊɽʇʃʆɿɸʍʀʉʊʋ 

ɻʆʃʆɺʅʆɻʆ ʆɹʊɯʏʅʀʂɸ 

ɸʥʦʪʘʮʽʷ: ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʘʭ ʟʛʦʨʘʥʥʷ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʜʦʩʷʛʘʻ 3000ʂ, ʪʦʤʫ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʩʫʪʪʻʚʫ ʨʦʣʴ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ 

ʜʦʩʷʛʘʻ 800Áʉ, ʪʨʝʙʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʭʠʩʪ ʘʣʶʤʽʥʽʻʚʦʛʦ ʢʦʨʧʫʩʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʘʟʽ 

ʟʘʭʠʩʪʫ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʝʥʫ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ, ʪʝʧʣʦʟʘʭʠʩʪʫ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɻʨʘʬʝʥ, ʨʘʢʝʪʥʠʡ ʜʚʠʛʫʥ, ʪʝʧʣʦʟʘʭʠʩʪ, ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɸnnotation: The temperature in the combustion chambers of rocket engines reaches 3000K, 

so cooling systems play an essential role. The temperature of the main fairing reaches 

800Áʉ, it is necessary to ensure the protection of the aluminum case with the minimum 

weight of the protection. In this work it is  proposed possible ways of using graphene for 

cooling rocket engines, thermal protection of the main fairing. 

Keywords: Graphene, rocket engine, thermal protection, cooling system. 

 

ɻʨʘʬʝʥ ï ʮʝ ʦʜʠʥ ʰʘʨ ʛʨʘʬʽʪʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʢʨʠʩʪʘʣʽʯʥʘ 

ʨʝʰʽʪʢʘ: ʜʚʦʚʠʤʽʨʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʨʝʰʽʪʢʘ. ɼʘʥʠʡ ʤʘʪʝʨʽʘʣ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʪʝʭʥʽʮʽ, 

ʬʽʣʴʪʨʘʮʽʾ.  

ɺʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʫ: ʪʝʦʨʝʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ: 4500 ï 4900ʂ, ʱʦ 

ʥʘʙʘʛʘʪʦ ʚʠʱʝ, ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʽ ʟʛʦʨʘʥʥʷ, ʩʦʧʣʽ ʈɼ; ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ: 

130ɻʇɸ, ʛʨʘʬʝʥ ʥʘʜʤʽʮʥʠʡ; ʛʫʩʪʠʥʘ: 2.267 ʛ/ʩʤ3 ʪʨʦʭʠ ʚʠʱʘ, ʥʽʞ ʛʫʩʪʠʥʘ ʚʫʛʣʝʧʣʘʩ-

ʪʠʢʽʚ, ʥʠʞʯʘ ʟʘ ʛʫʩʪʠʥʫ ʘʣʶʤʽʥʽʶ; ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ: 4840-5300 ɺʪ/(ʤ*ʂ), ʮʝ ʥʘ ʧʦʨʷ-

ʜʦʢ ʚʠʱʝ, ʥʽʞ ʫ ʤʝʪʘʣʽʚ, ʪʘ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʠʱʝ, ʥʽʞ ʫ ʛʘʟʽʚ ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʘʢʠʡ ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ  ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʨʘʬʝʥ ʚ ʩʠʩʪʝʤʘʭ 

ʦʭʦʣʦʜʞʝʥʥʷ ʈɼ. ɻʨʘʬʝʥʦʚʽ ʤʝʤʙʨʘʥʠ, ʷʢʽ ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʪʠʩʢ 50-80 ʘʪʤ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʫ ʢʘʤʝʨʽ ʟʛʦʨʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ ʪʠʩʢ ʚ ʢʘʤʝʨʽ ʟʛʦʨʘʥʥʷ 

ʜʚʠʛʫʥʽʚ Merlin 1A, Merlin 1C, ʜʦʨʽʚʥʶʻ 54 ʽ 62 (ʘʪʤ) ʚʽʜʧʦʚʽʜʥʦ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʰʘʨʠ ʤʘʪʝʨʽʘʣʫ: ʤʝʤʙʨʘʥʘ ʟ ʛʨʘʬʝʥʫ, ʤʝʪʘʣ, ʧʦʪʽʤ ʟʥʦʚʫ ʤʝʤʙʨʘʥʘ ʛʨʘʬʝʥʫ. ʊʘʢʘ 

ʩʭʝʤʘ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʚʽʜʚʽʜ ʪʝʧʣʘ ʟ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʈɼ, ʪʘʢʦʞ ʮʝ ʜʦʟʚʦʣʠʪʴ 

ʟʥʠʟʠʪʠ ʚʘʛʫ. 

ʊʘʢʦʞ ʛʨʘʬʝʥ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʩʦʧʣʘ: ʩʦʧʣʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʩʪʽʥʦʢ, ʤʽʞ ʩʪʽʥʢʘʤʠ ʮʠʨʢʫʣʶʻ ʛʘʟ ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʽʜʠʥʘ). ɺʥʫʪ-

ʨʽʰʥʶ ʩʪʽʥʢʫ ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʤʽʜʽ, ʘʣʝ ʛʫʩʪʠʥʘ ʤʽʜʽ ʚ 4 ʨʘʟʠ ʙʽʣʴʰʘ, ʥʽʞ 

ʛʫʩʪʠʥʘ ʛʨʘʬʝʥʫ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʽʜʽ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʘ, ʥʽʞ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘ-

ʬʝʥʫ. ʄʦʞʥʘ ʚʥʫʪʨʽʰʥʶ ʩʪʽʥʢʫ ʚʠʛʦʪʦʚʠʪʠ ʟ ʛʨʘʬʝʥʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʛʨʘʬʝ-

ʥʫ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ, ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʦʧʣʦ, ʪʦʤʫ ʥʝʤʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʘʣʠʚʘ, ʮʝ ʩʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʩʦʧʣʘ, 

ʟʨʦʙʠʪʴ ʩʦʧʣʦ ʥʘʜʽʡʥʽʰʠʤ, ʤʦʞʥʘ ʚʠʛʨʘʪʠ ʚʘʛʫ, ʙʦ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʩʦʧʣʘ ʙʫʜʝ 
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ʥʝʧʦʪʨʽʙʥʘ. ʊʦʙʪʦ ʩʦʧʣʦ ʙʫʜʝ ʜʚʦʰʘʨʦʚʠʤ, ʙʝʟ ʢʘʥʘʣʽʚ ʤʽʞ ʰʘʨʘʤʠ. ɿʘʚʜʷʢʠ ʪʝʤʧʝʨʘ-

ʪʫʨʽ ʧʣʘʚʣʝʥʥʷ ʛʨʘʬʝʥʫ 4500ʂ, ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʩʦʧʣʽ, ʪʦʙʪʦ ʟʙʽʣʴʰʠ-

ʪʠ ʩʝʢʫʥʜʫ ʚʠʪʨʘʪʫ ʤʘʩʠ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʩʠʣʠ 

ɻʨʘʬʝʥ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʷʢ ʪʝʧʣʦʟʘʭʠʩʪ ʜʣʷ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ. ɻʦʣʦʚʥʠʡ 

ʦʙʪʽʯʥʠʢ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʘʣʶʤʽʥʽʶ, ʛʫʩʪʠʥʘ ʘʣʶʤʽʥʽʶ 2.7 ʛ/ʩʤ3, ʪʦʙʪʦ ʛʨʘʬʝʥ ʣʝʛʰʠʡ. 

ʄʦʞʥʘ ʥʘʥʝʩʪʠ ʰʘʨ ʛʨʘʬʝʥʫ ʥʘ ʘʣʶʤʽʥʽʻʚʫ ʦʩʥʦʚʫ. ʊʝʤʧʝʨʘʪʫʨʘ, ʜʦ ʷʢʦʾ ʥʘʛʨʽʚʘʻʪʴʩʷ 

ʛʦʣʦʚʥʠʡ ʦʙʪʽʯʥʠʢ, ʩʪʘʥʦʚʠʪʴ 800Áʉ, ʛʨʘʬʝʥ ʥʝ ʨʦʟʧʣʘʚʠʪʴʩʷ ʧʨʠ ʪʘʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟ ʛʨʘʬʝʥʫ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʰʘʨʽʚ ʛʨʘʬʝʥʫ, ʪʦʙʪʦ ʤʦʞʥʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʦʚʱʠ-

ʥʫ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ, ʮʝ ʜʦʟʚʦʣʠʪʴ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʡʚʠʡ 

ʤʘʪʝʨʽʘʣ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʚʘʛʠ ʪʘ ʮʽʥʠ. 
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ʄɽʊʆɼ ʆʊʈʀʄɸʅʅʗ ʊʆʅʂʀʍ ʇʃɯɺʆʂ 

ɸʥʦʪʘʮʽʷ: ʄʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʤʝʪʘ-

ʣʝʚʠʭ ʧʣʽʚʦʢ ʰʣʷʭʦʤ ʚʘʢʫʫʤʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʦʩʘʜʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʊʦʥʢʽ ʧʣʽʚʢʠ, ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ. 

Annotation The method of obtaining thin films is an improvement on the method of obtain-

ing metal films by vacuum evaporation and precipitation. 

Keywords:  Thin Films, Methods for Obtaining Metal Films. 

 

ʎʝʡ ʤʝʪʦʜ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʰʣʷʭʦʤ ʚʘʢʫʫʤʥʦʛʦ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʦʩʘʜʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʥʘʧʠʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʜʚʠʩʦʢʠʡ ʚʘʢʫʫʤ, ʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ, ʜʽʘʛʥʦʩʪʠʢʘ ʨʦʩʪʫ 

ʧʣʽʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʆʞʝ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ, ʝʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʽ ʜʠʬʨʘʢʮʽʡʥʠʡ ʤʝʪʦʜʠ, ʢʦʤʧ'ʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ - ʚʩʝ ʮʝ ʧʨʠʟʚʝʣʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦ ʥʦʚʦʾ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ. ʄʦʣʝʢʫʣʷʨʥʦ-

ʧʨʦʤʝʥʝʚʘ ʝʧʽʪʘʢʩʽʷ (ʄʃɽ) ï ʮʝ ʩʫʯʘʩʥʠʡ ʤʝʪʦʜ ʚʠʨʦʱʫʚʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʦʥʢʠʭ 

ʧʽʥ ʪʘ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. 

ʋ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ 20 ʩʪʦʣʽʪʪʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʰʢʘʣʠ ʚ ʪʚʝʨʜʦʪʽʣʴʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ 

ʟʤʝʥʰʠʣʠʩʷ ʟ ʩʦʪʝʥʴ ʤʽʢʨʦʤʝʪʨʽʚ ʚ ʧʝʨʰʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʜʦ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ. 

ʈʝʘʣʽʟʘʮʽʷ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ. ʇʨʦʨʠʚ ʫ ʩʪʚʦʨʝʥʥʽ ʪʦʥʢʦʰʘʨʦʚʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩʪʘʚʩʷ ʟ ʧʦʷʚʦʶ ʧʨʘʢʪʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʨʦʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ 

ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ, ʨʦʟʛʣʷʥʫʪʦʾ ʚ ʨʦʙʦʪʘʭ ɾ.ɯ. ɸʣʬʴʦʨʦʚʘ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʘ ʝʧʽʪʘʢʩʽʷ ʟʘʙʝʟʧʝʯʫʻ: 

1. ʆʪʨʠʤʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʧʦʪʦʢʽʚ 

ʨʝʯʦʚʠʥʠ ʽ ʟʨʦʩʪʘʥʥʷ ʚ ʥʘʜʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤʽ; 

2. ʂʫʣʴʪʠʚʫʚʘʥʥʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʨʽʟʢʠʤʠ ʟʤʽʥʘʤʠ ʩʢʣʘʜʫ ʥʘ ʢʦʨʜʦʥʘʭ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʦʩʪʫ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʚʟʘʻʤʥʽʡ 

ʜʠʬʫʟʽʾ; 

3. ʆʪʨʠʤʘʥʥʷ ʙʝʟʜʝʬʝʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʨʘʭʫʥʦʢ ʧʦʝʪʘʧʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʦʩʪʫ, ʱʦ 

ʚʠʢʣʶʯʘʻ ʟʘʨʦʜʞʝʥʥʷ; 

4. ʋʣʴʪʨʘʪʦʥʢʽ ʰʘʨʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʚʱʠʥʦʶ ʟʘʚʜʷʢʠ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ 

5. ʉʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟʽ ʩʢʣʘʜʥʠʤʠ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʨʦʬʽʣʷʤʠ; 

6. ʉʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʟʘʜʘʥʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ. 

ʂʦʞʝʥ ʥʘʛʨʽʚʘʯ ʤʽʩʪʠʪʴ ʪʠʛʝʣʴ, ʷʢʠʡ ʻ ʜʞʝʨʝʣʦʤ ʦʜʥʦʛʦ ʟʽ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʣʽʚʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʯʽʚ ʧʽʜʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʠʩʢ ʧʘʨʠ ʤʘʪʝʨʽʘʣʽʚ, 

ʱʦ ʚʠʧʘʨʦʚʫʶʪʴʩʷ, ʙʫʚ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʽʚ. 

ʈʝʯʦʚʠʥʘ, ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʩʫʙʩʪʨʘʪ ʟ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʚʘʢʫʫʤʫ. ʅʘʛʨʽʚʘʯʽ ʨʦʟʪʘʰʦʚʫʶʪʴ ʪʘʢ, ʱʦʙ ʤʘʢʩʠʤʫʤʠ ʨʦʟʧʦʜʽʣʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʤʝʥʷ ʧʝʨʝʪʠʥʘʣʠʩʷ ʥʘ ʧʽʜʢʣʘʜʮʽ. ʈʝʛʫʣʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʫʪʝʧʣʶʚʘʯʽʚ ʽ ʧʽʜʢʣʘʜʢʠ, ʦʪʨʠʤʫʶʪʴ ʧʣʽʚʢʠ ʟʽ ʩʢʣʘʜʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. 
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ʅɸʅʆʄɸʊɽʈɯɸʃʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɸʥʦʪʘʮʽʷ: ɹʽʣʴʰʽʩʪʴ ʝʢʩʧʝʨʪʽʚ ʚ ʦʙʣʘʩʪʽ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʪʘ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚʧʝʚʥʝʥʽ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʝ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʩ ʯʝʢʘʻ ʥʦʚʘ ʥʘʫʢʦ-

ʚʦ-ʪʝʭʥʽʯʥʘ ʨʝʚʦʣʶʮʽʷ ï ʅɸʅʆʈɽɺʆʃʖʎɯʗ, ʢʦʪʨʘ ʟʘʜʽʻ ʚʩʽ ʦʙʣʘʩʪʽ ʥʘʫʢʠ, ʚʠʨʦʙʥʠ-

ʮʪʚʘ, ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ, ʤʝʜʠʮʠʥʠ, ʧʦʙʫʪʫ, ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʨʦʟʚʘʛ. ɺʚʘ-

ʞʘʻʪʴʩʷ, ʱʦ ʥʘʩʣʽʜʢʠ ʥʘʥʦʨʝʚʦʣʶʮʽʾ ʙʫʜʫʪʴ ʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʪʘ ʛʣʠʙʠʥʥʠʤʠ, ʥʽʞ 

ʟʤʽʥʠ, ʱʦ ʚʠʢʣʠʢʘʣʘ ʢʦʤʧôʶʪʝʨʥʘ ʨʝʚʦʣʶʮʽʷ ʢʽʥʮʷ ʍʍ ʩʪʦʨʽʯʯʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʨʝʚʦʣʶʮʽʷ, ʥʘʥʦʢʦʤʧʦʟʠʪʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ. 

Annotation: The majority of experts in the field of strategic planning, scientific and tech-

nical policy and investment are sure that in the coming decade we will experience a new 

scientific and technical revolution - the NANOREVOLUTION. It will affect all areas of 

science, production, national security and defense, medicine, everyday life, recreation and 

entertainment. It is believed that the consequences of the nanorevolution will be more signif-

icant and profound than the changes caused by the computer revolution at the end of the 

20th century. 

Keywords: nanorevolution, nanocomposites, nanomaterials. 

 

ʆʧʠʪʫʚʘʥʥʷ ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʪʽʚ ʚ ʦʙʣʘʩʪʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʧʫʙʣʽʢʘʮʽʡ [1 - 3] ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʩʽʤ ʛʨʫʧ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʰʚʠʜʢʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʦʯʽʢʫʚʘʥʦʛʦ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ: ʥʘʥʦʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ; ʥʘʥʦʢʦʤʧʦʟʠʪʠ; ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ 

ʤʝʪʘʣʠ ʪʘ ʩʧʣʘʚʠ; ʙʽʦʣʦʛʽʯʥʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ; ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ; 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʘʤʦʨʬʥʽ ʪʽʣʘ; ʥʘʥʦʢʝʨʘʤʽʢʘ. 

ʐʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʤʝʞʝʥʝ ʾʭ 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ. ʆʜʥʘʢ ʫ ʨʷʜʽ ʦʙʣʘʩʪʝʡ (ʚʽʡʩʴʢʦ-

ʚʽʡ, ʘʝʨʦʢʦʩʤʽʯʥʽʡ, ʩʧʦʨʪʠʚʥʽʡ ʪʝʭʥʽʮʽ ʪʘ ʘʤʫʥʽʮʽʾ, ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʽʾ) ʮʝ ʥʝ ʤʘʻ ʚʠʟʥʘ-

ʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʫʥʽʢʘʣʴʥʦʩʪʽ ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ. 

ʊʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ, ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʞ 

ʟʝʨʝʥ ʽ ʟʥʘʯʥʦʾ ʜʦʣʽ ʘʪʦʤʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʥʠʭ, ʟʫʤʦʚʣʶʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ, 

ʭʽʤʽʾ, ʝʥʝʨʛʝʪʠʮʽ, ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ, ʝʣʝʢʪʨʦʥʽʮʽ, ʤʝʜʠʮʠʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ [1]. 

ʈʦʟʨʦʙʢʠ ʚʽʡʩʴʢʦʚʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʥʦʦʟʙʨʦʻʥʥʷ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʨʷʜʦʤ 

ʢʨʘʾʥ ʚʞʝ ʙʽʣʴʰ ʜʝʩʷʪʠ ʨʦʢʽʚ, ʟʦʙʦʚôʷʟʫʶʪʴ ʾʭ ʩʫʩʽʜʽʚ ʽ ʢʦʥʢʫʨʝʥʪʽʚ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʪʘ 

ʬʽʥʘʥʩʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʽ ʨʦʟʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʚʘʪʠ ʢʦʥʪʨʟʘʭʦʜʠ. 

ʇʨʦʮʝʩ ʥʘʥʦʪʝʭʥʘʣʦʛʽʡ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʣʶʜ-

ʩʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʘʮʷ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ, ʧʦʙʫʪ ʙʽʣʴʰ 

ʢʦʤʬʦʨʪʥʠʤ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʚʝʜʝʥʥʷ ʜʦʤʘʰʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩ-

ʪʚʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦʣʷ ʚʽʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʽʥ. ʆʜʥʘʢ ʚʩʝ ʮʝ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʦʩʚʽʪʠ ʫʩʽʭ ʢʘʪʝʛʦʨʽʡ ʩʫʩʧʽʣʴʩʪʚʘ. ɺ ʦʙʣʘʩʪʽ ʦʩʚʽʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʟʥʘʥʴ ʥʘ 

ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʬʽʟʠʢʠ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʙʽʦʣʦʛʽʾ, ʪʝʭʥʽʢʠ, ʛʫʤʘʥʽʪʘʨʥʠʭ ʪʘ ʝʢʦʥʦ-
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ʤʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ. ʈʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʬʘʭʽʚʮʽʚ, ʱʦ ʟʜʘʪʥʽ ʩʬʦʨʤʫʚʘʪʠ ʽ 

ʨʦʟʚʠʥʫʪʠ ʥʦʚʽ ʰʣʷʭʠ ʚ ʪʝʭʥʦʣʦʛʽʷʭ, ʟʙʘʣʘʥʩʦʚʘʥʽ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʫʢʫ-

ʧʥʦʾ ʛʨʦʤʘʜʩʴʢʦʾ ʢʦʨʠʩʪʽ. 

ɸʣʶʤʽʥʽʡ ʪʘ ʡʦʛʦ ʩʧʣʘʚʠ, ʟʘʚʜʷʢʠ ʢʦʤʧʣʝʢʩʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ, ʪʝ-

ʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʽʘ-

ʮʽʡʥʽʡ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʷʭ ʫ ʷʢʦʩʪʽ çʢʨʠʣʘʪʦʛʦè ʤʝʪʘʣʫ. 

ʋ ʟʚôʷʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʚʠʢʦʥʫʚʘʥʠʭ ʟʘʜʘʯ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʤʦʛ 

ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʛʦʩʪʨʦ ʧʦʩʪʘʻ 

ʟʘʜʘʯʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʾʭʥʴʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ ʟ ʚʠʚʯʝʥʥʷ ʘʜʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʫ ɸʂ12ʄ2ʄʛʅ (ɸʃ25) ʤʦʜʠʬʽʢʫʚʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʄʂ-1 [4] ʽ ʬʫʣʝʨʝʥʦʚʦʛʦ ʩʘʞʠʩʪʦʛʦ ʚʫʛʣʝʮʶ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 

40é50 ʥʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʚʽʜʯʠʣʠ ʥʘʩʪʫʧʥʽ ʬʘʢʪʠ: 

1.  ɺʩʪʘʥʦʚʣʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʫ ɸʂ12ʄ2ʄʛʅ (ɸʃ25) ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʘ ʨʦʙʦʯʠʭ (300 Üʉ) ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ. ʅʘʜʘʥʦ ʘʨʛʫʤʝʥʪʦʚʘʥʝ ʧʦʷʩʥʝʥʥʷ ʮʴʦʤʫ ʷʚʠʱʫ. 

2.  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʩʽʙ ʚʚʝʜʝʥʥʷ ʬʫʣʝʨʝʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʨʦʟʧʣʘʚʫ, 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʪʘ ʨʽʚʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽ-

ʢʦʚʘʥʦʛʦ ʩʧʣʘʚʫ. 

3.  ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʚʪʦʨʠʥʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʰʣʷʭʦʤ ʾʭ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʤʦʜʠʬʽʢʫʚʘʥʥʷ. 
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DEVELOPMENT OF TECHN OLOGICAL PROCESS OF CONNECTION OF 

DISSIMILAR MATERIALS  

ɸʥʦʪʘʮʽʷ. ɿ'ʻʜʥʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʽʥʪʝʨʤʝʪʘʣʽʜʥʽ ʟ'ʻʜʥʘʥʥʷ 

ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  ʈʦʟʪʘʰʫʚʘʥʥʷ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʫ ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʚʠʨʦʙʫ. ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʬʫʟʽʡ-

ʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ ʽ ʜʦʩʣʽʜʞʝʥʦ ʬʘʟʦʚʠʡ ʩʢʣʘʜ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʬʘʟʘ, ʽʥʪʝʨʤʝʪʘʣʽʜ, ʜʠʬʫʟʽʡʥʘ 

ʟʦʥʘ, ʥʝʨʦʟ'ʻʤʥʝ ʟ'ʻʜʥʘʥʥʷ. 

Annotation. Compounds of dissimilar metals that form intermetallic compounds require 

careful investigation. The location of intermetallics in the joint zone leads to brittle destruc-

tion of the product. The paper developed parameters of diffusion welding in vacuum and 

investigated the phase composition. 

Keywords: microrentgenospectral analysis, phase, intermetallic, diffusion zone, non-

negative compound 

 

Obtaining reliable compounds of heterogeneous materials is important in many te-

chemical industries, including rocket and space technology. The connection of such materi-

als in the liquid phase leads to the formation of brittle phases in the contact zone, which 

causes brittle destruction of the compound. For heterogeneous materials, an important step is 

the choice of technology for obtaining a non-detachable compound. Titanium and platinum 

in case of diffusion interaction are subject to the formation of three types of intermetallics: 

Ti3Pt, TiPl, and TiPl3. The task is to choose the technology for obtaining a non-detachable 

compound, which allows, by controlling the parameters of welding, to adjust the thickness 

and presence of intermetallic phases. Vacuum diffusion welding allows you to change the 

temperature, pressure, and holding time. Samples were obtained for the following parame-

ters: 1138K welding temperature, pressure 6.37 MPa, holding time - 900c; 1800c; 2700c. 

Microshelves were made from these samples for examination using microgenospectral 

analysis. The analysis was carried out along the route through the diffusion zone from pure 

platinum to pure titanium. Determination of the concentration of titanium and platinum in 

the diffusion zone was carried out in increments of 2 ɛm (several-degree method). Based on 

the data obtained, concentration curves were constructed that had bends due to the formation 

of various phases and their mixtures. Intermetallics have a reflex in the form of a plane with 

a constant concentration of components. Reflexes of intermetallics Ti3Pt and TiPl on the 

curves are absent. The reason may be the very small size of the zone of these intermetallics. 

Thus, during the micro-X-ray analysis (quantitative method), very narrow phase zones may 

not fall under the electron probe beam. Continuous scanning by an electronic probe through 

the diffusion zone makes it possible to detect phase components and their length more clear-

ly. This method makes it possible to determine the important characteristics of welded joints 

- the width of the phase layers and their position in the diffusion zone. In this regard, it 

becomes possible to study the relationship of these factors with the welding parameters and, 

thus, to find the optimal mode for obtaining a high-quality welded joint. Thus, on the basis 
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of the conducted studies, as the main advantages of the qualitative method of microrentgen-

ospectral analysis in comparison with quantitative isnu are the following advantages: 

- obtaining characteristic reflexes of stoichiometric compounds on concentration curves; 

- detection of solid solution zones and their mixtures; 

- determination of boundaries and sizes of phase zones and their position in diffusion layer. 
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STUDIES OF THE STRUCTURE OF HETEROGENEOUS MATERIAL S 

OBTAINED BY WELDING IN THE SOLID PHASE  

ɸʥʦʪʘʮʽʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʠʠ ʥʝʨʘʟʲʸʤʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤʠ ʪʝʭʥʦʣʦ-

ʛʠʷʤʠ ʷʚʣʷʶʪʩʷ: ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ, ʩʚʘʨʢʘ ʪʨʝʥʠʝʤ, ʜʠʬʫʟʠʦʥʥʘʷ ʩʚʘʨʢʘ ʚ ʚʘʢʫʫʤʝ. ɺ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ʩʚʘʨʢʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʠʢʝʣʴ-

ʥʠʦʙʠʡ. ɺʳʷʚʣʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ, ʥʽʢʝʣʴ, 

ʥʽʦʙʽʡ.  

Annotation. Modern technology is based on the production of non-volatile designs of the 

required quality for specific operating conditions. Such technologies are: explosion welding, 

friction welding, difusion welding in vacuum. The paper considers the microstructure of the 

welding zone of heterogeneous materials of nickel-niobium. The phase composition and its 

influence on the properties of the joint are revealed. 

Keywords: microstructure, diffusion zone, X-ray phase analysis, nickel, niobium.  

 

The prospects for the development of rocket and space technology are determined 

by the use of new materials that have high physicochemical, mechanical, and special proper-

ties. To obtain high-quality compounds from heterogeneous materials, the most promising 

technology is pressure welding (diffusion, friction, explosion welding). 

The work aimed to study the structure and properties of bimetal compounds from 

nickel and niobium alloys, obtained by diffusion welding in a vacuum.  A series of samples 

of nickel-niobium compounds using tungsten-molybdenum intermediate metals was ob-

tained. 

For the study of the microstructure of the transition zone, a sequence of methods 

was compiled: microstructural; microhardness measurement along the route through the 

diffusion zone; X-ray spectroscopic; and microx-ray spectral analysis. 

It has been established that an intermetallic layer is formed in the welded nickel-

niobium joining zone. Its width and phase distribution affect the quality of the weld. To 

establish a link between the quality of the weld and the size of the transition zone and to 

ensure the strength of the adhesion of the coating to the substrate, samples were examined 

using a niobium substrate on which molybdenum undercoating was applied. 

The strength of the adhesion was determined by the separation of the conical pin 

from the coating. Tests showed high strength values. The studies concluded that: 

 

- Mutual diffusion in the nickel-niobium system occurs through a vacant mechanism. 

- In the welding zone, nickel-molybdenum intermetallide is formed, and the main causes of 

destruction are caused by the formation of NbNi3, NbNi intermetallids. 

- Microstructure of the transition layer with intermediate 
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ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʇʈʆʎɽʉ ɺʀɻʆʊʆɺʃɽʅʅʗ ʂʆʈʇʋʉʋ ʂʃɸʇɸʅɸ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɼʀʉʇɽʈʉʅʀʍ ʄʆɼʀʌɯʂɸʊʆʈɯɺ 

ɸʥʦʪʘʮʽʷ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ ʻ ʾʭ ʚʠʩʦʢʽ ʩʣʫʞʙʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʤʽʮʥʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ, ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʚ ʙʽʣʴʰʦʩʪʽ ʨʦʙʦʯʠʭ 

ʩʝʨʝʜʦʚʠʱ)  ̔ ʭʦʨʦʰʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ. ʊʦʤʫ ʥʝʨʞʘʚʽʶʯʽ ʩʪʘʣʽ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʦʜʠʬʽʢʘʪʦʨʫ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʪʠʪʘʥʫ - ʦʜʝʨʞʘʥʦ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʫ ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʨʧʫʩ ʢʣʘʧʘʥʘ, ʘʫʩʪʝʥʽʪʥʘ ʩʪʘʣʴ, ʢʘʨʙʽʜ ʪʠʪʘʥʫ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ. 

ɸnnotation The main advantage of stainless steels is their high performance 

characteristics (strength, ductility, corrosion resistance in most working environments) and 

good workability. Therefore, stainless steels have found wide application as structural 

materials in various aerospace industries. By applying a modifier based on titanium carbide, 

a fine-dispersed structure of the steel has been obtained. 

Keywords: titanium alloy, zirconium, nanoalloying element, vanadium, 

molybdenum. 

 
ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʩʽʾʚ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ - ʥʘʜʽʡʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʠʙʦʨʦʤ ʥʘʜʽʡʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʻʶ, ʫʥʽʬʽʢʘʮʽʻʶ, 

ʩʧʘʜʢʦʻʤʥʽʩʪʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʥʘʜʽʡʥʽʩʪʶ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʶ ʜʦʧʫʩʪʠʤʠʭ ʨʝʞʠʤʽʚ ʾʭ ʨʦʙʦʪʠ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʪʘ ʚʨʘʭʫʚʘʥʥʷʤ 

ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʽ ʢʦʨʧʫʩʘ ʢʣʘʧʘʥʘ ʜʣʷ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫʣʦ 

ʦʙʨʘʥʦ ʢʣʘʩ ʘʫʩʪʝʥʽʪʥʠʭ ʩʪʘʣʝʡ, ʘ ʩʘʤʝ: ʩʧʣʘʚ10ʍ18ʅ10ʃ, ʦʩʢʽʣʴʢʠ ʘʥʘʣʽʟ ʤʽʮʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʚ ʾʭ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʫʤʦʚʘʤ [1]. 

ʊʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʝ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ, ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ, ʯʠʩʪʦʪʠ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʟʜʘʪʥʽʩʪʴ ʰʪʘʤʧʫʚʘʪʠʩʴ, 

ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ ʨʽʟʘʥʥʷʤ, ʟʚʘʨʶʚʘʥʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʞʘʨʦʩʪʽʡʢʽʩʪʴ ʪʘ 

ʽʥʰʝ). ɼʣʷ ʦʜʝʨʞʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʧʣʘʚʣʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʜʠʩʧʝʨʩʥʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʪʠʪʘʥʫ. 

ɼʝʪʘʣʴ ʪʠʧʫ çʢʦʨʧʫʩ ʢʣʘʧʘʥʘè ʷʚʣʷʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʦʶ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ  ̔ ʦʙʨʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ. ʊʦʤʫ, ʜʣʷ ʾʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʧʣʘʚ 10ʍ18ʅ10ʃ - ʷʢʠʡ  ̒ʧʦʰʠʨʝʥʠʤ  ̔ʜʦʩʣʽʜʞʝʥʠʤ. 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ï ʣʠʪʪʷ, ʥʝ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʆʙʨʘʥʠʡ 

ʤʝʪʦʜ ʣʠʪʪʷ ʻ ʙʝʟʚʽʜʭʦʜʥʠʤ ʽ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ [2]. 
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ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʜʝʪʘʣʴ ʢʦʨʧʫʩ ʢʣʘʧʘʥʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʮʝ ʥʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ 10ʍ18ʅ10ʃ ʟ ʥʝʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ ʪʘ 

ʝʣʝʤʝʥʪʽʚ ʭʨʦʤʫ  ̔ʥʽʢʝʣʶ ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: ʣʠʪʪʷ ʟʘ ʚʠʪʦʧʣʶʚʘʣʴʥʠʤʠ 

ʤʦʜʝʣʷʤʠ, ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ, ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʜʝʪʘʣʽ ʪʘ ʥ̔ʰʝ [3]. 

ʆʙʨʘʥʦ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʡ ʤʝʪʦʜ ʣʠʪʪʷ: ʣʠʪʪʷ ʟʘ ʚʠʪʦʧʣʶʚʘʣʴʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʘʥʦʾ ʜʝʪʘʣʽ. ʈʦʟʨʦʙʣʝʥʦ ʨʝʞʠʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ 

ʩʪʘʣʽ 10ʍ18ʅ10ʃ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  ̔ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʧʨʠ ʚʠʧʣʘʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʠʬʽʢʘʪʦʨ h ʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʽʾ. 
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ʂɺɸʅʊʆɺɯ ʊʆʏʂʀ ʋ ʉʆʅʗʏʅʀʍ ʇɸʅɽʃʗʍ 

ɸʥʦʪʘʮʽʷ: ʅʘ ʩʴʦʛʦʜʥʽ ʣʶʜʩʪʚʦ ʚʩʝ ʯʘʩʪʽʰʝ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ, ʦʜʥʠʤ ʽʟ ʮʠʭ ʜʞʝʨʝʣ ʻ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ. ɺʦʥʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. ʇʽʩʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʫ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʯʥʦ 

ʟʨʦʩʣʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʯʘʩʪʠʥʢʠ, ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ. 

Annotation: Today, humanity is increasingly turning to renewable energy sources, one of 

these sources being solar batteries. They have little efficiency. One way to solve this prob-

lem is to use quantum dots. After the introduction of quantum dot technology in solar cells, 

the efficiency has increased significantly. 

Keywords: nanoparticles, quantum dots, solar cells. 

 

ʋ ʟʚʠʯʘʡʥʠʭ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʚʽʪʣʦʯʫʪʣʠʚʽ ʙʘʨʚʥʠʢʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʤʽʨʮʽ Grªztel [1]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʤʽʩʪʴ ʩʚʽʪʣʦʯʫʪʣʠʚʠʭ ʙʘʨʚ-

ʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʥʦʢʨʠʩʪʘʣʠ (ʚʽʜʦʤʽ ʷʢ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ). 

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ CdS, CdSe, InP ʪʘ InAs ʙʫʣʠ ʦʙôʻʜʥʘʥʥʽ ʟ ʤʝʟʦʩʢʦʧʽʯʥʠʤʠ ʤʝ-

ʨʝʞʘʤʠ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2, ʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʯʫʪʣʠʚʽ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ [2]. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʣʦʾʜʘʣʴʥʠʡ ʤʝʪʦʜ. ʎʝʡ ʤʝʪʦʜ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʟʝʨʥʦʚʦʛʦ ʨʦʩʪʫ, ʚʽʥ ʜʦʟʚʦʣʷʻ ʩʠʣʴʥʦ ʚʘʨʽʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʚ 

ʨʦʟʯʠʥʽ. ʅʘʧʨʠʢʣʘʜ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ CdSe ʧʨʦʭʦʜʠʪʴ ʫ ʜʚʽ ʩʪʘʜʽʾ. ʈʦʟ-

ʯʠʥ, ʱʦ ʤʽʩʪʠʪʴ Cd ʽ Se ʧʦʤʽʱʘʶʪʴ ʫ ʢʦʣʙʫ ʽ ʥʘʛʨʽʚʘʶʪʴ ʫ ʚʘʢʫʫʤʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʠʱʝ 100 , ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʟʝʨʝʥ. ʇʽʩʣʷ ʜʦʩʷʛʘʥʥʷ ʤʘʢʩʠʤʘʣʴ-

ʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (~200 ), ʫʪʚʦʨʶʻʪʴʩʷ ʩʣʘʙʢʝ ʧʝʨʝʩʠʯʝʥʥʷ, ʽ ʥʘʥʦʢʨʠʩʪʘʣʠ ʩʪʘʶʪʴ 

ʥʝʨʦʟʯʠʥʥʠʤʠ [2]. ʅʦʚʽ ʟʝʨʥʘ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ ʽ ʧʽʜ ʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʣʴʥʦ 

ʚʠʨʦʱʫʶʪʴʩʷ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ʽʟ çʟʘʨʦʜʢʦʚʠʭ ʢʨʠʩʪʘʣʽè. ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʢʦʥʪʨʦʣʶʻʪʴ-

ʩʷ ʨʝʻʩʪʨʘʮʽʻʶ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟʨʦʩʪʘʶʯʦʛʦ ʨʦʟʯʠʥʫ[2]. ʂʦʣʠ ʯʘʩʪʠʥʢʠ ʚʠʨʦʩʣʠ 

ʜʦ ʙʘʞʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʨʦʟʯʠʥ ʦʭʦʣʦʜʞʫʶʪʴ ʽ ʧʨʦʤʠʚʘʶʪʴ ʚʦʜʦʶ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʦʙʽʯ-

ʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʽʩʣʷ ʯʦʛʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙôʻʜʥʘʥʥʷ ʟ ʤʝʟʦʩʢʦʧʽʯʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʙʘʨʚʥʠʢʘʤʠ, 

ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, ʘ ʩʘʤʝ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʨʘʱʝ ʫʟʛʦʜʞʫʚʘʪʠ 

ʩʦʥʷʯʥʠʡ ʩʧʝʢʪʨ, ʪʘʢ ʷʢ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʨʝʛʫʣʶʻʪʴ-

ʩʷ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ [2]. ʊʘʢʦʞ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʦʞʣʠʚʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʝʨʝʭʽʜ ʟʘʨʷʜʫ ʯʝʨʝʟ ʤʝʞʫ ʨʦʟʜʽʣʫ, ʢʦʥʪʨʦʣʶʶʯʠ ʨʦʟʤʽʱʝʥʥʷ ʝʥʝʨʛʝ-

ʪʠʯʥʠʭ ʨʽʚʥʽʚ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʚʠʯʘʡʥʠʭ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 20 %. ɯʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦ 80 % [3]. ʅʘʥʦʯʘʩʪʠʥʢʠ 

ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 10 ʥʤ ʪʘ ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʩʚʠʥʮʶ ʽ ʩʝʣʝʥʫ (ʥʘʥʦʯʘʩʪʠʥʢʠ PbSe) ʧʨʠ 

ʧʦʛʣʠʥʘʥʥʽ ʦʜʥʦʛʦ ʬʦʪʦʥʫ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʤʦʞʫʪʴ ʚʠʨʦʙʣʷʪʠ ʜʦ ʪʨʴʦʭ ʝʣʝʢʪʨʦʥʽʚ. 

ɿʚʠʯʘʡʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʧʦʛʣʠʥʘʪʠ ʦʜʠʥ ʬʦʪʦʥ ʩʦʥʷʯʥʦʛʦ 
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ʩʚʽʪʣʘ, ʘʣʝ ʚʠʨʦʙʣʷʶʪʴ ʦʜʠʥ ʝʣʝʢʪʨʦʥ, ʘ ʚʩʷ ʽʥʰʘ ʝʥʝʨʛʽʷ ʬʦʪʦʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʪʝʧʣʦ [4]. ʉʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʥʘ ʥʘʥʦʯʘʩʪʠʥʢʘʭ ʚʠʨʦʙʣʷʶʪʴ ʚʜʚʽʯʽ ʙʽʣʴʰʝ ʝʣʝʢʪʨʦʥʽʚ ʯʠʤ 

ʟʚʠʯʘʡʥʽ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʮʝʡ ʧʨʦʮʝʩ ʚʽʜʦʤʠʡ ʷʢ çʤʥʦʞʝʥʥʷ ʥʝʩʫʯʦʾè. ʇʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʥʘʥʦʯʘʩʪʠʥʢʘʭ, ʦʮʽʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 20 ʜʦ 

60 %. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɸʅʆʊɽʍʅʆʃʆɻɯʁ ɺ ʉʆʅʗʏʅʀʍ ɹɸʊɸʈɽʗʍ 

ɸʥʦʪʘʮʽʷ: ʅʘʥʦʪʝʭʥʦʣʦʛʽʾ ʚ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʟʙʦʨʫ, ʧʝʨʝʜʘʯʽ ʪʘ ʢʦʥʚʝʨʪʘʮʽʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʻ ʽʥʪʝʛʨʘʮʽʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʬʦʪʦʯʫʪʣʠʚʠʡ ʰʘʨ ʩʦʥʷʯʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ.ʆʜʥʽʻʶ ʟ ʥʘʡʽʥʥʦʚʘʮʽʡʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʫ ʩʦʥʷʯ-

ʥʠʭ ʙʘʪʘʨʝʷʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʩʦʥʷʯʥʠʽ ʙʘʪʘʨʝʾ, ʝʥʝʨʛʝʪʠʢʘ. 

Annotation: Nanotechnologies in solar batteries are being used to optimize the processes of 

collection, transfer and conversion of solar energy. One of the applications of high-quality 

nanotechnology is the integration of nanoparticles in photosensitive balls of solar elements. 

One of the newest technologies of high-quality nanomaterials in solar batteries is high-

quality quantum dots. 

Keywords: nanotechnology, solar batteries, energy. 

 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʟʦʙʦʚ'ʷʟʫʻ ʟʥʘʭʦʜʠʪʠ 

ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. ʆʜʥʽʻʶ ʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʘʣʫʟʝʡ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. 

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ - ʮʝ ʥʘʥʦʨʦʟʤʽʨʥʽ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʝʣʝʢʪʨʦʥʥʽ 

ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʙʫʜʦʚʘʥʽ ʫ ʬʦʪʦʯʫʪʣʠʚʠʡ ʰʘʨ, ʜʝ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦ-

ʢʨʘʱʝʥʫ ʘʙʩʦʨʙʮʽʶ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʪʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʜʦʧʦʤʽʞʥʠʡ 

ʧʨʦʮʝʩ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʭʦʧʣʝʥʦʾ ʩʦʥʷʯ-

ʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʱʠʡ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

ʆʩʴ ʜʝʷʢʽ ʩʧʦʩʦʙʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ 

ʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ: 

1. ʇʽʜʚʠʱʝʥʥʷ ʘʙʩʦʨʙʮʽʾ ʩʚʽʪʣʘ: ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠ-

ʱʝʥʥʷ ʘʙʩʦʨʙʮʽʾ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ. ɿʘʚʜʷʢʠ ʾʭʥʽʤ ʫʥʽʢʘʣʴʥʠʤ ʦʧʪʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, 

ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʭʦʧʣʶʚʘʪʠ ʩʚʽʪʣʦ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʟʜʘʪʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʟʙʠʨʘʪʠ ʩʚʽʪʣʦ. 

2. ʇʦʢʨʘʱʝʥʥʷ ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ: ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʨʦʟʜʽʣʝʥʥʷ ʟʘʨʷʜʽʚ (ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ), ʷʢʝ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʧʦʛʣʠʙ-

ʣʝʥʥʷ ʩʚʽʪʣʘ ʩʦʥʮʷ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʤʘʪʨʠʮʽ. ʎʝ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʚʝʨʪʝʨʽʚ ʝʥʝʨʛʽʾ: ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠʩʷ ʷʢ ʢʦʥʚʝʨʪʝʨʠ ʝʥʝʨʛʽʾ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʬʦʪʦʥʽʚ (ʥʘ-

ʧʨʠʢʣʘʜ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʘ) ʥʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽ ʬʦʪʦʥʠ, ʷʢʽ ʣʝʛʰʝ ʤʦʞʥʘ 

ʟʙʝʨʝʛʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ. 

4. ʇʦʢʨʘʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʜʝʛʨʘʜʘʮʽʾ: ɼʦʜʘʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ 

ʩʪʽʡʢʽʩʪʴ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʜʦ ʜʝʛʨʘʜʘʮʽʾ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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5. ʅʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʝʣʝʢʪʨʦʜʠ: ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦ-

ʨʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʱʦ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʫ. 
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ɺʀʉʆʂʆɽʅɽʈɻɽʊʀʏʅɯ ɯʄʇʋʃʔʉʅɯ ʄɽʊʆɼʀ ʆʊʈʀʄɸʅʅʗ  ɼɽʊɸʃɽʁ 

ʈɸʂɽʊʅʀʍ ɼɺʀɻʋʅɯɺ ɿ ʅɸʅʆʄɸʊɽʈɯɸʃɯɺ 

ɸʥʦʪʘʮʽʷ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʛʘʣʫʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʻ ʩʪʚʦʨʝʥʥʷ 

ʩʧʣʘʚʽʚ ʪʘ ʢʦʤʧʦʟʠʪʽʚ, ʱʦ ʤʘʶʪʴ ʤʽʮʥʽʩʪʴ, ʣʝʛʢʽʩʪʴ, ʞʘʨʦʩʪʽʡʢʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠʜʽʾ ʘʙʣʷʮʽʾ. ʋ ʥʘʡʙʽʣʴʰʠʡ ʩʪʫʧʝʥʽ ʮʠʤ ʚʠʤʦʛʘʤ  ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʥʦʤʘ-

ʪʝʨʽʘʣʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʠʥʪʝ-

ʟʫ ʫʪʚʦʨʝʥʥʷ ʰʘʨʫʚʘʪʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʨʦʰʘʨʢʘʤʠ ʟ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʪʘ  ʥʘʥʦʧʦʢʨʠʪʪʽʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʫ ʩʧʽʚʫʜʘʨʫ ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʟʘ ʜʦʩʪʫʧʥʠʤʠ ʮʽʥʘʤʠ ʽʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʩʠʥʪʝʟ, ʢʫʤʫʣʷʪʠʚʥʽ ʩʪʨʫʤʝʥʽ, 

ʚʠʙʫʭ, ʥʘʥʦʧʦʢʨʠʪʪʷ. 

Annotation: An important role in the production of rocket and space technology is the crea-

tion of alloys and composites that possess strength, lightness, heat resistance, wear re-

sistance, and the ability to resist ablation. To a greater extent, these requirements are met by 

nanomaterials. The expediency of using high-energy synthesis methods for the formation of 

layered composites with interlayers of nanomaterials and nano-coated composites with a 

more expedient use of the collision effect of cumulative jets is substantiated. 

Keywords: nanomaterials, high-energy synthesis, cumulative jets, explosions, nanocoatings. 

 

ɽʧʦʭʘʣʴʥʦʶ ʧʦʜʽʻʶ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʻ ʩʪʚʦʨʝʥʥʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʫ ʮʽʡ ʛʘʣʫʟʽ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʤʘʡʙʫʪʥʴʦʛʦ ʙʫʜʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʚ ʪʝʭʥʦ-

ʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʘʛʨʝʛʘʪʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟ  ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʪʘʢʦʞ 

ʩʧʨʠʷʻ ʽ ʩʪʠʤʫʣʶʻ ʧʨʠʡʥʷʪʪʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʨʘʢʝʪ-

ʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ.  

ʆʩʥʦʚʥʘ ʤʝʪʘ ʚ ʛʘʣʫʟʽ ʨʘʢʝʪʥʦ- ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʫʣʽʚ ʦʨʙʽʪʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʧʦʪʨʝʙʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ʩʧʣʘʚʽʚ 

ʪʘ ʢʦʤʧʦʟʠʪʽʚ, ʱʦ ʤʘʶʪʴ ʤʽʮʥʽʩʪʴ, ʣʝʛʢʽʩʪʴ, ʞʘʨʦʩʪʽʡʢʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ 

ʧʨʦʪʠʜʽʾ ʘʙʣʷʮʽʾ ʪʘ ʽʥ. ʅʘʥʦʤʘʪʝʨʽʘʣʠ ʫ ʥʘʡʙʽʣʴʰʽʡ ʩʪʫʧʝʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʚʠʤʦ-

ʛʘʤ. ʅʘʥʦʤʘʪʝʨʽʘʣʘʤ ʧʨʠʩʫʪʥʷ ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʷʢʘ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʧʣʘʩʪʠʯ-

ʥʽʩʪʶ, ʪʚʝʨʜʽʩʪʶ, ʫʜʘʨʥʦʶ ʚôʷʟʢʽʩʪʶ, ʚʪʦʤʥʦʶ ʤʽʮʥʽʩʪʶ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, ʜʝʤʧʬʝʨʫʶ-

ʯʦʶ ʟʜʘʪʥʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʶʪʴ ʪʝʧ-

ʣʦʚʽ, ʤʘʛʥʽʪʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ. ɸʣʝ ʥʘ ʜʘʥʠʡ 

ʯʘʩ, ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʥʘʥʦʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʢʦʰʪʫʶʪʴ ʜʫʞʝ ʜʦʨʦʛʦ. ʊʦʙʪʦ ʥʘ 

ʩʴʦʛʦʜʥʽ ʧʨʦʙʣʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʫ ʪʦʤʫ, ʱʦʙ ʟʨʦʙʠʪʠ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʜʦʩʪʫʧʥʠʤʠ ʟʘ 

ʮʽʥʦʶ ʽ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤʠ, ʧʨʦʩʪʠʤʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʥʘʡʤʝʥʰ ʢʦʰʪʦʚʥʠʤʠ ʻ 

ʤʝʪʦʜʠ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʠʥʪʝʟʫ. ʎʽ ʧʨʦʮʝʩʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʚʠʜ-

ʢʦʧʣʠʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʫʜʘʨʥʦ-ʭʚʠʣʴʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʘʜʚʠʩʦʢʦʯʘʩʪʥʦʛʦ ʨʦʟʨʷʜʫ [1]. 
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ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʩʠ ʽʤʧʫʣʴʩʥʦʾ ʦʙʨʦʙʢʠ ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʷʚʠʱʝ ʟʽʪʢʥʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ. ʎʝ ʧʨʦʮʝʩʠ ʟʚʘʨʶʚʘʥʥʷ, ʟʤʽʮʥʝʥʥʷ 

ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʙʫʭʦʤ [2, 3]. 

ɯʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʡ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʥʘʥʦʢʨʠʩʪʘʣʽʯ-

ʥʦʾ ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʰʘʨʫʚʘʪʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʧʨʦʰʘʨʢʘʤʠ ʟ ʥʘʥʦʤʘʪʝʨʽʘʣʫ 

ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʜʦʜʘʥʥʷ ʟʤʽʮʥʶʶʯʦʾ ʧʦʚʝʨʭʥʽ ʧʦʜʣʦʞʢʠ ʨʝʣʴʻʬʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʫʪʚʦʨʝʥʥʷ ʟʫʩʪʨʽʯʥʠʭ ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ ʟ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʡ ʦʢʠʩʣʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʨʝʣʴʻʬ ʤʦʞʝ ʙʫʪʠ ʪʨʠʢʫʪʥʦʛʦ (ʙʘʞʘʥʦ ʥʝ ʨʽʚʥʦʙʝʜʨʝʥʥʠʡ) (ʨʠʩ. 1), ʪʨʘʧʝ-

ʮʝʾʜʘʣʴʥʦʛʦ ʡ ʽʥʰʠʭ ʧʨʦʬʽʣʽʚ. ʇʨʠ ʟʽʪʢʥʝʥʥʽ ʩʪʨʫʤʝʥʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʘ 

ʟʘʚʽʩʘ ʡ ʨʦʟʧʠʣ ʩʪʨʫʤʝʥʽʚ ʥʘ ʤʘʩʠʚʥʝ ʪʽʣʦ ʧʽʜʣʦʞʢʠ ʘʙʦ ʰʘʨʫʚʘʪʦʛʦ ʤʝʪʘʣʫ. ʋ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ ʜʦʩʷʛʘʻ 1 ʤʣʥ. 

ʛʨʘʜʫʩʽʚ ʫ ʩʝʢʫʥʜʫ, ʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. 

ɸʥʘʣʽʪʠʯʥʝ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʟʽʪʢʥʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʽ ʪʘ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, 

ʥʘʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʟʘʚʽʩʠ. ʎʝʡ ʚʠʨʘʟ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʟʙʽʣʴ-

ʰʝʥʥʽ ʨʘʜʽʫʩʫ ʢʦʥʫʩʫ ʩʪʨʫʤʝʥʽʚ ʟʘʚʽʩʠ, ʾʾ ʪʦʚʱʠʥʘ ʥʝʦʙʤʝʞʝʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ɸʥʘʣʦʛʽ-

ʯʥʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʚʠʙʫʭʦʚʦʛʦ ʧʨʝʩʫʚʘʥʥʷ. 

ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʬʨʦʥʪʫ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʯʝʨʝʟ ʯʘʩʪʢʫ ʰʠʭʪʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʦ ʧʝʚʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʧʦʪʽʤ ʚʦʥʘ ʩʧʽʚʫʜʘʨʷʻʪʴʩʷ ʟ ʽʥʰʦʶ ʯʘʩʪʢʦʶ. ʇʨʠ 

ʮʴʦʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʝʭʘʥʽʟʤʠ ʟʚôʷʟʫʚʘʥʥʷ ʯʘʩʪʦʢ: ʰʣʷʭʦʤ ʟʚʘʨʶʚʘʥʥʷ ʚʠ-

ʙʫʭʦʤ, ʪʝʨʪʷʤ, ʩʧʽʢʘʥʥʷʤ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʟʫʩʪʨʽʯʥʠʭ ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ. 
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1 ï ʚʠʙʫʭʦʚʘ ʨʝʯʦʚʠʥʘ; 2 ï ʫʜʘʨʥʠʢ; 3 ï ʟʤʽʮʥʶʶʯʠʡ ʚʠʨʽʙ ʧʽʜʣʦʞʢʠ;  4 ï ʩʪʨʫʤʽʥʴ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʤʽʮʥʝʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ɸʊ çʄʦʪʦʨ ʉʽʯè ʪʘ 

çʍɸɯè ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʜʝʪʘʣʽ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʥʘʡʙʽʣʴʰʦʶ ʫ 

ʩʚʽʪʽ ʱʽʣʴʥʽʩʪʶ ʪʘ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ʉʋʏɸʉʅɯ ʄɽʊʆɼʀ ʆɼɽʈɾɸʅʅʗ  ʅɸʅʆʇʆʂʈʀʊʊɯɺ 

ɸʥʥʦʪʦʮʽʷ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʤʘ-

ʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʥʘʥʦʧʣʽʚʦʢ ʪʘ ʥʘʥʦʧʨʦʚʦʣʦʢ. ɹʫʜʫʪʴ ʚʠʩʚʽʪʣʝʥʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʾʭ 

ʦʪʨʠʤʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʦʩʘʜʞʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʫ ʝʧʽʪʘʢʩʽʶ, 

ʘʟʦʪʫʚʘʥʥʷ, ʛʽʜʨʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ. ʈʦʙʦʪʘ ʨʦʟʛʣʷʜʘʻ ʚʣʘʩʪʠʚʦ-

ʩʪʽ ʥʘʥʦʧʦʢʨʠʪʪʽʚ ʽ ʥʘʥʦʜʨʦʪʽʚ, ʾʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ, ʤʘʛʥʽʪʥʠʭ ʧʨʠʩʪʨʦʷʭ 

ʪʘ ʷʢ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʥʘʥʦʧʣʽʚ-

ʢʘʤ ʽ ʥʘʥʦʜʨʦʪʘʤ. ʊʘʢʦʞ ʙʫʣʠ ʚʢʘʟʘʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʪʘ 

ʢʝʨʘʤʽʯʥʠʭ ʥʘʥʦʧʣʽʚʦʢ. ʈʦʙʦʪʘ ʨʦʟʜʠʚʣʷʻʪʴʩʷ ʨʽʟʥʠʮʶ ʤʽʞ ʥʘʥʦʧʣʽʚʢʘʤʠ ʽ ʥʘʥʦʧʨʦ-

ʚʦʣʦʢʘʤʠ ʪʘ ʾʭʥʽʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

Annotation. This study explores various technologies for obtaining nanomaterials, specifi-

cally nanoplates and nanowires. Different methods of their production will be elucidated, 

including deposition from the gas phase, molecular-beam epitaxy, nitriding, hydriding, and 

other surface treatment processes. The paper examines the properties of nanoplates and 

nanowires, their applications in electronics, magnetic devices, and as protective coatings. 

Special attention is given to semiconductor nanoplates and nanowires. Additionally, the 

prospects of using diamond-like and ceramic nanoplates are outlined. The study discusses 

the distinction between nanoplates and nanowires and their manufacturing processes. 

ʂʣʶʯʦʚʽ ʉʣʦʚʘ. ʅʘʥʦʧʦʢʨʠʪʪʷ, ʥʘʥʦʧʣʽʚʢʠ, ʥʘʥʦʩʪʨʠʞʥʽ, ʥʘʥʦʚʦʣʦʢʥʘ, ʥʘʥʦʥʠʪʢʠ, 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʨʦʟʤʽʨʥʽ ʧʦʢʨʠʪʷ, ʥʘʥʦʜʨʦʪʠ, ʥʘʥʦʢʦʤʧʦʟʠʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʘʨ-

ʙʦʥʽʣʠ, ʛʘʣʦʛʝʥʠ, ʤʝʪʘʣʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʤʦʣʝʢʫʣʷʨʥʦ ï ʧʨʦʤʝʥʝʚʘ ʝʧʽʪʘʢʩʽʷ, ʘʟʦʪʫ-

ʚʘʥʥʷ, ʛʽʜʨʫʚʘʥʥʷ.  

Keywords. Nanocoating, nanoplates, nanorods, nanofibers, nanowhiskers, nanomaterials, 

nanoscale coatings, nanowires, nanocomposite structure, carbonyls, halogens, organometal-

lic compounds, molecular-beam epitaxy, nitriding, hydriding. 

 

ɯʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʘʥʘʣʦʛʽʯʥʽ ʪʨʘ-

ʜʠʮʽʡʥʠʤ ʪʦʥʢʦʧʣʽʚʢʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʰʠʨʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ 

ʪʝʭʥʦʣʦʛʽʾ ʦʩʘʜʞʝʥʥʷ ʨʝʯʦʚʠʥʠ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟ ʧʘʨʦʛʘʟʦʚʦʾ ʬʘʟʠ ʘʙʦ ʧʣʘʟʤʠ, ʘ ʪʘʢʦʞ ʽʟ 

ʨʦʟʯʠʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʪʘʢʠʭ ʧʨʦʮʝʩʘʭ, ʷʢ ʘʟʦʪʫʚʘʥʥʷ ʽ ʛʽʜʨʫʚʘʥʥʷ, ʦʙʨʦʙʢʘ ʘʪʦʤʘʤʠ ʙʦʨʫ, ʪʠʪʘʥʫ ʪʘ ʽʥʰʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. 

ɼʦ ʥʘʥʦʧʦʢʨʠʪʪʽʚ (ʥʘʥʦʧʣʽʚʦʢ) ʥʘʣʝʞʘʪʴ ʜʚʦʚʠʤʽʨʥʽ ʟʨʘʟʢʠ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʴʩʷ ʥʘʥʦʨʦʟʤʽʨʥʦʶ ʪʦʚʱʠʥʦʶ. ʉʚʦʻʶ ʯʝʨʛʦʶ, ʜʦ ʥʘʥʦʜʨʽʪ (ʥʘʥʦʩʪʨʠʞʥʽʚ, 

ʥʘʥʦʚʦʣʦʢʦʥ, ʥʘʥʦʥʠʪʦʢ) ʥʘʣʝʞʘʪʴ ʦʜʥʦʚʠʤʽʨʥʽ ʟʨʘʟʢʠ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʴʩʷ ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʜʽʘʤʝʪʨʦʤ. ɯ ʥʘʥʦʧʦʢʨʠʪʪʷ (ʥʘʥʦʧʣʽʚʢʠ), ʽ ʥʘʥʦʜʨʽʪ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʜʽʙʥʠʤʠ ʟʘ ʙʫʜʦʚʦʶ ʜʦ ʦʙ'ʻʤʥʠʭ ʟʨʘʟʢʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ, 

ʾʤ ʤʦʞʝ ʙʫʪʠ ʧʨʠʪʘʤʘʥʥʘ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʘ ʘʙʦ ʥʘʥʦʢʦʤʧʦʟʠʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ. ɺʦʜʥʦ-

ʯʘʩ ʽ ʥʘʥʦʧʣʽʚʢʠ ʯʝʨʝʟ ʾʭʥʶ ʥʘʥʦʨʦʟʤʽʨʥʫ ʪʦʚʱʠʥʫ, ʽ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʯʝʨʝʟ ʾʭʥʽʡ ʥʘ-

ʥʦʨʦʟʤʽʨʥʠʡ ʜʽʘʤʝʪʨ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʦʙ'ʻʤʥʠʭ ʟʨʘʟʢʽʚ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷ-

ʤʠ. 
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ʅʘʥʦʧʣʽʚʢʠ ʽ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʪʝʭʥʦʣʦʛʽʡ ʩʚʦʛʦ ʦʪʨʠ-

ʤʘʥʥʷ. ʅʘʨʘʟʽ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʥʦʧʣʽʚʢʠ ʽ ʥʘʥʦʜ-

ʨʦʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʽʮʽ, ʘ ʪʘʢʦʞ ʤʘʛʥʽʪʥʽ 

ʥʘʥʦʧʣʽʚʢʠ ʽ ʥʘʥʦʜʨʦʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʤʘʛʥʽʪʥʦʛʦ 

ʟʘʧʠʩʫ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʘʣʤʘʟʦʧʦʜʽʙʥʽ ʪʘ ʢʝʨʘʤʽʯʥʽ ʥʘʥʦʧʣʽʚʢʠ, ʷʢʽ ʩʣʫʛʫʶʪʴ ʟʘʭʠ-

ʩʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʧʣʽʚʦʢ ʥʘʡʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦ-

ʣʦʛʽʾ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʽ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ, ʷʢʽ ʩʧʦ-

ʯʘʪʢʫ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʠʨʦʙʘʭ ʤʽʢʨʦʝʣʝʢ-

ʪʨʦʥʽʢʠ. 

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʽʚ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ (CVD) ʧʦʢʣʘʜʝʥʦ ʦʩʘʜʞʝʥʥʷ 

ʧʣʽʚʦʢ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʛʨʽʪʠʭ ʜʝʪʘʣʝʡ ʟʽ ʩʧʦʣʫʢ ʤʝʪʘʣʽʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʛʘʟʦʧʦʜʽʙ-

ʥʦʤʫ ʩʪʘʥʽ. ʆʩʘʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʢʘʤʝʨʽ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʚʣʝʥʥʷ, ʧʽʨʦʣʽʟʫ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦ-

ʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʦʩʥʦʚʥʦʛʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʨʝʘʛʝʥʪʫ ʟ ʜʦʜʘʪ-

ʢʦʚʠʤ. ʅʘʡʯʘʩʪʽʰʝ ʷʢ ʪʘʢʽ ʩʧʦʣʫʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʨʙʦʥʽʣʠ, ʛʘʣʦʛʝʥʠ, ʤʝʪʘʣʦʨʛʘ-

ʥʽʯʥʽ ʩʧʦʣʫʢʠ. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

1. ʅʦʚʽ ʪʝʥʜʝʥʮʽʾ ʚ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʽ ʢʝʨʘʤʽʯʥʠʭ ʥʘʥʦʧʦʢʨʠʪʪʷʭ ʜʣʷ ʧʨʦʤʠʩʣʦ-

ʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʥʜʝʨʩʦʥ, ʇ., ʪʘ ʊʝʡʣʦʨ, ɽ. 
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3. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʅʘʥʦʤʘʪʝʨʽʘʣʠ ʉ.ʇ. ʇʘʥʯʝʥʢʦ 
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ʄɯʂʈʆʃɽɻʋɺɸʅʅʗ ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺʋ ʅɸʅʆʇʆʈʆʐʂɸʄʀ 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʜʚʦʬʘʟʥʠʡ ʪʠʪʘʥʦʚʠʡ ʩʧʣʘʚ ɺʊ14 ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʦʙʘʣʦʥʽʚ, ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʩʢʨʘʧʣʝʥʠʭ ʛʘʟʽʚ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʤʽʢʨʦʣʝʛʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʮʠʨʢʦʥʽʡ ʫ ʚʠʛʣʷʜʽ 

ʜʠʩʧʝʨʩʥʠʭ ʧʦʨʦʰʢʽʚ ʨʦʟʤʽʨʦʤ ʜʦ 10 ʤʢʤ. ʃʘʙʦʨʘʪʦʨʥʽ ʧʣʘʚʢʠ ʩʧʣʘʚʫ ɺʊ14 

ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʥʽʡ ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ ʦʧʦʨʫ ʪʠʧʫ ʉʅʆʃ ʻʤʥʽʩʪʶ 10 ʢʛ, ʰʠʭʪʦʶ 

ʷʚʣʷʣʠʩʷ ʣʠʚʘʨʥʽ ʚʽʜʭʦʜʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ14. ɺʠʷʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ 

ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʭ ʬʘʟ, ʪʠʧʫ ʪʠʪʘʥ-ʮʠʨʢʦʥʽʡ ʚ ʩʝʨʝʜʠʥʽ ʧʣʘʩʪʠʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʠʪʘʥʦʚʠʡ ʩʧʣʘʚ, ʮʠʨʢʦʥʽʡ, ʥʘʥʦʣʝʛʫʶʯʠʡ ʝʣʝʤʝʥʪ, ʚʘʥʘʜʽʡ, 

ʤʦʣʽʙʜʝʥ. 

ɸnnotation: The research focused on a two-phase titanium alloy VT14 for the 

production of heat exchangers designed for storing liquefied gases. In this study, the use of 

zirconium as a microalloying element in the form of dispersed powders with a size of up to 

10 microns is proposed. Laboratory melts of the VT14 alloy were conducted in a vacuum 

resistance induction furnace of the SNOL type with a capacity of 10 kg, using casting scraps 

of the titanium alloy VT14 as the charge material. The presence of intermetallic phases, such 

as titanium-zirconium, was detected within the plate structure. 

Keywords: titanium alloy, zirconium, nanoscale alloying element, vanadium, 

molybdenum. 

 

ʊʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʪʘ 

ʘʚʽʘʮʽʾ ʟʘʚʜʷʢʠ ʚʜʘʣʦʤʫ ʧʦʻʜʥʘʥʥʶ ʤʘʣʦʾ ʧʠʪʦʤʦʾ ʚʘʛʠ, ʚʠʩʦʢʦʾ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ ʪʘ 

ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʂʨʽʤ ʪʦʛʦ ʪʠʪʘʥʦʚʽ 

ʩʧʣʘʚʠ ʤʘʶʪʴ ʟʘʜʦʚʽʣʴʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʣʘʩʪʠʯʥʽʩʪʴ,  ̔ ʟʚʘʨʶʶʪʴʩʷ ʘʨʛʦʥʦʜʫʛʦʚʠʤ 

ʟʚʘʨʶʚʘʥʥʷʤ [1]. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ɺʊ14: ɸl-4,5-6,3, V-0,9-1,9 Mo-2,5-3,8 Si-ʜʦ 0,15. 

ɸʣʶʤʽʥʽʡ ʻ ʦʩʥʦʚʥʠʤ ʟʤʽʮʥʶʚʘʯʝʤ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚ ʪʠʪʘʥʽ, ʚʘʥʘʜʽʡ ʽ ʤʦʣʽʙʜʝʥ, 

ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʚ ʪʠʪʘʥʽ ʪʘ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ. ʋ ʷʢʦʩʪʽ ʤʽʢʨʦʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʚʚʦʜʷʪʴ ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʤʝʪʘʣʠ, ʘʣʝ ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʤʝʪʘʣʠ ʻ 

ʜʦʨʦʛʦʮʽʥʥʠʤʠ ʪʘ ʜʝʬʽʮʠʪʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ. 

ɿʛʽʜʥʦ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [2,3] ʮʠʨʢʦʥʽʡ ʻ ʧʝʨʝʭʽʜʥʠʤ ʤʝʪʘʣʦʤ, ʷʢʠʡ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʟʝʨʥʘ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ. ʇʦʨʦʰʦʢ ʮʠʨʢʦʥʽʶ ʚʚʦʜʠʣʠ ʫ ʢʽʥʮʽ ʧʣʘʚʢʠ ʚ 

ʪʘʙʣʝʪʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʫ ʢʽʣʴʢʦʩʪʽ 0,1%. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠ ʛʘʨʷʯʽʡ ʜʝʬʦʨʤʘʮʽʾ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʠʩʪʽʚ. 

ʇʨʦʤʠʩʣʦʚʠʡ ʙʘʟʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʦʙʘʣʦʥʽʚ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʠʩʪʽʚ ʨʦʟʤʽʨʦʤ 10,5*1015*2000, ʟʛʽʜʥʦ 

ʟ ʧʘʩʧʦʨʪʘʤʠ; ʧʨʦʚʦʜʷʪʴ ʛʘʨʷʯʫ ʜʝʬʦʨʤʘʮʽʶ ʥʘ ʧʨʝʩʽ ʟʫʩʠʣʣʷʤ 100 ʪʦʥ, ʥʘʛʨʽʚʘʥʥʷʤ 

ʟʘʛʦʪʦʚʢʠ ʩʧʽʣʴʥʦ ʽʟ ʟʨʘʟʢʘʤʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 780Áʉ, ʚʠʪʨʠʤʫʶʪʴ 10ʭʚ, 

ʫʢʣʘʜʘʶʪʴ ʥʘʛʨʽʪʫ ʟʘʛʦʪʦʚʢʫ ʜʦ ʰʪʘʤʧʫ ʽ ʟʜʽʡʩʥʶʶʪʴ ʪʨʠʨʘʟʦʚʝ ʚʠʪʷʛʫʚʘʥʥʷ ʣʠʩʪʽʚ 

ʟʘʛʦʪʦʚʦʢ, ʧʨʦʚʦʜʷʪʴ ʚʽʜʧʘʣ ʟʘʛʦʪʦʚʦʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 780Áʉ ʜʣʷ ʫʩʫʥʝʥʥʷ ʥʘʢʣʝʧʫ ʪʘ 
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ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. ʇʨʦʚʦʜʷʪʴ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ  ̔ ʚʥʫʪʨʽʰʥʶ 

ʜʝʬʝʢʪʦʩʢʦʧʽʶ. ʅʘʩʪʫʧʥʘ ʦʧʝʨʘʮʽʷ - ʦʩʚʽʪʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ, ʟʘʯʠʩʪʢʘ ʜʝʬʦʨʤʦʚʘʥʠʭ 

ʤʽʩʮʴ, ʪʘ ʦʩʪʘʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ. ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʫ ɺʊ14 ʜʦ ʪʘ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʥʘʥʦʣʝʛʫʶʯʦʛʦ 

ʝʣʝʤʝʥʪʫ ʮʠʨʢʦʥʽʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ Neophot, 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʫ 500 ʨʘʟʽʚ. ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ɺʊ14 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʨʫʧʥʠʭ ʧʣʘʩʪʠʥ Ŭ ̔ ɓ ʬʘʟ, ʷʢʽ ʚʠʪʷʛʥʫʪʽ ʫ ʥʘʧʨʷʤʫ ʜʝʬʦʨʤʘʮʽʾ. ʋ ʥʘʥʦʣʝʛʦʚʘʥʠʭ 

ʟʨʘʟʢʘʭ ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʞ ʜʚʦʬʘʟʥʘ, ʘʣʝ ʨʦʟʤʽʨ ʘʣʴʬʘ-ʧʣʘʩʪʠʥ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 1,5 ʨʘʟʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʥʦʣʝʛʫʚʘʥʥʷ ʩʧʣʘʚʫ ɺʊ14 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʠʩʧʝʨʛʫʚʘʥʥʶ ʩʪʨʫʢʪʫʨʠ, ʽ 

ʷʢ ʥʘʩʣʽʜʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʧʣʘʚʫ. 
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ɻɸɿʆɸʈʄʆɺɸʅɯ ʄɸʊɽʈɯɸʃʀ (ɻɸɿɸʈʀ) ɺ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅʆɰ 

ʊɽʍʅɯʂʀ 

Gas-reinforced materials (Gasars) in rocket and space technology  

ɸʥʦʪʘʮʽʷ: ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʘʢʝʪʥʦʾ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʘʧʘʨʘʪʽʚ ʧʦʪʨʽʙʥʦ 

ʰʫʢʘʪʠ ʚʩʝ ʣʝʛʰʝ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʘʛʠ ʽ ʚ ʪʦʡ ʞʝ ʤʦʤʝʥʪ ʤʽʮʥʠʡ ʤʘʪʝʨʽʘʣ. ʊʫʪ ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ɻʘʟʦʘʨʤʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ "ɻʘʟʘʨʠ" ʪʘ ʡʦʛʦ ʧʝʨʝʚʘʛʫ ʥʘʜ ʘʨʤʦʚʘʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʈʘʢʝʪʦʙʫʜʫʚʘʥʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʦʩ, ʛʘʟʘʨʠ, ʤʘʪʝʨʽʘʣ, ʪʝʭʥʦʣʦʛʽʾ. 

Annotation: To improve rocket space technology and devices, you need to look for 

materials that are lighter in weight and at the same time durable materials. Gas-reinforced 

materials "Gasars" and its superiority over reinforced materials in rocketry will be presented 

here. 

Key words: space, gazars, material, technology. 

 

ɻʘʟʦʝʚʪʝʢʪʠʯʥʫ ʨʝʘʢʮʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʨʠʩʪʠʭ 

ʤʝʪʘʣʽʚ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʧʦʨʠʩʪʽʩʪʶ. 

 
ʆʜʝʨʞʘʥʥʷ ʛʘʟʘʨʽʚ ʻ ʛʘʟʦʝʚʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ (ʨʦʟʧʘʜ ʨʽʜʠʥʠ ʦʜʥʦʯʘʩʥʦ ʥʘ 

ʪʚʝʨʜʫ ʪʘ ʛʘʟʦʧʦʜʽʙʥʫ ʬʘʟʫ), ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, 

ʥʘʩʠʯʝʥʠʭ ʛʘʟʦʤ ʜʦ ʧʝʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʬʫʥʜʘʤʝʥʪ ʮʽʻʾ ʨʝʘʢʮʽʾ - 

ʦʩʦʙʣʠʚʠʡ ʪʠʧ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤ ʤʝʪʘʣ/ʢʝʨʘʤʽʢʘ-ʛʘʟ. 

 

 
ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʝʨʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ - 

ɻʘʟʘʨʽʚ. ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʛʘʟʦʤ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʛʘʟʘʨʽʚ ʻ ʚʦʜʝʥʴ, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ, ʚʠʢʣʶʯʘʶʯʠ ʨʷʜ ʛʽʜʨʠʜʦʫʪʚʦʨʶʶʯʠʭ 
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ʤʝʪʘʣʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʥʫ, 

ʭʦʯʘ ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʪʠʤʝʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʫʛʣʝʮʝʤ. ʂʠʩʝʥʴ ʪʘ 

ʢʦʤʙʽʥʘʮʽʷ ʚʦʜʥʶ ʟ ʢʠʩʥʝʤ (ʚʦʜʷʥʘ ʧʘʨʘ) ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʛʘʟʘʨʽʚ ʫ ʧʨʠʡʥʷʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʪʘ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʘʨʽʚ. 

ɸʟʦʪ ʪʝʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʛʘʟʘʨʽʚ, ʘʣʝ ʚʽʥ ʫʪʚʦʨʶʻ ʟ 

ʙʘʛʘʪʴʤʘ ʤʝʪʘʣʘʤʠ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʨʽʟʢʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʛʘʟʘʨ-

ʪʝʭʥʦʣʦʛʽʾ. ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ ʚʦʜʥʝʤ ʫ ʚʠʛʣʷʜʽ 

ʘʤʽʘʢʫ ʪʘ ʡʦʤʫ ʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ. 

ʅʘ ʙʘʟʽ ʮʠʭ ʜʽʘʛʨʘʤ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʛʘʟʘʨʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ, 

ʚʦʣʴʬʨʘʤʫ, ʤʦʣʽʙʜʝʥʫ, ʥʽʢʝʣʶ, ʘʣʶʤʽʥʽʶ, ʟʘʣʽʟʘ, ʤʘʛʥʽʶ, ʢʦʙʘʣʴʪʫ, ʙʝʨʠʣʽʶ, ʭʨʦʤʫ, 

Ni-Ti (50/50 %) ʩʧʣʘʚʫ, ʞʘʨʦʤʽʮʥʠʭ ʩʧʣʘʚʽʚ ʪʘ ʢʝʨʘʤʽʢʠ. 

 
ʇʝʨʝʚʘʛʘ ʛʘʟʦʘʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʝʘʣʫ ʥʘʜ ʟʚʠʯʘʡʥʠʤ ʘʨʤʦʚʘʥʠʤ ʤʘʪʝʨʝʘʣʦʤ ʫ 

ʨʘʢʝʪʥʽʡ ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ɻʘʟʘʨ ʩʢʣʘʜʘʻʪʴʩʷ 95-99% ʟ ʧʦʚʽʪʨʷ ʘʙʦ 

ʛʘʟʫ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʶʯʠ ʤʘʡʞʝ ʪʘʢʫ ʞ ʤʽʮʥʽʩʪʴ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʡʦʛʦ ʧʦʨʠʩʪʫ 

ʩʪʨʫʢʪʫʨʫ ʽ 5-1% ʩʘʤ ʤʘʪʝʨʽʘʣ. ɼʝ ʟʥʠʞʫʻ ʚʘʛʫ ʚ ʨʘʟʠ ʚ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʽ ʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʘʧʘʨʘʪʽʚ. ʑʦ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦ. 

 
ʆʪʨʠʤʘʥʥʷ ʛʘʟʘʨʽʚ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʠʭ ʩʧʣʘʚʽʚ ʻ ʚʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʎʝ ʟ ʪʠʤ, ʱʦ ʫ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʠʭ ʩʧʣʘʚʽʚ ʜʫʞʝ ʨʦʟʚʠʥʝʥʘ ʜʝʥʜʨʠʪʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ, ʘ 

ʦʪʨʠʤʘʥʥʷ ʛʘʟʘʨʽʚ ʥʘʡʯʘʩʪʽʰʝ ʧʦʪʨʽʙʥʦ ʧʣʦʩʢʠʡ ʢʦʤʽʨʢʦʚʠʡ ʬʨʦʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʗʢ 

ʟʤʫʩʠʪʠ ʩʢʣʘʜʥʽ ʩʧʣʘʚʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ? 

ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʞ ʜʫʞʝ ʨʝʪʝʣʴʥʽ ʽ ʜʦʨʦʛʽ, ʘʣʝ ʚʦʥʠ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʜʽʡʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʂʝʨʫʶʯʠ ʧʨʦʮʝʩʦʤ ʟʘʨʦʜʞʝʥʥʷ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʫ ʨʽʜʠʥʽ ʽ ʥʘ ʤʝʞʽ ʢʨʠʩʪʘʣ-

ʨʽʜʠʥʘ, ʤʦʞʥʘ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʛʘʟʘʨʽʚ. 

ʉʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʛʘʟʘʨʽʚ ʰʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ ʧʣʘʟʤʦʚʦʾ ʜʫʛʠ ʘʙʦ ʣʘʟʝʨʘ ʜʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ, ʪʘʢ ʷʢ ʽʦʥʽʟʘʮʽʷ ʛʘʟʫ ʨʽʟʢʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ʨʦʟʧʣʘʚʫ 

ʘʢʪʠʚʥʠʤ ʛʘʟʦʤ ʽ ʟʙʽʣʴʰʫʻ ʡʦʛʦ ʨʽʚʥʦʚʘʞʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ, ʜʦʩʷʛʘʶʯʠ 

ʛʘʟʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ 
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 ɺʃɸʉʊʀɺʆʉʊɯ ʊɸ ɿɸʉʊʆʉʋɺɸʅʅʗ ʇɽʈʉʇɽʂʊʀɺʅʆɻʆ ʄɸʊɽʈɯɸʃʋ LK-

99 

ɸʥʦʪʘʮʽʷ: ʄʘʪʝʨʽʘʣ LK-99 ð ʩʽʨʦ-ʯʦʨʥʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ, ʱʦ ʤʽʩʪʠʪʴ ʩʧʦʣʫʢʠ 

ʩʚʠʥʮʶ, ʤʽʜʽ, ʬʦʩʬʦʨʫ ʪʘ ʢʠʩʥʶ. ɺʽʥ ʚʽʜʢʨʠʪʠʡ ʷʢ ʧʦʪʝʥʮʽʡʥʠʡ ʥʘʜʧʨʦʚʽʜʥʠʢ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʎʝ ʚʘʞʣʠʚʝ ʚʽʜʢʨʠʪʪʷ ʤʦʞʝ ʟʤʽʥʠʪʠ ʝʥʝʨʛʝʪʠʢʫ ʪʘ ʢʚʘʥʪʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: LK-99, ʥʘʜʧʨʦʚʽʜʥʠʢ, ʢʽʤʥʘʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʚʠʥʝʮʴ, ʤʽʜʴ. 

Annotation: LK-99 is a grey-black solid containing compounds of lead, copper, 

phosphorus and oxygen. It has been discovered to be a potential superconductor at room 

temperature. This important discovery could revolutionise energy and quantum 

technologies. 

Keywords:  LK-99, superconductor, room temperature, lead, copper. 

 

ʄʘʪʝʨʽʘʣ LK-99, ʩʽʨʦ-ʯʦʨʥʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ, ʻ ʩʧʦʣʫʢʦʶ ʩʚʠʥʮʶ, ʬʦʩʬʦʨʫ, 

ʢʠʩʥʶ ʪʘ ʤʽʜʽ. ɺʽʥ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʩʝʨʝʜʠʥʽ 2023 ʨʦʢʫ ʷʢ ʧʦʪʝʥʮʽʡʥʠʡ 

ʥʘʜʧʨʦʚʽʜʥʠʢ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʥʦʨʤʘʣʴʥʦʤʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. ʎʝ 

ʚʽʜʢʨʠʪʪʷ ʚʠʢʣʠʢʘʣʦ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʫ ʥʘʫʢʦʚʽʡ ʩʧʽʣʴʥʦʪʽ, ʦʩʢʽʣʴʢʠ ʥʘʜʧʨʦʚʽʜʥʠʢʠ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʧʨʦʨʠʚʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʝʥʝʨʛʝʪʠʢʫ ʪʘ ʢʚʘʥʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ. 

LK-99 ʤʘʻ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʫ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʘʧʘʪʠʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʩʚʠʥʝʮʴ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ LK-99 ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʬʦʨʤʫʣʦʶ 

Pb9Cu1(PO4)6O ʜʝ ʧʨʠʙʣʠʟʥʦ ʯʚʝʨʪʴ ʽʦʥʽʚ ʩʚʠʥʮʶ Pb(2) ʟʘʤʽʱʝʥʽ ʽʦʥʘʤʠ ʤʽʜʽ Cu(II). 

ʎʷ ʫʥʽʢʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʪʝʨʽʘʣʫ ʡʦʛʦ ʜʠʚʦʚʠʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʘʞʣʠʚʦ, 

ʜʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ LK-99 ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ ʫ ʡʦʛʦ ʩʢʣʘʜʽ. ʊʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʱʦ ʤʘʪʝʨʽʘʣ 

ʧʨʦʷʚʣʷʻ ʟʘʷʚʣʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʩʽʨʢʠ. ɺ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʩʣʽʜʠ ʩʽʨʢʠ ʧʨʠʡʥʷʣʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʚʽ ʢʠʪʘʡʩʴʢʽ ʣʘʙʦʨʘʪʦʨʽʾ 

ʧʨʦʜʦʚʞʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʘʪʝʨʽʘʣʦʤ ʽ ʚʠʷʚʠʣʠ ʫ ʥʴʦʛʦ ʦʟʥʘʢʠ ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ. 

ʑʦʧʨʘʚʜʘ, ʥʘʜʧʨʦʚʽʜʥʽʩʪʴ LK-99 ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ -23 ÁC 

LK-99 ʦʪʨʠʤʫʶʪʴ ʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʘʪʦʤʠ ʤʽʜʽ ʧʨʦʥʠʢʘʶʪʴ ʚ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʟʘʤʽʥʶʶʪʴ ʘʪʦʤʠ ʩʚʠʥʮʶ, ʟʤʫʰʫʶʯʠ ʢʨʠʩʪʘʣ ʜʝʬʦʨʤʫʚʘʪʠʩʷ 

ʽ ʩʪʠʩʢʘʪʠʩʷ ʥʘ 0,5%. ʎʷ ʫʥʽʢʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʪʝʨʽʘʣʫ ʡʦʛʦ ʜʠʚʦʚʠʞʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʽ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ 

ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ, ʱʦ ʜʦʜʘʻ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ LK-99. 

ʗʢʱʦ ʧʽʜʪʚʝʨʜʷʪʴʩʷ ʥʘʜʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ LK-99, ʚʽʥ ʤʦʞʝ ʟʥʘʡʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʪʘ 

ʝʥʝʨʛʝʪʠʢʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʙʝʣʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʝʨʝʜʘʚʘʪʠ ʝʣʝʢʪʨʠʢʫ ʙʝʟ ʚʪʨʘʪ. ʎʝ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʧʨʦʨʠʚʽʚ ʫ ʮʠʭ ʛʘʣʫʟʷʭ ʪʘ ʩʧʨʠʷʪʠ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʩʪʽʡʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʠʪʘʥʥʷ ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ LK-99 ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ, ʽ ʧʨʦʚʦʜʷʪʴʩʷ 

ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, LK-99 ʻ ʫʥʽʢʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ 
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ʧʦʪʝʥʮʽʡʥʦ ʨʝʚʦʣʶʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʾʭ 

ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ ʪʘ ʧʨʦʨʠʚʽʚ ʫ ʥʘʫʮʽ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ. ʄʘʡʙʫʪʥʻ ʜʦʩʣʽʜʞʝʥʥʷ LK-99 ʽ ʚʧʣʠʚ ʥʘ ʥʘʫʢʫ ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʟʘʣʠʰʘʻʪʴʩʷ 

ʟʘʭʦʧʣʶʶʯʠʤ ʪʘ ʦʙʽʮʷʶʯʠʤ. 
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TRANSLATION PECULIAR ITIES IN THE FIELD O F NANOTECHNOLOGY  

ɸʥʦʪʘʮʽʷ: ʊʝʢʩʪ ʽʥʥʦʚʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʜʠʩʢʫʨʩʫ ʧʨʝʜʩʪʘʚʣʷʻ ʦʩʦʙʣʠʚʫ ʩʢʣʘʜ-

ʥʽʩʪʴ ʜʣʷ ʧʝʨʝʢʣʘʜʘʯʘ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʩʧʝʮʠʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ 

ʩʢʣʘʜʥʦʱʽ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʢʣʘʜʫ. ʃʽʥʛʚʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ ʽʥʥʦʚʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʜʠʩʢʫʨʩʫ ʚʢʣʶʯʘʶʪʴ ʚʠʩʦʢʫ ʚʠʙʽʨʢʦʚʽʩʪʴ ʤʦʚʥʠʭ ʟʘʩʦʙʽʚ, ʪʦʯʥʽʩʪʴ ʬʦʨʤʫʣʶʚʘʥʴ, 

ʣʦʛʽʯʥʽʩʪʴ, ʯʽʪʢʽʩʪʴ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʣʘʜʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʢʦʨʦ-

ʯʝʥʴ, ʪʝʨʤʽʥʽʚ, ʘʙʩʪʨʘʢʪʥʠʭ ʧʦʥʷʪʴ, ʩʢʣʘʜʥʠʭ ʩʣʽʚ ʪʘ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ, ʩʪʘʥʜʘʨʪʠʟʦʚʘ-

ʥʠʭ ʢʣʽʰʝ ʪʘ ʚʠʨʘʟʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʥʦʚʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʡ ʜʠʩʢʫʨʩ, ʣʽʥʛʚʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ, ʦʧʠʩʦʚʠʡ ʧʝʨʝ-

ʢʣʘʜ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʪʝʢʩʪ, ʪʝʨʤʽʥ 

ɸnnotation: The text of innovation and technological discourse is of particular complexity 

for the translator, since it has specific characteristics that can cause difficulties in the transla-

tion process. Linguistic aspects of innovation and technological discourse include high 

selectivity of linguistic means, accuracy of formulations, logic, clarity and sequence of 

presentation, as well as the use of different types of abbreviations, terms, abstract concepts, 

complex words and phrases, standardized clich®s and expressions. 

Keywords: innovation and technical discourse, linguistic aspects, descriptive translation, 

scientific and technical text, term 

 

The main task facing the translator who is engaged in the translation of any texts in 

the field of innovative technologies is in the language of translation of the term-equivalent. 

The terminological equivalent is a lexical unit of translation language that maximally corre-

sponds to the norms of the original language, which describes the same special concept and 

performs the same function regardless of context [3]. 

It should also be noted that translation is one of the sources of replenishment of the 

terminological formation of any science. Such methods as transcription, transliteration, loan-

translation, are also ways of borrowing foreign language vocabulary [1]. The presence of a 

large number of synonymous terms and professionalism of the sphere of nanotechnology in 

the Ukrainian language is due, in particular, to the use of several ways of translating the 

same term spontaneously, without prior agreement, unification of ways of translation and 

terminology in general.  

The translation of terminological vocabulary from English into Ukrainian provides 

for the replacement of the English term for the corresponding language term in the Ukraini-

an language. Among the main ways of translating foreign language are: 

- word-for-word translation, which provides not so much translation as the transmis-

sion of a foreign language unit, including transliteration, transcription, loan-translation, as 

well as the formation of semantic neologism; 

- functional translation that includes the selection of equivalent or functional ana-

logue; 

-  explication (or descriptive translation); 

mailto:irinasuima2017@gmail.com
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- lexical and lexical-grammatical transformations, including concretization or gener-

alization; 

- contextual translation; 

- antonymic translation, compensation, etc. [2]. 

One of the common methods of translation of terminology is transcription and trans-

literation, which is the reproduction of the form of a foreign lexical unit by means of the 

Ukrainian language. It is advisable to combine both methods, because in modern translation 

practice it is customary to transcribe a foreign language unit, while maintaining some ele-

ments of transliteration. It can be stated that transliteration and transcription are most com-

monly used to translate eponymic terms (terms that have their own names), for example: 

Vidia wedge channel ï ʢʣʠʥʫʚʘʪʠʡ ʢʘʥʘʣ ɺʽʜʽʷ, Vesalius oval hole ï ʦʚʘʣʴʥʠʡ ʦʪʚʽʨ 

ɺʝʟʘʣʽʷ, Casimir effect ï ʝʬʝʢʪ ʂʘʟʠʤʠʨʘ, Rayleigh scattering ï ʈʝʣʝʾʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ. 

Non-eponymic English language terms of nanotechnology, translated by transcrip-

tion and transliteration, are less common, for example: foglet ï ʬʦʛʣʝʪ, fullerene ï ʬʫʣʝʨʝ-

ʥʠ, ion ï ʽʦʥ, computronium ï ʢʦʤʧʫʪʨʦʥʽʡ, replicator ï ʨʝʧʣʽʢʘʪʦʨ; spintronics ï 

ʩʧʽʥʪʨʦʥʽʢʘ, acceptor ï ʘʢʮʝʧʪʦʨ, vasculoid ï ʚʘʩʢʫʣʦʾʜ. 

Another way of translating nanotechnological terminology is loan-translation, which 

is a reproduction of the composition of a foreign term by means of translation language, as 

well as a partial translation of terminological phrases: nanocatalysis ï ʥʘʥʦʢʘʪʘʣʽʟ, bioetha-

nol ï bioethanol, bionanobattery ï ʙʽʦʥʘʥʦʙʘʪʘʨʝʷ, nanoacceptor ï ʥʘʥʦ-ʘʢʮʝʧʪʦʨ, 

nanoagent ï ʥʘʥʦʘʛʝʥʪ, nanoreplicator ï ʥʘʥʦʨʝʧʣʽʢʘʪʦʨ, semiconductor ï 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, bilayer ï ʙʽʰʘʨ, antibody ï ʘʥʪʠʪʽʣʦ.  

In addition, the method of loan-translation is used for translation of terminological 

units formed in a syntactic way, for example: ballistic nanodevice ï ʙʘʣʽʩʪʠʯʥʠʡ ʥʘʥʦ-

ʫʩʪʨʽʡ, bioelectronic device ï ʙʽʦʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, biomolecular nanodevice ï ʙʦ̔-

ʤʦʣʝʢʫʣʷʨʥʠʡ ʥʘʥʦʫʩʪʨʽʡ, molecular device ï ʤʦʣʝʢʫʣʷʨʥʠʡ ʧʨʠʣʘʜ.  
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ɿʄɯʎʅɽʅʅʗ ʇʆɺɽʈʍʅɽɺʆɻʆ ʐɸʈʋ ɺʀʉʆʂʆʍʈʆʄʀʉʊʀʍ 

ʄɸʈʊɽʅʉʀʊʅʆ-ʌɽʈʀʊʅʀʍ ʉʊɸʃɽʁ ɺ ʇɸʉʊʆʇʆɹɯɼʅʆʄʋ 

ʂɸʈɹʖʈʀɿɸʊʆʈɯ 

ɸʥʥʦʪʘʮʽʷ: ʍʨʦʤʠʩʪʽ ʤʘʨʪʝʥʩʠʪʥʦ-ʬʝʨʠʪʥʽ ʩʪʘʣʽ, ʷʢʽ ʤʽʩʪʷʪʴ 20-30 % ʤʘʨʪʝʥ-

ʩʠʪʫ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʚ ʧʣʘʩʪʠʯʥʽʡ ʬʝʨʠʪʥʽʡ ʤʘʪʨʠʮʽ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʨʦʤʫ ʙʽʣʴʰʝ 16 % ʪʘ ʚʫʛʣʝʮʶ ʙʣʠʟʴʢʦ 0,06 % ʩʪʘʣʴ ʟʘʟʥʘʻ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʙʽʛʫ ŬŸɔ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʘʫʩʪʝʥʽʪʥʦʾ ʬʘʟʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 875Áʉ ʚ 

ʪʘʢʠʭ ʩʪʘʣʷʭ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ  ʜʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʚʫʛʣʝʮʝʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽ-

ʣʴʰʫʚʘʪʠ ʜʦʣʶ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʢʣʘʜʦʚʦʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʚʠʙʨʘʥʠʭ ʤʝʪʦʜʽʚ 

ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜ-

ʥʦʾ ʩʪʘʣʽ 06ʍ18ʯ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟ ʤʘʨʪʝʥʩʠʪʥʠʤʠ ʩʪʘʣʷʤʠ 20ʍ13, 

95ʍ18. ʎʝʤʝʥʪʘʮʽʶ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʚʝʨʜʦʛʦ ʪʘ ʧʘʩ-

ʪʦʧʦʜʽʙʥʦʛʦ ʢʘʨʙʶʨʠʟʘʪʦʨʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ 

ʛʣʠʙʠʥʦʶ ʚ ʧʨʦʮʝʩʽ ʮʝʤʝʥʪʘʮʽʾ ʚ ʧʘʩʪʦʧʦʜʽʙʥʦʤʫ ʢʘʨʙʶʨʠʟʘʪʦʨʽ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʦʙʨʘʥʦʛʦ ʨʝʞʠʤʫ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ ʜʦʩʣʽʜʥʠʭ 

ʩʪʘʣʝʡ. ɼʚʦʬʘʟʥʽ ʤʘʨʪʝʥʩʠʪʥʦ-ʬʝʨʠʪʥʽ ʩʪʘʣʽ (dual-phase martensitic-ferritic steels) ï 

ʥʦʚʠʡ ʢʣʘʩ ʚʠʩʦʢʦʤʽʮʥʠʭ ʝʢʦʥʦʤʥʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʷʢʠʭ, ʩʢʣʘʜʘʻʪʴ-

ʩʷ ʟ 5-20 % ʤʘʨʪʝʥʩʠʪʫ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʚ ʧʣʘʩʪʠʯʥʽʡ ʬʝʨʠʪʥʽʡ ʤʘʪʨʠʮʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʝʬʦʨʤʘʮʽʡʥʽ ʦʧʝʨʘʮʽʾ ʚ ʭʦʣʦʜʥʦʤʫ ʩʪʘʥʽ [1, 2]. ʋ ʧʨʦʮʝʩʽ 

ʜʝʬʦʨʤʘʮʽʾ ʥʘʧʨʫʞʝʥʥʷ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʫ ʬʝʨʠʪʥʽʡ ʬʘʟʽ, ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʠʤ ʚʽʜʥʦʩʥʠʤ ʚʠʜʦʚ-

ʞʝʥʥʷʤ [3]. ʋ ʩʚʦʶ ʯʝʨʛʫ ʤʘʨʪʝʥʩʠʪʥʘ ʩʢʣʘʜʦʚʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʤʽʮʥʽʩʪʴ. ʅʝʦʙ-

ʭʽʜʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤ ʣʝʛʫʚʘʥ-

ʥʷʤ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʪʝʨʤʽʯʥʠʤ ʦʙʨʦʙʣʝʥʥʷʤ [4]. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʭʨʦʤʠʩʪʽ ʩʪʘʣʽ, ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ, ʘʫʩʪʝʥʽʪ, ʤʘʨʪʝʥʩʠʪ, 

ʪʚʝʨʜʽʩʪʴ, ʮʝʤʝʥʪʘʮʽʷ, ʢʘʨʙʽʜʠ ʭʨʦʤʫ. 

Keywords: chromium steels, chemical-thermal treatment, austenite, martensite, hardness, 

cementation, chromium carbides. 

 

ʊʦʚʱʠʥʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʍʊʆ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 250 ʤʢʤ. 

ʊʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʮʝʤʝʥʪʘʮʽʾ ʫ ʪʚʝʨʜʦʤʫ ʢʘʨʙʶʨʠʟʘʪʦʨʽ ʧʽʜʚʠʱʫʚʘʣʘʩʴ ʜʦ 51 

HRC, ʘ ʧʽʩʣʷ ʮʝʤʝʥʪʘʮʽʾ ʚ ʧʘʩʪʦʧʦʜʽʙʥʦʤʫ ï 58 HRC ʚʽʜʧʦʚʽʜʥʦ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʚʝ-

ʨʭʥʝʚʦʛʦ ʰʘʨʫ ʥʘ ʛʣʠʙʠʥʽ 30-40 ʤʢʤ ʧʽʩʣʷ ʮʝʤʝʥʪʘʮʽʾ ʫ ʪʚʝʨʜʦʤʫ ʢʘʨʙʶʨʠʟʘʪʦʨʽ ʩʪʘ-

ʥʦʚʠʣʘ 405 HV ʟ ʧʦʜʘʣʴʰʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦ 500 HV ʥʘ ʛʣʠʙʠʥʽ 100-200 ʤʢʤ. ɿʥʠ-

ʞʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʪʘʣʽ 06ʍ18ʯ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʯʘʩʪ-

ʢʦʚʦʛʦ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʪʘ ʦʢʠʩʥʝʥʥʷ. ʇʽʩʣʷ ʮʝʤʝʥʪʘʮʽʾ ʚ ʧʘʩʪʘʭ ʪʚʝʨʜʽʩʪʴ ʥʘ ʛʣʠʙʠʥʽ 

30-40 ʤʢʤ ʩʪʘʥʦʚʠʣʘ 718 HV. ʇʘʩʪʦʧʦʜʽʙʥʠʡ ʢʘʨʙʶʨʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʩʘʞʠʩʪʦʛʦ ʚʫʛ-

ʣʝʮʶ ʧʨʦʷʚʣʷʻ ʩʫʪʪʻʚʦ ʙʽʣʴʰʫ ʜʠʬʫʟʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʽʞ ʪʚʝʨʜʠʡ ʢʘʨʙʶʨʠʟʘʪʦʨ, ʪʦʤʫ 

ʧʨʦʮʝʩ ʮʝʤʝʥʪʘʮʽʾ ʚ ʧʘʩʪʘʭ ʥʘ ʦʩʥʦʚʽ ʩʘʞʽ ʧʨʠ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜ-

ʰʝ. ʆʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ ʚ ʛʣʠʙʠʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʪʘʣʽ 06ʍ18ʯ 



383 

ʤʽʞʛʨʘʥʠʯʥʠʡ. ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ ʧʨʠ  ʮʝʤʝʥʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʦʣʽ ʘʫʩʪʝʥʽʪʥʦʾ ʬʘʟʠ, ʱʦ ʟʦʩʝʨʝʜʞʝʥʘ ʩʘʤʝ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ 

ʬʝʨʠʪʫ. ʉʪʨʫʢʪʫʨʘ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʧʽʩʣʷ ʍʊʆ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ  ʟʝʨʝʥ ʭʨʦʤʠʩʪʦʛʦ ʬʝʨʠ-

ʪʫ, ʘʫʩʪʝʥʽʪʫ ʽ ʢʘʨʙʽʜʽʚ ʪʠʧʫ (Fe, Cr)7C3 ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ. ʅʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ ʩʧʦʩʪʝ-

ʨʽʛʘʣʠ ʱʘʚʣʝʥʫ ʩʢʣʘʜʦʚʫ, ʘ ʧʦʨʷʜ ʟ ʬʝʨʠʪʦʤ ʨʦʟʪʘʰʦʚʘʥʫ ʤʘʨʪʝʥʩʠʪʥʫ ʩʢʣʘʜʦʚʫ, ʧʨʦ 

ʱʦ ʩʚʽʜʯʠʪʴ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. ɼʦ ʪʦʛʦ ʞ, ʷʢʱʦ ʘʢʪʠʚʥʽʩʪʴ 

ʢʘʨʙʽʜʦʫʪʚʦʨʝʥʥʷ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʻ ʚʠʩʦʢʦʶ, ʘ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʧʨʦʪʠʜʽʾ ʤʽʛʨʘʮʽʾ ʛʨʘʥʠʮʴ ʟʝʨʝʥ, ʪʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʘ ʚ ʩʝʨʝ-

ʜʠʥʽ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʢʨʫʧʥʝʥʥʷ ʟʝʨʝʥ, ʷʢʝ ʦʙʫʤʚʦʣʝʥʝ ʘʢʪʠʚʥʽʩʪʶ ʤʽʛʨʘʮʽʾ 

ʛʨʘʥʠʮʴ ʟʝʨʝʥ ʬʝʨʠʪʫ. ɺʠʜʽʣʝʥʥʷ ʢʘʨʙʽʜʽʚ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʬʝʨʠʪʫ ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ 

ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʜʥʝʥʥʷ ʛʨʘʥʠʮʴ ʭʨʦʤʦʤ, ʱʦ ʦʙʫʤʦʚʠʣʦ ʯʘʩʪʢʦʚʝ ŬŸɔ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 

ʨʦʟʧʘʜ ʘʫʩʪʝʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʤʘʨʪʝʥʩʠʪ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. 
ʇʽʩʣʷ ʮʝʤʝʥʪʘʮʽʾ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʚʘʣʠʩʴ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʣʫʞʙʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʭʨʦʤʠʩʪʠʭ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ, ʥʘʩʘʤ-

ʧʝʨʝʜ ʪʚʝʨʜʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ɼʦ ʪʦʛʦ ʞ ʮʝʤʝʥʪʘʮʽʷ ʥʝ ʧʦʛʽʨʰʫʻ ʾʭʥʴʦʛʦ ʦʧʦʨʫ 

ʢʦʨʦʟʽʾ ʚ ʤʦʨʩʴʢʽʡ ʚʦʜʽ, ʛʘʩʽ, ʩʣʘʙʢʠʭ ʢʠʩʣʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʆʜʥʘʢ, ʮʝʤʝʥʪʘʮʽʷ ʚʠʩʦʢʦ-

ʭʨʦʤʠʩʪʠʭ ʚʠʩʦʢʦʧʣʘʩʪʠʯʥʠʭ ʩʪʘʣʝʡ ʧʦʢʠ ʱʦ ʥʝ ʟʥʘʡʰʣʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʽʟ ʥʝʝʬʝʢʪʠʚʥʽʩʪʶ ʢʣʘʩʠʯʥʠʭ ʨʝʞʠʤʽʚ ʍʊʆ ʪʘ ʢʘʨʙʶʨʠʟʘʪʦʨʽʚ ʜʣʷ ʾʭʥʴʦʛʦ 

ʥʘʚʫʛʣʝʮʶʚʘʥʥʷ. ʂʽʥʝʪʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʜʚʦʬʘʟʥʠʭ ʚʠʩʦʢʦʭʨʦʤʠʩ-

ʪʠʭ ʩʪʘʣʷʭ ʪʘ ʚʧʣʠʚ ʚʫʛʣʝʮʶ ʽ ʭʨʦʤʫ ʥʘ ʮʝʡ ʧʨʦʮʝʩ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʛʦ ʚʜʦʩʢʦʥʘʣʣʝʥ-

ʥʷ ʽʩʥʫʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʘʧʨʦʙʘʮʽʾ. ʊʦʤʫ, ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʝʩʠʚʥʠʭ ʨʝʞʠ-

ʤʽʚ ʮʝʤʝʥʪʘʮʽʾ ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʭ ʩʪʘʣʝʡ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʨʽʰʝʥʥʷ 

ʷʢʦʛʦ ʜʦʟʚʦʣʠʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʟʝʨʚʠ ʜʘʥʠʭ ʩʪʘʣʝʡ ʪʘ ʨʦʟʰʠʨʠʪʠ ʩʬʝ-

ʨʫ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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  ʌɯɿʀʏʅɽ ʆʉɸɼɾɽʅʅʗ ɼʃʗ ɺʀʈʆɹʅʀʎʊɺɸ ʅɸʅʆʇʆʈʆʐʂʆɺʀʍ 

ʄɸʊɽʈɯɸʃɯɺ 

ɸʥʦʪʘʮʽʷ. ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʧʦʨʦʰʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʪʝʭʥʦʣʦʛʽʾ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʚʠʩʦʢʦ ʽʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʽ ʥʘʩʪʫʧʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ ʻ 

ʜʦʩʠʪʴ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ. ʎʝ ʣʝʛʢʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʟʘ 

ʯʠʩʪʦʪʦʶ  ʥʘʥʦʧʦʨʦʰʢʫ. ʎʝ ʻ ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʤʝʨ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ 

ʘʪʤʦʩʬʝʨʦʶ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʣʽʡ, ʘʨʛʦʥ, ʤʘʨʛʘʥʝʮʴ, ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʽ ʧʦʨʦʰʢʠ, 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

ɸnnotation. Methods for obtaining nanopowders are widely used. This is due to the 

fact that technologies for evaporating substances using various highly intensive sources of 

energy and subsequent deposition from the vapor phase are quite developed. They are easily 

controlled and ensure high purity requirements for nanopowder. This is especially true when 

using chambers with controlled atmosphere. 

Keywords: helium, argon, manganese, complex alloy powders, evaporation. 

 

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʘʢʫʫʤʥʽ ʢʘʤʝʨʠ ʘʙʦ 

ʢʘʤʝʨʠ, ʟʘʧʦʚʥʝʥʽ ʽʥʝʨʪʥʠʤʠ ʛʘʟʘʤʠ - ʛʝʣʽʻʤ, ʘʨʛʦʥʦʤ ʘʙʦ ʢʩʝʥʦʥʦʤ. ʇʨʠ 

ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʤʝʪʘʣʽʚ ʫ ʚʘʢʫʫʤʽ ʘʙʦ ʽʥʝʨʪʥʦʤʫ ʛʘʟʽ ʘʪʦʤʠ ʤʝʪʘʣʫ, ʷʢʠʡ ʧʝʨʝʡʰʦʚ ʫ 

ʛʘʟʦʚʫ ʬʘʟʫ, ʧʨʘʛʥʫʪʴ ʜʦ ʦʙô̒ ʜʥʘʥʥʷ ʚ ʯʘʩʪʠʥʢʠ ʧʦʨʷʜʢʫ ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ, ʷʢʽ 

ʧʦʪʽʤ ʦʩʘʜʞʫʶʪʴʩʷ ʥʘ ʦʭʦʣʦʜʞʫʚʘʥʫ ʧʽʜʣʦʞʢʫ. ɼʘʥʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʽ ʧʦʨʦʰʢʠ, ʧʨʠʯʦʤʫ ʩʧʣʘʚʠ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ ʤʦʞʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʷʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦ ʣʝʛʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ ʦʜʥʦʯʘʩʥʠʤ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʦʪʨʠʤʫʚʘʥʠʭ ʧʦʨʦʰʢʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʟʥʦʚʠʜʫ ʤʝʪʦʜʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 5 ʜʦ 100 

ʥʤ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʧʨʦʮʝʩʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʨʽʟʥʦʚʠʜʠ 

ʤʝʪʦʜʽʚ. 

ʊʝʨʤʽʯʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ɿʘ ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʷʪʴ ʥʘʛʨʽʚʘʥʥʷ ʨʝʯʦʚʠʥʠ, 

ʱʦ ʚʠʧʘʨʦʚʫʶʪʴʩʷ, ʫ ʪʠʛʣʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʥʘʛʨʽʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʥ̔ʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ: ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ, ʽʥʜʫʢʮʽʡʥʠʡ, 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʡ, ʝʣʝʢʪʨʦʜʫʛʦʚʠʡ, ʧʣʘʟʤʦʚʠʡ, ʣʘʟʝʨʥʠʡ.  

ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʚʠʙʫʭʦʤ. ɿʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʜʽʣʝʥʥʽ ʜʫʞʝ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʽʾ ʟʘ ʤʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʄʘʪʝʨʽʘʣ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʧʦʪʽʤ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʻʶ ʧʘʨ ʫ ʯʘʩʪʠʥʢʠ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ. 

ʆʜʥʘʢ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʥʝ ʚʩʪʠʛʘʻ ʚʠʧʘʨʫʚʘʪʠʩʷ, ʘ ʨʦʟʧʣʘʚʣʷʪ̒ɹʩʷ ̔ ʧʽʜʨʠʚʥʠʤ 

ʦʙʨʘʟʦʤ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʨʽʜʢʽ ʢʨʘʧʣʽ. ɼʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʧʠʣʝʥʥʶ, 

ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʥʷ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʠʭʽʜʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʛʘʟʽʚ. ɼʣʷ ʧʽʜʚʝʜʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʪʫʞʥʠʡ ʽʤʧʫʣʴʩ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
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ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʫ ʧʦʪʦʮʽ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ. ʇʨʠ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʤʝʪʘʣʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʦʪʦʮʽ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ, ʥʘʧʨʠʢʣʘʜ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. ɼʘʥʠʤ 

ʤʝʪʦʜʦʤ ʦʪʨʠʤʫʶʪʴ ʥʘʥʦʧʦʨʦʰʢʠ ʤʘʨʛʘʥʮʶ ʪʘ ʩʫʨʴʤʠ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. Sieber I., Hildebrand H., Friedrich A., Schmuki P. Formation of self-organized 

niobium porous oxide on niobium // Electrochemistry Communications. ï 2005. ï V. 7, ˉ 

1. ï pp. 97 ï 100. 

2. ʂʘʣʽʥʽʥʘ ʅ. ɭ. ʉʪʨʫʢʪʫʨʘ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ / ʅ. ɭ. ʂʘʣʽʥʽʥʘ, ɻ. ʄ. ʅʠʢʠʬʦʨʯʠʥ, ʆ. ɺ. ʂʘʣʽʥʽʥ ʪʘ ʽʥ.// ʃɹ ʚʽʚ: 

ʇʨʦʩʪʽʨ-ʄ.-2017.- 304ʩ. 

3. ɹʦʣʴʰʘʢʦʚ ɺ.ɯ. ʉʪʨʫʢʪʫʨʥʘ ʪʝʦʨʽʷ ʟʤʽʮʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʪʘ 

ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ / ɺ.ɯ. ɹʦʣʴʰʘʢʦʚ, ʃ.ɯ. ʊʫʰʠʥʩʴʢʠʡ ï ɼʥʽʧʨʦ: ɺʠʜ-ʚʦ ʉʚʠʜʣʝʨ, 2010. ï 

471 ʩ. 

 



386 

ʋɼʂ 621.762 

HTTP://DOI.ORG/10.62717/2221-4550-2024-1-185 

ʉ.A. ʈʠʩʝʥʢʦ, ʩʪʫʜʝʥʪ; ʉ.ɸ. ɹʦʞʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ  

E-mail: sleepingdog.sd@gmail.com 

 

ʌʈɸʂʊʆɻʈɸʌɯʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʄʂʍɸʅɯɿʄʋ ʈʋʁʅʋɺɸʅʅʗ 

ɸʋʉʊɽʅʆɰ ʉʊɸʃɯ 

ɸʥʦʪʘʮʽʷ. ɺʠʩʦʢʦ ʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ʻ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʽ ʦʙʦʨʦʥʥʽʡ ʛʘʣʫʟʷʭ, ʟʘʚʜʷʢʠ ʤʘʣʽʡ ʧʠʪʦʤʽʡ ʚʘʟʽ, ʩʪʘʙʽʣʴʥʽʡ 

ʘʫʩʪʝʥʽʪʥʽʡ ʩʪʨʫʢʪʫʨʽ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʟʜʘʪʥʦʩʪʽ ʟʤʽʮʥʶʚʘʪʠʩʷ 

ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ. ɸʣʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʪʘʣʝʡ ʦʙʤʝʞʝʥʝ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʨʠʯʠʥʠ ʦʢʨʠʭʢʫʚʘʥʥʷ ʩʪʘʣʽ ʽ ʚʠʟʥʘʯʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʠʨʦʙʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʥʦʚʦʾ ʪʝʭʥʽʢʠ. 

Annotation. High manganese steel is very promising for use in the aerospace and 

defense industries due to its low specific gravity, stable austenitic structure over a wide 

temperature range, and ability to harden under mechanical deformation. However, the 

widespread use of such steels is limited by the instability of their mechanical properties in 

the initial state. Therefore, the paper identifies the causes of steel embrittlement and 

determines the patterns of formation of a specific structure. The developed 

recommendations are aimed at improving the reliability of structures and products. The 

results can be effectively used in the production of new equipment. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ, ʘʫʩʪʝʥʽʪʥʘ ʩʪʘʣʴ, ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ, ʨʘʩʪʨʦʚʘ 

ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. 

keywords: impact strength, austenitic steel, heat treatment, scanning electron 

microscopy. 

ɺʩʪʫʧ. ʐʠʨʦʢʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʣʝʛʦʚʘʥʦʾ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ 9ɻ28ʖ9ʄɺɹ 

ʧʝʨʝʰʢʦʜʞʘʻ ʟʥʘʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ. 

ɿʥʘʯʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʛʘʨʷʯʝʢʘʪʘʥʠʭ ʧʨʫʪʢʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 5,5 ʄɼʞ/ʤ2 . 

ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʨʠʯʠʥʠ ʪʘʢʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʧʨʦʮʝʩʠ, ʷʢʽ ʽʥʽʮʽʶʶʪʴ ʾʾ 

ʚʠʥʠʢʥʝʥʥʷ ʽ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘʢʦʾ ʩʪʘʣʽ.  

ɸʫʩʪʝʥʽʪʥʘ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʘ ʩʪʘʣʴ 9ɻ28ʖ9ʄɺɹ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʪʦʤʫ ʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʦ ʧʝʨʝʩʠʯʝʥʠʤ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ. 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʚʠʱʫʻ 40 %. ʊʦʤʫ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ 

ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʫʬʘʙʨʠʢʘʪʽʚ ʮʽʻʾ ʩʪʘʣʽ, ʤʠ ʟʨʦʙʠʣʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚ 

ʧʨʦʮʝʩʽ ʟʘʛʦʪʽʚʣʽ ʩʪʘʣʽ ʚʦʥʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦ, 

ʱʦʙ ʚʽʜʙʫʚʩʷ ʨʦʟʧʘʜ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʜʨʫʛʦʾ ʬʘʟʠ[1], ʚ ʦʩʥʦʚʥʦʤʫ, ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ. ʇʦʚʝʨʭʥʷ ʟʣʘʤʽʚ 

ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʤʘʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʢʨʠʭʢʠʡ 

ʥʘʬʪʘʣʽʥʽʩʪʠʡ ʚʠʛʣʷʜ (ʨʠʩ.1). 

 

 

 



387 

 

ʘ   ʙ 

ʈʠʩʫʥʦʢ 1 ï ʂʨʠʭʢʠʡ ʟʣʘʤ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ. ʉʄ ʘ,ʙ ʭ 5 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ, ʘʙʦ ʨʘʩʪʨʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ (ʨʠʩ.2 ʘ,ʙ) ʽ ʩʫʙʟʝʨʝʥ (ʨʠʩ. 2 ʚ), ʦʩʣʘʙʣʝʥʠʭ ʚʠʜʽʣʝʥʥʷʤʠ ʜʨʫʛʦʾ 

ʬʘʟʠ (ʨʠʩ.3). 

ʘ   ʙ   ʚ 

ʈʠʩʫʥʦʢ 2 ʌʨʘʢʪʦʛʨʘʤʠ ʟʣʘʤʫ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ. ʈʘʩʪʨʦʚʠʡ ʤʽʢʨʦʩʢʦʧ, ʘ,ʙ - 

ʭ500, ʚ - ʭ 1200. 

ʘ   ʙ 

ʈʠʩʫʥʦʢ 3 ï ʃʦʢʘʣʴʥʽ ʚʠʜʽʣʝʥʥʷ ʯʘʩʪʦʢ ʜʨʫʛʦʾ ʬʘʟʠ. ʘ ï ʉʄ, ʭ1000, ʙ ï ʈɽʄ, 

ʭ1300. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʬʨʘʢʪʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʚʥʽʩʪʶ 

ʧʽʜʪʚʝʨʜʠʚ ʥʘʰʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʚ ʧʨʦʮʝʩʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʪʘ ʧʦʩʣʽʜʫʶʯʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʦʢʨʠʭʢʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʟʘʭʦʜʠ ʜʣʷ 

ʧʦʢʨʘʱʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʨʦʟʨʦʙʠʪʠ ʨʝʞʠʤʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ 

ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʩʪʘʣʽ [2]. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʧʦʩʠʣʘʥʥʷ 

 

1. ʆʣʝʢʩʽʻʥʢʦ ʄ.ʌ., ʂʨʠʚʦʥʦʛʦʚ ɻ.ʉ., ʂʦʟʠʨʻʚʘ ʃ.ɻ., ʪʘ ʽʥ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ, 

ʩʪʨʫʢʪʫʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʟ ʤʘʣʦʶ ʧʠʪʦʤʦʶ ʚʘʛʦʶ (9ɻ28ʖ9ʄɺɹ). - ʄʽʊʆʄ, 1972, 

ˉ3, ʩ. 3-4. 

2. ɸ.ʩ. 924124 (ʉʈʉʈ). ʉʧʦʩʽʙ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʝʡ/ʉ.ɯ. ʂʨʘʩʥʽʢʦʚʘ, ɸ.ɺ. 

ɼʨʦʙʦʪ, ʉ.ɸ. ɹʦʞʢʦ ʪʘ ʽʥ. - ʆʧʫʙʣ. ʫ ɹ.ɯ. 1982, ˉ16. 
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ɻ.ɺ. ɼʘʥʠʣʽʥʘ, ʢ.ʪ.ʥ., ʜʦʮ., ʟʘʩʪ. ʥʘʯʘʣʴʥʠʢʘ ʟ ʥʘʚʯ.-ʤʝʪʦʜ. ʨʦʙ.1, 

ʄ.ʆ. ʈʘʰʝʚʩʴʢʠʡ, ʢ. ʬ.-ʤ. ʥ., ʜʦʮ., ʚʠʢʣʘʜʘʯ ʤʘʪʝʤʘʪʠʢʠ1 

1ɺʉʇ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅɸʋè 

E-mail: danilina@ukr.net; rashevskyi@g-suit.kk.nau.edu.ua  

 

ʅɸɹʃʀɾɽʅɽ ʈʆɿɺôʗɿʋɺɸʅʅʗ ɿɸɼɸʏɯ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʂɽʈʋɺɸʅʅʗ 

ʅɽʉʊɸʎɯʆʅɸʈʅʀʄʀ ʉʀʉʊɽʄɸʄʀ 

ɺʠʚʯʝʥʥʷ ʨʷʜʫ ʧʨʦʙʣʝʤ ʨʫʭʫ ʦʙôʻʢʪʽʚ ʫ ʩʫʮʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʘʧʨʠʢʣʘʜ, 

ʜʠʥʘʤʽʢʠ ʧʦʣʴʦʪʫ ʣʽʪʘʢʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʪʝʛʨʫʚʘʪʠ ʩʠʩʪʝʤʫ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʘʙʦ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ [1]. ʆʧʠʩ ʨʫʭʫ ʪʽʣ ʫ 

ʩʫʮʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʦʙôʻʢʪʘ ʧʨʠ 

ʤʘʣʠʭ ʡʦʛʦ ʝʚʦʣʶʮʽʷʭ ʽ ʜʝʬʦʨʤʘʮʽʾ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʽʥʪʝʛʨʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʛʣʷʜʫ 

uhdssxKxa
dt

dx
),(),(),,(),(),(

),(

0

et+eest+etet=
et

ñ
t

;          (1) 

ñ
¤-

¡e¡et¡¡-=

t

tdtxttGu );();;( . Lst ¢t¢s¢e=se=t 0,, . 

ʊʫʪ x(t, e) ï ʬʫʥʢʮʽʷ, ʱʦ ʦʧʠʩʫʻ ʚʽʜʭʠʣʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ; u(t, e) ï

 ʢʝʨʫʶʯʘ ʬʫʥʢʮʽʷ; G(t, s, e) ï ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʥʘʣʝʞʠʪʴ ʜʦ ʟʘʜʘʯ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʟʘ ʫʤʦʚʠ ʧʦʚʽʣʴʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʽ ʣʘʥʢʠ ʢʝʨʫʚʘʥʥʷ. 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʟʛʘʜʘʥʽ ʬʫʥʢʮʽʾ ʟʦʙʨʘʞʫʶʪʴʩʷ ʟʙʽʞʥʠʤʠ ʩʪʝʧʝʥʝʚʠʤʠ ʨʷʜʘʤʠ 

ʚʠʛʣʷʜʫ 
ä
¤

=

te=et
0

)(),(
i

i

iaa
ʟʘ ʩʪʝʧʝʥʷʤʠ ʜʽʡʩʥʦʛʦ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ e > 0. 

ʈʽʚʥʷʥʥʷ (1) ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʟ ʜʚʦʤʘ 

ʽʥʝʨʮʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʧʝʨʰʠʡ ʽʟ ʷʢʠʭ ʤʘʻ ʥʝʧʝʨʝʨʚʥʠʡ ʩʧʝʢʪʨ ʨʝʣʘʢʩʘʮʽʾ ʟʘ ʯʘʩʦʤ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʚʧʣʠʚʫ K(t, s, e), ʘ ʜʨʫʛʠʡ ï ʟʘʛʘʶʚʘʥʥʷ ʟʘ ʯʘʩʦʤ t ï t ¡. 

ʋ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʨʦ ʥʘʙʣʠʞʝʥʝ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (1) ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʛʨʘʥʠʯʥʝ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ [2] ʤʘʻ ʨʦʟʚôʷʟʢʠ ʫ ʢʣʘʩʽ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʬʫʥʢʮʽʡ. ʄʝʪʦʜʦʤ ʧʨʠʤʝʞʦʚʠʭ ʬʫʥʢʮʽʡ ʦʪʨʠʤʘʥʦ ʘʩʠʤʧʪʦʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʚôʷʟʢʫ ʪʘ ʜʘʥʦ ʘʩʠʤʧʪʦʪʠʯʥʫ ʦʮʽʥʢʫ ʧʦʭʠʙʢʠ ʚʠʛʣʷʜʫ 
)(),(),( kp

k Cxx e¢et-et . 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ʃʝʡʬʫʨʘ ɺ.ʄ., ɹʘʪʭʽʥ ʆ.ɹ. ʇʨʦ ʘʩʠʤʧʪʦʪʠʯʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʽʥʪʝʛʨʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ɸʩʠʤʧʪʦʪʠʯʥʽ ʤʝʪʦʜʠ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ: ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ . ʂ.: ɺʠʱʘ ʰʢ., 

1993. 180 ʩ. ʉ.  87-92. 

2. ɼʘʥʠʣʽʥʘ ɻ.ɺ., ʈʘʰʝʚʩʴʢʠʡ ʄ.ʆ. ɸʩʠʤʧʪʦʪʠʯʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʣʽʥʽʡʥʠʭ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʄʘʪʝʨʽʘʣʠ ɼʝʚôʷʪʥʘʜʮʷʪʦʾ ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ ʄʠʭʘʡʣʘ ʂʨʘʚʯʫʢʘ, 11ï12 ʞʦʚʪʥʷ 2023 ʨʦʢʫ, 

mailto:danilina@ukr.net
mailto:rashevskyi@g-suit.kk.nau.edu.ua
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ʂʠʾʚ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʉ. 28. URL: https://matan.kpi.ua/media/2023/kravchuk-

conf-2023/kravchuk2023-abstracts.pdf. 
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ɼ.ɸ. ʄʘʪʶʰʢʽʥ, ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ1 ɼ.ʄ. ɼʚʦʨʝʮʴʢʠʡ, 

ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ 1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: dvoreckiy@g-suit.kk.nau.edu.ua 
 

ɺʀʍʈʆɺɸ ʊɽʆʈɯʗ ɺ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃʗʍ ɼʆʉʃɯɼɾɽʅʅʗ 

ɸɽʈʆɼʀʅɸʄɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉʋʏɸʉʅʀʍ ʊɸ ʇɽʈʉʇɽʂʊʀɺʅʀʍ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʢʦʤʧʦʥʦʚʦʢ ʩʫʯʘʩʥʠʭ ʣʽʪʘʢʽʚ 

ʦʙʫʤʦʚʣʝʥʽ ʧʨʘʛʥʝʥʥʷʤ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ ʢʨʘʱʽ  ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʣʽʪʘʢʘ ʪʘ ʪʠʭ ʨʝʞʠʤʽʚ, ʥʘ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʫʪʨʫʜʥʝʥʝ ʽ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʪʨʫʜʦʚʠʪʨʘʪ, ʦʩʦʙʣʠʚʦ ʥʘ ʝʪʘʧʽ ʚʠʙʦʨʫ 

ʢʦʤʧʦʥʫʚʘʥʥʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʉʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʬʽʟʠʯʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʽ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʪʘʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤ, ʦʩʥʦʚʦʶ ʷʢʠʭ 

ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʨʽʚ. 

ɸʥʘʣʽʪʠʯʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʙʪʽʢʘʥʥʷ ʢʨʠʣʘ ʢʽʥʮʝʚʦʛʦ ʨʦʟʤʘʭʫ ʧʦʚʽʪʨʷʥʠʤ 

ʧʦʪʦʢʦʤ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʥʝʚʽʜʦʤʠʭ ʮʠʨʢʫʣʷʮʽʡ ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʨʽʚ, ʘ ʧʦʪʽʤ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʟʘ ʥʠʤʠ ï ʨʦʟʧʦʜʽʣʝʥʠʭ ʽ 

ʩʫʤʘʨʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʽʜʭʦʜʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʨʽʚ, ʜʦʟʚʦʣʷʶʪʴ ʪʘʢʦʞ ʚʠʚʯʘʪʠ ʥʝ ʪʽʣʴʢʠ ʟʤʽʥʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʽʜʨʠʚʥʦʤʫ ʦʙʪʽʢʘʥʥʽ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʘʣʝ ʽ ʧʨʦʮʝʩʠ ʟʛʦʨʪʘʥʥʷ 

ʚʠʭʨʦʚʦʾ ʧʝʣʝʥʠ, ʾʾ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʫʧʫʪʥʴʦʛʦ ʩʣʽʜʫ. 

ɯʩʥʫʶʯʘ ʩʠʩʪʝʤʘ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʟʘʚʜʘʥʴ ʘʝʨʦʜʠʥʘʤʽʢʠ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʨʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʠʭ ʢʨʠʣ ʪʘ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ɸʥʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʡʦʤʫ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʣʽʥʽʡʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʮʝ ʣʠʰʝ ʯʘʩʪʠʥʘ ʚʝʣʠʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʯʘʩʥʠʭ 

ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʨʽʟʥʦʛʦ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʘ 

ʧʨʠʟʥʘʯʝʥʥʷ.  

ʈʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʘʚʽʘʢʦʤʧʘʥʽʡ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʦʢʨʘʱʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʙʝʟʧʝʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ.  

ʈʝʘʣʽʟʘʮʽʷ ʜʝʷʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʨʦʝʢʪʽʚ ʥʦʚʠʭ ʣʽʪʘʢʽʚ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚ 

2030-2035 ʨʦʢʘʭ. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʦʩʦʙʣʠʚʦ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʘ ʨʦʟʨʦʙʢʠ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 
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ʩʢʦʨʦʪʠʪʠ ʪʨʫʜʦʚʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ɯ.ʉ. ʂʦʚʘʣʴʯʫʢ, ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ1, ʅ.ɺ. ʉʤʠʨʥʦʚʘ, ʢʘʥʜʠʜʘʪ 

ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1  
1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: nani_smyrnova@ukr.net 
 

ʄɸʈʂɽʊʀʅɻʆɺɯ ʂʆʄʋʅɯʂɸʎɯɰ: ʇʉʀʍʆʃʆɻɯʏʅʀʁ ɸʉʇɽʂʊ 

ʇʈʀɺɽʈʅɽʅʅʗ ʋɺɸɻʀ ʉʇʆɾʀɺɸʏɸ 

ʄʘʨʢʝʪʠʥʛʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ ʻ ʯʝʪʚʝʨʪʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʤʧʣʝʢʩʫ ʤʘʨʢʝʪʠʥʛʫ ʙʫʜʴ-

ʷʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʣʝ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʥʽʞ ʪʨʠ ʧʦʧʝʨʝʜʥʽ (ʪʦʚʘʨʥʘ, ʮʽʥʦʚʘ ʽ 

ʟʙʫʪʦʚʘ ʧʦʣʽʪʠʢʘ). ɿʘʚʜʘʥʥʷʤ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʻ ʥʘʣʘʛʦʜʞʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʽʟ 

ʩʧʦʞʠʚʘʯʘʤʠ ʟ ʤʝʪʦʶ ʧʨʠʜʙʘʥʥʷ ʥʠʤʠ ʧʨʦʜʫʢʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʪʦʚʘʨʽʚ, ʨʦʙʽʪ, 

ʧʦʩʣʫʛ). 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʻ ʨʝʢʣʘʤʘ ʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʾʾ ʚʠʜʘʭ: ʚʽʜ ʪʝʣʝʨʝʢʣʘʤʠ, ʱʦ ʥʝ ʤʘʻ ʢʦʥʢʨʝʪʥʦʾ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ, ʜʦ 

ʧʨʷʤʦʾ ʧʦʰʪʦʚʦʾ ʨʝʢʣʘʤʠ ʽ ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛʫ. ɺʩʽ ʚʦʥʠ ʤʘʶʪʴ ʷʢ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ 

ʥʝʜʦʣʽʢʠ, ʘʣʝ ʧʦʧʨʠ ʮʝ ʾʤ ʚʣʘʩʪʠʚʘ ʨʽʟʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ 

ʚʧʣʠʚʫ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʽ ʧʦʚʝʜʽʥʢʫ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. 

ʊʘʢ, ʪʝʣʝʚʽʟʽʡʥʘ ʨʝʢʣʘʤʘ ʥʝ ʤʘʻ ʢʦʥʢʨʝʪʥʦʾ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ ʽ, ʧʝʨʝʚʘʞʥʦ, 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʰʠʨʦʢʠʡ ʟʘʛʘʣ ʩʧʦʞʠʚʘʯʽʚ ʽ ʧʨʝʟʝʥʪʫʻ, ʧʝʨʝʚʘʞʥʦ, ʪʦʚʘʨʠ ʰʠʨʦʢʦʛʦ 

ʚʞʠʪʢʫ (ʣʽʢʠ, ʧʨʘʣʴʥʽ ʟʘʩʦʙʠ, ʧʦʩʣʫʛʠ ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʭʘʨʯʽ). 

ʅʘʪʦʤʽʩʪʴ, ʧʨʷʤʘ ʧʦʰʪʦʚʘ ʨʝʢʣʘʤʘ, ʷʢ-ʪʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ e-mail ʱʦʜʦ ʥʦʚʠʭ 

ʚʠʜʽʚ ʧʨʦʜʫʢʪʽʚ (ʪʦʚʘʨʽʚ, ʨʦʙʽʪ, ʧʦʩʣʫʛ) ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʻ ʜʦʚʦʣʽ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʧʦʟʙʘʚʣʷʻ ʩʧʦʞʠʚʘʯʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠ ʩʘʤʦʩʪʽʡʥʠʡ ʧʦʰʫʢ 

ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʘʣʝ ʧʨʦʧʦʟʠʮʽʷ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʘʩʦʨʪʠʤʝʥʪʦʤ ʧʝʚʥʦʛʦ 

ʚʠʨʦʙʥʠʢʘ. 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʝʢʣʘʤʘ ʫ ʚʠʛʣʷʜʽ ʢʦʥʪʝʥʪ-

ʤʘʨʢʝʪʠʥʛʫ ï ʥʘʜʩʠʣʘʥʥʷ ʥʘ IP-ʘʜʨʝʩʫ, ʟ ʷʢʦʾ ʥʘʜʭʦʜʠʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʧʦʰʫʢʦʚʠʡ 

ʟʘʧʠʪ, ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʧʨʦʜʫʢʪʫ (ʪʦʚʘʨʽʚ, ʨʦʙʽʪ, ʧʦʩʣʫʛ), ʱʦ ʤʦʞʝ ʟʘʮʽʢʘʚʠʪʠ 

ʩʧʦʞʠʚʘʯʘ. ɼʘʥʠʡ ʚʠʜ ʨʝʢʣʘʤʠ ʻ ʜʦʚʦʣʽ ʩʫʯʘʩʥʠʤ ʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ-ʚʠʨʦʙʥʠʢʠ ʟʘʤʦʚʣʷʶʪʴ ʫ ʨʝʢʣʘʤʥʠʭ ʘʛʝʥʮʽʡ ʚʽʜʧʦʚʽʜʥʽ ʧʦʩʣʫʛʠ ʱʦʜʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʟʘ IP-ʘʜʨʝʩʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜʥʦʩʥʦ ʨʘʥʽʰʝ ʥʘʙʨʘʥʠʭ 

ʧʦʰʫʢʦʚʠʭ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʘʢʠʡ ʚʠʜ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʩʧʦʞʠʚʘʯʫ ʧʨʦʮʝʩ 

ʧʦʰʫʢʫ ʽ ʨʦʟʰʠʨʶʻ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ, ʥʝ ʚʠʤʘʛʘʶʯʠ ʟʜʽʡʩʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʦʰʫʢʦʚʠʭ ʟʫʩʠʣʴ ʫ ʤʝʨʝʞʽ, ʧʝʨʝʘʜʨʝʩʦʚʫʶʯʠ ʡʦʛʦ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘ ʩʘʡʪ ʟʜʽʡʩʥʝʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ ʨʽʚʝʥʴ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ ʚʠʨʦʙʥʠʢʘʤʠ.  

ʊʘʢʦʞ ʚʽʥ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʣʘʥʮʶʞʢʘ ʟʘʧʠʪʽʚ ʽ ʬʦʨʤʫʚʘʪʠ 

ʢʫʧʽʚʝʣʴʥʠʡ çʧʦʨʪʨʝʪè ʩʧʦʞʠʚʘʯʘ. 
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ʉ.ɭ. ʃʫʢ'ʷʥʝʥʢʦ, ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ1, ʅ.ɺ. ʉʤʠʨʥʦʚʘ, ʢʘʥʜʠʜʘʪ 

ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: nani_smyrnova@ukr.net 
 

ʉʍɯɼʅɸ ʂʆʅʎɽʇʎɯʗ ʄɽʅɽɼɾʄɽʅʊʋ: ʉʆʎɯʆʂʋʃʔʊʋʈʅʀʁ ɸʉʇɽʂʊ 

ʆʩʦʙʣʠʚʽʩʪʶ ʽʩʪʦʨʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʽʜʦʩʦʙʣʝʥʽʩʪʴ ʩʦʮʽʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʦ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʯʘʩʫ ʚʥʘʩʣʽʜʦʢ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ 

ʩʬʦʨʤʫʚʘʣʘʩʷ ʙʽʧʦʣʷʨʥʘ ʩʠʩʪʝʤʘ ʧʦʛʣʷʜʽʚ ʥʘ ʧʨʠʨʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʩʘʤʦʦʨʛʘʥʽʟʫʶʯʠʤʠ 

ʩʠʩʪʝʤʘʤʠ: ʉʭʽʜʥʘ ʽ ɿʘʭʽʜʥʘ ʢʦʥʮʝʧʮʽʾ ʤʝʥʝʜʞʤʝʥʪʫ.  

ɼʦ ʉʭʽʜʥʦʾ ʢʦʥʮʝʧʮʽʾ ʤʝʥʝʜʞʤʝʥʪʫ ʚʽʜʥʦʩʷʪʴ ʢʠʪʘʡʩʴʢʫ, ʷʧʦʥʩʴʢʫ ʪʘ ʧʽʚʜʝʥʥʦ-

ʢʦʨʝʡʩʴʢʫ ʤʦʜʝʣʴ. ɺʩʽ ʚʦʥʠ ʩʬʦʨʤʫʚʘʣʠʩʷ ʽʩʪʦʨʠʯʥʦ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʮʽʘʣʴʥʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʘʥʠʭ ʢʨʘʾʥ ʽ ʥʝ ʻ ʚʠʥʘʭʦʜʦʤ ʩʫʯʘʩʥʦʩʪʽ. 

ʊʘʢ, ʥʘʡʜʦʩʢʦʥʘʣʽʰʦʶ ʟ ʥʠʭ ʚʚʘʞʘʻʪʴʩʷ ʩʘʤʝ ʷʧʦʥʩʴʢʘ ʤʦʜʝʣʴ, ʷʢ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʧʦʻʜʥʘʥʥʷ ʩʧʽʚʧʨʘʮʽ ʢʝʨʫʶʯʦʾ ʽ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʷʢʦʾ ʻ ʥʘʩʪʫʧʥʠʤʠ: 

¶ ʧʦʞʠʪʪʻʚʠʡ ʥʘʡʤ; 

¶ ʩʭʚʘʣʝʥʥʷ ʽ ʟʘʦʭʦʯʝʥʥʷ ʽʥʽʮʽʘʪʠʚʥʦʩʪʽ; 

¶ ʢʦʝʬʽʮʽʻʥʪ ʪʨʫʜʦʚʦʾ ʫʯʘʩʪʽ; 

¶ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʩʘʤʦʨʦʟʚʠʪʢʫ; 

¶ ʫʥʽʚʝʨʩʘʣʽʟʘʮʽʷ ʫʤʽʥʴ ʽ ʥʘʚʠʢʽʚ ʧʨʘʮʽʚʥʠʢʽʚ; 

¶ ʯʽʪʢʘ ʽʻʨʘʨʭʽʷ ʫ ʤʽʞʦʩʦʙʠʩʪʽʩʥʠʭ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʘʭ ʫ ʢʦʣʝʢʪʠʚʽ; 

¶ ʩʪʫʧʝʥʝʚʝ ʧʽʜʚʠʱʝʥʥʷ ʧʦ ʢʘʨ'ʻʨʥʠʭ ʩʭʦʜʠʥʢʘʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ 
ʟʜʦʙʫʪʠʤʠ ʧʨʘʮʽʚʥʠʢʦʤ ʟʥʘʥʥʷʤʠ, ʫʤʽʥʥʷʤʠ ʽ ʥʘʚʠʯʢʘʤʠ; 

¶ ʩʦʮʽʘʣʴʥʠʡ ʟʘʭʠʩʪ ʧʨʘʮʽʚʥʠʢʽʚ ʚʽʜ ʥʝʧʨʘʚʦʤʽʨʥʦʛʦ ʟʚʽʣʴʥʝʥʥʷ. 

¶ ʅʘʪʦʤʽʩʪʴ, ʜʘʥʘ ʤʦʜʝʣʴ ʤʘʻ ʽ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ, ʷʢʠʤʠ, ʟʦʢʨʝʤʘ, ʻ ʪʘʢʽ: 

¶ ʢʨʠʪʠʯʥʝ ʩʧʨʠʡʥʷʪʪʷ ʤʝʥʝʜʞʝʨʘʤʠ ʽʥʽʮʽʘʪʠʚʠ ʧʽʜʣʝʛʣʠʭ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʜʦʚʝʜʝʥʥʷ ʧʨʘʮʽʚʥʠʢʘʤʠ ʜʦʮʽʣʴʥʦʩʪʽ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʥʦʚʦʚʚʝʜʝʥʥʷ, ʥʘʚʽʪʴ ʷʢʱʦ ʮʝ ʚʩʽʤ ʚʽʜʦʤʘ ʽʩʪʠʥʘ; 

¶ ʥʝʛʣʘʩʥʝ ʩʫʧʝʨʥʠʮʪʚʦ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ ʟʘ ʦʙ'ʻʤʠ ʚʠʨʦʙʥʠʯʠʭ 
ʟʘʚʜʘʥʴ; 

¶ ʥʘʜʤʽʨʥʠʡ ʪʨʫʜʦʛʦʣʽʟʤ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʤʘʻ ʽʩʪʦʨʠʯʥʦ-ʢʫʣʴʪʫʨʥʽ 

ʚʠʪʦʢʠ; 

¶ ʥʝʭʪʫʚʘʥʥʷ ʧʨʘʮʽʚʥʠʢʘʤʠ ʩʚʦʾʤʠ ʚʠʭʽʜʥʠʤʠ ʽ ʚʽʜʧʫʩʪʢʦʶ, ʯʝʨʝʟ ʱʦ, 

ʷʢ ʽ ʜʦ ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ ʧʫʥʢʪʽʚ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʚʞʠʚʘʻ ʦʙʤʝʞʫʶʯʠʭ 

ʟʘʭʦʜʽʚ ʚ ʯʘʩʪʠʥʽ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʙʦʚʦʛʦ ʪʝʨʤʽʥʫ 

ʧʝʨʝʙʫʚʘʥʥʷ ʧʨʘʮʽʚʥʠʢʘ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ; 

¶ ʰʚʠʜʢʝ ʝʤʦʮʽʡʥʝ ʚʠʛʦʨʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʥʝ ʻ ʩʪʨʝʩʦʩʪʽʡʢʠʤʠ. 

ʇʦʧʨʠ ʥʘʷʚʥʽʩʪʴ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ ʫ ʷʧʦʥʩʴʢʽʡ ʤʦʜʝʣʽ ʤʝʥʝʜʞʤʝʥʪʫ ʽ 

ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʚʽʜʥʦʩʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʩʫʯʘʩʥʠʭ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ, ʜʘʥʘ ʤʦʜʝʣʴ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʪʨʠʚʘʣʦʶ ʧʦʣʽʪʠʢʦʶ 

ʞʦʨʩʪʢʦʛʦ ʧʨʦʪʝʢʮʽʦʥʽʟʤʫ (ʧʦʣʽʪʠʢʘ ʩʘʢʦʢʫ), ʱʦ ʪʨʠʚʘʣʘ ʜʦ ʩʝʨʝʜʠʥʠ ʍɯʍ ʩʪ., ʘ ʪʘʢʦʞ 

ʚʽʜʯʫʪʪʷʤ ʧʨʠʯʝʪʥʦʩʪʽ ʽʥʜʠʚʽʜʘ ʜʦ ʧʝʚʥʦʾ ʩʦʮʽʘʣʴʥʦʾ ʛʨʫʧʠ (ʧʨʘʚʠʣʘ ʛʽʨʽ). 
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ʅ.ɺ. ʉʤʠʨʥʦʚʘ, ʢʘʥʜʠʜʘʪ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1  

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: nani_smyrnova@ukr.net 

 

ʇʉʀʍʆʃʆɻɯʏʅɯ ʆʉʅʆɺʀ ʇʆʈʋʐɽʅʅʗ ʉʆʎɯɸʃʔʅʆɰ 

ɺɯɼʇʆɺɯɼɸʃʔʅʆʉʊɯ ʋ ʄɽʅɽɼɾʄɽʅʊɯ 

ɺʽʜʦʤʦ, ʱʦ ʩʦʮʽʘʣʴʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʜʦʪʨʠ-

ʤʘʥʥʷʤ ʽ ʚʠʢʦʥʘʥʥʷʤ ʥʦʨʤ ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʽ ʪʨʫʜʦʚʦʾ ʜʠʩʮʠʧʣʽʥʠ ʟʽ ʩʪʦʨʦʥʠ 

ʘʜʤʽʥʽʩʪʨʘʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ: 

- ʛʘʨʘʥʪʽʶ ʟʘʡʥʷʪʦʩʪʽ; 

- ʩʚʦʻʯʘʩʥʽʩʪʴ ʚʠʧʣʘʪʠ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ; 

- ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʧʨʘʮʽ; 

- ʨʦʪʘʮʽʶ ʧʝʨʩʦʥʘʣʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʷʢʦʩʪʝʡ ʧʨʘ-

ʮʽʚʥʠʢʽʚ; 

- ʧʦʟʠʪʠʚʥʠʡ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʢʣʽʤʘʪ ʚ ʢʦʣʝʢʪʠʚʽ; 

- ʜʦʪʨʠʤʘʥʥʷ ʝʪʠʢʠ ʪʨʫʜʦʚʠʭ ʚʽʜʥʦʩʠʥ. 

ɸʣʝ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʽ ʩʚʦʾ ʩʪʦʨʦʥʠ ʧʨʘʮʽʚʥʠʢʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʶʚʘʪʠ ʧʦ-

ʨʫʰʝʥʥʷ ʥʦʨʤ ʩʦʮʽʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʟʦʢʨʝʤʘ: 

- ʯʘʩʪʽ ʟʘʧʽʟʥʝʥʥʷ ʥʘ ʨʦʙʦʪʫ; 

- ʫʭʠʣʷʥʥʷ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʧʦʩʘʜʦʚʠʭ ʦʙʦʚôʷʟʢʽʚ; 

- ʧʦʨʫʰʝʥʥʷ ʝʪʠʢʠ ʤʽʞʦʩʦʙʠʩʪʽʩʥʠʭ ʚʽʜʥʦʩʠʥ; 

- ʨʦʟʛʦʣʦʰʝʥʥʷ ʢʦʤʝʨʮʽʡʥʦʾ ʪʘʻʤʥʠʮʽ. 

ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ: 

- ʥʠʟʴʢʘ ʦʩʦʙʠʩʪʽʩʥʘ ʤʦʪʠʚʘʮʽʷ; 

- ʥʝʟʜʦʨʦʚʠʡ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʢʣʽʤʘʪ ʚ ʢʦʣʝʢʪʠʚʽ, ʱʦ ʧʨʦʚʦʢʫʻ ʦʢʨʝʤʠʭ ʧʨʘʮʽʚʥʠʢʽʚ 
ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʴ ʧʽʜ ʧʦʚʝʜʽʥʢʫ ʨʝʰʪʠ; 

- ʥʠʟʴʢʘ ʘʙʦ ʚʠʩʦʢʘ ʩʘʤʦʦʮʽʥʢʘ ʽʥʜʠʚʽʜʘ; 

- ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʥʘʥʴ, ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ, ʘʣʝ ʙʘʞʘʥʥʷ ʚʪʨʠʤʘʪʠ ʨʦʙʦʯʝ ʤʽʩʮʝ. 

ɼʘʥʽ ʧʨʠʯʠʥʠ ʩʧʦʥʫʢʘʶʪʴ ʘʜʤʽʥʽʩʪʨʘʮʽʶ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʝʨʝʛʣʷʜʘʪʠ ʫʤʦʚʠ ʢʦ-

ʥʪʨʘʢʪʽʚ ʽ ʢʦʣʝʢʪʠʚʥʦʛʦ ʜʦʛʦʚʦʨʫ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʨʝʪʝʣʴʥʠʡ ʚʽʜʙʽʨ ʧʨʝʪʝʥʜʝʥʪʽʚ 

ʥʘ ʧʦʩʘʜʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝ ʣʠʰʝ ʘʥʘʣʽʟ ʨʝʟʶʤʝ ʽ ʩʧʽʚʙʝʩʽʜʫ, ʘʣʝ ʡ ʧʩʠʭʦʣʦʛʽʯʥʽ 

ʤʝʪʦʜʠʢʠ ï ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʠʩʪʽʩʥʠʭ ʪʨʫʜʦʚʠʭ ʤʦʪʠʚʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʚ ʫʧʨʘʚʣʽʥʩʴʢʽʡ ʩʬʝʨʽ ʱʦʜʦ ʤʝʪʦʜʠʢ ʽ ʧʨʘʢ-

ʪʠʢ ʦʨʛʘʥʽʟʘʮʽʾ ʚʣʘʩʥʦʛʦ ʨʦʙʦʯʦʛʦ ʯʘʩʫ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʚʠʟʥʘ-

ʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ: 

- ʧʨʘʛʥʝʥʥʷ ʜʦ ʩʘʤʦʨʦʟʚʠʪʢʫ ʽ ʩʘʤʦʚʜʦʩʢʦʥʘʣʝʥʥʷ; 

- ʯʽʪʢʠʡ ʨʦʟʧʦʜʽʣ ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ ʧʨʦʪʷʛʦʤ ʜʦʙʠ (ʪʠʞʥʷ, ʤʽʩʷʮʷ) ʫ ʚʽʜʧʦʚʽʜʥʦʩ-

ʪʽ ʜʦ ʾʭ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʽ ʩʢʣʘʜʥʦʩʪʽ; 

- ʜʦʪʨʠʤʘʥʥʷ ʧʦʣʦʞʝʥʴ ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʾ; 

- ʧʦʟʠʪʠʚʥʝ (ʥʝʡʪʨʘʣʴʥʝ) ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʚʽʜʥʦʩʠʥʠ ʚ ʢʦʣʝʢʪʠʚʽ; 

- ʥʘʚʠʢʠ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ. 

