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ʋɼʂ 62+623](063) 
ɹɹʂ 72ʷ431 

ʅ 34 
ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʏʘʧʣʳʛʠʥ ï ʨʦʩʩʠʡʩʢʠʡ ʫʯʝʥʳʡ, ʤʝʭʘʥʠʢ ʠ 

ʤʘʪʝʤʘʪʠʢ, ʦʜʠʥ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʘʢʘʜʝʤʠʢ ʈɸʅ ʉʉʉʈ 

(1929 ʛ), ɻʝʨʦʡ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʊʨʫʜʘ, ʦʪʤʝʯʝʥʥʳʡ ʟʘ ʚʳʜʘʶʱʠʝʩʷ ʥʘʫʯʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʦʪʢʨʳʚʰʠʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 
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ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʚ 4 ʪ. / ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ; ʧʦʜ ʨʝʜʘʢʮʠʝʡ 
ʉ.ɼ. ʉʘʣʝʥʢʦ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʅɻʊʋ, 2019. 
 

ISBN 978-5-7782-3897-8 

ʊʦʤ 1: - 216 ʩ.  

ISBN 978-5-7782-3898-5 
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ʂʫʨʣʘʝʚ ʅ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ (ʩʘʤʦʣʝʪʦ- ʠ ʚʝʨʪʦʣʝʪʦʩʪʨʦʝʥʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ) 

ʃʝʚʠʥ ɺ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ (ʜʠʥʘʤʠʢʘ ʠ ʧʨʦʯʥʦʩʪʴ ʤʘʰʠʥ) 

ʆʙʫʭʦʚʩʢʠʡ ɸ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʛʠʜʨʦʘʵʨʦʜʠʥʘʤʠʢʘ) 

ʈʘʩʪʦʨʛʫʝʚ ɻ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ (ʜʠʥʘʤʠʢʘ ʠ ʧʨʦʯʥʦʩʪʴ ʤʘʰʠʥ) 

ʏʠʯʠʥʜʘʝʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ (ʪʝʭʥʠʢʘ ʠ ʬʠʟʠʢʘ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ ʟʘʱʠʪʳ ʃɸ) 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʨʫʜʳ Xʍ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

çʅʘʫʢʘ ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʆʙʦʨʦʥʘ ï 2019è. ʄʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʩʝʢʮʠʷʤ: 
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¶ ʛʠʜʨʦʘʵʨʦʜʠʥʘʤʠʢʘ. 
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ʉʆʉʊɸɺ ʆʈɻʂʆʄʀʊɽʊɸ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʢʦʤʠʪʝʪʘ: 

ʇʫʩʪʦʚʦʡ ʅ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʧʨʦʯʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ,  ʧʨʝʟʠʜʝʥʪ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅɻʊʋ).  

 

ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ: 

ʀʚʘʥʢʦʚ ɺ.ʀ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ çʉʠʙʠʨʩʢʦʝ 

ʩʦʛʣʘʰʝʥʠʝè, ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʠʪʝʪ; 

ɼʠʢʘʥʩʢʠʡ ʅ.ʉ., ʘʢʘʜʝʤʠʢ ʈɸʅ, ʩʦʚʝʪʥʠʢ ʈɸʅ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ.; 

ʅʘʢʦʨʷʢʦʚ ɺ.ɽ., ʘʢʘʜʝʤʠʢ ʈɸʅ, ʩʦʚʝʪʥʠʢ ʈɸʅ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪʘ ʪʝʧʣʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʨʫʢʦʚʦʜʠʪʝʣʴ  ɸʅʆ "ʀʥʩʪʠʪʫʪ ʧʝʨʝʜʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ";   

ʇʝʛʘʰʢʠʥ ɺ.ʌ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣʘ) ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 

ʧʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸɺʅ; 

ɿʘʙʦʣʦʪʥʳʡ ʇ.ɺ., ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ɸʆ çʅʇʆ ʅʀʀʀʇ-ʅɿʠʂè; 

ʉʝʨʴʝʟʥʦʚ ɸ.ʅ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʉʠʙʠʨʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʘʚʠʘʮʠʠ ʠʤʝʥʠ ʉ.ɸ. 

ʏʘʧʣʳʛʠʥʘ (ʉʠʙʅʀɸ); 

ʉʤʠʨʥʦʚ ʉ.ɸ., ʟʘʤʝʩʪʠʪʝʣʴ ɻʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʆɸʆ "ʂʦʤʧʘʥʠʷ "ʉʫʭʦʡ", 

ʜʠʨʝʢʪʦʨ ʅɸɿ ʠʤ. ɺ.ʇ. ʏʢʘʣʦʚʘ; 

ʌʦʤʠʥ ɺ.ʄ., ʘʢʘʜʝʤʠʢ ʈɸʅ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ., ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ (ʀʊʇʄ ʉʆ ʈɸʅ) ʠʤ. ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ (ʀʊʇʄ ʉʆ ʈɸʅ); 

ʈʘʟʛʦʥʦʚ ɺ.ʃ., ʧʦʣʢʦʚʥʠʢ, ʥʘʯʘʣʴʥʠʢ ɺʋʅʎ ʉɺ çʆʙʱʝʚʦʡʩʢʦʚʦʡ ʘʢʘʜʝʤʠʠ 

ɺʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (ʬʠʣʠʘʣ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ); 

ʕʜʚʘʙʥʠʢ ɺ.ɻ., ʢ.ʪ.ʥ., ʜ.ʵ.ʥ., ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʈɸʅ, ʟʘʤ. ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʜʠʨʝʢʪʦʨʘ ʧʦ ʨʘʟʚʠʪʠʶ ʆɸʆ ʅʘʫʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʠʙʦʨʦʚ (ʅʀʀʕʇ). 

 

ʏʣʝʥʳ ʆʨʛʢʦʤʠʪʝʪʘ: 

ɸʪʘʧʠʥ ɺ.ɻ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʢʘʬʝʜʨʘ çʇʨʦʯʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚè 

(ʇʃɸ) ʅɻʊʋ; 

ɻʫʩʴʢʦʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʥʳʭ ʫʩʪʨʦʡʩʪʚè (ɻɼʋ) ʅɻʊʋ ï ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʜʝʥʪ ɸɺʅ; 

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

ʅɻʊʋ; 

ʂʠʩʝʣʸʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʈʇʠʈʇʋ 

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

ʪʨʫʜʘè  (ɹʊ) ʅɻʊʋ; 

http://www.ras.ru/win/db/show_org.asp?P=.oi-2554.ln-ru
http://www.ras.ru/win/db/show_org.asp?P=.oi-2554.ln-ru
http://www.ras.ru/win/db/show_org.asp?P=.oi-2554.ln-ru


  
 

4 
 

ʂʦʩʪʠʥ ɺ.ɺ., ʧʨʝʟʠʜʝʥʪ ʆʆʆ çɸʚʠʘʪʝʭʩʥʘʙè; 

ʂʫʨʣʘʝʚ ʅ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ  

çʉʘʤʦʣʝʪʦ- ʠ ʚʝʨʪʦʣʝʪʦʩʪʨʦʝʥʠʷè  (ʉʠɺʉ)  ʅɻʊʋ; 

ʃʘʨʠʯʢʠʥ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʀʥʞʝʥʝʨʥʳʭ 

ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠè (ʀʇʕ) ʅɻʊʋ; 

ʃʠʪʚʠʥʮʝʚʘ ɻ.ʇ., ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʠ ʧʨʠʢʣʘʜʥʦʡ ʵʢʦʥʦʤʠʢʠ; 

ʃʝʛʢʠʡ ɺ.ʅ., ʜ.ʪ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çɸʚʪʦʥʦʤʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤè (ɸʀʉʋ) ʅɻʊʋ; 

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

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. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʩʙʦʨʥʠʢʘ ʪʨʫʜʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʅʇʆ-2019è 

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 

ʃʠʪʚʠʥʮʝʚʘ ɻ.ʇ., ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ 

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

ʂʨʫʧʯʘʪʥʠʢʦʚʘ ɺ.ɺ., ʢ.ɻ.ʥ., ʜʦʮʝʥʪ 

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 

ʃʠʪʚʠʥʮʝʚʘ ɻ.ʇ., ʜ. .ɻʥ., 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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ʇʃɽʅɸʈʅʓʁ ɼʆʂʃɸɼ 

 

ʏʘʧʣʳʛʠʥ - ʉʠʙʅʀɸ ï ʅɻʊʋ 

 

ɹʘʨʩʫʢ ɺʣʘʜʠʤʠʨ ɽʚʛʝʥʴʝʚʠʯ2, ɹʘʪʘʝʚ ɸʥʘʪʦʣʠʡ ɸʥʜʨʝʝʚʠʯ1, ʇʫʩʪʦʚʦʡ 

ʅʠʢʦʣʘʡ ɺʘʩʠʣʴʝʚʠʯ1, ʉʘʣʝʥʢʦ ʉʝʨʛʝʡ ɼʤʠʪʨʠʝʚʠʯ1, ʏʝʤʝʟʦʚ ɺʣʘʜʠʤʠʨ 

ʃʝʦʥʠʜʦʚʠʯ1,2 

 
1 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

2 ʉʠʙʅʀɸ ʠʤ. ʉ.ɸ. ʏʘʧʣʳʛʠʥʘ 

 

 

ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ʏʘʧʣʳʛʠʥ 

ʨʦʜʠʣʩʷ 5 ʘʧʨʝʣʷ 1869 ʛʦʜʘ ʚ 

ʈʷʟʘʥʩʢʦʡ ʛʫʙʝʨʥʠʠ ʚ ʛʦʨʦʜʝ 

ʈʘʥʝʥʙʫʨʛʝ (ʩʝʡʯʘʩ ʛʦʨʦʜ ʏʘʧʣʳʛʠʥ). 

ʄʘʣʴʯʠʢ ʩ ʜʝʪʩʪʚʘ ʙʳʣ ʩʝʨʴʝʟʥʳʤ ʥʝ 

ʧʦ ʛʦʜʘʤ, ʦʙʣʘʜʘʣ ʬʝʥʦʤʝʥʘʣʴʥʦʡ 

ʧʘʤʷʪʴʶ ʠ ʧʳʪʣʠʚʳʤ ʫʤʦʤ. ʈʝʰʝʥʠʷ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʛʠʤʥʘʟʠʠ 

ʥʝʠʟʤʝʥʥʦ ʬʦʨʤʫʣʠʨʦʚʘʣʠʩʴ ʪʘʢ: 

çʇʝʨʝʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʠʡ ʢʣʘʩʩ ʩ 

ʥʘʛʨʘʜʦʡ I ʩʪʝʧʝʥʠè. ɺ ʪʨʠʥʘʜʮʘʪʴ ʣʝʪ 

ʦʥ ʩʪʘʣ ʢʦʨʤʠʣʴʮʝʤ ʩʝʤʴʠ. ʉʝʨʛʝʡ ʩʘʤ 

ʩʪʘʣ ʫʯʠʪʴ ʜʝʪʝʡ ʟʘʞʠʪʦʯʥʳʭ ʛʦʨʦʞʘʥ 

ʤʘʪʝʤʘʪʠʢʝ, ʥʝʤʝʮʢʦʤʫ ʠ ʛʨʝʯʝʩʢʦʤʫ 

ʷʟʳʢʘʤ, ʣʘʪʳʥʠ, ʟʘʥʠʤʘʷʩʴ 

ʨʝʧʝʪʠʪʦʨʩʪʚʦʤ.  

ʆʢʦʥʯʠʚ ʚ 1886 ʛʦʜʫ ʛʠʤʥʘʟʠʶ ʩ 

ʟʦʣʦʪʦʡ ʤʝʜʘʣʴʶ, ʉʝʨʛʝʡ ʏʘʧʣʳʛʠʥ 

ʧʦʩʪʫʧʠʣ ʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʆʥ ʧʨʠʣʝʞʥʦ ʟʘʥʠʤʘʝʪʩʷ, ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʥʠ ʦʜʥʦʡ ʣʝʢʮʠʠ, ʭʦʪʷ ʝʤʫ ʧʦ-

ʧʨʝʞʥʝʤʫ ʧʨʠʭʦʜʠʣʦʩʴ ʜʘʚʘʪʴ ʯʘʩʪʥʳʝ ʫʨʦʢʠ, ʯʪʦʙʳ ʟʘʨʘʙʦʪʘʪʴ ʩʝʙʝ ʥʘ ʞʠʟʥʴ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʜʝʥʝʛ ʦʥ ʧʦʩʳʣʘʣ ʤʘʪʝʨʠ ʚ ɺʦʨʦʥʝʞ. ʉʝʨʛʝʡ ʞʠʣ ʚʧʨʦʛʦʣʦʜʴ, 

ʯʘʩʪʦ ʫ ʥʝʛʦ ʥʝ ʙʳʣʦ ʜʘʞʝ ʪʨʝʭ ʢʦʧʝʝʢ ʥʘ ʢʦʥʢʫ, ʠ ʥʘ ʫʨʦʢʠ ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ 

ʄʦʩʢʚʳ ʧʨʠʭʦʜʠʣʦʩʴ ʜʦʙʠʨʘʪʴʩʷ ʧʝʰʢʦʤ, ʥʦ ʦʥ ʥʝ ʞʘʣʦʚʘʣʩʷ, ʘ ʥʘʩʪʦʡʯʠʚʦ 

ʦʚʣʘʜʝʚʘʣ ʥʘʫʢʘʤʠ.  

ʅʘ ʨʫʙʝʞʝ ʚʝʢʦʚ ʉ.ɸ. ʏʘʧʣʳʛʠʥ ʥʘʯʠʥʘʝʪ ʟʘʥʠʤʘʪʴʩʷ ʩʪʨʫʡʥʳʤʠ 

ʪʝʯʝʥʠʷʤʠ ʚ ʥʝʩʞʠʤʘʝʤʳʭ, ʘ ʟʘʪʝʤ ʠ ʚ ʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʷʭ. ɺ 1903 ʛʦʜʫ ʦʥ 

ʟʘʱʠʱʘʝʪ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ çʆ ʛʘʟʦʚʳʭ ʩʪʨʫʷʭè, ʚ ʢʦʪʦʨʦʡ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʡʥʳʭ ʜʚʠʞʝʥʠʡ ʛʘʟʘ ʧʨʠ ʣʶʙʳʭ 

ʜʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ. ʕʪʘ ʨʘʙʦʪʘ ʜʦʣʛʦ ʦʩʪʘʚʘʣʘʩʴ ʥʝʧʦʥʷʪʦʡ ʠ ʥʝ ʦʮʝʥʝʥʥʦʡ 

ʩʦʚʨʝʤʝʥʥʠʢʘʤʠ. ʊʦʣʴʢʦ ʚ 1935 ʛʦʜʫ ʚ ʈʠʤʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʙʦʣʴʰʠʤ 
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ʩʢʦʨʦʩʪʷʤ ʚ ʘʚʠʘʮʠʠ ʠʥʦʩʪʨʘʥʥʳʝ ʫʯʝʥʳʝ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʨʘʙʦʪʦʡ ʉʝʨʛʝʷ 

ɸʣʝʢʩʝʝʚʠʯʘ ʏʘʧʣʳʛʠʥʘ ʠ ʥʘʟʚʘʣʠ ʝʝ ʣʫʯʰʠʤ ʧʦ ʪʦʯʥʦʩʪʠ, ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʠ 

ʠʟʷʱʝʩʪʚʫ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ. ʏʝʨʝʟ ʩʦʨʦʢ ʣʝʪ 

ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʨʘʙʦʪʳ ʏʘʧʣʳʛʠʥʘ ʩʘʤʦʣʝʪʳ ʩʪʘʣʠ ʣʝʪʘʪʴ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, 

ʙʣʠʟʢʠʤʠ ʢ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ɼʣʷ ʠʥʞʝʥʝʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʪʨʫʜ ʫʯʝʥʦʛʦ ʩʪʘʣ ʥʘʩʪʦʣʴʥʳʤ ʩʧʨʘʚʦʯʥʠʢʦʤ. 

ʂʨʦʤʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʜʘʚʘʣ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤʫ ʪʨʫʜʫ. ɺʩʢʦʨʝ ʧʦʩʣʝ ʟʘʱʠʪʳ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ʏʘʧʣʳʛʠʥ ʙʳʣ ʠʟʙʨʘʥ ʧʨʦʬʝʩʩʦʨʦʤ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʨʘʟʥʦʝ ʚʨʝʤʷ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʥ ʧʨʝʧʦʜʘʚʘʣ ʚʦ ʤʥʦʛʠʭ ʤʦʩʢʦʚʩʢʠʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ. ʅʦ ʛʣʘʚʥʳʤ ʟʘʥʷʪʠʝʤ ʏʘʧʣʳʛʠʥʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʇʦʩʣʝ ʨʝʚʦʣʶʮʠʠ 1917 ʛʦʜʘ ʚ ʩʪʨʘʥʝ ʥʘʯʠʥʘʝʪʩʷ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʚ 

ʦʙʣʘʩʪʠ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʥʝʚʝʨʦʷʪʥʳʤ, ʥʦ ʎʝʥʪʨʘʣʴʥʳʡ 

ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʎɸɻʀ) ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʚ ʩʘʤʳʡ ʨʘʟʛʘʨ 

ʛʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ, ʢʦʛʜʘ, ʢʘʟʘʣʦʩʴ ʙʳ, ʜʦ ʥʘʫʢʠ ʥʝ ʜʦʣʞʥʦ ʙʳʣʦ ʦʩʪʘʚʘʪʴʩʷ ʥʠ 

ʚʨʝʤʝʥʠ, ʥʠ ʩʨʝʜʩʪʚ.  

ɺ ʜʝʢʘʙʨʝ 1918 ʛʦʜʘ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʤ ʜʝʢʨʝʪʦʤ ʟʘ ʧʦʜʧʠʩʴʶ ɺ.ʀ. 

ʃʝʥʠʥʘ (ʠʤʝʥʥʦ ʦʥ, ʢʩʪʘʪʠ ʛʦʚʦʨʷ, ʠ ʥʘʟʚʘʣ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ çʦʪʮʦʤ ʨʫʩʩʢʦʡ 

ʘʚʠʘʮʠʠè) ʙʳʣʦ ʫʪʚʝʨʞʜʝʥʦ ʇʦʣʦʞʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʎɸɻʀ ʠ ʚʳʜʝʣʝʥʳ ʜʝʥʴʛʠ 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʳʡ ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʩʦʚʝʪʩʢʦʡ ʘʚʠʘʮʠʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʝʤ ʠʥʩʪʠʪʫʪʘ ʩʪʘʣ ʅʠʢʦʣʘʡ ɽʛʦʨʦʚʠʯ ɾʫʢʦʚʩʢʠʡ, ʚʳʜʘʶʱʠʡʩʷ 

ʫʯʝʥʳʡ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ, ʦʩʥʦʚʦʧʦʣʦʞʥʠʢ ʩʦʚʨʝʤʝʥʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ 

ʘʵʨʦʜʠʥʘʤʠʢʠ. ʅʦʚʳʡ ʠʥʩʪʠʪʫʪ ʜʦʣʞʝʥ ʙʳʣ ʟʘʥʠʤʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʙʣʝʤʘʤʠ 

ʘʚʠʘʮʠʠ, ʭʦʪʷ ʵʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʠ ʷʚʣʷʣʦʩʴ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʦʥ ʜʦʣʞʝʥ 

ʙʳʣ ʪʘʢʞʝ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʘʵʨʦʩʘʥʠ ʠ ʛʣʠʩʩʝʨʳ, ʚʝʪʨʦʜʚʠʛʘʪʝʣʠ, ʩʦʟʜʘʚʘʪʴ 

ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʘʚʠʘʮʠʠ. ʉʦʚʤʝʩʪʥʦ ʩ ʅ. ɽ. ɾʫʢʦʚʩʢʠʤ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʝʨʛʝʡ 

ɸʣʝʢʩʝʝʚʠʯ ʏʘʧʣʳʛʠʥ. ɺ 1921 ʛʦʜʫ ʅ.ɽ. ɾʫʢʦʚʩʢʠʡ ʫʤʠʨʘʝʪ, ʠ ʛʣʘʚʥʳʤ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʢʦʣʣʝʛʠʠ ʎɸɻʀ ʩʪʘʥʦʚʠʪʩʷ ʉ.ɸ. 

ʏʘʧʣʳʛʠʥ, ʚ 1928 ï 1931 ʛʦʜʘʭ ï ʜʠʨʝʢʪʦʨ ʎɸɻʀ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ʚʝʜʝʪ ʙʦʣʴʰʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ. ɺ 

ʩʪʘʪʴʝ çʉʭʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʨʘʟʨʝʟʥʦʛʦ ʢʨʳʣʘè (1921 ʛ.) ʦʥ ʫʢʘʟʳʚʘʝʪ, ʢʘʢ 

ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʢʨʳʣʘ, ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʧʦʜʲʝʤʥʫʶ 

ʩʠʣʫ. ʉʝʛʦʜʥʷ ʩʦʩʪʘʚʥʳʝ ʠ ʨʝʰʝʪʯʘʪʳʝ ʢʨʳʣʴʷ ð ʦʙʳʯʥʳʡ ʵʣʝʤʝʥʪ ʤʥʦʛʠʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ.  

ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʉʝʨʛʝʷ ɸʣʝʢʩʝʝʚʠʯʘ ʏʘʧʣʳʛʠʥʘ ʚʳʜʚʠʥʫʣʘ ʝʛʦ ʥʘ 

ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʩʨʝʜʠ ʫʯʝʥʳʭ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʠ ʚ 1926 ʛʦʜʫ ʦʥ ʙʳʣ 

ʠʟʙʨʘʥ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ, ʘ 12 ʷʥʚʘʨʷ 1929 ʛʦʜʘ - 

ʘʢʘʜʝʤʠʢʦʤ. ɺ 1933 ʛʦʜʫ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ʏʘʧʣʳʛʠʥ ʙʳʣ ʥʘʛʨʘʞʜʝʥ ʚʳʩʰʝʡ 

ʥʘʛʨʘʜʦʡ - ʦʨʜʝʥʦʤ ʃʝʥʠʥʘ, ʘ ʚ ʬʝʚʨʘʣʝ 1941 ʛʦʜʘ ʝʤʫ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʚʳʩʦʢʦʝ 

ʟʚʘʥʠʝ ɻʝʨʦʷ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʊʨʫʜʘ. 

ɺ ʥʘʯʘʣʝ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ 

ʵʚʘʢʫʘʮʠʠ ʯʘʩʪʠ ʣʘʙʦʨʘʪʦʨʠʡ ʎɸɻʀ ʚ ʉʠʙʠʨʴ. 19 ʘʚʛʫʩʪʘ 1941 ʛʦʜʘ 
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ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʂʦʤʠʪʝʪʘ ʆʙʦʨʦʥʳ ˉ 513 çʆ ʩʦʟʜʘʥʠʠ 

ʚʪʦʨʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ ʘʚʠʘʮʠʠ ʥʘ ɺʦʩʪʦʢʝ ʉʉʉʈè ʚ 

ʅʦʚʦʩʠʙʠʨʩʢʝ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʬʠʣʠʘʣ ˉ 2 ʎɸɻʀ, ʚ ʟʘʜʘʯʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʣʦ 

ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʵʨʦʜʠʥʘʤʠʢʝ ʠ ʧʨʦʯʥʦʩʪʠ ʩʘʤʦʣʝʪʦʚ 

ʩʦʚʤʝʩʪʥʦ ʩ ʆʂɹ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʝʨʚʳʤ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʬʠʣʠʘʣʘ ʩʪʘʣ ɻʝʨʦʡ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʊʨʫʜʘ 

ʘʢʘʜʝʤʠʢ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ʏʘʧʣʳʛʠʥ, ʫʯʝʥʠʢ ʠ ʩʦʨʘʪʥʠʢ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ. 

9 ʠʶʣʷ 1946 ʛʦʜʘ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʬʠʣʠʘʣ ʎɸɻʀ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʉʦʶʟʥʳʡ 

ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʠ (ʉʠʙʅʀɸ). ʉʨʝʜʠ 

ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʜʚʠʛʘʣʦʩʴ ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʣʘʙʦʨʘʪʦʨʠʡ 

ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ, ʧʨʦʯʥʦʩʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʘʤʦʣʝʪʦʚ ʠ ʧʨʠʙʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʝʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ɺ 1969 ʛʦʜʫ ʚ ʯʝʩʪʴ 100-ʣʝʪʠʷ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʉ. ɸ. ʏʘʧʣʳʛʠʥʘ ʠʥʩʪʠʪʫʪʫ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʝʛʦ ʠʤʷ. 

ʆʩʥʦʚʫ ʢʘʜʨʦʚʦʛʦ ʩʦʩʪʘʚʘ ʉʠʙʅʀɸ ʧʨʠ ʝʛʦ ʟʘʨʦʞʜʝʥʠʠ ʚ ʩʦʨʦʢʦʚʳʝ 

ʛʦʜr ʩʦʩʪʘʚʣʷʣʠ ʚʝʜʫʱʠʝ ʫʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ ʎɸɻʀ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʘʢʘʜʝʤʠʢʘ ʉ.ɸ. ʏʘʧʣʳʛʠʥʘ. ɺ ʧʷʪʠʜʝʩʷʪʳʝ ʛʦʜʳ ʚʦʟʥʠʢʣʘ ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʘʭ ʜʣʷ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʟʘʚʦʜʘ (ʅɸɿ) ʠ 

ʉʠʙʅʀɸ. ɺʧʝʨʚʳʝ ʥʘʙʦʨ ʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ çʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʝè ʩʦʩʪʦʷʣʩʷ ʚ 

ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (ʅʕʊʀ, ʥʳʥʝ ʅɻʊʋ) ʥʘ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʬʘʢʫʣʴʪʝʪʝ ʚ 1956 ʛʦʜʫ. ʉʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʳʡ 

ʬʘʢʫʣʴʪʝʪ (ʉʉʌ) ï ʥʳʥʝ ʬʘʢʫʣʴʪʝʪ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʌʃɸ) ï ʙʳʣ 

ʦʨʛʘʥʠʟʦʚʘʥ ʚ 1959 ʛʦʜʫ. ʉʉʌ ʩ ʤʦʤʝʥʪʘ ʦʩʥʦʚʘʥʠʷ ʙʳʣ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʅɸɿ 

ʠ ʉʠʙʅʀɸ. 

ʇʝʨʚʳʤʠ ʜʝʢʘʥʘʤʠ ʉʉʌ ʙʳʣʠ ʚʝʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʉʠʙʅʀɸ ï ʂʦʣʢʝʨ 

ʀ.ɻ ʠ ʉʠʣʘʥʪʴʝʚ ɺ.ɸ., ʨʘʟʨʘʙʦʪʘʚʰʠʝ ʧʝʨʚʳʝ ʫʯʝʙʥʳʝ ʧʣʘʥʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝ 

ʦʩʥʦʚʫ ʢʘʜʨʦʚʦʛʦ ʩʦʩʪʘʚʘ ʬʘʢʫʣʴʪʝʪʘ, ʫʪʚʝʨʜʠʚʰʠʝ ʧʨʠʥʮʠʧʳ ʧʦʜʛʦʪʦʚʢʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʩʘʤʦʤ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ.  

ʅʘʯʠʥʘʣʩʷ ʬʘʢʫʣʴʪʝʪ ʩ ʦʜʥʦʡ ʢʘʬʝʜʨʳ ï çʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʝè. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʩʪʘʚ ʌʃɸ ʚʭʦʜʷʪ ʩʝʤʴ ʚʳʧʫʩʢʘʶʱʠʭ ʢʘʬʝʜʨ. ʉʝʡʯʘʩ 

ʬʘʢʫʣʴʪʝʪ ʛʦʪʦʚʠʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʅɻʊʋ ï ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ 

ʚʫʟʦʚ ʩʪʨʘʥʳ ʧʦ ʇʨʦʛʨʘʤʤʝ çʅʦʚʳʝ ʢʘʜʨʳ ʆʇʂè, ʘ ʌʃɸ ï ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ ʚ 
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ʩʪʨʘʥʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʮʝʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɿʘ ʛʦʜʳ ʨʘʟʚʠʪʠʷ 

ʥʘʙʦʨ ʘʙʠʪʫʨʠʝʥʪʦʚ ʥʘ ʬʘʢʫʣʴʪʝʪ ʚʳʨʦʩ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

ʪʨʝʭʩʦʪ ʯʝʣʦʚʝʢ. ʅʘ ʬʘʢʫʣʴʪʝʪʝ ʫʯʠʪʩʷ ʦʢʦʣʦ ʪʳʩʷʯʠ ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ, ʨʘʙʦʪʘʝʪ ʙʦʣʝʝ ʩʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɿʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʌʃɸ 

ʧʦʜʛʦʪʦʚʠʣ ʦʢʦʣʦ ʚʦʩʴʤʠ ʪʳʩʷʯ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

ɺ 2011 ʛʦʜʫ ʥʘ ʙʘʟʝ ʅɸɿ ʠʤ. ɺ.ʇ. ʏʢʘʣʦʚʘ ʠ ʅɻʊʋ ʩʦʟʜʘʥ ʂʦʥʩʦʨʮʠʫʤ 

çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʣʘʩʪʝʨ ʘʚʠʘʩʪʨʦʝʥʠʷ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠè, ʚ ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʚʦʰʣʠ ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʠ ʠʤ. ʉ.ɸ. ʏʘʧʣʳʛʠʥʘ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʠ ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʳʡ ʣʠʮʝʡ. 

ʂʦʥʩʦʨʮʠʫʤ ʩʦʟʜʘʥ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ, 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ ʢ ʫʨʦʚʥʶ ʧʦʜʛʦʪʦʚʢʠ 

ʢʘʜʨʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʳʧʫʩʢʥʠʢʠ ʌʃɸ ʩʦʩʪʘʚʣʷʶʪ 

ʦʩʥʦʚʫ ʠʥʞʝʥʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅɸɿ 

ʠʤ. ɺ.ʇ. ʏʢʘʣʦʚʘ, ʉʠʙʅʀɸ ʠʤ. ʉ.ɸ. 

ʏʘʧʣʳʛʠʥʘ, ʀʊʇʄ ʠʤ. ʉ.ɸ. 

ʍʨʠʩʪʠʘʥʦʚʠʯʘ, ʂɹ ʀʗʌ ʠ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʉ ʤʦʤʝʥʪʘ 

ʦʩʥʦʚʘʥʠʷ ʬʘʢʫʣʴʪʝʪʘ ʉʠʙʅʀɸ 

ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʨʘʟʚʠʪʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʟʳ ʉʉʌï

ʌʃɸ, ʧʨʠʚʣʝʢʘʝʪ ʚʝʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʶ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ, ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʨʝʮʝʥʟʠʨʦʚʘʥʠʶ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʡ, ʫʯʘʩʪʠʶ ʚ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʟʥʘʯʘʝʪ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʫʯʝʙʥʳʭ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʧʨʝʜʜʠʧʣʦʤʥʳʭ ʧʨʘʢʪʠʢ ʠʟ ʯʠʩʣʘ ʦʧʳʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʫʯʘʶʱʠʤʩʷ ʜʦʩʪʫʧ ʢ ʫʥʠʢʘʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ 

ʫʩʪʘʥʦʚʢʘʤ, ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʥʠʡ ʚ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ 

ʧʨʘʢʪʠʢʠ. 

ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʥʘʫʯʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʫʯʘʩʪʚʫʶʪ ʠ ʫʯʘʩʪʚʦʚʘʣʠ 

ʤʥʦʛʠʝ ʚʝʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʉʠʙʅʀɸ: ʉʫʚʝʨʥʝʚ ɺ.ɻ., ʉʝʨʴʝʟʥʦʚ ɸ.ʅ., 

ʂʘʰʘʬʫʪʜʠʥʦʚ ʉ.ʊ., ʇʨʫʜʥʠʢʦʚ ʖ.ɸ., ʂʫʨʰʠʥ ʃ.ʄ., ʂʦʣʢʝʨ ʀ.ɻ., ʃʘʤʧʝʨ ʈ.ɽ., 

ɹʨʶʢʢʝʨ ʃ.ʕ., ʇʨʠʩʝʢʠʥ ɺ.ʃ., ɹʝʣʦʚ ɺ.ʂ., ɹʝʨʥʩ ɺ.ɸ., ʏʝʤʝʟʦʚ ɺ.ʃ., ʈʫʜʟʝʡ 

ɻ.ʌ., ʉʤʠʨʥʦʚ ɼ.ʅ (ʤʦʣʦʜʦʝ ʧʦʢʦʣʝʥʠʝ) ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʌʃɸ ʥʘʯʘʣʦʩʴ ʚ ʢʦʥʮʝ 50-ʭ ʠ 

ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʉʠʙʅʀɸ ʉʫʚʝʨʥʝʚʘ ɺ.ɻ., 

ʂʫʨʰʠʥʘ ʃ.ʄ., ʂʦʣʢʝʨʘ ʀ.ɻ., ʃʘʤʧʝʨʘ ʈ.ɽ.: ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʜʠʥʘʤʠʢʘ ʠ 

ʩʪʘʪʠʢʘ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʝʩʫʨʩʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʬʘʢʫʣʴʪʝʪʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹ.ʂ. ʉʤʠʨʥʦʚʘ ʩʦʟʜʘʥʘ ʣʘʙʦʨʘʪʦʨʠʷ 

ʧʦ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʟʘʚʦʜʘ 

ʠʤʝʥʠ ɺ. ʇ. ʏʢʘʣʦʚʘ. ɺ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʚʝ ʫʩʪʘʥʦʚʢʠ 
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(ʚʠʙʨʦʩʪʦʣ ʠ ʚʠʙʨʦʜʦʨʦʛʘ) ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ ʠʩʧʳʪʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʉʦ ʩʜʘʯʝʡ 5-ʛʦ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ ʅʕʊʀ ʬʘʢʫʣʴʪʝʪ ʦʙʨʘʟʦʚʘʣ ʛʨʫʧʧʫ 

ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ: ʘʵʨʦʜʠʥʘʤʠʢʠ, ʧʦʚʪʦʨʥʦʡ ʩʪʘʪʠʢʠ, 

ʪʝʭʥʦʣʦʛʠʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʆʪʢʨʳʣʘʩʴ ʦʪʨʘʩʣʝʚʘʷ ʥʘʫʯʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ çʆʅʀʃ ʇɸʂè ʧʦ ʧʨʦʯʥʦʩʪʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʘ ʙʳʣʘ ʦʙʝʩʧʝʯʝʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ʩʠʩʪʝʤʳ 

ʥʘʛʨʫʞʝʥʠʷ, ʩʠʣʦʚʦʡ ʧʦʣ ʠ ʧʦʪʦʣʦʢ, ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʠ 

ʪ.ʜ. ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʪʨʘʩʣʝʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʨʝʩʫʨʩʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʵʣʝʤʝʥʪʦʚ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ (ʥʘʯʘʣʴʥʠʢ ï ʜʝʢʘʥ ʌʃɸ ʉʤʠʨʥʦʚ ɹ.ʂ.). ʅʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʙʳʣ ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʇʃɸ ʠ ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʝʥʠʷ 

ʉʠʙʅʀɸ ʂʫʨʰʠʥ ʃ.ʄ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʗʢ-50, ʉʫ-7ɹ, ʂʘ-26, ʉʫ-

26, ʩʧʝʮʠʟʜʝʣʠʷ, ʧʦʜʚʝʩʥʳʝ ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ.  

ɺ ʛʦʜʳ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʘʪʟʘʣ ʅɻʊʋ ʧʨʝʢʨʘʪʠʣ ʨʘʙʦʪʫ, ʥʦ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ, ʚ ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʫʩʠʣʠʷʤ ʥʘʯʘʣʴʥʠʢʘ ʦʪʜʝʣʝʥʠʷ ʉʠʙʅʀɸ (ʧʦ 

ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ ʧʨʦʬʝʩʩʦʨʘ ʢʘʬʝʜʨʳ ʇʃɸ ʅɻʊʋ) ɹʝʨʥʩʘ ɺ.ɸ., ʨʘʙʦʪʳ 

ʚʦʟʨʦʞʜʘʶʪʩʷ. ʊʘʢ, ʚ 2017 ʛʦʜʫ ʙʳʣ ʠʩʧʳʪʘʥ ʚ ʨʘʤʢʘʭ ɻʦʩʦʙʦʨʦʥʟʘʢʘʟʘ 

ʧʦʜʚʝʩʥʦʡ ʪʦʧʣʠʚʥʳʡ ʙʘʢ, ʧʨʦʚʦʜʷʪʩʷ ʠʩʧʳʪʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʘʵʨʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʟʦʥʜʦʚ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʧʦʜ ʚʝʨʪʦʣʝʪʦʤ, ʦʙʨʘʟʮʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʠʙʅʀɸ ʦʢʘʟʘʣ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʬʘʢʫʣʴʪʝʪʫ ʚ ʧʦʩʪʨʦʡʢʝ ʠ 

ʦʩʥʘʱʝʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʊ-503. ʉʝʡʯʘʩ ʣʘʙʦʨʘʪʦʨʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʅɻʊʋ ʠʟʚʝʩʪʥʘ ʚ ʈʦʩʩʠʠ ʩʚʦʠʤʠ ʨʘʙʦʪʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʘʵʨʦʫʧʨʫʛʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʧʝʨʚʦʡ ʨʘʙʦʪʝ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʘʵʨʦʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʙʘʨʥʘʫʣʴʩʢʦʛʦ ʤʦʩʪʘ ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʈ.ɽ. ʃʘʤʧʝʨ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʨʫʧʥʝʡʰʠʝ ʤʦʩʪʳ ʚ ʉʠʙʠʨʠ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʩʪʨʦʠʣʠʩʴ ʩ ʫʯʝʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ʘʵʨʦʜʠʥʘʤʠʢʦʚ ʅɻʊʋ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘʫʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʧʥʝʚʤʦʪʫʨʙʠʥʢʫ ʜʣʷ ʧʨʠʚʦʜʘ ʚʠʥʪʘ ʤʦʜʝʣʠ ʉʫ-26, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʠ 

ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʥʘ ʢʘʬʝʜʨʝ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʢʠ ʅɻʊʋ. 

ʉʠʙʅʀɸ ʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʧʦʜʜʝʨʞʢʫ ʩʪʫʜʝʥʯʝʩʢʦʤʫ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʤʫ 

ʙʶʨʦ (ʉʂɹ) ʌʃɸ.  ɺ 90-ʝ ʛʦʜʳ ʉʠʙʅʀɸ ʬʠʥʘʥʩʠʨʦʚʘʣ ʧʦʝʟʜʢʠ ʯʣʝʥʦʚ ʉʂɹ ʥʘ 

ʩʣʝʪʳ ʉʃɸ-89 ʚ ʈʠʛʫ, ʉʃɸ-91 ʚ ʏʝʨʥʠʛʦʚ. ʈɼʂ ʜʣʷ ʉʃɸ, ʠʟʜʘʥʥʦʝ ʚ ʉʠʙʅʀɸ 

ï ʥʘʩʪʦʣʴʥʘʷ ʢʥʠʛʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʘʤʦʣʝʪʘ, ʪʘʢʞʝ ʧʦʤʦʛʘʣʠ ʉʂɹ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʤʘʪʝʨʠʘʣʘʤʠ.  ʉ.ʊ. ʂʘʰʘʬʫʪʜʠʥʦʚ ʦʢʘʟʳʚʘʣ ʩʦʜʝʡʩʪʚʠʝ ʚ 

ʧʦʩʪʨʦʡʢʝ ʩʚʝʨʭʣʝʛʢʦʛʦ ʩʘʤʦʣʝʪʘ, ʧʨʦʚʦʜʠʣ ʪʝʭʥʠʯʝʩʢʫʶ ʵʢʩʧʝʨʪʠʟʫ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʥʘʯʘʣʝ 90-ʭ ʩʘʤʦʣʝʪ ʙʳʣ ʧʦʜʥʷʪ ʚ ʥʝʙʦ (ʩʦʟʜʘʪʝʣʠ ï ʩʪʫʜʝʥʪʳ 

ʌʃɸ ʄʦʨʦʟʦʚ ʄ.ɺ. (ʩʝʡʯʘʩ ʟʘʤ. ʥʘʯʘʣʴʥʠʢʘ ʃʀɹ ʉʠʙʅʀɸ,  ʉʠʜʦʨʝʥʢʦ ɸ.ɸ. 

(ʩʝʡʯʘʩ ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʀʊʇʄ ʉʆ ʈɸʅ) ʠ ʜʨ.). 

ʉʝʡʯʘʩ ʚ ʉʠʙʅʀɸ ʦʢʦʣʦ 40% ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ï 

ʚʳʧʫʩʢʥʠʢʠ ʅɻʊʋ (ʅʕʊʀ). ʆʩʥʦʚʥʦʡ ʧʦʩʪʘʚʱʠʢ ʢʘʜʨʦʚ ʜʣʷ ʉʠʙʅʀɸ ï ʌʃɸ, 

ʥʦ ʪʘʢʞʝ ʤʥʦʛʦ ʚʳʧʫʩʢʥʠʢʦʚ ɸɺʊʌ, ʈʕʌ, ʌʄɸ, ʕʕʌ, ʄʊʌ. 

ʉʨʝʜʠ ʚʳʧʫʩʢʥʠʢʦʚ ʉʉʌ ʅʕʊʀ - ʌʃɸ ʅɻʊʋ ʟʘʤʝʩʪʠʪʝʣʠ ʜʠʨʝʢʪʦʨʘ 

ʉʠʙʅʀɸ, ʥʘʯʘʣʴʥʠʢʠ ʦʪʜʝʣʝʥʠʡ, ʚʝʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ: ʏʝʤʝʟʦʚ ɺ.ʃ., 
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ʂʘʨʛʘʧʦʣʴʮʝʚ ɸ.ɻ., ɹʝʨʥʩ ɺ.ɸ., ɿʘʡʮʝʚ ɺ.ʖ., ʃʘʟʥʝʥʢʦ ɸ.ʉ., ʂʘʣʶʪʘ ɸʣ.ɸ., 

ʐʠʥʢʘʨʝʚ ɼ.ɸ., ʉʤʠʨʥʦʚ ɼ.ʅ., ʄʦʨʦʟʦʚ ʄ.ɺ., ʐʫʩʪʦʚ ʖ.ɸ., ʅʠʢʦʣʘʝʚ ɺ.ʅ., 

ʈʫʜʟʝʡ ɻ.ʌ., ɹʘʜʨʫʭʠʥ ʖ.ʀ., ʇʠʩʯʘʩʦʚ ɺ.ʄ., ʆʙʝʣʝʮ ɺ.ʀ., ʇʝʪʨʦʚ ʄ.ɻ., 

ʄʘʣʴʮʝʚ ɸ.ɺ., ʇʝʪʦʰʠʥ ɺ.ɺ., ʇʠʩʘʨʝʚ ɺ.ɺ., ʇʠʥʝʨ ɸ.ɺ., ʂʘʩʪʠʥ ɸ.ʄ., 

ʈʫʤʷʥʮʝʚ ɸ.ɻ., ʄʳʤʨʠʥ ɺ.ɸ. ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 
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ʉɽʂʎʀʗ:ʉɸʄʆʃɪʊʆ- ʀ ɺɽʈʊʆʃɪʊʆʉʊʈʆɽʅʀɽ ʀ ʕʂʉʇʃʋɸʊɸʎʀʗ 

ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ ʀ ɼɺʀɻɸʊɽʃɽʁ 

 

ʋɼʂ 533.6.015 

 

ʈɸʉʏɪʊ ɺɿʃɪʊʅʆ-ʇʆʉɸɼʆʏʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉɸʄʆʃɪʊʆɺ 

ʄɽʊʆɼʆʄ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 

ɺʠʥʦʛʨʘʜʦʚʘ ɸʥʞʝʣʠʢʘ ʉʝʨʛʝʝʚʥʘ1, ɸʢʠʤʦʚ ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ1,2  
1ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. +7 (383) 346 08 43 
2ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʠ ʠʤ. ʉ.ɸ. ʏʘʧʣʳʛʠʥʘ,  

630051, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʇʦʣʟʫʥʦʚʘ, 21, ʪʝʣ. +7 (383) 279-01-56 

ɺʠʥʦʛʨʘʜʦʚʘ ɸ. ʉ., e-mail: angelsr1996@ngs.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ɺʠʥʦʛʨʘʜʦʚʘ ɸʥʞʝʣʠʢʘ ʉʝʨʛʝʝʚʥʘ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383) 346-08-43 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʸʪʘ ʥʘ ʚʟʣʸʪʝ ʠ ʧʦʩʘʜʢʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʩʘʤʦʣʸʪ, ʜʠʥʘʤʠʢʘ, ʩʮʝʥʘʨʠʡ. 

 

ɺʚʝʜʝʥʠʝ 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʠʪʴ ʚ ʟʘʜʘʯʫ ʥʦʚʳʝ ʩʦʙʳʪʠʷ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ 

ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʣʸʪʯʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʪʦʨʷʪʴ ʫʩʣʦʚʠʷ 

ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʢʦʨʨʝʢʪʥʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʪʫʨʥʳʝ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺʇʍ) ʩʘʤʦʣʸʪʘ. ʏʘʩʪʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʸʪʥʳʭ ʦʮʝʥʦʢ 

ʬʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʣʸʪʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʦʡ 

ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʇʨʦʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘʪʫʨʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚ ʯʘʩʪʠ ʠʤʠʪʘʮʠʠ ʜʝʡʩʪʚʠʡ ʣʸʪʯʠʢʘ, ʟʘʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ. ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʧʦʣʸʪ 

ʩʣʦʞʥʦ ʩʪʨʦʛʦ ʚʳʜʝʨʞʘʪʴ. ʆʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʚʥʝʩʝʥʠʝ ʧʦʧʨʘʚʦʢ ʚ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʦ ʧʦʣʸʪʝ. ʉʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʪʫʨʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʣʸʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺʇʍ 

ʜʣʷ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ʩʘʤʦʣʸʪʦʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʇʍ ʩʘʤʦʣʸʪʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

mailto:angelsr1996@ngs.ru
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ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʧʠʩʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʧʦʣʸʪʘ ʠ ʢʦʨʨʝʢʪʥʦ 

ʦʮʝʥʠʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ɺʇʍ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʚʟʣʸʪ ʠ ʧʦʩʘʜʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ 

ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ (ɺʇʇ) ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʤʘʣʳ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ ʜʣʠʥ ʧʨʦʙʝʛʘ ʠ ʨʘʟʙʝʛʘ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

ʉʧʝʮʠʬʠʢʘ ʜʠʥʘʤʠʢʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ, ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ 

ʠ ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ 

ʠ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ 

ʧʫʪʸʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʥʘ 

ʤʘʣʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ȹt ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʜʦʧʫʱʝʥʠʝʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʨʘʚʥʦ ʫʩʢʦʨʝʥʥʳʤ a = const. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʦʚ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʸʥʥʳʤ ʨʝʰʝʥʠʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʤ ʚʠʜʝ: 

( )î
í

î
ì

ë

D=

D+=

D+D+=

++

+

+

mVPa

taVV

tatVLL

ii

iii

iiii
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1

2

1
5,0

      (1) 

ʛʜʝ L ï ʧʝʨʝʤʝʱʝʥʠʝ, V ï ʩʢʦʨʦʩʪʴ, a ï ʫʩʢʦʨʝʥʠʝ, m ï ʤʘʩʩʘ ʩʘʤʦʣʸʪʘ, ȹP ï 

ʠʟʙʳʪʦʯʥʘʷ ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ, ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ɺʇʇ, i ï ʥʦʤʝʨ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʨʘʟʙʝʛʘ: 

()î
í

î
ì

ë

D=

=

=

mPa

V

L

0

0

0

0

0

0

            (2) 

ʋʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʙʝʛʘ: 
GY

k
²             (3) 

ʋʩʣʦʚʠʝ (3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ ʢʨʳʣʘ ʧʨʝʚʳʩʠʣʘ ʚʝʩ 

ʩʘʤʦʣʸʪʘ ʥʘ k-ʪʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʠ ʩʘʤʦʣʸʪ ʦʪʦʨʚʘʣʩʷ ʦʪ ɺʇʇ. ʇʨʠ ʤʘʣʦʤ 

ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʟʘ ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʚʟʷʪʴ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ 

ʥʘ k-ʪʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʧʨʦʙʝʛʘ: 

î
í

î
ì

ë

=

=

¢

-

-

10

0

1

0

VV

L

GY

            (4) 

ɼʣʷ ʨʘʩʯʸʪʘ ʜʠʩʪʘʥʮʠʠ ʨʘʟʙʝʛʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʚʳʰʝ ʦʞʠʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʘʜʢʠ ʠ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʠʪʝʨʘʮʠʡ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʫʩʣʦʚʠʷ (3), ʢʦʛʜʘ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ ʢʨʳʣʘ ʩʪʘʥʝʪ 

ʤʝʥʴʰʝ ʚʝʩʘ ʩʘʤʦʣʸʪʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʢʘʩʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɺʇʇ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ 
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ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʙʝʛʘ. 

ʋʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʙʝʛʝ: 

0¢
k

V            (5) 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚ ʨʘʩʯʸʪ ʚʚʦʜʷʪʩʷ ʢʦʤʘʥʜʳ 

ʠʟʤʝʥʷʶʱʠʝ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʩʘʤʦʣʸʪ ʠ ʩʠʣʫ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʚʠʥʪʘ: 

( )

( )

( )î
í

î
ì

ë

==

=

=

... ,  , ,

... , , , ,

... , , , ,

ʨʝʚ

ʠʟ

ʠʟ

VkfP

VfY

VfX

a

a

a

dda

dda

     (6) 

ɿʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ ʩʠʣ (6) ʫʯʠʪʳʚʘʶʪ ʫʛʦʣ ʘʪʘʢʠ Ŭ, ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʟʘʢʨʳʣʢʦʚ 

(ʧʨʝʜʢʨʳʣʢʦʚ) ʠ ʠʥʪʝʨʮʝʧʪʦʨʦʚ (ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʦʨʤʦʟʦʚ) ŭʟ, ŭʧ, 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʚʝʨʩʘ ʥʘ ʜʚʠʛʘʪʝʣʝ kʨʝʚ. 

ʊʘʡʤʝʨʘʤʠ ʟʘʜʝʨʞʝʢ ʠ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʛʥʘʣʘʤʠ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ, ʠ ʩʦʩʪʦʷʥʠʝ ʩʘʤʦʣʸʪʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʨ 

ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (1) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

2. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ɺʇʍ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ ʉ#. ʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʫʜʦʙʝʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʘʤʦʣʸʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʦʚ. ʉʦʟʜʘʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ, 

ʤʦʞʥʦ ʛʠʙʢʦ ʜʦʧʦʣʥʷʪʴ ʠʟʥʘʯʘʣʴʥʫʶ ʤʦʜʝʣʴ. 

ʅʘʧʠʩʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ Windows ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ 

ʩ ʧʨʦʛʨʘʤʤʦʡ. 

 

3. ʆʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʂʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʸʪʘ ɺʇʍ ʧʨʦʚʝʨʷʣʘʩʴ ʧʫʪʸʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ, 

ʧʨʠʚʦʜʠʤʳʭ ʚ ʫʯʝʙʥʠʢʘʭ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʘʤʦʣʸʪʦʚ [1, 2]. ʆʪʣʘʜʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ [3]. 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ɺʇʍ ʩʘʤʦʣʸʪʦʚ 

ʷʚʣʷʶʪʩʷ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʈʃʕ). ʀʩʧʦʣʴʟʫʷ, ʫʧʨʦʱʸʥʥʳʝ ʤʦʜʝʣʝʡ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʜʣʷ ʩʘʤʦʣʸʪʦʚ ɸʥ-2, 

ɸʥ-26 ʠ ʗʢ-40. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥ ʨʘʟʙʝʛʘ 

ʠ ʧʨʦʙʝʛʘ ʥʝ ʧʨʝʚʳʩʠʣʠ 10%. ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʝʤʣʝʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪʳ ʩʪʘʥʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʝʡ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ, ʧʫʪʸʤ ʫʯʸʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʷʨ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ ʢʘʞʜʦʛʦ ʠʭ ʩʘʤʦʣʸʪʦʚ. 
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ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʙʝʛʘ (ʩʣʝʚʘ) ʠ ʧʨʦʙʝʛʘ (ʩʧʨʘʚʘ) 

 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1)-(6) ʧʦʢʘʟʘʣʠ 

ʧʨʠʝʤʣʝʤʦʩʪʴ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥʘ ʨʘʟʙʝʛʘ ʠ ʧʨʦʙʝʛʘ ʥʝ ʧʨʝʚʳʩʠʣʠ 10%. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʦʡʜʸʪ ʧʦ ʧʫʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ, ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʘʞʝ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʠʜʝʪ ʨʝʯʴ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʤʝʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ. ʉʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʦʮʝʥʢʫ ʟʘʪʨʘʪ ʥʘ ʨʘʩʭʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʢʠ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ 

ʦ ʧʫʪʷʭ ʫʜʝʰʝʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʙʦʪʢʘ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ, ʨʘʟʤʝʨʥʦʝ ʭʠʤʠʯʝʩʢʦʝ 

ʪʨʘʚʣʝʥʠʝ, ʭʠʤʠʯʝʩʢʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

 

ʈʘʟʤʝʨʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ (ʠʣʠ ʭʠʤʠʯʝʩʢʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ) ï ʦʜʠʥ ʠʟ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʤʘʣʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʦʩʚʦʝʥʠʝʤ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʚʥʝʜʨʝʥʠʝʤ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ. ɿʘʜʘʯʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʫʤʝʥʴʰʝʥʠʠ ʠʭ 

ʚʣʠʷʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʝ ʧʫʪʝʡ ʫʜʝʰʝʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ.   

ʈʘʟʤʝʨʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ ï ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʨʘʩʪʚʦʨʝʥʠʠ ʤʝʪʘʣʣʘ, ʥʝ ʟʘʱʠʱʝʥʥʦʛʦ ʬʦʪʦʨʝʟʠʩʪʦʤ, ʚ 

ʪʨʘʚʠʪʝʣʝ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʦʥʢʠʭ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ 

[1].  

ʉʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʤʝʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ ʩ ʪʨʘʚʠʪʝʣʝʤ ʧʦ ʚʩʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʤʘʪʝʨʠʘʣ ʫʜʘʣʷʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. ɻʣʫʙʠʥʘ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ 

ʦʪ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ ʩ ʨʘʩʪʚʦʨʦʤ. ʄʘʣʳʝ ʩʢʦʨʦʩʪʠ ʩʲʝʤʘ ʤʝʪʘʣʣʘ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʢʨʘʪʠʪʴ ʧʨʦʮʝʩʩ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ, ʪʦ ʝʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʩʪʥʳʭ ʫʪʦʣʱʝʥʠʡ ʣʠʩʪʦʚʳʭ ʦʙʰʠʚʦʢ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 
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ʨʘʚʥʦʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʣʠʰʴ ʭʠʤʠʯʝʩʢʠʤ 

ʬʨʝʟʝʨʦʚʘʥʠʝʤ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ 

ʛʣʫʙʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʪʝʭʥʦʣʦʛʠʯʥʦʡ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʨʠʧʫʩʢʘ ʥʘ ʙʦʢʦʚʦʡ ʧʦʜʪʨʘʚ ʧʨʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʛʣʫʙʦʢʦʡ ʦʙʨʘʙʦʪʢʝ [2]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʦʙʨʘʟʮʳ ʣʠʩʪʦʚʦʡ 

ʜʝʪʘʣʠ. ɼʦ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʙʨʘʟʮʳ ʥʘʥʦʩʠʪʩʷ ʨʘʟʤʝʪʢʘ. ʇʨʦʮʝʩʩ 

ʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʚ ʚʘʥʥʫ ʠ ʫʜʝʨʞʘʥʠʠ ʝʛʦ ʚ 

ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. ʉʨʝʟʳ ʧʨʦʪʨʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʟʘʪʝʤ 

ʦʙʩʣʝʜʫʶʪʩʷ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʟʦʥ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ, ʠʟʤʝʨʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʠʟʫʯʠʪʴ ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʪʨʘʪ 

ʥʘ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʢʠ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ɸʄʛ6 ʧʣʦʱʘʜʴʶ 1,25 ʤ2 ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʦʱʘʜʴʶ 1 ʤ2. 

ʉʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʤʝʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʟʘʜʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩʦʩʪʘʚʠʣʘ 393,5 ʨ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʙʳʣʠ ʦʮʝʥʝʥʳ ʩʘʤʳʝ ʟʘʪʨʘʪʥʳʝ ʵʪʘʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ: 

ʥʘʥʝʩʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ (191,7 ʨ ʥʘ ʨʘʟʤʝʪʢʫ ʠ 59,8 ʨ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʦʛʦ ʥʝʬʨʝʟʝʨʫʝʤʦʛʦ ʩʣʦʷ), ʫʜʘʣʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ 

ʧʦʢʨʳʪʠʷ (48 ʨ ʥʘ ʩʤʳʚʢʫ) ʠ ʭʠʤʠʯʝʩʢʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ (93,9 ʨ ʥʘ ʪʨʘʚʠʣʴʥʳʡ 

ʨʘʩʪʚʦʨ). ʆʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʘ ʧʦ ʤʝʪʦʜʠʢʝ ʥʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ [3]. 

ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʪʠ ʫʜʝʰʝʚʣʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: 

ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʠ ʜʝʰʝʚʳʭ ʧʦʢʨʳʪʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʝʥʝʨʘʮʠʠ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ 

ʤʝʪʦʜʦʤ ʨʘʟʤʝʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʦʙʝʩʧʝʯʠʚ 

ʨʘʚʥʦʧʨʦʯʥʦʩʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ 

ʨʘʩʯʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʩʯʝʪʘ ʧʨʠʧʫʩʢʘ ʥʘ ʧʦʜʪʨʘʚ, ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʩʥʠʞʝʥʠʠ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʜʝʣʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʣʠʯʥʦʛʦ ʚʢʣʘʜʘ ʚ ʜʘʥʥʫʶ ʨʘʙʦʪʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʙʨʘʙʦʪʢʠ; ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ ʦʮʝʥʢʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʡ 

ʫʜʝʰʝʚʣʝʥʠʷ; ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ.  

 

 



  
 

18 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʠʛʜʦʨʯʠʛ ʉ.ɸ. ʈʘʟʤʝʨʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ ʚ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʠ: 

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ / ʉ.ɸ. ɺʠʛʜʦʨʯʠʛ. ï ʄ.: ʈʦʪʘʧʨʠʥʪ ʄɸʀ, 1978. ï 41 ʩ.: 

ʠʣ. 

2. ʉʫʚʦʨʦʚ ʂ.ɺ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ: 

ʜʠʩ.: 24.04.04 / ʂ.ɺ. ʉʫʚʦʨʦʚ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2018. ï 71 ʩ.: ʠʣ. 

3. ʆʉʊ 92-0092-79. ʌʨʝʟʝʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʝ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ 

ʤʘʪʝʨʠʘʣʦʚ. - ʚʚʝʜ. 01.10.1980. - 1980. - 46 ʩ. 

 

 

 

 

 

STUDY OF THE DEFICIENCY OF TECHNOLOGY OF CHEMICAL 

MILLING  

 

Shulakov Kirill Alexandrovich, Derkho Evgeny Pavlovich1  
1Novosibirsk State Technical University, 630073 Karl Marks Ave., Novosibirsk, 

Russia 

Abstract. The article deals with the use of dimensional chemical etching in the 

production of sheet metal parts. The article contains an estimate of the cost of 

consumables in the processing of billet of aluminum alloy, as well as information on 

ways to reduce the cost of technology. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʜʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʤʧʦʟʠʪʥʳʭ ʩʦʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ. ʂʦʥʩʪʨʫʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʚʥʝʰʥʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ; ʢʦʤʧʦʟʠʪʥʳʝ ʩʦʪʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ; ʜʠʘʛʥʦʩʪʠʢʘ; 

ʤʝʪʦʜ ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ; ʤʝʪʦʜ ʪʝʨʤʦʛʨʘʬʠʠ; ʚʘʢʫʫʤʥʳʡ ʤʝʪʦʜ. 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʤʧʦʟʠʪʥʳʭ ʩʦʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ [1]. ʉʦʪʦʚʳʝ ʧʘʥʝʣʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʥʝʰʥʝʡ ʦʙʰʠʚʢʠ, ʩʪʝʥʦʢ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʦʚ, ʨʫʣʝʡ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʳʩʦʪʳ, ʵʣʝʨʦʥʦʚ ʠ ʩʪʚʦʨʦʢ ʥʠʰ ʰʘʩʩʠ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ, ʢʘʢ ʦʪʩʣʦʝʥʠʷ, ʪʨʝʱʠʥʳ ʦʙʰʠʚʢʠ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠ TapTest ʤʝʪʦʜ 

(ʤʝʪʦʜ ʧʨʦʩʪʫʢʠʚʘʥʠʷ). ʅʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʣ ʚʦʧʨʦʩ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʩʦʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʦʟʤʦʞʥʳ ʥʘʣʠʯʠʷ ʚʣʘʛʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʤʷʪʠʝ ʩʦʪʦʚʳʭ ʷʯʝʝʢ. 

ɺʩʝ ʵʪʦ ʚʝʜʝʪ ʢ ʜʘʣʴʥʝʡʰʠʤ ʩʝʨʴʝʟʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ ʩʦʪʦʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ 

ʚʩʝʛʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʚ ʮʝʣʦʤ. 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʘʤʦʣʝʪʘ Boeing ï 737 (800) ʠ ʩʘʤʦʣʝʪʘ Airbus A-320 
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family [2-3]. 

ɿʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: 

1. ʇʦʜʙʦʨ ʠ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

3. ʇʦʜʙʦʨ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚ ʫʩʣʦʚʠʷʭ ʘʚʠʘʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ. 

3. ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ 

ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ʨʫʣʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ, ʤʝʭʘʥʠʟʘʮʠʷ ʢʨʳʣʘ, ʩʪʚʦʨʢʠ ʥʠʰ ʰʘʩʩʠ) ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʠʟ ʪʨʝʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʕʪʦ ʤʝʪʦʜ 

ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ, ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʝʪʦʜ ʠ ʚʘʢʫʫʤʥʳʡ ʤʝʪʦʜ. ʂʘʞʜʳʡ ʠʟ 

ʪʨʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʦʙʣʘʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

ʄʝʪʦʜ ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʪʨʝʱʠʥʳ ʠ ʥʝʩʧʣʦʰʥʦʩʪʠ ʚ 

ʦʙʰʠʚʢʝ, ʤʝʪʦʜ ʪʝʨʤʦʛʨʘʬʠʠ ʚʳʷʚʣʷʝʪ ʥʘʣʠʯʠʝ ʚʣʘʛʠ ʚ ʩʦʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʘ ʚʘʢʫʫʤʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʤʝʞʜʫ ʦʙʰʠʚʢʦʡ ʠ ʩʦʪʦʚʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʨʫʣʴ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʩʪʘʥʜʘʨʪʥʫʶ ʩʦʪʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ: ʜʚʝ ʢʦʤʧʦʟʠʪʥʳʭ ʧʘʥʝʣʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʢʨʝʧʠʪʩʷ ʩʦʪʦʚʳʡ ʥʘʧʦʣʥʠʪʝʣʴ (ʨʠʩ. 1, ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 1 ï ʆʙʱʠʡ ʚʠʜ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 
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ʈʠʩ. 2 ï ʂʦʥʩʪʨʫʢʮʠʷ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʩʣʝʜʦʚʘʪʴ ʨʫʢʦʚʦʜʩʪʚʫ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʘʣʛʦʨʠʪʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʨʠʙʦʨʳ, ʦʪʚʝʯʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ. ʕʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧ ʥʘ 

ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʢʘʭ OMNISCAN MX2, ʪʝʧʣʦʚʠʟʦʨ FLIR T250 ʠ ʚʘʢʫʫʤʥʘʷ 

ʫʩʪʘʥʦʚʢʘ MBBBT100. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʡ, 

ʚʣʘʜʝʶʱʠʤ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʢʘʢ ʥʘ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʚʠʘʧʝʨʝʚʦʟʢʘʭ [4]. 

4. ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʠʣ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʨʝʭ ʤʝʪʦʜʦʚ: ʤʝʪʦʜ ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ, 

ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʝʪʦʜ ʠ ʚʘʢʫʫʤʥʳʡ ʤʝʪʦʜ. ʇʦ ʦʪʜʝʣʴʥʦʩʪʠ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʧʦʣʥʫʶ ʠ ʜʦʩʪʦʚʝʨʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. 

ʇʦʵʪʦʤʫ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 

ʝʜʠʥʦʤ ʢʦʤʧʣʝʢʩʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʢʨʠʪʠʯʥʳʭ ʜʝʬʝʢʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʨʘʥʥʦʝ ʩʧʝʮʠʘʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʳʤ ʘʚʠʘʢʦʤʧʘʥʠʷʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʨʝʤʦʥʪʦʤ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʭʦʞʜʝʥʠʷ ʦʬʠʮʠʘʣʴʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʫʯʝʙʳ ʧʝʨʩʦʥʘʣʘ ʧʦ 

ʨʘʙʦʪʝ ʩ ʥʠʤ. 
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ʋɼʂ 623.1.7 

 

ʄɸʊɽʈʀɸʃʓ ɼʆʂʃɸɼɸ ʅɸ ʊɽʄʋ: 

çʄʆɼʋʃʔʅʓɽ ʃɽʊɸʊɽʃʔʅʓɽ ɸʇʇɸʈɸʊʓè 

ʃʝʚʠʮʢʠʡ ʄ.ɸ., ʉʝʤʘʰʢʦ ʄ.ʖ., ʂʫʚʰʠʥʦʚʘ ʅ.ʃ. 

 

ʌɻɸʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʛʘʟʦʜʠʥʘʤʠʢʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʚʳʰʝʥʥʘʷ ʜʘʣʴʥʦʩʪʴ, ʚʳʩʦʢʦʪʦʯʥʦʝ 

ʚʦʦʨʫʞʝʥʠʝ. 

 

ʃʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ʃ.ɸ.) ʜʣʷ ʩʠʩʪʝʤ (ʈʉɿʆ), ʧʦ ʧʨʠʯʠʥʝ ʙʳʩʪʨʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʇɺʆ ʠ ʚʦʡʩʢʦʚʳʭ ʟʝʥʠʪʥʦ-ʨʘʢʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʦʪʨʘʞʘʪʴ ʫʜʘʨʳ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʭʚʘʪ ʨʘʢʝʪ ʪʨʝʙʫʶʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʦʯʥʦʩʪʠ ʠ ʙʦʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘ ʨʫʙʝʞʦʤ ʘʢʪʠʚʥʦ 

ʨʘʙʦʪʘʶʪ ʧʨʦʛʨʘʤʤʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ GMLRS, ATACMS ʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ 

[1-3]. 

ʈʘʩʩʤʦʪʨʠʤ ʫʧʨʘʚʣʷʝʤʫʶ ʫʥʠʪʘʨʥʫʶ ʨʘʢʝʪʫ GMLRS (Guided MLRS) 

ʢʘʣʠʙʨʘ 227 ʤʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ M270 MLRS ʦʪ ʢʦʤʧʘʥʠʠ Lockheed Martin ï 

ʦʜʥʦʛʦ ʠʟ ʚʝʜʫʱʠʭ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚʦʦʨʫʞʝʥʠʡ ʜʣʷ ʩʪʨʘʥ ʅɸʊʆ. ʂʦʤʧʣʝʢʩ ʄ270 

ʙʳʣ ʩʦʟʜʘʥ ʝʱʸ ʚ 80-ʝ ʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʧʫʩʢʦʚʫʶ 

ʫʩʪʘʥʦʚʢʫ, ʩʧʦʩʦʙʥʫʶ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʈʉɿʆ ʠ ʪʘʢʪʠʯʝʩʢʠʭ ʨʘʢʝʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʨʘʟ ʤʦʜʝʨʥʠʟʠʨʦʚʘʣʘʩʴ ʠ ʚ 2005 ʛʦʜʫ ʙʳʣʘ 

ʚʳʧʫʱʝʥʘ M270A1, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʙʦʝʧʨʠʧʘʩʳ ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʧʨʘʚʣʷʝʤʳʝ ʩ ʩʠʩʪʝʤʦʡ GPS: (GMLRS) Unitary Phase II  rocket at White Sands 

Missile Range. ɼʘʥʥʘʷ ʨʘʢʝʪʘ ʧʦʨʘʞʘʝʪ ʮʝʣʠ ʥʘ ʜʠʩʪʘʥʮʠʠ ʜʦ 70 ʢʤ ʩ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ 2006 ʛʦʜʫ ʙʳʣʠ ʟʘʚʝʨʰʝʥʳ ʩʝʤʥʘʜʮʘʪʴ 

ʫʩʧʝʰʥʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʨʝʣʴʙ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʈʉɿʆ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 30 ʨʘʢʝʪ [1-3]. 

GMLRS ʧʦʟʚʦʣʠʣʘ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʘʢʝʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʧʦʨʘʞʝʥʠʷ ʪʝʢʫʱʠʭ ʮʝʣʝʡ ʥʘ 80 ʧʨʦʮʝʥʪʦʚ.  

ɺ ʀʟʨʘʠʣʝ ʢʦʤʧʘʥʠʝʡ Israel Military Industries ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʨʘʢʝʪʘ 

Delilah (ɼʘʣʠʣʘ), ʘ ʪʦʯʥʝʝ ʝʸ ʚʘʨʠʘʮʠʷ Delilah-GL. ɼʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʝʡ Delilah-AR ʜʣʷ ʥʘʟʝʤʥʳʭ ʧʫʩʢʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ ʠʭ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ ʈʉɿʆ Lynx. ʕʪʘ ʩʠʩʪʝʤʘ 

ʷʚʠʣʘʩʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʦʩʦʙʝʥʥʦ, ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʝʝ ʨʘʟʣʠʯʥʳʭ ʙʦʝʚʳʭ 

ʯʘʩʪʝʡ [4].  

ɺ ʩʠʣʫ ʩʣʦʞʠʚʰʠʡʩʷ ʚ ʤʠʨʝ ʩʠʪʫʘʮʠʠ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ 

ʩʥʘʨʷʜʦʚ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ: ʜʘʣʴʥʦʩʪʴ, 

ʪʦʯʥʦʩʪʴ, ʧʦʥʠʞʝʥʥʘʷ ʟʘʤʝʪʥʦʩʪʴ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʜʠʦʚʦʣʥ ʠ 
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ʛʠʙʢʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʚʦʝ ʠʟʜʝʣʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ 

ʤʦʜʫʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʙʳʪʴ ʦʩʥʘʱʝʥʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʝʜʝʥʠʷ, ʦʙʣʘʜʘʪʴ ʤʦʱʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʨʘʟʚʠʪʳʤʠ ʦʨʛʘʥʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʦʤ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʣʦʡ ʟʘʤʝʪʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ 

ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʨʘʞʘʪʴ ʫʜʘʣʸʥʥʳʝ ʨʘʟʥʦʪʠʧʥʳʝ ʠ ʟʘʱʠʱʸʥʥʳʝ 

ʢʦʤʧʣʝʢʩʘʤʠ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳ ʦʙʲʝʢʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʦʛʦ ʙʦʝʧʨʠʧʘʩʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʙʦʣʴʰʦʡ 

ʜʘʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴ, ʤʘʣʦʡ ʟʘʤʝʪʥʦʩʪʴʶ ʠ ʭʦʨʦʰʠʤʠ ʤʘʥʝʚʨʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʂʘʞʜʘʷ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʜʣʝʞʘʱʘʷ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʡ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ ʧʦʟʚʦʣʠʪ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʚʳʰʝʥʘʟʚʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

ʊʘʢ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʨʘʢʝʪʥʦʡ ʯʘʩʪʠ ʫʚʝʣʠʯʠʪ ʜʘʣʴʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩ 

ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʧʦʟʠʮʠʡ, ʧʦʨʘʞʘʪʴ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʛʣʫʙʞʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʪʠʚʥʠʢʘ.  

ʇʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʫʚʝʣʠʯʠʪʴ ʨʘʢʝʪʥʫʶ ʯʘʩʪʴ ʧʨʠʤʝʨʥʦ ʥʘ 20%, ʠʟʤʝʥʠʪʴ 

ʤʘʨʢʫ ʪʦʧʣʠʚʘ, ʢ ʧʨʠʤʝʨʫ, ʥʘ ʩʤʝʩʝʚʦʝ ʥʘ ʦʩʥʦʚʝ ʧʝʨʭʣʦʨʘʪʘ ʘʤʤʦʥʠʷ ʠ ʩʚʷʟʢʝ 

ʧʦʣʠʚʠʥʠʣʠʟʦʧʨʝʥʫʨʝʪʘʥʘ ʩ ʢʦʥʮʝʚʳʤʠ ʵʧʦʢʩʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʇɼʀ-ɿɸ) ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 90/10 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ʠ ʚʳʧʦʣʥʠʪʴ ʱʝʣʝʚʳʝ 

ʚʳʨʝʟʳ ʚ ʟʘʨʷʜʝ [6].  

ɹʦʝʚʫʶ ʯʘʩʪʴ ʣʫʯʰʝ ʩʦʟʜʘʚʘʪʴ ʦʪʜʝʣʷʝʤʦʡ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʩʥʠʞʝʥʠʷ ʠ ʣʫʯʰʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʸʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ 

ʪʠʧʘ ʙʦʝʚʦʡ ʯʘʩʪʠ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʜʝʡʩʪʚʠʷ, ʪʝʤ ʩʘʤʳʤ, ʩʥʠʞʘʷ 

ʪʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ ʙʦʝʧʨʠʧʘʩʦʚ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʘʚʪʦʤʘʪʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʥʠʟʠʪ ʚʣʠʷʥʠʝ ʚʦʟʤʫʱʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʨʠʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʃɸ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʟʚʦʣʠʪ ʧʦʨʘʞʘʪʴ ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʠ ʟʘʱʠʱʸʥʥʳʝ ʦʙʲʝʢʪʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʦʢʨʳʪʠʡ ʜʣʷ ʥʠʟʢʦʡ ʟʘʤʝʪʥʦʩʪʠ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʮʝʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʸʪ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʃɸ.   

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʜʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʧʦʩʦʙʝʥ ʧʨʠʜʘʪʴ 

ʩʢʦʨʦʩʪʴ ʃɸ ʜʦ 2000ʤ/ʩ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʭʦʨʦʰʝʡ ʜʘʣʴʥʦʩʪʠ ʠ ʩʦʟʜʘʪʴ 

ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʃɸ. 

ʉʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʦʩʥʦʚʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʃɸ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʜʘʚʣʝʥʠʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ, 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ʧʦʧʝʨʝʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʙʦʣʴʰʠʭ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ, ʠ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʞʸʩʪʢʦʩʪʴʶ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʵʬʬʝʢʪʫ ʢʨʫʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʯʥʦʩʪʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʥʝʨʘ ʚ ʩʨʝʜʝ, ʫ ʢʦʪʦʨʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʚʦʨʦʪʥʳʝ 



  
 

25 
 

ʢʨʳʣʴʷ ʚʳʧʦʣʥʝʥʳ ʠʟ ʫʛʣʝʧʣʧʩʪʠʢʘ, ʘ ʢʦʨʧʫʩ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ (ʉʇ-

28). ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʛʣʘʭ ʘʪʘʢʠ: 0, 5, 10 ʠ 35 (ʢʘʢ 

ʢʨʠʪʠʯʝʩʢʠʡ). ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠʥʠʤʘʣʘʩʴ  2000 ʤ/ʩ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʭʦʨʦʰʦ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʥʘʛʨʫʟʢʘʤʠ, ʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʣʘʥʝʨ ʚʳʧʦʣʥʝʥ ʩ ʨʘʩʯʸʪʦʤ ʥʘ ʩʥʠʞʝʥʠʝ 

ʟʘʤʝʪʥʦʩʪʠ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʨʘʜʠʦʚʦʣʥ [11]. 

ɿʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʟʘʤʝʪʥʦʩʪʠ ʃɸ ʜʣʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʥʘʚʝʜʝʥʠʷ ʥʝ ʨʝʰʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʣʘʥʝʨʝ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʘʤʦʨʬʥʦʛʦ 

ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 3d ʤʝʪʘʣʣʦʚ (ʥʠʢʝʣʷ, 

ʢʦʙʘʣʴʪʘ, ʞʝʣʝʟʘ ʠ ʜʨ.) ʥʘʥʝʩʸʥʥʳʭ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʥʘ ʛʠʙʢʠʝ ʧʦʜʣʦʞʢʠ ʠʟ ʘʨʘʤʠʜʥʦʡ ʪʢʘʥʠ. ɼʘʥʥʦʝ ʧʦʢʨʳʪʠʝ 

ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʦʜʫʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ -10 ʜʦ  -30 ʜɹ ʧʨʠ 

ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ ʦʪ 1 ʜʦ 3 ʤʤ [12]. 

ʇʦʣʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʠʟʜʝʣʠʷ 

ʧʦʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʝʜʝʥʠʷ. 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃɸ. ɼʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʝʜʸʤ ʩʪʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʙʪʝʢʘʥʠʷ ʃɸ, ʝʛʦ ʦʨʛʘʥʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ 

ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʤʠ: ʉʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 2000ʤ/ʩ, ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 

ʩʪʘʥʜʘʨʪʥʘʷ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 760 ʤʤ.ʨʪ.ʩʪ. ʇʨʦʬʠʣʴ ʦʙʪʝʢʘʥʠʷ ʦʨʛʘʥʦʚ 

ʩʪʘʙʠʣʠʟʘʮʠʠ- NASA 0006 ʩ ʜʣʠʥʥʦʡ ʭʦʨʜʳ 175 ʤʤ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ 

ʧʨʦʬʠʣʴ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ. ʊʘʢ ʢʘʢ ʠʤʝʝʪ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʃʘ ʠ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʤʘʥʝʚʨʠʨʦʚʘʥʠʶ. 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟʜʝʣʠʷ ʚʦʟʥʠʢʘʶʪ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʘʢʪʠʚʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

ʅʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦ ʢʦʤʧʣʝʢʩʘʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ, ʩʧʦʩʦʙʥʳʭ ʩʝʨʴʸʟʥʦ 

ʟʘʪʨʫʜʥʠʪʴ ʨʘʙʦʪʫ ʜʘʥʥʳʭ ʩʠʩʪʝʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ 

ʚʝʢʪʦʨ ʧʦ ʩʦʟʜʘʥʠʶ ʤʦʜʫʣʴʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʤʦʜʫʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ: ʙʦʝʚʦʡ, 

ʨʘʢʝʪʥʦʡ, ʩʦʧʣʦʚʦʡ ʯʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʨʘʞʝʥʠʷ, 

ʥʝ ʫʩʪʫʧʘʶʱʝʛʦ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʫʩʪʘʥʦʚʢʫ ʜʣʷ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʪʠʪʘʥʦʚʳʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʜʝʪʘʣʝʡ ʥʘ ʣʠʩʪʦʰʪʘʤʧʦʚʦʯʥʳʭ ʤʦʣʦʪʘʭ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʦʢ ʠ ʢʦʥʪʨʦʣʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʳ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 
ʈʘʜʠʘʮʠʦʥʥʳʡ ʥʘʛʨʝʚ, ʥʘʛʨʝʚ ʪʠʪʘʥʦʚʳʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ, 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʪʠʪʘʥʦʚʳʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ. 

1. ɺʚʝʜʝʥʠʝ 

ʊʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʣʫʯʰʝ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ 

ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʣʴ ʠ ʘʣʶʤʠʥʠʡ. 

ʆʜʥʘʢʦ, ʵʪʠ ʩʧʣʘʚʳ ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʝ ʠ ʧʦʵʪʦʤʫ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʫʜʘʨʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʤʝʶʪ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʪʨʝʱʠʥ. ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʜʝʬʦʨʤʘʮʠʝʡ. 

 ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʥʘ 

ʣʠʩʪʦʰʪʘʤʧʦʚʦʯʥʳʭ ʤʦʣʦʪʘʭ.   

2. ʄʝʪʦʜʠʢʘ 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʥʘʛʨʝʚ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʛʨʝʚ ʟʘʛʦʪʦʚʢʠ ʣʘʤʧʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʷʚʣʷʶʪʩʷ:  

 

mailto:kurlayev@craft.nstu.ru


  
 

29 
 

 

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ 500é800 ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʦʩʠʪʴ ʥʘʛʨʝʚʘʪʝʣʴ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ, 
ʘ ʪʘʢʞʝ ʚʨʘʱʘʪʴ ʝʛʦ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʥʘ 90; 

- ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʥʘʛʨʝʚʘʪʝʣʷ 220 ɺ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 
ʥʘʛʨʝʚʘʪʝʣʷ 10 ʢɺʪ; 

- ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʥʘʛʨʝʚʘʪʝʣʷ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʨʘʟʤʝʨʳ ʨʘʙʦʯʝʡ 
ʟʦʥʳ ʤʦʣʦʪʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʟʘʛʦʪʦʚʢʦʡ. 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʘʣʦʛʝʥʦʚʳʝ ʣʘʤʧʳ 

ʥʘʢʘʣʠʚʘʥʠʷ ʂɻʊ 220-2200. ʅʘʛʨʝʚʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 5 ʣʘʤʧ. ʃʘʤʧʳ ʢʨʝʧʷʪʩʷ ʥʘ 

ʪʦʢʦʧʦʜʚʦʜʘʭ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʦʪʨʘʞʘʪʝʣʝ. ʅʘʛʨʝʚʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ, ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʧʠʨʘʣʴ 

ʣʘʤʧʳ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʥʘʛʨʝʚʘ. 

ʉ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʦʡ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ 

ʥʘʛʨʝʚʘ (ʩʤ. ʬʦʨʤʫʣʫ 1) ʪʠʪʘʥʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 1 ʢʛ. 

ʇʦʣʫʯʠʣʦʩʴ, ʯʪʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʛʦʪʦʚʦʢ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 

1.5 ʤʠʥʫʪʳ. 

ὸ
Ẽʣʘʤʧ

       (1) 

ʛʜʝ  ï ʂʇɼ ʧʨʦʮʝʩʩʘ, ʫʯʠʪʳʚʘʶʱʝʝ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ; ὸ - ʚʨʝʤʷ ʥʘʛʨʝʚʘ, 
ὔʣʘʤʧ ï ʤʦʱʥʦʩʪʴ ʣʘʤʧ; ὧ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ; m ï 

ʤʘʩʩʘ ʟʘʛʦʪʦʚʢʠ; Ὕ Ὕ Ὕ - ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʛʦʪʦʚʢʠ Ὕ  ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ Ὕ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʦʢʦʧʦʜʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʦʜ ʤʘʨʢʠ      

ʈʂɻʄ-5. ʆʥ ʠʤʝʝʪ ʠʟʦʣʷʮʠʶ ʠ ʦʙʦʣʦʯʢʫ ʠʟ ʢʨʝʤʥʠʡ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʨʝʟʠʥʳ, ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʛʦʨʝʥʠʝ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʤʦʥʪʘʞʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ʉ ʫʯʝʪʦʤ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʧʨʦʚʦʜʘ ʈʂɻʄ-5 (ʩʤ. ʬʦʨʤʫʣʫ 2): 

Ὕ ʵ                                            (2) 

ʛʜʝ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʘ; Ὥ ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ; ὸ - ʚʨʝʤʷ ʥʘʛʨʝʚʘ; ”ɻ 

ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʜʠ; ὧ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ; ”ɻ ï 

ʧʣʦʪʥʦʩʪʴ ʤʝʜʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʘ ʟʘ 1.5 ʤʠʥʫʪʳ 

ʨʘʙʦʪʳ ʥʝ ʧʨʝʚʳʩʠʪ 40 . 

ʄʝʭʘʥʠʟʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʭʦʜʦʚʦʛʦ 

ʚʠʥʪʘ ʩ ʛʘʡʢʦʡ ʩ ʨʝʟʴʙʦʡ ʊʨʘʧ.36ʭ3. ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʫʯʢʠ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʥʘʛʨʝʚʘʪʝʣʴ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʩʦʪʳ ʥʘʜ ʟʘʛʦʪʦʚʢʦʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʤʘʪʨʠʮʫ. 

ʋʧʨʫʛʠʡ ʧʦʜʚʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʣʢʫ-ʧʣʘʩʪʠʥʫ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ɼ16ʊ ʩʝʯʝʥʠʝʤ 70ʭ4 ʤʤ ʠ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ 350 ʤʤ.  
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ʈʠʩʫʥʦʢ 8 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ: 

1 ï ʥʘʛʨʝʚʘʪʝʣʴ; 2 ï ʤʝʭʘʥʠʟʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ; 

3 ï ʨʫʢʦʷʪʢʘ; 4 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ; 5 ï ʧʦʚʦʨʦʪʥʘʷ ʢʦʥʩʦʣʴ; 6 ï ʧʦʜʚʝʩ 

ʫʧʨʫʛʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʠʟʤʝʨʠʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʛʦʪʦʚʦʢ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ - ʪʝʨʤʦʧʘʨʳ ʠ ʧʠʨʦʤʝʪʨ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

çʉʧʝʢʪʨʦʧʠʨ 11ʄ-001è. ʆʥʠ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳ ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ 

ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʟʘʧʳʣʝʥʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʤʝʞʜʫ 

ʦʙʲʝʢʪʦʤ ʠʟʤʝʨʝʥʠʷ ʠ ʜʘʪʯʠʢʦʤ ʧʨʠʙʦʨʘ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʝʪʩʷ: 

¶ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʥʘʛʨʝʚʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʛʘʟʦʥʘʩʳʱʝʥʥʦʛʦ ʩʣʦʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ; 

¶  ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ; 

¶ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʨʘʟʦʛʨʝʚʘʪʴ ʫʩʪʘʥʦʚʢʫ; 

¶ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʤʦʙʠʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʧʝʨʝʥʘʣʘʞʠʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ:  

¶ ʩʣʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

3. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʢʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʡ ʩʙʦʨʦʯʥʳʤ 

ʯʝʨʪʝʞʦʤ, ʧʦʜʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦ ʚʳʙʦʨʫ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. 
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This article is tasked to develop a radiation heating installation of titanium 

sheet blanks for the manufacture of parts for sheet forging hammers. A scheme of the 
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ɸʥʥʦʪʘʮʠʷ 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʙʨʘʢʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʜʦʧʫʱʝʥʠʷ ʦʪʩʪʫʧʣʝʥʠʡ, ʦʪʢʣʦʥʝʥʠʡ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ, 

ʥʘʨʫʰʝʥʠʡ, ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʜʝʣʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʩʧʦʩʦʙʘʭ ʩʥʠʞʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɹʨʘʢ; ʪʦʧʣʠʚʥʳʡ ʙʘʢ; ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ; ʦʪʢʣʦʥʝʥʠʷ; ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ.  

1. ɺʚʝʜʝʥʠʝ 

ʂʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ, ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʘ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʧʣʠʚʥʳʭ 

ʙʘʢʦʚ, ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʙʘʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ ʪʦʥʢʦʩʪʝʥʥʳʡ ʨʝʟʝʨʚʫʘʨ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʜʦʣʛʦʚʘʪʳʝ ʧʘʥʝʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʇʨʠʩʫʪʩʪʚʠʝ ʧʦʜʦʙʥʳʭ 

ʧʘʥʝʣʝʡ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʘ. ʇʨʠ ʩʦʩʪʳʢʦʚʢʝ ʦʪʩʝʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʧʣʠʚʥʳʡ ʙʘʢ, 

ʥʝ ʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʟʘʟʦʨʦʚ ʠʣʠ ʥʘʣʦʞʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ. 

2. ɹʨʘʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʉʘʤ ʧʦ ʩʝʙʝ ʙʨʘʢ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʪʦʣʴ ʢʨʠʪʠʯʥʳʤ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷʤʠ ʚ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʤʦʛʫʪ ʧʨʝʥʝʙʨʝʛʘʪʴ. ʅʦ ʯʪʦ ʝʩʣʠ 

ʙʨʘʢ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʳʭ ʢʦʥʪʫʨʦʚ ʠʟʜʝʣʠʷ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʟʦʨʦʚ ʠʣʠ ʞʝ ʥʘʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʰʠʚʢʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ? ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʝʥʝʙʨʝʯʴ ʦʪʢʣʦʥʝʥʠʷʤʠ ʫʞʝ ʥʝʣʴʟʷ ʠ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʚʣʝʢʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʧʦʩʦʙʥʳʭ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʙʦʪʘʭ ʧʦ ʜʘʥʥʦʤʫ ʠʟʜʝʣʠʶ, ʯʪʦ ʤʦʞʝʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʟʘʥʠʤʘʪʴ ʥʝ ʤʘʣʦ 

ʚʨʝʤʝʥʠ. ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʞʝ ʠʟʙʝʛʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

mailto:luzan_es1998@mail.ru
mailto:narysheva@corp.nstu.ru


  
 

33 
 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʧʨʦʜʫʢʮʠʠ, ʢʘʢʠʝ ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʨʠʥʷʪʴ ʠ ʢʘʢʠʝ 

ʧʫʪʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʪ ʩʝʛʦʜʥʷ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʦ ʠʤʝʥʥʦ ʩ ʬʘʢʪʦʨʦʤ ʚʚʝʜʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʥʝ ʚʳʧʫʩʢʘʶʱʠʭʩʷ ʨʘʥʝʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʇʨʦʙʣʝʤʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʦʚ, ʥʝ ʩʦʙʠʨʘʝʤʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʚʦʟʥʠʢʘʶʪ 

ʜʘʞʝ ʫʞʝ ʥʘ ʦʪʣʘʞʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɻʜʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʫʞʝ ʠʤʝʝʪʩʷ 

ʦʪʣʘʞʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʫʞʝ ʥʝ 

ʠʤʝʝʪ ʦʰʠʙʦʢ ʠ ʥʝʜʦʯʝʪʦʚ, ʫ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥ ʙʦʣʴʰʦʡ 

ʦʧʳʪ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ. ʅʦ ʚʩʝ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʜʝʪʘʣʝʡ 

ʟʘʜʘʥʥʳʤ ʬʦʨʤʘʤ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʟʘ ʩʦʙʦʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʨʘʢʘ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʢ ʩʧʠʩʘʥʠʶ ʩ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥʥʦʛʦ 

ʠʟʜʝʣʠʷ ʯʪʦ ʧʘʛʫʙʥʦ ʚʣʠʷʝʪ ʥʘ ʬʠʥʘʥʩʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʦʜʭʦʜʷ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʚʝʪʠʪʴ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʢʠʭ ʧʨʠʯʠʥ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʧʦʷʚʣʝʥʠʝ 

ʙʨʘʢʘ? ʂʘʢʠʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ? ʂʘʢʠʝ ʜʝʡʩʪʚʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʨʠʥʷʪʴ ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʷʚʣʝʥʠʷ ʙʨʘʢʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ? ɼʘʣʝʝ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʦʚ ʥʘ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʦʧʠʨʘʷʩʴ ʥʘ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʙʫʜʫʱʠʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʷʭ 

ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʙʨʘʢʘ. 

3. ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʘ 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʚʳʧʫʩʢʘʶʱʝʤ ʘʚʠʘʮʠʦʥʥʫʶ ʪʝʭʥʠʢʫ ʷʚʣʷʝʪʩʷ ʨʷʜ ʩʣʝʜʫʶʱʠʭ ʧʨʠʯʠʥ: 

1. ʅʝʢʘʯʝʩʪʚʝʥʥʦʝ ʩʳʨʴʝ; 

2. ʅʝʠʩʧʨʘʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

3. ʅʝʠʩʧʨʘʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ; 

4. ʅʝʜʦʯʝʪʳ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

5. ʅʝʜʦʯʝʪʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

6. ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ; 

7. ʅʝʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ; 

8. ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠʯʠʥ ʚʝʜʫʪ ʟʘ ʩʦʙʦʡ ʢ ʧʦʷʚʣʝʥʠʶ ʤʥʦʞʝʩʪʚʘ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

(ʈʠʩ. 1). 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʫʶ ʩʭʝʤʫ ʩʪʘʥʦʚʠʪʩʷ ʚʠʜʥʦ, ʯʪʦ ʯʠʩʣʦ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʦʯʝʥʴ ʚʝʣʠʢʦ. ɺʳʷʚʣʝʥʠʝ, ʫʩʪʨʘʥʝʥʠʝ ʠ 

ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʥʘ 100% ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʅʦ ʙʣʘʛʦʜʘʨʷ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʚʳʷʚʣʝʥʠʶ ʠ ʫʩʪʨʘʥʝʥʠʶ ʩʣʘʙʳʭ ʟʚʝʥʴʝʚ, ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʧʦʷʚʣʝʥʠʝ ʙʨʘʢʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ. 
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4. ʇʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

1. ʆʨʛʘʥʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ ʵʪʘʧʝ ʧʦʩʪʫʧʣʝʥʠʷ ʩʳʨʴʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ; 

2. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʨʦʢʦʚ ʧʨʦʚʝʨʢʠ, ʨʝʤʦʥʪʘ ʠ ʟʘʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ.  

ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʚʝʩʴʤʘ ʘʢʪʫʘʣʝʥ, ʪ. ʢ. ʩʝʛʦʜʥʷ ʥʝ ʨʝʜʢʦ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʩʠʪʫʘʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʙʦʯʠʡ ʠʩʧʦʣʴʟʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʝʠʩʧʨʘʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. 

3. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʨʦʢʦʚ ʧʨʦʚʝʨʢʠ ʠ ʨʝʤʦʥʪʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʩʥʘʩʪʢʠ. 

ʇʨʦʚʝʨʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʩʥʘʩʪʢʠ ʧʨʦʚʦʜʠʪʩʷ, ʥʦ ʚʝʩʴʤʘ ʨʝʜʢʦ ï  

ʈʠʩ. 1 ï ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ 

ʆʪʩʪʫʧʣʝʥʠʷ 

ʆʪʢʣʦʥʝʥʠʷ 

ʈʘʟʨʫʰʝʥʠʷ 

ʇʦʚʨʝʞʜʝʥʠʷ 

ʅʘʨʫʰʝʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ 

ʅʘʨʫʰʝʥʠʝ ʨʘʟʤʝʨʘ, 

ʜʦʧʫʩʢʘ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʦʥʪʘʞʘ, ʨʝʛʫʣʠʨʦʚʢʠ, 

ʧʦʩʘʜʢʠ, ʩʦʝʜʠʥʝʥʠʷ, 

ʢʨʝʧʣʝʥʠʷ 

ʅʘʣʠʯʠʝ ʧʦʩʪʦʨʦʥʥʠʭ 

ʧʨʝʜʤʝʪʦʚ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ 

ʤʝʭʘʥʠʟʤʦʚ 

ʀʟʥʘʰʠʚʘʥʠʝ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ, 

ʚʳʟʚʘʥʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʡ 

ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ 

ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʇʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʘʪʝʨʠʘʣʘʤʠ, 

ʧʦʣʫʬʘʙʨʠʢʘʪʘʤʠ, 

ʇʂʀ ʠʣʠ ʧʨʦʜʫʢʮʠʝʡ, 

ʧʦʩʪʘʚʣʷʝʤʦʡ ʧʦ 

ʢʦʦʧʝʨʘʮʠʠ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʊɼ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʂɼ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʫʧʘʢʦʚʢʠ, ʪʘʨʳ 

ʇʨʦʯʠʝ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ 

ʧʦʩʪʘʚʦʯʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʇʨʠʯʠʥʳ ʠʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ 

ʇʨʠʯʠʥʳ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ 

ʇʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʠʟʤʝʨʝʥʠʡ 

ʠ ʢʦʥʪʨʦʣʷ 

ʇʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʷʝʤʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʇʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ, 

ʰʪʘʤʧʘʤʠ, ʤʦʜʝʣʷʤʠ, 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ, 

ʦʩʥʘʩʪʢʦʡ 
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1-2 ʨʘʟʘ ʚ ʛʦʜ. ɿʘ ʪʘʢʦʡ ʧʝʨʠʦʜ ʦʩʥʘʩʪʢʘ ʤʦʞʝʪ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʚʥʝʰʥʠʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʧʨʠʛʦʜʥʦʩʪʴ ʫʞʝ ʥʝ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʝʪʘʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʪʘʢʦʡ ʦʩʥʘʩʪʢʝ, ʤʦʛʫʪ 

ʠʤʝʪʴ ʥʝʧʨʘʚʠʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʦʚʦʜʠʤʳʭ ʧʣʘʥʦʚʳʭ 

ʦʩʤʦʪʨʦʚ ʦʩʥʘʩʪʢʠ, ʤʦʞʝʪ ʫʩʪʨʘʥʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. 

4. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʨʦʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 

5. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʮʝʣʷʭ 
ʩʚʝʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ; 

6. ʇʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʘʙʦʯʠʤʠ ʧʨʠ ʩʙʦʨʢʝ, 

ʦʪʭʦʜ ʦʪ ʙʫʤʘʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʝʣʝʡ ʫʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʙʶʨʦ. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʘʱʝʥʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʘʙʦʯʠʤʠ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʠ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʜʝʣʠʠ, ʪʝʤ ʩʘʤʳʤ 

ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

7. ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʨʢʝ ʪʦʯʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʛʨʝʛʘʪʘ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʨʠʝʥʪʠʨʦʚʢʫ ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ. 

8. ɺʚʝʜʝʥʠʝ ʤʝʞʦʧʝʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ɹʊʂ. 

5. ɺʳʚʦʜ 

ʉʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʙʨʘʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʥʪʨʦʣʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʠʜʝʪ ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ 

ʦʩʥʘʩʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. 
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DECREASE THE LIKELIHOOD OF MARRIAGE IN THE PRODUCTION 

OF FUEL TANKS OF AIRCRAFT  
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Abstract 

The occurrence of marriage in the production of aircraft, is due to the 

admission of deviations, inconsistencies, violations, or damage to products in the 

production process. In this article we will focus on ways to reduce the occurrence of 

marriage in the production of aviation fuel tanks. Today, this problem is very 

relevant, due to the fact that the tank is a large thin-walled vessel, the design of which 

comprises oblong panels of complex shape. The presence of such panels complicates 

the manufacturing process, thereby increasing the risk of marriage. When joining the 

compartments that make up the fuel tank, there are often problems associated with 

the appearance of gaps or overlays of elements on each other, which further 

negatively affect the tightness of the fuel tanks. On the degree of compliance with 

certain criteria depends the overall component of the occurrence of marriage the on 

manufacture. 

Keywords 

Marriage; fuel tank; discrepancies; deviations; production process. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʜʦʨʘʙʦʪʢʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʛʠʜʨʦʩʪʝʥʜʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʠ ʥʘ ʥʸʤ ʵʣʝʢʪʨʦʛʠʜʨʦʥʘʩʦʩʦʚ ʩʘʤʦʣʸʪʘ 

ɸ-320. ʆʧʠʩʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʪʝʥʜʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʙʦʨ ʘʛʨʝʛʘʪʦʚ, ʥʘʩʦʩʘ ʜʣʷ  

ʧʦʜʘʯʠ ʚʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʘʩʯʸʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʨʫʙ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʭʝʤʳ ʙʫʜʫʱʝʛʦ ʩʪʝʥʜʘ ʠ ʩʧʠʩʢʘ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ, ʵʣʝʢʪʨʦʛʠʜʨʦʥʘʩʦʩ, ʩʭʝʤʘ 

ʛʠʜʨʦʩʪʝʥʜʘ, ʘʛʨʝʛʘʪʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʪʝʥʜʘ.  

1. ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩ ʧʦʟʚʦʣ̫ʝʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʠ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʝʚʝʨʩ ʩʣʦʞʥʳʭ ʠ 

ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʤʝʥ̫ʝʪ ʧʦʜʜʝʨʞʘʥʠʷ ʩʠʩʪʝʤr ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ ʩʪʝʥʜʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʦʙʩʣʫʞʠʚʘʥʠ̫ ʊʝʭʥʠʯʝʩʢʦʝ ʤʘʢʩʠʤʘʣɹʥrʡ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʢʦʪʦʨrʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʠʩʧʨʘʚʥʦʛʦ ʠ 

ʠʟʤʝʨʠʪʝʣɹʥʦʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʨʘʙʦʯʠʭ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʨʘʟʤʝʨ ʩʫʜʥʘ. ʕʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʞʠʜʢʦʩʪʠ ʪʨʝʙʫʶʪ ʠʤʝʁɦʠʝʩ̫ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʜʘʚʣʝʥʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʝʨʩʦʥʘʣʦʤ ʠ, 

ʛʠʜʨʦʜʚʠʛʘʪʝʣɹ ʟʘʯʘʩʪʫʶ ʧʦʪʦʢ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʚʣʝʥʠʝ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ ʩʦʛʣʘʩʥʦ ʥʘʟʝʤʥʦʛʦ ʢʦʥʢʨʝʪʥrʤʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

2. ʊʝʦʨʠʷ 

ɺ ʩʘʤʦʣʸʪʝ ɸ-320, ʛʠʜʨʦʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʧʦʜʘʯʫ ʠʟ ʪʨʸʭ ʩʚ̫ʟʘʥʥrʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʜʙʦʨ ʜʘʚʣʝʥʠʷ ʚ ʦʜʥʦʡ ʠʟ  ʛʠʜʨʦʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʝʜʝʥʠ̫ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ, ʤʦʜʝʣʠ ʦʙʩʣʫʞʠʚʘʥʠ̫ PMP1V-20. ʨʘʙʦʪʘ ʇʘʢʝʪ ʜʘʚʣʝʥʠʝ ʥʘʩʦʩʘ, ʩʦʩʪʦʠʪ ʠʟ 

ʢʣʘʧʘʥr ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʛʠʜʨʦʥʘʩʦʩʘ ʧʨʠʚʦʜʘ, ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ.  

ɺ ʥʦʤʠʥʘʣɹʥʘ̫ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʩʦʩʘ ʣʠʙʦ, ʝʩʪʴ ʨʷʜ ʦʙʱʠʭ ʫʩʪʨʦʡʩʪʚʘ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʢʦʪʦʨrʭ ʠʩʧʳʪʘʥʠʷʤ ʢʣʘʧʘʥ: ʯʠʩʪʳʝ 10 ʤʢʤ  ʠʣʠ 15 ʤʢʤ  ʥʘ 

ʣʠʥʠʷʭ ʩʪʝʥʜʘ, ʞʠʜʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʚʨʘɦʘʁɦʠʡʩ̫ ʩʦʙʦʡ ʬʦʩʬʘʪʥʳʡ ʵʬʠʨ ʘʚʣʝʥʠʝ ʪʠʧʘ ʨʠʩʫʥʦʢ IV ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ NAS ʪʨʦʩʘ 1638, ʫʜʝʨʞʘʥʠʠ Class 8 ʠʣʠ ʚʳʰʝ ʛʠʜʨʦʘʧʧʘʨʘʪr,ʘ ʪʘʢ ʞʝ ʙʣʦʢ ʜʦʣʞʝʥ 

ʢʦʪʨʦʣʠʨʦʚʘʪʴʩʷ ʦʪ ʠʟʣʠʰʥʠʭ ʚʠʙʨʘʮʠʡ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʠ ʫʪʝʯʝʢ. 
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ɺ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʪʝʥʜʘ, ʜʣʷ 

ʬʠʣɹʪʨr ʧʨʦʚʝʜʝʥʠʷ ʫʧʨʘʚʣʝʥʠ̫  ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪɹ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ.(ʈʠʩʫʥʦʢ 1) 

 

 
ʜʘʚʣʝʥʠʝ ʈʠʩʫʥʦʢ ʠʩʪʦʯʥʠʢʦʚ 1- ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʨʘʟʥʠʮʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ 

ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʤ 

ʩʪʝʥʜʝ, ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʘʢʠʝ ʘʛʨʝʛʘʪʳ, ʢʘʢ: ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ, 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, ʠʛʦʣʴʯʘʪʳʡ ʢʣʘʧʘʥ, ʜʘʪʯʠʢ ʨʘʩʭʦʜʘ, ʬʠʣʴʪʨ ʠ 

ʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ. ʊʘʢʠʝ ʘʛʨʝʛʘʪʳ, ʢʘʢ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʠ ʨʠʩʫʥʦʢ ʨʝʟʝʨʚʫʘʨ ʜʣʷ 

ʞʠʜʢʦʩʪʠ, ʙʫʜʫʪ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʩʦʩʘ ʩʦ ʩʪʝʥʜʘ ʦʩʥʦʚʥʦʛʦ ʪʨʝʙʫʶʱʠʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʚ 

ʧʦʜʙʦʨʝ ʥʝ ʧʦʚʦʨʦʪ ʥʫʞʜʘʶʪʩʷ ʫʧʨʘʚʣʝʥʠ̫.  

ʉʣʝʜʫʷ ʧʘʨʘʤʝʪʨʘʤ, ʫʢʘʟʘʥʥʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ, ʧʨʦʠʟʚʦʜʠʤ ʧʦʠʩʢ ʠ ʧʦʜʙʦʨʢʫ 

ʘʛʨʝʛʘʪʦʚ ʫ ʧʦʩʪʘʚʱʠʢʦʚ. ʇʦʜʦʙʨʘʥʥʳʝ ʘʛʨʝʛʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

(ʊʘʙʣʠʮʘ 1.) 
ʊʘʙʣʠʮʘ 1.ʇʘʨʘʤʝʪʨʳ ʘʛʨʝʛʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʝʥʜʘ. 

ʅʘʟʚʘʥʠʝ 
ʈʘʙʦʯʠʝ ʜʘʚʣʝʥʠʝ, 

ʄʇʘ 

ʇʦʜʘʯʘ, 

ʃ/ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ÁC 

ʉʪʝʥʜ 0,28Ñ00,7 32 +46é +51 

ʆʙʨʘʪʥʳʡ ʢʣʘʧʘʥ  VR2-I1/32 32 50 -20é+80 

ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ  CD1-W  35 30 -20é+60 

ʀʛʦʣʴʯʘʪʳʡ ʢʣʘʧʘʥ V15 34,5 - ɼʦ 200 

ɼʘʪʯʠʢ ʨʘʩʭʦʜʘ RPC2-CTN/RC/M/31 32 22-38 -20é+80 

ʇʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʢʣʘʧʘʥr ʪʠʧʘ GR 4 34 -50é+300 
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ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʦʜʙʦʨ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʜʚʫʭ ʧʦʜʙʦʨʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʜʘʣɹʥʝʡhʝʤ ʩʭʝʤ 

ʩʪʝʥʜʦʚ ʩʚʦʝʡ ʠ ʧʦʜʙʦʨʘ ʘʛʨʝʛʘʪʦʚ.ʆʙʲʝʜʠʥʝʥʠʝ ʩʭʝʤ ʠʤʝʝʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʜʝʥʠʠ ʠʟ ʩʦʦʙʨʘʞʝʥʠʷ, 

ʯʪʦ ʜʣʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʦʛʦ ʩʪʝʥʜʘ ʜʝʡʩʪʚʫʁɦʠʭ, ʦʪ ʠʤʝʶʱʝʛʦʩʷ ʩʪʝʥʜʘ ʦʪʨʘʩʣʝʚrʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʟʝʨʚʫʘʨ ʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢ. ʧʨʠʚʦʜʠʪʩ̫ ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʪʨʝʭ, ʩʭʝʤʘ ʜʣʷ çʥʦʚʦʛʦ ʪʨʝʙʦʚʘʥʠ̫ʤ ʩʪʝʥʜʘè 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʙʣʠʟʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʪʠʭ ʘʛʨʝʛʘʪʦʚ. 

 ʇʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʘʣɹʥrʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʝ ʠʩʭʦʜ̫ ʫʢʘʟʘʥʦ ʥʦʤʠʥʘʣɹʥʘ̫, ʪʦ 

ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʙʫʜʝʪ ʩʪʦʠʤʦʩʪɹ ʷʚʣʷʪʴʩʷ ʭʦʪ̫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʘʯʠʚʘʪʴ 

ʦʙʦʨʫʜʦʚʘʪɹ ʞʠʜʢʦʩʪʴ ʩ ʫʢʘʟʘʥʥʳʤ ʨʘʩʭʦʜʦʤ. ʛʠʜʨʦʟʘʤʢʠ ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʪʝʥʜ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʚʦʟʜʫʭʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʛʠʜʨʦʘʧʧʘʨʘʪr ʥʝʚʷʟʢʦʡ ʥʫʞʥʦ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʦʨʥʦʤ ʤʘʩʩʘ ʪʨʫʙʦʧʨʦʚʦʜʝ. ʕʪʦʪ 

ʜʠʘʧʘʟʦʥ ʜʦʩʪʫʧʥʦʤ ʙʫʜʝʪ ʯʠʩʪʦʪr ʨʘʚʝʥ 1,5 ï 3 ʤ/ʩ. ʆʪʩʶʜʘ ʧʨʦʧʫʩʢʘʁʪ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʞʥʦ ʦʜʠʥ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʦʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʥʘʯʝʥʠʷʤ ʦʙɦʝʦʙʤʝʥʥʦʡ ʦʧʪʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʠʘʧʘʟʦʥ ʦʙ̡ʝʜʠʥʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʪrʝ 

ʜʠʘʤʝʪʨʘ ʜʣʷ ʜʘʥʥʦʛʦ ʛʠʜʨʦʙʘʢ ʨʘʩʭʦʜʘ. ɼʠʘʤʝʪʨʳ ʦʜʙʦʨ ʪʨʫʙ ʟʘʛʦʨʘʥʠ̫ ʠʟ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʥʘʨʫhʝʥʠʝʤ ʦʯʝʚʠʜʥʦ, ʙʫʜʫʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʝhʝʚʣʝ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʜʦʙʥrʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʪʘʙʣʠʮʘ ʚ ʫʩʣʦʚʠʷʭ ʩʣʫʯʘʷ 

ʧʨʠʚʦʜʦʚ ʨʘʩʭʦʜʘ ʪʝʭʥʠʯʝʩʢʠʝ.  

ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢʘ ʜʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ Q = 32 ʛʠʜʨʦʟʘʤʢʠ ʣ/ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʠʠ, 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ ʥʘʣʠʯʠʠ ʨʘʩʭʦʜʘ(1), ʚʳʨʘʟʠʚ ʠʟ ʥʝʝ ʢʦʥʮʝ ʜʠʘʤʝʪʨ ʜʘʚʣʝʥʠʝ ʪʨʫʙʳ: 

                                             Q = [(ˊĀdʧɻʝʨʝʤʝɦʘʪɹ Į)/4] v.      (1) 

 

ʆʪʢʫʜʘ: 

                                               d =ɻ τὗȾ“ὺ.      (2) 

ʇʦʜʩʪʘʚʠʤ ʩʪʝʥʜʘ ʤʠʥʠʤʘʣʴʥʦʝ ʩʠʩʪʝʤʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʣɹʪʨ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ:                              

                               dʵ.max = τπȟπππυȾσȟρτσ  ,     (3) 

dʵ.max =0,02 ʤ. 

ʊʦ ʜʚʝʨʠ ʝʩʪʴ ʧʨʦʚʝʜʝʥʠʠ ʜʣʷ ʣʠʥʠʠ ʩ ʨʘʩʭʦʜʦʤ 32 ʚʭʦʜ ʣ/ʤʠʥ ʧʦʜʭʦʜʷʪ ʪʨʫʙʳ ʩ ʧʦʙʦʨʝ ʜʠʘʤʝʪʨʦʤ ʢʣʘʧʘʥr 20 

ʤʤ. 

ʇʦ ɻʆʉʊʫ ʧʥʝʚʤʘʢʩ 9567-75 ʤʦʜʝʨʥʠʟʘʮʠ̫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʙʦʨ ʫʧʨʘʚʣʝʥʠ̫ ʥʘʨʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ ʩʪʝʥʜ ʪʨʫʙ ʧʣʦʪʥʦʩʪɹ. 

ʇʦʜʭʦʜʷʱʠʡ ʜʠʘʤʝʪʨ 20 ʤʤ, ʧʨʠ ʦʙʨʘʪʥrʡ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ 2,2ʤʤ. ʄʘʩʩʘ ʩʦʙʩʪʚʝʥʥrʡ ʦʜʥʦ ʤʝʨʝ ʤʝʪʨʘ ʧʨʠ 

ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʠ ʧʘʨʘʤʝʪʨʘʭ ʪʨʫʙʳ ʚʪʦʨʦʡ ʙʫʜʝʪ ʫʧʨʘʚʣ̫ʝʪʩ̫ ʨʘʚʥʘ 0,96ʢʛ 

 

3. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʭʦʜʝ  ʨʘʙʦʪʳ ʙʳʣʘ ʜʘʣɹʥʝʡhʝʤ ʧʨʦʠʟʚʝʜʝʥʘ ʛʠʜʨʦʤʦʪʦʨʘ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ. ʅʘ ʧʦʜʙʦʨ ʦʩʥʦʚʝ ʨʪʦʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦ ʯʠʩʪʦʪrʚ ʠʟ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʘʚʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʣʘʧʘʥr ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ, ʫʛʣʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʭʝʤʘ ʜʣʷ ʢʣʘʧʘʥr ʧʨʦʚʝʨʢʠ ʧʦʜʙʦʨ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʪʦʨʦʝ. ɼʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʨʘʙʦʪʘʁʪ ʧʦʟʚʦʣʠʪ ʧʦʜʘʚʘʝʤrʤ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʘʚʘʝʤʘ̫ ʪʝʭʥʠʯʝʩʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥ ʛʠʜʨʦʥʘʩʦʩʘ ʤʠʥʠʤʘʣɹʥrʡ, ʪʘʢ 

ʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ ʢʦʪʦʨʦʝ.  
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MODIFICATION OF UNIVERSAL TESTING HYDRAULIC STAND  

FOR TESTING ELECTRIC HYDROPOWER PUMPS OF A-320 AIRPLANE 
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Abstract 

This article is tasked with refining the universal hydraulic bench for the 

subsequent verification of the A-320 electric hydraulic pumps on it. Describes the 

parameters of the developed stand, satisfying the operational documentation. The 

selection of units, the pump for supplying water pressure and the calculation of 

hydraulic pipes are made. The purpose of this work is to form the scheme of the 

future stand and the list of its components. 

Keywords 

Stand for testing mechanical pump, electric hydraulic pump, hydraulic circuit 

scheme, units used for the stand. 
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ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ 

ɺʓɺɽʐʀɺɸʅʀʗ ɹʃʀɾʅɽʄɸɻʀʉʊʈɸʃʔʅʆɻʆ ʉɸʄʆʃɽʊɸ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʧʦʜʲʸʤʘ ʙʣʠʞʥʝʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʩʘʤʦʣʸʪʘ ʧʨʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ʆʧʠʩʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʥʘʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʘʥʘʣʦʛʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʫʪʦʯʥʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʦʨʘʙʦʪʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩʠʩʪʝʤʳ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʨʝʰʝʥʦ ʩʦʟʜʘʪʴ 

ʨʘʙʦʯʠʡ ʤʘʢʝʪ ʩʠʩʪʝʤʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʠʢʘ 

ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ ʠ ʝʸ ʦʙʱʝʛʦ ʚʠʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 
ɸʚʠʘʮʠʦʥʥʳʝ ʧʦʜʲʝʤʥʠʢʠ ʩ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʧʦʜʲʝʤʘ, 

ʩʨʝʜʩʪʚʘ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʘʤʦʣʝʪʘ. 

1. ɺʚʝʜʝʥʠʝ 

ɸʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ïï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʥʘʫʢʦʝʤʢʠʭ 

ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ. ʅʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʠ ʪʝʤʧʦʚ 

ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ 

(ʜʘʣʝʝ ï ɺʉ), ʚʳʟʳʚʘʶʱʝʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ (ʜʘʣʝʝ ï ɸʊ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʊ, ʘ 

ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʚ ʮʝʣʦʤ, ʪʨʝʙʫʝʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʦʝ, ʛʨʘʤʦʪʥʦʝ, ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ɺʉ. 

2. ʄʝʪʦʜʠʢʘ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʟʨʘʙʦʪʢʠ ʪʠʧʦʚʦʛʦ ʟʘʜʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ï ʪʠʧ ʧʨʠʚʦʜʘ, ʪʠʧ ʙʘʟʦʚʦʡ 

ʤʘʰʠʥʳ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ, ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʟʦʥʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ, 

ʚʳʙʦʨ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʚʳʩʦʢʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʢʦʤʧʘʢʪʥʦʩʪʠ, 

ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʪʠʧ ʧʨʠʚʦʜʘ ʧʦʜʲʝʤʥʠʢʦʚ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʚʳʙʝʨʝʤ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ. ʊʠʧ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ 
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ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʢʦʤʧʦʥʦʚʢʫ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ (ʭʘʨʘʢʪʝʨ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʛʠʜʨʦʩʭʝʤʳ) ʠ ʫʩʣʦʚʠʷ (ʨʝʞʠʤ) ʝʛʦ ʨʘʙʦʪʳ. ʈʝʞʠʤ ʨʘʙʦʪʳ ʧʨʦʝʢʪʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ïï ʣʝʛʢʠʡ. ʇʨʠ ʣʝʛʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʛʠʜʨʦʜʚʠʛʘʪʝʣʠ, ʧʨʠʚʦʜʷʱʠʝ ʚ 

ʜʚʠʞʝʥʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʤʘʰʠʥʳ, ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘ 

ʟʥʘʯʠʪ ʩʣʝʜʫʝʪ ʥʘʟʥʘʯʠʪʴ ʤʘʣʳʝ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ. ʇʦ ʟʥʘʯʝʥʠʶ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʛʠʜʨʦʩʠʩʪʝʤʳ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 1,6 

ʄʇʘ) ʜʣʷ ʭʦʣʦʩʪʳʭ ʭʦʜʦʚ ʧʨʠʚʦʜʘ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʪʦʨʤʦʟʦʚ, 

ʤʫʬʪ ʠ ʜʨ.); ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 6,3 ʄʇʘ) ïï ʜʣʷ ʙʫʣʴʜʦʟʝʨʦʚ, 

ʘʚʪʦʛʨʝʡʜʝʨʦʚ; ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 20 ʄʇʘ) ïï ʜʣʷ ʧʨʠʚʦʜʘ ʧʨʦʯʠʭ 

ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʠ ʜʦʨʦʞʥʦïʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ; ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʙʦʣʝʝ 25 ʄʇʘ). ɺʳʙʠʨʘʷ ʥʦʤʠʥʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʥʫʞʥʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʨʷʜʦʤ ʥʦʨʤʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʧʦ ɻʆʉʊ 6540-68 çɻʠʜʨʦʮʠʣʠʥʜʨʳ ʠ 

ʧʥʝʚʤʦʮʠʣʠʥʜʨʳ ï ʨʷʜʳ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚè (ʄʇʘ): 0,63; 1,0; 1,6; 2,5; 6,3;8; 

10; 16. ɼʘʚʣʝʥʠʝ ʚ ʧʦʜʢʨʳʣʴʝʚʳʭ ʧʦʜʲʝʤʥʠʢʘʭ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠʩʭʦʜʷ 

ʠʟ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʨʷʜʦʤ 

ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 15,7 ʄʇʘ, ʘ ʚ ʧʦʜʬʶʟʝʣʷʞʥʦʤ ïï 8 ʄʇʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʛʠʜʨʦʩʠʩʪʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʚʳʩʦʢʠʤ 

ʜʘʚʣʝʥʠʝʤ. ʆʩʫʱʝʩʪʚʠʤ ʪʝʧʝʨʴ ʚʳʙʦʨ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʛʨʘʥʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʦʚ ïï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʉʠʙʠʨʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʦʪ -50 ʜʦ +30 ʉ. ʉ ʫʯʝʪʦʤ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ 

ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʤʘʩʣʦ ɸʄɻï10. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʩʘʤʦʣʝʪʘ ʙʫʜʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʪʨʠ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʘ ï ʜʚʘ ʧʦʜʢʨʳʣʴʝʚʳʭ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʠ ʦʜʠʥ 

ʧʦʜʬʶʟʝʣʷʞʥʳʡ (ʩʤ. ʨʠʩʫʥʦʢ 2). ɺ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʘʭ ʠʤʝʶʪʩʷ ʛʦʪʦʚʳʝ 

ʠʟʜʝʣʠʷ ʠ ʘʛʨʝʛʘʪʳ, ʪʘʢʠʝ ʢʘʢ ï ʛʠʜʨʦʮʠʣʠʥʜʨʳ, ʪʨʫʙʳ (ʦʧʦʨʳ, ʨʘʩʢʦʩʳ ʠ ʜʨ.), 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʥʘʩʦʩʳ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʨʫʯʥʳʝ, 

ʤʘʩʣʦʙʘʢʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʧʦʜʢʨʳʣʴʝʚʦʛʦ ʧʦʜʲʝʤʥʠʢʘ: 

1 ïʢʦʣʝʩʦ; 2 ï ʚʦʜʠʣʦ; 3 ï ʛʮ ʫʙʦʨʢʠ ï ʚʳʧʫʩʢʘ ʢʦʣʸʩ; 4 ï ʩʪʦʡʢʘ; 5 ï ʥʘʩʦʩ;  

6 ï ʢʨʦʥʰʪʝʡʥ; 7 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 8 ï ʦʙʦʡʤʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ; 9 ï ʰʪʦʢ;  

10 ï ʤʘʩʣʦʙʘʢ; 11 ï ʦʙʦʡʤʘïʦʩʥʦʚʘʥʠʝ; 12 ï ʷʱʠʢ ʠʥʩʪʨʫʤʝʥʪʦʚ; 13 ï ʪʷʛʘ;  

14 ï ʧʦʜʢʦc 
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ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʧʦʜʬʶʟʝʣʷʞʥʦʛʦ ʧʦʜʲʝʤʥʠʢʘ: 

1 ï ʦʧʦʨʥʘʷ ʧʷʪʘ; 2 ï ʬʣʘʥʝʮ ʦʧʦʨʳ; 3 ï ʩʲʝʤʥʳʡ ʬʣʘʥʝʮ; 4 ï ʨʫʢʦʷʪʢʘ; 5 ï ʚʠʥʪ; 

6 ï ʦʩʥʦʚʘʥʠʝ; 7 ï ʨʘʩʢʦʩ; 8 ï ʥʘʩʦʩ; 9 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 10 ï ʛʠʜʨʦʟʘʜʚʠʞʢʘ; 

11 ï ʢʨʦʥʰʪʝʡʥ; 12 ï ʰʪʦʢ; 13 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 14 ï ʧʦʜʚʠʞʥʘʷ ʛʦʣʦʚʢʘ; 15 ï ʤʘʩʣʦʙʘʢ 

 

ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʦʚ ʚʢʣʶʯʝʥʳ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ ʩ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺʳʜʚʠʞʝʥʠʝ ʰʪʦʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʞʠʜʢʦʩʪʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʧʦʣʦʩʪʴ ʛʠʜʨʦʮʠʣʠʥʜʨʘ. ʇʦʜʘʯʘ 

ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʘʢʦʚ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʢʘʞʜʦʤ ʧʦʜʲʝʤʥʠʢʝ ʠ ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ʅʘ ʚʩʝʭ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʥʪʨʦʣʴʥʘʷ 

ʘʧʧʘʨʘʪʫʨʘ, ʘ ʥʘ ʛʣʘʚʥʦʤ (ʧʦʜʬʶʟʝʣʷʞʥʦʤ) ï ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʩ 

Bluetoothïʧʝʨʝʜʘʪʯʠʢʦʤ. ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʘ ʠʣʠ ʥʦʫʪʙʫʢʘ. ʉʣʝʞʝʥʠʝ ʟʘ ʚʳʩʦʪʦʡ 

ʧʦʜʲʝʤʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʴʶ ʧʦʣʦʞʝʥʠʷ ʩʘʤʦʣʝʪʘ, ʘ ʟʥʘʯʠʪ ʠ ʩʠʥʭʨʦʥʥʦʩʪʴʶ 

ʨʘʙʦʪʳ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʘʟʝʨʥʳʤʠ ʜʘʣʴʥʦʤʝʨʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʛʠʜʨʦʧʦʜʲʝʤʥʠʢʘʭ ʠ ʧʦʜ ʩʘʤʦʣʸʪʦʤ, ʧʦ ʢʨʘʷʤ ʢʨʳʣʘ. 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʞʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ ʧʦʪʦʢʘ. ɺʩʸ ʚʤʝʩʪʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʝʩʪʠ ʣʶʜʝʡ ʠʟ-ʧʦʜ 

ʩʘʤʦʣʝʪʘ ʚʦ ʚʨʝʤʷ ʝʛʦ ʧʦʜʲʝʤʘ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʚʝʰʠʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦ ʠ, ʚ 

ʮʝʣʦʤ, ʦʙʣʝʛʯʘʝʪ ʪʨʫʜ ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʧʦʜʲʝʤʝïʦʧʫʩʢʘʥʠʠ 

ʩʘʤʦʣʝʪʘ.  

3. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʩʪʝʤʳ ʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʯʝʨʪʝʞʠ 

ʦʙʱʝʛʦ ʚʠʜʘ ʧʦʜʢʨʳʣʴʝʚʦʛʦ ʠ ʧʦʜʬʶʟʝʣʷʞʥʦʛʦ ʧʦʜʲʝʤʥʠʢʦʚ ʚ ʧʨʦʛʨʘʤʤʝ 

ʂʆʄʇɸʉ-3D v14. 
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Abstract 

A high-quality, competent and strictly controlled maintenance of aircraft is 

necessary for providing the reliability and efficiency of aviation equipment and for 

the safety of passenger air transport in general. The task of developing a universal 

system of lifting short-haul aircraft during its maintenance is set in this article. The 

advantages of the being developed system over existing analogues are described. 

Currently there is the purpose is to test the performance capabilities, to update 

technical specifications and to improve the design. In order to achieve this goal, it 

was decided to develop and establish a system mockup. The main part of the work is 

the formation of the layout concept and detail design. 

Keywords 

Design of hydraulic tripod jack lifting platform aircraft tripod jack, increasing 

safety in technical aircraft maintenance. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩ ʤʦʙʠʣʴʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʝʨʪʦʣʝʪʘ ʄʠ-8 ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ. ʆʧʠʩʘʥʳ ʧʦʜʙʦʨ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʚʪʦʤʦʙʠʣʷ (ʙʘʟʳ) ʜʣʷ ʢʦʤʧʣʝʢʩʘ, ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥʠʨʦʚʦʯʥʦʡ 

ʩʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʧʠʪʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 
ʂʦʤʧʣʝʢʩ ʤʦʙʠʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʄʠ-8, ʥʝʩʦʢʦʥʫʩʥʦʩʪʴ, ʅɸʉʂɼ. 

4. ɺʚʝʜʝʥʠʝ 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʝʨʪʦʣʝʪʘ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʨʘʟʣʠʯʥʳʝ ʦʪʢʘʟʳ ʝʛʦ 

ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʥʝʩʦʢʦʥʫʩʥʦʩʪʴ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʜʝʬʠʮʠʪʫ ʪʷʛʠ. ɽʩʣʠ ʚ ʘʵʨʦʧʦʨʪʘʭ ʠʣʠ ʥʘ ʧʦʩʘʜʦʯʥʳʭ ʧʣʦʱʘʜʢʘʭ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʝʨʩʦʥʘʣ ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʝʨʪʦʣʝʪʘ, ʪʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʜʦʚʦʣʴʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʀʤʝʥʥʦ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

5. ʄʝʪʦʜʠʢʘ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʟʨʘʙʦʪʢʠ ʪʠʧʦʚʦʛʦ ʟʘʜʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ:  

¶ ʧʦʜʙʦʨ ʘʚʪʦʤʦʙʠʣʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ; 

¶ ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʧʣʘʥʠʨʦʚʢʠ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʘʟʝ 
ʘʚʪʦʤʦʙʠʣʷ; 

¶ ʧʦʜʙʦʨ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʠʪʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢ ʢʘʢ ʢʦʤʧʣʝʢʩ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʝʨʪʦʣʝʪʦʚ ʚʥʝ ʙʘʟʳ 

ʙʘʟʠʨʦʚʘʥʠʷ, ʪʦ ʢ ʘʚʪʦʤʦʙʠʣʶ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʭʦʜʠʤʦʩʪʠ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʢʘʢ ʩʘʤʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʪʘʢ ʠ ʝʛʦ 

ʨʝʤʦʥʪʘ. ɺʳʙʨʘʥ ʙʳʣ ʘʚʪʦʤʦʙʠʣ ɹʤʘʨʢʠ ɻɸɿʝʣʴ NEXT ɸ31R33 (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ɻɸɿʝʣʴ NEXT ɸ31R33 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʟʝʤʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʝʨʪʦʣʝʪʦʚ ʠ ʩʘʤʦʣʝʪʦʚ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ. ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʜʝʣʝʡ ʅɸʉʂɼ-200 ʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ: 

¶ ʅɸʉʂɼ-200.ʄɹ (ʧʦʣʥʳʡ) ï ʜʣʷ ʧʦʣʥʦʡ ʧʨʦʚʝʨʢʠ ʠʟʜʝʣʠʡ 

ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʩ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, 

ʥʘʧʨʠʤʝʨ, ʚʦʚʨʝʤʷ ʠʣʠ ʧʦʩʣʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ (ʨʠʩ. 2, ʘ); 

¶ ʅɸʉʂɼ-200.ʄʂ ï ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʟʜʝʣʠʡ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʨʝʛʣʘʤʝʥʪʥʳʝ ʨʘʙʦʪʳ (ʨʠʩ. 2, ʙ); 

¶ ʅɸʉʂɼ-200.ʇʈ-ʤ ï ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʟʜʝʣʠʡ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʙʝʟ ʜʝʤʦʥʪʘʞʘ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʧʦʣʝʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʫʜʥʘ (ʨʠʩ. 2, 

ʚ). 

                                                      
          ʘ)                                                     ʙ)                                                   ʚ) 

ʈʠʩ. 2: ʘ) ʅɸʉʂɼ-200.ʄɹ; ʙ) ʅɸʉʂɼ-200.ʄʂ; ʚ) ʅɸʉʂɼ-200.ʇʈ-ʤ 

ʇʦʤʠʤʦ ʅɸʉʂɼ ʙʳʣʦ ʚʳʙʨʘʥʦ ʫʩʪʨʦʡʩʪʚʦ çʆʇʊʀʂʆʅè, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʥʘ ʟʝʤʣʝ ʠ ʚ ʧʦʣʝʪʝ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʩʙʘʣʘʥʩʘ ʠ ʥʝʩʦʢʦʥʫʩʥʦʩʪʠ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚ ʢʦʤʧʣʝʢʩ ʤʦʙʠʣʴʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʢʣʶʯʝʥʦ ʫʩʪʨʦʡʩʪʚʦ çʆʇʊʀʂʆʅè (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʋʩʪʨʦʡʩʪʚʦ çʆʇʊʀʂʆʅè 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʘʥʠʨʦʚʦʯʥʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ɻɸɿʝʣʴ NEXT ɸ31R33. 
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ʈʠʩ.4. ʇʣʘʥʠʨʦʚʦʯʥʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʨʪʦʣʝʪʘ ʩ 

ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʙʠʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ʈʠʩ. 5. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

6. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʙʠʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʝʨʪʦʣʝʪʘ ʄʠ-8 ʠ 

ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʧʦʜʦʙʨʘʥ ʘʚʪʦʤʦʙʠʣʴ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʠʤʝʥʝʥʦ ʫʩʪʨʦʡʩʪʚʦ çʆʇʊʀʂʆʅè, ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʧʠʪʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʦʯʥʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʘʚʪʦʤʦʙʠʣʝ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D v17. 
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Abstract 

This article aims to develop a complex of mobile maintenance of the Mi-8 

helicopter and its modifications. Described selection of equipment and vehicle (base) 

for the complex, the development of the layout of the equipment and the schematic 
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ʈɸʉʏɪʊʓ ʅɸ ʇʈʆʏʅʆʉʊʔ ɹɸʃʆʏʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʄʀʂʈʆʕʃɽʂʊʈʆʅʅʆʁ ʊɽʍʅʀʂʀ ʇʈʀ ʀʅɽʈʎʀʆʅʅʆ-

ʀʄʇʋʃʔʉʅʆʄ ʅɸɻʈʋɾɽʅʀʀ 
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ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 
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 ɸʥʥʦʪʘʮʠʷ 

 ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʠ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ çʙʘʣʢʘè ʠʟʜʝʣʠʡ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʜʘʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʜʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʙʘʣʢʠ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʛʠʙ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʡ 

ʜʠʩʩʠʧʘʮʠʠ. ʈʝʰʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ. ʀ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʧʨʦʩʯʠʪʘʥʦ ʚ MathCad 14. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʰʘʨʥʠʨʥʦ-ʦʧʸʨʪʦʡ ʙʘʣʢʝ ʧʨʠ ʠʥʝʨʮʠʦʥʥʦ-

ʠʤʧʫʣʴʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ  
ʀʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʥʘʛʨʫʞʝʥʠʝ; ʙʘʣʢʘ ʢʘʢ ʵʣʝʤʝʥʪ ʠʟʜʝʣʠʡ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ; ʫʨʘʚʥʝʥʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʙʘʣʢʠ; ʧʨʦʛʠʙ 

ʙʘʣʢʠ; ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; ʚʥʫʪʨʝʥʥʷʷ ʜʠʩʩʠʧʘʮʠʷ; ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ; ʙʘʣʦʯʥʳʝ ʬʫʥʢʮʠʠ; MathCAD 14.0; ʧʨʠʤʝʨ. 

 

1. ɺʚʝʜʝʥʠʝ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʛʠʙʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ çʙʘʣʢʘè ʵʣʝʢʪʨʦʥʥʦʡ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ɼʘʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʜʘʨʘ, ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʚʥʝʜʨʝʥʠʝ ʜʨʫʛ ʚ 

ʜʨʫʛʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. 

ʂʦʥʪʨʦʣʴ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʘ ʨʘʟʨʫʰʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʢʘʢ ʨʘʟ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 
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ʩʚʝʜʝʥʠʡ ʦ ʧʨʦʛʠʙʘʭ ʠ ʥʘʧʨʷʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. ʕʪʦ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʦʡ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʙʘʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʟʜʝʣʠʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ. ʀ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʪʘʢ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

2. ʊʝʦʨʠʷ  
ʕʣʝʤʝʥʪʳ ʠʟʜʝʣʠʡ, ʤʦʜʝʣʠʨʫʝʤʳʭ ʙʘʣʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1-2. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʧʝʨʝʯʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʞʝʥʠʷ, ʩ ʧʦʟʠʮʠʠ ʫʜʘʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʫʜʘʨʦʧʨʦʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʪʘʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʙʘʣʢʠ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʫʜʘʨʦʦʧʘʩʥʳʭ. ʈʘʩʩʤʦʪʨʠʤ ʜʝʡʩʪʚʠʝ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʘ 

ʙʘʣʢʫ ʟʘʜʘʚʘʝʤʳʤ ʫʜʘʨʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʧʦ (1). 

 

 
ʈʠʩ. 1. ʕʣʝʤʝʥʪ ʠʟʜʝʣʠʷ, ʤʦʜʝʣʠʨʫʝʤʳʡ ʰʘʨʥʠʨʥʦ-ʦʧʸʨʪʦʡ ʙʘʣʢʦʡ 

 

 
ʈʠʩ. 2. ʕʣʝʤʝʥʪ ʠʟʜʝʣʠʷ, ʤʦʜʝʣʠʨʫʝʤʳʡ ʙʘʣʢʦʡ, ʟʘʱʝʤʣʸʥʥʦʡ ʩ ʦʜʥʦ ʢʨʘʷ  

ʠ ʩʚʦʙʦʜʥʦʡ ʩ ʜʨʫʛʦʛʦ 

 

ὥὼȟὸ

πȟὸ π
ὥ ὸȟπ ὸ †
πȟὸ †

                                         (1) 

† ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʫʩʢʦʨʝʥʠʷ 
 

ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʣʢʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʘʜʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ ʚ ʬʫʥʢʮʠʠ ʦʪ ὼ ʠ ὸ (2). 

 

ώ ώὼȟὸ                                                       (2) 

 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʛʠʙ [1], ʩ ʫʯʝʪʦʤ 

ʚʥʫʪʨʝʥʥʝʡ ʜʠʩʩʠʧʘʮʠʠ (ʧʦ ʟʘʢʦʥʫ ʂʝʣʴʚʠʥʘ-ʌʦʭʪʘ [2]) ʧʨʠ ʠʥʝʨʮʠʦʥʥʦ-

ʠʤʧʫʣʴʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ (3). 
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ὉὍ ‗Ὅ ”ί ”ίὥ ὼȟὸ                              (3) 

Ὅ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ ʤ  

Ὁ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʇʘ 
‗ ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ɿʘʢʦʥ ʉʪʦʢʩʘʇʘzʩ 

” ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢʛȾʤ  

ί ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤ  

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʧʨʦʛʠʙ ʧʦ ʬʦʨʤʫʣʝ (4) [2]. 

 

„ὼȟὸ Ὁὦ                                                 (4) 

ὦ ʧʦʣʦʚʠʥʘ ʪʦʣʱʠʥʳ ʙʘʣʢʠ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ [1], 

ʧʨʝʜʩʪʘʚʠʚ ʧʨʦʛʠʙ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ ʩʫʤʤʳ (5), ʛʜʝ ὣ ï ʙʘʣʦʯʥʳʝ ʬʫʥʢʮʠʠ [1], 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚʳʨʘʞʝʥʠʶ (6). 

 

ώ ВὝὸὣὼ                                                (5) 

 

ὣ Ὧὣ                                                      (6) 

 

ʌʫʥʢʮʠʠ Ὕ, ʫʜʦʚʣʝʪʚʦʨʷʪ ʫʨʘʚʥʝʥʠʶ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ [1] (7). 

 

Ὕ ς‍Ὕ ‫Ὕ ὗ ὸ                                        (7) 

 

ʋʨʘʚʥʝʥʠʝ ʧʨʠ ὣ (6) ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ (8), ʘ ʫʨʘʚʥʝʥʠʝ ʧʨʠ Ὕ (7) 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ (9), ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ (10) ʠ 

ʥʘʛʨʫʟʢʘ (11). 

 

Ὧ                                                        (8) 

 

ς‍                                                        (9) 

 

‫                                                      (10) 

 

ὗ ὸ ”ίὥ ὸ
᷿

᷿
                                           (11) 

ὰ ʜʣʠʥʘ ʙʘʣʢʠ 

 

ʉʦʛʣʘʩʥʦ [3], ʧʦʣʫʯʠʤ ʬʫʥʢʮʠʠ Ὕ, ʜʣʷ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ 

ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ (9). 
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 Ὕὸ ᷿ὗ ὸὩ
ǋ
ÓÉÎ‫ ‍ ὸ ὸǋ Ὠὸǋ            (12) 

π ὸ † 

 

ɹʘʣʦʯʥʳʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʂʨʳʣʦʚʘ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ [1], ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʢʨʝʧʣʝʥʠʷ 

ʙʘʣʢʠ, ʧʦʣʫʯʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʜʣʷ 

ʰʘʨʥʠʨʥʦ-ʦʧʸʨʪʦʡ ʙʘʣʢʠ (13), ʠ ʜʣʷ ʙʘʣʢʠ ʩ ʟʘʱʝʤʣʸʥʥʳʤ ʠ ʩʚʦʙʦʜʥʳʤ ʢʦʥʮʦʤ 

(14). 

 

ὣὼ ÓÉÎὼ                                               (13) 

 

ὣὼ ÓÈ ÓÉÎ ÃÈ ὼ ÃÏÓ ὼ

ÃÈ ÃÏÓ ÓÈ ὼ ÓÉÎ ὼ     (14) 

 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ (1-14) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʥʝʨʮʠʦʥʥʦ-

ʠʤʧʫʣʴʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ ʰʘʨʥʠʨʥʦ-ʦʧʸʨʪʦʡ 

ʙʘʣʢʠ ʚ MathCAD 14.0 ʧʨʠ ʚʠʜʝ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ (15) [4], 

ʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

ὥ ὸ ὥ ÓÉÎὼ                                            (13) 

ὥ ʘʤʧʣʠʪʫʜʘ 

Ὀ ʜʠʘʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ 

 

ʊʘʙʣʠʮʘ 1 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ὥȟʤȾʩ †ȟʤʢʩ ὰȟʤʤ Ὀȟʤʢʤ Ὁȟɻʇʘ ”ȟʢʛȾʤ ‗ȟʇʘzʩ 

ςz ρπ υπ ρȢυ υπ χπ ςχππ ρȢςz ρπ 

 

1. ʈʝʟʫʣʴʪʘʪʳ 

ɺʝʣʠʯʠʥʘ ʧʨʦʛʠʙʘ ώ ȟὸ ʚ ʬʫʥʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

ɺʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ „ ȟὸ ʚ ʬʫʥʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 4.  
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ʈʠʩ. 3. ɺʝʣʠʯʠʥʘ ʧʨʦʛʠʙʘ ώ ȟὸ ʚ ʬʫʥʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ 

 

ʈʠʩ. 3. ɺʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ „ ȟὸ ʚ ʬʫʥʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ 

 

4. ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʦʛʠʙʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʠʥʝʨʮʠʦʥʥʦ-

ʠʤʧʫʣʴʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ çʙʘʣʢʘè ʵʣʝʢʪʨʦʥʥʦʡ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʕʪʦ ʢʘʢ ʨʘʟ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ 

ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʘ ʨʘʟʨʫʰʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 
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 Abstract 

 Results of definition of deflections and stress at inertial-pulse forces of "beam" 

elements of products of the microelectronic equipment are presented in article. On the 

basis of these results opportunity to control impact stability and strength of these 

elements is represented. Results have been received at the solution of the equation of 

the forced vibrations of beam, describing dynamic deflection taking into account 

internal dissipation. The decision has been received by means of method of division 

of variables. And further it has been counted in MathCad 14. As a result it has been 

received dependence for simple beam at inertial-pulse forces. 

 

Keywords 

Inertial-pulse forces; beam as element of products of the microelectronic 

equipment; the equation of the forced vibrations of beam; beam deflection; normal 

stress; internal dissipation; method of division of variables; beam functions; 

MathCAD 14.0; example. 
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ʋɼʂ 534.1 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʏɸʉʊʆʊ ʉʆɹʉʊɺɽʅʅʓʍ ʂʆʃɽɹɸʅʀʁ 

ʆʊɼɽʃʔʅʓʍ ʉɽʂʎʀʁ ʀʄʀʊɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ ʆʇʆʈʓ ɺʃ 

 

ɸʨʪʝʤʴʝʚ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ, ʩʪʫʜʝʥʪ; ʄʘʨʢʝʚʠʯ ɽʢʘʪʝʨʠʥʘ ɹʦʨʠʩʦʚʥʘ, 

ʩʪʫʜʝʥʪ; ʄʠʭʘʡʣʦʚʘ ʆʣʴʛʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʩʪʫʜʝʥʪ; ʂʦʞʝʚʥʠʢʦʚ ɸʣʝʢʩʝʡ 

ʅʠʢʦʣʘʝʚʠʯ, ʘʩʧʠʨʘʥʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20 

ɸʨʪʝʤʴʝʚ ɸ. ɽ., e-mail Artemev.2016@corp.nstu.ru 

ʄʘʨʢʝʚʠʯ ɽ. ɹ., e-mail Markevich.2016@corp.nstu.ru 

ʄʠʭʘʡʣʦʚʘ ʆ. ɸ., e-mail Mixajlova.2016@corp.nstu.ru  

ʂʦʞʝʚʥʠʢʦʚ ɸ. ʅ., e-mail Kozhevnikov.2010@corp.nstu.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʂʦʞʝʚʥʠʢʦʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

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

 

ɸʥʥʦʪʘʮʠʷ. 

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʯʝʥʴ ʪʨʫʜʥʦ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʯʘʩʪʦʪ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʬʠʢʩʠʨʦʚʘʪʴ ʧʨʦʷʚʣʝʥʠʝ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʢʘʢ ʙʠʝʥʠʷ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʜʦʙʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʭ ʯʘʩʪʦʪ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ, ʥʝ ʤʦʛʫʪ ʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʨʦʷʚʣʷʪʴʩʷ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʪʠʧʦʚʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʧʦʨʳ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʩʝʢʮʠʡ 

ʤʦʜʝʣʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʨʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ; ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ; 

ANSYS; APDL; ʄʂʕ; ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ; ʬʦʨʤʘ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʜʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʟʘʯʘʩʪʫʶ ʚ ʧʦʣʫʯʘʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʘʭ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʣʘ ʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʧʦʨʳ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

(ɺʃ) (ʨʠʩ. 1 (ʩʣʝʚʘ)). ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʪʢʣʠʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʧʦʤʦʱʠ 

ʜʘʪʯʠʢʦʚ, ʬʠʢʩʠʨʫʶʱʠʭ ʚʝʣʠʯʠʥʫ ʫʩʢʦʨʝʥʠʷ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ 

çʙʠʝʥʠʡè ʚ ʟʘʧʠʩʳʚʘʝʤʦʤ ʩʠʛʥʘʣʝ (ʨʠʩ. 1 (ʩʧʨʘʚʘ)). ʇʨʠ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʤʧʣʠʪʫʜʳ ʫʩʢʦʨʝʥʠʡ ʦʪ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 
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ʧʦʤʠʤʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʮʝʣʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʝʩʪʴ ʝʱʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʦʥʘ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 

ʯʘʩʪʦʪ, ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʢ ʦʩʥʦʚʥʳʤ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʦ ʠʤʝʪʴ 

ʣʦʛʠʯʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ çʨʘʟʜʝʣʠʪʴè 

ʧʦʣʥʫʶ ʤʦʜʝʣʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʦʪʜʝʣʴʥʦ. 

ʇʨʦʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ 

ʚʦʧʨʦʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ: ʢʘʢʠʝ ʠʤʝʥʥʦ ʫʩʣʦʚʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʝʩʪʴ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʝʢʮʠʡ ʦʪʜʝʣʴʥʦ? ʂʘʢ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʦʚʘʪʴ 

ʚʳʙʨʘʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ? ɺ ʢʘʢʠʝ ʪʦʯʢʠ ʩʝʢʮʠʡ ʤʦʜʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʜʘʪʯʠʢʠ ʠ ʧʨʠʢʣʘʜʳʚʘʪʴ ʫʜʘʨʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ? ɼʣʷ ʧʦʠʩʢʘ ʦʪʚʝʪʦʚ ʥʘ ʚʩʝ ʵʪʠ 

ʚʦʧʨʦʩʳ, ʧʦʧʨʦʙʫʝʤ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS [1]. ɺʩʶ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʨʘʟʜʝʣʠʤ ʥʘ 4 

ʩʝʢʮʠʠ ʪʨʝʭ ʪʠʧʦʚ: ʥʠʞʥʷʷ ʢʦʥʠʯʝʩʢʘʷ ʩʝʢʮʠʷ, ʚʝʨʭʥʷʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʝʢʮʠʷ ʠ 

ʦʜʥʘ ʠʟ ʪʨʘʚʝʨʩ. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʢʮʠʡ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʠ ʢ ʦʩʥʦʚʘʥʠʶ ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʥʳʤʠ (ʢʚʘʜʨʘʪʳ ʥʘ ʨʠʩ. 1. (ʩʣʝʚʘ)), 

ʪ.ʢ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʨʘʚʝʨʩʳ ʢ 

ʦʩʥʦʚʥʦʡ ʩʪʦʡʢʝ ʙʫʜʫʪ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʟʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʩʝʢʮʠʡ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʦʧʦʨʳ ɺʃ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʣʦʯʥʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ (Beam4) 

[2 ï 3], ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʝʨʞʥʝʡ. ɺʩʝ 

ʤʦʜʝʣʠ ʩʦʩʪʦʷʪ ʣʠʰʴ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʨʘʚʥʦʧʦʣʦʯʥʳʭ ʫʛʦʣʢʦʚ: L50x5 ʠ L32x4. 

ʇʦʩʪʨʦʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʩʝʭ ʩʝʢʮʠʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʳʭ ʧʷʪʠ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʠ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 1. 

ɿʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʣʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [4]. 
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ʈʠʩ. 1 ï ʆʙʱʠʡ ʚʠʜ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (ʩʣʝʚʘ) ʠ ʧʨʠʤʝʨ ʟʘʧʠʩʘʥʥʦʛʦ 
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ʈʠʩ. 2 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʝʢʮʠʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʝʢʮʠʡ ʠ ʚʩʝʡ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

 ʅʠʞʥʷʷ 

ʩʝʢʮʠʷ 

ɺʝʨʭʥʷʷ 

ʩʝʢʮʠʷ 
ʊʨʘʚʝʨʩʘ 

ʀʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ 

ʇʝʨʚʘʷ ʯʘʩʪʦʪʘ, ɻʮ 57.940 64.878 163.95 14.598 

ɺʪʦʨʘʷ ʯʘʩʪʦʪʘ, ɻʮ 58.160 65.035 238.43 14.793 

ʊʨʝʪʴʷ ʯʘʩʪʦʪʘ, ɻʮ 87.007 124.63 266.79 31.605 

ʏʝʪʚʝʨʪʘʷ ʯʘʩʪʦʪʘ, 

ɻʮ 
124.39 158.56 275.11 66.417 

ʇʷʪʘʷ ʯʘʩʪʦʪʘ, ɻʮ 125.86 161.92 310.32 77.979 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʬʠʢʩʠʨʫʝʤʳʤʠ 

ʜʘʪʯʠʢʘʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʪʠʧʦʚʦʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʧʦʨʳ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚ ʙʫʜʫʱʝʤ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʚ ʦʪʢʣʠʢʝ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʜʝʣʴʥʳʭ ʩʠʣʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʙʫʜʝʪ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʤʢʘʭ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ ʩ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ. 
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Annotation. 

During experimental modal analysis of any complex spatial beam structure 

usually there is no identity between analytically calculated and found by the testing 

eigenvalues. Moreover, structure whipping may be detected. This process may occur 

as result of availability few eigenvalues with similar frequency values of the object 

investigated. Additionally, it is recommended to ensure that eigenvalues of distinct 

structure parts eigenvalues cannot adversely effect on the whole structure deflection. 

In this paper, the imitation model of an air power transmission line pylon is divided 

to structural parts and calculated eigenvalues of the distinct structural parts are 

presented. 

 

Keywords: Power transmission line pylon; Simulation model; ANSYS; APDL; 

Finite Element Method; eigenvalue; eigenvector. 
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ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʘʤʦʨʪʠʟʘʮʠʠ ʰʘʩʩʠ ʩʘʤʦʣʸʪʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʣʘʥʝʨ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ɺʇʇ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʜʣʝʥʠʝ ʨʝʩʫʨʩʘ, ʧʦʚʳʰʝʥʠʝ 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ, ʨʘʩʰʠʨʝʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ 

ʘʜʘʧʪʠʚʥʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʢʣʘʧʘʥʦʤ ʧʦʟʚʦʣʷʶʱʘʷ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʨʘʙʦʪʦʢ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʰʘʩʩʠ ʩʘʤʦʣʸʪʦʚ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʃʘʛʨʘʥʞʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʘʤʦʨʪʠʟʘʮʠʠ, ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ, ʘʜʘʧʪʠʚʥʳʡ 

ʢʣʘʧʘʥ, ʨʘʩʯʝʪ. 

 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʰʘʩʩʠ ʩʘʤʦʣʸʪʦʚ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʞʠʜʢʦʩʪʥʦ-ʛʘʟʦʚʳʝ ʘʤʦʨʪʠʟʘʪʦʨʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʠ ʧʦʛʣʦʱʘʝʤʦʡ ʵʥʝʨʛʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʨʘ 

ʧʨʠ ʧʦʩʘʜʢʝ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʘʤʦʨʪʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ 

ʧʦʩʘʜʦʯʥʳʭ ʩʣʫʯʘʝʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʘʜʘʧʪʠʚʥʳʭ ʘʤʦʨʪʠʟʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʚʘ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʫʧʨʫʛʦʩʪʠ: 

1. ʉʭʝʤʘ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ 

2. ɼʝʤʧʬʝʨʳ ʩ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʘʤʦʨʪʠʟʘʮʠʠ ʰʘʩʩʠ. ʇʝʨʝʜ 

ʧʦʩʘʜʢʦʡ ʚ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʘʤʦʨʪʠʟʘʮʠʝʡ ʰʘʩʩʠ ʩʘʤʦʣʝʪʘ ʦʪ ʘʚʠʦʥʠʢʠ 

ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʫʛʣʘʭ 

ʪʘʥʛʘʞʘ, ʢʨʝʥʘ ʠ ʨʳʩʢʘʥʴʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʦʡ ʦʧʦʨʦʡ ʰʘʩʩʠ. ʇʨʠ ʦʙʞʘʪʠʠ 

ʦʧʦʨʳ ʰʘʩʩʠ, ʩ ʜʘʪʯʠʢʦʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʥʝʡ ʚ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʫʧʘʶʪ 

ʜʘʥʥʳʝ ʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ, ʧʝʨʝʤʝʱʝʥʠʠ ʰʪʦʢʘ ʠ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʚ 

ʘʤʦʨʪʠʟʘʪʦʨʝ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʘʤʦʨʪʠʟʘʪʦʨʦʤ ʦʧʦʨʳ ʰʘʩʩʠ ʠ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʘʤʦʨʪʠʟʘʮʠʠ ʰʘʩʩʠ ʩʘʤʦʣʸʪʘ 

ʂʦʥʩʪʨʫʢʮʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʣʘʧʘʥʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ˈ ʢʣʘʧʘʥ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ 

ʘʤʦʨʪʠʟʘʮʠʠ ʰʘʩʩʠ ʩʘʤʦʣʝʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʞʘʪʠʷ ʰʘʩʩʠ, ʦʥʘ ʠʤʝʝʪ 7 ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 13 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʪʘʢʞʝ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ 3 ʘʢʪʠʚʥʳʝ ʩʠʣʳ: ʩʠʣʘ ʦʙʞʘʪʠʷ 

ʧʥʝʚʤʘʪʠʢʘ, ʦʩʝʚʘʷ ʩʠʣʘ ʠ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ.  

ʆʩʝʚʘʷ ʩʠʣʘ ʚ ʘʤʦʨʪʠʟʘʪʦʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ : 

 

ὖhʪίȟί
ǋ ρ ‘ίὫὲίǋ ὴὊ ‚”Ὂ ίǋ ίὫὲίǋȾςὪ , 

 

ʛʜʝ ί ˈ ʦʙʞʘʪʠʝ ʘʤʦʨʪʠʟʘʪʦʨʘ; ίǋ ˈ ʩʢʦʨʦʩʪʴ ʦʙʞʘʪʠʷ ʘʤʦʨʪʠʟʘʪʦʨʘ; 
Ὂ “ὈȾτ ˈ ʧʣʦʱʘʜʴ ʰʪʦʢʘ ʘʤʦʨʪʠʟʘʪʦʨʘ; ɛ ˈ ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʚ ʙʫʢʩʘʭ ʠ ʫʧʣʦʪʥʝʥʠʷʭ ʘʤʦʨʪʠʟʘʪʦʨʘ; Ὢ  ˈ ʧʣʦʱʘʜʴ ʜʨʦʩʩʝʣʴʥʳʭ 

ʦʪʚʝʨʩʪʠʡ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ 1 ʠ 2; ‚  ˈ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʧʝʨʝʪʦʢʘ ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ 1 ʠ 2; 

” ˈ ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; ὴ ˈ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʢʘʤʝʨʝ 1. 

ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʣʦʱʘʜʝʡ 

ʜʨʦʩʩʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ 1 ʠ 2. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʘʤʦʨʪʠʟʘʮʠʠ ʪʠʧʦʚʦʡ 

ʦʧʦʨʳ ʰʘʩʩʠ ʩʘʤʦʣʸʪʘ ʙʝʟ ʫʧʨʘʚʣʝʥʠʷ (ʈʠʩ. 3) ʠ ʩ ʘʜʘʧʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʧʣʦʱʘʜʴʶ ʜʨʦʩʩʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ (ʈʠʩ. 4). ʇʘʨʘʤʝʪʨʳ ʧʦʩʘʜʦʯʥʦʛʦ ʫʜʘʨʘ 

(ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ; ʤʘʩʩʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʧʦʨʫ; ʚʝʣʠʯʠʥʘ ʨʘʟʛʨʫʟʢʠ ʦʪ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʢʨʳʣʘ) ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʜʠʥʘʢʦʚʳʝ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ˈ 

ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ˈ ʨʝʰʘʣʠʩʴ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʅʝʦʧʨʝʜʝʣʸʥʥʳʝ ʤʥʦʞʠʪʝʣʠ ʃʘʛʨʘʥʞʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ɻʘʫʩʩʘ-

ɿʝʡʜʝʣʷ. ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 0,02 ʩ. 
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ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʘ ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʦʨʫ ʰʘʩʩʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 7%. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʘʤʦʨʪʠʟʘʮʠʠ ʰʘʩʩʠ ʩʘʤʦʣʝʪʘ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʘʥʝʨ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ɺʇʇ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʜʣʝʚʘʝʪʩʷ ʨʝʩʫʨʩ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʦʚ ʢʨʝʧʣʝʥʠʷ ʰʘʩʩʠ 

ʠ ʧʣʘʥʝʨʘ, ʧʦʚʳʰʘʝʪʩʷ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʴ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʧʨʦʙʝʛʝ, ʨʘʩʰʠʨʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ɺʇʇ ʩ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 

ʈʠʩ. 2: 

1 ï ʢʦʣʝʩʦ 

2 ï ʨʳʯʘʛ 

3 ï ʰʪʦʢ ʘʤʦʨʪʠʟʘʪʦʨʘ 

4 ï ʮʠʣʠʥʜʨ ʘʤʦʨʪʠʟʘʪʦʨʘ 

5 ï ʛʨʫʟ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 

ʦʧʦʨʫ 

ʘ, ʙ, ʚ, ʛ  ï ʰʘʨʥʠʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠ ̫

ʜ ï ʩʢʦʣʴʟʷʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʝ ï ʫʧʦʨ 

ʞ ï ʩʢʦʣʴʟʷʱʘʷ ʟʘʜʝʣʢʘ 

P
ʢ
 ï ʩʠʣʘ ʦʙʞʘʪʠʷ ʧʥʝʚʤʘʪʠʢʘ 

P
ʰʪ

 ï ʦʩʝʚʳʝ ʩʠʣʳ ʚ 

ʘʤʦʨʪʠʟʘʪʦʨʝ 

Py ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 



  
 

63 
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Annotation. 

The purpose of using adaptive depreciation of the aircraft chassis is to reduce 

the maximum dynamic loads on the airframe when driving on the runway, and as a 

consequence, the extension of life, increasing comfort, expanding operating 

conditions. The scheme of the adaptive shock absorber with an adjustable valve 

allows without significant modifications to modify the existing aircraft chassis. The 

calculations were carried out using Lagrange equations of the first kind. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʢʮʠʠ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥ 

ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʵʪʘʧʳ ʢʦʨʨʝʢʮʠʠ 

ʤʦʜʝʣʠ (ʩʨʘʚʥʝʥʠʝ, ʢʦʨʨʝʣʷʮʠʷ, ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʝʢʮʠʠ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʨʨʝʢʮʠʷ). ɼʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʢʦʨʨʝʢʮʠʠ ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʠʟ ʨʫʩʩʢʦ- ʠ ʘʥʛʣʦʷʟʳʯʥʳʭ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ; ʢʦʨʨʝʢʮʠʷ; ʩʨʘʚʥʝʥʠʝ; ʢʦʨʨʝʣʷʮʠʷ; ʚʳʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʝʢʮʠʠ. 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʄʦʜʝʣʴ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʝʸ 

ʚʝʨʠʬʠʢʘʮʠʶ ʠ ʢʦʨʨʝʢʮʠʶ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʤʝʪʦʜʘʤ ʢʦʨʨʝʢʮʠʠ ʂʕʄ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʢʮʠʠ ʂʕʄ. ɼʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʢʦʨʨʝʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ. 

2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʢʦʨʨʝʢʮʠʠ ʂʕʄ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʅʘʛʣʷʜʥʝʝ ʚʩʝʛʦ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʢʮʠʠ ʂʕʄ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [1] (ʨʠʩ. 1). ʇʨʦʮʝʜʫʨʘ 

ʫʪʦʯʥʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʪʨʦʝʥʠʷ ʂʕʄ ʠ ʨʘʩʯʸʪʘ ʝʸ ʤʘʪʨʠʮ ʠʥʝʨʮʠʠ, 

ʞʸʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʝʥʠʷ 

ʦʙʦʙʱʸʥʥʦʡ ʤʘʩʩʳ, ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʦʥʘ.  

