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ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ (ʧʨʦʪʦʢʦʣ ˉ51 ʚʽʜ 27.06.2022 ʨ.) 

 

ʈʝʮʝʥʟʝʥʪʠ: 

ʆ.ʌ. ʃʫʛʦʚʩʴʢʠʡ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɯ.ɺ. ʂʫʟʴʦ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɯ.ʄ. ɹʝʨʥʠʢ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʄʘʪʝʨʽʘʣʠ III ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè 

 

ʋʩʪʘʥʦʚʘ-ʦʨʛʘʥʽʟʘʪʦʨ ʢʦʥʬʝʨʝʥʮʽʾ:  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè, ʄʘʪʝʨʽʘʣʠ III ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 17-19 ʪʨʘʚʥʷ 2022 ʨ. ï ʂ.: ʂʅʋɹɸ, 2022. ï 209 ʩ. 
 

ɼʦ ʟʙʽʨʢʠ ʚʢʣʶʯʝʥʦ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʤʘʰʠʥ, ʪʝʦʨʽʾ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʥʮʠʧʽʚ ʩʪʚʦʨʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ,  ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ, 

ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʝʟ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ ʪʘ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʚ ʛʘʣʫʟʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʤʘʰʠʥ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʥʘ ʩʪʫʜʝʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ ʪʝʭʥʽʯʥʠʭ ɿɺʆ, ʬʘʭʽʚʮʽʚ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʚʠʧʫʩʢ ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʅʘʟʘʨʝʥʢʦ ɯ.ɯ. 

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 

ɯ.ɯ. ʅʘʟʘʨʝʥʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ï ʛʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ; 

ʆ.ʇ. ɼʻʜʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ; 

ʆ.ʉ. ɼʴʷʯʝʥʢʦ ï ʢ.ʪ.ʥ., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ; 

ɺ.ʉ. ʉʣʶʩʘʨ ï ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; 

 

ʄʘʪʝʨʽʘʣʠ ʜʨʫʢʫʶʪʴʩʷ ʚ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. 

 

É ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ, 2022 

É ɸʚʪʦʨʠ ʩʪʘʪʝʡ, 2022



 
 

 

ʇʈʆɻʈɸʄʅʀʁ ʂʆʄɯʊɽʊ 

ɻʦʣʦʚʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʂʫʣʽʢʦʚ ʇʝʪʨʦ ʄʫʩʽʡʦʚʠʯ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʨʝʢʪʦʨ ʂʠʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ (ʂʅʋɹɸ). 

 

ɿʘʩʪʫʧʥʠʢʠ ʛʦʣʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʂʦʚʘʣʴʯʫʢ ʆʣʝʢʩʘʥʜʨ ʖʨʽʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ. 

ʅʘʟʘʨʝʥʢʦ ɯʚʘʥ ɯʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ. 

 

ʏʣʝʥʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ɹʦʙʠʨ ʄ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ɹʝʨʥʠʢ ɯ.ʄ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ɺʽʥʥʠʮʷ. 

ʉʦʙʯʫʢ ɻʝʥʨʽʢ, ʜ.ʽ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʶʙʣʽʥ, ʇʦʣʴʱʘ. 

ɼʘʥʠʣʴʯʝʥʢʦ ʖ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ɭʤʝʣʴʷʥʦʚʘ ɯ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚ. 

ɿʽʥʴʢʦʚʩʴʢʠʡ ɸ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʂʦʚʨʦʚ ɸ.ɺ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʆʜʝʩʘ. 

ʂʨʫʣʴ ʂʘʟʽʤʝʞ, ʧʨʦʬʝʩʦʨ, ʈʘʜʦʤ, ʇʦʣʴʱʘ. 

ʂʫʟʴʦ ɯ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʴʚʽʚ. 

ʃʘʥʝʮʴ ʆ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʴʚʽʚ. 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʃʫʛʦʚʩʴʢʠʡ ʆ.ʌ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʆʥʽʱʝʥʢʦ ɺ.ʆ.,  ʜ.ʝʢʦʥ.ʥ , ʧʨʦʬʝʩʦʨ, ʇʦʣʪʘʚʘ. 

ʇʘʚʣʦʚ ʉ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɺʽʥʥʠʮʷ. 

ʇʘʣʘʤʘʨʯʫʢ ɯ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʇʝʪʨʘʢʦʚ ʖ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʇʦʣʽʱʫʢ ʃ.ʂ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɺʽʥʥʠʮʷ.  

ʉʘʚʠʮʴʢʠʡ ʄ.ɺ.,  ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɼʥʽʧʨʦ. 

ʉʘʣʴʚʽʥʩʴʢʠʡ ʖʟʝʬ, ʜ.ʽ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʨʘʢʽʚ, ʇʦʣʴʱʘ. 

ʉʪʨʫʪʠʥʩʴʢʠʡ ɺ.ɹ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʉʪʦʮʴʢʦ ɿ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʴʚʽʚ. 

ʊʫʛʘʡ ʆ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʌʘʨʝʥʶʢ ɻ.ɻ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʌʨʘʥʯʫʢ ɺ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɼʥʽʧʨʦ. 

ʍʤʘʨʘ ʃ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɼʥʽʧʨʦ. 

ʗʭʥʦ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ.



 
 

 

ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ 

 

ɻʦʣʦʚʘ ʦʨʛʢʦʤʽʪʝʪʫ: 

ʅʘʟʘʨʝʥʢʦ ɯʚʘʥ ɯʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ, ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʂʅʋɹɸ, ʧʨʝʟʠʜʝʥʪ ɸɹʋ. 

 

ɿʘʩʪʫʧʥʠʢʠ ʛʦʣʦʚʠ ʦʨʛʢʦʤʽʪʝʪʫ: 

ɼʻʜʦʚ ʆʣʝʛ ʇʘʚʣʦʚʠʯ, ʜ.ʪ.ʥ, ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʂʅʋɹɸ. 

ɻʘʡʜʘʡʯʫʢ ɺʽʢʪʦʨ ɺʘʩʠʣʴʦʚʠʯ, ʜ.ʪ.ʥ, ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ 

ʂʅʋɹɸ.  
 

ʏʣʝʥʠ ʦʨʛʢʦʤʽʪʝʪʫ: 

ʗʢʦʚʝʥʢʦ ɺʘʣʝʨʽʡ ɹʦʨʠʩʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 

ʂʣʠʤʝʥʢʦ ʄʠʢʦʣʘ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʉʚʽʜʝʨʩʴʢʠʡ ɸʥʘʪʦʣʽʡ ʊʦʬʽʣʽʡʦʚʠʯ, ʢ.ʪ.ʥ.,  ʧʨʦʬʝʩʦʨ. 

ʃʝʩʴʢʦ ɺʽʪʘʣʽʡ ɯʚʘʥʦʚʠʯ, ʜʦʮʝʥʪ. 

ʂʦʩʤʠʥʩʴʢʠʡ ɯʛʦʨ ɺʣʘʜʣʝʥʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʝʣʝʤʙʦʚʩʴʢʠʡ ʄʘʢʩʠʤ ʄʠʭʘʡʣʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʆʨʠʱʝʥʢʦ ʉʝʨʛʽʡ ɺʽʢʪʦʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʄʽʱʫʢ ɭʚʛʝʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʈʫʯʠʥʩʴʢʠʡ ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 
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ɿʤʽʩʪ 

ʉɽʂʎɯʗ 1  

çɽʅɽʈɻʆʆʑɸɼʅɯ ʄɸʐʀʅʀ, ʊɽʆʈɯʗ ɼʆʉʃɯɼɾɽʅʅʗ, ʇʈʀʅʎʀʇʀ 

ʉʊɺʆʈɽʅʅʗ, ɺʇʈʆɺɸɼɾɽʅʅʗè 
ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ʅʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʙʫʜʽʚʝʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ 
10 

ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ
1
, ʄʠʢʦʣʘ ʅʝʩʪʝʨʝʥʢʦ

2
, ʊʝʪʷʥʘ ʅʝʩʪʝʨʝʥʢʦ

2
, ɺʘʩʠʣʴ ɺʝʜʤʽʜʴ

2
 

1 ï ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 

2 ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, 

ʋʢʨʘʾʥʘ. 

ɺʽʙʨʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ 

12 

ɭʚʛʝʥ ʄʽʱʫʢ, ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʘʣʽʟ ʟʘʢʦʥʽʚ ʪʘ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ 
15 

ʄʠʢʦʣʘ ʈʫʯʠʥʩʴʢʠʡ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɽʬʝʢʪʠʚʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʫʥʜʘʤʝʥʪʥʠʭ ʙʣʦʢʽʚ 
18 

ʄʠʢʦʣʘ ʂʣʠʤʝʥʢʦ, ʄʘʢʩʠʤ ɼʝʣʝʤʙʦʚʩʴʢʠʡ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ʐʚʠʜʢʦʭʽʜʥʠʡ ʣʦʧʘʪʝʚʦ-ʰʥʝʢʦʚʠʡ ʟʤʽʰʫʚʘʯ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʩʫʤʽʰʝʡ 

21 

ʄʠʢʦʣʘ ʂʣʠʤʝʥʢʦ, ʄʠʭʘʡʣʦ ɹʝʨʝʛʦʚʠʡ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʭ ʤʘʩ 

25 

ʆʣʝʢʩʘʥʜʨ ɼʴʷʯʝʥʢʦ, ɺʘʩʠʣʴ ʇʨʠʛʦʮʴʢʠʡ, ɯʛʦʨ ʄʘʣʽʮʴʢʠʡ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ʆʛʣʷʜ ʩʭʝʤ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʽʚ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʪʘ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʫʱʽʣʴʥʝʥʥʷ 

28 

ʉʝʨʛʽʡ ʆʨʠʱʝʥʢʦ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʨʦʭʦʪʘ ʜʣʷ 

ʩʦʨʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

32 

ɸʭʤʝʜ ɸʙʦʫʝʣʩʝʦʫʜ, ɭʚʛʝʥ ʄʽʱʫʢ, ɼʤʠʪʨʦ ʄʽʱʫʢ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʈʦʟʨʦʙʢʘ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ 
35 

ɺʣʘʜʠʩʣʘʚ ʂʨʠʚʦʰʝʻʚ, ɯʛʦʨ ʅʦʯʥʽʯʝʥʢʦ, ʆʣʝʛ ʗʭʥʦ, ʆʣʝʢʩʽʡ ʂʦʚʘʣʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʧʘʢʝʪʫ ʧʨʠʩʘʜʦʢ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ'ʷʟʢʠʭ ʨʽʜʠʥ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʢʘʚʽʪʘʮʽʡʥʠʭ ʷʚʠʱ 

38 

ʆʣʝʢʩʘʥʜʨ ʃʫʛʦʚʩʴʢʠʡ, ɯʛʦʨ ɻʨʠʰʢʦ, ʆʣʝʢʩʘʥʜʨ ɻʘʣʝʮʴʢʠʡ, ɸʥʜʨʽʡ ɿʽʣʽʥʩʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʯʥʦʾ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ 

44 
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ɯʨʠʥʘ ɹʝʨʥʠʢ 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʢʘʚʽʪʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢ ʩʢʣʘʜʥʽ 

ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ çʢʘʚʽʪʘʪʦʨ ï ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝè 

 

46 

ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ, ɺʦʣʦʜʠʤʠʨ ʄʘʡʩʪʨʫʢ, ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʬʦʨʤʠ ʪʘ ʧʽʜʙʽʨ ʨʦʟʤʽʨʽʚ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʜʠʩʢʨʝʪʥʦ-

ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʤʽʞʨʝʟʦʥʘʥʩʥʦʛʦ ʚʽʙʨʦʩʪʦʣʘ 

50 

ɺʦʣʦʜʠʤʠʨ ɻʫʨʩʴʢʠʡ
1
, ɺʽʪʘʣʽʡ ʂʦʨʝʥʜʽʡ

1
, ʇʘʚʣʦ ʂʨʦʪ

2
, ɯʛʦʨ ʂʫʟʴʦ

1
  

1 ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 

2 ï ʇʦʣʽʪʝʭʥʽʢʘ ɺʨʦʮʣʘʚʩʴʢʘ, ɺʨʦʮʣʘʚ, ʇʦʣʴʱʘ. 

ʉʠʥʪʝʟ ʤʫʣʴʪʠʯʘʩʪʦʪʥʠʭ ʽʥʝʨʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ 

54 

ɺʽʪʘʣʽʡ ʂʦʨʝʥʜʽʡ, ʆʣʝʢʩʘʥʜʨ ʂʘʯʫʨ, ɺʦʣʦʜʠʤʠʨ ɻʫʨʩʴʢʠʡ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ. 

ʊʝʦʨʝʪʠʢʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʠʤ ʚʽʙʨʦʫʜʘʨʥʠʤ ʧʨʠʚʦʜʦʤ 

57 

ʇʝʪʨʦ ʄʦʣʯʘʥʦʚ, ʊʝʪʷʥʘ ʉʫʨʞʢʦ, ʄʘʢʩʠʤ ʂʥʠʰ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, 

ʋʢʨʘʾʥʘ. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʫ ʦʯʠʩʪʢʠ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ 

64 

ɺʘʩʠʣʴ ʉʘʚʠʢ, ʖʨʽʡ ɯʣʣʷʰʝʥʢʦ, ʄʘʢʩʠʤ ʂʥʠʰ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, 

ʋʢʨʘʾʥʘ. 

ʇʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʨʦʚʠʭ ʥʘʩʦʩʽʚ 

66 

ʆʣʝʢʩʘʥʜʨ ɻʘʚʨʶʢʦʚ  

ɼʦʥʙʘʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʨʘʤʘʪʦʨʩʴʢ, ʋʢʨʘʾʥʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʦʾ ʩʪʘʥʮʽʾ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟʽ ʟʤʽʥʥʦʶ 

ʜʦʚʞʠʥʦʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 
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çɽʅɽʈɻʆʆʑɸɼʅɯ ʄɸʐʀʅʀ, ʊɽʆʈɯʗ ɼʆʉʃɯɼɾɽʅʅʗ, 

ʇʈʀʅʎʀʇʀ ʉʊɺʆʈɽʅʅʗ, ɺʇʈʆɺɸɼɾɽʅʅʗè 

ʋɼʂ 621.3.011 

ʅʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʙʫʜʽʚʝʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ 

ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʦʜʝʣʝʡ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʪʘ ʢʦʥʪʠʥʫʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿôʷʩʦʚʘʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʥʘ 

ʧʨʠʢʣʘʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʦʨʪʫʚʘʥʥʷ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ  ʫʱʽʣʴʥʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ. ɼʘʥʘ 

ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱ ʥʘ ʩʪʫʧʽʥʴ ʟʤʽʥʠ  ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʾʭ ʤʦʜʝʣʷʤʠ  ʟ ʧʦʩʪʽʡʥʠʤʠ ʪʘ ʟʤʽʥʥʠʤʠ ʫ ʯʘʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʟʘʩʪʦʩʦʚʘʥʽ  ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʠ 

ʜʠʥʘʤʽʢʠ, ʪʝʦʨʽʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʤʝʭʘʥʽʢʘ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ. ʆʩʥʦʚʥʘ 

ʪʝʦʨʝʪʠʯʥʘ ʧʘʨʘʜʠʛʤʘ ʜʦʩʣʽʜʞʝʥʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʣʦʞʝʥʥʽ ʩʧʽʣʴʥʦʛʦ  ʨʦʟʛʣʷʜʫ ʧʨʦʮʝʩʽʚ ʨʫʭʫ ʩʠʩʪʝʤ 

ʤʘʰʠʥʘ ï  ʩʝʨʝʜʦʚʠʱʝ, ʷʢ ʻʜʠʥʦʾ ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʢʣʘʜʫ ʮʠʭ 

ʧʽʜʩʠʩʪʝʤ. ʉʘʤʝ ʪʘʢʠʡ ʧʽʜʭʽʜ  ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʚʧʣʠʚʫ ʧʽʜʩʠʩʪʝʤ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʫʭ ʻ ʧʝʨʝʜʫʤʦʚʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʪʘ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ. ʊʘʢʦʞ 

ʪʘʢʠʡ ʧʽʜʭʽʜ   ʩʣʫʛʫʻ ʚʠʟʥʘʯʝʥʥʶ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʙʫʜʽʚʝʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʶʚʘʥʥʷ, ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʪʝʦʨʽʷ, ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ, ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʧʨʦʮʝʩ, ʨʝʞʠʤʠ, ʧʘʨʘʤʝʪʨʠ, ʝʥʝʨʛʽʷ,  ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ. 

ʆʜʥʠʤʠ  ʽʟ ʧʝʨʰʠʭ, ʜʝ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚʽʙʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʙʫʣʠ ʨʦʙʦʪʠ  [1],[ 2],[3].  ɺ ʮʠʭ 

ʨʦʙʦʪʘʭ ʘʚʪʦʨʘʤʠ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʾʾ ʨʝʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʟʥʘʯʘʣʠʩʷ ʘʤʧʣʽʪʫʜʘ, ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ. ʊʘʢʠʤ  ʞʝ ʯʠʥʦʤ ʦʢʨʝʤʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʚʽʙʨʘʪʦʨʠ, ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʠ ʪʘ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ [4]. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʽʚ 

ʚʟʘʻʤʦʜʽʷ ʟ ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ ʟʚʦʜʠʣʘʩʷ ʜʦ ʚʨʘʭʫʚʘʥʥʽ ʾʾ ʫ ʚʠʛʣʷʜʽ ʪʘʢ ʟʚʘʥʦʾ ʧʨʠʻʜʥʘʥʦʾ 

ʤʘʩʠ[4], ʷʢʘ ʩʢʣʘʜʘʣʘ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ʋ ʨʽʚʥʷʥʥʷʭ ʨʫʭʫ  

ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ ʜʦ ʡʦʛʦ ʨʫʭʦʤʦʾ ʤʘʩʠ ʧʨʠʻʜʥʫʚʘʣʠ ʮʶ  ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ. ʄʦʜʝʣʶʚʘʣʠ ʪʘʢʫ ʩʠʩʪʝʤʫ ʜʠʩʢʨʝʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ[5]  ʽ ʪʽʣʴʢʠ ʟʛʦʜʦʤ ʟôʷʚʠʣʠʩʷ 

ʨʦʙʦʪʠ[6,7], ʚ ʷʢʠʭ ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʧʨʝʜʩʪʘʚʣʷʣʘʩʷ ʩʠʩʪʝʤʦʶ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ 

