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ʀʥʩʪʠʪʫʪʘ ʪʝʧʣʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʨʫʢʦʚʦʜʠʪʝʣʴ  ɸʅʆ "ʀʥʩʪʠʪʫʪ ʧʝʨʝʜʦʚʳʭ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʘʚʠʘʮʠʠ ʠʤʝʥʠ ʉ.ɸ. ʏʘʧʣʳʛʠʥʘ (ʉʠʙʅʀɸ); 
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ʩʝʢʨʝʪʘʨʴ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸɺʅ; 

ɼʴʷʯʝʥʢʦ ʖ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʠʯʝʩʢʦʡ ʪʝʧʣʦʬʠʟʠʢʠè (ʊʊʌ) 
ʅɻʊʋ; 

ʂʘʨʧʦʚʠʯ ɸ.ʀ., ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʕʢʦʥʦʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʠ ʧʨʠʢʣʘʜʥʘʷ ʵʢʦʥʦʤʠʢʘè (ʕʊʇʕ) ʅɻʊʋ; 

ʂʦʨʦʙʝʡʥʠʢʦʚ ʉ.ʄ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ  çɹʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʫʜʘè  (ɹʊ) ʅɻʊʋ; 

ʂʦʩʪʠʥ ɺ.ɺ., ʧʨʝʟʠʜʝʥʪ ʆʆʆ çɸʚʠʘʪʝʭʩʥʘʙè; 
ʂʫʨʣʘʝʚ ʅ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ  çʉʘʤʦʣʝʪʦ- 

ʠ ʚʝʨʪʦʣʝʪʦʩʪʨʦʝʥʠʷè  (ʉʠɺʉ)  ʅɻʊʋ; 
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ʃʘʨʠʯʢʠʥ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʀʥʞʝʥʝʨʥʳʭ 

ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠè (ʀʇʕ) ʅɻʊʋ; 

ʃʝʛʢʠʡ ɺ.ʅ., ʜ.ʪ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çɸʚʪʦʥʦʤʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 
ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤè (ɸʀʋʉ) ʅɻʊʋ; 

ʃʝʚʠʥ ɺ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ  ʇʃɸ ʅɻʊʋ; 

ʄʝʨʞʠʝʚʩʢʠʡ ʃ.ɸ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ,  ʅʀʀ ɻʠʜʨʦʜʠʥʘʤʠʢʠ ʠʤ. ʄ.ɸ. 

ʃʘʚʨʝʥʪʴʝʚʘ ʉʆ ʈɸʅ, ʯʣʝʥ- ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸɺʅ; 

ʄʠʣʝʚʩʢʠʡ ʂ.ɽ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ɻɼʋ ʅɻʊʋ,  ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ  ɸɺʅ; 

ʅʝʤʠʨʦʚʩʢʠʡ ʖ.ɺ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʊʇʄ ʉʆ 

ʈɸʅ,  ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ  ʯʣʝʥ ɸɺʅ; 

ʆʙʫʭʦʚʩʢʠʡ ɸ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʳ ɸɻɼ; 

ʇʦʣʷʢʦʚ ʉ.ɸ., ʢ.ʶ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʫʛʦʣʦʚʥʦʛʦ ʧʨʘʚʘ ʠ ʧʨʦʮʝʩʩʘ, 

ʜʝʢʘʥ ʶʨʠʜʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ; 

ʈʘʩʪʦʨʛʫʝʚ ɻ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʧʝʨʚʳʡ ʧʨʦʨʝʢʪʦʨ ʅɻʊʋ; 

ʉʘʣʝʥʢʦ ʉ.ɼ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʅɻʊʋ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çɸʵʨʦʛʠʜʨʦʜʠʥʘʤʠʢʠè (ɸɻɼ) ʅɻʊʋ; 

ʍʤʝʣʴʥʠʢʦʚ ɽ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣʘ) ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 

ʧʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʈʋʉʎ ʈɸʈɸʅ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʈɸʅ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ɸɺʅ; 

ʏʠʯʠʥʜʘʝʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʯʝʩʢʦʡ 

ʪʝʧʣʦʬʠʟʠʢʠè (ʊʊʌ) ʅɻʊʋ. 

 

ʈʘʙʦʯʘʷ ʛʨʫʧʧʘ: 

ɺʦʣʴʬ ʅ.ɸ., ʤʘʛʠʩʪʨʘʥʪ, ʛʨ. ʄɹʄ-51 

ɼʦʣʤʘʪʦʚ ɸ.ʉ., ʩʪʫʜʝʥʪ, ʛʨ. ʄɸ-31 

ʂʦʨʥʘʢʦʚ ɽ.ɸ., ʩʪʫʜʝʥʪ, ʛʨ. ʄɸ-31 

ʊʠʭʦʥʠʥʘ ʂ.ɺ., ʤʘʛʠʩʪʨʘʥʪ, ʛʨ. ʄɹʄ-51 
 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʩʙʦʨʥʠʢʘ ʪʨʫʜʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʅʇʆ-2016è 

ʉʘʣʝʥʢʦ ʉ.ɼ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ- ʧʨʝʜʩʝʜʘʪʝʣʴ 

ɸʪʘʧʠʥ ɺ.ɻ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɹʘʣʘʛʘʥʩʢʠʡ ʀ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɻʫʩʴʢʦʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ- ʫʯʸʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʂʘʨʧʦʚʠʯ ɸ.ʀ., ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʦʙʝʡʥʠʢʦʚ ʉ.ʄ., ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʘʝʚ ʅ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʃʘʨʠʯʢʠʥ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʃʝʚʠʥ ɺ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʃʝʛʢʠʡ ɺ.ʅ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʆʙʫʭʦʚʩʢʠʡ ɸ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʇʦʣʷʢʦʚ ʉ.ɸ., ʢ.ʶ.ʥ., ʜʦʮʝʥʪ 

ʈʘʩʪʦʨʛʫʝʚ ɻ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʏʠʯʠʥʜʘʝʚ ɸ.ɺ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 
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ʇʃɽʅɸʈʅʆɽ ɿɸʉɽɼɸʅʀɽ 
 
 
 
 
 

ʋɼʂ 629.113.03 

 

ʂ 100-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ ɻɽʆʈɻʀʗ ʉɽʈɻɽɽɺʀʏɸ 

ʄʀɻʀʈɽʅʂʆ 

 

ʈʦʜʠʦʥʦʚ ɸʥʜʨʝʡ ʀʚʘʥʦʚʠʯ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɸʪʘʧʠʥ ɺʣʘʜʠʤʠʨ ɻʨʠʛʦʨʴʝʚʠʯ, ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383) 346-17-77 

ʈʦʜʠʦʥʦʚ ɸ.ʀ., e-mail: teormech@ngs.ru 

ɸʪʘʧʠʥ ɺ.ɻ., e-mail: teormech@ngs.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʈʦʜʠʦʥʦʚ ɸʥʜʨʝʡ ʀʚʘʥʦʚʠʯ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. 

ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383) 346-17-77  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʚʷʟʠ ʩʦ 100-ʣʝʪʠʝʤ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʘʷ ʙʠʦʛʨʘʬʠʷ 

ʠʟʚʝʩʪʥʦʛʦ ʫʯʸʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ, ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʨʫʧʥʦʛʦ ʦʨʛʘʥʠʟʘʪʦʨʘ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʜʝʷʪʝʣʷ, ʣʘʫʨʝʘʪʘ 

ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ, ʟʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʉʌʉʈ, ʜʦʢʪʦʨʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ, ʢʦʥʪʨ-ʘʜʤʠʨʘʣʘ ɻʝʦʨʛʠʷ ʉʝʨʛʝʝʚʠʯʘ 

ʄʠʛʠʨʝʥʢʦ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʢʨʫʧʥʳʭ ʧʝʨʠʦʜʘ ʝʛʦ ʞʠʟʥʠ, ʦʪʤʝʯʝʥʳ 

ʦʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʥʘʫʢʝ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʦʨʦʥʘ, ʥʘʫʢʘ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʙʱʝʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʠʞʝʥʠʷ 

 

ɻʝʦʨʛʠʡ ʉʝʨʛʝʝʚʠʯ ʄʠʛʠʨʝʥʢʦ ï ʠʟʚʝʩʪʥʳʡ 

ʫʯʸʥʳʡ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ, ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʘ, ʢʨʫʧʥʳʡ ʦʨʛʘʥʠʟʘʪʦʨ ʥʘʫʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʱʝʩʪʚʝʥʥʳʡ ʜʝʷʪʝʣʴ, ʠʟʦʙʨʝʪʘʪʝʣʴ: 

¶ ʣʘʫʨʝʘʪ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ, ʟʘʩʣʫʞʝʥʥʳʡ 

ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʉʌʉʈ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ 

ʯʣʝʥ ʇʝʪʨʦʚʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʠʩʢʫʩʩʪʚ, ʇʦʯʸʪʥʳʡ 

ʘʢʘʜʝʤʠʢ ɸʢʘʜʝʤʠʠ ʪʨʘʥʩʧʦʨʪʘ ʈʌ ʠ ɸʢʘʜʝʤʠʠ 

ʠʥʞʝʥʝʨʥʳʭ ʥʘʫʢ ʈʌ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʢʦʥʪʨ-ʘʜʤʠʨʘʣ; 

¶ ʧʨʠʩʚʦʝʥʳ ʟʚʘʥʠʷ ʟʘʩʣʫʞʝʥʥʦʛʦ ʚʝʪʝʨʘʥʘ ʉʆ 
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ʈɸʅ, ʚʝʪʝʨʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ, ɺʦʦʨʫʞʝʥʥʳʭ ʩʠʣ, ʚʝʪʝʨʘʥʘ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʦʩʦʙʦʛʦ ʨʠʩʢʘ, ʟʘʩʣʫʞʝʥʥʦʛʦ ʨʘʙʦʪʥʠʢʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅɻʊʋ); 

¶ ʠʤʝʝʪ ʥʘʛʨʘʜʳ: 3 ʦʨʜʝʥʘ ʂʨʘʩʥʦʡ ɿʚʝʟʜʳ (1943-1957 ʛʛ.), ʦʨʜʝʥ 

ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ (1967 ʛ.), 2 ʦʨʜʝʥʘ ɺʆɺ 1 ʩʪʝʧʝʥʠ (1985, 1995 ʛʛ.), 

25 ʤʝʜʘʣʝʡ (1943-1945 ʛʛ.), ʤʝʜʘʣʴ ʠʤ. ʉ.ʀ. ɺʘʚʠʣʦʚʘ (ʦʙʱʝʩʪʚʦ çɿʥʘʥʠʝè, 1975 

ʛ.), ʟʥʘʢ ʠʟʦʙʨʝʪʘʪʝʣʷ, ʥʘʛʨʫʜʥʳʡ ʟʥʘʢ çɿʘ ʦʪʣʠʯʥʳʝ ʫʩʧʝʭʠ ʚ ʨʘʙʦʪʝè ʚ ʦʙʣʘʩʪʠ 

ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʉʉʉʈ (1981 ʛ.);  

¶ ʧʦʜʛʦʪʦʚʠʣ 41 ʜʦʢʪʦʨʘ ʠ ʦʢʦʣʦ 70-ʪʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, ʦʧʫʙʣʠʢʦʚʘʣ 

ʣʠʯʥʦ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʙʦʣʝʝ 600 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʤʝʝʪ 66 ʘʚʪʦʨʩʢʠʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ ʥʝʩʢʦʣʴʢʦ ʧʘʪʝʥʪʦʚ. 

ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʨʦʜʠʣʩʷ 30 ʩʝʥʪʷʙʨʷ 1916 ʛʦʜʘ ʚ ʆʜʝʩʩʝ. ɺ 1930 ʛ. ʦʥ ï 

ʫʯʘʱʠʡʩʷ ʬʘʙʨʠʯʥʦ-ʟʘʚʦʜʩʢʦʛʦ ʫʯʠʣʠʱʘ (ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʩʣʝʩʘʨʷ), ʜʘʣʝʝ ï 

ʨʘʙʬʘʢ. ɺ ʧʝʨʠʦʜ 1934ï1939 ʛʛ. ï ʩʪʫʜʝʥʪ ʆʜʝʩʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʥʞʝʥʝʨʦʚ 

ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʆʀʀɺʊ). ɻʦʜʳ ʫʯʸʙʳ ʚ ʠʥʩʪʠʪʫʪʝ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʝʛʦ 

ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʪʫʜʝʥʪʦʤ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʩʯʝʪʘʭ 

ʥʘʧʨʷʞʸʥʥʦʛʦ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʫʜʦʚ ʧʨʠ ʧʣʘʚʘʥʠʠ ʥʘ ʚʦʣʥʘʭ, 

ʚʳʧʦʣʥʷʣ ʘʥʘʣʠʟ ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʜʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʣ 

ʦʙʚʦʜʳ ʢʦʨʧʫʩʘ ʠ ʜʨ. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʩʪʫʧʘʝʪ 

ʫʯʠʪʴʩʷ ʚ ʆʜʝʩʩʢʫʶ ʢʦʥʩʝʨʚʘʪʦʨʠʶ ʧʦ ʢʣʘʩʩʫ ʚʦʢʘʣʘ (ʣʠʨʠʯʝʩʢʠʡ ʪʝʥʦʨ). ʅʘ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʩʢʘʤʴʝ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʥʘʯʘʣ ʘʢʪʠʚʥʦ ʧʠʩʘʪʴ ʩʪʠʭʠ.  

ɺʳʙʨʘʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʦʩʥʦʚʥʦʡ ʚʠʜ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ɻ. 

ʉ. ʄʠʛʠʨʝʥʢʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ ʫʜʝʣʷʣ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʝʥʠʶ. ɺʳʧʫʩʢʥʠʢ 

ʢʦʥʩʝʨʚʘʪʦʨʠʠ ʧʦ ʢʣʘʩʩʫ ʚʦʢʘʣʘ ʦʥ ʚʳʩʪʫʧʘʣ ʚ ʦʧʝʨʝ, ʢʦʥʮʝʨʪʘʭ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʠ ʟʘ ʨʫʙʝʞʦʤ ï ʚ ʉʐɸ, ʀʪʘʣʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʏʝʭʦʩʣʦʚʘʢʠʠ, ʇʦʣʴʰʝ ʠ 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. 
ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʆʀʀɺʊ ʚ ʞʠʟʥʠ ɻʝʦʨʛʠʷ ʉʝʨʛʝʝʚʠʯʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʢʨʫʧʥʳʭ ʧʝʨʠʦʜʘ: 

¶ 1939 ï 1958 ï ʩʣʫʰʘʪʝʣʴ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ɺʦʝʥʥʦ-ʤʦʨʩʢʦʡ ʘʢʘʜʝʤʠʠ 

(ʃɺʄɸ), ʥʘʯʘʣʴʥʠʢ ʨʝʤʦʥʪʘ ʢʦʨʘʙʣʝʡ (ʛ. ɸʨʭʘʥʛʝʣʴʩʢ), ʘʜʲʶʥʢʪ ʃɺʄɸ, 

ʜʦʢʪʦʨʘʥʪ ʄʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɸ. ʉʪʝʢʣʦʚʘ ɸʅ ʉʉʉʈ, ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʃɺʄɸ; 

¶ 1958 ï 1976 ʛʛ. ï ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ 

ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ; 

¶ 1976 ï 1999 ʛʛ. ï ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

(ʅʕʊʀ, ʥʳʥʝ ʅɻʊʋ ï ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʩ 1994 ʛ. 

ʇʝʨʠʦʜ 1939 ï 1958 ʛʛ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʆʀʀɺʊ ʄʠʛʠʨʝʥʢʦ ɻ.ʉ. ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʫʯʝʙʳ ʚ ʃɺʄɸ, ʛʜʝ ʝʛʦ ʪʚʦʨʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʷʚʠʣʠʩʴ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠ ʫʤʥʦʞʘʣʠʩʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʦʚ ɸ.ʅ. 

ʂʨʳʣʦʚʘ ʠ ʇ.ʌ. ʇʘʧʢʦʚʠʯʘ. ɺ ʵʪʠ ʛʦʜʳ ʝʛʦ ʫʯʠʪʝʣʷʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʥʘʫʯʥʘʷ 

ʧʨʦʙʣʝʤʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʠʠ ʟʘʱʠʪʳ ʢʨʫʧʥʳʭ ʢʦʨʘʙʣʝʡ ʦʪ ʚʟʨʳʚʦʚ. 
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ʋʯʝʙʫ ʚ ʃɺʄɸ ʧʨʝʨʚʘʣʘ ɺʝʣʠʢʘʷ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʚʦʡʥʘ. ɿʘ ʛʝʨʦʠʟʤ, 

ʧʨʦʷʚʣʝʥʥʳʡ ʚ ʙʦʷʭ, ʟʘ ʨʘʙʦʪʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʨʘʙʣʝʡ, ʠʭ 

ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʥʘʛʨʘʞʜʝʥ 

ʦʨʜʝʥʘʤʠ ʂʨʘʩʥʦʡ ɿʚʝʟʜʳ, 25 ʤʝʜʘʣʷʤʠ. 

ɺ 1945 ʛʦʜʫ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʧʦ ʭʦʜʘʪʘʡʩʪʚʫ ɸ.ʅ. ʂʨʳʣʦʚʘ ʙʳʣ ʥʘʧʨʘʚʣʝʥ 

ʚ ʘʜʲʶʥʢʪʫʨʫ ʃɺʄɸ. ʇʦ ʧʨʦʩʴʙʝ ʇ.ʌ. ʇʘʧʢʦʚʠʯʘ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʥʘʧʠʩʘʣ 

ʢʥʠʛʫ ʧʦ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ, ʧʨʠʤʝʥʝʥʥʘʷ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʟʨʳʚʦʚ ʠ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʥʘʰʣʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʝʛʦ 

ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ ʪʨʘʢʪʦʚʢʫ 

ʚʟʨʳʚʥʳʭ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʦʰʣʘ ʚ ʜʠʩʩʝʨʪʘʮʠʶ ʢʘʢ ʥʦʚʦʝ ʦʪʢʨʳʪʠʝ ʠ ʙʳʣʘ 

ʧʦʜʜʝʨʞʘʥʘ ʇ.ʌ. ʇʘʧʢʦʚʠʯʝʤ, ʖ.ɸ. ʐʠʤʘʥʩʢʠʤ, ʃ.ʗ. ʈʝʟʥʠʮʢʠʤ. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʟʘʱʠʪʳ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚ 1948 ʛʦʜʫ ɻ.ʉ. 

ʄʠʛʠʨʝʥʢʦ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʚ ʜʦʢʪʦʨʘʥʪʫʨʫ ʄʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɸ. 

ʉʪʝʢʣʦʚʘ ɸʅ ʉʉʉʈ, ʛʜʝ ʦʥ ʨʘʙʦʪʘʣ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ʄ.ɸ. 

ʃʘʚʨʝʥʪʴʝʚʘ ʚ ʦʪʜʝʣʝ ʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʳʤ ʨʫʢʦʚʦʜʠʣ ʘʢʘʜʝʤʠʢ ʄ.ɺ. ʂʝʣʜʳʰ. 

ɿʜʝʩʴ ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʘʢʪʠʚʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪʳ ʧʦ ʟʘʱʠʪʝ ʢʦʨʘʙʣʝʡ 

ʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʦʪ ʦʙʳʢʥʦʚʝʥʥʳʭ ʠ ʘʪʦʤʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʩʦʩʪʘʚʠʚʰʠʝ 

ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʨʘʟʨʘʙʦʪʘʣ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʟʨʫʰʘʶʱʝʛʦ ʚʟʨʳʚʘ, ʠʩʩʣʝʜʦʚʘʣ ʚʦʧʨʦʩʳ 

ʥʝʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʢʦʨʘʙʣʝʡ ʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ 

ʘʪʦʤʥʦʛʦ ʚʟʨʳʚʘ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʩʦʪʨʷʩʝʥʠʷ ʢʦʨʘʙʣʝʡ ʦʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʢʘʢ 

ʢʦʨʘʙʣʷ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʛʦ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʙʣʝʩʪʷʱʝʡ ʟʘʱʠʪʳ 

ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʧʨʝʧʦʜʘʚʘʣ ʚ ʃɺʄɸ. ɺ 1954 ʛ. ʦʥ 

ʚʥʦʚʴ ʙʳʣ ʦʪʦʟʚʘʥ ʥʘ ʬʣʦʪ ʠ ʥʘʟʥʘʯʝʥ ʦʜʥʠʤ ʠʟ ʥʘʫʯʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʩʝʨʠʠ ʷʜʝʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʟʘʱʠʪʳ 

ʢʦʨʘʙʣʝʡ ʦʪ ʷʜʝʨʥʳʭ ʚʟʨʳʚʦʚ.  

ʇʝʨʠʦʜ 1958 ï 1976 ʛʛ. ʕʪʦʪ ʧʝʨʠʦʜ ʞʠʟʥʠ ɻʝʦʨʛʠʷ ʉʝʨʛʝʝʚʠʯʘ ʩʚʷʟʘʥ ʩ 

ʉʠʙʠʨʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ɸʅ ʉʉʉʈ (ʥʳʥʝ ʉʆ ʈɸʅ). ɸʢʘʜʝʤʠʢ ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚ 

ʧʨʝʜʣʦʞʠʣ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʦʟʜʘʥʠʠ ʉʆ ɸʅ ʉʉʉʈ ʠ 

ɸʢʘʜʝʤʛʦʨʦʜʢʘ ʧʦʜ ʅʦʚʦʩʠʙʠʨʩʢʦʤ. ɺ 1958 ʛʦʜʫ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄ.ɸ. 

ʃʘʚʨʝʥʪʴʝʚʘ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʥʘʟʥʘʯʠʣʠ ʥʘ ʜʦʣʞʥʦʩʪʴ ʧʘʨʪʦʨʛʘ ʎʂ ʂʇʉʉ ʚ 

ɸʢʘʜʝʤʛʦʨʦʜʦʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʩʪʘʣ ʝʛʦ ʧʝʨʚʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ 

ʠ ʟʘʚʝʜʫʶʱʠʤ ʦʜʥʦʛʦ ʠʟ ʦʪʜʝʣʦʚ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ. 

ɿʜʝʩʴ ʧʨʦʜʦʣʞʠʣʘʩʴ ʤʦʨʩʢʘʷ ʪʝʤʘʪʠʢʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ. 

ɹʫʜʫʯʠ ʢʦʥʪʨ-ʘʜʤʠʨʘʣʦʤ ʛʝʥʝʨʘʣʴʥʦʛʦ ʰʪʘʙʘ, ʦʥ ʩʚʷʟʳʚʘʣ ʧʦʪʨʝʙʥʦʩʪʠ ʘʨʤʠʠ 

ʠ ʬʣʦʪʘ ʩ ʥʘʫʯʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʫʯʝʥʳʭ ʉʆɸʅ ʉʉʉʈ. ʄʥʦʛʦ ʩʠʣ ʦʥ ʦʪʜʘʚʘʣ 

ʦʨʛʘʥʠʟʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʦʨʦʩʪʥʳʭ 

ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, ʩʧʦʩʦʙʥʳʭ ʧʣʘʚʘʪʴ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʪʝʦʨʠʠ ʧʦʜʚʦʜʥʦʛʦ 

ʚʟʨʳʚʘ, ʪʝʦʨʠʠ ʠ ʠʤʠʪʘʮʠʠ ʘʪʦʤʥʳʭ ʚʟʨʳʚʦʚ ʠ ʜʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʪʜʝʣʝ, 

ʢʦʪʦʨʳʡ ʦʥ ʚʦʟʛʣʘʚʣʷʣ, ʙʳʣʘ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦ ʩʥʠʞʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʧʦʜʣʦʜʦʢ. ʅʝʩʦʤʥʝʥʥʘ ʝʛʦ ʟʘʩʣʫʛʘ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʪʝʩʥʳʭ ʩʚʷʟʝʡ ʥʘʫʢʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʚʫʟʘʤʠ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ. ɽʛʦ ʪʨʫʜ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʪʤʝʯʝʥ 

ʦʨʜʝʥʦʤ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ. 
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ʇʝʨʠʦʜ 1976 ï 1999 ʛʛ. ɺ 1976 ʛʦʜʫ ʨʝʢʪʦʨ ʅʕʊʀ (ʥʳʥʝ ʅɻʊʋ) ɻ.ʇ. 

ʃʳʱʠʥʩʢʠʡ ʧʨʠʛʣʘʰʘʝʪ ɻʝʦʨʛʠʷ ʉʝʨʛʝʝʚʠʯʘ ʥʘ ʜʦʣʞʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʛʦ 

ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ (ʊʄ ʠ ʉʄ). 

ʕʪʦʪ ʧʝʨʠʦʜ ʝʛʦ ʞʠʟʥʠ ʦʪʤʝʯʝʥ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢ ʢʦʪʦʨʳʤ ʜʦʙʘʚʠʣʠʩʴ ʫʩʧʝʭʠ ʚ ʫʯʝʙʥʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʝ. 

ʂʨʘʩʥʦʡ ʥʠʪʴʶ ʧʨʦʭʦʜʠʪ ʟʜʝʩʴ ʜʘʣʴʥʝʡʰʝʝ, ʥʘʯʘʪʦʝ ʚ ʉʆ ɸʅ ʉʉʉʈ, 

ʫʢʨʝʧʣʝʥʠʝ ʝʜʠʥʩʪʚʘ ʪʨʠʘʜʳ çʥʘʫʢʘ ï ʦʙʨʘʟʦʚʘʥʠʝ ï ʧʨʦʤʳʰʣʝʥʥʦʩʪʴè. 

ʉ ʧʨʠʭʦʜʦʤ ɻ.ʉ. ʄʠʛʠʨʝʥʢʦ ʥʘ ʢʘʬʝʜʨʝ ʊʄ ʠ ʉʄ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʣʠʩʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʚʠʙʨʦʟʘʱʠʪʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʥʝʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʇʨʠ ʢʘʬʝʜʨʝ 

ʙʳʣʠ ʦʪʢʨʳʪʳ ʥʘʫʯʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʘʢʪʠʚʥʳʝ ʩʚʷʟʠ ʩ ʟʘʚʦʜʘʤʠ 

ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʅɸʇʆ ʠʤ. ɺ.ʇ. ʏʢʘʣʦʚʘ, ʇʆ 

çʉʠʙʪʝʢʩʪʠʣʴʤʘʰè, ʇʆ çʉʠʙʩʝʣʴʤʘʰè, ʇʆ çʃʫʯè, ɸʆ çʀʨʤʝʥʴè, ʖʨʛʠʥʩʢʠʤ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʤ ʟʘʚʦʜʦʤ, ʂʨʘʩʥʦʷʨʩʢʠʤ ʢʦʤʙʘʡʥʦʚʳʤ ʟʘʚʦʜʦʤ ʠ ʜʨ. 

ʂʘʬʝʜʨʘ ʠʤʝʣʘ ʘʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʩʚʷʟʠ ʩ ʀʥʩʪʠʪʫʪʦʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. 

ɹʣʘʛʦʥʨʘʚʦʚʘ, ʀʥʩʪʠʪʫʪʦʤ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʉʦʙʦʣʝʚʘ, ʄɻʊʋ ʠʤ. ɹʘʫʤʘʥʘ, 

ʀʥʩʪʠʪʫʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʉʆ ɸʅ ʉʉʉʈ, ʀʥʩʪʠʪʫʪʦʤ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʤ. ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ ʉʆ ɸʅ ʉʉʉʈ, ʀʥʩʪʠʪʫʪʦʤ ʪʝʧʣʦʬʠʟʠʢʠ 

ʉʆ ɸʅ ʉʉʉʈ ʠ ʜʨ. 

ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ 80-ʭ ʛʦʜʦʚ, ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻ.ʉ. 

ʄʠʛʠʨʝʥʢʦ ʥʘʯʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʙʝʟʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʨʝʛʠʦʥʦʚ ʉʠʙʠʨʠ ʠ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ɺ 1989 ʛʦʜʫ ʚ ʅɻʊʋ 

ʩʦʟʜʘʝʪʩʷ ʦʪʨʘʩʣʝʚʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʚʥʝʜʦʨʦʞʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʟʘʜʘʥʠʶ ɻʂʅʊ 

ʠ ɸʅ ʉʉʉʈ, ʘ ʪʘʢʞʝ 

ʄʠʥʥʝʬʪʝʛʘʟʩʪʨʦʷ ʉʉʉʈ ʩ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʩʣʝʜʫʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ: ʉʉʆ 

ʆʙʴʪʨʫʙʦʧʨʦʚʦʜʩʪʨʦʡ (ʩ 1987 ʛ.), 

ʄʠʥʥʝʬʪʝʛʘʟʩʪʨʦʡ (ʩ 1990 ʛ.), ʇʆ ʠʤ. 

ɺ.ʇ. ʏʢʘʣʦʚʘ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʩ 1990 

ʛ.), ʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ (ʩ 1990 

ʛ.), ɻʂʅʊ ʧʦ ʛʦʩʙʶʜʞʝʪʫ. ɺ ʩʪʝʥʘʭ 

ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʷʨʢʠʝ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʪʝʨʨʠʪʦʨʠʷʤ ʂʨʘʡʥʝʛʦ 

ʉʝʚʝʨʘ, ʪʫʥʜʨʳ, ʉʨʝʜʥʝʛʦ ʇʨʠʦʙʴʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʜʦʚʝʜʝʥʳ ʜʦ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ, ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʠʥʮʠʧʳ ʩʢʦʣʴʞʝʥʠʷ ʠ ʧʥʝʚʤʦʭʦʞʜʝʥʠʷ: 

¶ ʜʚʫʭʤʝʩʪʥʳʡ ʛʣʠʩʩʠʨʫʶʱʠʡ ʩʥʝʛʦʭʦʜ-ʘʤʬʠʙʠʷ ʋɻɸ (ʅɸʇʆ ʠʤ. 

ɺ.ʇ. ʏʢʘʣʦʚʘ, 1990 ʛ.) (ʨʠʩ. 1); 

¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʥʝʚʤʦʚʝʟʜʝʭʦʜʘ ʢʦʣʝʩʥʦʛʦ ʇɺʍ-ʂ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʛʨʫʥʪ 0,01 ʄʇʘ (ʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ, 1991 ʛ.) (ʨʠʩ. 2); 
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¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʥʝʚʤʦʚʝʟʜʝʭʦʜʘ ʛʫʩʝʥʠʯʥʦʛʦ ʇɺʍ-ɻ ʩ 

ʫʜʝʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʥʘ ʛʨʫʥʪ ʥʝ ʙʦʣʝʝ 0,007 ʄʇʘ ʩ ʛʨʫʟʦʤ 4 ʪ (ʆʧʳʪʥʳʡ ʟʘʚʦʜ 

ʉʆ ʈɸʅ, 1990 ʛ.) (ʨʠʩ.3).  

ʋʢʘʟʘʥʥʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʟʦʣʦʪʦʡ ʠ ʩʝʨʝʙʨʷʥʦʡ ʤʝʜʘʣʷʤʠ ɺɼʅʍ 

ʉʉʉʈ. ʆʙʦʙʱʝʥʠʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʪʘʢ 

ʠ ʚ ʯʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʘʢʝʪʥʳʭ ʦʙʨʘʟʮʦʚ ɺʊʊʉ, 

ʧʘʪʝʥʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʚʥʝʜʦʨʦʞʥʦʡ ʠ ʚʝʟʜʝʭʦʜʥʦʡ 

ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʜʝʡ 

ʧʥʝʚʤʦʰʘʛʘʥʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʦʝ ʠ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʨʘʟʚʠʪʠʠ ʚʥʝʜʦʨʦʞʥʦʡ ʪʝʭʥʠʢʠ. 

 

 

 

 

 

 

 

 

 

 

ɺ ʵʪʦʪ ʧʝʨʠʦʜ ɻʝʦʨʛʠʡ ʉʝʨʛʝʝʚʠʯ ï ʯʣʝʥ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ 

ʤʘʰʠʥʦʚʝʜʝʥʠʶ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ʩʦʚʝʪʘ ʧʨʠ ʀʄɸʐ ʠʤ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʧʦ 

ʚʠʙʨʦʪʝʭʥʠʢʝ ʠ ʚʠʙʨʦʟʘʱʠʪʝ, ʯʣʝʥ ʢʦʤʠʪʝʪʘ ʧʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ ʈɸʅ, 

ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʩʝʢʮʠʠ çʄʘʰʠʥʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʭʨʘʥʷʶʱʠʝ 

ʪʫʥʜʨʫè ʧʨʠ ʛʦʣʦʚʥʦʤ ʩʦʚʝʪʝ çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè, ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʟʘʱʠʪʝ ʜʦʢʪʦʨʩʢʠʭ ʠ ʢʘʥʜʠʜʘʪʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʤʝʞʚʫʟʦʚʩʢʦʛʦ ʩʙʦʨʥʠʢʘ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ 

çɺʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤè, ʯʣʝʥ ʦʨʛʢʦʤʠʪʝʪʘ ʠ ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʩʝʢʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʛʨʝʩʩʘ ʧʦ ʧʨʠʢʣʘʜʥʦʡ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʢʝ (ʀʅʇʈʀʄ) ʨʘʟʥʳʭ ʣʝʪ ʠ ʜʨ.  

ɻʝʦʨʛʠʡ ʉʝʨʛʝʝʚʠʯ ʘʢʪʠʚʥʦ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʟʘʥʠʤʘʣʩʷ ʜʝʣʘʤʠ ʥʝ ʪʦʣʴʢʦ 

ʢʘʬʝʜʨʳ. ʀʟʚʝʩʪʥʳ ʝʛʦ ʧʦʩʪʦʷʥʥʘʷ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʜʝʣʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʠʤ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʞʠʟʥʠ ɻʝʦʨʛʠʡ ʉʝʨʛʝʝʚʠʯ ʫʩʪʨʝʤʠʣ ʩʚʦʡ ʧʳʪʣʠʚʳʡ ʥʘʫʯʥʳʡ ʚʟʦʨ ʥʘ 

ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʞʠʟʥʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʈʘʟʫʤʘ ʠ 

ʄʘʪʝʨʠʠ, ʧʨʦʙʣʝʤʫ ʟʘʱʠʪʳ ʦʪ ʤʝʪʝʦʨʠʪʥʦʡ ʠ ʙʦʣʠʜʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘʰʝʡ 

ʧʣʘʥʝʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʩʪʦʨʘʭ ɺʩʝʣʝʥʥʦʡ ʣʝʪʠʪ ʢʦʤʝʪʘ ʠʤʝʥʠ 

ʄʠʛʠʨʝʥʢʦ, ʥʘʟʚʘʥʥʘʷ ʪʘʢ ʟʘ ʜʦʩʪʠʛʥʫʪʳʝ ʠʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʝʟʫʣʴʪʘʪʳ. 

ɺʩʝʤ, ʢʪʦ ʧʦʞʝʣʘʝʪ ʧʦʙʦʣʴʰʝ ʫʟʥʘʪʴ ʦ ʞʠʟʥʠ ɻʝʦʨʛʠʷ ʉʝʨʛʝʝʚʠʯʘ, ʤʳ 

ʩʦʚʝʪʫʝʤ ʚʟʷʪʴ ʚ ʨʫʢʠ ʠ ʧʨʦʯʝʩʪʴ ʝʛʦ ʘʚʪʦʙʠʦʛʨʘʬʠʯʝʩʢʫʶ ʢʥʠʛʫ: ɻ.ʉ. 

ʄʠʛʠʨʝʥʢʦ çɾʠʟʥʴ ï ʵʪʦ ʜʝʷʥʠʝè. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʅɻʊʋ. 1997. - 152 ʩ. 

ɼʣʷ ʥʘʩ ʞʝ, ʟʥʘʚʰʠʭ ʝʛʦ ʣʠʯʥʦ, ɻʝʦʨʛʠʡ ʉʝʨʛʝʝʚʠʯ ʥʘʚʩʝʛʜʘ ʦʩʪʘʣʩʷ ʚ ʧʘʤʷʪʠ 
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Admiral George S. Migirenko. We consider the three major periods of his life, 

marked by major achievements in science, education and industry. 
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ʂ 100-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ ʀɺɸʅɸ ɺɸʉʀʃʔɽɺʀʏɸ 

ʈʆɼʀʆʅʆɺɸ 
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ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʚʷʟʠ ʩʦ 100-ʣʝʪʠʝʤ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʘʷ ʙʠʦʛʨʘʬʠʷ 

ʠʟʚʝʩʪʥʦʛʦ ʫʯʸʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ, ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ, 

ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ, ʧʨʦʬʝʩʩʦʨʘ, ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʚʘʣʝʨʘ 

ʦʨʜʝʥʘ çɿʥʘʢ ʧʦʯʝʪʘè ʟʘ ʟʘʩʣʫʛʠ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʉʉʉʈ ʀʚʘʥʘ ɺʘʩʠʣʴʝʚʠʯʘ ʈʦʜʠʦʥʦʚʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʝʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ, ʥʘʫʯʥʘʷ ʠ ʦʙʱʝʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʦʨʦʥʘ, ʥʘʫʢʘ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʙʱʝʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʠʞʝʥʠʷ. 

 

ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʈʦʜʠʦʥʦʚ ʨʦʜʠʣʩʷ 13 ʘʚʛʫʩʪʘ 1916 

ʛʦʜʘ ʚ ʩʝʣʝ ɸʨʭʘʥʛʝʣʴʩʢʦʝ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʝʤʴʝ 

ʩʚʷʱʝʥʥʠʢʘ.  

ɺ 1934 ʛʦʜʫ ʦʥ ʧʦʩʪʫʧʠʣ ʚ ʆʤʩʢʠʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ 

ʪʝʭʥʠʢʫʤ, 1937 ʛʦʜʫ ï ʚ ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ.  

 ɺ ʘʚʛʫʩʪʝ 1941 ʛʦʜʘ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʩʪʘʣ ʦʧʦʣʯʝʥʮʝʤ, 

ʘ ʟʘʪʝʤ ʢʫʨʩʘʥʪʦʤ ʰʢʦʣʳ ʫʩʢʦʨʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʤʣʘʜʰʠʭ 

ʢʦʤʘʥʜʠʨʦʚ ʜʣʷ ʂʨʘʩʥʦʡ ʘʨʤʠʠ. ʇʦʩʣʝ ʧʦʙʝʜʳ ʧʦʜ ʄʦʩʢʚʦʡ 

ʩʪʫʜʝʥʪʳ-ʩʪʘʨʰʝʢʫʨʩʥʠʢʠ ʙʳʣʠ ʦʪʦʟʚʘʥʳ ʠʟ ʘʨʤʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʫʯʝʙʳ.  

 ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʥʩʪʠʪʫʪʘ ʚ ʤʘʨʪʝ 1942 ʛʦʜʘ ʀ. ɺ. ʈʦʜʠʦʥʦʚ ʙʳʣ 

ʧʨʠʟʚʘʥ ʚ ʘʨʤʠʶ. ɺʦʝʚʘʣ ʥʘ ʜʦʣʞʥʦʩʪʷʭ ʢʦʤʘʥʜʠʨʘ ʤʠʥʦʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ, 

ʢʦʤʘʥʜʠʨʘ ʚʟʚʦʜʘ ʘʨʪʨʘʟʚʝʜʢʠ ʥʘ ʋʢʨʘʠʥʩʢʦʤ, 1-ʤ, 3-ʤ ɹʝʣʦʨʫʩʩʢʠʭ ʬʨʦʥʪʘʭ. 

ɺʦ ʚʨʝʤʷ ʙʦʸʚ ʚ ɹʝʣʦʨʫʩʩʠʠ ʙʳʣ ʧʨʠʥʷʪ ʚ ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʫʶ ʧʘʨʪʠʶ ʉʉʉʈ. 
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ʇʦʙʝʜʫ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʚʩʪʨʝʪʠʣ ʧʦʜ ʂʸʥʠʛʩʙʝʨʛʦʤ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʙʦʝʚ ʚ 

ʄʘʥʴʯʞʫʨʠʠ ʚ ʢʦʥʮʝ 1945 ʙʳʣ ʜʝʤʦʙʠʣʠʟʦʚʘʥ ʠʟ ʘʨʤʠʠ.  

 ʅʘʛʨʘʞʜʝʥ ʤʝʜʘʣʷʤʠ çɿʘ ʙʦʝʚʳʝ ʟʘʩʣʫʛʠè, çɿʘ ʚʟʷʪʠʝ ʂʝʥʠʛʩʙʝʨʛʘè, çɿʘ 

ʧʦʙʝʜʫ ʥʘʜ ɻʝʨʤʘʥʠʝʡ ʚ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ 1941-1945 ʛʛ.è, çɿʘ 

ʧʦʙʝʜʫ ʥʘʜ ʗʧʦʥʠʝʡè, ç20 ʣʝʪ ʧʦʙʝʜʳ ʚ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ 1941-

1945 ʛʛ.è, ç50 ʣʝʪ ɺʦʦʨʫʞʝʥʥʳʤ ʩʠʣʘʤ ʉʉʉʈè, ç30 ʣʝʪ ʧʦʙʝʜʳ ʚ ɺʝʣʠʢʦʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ 1941-1945 ʛʛ.è; ɿʥʘʢʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʉʉʉʈ ç25 

ʣʝʪ ʇʦʙʝʜʳ ʚ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝè. 

 ʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʉ ʜʝʢʘʙʨʷ 1945 ʛʦʜʘ ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʪʝʭʥʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʚ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʪʝʭʥʠʢʫʤʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʘʛʦʪʦʚʦʢ 

ʉʉʉʈ ʚ ʛ. ʊʦʤʩʢʝ. 1946 ï1949 ʛ. ï ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ 

ʉ.ʄ. ʂʠʨʦʚʘ (ʊʇʀ), ʘʩʩʠʩʪʝʥʪ, ʩ 1949 ʧʦ 1953 ʛ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ. ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʉʉʉʈ ʚ 1951 ʛʦʜʫ ʀ.ɺ. ʈʦʜʠʦʥʦʚ ʙʳʣ ʧʨʠʢʦʤʘʥʜʠʨʦʚʘʥ ʢ ʦʜʥʦʛʦʜʠʯʥʦʡ 

ʘʩʧʠʨʘʥʪʫʨʝ ʆʜʝʩʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ï ʨʫʢʦʚʦʜʠʪʝʣʴ 

ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʉʌʉʈ, ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 

ɺ.ɸ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ. ɺ 1952 ʛʦʜʫ ʀ.ɺ. ʈʦʜʠʦʥʦʚ ʜʦʩʨʦʯʥʦ ʦʢʦʥʯʠʣ 

ʘʩʧʠʨʘʥʪʫʨʫ ʩ ʟʘʱʠʪʦʡ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʪʘʣ ʜʦʮʝʥʪʦʤ ʠ ʜʝʢʘʥʦʤ 

ʬʘʢʫʣʴʪʝʪʘ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʊʇʀ. 

 ʉ 1958 ʛ. ʀ.ɺ. ʈʦʜʠʦʥʦʚ ï ʜʦʮʝʥʪ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʅʕʊʀ). ɺ 1961 ʛʦʜʫ ʦʥ ʥʘʟʥʘʯʝʥ ʟʘʚʝʜʫʶʱʠʤ ʚʥʦʚʴ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ 

ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ, ʨʫʢʦʚʦʜʠʣ ʙʦʣʝʝ 20 ʣʝʪ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʜʝʣʘʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʟʳ, ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʥʩʧʝʢʪʦʚ ʣʝʢʮʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʢʘʬʝʜʨʳ, ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʠ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ 1972 ʛ. ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʠʟʙʨʘʥ 

ʧʨʦʬʝʩʩʦʨʦʤ. ɺ 1961-1966 ʛʛ. ʧʦ ʧʦʨʫʯʝʥʠʶ ʨʝʢʪʦʨʘʪʘ ʢʘʬʝʜʨʘ ʦʙʝʩʧʝʯʠʣʘ 

ʧʷʪʴ ʚʳʧʫʩʢʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 0531 ï ʧʨʠʙʦʨʳ ʪʦʯʥʦʡ 

ʤʝʭʘʥʠʢʠ. ɺ 1971 ʛʦʜʫ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʦʪʢʨʳʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʦʙʦʨʦʥʥʦʛʦ 

ʧʨʦʬʠʣʷ 0546. ɺ 1977 ʛʦʜʫ ʩʦʩʪʦʷʣʩʷ ʧʝʨʚʳʡ ʚʳʧʫʩʢ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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 ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʅʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʫʜʘʨʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʙʫʨʝʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢ ʠʭ 

ʨʘʩʯʝʪʘ. ɸʚʪʦʨ ʤʦʥʦʛʨʘʬʠʠ çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʰʠʥ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʤʝʨʟʣʳʭ 

ʛʨʫʥʪʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜè, ʙʦʣʝʝ 100 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʠ 20 ʘʚʪʦʨʩʢʠʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚ, ʨʝʜʘʢʪʦʨ 8 ʤʝʞʚʫʟʦʚʩʢʠʭ ʠ ʢʘʬʝʜʨʘʣʴʥʳʭ ʩʙʦʨʥʠʢʦʚ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ. ʇʦʜ ʝʛʦ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʱʠʱʝʥʦ 20 ʢʘʥʜʠʜʘʪʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ. ʇʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʧʝʨʚʦʛʦ ɺʩʝʩʦʶʟʥʦʛʦ ʩʲʝʟʜʘ 

ʧʦ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ɺ 1970 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨ ʀ. ɺ. ʈʦʜʠʦʥʦʚ 

ʦʨʛʘʥʠʟʦʚʘʣ ʠ ʩʪʘʣ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ɺʩʝʩʦʶʟʥʦʛʦ ʩʝʤʠʥʘʨʘ ɸʅ ʉʉʉʈ ʧʦ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ.  

 
 ʆʙʱʝʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʏʣʝʥ ʋʯʝʥʦʛʦ ʉʦʚʝʪʘ ʅʕʊʀ, ʧʦʩʪʦʷʥʥʳʡ 

ʯʣʝʥ ʦʙʣʘʩʪʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʅʝʦʜʥʦʢʨʘʪʥʦ ʠʟʙʠʨʘʣʩʷ ʯʣʝʥʦʤ ʠ ʩʝʢʨʝʪʘʨʝʤ ʬʘʢʫʣʴʪʝʪʩʢʦʡ ʧʘʨʪʦʨʛʘʥʠʟʘʮʠʠ, 

ʜʝʧʫʪʘʪʦʤ ʂʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʥʦʛʦ ʉʦʚʝʪʘ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ.  

ɿʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʫʶ ʠ ʥʘʫʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ 

ʈʦʜʠʦʥʦʚ ʥʘʛʨʘʞʜʝʥ ʦʨʜʝʥʦʤ çɿʥʘʢ ʧʦʯʝʪʘè, ʤʝʜʘʣʴʶ çɿʘ ʜʦʙʣʝʩʪʥʳʡ ʪʨʫʜè, 

ʤʝʜʘʣʴʶ ɺɼʅʍ. ʀʤʝʣ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʠ ʧʦʦʱʨʝʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʉʉʉʈ.  
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ʃɽɺ ʄʆʀʉɽɽɺʀʏ ʂʋʈʐʀʅ - ʆʈɻɸʅʀɿɸʊʆʈ ʂɸʌɽɼʈʓ ʇʃɸ, 

ʏʃɽʅ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʂʆʄʀʊɽʊɸ ʉʉʉʈ ʇʆ 

ʊɽʆʈɽʊʀʏɽʉʂʆʁ ʀ ʇʈʀʂʃɸɼʅʆʁ ʄɽʍɸʅʀʂɽ. 

ʂ 90-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ 

 

ʄʘʪʚʝʝʚ ʂʦʥʩʪʘʥʪʠʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ,  

 ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʢʘʬʝʜʨʘ ʇʃɸ, ʪʝʣ. (383)346-31-21 

 

ɸʥʥʦʪʘʮʠʷ 

ɺʩʶ ʩʚʦʶ ʞʠʟʥʴ ʃ.ʄ. ʂʫʨʰʠʥ ʨʘʙʦʪʘʣ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʆʥ 

ʟʘʥʠʤʘʣʩʷ ʨʝʰʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ: ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʪʝʧʣʦʚʳʤʠ ʨʝʞʠʤʘʤʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʘʨʠʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʟʘʜʘʯʘʤʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. ʅʦ ʠʤʝʥʥʦ ʩʦʟʜʘʥʠʝ ʢʘʬʝʜʨʳ "ʇʨʦʯʥʦʩʪʴ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ" ʥʘ ʉʉʌ ʅʕʊʀ ʷʚʣʷʝʪʩʷ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʝʛʦ ʢʦʨʦʪʢʦʡ ʞʠʟʥʠ.   

 

CCCʈ ï ʅʕʊʀ - ʉʉʌ - ʅɻʊʋ- ʌʃɸ 

(ʥʝʤʥʦʛʦ ʠʩʪʦʨʠʠ) 

Á 19 ʘʚʛʫʩʪʘ 1950 ʛ. ʀ.ʌ. ʉʪʘʣʠʥ ʧʦʜʧʠʩʘʣ ʧʨʠʢʘʟ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʅʕʊʀ.  

Á 1 ʩʝʥʪʷʙʨʷ 1953ʛ. ï ʧʝʨʚʳʡ ʥʘʙʦʨ ʩʪʫʜʝʥʪʦʚ ʚ ʅʕʊʀ; ʥʘʯʘʣʦ ʟʘʥʷʪʠʡ. 
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Á ɺ ʦʢʪʷʙʨʝ 1954 ʛʦʜʘ ʚʳʰʣʘ ʥʘ 100% ʤʦʱʥʦʩʪʠ ʧʝʨʚʘʷ ʚ ʤʠʨʝ ʆʙʥʠʥʩʢʘʷ 

ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ.  

Á ʇʝʨʚʳʡ ʚ ʤʠʨʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ɿʝʤʣʠ ʟʘʧʫʱʝʥ ʚ ʉʉʉʈ 4 

ʦʢʪʷʙʨʷ 1957 ʛʦʜʘ. 

Á ʇʝʨʚʳʡ ʚ ʤʠʨʝ ʘʪʦʤʥʳʡ ʣʝʜʦʢʦʣ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ çʃʝʥʠʥè, ʙʳʣ 
ʩʧʫʱʝʥ ʥʘ ʚʦʜʫ ʚ ʉʝʚʝʨʥʦʡ ʩʪʦʣʠʮʝ 5 ʜʝʢʘʙʨʷ 1957 ʛ.  

Á 17 ʠʶʥʷ 1955 ʛʦʜʘ, ʩʦʚʝʨʰʠʣ ʩʚʦʡ ʧʝʨʚʳʡ ʧʦʣʝʪ ʧʝʨʚʳʡ ʉʦʚʝʪʩʢʠʡ 
ʨʝʘʢʪʠʚʥʳʡ ʧʘʩʩʘʞʠʨʩʢʠʡ ʩʘʤʦʣʝʪ ʊʫ-104.  

Á 15 ʥʦʷʙʨʷ 1957 ʛʦʜʘ ʊʫ-114 çʈʦʩʩʠʷè ʩʦʚʝʨʰʠʣ ʩʚʦʡ ʧʝʨʚʳʡ ʧʦʣʸʪ. 

Á ɿʘ ʩʦʟʜʘʥʠʝ ʩʘʤʦʣʝʪʦʚ ʄ4 ʠ 3ʄ ɺ.ʄ. ʄʷʩʠʱʝʚʫ ʚ 1957 ʛʦʜʫ ʙʳʣʦ 

ʧʨʠʩʚʦʝʥʦ ʟʚʘʥʠʝ ɻʝʨʦʷ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʪʨʫʜʘ.  

Á ɺ ʤʘʝ 1957ʛ. ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʘʢʘʜʝʤʠʢʦʚ ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ, ʉ.ʃ. ʉʦʙʦʣʝʚʘ 
ʠ ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ ʦʙʨʘʟʦʚʘʥʦ ʉʠʙʠʨʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʉʉʉʈ. 

Á 29 ʩʝʥʪʷʙʨʷ 1959 ʛʦʜʘ ʘʢʘʜʝʤʠʢ ʉ. ʃ. ʉʦʙʦʣʝʚ ʧʨʦʯʠʪʘʣ ʧʝʨʚʫʶ ʣʝʢʮʠʶ 

ʩʪʫʜʝʥʪʘʤ ʅɻʋ. 

Á ʇʨ. ˉ 152 ʦʪ 13.02.1956 ʛ. ʤʠʥʠʩʪʨʘ ʚʳʩʰʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
ʉʉʉʈ ɺ.ʇ. ɽʣʶʪʠʥʘ çʆʙ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʧʨʠ 

ʅʕʊʀè. ʆʩʝʥʴʶ 1956 ʛ. ʧʝʨʚʳʝ 100 ʯʝʣʦʚʝʢ ʙʳʣʠ ʧʨʠʥʷʪʳ ʥʘ ʜʥʝʚʥʦʝ 

ʦʪʜʝʣʝʥʠʝ ʄʉʌ ʥʘ ʉʉ ʩʧʝʮʠʘʣʴʥʦʩʪʴ. ʈʘʥʝʝ ʚ 1955ʛ. ʩʦʩʪʦʷʣʩʷ ʧʨʠʝʤ ʥʘ 

ʚʝʯ. ʦʪʜʝʣʝʥʠʝ ʄʉʌ ʥʘ ʪʫ ʞʝ ʩʧʝʮʠʘʣʴʥʦʩʪʴ. 

Á ʇʨ. ʧʦ ʅʕʊʀ ˉ389 ʦʪ 10.09. 1959 ʛ. çʆʙ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʬʝʜʨʳ 
çʊʝʭʥʦʣʦʛʠʠ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʷèè.  

Á ʇʨ. ˉ2031 ʧʦ ʅʕʊʀ ʦʪ 22 12. 1959 ʛ. çʆ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʄʉʌ ʚ ʜʚʘ 
ʬʘʢʫʣʴʪʝʪʘ: ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʠ ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʳʡè 

Á ʇʝʨʚʳʡ ʚʳʧʫʩʢ ʠʥʞʝʥʝʨʦʚ-ʤʝʭʘʥʠʢʦʚ ʧʦ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʶ ʩʦʩʪʦʷʣʩʷ ʚ 

1961 ʛʦʜʫ. 

Á 1964ʛ. ï ʚ ʉʠʙʅʀɸ ʩʜʘʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʨʫʧʥʝʡʰʠʡ ʚ ʤʠʨʝ ʟʘʣ ʩʪʘʪ 

ʠʩʧʳʪʘʥʠʡ ʥʘʪʫʨʥʳʭ ʦʙʨʘʟʮʦʚ ʘ/ʪ.  

Á ʇʨ. ʧʦ ʅʕʊʀ ˉ 2152 ʦʪ 05.09. 1969 ʛ. ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠ ʅʕʊʀ ʥʘ ʉʉʌ 

ʢʘʬʝʜʨʳ  çʇʨʦʯʥʦʩʪʴ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚè. ʃʝʚ ʄʦʠʩʝʝʚʠʯ ʂʫʨʰʠʥ 

ʨʛʘʥʠʟʘʪʦʨ ʠ ʧʝʨʚʳʡ ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʇʃɸ. 
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ʃʝʚ ʄʦʠʩʝʝʚʠʯ ʂʫʨʰʠʥ 

(28 ʘʧʨʝʣʷ 1926 ʛ. ï 5 ʤʘʨʪʘ 1981 ʛ.) 

ü  ʈʦʜʠʣʩʷ ʚ ʄʦʩʢʚʝ. 

ü ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚ 1949 ʛ. ʅʀɺʀɾʊʘ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʦʝʥʥʳʭ 
ʠʥʞʝʥʝʨʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ) ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʙʦʪʫ ʚ 

ʉʠʙʅʀɸ.  

ü ʈʘʙʦʪʘʣ ʚ ʜʦʣʞʥʦʩʪʠ ʠʥʞʝʥʝʨʘ, ʩʪ. ʠʥʞʝʥʝʨʘ, ʚʝʜ. ʠʥʞʝʥʝʨʘ, ʥʘʯʘʣʴʥʠʢʘ 
ʦʪʜʝʣʘ. 

ü ʉ 1955 ʧʦ 1958 ʛ.ʛ. -  ʘʩʧʠʨʘʥʪʫʨʘ ʚ ʠʥʩʪʠʪʫʪʝ ʄʝʭʘʥʠʢʠ ɸʅ ʉʉʉʈ; 

ʟʘʱʠʪʘ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ü ʉ 1962 ʛʦʜʘ ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʥʘ ʢʘʬʝʜʨʝ "ʉʘʤʦʣʝʪʦʩʪʨʦʝʥʠʝ" ʉʉʌ (ʧʦ 

ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ). 

ü  ɺ 1965 ʛ. ʟʘʱʠʪʠʣ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ. 

ü  ʉ 1967ʛ. ʃ.ʄ. ʂʫʨʰʠʥ ï ʯʣʝʥ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʉʉʉʈ ʧʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ. ʀʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʦʢʦʣʦ170 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ. 

ü ɺ 1969ʛ. ʚ ʅʕʊʀ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʃ.ʄ. ʂʫʨʰʠʥʘ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 
ʨʫʢʦʚʦʜʩʪʚʘ ʉʠʙʅʀɸ ʠ ʉʆ ɸʅ ʉʉʉʈ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʢʘʬʝʜʨʘ ʇʃɸ. 

ü ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʘʬʝʜʨʳ ʇʃɸ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʪʘʢ ï ʧʦʜʛʦʪʦʚʢʘ 

ʠʥʞʝʥʝʨʦʚ-ʤʝʭʘʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɼʠʥʘʤʠʢʘ ʠ 

ʧʨʦʯʥʦʩʪʴ ʤʘʰʠʥè ʩʦ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʯʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ.  

ü ʇʦʜʦʙʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʙʳʣʠ ʚ ʜʝʩʷʪʠ ʚʝʜʫʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ 
ʩʪʨʘʥʳ.   

ü ʂ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʚʝʜʫʱʠʝ ʫʯʝʥʳʝ ʠ 
ʩʧʝʮʠʘʣʠʩʪʳ ʉʠʙʅʀɸ ʠ ʉʆ ɸʅ ʉʉʉʈ. 

ü  ɹʘʟʦʚʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʢʘʬʝʜʨʳ ʇʃɸ ʩʪʘʣʠ ʉʠʙʅʀɸ ʠ ʨʷʜ 

ʠʥʩʪʠʪʫʪʦʚ ʉʆ ʈɸʅ. 

ü  ʃʝʚ ʄʦʠʩʝʝʚʠʯ ʣʠʯʥʦ ʧʨʦʯʠʪʘʣ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʫʨʩʳ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ 

ʜʘʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʤʳ ʧʦʤʥʠʤ ʝʛʦ ʠ ʢʘʢ ʥʝʧʨʝʚʟʦʡʜʝʥʥʦʛʦ ʣʝʢʪʦʨʘ.  

ü   ʇʝʨʚʳʤʠ ʘʩʧʠʨʘʥʪʘʤʠ ʢʘʬʝʜʨʳ ʇʃɸ ʙʳʣʠ ʅ.ɺ. ʇʫʩʪʦʚʦʡ, ʂ.ɸ. ʄʘʪʚʝʝʚ, 

ɺ.ɻ. ʐʦʨʦʭʦʚ, ɸ.ʀ. ʊʝʤʥʠʢʦʚ.  

ü   ɺʳʧʫʩʢʥʠʢ ʢʘʬʝʜʨʳ ʇʃɸ 1975 ʛʦʜʘ ɻ.ʀ. ʈʘʩʪʦʨʛʫʝʚ, ʘʩʧʠʨʘʥʪ ʃ.ʄ. 

ʂʫʨʰʠʥʘ ï ʥʳʥʝ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʧʝʨʚʳʡ ʧʨʦʨʝʢʪʦʨ ʅɻʊʋ. 



  
 

17 
 

ü ʇʨʠ ʃ.ʄ. ʂʫʨʰʠʥʝ ʚ ʅʕʊʀ ʥʘʯʘʣ ʨʝʛʫʣʷʨʥʦ ʠʟʜʘʚʘʪʴʩʷ ʤʝʞʚʫʟʦʚʩʢʠʡ 

ʩʙʦʨʥʠʢ çɼʠʥʘʤʠʢʘ ʠ ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè. 

ü  ɹʳʣ ʦʪʢʨʳʪ ʫʯʝʥʳʡ ʩʦʚʝʪ ʧʦ ʟʘʱʠʪʝ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.07.03 ï ʩʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʧʨʦʯʥʦʩʪʴ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʥʳʥʝ - ʧʨʦʯʥʦʩʪʴ ʠ ʪʝʧʣʦʚʳʝ ʨʝʞʠʤʳ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ). 

ü ʃ.ʄ. ʂʫʨʰʠʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʚʪʦʨʦʛʦ ʪʦʤʘ ʪʨʝʭʪʦʤʥʦʛʦ 

ʩʧʨʘʚʦʯʥʠʢʘ ʧʦʜ ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ʀ.ɸ. ɹʠʨʛʝʨʘ ʠ ʗ.ɻ. ʇʘʥʦʚʢʦ 

çʇʨʦʯʥʦʩʪʴ.  ʋʩʪʦʡʯʠʚʦʩʪʴ.  ʂʦʣʝʙʘʥʠʷè. 

ü  ɺ ʠʟʚʝʩʪʥʦʡ ʤʦʥʦʛʨʘʬʠʠ ɸ.ʉ. ɺʦʣʴʤʠʨʘ çʋʩʪʦʡʯʠʚʦʩʪʴ ʫʧʨʫʛʠʭ 

ʩʠʩʪʝʤè, ʧʦ ʧʨʦʩʴʙʝ ʘʚʪʦʨʘ, ʃʝʚ ʄʦʠʩʝʝʚʠʯ ʥʘʧʠʩʘʣ XVI ʛʣʘʚʫ ï 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʨʝʭʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ʃʝʚ ʄʦʠʩʝʝʚʠʯ ʢʦʥʩʫʣʴʪʠʨʫʝʪ ʧʦʩʣʝ ʣʝʢʮʠʠ 

ʈʠʩ.2. ʃʝʚ ʄʦʠʩʝʝʚʠʯ ʚ ʩʚʦʝʤ ʨʘʙʦʯʝʤ ʢʘʙʠʥʝʪʝ ʜʦʤʘ 
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ʈʠʩ.4. ɻʨʫʟʠʷ. ʂʫʪʘʠʩʠ. 1975ʛ. X ɺʩʝʩʦʶʟʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʧʦ ʪʝʦʨʠʠ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ. ʃʶʙʠʪʝʣʴʩʢʠʡ ʩʥʠʤʦʢ. 

ʈʠʩ.3. ʃʝʚ ʄʦʠʩʝʝʚʠʯ  ʩ ʚʳʧʫʩʢʥʠʢʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʪʨʠ 

ʙʫʜʫʱʠʭ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ ʠ ʦʜʠʥ ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʦʙʝʨʪ ɽʬʠʤʦʚʠʯ ʃʘʤʧʝʨ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ (1931-2002ʛʛ)  

      ʀʟ ʚʦʩʧʦʤʠʥʘʥʠʡ ʦ ʃʴʚʝ ʄʦʠʩʝʝʚʠʯʝ ʂʫʨʰʠʥʝ: 

é ɼʚʘ ʝʛʦ ʙʨʘʪʘ ʧʦʛʠʙʣʠ ʨʘʥʦ: ʦʜʠʥ ʫʤʝʨ ʦʪ ʩʝʨʜʮʘ ʚ 

ʜʚʘʜʮʘʪʴ ʣʝʪ, ʜʨʫʛʦʡ ʫʙʠʪ ʚ ɺʝʣʠʢʫʶ ʆʪʝʯʝʩʪʚʝʥʥʫʶ. 

ɽʛʦ ʤʘʤʘ ʄʘʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ʛʦʚʦʨʠʣʘ, ʯʪʦ çʃʝʚʦʯʢʘ 

ï ʩʘʤʳʡ ʥʝʩʧʦʩʦʙʥʳʡè. ʂʦʥʝʯʥʦ ʃʝʚ ʄʦʠʩʝʝʚʠʯ ʙʳʣ 

ʯʝʣʦʚʝʢʦʤ ʪʘʣʘʥʪʣʠʚʳʤ. ʅʦ ʥʝ ʜʘʨʦʚʘʥʥʦʝ çʦʪ ʙʦʛʘè, ʘ 

ʦʛʨʦʤʥʳʡ ʪʨʫʜ, ʪʨʫʜ ʥʘʫʯʥʳʡ ʠ ʪʨʫʜ ʜʫʰʝʚʥʳʡ, ʩʦʟʜʘʣ 

ʵʪʦʛʦ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʤ ʩʫʪʴ ʥʘʰʝʡ ʧʘʤʷʪʠ ʦ ʥʝʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʝʜʦʚʘʪʴ ʝʛʦ ʧʨʠʤʝʨʫ. 

 

 

 

 

LEV M. K URSHIN - ORGANIZER  OF THE DEPARTMENT  OF PLA, 

MEMBER  OF THE NATIONAL  COMMITTE  OF THE USSR ON  

THEORETICAL  AND APPLIED  MECHANICS  

TO THE 90 ANNIVERSARY  SINCE THE BIRTH OF  

Matveev Constantin  Alexandrovich
1
,  Doctor of Engineering Sciences, Full 

Professor;   
1 Novosibirsk State Technical University, 630073, Russia, Novosibirsk, pr. Karl 

Marx, 20. 

ɽ-mail: matveev@corp.nstu.ru 
 

Abstract 

L. M. Kurshin worked in the aviation industry his entire life. He was engaged in 

solving various scientific-technical problems: strength and thermal regimes of 

aircraft, stability of thin-walled load-bearing elements of structures, variational 

methods, optimal design, etc. The creation of the Department of  "Strength of 

aircraft" on the SSF, without a doubt,  was one of  the main results of  his short life. 

 

 

 

  

mailto:svetik_777sh@mail.ru


  
 

20 
 

ʋɼʂ 550.344.42 

 

ʌʆʂʋʉʀʈʆɺʂɸ ɺʆʃʅ ʀ ʇʈʆɻʅʆɿ ɿɸʊʆʇʃɽʅʀʗ ʆʊ ʎʋʅɸʄʀ 

 

ʄʘʨʯʫʢ ɸʥʜʨʝʡ ɻʫʨʴʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, 

630090, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨʦʩʧ. ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 6 

Email: mag@omzg.sscc.ru 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʬʦʢʫʩʠʨʦʚʢʠ ʮʫʥʘʤʠ, ʢʦʛʜʘ ʚʦʣʥʘ ʧʨʠʭʦʜʠʪ 

ʚ ʧʨʠʸʤʥʠʢ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʚʳʩʦʪʳ ʚʦʣʥʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ ʧʫʥʢʪʘʤʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʮʫʥʘʤʠʨʘʡʦʥʠʨʦʚʘʥʠʠ ʧʦʙʝʨʝʞʴʷ, ʪ.ʝ. ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʳʩʦʪʳ 

ʮʫʥʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʦʙʝʨʝʞʴʷ. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʣʦʚʦ çʬʦʢʫʩʠʨʦʚʢʘè ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʦʧʪʠʢʦʡ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. 

ʅʘʧʨʠʤʝʨ, ʤʥʦʛʠʝ ʚ ʜʝʪʩʪʚʝ ʟʘʥʠʤʘʣʠʩʴ ʚʳʞʠʛʘʥʠʝʤ, ʬʦʢʫʩʠʨʫʷ ʩʦʣʥʝʯʥʳʡ 

ʩʚʝʪ ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʣʷʥʥʦʡ ʣʠʥʟʳ. ɺʦ ʚʨʝʤʷ ʪʘʢʦʛʦ ʜʝʡʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ, ʧʨʝʣʦʤʣʷʷʩʴ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʩʪʝʢʣʦ, ʩʭʦʜʷʪʩʷ ʚ 

ʦʜʥʦʡ ʪʦʯʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʳʟʳʚʘʷ ʝʛʦ ʚʦʟʛʦʨʘʥʠʝ ʠʣʠ 

ʪʣʝʥʠʝ. ʉʭʝʤʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

    
ʈʠʩ. 1. ʌʦʢʫʩʠʨʦʚʢʘ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʣʠʥʟʦʡ ʈʠʩ.2. ʇʨʝʣʦʤʣʝʥʠʝ ʣʫʯʘ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜ 

 

ɺ ʦʧʠʩʘʥʥʦʤ ʷʚʣʝʥʠʠ ʧʨʝʣʦʤʣʝʥʠʝ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ 

ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʩʪʝʢʣʝ. ʇʨʠ ʵʪʦʤ 

ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʦʚ ʧʘʜʝʥʠʷ Ŭ1 ʠ ʧʨʝʣʦʤʣʝʥʠʷ Ŭ2 (ʨʠʩ. 2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤ 

ʉʥʝʣʣʷ (ʉʥʝʣʣʠʫʩʘ) 

  

2

2

1

1 )sin()sin(

bb

aa
=        (1) 

 

ɿʜʝʩʴ b1 ʠ b2 ï ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʷʭ. ʕʪʦʪ ʞʝ ʟʘʢʦʥ ʨʘʙʦʪʘʝʪ ʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥʳ 

ʮʫʥʘʤʠ ʚ ʦʢʝʘʥʝ. ʀʟ ʪʝʦʨʠʠ ʜʣʠʥʥʳʭ ʚʦʣʥ [1] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 



  
 

21 
 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʫʥʘʤʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʸ ʚʳʩʦʪʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʛʣʫʙʠʥʦʡ ʦʢʝʘʥʘ ʧʦ ʬʦʨʤʫʣʝ ʃʘʛʨʘʥʞʘ 

gD=c .        (2) 

ɿʜʝʩʴ D ï ʛʣʫʙʠʥʘ, ʘ g ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʈʘʟʥʠʮʘ ʩ ʦʧʪʠʢʦʡ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʚ ʨʝʘʣʴʥʦʤ ʦʢʝʘʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ 

ʨʝʜʢʦ, ʧʦʵʪʦʤʫ ʧʨʠ çʧʣʘʚʥʦʤè ʠʟʤʝʥʝʥʠʠ ʛʣʫʙʠʥʳ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʮʫʥʘʤʠ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ʧʣʘʚʥʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʬʦʨʤʫʣʘ 

(1) ʦʩʪʘʸʪʩʷ ʩʧʨʘʚʝʜʣʠʚʦʡ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʨʝʬʨʘʢʮʠʝʡ ʚʦʣʥ. 

 ʉ ʫʯʸʪʦʤ ʬʦʨʤʫʣʳ (2) ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʝʣʴʝʬʘ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʥʘʜ ʢʦʪʦʨʦʡ, ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʩʝʛʤʝʥʪ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʮʫʥʘʤʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʭʦʜʷʱʫʶʩʷ ʚ ʦʜʥʫ ʪʦʯʢʫ ʚʦʣʥʫ. 

ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʚ ʵʪʦʡ ʬʦʢʘʣʴʥʦʡ ʪʦʯʢʝ ʚʳʩʦʪʘ ʚʦʣʥʳ ʚʦʟʨʘʩʪʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦ. 

ʌʦʢʫʩʠʨʦʚʢʘ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʩʣʝʜʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ʜʦʥʥʦʛʦ 

ʨʝʣʴʝʬʘ, ʥʦ ʠ ʬʦʨʤʳ ʥʘʯʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʯʘʛʝ 

ʮʫʥʘʤʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʬʦʨʤʫ ʧʦʜʢʦʚʳ (ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ), ʪʦ ʜʘʞʝ ʥʘʜ ʨʦʚʥʳʤ ʜʥʦʤ ʧʨʦʠʟʦʡʜʸʪ 

ʬʦʢʫʩʠʨʦʚʢʘ ʚʦʣʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ. ʀ ʝʩʣʠ ʪʘʢʦʝ 

ʬʦʢʫʩʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥʦ ʚ ʢʘʢʫʶ-ʣʠʙʦ ʪʦʯʢʫ ʧʦʙʝʨʝʞʴʷ, 

ʪʦ ʪʘʤ ʚʳʩʦʪʘ ʮʫʥʘʤʠ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʝʩʪʥʳʤʠ 

ʧʫʥʢʪʘʤʠ ʧʦʙʝʨʝʞʴʷ. 

 

 

 2. ʌʦʢʫʩʠʨʦʚʢʘ ʮʫʥʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʯʘʛʘ  

ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʬʦʢʫʩʠʨʦʚʢʦʡ ʚʦʣʥʳ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʝ ʘʢʚʘʪʦʨʠʠ ʠʣʠ 

ʧʦʙʝʨʝʞʴʷ ʝʸ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʧʨʠʭʦʜ ʪʫʜʘ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ ʠʣʠ, 

ʛʦʚʦʨʷ ʥʘʫʯʥʳʤ ʷʟʳʢʦʤ, ʚʜʦʣʴ ʥʝʩʢʦʣʴʢʠʭ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ [2]. ʀʟ-ʟʘ 

ʢʚʘʟʠʣʠʥʝʡʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚ ʪʦʯʢʝ ʬʦʢʫʩʠʨʦʚʢʠ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʨʘʚʥʘ ʩʫʤʤʝ 

ʚʳʩʦʪ ʚʦʣʥ, ʧʨʠʭʦʜʷʱʠʭ ʪʫʜʘ ʨʘʟʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ. ʇʨʠʤʝʨʦʤ ʬʦʢʫʩʠʨʦʚʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʜʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʬʨʘʢʮʠʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʦʢʦʣʦ 

ʦʩʪʨʦʚʘ (ʈʠʩ. 3). ɿʜʝʩʴ ʦʢʨʫʞʥʦʩʪʴʶ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ ʦʙʦʟʥʘʯʝʥʘ ʙʝʨʝʛʦʚʘʷ 

ʣʠʥʠʷ ʦʩʪʨʦʚʘ. ʆʢʨʫʞʥʦʩʪʴ ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ 

ʥʘʢʣʦʥʥʦʛʦ ʜʥʘ ʚʦʢʨʫʛ ʦʩʪʨʦʚʘ. ɺʥʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʛʣʫʙʠʥʘ ʧʦʩʪʦʷʥʥʘ. ʇʣʦʩʢʘʷ 

ʚʦʣʥʘ ʮʫʥʘʤʠ, ʬʨʦʥʪ ʢʦʪʦʨʦʡ ʧʘʨʘʣʣʝʣʝʥ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ, ʧʨʠʙʣʠʞʘʣʩʷ 

ʢ ʦʩʪʨʦʚʫ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʬʨʘʢʮʠʠ ʥʘʜ ʜʦʥʥʳʤ ʩʢʣʦʥʦʤ ʬʨʦʥʪ 

ʚʦʣʥʳ ʠʩʢʨʠʚʠʣʩʷ ʠ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠʥʷʣ ʬʦʨʤʫ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʉʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʩʝʛʤʝʥʪʦʚ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʫ ʧʦʙʝʨʝʞʴʷ 

ʪʳʣʴʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʚʳʩʦʪʳ ʚʦʣʥʳ ʚ ʵʪʦʤ ʤʝʩʪʝ 

(ʪʦʯʢʘ B) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʦʯʢʘʤʠ ʧʝʨʠʤʝʪʨʘ ʦʩʪʨʦʚʘ, ʥʝ ʩʯʠʪʘʷ 

ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʙʝʨʝʞʴʷ (ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ A). 

 ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʚʪʦʨʦʤ ʪʠʧʝ ʬʦʢʫʩʠʨʦʚʢʠ, ʘ ʠʤʝʥʥʦ ʟʘ ʩʯʸʪ ʬʦʨʤʳ ʦʯʘʛʘ 

ʮʫʥʘʤʠ. ɺ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ, ʛʜʝ ʦʢʝʘʥʠʯʝʩʢʘʷ ʧʣʠʪʘ çʧʦʜʧʦʣʟʘʝʪè ʧʦʜ 

ʤʘʪʝʨʠʢʦʚʫʶ, ʦʯʘʛʠ ʮʫʥʘʤʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʠʷ 
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ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʟʦʥʘ ʧʦʥʠʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʙʣʠʞʝ ʢ ʙʝʨʝʛʫ, 

ʯʝʤ ʟʦʥʘ ʚʦʟʚʳʰʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ 

ʘʣʛʦʨʠʪʤʫ MOST [3] ʛʝʥʝʨʘʮʠʠ ʚʦʣʥʳ ʤʦʜʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʦʛʦ ʪʠʧʘ.  

  

 

ʌʦʨʤʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ɺ 

ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥʳ ʵʪʠʤ ʦʯʘʛʦʤ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʣʥ 

ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʦʯʘʛʘ ʠ ʢʦʨʦʪʢʠʝ (ʪʦʨʮʝʚʳʝ) ʛʨʘʥʠʮʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ (ʈʠʩ. 5ʘ). ɺ 

ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ 657-ʡ ʩʝʢʫʥʜʝ) ʚʩʝ ʪʨʠ ʚʦʣʥʳ 

ʩʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʛʜʝ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʚʳʩʦʪʳ 

ʮʫʥʘʤʠ (ʈʠʩ. 5ʙ). ʕʪʦ ʠ ʝʩʪʴ ʪʦʯʢʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚʦʣʥʳ ʦʪ ʦʯʘʛʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʘʩʪʝʡ.  

   
   (ʘ)       (ʙ) 

ʈʠʩ. 5. ʇʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ ʯʝʨʝʟ 328  ʠ 657 ʩʝʢ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ 

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʩʯʠʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ (ʠ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʪʦʞʝ), ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʯʘʛʘ ʣʝʛʢʦ ʥʘʡʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʊʨʝʙʫʝʪʩʷ ʣʠʰʴ ʥʘʡʪʠ 

ʪʦʯʢʫ, ʨʘʚʥʦʫʜʘʣʸʥʥʫʶ ʦʪ ʫʧʦʤʷʥʫʪʳʭ ʪʨʸʭ ʪʦʯʝʢ (ʮʝʥʪʨʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ ʦʯʘʛʘ ʠ ʩʝʨʝʜʠʥ ʢʦʨʦʪʢʠʭ ʛʨʘʥʠʮ ʦʪʨʠʮʘʪʝʣʴʥʦʡ). ʅʘ ʨʠʩʫʥʢʝ 6 ʵʪʠ ʪʦʯʢʠ 

ʦʙʦʟʥʘʯʝʥʳ S2, P1 ʠ P2. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʯʢʘ M  ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ, 

ʛʜʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ ʚʳʩʦʪʘ ʚʦʣʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʮʫʥʘʤʠ ʫ ʧʦʙʝʨʝʞʴʷ 

ʚʩʣʝʜʩʪʚʠʝ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʈʠʩ. 4. ɿʥʘʢʦʧʝʨʝʤʝʥʥʦʝ ʥʘʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʈʠʩ. 3. ʈʝʬʨʘʢʮʠʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ 

ʦʢʦʣʦ ʦʩʪʨʦʚʘ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʫʥʘʤʠ ʦʪ ʪʘʢʦʛʦ ʦʯʘʛʘ ʩʦ ʩʤʝʱʝʥʠʝʤ +100 ʠ -100 

ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʮʝʥʪʨʘʭ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʘʩʪʝʡ (ʨʠʩ. 2) ʚ 

ʨʘʡʦʥʝ ʩʝʚʝʨʥʳʭ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ. ɿʜʝʩʴ ʤʦʜʝʣʴʥʳʡ ʦʯʘʛ ʨʘʩʧʦʣʘʛʘʣʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʦʪ ʮʝʥʪʨʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʨʳʣʘ 

ʦʯʘʛʘ ʠ ʦʪ ʢʦʨʦʪʢʠʭ ʛʨʘʥʠʮ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤ. 