ɼʘʥʽ ʚʤʽʥʥʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚʚʘʞʘʶʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ (ʤʝ-

ʥʝʜʞʝʨʽʚ) ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʤʽʩʮʷ ʚ ʽʻʨʘʨʭʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʩʦʮʽʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʠʭ ʽ ʝʢʦ-

ʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. 
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ʅ.ɺ. ʉʤʠʨʥʦʚʘ, ʢʘʥʜʠʜʘʪ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: nani_smyrnova@ukr.net 

 

ʆʇʊʀʄɸʃʔʅɽ ʇʆɭɼʅɸʅʅʗ ʄʆʅɽʊɸʈʅʆɰ ɯ ʌɯʉʂɸʃʔʅʆɰ ʇʆʃɯʊʀʂʀ: 

ʄɸʂʈʆɽʂʆʅʆʄɯʏʅʀʁ ʂʆʅʊɽʂʉʊ 

ɻʦʣʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʜʝʨʞʘʚʠ ʟ ʧʦʤʽʞ ʽʥʰʠʭ ʻ ʨʝʛʫʣʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʯʝʨʝʟ ʬʽʥʘʥʩʫʚʘʥʥʷ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɼʦʩʷʛʘʻʪʴʩʷ ʮʝ ʟʘ ʫʤʦʚʠ ʨʦʟʧʦʜʽʣʫ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʫ ʝʢʦʥʦʤʽʯʥʽʡ 

ʩʠʩʪʝʤʽ ʯʝʨʝʟ ʾʭ ʝʤʽʩʽʶ ʽ ʩʚʦʻʯʘʩʥʝ ʚʠʣʫʯʝʥʥʷ ï ʝʢʦʥʦʤʽʯʥʫ ʧʦʣʽʪʠʢʫ ï ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʥʝʪʘʨʥʠʭ ʽ ʬʽʩʢʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʊʘʢ, ʤʦʥʝʪʘʨʥʘ ʧʦʣʽʪʠʢʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʧʨʷʤʽ ʜʽʾ ʎʝʥʪʨʘʣʴʥʦʛʦ ɹʘʥʢʫ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʦʙôʻʤʫ 

ʛʨʦʰʦʚʦʾ ʤʘʩʠ ʯʝʨʝʟ ʢʦʨʝʛʫʚʘʥʥʷ ʚʽʜʩʦʪʢʦʚʠʭ ʩʪʘʚʦʢ, ʱʦ ʥʘʧʨʷʤʫ ʚʠʟʥʘʯʘʶʪʴ ʜʽʣʦʚʫ 

ʘʢʪʠʚʥʽʩʪʴ ʝʢʦʥʦʤʽʯʥʠʭ ʩʫʙôʻʢʪʽʚ ï ʚʠʨʦʙʥʠʢʽʚ ɺɺʇ. ʅʘʪʦʤʽʩʪʴ, ʬʽʩʢʘʣʴʥʘ ʧʦʣʽʪʠʢʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʣʫʯʝʥʥʷ ʯʝʨʝʟ ʧʦʜʘʪʢʠ çʟʘʡʚʠʭè ʛʨʦʰʝʡ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʩʫʤʫ, ʥʘ ʷʢʫ ʚʦʥʠ ʧʝʨʝʚʠʱʫʶʪʴ ɺɺʇ ʢʨʘʾʥʠ, ʘʙʦ ʞ ʜʦʜʘʪʢʦʚʫ ʝʤʽʩʽʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʣʘʪʽʞʥʦʛʦ ʧʦʧʠʪʫ. ɼʘʥʽ ʚʠʜʠ ʧʦʣʽʪʠʢ ʥʝ ʽʩʥʫʶʪʴ ʦʢʨʝʤʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ, ʦʩʢʽʣʴʢʠ ʜʽʾ 

ʤʦʥʝʪʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʯʘʩʪʠʥʽ ʧʦʣʽʪʠʢʠ çʜʦʨʦʛʠʭè ʛʨʦʰʝʡ ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʚʠʣʫʯʝʥʥʷʤ 

ʟ ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙʽʛʫ çʟʘʡʚʠʭè ʛʨʦʰʝʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʜʽʣʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. ɰʭ ʦʧʪʠʤʘʣʴʥʝ 

ʧʦʻʜʥʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʬʦʨʤʫʣʘ ʛʨʦʰʦʚʦʛʦ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ: 

)()1( rrcrcr ++=m ,                                                      (1) 

ʜʝ cr ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʧʦʥʫʚʘʥʥʷ; 

     rr ï ʥʦʨʤʘ ʨʝʟʝʨʚʫʚʘʥʥʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʧʦʥʫʚʘʥʥʷ ʽ ʨʽʚʥʝʤ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 

ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʩʫʙ'ʻʢʪʽʚ ʻ ʧʨʷʤʦʶ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʧʦʥʫʚʘʥʥʷ ʽ ʨʽʚʥʝʤ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 

ˉ ʟ/ʧ ʇʦʢʘʟʥʠʢ ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 

1 ɼʦʭʦʜ ʜʦ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 50 000 50 000 50 000 

2 ɺʽʜʩʦʪʦʢ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 20,5 20,5 21,5 

3 ɼʦʭʦʜ ʧʽʩʣʷ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 39 750 39 750 39 250 

4 ʑʦʤʽʩʷʯʥʽ ʚʠʪʨʘʪʠ: 

ʢʦʤʫʥʘʣʴʥʽ ʧʣʘʪʝʞʽ; 

ʾʞʘ, ʣʽʢʠ; 

ʽʥʰʽ ʚʠʪʨʘʪʠ. 

 

7 000 

5 000 

8 000 

 

8 000 

6 000 

8 000 

 

8 000 

6 000 

8 000 

5 ʏʠʩʪʠʡ ʟʘʣʠʰʦʢ 19 750 17 750 17 250 

6 ʂʦʝʬʽʮʽʻʥʪ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 0,395 0,355 0,345 

7 ʅʦʨʤʘ ʨʝʟʝʨʚʫʚʘʥʥʷ 0,25 0,25 0,25 

8 ɻʨʦʰʦʚʠʡ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ 2,16 2,24 2,26 

9 ʇʨʦʧʦʟʠʮʽʷ ʛʨʦʰʝʡ 54 56 56,5 

ʆʪʞʝ, ʷʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 1, ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʧʦʜʘʪʢʦʚʠʭ ʚʽʜʨʘʭʫʚʘʥʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʧʦʥʫʚʘʥʥʷ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʥʦʨʤʽ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʛʨʦʰʦʚʠʡ 

ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ ʟʨʦʩʪʘʪʠʤʝ, ʱʦ ʩʚʽʜʯʠʪʠʤʝ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʦʟʠʮʽʾ ʛʨʦʰʝʡ. 
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ɸ.ɸ. ɸʚʝʨʽʥʘ, ɼ.ɯ. ɿʘʤʠʨʘʡʣʦ, ɭ.ʈ. ʏʘʛʘʡʜʘ, ʟʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ1 ɺ.ɺ. ʊʠʭʦʩʪʫʧ, ʊ.ɺ. 

ʃʽʪʦʚʢʘ, ʚʠʢʣʘʜʘʯʽ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè  

E-mail: averinanasta07@gmail.com, 

 darina.zamiilo@g-suit.kk.nau.edu.ua,  chahaida07@gmail.com  

 

ʅɽɻɸʊʀɺʅɯ ʅɸʉʃɯɼʂʀ ɺɯʁʅʀ ʅɸ ɽʂʆʃʆɻɯʏʅʀʁ ʉʊɸʅ  

ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ʋʂʈɸɰʅʀ  

ɿʙʨʦʡʥʘ ʘʛʨʝʩʽʷ ʨʦʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʷʢʘ ʨʦʟʧʦʯʘʣʘʩʴ 24 ʣʶʪʦʛʦ 2022 ʨ., ʟʘ-

ʚʜʘʻ ʟʥʘʯʥʦʾ ʰʢʦʜʠ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʮʽ ʪʘ ʢʫʣʴʪʫʨʥʽʡ ʩʧʘʜʱʠʥʽ, ʘ ʡ ʜʦʚʢʽʣʣʶ  ʥʘʰʦʾ 

ʢʨʘʾʥʠ, ʘ ʯʠʩʣʝʥʥʽ ʚʠʧʘʜʢʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʟʥʠʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʬʨʘ-

ʩʪʨʫʢʪʫʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʤʘʶʪʴ ʨʠʩʠ ʝʢʦʮʠʜʫ ʧʨʦʪʠ ʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʨʦʜʫ. ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ 

ʤʘʻ ʟʥʘʯʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʶ ʢʨʘʾʥʠ. ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʠ ʨʦʟʛʣʷ-

ʥʝʤʦ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʚʽʡʥʠ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʋʢʨʘ-

ʾʥʠ, ʟʦʢʨʝʤʘ, ʤʦʚʘ ʧʽʜʝ ʧʨʦ ʥʘʩʣʽʜʢʠ ʧʘʜʽʥʥʷ ʘʚʽʘʙʦʤʙ. ɸʚʽʘʙʦʤʙʠ - ʮʝ ʟʙʨʦʷ, ʷʢʘ 

ʚʠʧʫʩʢʘʻʪʴʩʷ ʟ ʣʽʪʘʢʽʚ ʘʙʦ ʽʥʰʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʤʝʪʦʶ ʟʘʚʜʘʥʥʷ ʰʢʦʜʠ ʮʽʣʷʤ ʥʘ 

ʟʝʤʣʽ. ɸʥʘʣʽʟʫʶʯʠ ʦʧʫʙʣʽʢʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘʩ ʚʨʘʟʠʣʠ ʩʘʤʝ ʬʦʩʬʦʨʥʽ ʙʦʤʙʠ, ʷʢʽ 
ʟʘʙʦʨʦʥʝʥʽ ɾʝʥʝʚʩʴʢʦʶ ʢʦʥʚʝʥʮʽʻʶ, ʦʜʥʘʢ, ʥʝʦʜʥʦʨʘʟʦʚʦ ʚʠʢʦʨʠʩʪʘʥʽ ʢʨʘʾʥʦʶ ï 

ʪʝʨʦʨʠʩʪʢʦʶ ʧʽʜ ʯʘʩ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ. ʅʘʩʣʽʜʢʘʤʠ ʪʘʢʠʭ ʘʪʘʢ ʻ: ʤʘʩʰʪʘʙʥʽ ʧʦʞʝʞʽ, 
ʭʽʤʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ, ʻ ʜʫʞʝ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʣʶʜʠʥʠ. ɺʽʥ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʚʘʞʢʽ ʭʽʤʽʯʥʽ ʦʧʽʢʠ, ʫʨʘʞʝʥʥʷ ʢʽʩʪʦʢ ʽ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ. ʌʦʩʬʦʨ ʚ ʙʦʤʙʘʭ ʛʦʨʠʪʴ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʠʧʫʩʢʘʶʯʠ ʽʥʪʝʥʩʠʚʥʠʡ ʞʘʨ ʪʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʠʤʫ. ʃʶʜʠ, 

ʷʢʽ ʦʧʠʥʷʶʪʴʩʷ ʧʦʨʫʯ ʟ ʚʠʙʫʭʦʤ, ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʦʧʽʢʠ ʚʽʜ ʚʦʛʥʶ ʘʙʦ ʜʠʤʫ. ʇʽʜ ʯʘʩ 

ʛʦʨʽʥʥʷ ʬʦʩʬʦʨ ʚʠʧʫʩʢʘʻ ʪʦʢʩʠʯʥʽ ʚʠʧʘʨʠ, ʪʘʢʽ ʷʢ ʦʢʩʠʜ ʬʦʩʬʦʨʫ. ʎʽ ʚʠʧʘʨʠ ʤʦʞʫʪʴ 

ʩʧʨʠʯʠʥʠʪʠ ʦʪʨʫʻʥʥʷ, ʧʦʜʨʘʟʥʝʥʥʷ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ ʪʘ ʽʥʰʽ ʧʨʦʙʣʝʤʠ ʟʽ ʟʜʦʨʦʚ'ʷʤ. 

ʌʦʩʬʦʨʥʽ ʙʦʤʙʠ ʤʦʞʫʪʴ ʚʠʙʫʭʥʫʪʠ ʟ ʚʝʣʠʢʦʶ ʩʠʣʦʶ, ʨʫʡʥʫʶʯʠ ʙʫʜʽʚʣʽ, ʽʥʬʨʘʩʪʨʫʢ-

ʪʫʨʫ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʃʶʜʠ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʧʦʨʫʯ, ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ 

ʩʝʨʡʦʟʥʽ ʪʨʘʚʤʠ. ɺʠʙʫʭ ʬʦʩʬʦʨʥʠʭ ʙʦʤʙ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʚʦʜʠ 

ʪʘ ʧʦʚʽʪʨʷ. ʎʝ ʤʦʞʝ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʪʘ ʝʢʦʩʠʩʪʝʤʫ.   ɺʨʘʭʦ-

ʚʫʶʯʠ ʮʽ ʬʘʢʪʦʨʠ, ʬʦʩʬʦʨʥʽ ʙʦʤʙʠ ʻ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ, ʘ 

ʪʘʢʦʞ ʜʦʚʢʽʣʣʷ. ɺʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʙʦʨʦʥʝʥʦʛʦ ʦʟʙʨʦʻʥʥʷ, 

ʧʦʚʥʽʩʪʶ ʟʥʠʱʝʥʘ ʚʩʷ ʤʝʨʝʞʘ ʚʝʣʠʢʠʭ ʦʙôʻʢʪʽʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʱʦ ʟʦʩʝʨʝʜʞʫʚʘʣʠʩʴ ʥʘ ʩʭʦʜʽ ʋʢʨʘʾʥʠ. ʉʝʨʝʜ ʙʝʟʣʽʯʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʧʦʰ-

ʢʦʜʞʝʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʙʦʡʦʚʠʭ ʜʽʡ, ʚʠʷʚʠʣʠʩʷ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʽ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ð "ɸʟʦʚʩʪʘʣʴ", ɸʚʜʽʾʚʩʢʠʡ ʢʦʢʩʦʭʽʤʽʯʥʠʡ ʟʘʚʦʜ, ʃʠʩʠʯʘʥʩʴʢʠʡ ʥʘʬʪʦʧʝʨʝ-

ʨʦʙʥʠʡ ʟʘʚʦʜ, "ʉʫʤʠʭʽʤʧʨʦʤ" ʪʘ ʽʥʰʽ. ʂʨʘʾʥʘ - ʘʛʨʝʩʦʨ ʛʨʫʙʦ ʧʦʨʫʰʫʻ ʄʽʞʥʘʨʦʜʥʽ 

ʢʦʥʚʝʥʮʽʾ ʪʘ ʟʘ ʦʮʽʥʢʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾ-

ʥʠ, ʩʫʤʘ ʟʙʠʪʢʽʚ, ʟʘʚʜʘʥʠʭ ʨʦʩʽʡʩʴʢʠʤʠ ʚʽʡʩʴʢʘʤʠ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʚʦʻʥʥʠʭ ʜʽʡ ʩʫʪʪʻʚʦ 

ʟʨʦʩʪʘʻ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʘ ʧʣʽʜʥʘ ʤʽʞʥʘʨʦʜʥʘ ʩʧʽʚʧʨʘʮʷ ʪʘ ʱʽʣʴʥʽ ʚʘʞʝʣʽ ʚʧʣʠʚʫ ʱʦʜʦ 

ʟʘʧʦʙʽʛʘʥʥʶ ʜʽʡ ʘʛʨʝʩʦʨʘ. 
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ʈ.ɸ. ɸʚʝʪʝʩʷʥ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1; ʂʦʚʘʣʝʥʢʦ ʆ.ʌ.,  ʚʠʢʣʘʜʘʯ1   
1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: novel.rush@g-suit.kk.nau.edu.ua  

 

ʇɽʈʐɯ ʇɸʉɸɾʀʈʉʔʂɯ ʃɯʊɸʂʀ ʋʈʉʈ ï ɺɯɼ ʂ1 ɼʆ ʂ5 

 ɿ ʧʨʠʭʦʜʦʤ ʜʦ ʚʣʘʜʠ ʙʽʣʴʰʦʚʠʢʽʚ ʽ ʩʪʘʥʦʚʣʝʥʥʷʤ ʨʘʜʷʥʩʴʢʦʾ ʚʣʘʜʠ ʚʠʥʠʢʣʘ 

ʧʦʪʨʝʙʘ ʫ ʚʣʘʩʥʠʭ ʨʦʟʨʦʙʢʘʭ ʧʦʚʽʪʨʷʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ. ʆʜʥʠʤ ʽʟ ʧʝʨʰʠʭ 

ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʨʘʜʷʥʩʴʢʦʾ ʜʝʨʞʘʚʠ ʩʪʘʚ ʂʦʩʪʷʥʪʠʥ ʆʣʝʢʩʽʡʦʚʠʯ ʂʘʣʽʥʽʥ.  

ʁʦʛʦ ʧʝʨʰʘ ʘʚʽʘʮʽʡʥʘ ʤʦʜʝʣʴ ʣʽʪʘʢʘ ʂ1 ʟʘʟʥʘʣʘ ʥʝʚʜʘʯʽ ʪʘ ʚ ʩʝʨʽʶ ʥʝ ʧʽʰʣʘ. 

ʃʽʪʘʢ ʜʽʩʪʘʚ ʥʘʟʚʫ ʂ-1. ʂʘʣʽʥʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʢʦʥʮʝʧʮʽʶ ʪʘ ʛʦʣʦʚʥʽ ʩʭʝʤʠ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʥʘ ʪʦʡ ʯʘʩ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ, ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʩʘʜʠ ʜʠʨʝʢʪʦʨʘ ʪʘ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʟʘʚʦʜʫ  ʂʘʣʽʥʽʥ ʨʦʟʨʦʙʣʷʻ ʥʦʚʽ ʤʦʜʝʣʽ ʣʽʪʘʢʽʚ: ʂ2- ʧʝʨʰʠʡ 

ʩʝʨʽʡʥʠʡ ʣʽʪʘʢ, ʂ3 - ʩʘʥʽʪʘʨʥʠʡ ʣʽʪʘʢ ʥʘ ʙʘʟʽ ʂ1,  ʂ4 ï ʧʘʩʘʞʠʨʩʴʢʠʡ ʩʝʨʽʡʥʠʡ ʣʽʪʘʢ ʚ 

1929 ʨʦʮʽ. 

ʉʘʤʝ ʂ4 ʧʽʜ ʥʘʟʚʦʶ çʏʝʨʚʦʥʘ ʢʘʣʠʥʘè ʟʜʽʡʩʥʠʪʴ ʨʘʟʦʤ ʟ ʥʦʚʠʤ ʣʽʪʘʢʦʤ 

çʄʝʨʢʫʨè ʥʽʤʝʮʴʢʦʾ ʬʽʨʤʠ ɼʦʨʥʴʻ  ʫʯʘʩʪʴ ʫ ʧʝʨʝʣʴʦʪʽ ʍʘʨʢʽʚðʄʦʩʢʚʘ ʪʘ ʧʨʠʡʤʝ 

ʫʯʘʩʪʴ ʫ ʚʠʩʪʘʚʮʽ ʚ ʇʘʨʠʞʽ. ʊʦʜʽ ʞ, ʫ 1929 ʨʦʮʽ, ʨʦʟʧʦʯʘʣʘʩʷ ʨʦʙʦʪʘ ʥʘʜ ʥʘʩʪʫʧʥʠʤ 

ʢʘʣʽʥʽʥʩʴʢʠʤ ʧʨʦʝʢʪʦʤ ð ʣʽʪʘʢʦʤ ʂ-5. 

ɼʝʨʞʘʚʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʦʚʦʾ ʤʘʰʠʥʠ ʙʫʣʠ ʟʘʚʝʨʰʝʥʽ ʚʣʽʪʢʫ 1930 ʨʦʢʫ. ɺʦʥʠ 

ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʧʨʠ ʢʦʨʠʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʫ 1600 ʢʽʣʦʛʨʘʤʽʚ ʤʘʢʩʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʣʽʪʘʢʘ ʩʷʛʘʻ 198 ʢʤ/ʛʦʜ; ʚʽʥ ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʦʙʣʘʜʥʘʥʠʭ ʘʝʨʦʜʨʦʤʽʚ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʟʣʴʦʪʫ ʡʦʤʫ ʧʦʪʨʽʙʥʦ ʣʠʰʝ 100 ʤʝʪʨʽʚ, ʘ ʜʣʷ ʧʦʩʘʜʢʠ ð 140; ʚʽʜʩʪʘʥʴ, ʥʘ 

ʷʢʫ ʚʽʥ ʤʦʞʝ ʧʝʨʝʚʦʟʠʪʠ ʚʽʩʴʤʦʭ ʧʘʩʘʞʠʨʽʚ ʟ ʝʢʽʧʘʞʝʤ ʟ ʜʚʦʭ ʦʩʽʙ, ʩʪʘʥʦʚʠʪʴ 800 

ʢʽʣʦʤʝʪʨʽʚ. ʅʦʚʠʡ ʚʽʪʯʠʟʥʷʥʠʡ ʣʽʪʘʢ ʟʘ ʩʚʦʾʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʷʚʠʚʩʷ ʥʘʙʘʛʘʪʦ 

ʢʨʘʱʠʤ ʟʘ ʥʽʤʝʮʴʢʽ ʣʽʪʘʢʠ, ʷʢʽ ʜʦʪʠ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʧʦʚʽʪʨʷʥʠʭ 

ʰʣʷʭʘʭ ʉʈʉʈ. 

ʁʦʛʦ ʦʜʨʘʟʫ ʨʝʢʦʤʝʥʜʫʚʘʣʠ ʜʦ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʞʝ ʜʦ ʢʽʥʮʷ 1930 

ʨʦʢʫ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 25 ʤʘʰʠʥ, ʷʢʽ ʧʦʯʘʣʠ ʧʨʘʮʶʚʘʪʠ ʚ ʫʩʽʭ ʢʫʪʦʯʢʘʭ ʉʈʉʈ. ɿ 1930 

ʜʦ 1934 ʨʦʢʫ ʙʫʣʦ ʚʠʧʫʱʝʥʦ 296 ʣʽʪʘʢʽʚ ʂ-5 ʚ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ. ɺʽʥ ʩʪʘʚ 

ʬʣʘʛʤʘʥʦʤ ʮʠʚʽʣʴʥʦʛʦ ʬʣʦʪʫ ʉʈʉʈ. ʂ5 ï ʮʝ ʦʜʥʦʤʦʪʦʨʥʠʡ ʧʽʜʢʽʩʥʠʡ ʚʠʩʦʢʦʧʣʘʥ 

ʟʤʽʰʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩ ʢʣʘʩʠʯʥʠʤ ʦʧʝʨʝʥʥʷʤ. ʇʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʠʢʘʤʠ ʂ-5 ʙʫʚ 

ʙʽʣʴʰ ʢʦʤʬʦʨʪʘʙʝʣʴʥʠʤ. ʇʘʩʘʞʠʨʩʴʢʠʡ ʩʘʣʦʥ ʤʘʚ ʦʧʘʣʝʥʥʷ, ʫ ʥʴʦʤʫ ʙʫʣʠ ʤ'ʷʢʽ 

ʟʨʫʯʥʽ ʢʨʽʩʣʘ, ʪʫʘʣʝʪ, ʛʘʨʜʝʨʦʙ, ʚʝʥʪʠʣʷʮʽʷ, ʙʘʛʘʞʥʝ ʚʽʜʜʽʣʝʥʥʷ. ʃʽʪʘʢ ʙʫʚ ʧʨʦʩʪʠʤ ʫ 

ʧʽʣʦʪʫʚʘʥʥʽ, ʤʘʚ ʜʦʙʨʫ ʦʩʪʽʡʣʠʚʽʩʪʴ ʽ ʛʘʨʥʽ ʟʣʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʘʤʝ ʪʘʢʠʡ ʣʽʪʘʢ ʂ5 ʧʦʯʘʚ ʢʫʨʩʫʚʘʪʠ ʚ 1932 ʨʦʮʽ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʣʽʥʽʾ ʆʜʝʩʘ-

ʂʨʠʚʠʡ ʈʽʛ ï ʍʘʨʢʽʚ. ɺʽʜʢʨʠʪʪʷ ʮʠʚʽʣʴʥʠʭ ʘʝʨʦʧʦʨʪʽʚ ʚ ʆʜʝʩʽ  ʪʘ ʂʨʠʚʦʤʫ ʈʦʟʽ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʷ ʘʛʽʪʘʮʽʡʥʠʤ ʧʝʨʝʣʴʦʪʦʤ ʂ5   ʧʦ ʨʘʜʷʥʩʴʢʽʡ ʋʢʨʘʾʥʽ. ɻʦʣʦʚʥʦʶ 

ʤʝʪʦʶ ʮʴʦʛʦ ʧʝʨʝʣʴʦʪʫ ʙʫʣʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʜʦʩʷʛʥʝʥʴ ʨʘʜʷʥʩʴʢʦʛʦ ʘʚʽʘʙʫʜʫʚʘʥʥʷ ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ ʥʦʚʠʭ ʯʣʝʥʽʚ ʜʦ ʊʉʆ ɸʚʽʘʭʽʤ. 

ʂ5 ʩʪʘʚ ʦʩʥʦʚʥʠʤ ʣʽʪʘʢʦʤ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʣʽʥʽʷʭ ʘʝʨʦʬʣʦʪʫ ʚ 1930 ʨʦʢʘʭ ʪʘ 

ʧʦʚʥʽʩʪʶ ʚʠʪʽʩʥʠʚ ʤʘʰʠʥʠ ʽʥʦʟʝʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ ʧʘʩʘʞʠʨʩʴʢʠʭ ʘʚʽʘʧʝʨʝʚʝʟʝʥʴ.  
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ɺ. ɹʦʥʜʘʨʝʥʢʦ, ʩʪʫʜʝʥʪ1; ɸ.ʄ. ɼʨʦʟʜʦʚʘ, ʚʠʢʣʘʜʘʯ1; ʊ.ʄ. ʈʫʙʘʥ, ʚʠʢʣʘʜʘʯ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: nika.bond1000@gmail.com 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿɻʆʈʊɸʅʅʗ ɺɽɹ-ɼʆɼɸʊʂʋ ʋ ʍʄɸʈʅʆʄʋ 

ʉɽʈɽɼʆɺʀʑɯ WINDOWS AZURE  

ʍʤʘʨʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ Microsoft Azure, ʩʪʘʣʠ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ʆʜʥʘʢ, ʫʩʧʽʰʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʝʤʦ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʨʦʟʛʦʨ-

ʪʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʫ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Windows Azure. 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʚʠʙʽʨ ʪʠʧʫ ʚʝʙ-ʜʦʜʘʪʢʫ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ 

ʧʨʦʻʢʪʫ. Windows Azure ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʪʠʧʠ ʜʦʜʘʪʢʽʚ, ʪʘʢʽ ʷʢ ʩʪʘʪʠʯʥʽ ʚʝʙ-ʩʘʡʪʠ, 

ʜʠʥʘʤʽʯʥʽ ʚʝʙ-ʜʦʜʘʪʢʠ, ʩʣʫʞʙʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʇʽʩʣʷ ʚʠʙʦʨʫ ʪʠʧʫ ʥʝʦʙʭʽʜʥʦ ʥʘʣʘʰ-

ʪʫʚʘʪʠ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʛʦʨʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʚʠʤʦʛ. 

ʇ̔ ʩʣʷ ʚʠʙʦʨʫ ʪʠʧʫ ʜʦʜʘʪʢʫ ʩʣʽʜ ʥʘʣʘʰʪʫʚʘʪʠ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʛʦʨʪʘʥʥʷ. 

Windows Azure ʥʘʜʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝ-

ʢʠ. ɼʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ 

ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʧʠʩʦʢ ʨʦʟʛʦʨʥʫʪʠʭ ʩʝʨʚʽʩʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʝʙ-ʜʦʜʘʪʢʫ 

 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱ ʻ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʜʦʜʘʪʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. Windows Azure ʥʘʜʘʻ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʘ 

ʨʫʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʜʘʪʢʫ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɽʬʝʢʪʠʚʥʝ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʜʘʪʢʦʤ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. Windows Azure ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʧʨʦʪʦʢʦʣʶʚʘʥʥʷ ʧʦʜʽʡ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠ-

ʚʥʦ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʪʘ ʚʞʠʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʟʘʭʦʜʠ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ. ɺʝʙ-ʜʦʜʘʪʦʢ ʙʫʣʦ ʫʩʧʽʰʥʦ ʨʦʟʛʦʨʥʫʪʦ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Microsoft 

Azure ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʧʠʩʢʠ, ʷʢʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʚʝʙ-

ʩʝʨʚʽʩʽʚ, ʩʝʨʚʽʩʽʚ ʙʘʟ ʜʘʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʣʦʛʽʚ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʝʙ-

ʜʦʜʘʪʢʠ. 
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ʆ.ʆ. ɹʫʨʤʘ, ʩʪʫʜʝʥʪ1; ʖ. ʉ. ʂʨʘʚʯʫʢ, ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ1 

1ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʦ 

E-mail: alexburma228@gmail.com 

 

ɽʂʈɸʅʆʃʔʆʊʀ ʗʂ ɺʀɼ ʊʈɸʅʉʇʆʈʊʋ. ɰʍʅʗ ɼʀʅɸʄʀʂɸ ʇʆʃʔʆʊʋ ʊɸ 

ʄɸʅɽɺʈʋɺɸʅʅʗ 

ɹʘʛʘʪʦ ʣʴʦʪʯʠʢʽʚ ʟʘʫʚʘʞʫʶʪʴ, ʱʦ ʧʨʠ ʧʦʩʘʜʮʽ ʷʢʘʩʴ ʩʠʣʘ ʟʘʚʘʞʘʻ ʾʤ ʟʨʦʙʠʪʠ 

ʮʝʡ ʤʘʥʝʚʨ. ɹʫʣʦ ʧʦʤʽʯʝʥʦ ʜʝʷʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʢʨʠʣʘ, ʢʦʣʠ ʣʽʪʘʢ ʧʨʦʜʦ-

ʚʞʫʚʘʚ ʣʝʪʽʪʠ ʥʘʜ ʧʦʚʝʨʭʥʝʶ, ʥʽʙʠ ʥʝ ʙʘʞʘʶʯʠ ʩʽʜʘʪʠ.  ʎʝ ʝʢʨʘʥʥʠʡ ʝʬʝʢʪ, ʫʧʝʨʰʝ 

ʪʦʯʥʦ ʦʧʠʩʘʥʠʡ ɹ. ʅ. ʖʨ'ʻʚʦʤ ʫ ʡʦʛʦ ʨʦʙʦʪʽ çɺʧʣʠʚ ʟʝʤʣʽ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦ-

ʩʪʽ ʢʨʠʣʘè.  

ʇʝʨʰʠʡ, ʟʙʫʜʦʚʘʥʠʡ ʥʘ ʝʢʨʘʥʦʤʫ ʝʬʝʢʪʽ ʝʢ-

ʨʘʥʦʧʣʘʥ, "ʂʦʨʘʙʣʴ-ʄʘʢʝʪ" ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʴʢʦʤʫ ʙʶʨʦ ʈʦʩʪʠʩʣʘʚʘ ɭʚʛʝʥʦʚʠʯʘ ɸʣʝʢʩʻʻʚʘ.  

ɯ ʙʫʚ ʚʠʧʫʱʝʥʠʡ ʥʘ ʚʦʜʫ ʫ 1970 ʨʦʮʽ.  

ʈʦʙʝʨʪ ʃʶʜʚʠʛʦʚʠʯ ɹʘʨʪʽʥʽ, ʮʝ ʙʫʚ ʜʨʫʛʠʡ 

ʨʘʜʷʥʩʢʴʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ ʷʢʠʡ ʧʨʘʮʶʚʘʚ ʟ ʝʢʨʘʥʠʤ 

ʝʬʝʢʪʦʤ ʥʦ ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʈ.ɭ. ɸʣʝʢʩʻʻʚ ʧʨʘʮʶʚʘʚ 

ʩʘʤʝ ʥʘʜ ʝʢʨʘʥʦʧʣʘʥʘʤʠ ʈ.ʃ. ɹʘʨʪʽʥʽ ʧʨʘʮʶʚʘʚ ʥʘʜ 

ʝʢʨʘʥʦʣʴʦʪʘʤʠ.  ɽʢʨʘʥʦʣʪ̔ - ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ, ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʝʢʨʘʥʦʧʣʘʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʢʨʘʥʥʠʡ 

ʝʬʝʢʪ ʥʘ ʤʘʣʽʡ ʚʠʩʦʪʽ, ʘʣʝ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʣʽʪʘʪʠ ʥʘ 

ʚʠʩʦʪʘʭ ʟʘ ʧʨʠʥʮʠʧʦʤ ʣʽʪʘʢʘ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʢʨʘʥ-

ʥʠʡ ʝʬʝʢʪ. 

ɼʠʚʣʷʯʠʩʴ ʥʘ ʝʢʨʘʥʦʣʴʦʪʠ ʷ ʭʦʪʽʚ ʙʠ ʟʘʧʨʦʧʦʥʫ-

ʚʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʠʣʦ ʟʤʽʥʥʦʾ ʩʪʨʽʣʦʚʠʜʥʦʩʪʽ. 

ʑʦʙ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ ʧʦʣʴʦʪʫ ʙʫʣʘ ʩʚʦʷ ʝʬʝʢʪʠʚʥʘ 

ʩʪʨʽʣʦʚʠʜʥʽʩʪʴ, ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʨʝʞʠʤʫ "ʃʽʪʘʢ" ʩʪʨʽʣʦʚʠ-

ʜʥʽʩʪʴ ʟ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʦʾ (ʜʣʷ ʝʢʨʘʥʦʧʣʘʥʫ) ʧʝʨʝʭʦʜʠʣʪʴ ʥʘ ʪʨʠʢʫʪʥʫ ʘʙʦ ʧʨʷʤʫ 

ʩʪʨʽʣʦʚʠʜʥʽʩʪʴ (ʨʦʟʤʘʭ ʢʨʠʣʘ ʟʙʽʣʴʰʫʚʘʚʩʷ). ʎʝ ʜʦʧʦʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʣʴʦʪʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠ ʘ ʚʦʥʠ ʟʨʦʙʣʷʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʛʨʫʟʫ ʜʝʰʝʚʰʝ . ʅʘʧʨʠʢʣʘʜ : ʛʨʫʟ ʪʨʝʙʘ ʧʝʨʝʚʝʩʪʠ 

ʟ ɸʤʝʨʠʢʠ ʚ ʋʢʨʘʾʥʫ ʚʠʣʽʪʘʻ ʘʧʘʨʘʪ ʫ ʨʝʞʠʤʽ "ɽʢʨʘʥʦʣʘʥ" ʟ ʤʦʨʩʴʢʦʛʦ ʧʦʨʪʫ ʜʦʣʽʪʘʻ 

ʥʘʧʨʠʢʣʘʜ ʜʦ ʌʨʘʥʮʽʾ ʚʢʣʶʯʘʻ ʨʝʞʠʤ "ʃʽʪʘʢ" ʽ ʣʝʪʠʪʴ ʧʨʷʤʦ ʚ ʋʢʨʘʾʥʫ ʱʦʙ ʥʝ ʚʠʚʘʥ-

ʪʘʞʠʪʠʩʷ ʽ ʧʦʪʽʤ ʚʘʥʪʘʞ ʜʦʩʪʘʚʣʷʣʠ ʙ ʤʘʰʠʥʦʶ ʘʙʦ ʣʽʪʘʢʦʤ. ʏʦʤʫ ʚʽʜʨʘʟʫ ʥʝ ʥʘ ʣʽʪʘ-

ʢʫ ʟ ʧʫʥʪʢʫ ʘ ʚ ʧʫʥʢ ʙ? ʋ ʝʢʨʘʥʦʧʣʘʥʫ ʢʦʨʠʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʽʣʴʰʝ ʥʽʞ ʫ ʩʘʤʦʣʴʦʪʽʚ. 

ʊʦʤʫ ʮʝ ʜʝʰʝʚʰʝ. 

ʏʠ ʻ ʫ ʝʢʨʘʥʦʣʴʦʪʽʚ ʤʘʡʙʫʪʥʻ? ʗ ʚʚʘʞʘʶ ʜʘ , ʝʢʨʘʥʦʣʴʦʪʠ ʝʢʦʥʦʤʽʯʥʽʰʠ ʟʘ ʣ̔-

ʪʘʢʽʚ ʘ ʪʘʢʦʞ ʝʢʨʘʥʥʠʡ ʝʬʝʢʪ ʥʝ ʪʘʢ ʜʦʙʨʝ ʚʠʚʯʝʥʠʡ, ʽ ʚʽʥ ʤʘʻ ʚʝʣʠʢʠʡ ʧʨʦʩʪʽʨ ʥʦʚʠʭ 

ʨʽʰʝʥʴ ʪʘ ʽʜʝʡ. 
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ʉ.ʆ. ɻʨʠʥʯʝʥʢʦ, ʚʠʢʣʘʜʘʯ1; ʊ.ʆ. ɻʨʠʥʯʝʥʢʦ, ʚʠʢʣʘʜʘʯ1 
1ɺʉʇ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail:Tigervillis@gmail.com 

 

ʅɸʇʈʗʄʂʀ ʂɯɹɽʈɿɸʍʀʉʊʋ ʉʀʉʊɽʄ ɸɺɯʆʅɯʂʀ 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʪʝʭʥʦʣʦʛʽʾ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʘʚʽʘʮʽʡʥʘ ʛʘʣʫʟʴ ʩʪʘʻ 

ʚʩʝ ʙʽʣʴʰʝ ʟʘʣʝʞʥʦʶ ʚʽʜ ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʙʦʨʪʦʚʦʾ ʘʚʽʦʥʽʢʠ. ɿʨʦʩʪʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ  ̔ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ʚʥʦʩʷʪʴ ʙʝʟʧʨʝʮʝʜʝʥʪʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʘʣʝ ʦʜʥʦ-

ʯʘʩʥʦ ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʚʠʢʣʠʢʠ ʫ ʚʠʛʣʷʜʽ ʢʽʙʝʨʟʘʛʨʦʟ. ʂʽʙʝʨʟʘʭʠʩʪ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ 

ʣʽʪʘʢʽʚ ʩʪʘʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ 

ʧʘʩʘʞʠʨʽʚ. 

ɿʨʦʩʪʘʥʥʷ ʧʽʜʢʣʶʯʝʥʠʭ ʩʠʩʪʝʤ ʥʘ ʣʽʪʘʢʘʭ ʚʽʜʢʨʠʚʘ ̒ʜʚʝʨʽ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʽʙʝʨʟʘʛʨʦʟ. ɸʪʘʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʙʦʨʪʦ-

ʚʠʭ ʩʠʩʪʝʤ, ʟʤʽʥʫ ʜʘʥʠʭ ʥʘʚʽʛʘʮʽʾ, ʘʙʦ ʥʘʚʽʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʬʽʟʠʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ɺʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʢʦʞʥʘ ʥʝʚʜʘʯʘ ʚ ʙʦʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥ ̔ʥʘʩʣʽʜʢʠ 

ʜʣʷ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ʪʘ ʜʣʷ ʘʚʽʘʮʽʡʥʦʾ ʽʥʜʫʩʪʨʽʾ ʟʘʛʘʣʦʤ. 

ʉʠʩʪʝʤʠ ʂʽʙʝʨʟʘʭʠʩʪʫ 

ʐʠʬʨʫʚʘʥʥʷ ʪʘ ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ: 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʰʠʬʨʫʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʤʽʞ ʙʦʨʪʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʣʝʛʽʪʠʤʥʦʩʪʽ 

ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤ. 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʫ ʚʝʣʠʢʠʭ ʧʦ-

ʪʦʢʘʭ ʜʘʥʠʭ. 

¶ ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʘʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʥʦʚʠʤ ʪʠʧʘʤ ʢʽʙʝʨʟʘ-

ʛʨʦʟ. 

ʌʽʟʠʯʥʽ ɿʘʭʦʜʠ ɹʝʟʧʝʢʠ: 

¶ ɿʘʭʠʩʪ ʬʽʟʠʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʤʝʪʨʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

¶ ʈʦʟʨʦʙʢʘ ʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʧʝʨʝʛʣʷʜʫ ʝʢʨʘʥʽʚ 

ʧʽʣʦʪʽʚ ʪʘ ʝʢʨʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʽʜʛʦʪʦʚʢʘ ʇʝʨʩʦʥʘʣʫ: 

¶ ɺʚʝʜʝʥʥʷ ʧʨʦʛʨʘʤ ʧʜ̔ʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ ʟ ʢʽʙʝʨʟʘʭʠʩʪʫ ʜʣʷ ʧʽʣʦʪʽʚ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ. 

¶ ʆʨʛʘʥʽʟʘʮʽʷ ʪʨʝʥʫʚʘʥʴ ʥʘ ʩʠʤʫʣʷʪʦʨʘʭ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʽʡ ʧʽʜ ʯʘʩ ʢʽʙʝʨʘʪʘʢ. 

ʄʽʞʥʘʨʦʜʥʘ ʉʧʽʚʧʨʘʮʷ: 

¶ ʉʪʚʦʨʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʢʽʙʝʨʟʘʭʠʩʪʫ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ ʣʽʪʘʢʽʚ. 

¶ ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʜʦʩʚʽʜʦʤ ʤʽʞ ʘʚʽʘʢʦʤʧʘʥʽʷʤʠ ʪʘ ʢʨʘʾʥʘʤʠ ʜʣʷ ʩʧʽʣʴʥʦʛʦ 

ʧʨʦʪʠʜʽʾ ʢʽʙʝʨʟʘʛʨʦʟʘʤ. 

ʂʽʙʝʨʟʘʭʠʩʪ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ ʣʽʪʘʢʽʚ ʚʠʤʘʛʘʻ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, 

ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʚʧʨʘʮʽ. ʃʠʰʝ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʛʘʨʘʥʪʫ-

ʚʘʪʠ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʠʙʝʨʟʘʛʨʦʟ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʥ̔ʶʶʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ 

ʩʘʤʠʤ ʙʝʟʧʝʢʫ  ̔ʜʦʚʽʨʫ ʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʩʚʽʪʽ ʘʚʽʘʮʽʾ. 
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ɺ.ʄ. ɻʫʣʴʚʘʥʶʢ, ʟʜʦʙʫʚʘʯʢʘ ʦʩʚʽʪʠ1; ʅ.ɺ. ʂʨʘʚʯʫʢ, ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ1   
1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: valeriagulvanuk@gmail.com 

 

ʆʇʊʀʄɯɿɸʎɯʗ ɼʆʈʆɾʅʔʆɻʆ ʈʋʍʋ ɺ ɿʆʅɸʍ ɸɽʈʆʇʆʈʊɯɺ 

ʅʘ ʩʴʦʛʦʜʥʽʡʰʥʽʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʟʙʽʣʴʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʫʭʫ ʪʘ ʡʦʛʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʚ ʨʘʡʦʥʘʭ ʧʨʦʚʽʜʥʠʭ ʘʝʨʦʧʦʨʪʽʚ ʜʦʩʷʛʣʘ ʢʨʠʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʏʝʨʝʟ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʨʟ̔ʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʚʠʥʠʢʥʝʥʥʷ 

ʟʘʪʦʨʽʚ ʟʙʽʣʴʰʠʣʠʩʷ ʚʠʢʠʜʠ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʫ ʧʦʚʽʪʨʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʽ ʪʘʢ ʩʢʨʫʪʥʫ 

ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʫʞʝ ʯʘʩʪʦ ʜʦ ʮʴʦʛʦ ʧʨʠʟʚʦʜʷʪʴ 

ʥʝʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʽ ʟʦʥʘʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʝʨʦʧʦʨʪʽʚ; ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʣʘʜʥʘʥʠʭ ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʽʩʮʴ 

ʩʪʦʷʥʥʷ ʧʘʨʢʽʥʛʽʚ; ʧʘʩʠʚʥʽʩʪʴ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʥʘʩʝʣʝʥʥʷ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ 

çʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡè, ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. 

ʉʠʩʪʝʤʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʻ ʙʫʪʠ ʥʝʚʽʜô̒ ʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʝʨʦʧʦʨʪʦʤ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʚʯʝʥʥʷ, ʘʥʘʣʽʟʫ, ʨʦʟʨʦʙʢʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ 

ʝʣʝʤʝʥʪʠ: ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʦʙʦʚô̫ ʟʢʠ, ʤʝʪʦʜʠ, ʪʝʭʥʦʣʦʛʽʾ, ʤʝʪʦʜʠʢʠ, ʦʨʛʘʥʽʟʘʮʽʡʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʜʦʩʚʽʜ ʪʦʱʦ. 

ʑʦʙ ʟʤʝʥʰʠʪʠ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʟʦʥʽ ʘʝʨʦʧʦʨʪʫ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʽ ʚʧʨʦʚʘʜʠʪʠ ʪʘʢʽ ʟʘʭʦʜʠ ʷʢ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, ʚʠʩʫʚʘʥʥʷ ʩʫʚʦʨʠʭ ʚʠʤʦʛ 

ʱʦʜʦ ʨʽʚʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ, ʦʨʛʘʥʽʟʘʮʽʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ 

(ʟʤʝʥʰʝʥʥʷ ʟʘʪʦʨʽʚ), ʚʧʨʦʚʘʜʞʝʥʥʷ çʟʝʣʝʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè. 

ɿʝʣʝʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ -  ʩʫʢʫʧʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʪʝʭʥʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʩʦʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚ ʮʽʣʦʤʫ. 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʘʙʦ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʷʚʠ ʟʘʪʦʨʽʚ ʥʘ ʜʦʨʦʛʘʭ ʤʽʩʪ ʽ ʚ 

ʧʨʠʣʝʛʣʠʭ ʜʦ ʘʝʨʦʧʦʨʪʫ ʪʝʨʠʪʦʨʽʷʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʞʠʚʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʭʦʜʠ: 

ʨʝʢʫʥʩʪʨʫʢʮʽʷ ʜʦʨʦʞʥʽʭ ʤʝʨʝʞ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ, ʟʘʛʘʣʴʥʘ 

ʨʝʦʨʛʘʥʽʟʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʫʭʫ, ʟʘʙʦʨʦʥʘ ʽ ʩʫʚʦʨʠʡ ʢʦʪʨʦʣʴ ʟʘ ʩʪʦʷʥʥʷʤ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʟʜʦʚʞ ʧʨʦʾʟʞʠʭ ʯʘʩʪʠʥ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʷʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ. 

ʃʠʰʝ ʢʦʤʧʣʝʢʩʥʠʡ ʽ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʪʽʩʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ 

ʪʘ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʘʝʨʦʧʦʨʪʽʚ ʜʘʜʫʪʴ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ, 

ʧʦʢʨʘʱʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʥʘʩʝʣʝʥʥʷ. 
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ʊ.ʄ. ɯʚʘʥʝʥʢʦ, ʩʪʫʜʝʥʪ1; ʊ.ʄ. ʅʦʚʽʢ, ʚʠʢʣʘʜʘʯ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: ivanenko.tetiana@g-suit.kk.nau.edu.ua 

 

ʇɽʈɯʆɼʀ ʆɹɽʈʊɸʅʅʗ ʇʃɸʅɽʊʀ ɺɽʅɽʈʀ ʊɸ ɸʉʊɽʈʆɰɼɸ ɭɺʈʆʇʀ 

ʅɸɺʂʆʃʆ ʉʆʅʎʗ. ɺɯɿʋɸʃɯɿɸʎɯʗ ɿɸ ɼʆʇʆʄʆɻʆʖ ʄʆɺʀ 

ʇʈʆɻʈɸʄʋɺɸʅʅʗ PYTHON 

ɺ ʥʘʰʽʡ ʩʦʥʷʯʥʽʡ ʩʠʩʪʝʤʽ ʧʣʘʥʝʪʠ ʪʘ ʥʝʙʝʩʥʽ ʪʽʣʘ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘʚʢʦʣʦ ʉʦʥʮʷ 

ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʧʝʨʽʦʜʦʤ ʦʙʝʨʪʘʥʥʷ. ʇʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʘʙʦ ʘʩʪʝʨʦʾʜʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭʥʴʦʶ ʦʨʙʽʪʦʶ, ʘʙʦ ʰʣʷʭʦʤ, ʷʢʠʡ ʚʦʥʠ ʧʨʦʡʜʫʪʴ ʥʘʚʢʦʣʦ ʉʦʥʮʷ. 

ʇʣʘʥʝʪʘ ɺʝʥʝʨʘ ʪʘ ʘʩʪʝʨʦʾʜ ɭʚʨʦʧʘ - ʮʝ ʜʚʘ ʨʽʟʥʽ ʦʙ'ʻʢʪʠ ʚ ʥʘʰʽʡ ʩʦʥʷʯʥʽʡ 

ʩʠʩʪʝʤʽ ʟ ʚʣʘʩʥʠʤʠ ʫʥʽʢʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʑʦʙ ʦʙʯʠʩʣʠʪʠ ʾʭʥʽ ʧʝʨʽʦʜʠ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʉʦʥʮʷ, ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʘʢʦʥʦʤ ʂʝʧʣʝʨʘ, ʷʢʠʡ ʦʧʠʩʫʻ ʨʫʭ 

ʧʣʘʥʝʪ ʥʘʚʢʦʣʦ ʉʦʥʮʷ. 