ɺʘʞʥʦ, ʯʪʦʙʳ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʂʕʄ ʠʤʝʣʠ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʠʟʤʝʨʝʥʥʳʤʠ ʚ ʠʩʧʳʪʘʥʠʷʭ. ʅʘ ʵʪʘʧʝ 
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ʩʨʘʚʥʝʥʠʷ (ʨʠʩ. 1) ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʨʘʩʰʠʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʦ 

ʨʘʟʤʝʨʥʦʩʪʠ ʂʕʄ, ʣʠʙʦ ʨʝʜʫʮʠʨʦʚʘʪʴ ʂʕʄ ʜʦ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, 

ʠʟʤʝʨʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʨʨʝʢʮʠʠ ʂʕʄ 

ɺ ʨʘʙʦʪʝ [1] ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʨʝʜʫʢʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʷ. ɸʚʪʦʨʳ 

ʩʯʠʪʘʶʪ ʤʝʪʦʜʳ ʨʝʜʫʢʮʠʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʨʶ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʤʘʪʨʠʮʘʤʠ ʤʘʩʩ ʠ ʞʝʩʪʢʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʦʜʳ 

ʨʘʩʰʠʨʝʥʠʷ ʩʤʝʰʠʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʜʘʥʥʳʤʠ ʂʕʄ ʠ 

ʩʛʣʘʞʠʚʘʶʪ ʠʭ ʨʘʟʣʠʯʠʷ. ɺ ʨʘʙʦʪʝ [6] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʩʰʠʨʷʶʪʩʷ 

ʜʦ ʨʘʟʤʝʨʥʦʩʪʠ ʂʕʄ ʠʥʪʝʨʧʦʣʷʮʠʝʡ. ɺ ʨʘʙʦʪʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ 

ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʨʠʮʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ɼʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʜʘʣʴʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʠʘʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ: 
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  (1) 

ʛʜʝ 
1R  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʜʣʷ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʥʘʡʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 
2R  ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ. ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤ, ʪ. ʝ. ʤʦʜʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

 ( )1 1 1 1 ,TD K M R Ma a= + F - L F  (2) 

ʛʜʝ a ï ʘʧʨʠʦʨʥʦ ʟʘʜʘʥʥʳʡ ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ; K  ï 

ʤʘʪʨʠʮʘ ʞʸʩʪʢʦʩʪʠ; Mï ʤʘʪʨʠʮʘ ʤʘʩʩ; 
1F  ï ʤʘʪʨʠʮʘ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; 
1L ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʠʩʝʣ, ʥʘʡʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 
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ʅʘ ʵʪʘʧʝ ʢʦʨʨʝʣʷʮʠʠ (ʨʠʩ. 1) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʂʕʄ ʠ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʢʦʨʨʝʢʮʠʠ. ɺ 

ʨʘʙʦʪʝ [1]  ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʢʦʨʨʝʣʷʮʠʠ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ ʂʕʄ ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʤʝʪʦʜʦʚ ʢʦʨʨʝʣʷʮʠʠ. ɺ ʨʘʙʦʪʘʭ [5] ʠ [3] 

ʧʨʦʮʝʩʩʝ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʠʪʝʨʠʡ ʤʦʜʘʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ (MAC): 

 
{ }{ }( )

{ }{ }( ){ }{ }( )

2

,
ia jr

ij

ia ia ir ir

MAC
j j

j j j j
=   (3)    

ʛʜʝ { }{ }ia jrj j ï ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʧʘʨʘ ʚʝʢʪʦʨʦʚ ʤʘʪʨʠʮ ʬʦʨʤ { }aj ʠ { }rj ;

, 1...i j N= ï ʥʦʤʝʨʘ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʛʜʝ N  ï ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʭʦʨʦʰʝʡ ʢʦʨʨʝʣʷʮʠʠ MAC ʤʘʪʨʠʮʘ ʩʨʘʚʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʙʣʠʟʢʘ ʢ ʝʜʠʥʠʯʥʦʡ. 

ʇʨʠ ʫʜʘʯʥʦʤ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʝʢʮʠʠ  (ʨʠʩ. 1) ʂʕʄ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʝʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʪʦʜʳ ʣʦʢʘʣʠʟʘʮʠʠ ʦʰʠʙʦʢ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʚ [1]. ʅʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤʠ ʠ ʜʝʡʩʪʚʝʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʄʘʪʨʠʮʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʌʦʢʩʘ ʠ ʂʘʧʫʨʘ ʣʠʙʦ ʯʠʩʣʝʥʥʦ ʧʫʪʝʤ 

ʚʦʟʤʫʱʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʝʢʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʬʦʨʤʘʤʠ ʢʦʣʝʙʘʥʠʡ [6]. ɺ [5] 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʥʳʡ ʚ [6]. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʳʡ ʧʦʣʫʯʝʥʥʳʡ ʩ 

ʝʛʦ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨ ʢʦʨʨʝʢʮʠʠ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

ʄʝʪʦʜʳ ʢʦʨʨʝʢʪʠʨʦʚʢʠ (ʨʠʩ. 1) ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʷʤʳʝ ʠ 

ʠʪʝʨʘʮʠʦʥʥʳʝ [1]. ʇʨʷʤʳʝ ʤʝʪʦʜʳ ʠʟʤʝʥʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʘʪʨʠʮʳ ʤʘʩʩ ʠ 

ʞʸʩʪʢʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ,  

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ ʨʘʟʨʝʞʝʥʥʦʩʪʴ ʛʣʦʙʘʣʴʥʳʭ ʤʘʪʨʠʮ ʯʘʩʪʦ 

ʥʘʨʫʰʘʝʪʩʷ. ɼʨʫʛʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʥʝ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʤʘʪʨʠʮʳ ʤʘʩʩ ʠ ʞʸʩʪʢʦʩʪʠ ʩʚʷʟʘʥʳ. ɺ ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ 

ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʂʕ ʤʦʜʝʣʝʡ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʂʕʄ ʤʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʦʙʘʣʴʥʳʭ ʤʘʪʨʠʮ ʤʘʩʩ ʠ 

ʞʸʩʪʢʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʂʕʄ ʩʦʭʨʘʥʷʶʪ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ [6] ʜʣʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʂʕʄ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ. 

ʎʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʚʙʣʠʟʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʦʙʳʯʥʦ ʛʣʘʜʢʠʝ ʠ ʚʳʧʫʢʣʳʝ. 

ʊʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʠʤʝʪʴ ʜʝʣʦ ʩ 

ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʩʚʷʟʝʡ ʠ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʷʭ. 

3. ɺʳʚʦʜʳ 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʢʮʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ, 

ʧʨʠʤʝʥʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
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Abstract 

The present paper reviews briefly methods of model updating methods of 

dynamic models based on test results. At present intensive investigation is being 

carried on in the field of finite element modeling (FEM). However development of 

correction methods is required.  A well-corrected FEM makes it possible to predict 

the dynamic behavior of a structure and detect damage. 

Firstly the paper considers the scheme of model updating. Then methods of 

reduction and expansion of FEM are considered. Further the paper deals with 

correlation methods and selection of updating parameters. Finally, attention is paid to 

correction methods. The paper has examples of for each stage model updating from 

articles of different authors. 
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ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (383) 346-31-21 

 

ɸʥʥʦʪʘʮʠʷ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʨ ʃʕʇ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʤʝʨʝʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʦʧʦʨ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʯʠ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʧʦʨʳ (ʃʕʇ), ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʬʦʥʦʚʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. ʆʪʢʘʟ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ 

ʧʦʜʙʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʥʦʚʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʟʘʜʘʯʝ ʧʨʠʤʝʥʝʥ ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ 

ʨʝʘʣʴʥʦʡ ʦʧʦʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʘ ʫʩʢʦʨʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʣʷ 

ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ  ʚʳʙʨʘʥʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ. 

 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʝʨʘʮʠʦʥʥʳʡ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʦʧʦʨʘ ʃʕʇ, 

ʬʦʥʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʦʧʦʨʝ ʃʕʇ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʜʝʬʝʢʪʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʩʚʷʟʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʣʠ ʢʦʨʨʦʟʠʦʥʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘʢʦʧʣʝʥʥʳʝ ʜʝʬʝʢʪʳ ʤʝʥʷʶʪ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʦʨʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ 

ʥʘʜʝʞʥʦʩʪʴ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ 

ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦ ʯʘʩʪʦʪʥʦʤʫ ʩʧʝʢʪʨʫ ʠʩʩʣʝʜʫʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʮʝʥʠʪʴ ʝʝ ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ. 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʧʠʩʴ ʚʨʝʤʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʦʪʢʣʠʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʙʫʞʜʝʥʠʝ. ʆʙʳʯʥʦ ʵʪʦ 

ʚʦʟʙʫʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʠ ʩʦʟʜʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʚʦʟʙʫʜʠʪʝʣʷ. ʆʜʥʘʢʦ ʪʘʢʠʝ 

ʚʦʟʙʫʜʠʪʝʣʠ ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɿʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʧʨʦʚʦʜʠʪʴ 
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ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʬʦʥʦʚʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʚʝʪʨʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʦʨʫ, ʚʠʙʨʘʮʠʠ ʠ ʧʣʷʩʢʠ ʧʨʦʚʦʜʦʚ.  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʬʦʥʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜ ʬʦʥʦʚʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʨʦʠʪʩʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ, ʠʤʠʪʠʨʫʶʱʘʷ ʦʧʦʨʫ 

ʃʕʇ (ʈʠʩ. 1). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʘʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʪʦʣʴʢʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʠʟʛʠʙʘ. 

 

ʈʠʩ. 1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʦʡ ʙʘʣʢʠ 
 

ɼʠʥʘʤʠʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

Ἑ Ἄ ἕ ἐὸ,     (1) 

ʛʜʝ M, Ἄ, K  ï ʤʘʪʨʠʮʳ ʤʘʩʩ, ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʞʝʩʪʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  

 ï ʚʝʢʪʦʨ ʥʝʠʟʚʝʩʪʥʳʭ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ; F(t) ï ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ Ὂὸȟᾀ 

ʆʙʳʯʥʦ ʤʘʪʨʠʮʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʤʘʪʨʠʮʘʤ ʤʘʩʩ ʠ ʞʝʩʪʢʦʩʪʝʡ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ (1) ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ 

ʥʦʨʤʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. ʇʨʠ ʵʪʦʤ ʚʤʝʩʪʦ ʤʘʪʨʠʮʳ  B ʟʘʜʘʝʪʩʷ ʜʝʢʨʝʤʝʥʪ 

ʢʦʣʝʙʘʥʠʡ  ‏ʠ ʯʝʨʝʟ ʥʝʛʦ ʜʠʩʩʠʧʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʥʦʨʤʘʣʴʥʦʡ 
ʬʦʨʤʳ [2]. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʥʦʨʤʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ 

ʟʘʜʘʯʘ 

Ἑ ἕ π ,     (2) 

ʠʟ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ‫  ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʢʪʦʨʘ ộỚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝ 

Ἑ ἕ ἐὸ      (3) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3) ʠʱʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ 

ʬʦʨʤʘʤ ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ (2) 

В ὥ ộỚ ,     (4) 

ʛʜʝ n ï ʯʠʩʣʦ ʫʜʝʨʞʠʚʘʝʤʳʭ ʚ ʨʝʰʝʥʠʠ ʬʦʨʤ, ὥ - ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʡ 

ʬʦʨʤ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ. 

 

F(t,z) 

z 
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ʇʦʜʩʪʘʚʣʷʷ (4) ʚ ʫʨʘʚʥʝʥʠʝ (3), ʫʤʥʦʞʘʷ ʩʣʝʚʘ ʥʘ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʡ 

ʚʝʢʪʦʨ ộỚ , ʧʦʣʫʯʠʤ: 

В ὥ ộỚ Ἑ ộỚ ὥ ộỚ ╚ ộỚ ộỚ ἐὸ. 

ʀʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʝ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ  ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ:  

ộỚ Ἑ ộỚ πȟὭ Ὦ
άȟὭ Ὦ ,    

ộỚ ἕ ộỚ πȟὭ Ὦ
ὧȟὭ Ὦ 

ʠ ʚʚʦʜʷ ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʯʝʨʝʟ ʜʝʢʨʝʤʝʥʪ ʢʦʣʝʙʘʥʠʡ ‏ , 

ʧʨʠʭʦʜʠʤ ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ 

ὥ ς ὥ ‫ ὥ ộỚ ἐὸȟὭ ρȟȣȟὲ   (5) 

ʇʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ 

ʬʫʥʢʮʠʡ: Ὂὸȟᾀ ὊρὸϽὊςᾀ. ʊʦʛʜʘ ʩʫʤʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ Ὂςᾀ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʙʫʜʫʪ ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʢʘʞʜʦʡ ʬʦʨʤʳ ʠ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʝʪ ʚʠʜ 

  ὥ ς ὥ ‫ ὥ ὨϽὊρὸȟ    Ὥ ρȟȣȟὲ   (6) 

ɺ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ Ὂρὸʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʛʥʘʣ (ʨʠʩ. 2), ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ ʨʝʘʣʴʥʦʡ 

ʦʧʦʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʘ ʫʩʢʦʨʝʥʠʡ. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʠʤʝʝʪ 

ʚʳʨʘʞʝʥʥʳʝ ʧʠʢʠ ʥʘ ʯʘʩʪʦʪʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʫʝʤʦʡ 

ʤʦʜʝʣʠ, ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʤʦʜʝʣʠ ʩʧʝʢʪʨ ʥʘʛʨʫʟʢʠ ʭʘʦʪʠʯʝʥ. 

 
ʈʠʩ. 2. ɺʨʝʤʝʥʥʘʷ ʬʫʥʢʮʠʷ ʬʦʥʦʚʦʡ ʥʘʛʨʫʟʢʠ 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (6) ʧʨʠʚʦʜʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʂʦʰʠ ʠ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ 

(ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʆʪʢʣʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʙʘʣʢʠ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʩʠʛʥʘʣ ʠʟ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʚʝʜʝʥ ʚ 

ʯʘʩʪʦʪʥʫʶ (ʨʠʩ.4).  

ʇʠʢʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʦʚʧʘʣʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩ 
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ʧʦʛʨʝʰʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʠʟ 

ʚʨʝʤʝʥʥʦʡ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. 

 
ʈʠʩ. 4. ɸʏʍ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʙʘʣʢʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʦʧʦʨ ʃʕʇ ʧʨʠ ʬʠʢʩʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʬʦʥʦʚʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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INATION OF NATURAL FREQUENCIES OF POWER TRANSMISSION 

LINE PYLON  BY METHOD OF OPERATIONAL MODAL ANALYSIS  

Zapysova Elena Alekseevna, Graduate student, elenazapysova@mail.ru 

Belousov Anatoly Ivanovich., Ph.D., Associate Professor, belousovland@mail.ru 

Novosibirsk State Technical University (NSTU) 20, K. Marks avenue, Novosibirsk 

city, Russian Federation, 630073; (383) 346-31-21 

 

Abstract 
For determining the operational reliability of power transmission line need to 

perform the periodic monitoring of the strength characteristics. One of the control 

methods is the method associated with the measurement and analysis of frequency 

spectrum changes of structures during operation. In this paper investigation of the 

problem of determining the natural frequencies of the power transmission line pylon, 

which is under random excitation are presented. Elimination of impact excitation 

allows to exclude additional equipment. For simulate the random excitation used 

record of vibrations signal of a real power transmission line pylon using an 

acceleration sensor. A finite element model of a cantilever beam was chosen as a 

model for testing the methodology. 

 

Keywords: operational modal analysis, power transmission line pylon, random 

excitation, natural frequencies. 
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ʋɼʂ: 534.1 

 

ɸʅɸʃʀɿ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʆʇʆʈ 

ɺʆɿɼʋʐʅʓʍ ʃʀʅʀʁ ʕʃɽʂʊʈʆʇɽʈɽɼɸʏʀ ʉɽʈʀʀ çʋè 

ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʉʆɹʉʊɺɽʅʅʆɻʆ ɺɽʉɸ 

 

ʂʦʞʝʚʥʠʢʦʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʘʩʧʠʨʘʥʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20 

ʂʦʞʝʚʥʠʢʦʚ ɸ. ʅ., e-mail Kozhevnikov.2010@corp.nstu.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʂʦʞʝʚʥʠʢʦʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

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

 

ɸʥʥʦʪʘʮʠʷ. 

ɺʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ɺʃ) ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʥʘʛʨʫʟʦʢ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ ʦʧʨʝʜʝʣʷʶʪ ʜʦʧʫʩʪʠʤʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʚʥʝʰʥʠʭ ʩʠʣ. ʆʜʥʠʤ ʠʟ ʨʘʩʯʝʪʥʳʭ 

ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʪʦʣʴʢʦ ʣʠʰʴ ʠʥʝʨʮʠʦʥʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʘʥʝʝ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʪʠʧʦʚʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ ɺʃ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʝʡ ʪʨʝʭ ʜʚʫʭʮʝʧʥʳʭ ʦʧʦʨ ʩʝʨʠʠ çʋè. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥ 

ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʘʩʩʳ. ʇʦʣʫʯʝʥʳ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʦʜʝʣʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ; ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ; ANSYS; APDL; ʄʂʕ; ʩʪʘʪʠʯʝʩʢʦʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ; ʤʦʜʝʣʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʘʩʩʳ. 

 

ɺʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ɺʃ) ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʧʝʨʝʜʘʯʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʂʘʞʜʘʷ ʪʠʧʦʚʘʷ ʣʠʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʦʧʦʨ ɺʃ ʠ ʧʨʦʚʦʜʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʦʪʦʨʦʡ 

ʨʝʘʣʠʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʜʚʝʩʳ ʠ ʩʠʩʪʝʤʳ ʠʟʦʣʷʪʦʨʦʚ. ʈʘʩʯʝʪʥʳʡ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʠʛʘʝʪ 50 ʣʝʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ 

ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ. ʆʜʥʘʢʦ, ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʠʪʴ ʪʠʧ ʢʨʝʧʣʝʥʠʷ ʧʨʦʚʦʜʦʚ ʢ ʪʨʘʚʝʨʩʘʤ ʦʧʦʨʳ, 

ʠ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ 

ʦʧʦʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʣʠʰʴ ʥʘʛʨʫʟʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʤ 

ʚʝʩʦʤ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʦʪ ʫʩʣʦʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚʝʪʝʨ, ʛʦʣʦʣʝʜ, ʢʦʨʨʦʟʠʷ) ʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 
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ʢʦʪʦʨʦʡ ʚʣʘʜʝʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʪʦʣʴʢʦ ʣʠʰʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʵʢʩʧʣʫʘʪʘʥʪ 

ʜʘʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ [5]. 

ɸʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭʮʝʧʥʳʭ ʦʧʦʨ 

ʋʊʃɹ-12, ʋ-4 ʠ ʋ-6 ʚʳʧʦʣʥʝʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ANSYS. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʘʞʜʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʨʦʠʪʴ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ 

ʤʦʜʝʣʴ, ʟʘʜʘʪʴ ʫʩʣʦʚʠʷ ʥʘʛʨʫʞʝʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ 

ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʫʝʤʳʝ 

ʤʦʜʝʣʠ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʫʧʨʦʱʝʥʠʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʜʦʙʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚʝʨʠʬʠʢʘʮʠʶ ʤʦʜʝʣʝʡ ʧʦ ʤʘʩʩʝ 

ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʝʝ ʘʥʘʣʦʛʘ ʚ ʩʨʝʜʝ ANSYS. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʦʛʨʘʤʤʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʠʧʦʚʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ ɺʃ [4]. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʘʥʝʝ ʘʣʛʦʨʠʪʤ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʦʧʦʨ ʩʝʨʠʠ çʋè. ʕʪʦ ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʧʦʨ: ʥʠʞʥʠʝ ʩʝʢʮʠʠ 

ʦʩʥʦʚʥʦʡ ʩʪʦʡʢʠ ʫ ʜʘʥʥʳʭ ʦʧʦʨ ʥʝ ʠʤʝʶʪ ʬʦʨʤʳ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ, ʘ 

ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʝʭ ʪʝʪʨʘʵʜʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚʝʨʰʠʥʦʡ ʚʥʠʟ ʠʣʠ ʚʚʝʨʭ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ). ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʘʥʝʝ ʧʦʜʭʦʜʘ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʯʘʩʪʠʯʥʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤ, ʠ ʚʳʧʦʣʥʠʪʴ ʝʛʦ ʧʦʜʩʪʨʦʡʢʫ ʧʦʜ ʥʦʚʳʡ ʪʠʧ ʦʧʦʨ 

ɺʃ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʧʦʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʧʦʨ 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʥʘ ʧʨʠʤʝʨʝ 

ʦʧʦʨʳ ʋʊʃɹ-12. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʫʨʘʚʥʠʚʘʥʠʝ ʤʘʩʩʳ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠ 

̂́˶ˣ-12 

-̂4 

-̂6 
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ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʕʪʘ ʧʦʜʩʪʨʦʡʢʘ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʦʜʝʣʠ. ɺ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʤʠʤʦ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʠʣʠʚʘʶʱʠʭ ʧʣʘʩʪʠʥ, ʬʘʩʦʥʦʢ ʠ 

ʧʦʜʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʩʝ ʦʥʠ ʚʥʦʩʷʪ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠʥʝʨʮʠʘʣʴʥʫʶ ʠ 

ʞʝʩʪʢʦʩʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʫʯʝʩʪʴ 

ʚ ʤʦʜʝʣʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʥʝ ʚʥʦʩʷʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʠ ʧʦʩʪʨʦʠʪʴ ʧʦʣʥʳʡ ʞʝʩʪʢʦʩʪʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʦʧʦʨʳ ɺʃ ʜʦʩʪʘʪʦʯʥʦ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʩʪʘʨʘʶʪʩʷ ʫʨʘʚʥʷʪʴ ʤʘʩʩʳ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʙʦʪʘʪʴ ʩ ʤʦʜʝʣʴʶ çʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʘʩʩʳè. 

ɼʣʷ ʜʘʥʥʦʡ ʦʧʦʨʳ ʥʘ ʩʙʦʨʦʯʥʦʤ ʯʝʨʪʝʞʝ ʫʢʘʟʘʥ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʦʧʦʨʳ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʙʦʣʪʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʝ 11297 ʢʛ. ɼʣʷ 

ʦʮʝʥʢʠ ʚʝʩʘ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʩʪʝʡʰʠʡ ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ. ʇʦʣʫʯʝʥʥʘʷ ʩʫʤʤʘʨʥʘʷ ʨʝʘʢʮʠʷ ʚʩʝʭ ʦʧʦʨʥʳʭ 

ʪʦʯʝʢ ʤʦʜʝʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʠʥʝʨʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʜʘʩʪ ʚʝʣʠʯʠʥʫ 

ʚʝʩʘ ʤʦʜʝʣʠ. ɼʣʷ ʦʮʝʥʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʧʦʨʳ ʟʘʜʘʚʘʣʘʩʴ ʚ 

ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʦʙʲʝʤʫ ʚʩʝʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʕʪʘ ʚʝʣʠʯʠʥʘ 

ʩʦʩʪʘʚʠʣʘ 10260 ʢʛ/ʤ3. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʧʦʨ ʩʝʨʠʠ çʋè ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʠʣʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʦʩʪʨʘʠʚʘʣʦʩʴ ʚʨʫʯʥʫʶ, ʥʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʘʥʝʝ 

ʘʣʛʦʨʠʪʤʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʧʣʦʪʥʦʩʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʟʥʠʮʝ ʤʘʩʩ. ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʦʜʝʣʠ ʩʦʩʪʘʚʠʣʘ 

9032.2 ʢʛ/ʤ3. ɺʝʣʠʯʠʥʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʦʧʦʨ 

ʩʦʩʪʘʚʠʣʘ 9026.9 ʢʛ/ʤ3 ʜʣʷ ʦʧʦʨʳ ʋ-4 ʠ 9990.6 ʢʛ/ʤ3 ʜʣʷ ʦʧʦʨʳ ʋ-6. 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʘʩʩʳ ʤʦʞʥʦ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʨʘʩʯʝʪʘʭ. ɼʣʷ ʚʩʝʭ ʨʘʩʯʝʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʫʢʘʟʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ɺʝʣʠʯʠʥʳ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ 

ʚʩʪʨʦʝʥʥʳʭ ʢʦʤʘʥʜ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [2 - 3]. ɺ 

ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʫʟʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʦʩʨʝʜʥʝʥʥʳʝ ʚ ʦʙʱʠʭ ʫʟʣʘʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʦʜʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 1: 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʦʜʝʣʷʭ ʦʧʦʨ 

 ʆʧʦʨʘ ʋʊʃɹ-

12 
ʆʧʦʨʘ ʋ-4 ʆʧʦʨʘ ʋ-6 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ, ʤʤ 
0.57 2.06 3.4 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦ 

ʤʦʜʫʣʶ ʥʘʧʨʷʞʝʥʠʝ, 

ʄʇʘ 

10.2 9.6 11.4 
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ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʘʥʘʣʠʟʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨ. ʄʘʪʝʨʠʘʣ ʚʩʝʭ ʦʧʦʨ ð ʵʪʦ ʩʪʘʣʴ 3 ʩʧ. 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʮʝʥʠʚʘʶʪ ʚ 205-255 ʄʇʘ. ʈʘʩʯʝʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʫʞʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʩ ʜʦʧʫʩʢʘʝʤʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʚ 2.5 

ʨʘʟʘ ʤʝʥʴʰʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʮʝʥʠʚʘʝʤʳʝ ʥʘʛʨʫʟʢʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʝʣʴʥʳʤʠ ʠ ʥʝ ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʪʦʣʴʢʦ ʣʠʰʴ 

ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʨʠʣʦʞʝʥʠʠ. ɺʝʣʠʯʠʥʘ ʨʘʩʯʝʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʫ ʚʩʝʭ ʦʧʦʨ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʥʘʠʙʦʣʴʰʝʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʨʘʚʥʦʝ 11.4 ʄʇʘ. 
205

11.4 82
2.5

ʄʇʘ
ʄʇʘ ʄʇʘ< =  

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʚʩʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʧʦʨʳ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ 

ʤʦʛʫʪ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʞʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʚʢʣʘʜ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʪʘʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʪʠʧʠʯʥʳʤ ʜʣʷ 

ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. 
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ɸʥʥʦʪʘʮʠʷ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʥʦʚʳʭ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 

ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʥʦʚʳʭ ʙʣʦʢʦʚ 

ʵʬʬʝʢʪʠʚʥʳ ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ, ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ï ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ. ɼʣʷ ʘʢʪʠʚʠʨʦʚʘʥʠʷ ʩʚʷʟʫʶʱʠʭ ʧʨʠʤʝʥʝʥ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʘʢʪʠʚʘʪʦʨ-ʜʠʩʧʝʨʛʘʪʦʨ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʘʢʪʠʚʠʨʦʚʘʥʠʶ ʩʤʝʩʠ ʠ ʫʩʢʦʨʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʪʚʝʨʜʝʥʠʷ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʪʚʝʨʜʝʥʠʷ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʫʩʢʦʨʷʝʪʩʷ ʚʜʚʦʝ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ  ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʝʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ï 

ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʪʠʣʠʟʘʮʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʝ 

ʩʚʷʟʫʶʱʝʝ, ʘʢʪʠʚʘʪʦʨ-ʜʠʩʧʝʨʛʘʪʦʨ, ʧʨʦʯʥʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

 

ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʧʠʣʦʢ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʈʦʩʩʠʠ. ʇʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʥʦʚʳʭ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʝʚʝʩʥʳʝ ʦʪʭʦʜʳ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʱʝʛʦ - ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʷʞʫʱʠʝ. ʇʨʠʯʝʤ ʨʘʮʠʦʥʘʣʴʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦʟʜʫʰʥʳʝ ʚʷʞʫʱʠʝ, ʪʘʢʠʝ ʢʘʢ, 

ʢʘʫʩʪʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ, ʢʘʫʩʪʠʯʝʩʢʠʡ ʤʘʛʥʝʟʠʪ, ʘʥʛʠʜʨʠʪʦʚʳʡ ʮʝʤʝʥʪ, ʵʩʪʨʠʭ-

ʛʠʧʩ, ʞʠʜʢʦʝ ʩʪʝʢʣʦ. ʀʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʣʘʪʝʢʩʘʤ ʠ ʇɺɸ-ʜʠʩʧʝʨʩʠʷʤ [1-6].  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʝʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʢʪʠʚʠʨʦʚʘʥʠʷ 

ʩʚʷʟʫʶʱʠʭ ʢʦʤʧʦʟʠʮʠʡ [7, 9]. ɼʣʷ ʘʢʪʠʚʠʨʦʚʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʚ ʨʘʙʦʪʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʘʢʪʠʚʘʪʦʨ-ʜʠʩʧʝʨʛʘʪʦʨ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʪʠʧʘ (ʨʠʩ.) [8].  

 
ʈʠʩ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʢʪʠʚʘʪʦʨ-ʜʠʩʧʝʨʛʘʪʦʨ. 
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ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ ʩʪʝʥʦʚʳʭ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʪʝʢʩ ʉʂʉ-65 

ɻʇ ʠ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʥʫʶ ʜʠʩʧʝʨʩʠʶ. ʇʨʠʯʝʤ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ 

ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʦʧʝʨʘʮʠʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʬʦʨʤʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʩʳʨʴʝʚʳʭ ʩʤʝʩʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʘʢʪʠʚʠʨʦʚʘʥʠʶ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʢʪʠʚʘʪʦʨʝ-ʜʠʩʧʝʨʛʘʪʦʨʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʠ 

ʧʦʣʠʤʝʨʩʠʣʠʢʘʪʥʳʭ ʩʚʷʟʫʶʱʠʭ (ʩʪʘʥʜʘʨʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ) 

ʉʦʩʪʘʚ ʇʣʦʪʥʦ

ʩʪʴ, 

ʢʛ/ʤ3 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪ

ʠ ʧʨʠ 

ʠʟʛʠʙʝ, 

ʄʇʘ  

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪ

ʠ ʧʨʠ 

ʩʞʘʪʠʠ, 

ʄʇʘ  

ɺʦʜʦʧʦʛ

ʣʦʱʝʥʠʝ 

ʧʦ ʤʘʩʩʝ, 

% 

ʊʝʧʣʦʧ

ʨʦʚʦʜʥ

ʦʩʪʴ, 

ɺʪ/ʤ*0

ʉ 

ʆʧʠʣʢʠ 

ʥʝʧʨʦʩʝʷʥʥʳʝ, 

ʞʠʜʢʦʝ ʩʪʝʢʣʦ : 

ʣʘʪʝʢʩ=1:1, 

ʚʦʜʘ 

312 0,44 

 

0,72 

 

- - 

ʆʧʠʣʢʠ 

ʬʨʘʢʮʠʷ 

2,5:ʬʨʘʢʮʠʷ 

0,63=1:2, 

ʞʠʜʢʦʝ ʩʪʝʢʣʦ: 

ʣʘʪʝʢʩ=1:3, 

ʚʦʜʘ 

403 - - 154 0,077 

ʆʧʠʣʢʠ 

ʬʨʘʢʮʠʠ 2,5, 

ʞʠʜʢʦʝ ʩʪʝʢʣʦ, 

ʚʦʜʘ 

398 0,66 

 

1,01 

 

- 0,071 

ʆʧʠʣʢʠ 

ʬʨʘʢʮʠʷ 

1,25:ʬʨʘʢʮʠʷ 

0,315=2:1, ʢʣʝʡ 

ʇɺɸ, ʚʦʜʘ 

396 0,34 

 

0,46 

 

- 0,067 

ʆʧʠʣʢʠ 

ʬʨʘʢʮʠʠ 0,63, 

ʣʘʪʝʢʩ, ʚʦʜʘ 

 

378 0,76 

 

1,22 

 

181 0,068 

ʇʨʠʤʝʯʘʥʠʝ: ʠʩʧʳʪʘʥʠʝ ʥʘ ʩʞʘʪʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 10%-ʥʦʡ ʣʠʥʝʡʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ. 

ɺ ʜʠʩʧʝʨʛʘʪʦʨʝ ʙʳʣʘ ʧʝʨʝʨʘʙʦʪʘʥʘ ʩʳʨʴʝʚʘʷ ʩʤʝʩʴ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ 
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ʚʭʦʜʠʣʠ ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ ʠ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʚ ʧʨʦʧʦʨʮʠʠ: ʦʧʠʣʢʠ (ʬʨʘʢʮʠʠ 

0,14:0,315:0,63=1:3,33:6):ʞʠʜʢʦʝ ʩʪʝʢʣʦ: ʣʘʪʝʢʩ: ʚʦʜʘ=3,35:6:0,5:3. ɾʠʜʢʦʝ 

ʩʪʝʢʣʦ ʩʥʘʯʘʣʘ ʘʢʪʠʚʠʨʦʚʘʣʦʩʴ ʦʪʜʝʣʴʥʦ, ʘ ʟʘʪʝʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʧʠʣʦʢ. ʃʘʪʝʢʩ 

ʜʦʙʘʚʣʷʣʠ ʧʦʩʣʝ ʘʢʪʠʚʠʨʦʚʘʥʠʷ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʦʨʬʦʙʣʦʢʦʚ 

çɻʝʦʢʘʨ-ʅè (ʪʘʙʣ. 2). 

ʊʦʨʬʦʙʣʦʢ çɻʝʦʢʘʨ-ʅè ʵʪʦ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ 

ʚʭʦʜʠʪ ʤʘʣʦʨʘʟʣʦʞʠʚʰʠʡʩʷ ʚʝʨʭʦʚʳʡ ʪʦʨʬ ʩʦ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʜʦ 10% ʠ 

ʥʠʟʠʥʥʳʡ ʪʦʨʬ ʩʦ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʤʝʥʝʝ 15%, ɺ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ 

ʚ ʪʦʨʬʦʙʣʦʢʠ ʜʦʙʘʚʣʷʶʪ ʜʨʝʚʝʩʥʳʝ ʦʪʭʦʜʳ (ʦʧʠʣʢʠ, ʜʨʦʙʣʝʥʢʘ, ʱʝʧʘ ʠ ʪ.ʜ.). 

ɼʣʷ ʧʨʠʜʘʥʠʷ ʪʦʨʬʦʙʣʦʢʘʤ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʚʚʦʜʷʪʩʷ ʜʦʙʘʚʢʠ ʘʥʪʠʧʠʨʝʥʦʚ ï 

ʙʫʨʘ ʪʝʭʥʠʯʝʩʢʘʷ ʠʣʠ ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʘ ʜʣʷ ʧʨʠʜʘʥʠʷ ʚʦʜʦʩʪʦʡʢʦʩʪʠ - ʜʦʙʘʚʢʠ 

ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ ɻʂɾ 136-41 ʠʣʠ ʙʠʪʫʤʥʦ-ʵʤʫʣʴʩʠʦʥʥʳʝ ʧʘʩʪʳ ʠ ʤʘʩʪʠʢʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʥʪʠʩʝʧʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʪʦʨʠʩʪʳʡ ʥʘʪʨʠʡ ʠʣʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ 

ʩʤʦʣʘ. 

ʊʘʙʣʠʮʘ 2  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʪʦʨʬʦʙʣʦʢʘ çɻʝʦʢʘʨ-ʅè ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʦʧʠʣʢʦʧʦʣʠʤʝʨʩʠʣʠʢʘʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ʇʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ  

ʪʦʨʬʦʙʣʦʢ  

çɻʝʦʢʘʨ-ʅè 

ʅʦʨʤʘʪʠʚʥʦʝ 

ʟʥʘʯʝʥʠʝ  

ʪʦʨʬʦʙʣʦʢ  

çɻʝʦʢʘʨ-ʅè 

ʄʘʪʝʨʠʘʣ ʥʘ  

ʦʩʥʦʚʝ ʦʧʠʣʦʢ 

ʠ ʞʠʜʢʦʛʦ 

ʩʪʝʢʣʘ 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 293 300 317 

ɺʣʘʞʥʦʩʪʴ, % 11,9 ʥʝ ʙʦʣʝʝ 15 13,3 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ ʧʦ 

ʤʘʩʩʝ, % 

69 ʥʝ ʙʦʣʝʝ 170 164 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ 

ʧʨʠ 10%-ʥʦʡ ʣʠʥʝʡʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ,  

ʄʇʘ  

0,28  ʥʝ 

ʥʦʨʤʠʨʫʝʪʩʷ 

1,50  

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ, ʄʇʘ  

0,4  ʥʝ ʤʝʥʝʝ 0,4  0,63  

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ɺʪ/ʤ*ʂ 

0,063 ʥʝ ʙʦʣʝʝ 0,07 0,07 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ: 

1.  ʇʦ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʠ ʠʟʛʠʙʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʧʠʣʦʢ ʠ 

ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʢʪʠʚʘʪʦʨʝ-

ʜʠʩʧʝʨʛʘʪʦʨʝ, ʧʨʝʚʦʩʭʦʜʷʪ ʪʦʨʬʦʙʣʦʢʠ ʚ 3-4 ʨʘʟʘ. 

2.  ʇʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʦʨʬʦʙʣʦʢʠ ʠ ʦʧʠʣʢʦʧʦʣʠʤʝʨʩʠʣʠʢʘʪ ʤʦʛʫʪ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʛʘʟʦ- ʠ ʧʝʥʦʙʝʪʦʥʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʡ. 
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WALL MATERIALS BASED ON WASTE WOOD  

 

Dicel A.V., Levkovich A.V., Mashkin N.A.  

Novosibirsk State Technical University, Novosibirsk, mashkin@corp.nstu.ru 

 

 Abstract. 

In the production of wall and heat insulating materials is increasing the use of 

waste wood. As a filler in the production of wall blocks are effective wood chips, as a 

binder-organomineral systems. To activate the binders applied hydrodynamic 

Activator-dispersant, which facilitates activation of mixture and accelerate the curing 

process. Tests have shown that the process of hardening is accelerated compositions 

activated twice. This provides an additional improvement of the operational 

properties of wall material-strength and thermal conductivity.   

Keywords: Wood waste recycling, organic-mineral Binder, Activator-

dispersant, strength, thermal conductivity. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʥʦʚʘʷ ʪʝʦʨʝʤʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʚʷʟʷʤʠ ʙʝʟ ʟʥʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ 

ʃʘʛʨʘʥʞʘ, ʅʠʣʴʩʝʥʘ, ɸʧʧʝʣʷ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʧʨʦʮʝʜʫʨʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ɼʘʣʘʤʙʝʨʘ ʠ ʠʜʝʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʝʤʳ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʪʨʫʢʪʫʨʥʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʩʚʷʟʷʤʠ ʠ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨʳ ʩʦʩʪʘʚʣʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʪʦʡ ʪʝʦʨʝʤʳ. ʊʝʦʨʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʣʷʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʥʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ; 

ʧʘʨʮʠʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ; ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʚʠʞʝʥʠʡ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ; ʧʨʠʥʮʠʧ ɼʘʣʘʤʙʝʨʘ; ʧʘʨʮʠʘʣʴʥʳʝ (ʩʦʙʩʪʚʝʥʥʳʝ) ʠ 

ʩʪʦʨʦʥʥʠʝ ʩʠʣʳ ʠʥʝʨʮʠʠ; ʪʝʦʨʝʤʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 

ʪʝʦʨʝʤʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʘʨʮʠʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʜʣʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

 

1. ɺʚʝʜʝʥʠʝ 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʋɼ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʙʦ ʧʨʠʥʮʠʧ ɻʝʨʤʘʥʘ ï 

ʕʡʣʝʨʘ ï ɼʘʣʘʤʙʝʨʘ ï ʃʘʛʨʘʥʞʘ, ʠʟʚʝʩʪʥʳʡ ʩʝʛʦʜʥʷ ʢʘʢ ʇʨʠʥʮʠʧ 

ʂʠʥʝʪʦʩʪʘʪʠʢʠ (ʇʂ) ï ʧʨʠʥʮʠʧ ɼʘʣʘʤʙʝʨʘ ʜʣʷ ʩʠʩʪʝʤʳ, ʣʠʙʦ ʢʦʚʘʨʠʘʥʪʥʳʝ 

ʬʦʨʤʳ ʋɼ ʪʠʧʘ ʫʨʘʚʥʝʥʠʡ ʃʘʛʨʘʥʞʘ, ɻʘʤʠʣʴʪʦʥʘ, ʅʠʣʴʩʝʥʘ ʠ ʜʨʫʛʠʭ. ʇʨʠ 
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ʤʥʦʛʠʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʇʂ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ 

ʪʦʣʴʢʦ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (ɿɼʉ) ʧʨʠʭʦʜʠʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ 

ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʪʴ ʠ ʨʝʘʢʮʠʠ ʚʩʝʭ ʩʚʷʟʝʡ. ɸ ʧʦ ʟʘʜʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʪʦʣʴʢʦ ɿɼʉ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʦʣʴʢʦ ɿɼʉ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʚʘʨʠʘʥʪʥʳʝ ʬʦʨʤʳ 

ʋɼ. ʇʦʣʫʯʠʚ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ ʋɼ, ʧʝʨʝʜ ʠʭ ʨʝʰʝʥʠʝʤ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ 

ʦ ʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʚʠʞʝʥʠʡ ʩʠʩʪʝʤʳ ʠʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʪʜʝʣʴʥʳʭ ʪʝʣ. ɼʣʷ ʵʪʦʛʦ ɸ.ʀ ʈʦʜʠʦʥʦʚʳʤ ʚ ʨʘʙʦʪʘʭ [1, 2] 

ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʢʫʨʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʇʨʝʜʩʪʘʚʣʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʚʠʞʝʥʠʡ (ʇɺɼ) ʠ ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʪʝʣ (ʇɺʊ). ʉʫʪʴ ʵʪʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʇɺɼ ʚ ʣʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ 

ʧʝʨʝʥʦʩʷʪʩʷ ʯʣʝʥʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʯʠʩʪʦʝ ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʬʠʟʠʢʠ ʧʘʨʮʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ (ʇɼ), ʧʦ ʦʜʥʦʡ ʠʟ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ qj ʚ j 

ï ʪʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. ɸ ʇɺʊ ʝʩʪʴ ʘʥʘʣʦʛ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʝʣʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʘʝʪʩʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠ ʥʘʭʦʜʠʪʩʷ ɿɼʉ. ʆʜʥʘʢʦ ʚʩʸ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʝʨʝʪʦʢ ʵʥʝʨʛʠʠ ʠʟ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ 

ʜʨʫʛʫʶ ʠʣʠ ʦʪ ʪʝʣʘ ʢ ʪʝʣʫ. ʕʪʦ ʦʙʳʯʥʦ ʠʩʩʣʝʜʫʶʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʢʘʣʷʨʥʦʡ 

ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʟʚʦʣʷʝʪ 

ʵʪʦ ʜʝʣʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʘ 

ʤʦʞʥʦ ʣʠ ʢʘʢ-ʪʦ ʧʨʠʤʝʥʠʪʴ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʆʢʘʟʳʚʘʝʪʩʷ, ʵʪʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ! ʊʝʤ ʙʦʣʝʝ, ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʯʪʝʥʠʠ ʢʨʘʪʢʦʛʦ ʢʫʨʩʘ 

çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè, ʚ ʢʦʪʦʨʦʤ ʵʣʝʤʝʥʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʢʘʢ 

ʫʨʘʚʥʝʥʠʡ ʃʘʛʨʘʥʞʘ, ɸʧʧʝʣʷ ʠ ʪʘʢ ʜʘʣʝʝ, ʥʝʪ. ʀ ʧʨʠʭʦʜʠʪʩʷ ʩʦʩʪʘʚʣʷʪʴ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʪʦʣʴʢʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ɼʘʣʘʤʙʝʨʘ. 

 

2. ʊʝʦʨʠʷ 

ɼʦʢʘʞʝʤ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʇʂ (1) [2, 3]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʢʘʢ ʧʦʣʫʯʠʪʴ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʇɺɼ, ʪʘʢ ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʇɺʊ. ɹʦʣʝʝ 

ʪʦʛʦ, ʵʪʘ ʪʝʦʨʝʤʘ ʧʦʟʚʦʣʠʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʝʪʦʢ ʵʥʝʨʛʠʠ ʠʟ ʦʜʥʦʡ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ ʠ ʦʪ ʪʝʣʘ ʢ ʪʝʣʫ. ɼʣʷ ʵʪʦʛʦ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʚʩʝʭ ʩʠʣ ʠ ʧʘʨ ʩʠʣ 

(ʟʘʜʘʚʘʝʤʳʭ (ʚʢʣʶʯʘʷ ʥʝʠʜʝʘʣʴʥʳʝ ʩʚʷʟʠ), ʨʝʘʢʮʠʠ ʠʜʝʘʣʴʥʳʭ ʩʚʷʟʝʡ ʠ 

ʜʘʣʘʤʙʝʨʦʚʳʭ ʩʠʣ ʠʥʝʨʮʠʠ), ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ, ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ 

ʢʠʥʝʪʦʩʪʘʪʠʢʠ ʩʠʩʪʝʤʳ. 
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ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʫʜʦʙʥʫʶ ʜʣʷ ʠʟʣʦʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʦʨʠʠ ʠ 

ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʪʝʨʤʠʥʦʣʦʛʠʶ. ʅʘʟʦʚʸʤ ʩʠʣʳ ʠʥʝʨʮʠʠ ʥʘ 

ʧʘʨʮʠʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ï ʩʦʙʩʪʚʝʥʥʳʤʠ (ʧʘʨʮʠʘʣʴʥʳʤʠ) ʩʠʣʘʤʠ 

ʠʥʝʨʮʠʠ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ, ʥʝ ʧʘʨʮʠʘʣʴʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʥʘʟʦʚʸʤ ʩʪʦʨʦʥʥʠʤʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʤʫ ʜʚʠʞʝʥʠʶ. ɺ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1) ʚʳʜʝʣʠʤ ʦʪʜʝʣʴʥʦ ʠ 
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ʧʝʨʝʥʝʩʸʤ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʡ ʧʘʨʮʠʘʣʴʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ (2), ʪʦʛʜʘ ʚ 

ʣʝʚʦʡ ʯʘʩʪʠ ʦʩʪʘʥʫʪʩʷ ʩʪʦʨʦʥʥʠʝ ʩʠʣʳ ʠʥʝʨʮʠʠ. 
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ɼʘʣʝʝ, ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʪʦʩʪʘʪʠʢʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʤʦʱʥʦʩʪʝʡ. ʇʦʤʥʦʞʠʤ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʩʝʭ ʩʠʣ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʘʨʮʠʘʣʴʥʦʡ ʩʠʣʝ ʣʠʥʝʡʥʫʶ 

ʩʢʦʨʦʩʪʴ, ʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʦʤʝʥʪʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʘʨʮʠʘʣʴʥʦʤʫ 

ʤʦʤʝʥʪʫ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ. ʄʦʱʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ 

ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʧʦʨʦʜʠʪ ʜʣʷ ʚʩʝʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʩʪʝʤʫ ʪʝʦʨʝʤ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʠ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ (3). ɽʩʪʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʳ 

ʪʝʦʨʝʤ ʠ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ. 
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ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʝʡʰʠʭ ʧʨʠʤʝʨʦʚ. 

ʀʤʝʝʤ ʩʠʩʪʝʤʫ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʦʙʦʜʳ: ʙʨʫʩʦʢ, 

ʧʝʨʝʤʝʱʘʝʤʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʠʣʳ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʭ, ʠ ʤʘʷʪʥʠʢ ʥʘ 

ʥʝʫʧʨʫʛʦʡ ʠ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ, ʧʨʠʢʨʝʧʣʸʥʥʳʡ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ʙʨʫʩʢʘ ʠ 

ʩʦʚʝʨʰʘʶʱʠʡ ʢʦʣʝʙʘʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ű. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʩʪʝʤʫ ʩ ʜʚʫʤʷ ʦʙʦʙʱʸʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʨʠʩ. 1). 

 

 

 

ʈʠʩ. 1. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʈʠʩ. 2. ɼʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʚ ʩʠʩʪʝʤʝ 

 

ʇʨʠʣʦʞʠʤ ʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʝ ʩʠʣʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʈʘʩʧʠʰʝʤ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʣʳ: 
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ɿʜʝʩʴ l ï ʜʣʠʥʘ ʥʠʪʠ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʮʠʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦ ʦʙʦʙʱʸʥʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ (ʨʠʩ. 3, 4). ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ ʭ ʣʶʙʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ű ñʟʘʤʦʨʘʞʠʚʘʝʪʩʷò ʠ ʥʘʦʙʦʨʦʪ. 

 

  

ʈʠʩ. 3. ʇʘʨʮʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ ʭ 

ʈʠʩ. 4. ʇʘʨʮʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ ű 

 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʢʠʥʝʪʦʩʪʘʪʠʢʠ (4), ʚʳʜʝʣʠʤ ʦʪʜʝʣʴʥʦ ʠ ʧʝʨʝʥʝʩʸʤ ʚ 

ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ 

ʤʦʱʥʦʩʪʝʡ (5). 
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xxmm
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dt

d
T

dt

d
VʌVʌ xxx

  (6) 

ʈʘʩʢʨʦʝʤ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ʚ ʬʦʨʤʫʣʝ (5) ʠ ʧʦʜʩʪʘʚʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟ ʬʦʨʤʫʣʳ (6). 

. )cos()sin(

, )cos()sin()()(

22

2

2

2

2

221

jjj

jjjj

xlmglmlm

lmlmtFxmm

####

#####

+-=

-+=+
   (7) 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʬʦʨʤʫʣʝ (7) ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʯʥʳ ʫʨʘʚʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʫʨʘʚʥʝʥʠʡ 

ʃʘʛʨʘʥʞʘ II  ʨʦʜʘ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʨʠʩ. 5) ʩ ʜʚʫʤʷ ʩʚʷʟʘʥʥʳʤʠ 

ʢʦʥʪʫʨʘʤʠ. 
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ʈʠʩ. 5. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʜʚʫʤʷ ʩʚʷʟʘʥʥʳʤʠ ʢʦʥʪʫʨʘʤʠ 

 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ [4]: ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ 

ʥʝʟʘʚʠʩʠʤʦʤ ʢʦʥʪʫʨʝ ʩʭʝʤʳ ʪʝʯʸʪ ʩʚʦʡ ʢʦʥʪʫʨʥʳʡ ʪʦʢ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. 

ɿʘ ʦʙʦʙʱʸʥʥʫʶ ʢʦʦʨʜʠʥʘʪʫ ʧʨʠʤʝʤ ʟʘʨʷʜ, ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʢʦʪʦʨʦʛʦ 

ʜʘʩʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʥʪʫʨʥʳʡ ʪʦʢ: 

).()( tq
dt

d
ti ii =      (8) 

ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʠ ʣʠʰʴ ʧʦ ʚʪʦʨʦʤʫ 

ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʕɼʉ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʤʢʥʫʪʦʤ 

ʢʦʥʪʫʨʝ, ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʩʝʭ ʨʝʟʠʩʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʚ ʵʪʦʤ ʢʦʥʪʫʨʝ. ʇʝʨʚʳʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʫʯʠʪʳʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ: 

.0  ),(
21

=++=++ rRLCRL UUUtEUUU     (9) 

ʆʧʠʨʘʷʩʴ ʥʘ ʠʜʝʶ ʧʝʨʚʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʠ ʄʘʢʩʚʝʣʣʘ, 

ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʦʨʝʤʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʧʘʨʮʠʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. 
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ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʚʠʞʝʥʠʡ ʠ 

ʫʤʥʦʞʠʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʣʝʚʦʡ ʩʪʦʨʦʥʝ ʯʘʩʪʠ 

ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʟʘʨʷʜʘ, ʘ ʚ ʧʨʘʚʳʭ ʩʪʦʨʦʥʘʭ 
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dt
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ʊʝʤ ʩʘʤʳʤ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʰʣʠ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʪʝʦʨʝʤʳ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʜʚʫʤʷ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ʆʙʲʝʜʠʥʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ I-ʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʝʡ 

ʄʘʢʩʚʝʣʣʘ [2, 5] ʵʣʝʢʪʨʠʢʫ ʩ ʤʝʭʘʥʠʢʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ. ʅʘ ʨʠʩ. 6 ʠʟʦʙʨʘʞʝʥʘ ʨʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

ʫʩʢʦʨʝʥʠʡ. 
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ʈʠʩ. 6. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʫʩʢʦʨʝʥʠʡ 

 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ: ʜʚʠʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʭ 

ʠ ʪʦʢ ʚ ʢʦʥʪʫʨʝ i.  

ɺʚʝʜʸʤ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ ʜʚʫʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ: 
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ʢʦʦʨʜʠʥʘʪʳ ʭ. 
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ʩʚʦʙʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (15), 

ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ʊʦ ʞʝ ʩʘʤʦʝ ʧʦʣʫʯʠʤ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʃʘʛʨʘʥʞʘ-ʄʘʢʩʚʝʣʣʘ [2]. 

 

3. ɺʳʚʦʜʳ 

ɼʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʩʠʩʪʝʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʣʷʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʪʨʫʢʪʫʨʥʦ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʇʦ ʢʦʥʝʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʪʝʦʨʝʤʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʜʨʫʛʠʤ 

ʤʝʪʦʜʘʤ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʡ, ʦʜʥʘʢʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʪʦʢʦʚ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ. ʊʝʦʨʝʤʘ ʧʨʠʤʝʥʠʤʘ ʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʠ ʜʣʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʈʘʩʩʤʦʪʨʝʥ ʨʷʜ ʧʨʠʤʝʨʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 
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Abstract 

The paper proposes a new theorem for obtaining motion equations of 

mechanical systems with several degree of freedoms and scleronomic constraints 

without knowing of the equation types of Lagrange, Nielsen, Appel. The theorem can 

be deduced according to the standard procedure based on the DôAlembert principle 

and the classical principle energy, which one is applicable for drawing up equations 

arbitrarily structurally complex systems with scleronomic constraints and one degree 

of freedom. In addition, there are described examples of the obtaining of motion 

equations of systems with two degree of freedoms. Theorem is applicable for drawing 

up the equations of motion and solving dynamics problems in the electrical and 

electromechanical systems. 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʨʦʬʠʣʷ ʢʫʣʘʯʢʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʠʣʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʫʣʘʯʦʢ ʚʨʘʱʘʝʪʩʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, 

ʢʦʛʜʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʠʨʘʣʴʥʘʷ ʧʨʫʞʠʥʘ, ʘ ʥʠʪʴ ʩʭʦʜʠʪ ʩ ʢʫʣʘʯʢʘ 

ʧʦʜ ʫʛʣʦʤ ʢ ʚʝʨʪʠʢʘʣʠ, ʘ ʪʘʢʞʝ ʚʪʦʨʦʡ ʩʣʫʯʘʡ: ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʧʨʫʞʠʥʘ, 

ʘ ʥʠʪʴ ʩ ʢʫʣʘʯʢʘ ʩʭʦʜʠʪ ʧʦʜ ʫʛʣʦʤ ʥʘ ʙʣʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʦʧʫʱʝʥʥʦʛʦ ʥʘ ʣʠʥʠʶ ʩʭʦʜʘ ʥʠʪʠ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʫʩʠʣʠʷ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʫʣʘʯʢʘ. 

 

ʋʩʪʨʦʡʩʪʚʘ, ʩʦʟʜʘʶʱʠʝ ʧʦʩʪʦʷʥʥʦʝ ʫʩʠʣʠʝ ʤʦʛʫʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʠʢʝ. ʊʘʢ, ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʩʲʝʤʘ ʪʦʢʘ ʩ ʢʦʥʪʘʢʪʥʦʛʦ 

ʧʨʦʚʦʜʘ ʙʳʣʠ ʙʳ ʜʦʩʪʠʛʥʫʪʳ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳ ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ 

ʧʨʦʚʦʜʦʤ ʠ ʣʳʞʘʤʠ ʧʘʥʪʦʛʨʘʬʘ ʦʩʪʘʚʘʣʦʩʴ ʚʦ ʚʩʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʥʝʠʟʤʝʥʥʳʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʥʪʘʢʪʥʘʷ ʧʦʜʚʝʩʢʘ ʦʙʣʘʜʘʝʪ 

ʥʘ ʚʩʝʤ ʝʝ ʧʨʦʪʷʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʝʩʣʠ ʢʦʥʪʘʢʪʥʳʝ ʧʨʦʚʦʜʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʩʪʨʦʛʦ ʥʘ ʦʜʥʦʡ ʚʳʩʦʪʝ ʥʘʜ ʛʦʣʦʚʢʦʡ ʨʝʣʴʩʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʳʜʝʨʞʘʪʴ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʫʜʘʝʪʩʷ. ɾʝʣʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʩʪʦʷʥʥʦʝ ʫʩʠʣʠʝ ʚ ʢʘʥʘʪʝ ʧʨʠ ʧʦʜʲʝʤʝ ʛʨʫʟʘ ʥʘ ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ; ʭʦʨʦʰʦ 

ʙʳʣʦ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʩʪʚʦ ʥʘʪʷʞʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʨʦʚʦʜʘ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʣʝʜʠ ʥʘ ʥʝʤ; ʥʘʤʘʪʳʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʩʪʦʷʥʥʫʶ ʚ ʧʨʝʜʝʣʘʭ ʨʫʣʦʥʘ ʠ ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʞʧʝʨʬʦʨʘʮʠʦʥʥʳʝ ʧʝʨʝʤʳʯʢʠ ʥʘʤʘʪʳʚʘʝʤʦʡ ʢʠʥʦʧʣʝʥʢʠ; 

ʥʘʞʠʤʥʦʝ ʫʩʠʣʠʝ ʧʨʠ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʚ ʧʦʯʚʫ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤ; ʚ 

ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʘʣʤʘʟʥʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ ʧʣʘʩʪʠʥ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʠʣʠʷ, ʧʨʠʞʠʤʘʶʱʝʛʦ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʢ ʘʣʤʘʟʥʦʤʫ ʢʨʫʛʫ ʠ 

ʪ.ʜ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʟʜʘʶʱʠʝ ʧʦʩʪʦʷʥʥʦʝ ʫʩʠʣʠʝ, 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʫʣʘʯʢʘ [1,2]. 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʠʪʴ, ʧʨʠʚʦʜʷʱʘʷ ʚʦ ʚʨʘʱʝʥʠʝ ʢʫʣʘʯʦʢ, ʩʭʦʜʠʪ 

ʩ ʥʝʛʦ ʧʦʜ ʫʛʣʦʤ g ʢ ʚʝʨʪʠʢʘʣʠ (ʨʠʩ.1). 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. 

 

 

 

 

 

 

 

 

 

 

  

 

 

ʈʠʩ.1 ʂʫʣʘʯʦʢ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʧʨʫʞʠʥʦʡ   ʈʠʩ.2.ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

   

 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ Q ʢʫʣʘʯʦʢ 1 ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ, ʩʧʠʨʘʣʴʥʘʷ 

ʧʨʫʞʠʥʘ 2 ʩʞʠʤʘʝʪʩʷ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʥy - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʫʣʘʯʢʘ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ 
0

QQ= , ʛʜʝ 0Q - ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʩʠʣʠʝ. 

ʉʚʷʞʝʤ ʞʝʩʪʢʦ ʩ ʢʫʣʘʯʢʦʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 11OYX . ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʥʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ M ʩʭʦʜʘ ʥʠʪʠ ʩ ʢʫʣʘʯʢʘ. ʄʘʩʩʦʡ ʢʫʣʘʯʢʘ ʠ 

ʩʠʣʘʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʝʥʝʙʨʝʛʘʝʤ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʠʩʢʘʪʴ ʪʘʢʫʶ ʬʦʨʤʫ 

ʢʫʣʘʯʢʘ , ʯʪʦʙʳ ʜʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ ʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʝ 

0QQ= . ʊʦ ʝʩʪʴ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʩʝ ʚʨʝʤʷ 

ʚʨʘʱʝʥʠʷ ʢʫʣʘʯʢʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ : 

  )(cdQ ʥ0 y+y=Ö ,       (1) 

 ʛʜʝ ʩ - ʞʝʩʪʢʦʩʪʴ ʩʧʠʨʘʣʴʥʦʡ ʧʨʫʞʠʥʳ, ʤʅÖ , d ï ʧʝʨʧʝʥʜʠʢʫʣʷʨ, ʦʧʫʱʝʥʥʳʡ 

ʠʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʥʘ ʣʠʥʠʶ ʥʠʪʠ, y - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʫʣʘʯʢʘ, 

ʦʪʩʯʠʪʳʚʘʝʤʳʡ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʛʣʘ ʥy  . 

 ʀʟ ʨʠʩ.2 ʠ ʬʦʨʤʫʣʳ (1) ʥʘʭʦʜʠʤ 

  )/1()sin( 0 ʥdrd yy+Ö=j-aÖ=        (2) 

 ʛʜʝ r - ʨʘʜʠʫʩ ïʚʝʢʪʦʨ , ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʫ ʄ ʩʭʦʜʘ 

ʥʠʪʠ ʩ ʢʫʣʘʯʢʘ, j- ʫʛʦʣ ʤʝʞʜʫ ʨʘʜʠʫʩʦʤ r  ʠ ʦʩʴʶ 1OX , a- ʫʛʦʣ ʤʝʞʜʫ ʥʠʪʴʶ ʠ 

ʦʩʴʶ 1OX, ʨʘʚʥʳʡ g+y+y+p=a )(2/ ʥ
, 00 /Qcd ʥyÖ= . 

ɺʦʟʴʤʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪ ʚʳʨʘʞʝʥʠʷ (2): 

ʥ0 /dd)dd()cos(r)sin(dr yyÖ=j-aÖj-aÖ+j-aÖ    (3) 

 ʋʯʠʪʳʚʘʷ, ʯʪʦ y=a dd  ʠ ʠʟ )(
1

1 a=tg
dx

dy
 ʩʣʝʜʫʝʪ 

)( j-a
=
j tg

r

d

dr
,  ʠʟ (3) ʧʦʣʫʯʠʤ 

X1 

Y2 

X2 

Y1 

 

d 

 

 

 

 

 

 

Q 

  ˻  

M 

       ɹ  

 

1 

2 

 

1 

2 

 



  
 

93 
 

  
)cos(

10

j-a
Ö

y
=

ʥ

d
r        (4) 

 ʕʪʫ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʝʱʝ ʪʘʢ  

  
2

2

0

2

0

2 1
)1()/(

ʥʥ

ʥ dddr
y
+

y

y
+=y+=     (5) 

 ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʤ )1(0

ʥ

dd
y

y
+= , ʘ ʟʘʪʝʤ ʠ ʫʛʦʣ j: 

  )arcsin(
r

d
-a=j .      (6) 

 ʊʝʧʝʨʴ ʚʳʯʠʩʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʄ ʩʭʦʜʘ ʥʠʪʠ ʩ ʢʫʣʘʯʢʘ : 

 )cos(1 jÖ=rx , )sin(1 jÖ=ry      (7) 

 ʀʟ (5) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʭʦʜʘ ʥʠʪʠ ʩ ʢʫʣʘʯʢʘ ()0=g , 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʄ ʩʭʦʜʘ ʥʠʪʠ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ OX2 ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ ʚʦ ʚʩʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʢʫʣʘʯʢʘ ʠ ʨʘʚʥʦ ʥdh y= /0 . 

 ʇʨʠʤʝʨ. 

ʇʫʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʩʠʣʠʠ 5.00=Q  H ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ 035=yʥ ʧʨʠ 

ʞʝʩʪʢʦʩʪʠ ʩʧʠʨʘʣʴʥʦʡ ʧʨʫʞʠʥʳ ʨʘʚʥʦʡ 0117.0=c  ʤHÖ  

 ʇʦ ʬʦʨʤʫʣʘʤ (5) - (7) ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʨʦʬʠʣʴ ʢʫʣʘʯʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʧʦʩʪʦʷʥʥʦʝ ʫʩʠʣʠʝ 5.0=Q H ʧʨʠ ʚʨʘʱʝʥʠʠ ʢʫʣʘʯʢʘ (ʨʠʩ. 3 ). 

 
ʈʠʩ.3. ʇʨʦʬʠʣʴ ʢʫʣʘʢʘ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʧʨʫʞʠʥʦʡ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʢʦʛʜʘ ʥʠʪʴ ʩʭʦʜʠʪ ʩ ʢʫʣʘʯʢʘ ʥʘ ʥʝʧʦʜʚʠʞʥʳʡ ʙʣʦʢ, ʘ 

ʣʠʥʝʡʥʘʷ ʧʨʫʞʠʥʘ ʦʜʥʠʤ ʢʦʥʮʦʤ ʢʨʝʧʠʪʩʷ ʢ ʙʘʨʘʙʘʥʫ ʢʫʣʘʯʢʘ, ʘ ʚʪʦʨʳʤ 

ʢʦʥʮʦʤ ʢ ʦʩʥʦʚʘʥʠʶ (ʈʠʩ.4)    

     

  

  

 

 

 

 

  

  

ʈʠʩ.5. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ  ʈʠʩ.4. ʂʫʣʘʯʦʢ ʩ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʦʡ  
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ʅʘʡʜʝʤ ʧʨʦʬʠʣʴ ʢʫʣʘʯʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʫʩʠʣʠʝ Q ʜʣʷ 

ʵʪʦʛʦ ʩʣʫʯʘʷ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʛʝʦʤʝʪʨʠʠ ʨʠʩ.5 ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʘʤʠ a, 0n, b, y .ʩʣʝʜʫʶʱʘʷ: 

bynpa -+-= 0 . 

ʂʨʦʤʝ ʵʪʦʛʦ  

bÖ=j-aÖ= sin)sin( Lrd ,       (8) 

ʛʜʝ L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʙʘʨʘʙʘʥʘ ʠ ʙʣʦʢʘ. 

ɼʣʷ ʧʦʩʪʦʷʥʩʪʚʘ ʫʩʠʣʠʷ 0QQ=  ʥʝʦʙʭʦʜʠʤʦ ʨʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ 

 )/1()( 0000 lyÖ+ÖÖlÖ=ÖyÖ+l=Ö RRcRRcdQ     (9) 

ɿʜʝʩʴ ʩ-ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ, 0R -ʨʘʜʠʫʩ ʙʘʨʘʙʘʥʘ, l-ʥʘʯʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʧʨʫʞʠʥʳ. 

ʊʘʢ ʢʘʢ ʧʨʠ 0=y  000 RcdQ ÖlÖ=Ö , ʪʦ ʠʟ (9) ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʣʠʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʦʧʫʱʝʥʥʦʛʦ ʠʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʥʘ ʣʠʥʠʶ ʥʠʪʠ, ʜʣʷ 

ʧʦʩʪʦʷʥʩʪʚʘ ʫʩʠʣʠʷ Q , ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ ʧʦ ʟʘʢʦʥʫ 

  bÖ=lyÖ+Ö= sin)/1( 00 LRdd       (10) 

ʀʟ (8) ʩ ʫʯʝʪʦʤ (10) ʥʘʭʦʜʠʤ 

 )sinarcsin(]1sin)[()(
00

0 bb
l

bnpj Ö--ÖÖ+--=
r

L

d

L

R
   (11) 

ɺʦʟʴʤʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪ (11) 

 )
sin

cos(
sin

cos
2222

00

dr
r

L
d

r

L

Lr

r
d

d

L

R
dd Ö

bÖ
-bÖbÖÖ

bÖ-
-bÖbÖÖ

l
+b-=j  (12) 

ʆʪʩʶʜʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

)( j-a
=
j tg

r

d

dr
 

ʧʦʣʫʯʘʝʤ  

  
2

00

2
2

)1cos(
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sin

-bÖÖ
l

b
+bÖ=

d

L

R

Lr .     (13) 

ʊʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʄ ʩʭʦʜʘ ʥʠʪʠ ʩ ʢʫʣʘʯʢʘ: 

jcos1 Ö=rx  jsin1 Ö=ry  

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʫʣʘʯʢʘ ʧʦʜ ʟʘʜʘʥʥʦʝ ʫʩʠʣʠʝ ʬʦʨʤʫʣʳ (13) ʠ (10) ʫʜʦʙʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ 

2
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)1cos(
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= . 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʫʣʘʯʢʘ  
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ʊʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ ʥʠʪʠ ʥʘʡʜʝʤ ʠʟ ʬʦʨʤʫʣʳ, 

ʚʳʨʘʞʘʶʱʝʡ ʨʘʚʝʥʩʪʚʘ ʨʘʙʦʪ ʫʧʨʫʛʦʡ ʩʠʣʳ ʠ ʩʠʣʳ Q: 

])R[( ʧʨ0
22

m
Q2

c
S l-y+l= . 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ʇʫʩʪʴ ʞʝʩʪʢʦʩʪʴ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʳ 1000=ʩ  ʅ/ʤ, 

ʥʘʯʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʫʞʠʥʳ ʧʨʠ ʫʩʠʣʠʠ 5=Q  ʅ ʨʘʚʥʘ 2101 -Ö=l  ʤ, 

 2
0 101 -Ö=R ʤ, 2105 -Ö=L ʤ. ʆʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʘʤ (11 ï 13) ʬʦʨʤʫ ʢʫʣʘʯʢʘ, 

ʩʦʟʜʘʶʱʫʶ ʧʦʩʪʦʷʥʥʦʝ ʫʩʠʣʠʝ 5=Q  ʅ ʧʨʠ ʚʨʘʱʝʥʠʠ ʢʫʣʘʯʢʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

0=y  ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ )1(
00

-Ö
l
=y

d

L

R
ʧʨ  (ʨʠʩ.6). 

 

 

 

 

 

 

ʈʠʩ.6. ʇʨʦʬʠʣʴ ʢʫʣʘʯʢʘ ʩ ʣʠʥʝʡʥʦʡ ʧʨʫʞʠʥʦʡ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ d ʧʦ ʣʠʥʝʡʥʦʤʫ 

ʟʘʢʦʥʫ ʦʪ ɣ (10), ʫʩʠʣʠʝ Q ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʳʤ .  

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʪʦʢʦʧʨʠʝʤʥʠʢʦʚ ʜʣʷ ʪʨʦʣʣʝʡʙʫʩʦʚ ʠ ʜʣʷ ʚʘʛʦʥʦʚ ʤʝʪʨʦ. 
  
 ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸ.ʀ. ˉ296501. ʉʦʰʥʠʢ. ɹ.ʀ. ˉ9 ʦʪ 2. 11.1971.ɸʚʪʦʨʳ: ɸ.ʂ.ɿʫʝʚ, 

ʃ.ɸ.ʅʠʢʠʪʠʥ, ʇ.ɺ. ɹʫʨʤʘʢʠʥ ʠ ʅ.ɸ. ɻʘʣʳʥʠʥ. 

2. ɸʣʜʦʥʦʚ ʃ.ɻ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʚʠʙʨʘʮʠʦʥʥʳʭ ʨʫʢʦʷʪʦʢ 

ʜʣʷ ʨʫʯʥʦʛʦ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ: ʜʠʩ. éʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: ʅʕʊʀ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 1971. - 118 ʩʪʨ. 

 

 

THE STUDY AND CALCULATION OF DEVICES GENERATING A 

CONSTANT EFFORT 

 

Rykov Sergei Anatolyevich, engineer; Yan Lun Nikita, student; Rykov Anatoly 

Arkadievich, candidate of technical Sciences, associate Professor 

Novosibirsk state technical University, Novosibirsk 

Rykov A. A., email rykov@corp.nstu.ru 

Annotation. 

In the work of the cam profile is calculated, required to create permanent 

efforts, with which the cam rotates. Deals with the case when the device is used spiral 

spring, and the thread goes to the vertical angle of the cam, as well as the second 

case-used linear spring and thread with the cam goes under the UG-scrap on the 

block. It is shown that the length of the perpendicular line omitted gathering thread, 

when you create a permanent effort is linearly dependent on the cam angle. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʆʈʀʀ ʇʆɼʆɹʀʗ ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ 

ʀʅɾɽʅɽʈʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ 

 

ʂʨʘʤʘʨʝʥʢʦ ʅʠʢʦʣʘʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʇʃɸ;  

ʉʫʭʥʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʝʝʚʥʘ; ʃʘʚʨʠʥʘ ɺʘʣʝʥʪʠʥʘ ʄʠʭʝʝʚʥʘ; 

ʉʢʦʨʦʙʦʛʘʪʦʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʝʝʚʥʘ ï ʩʪʫʜʝʥʪʳ ʄʊʌ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʕʣʝʢʪʨʦʥʥʳʡ ʘʜʨʝʩ: teormech@ngs.ru 

 

ɸʥʥʦʪʘʮʠʷ. 

ʊʝʦʨʠʷ ʧʦʜʦʙʠʷ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʩʝ ʨʘʩʩʫʞʜʝʥʠʷ ʚ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʦʩʥʦʚʘʥʳ 

ʥʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥʘʭ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʣʠʙʦ ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ (ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʠʣʠ ʠʥʚʘʨʠʘʥʪʦʚ), ʣʠʙʦ 

ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜʦʙʠʷ (ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʜʦʙʠʷ). 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʧʨʠʤʝʨʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ ʙʘʣʢʠ. ɺʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ 

ʨʘʙʦʪʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʠʟʤʝʨʝʥʠʷ ʧʨʦʛʠʙʘ ʥʘ ʤʦʜʝʣʠ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʧʨʦʛʠʙʘ ʥʘ ʥʘʪʫʨʥʦʡ ʙʘʣʢʝ, ʜʘʥʘ ʦʮʝʥʢʘ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʛʥʦʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʩ ʧʨʠʤʠʪʠʚʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʜʘʝʪ ʭʦʨʦʰʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ; ʤʝʪʦʜʳ ʧʦʜʦʙʠʷ; ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ; 

ʠʥʜʠʢʘʪʦʨʳ ʧʦʜʦʙʠʷ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʵʢʩʧʝʨʠʤʝʥʪ. 

1. ɺʚʝʜʝʥʠʝ. 

ʇʦʥʷʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ (ʦʪ ʣʘʪʠʥʩʢʦʛʦ 

experimentium ï ʧʨʦʙʘ, ʦʧʳʪ) ʩ ʦʙʱʝʬʠʣʦʩʦʬʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ 

ʣʶʙʘʷ ʯʫʚʩʪʚʝʥʥʦ-ʧʨʝʜʤʝʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʥʘʫʢʝ, ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʩʤʳʩʣʝ ï 

ʦʧʳʪ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʧʦʟʥʘʥʠʷ, ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ ʠ ʪ.ʜ. ɺ ʪʝʭʥʠʢʝ ʧʦʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘ ʦʧʝʨʘʮʠʡ, ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʥʘʙʣʶʜʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʦʟʤʦʞʥʘ ʧʦ ʫʨʦʚʥʷʤ: ʥʘ 1-ʦʤ ʫʨʦʚʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʚʠʜʘʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʥʘʫʯʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʩʣʝʜʩʪʚʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʪ.ʜ. 

ʊ.ʢ. ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʪʦʣʴʢʦ ʥʘʫʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʪʦ ʥʘ 2-ʦʤ ʫʨʦʚʥʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʦʪʨʘʩʣʷʤ ʥʘʫʢʠ - 

ʬʠʟʠʯʝʩʢʠʡ, ʭʠʤʠʯʝʩʢʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠʥʞʝʥʝʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʪ.ʜ. [1, 2]. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʚʷʟʘʥʘ ʩ 

ʠʥʞʝʥʝʨʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩ ʠʥʞʝʥʝʨʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʃ.ʀ. ʉʝʜʦʚʘ [3] çʆʩʥʦʚʥʦʡ ʩʤʳʩʣ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ʩ ʤʦʜʝʣʷʤʠ ʤʦʞʥʦ ʙʳʣʦ 
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ʜʘʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʚʝʪʳ ʦ ʭʘʨʘʢʪʝʨʝ ʵʬʬʝʢʪʦʚ ʠ ʦ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʷʚʣʝʥʠʝʤ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭè. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦʛʦ 

ʠʥʞʝʥʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʠʟʛʠʙʘ ʙʘʣʢʠ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ: 

 - ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʟʘʜʘʯʠ ʠ ʚʳʚʝʩʪʠ ʜʣʷ ʥʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ; 

 - ʚʳʙʨʘʪʴ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʥʘʪʫʨʥʳʡ ʠ ʤʦʜʝʣʴʥʳʡ ʦʙʨʘʟʮʳ ʠʟʛʠʙʘʝʤʳʭ 

ʙʘʣʦʢ ʠ ʧʦʜʦʙʨʘʪʴ ʜʣʷ ʥʠʭ ʧʨʠʝʤʣʝʤʳʝ ʥʘʛʨʫʟʢʠ; 

 - ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʦʜʝʣʠ, ʟʘʤʝʨʠʪʴ ʝʝ ʧʨʦʛʠʙ; 

 - ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʛʠʙ ʥʘ ʥʘʪʫʨʥʦʡ ʙʘʣʢʝ; 

 - ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʥʘʪʫʨʝ ʠ ʦʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ʐʘʨʥʠʨʥʦ ï ʦʧʝʨʪʘʷ ʙʘʣʢʘ ʜʣʠʥʦʡ l ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʛʨʫʞʝʥʘ ʚ 

ʮʝʥʪʨʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʦʡ ʈ (ʨʠʩ. 1). ʅʘʡʪʠ ʧʨʦʛʠʙ fp=fmax ʧʦʜ ʪʦʯʢʦʡ 

ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ. 

 

 

ʈʠʩ.1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 
 

ʈʠʩ. 2. ʅʘʛʨʫʞʝʥʠʝ 

ʤʦʜʝʣʴʥʦʡ ʙʘʣʢʠ 

 
ʈʠʩ. 3. ʅʘʛʨʫʞʝʥʠʝ ʥʘʪʫʨʥʦʡ 

ʙʘʣʢʠ 

 

ʋʨʘʚʥʝʥʠʝ ʫʧʨʫʛʦʡ ʣʠʥʠʠ ʙʘʣʢʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [4]: 

M=ὉὍäͼ, ʠʣʠ  
ä

 .                                    (1) 

ɿʜʝʩʴ EI ï ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ, ʄ(x) - ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʦʪ ʩʠʣʳ ʈ, ʢʦʪʦʨʳʡ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʭ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʣʝʛʢʦ ʨʝʰʘʝʪʩʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʨʦʛʠʙ fp ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʅʦ ʮʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ï ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʟʘʜʘʯʠ ʠ ʚʳʚʝʩʪʠ ʜʣʷ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ. 

ʂʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʘʥʘʣʠʟ ʨʘʟʤʝʨʥʦʩʪʝʡ ʠʣʠ ʯʝʨʝʟ 

ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ [6]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʪʦʨʳʤ 

ʩʧʦʩʦʙʦʤ ï ʧʨʠʚʝʜʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1) ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ: 

Ӷ

Ӷ
“

Ӷ
ȟ        (2) 

ɿʜʝʩʴ ʧʘʨʘʤʝʪʨʳ ʩ ʯʝʨʪʦʡ ʩʚʝʨʭʫ ʷʚʣʷʶʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, 
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ʝʜʠʥʩʪʚʝʥʥʳʡ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  ́ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʧʦʜʦʙʠʷ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

“  ,                                                        (3) 

ʠʟ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ 

Ὢ ‎ .                                                             (4) 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩʣʝʜʫʶʪ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

 - ʚʦ-ʧʝʨʚʳʭ, ʙʝʟ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʥʘʰʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʦʪ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ. ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʪ. ʝ. ʤʦʞʥʦ 

ʧʨʝʜʩʢʘʟʘʪʴ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʧʨʦʛʠʙ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʢʘʢʦʡ-ʣʠʙʦ 

ʧʘʨʘʤʝʪʨ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (4); 

 - ʚʦ-ʚʪʦʨʳʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʤʦʜʝʣʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʩʯʠʪʘʪʴ ʝʛʦ ʥʘ ʥʘʪʫʨʫ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ 

ʚʘʨʠʘʥʪ.  

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʘ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʙʦʪ: 

 - ʚʳʙʨʘʪʴ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʥʘʪʫʨʥʳʡ ʠ ʤʦʜʝʣʴʥʳʡ ʦʙʨʘʟʮʳ ʠʟʛʠʙʘʝʤʳʭ 

ʙʘʣʦʢ ʠ ʧʦʜʦʙʨʘʪʴ ʜʣʷ ʥʠʭ ʧʨʠʝʤʣʝʤʳʝ ʥʘʛʨʫʟʢʠ; 

 - ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʦʜʝʣʠ, ʟʘʤʝʨʠʪʴ ʝʝ ʧʨʦʛʠʙ; 

 - ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʛʠʙ ʥʘ ʥʘʪʫʨʥʦʡ ʙʘʣʢʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʟʘʤʝʨʠʤ ʧʨʦʛʠʙ ʥʘ ʥʘʪʫʨʥʦʡ 

ʙʘʣʢʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʪʫʨʳ ʚʳʙʠʨʘʝʤ ʜʝʨʝʚʷʥʥʫʶ ʙʘʣʢʫ (ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʦʩʥʳ 

E=12,6 ɻʇʘ) ʜʣʠʥʦʡ l=960 ʤʤ, ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʜʠʘʤʝʪʨʦʤ D=35 ʤʤ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ  

Ὅ
ȟ

χσφςτʤʤ . 

ʕʪʫ ʙʘʣʢʫ ʥʘʛʨʫʟʠʤ ʩʠʣʦʡ P=mg=49,3Ĭ9,8=470,4 H, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʩʩʝ ʯʝʣʦʚʝʢʘ m=49,3ʢʛ (ʩʤ. ʨʠʩ. 3). 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʳʙʠʨʘʝʤ ʜʝʨʝʚʷʥʥʫʶ ʣʠʥʝʡʢʫ ʩ ʪʘʢʠʤ ʞʝ ʤʦʜʫʣʝʤ 

ʫʧʨʫʛʦʩʪʠ E1=12,6 ɻʇʘ, ʜʣʠʥʦʡ l1=235 ʤʤ, ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʰʠʨʠʥʦʡ b=25 ʤʤ ʠ ʚʳʩʦʪʦʡ h=1,5 ʤʤ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ 

I1=
ȟ

χȟπσʤʤ . 

ʕʪʫ ʙʘʣʢʫ ʥʘʛʨʫʟʠʤ ʩʠʣʦʡ P1=mg=0,5Ĭ9,8=4,9 H, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʝ 

ʙʫʪʳʣʢʠ ʩ ʚʦʜʦʡ m=0,526 ʢʛ (ʩʤ. ʨʠʩ. 2). 

ɺʳʯʠʩʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʦʙʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ l, I, E, P ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʥʘʪʫʨʥʦʤʫ: 

ὰ
ὰ

ὰ

ςσυ

ωφπ
πȟςτυȟ 
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  Ὅ
Ὅ

Ὅ

χȟπσ

χσφςτ
ωȟυυρπȟ 

  Ὁʉ
Ὁ

Ὁ

ρςȟφ

ρςȟφ
ρȟ 

   ὖ
ὖ

ὖ

πȟυςφωȟψ

τωȟσ ωȟψ
πȟπρπφχȢ 

ʋʩʣʦʚʠʝʤ ʧʦʜʦʙʠʷ ʥʘʪʫʨʳ ʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ ʠʭ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ (2), ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʪʨʝʙʦʚʘʥʠʝ ʨʘʚʝʥʩʪʚʘ ʢʨʠʪʝʨʠʝʚ 

ʧʦʜʦʙʠʷ (3): 

“ “   O  
ὖὰ

ὉὍ

ρ

Ὢ

ὖὰ

ὉὍ

ρ

Ὢ
 

ʀʟ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʚʳʯʠʩʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï 

ʧʨʦʛʠʙʘ ʚ ʮʝʥʪʨʝ ʙʘʣʢʠ:  

Ὢ
Ὢ

Ὢ

ὖὰ

ὉὍ

ὖὰ

ὉὍ

ὖ ὖϳ ὰ ὰϳ

Ὁ Ὁϳ Ὅ Ὅϳ

ὖὰ

ὉὍ

πȟπρπφχπȟςτυ

ρ ωȟυυρπ
ρȟφςωȢ 

ʅʘʢʦʥʝʮ, ʥʘ 3-ʝʤ ʵʪʘʧʝ ʨʘʙʦʪ, ʧʦʩʣʝ ʚʩʝʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʦʜʝʣʠ (ʩʤ. ʨʠʩ. 2) ʠ ʟʘʤʝʨʠʪʴ ʧʨʦʛʠʙ, 

ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʨʘʚʝʥ Ὢ=10 ʤʤ. 

ʀ ʚ ʟʘʢʣʶʯʝʥʠʠ, ʥʘ 4-ʦʤ ʵʪʘʧʝ ʨʘʙʦʪ, ʧʨʦʛʥʦʟʠʨʫʝʤ ʚʝʣʠʯʠʥʫ ʧʨʦʛʠʙʘ ʥʘ 

ʥʘʪʫʨʝ, ʠʩʭʦʜʷ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 

Ὢ
Ὢ

Ὢ

ρπ

ρȟφςω
φȟρπςʤʤȢ 

ʆʙʱʫʶ ʩʭʝʤʫ ʨʘʙʦʪ ʠʟʦʙʨʘʟʠʤ ʚ ʚʠʜʝ ʣʦʛʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

ʅʘʪʫʨʘ ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʦʙʠʷ ʄʦʜʝʣʴ 

1. ɺʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʥʘʪʫʨʳ 

 

l= 960 ʤʤ; 

I=73624 ʤʤ ; 

E=12,6 ɻʇʘ; 

P=483,14 H 

ὰ
ὰ

ὰ
πȟςτυȟ 

Ὅ
Ὅ

Ὅ
ωȟυυρπȟ 

Ὁʉ
Ὁ

Ὁ
ρȟ 

ὖ
ὖ

ὖ
πȟπρπφχ 

 

2. ɺʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ 

 

l1= 235 ʤʤ; 

I1=7,03 ʤʤ ; 

E1=12,6 ɻʇʘ; 

P1=5,1548 H 

4. ɺʳʭʦʜʥʦʡ 

ʧʘʨʘʤʝʪʨ ʥʘʪʫʨʳ 

ʚʳʯʠʩʣʷʝʤ 

(ʧʨʦʛʥʦʟʠʨʫʝʤ) 

Ὢ
Ὢ

Ὢ
 

φȟρπςʤʤ 

 

ʀʟ ʫʩʣʦʚʠʷ ʧʦʜʦʙʠʷ    “ “ 

ʥʘʭʦʜʠʤ 

 

Ὢ
Ὢ

Ὢ
ρȟφςω 

 

3. ɺʳʭʦʜʥʦʡ 

ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ 

ʠʟʤʝʨʷʝʤ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ 

 

fp1=10 ʤʤ 
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ɼʣʷ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʠʟʤʝʨʠʤ ʬʘʢʪʠʯʝʩʢʠʡ ʧʨʦʛʠʙ 

ʥʘʪʫʨʥʦʡ ʙʘʣʢʠ. ʇʦ ʠʪʦʛʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʩʤ. ʨʠʩ. 3) ʦʥ ʩʦʩʪʘʚʠʣ fʬʘʢʪ=6,0 ʤʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʩʦʩʪʘʚʠʣʘ  

ŭ = 
ä
ʨ
ä
ʬʘʢʪ

ä
ʬʘʢʪ

 = 
ȟ ȟ

ȟ
 Ξ 100% = 1,7%, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʥʘʰʠʭ ʧʨʠʤʠʪʠʚʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʵʪʘʧʘ [6], ʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʤʝʪʦʜʠʢʦʡ ʨʘʩʩʫʞʜʝʥʠʡ ʧʦ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ: ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʜʣʷ ʥʘʪʫʨʳ, 

ʧʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʠ, ʘʥʘʣʠʟ ʤʦʜʝʣʠ (ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʠ ʚʦʟʚʨʘʪ ʦʪ 

ʤʦʜʝʣʠ ʢ ʥʘʪʫʨʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʫʢʘʞʝʤ, ʯʪʦ ʚ [1] ʠʥʞʝʥʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʜʝʣʷʪ ʥʘ 7 ʵʪʘʧʦʚ, ʚ [5] ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʣʠʯʘʪʴ 9 ʵʪʘʧʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʙʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʰʝʡ, ʥʦʩʷʪ ʩʫʙʲʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʢʨʠʪʠʢʝ. 

4. ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʠʪʦʛʝ ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

 - ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʩ ʧʨʠʤʠʪʠʚʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʜʘʝʪ ʭʦʨʦʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʨʝʟʫʣʴʪʘʪ; 

 - ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʬʦʨʤʣʷʪʴ ʚ ʚʠʜʝ ʣʦʛʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

 - ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ 4 ʵʪʘʧʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʤʝʪʦʜʠʢʦʡ ʨʘʩʩʫʞʜʝʥʠʡ ʧʦ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ. 
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Annotation. 

Theory of similarity is the theoretical basis for modeling and experiments. All 

reasoning in theory of similarity is based on dimensionless quantities, which are 

written either as degree complexes from task parameters (similarity criteria, or 

invariants), or as a combination of the similarity coefficients (indicators of 

similarity). 

The article describes the design methodology of the experiment on the example 

of studying the static deflection of a beam. In the simulation, four main stages of 

work were identified according to the result of the measurement of the deflection on 

the model the magnitude of the deflection on the full-scale beam was predicted, an 

estimate of the forecast error was given. It is shown, that even with a primitive 

measuring equipment experiment, built on the theory of similarity, gives a good 

practical result. 

Keywords: theory of similarity; similarity method; similarity parameter; 

similarity indicators; modelling; experiment. 
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ʂʆʄʇʆɿʀʊʅʓʁ ʊʈʆʉ ʀɿ ʉʊɽʂʃʆʈʆɺʀʅɻɸ ʀ ʕʃɸʉʊʆʄɽʈʆɺ 

 

ʋʚʘʥʦʚ ʄ.ʀ., ʘʩʧʠʨʘʪʥ,  uvanov.2012@corp.nstu.ru 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʪʩʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʪʷʞʝʢ 

ʠʟ ʩʪʘʣʴʥʳʭ ʪʨʦʩʦʚ ʥʘ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʦʪʪʷʞʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʧʨʝʨʳʚʥʳʝ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳʧʣʝʪʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʪʨʦʩʘ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʪʨʦʩʘ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʦʥʝʯʥʦʡ 

ʫʧʨʫʛʦʩʪʠ ʪʨʦʩʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩʪʘʣʴʥʦʛʦ ʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʨʦʩʘ ʧʦ 

ʧʨʦʯʥʦʩʪʥʳʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.ʀʟʣʘʛʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʨʘʙʦʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʫʪʸʤ 

ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʤʳ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʙʦʣʝʝ ʞʝʩʪʢʦʛʦ 

ʟʘʢʨʝʧʣʝʥʠʷ ʘʥʪʝʥʥʦ-ʤʘʯʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʘʯʪʳ ʩʚʷʟʠ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʩʚʷʟʠ, ʢʘʢ ʚʦʝʥʥʦʡ, ʪʘʢ ʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʣʴʥʳʝ ʪʨʦʩʳ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʦʥʩʪʨʫʢʮʠʷʤ. ɼʘʥʥʳʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚ ʚʠʜʝ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʘʨʠʘʪʠʚʥʳʤ ʨʷʜʦʤ 

ʜʠʘʤʝʪʨʦʚ ʠʟʜʝʣʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʘʪʢʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʝʩ, 

ʧʦʚʳʰʝʥʥʘʷ ʪʨʘʚʤʘʦʧʘʩʥʦʩʪʴ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦ ʚʨʝʤʷ ʤʦʥʪʘʞʘ, 

ʩʨʦʢ ʩʣʫʞʙʳ ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʦʨʨʦʟʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ 

ʨʘʜʠʦ ʧʦʤʝʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʘʥʪʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩʪʘʣʴʥʳʤ ʪʨʦʩʘʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʪʨʦʩʦʚ (ʂʊ). ʂʦʤʧʦʟʠʪʥʳʡ ʪʨʦʩ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʩʪʝʢʣʦʨʦʚʠʥʛʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʦʩʥʦʚʘʥʠʷ, ʠ ʧʦʣʠʫʨʝʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʷʶʱʝʡ 

ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʟʘʱʠʱʸʥʥʦʩʪʴ ʚʦʣʦʢʦʥ ʦʪ 

ʠʩʪʠʨʘʥʠʷ ʠ ʫʧʨʫʛʦʩʪʴ ʢʦʥʝʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ. 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: 

ï ʇʨʦʠʟʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʨʦʩʘ ʠʟ 

ʥʝʧʨʝʨʳʚʥʳʭ ʚʦʣʦʢʦʥ. 

ɿʘʜʘʯʠ: 

ï ʀʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʣʝʪʝʥʠʷ ʪʨʦʩʦʚ ʠ ʢʘʥʘʪʦʚ; 



  
 

103 
 

ï ʇʦʜʦʙʨʘʪʴ ʨʝʮʝʧʪʫʨʫ ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʩʪʘʥʝʪ ʤʘʪʨʠʮʝʡ 

ʪʨʦʩʘ; 

ï ʇʨʦʠʟʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʦʩʘ; 

ï ʇʨʦʠʟʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʳʤ ʧʣʝʪʝʥʠʝ; 

ï ʇʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʪʨʦʩʘ; 

ï ʉʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʣʝʪʝʥʠʷ ʪʨʦʩʦʚ ʠ ʢʘʥʘʪʦʚ 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʤʝʪʦʜʘʤʠ ʧʣʝʪʝʥʠʷ ʜʣʷ ʪʨʦʩʦʚ ʠʟ ʥʝʧʨʝʨʳʚʥʳʭ 

ʩʪʝʢʣʦʚʦʣʦʢʦʥ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʣʝʪʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʢʘʥʘʪʦʚ. ʄʝʪʦʜʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʣʝʪʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʘʥʘʪʦʚ ʵʪʦ: 

1) ʂʈʋʏɽʅʓɽ ʊʈɽʍʇʈʗɼʅʓɽ ʂɸʅɸʊʓ  
ʋʧʨʦʱʝʥʥʦ ʢʦʥʩʪʨʫʢʮʠʷ (ʨʠʩ.1) ï ʪʨʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʟʘʢʨʫʯʝʥʥʳʭ (ʚ ʦʜʥʫ 

ʩʪʦʨʦʥʫ) ʧʨʷʜʠ ʩʢʨʫʯʠʚʘʶʪʩʷ ʟʘʪʝʤ ʚʩʝ ʚʤʝʩʪʝ (ʚ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʂʘʥʘʪ ʧʦʣʠʵʬʠʨʥʳʡ ʢʨʫʯʝʥʳʡ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʪʦʛʦʚʦʛʦ ʯʠʩʣʘ ʢʨʫʯʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ: 

-ʤʷʛʢʠʤʠ (soft) ï ʤʘʣʦʝ ʯʠʩʣʦ ʢʨʫʪʦʢ; 

-ʞʝʩʪʢʠʤʠ (hard) - ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʨʫʪʦʢ; 

-ʩʨʝʜʥʝʡ ʞʝʩʪʢʦʩʪʠ(medium) ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʢʨʫʪʦʢ. ʉʘʤʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠʟ ʪʨʝʭ ʠʩʧʦʣʥʝʥʠʡ. 

ʀʟ ʧʣʶʩʦʚ: 

- ʧʨʦʩʪʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʜʝʰʝʚʠʟʥʘ) 

-ʫʜʦʙʥʳ ʜʣʷ ʩʨʘʱʠʚʘʥʠʷ (ʩʧʣʝʪʘʥʠʷ); 

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: 

-ʩʢʣʦʥʥʦʩʪʴ ʢ çʨʘʩʢʨʫʯʠʚʘʥʠʶè (ʥʝʦʙʭʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʪʴ ʢʦʥʮʳ ʢʘʥʘʪʘ) 

-ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʪʝʣʴ (ʠ ʫʟʣʦʚ), ʢʦʛʜʘ ʢʘʥʘʪ ʥʘʭʦʜʠʪʩʷ ʙʝʟ 

ʥʘʛʨʫʟʢʠ, ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

2) ʇʃɽʊɽʅʓɽ ʂɸʅɸʊʓ 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ - ʧʨʷʜʥʦʩʪʴ ʢʘʥʘʪʘ, ʪ.ʝ. ʯʠʩʣʦ ʧʨʷʜʝʡ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʥ ʟʘʧʣʝʪʘʝʪʩʷ. ʇʨʷʜʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ʣʠʙʦ ʢʨʘʪʥʘ) ʯʠʩʣʫ ʰʧʫʣʴ ʥʘ 

ʧʣʝʪʠʣʴʥʦʡ ʤʘʰʠʥʝ. 

ʂʘʥʘʪʳ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʩ 

ʩʝʨʜʝʯʥʠʢʦʤ ʠ ʙʝʟ ʩʝʨʜʝʯʥʠʢʘ: 

 2.1) ʇʣʝʪʝʥʳʝ ʢʘʥʘʪʳ ʙʝʟ ʩʝʨʜʝʯʥʠʢʘ 

ʋ ʚʩʝʭ ʢʘʥʘʪʦʚ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʦʩʪʴ. ʏʝʤ 

ʙʦʣʴʰʝ ʧʨʷʜʥʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨ ʧʦʣʦʩʪʠ.  
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ʘ) 8-ʧʨʷʜʥʳʝ ʢʘʥʘʪʳ L ʪʠʧʘ. (plaited rope) (ʨʠʩ.2). 

 
 ʈʠʩʫʥʦʢ 2 ï 8ʤʠ ʧʨʷʜʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʡ ʢʘʥʘʪ L ʪʠʧʘ 

 

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʥʘʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʝʨʝʧʣʝʪʝʥʠʝʤ 

ʩʜʚʦʝʥʥʳʭ ʧʨʷʜʝʡ.  

 

ʙ) ʇʨʦʩʪʳʝ ʧʦʣʳʝ n-ʧʨʷʜʥʳʝ ʢʘʥʘʪʳ (hollow single-braid) 

 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʦʙʳʯʥʳʝ ʧʣʝʪʝʥʳʝ ʚʝʨʝʚʢʠ (ʨʠʩ.3). ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥ 8ʤʠ ʧʨʷʜʥʳʡ ʢʘʥʘʪ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʦʩʪʳʤ 

ʧʝʨʝʧʣʝʪʝʥʠʝʤ ʧʨʷʜʝʡ. ɺ ʮʝʣʦʤ, ʥʘ ʧʣʝʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 8ʤʴ 

ʰʧʫʣʴ ʩ ʥʠʪʴʶ, ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʜʚʠʞʫʪʩʷ ʧʦ ʯʘʩʦʚʦʡ, ʘ ʯʝʪʳʨʝ - ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʊʘʢʠʝ ʢʘʥʘʪʳ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

 
 ʈʠʩʫʥʦʢ 3 ï 8ʤʠ ʧʨʷʜʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʡ ʢʘʥʘʪ 

 

ʚ) ʂʘʥʘʪʳ ʩ ʜʠʘʛʦʥʘʣʴʥʳʤ ʧʣʝʪʝʥʠʝʤ (twill  braid) (ʨʠʩ.4) 

 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʪʠʧʫ, ʠʤʝʶʪ ʧʫʩʪʦʪʫ ʚ ʮʝʥʪʨʝ. ɺʠʟʫʘʣʴʥʦ, 

ʣʝʛʢʦ ʦʪʣʠʯʠʤʳ ʦʪ ʧʨʦʩʪʳʭ ʧʣʝʪʝʥʳʭ. 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʝʨʝʧʣʝʪʝʥʠʝʤ ʧʨʷʜʝʡ ʩʦ ʩʤʝʱʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, 

ʥʘ ʤʘʰʠʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 12 ʰʧʫʣʴ ʩ ʥʠʪʴʶ, ʰʝʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʜʚʠʞʫʪʩʷ ʧʦ 

ʯʘʩʦʚʦʡ, ʘ ʦʩʪʘʣʴʥʳʝ ʰʝʩʪʴ ï ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ ʚʠʜʘ, ʢʘʞʜʘʷ ʣʝʚʘʷ ʧʨʷʜʴ çʥʘʢʨʳʚʘʝʪʩʷè ʜʚʫʤʷ ʧʨʘʚʳʤʠ ʧʨʷʜʷʤʠ. 

ʀ ʥʘʦʙʦʨʦʪ, ʢʘʞʜʘʷ ʧʨʘʚʘʷ ʧʨʷʜʴ çʥʘʢʨʳʚʘʝʪʩʷè ʜʚʫʤʷ ʣʝʚʳʤʠ. ʂʘʥʘʪʳ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʧʣʝʪʝʥʠʷ ʠʤʝʶʪ ʯʫʪʴ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʦʧʣʝʪʢʠ, ʯʝʤ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʩʪʦʛʦ ʧʣʝʪʝʥʠʷ. 

 
 ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘʪʠʯʥʦ, 24 ʧʨʷʜʥʳʡ ʢʘʥʘʪ ʩ ʜʠʘʛʦʥʘʣʴʥʳʤ ʧʣʝʪʝʥʠʝʤ 

http://remera.ru/sites/default/files/galery/statyavid/vid_8pr_1_600.jpg
http://remera.ru/sites/default/files/galery/statyavid/vid_24pr_600.jpg
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ʛ) ʂʘʥʘʪʳ ʩʧʣʦʰʥʦʛʦ ʧʣʝʪʝʥʠʷ (Solid braid)(ʨʠʩ.5) 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ. ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʦʤʫ ʪʠʧʫ ʤʘʰʠʥ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʷʪ ʪʘʢʠʝ ʢʘʥʘʪʳ, ʦʥ ʧʦʣʫʯʘʝʪʩʷ ʚʥʫʪʨʠ ʟʘʧʦʣʥʝʥʥʳʡ ʥʠʪʴʶ, 

ʪ.ʝ. ʙʝʟ ʧʫʩʪʦʪ. ʊʘʢʠʝ ʢʘʥʘʪʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɸʤʝʨʠʢʝ. ɼʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʢʘʥʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʳʝ ʧʣʝʪʠʣʴʥʳʝ ʤʘʰʠʥʳ 

- ʯʘʩʪʴ ʰʧʫʣʴ ʩ ʥʠʪʴʶ ʜʚʠʛʘʶʪʩʷ ʢʘʢ ʦʙʳʯʥʦ, ʧʦ ʢʨʫʛʫ (ʧʦ ʯʘʩʦʚʦʡ ʠ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ), ʘ ʯʘʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦ (ʚʟʘʜ-ʚʧʝʨʝʜ). ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ ʠ 

ʚʪʦʨʳʝ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

 
ʈʠʩʫʥʦʢ 5 ï ʂʘʥʘʪ ʩʧʣʦʰʥʦʛʦ ʧʣʝʪʝʥʠʷ 

 

2.2) ʇʣʝʪʝʥʳʝ ʢʘʥʘʪʳ ʩ ʩʝʨʜʝʯʥʠʢʦʤ 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʝʨʜʝʯʥʠʢʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʫʯʢʠ ʥʠʪʝʡ, ʧʣʝʪʝʥʳʝ 

ʩʝʨʜʝʯʥʠʢʠ, ʢʨʫʯʝʥʳʝ ʩʝʨʜʝʯʥʠʢʠ.  

ʘ)ʂʘʥʘʪʳ ʩ ʧʣʝʪʝʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ (Double-braid, braid-of-braid 
rope)(ʨʠʩ.6) 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʩʝʨʜʝʯʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʝʪʝʥʳʡ 8, 12 ʧʨʷʜʥʳʡ 

ʢʘʥʘʪ ʙʳʩʪʨʦʡ ʧʨʦʪʷʞʢʠ. ʆʧʣʝʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʨʷʜʝʡ (ʦʙʳʯʥʦ 

16ʧʨʷʜʥʳʝ ʠ ʙʦʣʝʝ) ʠ ʠʤʝʝʪ ʧʣʦʪʥʦʝ ʧʣʝʪʝʥʠʝ. 

 
ʈʠʩʫʥʦʢ 6 ï ʆʧʣʝʪʢʘ - ʧʦʣʠʵʬʠʨ, 16 ʧʨʷʜʥʘʷ, ʜʠʘʛʦʥʘʣʴʥʦʝ ʧʣʝʪʝʥʠʝ, 

ʩʝʨʜʝʯʥʠʢ - 8 ʧʨʷʜʥʳʡ ʧʣʝʪʝʥʳʡ, ʧʦʣʠʵʬʠʨ 

 

ʙ) ʂʘʥʘʪʳ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʢʨʫʯʝʥʳʤʠ ʧʨʷʜʷʤʠ (parallel stand rope) 

(ʨʠʩ.7) 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʢʘʥʘʪʳ, ʫ ʢʦʪʦʨʳʭ ʧʨʷʜʠ ʩʝʨʜʝʯʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʚʝʨʝʚʢʠ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʨʠʤʝʨʦʚ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ï Kermantle rope ï ʩʪʨʘʭʦʚʦʯʥʳʝ ʚʝʨʝʚʢʠ. ʉʝʨʜʝʯʥʠʢ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭʧʨʷʜʥʳʭ ʢʨʫʯʝʥʳʭ ʰʥʫʨʦʚ, ʦʧʣʝʪʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 24, 32 ʠʣʠ 48 

http://remera.ru/sites/default/files/galery/statyavid/vid_16prtoksa_600.jpg
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ʧʨʷʜʥʘʷ. ʂʘʥʘʪʳ ʪʘʢʦʛʦ ʪʠʧʘ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ (ʧʨʦʯʥʦʩʪʴ ʥʠʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʘ 80-90%, ʪʦʛʜʘ ʢʘʢ ʥʘ ʧʨʦʩʪʳʭ ʧʣʝʪʝʥʳʭ ʚʝʨʝʚʢʘʭ ʪʦʣʴʢʦ ʧʦʨʷʜʢʘ 60%) ʠ ʧʨʠ 

ʵʪʦʤ ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ ʦʙʳʯʥʳʭ ʢʨʫʯʝʥʳʭ ʚʝʨʝʚʦʢ. [1] 

 
ʈʠʩʫʥʦʢ 7 ï 48 ʧʨʷʜʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʚʝʨʝʚʢʘ 

 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʨʦʩʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ (ʘʨʤʠʨʦʚʘʥʠʷ) ʢʦʤʧʦʟʠʪʥʦʛʦ 

 ʪʨʦʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʝʢʣʦʨʦʚʠʥʛ (ʪʘʙʣ.1) [2], ʢʦʪʦʨʳʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʦʡ ʙʦʣʝʝ ʣʸʛʢʠʡ ʠ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʜʣʷ ʦʜʠʥʦʯʥʳʭ ʥʠʪʝʡ, ʘ ʪʘʢʞʝ ʚʳʠʛʨʳʚʘʝʪ ʧʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʤʝʨʥʦ ʚ 1.5 ʨʘʟʘ. 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʩʪʝʢʣʦʨʦʚʠʥʛʘ 

ʉʚʦʡʩʪʚʘ ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

E-glass Advantex 

Glass 

OCV H-

Glass 

OCV 

R-

Glass 

OCV S-

Glass 

-ʇʣʦʪʥʦʩʪʴ ʛ/ʩʤ3 2,55-

2,58 

2,62 2,61 2,55 2,45 

-ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ 

ʚʦʣʦʢʥʘ ʥʘ 

ʨʘʟʨʳʚ 

ʄʇʘ 3450-

3790 

3750 4130 4510 4955 

-ʄʦʜʫʣʴ ʖʥʛʘ ɻʇʘ 69-72 81 87,5 87 88 

-ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʧʨʠ 

ʨʘʟʨʳʚʝ 

% 4,8 4,9 4,9 5,35 5,5 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʨʦʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʠʫʨʝʪʘʥʳ (ʪʘʙʣ.2), ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʟʨʳʚʫ, ʚʳʩʦʢʦʡ 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʦʝ ʜʘʚʣʝʥʠʝ ʥʘʨʷʜʫ ʩ 

ʙʦʣʴʰʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ, ʤʘʩʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ. ʇʦʣʠʫʨʝʪʘʥ 

ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʕʪʘ 

ʤʘʪʨʠʮʘ ʜʦʣʞʥʘ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʫʧʨʫʛʦʩʪʴ ʪʨʦʩʘ ʠ ʟʘʱʠʪʠʪʴ 

ʦʩʥʦʚʘʥʠʝ ʦʪ ʠʩʪʠʨʘʥʠʷ [2]. 
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ʊʘʙʣʠʮʘ 2 

ʉʚʦʡʩʪʚʘ ʧʦʣʠʫʨʝʪʘʥʦʚ 

 

ʉʦʩʪʦʷʥʠʝ ʨʘʙʦʪʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ: 

ï ʉʦʩʪʘʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʅʀʈ; 

ï ɺʝʜʫʪʩʷ ʧʝʨʝʛʦʚʦʨʳ ʦ ʧʦʢʫʧʢʝ ʩʳʨʴ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʂʊ; 

 

ʇʣʘʥʠʨʫʝʪʩʷ: 

ï ʉʦʟʜʘʪʴ ʨʝʮʝʧʪʫʨʫ ʤʘʪʨʠʮʳ ʜʣʷ ʟʘʱʠʪʳ ʂʊ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ; 

ï ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʊ; 

ï ʩʦʟʜʘʪʴ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʂʊ; 

ï ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʊ; 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɺʠʜʳ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʘʥʘʪʦʚ ʠ ʚʝʨʝʚʦʢ. ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ 

[ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] : ʦʙʟʦʨ ʤʘʪʝʨʠʘʣʦʚ.- ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  

http://remera.ru/content/vidy-sinteticheskih-kanatov-i-verevok-stroenie-i-

svoystva 

2. ʋʚʘʥʦʚ ʄ.ʀ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʩʯʝʪ ʦʧʦʨ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [ʊʝʢʩʪ] / ʄ.ʀ. ʋʚʘʥʦʚ, ɽ.ɸ. 

ʋʚʘʥʦʚʘ, ʥʘʫʯ. ʨʫʢ. ɼ. ɸ. ʂʨʘʩʥʦʨʫʮʢʠʡ // ʅʘʫʢʘ ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʆʙʦʨʦʥʘ: 

ʪʨʫʜʳ XIX  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʚ 4 ʪ. ʪ. 1/ ʨʝʜ. 