   

 

ɼʣ̫ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʦʙʨʘʪʥʳʭ ʠʟʦʭʨʦʥ ʜʣʷ ʛ. 

ʉʝʚʝʨʦʢʫʨʠʣʴʩʢʘ (ʨʠʩ. 7), ʘ ʟʘʪʝʤ ʯʠʩʣʝʥʥʦ ʨʘʩʩʯʠʪʘʥʘ ʚʳʩʦʪʘ ʚʦʣʥ ʫ ʙʝʨʝʛʘ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 8 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʝʥʥʳʭ ʚʳʩʦʪ ʚʦʣʥ 

ʚʜʦʣʴ ʧʦʙʝʨʝʞʠʡ ʶʛʘ ʂʘʤʯʘʪʢʠ ʠ ʦ-ʚʘ ʇʘʨʘʤʫʰʠʨ. ɿʜʝʩʴ ʚʳʩʦʪʳ ʮʫʥʘʤʠ ʦʪ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʦʯʘʛʘ ʦʪʦʙʨʘʞʝʥʳ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʪʨʝʟʢʦʚ, ʘ 

ʚʳʯʠʩʣʝʥʥʳʝ ʚʳʩʦʪʳ ʮʫʥʘʤʠ ʦʪ ʦʯʘʛʘ, ʩʦʩʪʦʷʱʝʛʦ ʪʦʣʴʢʦ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ ʦʯʘʛʘ, ʦʙʦʟʥʘʯʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 8 , ʢʘʢ  S+. ʀʟ ʨʠʩʫʥʢʘ 8 ʚʠʜʥʦ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʨʳʣʘ ʦʯʘʛʘ ʣʦʢʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʩʦʪʫ ʚʦʣʥ ʧʦʯʪʠ 

ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ. ʕʪʦ ʠ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʬʦʢʫʩʠʨʦʚʢʠ. 

 

 
ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪʳ ʮʫʥʘʤʠ, ʧʦʣʫʯʝʥʥʦʝ ʧʫʪʸʤ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʸʪʘ 

 

ʈʠʩ. 6. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ 

ʬʦʢʫʩʠʨʦʚʢʠ ʦʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ 

ʦʯʘʛʘ ʥʘʜ ʨʦʚʥʳʤ ʜʥʦʤ 
 

ʈʠʩ. 7. ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʦʯʘʛʘ ʫ 

ʩʝʚʝʨʥʳʭ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ 
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ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʮʫʥʘʤʠ 1983 ʛʦʜʘ ʫ ʙʝʨʝʛʦʚ ʧʨʝʬʝʢʪʫʨʳ ɸʢʠʪʘ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʗʧʦʥʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʷʧʦʥʩʢʠʭ ʫʯʝʥʳʭ [4] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʯʘʛ ʵʪʦʛʦ ʮʫʥʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʦʯʘʛ ʩ ʚʳʩʦʪʦʡ ʧʦʜʥʷʪʠʷ ʧʦʨʷʜʢʘ 3-4 

ʤʝʪʨʘ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠ ʥʘʯʘʣʴʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʤʦʨʷ ʧʦʨʷʜʢʘ -

0,5 ʤʝʪʨʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʦʯʘʛʘ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʙʣʠʞʝ ʢ ʙʝʨʝʛʫ 

(ʨʠʩ. 9). ʆʙʣʘʩʪʴ ʦʯʘʛʘ ʠ ʦʙʣʘʩʪʴ ʩʫʰʠ ʚʳʜʝʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 9 ʩʝʨʳʤ ʮʚʝʪʦʤ. 

 
ʈʠʩ. 9. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʚʳʩʦʪʳ ʮʫʥʘʤʠ  1983 ʛ. (ʚ ʤʝʪʨʘʭ) ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʗʧʦʥʠʠ 

 

ɼʣʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʦʙʦʟʥʘʯʘʝʪ ʨʝʘʣʴʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʫʶ ʚʳʩʦʪʫ ʮʫʥʘʤʠ ʚ ʪʦʯʢʘʭ ʧʦʙʝʨʝʞʴʷ, ʘ ʣʦʤʘʥʘʷ ʣʠʥʠʷ 

ʦʪʦʙʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʘʢ ʠ ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʪʘʢ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʶʪ ʤʘʢʩʠʤʫʤ ʚʳʩʦʪ ʚʦʣʥ ʚ ʨʘʡʦʥʝ ʅʦʰʠʨʦ ʠ 

ʄʠʥʝʭʘʤʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʘ ʬʦʢʫʩʠʨʦʚʢʠ ʥʘ 

ʚʳʩʦʪʫ ʮʫʥʘʤʠ ʫ ʙʝʨʝʛʘ. 

 

3. ɺʳʚʦʜʳ 

ɼʠʧʦʣʴʥʳʝ ʦʯʘʛʠ ʮʫʥʘʤʠ (ʨʠʩ. 4), ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʨʳʣʘ, ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʬʦʢʫʩʠʨʦʚʢʫ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʙʝʨʝʞʴʷ, ʧʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʮʫʥʘʤʠ ʪʘʤ ʧʨʠʤʝʨʥʦ ʚ 

ʧʦʣʪʦʨʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʦʪ ʦʯʘʛʘ ʪʦʡ ʞʝ ʥʘʯʘʣʴʥʦʡ ʚʳʩʦʪʳ, ʥʝ ʠʤʝʶʱʝʛʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʘʩʪʠ. ʇʦʵʪʦʤʫ ʮʫʥʘʤʠʨʘʡʦʥʠʨʦʚʘʥʠʝ ʧʦʙʝʨʝʞʴʷ ʩʣʝʜʫʝʪ 

ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʸʪʦʤ ʵʪʦʛʦ ʵʬʬʝʢʪʘ. 
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Abstract 

The process of the tsunami wave focusing, when a wave arrives at a certain point via 

several routes, causes a significant increment of the wave height there. The shape of a 

tsunami source and the distribution of the initial water surface displacement in it can 

generate a wave, which is focused in some locality outside this source. A certain 

location of the so-called ñdipoleò source, which consists of two parts: one is the 

elevation and the second is the subsidence of the ocean surface can result in a tsunami 

wave having an unexpected height at the coastline. The effect of the wave focusing 

can help in explaining the tsunami height distribution along the coastline that was 

reported after the Nihonkai-Chubu tsunami near the west coast of Japan in 1983. The 

magnification effect caused by the wave focusing must be taken into account during 

the coastal tsunami zoning, i.e. the assessment of a maximum possible tsunami height 

along the coastline. 

 

Keywords: wave refraction, tsunami source, numerical modeling, tsunamizoning 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʨʦʙʣʝʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʢʨʳʣʴʝʚ ʩʘʤʦʣʝʪʘ ɸʥ-2. ʇʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʝʰʝʥʠʶ ʵʪʠʭ ʧʨʦʙʣʝʤ. ʊʘʢ ʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʩʭʝʤʳ ʙʠʧʣʘʥʥʦʡ ʢʦʨʦʙʢʠ ʢʨʳʣʴʝʚ ʜʣʷ ʥʦʚʦʛʦ ʩʘʤʦʣʝʪʘ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʥʛʣʝʪʘ ʚʤʝʩʪʦ ʨʘʩʯʘʣʦʢ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʘʣʠ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʢʨʳʣʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ. ʅʦʚʠʟʥʘ ʪʝʤʘʪʠʢʠ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʝʱʝ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʢʨʳʣʦ ʧʦʜʦʙʥʦʡ ʩʭʝʤʳ ʜʣʷ ʤʘʣʦʡ ʘʚʠʘʮʠʠ. 

1.ɺʚʝʜʝʥʠʝ 

ɺ ʌɻʋʇ çʉʠʙʅʀɸ ʠʤ. ʉ. ɸ. ʏʘʧʣʳʛʠʥʘè ʚʝʜʫʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʩʦʟʜʘʥʠʷ, ʤʥʦʛʦʮʝʣʝʚʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʨʦʩʩʠʡʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʩʝʛʤʝʥʪʝ ʚʥʫʪʨʠʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʩʪʥʳʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʠʥʪʝʨʝʩʘʭ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʪʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ, ʥʘ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʦʣʦʩʘʭ ʠ 

ʧʣʦʱʘʜʢʘʭ ʧʨʠʟʝʤʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʚʥʫʪʨʠʨʝʛʠʦʥʘʣʴʥʳʤ  ʩʘʤʦʣʝʪʦʤ ʷʚʣʷʝʪʩʷ ʩʘʤʦʣʝʪ  

ɸʥ-2 ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʠ ʧʦʩʪʨʦʝʥʥʳʡ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ, ʚ ʆʂɹ-113 ʚ 1947ʛ. 

mailto:panzer27@yandex.ru
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ɸʥ-2 ʩʜʝʣʘʥ ʧʦ ʩʭʝʤʝ ʨʘʩʯʘʣʦʯʥʦʛʦ ʙʠʧʣʘʥʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɸʥ-2 ʦʙʱʠʡ ʚʠʜ 

ʉʭʝʤʘ ʨʘʩʯʘʣʦʯʥʦʛʦ ʙʠʧʣʘʥʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

¶ ɺʦʟʥʠʢʘʝʪ ʦʙʣʝʜʝʥʝʥʠʝ ʨʘʩʯʘʣʦʢ ʥʘ ʩʢʦʨʦʩʪʷʭ ʩʚʳʰʝ 200 ʢʤ/ʯ 

¶ ɺʦʟʥʠʢʘʶʪ ʚʠʙʨʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʧʦʣʝʪʝ ʥʘ ʩʢʦʨʦʩʪʷʭ ʩʚʳʰʝ 150 ʢʤ/ʯ 

¶ ɿʘʪʨʫʜʥʠʪʝʣʴʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ ʠʣʠ ʧʦʣʥʦʛʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ ʧʦ ʧʦʚʳʰʝʥʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʧʨʦʚʝʜʝʥʳ: 

ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʪʦʯʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʠ, ʦʧʨʝʜʝʣʝʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʚʝʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ çʃʝʛʢʦʤʦʪʦʨʥʦʛʦ ʩʘʤʦʣʝʪʘè ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʤʧʦʥʦʚʢʠ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʯʸʪʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʯʥʦʩʪʠ, ʦʮʝʥʢʝ 

ʨʘʩʯʸʪʥʳʭ ʥʘʛʨʫʟʦʢ, ʚʳʙʦʨʫ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʙʦʨʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʠ ʦʮʝʥʢʝ ʧʦʪʨʝʙʥʳʭ ʞʝʩʪʢʦʩʪʝʡ; 

ï ʦʮʝʥʢʠ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ 

ʚʳʥʦʩʣʠʚʦʩʪʠ, ʚʳʙʨʘʥʳ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʩʠʣʦʚʳʭ ʩʭʝʤ; 

ʇʦ ʦʢʦʥʯʘʥʠʶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʙʨʘʥʥʘʷ 

ʢʦʤʧʦʥʦʚʢʘ ï ʙʠʧʣʘʥ, ʩ ʧʣʘʚʥʳʤ ʧʝʨʝʭʦʜʦʤ ʦʪ ʥʠʞʥʝʛʦ ʢʨʳʣʘ ʢ ʚʝʨʭʥʝʤʫ 

(ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʥʛʣʝʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʥʠʞʥʝʛʦ ʢʨʳʣʘ ʢ ʚʝʨʭʥʝʤʫ 
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2.ʈʝʟʫʣʴʪʘʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʘʤʦʣʸʪʘ ʚ ʢʨʝʡʩʝʨʩʢʦʤ 

ʨʝʞʠʤʝ ʧʦʣʸʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʚʠʥʛʣʝʪ - 

ʟʘʢʦʥʮʦʚʦʢ ʥʠʞʥʝʛʦ ʢʨʳʣʘ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʙʦʢʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʫʛʣʘʭ ʫʩʪʘʥʦʚʢʠ 

ʚʠʥʛʣʝʪʘ 0,2,4 ʛʨʘʜʫʩʘ ʠ ʙʝʟ ʥʝʛʦ 

 

ɺʠʜʥʦ, ʯʪʦ ʚʠʥʛʣʝʪʳ ʚʳʟʳʚʘʶʪ ʧʨʠʨʘʱʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ 

ʩʠʣʳ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʠ ʫʛʣʝ űʚʠʥʛ = 0, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʠʞʥʝʤ ʢʨʳʣʝ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʧʦʯʪʠ ʚ 2 

ʨʘʟʘ ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʧʦʧʝʨʝʯʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʤʝʥʠʚ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ 

ʚʠʥʛʣʝʪʦʚ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʢʦʚʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʭʦʪʷ ʠ ʮʝʥʦʡ ʥʝʢʦʪʦʨʦʛʦ ʩʥʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ. 

ʊʘʢ ʞʝ ʧʨʠʤʝʥʝʥʠʝ ʚʠʥʛʣʝʪʘ ʠʤʝʝʪ ʠ ʜʨʫʛʠʝ ʧʦʣʦʞʠʪʝʣʴʥʝʝ ʩʪʦʨʦʥʳ: 

¶ ʇʦʚʳʰʘʝʪ ˞ ʥʘ 3% 

¶ ʅʝ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʦʙʩʣʫʞʠʚʘʥʠʝʤ  

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʦʜʝʣʴ  ʚʠʥʛʣʝʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʥʠʞʥʠʤ ʢʨʳʣʦʤ (ʨʠʩ.  4). 

 



  
 

29 
 

 
ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʥʠʞʥʝʛʦ ʢʨʳʣʘ ʩ ʚʠʥʛʣʝʪʦʤ 

 

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʘʤʦʣʝʪʘ ɸʥ-2. ʅʘʡʜʝʥʳ 

ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. 

ʇʨʦʚʝʜʝʥʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʧʦ ʦʢʦʥʯʘʥʠʶ ʢʦʪʦʨʦʡ 

ʧʨʝʜʣʦʞʝʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ  ʥʦʚʦʛʦ ʢʨʳʣʘ. 

ʊʘʢ ʞʝ ʧʨʦʚʝʜʝʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ 

ʫʩʪʘʥʦʚʢʠ ʚʠʥʛʣʝʪʘ, ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ. ʀʩʭʦʜʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʤʦʜʝʣʴ 

ʚʠʥʛʣʝʪʘ.  
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Abstract: 

In this article, the task to eliminate the problems of aerodynamic configuration 

of the aircraft wing An-2.The research to address these problems. Also conducted 

research to develop a new scheme biplane wing boxes for new aircraft.  

With the use of winglets instead of tension bracing. Conducted aerodynamic 

tests yielded results that allowing on their to create the basis of the theoretical contour 

of the wing, then it is possible to carry out the choice of material and strength 

calculation. Novelty of subjects of the given work consists that in world practice the 

wing of the similar scheme for small aircraft was not used yet. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʠʢʘ ʬʦʥʘʨʷ ʩʘʤʦʣʝʪʘ-

ʜʝʤʦʥʩʪʨʘʪʦʨʘ.  

ʇʨʦʚʝʜʝʥʳ  ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʠ ʩʘʤʦʣʝʪʘ ʜʝʤʦʥʩʪʨʘʪʦʨʘ ʩ 

ʠʩʭʦʜʥʳʤ ʬʦʥʘʨʝʤ ʩʘʤʦʣʝʪʘ-ʧʨʦʪʦʪʠʧʘ ɸʥ-2 ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʬʦʥʘʨʝʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ, ʧʨʠʥʷʪʳʡ ʢ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʩʘʤʦʣʝʪʝ-

ʜʝʤʦʥʩʪʨʘʪʦʨʝ. 

1.ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʩʪʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʚ ʠʥʪʝʨʝʩʘʭ 

mailto:panzer27@yandex.ru
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ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʦʪʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ, ʥʘ 

ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʦʣʦʩʘʭ ʠ  ʧʦʩʘʜʦʯʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʚ ʉʉʉʈ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʣʩʷ ʣʝʛʢʠʡ ʤʥʦʛʦʮʝʣʝʚʦʡ ʩʘʤʦʣʝʪ ɸʥ-2 ʢʦʥʩʪʨʫʢʮʠʠ ʆ.ʂ. ɸʥʪʦʥʦʚʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ɸʥ-2 ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʣ, ʥʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʘʤʦʣʝʪʝ 

ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʈʦʩʩʠʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ, 

ʦʩʪʘʝʪʩʷ.  

ɺ ʌɻʋʇ çʉʠʙʅʀɸ ʠʤ. ʉ. ɸ. ʏʘʧʣʳʛʠʥʘè ʚʝʜʫʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʣʝʛʢʦʛʦ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʩʘʤʦʣʝʪʘ ʃʄʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ:  

- ʚʥʝʰʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʦʙʣʠʢ ʃʄʉ.  

- ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ  

- ʧʘʨʘʤʝʪʨʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʠ 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ,  

- ʚʝʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

- ʨʘʩʯʸʪʥʳʝ ʥʘʛʨʫʟʢʠ,  

- ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ,  

- ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʤʧʦʥʦʚʢʘ ʠ ʦʮʝʥʢʘ ʧʦʪʨʝʙʥʳʭ ʞʝʩʪʢʦʩʪʝʡ  

- ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ. 

2.ʈʝʟʫʣʴʪʘʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ ʧʦ ʫʪʦʯʥʝʥʠʶ ʦʙʣʠʢʘ ʩʘʤʦʣʝʪʘ-

ʜʝʤʦʥʩʪʨʘʪʦʨʘ, ʠʩʭʦʜʥʳʡ ʬʦʥʘʨʴ ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ, 

ʠʤʝʶʱʠʡ ʧʣʘʚʥʳʝ ʦʙʚʦʜʳ (ʨʠʩ.2), ʀ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʤʦʜʝʣʠ ʩʘʤʦʣʸʪʘ ʩ ʦʙʦʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʬʦʥʘʨʷ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʧʳʪʘʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʠ ʩʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʘʭ ʧʨʦʚʝʜʝʥʳ 3-ʭ ʢʨʘʪʥʦ 

ʩ ʦʙʣʝʛʯʝʥʥʳʤʠ ʨʝʡʪʝʨʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʩʦʚ. 

ʉʨʘʚʥʠʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʠʟ 3-ʭ ʢʨʘʪʥʳʭ ʟʥʘʯʝʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʬʦʥʘʨʷ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʥʝʩʫʱʠʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʥʘ 0,001é 

0,002 ʫʤʝʥʴʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʥʘ 0,2 (ʨʠʩ 1). 

ʊʘʢ ʞʝ, ʫʣʫʯʰʘʝʪʩʷ ʠ ʦʙʪʝʢʘʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʧʝʨʝʥʠʷ, ʦ ʯʸʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʧʨʠʨʘʱʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ mza ʥʘ ʢʘʙʨʠʨʦʚʘʥʠʝ. 
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ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

 
ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʬʦʨʤʳ ʠʩʭʦʜʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʦʥʘʨʷ ʢʘʙʠʥʳ.  

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʳ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʢʦʥʯʘʥʠʶ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥ  ʦʧʪʠʤʘʣʴʥʳʡ 

ʦʙʚʦʜ ʬʦʥʘʨʷ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ, ʨʘʟʨʘʙʦʪʘʥ 

ʵʣʝʢʪʨʦʥʥʳʡ ʤʘʢʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʥʘʨʷ, ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʝʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ  ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʤ ʧʨʦʯʥʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʡ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʠ ʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʝʛʝʨʤʝʪʠʯʥʳʭ ʬʦʥʘʨʝʡ (ʨʠʩ.3).  
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ʈʠʩ. 3. ʕʣʝʢʪʨʦʥʥʳʡ ʤʘʢʝʪ ʬʦʥʘʨʷ ʢʘʙʠʥʳ.  

 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʉʧʨʘʚʦʯʥʠʢ ʘʚʠʘʢʦʥʩʪʨʫʢʪʦʨʘ. ʊʦʤ I. ɸʵʨʦʜʠʥʘʤʠʢʘ ʩʘʤʦʣʝʪʘ. ï ʄ.: 

ʎɸɻʀ, 1937. 

2. ɹʦʜʷʛʠʥ ɸ.ɸ, ɽʛʝʨ ʉ.ʄ, ʄʠʰʠʥ ɺ.ʌ, ʉʢʣʷʥʩʢʠʡ ʌ.ʀ, ʌʦʤʠʥ ʅ.ɸ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʘʤʦʣʝʪʦʚ - ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1972.  

3. ɻʠʤʤʝʣʴʙʘʬ ɸ.ʃ. ʆʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʠ: - ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1979. 

4. ʈʘʜʯʝʥʢʦ ʀ.ɺ, ʂʘʨʘʤʯʠʥʦʚ ɺ.ʇ, ʃʫʙʨʠʥʩʢʠʡ ɺ.ʇ. ɸʥ-2 ʂʦʥʩʪʨʫʢʮʠʷ, 1969. 

5. ʐʤʠʪʮ ʌ.ɺ. ɸʵʨʦʜʠʥʘʤʠʢʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ, ɼʆʉɸɸʌ, ʄʦʩʢʚʘ 1963 

 

 

MODERNIZATION OF THE DESIGN OF THE COCKPIT OF THE 

EASY MULTI -PURPOSE PLANE  

 

Bakanov Semen S., Masterôs Degree student, 

e-mail sembakanov1@yandex.ru 

Novosibirsk State Technical University, 630073, Russian Federation, 

Novosibirsk, Str. Karl Marx, 20. num. +7 (383) 346 08 43 

Siberian Aeronautical Research Institute named after S.A. Chaplygin , 630051, 

Russian Federation,  Novosibirsk, Str. Polzunova 21, num. +7 (383) 2770156 

 

Annotation  

In this article a task in view of definition of shape of a cockpit of the plane-

demonstrator.  

Comparative tests of model of the plane-demonstrator with an initial cockpit of 

plane-prototype An-2 and the modified cockpit are conducted. By results of tests 
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chosen optimum variant accepted to the further working out of a design and 

application by the plane-demonstrator. The power scheme and central configuration 

of a design of a cockpit is chosen. Proceeding from the received data during tests, the 

electronic breadboard model of a design of a cockpit, taking into account application 

in it of composite materials, and conformity to norms of durability, requirements of 

the minimum weight and other requirements shown to a design of not tight cockpits 

is developed. 
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ʂʆʅɺɽʈʊʆʇʃɸʅʅɸʗ ʊɽʄɸʊʀʂɸ ɺ 

ʉʆɺʈɽʄɽʅʅʆʁ ɸɺʀɸʎʀʀ 
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1,2
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʥʘʫʢʠ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ, ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʩʘʤʦʣʝʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ʜʣʷ ʘʨʤʝʡʩʢʦʡ ʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʣʝʪʘ ʠ 

ʚʝʨʪʦʣʝʪʘ ʠ ʩʧʦʩʦʙʥʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʥʠʤʠ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʭʝʤʳ ʢʦʥʚʝʨʪʦʧʣʘʥʦʚ Bell V-22 Osprey, Bell/Agusta 

BA609 ʠ Hiller XC-142A ʠʤʝʶʪ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ, ʧʨʠʩʫʱʠʝ ʠʭ ʢʦʤʧʦʥʦʚʢʘʤ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʨʪʦʧʣʘʥ ʜʘʝʪ ʦʛʨʦʤʥʫʶ ʚʳʛʦʜʫ, 

ʟʥʘʯʠʪ, ʜʘʥʥʘʷ ʪʝʤʘʪʠʢʘ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʚʝʨʪʦʧʣʘʥ; ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ; ʚʠʥʪʦʢʨʳʣʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ 

 

ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʩʘʤʦʣʝʪʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ, 

ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʚʧʦʣʥʝ ʨʝʥʪʘʙʝʣʴʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ ʚʟʣʝʪʘʶʱʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʝʪʦʚ 

ʙʝʟʘʵʨʦʜʨʦʤʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʚʝʨʪʦʣʝʪʦʤ ʠ 

ʦʙʳʯʥʳʤ ʩʘʤʦʣʝʪʦʤ. 

ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʚʠʥʪʦʢʨʳʣʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʠʭ ʧʨʠʙʣʠʞʝʥʠʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʢʦʨʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʢ 

ʨʝʛʠʦʥʘʣʴʥʳʤ ʪʫʨʙʦʚʠʥʪʦʚʳʤ ʩʘʤʦʣʝʪʘʤ. ʂʨʝʡʩʝʨʩʢʘʷ ʩʢʦʨʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʝʨʪʦʣʝʪʦʚ ʩ ʛʘʟʦʪʫʨʙʠʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 290 ʢʤ/ʯ, ʘ ʥʘʠʙʦʣʝʝ ʜʘʣʴʥʠʝ ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ ʧʨʝʦʜʦʣʝʚʘʪʴ ʥʝ 

ʙʦʣʝʝ 900 ʢʤ. 

ʄʝʞʜʫ ʪʝʤ ʚ ʉʐɸ, ɽʚʨʦʧʝ, ʘ ʪʘʢʞʝ ʈʦʩʩʠʠ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʥʦʚʳʭ ʩʢʦʨʦʩʪʥʳʭ ʚʠʥʪʦʢʨʳʣʳʭ ʃɸ ʩ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʝʪʘ ʚʧʣʦʪʴ ʜʦ 

500 ʢʤ/ʯ ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʜʘʣʴʥʦʩʪʴʶ ʧʦʣʝʪʘ. ɼʦʩʪʠʞʝʥʠʝ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʙʣʠʢʘ ʚʠʥʪʦʢʨʳʣʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʪʦʣʢʘʶʱʠʭ ʚʠʥʪʦʚ ʣʠʙʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʘ ʢʦʥʚʝʨʪʦʧʣʘʥʘ. 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ ʠʟʚʝʩʪʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʭʝʤʳ 

ʢʦʥʚʝʨʪʦʧʣʘʥʦʚ,  ʥʘʧʨʠʤʝʨ, Bell V-22 Osprey, Bell/Agusta BA609 ʠ Hiller XC-

142A, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʚʫʭʨʝʞʠʤʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʩʧʦʩʦʙʥʳʝ ʩʦʚʝʨʰʘʪʴ 

ʧʦʣʝʪ ʢʘʢ ʩʘʤʦʣʝʪ, ʪʦ ʝʩʪʴ ʜʚʠʛʘʪʝʣʠ ʩʦʟʜʘʶʪ ʪʷʛʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʜʚʠʞʝʥʠʷ 

ʚʧʝʨʝʜ ʥʘ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ; ʘʧʧʘʨʘʪ ʩʦʚʝʨʰʘʝʪ ʧʦʜʲʝʤ 

ʢʘʢ ʚʝʨʪʦʣʝʪ, ʫ ʢʦʪʦʨʦʛʦ ʪʷʛʘ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʦʜʦʣʝʚʘʷ ʚʝʩ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʲʝʤ, ʘ ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʠʙʦ ʥʘʢʣʦʥʦʤ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ, 

ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʜʫʚʘʝʤʳʤ ʦʧʝʨʝʥʠʝʤ, ʠ ʢʦʪʦʨʳʤ ʧʨʠʩʫʱ ʧʝʨʝʭʦʜ ʦʪ 

ʚʝʨʪʦʣʝʪʥʦʛʦ ʨʝʞʠʤʘ ʢ ʩʘʤʦʣʝʪʥʦʤʫ ʯʝʨʝʟ ʧʦʚʦʨʦʪ ʜʚʠʛʘʪʝʣʝʡ ʠʣʠ ʢʨʳʣʘ, ʩ 

ʨʘʟʤʝʱʝʥʥʳʤʠ ʥʘ ʥʝʤ ʜʚʠʛʘʪʝʣʷʤʠ. 

ʀʟʚʝʩʪʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʮʝʥʪʨʳ ʤʘʩʩ ʜʚʠʛʘʪʝʣʝʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʜʥʦʡ ʦʩʠ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ 

ʢʦʥʚʝʨʪʦʧʣʘʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʡʥʝʡ ʧʨʦʜʦʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʣʦʭʦʡ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʘʧʧʘʨʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʩ ʧʦʚʦʨʦʪʥʳʤ ʢʨʳʣʦʤ ʧʦʚʦʨʦʪ 

ʢʨʳʣʘ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ ʥʘ ʫʛʦʣ 90Á ʧʨʠʚʦʜʠʪ ʢ ʩʨʳʚʫ ʧʦʪʦʢʘ ʥʘ ʢʨʳʣʝ ʠ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ.  

ɺʩʝ ʢʦʥʚʝʨʪʦʧʣʘʥʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʩʘʤʦʣʸʪʦʚ. ʅʘ ʩʘʤʦʣʝʪʘʭ, 

ʜʚʠʞʫʱʠʭʩʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ (ʵʣʝʨʦʥʳ, ʨʫʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʨʫʣʠ ʚʳʩʦʪʳ) ʥʘʭʦʜʷʪʩʷ ʚ 

ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ. ʈʝʘʢʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʵʪʠʭ ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʧʦʣʦʞʝʥʠʝ 

ʩʘʤʦʣʸʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʢʦʥʚʝʨʪʦʧʣʘʥʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʦʨʛʘʥʦʚ 
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ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʦʤ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ ʨʝʞʠʤʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

(ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ) ʧʦʣʸʪʘ, ʥʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʝʩʧʦʣʝʟʥʳʤʠ ʥʘ ʨʝʞʠʤʘʭ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʸʪʘ ʠ ʧʦʩʘʜʢʠ, ʘ ʪʘʢʞʝ ʚʠʩʝʥʠʷ (ʪʘʢ ʢʘʢ ʥʘ ʵʪʠʭ ʨʝʞʠʤʘʭ 

ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʦʪʩʫʪʩʪʚʫʝʪ). 

ʊʘʢʞʝ ʚ ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ (ʃɸ ɺɺʇ) ʚʭʦʜʷʪ: ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ 

ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʃɸ, ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʦʡ ʠʟ 

ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʜʘʥʥʳʭ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦ ʢʦʥʚʝʨʪʦʧʣʘʥʘ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ 

ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ. ɺ ʥʘʯʘʣʝ 1960-ʭ ʛʦʜʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʩʝʨʠʷ çʚʠʥʪʦʢʨʳʣʦʚè ʂʘ-22 ʩ ʜʚʫʤʷ ʥʝʩʫʱʠʤʠ ʚʠʥʪʘʤʠ ʠ ʜʚʫʤʷ 

ʪʫʨʙʦʚʠʥʪʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʇʦʣʝʪʥʘʷ ʤʘʩʩʘ ʤʘʰʠʥʳ ʜʦʩʪʠʛʘʣʘ 37 ʪʦʥʥ. 

ʆʜʥʘʢʦ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʢʘʪʘʩʪʨʦʬ ʤʘʰʠʥʫ ʩʦʯʣʠ ʥʝʧʨʠʛʦʜʥʦʡ ʠ ʚ ʩʝʨʠʡʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʧʫʩʪʠʣʠ. ʉʣʝʜʫʶʱʝʡ ʧʦʧʳʪʢʦʡ ʩʦʟʜʘʥʠʷ ʢʦʥʚʝʨʪʦʧʣʘʥʘ ʩʪʘʣ 

ʧʨʦʝʢʪ çʚʠʥʪʦʧʣʘʥʘè ʄʠ-30. ʅʦ ʤʘʰʠʥʘ, ʢʦʪʦʨʘʷ ʧʦ ʩʚʦʝʡ ʩʭʝʤʝ ʥʘʧʦʤʠʥʘʣʘ 

ʘʤʝʨʠʢʘʥʩʢʠʡ çʆʩʧʨʠè ʪʘʢ ʠ ʥʝ ʧʦʰʣʘ ʚ ʩʝʨʠʶ. 

ʅʦ ʧʨʠ ʨʝʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʨʪʦʧʣʘʥ ʜʘʝʪ ʛʨʦʤʘʜʥʫʶ 

ʚʳʛʦʜʫ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʛʠʦʥʘʤ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʟʝʤʣʝʥʠʷ ʦʙʳʯʥʳʭ ʩʘʤʦʣʝʪʦʚ. ʀ ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʤʝʩʪ ʜʠʩʣʦʢʘʮʠʠ ʘʚʠʘʮʠʠ. ʂ ʪʘʢʦʚʳʤ, ʥʘʧʨʠʤʝʨ, 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʩʢʘʟʳʚʘʣʠʩʴ 

ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʧʦʚʦʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃɸ 

ɺɺʇ. 

ʋʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʢʨʳʣʦ ʜʣʷ ʃɸ ɺɺʇ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʦʣʝʪʦʤ ʦʙʳʯʥʦʡ ʩʭʝʤʳ, ʪʘʢ ʢʘʢ ʦʥʘ ʜʣʷ ʃɸ ɺɺʇ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʝ ʠʟ ʫʩʣʦʚʠʷ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ, ʘ ʠʟ ʫʩʣʦʚʠʷ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ 

ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʥʘ ʨʘʩʯʝʪʥʳʭ ʚʳʩʦʪʘʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʣʝʪʥʦʡ ʤʘʩʩʝ ʉɺɺʇ ʤʦʞʝʪ ʠʤʝʪʴ ʢʨʳʣʦ ʤʝʥʴʰʝʡ 

ʧʣʦʱʘʜʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʤʘʩʩʫ [3]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʠʥʪʦʢʨʳʣʳʭ ʃɸ ɺɺʇ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ 

ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫ, ʢʘʢ ʩʘʤʦʣʝʪ ʦʙʳʯʥʦʡ ʩʭʝʤʳ ʩ ʨʘʟʙʝʛʦʤ ʠ ʧʨʦʙʝʛʦʤ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʥʠʭ ʪʨʝʙʫʝʪʩʷ ʰʘʩʩʠ ʦʙʳʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʝʡ 

ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʦʣʝʪʦʤ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʦʱʥʦʡ 

ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʳʣʘ ʩ ʦʙʜʫʚʢʦʡ ʧʦʩʣʝʜʥʝʛʦ ʧʦʯʪʠ ʧʦ ʚʩʝʤʫ ʨʘʟʤʘʭʫ ʩʪʨʫʝʡ ʦʪ 

ʚʠʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʚʟʣʝʪʥʦ - ʧʦʩʘʜʦʯʥʳʝ ʩʢʦʨʦʩʪʠ ʠ 

ʜʠʩʪʘʥʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʦʙʣʝʛʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʠ 

ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʰʘʩʩʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʥʫʞʜʝʥʥʦʡ ʧʦʩʘʜʢʠ ʥʘ ʥʝʙʦʣʴʰʫʶ 

ʛʨʫʥʪʦʚʫʶ ʧʦʩʘʜʦʯʥʫʶ ʧʣʦʱʘʜʢʫ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʪʴ ʨʝʟʝʨʚʥʳʡ 

ʟʘʧʘʩ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʡ ʫ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʝʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 

10 ï 15% ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʪʦʧʣʠʚʘ. ʕʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʤʘʩʩʫ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. 
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ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʫʪʠ ʵʢʦʥʦʤʠʠ ʤʘʩʩʳ ʘʛʨʝʛʘʪʦʚ ʠ ʥʘʛʨʫʟʢʠ 

ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʶʪ ʤʘʩʩʫ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʃɸ ɺɺʇ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʠ ʨʘʚʥʦʡ ʚʟʣʝʪʥʦʡ ʤʘʩʩʝ ʦʙʳʯʥʦʛʦ ʩʘʤʦʣʝʪʘ ʠ ʃɸ ɺɺʇ, ʧʦʩʣʝʜʥʠʡ ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʚʟʣʝʪʝ ʦʙʳʯʥʦ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ. 

ʇʨʠ ʚʟʣʝʪʝ ʩ ʢʦʨʦʪʢʠʤ ʨʘʟʙʝʛʦʤ (200 ï 300 ʤ) ʦʥ ʤʦʞʝʪ ʧʦʜʥʠʤʘʪʴ ʪʘʢʫʶ ʞʝ 

ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʘʢ ʠ ʦʙʳʯʥʳʡ ʩʘʤʦʣʝʪ. 

ʃɸ ɺɺʇ ʥʘ ʨʷʜʫ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʠʤʝʶʪ ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʜʦ 

ʢʦʥʮʘ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 
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Abstract: At the present time state-of-the-art of aeronavtical scince permits 

developed to principally new flying machine. Modern tehnology such as automatic 

control systems, electric motor in powerplant and tilt-rotor give opportiunites for 

design vertical take-off and landing aircraft. Aircraft and helecopter advantages 

fusion in machine named convertiplane. It apparatus will be useful for civil and 

military aviation. 

Configuration of existent convertiplanes: Bell V-22 Osprey, Bell/Agusta A609 

and Hiller XC-142A have some problem with stability and control. 
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However, they give huge benefits at some problem solving, for this reason 

convertiplanes have many horizons. 

Keywords: tiltrotor; vertical take-off and landing; rotorcraft 

. 
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ʌʶʟʝʣʷʞ ʩʘʤʦʣʝʪʘ SSJ-100 ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʣʫʤʦʥʦʢʦʢʘ. 

ʇʦʣʫʤʦʥʦʢʦʢ ʠʣʠ ʫʩʠʣʝʥʥʳʡ ʤʦʥʦʢʦʢ ï ʵʪʦ ʢʦʥʩʪʨʫʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʥʘʛʨʫʟʢʠ 

ʥʝʩʫʪ ʢʘʢ ʚʥʝʰʥʷʷ ʪʦʥʢʦʩʪʝʥʥʘʷ ʦʙʦʣʦʯʢʘ, ʪʘʢ ʠ ʧʦʜʢʨʝʧʣʷʶʱʠʡ ʝʸ ʩʠʣʦʚʦʡ 

ʢʘʨʢʘʩ (ʰʧʘʥʛʦʫʪʳ, ʩʪʨʠʥʛʝʨʳ). Z-ʦʙʨʘʟʥʳʝ ʰʧʘʥʛʦʫʪʳ (ʨʝʛʫʣʷʨʥʳʡ ʰʘʛ 

ʩʦʩʪʘʚʣʷʝʪ 500 ʤʤ) ʠ ʦʙʰʠʚʢʘ, ʫʩʠʣʝʥʥʘʷ ʊ- ʠ Z-ʦʙʨʘʟʥʳʤʠ ʩʪʨʠʥʛʝʨʘʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. ʇʘʥʝʣʠ ʬʶʟʝʣʷʞʘ 

ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʨʦʜʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʞʸʩʪʢʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʠʢʨʝʧʣʸʥʥʳʭ 

ʢ ʣʠʩʪʘʤ ʠʣʠ ʧʣʘʩʪʠʥʘʤ [1]. 

ɺ ʦʪʩʝʢʝ ʌ-1 ʥʘʭʦʜʠʪʩʷ ʢʘʙʠʥʘ ʵʢʠʧʘʞʘ (ʨʘʟʤʝʱʝʥʘ ʥʘʜ ʧʦʣʦʤ), 

ʧʝʨʝʜʥʠʡ, ʣʝʚʳʡ ʠ ʧʨʘʚʳʡ ʪʝʭʥʠʯʝʩʢʠʝ ʦʪʩʝʢʠ (ʨʘʟʤʝʱʝʥʳ ʧʦʜ ʧʦʣʦʤ), ʦʪʩʝʢ 

ʧʝʨʝʜʥʝʡ ʦʧʦʨʳ ʰʘʩʩʠ, ʦʪʩʝʢ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʥʦʩʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ. ʌʶʟʝʣʷʞ 

ʩʘʤʦʣʝʪʘ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʙʘʣʢʠ ʧʦʣʘ ʦʪʩʝʢʘ ʌ-1 ʩʘʤʦʣʝʪʘ SSJ-100: ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʣʦʢ. ʆʙʱʠʡ ʚʠʜ ʧʦʣʘ ʢʘʙʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʈʠʩ. 1. ʆʩʥʦʚʫ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʨʘʟʫʶʪ ʙʘʣʢʠ ʧʦʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ 

ʜʠʩʪʘʥʮʠʷʤ ʰʧʘʥʛʦʫʪʦʚ. ɹʘʣʢʠ ʧʦʣʘ ʚʳʧʦʣʥʝʥʳ ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʉ-ʦʙʨʘʟʥʦʛʦ 

ʩʝʯʝʥʠʷ. ɺ ʩʪʝʥʢʘʭ ʠʤʝʶʪʩʷ ʦʪʚʝʨʩʪʠʷ ʦʙʣʝʛʯʝʥʠʷ. ʉʪʝʥʢʠ ʙʘʣʦʢ ʧʦʣʘ 

ʩʪʳʢʫʶʪʩʷ ʩʦ ʩʪʝʥʢʘʤʠ ʰʧʘʥʛʦʫʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʟʘʢʣʝʧʦʢ. 

mailto:flymixbox@mail.ru
https://ru.wikipedia.org/wiki/%D0%A8%D0%BF%D0%B0%D0%BD%D0%B3%D0%BE%D1%83%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B8%D0%BD%D0%B3%D0%B5%D1%80_(%D0%B0%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D1%8F)
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ɺ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ ʧʝʜʘʣʝʡ ʠ ʢʨʝʩʝʣ ʧʠʣʦʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ 

ʙʘʣʢʠ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʘʣʦʢ ʧʨʠʤʝʥʷʝʪʩʷ ʬʨʝʟʝʨʦʚʘʥʠʝ. 

ʊʘʢʦʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ:  

ç+è ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ; 

ç+è ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʙʦʣʴʰʦʡ ʚʝʩ; 

ç+è ʅʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʥʘʩʪʢʠ. 

ç-è ɹʦʣʴʰʦʡ ʨʘʩʭʦʜ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ; 

ç-è ɼʦʨʦʛʦʚʠʟʥʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

ç-è ʅʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ; 

ç-è ʋʭʫʜʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʩʣʦʡ, ʧʨʠʣʝʛʘʶʱʠʡ ʢ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʧʨʦʯʥʷʝʪʩʷ ʠ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, ʧʦʚʳʰʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ, ʚ ʥʝʤ ʚʦʟʥʠʢʘʶʪ 

ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢ ʞʝ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʪʨʝʱʠʥʳ) [2]. 

 
ʈʠʩ. 1 ï ʆʙʱʠʡ ʚʠʜ ʧʦʣʘ ʢʘʙʠʥʳ ʦʪʩʝʢʘ ʌ1 

ʊʘʢ ʢʘʢ ʙʘʣʢʠ ʧʦʣʘ ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʪʦ 

ʝʩʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʝʝ ʠʟʤʝʥʝʥʠʷ: 

1) ɿʘʤʝʥʘ ʤʝʪʘʣʣʘ ʥʘ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

2) ʈʘʟʙʠʝʥʠʝ ʜʝʪʘʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʚʳʧʦʣʥʝʥʠʝ ʠʟ 

ʧʨʦʬʠʣʝʡ, ʛʥʫʪʦʛʦ ʣʠʩʪʘ. ʇʨʠ ʩʙʦʨʢʝ ʜʝʪʘʣʝʡ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʩʦʝʜʠʥʝʥʠʡ: ʟʘʢʣʝʧʦʯʥʦʝ ʠ ʢʣʝʝʟʘʢʣʝʧʦʯʥʦʝ, ʩʚʘʨʥʦʝ ʠ 

ʢʣʝʝʩʚʘʨʥʦʝ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ:  

ç+è ɺʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, 

ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ; 

ç+è ʃʝʛʢʦʩʪʴ. 
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ç-è ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʥʠʟʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ; 

ç-è ɸʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ, ʥʠʟʢʘʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʚʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ 

ʦʙʲʸʤ; 

ç-è ɻʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʪʦʢʩʠʯʥʦʩʪʴ [3]. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ 

ʪʨʫʜʦʸʤʢʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʦʪ ʚʘʨʠʘʥʪ ʥʝ ʥʘʭʦʜʠʪ 

ʩʚʦʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ï ʨʘʟʙʠʝʥʠʝ ʮʝʣʴʥʦʬʨʝʟʝʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ: 

ç+è ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʧʨʦʬʠʣʠ ʠ ʟʘʢʣʝʧʢʠ; 

ç+è ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ç+è ʅʠʟʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʨʘʙʦʯʠʭ. 

ç-è ʉʧʝʮʠʘʣʴʥʘʷ ʦʩʥʘʩʪʢʘ; 

ç-è ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

ç-è ɺʣʠʷʥʠʝ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʟʘʢʣʝʧʢʠ, ʩʚʘʨʥʦʛʦ ʰʚʘ ʥʘ ʧʨʦʯʥʦʩʪʴ [2].  

ʊʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ (ʰʪʘʤʧʦʚʢʘ, 

ʧʨʦʢʘʪʢʘ, ʛʠʙʢʘ, ʬʨʝʟʝʨʦʚʘʥʠʝ) ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ (ʟʘʢʣʝʧʦʯʥʦʝ, 

ʢʣʝʝʟʘʢʣʝʧʦʯʥʦʝ, ʩʚʘʨʥʦʝ ʠ ʢʣʝʝʩʚʘʨʥʦʝ). 

ɺʳʚʦʜ: ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʣʘ ʦʪʩʝʢʘ ʌ-1,  

ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʯʥʦʩʪʠ (ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ), ʚʳʙʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʚʳʙʦʨʘ 

ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. 
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The object of the research in the article is subfloor beams of section F-1 for 

SSJ-100 aircraft. 

Subfloor beams located at distances of frames form basis of the structure. 

Longitudinal beams are located in places of pedals and driversô seats installation. 

At the moment they are processed with milling method. This method has a 

number of advantages and disadvantages. 

Since subfloor beams are not a critical structure, it is possible to change it as 

follows: 

1) Replace metal with composite material; 

2) Split details to individual elements and make them with profiles, bent sheets 

(methods of processing of details and their connections are important). 

Conclusion: it is necessary to analyze subfloor beams for section F-1, 

determine requirements to durability (operating loads), choose the most 

technologically advanced realization variants from sheet material with a choice 

argumentation of a method for processing of details and their connections. 
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ʉʙʦʨʢʘ ʧʣʘʥʝʨʘ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʏʘʩʪʦ ʧʨʠ ʩʪʳʢʦʚʢʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʚʦʟʥʠʢʘʶʪ ʟʘʟʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʩʙʦʨʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤʥʳʭ ʤʝʩʪ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʣʝʪʘ ʷʚʣʷʝʪʩʷ 

ʩʪʳʢʦʚʢʘ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʩ ʮʝʥʪʨʦʧʣʘʥʦʤ. ɺ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʜʦʨʘʙʦʪʢʠ ʩʙʦʨʦʯʥʳʭ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʙʦʨʢʘ, ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ, ʢʘʯʝʩʪʚʦ 

ɺʚʝʜʝʥʠʝ 

ʉʙʦʨʢʘ ʧʣʘʥʝʨʘ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ, ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ [1]. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʩʙʦʨʢʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʟʣʘ, ʧʨʠʚʦʜʷʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʠʣʠ ʢ ʧʨʦʙʣʝʤʘʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʩʙʦʨʢʝ 

ʵʪʠʭ ʫʟʣʦʚ, ʯʪʦ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [2]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤʥʳʭ ʤʝʩʪ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʣʝʪʘ 

ʷʚʣʷʝʪʩʷ ʩʪʳʢʦʚʢʘ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʩ ʮʝʥʪʨʦʧʣʘʥʦʤ, ʛʜʝ ʟʘ ʩʯʸʪ ʥʘʣʦʞʝʥʠʷ 

ʜʦʧʫʩʢʦʚ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʦʙʨʘʟʫʶʪʩʷ ʟʘʟʦʨʳ ʤʝʞʜʫ 

ʩʪʳʢʦʚʦʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʠ ʮʝʥʪʨʦʧʣʘʥʘ. 

ʄʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʨʠʤʝʥʝʥʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

1. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʚʝʣʠʨʦʚʦʯʥʳʝ ʪʦʯʢʠ ʥʘ  

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʩʝʢʘ ʍʏʌ, ʧʨʠ 

ʠʭ ʩʪʳʢʦʚʢʝ. ɼʣʷ ʵʪʦʛʦ ʥʘʥʝʩʝʥʠʝ ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ ʪʦʯʝʢ ʙʳʣʦ ʧʝʨʝʥʝʩʝʥʦ ʩ 

ʵʪʘʧʘ ʩʪʳʢʦʚʢʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʠ ʦʪʩʝʢʘ ʍʏʌ, ʥʘ ʵʪʘʧ ʩʙʦʨʢʠ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʨʦʣʷ,  ʧʨʠ ʩʪʳʢʦʚʢʝ 

ʦʪʩʝʢʦʚ. 

2. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʝʨʝʥʝʩʪʠ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ 

ʩʪʳʢʦʚʦʯʥʳʭ ʧʨʦʬʠʣʝʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʩ ʵʪʘʧʘ ʩʙʦʨʢʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʥʘ 

ʵʪʘʧ ʩʪʳʢʦʚʢʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʩ ʮʝʥʪʨʦʧʣʘʥʦʤ. 

3. ɹʳʣ ʜʦʨʘʙʦʪʘʥ ʩʪʘʧʝʣʴ ʩʙʦʨʢʠ ʮʝʥʪʨʦʧʣʘʥʘ, ʘ ʠʤʝʥʥʦ ʚʤʝʩʪʦ 

ʬʠʢʩʘʪʦʨʦʚ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʙʦʨʦʯʥʳʝ ʣʠʥʝʡʢʠ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʷʶʪ ʪʝʦʨʠʶ ʩʪʳʢʦʚʦʯʥʳʭ ʧʨʦʬʠʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʩʤʝʱʝʥʠʝ 

ʧʨʦʬʠʣʝʡ ʥʘ ʮʝʥʪʨʦʧʣʘʥʝ, ʧʨʠ ʠʭ ʫʩʪʘʥʦʚʢʝ. 

ɺʳʚʦʜ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʦʩʪʴʶ 

ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ (ʟʘʟʦʨʦʚ) ʧʨʠ ʩʪʳʢʦʚʢʝ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʩ 

ʮʝʥʪʨʦʧʣʘʥʦʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʩʠʣʦ ʢʘʯʝʩʪʚʦ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ. 
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Abstract: Assembling of the fuselage is the final stage of work on the production of 

the aircraft. Often, gaps arise during the joining of sections of aircraft in unit that 

affect the quality of assembly. One of such problem areas in the aircraft construction 

is joining inlet cowl with the center wing section. The paper managed to improve the 

quality of assembly work due to update of assembly fixture and change of the 

sequence of the technological process of the assembly work. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʚʪʦʨʘʤʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʘʢʘʷ ʠʥʪʝʨʝʩʥʘʷ ʪʝʤʘ, ʢʘʢ ʙʠʦʥʠʢʘ ʠ ʩʦʟʜʘʥʠʝ, 

ʥʘ ʝʸ ʦʩʥʦʚʝ, ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ.  ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʧʘʜʥʳʭ ʢʦʣʣʝʛ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʥʠʢʠ. ʆʙʦʟʥʘʯʝʥʳ ʚʩʝ ʧʣʶʩʳ ʠ 

ʤʠʥʫʩʳ ʙʠʦʥʠʯʝʩʢʠʭ ʙʝʩʧʠʣʦʪʥʠʢʦʚ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʙʩʪʚʝʥʥʳʡ 

ʚʘʨʠʘʥʪ ʙʠʦʥʠʯʝʩʢʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ 

ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʣʴʪʝʨʥʘʪʠʚʘ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, 

ʙʠʦʥʠʢʘ, ʩʪʨʝʢʦʟʘ, BionicOpter.  

1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʟʜʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʟʘʥʷʪʠʝʤ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʥʠʞʝ. 

ʉʫʱʝʩʪʚʫʶʪ ʫʜʘʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʳʚʘʶʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ɹʇʃɸ. ɺʩʝ ʦʥʠ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʦʠʟʦʰʣʠ ʦʪ ʩʚʦʠʭ çʩʪʘʨʰʠʭè ʩʦʙʨʘʪʴʝʚ - ʩʘʤʦʣʸʪʦʚ ʠ ʚʝʨʪʦʣʸʪʦʚ, ʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʣʸʪ ʙʣʘʛʦʜʘʨʷ ʪʝʤ ʞʝ ʧʨʠʥʮʠʧʘʤ. ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ ʦʜʠʥ ʬʘʢʪ, 

ʯʪʦ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʷ ɹʇʃɸ, ʤʦʞʥʦ 

ʧʦʧʨʦʙʦʚʘʪʴ ʧʨʠʤʝʥʠʪʴ ʠʥʫʶ ʢʦʤʧʦʥʦʚʢʫ ʠ ʧʨʠʥʮʠʧ ʧʦʣʸʪʘ. ʅʦ ʚʥʘʯʘʣʝ ʩʪʦʠʪ 

ʨʘʟʦʙʨʘʪʴʩʷ ʧʦʛʣʫʙʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʚʦʧʨʦʩʘʭ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɹʇʃɸ 

ʀʥʪʝʨʝʩ ʢ ɹʇʃɸ ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʚʳʟʚʘʥ ʧʨʦʩʪʦʪʦʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʠ ʪ.ʜ. 

ɹʇʃɸ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚ ʛʨʘʞʜʘʥʩʢʦʡ, ʪʘʢ ʠ ʚ ʚʦʝʥʥʦʡ ʩʬʝʨʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʤʠʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʞʜʘʥʩʢʠʭ ɹʇʃɸ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʭ ʢʘʢ çʤʠʢʨʦè ʠ çʤʠʥʠè, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʠʤ 

ʩʧʝʮʠʬʠʢʘʮʠʷʤ ʠ ʥʘʙʦʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʥʘʟʥʘʯʝʥʠʝ, ʚʝʩ, ʨʘʟʤʝʨ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʩʦʪʘ ʧʦʣʝʪʘ, ʩʠʩʪʝʤʘ ʟʘʧʫʩʢʘ ʠ ʧʨʠʟʝʤʣʝʥʠʷ, ʥʘʣʠʯʠʝ 

ʩʠʩʪʝʤ ʘʚʪʦʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ, ʬʦʨʤʘʪ ʬʦʪʦ- ʠ ʚʠʜʝʦʩʲʝʤʢʠ ʠ ʜʨ.). 

ɹʝʩʧʠʣʦʪʥʠʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ [1]: 

1. ʇʦ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

o ʙʣʠʞʥʝʛʦ ʜʝʡʩʪʚʠʷ - ʜʦ 40 ʢʤ; 

o ʤʘʣʦʡ ʜʘʣʴʥʦʩʪʠ - ʜʦ 120 ʢʤ; 

o ʩʨʝʜʥʝʡ ʜʘʣʴʥʦʩʪʠ - ʜʦ 1000 ʢʤ; 

o ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʠ - ʙʦʣʝʝ 1500 ʢʤ. 

2. ʇʦ ʢʨʘʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

o ʦʜʥʦʨʘʟʦʚʳʝ; 

o ʤʥʦʛʦʨʘʟʦʚʳʝ; 

3. ʇʦ ʣʸʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

4. ʇʦ ʩʧʦʩʦʙʫ ʩʪʘʨʪʘ ʠ ʧʦʩʘʜʢʠ 

5. ʇʦ ʪʠʧʫ ɹʇʃɸ 

o ʩʘʤʦʣʸʪʥʦʡ ʩʭʝʤʳ 

o ʚʝʨʪʦʣʸʪʥʦʡ ʩʭʝʤʳ 

o ʨʘʢʝʪʥʦʡ ʩʭʝʤʳ 

o           ʩʭʝʤʘ ʩ ʧʦʜʲʸʤʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ 

6. ʇʦ ʚʟʣʸʪʥʦʡ ʤʘʩʩʝ 

o ʜʦ 5 ʢʛ (ʢʣʘʩʩ ʤʠʢʨʦ);  

o ʜʦ 50 ʢʛ (ʤʘʣʳʡ ʢʣʘʩʩ);  

o 50-100 ʢʛ (ʣʝʛʢʠʡ ʢʣʘʩʩ);  

o 100-500 ʢʛ (ʩʨʝʜʥʠʡ ʢʣʘʩʩ);  

o 500-1500 ʢʛ ʠ ʙʦʣʝʝ (ʪʷʞʝʣʳʡ ʢʣʘʩʩ). 
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3. ʋʩʪʨʦʡʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ɹʇʃɸ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʣʦʞʠʣʠʩʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ ʢʦʤʧʦʥʦʚʢʠ ɹʇʃɸ: 

ʢʣʘʩʩʠʯʝʩʢʘʷ (ʧʦ ʩʭʝʤʝ çʬʶʟʝʣʷʞ+ʢʨʳʣʴʷ+ʭʚʦʩʪè), ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ɹʇʃɸ çʆʨʣʘʥ-10è, Mavinci SIRIUS (ʨʠʩ. 1) ʠ ʜʨ., çʣʝʪʘʶʱʝʝ 

ʢʨʳʣʦè, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ Geoscan 101 (ʨʠʩ. 2), Gatewing X100 ʠ ʜʨ. ʠ ɹʇʃɸ 

ʪʠʧʘ çʢʦʧʪʝʨè ʥʘʧʨʠʤʝʨ DJI F450 (ʨʠʩ.3) [1].  

 

 
 

ʈʠʩ. 1. Mavinci SIRIUS 

 
ʈʠʩ. 2. Geoscan 101     ʈʠʩ. 3. DJI F450 

 

ʉ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʙʠʦʥʠʯʝʩʢʠʭ ɹʇʃɸ, ʪ.ʝ. 

ʧʦʚʪʦʨʷʶʱʠʭ ʩʦʟʜʘʥʠʷ ʞʠʚʦʡ ʧʨʠʨʦʜʳ. ɻʝʨʤʘʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Festo ʩʦʟʜʘʥʳ 

ʪʘʢʠʝ ʧʨʦʪʦʪʠʧʳ, ʢʘʢ eMotionButterflies (ʙʘʙʦʯʢʘ) (ʨʠʩ.4), SmartBird (ʧʪʠʮʘ) 

(ʨʠʩ.5) ʠ BionicOpter (ʩʪʨʝʢʦʟʘ) (ʨʠʩ.6).  

 
ʈʠʩ. 4. eMotionButterflies 
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ʈʠʩ. 5. SmartBird 

 

 
ʈʠʩ. 6. BionicOpter 

 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʙʝʩʧʠʣʦʪʥʠʢʘ-ʩʪʨʝʢʦʟʳ. ɺ 

ʧʨʠʨʦʜʝ ʩʪʨʝʢʦʟʘ - ʵʪʦ ʥʘʩʝʢʦʤʦʝ-ʭʠʱʥʠʢ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʧʨʝʚʦʩʭʦʜʥʳʤʠ 

ʣʸʪʥʳʤʠ ʠ ʤʘʥʸʚʨʝʥʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʣʝʪʘʶʱʠʤʠ 

ʥʘʩʝʢʦʤʳʤʠ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʜʚʫʭ ʧʘʨ 

ʢʨʳʣʴʝʚ ʚʤʝʩʪʦ ʦʜʥʦʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʫ ʧʯʸʣ. ʋʯʸʥʳʤ ʠʟ ʂʦʨʦʣʝʚʩʢʦʛʦ 

ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʢʦʣʣʝʜʞʘ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʠʟ ʥʝʤʝʮʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʋʣʴʤʘ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʪʝʢʘʥʠʷ ʚʦʟʜʫʭʘ ʢʨʳʣʴʝʚ ʩʪʨʝʢʦʟʳ, ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ, ʢʦʛʜʘ ʥʠʞʥʠʝ ʢʨʳʣʴʷ ʥʘʯʠʥʘʶʪ ʜʚʠʞʝʥʠʝ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʵʪʦ 

ʜʝʣʘʶʪ ʚʝʨʭʥʠʝ, ʪʦ ʩʠʣʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʧʦʜʲʸʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘ 22% ʤʝʥʴʰʝ, 

ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʢʨʳʣʘ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ ʤʘʥʸʚʨʝʥʥʦʩʪʴ. 

ʇʦʜʦʙʥʳʡ ʃɸ ʧʦʣʫʯʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠʩʫʱʠʭ ʝʛʦ ʧʨʦʪʦʪʠʧʫ:  

1. ɺʝʨʪʠʢʘʣʴʥʳʡ ʚʟʣʸʪ ʠ ʧʦʩʘʜʢʘ;  

2. ʄʘʥʝʚʨʠʨʦʚʘʥʠʝ ʚʦ ʚʨʝʤʷ ʧʦʣʸʪʘ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝ ʠʟʤʝʥʷʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʦʝʛʦ ʪʝʣʘ;  
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3. ʇʣʘʥʠʨʦʚʘʥʠʝ;  

4. ʆʪʩʫʪʩʪʚʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʢʣʦʥʘ ʢʦʨʧʫʩʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ; 

ʆʜʥʘʢʦ ʦʥ ʪʘʢʞʝ ʠʤʝʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ: 

1. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ; 

2. ʉʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ɹʇʃɸ ʜʨʫʛʠʭ ʪʠʧʦʚ; 

ɺ 2013 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Festo ʩʦʟʜʘʣʘ ʨʘʙʦʪʘʶʱʫʶ ʤʦʜʝʣʴ ʨʦʙʦʪʘ-ʩʪʨʝʢʦʟʳ 

BionicOpter (ʨʠʩ.4), ʦ ʢʦʪʦʨʦʡ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ. ʉʚʝʨʭʣʝʛʢʠʡ ʣʝʪʘʶʱʠʡ 

ʘʧʧʘʨʘʪ, ʢʘʢ ʠ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʦʙʨʘʪ, ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʤʘʥʝʚʨʳ ʚʦ ʚʩʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʟʘʚʠʩʘʪʴ ʥʘ ʤʝʩʪʝ ʠ ʧʘʨʠʪʴ ʚ ʚʦʟʜʫʭʝ, ʥʝ ʚʟʤʘʭʠʚʘʷ ʢʨʳʣʴʷʤʠ. 

ʈʘʟʤʘʭ ʢʨʳʣʴʝʚ ʩʦʩʪʘʚʣʷʝʪ 63 ʩʘʥʪʠʤʝʪʨʘ. ʂʘʞʜʦʝ ʠʟ ʯʝʪʳʨʝʭ ʢʨʳʣʴʝʚ ʨʦʙʦʪʘ-

ʥʘʩʝʢʦʤʦʛʦ ʠʤʝʝʪ ʛʠʙʢʠʡ ʠ ʧʨʦʯʥʳʡ ʢʘʨʢʘʩ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʦʣʦʢʥʘ, 

ʧʦʢʨʳʪʳʡ ʧʦʣʠʵʩʪʝʨʦʚʦʡ ʧʨʦʟʨʘʯʥʦʡ ʧʣʝʥʢʦʡ. ɹʣʘʛʦʜʘʨʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʳʣʦ 

ʨʦʙʦʪʘ-ʥʘʩʝʢʦʤʦʛʦ ʙʝʟ ʧʦʣʦʤʢʠ ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʠʟʛʠʙ ʥʘ 90 ʛʨʘʜʫʩʦʚ. 

ɼʣʠʥʘ ʨʦʙʦʪʘ-ʩʪʨʝʢʦʟʳ BionicOpter ʩʦʩʪʘʚʣʷʝʪ 44 ʩʘʥʪʠʤʝʪʨʘ. ɽʛʦ ʧʨʦʯʥʳʡ ʠ 

ʣʝʛʢʠʡ ʢʦʨʧʫʩ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʠʘʤʠʜʘ ʠ 

ʪʝʨʤʦʧʦʣʠʤʝʨʘ, ʦʩʦʙʦʛʦ ʚʠʜʘ ʧʣʘʩʪʠʢʘ ABS. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʝʩ ʢʦʨʧʫʩʘ 

ʨʦʙʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 175 ʛʨʘʤʤ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʙʣʦʢʠ ʦʪʚʝʯʘʶʪ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʨʦʙʦʪʘ, ʚʢʣʶʯʘʷ ʧʝʨʝʤʝʥʥʫʶ ʯʘʩʪʦʪʫ ʚʟʤʘʭʦʚ 

ʢʨʳʣʴʝʚ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 15 ʜʦ 20 ɻʝʨʮ, ʘʤʧʣʠʪʫʜʫ ʚʟʤʘʭʦʚ 

ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʞʜʦʛʦ ʢʨʳʣʘ [2]. 

4. ɸʣʴʪʝʨʥʘʪʠʚʘ 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ ʩʦʙʩʪʚʝʥʥʦʛʦ ʙʠʦʥʠʯʝʩʢʦʛʦ 

ɹʇʃɸ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʸʪʘ ʩʪʨʝʢʦʟʳ, ʥʘʟʚʘʥʥʳʡ ʉʦɽʨ-1 

(ʨʠʩ.7).  

 

 
ʈʠʩ. 7. ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʨʠʩʫʥʦʢ ʙʝʩʧʠʣʦʪʥʠʢʘ ʉʦɽʨ1 

ʉʦɽʨ-1 ʙʫʜʝʪ ʠʤʝʪʴ ʩʭʦʞʠʝ ʩ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʳʤ BionicOpter ʛʘʙʘʨʠʪʳ: 

ɼʣʠʥʥʘ 400-500 ʤʤ, ʈʘʟʤʘʭ ʢʨʳʣʴʝʚ 700-800 ʤʤ. ʊʘʢʞʝ ʙʫʜʝʪ ʧʨʠʤʝʥʸʥ 
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ʩʦʙʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʭʦʚʳʭ ʜʚʠʞʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ 

ʥʘʢʣʦʥʘ ʢʨʳʣʘ. 

ɻʣʘʚʥʳʝ ʮʝʣʠ, ʜʦʩʪʠʛʘʝʤʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʠʦʥʠʯʝʩʢʦʛʦ ɹʇʃɸ ʉʦɽʨ-1 ï 

ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʣʸʪʘ ʩʪʨʝʢʦʟʳ, ʧʨʠʥʮʠʧʦʚ ʧʦʣʸʪʘ, ʩʦʟʜʘʥʠʝ 

ʦʧʳʪʥʦʡ ʤʦʜʝʣʠ, ʜʦʙʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʮʝʣʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʥʘʧʨʠʤʝʨ ï ʢʘʤʝʨʳ ʬʦʪʦ- ʠ ʚʠʜʝʦʩʲʸʤʢʠ) ʠ ʫʣʫʯʰʝʥʠʝ ʣʸʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʠʦʥʠʢʠ ʚ ʦʙʣʘʩʪʠ 

ʘʚʠʘʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ.  
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Abstract 

In the world, there are a large number of civilian UAVs, which are classified as 

"micro" and "mini", and differ in their specifications and set of characteristics 

(appointment, weight, size, duration and flight height, the system launch and landing, 

the presence autopilot and navigation systems, photo and video format, etc.). 

Now, there were two major UAV pattern layout: classic (on a "fuselage + 

wings + tail"), such as UAV "Orlan-10è, Mavinci SIRIUS (Figure 1.), Etc., "flying 

http://terra-credo.ru/archive/ATIP_2(49)_2013.pdf
http://www.festo.com/net/SupportPortal/Files/248133/Festo_BionicOpter_en.pdf
mailto:michael23@ro.ru
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wing", which relate Geoscan 101 (Figure 2), Gatewing X100 et al. and the type of 

UAV 'copter è, DJI F450 (Figure 3) [1]. 

Recently being developed bionic UAV who repeat the creation of wildlife. The 

German company Festo has created prototypes such as eMotionButterflies (butterfly) 

(Figure 4), SmartBird (bird) (Figure 5) and BionicOpter (dragonfly) (Figure 6). 

Authors of the article propose a project to create a bionic own UAVs for flight 

research dragonfly, called SoEr-1 (Figure 7). 

The main objectives to be achieved in the development of bionic UAV SoEr-1 

- the study of the dynamics of flight dragonfly, flight principles, the creation of an 

experimental model to add the possibility of target hardware installation (for example 

- photo and video cameras) and improved flight performance, as well as exploring 

opportunities bionics in the field of aircraft- machine building and robotics. 

Keywords:The alternative, unmanned aerial vehicle, bionics, dragonfly, 

BionicOpter 
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ʈɸɿʈɸɹʆʊʂɸ ʉʇɸʉɸʊɽʃʔʅʆɻʆ ʈɸɼʀʆʄɸʗʂɸ ɼʃʗ 

ʉɺɽʈʍʃɽɻʂʆɻʆ ɺʆɿɼʋʐʅʆɻʆ ʉʋɼʅɸ. 

 

ɾʘʧʘʨʦʚʘ ɻʫʣʴʤʝʨʝʡ ɹʠʨʞʘʥʦʚʥʘ, ʩʪʫʜʝʥʪʢʘ;ɿʚʝʨʢʦʚ ʀʣʴʷ ɼʤʠʪʨʠʝʚʠʯ. 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ.9138967174. 

ɾʘʧʘʨʦʚʘ ɻ.ɹ. zaparova@list.ru 

ɿʚʝʨʢʦʚ ʀ.ɼ. zverkov75@mail.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ɾʘʧʘʨʦʚʘ ɻ.ɹ., ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 

20, ʪʝʣ.9138967174. 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʘʚʠʘʢʘʪʘʩʪʨʦʬ ʚʳʞʠʚʘʝʪ ʧʨʠʤʝʨʥʦ 80% ʧʘʩʩʘʞʠʨʦʚ. 

ɼʘʞʝ ʚ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʘʚʠʘʢʘʪʘʩʪʨʦʬʝ ʚ ʠʩʪʦʨʠʠ ʘʚʠʘʮʠʠ, ʧʨʦʠʟʦʰʝʜʰʝʡ 27 

ʤʘʨʪʘ 1977 ʛʦʜʘ ʥʘ ʂʘʥʘʨʩʢʠʭ ʦʩʪʨʦʚʘʭ, ʢʦʛʜʘ ʚ ʘʵʨʦʧʦʨʪʫ ʩʪʦʣʢʥʫʣʠʩʴ ʜʚʘ 

ɹʦʠʥʛʘ-747, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʨʫʣʠʣ ʧʦ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʝ, ʘ ʜʨʫʛʦʡ  

ʚʳʧʦʣʥʷʣ ʚʟʣʝʪ, ʠ ʧʦʛʠʙʣʦ 574 ʯʝʣʦʚʝʢʘ, ʦʩʪʘʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʘʩʝʥʠʷ 

ʥʘʭʦʜʠʚʰʠʭʩʷ ʥʘ ʙʦʨʪʫ ʣʶʜʝʡ (ʩʧʘʩʣʦʩʴ 70 ʯʝʣʦʚʝʢ).  

mailto:zaparova@list.ru
mailto:zverkov75@mail.ru
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ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʘʚʠʘʧʝʨʝʣʝʪʳ ʩʯʠʪʘʶʪʩʷ ʩʘʤʳʤʠ ʙʝʟʦʧʘʩʥʳʤʠ ʚ ʤʠʨʝ. ʇʦ 

ʧʦʜʩʯʝʪʘʤ ICAO ( ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ) ʥʘ 

ʤʠʣʣʠʦʥ ʚʳʣʝʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʦʜʥʘ ʢʘʪʘʩʪʨʦʬʘ. ʆʜʥʘʢʦ ʩʣʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʣʸʪʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʢʦʛʜʘ ʧʘʩʩʘʞʠʨʳ ʠ ʵʢʠʧʘʞ ʦʩʪʘʶʪʩʷ ʞʠʚʳ, ʥʦ ʥʘʭʦʜʷʪʩʷ 

ʚ ʟʘʪʨʫʜʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʪʜʘʣʸʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ ʩ ʮʝʣʴʶ ʩʧʘʩʝʥʠʷ ʞʠʟʥʠ ʣʶʜʝʡ.  ʇʨʠ 

ʚʳʥʫʞʜʝʥʥʦʡ ʧʦʩʘʜʢʝ ʃɸ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʥʝʟʥʘʢʦʤʦʡ ʠ ʪʨʫʜʥʦʧʨʦʭʦʜʠʤʦʡ 

ʤʝʩʪʥʦʩʪʠ (ʛʦʨʳ, ʪʘʡʛʘ, ʛʣʫʙʦʢʠʡ ʩʥʝʛ ʠ ʪ.ʜ.). ʇʦʩʣʝ ʚʳʥʫʞʜʝʥʥʦʡ ʧʦʩʘʜʢʠ 

ʵʢʠʧʘʞ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʦʙʷʟʘʥ, ʧʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʧʦʜʛʦʪʦʚʠʪʴ ʢ ʨʘʙʦʪʝ 

ʘʚʘʨʠʡʥʳʝ ʨʘʜʠʦʩʪʘʥʮʠʠ ʠ ʧʝʨʝʜʘʪʴ ʩʠʛʥʘʣ ʙʝʜʩʪʚʠʷ. 

ɼʣʷ ʙʦʣʴʰʦʡ ʘʚʠʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ  ʘʚʘʨʠʡʥʦ -

ʩʧʘʩʘʪʝʣʴʥʳʝ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʘʜʠʦʩʪʘʥʮʠʠ) ʪʘʢʠʝ, ʢʘʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʨʘʜʠʦʤʘʷʢ ɸʈʄ-406ʇ.  ʆʜʥʘʢʦ, ʠʭ ʩʣʦʞʥʦ ʠ ʜʦʨʦʛʦ ʩʪʘʚʠʪʴ ʥʘ ʩʚʝʨʭʣʝʛʢʠʝ ˤ˿ 
ό͍͔ͫͦͣ ͒ͦ пфр ͎͟ύΦʎʝʣʴʶ ʤʦʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʜʠʦʤʘʷʢʘ çHeat-

17è  ʩ ʚʦʟʜʫʰʥʳʤ ʟʦʥʜʦʤ ʜʣʷ ʫʢʘʟʘʥʠʷ ʤʝʩʪʘ ʧʨʠʰʝʩʪʚʠʷ. 

ʈʠʩ.1. 

ʈʘʜʠʦʤʘʷʢʘ çHeat-17è  ʩ ʚʦʟʜʫʰʥʳʤ ʟʦʥʜʦʤ ʜʣʷ ʫʢʘʟʘʥʠʷ ʤʝʩʪʘ ʧʨʠʰʝʩʪʚʠʷ 

  ʆʪʣʠʯʠʷ  ʤʘʷʢʘ çHeat-17è  ʦʪ  ɸʈʄ-506ʇ ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

V  ʤʘʩʩʘ ʨʘʜʠʦʤʘʷʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝ ʚʳʰʝ 100 ʛ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʝʛʦ ʚ ʣʶʙʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʜʘʞʝ ʙʨʘʪʴ ʩ ʩʦʙʦʡ (ʧʨ.: ʵʢʩʧʝʜʠʮʠʠ, 

ʧʦʭʦʜʳ); 

V ʨʘʜʠʦʤʘʷʢ ʙʫʜʝʪ ʦʩʥʘʱʸʥ ʚʦʟʜʫʰʥʳʤ ʟʦʥʜʦʤ ʚ ʚʠʜʝ ʰʘʨʘ, ʢʦʪʦʨʳʡ  ʙʫʜʝʪ ʝʛʦ 
ʧʦʜʥʠʤʘʪʴ ʥʘ ʚʳʩʦʪʫ 30 ʤ. 

V ʨʘʜʠʦʤʘʷʢ ʙʫʜʝʪ ʠʤʝʪʴ ʚʩʪʨʦʝʥʥʳʡ ʚʦʜʦʨʦʜʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ (ʥʘ ʦʩʥʦʚʝ 
ʛʠʜʨʠʜʘ ʙʦʨʘ) ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʟʦʥʜʘ. 

V ʥʘ ʚʦʟʜʫʰʥʦʤ ʟʦʥʜʝ ʨʘʜʠʦʤʘʷʢʘ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʩʚʝʪʦʜʠʦʜʳ, ʯʪʦ ʫʣʫʯʰʠʪ 

ʚʠʟʫʘʣʴʥʳʡ ʦʨʠʝʥʪʠʨ;  

V ʨʘʜʠʦʤʘʷʢ Sens ʜʣʷ Rockwell lBeacon ʙʫʜʝʪ ʠʟʣʫʯʘʪʴ ʨʘʜʠʦʩʠʛʥʘʣ ʥʘ ʘʚʘʨʠʡʥʦʡ 

ʯʘʩʪʦʪʝ (868 MHz)  

V ʛʘʙʘʨʠʪʳ ʨʘʜʠʦʤʘʷʢʘ çHeat-17è:  

ʜʣʠʥʘ ï 200 ʤʤ 
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ʰʠʨʠʥʘ - 50 ʤʤ 

ʛʣʫʙʠʥʘ ï 50 ʤʤ. 

ʈʘʜʠʦʩʚʷʟʴ ʥʘ ʯʘʩʪʦʪʘʭ ʩʚʳʰʝ 30 ʄɻʮ ʚʦʟʤʦʞʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʪʦʣʴʢʦ ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʜʠʦʛʦʨʠʟʦʥʪʘ ʪ.ʝ. ʨʘʩʩʪʦʷʥʠʝ ʧʨʷʤʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʜʠʫʩʘ ʩ 

ʫʯʝʪʦʤ ʰʘʨʦʦʙʨʘʟʥʦʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʨʷʤʦʡ ʠʣʠ 

ʦʧʪʠʯʝʩʢʦʡ ʚʠʜʠʤʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʧʦʜʲʝʤʘ ʘʥʪʝʥʥʳ.  

 
ʈʠʩ.2 ʈʘʜʠʦʩʚʷʟʴ ʥʘ ʋʂɺ ʜʠʘʧʘʟʦʥʘʭ 

ʈʠʩ. 3  ʈʘʩʯʝʪ ʨʘʜʠʫʩʘ ʨʘʜʠʦʛʦʨʠʟʦʥʪʘ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟʦʙʨʝʪʝʥʳ ʚʦʜʦʨʦʜʘʢʢʫʤʫʣʠʨʫʶʱʠʝ  ʪʘʙʣʝʪʢʠ 

ʥʘ ʦʩʥʦʚʝ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ (ʨʝʛʫʣʠʨʫʷ ʨʘʟʤʝʨ ʪʘʙʣʝʪʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ). 
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ʈʠʩ.4 ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ   ʈʠʩ.5 ʈʘʟʤʝʨʳ ʪʘʙʣʝʪʦʢ ʦʪ ʚʨʝʤʝʥʠ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʦʤʘʷʢʘ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ: 

V ʩʦʟʜʘʥʠʝ ʵʩʢʠʟʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʨʘʜʠʦʤʘʷʢʘ 

V ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʚʝʩʘ 

V ʚʳʙʦʨ ʦʙʲʸʤʘ ʚʦʟʜʫʰʥʦʛʦ ʟʦʥʜʘ 

V ʨʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʠʜʘ ʙʦʨʘ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʟʦʥʜʘ 

V ʨʘʩʯʸʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʟʦʥʜ ʧʨʠ ʚʝʪʨʝ 15 
ʤ/ʩ 

V ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʝʯʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʘ ʫʜʝʨʞʠʚʘʶʱʝʛʦ 
ʰʥʫʨʘ 

V ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚʝʩʘ ʨʘʜʠʦʤʘʷʢʘ ʠ ʦʙʲʸʤʘ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ. 

V ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʘ ʟʦʥʜʘ çHeat-17è 

V ʠʩʧʳʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʣʝʩʠʩʪʦʡ ʠ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʇʨʠ ʫʜʘʯʥʦʤ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʝʢʪʘ ʨʘʜʠʦʤʘʷʢ ʩ ʚʦʟʜʫʰʥʳʤ ʟʦʥʜʦʤ çHeat-17è 

ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥ ʥʝ ʪʦʣʴʢʦ ʧʠʣʦʪʘʤʠ ʩʚʝʨʭʣʸʛʢʠʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʥʦ 

ʠ ʪʫʨʠʩʪʘʤʠ, ʨʳʙʘʢʘʤʠ ʠ ʦʭʦʪʥʠʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ. ʆʧʳʪ ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʛʦ ʤʘʷʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʘʜʠʦʤʘʷʢʦʚ ʩ ʙʦʣʝʝ ʪʷʞʸʣʳʤʠ 

ʧʝʨʝʜʘʪʯʠʢʘʤʠ ʪʠʧʘ ɸʚʘʨʠʡʥʳʡ ʨʘʜʠʦʤʘʷʢ ʈ-855ɸ2 
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ʈʠʩ.6 ɸʚʘʨʠʡʥʳʡ ʨʘʜʠʦʤʘʷʢ ʈ-855ɸ2 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ɸʚʘʨʠʡʥʦ - ʩʧʘʩʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʊʋ-154: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʩʦʩʪ. ɽ.ʆ. ɻʦʜʫʥʦʚ, ʅ.ɺ. ʇʘʚʣʦʚ. ï ʋʣʴʷʥʦʚʩʢ: ʋɺɸʋ ɻɸ(ʠ), 

2009. ï 108 ʩ. 

2. Rockwell IBeacon, ʠʥʩʪʨʫʢʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʘʜʠʦʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ. 

 

 

DEVELOPMENT  RESCUE BAECONS FOR ULTRALIGT AIRCRAFT.  

 

1)Zhaparova Gulmerey Birzhanovna, student, zaparova@list.ru 

2)Zverkov Ilya Dmitrievich, professor of the department SVS, 

zverkov75@mail.ru 

Novosibirsk State Technical University, 630073, Russia, Novosibirsk,  

avenue Karl Marx, 20. 

Abstract: Most plane crashes survives about 80% of passengers. Even in the 

biggest crash in aviation history occurred on March 27, 1977 in the Canary Islands, 

where the airport faced two Boeing 747, one of which is taxied on the runway, and 

the other carried off and killed 574 people, left open the possibility of salvation 

people on board (70 people were saved). According to statistics from air travel are 

considered to be the safest in the world.  According to ICAO (International Civil 

Aviation Organization) estimates per million departures account for one accident. 

However, there are various, flight accident when passengers and crew are still alive, 

but are hindered conditions and remote areas. After a forced landing, the flight crew 

is required to, among other things, to prepare for the emergency radio and transmit a 

distress signal. The aim of my work is to develop a beacon çHeat-17" air probe to 

indicate the coming of the place.  
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ʋɼʂ 536.2 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʇʃʆɺʀɿʀʆʅʅʆʁ ʊɽʍʅʀʂʀ ɼʃʗ 

ɺʓʗɺʃɽʅʀʗ ɼɽʌɽʂʊʆɺ ʉʇʃʆʐʅʆʉʊʀ ɺ ʄʅʆɻʆʉʃʆʁʅʓʍ 

ʅɽʄɽʊɸʃʃʀʏɽʉʂʀʍ ɸɺʀɸʎʀʆʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʗʍ  

 

ɿʘʝʮ ʅʠʢʦʣʘʡ ʇʝʪʨʦʚʠʯ, ʘʜʲʶʥʢʪ 

ɺʦʝʥʥʳʡ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ 

ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè  

394064, ʈʦʩʩʠʷ, ʛ. ɺʦʨʦʥʝʞ, ʫʣ. ʉʪʘʨʳʭ ɹʦʣʴʰʝʚʠʢʦʚ, 54ɸ 

ɿʘʝʮ ʅ.ʇ., email zaecnp@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʧʠʩʘʥ ʚʘʨʠʘʥʪ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 100% ʧʣʦʱʘʜʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ. ʇʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʷ ʦʙʦʟʥʘʯʝʥ ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʤʝʥʷʝʤʦʛʦ ʪʝʢʫʱʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʫʩʨʝʜʥʸʥʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʘʩʪʘ. ʇʨʝʜʣʦʞʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʧʣʦʚʠʟʦʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦ-ʚʦʟʤʦʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʝʟʜʝʬʝʢʪʥʦʡ ʟʦʥʳ. ʋʤʝʥʴʰʝʥʠʝ ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʚ ʪʝʧʣʦʚʠʟʦʨʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʦʥʪʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʘʥʦʤʘʣʠʡ ʥʘʜ ʜʝʬʝʢʪʥʳʤʠ ʟʦʥʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʝʢʪʥʳʝ ʟʦʥʳ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʥʦʤʘʣʠʠ, 

ʤʥʦʛʦʩʣʦʡʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚʳʷʚʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʜʝʬʝʢʪʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʥʘʩʪʨʦʡʢʘ ʩʘʤʦʛʦ ʪʝʧʣʦʚʠʟʦʨʘ, ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʪʣʠʯʠʪʴ ʜʝʬʝʢʪʥʫʶ ʦʙʣʘʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ 

ʙʝʟʜʝʬʝʢʪʥʦʡ [1, 2]. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʦʪʩʣʦʝʥʠʡ ʚ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʇʦ ʧʦʣʫʯʘʝʤʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʦʪʢʣʠʢʘ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ȹʊ (ʨʠʩʫʥʦʢ 1) ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ Űh ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʊʘ.  
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ʈʠʩ. 1. ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ȹʊ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʛʨʝʚʘ ʊʘ=90
0
ʉ ʠ 180

0
ʉ 

 

ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʟʚʦʣʷʶʱʠʤ 

ʚʳʷʚʠʪʴ ʜʝʬʝʢʪʥʫʶ ʦʙʣʘʩʪʴ. ʏʝʤ ʙʦʣʴʰʝ ȹʊ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʣʠʢʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹʊ, ʢʦʪʦʨʦʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ 7-ʡ ʩʝʢʫʥʜʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʪʝʯʝʥʠʠ Űh =12 ʩʝʢʫʥʜ. 

ʅʘʛʨʝʚ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ.  

ɺʳʙʦʨ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʩ 

ʫʯʸʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʜʘʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ʦʪ ʟʦʥʳ ʢʦʥʪʨʦʣʷ, ʨʘʟʙʠʚʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʥʘ ʨʘʚʥʳʝ ʫʯʘʩʪʢʠ ʜʣʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ȹʊ. ʋʯʸʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʠʣ 

ʚʳʙʨʘʪʴ ʧʝʨʠʦʜ ʢʦʥʪʨʦʣʷ ʩ 7-ʡ ʧʦ 14-ʶ ʩʝʢʫʥʜʳ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʪʝʧʣʦʚʠʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

ʪʝʢʫʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʥʪʨʘʩʪ ʉ
run

 ʜʝʬʝʢʪʥʦʡ ʟʦʥʳ ʥʘ ʬʦʥʝ ʥʘʛʨʝʪʦʡ 

ʙʝʟʜʝʬʝʢʪʥʦʡ. ɿʥʘʯʝʥʠʝ ʉ
run

 ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1).  

ʛʜʝ ʊɹɼ, ʊʆʂ ï ʪʝʤʧʝʨʘʪʫʨʘ ʙʝʟʜʝʬʝʢʪʥʦʡ ʟʦʥʳ ʠ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʟʦʥʘ ʥʘ ʤʦʤʝʥʪ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʙʫʜʝʪ 

ʠʤʝʪʴ ʥʝʦʜʥʦʨʦʜʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʶʱʠʡʩʷ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨ ʫʯʠʪʘʥ ʥʝ ʙʫʜʝʪ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʫʩʨʝʜʥʸʥʥʦʛʦ  

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʉ
ʩʨʝʜ

  (ʬʦʨʤʫʣʘ (2)), ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟʜʝʬʝʢʪʥʦʡ ʟʦʥʳ:  

ὅ
ЎὝ

Ὕˎˑ Ὕ̨˗
 (1) 
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ʛʜʝ Ű1 ʠ Ű2 ï ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʧʝʨʠʦʜʘ ʢʦʥʪʨʦʣʷ.  

ɺʳʧʦʣʥʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (2) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʟʘʚʠʩʷʱʫʶ ʦʪ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʠ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ 

(ʨʠʩʫʥʦʢ 2). ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʉ
run

 ʠ ʉ
ʩʨʝʜ

 ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʛʨʝʚʘ, ʦʜʥʘʢʦ, ʠʭ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʫʩʨʝʜʥʸʥʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʘʩʪ ʉ
ʩʨʝʜ

 ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʨʠʩʫʥʦʢ 3) 

ʧʨʠ Űh=6 ʩ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ  ʉ
run

  ʟʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʙʳʣʦ 

ʙʳ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʷ Űh ʩ 1  ʧʦ 6 ʩʝʢʫʥʜʳ.  

 

 
ʘ)         ʙ) 

ʈʠʩ. 2. ʇʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ: 

ʘ - ʉ
run
; ʙ - ʉ

ʩʨʝʜ
 

 

 
ʈʠʩ. 3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʉ

run
 ʠ  ʉ

ʩʨʝʜ
 

2

1

2 1

ʩʨʝʜ

ɹɼ

ʆʂ

T
C

T

T

t

t

t t

D
=

-
-

ä
 

(2) 

Űh 20
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʪʝʯʝʥʠʠ 6 ʩ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ. ɼʣʷ ʩʣʫʯʘʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʜʝʬʝʢʪʥʦʡ ʠ ʙʝʟʜʝʬʝʢʪʥʦʡ ʟʦʥ (Űh=12 ʩ) ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʘʩʪʘ 

ʫʤʝʥʴʰʠʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 20 %. ʋʯʠʪʳʚʘʷ ʚʳʚʦʜ ʠʟ ʟʘʢʦʥʘ ʇʣʘʥʢʘ: ʤʦʱʥʦʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʣʝʜʫʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ Űh, ʘ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʷ ʊʘ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʨʦʚʝʜʸʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ (ʦʪʩʣʦʝʥʠʡ) ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʳʷʚʣʝʥʠʝ 

ʜʝʬʝʢʪʦʚ ʪʝʧʣʦʚʠʟʦʨʦʤ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʥʘʩʪʨʦʡʢʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ (ʨʠʩʫʥʦʢ 4): ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟʜʝʬʝʢʪʥʦʡ ʟʦʥʳ ʠ ʧʨʠ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʩʩʣʝʜʫʝʤʦʤʫ ʜʠʘʧʘʟʦʥʫ. ʀʟ ʨʠʩʫʥʢʘ 4 ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʥʦʤʘʣʠʠ (ʦʪ ʜʚʫʭ ʦʪʩʣʦʝʥʠʡ 

ʜʠʘʤʝʪʨʦʤ 10 ʤʤ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʠ ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʛʨʘʥʠʮʝʡ 

ʚ ʦʪʣʠʯʠʠ ʦʪ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʥʪʨʦʣʷ.  

ʘ)       ʙ) 

 

ʈʠʩ. 4. ʊʝʨʤʦʛʨʘʤʤʳ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʘ ï ʩ ʥʘʩʪʨʦʡʢʦʡ ʠ ʙ ï ʙʝʟ ʥʘʩʪʨʦʡʢʠ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʠʣʦ: 

- ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʦʪʩʣʦʝʥʠʷ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; 

- ʫʧʨʦʩʪʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʙʨʘʢʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʧʨʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʟʦʥ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ 

ʢʦʥʪʨʘʩʪʦʤ. 
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USING THERMAL I MAGING DEVICES TO DETECT DEFECTS IN 

MULTILAYER AEROSTRUCTURES NONMETALLIC  
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In the present article describes an option of choice of optimal values of the 

parameters of the thermal control of a multi-layer structure. As the object of control 

has been selected fiberglass adhesive element of the aircraft. The need to assess the 

technical condition of the object of control requires 100% of the surface area. 

Conventional NDT methods do not allow to perform the control in a reasonable time. 

For this reason, the thermal method is the most preferable. The paper presents the 

application of a mathematical model of thermal control and registration of 

temperature contrast values for the optimal observation time. A definition of the 

boundaries of the temperature range in the thermal imager relative to the maximum 

possible temperature-defect-free zone. Reducing the custom in the temperature range 

of the Imager enhances the contrast of temperature anomalies over the defective 

areas. 

Keywords: thermal method, the defective area, temperature anomalies, the 

multi-layer structure. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʪʝʢʩʪʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʠʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʚʟʣʸʪʝ ʠ 

ʧʦʩʘʜʢʝ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʳʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʢʨʳʣʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʩʢʘ, 

ʦʪʚʝʯʘʶʱʝʝ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ. ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʩʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 
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ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʧʣʘʩʪʠʢʘ. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʠ 

ʚʟʣʸʪʝ/ʧʦʩʘʜʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʋʛʣʝʧʣʘʩʪʠʢ; ʤʝʭʘʥʠʟʘʮʠʷ ʢʨʳʣʘ; ʧʨʝʜʢʨʳʣʦʢ; ɸʥ-2. 

 

ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʨʠ ʚʟʣʸʪʝ ʠ ʧʦʩʘʜʢʝ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ ʜʠʩʪʘʥʮʠʠ ʚʟʣʸʪʘ ʠ ʧʦʩʘʜʢʠ 

ʩʘʤʦʣʸʪʘ ʥʝʦʙʭʦʜʠʤʘ ʤʝʭʘʥʠʟʘʮʠʷ ʢʨʳʣʘ. ʄʝʭʘʥʠʟʘʮʠʷ ʢʨʳʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʧʣʦʱʘʜʠ ʢʨʳʣʘ, ʘ ʟʥʘʯʠʪ, ʨʘʩʰʠʨʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʝ ʢʨʳʣʦ ʚ 

ʧʦʣʸʪʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʧʠʢʠʨʦʚʘʥʠʷ. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʦʩʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʣʸʛʢʦʛʦ ʩʘʤʦʣʸʪʘ (ʃʄʉ), ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʣʘʜʘʝʪ ʤʘʣʳʤ ʚʝʩʦʤ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ 

ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘ ʩʘʤʦʣʸʪʝ ʧʨʦʪʦʪʠʧʝ ɸʥ-2 ʦʪʩʫʪʩʪʚʦʚʘʣ ʧʨʝʜʢʨʳʣʦʢ ʥʠʞʥʝʛʦ ʢʨʳʣʘ, 

ʠʤʝʣʩʷ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʨʝʜʢʨʳʣʦʢ ʚʝʨʭʥʝʛʦ ʢʨʳʣʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʧʨʝʜʢʨʳʣʦʢ ʩʣʝʜʫʶʱʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 1). ʇʨʝʜʢʨʳʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʝʢʮʠʡ, ʩʦʝʜʠʥʸʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʜʚʫʤʷ ʢʥʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʫʩʠʣʠʝ ʦʪ ʢʦʨʥʝʚʦʡ ʩʝʢʮʠʠ ʢ 

ʢʦʥʮʝʚʦʡ ʚʦ ʚʨʝʤʷ ʚʳʧʫʩʢʘ ʠ ʫʙʦʨʢʠ.  

ʂʘʞʜʘʷ ʩʝʢʮʠʷ ʧʨʝʜʢʨʳʣʢʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʰʠʚʦʢ, 

ʜʚʫʭ ʢʨʦʥʰʪʝʡʥʦʚ ʥʘʚʝʩʢʠ, ʪʦʨʮʝʚʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʠʘʬʨʘʛʤ. ʆʙʰʠʚʢʠ ʠ 

ʪʦʨʮʝʚʳʝ ʜʠʘʬʨʘʛʤʳ ʚʳʢʣʝʝʥʳ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ. ʂʨʦʥʰʪʝʡʥʳ ʥʘʚʝʩʢʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʠʪʳ ɼ16ʯʊ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʜʠʘʬʨʘʛʤʳ 

ʚr ʧʦʣʥʝʥʳ ʠʟ ʧʝʥʦʧʣʘʩʪʘ. 

ʄʝʭʘʥʠʟʤ ʚʳʧʫʩʢʘ ʠ ʫʙʦʨʢʠ ʧʨʝʜʢʨʳʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝ 

ʨʘʚʥʦʧʣʝʯʠʝ ʢʘʯʘʣʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʢʨʳʣʦʢ ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʟʘʜʘʥʥʳʡ ʫʛʦʣ. 

ʋʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʢʘʯʘʣʦʢ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʢʨʳʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 12 Á, ʘ ʚʳʣʝʪ ʧʨʝʜʢʨʳʣʢʘ ï 160 ʤʤ. (ʨʠʩ. 2). ʂʘʞʜʘʷ ʩʝʢʮʠʷ 

ʧʨʝʜʢʨʳʣʢʘ ʢʨʝʧʠʪʩʷ ʢ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʢʨʳʣʘ ʥʘ ʜʚʫʭ ʢʘʯʘʣʢʘʭ. 
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ʈʠʩ. 1. ʇʨʝʜʢʨʳʣʦʢ ʥʠʞʥʝʛʦ ʢʨʳʣʘ. 

1, 3 ï ʥʘʨʫʞʥʳʝ ʦʙʰʠʚʢʠ; 2, 4 ï ʚʥʫʪʨʝʥʥʠʝ ʦʙʰʠʚʢʠ; 5 ï ʢʨʦʥʰʪʝʡʥʳ ʥʘʚʝʩʢʠ; 6 ï ʪʦʨʮʝʚʳʝ 

ʜʠʘʬʨʘʛʤʳ; 7 ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʜʠʘʬʨʘʛʤʳ; 8 ï ʚʪʫʣʢʠ; 9 ï ʢʥʠʮʳ 

 
ʈʠʩ. 2. ʅʘʚʝʩʢʘ ʧʨʝʜʢʨʳʣʢʘ ʥʠʞʥʝʛʦ ʢʨʳʣʘ 

ɺʳʧʫʩʢ ʠ ʫʙʦʨʢʘ ʧʨʝʜʢʨʳʣʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʮʝʥʪʨʦʧʣʘʥʘ. ʋʩʠʣʠʝ ʥʘ ʚʳʧʫʩʢ ʠ ʫʙʦʨʢʫ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʳʯʘʛ ʢʦʨʥʝʚʦʡ ʢʘʯʘʣʢʠ ʩ ʧʦʤʦʱʴʶ ʪʷʛʠ, ʢʦʪʦʨʘʷ ʢʨʝʧʠʪʩʷ ʢ 

ʰʪʦʢʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʉʠʩʪʝʤʘ ʧʨʠʚʦʜʘ ʧʨʝʜʢʨʳʣʢʘ ʥʠʞʥʝʛʦ ʢʨʳʣʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʨʳʣʘ ʠ ʚʳʩʦʢʘʷ, ʜʣʷ ʩʚʦʝʛʦ ʢʣʘʩʩʘ, 

ʤʝʭʘʥʠʟʘʮʠʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʙʦʣʝʝ ʤʦʱʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ 

ʜʣʠʥʫ ʨʘʟʙʝʛʘ/ʧʨʦʙʝʛʘ ʩ 170/215 ʤ. ʥʘ ɸʥ-2 ʜʦ 80/50 ʤ. ʥʘ ʃʄʉ. 
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Abstract 

An aircraft has a high speed during takeoff and landing. Mechanized wing 

should be used to eliminate this shortcoming. A slat has been designed in the process. 

It consists of two sections, they are connected by two brackets. Each slat section 

consists of the outer and inner casings and two brackets and diaphragms. Plating and 

diaphragm are made of carbon fiber. The brackets are made of an aluminum plate. 

Extension and retraction of the slat are done with the help of four walking beams. 

The angle between the wing and the plane of rotation of the walking beam is 12 

degrees. Departure of the slat is 160 mm. Extension and retraction of the slat are done 

with the help of electric drive. 

Keywords:Mechanized wing, slat, carbon fiber. 
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ʄʆɼɽʈʅʀɿɸʎʀʗ ʉʈɽɼʅɽʄɸɻʀʉʊʈɸʃʔʅʆɻʆ 

ʇɸʉʉɸɾʀʈʉʂʆɻʆ ʉɸʄʆʃɪʊɸ 

 

ʂʨʫʞʢʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ, ʘʩʧʠʨʘʥʪ; ʈʫʤʷʥʮʝʚ ɸʥʜʨʝʡ 
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ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20 

ʂʨʫʞʢʦʚ ɸ. ʉ., e-mail 8sanya@gmail.com 

ʈʫʤʷʥʮʝʚ ɸ. ɻ., e-mail ________________ 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʂʨʫʞʢʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. 8 (923) 189-10-50 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʳʣʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʩʘʤʦʣʸʪʘ ʤʝʩʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʥʘ ʙʘʟʝ ʗʢ-40 

ʠ ʦʮʝʥʢʘ ʝʛʦ ʣʸʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʸʪʦʤ 

ʟʘʤʝʥʳ ʜʚʠʛʘʪʝʣʝʡ ʥʘ TPE331-12UAN. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʥʦʚʦʝ ʢʨʳʣʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʧʦʣʸʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʣʘʤ ʄʘʭʘ ʜʦ M=0,6...0,7, ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʚʳʩʦʢʠʝ ʣʸʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʃʸʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʢʨʳʣʘ, ʧʨʦʬʠʣʴ ʢʨʳʣʘ, 

ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʳʡ ʧʘʩʩʘʞʠʨʩʢʠʡ 

ʩʘʤʦʣʸʪ. 

ɺʚʝʜʝʥʠʝ  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ: 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʭʦʨʦʰʠʝ ʣʸʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʃʊʍ) ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʘʤʦʣʝʪʦʚ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʘʨʫʙʝʞʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʠ 

ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚʳʰʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ. ʊʘʢ, ʮʠʢʣ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʣʘʥʝʨʘ ʩʘʤʦʣʝʪʘ ʟʘ ʨʫʙʝʞʦʤ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ ʪʨʝʭ ʤʝʩʷʮʝʚ, ʘ ʚ ʈʦʩʩʠʠ - ʙʦʣʝʝ 

ʜʚʝʥʘʜʮʘʪʠ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʜʦʣʝʥʦ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

mailto:8sanya@gmail.com
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʉ ʫʯʝʪʦʤ ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʧʨʦʩ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʠʘʢʦʤʧʘʥʠʡ 

ʥʘ ʈʦʩʩʠʡʩʢʫʶ ʘʚʠʘʪʝʭʥʠʢʫ ʚ 2008 - 2020 ʛʛ. ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʤʦʞʝʪ ʙʳʪʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʠʷ 

ʩʝʨʠʡʥʳʭ ʟʘʚʦʜʦʚ. 

ʋʯʠʪʳʚʘʷ ʪʝʤʧʳ ʩʧʠʩʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ ʩʘʤʦʣʝʪʦʚ ʊʫ-134ɸ, ʊʫ-

154ɹ, ʊʫ-154ʄ, ʗʢ-40, ʀʣ- 62ʄ, ʀʣ-86 ʠ ʜʨ., ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʶʪ 2% - 4% ʚ ʛʦʜ, 

ʩʝʨʠʡʥʳʝ ʟʘʚʦʜʳ ʥʝ ʛʦʪʦʚʳ ʢ ʚʳʧʫʩʢʫ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʩʘʤʦʣʝʪʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʟʘʤʝʥʠʪʴ ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʠʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ. ʈʦʩʩʠʡʩʢʠʝ 

ʘʚʠʘʢʦʤʧʘʥʠʠ ʚʳʥʫʞʜʝʥʳ ʟʘʢʫʧʘʪʴ ʠʣʠ ʙʨʘʪʴ ʚ ʣʠʟʠʥʛ ʟʘʨʫʙʝʞʥʳʝ ʩʘʤʦʣʝʪʳ 

ʬʠʨʤ Airbus, Boeing ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʬʠʨʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʜʝʬʠʮʠʪʘ ʧʨʦʚʦʟʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʘʨʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʩʝʛʦʜʥʷ ʨʝʰʘʝʪʩʷ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 1) ʇʨʦʠʟʚʦʜʩʪʚʦ ʚ ʈʦʩʩʠʠ ʠʣʠ ʩ ʝʝ ʫʯʘʩʪʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʟʘʢʫʧʢʠ ʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʘʚʠʘʢʦʤʧʘʥʠʷʤʠ. 2) ʇʨʠʦʙʨʝʪʝʥʠʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʪʨʝʙʫʝʪ ʚʣʦʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʧʝʨʝʦʩʥʘʱʝʥʠʷ ʪʝʭʥʦʧʘʨʢʘ ʩʝʨʠʡʥʳʭ ʟʘʚʦʜʦʚ ʚ 

ʪʝʯʝʥʠʠ 10-12 ʣʝʪ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʪʝʨʶ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ 

ʈʦʩʩʠʠ, ʧʦʪʝʨʶ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʚ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʪʝʢʫʱʠʭ ʟʘʜʘʯ 

ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʡ, ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʩʝʨʠʡʥʳʭ ʟʘʚʦʜʦʚ, ʘ ʪʘʢ ʞʝ ʩ ʫʯʸʪʦʤ 

ʩʢʣʘʜʳʚʘʶʱʝʛʦʩʷ ʬʠʥʘʥʩʦʚʦʛʦ ʢʨʠʟʠʩʘ, ʪʨʝʙʫʶʱʝʛʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʚʦʜʠʤʳʭ 

ʟʘ ʨʫʙʝʞ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʚʦʟʤʦʞʝʥ ʪʨʝʪʠʡ ʩʧʦʩʦʙ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʜʝʬʠʮʠʪʘ 

ʧʨʦʚʦʟʥʳʭ ʤʦʱʥʦʩʪʝʡ. ʕʪʦʪ ʩʧʦʩʦʙ - ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʜʦʨʘʙʦʪʦʢ ʠ ʨʝʤʦʪʦʨʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ ʩʘʤʦʣʝʪʦʚ, 

ʥʘʧʨʠʤʝʨ ʗʢ-40, ʗʢ-42, ɸʥ-2, ʊʫ-134, ʊʫ-154, ʀʣ-62, ʀʣ-86 ʚ ʫʩʣʦʚʠʷʭ 

ʘʚʠʘʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʧʨʦʚʦʟʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʜʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ 

ʪʝʯʝʥʠʠ ʙʣʠʞʘʡʰʠʭ 10-15 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʝʢʪʥʳʝ ʨʘʙʦʪʳ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʳʭ 

ʨʝʤʦʥʪʥʳʭ ʟʘʚʦʜʘʭ ʠ ʫʚʝʣʠʯʠʪʴ ʥʘʣʦʛʦʚʳʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʙʶʜʞʝʪ ʛʦʩʫʜʘʨʩʪʚʘ 

ʦʪ ʧʨʦʠʟʚʦʜʠʤʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʙʦʪ ʧʦ ʦʙʥʦʚʣʝʥʠʶ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʘʤʦʣʝʪʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʞʠʚʫʯʝʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ 

ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʜʦʩʪʠʛʥʫʪʴ ʥʘʨʘʙʦʪʦʢ ʥʘ ʫʨʦʚʥʝ 

ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ. ʅʘʨʘʙʦʪʢʘ ʤʥʦʛʠʭ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʈʦʩʩʠʠ 

ʟʘʨʫʙʝʞʥʳʭ ʩʘʤʦʣʸʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 50 - 60 ʪʳʩʷʯ ʣʸʪʥʳʭ ʯʘʩʦʚ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ ʩʧʠʩʳʚʘʶʪʩʷ ʠ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʧʨʠ ʥʘʨʘʙʦʪʢʝ 

35-45 ʪʳʩʷʯ ʣʸʪʥʳʭ ʯʘʩʦʚ. 
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ʗʢ-40 (ʈʠʩʫʥʦʢ 1 ʠ 2) ʩʪʘʣ ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʧʘʩʩʘʞʠʨʩʢʠʤ ʨʝʘʢʪʠʚʥʳʤ 

ʩʘʤʦʣʸʪʦʤ ʜʣʷ ʤʝʩʪʥʳʭ ʘʚʠʘʣʠʥʠʡ. ʕʪʦʪ ʩʘʤʦʣʸʪ ʩʪʘʣ ʧʝʨʚʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ 

ʩʘʤʦʣʸʪʦʤ, ʧʦʣʫʯʠʚʰʠʤ ʩʝʨʪʠʬʠʢʘʪʳ ʣʸʪʥʦʡ ʛʦʜʥʦʩʪʠ ʀʪʘʣʠʠ ʠ ʌʈɻ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʘʤʦʣʸʪ ʚʳʧʫʩʢʘʣʩʷ ʩ ʚʟʣʸʪʥʦʡ ʤʘʩʩʦʡ 14,7 ʪ ʠ ʯʠʩʣʦʤ 

ʤʝʩʪ 27. ɼʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʩʦʩʪʘʚʣʷʣʘ 710 ʢʤ (ʩ ʨʝʟʝʨʚʘʤʠ ʪʦʧʣʠʚʘ). ʇʦʟʜʥʝʝ 

ʧʨʠʩʪʫʧʠʣʠ ʢ ʚʳʧʫʩʢʫ ʫʣʫʯʰʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩ ʚʟʣʸʪʥʦʡ ʤʘʩʩʦʡ 16,1 ʪ ʠ 

ʯʠʩʣʦʤ ʤʝʩʪ 32. ʅʘ ʵʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ. 

ʉʭʝʤʘ ʩ ʧʨʷʤʳʤ ʢʨʳʣʦʤ ʠ ʢʦʨʤʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʪʨʸʭ ʜʚʠʛʘʪʝʣʝʡ, ʩʨʝʜʥʠʡ ʠʟ 

ʢʦʪʦʨʳʭ ʦʩʥʘʱʸʥ ʨʝʚʝʨʩʠʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ɺʦʟʤʦʞʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʣʸʪ 

ʩ ʦʜʥʠʤ ʠʟ ʪʨʸʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʨʳʣʘ 

ʂʨʳʣʦ ʩʘʤʦʣʸʪʘ ʧʨʷʤʦʝ, 

ʙʦʣʴʰʦʛʦ ʫʜʣʠʥʝʥʠʷ ɚ=9, ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʢʦʥʩʦʣʝʡ. ʂʘʞʜʘʷ ʢʦʥʩʦʣʴ 

ʩʥʘʙʞʝʥʘ ʪʨʝʤʷ ʩʝʢʮʠʷʤʠ 

ʚʳʜʚʠʞʥʳʭ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ 

ʟʘʢʨʳʣʢʦʚ ʠ ʜʚʫʤʷ ʩʝʢʮʠʷʤʠ 

ʵʣʝʨʦʥʦʚ. ʂʘʞʜʘʷ ʢʦʥʩʦʣʴ 

ʣʦʥʞʝʨʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʦʜʦʣʴʥʳʡ ʥʘʙʦʨ ʢʘʨʢʘʩʘ ʢʦʥʩʦʣʠ 

ʢʨʳʣʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʦʜʦʣʴʥʳʭ 

ʩʪʝʥʦʢ, ʦʜʥʦʛʦ ʣʦʥʞʝʨʦʥʘ ʠ ʰʝʩʪʠ ʧʘʨ ʩʪʨʠʥʛʝʨʦʚ. ʇʦʧʝʨʝʯʥʳʡ ʥʘʙʦʨ ʩʦʩʪʦʠʪ 

ʠʟ 34 ʥʝʨʚʶʨ. ʆʙʰʠʚʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʧʦʣʥʝʥʘ ʠʟ ʜʶʨʘʣʶʤʠʥʠʝʚʳʭ ʣʠʩʪʦʚ. ɺ 

ʢʨʳʣʝ ʩʜʝʣʘʥʳ ʚʳʨʝʟʳ ʧʦʜ ʥʠʰʫ, ʛʜʝ ʚ ʫʙʨʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʨʘʟʤʝʱʘʶʪʩʷ 

ʘʤʦʨʪʠʟʘʮʠʦʥʥʘʷ ʩʪʦʡʢʘ ʠ ʢʦʣʝʩʦ ʛʣʘʚʥʦʡ ʦʧʦʨʳ ʰʘʩʩʠ. 

ɼʚʠʛʘʪʝʣʠ 

ʊʨʠ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʷ ɸʀ-25 (3 ʭ 1720 ʢʛʩ) ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɻʇ 

ɿʄʂɹ çʇʨʦʛʨʝʩʩè ʠʤ. ɸʢʘʜʝʤʠʢʘ ɸ. ɻ. ʀʚʯʝʥʢʦ: ʜʚʘ ʜʚʠʛʘʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʧʠʣʦʥʘʭ ʚ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ ʬʶʟʝʣʷʞʘ, ʪʨʝʪʠʡ ʚʥʫʪʨʠ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ 

ʬʶʟʝʣʷʞʘ. ʊʘʢʞʝ ʥʘ ʩʘʤʦʣʸʪʝ ʫʩʪʘʥʦʚʣʝʥʘ ɺʉʋ (ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ) ɸʀ-9. 

1. ʊʝʦʨʠʷ 

ɼʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʨʳʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʚʳʙʦʨʦʤ 

ʢʨʝʡʩʝʨʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ. ʇʦʩʢʦʣʴʢʫ ʤʳ ʧʳʪʘʝʤʩʷ 

ʩʦʭʨʘʥʠʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸɼʍ), ʪʦ Cya ʢʨʝʡʩ ʩʪʨʝʤʠʤʩʷ 

ʚʳʙʨʘʪʴ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʫ ʦʨʠʛʠʥʘʣʘ = 0,36. ɼʣʷ ʵʪʦʛʦ ʥʘ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ ʢʨʳʣʘ 

ʄʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʢʨʳʣʘ: 

1) ɺʳʙʦʨ Cya ʢʨʝʡʩ. ʆʮʝʥʢʘ ʧʣʦʱʘʜʠ ʠ ʫʜʣʠʥʝʥʠʷ ʢʨʳʣʘ.  

2) ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʠʨʦʚʢʠ ʢʨʳʣʘ. 

3) ɺʳʙʦʨ ʧʨʦʬʠʣʷ (ʈʠʩʫʥʦʢ 3) ʜʣʷ ʟʘʜʘʥʥʦʛʦ Cya ʢʨʝʡʩ ʥʘ ʢʨʝʡʩʝʨʩʢʦʤ 

ʨʝʞʠʤʝ M=0,6, H=8000 ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʷʛʠʚʘʥʠʷ ʚʦʣʥʦʚʦʛʦ ʢʨʠʟʠʩʘ ʠ 

ʚʳʩʦʢʠʭ ʥʝʩʫʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʨʝʞʠʤʘʭ. ɽʩʣʠ ʥʝ 

ʈʠʩʫʥʦʢ 2 ʉʘʤʦʣʸʪ ʗʢ-40 
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ʈʠʩʫʥʦʢ 4 ʆʙʪʝʢʘʥʠʝ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ 

ʩʘʤʦʣʸʪʘ: dʟ=35Ü, M=0.2, a=14Ü 

ʈʠʩʫʥʦʢ 3 ɺʘʨʠʘʥʪʳ ʧʨʦʬʠʣʝʡ 

ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺʇʍ) 

ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ ʧʫʥʢʪʫ 1. 

4) ʆʮʝʥʢʘ ɺʇʍ ʩ ʦʜʥʠʤ ʚʳʜʚʠʞʥʳʤ ʟʘʢʨʳʣʢʦʤ ʩ ʫʯʸʪʦʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

5) ɺʳʙʦʨ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʳʣʘ: ʩʫʞʝʥʠʷ, ʢʨʫʪʢʠ. 

6) ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ. 

7) ʈʘʩʯʸʪ ʧʦʣʷʨʳ ʩʘʤʦʣʸʪʘ 

ʥʘ ʢʨʝʡʩʝʨʩʢʦʤ ʨʝʞʠʤʝ (M=0,6, 

H=8000) ʠ ʧʨʠ ʅ=0. 

8) ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʳʣʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʦʣʦʞʝʥʠʷ ʟʘʢʨʳʣʢʘ. 

9) ʈʘʩʯʸʪ ɺʇʍ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʢʨʳʣʘ ʧʦ 

ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʝ. 

10) ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʢʨʝʡʩʝʨʩʢʦʡ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ. 

2. ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʢʨʳʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ 

ʟʘʜʘʥʠʝʤ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

- ʧʨʦʚʝʜʝʥʳ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʥʘ ʙʘʟʝ 

ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʨʝʡʩʝʨʩʢʦʛʦ ʠ ʚʟʣʸʪʥʦ-

ʧʦʩʘʜʦʯʥʦʛʦ ʨʝʞʠʤʦʚ ʧʦʣʸʪʘ; 

- ʧʨʦʚʝʜʸʥ ʚʳʙʦʨ ʛʝʦʤʝʪʨʠʠ ʥʦʚʦʛʦ ʢʨʳʣʘ ï ʧʣʦʱʘʜʠ, ʩʫʞʝʥʠʷ, 

ʫʜʣʠʥʝʥʠʷ, ʢʨʫʪʢʠ; 

- ʧʨʦʚʝʜʝʥʳ ʚʳʙʦʨ ʧʨʦʬʠʣʠʨʦʚʢʠ ʥʦʚʦʛʦ ʢʨʳʣʘ ʥʘ ʤʘʩʩʠʚʝ 

ʚʳʩʦʢʦʥʝʩʫʱʠʭ ʩʫʧʝʨʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ; 

- ʦʧʨʝʜʝʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʨʫʪʢʘ ʥʦʚʦʛʦ ʢʨʳʣʘ; 

-ʦʧʨʝʜʝʣʝʥʳ ʥʝʩʫʱʠʝ ʩʚʦʡʩʪʚ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ 

ʢʨʳʣʘ ʇʦʢʘʟʘʥʦ, ʯʪʦ ɺʇʍ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ; 

- ʦʧʨʝʜʝʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʩʘʤʦʣʸʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʘ 

ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʦʣʫʯʘʝʪʩʷ ʥʝ ʥʠʞʝ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʚ ʟʘʜʘʥʠʠ 3500ʢʤ. 

3. ɺʳʚʦʜʳ 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʦ ʥʦʚʦʝ ʢʨʳʣʦ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʴʰʝʡ 

ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʸʪʘ ʄ=0,6, ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʢʘʯʝʩʪʚʝ. 

ʅʝʩʫʱʠʝ ʩʚʦʡʩʪʚʘ ʥʦʚʦʛʦ ʢʨʳʣʘ ʩ 

ʚʳʧʫʱʝʥʥʦʡ ʤʝʭʘʥʠʟʘʮʠʝʡ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʩʘʜʦʯʥʦʡ ʩʢʦʨʦʩʪʠ 

Vʧʦʩ=200ʢʤ/ʯ (ʈʠʩʫʥʦʢ 4). 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʠʡ ʦʙʲʸʤ ʙʘʢʦʚ ʚ 

ʥʦʚʦʤ ʢʨʳʣʝ ʚ ʩʚʷʟʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʫʜʘʸʪʩʷ ʜʦʩʪʠʯʴ ʜʘʣʴʥʦʩʪʠ 
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ʧʦʣʸʪʘ ʩʚʳʰʝ 3500 ʢʤ. 
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Abstract 

In this study, we consider the problem of designing of wing perspective high-

speed aircraft of local airlines based on the Yak-40, and the assessment of its aircraft 

performance and take-off and landing performance, in view of the replacement of 

engines on TPE331-12UAN. 
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to Mach numbers M = 0,6...0,7, and provides high aircraft performance, take-off and 

landing performance. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʩʙʦʨʢʠ 

ʦʪʩʝʢʘ ʌ1 ʩʘʤʦʣʝʪʘ SSJ100. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʪʦʯʥʦʡ 

ʩʙʦʨʢʦʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦ 

ʩʦʢʨʘʱʝʥʠʶ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚʳʙʨʘʥʳ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʩʝʢʘ ʌ1. ɼʘʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʩʦʢʨʘʪʠʪʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʙʦʨʢʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 4 ʩ 12,5 ʜʥʝʡ ʜʦ 11,5 ʜʥʝʡ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʩʦʢʨʘʪʠʣʠʩʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜʥʦʛʦ ʦʪʩʝʢʘ ʌ1 ʥʘ 26368 ʨʫʙʣʝʡ. 

 

ɺʚʝʜʝʥʠʝ 

ʆʪʩʝʢ ʌ1 ʩʘʤʦʣʝʪʘ SSJ100 ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʩʙʦʨʢʠ ʠʟ 

ʯʝʪʳʨʝʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦ 

ʩʦʢʨʘʱʝʥʠʶ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʩʙʦʨʢʠ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʙʦʨʢʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 4 (ʈ4), ʙʳʣ 

ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠ ʦʧʝʨʘʮʠʡ ʥʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ 3 (ʈ3) 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʮʝʩʩʘʤ, ʥʘ ʢʦʪʦʨʳʭ ʵʪʦ ʜʝʡʩʪʚʠʝ ʥʝ ʦʪʨʘʟʠʪʴʩʷ ʠ ʥʝ ʧʦʚʣʠʷʝʪ. 

ʆʧʝʨʘʮʠʠ 170 ʠ 171 (ʨʠʩ. 2) ʙʳʣʦ ʨʝʰʝʥʦ ʚʳʧʦʣʥʷʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʧʝʨʘʮʠʷʤʠ 

162 ʠ 169. ʊʘʢʦʡ ʧʝʨʝʥʦʩ ʦʧʝʨʘʮʠʡ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  
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ʈʠʩ. 1 - ʆʧʝʨʘʮʠʠ ʩʙʦʨʢʠ ʥʘ ʈ3 ʧʨʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʧʝʨʘʮʠʡ 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ɻʘʥʪʘ (ʈʠʩ. 2), ʥʘ ʢʦʪʦʨʦʡ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥ 

ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʥʘ ʈ3 ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʟʘʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʙʦʪ).  

 
ʈʠʩ. 2  - ɼʠʘʛʨʘʤʤʘ ɻʘʥʪʘ ʥʘ ʈ3 ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʙʦʨʢʠ ʥʘ ʈ4 

ʩ 12,5 ʜʥʝʡ ʜʦ 11,5 ʜʥʝʡ. ʆʙʱʝʝ ʚʨʝʤʷ ʩʙʦʨʢʠ ʦʪʩʝʢʘ ʌ1 ʜʦ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʣʷʣʦ 47 ʜʥʝʡ, ʧʦʩʣʝ - ʜʦ 46 ʜʥʝʡ. ɿʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʩʙʦʨʢʠ ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜʥʦʛʦ ʦʪʩʝʢʘ ʌ1 ʥʘ 26368 ʨʫʙʣʝʡ. 
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Abstract 
This work speak about organization lines gathers moduleôs aircraft SSJ100. 

Analyzed problem relate with assemblage. The same way demonstrated different 

method as one can cut down expense on production. This allow on same area extend 

value finished production without overload staff. Such allocation allow cut down 

duration gathers on worker place 4 with 12.5 days till 11,5 days, thanks to we reduce 

expense on production module F1 on 26368 ruble. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʚʳʭ 

ʟʘʪʨʘʪ, ʫʤʝʥʴʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ 

ʜʝʪʘʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʃA). ʇʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ (ʈʀ) ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʠʯʠʥʦʡ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʝʛʦ ʠʣʠ ʩʤʷʪʠʝ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʟ-ʟʘ ʥʠʟʢʠʭ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ - ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʜʝʛʨʘʜʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ - ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ. 

ʇʨʠ ʵʪʦʤ ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʟʘʢʘʣʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʟʢʦ ʧʦʚʳʩʠʪʴ ʧʣʘʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʀ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʶʪʩʷ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʟʚʝʩʪʥʳ ʪʘʢ ʞʝ ʤʝʪʦʜʳ 

ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʫʪʝʤ ʫʧʨʦʯʥʝʥʠʷ 
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ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʢʨʠʦʛʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ (ʈʀ), ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ,ʢʨʠʦʛʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʃA ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʨʦʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ (ʢʨʘʩʥʦʩʪʦʡʢʦʩʪʠ), 

ʚʳʩʦʢʦʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʠʟʥʦʩʫ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʦʮʝʩʩʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ JIA ʷʚʣʷʶʪʩʷ: 

1. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ (ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʢʦʥʪʫʨʫ ʦʙʚʦʜʦʦʙʨʘʟʫʶʱʠʭ ʜʝʪʘʣʝʡ 

ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,2.0,5 ʤʤ; ʦʚʘʣʴʥʦʩʪʴ ʜʣʷ ʜʠʘʤʝʪʨʘ 1000 ʤʤ - ʥʝ ʙʦʣʝʝ 3 

ʤʤ; ʯʠʩʪʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ, ʧʦ ʨʘʜʠʫʩʘʤ ʧʝʨʝʭʦʜʦʚ ʥʝ ʤʝʥʝʝ Rz 6,3). 

2. ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʠʩʢʣʶʯʝʥʠʝ ʜʦʚʦʜʦʯʥʳʭ ʨʘʙʦʪ 

(ʢʦʨʦʙʣʝʥʠʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʧʘʥʝʣʝʡ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʳ -

ʨʠʭʪʦʚʢʘ; çʟʘʨʝʟʳè ʨʝʙʝʨ ʠ ʧʦʣʦʪʥʘ ʜʝʪʘʣʝʡ ʧʨʠ ʧʦʣʦʤʢʝ ʠʥʩʪʨʫʤʝʥʪʘ -

ʧʦʜʚʘʨʢʘ ʠʣʠ ʥʦʚʘʷ ʜʝʪʘʣʴ; ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʠʢʨʦʪʨʝʱʠʥ - ʩʥʷʪʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʥʦʚʘʷ ʜʝʪʘʣʴ). 

3. ʄʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʙʨʦʩʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ (ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʘʨʦʢ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ). 

4. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ, ʫʤʝʥʴʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ JIA. 

 

 

ʊʝʭʥʦʣʦʛʠʷ ʢʨʠʦʛʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʂʨʠʦʛʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ï ʧʨʦʮʝʩʩ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʝʪʘʣʝʡ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ - 196  ↔ʉ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 - 36 ʯʘʩʦʚ. ʇʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʩʪʝʧʝʥʥʦʛʦ ʚʦʟʚʨʘʪʘ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʂʨʠʦʛʝʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ - ʵʪʦ ʦʪʧʫʩʢ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ ʩ ʮʝʣʴʶ 

ʣʠʢʚʠʜʘʮʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. ʊʘʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ, ʩʨʦʢ ʩʣʫʞʙʳ ʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦʡʵʢʦʥʦʤʠʠ ʧʨʠ ʨʘʩʭʦʜʘʭ ʥʘ ʨʝʤʦʥʪ, ʟʘʤʝʥʫ ʠ 

ʧʨʦʩʪʦʡ. 
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ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʢʨʠʦʛʝʥʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

 

ʇʨʦʮʝʩʩ ʢʨʠʦʛʝʥʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʩʧʣʘʚʝ ʫʛʣʝʨʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʤʝʪʘʣʣʘ. ʕʪʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʘʣʠ ʠ ʘʣʶʤʠʥʠʝʚʳʤ 

ʩʧʣʘʚʘʤ. 

ʎʠʢʣʳ ʢʨʠʦʛʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2 ʠ ʩʦʩʪʦʷʪ ʠʟ: 

ʎʠʢʣ "ʆʭʣʘʞʜʝʥʠʝ".  ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

ʎʠʢʣ "ɺʳʜʝʨʞʢʘ".  ʇʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ, ʫʚʝʣʠʯʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʠ ʜʦʩʪʠʯʴ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʘʣʘʥʩʘ ʧʦ ʚʩʝʡ ʤʘʩʩʝ ʤʘʪʝʨʠʘʣʘ; 

 ʎʠʢʣ "ʅʘʛʨʝʚ". ɺʦʟʚʨʘʱʘʝʪ ʤʘʪʝʨʠʘʣ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʠʟʥʘʯʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ; 

 ʎʠʢʣ "ʉʥʷʪʠʝ ʥʘʧʨʷʞʝʥʠʡ". ʉʥʠʤʘʝʪ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʥʫʪʨʠ 

ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʮʠʢʣʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯ 

ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

 

 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʠʦʛʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʠʦʛʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʯʝʪʳʨʝʭ ʧʦʣʦʞʝʥʠʡ. 

1.ʎʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʪʝʣʝ.  

ʉʭʝʤʘ ʧʦʣʦʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʮʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.2. 
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ʈʠʩ.2. ʎʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʪʝʣʝ 
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2. ʎʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʫʙʠʥʝ ʭ0ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʣʘ.  

ʉʭʝʤʘ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʢʦʪʦʨʦʤ ʮʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

ʛʣʫʙʠʥʝ ʭ0ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3. 

 
ʈʠʩ.3. ʎʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʫʙʠʥʝ ʭ0ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʣʘ 
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3. ʎʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʫʙʠʥʝ ʭ0ʧʘʨʘʣʣʝʣʴʥʦ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʣʘ. ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.4. 

 
ʈʠʩ.4.ʎʠʣʠʥʜʨ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʫʙʠʥʝ ʭ0ʧʘʨʘʣʣʝʣʴʥʦ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʣʘ 
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4. n ʦʜʠʥʘʢʦʚʳʭ ʮʠʣʠʥʜʨʦʚ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʣʫʙʠʥʝ ʭ0 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʣʘ. 

ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.5. 
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ʈʠʩ.5.n ʦʜʠʥʘʢʦʚʳʭ ʮʠʣʠʥʜʨʦʚ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʣʫʙʠʥʝ ʭ0 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʣʘ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʢʨʠʦʛʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʯʝʪʳʨʝʭ ʧʦʣʦʞʝʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʢʨʠʦʛʝʥʥʦʡ ʢʘʤʝʨʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ɻʨʠʛʦʨʴʝʚ ʉ.ʅ., ʊʘʙʘʢʦʚ ɺ.ʇ., ɺʦʣʦʩʦʚʘ ʄ.ɸ.ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʦʚʳʰʝʥʠʷʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭʧʣʦʱʘʜʦʢ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘïʄ:ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2005. ï192ʩ. 

2. ɻʦʨʙʘʯʝʚ ʄ.ɺ.ʊʝʧʣʦʤʘʩʩʦʦʙʤʝʥ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʄ.ɺ. ɻʦʨʙʘʯʝʚ. ï

ʅʦʚʦʩʠʙʠʨʩʢ : ʀʟʜ-ʚʦ ʅɻʊʋ, 2015. ï 443 ʩ. (ʉʝʨʠʷ çʋʯʝʙʥʠʢʠ 1.ʅɻʊʋè). 

3. ʂʦʢʦʨʠʥ ʅ.ɸ. ʂʨʘʪʢʠʡ ʩʧʨʘʚʦʯʥʠʢ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ 

ʢʨʠʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ.-ʀʞʝʚʩʢ: ʆʆʆ çʅʇʎ çʂʨʠʦʊʝʭʈʝʩʫʨʩè, 2015.- 

38 ʩ. 

4. ʂʘʪʘʣʦʛ. ʈʝʞʫʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʪ SandvikCoromant. ɺʨʘʱʘʶʱʠʝʩʷ 

ʠʥʩʪʨʫʤʝʥʪʳ.ʌʨʝʟʝʨʦʚʘʥʠʝ, ʩʚʝʨʣʝʥʠʝ, ʨʘʩʪʘʯʠʚʘʥʠʝ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ. ʄ, 2012. 

5. ɸʢʫʣʠʯ ʅ.ɺ. ʇʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ 
ʩʧʣʘʚʦʚ, ɻʦʤʝʣʴ 2008. 

6. http://spravochnik-tehnologa.ru/materialy-rezhushchikh-

instrumentov/instrumentalnye-stali. 

 

  

http://engineeringsystems.ru/procesi-proizvodstva-chernih-i-cvetnih-metaliv-i-ih-splavov/
http://engineeringsystems.ru/procesi-proizvodstva-chernih-i-cvetnih-metaliv-i-ih-splavov/
http://spravochnik-tehnologa.ru/materialy-rezhushchikh-instrumentov/instrumentalnye-stali
http://spravochnik-tehnologa.ru/materialy-rezhushchikh-instrumentov/instrumentalnye-stali


  
 

76 
 

STUDY OF CRYOGENIC HARDENING OF CUTTING TOOL  

 

Ryngach N.A., email: ryngaʩh@corp.nstu.ru 

Zhu Ze e-mail: zhuze1990@yandex.ru 

Novosibirsk state technical university 

 

Abstract 

This article describes the problem of increasing of the efficiency of the 

machining solution that helps to reduce labor costs, reduced operating costs, 

increased productivity of operation. The usage of machining tools shows that in most 

cases of the low tool life is brittle fracture or collapse of its cutting edge due to low 

plastic characteristics - in the first case, the surface layer structure of degradation - in 

the second case. 

The purpose of this paper is mathematical modeling of the cryogenic treatment 

of cutting tools. 
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 çʎʠʦʣʢʦʚʩʢʠʡ ʚʦʟʚʝʜʝʥ ʚ ʨʘʥʛ ʩʠʤʚʦʣʘ ʂʘʣʫʛʠ. ʀʤʝʥʝʤ ʚʳʜʘʶʱʝʛʦʩʷ 

ʧʨʦʬʝʩʩʦʨʘ ʘʵʨʦʤʝʭʘʥʠʢʠ ʏʘʧʣʳʛʠʥʘ ʥʘʟʚʘʥ ʛʦʨʦʜ. ɺ ʯʝʩʪʴ ʄʦʩʢʘʣʝʚʘ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʚʰʝʛʦ ʠ ʧʦʩʪʨʦʠʚʰʝʛʦ ʙʦʣʝʝ ʪʨʠʜʮʘʪʠ ʪʠʧʦʚ ʩʘʤʦʣʝʪʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʤʠʨʦʚʳʭ ʨʝʢʦʨʜʩʤʝʥʦʚ, ʚ ɺʦʨʦʥʝʞʝ ʥʝ ʥʘʟʚʘʥʘ ʜʘʞʝ ʫʣʠʮʘ!è 
[1]

 

 ʄʦʩʢʘʣʝʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ ï ʚʳʜʘʶʱʠʡʩʷ ʢʦʥʩʪʨʫʢʪʦʨ ʩʦʚʝʪʩʢʦʡ 

ʘʚʠʘʮʠʠ. ʅʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʥʦʚʘʪʦʨʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ 

ʛʝʥʠʘʣʴʥʦʛʦ ʘʚʠʘʢʦʥʩʪʨʫʢʪʦʨʘ ʠʟ  ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ. ʀʤʝʥʥʦ ʄʦʩʢʘʣʝʚ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʩʪʨʝʣʦʚʠʜʥʦʡ ʬʦʨʤʳ ʜʝʣʴʪʘ-ʢʨʳʣʘ, ʢʦʪʦʨʘʷ 

ʧʦʩʣʫʞʠʣʘ ʨʝʟʢʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʘʢʪʠʚʥʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʘʚʠʘʮʠʠ. 

ɸʚʠʘʢʦʥʩʪʨʫʢʪʦʨ ʚʥʝʩ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʩʘʤʦʣʝʪʦʚ 

ʩʪʨʘʥʳ ʉʦʚʝʪʦʚ.  

 

ʉʦʚʝʪʩʢʠʡ ʘʚʠʘʢʦʥʩʪʨʫʢʪʦʨ ʄʦʩʢʘʣʝʚ ʉ.ɸ. 

ʂ ʙʦʣʴʰʦʤʫ ʩʦʞʘʣʝʥʠʶ, ʪʨʫʜʳ ʵʪʦʛʦ ʯʝʣʦʚʝʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢ ʥʝ 

ʫʚʝʢʦʚʝʯʝʥʳ. ʈʝʘʣʴʥʦʩʪʴ ʪʘʢʦʚʘ , ʯʪʦ ʥʝ ʤʥʦʛʠʝ ʟʥʘʢʦʤʳ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ɸʣʝʢʩʘʥʜʨʘ ʉʝʨʛʝʝʚʠʯʘ. ɸ ʠʤʝʥʥʦ ʦʥ ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʦʤ ʫʥʠʢʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ - 

ʉɸʄ-5-2ʙʠʩ (ʨʠʩ.1). ʀ ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʩʘʤʦʣʝʪʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʝ ʦʜʠʥ 

ʨʝʢʦʨʜ ʪʦʛʦ ʚʨʝʤʝʥʠ, ʚʢʣʶʯʘʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ. 

 

ʈʠʩ.1 

ɺ ʩʝʥʪʷʙʨʝ 1937 ʛʦʜʘ ɸ. ɻʫʩʘʨʦʚ ʠ ɺ. ɻʣʝʙʦʚ ï ʣʝʪʯʠʢʠ ɺʦʨʦʥʝʞʩʢʦʛʦ 

ʘʵʨʦʢʣʫʙʘ - ʩʦʚʝʨʰʠʣʠ ʥʘ ʥʝʤ ʚʳʜʘʶʱʠʡʩʷ ʧʦ ʪʦʤʫ ʚʨʝʤʝʥʠ ʙʝʩʧʦʩʘʜʦʯʥʳʡ 

ʧʝʨʝʣʝʪ ʧʦ ʧʨʷʤʦʡ: ʄʦʩʢʚʘ ï ʂʨʘʩʥʦʷʨʩʢ, ʜʣʠʥʦʡ ʚ 3513 ʢʤ, ʟʘ 19 ʯʘʩʦʚ 59 
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ʤʠʥʫʪ, ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʸʪʘ ï 200ʢʤ/ʯ, ʫʩʪʘʥʦʚʠʚ ʤʝʞʜʫʥʘʨʦʜʥʳʡ 

ʨʝʢʦʨʜ ʜʘʣʴʥʦʩʪʠ. ʂ ʩʚʝʜʝʥʠʶ, ʵʪʦʪ ʨʝʢʦʨʜ ʙʳʣ ʧʦʙʠʪ ʪʦʣʴʢʦ ʚ 1949 ʛʦʜʫ 

ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʣʝʪʯʠʢʘʤʠ. ʅʘ ʩʯʝʪʫ ʫ ʉɸʄ -5-2ʙʠʩ ʤʠʨʦʚʦʡ ʨʝʢʦʨʜ ʚʳʩʦʪʳ ï 

8750 ʤʝʪʨʦʚ ʚ ʢʣʘʩʩʝ ʣʝʛʢʠʭ ʩʘʤʦʣʝʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʣʝʪʯʠʢʦʤ ɹʦʨʦʜʠʥʳʤ. 

ɺʩʸ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʘʤʦʣʝʪʘ, ʘ 

ʟʥʘʯʠʪ ʠ ʦ ʝʛʦ ʚʳʩʦʢʠʭ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʃʊʍ) ʅʝʢʦʪʦʨʳʝ 

ʜʘʥʥʳʝ ʦʙ ʵʪʦʤ ʩʘʤʦʣʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 

˸͙ͦ͒ͺ͙͊͟ͼ͙Ύ ˿ˢ-˸5-н͙͋ͫ 

˾͊ͣ͊͘ͻ ͪ͟·͊͡Σ ͣ 11.49 

˨͙ͤ͊͡ ͖ͫ͊ͣͦͭ͊͡Σ ͣ 8.02 

ˤ·ͫͦͭ͊ ͖ͫ͊ͣͦͭ͊͡Σ ͣ 3.86 

˽ͦ͡΅͊͒Έ ͪ͟·͊͡Σ ͣ2 21.86 

˸͊ͫͫ͊Σ ͎͟  

-͎ͨͯͫͭͦͦ ͖ͫ͊ͣͦͭ͊͡ 820 

-͙ͣ͊ͫͣ͊͟͡Έͤ͊Ύ ͍͔ͭͤ͊͘͡Ύ 1160 

͙́ͨ ͍͙͎͔͒͊ͭ͡Ύ м ˽˨ ˸-11 

˸ͦ΅ͤͦͫͭΈΣ ͡ΦͫΦ   1 ɛ 100 

˸͙͊ͫͣ͊͟͡Έͤ͊Ύ ͫͦͪͦͫͭ͟ΈΣ ͣ͟κ;  

-ͯ ͔͙ͣ͘͡ 205 

-ͤ͊ ͍·͔ͫͦͭ 170 

˴͔͚͔ͪͫͪͫ͊͟Ύ ͫͦͪͦͫͭ͟ΈΣ ͣ͟κ; 165 

˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͒͊͡ΈͤͦͫͭΈΣ ͣ͟ 1100 

˽͙ͪ͊ͭ͟;͔͙͚ͫ͟ ͨͦͭͦͦ͟͡Σ ͣ͟ 4000 

͙̏ͨ͊͗͟Σ ;͔͡ 1 

˽͔ͦͤ͊͘͡Ύ ͎ͤ͊ͪͯ͊͘͟ ˨ͦ с ;͔͍͔ͦ͟͡ 

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʝʛʢʦʛʦ ʩʘʤʦʣʝʪʘ, 

ʚʳʧʫʩʢʘʝʤʦʛʦ ʚ ʛʦʜʳ ʧʝʨʚʳʭ ʧʨʝʜʚʦʝʥʥʳʭ ʧʷʪʠʣʝʪʦʢ, ʢʦʣʣʝʢʪʠʚʦʤ ʆʂɹ-31 

ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ - ʉɸʄ-5-2ʙʠʩ. ʇʦʩʢʦʣʴʢʫ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʦ ʧʦʣʥʦʤ 

ʦʪʩʫʪʩʪʚʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ ʮʝʣʠ ʨʘʙʦʪʳ ʚʭʦʜʠʪ ʝʸ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ɸ ʪʘʢʞʝ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʥʥʦʛʦ ʩʘʤʦʣʸʪʘ, ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʥʦʨʦʜʥʳʭ ʮʝʣʷʭ: ʚ ʢʘʯʝʩʪʚʝ ʩʘʥʠʪʘʨʥʦʛʦ ʚʘʨʠʘʥʪʘ, 

ʩʘʤʦʣʸʪʘ ʄʏʉ, çʘʚʠʘ-ʪʘʢʩʠè ʠ ʪ.ʧ. ʇʨʦʷʚʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʣʝʛʢʠʤ ʣʝʪʘʪʝʣʴʥʳʤ 

ʘʧʧʘʨʘʪʘʤ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʭ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʫʯʝʙʥʳʭ, ʩʧʦʨʪʠʚʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

 ɿʘʜʘʯʠ: 

½ ʨʘʟʨʘʙʦʪʢʘ ʘʚʘʥʧʨʦʝʢʪʘ; 

½ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ; 

½ ʬʦʨʤʫʣʠʨʦʚʢʘ ʢʦʥʮʝʧʮʠʡ ʠ ʠʭ ʘʥʘʣʠʟ; 

½ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ(ʊʊʊ); 

½ ʨʘʟʨʘʙʦʪʢʘ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ; 

½ ʨʘʟʨʘʙʦʪʢʘ ʨʘʙʦʯʝʛʦ (ʪʝʭʥʠʯʝʩʢʦʛʦ) ʧʨʦʝʢʪʘ; 

½ ʠʟʛʦʪʦʚʣʝʥʠʝ ʯʘʩʪʝʡ ʠ ʚʩʝʛʦ ʃɸ ʚ ʮʝʣʦʤ; 

½ ʧʦʜʛʦʪʦʚʢʘ ʢ ʠʩʧʳʪʘʥʠʷʤ ʠ ʩʘʤʠ ʠʩʧʳʪʘʥʠʷ.  

 ʇʨʠʩʪʫʧʘʷ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʘʤʦʣʝʪʘ ʙʳʣ ʠʟʫʯʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʧʦ ʩʘʤʦʣʸʪʘʤ ʪʦʛʦ ʞʝ ʪʠʧʘ, ʯʪʦ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 
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ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʚʢʣʶʯʘʶʱʠʭ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʧʘʨʘʤʝʪʨʘʭ ʩʘʤʦʣʸʪʦʚ-ʧʨʦʪʦʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʳ  

ʧʨʦʝʢʪʠʨʫʝʤʦʤʫ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʩ ʥʠʤ ʟʥʘʯʝʥʠʷ 

ʤʘʩʩʳ ʮʝʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ. ʀʩʪʦʯʥʠʢʘʤʠ ʜʣʷ ʩʙʦʨʘ 

ʩʪʘʪʠʩʪʠʢʠ ʧʦʩʣʫʞʠʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ, ʵʥʮʠʢʣʦʧʝʜʠʠ ʧʦ ʘʚʠʘʮʠʠ, 

ʦʪʯʝʪʳ ʅʀʀ, ʞʫʨʥʘʣʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʘʚʠʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ 

ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʫʯʝʥʠʷ 

ʯʝʨʪʝʞʝʡ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʉɸʄ-5-2ʙʠʩ ʙʳʣʦ ʥʘʯʘʪʦ ʵʩʢʠʟʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʝʪʘ ʠ ʛʣʘʚʥʳʭ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʫʟʣʦʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʘʶʱʠʭ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʘʤʦʣʝʪʝ [2,3]. 

ʆʪʨʳʚʥʦʡ ʪʦʯʢʦʡ ʚ ʵʩʢʠʟʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʘʣ ʨʘʩʯʝʪ ʚʟʣʝʪʥʦʡ ʤʘʩʩʳ 

ʩʘʤʦʣʝʪʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʠ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʳʭ ʣʸʪʥʦ-ʪʘʢʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʸʪʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ m0, ʧʦʪʦʤʫ ʯʪʦ ʣʶʙʦʝ ʥʝʦʧʨʘʚʜʘʥʥʦʝ ʟʘʚʳʰʝʥʠʝ 

ʚʟʣʸʪʥʦʡ ʤʘʩʩʳ ʚʩʝʛʜʘ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʣʸʪʘ. ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʟʣʸʪʥʦʡ ʤʘʩʩʳ 

ʟʘʚʠʩʷʪ ʦʪ ʝʸ ʟʥʘʯʝʥʠʷ ʠ ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ: ʚʟʣʸʪʥʫʶ ʤʘʩʩʫ ʥʝʣʴʟʷ 

ʦʧʨʝʜʝʣʠʪʴ, ʥʝ ʦʧʨʝʜʝʣʠʚ ʤʘʩʩʳ ʚʩʝʭ ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘ ʤʘʩʩʫ ʥʝʢʦʪʦʨʳʭ ʠʟ  

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ, ʥʝ ʠʤʝʷ ʟʥʘʯʝʥʠʷ ʚʟʣʸʪʥʦʡ ʤʘʩʩʳ. ʇʦʜʦʙʥʳʝ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʦʙʳʯʥʦ ʨʘʟʨʝʰʘʶʪ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʧʨʠʤʝʥʷʷ ʩʥʘʯʘʣʘ ʧʨʠʙʣʠʞʸʥʥʳʝ, ʘ ʟʘʪʝʤ ʚʩʸ 

ʙʦʣʝʝ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʧʦʜʩʯʸʪʘ ʤʘʩʩ ʩʘʤʦʣʸʪʘ. ʇʦʩʣʝ ʨʘʩʯʝʪʳ 

ʚʟʣʸʪʥʦʡ ʤʘʩʩʳ ʉʃʉ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʉʃʉ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʦ ʉɸʄ-5-2ʙʠʩ: 

½ ʚʳʙʨʘʥ ʧʨʦʬʠʣʴ ʢʨʳʣʘ; 

½ ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʱʘʜʴ, ʫʜʣʠʥʝʥʠʝ ʢʨʳʣʘ; 

½ ʦʧʨʝʜʝʣʝʥ ʬʦʢʫʩ ʩʘʤʦʣʝʪʘ; 

½ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʘ ʮʝʥʪʨʦʚʢʘ; 

½ ʚʳʙʨʘʥʳ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʦʨʤʫ ʢʨʳʣʘ ʚ ʧʣʘʥʝ; 

½ ʚʳʙʨʘʥʳ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʨʦʥʦʚ, ʟʘʢʨʳʣʢʦʚ, ʧʨʝʜʢʨʳʣʢʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ; 

½ ʦʧʨʝʜʝʣʝʥʳ ʧʣʦʱʘʜʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʧʝʨʝʥʠʡ (ɻʆ ʠ 
ɺʆ); 

½ ʦʧʨʝʜʝʣʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʳ ɻʆ ʠ ɺʆ; 

½ ʚʳʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ ʨʫʣʷ ʚʳʩʦʪʳ; 

½ ʚʳʙʨʘʥʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʬʶʟʝʣʷʞʘ; 

½ ʚʳʙʨʘʥʘ ʩʭʝʤʘ ʰʘʩʩʠ [4]. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʩʘʤʦʣʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʶʟʝʣʷʞ ʉɸʄ-5-2ʙʠʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʨʝʚʷʥʥʫʶ ʰʧʘʥʛʦʫʪʥʦ-ʬʝʨʤʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʉʦʩʪʦʠʪ ʠʟ ʧʝʨʝʜʥʝʡ ʠ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʝʡ. ɺ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʠʤʝʝʪ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ʇʝʨʝʜʥʷʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ 

ʣʦʥʞʝʨʦʥʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 7 ʰʧʘʥʛʦʫʪʦʚ, ʨʘʩʢʦʩʦʚ, ʩʪʦʝʢ ʠ ʙʘʣʦʢ 
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ʧʦʣʘ. ʆʥʘ ʦʙʢʣʝʝʥʘ ʬʘʥʝʨʦʡ ʠ ʧʦʣʦʪʥʦʤ. ɺ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ, ʤʝʞʜʫ 1-ʤ ʠ 2-ʤ 

ʰʧʘʥʛʦʫʪʘʤʠ, ʫʩʪʘʥʦʚʣʝʥ ʤʘʩʣʦʙʘʢ. ʌʦʥʘʨʴ ʣʝʪʯʠʢʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʠʟ ʪʨʫʙ. 

ɼʚʫʭʣʦʥʞʝʨʦʥʥʳʡ ʮʝʥʪʨʦʧʣʘʥ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʬʶʟʝʣʷʞʘ. ʂʨʳʣʦ 

ʩʚʦʙʦʜʥʦʥʝʩʫʱʝʝ, ʥʝʨʘʟʨʝʟʥʦʝ, ʩ ʧʨʦʬʠʣʝʤ ʈ-IIʉ. ʅʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ ʢʨʳʣʘ 

ʚʜʦʣʴ ʚʩʝʛʦ ʨʘʟʤʘʭʘ ʫʩʪʘʥʦʚʣʝʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʟʘʢʨʳʣʢʠ, ʘ ʥʘ ʟʘʜʥʝʡ - 

ʱʝʣʝʚʳʝ ʟʘʢʨʳʣʢʠ ʠ ʵʣʝʨʦʥʳ. ʂʘʞʜʘʷ ʢʦʥʩʦʣʴ ʩʦʩʪʦʠʪ ʠʟ 2 ʣʦʥʞʝʨʦʥʦʚ, 16 

ʥʝʨʚʶʨ ʠ ʩʪʨʠʥʛʝʨʦʚ. ʏʘʩʪʴ ʢʨʳʣʘ ʦʙʪʷʥʫʪʘ ʧʦʣʦʪʥʦʤ ʥʘ ʵʤʘʣʠʪʝ, ʜʨʫʛʘʷ ʯʘʩʪʴ 

ʝʛʦ ʦʙʰʠʪʳ ʬʘʥʝʨʦʡ. ʕʣʝʨʦʥʳ ʜʝʨʝʚʷʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʘʩʪʠʯʥʦ ʦʙʰʠʪʳ 

ʬʘʥʝʨʦʡ ʠ ʦʙʪʷʥʫʪʳ ʧʦʣʦʪʥʦʤ. ʆʧʝʨʝʥʠʝ ʪʘʢ ʞʝ ʜʝʨʝʚʷʥʥʦʝ, ʩʦʩʪʦʠʪ ʠʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʧʝʨʝʥʠʷ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʬʦʨʤʳ, 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʠʣʷ. ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ - ʥʝʨʘʟʨʝʟʥʦʝ, ʩʪʘʙʠʣʠʟʘʪʦʨ 

ʜʚʫʭʣʦʥʞʝʨʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ çʉɸʄ-5-2-ʙʠʩè ʰʘʩʩʠ ʙʝʟʦʩʥʦʛʦ ʪʠʧʘ, 

ʩʚʦʙʦʜʥʦʥʝʩʫʱʝʝ, ʩ ʨʝʟʠʥʦʚʦʡ ʘʤʦʨʪʠʟʘʮʠʝʡ, ʩʧʨʷʪʘʥʥʦʡ ʚʥʫʪʨʠ ʬʶʟʝʣʷʞʘ, ʩ 

ʢʦʣʝʩʘʤʠ 700X120 ʠʣʠ 470X210. ʇʦʣʫʦʩʴ ʠ ʟʘʜʥʠʡ ʧʦʜʢʦʩ ʟʘʢʣʶʯʝʥʳ ʚ ʦʜʠʥ 

ʦʙʪʝʢʘʪʝʣʴ. ʋʧʨʘʚʣʝʥʠʝ ʢʦʣʝʩʦʤ ʥʘ ʟʝʤʣʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʨʦʩʦʚ ʦʪ 

ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 3-D 

ʤʦʜʝʣʴ ʩʘʤʦʣʝʪʘ (ʨʠʩ.2). ʂʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ 

ʧʨʦʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ, ʩ ʫʪʦʯʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʣʸʛʢʦʛʦ ʩʘʤʦʣʸʪʘ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʝʪʘʣʝʡ, ʩʦʩʪʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʩʙʦʨʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 

CAD-ʠʥʩʪʨʫʤʝʥʪʦʚ ï ʂʆʄʇɸʉ-13. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʂʆʄʇɸʉ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʫʢʪʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ ʠʥʞʝʥʝʨʥʦʛʦ ʇʆ. 

 
ʈʠʩ.2 

ɺ ʧʣʘʥʘʭ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʘʤʦʣʸʪʘ ʥʘʯʘʪʴ ʝʱʝ ʜʦ ʦʢʦʥʯʘʥʠʷ ʝʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ , ʵʪʦ ʧʦʟʚʦʣʠʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʨʘʩʯʝʪʳ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʠʭ ʦʙʲʝʤ, ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ [5]. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʙʫʜʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʦʚʦʜʠʪʴʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʡʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʬʦʨʤ ʩʠʩʪʝʤʳ ʢʘʥʘʪʦʚ. ɺ 

ʚʚʦʜʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʛʠʙʢʠʭ 

ʥʠʪʝʡ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʥʪʝʥʥʘʭ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʬʦʨʤ ʥʠʪʠ, ʜʣʷ ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʙʝʛʘʝʤ ʢ ʠʟʫʯʝʥʠʶ ʧʦʚʝʜʝʥʠʷ ʥʠʪʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʡ ʠʣʠ ʠʥʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠ ʵʪʦʤ 

ʥʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʚ ʩʚʦʝʡ ʜʚʫʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʦʩʣʝ 

ʯʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ: ʥʘʭʦʞʜʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʠʪʠ(-ʝʡ) ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʢʦʥʮʦʚ, 

ʥʘʭʦʞʜʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʠʪʝʡ ʧʦ ʚʝʢʪʦʨʫ ʥʘʛʨʫʟʢʠ, 

ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʥʝʡ, ʥʘʭʦʞʜʝʥʠʝ ʥʘʛʨʫʟʢʠ ʚ ʫʟʣʝ ʧʝʨʝʩʝʯʝʥʠʡ ʥʠʪʝʡ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʜʘʥʥʦʛʦ ʫʟʣʘ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʛʦʚʦʨʠʪʩʷ ʦ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʝʪʠ ʠʟ ʥʠʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʝʪʝʧʦʣʦʪʥʦ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʛʠʙʢʠʝ 

ʥʠʪʠ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʫʨʘʚʥʝʥʠʝ ʬʦʨʤ ʥʠʪʠ, ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ, ʣʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 

ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʩʢʨʳʚʘʝʤʦʡ ʚ ʢʦʩʤʦʩʝ ʘʥʪʝʥʥʳ ʚʭʦʜʠʪ ʩʝʪʝʧʦʣʦʪʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʧʣʝʪʝʥʥʫʶ ʩʝʪʴ. ʉʝʪʴ ʩʦʩʪʦʠʪ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʪʦʚ-ʥʠʪʝʡ, ʩʚʦʙʦʜʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ. ʇʨʦʙʣʝʤʘ ʨʘʩʢʨʳʚʘʝʤʳʭ 

ʩʠʩʪʝʤ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʥʘ 

ʧʨʠʦʙʨʝʣʘ ʦʩʦʙʝʥʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɸʥʪʝʥʥʳ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʘʧʧʘʨʘʪʘʭ ʜʣʷ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʛʨʦʤʥʦʡ ʧʣʦʱʘʜʴʶ ʦʪʨʘʞʝʥʠʷ ï ʜʦ 200 ʤ
2
 ʠ 
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ʦʯʝʥʴ ʤʘʣʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʬʦʨʤʳ ʦʪ ʟʘʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺʳʚʝʩʪʠ ʥʘ 

ʦʨʙʠʪʫ ʪʘʢʫʶ ʘʥʪʝʥʥʫ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʦʵʪʦʤʫ ʪʘʢ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʫʧʘʢʦʚʘʪʴ ʥʘ ʟʝʤʣʝ ʚ ʧʨʠʝʤʣʝʤʳʝ ʛʘʙʘʨʠʪʳ, ʘ ʟʘʪʝʤ ʨʘʩʧʘʢʦʚʘʪʴ, ʞʝʣʘʪʝʣʴʥʦ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚ ʢʦʩʤʦʩʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʦʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʞʝʩʪʢʦʩʪʴʶ. ʏʪʦʙʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʘʩʩʤʦʪʨʝʪʴ ʜʘʥʥʳʡ ʚʦʧʨʦʩ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʜʘʪʴ ʥʫʞʥʫʶ ʬʦʨʤʫ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ï ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʥʘʪʳ ï 

ʚʘʥʪʳ, ʢʦʪʦʨʳʤʠ ʥʘʟʳʚʘʶʪ ʛʠʙʢʠʝ ʥʠʪʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʫʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʬʦʨʤʫ ʦʪʜʝʣʴʥʦʡ 

ʥʠʪʠ, ʧʦʜʚʝʰʝʥʥʦʡ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʟʘʧʠʩʠ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʦʨʤ ʥʠʪʠ. ʄʳ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʩʧʦʩʦʙ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ, ʛʜʝ 

ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ï ʫʨʘʚʥʝʥʠʝ ʦʩʝʚʦʡ 

ʣʠʥʠʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʩʪʝʨʞʥʷ, ʘ ʪʘʢ ʞʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʩʢʦʛʦ ʩʪʝʨʞʥʷ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ 

[1]. ɺ ʠʪʦʛʝ ʤʳ ʦʧʝʨʠʨʫʝʤ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʬʦʨʤ ʥʠʪʠ: 
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      (1) 

ʛʜʝ u ï ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ [0u , lu]. ʇʦʩʪʦʷʥʥʳʝ 0u , lu

ʥʘʭʦʜʠʤ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2), ʛʜʝ 
1 ( )l lx u  ʠ 

2 ( )l lx u ʠʟʚʝʩʪʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʧʨʘʚʦʛʦ ʢʦʥʮʘ. 