ʙʝʟʫʤʦʚʥʦ ʙʫʣʦ ʧʨʦʛʨʝʩʦʤ, ʧʨʠʥʘʡʤʥʽ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʱʽʣʴʥʝʥʥʷ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ɿ ʯʘʩʦʤ ʚ ʨʦʙʦʪʽ [8] ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʚʧʣʠʚʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʷʢ ʩʠʩʪʝʤʠ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘ ʜʠʥʘʤʽʢʫ   ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ, ʧʦʚʝʨʭʥʝʚʦʛʦ  ʪʘ ʟʘʥʫʨʶʶʯʦʛʦ  

ʚʽʙʨʘʪʦʨʘ. ʉʘʤʝ ʮʽ ʪʘ ʽʥʰʽ ʧʦʜʽʙʥʽ ʨʦʙʦʪʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ  ʥʘ ʛʽʙʨʠʜʥʠʭ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʠʭ 

ʤʦʜʝʣʷʭ ʽ ʷʚʣʷʶʪʴʩʷ ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʚʽʙʨʘʮʽʡʥʠʭ 

ʤʘʰʠʥ ʙʫʜʽʚʝʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ.  ɺʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʽ ʧʨʦʮʝʩʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ 

ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʆʩʦʙʣʠʚʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʣʠ ʚʽʙʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʙʫʜʽʚʝʣʴʥʽʡ 

ʽʥʜʫʩʪʨʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ ʷʢ ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʾʭʥʻ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ,ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ. ʈʦʟʚʠʪʦʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʰʠʥ ʥʝʨʦʟʨʠʚʥʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʰʫʢʦʤ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ.  

ɹʝʟʧʝʨʝʨʚʥʦ ʚʜʦʩʢʦʥʘʣʶʶʯʠʩʴ, ʪʝʭʥʦʣʦʛʽʷ ʟʘʣʠʰʘʻ ʩʚʽʡ ʚʽʜʙʠʪʦʢ ʽ ʥʘ ʥʘʧʨʷʤʢʘʭ ʨʦʟʚʠʪʢʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʚʝʜʝʥʠʭ ʚ  

ʨʦʙʦʪʘʭ[9-12] ʩʬʦʨʤʫʣʴʦʚʘʥʽ   ʪʘ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʝʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ 

ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʙʫʜʽʚʝʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ.                                  

1. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʘʰʠʥ ʟ ʛʘʨʤʦʥʽʡʥʠʤ ʟʙʫʜʞʝʥʥʷʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʥʘʚʽʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʙʘʛʘʪʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʝʢʪʨʫ ʢʦʣʠʚʘʥʴ. 

2. ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʰʠʥ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ 

ʧʨʦʮʝʩʠ ʫʢʣʘʜʘʥʥʷ, ʨʦʟʧʦʜʽʣʫ ʽ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ.  



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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3. ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʟʦʥʽ, ʙʣʠʟʴʢʽʡ ʜʦ ʨʝʟʦʥʘʥʩʫ ʟ ʚʽʙʨʦʫʜʘʨʥʠʤ ʚʧʣʠʚʦʤ 

ʥʘ ʫʱʽʣʴʥʶʚʘʣʴʥʫ ʩʫʤʽʰ ʧʨʠ ʟʥʠʞʝʥʽʡ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ. 

4. ʇʦʰʫʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʩʪʚʦʨʝʥʥʷ ʤʘʰʠʥ ʟ ʟʤʽʥʥʠʤ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʤ 

ʨʝʞʠʤʦʤ ʢʦʣʠʚʘʥʴ. 

5. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʨʦʙʦʪʽ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʬʝʢʪʠ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʨʝʟʦʥʘʥʩʽʚ. 

6. ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʥʝʨʛʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʢʫ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʢʣʘʜʫ ʝʥʝʨʛʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʜʘʨʫ ʽ ʚʽʙʨʘʮʽʾ. 

7.ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʥʠʢʽʚ ʢʦʣʠʚʘʥʴ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʽʜʙʦʨʦʤ ʾʭ ʞʦʨʩʪʢʦʩʪʽ, 

ʚʠʙʦʨʦʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ ʫʜʘʨʫ ʽ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ. ɼʦʩʷʛʥʝʥʥʷʤ ʮʴʦʛʦ 

ʨʽʰʝʥʥʷ  ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʨʝʞʠʤʠ  ʽʟ ʤʽʥʽʤʘʣʴʥʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. 
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DIRECTIONS OF DEVELOPMENT OF THEORY AND PRACTICE VIBRATING MACHINES 

FOR THE CONSTRUCTION INDUSTRY  

 
Ivan Nazarenko  

 
Abstract. The main analytical solutions of the problems of the theory of vibrating machines on the 

application of models with discrete and continuous parameters are considered. Differences in the definition of 

modes on the example of technological processes of sorting, mixing and compaction of construction mixtures. The 

estimation of the influence of rheological properties of media on the degree of change of motion parameters of 

vibrating machines by comparing their representation by models with constant and time - varying characteristics is 
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given. To study and determine the directions of development of the theory of vibrating machines, the general laws 

of dynamics, the theory of mechanical oscillations, mechanics of continuous media and similarity criteria are used. 
The main theoretical paradigm of research is based on the position of joint consideration of the processes of 

movement of machine - environment systems as a single synergetic system, regardless of the structure and 

composition of these subsystems. This approach, taking into account the interaction of subsystems on the overall 

movement is a prerequisite for ensuring the technological parameters of an efficient process, minimizing time and 

energy costs. Also, this approach serves to determine the directions of development of the theory of vibration 

machines of the construction industry. 

 Keywords: modeling, dynamic system, theory, vibrating machines, working environment, process, modes, 

parameters, energy, directions of development.  

 

 

ʋɼʂ 69.002.5 

ɺʽʙʨʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ 

ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ
1
, ʄʠʢʦʣʘ ʅʝʩʪʝʨʝʥʢʦ

2
, ʊʝʪʷʥʘ ʅʝʩʪʝʨʝʥʢʦ

2
, ɺʘʩʠʣʴ ɺʝʜʤʽʜʴ

2
 

1 ï ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 

2 ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, 

ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʫʤʦʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ 

ʩʪʚʦʨʝʥʥʷ  ʽ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʦ-ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ ʩʧʦʥʫʢʘʻ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ, 

ʟʜʝʰʝʚʣʶʚʘʪʠ ʩʧʦʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʙʝʟʚʽʜʭʦʜʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʩʪʽ ʪʘ ʥʘʜʽʡʥʽ ʤʝʭʘʥʽʟʤʠ. ɺ ʟʥʘʯʥʽʡ ʤʽʨʽ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʠʙʦʨʫ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ  ʫʩʪʘʥʦʚʦʢ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʫʱʽʣʴʥʝʥʥʷ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʦ ʚʽʙʨʘʮʽʡʥʝ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. ɿʘ ʨʽʟʥʠʤʠ 

ʜʘʥʠʤʠ, ʮʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʫʶʪʴ ʙʣʠʟʴʢʦ 80% ʚʩʽʻʾ ʢʽʣʴʢʦʩʪʽ ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʤʘʡʜʘʥʯʠʢ, ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʚʽʙʨʦʟʙʫʜʞʫʚʘʯ, ʚʽʙʨʘʮʽʷ. 

ɺʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ, ʟʜʽʡʩʥʶʶʯʽ ʢʦʣʠʚʘʥʥʷ ʚ 

ʧʨʦʩʪʦʨʽ ʧʽʜ ʜʽʻʶ ʨʽʟʥʦʛʦ ʪʠʧʫ ʚʽʙʨʦʟʙʫʜʥʠʢʽʚ ʢʦʣʠʚʘʥʴ ʻ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʚ ʧʨʘʢʪʠʮʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢ: ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʦʙ'ʻʢʪʫ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ 

ʬʫʥʢʮʽʾ ʚʧʨʦʜʦʚʞ ʚʠʟʥʘʯʝʥʦʛʦ ʪʝʭʥʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʯʘʩʫ; ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ; 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʬʦʨʤʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʤʽʥʽʤʘʣʴʥʽʡ ʚʠʪʨʘʪʽ ʝʥʝʨʛʽʾ; ʙʝʟʧʝʢʘ ʨʦʙʦʪʠ [1]. ʉʫʯʘʩʥʘ ʚʽʙʨʘʮʽʡʥʘ ʪʝʭʥʽʢʘ ʥʝ ʚ 

ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʻ ʟʘʟʥʘʯʝʥʽ ʚʠʤʦʛʠ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʜʽʡʩʥʝʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʜʞʝʨʝʣ [2-5] ʟʘ 

ʧʨʠʚʝʜʝʥʠʤʠ ʥʠʞʯʝ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [6]:  

ʝʥʝʨʛʝʪʠʯʥʠʡ:   

                                                /Ek P Q=   ,                                                  (1) 

ʜʝ P  ï ʧʦʪʫʞʥʽʩʪʴ , Q  ï ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ;   

ʤʝʪʘʣʦʻʤʥʦʩʪʽ:  

                                              /ìk m Q=  ,                                                  (2) 

ʜʝ mï ʤʘʩʘ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ; 

ʜʠʥʘʤʽʯʥʦʩʪʽ: 

                                               /ak a g= ,                                                  (3) 

 ʜʝ a  ï ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʙʦʯʦʛʦ  ʦʨʛʘʥʘ, g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ.  

ʆʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʟʘʩʚʽʜʯʠʣʠ ʧʝʨʝʜʫʤʦʚʫ, ʱʦ ʩʫʯʘʩʥʘ ʪʝʭʥʽʢʘ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʅʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ ʨʫʭʦʤʘ ʨʘʤʘ ʟ ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʚ ʧʣʘʥʽ 6,2ʭ3,2, ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʰʚʝʣʝʨʽʚ 

ʪʘ ʩʪʘʣʝʚʦʛʦ ʣʠʩʪʘ(ʨʠʩ.1). 
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ʈʠʩ 1. ɺʽʙʨʦʧʣʦʱʘʜʢʘ ɺʇɻʇ-6,3Ĭ3,6 ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʙʨʠʩʪʠʭ ʧʣʠʪ ʧʦʢʨʠʪʪʨʽʚ ʟ ʨʦʟʤʽʨʘʤʠ ʨʫʭʦʤʦʾ 

ʨʘʤʠ ʫ ʧʣʘʥʽ 6,2ʭ3,2 ʤ:  

1 ï ʨʫʭʦʤʘ ʨʘʤʘ, 2 ï ʧʨʫʞʥʘ ʦʧʦʨʘ, 3 ï ʚʽʙʨʦʟʙʫʜʞʫʚʘʯ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, 4 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ, 5 ï 

ʬʫʥʜʘʤʝʥʪ 

ʋ ʚʽʢʥʘʭ ʨʫʭʦʤʦʾ ʨʘʤʠ ʞʦʨʩʪʢʦ ʧʨʠʢʨʽʧʣʝʥʽ ʧʽʜʚʽʙʨʘʪʦʨʥʽ ʧʣʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʘ. ʇʽʜʚʽʙʨʘʪʦʨʥʽ ʧʣʠʪʠ ʪʘʢʦʞ ʤʘʶʪʴ ʨʷʜ ʦʪʚʦʨʽʚ ʜʣʷ 

ʢʨʽʧʣʝʥʥʷ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪ ɹ ʧʽʜ ʙʽʣʴʰʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʽʚ [7]. ɼʣʷ ʬʽʢʩʘʮʽʾ ʬʦʨʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʞʦʨʩʪʢʽ ʧʦʧʝʨʝʯʥʽ ʫʧʦʨʠ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜ ʨʽʟʥʽ ʪʠʧ ʦʬʦʨʤʠ. ʈʫʭʦʤʘ ʨʘʤʘ ʦʧʠʨʘʻʪʴʩʷ ʥʘ 8 ʛʫʤʦʚʦʤʝʪʘʣʽʯʥʠʭ ʦʧʦʨ,  

ʧʨʠʢʨʽʧʣʝʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʬʫʥʜʘʤʝʥʪʫ ʚʽʙʨʦʧʣʦʱʘʜʢʠ. ɼʦ ʨʫʭʦʤʦʾ ʨʘʤʠ ʦʧʦʨʠ ʢʨʽʧʣʷʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʩʪʫʧʽʚ ʥʘ ʦʧʦʨʘʭ, ʱʦ ʚʭʦʜʷʪʴ ʚ  ʧʦʩʘʜʦʯʥʽ ʦʪʚʦʨʠ ʚ ʨʫʭʦʤʽʡ ʨʘʤʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʰʚʠʜʢʦ ʟʥʷʪʠ ʨʫʭʦʤʫ ʨʘʤʫ ʜʣʷ ʦʛʣʷʜʫ ʪʘ ʦʯʠʱʝʥʥʷ ʧʨʫʞʥʠʭ ʦʧʦʨ ʪʘ ʧʨʠʷʤʢʽʚ 

ʬʫʥʜʘʤʝʥʪʫ, ʱʦ ʜʫʞʝ ʟʨʫʯʥʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʽʙʨʦʧʣʦʱʘʜʢʘ ʤʘʻ ʤʽʥʽʤʫʤ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʚʠʨʦʙʽʚ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻ ʥʽʷʢʠʭ ʪʝʭʥʽʯʥʠʭ ʩʢʣʘʜʥʦʩʪʝʡ ʽ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʘ ʤʘʣʦʧʦʪʫʞʥʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʨʘʮʶʻ ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʪʨʠʤʘʥʥʷ 

ʩʘʥʽʪʘʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʥʦʨʤ ʧʦ ʨʽʚʥʶ ʰʫʤʫ ʙʝʟ ʷʢʠʭ-ʥʝʙʫʜʴ ʟʘʭʠʩʥʠʭ ʟʘʭʦʜʽʚ.  

ʉʢʣʘʜʝʥʽ ʨʽʚʥʷʥʥʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ  ʚʝʨʪʠʢʘʣʴʥʽʡ  ʧʣʦʱʠʥʘʭ ʨʫʭʫ ʚʽʙʨʦʧʣʦʱʘʜʢʠ  ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʟ ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ. ʈʽʰʝʥʥʷʤ  ʨʽʚʥʷʥʴ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ 

ʪʘ ʚʠʟʥʘʯʝʥʽ  ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ.  ʊʘʢ, ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʨʫʭʦʤʦʾ ʨʘʤʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʽ ʤʘʻ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ:  0,8...1,2 ʤʤ,  ʧʦ ʚʝʨʪʠʢʘʣʽ -  0,6...0,8 ʤʤ. ʇʝʨʝʜʙʘʯʝʥʦ 
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ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ  ʰʣʷʭʦʤ ʩʪʫʧʽʥʯʘʪʦʾ ʟʤʽʥʠ ʩʪʘʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʜʝʙʘʣʘʥʩʽʚ 

ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʘ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ, ʘʙʦ ʟʥʽʤʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʚʘʥʪʘʞʽʚ ʚ ʦʪʚʦʨʠ 

ʜʝʙʘʣʘʥʩʘ. ʇʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʟʘ ʫʤʦʚʠ  ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.                                       ʊʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʧʦʚʥʝʥʥʷ ʤʘʩʪʠʣʦʤ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ 

ʚʽʙʨʦʟʙʫʜʥʠʢʘ ʽ ʟʘʤʽʥʠ ʧʽʜʰʠʧʥʠʢʽʚ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʚ ʜʚʘ ʨʦʢʠ, ʘ ʪʘʢʦʞ ʜʦ ʟʘʤʽʥʠ ʢʣʠʥʦʚʠʭ ʧʘʩʽʚ. 

ʇʨʫʞʥʽ ʛʫʤʦʚʽ  ʤʝʪʘʣʝʚʽ ʦʧʦʨʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʜʦʛʣʷʜʫ, ʢʨʽʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʚʽʜ ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʱʦ ʥʘ ʥʠʭ ʧʦʪʨʘʧʣʷʶʪʴ[2].                                                      ɿ 

ʜʦʩʚʽʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʪʨʘʪʘ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʦʨ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥʠ.  
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VIBRATION EQUIPMENT FOR FORMING WALL PANELS  

 
Ivan Nazarenko, Nesterenko Mykola, Nesterenko Tetiana, Vedmid Vasil 

 

Abstract. One of the most important conditions for improving the efficiency of capital construction is the 

creation and use of resource-saving and environmentally friendly technologies for the production of concrete and 

reinforced concrete structures. This encourages manufacturers to improve, reduce the cost of methods 

manufacturing reinforced concrete products and equipment, to introduce waste-free production, to use simple and 

reliable mechanisms. This usually refers to the selection and justification of installations that carry out the sealing 

process. Among the known methods of compaction concrete mixtures, vibration compaction of concrete mixtures 

has become the most widespread. According to various data, this method forms about 80% of the total number of 

concrete products. The design of a vibrating machine for forming wall panels is proposed. 

Keywords: vibrating machine, compaction of concrete mixtures, vibration exciter, vibration. 
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ʋɼʂ 693.1 

ɸʥʘʣʽʟ ʟʘʢʦʥʽʚ ʪʘ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ 

ɭʚʛʝʥ ʄʽʱʫʢ, ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ.  ɿ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʟʘʪʨʘʪ ʧʨʦʮʝʩʫ ʜʨʦʙʣʝʥʥʷ ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʢʦʥʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚ ʢʘʤʝʨʘʭ 

ʜʨʦʙʠʣʴʥʠʭ ʤʘʰʠʥ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʪʨʘʪ ʨʝʘʣʴʥʠʭ ʜʨʦʙʠʣʴʥʠʭ ʤʘʰʠʥ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʧʦ ʟʘʪʨʘʪʘʤ ʝʥʝʨʛʽʾ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʪʦʯʢʦʚʽ 

ʜʽʘʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ.  ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʜʘʻ ʟʘʢʦʥ ɹʦʥʜʘ. ʇʨʦʪʝ ʟʘʢʦʥ ɹʦʥʜʘ ʥʝ ʚʨʘʭʦʚʫʻ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ 

ʧʨʫʞʥʫ, ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʚ ʤʘʪʝʨʽʘʣʽ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʟʘʪʨʘʪ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʥʝʡʨʦʥʥʦ-

ʥʝʯʽʪʢʫ ʩʠʩʪʝʤʫ ʧʨʦʛʥʦʟʫʶʯʠʭ ʦʙʯʠʩʣʝʥʴ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʜʘʧʪʠʚʥʽʡ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ (ANFIS).  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʥʝʨʛʽʷ; ʜʨʦʙʣʝʥʥʷ; ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ; ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ; ʥʘʧʨʫʞʝʥʥʷ 

ʨʫʡʥʫʚʘʥʥʷ. 