ɿʛʽʜʥʦ ʟ ʪʨʝʪʽʤ ʟʘʢʦʥʦʤ ʂʝʧʣʝʨʘ, ʢʚʘʜʨʘʪ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʥʘʚʢʦʣʦ 

ʉʦʥʮʷ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʫʙʫ ʩʝʨʝʜʥʴʦʾ ʛʝʣʽʦʮʝʥʪʨʠʯʥʦʾ ʚʽʜʩʪʘʥʽ ʧʣʘʥʝʪʠ. ʌʦʨʤʫʣʘ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

4  (1) 

ʜʝ T - ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ, a - ʩʝʨʝʜʥʷ ʛʝʣʽʦʮʝʥʪʨʠʯʥʘ ʚʽʜʩʪʘʥʴ ʧʣʘʥʝʪʠ, G - 

ʛʨʘʚʽʪʘʮʽʡʥʘ ʢʦʥʩʪʘʥʪʘ, M - ʤʘʩʘ ʉʦʥʮʷ. 

ɼʣ̫ ʧʣʘʥʝʪʠ ɺʝʥʝʨʠ, ʷʢʘ ʤʘʻ ʩʝʨʝʜʥʶ ʛʝʣʽʦʮʝʥʪʨʠʯʥʫ ʚʽʜʩʪʘʥʴ ʧʨʠʙʣʠʟʥʦ 

0.723 ʘ.ʦ. (ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʦʜʠʥʠʮʴ), ʤʦʞʝʤʦ ʦʙʯʠʩʣʠʪʠ ʾʾ ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ (2). 

ɸʥʘʣʦʛʽʯʥʦ, ʜʣʷ ʘʩʪʝʨʦʾʜʘ ɭʚʨʦʧʠ, ʟ ʩʝʨʝʜʥʴʦʶ ʛʝʣʽʦʮʝʥʪʨʠʯʥʦʶ ʚʽʜʩʪʘʥʥʶ ʙʣʠʟʴʢʦ 

3.10 ʘ.ʦ. (3), ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ʙʫʜʝ: 

4ˏ̆̎̆̑́
Ȣ  ́Ȣ̏

ṫ
 (2)  4˰̃̑̏̐́

Ȣ  Ȣ

ṫ
 (3) 

ʜʝ G - ʛʨʘʚʽʪʘʮʽʡʥʘ ʢʦʥʩʪʘʥʪʘ, ὓṫ - ʤʘʩʘ ʉʦʥʮʷ. 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʽ ʦʙʯʠʩʣʝʥʴ, ʦʪʨʠʤʘʻʤʦ ʧʝʨʽʦʜʠ 

ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʧʣʘʥʝʪʠ ɺʝʥʝʨʠ ʪʘ ʘʩʪʝʨʦʾʜʘ ɭʚʨʦʧʠ ʪʘ ʧʦʙʫʜʦʚʘʥʫ ʤʦʜʝʣʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩʫʥʢʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ɺʝʥʝʨʠ 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 224 ʜʥʽ, ʪʦʜʽ ʷʢ 

ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ʘʩʪʝʨʦʾʜʘ ɭʚʨʦʧʠ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 5.458 ʨʦʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʭʦʯʘ ʧʣʘʥʝʪʘ 

ɺʝʥʝʨʘ ʪʘ ʘʩʪʝʨʦʾʜ ɭʚʨʦʧʘ ʦʙʝʨʪʘʶʪʴʩʷ 

ʥʘʚʢʦʣʦ ʉʦʥʮʷ, ʾʭʥʽ ʧʝʨʽʦʜʠ ʦʙʝʨʪʘʥʥʷ 

ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʯʝʨʝʟ ʨʽʟʥʫ 

ʚʽʜʩʪʘʥʴ ʜʦ ʉʦʥʮʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʽ 

ʦʨʙʽʪʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ. 
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ʆ.ɺ. ʂʘʚʫʥ,  ʩʪʫʜʝʥʪ; ɸ.ɺ. ʈʻʟʥʽʢ, ʚʠʢʣʘʜʘʯ 

ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʉʣʦʚôʷʥʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: ktoiavs@gmail.com 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ɹɯʈʆʊɸʊʀɺʅʀʍ ʊʋʈɹɯʅ ɼʃʗ ɸɺɯɸʎɯʁʅʀʍ ɼɺʀɻʋʅɯɺ 

ɹʽʨʦʪʘʪʠʚʥʘ (ʙʽʨʦʪʦʨʥʘ) ʪʫʨʙʽʥʘ ʻ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʭʝʤʦʶ ʩʝʨʝʜ ʛʘʟʦ-

ʚʠʭ ʪʫʨʙʽʥ ʜʣʷ ɻʊɼ. ɼʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʤʦʥʦʛʨʘʬʽʡ ʟ ʪʝʦʨʽʾ ʦʩʴʦʚʠʭ ʙʽʨʦʪʘʪʠʚʥʠʭ 

ʛʘʟʦʚʠʭ ʪʫʨʙʽʥ ʚʠʩʚʽʪʣʶʶʪʴ ʚʘʞʣʠʚʫ ʚʣʘʩʪʠʚʽʩʪʴ ʙʽʨʦʪʘʪʠʚʥʦʾ ʪʫʨʙʽʥʠ ʚ ʩʧʨʦʱʝʥʽ 

ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʜʚʦʨʷʜʥʦʤʫ ʛʚʠʥʪʫ ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʙʝʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʨʝʜʫʢʪʦʨʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʜʚʽ ʙʽʨʦʪʘʪʠʚʥʽ ʨʦʙʦʯʽ ʨʝʰʽʪʢʠ ʤʦ-

ʞʫʪʴ ʨʦʟʚʠʥʫʪʠ ʪʘʢʫ ʞ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʡ ʟʚʠʯʘʡʥʘ ʦʩʴʦʚʘ ʪʫʨʙʽʥʥʘ ʩʪʫʧʝʥʴ, ʤʘʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʚʜʚʽʯʽ ʤʝʥʰʫ ʦʢʨʫʞʥʫ ʰʚʠʜʢʽʩʪʴ. ɹʽʨʦʪʘʪʠʚʥʘ ʪʫʨʙʽʥʘ ʻ ʚʠʩʦʢʦʨʝʘʢʪʠʚ-

ʥʦʶ, ʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʫʨʙʽʥʠ ʟʚʠʯʘʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʩʚʦʾʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʻ ʜʚʘ ʨʦʪʦʨʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʽ ʩʪʦʨʦʥʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʨʦʪʦʨ 

ʫʪʚʦʨʶʶʪʴ ʨʦʙʦʯʽ ʣʦʧʘʪʢʠ, ʘ ʜʨʫʛʠʡ ï ʩʦʧʣʦʚʽ ʣʦʧʘʪʢʠ, ʷʢʽ ʚ ʜʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʞ 

ʩʪʘʶʪʴ ʨʦʙʦʯʠʤʠ. ʇʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʠ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʫʨʙʽʥ ʨʽʟʥʠʭ 

ʩʭʝʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʙʽʨʦʪʘʪʠʚʥʠʭ ʪʫʨʙʽʥ, ʧʦʢʘʟʘʣʠ, ʱʦ ʙʽʨʦʪʘʪʠʚʥʘ ʪʫʨʙʽʥʘ ʤʘʻ ʢʦʝ-

ʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) ʚʠʱʝ, ʚʽʜ ʟʚʠʯʘʡʥʦʾ. ʎʝʡ ʧʨʠʨʽʩʪ ʂʂɼ ʦʙʫʤʦʚʣʝʥʠʡ ʟʙʽʣʴ-

ʰʝʥʥʷʤ ʂʂɼ ʜʨʫʛʦʾ ʩʪʫʧʝʥʽ. ɺʩʝ ʮʝ ʻ ʥʘʩʣʽʜʢʦʤ ʪʦʛʦ, ʱʦ ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪʠ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʦʧʣʦʚʦʤʫ ʘʧʘʨʘʪʽ (ʉɸ) ʪʫʨʙʽʥʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʙʽʨʦʪʘʪʠʚʥʦʾ 

ʪʫʨʙʽʥʠ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʦʪʦʢʫ ʚ ʅɸ ʟʥʠʞʫʻʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʫʨʙʽ-

ʥʦʶ ʟʚʠʯʘʡʥʦʛʦ ʪʠʧʫ. ʇʨʠ ʮʴʦʤʫ ʙʽʨʦʪʘʪʠʚʥʘ ʪʫʨʙʽʥʘ ʙʝʟ ʉɸ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʠ, 

ʨʦʟʚʠʚʘʻ ʂʂɼ ʥʠʞʯʠʡ, ʥʽʞ ʫ ʚʘʨʽʘʥʪʽ ʟ ʉɸ.  

ʅʘʡʙʽʣʴʰʝ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʨʦʪʘʪʠʚʥʠʭ ʪʫʨʙʽʥ ʧʽʜʭʦʜʷʪʴ ʪʫʨʙʦʚʘʣʴʥʽ ʜʚʠ-

ʛʫʥʠ, ʱʦ ʚ ʩʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʩʫʪʴ ʜʚʽ ʛʘʟʦʚʽ ʪʫʨʙʽʥʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʤʽʞ ʩʦʙʦʶ ʢʽʥʝʤʘ-

ʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ, ʪʦʙʪʦ ʥʝ ʧʦʻʜʥʘʥʽ ʚʘʣʦʤ ʽ ʤʘʶʪʴ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʜʚʦʨʷ-

ʜʥʽ ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʽ ʜʚʠʛʫʥʠ (ʊɻɺɼ) ʜʣʷ ʧʨʠʚʦʜʫ ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʽʚ (ɻɺ) ʧʨʦʪʠ-

ʣʝʞʥʦʛʦ ʦʙʝʨʪʘʥʥʷ. ɺ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʊɻɻɼ, ʷʢ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʴ ʥʘ ʧʦʯʘʪʢʫ, ʙʝʟʧʦʩʝ-

ʨʝʜʥʽʡ ʧʨʠʚʦʜ ɻɺ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʨʝʜʫʢʪʦʨ ʟ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢ ʩʪʨʫʢʪʫʨʥʫ ʦʜʠʥʠ-

ʮʶ, ʱʦ ʩʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʟʥʽʤʝ ʦʙʤʝʞʝʥʥʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʊɻɺɼ. 

ʆʩʥʦʚʥʠʤ ʘʩʧʝʢʪʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʧʠʪʘʥʥʷ ʢʦʤʧʦʥʦʚʢʠ ʪʘʢʦʛʦ ʜʚʠʛʫʥʘ ʟ ʨʦʟʤʽ-

ʱʝʥʥʷʤ ɻɺ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʛʦʥʜʦʣʠ ʥʘ ʧʦʚʽʪʨʷʥʦʤʫ ʩʫʜʥʽ. 

ʊʦ ʞ ʟʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʽʨʦʪʦʨʥʠʭ ʪʫʨʙʽʥ ʚ ʘʚʽʘʮʽʡʥʠʭ ɻʊɼ, 

ʘʢʮʝʥʪʫʶʯʠ ʥʘ ʾʭ ʧʝʨʝʚʘʛʠ, ʟʦʢʨʝʤʘ:  

V ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʛʽʨʦʩʢʦʧʽʯʥʦʛʦ ʤʦʤʝʥʪʫ ʨʦʪʦʨʫ, ʱʦ ʧʦʢʨʘʱʫʻ 
ʤʘʥʝʚʨʝʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ;  

V ʪʘʢʘ ʪʫʨʙʽʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʢʦʤʧʨʝʩʦʨʫ ʟ ʧʨʦʪʠʣʝ-

ʜʥʠʤ ʥʘʧʨʘʚʣʝʥʥʷʤ ʦʙʝʨʪʘʥʥʷ ʩʪʫʧʝʥʝʡ ʘʙʦ ʞ ʜʚʦʚʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ; 

V ʢʦʤʧʝʥʩʘʮʽʷ ʢʨʫʪʠʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʦʙʦʭ ʨʦʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʩʠʤʝʪʨʠʯʥʦʩʪʽ 
ʪʨʠʢʫʪʥʠʢʽʚ ʰʚʠʜʢʦʩʪʝʡ ʪʘʢʦʾ ʪʫʨʙʽʥʠ; 

V ʩʧʨʦʱʝʥʥʷ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʜʚʦʨʷʜʥʦʤʫ ʛʚʠʥʪʫ ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʜʫʢʪʦʨʫ. 
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ɸ.ɺ. ʂʘʧʝʣʶʰʥʘ, ʉ.ʆ. ɸʩʤʦʣʦʚ, ʟʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ1 ɺ.ɺ. ʊʠʭʦʩʪʫʧ, ʆ.ʉ. ɻʨʠʥʯʝʥʢʦ, 

ʚʠʢʣʘʜʘʯʽ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè  

E-mail: kapeliushna.anna@g-suit.kk.nau.edu, asmolovsergey191202@gmail.com 

 

ɽʂʆʃʆɻɯʏʅʀʁ ɸʉʇɽʂʊ ʂɯɹɽʈɹɽɿʇɽʂʀ ɺ ʋʄʆɺɸʍ ɺʆɭʅʅʆɻʆ ʉʊɸʅʋ 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʢʽʙʝʨʙʝʟʧʝʢʘ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʪʘ ʚʘ-

ʞʣʠʚʠʭ ʛʘʣʫʟʝʡ ʫ ʩʚʽʪʽ. ʋʤʦʚʠ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʨʦʙʣʷʪʴ ʮʶ ʧʨʦʙʣʝʤʘʪʠʢʫ ʱʝ ʙʽʣʴʰ 

ʚʘʞʣʠʚʦʶ, ʦʩʢʽʣʴʢʠ ʢʽʙʝʨʘʪʘʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ. ʋ ʜʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʝʢʦʣʦʛʽʯʥʠʡ ʘʩʧʝʢʪ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ 

ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʋʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ, ʋʢʨʘʾʥʘ ʻ ʮʽʣʣʶ ʯʠʩʝʣʴʥʠʭ ʢʽʙʝʨʘʪʘʢ, ʷʢʽ ʦʭʦʧʠʣʠ 

ʜʝʨʞʘʚʥʽ ʫʩʪʘʥʦʚʠ, ʧʨʠʚʘʪʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʛʨʦʤʘʜʷʥ. ɿʘʛʦʩʪʨʝʥʥʷ ʧʦʯʘʣʦʩʷ ʚ ʧʝʨʽʦʜ 

ʚʽʡʥʠ, ʦʩʦʙʣʠʚʦ  ʩʪʨʘʞʜʘʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʻ ʯʘʩʪʠʥʦʶ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʟʦʢʨʝʤʘ ʝʥʝʨʛʝʪʠʯʥʽ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ, ʤʝʜʽʘ ʪʘ ʬʽʥʘʥʩʦʚʽ ʢʦʤʧʘʥʽʾ. ʄʝʪʦʶ ʜʘʥʦʾ 

ʨʦʙʦʪʠ ʻ ʩʧʨʦʙʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʢʽʙʝʨʘʪʘʢ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʞʠʤʫ ʧʽʜʚʠʱʝʥʦʾ ʛʦʪʦʚʥʦʩʪʽ, ʟʦʢʨʝ-

ʤʘ, ʚʠʜʽʣʠʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ  ʢʽʙʝʨʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʮʽ ʛʘʣʫʟʽ ʯʘʩʪʦ ʚʚʘ-

ʞʘʶʪʴʩʷ ʚʨʘʟʣʠʚʠʤʠ ʫ ʧʝʨʽʦʜ ʚʽʡʥʠ. ʋʢʨʘʾʥʩʴʢʽ ʬʘʭʽʚʮʽ ʤʘʶʪʴ ʙʫʪʠ ʛʦʪʦʚʽ ʧʨʦʪʠʜʽʷʪʠ 

ʮʠʤ ʚʠʢʣʠʢʘʤ ï ʢʦʤʧʘʥʽʾ ʧʦʚʠʥʥʽ ʦʮʽʥʠʪʠ ʩʚʦʶ ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ ʽ ʩʚʦʶ 

ʟʜʘʪʥʽʩʪʴ ʚʽʜʥʦʚʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʙʝʟ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ.  

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʙʣʘʩʪʝʡ ʚʧʣʠʚʫ ʢʽʙʝʨʙʝʟʧʝʢʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʢʽʙʝʨʘʪʘʢ. ʄʘʩʰʪʘʙʥʽ ʢʽʙʝʨʥʘʧʘʜʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ. ʎʝ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʢʠʜʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʣʽʤʘʪ. 

ɽʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʢʽʙʝʨʘʪʘʢ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽ ʩʝʨʡʦʟʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɼʦʩʣʽʜʥʠʢʘʤ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʝʛʘʪʠʚʥʽ ʝʢʦ-

ʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʢʽʙʝʨʘʪʘʢ, ʚʽʜʦʤʽ, ʷʢ ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ, ʪʘʢ ʽ ʚʨʘʭʦʚʘʥʦ ʧʝʨʽʦʜ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ, ʘ ʩʘʤʝ: 

¶ ʫ 2022 ʨʦʮʽ ʢʽʙʝʨʘʪʘʢʘ ʥʘ "ʋʢʨʛʘʟʜʦʙʫʚʘʥʥʷ" ʧʨʠʟʚʝʣʘ ʜʦ ʟʫʧʠʥʢʠ ʨʦʙʦʪʠ 

100 ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʚʠʢʠʜʫ 100 000 ʤ3 ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ˇʨʫʥʪʫ ʪʘ ʚʦʜʠ; 

¶ ʢʽʙʝʨʘʪʘʢʠ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʦʙ'ʻʢʪʠ, ʪʘʢʽ ʷʢ ʘʪʘʢʘ ʥʘ "ʋʢʨʝʥʝʨʛʦ" ʚ 2023 

ʨʦʮʽ, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ 

ʤʦʞʝ ʧʦʩʠʣʠʪʠ ʟʤʽʥʫ ʢʣʽʤʘʪʫ. 

ʋʤʦʚʠ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʨʦʙʣʷʪʴ ʮʶ ʧʨʦʙʣʝʤʘʪʠʢʫ ʱʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽ-

ʣʴʢʠ ʢʽʙʝʨʘʪʘʢʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʝʜʝʥʥʷ ʛʽʙʨʠʜʥʦʾ ʚʽʡʥʠ. 
ɿʘʭʠʩʪ ʜʦʚʢʽʣʣʷ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʘ ʤʘʶʪʴ ʚʟʘʻʤʦʜʽʷʪʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʽʡʢʽʩʪʴ ʷʢ ʫ ʢʽʙʝ-

ʨʧʨʦʩʪʦʨʽ, ʪʘʢ ʽ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 
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ʆ.ʌ. ʂʦʚʘʣʝʥʢʦ, ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: kovalenko@g-suit.kk.nau.edu.ua  

 

ʉʊɸʅʆɺʃɽʅʅʗ ʎʀɺɯʃʔʅʆɰ ɸɺɯɸʎɯɰ ʅɸ ʂʈʀɺʆʈɯɾɾɯ  

ʌʦʨʤʫʚʘʥʥʷ ʨʘʜʷʥʩʴʢʦʾ ʜʝʨʞʘʚʠ ʚ 1920-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ ʧʦʪʨʝʙʫʚʘʣʦ 

ʨʦʟʚʠʪʢʫ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ. ɺʠʙʽʨ ʨʘʜʷʥʩʴʢʦʛʦ ʢʝʨʽʚʥʠʮʪʚʘ ʟʫʧʠʥʠʚʩʷ ʥʘ ʣʽʪʘʢʘʭ 

ʨʦʩʽʡʩʴʢʦʾ ʽʤʧʝʨʽʾ çɯʣʴʷ ʄʫʨʦʤʝʮʴè, ʘʣʝ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ  ʚʽʜʧʦʚʽʜʘʣʠ ʚʠʤʦʛʘʤ 

ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ. ʉʧʽʚʧʨʘʮʷ ʉʈʉʈ ʽʟ ɺʝʡʤʘʨʽʚʩʴʢʦʶ ʨʝʩʧʫʙʣʽʢʦʶ ʜʦʟʚʦʣʠʣʘ ʟʘʢʫʧʠʪʠ 

ʚ ʨʘʜʷʥʩʴʢʫ ʜʝʨʞʘʚʫ ʣʽʪʘʢʠ ʥʽʤʝʮʴʢʦʾ ʬʽʨʤʠ çɼʦʨʦʥʴʝè, ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʩʥʫʚʘʥʥʷʤ 

ʩʧʽʣʴʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ çɼʝʨʫʣʫʬʪè. 

ɺ ʙʝʨʝʟʥʽ 1923 ʨʦʢʫ ʚ ʋʈʉʈ ʙʫʣʦ ʩʪʚʦʨʝʥʥʦ ʋʢʨʘʾʥʩʴʢʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ 

"ʋʢʨʧʦʚʽʪʨʦʰʣʷʭ". ʋ ʢʚʽʪʥʽ - ʪʨʘʚʥʽ 1924 ʨ. ʚʽʜʙʫʣʠʩʷ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʧʦʣʴʦʪʠ, ʘ ʟ 25 

ʪʨʘʚʥʷ ʧʦʯʘʭ ʣʠʩʷ ʨʝʛʫʣʷʨʥʽ ʨʝʡʩʠ. ʋ 1924 ʨ. ʚ ʋʢʨʘʾʥʽ ʜʽʷʣʠ ʜʚʽ ʣʽʥʽʾ: ʍʘʨʢʽʚ ð 

ʇʦʣʪʘʚʘ ð ʂʠʾʚ ʪʘ ʍʘʨʢʽʚ-ɿʽʥʦʚ'ʻʚʩʴʢ ð ʆʜʝʩʘ, ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 1 090 ʢʤ. ʋ 

ʧʝʨʰʠʡ ʧʦʣʽʪ ʥʘ ʂʠʾʚ ʚʠʣʝʪʽʚ ʣʽʪʘʢ "ʏʝʨʚʦʥʠʡ ʭʽʤʽʢ", ʜʦ ʆʜʝʩʠ ð "ʍʘʨʢʽʚʩʴʢʠʡ 

ʧʨʦʣʝʪʘʨʽʡ".   

ɸʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʥʪʨʽʚ, ʢʫʜʠ ʚʭʦʜʠʚ ʂʨʠʚʠʡ ʈʽʛ, ʧʦʪʨʝʙʫʚʘʚ 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ. ɺ 1925 ʨʦʮʽ ʯʝʨʝʟ ʂʨʠʚʠʡ ʈʽʛ ʙʫʣʦ ʧʨʦʢʣʘʜʝʥʦ 

ʧʦʚʽʪʨʷʥʫ ʣʽʥʽʶ ʄʦʩʢʚʘ ï ʍʘʨʢʽʚ ï ʂʘʪʝʨʠʥʦʩʣʘʚ - ʂʨʠʚʠʡ ʈʽʛ ï ʄʠʢʦʣʘʾʚ - ʆʜʝʩʘ. 

ʇʝʨʰʠʡ ʘʝʨʦʜʨʦʤ, ʷʢʠʡ ʤʘʚ ʩʪʘʪʫʩ ʧʨʦʤʽʞʥʦʛʦ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ ʙʽʣʷ ʩʝʣʘ 

ʂʘʪʝʨʠʥʽʚʢʘ. ʅʽʤʝʮʴʢʘ ʘʝʨʦʬʦʪʦʟʡʦʤʢʘ 1941 ʨʦʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʣʘʡʥ ʩʝʨʚʽʩʫ 

oldmaps.dp.ua  ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ ʡʦʛʦ ʪʦʯʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʘ ʩʘʤʝ 

https://oldmaps.dp.ua/kryvbas/#15/47.8550/33.2889.  

 ʈʝʛʫʣʷʨʥʽ ʨʝʡʩʠ ʯʝʨʝʟ ʂʨʠʚʠʡ ʨʽʛ ʚ 1925-1930 ʨʦʢʘʭ ʥʝ ʟʜʽʡʩʥʶʚʘʣʠʩʷ. ʇʝʨʰʽ 

ʨʝʛʫʣʷʨʥʽ ʨʝʡʩʠ ʧʦʯʥʫʪʴʩʷ  ʣʠʰʝ ʚ 1931 ʨʦʮʽ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʫ ʩʪʘʪʪʽ çʎʠʚʽʣʴʥʘ 

ʘʚʽʘʮʽʷè ʚ ʛʘʟʝʪʽ ʏʝʨʚʦʥʠʡ ʛʽʨʥʠʢ ʟʘ 17.08.1937 ʨʦʢʫ, ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ ʍʘʨʢʽʚ ï ʂʠʾʚ, 

ʍʘʨʢʽʚ ï ʆʜʝʩʘ ʤʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʣʠʧʥʽ  1925 ʨʦʢʫ ʫ ʂʨʠʚʦʤʫ ʈʦʟʽ ʨʦʟʧʦʯʘʣʘ ʜʽʷʣʴʥʽʩʪʴ ʢʦʥʪʦʨʘ 

çʋʢʨʧʦʚʽʪʨʷʰʣʷʭè, ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʷʢʦʾ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 12 ʪʠʩ. ʢʘʨʙʦʚʘʥʮʽʚ. ɸʣʝ 

ʧʦʜʘʣʴʰʝ ʦʙʣʘʜʥʘʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ ʘʝʨʦʜʨʦʤʫ ʽ ʙʫʜʽʚʥʠʮʪʚʦ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʩʣʫʞʙ ʡʰʣʦ ʧʦʚʽʣʴʥʦ ï ʥʝ ʚʠʩʪʘʯʘʣʦ ʢʦʰʪʽʚ. 

ʇʽʩʣʷ ʧʝʨʝʭʦʜʫ ʘʝʨʦʜʨʦʤʫ ʚ ʩʪʘʪʫʩ ʚʽʡʩʴʢʦʚʦʛʦ ʥʘ ʧʦʯʘʪʢʫ 1930-ʭ ʨʦʢʽʚ ʥʘ 

ʂʨʠʚʦʨʽʞʞʽ ʧʦʯʘʣʠ ʙʫʜʫʚʘʪʠ ʮʠʚʽʣʴʥʠʡ ʘʝʨʦʜʨʦʤ ʪʘ ʘʝʨʦʧʦʨʪ. ɸʛʽʪ ʧʝʨʝʣʽʪ ʣʽʪʘʢʘ ʂ5 

ʪʘ ʡʦʛʦ ʧʨʠʙʫʪʪʷ ʚ ʂʨʠʚʠʡ ʈʽʛ ʥʘ ʥʦʚʠʡ ʮʠʚʽʣʴʥʠʡ  ʘʝʨʦʜʨʦʤ 30.06.1931, ʚʽʜʢʨʠʚ 

ʧʦʩʪʽʡʥʫ ʘʚʽʘʣʽʥʽʶ ʍʘʨʢʽʚ ï ʂʨʠʚʠʡ ʈʽʛ ï ʄʠʢʦʣʘʾʚ ï ʆʜʝʩʘ. ʇʦʚʥʦʮʽʥʥʽ ʨʝʛʫʣʷʨʥʽ 

ʨʝʡʩʠ ʧʦʯʘʣʠʩʷ ʣʠʰʝ ʚ 1934 ʨʦʮʽ, ʜʦ 1933 ʨ. ʧʘʩʘʞʠʨʦʧʦʪʽʢ ʪʘ ʧʝʨʝʚʝʟʝʥʥʷ ʙʘʛʘʞʫ 

ʙʫʣʠ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʠʤʠ. ʇʝʨʝʣʽʪ ʆʜʝʩʘ ï ʍʘʨʢʽʚ ʪʨʠʚʘʚ ʙʣʠʟʴʢʦ 6 ʛʦʜʠʥ, ʚʢʣʶʯʘʚ ʪʨʠ 

ʧʦʩʘʜʢʠ: ʫ ʄʠʢʦʣʘʻʚʽ, ʂʨʠʚʦʤʫ ʈʦʟʽ ʪʘ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʫ. ɺʘʨʪʽʩʪʴ ʢʚʠʪʢʘ ʩʪʘʥʦʚʠʣʘ 

125 ʨʫʙʣʽʚ. ɯʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʨʦʙʣʝʤʠ ʽʟ ʮʠʚʽʣʴʥʠʤ ʘʝʨʦʜʨʦʤʦʤ ʪʘ ʘʝʨʦʧʦʨʪʦʤ 

ʚʜʘʣʦʩʷ ʚʠʨʽʰʠʪʠ ʣʠʰʝ ʚ 1938 ʨʦʮʽ. 
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ɸ.ɺ. ʂʦʞʘʻʚ, ʟʘʚʽʜʫʚʘʯ ʣʘʙʦʨʘʪʦʨʽʾ1; ʊ.ʄ. ʅʦʚʽʢ, ʚʠʢʣʘʜʘʯ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: kav4ik@g-suit.kk.nau.edu.ua 

 

ɿʅɸʏɽʅʅʗ ʄɽʅɽɼɾɽʈɸ ʇɸʈʆʃɯɺ: ɻɽʅɽʈɸʎɯʗ, ɿɹɽʈɽɾɽʅʅʗ ʊɸ 

ɺɺɽɼɽʅʅʗ ʉʂʃɸɼʅʀʍ ʇɸʈʆʃɯɺ 

ʋ ʩʚʽʪʽ, ʜʝ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʧʦʚʩʷʢʜʝʥʥʦ-

ʛʦ ʞʠʪʪʷ, ʟʘʭʠʩʪ ʦʩʦʙʠʩʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʘʨʦʣʽ 

ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʦʥʣʘʡʥ-ʘʢʘʫʥʪʽʚ, ʽ ʚʘʞʣʠʚʦʶ ʻ ʾʭʥʽʡ 

ʩʢʣʘʜ ʽ ʫʥʽʢʘʣʴʥʽʩʪʴ. ʊʫʪ ʥʘ ʜʦʧʦʤʦʛʫ ʧʨʠʭʦʜʠʪʴ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʤ - ʄʝʥʝʜʞʝʨ ʇʘʨʦʣʽʚ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʄʝʥʝʜʞʝʨʘ ʇʘʨʦʣʽʚ ʻ ʛʝʥʝʨʘʮʽʷ ʩʢʣʘʜʥʠʭ ʧʘʨʦʣʽʚ. 

ʉʫʯʘʩʥʽ ʘʣʛʦʨʠʪʤʠ ʩʪʚʦʨʶʶʪʴ ʫʥʽʢʘʣʴʥʽ ʢʦʤʙʽʥʘʮʽʾ ʩʠʤʚʦʣʽʚ, ʱʦ ʻ ʚʘʞʢʠʤʠ ʜʣʷ ʚʛʘ-

ʜʫʚʘʥʥʷ ʥʘʚʽʪʴ ʥʘʡʙʽʣʴʰ ʚʠʥʘʭʽʜʣʠʚʠʤʠ ʭʘʢʝʨʘʤʠ. ʎʝ ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʩʣʘʙʢʽ ʧʘʨʦ-

ʣʽ, ʪʘʢʽ ʷʢ "123456" ʘʙʦ "password", ʣʝʛʢʦ ʚʟʣʘʤʫʶʪʴʩʷ, ʚʠʢʣʠʢʘʶʯʠ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝ-

ʤʠ ʟ ʙʝʟʧʝʢʦʶ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʦʤʠʣʦʢ ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦ-

ʛʦ ʡ ʪʦʛʦ ʞ ʧʘʨʦʣʷ ʜʣʷ ʢʽʣʴʢʦʭ ʘʢʘʫʥʪʽʚ. ʎʝ ʨʦʙʠʪʴ ʾʭʥʽ ʜʘʥʽ ʦʩʦʙʠʩʪʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚʨʘʟʣʠʚʠʤʠ ʫ ʚʠʧʘʜʢʫ ʚʠʪʦʢʫ ʦʜʥʦʛʦ ʧʘʨʦʣʷ. ʄʝʥʝʜʞʝʨʠ ʧʘʨʦʣʽʚ ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘ-

ʪʠ ʚʩʽ ʧʘʨʦʣʽ ʫ ʙʝʟʧʝʯʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʭʦʚʠʱʽ, ʟʘʭʠʱʝʥʦʤʫ ʩʠʣʴʥʠʤ ʰʠʬʨʫʚʘʥʥʷʤ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝ ʧʦʪʨʽʙʥʦ ʧʘʤ'ʷʪʘʪʠ ʚʩʽ ʩʚʦʾ ʧʘʨʦʣʽ ʘʙʦ ʟʘʧʠʩʫʚʘʪʠ ʾʭ ʫ 

ʥʝʙʝʟʧʝʯʥʠʭ ʤʽʩʮʷʭ. 

ʑʝ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ʄʝʥʝʜʞʝʨʘ ʇʘʨʦʣʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʚʦʜʠʪʠ 

ʧʘʨʦʣʽ ʥʘ ʚʝʙ-ʩʘʡʪʘʭ ʽ ʫ ʜʦʜʘʪʢʘʭ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʨʫʯʥʫ ʚʚʦʜʠʪʠ ʧʘʨʦʣʴ ʢʦʞʥʦʛʦ 

ʨʘʟʫ ʧʨʠ ʚʭʦʜʽ, ʄʝʥʝʜʞʝʨ ʇʘʨʦʣʽʚ ʨʦʙʠʪʴ ʮʝʡ ʧʨʦʮʝʩ ʘʚʪʦʤʘʪʠʯʥʠʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʰʚʠʜʢʠʡ ʪʘ ʙʝʟʧʝʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ. 

ɹʘʛʘʪʦ ʄʝʥʝʜʞʝʨʽʚ ʇʘʨʦʣʽʚ ʪʘʢʦʞ ʧʨʦʧʦʥʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʧʘʨʦʣʽʚ 

ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʩʚʦʾ ʦʙʣʽʢʦʚʽ ʟʘʧʠʩʠ. 

ʅʘʧʨʠʢʣʘʜ, ʧʘʨʦʣʽ ʜʣʷ ʨʦʙʦʯʠʭ ʘʢʘʫʥʪʽʚ ʤʦʞʥʘ ʚʽʜʦʢʨʝʤʠʪʠ ʚʽʜ ʧʘʨʦʣʽʚ ʦʩʦʙʠʩʪʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʱʝ ʙʽʣʴʰʫ ʙʝʟʧʝʢʫ ʪʘ ʟʨʫʯʥʽʩʪʴ. 

ʄʝʥʝʜʞʝʨʠ ʧʘʨʦʣʽʚ ʩʪʘʣʠ ʥʝʦʙʭʽʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʮʠʬʨʦʚʽʡ ʝʧʦʭʽ, ʜʝ ʙʝʟ-

ʧʝʢʘ ʦʩʦʙʠʩʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʦʶ. ʐʣʷʭʦʤ ʛʝʥʝʨʘʮʽʾ ʩʢʣʘʜʥʠʭ 

ʧʘʨʦʣʽʚ, ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʫ ʙʝʟʧʝʯʥʦʤʫ ʤʽʩʮʽ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʚʝʜʝʥʥʷ, ʚʦʥʠ ʨʦʙʣʷʪʴ 

ʦʥʣʘʡʥ-ʞʠʪʪʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʝʟʧʝʯʥʽʰʠʤ ʪʘ ʟʨʫʯʥʽʰʠʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʄʝʥʝʜʞʝʨʘ 

ʇʘʨʦʣʽʚ ʤʦʞʝ ʙʫʪʠ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʜʦʩʷʛʥʝʥʥʷ ʙʽʣʴʰʦʾ ʮʠʬʨʦʚʦʾ ʙʝʟʧʝʢʠ ʪʘ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʩʧʦʢʦʶ ʨʦʟʫʤʫ. 
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ʉ.ɸ. ʂʰʠʞʝʚʩʴʢʠʡ, ɯ.ʄ. ʄʠʨʦʥʝʥʢʦ, ʂ.ʆ. ɯʚʘʥʦʚ,  ʢʫʨʩʘʥʪʠ1; ɺ.ʆ. ɻʨʠʰʠʥ, ʟʘʚʽʜʫʚʘʯ 

ʣʘʙʦʨʘʪʦʨʽʾ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: vitaliigryshin@gmail.com  

 

ɻɽʅɽʈɸʊʆʈ ʃʇɭʆ 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʽʪʘʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘ-

ʛʠ ʧʝʨʝʜ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʝʥʝʨʛʽʾ ʱʦʜʦ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ. ɽʣʝʢʪʨʠʢʫ ʤʦʞʥʘ ʣʝʛʢʦ ʢʦʥʚʝʨʪʫʚʘʪʠ, ʨʦʟʧʦʜʽʣʷ-

ʪʠ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʽ, ʱʦ ʥʘʡʚʘʞʣʠʚʽʰʝ, 

ʧʦʣʝʛʰʠʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʮʝʩʠ ʚ ʘʚʽʘʮʽʡʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʇʦʚʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʤʦʞʣʠʚʘ ʣʠʰʝ ʥʘ ʣʽʪʘʢʘʭ ʟ ʯʘʩʪʢʦʚʦʶ ʘʙʦ ʧʦʚʥʦʶ ʝʣʝʢʪʨʠʬʽʢʘʮʽʻʶ 

ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʦʚʽ ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʩʪʨʦʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʷʢ ʻʜʠʥʠʡ ʚʠʜ ʜʦʧʦʤʽʞʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʙʦʨʪʫ ʣʽʪʘʢʘ, ʪʦʙʪʦ 

ʧʝʨʝʡʪʠ ʜʦ ʣʽʪʘʢʘ ʟ ʧʦʚʥʽʩʪʶ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʃʇɭʆ). ʂʦʥʮʝʧʮʽʷ 

ʃʇɭʆ ʚʧʣʠʥʫʣʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ (ɸɼ) ʟ ʚʠʩʦʢʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʤʘʣʦʶ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʧʝʨʝʜʙʘʯʘ-

ʻʪʴʩʷ, ʱʦ ʩʪʘʨʪʝʨ ʽ ʛʝʥʝʨʘʪʦʨ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʧʘʨʽ ʟ ʘʚʽʘʮʽʡʥʠʤ ʜʚʠʛʫʥʦʤ (ʚʙʫʜʦ-

ʚʘʥʘ ʛʝʥʝʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ - ɻʋ). ʅʘ ʜʫʤʢʫ ʙʘʛʘʪʴʦʭ ʝʢʩʧʝʨʪʽʚ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʝ-

ʟʫʣʴʪʘʪ ʚʽʜ ʚʙʫʜʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʷʢʱʦ ʥʝ ʨʝʛʫʣʶʚʘʪʠ ʥʘʧʨʫʛʫ ʽ 

ʯʘʩʪʦʪʫ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʦʢʨʝʤʦʛʦ ʚʪʦʨʠʥʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ. 

ɺʽʜʦʤʦ, ʱʦ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ʗʢʱʦ ʚʙʫʜʦʚʘʥʠʡ ɻʋ ʩʫʤʽʱʝʥʫ ʟ ʥʘʧʽʚʧʨʦʚ̔-

ʜʥʠʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʚʪʦʨʠʥʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʪʦ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ɻʋ ʢʨʘʱʝ 

ʟʙʽʣʴʰʠʪʠ ʜʦ (30...50)103 ʦʙ/ʭʚ. ɿʘʙʝʟʧʝʯʠʪʠ ʪʘʢʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʚʙʫʜʦʚʘʥʦʛʦ 

ɻʋ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʪʦʤʫ ʚʘʨʪʦ ʩʧʨʦʙʫʚʘʪʠ ʟʥʘʡʪʠ ʰʣʷʭʠ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɻʋ ʧʨʠ ʤʘʣʠʭ ʦʙʝʨʪʘʭ ʨʦʪʦʨʘ. 

ʅʝʦʙʭʽʜʥʫ ʯʘʩʪʦʪʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʽʜʙʦʨʦʤ ʢʽʣʴʢʦʩʪʽ ʧʘʨ ʧʦʣʶʩʽʚ 

ʽ ʢʽʣʴʢʦʩʪʽ ʟʙʫʜʞʫʚʘʯʽʚ ʚ ɻʋ. ʗʢʱʦ ɻʋ ʧʦʚʠʥʥʘ ʤʘʪʠ ʨʝʛʫʣʴʦʚʘʥʫ ʥʘʧʨʫʛʫ ʽ ʯʘʩʪʦʪʫ, 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʩʢʘʜʥʽ ʫʩʪʘʥʦʚʢʠ: 

 

 

ɸʄ ï ʘʩʠʥʭʨʦʥʥʘ ʤʘʰʠʥʘ; 

ʉɻɼɺ ï ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʦʙʝʨ-

ʪʘʥʥʷ; 

ɼɸʄ ï ʜʦʜʘʪʢʦʚʘ ʘʩʠʥʭʨʦʥʥʘ ʤʘʰʠʥʘ. 

 

 

ʇʨʠʥʮʠʧʦʚʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʢʘʩʢʘʜʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ʂʘʩʢʘʜʥʠʡ ʘʛʨʝʛʘʪ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʥʘʧʨʫʛʦʶ ʪʘ ʯʘʩʪʦʪʦʶ ʤʦʞʝ ʙʫʪʠ ʚʙʫʜʦʚʘ-

ʥʠʡ ʫ ɸɼ ʽ ʤʘʪʠ ʟ ʥʠʤ ʦʜʥʘʢʦʚʽ ʪʝʨʤʽʥʠ ʨʝʛʣʘʤʝʥʪʥʠʭ ʨʦʙʽʪ. ʂʦʥʪʘʢʪʥʘ ʛʨʫʧʘ ʧʝʨʝʤʠ-

ʢʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʣʶʩʽʚ ɼɸʄ ʧʨʘʮʶʻ ʝʧʽʟʦʜʠʯʥʦ, ʘ ʱʽʪʢʠ ʚ ʢʦʥʪʫʨʽ ʽʥʜʫʢʪʦʨʘ ʉɻɼɺ 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʙʣʠʟʥʦ 0,03 ʧʦʪʫʞʥʦʩʪʽ ʢʘʩʢʘʜʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʱʦ ʥʝ 
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ʧʦʚʠʥʥʦ ʚʠʢʣʠʢʘʪʠ ʫʩʢʣʘʜʥʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʚʠʯʘʡʥʦ, ʢʦʚʟʥʽ ʢʦʥʪʘʢʪʠ ʥʝ ʙʘʞʘʥʽ ʫ 

ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ. ʎʷ ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʚʘʪʠʤʝʪʴʩʷ ʥʘʜʘʣʽ. 
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ʖ.ʉ. ʄʦʨʦʟʝʥʢʦ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1; ʄ.ʆ. ʇʦʛʦʩʷʥ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1 ʉ.ɺ. ʈʫʜʠʡ, 

ʚʠʢʣʘʜʘʯ1; ɸ.ʄ. ʈʫʜʘ, ʚʠʢʣʘʜʘʯ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: morozenko.yuliia@g-suit.kk.nau.edu.ua, pohosian.mark@g-suit.kk.nau.edu.ua,  

rudyysergey@ukr.net, anna.ruda@g-suit.kk.nau.edu.ua 
 

ʊɽʍʅʆʃʆɻɯɰ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɼʃʗ ʄɽʅɽɼɾʄɽʅʊʋ 

ʈɸɼɯʆʃʆʂɸʎɯʁʅʀʍ ʈɽʉʋʈʉɯɺ  

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʦʣʝʛʰʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʧʨʘʢʪʠʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʚ ʟʘʚʜʘʥʥʷʭ, ʧʦʚ'ʷʟʘʥʠʭ ʟ RRM, ʟʦʢʨʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ Symbolic-AI.  

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ ʚʠʢʦʥʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ 

ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ  ʫ ʢʝʨʫʚʘʥ-

ʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʬʝʨʠ, ʚʢʣʶʯʘʶʯʠ 

ʮʠʚʽʣʴʥʫ ʘʚʽʘʮʽʶ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʚʧʠʥʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʭ ʩʠʩʪʝʤ. ɿʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ 

ʪʦʯʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʚʠʤʘʛʘʶʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʝ 

ʤʽʩʮʝ ʟʘʡʤʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʘʚʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʽʜʢʨʝʩʣʠʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʨʘʥ-

ʩʬʦʨʤʘʮʽʾ ʮʴʦʛʦ ʚʘʞʣʠʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʘʚʽʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʇʨʦʛʥʦʟ ʨʦʟʚʠʪʢʫ 

ʨʠʥʢʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʢʘʟʫʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʾʭʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ ʘʚʽʘʮʽʾ ʚʠʟʥʘʻʪʴʩʷ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝ-

ʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ. ʉʠʩʪʝʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʐɯ, ʟʜʘʪʥʽ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʪʘ ʥʘʚʽʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʾʭ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʫ ʩʬʝʨʽ ʘʚʽʘ-

ʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʾ. 

ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ, ʪʝʦʨʝʪʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʝʪʦʜʠ, ʘʣ-

ʛʦʨʠʪʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʽʩʥʫʶʯʠʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ Long Short-Term Memory (LSTM) ʜʣʷ ʦʙ-

ʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʡʦʛʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʨʽʚʥʽ 90%, 

ʥʝʦʙʭʽʜʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʨʽʚʥʽ 6 ʜɹ. ʎʝ ʟʥʘʯʝʥʥʷ ʚʠʩʦʢʝ 

ʯʝʨʝʟ ʩʢʣʘʜʥʦʱʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʩʦʢʦʨʦʟʨʷʜʥʠʭ PSK ʪʘ QAM, ʘ ʪʘʢʦʞ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

AM-DSB ʚʽʜ AM-SSB ʟ ʥʝʩʫʯʦʶ (WC) ʪʘ ʧʨʠʛʥʽʯʝʥʦ ʾʥʝʩʫʯʦ ʾ(SC). ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʧʽʜʭʦʜʘʤʠ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʚʠʷʚʣʷʻʪʴʩʷ ʚʠʱʦʶ, ʘʣʝ ʩʭʦʞʦʶ ʜʦ SE-

MSFN. ʆʜʥʘʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʴ ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʧʨʦʩʪʦʶ, ʦʩʢʽʣʴʢʠ 

ʫʥʠʢʥʫʣʘ ʢʨʦʢʽʚ ʚʠʪʷʛʫʚʘʥʥʷ ʦʟʥʘʢ ʪʘ ʟʤʝʥʰʠʣʘ ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ. 

ɿʘʟʥʘʯʝʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʧʨʦʚʘ-

ʜʞʝʥʴ ʫ ʧʨʘʢʪʠʢʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʨʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʫ ʢʝʨʫʚʘʥʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʝʤʦʥʩʪʨʫʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʥʝʜʞʤʝʥʪʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʮʠʚʽ-

ʣʴʥʽʡ ʘʚʽʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʮʽʻʾ 

ʦʙʣʘʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʽʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

mailto:morozenko.yuliia@g-suit.kk.nau.edu.ua
mailto:pohosian.mark@g-suit.kk.nau.edu.ua
mailto:rudyysergey@ukr.net
mailto:anna.ruda@g-suit.kk.nau.edu.ua
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ʋɼʂ 629.735.33 

ɺ. ʇ. ʇʝʣʠʭ, ʽʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ, ʚʠʢʣʘʜʘʯ1 
1ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʘ 

E-mail: venator.verba@gmail.com 

 

ʂʈʀʊʀʏʅɯ ʅɸʇʈʋɾɽʅʅʗ ɻʃɸɼʂʆɰ ʎʀʃɯʅɼʈʀʏʅʆɰ ʆɹʆʃʆʅʂʀ ʇʈʀ ɺ 

ʄɽɾɸʍ ʃɯʅɯʁʅʀʍ ɼɽʌʆʈʄɸʎɯʁ 

ʇʨʠ ʩʪʠʩʥʝʥʥʽ ʛʣʘʜʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʨʠʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʘ ʮʽʣʘ ʥʠʟʢʘ ʬʦʨʤʫʣ ʜʣʷ ʾʭ 

ʚʠʟʥʘʯʝʥʥʷ. ɺʩʽ ʬʦʨʤʫʣʠ ʜʘʶʪʴʩʷ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ, ʧʦʨʷʜʦʢ ʷʢʠʭ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚ 

ʜʝʩʷʪʢʠ ʨʘʟʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ï ʘʥʘʣʽʪʠʯʥʠʡ ʘʙʦ ʝʤʧʽʨʠʯʥʠʡ. 

ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤʠ ʻ ʧʽʜʭʦʜʠ, ʷʢʽ ʢʦʨʝʣʶʶʪʴʩʷ ʟ ʢʣʘʩʠʯʥʦʶ ʬʦʨʤʫʣʦʶ ɽʡʣʝʨʘ. ʊʘʢ, 

ʬʦʨʤʫʣʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʧʦʩʽʙʥʠʢʫ ʉʪʨʠʛʫʥʦʚʘ, ʌʽʛʫʨʦʚʩʴʢʦʛʦ ʪʘ ɸʚʜʦʥʽʥʘ ʜʫʞʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʥʝʪʦʯʥʦʩʪʝʡ ʬʦʨʤʠ ʽ ʜʘʶʪʴ ʨʽʟʥʠʮʶ ʟʥʘʯʝʥʴ ʥʘ ʧʦʨʷʜʦʢ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, ʩʪʘʙʽʣʴʥʠʤʠ ʻ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʌʦʤʠʯʦʚʠʤ, 

ʄʽʨʦʰʥʠʢʦʚʠʤ ʪʘ ɿʘʡʮʝʚʠʤ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʘʮʷʭ ʘʚʪʦʨʽʚ. 

„̋ Ȣ̗̑ ̉Ȣ̌l

ὯϽὉ

Ὑ‏ϳ

πȟφϽ ρ πȟππυϽὙ‏ϳ πȟππυϽὙ‏ϳ ϽὉ

Ὑ‏ϳ
ȟ 

„̋ Ȣ̗̑ ̉Ȣ̌̇

ρȟχωϽὉ

Ὑ‏ϳ ȟ ȟ 

„̋ Ȣ̗̑ ̉Ȣ̝̌

ὯϽὉ

Ὑ‏ϳ

πȟπφπυϽρ ωϽὩ ȟ Ͻ ϳ ϽὉ

Ὑ‏ϳ
ȟ 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʰʠʚʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ‪ Ὑ‏ϳ . 