() ( )

()

() ( )

0
1

0

0

2

0

, 

( )

( )

( )

l
l l

l

l

l l

l

u u
x u

sh u sh u

ch u ch u
x u

sh u sh u

-
=

-

-
=

-
      (2) 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʫʜʦʙʝʥ ʪʝʤ, ʯʪʦ ʚ 

ʦʜʠʥ ʠʟ ʢʦʥʮʦʚ ʥʠʪʠ ʧʦʤʝʱʘʝʪʩʷ 

ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʜʣʷ 

ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʦ ʜʣʷ 

ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʜʘʯʠ ʥʘʤ 

ʈʠʩ.1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʣʦʩʢʦʩʪʠ ʥʠʪʠ 

ʈʠʩ.2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ 

ʥʠʪʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
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ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʦʟʴʤʝʤ ʦʜʥʫ ʥʠʪʴ ʠʟ ʩʝʪʠ ʥʠʪʝʡ. ɺʚʝʜʝʤ  ʛʣʦʙʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ (ɻʉʂ) - ky , ʦʨʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ kj (k = 1,2,3). ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʠ ʥʝ ʜʚʠʛʘʝʪʩʷ. ɺ ʪʝʢʫʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʠʩʠʪ 

ʥʠʪʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʠʪʴ ʧʦʨʦʞʜʘʝʪ ʩʚʦʶ 

ʪʨʝʭʤʝʨʥʫʶ  ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ï ʣʦʢʘʣʴʥʫʶï ʩ ʦʩʷʤʠ kx , ʦʨʪʳ ʢʦʪʦʨʦʡ 

ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ki ʜʘʥʥʳʡ ʙʘʟʠʩ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʚʠʩʠʪ ʥʠʪʴ. 

ʃʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʃʉʂ), ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʪʴ ʠʟ ʥʠʪʝʡ, ʫ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʝʪʢʠ ï ʜʣʷ ʢʘʞʜʦʡ ʥʠʪʠ ï ʩʚʦʷ (ʧʦ-ʩʚʦʝʤʫ ʥʘʧʨʘʚʣʝʥʘ), 

ʧʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʝʡ ʦʙʦʟʥʘʯʘʪʴ 
p

kx , ʛʜʝ p ï ʥʦʤʝʨ ʥʠʪʠ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ 

ʨʘʥʝʝ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʬʦʨʤʳ 

ʥʠʪʠ, ʵʪʦ ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʠʪʠ ʙʫʜʝʪ ʥʘʯʠʥʘʪʴʩʷ ʚ 

ʦʜʥʦʤ ʠʟ ʢʦʥʮʦʚ ʥʠʪʠ.  

ʄʳ ʤʦʞʝʤ ʥʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʥʠʪʠ: 

( )( )p

OA kA kO kA kOl y y y y= - -
     (3)

 

ʛʜʝ ʧʦ ʠʥʜʝʢʩʫ kʧʨʦʚʦʜʠʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ. ɼʣʠʥʫ ʥʠʪʠ ʦʙʦʟʥʘʯʠʤ pl , 

ʧʨʠʯʝʤ p p

OAl l¢ .  

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʩʴ ʥʠʪʠ 
3

p

x  ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʘʨʘʣʣʝʣʴʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʘʢ ʫʞʝ ʚʳʷʩʥʝʥʦ, ʣʝʚʳʡ ʢʦʥʝʮ ʥʠʪʠ 

ʠʤʝʝʪ ʥʫʣʝʚʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʧʨʘʚʦʛʦ ʢʦʥʮʘ ʥʠʪʠ ʠʤʝʶʪ ʚʠʜ: 
2 2

1 2 1 1 2 2 3 3 30, ( ) ( ) ,A A A O A O A A Ox x y y y y x y y= = - + - = -
   (4)

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʠʩʢʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʠʪʠ ʙʫʜʫʪ 

ʩʣʝʜʫʶʱʠʤʠ: 
2 2

1 1 1 2 2

2 3 3

( ) ( ) ,

( )

p p

l A O A O

p p

l A O

x y y y y l

x y y l

= - + -

= -    (5)
 

ʊʘʢ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʳ ʥʠʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

ʧʦʠʩʢʫ, ʙʫʜʫʪ 0 ,p p

Lu u ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʦʚ ʚ ʛʣʦʙʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʫʞʥʦ ʥʘʡʪʠ 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʦʚ ʚ ʣʦʢʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʣʠʙʦ 

ʥʘʦʙʦʨʦʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʪʠʡ ʩʣʫʯʘʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ 

ï ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʠʩʷʪ ʜʚʝ ʥʠʪʠ ʠ 

ʈʠʩ.3. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʜʚʫʭʥʠʪʝʡ 

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 



  
 

85 
 

ʚ ʪʦʯʢʝ ʩʪʳʢʦʚʢʠ ʠʭ ʜʝʡʩʪʚʫʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ.ʅʫʞʥʦ ʥʘʡʪʠ ʬʦʨʤʫ 

ʥʠʪʠ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʩʪʳʢʦʚʢʠ ʥʠʪʝʡ. 

ʇʝʨʝʧʠʰʝʤ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʦʚ ʥʠʪʠ ʚ ʦʙʱʝʤ ʚʠʜʝ: (k ï ʢʦʥʝʮ ʥʠʪʠ, n ï 

ʥʘʯʘʣʦ ʥʠʪʠ, i ï ʥʦʤʝʨ ʥʠʪʠ) 

2 2

1 2 1 1 2 2 3 3 3

0( 1,2,3)

,0, ( ) ( )

i

mn

i i i i i i i i i

k k k n k n k k n

x m

x x y y y y x y y

= =

= = - + - = -
  (6)

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (ʜʚʝ ʥʠʪʠ ï 4 ʫʨʘʚʥʝʥʠʷ) ʧʨʠʤʝʪ ʚʠʜ: 

2 2 3 3( ) , ( )i i i i i i

L k L

i i

klx u lu x x x= =     (7) 

ʅʦ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʥʝ ʭʚʘʪʘʝʪ, ʥʫʞʥʦ ʝʱʝ ʪʨʠ ʫʨʘʚʥʝʥʠʷ, ʪ.ʢ. 

ʥʝʠʟʚʝʩʪʥʳʭ 5 ʰʪʫʢ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʦʙʱʝʤ ʚʠʜʝ: 
i

m m

i

Q P=ä
      (8)

 

ɼʣʷ ʫʜʦʙʥʦʡ ʟʘʧʠʩʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʥʘʤ ʥʫʞʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʙʘʟʠʩʘʤʠ 

ʣʦʢʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. ɺʚʝʜʝʤ ʫʛʣʳ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ 

ʥʠʪʝʡ ʠ ʦʩʴʶ 2Y : 

2 2

1 1 1 1 2 2

2 2

2 2 1 1 2 2

( ) ( ) / ( ) ( )

( ) ( ) / ( ) ( )

i i i i i i i

k n k n k n

i i i i i i i

k n k n k n

sin y y y y y y

cos y y y y y y

a

a

= - - + -

= - - + -
  (9)

 

ʇʦʣʫʯʠʤ ʤʘʪʨʠʮʫ ʩʚʷʟʠ ʙʘʟʠʩʦʚ: 

ʄʘʪʨʠʮʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʃʉʂ ʢ ɻʉʂ 

( ) ( )

( ) ( )

cos sin 0

sin cos 0 ,  

0 0 1

i i

i i i i i

m mq qj s

a a

a a a a

å õ-
æ ö
æ ö= =
æ ö
æ ö
ç ÷    (10)

 

ʄʘʪʨʠʮʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ɻʉʂ ʢ ʃʉʂ 

( )

( ) ( )

( ) ( )
1

cos sin 0

sin cos 0 ,

0 0 1

i i

i i i i i i

q mq ms j

a a

b a a a a
-

å õ
æ ö
æ ö= = - =
æ ö
æ ö
ç ÷   (11)

 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚ ʦʙʱʝʤ ʚʠʜʝ: 

2 2

3 3

( )

( ) ,

( ) ,

( ) ( ) ( )
i

i i i

L k

i i i

L k

t t w w

Y im m iq

i

i

q

l

l

x u x

x u x

P Q Qa a

=

+ Ö

=

= Ö
 (12)

 

ʛʜʝ:( )( )( ),  , 
i

t w

Y m qP Q Q - ʚʝʢʪʦʨʘ ʢʦʤʧʦʥʝʥʪ ʩʠʣ, 

, , 1,  2,  3, ,i m q t w= ï ʥʦʤʝʨʘ ʥʠʪʝʡ. 

ʀʩʧʦʣʴʟʫʷ ʪʝʢʫʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

ʤʦʞʥʦ ʨʝʰʘʪʴ ʨʘʟʥʳʝ ʟʘʜʘʯʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 
ʈʠʩ.4. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʪʨʝʭʥʠʪʝʡ 

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʣʫʯʘʡ 1 
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ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʭ ʥʠʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ ʠ ʩʚʷʟʘʥʥʳʭ ʚ ʦʜʥʦʤ ʫʟʣʝ, ʪʘʢ ʠ 

ʩʚʷʟʘʥʥʳʭ ʥʘ ʧʦʜʦʙʠʠ ʮʝʧʦʯʢʠ.  

ɺʩʝ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʧʦʜʛʨʫʧʧʳ: 

1. ʅʘʭʦʞʜʝʥʠʝ 

ʬʦʨʤʳ ʥʠʪʠ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ ʢʦʥʮʦʚ ʥʠʪʝʡ 

2. ʅʘʭʦʞʜʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʥʠʪʝʡ ʧʦ  

ʚʝʢʪʦʨʫ ʥʘʛʨʫʟʢʠ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ 

3. ʅʘʭʦʞʜʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʚ ʫʟʣʝ ʧʝʨʝʩʝʯʝʥʠʡ 

ʥʠʪʝʡ ʧʦ ʧʦʣʦʞʝʥʠʶ ʜʘʥʥʦʛʦ ʫʟʣʘ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʩ ʯʘʩʪʥʳʤʠ 

ʩʣʫʯʘʷʤʠ, ʪ.ʝ. ʧʦʤʝʰʘʶʪʩʷ ʥʠʪʠ ʚ ʦʜʥʫ ʧʣʦʩʢʦʩʪʴ ï ʦʜʥʘ ʠʟ ʢʦʦʨʜʠʥʘʪ 

ʦʙʥʫʣʷʝʪʩʷ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩʣʝʜʫʷ ʘʥʘʣʦʛʠʠ, ʤʳ ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʩʝʪʴ ʠʟ ʥʠʪʝʡ ï 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ, ʢʦʪʦʨʳʝ ʨʘʟʥʦʦʙʨʘʟʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʃʝʚʠʥ ɺ.ɽ. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʩʪʝʨʞʥʝʡ. ʏʘʩʪʴ 1. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ɽ. ʃʝʚʠʥ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʅɻʊʋ, 2004. ï 84 ʩ. 
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Abstract 

The aim of the article is the analysis of the study of the method by which the 

written system of equations for finding the form rope system. In the introductory part 

is considered an example of the application of the design of flexible filaments in the 

cosmic parabolic antennas. Next, a recording method using parametric equations 

ʈʠʩ.5. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʪʨʝʭʥʠʪʝʡ ʚ 
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thread forms, for a more detailed study of the above method resorting to the behavior 

of the thread under the effect of varying the load in three-dimensional space, wherein 

the yarn is treated separately in their two-dimensional coordinate system. Then 

discusses several examples of the resulting system of equations to find the thread 

configuration (s) at all coordinates, the position determination filaments intercept 

point load vector applied to it, to find the load at node filament intersections on the 

node position. In conclusion, it refers to the study of the future network of threads. 
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ʈʆɼʀʆʅʆɺ  ʀɺɸʅ  ɺɸʉʀʃʔɽɺʀʏ   
(13.08.1916 ï 20.04.1987) 

 
ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʈʦʜʠʦʥʦʚ ï ʠʟʚʝʩʪʥʳʡ ʫʯʸʥʳʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʤʘʰʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ, ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ, ʧʨʦʬʝʩʩʦʨ, ʢʘʥʜʠʜʘʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʚʘʣʝʨ ʦʨʜʝʥʘ çɿʥʘʢ ʧʦʯʝʪʘè ʟʘ ʟʘʩʣʫʛʠ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʉʉʉʈ. 

ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʈʦʜʠʦʥʦʚ ʨʦʜʠʣʩʷ 13 ʘʚʛʫʩʪʘ 1916 ʛʦʜʘ ʚ ʩʝʣʝ 

ɸʨʭʘʥʛʝʣʴʩʢʦʝ ʗʣʫʪʦʨʦʚʩʢʦʛʦ ʫʝʟʜʘ ʊʦʙʦʣʴʩʢʦʡ ʛʫʙʝʨʥʠʠ ʚ ʩʝʤʴʝ ʩʠʙʠʨʩʢʦʛʦ 

ʩʚʷʱʝʥʥʠʢʘ ï ʧʨʦʪʦʠʨʝʷ, ʙʣʘʛʦʯʠʥʥʦʛʦ. ʊʨʫʜʦʚʘʷ ʞʠʟʥʴ ʀʚʘʥʘ ʥʘʯʘʣʘʩʴ ʩ 

ʜʚʝʥʘʜʮʘʪʠ ʣʝʪ, ʢʦʛʜʘ ʦʥ ʩʪʘʣ ʧʦʤʦʱʥʠʢʦʤ ʪʦʧʦʛʨʘʬʘ. ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʢʦʨʤʠʪʴ ʤʘʪʴ ʠ ʦʪʮʘ. 

ɺ 1934 ʛʦʜʫ ʦʥ ʧʦʩʪʫʧʠʣ ʚ ʆʤʩʢʠʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʪʝʭʥʠʢʫʤ, ʘ ʚ 1937ï ʚ 

ʊʦʤʩʢʠʡ ʤʫʢʦʤʦʣʴʥʦ-ʵʣʝʚʘʪʦʨʥʳʡ ʠʥʩʪʠʪʫʪ ʥʘ ʬʘʢʫʣʴʪʝʪ ʤʝʭʘʥʠʢʠ. ɺ ʵʪʦʤ ʞʝ 

ʛʦʜʫ ʵʪʦʪ ʠʥʩʪʠʪʫʪ ʙʳʣ ʚʢʣʶʯʸʥ ʚ ʩʦʩʪʘʚ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀ ʩʪʫʜʝʥʪ ʈʦʜʠʦʥʦʚ ʧʝʨʝʝʭʘʣ ʫʯʠʪʴʩʷ ʚ 

ʉʪʦʣʠʮʫ. 

ʅʘʯʘʣʘʩʴ ʆʪʝʯʝʩʪʚʝʥʥʘʷ ɺʦʡʥʘ. ɺ ʘʚʛʫʩʪʝ 1941 ʛʦʜʘ ʩʪʫʜʝʥʪ-ʜʠʧʣʦʤʥʠʢ 

ʈʦʜʠʦʥʦʚ ʜʦʙʨʦʚʦʣʴʮʝʤ ʚʩʪʫʧʠʣ ʚ ʥʘʨʦʜʥʦʝ ʦʧʦʣʯʝʥʠʝ ʠ ʚʦʝʚʘʣ ʧʦʜ ʄʦʩʢʚʦʡ. 

ʂʘʢ ʩʪʫʜʝʥʪʘ ï ʜʠʧʣʦʤʥʠʢʘ ʧʦʩʣʝ ʧʦʙʝʜʳ ʧʦʜ ʄʦʩʢʚʦʡ ʚ ʜʝʢʘʙʨʝ 1941ʛʦʜʘ ʝʛʦ 

ʥʘʧʨʘʚʠʣʠ ʥʘ ʢʫʨʩʳ ʫʩʢʦʨʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʤʣʘʜʰʠʭ ʢʦʤʘʥʜʠʨʦʚ ʜʣʷ ʈʂʂɸ. 

ʇʦʩʣʝ ʨʘʟʛʨʦʤʘ ʥʝʤʮʝʚ ʧʦʜ ʄʦʩʢʚʦʡ ʚʩʝ ʩʪʫʜʝʥʪʳ-ʩʪʘʨʰʝʢʫʨʩʥʠʢʠ ʙʳʣʠ 

ʦʪʦʟʚʘʥʳ ʠʟ ʘʨʤʠʠ ʧʦ ʧʨʠʢʘʟʫ ʉʪʘʣʠʥʘ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʫʯʝʙʳ ʚ ɺʋɿʘʭ. ʇʦ 

ʦʢʦʥʯʘʥʠʶ ʠʥʩʪʠʪʫʪʘ ʚ ʤʘʨʪʝ 1942 ʛʦʜʫ ʠʥʞʝʥʝʨ-ʤʝʭʘʥʠʢ ʈʦʜʠʦʥʦʚ ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʧʦʜ ʂʘʟʘʥʴ ʠ ʩʪʘʣ ʥʘʯʘʣʴʥʠʢʦʤ ʵʣʝʚʘʪʦʨʘ. ʋʞʝ ʚ ʘʧʨʝʣʝ 1942 ʛʦʜʘ ʦʥ 

ʙʳʣ ʧʨʠʟʚʘʥ ʚ ʈʂʂɸ ʠ ʦʪʧʨʘʚʣʝʥ ʥʘ ʫʯʸʙʫ ʚ ʘʨʪʠʣʣʝʨʠʡʩʢʦʝ ʫʯʠʣʠʱʝ. ʆʜʥʘʢʦ 

ʢʘʢ ʩʳʥʫ ʨʝʧʨʝʩʩʠʨʦʚʘʥʥʦʛʦ ʩʚʷʱʝʥʥʠʢʘ ʈʦʜʠʦʥʦʚʫ ʀ.ɺ. ʫʯʠʪʴʩʷ ʥʝ ʧʨʠʰʣʦʩʴ. 

ʀ ʠʟ ʫʯʠʣʠʱʘ ʦʥ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʚ ʟʘʧʘʩʥʦʡ ʘʨʪʧʦʣʢ ʨʝʟʝʨʚʘ 

ɻʣʘʚʥʦʢʦʤʘʥʜʫʶʱʝʛʦ. ʋʞʝ ʚ ʤʘʝ 1942ʛʦʜʘ ʠʭ 20-ʡ ʧʫʰʝʯʥʦ - ʘʨʪʠʣʣʝʨʠʡʩʢʠʡ 

ʧʦʣʢ ʚʣʠʣʩʷ ʚ ʜʝʡʩʪʚʫʶʱʫʶ ʘʨʤʠʶ. ɺʦʝʚʘʣ ʙʦʝʮ ʈʦʜʠʦʥʦʚ ʭʨʘʙʨʦ ʚ 

ʜʦʣʞʥʦʩʪʷʭ ʢʦʤʘʥʜʠʨʘ ʤʠʥʦʤʝʪʥʦʛʦ ʨʘʩʯʝʪʘ, ʢʦʤʘʥʜʠʨʘ ʚʟʚʦʜʘ ʘʨʪʨʘʟʚʝʜʢʠ ʥʘ 
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ɿʘʧʘʜʥʦʤ ʬʨʦʥʪʝ, ʘ ʩ ʘʧʨʝʣʷ 1944 ʛʦʜʘ ʥʘ 3-ʡ ɹʝʣʦʨʫʩʩʢʦʤ ʬʨʦʥʪʝ ʧʦʜ 

ʢʦʤʘʥʜʦʚʘʥʠʝʤ ʩʥʘʯʘʣʘ ʛʝʥʝʨʘʣʘ ʘʨʤʠʠ ʀ.ɼ. ʏʝʨʥʷʭʦʚʩʢʦʛʦ ʠ ʜʘʣʝʝ - ʄʘʨʰʘʣʘ 

ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ɸ.ʄ. ɺʘʩʠʣʝʚʩʢʦʛʦ.  

ɺʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ çɹʘʛʨʘʪʠʦʥè ʚ ɹʝʣʦʨʫʩʩʠʠ ʩʪʘʨʰʠʡ ʩʝʨʞʘʥʪ ʈʦʜʠʦʥʦʚ 

ʙr ʣ ʧʨʠʥʷʪ ʚ ʢʘʥʜʠʜʘʪʦʤ ʚ ɺʂʇ(ʙ). ʇʦʙʝʜʫ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʚʩʪʨʝʪʠʣ ʧʦʜ 

ʂʸʥʠʛʩʙʝʨʛʦʤ. ɼʘʣʝʝ ʠʭ ʧʦʣʢ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʚ ʄʘʥʴʯʞʫʨʠʶ ʜʣʷ ʫʯʘʩʪʠʷ ʚ 

ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʷʭ ʧʨʦʪʠʚ ʠʤʧʝʨʘʪʦʨʩʢʦʡ ʗʧʦʥʠʠ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʚʦʡʥʳ ʩ 

ʗʧʦʥʠʝʡ ʈʦʜʠʦʥʦʚ ʀ.ɺ. ʩʪʘʣ ʢʦʤʤʫʥʠʩʪʦʤ ʠ ʚ ʢʦʥʮʝ 1945 ʛʦʜʘ ʙʳʣ 

ʜʝʤʦʙʠʣʠʟʦʚʘʥ ʠʟ ʘʨʤʠʠ. 

ɿʘ ʫʯʘʩʪʠʝ ʚ ɺʆɺ ʩʪʘʨʰʠʡ ʩʝʨʞʘʥʪ ʈʦʜʠʦʥʦʚ ʙʳʣ ʥʘʛʨʘʞʜʝʥ ʦʨʜʝʥʦʤ 

çʆʪʝʯʝʩʪʚʝʥʥʦʡ ɺʦʡʥʳ 2-ʡ ʩʪʝʧʝʥʠè, ʙʦʝʚʳʤʠ ʤʝʜʘʣʷʤʠ çɿʘ ʙʦʝʚʳʝ ʟʘʩʣʫʛʠè, 

çɿʘ ʚʟʷʪʠʝ ʂʝʥʠʛʩʙʝʨʛʘè, çɿʘ ʧʦʙʝʜʫ ʥʘʜ ɻʝʨʤʘʥʠʝʡ ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ 

ɺʦʡʥʝ 1941-1945 ʛʛ.è, çɿʘ ʧʦʙʝʜʫ ʥʘʜ ʗʧʦʥʠʝʡè. ɸ ʪʘʢ ʞʝ ʶʙʠʣʝʡʥʳʤʠ 

ʤʝʜʘʣʷʤʠ: çXX, XXX , 40 ïʣʝʪ ʇʦʙʝʜʳ ʚ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ 1941-

1945 ʛʛ.è, ç50 ʣʝʪ ɺʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʉʉʉʈè, ʠ ɿʥʘʢʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ 

ʉʉʉʈ ç25 ʣʝʪ ʇʦʙʝʜʳ ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝè. 

ɺʩʷ ʧʦʩʣʝʚʦʝʥʥʘʷ ʞʠʟʥʴ ʀ. ɺ. ʈʦʜʠʦʥʦʚʘ ʩʚʷʟʘʥʘ ʩ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ɺ ʜʝʢʘʙʨʝ 1945 ʛʦʜʘ ʦʥ ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ 

ʪʝʭʥʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʚ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʪʝʭʥʠʢʫʤʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʘʛʦʪʦʚʦʢ 

ʉʉʉʈ ʚ ʛ. ʊʦʤʩʢʝ. ɺ ʧʝʨʠʦʜ 1946ï1949 ʛʦʜʦʚ ʀ.ɺ. ʈʦʜʠʦʥʦʚ ʨʘʙʦʪʘʣ ʚ ʊʦʤʩʢʦʤ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʤʝʥʠ ʉ.ʄ. ʂʠʨʦʚʘ (ʊʇʀ) ʚ ʜʦʣʞʥʦʩʪʠ ʘʩʩʠʩʪʝʥʪʘ, 

ʘ ʩ 1949 ʧʦ 1953 ʛʦʜʘ ï ʩʪʘʨʰʠʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ 

ʤʝʭʘʥʠʢʠ.  

ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʉʉʉʈ ʚ 1951 ʛʦʜʫ ʀ.ɺ. 

ʈʦʜʠʦʥʦʚ ʙʳʣ ʧʨʠʢʦʤʘʥʜʠʨʦʚʘʥ ʢ ʦʜʥʦʛʦʜʠʯʥʦʡ ʘʩʧʠʨʘʥʪʫʨʝ ʆʜʝʩʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʦʡ ʨʫʢʦʚʦʜʠʣ ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ. ɺ 1952 ʛʦʜʫ ʈʦʜʠʦʥʦʚ ʀ.ɺ. 

ʜʦʩʨʦʯʥʦ ʦʢʦʥʯʠʣ ʘʩʧʠʨʘʥʪʫʨʫ ʩ ʟʘʱʠʪʦʡ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʪʘʣ 

ʜʦʮʝʥʪʦʤ ʠ ʜʝʢʘʥʦʤ ʬʘʢʫʣʴʪʝʪʘ ʦʙʦʛʘʱʝʥʠʷ ʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʫʛʣʝʡ ʊʇʀ. 

ʉ ʣʝʪʘ 1958 ʛʦʜʘ ʀ.ɺ. ʈʦʜʠʦʥʦʚ ï ʜʦʮʝʥʪ  ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʅʕʊʀ). ɺ 1961 ʛʦʜʫ ʦʥ ʙʳʣ ʥʘʟʥʘʯʝʥ 

ʟʘʚʝʜʫʶʱʠʤ ʚʥʦʚʴ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ʨʫʢʦʚʦʜʠʣ 

ʝʶ ʙʦʣʝʝ 20 ʣʝʪ. ɺ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʅʕʊʀ, ʧʦ 

ʩʫʱʝʩʪʚʫ ʥʘ ʧʫʩʪʦʤ ʤʝʩʪʝ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʀ.ɺ. ʈʦʜʠʦʥʦʚʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʟʳ, ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʧʝʢʪʦʚ 

ʣʝʢʮʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ ʢʘʬʝʜʨʳ, ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʠ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʢʘʬʝʜʨʝ ʙʳʣʠ ʦʪʢʨʳʪʳ ʥʘʫʯʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʘʢʪʠʚʥʳʝ ʩʚʷʟʠ ʩ ʟʘʚʦʜʘʤʠ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʇʆ 

çʉʠʙʪʝʢʩʪʠʣʴʤʘʰè, ʇʆ çʉʠʙʩʝʣʴʤʘʰè, ʇʆ çʃʫʯè, ʅɸʇʆ ʠʤ. ɺ.ʇ. ʏʢʘʣʦʚʘ, 

ʖʨʛʠʥʩʢʠʤ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʤ ʟʘʚʦʜʦʤ, ʠ ʜʨ. ʂʘʬʝʜʨʘ ʠʤʝʣʘ ʘʢʪʠʚʥʳʝ 

ʥʘʫʯʥʳʝ ʩʚʷʟʠ ʩ ʀʥʩʪʠʪʫʪʦʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɹʣʘʛʦʥʨʘʚʦʚʘ, ʄɻʊʋ ʠʤ. 

ɹʘʫʤʘʥʘ, ʀʥʩʪʠʪʫʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʉʆ ɸʅ ʉʉʉʈ ʠ 

ʜʨ. 
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ɺ 1972 ʛʦʜʫ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʠʟʙʨʘʥ ʧʨʦʬʝʩʩʦʨʦʤ. ʇʦ ʧʦʨʫʯʝʥʠʶ ʨʝʢʪʦʨʘʪʘ 

ʚ 1961-1966 ʛʦʜʘʭ ʢʘʬʝʜʨʘ ʦʙʝʩʧʝʯʠʣʘ ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʷʪʴ ʚʳʧʫʩʢʦʚ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 0531 ï ʧʨʠʙʦʨʳ ʪʦʯʥʦʡ ʤʝʭʘʥʠʢʠ. ɺ 1971 ʛʦʜʫ 

ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʙʳʣʘ ʦʪʢʨʳʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʦʙʦʨʦʥʥʦʛʦ ʧʨʦʬʠʣʷ 0546. ɺ 1977 

ʛʦʜʫ ʢʘʬʝʜʨʘ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʠʣʘ ʧʝʨʚʳʡ ʚʳʧʫʩʢ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʫʯʘʩʪʠʠ ʀʚʘʥʘ ɺʘʩʠʣʴʝʚʠʯʘ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʘʬʝʜʨʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀ. ɺ. ʈʦʜʠʦʥʦʚʘ ʷʚʣʷʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʫʜʘʨʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʙʫʨʝʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢ ʠʭ 

ʨʘʩʯʝʪʘ. ʀ. ɺ. ʈʦʜʠʦʥʦʚ ð ʘʚʪʦʨ ʤʦʥʦʛʨʘʬʠʠ çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʰʠʥ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜè, ʙʦʣʝʝ 100 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʠ 20 

ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ, ʨʝʜʘʢʪʦʨ 8 ʤʝʞʚʫʟʦʚʩʢʠʭ ʠ ʢʘʬʝʜʨʘʣʴʥʳʭ ʩʙʦʨʥʠʢʦʚ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʱʠʱʝʥʦ 20 ʢʘʥʜʠʜʘʪʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ. ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʧʝʨʚʦʛʦ 

ɺʩʝʩʦʶʟʥʦʛʦ ʩʲʝʟʜʘ ʧʦ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ɺ 1970 ʛʦʜʫ ʦʥ 

ʦʨʛʘʥʠʟʦʚʘʣ ʠ ʩʪʘʣ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ɺʩʝʩʦʶʟʥʦʛʦ ʩʝʤʠʥʘʨʘ ɸʅ ʉʉʉʈ ʧʦ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ.  

ʀ.ɺ. ʈʦʜʠʦʥʦʚ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʠʥʩʪʠʪʫʪʘ 

ʠ ʛʦʨʦʜʘ, ʙʳʣ ʯʣʝʥʦʤ ʋʯʝʥʦʛʦ ʉʦʚʝʪʘ ʅʕʊʀ, ʧʦʩʪʦʷʥʥʳʤ ʯʣʝʥʦʤ ʦʙʣʘʩʪʥʦʛʦ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʆʥ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʠʟʙʠʨʘʣʩʷ ʯʣʝʥʦʤ ʠ ʩʝʢʨʝʪʘʨʝʤ ʬʘʢʫʣʴʪʝʪʩʢʦʡ ʧʘʨʪʦʨʛʘʥʠʟʘʮʠʠ, ʜʝʧʫʪʘʪʦʤ 

ʂʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʥʦʛʦ ʉʦʚʝʪʘ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ.  

ɿʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʫʶ ʠ ʥʘʫʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʈʦʜʠʦʥʦʚ 

ʥʘʛʨʘʞʜʝʥ ʦʨʜʝʥʦʤ çɿʥʘʢ ʧʦʯʝʪʘè, ʤʝʜʘʣʴʶ çɿʘ ʜʦʙʣʝʩʪʥʳʡ ʪʨʫʜè, ʤʝʜʘʣʴʶ 

ɺɼʅʍ ʠ ʠʤʝʣ ʨʷʜ ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ ʠ ʧʦʦʱʨʝʥʠʡ MB CCO ʈʉʌʉʈ. 

ɼʣʷ ʥʘʩ ʞʝ, ʟʥʘʚʰʠʭ ʝʛʦ ʣʠʯʥʦ, ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ʥʘʚʩʝʛʜʘ ʦʩʪʘʣʩʷ ʚ 

ʧʘʤʷʪʠ ʏʝʣʦʚʝʢʦʤ - ʢʨʘʩʠʚʳʤ, ʩʠʣʴʥʳʤ, ʫʚʝʨʝʥʥʳʤ ʚ ʧʨʘʚʦʪʝ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ, 

ʥʘʮʝʣʝʥʥʳʤ ʜʝʣʘʪʴ ʣʶʜʷʤ ʜʦʙʨʦ. 
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Abstract 

In connection with the 100th anniversary of the birth is a brief biography of the 

famous scientist in the field of Mechanism and Machine Science, a major organizer of 

science and industry, public figure, applied mechanics, the large organizer of high 

school science of process of training, Cand.Tech.Sci., professors is since birth provided, 
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professor. We consider the three major periods of his life, marked by major 

achievements in science, education and industry. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʤʘʣʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʣʫʯʝʥʦ ʦʪʥʦʰʝʥʠʝ 

ʧʝʨʚʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʜʚʫʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯʠ: ʙʝʟ ʫʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥ ʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. 

ʇʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʘ ɻʘʤʠʣʴʪʦʥʘ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʥʘʯʠʥʘʷ ʩ ʢʘʢʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʣʠʥ ʩʪʝʨʞʥʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʧʨʦʩʪʝʡʰʫʶ ʧʦʩʪʘʥʦʚʢʫ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʝʨʞʥʠ, ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ, ʧʨʠʥʮʠʧ ɻʘʤʠʣʴʪʦʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ.  

  

ʈʝhʝʥʠʝ ʟʘʜʘʯ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: ),,,,( 321 txxxui ),,,,( 321 txxxjie  

.3,2,1,);,,,( 321 =jitxxxjis  ɿʜʝʩʴ: ix ï ʵʪʦ "ʤʘʪʝʨʠʘʣʴʥʳʝ" (ʣʘʛʨʘʥʞʝʚʳ) 

ʢʦʦʨʜʠʥʘʪʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ. ʉ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ 

ʪʝʥʟʦʨʦʚ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ ʨʘʚʥʦ 

ʧʷʪʥʘʜʮʘʪʠ. ʇʦʣʥʘʷ ʩʠʩʪʝʤʘ ʩʦʦʪʥʦʰʝʥʠʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ 

15 ʫʨʘʚʥʝʥʠʡ. ɿʘʧʠʰʝʤ ʵʪʠ ʫʨʘʚʥʝʥʠʷ. ʉʚʷʟʴ ʤʝʞʜʫ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʂʦʰʠ 

mailto:vika.toria.m@gmail.com
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ʀʭ ʰʝʩʪʴ. ɼʘʣʝʝ, ʜʝʬʦʨʤʘʮʠʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ 
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ʅʝʜʦʩʪʘʶʱʠʝ ʪʨʠ ʫʨʘʚʥʝʥʠʷ (ʩ ʫʯʝʪʦʤ "ʟʘʢʦʥʘ ʧʘʨʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ")  ï ʵʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ    
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ɿʘʧʠʩʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʟʘʤʳʢʘʝʪʩʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʜʣʷ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ. ɺʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠ "ʬʠʟʠʯʝʩʢʠʝ" ʩʦʦʪʥʦʰʝʥʠʷ. ɽʩʣʠ 

ʤʘʪʝʨʠʘʣ ʫʧʨʫʛʠʡ, ʦʜʥʦʨʦʜʥʳʡ ʠ ʠʟʦʪʨʦʧʥʳʡ, ʘ  ʧʨʦʮʝʩʩ ʢʦʣʝʙʘʥʠʡ  

ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ,ʪʦ 

.3,2,1,;2 =+= jikkjijiji sdlems  
 

ɿʜʝʩʴ: m ʠ l ï ʧʦʩʪʦʷʥʥʳʝ ʃʘʤʝ. ʆʥʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʪʝʭʥʠʯʝʩʢʠʝ 

ʧʦʩʪʦʷʥʥʳʝ  ï  ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ nʧʦ ʬʦʨʤʫʣʘʤ: 
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ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʫʜʦʙʥʦ ʚʳʚʦʜʠʪʴ ʠʩʧʦʣʴʟʫʷ ʚʘʨʠʘʮʠʦʥʥʳʡ 

ʧʨʠʥʮʠʧ ɻʘʤʠʣʴʪʦʥʘ: ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ),,,( 321 txxxui ʷʚʣʷʶʪʩʷ 

ʵʢʩʪʨʝʤʘʣʷʤʠ ʬʫʥʢʮʠʦʥʘʣʘ "ʜʝʡʩʪʚʠʷ ʧʦ ɻʘʤʠʣʴʪʦʥʫ" )( iuS  , ʟʘʜʘʥʥʦʛʦ 

ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʦʤ ʤʥʦʞʝʩʪʚʝ ʬʫʥʢʮʠʡ ),,,( 321 txxxui  : 

.)(
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʚʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 0)( =iuSd , ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʩʣʝʜʫʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʠ ʩʪʘʪʠʯʝʩʢʠʝ 

ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (ʟʘʧʠʩʘʥʥʳʝ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ). ʌʫʥʢʮʠʷ ʃʘʛʨʘʥʞʘ ʜʣʷ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʙʲʝʤʦʤ V  ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ (ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʠʣ) 
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ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʟʜʝʩʴ, ʵʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ, ʚʪʦʨʦʝ ï

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʝʬʦʨʤʘʮʠʠ.   

ɼʘʣʝʝ ʦʙʨʘʪʠʤʩʷ ʢ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʦ ʤʘʣʳʭ ʧʨʦʜʦʣʴʥʳʭ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʪʦʥʢʦʛʦ ʩʪʝʨʞʥʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʨʝʜʝ ʙʝʟ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ ʦʩʴ x  ʥʘʧʨʘʚʠʪʴ ʚʜʦʣʴ ʦʩʠ ʩʪʝʨʞʥʷ. ʈʘʟʤʝʨʥʦʩʪʴ 

ʟʘʜʘʯʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ   ),(),,,( 3211 txutxxxu = ʠ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ   0=n , ʪʦ .032 ==uu ʉʨʝʜʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʪʦʣʴʢʦ 

ʦʜʥʘ ʥʝ ʨʘʚʥʘ ʥʫʣʶ ï .),(),,,( 32111 xutxtxxx µµ==ee ɼʣʷ ʪʘʢʦʛʦ ʚʠʜʘ ʪʝʥʟʦʨʘ 

ʜʝʬʦʨʤʘʮʠʡ, ʚ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʢʨʦʤʝ  ʦʜʥʦʡ, ʨʘʚʥʳ ʥʫʣʶ: .0),(),(),,,( 32111 ¸== txEtxtxxx ess

ʌʫʥʢʮʠʷ ʃʘʛʨʘʥʞʘ, ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ F  
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ʇʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʟ ʫʨʘʚʥʝʥʠʷ 

0)( =iuSd ʚ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʩʣʦʚʠʷ ʩʣʝʜʫʝʪ ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ 

(ʠʩʢʦʤʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʣʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʷ ï ʦʜʥʦʤʝʨʥʦʝ 

ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ): 

.;0,0,),(; 22 rEatlxtxuuuau xxtt =><<==  
 

ʇʨʝʜʧʦʣʦʞʠʤ ʜʘʣʝʝ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 0̧n ʠ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʩʪʝʨʞʥʷ ʷʚʣʷʝʪʩʷ ʢʨʫʛʦʚʳʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

.),(3322 txenee -== ʊʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʩʦʭʨʘʥʷʝʪ ʧʨʝʞʥʶʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʦʧʝʨʝʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʩʪʝʨʞʥʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ  Rr¢¢0  ʜʦ ʦʩʠ ʩʪʝʨʞʥʷ, ʨʘʚʥʳ .),(32 txuruu xn-== ʇʦʧʝʨʝʯʥʘʷ 

ʩʢʦʨʦʩʪʴ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ  .),()( txurtur txx nn -=µµ- ɿʥʘʯʠʪ, ʢʚʘʜʨʘʪ ʧʦʣʥʦʡ 

ʩʢʦʨʦʩʪʠ ʵʣʝʤʝʥʪʘ ʨʘʚʝʥ .)()( 2222

txt uru n+ ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʛʦ ʪʝʣʘ  
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 ʌʫʥʢʮʠʷ ʃʘʛʨʘʥʞʘ ʜʣʷ ʩʪʝʨʞʥʷ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ 0̧n  
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ʀʟ ʫʨʘʚʥʝʥʠʷ 0)( =iuSd ʚ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʩʣʦʚʠʷ ʩʣʝʜʫʝʪ 

ʠʩʢʦʤʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʣʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʷ ʩ ʫʯʝʪʦʤ0̧n : 

.,;0,0,),(; 22222 FIbEatlxtxuuubuau ttxxxxtt nr ==><<=+=  

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʙʝʠʭ ʧʦʩʪʘʥʦʚʦʢ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʉʣʝʜʫʷ ʤʝʪʦʜʫ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, 
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ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ .)()( tTxXu= ɿʘʜʘʯʠ 

ʐʪʫʨʤʘ-ʃʠʫʚʠʣʷ  ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʦʜʠʥʘʢʦʚʳ. ʇʝʨʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʯʠʩʣʦ
22

1 )( lpg=  . ʅʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʪʥʦʰʝʥʠʷ ʧʝʨʚʳʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʷ .1)1(1)( 22

1

20

11 ¢+= bgww  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʪʠ ʯʘʩʪʦʪʳ ʨʘʟʣʠʯʘʣʠʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5% ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ .3112.01 ¢bg ɼʣʷ ʩʪʝʨʞʥʷ ʢʨʫʛʣʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ .14.0)( ¢lRn  ʆʯʝʚʠʜʥʦ, ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ 

0=n  ʜʣʷ ʣʶʙʳʭ ʦʪʥʦʰʝʥʠʡ .lR  ɽʩʣʠ ʞʝ ,0̧n  ʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʠ ./14.0 n¢lR  ɼʣʷ ʥʝʩʞʠʤʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ .28.0¢lR ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʠʥʥʳʤʠ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʩʪʝʨʞʥʠ ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʯʘʩʪʢʝ 

ʠʭ ʜʣʠʥʳ ʧʨʠʤʝʥʠʤʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. ɻʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʤʦʛʫʪ "ʧʦʨʪʠʪʴ" ʦʜʥʦʨʦʜʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʩʪʝʨʞʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ (ʧʨʠʥʮʠʧ ʉʝʥ-ɺʝʥʘʥʘ), ʯʪʦ ʵʪʦ ʚʣʠʷʥʠʝ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʪʨʠ ʠʭ ʪʦʣʱʠʥʳ. 
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Abstract 

 Work is devoted to studying the effect of Poisson's ratio of the material and of 

the relative length of the rectilinear rod on of the frequency of its own small 

longitudinal oscillations. Was obtained relation of first proper frequencies for two 
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setting the task: without taking into account the Poisson's ratio and in the assumption 

that this parameter isn't equal to zero. Formulation of the problems is performed 

using the Hamilton principle. On the basis of the obtained formula, it is concluded: 

beginning with which out of relative lengths of the rod to meet the challenges it is 

expedient to apply a simple formulation of the tasks. 

Keywords: The rods, longitudinal vibrations, natural frequencies, Hamilton's 

principle, Poisson's ratio. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʛʨʫʟʢʘ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʜʘʥʥʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ. ʉʫʱʝʩʪʚʫʶʪ, ʦʜʥʘʢʦ, ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʦ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʜʣʷ "ʠʜʝʘʣʴʥʦʛʦ" ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ. ʂ ʫʢʘʟʘʥʥʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ, ʢ ʧʨʠʤʝʨʫ, ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʘʪʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w ʚʘʣʘ ʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʩʦ ʩʢʦʨʦʩʪʴʶ V ʧʨʦʪʝʢʘʝʪ ʞʠʜʢʦʩʪʴ ʟʘʜʘʥʥʦʡ 

ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʘʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʘʣʳ, ʪʨʫʙʦʧʨʦʚʦʜʳ, 

ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ. 

  

ʈʘʩʯʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʠʩʪʝʤ - ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ 

ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʨʞʥʝʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʨʘʱʘʶʱʠʭʩʷ ʚʘʣʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ "ʠʜʝʘʣʴʥʦʤ" 

(ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ) ʩʦʩʪʦʷʥʠʠ ʥʘ ʥʠʭ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʠʢʘʢʠʭ ʚʥʝʰʥʠʭ 

ʥʘʛʨʫʟʦʢ. ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʢʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ 

ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʜʝʩʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʟʥʳ ʥʝ ʪʦʣʴʢʦ 

"ʠʜʝʦʣʦʛʠʯʝʩʢʠ", ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠ - ʢ ʧʨʠʤʝʨʫ, ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʂʕ 

ʘʥʘʣʠʟʘ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ.  
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ʆʙʨʘʪʠʤʩʷ ʢ ʧʦʩʪʘʥʦʚʢʝ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ  - ʨʠʩ. 1. 

 

ʕʪʠ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ, ʧʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ 

ʙʘʣʦʯʥʦʡ ʤʦʜʝʣʠ ʥʠʢʘʢʠʭ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘ ʥʠʭ ʥʝ ʜʝʡʩʪʚʫʝʪ. ʅʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʦʟʤʫʱʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʞʝʥʠʷ (ʨʘʚʥʦʚʝʩʠʷ) 

ʩʠʩʪʝʤʳ. ɼʦʧʫʩʢʘʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʪʝʨʞʥʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʟʦʛʥʫʪʦʛʦ ʦʧʠʩʳʚʘʝʤʦʛʦ ʬʫʥʢʮʠʝʡ w(x) ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʠ ʧʦʷʚʣʝʥʠʝ ʚʥʝʰʥʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʣʠʥʝ 

ʥʘʛʨʫʟʦʢ q(x) ʦʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʟʘʜʘʯʠ ʘ) wSxq ɺɺ

2)( wr=  , ʛʜʝ

ɺɺ S,r  ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʘʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʡʜʝʤ 

ʚʠʜ ʬʫʥʢʮʠʠ q(x) ʜʣʷ ʠʟʦʛʥʫʪʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ - 

ʟʘʜʘʯʘ ʙ). ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʳ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ 

ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ f(x), ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʧʦʪʦʢ ʩʦ ʩʪʦʨʦʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʠʢʘ 

ʦʙʲʝʤʦʤ SʞDʭ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʞʠʜʢʦʩʪʠ 

ʦ ʤʘʣʦʩʪʠ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʦʚ (w'2 << 1), ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[ ])()( xwjixVSxp
ʩʩ

¡+D=
CCC

r .  ɿʘ ʚʨʝʤʷ Dt = Dʭ / V ʵʪʘ ʬʫʥʢʮʠʷ ʠʟʤʝʥʠʪʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ 

[ ])()()()()( xwxxwjxVSxpxxpxp ʞʞ
¡-D+¡D=-D+=D

CCCC
r . 

ʋʢʘʟʘʥʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʧʦʪʦʢ ʩ ʩʠʣʦʡ f(x) Dʭ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ, ʩʚʷʟʳʚʘʶʱʫʶ 

ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʩ ʩʠʣʦʡ, ʚʳʟʚʘʚʰʝʡ ʵʪʦ ʠʟʤʝʥʝʥʠʝ, ʧʦʣʫʯʠʤ 

jxwVS
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CCC
)(lim)( 2
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ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʜʝʡʩʪʚʫʝʪ ʪʘ ʞʝ 

ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 

)()( 2 xwVSxq ʞʞ
¡¡-= r . 
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 ʈʠʩ.2. ʊʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ 

ʧʦ ʠʟʦʛʥʫʪʦʤʫ ʵʣʝʤʝʥʪʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 
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ʌʫʥʢʮʠʷ ʧʨʦʛʠʙʦʚ w(x) ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʠʟʛʠʙʘ 

)()( xqxEJqwIV = . ʊʘʢ ʢʘʢ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ q(x) ʠʟʚʝʩʪʝʥ, ʪʦ 

ʧʦʣʫʯʘʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʟʘʜʘʯ ʘ) ʠ ʙ): 

   ʘ)  0)( 2 =- wSwEJ ɺɺɺ wrIV , 

   ʙ)  0)( 2 =¡¡+ wVSwEJ ɾɾʊʈ rIV . 

ɿʜʝʩ
ɺɹEJ)( ʠ 

ʊʈEJ)(  ï ʠʟʛʠʙʥʳʝ ʞʝʩʪʢʦʩʪʠ ʚʘʣʘ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʙʱʠʝ 

ʠʥʪʝʛʨʘʣʳ ʵʪʠʭ ʦʜʥʦʨʦʜʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʤʝʶʪ ʚʠʜ: 

 

ʘ)  ;)/(,cossin)( 24

4321 ɺɺɺ EJSxAxAxshAxchAxw wrlllll =+++=  

 

 ʙ)  .)/(,cossin)( 24

4321 ɾɾɾ EJVSrxrCxrʉxʉʉxw r=+++=  

 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 0)0()0( '' ==ww  ʜʘʶʪ ʥʘʤ .0, 4141 === CʉAA  ɼʚʘ ʜʨʫʛʠʭ 

ʧʨʠʚʦʜʷʪ ʢ ʫʨʘʚʥʝʥʠʷʤ: 

ʘ)  ;0sin32 =+ lAlshA ll  

;0sin2

3

2

2 =- lAlshA llll  

  

ʙ) ,0sin32 =+ lrʉlʉ  

.0sin3 =lrʉ  

ʀʟ ʥʠʭ ʩʣʝʜʫʝʪ 022 ==CA ʠ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʜʥʘ ʦʩʪʘʚʰʘʷʩʷ ʧʨʦʠʟʚʦʣʴʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʙʳʣʘ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʦʞʠʪʴ: 
 

 ʘ) ;0sin =ll  ʙ) .0sin =lr  

ʇʨʷʤʦʣʠʥʝʡʥʘʷ ʬʦʨʤʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ, ʢʦʛʜʘ: 

ʘ) ;pl=l ʙ) .p=lr  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚl ʠ  r , ʥʘʭʦʜʠʤ 
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʜʘ  ʂʈww=  ʠ  ʂʈVV= , ʥʘʩʪʫʧʘʝʪ ʧʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʬʦʨʤʳ ʨʘʚʥʦʚʝʩʠʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʧʝʨʝʯʥʘʷ 

ʞʝʩʪʢʦʩʪʴ ʚʘʣʘ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʘʢ ʙʳ ʠʩʯʝʟʘʝʪ. ʀʥʪʝʨʝʩʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ  ʂʈw  

ʢʘʢ ʨʘʟ ʨʘʚʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʘʣʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʢ ʙʘʣʢʘ, ʩʚʦʙʦʜʥʦ ʦʧʝʨʪʘʷ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ. ʃʶʙʦʧʳʪʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠ ʪʘʢʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʘʢʪʠʚʥʘʷ ʩʠʣʘ ʩʪʨʫʠ ʨʘʚʥʘ 
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ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʣʝ ʕʡʣʝʨʘ. ʅʝ ʩʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʩʯʠʪʘʪʴ, ʯʪʦ ʪʨʫʙʘ ʩʞʠʤʘʝʪʩʷ 

ʵʪʦʡ ʩʠʣʦʡ, ï ʪʨʫʙʘ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʦʦʙʱʝ ʥʝ ʠʩʧʳʪʳʚʘʷ ʩʞʘʪʠʷ. 
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Abstract 

In most of problems of stability loading this way or that is supposed set and 

therefore the structure is prestressed. However, there are problems which are 

characterized by the absence of an external load for the "perfect" state of the system. 

This class includes, for example, the research problems of statistical instability of w 

shaft and pipeline, which rotate with angular speed, where a fluid of the set specific 

density flows with a speed V. 
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ɸʥʥʦʪʘʮʠʷ  

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʥʝ 

ʫʭʫʜʰʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʩ ʧʦʢʨʳʪʠʝʤ 

ʠʟ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʝʥʦ ʩʧʦʩʦʙʦʤ ʧʣʘʢʠʨʦʚʘʥʠʷ ʠ 

ʩʧʦʩʦʙʦʤ ʭʦʣʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ (ʍɼʅ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʫʭʫʜʰʘʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʢʠʨʫʶʱʠʤ ʩʣʦʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʥʝʫʧʨʫʛʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ, 

ʚʳʥʦʩʣʠʚʦʩʪʴ, ʧʣʘʢʠʨʦʚʘʥʠʝ, ʭʦʣʦʜʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ. 

ɺʚʝʜʝʥʠʝ 

ʇʣʘʢʠʨʦʚʘʥʠʝ ï ʵʪʦ ʦʜʠʥ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʠʘ- ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʜʝʥʠʝ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʣʘʢʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 35% [1]. 

ʀʟʚʝʩʪʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʥʘʥʦʩʠʪʴ ʥʘ ʜʝʪʘʣʴ ʯʘʩʪʠʮʳ ʠ ʩʦʟʜʘʚʘʪʴ ʧʦʢʨʳʪʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʣʦʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʥʦ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥʳ 

ʥʘ ʥʘʥʝʩʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ. ʕʪʦʪ ʩʧʦʩʦʙ 

ʠʩʧʦʣʴʟʫʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ. ʊʝʭʥʦʣʦʛʠʷ ʍɼʅ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ, ʚ 

ʘʚʠʘʩʪʨʦʝʥʠʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʥʝʬʪʝʛʘʟʦʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪ.ʜ. [2]. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʧʳʣʷʝʤʳʭ ʯʘʩʪʠʮ [2-4]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

                                                           
*˾͊͋ͦͭ͊ ͍·͔ͨͦͤͤ͊͡ ͙ͨͪ ͔͔ͨͦ͒͒ͪ͗͟ ͎ͪ͊ͤͭ͊ ˾̅̅ˮ Ѕмс-08-ллпуо ˢΦ  
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ʠʟʙʝʞʘʪʴ ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʠʮ, ʧʦʣʫʯʘʪʴ ʣʫʯʰʫʶ ʘʜʛʝʟʠʶ ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ, 

ʧʦʣʫʯʘʪʴ ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʧʦʜʣʦʞʢʠ ʦʪ ʥʘʢʣʝʧʘ ʧʦʩʣʝ ʫʜʘʨʦʚ ʯʘʩʪʠʮʘʤʠ. 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʶʤʠʥʠʝʚʳʡ 

ʧʦʨʦʰʦʢ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʢʨʳʪʠʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠʜʝʥʪʠʯʥʦʝ ʩ 

ʧʣʘʢʠʨʫʶʱʠʤ ʩʣʦʝʤ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 

ʕʪʦʪ ʘʥʘʣʠʟ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʧʦʢʨʳʪʠʡ, ʦʧʨʝʜʝʣʷʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘʥʝʩʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʫʧʨʫʛʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɼ16ʊ. 

ʆʙʨʘʟʮʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʝʪʦʜʠʢʘ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʧʣʠʪʳ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16ɸʊ ʪʨʠ ʧʘʨʪʠʠ ʛʣʘʜʢʠʭ ʦʙʨʘʟʮʦʚ. ʈʘʙʦʯʘʷ ʯʘʩʪʴ 

ʦʙʨʘʟʮʘ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1 ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

12ʭ10 ʤʤ
2
 ʜʣʠʥʦʡ 50 ʤʤ. 

 

 
ʈʠʩ. 4. ʆʙʨʘʟʝʮ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʝʨʚʘʷ ʧʘʨʪʠʷ ʦʙʨʘʟʮʦʚ ʠʤʝʣʘ ʧʣʘʢʠʨʫʶʱʠʡ ʩʣʦʡ ʠʟ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 

ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸɼ1. ʊʦʣʱʠʥʘ ʧʣʘʢʠʨʫʶʱʝʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʊʋ 1-92-161-

90 ʠ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 4%.  

ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʪʦʨʦʡ ʧʘʨʪʠʠ ʧʣʘʢʠʨʫʶʱʠʡ ʩʣʦʡ ʙʳʣ ʫʜʘʣʝʥ 

ʤʝʪʦʜʦʤ ʨʘʟʤʝʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. ʊʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʩʨʝʜʝ ʥʘʪʨʠʝʚʦʡ ʱʝʣʦʯʠ (15% NaOH). ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʫʜʘʣʠʪʴ ʧʦʢʨʳʪʠʝ ʙʝʟ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʩʥʠʤʘʝʤʳʤ ʩʣʦʝʤ, ʥʝ 

ʩʦʟʜʘʚʘʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʝ ʫʧʨʦʯʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʆʙʨʘʟʮʳ ʪʨʝʪʠʡ ʧʘʨʪʠʠ ʠʤʝʣʠ ʧʦʢʨʳʪʠʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʤʝʪʦʜʦʤ ʍɼʅ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʪʨʝʪʴʝʡ ʧʘʨʪʠʠ ʩʪʨʘʚʣʠʚʘʣʩʷ ʧʣʘʢʠʨʫʶʱʠʡ ʩʣʦʡ, ʠ ʥʘʥʦʩʠʣʦʩʴ ʧʦʢʨʳʪʠʝ 

ʤʝʪʦʜʦʤ ʍɼʅ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʣʱʠʥʳ. ʅʘʥʝʩʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʭʦʣʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ [5]. 

ʈʝʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʥʝʩʝʥʠʝ ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ, ʧʦʜʦʙʨʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʫʰʢʠ 30600 

ʦʙ/ʤʠʥ, ʛʣʫʙʠʥʘ ʚʘʢʫʫʤʘ ʚ ʢʘʤʝʨʝ 2ʭ10-1 ʤʤ ʨʪ. ʩʪ., ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
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ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ - 8 ʤʠʥʫʪ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ ʘʣʶʤʠʥʠʝʚʳʡ ɸʉɼ-1. ʌʨʘʢʮʠʷ ʥʘʧʳʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ 

ʩʦʩʪʘʚʣʷʣʘ 20é30 ʤʢʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʪʨʝʭ ʧʘʨʪʠʡ 

ʠʭ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

Instron 8801 ʧʦ ʦʜʠʥʘʢʦʚʦʡ ʧʨʦʛʨʘʤʤʝ. ʇʨʦʛʨʘʤʤʘ ʥʘʛʨʫʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʣʦʢʦʚ ʩʦ ʩʪʫʧʝʥʯʘʪʦ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ 

ʥʘʧʨʷʞʝʥʠʷ. ʂʘʞʜʳʡ ʙʣʦʢ ʩʦʜʝʨʞʘʣ 100 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʧʦ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩ ʯʘʩʪʦʪʦʡ 1 ɻʮ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʥʫʣʝʚʳʤ 

ʩʨʝʜʥʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʮʠʢʣʝ. ɺʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʥʘʛʨʫʟʢʠ ʜʣʷ 

ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʩʦʩʪʘʚʣʷʣʘ 1000 ʅ. ʀʟʤʝʨʝʥʠʷ ʧʨʠʨʘʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʧʦʣʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʰʪʘʪʥʳʭ ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ: ˉ2620-

601 çDynamic Extensometerè, çTransverse/Diametral Extensometerè ˉW-E-404-F. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʠʩʘʥʥʘʷ ʚ 

ʨʘʙʦʪʝ [6], ʧʦʟʚʦʣʷʣʘ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʶʪ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʨʘʟʮʝ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʨʘʟʨʫʰʝʥʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩ. 2 ʚ ʢʦʦʨʜʠʥʘʪʘʭ: maxxe , maxye , minxe , minye  ʦʪ maxxs , minxs , 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ɼ16ʊ: 

ç1è ʩ ʧʣʘʢʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ, ç2è ʙʝʟ ʧʣʘʢʠʨʫʶʱʝʛʦ ʩʣʦʷ, ç3è ʩ ʧʦʢʨʳʪʠʝʤ 

ʤʝʪʦʜʦʤ ʍɼʅ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʮʠʢʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘʧʨʷʞʝʥʠʡ. ɿʜʝʩʴ: maxxe  ʠ minye  ï 

ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʜʝʬʦʨʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʚ ʮʠʢʣʝ maxxs ; minxe  ʠ maxye  ï ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʜʝʬʦʨʤʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʚ ʮʠʢʣʝ minxs . 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ: 1 ð ʦʙʨʘʟʝʮ ʩ 

ʧʣʘʢʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ; 2 ð ʦʙʨʘʟʝʮ ʙʝʟ ʧʦʢʨʳʪʠʷ; 3 ð ʦʙʨʘʟʝʮ ʩ ʧʦʢʨʳʪʠʝʤ 

ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʍɼʅ 
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ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʦʧʝʨʝʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ maxye , minye  ʫ 

ʦʙʨʘʟʮʘ ʩ ʧʣʘʢʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ ç1è ʧʨʠ ʘʤʧʣʠʪʫʜʝ 80 ʄʇʘ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [7].  

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ç2è ʠ ç3è ʥʘ 

ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʥʘʛʨʫʞʝʥʠʷ ʙʣʠʟʢʠ. ʆʙʨʘʟʝʮ ʩ ʧʦʢʨʳʪʠʝʤ ʤʝʪʦʜʦʤ ʍɼʅ 

(ʢʨʠʚʘʷ ç3è), ʠʤʝʝʪ ʠʜʝʥʪʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʠ 

ʦʙʨʘʟʝʮ ʙʝʟ ʧʦʢʨʳʪʠʷ ç2è, ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʦʜʥʦʩʪʦʨʦʥʥʝʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʧʦʧʝʨʝʯʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

ʦʙʨʘʟʮʦʚ ʩ ʧʣʘʢʠʨʦʚʘʥʠʝʤ ʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʢʨʳʪʠʝʤ ʤʝʪʦʜʦʤ ʍɼʅ (ç1è ʠ ç3è) 

ʦʙʥʘʨʫʞʠʚʘʝʪ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (80 ʠ 250 ʄʇʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʤʘʪʝʨʠʘʣʝ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʠ ʦʙʲʝʤʘ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʠʘʛʨʘʤʤ, ʥʝʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ ʙʝʟ 

ʧʣʘʢʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠ ʦʙʨʘʟʮʘ ʩ ʧʦʢʨʳʪʠʝʤ ʤʝʪʦʜʦʤ ʍɼʅ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʮʠʢʣʝ 250 ʄʇʘ, ʘ ʦʙʨʘʟʮʘ ʩ ʧʣʘʢʠʨʫʶʱʠʤ ʩʣʦʝʤ ð 

80 ʄʇʘ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ, ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɼ16ʊ 

ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʤ ʧʦʨʦʰʢʦʤ ɸʉɼ-1 

ʥʝ ʫʭʫʜʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ɼ16ʊ ʙʝʟ ʧʦʢʨʳʪʠʷ.  

ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʷ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɼ16ʊ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʫʭʫʜʰʘʝʪ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʥʘʛʨʫʞʝʥʠʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʪʝʭʥʦʣʦʛʠʷ ʧʣʘʢʠʨʦʚʘʥʠʷ, ʩʥʠʞʘʶʱʘʷ ʵʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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Abstract  
One of the challenges in modern innovative mechanical engineering is to 

obtain coatings which do not decrease fatigue resistance of materials. This paper 

presents a comparative analysis of the deformation characteristics of the samples 

coated with commercially pure aluminum obtained by plating and cold-dynamic 

spraying. It has been experimentally shown that dynamic cold spraying allows 

creating a coating that does not decrease the fatigue resistance characteristics of the 

material under symmetric periodic loading. Plating technology in its turn decreases 

the above mentioned characteristics. 

Keywords: periodic inelastic strain, fatigue resistance, plating, dynamic cold 

spraying. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʢʦʣʝʙʘʥʠʷʭ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ 

ʰʣʘʥʛʘ ʩ ʧʨʦʪʝʢʘʶʱʝʡ ʚʥʫʪʨʠ ʥʝʛʦ ʞʠʜʢʦʩʪʴʶ. ɿʘ ʩʯʝʪ ʧʦʪʦʢʘ ʵʪʦʡ ʞʠʜʢʦʩʪʠ, 

ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʙʦʣʴʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʣʦʩʢʦʛʦ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʩʪʝʨʞʥʷ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ 

ʢʦʣʝʙʘʥʠʷʭ ʨʘʟʳʩʢʠʚʘʝʪʩʷ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ 

ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʘʤʧʣʠʪʫʜ ʩ ʥʝʠʟʚʝʩʪʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ (ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ), ʦʧʠʩʳʚʘʶʱʝʡ ʤʘʣʳʝ ʜʚʠʞʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʩʪʠʛʥʫʪʦʡ ʥʝʣʠʥʝʡʥʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʊʘʢʘʷ 

ʧʨʦʙʣʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝʡ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʝʨʞʝʥʴ, ʰʣʘʥʛ, ʚʥʫʪʨʝʥʥʠʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ, ʤʘʣʳʝ 

ʢʦʣʝʙʘʥʠʷ 

1. ɺʚʝʜʝʥʠʝ 

ʉʪʝʨʞʥʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʪʝʭʥʠʢʝ. ʐʣʘʥʛʠ ʢʘʢ ʛʠʙʢʠʝ ʩʪʝʨʞʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ, ʤʦʛʫʪ ʦʯʝʥʴ 

ʩʠʣʴʥʦ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʬʦʨʤʳ. ʇʫʩʪʦʪʝʣʳʝ 

ʩʪʝʨʞʥʠ (ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʰʣʘʥʛʠ), ʟʘʧʦʣʥʝʥʥʳʝ ʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ 

ʞʠʜʢʦʩʪʠ, ʥʘʛʨʫʞʘʶʪʩʷ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʤʠ (ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʪʦʢʝ 

ʞʠʜʢʦʩʪʠ), ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ (ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʪʦʢʝ) ʩʠʣʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʰʣʘʥʛʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʟʘʧʨʘʚʢʠ ʛʦʨʶʯʠʤ 

(ʨʠʩ. 1ʘ) ʠ ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʞʠʜʢʦʩʪʠ (ʨʠʩ. 1ʙ) [1]. ʇʦʪʦʢ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʣ, ʢʦʪʦʨʳʝ ʥʘʛʨʫʞʘʶʪ ʰʣʘʥʛ 

ʠʟʤʝʥʷʷ ʝʛʦ ʯʘʩʪʦʪʳ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʦʥʢʨʝʪʥʳʭ ʩʠʩʪʝʤ, ʯʪʦʙʳ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʠ ʠʟʙʝʞʘʪʴ ʚʦʟʤʦʞʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʨʝʞʠʤʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʢʘʯʢʝ ʪʦʧʣʠʚʘ). 

mailto:katyshka0131@rambler.ru
mailto:krasnorutskiy@corp.nstu.ru
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ʘ) ʟʘʧʨʘʚʢʘ ʛʦʨʶʯʠʤ     ʙ) ʧʝʨʝʢʘʯʢʘ ʞʠʜʢʦʩʪʠ 

ʈʠʩ. 1. ʇʨʠʤʝʥʝʥʠʝ ʰʣʘʥʛʦʚ ʚ ʪʝʭʥʠʢʝ [1] 

ʊʨʫʙʦʧʨʦʚʦʜʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʧʝʨʝʢʘʯʢʝ ʞʠʜʢʦʩʪʠ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ: ʦʭʣʘʞʜʝʥʠʝ ʨʝʘʢʪʦʨʦʚ, ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ 

ʚ ʜʚʠʛʘʪʝʣʠ ʠ ʜʨ. ʅʘ ʨʠʩ. 2ʘ ʧʦʢʘʟʘʥ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʟʘʧʦʣʥʝʥʥʳʡ 

ʜʚʠʞʫʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ. ʇʦʪʦʢ ʞʠʜʢʦʩʪʠ ʚ ʤʝʩʪʘʭ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʩʠʣ, ʥʘʛʨʫʞʘʶʱʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜ ʠ ʠʟʤʝʥʷʶʱʠʭ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʘʩʪʦʪʥʳʤ 

ʩʧʝʢʪʨʦʤ ʧʨʠ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ). ʅʘ ʨʠʩ. 2ʙ ʧʦʢʘʟʘʥ ʰʣʘʥʛ, 

ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʜʣʷ ʧʦʜʲʝʤʘ ʛʨʫʥʪʘ ʩʦ ʜʥʘ ʚʦʜʦʝʤʘ, ʧʨʠ ʵʪʦʤ ʧʦ ʰʣʘʥʛʫ 

ʜʚʠʞʝʪʩʷ ʞʠʜʢʦʩʪʴ ʩ ʯʘʩʪʠʮʘʤʠ ʛʨʫʥʪʘ, ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʩʣʫʯʘʡʥʘ ʠ ʧʝʨʝʤʝʥʥʘ 

ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʰʣʘʥʛʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

              
ʘ) ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʢʨʠʚʠʟʥʳ     ʙ) ʧʦʜʲʝʤ ʛʨʫʥʪʘ ʩʦ ʜʥʘ ʚʦʜʦʝʤʘ 

ʈʠʩ. 2. ʊʨʫʙʦʧʨʦʚʦʜ ʠ ʰʣʘʥʛ [1] 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʣʝʞʘʱʠʡ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʩʘ ʞʠʜʢʦʩʪʠ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʪʨʫʙʦʧʨʦʚʦʜ ʠʩʢʨʠʚʣʷʝʪʩʷ. 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʥʘʛʨʫʞʝʥʠʶ 

ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ. 

 
ʈʠʩ. 3. ʋʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʣʝʞʘʱʠʡ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ [1] 

2. ʄʦʜʝʣʴ ʩʪʝʨʞʥʷ ʩ ʧʨʦʪʝʢʘʶʱʝʡ ʚʥʫʪʨʠ ʥʝʛʦ ʞʠʜʢʦʩʪʴʶ. 
ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʰʣʘʥʛʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʩʢʘʷ 

ʤʦʜʝʣʴ [2], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʫʧʨʫʛʦʛʦ 

ʩʪʝʨʞʥʷ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʳʡ ʫʯʘʩʪʦʢ 
*ds  ʪʦʥʢʦʛʦ ʰʣʘʥʛʘ, ʩ ʧʨʦʙʝʛʘʶʱʝʡ ʧʦ ʥʝʤʫ ʧʦʪʦʢʦʤ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 
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(ʨʠʩ. 4). ɾʠʜʢʦʩʪʴ ʧʣʦʪʥʦʩʪʠ 
ɾr  ʪʝʯʝʪ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ W  ʯʝʨʝʟ 

ʫʯʘʩʪʦʢ ʰʣʘʥʛʘ 
*ds  ʩ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ F . 

 
ʈʠʩ. 4. ʄʘʣʳʡ ʫʯʘʩʪʦʢ ʰʣʘʥʛʘ ʩ ʞʠʜʢʦʩʪʴʶ 

ʅʘ ʠʩʢʨʠʚʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʩʦʟʜʘʝʪ ʩʠʣʫ 
ɾq , ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʠʣʘ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ ʥʘ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʤ ʫʩʢʦʨʝʥʠʠ 
2

ɾ ɾ

W
q F

R
r= Ö  .     (1) 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʜʝʬʦʨʤʘʮʠʠ ʦʩʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʧʣʦʩʢʦʛʦ ʩʪʝʨʞʥʷ ʚ 

ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ. ʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʦʩʠ ʠʤʝʝʪ ʚʠʜ: 1 1 2 2( ) ( ) ( )r s x s i x s i= + . ɺʝʢʪʦʨ 

ʢʘʩʘʪʝʣʴʥʦʡ ʠʤʝʝʪ ʚʳʨʘʞʝʥʠʝ: , 1, 1 2, 2s s sr x i x it= = + . ɺʚʝʜʝʤ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ 

ʦʩʠ ʧʦ ʬʦʨʤʫʣʝ: 2, 1 1, 2s sn x i x i=- + . ʉʠʣʘ 
ʞq  (1) ʙʫʜʝʪ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ 

ʥʦʨʤʘʣʠ:  
ʞ ʞq q n l= Ö Ö,  ʛʜʝ 

cos sin

sin cos

g g
l

g g

-è ø
=é ù
ê ú

- ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ. ɺ 

ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨ 
ʞq  ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 
2

1 , 1, 2,( sin cos )ʞ s s sq FW x x
ʞ
r g g g= - - ,       (2) 

2

2 , 1, 2,( cos sin )ʞ s s sq FW x x
ʞ
r g g g= - . 

ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʙʦʣʴʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʧʣʦʩʢʦʛʦ ʩʪʝʨʞʥʷ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ: 

( )( )1, 1, 2, 1,1 cos sins s s sU x x xe g g= + - -, 

( )( )2, 1, 2, 2,1 sin coss s s sU x x xe g g= + + -, 

,s

M

EJ
g= , 1, 1 1[ ](1 )s ʞQ q q e= - + +, 2, 2 2[ ](1 )s ʞQ q q e= - + +,          (3) 

( ) ( ) ( ), 1, 2, 1 1, 2, 2sin cos cos sin 1s s s s sM m x x Q x x Qg g g g eè ø= - + + - - +úê
, 

( ) ( )

()
1, 1 2 2, 2 1cos sin cos sins sx Q Q x Q Q

EF s

g g g g
e

+ + -
= . 

ʇʦʜʩʪʘʚʠʤ (2) ʚ ʩʠʩʪʝʤʫ (3) ʠ ʨʘʩʩʤʦʪʨʠʤ ʥʦʚʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʙʝʩʢʦʥʝʯʥʦ ʙʣʠʟʢʦʝ ʢ (3), ʚʩʝ ʬʫʥʢʮʠʠ ʧʦʣʫʯʘʪ ʤʘʣʳʝ ʧʨʠʨʘʱʝʥʠʷ: 

R 

*ds  
W  
ɾr  

j 

ɾq  

F  
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( ) ( ) ( )1, 1, 1, 2, 1,1 cos sins s s s sU U x x xe e g g g g+D = + +D +D - +D -è øê ú , 

( ) ( ) ( )2, 2, 1, 2, 2,1 sin coss s s s sU U x x xe e g g g g+D = + +D +D + +D -è øê ú , 

, ,s s

M M

EJ
g g

+D
+D = , 

2

1, 1, 1 1 , , 1, 2,{ ( ) ( )[ sin( ) cos( )]}(1 )s s s s s sQ Q q q FW x x
ʞ
r g g g g g g e e+D = - +D + +D - +D - +D + +D, 

( ) 2

2, 2, 2 2 , , 1, 2,{ ( )[ cos( ) sin( )]}(1 )s s s s s sQ Q q q FW x x
ʞ
r g g g g g g e e+D =- +D + +D +D - +D + +D, 

( ) ( ){ }( ), , 1, 2, 1 1sin coss s s sM M m m x x Q Qg g g gè+D = - -D + +D + +D +D -ê
     (4) 

( ) ( ){ }( )( )1, 2, 2 2cos sin 1s sx x Q Qg g g g e eø- +D - +D +D + +Dú
, 

( ) ( ) ( )( ) ( )1, 1 1 2 2cos sinsEF x Q Q Q Qe e g g g g+D = +D +D + +D +D +è øê ú 

( ) ( )( ) ( )2, 2 2 1 1cos sin .sx Q Q Q Qg g g g+ +D +D - +D +Dè øê ú 

ʊʘʢ ʢʘʢ gD  ʤʘʣʦ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

( ) ( )

( ) ( )

2

2

sin sin cos sin cos

cos cos sin cos sin

O

O

g g g g g g g g g

g g g g g g g g g

+D = +D + D @ +D

+D = -D + D @ -D
 ,                        (5) 

ʇʦʜʩʪʘʚʠʤ (5) ʚ ʩʠʩʪʝʤʫ (4) ʠ ʦʩʪʘʚʠʤ ʩʣʘʛʘʝʤʳʝ ʩʦʜʝʨʞʘʱʠʝ ʩʪʝʧʝʥʠ 

ʚʝʣʠʯʠʥ ʩ çDè ʥʝ ʚʳʰʝ ʧʝʨʚʦʡ (ʣʠʥʝʘʨʠʟʫʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʢʣʦʥʝʥʠʡ): 

( )

( )

1, 1, 1, 2, 1, 2,

1, 2, 1,

1 cos sin sin cos

                   cos sin ,

s s s s s s

s s s

U U x x x x

x x x

e g g g g g g

e g g

+D = + - - D - D +è øê ú

+D - -
 

( )

( )

2, 2, 1, 2, 1, 2,

1, 2, 2,

1 sin cos cos sin

                     sin cos ,

s s s s s s

s s s

U U x x x x

x x x

e g g g g g g

e g g

+D = + + + D - D +è øê ú

+D + -
 

, ,s s

M M

EJ
g g

+D
+D = , 

( ) 2

1, 1, 1 1 , 1, 1, 2, 2,1 { ( ) [ ( sin cos cos sin )s s ʞ s s s s sQ Q q q FW x x x xe r g g g g g g g+D = + - +D + - - D - + D - 
2

, 1, 2, 1 , 1, 2,( sin cos )]} [ ( sin cos )],s s s ʞ s s sx x q FW x xg g g e r g g g-D + +D - + - -  

( ) 2

2, 2, 2 2 , 1, 1, 2, 2,1 { ( ) [ ( cos sin sin cos )s s ʞ s s s s sQ Q q q FW x x x xe r g g g g g g g+D = + - +D + - D - - D +  (6) 
2

, 1, 2, 2 , 1, 2,( cos sin )]} [ ( cos sin )],s s s ʞ s s sx x q FW x xg g g e r g g g+D - +D - + -  

( ) ( ){ }, , 1, 2, 1sin cos cos sins s s sM M m m x x Qg g g g g gè+D = - -D + +D + -D +ê
 

{ } { }

( ) ( ){ } ( )

1, 2, 1 1, 2, 2

1, 2, 2

sin cos cos sin

cos sin sin cos 1

s s s s

s s

x x Q x x Q

x x Q

g g g g

g g g g g g e

+ + D - - D -

ø- -D - +D + +ú

 

{ } { }1, 2, 1 1, 2, 2sin cos cos sins s s sm x x Q x x Qg g g g eè ø+ - + + - - Dê ú
, 

( ) ( ) ( )1, 1 1 2 2cos sin cos sin cos sinsEF x Q Q Q Qe e g g g g g g g g+D = -D +D + +D +D +è øê ú 

( ) ( )2, 2 2 1 1cos sin cos sin cos sin .sx Q Q Q Qg g g g g g g g+ -D +D - +D -Dè øê ú 
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ɺʳʯʪʝʤ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ (6) ʩʠʩʪʝʤʫ (3) 

( ) ( )1, 1, 2, 1, 2,1 sin cos cos sin ,s s s s sU x x x xe g g g e g gD =- + D + +D -è øê ú  

( ) ( )2, 1, 2, 1, 2,1 cos sin sin cos ,s s s s sU x x x xe g g g e g gD = + D - +D +è øê ú  ,s

M

EJ
g

D
D = , 

( ) 2

1, 1 , 1, 2, , 1, 2,1 { [ ( cos sin ) ( sin cos )]}s ʞ s s s s s sQ q FW x x x xe r g g g g g g gD = + -D + D - + -D + +
2

1 , 1, 2,[ ( sin cos )],ʞ s s sq FW x xe r g g g+D - + - -  

( ) 2

2, 2 , 1, 2, , 1, 2,1 { [ ( sin cos ) ( cos sin )]}s ʞ s s s s s sQ q FW x x x xe r g g g g g g gD = + -D + D - - +D - +  (7) 
2

2 , 1, 2,[ ( cos sin )],ʞ s s sq FW x xe r g g g+D - + -  

( ) ( ) ( ) ( ), 1, 2, 1 1, 2, 21 cos sin sin cos 1s s s s sM m x x Q x x Qe g g g g g eè øD =-D + +D - + + + +ê ú
 

( ) ( ) ( )1, 2, 1 1, 2, 2sin cos cos sin 1s s s sx x Q x x Qg g g g eè ø+ + D - - D + +ê ú
 

( ) ( )1, 2, 1 1, 2, 2sin cos cos sins s s sm x x Q x x Qe g g g gè ø+D - + + - -ê ú
, 

( )1, 1 2 2 1cos sin cos sinsEF x Q Q Q Qe g g g g gD = D +D +D - +è øê ú 

( )2, 2 1 2 1cos sin sin cos .sx Q Q Q Qg g g g g+ D -D -D +è øê ú 

ɺ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʝ (7) ʧʨʠʨʘʱʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 
1qD , 

2qD  

ʠ ʧʨʠʨʘʱʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ mD  ʠʤʝʶʪ ʠʥʝʨʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ: 

()1 1q F s UrD =- D, ()2 2q F s UrD =- D, ()m J sr gD =- D,      (8) 

ʛʜʝ ()F sr  ï ʧʦʛʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʝʨʞʥʷ, ()J sr  ï ʤʘʩʩʦʚʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ: 

( ) ()

( ) ()

( ) ()

( ) ()

( ) ()

( ) ()

 

1 1

 

2 2

 

 

1 1

 

2 2

 

, ,  

, ,

, ,

, ,   

, ,

, .