ɺʩʪʫʧ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʚ ʢʘʤʝʨʽ ʜʨʦʙʣʝʥʥʷ ʜʨʦʙʘʨʢʠ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ: ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʢʽʣʴʢʽʩʪʴ, ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ, ʨʦʟʤʽʨʠ ʢʘʤʝʨʠ ʜʨʦʙʣʝʥʥʷ, ʤʝʪʦʜ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʜʨʦʙʣʝʥʥʷ 

ʪʘ ʽʥ. ʊʦʙʪʦ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʻ ʚʝʣʠʢʠʤ. ɹʽʣʴʰʽʩʪʴ ʪʝʦʨʽʡ ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʝʤʧʽʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʪʘ ʥʝ 

ʧʽʜʢʨʽʧʣʝʥʽ ʪʝʦʨʝʪʠʯʥʠʤʠ ʦʩʥʦʚʘʤʠ ʧʨʦʮʝʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʜʨʦʙʣʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʜʨʦʙʠʣʴʥʠʭ ʤʘʰʠʥ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ [10]. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ɻʨʽʬʽʪʩʘ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [1]. ɿʘʣʝʞʥʽʩʪʴ 

ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʧʘʨʘʤʝʪʨ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʪʘ ʩʢʦʨʝʛʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɼʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʻ ʜʝʱʦ ʩʢʣʘʜʥʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʪʘʢ ʷʢ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʨʠʪʠʯʥʫ ʜʦʚʞʠʥʫ 

ʪʨʽʱʠʥʠ ʪʘ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ, ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʻ ʥʝ ʧʨʦʩʪʦʶ ʟʘʜʘʯʝʶ. ɺ ʨʦʙʦʪʽ [2] 

ʝʥʝʨʛʽʶ ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ɼʞ. ʉʚʝʥʩʝʥʘ ʪʘ ɼʞ. ʄʶʨʢʝʩʘ, 

ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʛʽʧʦʪʝʟʽ ʌ. ɹʦʥʜʘ. ʉʧʽʚʚʽʜʥʦʩʷʯʠ ʟʘʣʝʞʥʽʩʪʴ ɼʞ. ʉʚʝʥʩʝʥʘ ʪʘ ɼʞ. ʄʶʨʢʝʩʘ ʽʟ 

ʟʘʪʨʘʪʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʚʪʦʨ ʚʠʚʦʜʠʪʴ ʧʘʨʘʤʝʪʨ ʩʪʘʣʦʾ ʩʠʣʠ ʩʪʨʫʤʫ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ, ʱʦ ʨʫʡʥʫʻʪʴʩʷ. ʂʣʘʩʠʯʥʘ ʛʽʧʦʪʝʟʘ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʨʦʮʝʩ 

ʨʫʡʥʫʚʘʥʥʷ (ʛʽʧʦʪʝʟʘ ʦʙôʻʤʽʚ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [3] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʠʣʴʦʪʫ ʤʘʪʝʨʽʘʣʫ ʟ ʨʦʪʦʨʘ ʚʽʜʮʝʥʪʨʦʚʦ-ʫʜʘʨʥʦʾ ʜʨʦʙʘʨʢʠ. ɼʘʥʘ ʛʽʧʦʪʝʟʘ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʦʧʠʩʫ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʠ ʢʨʫʧʥʦʤʫ ʜʨʦʙʣʝʥʥʽ [4]. ɻʽʧʦʪʝʟʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʜʞʝʨʝʣʘʭ [2, 3], ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʦʩʪʽ ʨʦʟʨʠʚʽʚ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʫ ʚʠʛʣʷʜʽ ʪʨʽʱʠʥʠ. ɺ ʨʦʙʦʪʽ [5] ʝʥʝʨʛʽʶ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʢʘʤʝʨʽ ʜʨʦʙʣʝʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʚʠʟʥʘʯʘʪʠ ʥʘ ʦʩʥʦʚʽ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʨʦʙʘʨʢʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ, ʷʢ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʽ ʪʽʣʴʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ ʤʘʰʠʥ. 

ʇʨʠʚʝʜʝʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʩʫʪʪʻʚʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʛʽʧʦʪʝʟʘʭ, ʷʢ ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʜʦʧʫʱʝʥʥʷʤʠ, ʪʘʢ ʽ ʟʘ 

ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ.  

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʢʦʥʽʚ ʧʨʦʮʝʩʫ ʜʨʦʙʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʩʠʩʪʝʤʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʟʘʪʨʘʪ ʧʨʦʮʝʩʫ ʜʨʦʙʣʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʩʽ ʽʩʥʫʶʯʽ ʥʘ ʩʴʦʛʦʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʢʦʥʠ ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʚ ʢʘʤʝʨʽ 

ʜʨʦʙʣʝʥʥʷ ʜʨʦʙʠʣʴʥʠʭ ʤʘʰʠʥ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ʇʝʨʰʘ ʛʨʫʧʘ ʮʝ ʦʩʥʦʚʥʽ 

ʟʘʢʦʥʠ ʽ ʜʨʫʛʘ ʛʨʫʧʘ ʮʝ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʢʦʥʠ ʷʢʽ ʜʦʧʦʚʥʶʶʪʴ ʘʙʦ ʫʪʦʯʥʶʶʪʴ ʟʘʢʦʥʠ ʽʟ ʧʝʨʰʦʾ ʛʨʫʧʠ.  



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʢʦʥʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ: 1) ʟʘʢʦʥ ʈʽʪʪʽʥʛʝʨʘ (ʛʽʧʦʪʝʟʘ 

ʧʦʚʝʨʭʦʥʴ); 2) ʟʘʢʦʥ ʂʽʨʧʽʯʝʚʘ-ʂʽʢʘ (ʛʽʧʦʪʝʟʘ ʦʙô̒ ʤʽʚ); 3) ʟʘʢʦʥ ɹʦʥʜʘ; 4) ʟʘʢʦʥ ʈʝʙʽʥʜʝʨʘ. ʊʨʝʪʽʡ ʪʘ 

ʯʝʪʚʝʨʪʠʡ ʟʘʢʦʥʠ ʻ ʚʘʨʽʘʮʽʻʶ ʧʝʨʰʠ ʜʚʦʭ.  

ʇʝʨʰʠʡ ʟʘʢʦʥ ʈʽʪʪʽʥʛʝʨʘ ʚʩʪʘʥʦʚʣʶʻ, ʱʦ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ 

ʥʦʚʦʫʪʚʦʨʝʥʽʡ ʧʦʚʝʨʭʥʽ. ʊʦʜʽ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ ʪʽʣʘ ʢʫʙʽʯʥʦʾ ʬʦʨʤʠ ʟʘ ʪʝʦʨʽʻʶ 

ʈʽʪʪʽʥʛʝʨʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʽʚʥʦʶ: 
2

rit rr itɆ it3ɸ 1ɸ 8K (i 1)D= = - .                                                  (1) 

ʜʝ: D ï ʨʦʟʤʽʨ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; i ï ʩʪʝʧʽʥʴ ʜʨʦʙʣʝʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʟʘʪʨʘʪ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʚʽʜʢʨʠʪʠʤʠ ʜʞʝʨʝʣʘʤʠ. ʊʘʢ ʚ ʜʞʝʨʝʣʽ [7] 

ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ ʜʨʦʙʣʝʥʥʷ ʜʣʷ ʱʦʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

0,828-1,98 ʢɼʞ/ʢʛ. ɼʘʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦ ʧʨʠ ʜʨʦʙʣʝʥʥʽ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, ʘ ʩʘʤʝ ʛʨʘʥʽʪ, ʜʽʘʙʘʟ, 

ʤʝʪʘʙʘʟʘʣʴʪ. ɼʣʷ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʘʣʝʚʨʦʣʽʪ) ʧʠʪʦʤʘ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 1,26 

ʢɼʞ/ʢʛ.  

ɺ ʜʞʝʨʝʣʽ [8] ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ 

ʚʘʧʥʷʢʦʚʠʭ ʧʦʨʽʜ, ʷʢʘ ʩʢʣʘʣʘ 1,012-3,298 ʢɼʞ/ʢʛ. ɺ ʜʞʝʨʝʣʽ [9], ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʧʠʪʦʤʘ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʛʨʘʥʽʪʫ ʜʦʨʽʚʥʶʻ 1,5 ʢɼʞ/ʢʛ, ʘ ʜʣʷ ʚʘʧʥʷʢʫ ʧʨʠʙʣʠʟʥʦ 

1 ʢɼʞ/ʢʛ. ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʥʘʤ ʧʨʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʤʝʞ ʚʠʪʨʘʪ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ ʜʣʷ 

ʱʦʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ.  