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʘ ʜʦ ʪʦʚʱʠʥʠ 

 

ʈʠʩʫʥʦʢ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʽʚʧʘʜʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʪʘ ʢʦʨʝʣʷʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʘʥʽ ʬʦʨʤʫʣʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʦʝʢʪʫʚʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʪʘʢ ʷʢ ʚʦʥʠ ʧʨʠʚʝʜʝʥʽ ʚ ʙʘʛʘʪʴʦʭ 

ʜʞʝʨʝʣʘʭ ʪʘ ʜʘʶʪʴ ʙʣʠʟʴʢʠʡ ʨʝʟʫʣʴʪʘʪ. ʃʦʢʘʣʴʥʽ ʥʝʪʦʯʥʦʩʪʽ ʬʦʨʤʫʣʠ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʢʨʝʤʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʽʚ. 
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ʋɼʂ 681.758 

ɼ. ɯ. ʇʨʦʢʦʧʝʥʢʦ, ʅ.ɯ. ʃʝʚʝʥʝʮʴ, ʩʪʫʜʝʥʪ1; ʉ. ɺ. ɼʞʫʣʘʡ, ʟʘʚʽʜʫʚʘʯ ʣʘʙʦʨʘʪʦʨʽʾ1 
1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail:vqstas220283@gmail.com 

 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ɹɽɿʇɽʂʀ 

ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʪʨʽʤʢʠʤ ʧʨʦʛʨʝʩʦʤ ʫ ʩʬʝʨʽ ʽʥʥʦʚʘʮʽʡ, ʙʝʟʧʝʢʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʱʦʩʴ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʦʩʪʦ ʟʘʤʦʢ ʥʘ ʜʚʝʨʷʭ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ, ʘ ʪʘʢʦʞ 

ʥʘʜʘʶʪʴ ʚʽʜʯʫʪʪʷ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʟʨʫʯʥʦʩʪʽ. 

ʉʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ï ʮʝ ʩʫʯʘʩʥʽ ʥʘʜʽʡʥʽ ʟʘʩʦʙʠ ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʙʫʜʴ-ʷʢʦʛʦ 

ʦʙôʻʢʪʘ. ʉʴʦʛʦʜʥʽ ʥʘ ʨʠʥʢʫ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʥʽ ʻ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʚʦʥʠ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʥʦʚʽ ʚʠʜʠ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ ʽ ʩʝʥʩʦʨʽʚ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ. 

ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʚʩʽʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ - ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʣʶʜʠʥʠ ʽ 

ʟʙʝʨʝʞʝʥʥʷ ʤʘʡʥʘ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ. 

ʉʫʯʘʩʥʫ ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʟ ʫʩʽʤ ʾʭʥʽʤ ʤʘʡʥʦʤ ʽ ʮʽʥʥʦʩʪʷʤʠ. 

ɺʦʥʘ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʩʪʽʣʴʢʠ ʰʠʨʦʢʫ ʩʫʢʫʧʥʽʩʪʴ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʠʣʘʜʽʚ, 

ʟʘʩʦʙʽʚ ʽ ʨʽʰʝʥʴ, ʱʦ ʟʘʨʘʟ ʫʞʝ ʚʘʞʢʦ ʫʷʚʠʪʠ, ʱʦʙ ʷʢʽ-ʥʝʙʫʜʴ ʬʫʥʢʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʥʝ 

ʤʦʛʣʠ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ. 

ɺʞʝ ʟʘʨʘʟ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʩʪʘʣʠ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʙʫʜʠʥʢʫ, 

ʢʚʘʨʪʠʨʠ, ʟʘʤʽʩʴʢʦʛʦ ʢʦʪʝʜʞʫ, ʦʬʽʩʫ, ʬʘʙʨʠʢ ʽ ʟʘʚʦʜʽʚ, ʪʦʨʛʦʚʠʭ ʮʝʥʪʨʽʚ ʽ ʤʘʛʘʟʠʥʽʚ, ʘ 

ʪʘʢʦʞ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ. 

ɺʩʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʩʧʦʩʦʙʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʘʚʪʦʥʦʤʥʽ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ. 

ɸʚʪʦʥʦʤʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ, ʪʦʙʪʦ 

ʩʘʤʦʩʪʽʡʥʦ. 

ʉʫʯʘʩʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʧʦʚʠʥʥʘ ʙʫʪʠ ʢʦʤʧʣʝʢʩʥʦ, ʦʩʥʘʱʝʥʘ 

ʷʢʽʩʥʠʤʠ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʽ ʦʭʦʧʣʶʚʘʪʠ ʚʝʩʴ ʦʙ'ʻʢʪ, ʱʦ ʦʭʦʨʦʥʷʻʪʴʩʷ 

- ʙʫʜʽʚʣʶ, ʪʘ ʧʨʠʣʝʛʣʽ ʜʦ ʥʝʾ ʪʝʨʠʪʦʨʽʾ. 

ʉʫʯʘʩʥʘ ʦʭʦʨʦʥʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʥʝ ʣʠʰʝ ʧʨʦʚʽʜʥʦʶ. ʇʦʨʷʜ ʽʟ 

ʟʚʠʯʥʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʭʦʨʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʣʠ 

ʰʠʨʦʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʙʝʟʧʨʦʚʽʜʥʽ ʨʘʜʽʦʢʘʥʘʣʴʥʽ ʜʚʦʩʪʦʨʦʥʥʽ ʩʠʩʪʝʤʫ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. ʇʝʨʝʜʦʚʽ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʠʣʠ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʨʦʙʦʪʠ ʽ 

ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤʠ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʷ ʨʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʘʙʦ ʧʦʻʜʥʘʥʥʷ ʾʭ ʟ ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ (ʩʠʩʪʝʤʘ ʩʠʛʥʘʣʽʟʘʮʽʾ, 

ʩʠʩʪʝʤʘ ʦʭʦʨʦʥʥʽ ʪʘ ʩʠʩʪʝʤʘ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ).  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʟʘʤʽʥʠ ʟʘʩʪʘʨʽʣʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʘʙʦ ʾʾ  

ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʩʫʯʘʩʥʦʾ ʙʝʟʧʨʦʚʽʜʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʟʘʤʽʥʽ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɸʆʏʅʆʉʊɯ ʗʂ ɿɸʉʆɹʋ ʌʆʈʄʋɺɸʅʅʗ ʇʈʆʌɽʉɯʁʅʆɰ 

ʂʆʄʇɽʊɽʅʊʅʆʉʊɯ ʌɸʍɯɺʎɯɺ ɸɺɯɸʎɯʁʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ɺ ʋʄʆɺɸʍ 

ɼʀʉʊɸʅʎɯʁʅʆɻʆ ʅɸɺʏɸʅʅʗ 

ʉʪʘʥ ʧʽʜʛʦʪʦʚʢʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ ʫ ʟʘʢʣʘʜʘʭ ʌʇʆ ʱʝ ʥʝ ʧʦʚʥʦʶ ʤʽ-

ʨʦʶ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʧʦʪʨʝʙʘʤ ʩʫʩʧʽʣʴʩʪʚʘ. ʇʨʠʯʠʥʘʤʠ 

ʮʴʦʛʦ ʻ ʟʘʢʦʥʦʜʘʚʯʦ-ʥʝʚʨʝʛʫʣʴʦʚʘʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʙʘʟʘ ʪʘ ʤʝʭʘʥʽʟʤʠ ʬʦʨʤʫ-

ʚʘʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ. ʅʘʡʘʢʪʫʘʣʴ-

ʥʽʰʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʧʽʜʛʦʪʦʚʮʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʬʘʭʽʚʮʽʚ, ʥʘ ʤʦʶ 

ʜʫʤʢʫ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʦʯʥʦʩʪʽ ʷʢ ʟʘʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʬʘʭʽʚʮʽʚ ʘʚʽʘʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʫʤʦʚʘʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʧʦʩʪʘʚʣʝ-

ʥʦʾ ʦʩʚʽʪʥʴʦʾ ʤʝʪʠ, ʥʝ ʚʠʭʦʜʷʯʠ ʟ ʜʦʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥ-

ʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʤʘʡʙʫʪʥʽʭ ʘʚʽʘʮʽʡʥʠʭ ʬʘʭʽʚʮʽʚ ʩʪʚʦʨʶʻ ʨʝʘʣʴ-

ʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʾʭ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ. ʆʪʨʠʤʘʥʥʷ ʘʚʽʘʮʽʡʥʦʾ ʦʩʚʽʪʠ - 

ʜʦʩʠʪʴ ʜʦʚʛʘ ʪʘ ʩʢʣʘʜʥʘ ʨʦʙʦʪʘ, ʱʦ ʥʝ ʪʝʨʧʠʪʴ ʣʝʛʢʦʚʘʞʥʦʩʪʽ. ʉʴʦʛʦʜʥʽ ʟʜʦʙʫʚʘʯ 

ʌʇʆ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʽ ʧʦʚʪʦʨʝʥʥʷ ʙʝʟʣʽʯ ʢʥʠʛ, ʤʝʪʦʜʠʯʥʠʭ ʽ ʥʘʦʯʥʠʭ 

ʧʦʩʽʙʥʠʢʽʚ, ʘʫʜʽʦ ʪʘ ʚʽʜʝʦ ʤʘʪʝʨʽʘʣʽʚ, ʘʜʞʝ ʢʽʣʴʢʽʩʪʴ ʘʚʽʘʮʽʡʥʠʭ ʜʠʩʮʠʧʣʽʥ ʜʦʩʠʪʴ 

ʚʝʣʠʢʘ. ʑʝ ʜʦ ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʚʽʘʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʚʽʜʯʫʚʘʣʠ ʫʩʝ ʙʽʣʴʰʫ ʧʦʪʨʝʙʫ ʫ ʬʘʭʽʚʮʷʭ ʥʦʚʦʛʦ ʪʠʧʫ, ʟʜʘʪʥʠʭ ʧʦʚʥʦʶ ʤʽʨʦʶ ʨʝʘʣʽʟʫ-

ʚʘʪʠ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ ʧʨʘʮʶʚʘʪʠ ʚ ʥʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʽʚ. ʊʘʢʽ ʫʤʦʚʠ ʜʽʷʣʴʥʦʩʪʽ ʚʠʩʫʚʘʶʪʴ ʩʫʪʪʻʚʽ 

ʚʠʤʦʛʠ ʜʦ ʬʽʟʠʯʥʠʭ, ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʽ ʧʩʠʭʦʬʽʟʠʯʥʦ-ʟʥʘʯʫʱʠʭ ʷʢʦʩʪʝʡ ʦʩʦʙʠʩʪʦʩʪʽ 

ʩʫʯʘʩʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʬʘʭʽʚʮʷ ʪʘ ʜʦ ʡʦʛʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʦʯʥʦʩʪʽ ʷʢ ʟʘʩʦʙʫ ʬʦʨ-

ʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʬʘʭʽʚʮʽʚ ʘʚʽʘʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʫʤʦʚʘʭ ʜʠʩ-

ʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʦ ʩʚʦʾʡ ʩʫʪʽ ʻ ʝʣʝʢʪʨʦʥʥʠʤʠ ʦʩʚʽʪʥʽʤʠ ʨʝʩʫʨʩʘʤʠ, ʱʦ ʧʝʨʝʜʙʘ-

ʯʘʶʪʴ ʙʘʛʘʪʦʨʘʟʦʚʝ ʚʠʢʦʥʘʥʥʷ ʟʜʦʙʫʚʘʯʘʤʠ ʦʩʚʽʪʠ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʟ ʤʝʪʦʶ ʟʘʢʨʽʧʣʝʥ-

ʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ. ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦ-

ʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦ-

ʥʘʥʥʷ ʨʦʙʽʪ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʯʠʤ 

ʥʘʙʣʠʟʠʪʴ ʪʝʦʨʽʶ ʜʦ ʧʨʘʢʪʠʢʠ ʪʘ ʧʝʨʝʥʝʩʝ ʩʪʫʜʝʥʪʽʚ ʚʞʝ ʫ ʩʚʽʪ ʦʙʨʘʥʦʾ ʧʨʦʬʝʩʽʾ ʱʝ ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʜʠʧʣʦʤʫ ʘʚʽʘʮʽʡʥʦʛʦ ʬʘʭʽʚʮʷ. 
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ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: rudyysergey@ukr.net 
 

ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ ɼʃʗ ʂɽʈʋɺɸʅʅʗ ɹʇʃɸ 

ɺʽʜʦʤʦ, ʱʦ ʩʴʦʛʦʜʥʽ ɹʇʃɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʛʘʣʫʟʝʡ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʣʶʜʠʥʘ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʢʚʘʣʽʬʽʢʦʚʘʥʦ ʚʠʢʦʥʫʚʘʪʠ ʢʝʨʫ-

ʚʘʥʥʷ ɹʇʃɸ, ʘ ʽʥʦʜʽ ʥʘ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʥʘʚʢʦʣʠʰ-

ʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʤʦʞʣʠʚʦʩʪʽ ʘʧʘʨʘʪʫʨʠ ʨʘʜʽʦʟʚôʷʟʢʫ, ʪʦʱʦ.  

ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʫ ʢʝʨʫʚʘʥʥʽ ɹʇʃɸ. ɹʫʣʦ ʜʝʪʘʣʴʥʦ ʨʦʟʛ-

ʣʷʥʫʪʦ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʐɯ ʜʣʷ ʘʚʪʦʥʦʤʥʦʾ ʥʘʚʽʛʘʮʽʾ ɹʇʃɸ, ʧʨʦʚʝʜʝʥʠʤʠ ʙʘʛʘʪʴʤʘ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʪʘ ʽʥʞʝʥʝʨʘʤʠ. ʈʽʟʥʽ ʧʽʜʭʦʜʠ ʐɯ ʚʢʣʶʯʘʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ.  

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʚʪʦʥʦʤʥʘ ʥʘʚʽʛʘʮʽʷ ɹʇʃɸ ʟʘʙʝʟʧʝʯʶʻ ʟʥʘʯʥʫ ʛʥʫʯʢʽʩʪʴ 

ʽ ʧʦʢʨʘʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʩʢʣʘʜʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʦʪʦʯʝʥʥʽ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ 

ʚʠʜʽʣʝʥʦ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘʢʽ ʷʢ ʘʣʛʦʨʠʪʤʠ PSO, ACO, GA, SA, 

PIO, CS, DE ʪʘ GWO.  

ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʜʦʩʣʽʜʝʥʽ ʘʣʛʦʨʠʪʤʠ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʥʥʷ, ʪʘʢʽ ʷʢ RL, DRL, A3C 

ʽ DL. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʧʘʨʘʤʝ-

ʪʨʠ ʥʘʚʯʘʥʥʷ ʪʘ ʧʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʙʫʪʠ ʜʦʨʦʛʠʤ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʦʙʯʠʩʣʝʥʴ, ʘʣʝ ʚʽʥ ʧʽʜʚʠʱʫʻ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɹʇʃɸ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʥʘʯʫʱʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʽ ʷʢ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʪʨʠʤ-

ʢʘ ʟʚôʷʟʢʫ ʚ ʩʢʣʘʜʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʨʠʪʠʯʥʦʾ ʤʽʩʽʾ. 

ʋ ʷʢʦʩʪʽ ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʐɯ ʫ ʷʢʦʩʪʽ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ɹʇʃɸ. ʊʘʢ, ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʜʨʦʥ 

ʢʚʘʜʨʦʢʦʧʪʝʨʥʦʛʦ ʪʠʧʫ, ʟ ʢʦʥʬʽʛʫʨʘʮʽʻʶ çʍè. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʢʝʨʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ 

ʘʧʘʨʘʪʽʚ ʥʘ ʩʴʦʛʦʜʥʽ ʻ PID-ʨʝʛʫʣʶʚʘʥʥʷ. 

ʋ ʷʢʦʩʪʽ ʧʨʝʜʤʝʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʟ ʥʘʚʯʘʥʥʷʤ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʽʪʠʢʫ ʛʣʠʙʦʢʠʭ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʛʨʘʜʽʻʥʪʽʚ 

(DDPG) ʪʘ ʧʦʣʽʪʠʢʫ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʨʝʛʽʦʥʦʤ ʜʦʚʽʨʠ (TRPO)  ʯʝʨʝʟ ʾʭ ʥʝʜʘʚʥʻ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʥʘʚʽʛʘʮʽʻʶ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʜʘʥʠʡ ʝʣʝʤʝʥʪ ʐɯ ʫ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ PID-ʨʝʛʫʣʶʚʘʥʥʶ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ RL ʤʦʞʝ ʪʨʝʥʫʚʘʪʠ ʪʦʯʥʽ ʢʦʥʪʨʦʣʝʨʠ 

ʧʦʣʦʞʝʥʥʷ, ʪʘ ʪʽ, ʷʢʽ ʙʫʣʠ ʥʘʚʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ PPO, ʚʠʧʝʨʝʜʞʘʣʠ ʥʘʣʘʰʪʦʚʘʥʠʡ ʜʦ 

ʤʘʢʩʠʤʫʤʫ PID-ʢʦʥʪʨʦʣʝʨ ʤʘʡʞʝ ʟʘ ʚʩʽʤʘ ʧʘʨʘʤʝʪʨʘʤʠ. ʍʦʯʘ ʦʮʽʥʢʘ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʦʪʨʠʤʘʥʠʭ ʫ ʝʧʽʟʦʜʠʯʥʠʭ ʟʘʚʜʘʥʥʷʭ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘʚʯʝʥʽ 

ʘʛʝʥʪʠ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʥʷʪʢʦʚʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʽ ʚ ʥʝʧʝʨʝʨʚʥʠʭ ʟʘʚʜʘʥʥʷʭ ʙʝʟ 

ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʧʽʟʦʜʠʯʥʠʭ ʟʘʚʜʘʥʴ 

ʜʦʩʪʘʪʥʻ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʧʦʣʦʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʪʘ ʛʘʨʥʦʶ ʤʦʪʠʚʘʮʽʻʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʞ RL 

ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʛʝʥʪʠ, ʥʘʚʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ RL, ʤʦʞʫʪʴ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʨʘʞʘʶʯʫ ʪʦʯʥʽʩʪʴ ʫ ʢʝʨʫʚʘʥʥʽ ʪʘ ʚʠʷʚʣʷʶʪʴ 

ʧʝʨʝʚʘʛʠ ʥʘʜ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʥʘʣʘʰʪʦʚʘʥʠʡ PID-ʢʦʥʪʨʦʣʝʨ. 
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ɸ.ɺ. ʉʚʝʨʜʣʝʥʢʦ, ʩʪʫʜʝʥʪ1; ʊ.ʄ. ʅʦʚʽʢ, ʚʠʢʣʘʜʘʯ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: arturkatutyay@gmail.com 

 

ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʈʋʍʋ ɻɽʆʉʊɸʎɯʆʅɸʈʅʆɻʆ 

ʉʋʇʋʊʅʀʂɸ, ʗʂʀʁ ɺʀʉʀʊʔ ʅɸɼ ʆɼʅɯɭʖ ʊʆʏʂʆʖ ɿɽʄʃɯ ɺ 

ʉɽʈɽɼʆɺʀʑɯ IDLE  

ɻʝʦʩʪʘʮʽʦʥʘʨʥʠʡ ʩʫʧʫʪʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʨʙʽʪʽ, ʥʘ ʷʢʽʡ ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ 

ʩʫʧʫʪʥʠʢʘ ʥʘʚʢʦʣʦ ɿʝʤʣʽ ʜʦʨʽʚʥʶʻ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ, ʪʦʙʪʦ 

24 ʛʦʜʠʥʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʫʧʫʪʥʠʢ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʜ ʪʽʻʶ ʩʘʤʦʶ ʪʦʯʢʦʶ ʥʘ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʟʘʢʦʥʫ ʪʷʞʽʥʥʷ ʅʴʶʪʦʥʘ ʽ ʪʨʝʪʴʦʛʦ ʟʘʢʦʥʫ ʂʝʧʣʝʨʘ: 

È
'-

τ“
 ɀ 2 

ʜʝ: - ʚʠʩʦʪʘ ʩʫʧʫʪʥʠʢʘ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ, 

G - ʛʨʘʚʽʪʘʮʽʡʥʘ ʢʦʥʩʪʘʥʪʘ (ʧʨʠʙʣʠʟʥʦ 6.674Ĭ10īφȢφχτρπ ̍Ⱦ̋ Ͻ̄̒ ,  

M - ʤʘʩʘ ɿʝʤʣʽ (ʧʨʠʙʣʠʟʥʦ υȢωχςρπ̋)̄, 

R - ʨʘʜʽʫʩ ɿʝʤʣʽ (ʧʨʠʙʣʠʟʥʦ 6371ʢʤ). 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʩʫʧʫʪʥʠʢʘ ʥʘʚʢʦʣʦ ɿʝʤʣʽ ʜʦʨʽʚʥʶʻ ʧʝʨʽʦʜʫ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ ʧʦʙʫʜʦʚʘʥʦ ʘʥʽʤʘʮʽʶ, ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ ʨʫʭ 

ʩʫʧʫʪʥʠʢʘ ʥʘʚʢʦʣʦ ɿʝʤʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʟʦʙʨʘʞʝʥʫ ʥʘ 

ʨʠʩʫʥʢʫ. 

 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʫʧʫʪʥʠʢ ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʦʣʫ ʟ ʨʘʜʽʫʩʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʘʜʽʫʩʫ 

ɿʝʤʣʽ. ɸʥʽʤʘʮʽʷ ʜʝʤʦʥʩʪʨʫʻ, ʷʢ ʩʫʧʫʪʥʠʢ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ɿʝʤʣʽ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʱʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʝʨʽʦʜʦʤ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ. 
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ʆ.ɹ. ʉʫʣʽʤʘʥ, ʚʠʢʣʘʜʘʯ1 
1 ɺʉʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

ɽ-mail: sulimanolga2020@gmail.com 

 

ʌʆʈʄʋɺɸʅʅʗ ɯ ʈʆɿɺʀʊʆʂ ʂʈʀʊʀʏʅʆɻʆ ʄʀʉʃɽʅʅʗ ɿɼʆɹʋɺɸʏɯɺ 

ʌɸʍʆɺʆɰ ʇɽʈɽɼɺʀʑʆɰ ʆʉɺɯʊʀ ɺ ʋʄʆɺɸʍ ɼʀʉʊɸʅʎɯʁʅʆɻʆ 

ʅɸɺʏɸʅʅʗ 

ʂʦʥʮʝʧʮʽʷ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ 

ʚʩʽʭ ʨʽʚʥʷʭ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ. ɸʢʪʫʘʣʴʥʠʤ ʻ ʮʝ ʧʠʪʘʥʥʷ ʽ ʜʣʷ ʟʘʢʣʘʜʽʚ ʬʘʭʦʚʦʾ 

ʧʝʨʝʜʚʠʱʦʾ ʦʩʚʽʪʠ, ʷʢ ʩʢʣʘʜʦʚʦʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʢʨʠʪʠʯʥʝ ʤʠʩʣʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʪʨʝʥʜʽʚ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻʜʠʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʞ 

ʪʘʢʝ ʢʨʠʪʠʯʥʝ ʤʠʩʣʝʥʥʷ ʥʝ ʽʩʥʫʻ. ɺ ʮʽʣʦʤʫ, ʢʨʠʪʠʯʥʝ ʤʠʩʣʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʚʤʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʶʜʠʥʽ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʩʘʤʦʩʪʽʡʥʽ ʨʽʰʝʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʘʥʘʣʽʟʫʶʯʠ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ʨʦʙʦʪʠ ʟ ʮʴʦʛʦ ʧʠʪʘʥʥʷ, ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʚʠʟʥʘʯʘʣʴʥʽ 

ʨʠʩʠ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʥʷʪʪʷ ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʢʨʠʪʠʯʥʦʛʦ 

ʤʠʩʣʝʥʥʷ, ʘ ʩʘʤʝ: ʟʘʥʷʪʪʷ ʤʘʻ ʙʫʪʠ ʘʢʪʠʚʥʠʤ ʽ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʤʠʩʣʝʥʥʷ ʚʩʽʭ ʨʽʚʥʽʚ; 

ʧʨʦʮʝʩ ʧʦʚʠʥʝʥ ʥʦʩʠʪʠ ʩʠʩʪʝʤʥʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʦʩʥʦʚʫ ʟʘʥʷʪʪʷ ʤʘʻ ʙʫʪʠ ʧʦʢʣʘʜʝʥʠʡ 

ʙʘʟʦʚʠʡ ʜʠʜʘʢʪʠʯʥʠʡ ʮʠʢʣ. ʇʝʨʝʭʽʜ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʜʠʩʪʘʥʮʽʡʥʠʡ ʬʦʨʤʘʪ, 

ʦʨʛʘʥʽʟʘʮʽʷ ʡʦʛʦ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʦʩʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʣʠʢʘʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʥʦʚʦʛʦ ʧʦʛʣʷʜʫ ʥʘ ʚʞʝ ʟʥʘʡʦʤʽ ʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʧʨʠʡʦʤʠ, ʘ ʡ ʧʦʰʫʢʫ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʙ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʠʣʠ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʦʩʪʘʚʣʝʥʫ ʤʝʪʫ, ʘ ʡ ʙʫʣʠ ʧʨʦʩʪʠʤʠ, ʟʨʫʯʥʠʤʠ, ʟʨʦʟʫʤʽʣʠʤʠ ʽ ʜʦʩʪʫʧʥʠʤʠ ʷʢ ʜʣʷ 

ʚʠʢʣʘʜʘʯʘ, ʪʘʢ ʽ ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʚʝʙ-ʨʝʩʫʨʩʽʚ, ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʤʦʞʣʠʚʦʩʪʝʡ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

Googleclass ʪʘ Google Meet ʽʥʪʝʛʨʦʚʘʥʠʭ ʟ ʤʫʣʴʪʠʤʝʜʽʡʥʠʤʠ ʧʨʝʟʝʥʪʘʮʽʷʤʠ, ʦʥ-ʣʘʡʥ 

ʨʝʩʫʨʩʦʤ ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʽʚ Classtime, ʦʥ-ʣʘʡʥ ʨʝʩʫʨʩʦʤ LearningApps, ʘ ʪʘʢʦʞ 

ʽʥʪʝʨʘʢʪʠʚʥʦʶ ʜʦʰʢʦʶ Google Jamboard ʮʽʣʢʦʤ ʚʠʩʪʘʯʘʻ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʨʘʪʝʛʽʡ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʘʚʠʣʴʥʦ ʧʦʙʫʜʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʧʠʪʘʥʴ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘʚʯʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʰʝʩʪʠ ʨʽʚʥʽʚ ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʻ ʧʝʚʥʽ ʧʦʟʠʪʠʚʥʽ ʟʤʽʥʠ ʫ ʟʜʦʙʫʚʘʯʽʚ 

ʦʩʚʽʪʠ, ʘ ʩʘʤʝ: ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʥʘʚʯʘʥʥʷ, ʨʦʟʚʠʪʦʢ ʧʦʰʫʢʦʚʘʥʦʾ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʤʠʩʣʝʥʥʷ, ʚʠʥʠʢʥʝʥʥʷ ʧʨʘʛʥʝʥʥʷ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʧʨʘʛʥʝʥʥʷ ʩʘʤʦʩʪʽʡʥʦ ʟʜʦʙʫʚʘʪʠ ʟʥʘʥʥʷ, ʚʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʚ ʢʦʤʘʥʜʽ. ʇʽʜʩʫʤʦʚʫʶʯʠ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʤʘʻ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʥʝ ʣʠʰʝ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʜʣʷ ʤʘʡʙʫʪʥʴʦʾ ʧʨʦʬʝʩʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ, ʘ ʡ ʜʣʷ ʾʭʥʴʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ; ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʨʦʟʚʠʪʦʢ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʨʘʪʝʛʽʡ ʧʝʜʘʛʦʛʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ; 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʩʪʨʘʪʝʛʽʾ 

ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʥʘʚʯʘʥʥʽ; ʘʨʩʝʥʘʣ ʧʨʠʡʦʤʽʚ ʽ ʤʝʪʦʜʽʚ ʷʢ 

ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘʢ ʽ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʜʦʟʚʦʣʷʻ ʢʦʞʥʦʤʫ 

ʚʠʢʣʘʜʘʯʫ ʦʙʨʘʪʠ ʪʽ, ʷʢʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʜʠʩʮʠʧʣʽʥʠ, 

ʷʢʥʘʡʢʨʘʱʝ ʜʦʧʦʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ʆ.ʄ. ʉʫʣʽʤʘʥ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 
1 ɺʉʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

ɽ-mail: sulimanaleksej@gmail.com 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ STEM-ʆʉɺɯʊʀ ʇʈʀ ʌʆʈʄʋɺɸʅʅɯ 

ʅɸɺʏɸʃʔʅʀʍ ʊɸ ʇʈʆʌɽʉɯʁʅʀʍ ʂʆʄʇɽʊɽʅʊʅʆʉʊɽʁ ʋ ɿɼʆɹʋɺɸʏɯɺ 

ʆʉɺɯʊʀ ɸɺɯɸʎɯʁʅʀʍ ʉʇɽʎɯɸʃʔʅʆʉʊɽʁ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ, ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʝʢʦʥʦʤʽʢʠ, ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʥʦ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʦʩʠʣʝʥʥʷ ʨʦʣʽ STEM-ʦʩʚʽʪʠ ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʤʦʪʠʚʘʮʽʾ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ 

ʜʦ ʚʠʚʯʝʥʥʷ ʧʨʝʜʤʝʪʽʚ ʧʨʠʨʦʜʥʠʯʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʮʠʢʣʫ ʡ, ʚʦʜʥʦʯʘʩ, ʚʠʩʦʢʠʤ ʟʘʧʠʪʦʤ 

ʚʠʨʦʙʥʠʯʦʾ ʩʬʝʨʠ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʷʤʠ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʽ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʫ ʩʬʝʨʘʭ: ʽʥʞʝʥʝʨʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪʝʭʥʦʣʦʛʽʾ. STEM (S - science, T - 

technology ï ɽ-engineering ï ʄ-mathematics). ɸʢʨʦʥʽʤ STEM ʚʞʠʚʘʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 

ʧʦʧʫʣʷʨʥʦʛʦ ʥʘʧʨʷʤʫ ʚ ʦʩʚʽʪʽ, ʱʦ ʦʭʦʧʣʶʻ ʧʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ (Science), ʪʝʭʥʦʣʦʛʽʾ 

(Technology), ʪʝʭʥʽʯʥʫ ʪʚʦʨʯʽʩʪʴ (Engineering) ʪʘ ʤʘʪʝʤʘʪʠʢʫ (Mathematics). ʎʝ ʥʘʧʨʷʤ ʚ 

ʦʩʚʽʪʽ, ʧʨʠ ʷʢʦʤʫ ʚ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤʘʭ ʧʦʩʠʣʶʻʪʴʩʷ ʧʨʠʨʦʜʥʠʯʦʥʘʫʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ 

+ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. STEM-ʦʩʚʽʪʘ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ 

ʥʘʚʠʯʦʢ, ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʫʢʦʚʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʩʚʽʪʠ ʥʘ 

ʦʩʥʦʚʽ ʫʤʽʥʥʷ ʩʬʦʨʤʫʣʶʚʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʝ ʟʘʧʠʪʘʥʥʷ ʽ ʰʣʷʭʠ ʡʦʛʦ ʚʠʨʽʰʝʥʥʷ. 

ʇʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʘ ʦʩʚʽʪʘ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʥʘ ʧʨʘʢʪʠʮʽ. ɿʘʚʜʘʥʥʷ 

ʚʠʢʣʘʜʘʯʘ ʜʠʩʮʠʧʣʽʥ ʩʧʝʮʢʫʨʩʫ ʦʩʚʽʪʥʴʦ ï ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʟʘʛʘʣʴʥʽ ʘʙʦ ʩʧʝʮʽʘʣʴʥʽ ʢʦʤʧʝʪʝʥʮʽʾ, ʥʘ ʯʠʩʣʝʥʥʠʭ ʧʨʠʢʣʘʜʘʭ ʧʦʚôʷʟʘʪʠ 

ʪʝʦʨʽʶ ʟ ʧʨʘʢʪʠʢʦʶ, ʩʧʨʷʤʫʚʘʪʠ, ʥʘʜʘʪʠ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʥʘʚʯʠʪʠ ʘʥʘʣʽʟʫʚʘʪʠ ʽ 

ʨʦʙʠʪʠ ʧʨʘʚʠʣʴʥʽ ʚʠʩʥʦʚʢʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. ʂʦʣʠ ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ 

ʚʠʢʦʥʫʻ ʧʨʘʢʪʠʯʥʫ ʨʦʙʦʪʫ ʚʽʥ ʢʨʘʱʝ ʟʘʧʘʤôʷʪʦʚʫʻ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. ɿʜʦʙʫʚʘʯʽ 

ʩʢʣʘʜʘʶʪʴ ʩʭʝʤʠ, ʚʠʢʦʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʚʠʢʦʥʫʶʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʶ, 

ʧʨʦʻʢʪʫʶʪʴ, ʤʦʜʝʣʶʶʪʴ, ʝʢʩʧʝʨʠʤʝʥʪʫʶʪʴ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʚʦʨʯʦ ʨʦʟʚʠʚʘʪʠʩʴ. 

ɺʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʻʢʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʦʚʘʥʫ ʜʦʩʣʽʜʥʠʮʴʢʫ, ʪʚʦʨʯʫ 

ʜ̔ ʷʣʴʥʽʩʪʴ ʟʜʦʙʫʚʘʯʽʚ, ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʘʤʦʩʪʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʠʢʣʘʜʘʯʘ. ʋ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʨʽʟʥʠʭ ʪʝʤ ʦʢʨʝʤʽ ʟʜʦʙʫʚʘʯʽ ʘʙʦ ʛʨʫʧʠ 

ʫʧʨʦʜʦʚʞ ʧʝʚʥʦʛʦ ʯʘʩʫ ʨʦʟʨʦʙʣʷʶʪʴ ʥʘʚʯʘʣʴʥʽ ʧʨʦʻʢʪʠ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ 

ʧʨʦʻʢʪʽʚ ʚʠʨʽʰʫʻʪʴʩʷ ʮʽʣʘ ʥʠʟʢʘ ʨʽʟʥʦʨʽʚʥʝʚʠʭ ʜʠʜʘʢʪʠʯʥʠʭ, ʚʠʭʦʚʥʠʭ ʽ ʨʦʟʚʠʚʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ: ʥʘʙʫʚʘʶʪʴʩʷ ʥʦʚʽ ʟʥʘʥʥʷ, ʫʤʽʥʥʷ ʽ ʥʘʚʠʯʢʠ, ʷʢʽ ʟʥʘʜʦʙʣʷʪʴʩʷ ʚ ʞʠʪʪʽ; 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʤʦʪʠʚʘʮʽʷ, ʧʽʟʥʘʚʘʣʴʥʽ ʥʘʚʠʯʢʠ; ʬʦʨʤʫʻʪʴʩʷ ʚʤʽʥʥʷ ʩʘʤʦʩʪʽʡʥʦ 

ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʚʠʩʣʦʚʣʶʚʘʪʠ ʚʣʘʩʥʽ ʩʫʜʞʝʥʥʷ, ʚʠʷʚʣʷʪʠ 

ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ. ʇʨʦʻʢʪʥʦ-ʜʦʩʣʽʜʥʘ ʜʽʷʣʴʥʽʩʪʴ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʩʦʮʽʘʣʴʥʠʭ 

ʢʦʤʧʝʪʝʥʮʽʡ, ʜʦʟʚʦʣʷʻ ʧʨʦʡʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚʽʜ ʟʘʨʦʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʽʜʝʾ 

ʜʦ ʩʪʚʦʨʝʥʥʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ ï ʩʪʘʨʪʘʧʫ, ʘ ʪʘʢʦʞ ʥʘʚʯʠʪʠʩʷ ʧʨʝʟʝʥʪʫʚʘʪʠ ʡʦʛʦ 

ʧʦʪʝʥʮʽʡʥʠʤ ʽʥʚʝʩʪʦʨʘʤ (ʚʠʩʪʘʚʢʘʭ, ʩʝʤʽʥʘʨʘʭ, ʢʦʥʬʝʨʝʥʮʽʷʭ, ʧʫʙʣʽʯʥʠʭ ʟʘʭʠʩʪʘʭ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʮʝ ʩʧʨʠʷʻ ʟʤʽʥʽ ʮʽʥʥʽʩʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ 

ʩʚʽʪʦʛʣʷʜʥʦʾ ʧʦʟʠʮʽʾ ʫ ʤʦʣʦʜʽ ʚ ʙʽʢ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ, ʩʦʮʽʘʣʴʥʦ-ʘʢʪʠʚʥʦʾ, 

ʛʨʦʤʘʜʩʴʢʦ-ʧʘʪʨʽʦʪʠʯʥʦʾ ʚʨʽʚʥʦʚʘʞʝʥʦʾ ʧʦʚʝʜʽʥʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ 

STEM ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ ʚ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʥʘʡʚʘʞʣʠʚʽʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʬʘʭʽʚʮʷ. 
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ʉ. ʉ. ʊʝʨʴʦʰʠʥʘ,  ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: svetlana.tereshina@g-suit.kk.nau.edu.ua 

 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʄʆɹɯʃʔʅʀʍ ɼʆɼɸʊʂɯɺ ɼʃʗ 

ʅɸɺɯɻɸʎɯɰ 

ʉʫʯʘʩʥʽ ʟʘʩʦʙʠ ʽ ʤʝʪʦʜʠ ʥʘʚʽʛʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʩʠʩʪʝʤʠ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʟʥʘʯʘʪʠ ʩʚʦʻ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʧʨʦʢʣʘʜʘ-

ʪʠ ʤʘʨʰʨʫʪʠ, ʥʘʚʽʛʫʚʘʪʠ ʧʦ ʥʠʭ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʽʥʰʫ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɯʩʥʫʶʪʴ ʙʘʛʘʪʦ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ GPS ʜʣʷ ʥʘʚʽʛʘʮʽʾ, ʪʘʢʽ 

ʷʢ Google Maps, Waze, Apple Maps ʪʦʱʦ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʽʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪʠ, ʚʢʘʟʽʚʢʠ 

ʧʨʦ ʥʘʧʨʷʤʦʢ ʨʫʭʫ, ʦʮʽʥʢʠ ʯʘʩʫ ʧʦʜʦʨʦʞʽ ʪʘ ʽʥʰʫ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

Google Maps, Waze ʪʘ Apple Maps ʤʦʞʫʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʨʽʟʥʠʭ ʘʩʧʝʢʪʘʭ, ʪʘʢʠʭ 

ʷʢ ʪʦʯʥʽʩʪʴ ʢʘʨʪ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ 

ʬʫʥʢʮʽʡ ʪʘ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ GPS ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʢʽʣʴʢʽʩʥʽ, ʪʘʢ ʽ ʷʢʽʩʥʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʪʝʩʪʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʦʧʠʪʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʘʥʘʣʽʟ ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʤʘʛʘʟʠʥʘʭ ʜʦʜʘʪʢʽʚ ʪʦʱʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʢʦʨʠ-

ʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʦʛʦ ʜʦʜʘʪʢʘ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʢʘʨʪ Google Maps, Waze ʪʘ Apple Maps ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʛʽʦʥʫ ʪʘ ʯʘʩʫ. ʂʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʪʦʯ-

ʥʽʩʪʴ ʢʦʞʥʦʾ ʟ ʮʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʣʘʪʬʦʨʤ ʻ ʦʥʦʚʣʝʥʥʷ ʢʘʨʪ, ʪʦʯʥʽʩʪʴ ʛʝʦʜʘʥʠʭ, 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʩʦʪʠ ʧʪʘʰʠʥʦʛʦ ʧʦʣʴʦʪʫ.  

ɺʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʢʨʘʱʝ - Google Maps, Waze ʘʙʦ Apple 

Maps - ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʚʽʜ ʾʭʥʽʭ ʦʩʦʙʠʩʪʠʭ ʚʧʦʜʦʙʘʥʴ. 

ʂʦʞʝʥ ʟ ʮʠʭ ʜʦʜʘʪʢʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʆʩʴ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ: 

1. Google Maps. ʄʘʻ ʰʠʨʦʢʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʚʢʣʶʯʘʶʯʠ ʥʘʚʽʛʘʮʽʶ, ʚʠʙʽʨ ʤʘʨʰ-

ʨʫʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʦʮʽʥʢʠ ʨʫʭʫ. ɯʥʪʝʛʨʦʚʘʥʦ ʟ ʽʥʰʠʤʠ ʩʝʨʚʽʩʘʤʠ 

Google, ʪʘʢʠʤʠ ʷʢ ʧʦʰʫʢ ʪʘ ʢʘʣʝʥʜʘʨ. 

2. Waze. ʌʦʢʫʩʫʻʪʴʩʷ ʥʘ ʩʧʽʣʴʥʦʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʥʘʜʘʚʘʪʠ ʟʚʽʪʠ ʧʨʦ ʪʨʘʬʽʢ, ʘʚʘʨʽʾ, ʧʦʣʽʮʝʡʩʴʢʠʭ ʪʘ ʽʥʰʽ ʧʝʨʝʰʢʦʜʠ ʥʘ ʜʦʨʦʟʽ.  

3. Apple Maps. ɻʣʠʙʦʢʦ ʽʥʪʝʛʨʦʚʘʥʦ ʟ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʩʝʨʚʽʩʘʤʠ Apple, 

ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʟʨʫʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʠʩʪʨʦʷʭ Apple. ʄʘʻ ʜʝʷʢʽ ʫʥʽʢʘʣʴʥʽ ʬʫʥʢ-

ʮʽʾ, ʪʘʢʽ ʷʢ ʧʝʨʝʛʣʷʜ ʚʫʣʠʮʴ ʫ 3D ʪʘ Flyover, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚʨʘʞʘʶʯʠʡ 

ʚʽʟʫʘʣʴʥʠʡ ʜʦʩʚʽʜ. 

ʆʪʞʝ, ʢʨʘʱʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʘʰʠʭ ʦʩʦʙʠʩʪʠʭ 

ʫʧʦʜʦʙʘʥʴ, ʧʦʪʨʝʙ ʪʘ ʧʨʠʩʪʨʦʶ, ʷʢʠʤ ʚʠ ʢʦʨʠʩʪʫʻʪʝʩʷ. ʑʦʙ ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽ-

ʘʥʪ, ʤʦʞʥʘ ʩʧʨʦʙʫʚʘʪʠ ʢʦʞʝʥ ʟ ʥʠʭ ʪʘ ʦʮʽʥʠʪʠ, ʷʢʠʡ ʟ ʥʠʭ ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʻ ʚʘ-

ʰʠʤ ʧʦʪʨʝʙʘʤ. 
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ʄ.ɭ. ʊʫʤʘʰ, ʩʪʫʜʝʥʪ1; ʖ. ʉ. ʂʨʘʚʯʫʢ, ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ1 

1ɿʘʧʦʨʽʟʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʽʤ. ʆ. ɻ. ɯʚʯʝʥʢʦ 

E-mail: niki1234567q@gmail.com 

 

ʆʎɯʅʂɸ ɻɸɿʆɼʀʅɸʄɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʅɸ ɺʀʍʆɼɯ ɿ ʈʆɹʆʏʆɻʆ 

ʂʆʃɽʉɸ ʇʈʀ ʄʆɼɽʈʅɯɿɸʎɯɰ ɺɽʅʊʀʃʗʊʆʈʅʆɰ ʋʉʊɸʅʆɺʂʀ ʄɯ-2ʄʉɹ 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

ʘʛʨʝʛʘʪʽʚ ʜʚʠʛʫʥʘ ɸɯ-450ʄ ʚʝʨʪʦʣʴʦʪʫ ʄʽ-2ʄʉɹ ʪʘ ʦʮʽʥʢʘ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʚʠʭʦʜʽ ʟ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ. ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʄɯ-2ʄʉɹ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜ-

ʮʝʥʪʨʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʩʠʩʪʝʤʽ ʥʘʛʥʽʪʘʥʥʷ ʧʦʚʽʪʨʷ, 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʩʘʣʦʥʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʩʠʩʪʝʤ ʽ ʘʛʨʝʛʘʪʽʚ ʜʚʠʛʫʥʘ ʥʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ: 

- ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʦʙʝʨʪʘʭ ʪʘ ʙʝʟ ʟʤʽʥ ʩʠʩʪʝʤʠ ʪʨʘʥʩʤʽʩʽʾ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴ-

ʢʽʩʪʴ ʧʨʦʛʦʥʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 200-300 %; 

- ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʘʛʨʝʛʘʪʽʚ, ʱʦ ʟʘʟʥʘʶʪʴ ʥʘʛʨʽʚʫ ʜʦ ʟʥʘʯʝʥʴ, ʨʝʢʦ-

ʤʝʥʜʦʚʘʥʠʭ ʢʝʨʽʚʥʠʮʪʚʦʤ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʧʽʜʚʠʱʠʪʠ ʩʪʨʦʢ ʩʣʫʞʙʠ ʩʢʣʘʜʥʦ-ʥʘʚʘʥʪʘʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʟôʻʜʥʘʥʥʷ ʚʘʣʽʚ ʚʽʣʴʥʦʾ ʪʫʨʙʽʥʠ ʟ ʚʘʣʦʤ ʛʦʣʦʚʥʦʛʦ ʨʝʜʫʢʪʦʨʘ; 

- ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʥʝʷʢʽʩʥʝ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʢʘʙʽʥʠ ʧʽʣʦʪʽʚ ʪʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʤʽʩʮʴ. 

ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʚʠʜʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʉʆ, ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʘ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʮʽʥʢʘ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ï ʜʦ ʧʽʜ-

ʨʘʜʽʘʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʇʨʦʙʣʝʤʘ ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʠʜʫ ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ ʟ ʘʢʩʽʘʣʴʥʦʛʦ ʥʘ ʚʽʜʮʝʥʪʨʦʚʠʡ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʇʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʠʩʪʝʤ ʪʘ ʘʛʨʝʛʘʪʽʚ ʣʝʛʢʦʛʦ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʣʽʪʘʢʘ ʄʽ-2ʄʉɹ, ʱʦ 

ʟʘʟʥʘʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟ ʟʘʤʽʥʦʶ ʟʘʩʪʘʨʽʣʠʭ ʜʚʠʛʫʥʽʚ ɻʊɼ-350 ʥʘ ʙʽʣʴʰ ʥʦʚʽ, ʩʝʨʽʾ ɸɯ-450 

ï ʥʘʛʘʣʴʥʘ, ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʘʥʘʣʦʛʽʯʥʠʭ ʚʝʨʪʦʣʴʦʪʽʚ ʣʝʛʢʦʾ ʢʘʪʝʛʦʨʽʾ ʚʽʪʯʠʟʥʷʥʦ-

ʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʫʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʨʪʦʣʴʦʪʫ ʻ ʧʽʜʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʡʦʛʦ ʩʢʣʘʜʦ-

ʚʠʭ.  

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʧʦʜʘʣʴ-

ʰʦʤʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʝʨʪʦʣʴʦʪʫ ʄʽ-2 ʫʩʽʭ ʤʦʜʠʬʽʢʘʮʽʡ ʟ ʥʦʚʽʪ-

ʥʽʤʠ ʜʚʠʛʫʥʘʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʦʝʢʪʽʚ ʧʦ ʨʦʟʚʠʪʢʫ ʚʝʨʪʦʣʴʦʪʦʙʫʜʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ï 

ʄʉɹ-2 çʅʘʜʽʷè, ʄʉɹ-6 çʆʪʘʤʘʥè, ʄʉɹ-8 ʪʘ ʽʥʰʠʭ. ʄʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠ-

ʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥ ʟʙʽʣʴʰʫ-

ʶʪʴ ʨʝʩʫʨʩ, ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʦʢʨʘʱʫʶʪʴ ʢʦʤʬʦʨʪ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʽʣʦʪʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. 
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ɻ.ʆ. ʌʽʣʷʻʚʘ, ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʘʚʽʘʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ1 ɸ.ʐ. ɹʻʢʽʨʦʚ, ʢ.ʪ.ʥ., 

ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʘʚʽʘʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ1 

1ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤ..ɯ. ʂʦʞʝʜʫʙʘ 

ɽ-mail: filaevaanna43@gmail.com 

 

ɸɺɯʆʅɯʂɸ ʋ ʈɸʄʂɸʍ ʉʀʉʊɽʄʀ CNS/ATM 

ɺ ʩʫʯʘʩʥʽʡ ʮʠʚʽʣʴʥʽʡ ʘʚʽʘʮʽʾ ʩʘʤʝ ʘʚʽʦʥʽʢʘ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚ-

ʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ 

ʧʦʣʴʦʪʽʚ. 