A i t

A i t

A i t

A i t

A i t

A i t

U s t U s e

U s t U s e

s t s e

Q s t Q s e

Q s t Q s e

M s t M s e

w

w

w

w

w

w

g g

ëD =D
î
D =Dî
î
D =Dî
ì
D =Dî
î
D =D
î
îD =Dí

    (9) 

ʟʜʝʩʴ ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ A ʦʙʦʟʥʘʯʘʝʪ ʘʤʧʣʠʪʫʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ. 

ʇʦʜʩʪʘʚʣʷʷ (8) ʠ (9) ʚ ʩʠʩʪʝʤʫ (7) ʠ ʨʘʟʜʝʣʠʚ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ 

0,  ie tt¸ ", ʜʣʷ ʘʤʧʣʠʪʫʜ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ: 

( ) ( )1, 1, 2, 1, 2,1 sin cos cos sin ,A A A

s s s s sU x x x xe g g g e g gD =- + D + +D -è øê ú  

( ) ( )2, 1, 2, 1, 2,1 cos sin sin cos ,A A A

s s s s sU x x x xe g g g e g gD = + D - +D +è øê ú  

,

A
A

s

M

EJ
g

D
D = , 
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( ) 2 2

1, 1 , 1, 2,

2

, 1, 2, 1 , 1, 2,

1 { ( ) [ ( cos sin )

( sin cos )]} [ ( sin cos )],

ɸ A

s ʞ s s s

A A

s s s ʞ s s s

Q F s U FW x x

x x q FW x x

e w r r g g g g

g g g e r g g g

D = + D + D - + -

-D + +D - + - -
 

( ) 2 2

2, 1 , 1, 2,

2

, 1, 2, 2 , 1, 2,

1 { ( ) [ ( sin cos )

( cos sin )]} [ ( cos sin )],

A A

s ʞ s s s

A A

s s s ʞ s s s

Q F s U FW x x

x x q FW x x

e w r r g g g g

g g g e r g g g

D = + D + D - - +

+D - +D - + -
    (10) 

() ( ) ( ) ( ) ( )2

, 1, 2, 1 1, 2, 21 cos sin sin cos 1A A A

s s s s sM J s x x Q x x Qw r g e g g g g g eè øD = D + +D - + + + +ê ú

( ) ( ) ( )1, 2, 1 1, 2, 2sin cos cos sin 1A A

s s s sx x Q x x Qg g g g eè ø+ + D - - D + +ê ú
 

( ) ( )1, 2, 1 1, 2, 2sin cos cos sinA

s s s sm x x Q x x Qe g g g gè ø+D - + + - -ê ú
, 

( )

( )

1, 1 2 2 1

2, 2 1 2 1

cos sin cos sin

            cos sin sin cos .

A A A A

s

A A A

s

EF x Q Q Q Q

x Q Q Q Q

e g g g g g

g g g g g

è øD = D +D -D - +ê ú

è ø+ D -D -D -ê ú

 

ɼʣʷ ʥʝʨʘʩʪʷʞʠʤʦʛʦ ʩʪʝʨʞʥʷ ʩʠʩʪʝʤʘ (10) ʧʨʠʤʝʪ ʚʠʜ: 

1, 1, 2,sin cosA A

s s sU x xg g gD =-D +è øê ú, 2, 1, 2,cos sinA A

s s sU x xg g gD =D -è øê ú, ,

A
A

s

M

EJ
g

D
D =

, 
2 2

1, 1 , 1, 2, , 1, 2,( ) [ ( cos sin ) ( sin cos )],ɸ A A

s ʞ s s s s s sQ F s U FW x x x xw r r g g g g g g gD = D + D - + -D +  
2 2

2, 1 , 1, 2, , 1, 2,( ) [ ( sin cos ) ( cos sin )],A A A

s ʞ s s s s s sQ F s U FW x x x xw r r g g g g g g gD = D + D - - +D -  (11) 

() ( ) ( )2

, 1, 2, 1 1, 2, 2cos sin sin cosA A A

s s s s sM J s x x Q x x Qw r g g g g g gè øD = D +D - + + +ê ú
 

( ) ( )1, 2, 1 1, 2, 2sin cos cos sinA A

s s s sx x Q x x Qg g g gè ø+ + D - - Dê ú
. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (10) ʣʠʥʝʡʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ-

ʘʤʧʣʠʪʫʜ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ { }1 2 1 2, , , , ,A A A A A AU U Q Q Mg , ʦʥʘ ʦʧʠʩʳʚʘʝʪ ʤʘʣʳʝ 

ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʣʠʥʝʡʥʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

{ }1 2 1 2, , , , ,U U Q Q Mg . ʇʘʨʘʤʝʪʨ w ʪʘʢʞʝ ʧʦʜʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟ (10). 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (10) ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ w. ʂ ʥʝʡ ʥʝʦʙʭʦʜʠʤʦ 
ʜʦʙʘʚʠʪʴ 6 ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʳʩʢʠʚʘʝʤʳʭ ʬʫʥʢʮʠʡ-ʘʤʧʣʠʪʫʜ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ w ʠʟ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ (10) ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ-ʘʤʧʣʠʪʫʜʳ. ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ w ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ-ʘʤʧʣʠʪʫʜ ʠʟ (10) ʥʘʟʳʚʘʝʪʩʷ ʟʘʜʘʯʝʡ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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Abstract 

In this paper we consider the problem of vibrations of a curved hose with a 

inner liquid flow. Due to the liquid flow at curved part of hose the force of inertia is 

appearing. This force is taken into account when drawing up the system of equations 

describing large displacements of curved rod in its plane. The solution of the problem 

of oscillations is represented in the exponential form. It leads to a system of linear 

differential equations for the amplitudes with an unknown parameter (frequency of 

vibrations). Unknown functions describe small displacements relative to the achieved 

nonlinear deformed configuration. This problem is called a linear boundary 

eigenvalue problem. 

Keywords: Rod, hose, inner liquid flow, small vibrations  
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ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ. ʉʧʝʮʠʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʩʦʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ 

ʦʨʠʝʥʪʘʮʠʠ ʛʨʫʟʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʢʨʝʧʣʝʥʳ ʥʠʪʠ, ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʚʥʝʰʥʠʭ 

ʩʠʣ. ʇʦʩʣʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ ʚʳʯʠʩʣʷʶʪʩʷ ʚʩʝ ʫʩʠʣʠʷ ʚʦ ʚʩʝʭ ʥʠʪʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʐʚʘʨʪʦʚʢʘ ʛʨʫʟʦʚ, ʢʨʝʧʣʝʥʠʝ ʛʨʫʟʦʚ, ʬʠʢʩʘʮʠʷ, ʛʠʙʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʠʪʴ, 

ʮʝʧʠ, ʨʝʤʥʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ, ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʪʝʭʥʠʢʠ: ʤʦʨʩʢʫʶ, 

ʘʚʪʦʤʦʙʠʣʴʥʫʶ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʠ ʘʚʠʘʮʠʦʥʥʫʶ. ʅʘ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʠʜʘ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ: ʦʙʲʸʤ ʠ ʪʠʧ ʛʨʫʟʘ, ʚʨʝʤʷ 

ʜʦʩʪʘʚʢʠ, ʤʝʩʪʦ ʜʦʩʪʘʚʢʠ, ʥʘʣʠʯʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪ.ʧ. 

ɺʳʛʦʜʥʦ ʧʝʨʝʚʦʟʠʪʴ ʢʨʫʧʥʳʝ ʛʨʫʟʳ ʚʦʜʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʚʝʟʜʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʜʥʳʝ ʘʨʪʝʨʠʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʜʦʩʪʘʚʢʘ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ, ʥʦ ʥʘ ʛʨʫʟʦʚʫʶ ʧʣʘʪʬʦʨʤʫ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʤʝʩʪʠʪʴ 

ʦʙʲʝʤʥʳʡ ʛʨʫʟ, ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʜʦʩʪʘʚʣʷʪʴ ʪʘʢʠʝ ʛʨʫʟʳ ʟʘʯʘʩʪʫʶ 

ʝʱʸ ʙʦʣʝʝ ʩʣʦʞʥʦ. ʉʘʤʳʤ ʜʦʨʦʛʠʤ ʠ, ʥʝʨʝʜʢʦ, ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʠʤ ʚʠʜʦʤ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʦʣʝʪ. ɸʚʠʘʮʠʦʥʥʫʶ ʪʝʭʥʠʢʫ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʨʫʟʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʦʩʪʦʛʦ ʙʘʛʘʞʘ, ʜʦ ʩʘʤʦʣʝʪʦʚ 

ʠ ʰʘʪʪʣʦʚ. ʊʘʢʦʛʦ ʪʠʧʘ ʛʨʫʟʳ ʨʘʟʤʝʱʘʶʪʩʷ ʢʘʢ ʚʥʫʪʨʠ ʬʶʟʝʣʷʞʘ [1], ʪʘʢ ʠ ʚʥʝ 

ʝʛʦ. ʆʪ ʢʘʯʝʩʪʚʘ ʟʘʢʨʝʧʣʝʥʠʷ ʛʨʫʟʘ ʟʘʚʠʩʠʪ ʩʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʘ, ʮʝʣʦʩʪʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʠʢʘ ʠ ʜʘʞʝ ʞʠʟʥʠ ʵʢʠʧʘʞʘ. ʇʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʛʨʫʟʦʚ ʚ ʩʘʤʦʣʝʪʘʭ, ʵʪʠ ʛʨʫʟʳ ʧʨʠʢʨʝʧʣʷʶʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʳʤʠ ʩʝʪʢʘʤʠ, 

ʰʚʘʨʪʦʚʦʯʥʳʤʠ ʨʝʤʥʷʤʠ ʠ ʮʝʧʷʤʠ. ɼʣʷ ʥʘʜʝʞʥʦʡ ʰʚʘʨʪʦʚʢʠ ʛʨʫʟʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʰʚʘʨʪʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʩʣʫʯʘʠ ʨʘʟʥʳʭ ʧʝʨʝʛʨʫʟʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʩʣʫʯʘʡ ʞʝʩʪʢʦʡ ʧʦʩʘʜʢʠ. ʂʨʦʤʝ 

ʥʝʧʦʜʚʠʞʥʦʩʪʠ ʛʨʫʟʘ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʰʚʘʨʪʦʚʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ 

ʧʦʚʨʝʞʜʘʣʠʩʴ, ʧʨʠ ʵʪʦʤ ʞʝʣʘʪʝʣʴʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ʇʨʠ 

ʰʚʘʨʪʦʚʢʝ ʫʥʠʢʘʣʴʥʳʭ ʛʨʫʟʦʚ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʬʶʟʝʣʷʞ ʠʩʪʨʝʙʠʪʝʣʷ, 

ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʝʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʢʨʦʤʝ ʚʩʝʛʦ ʥʝ 

ʜʦʣʞʥʳ ʧʦʚʨʝʜʠʪʴ ʵʪʦʪ ʬʶʟʝʣʷʞ. ɼʣʷ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʟʘʨʘʥʝʝ 

ʟʥʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʫʩʠʣʠʷ ʚ ʛʠʙʢʠʭ ʰʚʘʨʪʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʭ ʜʝʡʩʪʚʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ 

ʰʚʘʨʪʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʆʙʳʯʥʦ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʜʦʧʫʱʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʛʨʫʟ 

ʢʨʝʧʠʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦ ʭʦʪʷ ʙʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ [2-6]. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʤʦʛʣʦ ʙʳ ʧʨʠʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʚʳʛʦʜʫ ʧʦ ʧʨʠʯʠʥʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʨʝʚʦʟʠʤʳʭ ʟʘ ʦʜʠʥ ʨʝʡʩ ʦʙʲʝʢʪʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʦʚ ʧʦʣʦʞʝʥ 

ʫʧʨʦʱʝʥʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ ʰʚʘʨʪʦʚʦʯʥʳʭ ʩʚʷʟʷʭ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʟʘʢʦʥʝ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ 

ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʦʡ, ʠ ʨʘʩʯʝʪ ʝʸ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʢʠ (ʤʝʪʦʜ ʩʠʣ, ʤʝʪʦʜ ʜʝʬʦʨʤʘʮʠʡ) ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʪʨʫʜʦʸʤʢʦʩʪʠ ʷʚʣʷʝʪʩʷ 
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ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ [4]. ʇʨʠ ʵʪʦʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ 

ʟʘʤʝʥʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʧʨʦʩʪʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ 

ʦʪʥʦʰʝʥʠʷ ʧʦʛʦʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʚʷʟʠ ʢ ʧʦʛʦʥʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʚʩʝʭ ʨʘʙʦʪʘʶʱʠʭ ʩʚʷʟʝʡ. ʇʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ ʵʪʠʭ ʤʝʪʦʜʠʢ ʜʦʧʫʱʝʥʠʷ 

ʚʳʟʳʚʘʶʪ ʩʦʤʥʝʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ ʨʘʩʯʝʪʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ ʧʘʢʝʪʳ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʞʘʪʠʝ, ʣʠʙʦ 

ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʢʦʛʜʘ ʠʩʢʣʶʯʝʥʠʝ 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʞʘʪʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʤ ʧʘʢʝʪʦʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʘʢ ʥʘʩʪʨʘʠʚʘʝʤʘʷ ʦʧʮʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʫʩʠʣʠʷ ʠ ʟʘʜʘʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʩʭʝʤʫ ʰʚʘʨʪʦʚʢʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʨʫʜʦʸʤʢʦʩʪʴ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʳ ʚʧʣʦʪʴ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʜʦʧʫʱʝʥʠʷ ʦʰʠʙʢʠ ʨʘʩʯʝʪʯʠʢʦʤ. 

2. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʚ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʘʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʰʚʘʨʪʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʠʪʴʶ [7, 8], ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ 

(ʨʠʩ.1.). ɼʣʷ ʪʘʢʦʡ ʥʠʪʠ ʠʟʚʝʩʪʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʂʦʦʨʜʠʥʘʪʳ ʚʩʝʭ 

ʪʦʯʝʢ ʠ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ ʥʠʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʦʚʠʩʘʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʜʚʝ 

ʢʦʥʩʪʘʥʪʳ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ. ɼʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʠʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʧʦʜʣʝʞʘʱʠʡ 

ʦʧʨʝʜʝʣʝʥʠʶ. ʕʪʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʧʨʦʚʠʩʘʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʜʦʣʴ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʰʚʘʨʪʦʚʢʠ ʠʟʚʝʩʪʥʳ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʥʠʪʝʡ ʢ ʧʦʣʫ ʠ ʢ ʛʨʫʟʫ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʛʨʫʟʘ ʠʤʝʶʪʩʷ ʪʨʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ 

ʧʦʚʦʨʦʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʪ ʥʠʪʝʡ ʥʘ ʛʨʫʟ 

ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʤʦʛʫʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʥʝʰʥʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʩʠʣʳ 

ʨʝʘʢʮʠʠ ʦʧʦʨ ʠ ʪ.ʧ. ɿʘʪʝʤ ʩʦʩʪʘʚʣʷʶʪʩʷ 6 ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʛʨʫʟʘ ʧʦ ʩʠʣʘʤ ʠ ʤʦʤʝʥʪʘʤ. ʅʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʥʠʪʠ ʪʨʠ 

ʚʝʣʠʯʠʥʳ, ʘ ʪʘʢʞʝ ʪʨʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʧʦʚʦʨʦʪʘ. 

ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʜʦʙʘʚʣʷʶʪʩʷ ʧʦ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʥʠʪʠ. ʕʪʠ 

ʫʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʥʠʪʠ ʢ ʛʨʫʟʫ ʜʣʷ ʥʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʛʨʫʟʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ (3*N+3) 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ (3*N+3) ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ, ʥʘʭʦʜʠʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʛʨʫʟʘ, ʧʘʨʘʤʝʪʨʳ ʝʛʦ 

ʧʦʚʦʨʦʪʘ ʠ ʧʘʨʘʤʝʪʨʳ ʥʠʪʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʩʢʦʤʳʝ ʫʩʠʣʠʷ ʚ 

ʥʠʪʷʭ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʥʘʪʷʞʝʥʠʶ ʥʠʪʝʡ 

(ʠʣʠ ʥʘʯʘʣʴʥʳʤʠ ʜʣʠʥʘʤʠ), ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʛʨʫʟʝ ʠ ʥʘʛʨʫʟʢʘʭ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʥʝʛʦ. ʅʘ ʚʳʭʦʜʝ ʠʤʝʝʤ ʥʘʪʷʞʝʥʠʷ ʚʦ ʚʩʝʭ ʥʠʪʷʭ ʠ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʫʟʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʥʳʝ ʩʠʪʫʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʛʨʫʟʦʚ, ʘ ʧʨʦʩʪʘʷ ʬʦʨʤʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 



  
 

113 
 

ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʫʪʝʤ 

ʧʝʨʝʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʨʝʧʣʝʥʠʷ. 

 

ʈʠʩ. 5. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʰʚʘʨʪʦʚʢʠ ʛʨʫʟʘ 

3. ʆʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. 

ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʯʘʣʦʤ ʥʠʪʠ, ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʪʦʯʝʢ 

ʥʠʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʦʚʠʩʘʥʠʷ xOy 

ʚʳʨʘʞʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ [6] ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
*

* 0

0

( )
( )

sh( ) sh( )

x u u u
x u

u u

-
¹ =

-
, 

*
* 0

0

( ) ch( ) ch( )
( )

sh( ) sh( )

y u u u
y u

u u

-
¹ =

-
, (1) 

ʛʜʝ  ï ʜʣʠʥʘ ʥʠʪʠ, u  ï ʧʝʨʝʤʝʥʥʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʣʠʥʦʡ ʥʠʪʠ (
0u u=  ï ʥʘʯʘʣʦ 

ʥʠʪʠ, u u=  ï ʢʦʥʝʮ ʥʠʪʠ), 
0u , u  ï ʢʦʥʩʪʘʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦʜʣʝʞʘʱʠʝ 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʟ ʫʩʣʦʚʠʡ ʢʨʝʧʣʝʥʠʷ ʢʦʥʮʘ ʥʠʪʠ, ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚ ʦʨʪʘ ʦʩʠ Oy. 

ʉʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʪʘʢʞʝ ʚʳʨʘʞʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

0

( ) ch( )

sh( ) sh( )

N u u

mg u u
=

-
,     (2) 

ʛʜʝ m ï ʤʘʩʩʘ ʥʠʪʠ, g  ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʇʨʦʝʢʮʠʠ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʥʘ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ xOy ʚʳʨʘʞʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0

( ) 1
( )

sh( ) sh( )

x
x

Q u
Q u

mg u u
¹ =

-
,  

0

( ) sh( )
( )

sh( ) sh( )

y

y

Q u u
Q u

mg u u
¹ =

-
. (3) 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʣʦʙʘʣʴʥʫʶ ʥʝʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 
1x , 

2x , 
3x  (ʨʠʩ.2). ʇʫʩʪʴ ʚʦʟʤʦʞʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʕʪʦ ʢʦʛʜʘ g  ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚ ʣʫʯʝʡ 
1ox , 

2ox  ʠ 
3ox  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʫʩʪʴ ʫʛʦʣ 

a ï ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʧʨʦʚʠʩʘʥʠʷ ʥʠʪʠ xOy ʠ ʧʣʦʩʢʦʩʪʴʶ 
1 2x ox  ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʠʷ g , 
2 3x ox  ï ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠ 

3 1x ox  ï ʚ ʪʨʝʪʴʝʤ 

˹͙ͭΈ м 

˹͙ͭΈ н 
 

˹͙ͭΈ ƴ 
 

͔́ͦ͡ 

g   
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ʩʣʫʯʘʝ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʪʨʠ ʩʣʫʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ g , 

ʧʨʠ ʵʪʦʤ ʦʥ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚ ʣʫʯʘ Oy. 

 

ʈʠʩ. 2. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʜʚʫʭ ʧʦʚʦʨʦʪʦʚ: ʧʝʨʚʘʷ 

ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ 
1H  ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʣʫʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʷ g, ʘ ʚʪʦʨʘʷ 

ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ 
2H  ʙʫʜʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴ ʥʘ ʫʛʦʣ a. ʇʦʣʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʣʶʙʦʛʦ ʚʝʢʪʦʨʘ ʜʣʷ ʧʝʨʝʚʦʜʘ ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʪʴʶ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʚʦʨʦʪʦʤ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ 

ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ:  

() ()1 2H H Ha a= Ö  .     (4) 

ʛʜʝ ʤʘʪʨʠʮʘ 
1H , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʫʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʷ g, ʧʨʠʥʠʤʘʝʪ 

ʚʘʨʠʘʥʪʳ, ʫʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʛʨʫʟʘ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ ʩʠʣ, ʩʚʷʞʝʤ ʩ ʛʨʫʟʦʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʪʷʞʝʩʪʠ, ʘ ʝʸ ʥʘʧʨʘʚʣʷʶʱʠʝ ʦʨʪʳ ʩʥʘʯʘʣʘ ʩʦʚʧʘʜʘʶʪ ʩ 

ʦʨʪʘʤʠ 
1,2,3i  ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʦʨʦʪʘ ʛʨʫʟʘ ʧʦʩʣʝ 

ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʢʪʦʨ ʢʦʥʝʯʥʦʛʦ ʧʦʚʦʨʦʪʘ [7] k kiw w= . 

ʂʦʤʧʦʥʝʥʪʳ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ ()l w ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ [7]: 

( )2 2

2

1 cos
1ii j k

w
l w w

w

-
= - + , 

2

sin 1 cos
ij k i j

w w
l w ww

w w

-
=- + ,

2

sin 1 cos
ik j i k

w w
l w ww

w w

-
= + , 2 2 2

1 2 3w w w w w¹ = + +, 

1,2,3i= ; 2,3,1j= ; 3,1,2k= .     (5) 

ɿʘ ʥʝʠʟʚʝʩʪʥʳʝ (ʨʘʟʳʩʢʠʚʘʝʤʳʝ) ʚʝʣʠʯʠʥʳ ʧʨʠʥʠʤʘʶʪʩʷ: 

1) ʪʨʠ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʢʦʥʝʯʥʦʛʦ ʧʦʚʦʨʦʪʘ ʛʨʫʟʘ 
1 2 3, ,w w w; 

g

  

a 

'y y¹  

x  

3,1,2x  

2,3,1x  

1,2,3x  

z 

O  

o  

'z  

'x  

3) 
1

1 0 0
0 0 1
0 1 0

H
å õ
= -æ ö
æ ö
ç ÷

 

2) 
1

0 0 1
0 1 0
1 0 0

H
-å õ

=æ ö
æ ö
ç ÷

 

1) 
1

0 1 0
1 0 0
0 0 1

H
å õ
=æ ö
æ ö-ç ÷

 

()2

cos 0 sin
0 1 0

sin 0 cos
H

a a
a

a a

å õ
=æ ö
æ ö-ç ÷
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2) ʜʣʷ ʢʘʞʜʦʡ ʥʠʪʠ ʪʨʠ ʚʝʣʠʯʠʥʳ: ( )

0

iu , ( )iu  ï ʢʦʥʩʪʘʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ 

ʫʛʦʣ 
( )ia , 2,3...i n= . 

ʇʦ ʵʪʠʤ ʚʝʣʠʯʠʥʘʤ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʛʨʫʟʘ 

ʠ ʚʳʯʠʩʣʠʪʴ ʚʩʝ ʫʩʠʣʠʷ ʚ ʥʠʪʷʭ. ɺʝʢʪʦʨ ʥʝʠʟʚʝʩʪʥʳʭ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

{ }(1) (1) (1) (2) ( )

1 2 3 0 0 ...
T

nX u u uw w w a a= ,  (6) 

ʛʜʝ n  ï ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ. ʈʘʟʤʝʨ ʚʝʢʪʦʨʘ ʥʝʠʟʚʝʩʪʥʳʭ ï ( )3 3n+ . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ( )3 3n+  ʥʝʠʟʚʝʩʪʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʩʪʦʣʴʢʦ ʞʝ 

ʫʨʘʚʥʝʥʠʡ. ʇʝʨʚʳʤʠ ʰʝʩʪʴʶ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ X  ʷʚʣʷʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʛʨʫʟʘ, ʘ ʠʤʝʥʥʦ: ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ ʠ ʩʫʤʤʘ 

ʚʩʝʭ ʤʦʤʝʥʪʦʚ ʨʘʚʥʳ ʥʫʣʶ: 

( )

1

n
i

i

F Q
=

- =ä 0, ( ) ( )

1

n
i i

i

M r Q
=

è ø- ³ =ê úä 0,   (7) 

ʛʜʝ F  ï ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʛʨʫʟʘ, M  ï 

ʚʝʢʪʦʨ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʛʨʫʟʘ, ( )iQ =

( ){ }( ) ( )

( ) ( ) ( ) 0
i i

T
i i i

x yu u
H Q Qa Ö  ï ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ i -ʦʡ ʥʠʪʠ ʚ ʪʦʯʢʝ ʢʨʝʧʣʝʥʠʷ 

ʢ ʛʨʫʟʫ (ʪ.ʝ. ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ), 
( )ir  ï ʚʝʢʪʦʨ-ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʜʦ 

ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ i -ʦʡ ʥʠʪʠ, 0 ï ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ. 

ɽʱʝ ( )3 3n-  ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʶʪ ʠʟ ʫʩʣʦʚʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʪʳʢʦʚʢʠ 

ʢʦʥʮʦʚ ʥʠʪʠ ʩ ʛʨʫʟʦʤ ʚ ʪʦʯʢʘʭ ʢʨʝʧʣʝʥʠʷ, ʦʥʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
( )

1 0irD =, ( )

2 0irD =, ( )

3 0irD =, 2,3...i n= ,   (8) 

ʛʜʝ  

( ){ } ()( )( ) ( ) ( ) * ( ) * ( ) ( ) ( )

0 0 0( ) ( ) 0
T

i i i i i i C ir x H x u y u x ra l wD = + - + ,  (9) 

ʛʜʝ ( )

0

ix  ï ʨʘʜʠʫʩ ʚʝʢʪʦʨ ʥʘʯʘʣʘ i -ʦʡ ʥʠʪʠ, 
Cx  ï ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʛʨʫʟʘ, ( ) ( )

0 0

i i C

Lr x x= - , ʛʜʝ ( )i

Lx  ï ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʘ ʥʠʪʠ (ʪʦʯʝʢ 

ʢʨʝʧʣʝʥʠʷ) ʜʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ, 0

Cx  ï ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʛʨʫʟʘ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (7)-(8) ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ. ʇʦʩʣʝ ʝʸ 

ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʚʩʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ 

MathCAD. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʠʟ [5]: ʛʨʫʟ ʟʘʢʨʝʧʣʝʥ 10-ʶ ʮʝʧʷʤʠ, ʨʘʩʯʝʪʥʳʡ 

ʩʣʫʯʘʡ ʧʦʩʘʜʢʠ ʪʨʘʥʩʧʦʨʪʥʠʢʘ ʥʘ ʬʶʟʝʣʷʞ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʚ ʥʠʭ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ: ʦʪ ʟʥʘʯʝʥʠʡ 

ʯʫʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʤʝʪʦʜʠʢʝ [4, 5], ʜʦ ʟʥʘʯʝʥʠʡ ʚ 1.8 ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʠʭ 

ʨʘʟʨʫʰʘʶʱʠʝ ʫʩʠʣʠʷ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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4. ɺʳʚʦʜʳ 

ʇʨʝʜʣʦʞʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʚ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʘʭ 

ʧʨʠ ʰʚʘʨʪʦʚʢʝ ʛʨʫʟʦʚ. ɻʠʙʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠʨʫʶʪʩʷ ʥʠʪʷʤʠ, ʨʝʰʘʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʠʪʦʛʝ ʧʣʘʥʠʨʫʝʪʩʷ 

ʩʦʟʜʘʪʴ ʧʦʣʥʦʮʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʷʟʳʢʝ Fortran ʜʣʷ ʠʥʞʝʥʝʨʦʚ-ʨʘʩʯʝʪʯʠʢʦʚ. 
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Abstract 

At this paper the method for computing tensile forces in flexible elements of 

cargo lashing using the mathematical model of rope (homogeneous chain) is 

presented. This model has analytical expressions for the coordinate and internal 

forces. A special way the system of nonlinear equations is obtained to determine the 

new position and orientation of the cargo under external forces and forces from 

flexible ropes. After numerical solving the system of nonlinear equations the stresses 

in all ropes are calculated by analytical formulas. 

Keywords: Cargo lashing, cargo securing, fixing, flexible elements, rope, 

chain, strap, geometrically nonlinear problem, program for solving 
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ɸʥʥʦʪʘʮʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʦʚ ʚʳʥʦʩʣʠʚʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʚʦʡ  ʫʩʪʘʣʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ɺʝʣʝʨʘ, 

ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʨʝʜʝʣʳ ʚʳʥʦʩʣʠʚʦʩʪʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʵʪʦ 

ʩʜʝʣʘʪʴ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʧʦʵʪʘʧʥʦʝ ʮʠʢʣʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʜʝʪʘʣʠ 

ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʦʪ ʵʪʘʧʘ ʢ ʵʪʘʧʫ ʘʤʧʣʠʪʫʜʦʡ ʥʘʧʨʷʞʝʥʠʷ ʘs, ʥʘ ʢʘʞʜʦʡ 

ʩʪʫʧʝʥʠ ʬʠʢʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʟʘ ʮʠʢʣ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢʦʡ-ʣʠʙʦ 

ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʣʠʞʝ ʢ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʦʯʘʛʫ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ( )a
ʮ fS s=D )1( , ʛʜʝ 

-D )1( ʮS ʧʨʠʨʘʱʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ, ʠ ʘʙʩʮʠʩʩʫ ʠʟʣʦʤʘ ʵʪʦʛʦ ʛʨʘʬʠʢʘ 

ʧʨʠʥʷʪʴ ʟʘ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠʩʧʳʪʘʥʥʦʡ ʜʝʪʘʣʠ. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʷ 

ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ï ʥʝʚʝʣʠʢʦ, ʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪʩʷ 

ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʜʝʪʘʣʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʯʥʦʩʪʠ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ; ʵʥʪʨʦʧʠʷ; ʩʪʫʧʝʥʯʘʪʦʝ ʮʠʢʣʠʯʝʩʢʦʝ 

ʥʘʛʨʫʞʝʥʠʝ; ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ. 

 

1. ɺʚʝʜʝʥʠʝ. ʇʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ï ʵʪʦ ʚʘʞʥʝʡʰʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʮʠʢʣʠʯʝʩʢʦʡ (ʫʩʪʘʣʦʩʪʥʦʡ) ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ.  

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ɺʝʣʝʨʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ ʠʩʧʳʪʳʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʦʜʠʥʘʢʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʫ ʢʦʪʦʨʦʛʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ). ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʮʠʢʣʠʯʝʩʢʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʧʨʠ ʦʜʥʦʤ ʫʨʦʚʥʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʘmaxs  ʩ ʜʦʚʝʜʝʥʠʝʤ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʬʠʢʩʠʨʫʝʪʩʷ ʯʠʩʣʦ 

ʮʠʢʣʦʚ n, ʢʦʪʦʨʦʝ ʧʨʦʨʘʙʦʪʘʣ ʦʙʨʘʟʝʮ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʩʪʨʦʠʪʩʷ ʢʨʠʚʘʷ ʫʩʪʘʣʦʩʪʠ )(max nfa =s . ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʧʦʩʪʨʦʝʥʥʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ.1), ʢʨʠʚʘʷ ʫʩʪʘʣʦʩʪʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

mailto:gkurilenko@mail.ru
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ʥʝʢʦʪʦʨʦʡ ʘʩʠʤʧʪʦʪʝ ʥʘ ʫʨʦʚʥʝ 
Rs, ʛʜʝ 

max

min

s

s
=R - ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ 

ʮʠʢʣʘ ʢʦʣʝʙʘʥʠʡ. ɺʝʣʠʯʠʥʘ 
Rs  ʠ ʝʩʪʴ ʬʠʟʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ  

ʤʘʪʝʨʠʘʣʘ ï ʵʪʦ ʪʘʢʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʮʠʢʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ ʥʝ 

ʨʘʟʨʫʰʘʝʪʩʷ. 

ʋ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘʣʝʡ ʥʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ. ɼʣʷ ʥʠʭ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ï 

ʵʪʦ ʪʘʢʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʮʠʢʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ ʧʨʦʨʘʙʦʪʘʝʪ 

ʙʘʟʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʙn .  ʆʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʙn = 710 ʮʠʢʣʦʚ ʠʣʠ ʙn = 810 ʮʠʢʣʦʚ. 

  
ʅʦ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ɺʝʣʝʨʘ, ʢʘʢ ʵʪʦ ʦʪʤʝʯʘʝʪʩʷ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [1], ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʚʝʩʴʤʘ 

ʪʨʫʜʦʝʤʦʢ, ʪ.ʢ. ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʦʩʦʙʝʥʥʦ ʥʘ ʫʨʦʚʥʝ ʥʠʟʢʠʭ ʘʤʧʣʠʪʫʜʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ï ʚʝʩʴʤʘ ʚʝʣʠʢʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʫʩʪʘʣʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ, ʧʦʵʪʦʤʫ ʥʘ ʢʘʞʜʦʤ 

ʫʨʦʚʥʝ  amaxs  ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ. ʀ 

ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸ ʠʥʞʝʥʝʨʥʘʷ ʧʨʘʢʪʠʢʘ ʪʨʝʙʫʝʪ ʟʥʘʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʡ, 

ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ɺʝʣʝʨʘ. ʀ ʯʪʦ ʚʘʞʥʦ, ʵʪʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʝʪʘʣʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʙʝʟ ʝʝ 

ʨʘʟʨʫʰʝʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʢʘʬʝʜʨʝ ʧʨʦʯʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʅɻʊʋ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ [2]. 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʧʨʦʷʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʫʩʪʘʣʦʩʪʠ. 

ʇʨʠ ʨʘʙʦʪʝ ʜʝʪʘʣʠ ʥʘ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʬʠʟʠʯʝʩʢʠʡ  

ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʤʠʢʨʦʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʠʤʝʶʪʩʷ ʚ ʤʘʪʝʨʠʘʣʝ,  ʥʝ 
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ʨʘʟʚʠʚʘʶʪʩʷ, ʠ ʜʝʪʘʣʴ ʨʘʙʦʪʘʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ. ʂʘʢ ʪʦʣʴʢʦ 

ʬʘʢʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʝʪʘʣʠ ʧʨʝʚʳʩʷʪ 
Rs, ʤʠʢʨʦʪʨʝʱʠʥʳ ʥʘʯʠʥʘʶʪ 

ʨʘʟʚʠʚʘʪʴʩʷ, ʚ ʠʭ ʚʝʨʰʠʥʝ ʦʙʨʘʟʫʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʟʦʥʘ, ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ 

ʪʝʧʣʦ, ʠʥʪʝʥʩʠʚʥʦ ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʯʘʛʘ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʘ ʧʦʩʢʦʣʴʢʫ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʦ 

ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ çʧʨʦʷʚʣʷʝʪʩʷè ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. ʀ ʧʦ ʢʠʥʝʪʠʢʝ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʝʣ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʝʪʘʣʠ ʙʝʟ ʝʝ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʢʘʞʝʤ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ. 

ɼʝʪʘʣʴ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ, 

ʠʩʧʳʪʳʚʘʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʘʤʧʣʠʪʫʜʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʘs, ʥʘʯʠʥʘʷ ʩ ʥʘʧʨʷʞʝʥʠʡ, ʟʘʚʝʜʦʤʦ ʤʝʥʴʰʠʭ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʥʘʧʨʷʞʝʥʠʷʤʠ 

ʧʨʝʚʦʩʭʦʜʷʱʠʤʠ ʝʛʦ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʚʝʜʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʚʙʣʠʟʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʦʯʘʛʘ 

ʨʘʟʨʫʰʝʥʠʷ. ʕʪʦ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʦʙʨʘʟʦʤ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

( ʉʦ01,0  ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʘʛʘ ʦʪ ʚʨʝʤʝʥʠ 

(ʨʠʩ.2). ʀʟ ʵʪʠʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʥʘʛʨʫʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʙʦʣʴʰʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (1-

ʳʡ ʵʪʘʧ), ʘ ʟʘʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʝʩʣʠ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʬʘʢʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʝʪʘʣʠ, ʠʣʠ ʧʨʦʜʦʣʞʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ (2-ʦʡ ʵʪʘʧ).   

ɺʨʝʤʷ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ï ʥʝʚʝʣʠʢʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʚʳʭʦʜʘ ʥʘ ʥʘʯʘʣʦ 2-ʛʦ ʵʪʘʧʘ ʥʘʛʨʫʞʝʥʠʷ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 5% ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ ʜʝʪʘʣʠ. 

ɿʘʪʝʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠʨʘʱʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʚ ʦʯʘʛʝ ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʟʘ ʮʠʢʣ ʢʦʣʝʙʘʥʠʡ ʧʦ 

ʬʦʨʤʫʣʝ 

                                  ,
1

12)1(

T

TT
cS v

ʮ -
=D                                                   (1) 

ʛʜʝ vc -ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, 
2ʊ ʠ 

1ʊ-ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʘʛʘ ʚ ʢʦʥʮʝ ʠ 

ʥʘʯʘʣʝ ʮʠʢʣʘ ʢʦʣʝʙʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʥʘʯʘʣʝ 2-ʦʡ ʩʪʘʜʠʠ ʥʘʛʨʫʞʝʥʠʷ. 

ʀ ʥʘʢʦʥʝʮ, ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ( )a
ʮ fS s=D )1( , ʠʤʝʶʱʠʡ ʯʝʪʢʠʡ ʠʟʣʦʤ ʚ 

ʨʘʡʦʥʝ ʠʩʪʠʥʥʦʛʦ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠʩʧʳʪʘʥʥʦʡ ʜʝʪʘʣʠ. ʅʘ ʨʠʩ.3 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʜʣʷ ʧʷʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 45 ʧʨʠ ʠʭ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʦʣʫʯʠʣʩʷ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʳʡ 

ʨʝʟʫʣʴʪʘʪ: ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʝʣʝ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠʩʧʳʪʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʤʳ ʧʦʣʫʯʠʣʠ ʧʦ ʢʠʥʝʪʠʢʝ ʪʦʡ ʯʘʩʪʠ ʵʥʪʨʦʧʠʠ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʚ ʦʯʘʛʝ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʘʤ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 

ʣʠʰʴ ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ (ʧʦ ʨʘʩʩʝʷʥʥʦʡ ʚ ʦʯʘʛʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ). ʕʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʧʨʠ ʤʘʢʨʦʫʧʨʫʛʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ, ʨʘʩʩʝʷʥʥʦʡ ʚ ʤʘʪʝʨʠʘʣʝ, ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʧʣʦ, ʘ 
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ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʥʝʤ ʚ ʚʠʜʝ ʩʢʨʳʪʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ. ʀ ʵʪʘ ʵʥʝʨʛʠʷ 

ʩʦʠʟʤʝʨʠʤʘ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ. 

ɺʳʜʝʣʝʥʠʝ ʞʝ ʪʝʧʣʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʠʡ ʧʨʝʜʝʣ 

ʚʳʥʦʩʣʠʚʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ɸ ʵʪʫ ʩʪʦʨʦʥʫ ʧʨʦʮʝʩʩʘ ʠ ʦʪʨʘʞʘʝʪ 

ʢʠʥʝʪʠʢʘ . 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʘʛʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ  ʦʪ            

ʚʨʝʤʝʥʠ ʥʘʛʨʫʞʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

 
ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʘʩʯʝʪ )1( ʮSD  ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʳʭ  

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʯʘʛʘ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʢʦʛʜʘ ʪʦʯʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ ʦ01,0 ʉ, ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ɸʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʵʥʪʨʦʧʠʡʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ (1) ʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʘʛʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʨʘʡʦʥʝ ʦʯʘʛʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʦʙʨʘʟʦʤ ʝʛʦ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʦʵʪʘʧʥʦʝ ʮʠʢʣʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ 

ʦʙʨʘʟʮʘ (ʜʝʪʘʣʠ) ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʦʪ ʵʪʘʧʘ ʢ ʵʪʘʧʫ ʘʤʧʣʠʪʫʜʦʡ ʥʘʧʨʷʞʝʥʠʷ 

ʘs, ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ  ʬʠʢʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʟʘ ʮʠʢʣ ʢʦʣʝʙʘʥʠʡ 

)1( ʮSD
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ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʠ ʜʝʪʘʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʣʠʞʝ 

ʢ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʦʯʘʛʫ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ  ( )a
ʮ fS s=D )1(  ʧʦ 

ʬʦʨʤʫʣʝ (1) ʠ ʘʙʩʮʠʩʩʫ ʠʟʣʦʤʘ ʵʪʦʛʦ ʛʨʘʬʠʢʘ ʧʨʠʥʷʪʴ ʟʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠʩʧʳʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

4. ɺʳʚʦʜʳ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʥʘʛʨʫʞʝʥʠʷ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ï ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪʩʷ ʨʝʩʫʨʩ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʝʪʘʣʠ, ʪ.ʝ. ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ. ʀ ʯʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [2,3,4] ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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Abstract. The trained thermograph method prediction of individual endurance 

limit is based on information received through the kinetics of passive thermal fields 

forming on the surface of the testing detail. Cyclic loading with increasing amplitude 

of stress as  step by step applies to testing detail. Loading time of each step is 

relatively small. After the beginning of loading the temperature T on the surface near 

supposing domain of damaging is fixed in each step during the same period of time. 

Then the increment of entropy, produced for one cycle of oscillation in the domain of 

damage  )1( cSD , calculated through the changing T. It turns out that a

cS s-D )1(  curves 

has sharp bends near a certain threshold stress. It coincides with modern ideas of the 
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genesis and accumulation process of the fatigue damaging, supposing that this 

process has a great acceleration when stress as  is in superior endurance limit 
Rs . 

That is why this as  may be set to 
Rs . The thermograph method increases the 

accuracy and cuts down the time in comparison with traditional approaches.  

Key words: temperature; entropy; step by step cyclic loading; individual 

endurance limit 
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ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʮʝʥʢʠ ʥʘʜʸʞʥʦʩʪʠ 

ʠ ʨʝʩʫʨʩʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʪʝʥʜʳ 

ʠʩʧʳʪʘʥʠʡ ʥʘʪʫʨʥʳʭ ʦʙʨʘʟʮʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ 

ʜʝʩʷʪʢʠ ʢʘʥʘʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʟʘʜʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤ. ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʫʚʝʣʠʯʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʩʪʘʪʴʝ 

ʟʘʜʘʯʘ ʩʚʷʟʘʥʘ ʩ ʧʨʦʙʣʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʢʘʥʘʣʘ ʥʘʛʨʫʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʞʝʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʩʪʘʚʠʪʴʩʷ ʠ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʥʘʣʘ ʥʘʛʨʫʞʝʥʠʷ 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʙʘʟʝ ʦʜʥʦʢʘʥʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. ɺ ʨʘʙʦʪʝ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʥʘʣʘ ʥʘʛʨʫʞʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʥʘʛʨʫʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʫʧʨʦʱʝʥʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʥʘʛʨʫʞʝʥʠʷ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʪʦʨʘ ʩ ʟʚʝʥʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʦʤ 

ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ, 

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ, ʵʢʩʧʝʨʠʤʝʥʪ, ʩʪʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʝʨʚʦʧʨʠʚʦʜ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

  

ʆʇʀʉɸʅʀɽ ʉʊɽʅɼɸ 

 ʆʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 1. 

ʆʙʦʙʱʸʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 2, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʠʜʨʦʧʨʠʚʦʜ, ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʡ ʩ ʠʤʠʪʘʪʦʨʦʤ ʥʘʛʨʫʟʢʠ, 

ʛʜʝ ʚʝʣʠʯʠʥʘ ʬʦʨʤʠʨʫʝʤʦʡ ʩʠʣʳ ʠʟʤʝʨʷʝʪʩʷ ʜʠʥʘʤʦʤʝʪʨʦʤ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʢʦʪʦʨʦʛʦ ( )y t , ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʥʪʨʦʣʣʝʨ. ɺ ʢʦʥʪʨʦʣʣʝʨʝ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ( )u t , ʧʦʩʪʫʧʘʶʱʝʝ ʥʘ 

ʘʛʨʝʛʘʪ ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʦʤ. ɸʛʨʝʛʘʪ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʟʦʣʦʪʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʧʦʜʘʯʫ ʤʘʩʣʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʛʠʜʨʦʮʠʣʠʥʜʨ. 

  

ʈʠʩ.1. ʆʜʥʦʢʘʥʘʣʴʥʳʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ 

ʩʪʝʥʜ 

ʈʠʩ.2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʉʊɽʅɼɸ ɹɽɿ ʆɹʈɸʊʅʆʁ ʉɺʗɿʀ 

ɻʠʜʨʦʧʨʠʚʦʜ ʩʦʜʝʨʞʠʪ ʛʠʜʨʦʮʠʣʠʥʜʨ ʠ ʘʛʨʝʛʘʪ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʠ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ [1]. ʅʝʦʙʭʦʜʠʤʘʷ 

ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʦʤ. ʉ ʮʝʣʴʶ 

ʦʮʝʥʢʠ ʚʠʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʩʪʝʥʜʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ  

ʠʩʧʳʪʘʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʛʜʝ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʈʠʩ. 3. ʎʠʬʨʦʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʢʦʥʪʨʦʣʣʝʨʘ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ï10ɺ ʜʦ +10ɺ, ʛʜʝ 10ɺ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 100%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

ʈʠʩ. 3 ʰʢʘʣʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ %.  
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ɺʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʚʘʝʤʘʷ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʤ ʩʠʣʘ ( )y t , ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ ʜʠʥʘʤʦʤʝʪʨʦʤ. ɺʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʜʠʥʘʤʦʤʝʪʨʘ ʛʨʘʜʫʠʨʦʚʘʥ ʚ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ï ʢʛʩ. ɼʠʘʧʘʟʦʥ 

ʨʘʟʚʠʚʘʝʤʳʭ ʫʩʠʣʠʡ ʥʘ ʜʘʥʥʦʤ ʩʪʝʥʜʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ï10
4
ʢʛʩ ʜʦ 

+10
4
ʢʛʩ. 

ʅʘ ʈʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʝʥʜʝ ʧʨʠ 

ʨʘʟʦʤʢʥʫʪʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʧʨʘʚʣʷʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ 

ʬʦʨʤʝ ʤʝʘʥʜʨʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʩʠʛʥʘʣʘ 5%°  ʦʪ 10 ɺ. ʅʘ ʈʠʩ. 4. ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʯʘʩʪʴ ʛʨʘʬʠʢʦʚ, ʢʦʪʦʨʘʷ  ʚʳʜʝʣʝʥʘ ʠʟ ʈʠʩ. 3.  

 

 

  

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʝʥʜʝ 

ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ 5%°  ʦʪ 

10 ɺ. 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 
ʩʪʝʥʜʝ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ 

5%°  ʦʪ 10 ɺ., ʥʘ ʠʥʪʝʨʚʘʣʝ 4.5 ʜʦ 8.5 ʩ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʈʠʩ. 3-4), 

ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʚʳʭʦʜʘ ʩʪʝʥʜʘ ʥʘ ʩʪʫʧʝʥʯʘʪʦʝ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʝʝʪ 

ʚʠʜ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʢʮʠʠ ʚʳʭʦʜʘ 

ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʟʚʝʥʘ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʟʚʝʥʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʫʛʣʫ ʥʘʢʣʦʥʘ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʝʘʢʮʠʠ ʚʳʭʦʜʘ ( )y t , ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʢʘʢ 

ʥʝʣʠʥʝʡʥʦʩʪʠ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʠʜʨʦʧʨʠʚʦʜʘ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʘʣʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʩʠʣʦʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʨʘʩʩʤʦʪʨʠʤ ʛʠʧʦʪʝʟʫ, ʯʪʦ ʫʧʨʦʱʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʧʨʠʚʦʜʘ 

ʠʤʝʝʪ ʚʠʜ ʠʥʪʝʛʨʘʪʦʨʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ g, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʡ ʩʦ ʟʚʝʥʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ: 

( ) ( )y t gu t t= - ,   (1) 
 

ʛʜʝ t - ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʣʷ ʛʨʘʬʠʢʘ ( )y t  ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ( )u t  ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ 
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ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ g. ʀʩʧʦʣʴʟʫʷ ʛʨʘʬʠʢʠ ʥʘ ʈʠʩ. 4, ʧʦʣʫʯʠʤ 

ʦʮʝʥʢʫ ʜʣʷ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ g  ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 
 

2 1 2 1

0 2 1

( ) ( ) ( )
.

( )

y t t y t t t t
g

u t t

= - = -DÖ -
=

Ö -
  (2) 

 

ʅʘʧʨʠʤʝʨ, ʧʨʠʥʠʤʘʝʤ, 
2 7,5t = ʩ., 

1 6t = ʩ. ɿʜʝʩʴ D ʝʩʪʴ  ʚʝʣʠʯʠʥʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʨʝʥʜʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʈʠʩ. 3, 
0 5%u = . 

ʀʟ ʛʨʘʬʠʢʦʚ ʥʘ ʈʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʮʝʥʢʠ ʜʣʷ g  ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ (2) ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 
2t  ʠ 

1t . ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʛʨʘʬʠʢʝ ʜʣʷ ( )y t  ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 4-ʝ ʫʯʘʩʪʢʘ: ʦʩʥʦʚʥʦʡ 

ʫʯʘʩʪʦʢ çʧʦʜʲʝʤ ʚʚʝʨʭè, ʦʩʥʦʚʥʦʡ ʫʯʘʩʪʦʢ çʩʧʫʩʢ ʚʥʠʟè, ʧʝʨʝʭʦʜʥʦʡ ʫʯʘʩʪʦʢ 

çʧʦʜʲʝʤ ʚʚʝʨʭè, ʧʝʨʝʭʦʜʥʦʡ ʫʯʘʩʪʦʢ çʩʧʫʩʢ ʚʥʠʟè. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 4-ʭ ʫʯʘʩʪʢʦʚ 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʦʮʝʥʢʠ g  ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (2) ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʈʠʩ. 3-4. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʘ ʠʤʝʥʥʦ, ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ 
0u  ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʦʮʝʥʢʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ g  

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ 
0 10%u = , 

0 15%u =  ʠ 

0 20%u = . 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʷ (2) ʧʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʮʝʥʦʢ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ g, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩ. 5 ʠ ʈʠʩ. 6. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ g  ʥʘ ʧʝʨʝʭʦʜʥʦʤ ʫʯʘʩʪʢʝ (ʈʠʩ. 6) ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ (ʈʠʩ. 5). ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ 

ʫʯʘʩʪʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
0u  

  

ʈʠʩ. 5. ɺʝʣʠʯʠʥʳ ʦʮʝʥʦʢ ʜʣʷ g  ʥʘ 

ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (2) ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ 
0u  

ʈʠʩ. 6.  ɺʝʣʠʯʠʥʳ ʦʮʝʥʦʢ ʜʣʷ g  ʥʘ 

ʧʝʨʝʭʦʜʥʦʤ ʫʯʘʩʪʢʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (2) 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ 
0u  

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʪʝʥʜʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʩʫʞʜʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʩʪʝʥʜʘ ʩʠʩʪʝʤʳ 

ʩʠʣʦʥʘʛʨʫʞʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʣʠʥʝʡʥʦʩʪʴʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʚʣʠʷʥʠʝʤ ʥʝʫʯʪʸʥʥʦʡ ʜʠʥʘʤʠʢʠ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʘ 

ʪʘʢʞʝ ʤʘʣʳʤʠ ʟʘʧʘʟʜʳʚʘʥʠʷʤʠ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ. ʅʝʫʯʪʸʥʥʘʷ ʜʠʥʘʤʠʢʘ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʝʜʝʣ ʜʦʩʪʠʞʠʤʦʡ ʪʦʯʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ 

ʥʝʫʯʪʸʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʩʠʣʦʥʘʛʨʫʞʝʥʠʷ. ʊʘʢʞʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ 

ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʩʠʣʦʥʘʛʨʫʞʝʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ:. 
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 Strength tests carrying out are necessary for increase of aircraft reliability, 

development and justification of recommendations about a service life in the 

aeronautical equipment. For the purpose of fatigue tests carrying out special tests 

stands are developed. Such stands include tens of hydraulic actuators exercising the 

coordinated control of the mode of power loading for avionic structures. Need of 

process acceleration of strength tests carrying out and increase reliability of estimates 

for a service life of avionic structures lead to high requirements of the 

implementation accuracy of construction power loading cyclograms. The considered 

task is connected with a problem of the development of hardware and software for 

automation of strength tests carrying out process in the aeronautical equipment. 

Creation of stand mathematical model that is adequate to tests process is necessary 

for a right choice of structure and parameters of a control algorithm of the stand that 

finally allows to provide increase of implementation accuracy of power loading 

cyclograms. In particular, in this work the problem of preliminary experimental 

studies carrying out of dynamic properties of specially developed single-channel 

stand for strength tests is set and solved. The description of the electrohydraulic drive 

stand is provided in work. The description of techniques of stand characteristics 

experimental studies carrying out and the received test results is submitted. The 

simplified mathematical model of the stand in the form of the integrator with 

transport delay in a control path is considered. Estimates for parameters of 

mathematical model are received based on tests. Such parameters can be used further 

for solution of a problem of controller design. 

 Keywords: aircraft design, strength testing, test stand, experimental results, 

fatigue properties, control system, servo drive, mathematical model 
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ʉʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʛʨʘʥʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʤʝʪʦʜʘ ʬʠʢʪʠʚʥʳʭ ʥʘʛʨʫʟʦʢ) ʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʢʨʠʪʝʨʠʷ ʨʘʟʨʫʰʝʥʠʷ 

ʜʣʷ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʦ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʛʨʘʜʠʝʥʪʥʦʤʫ ʠ 

ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʷʤ, ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʦʚ ʠʟ ʵʙʦʥʠʪʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʵʙʦʥʠʪʦʚʳʭ ʜʠʩʢʦʚ ʩ ʦʪʚʝʨʩʪʠʝʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʜʘʶʪ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʯʝʤ ʣʦʢʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, 

ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʟʨʫʰʝʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʣʦʢʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʪʝʣʘ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʣʦʢʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʜʘʶʪ ʟʘʥʠʞʝʥʥʳʝ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ 

ʨʝʘʣʴʥʳʤ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. 

ɻʨʘʜʠʝʥʪʥʳʡ ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʛʨʘʜʠʝʥʪʥʦʤ ʢʨʠʪʝʨʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʨʘʟʨʫʰʝʥʠʷ ʩ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ „̃, 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʥʝ ʤʘʢʩʠʤʘʣʴʥʦʝ, ʘ ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ „. ʕʬʬʝʢʪʠʚʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʘʩʪʷʛʠʚʘʶʱʝʤʫ ʥʘʧʨʷʞʝʥʠʶ „ 

ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʪʝʣʘ, ʧʨʠʥʷʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ. ʂʨʦʤʝ 

ʪʦʛʦ, „ ʟʘʚʠʩʠʪ ʦʪ ʣʦʢʘʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ʃʦʢʘʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ Ὣ ȿÇÒÁÄ „ȿ„ϳ  ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ „, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʧʣʦʱʘʜʢʫ ʧʝʨʚʦʛʦ ʛʣʘʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʪʝʣʘ, ʛʜʝ 

ʧʣʦʩʢʦʩʪʴ ʠ ʧʣʦʱʘʜʢʘ ʠʤʝʶʪ ʦʙʱʫʶ ʥʦʨʤʘʣʴ ’Ȣ ɺʳʯʠʩʣʝʥʠʝ ʚʝʣʠʯʠʥʳ 
ȿÇÒÁÄ „ȿ ʚ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ ʧʨʦʱʝ, ʯʝʤ ʚʝʣʠʯʠʥʳ ȿÇÒÁÄ „ȿ, 
ʠʩʧʦʣʴʟʦʚʘʚʰʝʡʩʷ ʨʘʥʝʝ [1 ï 3].  

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʥʘʭʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

( )nbb gLe 1

2

1 1ůů ++-= ,    (1) 

ʛʜʝ  ‍ ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʡ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ‍ π, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʘʨʘʤʝʪʨ ʘʧʧʨʦʢʩʠʤʘʮʠʠ; 

ὒ ï ʧʘʨʘʤʝʪʨ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʠʥʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʇʘʨʘʤʝʪʨ ὒ ʥʘʭʦʜʠʪʩʷ ʚ [1] ʠʟ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʩ ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʦʡ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʠʟʚʝʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ „̃ ʠ ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ὑ  ï ʧʦ ʬʦʨʤʫʣʝ  

( ) 2

ʚ

2

I1 ůˊ2 cKL =      (2) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʢʨʝʪʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ, 

ʦʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʜʨʫʛʠʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ „ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʣʦʱʘʜʢʝ ʜʝʡʩʪʚʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʨʫʰʝʥʠʷ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ.  

ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʅʝʡʙʝʨʘ-ʅʦʚʦʞʠʣʦʚʘ. ʇʨʠ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʟʨʫʰʝʥʠʝ ʚ ʭʨʫʧʢʦʤ ʪʝʣʝ ʥʘʯʠʥʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ „̃ ʜʦʩʪʠʛʘʝʪ ʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ, ʘ ʩʨʝʜʥʝʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůn ʥʘ ʧʣʦʱʘʜʢʝ, ʠʤʝʶʱʝʡ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʥʘʠʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ὒz ʠ ʚʢʣʶʯʘʶʱʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʪʦʯʢʫ. 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʚʜʦʣʴ ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʧʣʦʱʘʜʢʠ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  

*

ʚ
* 0

1
ů ů ů

L

dl
L

n n= =ñ      (3) 

ʛʜʝ ʨʘʟʤʝʨ ʧʣʦʱʘʜʢʠ ʦʩʨʝʜʥʝʥʠʷ ὒz ʥʘʭʦʜʠʪʩʷ ʠʟ ʬʦʨʤʫʣʳ 
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( ) 2 2
* I ʚ2 ˊ ůcL K=   ,    (4) 

ʏʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ. ʅʘ ʦʩʥʦʚʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʢʨʠʪʝʨʠʷ ʠ ʤʝʪʦʜʘ 

ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʚʘʨʠʘʥʪʝ ʤʝʪʦʜʘ ʬʠʢʪʠʚʥʳʭ ʥʘʛʨʫʟʦʢ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʨʘʩʯʝʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʠ 

ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚ 

ʨʘʩʯʝʪʘʭ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʝʢ ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʪʠ ʪʦʯʢʠ 

ʫʜʘʣʝʥʳ ʦʪ ʢʦʥʪʫʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʴʰʝʝ ʜʣʠʥʳ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ [4]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʚʳʯʠʩʣʷʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʘʭ ʪʝʣʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ. 

ʏʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʪʝʣʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʭʦʜʠʤ ʥʘʧʨʷʞʝʥʠʷ „ „ ʚ 

ʩʨʝʜʥʠʭ ʪʦʯʢʘʭ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʦʥʪʫʨʫ 

‬„‬ίϳ  ʚ ʵʪʠʭ ʪʦʯʢʘʭ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚ ʪʝʣʝ ʥʘ ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ ȿɝȿ ʦʪ 
ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʥʦʚʥʦʛʦ ʢʦʥʪʫʨʘ ʧʨʦʚʦʜʠʤ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʥʦʚʫʶ 

ʛʨʘʥʠʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʣʦʤʘʥʫʶ ʣʠʥʠʶ, ʦʙʨʘʟʫʶʱʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ. 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʢʦʥʪʫʨʝ ʪʝʣʘ, 

ʦʧʨʝʜʝʣʷʝʤ ʧʨʠʙʣʠʞʝʥʥʦ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, 

ʯʝʨʝʟ ʥʘʡʜʝʥʥʳʝ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ „ ʥʘ ʦʩʥʦʚʥʦʤ ʢʦʥʪʫʨʝ ʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ‬„‬ίϳ . ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʟʘʜʘʯʝ ʩ 

ʟʘʜʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʠ ʚʳʯʠʩʣʷʷ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʢʦʥʪʫʨʘ, ʤʳ 

ʬʘʢʪʠʯʝʩʢʠ ʥʘʭʦʜʠʤ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʝʢ 

ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ, ʥʦ ʫʞʝ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ „ ʠ Ὣ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʨʝʜʥʠʭ ʪʦʯʝʢ 

ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʨʘʞʝʥʠʝ (1) ʜʣʷ „ ʠ ʦʧʨʝʜʝʣʷʷ ʪʦʯʢʫ, ʛʜʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ, ʥʘʡʜʝʤ ʤʝʩʪʦ ʥʘʯʘʣʘ ʨʘʟʨʫʰʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʜʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ï ʵʙʦʥʠʪʝ. ʀʟ ʧʨʫʪʢʘ ʵʙʦʥʠʪʘ ʜʠʘʤʝʪʨʦʤ 

61 ʤʤ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 56 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 

20 ʤʤ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʚ ʛʦʣʦʚʢʘʤʠ ʜʣʷ ʟʘʭʚʘʪʦʚ 

ʠ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʠ ʜʣʠʥʦʡ 35 ʤʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ. ʆʩʴ ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʩʦʚʧʘʜʘʣʘ ʩ ʦʩʴʶ ʧʨʫʪʢʘ. ʇʨʠ 

ʠʩʧʳʪʘʥʠʠ ʜʠʩʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʧʫʪʝʤ ʩʞʘʪʠʷ ʧʦ ʜʠʘʤʝʪʨʫ ʤʝʞʜʫ 

ʩʪʘʣʴʥʳʤʠ ʧʣʠʪʘʤʠ (ʙʨʘʟʠʣʴʩʢʠʤ ʤʝʪʦʜʦʤ) ʨʘʟʨʳʚ ʧʨʦʠʩʭʦʜʠʣ ʧʦ ʧʣʦʩʢʦʩʪʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʧʨʫʪʢʘ, ʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ï ʧʦ 

ʩʝʯʝʥʠʶ, ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʀʩʧʳʪʘʥʠʷ ʯʝʪʳʨʝʭ ʩʪʘʥʜʘʨʪʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ 

ʨʘʩʪʷʞʝʥʠʝ ʚʜʦʣʴ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ ʜʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ 

„̃ ςχȟυχ ̇˜ ́ (ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 3,76 ʄʇʘ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 



  
 

132 
 

ʠʩʧʳʪʘʥʠʡ ʪʨʝʭ ʜʠʩʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʟʨʝʟʦʤ 

ʧʫʪʝʤ ʩʞʘʪʠʷ ʠʭ ʧʦ ʜʠʘʤʝʪʨʫ ʚʜʦʣʴ ʣʠʥʠʠ ʨʘʟʨʝʟʘ ʙʳʣ ʧʦʣʫʯʝʥ ʢʨʠʪʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ὑ ρȟρρω ̇˜́̍ϳ  (ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 0,086 ˙˜́̍ϳ). ɿʥʘʯʝʥʠʝ ὑ  ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 

[5] ὑ
ȟ ᶻ

Ѝ
ὣ‗ ‗ρ ‗ϳ , ʛʜʝ Ὂz ï ʧʨʝʜʝʣʴʥʘʷ ʩʠʣʘ, ‗  ʦʪʥʦʰʝʥʠʝ 

ʧʦʣʫʜʣʠʥʳ ʨʘʟʨʝʟʘ ʢ ʨʘʜʠʫʩʫ ʜʠʩʢʘ, ὣ‗ ρ πȟφπσψχ‗ ρȟφχςσω‗
ρȟρφωψψ‗. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʙʦʥʠʪʘ ʥʘʡʜʝʥʦ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ὒ ρȟπτω ʤʤ. ʀʟ ʪʦʛʦ ʞʝ ʧʨʫʪʢʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʜʠʩʢʠ ʩ 
ʮʝʥʪʨʘʣʴʥʳʤʠ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʜʠʘʤʝʪʨ 1,4; 2 ʠ 3 ʤʤ, 

ʯʪʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʜʠʩʢʘ 56 ʤʤ. ʈʘʟʨʫʰʝʥʠʝ ʵʪʠʭ ʜʠʩʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʩʞʘʪʠʷ ʠʭ ʧʦ ʜʠʘʤʝʪʨʫ ʤʝʞʜʫ ʩʪʘʣʴʥʳʤʠ ʧʣʠʪʘʤʠ. 

ʋʩʠʣʠʷ ʩʞʘʪʠʷ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʩʠʣʘʤʠ F. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʯʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʥʪʫʨʘ ʦʪʚʝʨʩʪʠʷ ʩ ʣʠʥʠʝʡ 

ʜʝʡʩʪʚʠʷ ʩʠʣ. 

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ 

ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʚʘʨʠʘʥʪʝ ʬʠʢʪʠʚʥʳʭ ʥʘʛʨʫʟʦʢ) ʥʘ ʷʟʳʢʝ Fortran, ʚʟʷʪʦʡ 

ʠʟ [4] ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʢʨʠʪʝʨʠʶ. ʂʦʥʪʫʨ 

ʜʠʩʢʘ ʙʳʣ ʨʘʟʙʠʪ ʥʘ 360 ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʢʦʥʪʫʨ ʦʪʚʝʨʩʪʠʷ. ʂʦʣʠʯʝʩʪʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʝʢ ʥʘ ʩʪʦʨʦʥʝ ʧʣʦʱʘʜʢʠ ʦʩʨʝʜʥʝʥʠʷ ʜʣʠʥʦʡ ὒz ʙʳʣʦ ʨʘʚʥʦ 50. 

ɺ ʪʘʙʣʠʮʘʭ 1,2 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ Ὂ̘  ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

(Ὂ́  ʨʘʩʯʝʪʘ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʠ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 

ʢʨʠʪʝʨʠʷʤ ʩʦ ʩʨʝʜʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ộὊ̞ Ớ. ʅʘ ʨʠʩʫʥʢʝ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ  

 
ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ɻʨʘʜʠʝʥʪʥʦʤʫ ʢʨʠʪʝʨʠʶ 

 

 
 

 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʀʥʪʝʛʨʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ɼʠʘʤʝʪʨ 

ʦʪʚʝʨʩʪʠʷ, ʤʤ 
ộὊ̞ Ớ, ʅ Ὂ̘  , ʅ Ὂ́  , ʅ Ὂ̘ / Ὂ́   

1,4 25792 26964 26235 2,7% 

2 23577 22386 22077 1,4% 

3 22205 18690 18040 3,6% 

ɼʠʘʤʝʪʨ 

ʦʪʚʝʨʩʪʠʷ, ʤʤ 
ộὊ̞ Ớ, ʅ Ὂ̘  , ʅ Ὂ́  , ʅ Ὂ̘ / Ὂ́   

1,4 25792 26973 27019 -0,18% 

2 23577 23974 23926 0,2% 

3 22205 20694 21018 -1,5% 
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ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʝʥʥʫʶ ʦʮʝʥʢʫ ʨʘʟʨʫʰʘʶʱʝʡ ʩʠʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʢʨʠʪʝʨʠʶ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʠ ʚʝʩ 

ʢʦʥʩʪʨʫʢʮʠʡ. 
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Abstract 

Numerical algorithm for the strength of plane construction elements is 

constructed using the gradient fracture criterion and the boundary element method 

(the fictitious stress method). Calculation results obtained using the criterion of 

maximum stress, gradient fractrure criterion, integral fracture criterion by Neuber-

Novozhilov are compared both among themselves and with the experimental data. 

Results of brittle fracture experiments on hard rubber disc with a hole are presented. 

It is shown that values of limit loads provided by nonlocal criteria are closer to the 

experimental values than given by local criterion. 

Keywords: brittle fracture, stress concentration, non-local fracture criteria, 

experimental data.  
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ʆʇʊʀʄʀɿɸʎʀʗ ʇɸʈɸʄɽʊʈʆɺ ʅɸɻʈʋɾɽʅʀʗ ɺ ɹɽʊʆʅʅʓʍ ɸʈʂɸʍ 

 

ʅʝʤʠʨʦʚʩʢʠʡ ʖʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 
12
, ʧʨʦʬʝʩʩʦʨ; 

ʄʦʭʦʚʥʝʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 
1
, ʜʦʮʝʥʪ; 

ʉʪʘʩʶʢ ʅʘʪʘʣʴʷ ʇʘʚʣʦʚʥʘ 
1
, ʤʘʛʠʩʪʨʘʥʪ 

1 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383)346-31-21 
2 
ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠʤ. ʉ.ɸ. ʍʨʠʩʪʘʥʦʚʠʯʘ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, 630090, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʀʥʩʪʠʪʫʪʩʢʘʷ, 

ʜ. 4/1 

ʅʝʤʠʨʦʚʩʢʠʡ ʖ. ɺ., e-mail nemirov@itam.nsc.ru 

ʄʦʭʦʚʥʝʚ ɼ. ɺ., e-mail mohovnov@yandex.ru 

ʉʪʘʩʶʢ ʅ. ʇ., e-mail index632912@gmail.com 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʄʦʭʦʚʥʝʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383)346-31-21 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʦʣʫʢʨʫʛʦʚʘʷ ʙʝʪʦʥʥʘʷ ʘʨʢʘ, ʥʘʛʨʫʞʝʥʥʘʷ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʂʦʥʮʳ ʘʨʢʠ ʰʘʨʥʠʨʥʦ 

ʦʧʝʨʪʳ. ʇʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʢ ʢʦʥʮʘʤ ʘʨʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʣʫʯʰʠʪʴ ʝʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ: ʫʤʝʥʴʰʠʪʴ ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʚ ʙʝʪʦʥʥʳʭ 

ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ɺ ʨʘʙʦʪʝ ʫʯʠʪʳʚʘʣʘʩʴ ʬʠʟʠʯʝʩʢʘʷ 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʙʝʪʦʥʘ: ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʧʦʣʠʥʦʤʦʤ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʟʘʢʦʥʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ s-e. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʝʯʝʥʠʡ ʦʥʘ 
ʦʜʠʥʘʢʦʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɹʝʪʦʥ; ʞʝʣʝʟʦʙʝʪʦʥ; ʘʨʢʘ; ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʪʝʨʞʥʠ; 

ʥʝʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; ʧʨʦʯʥʦʩʪʴ. 

ɺʚʝʜʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʝʪʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ ʨʘʙʦʪʘʝʪ ʥʘ ʩʞʘʪʠʝ, 

ʯʝʤ ʥʘ ʨʘʩʪʷʞʝʥʠʝ [1, 2]. ʇʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʥʳʭ ʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʚʷʟʘʥʦ ʩ ʧʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʥʠʞʘʶʱʠʭ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʞʠʤʘʶʱʠʭ 

ʜʝʬʦʨʤʘʮʠʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ ʬʦʨʤʳ 

ʦʩʠ ʘʨʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʪʫʧʠʪʴ ʦʪ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʦʩʠ ʠ ʧʨʠʣʦʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ ʚ ʥʫʞʥʳʭ ʪʦʯʢʘʭ ʘʨʢʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʥʘʛʨʫʟʠʪʴ 

ʢʦʥʮʳ ʘʨʢʠ. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʬʠʟʠʯʝʩʢʘʷ 

ʥʝʣʠʥʝʡʥʦʩʪʴ: ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʩʚʷʟʘʥʳ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʥʘʛʨʫʞʝʥʠʷ [1, 2, 3, 4]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʦʜʠʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
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ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʠ 

ʥʝʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʟʘʚʳʰʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʘʨʢʠ ʟʘ ʩʯʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʝʝ 

ʢʦʥʮʘʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʫʢʨʫʛʦʚʫʶ ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʫʶ 

ʥʘ ʢʦʥʮʘʭ ʘʨʢʫ, ʧʨʘʚʳʡ ʰʘʨʥʠʨ ʢʦʪʦʨʦʡ ʧʦʜʚʠʞʝʥ. ɸʨʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ q 

(ʈʠʩ. 1). ɿʘʧʠʰʝʤ ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʦʚʳʝ 

ʬʘʢʪʦʨʳ ʜʣʷ ʪʘʢʦʡ ʘʨʢʠ:  

()

() ( )0

2

cos sin cos

1 cos

sin ( cos sin )

AY

AY

N R P q

M M R

P q

q q q rq q

q r q

r q r q q q

=- - -

= - - +

+ Ö + - +

 (1) 

ʊʘʢ ʢʘʢ ʘʨʢʘ ʩʪʘʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʠʤʘʷ, ʪʦ ʨʝʘʢʮʠʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ: 

1
;   

2
BY AY AX

R R q R Ppr= = =     

ɺʥʝʰʥʶʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ P ʠ 
0M ʚʳʨʘʞʘʝʤ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ 

ʥʘʛʨʫʞʝʥʠʷ aʠb: 
0 2;   P q M qa r b r= =     (2) 

ʊʨʝʙʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ,a b ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʘʣʴʥʳʭ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʝʨʝʧʠʰʝʤ (1) ʩ ʫʯʝʪʦʤ (2) ʚ ʚʠʜʝ (3): 

()

() 2

cos sin
2

cos ( 1)sin
2 2

N q

M q

p
q r q q a q

p p
q r b q q a q

è øå õ
= - -æ öé ù

ç ÷ê ú

è øå õ
= - + - + +æ öé ù

ç ÷ê ú

  (3) 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ, ʠ, 

ʧʨʠʥʠʤʘʷ ʛʠʧʦʪʝʟʫ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, ʟʘʧʠʰʝʤ ʜʝʬʦʨʤʘʮʠʶ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʪʦʯʢʝ ʩʝʯʝʥʠʷ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʠʶ ʠ ʠʟʤʝʥʝʥʠʝ ʢʨʠʚʠʟʥʳ ʦʩʠ (4):  

0 ze e c= + Ö      (4) 

ʛʜʝ 0,e c ï ʜʝʬʦʨʤʘʮʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʢʨʠʚʠʟʥʳ ʦʩʠ ʘʨʢʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʦʩʝʚʦʝ ʫʩʠʣʠʝ ʠ ʤʦʤʝʥʪ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʥʘʧʨʷʞʝʥʠʝ: 

      
F F

N dF M z dFs s= =ñ ñ      (5) 

ʛʜʝ s ï ʥʘʧʨʷʞʝʥʠʷ ʚ ʙʝʪʦʥʝ, F  ï ʧʣʦʱʘʜʠ ʙʝʪʦʥʘ ʚ ʩʝʯʝʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʘʛʨʘʤʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʘ (ʈʠʩ. 2). ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 

ʟʦʥʘ "ʨʘʩʪʷʞʝʥʠʝ" ʜʣʷ ʙʝʪʦʥʘ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʟʦʥʳ "ʩʞʘʪʠʝ" 

ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ 

ʧʦʣʠʥʦʤʦʤ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ: 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ. 
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RAx=P 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʘ 

2 3A B Cs e e e= + +     (6) 

ʇʦʜʩʪʘʚʠʚ ʚ ʟʘʚʠʩʠʤʦʩʪʴ (6) ʚʳʨʘʞʝʥʠʝ, ʜʣʷ 

ʜʝʬʦʨʤʘʮʠʠ (1) ʧʦʣʫʯʠʤ: 

( ) ( ) ( )
2 3

0 0 0
A z B z C zs e c e c e c= + + + + +  (7) 

ʇʦʜʩʪʘʚʣʷʷ ʬʦʨʤʫʣʫ (7) ʚ ʚʳʨʘʞʝʥʠʝ (5), 

ʚʳʯʠʩʣʠʚ ʠʥʪʝʛʨʘʣʳ ʧʦ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ, 

ʚʳʨʘʞʘʝʤ ʦʩʝʚʦʝ ʫʩʠʣʠʝ ʠ ʠʟʛʠʙʘʶʱʠʡ  ʤʦʤʝʥʪ 

ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʠʶ, ʠ ʠʟʤʝʥʝʥʠʝ ʢʨʠʚʠʟʥʳ ʦʩʠ [3]: 

2 2

0 0 0

3 2 2 3

0 0 0

2 2

0 0 0

3 2 2 3

0 0 0

2

3 3

2

3 3

N AF AS BF BS BJ

CF CS CJ CI

M AS AJ BS BJ BI

CS CJ CI CK

e c e e c c

e e c e c c

e c e e c c

e e c e c c

= + + + + +

+ + + +

= + + + + +

+ + + +

, (8) 

ʛʜʝ F- ʧʣʦʱʘʜʴ  ʩʝʯʝʥʠʷ,S-ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ  ʩʝʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ, J- ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, I - ʤʦʤʝʥʪ ʧʣʦʱʘʜʠ  

ʩʝʯʝʥʠʷ 3-ʛʦ ʧʦʨʷʜʢʘ, K- ʤʦʤʝʥʪ ʧʣʦʱʘʜʠ 4-ʛʦ ʧʦʨʷʜʢʘ  ʩʝʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ y: 
F

S zdF=ñ , 2

F

J z dF=ñ , 3

F

I z dF=ñ , 4

F

K z dF=ñ . ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʷʤʦʫʛʦʣʴʥʦʝ, ʜʚʫʪʘʚʨʦʚʦʝ ʠ ʪʘʚʨʦʚʦʝ ʩʝʯʝʥʠʷ (ʨʠʩ. 3). 