ɺ ʜʞʝʨʝʣʽ [5] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʜʽʘʙʘʟʫ ʚ ʢʘʤʝʨʽ ʜʨʦʙʣʝʥʥʷ ʱʦʢʦʚʦʾ 

ʜʨʦʙʘʨʢʠ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 2,56-4,09 ʢɼʞ/ʢʛ. ɼʣʷ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ 

ʨʫʡʥʫʚʘʥʥʷ ʩʢʣʘʜʘʻ 1,16-1,93 ʢɼʞ/ʢʛ. ʇʨʦʪʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʥʝʨʛʽʷ ʚ ʨʦʙʦʪʽ [5] ʚʠʤʽʨʶʚʘʣʘʩʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʣʫ ʜʚʠʛʫʥʘ. ɺ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʫʪʠʭ ʨʦʙʦʪʘʭ ʝʥʝʨʛʽʷ ʜʨʦʙʣʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ 

ʘʙʦ ʚ ʢʘʤʝʨʽ ʜʨʦʙʣʝʥʥʷ ʜʨʦʙʘʨʢʠ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʩʪʽʚ ʥʘ ʨʫʡʥʫʚʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʟʘʪʨʘʪʘʤ ʝʥʝʨʛʽʾ ʥʘ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʰʠʥ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʪʦʯʢʦʚʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʱʦʢʦʚʠʭ ʪʘ ʢʦʥʫʩʥʠʭ 

ʜʨʦʙʘʨʦʢ. ʅʘ ʨʠʩ. 1, ʘ ʪʘ ʙ, ʪʦʯʢʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʰʠʥ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʣʽʥʽʷ ʚʽʜʦʙʨʘʞʘʻ ʥʠʞʥʶ ʤʝʞʫ ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʟʘʪʨʘʪʘʤ ʝʥʝʨʛʽʾ ʥʘ ʢʽʣʦʛʨʘʤ 

ʜʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʠʞʥʷ ʤʝʞʘ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʜʣʷ ʱʦʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʩʪʘʥʦʚʠʪʴ 0,62 ʢɼʞ/ʢʛ. 

ɼʣʷ ʢʦʥʫʩʥʠʭ ʜʨʦʙʘʨʦʢ ʥʠʞʥʷ ʤʝʞʘ ʩʢʣʘʜʘʻ 0,828 ʢɼʞ/ʢʛ. ɺʝʨʪʠʢʘʣʴʥʘ ʣʽʥʽʷ ʚʽʜʩʽʢʘʻ ʜʽʘʧʘʟʦʥ 

ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ ʤʘʰʠʥ. ʊʘʢ ʜʣʷ ʱʦʢʦʚʠʭ ʜʨʦʙʘʨʦʢ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʧʦ ʈʽʪʪʽʥʛʝʨʫ ʚʘʨʽʶʻ ʚʽʜ 0 ʜʦ 1,8 ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʱʦʢʦʚʠʭ ʜʨʦʙʘʨʦʢ. ɼʣʷ ʢʦʥʫʩʥʠʭ ʜʨʦʙʘʨʦʢ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʶʻ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 8. 

ʊʘʢʠʡ ʩʘʤʠʡ ʧʨʠʥʮʠʧ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʘʢʦʥʫ ʂʽʨʧʽʯʝʚʘ-ʂʽʢʘ. ɿʘʢʦʥ ʂʽʨʧʽʯʝʚʘ-

ʂʽʢʘ ʚʩʪʘʥʦʚʣʶʻ, ʱʦ ʝʥʝʨʛʽʷ AV, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʜʥʘʢʦʚʦʾ ʟʤʽʥʠ ʬʦʨʤʠ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʠʭ ʽ 

ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ, ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʦʙô̒ ʤʘʤ ʘʙʦ ʚʘʛʘʤ ʮʠʭ ʪʽʣ. 

ʉʘʤʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ:  

ʢ

2
3 ʩʪ

V 0ʢ. .

ů  V
A K D

2ɽ
-= = ,                                                        (2) 

ʜʝ: Kʢ.-ʢ. ï ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʜʞ/ʤ
3
; V ï ʦʙô̒ ʤ ʢʫʙʽʯʥʦʛʦ ʢʫʩʢʘ ʟ ʨʝʙʨʦʤ D0; 

ʩ̀ʪ  ï ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ ʜʨʦʙʣʝʥʦʛʦ ʪʽʣʘ (ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʩʪʠʩʢ), ʅ/ʤ
2
; ɽ ï ʤʦʜʫʣʴ  ʖʥʛʘ, ʅ/ʤ

2
. 
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ʈʠʩ. 1. ɼʽʘʛʨʘʤʠ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʧʦ ʪʝʦʨʽʾ ʈʽʪʪʽʥʛʝʨʘ: ʘ ï ʱʦʢʦʚʽ 

ʜʨʦʙʘʨʢʠ; ʙ ï ʢʦʥʫʩʥʽ ʜʨʦʙʘʨʢʠ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʟʘʢʦʥʫ ʂʽʨʧʽʯʝʚʘ-ʂʽʢʘ ʜʦʜʘʪʢʦʚʦ ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʪʘʙʣʠʮʷ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʰʠʨʝʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʪʦʯʢʦʚʽ ʜʽʘʛʨʘʤʠ 

ʟʘʣʝʞʥʦʩʪʽ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʧʦ ʂʽʨʧʽʯʝʚʫ-ʂʽʢʫ, ʨʠʩ. 2. ɼʦʜʘʪʢʦʚʦ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʫ ʨʠʩ. 2 ʜʦ ʨʦʟʛʣʷʜʫ ʧʨʠʡʤʘʣʘʩʴ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʊʦʤʫ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʜʣʷ ʧʦʰʠʨʝʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʤʠ ʚ 

ʦʩʥʦʚʥʦʤʫ ʻ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʦʢʨʝʩʣʝʥʠʡ ʯʝʨʚʦʥʠʤ ʧʨʷʤʦʢʫʪʥʠʢʦʤ ʥʘ ʛʨʘʬʽʢʫ.   

ɺʠʩʥʦʚʢʠ. ʇʨʠ ʘʥʘʣʽʟʽ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʢʦʥʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʚ ʨʝʘʣʴʥʠʭ ʜʨʦʙʠʣʴʥʠʭ ʤʘʰʠʥʘʭ  ʥʘʜʘʻ ʟʘʢʦʥ ɹʦʥʜʘ. ɿʘʢʦʥʠ 

ʈʽʪʪʽʥʛʝʨʘ ʪʘ ʂʽʨʧʽʯʝʚʘ-ʂʽʢʘ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʨʦʟʢʠʜ ʧʦʢʘʟʥʠʢʽʚ ʧʦ ʟʘʪʨʘʪʘʤ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʧʦʛʘʥʦ 

ʢʦʨʝʣʶʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  

ʈʦʟʛʣʷʜʘʶʯʠ ʟʘʢʦʥ ɹʦʥʜʘ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝʡ ʟʘʢʦʥ ʤʘʻ ʙʘʛʘʪʦ ʚʜʦʩʢʦʥʘʣʝʥʴ.  ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʢʦʥ ɹʦʥʜʘ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘʢʦʞ ʜʘʻ ʧʦʭʠʙʢʫ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʪʨʘʪ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʤʝʪʦʜ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʡʨʦʥʥʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʶʯʠʭ ʦʙʯʠʩʣʝʥʴ, ʷʢʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʜʘʧʪʠʚʥʽʡ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ (ANFIS). 
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ʈʠʩ. 2. ɼʽʘʛʨʘʤʠ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʧʦ ʪʝʦʨʽʾ ʂʽʨʧʽʯʝʚʘ-ʂʽʢʘ: ʘ) ʱʦʢʦʚʽ 

ʜʨʦʙʘʨʢʠ; ʙ) ʢʦʥʫʩʥʽ ʜʨʦʙʘʨʢʠ 
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ANALYSIS OF LAWS AND MODELS OF DETERMINATION OF ENERGY EXPENDIT URE 

ON CRUSHING 

 
Yevhen Mishchuk, Ivan Nazarenko  

 

Abstract. In order to develop a systematic method for calculating the energy consumption of the crushing 

process, an analysis of the basic energy laws describing the destruction of materials in the chambers of crushing 

machines. Based on the analysis of energy costs of real crushing machines and experimental data, on the cost of 

energy for the destruction of materials were plotted diagrams of the dependence of the energy of destruction on the 

coefficient of proportionality. Bond's law has been found to be the best match for energy costs. However, Bond's 

law does not take into account the cost of energy for elastic, plastic deformation and the formation of cracks in the 

material. For further research and creation of a systematic methodology for calculating energy consumption, it is 

proposed to use a neural-fuzzy system of predictive calculations, which is based on the adaptive neural network 

(ANFIS). 

Keywords: energy; fragmentation; proportionality factor; rocks; stress of destruction. 

 

 
ʋɼʂ 621.3.011 

ɽʬʝʢʪʠʚʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʫʥʜʘʤʝʥʪʥʠʭ ʙʣʦʢʽʚ 

ʄʠʢʦʣʘ ʈʫʯʠʥʩʴʢʠʡ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

 ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʫʥʜʘʤʝʥʪʥʠʭ ʙʣʦʢʽʚ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ 

ʚʽʙʨʘʮʽʡʥʽʡ ʫʩʪʘʥʦʚʮʽ  ʟ ʚʽʙʨʦʫʜʘʨʥʠʤ ʨʝʞʠʤʦʤ ʢʦʣʠʚʘʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʾ  ʫʩʪʘʥʦʚʢʠ  ʧʦ  ʚʠʩʦʪʽ ʰʘʨʫ ʩʫʤʽʰʽ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʩʫʤʽʰʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʷʚʣʝʥʦ,ʱʦ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʫ ʟʦʥʽ ʨʦʟʧʦʜʽʣʫ ʧʽʜʜʦʥʘ ʽ ʩʫʤʽʰʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʥʘ ʢʦʣʠʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ  ʫʩʪʘʥʦʚʢʠ. ɺʠʟʥʘʯʝʥʽ 

ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ʊʘʢ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʩʫʤʽʰʽ ʜʝʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʾʾ 