ʉ.ɼ. ʉʘʣʝʥʢʦ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʠʟʜ-ʚʦ ʅɻʊʋ, 2018.- ʉ.84-87 

 

 ʇʦʢʘʟʘʪʝʣʴ 
ʅʀʎ 

ʇʋ-5 

ʉʂʋ-

ʇʌʃ-

100 

ʉʂʋ 

ʇʌʃ-74 

ʇʊɻʌ 

1000 

ʉʋʈʕʃ -

4ʄ 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ, ʫʩʣ.ʝʜ. 70-95 92-98 85-92 85-90 85 -100 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 

19,6-

38,1 
38-50 28 19-37 20 -50 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ 

ʨʘʟʨʳʚʝ, % 

350-

600 
350-380 200-450 

300 -

500 
250 -400 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʠʨʫ, ʅ/ʤʤ 80-120 80-100 119 
  

ʋʩʣʦʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 100% 

ʫʜʣʠʥʝʥʠʠ (ʥʝ ʤʝʥʝʝ), ʄʇʘ 
6 6 6 6 8 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʩʪʘʪʦʯʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʧʦʩʣʝ ʨʘʟʨʳʚʘ (ʥʝ 

ʙʦʣʝʝ), ʄʇʘ 

10 10 15 10 10 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ, Áʉ 
-60 

+140 
-60 +80 -60 +80 

-50 

+100 
-60 +120 
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3. ʀʟʜʝʣʠʷ ʠʟ ʧʦʣʠʫʨʝʪʘʥʘ, ʛʫʤʤʠʨʦʚʘʥʠʝ, ʬʫʪʝʨʦʚʢʠ [ʵʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] : ʢʘʪʘʣʦʛ.- ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://polipromdetal.ru/svoystva-poliuretana/ 
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Annotation 

This article discusses the possibility of replacing standard delays from steel 

cables with composite polymer delays using continuous glass fibers as a carrier 

material. Various variants of weaving the base of the cable and materials that can be 

used as a matrix of the cable with sufficient ensuring the ultimate elasticity of the 

cable are considered. Comparison of steel and composite cable is made for strength, 

economic and other characteristics. The current state of work, as well as the tasks 

scheduled for execution, are outlined. The implementation of the tasks will allow the 

production of experimental samples, which will help to determine the future path of 

development of this topic. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʣʠʷʥʠʝ ʧʝʨʝʜʥʝʡ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʡ 

ʧʦʨʠʩʪʦʡ ʚʩʪʘʚʢʠ ʥʘ ʢʘʨʪʠʥʫ ʦʙʪʝʢʘʥʠʷ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʠʣʠʥʜʨʘ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ. ʎʝʣʴ ï ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ 

ʜʣʠʥʳ, ʜʠʘʤʝʪʨʘ ʧʦʨ ʧʦʨʠʩʪʦʡ ʚʩʪʘʚʢʠ ʠ ʫʛʣʘ ʘʪʘʢʠ ʤʦʜʝʣʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

Cʚʝʨʭʟʚʫʢʦʚʦʝ ʦʙʪʝʢʘʥʠʝ ʮʠʣʠʥʜʨʘ, ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ, ʛʘʟʦʧʨʦʥʠʮʘʝʤʘʷ 

ʚʩʪʘʚʢʘ. 

1. ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʪʝʢʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʧʨʦʥʠʮʘʝʤʳʭ 

ʚʩʪʘʚʦʢ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ʢ ʫʛʣʫ ʥʘʪʝʢʘʥʠʷ ʧʦʪʦʢʘ 

ʥʘ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʠʣʦ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʊ-327ɸ (ʨʠʩ.2.) 

ʋʩʪʘʥʦʚʣʝʥʦ ʢʦʥʠʯʝʩʢʦʝ ʩʦʧʣʦ ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ, ʢʦʪʦʨʦʛʦ ï20ʤʤ, ʘ 

ʚʳʭʦʜʥʦʡ ʜʠʘʤʝʪʨ ï 220 ʤʤ. 

ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʜʦʣʴʥʦ ʦʙʪʝʢʘʝʤʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʧʣʦʩʢʠʤ ʪʦʨʮʦʤ, ʚʜʦʣʴ 

ʢʦʪʦʨʦʛʦ ʧʝʨʝʤʝʱʘʣʘʩʴ ʪʦʥʢʦʩʪʝʥʥʘʷ ʪʨʫʙʢʘ ʠʟ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʛʦ ʧʦʨʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʚʩʪʘʚʢʫ, ʠ ʨʝʛʫʣʠʨʫʶʱʘʷ ʜʣʠʥʫ 

ʝʝ ʚʳʜʚʠʞʝʥʠʷ (ʨʠʩ. 2). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʚʝʩʦʚʳʝ ʠʟʤʝʨʝʥʠʷ. 
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ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʩʳ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʝʥ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʥʘʛʨʫʟʦʢ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘ ʊ-327ɸ ʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʦʡ ʕʡʬʝʣʷ 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ: ʎʠʣʠʥʜʨ ʩ ʧʝʨʝʜʥʝʡ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʡ ʚʩʪʘʚʢʦʡ ʠʟ ʚʩʧʝʥʝʥʥʦʛʦ 

ʥʠʢʝʣʷ ʩ ʧʦʣʳʤʠ ʷʯʝʡʢʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

 
ʈʠʩ. 3. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʩʳ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

- ʉʦʙʨʘʥʘ ʠ ʧʨʦʪʘʨʠʨʦʚʘʥʘ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʯʠʩʣʘ ʄʘʭʘ ʥʘ ʚʳʭʦʜʝ ʩʦʧʣʘ. 

- ʇʨʦʪʘʨʠʨʦʚʘʥʳ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʚʝʩʳ. 

- ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʄʘʭʘ ʧʦʧʝʨʝʢ ʚʳʭʦʜʘ ʩʦʧʣʘ 

ʠ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ  ʧʨʠʤʝʨʥʦʛʦ ʧʦʩʪʦʷʥʩʪʚʘ ʯʠʩʣʘ ʄʘʭʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʜʣʷ ʚʝʩʦʚʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʇʣʘʥʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ: 

- ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘ ʠ 
ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ ʧʨʠ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʧʦʨʠʩʪʦʡ ʚʩʪʘʚʢʠ ʠ ʫʛʣʘʭ ʘʪʘʢʠ. 

- ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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Annotation 

The paper studies experimentally the influence of the front gas-permeable porous 

insert on the flow pattern and the aerodynamic characteristics of the cylinder in a 

supersonic air flow. The goal is to obtain data on the effect of the length, pore 

diameter of the porous insert and the angle of attack of the model on the drag and lift 

coefficients. 
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ʋɼʂ 533.6.015 
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ɸʥʥʦʪʘʮʠ ̫

ɺ ʨʘʙʦʪʝ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʸʪʘ ʥʘ ʚʟʣʸʪʝ ʠ ʧʦʩʘʜʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʘʤʦʣʸʪ, ʜʠʥʘʤʠʢʘ, 

ʩʮʝʥʘʨʠʡ. 

ɺʚʝʜʝʥʠʝ 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʠʪʴ ʚ ʟʘʜʘʯʫ ʥʦʚʳʝ ʩʦʙʳʪʠʷ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ 

ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʣʸʪʯʠʢʘ, ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʫʩʣʦʚʠʷ ʣʸʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʢʦʨʨʝʢʪʥʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʪʫʨʥʳʝ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺʇʍ) ʩʘʤʦʣʸʪʘ. ʏʘʩʪʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʸʪʥʳʭ ʦʮʝʥʦʢ 

ʬʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʣʸʪʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʦʡ, 

ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʇʨʦʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘʪʫʨʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʯʘʩʪʠ 

ʠʤʠʪʘʮʠʠ ʜʝʡʩʪʚʠʡ ʣʸʪʯʠʢʘ, ʟʘʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʧʦʣʸʪ, ʩʣʦʞʥʦ 

ʩʪʨʦʛʦ ʚʳʜʝʨʞʘʪʴ. ʆʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ 

ʧʦʧʨʘʚʦʢ ʚ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʫʶ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ 

ʧʦʣʸʪʝ. ʉʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʪʫʨʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʣʸʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺʇʍ 

ʜʣʷ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ʩʘʤʦʣʸʪʦʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʇʍ ʩʘʤʦʣʸʪʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʧʠʩʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʧʦʣʸʪʘ ʠ ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʚʘʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ɺʇʍ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʇʦʩʢʦʣʴʢʫ ʚʟʣʸʪ ʠ ʧʦʩʘʜʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʚʟʣʸʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ (ɺʇʇ) ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʤʘʣʳ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʨʘʩʯʸʪʘ ʜʣʠʥ ʧʨʦʙʝʛʘ ʠ ʨʘʟʙʝʛʘ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

ʉʧʝʮʠʬʠʢʘ ʜʠʥʘʤʠʢʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ, ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʪʷʛʘ 

ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ ʠ ʠʤʝʶʪ 

ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝ ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʘʪʴ ʪʦʯʥʳʝ 

ʨʝʰʝʥʠʷ ʧʫʪʸʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ ȹt ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʜʚʠʞʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʳʤ, a = const. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʦʚ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʸʥʥʳʤ ʨʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʤ ʚʠʜʝ: 
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      (1) 

ʛʜʝ L ï ʧʝʨʝʤʝʱʝʥʠʝ, V ï ʩʢʦʨʦʩʪʴ, a ï ʫʩʢʦʨʝʥʠʝ, m ï ʤʘʩʩʘ ʩʘʤʦʣʸʪʘ, ȹP ï 

ʠʟʙʳʪʦʯʥʘʷ ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ, ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ɺʇʇ, i ï ʥʦʤʝʨ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʨʘʟʙʝʛʘ: 
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mPa
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            (2) 

ʋʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʙʝʛʘ: 
GY

k
²             (3) 

ʋʩʣʦʚʠʝ (3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ ʢʨʳʣʘ ʧʨʝʚʳʩʠʣʘ ʚʝʩ ʩʘʤʦʣʸʪʘ ʥʘ 

k-ʪʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʠ ʩʘʤʦʣʸʪ ʦʪʦʨʚʘʣʩʷ ʦʪ ɺʇʇ. ʇʨʠ ʤʘʣʦʤ ʰʘʛʝ ʧʦ 

ʚʨʝʤʝʥʠ ʟʘ ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʚʟʷʪʴ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ k-

ʪʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʧʨʦʙʝʛʘ: 
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            (4) 

ɼʣʷ ʨʘʩʯʸʪʘ ʜʠʩʪʘʥʮʠʠ ʨʘʟʙʝʛʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʳʰʝ 

ʦʞʠʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʘʜʢʠ ʠ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʠʪʝʨʘʮʠʡ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʫʩʣʦʚʠʷ (3), ʢʦʛʜʘ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ ʢʨʳʣʘ ʩʪʘʥʝʪ 

ʤʝʥʴʰʝ ʚʝʩʘ ʩʘʤʦʣʸʪʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʢʘʩʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɺʇʇ. ʇʦʣʫʯʝʥʥʘʷ ʧʨʠ 

ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʙʝʛʘ. 

ʋʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʙʝʛʝ: 
0¢

k
V            (5) 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚ ʨʘʩʯʸʪ ʚʚʦʜʷʪʩʷ ʢʦʤʘʥʜʳ, 
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ʫʧʨʘʚʣʷʶʱʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʠ ʩʠʣʘʤʠ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʚʠʥʪʘ, 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʩʘʤʦʣʸʪ: 
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a

a

dda

dda

     (6) 

ɿʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ ʩʠʣ (6) ʫʯʠʪʳʚʘʶʪ ʫʛʦʣ ʘʪʘʢʠ Ŭ, ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʟʘʢʨʳʣʢʦʚ 

(ʧʨʝʜʢʨʳʣʢʦʚ) ʠ ʠʥʪʝʨʮʝʧʪʦʨʦʚ (ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʦʨʤʦʟʦʚ) ŭʟ, ŭʧ, 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʚʝʨʩʘ ʥʘ ʜʚʠʛʘʪʝʣʝ kʨʝʚ. 

ʊʘʡʤʝʨʘʤʠ ʟʘʜʝʨʞʝʢ ʠ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʛʥʘʣʘʤʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, 

ʠ ʩʦʩʪʦʷʥʠʝ ʩʘʤʦʣʸʪʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʨ ʘʣʛʦʨʠʪʤʦʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (1) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

2. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ɺʇʍ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ ʉ#. ʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʫʜʦʙʝʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʘʤʦʣʸʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʦʚ. ʉʦʟʜʘʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ, 

ʤʦʞʥʦ ʛʠʙʢʦ ʜʦʧʦʣʥʷʪʴ ʠʟʥʘʯʘʣʴʥʫʶ ʤʦʜʝʣʴ. 

ʅʘʧʠʩʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ Windows ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ 

ʧʨʦʛʨʘʤʤʦʡ. 

3. ʆʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʂʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʸʪʘ ɺʇʍ ʧʨʦʚʝʨʷʣʘʩʴ ʧʫʪʸʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ, 

ʧʨʠʚʦʜʠʤʳʭ ʚ ʫʯʝʙʥʠʢʘʭ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʘʤʦʣʸʪʦʚ [1, 2]. ʆʪʣʘʜʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ [3]. 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ɺʇʍ ʩʘʤʦʣʸʪʦʚ ʷʚʣʷʶʪʩʷ 

ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʈʃʕ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʦʱʸʥʥʳʭ ʤʦʜʝʣʝʡ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʜʣʷ ʩʘʤʦʣʸʪʦʚ ɸʥ-2, 

ɸʥ-26 ʠ ʗʢ-40. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥ ʨʘʟʙʝʛʘ 

ʠ ʧʨʦʙʝʛʘ ʥʝ ʧʨʝʚʳʩʠʣʠ 10%. ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʝʤʣʝʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪʳ ʩʪʘʥʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ, ʧʫʪʸʤ ʫʯʸʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʷʨ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʚʠʛʘʪʝʣʝʡ ʢʘʞʜʦʛʦ ʠʟ ʩʘʤʦʣʸʪʦʚ. 
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ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʙʝʛʘ (ʩʣʝʚʘ) ʠ ʧʨʦʙʝʛʘ (ʩʧʨʘʚʘ) 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1)-(6) ʧʦʢʘʟʘʣʠ ʧʨʠʝʤʣʝʤʦʩʪʴ 

ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥʘ 

ʨʘʟʙʝʛʘ ʠ ʧʨʦʙʝʛʘ ʥʝ ʧʨʝʚʳʩʠʣʠ 10%. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʦʡʜʸʪ ʧʦ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʘʤʦʣʸʪ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ, ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʘʞʝ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʆʊʆʂʆɺ ɺ ʄɸʂɽʊɽ 

ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʈɽɸʂʊʆʈɸ ɼʆɾʀɻɸ ʃɽʊʋʏʀʍ 

ʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʧʨʦʙʣʝʤʝ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʣʝʪʫʯʠʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʤʘʢʝʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ɺʳʧʦʣʥʝʥʦ ʠʟʤʝʨʝʥʠʝ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʥʝʚʦʟʤʫʱʘʶʱʝʛʦ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʘʥʝʤʦʤʝʪʨʠʠ. 

ɺʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʧʦʩʣʝ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʧʦʪʦʢ ʢʨʳʣʦʚʠʜʥʳʝ ʧʨʦʬʠʣʠ. ɺʳʧʦʣʥʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ. ɼʦʩʪʠʛʥʫʪʘ ʢʦʨʨʝʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ 

ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʤʘʢʝʪʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʘʨʪʨʠʜʞ, ʚʠʭʨʝʚʘʷ 

ʟʦʥʘ, ʧʨʠʩʪʝʥʥʘʷ ʩʪʨʫʷ, ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʦʙʣʘʩʪʴ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 

ʇʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʣʝʪʫʯʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʩʪʦʠʪ ʥʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʚʨʝʜʥʳʭ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʘʨʪʨʠʜʞ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʘʯʠ ʚ ʢʘʨʪʨʠʜʞ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦʣʝʤ ʩʢʦʨʦʩʪʝʡ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ 
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ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ ʤʘʢʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʝʛʦ ʠʩʧʳʪʘʥʠʡ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʠʩʢʨʠʚʣʝʥʠʷ ʥʘ ʧʦʪʦʢ ʜʝʡʩʪʚʫʶʪ 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪ ʮʝʥʪʨʘ ʢʨʠʚʠʟʥʳ ʢ ʚʥʝʰʥʝʡ ʩʪʝʥʢʝ 

ʚʦʟʜʫʭʦʚʦʜʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ [1]. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʪʨʫʡʥʦʛʦ ʪʝʯʝʥʠʷ ʫ ʚʥʝʰʥʝʡ ʩʪʝʥʢʠ 

ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʡ ʟʦʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʦʪ ʧʦʚʦʨʦʪʘ ʜʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʘʨʪʨʠʜʞʘ [2]. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʩʦʢʨʘʱʘʝʪ ʩʝʯʝʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʘʨʪʨʠʜʞʘ. 

ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʘʥʝʤʦʤʝʪʨʠʠ. ʇʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʣʦʧʘʪʦʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʱʥʦʡ ʧʨʠʩʪʝʥʥʦʡ ʩʪʨʫʠ ʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ 

ʦʙʣʘʩʪʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʪʦʢʦʤ ʣʦʧʘʪʦʢ, ʚʳʨʘʚʥʠʚʘʶʱʠʭ ʧʨʦʬʠʣʴ 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʢʘʨʪʨʠʜʞʝʤ, ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜʘ ʙʳʩʪʨʦʛʦ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 3D-ʧʝʯʘʪʠ. 

ɺʳʧʦʣʥʝʥʠʝ ʢʦʨʨʝʢʮʠʠ ʪʝʯʝʥʠʷ ʛʘʟʘ ʚ ʤʘʢʝʪʝ ʥʘʯʘʣʦʩʴ ʩ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʝʤ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʪʦʢʦʤ ʣʦʧʘʪʦʢ. ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ ʧʣʘʚʥʦ 

ʧʦʚʦʨʘʯʠʚʘʣʠ ʧʦʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʘʨʪʨʠʜʞʝ ʠ ʩʥʠʞʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺʳʙʦʨ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʘʞʜʦʡ ʣʦʧʘʪʢʠ ʙʳʣ ʩʜʝʣʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʫʪʝʤ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʙʦʨʘ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʨʳʣʦʚʠʜʥʦʛʦ 

ʧʨʦʬʠʣʷ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʠʟ ʰʝʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ ʜʘʸʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʢʘʨʪʨʠʜʞʝʤ, ʫʙʠʨʘʷ ʟʦʥʫ 

ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʧʨʠʩʪʝʥʥʫʶ ʩʪʨʫʶ. ʂʦʥʝʯʥʳʡ ʚʘʨʠʘʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʤʘʢʝʪʝ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ʀʪʦʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʀʜʝʣʴʯʠʢ ʀ. ɽ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ. 3 ʠʟʜ. 

ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1992. 672 ʩ.  

2. B. S. Bal`zhinimaev, E. A. Paukshtis, A. N. Zagoruiko / Glass Fiber 

Catalysis: Novel oxidation Catalysis and Catalysis technologies for environmental 

protection // Catalysis Today. 2010. Vol. 151, ˉ 3. P. 195ï199. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

120 
 

INVESTIGATION OF AERODYNAMIC FLOWS IN THE EXPERIMENTAL 

MODEL OF CATALYTIC REACTOR OF THE EFFECT OF VOLATILE 

ORGANIC COMPOUNDS 

 

Kakaulin Sergei Vitalievich 1,2, research adviser: Ph.D., Kabardin Ivan 

Konstantinovich2 

1 Novosibirsk state technical university, 630073, Russia, Novosibirsk, Karl Marx av., 

20, tel. (913)454-36-81 
2 Kutateladze Institute of Thermophysics SB RAS, 630090, Novosibirsk, Aʩ. 

Lavrentiev Av., 1. 

 

Kakaulin S.V., e-mail kakaulin_sergei@mail.ru 

Kabardin I.K., e-mail kabardin@itp.nsc.ru 

Address for correspondence: Kakaulin Sergei Vitalievich, Novosibirsk state 

technical university, 630073, Russia, Novosibirsk, Karl Marx av., 20, tel. (923)703-

37-52 

 

Abstract 

In this paper, the aerodynamic stand, which is the actual solution to the problem of 

atmospheric pollution with volatile organic compounds, was considered. A 

description of the layout of the gas flow distributor and functional blocks is given. 

The velocity profile using a non-perturbing method of laser Doppler anemometry was 

measured. Problems of flow distribution after the rotator were identified. A flow-

adjusting pterygoid profile has been developed. Comparison of velocity profiles after 

rotation at different values of mass flow rate was performed. Correction of the 

velocity field distribution after the rotator in the layout of the distributor of gas flows 

of catalytic oxidation reactors of volatile organic compounds was achieved. 

Keywords 
Volatile organic compounds, catalytic cartridge, vortex zone, wall jet, recirculation 

region, guide vanes, hydraulic resistance. 
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ʋɼʂ 533.6 

ʆʇʈɽɼɽʃɽʅʀɽ ʎɽʅʊʈɸ ʀ ɻʈɸʅʀʎ ɺʀʍʈɽɺʆɻʆ ʗɼʈɸ  

ɺ ɺʀʍʈɽɺʆʄ ʉʃɽɼɽ ɿɸ ʂʈʓʃʆʄ (ʇʈʀ ʄ=2) 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘ ʠ ʛʨʘʥʠʮ 

ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ ʚ ʚʠʭʨʝʚʦʤ ʩʣʝʜʝ ʟʘ ʢʨʳʣʦʤ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʩʧʦʩʦʙʳ ʠʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʙʳʣ 

ʚʳʷʚʣʝʥ ʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʘʣʛʦʨʠʪʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘ, ʷʜʨʦ ʚʠʭʨʷ. 

1. ɺʚʝʜʝʥʠʝ  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʥʘ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʝʡ ʠʟ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ. ʇʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʦʨʘʯʠʚʘʥʠʷ ʚʠʭʨʝʚʦʡ ʧʝʣʝʥʳ ʚ ʚʠʭʨʝʚʦʝ ʷʜʨʦ, ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʪʝʢʘʥʠʝ ʛʘʟʘ ʠʟ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʦʛʦ. ʅʘʭʦʞʜʝʥʠʝ 

ʛʨʘʥʠʮ ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ ʠ ʝʛʦ ʮʝʥʪʨʘ ʧʦʟʚʦʣʠʪ ʠʩʢʘʪʴ ʧʫʪʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʠʭʨʝʚʦʡ ʩʠʩʪʝʤʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʝʰʝʥʠʠ ʪʘʢʠʭ ʟʘʜʘʯ ʢʘʢ: 

ʩʥʠʞʝʥʠʝ ʟʘʤʝʪʥʦʩʪʠ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ; 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ ʥʘ ʥʘʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ; 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠ ʪʦʯʥʦʛʦ 

ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʝʡ. 

ʇʨʠ ʧʦʤʦʱʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʢʘʨʪʠʥʳ ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʛʝʥʝʨʘʪʦʨʦʤ ʚʠʭʨʷ 

(ʨʠʩ. 1). ʇʦʣʫʯʝʥʥʳʝ ʩ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʜʘʥʥʳʝ ʙʳʣʠ ʟʘʪʝʤ ʦʙʨʘʙʦʪʘʥʳ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ GNU Octave. 
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ʈʠʩ. 4.ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

2. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ GNU Octave 
 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ: 

1) ʉʪʘʚʠʤ ʪʘʡʤʝʨ ʦʪʯʝʪʘ ʚʨʝʤʝʥʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. 

2) ʉʦʟʜʘʝʤ ʧʫʩʪʦʡ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʬʦʨʤʘʪʘ txt. 

3) ɿʘʧʠʩʳʚʘʝʤ ʚ ʵʪʦʪ ʬʘʡʣ ʠʤʝʥʘ ʬʘʡʣʦʚ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 

4) ɺ ʧʦʜʧʨʦʛʨʘʤʤʝ ʩʦʙʠʨʘʝʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʨʘʩʯʝʪʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʬʘʡʣʘʭ ʜʣʷ ʩʝʯʝʥʠʡ (ʩʝʯʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʍ). 

5) ʈʘʟʙʠʚʘʝʤ ʩʝʪʢʫ Y ʠ Z ʠ ʟʘʜʘʝʤ ʜʚʝ ʢʦʥʩʪʘʥʪʳ Minf  ʠ gamma. 

6) ʈʘʩʩʯʠʪʳʚʘʝʤ ʆʄ, ʨʘʚʥʫʶ ʨʦʪʦʨʫ ʩʢʦʨʦʩʪʠ. 

7) ɺʳʜʝʣʷʝʤ ʦʙʣʘʩʪʴ 40ʭ40 ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʜʠʝʥʪʘ ʦʪ ʆʄ. 

8) ʇʨʦʠʟʚʦʜʠʤ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʥʘʭʦʜʠʤ ʢʦʦʨʜʠʥʘʪʳ Y ʠ Z. 

9) ʉʪʨʦʠʤ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ Y ʦʪ ʍ ʠ Z ʦʪ ʍ. 

ʌʦʨʤʫʣʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ: 

ᾀ
᷿ɋὨώὨᾀϽᾀ

ɋ᷿ὨώὨᾀ
 

ώ
᷿ɋὨώὨᾀϽώ

ɋ᷿ὨώὨᾀ
 

ʛʜʝ ɋ ὶέὸὠ. 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʚʩʝʭ ʩʝʯʝʥʠʡ ï 30 ʤʠʥʫʪ. 

3. ʈʝʟʫʣʴʪʘʪʳ  

ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. ɺ ʧʝʨʚʳʭ ʠ ʧʦʩʣʝʜʥʠʭ 

ʩʝʯʝʥʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ, 

ʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʩʝʯʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʢʘʨʪʠʥʘ. 

ʉʢʘʯʢʦʦʙʨʘʟʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʯʠʩʣʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʨʘʩʯʝʪʘ 

ʠʥʪʝʛʨʘʣʘ ʦʪ ʨʦʪʦʨʘ ʩʢʦʨʦʩʪʠ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ Z ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʩʝʯʝʥʠʷ X 

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ Y ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʩʝʯʝʥʠʷ X 
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4. ɺʳʚʦʜʳ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʘʡʜʝʥ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʡ ʠ ʪʦʯʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ 

ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ ʚ ʚʠʭʨʝʚʦʤ ʩʣʝʜʝ ʟʘ ʢʨʳʣʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʚʝʩʪʠ ʩʛʣʘʞʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʣʶʙʳʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʪʠʤʠʟʘʮʠʶ ʥʘʧʠʩʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʀʊʇʄ ʉʆ ʈɸʅ ʩʪʘʨʰʝʛʦ 

ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʐʝʚʯʝʥʢʦ ɸ.ʄ. ʠ ʤʣʘʜʰʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ 

ʐʤʘʢʦʚʘ ɸ.ʉ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʘʵʨʦʫʧʨʫʛʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʧʨʦʣʝʪʥʳʭ ʙʘʣʦʯʥʳʭ ʤʦʩʪʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚʣʠʷʥʠʝ ʥʘ ʥʠʭ ʚʝʪʨʦʚʦʛʦ 

ʧʦʪʦʢʘ. ɿʘʪʨʦʥʫʪʘ ʧʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ ʥʘ ʝʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʘʵʨʦʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘ, ʤʦʩʪʦʚʦʝ ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ, ʨʝʟʦʥʘʥʩʥʦʝ ʚʠʭʨʝʚʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ. 

1. ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʠʥʞʝʥʝʨʦʚ ʧʨʝʩʣʝʜʦʚʘʣʘ ʦʜʥʘ ʠʟ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ï ʦʙʝʩʧʝʯʝʥʠʝ ʘʵʨʦʫʧʨʫʛʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʧʨʦʣʝʪʥʳʭ 

ʙʘʣʦʯʥʳʭ ʤʦʩʪʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʤʦʩʪʘ ʯʝʨʝʟ ʨ. ɺʦʣʛʘ ʚ ɺʦʣʛʦʛʨʘʜʝ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʇʨʦʙʣʝʤʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʧʦʜʘʚʣʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʛʨʘʬʠʷ (ʜʣʷ 

ʤʦʩʪʦʚʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ (ʇʉ) ʩʤʦʪʨʠʪʝ, ʥʘʧʨʠʤʝʨ, [1-4]). 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ: ʚʣʠʷʶʪ ʣʠ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʜʝʣʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠʣʠ ʵʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʜʝʡʩʪʚʠʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. 

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɺ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʨʫʙʫ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʩʝʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʇʉ ʥʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʩʘʭ (ʨʠʩ. 1). ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʷʚʣʝʥʠʶ 

ʚʠʭʨʝʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʧʘʢʝʪʝ MATLAB  ʠ ʩ ʧʦʤʦʱʴʶ Fortran-

ʧʨʦʛʨʘʤʤʳ. 

 

mailto:asenya777@yandex.ru
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ʈʠʩ. 1.ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘ çʊ-503è ʩ ʤʦʜʝʣʴʶ ʤʦʩʪʘ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʝʩʘʭ: 1 ï ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘ çʊ-503è; 2 ïʤʦʜʝʣʴ ʤʦʩʪʘ; 3 ï 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʩʳ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ 

çʤʦʜʝʣʴ-ʚʝʩʳè, ʧʦʣʫʯʝʥʥʳʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʦʢʘ. ʂʘʢ ʚʠʜʥʦ, ʠʤʝʝʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʘʷ ʯʘʩʪʦʪʘ ʚʙʣʠʟʠ 50 ɻʮ. 

 

 
ʈʠʩ. 2. ʉʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʤʦʜʝʣʴ-ʚʝʩʳè: ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʘ ʯʘʩʪʦʪʘ ʚ ɻʮ, ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ï ʧʣʦʪʥʦʩʪʴ 

ʩʧʝʢʪʨʘ. 

 

ɺ ʧʦʪʦʢʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚʠʙʨʘʮʠʷ ʤʦʜʝʣʠ, ʠ ʩʣʝʜʦʚʘʣʦ ʚʳʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʵʪʦʛʦ 

ʷʚʣʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ (ʨʠʩ. 3). ʉʧʝʢʪʨ ʙʳʣ ʧʦʣʫʯʝʥ ʩ 

ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʜʘʥʥʳʭ ʩ ʢʘʥʘʣʘ ʚʝʩʦʚ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʧʠʢ ʢʦʣʝʙʘʥʠʡ, ʪʘʢʞʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 
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ʯʘʩʪʦʪʫ 50 ɻʮ. ʇʦʷʚʣʝʥʠʝ ʪʘʢʦʡ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ "ʥʘʚʦʜʢʦʡ" ʦʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 

 
ʈʠʩ. 3. ʉʧʝʢʪʨ ʘʵʨʦʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ: ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʘ 

ʯʘʩʪʦʪʘ ʚ ɻʮ, ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ï ʧʣʦʪʥʦʩʪʴ ʩʧʝʢʪʨʘ. 

 

4. ɺʳʚʦʜʳ 

ʅʘʡʜʝʥʦ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʥʘʣʠʯʠʷ ʚ ʩʧʝʢʪʨʝ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʯʘʩʪʦʪʳ 50 ɻʮ. ɼʘʣʝʝ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ, ʚ ʢʘʢʦʡ ʤʝʨʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʜʝʣʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʝʝ ʘʵʨʦʫʧʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʉʘʣʝʥʢʦ ʉ.ɼ., ʙʦʣʴʰʫʶ 

ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʘʟʘʣ ʜʦʮʝʥʪ 

ʆʙʫʭʦʚʩʢʠʡ ɸ.ɼ., ʚ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ï ʜʦʮʝʥʪ ɻʦʩʪʝʝʚ ʖ.ɸ. 
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Annotation 

This article discussing the problems of ensuring aeroelastic stability of the 

multiple-span beam bridges. The special features of the bridge structures and the 

effect of airflow on them are analyzed. On the basis of the study, the authors propose 

to highlight whether the model's natural oscillations influenced by the airflow on it or 

whether the aerodynamic forces affect it. 
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ʈɸʉʏɪʊʅʆ-ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʆɹʊɽʂɸʅʀʗ 

ʊʈɪʍɿɺɽʅʅʆɻʆ ʄɽʍɸʅʀɿʀʈʆɺɸʅʅʆɻʆ ʇʈʆʌʀʃʗ ɺ ʈɸɿʃʀʏʅʓʍ 

ʂʆʅʌʀɻʋʈɸʎʀʗʍ 
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʙʪʝʢʘʥʠʷ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʸʪʘ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘ, ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʘʚʣʝʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ, ʨʘʩʯʸʪ. 

1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ 

ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʨʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʦʙʪʝʢʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʨʳʣʴʝʚ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʟʣʸʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʨʳʣʴʝʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʦʪʩʝʢʘ ʢʨʳʣʘ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʤʘʣʳʭ ʜʦʟʚʫʢʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ɸɼʊ ʊ-203 ʉʠʙʅʀɸ ʠ ʧʨʦʚʝʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʸʪʘʤʠ. 

ɿʘʜʘʯʠ: 

Å ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʠʟʛʦʪʦʚʠʪʴ ʤʦʜʝʣʴ ʦʪʩʝʢʘ ʢʨʳʣʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ. 

Å ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʪʝʢʘʥʠʷ ʦʪʩʝʢʘ ʢʨʳʣʘ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ. 

Å ʇʨʦʚʝʩʪʠ ʨʘʩʯʸʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʦʪʩʝʢʝ 

ʢʨʳʣʘ. 

mailto:8sanya@gmail.com


  
 

130 
 

Å ɺʳʧʦʣʥʠʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 
ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʤʘʣʳʭ ʜʦʟʚʫʢʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ɸɼʊ ʊ-203 ʉʠʙʅʀɸ ʩ ʦʪʢʨʳʪʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ ʠ ʩʦʧʣʦʤ, ʠʤʝʶʱʠʤ 

ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʨʘʟʤʝʨʘʤʠ ï 4 ʤ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ) ʠ 2,33 ʤ 

(ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ). 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʩʝʢ 

ʢʨʳʣʘ ʩ ʢʦʥʮʝʚʳʤʠ ʰʘʡʙʘʤʠ (ʨʠʩ. 1), ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʦʚʦʨʦʪʥʦʡ 

(ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ) ʧʣʠʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ɺʇ-203. 

ʈʘʟʤʘʭ ʦʪʩʝʢʘ ʩʦʩʪʘʚʠʣ 1,0 ʤ. 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ï ʤʦʜʝʣʴ ʦʪʩʝʢʘ ʥʘ ɺʇ-203 

ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨ ʨʘʟʤʝʨʘ ʦʪʩʝʢʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦ ʨʘʟʤʘʭʫ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʰʘʡʙʘʭ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʚʠʟʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʝʪʦʜʦʤ 

ʰʝʣʢʦʚʠʥʦʢ, ʥʘ ʟʘʢʨʳʣʢʘʭ ʦʙʦʠʭ ʦʪʩʝʢʦʚ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʳʢʘ ʩ ʰʘʡʙʘʤʠ, 

ʠʤʝʣʠ ʤʝʩʪʦ ʥʝʙʦʣʴʰʠʝ ʦʪʨʳʚʳ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʚ ʧʣʘʥʝ, ʢʦʪʦʨʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʦʙʪʝʢʘʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʳʣʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʦʥʮʝʚʳʭ ʰʘʡʙ ʚ ʨʘʙʦʪʝ [1] ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʨʘʩʯʝʪʥʦʝ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʚʦʢʨʫʛ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʩʪʨʫʝ ʚʳʩʦʪʦʡ 2,33 ʤ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʩʦʧʣʘ ʪʨʫʙʳ (ʨʠʩ. 2). ɺʠʜʥʦ, ʯʪʦ 

ʚʦʟʤʫʱʝʥʠʷ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʩʪʨʫʠ ʧʦ ʚʳʩʦʪʝ. ʇʦʵʪʦʤʫ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʧʝʨʝʪʝʢʘʥʠʷ ʧʦʪʦʢʘ ʯʝʨʝʟ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʨʝʙʨʘ ʧʦ ʚʳʩʦʪʝ ʰʘʡʙʳ ʚʳʧʦʣʥʝʥʳ 

ʚʳʭʦʜʷʱʠʤʠ ʟʘ ʧʨʝʜʝʣʳ ʨʘʙʦʯʝʛʦ ʧʦʪʦʢʘ (H = 6b = 2,8 ʤ). ʇʨʠ ʵʪʦʤ ʚʳʙʨʘʥʥʘʷ 

ʰʠʨʠʥʘ ʰʘʡʙ (B = 4 ... 5b = 2 ʤ) ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʭʦʨʦʰʦ ʵʢʨʘʥʠʨʦʚʘʪʴ 

ʚʦʟʤʫʱʝʥʠʷ ʚʧʝʨʝʜʠ ʠ ʧʦʟʘʜʠ ʦʪʩʝʢʘ ʢʨʳʣʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ. 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʦʣʥʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʣʦʩʢʦʩʪʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʦʪʩʝʢʘ ʢʨʳʣʘ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʢʘ ʢʦʣʠʯʝʩʪʚʦ 

ʜʨʝʥʘʞʥʳʭ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 114: ʥʘ ʧʨʝʜʢʨʳʣʢʝ ï 23, ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʢʨʳʣʘ 

ï 58 ʠ ʥʘ ʟʘʢʨʳʣʢʝ ï 33. ɼʨʝʥʘʞʥʳʝ ʪʦʯʢʠ ʩʛʫʱʘʣʠʩʴ ʢ ʥʦʩʠʢʫ ʠ ʭʚʦʩʪʠʢʫ 
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ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʬʠʣʝʡ. 

ʛ) 

ʈʠʩ. 2. ʈʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪʩʝʢʘ ʢʨʳʣʘ: ʘ) ŭʧʨʝʜʢʨ=30Á, ŭʟʘʢʨ=35Á,  

ʙ) ŭʧʨʝʜʢʨ=30Á; 28Á; 32Á, ŭʟʘʢʨ=35Á; 38Á;40Á; 42Á;45Á, 

ʚ) ŭʧʨʝʜʢʨ=20Á, ŭʟʘʢʨ=25Á,  

ʛ) ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʦʪʩʝʢʘ ʢʨʳʣʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʦʪʦʢʝ, Ŭ = 25Á 

 

ʂʦʤʧʦʥʝʥʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʯʠʩʣʝʥʥʳʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ. ɼʘʚʣʝʥʠʝ ʚ ʫʛʣʦʚʳʭ ʪʦʯʢʘʭ ʢʦʥʪʫʨʘ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ. ʂ ʵʪʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʜʦʙʘʚʣʷʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ 

ʚʷʟʢʠʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʢʘʟʳʚʘʣʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ. 

ɺʩʝ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ V = 40 ʤ/ʩ (M = 0,12), ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ Re = 1,055ẗ106 (b = 0,4 ʤ). 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʪʨʝʭʟʚʝʥʥʦʛʦ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʧʦ ʭʦʨʜʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʜʣʷ ʨʘʟʥʳʭ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʟʘʢʨʳʣʢʘ, ŭʧʨʝʜʢʨ=30Á, ŭʟʘʢʨ=35Á;40Á;45Á. 
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a, ʛʨʘʜ

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ cya, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʯʠʩʣʝʥʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ 

ʨʘʩʯʸʪʥʳʤ ʤʝʪʦʜʦʤ. 

 

ʘ)        ʙ) 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ ʦʪ ʫʛʣʘ ʘʪʘʢʠ ʜʣʷ ʨʘʟʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʘ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʙ) 

ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ. 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʫʘ max
 ʧʦʣʫʯʝʥʦ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ 

ʧʨʠ ʫʛʣʝ ʦʪʢʣʦʥʝʥʠʷ ʟʘʢʨʳʣʢʘ 38Á (ʨʠʩ. 5). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ 

ʦʪʢʣʦʥʝʥʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʟʦʥʳ ʪʦʨʤʦʞʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ. 

ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʧʨʦʬʠʣʷ ʩ 

ʧʨʝʜʢʨʳʣʢʦʤ, ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʟʘʢʨʳʣʢʘ; M=0,15, Re=1Ŀ106, 

 ʧʨʝʜ=30Á, Ŭ=12Á‏
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ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʦʙʪʝʢʘʥʠʷ ʦʪʩʝʢʘ ʢʨʳʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ 

ʘʪʘʢʠ. 

 
ʘ)       ʙ) 

ʈʠʩ. 6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʙʪʝʢʘʥʠʷ ʦʪʩʝʢʘ ʢʨʳʣʘ, V = 40 ʤ/ʩ: ʘ) Ŭ=0Á ʠ ʙ) Ŭ=24Á 

 

4. ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʝ 

ʇʦ ʠʪʦʛʫ ʨʘʙʦʪʳ:  

- ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʤʦʜʝʣʴ ʦʪʩʝʢʘ ʢʨʳʣʘ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ; 

- ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ;  

- ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʦʪʩʝʢʘ ʢʨʳʣʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʩʫʘ max
 ʧʦʣʫʯʝʥʦ ʧʨʠ ʫʛʣʝ ʦʪʢʣʦʥʝʥʠʷ ʟʘʢʨʳʣʢʘ 38Á. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʟʦʥʳ ʪʦʨʤʦʞʝʥʠʷ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʩʠʣʴʥʦʛʦ ʦʪʨʳʚʘ ʥʘ ʟʘʢʨʳʣʢʝ ʧʨʠ ʫʛʣʝ ʦʪʢʣʦʥʝʥʠʷ 45Á ʨʘʩʯʸʪ 

ʢʦʨʨʝʢʪʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʜʦ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ 42Á. ɼʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʘʤʦʣʸʪʦʚ. 
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Abstract 

This work is devoted to experimental research flow mechanized profile of a 

prospective passenger aircraft in a wind tunnel to further compare the results of the 

experiment and calculation. 

Object of research ï the mechanized profile of a prospective passenger aircraft. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʧʝʨʝʜʥʝʡ ʚʩʪʘʚʢʠ ʠʟ 

ʚʳʩʦʢʦʧʦʨʠʩʪʦʛʦ ʷʯʝʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʮʠʣʠʥʜʨʘ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʧʦʪʦʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʚʝʨʭʟʚʫʢʦʚʳʝ ʪʝʯʝʥʠʷ, ʚʳʩʦʢʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʥʠʞʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʩʧʣʦʰʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʩ ʯʠʩʣʦʤ ʄʘʭʘ ʄ=4.85. ʇʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 1). 

ɼʘʣʝʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʢʝʣʝʪʥʘʷ ʤʦʜʝʣʴ ɺʇʗʄ ʠʟ ʥʘʙʦʨʘ ʩʦʦʩʥʳʭ ʢʦʣʝʮ ʜʣʷ 

ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ d = 1ʤʤ ʠ d = 2ʤʤ. ɺʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʮʠʣʠʥʜʨʘ ʩ ʧʦʨʠʩʪʦʡ ʚʩʪʘʚʢʦʡ ʠʟ ʥʘʙʦʨʘ 

ʩʦʦʩʥʳʭ ʢʦʣʝʮ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʄ=4.85, d = 1 ʠ 2ʤʤ. ʉʨʘʚʥʝʥʠʝ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ: 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʩʧʣʦʰʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʄ=7. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʮʠʣʠʥʜʨʘ ʩ ʧʦʨʠʩʪʦʡ ʚʩʪʘʚʢʦʡ ʠʟ 

ʥʘʙʦʨʘ ʩʦʦʩʥʳʭ ʢʦʣʝʮ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʄ=7,  d = 1ʤʤ ʠ 2ʤʤ. 

ʇʦʩʪʨʦʝʥʠʝ ʩʢʝʣʝʪʥʦʡ ʤʦʜʝʣʠ ɺʇʗʄ ʠʟ ʥʘʙʦʨʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩʬʝʨ. 

ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʧʦ ʟʘʜʘʯʝ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʦʙʪʝʢʘʥʠʷ ʮʠʣʠʥʜʨʘ ʩ ʧʦʨʠʩʪʦʡ 

ʚʩʪʘʚʢʦʡ ʠʟ ʥʘʙʦʨʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩʬʝʨ ʧʨʠ ʄ=4.85 ʠ 7. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 
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ʈʠʩ. 5. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ʩʠʤʚʦʣʳ 1-2) ʠ ʨʘʩʯʝʪʥʳʭ (3-4) 

ʧʦʣʦʞʝʥʠʡ ʛʦʣʦʚʥʦʡ ʋɺ: 

1, 3  ï ʩʧʣʦʰʥʦʡ ʮʠʣʠʥʜʨ; 2, 4 ï ʩʢʝʣʝʪʥʘʷ ʤʦʜʝʣʴ Dx/D = 1.93, d=1mm. 

D=14.5mm, ʄÐ = 4.85, pÐ=186ʇʘ, TÐ=51K,  Re1¤ = 2.7 ³106ʤ-1. 
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NUMERICAL MODELING OF THE SUPER -SOUND CIRCULATION OF A 

CYLINDER WITH A FRONT GAS -PERMEABLE INSERT ON THE BASIS 

OF SKELETAL MODELS OF HIGH -POROUS CELLULAR MATERIALS 

(HPO) 
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Annotation. 

The paper presents quantitative data on the effect of the front insert made 

of highly porous cellular material on the aerodynamic drag of the cylinder in a 

supersonic flow. 

Keyword: Supersonic flow, highly porous materials, impedance, numerical 

simulation, reducing aerodynamic drag. 
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ʆʂʆʃʆɿɺʋʂʆɺʆʁ ʆɹʃɸʉʊʀ ɺ ʉɺɽʈʍɿɺʋʂʆɺʆʄ ʇʆʊʆʂɽ  

ɺ ʂɸʅɸʃɽ ʇɽʈɽʄɽʅʅʆɻʆ ʉɽʏɽʅʀʗ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʧʨʷʤʦʪʦʯʥʦʛʦ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʜʘʯʝʡ ʪʦʧʣʠʚʘ ʧʦ ʜʣʠʥʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʦʢʦʣʦʟʚʫʢʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʧʦʪʦʢʘ ʚ ʥʝʡ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʪʨʫʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, 

ʩʦʟʜʘʶʱʝʡ ʵʬʬʝʢʪ ʜʨʦʩʩʝʣʷ, ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʧʦʪʦʢʘ ʜʦ 

ʦʢʦʣʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʈʝʰʘʣʠʩʴ ʦʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, 

ʟʘʤʳʢʘʝʤʳʝ SST k-ɤ ʠʣʠ k-e ʤʦʜʝʣʷʤʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʜʦʨʦʜ ʠ ʵʪʠʣʝʥ. ɻʦʨʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ 

ʵʪʠʣʝʥʘ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʦʜʥʦʡ ʨʝʘʢʮʠʝʡ. ɼʣʷ ʚʦʜʦʨʦʜʘ ʨʘʩʩʤʦʪʨʝʥʘ ʙʦʢʦʚʘʷ 

ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ, ʵʪʠʣʝʥ ʧʦʜʘʚʘʣʩʷ ʧʦ ʦʩʠ ʢʘʥʘʣʘ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥ 

ʧʫʣʴʩʠʨʫʶʱʠʡ ʦʢʦʣʦʟʚʫʢʦʚʦʡ ʨʝʞʠʤ. ɼʣʷ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚʳʧʦʣʥʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʚ 

ʧʨʝʜʝʣʘʭ 15%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʵʪʠʣʝʥʘ, ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ, 

ʧʦʧʝʨʝʯʥʳʝ ʩʪʨʫʠ, ʦʢʦʣʦʟʚʫʢʦʚʦʡ ʨʝʞʠʤ 

ɺʚʝʜʝʥʠʝ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʧʨʷʤʦʪʦʯʥʦʛʦ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʚʳʩʦʢʠʭ ʯʠʩʣʘʭ ʄʘʭʘ 

ʧʦʣʝʪʘ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʝʪ ʚʦʟʨʘʩʪʘʶʱʠʡ 

ʠʥʪʝʨʝʩ [1,2]. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ï ʦʥ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ 

ʙʘʢʝ ʩ ʦʢʠʩʣʠʪʝʣʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʫʧʨʦʱʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ. ʇʨʠ ʚʳʩʦʢʠʭ ʧʦʣʝʪʥʳʭ 

ʯʠʩʣʘʭ ʄʘʭʘ ʪʝʯʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʚʝʨʭʟʚʫʢʦʚʳʤ (M > 2). 

ɺʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʤʝʰʝʥʠʷ, ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ 

ʪʦʨʤʦʞʝʥʠʷ ʠ ʨʠʩʢ ʟʘʧʠʨʘʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʧʦʪʦʢʘ ʜʦ ʦʢʦʣʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ 
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ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʘʯʝʡ ʪʦʧʣʠʚʘ ʚ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʠ ʢʘʥʘʣʘ [1]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʦʢʦʣʦʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʴʶ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʦʨʝʥʠʷ ʠ ʜʨʦʩʩʝʣʠʨʫʶʱʝʡ ʩʪʨʫʠ ʚʦʟʜʫʭʘ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʝʥʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʠ ʙʦʢʦʚʘʷ ʧʦʜʘʯʘ 

ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʨʠ ʛʦʨʝʥʠʠ ʚʦʜʦʨʦʜʘ 

[1].  

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ [1]. 

ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʧʦʪʦʢʘ ʜʦ ʦʢʦʣʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʚ ʩʝʢʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʪʦʧʣʠʚʘ ʧʦʜʘʝʪʩʷ ʚ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʠ. ɻʘʟʦʦʙʨʘʟʥʦʝ ʪʦʧʣʠʚʦ ʧʦʜʘʝʪʩʷ ʚʳʰʝ ʧʦ ʧʦʪʦʢʫ ʦʪ 

ʜʨʦʩʩʝʣʠʨʫʶʱʝʡ ʩʪʨʫʠ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʣʦʩʢʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

(ʩʝʯʝʥʠʝʤ 30ʭ40 ʤʤ), ʥʘ ʥʝʡ ʦʪʤʝʯʝʥʳ ʪʦʯʢʠ ʟʘʤʝʨʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʩʪʝʥʢʝ, ʣʦʢʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʪʦʨʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ ʧʦʜʘʯʠ 

ʚʦʜʦʨʦʜʘ. ɼʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ 7 ʘʪʤ ʠ 

1700 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʠʟ [1]. 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʈʝʰʘʶʪʩʷ 2D ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 

ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ ï ʉʪʦʢʩʘ (ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ  

SST k-w). ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʦ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʂʣʘʧʘʥʳ ʩʪʨʫʡ ʦʪʢʨʳʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ; ʚʦʜʦʨʦʜ, 

ʚʪʝʢʘʶʱʠʡ ʠʟ ʜʚʫʭ ʱʝʣʝʡ, ʩʥʦʩʠʪʩʷ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ, ʛʦʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ʇʝʨʝʜ ʩʪʨʫʝʡ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚʦʟʥʠʢʘʝʪ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʧʝʨʝʢʨʳʚʘʶʱʘʷ ʚʩʝ 

ʩʝʯʝʥʠʝ ʢʘʥʘʣʘ. ɽʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ ʚʳʟʳʚʘʝʪ ʦʪʨʳʚ 

ʧʦʪʦʢʘ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʠ ʛʦʨʝʥʠʝʤ ʪʦʧʣʠʚʘ. ʊʝʯʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ, ʝʩʪʴ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʩ 

ʥʠʟʢʠʤ ʯʠʩʣʦʤ ʄʘʭʘ ʠ ʥʝ ʫʯʘʩʪʚʦʚʘʚʰʠʡ ʚ ʨʝʘʢʮʠʠ ʛʘʟ ʩ ʯʠʩʣʦʤ ʄʘʭʘ M > 1, 

ʩʞʘʪʳʡ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ. ʈʝʞʠʤ ʛʦʨʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʤʝʞʜʫ ʦʙʳʯʥʳʤ ʛʦʨʝʥʠʝʤ ʠ ʜʝʪʦʥʘʮʠʝʡ (ʧʨʝʜʜʝʪʦʥʘʮʠʦʥʥʳʡ ʨʝʞʠʤ): ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʩʦʪʥʠ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. ʅʘ ʨʠʩ. 3 

ʧʦʢʘʟʘʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʄʘʭʘ ʠ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʢʘʥʘʣʘ (ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 10 ʤʤ ʦʪ ʩʪʝʥʢʠ), ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʚ 4 ʪʦʯʢʘʭ, 

ʩʦʝʜʠʥʝʥʳ ʦʪʨʝʟʢʘʤʠ). ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʄʘʭʘ 

ʄ = 1. ʈʘʟʣʠʯʥʳʝ ʢʨʠʚʳʝ ʜʘʚʣʝʥʠʷ ʠ ʄʘʭʘ ʧʦʣʫʯʝʥʳ ʜʣʷ ʨʘʟʥʳʭ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ; ʥʘʙʣʶʜʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʨʘʩʯʝʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʦʢʦʣʦʟʚʫʢʦʚʦʡ ʨʝʞʠʤ, ʪʘʢ ʢʘʢ ʨʦʩʪ 

ʜʘʚʣʝʥʠʷ ʚ 2.5 ʨʘʟʘ ʚ ʥʝ ʫʯʘʩʪʚʦʚʘʚʰʝʤ ʚ ʨʝʘʢʮʠʠ ʛʘʟʝ (ʚ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʄʘʭʘ ʄ = 1.4. 
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ʈʠʩ. 2. ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ (ʘ, ʙ, ʚ, ʛ) ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʦʣʦʟʚʫʢʦʚʦʛʦ ʨʝʞʠʤʘ. 

 

 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʄʘʭʘ 

ʠ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʢʘʥʘʣʘ 

(ʦʩʮʠʣʣʠʨʫʶʱʠʝ ʣʠʥʠʠ) ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʝʚʦʡ ʧʦʜʘʯʠ ʵʪʠʣʝʥʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʩʝʚʦʡ ʧʦʜʘʯʝ ʵʪʠʣʝʥʘ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4 (ʤʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ  k-Ů).  