      
  

 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ (8) ʩʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʜʣʷ ʜʚʫʪʘʚʨʦʚʦʛʦ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 0S= ,  ʠ 0I = . ʇʨʠʨʘʚʥʠʚʘʷ (8) ʢ (3) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʠʟ 

ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ e0 ʠ c: 

( )

2

0 0

2 3 2 2 3

0 0 0 0

0 2

0

2 2 3 2 2 3

0 0 0 0 0

cos sin cos

2 3 3

1 cos sin ( cos sin )

2 2 3 3

AY

AY

R P q AF AS BF

BS BJ CE CS CJ CI

M R P q AS AJ

BS BS BI CS CJ CI CK

q rq q e c e

e c c e e c e c c

r q r q r q q q e c

e e c c e e c e c c

- - + = + + +

+ + + + + +

- Ö - + Ö + - + = + +
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 (9) 

z

y
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b

ʈʠʩ. 3. ʇʨʷʤʦʫʛʦʣʴʥʦʝ, ʜʚʫʪʘʚʨʦʚʦʝ ʠ ʪʘʚʨʦʚʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 
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ɺʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ:  
~ ~ ~ ~ ~ ~ ~

2 3 4 5/ ;  / ;  / ;  / ;  / ;  / ;   /b b h h d d h F F h S S h I I h K K hd d= = = = = = =, 

ʛʜʝ b ï ʰʠʨʠʥʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ (ʰʠʨʠʥʘ ʧʦʣʦʢ ʜʣʷ ʜʚʫʪʘʚʨʘ ʠ ʪʘʚʨʘ); d ï 

ʚʳʩʦʪʘ ʧʦʣʢʠ ʜʚʫʪʘʚʨʘ (ʪʘʚʨʘ); d ï ʰʠʨʠʥʘ ʩʪʝʥʢʠ ʜʚʫʪʘʚʨʘ (ʪʘʚʨʘ); h ï ʚʳʩʦʪʘ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ (ʜʚʫʪʘʚʨʘ ʠ ʪʘʚʨʘ). 

ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʞʝʥʠʷ. ɿʘʧʠʰʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ:  

,   /12,  / 80F b J b K b= = = ; 

ʜʚʫʪʘʚʨʘ: 

3
~ ~

~~ ~
3~ ~ ~ ~ ~ ~ ~ ~

1 2
1

2 1 2 ,  2
2 2 12 12

d
b

F b d J b

d
d d

d d d

å õ
Ö -å õ æ ö

å õ ç ÷æ ö= Ö + Ö Ö - = Ö - Ö Ö + +æ ö
æ öç ÷
ç ÷

; 

ʠ ʪʘʚʨʘ:  

1 2 1 2

~ ~ ~ ~ ~ ~ ~ ~ ~

1 2 1 2

~ ~ ~ ~ ~ ~ ~ ~

1 2 1 2

~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
2 2 3 3
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;  1 2 ;   

;  0;   1 / 2 / 2
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 0;     1 / 2;  / ,  

;  (1 ) / 32;   ( ) 3 ( ) 3 / 32;  

;  (1 ) / 80;   ( )
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c c c y

c

z z z z F z F F F z z z

I I I I d I z F z S z J b
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d d

d
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ʇʝʨʝʭʦʜʠʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʣʛʦʨʠʪʤʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʪʳʩʢʘʥʠʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʟʢʠ. ɺʳʙʝʨʝʤ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ 

ʟʥʘʯʝʥʠʡ a ʠ b: 

0 0

0 0

,     

1; 1;   1; 1

m m

m m

a a a b b b

a a b b

= =

=- = =- =
  

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʫʞʝʥʠʷ ʣʝʞʘʪ ʚ ʵʪʦʤ 

ʠʥʪʝʨʚʘʣʝ. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʞʝʥʠʷ jaʠ kb ( , 0j k m= ), 

ʟʘʜʘʚ ʢʦʦʨʜʠʥʘʪʫ ʩʝʯʝʥʠʷ q, ʨʝʰʘʝʤ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (9) 
ʦʪʥʦʩʠʪʝʣʴʥʦ 

0e ʠ c. ʅʘʠʙʦʣʴʰʠʤʠ ʧʦ ʤʦʜʫʣʶ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʝʯʝʥʠʠ 

ʚʦʟʥʠʢʘʶʪ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʪʦʯʢʘʭ ʩʝʯʝʥʠʷ: 

0 0;   up up down downz ze e c e e c= + Ö = + Ö   (10) 

ɻʜʝ upz  ʠ 
downz ï ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʪʦʯʝʢ ʩʝʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ.  
ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 
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ʘ) 
ʙ) ʚ) 

q 
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q 

2 4 7

~ ~ ~ ~

1
2.182 10 ; 1.089 10 ; 1.57 10 ;   ;   

2

1
; 0.4;  0.1;  0.08; 10; 15

2

up

up

down
down

zB C q
z

A A Ah h

z
z b d m

h h

r
d r

-= Ö = Ö = Ö = =

= =- = = = = = =

(11) 

ʇʨʦʚʦʜʷ ʨʘʩʯʝʪ, ʧʦʣʫʯʠʣʠ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (11) 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʫʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʚ ʘʨʢʝ ʨʘʚʥʳ: 

ï ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ: 
max 50.6;  0.067; 2.61 0 1a b e -- Ö= = =  

ï ʜʣʷ ʜʚʫʪʘʚʨʘ: 
max 50.6;  0.067; 8.75 0 1a b e -- Ö= = =  

ï ʜʣʷ ʪʘʚʨʘ: 
m 3ax0.467; 0.067; 1.016 1 0a b e -= Ö= = . 

ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʜʣʠʥʝ ʘʨʢʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʥʘʛʨʫʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 

 

 

 

 

 

ʈʝʰʘʷ ʵʪʫ ʟʘʜʘʯʫ ʚ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʫʞʝʥʠʷ: 

ï ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ: 0.6; 0.067;a b= =-  

ï ʜʣʷ ʜʚʫʪʘʚʨʘ: 0.6; 0.067;a b= =-  

ï ʜʣʷ ʪʘʚʨʘ: 0.467; 0.067a b= = . 

ɺʳʚʦʜʳ. ʂʘʢ ʚʠʜʠʤ, ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʫʞʝʥʠʷ ʚ ʣʠʥʝʡʥʦʡ ʠ 

ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʷʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʘ ʩʦʚʧʘʣʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʝʯʝʥʠʡ. ɹʦʣʝʝ ʪʦʛʦ ʦʥʠ ʩʦʚʧʘʣʠ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʝʯʝʥʠʡ: ʜʚʫʪʘʚʨʦʚʦʛʦ ʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʫʞʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʠ ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʬʦʨʤʳ. 
ʈɸɹʆʊɸ ɺʓʇʆʃʅɽʅɸ ʇʈʀ ʇʆɼɼɽʈɾʂɽ ɻʈɸʅʊɸ ʈʌʌʀ (ʇʈʆɽʂʊ ˉ 14-

01-00102). 

 

 

 

 

 

ʈʠʩ. 4. ɼʝʬʦʨʤʘʮʠʠ ʚ ʚʝʨʭʥʝʡ, ʥʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʪʦʯʢʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ (a), 

ʜʚʫʪʘʚʨʦʚʦʛʦ (ʙ) ʠ ʪʘʚʨʦʚʦʛʦ (ʚ) ʩʝʯʝʥʠʡ ʩ ʢʦʦʨʜʠʥʘʪʦʡ q. 
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Abstract. The semi-circular concrete arch loaded with evenly distributed 

vertical loading is considered. Ends of an arch are simply supported. By addition of 

additional load to the ends of an arch it is offered to improve its strength properties: 

to reduce the stretching strains due to which, as a rule, there is a destruction in 

concrete and reinforced concrete designs. In paper physical nonlinearity of concrete 

was considered: dependence between stress and strain was approximated by a 

polynom of the third degree. By results of research the assumption has been made 

that the optimum additional loading providing the best indicators of durability don't 

depend on the law of deformation of the material s-e. Moreover, it is identical to 

symmetric sections. 

Keywords: Concrete; reinforced concrete; arch; curvilinear cores; nonlinear 

law of deformation; strength; durability. 

 

mailto:nemirov@itam.nsc.ru
mailto:mohovnov@yandex.ru
mailto:index632912@gmail.com
https://en.wikipedia.org/wiki/durability


  
 

141 
 

 

ʋɼʂ 

 

ɼʀʅɸʄʀʂɸ ɻʀɹʈʀɼʅʓʍ ʋʇʈʆʏʅʗʖʑʀʍʉʗ ɹɸʃʆʂ 

 

ʅʝʤʠʨʦʚʩʢʠʡ ʖ.ɺ. 

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠʤ. ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ 

ʉʆʈɸʅ, ʢʘʬʝʜʨʘ ʧʨʦʯʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʅɻʊʋ, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ 

 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʪʝʩʥʦ ʫʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

(ʩʣʦʠʩʪʳʭ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ). ʉʦʟʜʘʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʤʝʪʘʣʣʦʧʣʘʩʪʠʢʦʚʳʭ, ʙʝʪʦʥʥʦ-

ʧʣʘʩʪʠʢʦʚʳʭ, ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ ʢʦʥʩʪʨʫʢʮʠʡ ʙʝʟ 

ʩʝʨʴʝʟʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ [1-3]. 

ʇʦʩʢʦʣʴʢʫ ʩʪʝʨʞʥʝʚʳʝ ʵʣʝʤʝʥʪʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʩʢʝʣʝʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʦʙʣʝʤʘ ʠʟʫʯʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʥʪʝʥʩʠʚʥʳʭ ʥʘʛʨʫʟʦʢ ʚʟʨʳʚʥʦʛʦ 

ʠ ʫʜʘʨʥʦʛʦ ʪʠʧʘ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʪʘʢʦʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ [3-5] ʜʣʷ 

ʦʜʥʦʨʦʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʞʝʩʪʢʦ-

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʪʘʪʦʯʥʳʭ 

ʧʨʦʛʠʙʦʚ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʧʦʢʘʟʳʚʘʝʪ [3,6], ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ 

ʚ 1.5-3 ʨʘʟʘ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ. ʊʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʫʢʘʟʘʥʥʦʤ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ: 1) ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʠʥʝʨʮʠʠ ʚʨʘʱʝʥʠʷ; 2) 

ʚʣʠʷʥʠʝ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; 3) ʟʘʧʘʟʜʳʚʘʥʠʝ 

ʪʝʢʫʯʝʩʪʠ; 4) ʚʣʠʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʨʷʜ 

ʜʨʫʛʠʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʤʢʘʭ ʠʜʝʘʣʴʥʦ ï ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʙʳʣʠ ʫʯʪʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ [7-9]. ʆʜʥʘʢʦ ʧʦʣʥʳʡ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʫʯʝʪʝ ʚʳʰʝ ʫʧʦʤʷʥʫʪʳʭ ʬʘʢʪʦʨʦʚ ʜʘʞʝ ʜʣʷ 

ʦʜʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ ʥʝ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʦ ʩʠʭ ʧʦʨ. ʅʝʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʧʦʜʭʦʜʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [9]. 

ɼʣʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʝʨʞʥʝʡ ʠʥʪʫʠʪʠʚʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʦʟʤʦʞʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʨʝʟʢʦʛʦ ʦʪʣʠʯʠʷ ʩʚʦʡʩʪʚ ʬʘʟʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʜʝʩʴ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʩʪʝʨʞʥʝʚʳʭ 

ʠʟʛʠʙʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʫʯʝʪʝ ʬʘʢʪʦʨʘ ʫʧʨʦʯʥʝʥʠʷ 

ʚʩʝʭ ʬʘʟʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʦʠʩʪʳʝ ʩʪʝʨʞʥʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ 

(ʜʣʷ ʧʨʦʩʪʦʪʳ) ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʣʦʸʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʩʯʝʪʥʦʡ (ʥʝʡʪʨʘʣʴʥʦʡ) 
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ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1) ʠ ʜʣʷ ʢʦʤʧʘʢʪʥʦʩʪʠ ʟʘʧʠʩʠ ʬʦʨʤʫʣ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ 

ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʦ- ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʩ ʣʠʥʝʡʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ (ʨʠʩ. 2). 

 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʛʠʧʦʪʝʟʘʤʠ ʕʡʣʝʨʘ ï ʂʠʨʭʛʦʬʘ 

ʜʣʷ ʜʝʬʦʨʤʘʮʠʡ ʩʪʝʨʞʥʝʡ ʙʫʜʝʤ ʠʤʝʪʴ ʚʳʨʘʞʝʥʠʷ  

ᾀ‏ , ὡ , ὤ , ὡ ‏ ,  

ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʙʝʟ ʫʯʝʪʘ ʠʥʝʨʮʠʠ ʚʨʘʱʝʥʠʷ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ 

ὓǋǋά‫ ὴὸ π, ὗ ὓǋ    (1) 

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ 

ὓ , ὸ
Ӷ

Ӷ
, ά

Ӷ
, ὴ , 

ὗ
Ӷ
, ὓ ς„ὦὌ , ” , ὼ

Ӷ

Ӷ
 

„ , Ὤ , ȣ ǋ ȣ , ȣ ȣ , 

ὓ ςВ ᷿ „ὦᾀӶὨᾀӶ, ά ςВ ”Ӷ᷿ ὦᾀӶὨᾀӶ, 

ὓ ς„ὦὬ, ὧӶ
ᶻ ᶻ

ᶻ
 

ὓȟὗȟὖȟὌ ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʝʨʝʨʝʟʳʚʘʶʱʘʷ ʩʠʣʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʧʦʧʝʨʝʯʥʘʷ ʥʘʛʨʫʟʢʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʨʞʥʷ; ὸ, „ , 

”, ὰ, ὦ, 2Ὄ  ï ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʷ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, 

ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ; „z,  z- ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʨʘʟʨʫʰʝʥʠʷ. 

ɺ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʟʘʢʦʥ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʪʝʨʞʥʝʡ ʠʤʝʝʪ 

ʚʠʜ 

ὓ
ὓ ὓ ȟ         ṣ π
ὓ ὓ ȟ      ṣ π

    (2) 

π, ὓ ὓ ὓ ,     (3) 

- (  

- (  

- (  

 (  

 (  

 (  

y 

x 

ʈʠʩ.1.       ʈʠʩ.2. 

 

„ 

ὧӶ 

ὧӶ 

„ 

-„ 

ᶻ 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʜʠʘʛʨʘʤʤʘ ʠʟʛʠʙʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

 
ɿʜʝʩʴ  

ὓ ςВ „ ᷿ ὦᾀᾀὨᾀ, ὓ ςВ ὧ᷿ ὦᾀᾀὨᾀ,   (4) 

ά ςά В᷿ ”ὦᾀὨᾀ, ά
Ӷ

, ά
 Ӷ

 

ʈʝʰʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ï (3) ʜʘʣʝʝ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʭʘʨʘʢʪʝʨʘ ʟʘʢʨʝʧʣʝʥʠʡ. ɺ ʨʘʤʢʘʭ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʞʝʩʪʢʦ ï ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʚʠʞʝʥʠʝ ʙʘʣʢʠ 

ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ʜʦʩʪʠʞʝʥʠʷ  ʧʨʝʜʝʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʘʢʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʚʝʥʩʪʚʘʤʠ: 

‫ὼȟὸ  ‫ὼȟὸ π     (5) 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʦʩʪʝʡʰʠʝ ʧʨʠʤʝʨʳ. 

1. ʂʦʥʩʦʣʴʥʘʷ ʙʘʣʢʘ. ʅʘʛʨʫʟʢʠ ʚʟʨʳʚʥʦʛʦ ʠ ʫʜʘʨʥʦʛʦ ʪʠʧʘ ʙʳʩʪʨʦ 

ʥʘʨʘʩʪʘʶʪ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ π ὸ ὸ ʜʦ ʘʤʧʣʠʪʫʜʳ ὴᶻ (ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ 

ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ), ʘ ʟʘʪʝʤ ʪʘʢʞʝ ʙʳʩʪʨʦ ʩʧʘʜʘʶʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʠʣʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʦʥʩʦʣʴʥʫʶ ʙʘʣʢʫ ʜʣʠʥʳ ὰ, 

ʟʘʱʝʤʣʝʥʥʫʶ ʥʘ ʣʝʚʦʤ ʢʨʘʶ ὼ π, ʠ ʥʘʛʨʫʞʝʥʥʫʶ ʥʘ ʧʨʘʚʦʤ ʢʨʘʶ ὼ ὰ , 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ Ὑ ὸ Ὑ • ὸ, ʤʦʤʝʥʪʦʤ Ὑ ὸ Ὑ • ὸ ʢ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ὖὸ ὖ• ὸ. ɽʩʣʠ ʥʘʛʨʫʟʢʠ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʦʪ ʥʫʣʷ, ʪʦ, ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ὸ ὸ, ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʢʨʝʧʣʝʥʠʷ ʣʝʚʦʛʦ ʢʨʘʷ ʙʫʜʝʤ ʠʤʝʪʴ ὡǋǋὼȟὸ π, ὡ ὼȟὸ π ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ὴὸ ʠʟʛʠʙʘʶʱʠʡ 

ʤʦʤʝʥʪ ʙʫʜʝʪ ʨʘʚʝʥ ὓὼȟὸ ὰ ὼ Ὑ ὸὰ ὼ Ὑ ὸ 

ɽʩʣʠ Ὑ Ὑ π, ʪʦ ʧʨʝʜʝʣʴʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʦʧʦʨʥʦʤ ʩʝʯʝʥʠʠ 
ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʜʣʠʥʝ  

ʈʠʩ.3.  
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ὓ  
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ὓ  
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ὰᶻ       (6) 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ Ὑ ὸȟὙ ὸ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʣʢʠ ʜʣʠʥʦʡ 

ὰ ὰᶻ. 
ɽʩʣʠ ʜʝʡʩʪʚʫʝʪ ʪʘʢ ʞʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ήὸ, ʪʦ ʚ ʞʝʩʪʢʦʤ 
ʩʦʩʪʦʷʥʠʠ 

ὓὼȟὸ ὰ ὼ Ὑ ὸὰ ὼ Ὑ ὸ   (7) 

ʠ ʝʩʣʠ ʥʘʛʨʫʟʢʠ ʚʦʟʨʘʩʪʘʶʪ ʤʦʥʦʪʦʥʥʦ, ʪʦ ʚ ʩʝʯʝʥʠʠ ὼ π ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ ὸ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʝʥʠʷ 

-πȟÔ -, ʪʦʛʜʘ ʜʣʷ Ô ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

- Ì 2 ÔÌ 2 Ô    (8) 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Ô ʠʤʝʝʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (5). ʇʨʠ Ô Ô Ô ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʜʚʠʞʝʥʠʝ ʙʘʣʢʠ, ʠ ʦʥʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʫʯʘʩʪʢʘ π Ø Ø Ô, 

Ø Ô Ø Ì. ʅʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ π Ø Ø Ô 

-ØȟÔ - -5 , 5 Ӷ 7   (9) 

ʠ ʪʦʛʜʘ ʜʣʷ 5ØȟÔ ʠʟ (1) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ 

5 5 , Í Í
Ӷ

    (10) 

ʇʨʠ Ø Ø ʙʘʣʢʘ ʞʝʩʪʢʘʷ 5 ØȟÔ π 

5ØȟÔ # ÔØ # Ô, Ø Ô Ø Ì   (11) 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ 

- ØȟÔ Í5 ÑÔ Í  
ʠʣʠ 

- ØȟÔ Í# Ô # ÔÍ ÑÔ Í    (12) 

ʀʥʪʝʛʨʠʨʫʷ ʝʛʦ ʦʪ Ì ʜʦ Ø ʧʦʣʫʯʠʤ 

-ÌȟÔ - ÌȟÔØ Ì # Ø σØÌ ςÌ σ# Ø Ì

ʕØȟÔ -ØȟÔ          (13) 

ʕØȟÔ ᷿ʒØȟÔÄØ, ʒØȟÔ  ᷿ ÑÔ ÍÄØ  (14) 

-ÌȟÔ -z Ô, - ÌȟÔ 1z Ô   (15) 

ὓ ὼȟὸ ὗz ὸ ὅ ὼ ὰ ςὅ ὼ ὰ •ὼȟὸ  (16) 

ʧʨʠ  ὼ ὼ ὸȟ     ὓὼȟὸ ὓ    (17) 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ὓ ὓz ὸ ὗz ὸὼ ὰ
ά

φ
ὅ ὼ σὼὰ ςὰ σὅ ὼ ὰ  

‪ὼȟὸ π          (18) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʪʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʠ ὅ ὸ, ὅ ὸ, ὼ ὸ. 

ɼʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʤʳʢʘʶʱʠʭ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʠʣʠ ʠʟ ʫʩʣʦʚʠʡ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ὓὼȟὸ ʠ ὓᴂὼȟὸ ʥʘ ʛʨʘʥʠʮʝ ὼ ὼ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʦʜʨʦʙʥʝʝ  ʦʙʣʘʩʪʴ π ὼ ὼ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 
ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ (10). ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 



  
 

145 
 

Ὗπȟὸ πȟ Ὗᴂπȟὸ πȟ Ὗᴂᴂὼȟὸ πȟ  
Ὗᴂὼȟὸ πȟ Ὗὼȟὸ ὅ ὸὼ ὸ ὅ ὸȢ  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʨʠʤʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ 

Ὗὼȟὸ ὃ ὸὼ ὃ ὸὼȢ  
ʊʦʛʜʘ ʧʝʨʚʳʝ ʜʚʘ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʵʪʦʤ 

Ὗ ὼ σὃὼ ςὃὼȟ Ὗ ὼ φὃὼ ςὃȟ 
   Ὗ ὼ φὃȟ  Ὗ ὼ φὃȢ 

ʀʟ ʪʨʝʪʴʝʛʦ ʫʩʣʦʚʠʷ ʧʦʣʫʯʠʤ:  

ὃ σὃὼ. 

ɸ ʠʟ ʯʝʪʚʸʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʫʩʣʦʚʠʡ 

Ὗǋὼ σὃὼ ὅ ὸ, Ὗὼ ςὃὼ ὅὼ ὅ,  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ  

ὅ ὃὼ, ὅὼ σὅ 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʧʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ 

ὅὼ ὅὼ σὅ 

ὅὼ ςὅὼ ὅὼ σὅ 

ɺ ʠʪʦʛʝ ʥʘ ʦʪʨʝʟʢʝ 0ὼ ὼ ὸ ʙʫʜʝʤ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  

Ὗὼȟὸ ὃ ὸὼ ὼ σὼ ὸ  
ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʥʘ ʨʘʩʪʫʱʝʤ 

ʦʪʨʝʟʢʝ ʘʤʧʣʠʪʫʜʳ ʥʘʛʨʫʟʢʠ ὸ ὸ ὸ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʫʯʘʩʪʢʝ ʧʘʜʘʶʱʝʡ ʥʘʛʨʫʟʢʠ (ʧʨʠ 

ὸ ὸȢ ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʟʘʤʝʥʠʪʴ ʥʘʯʘʣʴʥʳʡ ʧʨʦʛʠʙ W(ὼȟὸ) ʠ 

ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʛʠʙʘ ὡ ὼȟὸ  ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ, 

ʜʦʩʪʠʛʥʫʪʳʝ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ὸ ὸ ʠʟ ʨʝʰʝʥʠʷ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʦʪʨʝʟʢʝ 

ʚʨʝʤʝʥʠ. ʆʩʪʘʪʦʯʥʳʡ ʧʨʦʛʠʙ ʠ ʤʦʤʝʥʪ ʦʩʪʘʥʦʚʢʠ ὸʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʟ 
ʫʨʘʚʥʝʥʠʡ  

ὡ ὼȟὸ π, ὡᶻὼ ὡ ὼȟὸ  

ʆʧʠʩʘʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʮʝʜʫʨ ʨʝʰʝʥʠʷ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʚʳʜʝʣʝʥʥʦʛʦ 

ʦʙʲʝʤʘ ʩʪʘʪʴʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ14-01-00102 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʚʠʙʨʦʟʘʱʠʪʳ ʪʨʘʢʪʦʨʠʩʪʘ, ʢʦʪʦʨʳʡ 

ʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʢʘʙʠʥʝ ʢʨʝʩʣʦʤ ʩ ʫʧʨʫʛʦʡ ʧʦʜʚʝʩʢʦʡ. ɺʝʩ ʢʨʝʩʣʘ 

80 ʢɻ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪ. ɼʠʥʘʤʠʯʝʩʢʠʡ 

ʭʦʜ ʧʦʜʚʝʩʢʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʪʙʦʡʥʠʢʘʤʠ, ʟʘʜʘʝʪʩʷ. ʇʦʣ ʢʘʙʠʥʳ ʪʨʘʢʪʦʨʘ 

ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ ʯʘʩʪʦʪʦʡ. ʉ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ ʚʠʙʨʦʟʘʱʠʪʳ ʫʧʨʫʛʫʶ ʧʦʜʚʝʩʢʫ 

ʙʝʨʝʤ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ, ʩ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ 1.1 ɻʮ.  ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʤ, 

ʯʪʦ ʚʠʙʨʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʠʙʨʦʠʟʦʣʷʮʠʠ, ʠʤʝʶʱʠʝ ʥʝʣʠʥʝʡʥʫʶ ʩʠʣʦʚʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʩ 

ʣʠʥʝʡʥʦʡ ʩʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ; ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʦʜ; 

ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ; ʩʠʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʚʠʙʨʦʟʘʱʠʪʘ. 

 

1.ɺʚʝʜʝʥʠʝ  

ɺ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ ʯʝʣʦʚʝʢʫ ʧʨʠʭʦʜʠʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʠ (ʦʧʝʨʘʪʦʨ, ʚʦʜʠʪʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʠ ʜʨ.).  ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʦʢʘʟʳʚʘʝʪ 

ʚʠʙʨʘʮʠʷ ʩ ʯʘʩʪʦʪʘʤʠ 2-30 ɻʮ.  ɼʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʚʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʚʠʙʨʦʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʠ ʥʘʟʳʚʘʝʤʳʝ ʚʠʙʨʦʟʘʱʠʪʦʡ ʯʝʣʦʚʝʢʘ.  

ʅʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʠʙʨʘʮʠʠ, ʮʝʣʷʤ ʚʠʙʨʦʟʘʱʠʪʳ ʩʣʫʞʠʪ ʚʠʙʨʦʠʟʦʣʷʮʠʷ ï ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʠʙʨʘʮʠʠ ʥʘ ʧʫʪʷʭ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢ ʪʝʣʫ 

ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʩʪʨʘʠʚʘʝʤʳʭ ʤʝʞʜʫ ʥʠʤʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʢʪʦʤ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʪʨʘʢʪʦʨʠʩʪ, 

ʢʦʪʦʨʳʡ ʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʢʘʙʠʥʝ ʢʨʝʩʣʦʤ ʩ ʫʧʨʫʛʦʡ ʧʦʜʚʝʩʢʦʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʜʥʦʛʦ ʥʘ ʥʝʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʦ ʩʪʦʨʦʥʳ ʜʚʠʛʘʪʝʣʷ ʠ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʤʘʰʠʥʳ (ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ).   

ɺʝʩ ʢʨʝʩʣʘ  80 ʢɻ.   ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʳ ʦʙʲʝʢʪʘ ʞʝʩʪʢʦʩʪʴ 

ʫʧʨʫʛʦʡ ʧʦʜʚʝʩʢʠ ʩʣʝʜʫʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ, ʥʝ ʜʦʧʫʩʢʘʷ ʙʦʣʴʰʠʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʢʨʝʩʣʘ. ʇʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ ʫʧʨʫʛʦʡ ʩʠʣʳ ʧʦʜʚʝʩʢʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. 
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2.ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʚʠʙʨʦʟʘʱʠʪʥʫʶ ʩʠʩʪʝʤʫ 

ʧʨʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʠʙʨʦʠʟʦʣʷʮʠʠ Kr 

(ʦʪʥʦʰʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʙʲʝʢʪʘ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʩʢʦʨʝʥʠʶ 

ʦʩʥʦʚʘʥʠʷ ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ Kʵ  (ʦʪʥʦʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʦʙʲʝʢʪʘ ʢ ʘʤʧʣʠʪʫʜʝ ʦʩʥʦʚʘʥʠʷ). ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʢʘʟʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʣʠʥʝʡʥʦʡ ʧʦʜʚʝʩʢʠ    ʠʤʝʶʱʝʡ 

ʞʝʩʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

 

ʧʝʨʝʜ ʣʠʥʝʡʥʦʡ ʧʦʜʚʝʩʢʦʡ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ xcxF Ö=)( , ʛʜʝ -x ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʘʤʦʨʪʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʥʝʣʠʥʝʡʥʦʡ ʧʦʜʚʝʩʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʦʙʲʝʢʪʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʝ  

)sin(2 23

3 jww +Ö=+Ö+ tAxnxax e
### ,                                                 (1) 

ʛʜʝw,eA - ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʧʦʣʘ, mca /33= , -m ʤʘʩʩʘ ʢʨʝʩʣʘ. 

 ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ  [1] , ʧʦʣʫʯʠʤ 
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     ɿʜʝʩʴ  2
375.0 rAaS ÖÖ=  . 

ɺ ʩʠʣʫ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʬʫʥʢʮʠʠ (2) ʥʘ ʨʝʟʦʥʘʥʩʝ (pw=w=w 21 ), ʥʘʭʦʜʠʤ 
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n                                 (3) 

ʇʫʩʪʴ ʜʠʥʘʤʠʯʝʢʠʡ ʭʦʜ ʧʦʜʚʝʩʢʠ ʦʛʨʘʥʠʯʝʥ ʦʪʙʦʡʥʠʢʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5.1=rpA  ʩʤ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʧʦʣʘ 1=eA ʩʤ. 

ʊʦ ʝʩʪʴ  5.1==
e

rp
ʵʨ

A

A
K . 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʫʧʨʫʛʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʶʱʘʷ ʟʘʜʘʥʥʦʡ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩ ʢʚʘʟʠʥʫʣʝʚʦʡ ʞʝʩʪʢʦʩʪʴʶ ʥʘ ʨʘʙʦʯʠʭ ʧʝʨʝʤʝʱʝʥʠʷʭ. ʇʦʵʪʦʤʫ 

ʧʨʠʤʝʤ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʨʘʚʥʦʡ 1.1=np  ɻʮ. ʊʦʛʜʘ ʧʦ ʬʦʨʤʫʣʘʤ (3) 

ʚʳʯʠʩʣʷʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ :  183=a  2)( -Öʩʩʤ  , 98.1=n  c
-1
. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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4
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Kr                                               (4) 

 ɿʘʚʠʩʠʤʦʩʪʴ (4) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ    ʢʨʠʚʦʡ 1 

 ɺ ʩʣʫʯʘʝ ʥʝʜʝʤʧʬʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (0=n ), ʚʳʨʘʞʝʥʠʝ (4) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
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      ʅʘ ʨʠʩʫʥʢʝ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʦʡ 2. 
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ʈʠʩʫʥʦʢ 

  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʘʤʦʨʪʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ 

ʣʠʥʝʡʥʦʡ ʧʦʜʚʝʩʢʠ ʙʝʟ ʫʯʝʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

                                         zkyky 22 =+##  

ʛʜʝ  ʘʙʩʦʣʶʪʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, tAz e w= sin - ʟʘʢʦʥ ʢʦʣʝʙʘʥʠʷ ʧʦʣʘ, - 

ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʩʠʩʪʝʤʳ. ʀʟʚʝʩʪʥʦ [2], ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ  

2)/(1

1

k
K r

w-
=  .                                 (6) 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʢʨʠʚʦʡ 3. 

ʇʨʠ ʫʯʝʪʝ ʩʠʣʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ xR #m=  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʦʙʲʝʢʪʘ ʜʣʷ ʣʠʥʝʡʥʦʡ ʧʦʜʚʝʩʢʠ  ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ  ʠʤʝʝʪ ʚʠʜ  

)sin(2 2

0 jww +Ö=++ tAxnxax e
###                                                         (7) 

ʛʜʝ 2
0 ka = - ʢʚʘʜʨʘʪ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʜʚʠʞʝʥʠʠ ʜʦ ʚʝʣʠʯʠʥʳ rpA =1.5 ʩʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ 
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 ʇʦʣʫʯʘʝʪʩʷ  6.352
0 ==ka ʩ

-2
,  1.2=n c

-1
.  ʊʦ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʧʦ ʚʝʣʠʯʠʥʝ , ʯʝʤ ʧʨʠ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 

-y mck /=
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w+w-
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nk
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ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʢʨʠʚʦʡ 4. 

 3.ɺʳʚʦʜʳ 

ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʝʡʥʦʡ ʠ 

ʥʝʣʠʥʝʡʥʦʡ  ʩʠʩʪʝʤ, ʠʟ ʨʠʩʫʥʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤ, ʯʪʦ ʚʠʙʨʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʠʩʪʝʤʳ ʚʠʙʨʦʠʟʦʣʷʮʠʠ, ʠʤʝʶʱʝʡ ʥʝʣʠʥʝʡʥʫʶ ʩʠʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʩ ʣʠʥʝʡʥʦʡ ʩʠʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 
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In this article we pose the problem of vibration protection of the tractor, which is 

installed in the cockpit seat with elastic suspension. Chair weight 80 kg.The 

kinematic effects on the object are considered. Dynamic suspension travel limited by 

bump stops is set. The floor of the cab performs harmonic oscillations with a given 

amplitude and frequency. To reduce the displacement of the object of protection 

against vibration  the elastic suspension take low frequency, with a resonant 

frequency of 1.1 Hz. Comparing the obtained dynamic characteristics of linear and 

nonlinear systems, we establish that the vibration isolation properties  with nonlinear 

force characteristic, must be significantly higher than that of the corresponding 

system with a linear power characteristic. 

Keywords: kinematic action; dynamic motion; resonance frequency; power 

characteristics; protection. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦ ʚʜʘʚʣʠʚʘʥʠʶ 

ʩʪʘʣʴʥʳʭ ʰʘʨʠʢʦʚ ʠʟ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʪʘʣʠ ʚ ʦʙʨʘʟʮʳ ʠʟ ʩʪʝʢʣʘ ʤʘʨʢʠ 

ʄ1 ɻʆʉʊ ʈ 54170-2010, ʘ ʪʘʢʞʝ ʧʨʠ ʪʨʸʭ- ʠ ʯʝʪʳʨʸʭʪʦʯʥʦʤ ʠʟʛʠʙʝ ʩʪʝʢʣʷʥʥʳʭ 

ʙʘʣʦʢ ʩ ʥʘʜʨʝʟʦʤ ʠ ʙʝʟ ʥʝʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʜʘʚʣʠʚʘʥʠʷ ʰʘʨʠʢʦʚ ʚ ʩʪʝʢʣʷʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʢʦʣʴʮʝʚʘʷ ʪʨʝʱʠʥʘ ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ, ʯʝʤ ʨʘʜʠʫʩ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ɸ.ʉ. ɸʨʛʦʥʦʤ. 

ʀʟʛʠʙ ʙʘʣʦʢ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʢʨʠʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʩʪʝʢʣʘ. ʕʪʠ ʜʘʥʥʳʝ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʝʢʣʦ; ʢʦʣʴʮʝʚʳʝ ʪʨʝʱʠʥʳ; ʢʦʥʪʘʢʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ; ʠʟʛʠʙ ʙʘʣʦʢ. 

1. ɺʚʝʜʝʥʠʝ  

ɺʧʝʨʚʳʝ ʟʘʜʘʯʫ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʛʣʘʜʢʠʭ ʫʧʨʫʛʠʭ ʪʝʣ ʚʨʘʱʝʥʠʷ ɻ.ʈ. ɻʝʨʮ 

ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʚ ʢʦʥʮʝ XIX  ʚ. [1] ʠ ʧʦʣʫʯʠʣ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʥʘʯʘʣʝ 20 ʚʝʢʘ ʄ.ʊ. ʍʫʙʝʨ ʧʦʣʫʯʠʣ ʨʝʰʝʥʠʝ 

ʜʣʷ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ [2]. ɺ 1960 ʛʦʜʫ ʚʳʰʣʘ ʩʪʘʪʴʷ 

ɸ.ʉ. ɸʨʛʦʥʘ [3], ʚ ʢʦʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʜʠʫʩ 

ʢʦʣʴʮʝʦʙʨʘʟʥʦʡ ʪʨʝʱʠʥʳ ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ. 

ʅʘʰʝʡ ʮʝʣʴʶ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʢʦʣʴʮʝʦʙʨʘʟʥʦʡ ʪʨʝʱʠʥʳ ʚ ʩʪʝʢʣʷʥʥʳʭ 

ʦʙʨʘʟʮʘʭ, ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ʚ ʥʠʭ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʦʙʨʘʟʮʘʭ ʦʙʨʘʟʫʝʪʩʷ 

ʪʨʝʱʠʥʘ, ʘ ʪʘʢʞʝ ʨʘʜʠʫʩʦʚ ʵʪʠʭ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʪʨʝʱʠʥ. 
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2. ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʦʯʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʫʩʠʣʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʪʨʝʱʠʥʘ ʚ ʦʙʨʘʟʮʘʭ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʚʠʜʝʦ-ʬʠʢʩʘʮʠʠ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʰʠʥʝ Zwick/Roell Z100 ʚ ʀʥʩʪʠʪʫʪʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʉʭʝʤʘ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʄʠʢʨʦʩʢʦʧ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʜ ʩʪʘʣʴʥʫʶ 

ʟʘʱʠʪʫ, ʦʙʲʝʢʪʠʚ ʥʘʧʨʘʚʣʝʥ ʚ ʮʝʥʪʨ ʩʢʚʦʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ Ï10 ʤʤ ʢʨʳʰʢʠ 

ʟʘʱʠʪʳ. ʉʚʝʨʭʫ ʥʘ ʟʘʱʠʪʥʳʡ ʢʦʨʧʫʩ ʧʦʤʝʱʘʝʪʩʷ ʦʙʨʘʟʝʮ, ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʚʜʘʚʣʝʥ ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ. ʂʘʤʝʨʘ ʧʝʨʝʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ 

ʚʠʜʝʦ-ʬʠʢʩʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʝʣʘʪʴ ʩʥʠʤʢʠ. ʆʧʝʨʘʪʦʨ ʥʘ ʤʦʥʠʪʦʨʝ 

ʢʦʤʧʴʶʪʝʨʘ ʬʠʢʩʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥʳ, ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʪʨʘʚʝʨʩʳ ʠ ʬʠʢʩʠʨʫʝʪ ʧʨʝʜʝʣʴʥʦʝ ʫʩʠʣʠʝ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

 

 
ʈʠʩ. 6. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʚ ʢʘʤʝʨʝ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ Zwick/Roell Z100: 

1 ï ʩʪʝʢʣʷʥʥʳʡ ʦʙʨʘʟʝʮ ʨʘʟʤʝʨʘʤʠ 20ʭ20ʭ10 ʤʤ; 2 ï ʩʪʘʣʴʥʘʷ ʟʘʱʠʪʘ ʢʘʤʝʨʳ; 

3 ï USB-ʤʠʢʨʦʩʢʦʧ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

 

ʇʝʨʚʘʷ ʩʝʨʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʭʦʜʠʣʘ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʨʘʟʤʝʨʘʤʠ 

20ʭ20ʭ10 ʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʮʝʣʦʛʦ ʧʦʣʦʪʥʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʦʡ. 

ʉʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 3 ʤʤ/ʯʘʩ. ʀʥʜʝʥʪʦʨʘʤʠ ʷʚʣʷʣʠʩʴ ʰʘʨʠʢʠ 

ʜʠʘʤʝʪʨʦʤ 12, 10, 5.5 ʠ 3.14 ʤʤ. ʅʘ ʢʘʞʜʳʡ ʰʘʨʠʢ ʧʨʠʭʦʜʠʣʦʩʴ ʧʦ 10 ʦʙʨʘʟʮʦʚ, 

ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 40 ʠʩʧʳʪʘʥʠʡ. 

ɺʪʦʨʘʷ ʩʝʨʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʭʦʜʠʣʘ ʥʘ ʜʚʫʭ ʮʝʣʳʭ ʩʪʝʢʣʷʥʥʳʭ ʣʠʩʪʘʭ 

ʨʘʟʤʝʨʘʤʠ 100ʭ80ʭ10 ʤʤ, ʨʘʟʤʝʯʝʥʥʳʭ ʤʘʨʢʝʨʦʤ ʥʘ ʢʚʘʜʨʘʪʳ 20ʭ20 ʤʤ. 

ʉʢʦʨʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʪʘʢʞʝ ʩʦʩʪʘʚʠʣʘ 3 ʤʤ/ʯʘʩ, ʜʠʘʤʝʪʨʳ ʰʘʨʠʢʦʚ ï 12, 10, 5.5 

ʠ 3.94 ʤʤ. ʅʘ ʢʘʞʜʳʡ ʰʘʨʠʢ ʧʨʠʭʦʜʠʣʦʩʴ ʧʦ 10 ʠʩʧʳʪʘʥʠʡ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 

40 ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʨʘʟʮʳ 20ʭ20ʭ10 ʤʤ ʥʘʨʝʟʘʣʠʩʴ ʠʟ 

ʮʝʣʦʛʦ ʧʦʣʦʪʥʘ ʘʣʤʘʟʥʳʤ ʜʠʩʢʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ 520
ʦ
ʉ, ʯʪʦʙʳ 

ʩʥʷʪʴ ʚʦʟʤʦʞʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ ʨʝʟʢʠ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ 
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ʙʳʣʘ ʩʥʠʞʝʥʘ ʜʦ 1 ʤʤ/ʯʘʩ. ʀʥʜʝʥʪʦʨʘʤʠ ʷʚʣʷʣʠʩʴ ʰʘʨʠʢʠ ʜʠʘʤʝʪʨʦʤ 17, 10 ʠ 

5.5 ʤʤ. ʅʘ ʢʘʞʜʳʡ ʰʘʨʠʢ ʧʨʠʰʣʦʩʴ ʧʦ 12 ʦʙʨʘʟʮʦʚ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 36 

ʠʩʧʪrʘʥʠʡ. 

ʅʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠʟʤʝʨʷʣʠʩʴ ʨʘʜʠʫʩʳ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ 

ʪʨʝʱʠʥ (rc) ʠ ʟʘʥʦʩʠʣʠʩʴ ʚ ʪʘʙʣʠʮʫ. ʈʘʜʠʫʩ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ɻʝʨʮʝʤ: 

3
*4

3

E

RP
a=                                                         (1) 

ʛʜʝ R ï ʨʘʜʠʫʩ ʰʘʨʘ; P ï ʫʩʠʣʠʝ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ; E
*
 ï ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩʪʘʣʴʥʦʛʦ ʰʘʨʘ ʩʦ ʩʪʝʢʣʷʥʥʳʤ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʡʪʠ, ʟʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʫʣʠ 

ʫʧʨʫʛʦʩʪʠ (Est ʠ Egl) ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ (vst ʠ vgl): 
1

22

* 11
-

ö
ö

÷

õ

æ
æ

ç

å -
+

-
=

st

st

gl

gl

E

v

E

v
E                                               (2) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʩʪʝʢʣʘ 

ʧʨʠʤʝʥʷʣʩʷ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. ɺʩʝʛʦ 

ʙʳʣʦ ʠʩʧʳʪʘʥʦ 4 ʙʘʣʢʠ ʧʦʩʣʝ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʨʘʟʤʝʨʘʤʠ 120ʭ12ʭ10 ʤʤ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ 50 ʤʤ/ʯʘʩ, ʘ ʪʘʢʞʝ 4 ʙʘʣʢʠ 100ʭ10ʭ10 ʤʤ, 

ʚʳʨʝʟʘʥʥʳʭ ʘʣʤʘʟʥʳʤ ʜʠʩʢʦʤ ʠ ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ 520
ʦ
ʉ, ʩʦ ʩʢʦʨʦʩʪʴʶ 

1 ʤʤ/ʯʘʩ. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʪʨʸʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ. 1 ï ʪʨʘʚʝʨʩʘ ʤʘʰʠʥʳ Zwick/Roell Z100; 

2 ï ʥʘʛʨʫʞʘʶʱʘʷ ʦʧʦʨʘ; 3 ï ʩʪʝʢʣʷʥʥʳʡ ʦʙʨʘʟʝʮ; 4 ï ʥʠʞʥʠʝ ʦʧʦʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʝʥʠʷ ʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʠʣʠʷ (P) 

ʧʦʜʩʪʘʚʣʷʝʤ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ: 

24

6

hb

mP

ÖÖ

ÖÖ
=s                                                           (3) 

ʛʜʝ m=L-20 ʤʤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ; b ï ʰʠʨʠʥʘ ʙʘʣʢʠ; h ï ʚʳʩʦʪʘ 

ʙʘʣʢʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʩʪʝʢʣʘ 

ʧʨʠʤʝʥʷʣʩʷ ʯʝʪʳʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

ʇʨʦʧʠʣʳ ʚʳʧʦʣʥʷʣʠʩʴ ʘʣʤʘʟʥʳʤ ʜʠʩʢʦʤ ʥʘ ʙʘʣʢʘʭ 100ʭ10ʭ10 ʤʤ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 3 ʙʘʣʢʘʭ ʩ ʧʨʦʧʠʣʦʤ 2.5 ʤʤ ʧʦʩʣʝ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ 3 ʤʤ/ʯʘʩ, ʠ 4 ʙʘʣʢʘʭ ʩ ʧʨʦʧʠʣʦʤ 2 ʤʤ, ʚʳʨʝʟʘʥʥʳʭ 

ʘʣʤʘʟʥʳʤ ʜʠʩʢʦʤ ʠ ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ 520
ʦ
ʉ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ 1 ʤʤ/ʯʘʩ. 

L-20 ͣ  ͣ 4 

1 

2 
3 

L/2 

L 

10
 ͣ

 ͣ



  
 

154 
 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʯʝʪʳʨʸʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ. 1 ï ʪʨʘʚʝʨʩʘ ʤʘʰʠʥʳ Zwick/Roell Z100; 

2 ï ʥʘʛʨʫʞʘʶʱʘʷ ʦʧʦʨʘ; 3 ï ʩʪʝʢʣʷʥʥʳʡ ʦʙʨʘʟʝʮ; 4 ï ʥʠʞʥʠʝ ʦʧʦʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʝʥʠʷ ʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʠʣʠʷ (P) 

ʧʦʜʩʪʘʚʣʷʝʤ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ [5]: 

,                                                  (4) 

ʛʜʝ m ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʦʧʦʨʘʤʠ (25 ʤʤ); b ï ʰʠʨʠʥʘ 

ʙʘʣʢʠ; h ï ʚʳʩʦʪʘ ʙʘʣʢʠ; l ï ʛʣʫʙʠʥʘ ʨʝʟʘ; Y ï ʪʦʨʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ 

ʯʠʩʪʦʛʦ ʠʟʛʠʙʘ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 
432
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3. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʙʘʣʦʢ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 
 

ʊʘʙʣʠʮʘ 

ɿʥʘʯʝʥʠʷ ů ʠ K1 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʡ ʠʩʧʳʪʘʥʠʡ 

 ů, ʄʇʘ K1, ʄʇʘãʤ 

ʉʪʝʢʣʦ ʧʦʩʣʝ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 57.76 1.152 

ʉʪʝʢʣʦ ʧʦʩʣʝ ʘʣʤʘʟʥʦʡ ʨʝʟʢʠ ʠ ʦʪʞʠʛʘ ʧʨʠ 520
ʦ
ʉ 41.85 1.271 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʜʘʚʣʠʚʘʥʠʶ ʰʘʨʠʢʦʚ ʚ 

ʩʪʝʢʣʷʥʥʳʝ ʦʙʨʘʟʮʳ (ʨʠʩ. 4) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʩʪʝʢʣʘ 

ʢʨʠʪʠʯʝʩʢʦʝ ʫʩʠʣʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥʳ ʠʤʝʝʪ ʙʦʣʴʰʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʘʟʙʨʦʩ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ʢʦʣʴʮʝʦʙʨʘʟʥʦʡ 

ʪʨʝʱʠʥʳ ʢ ʨʘʜʠʫʩʫ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 
ʈʠʩ. 4. ɿʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥ ʠ ʦʪʥʦʰʝʥʠʡ rc/a, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʚʪʦʨʘʷ ʩʝʨʠʷ ʠʩʧʳʪʘʥʠʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʮʝʣʳʭ ʧʣʘʩʪʠʥʘʭ ʩʪʝʢʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩ. 5. ɿʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥ ʠ ʦʪʥʦʰʝʥʠʡ rc/a, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʚʪʦʨʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʊʨʝʪʴʷ ʩʝʨʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʮʳ ʜʣʷ ʥʝʸ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʙʝʟ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʘ ʘʣʤʘʟʥʳʤ ʜʠʩʢʦʤ, ʠ ʦʪʦʞʞʝʥʳ ʧʨʠ 

520
ʦ
ʉ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

 

 
ʈʠʩ. 6. ɿʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥ ʠ ʦʪʥʦʰʝʥʠʡ rc/a, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ɼʞʦʥʩʦʥ ʂ. çʄʝʭʘʥʠʢʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè: ʇʝʨ. ʩ ʘʥʛʣ. ï 

ʄ.:ʄʠʨ, 1989. ï 510ʩ., ʠʣ.  

2. M.T. Huber, çZur Theorie der Beruhrung fester elastischer Korperè 

(Contribution to Theory of Contact of Elastic Solids), Ann. Physik, 14, P.153-

163 (1904). 

3. By A.S. Argon, Y.Hori, and E. Growan, çIndentation Strength of  Glassè. 

Journal of the American ceramic society. Ceramic Abstracts. Volume 43, 

number 2. February 1, P.86-96 (1960). 
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4. ʇʨʠʤʝʥʝʥʠʝ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʦʮʝʥʢʠ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʯʘʩʪʦʪʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʠ ʩʣʫʯʘʡʥʦʡ ʚʠʙʨʘʮʠʠ ʧʨʠ ʝʸ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʥʘ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʪʝʥʜʝ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ 

ʠʩʢʘʞʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ 

ʟʘʛʨʘʞʜʘʶʱʠʤ ʬʠʣʴʪʨʦʤ ʚ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʦʩʪʝʥʜʦʤ. ʇʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʦʠʩʧʳʪʘʥʠʷ; ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʪʝʥʜ; 

ʯʘʩʪʦʪʥʳʝ ʠʩʢʘʞʝʥʠʷ ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʠ; ʧʦʜʘʚʣʝʥʠʝ ʧʘʨʘʟʠʪʥʳʭ ʛʘʨʤʦʥʠʢ. 

1 ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʚʠʙʨʦʠʩʧʳʪʘʥʠʷʭ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʜʘʣʝʝ ï 

ʠʩʧʳʪʫʝʤʳʭ ʠʟʜʝʣʠʡ (ʀʀ)) ʥʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʠʙʨʦʩʪʝʥʜʘʭ (ʕɼɺ) ʚ  

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 5 ʜʦ 2000 ɻʮ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚʠʙʨʘʮʠʠ ʩ 

ʤʘʣʳʤʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ (ʜʘʣʝʝ ʠʩʢʘʞʝʥʠʷʤʠ). ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʪʢʘʟʳ, ʚʳʟʳʚʘʝʤʳʝ ʫʩʪʘʣʦʩʪʴʶ, 

ʬʨʝʪʪʠʥʛ-ʢʦʨʨʦʟʠʝʡ, ʩʘʤʦʦʪʚʠʥʯʠʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʪʢʘʟʳ ʀʀ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʥʠʢʘʶʪ ʚ ʦʙʣʘʩʪʠ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʠ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʕɼɺ ʥʘ ʵʪʠʭ ʯʘʩʪʦʪʘʭ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʀʀ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʕɼɺ ʠʩʢʘʞʝʥʠʷ 

ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʩʦʪʝʥ 

ʧʨʦʮʝʥʪʦʚ. ʊʘʢʠʝ ʠʩʢʘʞʝʥʠʷ ʥʝʨʝʜʢʦ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʕɼɺ ʜʘʞʝ ʙʝʟ ʥʘʛʨʫʟʢʠ ʠ 

ʠʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝ ʥʦʨʤʠʨʦʚʘʪʴ, ʪ. ʝ. ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴ [3]. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʦʮʝʥʢʫ ʚʠʙʨʦʩʪʦʡʢʦʩʪʠ ʀʀ ʧʨʠ ʩʪʝʥʜʦʚʳʭ 
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ʚʠʙʨʦʠʩʧʳʪʘʥʠʷʭ ʚ ʦʪʜʝʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʙʦʨʴʙʳ ʩ ʠʩʢʘʞʝʥʠʷʤʠ ʨʝʞʠʤʦʚ 

ʚʠʙʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ  ʧʨʦʙʣʝʤʦʡ. 

2 ʊʝʦʨʠʷ. 

ʇʝʨʚʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʠʩʢʘʞʝʥʠʡ ʚ ʕɼɺ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 100 ɻʮ 

ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʚʠʙʨʘʮʠʠ 

ʧʦʜʚʠʞʥʦʡ ʢʘʪʫʰʢʠ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʞʸʩʪʢʦʛʦ ʩʪʳʢʘ ʢʘʪʫʰʢʠ ʩʦ ʩʪʦʣʦʤ ʕɼɺ. 

ʇʨʠ ʚʠʙʨʘʮʠʠ ʩ ʯʘʩʪʦʪʦʡ f ʠʟ-ʟʘ ʫʢʘʟʘʥʥʳʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʚ ʕɼɺ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʤʘʣʳʝ ʢʨʘʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʩ ʯʘʩʪʦʪʘʤʠ 2f, 3f,é, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 5ï10% ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʯʘʩʪʦʪʳ ʵʪʠʭ 

ʧʘʨʘʟʠʪʥʳʭ ʛʘʨʤʦʥʠʢ ʥʝ ʩʦʚʧʘʜʫʪ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʦʜʩʠʩʪʝʤʳ çʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ ʕɼɺ + ʥʘʢʣʘʜʥʦʡ ʩʪʦʣ + ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ + ʀʀè 

(ʜʘʣʝʝ çʇʏ ʕɼɺ + ʀʀè). ʇʘʨʘʟʠʪʥʳʝ ʢʨʘʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʫʩʠʣʠʚʘʶʪʩʷ çʇʏ 

ʕɼɺ + ʀʀè ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʝʟʦʥʘʪʦʨʦʚ, ʠ ʧʦʵʪʦʤʫ ʫʨʦʚʥʠ ʵʪʠʭ ʛʘʨʤʦʥʠʢ 

ʚʦʟʨʘʩʪʘʶʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʢʨʘʪʥʳʤʠ ʛʘʨʤʦʥʠʢʘʤʠ ʠ ʫʨʦʚʝʥʴ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʫʨʦʚʥʝʤ ʚʠʙʨʘʮʠʠ, ʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʕɼɺ ʧʦʜʜʝʨʞʠʚʘʝʪ ʵʪʦʪ ʫʨʦʚʝʥʴ 

ʚʠʙʨʘʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʸʪ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ [2]. 

ɺ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʠʭ ʯʘʩʪʦʪʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʦʜʩʠʩʪʝʤʫ çʇʏ ʕɼɺ + 

ʀʀè ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʝʩʫʱʝʛʦ ʪʝʣʘ ʥʘ 

ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʦʜʥʠʤ ʦʩʮʠʣʣʷʪʦʨʦʤ (ʨʝʟʦʥʘʪʦʨʦʤ), 

ʫʯʠʪʳʚʘʶʱʠʤ ʪʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʝʸ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ fʨ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

ά ά ώ ὧώ Ὧώ ὊÓÉÎ’ὸὊÃÏÓς’ὸάᾀ 
άᾀ ὧᾀ Ὧᾀ άώ                                           (1) 

ʛʜʝ m1 ʠ m2  ï  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʤʘʩʩʳ ʥʝʩʫʱʝʛʦ ʪʝʣʘ ʠ ʦʩʮʠʣʣʷʪʦʨʘ; c1 ʠ k1, c2 ʠ 

k2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʩʩʠʧʘʮʠʠ ʠ ʞʸʩʪʢʦʩʪʠ ʫʧʨʫʛʦʛʦ ʧʦʜʚʝʩʘ ʇʏ ʕɼɺ ʠ 

ʦʩʮʠʣʣʷʪʦʨʘ; y ï ʢʦʦʨʜʠʥʘʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʩʫʱʝʛʦ ʪʝʣʘ; z ï 

ʢʦʦʨʜʠʥʘʪʘ ʢʦʣʝʙʘʥʠʡ ʦʩʮʠʣʣʷʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʫʱʝʛʦ ʪʝʣʘ; ’ ï ʫʛʣʦʚʘʷ 
ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʠ ʇʏ ʕɼɺ. ɺ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1) ʚʣʠʷʥʠʝʤ F3 Ḻ F2 

ʧʨʝʥʝʙʨʝʛʘʝʤ. ɺ ʧʦʜʜʠʘʧʘʟʦʥʘʭ ʩʦ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʦʡ 0,5fʨ ʠʤʝʝʤ 

Ὧϳά ά Ḻ ’. ʊʦʛʜʘ ʧʨʠ ’ = ˊfʨ ʠʟ (1) ʧʦʣʫʯʘʝʤ 

ώ ὥÓÉÎ’ὸὥÓÉÎς’ὸ‎ ,                                      (2) 

ʛʜʝ                             ὥ ,     ὥ ρ ὗ  

- ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʛʘʨʤʦʥʠʢ ʫʩʢʦʨʝʥʠʷ ʇʏ ʕɼɺ; ὗ ς“Ὢά ὧϳ  ï 

ʜʦʙʨʦʪʥʦʩʪʴ ʦʩʮʠʣʣʷʪʦʨʘ, ʢʦʪʦʨʘʷ ʚ çʇʏ ʕɼɺ + ʀʀè ʩʦʩʪʘʚʣʷʝʪ Q=20 100. 

ʇʨʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʠʙʨʘʮʠʠ (ʐʉɺ) ʟʘ ʩʯʸʪ çʧʝʨʝʢʘʯʢʠè 

ʵʥʝʨʛʠʠ ʧʘʨʘʟʠʪʥʳʭ ʢʨʘʪʥʳʭ ʛʘʨʤʦʥʠʢ ʠʟ ʜʨʫʛʠʭ ʧʦʜʜʠʘʧʘʟʦʥʦʚ ʥʘʨʫʰʘʝʪʩʷ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʫʨʦʚʥʝʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʨʝʟʦʥʘʥʩʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ. 
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ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʀʀ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʤʘʩʩʦʡ 30 ʢʛ ʥʘ ʚʠʙʨʦʩʪʝʥʜʝ 

çTS-30-370è (2013ʛ.) ʩ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ UCON ʧʨʠ 

ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʩʢʦʨʝʥʠʷ S=0,06 g
2
/ɻʮ ʚ 

ʧʦʜʜʠʘʧʘʟʦʥʝ 1700ï1900 ɻʮ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʦʥʘʥʩʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦ 0,28 g
2
/ɻʮ ʥʘ ʯʘʩʪʦʪʝ 1800 ɻʮ. ʇʦʩʣʝ ʫʤʝʥʴʰʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʨʦʚʥʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦ S=0,01 g
2
/ɻʮ ʚ ʪʦʤ ʞʝ 

ʧʦʜʜʠʘʧʘʟʦʥʝ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 1800 ɻʮ 

ʫʤʝʥʴʰʠʣʩʷ ʪʦʣʴʢʦ ʥʘ 15%.  

ʏʪʦʙʳ ʚʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ ʥʝ ʚʦʟʙʫʞʜʘʣʘʩʴ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

(10-2000ɻʮ) ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ çʇʏ ʕɼɺ + ʀʀè ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚʳʰʝ 4500 

ɻʮ. ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦʛʦ ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ çʇʏ ʕɼɺ + 

ʀʀè ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʩʯʝʨʧʘʥʳ. ʅʘʧʨʠʤʝʨ, ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʜʣʷ 

ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʕɼɺ ʙʝʟ ʥʘʛʨʫʟʢʠ ʩ ʤʘʩʩʦʡ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ 30-

35 ʢʛ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʠʣʘʩʴ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2000-2500 ɻʮ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʚʠʙʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʩʧʦʩʦʙʳ ʧʦʜʘʚʣʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚ çʇʏ ʕɼɺ + ʀʀè ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ 

ʢʦʥʪʫʨʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ɼʆʉ), 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ ʠ ʇʏ ʕɼɺ ʩ ʀʀ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ 

ʢʦʥʪʫʨ ɼʆʉ, ʩʦʜʝʨʞʘʱʠʡ  ʟʘʛʨʘʞʜʘʶʱʠʡ ʬʠʣʴʪʨ ʩ ʯʘʩʪʦʪʦʡ ʟʘʛʨʘʞʜʝʥʠʷ 0,5fʨ.    

ʉ ʚʳʭʦʜʘ ʬʠʣʴʪʨʘ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʳ ʢʨʘʪʥʳʭ ʛʘʨʤʦʥʠʢ 

ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʢʨʘʪʥʳʤʠ ʛʘʨʤʦʥʠʢʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ çʇʏ ʕɼɺ 

+ ʀʀè, ʠ ʧʦʜʘʚʣʷʶʪ ʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʦʪʥʳʝ ʠʩʢʘʞʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʚʠʙʨʘʮʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʯʘʩʪʦʪʳ 0,5fʨ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. 

ɺʦ ʤʥʦʛʦʨʝʟʦʥʘʥʩʥʳʭ ʧʦʜʩʠʩʪʝʤʘʭ çʇʏ ʕɼɺ + ʀʀè ʚʤʝʩʪʦ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʫʨʦʚ ɼʆʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʪʫʨ ɼʆʉ ʩʦ ʩʣʝʜʷʱʠʤ ʟʘʛʨʘʞʜʘʶʱʠʤ ʬʠʣʴʪʨʦʤ  [4]. 

 

 
 

ʈʠʩ. ɹʣʦʢ-ʩʭʝʤʘ  ʕɼɺ ʩ ʦʜʥʠʤ ʢʦʥʪʫʨʦʤ ɼʆʉ  
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3 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ  ʩʧʦʩʦʙʘ ʧʦʜʘʚʣʝʥʠʷ ʢʨʘʪʥʳʭ ʛʘʨʤʦʥʠʢ ʧʨʠ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʠ ʫʟʢʦʧʦʣʦʩʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʠʙʨʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ɼʆʉ ʧʦʜʪʚʝʨʜʠʣʘ ʝʸ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʕɼɺ ʩ ʯʘʩʪʦʪʦʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ  fʨ=5600 ɻʮ ʧʨʠ  f=0,5fʨ=2800 ɻʮ ʚʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ 

ʩʦʩʪʘʚʣʷʣʘ 90% ʦʪ ʫʨʦʚʥʷ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ. ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʦʥʪʫʨʘ ɼʆʉ 

ʚʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ  ʫʤʝʥʴʰʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 15 ʨʘʟ. 

4 ɺʳʚʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʕɼɺ ʢʦʥʪʫʨʦʚ ɼʆʉ ʩ 

ʟʘʛʨʘʞʜʘʶʱʠʤʠ ʬʠʣʴʪʨʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʯʘʩʪʦʪʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʚʠʙʨʘʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ  

ʩʠʩʪʝʤ ʧʦʜʘʚʣʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʛʘʨʤʦʥʠʢ ʚ ʐʉɺ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 
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Abstract 

The report analyses the main causes of frequency distortion harmonic and 

random vibration when it is reproduced on the electrodynamics shakers. It offers new 

ways of dealing with the distortion by introducing additional feedback bandstop filter 

in the feedback loop of the shaker. The results of the experiments are given. 

Keywords:  Vibration testing; electro-dynamic shaker; frequency distortion 

modes of vibration; suppression of spurious harmonics. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʵʣʝʤʝʥʪʦʚ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʣʝʛʢʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ 

ʠʩʧʳʪʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ. 

ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʩʣʦʡʥʫʶ ʧʘʥʝʣʴ ʩ ʪʦʥʢʠʤʠ ʚʥʝʰʥʠʤʠ ʩʣʦʷʤʠ 

ʠʟ ʜʶʨʘʣʶʤʠʥʠʷ ʠ ʣʝʛʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠʟ ʧʝʥʦʧʣʘʩʪʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʦʙʨʘʟʮʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʟʘʧʦʣʥʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʟʘʪʝʤ ʚ ʫʛʣʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ. ɿʥʘʷ ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʦʙʨʘʟʝʮ 

ʥʘʛʨʫʟʢʫ ʚʳʯʠʩʣʷʝʪʩʷ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʟʘʧʦʣʥʠʪʝʣʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʨʝʭʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʣʝʛʢʠʡ ʟʘʧʦʣʥʠʪʝʣʴ, 

ʧʝʥʦʧʣʘʩʪ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʪʷʞʝʥʠʝ, ʫʛʦʣ ʩʜʚʠʛʘ, 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ,  ʤʦʜʫʣʴ ʩʜʚʠʛʘ. 

  

ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʭʘʥʠʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ: 

ü ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ; 

ü ʧʦʚʳʰʝʥʠʷ ʞʝʩʪʢʦʩʪʠ; 
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ü ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʠ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʥʘʭʦʜʷʪ 

ʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʝʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʦʷʪ ʠʟ 

ʪʦʥʢʠʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʦʝʤ ʤʝʥʝʝ ʧʨʦʯʥʦʛʦ ʦʙʣʝʛʯʝʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ.  

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʥʝʩʣʠ ʫʯʝʥʳʝ, 

ʨʘʙʦʪʘʚʰʠʝ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ, ʚ ʉʠʙʠʨʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʘʚʠʘʮʠʠ (ʉʠʙʅʀɸ) ʠ ʥʘ ʢʘʬʝʜʨʝ ʧʨʦʯʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʥʘʰʝʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: ɸ.ʗ. ɸʣʝʢʩʘʥʜʨʦʚ [1,2,3], ʃ.ʄ. ʂʫʨʰʠʥ [1], ɹʨʶʢʢʝʨ 

ʃ.ʕ., ɸ.ʇ. ʇʨʫʩʘʢʦʚ [5]. 

ɺ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʥʝʰʥʠʝ ʪʦʥʢʠʝ ʩʣʦʠ ʨʘʙʦʪʘʶʪ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ, ʘ ʩʨʝʜʥʠʡ ʩʣʦʡ- ʟʘʧʦʣʥʠʪʝʣʴ ʚʦʩʧʨʠʥʠʤʘʝʪ ʩʜʚʠʛʘʶʱʠʝ 

ʫʩʠʣʠʷ.  

ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʦʜʫʣʴ 

ʩʜʚʠʛʘ ʟʘʧʦʣʥʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʜʚʠʛ ʧʘʥʝʣʝʡ ʩ ʩʦʪʦʚʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʨʘʟʨʘʙʦʪʘʥ ʆʉʊ 1.01122-

85 [6]. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʦʧʠʩʘʥʥʦʡ ʚ ʵʪʦʤ ʦʪʨʘʩʣʝʚʦʤ ʩʪʘʥʜʘʨʪʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʝʥʦʧʣʘʩʪʘ ʥʘ ʩʜʚʠʛ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʟʘʧʦʣʥʠʪʝʣʷ ʠʟ 

ʧʝʥʦʧʣʘʩʪʘ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʝʭ ʜʶʨʘʣʝʚʳʭ 

ʧʣʘʩʪʠʥ, ʠ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʧʝʥʦʧʣʘʩʪʘ ʦʜʥʦʡ ʤʘʨʢʠ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʷ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʧʝʥʦʧʣʘʩʪʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ (ʧʝʨʝʤʝʱʝʥʠʷ) ʧʨʠʤʝʥʷʣʩʷ ʥʘʚʝʩʥʦʡ 

ʪʝʥʟʦʤʝʪʨ (ʜʘʪʯʠʢ), ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʥʘ ʚʳʥʦʩʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʮʘ. 

ʈʘʟʤʝʨʳ ʚʳʨʝʟʘʥʥʳʭ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ (ʪʘʙʣ. 1).  
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ʊʘʙʣʠʮʘ 1 

ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ 

Ѕ ͦ͋ͪ͊͘ͼ͊ ˤ͙͒ 
˨͙ͤ͊͡ ͦ͋ͪ͊͘ͼ͊ 

L*103Σ ͣ 
͙͙̊ͪͤ͊ ͦ͋ͪ͊͘ͼ͊ 

H*103Σ ͣ

́ͦ͡΅͙ͤ͊ 
͙͔͊ͨͦͤͭ͘͡͡ΎΣ 
ɲϝмл3Σ ͣ 

1 
˨Όͪ͊͡Έ 93 12 1,5 

˽͔ͤͦͨ͊ͫͭ͡ м 60 12 5 

2 
˨Όͪ͊͡Έ 110 13 1,5 

˽͔ͤͦͨ͊ͫͭ͡ н 64 13 6 

3 
˨Όͪ͊͡Έ 98 12 1,5 

˽͔ͤͦͨ͊ͫͭ͡ о 70 12 5 

ʇʣʦʪʥʦʩʪʴ ʧʝʥʦʧʣʘʩʪʘ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɸʨʭʠʤʝʜʘ.  

ʆʧʫʩʪʠʚ ʧʝʥʦʧʣʘʩʪ ʚ ʚʦʜʫ, ʧʦ ʦʙʲʝʤʫ ʚʳʪʝʩʥʝʥʥʦʡ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʠ 

ʦʙʲʝʤ ʧʝʥʦʧʣʘʩʪʘ, ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ Mettler Toledo ʥʘʭʦʜʠʣʠ 

ʚʝʩ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ ʚʳʯʠʩʣʷʣʠ ʧʣʦʪʥʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ (1). 

      
V

m
=r       (1) 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʭʦʞʜʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʪʨʝʭ ʚʠʜʦʚ ʤʘʨʦʢ ʧʝʥʦʧʣʘʩʪʘ, 

ʧʨʠʚʝʜʝʥʳ ʚ (ʪʘʙʣ. 2). 
            ʊʘʙʣʠʮʘ 2  

ʇʣʦʪʥʦʩʪʴ ʟʘʧʦʣʥʠʪʝʣʝʡ ʠʟ ʧʝʥʦʧʣʘʩʪʘ 

ˤ͙͒ 
˽ͦͭͤͦͫͭ͡Έ 
ˊΣ ͎͟κͣ3 

˽͔ͤͦͨ͊ͫͭ͡ м 25,9 

˽͔ͤͦͨ͊ͫͭ͡ н 55,1 

˽͔ͤͦͨ͊ͫͭ͡ о 30,7 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʟʘʭʚʘʪʳ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʤʘʰʠʥʳ Instron 3366 ʠ ʨʘʩʪʷʛʠʚʘʣʠʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩ. 2). 

 
   ʈʠʩ. 2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɻʫʢʘ ʜʣʷ ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ ʠʤʝʝʪ ʤʝʩʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ: 
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Ggt=  ʠʣʠ 
g

t
=G  (2) 

ʛʜʝ, G ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ; Ű ï ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; ɔ ï ʫʛʦʣ ʩʜʚʠʛʘ, ʪ.ʝ. 

ʠʩʢʦʞʝʥʠʝ ʧʨʷʤʦʛʦ ʫʛʣʘ. 

ʊʦʛʜʘ 
b

tg
D
=@ gg  ʛʜʝ, b ï ʪʦʣʱʠʥʘ ʟʘʧʦʣʥʠʪʝʣʷ; ȹ ï ʧʝʨʝʤʝʱʝʥʠʝ 

ʂʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʨʘʟʮʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ɸ

F

2
=t  (3) 

ʛʜʝ, F ï ʥʘʛʨʫʟʢʘ, ɸ ï ʧʣʦʱʘʜʴ ʙʦʢʦʚʦʡ ʛʨʘʥʠ ʦʙʨʘʟʮʘ. 

daA Ö= - ʧʣʦʱʘʜʴ ʙʦʢʦʚʦʡ ʛʨʘʥʠ ʦʙʨʘʟʮʘ ʟʘʧʦʣʥʠʪʝʣʷ. 

ɺʳʯʠʩʣʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʧʝʥʦʧʣʘʩʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4) 

D
=

ad

Fb
G

2
    (4) 

ʅʘ (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʷ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʘ ʥʘ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ. ʇʝʥʦʧʣʘʩʪʳ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ 

ʥʠʟʢʠʤ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ, ʠʩʭʦʜʷ ʠʟ 

ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ, ʦʥʠ ʥʘʛʨʫʞʘʣʠʩʴ ʥʝʙʦʣʴʰʠʤʠ 

ʫʩʠʣʠʷʤʠ ï ʜʦ 500-600 ʅ. ʅʘ (ʨʠʩ. 4) ʧʨʠʚʝʜʝʥʘ 

ʪʠʧʠʯʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʘʛʨʘʤʤʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ. ʋʞʝ ʧʨʠ 

ʥʘʛʨʫʟʢʝ ʚ 400-600 ʥ ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʨʝʭʦʜʷʪ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ ʤʛʥʦʚʝʥʥʦʤ 

ʤʦʜʫʣʝ ʤʘʪʝʨʠʘʣʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʥʘʛʨʫʟʢʘ ʚ 50 ʅ, 100 ʅ, 150 ʅ, 200 ʅ, 

300 ʅ, 400 ʅ, 500 ʅ, 600 ʅ ʠ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ 

ʧʨʠ ʵʪʦʡ ʥʘʛʨʫʟʢʝ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʣʦʩʴ ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʪʫʧʝʥʠ ʥʘʛʨʫʟʢʠ ʠ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʜʣʷ ʵʪʦʡ ʩʪʫʧʝʥʠ. ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʨʘʟʝʮ 

ʥʘʛʨʫʞʘʣʩʷ ʜʚʘ - ʪʨʠ ʨʘʟʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʩʨʝʜʥʷʣʠʩʴ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ (ʪʘʙʣ. 3). 

 

 

 

 

 

 

 

  

ʈʠʩ. 3. ʌʦʪʦʛʨʘʬʠʠ 

ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʦʚ ʥʘ 

ʠʩʧʪrʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 
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ʊʘʙʣʠʮʘ 3 

ʆʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ G, ʄʇʘ 

ʆ
ʙ
ʨ
.
 
1

 ˉ  
50-100 

ʅ 

100-150 

ʅ 

150-200  

ʅ 

200-300 

 ʅ 

300-400 

ʅ 

400-500  

ʅ 

500-600 

 ʅ 

1 1,647 2,167 2,393 1,730 - - - 

2 1,812 2,085 2,226 2,050 - - - 

ʩʨʝʜ 1,730 2,126 2,310 1,890 - - - 

ʆ
ʙ
ʨ
.
 
2

 1 4,288 4,459 4,425 4,440 4,443 3,715 - 

2 4,672 4,567 4,557 4,570 4,523 4,182 1,151 

3 4,950 4,786 4,660 4,525 4,331 4,006 1,656 

ʩʨʝʜ 4,637 4,605 4,548 4,511 4,432 3,968 - 

ʆ
ʙ
ʨ
.
 
3

 1 2,102 2,238 2,253 1,893 - - - 

2 2,231 2,310 2,252 1,910 0,247 - - 

ʩʨʝʜ 2,166 2,274 2,253 1,902 - - - 

ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ 

ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʝʮ ʥʝ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʨʠ 

ʧʦʚʪʦʨʥʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʥʘʛʨʫʞʝʥʠʷʭ 

ʦʙʨʘʟʝʮ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʩ ʙʦʣʴʰʠʤ ʤʦʜʫʣʝʤ 

ʩʜʚʠʛʘ. 

 

 

 ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʤʘʣʳʭ 

ʫʩʠʣʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩ 

ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ (ʊʘʙʣʠʮʘ 4). 
 

ʊʘʙʣʠʮʘ 4  

ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʘ 

ɹ

ʳʣ

ʘ 

ʧʨ

ʦʚ

ʝʜ

ʝʥʘ ʥʦʚʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘ ʵʪʦʪ ʨʘʟ ʥʘʛʨʫʞʝʥʠʝ 

ʚʝʣʦʩʴ ʜʦ 1400 ï 1600 ʥ, ʪʘʢ ʢʘʢ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʝʥʳ. ʅʘ (ʨʠʩ.6) ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ 

ʥʘʛʨʫʟʢʠ. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʫʨʦʚʥʠ ʥʘʛʨʫʟʢʠ 500 ʅ, 600 ʅ, 800 ʅ, 1000 ʅ, 1200 

ʅ, 1400 ʅ, ʜʣʷ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ. ɿʘʪʝʤ ʩ 

Ѕ 
ͦ͋ͪ͊͘ͼ

 ͊
ˤ͙͒ 

˨͙ͤ͊͡ 
ͦ͋ͪ͊͘ͼ͊ 
L*103Σ ͣ 

͙͙̊ͪͤ͊ 
ͦ͋ͪ͊͘ͼ͊Σ 
H*103Σ ͣ

́ͦ͡΅͙ͤ͊ 
͙͔͊ͨͦͤͭ͘͡͡Ύ

,  
ɲϝмл3Σ ͣ 

4 
 

˨Όͪ͊͡Έ 147 50 2,5 

˽͔ͤͦͨ͊ͫͭ͡ о 80 50 15 

5 
˨Όͪ͊͡Έ 147 50 2,5 

˽͔ͤͦͨ͊ͫͭ͡ о 80 50 20 ʈʠʩ. 5. ʌʦʪʦʛʨʘʬʠʷ 

ʦʙʨʘʟʮʘ  

ʈʠʩ. 4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʛʨʫʟʢʠ ʦʪ 

ʧʝʨʝʤʝʱʝʥʠʷ. 
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ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (4) ʚʳʯʠʩʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ ʥʘʛʨʫʟʢʠ (ʪʘʙʣ.5).  

ʊʘʙʣʠʮʘ 5 

ʆʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ G, ʄʇʘ 

ʆ
ʙ
ʨ
.
 
4

 

  

  

500-600 

ʅ 

600-800 

ʅ 

800-1000 

ʅ 

1000-1200 

ʅ 

1200-1400 

ʅ 

2 2,707 3,022 3,250 3,213 2,960 

3 2,926 3,209 3,353 3,271 2,940 

4 3,008 3,291 3,385 3,310 2,979 

ʩʨʝʜ 2,880 3,174 3,330 3,264 2,960 

ʆ
ʙ
ʨ
.
 