ʞʦʨʩʪʢʦʩʪʽ, ʘ ʚ ʪʦʡ ʞʝ ʯʘʩ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʚ ʤʝʥʰʽʡ ʧʨʦʧʦʨʮʽʾ, ʥʽʞ ʟʙʽʣʴʰʝʥʥʷ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʤʝʞʥʠʢʽʚ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʾ  

ʫʩʪʘʥʦʚʢʠ. ʊʘʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʤʝʞʘʭ ʯʘʩʪʦʪ, ʥʘ ʢʦʪʨʠʭ ʧʨʘʮʶʶʪʴ ʚʽʙʨʦʫʜʘʨʥʽ ʫʩʪʘʥʦʚʢʠ ʡ 

ʤʘʡʜʘʥʯʠʢʠ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʛʫʤʠ ʧʨʘʢʪʠʯʥʦ ʻ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟ ʚʽʙʨʦʫʜʘʨʥʠʤ ʨʝʞʠʤʦʤ 

ʢʦʣʠʚʘʥʴ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ  ʫʩʪʘʥʦʚʢʠ  ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʫʥʜʘʤʝʥʪʥʠʭ ʙʣʦʢʽʚ. ʊʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ ʥʘ 

ʩʫʙʨʝʟʦʥʘʥʩʥʠʭ ʪʘ ʩʫʧʝʨʨʝʟʦʥʘʥʩʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʜʦʩʣʽʜʽʚ 

ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʥʶ ʟʙʽʞʥʽʩʪʴ ʧʦ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʥʦʛʦ ʙʣʦʢʫ  ʨʦʟʙʽʞʥʽʩʪʴ 

https://doi.org/10.1016/j.mineng.2020.106338
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ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʩʢʣʘʜʘʻ 11%, ʘ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ 14%. ʆʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʤʽʰʽ ʽ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʷʚʣʷʶʪʴʩʷ ʦʩʥʦʚʦʶ  ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ 

ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʫʜʘʨʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʤʘʰʠʥʠ. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʘʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ, ʬʫʥʜʘʤʝʥʪʥʠʡ ʙʣʦʢ, ʙʝʪʦʥʥʘ  ʩʫʤʽʰ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ,  ʨʝʞʠʤʠ, ʚʽʙʨʦʫʜʘʨʥʠʡ ʧʨʦʮʝʩ, ʧʘʨʘʤʝʪʨʠ,ʘʤʧʣʽʪʫʜʘ,ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ,ʝʬʝʢʪʠʚʥʽʩʪʴ.  

 ʌʫʥʜʘʤʝʥʪʥʽ ʙʣʦʢʠ ʻ ʚʘʞʣʠʚʠʤ ʪʘ ʧʦʰʠʨʝʥʠʤ ʚʠʨʦʙʦʤ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. ʋʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʣʦʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʛʣʠʙʠʥʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʬʦʨʤʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʭʦʤʠʭ ʩʫʤʽʰʝʡ. ʊʘʢʠʡ ʧʨʠʥʮʠʧ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  ʥʠʟʴʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ - ʽ ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʛʦʪʦʚʦʛʦ 

ʚʠʨʦʙʫ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʩʫʤʽʰʝʡ, ʫʱʽʣʴʥʝʥʥʷ 

ʷʢʠʭ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʾ ʚʽʙʨʘʮʽʾ ʽ ʫʜʘʨʫ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʽʙʨʦʫʜʘʨʥʦʛʦ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʫ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʪʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥʠ ʽ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʛʘʜʘʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʬʫʥʜʘʤʝʥʪʥʠʭ ʙʣʦʢʽʚ ʟ ʧʫʩʪʦʪʘʤʠ. ɯʜʝʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʤʘʰʠʥʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʬʝʢʪʫ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʨʝʞʠʤʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ ʧʨʫʞʥʦ-ʽʥʝʨʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ñʤʘʰʠʥʘ-ʩʝʨʝʜʦʚʠʱʝò.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʾ ʽʜʝʾ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʷʚʣʷʣʠ ʩʦʙʦʶ  

ʦʮʽʥʢʫ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ  ʽʟ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʮʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʾʾ ʨʫʭ[1,2]. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʽʩʥʫʻ. ʈʽʟʥʽ 

ʧʽʜʭʦʜʠ ʧʽʜʯʘʩ ʽ ʜʘʶʪʴ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʧʨʘʚʝʜʣʠʚʦ ʪʽʣʴʢʠ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɿʘʩʣʫʛʦʚʫʻ ʫʚʘʛʠ ʤʝʪʦʜ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ 

ʩʫʤʽʰʽ ʥʘ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, ʧʨʠʚʝʜʝʥʠʡ ʚ ʨʦʙʦʪʽ  [3]. ʂʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʚʨʘʭʦʚʫʻ ʚʩʽ ʜʠʥʘʤʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʫʤʽʰʽ - ʧʨʫʞʥʦ-ʽʥʝʨʮʽʡʥʽ ʽ ʜʠʩʠʧʘʪʠʚʥʽ. ʇʨʫʞʥʦ-ʽʥʝʨʮʽʡʥʽ ʩʠʣʠ ʚʭʦʜʷʪʴ ʫ ʚʠʛʣʷʜʽ 

ʜʝʷʢʦʾ ʧʨʠʚʝʜʝʥʦʾ ʤʘʩʠ, ʘ ʜʠʩʠʧʘʪʠʚʥʽ - ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʪʨʘʪ ʝʥʝʨʛʽʾ. ʆʩʢʽʣʴʢʠ ʚ ʨʦʙʦʪʘʭ [3,4] 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʩʫʤʽʰʽ, ʱʦ ʤʘʣʘ ʚʠʩʦʪʫ ʜʦ 0,5 ʤ, ʘ ʬʫʥʜʘʤʝʥʪʥʠʡ ʙʣʦʢ ʤʘʻ 

ʚʠʩʦʪʫ h=0,6 ʤ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʚʠʱʝ ʧʨʠʚʝʜʝʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʨʝʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ. ʆʪʨʠʤʘʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ  ʽ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʬʽʢʩʘʮʽʶ ʷʢʠʭ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ ʤʝʪʦʜʠʢʦʶ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʩʚʽʜʯʠʣʠ ʥʘʩʪʫʧʥʝ. ɿʘ ʭʘʨʘʢʪʝʨʦʤ  ʟʤʽʥʠ ʦʩʮʠʣʦʛʨʘʤ  ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ  ʽ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʻ 

ʥʝʣʽʥʽʡʥʠʤ. ʅʘ ʦʩʮʠʣʦʛʨʘʤʘʭ ʚʽʜʤʽʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʦʢʨʽʤ ʦʩʥʦʚʥʦʾ ʽ  ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ, ʱʦ 

ʚʠʢʣʠʢʘʥʦ  ʚʽʙʨʦʫʜʘʨʥʠʤ  ʨʝʞʠʤʦʤ  ʢʦʣʠʚʘʥʴ  ʬʦʨʤʠ. ʆʢʨʽʤ ʮʴʦʛʦ,  ʽʱʝ ʚʠʷʚʣʝʥʦ ʟʤʽʥʫ 

ʥʘʧʨʘʚʣʝʥʥʷ ʪʠʩʢʫ,ʚʽʜʤʽʯʝʥʦʛʦ ʥʘ ʦʩʮʠʣʦʛʨʘʤʘʭ, ʷʢ ʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠ ʧʝʚʥʽʡ ʚʠʩʦʪʽ ʩʪʦʚʧʘ 

ʩʫʤʽʰʽ. ɿʘ ʜʘʥʠʭ ʫʤʦʚ ʜʦʩʣʽʜʞʝʥʴ, ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʰʘʨʽʚ ʩʫʤʽʰʽ ʦʪʨʠʤʘʥʘ ʥʘ ʚʠʩʦʪʽ ʰʘʨʫ 

h=0,4 ʤ ʜʘʪʯʠʢʦʤ, ʷʢʠʡ ʙʫʚ ʫʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʚʠʩʦʪʽ h=0,3 ʤ, ʪʦʙʪʦ ʜʦ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʰʘʨʫ 

ʩʫʤʽʰʽ ʟʘʣʠʰʘʣʘʩʷ ʚʽʜʩʪʘʥʴ  0,1 ʤ. ʊʦʙʪʦ, ʰʘʨʠ ʩʫʤʽʰʽ ʚʽʜ h>0,3 ʤ ʜʦ h=0,6 ʤ ʨʫʭʘʶʪʴʩʷ ʫ 

ʧʨʦʪʠʣʝʞʥʽʡ ʬʘʟʽ ʟ ʰʘʨʘʤʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʠʩʦʪʽ      h<0,3 ʤ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʜʘʶʪʴ ʟʤʦʛʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʻ ʥʘʜʪʦ ʩʢʣʘʜʥʦʶ ʟ ʪʦʯʢʠ 

ʨʦʟʛʣʷʜʫ ʾʾ,  ʷʢ ʤʦʜʝʣʽ. ʇʦʷʩʥʠʪʠ ʮʝ ʤʦʞʣʠʚʦ ʥʘʷʚʥʽʩʪʶ ʭʚʠʣʴʦʚʠʭ ʷʚʠʱ ʫ ʩʫʤʽʰʽ. ʄʦʞʥʘ 

ʜʦʧʫʩʪʠʪʠ ʽ ʪʘʢʝ ʷʚʠʱʝ, ʷʢ ʨʦʟʧʦʜʽʣʝʥʥʷ ʤʘʩʠ ʩʫʤʽʰʽ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ, ʪʦʙʪʦ ʨʦʟʛʣʷʜʘʪʠ ʾʾ ʷʢ 