ɿʘʩʪʘʨʽʣʽ ʩʠʩʪʝʤʠ ʬʽʢʩʦʚʘʥʦʛʦ ʟʚ'ʷʟʢʫ ʚʞʝ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʠʡ ʟʚ'ʷ-

ʟʦʢ ʽʟ ʧʦʚʽʪʨʷʥʠʤʠ ʩʫʜʥʘʤʠ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʩʪʨʠʤʫʶʪʴ ʨʦʟʚʠʪʦʢ 

ʘʚʽʘʮʽʾ, ʻ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʽʪʨʷʥʠʤ ʨʫʭʦʤ ï ATM (Air Traffic Management), 

ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʘʝʨʦʧʦʨʪʽʚ. ʇʦʨʷʜ ʟ ʮʠʤ, ʨʦʟʚʠʪʦʢ 

ATM ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʚ'ʷʟʢʫ, ʥʘʚʽʛʘʮʽʾ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ï CNS 

(Communication, Navigation, Surveillance). ʊʽʩʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ 

ʟʥʘʡʰʦʚ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʢʦʥʮʝʧʮʽʾ CNS/ATM, ʨʦʟʨʦʙʣʝʥʽʡ ʂʦʤʽʪʝʪʦʤ ʟ ʘʝʨʦʥʘʚʽ-

ʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (FANS), ʷʢʘ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʥʘ 10 ɸʝʨʦʥʘʚʽʛʘʮʽʡʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʄʽʞ-

ʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ (ICAO) ʫ 1991 ʨʦʮʽ. ʅʘʜʘʣʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʥʠʟʢʫ 

ʧʨʘʚʦʢ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʪʘ ʢʦʥʢʨʝʪʠʟʦʚʘʥʦ ʾʾ ʧʦʣʦʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʘʢʪʠʯʥʦʛʦ ʨʽʚʥʷ ʛʦʪʦʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ CNS/ATM. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʠ-

ʩʪʨʦʾʚ ʘʚʽʘʮʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʠʟʢʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʘʚʘʞʘʶʪʴ ʝʬʝʢ-

ʪʠʚʥʽʡ ʨʦʙʦʪʽ: ʙʦʨʪʦʚʽ ʧʝʨʝʜʘʚʘʯʽ ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʧʦʪʫʞʥʽʩʪʴ; ʘʥʪʝʥʦ-ʬʽʜʝʨʥʽ ʧʨʠ-

ʩʪʨʦʾ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʤʘʶʪʴ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʚ'ʷʟʢʫ ʟ ʾʭ ʦʙʤʝʞʝʥʠʤʠ ʨʦʟʤʽ-

ʨʘʤʠ; ʫʤʦʚʠ ʥʘ ʙʦʨʪʫ ʇʉ (ʚʽʙʨʘʮʽʷ, ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨ) ʦʙʫʤʦʚʣʶʶʪʴʩʷ 

ʞʦʨʩʪʢʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʩʦʙʽʚ ʟʚ'ʷʟʢʫ; ʟ'ʷʚʣʷʶʪʴʩʷ ʧʝʨʝʰʢʦʜʠ ʫ ʚʠʛʣʷʜʽ 

ʚʽʜʙʠʪʠʭ ʚʽʜ ɿʝʤʣʽ ʨʘʜʽʦʭʚʠʣʴ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʦʧʧʣʝʨʽʚʩʴʢʠʤ ʟʤʽʱʝʥʥʷʤ ʯʘʩʪʦʪʠ. 

ɸʚʽʦʥʽʢʘ ʜʦʧʦʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʥʘʡ-

ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʫ ʚʠʢʦʥʘʥʥʽ ʮʠʭ ʬʫʥʢʮʽʡ ʻ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ ʥʘʚʽʛʘʮʽʾ. 

ʉʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʣʽʪʘʢʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʘʚʽʦʥʽʢʠ ʧʝʨʝʜ-

ʙʘʯʘʶʪʴ: ʘʚʪʦʤʘʪʠʯʥʫ ʧʝʨʝʜʘʯʫ ʟ ʙʦʨʪʫ ʇʉ, ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʡʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ 

ʤʘʥʝʚʨʠ; ʨʝʞʠʤ ʨʦʙʦʪʠ ʚʪʦʨʠʥʥʦʛʦ ʦʛʣʷʜʦʚʦʛʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ; ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ. 

ʆʪʞʝ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʦʥʮʝʧʮʽʷ CNS/ATM ʧʨʦʜʦʚʞʫʻ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘ-

ʪʠʩʷ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʪʘʥʥʽ ʪʝʭʥʽʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ ʘʚʽʘʮʽʡ-

ʥʦʛʦ ʝʣʝʢʪʨʦʟʚ'ʷʟʢʫ. ʆʯʝʚʠʜʥʦ, ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʧʦʚʽʪʨʷʥʽ ʧʨʦʩʪʦʨʠ ʚ 

ʤʝʞʘʭ ʜʝʨʞʘʚʥʠʭ ʢʦʨʜʦʥʽʚ ʙʫʜʫʪʴ ʦʬʽʮʽʡʥʦ ʦʛʦʣʦʰʝʥʽ ʟʦʥʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫ-

ʚʘʥʥʷ ʜʣʷ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʋʢʨʘʾʥʠ. ʎʽ ʩʠʩʪʝʤʠ ʧʦʩʪʽʡʥʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʨʘʟʦʤ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʛʨʝʩʦʤ, ʜʦʧʦʤʘʛʘʶʯʠ ʟʨʦʙʠʪʠ ʘʚʽʘʧʝʨʝʣʴʦʪʠ 

ʙʝʟʧʝʯʥʽʰʠʤʠ ʪʘ ʥʘʜʽʡʥʽʰʠʤʠ. 
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ɸ.ʉ. ʍʤʘʨʘ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1; ɸ.ʉ. ʊʘʨʘʜʫʜʘ, ʚʠʢʣʘʜʘʯ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

ɽ - mail: khmara.artem@g-suit.kk.nau.edu.ua 

 

ʌʋʅɼɸʄɽʅʊɸʃʔʅɯ ʆʇʊʀʏʅɯ ʗɺʀʑɸ ʋ ʍʄɸʈɸʍ 

ʇʠʪʘʥʥʷ ʧʨʦ ʚʠʜʠʤʽʩʪʴ ʜʣʷ ʬʽʟʠʢʠ ʘʪʤʦʩʬʝʨʠ ʤʘʻ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴ-

ʢʠ ʚʦʥʘ ʻ ʢʣʶʯʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ ʡ ʤʘʻ ʧʨʠʢʣʘʜʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ, ʟʦʢʨʝʤʘ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʅʘʧʨʠʢʣʘʜ, ʘʚʽʘʮʽʷ 

ʥʘʜʟʚʠʯʘʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʛʘʨʥʦʾ ʚʠʜʠʤʦʩʪʽ ʫ ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ ʘʪʤʦʩʬʝʨʠ. 

ɼʘʣʴʥʽʩʪʴ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʝʟʣʽʯʽ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʤʽʩʮʷ 

ʪʘ ʯʘʩʫ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʡʦʛʦ ʬʦʥʫ: 

1) ɺʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ: ʨʦʟʤʽʨ, ʬʦʨʤʘ, ʢʦʣʽʨ; 

2) ɺʣʘʩʪʠʚʦʩʪʽ ʬʦʥʫ: ʷʩʢʨʘʚʽʩʪʴ, ʢʦʥʪʨʘʩʪʥʽʩʪʴ; 

3) ʇʨʦʟʦʨʽʩʪʴ ʧʦʚʽʪʨʷ: ʥʘʷʚʥʽʩʪʴ ʧʠʣʫ, ʪʫʤʘʥʫ, ʜʠʤʫ ʯʠ ʽʥʰʠʭ ʯʘʩʪʦʢ ʫ ʧʦʚʽʪʨʽ 

ʤʦʞʝ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

 ʚʠʜʠʤʽʩʪʴ ʦʙôʻʢʪʽʚ; 

4) ʋʤʦʚʠ ʩʧʦʩʪʝʨʽʛʘʥʥʷ: ʥʘʷʚʥʽʩʪʴ ʭʤʘʨ, ʦʩʚʽʪʣʝʥʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ ʪʘ ʯʘʩ ʜʦʙʠ;  

5) ɺʣʘʩʪʠʚʦʩʪʽ ʧʨʠʡʤʘʯʘ: ʷʢʽʩʪʴ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʯʠ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʷʚʠʱʘ ʫ ʭʤʘʨʘʭ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʜʣʷ ʥʘʰʦʛʦ ʟʘ-

ʛʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʘ ʪʦʯʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʷʚʠʱ, ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴ ʫʪʚʦ-

ʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʭʤʘʨ, ʦʧʘʜʠ ʨʽʟʥʦʛʦ ʪʠʧʫ - ʚʽʜ ʜʦʱʫ ʜʦ ʩʥʽʛʫ ʪʘ ʛʨʘʜʫ, ʘ ʪʘʢʦʞ ʽʥʰʽ 

ʧʦʛʦʜʥʽ ʧʦʜʽʾ. ʇʨʦʮʝʩ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ, ʬʦʨʤʫʻ 

ʭʤʘʨʠ, ʷʢʽ ʧʦʜʘʣʴʰʝ ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʦʨʤʠ ʦʧʘʜʽʚ. ʍʤʘʨʦʫ-

ʪʚʦʨʝʥʥʷ ʦʙʫʤʦʚʣʝʥʝ ʷʢ ʚʝʨʪʠʢʘʣʴʥʠʤʠ, ʪʘʢ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʨʫʭʘʤʠ ʧʦʚʽʪʨʷ ʚ 

ʘʪʤʦʩʬʝʨʽ, ʚʽʜʦʤʠʤʠ ʷʢ ʢʦʥʚʝʢʮʽʷ ʪʘ ʘʜʚʝʢʮʽʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘʣʦʤʣʝʥʥʷ ʪʘ ʚʽʜʙʠʪʪʷ 

ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʚ ʭʤʘʨʘʭ ʧʦʨʦʜʞʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʧʪʠʯʥʽ ʝʬʝʢʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʧʦʩʪʝʨʝʞʝʥʽ ʥʘ ʥʝʙʽ. ɼʠʬʫʟʽʷ ʪʘ ʽʥʰʽ ʧʨʦʮʝʩʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʛʨʘʶʪʴ 

ʩʫʪʪʻʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʨʦʟʤʽʨʫ ʪʘ ʬʦʨʤʠ ʭʤʘʨ, ʘ ʪʘʢʦʞ ʫ ʨʦʟʧʦʜʽʣʽ ʪʝʧʣʘ ʚ ʘʪʤʦʩ-

ʬʝʨʽ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʜʘ-

ʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʫ ʪʘ ʧʦʛʦʜʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ 

ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ ʱʦʜʦ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺʠʚʯʝʥʥʷ ʷʚʠʱ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʜʠʤʽʩʪʶ ʚ ʘʪʤʦʩʬʝʨʽ, ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫ. ɸʥʘʣʽʟʫʶʯʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʬʦʥʫ, ʧʨʦʟʦʨʦʩʪʽ ʧʦʚʽʪʨʷ, ʫʤʦʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʠʡʤʘʯʘ, ʤʦʞʥʘ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʡ ʧʝʨʝʜʙʘʯʠʪʠ ʚʠʜʠʤʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʭʤʘʨʘʭ, ʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫ-

ʚʘʥʥʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʢʣʽʤʘʪʫ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʜʦʩʢʦʥʘ-

ʣʝʥʥʷ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʫ ʪʘ ʧʦʛʦʜʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ 

ʱʦʜʦ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʫ ʤʘʡʙʫʪʥʴʦʤʫ.  
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ɸ.ʆ. ʎʘʨʝʥʢʦ, ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʣʴʦʪʥʠʡ ʢʦʣʝʜʞ ʍʘʨʢʽʚʩʴʢʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

E-mail: andreklk78@gmail.com 

 

ɸʅɸʃɯɿ ʂʆʅʉʊʈʋʂʊʀɺʅʆɰ ʉʍɽʄʀ ʐɸʉɯ ɺɽʈʊʆʃʔʆʊʋ ʅ-125 

ʐʘʩʽ ʩʣʫʞʠʪʴ ʜʣʷ ʧʦʩʘʜʢʠ ʚʝʨʪʦʣʴʦʪʫ, ʟʘʭʠʱʘʻ ʬʶʟʝʣʷʞ ʧʨʠ ʧʦʩʘʜʮʽ ʽ ʛʘʩʠʪʴ 

ʚʽʙʨʘʮʽʶ ʚʝʨʪʦʣʴʦʪʫ ʥʘ ʟʝʤʣʽ ʧʨʠ ʥʝʩʫʯʦʤʫ ʛʚʠʥʪʽ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. 

ʐʘʩʽ ʚʝʨʪʦʣʴʦʪʫ ʅ-125 ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

- ʧʝʨʝʜʥʶ ʽ ʟʘʜʥʶ ʧʦʧʝʨʝʯʠʥʠ; 

- ʜʚʘ ʧʦʣʦʟʘ; 

- ʜʚʘ ʛʽʜʨʘʚʣʽʯʥʠʭ ʘʤʦʨʪʠʟʘʪʦʨʘ. 

ʂʦʣʠ ʚʝʨʪʦʣʽʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʴʦʪʽ, ʛʚʠʥʪʠ, ʜʚʠʛʫʥ ʽ ʪʨʘʥʩʤʽʩʽʷ ʻ ʜʞʝʨʝʣʘʤʠ 

ʚʽʙʨʘʮʽʾ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ; ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʤʘʻ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ ʚʽʙʨʘʮʽʾ, 

ʷʢʘ, ʟʦʢʨʝʤʘ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ, ʛʥʫʯʢʦʩʪʽ ʘʙʦ ʞʦʨʩʪʢʦʩʪʽ (ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ ʽ 

ʤʘʪʝʨʽʘʣʫ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʥʘ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʨʪʦʣʴʦʪʫ ʜʽʶʪʴ ʩʢʣʘʜʥʽ ʚʽʙʨʘʮʽʾ, 

ʷʢʽ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠʩʷ ʦʜʥʘ ʟ ʦʜʥʦʶ (ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʾ ʟʨʦʩʪʘʻ) ʘʙʦ ʚʽʜʥʽʤʘʪʠʩʷ (ʨʽʚʝʥʴ 

ʚʽʙʨʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ). ɺʠʨʦʙʥʠʢ ʧʦʩʪʘʨʘʚʩʷ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʾ ʰʣʷʭʦʤ 

ʫʟʛʦʜʞʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʯʘʩʪʦʪ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʨʪʦʣʴʦʪʫ. ʋ ʧʦʣʴʦʪʽ, ʢʦʣʠ ʚʝʨʪʦʣʽʪ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ, ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʾ ʟʘʚʞʜʠ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ: ʚʽʥ ʥʝ ʨʦʩʪʝ 

ʽ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ. ʅʘʧʨʦʪʠ, ʢʦʣʠ ʚʝʨʪʦʣʽʪ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʝʤʣʽ ʟ ʛʚʠʥʪʦʤ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʚʽʙʨʘʮʽʾ ʥʘʭʦʜʷʪʴ ʪʦʯʢʫ ʦʧʦʨʠ ʫ ʚʠʛʣʷʜʽ ʰʘʩʽ; ʷʢʱʦ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ 

ʚʽʙʨʘʮʽʾ ʰʘʩʽ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʚʽʙʨʘʮʽʾ ʥʝʩʫʯʦʛʦ ʛʚʠʥʪʘ, ʪʦ ʧʨʠ ʢʦʞʥʦʤʫ ʦʙʦʨʦʪʽ 

ʣʦʧʘʪʝʡ ʚʽʙʨʘʮʽʾ ʧʦʩʠʣʶʶʪʴʩʷ, ʦʪʨʠʤʫʶʯʠ ʥʦʚʠʡ ʽʤʧʫʣʴʩ. ɸʤʧʣʽʪʫʜʘ ʚʽʙʨʘʮʽʾ ʰʚʠʜʢʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʽ ʚʽʙʨʘʮʽʾ, ʱʦ ʧʦʩʠʣʶʶʪʴʩʷ, ʽ ʚʽʜʧʦʚʽʜʥʽ ʢʦʣʠʚʘʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʧʝʨʝʢʠʜʘʥʥʷ ʚʝʨʪʦʣʴʦʪʫ-ʷʚʣʝʥʥʷ ʟʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, 

ɻʥʫʯʢʘ ʩʪʘʣʴʥʘ ʧʣʘʩʪʠʥʘ, ʧʨʠʞʘʪʘ ʜʦʥʠʟʫ, ʧʦʜʦʚʞʫʻ ʟʘʜʥʶ ʯʘʩʪʠʥʫ ʧʦʣʦʟʽʚ, 

ʟʙʽʣʴʰʫʻ ʛʥʫʯʢʽʩʪʴ ʰʘʩʽ ʽ ʨʦʟʧʦʜʽʣʷʻ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ ʚʫʟʣʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ 

ʚʠʥʠʢʘʣʦ ʷʚʣʝʥʥʷ ʟʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. 

ʂʨʽʤ ʪʦʛʦ, ʤʽʞ ʛʥʫʯʢʦʶ ʧʝʨʝʜʥʴʦʶ ʦʧʦʨʦʶ ʰʘʩʽ ʪʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʨʦʟʪʘʰʦʚʘʥʽ 

ʘʤʦʨʪʠʟʘʪʦʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʘʩʽʥʥʷ ʚʽʙʨʘʮʽʡ ʪʘ ʧʦʧʝʨʝʜʞʘʶʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʣʠʚʘʥʴ. 

ʊʘʢʦʞ ʛʥʫʯʢʽ ʧʦʧʝʨʝʯʠʥʠ, ʧʦʣʦʟʠ ʪʘ ʾʭ ʩʪʘʣʝʚʽ ʧʣʘʩʪʠʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʤôʷʢʰʠʪʠ ʚʝʨʪʠʢʘʣʴʥʫ ʚʪʨʘʪʫ ʰʚʠʜʢʦʩʪʽ ʚʝʨʪʦʣʴʦʪʦʤ ʚ ʤʦʤʝʥʪ ʧʦʩʘʜʢʠ. ʅʘʧʨʦʪʠ, 

ʝʥʝʨʛʽʷ ʫʜʘʨʫ ʧʦʛʣʠʥʘʻʪʴʩʷ ʘʤʦʨʪʠʟʘʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʧʦʣʦʟʘʤʠ, ʷʢʽ ʩʪʠʢʘʶʪʴʩʷ ʽʟ 

ʟʝʤʣʝʶ. 
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ʂɯɹɽʈɽɿʇɽʂɸ ɹʆʈʊʆɺʀʍ ʉʀʉʊɽʄ ɼʃʗ ɹɽʉʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ 

ɸʇɸʈɸʊɯɺ (ɹʃɸ) 

ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʃɸ) ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʥʝʦʙʭʽʜʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫ-

ʯʘʩʥʦʾ ʘʚʽʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʚʜʘʥʴ. ʇʨʦʪʝ, ʨʘʟʦʤ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟ'ʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʜʦʩʢʦ-

ʥʘʣʝʥʥʷ ʙʝʟʧʝʢʠ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ɹʃɸ ʩʪʘʶʪʴ ʦʙ'ʻʢʪʦʤ ʧʦʪʝʥʮʽʡʥʠʭ ʢʽʙʝʨʘ-

ʪʘʢ.  

ɹʝʟʧʝʢʘ ɹʃɸ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦʶ ʚ ʢʦʥʪʝʢʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʪʘ ʯʫʪʣʠ-

ʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʡ. ɼʝʷʢʽ ʦʩʥʦʚʥʽ ʟʘʛʨʦʟʠ ʚʢʣʶʯʘʶʪʴ: 

¶ ɿʤʽʥʘ ʢʦʤʘʥʜ ʪʘ ʜʘʥʠʭ: ʘʪʘʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʽʥʫ ʽʥʩʪʨʫʢʮʽʡ ʪʘ ʢʦʤʘʥʜ, ʷʢʽ ɹʃɸ 

ʦʪʨʠʤʫʻ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ. 

¶ ʇʝʨʝʭʦʧʣʝʥʥʷ ʪʘ ɺʪʨʫʯʘʥʥʷ ʚ ʉʠʩʪʝʤʫ ʂʝʨʫʚʘʥʥʷ: ʩʧʨʦʙʠ ʧʝʨʝʭʦʧʣʝʥʥʷ ʢʝʨʫʚʘʥ-

ʥ ̫ʥʘʜ ɹʃɸ ʘʙʦ ʚʪʨʫʯʘʥʥʷ ʚ ʡʦʛʦ ʩʠʩʪʝʤʠ. 

¶ ɺʽʜʤʦʚʠ ʉʠʩʪʝʤ ʪʘ ɼʽʘʛʥʦʩʪʠʯʥʽ ɿʤʽʥʠ: ʘʪʘʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʣʠʢ ʜʽʘʛʥʦʩʪʠʯ-

ʥʠʭ ʧʦʤʠʣʦʢ ʯʠ ʰʪʫʯʥʫ ʚʽʜʤʦʚʫ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤ ɹʃɸ. 

ɿʘʭʦʜʠ ʜʣʷ ɿʘʭʠʩʪʫ ɹʦʨʪʦʚʠʭ ʉʠʩʪʝʤ ɹʃɸ: 

¶ ʐʠʬʨʫʚʘʥʥʷ ɼʘʥʠʭ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʴʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝ-

ʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ. 

¶ ɿʘʭʠʩʪ ʂʘʥʘʣʽʚ ɿʚ'ʷʟʢʫ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʪʫ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʤʽʞ ɹʃɸ ʪʘ ʦʧʝʨʘʪʦʨʩʴʢʠʤʠ 

ʧʫʥʢʪʘʤʠ. 

¶ ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʫʪʝʥ-

ʪʠʬʽʢʘʮʽʾ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʣʝʛʽʪʠʤʥʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤ ɹʃɸ. 

¶ ʉʠʩʪʝʤʠ ɺʠʷʚʣʝʥʥʷ ʪʘ ɿʘʧʦʙʽʛʘʥʥʷ ɸʪʘʢʘʤ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʤʦʞʣʠʚʽ ʢʽʙʝʨʘʪʘʢʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʊʨʝʥʜʠ ʪʘ ʇʝʨʩʧʝʢʪʠʚʠ: 

¶ ɹʣʦʢʯʝʡʥ ʜʣʷ ɹʝʟʧʝʢʠ ɼʘʥʠʭ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʙʝʟʧʝʯʥʠʭ ʪʘ ʥʝʜʦʩʪʫʧʥʠʭ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʧʠʩʽʚ ʪʘ ʪʨʘʥʟʘʢʮʽʡ. 

¶ ʄʘʰʠʥʥʝ ʅʘʚʯʘʥʥʷ ʜʣʷ ɺʠʷʚʣʝʥʥʷ ɿʘʛʨʦʟ: 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥ ̫ʪʘ ʚʽʜʧʦʚʽʜʽ ʥʘ ʢʽʙʝʨʟʘʛʨʦʟʠ. 

ɺʠʩʥʦʚʦʢ: 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ ʜʣʷ ɹʃɸ ï ʮʝ ʧʦʩʪʽʡʥʠʡ ʧʨʦʮʝʩ, ʦʩʢ̔-

ʣʴʢʠ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʘ ʟʘʛʨʦʟʠ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʜʦʩʢʦʥʘʣʝʥʠʤʠ. ʈʦʟʚʠʪʦʢ 

ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ  ̒ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʩʧʽʰʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʫ ʨʽʟʥʠʭ ʩʬʝ-

ʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʚʽʡʩʴʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʢʦʤʝʨʮʽʡʥʠʡ ʩʝʢʪʦʨ. 
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MECHANISMS OF SUPERSENSITIZATION OF SILV ER HALIDE 

PHOTOGRAPHIC MATERIA LS FOR AERIAL PHOTOG RAPHY 

Understanding the mechanisms for increasing the efficiency of spectral sensitization 

of photographic materials will allow for a targeted search for ways to improve their photo-

graphic characteristics. 

One of the ways to increase the spectral sensitivity of photographic layers is based on the 

use of the phenomenon of supersensitization, which is understood as a superadditive in-

crease in sensitivity in a certain spectral range, caused by the introduction of small amounts 

of dyes or colorless components into a spectrally sensitized emulsion [1, p. 266]. These 

substances (supersensitizers) may not sensitize in the area of absorption of the main dye. 

Increasing spectral sensitivity when using colorless components is called activation in the 

domestic literature [2, p. 167]. The supersensitization effect was discovered by Block and 

Renwick [3] in 1920, who observed the superadditive effect of auramine and pinacyanol 

upon adsorption on an AgHal substrate. The authors explained this phenomenon by the 

interaction of two sensitizers, as a result of which a sensitization effect is observed that is 

greater than when the sensitizers are introduced separately into the emulsion. Despite the 

fact that the phenomenon of supersensitization was discovered about 70 years ago, the theo-

ry of supersensitization remains one of the most important problems of modern scientific 

photography. This is due to the fact that all existing theories of supersensitization do not 

provide a sufficiently complete picture of the processes occurring during the exchange of 

excitation energy between the solid phase of silver halide and the adsorbed dye (see, for 

example, [4,5]). 

It should be noted that supersensitization is a rather complex process that can occur 

in several stages and is carried out in each individual case through different mechanisms.  

   

List of sources used 

 

1. James T. Theory of the photographic process. L.: Chemistry, 1960, 672 p. 
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3. Bloch O., Renwick F.F. Auramine as a Sensitizer, - Photogr. J., 1920. v.60, N 14, p.145-

147. 

4. Dietz F. Zum Stand der Theorie der spectralen Sensibilisierung. Teil 1-2. ïJ. Signal AM, 

1978, Bd.6, Hf.4, S.245-266. 

5. Shapiro B.I. Current state of the theory of supersensitization of negative silver halide 

photographic materials. -Journal scientific and adj. photogr. and cinematography, 1980, v. 

25, no. 1, p. 64-75. 

 



428 

ʋɼʂ 512.64+514.12 

ɸ.ʆ. ɸʭʤʝʨʦʚ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1; ʆ.ɺ. ʊʶʨʠʥ, ʜʦʢʪʦʨ ʬʽʟ.-ʤʘʪ.ʥʘʫʢ, ʩʪ..ʥʘʫʢ.ʩʧʽʚʨ1 
1ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ.ʄʝʯʥʠʢʦʚʘ, 

E-mail: andrey.akhmerov9@gmail.com 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɽʂʆʅʆʄɯʂʆ-ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʂʆʄʇ'ʖʊɽʈʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ 

ʋʭʚʘʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʟʘʚʞʜʠ ʙʫʣʦ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʘʩʧʝʢʪʦʤ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ: ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʜʽʙʥʦʩʪʝʡ, ʟʜʦʨʦʚʦʛʦ ʛʣʫʟʜʫ, ʽʥʪʫʾʮʽʾ ʽ ʜʦʩʚʽʜʫ ʢʝʨʽʚʥʠʢʘ; ʢʦʣʝʢʪʠʚʥʽ ʤʝʪʦʜʠ  ʤʝʪʦʜ 

çʤʦʟʢʦʚʦʾ ʘʪʘʢʠè, çʤʦʟʢʦʚʠʡ ʰʪʫʨʤè ʪʘ ʽʥ. ʆʜʥʘʢ, ʧʨʘʢʪʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʫʩʽʭ ʦʙʣʘʩʪʷʭ ʪʘ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʧʦʪʨʝʙʫʻ ʰʠʨʦʢʦʛʦ ʽ 

ʝʬʝʢʪʠʚʥʦʤʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʄʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ 

ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ (ʨʘʮʽʦʥʘʣʴʥʠʭ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ) ʨʽʰʝʥʴ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʦʨʽʻʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʘʢʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʤʠ ʙʫʜʝʤʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ: 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ  ʮʝ ʨʦʟʜʽʣ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʷʢʠʡ ʟʘʡʤʘʻʪʴʩʷ 

ʨʦʟʨʦʙʢʦʶ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʰʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʨʽʟʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʋ ʥʘʚʝʜʝʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʩʠʩʪʝʤʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʘʥʘʣʽʟʫ ʨʝʘʣʴʥʦʛʦ ʷʚʠʱʘ. ʇʨʠʨʦʜʘ ʩʠʩʪʝʤ, ʱʦ ʬʽʛʫʨʫʶʪʴ ʚ ʥʘʚʝʜʝʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʧʽʜ 

ʽʤ'ʷʤ çʦʨʛʘʥʽʟʘʮʽʡʥʽè, ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʦʶ, ʘ ʾʭ ʟʘʛʘʣʴʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʜʘʯ, ʘʣʝ 

ʽ ʚ ʙʽʦʣʦʛʽʾ, ʩʦʮʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʽʥʰʠʭ ʧʨʘʢʪʠʯʥʠʭ ʩʬʝʨʘʭ. ʄʘʪʝʤʘʪʠʢʘ 

ʧʨʦʚʦʜʠʪʴ ʢʽʣʴʢʽʩʥʠʡ ʽ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ, ʜʦʧʦʤʘʛʘʻ ʧʝʨʝʜʙʘʯʠʪʠ, ʷʢ ʧʦʚʝʜʝ ʩʝʙʝ 

ʩʠʩʪʝʤʘ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʽ ʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʥʘʡʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʪʽʣʶʚʘʪʠ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʘʣʝ ʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. 

ɽʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʷʚʠʱ. 

ɽʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  ʮʝ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙ'ʻʢʪʘ ʘʙʦ ʷʚʠʱʘ (ʧʨʦʮʝʩʫ). 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʻ ʦʢʨʝʤʦʶ ʧʨʦʛʨʘʤʦʶ ʘʙʦ ʩʫʢʫʧʥʽʩʪʶ ʧʨʦʛʨʘʤ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʽʜʪʚʦʨʶʚʘʪʠ (ʽʤʽʪʫʚʘʪʠ) ʧʨʦʮʝʩʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʟʘ ʫʤʦʚʠ 

ʚʧʣʠʚʫ ʥʘ ʦʙ'ʻʢʪ ʨʽʟʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

 

https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D0%B2%D1%80%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0
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ʂʆʅʎɽʇʎɯʗ CHOOSE YOUR OWN DEVI CE (CYOD) ɺ ʆʉɺɯʊɯ 

ʂʦʥʮʝʧʮʽʷ "ʆʙʝʨʠ ʩʚʽʡ ʧʨʠʩʪʨʽʡ" (CYOD - Choose Your Own Device) ʚ ʦʩʚʽʪʽ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʽʜʭʦʜʫ, ʢʦʣʠ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ (ʥʘʧʨʠʢʣʘʜ, ʰʢʦʣʘ ʘʙʦ ʫʥʽʚʝʨʩʠʪʝʪ) 

ʜʦʟʚʦʣʷʻ ʫʯʥʷʤ ʯʠ ʩʪʫʜʝʥʪʘʤ ʚʠʙʠʨʘʪʠ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʥʘʚʯʘʥʥʷ. ʎʷ ʢʦʥʮʝʧʮʽʷ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ "BYOD" (Bring Your Own Device - ʇʨʠ-

ʥʝʩʠ ʩʚʽʡ ʚʣʘʩʥʠʡ ʧʨʠʩʪʨʽʡ), ʜʝ ʫʯʥʽ ʧʨʠʥʦʩʷʪʴ ʩʚʦʾ ʦʩʦʙʠʩʪʽ ʧʨʠʩʪʨʦʾ ʜʦ ʥʘʚʯʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ. 

 
ʈʠʩʫʥʦʢ 1 -  ʂʦʥʮʝʧʮʽʾ CYOD, BYOD ʪʘ COPE  

 

ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ CYOD ʚ ʦʩʚʽʪʽ ʚʢʣʶʯʘʶʪʴ: 

- ɺʠʙʽʨ ʧʨʠʩʪʨʦʶ: ʫʯʥʽ ʯʠ ʩʪʫʜʝʥʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʘʪʠ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʚʦʥʠ ʚʚʘʞʘʶʪʴ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʜʣʷ ʩʚʦʾʭ ʧʦʪʨʝʙ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʥʦʫʪʙʫʢ, ʧʣʘʥ-

ʰʝʪ, ʭʨʦʤʙʫʢ ʘʙʦ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʙʶʜʞʝʪʫ. 

- ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ: ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠ ʧʝʚʥʽ ʩʪʘʥʜʘʨʪʠ ʱʦʜʦ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʙʨʘʥʽ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷʤ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 

- ʋʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ: ʢhʦʣʘ ʯʠ ʫʥʽʚʝʨʩʠʪʝʪ ʤʦʞʝ ʥʘʜʘʪʠ ʫʯʥʷʤ ʯʠ ʩʪʫʜʝ-

ʥʪʘʤ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʾʭ ʧʨʠʩʪʨʦʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʜʘʣʝʥʦʛʦ 

ʜʦʩʪʫʧʫ, ʦʥʦʚʣʝʥʥʷʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

- ɹʝʟʧʝʢʘ ʜʘʥʠʭ: ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ CYOD ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ. ʎʝ 

ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʰʠʬʨʫʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʦʣʽʚ, ʚʽʜʜʘʣʝʥʫ ʙʣʦʢʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʫ 

ʚʠʧʘʜʢʫ ʚʪʨʘʪʠ ʘʙʦ ʢʨʘʜʽʞʢʠ ʪʦʱʦ. 

- ɯʥʪʝʛʨʘʮʽʷ ʟ ʥʘʚʯʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ: ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʝʩʫʨʩʠ ʧʦ-

ʚʠʥʥʽ ʙʫʪʠ ʣʝʛʢʦ ʜʦʩʪʫʧʥʽ ʥʘ ʦʙʨʘʥʠʭ ʧʨʠʩʪʨʦʷʭ ʜʣʷ ʩʧʨʠʷʥʥʷ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʫ. 

ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʧʽʜʨʫʯʥʠʢʠ, ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʚʝʙ-ʨʝʩʫʨʩʠ ʪʘ ʽʥʰʝ. 

- ʇʽʜʪʨʠʤʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ: ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ CYOD ʻ ʥʘʜʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʧʽʜ-

ʪʨʠʤʢʠ ʫʯʥʷʤ ʯʠ ʩʪʫʜʝʥʪʘʤ ʱʦʜʦ ʾʭ ʦʙʨʘʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɺ ʧʝʜʘʛʦʛʽʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʤʝʭʘʥʽʟʤʘʤ 

ʚʧʣʠʚʫ ʥʘ ʤʦʪʠʚʘʮʽʶ ʥʘʚʯʘʥʥʷ, ʩʚʽʜʦʤʽʩʪʴ ʽ ʧʦʚʝʜʽʥʢʫ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ.  

CYOD ʚ ʦʩʚʽʪʽ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʪʘ ʽʥʜʠʚʽʜʫʘʣʽ-

ʟʘʮʽʶ ʥʘʚʯʘʥʥʷ.   
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ɸ. ʖ. ɯʚʘʥʦʚ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ʂʨʠʚʦʨʽʟʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ɽ-mail: arnyshwarz0811@gmail.com 

 

ʌɯʃʆʉʆʌʉʔʂʀʁ ʇʆɻʃʗɼ ʅɸ ʆʉɺʆɭʅʅʗ ʂʆʉʄɯʏʅʆɻʆ ʇʈʆʉʊʆʈʋ 

ɺʽʜ ʧʦʯʘʪʢʫ ʮʠʚʽʣʽʟʘʮʽʾ ʣʶʜʠ ʮʽʢʘʚʠʣʠʩʴ ʢʦʩʤʦʩʦʤ. ʋ ʢʦʞʥʦʛʦ ʥʘʨʦʜʫ ʻ ʤʽʬʠ ʽ 

ʣʝʛʝʥʜʠ, ʧʦʚôʷʟʘʥʽ ʟ ʢʦʩʤʦʩʦʤ. ɿʙʝʨʽʛʘʣʠ ʪʘ ʧʝʨʝʜʘʚʘʣʠ ʟʥʘʥʥʷ ʧʨʦ ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ 

ʩʚʷʱʝʥʥʦʩʣʫʞʠʪʝʣʽ. ʉʘʤʝ ʚʦʥʠ ʦʧʽʢʫʚʘʣʠʩʴ ʜʫʭʦʚʥʦ  ʁʢʫʣʴʪʫʨʦʶ. ɼʣʷ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʥʘʨʦʜʽʚ ʧʽʜʚʘʣʠʥʘʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʜʫʭʦʚʥʠʭ ʦʩʥʦʚ ʩʪʘʣʠ ʢʫʣʴʪʫʨʥʽ ʪʘ ʥʘʫʢʦʚʽ ʜʦʩʷʛ-

ʥʝʥʥʷ ʩʪʘʨʦʜʘʚʥʽʭ ʛʨʝʢʽʚ. ʉʘʤʝ ʚ ɻʨʝʮʽʾ ʥʘʫʢʘ ʪʘ ʤʠʩʪʝʮʪʚʦ ʤʘʣʠ ʩʚʽʪʩʴʢʝ ʧʽʜˇʨʫʥʪʷ. 

ʉʣʦʚʦ çʢʦʩʤʦʩè ʤʘʻ ʛʨʝʮʴʢʝ ʧʦʭʦʜʞʝʥʥʷ. ʂʦʩʤʦʩ ï ʧʦʥʷʪʪʷ ʜʘʚʥʴʦʛʨʝʮʴʢʦʾ ʬʽʣʦʩʦʬʽʾ 

ʽ ʢʫʣʴʪʫʨʠ, ʮʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʠʨʦʜʥʠʡ ʩʚʽʪ ʷʢ ʧʣʘʩʪʠʯʥʠʡ, ʚʧʦʨʷʜʢʦʚʘʥʠʡ, ʛʘʨʤʦʥʽʡ-

ʥʠʡ, ʮʽʣʠʡ, ʧʨʦʪʠʣʝʞʥʠʡ ʭʘʦʩʫ. ɻʨʝʢʠ ʧʦʻʜʥʫʚʘʣʠ ʚ ʧʦʥʷʪʪʽ ʢʦʩʤʦʩʫ ʜʚʽ ʬʫʥʢʮʽʾ: 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʽ ʝʩʪʝʪʠʢʠ. ʌʽʣʦʩʦʬ ɻʝʨʘʢʣʽʪ ʽʟ ʤʽʣʝʪʩʴʢʦʾ ʰʢʦʣʠ 6 ʩʪ. ʜʦ ʥ.ʝ. ʚʚʘʞʘʚ 

ʧʝʨʰʦʦʩʥʦʚʦʶ ʩʚʽʪʫ ʢʦʩʤʽʯʥʠʡ ʚʦʛʦʥʴ. 

ʇʨʦʪʷʛʦʤ ʫʩʽʻʾ ʽʩʪʦʨʽʾ ʣʶʜʩʪʚʦ ʤʨʽʷʣʦ ʦʧʘʥʫʚʘʪʠ ʢʦʩʤʽʯʥʠʡ ʧʨʦʩʪʽʨ. ʋ ʣʝʛʝʥ-

ʜʘʭ ʟʙʝʨʝʛʣʠʩʴ ʨʽʟʥʽ ʩʚʽʜʯʝʥʥʷ ʧʨʦ ʢʦʩʤʽʯʥʠʭ ʧʨʠʙʫʣʴʮʽʚ,  ʥʝʟʝʤʥʝ ʧʦʭʦʜʞʝʥʥʷ ʣʶ-

ʜʝʡ. ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʥʘʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʣʶʜʷʤ ʧʽʜʥʷʪʠʩʴ ʫ ʧʦʚʽʪʨʷ ʪʘ ʧʦʩ-

ʪʫʧʦʚʦ ʛʦʪʫʚʘʪʠʩʴ ʜʦ ʢʦʩʤʽʯʥʠʭ ʧʦʜʦʨʦʞʝʡ. ɺʯʝʥʽ ʧʦʩʪʽʡʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʦʩʤʽʯʥʠʡ 

ʧʨʦʩʪʽʨ, ʚʽʜʢʨʠʚʘʣʠ ʢʦʩʤʽʯʥʽ ʷʚʠʱʘ. ʈʘʟʦʤ ʟ ʪʠʤ, ʬʽʣʦʩʦʬʽʷ ʥʘʜʘʚʘʣʘ ʧʽʜˇʨʫʥʪʷ ʤʘʡ-

ʙʫʪʥʽʤ ʚʽʜʢʨʠʪʪʷʤ ʪʘ ʦʙôʻʜʥʫʚʘʣʘ ʟʥʘʥʥʷ ʫ ʮʽʣʽʩʥʫ ʢʘʨʪʠʥʫ ʢʦʥʮʝʧʮʽʾ ʨʦʟʫʤʽʥʥʷ ʢʦʩ-

ʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʋ 1963 ʨ. ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʘʩʪʨʦʥʦʤ ʐʤʽʜʪ ʟʨʦʙʠʚ ʥʘʡʙʽʣʴʰʝ ʚʽʜʢʨʠʪʪʷ 20 ʩʪ. ʚ 

ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ: ʽʩʥʫʚʘʥʥʷ ʢʚʘʟʘʨʽʚ. ʃʶʜʩʪʚʦ ʟʜʽʡʩʥʠʣʦ ʢʦʩʤʽʯʥʽ ʧʦʣʴʦ-

ʪʠ ʥʘ ʃʫʥʫ, ɺʝʥʝʨʫ, ʄʘʨʩ. ɸʣʝ ʱʦʙ ʟʨʦʙʠʪʠ ʧʦʜʦʨʦʞ ʥʘʚʽʪʴ ʜʦ ʙʣʠʟʴʢʠʭ ʟʽʨʦʢ, ʪʨʝʙʘ 

ʜʦʯʝʢʘʪʠʩʴ ʯʝʨʛʦʚʦʛʦ ʩʪʨʠʙʢʘ ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʨʝʚʦʣʶʮʽʾ, ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʽ, 

ʥʘʧʝʚʥʦ, ʫ ʚʽʜʯʫʪʪʽ ʧʨʦʩʪʦʨʫ. ʅʘʡʙʽʣʴʰ ʚʝʣʠʢʘ ʰʚʠʜʢʽʩʪʴ ï ʮʝ ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ, ʘʣʝ 

ʚʽʜʩʪʘʥʴ ʜʦ ʥʘʡʙʣʠʞʯʠʭ ʟʽʨʦʢ ï ʤʽʣʴʡʦʥʠ ʩʚʽʪʦʚʠʭ ʨʦʢʽʚ. ʂʦʩʤʽʯʥʽ ʧʨʠʙʫʣʴʮʽ, ʷʢʱʦ 

ʚʦʥʠ ʙʫʣʠ ʥʘ ɿʝʤʣʽ, ʟʚʽʩʥʦ, ʥʝ ʧʝʨʝʩʫʚʘʣʠʩʴ ʤʽʣʴʡʦʥʠ ʨʦʢʽʚ, ʘ ʙʫʣʠ ʚ ʷʢʦʤʫʩʴ ʽʥʰʦʤʫ 

ʚʠʤʽʨʽ. ʗʢʱʦ ʜʠʚʠʪʠʩʴ ʬʽʣʦʩʦʬʩʴʢʠ ʥʘ ʽʩʪʦʨʽʶ ʢʦʩʤʽʯʥʦʾ ʥʘʫʢʠ, ʣʶʜʩʪʚʦ ʦʯʽʢʫʻ ʥʘ 

ʨʝʚʦʣʶʮʽʡʥʽ ʚʽʜʢʨʠʪʪʷ. 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ɸʢʠʤʝʥʢʦ ʆ.ʉ. ɽʚʦʣʶʮʽʷ ʫʷʚʣʝʥʴ ʧʨʦ ʢʦʩʤʦʩ ʚ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʽʡ ʨʝʪʨʦ-

ʩʧʝʢʪʠʚʽ https//perio dicalog.karazin.ua./thephc/article/vicw/260/ 

2. ʂ. ɻʝʪʣʘʥʜ. çʂʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘè, 1986 ʨ. ʂʠʾʚ. 

3. ʆ.ɼ. ʂʦʚʘʣʴ, ɺ.ʇ. ʉʝʥʢʝʚʠʯ çʂʦʩʤʦʩ ʜʘʣʝʢʠʡ ʪʘ ʙʣʠʟʴʢʠʡè. 1977 ʨ., ʂʠʾʚ. 

4. ʉʠʤʦʥʝʥʢʦ ɸ.ʅ. ɸʩʪʝʨʦʾʜʠ, ʘʙʦ ʊʝʭʥʽʯʥʽ ʰʣʷʭʠ ʜʦʩʣʽʜʞʝʥʴ. ï ʂ. ʅʘʫʢʘ. 

1985. 
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ɼ. ʃʫʮʝʥʢʦ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1, ʄ. ʂʠʩʣʦʚʘ, ʢ.ʧʝʜ.ʥ., ʚʠʢʣʘʜʘʯ1 
1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ  çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

ɽ - mail: kislova1975@ukr.net 

 

ɼɽʗʂɯ ɸʉʇɽʂʊʀ ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʀʉʂʈɽʊʅʆɰ ʄɸʊɽʄɸʊʀʂʀ ʋ 

ʃʆɻɯʉʊʀʎɯ 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʩʪʘʣʠ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʤʝʪʦʜʽʚ ʙʫʜʴ-ʷʢʦʾ ʩʫʯʘʩʥʦʾ 

ʥʘʫʢʠ, ʚʢʣʶʯʘʶʯʠ ʪʨʘʥʩʧʦʨʪʥʫ ʣʦʛʽʩʪʠʢʫ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʣʦʛʽʩʪʠʢʠ ʜʣʷ 

ʤʘʡʙʫʪʥʴʦʛʦ ʩʧʝʮʽʘʣʽʩʪʘ ʦʯʝʚʠʜʥʘ, ʘʜʞʝ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʣʦʛʽʩʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ 

ʰʣʷʭʫ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʧʝʨʚʠʥʥʦʛʦ ʜʞʝʨʝʣʘ ʩʠʨʦʚʠʥʠ ʜʦ ʢʽʥʮʝʚʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʃʦʛʽʩʪʠʢʘ, ʷʢ ʥʘʫʢʘ ʧʨʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʨʽʟʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʚʢʣʶʯʘʶʯʠ ʝʢʦʥʦʤʽʢʫ, ʽʥʞʝʥʝ-

ʨʽʶ, ʽʥʬʦʨʤʘʪʠʢʫ ʪʘ ʤʘʪʝʤʘʪʠʢʫ. ʆʜʥʘʢ, ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʛʘʣʫʟʝʡ ʤʘʪʝʤʘʪʠʢʠ, ʱʦ 

ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʣʦʛʽʩʪʠʮʽ, ʻ ʜʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘ.  

ʅʠʞʯʝ ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘ-

ʪʠʢʠ ʫ ʣʦʛʽʩʪʠʮʽ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʤʘʨʰʨʫʪʽʚ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʣʦʛʽʩʪʠʢʠ ʻ ʦʧʪʠʤʽʟʘʮʽʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʠʩʢʨʝ-

ʪʥʘ ʤʘʪʝʤʘʪʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʢʦʤʽʚʦʷʞʝʨʘ, ʜʝ ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʡʪʠ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʜʘʥʽ ʪʦʯʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴ-

ʥʠʤ ʚʠʪʨʘʪʘʤ ʥʘ ʪʨʘʥʩʧʦʨʪ. 

ʋʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʧʠʪ, ʯʘʩ ʧʦʩʪʘʚʢʠ ʪʘ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ. ɼʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘ ʜʦʧʦʤʘʛʘʻ ʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟʘʧʘʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʤʝʪʦʜʽʚ, ʷʢ ʩʪʦʭʘʩʪʠʯʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʪʝʦʨʽʷ ʽʥʚʝʥʪʘʨʷ. 

ʈʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ. ʃʦʛʽʩʪʠʢʘ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ 

ʣʶʜʩʴʢʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ. ɼʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʪʠʤʽʟʘ-

ʮʽʾ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʮʠʭ ʨʝʩʫʨʩʽʚ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʨʠʙʫʪʢʦʚʦʩʪʽ. 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʪʨʘʥʩʧʦʨʪʫ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʠ-

ʩʪʝʤʘʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɼʠʩʢʨʝʪʥʘ 

ʤʘʪʝʤʘʪʠʢʘ ʜʦʧʦʤʘʛʘʻ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʮʠʭ ʩʠʩʪʝʤ ʪʘ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʦʧʪʠʤʘ-

ʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʽʚ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. ɺ ʩʫʯʘʩʥʽʡ ʣʦʛʽʩʪʠʮʽ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʽʥʬʦ-

ʨʤʘʮʽʡʥʠʤ ʩʠʩʪʝʤʘʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʨ, ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ. ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʟʘʜʘʯ ʪʘʢʦʛʦ ʨʦʜʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʟʦʢʨʝʤʘ, 

ʪʝʦʨʽʷ ʛʨʘʬʽʚ ʪʘ ʪʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ʋ ʮʽʣʦʤʫ, ʜʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʣʦʛʽʩʪʠʮʽ, ʜʦʧʦʤʘʛʘ-

ʶʯʠ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ɰʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ. 
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ɺ. ɸ. ʂʦʮʶʙʘʥ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ ʨʽʚʥʷ ʬʘʭʦʚʠʡ ʤʦʣʦʜʰʠʡ ʙʘʢʘʣʘʚʨ1 ʆ.ɸ. ʏʦʨʥʠʡ, 

ʚʠʢʣʘʜʘʯ ʩʧʝʮʜʠʩʮʠʧʣʽʥ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ɼʥʽʧʨʦʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

E-mail: v.kotsiuban@kre.dp.ua 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄɽʊʆɼɯɺ ʇʈʀ ʇʈʆɽʂʊʋɺɸʅʅɯ 

ɽʃɽʂʊʈʆʊɽʍʅɯʏʅʀʍ ʄɽʈɽɾ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʤʝʨʝʞ ʜʣʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʚʘʞʣʠʚʦ ʟʘ-

ʙʝʟʧʝʯʠʪʠ ʥʝ ʣʠʰʝ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘʣʝ ʡ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʽʚ. ʆʜʥʠʤ ʽʟ ʚʘʞ-

ʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦ-

ʩʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʛʨʘʶʪʴ ʢʣʶ-

ʯʦʚʫ ʨʦʣʴ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʤʝʨʝʞ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʆʩʴ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ, ʷʢʽ ʚʘʨʪʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʤʝʨʝʞ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ: 

1. ɸʥʘʣʽʟ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ: ʧʝʨʝʜ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴ-

ʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʠʧʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʙʫʜʫʪʴ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜʠ ʨʝʛʨʝ-

ʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʘʙʦ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ; 

2. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʷ: ʧʝʨʝʜ ʬʽʟʠʯʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʤʝʨʝʞʽ ʚʘʞʣʠʚʦ ʚʠʢʦʥʘ-

ʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʶ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʨʦʙʦʪʠ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷ-

ʶʪʴ ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʽ ʫʤʦʚʠ, ʚʢʣʶʯʘʶʯʠ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʤʦʞʣʠʚʽ 

ʥʝʩʧʨʘʚʥʦʩʪʽ; 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʨʦʟʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ: ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʧʦʤʘʛʘ-

ʶʪʴ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʣʽʪʘʣʴʥʦʤʫ ʘʧʘʨʘ-

ʪʽ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʘʪʘʨʝʡ, ʝʣʝʢʪʨʦʤʦʪʦʨʽʚ, ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ 

ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʢʝʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥ-

ʢʫ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʤʦʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʪʘ ʾʭ 

ʫʩʫʥʝʥʥʽ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɸʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠ-

ʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʪʘ ʟʥʠʞʫʻ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦ-

ʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʨʝʞʠʤ ʧʦʣʴʦʪʫ ʪʘ ʽʥʰʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʣʘ-

ʥʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʟʘʟʜʘʣʝʛʽʜʴ ʽ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʯʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʤʝʨʝʞ ʣʽʪʘʣʴ-

ʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦ-

ʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥ-

ʥʷʤ, ʘ ʡ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʧʣʠʚʠ ʥʘ ʧʦʣʴʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʙʽʣʴʰ ʧʝʨʝ-

ʜʦʚʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 
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ʅ.ɺ. ʇʘʩʝʯʥʠʡ, ʩʪʫʜʝʥʪ1; ʊ.ʄ. ʈʫʙʘʥ, ʚʠʢʣʘʜʘʯ1; ɸ.ʄ. ɼʨʦʟʜʦʚʘ, ʚʠʢʣʘʜʘʯ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: mr.uhu0@gmail.com 

 

ʆɻʃʗɼ ʂʈʆʉʇʃɸʊʌʆʈʄʅʆɻʆ ʌʈɽʁʄɺʆʈʂʋ REACT NATIV E ɼʃʗ 

ʈʆɿʈʆɹʂʀ ʄʆɹɯʃʔʅʀʍ ɼʆɼɸʊʂɯɺ 

ʉʴʦʛʦʜʥʽ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʜʦʩʷʛʣʠ ʥʝʡʤʦʚʽʨʥʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ. ʂʽʣʴʢʽʩʪʴ 

ʨʦʟʨʦʙʥʠʢʽʚ ʤʦʙʽʣʴʥʠʭ ʧʨʦʛʨʘʤ ʽ ʨʦʟʤʘʾʪʪʷ ʜʦʩʪʫʧʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʶʪʴ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʭ ʤʦʙʽʣʴʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʫʩʧʽʰʥʽʡ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤ. ʊʦʤʫ ʪʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʘ ʟ 

ʘʥʘʣʽʟʦʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʻ ʚʝʣʴʤʠ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʦʶ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʥʘʨʘʟʽ ʻ React Native. ɼʘʥʠʡ 

ʬʨʝʡʤʚʦʨʢ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʚʫ JavaScript ʪʘ ʙʘʟʦʚʽ ʢʦʥʮʝʧʮʽʾ ʬʨʝʡʤʚʦʨʢʫ 

React ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʦʩʥʦʚʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. 