5

 2 4,145 4,194 4,257 4,347 4,196 

3 4,092 4,213 4,342 4,370 4,128 

ʩʨʝʜ 4,119 4,204 4,299 4,358 4,162 

 
ʈʠʩ. 6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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Abstract 

This research is devoted to the experimental study of the shear modulus of the 

elements of sandwich structures with light filler for static testing of specially 

prepared samples at uniaxial tension. Specimens are sandwich panels with thin outer 

layers made of aluminum and lightweight aggregate foam. Sample design provides a 

placeholder work in terms of pure shear. During the tests measured linear movements 

which are translated into the angle in the angular strain. Certain the acting on the 

sample load is calculated the shear modulus of the filler. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʫʯʝʥʠʝ ʩʪʝʨʞʥʝʡ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʧʦʧʝʨʝʯʥʦ-

ʠʟʦʪʨʦʧʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʣʟʫʯʝʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 45
0
 ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʣʠʪʳ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʙʣʠʞʝʥʥʳʤ ʨʘʩʯʝʪʦʤ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʤʝʝʪ ʤʝʩʪʦ ʜʝʧʣʘʥʘʮʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʣʫʯʘʝ ʩʪʝʨʞʥʝʡ, ʚʳʨʝʟʘʥʥʳʭ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ 

ʧʨʝʚʳʰʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʨʠ ʨʘʟʘ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʚ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʪʝʨʞʥʝʡ, ʚʳʨʝʟʘʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʧʣʠʪʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʧʣʘʥʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʥʘ 

ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʳ ʫʛʣʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʚ ʠʟʦʪʨʦʧʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʣʟʫʯʝʩʪʴ; ʢʨʫʯʝʥʠʝ ʩʪʝʨʞʥʷ; ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ; ʜʝʧʣʘʥʘʮʠʷ. 

1. ɺʚʝʜʝʥʠʝ 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʘʤʠ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʠ ʧʦʣʟʫʯʝʩʪʠ. ɸʥʠʟʦʪʨʦʧʠʷ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʢʦʤʧʦʟʠʪʦʚ ʠʣʠ ʚʦʟʥʠʢʥʫʪʴ ʧʦʩʣʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʢʘʢ ʧʨʦʢʘʪʢʘ ʠʣʠ ʧʨʝʩʩʦʚʘʥʠʝ. ʏʠʩʣʝʥʥʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʦʜʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʣʠʩʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʚʜʦʣʴ, 

ʧʦʧʝʨʝʢ, ʧʦ ʥʦʨʤʘʣʠ K ʧʣʠʪʝ), ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʨʘʩʪʷʞʝʥʠʶ ʠ ʩʞʘʪʠʶ, 

ʫʧʨʦʯʥʝʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʧʦʣʟʫʯʝʩʪʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʫʩʧʝʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ [1] ʜʣʷ ʩʧʣʘʚʘ ɺ95ʧʯʊ2 ʧʨʠ ʊ=180Áʉ (ʪʦʣʱʠʥʘ ʧʣʠʪʳ 50 ʤʤ) ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ ʫʩʪʘʥʦʚʣʝʥʘ 
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ʩʫʱʝʩʪʚʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʠ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʧʨʠ ʧʦʣʟʫʯʝʩʪʠ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʦ ʩʘʤʦʝ ʩʣʘʙʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜ ʫʛʣʦʤ 45
0
 ʢ ʥʦʨʤʘʣʠ ʧʣʠʪʳ. ɺ ʵʪʦʡ 

ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ ů ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʧʨʝʜʝʣʴʥʦʤ (ʚʜʦʣʴ ʧʨʦʢʘʪʘ), 

ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʦ ʥʦʨʤʘʣʠ ʧʣʠʪʳ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʥʘ ʩʞʘʪʠʝ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 45
0
 ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʦʨʤʘʣʠ ʧʣʠʪʳ. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʩʪʘʜʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʝʧʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ 

ʧʦʣʟʫʯʝʩʪʠ nC Bseh ==#  ʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 31103.6 -Ö=OB  

ʄʇʘ
-n
 ʩ

-1
 ï ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦā ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ 

ʥʦʨʤʘʣʠ ʧʣʠʪʳ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ; 30109.3 -

D Ö=B ʄʇʘ
-n
 ʩ

-1
 ï ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜ 

ʫʛʣʦʤ 45Á ʢ ʥʦʨʤʘʣʠ ʧʣʠʪʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ; 31102 -

¶ Ö=B  ʄʇʘ
-n
 ʩ

-1 
ï ʜʣʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʣʠʪʳ ʧʨʠ ʩʞʘʪʠʠ. ʇʦʢʘʟʘʪʝʣʴ ʧʦʣʟʫʯʝʩʪʠ ʧ=10 

ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʘ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ 

ʥʘʛʨʫʟʢʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ 

ʥʘ ʩʞʘʪʠʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 45Á ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʦʨʤʘʣʠ ʧʣʠʪʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʣʷ 

ʧʨʦʜʦʣʴʥʦʛʦā ʧʦʧʝʨʝʯʥʦʛʦ ʠ ʧʦ ʥʦʨʤʘʣʠ ʧʣʠʪʳ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʢʘʟʳʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʟʫʯʝʩʪʠ ʧʦʯʪʠ ʚ 6 ʨʘʟ. 
B [2] ʜʣʷ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʤʝʪʦʜʳā ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʫʧʨʫʛʦʡ ʠ ʠʜʝʘʣʴʥʦ-

ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯ. ʇʦʜʨʦʙʥʦʤʫ ʘʥʘʣʠʟʫ ʢʨʫʯʝʥʠʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʫʧʨʫʛʠʭ 

ʩʪʝʨʞʥʝʡ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [3], ʚ ʥʝʡ ʧʨʠʚʝʜʝʥʦ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʜʣʷ ʩʪʝʨʞʥʷ ʵʣʣʝʧʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ, ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʦʝ ʉʝʥ-ɺʝʥʘʥʦʤ. ɺʚʠʜʫ 

ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʨʫʯʝʥʠʷ ʧʨʠ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʧʦʣʟʫʯʝʩʪʠ ʜʘʞʝ ʜʣʷ ʩʪʝʨʞʥʷ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʝʥʥʦ. 

2. ʊʝʦʨʠʷ 

ʇʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ  nBsh= , ʧʨʦʮʝʩʩ ʧʦʣʟʫʯʝʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

                                     ,
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s
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ʛʜʝ ʌ  ï ʩʢʘʣʷʨʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ; 

ijs , ijhï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ 

ʧʦʣʟʫʯʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 
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ʛʜʝ T ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʦʪ ʥʘʧʨʷʞʝʥʠʡ. 
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ɸʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʣʠʯʠʠ ʧʨʝʜʝʣʦʚ 

ʪʝʢʫʯʝʩʪʠ, ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʘʥʠʟʦʪʨʦʧʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʧʦʣʟʫʯʝʩʪʠ ijB  (i=1,2,3 ʠʥʜʝʢʩʳ ʦʙʦʟʥʘʯʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʣʘʩʪʠʥʝ: 1 ï ʚʜʦʣʴ ʧʨʦʢʘʪʘ, 2 ï ʧʦʧʝʨʝʢ ʧʨʦʢʘʪʘ, 3 ï ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʳ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ ʦʜʠʥʘʢʦʚʳ. ʇʦʢʘʟʘʪʝʣʴ ʧʦʣʟʫʯʝʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ 

ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʂʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ, ʩʦʚʤʝʱʝʥʥʳʭ ʩ 

ʛʣʘʚʥʳʤʠ ʦʩʷʤʠ ʘʥʠʟʦʪʨʦʧʠʠ, ʠʤʝʝʪ ʚʠʜ:     
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ʆʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʫʯʘʶʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ ʧʝʨʝʩʪʘʥʦʚʢʦʡ 

ʠʥʜʝʢʩʦʚ. 

ʉʦʛʣʘʩʥʦ [2], ʩʢʦʨʦʩʪʴ ʧʦʛʦʥʥʦʛʦ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʚ 

ʩʤʳʩʣʝ ʧʦʣʟʫʯʝʩʪʠ ʢʨʫʛʣʦʛʦ ʩʪʝʨʞʥʷ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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ʘ ï  ʨʘʜʠʫʩ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ; 

ɼʣʷ ʦʙʨʘʟʮʘ, ʚʳʨʝʟʘʥʥʦʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʣʠʪʝ ʩʦ ʩʣʘʙʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʜ 45
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3. ʈʝʟʫʣʴʪʘʪʳ 

ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʤʘʪʝʨʠʘʣʦʚ (ʠʟʦʪʨʦʧʥʳʡ, 

ʪʨʘʥʩʪʨʦʧʥʳʡ ʧʦ ʥʦʨʤʘʣʠ ʠ ʧʨʦʜʦʣʴʥʦ-ʪʨʘʥʩʪʨʦʧʥʳʡ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʜʚʫʭ ʪʠʧʦʚ: 

SOLID45 ʠ BEAM189. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʣʷ ʩʧʣʘʚʘ ɺ95ʧʯʊ2 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 180
0
 ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʪʦʣʴʢʦ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʈʘʜʠʫʩ 

ʩʪʝʨʞʥʷ ʘ=0.02 ʤ, ʜʣʠʥʘ L=0.1 ʤ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʄ=3500  ʅĀʤ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɜ=0.4, ʤʦʜʫʣʴ ʖʥʛʘ ɽ=55000 ʄʇʘ, ʚʨʝʤʷ ʟʘʢʨʫʯʠʚʘʥʠʷ 

t=600 c. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ (6-7) ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʙʝʟ ʫʯʝʪʘ 

ʫʧʨʫʛʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʣʝʤʝʥʪʘʤʠ SOLID45 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʦʷʚʣʝʥʠʠ ʜʝʧʣʘʥʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʪʨʘʥʩʪʨʦʧʥʦʛʦ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ.1). ʊʘʢʞʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʨʘʩʯʝʪʘ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʘʤʠ BEAM189 ʵʪʦʡ ʢʘʨʪʠʥʳ ʜʝʧʣʘʥʘʮʠʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. ʅʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʭʦʨʦʰʝʝ ʩʭʦʜʩʪʚʦ ʩ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʘʤ (6-7)) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʫʛʣʦʚ 

ʟʘʢʨʫʯʠʚʘʥʠʷ, ʪʘʢ ʠ ʥʘʣʠʯʠʝʤ ʩʭʦʜʥʦʡ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. 
ʊʘʙʣ. ˉ1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ  

ʊʠʧ ʘʥʠʟʦʪʨʦʧʠʠ 
ʋʛʦʣ, ʚʳʯʠʩʣʝʥʥʳʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʨʘʜ 

ʋʛʦʣ, 

ʚʳʯʠʩʣʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Solid45, ʨʘʜ 

ʋʛʦʣ, 

ʚʳʯʠʩʣʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Beam189, ʨʘʜ 

ʀʟʦʪʨʦʧʥʳʡ 0.18 0.20 0.19 

ʊʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʠʟʦʪʨʦʧʥʳʡ ï 

ʧʨʦʜʦʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ 

0.51 0.595 0.6 

ʊʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʠʟʦʪʨʦʧʥʳʡ ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ 

ʥʦʨʤʘʣʠ 

1.77 1.8 1.67 
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ʈʠʩʫʥʦʢ ˉ1 ï ʂʘʨʪʠʥʘ ʩʤʝʱʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z (ʦʩʴ y ʩʦʚʧʘʜʘʝʪ ʩ  

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ ʧʣʠʪʳ) 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʢʫʧʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʝʪʘʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʠʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʩʣʘʙʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʢʨʫʯʝʥʠʝ ʩʪʝʨʞʥʝʡ. ʇʦʥʠʞʝʥʥʘʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʧʦʣʟʫʯʝʩʪʠ 

ʚ ʩʜʚʠʛʦʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ 

ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ (ʢʦʜ ʧʨʦʝʢʪʦʚ 15-01-07631-ʘ ʠ 16-08-00713-ʘ). 
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Abstract 

In this article the torsion of the rods cut from transversal-isotropic plate with 

the reduced resistance to creep deformation in a direction of 45
0
 to a plate normal is 

considered. A complex assessment by a finite-element analysis and the approximate 

calculations has shown the warping occur in a case when a rod is cut out from the 

plate in a longitudinal direction. In this case, the torsion angle value is factor of 3 

higher than the one in isotropic case. Analytical assessment and finite-element 

analysis for the case when rods are cut out from a plate in normal direction has shown 

the absence of warping. But the value of torsion angle in this case is by an order of 

magnitude more than isotropic one. 

Keywords: Creep; rod torsion; transversal-isotropic material; warping. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʫʧʨʫʛʠʭ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ, 

ʥʘʛʨʫʞʝʥʥʦʡ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ, ʩ ʥʘʣʠʯʠʝʤ ʥʘʯʘʣʴʥʦʡ 

ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ. ʊʨʫʙʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʪʝʨʞʝʥʴ ʧʝʨʝʤʝʥʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʥʘ ʜʚʫʭ ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ, ʥʘʛʨʫʞʝʥʥʳʡ ʧʝʨʝʨʝʟʳʚʘʶʱʝʡ ʩʠʣʦʡ, 
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ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ; ʫʧʨʫʛʘʷ ʦʧʦʨʘ; ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʝ ʩʠʩʪʝʤʳ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʠ ʩʪʨʝʣʴʙʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʩʪʚʦʣʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʫʯʝʪ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʚʳʩʪʨʝʣʝ, ʘ ʪʘʢ ʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʯʘʣʴʥʦʡ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴʶ ʦʩʠ ʢʘʥʘʣʘ ʩʪʚʦʣʘ. 

ʄʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʥʘʨʷʜʘ ʚ ʩʪʚʦʣʝ, ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʩʪʠʪʴ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʜʚʠʞʝʥʠʷ 

ʩʪʚʦʣʘ, ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʫʧʨʫʛʠʭ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʚʦʣʘ. 

ʉʪʚʦʣ ʧʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʨʫʙʘ (ʙʘʣʢʘ) ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʥʘ 

ʜʚʫʭ ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ, ʥʘʛʨʫʞʝʥʥʘʷ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʧʝʨʝʨʝʟʳʚʘʶʱʝʡ 

ʩʠʣʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʩʥʘʨʷʜʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʪʝʣʦ. ʆʙʷʟʘʪʝʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʥʘʯʘʣʴʥʦʡ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʦʩʠ ʪʨʫʙʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʪ ʥʝʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʫʩʠʣʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʥʘʨʷʜʘ ʩʦ ʩʪʚʦʣʦʤ. ʇʦʚʦʨʦʪ ʢʘʯʘʶʱʝʡʩʷ ʯʘʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʜʘʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʚʳʭʦʜʘ ʩʥʘʨʷʜʘ ʠʟ ʩʪʚʦʣʘ. 

ʅʝʫʯʝʪ ʧʦʚʦʨʦʪʘ ʩʪʚʦʣʘ ʢʘʢ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʜʦʧʫʩʪʠʤ ʪʦʣʴʢʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʠ ʦʜʠʥʦʯʥʦʡ ʩʪʨʝʣʴʙʝ, ʧʦʩʢʦʣʴʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʦʪʢʘʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʦʚʦʨʦʪ ʢʘʯʘʶʱʝʡʩʷ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ 

ʚʳʭʦʜʘ ʩʥʘʨʷʜʘ ʠʟ ʩʪʚʦʣʘ. ʇʨʠ ʦʜʠʥʦʯʥʦʡ ʩʪʨʝʣʴʙʝ ʢ ʤʦʤʝʥʪʫ ʩʣʝʜʫʶʱʝʛʦ 

ʚʳʩʪʨʝʣʘ ʩʪʚʦʣ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʜʦʧʫʱʝʥʠʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʩʪʚʦʣ ʥʝʧʦʜʚʠʞʝʥ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʢʘʥʘʣʘ ʩʪʚʦʣʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠ ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʚʦʣʘ ʠʟʚʝʩʪʥʳ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʫʨʘʚʥʝʥʠʝ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʪʚʦʣʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ[1]: 
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ʛʜʝ E  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ; J(x)=J  ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ; x  ï 

ʢʦʦʨʜʠʥʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʯʝʥʠʷ; r(x)=r  ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ; p(t)=p  ï 

ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʩʪʚʦʣʝ; Y+Y=y 0  ï ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʩʝʯʝʥʠʷ ʩʪʚʦʣʘ ʩ 

ʢʦʦʨʜʠʥʘʪʦʡ x ; (x)Y=Y 00  ï ʥʘʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʩʝʯʝʥʠʷ ʠʟ-ʟʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ; 

t)Y(x,=Y  ï ʩʤʝʱʝʥʠʷ ʩʝʯʝʥʠʡ ʩʪʚʦʣʘ, ʚʳʟʚʘʥʥʳʝ ʠʟʛʠʙʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ; 

N(x)=N  ï ʧʨʦʜʦʣʴʥʘʷ ʩʠʣʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʯʝʥʠʠ; ɟ ï ʧʣʦʪʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʩʪʚʦʣʘ; S(x)=S  ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʩʪʚʦʣʘ; (x)q=q yy  ï 
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ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʨʝʘʢʮʠʷʤʠ ʦʧʦʨ ʠ ʨʘʟʣʠʯʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʩʪʚʦʣ.  

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʫʯʠʪʳʚʘʝʪ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʫʶ ʩʠʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʷʚʣʷʶʱʫʶʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʙʣʠʟʢʠʭ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʩʪʚʦʣʘ (ʩʠʣʘ ɹʫʨʜʝʥʘ), ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʫʯʘʩʪʢʘ, 

ʥʘʛʨʫʞʝʥʥʦʛʦ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ.  

ʇʨʦʜʦʣʴʥʫʶ ʩʠʣʫ N(x)=N  ʚ ʥʝʢʦʪʦʨʦʤ ʩʝʯʝʥʠʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ x  ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʠʣʫ ʠʥʝʨʮʠʠ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʜʘʥʥʦʤ ʩʝʯʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʨʦʜʦʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʪʚʦʣʘ. ʇʫʩʪʴ cmm  ʤʘʩʩʘ ʩʪʚʦʣʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʣɻʝʤʝʥʪʘʤʠ, ʘ (x)m=m kk  ï ʤʘʩʩʘ ʫʯʘʩʪʢʘ ʩʪʚʦʣʘ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʯʝʥʠʷ ʜʦ 

ʩʚʦʙʦʜʥʦʛʦ ʣʝʚʦʛʦ ʪʦʨʮʘ. ʊʦʛʜʘ ʧʨʦʜʦʣʴʥʫʶ ʩʠʣʫ ʚ ʩʝʯʝʥʠʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ x  

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 

cm

k
p

cm

k

m

m
F=

m

pmˊr
=N

2

.     (2) 

ʋʨʘʚʥʝʥʠʝ (1) ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʜʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ. ɼʣʷ ʟʘʜʘʥʠʷ ʨʝʘʢʮʠʡ ʦʧʦʨ ʙʫʜʝʤ ʟʘʜʘʚʘʪʴ ʠʭ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʫʯʘʩʪʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʰʘʛʫ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 

ʩʝʪʦʯʥʦʡ ʟʘʜʘʯʠ. 

ɿʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʯʝʨʝʟ ʩʤʝʱʝʥʠʷ ʚ 

ʟʦʥʝ ʦʧʦʨ )Y(xa , )Y(xb , ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʫʛʠʤʠ ʠʟʛʠʙʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʚʦʣʘ ʠ 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1): 

)Y(xC=F ayA 1- ; )Y(xC=F byB 2- ,    (3) 

ʛʜʝ 
21 C,C  ï ʣʠʥʝʡʥʳʝ ʞʝʩʪʢʦʩʪʠ ʦʧʦʨ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʫʩʠʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʚʦʣʦʤ, ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ ʩʥʘʨʷʜʘ ʚʜʦʣʴ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʦʩʠ ʩʪʚʦʣʘ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ: 

),sin( 0qgWmF ycyC +-=      (4) 

ʛʜʝ cm  ï ʤʘʩʩʘ ʩʥʘʨʷʜʘ; g  ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ; 0q ï ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ 

ʩʪʚʦʣʘ; yW  ï ʫʩʢʦʨʝʥʠʝ ʧʦ ʦʩʠ OY : 
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ɿʥʘʯʝʥʠʝ yW  ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʟʥʘʯʝʥʠʠ ʬʫʥʢʮʠʠ 

ʥʘʯʘʣʴʥʦʡ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʦʩʠ ʪʨʫʙʳ ),( txyy= . 

ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʝʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʷʚʥʦʡ ʩʭʝʤʳ ʨʝʰʝʥʠʷ. ʉ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ j

ii

j

i YYy += ,0 , ʢʦʥʝʯʥʦ ʨʘʟʥʦʩʪʥʳʡ ʘʥʘʣʦʛ ʫʨʘʚʥʝʥʠʷ (1) ʠʤʝʝʪ 

ʚʠʜ: 
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ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʫʯʝʪʫ ʥʘʯʘʣʴʥʦʡ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʪʨʫʙʳ, 

ʢʦʪʦʨʘʷ ʟʘʜʘʚʘʣʘʩʴ ʩʤʝʱʝʥʠʝʤ ʪʦʯʝʢ, ʦʩʠ ʢʘʥʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʮʝʥʪʨʳ ʢʨʘʡʥʠʭ ʩʝʯʝʥʠʡ ʢʘʥʘʣʘ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʫʧʨʫʛʠʭ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʚʦʣʘ ʰʘʛ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʰʘʛ ʠʟʤʝʨʝʥʠʷ ʥʘʯʘʣʴʥʦʡ 

ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʩʪʚʦʣʘ, ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʙʫʜʝʪ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʫʩʠʣʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʥʘʨʷʜʘ ʩʦ ʩʪʚʦʣʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʜʦ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ 

ʚʢʣʶʯʠʪʝʣʴʥʦ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʫʶ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʦʥʘ ʠʤʝʝʪ ʨʘʟʨʳʚ 

ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʠ, ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʫʩʠʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʦʛʠʙʘ ʧʦ ʢʦʦʨʜʠʥʘʪʝ), ʚʦʟʥʠʢʘʶʪ 

ʥʝʬʠʟʠʯʝʩʢʠʝ ʦʩʮʠʣʣʷʮʠʠ ʨʝʰʝʥʠʷ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʪʘʙʣʠʯʥʦʡ ʬʫʥʢʮʠʠ 

ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʠ, 

ʠʥʦʛʜʘ, ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ çʨʘʟʚʘʣè ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʫʧʨʫʛʠʭ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʩʛʣʘʞʠʚʘʥʠʝ ʪʘʙʣʠʯʥʦʡ ʬʫʥʢʮʠʠ ʥʘʯʘʣʴʥʦʡ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʩ 
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ʧʦʩʣʝʜʫʶʱʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ. ʇʦʜʦʙʥʳʡ ʧʨʠʝʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʜʦ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ (ʨʠʩʫʥʦʢ 1), ʘ ʪʘʢ ʞʝ ʧʨʠ ʨʘʩʯʝʪʝ ʫʩʠʣʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʥʘʨʷʜʘ ʩʦ ʩʪʚʦʣʦʤ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʯʘʣʴʥʦʡ 

ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴʶ ʦʩʠ ʩʪʚʦʣʘ (ʨʠʩʫʥʦʢ 2).  

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠ ʧʨʠ 

ʨʘʩʯʝʪʝ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ XOZ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʩʥʘʨʷʜʘ ʠ ʩʪʚʦʣʘ ʚ ʤʦʤʝʥʪ ʚʳʭʦʜʘ 

ʩʥʘʨʷʜʘ ʟʘ ʜʫʣʴʥʳʡ ʩʨʝʟ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʠ ʩʪʨʝʣʴʙʝ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʘʙʣʠʯʥʦʡ ʬʫʥʢʮʠʠ ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʩʢʦʣʴʟʷʱʠʤ ʩʨʝʜʥʠʤ  

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʫʩʠʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʥʘʨʷʜʘ ʩʦ ʩʪʚʦʣʦʤ,  

ʚʳʟʚʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʡ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴʶ ʦʩʠ ʢʘʥʘʣʘ ʩʪʚʦʣʘ 
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Abstract 

In this article we considered the problem of numerical solution of the equation 

of transverse vibrations of tubes with initial curvature on elastic supports, in relation 

to the systems for special purposes, such as a tank gun. We describe the components 

of the equation and its calculation technique. We used the finite difference method in 

the aggregate with implicit difference scheme, because it is stable in most cases. We 

determined relations for the boundary conditions and conclusive system of equations 

to calculate one of the numerical methods (Gaussian elimination or Thomas 

algorithm, for example). Through the instrumentality of barrel vibrations in the 

process of firing, we can calculate initial perturbations of projectile that have a 

significant influence on the technical dispersion of projectiles. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʠʙʨʦʩʪʝʥʜʘ ʪʠʧʘ ɻʂʄ-1 ʩ 

ʦʜʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʜʚʫʤʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʠʙʨʦʩʪʝʥʜ, ʜʠʥʘʤʠʢʘ, 

ʫʨʘʚʥʝʥʠʷ ʅʠʣʴʩʝʥʘ. 

 

ɺʚʝʜʝʥʠʝ  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʠʙʨʦʩʪʝʥʜʳ ʨʘʟʥʳʭ ʪʠʧʦʚ ð ʵʪʦ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ ʠ 

ʧʨʠʙʦʨʦʚ, ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʭ ʜʝʪʘʣʝʡ, ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ, 

ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ [1,2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʧʨʦʩʪʝʡʰʝʛʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʠʙʨʦʩʪʝʥʜʘ ʪʠʧʘ 

ɻʄʂ-1 ʩ ʦʜʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʜʚʫʤʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, 

ʨʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

ʀʩʪʦʨʠʯʝʩʢʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʝ 

ʃʘʛʨʘʥʞʘ-ʄʘʢʩʚʝʣʣʘ [3], ʦʜʥʘʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʤʳ ʠ 

ʫʨʘʚʥʝʥʠʷ ʅʠʣʴʩʝʥʘ [3]. 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.1 ʩʠʩʪʝʤʳ ʧʦ 

ʅʠʣʴʩʝʥʫ. 

mailto:ajonn.r@mail.ru
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ʈʠʩ. 1. ɺʠʙʨʦʩʪʝʥʜ ʪʠʧʘ ɻʄʂ ï 1 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺʠʙʨʦʩʪʝʥʜ ʠʤʝʝʪ ʜʚʘ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʄʕʄ). 

ɺʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚʠʙʨʦʩʪʝʥʜʘ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʝ ʦʩʫʱʝʩʪʚʠʤ 

ʧʦʜʘʯʝʡ ʩʠʛʥʘʣʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ ‫ȟ̑ ́Ⱦ̅ὧ (όὸ
Ὗ ÓÉÎ‫ὸ ) ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ (ʕɻ) ʥʘ ʢʘʪʫʰʢʫ 1 ʩʠʣʦʚʦʛʦ 
ʄʕʄ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʜʚʠʞʥʳʤ ʰʪʦʢʦʤ 2. ɺʪʦʨʦʡ ʄʕʄ ʩʣʫʞʠʪ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʰʪʦʢʘ, ʝʛʦ ʢʘʪʫʰʢʘ 3 ʚʢʣʶʯʝʥʘ ʚ ʮʝʧʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʧʨʠʙʦʨʘ (ʀʇ).  

ʇʨʠʥʠʤʘʝʤ, ʯʪʦ ʤʘʩʩʘ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʚʠʙʨʦʩʪʝʥʜʘ ʨʘʚʥʘ m, 

ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥʳ 4 ʨʘʚʝʥ c, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ð 

h, ʠʥʜʫʢʮʠʷ ʚ ʟʘʟʦʨʘʭ ʧʦʣʶʩʥʳʭ ʩʠʩʪʝʤ ɺ1 ʠ ɺ2, ʜʣʠʥʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʘ 

ʢʘʪʫʰʝʢ L1, l1, R1, L1, l2, R2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ R=R2. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʨʝʜʳ ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ʆʧʨʝʜʝʣʠʤ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʦʩʪʝʥʜʘ ʚ ʜʠʥʘʤʠʢʝ. 

ʋʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ 

ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʪʝʥʜʘ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ 

ʅʠʣʴʩʝʥʘ: 

‬Ὕ

‬ή
ς
‬Ὕ

‬ή

‬ᴘ

‬ή
ὗ ὸ

Ὦ ρȟσ

  

 (1) 

ɿʜʝʩʴ ή ï ʦʙʦʙʱʸʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ. ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ 

   ή̍ ̆ ̖, ʤ- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ή̞ ȟ̠̌ ï̌ ʟʘʨʷʜ. ᴘï 
ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʈʝʣʝʷ, ὗ ὸðʦʙʦʙʱʝʥʥʘʷ ʩʠʣʘ, s-ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʩʠʩʪʝʤʳ. 

ɿʘ ʦʙʦʙʱʸʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʤʝʤ ʢʦʦʨʜʠʥʘʪʫ x ï ʦʪʩʯʠʪʳʚʘʝʤʫʶ ʦʪ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʫʞʠʥʳ, q1 ï ʟʘʨʷʜ, ʧʨʦʭʦʜʷʱʠʡ ʧʦ ʢʘʪʫʰʢʝ 1, q2 ï 

ʟʘʨʷʜ, ʧʨʦʭʦʜʷʱʠʡ ʧʦ ʢʘʪʫʰʢʝ 3. 

ɿʜʝʩʴ: 
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Ὕ ɂ ̘̠̋̉̎̆̓̉̆̒̋́ ̞̠̎̆̑̄̉ ̜̒̉̒̓̆̍Ƞ  (2) 

 

ᴘ ᴘ̍ ̖̆ ᴘ̞ =̌
 
 ï ʬʫʥʢʮʠʷ ʈʝʣʝʷ;    (3) 

 

ὗ άὫ ὧὼὊ Ὂ Ὂ Ƞ ὗ Ὗ ‐̉̎ Ƞ̅ ὗ ‐̉̎  ̅ (4) 

 

- ̧̜̏̂̏̂̎̎̆̚ ̒̉̌ȟ̜̄ ̅ ̆Ὂ ὍὄὰȠὊ Ὅὄὰ  ï ʩʠʣʳ ɸʤʧʝʨʘ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʢʘʪʫʰʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

‐̉̎̅ ὒὍȟ‐̉̎̅ ὒὍ  - ʕɼʉ ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʝʨʚʦʡ ʠ 

ʚʦ ʚʪʦʨʦʡ ʟʘʤʢʥʫʪʳʭ ʢʘʪʫʰʢʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʦʛʜʘ (1) ʧʨʠʤʫʪ ʚʠʜ: 

 
άὼ άὫ Ὤὼ ὧὼὍὄὰ Ὅὄὰ

ὒὍ ὙὍ Ὗ ÓÉÎ‫ὸ ὄὰὼ

ὒὍ ὙὍ ὄὰὼ

   (5) 

 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (5) ʚ ʇʨʝʜʩʪʘʚʣʝʥʠʠ ɺʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ɼʚʠʞʝʥʠʡ 

[3]: 

 
άὼ Ὤὼ ὧὼ άὫ Ὅὄὰ Ὅὄὰ

ὒὍ ὙὍ Ὗ ÓÉÎ‫ὸ ὄὰὼ

ὒὍ ὙὍ ὄὰὼ

   (6) 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (6), ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʥʝʡ 

ʧʨʦʠʩʭʦʜʷʪ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʪʦʢʦʤ ʵʥʝʨʛʠʠ ʦʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʦʙʨʘʪʥʦ.  

ʇʝʨʝʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (6) ʚ ʬʦʨʤʝ ʂʦʰʠ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

 

ừ
Ử
Ử
Ừ

Ử
Ử
ứ

ὼ ὺ

ὺ Ὤὺ ὧὼάὫ Ὅὄὰ Ὅὄὰ

ή Ὅ

Ὅ ὙὍ ὟÓÉÎ‫ὸ ὄὰὺ

ή Ὅ

Ὅ ςὙὍ ὄὰὺ

   (7) 

 

ʋʨʘʚʥʝʥʠʷ (7) ʧʦʟʚʦʣʷʶʪ ʯʠʩʣʝʥʥʦ ʨʘʩʩʯʠʪʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʜʚʠʞʝʥʠʷ ʩʪʦʣ ʚʠʙʨʦʩʪʝʥʜʘ, ʪʘʢ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ.  
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ʀʟʫʯʠʤ ʜʠʥʘʤʠʢʫ ʚʠʙʨʦʩʪʝʥʜʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ 

ʊʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

Um,

ɺ 

ʖ, 

ʨʘʜ/ʩ 

ʩ,ʅ/

ʤ 

h, 

ʅ 

c/ʤ 

B1l1

, 

ʤϽʊ

ʣ 

B2l2, 

ʤϽʊʣ 

L1, ɻʥ 

 

L2, ɻʥ R1, 

ʆʤ 

R2, 

ʆʤ 

m, 

ʢʛ 

10 314 3000

0 

125 150 1 ρȟχυ

Ͻρπ 

ρȟχυϽρπ 1,5 1,5 30 

 

ʇʨʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (7) ʧʨʠʤʝʪ ʚʠʜ: 

 

ừ
Ử
Ử
Ừ

Ử
Ử
ứ

ὼ ὺ

ὺ ρςȟυφὼ σππρυπὍ ςππὍ

ή Ὅ

Ὅ ρȟυὍ υπÓÉÎσρτὸ ρυπὺ

ή Ὅ

Ὅ τὍ ςππὺ

  (8) 

 

ʈʝʰʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (8), ʥʘʧʨʠʤʝʨ, ʚ MathCad-14. 

ʅʘ ʨʠʩ.2,3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʜʣʷ ʜʘʥʥʳʭ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1. 

 

 
ʈʠʩ. 2. ʇʨʦʮʝʩʩʳ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʮʝʧʠ 
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ʈʠʩ. 3. ʇʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʪʝʥʜʘ 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʠʧʘ ɻʄʂ-1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʨʘʚʥʝʥʠʡ ʅʠʣʴʩʝʥʘ. 
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ʋɼʂ 539.4 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ ɻʀɹʈʀɼʅʓʍ 

ʆʈʊʆɻʆʅɸʃʔʅʆ ɸʈʄʀʈʆɺɸʅʅʓʍ ʉʃʆʀʉʊʓʍ 

ʇʆʃʀɻʆʅɸʃʔʅʓʍ ʇʃɸʉʊʀʅ ʉ ɾɽʉʊʂʆʁ ʐɸʁɹʆʁ ʇʆɼ 

ɼɽʁʉʊɺʀɽʄ ɺɿʈʓɺʅʓʍ ʅɸɻʈʋɿʆʂ 
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ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʩ ʦʜʥʦʤʝʨʥʳʤ 

ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚ ʚʦʣʦʢʥʘʭ, ʨʘʩʩʤʦʪʨʝʥʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʛʠʙʨʠʜʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʠʩʪʳʭ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʩ ʞʝʩʪʢʦʡ ʰʘʡʙʦʡ, 

ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳʭ ʠʣʠ ʟʘʱʝʤʣʝʥʥʳʭ ʧʦ ʢʦʥʪʫʨʫ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʟʨʳʚʥʦʛʦ ʪʠʧʘ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʨʤʠʨʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʩʣʦʝ, ʤʘʪʝʨʠʘʣ ʧʣʘʩʪʠʥʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʢʚʘʟʠʠʟʦʪʦʨʧʥʳʤ, ʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ ʧʣʘʩʪʠʥ, ʩ ʟʘʤʝʥʦʡ ʚ ʥʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʝʣʴʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʠ ʦʩʪʘʪʦʯʥʳʝ ʧʨʦʛʠʙʳ 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ; ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ; 

ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ; ʛʠʙʨʠʜʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ; ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ; 

ʞʝʩʪʢʘʷ ʚʩʪʘʚʢʘ; ʚʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ; ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ; ʦʩʪʘʪʦʯʥʳʡ ʧʨʦʛʠʙ 

1. ɺʚʝʜʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʦʟʜʘʚʘʪʴ ʩʣʦʠʩʪʳʝ ʧʘʢʝʪʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʠʤʝʶʱʝʛʦʩʷ 

ʥʘʙʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʚʩʝʭ 

ʠʣʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʣʘʩʪʠʥ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ ʚʟʨʳʚʥʦʛʦ ʪʠʧʘ. ʆʮʝʥʢʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʘʩʪʠʥ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʟʨʳʚʥʳʭ ʥʘʛʨʫʟʦʢ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʘʤʠ 

ʠʤʧʫʣʴʩʥʦʡ ʰʪʘʤʧʦʚʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠ ʚʟʨʳʚʥʦʤ ʪʠʧʝ 

ʥʘʛʨʫʟʦʢ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʤʦʜʝʣʴ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʣʘ, ʙʣʘʛʦʜʘʨʷ ʝʝ ʧʨʦʩʪʦʪʝ ʠ ʫʜʦʙʩʪʚʫ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ [1, 2]. ʈʘʟʥʳʝ ʚʠʜʳ 
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ʘʨʤʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʙʣʘʜʘʶʪ ʩʚʦʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʧʦʵʪʦʤʫ ʦʥʠ ʜʦʣʞʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʱʠʡ ʤʝʪʦʜ 

ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʛʠʙʨʠʜʥʳʭ, ʦʨʪʦʛʦʥʘʣʴʥʦ ʠ ʤʦʟʘʠʯʥʦ 

ʘʨʤʠʨʦʚʘʥʥʳʭ, ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʠʩʪʳʭ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʩ 

ʞʝʩʪʢʦʡ ʰʘʡʙʦʡ. 

2. ʊʝʦʨʠʷ.   

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʣʘʩʪʠʥ ʩ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳʤ ʠʣʠ 

ʟʘʱʝʤʣʝʥʥʳʤ n -ʫʛʦʣʴʥʳʤ ʢʦʥʪʫʨʦʤ , ʦʧʠʩʘʥʥʳʤ ʦʢʦʣʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ 

. ɺ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʳ ʥʘʭʦʜʠʪʩʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʘʷ ʚʩʪʘʚʢʘ  ʩ -ʫʛʦʣʴʥʳʤ 

ʢʦʥʪʫʨʦʤ, ʧʦʜʦʙʥʳʤ ʢʦʥʪʫʨʫ  ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʜʦʙʠʷ  (ʨʠʩ. 1). 

ʄʘʪʝʨʠʘʣ ʚʩʪʘʚʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ c ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ . 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʣʘʩʪʠʥʳ ʩʦʩʪʦʠʪ ʠʟ  ʪʨʘʧʝʮʠʡ i i i iABC D  ( 1,...,i n= ), 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʣʦʠʩʪʳʤ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʣʦʝʚ. ɺ ʢʘʞʜʦʤ ʩʣʦʝ ʚʦʟʤʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʚʟʘʠʤʥʦ-

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʝʤʝʡʩʪʚ ʘʨʤʘʪʫʨʳ (ʠʟ ʦʜʠʥʘʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʘʨʤʠʨʦʚʘʥʠʷ kw  ʜʣʷ ʢʘʞʜʦʛʦ k-ʛʦ ʩʣʦʷ). ʇʨʠ 

ʵʪʦʤ ʚ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ  ʫʛʦʣ ikb  ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʨʤʠʨʦʚʘʥʠʷ 1 ʠ 

ʩʪʦʨʦʥʦʡ  ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ (ʨʠʩ. 1), ʪʦ ʝʩʪʴ ʘʨʤʠʨʦʚʘʥʠʝ ʤʦʟʘʠʯʥʦʝ. 

   
   ʈʠʩ.1. ʉʭʝʤʘ 1.    ʈʠʩ.2. ʉʭʝʤʘ 2. 

 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʣʦʠʩʪʳʡ ʧʘʢʝʪ, ʷʚʣʷʶʪʩʷ ʩʦʨʘʟʤʝʨʥʳʤʠ. ʇʦ ʪʦʣʱʠʥʝ ʢʘʞʜʳʡ ʩʣʦʡ ʠʤʝʝʪ 

ʨʝʛʫʣʷʨʥʫʶ ʠ ʢʚʘʟʠʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʠʜʝʘʣʴʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ʊʦʛʜʘ ʜʣʷ ʩʣʦʠʩʪʳʭ 

ʧʣʘʩʪʠʥ ʧʨʠʝʤʣʝʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʧʦʪʝʟ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ. ʉʪʨʫʢʪʫʨʘ 

ʘʨʤʠʨʦʚʘʥʠʷ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʳʡ ʚʠʜ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʘʨʤʠʨʦʚʘʥʥʳʭ ʠ ʥʝʘʨʤʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʚ ʧʣʘʩʪʠʥʝ, ʘ ʪʘʢʞʝ 

ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ikb  ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ ʠ ʚ ʨʘʟʥʳʭ ʪʨʘʧʝʮʠʷʭ i i i iABC D . ɼʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʘʩʪʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʘ 
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r  ï ʧʦʣʦʚʠʥʘ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ; 0kr  ï ʧʣʦʪʥʦʩʪʴ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚ k-ʤ ʩʣʦʝ; kr ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʘʨʤʘʪʫʨʳ ʚ k-ʤ ʩʣʦʝ; kh  ï ʢʦʦʨʜʠʥʘʪʳ 

ʨʘʟʜʝʣʘ ʩʣʦʝʚ; 0 0h = , rh H= , 2H  ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ. ʉʯʠʪʘʝʤ, ʯʪʦ / 1a ²r r .  

ʇʣʘʩʪʠʥʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ( )P t  ʚʟʨʳʚʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ max (0)P P=  

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ 0t=, ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʝʢʨʘʱʘʝʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʠ t T= . ɺ ʨʘʤʢʘʭ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʣʘʩʪʠʥʘ ʙʫʜʝʪ 

ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʞʝʩʪʢʠʭ ʦʙʣʘʩʪʝʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʣʠʥʝʡʥʳʤʠ 

ʧʣʘʩʪʠʯʝʩʢʠʤ ʰʘʨʥʠʨʘʤʠ. 

ʆʙʦʟʥʘʯʠʤ ʚ k-ʤ ʩʣʦʝ ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʨʤʠʨʦʚʘʥʠʷ 1 ʠ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʰʘʨʥʠʨʥʦʡ ʣʠʥʠʝʡ ʯʝʨʝʟ km. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʫʭ ʩʝʤʝʡʩʪʚ 

ʚʦʣʦʢʦʥ ʘʨʤʘʪʫʨʳ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳ, ʥʘ ʵʪʦʡ ʰʘʨʥʠʨʥʦʡ ʣʠʥʠʠ 

ʦʩʨʝʜʥʝʥʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 
0 jks  ( 1,2j = ) ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʩʣʦʝ k-ʛʦ 

ʩʣʦʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʫʪʦʯʥʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ 

ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʩ ʦʜʥʦʤʝʨʥʳʤ ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚ ʚʦʣʦʢʥʘʭ [3]: 
2 2 2 2

0 0 0(1 cos sin ) cos sin (1 )jk k k k k k k k k k k k k k k ks w m w m s ws m ws m w s ws= - - + + = - +, 

0ks  ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ʚ k-ʤ ʩʣʦʝ; ks  ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʘʨʤʘʪʫʨʳ ʚ k-ʤ ʩʣʦʝ. ʅʘ ʰʘʨʥʠʨʥʳʭ ʧʨʷʤʳʭ ʣʠʥʠʷʭ ʧʨʝʜʝʣʴʥʳʝ ʠʟʛʠʙʘʶʱʠʝ 

ʤʦʤʝʥʪʳ 01M , 02M , ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʵʪʠʤ ʰʘʨʥʠʨʘʤ, ʙʫʜʫʪ ʨʘʚʥʳ: 

[ ]2 2 2 2
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M h h h hs w s ws- -
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-= -+- =ä ä .  ( 1,2j = ). 

ɺʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʘʨʘʤʝʪʨʳ ʘʨʤʠʨʦʚʘʥʠʷ 0ks , ks , kw  ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʦʯʝʢ ʧʣʘʩʪʠʥʳ, ʪʦ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ 01M , 02M  ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʫʛʣʦʚ km, ʧʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʘʨʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʚʘʟʠʠʟʦʪʨʦʧʥʳʤ. ʕʪʦʪ ʚʳʚʦʜ 

ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʧʨʠ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʧʦʩʢʦʣʴʢʫ, ʥʘʧʨʠʤʝʨ, ʚ 

ʨʘʤʢʘʭ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣ ʧʣʘʩʪʠʥʳ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʠʜʝ ʘʨʤʠʨʦʚʘʥʠʠ 

ʥʝ ʙʫʜʝʪ ʢʚʘʟʠʠʟʦʪʨʦʧʥʳʤ. ʆʙʦʟʥʘʯʠʤ 

[ ]0 10

2 2

1

(1 2 ) ( )k k ka k kk

r

k

M h h-
=

= -- +ä w s ws .    (2) 

ʊʦʛʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʚʘʟʠʠʟʦʪʦʨʧʥʳʭ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ 

ʧʣʘʩʪʠʥ, ʩ ʟʘʤʝʥʦʡ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ [2, 4] ʥʘ 0aM  

ʠʟ (2) ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ ʥʘ ʟʥʘʯʝʥʠʝ (1). 

ɺ ʜʠʥʘʤʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʘʩʪʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ maxP  

ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʩʭʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʥʘʛʨʫʟʢʘʭ, ʥʝʤʥʦʛʦ 

ʧʨʝʚʳʰʘʶʱʠʭ ʧʨʝʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ (ñʩʨʝʜʥʠʭò ʥʘʛʨʫʟʢʘʭ), ʩʭʝʤʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ n  ʞʝʩʪʢʠʭ 

ʦʙʣʘʩʪʝʡ iZ  ʚ ʬʦʨʤʝ ʪʨʘʧʝʮʠʡ i i i iABC D, ʘ ʚʥʫʪʨʝʥʥʠʝ ʰʘʨʥʠʨʳ ʧʨʦʡʜʫʪ ʯʝʨʝʟ 

ʚʝʨʰʠʥʳ ʰʘʡʙʳ. ʆʙʣʘʩʪʠ iZ  ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʦʧʦʨʥʳʭ ʢʦʥʪʫʨʦʚ; ʘʙʩʦʣʶʪʥʦ 
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ʞʝʩʪʢʘʷ ʚʩʪʘʚʢʘ aZ  ʠ ʪʦʯʢʠ ʝʝ ʢʦʥʪʫʨʘ ʜʚʠʞʫʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ (ʩʭʝʤʘ 1 ʥʘ ʨʠʩ. 

1). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʟʛʠʙʘ ʦʜʥʦʨʦʜʥʳʭ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʩ ʞʝʩʪʢʦʡ 

ʚʩʪʘʚʢʦʡ [2, 4], ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ maxP  ( max 1P P> ) ʜʠʥʘʤʠʢʘ 

ʧʣʘʩʪʠʥʳ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʦʢʦʣʦ ʚʩʪʘʚʢʠ aZ  ʦʙʣʘʩʪʠ 
pZ , 

ʜʚʠʞʫʱʝʡʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ (ʩʭʝʤʘ 2 ʥʘ ʨʠʩ. 2; ñʚʳʩʦʢʠʝò ʥʘʛʨʫʟʢʠ). ɺʥʝʰʥʠʡ 

ʢʦʥʪʫʨ ʦʙʣʘʩʪʠ 
pZ  ʧʦʜʦʙʝʥ ʢʦʥʪʫʨʫ L  ʠ ʚ ʥʝʛʦ ʤʦʞʥʦ ʚʧʠʩʘʪʴ ʦʢʨʫʞʥʦʩʪʴ 

ʨʘʜʠʫʩʘ 2Rg  ( 1 2 1g g¢ <). ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ [4] ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 0P  ʠ 

ʥʘʛʨʫʟʢʘ 1P  ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʨʦʥ n  ʠ ʨʘʚʥʳ: 

[ ]
2 3

0 0 16 (2 ) / (1 )aP M Rh g= - - ; { [ ]}
2 2

1 0 1 1 112 (2 ) / (1 ) 2(1 2 ) (1 3 )a

a

P M R
r

h g g g
r

= - - + - +, 

1h=  ʧʨʠ ʰʘʨʥʠʨʥʦʤ ʦʧʠʨʘʥʠʠ ʢʦʥʪʫʨʘ, 0h=  ʧʨʠ ʝʛʦ ʟʘʱʝʤʣʝʥʠʠ. ɺʠʜʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʨʤʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 0aM  ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʩʪʘʪʦʯʥʳʡ ʧʨʦʛʠʙ ʧʨʠ 0 max 1P P P< ¢  (ñʩʨʝʜʥʠʝò ʥʘʛʨʫʟʢʠ) ʨʘʚʝʥ: 

[ ]
2

21 1
02

1 1 1 0 0

2(1 )
( ( ) ) /(2 ) ( )

6 (1 )(1 3 )

T T

a

w P t dt P tP t d t
g g

r g r g g

+ +
= -

+ - + ñ ñ . 

ɺ ʩʣʫʯʘʝ ñʚʳʩʦʢʠʭò ʥʘʛʨʫʟʦʢ (max 1P P> ) ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ (max( )P t P=  

ʧʨʠ 0 t T¢ ¢, ( ) 0P t =  ʧʨʠ t T> ) ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʩʪʘʪʦʯʥʳʡ ʧʨʦʛʠʙ ʨʘʚʝʥ: 

{
[ ] [ ]

}
2 2

0 10

2
2 2 2 2

0 1 0 0 0 1 1 1 1

2 ( /2) ( )6 (2 )

(1 ) 2 ( 1)(1 2 ) (1 ) (1 ) 6 (1 )(1 3 )
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a a

T t T t tM
w

R
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r r
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, 

[ ]{ [ ]}2 2 2 2 2 2

1 0 0 0 1 1 1 0 1 0 0 00
1 (1 ) (1 ) / (1 ) 2 ( 1)(1 2 ) (1 )at T

r
g g g g g g g g g g g g

r

å õ
= + + - - + - - - + + +æ ö
ç ÷

, 

{
[ ]

[ ]
}

2 2 2

0 0 0 1 1 1 1 2 1
2

0
2 2 2

0 1 0 0 0

(1 ) (1 ) (1 ) 6 (1 )(1 3 )

1

(1 ) 2 ( 1)(1 2 ) (1 )
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f
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t T

r
g g g g g g g g g g

r
g

r
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+ - - + - + - + - +

= +

- - + + +

, 

ʛʜʝ 
ft  ï ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʜʚʠʞʝʥʠʷ, ʘ 0g ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

[ ][ ]2 2 2 2 2 2 2

max 0 0 0 0 1 0 1 0(1 ) 2 ( )(1 2 ) (1 ) / ( ) 12 (2 ) /a a
P M Rg g r r g rg g r g r g g h- - + + + + - = -. 

3. ʏʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʘ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʘʷ ʯʝʪʳʨʝʭʩʣʦʡʥʘʷ ʢʚʘʜʨʘʪʥʘʷ 

ʧʣʘʩʪʠʥʘ: 2r = , 2h H= , 0 0kr r= , 0 0/ / 3k ar r r r= =, 0 0ks s= , 0/ 10ks s=  ( 1,2)k= . 

ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʟʤʦʞʥʳ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʚʷʟʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ 

ʘʣʶʤʠʥʠʝʤ, ʘ ʤʘʪʝʨʠʘʣ ʰʘʡʙʳ ʠ ʘʨʤʘʪʫʨʳ ï ʩʪʘʣʴʶ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 0p  (ʥʠʞʥʠʝ ʢʨʠʚʳʝ) ʠ 

ʥʘʛʨʫʟʢʠ 1p  (ʚʝʨʭʥʠʝ ʢʨʠʚʳʝ) (2 2

0/( )m mp P R H= s , 0,1m= ) ʦʪ ʨʘʟʤʝʨʘ ʰʘʡʙʳ 1g 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʢʨʠʚʳʝ 1 ï ʙʝʟ ʘʨʤʠʨʦʚʘʥʠʷ 1 2 0w w= =; ʢʨʠʚʳʝ 2 ï 

1 0,25h H= , 1 0,2=w , 2 0=w ; 3 ï 1 0,75h H= , 1 0,2/3 0,067= ºw , 2 0=w ; 4 ï 1 0,6h H= , 
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1 0=w , 2 0,125=w ; 5 ï 1 0,93h H= , 1 0w= , 2 5/7 0,71= ºw . ɺ ʩʣʫʯʘʷʭ 2 ï 5 ʧʦʣʥʳʡ 

ʨʘʩʭʦʜ ʘʨʤʘʪʫʨʳ ʩʦʚʧʘʜʘʝʪ. ʇʨʠ ʵʪʦʤ ʝʝ ʨʘʟʣʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʪʦʣʱʠʥʝ 

ʧʣʘʩʪʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 0p  ʠ 1p, ʢʦʪʦʨʳʝ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʨʤʘʪʫʨʳ ʙʣʠʞʝ ʢ ʣʠʮʝʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʣʘʩʪʠʥʳ. ʅʘ ʨʠʩ. 4 

ʧʨʠʚʝʜʝʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʧʨʦʛʠʙʳ 2

0

2

0

2 /( )Hu wR T= sr  

ʧʣʘʩʪʠʥʳ ʩ 1 0,4=g  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
max 0/P P=z  (

0P  ï ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠ 

1 2 0w w= =) ʚ ʩʣʫʯʘʝ ʥʘʛʨʫʟʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʇʘʨʘʤʝʪʨʳ 

ʘʨʤʠʨʦʚʘʥʠʷ ʢʨʠʚʳʭ 1 ï 5 ʪʝ ʞʝ, ʯʪʦ ʠ ʜʣʷ ʨʠʩ. 3. ɼʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ 
max 0/ft P P= . 

     
    ʈʠʩ.3. ʇʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʠ ʥʘʛʨʫʟʢʘ 1p .         ʈʠʩ.4. ʄʘʢʩʠʤʘʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʧʨʦʛʠʙʳ. 

 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʚʘʟʠʠʟʦʪʨʦʧʥʳʭ ʧʣʘʩʪʠʥ ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ 

ʚ ʩʣʫʯʘʝ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦ ʜʚʫʤ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤ ʚ ʦʙʣʘʩʪʷʭ i i i iABC D  ( 1,...,i n= ). ʇʨʠ ʵʪʦʤ, 

ʯʪʦʙʳ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʧʣʦʪʥʦʩʪʴ ʘʨʤʠʨʦʚʘʥʠʷ kw  ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ, ʪʦʣʱʠʥʘ 

ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ ʜʦʣʞʥʘ ʙʳʪʴ ʧʝʨʝʤʝʥʥʦʡ.  

4. ɺʳʚʦʜʳ. 

ʇʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ 

ʛʠʙʨʠʜʥʳʭ, ʦʨʪʦʛʦʥʘʣʴʥʦ ʠ ʤʦʟʘʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʩʣʦʠʩʪʳʭ ʧʣʘʩʪʠʥ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦ ʜʚʫʤ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 0ks , ks , kw, ʤʘʪʝʨʠʘʣ ʧʣʘʩʪʠʥʳ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʚʘʟʠʠʟʦʪʦʨʧʥʳʤ, ʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʦʧʫʩʪʠʤʳ ʩʭʝʤʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ ʧʣʘʩʪʠʥ, ʩ ʟʘʤʝʥʦʡ ʚ ʥʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʨʤʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥ ʠ ʥʘ ʦʩʪʘʪʦʯʥʳʝ ʧʨʦʛʠʙʳ. ʇʨʠ 

ʧʦʩʪʦʷʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ 0ks , ks , kw, ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʝʤʝʡʩʪʚ ʚʦʣʦʢʦʥ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʝʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʠ 

ʦʩʪʘʪʦʯʥʳʝ ʧʨʦʛʠʙʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʣʘʩʪʠʥ ʥʝʪ ʩʤʳʩʣʘ ʜʝʣʘʪʴ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʠʭ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ.  ɽʩʣʠ ʩʝʪʢʘ ʘʨʤʠʨʦʚʘʥʠʷ ʦʢʘʞʝʪʩʷ ʥʝʤʥʦʛʦ 
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ʧʦʚʝʨʥʫʪʘ ʠʣʠ ʩʜʚʠʥʫʪʘ ʠʟ-ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪʦ ʵʪʦ ʪʘʢʞʝ ʥʝ 

ʧʦʚʣʠʷʝʪ ʥʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʧʣʘʩʪʠʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʧʦʣʥʦʤ 

ʨʘʩʭʦʜʝ ʘʨʤʘʪʫʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʣʦʢʦʥ ʧʦ ʪʦʣʱʠʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʣʘʩʪʠʥ: ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʨʤʘʪʫʨʳ ʙʣʠʞʝ ʢ ʣʠʮʝʚʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʣʘʩʪʠʥʳ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʦʩʪʘʪʦʯʥʳʝ ʧʨʦʛʠʙʳ ʫʙʳʚʘʶʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-01-00102-ʘ). 
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MODELING OF DYNAMIC BEHAVIOR OF  HYBRI D ORTHOGONAL 

REINFORCED LAYER  POLYGONAL PLATE WITH RIGID INSERT 

UNDER EXPLOSIVE LOADS  

 

Romanova Tatiana Pavlovna, Ph.D. (Physics and Mathematics), Senior Researcher 

Khristianovich Institute of Theoretical and Applied Mechanics SB RAS, 630090, 4/1, 

Institutskaia str., Novosibirsk, Russian Federation,  

e-mail lab4nemir@gmail.com 

 

Within the model of ideal rigid-plastic material using structural model of reinforced 

layer with one-dimensional stress state in the fibers, dynamic bending is studied for 

hybrid orthogonal, mosaic-reinforced layered metal-composite simply supported or 

clamped polygonal plates with rigid insert under the action of dynamic uniformly 

distributed loads of explosive type. It was obtained that in the case of constant 

parameters of the reinforcement in each layer, the material of the plate can be 

considered as quasi-isotropic, and scheme of deformation developed for 

homogeneous plates can be used for calculation when change their values of limit 

bending moments and surface density of plate material. Limit load and final 

deflections of the reinforced plates are defined. Numerical examples are given for the 

different structures of reinforcement. It is shown that, in the case of the same total 

quantity of reinforcement, the distribution of reinforcement along the thickness 

significantly affects the carrying capacity of the layered plates. 

Keywords: rigid-plastic model; structural model; orthogonal reinforcement; hybrid 

reinforcement; polygonal plate; rigid insert; explosive load; limit load; final 

deflection 
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ɺʆ ɺ ɸɺɸʈʀʁʅʓʍ ʈɽɾʀʄɸʍ 

 

ʢ.ʪ.ʥ. ʈʫʩʩʢʠʡ ɽʚʛʝʥʠʡ ʖʨʴʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠʤ. ʅ.ɸ. ʏʠʥʘʢʘʣʘ ʉʆ ʈɸʅ, ʂʨʘʩʥʳʡ ʧʨʦʩʧʝʢʪ, 

 ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 630091, ʈʦʩʩʠʷ 

geomining@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʘʨʘʤʝʪʨʳ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʚ ʰʘʭʪʘʭ, ʠ 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʰʘʭʪʥʳʭ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʦʩʝʚʳʤʠ 

ʚʝʥʪʠʣʷʪʦʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʦʥʦʚʢʘ ʨʦʪʦʨʘ ʦʩʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɼʣʷ 

ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ 

ʚʦʟʤʫʱʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʰʘʭʪʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʞʠʤ ʨʘʙʦʪʳ ʫʟʣʦʚ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠʤʝʶʪ ʚʦʟʤʫʱʝʥʠʷ 

ʦʪ ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ, ʚʦʟʤʫʱʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʪ ʢʦʪʦʨʳʭ ʚʣʠʷʶʪ ʥʘ 
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ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʘʭ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʨʘʱʝʥʠʷ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʥʘʡʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚ ʚʘʣʘʭ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʢʨʫʯʝʥʠʠ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʦʚ ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʨʝʩʫʨʩʘ ʠʭ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʭʪʥʳʡ ʦʩʝʚʦʡ ʚʝʥʪʠʣʷʪʦʨ, ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ, ʚʥʝʟʘʧʥʳʝ 

ʚʳʙʨʦʩʳ, ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʝʪʴ, ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʚʘʣʳ, ʥʘʧʨʷʞʝʥʠʷ, ʨʝʩʫʨʩ 

ʨʘʙʦʪʳ 

ɸʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʚ ʰʘʭʪʘʭ, ʪʘʢʠʝ ʢʘʢ ʚʟʨʳʚ ʤʝʪʘʥʘ, ʚʥʝʟʘʧʥʳʝ 

ʚʳʙʨʦʩʳ, ʧʦʞʘʨʳ, ʚʣʠʷʶʪ ʥʘ ʫʟʣʳ ʚʝʥʪʠʣʷʪʦʨʘ, ʘ ʠʤʝʥʥʦ, ʥʘ ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʦʢ, 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʨʘʙʦʪʳ. ʂʦʤʧʦʥʦʚʢʘ ʚʝʥʪʠʣʷʪʦʨʘ ʩʝʨʠʠ ɺʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1. 

ʇʦʞʘʨʳ, ʚ ʩʠʣʫ ʩʚʦʝʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʫ ʫʟʣʦʚ ʚʝʥʪʠʣʷʪʦʨʘ. ɺʟʨʳʚʳ, ʠʟ-ʟʘ 

ʫʜʘʣʝʥʥʦʩʪʠ ʬʨʦʥʪʘ ʨʘʙʦʪ ʦʪ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʤʘʣʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʠʟʛʠʙʦʚ ʩʪʚʦʣʘ, ʪʘʢʞʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʝʥʪʠʣʷʪʦʨ. 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʘʙʦʪʫ ʚʝʥʪʠʣʷʪʦʨʘ, ʷʚʣʷʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷ 

ʦʪ ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ. 

 
ʈʠʩʫʥʦʢ 1.1 ï ʂʦʤʧʦʥʦʚʢʘ ʨʦʪʦʨʘ ʦʩʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ: 1, 5 ï ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ, 

2 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, 3 ï ʤʫʬʪʘ, 4 ï ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ, 6 ï ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ ʧʦʢʘʟʘʣʠ [1], ʯʪʦ 

ʚʝʨʭʥʷʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʫʱʝʥʥʦʛʦ 

ʧʦʪʦʢʘ ʨʘʚʥʘ 0,5 ʨʘʜ/ʩ (ʩʤ. ʨʠʩʫʥʦʢ 1.2ʘ).  ʊʘʢʦʡ ʧʦʪʦʢ ʥʝ ʧʨʠʚʝʜʝʪ ʢ 

ʨʝʟʦʥʘʥʩʥʳʤ ʷʚʣʝʥʠʷʤ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʠ 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʟʤʫʱʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʰʘʭʪʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʚʩʣʝʜʩʪʚʠʝ ʚʟʨʳʚʘ 

ʤʝʪʘʥʘ ʠ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ  (ʩʤ. ʨʠʩʫʥʦʢ 1.2ʙ ʠ 2ʚ).  ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʟʤʫʱʝʥʥʳʡ ʚʟʨʳʚʦʤ ʧʦʪʦʢ ʜʝʡʩʪʚʫʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ  (º 0,1 

ʩ) ʠ  ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ (628 ï 6280 ʨʘʜ/ʩ), ʜʘʣʝʢʦ ʦʪʩʪʦʷʱʝʡ ʦʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʚʟʨʳʚ ʥʝ ʦʧʘʩʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʦʩʪʘ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʦʥʘʥʩʘ.   

ɺʦʟʤʫʱʝʥʥʳʡ ʠʤʧʫʣʴʩ ʜʘʚʣʝʥʠʷ ʦʪ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ ʠʤʝʝʪ ʩʢʘʯʦʢ 

ʜʘʚʣʝʥʠʷ ʜʦ 12 ʢʇʘ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ ʠ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ  ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. ʇʨʠ 

ʵʪʦʤ ʫʜʘʨʥʘʷ ʚʦʟʜʫʰʥʘʷ ʚʦʣʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʦʟʥʠʢʘʝʪ, ʘ ʩʧʝʢʪʨ ʯʘʩʪʦʪ 

ʠʤʧʫʣʴʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ  0,63 ï 31,4 ʨʘʜ/ʩ. ʕʪʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ  

ʦʧʘʩʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʠʤʧʫʣʴʩʘ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʘʤʠ ʩʦʙʩʪʚʝʥʥʳʭ   
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ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.   

 

 
ʈʠʩʫʥʦʢ 1.2 ï  ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ ʚʦʟʤʫʱʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʚ 

ʰʘʭʪʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ: ʘ - ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ; ʙ - 

ʚʦʟʤʫʱʘʶʱʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʚʟʨʳʚʘ ʤʝʪʘʥʘ; ʚ - ʦʪ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ. ʈ0 

ï ʥʦʤʠʥʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʘʭʪʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ (ʙʝʟ ʚʦʟʤʫʱʝʥʠʡ); ʈ ï ʜʘʚʣʝʥʠʝ ʩ 

ʫʯʝʪʦʤ ʚʦʟʤʫʱʝʥʠʡ ʚ ʩʝʪʠ (ʚʦʟʤʫʱʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ï 

ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʣʷʜ, ʜʚʝʨʝʡ, ʦʪʢʣʶʯʝʥʠʝ ʠ ʚʢʣʶʯʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ ʤʝʩʪʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ɺʦʟʤʫʱʝʥʠʷ ʦʪ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʚʣʠʷʶʪ ʥʘ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʠ. ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʘʣʦʚ. ʂʦʨʝʥʥʳʝ ʚʘʣʳ 

ʚ ʩʠʣʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʳ (ʜʦ 3 ʤ) ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʚʦʟʤʫʱʘʶʱʠʭ 

ʠʤʧʫʣʴʩʦʚ, ʢʘʢ ʠ ʣʦʧʘʪʢʠ ï ʘʤʧʣʠʪʫʜʘ ʚʦʟʤʝʱʝʥʠʡ ʥʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 

ʚʦʟʤʫʱʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʜʘʚʣʝʥʠʡ ʚʦʟʜʫʭʘ ï ʥʘ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʚʘʣʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʦʡ (ʜʦ 10 ʤ) ʠ ʤʝʥʴʰʠʤʠ ʜʠʘʤʝʪʨʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʝʥʥʳʤʠ ʚʘʣʘʤʠ.  

ɺʦʟʤʫʱʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʪ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ ʚʣʠʷʶʪ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ 

ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʘʭ. ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʘʣʘʭ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʨʝʩʫʨʩ ʨʘʙʦʪʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ, ʥʘ ʅɼʉ ʚʘʣʦʚ ʠ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʜʣʷ ʦʮʝʥʢʠ ʫʛʣʦʚʳʭ ʘʤʧʣʠʪʫʜ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʠ ʨʘʩʯʝʪʘ ʅɼʉ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ 4-ʤʷ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ [2]:   
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   (1)

     

ʛʜʝ  Md ï  ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ  ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦ ʬʦʨʤʫʣʝ ʂʣʦʩʩʘ;   ʄb ï  ʤʦʤʝʥʪ 

ʥʘ ʚʘʣʫ ʚʝʥʪʠʣʷʪʦʨʘ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ),  ʟʘʜʘʝʪʩʷ  ʢʘʢ ʬʫʥʢʮʠʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,33 ʜʦ 0,696 ɤ
2
,   ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʤʝʥʝʝ 3 ʨʘʜ/ʩ  ʄb   ʨʘʚʝʥ 

ʩʫʤʤʘʨʥʦʤʫ ʤʦʤʝʥʪʫ  ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ;  ʄv ï ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ 

ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʦʪ ʚʟʨʳʚʘ ʠʣʠ 

ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,1 ʜʦ 1 Md; ij  ï ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ  i-ʛʦ 

ʩʝʯʝʥʠʷ;   ij# ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ i-ʛʦ ʩʝʯʝʥʠʷ;   ij##  ï  ʫʛʣʦʚʦʝ  ʫʩʢʦʨʝʥʠʝ i-ʛʦ 

ʩʝʯʝʥʠʷ; 1, +iic  ï  ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʫʯʘʩʪʢʘ ʚʘʣʘ ʤʝʞʜʫ i-ʤ ʠ (i+1)ïʤ 

ʩʝʯʝʥʠʝʤ   ʩ ʫʯʝʪʦʤ  ʞʝʩʪʢʦʩʪʠ ʩʪʳʢʦʚ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʧʝʨʝʜʘʶʱʠʭ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ;  m ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʚʘʣʘ (223,83  
Hʤʩ

2
); J1 ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ;  J4  ï  ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʨʦʪʦʨʘ ʚʝʥʪʠʣʷʪʦʨʘ;  J2 , J3  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ 

ʪʨʘʥʩʤʠʩʩʠʠ. 

ɼʣʷ ʩʝʨʠʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ɺʆ (ɺʆ-24, ɺʆ-30, ɺʆ-36, ɺʆ-40, ɺʆ-50) 

ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʩʣʝʜʫʶʱʠʝ: ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʚʝʥʪʠʣʷʪʦʨʘ ʦʪ 

ʚʦʟʤʫʱʝʥʠʷ ʄv = (1é4)ȹP, ȹP ï ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʷ 

(ʨʠʩʫʥʦʢ 1.2); ʜʣʠʥʘ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ l = 5é10 ʤ; ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʨʦʪʦʨʘ ʚʝʥʪʠʣʷʪʦʨʘ                  J4 = 1800é5000 ʢʛĿʤ
2
. 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ 

ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ (ʨʠʩʫʥʦʢ 1.2), ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʄv ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ 

(1). 

ɼʣʷ ʩʝʨʠʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ɺʆ (ɺʆ-24, ɺʆ-30, ɺʆ-36, ɺʆ-40, ɺʆ-50) 

ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʦʚ, 

ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʝʥʦ ʅɼʉ ʚʘʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ ʚʝʥʪʠʣʷʪʦʨʘ ɺʆ-36ʂ 

ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ. 
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ʈʠʩʫʥʦʢ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʫʪʠʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ ʨʦʪʦʨʘ 

(ʛʨʘʬʠʢ 1) ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ (ʛʨʘʬʠʢ 2)  ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʫʩʢʝ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ɺʆ-36ʂ 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚ ʚʘʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ  1.4. 

ʂʘʢ ʚʠʜʥʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʫʛʣʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ 

ʧʨʠ ʚʦʟʤʫʱʝʥʠʷʭ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʤʦʛʫʪ ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʥʦʤʠʥʘʣʴʥʳʝ 

(ʜʣʷ ʫʩʣʦʚʠʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ).  ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ  

ʚʝʥʪʠʣʷʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ,  ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ ʚʘʣʘ ʚ ʩʨʝʜʥʝʤ ʚ 1,9 ʨʘʟʘ ʧʨʝʚʳʰʘʶʪ ʘʤʧʣʠʪʫʜʳ ʧʨʠ ʨʘʟʛʦʥʝ 

(ʨʠʩʫʥʦʢ  1.4). 

 
ʈʠʩʫʥʦʢ 1.4 ï ɸʤʧʣʠʪʫʜʳ  ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʦʚ ʚʝʥʪʠʣʷʪʦʨʦʚ 

ʩʝʨʠʠ ɺʆ ʧʨʠ ʧʫʩʢʝ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʚʥʝʟʘʧʥʦʤ   ʚʳʙʨʦʩʝ:  ʘ, ʙ, ʚ, ʛ. ʜ ï ʫʛʣʳ ʟʘʢʨʫʯʠʚʘʥʠʷ 

ʧʨʠ ʧʫʩʢʝ ʚʝʥʪʠʣʷʪʦʨʦʚ; 1-5 ï ʫʛʣʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʚʳʙʨʦʩʝ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʝʞʠʤʘʭ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʘʤʧʣʠʪʫʜʳ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʥʦʤʠʥʘʣʴʥʳʭ ʫʛʣʦʚ 

ʟʘʢʨʫʯʠʚʘʥʠʷ (ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ), ʥʦ ʠ ʫʛʣʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʨʠ 

ʧʫʩʢʝ ʚʝʥʪʠʣʷʪʦʨʘ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʡʥʳʤ ʨʝʞʠʤʘʤ 

ɻɺʋ. ʋʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʞʝʩʪʢʦʩʪʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ  ʫʚʝʣʠʯʝʥʠʷ  ʜʠʘʤʝʪʨʘ 

ʚʘʣʘ  ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ.  
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ʆʧʨʝʜʝʣʠʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (
max
Ű ), ʚʦʟʥʠʢʘʶʱʠʭ 

ʚ ʤʘʪʝʨʠʘʣʝ ʚʘʣʘ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʚʳʙʨʦʩʝ,  ʥʘʜ ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʨʠ ʧʫʩʢʝ 

ʚʝʥʪʠʣʷʪʦʨʘ. ʅʘʧʨʷʞʝʥʠʷ ʥʘʡʜʝʤ ʯʝʨʝʟ ʫʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚʘʣʘ [3]: 
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M  ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ;  
ʥk

M  ï ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ; 
k

W  ï ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʯʝʥʠʷ ʚʘʣʘ ʢʨʫʯʝʥʠʶ;  

k
J  ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʚʘʣʘ ʧʨʠ ʢʨʫʯʝʥʠʠ; G ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ; 
max23 ö
÷

õ
æ
ç

å -jj  ï ʫʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚʘʣʘ ʧʨʠ ʧʫʩʢʝ; 
ʥ23 ö
÷

õ
æ
ç

å -jj  ï ʫʛʦʣ 

ʟʘʢʨʫʯʠʚʘʥʠʷ ʚʘʣʘ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ ʜʚʠʛʘʪʝʣʷ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1.5-1.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʦʚ ʧʨʠ ʧʫʩʢʝ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ. 

 

 
ʈʠʩʫʥʦʢ 1.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ 

ʚʘʣʦʚ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʝʨʠʠ ɺʆ ʧʨʠ ʚʥʝʟʘʧʥʦʤ   ʚʳʙʨʦʩʝ: 1, 2 ï ʧʨʠ ʧʫʩʢʝ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʚʳʙʨʦʩʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  ʘ-ʜ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚʝʥʪʠʣʷʪʦʨʳ ʨʝʛʫʣʠʨʫʝʤʳʝ ʥʘ ʭʦʜʫ ɺʆ-21ʂ, ɺʆ-30ʂ, ɺʆ-36ʂ, ɺʆ-40ʂ, ɺʆ-50ʂ 
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ʈʠʩʫʥʦʢ 1.6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ 

ʚʘʣʦʚ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʝʨʠʠ ɺʆ ʧʨʠ ʚʥʝʟʘʧʥʦʤ   ʚʳʙʨʦʩʝ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʜʚʠʞʝʥʠʷ;  ʘ-ʜ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʥʪʠʣʷʪʦʨʳ ʨʝʛʫʣʠʨʫʝʤʳʝ ʥʘ ʭʦʜʫ ɺʆ-21ʂ, ɺʆ-30ʂ, 

ɺʆ-36ʂ, ɺʆ-40ʂ, ɺʆ-50ʂ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʘʭ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʚʳʙʨʦʩʝ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʟ 

ʧʨʝʚʳʰʘʶʪ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. 

ʇʦʵʪʦʤʫ ʩ ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʚʘʣʳ ʩ ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʚʳʟʳʚʘʝʤʳʭ 

ʠʤʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʦʚ ʧʦʜʙʦʨ ʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʯʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʷʝʪ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʚʘʣʘ) ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴʩʷ ʩ 

ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʫʩʢʦʚ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ  ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʞʠʤ ʧʫʩʢʘ ʜʦʩʪʘʪʦʯʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ (ʤʝʥʝʝ 15 ʩ), ʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʥʝʟʘʧʥʦʛʦ ʚʳʙʨʦʩʘ  ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʩʠʣʳ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʢʠ  ʥʝ ʚʝʣʠʢʘ,  ʩʣʝʜʫʝʪ  ʦʛʨʘʥʠʯʠʚʘʪʴ 

ʩʨʦʢ ʩʣʫʞʙʳ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘʣʦʚ ʢʦʣʠʯʝʩʪʚʦʤ ʧʫʩʢʦʚ ʚʝʥʪʠʣʷʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ  ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʦʩʪʝʡ  ʦʞʠʜʘʝʤʳʭ  ʚʥʝʟʘʧʥʳʭ ʚʳʙʨʦʩʦʚ. 
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ANALYSIS OF WORK OF VO SERIES  MINE AXIAL  FANS IN 

EMERGENCY MODE  

 

Russky E.Yu., phD, senior researcher, geomining@mail.ru 

Institute of mining SB RAS, Krasnyj prospect, 54, Novosibirsk, 630091, Russia 

 

Abstract: in article parameters of emergency operation in mines, and their influence 

on work of mine ventilatory installations with axial fans are considered, configuration 

of a rotor of the axial fan is presented. For emergency operation frequency 

characteristics of a air stream and the revolting impulses are provided in a mine 

ventilating network. It is shown that indignations from sudden emissions, 

indignations of pressure from which influence the established values of tension in 

transmission shaft of ventilatory installations, have the greatest influence on an 

operating mode of fans knots. The mathematical model of fan rotation is also given 

and dependences of corners of twisting are found in shaft from parameters of sudden 

emissions. Tangent tension of transmission shaft is presented and the assessment of a 

resource of their work depending on intensity of sudden emissions is given. 

Keywords: mine axial fan, emergency operation, sudden emissions, ventilating 

network, transmission shaft, tension, work resource 
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ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʜʚʝʰʝʥʥʦʛʦ 

ʢʘʥʘʪʘ. ɺ ʚʦʜʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʪʴ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʪʝʨʞʥʷ, ʠ 

ʨʝʰʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. ɿʘʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ 

ʟʘʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʭʦʜʷ ʠʟ ʢʦʪʦʨʦʡ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʥʠʪʠ.   ɼʘʣʝʝ, ʥʠʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʫʯʘʩʪʢʘ ʩ ʨʘʟʥʳʤʠ ʤʘʩʩʘʤʠ. ɿʘʜʘʚʘʷ 

ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʤʘʩʩ, ʧʦʣʫʯʠʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʟʘʚʠʩʷʱʠʭ 

ʦʪ ʟʘʜʘʚʘʝʤʳʭ ʟʥʘʯʝʥʠʡ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʜʠʥʘʤʠʢʠ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ. ɿʘʜʘʚʘʷ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩ ʠ ʧʣʦʪʥʦʩʪʝʡ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ, 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʦʤʝʨʘ ʫʯʘʩʪʢʘ.  ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘʡʜʝʤ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ. ɺ 

ʟʘʢʣʶʯʝʥʠʠ ʛʦʚʦʨʠʪʩʷ ʦʙ ʘʣʛʦʨʠʪʤʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠ ʦ ʥʝʦʙʭʦʜʠʤʳʭ 
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ʫʩʣʦʚʠʷʭ ʝʝ ʚʳʧʦʣʥʝʥʠʷ. ʀʪʦʛʦʤ ʨʘʙʦʪʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʘʭʦʞʜʝʥʠʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢ ʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʠʙʢʘʷ ʥʠʪʴ, ʚʠʩʷʯʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʢʘʥʘʪʘ, ʢʦʣʝʙʘʥʠʷ, ʧʣʦʪʥʦʩʪʴ, ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʫʯʘʩʪʢʠ ʥʠʪʠ, ʩʦʙʩʪʚʝʥʥʘʷ 

ʯʘʩʪʦʪʘ. 