 

  
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʩʝʚʦʡ ʧʦʜʘʯʝ ʵʪʠʣʝʥʘ 

ʠʟʦʙʨʘʞʝʥʦ (ʩʣʝʚʘ ï ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʣʝʥʠʷ, ʩʧʨʘʚʘ ï 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ) 

 

ɺ ʧʦʣʫʯʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘʩʭʦʜ ʚ ʜʨʦʩʩʝʣʠʨʫʶʱʝʡ ʩʪʨʫʝ ʦʩʮʠʣʣʠʨʫʝʪ: ʠʟ-ʟʘ 

ʛʦʨʝʥʠʷ ʜʘʚʣʝʥʠʝ ʣʦʢʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʩʪʨʫʷ ʧʝʨʝʢʨʳʚʘʝʪʩʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʛʦʨʝʥʠʷ ʧʘʜʘʝʪ, ʜʘʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ, ʠʩʪʝʯʝʥʠʝ ʩʪʨʫʠ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ, ʠ 
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ʛʦʨʝʥʠʝ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ. ʌʦʨʤʠʨʫʝʪʩʷ ʧʫʣʴʩʠʨʫʶʱʝʝ ʪʝʯʝʥʠʝ ʩ ʯʠʩʣʘʤʠ 

ʄʘʭʘ 0,7-0,8. 

ɺʳʚʦʜʳ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ɺʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ 

ʧʦʧʘʜʘʝʪ ʚ ʫʜʘʨʥʫʶ ʚʦʣʥʫ. ʈʝʞʠʤ ʛʦʨʝʥʠʷ ʧʫʣʴʩʠʨʫʶʱʠʡ, ʪʝʯʝʥʠʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʩ ʚʠʭʨʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʢʦʤʧʦʥʝʥʪ ʛʘʟʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ ʥʘʫʢ ʥʘ 2013-2020 ʛʦʜʳ (ʧʨʦʝʢʪ 

ɸɸɸɸ-ɸ17-117030610135-6) ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʈʌʌʀ 17-08-00183. 
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Annotation 

We have carried out numerical simulation of the mode of scramjet working with a 

distributed fuel supply along the combustion chamber and with transonic velocities 

region formation. The main feature was the presence of a jet of compressed air, 

which created a throttle effect resulting preliminary decelerating of the flow to 

transonic speeds. The averaged Navier ï Stokes equations closed by SST k-ɤ or k-Ů 

turbulence models were solved. The combustion of hydrogen and ethylene was 

modeled by a single reaction. Hydrogen and ethylene were used as gaseous fuels. The 

lateral fuel supply was considered for hydrogen; ethylene was fed along the channel 

axis. A pulsed transonic mode was obtained in all cases. A comparison with 

experiment was performed for the case of hydrogen. 
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Hydrogen and ethylene combustion, supersonic flow, transverse jets, transonic mode. 
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ɸʥʥʦʪʘʮʠʷ 

ʀʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʘ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʪʘʢ ʢʘʢ ʧʦʜʦʙʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ 

ʧʦʣʦʞʝʥʠʝ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ çN-ʚʦʣʥʳè ʥʘ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ 

ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ ʩ ʦʩʪʨʦʡ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʦʡ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M=2,5. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʪʨʫʙʝ ʊ-325 

ʉʆ ʈɸʅ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʦʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʘʜʝʥʠʠ ʧʘʨʳ ʩʣʘʙʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʘ 

ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʧʣʘʩʪʠʥʳ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʟʤʫʱʝʥʠʡ. ʊʘʢʞʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ "Nïʚʦʣʥʳ" ʯʝʨʝʟ 

ʛʦʣʦʚʥʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ, N-ʚʦʣʥʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʠʷ. 

ɺʚʝʜʝʥʠʝ 

ʀʩʢʘʞʝʥʠʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʘ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʝʨʝʭʦʜ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʚʦʟʤʫʱʝʥʠʡ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʥʝʨʦʚʥʦʩʪʠ ʥʘ ʬʶʟʝʣʷʞʝ ʠʣʠ ʩʣʝʜ ʦʪ ʚʧʝʨʝʜʠ 

ʣʝʪʷʱʝʛʦ ʩʘʤʦʣʝʪʘ. ɺʦʟʥʠʢʘʶʱʠʝ ʩʣʘʙʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ (ʚʦʟʤʫʱʝʥʠʷ) ʤʦʛʫʪ 

ʧʨʠʭʦʜʠʪʴ ʥʘ ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʧʣʘʥʝʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʘʧʧʘʨʘʪ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ 

ʨʘʟʨʫʰʝʥʠʶ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʪʘʢʦʛʦ ʨʦʜʘ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʘ ʤʦʜʝʣʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ çN-ʚʦʣʥʳè ʥʘ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʧʣʦʩʢʦʡ 

ʧʣʘʩʪʠʥʳ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M=2,5. ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [2] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ ʠ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ 

ʜʣʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʩʚʦʙʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʧʘʨʳ ʩʣʘʙʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ. ɼʣʷ ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʧʘʨʳ ʩʣʘʙʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ. 

1. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʘʣʦʪʫʨʙʫʣʝʥʪʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʪʨʫʙʝ ʊ-325 ʉʆ ʈɸʅ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ M=2,5. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʦʩʢʘʷ ʧʣʘʩʪʠʥʘ ʩ ʦʩʪʨʦʡ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʦʜ ʥʫʣʝʚʳʤ ʫʛʣʦʤ ʘʪʘʢʠ. ʅʘ ʙʦʢʦʚʫʶ ʯʘʩʪʴ ʪʨʫʙʳ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʜʚʫʤʝʨʥʘʷ ʥʝʨʦʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʢʣʝʡʢʫʶ 

ʣʝʥʪʫ ʇɺʍ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ ʨʘʚʥʘ b =14 ʤʤ, ʪʦʣʱʠʥʘ h = 130-135 ʤʢʤ. ʃʝʥʪʘ 

ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L ʦʪ ʧʣʘʩʪʠʥʳ. ɼʠʘʧʘʟʦʥ ʨʘʩʩʪʦʷʥʠʡ L=225.5õ225.8 

ʤʤ. ɼʘʥʥʘʷ 2D ʥʝʨʦʚʥʦʩʪʴ ʧʦʨʦʞʜʘʣʘ ʧʘʨʫ ʩʣʘʙʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʠʤʝʶʱʫʶ 

ʚʠʜ çN-ʚʦʣʥʳè.  

ʀʟʤʝʨʝʥʠʷ ʧʨʦʭʦʜʠʣʠ ʚ ʩʝʯʝʥʠʷʭ ʭ=-10 ʤʤ, y=1 ʤʤ ï ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʧʦʪʦʢʝ, 

ʭ=60 ʤʤ, y=0.56õ5.03 ʤʤ ï ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʠ ʩʚʦʙʦʜʥʦʤ ʧʦʪʦʢʝ. ʉʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʊʇʉ) [1]. 

 

 
ʈʠʩ. 6. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

 

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ 

ʠ ʨʘʩʩʯʠʪʘʥʘ ʩʪʘʪʠʩʪʠʢʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʤʳ ʧʦʣʫʯʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ ʢʘʨʪʠʥʳ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ "Nïʚʦʣʥʳ". ʅʘ ʛʨʘʬʠʢʝ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʩʧʝʢʪʨʦʚ (ʨʠʩ. 2.) ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 
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ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʜʦ 25 ʢɻʮ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʫʣʴʩʘʮʠʡ ʚ ʥʘʙʝʛʘʶʱʝʤ ʧʦʪʦʢʝ ʩ ɻʘʫʩʩʦʚʩʢʠʤ ʩʠʛʥʘʣʦʤ ʚʠʜʥʦ, ʯʪʦ 

ʚʦʟʤʫʱʝʥʥʘʷ ʦʙʣʘʩʪʴ (z=10õ-15 ʤʤ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʥʝʛʘʫʩʩʦʚʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʧʨʠ z>10 ʤʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʠʠ ɻʘʫʩʩʘ. 

 

 

 
ʈʠʩ. 2. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ (ʩʚʝʨʭʫ) ʠ ʩʪʘʪʠʩʪʠʢʘ (ʩʥʠʟʫ) ʜʣʷ x=-10 

ʤʤ 

ɺ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʚʥʫʪʨʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʨʠʩ. 3) ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʠʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʦʙʣʘʩʪʠ ʜʦ 70 ʢɻʮ. 

ɼʣʷ ʚʩʝʭ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʘʙʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. 
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ʈʠʩ. 3. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ (ʩʚʝʨʭʫ) ʠ ʩʪʘʪʠʩʪʠʢʘ (ʩʥʠʟʫ)  

ʜʣʷ x=-60 ʤʤ, y=0.56 ʤʤ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʧʝʢʪʨʳ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʧʦʪʦʢʘ (ʨʠʩ. 4), ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

"Nïʚʦʣʥʘ" ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʡ, ʪ.ʢ. ʦʪʢʣʦʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʜʦ 15 

ʢɻʮ ʚ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ ʚʦʣʥ ʈ1 ʠ ʈ2, ʘ ʪʘʢʞʝ ʚ ʜʘʧʦʟʦʥʝ z=27õ33 ʤʤ, ʛʜʝ 

ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʠʢ, ʨʘʚʥʳʡ ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʝʨʚʦʤʫ ʤʘʢʩʠʤʦʤʫ. 

ʈʘʩʩʤʦʪʨʝʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ y=5.03 ʤʤ 

ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʣʠʥʠʠ ɻʘʫʩʩʘ, ʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ. 
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ʈʠʩ. 4. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ (ʩʚʝʨʭʫ) ʠ ʩʪʘʪʠʩʪʠʢʘ (ʩʥʠʟʫ)  

ʜʣʷ x=-60 ʤʤ, y=5,03 ʤʤ. 

 

ɺʳʚʦʜʳ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʘʨʳ ʩʣʘʙʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʯʝʨʝʟ ʛʦʣʦʚʥʫʶ 

ʫʜʘʨʥʫʶ ʚʦʣʥʫ "N-ʚʦʣʥʘ" ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʠ ʚʦʟʥʠʢʘʝʪ ʜʝʬʝʢʪ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʩʧʝʢʪʨʦʚ. ʊʘʢʞʝ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʚʦʟʤʫʱʝʥʥʘʷ ʦʙʣʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ 

ʥʝʛʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
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Abstract 

The study of the impact of weak shock waves on the process of turbulence in the 

boundary layers, implemented near the surface of aircraft, is one of the priorities in 

the field of aviation technology, as such disturbances can affect the position of the 

laminar-turbulent transition. 

In this paper we investigate the effect of "N-wave" on the boundary layer of a flat 

plate with a sharp leading edge at Mach number M=2.5. For this purpose, studies 

were conducted in the supersonic wind tunnel T-325. The measurements were 

conducted by the constant resistance of the anemometer. It is shown that when a pair 

of weak shock waves falls on the leading edge of the plate in the boundary layer, a 

change in the spectral composition of the disturbances is observed. Also, when the 

"Nïwave" passes through the head shock wave, it becomes less intense. 

Keywords: supersonic flow, N-wave, interaction, boundary layer, 

thermoanemometry. 
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ʋɼʂ 629.7.048 
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ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʀʩʘʥʠʥʘ ɸʥʘʩʪʘʩʠʷ ʇʘʚʣʦʚʥʘ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʦʚʦʢ ʷʯʝʝʢ 

ʵʣʝʢʪʨʦʢʦʥʜʠʮʠʦʥʝʨʘ (ʕʂ) ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʷ ʇʝʣʴʪʴʝ. ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ 

ʢʦʤʧʦʥʦʚʦʢ ʷʯʝʝʢ ʥʘ ʚʝʣʠʯʠʥʫ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪ ʇʝʣʴʪʴʝ, ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʢʦʥʜʠʮʠʦʥʝʨ, ʪʝʧʣʦʦʙʤʝʥ.  

 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʩʚʦʝʤʫ ʚʠʜʫ ʩʭʦʞʝ ʩ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʳʤ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʝʡ ʇʝʣʴʪʴʝ [1] 

ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʪʝʥʦʢ ʤʝʞʜʫ ʛʦʬʨʘʤʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʜʠʥʠʯʥʦʡ ʷʯʝʡʢʦʡ ʚ ʢʘʯʝʩʪʚʝ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʧʦ ʩʭʝʤʝ ʛʦʬʨ ï ʤʦʜʫʣʴ ï ʛʦʬʨ ï ʤʦʜʫʣʴ ï ʛʦʬʨ 

(ʈʠʩʫʥʦʢ 1).  
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʄʦʜʫʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʭ 

ʦʭʣʘʞʜʘʶʱʠʝʩʷ ʩʪʦʨʦʥʳ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʛʦʬʨʦʤ. ʊʘʢ 

ʦʙʨʘʟʫʝʪʩʷ ʦʭʣʘʞʜʘʶʱʠʡ ʪʨʘʢʪ ʵʣʝʢʪʨʦʢʦʥʜʠʮʠʦʥʝʨʘ (ʆʊʕʂ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʛʨʝʚʘʶʱʠʝʩʷ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ ʦʙʨʘʱʝʥʳ ʢ ʚʥʝʰʥʠʤ ʛʦʬʨʘʤ, ʦʙʨʘʟʫʶʱʠʤ 

ʧʨʦʜʫʚʦʯʥʳʡ ʪʨʘʢʪ ʵʣʝʢʪʨʦʢʦʥʜʠʮʠʦʥʝʨʘ (ʇʊʕʂ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʩʥʷʪʴ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʚʳʜʝʣʷʝʤʳʡ ʥʘ ʤʦʜʫʣʷʭ. ʈʘʟʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʜʫʚʢʠ.. 

ʄʦʜʫʣʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʝʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʆʪ ʧʘʨʘʤʝʪʨʦʚ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʤʦʜʫʣʴ, ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʚʝʣʠʯʠʥʘ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʵʬʬʝʢʪʘ, ʚʳʨʘʞʘʝʤʘʷ ʨʘʩʧʦʣʘʛʘʝʤʳʤ ʪʝʧʣʦʩʲʝʤʦʤ. ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʧʠʪʘʥʠʷ ʤʦʜʫʣʷ ʟʘʢʣʶʯʝʥʘ ʚ ʨʘʤʢʘʭ ʦʪ 0 ʜʦ ~12 ɸ ʜʣʷ ʩʠʣʳ ʪʦʢʘ ʠ 

ʦʪ 0 ʜʦ ~24 ɺ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʚʳʙʨʘʥʥʳʡ ʪʦʢ ʜʘʝʪ ʧʨʦʤʝʞʫʪʦʢ, ʚ 

ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʤʦʜʫʣʝ.[2]. 

ɼʣʷ ʥʘʠʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʕʂ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʦʥʦʚʦʢ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʯʝʝʢ 

3ʭ1, 1ʭ3 ʠ 3ʭ3, ʛʜʝ ʧʝʨʚʘʷ ʮʠʬʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʷʯʝʝʢ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʆʊʕʂ, ʘ ʚʪʦʨʘʷ ʮʠʬʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʣʠʯʝʩʪʚʫ ʷʯʝʝʢ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʇʊʕʂ. ʈʘʩʯʝʪʳ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘʯʠʥʘʣʠʩʴ ʦʪ ʟʥʘʯʝʥʠʷ 

ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʚ ʆʊʕʂ ʨʘʚʥʦʛʦ 5Áʉ, ʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʪʦʯʥʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʜʦʩʪʠʞʠʤʳʝ ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʳʭ ʢʦʤʧʦʥʦʚʦʢ [2]. 

ʊʘʢʞʝ ʨʘʩʯʸʪ ʨʝʞʠʤʦʚ ʚʸʣʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʦʜʚʝʜʸʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʦʪʨʝʙʥʦʤ 

ʨʘʩʭʦʜʝ ʚʦʟʜʫʭʘ ʚ ʇʊʕʂ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʤʧʦʥʦʚʢʠ ʕʂ 3ʭ3 ï 

ʨʠʩʫʥʢʝ 2,3. 
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ʈʠʩʫʥʦʢ 2.  ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʘʨʠʘʥʪʘ ʕʂ (3ʭ3) ʦʪ  

ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʚ ʆʊʕʂ ʧʨʠ dph_max=dpc_max=2 ʢʇʘ ʧʨʠ WŹ 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʘʨʠʘʥʪʘ ʕʂ (3ʭ3) ʦʪ  

ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʚ ʆʊʕʂ dph_max=dpc_max=2 ʢʇʘ ʧʨʠ GhŹ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ 

ʪʝʤʧʝʨʘʪʫʨ ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʚ ʆʊʕʂ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʦʥʦʚʢʠ ʷʯʝʝʢ ʚ ʕʂ. 

ʊʘʢ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʸʭ ʷʯʝʝʢ ʚʜʦʣʴ ʆʊʕʂ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʧʨʦʜʫʚʦʯʥʦʛʦ 
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ʪʨʘʢʪʘ ʩʤʝʱʘʝʪ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ï ʚ 

3.08 ʨʘʟʘ, ʘ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

2.44 ʨʘʟʘ. ʊʘʢʦʝ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʚ ʩʠʣʫ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʆʊʕʂ, ʜʦʣʷ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʫʚʝʣʠʯʠʣʘʩʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʘʜʝʥʠʶ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʆʊʕʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʛʨʘʥʠʯʝʥʠʶ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ 2 ʢʇʘ 

ʩ 39.84 ʢʛ/ʯ ʜʦ 31.58 ʢʛ/ʯ (ʚ 0.79 ʨʘʟ). ʇʨʠ ʚʘʨʠʘʥʪʝ ʪʨʦʝʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʜʣʠʥʳ ʇʊʕʂ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʜʣʠʥʝ ʦʭʣʘʞʜʘʶʱʝʛʦ ʪʨʘʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʝʜʠʥʠʯʥʦʡ ʷʯʝʡʢʠ ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʫʤʝʥʴʰʝʥʠʷ (ʚ 0.68 ʨʘʟ), ʦʜʥʘʢʦ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʚ 2.04 ʨʘʟʘ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ (39.84 

ʢʛ/ʯ Ÿ 119.73 ʢʛ/ʯ ï ʚ 3.01 ʨʘʟʘ), ʩʧʦʩʦʙʥʦʛʦ ʧʨʦʡʪʠ ʯʝʨʝʟ ʷʯʝʡʢʫ ʧʦ ʆʊʕʂ ʩ 

ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ, ʚ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ 

ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʘʢʪʘ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʪʨʦʝʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʦʠʭ ʪʨʘʢʪʦʚ ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʨʘʩʭʦʜʳ ʚʦʟʜʫʭʘ ʧʦ ʪʨʘʢʪʘʤ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʫʚʝʣʠʯʝʥʠʷ, ʭʦʪʴ ʠ ʩ ʤʝʥʴʰʠʤ ʪʝʤʧʦʤ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʪʨʘʢʪʦʚ ï ʚ 2.15 ʨʘʟʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (Qc_max) ʚ 5.09 ʨʘʟ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʚ 2.37. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚʦʟʜʫʭʘ ʚ ʪʨʘʢʪʘʭ 

ʧʨʠ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ, ʜʦʩʪʠʛʘʝʤʦʡ ʚ ʆʊʕʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʚ ʩʣʫʯʘʝ ʫʜʣʠʥʝʥʠʷ ʆʊʕʂ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʧʦʪʨʝʙʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʇʊʕʂ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʦ 0.11; ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʨʠʛʘʝʪʩʷ ʧʨʠ ʫʜʣʠʥʝʥʠʠ ʇʊʕʂ ʠ ʥʝʠʟʤʝʥʥʦʡ 

ʜʣʠʥʝ ʆʊʕʂ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʜʠʥʠʯʥʦʡ ʷʯʝʡʢʠ ʜʦ 1.72; ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥ ʦʙʦʠʭ ʪʨʘʢʪʦʚ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚʦʟʜʫʭʘ ʦʩʪʘʸʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ, ʭʦʪʴ ʠʭ ʚʝʣʠʯʠʥʳ ʠ ʚʦʟʨʘʩʪʘʶʪ ʚ 2.37 ʨʘʟʘ ʧʦ ʆʊʕʂ 

ʠ ʚ 2.18 ʨʘʟʘ ʧʦ ʇʊʕʂ. 
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Abstract. 
 In this paper model of the units of the electric air conditioner (EC) based on 

the Peltier module has been designed. The influence of cell combinations to the 

cooling efficiency has been evaluated. 
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transfer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.multitran.ru/c/m.exe?t=4524372_1_2&s1=%ED%E0%F3%F7%ED%EE-%EF%F0%EE%E8%E7%E2%EE%E4%F1%F2%E2%E5%ED%ED%EE%E5%20%EE%E1%FA%E5%E4%E8%ED%E5%ED%E8%E5
mailto:yatsan@ngs.ru


  
 

154 
 

ʋɼʂ 532.5 

 

ɼʀʅɸʄʀʂɸ ɻɸɿʆɺʓʍ ʇʋɿʓʈɽʁ ɺ ʂɸʅɸʃɽ ʉ ɺʅɽɿɸʇʅʓʄ 

ʈɸʉʐʀʈɽʅʀɽʄ 

 

ɽʚʜʦʢʠʤʝʥʢʦ ʀʣʴʷ ɸʥʘʪʦʣʴʝʚʠʯ1,2; 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩ.ʥ.ʩ. ʃʦʙʘʥʦʚ ʇʘʚʝʣ ɼʤʠʪʨʠʝʚʠʯ2 

1ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (913)061-99-23 
2ʀʥʩʪʠʪʫʪ ʪʝʧʣʦʬʠʟʠʢʠ ʠʤ. ʉ.ʉ. ʂʫʪʘʪʝʣʘʜʟʝ ʉʆ ʈɸʅ, 630090, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʧʨ-ʪ ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 1. 

ɽʚʜʦʢʠʤʝʥʢʦ ʀ.ɸ., e-mail ilia.evdokimenko96@gmail.com 

ʃʦʙʘʥʦʚ ʇ.ɼ,e-mail lobanovpd@gmail.com 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ɽʚʜʦʢʠʤʝʥʢʦ ʀʣʴʷ ɸʥʘʪʦʣʴʝʚʠʯ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

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

ʂʘʨʣʘ ʄʘʨʢʩʘ, 20, ʪʝʣ. (913)061-99-23 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʫʟʳʨʝʡ ʠ ʣʦʢʘʣʴʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʚ 

ʧʫʟʳʨʴʢʦʚʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʟʘ ʚʥʝʟʘʧʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʱʝʣʝʚʦʛʦ 

ʢʘʥʘʣʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʡ ʜʦʧʧʣʝʨʦʚʩʢʦʡ ʘʥʝʤʦʤʝʪʨʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʩʲʝʤʢʘ ʧʦʪʦʢʘ. ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʫʩʪʫʧʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʫʟʳʨʝʡ, ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʥʝʩʫʱʝʡ ʠʭ ʞʠʜʢʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʟʘ ʫʩʪʫʧʦʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʫʩʪʫʧʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 
ʆʪʨʳʚʥʦʝ ʪʝʯʝʥʠʝ; ʫʩʪʫʧ; ʣʘʟʝʨʥʘʷ ʜʦʧʧʣʝʨʦʚʩʢʘʷ ʘʥʝʤʦʤʝʪʨʠʷ; 

ʣʦʢʘʣʴʥʦʝ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ; ʧʫʟʳʨʴ; ʩʢʦʨʦʩʪʴ ʧʫʟʳʨʝʡ; ʛʘʟʦʞʠʜʢʦʩʪʥʳʡ ʧʦʪʦʢ. 

 

ɼʚʫʭʬʘʟʥʳʝ ʧʫʟʳʨʴʢʦʚʳʝ ʧʦʪʦʢʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʵʥʝʨʛʝʪʠʢʝ ʠ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʪʘʢʠʝ ʧʦʪʦʢʠ ʷʚʣʷʶʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʝʞʬʘʟʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʞʠʜʢʦʡ ʬʘʟʦʡ ʠ ʧʫʟʳʨʴʢʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʩʣʦʞʥʝʥʳ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʪʦʢʘ, ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ ʛʘʟʦʚʦʡ ʬʘʟʳ, 

ʬʨʘʛʤʝʥʪʘʮʠʝʡ, ʢʦʘʣʝʩʮʝʥʮʠʝʡ ʧʫʟʳʨʴʢʦʚ ʠ ʤʝʞʬʘʟʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ. 

ʇʨʘʚʠʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʧʦ ʢʘʥʘʣʫ ʠʣʠ ʫʯʘʩʪʢʫ 

ʪʨʫʙʳ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʵʣʝʤʝʥʪʘʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʅʘʨʷʜʫ ʩ ʪʝʧʣʦʧʝʨʝʥʦʩʦʤ ʤʝʞʜʫ ʩʪʝʥʢʦʡ ʪʨʫʙʳ ʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʩʠʩʪʝʤʦʡ ʝʱʝ ʦʜʥʠʤ ʦʩʣʦʞʥʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʪʨʳʚʘ ʧʦʪʦʢʘ 
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ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʢʘʥʘʣʘ. ʈʝʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʨʠ ʦʪʨʳʚʝ ʧʦʪʦʢʘ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʘ, ʤʘʩʩʳ ʠ ʪʝʧʣʘ. ʇʣʦʩʢʠʡ ʢʘʥʘʣ ʩ ʚʥʝʟʘʧʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ - 

ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʦʡ ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʩʣʝʜʦʚʘʥʳ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ 

ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ [1, 2], 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʫʟʳʨʴʢʦʚ ʧʦ 

ʩʝʯʝʥʠʶ ʪʨʫʙʳ ʠʣʠ ʢʘʥʘʣʘ ʟʘ ʚʥʝʟʘʧʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ. ʈʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʜʚʫʭʬʘʟʥʦʡ ʧʫʟʳʨʴʢʦʚʦʡ ʩʠʩʪʝʤʦʡ ʠ 

ʩʪʝʥʢʦʡ ʢʘʥʘʣʘ ʠʣʠ ʪʨʫʙʳ ʚ ʦʪʨʳʚʥʦʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʧʦʪʦʢʝ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʛʠʜʨʦʜʠʥʘʤʠʢʝ 

ʧʫʟʳʨʴʢʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ ʩ ʚʥʝʟʘʧʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ. 

 ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʧʫʟʳʨʝʡ ʚ ʦʙʣʘʩʪʠ ʟʘ ʚʥʝʟʘʧʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʧʣʦʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩ ʚʳʩʦʪʦʡ ʩʪʫʧʝʥʴʢʠ H=12 ʤʤ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʦʥʳ 

ʨʘʩʰʠʨʝʥʠʷ ʜʦ 14ʅ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʘʥʝʤʦʤʝʪʨʠʠ, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ï ʤʝʪʦʜ ʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠ. ʀʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ReH=6640 ʠ  ReH=9300. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʫʩʪʫʧʘ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʫʩʪʫʧʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʢʘʢ ʛʘʟʦʚʦʡ 

ʬʘʟʳ, ʪʘʢ ʠ ʩʘʤʦʡ ʞʠʜʢʦʩʪʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʧʫʟʳʨʝʡ ʚ ʦʪʨʳʚʥʦʡ 

ʟʦʥʝ ʧʦʪʦʢʘ ʢ ʙʦʣʝʝ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʚʦʟʤʦʞʥʦ, ʙʳʣ ʚʳʟʚʘʥ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʚʦʟʤʫʱʝʥʠʷ ʧʦʪʦʢʘ. 

  

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 18-08-00477. 
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Abstract 

In this paper, we measured the velocity of bubbles and local void fraction in a 

bubbly turbulent flow after a sudden expansion of the slot channel. The method of 

laser Doppler anemometry was used to measure the velocity distribution before and 

after the channel expansion. High-speed video filming was performed. It was found 

that with increasing distance from the step, there is a decrease in the speed of the 

bubbles, as well as carrier fluid. The distribution of local void fraction behind the 

expansion of the channel was studied. There is a tendency to increase the local gas 

content with increasing distance from the step. 

 

Keywords 
Sudden Expansion, laser Doppler anemometry, gas rate, bubble, bubble 

velocity, gas-liquid flow. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʆʊʆʂʆɺ ɺ ʄɸʂɽʊɽ 

ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʈɽɸʂʊʆʈɸ ɼʆɾʀɻɸ ʃɽʊʋʏʀʍ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʧʨʦʙʣʝʤʝ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʣʝʪʫʯʠʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʤʘʢʝʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ɺʳʧʦʣʥʝʥʦ ʠʟʤʝʨʝʥʠʝ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʥʝʚʦʟʤʫʱʘʶʱʝʛʦ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʘʥʝʤʦʤʝʪʨʠʠ. 

ɺʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʧʦʩʣʝ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʧʦʪʦʢ ʢʨʳʣʦʚʠʜʥʳʝ ʧʨʦʬʠʣʷ. ɺʳʧʦʣʥʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ. ɼʦʩʪʠʛʥʫʪʘ ʢʦʨʨʝʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ 

ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʤʘʢʝʪʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ  
ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʘʨʪʨʠʜʞ, ʚʠʭʨʝʚʘʷ 

ʟʦʥʘ, ʧʨʠʩʪʝʥʥʘʷ ʩʪʨʫʷ, ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʦʙʣʘʩʪʴ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 

ʇʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʣʝʪʫʯʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʪʦʠʪ ʥʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʜʣʷ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʚʨʝʜʥʳʭ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʘʨʪʨʠʜʞ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʘʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʘʯʠ ʚ 

ʢʘʨʪʨʠʜʞ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦʣʝʤ ʩʢʦʨʦʩʪʝʡ. 
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ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ ʤʘʢʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʝʛʦ ʠʩʧʳʪʘʥʠʡ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʠʩʢʨʠʚʣʝʥʠʷ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʥʘ ʧʦʪʦʢ 

ʜʝʡʩʪʚʫʶʪ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪ ʮʝʥʪʨʘ ʢʨʠʚʠʟʥʳ ʢ ʚʥʝʰʥʝʡ 

ʩʪʝʥʢʝ ʚʦʟʜʫʭʦʚʦʜʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ [1]. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʪʨʫʡʥʦʛʦ ʪʝʯʝʥʠʷ ʫ ʚʥʝʰʥʝʡ ʩʪʝʥʢʠ 

ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʡ ʟʦʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʦʪ ʧʦʚʦʨʦʪʘ ʜʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʘʨʪʨʠʜʞʘ [2]. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʩʦʢʨʘʱʘʝʪ ʩʝʯʝʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʘʨʪʨʠʜʞʘ. 

ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʃʘʟʝʨʥʦʡ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʘʥʝʤʦʤʝʪʨʠʠ. ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ 

 

 ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʱʥʦʡ ʧʨʠʩʪʝʥʥʦʡ ʩʪʨʫʠ ʠ 

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʪʦʢʦʤ ʣʦʧʘʪʦʢ ʚʳʨʘʚʥʠʚʘʶʱʠʭ ʧʨʦʬʠʣʴ 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʢʘʨʪʨʠʜʞʝʤ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜʘ ʙʳʩʪʨʦʛʦ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 3D-ʧʝʯʘʪʠ. 

ɺʳʧʦʣʥʝʥʠʝ ʢʦʨʨʝʢʮʠʠ ʪʝʯʝʥʠʷ ʛʘʟʘ ʚ ʤʘʢʝʪʝ ʥʘʯʘʣʦʩʴ ʩ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʝʤ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʪʦʢʦʤ ʣʦʧʘʪʦʢ. ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ ʧʣʘʚʥʦ 

ʧʦʚʦʨʘʯʠʚʘʣʠ ʧʦʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʘʨʪʨʠʜʞʝ ʠ ʩʥʠʞʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺʳʙʦʨ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʘʞʜʦʡ ʣʦʧʘʪʢʠ ʙʳʣ 

ʩʜʝʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʫʪʝʤ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʙʦʨʘ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʢʨʳʣʦʚʠʜʥʦʛʦ ʧʨʦʬʠʣʷ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʠʟ ʰʝʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ ʜʘʸʪ 

ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʢʘʨʪʨʠʜʞʝʤ, 

ʫʙʠʨʘʷ ʟʦʥʫ ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʧʨʠʩʪʝʥʥʫʶ ʩʪʨʫʶ. ʂʦʥʝʯʥʳʡ ʚʘʨʠʘʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʤʘʢʝʪʝ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
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Abstract 

In this paper, the aerodynamic stand, which is the actual solution to the 

problem of atmospheric pollution with volatile organic compounds, was considered. 

A description of the layout of the gas flow distributor and functional blocks is given. 

The velocity profile using a non-perturbing method of laser Doppler anemometry was 

measured. Problems of flow distribution after the rotator were identified. A flow-

adjusting pterygoid profile has been developed. Comparison of velocity profiles after 

rotation at different values of mass flow rate was performed. Correction of the 

velocity field distribution after the rotator in the layout of the distributor of gas flows 

of catalytic oxidation reactors of volatile organic compounds was achieved. 

 

Keywords 
Volatile organic compounds, catalytic cartridge, vortex zone, wall jet, 

recirculation region, guide vanes, hydraulic resistance. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ 

ʇʈʆɼɺʀɾɽʅʀʗ ʌʈʆʅʊɸ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʆʊ ʆʍʃɸɾɼɸɽʄʆʁ 

ɺɽʈʊʀʂɸʃʔʅʆʁ ʉʊɽʅʂʀ ɺ ɻʆʈʀɿʆʅʊɸʃʔʅʆʄ ʉʃʆɽ ɾʀɼʂʆʉʊʀ 
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 1ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073, ʈʦʩʩʠʷ, 
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ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʘʢ. ʃʘʚʨʝʥʪʴʝʚʘ, 1 

ʄʠʭʘʡʣʦʚ ɸ.ɺ.,email: senya_mik@ngs.ru 

ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʄʠʭʘʡʣʦʚ ɸʨʩʝʥʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, 
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ɸʥʥʦʪʘʮʠʷ. 

ʅʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʪʦʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ 

ʛʝʧʪʘʜʝʢʘʥʘ ʥʘ ʦʭʣʘʞʜʘʝʤʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ  ʩʪʝʥʢʝ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʪʝʨʤʦʧʘʨ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʟʤʝʨʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʷ 

ʮʠʬʨʦʚʫʶ ʚʠʜʝʦʩʲʝʤʢʫ, ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʛʝʧʪʘʜʝʢʘʥ, ʬʨʦʥʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʝʧʣʦʚʠʟʦʨ 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ɻʅʂ). ɺ ʥʝʤ, ʢʘʢ ʠ ʚ 

ʦʩʪʘʣʴʥʳʭ ʤʝʪʦʜʘʭ, ʧʣʦʭʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʧʨʷʞʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʬʦʨʤʳ ʬʨʦʥʪʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [1-3]. ʆʪ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʟʘʚʠʩʠʪ ʪʝʤʧ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʬʦʨʤʘ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʀʟʫʯʘʪʴ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʨʘʩʧʣʘʚʦʚ ʠ ʠʟʤʝʨʷʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʧʣʘʚʘʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [1-3]. 

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʫʟʝʣ ʟʘʢʨʳʪ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʠʩʪʝʤʦʡ ʵʢʨʘʥʦʚ 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ. ʀʟʤʝʨʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʩʚʦʙʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʩʧʣʘʚʦʚ, ʠʩʧʦʣʴʟʫʷ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʯʘʩʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʧʣʘʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʘʛʨʝʩʩʠʚʥʳ. ɺʥʝʩʝʥʠʝ ʪʝʨʤʦʧʘʨ ʥʝʜʦʧʫʩʪʠʤʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʨʘʩʧʣʘʚʠʪʴʩʷ, 

ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʝʢ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʫʷ 

ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʝʪʦʜʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʞʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩ 
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ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʯʠʩʝʣ 

ʇʨʘʥʜʪʣʷ ʞʠʜʢʦʩʪʠ-ʠʤʠʪʘʪʦʨʘ ʠ ʨʘʩʧʣʘʚʘ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʚʝʱʝʩʪʚʘ ʢʘʢ ʞʠʜʢʦʩʪʠ-ʠʤʠʪʘʪʦʨʘ ʨʘʩʧʣʘʚʦʚ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʧʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʮʠʬʨʦʚʦʡ ʚʠʜʝʦʩʲʝʤʢʠ. 

ʅʘ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʠ ʠ ʥʘ ʩʪʝʥʢʘʭ ʢʦʥʪʝʡʥʝʨʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʟʤʝʨʷʣʘʩʴ ʪʘʢʞʝ ʤʠʢʨʦʪʝʨʤʦʧʘʨʘʤʠ.  

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʈʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 1. ʇʦ ʪʦʨʮʘʤ ʢʶʚʝʪʳ ʩʣʦʡ ʞʠʜʢʦʩʪʠ ʦʛʨʘʥʠʯʝʥ çʭʦʣʦʜʥʦʡè ʠ çʪʝʧʣʦʡè 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ ʩʪʝʥʢʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʝʧʪʘʜʝʢʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʢʘʯʢʠ ʚʦʜʳ ʠʟ 

ʪʝʨʤʦʩʪʘʪʘ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʪʝʥʢʘ ʦʭʣʘʞʜʘʝʪʩʷ ʇʝʣʴʪʴʝ-ʤʦʜʫʣʝʤ. ʉ ʛʦʨʷʯʝʡ 

ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʪʝʧʣʦ ʦʪʚʦʜʠʣʦʩʴ ʨʘʜʠʘʪʦʨʦʤ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ ʚʦʜʦʡ ʠʟ ʪʝʨʤʦʩʪʘʪʘ. ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʪʦʢʘ ʯʝʨʝʟ ʤʦʜʫʣʴ ʠ 

ʥʘʯʘʣʘ ʦʭʣʘʞʜʝʥʠʷ ʩʪʝʥʢʠ ʩʦʟʜʘʝʪʩʷ ʧʨʦʜʦʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʝʧʪʘʜʝʢʘʥʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʬʨʦʥʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʦʢ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʪʝʨʤʦʧʘʨʘʤʠ. ʇʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʠʟʤʝʨʷʶʪʩʷ ʪʝʧʣʦʚʠʟʦʨʦʤ FLIR X6350sc. ʏʝʨʝʟ ʙʦʢʦʚʫʶ ʧʨʦʟʨʘʯʥʫʶ 

ʩʪʝʥʢʫ ʢʶʚʝʪʳ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ, ʩʥʷʪ ʧʨʦʮʝʩʩ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʙʨʘʙʦʪʢʘ ʚʠʜʝʦ ʬʠʣʴʤʘ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʳ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʨʦʜʚʠʞʝʥʠʷ. 

 

 
ʈʠʩ. 7. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

1,2 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; 3,4 ï ʪʝʧʣʦʚʠʟʦʨ; 5 ï ʦʭʣʘʞʜʘʶʱʠʡ ʇʝʣʴʪʴʝ-ʤʦʜʫʣʴ; 6 

ï ʢʶʚʝʪʘ ʩ ʛʝʧʪʘʜʝʢʘʥʦʤ; 7 ï ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʛʝʧʪʘʜʝʢʘʥ; 8,9 ï ʪʝʨʤʦʩʪʘʪ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʝʥʥʳʝ 

ʪʝʨʤʦʧʘʨʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ 

ʛʝʧʪʘʜʝʢʘʥʘ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʭʦʣʦʜʥʦʡ ʩʪʝʥʢʠ. ʅʘʛʨʝʪʘʷ 

ʪʦʨʮʝʚʘʷ ʩʪʝʥʢʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʩʯʝʪ ʧʨʦʢʘʯʢʠ 

ʚʦʜʳ ʠʟ ʪʝʨʤʦʩʪʘʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 25Áʉ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʷ ʠʟʦʪʝʨʤ 

ʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʨʠ  ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʬʠʣʴʤʘ. ʎʠʬʨʘʤʠ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʨʘʜʫʩʘʭ 
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ʎʝʣʴʩʠʷ. ʇʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʦʟʥʘʯʝʥʦ ʯʸʨʥʦʡ ʞʠʨʥʦʡ 

ʣʠʥʠʝʡ. ɺʠʜʥʦ, ʯʪʦ ʬʨʦʥʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʜʚʠʥʫʣʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 10 ʤʤ ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹʊ = 19ÁC ʟʘ ʚʨʝʤʷ ȹt = 3312 ʩʝʢʫʥʜ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʪʴ ʪʝʨʤʦʧʘʨʥʳʡ ʠ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ 

ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʨʘʙʦʪʢʘ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʬʠʣʴʤʘ ʧʦʟʚʦʣʠʣʘ 

ʧʦʩʪʨʦʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʨʠʩ.4). ʅʘ ʨʠʩ.5 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʬʦʨʤʳ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʛʦ 

ʚʠʜʝʦʬʠʣʴʤʘ. ɿʜʝʩʴ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʚʣʠʷʥʠʝ ʥʘʪʝʢʘʶʱʝʛʦ ʥʘʛʨʝʪʦʛʦ ʨʘʩʧʣʘʚʘ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʬʨʦʥʪʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʬʦʨʤʫ ʬʨʦʥʪʘ ʚʣʠʷʝʪ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʤʝʥʠʩʢʘ ʥʘ ʩʤʘʯʠʚʘʝʤʦʡ ʭʦʣʦʜʥʦʡ ʩʪʝʥʢʝ. ʊʘʢʞʝ ʟʘʤʝʪʥʦ ʚʣʠʷʥʠʝ 

ʢʦʥʝʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʥʘ ʢʶʚʝʪʳ. 

 
ʈʠʩ. 2. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʥʳʝ ʩ ʪʝʨʤʦʧʘʨ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ: ʢʨʠʚʘʷ 1, 2 ï ʥʘ ʦʭʣʘʞʜʘʝʤʦʡ ʩʪʝʥʢʝ; 3, 4 ï ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʢʝ; 5, 6, 7 ï ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʦʭʣʘʞʜʘʝʤʦʡ ʩʪʝʥʢʠ 30 ʤʤ, 16 ʤʤ, 3 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

  
ʈʠʩ. 3. ʇʦʣʷ ʠʟʦʪʝʨʤ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʢʶʚʝʪʳ (ʧʦ ʜʣʠʥʝ 

70 ʤʤ ʠ ʚʙʣʠʟʠ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) 
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ʈʠʩ.4. ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʮʝʥʪʨʫ ʢʶʚʝʪʳ, 

ʫʩʨʝʜʥʸʥʥʦʝ ʚ ʧʦʣʦʩʝ 2 ʤʤ: 1 ï 3,8 ʤʠʥ. 

ʜʦ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; 2 ï ʥʘʯʘʣʦ;  3 

ï 4,4 ʤʠʥ. ʧʦʩʣʝ ʥʘʯʘʣʘ; 4 ï 9,6 ʤʠʥ. 

ʧʦʩʣʝ ʥʘʯʘʣʘ; 5 ï 23,9 ʤʠʥ. ʧʦʩʣʝ ʥʘʯʘʣʘ; 

6 ï 51,4 ʤʠʥ. ʧʦʩʣʝ ʥʘʯʘʣʘ; 7 ï 98,4 ʤʠʥ. 

ʧʦʩʣʝ ʥʘʯʘʣʘ. 

ʈʠʩ. 5. ʌʦʨʤʘ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʝʛʦʩʷ 

ʛʝʧʪʘʜʝʢʘʥʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ: 

1 ï t = 8.2 ʤʠʥ; 2 ï t = 13.4 ʤʠʥ; 3 ï t = 

27.7 ʤʠʥ; 4 ï t = 55.2 ʤʠʥ; 5 ï t = 102.2 

ʤʠʥ; 6 - ʤʝʜʥʘʷ ʩʪʝʥʢʘ; 7 - ʜʥʦ ʢʶʚʝʪʳ; 8 

- ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʙʝʟ ʤʝʥʠʩʢʘ. 

 

4. ɺʳʚʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʛʝʧʪʘʜʝʢʘʥʘ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʦʭʣʘʞʜʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ ʠ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ 

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɻʅʂ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʧʣʦʚʠʟʦʨʘ ʠʟʫʯʝʥʘ ʤʦʥʦʪʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʬʠʣʴʤʦʚ ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʦʩʪʨʦʝʥʳ ʧʦʣʷ ʠʟʦʪʝʨʤ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ʚʨʝʤʝʥʠ ʚ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʢʘʭ. ʉʨʘʚʥʝʥʳ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʠ ʪʝʨʤʦʧʘʨʥʳʡ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʢʘʢ ʪʝʩʪ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʝʧʪʘʜʝʢʘʥʘ ʧʨʠ ʪʝʭ ʞʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʄʶʣʣʝʨ ɻ. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ ʠʟ ʨʘʩʧʣʘʚʘ. ï ʄ.: ʄʠʨ, 1991. ï 

143 ʩ.  
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Abstract. 

The experimental research of heptadecane solidification on a cooled vertical 

wall is carried out on a physical model of the horizontal directional crystallization 

method. The wall was cooled by a thermoelectric Peltier module. On the hot side of 

the module, the heat was removed by a radiator with cooling water from a thermostat. 

The temperature distributions on free surface are measured during crystallization 

front propagation process using thermal imager and thermocouples.  The isotherm 

fields of the free surface were constructed. The temperature dependences on time at 

discrete points were obtained using thermocouples. Thermal imaging and 

thermocouple measurement methods were compared. The time dependence of 

crystallization front form was investigated using digital video recording.  The 

obtained data will be used for planning further experiments as a test of the results of 

numeral simulation of heptadecane crystallization under the same boudary 

conditions. 

Keywords: 

Directional crystallization methods, heptadecane, crystallization front, thermal image 
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ɸʥʥʦʪʘʮʠʷ 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʥʘ ʧʨʝʜʤʝʪ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʩʬʝʨ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʱʠʪʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʦʟʜʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʢʘ ʚ 

ʦʪʢʨʳʪʦʤ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ  OpenFOAM. ɺʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚʜʫʚʘ, ʪʝʤʧʝʨʘʪʫʨ ʦʩʥʦʚʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʪʦʢʦʚ ʠ 

ʚʳʩʦʪʳ ʧʣʦʩʢʦʡ ʱʝʣʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ ʠ ʪʝʧʣʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʩʪʨʝʯʥʦʡ ʩʪʨʫʠ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʚʦʡ 

ʟʘʱʠʪʳ ʩʪʝʥʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʈʘʩʩʤʦʪʨʝʥ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʚʜʫʚʘ ʠ ʦʪʤʝʯʝʥʦ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʘʱʠʪʳ 

ʩʪʝʥʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ  
ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, OpenFOAM, ʧʣʝʥʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʪʝʧʣʦʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʘʨʘʤʝʪʨ ʚʜʫʚʘ, ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ, ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ, ʚʪʦʨʠʯʥʳʡ 

ʧʦʪʦʢ. 

 

ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʩʪʝʥʢʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʣʝʝ ʛʦʨʷʯʝʛʦ ʧʦʪʦʢʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʩʪʝʥʥʳʭ ʛʘʟʦʚʳʭ ʟʘʚʝʩ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥ ʠ ʫʩʪʘʥʦʚʦʢ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʦʚʝʩʪʠ 

ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʧʦʜʘʯʝ 

ʧʨʠʩʪʝʥʥʦʛʦ ʦʭʣʘʜʠʪʝʣʷ ʥʘʚʩʪʨʝʯʫ ʙʦʣʝʝ ʛʦʨʷʯʝʤʫ ʧʦʪʦʢʫ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʱʝʣʴ 

ʧʨʠ ʚʘʨʠʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʪʦʢʦʚ.  

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ 

OpenFOAM. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʦʜʥʦʬʘʟʥʦʤ 

ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʜʚʫʤʝʨʥʳʭ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʊʫʨʙʫʣʝʥʪʥʦʩʪʴ ʛʘʟʦʚʦʡ ʬʘʟʳ 
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ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʪʝʧʣʦʚʦʛʦ ʩʤʝʰʝʥʠʷ ʚʩʪʨʝʯʥʦʡ 

ʧʨʠʩʪʝʥʥʦʡ ʩʪʨʫʠ ʩ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ, ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʡ 

ʟʘʱʠʪʳ ʘʜʠʘʙʘʪʥʦʡ ʩʪʝʥʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʩʪʨʫʠ. ɺʳʧʦʣʥʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʩʪʝʥʥʦʡ ʛʘʟʦʚʦʡ ʩʪʨʫʠ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʧʣʦʩʢʦʤ 

ʢʘʥʘʣʝ. ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʙʣʘʩʪʠ ʚʩʪʨʝʯʥʦʛʦ ʚʜʫʚʘ, ʧʨʦʬʠʣʴ ʧʨʦʜʦʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʟʘʧʦʣʥʝʥʥʳʤ. ɿʘʪʝʤ ʧʨʠʭʦʜʠʪ ʦʙʣʘʩʪʴ, ʛʜʝ 

ʩʢʦʨʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ ʪʝʯʝʥʠʷ ʫ ʩʪʝʥʢʠ ʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʥʘʯʠʥʘʝʪ 

ʜʚʠʛʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʦʩʥʦʚʥʳʤ ʧʦʪʦʢʦʤ ʥʘʛʨʝʪʦʛʦ ʛʘʟʘ. ʇʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʠ ʚʪʦʨʠʯʥʦʛʦ ʪʝʯʝʥʠʡ. 

ʇʨʠʩʪʝʥʥʘʷ ʩʪʨʫʷ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʪʦʨʤʦʟʠʪʩʷ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʩ ʦʩʥʦʚʥʳʤ ʚʩʪʨʝʯʥʳʤ ʧʦʪʦʢʦʤ, ʠʤʝʶʱʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʩʪʝʥʥʦʡ ʩʪʨʫʠ ʩʦ 

ʚʩʪʨʝʯʥʳʤ ʧʦʪʦʢʦʤ, ʝʝ ʧʦʚʦʨʦʪ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʮʠʨʢʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʨʦʩʪ ʪʝʧʣʦʦʙʤʝʥ 

ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚʦʪʦʯʥʦʡ ʩʪʨʫʠ. ɺ ʧʣʦʩʢʦʤ ʢʘʥʘʣʝ 

ʧʨʦʪʠʚʦʪʦʯʥʘʷ ʧʨʠʩʪʝʥʥʘʷ ʩʪʨʫʷ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʩʪʝʥʢʦʡ 

ʢʘʥʘʣʘ ʠ ʧʦʪʦʢʦʤ ʛʘʟʘ ʚ 2-3 ʨʘʟʘ ʚʜʦʣʴ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʤʝʩʪʦʤ ʚʚʝʜʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʣʫʯʝʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʢʘʢ ʧʦ ʦʩʨʝʜʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʝʯʝʥʠʷ, ʪʘʢ ʠ ʧʦ 

ʪʝʧʣʦʦʙʤʝʥʫ. 
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Abstract  

A literature review on the subject of relevance and application of this method 

of protection was performed. A mathematical model, corresponding boundary 

conditions and computational grid have been developed using free OpenFOAM 

software package. A numerical study of the effect of the blowing ratios, the 

temperatures of the main and secondary flows, and the height of the flat injection slot 

on the flow structure and thermal efficiency of the counter-current flow is carried out. 

The thermal efficiency of the processes along the length of the flat duct has been 

predicted. Conclusions about the efficiency of the process of thermal protection of the 

wall in a wide range of temperatures were made.  

 

Keywords  
Numerical simulation, OpenFOAM, film cooling, thermal efficiency, blowing 

ratio, structure of the flow, main flow, secondary flow. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ 

çʯʝʣʦʚʝʢ ï ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʤʝʞʜʫ 

ʨʘʩʯʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʩʣʦʷʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʦʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʦʢʘʣʴʥʳʝ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ ï ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ï 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʩ ʫʯʝʪʦʤ ʧʘʩʩʠʚʥʦʡ ʠ ʘʢʪʠʚʥʦʡ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢ ʞʝ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʧʠʩʘʥʘ ʩʭʝʤʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʢʨʦʚʠ) ʥʘ ʨʘʩʯʝʪʥʳʝ 

ʵʣʝʤʝʥʪʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʩ ʪʦʢʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʝʞʜʫ 

ʨʘʩʯʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʩʣʦʷʤʠ ʥʘ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ çʯʝʣʦʚʝʢ ï 

ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè. ɸʥʘʣʠʟ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʝʞʜʫ çʷʜʨʦʤè ʠ çʦʙʦʣʦʯʢʦʡè ʩʠʩʪʝʤʳ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ 

ʯʝʣʦʚʝʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʮʝʩʩʳ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ, ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʪʝʧʣʦʚʳʝ 

ʧʦʪʝʨʠ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʠʚʳʭ 

ʩʠʩʪʝʤ ʚʳʪʝʢʘʝʪ ʠʟ ʨʷʜʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʛʥʦʟʦʤ ʪʝʧʣʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʮʝʥʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ 

ʪ.ʜ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 
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ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ ï 

ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ (ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʩʠʩʪʝʤʳ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ). ʏʘʩʪʦ 

ʚ ʤʦʜʝʣʷʭ ʩʠʩʪʝʤʳ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʵʪʦ ʣʠʙʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʣʠʙʦ ʦʪʨʘʞʘʝʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʯʝʣʦʚʝʢʘ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʯʝʣʦʚʝʢʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ ʥʘ çʦʙʦʣʦʯʢʫè ï ʧʦʢʨʦʚʥʳʝ ʪʢʘʥʠ 

ʪʝʣʘ ʠ çʷʜʨʦè ï ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ʠ ʤʳʰʮʳ. ʕʪʦ ʤʥʦʛʦʩʣʦʡʥʘʷ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ ʯʘʩʪʴ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʚʠʜʦʤ ʩʣʦʝʚ. 

ʂʨʦʚʝʥʦʩʥʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʦʡ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ 

(ʉʊʈ) ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ 

(ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ʋʩʣʦʚʥʘʷ ʪʝʧʣʦ- ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ  

ʩʠʩʪʝʤʳ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʯʝʣʦʚʝʢʘ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʦʜʥʦʤʝʨʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʘʩʯʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʤʥʦʛʦʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ (i)) ʩ ʫʯʝʪʦʤ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʘʞʜʦʤ ʠʟ ʝʛʦ ʩʣʦʝʚ [4]. ɻʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʦʧʠʩʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʥʘ ʩʪʳʢʝ ʩʣʦʝʚ ʠ ʟʘʜʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʥʠʤʘʝʪʩʷ 

ʥʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʜʨʘ (36,7 Áʉ). ʇʝʨʝʥʦʩ ʪʝʧʣʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʧʦ 

ʜʣʠʥʝ ʩʣʦʷ (j) ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʩʣʦʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ [3, 4]: 
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,    (1) 

ʛʜʝ Gʢʨij  ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʨʘʩʯʝʪʥʳʡ ʵʣʝʤʝʥʪ ʠ ʩʣʦʡ, 

CPʢʨ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, tʚʭʦʜʘ ij, tʚʳʭʦʜʘ ij ï ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʨʘʩʯʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩʣʦʷ. 