React Native ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʧʦʧʫʣʷʨʥʠʭ 

ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ - iOS ʪʘ Android. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ React Native ʚʢʣʶʯʘʶʪʴ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ, ʢʨʦʩʧʣʘʪʬʦʨʤʝʥ̔ ʩʪʴ, ʥʘʪʠʚʥʠʡ ʚʠʛʣʷʜ ʪʘ ʛʥʫʯʢʽʩʪʴ. 

ɼʦ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʬʨʝʡʤʚʦʨʢʫ ʫ ʢʦʥʪʝʢʩʪʽ ʚʠʚʯʝʥʥʷ ʟʜʦʙʫʚʘʯʘʤʠ ʦʩʚʽʪʠ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʷʚʥʽʩʪʴ ʚʝʙ-ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ snack.expo.dev. ʆʢʨʽʤ ʨʝʜʘʢʪʦʨʫ 

ʢʦʜʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʙʽʙʣʽʦʪʝʢ (ʟʘʣʝʞʥʦʩʪʝʡ), ʩʝʨʝʜʦʚʠʱʝ 

ʧʽʜʪʨʠʤʫʻ ʝʤʫʣʷʮʽʶ ʧʨʠʩʪʨʦʾʚ Android ʪʘ iOS. ʊʘʢʦʞ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʚʘʥʪʘʞʠʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʜʦʜʘʪʦʢ ʥʘ ʚʣʘʩʥʠʡ ʪʝʣʝʬʦʥ, ʜʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʦ ʣʠʰʝ 

ʚʽʜʩʢʘʥʫʚʘʪʠ ʟʛʝʥʝʨʦʚʘʥʠʡ QR-ʢʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʫ Expo Go.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʦ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ 

çʂʘʣʴʢʫʣʷʪʦʨè ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʢʦʥʫʚʘʪʠ 

ʦʩʥʦʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʦʜʘʪʦʢ çʂʘʣʴʢʫʣʷʪʦʨè ʫ ʚʝʙ-ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ snack.expo.dev 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʢʠ ʧʨʦʻʢʪʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʬʨʝʡʤʚʦʨʢʫ 

React Native ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʥʘ ʧʣʘʪʬʦʨʤʽ Android, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʾʾ ʛʥʫʯʢʽʩʪʴ ʪʘ ʧʦʪʫʞʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ. 
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ʆ. ɺ. ʇʘʩʽʯʥʘ, ʢ. ʬʽʣʦʣ. ʥ., ʜʦʮʝʥʪ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 
1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: olena.v.pasichna@gmail.com 
 

ʌʆʈʄʋɺɸʅʅʗ ʉʊʀʃɯʉʊʀʏʅʀʍ ʋʄɯʅʔ ɯ ʅɸɺʀʏʆʂ ʌɸʍʆɺʀʍ 

ʄʆʃʆɼʐʀʍ ɹɸʂɸʃɸɺʈɯɺ ʅɸ ɿɸʅʗʊʊʗʍ ɿ ʂʋʈʉʋ çʋʂʈɸɰʅʉʔʂɸ ʄʆɺɸ 

(ɿɸ ʇʈʆʌɽʉɯʁʅʀʄ ʉʇʈʗʄʋɺɸʅʅʗʄ)è 

ɼʠʩʮʠʧʣʽʥʘ çʋʢʨʘʾʥʩʴʢʘ ʤʦʚʘ (ʟʘ ʧʨʦʬʝʩʽʡʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ)è ʧʦʩʽʜʘʻ ʚʘʞ-

ʣʠʚʝ ʤʽʩʮʝ ʚ ʮʠʢʣʽ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʦʚʠʭ ʤʦʣʦʜʰʠʭ ʙʘʢʘʣʘʚʨʽʚ, ʘʜʞʝ ʜʦʧʦ-

ʤʘʛʘʻ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʜʽʣʦʚʠʭ ʚʟʘʻʤʠʥʘʭ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʥʘʚʯʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ çʋʢʨʘʾʥʩʴʢʘ ʤʦʚʘ (ʟʘ ʧʨʦʬʝʩʽʡʥʠʤ ʩʧʨʷ-

ʤʫʚʘʥʥʷʤ)è ʜʣʷ ʟʘʢʣʘʜʽʚ ʬʘʭʦʚʦʾ ʧʝʨʝʜʚʠʱʦʾ ʦʩʚʽʪʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʦ-

ʚʠʭ ʤʦʣʦʜʰʠʭ ʙʘʢʘʣʘʚʨʽʚ (ɼʝʨʞʘʚʥʘ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ çɯʥʩʪʠʪʫʪ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʤʽʩʪʫ 

ʦʩʚʽʪʠè, 2022 ʨ.), ʧʨʝʜʤʝʪʦʤ ʚʠʚʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʢʫʨʩʫ çʋʢʨʘʾʥʩʴʢʘ ʤʦʚʘ ʟʘ ʧʨʦʬʝ-

ʩʽʡʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤè ʻ ʩʫʯʘʩʥʘ ʫʢʨʘʾʥʩʴʢʘ ʣʽʪʝʨʘʪʫʨʥʘ ʤʦʚʘ ʧʨʦʬʝʩʽʡʥʦʾ ʩʬʝʨʠ: 

ʩʪʫʜʝʥʪʠ ʨʽʟʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʥʘʙʫʚʘʶʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʧʨʦ ʬʘʭʦʚʝ/ʜʽʣʦʚʝ 

ʩʧʽʣʢʫʚʘʥʥʷ, ʡʦʛʦ ʤʽʩʮʝ ʚ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʩʪʨʫʢʪʫʨʫ ʜʽʣʦ-

ʚʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʬʘʭʽʚʮʶ ʧʝʚʥʦʛʦ ʧʨʦʬʽʣʶ; ʬʦʨʤʫʶʪʴ ʩʪʽʡʢʽ ʢʦʤʫʥʽʢʘʪʠʚ-

ʥʽ ʢʦʤʧʝʪʝʥʮʽʾ, ʧʦʪʨʽʙʥʽ ʚ ʧʨʦʬʝʩʽʡʥʦʤʫ ʩʧʽʣʢʫʚʘʥʥʽ, ʥʘʚʠʯʢʠ ʧʦʩʣʫʛʦʚʫʚʘʥʥʷ ʚʝʨʙʘ-

ʣʴʥʠʤʠ ʡ ʥʝʚʝʨʙʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ; ʟʘʩʚʦʶʶʪʴ ʤʦʚʥʽ ʩʪʝʨʝʦʪʠʧʠ 

ʢʦʤʫʥʽʢʘʮʽʡ; ʫʩʚʽʜʦʤʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʟʥʘʥʴ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʬʝʩʽʡʥʦʾ ʤʦʚʠ ʜʣʷ 

ʫʩʧʽʰʥʦʾ ʬʘʭʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʗʢ ʙʘʯʠʤʦ, ʫ ʧʨʦʛʨʘʤʽ ʯʽʣʴʥʝ ʤʽʩʮʝ ʚʽʜʚʝʜʝʥʦ ʩʘʤʝ ʦʩʦʙʣʠʚʦʩʪʷʤ ʫʩʥʦʛʦ ʡ ʧʠ-

ʩʝʤʥʦʛʦ ʜʽʣʦʚʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ. ɺʽʜʪʘʢ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚʠʢʣʘʜʘʯʘ ʻ ʬʦʨʤʫʚʘʥʥʷ ʫ 

ʬʘʭʦʚʠʭ ʤʦʣʦʜʰʠʭ ʙʘʢʘʣʘʚʨʽʚ ʪʘʢʠʭ ʩʪʠʣʽʩʪʠʯʥʠʭ ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ: ʚʠʜʽʣʷʪʠ ʚ ʪʝʢʩʪʘʭ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʩʪʠʣʽʩʪʠʯʥʦ ʥʝʡʪʨʘʣʴʥʽ ʪʘ ʟʘʙʘʨʚʣʝʥʽ ʤʦʚʥʽ ʦʜʠʥʠʮʽ (ʢʣ̔-

ʰʝ, ʰʪʘʤʧʠ, ʢʘʥʮʝʣʷʨʠʟʤʠ), ʜʦʙʠʨʘʪʠ ʩʪʠʣʽʩʪʠʯʥʽ ʩʠʥʦʥʽʤʠ ʡ ʜʦʨʝʯʥʦ ʚʞʠʚʘʪʠ ʾʭ ʫ 

ʬʘʭʦʚʠʭ ʪʝʢʩʪʘʭ, ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʩʠʪʫʘʮʽʷʭ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ, ʧʽʜʧʦʨʷʜʢʦʚʫʚʘ-

ʪʠ ʟʤʽʩʪ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʚʠʤʦʛʘʤ ʦʬʽʮʽʡʥʦ-ʜʽʣʦʚʦʛʦ ʩʪʠʣʶ, ʚʠʷʚʣʷʪʠ ʩʪʠʣʽʩʪʠʯʥʽ 

ʧʦʤʠʣʢʠ ʚ ʪʝʢʩʪʽ, ʢʦʨʠʛʫʚʘʪʠ ʥʘʧʠʩʘʥʝ. 

ɿʘʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʢʨʝʩʣʝʥʠʭ ʩʪʠʣʽʩʪʠʯʥʠʭ ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ 

ʚʘʨʪʦ ʧʝʨʝʜʙʘʯʠʪʠ ʪʘʢʽ ʚʠʜʠ ʩʪʠʣʽʩʪʠʯʥʠʭ ʚʧʨʘʚ ʽ ʟʘʚʜʘʥʴ: ʣʝʢʩʠʢʦ-ʩʪʠʣʽʩʪʠʯʥʽ ʪʘ 

ʛʨʘʤʘʪʠʢʦ-ʩʪʠʣʽʩʪʠʯʥʽ (ʧʦʨʽʚʥʷʥʥʷ ʪʝʢʩʪʽʚ ʨʽʟʥʠʭ ʩʪʠʣʽʚ, ʨʦʟʢʨʠʪʪʷ ʩʪʠʣʽʩʪʠʯʥʠʭ 

ʦʟʥʘʢ ʤʦʚʥʦʛʦ ʷʚʠʱʘ, ʩʪʠʣʽʩʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʧʦʨʽʚʥʷʥʥʷ ʤʦʚʣʝʥʥʻʚʠʭ ʩʠʪʫʘʮʽʡ, 

ʩʪʚʦʨʝʥʥʷ ʤʦʥʦʣʦʛʽʯʥʠʭ ʪʘ ʜʽʘʣʦʛʽʯʥʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʪʝʢʩʪʽʚ ʪʦʱʦ). 

ʆʪʞʝ, ʩʠʩʪʝʤʘʪʠʯʥʘ ʨʦʙʦʪʘ ʟ ʬʦʨʤʫʚʘʥʥʷ ʩʪʠʣʽʩʪʠʯʥʠʭ ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ ʬʘʭʦ-

ʚʠʭ ʤʦʣʦʜʰʠʭ ʙʘʢʘʣʘʚʨʽʚ ʥʘ ʟʘʥʷʪʪʷʭ ʟ ʢʫʨʩʫ çʋʢʨʘʾʥʩʴʢʘ ʤʦʚʘ (ʟʘ ʧʨʦʬʝʩʽʡʥʠʤ 

ʩʧʨʷʤʫʚʘʥʥʷʤ)è ʟʘʙʝʟʧʝʯʠʪʴ ʦʚʦʣʦʜʽʥʥʷ ʧʨʠʥʮʠʧʘʤʠ ʧʦʙʫʜʦʚʠ ʜʽʣʦʚʠʭ ʪʝʢʩʪʽʚ ʪʘ 

ʚʜʦʩʢʦʥʘʣʠʪʴ ʢʫʣʴʪʫʨʫ ʫʩʥʦʛʦ ʡ ʧʠʩʝʤʥʦʛʦ ʬʘʭʦʚʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ. 
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ʆ. ɺ. ʇʘʩʽʯʥʘ, ʢ. ʬʽʣʦʣ. ʥ., ʜʦʮʝʥʪ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 ; ɭ. ɺ. ʇʘʩʽʯʥʘ, ʟʜʦʙʫʚʘʯʢʘ 

ʦʩʚʽʪʠ2 ; ʅ. ʆ. ʂʫʣʘʢʝʚʠʯ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1  

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 
2ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

E-mail: olena.v.pasichna@gmail.com 
 

ʉʃʆɺʅʀʂʆɺɸ ʈʆɹʆʊɸ ʗʂ ɻʆʃʆɺʅʀʁ ʏʀʅʅʀʂ ʌʆʈʄʋɺɸʅʅʗ 

ʊɽʈʄɯʅʆʃʆɻɯʏʅʆɰ ʂʆʄʇɽʊɽʅʊʅʆʉʊɯ ɿɼʆɹʋɺɸʏɯɺ ʆʉɺɯʊʀ ɺ ʂʋʈʉɯ 

çʋʂʈɸɰʅʉʔʂɸ ʄʆɺɸ (ɿɸ ʇʈʆʌɽʉɯʁʅʀʄ ʉʇʈʗʄʋɺɸʅʅʗʄ)è  

ʈʦʟʚʠʪʦʢ ʬʘʭʦʚʠʭ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʟʜʽʙʥʦʩʪʝʡ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʻ ʛʦʣʦʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʚʠʢʣʘʜʘʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ. ɺʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ 

çʋʢʨʘʾʥʩʴʢʘ ʤʦʚʘ (ʟʘ ʧʨʦʬʝʩʽʡʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ)è ʜʦʧʦʤʘʛʘʻ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ 

ʦʧʘʥʫʚʘʪʠ ʪʝʨʤʽʥʦʣʦʛʽʯʥʠʡ ʘʧʘʨʘʪ ʩʚʦʻʾ ʧʨʦʬʝʩʽʾ, ʩʬʦʨʤʫʚʘʪʠ ʧʨʘʢʪʠʯʥʽ ʫʤʽʥʥʷ ʡ 

ʥʘʚʠʯʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʝʢʩʠʯʥʽ ʡ ʛʨʘʤʘʪʠʯʥʽ ʟʘʩʦʙʠ ʫ ʩʬʝʨʽ ʧʨʦʬʝʩʽʡʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ. ʋʤʽʥʥʷ ʦʧʝʨʫʚʘʪʠ ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʦʶ ʪʘ ʚʫʟʴʢʦʩʧʝʮʽʘʣʴʥʦʶ 

ʪʝʨʤʽʥʦʣʦʛʽʻʶ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʧʨʦʬʝʩʽʡʥʦʶ ʢʦʤʧʝʪʝʥʪʥʽʩʪʶ ʬʘʭʽʚʮʷ. ʈʦʟʚʠʥʫʪʠ 

ʮʶ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʜʦʧʦʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʪʷʭ ʩʣʦʚʥʠʢʦʚʦʾ 

ʨʦʙʦʪʠ. ʆʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʩʣʦʚʥʠʢʦʚʦʾ ʨʦʙʦʪʠ ʻ ʪʘʢʽ: ʩʠʥʪʘʛʤʘʪʠʯʥʠʡ 

(ʜʦʧʦʤʘʛʘʻ ʦʩʤʠʩʣʠʪʠ ʩʝʤʘʥʪʠʯʥʽ ʚʽʜʥʦʰʝʥʥʷ ʩʣʽʚ ʫ ʪʝʢʩʪʽ); ʧʘʨʘʜʠʛʤʘʪʠʯʥʠʡ 

(ʦʟʥʘʡʦʤʣʶʻ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʟ ʣʝʢʩʠʯʥʦʶ ʧʘʨʘʜʠʛʤʦʶ); ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

(ʧʝʨʝʜʙʘʯʘʻ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʟ ʬʫʥʢʮʽʷʤʠ ʩʣʽʚ ʫ ʪʝʢʩʪʽ); 

ʢʦʥʪʝʢʩʪʫʘʣʴʥʠʡ (ʚʠʤʘʛʘʻ ʜʦʪʨʠʤʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʩʪʠʣʽʩʪʠʯʥʦʛʦ ʘʩʧʝʢʪʫ 

ʨʦʟʚʠʪʢʫ ʤʦʚʣʝʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ) [1, ʩ. 96-98]. 

ɿʛʽʜʥʦ ʟ ʦʢʨʝʩʣʝʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʥʘ ʟʘʥʷʪʪʷʭ ʟ ʢʫʨʩʫ çʋʢʨʘʾʥʩʴʢʘ ʤʦʚʘ (ʟʘ 

ʧʨʦʬʝʩʽʡʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ)è ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʚʠʜʠ ʩʣʦʚʥʠʢʦʚʠʭ ʚʧʨʘʚ, ʷʢ-ʦʪ: 

- ʪʣʫʤʘʯʝʥʥʷ ʩʣʽʚ ʽ ʩʪʽʡʢʠʭ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ (ʥʘ ʤʘʪʝʨʽʘʣʽ ʝʥʮʠʢʣʦʧʝʜʠʯʥʠʭ ʪʘ 

ʪʝʨʤʽʥʦʣʦʛʽʯʥʠʭ ʩʣʦʚʥʠʢʽʚ); 

- ʛʨʫʧʫʚʘʥʥʷ ʩʣʽʚ ʟʘ ʧʝʚʥʠʤʠ ʩʝʤʘʥʪʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ (ʥʘ ʤʘʪʝʨʽʘʣʽ ʩʣʦʚʥʠʢʽʚ 

ʩʠʥʦʥʽʤʽʚ, ʘʥʪʦʥʽʤʽʚ, ʦʤʦʥʽʤʽʚ, ʧʘʨʦʥʽʤʽʚ); 

- ʘʥʘʣʽʟ ʣʝʢʩʠʯʥʠʭ ʦʜʠʥʠʮʴ ʫ ʪʝʢʩʪʽ ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ; 

- ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ, ʨʝʯʝʥʴ, ʪʝʢʩʪʽʚ ʟ ʚʠʨʦʙʥʠʯʦ-ʧʨʦʬʝʩʽʡʥʠʤʠ 

ʪʝʨʤʽʥʘʤʠ ʟʘ ʧʨʦʬʽʣʝʤ ʩʧʝʮʽʘʣʴʥʦʩʪʽ. 

ʆʪʞʝ, ʩʠʩʪʝʤʘʪʠʯʥʘ ʩʣʦʚʥʠʢʦʚʘ ʨʦʙʦʪʘ ʥʘ ʟʘʥʷʪʪʷʭ ʟ ʢʫʨʩʫ çʋʢʨʘʾʥʩʴʢʘ ʤʦʚʘ 

(ʟʘ ʧʨʦʬʝʩʽʡʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ)è ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʝʨʤʽʥʦʣʦʛʽʯʥʦʾ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʬʘʭʽʚʮʷ, ʨʦʟʰʠʨʶʶʯʠ ʚʽʜʦʤʦʩʪʽ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʧʨʦ ʩʪʨʫʢʪʫʨʥʽ ʪʘ 

ʩʝʤʘʥʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʘʭʦʚʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
 

1. ʇʝʥʪʠʣʶʢ ʄ. ɯ., ʆʢʫʥʝʚʠʯ ʊ. ɻ. ʄʝʪʦʜʠʢʘ ʥʘʚʯʘʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʫ 

ʪʘʙʣʠʮʷʭ ʽ ʩʭʝʤʘʭ : [ʥʘʚʯ. ʧʦʩʽʙ.]. ï ʂʠʾʚ : ʃʝʥʚʽʪ, 2006. 134 ʩ. 
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ʄ.ʉ. ʉʚʽʯʘʨʦʚʘ, ʩʪʫʜʝʥʪ1, ʈ.ɺ. ʄʽʥʝʥʢʦ, ʢ.ʬ.-ʤ.ʥ., ʚʠʢʣʘʜʘʯ1, ʆ.ɺ. ʑʠʛʨʽʥʮʦʚʘ, 

ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè 

E-mail: margarita.whistle@g-suit.kk.nau.edu.ua 

 

ʉʊɸʊʀʉʊʀʏʅʀʁ ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆɭʂʊʋɺɸʅʅʗ ɯ 

ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ʊɸ ɸɺɯɸʎɯʁʅʀʍ ʉʀʃʆɺʀʍ 

ʋʉʊɸʅʆɺʆʂ ɼɺʀɻʋʅɯɺ 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ʘʚʽʘʮʽʡʥʽ ʪʘ ʢʦʩʤʽʯʥʽ ʩʠʣʦʚʽ ʫʩʪʘʥʦʚʢʠ ʜʚʠ-

ʛʫʥʽʚ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ, 

ʚʢʣʶʯʘʶʯʠ ʪʨʘʥʩʧʦʨʪ, ʥʘʫʢʫ ʪʘ ʦʙʦʨʦʥʫ. ɰʭ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʥʘʜʽʡʥʽʩʪʴ 

ʪʘ ʪʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʻ ʢʨʠʪʠʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʾ ʫʚʘʛʠ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʎʝ ʻ ʩʢʣʘʜʥʠʤʠ ʽʥʞʝʥʝʨʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦ-

ʜʫ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʠʚʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʢʠ, ʤʝʭʘʥʽʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʨʤʦʜʠʥʘ-

ʤʽʢʠ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʜʠʩʮʠʧʣʽʥ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ. 

ʅʘʜʽʡʥʽʩʪʴ ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʙʫʜʴ-ʷʢʦʾ ʘʚʽʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʩʦʢʘ ʥʘʜʽʡ-

ʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʽʚ ʪʘ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ-

ʥʠʭ ʩʠʪʫʘʮʽʡ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʤʝʪʘ ʽʥʞʝʥʝʨʽʚ ʧʦʣʷʛʘʻ ʚ ʨʝʪʝʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

ʧʦʪʝʥʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦ-

ʚʫʚʘʥʥʷ. 

ʊʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʜʚʠʛʫʥʽʚ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʣʘʥʫʚʘʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙʩʣʫʛʦʚʫʚʘʥʴ, ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘ-

ʤʝʪʨʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷ-

ʻʪʴʩʷ ʪʨʝʥʫʚʘʥʥʶ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʽʚ ʪʘ ʥʘʜʽʡ-

ʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʎʽ ʩʢʣʘʜʥʽ ʪʘ ʚʘʞʣʠʚʽ ʧʨʦʮʝʩʠ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ ʧʦʩʪʽʡʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ɺʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ 

ʚ ʘʚʽʘʮʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʘʚʽʘʮʽʡʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʜʚʠʛʫʥʽʚ ʜʣʷ ʧʦʰʫʢʫ ʧʦʢʨʘʱʝʥʥʷ 

ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʨʷʜ ʥʘʧʨʷʤʽʚ, ʚ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʧʨʘʮʶʚʘʪʠ ʽ ʩʢʣʘʜʝʥʦ 

ʪʘʙʣʠʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʥʘʧʨʷʤʽʚ, ʜʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʷʢʽ ʥʘʧʨʷʤʠ ʥʘʡʤʝʥʰ ʝʥʝʨʛʦ 

ʪʘ ʬʽʥʘʥʩʦʚʦ ʟʘʪʨʘʪʥʽ, ʘ ʷʢʽ ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʨʠʩʪʴ. ʊʦʤʫ ʟʘʚʜʷʢʠ ʮʽʡ ʪʘʙʣʠʮʽ 

ʤʦʞʥʘ, ʜʝ ʚʩʽʤ ʥʘʧʨʷʤʘʤ ʜʘʥʘ ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʨʠʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ, 

ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʥʘʧʨʷʤʠ ʚ ʜʘʥʠʡ ʯʘʩ. ʏʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʙʣʘʩʪʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥ-

ʥʷ, ʚ ̔ʥʞʝʥʝʨʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʷʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʜʚʠʛʫʥʠ, 

ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥ ʁʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 
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ʄ. ʉ. ʉʦʰʝʥʢʦʚ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ ʨʽʚʥʷ ʬʘʭʦʚʠʡ ʤʦʣʦʜʰʠʡ ʙʘʢʘʣʘʚʨ1 ʆ.ɸ. ʏʦʨʥʠʡ, 

ʚʠʢʣʘʜʘʯ ʩʧʝʮʜʠʩʮʠʧʣʽʥ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 
1ɼʥʽʧʨʦʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

E-mail: m.soshenkov@kre.dp.ua 

 

ɯʉʊʆʈɯʗ ʈʆɿɺʀʊʂʋ ʈɸʂɽʊʅʆ-ʂʆʉʄɯʏʅʆɰ ɻɸʃʋɿɯ ʅɸ çɺʆ ʇɯɺɼɽʅʅʀʁ 

ʄɸʐʀʅʆɹʋɼɯɺʅʀʁ ɿɸɺʆɼ ɯʄ. ʆ. ʄ. ʄɸʂɸʈʆɺɸè 

 

ʈʠʩ.1. ɺʠʨʦʙʥʠʯʽ ʢʦʨʧʫʩʠ çɺʆ ʇʄɿ ʽʤ. ʆ.ʄ. ʄʘʢʘʨʦʚʘè 

 

ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɺʆ ʇʽʚʜʝʥʥʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ ʽʤ. ʆ. ʄ. 

ʄʘʢʘʨʦʚʘè (ʇʄɿ) - ʧʨʦʚʽʜʥʝ ʫʢʨʘʾʥʩʴʢʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʽʟ ʚʠʨʦʙʥʠʮʪʚʘ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʦʙʦʨʦʥʥʦʛʦ, ʥʘʫʢʦʚʦʛʦ ʪʘ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʤʽʩʪʽ ɼʥʽʧʨʦ. ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ 

ʇʄɿ ʻ ʟʘʭʦʧʣʶʶʯʠʤ ʰʣʷʭʦʤ ʜʦʩʷʛʥʝʥʴ ʪʘ ʚʠʟʥʘʯʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʽʜʦʙʨʘʟʠʣʠʩʷ 

ʥʘ ʡʦʛʦ ʩʣʘʚʝʪʥʽʡ ʨʝʧʫʪʘʮʽʾ. ʇʽʜʧʨʠʻʤʩʪʚʦ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 21 ʣʠʧʥʷ 1944 ʨʦʢʫ, ʷʢ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʠʡ ʟʘʚʦʜ. ʋ 1951 ʨʦʮʽ ʟʘʚʦʜ ʙʫʚ ʧʝʨʝʧʨʦʬʽʣʴʦʚʘʥʠʡ ʥʘ ʩʝʨʽʡʥʠʡ 

ʚʠʧʫʩʢ ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ ʈ1, ʈ2 ʪʘ ʈ-5, ʘ ʟ 1954 ʨʦʢʫ ʟʘʚʦʜ ʨʦʟʧʦʯʘʚ ʚʠʨʦʙʥʠʮʪʚʦ 

ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ ʈ-12, ʈ-16,ʈ-36, ʷʢʽ ʨʦʟʨʦʙʣʷʣʦ ʂɹ çʇʽʚʜʝʥʥʝè ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʄʠʭʘʡʣʘ ʗʥʛʝʣʷ. ʇʦʯʠʥʘʶʯʠ ʟ 60-ʭ ʨʦʢʽʚ ɺʆ ʇʄɿ ʩʪʘʻ ʚʠʨʦʙʥʠʢʦʤ ʨʷʜʫ ʫʥʽʢʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʥʦʩʽʾʚ, ʘ ʪʘʢʦʞ ʢʦʩʤʽʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. ʇʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʜʝʩʷʪʠʣʽʪʴ 

ʟʘʚʦʜ ʟʜʽʡʩʥʠʚ ʢʽʣʴʢʘ ʟʥʘʯʥʠʭ ʢʦʩʤʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ, ʩʝʨʝʜ ʷʢʠʭ ʙʫʣʠ ʟʘʧʫʩʢʠ ʮʽʣʦʾ 

ʩʝʨʽʾ ʢʦʩʤʽʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʨʘʢʝʪ-ʥʦʩʽʾʚ ʪʘ ʽʥʰʦʾ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ʋ ʥʘʩʪʫʧʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʇʄɿ ʧʨʦʜʦʚʞʫʚʘʚ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ ʪʘ ʨʦʟʰʠʨʶʚʘʪʠ ʩʚʦʾ ʤʦʞʣʠʚʦʩʪʽ. 

ʋʯʘʩʪʴ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʝʢʪʘʭ ʜʦʟʚʦʣʠʣʘ ʟʘʚʦʜʫ ʚʠʨʦʙʣʷʪʠ ʪʘ ʧʦʩʪʘʯʘʪʠ ʩʚʦʶ 

ʪʝʭʥʽʢʫ ʥʘ ʤʽʞʥʘʨʦʜʥʠʡ ʨʠʥʦʢ, ʨʦʟʰʠʨʶʶʯʠ ʡʦʛʦ ʧʨʠʩʫʪʥʽʩʪʴ ʪʘ ʚʧʣʠʚ.  

 

 

 

ʈʠʩ.2. ʇʨʦʜʫʢʮʽʷ çɺʆ ʇʄɿ ʽʤ. ʆ. ʄ. ʄʘʢʘʨʦʚʘè - ʢʦʩʤʽʯʥʽ ʩʫʧʫʪʥʠʢʠ, ʨʘʢʝʪʠ-

ʥʦʩʽʾ ZENIT-3SL, CYCLONE-1M 

ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʇʽʚʜʝʥʥʦʤʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ 

ʟʘʚʦʜʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʥʷʪʢʦʚʠʡ ʪʘʣʘʥʪ, ʧʨʦʬʝʩʽʦʥʘʣʽʟʤ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ 

ʢʦʣʝʢʪʠʚʫ ʟʘʚʦʜʫ. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʜʦʩʷʛʥʝʥʥʷʤ ʪʘ ʚʥʝʩʢʫ ʫ ʢʦʩʤʽʯʥʫ ʽʥʜʫʩʪʨʽʶ, ʇʄɿ 

ʟʙʝʨʽʛʘʻ ʩʚʦʻ ʤʽʩʮʝ ʩʝʨʝʜ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʢʣʶʯʦʚʠʤ ʛʨʘʚʮʝʤ ʫ ʛʘʣʫʟʽ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

mailto:m.soshenkov@kre.dp.ua
https://uk.wikipedia.org/wiki/%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE_(%D0%BC%D1%96%D1%81%D1%82%D0%BE)
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https://uk.wikipedia.org/wiki/1944
https://uk.wikipedia.org/wiki/1951
https://uk.wikipedia.org/wiki/%D0%A0-1
https://uk.wikipedia.org/wiki/%D0%A0-2
https://uk.wikipedia.org/wiki/%D0%A0-5
https://uk.wikipedia.org/wiki/1954
https://uk.wikipedia.org/wiki/%D0%91%D0%B0%D0%BB%D1%96%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D1%80%D0%B0%D0%BA%D0%B5%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A0-12
https://uk.wikipedia.org/wiki/%D0%A0-16
https://uk.wikipedia.org/wiki/%D0%A0-36%D0%9C
https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D1%80%D0%B6%D0%B0%D0%B2%D0%BD%D0%B5_%D0%BA%D0%BE%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D0%BE%D1%80%D1%81%D1%8C%D0%BA%D0%B5_%D0%B1%D1%8E%D1%80%D0%BE_%C2%AB%D0%9F%D1%96%D0%B2%D0%B4%D0%B5%D0%BD%D0%BD%D0%B5%C2%BB
https://uk.wikipedia.org/wiki/%D0%AF%D0%BD%D0%B3%D0%B5%D0%BB%D1%8C_%D0%9C%D0%B8%D1%85%D0%B0%D0%B9%D0%BB%D0%BE_%D0%9A%D1%83%D0%B7%D1%8C%D0%BC%D0%B8%D1%87
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ɹ.ɸ. ʌʝʜʦʨʯʫʢ, ɸ.ɸ. ɯʧʘʢʷʥ ï ʩʪʫʜʝʥʪʠ1, ʂ.ɺ. ɺʘʩʠʣʴʯʝʥʢʦ, ʅ.ʆ. ʆʣʷʥʶʢï ʚʠʢʣʘʜʘʯʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ1 

1ɺʉʇ çʇʦʣʽʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʂʅʋè 

E-mail: Katarinevas@gmail.com 

 

ɸʂɸɼɽʄɯʏʅɸ ɼʆɹʈʆʏɽʉʅɯʉʊʔ ɯ ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ: ʇɸʅɼɽʄɯʗ ʏʀ 

ʇʈʀʍʆɺɸʅɽ ɿʃʆ? 

ʄʝʪʘ: ʚʠʟʥʘʯʠʪʠ ʧʦʟʠʪʠʚʥʠʡ ʽ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʘʢʘʜʝ-

ʤʽʯʥʫ ʜʦʙʨʦʯʝʩʥʽʩʪʴ. 

ɯʜʝʷ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ.  

ɿʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ: 

- ʦʮʽʥʠʪʠ ʚʠʛʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ChatGPT ʩʪʫʜʝʥʪʘʤʠ; 

- ʟôʷʩʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: 

- ʧʦʨʽʚʥʷʥʥʷ 

- ʘʥʘʣʽʟ 

-          ʩʠʥʪʝʟ 

- ʢʦʥʢʨʝʪʠʟʘʮʽʷ 

ʋ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʣʠ ʧʠʪʘʥʥʷ: 

- ʱʦ ʪʘʢʝ ʘʢʘʜʝʤʽʯʥʘ ʜʦʙʨʦʯʝʩʥʽʩʪʴ 

- ʱʦ ʪʘʢʝ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

- ʐɯ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʣʶʜʠʥʠ 

- ʧʦʟʠʪʠʚʥʠʡ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʨʝʩʫ ʩʪʫʜʝʥʪʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʪʘʢʠʭ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽ ʜʦ ʨʦʟʫʤʥʦʛʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʩʥʦʚʦʢ. ɸʢʘʜʝʤʽʯʥʘ ʜʦʙʨʦʯʝʩʥʽʩʪʴ ʽ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʩʧʽʣʴʥʦʪʠ ʚ ʩʫʯʘʩʥʦ-

ʤʫ ʩʚʽʪʽ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ. ʇʠʪʘʥʥʷ ʱʦʜʦ ʾʭ ʚʟʘʻʤʦʜʽʾ ʚʠʤʘʛʘʶʪʴ 

ʩʝʨʡʦʟʥʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʨʽʰʝʥʥʷ. 

 



439 

ʋɼʂ [001.895:621]:[378.094-057.875] 

ʆ.ɸ. ʏʦʨʥʠʡ, ʚʠʢʣʘʜʘʯ ʩʧʝʮʜʠʩʮʠʧʣʽʥ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ɼʥʽʧʨʦʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

E-mail: chorneyalexander@gmail.com 

 

ʇɽʈɽɺɸɻʀ ɺʇʈʆɺɸɼɾɽʅʅʗ ʂʆʄʇʃɽʂʉʅʆɰ ɺɽʂʊʆʈʅʆɰ ʌʆʈʄʀ 

ɺɯɼʆɹʈɸɾɽʅʅʗ ɿʄɯʅʅʆɻʆ ʉʊʈʋʄʋ ʇʈʀ ɺʀɺʏɽʅʅɯ ɼʀʉʎʀʇʃɯʅʀ 

çʊɽʆʈɯʗ ɽʃɽʂʊʈʀʏʅʀʍ ʊɸ ʄɸɻʅɯʊʅʀʍ ʂɯʃè ɼʃʗ ʌɸʍɯɺʎɯɺ 

ʉʇɽʎɯɸʃʔʅʆʉʊɯ çɽʃɽʂʊʈʆʅɯʂɸè 

ɺʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çʊʝʦʨʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ  ʤʘʛʥʽʪʥʠʭ ʢʽʣè ʻ ʢʣʶʯʦʚʠʤ 

ʝʪʘʧʦʤ ʚ ʦʪʨʠʤʘʥʥʽ ʬʘʭʦʚʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʨʽʚʥʷ ʬʘʭʦʚʦʛʦ 

ʤʦʣʦʜʰʦʛʦ ʩʧʝʮʽʘʣʽʩʪʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɽʣʝʢʪʨʦʥʽʢʘè. ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʢʽʣ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʣʝʢʩʥʦʾ ʚʝʢʪʦʨʥʦʾ ʬʦʨʤʠ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʧʨʫʛ ʪʘ ʩʪʨʫʤʽʚ ʚ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʚʝʢʪʦʨʥʦʾ ʬʦʨʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʤʘʛʥʽʪʥʠʭ ʢʽʣ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʠʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʫ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʘʣʛʝʙʨʘʾʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʥʘʯʥʦ 

ʩʧʨʦʱʫʻ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʟʘʜʘʯ. ʇʦ-ʜʨʫʛʝ, ʢʦʤʧʣʝʢʩʥʘ ʚʝʢʪʦʨʥʘ ʬʦʨʤʘ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʨʘʭʫʚʘʪʠ ʬʘʟʦʚʽ ʟʩʫʚʠ 

ʤʽʞ ʩʪʨʫʤʦʤ ʽ ʥʘʧʨʫʛʦʶ ʫ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʘʥʘʣʽʟʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʢʦʥʜʝʥʩʘʪʦʨʠ, ʜʝ ʬʘʟʦʚʽ ʟʩʫʚʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʚʽʜʢʣʠʢ ʪʘ ʧʦʚʝʜʽʥʢʫ ʢʦʣʘ ʥʘ ʚʧʣʠʚ 

ʟʤʽʥʥʠʭ ʥʘʧʨʫʛ. ʂʨʽʤ ʪʦʛʦ, ʢʦʤʧʣʝʢʩʥʘ ʚʝʢʪʦʨʥʘ ʬʦʨʤʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʪʘʢʽ ʷʢ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʪʘ 

ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʽ ʧʝʨʽʦʜʠʯʥʽ ʩʠʛʥʘʣʠ, ʛʘʨʤʦʥʽʢʠ ʪʘ ʽʤʧʫʣʴʩʠ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʢʦʤʧʣʝʢʩʥʦʾ ʚʝʢʪʦʨʥʦʾ ʬʦʨʤʠ ʤʦʞʥʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦ ʚʠʚʦʜʠʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ 

ʚʠʜʠ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʘ, ʪʘʢʽ ʷʢ ʧʦʚʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʦʧʽʨ ʢʦʣʘ, ʘʢʪʠʚʥʫ, ʨʝʘʢʪʠʚʥʫ, ʘ 

ʪʘʢʦʞ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʢʦʣʘ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʟʘʜʘʯʽ ʟ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʤʽʥʥʠʭ ʩʪʨʫʤʽʚ ʫ ʢʦʣʘʭ, 

ʪʘʢʽ ʷʢ ʨʝʘʢʮʽʷ ʥʘ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʩʪʘʙʽʣʽʟʘʮʽʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ. ʎʝ ʚʘʞʣʠʚʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʘʥʘʣʽʟʽ ʩʫʯʘʩʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʽ ʩʠʪʫʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʠʛʥʘʣʽʚ.  

ʋ ʧʽʜʩʫʤʢʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʚʝʢʪʦʨʥʦʾ ʬʦʨʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʠʩʮʠʧʣʽʥʠ çʊʝʦʨʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʢʽʣè 

ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ 

ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʢʦʤʧʣʝʢʩʥʦʾ ʚʝʢʪʦʨʥʦʾ ʬʦʨʤʠ ʻ 

ʾʾ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʨʦʟʚ'ʷʟʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʣʽʥʽʡʥʠʭ, ʘʣʝ ʽ ʥʝʣʽʥʽʡʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʢʦʣʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʯʠʩʝʣ ʽ ʚʝʢʪʦʨʽʚ ʜʦʟʚʦʣʷʻ 

ʟʨʫʯʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʥʝʣʽʥʽʡʥʽ ʝʬʝʢʪʠ ʽ ʧʨʦʚʦʜʠʪʠ ʾʭ ʘʥʘʣʽʟ. ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʚʝʢʪʦʨʥʦʾ ʬʦʨʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʚʠʚʯʝʥʥʽ ʪʝʦʨʽʾ 

ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʢʽʣ ʤʘʻ ʚʝʣʠʯʝʟʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽ ʪʝʦʨʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ɺʦʥʘ ʥʝ ʣʠʰʝ ʧʦʣʝʛʰʫʻ ʘʥʘʣʽʟ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʡ ʩʧʨʠʷʻ ʾʭʥʴʦʤʫ ʧʦʜʘʣʴʰʦʤʫ 

ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ. 
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ʆ.ɸ. ʏʦʨʥʠʡ, ʚʠʢʣʘʜʘʯ ʩʧʝʮʜʠʩʮʠʧʣʽʥ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ1 

1ɼʥʽʧʨʦʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

E-mail: chorneyalexander@gmail.com 

 

ɺʇʈʆɺɸɼɾɽʅʅʗ ɯʅʅʆɺɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʄʆɼɽʃʖɺɸʅʅʗ ɺ 

ʇʈʆɻʈɸʄɯ MULTISIM ʋ ʆʉɺɯʊʅɯʁ ʇʈʆʎɽʉ ʇʈʀ ɺʀɺʏɽʅʅɯ 

ɼʀʉʎʀʇʃɯʅʀ çʂʆʄʇ'ʖʊɽʈʅɸ ɽʃɽʂʊʈʆʅɯʂɸè 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ 

ʜʠʩʮʠʧʣʽʥ ̔ çʂʦʤʧ'ʶʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘè  ʫ ɼʥʽʧʨʦʚʩʴʢʦʤʫ ʬʘʭʦʚʦʤʫ ʢʦʣʝʜʞʽ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ 

ʧʨʦʛʨʘʤʽ Multisim. ɺʦʥʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʝʣʝʢʪʨʦʥʥʽ ʩʭʝʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʾʭ 

ʩʠʤʫʣʷʮʽʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʪʘ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

Multisim ʫ ʥʘʚʯʘʥʥʽ ʜʦʟʚʦʣʷʻ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ ʦʪʨʠʤʘʪʠ ʨʝʘʣʴʥʠʡ ʜʦʩʚʽʜ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʾʤ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ 

ʪʝʦʨʝʪʠʯʥʽ ʢʦʥʮʝʧʮʽʾ ʪʘ ʟʘʢʦʥʠ ʂʨʽʤ ʪʦʛʦ, Multisim ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʯʝʨʝʟ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʧʦʣʝʛʰʫʻ ʩʧʨʠʡʥʷʪʪʷ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʦʧʦʤʘʛʘʻ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ ʢʨʘʱʝ ʫʩʚʽʜʦʤʠʪʠ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʨʽʟʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʶ. ɯʥʪʝʛʨʘʮʽʷ Multisim ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ, ʪʘʢʽ ʷʢ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ 

ʪʘ ʦʥʣʘʡʥ-ʢʫʨʩʠ ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʠʩʮʠʧʣʽʥʠ çʂʦʤʧ'ʶʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘè, ʱʦ ʩʪʠʤʫʣʶʻ 

ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʩʪʫʜʝʥʪʽʚ ʫ ʚʠʚʯʝʥʥʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʧʨʠʷʻ ʾʭʥʴʦʤʫ ʘʢʪʠʚʥʦʤʫ ʨʦʟʚʠʪʢʫ 

(ʈʠʩ.1). 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʤʫʣʴʪʠʚʽʙʨʘʪʦʨʘ ʫ ʧʨʦʛʨʘʤʽ Multisim ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

 

ʋ ʧʽʜʩʫʤʢʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʽ 

Multisim ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʠʩʮʠʧʣʽʥʠ "ʂʦʤʧ'ʶʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ" ʻ 

ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʧʽʜʛʦʪʦʚʮʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ ʧʨʘʮʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʪʘ ʨʝʘʣʴʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʭʝʤʘʤʠ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʫ ʾʭʥʽʡ ʧʦʜʘʣʴʰʽʡ ʢʘʨ'ʻʨʽ ʚ ʛʘʣʫʟʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 
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ɺ.ʉ. ʖʟʙʝʢʦʚ, ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ1; ɯ.ɸ. ɻʣʘʜʠʰ ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ1 

1ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çʂʨʠʚʦʨʽʟʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè  

E-mail: Irina.Gladishkr@gmail.com; vityayuzbekov602@gmail.com 

 

ʍʄɸʈʅɯ ʉɽʈɺɯʉʀ ɼʃʗ ʉʊɺʆʈɽʅʅʗ ʂɺɽʉʊ-ʊɽʉʊɯɺ 

ʍʤʘʨʥʽ ʩʝʨʚʽʩʠ - ʮʝ ʩʝʨʚʽʩʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱʘʭ ʯʝʨʝʟ ʤʝʨʝʞʫ 

ɯʥʪʝʨʥʝʪ.  

ɺʽʜʦʤʠʤʠ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʚʝʩʪ-ʪʝʩʪʽʚ ʻ Quizzlet, Public 

School, Classtools.net ʪʘ ɯnforapid KnowledgeBase Builder. 

 

  
ʈʠʩʫʥʦʢ 1 - ʍʤʘʨʥʽ ʩʝʨʚʽʩʠ 

 

Quizlet ʻ ʧʦʧʫʣʷʨʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʽʚ, ʢʘʨʪʦʯʦʢ, ʽʛʦʨ ʪʘ ʽʥ-

ʰʠʭ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʥʘʙʦ-

ʨʠ ʢʘʨʪʦʢ ʟ ʧʠʪʘʥʥʷʤʠ ʪʘ ʚʽʜʧʦʚʽʜʷʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʠ ʟ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

Quizlet ʪʘʢʦʞ ʤʘʻ ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʚʞʝ ʛʦʪʦʚʠʭ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʫʯʥʽʚ ʪʘ ʚʯʠʪʝʣʽʚ. 

Public School - ʮʝ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʽ ʧʨʦʚʦʜʠʪʠ ʪʝ-

ʩʪʠ, ʢʚʝʩʪʠ ʪʘ ʽʥʰʽ ʬʦʨʤʠ ʦʮʽʥʶʚʘʥʥʷ ʚ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ. ʄʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʝʩʪʽʚ, ʘ ʪʘʢʦʞ ʥʘʜʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ. 

Classtools.net - ʮʝ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʧʨʦʧʦʥʫʻ ʥʘʙʽʨ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥ-

ʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʩʚʽʪʷʥ, ʩʝʨʝʜ ʷʢʠʭ ʻ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʚʝʩʪ-ʪʝʩʪʽʚ. ɼʦʟʚʦʣʷʻ 

ʚʯʠʪʝʣʷʤ ʩʪʚʦʨʶʚʘʪʠ ʢʚʝʩʪʠ ʟ ʧʠʪʘʥʴ ʪʘ ʟʘʚʜʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʥʘʚʯʘ-

ʣʴʥʠʡ ʧʨʦʮʝʩ. 

Inforapid KnowledgeBase Builder - ʮʝ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʟ ʜʘʥʠʭ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʅ ̒ ʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʩʝʨʚʽʩʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʚʝʩʪ-ʪʝʩʪʽʚ, 

ʧʨʦʪʝ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʚʯʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʩʪʠ. 

ʎʽ ʩʝʨʚʽʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʚʯʠʪʝʣʽʚ, ʪʨʝʥʝʨʽʚ ʪʘ ʽʥʰʠʭ ʦʩʚʽʪʥʽʭ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʰʫʢʘʶʪʴ ʝʬʝʢʪʠʚʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫ-

ʚʘʥʥʷ ʫʯʥʽʚ ʪʘ ʫʯʘʩʥʠʢʽʚ. 
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