 

ʉʨʝʜʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʟʜʘʥʥʳʭ ʯʝʣʦʚʝʢʦʤ, ʯʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʪʘʢʠʝ, 

ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʘʥʘʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʛʠʙʢʫʶ ʥʠʪʴ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠ ʧʨʦʚʦʜʘ, ʪʨʦʩʳ, 

ʧʦʜʚʝʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʩʪʳ ʠ ʪ.ʜ.  ʏʪʦʙʳ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʪʘʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ ʢʘʢʫʶ ʥʘʛʨʫʟʢʫ ʦʥʘ ʚʳʜʝʨʞʠʪ. ʂ ʧʨʠʤʝʨʫ, 

ʙʳʚʘʝʪ ʠ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ, ʦʙʣʝʜʝʥʝʥʠʝ, ʧʦʨʳʚʳ ʚʝʪʨʘ ʠ ʪ.ʧ. ʇʦʵʪʦʤʫ 

ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʧʦʩʪʨʦʠʪʴ ʨʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ  ʚʠʩʷʯʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʢʘʢ ʦʜʥʦʨʦʜʥʳʭ, ʪʘʢ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ. 

 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʥʘʤʠ ʤʦʜʝʣʴ ʥʠʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʩʪʝʨʞʥʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ, ʧʦʩʪʨʦʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʥʘʪʘ ʩ 

ʟʘʜʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ. 

 

 

ɺʠʩʷʱʠʝ ʤʘʩʩʠʚʥʳʝ ʥʠʪʠ ʯʘʩʪʦ ʧʦʜʚʝʨʞʝʥʳ ʢʦʣʝʙʘʥʠʷʤ. ɽʩʣʠ ʥʠʪʴ 

ʦʜʥʦʨʦʜʥʘʷ, ʪʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦ ʝʝ ʢʦʣʝʙʘʥʠʷʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʝ 

ʨʘʚʥʦʚʝʩʠʝ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ - ʚ ʠʩʭʦʜʥʦʤ ʠ ʦʪʢʣʦʥʝʥʥʦʤ ʧʦʣʦʞʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ 

ʤʳ ʫʯʠʪʳʚʘʝʤ ʪʦʣʴʢʦ ʤʘʣʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʫʜʝʨʞʠʚʘʝʤ ʚ ʫʨʘʚʥʝʥʠʷʭ 

ʪʦʣʴʢʦ ʩʣʘʛʘʝʤʳʝ ʚ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʣʝʙʘʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʠʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʫʯʘʩʪʢʦʚ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ 

ʧʨʠʨʦʜʝ ʥʝʨʝʜʢʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 

ʚʠʩʷʱʠʝ ʪʨʦʩʳ, ʚʝʨʝʚʢʠ, ʧʨʦʚʦʜʘ ʩ 

ʨʘʟʥʳʤʠ ʧʣʦʪʥʦʩʪʷʤʠ, ʤʘʩʩʘʤʠ ʠ 

ʪʦʣʱʠʥʘʤʠ. ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ 

ʈʠʩ. 3. ʉʪʳʢʦʚʢʘ ʜʚʫʭ ʥʠʪʝʡ 

ʈʠʩ.1. ʅʠʪʴ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʈʠʩ. 2. ʌʦʨʤʘ ʥʠʪʠ 

x 

άὫ 

ὰ 

άὫ 

ὰ 

P 

ό  

ό  
ό  

ό  

ό  

ό  

y 



  
 

199 
 

ʨʘʚʥʦʚʝʩʠʷ ʪʘʢʠʭ ʥʠʪʝʡ ʠ ʫʩʣʦʚʠʷ ʠʭ ʩʪʳʢʦʚʢʠ. ʇʦʩʤʦʪʨʠʤ, ʢʘʢ ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʠʭ ʬʦʨʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʚʘʝʤʳʭ ʟʥʘʯʝʥʠʡ mg. ʈʘʩʩʤʦʪʨʠʤ 

ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ ʜʣʷ ʜʚʫʭ ʥʠʪʝʡ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʠʪʠ ʩ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʤʘʩʩʳ, ʟʘʜʘʚʘʷ ʚʥʝʰʥʠʝ ʩʠʣʳ 1P  ʠ 2P  ʨʘʚʥʳʤʠ ʥʫʣʶ, ʘ ʚʝʩ ʠ ʜʣʠʥʳ ʥʠʪʝʡ ʙʫʜʝʤ 

ʤʝʥʷʪʴ: 
(1) (1) (2) (2)

*(2)0 0
1 2 1(1) (1) (2) (2)

0 0

(1) (1) (2) (2)
*(2)0 0

1 2 2(1) (1) (2) (2)

0 0

1(1) (1) (2)

0

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1 1

( ) ( ) (

l l
l

l l

l l
l

l l

l l

u u u u
l l x

Sh u Sh u Sh u Sh u

Ch u Ch u Ch u Ch u
l l x

Sh u Sh u Sh u Sh u

mg
Sh u Sh u Sh u

- -
Ö + Ö =

- -

- -
Ö + Ö =

- -

Ö +
-

2 1(2)

0

(1) (2)

1 2 2(1) (1) (2) (2)

0 0

0
) ( )

( ) ( )
0

( ) ( ) ( ) ( )

l l

l l

mg P
Sh u

Sh u Sh u
mg mg P

Sh u Sh u Sh u Sh u

ë
î
î
î
î
î
ì
î Ö + =
î -
î
î

Ö + Ö + =î - -í

                                  (1) ʛʜʝ 

*(2)

1lx  ʠ *(2)

2lx - ʢʦʦʨʜʠʥʘʪʳ ʚʪʦʨʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʥʠʪʠ, 1l  ʠ 2l - ʜʣʠʥʳ ʥʠʪʝʡ, 1mg  ʠ 

2mg - ʚʝʩ ʥʠʪʝʡ.  ʂʘʞʜʘʷ ʥʠʪʴ ʠʤʝʝʪ ʩʚʦʶ ʜʣʠʥʫ ʠ ʤʘʩʩʫ. ʀʟ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʠʤ ʯʝʪʳʨʝ  ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ: (1)

lu , (1)

0u , (2)

lu , (2)

0u . ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ mg,  ʧʦʩʪʨʦʠʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʞʜʦʡ ʥʠʪʠ, ʠ ʧʦʩʤʦʪʨʠʤ, ʢʘʢ ʦʥʠ 

ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʪʘʢ ʩʪʘʪʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʠʪʠ ʨʘʟʣʠʯʥʘ ʜʣʷ ʨʘʟʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʧʣʦʪʥʦʩʪʝʡ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦ 

ʢʦʣʝʙʘʥʠʷʭ ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʠʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʨʘʩʩʤʦʪʨʠʤ 

ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʈʠʩ. 4. ʈʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʠʪʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʟʥʘʯʝʥʠʡ ʤʘʩʩ 
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y 

x 

2 

ό ȟό  

ό 

˨͙ͤ͊͡ ͙͙ͤͭ ὒ 
ˮ͔͔͙͔ͣͤͤ͘ ͔ͨ͊ͪ͊ͣͭͪ͊ 

u : 

(2) (2)

0 lu u u¢ ¢  

˽ͦͭͤͦͫͭ͡Έ ͯ;͊ͫͭ͊͟Υ 

2Fr  

y 

x 

1 

ό ȟό  

ό 

˨͙ͤ͊͡ ͙͙ͤͭ ὒ 
ˮ͔͔͙͔ͣͤͤ͘ ͔ͨ͊ͪ͊ͣͭͪ͊ 

u : 

(1) (1)

0 lu u u¢ ¢  

˽ͦͭͤͦͫͭ͡Έ ͯ;͊ͫͭ͊͟Υ 1Fr  

ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʜʘʥʥʦʡ ʥʠʪʠ ʚ ʧʝʨʝʤʝʥʥʳʭ 

u: 
 

2
* ( ) ( ) 2 ( ) ( ) 2

1, 0 1 0 22 3

* ( ) ( ) 2 ( ) ( ) 2

2, 0 1 0 23 4

( ) ( )
*0
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( ) ( )
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l
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u
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ch u ch u

th u
x sh u sh u Q sh u sh u Q
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sh u sh u
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Q
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-
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D
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2
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( )

i i

lsh u sh u
X
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ë
î
î
î
î
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ì
î
î
î
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=- D

î
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                   (2) 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʠ ʪʦʛʜʘ ʩʠʩʪʝʤʘ (2) 

ʧʝʨʝʧʠʰʝʪʩʷ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ, ʛʜʝ i-ʵʪʦ ʥʦʤʝʨ ʫʯʘʩʪʢʘ. 

 

 

 

 

 

 

 

ʇʝʨʝʧʠʰʝʤ ʩʠʩʪʝʤʫ (2) ʚ ʨʘʟʤʝʨʥʦʤ ʚʠʜʝ: 

y 

x 

1 2 

ό ȟό  ό ȟό  

ό ό 

ʈʠʩ. 5. ʅʝʦʜʥʦʨʦʜʥʘʷ ʥʠʪʴ 
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2
*( ) ( ) ( ) 2 ( ) ( ) 2
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2, 0 1 0 23 4
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( ( ( ) ( )) ( ( ) ( )) )
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u
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x L sh u sh u Q mg sh u sh u Q mg
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x L sh u sh u Q mg sh u sh u Q mg
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Q

D = Ö - D Ö - - D Ö

D = Ö - - D Ö + - D Ö

D =-
( ) ( ) 2

*0
1

( ) ( ) 2
( ) *0

2, 2

( ) ( )

( )

( ) ( )

( )

i i

l i i

i
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i l i i

u

i

sh u sh u Fl
X

ch u mg

sh u sh u Fl
Q X

ch u mg

r

r

ë
î
î
î
î
î
ì

-î D
î
î

-î
D =- D
î
í

(3) 

ʌʦʨʤʫʣʘ (3) ʟʘʧʠʩʘʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ i-ʛʦ ʫʯʘʩʪʢʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʦʞʠʪʴ ʫʩʣʦʚʠʝ: ʝʩʣʠ ʧʘʨʘʤʝʪʨ u ʤʝʥʷʝʪʩʷ ʦʪ 01u  ʜʦ 1Lu , 

ʪʦ ʤʳ ʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʧʝʨʚʦʡ ʜʣʠʥʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʫʨʘʚʥʝʥʠʠ (3) 1i=, ʥʦ 

ʝʩʣʠ u ʤʝʥʷʝʪʩʷ ʧʦ ʚʪʦʨʦʤʫ ʫʯʘʩʪʢʫ, ʪʦ 2i= . 

ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 
A i t

k k

A i t

k k

X X e

Q Q e

w

w

D =D Ö

D =D Ö
 

ʛʜʝ ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ, ʨʘʩʧʠʰʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 
2

, ,

, ,

A i t

k k

A i t

k u k u

A i t

k u k u

X X e

Q Q e

X X e

w

w

w

wD =- D Ö

D =D Ö
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ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ, ʩ ʫʯʝʪʦʤ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʷ, ʧʦʣʫʯʠʤ: 
2
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                                                                                       (4) 

ɻʜʝ:        

( ) ( )
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2
2 2

( ) ( )i i

l

i i
i

i

A sh u sh u

Fl

mg

r
w

= -

W =
 

W- ʯʘʩʪʦʪʥʳʡ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, i- ʥʦʤʝʨ ʫʯʘʩʪʢʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʧʠʩʳʚʘʝʪ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʩ ʥʝʠʟʚʝʩʪʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ W 

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʷ:  

ʝʩʣʠ ʧʘʨʘʤʝʪʨ u ʤʝʥʷʝʪʩʷ ʦʪ ό  ʜʦ ό ,  ʪʦ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʨʝʰʝʥʠʝ 

ʜʣʷ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ, ʝʩʣʠ ʞʝ ʦʪ ό  ʜʦ ό , ʪʦ ʜʣʷ ʚʪʦʨʦʛʦ.  

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ W ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʙʫʜʝʤ 

ʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ W ʩ ʥʝʢʦʪʦʨʳʤ ʰʘʛʦʤ, ʠ ʚʳʯʠʩʣʷʪʴ ʦʧʨʝʜʝʣʠʪʝʣʴ DW ʜʣʷ 
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ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ɽʩʣʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʯʘʩʪʦʪʘ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ. 
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Annotation 

The aim of the article is to study the dynamic properties of the suspended rope. 

The aqueous portion of the thread is seen as a special case of the rod and the static 

problem is solved. Records the system of equilibrium equations for a given design, on 

the basis of which, recovering the thread configuration. Next, the thread is broken 

into two sections with different masses. By setting the values of these masses, we get 

a number of different configurations, depending on the defined values. The next step 

to solve the problem of the dynamics of such a system. By setting different values for 

mass and density at each site, we obtain the equilibrium system of equations, varying 

depending on the area of the hotel. The solution of this system find the Runge-Kutta 

method. In conclusion, it refers to the algorithm for solving this problem and 

necessary conditions for its implementation. The result of the work will be to find 

their own forms of oscillations, as well as their respective natural frequencies. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʧʠʩʘʥ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ, ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ ʟʘʜʘʯʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʦʜʢʦʥʩʪʨʫʢʮʠʡ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʩʠʣʝ. 

ʂʦʥʪʨʦʣʴ ʧʦ ʩʠʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʤʝʩʪʘʭ 

ʢʨʝʧʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʢ ʚʦʟʙʫʜʠʪʝʣʶ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ 

ʠʥʪʝʨʬʝʡʩʥʳʭ ʥʘʛʨʫʟʦʢ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʧʨʦʙʣʝʤʫ ʧʝʨʝʪʝʩʪʠʨʦʚʘʥʠʷ 

ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ, ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʸʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʳʪʘʥʠʡ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʠʥʪʝʨʬʝʡʩʥʳʝ ʥʘʛʨʫʟʢʠ, 

ʢʦʥʪʨʦʣʴ ʧʦ ʩʠʣʝ, ʢʦʥʪʨʦʣʴ ʧʦ ʫʩʢʦʨʝʥʠʶ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, 

ʧʝʨʝʪʝʩʪʠʨʦʚʘʥʠʝ 

 1.ɺʚʝʜʝʥʠʝ  

ʉʫʱʝʩʪʚʫʝʪ ʟʘʜʘʯʘ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʝʛʦ ʩʦʟʜʘʥʠʠ. ʆʙʳʯʥʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ (ʂɸ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʥʦʛʦ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʪʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʪʘʢʦʡ ʢʘʢ ʪʝʣʝʩʢʦʧʳ, ʬʦʪʦʘʧʧʘʨʘʪʳ, 

ʦʪʨʘʞʘʪʝʣʠ, ʘʥʪʝʥʥʳ, ʨʝʬʣʝʢʪʦʨʳ ʠ ʪ.ʧ. ʇʨʠ ʩʪʘʨʪʝ ʠ ʧʦʣʸʪʝ ʨʘʢʝʪʘ-ʥʦʩʠʪʝʣʴ 

(ʈʅ) ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʂɸ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʂɸ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ɿʝʤʣʝ, ʯʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʪ ʈʅ ʚʣʠʷʶʪ ʥʘ ʂɸ ʠ ʝʛʦ ʘʧʧʘʨʘʪʫʨʫ. ɽʩʣʠ ʧʨʠ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʩʨʘʟʫ 

ʧʦʩʪʘʚʠʪʴ ʚʩʶ ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʘʧʧʘʨʘʪʫʨʫ ʥʘ ʂɸ ʠ ʟʘʜʘʪʴ ʥʦʤʠʥʘʣʴʥʳʡ ʨʝʞʠʤ 

ʥʘʛʨʫʞʝʥʠʷ, ʪʦ ʙʫʜʝʪ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʜʠʪʴ ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ 

ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʧʨʝʞʜʝ ʯʝʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʘʧʧʘʨʘʪʫʨʫ ʥʘ ʂɸ 
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ʜʣʷ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʦʜʷʪ ʩʝʨʠʶ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʤʦʜʝʣʷʤʠ 

ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ çʄʝʪʦʜ ʠʩʧʳʪʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʦʜʢʦʥʩʪʨʫʢʮʠʡ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ 

ʩʠʣʝè ʠʣʠ çʄʝʪʦʜ ʢʦʥʪʨʦʣʷ ʠʥʪʝʨʬʝʡʩʥʳʭ ʥʘʛʨʫʟʦʢè. 

ʎʝʣʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ:  

-ʫʤʝʥʴʰʠʪʴ ʠʟʣʠʰʥʝʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

-ʫʤʝʥʴʰʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ. 

ɿʘʜʘʯʠ: ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʩ ʢʦʥʪʨʦʣʝʤ ʪʦʣʴʢʦ ʧʦ ʫʩʢʦʨʝʥʠʶ 

(ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ) ʚ ʠʥʪʝʨʬʝʡʩʝ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ ʠ ʚʠʙʨʦʩʪʝʥʜʘ 

(ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴ) ʠ ʧʦ ʠʥʪʝʨʬʝʡʩʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ 

ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʠ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʚʥʝʰʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

2.ʇʨʝʜʣʘʛʘʝʤʘʷ  ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. 

ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʷʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʂɸ ʚ ʢʦʥʝʯʥʦ ʵʣʝʤʝʥʪʥʳʭ ʧʘʢʝʪʘʭ. ʕʪʦ 

ʜʝʣʘʶʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʫʞʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʂɸ. ɼʘʣʝʝ ʵʪʠ ʜʘʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ ʥʘ ʨʝʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʢʩʧʝʨʠʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʜʣʷ ʚʩʝʭ ʨʘʩʯʸʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘʛʨʫʞʝʥʠʷ ʂɸ. ɼʣʷ ʵʪʦʛʦ ʠ ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠʩʧʳʪʘʥʠʡ, ʥʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʚʠʙʨʦʧʨʦʯʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

- ʆʙʨʘʟʝʮ ʠʩʧʳʪʘʥʠʡ (ʆʀ) ʪʝʩʪʠʨʫʶʪ ʚ ʪʨʸʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ X,Y,Z ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ.  

- ʅʘʛʨʫʞʝʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ, 

ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ, ʘ ʟʘʪʝʤ ʩʥʦʚʘ ʥʘ ʥʠʟʢʦʤ. 

- ʆʀ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʦʝ ʢʦʣʴʮʦ ʥʘ ʚʠʙʨʦʩʪʦʣ, ʢʦʥʪʨʦʣʴ 

ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʟʘʜʘʶʱʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʢʦʥʪʨʦʣʷ, 

ʢʦʪʦʨʳʝ ʩʥʠʤʘʶʪ ʜʘʥʥʳʝ ʦʙ ʦʪʢʣʠʢʘʭ ʩ ʆʀ. 

ʈʘʩʯʸʪ ʙʝʟʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʫʞʝʥʠʷ  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʠʙʨʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʠʙʨʦʧʦʯʥʦʩʪʠ, ʢʘʢ ʩʘʤʦʛʦ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʫʟʣʦʚ ʝʛʦ ʢʨʝʧʣʝʥʠʷ 

ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʥʮʠʧ ʥʦʨʤʠʨʦʚʘʥʠʷ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʢ ʢʦʪʦʨʳʤ ʦʥʦ ʢʨʝʧʠʪʩʷ. 

ʕʪʦʪ ʧʨʠʥʮʠʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʟʥʘʯʝʥʠʠ ʨʘʩʯʸʪʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʚʝʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʢʦʥʢʨʝʪʥʳʡ ʩʣʫʯʘʡ 

ʥʘʛʨʫʞʝʥʠʷ.  

ʅʦʨʤʘʪʠʚʥʳʝ ʨʝʞʠʤʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʘʚʝʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ï 

ʟʘʚʠʩʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʯʘʩʪʦʪʝ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ 
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ʥʘʚʝʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ ʚ 

ʪʝʯʝʥʠʝ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʣʫʯʘʡ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

ʈʘʩʯʸʪ ʙʝʟʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʚʭʦʜʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʩʨʝʜʩʪʚ ʚʳʚʝʜʝʥʠʷ (ʉɺ), ʧʦʣʫʯʘʶʪ ʫʨʦʚʥʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ ʚ ʠʥʪʝʨʬʝʡʩʝ ʧʝʨʝʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʂɸ ʩ ʉɺ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʣʷ ʨʘʩʯʸʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘʛʨʫʞʝʥʠʷ. 

ʕʪʠ ʫʨʦʚʥʠ ʷʚʣʷʶʪʩʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʛʣʫʙʠʥʳ ʚʳʨʝʟʘʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʂɸ, ʥʠʞʝ ʢʦʪʦʨʳʭ ʚʳʨʝʟʘʥʠʝ ʥʝʜʦʧʫʩʪʠʤʦ. 

-ʋʨʦʚʥʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʚʳʰʘʪʴ 

(ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʚʳʨʝʟʘʥʠʡ) ʟʘʜʘʶʪʩʷ ʩʧʝʮʠʬʠʢʘʮʠʝʡ, ʥʦ ʚ ʩʣʫʯʘʝ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʵʪʠ ʫʨʦʚʥʠ ʙʝʨʫʪʩʷ ʥʝʤʥʦʛʦ ʥʠʞʝ. 

-ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʝʨʝʛʨʫʟʦʢ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʂɸ, ʩʧʝʮʠʬʠʢʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʂɸ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ ʥʘʛʨʫʞʝʥʠʷ ʂɸ. 

ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʦʞʠʜʘʥʥʦʛʦ 

ʚʳʭʦʜʘ ʘʤʧʣʠʪʫʜ ʟʘ ʧʨʝʜʝʣʳ ʙʝʟʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʫʞʝʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʣʠʯʠʝʤ ʫʩʣʦʚʠʡ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ ʠ ʤʦʜʝʣʠʨʫʝʤʳʤ 

ʠʩʧʳʪʘʪʝʣʝʤ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʥʘʟʳʚʘʶʪ çʧʝʨʝʪʝʩʪʠʨʦʚʘʥʠʝʤè. ʇʨʠ ʧʨʦʷʚʣʝʥʠʠ 

ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ çʚʳʨʝʟʘʥʠʷè ʚʭʦʜʥʦʛʦ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʦ ʟʥʘʯʝʥʠʡ ʠʥʪʝʨʬʝʡʩʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ ʂɸ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʠʩʧʳʪʘʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʞʝ ʥʘʩʪʫʧʠʣʦ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʩʧʘʩʘʝʪ ʪʦ, ʯʪʦ ʠʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʷʭ ʂɸ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʩʪʘʚʠʪʴ 

ʨʝʘʣʴʥʳʡ ʂɸ.[3,4,6,7]. 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʩʠʣʝ ʜʣʷ 

ʧʦʜʢʦʥʩʪʨʫʢʮʠʡ: 

· ʉʦʩʪʘʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʤʥʦʛʦ ʤʘʩʩʦʚʘʷ ʤʦʜʝʣʴ. 

· ɺʳʜʝʣʷʝʪʩʷ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʵʣʝʤʝʥʪ. 

· ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʣʦʞʝʥʠʷ ʚʥʝʰʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʠʥʪʝʨʬʝʡʩʝ ʩʧʫʪʥʠʢʘ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʫʩʢʦʨʝʥʠʡ ʠ ʩʠʣ ʚ ʠʥʪʝʨʬʝʡʩʝ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʠʙʦʨʘ, ʠ ʫʩʢʦʨʝʥʠʡ ʥʘ ʚʩʝʭ 

ʤʘʩʩʘʭ ʵʪʦʛʦ ʧʨʠʙʦʨʘ. 

· ʇʨʦʚʦʜʷʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʠʙʦʨʘ: 

ɸ) ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʫʩʢʦʨʝʥʠʶ, 

ɹ) ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʩʠʣʝ. 

· ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʚ ʟʘʛʨʘʥʠʯʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟʫʯʘʝʪʩʷ ʩ ʢʦʥʮʘ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʷʭ [1,2,5]. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 
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ʧʦʢʘ ʢ ʩʦʞʘʣʝʥʠʶ ʥʝ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʨʘʚʥʝʥʠʝ 

ʧʨʦʮʝʜʫʨʳ çʚʳʨʝʟʘʥʠʷè, ʧʨʦʚʦʜʠʤʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʠ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ 

ʠʥʪʝʨʬʝʡʩʥʳʭ ʥʘʛʨʫʟʦʢ (ʨʠʩ.1). 

 
ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʩ çʚʳʨʝʟʘʥʠʝʤè ʠ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʠʥʪʝʨʬʝʡʩʥʳʭ ʥʘʛʨʫʟʦʢ 

 

4.ɺʳʚʦʜʳ  
 ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ ʠʥʪʝʨʬʝʡʩʥʳʭ ʥʘʛʨʫʟʦʢ ʥʦʩʠʪ ʘʢʪʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʧʝʨʝʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʦʜʢʦʥʩʪʨʫʢʮʠʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪ.ʢ. ʜʦʧʫʩʢʘʪʴ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʠʣʠ ʧʦʣʦʤʢʫ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ. ʇʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ 

ʠʟʫʯʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʢʘʢ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʧʘʢʝʪʘʭ, ʪʘʢ 

ʠ ʥʘ ʧʨʘʢʪʠʢʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  
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Abstract. In this article we discuss the problems arising at vibration tests of 

spacecrafts and their equipment. It describes the traditional method of carrying out 

vibration tests including both theoretical calculations and experimental part of a task 

as well. We also offer the alternative method of carrying out experiment which 

assumes to carry out tests of designs and subdesigns with control on force. Control on 

force exercises by reduction of entrance influence in places of fastening of the 

spacecraft to the activator. We carry out this method by the hardware-software 

providing allowing to control entrance influence in real time. The control method of 

the interface loadings will allow to exclude the problem of retesting of the examinee 

of the equipment arising when carrying out vibration tests because of distinctions of 

real flight conditions and experimental installation. It will allow to reduce the number 

of tests that will lead to reduction of material inputs. 

Keywords: Vibration tests, spacecraft, control on force, referring, interface 

loadings, control on accelerations. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʟʘʜʘʯʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʦʥʪʠʯʥʦʡ ʘʥʪʝʥʥʳ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʨʘʩʢʨʳʪʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ, ʧʫʪʝʤ 

ʧʨʠʣʦʞʝʥʠʷ ʩʠʩʪʝʤʳ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʩʠʣ. ɿʘʜʘʯʘ ʨʝʰʝʥʘ ʧʫʪʝʤ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʨʘʞʘʶʱʝʛʦ ʧʦʣʦʪʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

Solid Works. ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ 

ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʚʟʷʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʠʧʦʚʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʨʝʘʣʴʥʳʭ ʘʥʪʝʥʥ. ɺ ʯʘʩʪʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʦʥʪʠʯʥʦʡ ʘʥʪʝʥʥʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚʩʪʨʦʝʥʥʳʡ ʤʦʜʫʣʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʋʜʘʣʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʦʯʢʘʭ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʢʦʤʙʠʥʘʮʠʠ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ; ʟʦʥʪʠʯʥʘʷ ʘʥʪʝʥʥʘ; ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ; ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʨʘʞʘʶʱʝʛʦ ʧʦʣʦʪʥʘ; ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ; ʨʘʟʚʦʨʘʯʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

1. ɺʚʝʜʝʥʠʝ 

ɸʥʪʝʥʥʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʣʶʙʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ(ʂɸ). ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʠ 

ʩʚʷʟʠ ʂɸ ʩ ɿʝʤʣʝʡ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʜʝʣʘʶʪ ʩʢʣʘʜʳʚʘʶʱʠʤʠʩʷ. ʇʨʠʯʠʥʘ 

ʪʦʤʫ, ʦʛʨʘʥʠʯʝʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʂɸ ʧʦʜ ʢʫʧʦʣʦʤ ʦʙʪʝʢʘʪʝʣʷ 

ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ. 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʥʘ ʦʨʙʠʪʫ ʨʘʩʢʨʳʚʰʘʷʩʷ ʘʥʪʝʥʥʘ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʜʠʘʤʝʪʨ, 

ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʪʝʥʥ ʮʝʣʴʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ.  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʥʘʭʦʜʷʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʂɸ 

ʦʩʥʘʱʝʥʥʳʝ ʘʥʪʝʥʥʘʤʠ ʜʦʩʪʠʛʘʶʱʠʤʠ 15 ʤʝʪʨʦʚ ʚ ʜʠʘʤʝʪʨʝ. ʀʟʚʝʩʪʥʦ ʯʪʦ ʥʘ 

ʦʜʥʦʤ ʠʟ ʘʤʝʨʠʢʘʥʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʘʥʪʝʥʥʳ 

ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 100 ʤʝʪʨʦʚ. 

ʀʤʝʥʥʦ ʜʠʘʤʝʪʨ ʘʥʪʝʥʥʳ ʦʧʨʝʜʝʣʷʝʪ ʟʦʥʫ ʧʦʢʨʳʪʠʷ ʩʠʛʥʘʣʘ ʘʧʧʘʨʘʪʘ, ʘ 

ʪʘʢ ʞʝ ʝʛʦ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ. 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʘʥʪʝʥʥʳ - ʵʪʦ ʦʪʨʘʞʘʶʱʝʝ ʧʦʣʦʪʥʦ ʠ ʩʧʠʮʳ. 

ʉʧʠʮʳ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʤ ʢʨʝʧʣʝʥʠʷ ʧʦʣʦʪʥʘ ʠ ʟʘʜʘʶʪ ʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʦʨʤʫ. ʇʦʣʦʪʥʦ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʨʘʞʘʝʪ ʧʦʩʪʫʧʘʶʱʠʝ 

ʥʘ ʥʝʛʦ ʩʠʛʥʘʣʳ. 

ʌʦʨʤʘ ʦʪʨʘʞʘʶʱʝʛʦ ʧʦʣʦʪʥʘ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʦʯʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʨʤʘ ʧʦʣʦʪʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʨʤʝ 

ʧʘʨʘʙʦʣʳ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʝʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʦʧʨʦʩʝ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥ ʙʳʚʘʶʪ ʨʘʟʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ: ʟʦʥʪʠʯʥʳʝ, ʢʦʣʴʮʝʚʳʝ, 

ʬʝʨʤʝʥʥʳʝ, ʥʘʜʫʚʥʳʝ ʩʝʢʪʦʨʥʳʝ[1]. ʆʧʠʩʳʚʘʝʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʟʦʥʪʠʯʥʦʡ ʘʥʪʝʥʥʳ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʘʥʪʝʥʥʳ 

ʟʦʥʪʠʯʥʦʛʦ ʪʠʧʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʨʘʞʘʶʱʝʛʦ ʧʦʣʦʪʥʘ ʧʨʠ 

ʩʢʣʘʜʳʚʘʥʠʠ ʘʥʪʝʥʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʤ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʢʨʳʪʠʷ. 

2. ʊʝʦʨʠʷ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʝʨʪʳʚʘʥʠʷ ʧʦʣʦʪʥʘ ʘʥʪʝʥʥʳ, ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʥʦ ʜʦʣʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʨʘʟʚʦʨʘʯʠʚʘʠʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʬʦʨʤʳ ʧʨʠʥʷʪʘ ʢʦʥʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ 

ʨʘʟʚʝʨʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʦʪʥʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʧʘʨʘʙʦʣʝ[2]. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʞʘʶʱʝʛʦ ʧʦʣʦʪʥʘ ʘʥʪʝʥʥʳ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʈʠʩʫʥʦʢ 1. ʂʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ. 

1 ï ʦʪʨʘʞʘʶʱʝʝ ʧʦʣʦʪʥʦ, 2 ï 

ʰʪʘʥʛʘ  ʜʝʨʞʘʪʝʣʷ ʦʙʣʫʯʘʪʝʣʷ, 

3 ïʢʦʥʪʨʨʝʬʣʝʢʪʦʨ, 4 ï 

ʩʪʫʧʠʮʘ, 5 ï ʩʧʠʮʘ. 
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Å ʇʦʩʪʨʦʝʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʥʪʝʥʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

Å ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʠʣ.  

Å ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʟʘʜʘʥʥʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʢʦʤʙʠʥʘʮʠʠ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. 

Å ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʚʝʜʝʥʠʝ ʦʙʦʣʦʯʢʠ ʥʘ ʧʨʠʤʝʨʝ ʠʟʦʪʨʦʧʥʦʛʦ ʠ 

ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ SolidWorks. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ ʤʦʜʫʣʴ ʜʣʷ 

ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦʪ ʤʦʜʫʣʴ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ 

ʢʦʥʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʚʟʷʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʠʧʦʚʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʨʝʘʣʴʥʳʭ ʘʥʪʝʥʥ.  

ʀʩʩʣʝʜʫʝʤʘʷ ʟʘʜʘʯʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʷ, ʨʝʰʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʦ ʜʣʷ ʩʝʢʪʦʨʘ ʘʥʪʝʥʥʳ ï ʨʠʩʫʥʦʢ 2. ʈʘʟʤʝʨʳ 

ʩʝʢʪʦʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʘʟʤʝʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʘʥʪʝʥʥʳ. 

ɼʠʘʤʝʪʨ ʩʪʫʧʠʮʳ, ʤʤ ɼʠʘʤʝʪʨ ʘʥʪʝʥʥʳ, ʤʤ ɺʳʩʦʪʘ ʘʥʪʝʥʥʳ, ʤʤ 

900 4000 678 

 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʘʥʪʝʥʥʳ. 
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ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʵʣʝʤʝʥʪ 

çʧʦʚʝʨʭʥʦʩʪʴè, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʟʥʘʯʠʪʴ ʵʣʝʤʝʥʪʳ ʦʙʦʣʦʯʝʯʥʦʛʦ 

ʪʠʧʘ ʜʣʷ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʘʭ ʥʘʟʥʘʯʝʥʳ ʰʘʨʥʠʨʥʳʝ ʢʨʝʧʣʝʥʠʷ. ʅʘ 

ʙʦʢʦʚʳʭ ʢʨʦʤʢʘʭ - ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ. ʆʥʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʟʘʢʨʝʧʣʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠ ʧʦʚʦʨʦʪʦʚ 

ʙʦʢʦʚʳʭ ʢʨʦʤʦʢ. 

ʇʨʠʣʦʞʝʥʥʳʝ ʩʠʣʳ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʛʫʣʠʨʫʝʤʳʝ ʥʘʪʷʞʠʪʝʣʠ.  

ʇʦʣʫʯʝʥʥʘʷ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʝʸ ʟʘʢʨʝʧʣʝʥʠʝ ʠ ʥʘʛʨʫʞʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.  

 
ʄʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʩʠʣʳ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʯʢʘʭ ʧʦʣʫʯʘʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʝʦʙʭʦʜʠʤʳʤ. 

  

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʢʪʦʨʘ. 

ʘ ï ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʙ ï ʟʘʢʨʝʧʣʝʥʠʝ, ʚ ï ʥʘʛʨʫʞʝʥʠʝ. 

 

 

 ͋  ͍ ͊

ʈʠʩʫʥʦʢ 4. ʕʧʶʨʳ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʘ ï ʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ, ʙ ï ʦʨʪʦʪʨʦʧʥʳʡ ͣ ͔͙͊ͭͪ͊͡Φ 

 ͋  ͊
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3. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʪʘʙʣʠʮʘʭ 2 ʠ 3 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʤʝʱʝʥʠʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʯʝʢ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʠ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʦʤʝʨ 

ʪʦʯʢʠ 

ʅʝʦʙʭʦʜʠʤʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ, 

ʤʤ 

ʇʝʨʝʤʝʱʝʥʠʷ 

ʥʘ ʙʦʢʦʚʳʭ 

ʢʨʦʤʢʘʭ, ʤʤ 

ʉʠʣʳ ʥʘ 

ʙʦʢʦʚʳʭ 

ʢʨʦʤʢʘʭ, ʅ 

ʇʝʨʝʤʝʱʝʥʠʷ   

ʚ ʮʝʥʪʨʝ , ʤʤ 

ʉʠʣʳ ʚ 

ʮʝʥʪʨʝ, ʅ 

1 58,65 58,34 1390 58,32 2790 

2 90,39 90,69 2320 90,56 4680 

3 98 98,47 2790 98,06 5670 

4 84,5 84,16 2730 84,62 5640 

5 51,06 51,4 2000 51,14 4150 
 

ʊʘʙʣʠʮʘ 3 

ɿʥʘʯʝʥʠʷ ʜʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʦʤʝʨ 

ʪʦʯʢʠ 

ʅʝʦʙʭʦʜʠʤʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ, 

ʤʤ 

ʇʝʨʝʤʝʱʝʥʠʷ 

ʥʘ ʙʦʢʦʚʳʭ 

ʢʨʦʤʢʘʭ, ʤʤ 

ʉʠʣʳ ʥʘ 

ʙʦʢʦʚʳʭ 

ʢʨʦʤʢʘʭ, ʅ 

ʇʝʨʝʤʝʱʝʥʠʷ   

ʚ ʮʝʥʪʨʝ, ʤʤ 

ʉʠʣʳ ʚ 

ʮʝʥʪʨʝ, ʅ 

1 58,65 58,30 280 58,33 560 

2 90,39 90,57 485 90,69 980 

3 98 98,51 620 98,09 1225 

4 84,5 84,28 615 84,24 1250 

5 51,06 51,32 280 51,06 900 

 

ʅʘ ʨʠʩʫʥʢʝ 3ʘ ʚʠʜʥʳ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʝʦʙʭʦʜʠʤʳʭ. 

ʊʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʘʷ ʬʦʨʤʘ ʧʦʣʦʪʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʜʝʘʣʴʥʦʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʦʪʥʘ ʠʟ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3ʙ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʦʯʢʘʭ ʠ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʪʦʯʢʘʤʠ ʢʘʨʪʠʥʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩ ʠʟʦʪʨʦʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ 

ʵʪʦʤ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʧʦʣʦʪʥʝ ʦʪʩʫʪʩʪʚʫʶʪ ʦʩʪʨʳʝ ʧʝʨʝʛʠʙʳ. 

 

4. ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ ʙʣʠʟʢʫʶ ʢ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʬʦʨʤʳ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ. 

ʂʨʦʤʝ ʪʦʛʦ ʚ ʦʨʪʦʪʨʦʧʥʦʡ ʦʙʦʣʦʯʢʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʦʪʨʦʧʥʦʡ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʝʭ ʞʝ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʩʠʣʳ ʚ ʰʝʩʪʴ ʨʘʟ ʤʝʥʴʰʝ. 

 



  
 

214 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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Abstract 
The research studies problem of umbrella reflector antenna of space vehicle 

during the process of its deployment. The investigation deals with deformation 

capability of taper surface into parabolic by the means of tension of the system of the 

concentrated forces. The problem solves with the solid modeling of reflective curtain 

in the software program Solid Works. Geometrical dimensions and  surface form of 

studying construction comply with the standard constructions of the practical 

antennas. In particular, the investigation carries out by the example of umbrella 

reflector antennaôs construction. For solving the problem we use program module for 

calculation of parameters of the stress condition. Program module uses the finite-

elements method. There is solving for the case of orthotropic and isotropic materials.  

Required displacements in researched points completed. Finally, the 

dependence of deflection of the set deformed surface on type and combination of 

external load studied.  

Key words: Spacecraft; umbrella reflector antenna; finite elements method; 

deformation of reflective curtain; parabolic surface; erectable surface. 
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ɸʥʥʦʪʘʮʠʷ. Oʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʣʢʦʡ ʚʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʥʘʜ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʜʥʦʤ, ʧʘʨʘʤʝʪʨʦʤ  ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʛʣʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʜʥʘ, ʧʦʨʦʞʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ  ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʤʝʣʢʦʡ ʚʦʜʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ. ɺ  ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʜʦʛʨʘʬʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʣʢʦʡ ʚʦʜʳ 

ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ ʧʨʠʚʝʜʝʥʘ ʢ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ. ɺʳʧʦʣʥʝʥ ʛʨʫʧʧʦʚʦʡ 

ʘʥʘʣʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʦ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʣʢʦʡ ʚʦʜʳ ʩ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʜʥʦʤ. ʅʘʡʜʝʥʳ ʚʩʝ ʚʳʨʦʞʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʣʥ 

ʮʫʥʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʢʘʷ ʚʦʜʘ, ʛʨʫʧʧʦʚʦʡ ʘʥʘʣʠʟ, ʠʥʚʘʨʠʘʥʪʥʳʝ 

ʨʝʰʝʥʠʷ, ʯʘʩʪʠʯʥʦ ʠʥʚʘʨʠʘʥʪʥʳʝ ʨʝʰʝʥʠʷ, ʥʝʚʳʨʦʞʜʝʥʥʳʝ ʨʝʰʝʥʠʷ, 

ʚʳʨʦʞʜʝʥʥʳʝ ʨʝʰʝʥʠʷ. 

1. ɺʚʝʜʝʥʠʝ. ʅʝʣʠʥʝʡʥʘʷ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʝʣʢʦʡ ʚʦʜʳ  

                               ( )( )0, 0v vv ky vy y yt h h ht+ + = + + =                                (1) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʢʘʪʘ ʚʦʣʥ ʥʘ ʙʝʨʝʛ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ [1ï6]. ɿʜʝʩʴ:  ( ),v v yt=  ï ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʦʩʠ oy ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

( ),z y kyh t= +  ʥʘʜ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʜʥʦʤ , constz ky k= =  ï ʫʛʣʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʜʥʘ, oyzï ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ,  

t ï ʚʨʝʤʷ. ʇʨʠ 0k=  ʩʠʩʪʝʤʘ (1)  ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʥʘʜ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ, ʘ ʧʨʠ 0k¸  ï ʥʘʜ ʥʘʢʣʦʥʥʳʤ ʜʥʦʤ. ɽʩʣʠ 0k¸ , 

ʪʦ ʧʦʩʣʝ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ 

            ( ) ( ) ( )
2 2

, , , , ,
2 2

k tt k x k y v u t x t h t x xtt h= = - = + = - -                  (2) 

ʩʠʩʪʝʤʘ (1) ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ 

                                   0, 0t x x t x xu uu h h uh hu+ + = + + =,                                   (3) 
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ʷʚʣʷʶʱʝʡʩʷ ʟʘʧʠʩʘʥʥʦʡ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ  ( ), , , 0t x u h h²  ʩʠʩʪʝʤʦʡ (1) ʩ 

ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 0k= . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2) 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʩʠʩʪʝʤ (1) ʩ ʧʘʨʘʤʝʪʨʦʤ ( ),kÍ -¤ ¤ 

ʧʦʨʦʞʜʘʝʪʩʷ ʩʠʩʪʝʤʦʡ (1)  ʩ ʧʘʨʘʤʝʪʨʦʤ 0k= , ʘ ʠʤʝʥʥʦ, ʩʠʩʪʝʤʦʡ (3).  

ʆʩʥʦʚʥʘʷ ʛʨʫʧʧʘ ʃʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʩʪʝʤʳ (3) ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʡ ʠ 

ʧʦʨʦʞʜʘʝʪʩʷ ʦʧʝʨʘʪʦʨʘʤʠ: 
( ) ( ) ( )( )

( ) ( ) ( )
1 2

2 2

3 4

, , , , , ,

32 , 3 3 2 2 ,
2 2

t x t x x u

t u h t x u h

Z u h u h u u h Y t x Y t

u uY t u h Y x tu h t h uh

=F µ + Y + F µ = µ + µ = µ +µ

= µ - µ - µ = - µ + - µ + + µ + µ
  (4) 

ʛʜʝ ( ) ( )( ), , ,u h u hF=F Y=Y  ï ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ  

                                      
( )0, 0u h u h
hF +Y = Y + F =.                                (5) 

2. ʅʝʚʳʨʦʞʜʝʥʥʳʝ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʝ ( ) ( )( ), , ,u u t x h h t x= =
 
ʩʠʩʪʝʤʳ 

(3) ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʥʝʚʳʨʦʞʜʝʥʥʳʤ, ʝʩʣʠ 
( )
( )

,
0

,

u h

t x

µ
¸

µ
. ɸʥʘʣʦʛʠʯʥʦ ʨʝʰʝʥʠʝ 

( ) ( )( ), , ,v v y yt h h t= =  ʩʠʩʪʝʤʳ (1) ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʥʝʚʳʨʦʞʜʝʥʥʳʤ, ʝʩʣʠ 

( )
( )

,
0

,

v

y

h

t

µ
¸

µ
. ʅʝʚʳʨʦʞʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ (1) ʠ (3) ʩʚʷʟʘʥʳ ʦʙʨʘʪʠʤʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ (2). 

ʉʠʩʪʝʤʘ (3) ʥʘ ʤʥʦʞʝʩʪʚʝ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʨʝʰʝʥʠʡ ʣʠʥʝʨʠʟʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʦʜʦʛʨʘʬʘ, ʢʦʪʦʨʦʝ ʫʜʦʙʥʦ ʚʳʙʨʘʪʴ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʛʨʫʧʧʦʚʳʤ ʩʚʦʡʩʪʚʦʤ (4) ʩʠʩʪʝʤʳ (3), ʘ ʠʤʝʥʥʦ: 

                       ( ) ( ) ( ), , , ,t u h x u h u u h=F =Y + F ,                                    (6) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ (3) ʧʨʠʚʦʜʠʪʩʷ ʢ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ (5). 

ʈʝʰʝʥʠʷ ʩʠʩʪʝʤ (3) ʠ (5) ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʃʶʙʦʝ ʥʝʚʳʨʦʞʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ( ) ( )( ), , ,u t x h t x  ʩʠʩʪʝʤʳ (3) ʦʧʨʝʜʝʣʷʝʪ ʧʦ 

ʬʦʨʤʫʣʘʤ (6) ʥʝʚʳʨʦʞʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (5), ʪ.ʝ. ʨʝʰʝʥʠʝ 

( ) ( )( ), , ,u h u hF Y ,  ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʶ ( )2 2
0u hh ¸F - F . ʆʙʨʘʪʥʦ, 

ʢʘʞʜʦʝ ʥʝʚʳʨʦʞʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ( ) ( )( ), , ,u h u hF Y  ʩʠʩʪʝʤʳ (5),  

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʶ ( )2 2
0u hh ¸F - F  ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ 

,u h, ʥʝʷʚʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪ ʧʦ ʬʦʨʤʫʣʘʤ (6)  ʥʝʚʳʨʦʞʜʝʥʥʦʝ ʨʝʰʝʥʠʝ 

( ) ( )( ), , ,u t x h t x   ʩʠʩʪʝʤʳ (3)  ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ,t x . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ (5) ʦʧʨʝʜʝʣʷʝʪ  ʜʣʷ ʩʠʩʪʝʤʳ (3) ʫʨʘʚʥʝʥʠʡ 

ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʣʢʦʡ ʚʦʜʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ ʠ ʝʝ ʦʩʥʦʚʥʫʶ ʛʨʫʧʧʫ 

ʃʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʠ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʝʝ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʨʝʰʝʥʠʡ.  ɸ ʚ ʩʠʣʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2) ï ʪʦ ʞʝ ʩʘʤʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʩʠʩʪʝʤʳ (1) ʫʨʘʚʥʝʥʠʡ 

ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʣʢʦʡ ʚʦʜʳ ʩ ʥʘʢʣʦʥʥʳʤ ʜʥʦʤ.  
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ʆʩʥʦʚʥʘʷ ʛʨʫʧʧʘ ʃʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʩʪʝʤʳ (5) (ʬʘʢʪʦʨʛʨʫʧʧʘ ʧʦ 

ʥʦʨʤʘʣʴʥʦʤʫ ʜʝʣʠʪʝʣʶ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʣʠʥʝʡʥʦʩʪʴʶ ʩʠʩʪʝʤʳ)  ʧʦʨʦʞʜʘʝʪʩʷ 

ʦʧʝʨʘʪʦʨʘʤʠ 

           ( ) ( ) ( )
2

1

2 3 4

1 1
4 2 2

,

2 , , .

u h

u uh

uX h uh u h u

X u h X X

F Y

F F Y

= + µ + µ + Y- F µ + F- Y µ

= µ + µ -Fµ =µ =Fµ +Yµ
                   (7) 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʥʚʘʨʠʘʥʪʥʳʭ ʠ ʯʘʩʪʠʯʥʦ ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʰʝʥʠʡ 

ʩʠʩʪʝʤʳ (5) ʩʪʨʦʠʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʛʨʫʧʧ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ, 

ʧʦʨʦʞʜʘʝʤʦʡ ʦʧʝʨʘʪʦʨʘʤʠ (7). ʆʥʘ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʜʛʨʫʧʧʳ, ʰʝʩʪʴ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʜʛʨʫʧʧ  ʠ ʪʨʝʭ ʪʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʜʛʨʫʧʧ. ʅʘʡʜʝʥʥʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠʥʚʘʨʠʘʥʪʳ  ʚʩʝʭ ʧʦʜʛʨʫʧʧ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʝʡʰʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʩʝʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ (ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʪʦʯʝʯʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ) ʠʥʚʘʨʠʘʥʪʥʳʭ ʠ ʯʘʩʪʠʯʥʦ  

ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (5). ʅʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʪʨʠʥʘʜʮʘʪʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʠ ʦʜʥʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʬʫʥʢʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʢ ʵʪʠʤ ʨʝʰʝʥʠʷʤ ʬʦʨʤʫʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʰʝʥʠʡ 

ʩʠʩʪʝʤʳ (5), ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʛʨʫʧʧʦʚʦʛʦ ʩʚʦʡʩʪʚʘ (7), ʜʘʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʵʪʦʡ 

ʩʠʩʪʝʤʳ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʩʝʤʥʘʜʮʘʪʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʠ ʦʜʥʦʡ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʢ ʵʪʠʤ ʨʝʰʝʥʠʷʤ ʠʥʬʠʥʠʪʝʟʠʤʘʣʴʥʳʭ 

ʬʦʨʤʫʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʰʝʥʠʡ  ʨʘʩʰʠʨʷʝʪ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ. 

ʃʠʥʝʡʥʘʷ ʦʙʦʣʦʯʢʘ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʨʘʟʫʝʪ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʦʝ ʚʝʢʪʦʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ V  ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (5). 

ʌʦʨʤʫʣʳ (6) ʧʦʨʦʞʜʘʶʪ ʧʨʠ ( ),F Y, ʧʨʦʙʝʛʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ V , 

ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (3). 

ʇʨʠʤʝʥʝʥʠʝ ʢ ʵʪʠʤ ʨʝʰʝʥʠʷʤ ʬʦʨʤʫʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʰʝʥʠʡ ʵʪʦʡ ʩʠʩʪʝʤʳ, 

ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʛʨʫʧʧʦʚʦʛʦ ʩʚʦʡʩʪʚʘ (4),  ʜʘʝʪ ʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʥʝʚʳʨʦʞʜʝʥʥʳʝ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʬʦʨʤʫʣ (2)  ʢ ʧʦʣʫʯʝʥʥʦʤʫ 

ʙʝʩʢʦʥʝʯʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (3) ʜʘʝʪ 

ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (1).  

3. ɺʳʨʦʞʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʧʨʠ 0k¸ . ɺʳʨʦʞʜʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 
( )
( )

,
0

,

v

y

h

t

µ
=

µ
 ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ  

                                                        ()F vh= .                                                     (8) 

ʇʦʜʩʪʘʥʦʚʢʘ (8) ʚ (1), ʧʨʠʚʝʜʝʥʠʝ ʚ ʠʥʚʦʣʶʮʠʶ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ v  ʥʝʷʚʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

( )
( )

( )
( )

1 1

1 2 3

2
12 3

1
2 2 1

k kc kk v
c v k v v c yv c

k k k k k
t- -

å õ--
- + + + + =æ ö

æ ö- -
ç ÷

,ʧʨʠ 11;0; ;2
2

k¸° ;   (9)           

                 

1
1 2 3

3

ln
2

c vc v v v c v yv c
v
tå õ+ + - + - + =æ ö

ç ÷
,     ʧʨʠ 1k= ;                (10) 
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                1
1 2 3

31 ln
2 6 2

c vc v v c yv c
v
t -å õ- + + + =æ ö
ç ÷

,  ʧʨʠ 2k= ;                   (11) 

              

1
1 2 3

4 1 ln 2
3 2 2

c
c v v v v c v yv ctå õ- - + + =æ ö
ç ÷

, ʧʨʠ 1
2

k= ;            (12) 

                
() ( )1 2 3

3
1, , 0
2 2

vv v y c y c v c= =- + - + =,  ʧʨʠ 1k=-;              (13) 

ʘ ʬʫʥʢʮʠʷFʠʤʝʝʪ ʚʠʜ:
  

                                                 

2 1
1 2

2

1 2

2
1 2

, 1;0;
2

ln , 1;
2

1;,

kv c v c k

vF c v c k

c v c k

-ë
î
î
î
ì
î
î
î
í

- + + ¸°

= - + + =

+ =-

                                         
 (14)

 

ʛʜʝ 
1 2 3, ,c c c  ï  ʧʨʦʠʟʚʦʣʴʥʳʝ ʚʝʱʝʩʪʚʝʥʥʳʝ  ʧʦʩʪʦʷʥʥʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʚʳʨʦʞʜʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (1) 

ʧʨʠ 0k¸  ʧʨʝʚʳʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜ ʜʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ (8), (14), ʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʷʚʥʦ ʫʨʘʚʥʝʥʠʷʤʠ (9) ï (13). 

4. ɺʳʚʦʜʳ. ɼʣʷ ʥʝʣʠʥʝʡʥʳʭ  ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʣʢʦʡ ʚʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘʜ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʥʘʢʣʦʥʥʳʤ ʜʥʦʤ, ʧʦʣʫʯʝʥʳ ʪʦʯʥʳʝ 

ʨʝʰʝʥʠʷ: ʥʝʚʳʨʦʞʜʝʥʥʳʝ ʠ ʚʳʨʦʞʜʝʥʥʳʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʢʘʪʘ ʚʦʣʥ ʥʘ ʙʝʨʝʛ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 16-01-00446 ʘ. 
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Abstract. One-parameter family of equations of one-dimensional model of 

shallow water  describes the propagation of surface waves above a straight bottom is 

generated by the equations of one-dimensional model of shallow water with a 

horizontal bottom. The parameter of the family is the slope of the bottom. By the set 

of non-degenerate solutions the system of the equations of one-dimensional model of 

shallow water with a horizontal bottom becomes linear with the help of hodograph 

transformation, which is convenient to choose in accordance with its symmetry 

property. Group analysis of the systems in question is made. Infinite aggregate of 

non-degenerate solutions of one-dimensional model of shallow water with a straight 

bottom is obtained. All of the degenerate solutions of these equations are found. 

Thus, the data base of exact solutions of the equations of one-dimensional model of 

shallow water with a straight bottom is created. The solutions obtained in this paper 

may be used in the study of tsunami waves and fluid distribution in channels. 

Keywords: shallow water, group analysis, invariant solutions, partially 

invariant solutions, non-degenerate solutions, degenerate solutions. 
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ɸʥʥʦʪʘʮʠʷ  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʵʪʘʧʫ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʠ 

ʧʨʦʛʨʘʤʤʳ ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʥʝʩʫʱʠʭ 

ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʦʚʦʢ. ɺ ʧʨʦʛʨʘʤʤʫ 

ʨʘʩʯʸʪʘ ʚʚʝʜʝʥʦ ʫʩʣʦʚʠʝ ʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʧʦʥʦʚʢʠ 

ʟʘʤʢʥʫʪʦʡ ʩʭʝʤʳ (ʙʠʧʣʘʥʥʳʝ ʢʦʨʦʙʢʠ). ʇʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ 

AEROJET, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʧʘʥʝʣʴʥʦʤ ʤʝʪʦʜʝ ʄʦʨʠʥʦ, ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ 

ʟʘʜʘʯʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʩʫʱʠʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʚʜʦʣʴ ʢʨʳʣʘ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʦʞʥʳʝ ʥʝʩʫʱʠʝ ʩʠʩʪʝʤʳ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ, ʧʨʦʛʨʘʤʤʘ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʇ-ʦʙʨʘʟʥʳʝ ʚʠʭʨʠ, ʢʦʥʮʝʚʳʝ ʢʨʳʣʳʰʢʠ. 

 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʤʠʥʠʤʫʤʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ FORTRAN. ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʝ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ 

ʚʠʭʨʝʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʚ ʧʣʦʩʢʦʩʪʠ ʊʨʝʬʪʮʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ 

ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʠʥʠʤʫʤ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʉʚʦʙʦʜʥʳʝ ʚʠʭʨʠ, ʩʭʦʜʷʱʠʝ ʩ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʢʨʳʣʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʜʠʩʢʨʝʪʥʳʭ ʇ-ʦʙʨʘʟʥʳʭ ʚʠʭʨʝʡ. ʇʨʠʩʦʝʜʠʥʸʥʥʳʝ 

ʚʠʭʨʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʦʜʥʫ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʄ. ʄʫʥʢʘ çʆ ʚʳʥʦʩʝè. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʦʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ 

mailto:sa01borisova@gmail.com
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ʧʦʩʪʦʷʥʩʪʚʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ ὧ ὧέὲίὸ, ʘ ʪʘʢʞʝ 

ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ὠ ρ ʠ ʧʣʦʪʥʦʩʪʠ  ʍ ρ ʥʘʙʝʛʘʶʱʝʛʦ 
ʧʦʪʦʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʱʝ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ὧʜʣʷ ʧʨʷʤʦʛʦ ʢʨʳʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʘʭʫ ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ.  

ʊʘʢ ʢʘʢ ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ, 

ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʊʨʝʬʪʮʘ: 

ὧ
̋̑
᷿ːὰὡ ὰὨὰ

̋̑
В ːὡ Ўὰ, 

ʛʜʝ l ï ʢʦʥʪʫʨ ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ ʚ ʧʣʦʩʢʦʩʪʠ ʊʨʝʬʪʮʘ, ὡ В ὄ  ː ï

ʥʦʨʤʘʣʴʥʘʷ ʢ ʢʦʥʪʫʨʫ ʩʣʝʜʘ ʠʥʜʫʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʚʩʝʭ 

ʩʚʦʙʦʜʥʳʭ ʚʠʭʨʝʡ ,ːὄ ὃ ὃ ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʘ 

ὃ
ȟ

ᶻ
ȟ
ᶻ , 

ὃ
ȟ

ᶻ ᶻ , 

ὶ ὣ ώ ὤ ᾀ , ὶᶻ ὣ ώ ὤ ᾀ . 

ʊʦʛʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

̒
̋̑
В ːЎὰϽВ ὄ .ː 

ʇʦʠʩʢ ʤʠʥʠʤʫʤʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʩy 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʫʩʣʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʩʦʩʪʘʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣ ʃʘʛʨʘʥʞʘ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ὧ  ʠ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩy ʩ ʫʯʸʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʥʝʛʦ, ʚʟʷʪʦʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʥʘʟʳʚʘʝʤʳʤ ʤʥʦʞʠʪʝʣʝʤ 

ʃʘʛʨʘʥʞʘ: 

ˡː ̒ Ὧ
̋̑
В ːЎᾀ ̒ ̈́ ,̅ 

ʛʜʝ k-ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ. ɿʘʪʝʤ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʦʪʦʨʳʝ ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʥʫʣʶ. ʇʦʣʫʯʝʥʥʘʷ 

ʉʃɸʋ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ. 

ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʢʦʨʨʝʢʪʥʘ ʠ ʫʩʪʦʡʯʠʚʘ, ʧʨʦʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʦʯʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʘ ʦʰʠʙʢʘ ʩʯʝʪʘ ὧʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʯʥʳʤ 

ʨʝʰʝʥʠʝʤ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,1 ï 0,2 %, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʝʸ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ 

ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʥʦʛʦ ʢʨʳʣʘ (ʙʘʟʦʚʦʝ ʢʨʳʣʦ + 

ʢʦʥʮʝʚʳʝ ʢʨʳʣʳʰʢʠ). 
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ɿʘʪʝʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʨʘʩʯʸʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʥʝʩʫʱʠʭ ʩʠʩʪʝʤ ʠ ʩʜʝʣʘʥʳ ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ:  

¶ ʂʨrʣʦ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʢʦʥʮʝʚʦʛʦ ʢʨʳʣʳʰʢʘ. ʀʤʝʝʪ 

ʥʘʠʤʝʥʴʰʠʡ ὧ  ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʟʚʦʨʦʪʝ ʢʨʳʣʳʰʢʘ. ɺʳʠʛʨʳʰ ʚ 

ʠʥʜʫʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ å 30% (ʧʨʠ ʚʳʩʦʪʝ ʢʨʳʣʳʰʢʘ 

h=0,1L)ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʢʨʳʣʦʤ, ʠʤʝʶʱʠʤ ʵʣʣʠʧʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ; 

¶ ʂʨʳʣʦ ʩ ʧʣʘʚʥʦ ʠʟʦʛʥʫʪʳʤ ʢʨʳʣʳʰʢʦʤ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ.  

¶ ʂʨʳʣʦ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʚʫʩʪʦʨʦʥʥʝʡ ʰʘʡʙʦʡ. ʗʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ (ʚʳʠʛʨʳʰ ʚ ὧ  ʩʦʩʪʘʚʣʷʝʪ å12% ʧʨʠ h1,2=0,1L) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʳʣʦʤ, ʠʤʝʶʱʠʤ ʦʜʥʫ ʚʝʨʪʠʢʘʣʴʥʫʶ ʰʘʡʙʫ; 

¶ ʂʨʳʣʦ ʩ ʜʚʫʩʪʦʨʦʥʥʝʡ ʰʘʡʙʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʢʨʳʣʳʰʝʢ. ɼʣʷ ʢʨʳʣʘ ʩ 2
ʤʷ

 ʢʨʳʣʳʰʢʘʤʠ ʤʠʥʠʤʘʣʴʥʳʡ ὧ  ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʫʛʣʝ ʥʘʢʣʦʥʘ 50ϊ, ʯʪʦ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʫʞʝ ʚʳʧʫʱʝʥʥʳʭ ʃɸ ï 

Boeing-737.ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ 

ʢʨʳʣʘ ʩ ʪʨʝʤʷ ʢʨʳʣʳʰʢʘʤʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ὧ  

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʛʣʝ ʫʩʪʘʥʦʚʢʠ 40ϊ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 
ʢʨʳʣʳʰʢʘ;  

¶ ʂʨʳʣʦ ʩ ʢʦʣʴʮʝʚʳʤ ʢʨʳʣʳʰʢʦʤ. ʀʤʝʝʪ ʤʠʥʠʤʫʤ ὧ  ʪʦʣʴʢʦ ʧʨʠ 

ʛʝʦʤʝʪʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʦʣʦʚʠʥʫ ʦʢʨʫʞʥʦʩʪʠ, ʥʦ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ çʧʨʦʠʛʨʳʚʘʝʪè ʢʨʳʣʫ ʩ ʛʣʘʜʢʠʤ ʠʟʛʠʙʦʤ ʥʘ 3%. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʸʪ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʢʨʳʣʴʝʚ (ʢʦʣʴʮʝʚʦʝ 

ʢʨʳʣʦ, ʙʠʧʣʘʥ ʢʦʨʦʙʯʘʪʦʡ ʩʭʝʤʳ), ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʚʝʜʝʪ ʩʝʙʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʝʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʨʦʞʜʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʉʃɸʋ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʸʪʘ ʙʳʣʦ ʚʝʜʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʮʠʨʢʫʣʷʮʠʠ ɻ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʧʦʜʙʠʨʘʝʪʩʷ ʩ ʫʩʣʦʚʠʝʤ ʛʣʘʜʢʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʧʦ 

ʨʘʟʤʘʭʫ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʛʝʦʤʝʪʨʠʠ, ʚʳʙʨʘʥʥʦʡ ʠʟ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʧʦʜʙʦʨʘ ʚʝʣʠʯʠʥʳ 

ʦʛʨʘʥʠʯʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʛʨʘʬʠʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ɻ ʧʦ ʨʘʟʤʘʭʫ 

ʚʦʟʥʠʢʘʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʩʢʘʯʦʢ (ʨʘʩʯʸʪ ʙʠʧʣʘʥʘ ʟʘʤʢʥʫʪʦʡ ʩʭʝʤʳ ʩ ʨʘʟʥʳʤ 

ʨʘʟʤʘʭʦʤ ʧʣʘʥʦʚ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʥʮʝʚʦʡ ʰʘʡʙʦʡ). ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʜʘʞʝ ʝʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʢʘʯʢʦʦʙʨʘʟʥʘʷ ʛʝʦʤʝʪʨʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʙʫʜʝʪ 

ʩʛʣʘʞʝʥʦ, ʯʪʦ ʥʘʨʫʰʠʪ ʫʩʣʦʚʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

ʊʦʛʜʘ ʬʫʥʢʮʠʦʥʘʣ ʃʘʛʨʘʥʞʘ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

ˡː ̒ Ὧ В ːЎᾀ ̒
̈́̅

Ὧ ː ː̈ ́ .̅ 

 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʙʠʧʣʘʥʥʳʭ 

ʢʦʨʦʙʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʥʝʩʫʱʘʷ ʩʠʩʪʝʤʘ ʩʘʤʦʣʸʪʘ ï 

ʜʝʤʦʥʩʪʨʘʪʦʨʘ ʊɺʉ ï 2ɼʊ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʦʚʦʢ 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʪʝʢʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ 

ʧʦ ʵʣʝʤʝʥʪʘʤ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ ʨʘʙʦʪ 

ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʝʦʤʝʪʨʠʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʨʘʩʯʸʪʘ ʦʙʪʝʢʘʥʠʷ ʥʝʩʫʱʠʭ 

ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʳʚʘʪʴ çʪʝʣʝʩʥʳʝè ʢʦʤʧʦʥʦʚʢʠ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ AEROJET, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚ ʉʠʙʅʀɸ 

ʠʤ. ʉ. ɸ. ʏʘʧʣʳʛʠʥʘ ʠ ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʤʝʪʦʜʝ ʄʦʨʠʥʦ, ʛʜʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ ʜʠʧʦʣʝʡ. 

ʊʘʢ ʢʘʢ ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʥʘ ʝʱʝ ʚ 90
ʳʝ 
ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ 

ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʧʝʨʚʳʝ ʤʘʣʦʤʦʱʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʦʥʘ 

ʧʦʪʨʝʙʦʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʜ ʥʦʚʳʝ ʟʘʜʘʯʠ. ʊʘʢ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, ʯʪʦ ʫʚʝʣʠʯʠʣʦ ʪʦʯʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʘʩʯʸʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʧʨʦʛʨʘʤʤʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ. 

ʇʨʦʚʝʜʝʥʳ ʪʝʩʪʦʚʳʝ ʨʘʩʯʸʪʳ ʧʣʦʩʢʦʛʦ ʢʨʳʣʘ ʢʦʥʝʯʥʦʛʦ ʨʘʟʤʘʭʘ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʨʦʬʠʣʝʤ NACA ï 0012 ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʟʘʢʦʥʮʦʚʦʢ, 

ʬʦʨʤʘ ʚ ʧʣʘʥʝ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʩʘʤʦʣʝʪʦʚ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʵʬʬʝʢʪ ʦʪ ʤʠʥʠʤʠʟʘʮʠʠ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʟʘʢʦʥʮʦʚʢʠ ʢʨʳʣʘ 

ʥʝʚʝʣʠʢ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʣʠʰʴ ʫʚʝʣʠʯʝʥʠʝʤ ʝʸ ʨʘʟʤʘʭʘ. ʌʦʨʤʘ ʟʘʢʦʥʮʦʚʢʠ ʚʣʠʷʝʪ, 

ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʣʦʢʘʣʴʥʳʤ ʩʨʳʚʘʤ ʧʦʪʦʢʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʘʤʦʣʸʪʦʚ, 

ʠʤʝʶʱʠʭ ʪʨʘʥʩʟʚʫʢʦʚʦʡ ʨʝʞʠʤ ʧʦʣʸʪʘ, ʚʳʠʛʨʳʰ ʚ ʠʥʜʫʢʪʠʚʥʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʮʦʚʦʢ ʚ ʪʝʩʪʦʚʳʭ ʨʘʩʯʸʪʘʭ 

ʠʤʝʝʪ ʪʘʢʞʝ ʠ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ, ʘ ʠʤʝʥʥʦ ʫʭʫʜʰʘʝʪ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ ʧʦ ʨʘʟʤʘʭʫ ʢʨʳʣʘ, ʫʚʝʣʠʯʠʚʘʷ ʥʘʛʨʫʟʢʫ ʚ 

ʢʦʥʮʝʚʳʭ ʩʝʯʝʥʠʷʭ. ɸ ʜʣʷ ʟʘʪʷʛʠʚʘʥʠʷ ʚʦʣʥʦʚʦʛʦ ʢʨʠʟʠʩʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʘ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʪʥʦʝ ï ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʚ ʢʦʥʮʝʚʳʭ 

ʩʝʯʝʥʠʷʭ. ʇʦʵʪʦʤʫ ʙʘʟʦʚʦʝ ʢʨʳʣʦ (ʙʝʟ ʢʦʥʮʝʚʳʭ ʢʨʳʣʳʰʝʢ ʠ ʟʘʢʦʥʮʦʚʦʢ) 

ʦʙʳʯʥʦ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʙʝʟ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʴʥʦ ʩʢʦʰʝʥʥʳʝ ʟʘʢʦʥʮʦʚʢʠ ʠ 

ʢʦʥʮʝʚʳʝ ʢʨʳʣʳʰʢʠ, ʢʦʪʦʨʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʣʥʦʚʦʛʦ ʢʨʠʟʠʩʘ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʚʣʠʷʶʪ, ʥʦ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʡ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʙʘʟʦʚʦʛʦ ʢʨʳʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ, 

ʥʘʯʘʣʴʥʠʢʘ ʦʪʜʝʣʘ 1010 ʅʀʆ 1,ʌɻʋʇ çʉʠʙʅʀɸ ʠʤ. ʉ. ɸ. ʏʘʧʣʳʛʠʥʘè, ʢ. ʪ. ʥ. 

ʉʠʣʘʥʪʴʝʚʘ ɺ. ɸ. 
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ʋɼʂ 624.046.3. 

 

ʈɸʉʏɽʊ ʆɹʊɽʂɸʅʀʗ ʂɺɸɼʈɸʊʅʆɻʆ ʎʀʃʀʅɼʈɸ ʉʆ ʑʀʊʂɸʄʀ 

 

ɻʘʚʨʠʣʝʥʢʦ ʅ.ʉ.; ɻʦʩʪʝʝʚ ʖ.ɸ. 
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ʀʟʫʯʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɸɼʍ) ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʪʝʣ 

(ʮʠʣʠʥʜʨʦʚ), ʦʩʥʘʱʝʥʥʳʭ ʱʠʪʢʘʤʠ, ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʚʝʪʨʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʎʠʣʠʥʜʨ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʦʚʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʷʤ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʙʘʣʦʯʥʳʭ 

ʤʦʩʪʦʚ. ʑʠʪʢʠ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʛʨʘʶʪ ʨʦʣʴ ʛʘʩʠʪʝʣʝʡ ʘʵʨʦʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ, ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʡ 

ʩʝʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ɸɼʍ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ANSYS. 

ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ɸɼʍ: ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʨʝʜʥʠʭ (xac ,
yac ) ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʭ (xac¡,

yac¡) ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ Sh (ʙʝʟʨʘʟʤʝʨʥʘʷ ʯʘʩʪʦʪʘ ʩʭʦʜʘ 

ʚʠʭʨʝʡ). 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 
yac¡. ʇʨʠ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʝʪʨʦʚʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. ʂʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʉʪʨʫʭʘʣʷ. 

ʉʪʘʣʦ ʙʳʪʴ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʛʘʩʠʪʝʣʝʡ ʧʨʠ ʥʝ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ʚʝʪʨʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ ʪʨʝʙʫʝʪʩʷ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ 
yac¡ ʠ Sh, ʞʝʣʘʪʝʣʴʥʦ ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʘʨʴʠʨʦʚʘʣʠʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʠ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʱʠʪʢʦʚ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ɸɼʍ ʢ ʧʣʦʪʥʦʩʪʠ 

ʠ ʪʦʧʦʣʦʛʠʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʚʝʣʠʯʠʥʝ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. ɹʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʢʠ ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. 

ɺ ʩʝʨʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ 

ʱʠʪʢʦʚ çʦʧʪʠʤʘʣʴʥʳʭè ʬʦʨʤ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʧʫʣʴʩʘʮʠʦʥʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʚ 7é8 ʨʘʟ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 25é30%. ɼʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʉʪʨʫʭʘʣʷ 

ʩ ʧʦʤʦʱʴʶ ʱʠʪʢʦʚ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʥʝ ʫʜʘʝʪʩʷ. 
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Abstract  

The study of aerodynamic characteristics of prismatic bodies ( cylinder ) , 

equipped with flaps , important  for bridges resonance problem solving. Square 

cylinder is a typical cross-section of bridge span. Flaps are used as an aeroelastic 

oscillations dumper. 

ANSYS package was used to create a geometrical model of flow-field, finite-

element mesh and the subsequent calculation. 

During calculation were recorded basic aerodynamic characteristics: 

coefficients of average ration (xac ,
yac ) and  pulsation component (xac¡,

yac¡) of lift and 

drag forces, Strouhal number (nondimensional frequency of vorticity). 

Oscillatory amplitude is proportional to 
yac¡. When the velocity becomes higher 

then critical velocity there is a danger of wind resonance. Critical velocity is 

proportional to Strouhal number. According to this, installation of flaps is needed to 

decrease the magnitude of   
yac¡ and Strouhal number as well as not to increase the 

drag of a construction.  With this object in mind are ranged the relative length of flaps 

and installation angle of flaps. 

Methodological studies have shown the sensitivity to aerodynamic 

characteristics, density and calculation mesh topology, the value of integration step 

an the time. Minimally requirement parameters of mesh and numerical algorithm 

were selected  

In a series of numerical experiments we found that the installation of  "optimal 

" form shields and location can reduce the pulsation component of the lift 7 ... 8 times 

, while reducing drag by 25 ... 30 % . To achieve a significant reduction of Strouhal 

number using this flaps have failed. 

Keywords: Numerical methods, flow over cylinder, aerodynamic 

characteristics of prismatic bodies, wind resonance of bridge span. 
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ɸʥʥʦʪʘʮʠʷ 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʣʴʮʝʚʦʛʦ ʟʘʟʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʪʝʯʝʥʠʝ ʂʫʵʪʪʘ, ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʪʦʥʢʦʡ ʥʘʛʨʝʪʦʡ ʥʠʪʠ ʢ ʩʨʝʜʝ ʜʣʷ ʪʘʨʠʨʦʚʢʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʥʘ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʊʘʢ 

ʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʪʘʨʠʨʦʚʦʯʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ DISA 55D41/42. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʊʝʯʝʥʠʝ ʂʫʵʪʪʘ, ʊʝʨʤʦʘʥʝʤʦʤʝʪʨ, ʅʠʟʢʠʝ ɼʘʚʣʝʥʠʷ, ɺʠʭʨʠ ʊʝʡʣʦʨʘ-

ɻʝʨʪʣʝʨʘ, ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʏʠʩʣʘ ʂʥʫʜʩʝʥʘ. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʠʯʝʩʢʠʡ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʚʳʩʦʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʄʝʪʦʜʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʣʝʞʠʪ ʪʝʧʣʦʦʙʤʝʥ ʥʘʛʨʝʪʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʫʶ ʦʥ 

ʧʦʤʝʱʝʥ. ʇʨʠ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʨʘʟʨʝʞʝʥʥʦʛʦ ʛʘʟʘ ʜʘʪʯʠʢ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ 

ʨʘʙʦʪʘʝʪ ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ ʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʂʥʫʜʩʝʥʘ, 

ʜʦʩʪʠʛʘʶʱʠʭ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʯʝʥʠʶ ʥʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʪʘʨʠʨʦʚʢʠ ʜʘʪʯʠʢʘ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝʟʘʚʠʩʠʤʦʝ 

ʠʟʤʝʨʝʥʠʝ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʧʦʪʦʢʘ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ (ʦʧʪʠʯʝʩʢʠʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʫʙʢʠ ʇʠʪʦ-ʇʨʘʥʜʪʣʷ)ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʠʛʦʜʥʳ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʪʝʯʝʥʠʠ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʣʠʥʝʡʥʳʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ 

ʩʢʦʨʦʩʪʴʶ ʧʦʜʚʠʞʥʦʡ ʩʪʝʥʢʠ, ʪʘʢʦʝ ʪʝʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʪʘʨʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʜʥʘʢʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʩʢʦʛʦʪʝʯʝʥʠʷ ʂʫʵʪʪʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ɹʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʪʝʯʝʥʠʷ ʂʫʵʪʪʘ ʚ ʢʦʣʴʮʝʚʦʤ ʟʘʟʦʨʝ 

ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʚʨʘʱʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʣʠʥʝʡʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ, ʥʝ ʜʦʧʫʩʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ 

ɻʝʨʪʣʝʨʘ-ʊʝʡʣʦʨʘ ʠ ʪ.ʜ.ʉʣʝʜ ʟʘ ʜʘʪʯʠʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ ʢʦʣʴʮʝʚʦʤ ʟʘʟʦʨʝ, 

ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʚ ʧʦʪʦʢʝ ʚʦʟʤʫʱʝʥʠʷ, ʩʦʟʜʘʶʱʠʝ ʧʫʣʴʩʘʮʠʠ ʠ ʠʩʢʘʞʘʶʱʠʝ 

ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʟʨʝʞʝʥʠʷʭ 

ʚʦʟʤʦʞʥʦ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʪʝʯʝʥʠʷ ʛʘʟʘ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʂʫʵʪʪʘ 

 

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʘʨʠʨʦʚʢʫ ʜʘʪʯʠʢʘ ʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʘʨʠʨʦʚʦʯʥʦʡ ʪʨʫʙʝ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ DISA. ɺ ʪʘʨʠʨʦʚʦʯʥʦʡ ʪʨʫʙʝ 

DISAʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʪʦʣʴʢʦ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʊʘʢ 

ʞʝ ʜʘʪʯʠʢ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʪʘʨʠʨʦʚʘʪʴʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʚ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʪʝʯʝʥʠʷ ʂʫʵʪʪʘ. ʊʘʨʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʪʨʫʙʳ DISAʠ ʠʟ ʫʩʪʘʥʦʚʢʠ ʙʫʜʫʪ ʩʨʘʚʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʦʤʠʤʦ ʚʩʝʛʦ 

ʧʨʦʯʝʛʦ, ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʨʘʚʥʠʪʴ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʪʘʨʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʦ ʥʘʯʘʣʘ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʛʦ ʧʨʦʝʢʪʘ. ɺ ʩʣʫʯʘʝ ʩʦʚʧʘʜʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʨʠʨʦʚʢʠ ʜʘʪʯʠʢʘ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʤʝʪʦʜ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʦʪʨʘʙʦʪʘʥʥʳʤ. ʇʦʩʣʝ ʯʝʛʦ ʥʘʯʥʝʪʩʷ ʢʦʥʝʯʥʘʷ ʩʪʘʜʠʷ 