ɺ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʛʨʝʚ ʣʠʙʦ ʦʭʣʘʞʜʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʨʘʟʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʉʊʈ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʦʞʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʧʝʨʝʤʝʥʥʳʤʠ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ 

ʨʘʩʯʝʪʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠ ʩʣʦʷʤʠ ʥʘ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ çʯʝʣʦʚʝʢ ï ʪʝʧʣʦʚʘʷ 

ʟʘɦʠʪʘ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʭʦʜ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ çʷʜʨʦʤè ʠ çʦʙʦʣʦʯʢʦʡè 

ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʛʜʘ ʚʢʣʶʯʘʝʪʩʷ ʤʝʭʘʥʠʟʤ çʚʳʜʘʚʣʠʚʘʥʠʷè 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ çʦʙʦʣʦʯʢʠè ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʠʪʴ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ (ʢʦʞʠ ʠ ʩʣʦʷ ʧʦʜʢʦʞʥʳʭ ʢʘʧʠʣʣʷʨʦʚ ʉʊʈ) ʠ 

ʫʤʝʥʴʰʠʪʴ ʪʝʧʣʦʧʦʪʝʨʠ çʷʜʨʘè (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʝʞʜʫ çʷʜʨʦʤè ʠ çʦʙʦʣʦʯʢʦʡè: 

ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʠ ʨʝʛʫʣʷʨʥʳʡ ʨʝʞʠʤ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʝʞʜʫ çʷʜʨʦʤè ʠ 

çʦʙʦʣʦʯʢʦʡè ʩʠʩʪʝʤʳ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢ ʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʵʣʝʤʝʥʪʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ, ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʦʜʝʞʜʳ.  
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Abstract 

This article examines the issues of simulation and calculating thermal 

processes in the ñHuman body -Thermal protection -Environmentò system at low 

temperatures, taking into account internal sources and heat transfer between the 

calculated elements and layers. The review of the article describes the method of 

calculating the processes of combined heat exchange, which allows you to get local, 

not exceeding the selected level, thermal parameters of the system "Human body-

Thermal protection - Environment" while taking into account passive and active 

protection, as well as thermal physical and geometric features in the calculated 

elements in a large range of environmental parameters that surrounds us. It provides 

easy to calculate the mass flow rate of the coolant (blood) on the calculated elements. 

The heat transferred with the coolant current between the elements of the calculation 

and the layers to the thermal processes in the "Human Body - Environment" system 

has been developed and investigated. Ultimately, this study will contribute to the 

specialists in the development of the aircraft life-support systems.  

Keywords life support systems, heat and mass transfer processes, coolant, 

thermal resistance, heat loss, low temperatures. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʘ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʥʝʚʝʩʦʤʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ çʯʝʣʦʚʝʢ ï 

ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʆʧʠʩʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʧʨʦʚʦʜʠʤʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʭʦʜʥʦ-ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʜʣʠʥʝ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʥʘ ɿʝʤʣʝ ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʛʠʧʦʜʠʥʘʤʠʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʪʝʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʝʚʝʩʦʤʦʩʪʴ, ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, 

ʟʘʱʠʪʥʘʷ ʦʜʝʞʜʘ. 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʯʝʣʦʚʝʢʘ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʠ ʧʝʨʝʛʨʝʚʘ. ʊʨʝʙʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʜʝʞʜʘ: ʤʘʣʘʷ ʤʘʩʩʘ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ 

ʠ ʚʳʩʦʢʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʊʘʢʞʝ ʟʘʱʠʪʥʘʷ ʦʜʝʞʜʘ ʜʦʣʞʥʘ ʟʘʱʠʱʘʪʴ 

ʦʪ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ ʥʝ ʚʳʟʳʚʘʪʴ ʧʝʨʝʛʨʝʚʘ ʚʦ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ. ʆʪʩʫʪʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʘʭ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʚʩʝʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. 

ʅʘʠʙʦʣʴʰʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʧʦʨʥʦ-

ʜʚʠʛʘʪʝʣʴʥʦʡ (ʛʠʧʦʜʠʥʘʤʠʷ, ʛʠʧʦʢʠʥʝʟʠʷ, ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ), 

ʢʨʦʚʝʥʦʩʥʦʡ (ʩʦʢʨʘʱʝʥʠʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʪʢʘʥʷʤ) ʠ ʥʝʨʚʥʦʡ (ʩʝʥʩʦʨʥʳʝ ʨʝʘʢʮʠʠ ʠ ʠʣʣʶʟʠʠ, 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ) ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʠʟʤʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ 

ʫʩʣʦʚʠʷ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ) ʦʪʚʝʯʘʶʪ 

ʢʦʤʬʦʨʪʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ɿʝʤʣʝ. ɼʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʧʦʪʝʨʴ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ 

ʜʣʠʪʝʣʴʥʦʡ ʥʝʚʝʩʦʤʦʩʪʠ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʢ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ, ʠ 
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ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʢʨʦʚʠ) ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʛʨʘʚʠʪʘʮʠʠ. ʅʝʜʦʩʪʘʪʦʢ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʝʡ ʪʝʣʘ ʚ ʯʘʩʪʥʦʩʪʠ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ 

ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʯʝʣʦʚʝʢʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʛʨʘʥʠʮʳ ʠ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʦʧʘʩʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [1-6].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ 

ʥʝʚʝʩʦʤʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʚʝʩʦʤʦʩʪʠ ʥʘ ʨʘʙʦʪʫ ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʦʚʠ ʧʦ ʪʢʘʥʷʤ ʜʣʷ 

ʤʫʞʩʢʦʛʦ ʠ ʞʝʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʥʘ ɿʝʤʣʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʄʂʉ. ʆʪʜʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʘʥʘʣʠʟʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʤʠʥʫʪʥʦʛʦ 

ʦʙʲʝʤʘ ʢʨʦʚʠ (ʚ % ʦʪ ʦʙʱʝʛʦ ʤʠʥʫʪʥʦʛʦ ʦʙʲʝʤʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ) ʯʝʨʝʟ 

ʧʦʪʨʝʙʠʪʝʣʠ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʪ ʥʦʨʤʳ ʥʘ ɿʝʤʣʝ. ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ 

ʢʨʦʚʠ ʠ ʫ ʢʦʩʤʦʥʘʚʪʘ ʥʘ 16 % ʤʝʥʴʰʝ ʥʦʨʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʪʦʢʦʤ ʢʨʦʚʠ ʤʝʞʜʫ çʷʜʨʦʤè ʢ 

çʦʙʦʣʦʯʢʦʡè. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʦʚʠ 

ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: ʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ 70%) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ 

ʢʨʦʚʠ ʥʘ ʛʦʣʦʚʫ ʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 11 % ʠ 37% ʥʘ ʨʫʢʠ ʠ ʥʦʛʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʠʙʦʣʴʰʠʝ ʪʝʧʣʦʧʦʪʝʨʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʄʂʉ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʤʳʰʝʯʥʦʡ ʛʨʫʧʧʝ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 1. ʆʪʢʣʦʥʝʥʠʷ ʤʠʥʫʪʥʦʛʦ ʦʙʲʝʤʘ ʢʨʦʚʠ (ʄʆʂ) ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʦʪ ʥʦʨʤʳ 
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ʈʠʩ. 2. ʊʝʧʣʦʧʦʪʝʨʠ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ 20Ü ʉ 

 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʷʭ ʪʝʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʜʣʠʪʝʣʴʥʦʡ ʥʝʚʝʩʦʤʦʩʪʠ 

ʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʪʝʧʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʪʝʣʴʥʦʛʦ 

ʙʝʣʴʷ ʜʣʷ ʢʦʩʤʦʥʘʚʪʦʚ, ʘ ʪʘʢ ʞʝ ʚʝʪʨʦʟʘʱʠʪʥʳʭ ʫʪʝʧʣʝʥʥʳʭ ʢʦʩʪʶʤʦʚ ʜʣʷ 

ʘʚʘʨʠʡʥʦʛʦ ʧʨʠʟʝʤʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʨʤʦʙʝʣʴʷ ʜʣʷ ʢʦʩʤʦʥʘʚʪʦʚ ʥʘ ʦʨʙʠʪʝ, ʚʳʩʦʪʥʦ-

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʢʦʩʪʶʤʦʚ ʣʝʪʯʠʢʦʚ, ʩʧʦʨʪʠʚʥʦʡ ʦʜʝʞʜʳ, ʘ ʪʘʢ ʞʝ ʧʨʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʘʬʘʥʜʨʦʚ. 
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Abstract 

In this article the research on ways to maintain human thermal comfort in 

conditions of long-term weightlessness is being conducted. This work is devoted to 

the issues of simulation and calculation of thermal processes in the system called 

ñHuman body ï Thermal protection - Environmentò in weightlessness. It considers 

internal heat sources and heat transfer between calculated elements. Conducted model 

research in order to identify particular characteristics of the consumable-pressure 

along the length of the vascular bed in conditions of Earth and in the long-term 

weightlessness. The analysis of the temperatures distribution and heat fluxes in 

various parts of the body in weightlessness in the dependence of the organism state. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʠʧʦʜʠʥʘʤʠʠ ʥʘ 

ʦʨʛʘʥʳ ʠ ʦʩʥʦʚʥʳʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ (ʦʧʦʨʥʦ-

ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʜʳʭʘʥʠʷ, ʧʠʱʝʚʘʨʝʥʠʷ). ɺʳʷʚʣʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʷʞʝʣʦʡ ʬʦʨʤʳ ʛʠʧʦʜʠʥʘʤʠʠ. ɺʳʧʦʣʥʝʥ 

ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʣʠʷʥʠʷ ʛʠʧʦʜʠʥʘʤʠʠ ʚ 

ʥʝʚʝʩʦʤʦʩʪʠ ʠ ʥʘ ɿʝʤʣʝ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʣʘʙʣʝʥʠʷ ʤʳʰʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʘ, ʚʦʟʨʘʩʪʘ, ʪʠʧʘ ʢʦʥʩʪʠʪʫʮʠʠ ʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʞʥʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʤʳʰʮ. 

ʆʪʜʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʚʣʠʷʥʠʶ ʠʟʙʳʪʢʘ ʠ ʥʝʜʦʩʪʘʪʢʘ ʞʠʨʦʚʦʡ 

ʪʢʘʥʠ ʠ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ ʥʘ ʨʘʙʦʪʫ ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʛʠʧʦʜʠʥʘʤʠʷ, ʥʝʚʝʩʦʤʦʩʪʴ, ʢʨʦʚʝʥʦʩʥʘʷ ʩʠʩʪʝʤʘ, 

ʢʦʤʧʝʥʩʘʮʠʷ, ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʪʠʧ ʢʦʥʩʪʠʪʫʮʠʠ, ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʞʥʝʥʠʡ, ʤʳʰʝʯʥʘʷ ʤʘʩʩʘ, ʠʟʙʳʪʦʯʥʳʡ ʚʝʩ. 

 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ 

ʥʘʨʫʰʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʥʝʚʝʩʦʤʦʩʪʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʠʩʴ ʛʨʘʥʠʮʳ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʩʤʦʥʘʚʪʦʚ, ʜʦʧʫʩʢʘʝʤʳʭ ʢ ʧʦʣʝʪʘʤ ʚ ʢʦʩʤʦʩ. ʅʘʨʷʜʫ ʩ ʰʠʨʦʢʠʤʠ 

ʚʦʟʨʘʩʪʥʳʤʠ ʨʘʤʢʘʤʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʛʨʫʧʧʳ ʧʦ ʪʠʧʫ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʩʧʝʮʠʘʣʠʩʪʳ-ʦʧʝʨʘʪʦʨʳ, ʙʦʨʪʠʥʞʝʥʝʨʳ, 

ʪʨʝʥʠʨʦʚʘʥʥʳʝ ʢʦʩʤʦʥʘʚʪʳ (ʥʘʧʨʠʤʝʨ, ʚʦʝʥʥʳʝ ʣʝʪʯʠʢʠ). ʇʦʥʠʞʝʥʥʘʷ 

ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʥʝ ʪʦʣʴʢʦ 

ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʘʪʨʦʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʥʦ 

ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (ʥʘʧʨʠʤʝʨ, 
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ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ). 

ɻʠʧʦʜʠʥʘʤʠʷ ï ʵʪʦ ʥʝʜʦʩʪʘʪʦʢ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʩʥʠʞʘʝʪʩʷ ʩʠʣʘ ʩʦʢʨʘʱʝʥʠʷ ʤʳʰʮ, ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʦʠʩʭʦʜʷʪ 

ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ. ɺʣʠʷʥʠʝ ʛʠʧʦʜʠʥʘʤʠʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʦʩʠʪ ʪʦʣʴʢʦ 

ʥʝʛʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʛʠʧʦʜʠʥʘʤʠʠ ʩʪʨʘʜʘʶʪ 

ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʘʷ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʳ. ʉʥʠʞʝʥʠʝ ʪʦʥʫʩʘ ʤʳʰʮ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ ʠ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʩʘʥʢʠ, ʩʤʝʱʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ 

ʠ ʜʨʫʛʠʤ ʥʝʛʘʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʋʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʉʉʉ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʠ ʩʠʣʳ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ, ʥʘʨʫʰʝʥʠʶ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ 

ʢʣʝʪʢʘʭ ʩʝʨʜʮʘ; ʫʭʫʜʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʘ ʪʘʢ ʞʝ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʯʠʩʣʘ. ɺʩʝ ʵʪʦ ʩʦʟʜʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʝʨʜʝʯʥʳʭ ʧʘʪʦʣʦʛʠʡ (ʪʘʢʠʭ, ʢʘʢ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ). ʅʝʤʘʣʦʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʛʠʧʦʜʠʥʘʤʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ ʨʘʙʦʪʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʪʨʝʥʘʞʝʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʟʘʜʘʥʥʫʶ 

ʬʠʟʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʦʚ, ʧʦʣʘ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʷ 

ʦʨʛʘʥʠʟʤʘ: ʪʠʧʘ ʢʦʥʩʪʠʪʫʮʠʠ, ʚʠʜʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʝʩʘ. ʆʯʝʥʴ 

ʚʘʞʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʢʦʤʧʝʥʩʘʮʠʠ ʛʠʧʦʜʠʥʘʤʠʠ ʠ ʥʝʚʝʩʦʤʦʩʪʠ 

ʧʦʜʦʙʨʘʪʴ ʚʝʣʠʯʠʥʫ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʛʨʫʧʧʳ ʤʳʰʮ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʠʧʘ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚʠʜʘ ʠ ʚʝʣʠʯʠʥʳ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʛʨʫʧʧʳ ʤʳʰʮ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚ ʙʦʨʴʙʳ ʩ ʛʠʧʦʜʠʥʘʤʠʝʡ ʠ ʠʟʙʳʪʦʯʥʦʛʦ 

ʚʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʠ ʥʘ ɿʝʤʣʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʦʮʝʥʢʝ 

ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʜʝʣʴʥʦ ʜʣʷ ʤʫʞʩʢʦʛʦ ʠ 

ʞʝʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʜʝʡʩʪʚʠʷ 

ʛʠʧʦʜʠʥʘʤʠʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʚʝʩʘ ʜʚʫʭ ʪʠʧʦʚ 

(ʤʳʰʝʯʥʘʷ ʤʘʩʩʘ ʠ ʞʠʨʦʚʘʷ ʪʢʘʥʴ) ʥʘ ʨʘʙʦʪʫ ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʦ ʢʨʦʚʦʩʥʘʙʞʝʥʠʠ ʤʠʦʢʘʨʜʘ 

(ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʢʨʦʚʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʤʠʦʢʘʨʜ, ʚ % ʦʪ ʦʙʱʝʛʦ ʤʠʥʫʪʥʦʛʦ 

ʦʙʲʝʤʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ). ʅʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʚ 1,5 

é 2 ʨʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʛʠʧʦʜʠʥʘʤʠʠ ʠ ʥʘʣʠʯʠʷ 

ʠʟʙʳʪʦʯʥʦʛʦ ʚʝʩʘ ʧʦ ʞʠʨʦʚʦʡ ʪʢʘʥʠ. ʊʘʢ ʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʜʦʩʪʘʪʢʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ɿʝʤʣʝ ʠ ʚ 

ʥʝʚʝʩʦʤʦʩʪʠ ʜʣʷ ʤʫʞʩʢʦʛʦ ʠ ʞʝʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʠʜʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʠʧʦʜʠʥʘʤʠʠ ʚ 

ʥʝʚʝʩʦʤʦʩʪʠ. ʆʪʜʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʨʝʥʘʞʝʨʦʚ ʜʣʷ ʢʘʨʜʠʦ ʠ ʩʠʣʦʚʳʭ ʚʠʜʦʚ ʪʨʝʥʠʨʦʚʦʢ. 

ʇʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʯʝʣʦʚʝʢʘ ʢ ʥʝʚʝʩʦʤʦʩʪʠ ʙʦʣʝʝ ʣʝʛʦʢ ʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʤʝʥʴʰʝʡ çʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʦʡè, ʯʝʤ ʘʜʘʧʪʘʮʠʷ ʢ ʟʝʤʥʦʡ ʩʠʣʝ ʪʷʞʝʩʪʠ 

ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ. ɺʦʟʥʠʢʘʶʱʠʝ ʫ 
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ʢʦʩʤʦʥʘʚʪʦʚ ʚʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʨʦʯʥʳʝ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ 

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʦʟʚʨʘʱʝʥʠʝ ʢ ʧʨʝʜʧʦʣʝʪʥʦʤʫ 

ʫʨʦʚʥʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʩʠʩʪʝʤ. ʆʪʜʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʩʚʷʱʝʥʦ ʘʥʘʣʠʟʫ ʩʧʦʩʦʙʦʚ ʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʩʤʦʥʘʚʪʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ 

ʧʦʣʝʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʘʤʦʢ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʧʨʦʛʨʘʤʤ ʨʝʘʙʠʣʠʪʘʮʠʠ. 
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Abstract 

The work describes the mechanisms of negative effects of hypodynamia on the 

organs and the main vital systems of the human body (musculoskeletal system, blood 

circulation, respiration, and digestion). The features of the circulatory system with 

insufficient physical activity, as well as a result of severe hypodynamia, are revealed. 

A set of model studies was performed to compare the effects of hypodynamia in 

weightlessness and on Earth. The analysis of ways to compensate for the negative 

effects of weakening the body's muscle activity depending on gender, age, type of 

constitution and motor activity, including the effectiveness of exercise on different 

muscle groups. A separate study is devoted to the effect of excess and lack of adipose 

tissue and muscle mass on the work of the circulatory system, with normal physical 

activity and insufficient. 

Key words physical inactivity, weightlessness, circulatory system, 

compensation, motor activity, type of constitution, human body, exercise efficiency, 

muscle mass, overweight. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ  ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʠʪʠʚʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʚʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. ʆʪʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ 

ʩʣʦʞʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʤʝʨʟʘʥʠʷ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ-ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʩʧʦʩʦʙʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʘʭ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ  ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʘʤʦʣʝʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʧʣʘʩʪʠʥʯʘʪʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ; ʪʝʧʣʦʦʙʤʝʥʥʠʢ-

ʢʦʥʜʝʥʩʘʪʦʨ; ʦʨʝʙʨʝʥʠʝ; ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ; ʦʙʤʝʨʟʘʥʠʝ;  

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ.. 

 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ-ʢʦʥʜʝʥʩʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʇʊʆ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʉʂɺ)  

ʦʪʯʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ.  ʊʘʢ ʥʘʧʨʠʤʝʨ, ʥʘ 

ʩʘʤʦʣʝʪʘʭ ʊʫ-204, Airbus ɸ- 310, Boeing-767 ʫʩʪʘʥʦʚʣʝʥʳ ʉʂɺ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʉʂɺ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʝʥʠʝ ʚʣʘʛʠ ʚ ʣʠʥʠʠ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʙʷʟʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ-ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʠʟ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʫʪʸʤ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʨʘʙʦʯʝʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚʳʙʨʘʩʳʚʘʝʤʳʤ ʠʟ ʪʫʨʙʦʭʦʣʦʜʠʣʴʥʠʢʘ. 

ʇʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʤʝʨʟʘʥʠʶ ʢʦʥʜʝʥʩʘʪʦʨʘ[1,2]. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʙʦʨʴʙʳ ʩ ʦʙʤʝʨʟʘʥʠʝʤ. ʊʘʢ 

ʥʘʧʨʠʤʝʨ ʥʘ ʩʘʤʦʣʝʪʝ Airbus ɸ- 310 ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʧʦʜʘʯʘ 

ʚʦʟʜʫʭʘ ʩ ʟʘʚʝʜʦʤʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʭʦʣʦʜʥʳʡ ʬʨʦʥʪ 
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ʢʦʥʜʝʥʩʘʪʦʨʘ[2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʟʨʫʰʝʥʠʝ ʠ ʧʣʘʚʣʝʥʠʝ ʣʴʜʘ ʥʘʯʠʥʘʝʪʩʷ ʜʦ 

ʪʦʛʦ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʜʥʠʤʝʪʩʷ ʚʳʰʝ ʥʫʣʷ ʛʨʘʜʫʩʦʚ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩ.1. ʇʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʜʝʥʩʘʪʦʨʘ Airbus ɸ- 310   

1 ï ʦʪʙʦʨ ɺɺɼ ʦʪ ʜʚʠʛʘʪʝʣʷ; 2 ï ʟʘʧʦʨʥʳʡ ʢʣʘʧʘʥ; 3 ï ʮʠʣʠʥʜʨ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 4 ï ʩʠʛʥʘʣʴʥʘʷ ʣʠʥʠʷ ʜʘʚʣʝʥʠʷ; 5 ï 

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʣʠʥʠʷ ʧʦʜʤʝʩʘ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ; 6 ï 

ʪʫʨʙʦʭʦʣʦʜʠʣʴʥʠʢ; 7 ï ʢʦʥʜʝʥʩʘʪʦʨ; 8 ï ʛʝʨʤʦʢʘʙʠʥʘ  

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʤʝʨʟʘʥʠʷ 

ʢʦʥʜʝʥʩʘʪʦʨʘ (ʢʦʥʜʝʥʩʘʪʦʨ ɸʥʜʝʨʩʦʥʘ  ʧʘʪʝʥʪ ʉʐɸ ˉ 1246963) [2]. 

 

ʈʠʩ.2. ʇʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ɸʥʜʝʨʩʦʥʘ  

1 ï ʛʦʨʷʯʠʡ ʧʘʢʝʪ; 2 ï ʭʦʣʦʜʥʳʡ ʧʘʢʝʪ; 3 ï ʧʦʜʦʛʨʝʚʘʶʱʘʷ ʪʨʫʙʢʘ ï 

çʪʝʧʣʦʚʦʡ ʥʦʞè;  

4 ïʩʢʨʫʛʣʝʥʠʝ ʪʨʫʙʢʠ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʙʦʛʨʝʚʘʪʴ ʚʦʟʜʫʭʦʤ ʩ 

ʟʘʚʝʜʦʤʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʭʦʜʥʳʝ ʢʨʦʤʢʠ 

ʧʣʘʩʪʠʥ ʧʦ ʭʦʣʦʜʥʦʤʫ ʪʨʘʢʪʫ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ  ʩʭʝʤʘ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʉʂɺ ʩʘʤʦʣʝʪʘ Boeing-767 [2]. 
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ʈʠʩ.2. ʇʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʉʂɺ ɹʦʠʥʛ-757 

I, II  ï ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ  ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʩʝʢʮʠʠ;  III  ï ʚʩʪʨʦʝʥʥʳʡ ʦʙʚʦʜʥʦʡ 

ʢʘʥʘʣ;  

1 ï ʛʦʨʷʯʠʡ ʧʘʢʝʪ; 2 ï ʭʦʣʦʜʥʳʡ ʧʘʢʝʪ; 3 ï ʢʘʥʘʣʳ ʜʣʷ ʧʦʜʦʛʨʝʚʘ  ʚʭʦʜʥʳʭ 

ʢʨʦʤʦʢ 

 

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʜʝʣʠʪʴ 

ʪʝʧʣʦʦʙʤʝʥʥʫʶ ʩʝʢʮʠʶ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ, ʘ ʤʝʞʜʫ ʥʠʤʠ 

ʩʦʟʜʘʪʴ ʚʩʪʨʦʝʥʥʳʡ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʦʙʚʦʜʥʦʡ ʢʘʥʘʣ. ʂʨʦʤʝ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ çʩʘʤʦʦʪʪʘʠʚʘʶʱʝʡʩʷè ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʧʠʩʘʥʥʳʭ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʣʫʞʠʪ ʪʦ, 

ʯʪʦ ʚʩʝ ʦʥʠ ʙʦʨʶʪʩʷ ʣʠʰʴ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʦʙʤʝʨʟʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʪʨʘʛʠʚʘʷ ʧʨʠʯʠʥ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɻʣʘʚʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʝʪʦʜʠʢʘʤ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʩʪʴ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷʭ, ʠ ʚ ʠʪʦʛʝ ʬʘʢʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʯʸʪʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʊʆ  ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʨʦʚʝʨʦʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʸʪʘ. ʆʩʥʦʚʦʡ ʪʘʢʦʛʦ ʨʘʩʯʸʪʘ 

ʜʦʣʞʝʥ ʩʪʘʪʴ ʧʦʠʩʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ɿʥʘʥʠʝ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʵʪʦʤ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʣʶʙʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʜ 

ʟʘʜʘʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʩʳʣʢʠ 

 

1. ɼʴʷʯʝʥʢʦ ʖ. ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ : [ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ 551000 çɸʚʠʘ- ʠ ʨʘʢʝʪʦʩʪʨʦʝʥʠʝè ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 131100 

çʉʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʃɸè] / ʖ. ɺ. ɼʴʷʯʝʥʢʦ, ɸ. ɺ. 

ʏʠʯʠʥʜʘʝʚ ; ʅʦʚʦʩʠʙ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ. - ʅʦʚʦʩʠʙʠʨʩʢ : ʀʟʜ-ʚʦ ʅɻʊʋ, 2017. - 87 

ʩ. 
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2. ɼʴʷʯʝʥʢʦ  ʖ. ɺ., ʉʧʘʨʠʥ ɺ. ɸ., ʏʠʯʠʥʜʘʝʚ ɸ.ɺ. ʉʠʩʪʝʤʳ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʫʯʝʙ. ʧʦʩʦʙʠʝ. - ʅʦʚʦʩʠʙʠʨʩʢ : ʀʟʜ-

ʚʦ ʅɻʊʋ, 2003. - 512 ʩ - (ʋʯʝʙʥʠʢʠ ʅɻʊʋ). 
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Abstract 

Abstract. A heat exchanger is a device that is used for transferring of thermal 

energy (enthalpy) between two or more fluids, between a solid surface and a fluid, or 

between solid particles and a fluid, at differing temperatures and in thermal contact, 

usually without external heat and work interactions. 

The paper considers the main stages of the first plate heat exchangers 

development and the primitive designs. The main difficulties in the design and 

operation of modern heat exchangers are noted. The reasons for the heat exchanger-

condenser frosting and the ways to prevent this in air conditioning systems of 

domestic and foreign aircraft are considered. 

Keywords plate heat exchanger; heat exchanger-condenser; ribbing; air 

conditioning system; frosting; anti-icing system. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʝʨʝʛʨʝʚʘ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠ ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʢʦʩʤʦʥʘʚʪʘ ʚʥʫʪʨʠ ʩʢʘʬʘʥʜʨʘ ʚʦ ʚʨʝʤʷ ʚʳʭʦʜʘ ʚ ʦʪʢʨʳʪʳʡ ʢʦʩʤʦʩ. ɺʳʧʦʣʥʝʥ 

ʦʙʟʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩ ʮʝʣʴʶ 

ʧʨʝʜʣʦʞʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʝʛʨʝʚʘ ʢʦʩʤʦʥʘʚʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʢʦʩʪʶʤʘ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʩʢʘʬʘʥʜʨʘ, 

ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʢʦʩʪʶʤʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʩʪʶʤ 

ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ, ʧʝʨʝʛʨʝʚ. 
 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʢʦʤʧʝʥʩʘʮʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʧʝʨʝʛʨʝʚʘ ʢʦʩʤʦʥʘʚʪʘ ʚ 

ʩʢʘʬʘʥʜʨʝ ʚʦ ʚʨʝʤʷ ʚʳʭʦʜʘ ʚ ʦʪʢʨʳʪʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ çʅʇʇ çɿʚʝʟʜʘè ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɻ.ʀ. ʉʝʚʝʨʠʥʘè ʢʦʩʪʶʤ 

ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʂɺʆ-ʄ) ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʩʤʦʥʘʚʪʘʤʠ ʧʨʠ ʨʘʙʦʪʝ 

ʚ ʦʪʢʨʳʪʦʤ ʢʦʩʤʦʩʝ.  

ʇʝʨʝʥʦʩ ʪʝʧʣʘ ʦʪ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʢ ʦʭʣʘʞʜʘʶʱʝʤʫ ʘʛʨʝʛʘʪʫ ɸʉʆɾ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʛʘʟʘ (ʚʦʟʜʫʭʘ), ʪʘʢ ʠ ʞʠʜʢʦʩʪʠ. ʇʨʠ 

ʚʦʟʜʫʰʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʪʝʧʣʦ ʦʪʙʠʨʘʝʪʩʷ ʫ ʪʝʣʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʪʦʦʪʜʝʣʝʥʠʷ, ʘ ʵʪʦ, ʢʦʥʝʯʥʦ, ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʢʦʩʤʦʥʘʚʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʛʦʥʷʪʴ ʯʝʨʝʟ ʩʢʘʬʘʥʜʨ ʚʝʩʴʤʘ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʛʘʟʘ, ʧʨʠʤʝʨʥʦ 700ð1000 

ʣ/ʤʠʥ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʚʝʥʪʠʣʷʪʦʨʘ ʤʦʱʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪ 

ʚʘʪʪ, ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʩʠʣʴʥʳʡ ʦʙʜʫʚ ʥʝ ʦʯʝʥʴ 

ʧʨʠʷʪʝʥ ʜʣʷ ʢʦʩʤʦʥʘʚʪʘ. 
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ɺʦʜʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʧʦʞʘʣʫʡ, ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʠʝʤʣʝʤʳʭ ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʩʢʘʬʘʥʜʨʝ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʢʦʩʤʦʥʘʚʪʘ. ʏʪʦʙʳ ʦʪʚʝʩʪʠ 300 ï 500 ʢʢʘʣ/ʯ ʪʝʧʣʘ, ʨʘʩʭʦʜ 

ʚʦʜʳ ʯʝʨʝʟ ʢʦʩʪʶʤ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 1,5 ï 2 ʣ/ʤʠʥ, 

ʧʦʪʨʝʙʥʘʷ ʜʣʠʥʘ ʦʭʣʘʞʜʘʶʱʠʭ ʪʨʫʙʦʢ ʜʦ 100 ʤʝʪʨʦʚ. ɼʣʷ ʧʨʦʢʘʯʢʠ ʚʦʜʳ 

ʚʧʦʣʥʝ ʭʚʘʪʘʝʪ ʥʘʩʦʩʘ ʩ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ ʚ ʥʝʩʢʦʣʴʢʦ ʚʘʪʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʫʞʥʘ ʠ ʚʝʥʪʠʣʷʮʠʷ ð ʦʥʘ ʫʥʦʩʠʪ ʚʳʜʝʣʷʝʤʫʶ ʚʣʘʛʫ 

ʠ ʫʛʣʝʢʠʩʣʦʪʫ, ʥʦ, ʢʦʥʝʯʥʦ, ʤʦʱʥʦʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ ʫʞʝ ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ, 

ʯʝʤ ʧʨʠ ʯʠʩʪʦ ʚʦʟʜʫʰʥʦʤ ʦʭʣʘʞʜʝʥʠʠ. 

 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʢʦʩʪʶʤʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ɸ) ʠ ʩʭʝʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʚ ʥʝʤ (ɹ): 1, 2 ð ʧʦʜʚʦʜʷʱʠʡ ʠ ʦʪʚʦʜʷʱʠʡ ʰʣʘʥʛʠ; 3 ð 

ʩʝʪʯʘʪʳʡ ʢʦʤʙʠʥʝʟʦʥ; 4 ð ʦʭʣʘʞʜʘʶʱʠʝ ʪʨʫʙʢʠ 
 

ʇʨʝʜʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʪ 

ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʩʪʶʤʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʢʦʩʪʶʤʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʪʘʢ 

ʞʝ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʫʤʝʥʴʰʝʥʠʷ ʚʝʩʘ ʢʦʩʪʶʤʘ, ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʫʣʫʯʰʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʢʦʩʪʶʤʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʳ 
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ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʝʸ ʦʪʣʘʜʢʠ ʧʦʜ ʚʦʟʤʦʞʥʳʝ 

ʚʘʨʠʘʥʪʳ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʢʦʩʪʶʤʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʦʜʷʥʦʛʦ 

ʢʦʩʪʶʤʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉ ʦʪʢʨʳʪʠʝʤ ʵʬʬʝʢʪʘ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʷʚʠʣʘʩʴ ʧʨʦʙʣʝʤʘ 

ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʪ.ʢ. ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 4-80 ʂ ʥʝʦʙʭʦʜʠʤʳ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʝ 

ʢʨʠʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʟʦʣʷʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʠʤʳʭ ʦʙʤʦʪʦʢ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʘ ʚʳʜʝʣʝʥʠʝ ʜʞʦʫʣʝʚʦʡ ʪʝʧʣʦʪʳ ʠ ʪʝʤ ʩʘʤʳʤ 

ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʭʣʘʞʜʝʥʠʝ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ 2 ʨʦʜʘ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 78 ʂ), 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʰʸʚʳʡ ʞʠʜʢʠʡ ʘʟʦʪ ʚʤʝʩʪʦ 

ʞʠʜʢʦʛʦ ʛʝʣʠʷ. ɼʘʥʥʳʡ ʚʠʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʤʧʘʢʪʝʥ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ  ʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʘʢ ʠ ʚ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʠ, ʛʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʤʝʞʬʘʢʫʣʴʪʝʪʩʢʦʛʦ ʧʨʦʝʢʪʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ 

ʦʭʣʘʞʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷè ʠ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʬʘʢʫʣʴʪʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʬʘʢʫʣʴʪʝʪʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʢʨʠʦʛʝʥʥʳʝ ʪʝʧʣʦʥʦʩʠʪʝʣʠ, 

ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 50 % ʧʦʪʝʨʴ. ʆʜʥʠʤ 

ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʦʙʤʦʪʢʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ 

ʵʬʬʝʢʪʫ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʝ ʚʳʜʝʣʷʝʪʩʷ 

ʪʝʧʣʦʪʘ (ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ɼʞʦʫʣʷ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 
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ʤʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʷʚʠʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʘʪʴ ʫʩʣʦʚʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʱʝ ʠ 

ʜʝʰʝʚʣʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʞʠʜʢʦʤ ʛʝʣʠʠ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ 

ʤʠʨʦʚʦʡ ʥʘʫʢʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ 

ʪʝʧʣʦʪʝʭʥʠʢʠ. [1, 2]. ɼʘʥʥʳʡ ʚʠʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʤʧʘʢʪʝʥ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʦʝʥʥʦʡ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ 

ʩʫʜʥʘʭ, ʣʠʙʦ ʚ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʠ ʤʝʛʘʧʦʣʠʩʦʚ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʭʚʘʪʢʘ 

ʨʝʩʫʨʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ 

ʚʘʢʫʫʤʥʳʭ ʨʫʙʘʰʝʢ ʚʦʢʨʫʛ ʢʨʠʦʘʛʝʥʪʘ ʠ ʩʦʟʜʘʥʠʝ ʦʙʦʣʦʯʢʠ ʠʟ ʜʝʰʸʚʦʛʦ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ [3é7] ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʚʤʝʩʪʦ ʚʘʢʫʫʤʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ. 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʯʸʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʠʩʪʝʤʝ MathCad. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʝʨʚʠʯʥʳʝ ʨʘʩʯʸʪʳ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ, ʧʨʠʤʝʥʠʤʦʡ ʢ ʫʨʘʚʥʝʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ 

ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʢʦʥʝʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʢʠ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʦ ʥʘʛʣʷʜʥʘʷ 3D ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

ʈʠʩ. 1. 3D ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 1 - ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʩʪʝʥʢʠ; 2 ï 

ʪʝʢʩʪʦʣʠʪʦʚʳʝ ʩʪʝʥʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʤʘʪʳʚʘʶʪʩʷ ʦʙʤʦʪʢʠ ʠʟ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ; 

3 ï ʩʪʝʥʢʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʞʠʜʢʠʡ ʘʟʦʪ 

 

ɺ ʩʠʣʫ ʘʜʜʠʪʠʚʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ, ʧʣʦʪʥʦʩʪʠ ɟ ʠ 

ʪʝʧʣʦʸʤʢʦʩʪʠ, ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʘ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʢʘʞʜʦʡ 

ʯʘʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʠ ʧʦʩʯʠʪʘʥ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ a ʩ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʦʪ ʩʣʦʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 (ʘ, ʙ) ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʩʣʦʷ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʯʝʨʝʟ 1 ʩ. (ʣʠʥʠʷ 1) , 10 ʤʠʥ. (ʣʠʥʠʷ 2), 30 ʤʠʥ. 

(ʣʠʥʠʷ 3), 1 ʯ. (ʣʠʥʠʷ 4) ʠ 1 ʩʫʪʢʠ (ʣʠʥʠʷ 5). ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ 

ʩʪʝʥʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

 

ʈʠʩ. 2 ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʣʝʚʘ ʦʪ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ʘ) 

ʠ ʩʧʨʘʚʘ (ʙ) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʧʣʦʚʫʶ ʠʟʦʣʷʮʠʶ, ʧʨʦʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʠ 

ʩʦʟʜʘʪʴ ʘʚʪʦʥʦʤʥʳʡ ʢʨʠʦʩʪʘʪ ʩ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʳʭ ʦʙʤʦʪʦʢ. ʅʘ ʦʩʥʦʚʝ ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʦʪʦʪʠʧʘ ʙʳʣʘ 

ʧʨʦʩʯʠʪʘʥʘ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ 

ʪʝʧʣʦʧʨʠʪʦʢʘʤ ʢ ʞʠʜʢʦʤʫ ʘʟʦʪʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʝʧʣʦʚʦʡ ʨʘʩʯʸʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʦʮʝʥʢʫ 

ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʠʟ ʩʣʦʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʩʳʣʢʠ 

 

1. ʄʘʥʫʩʦʚ ɺ. ɿ. ʆʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ 
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Abstract 

With the discovery of superconductivity effect, there was a problem of applied 

use of this phenomenon, because for obtaining and maintaining very low 

temperatures of 4-80 K is needed technically complex hydraulic and insulation 

technology. The use of electric power transformer windings for superconductivity 

avoids energy losses due to Joule heat and thus reduces cooling costs, both monetary 

and territorial. With the advent of high temperature superconductors genus 2 

(temperature of liquid nitrogen reflux 78 K), it is possible to use cheaper liquid 

nitrogen instead of liquid helium. This type of transformer is compact, so it can be 

used in military applications for high voltage DC, and the electricity supply, where 

there is a shortage of territorial resources. The work is carried out within the 

framework of the project training on the inter-departmental project ñResearch of the 

thermal processes in the cooling system of electrical voltage transformersò and will 

be useful for students of the Faculty of Electric Power Engineering and the Faculty of 

Aircraft. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʭʣʘʞʜʘʶʱʠʝ ʩʠʩʪʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʩʠʩʪʝʤʳ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ. 

ɼʣʷ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʦʭʣʘʞʜʘʶʱʠʝ ʩʠʩʪʝʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, 

ʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʭʣʘʜʦʥʦʩʠʪʝʣʴ, ʨʘʩʩʦʣ, ʭʣʘʜʘʛʝʥʪ.  

 

ʅʘ ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʨʠʭʦʜʠʪʩʷ 40% ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʧʦʣʫʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʨʫʰʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʭʣʘʞʜʝʥʠʷ: ʧʦʩʨʝʜʩʪʚʝʥʥʦʝ (ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ) ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʊʘʢʦʡ ʦʙʟʦʨ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʫ 

ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ.  

ɺ ʩʠʩʪʝʤʘʭ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʞʠʜʢʠʡ ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ 

ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʧʨʦʡʜʷ ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ, ʧʦʩʪʫʧʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴʥʳʝ 

ʙʘʪʘʨʝʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʭʣʘʞʜʘʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ. ɿʘ ʩʯʝʪ ʪʝʧʣʘ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ ʢʠʧʠʪ, ʦʭʣʘʞʜʘʷ ʚʦʟʜʫʭ. ʇʘʨʳ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʠʟ ʙʘʪʘʨʝʡ ʦʪʩʘʩʳʚʘʶʪʩʷ ʢʦʤʧʨʝʩʩʦʨʦʤ. ʊʦ ʝʩʪʴ, ʪʝʧʣʦ ʦʪ 

ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʭʣʘʜʘʛʝʥʪʦʤ, ʢʠʧʷʱʝʤ 

ʚ ʠʩʧʘʨʠʪʝʣʝ.  ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ.1. 
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ʈʠʩ.1. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

1 - ʢʦʤʧʨʝʩʩʦʨ; 2 ï ʢʦʥʜʝʥʩʘʪʦʨ; 3 ï ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ; 4 ï 

ʦʪʜʝʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ; 5 ï ʙʘʪʘʨʝʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 6 ï 

ʦʭʣʘʞʜʘʝʤʦʝ ʧʦʤʝʱʝʥʠʝ. 

 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

ʢʠʧʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʞʝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʫʩʪʘʥʦʚʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʘʤʤʠʘʢʝ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ 

ʧʨʦʩʪʳʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʩʪʘʥʦʚʢʠ ʥʘ ʬʨʝʦʥʝ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʚʟʨʳʚʦʦʧʘʩʥʳʤʠ. ɺ ʩʨʘʚʥʝʥʠʠ 

ʩ ʩʠʩʪʝʤʘʤʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ, ʫ ʩʠʩʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʤʝʥʴʰʝʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʰʝʚʠʟʥʘ ʩʠʩʪʝʤʳ, ʙʦʣʝʝ 

ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ.  

ɺ ʩʠʩʪʝʤʘʭ ʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʪʘ ʦʪ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʦʙʲʝʢʪʘ ʦʪʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ (ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ 

NaCl, ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ CaCl2, ʭʣʦʨʠʩʪʦʛʦ ʤʘʛʥʠʷ MgCl2), ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʨʘʩʩʦʣʳ, ʘ ʪʘʢʞʝ ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ, ʬʨʝʦʥʳ (R30, 

R11), ʘʤʤʠʘʢ ʚ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʧʣʦʪʘ ʦʪ 

ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʶ, ʢʦʪʦʨʳʡ, ʚ ʧʦʩʣʝʜʩʪʚʠʠ, 

ʧʝʨʝʜʘʝʪ ʝʝ ʭʦʣʦʜʠʣʴʥʦʤʫ ʘʛʝʥʪʫ. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʨʘʩʩʦʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.  



  
 

195 
 

 
 

ʈʠʩ.2. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʩ ʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

1 - ʢʦʤʧʨʝʩʩʦʨ; 2 ï ʢʦʥʜʝʥʩʘʪʦʨ; 3 ï ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ; 4 ï 

ʠʩʧʘʨʠʪʝʣʴ; 5 ï ʨʘʩʩʦʣʴʥʳʡ ʥʘʩʦʩ; 6 ï ʨʘʩʩʦʣʴʥʳʝ ʙʘʪʘʨʝʠ; 7 ï ʦʭʣʘʞʜʘʝʤʦʝ 

ʧʦʤʝʱʝʥʠʝ; 8 ï ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ. 

 

ʈʘʩʩʦʣ, ʦʭʣʘʞʜʝʥʥʳʡ ʚ ʠʩʧʘʨʠʪʝʣʝ ʢʠʧʷʱʠʤ ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʝʥʪʦʤ, 

ʧʦʜʘʝʪʩʷ ʨʘʩʩʦʣʴʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ 5 ʚ ʨʘʩʩʦʣʴʥʳʝ ʙʘʪʘʨʝʠ 6, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ 7. ɺ ʙʘʪʘʨʝʷʭ ʨʘʩʩʦʣ ʥʘʛʨʝʚʘʝʪʩʷ ʥʘ 

2-3ʦ, ʦʭʣʘʞʜʘʷ ʚʦʟʜʫʭ ʢʘʤʝʨʳ, ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʧʘʨʠʪʝʣʴ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ.  

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʭʣʘʜʦʥʦʩʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʳ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʟʘʜʘʯ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚʘʨʴʠʨʫʝʪʩʷ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ: 

ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ ʨʘʩʩʦʣʳ ʧʨʠʤʝʥʷʶʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ -65 ʦʉ, ʬʨʝʦʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ -40 ʜʦ -100 ʦʉ), ʪʚʝʨʜʳʝ ʭʣʘʜʦʥʦʩʠʪʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -4 ʜʦ -52 ʦʉ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʪʥʦʩʷʪʩʷ: ʢʦʨʨʦʟʠʷ ʘʧʧʘʨʘʪʦʚ ʩʠʩʪʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʜʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ, ʙʦʣʴʰʘʷ 

ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ ʫʩʫʰʢʘ ʧʨʦʜʫʢʪʘ. 

ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʠʥʫʩʳ, ʩʠʩʪʝʤʳ 

ʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʠʩʪʝʤʘʤʠ ʧʨʷʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʦʙʣʘʜʘʶ ʨʷʜʦʤ ʩʝʨʴʝʟʥʳʭ ʜʦʩʪʦʠʥʩʪʚ: ʤʝʥʴʰʠʡ ʨʘʩʭʦʜ ʮʝʣʴʥʦʪʷʥʫʪʳʭ ʪʨʫʙ, 

ʙʦʣʴʰʘʷ ʘʢʢʫʤʫʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʙʦʣʝʝ ʧʨʦʩʪʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ, 

ʙʦʣʴʰʘʷ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʘʜʘʛʝʥʪʘ, ʪʦʯʥʦʝ 

ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʦʙʲʝʤʝ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʪʝʯʢʠ 

ʭʣʘʜʘʛʝʥʪʘ ʚ ʢʘʤʝʨʫ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʦʜʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʘʨʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʫʯʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ, ʪʦ ʚʦʟʤʦʞʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʦʣʦʜʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʫʩʪʘʥʦʚʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ ʧʫʪʝʤ ʨʘʩʯʸʪʘ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ ʠ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʈʘʩʯʝʪ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʤʝʪʦʜʠʢʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʜʣʷ ʚʫʟʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çʍʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʫʩʪʘʥʦʚʢʠè/ʅ. ʅ. ʂʦʰʢʠʥ, ʀ. ɸ. ʉʘʢʫʥ, ɽ. ʄ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ/ʠʣʠ ʙʝʟʦʧʘʩʥʳʝ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʭʣʘʜʘʛʝʥʪʳ. ʇʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʪʨʦʬʠʪʫ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʆʧʠʩʳʚʘʶʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʜʝʡʩʪʚʠʡ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʨʝʪʨʦʬʠʪʘ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ɺʳʷʚʣʷʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠ ʟʘʤʝʥʝ ʭʣʘʜʘʛʝʥʪʘ ʩ ʫʯʝʪʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʙʦʯʝʡ ʠ ʪʠʧʘ ʩʤʘʟʦʯʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʩʣʫʯʘʝʚ 

ʧʝʨʝʭʦʜʘ ʥʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʭʣʘʜʘʛʝʥʪ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʦʩʦʙʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠ. ʆʪʜʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʩʨʘʚʥʝʥʠʶ ʚʣʠʷʥʠʷ ʭʣʘʜʘʛʝʥʪʘ 

ʥʘ ʦʟʦʥʦʚʳʡ ʩʣʦʡ ʠ ʥʘʣʠʯʠʷ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʭʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʪʨʦʬʠʪ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ, ʭʣʘʜʘʛʝʥʪ, ʦʟʦʥʦʚʳʡ ʩʣʦʡ, ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʭʦʣʦʜʠʣʴʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʘʪʤʦʩʬʝʨʫ 

ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʧʨʦʤʳʰʣʝʥʥʦʡ, ʘ ʟʘʪʝʤ ʪʦʨʛʦʚʦʡ ʠ ʙʳʪʦʚʦʡ ʦʪʨʘʩʣʝʡ 

ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ ʠ ʛʠʜʨʦʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ, ʟʝʦʪʨʦʧʥʳʭ ʩʦʩʪʘʚʦʚ ʚ 

ʯʘʩʪʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʟʘʤʝʥʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʭʣʘʜʘʛʝʥʪʦʤ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʫ ʭʣʘʜʘʛʝʥʪʦʚ ʚʦʟʤʦʞʥʳ ʦʪʣʠʯʠʷ ʧʦ ʚʷʟʢʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʛʣʘʡʜʫ, 

ʚʦʟʤʦʞʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʳ.  
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ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʨʝʪʨʦʬʠʪʘ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʟʘʤʝʥʷʝʤʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʠ ʤʘʩʝʣ. ɺ ʩʚʷʟʠ ʩ 

ʧʝʨʝʭʦʜʦʤ ʥʘ ʙʦʣʝʝ ʪʝʢʫʯʠʡ ʭʣʘʜʘʛʝʥʪ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ 

ʧʦ ʟʘʤʝʥʝ ʚʩʝʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʫʪʝʯʝʢ ʞʠʜʢʦʩʪʝʡ. ʋʪʝʯʢʘ ʭʣʘʜʘʛʝʥʪʘ ʠ/ʠʣʠ ʤʘʩʣʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʨʘʙʦʪʳ ʚʩʝʭ ʫʟʣʦʚ ʩʠʩʪʝʤʳ ʠ ʚʝʜʝʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʨʘʚʣʝʥʠʶ ʣʶʜʝʡ ʛʘʟʘʤʠ. ɺ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʪʦʯʢʘ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ 

ʢʦʤʧʨʝʩʩʦʨʘ. ɺʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʨʝʪʨʦʬʠʪʘ ʩʠʩʪʝʤʳ: ʟʘʤʝʥʘ ʬʠʣʴʪʨʘ, ʫʧʣʦʪʥʝʥʠʡ, ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʚʝʥʪʠʣʷ, ʨʘʩʪʦʯʢʘ ʮʠʣʠʥʜʨʦʚ ʢʦʤʧʨʝʩʩʦʨʘ, ʟʘʤʝʥʘ ʨʝʛʫʣʷʪʦʨʦʚ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʧʨʦʯʝʝ, ï ʤʦʞʝʪ ʙʳʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʝʥ ʚ ʩʚʷʟʠ ʩ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʥʦʡ ʠʣʠ ʭʦʪʷ ʙʳ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʚ ʩʚʷʟʠ ʩ ʥʝʚʳʛʦʜʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʥʦʡ 

ʟʘʤʝʥʦʡ ʩʠʩʪʝʤʳ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʠʧʘ ʨʝʪʨʦʬʠʪʘ ʠ 

ʢʦʤʧʣʝʢʪʘʮʠʠ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʜʨʫʛʦʡ ʚʠʜ 

ʭʣʘʜʘʛʝʥʪʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʦʮʝʥʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʪʨʦʬʠʪʘ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪ ʚʠʜʘ ʭʣʘʜʘʛʝʥʪʘ ʠ ʤʦʜʝʣʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʧʨʠʟʥʘʥʠʝ ʤʠʨʦʚʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʘʚʪʦʨʠʪʝʪʘ 

ʄʦʥʨʝʘʣʴʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʭʣʘʜʘʛʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʥʘ ʤʦʤʝʥʪ ʧʨʠʥʷʪʠʷ 

ʧʨʦʪʦʢʦʣʘ ʬʨʝʦʥʘ R12 ʛʨʫʧʧʳ ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ, ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʭʦʣʦʜʠʣʴʥʦʡ ʦʪʨʘʩʣʠ ʩʪʘʚʷʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʨʦʪʦʢʦʣʘ. ʆʩʥʦʚʥʳʝ 

ʩʦʤʥʝʥʠʷ ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʧʘʩʥʳ ʜʣʷ ʦʟʦʥʘ 

ʧʨʠʤʝʥʷʝʤʳʝ ʝʱʝ ʚ ʪʦ ʚʨʝʤʷ ʭʣʘʜʘʛʝʥʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʥʷʪʠʝ ʜʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʟʘʩʪʘʚʠʣʦ ʦʪʨʘʩʣʴ ʜʚʠʛʘʪʴʩʷ ʧʦ ʧʫʪʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʘʙʦʯʠʭ ʪʝʣ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʩʝ-ʪʘʢʠ ʧʨʠʥʦʩʠʪ ʧʣʦʜʳ ʚ ʚʠʜʝ 

ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʜʣʷ ʨʝʪʨʦʬʠʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʥʦʡ 

ʟʘʤʝʥʦʡ ʩʠʩʪʝʤʳ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘʢʦ, ʧʝʨʝʭʦʜ ʥʘ ʜʨʫʛʦʡ ʚʠʜ 

ʭʣʘʜʘʛʝʥʪʘ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ 

ʦʪ ʭʣʘʘʜʛʝʥʪʘ R12 ʢ R134a. 

 ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʘʤʦʢ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʟʘʤʝʥʳ ʭʣʘʜʘʛʝʥʪʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʳʭ 

ʩʠʩʪʝʤ. 
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Abstract 

The paper discusses the possibility of upgrading refrigeration units to move to 

more efficient and / or environmentally friendly refrigerants. An assessment is made 

of the feasibility of a set of measures for retrofit of a refrigeration unit taking into 

account the possibility of a complete replacement of the refrigeration unit. Describes 

the actions for the refrigeration machines retrofit depending on the main equipment 

and components types. The features of the technical requirements for replacing the 

refrigerant taking into account the chemical composition of the working and the type 

of lubricating fluids are identified. For cases when transition to a less efficient 

refrigerant, a set of model studies is carried out to identify ways to compensate for 

the performance of the plant. Individual study is devoted to comparing the refrigerant 

on the ozone layer and the presence of the greenhouse effect depending on the 

chemical composition type. 

Key words refrigeration plant, efficiency, retrofit, modernization, refrigerant, 

ozone layer, greenhouse effect, performance. 

 

 

 

 

 

 

 

 

 

mailto:dkosenov5@mail.ru
mailto:xromova@corp.nstu.ru