ʜʚʦʤʘʩʦʚʫ ʩʠʩʪʝʤʫ ʟ ʚʫʟʣʦʤ ʚ ʪʦʯʮʽ, ʱʦ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ, ʧʨʠʙʣʠʟʥʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʚʠʩʦʪʽ hº0,3 ʤ. ʆʙʨʦʙʢʘ ʦʩʮʠʣʦʛʨʘʤ ʧʦʢʘʟʫʻ, ʱʦ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʻ ʙʽʣʴʰ 

ʚʠʟʥʘʯʝʥʠʤʠ, ʥʽʞ ʷʢʽʩʥʽ. ɿʽ ʟʤʽʥʦʶ ʚʠʩʦʪʠ ʰʘʨʫ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʚʠʩʦʪʠ h¢0,3 

ʤ. ʅʘ ʚʠʩʦʪʽ h=0,3-0,4 ʤ ʻ ʥʝʚʝʣʠʢʝ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʽʜ ʟʥʘʯʝʥʴ ʭ0º0,45 ʤʤ ʜʦ 

ʭ=0,57 ʤʤ (ʚʠʩʦʪʘ 0,4-0,5 ʤ) ʽ ʟʥʦʚʫ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʚʠʩʦʪʽ h=0,6 ʤ ʽ ʜʦʨʽʚʥʶʻ 0,35 ʤʤ. ʑʦʜʦ 

ʪʠʩʢʫ, ʪʦ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʰʘʨʫ ʩʫʤʽʰʽ ʚʽʜ h=0,1 ʤ ʜʦ h=0,3 ʤ ʟʨʦʩʪʘʻ ʚʽʜ 

ʟʥʘʯʝʥʴ  s =5,11 ʢʇʘ. ʇʨʠ ʚʠʩʦʪʽ h=0,4 ʤ ʪʠʩʢ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʟʨʦʩʪʘʻ. ɿʘ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʧʝʚʥʦʾ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʚ ʪʘʙʣʠʮʽ1 ʥʘʚʝʜʝʥʽ ʩʝʨʝʜʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʨʫʭʫ ʧʨʠ ʟʤʽʥʽ ʚʠʩʦʪʠ ʟʘ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ w  =157 

ʩ-1. 

ʊʘʙʣʠʮʷ1. ʉʝʨʝʜʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʥʘ ʚʽʙʨʘʮʽʡʥʽʡ  ʫʩʪʘʥʦʚʮʽ.  

ɺʠʩʦʪʘ ʰʘʨʫ 

ʩʫʤʽʰʽ, h, ʤ 

ʉʝʨʝʜʥʷ 

ʱʽʣʴʥʽʩʪʴ 

ʩʫʤʽʰʽ, r, ʢʛ/ʤ3
 

ʅʘʧʽʚʨʦʟʤʘʭ  

ʢʦʣʠʚʘʥʴ, 

ʭÖ10
-3

, ʤ 

ʊʠʩʢ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, s, ʢʇʘ 

ɺ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ 
ɺ ʰʘʨʘʭ 

ʩʫʤʽʰʽ 

0,1 2250 0,62 3,67 - 

0,2 2320 0,50 4,32 1,18 

0,3 2360 0,45 5,11 1,02 

0,4 2380 0,57 5,02 1,32 

0,5 2400 0,51 4,28 0,82 

0,6 2400 0,35 3,85 - 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʠʭ, ʱʦ  ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1, ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʠʩʢʫ 

ʽ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ(ʨʠʩ.1)  

 

                         ʘ                                                                     ʙ 
ʈʠʩ.1.ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʠʩʢʫ (ʘ) ʽ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ (ʙ) ʟʽ ʟʤʽʥʦʶ ʚʠʩʦʪʠ ʩʪʦʚʧʘ ʩʫʤʽʰʽ: 1 - 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ; 2 - ʪʠʩʢ ʚ ʰʘʨʘʭ ʩʫʤʽʰʽ. 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʩʣʽʜʫʻ, ʱʦ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ  ʽ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ  ʟʽ ʟʤʽʥʦʶ ʚʠʩʦʪʠ ʩʪʦʚʧʘ 

ʩʫʤʽʰʽ  ʤʘʻ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʚ ʰʘʨʘʭ ʩʫʤʽʰʽ ʽ ʚ 

ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʤʦʞʣʠʚʦ ʚ ʰʘʨʘʭ ʩʫʤʽʰʽ ʤʘʻʤʦ 

ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʨʘʭʦʚʘʥʽ  ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʪʘ ʚ ʤʝʪʦʜʠʮʽ  ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1.ʅʘʟʘʨʝʥʢʦ ɯ.ɯ., ʈʫʯʠʥʩʴʢʠʡ ʄ.ʄ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʤʘʰʠʥ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʥʠʭ ʙʣʦʢʽʚ. 

ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʰʠʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ, ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʝʟ. ʜʦʢʣ. 

ʧʝʨʚʦʡ ɺʩʝʫʢʨ. ʥʘʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬ. - ʇʦʣʪʘʚʘ, 1996, ʩ. 146-147. 
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Effective installation for the manufacture of foundation blocks. 

 
Mykola Ruchynsky  

 
Abstract. The process of manufacturing foundation blocks on an experimental vibration unit with vibration-shock 

vibration regime has been studied. It is established that the nature of the change in the amplitude of vibrations of the 

vibrating installation along the height of the mixture layer confirms the presence of wave processes in the mixture.. It was 

found that the contact pressure in the area of distribution of the pallet and the mixture makes it possible to determine the 

total resistance of the concrete mixture to the vibrations of the working body of the vibrating installation. The dynamic 

parameters of the concrete mixture are determined. Thus, the modulus of elasticity of the mixture increases slightly with 

increasing stiffness, and at the same time the loss factor decreases, but in a smaller proportion than the increase in 

modulus of elasticity. The numerical values of the dynamic parameters of the vibration limiters of the vibrating installation 

are obtained. Thus, it is established that within the frequencies at which vibration shock units and sites operate, the 

modulus of elasticity of rubber is practically a constant value. The energy dissipation coefficient depends on the frequency 

of oscillations. Studies of modes and parameters with vibration-shock mode of oscillations have shown high efficiency of the 

installation for the manufacture of foundation blocks. This result is the basis for the statement about the possibility of 

increasing the efficiency of compaction of the mixture on subresonance and superresonance modes of operation. 

Comparison of the results of calculations and experiments showed sufficient convergence in the amplitude of oscillations. 

For the formation of the foundation block, the difference for the amplitude of oscillations is 11%, and for power 14%. The 

obtained numerical values of the dynamic characteristics of the mixture and the elements of the working body are the basis 

for the development of methods for engineering calculation of the parameters of the vibratory shock resonant machine. 

Keywords: vibration unit, foundation block, concrete mixture, modulus of elasticity, energy dissipation coefficient, 

modes, vibration shock process, parameters, amplitude, oscillation frequency, efficiency.  

 

 
ʋɼʂ 621.9 

ʐʚʠʜʢʦʭʽʜʥʠʡ ʣʦʧʘʪʝʚʦ-ʰʥʝʢʦʚʠʡ ʟʤʽʰʫʚʘʯ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʭʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ 

ʄʠʢʦʣʘ ʂʣʠʤʝʥʢʦ, ʄʘʢʩʠʤ ɼʝʣʝʤʙʦʚʩʴʢʠʡ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʦʜʘʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʧʨʠʤʫʩʦʚʦʾ ʜʽʾ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʰʣʷʭʠ ʫʩʫʥʝʥʥʷ ʽʩʥʫʶʯʠʭ ʥʝʜʦʣʽʢʽʚ ʟʤʽʰʫʚʘʯʽʚ 

ʜʘʥʦʛʦ ʢʣʘʩʫ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʚ ʨʦʟʨʦʙʣʝʥʦʤʫ 

ʣʦʧʘʪʝʚʦʤʫ ʟʤʽʰʫʚʘʯʽ ʟ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʡʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʨʘʟʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʣʦʧʘʪʝʚʠʭ 

ʟʤʽʰʫʚʘʯʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʭʽ ʙʫʜʽʚʝʣʴʥʽ ʩʫʤʽʰʽ, ʰʥʝʢʦʚʠʡ ʰʚʠʜʢʦʭʽʜʥʠʡ ʟʤʽʰʫʚʘʯ, ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʮʝʩ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ɼʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʨʽʟʥʠʭ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʦʶ 

ʷʢʽʩʪʶ ʻ ʚ ʜʘʥʠʡ ʯʘʩ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʫ ʧʽʜʩʠʩʪʝʤʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ, ʘ ʪʘʢʦʞ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ 

ʧʨʠʥʮʠʧʽʚ ʟʤʽʰʫʚʘʥʥʷ [4-7]. 

ɺʽʜʦʤʦ [2], ʱʦ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʤʽʰʫʚʘʥʥʷ ʩʫʭʠʭ 

ʩʫʤʽʰʝʡ ʦʪʨʠʤʘʚ ʢʦʝʬʽʮʽʻʥʪ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ (ʚʘʨʽʘʮʽʾ), ʨʽʚʥʠʡ: 
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ʜʝ ʭ̔ - ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʍ ʚ ̔-ʤʫ ʜʦʩʣʽʜʽ (ʚʤʽʩʪ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ -̔ʡ ʧʨʦʙʽ); m  

- ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʍ (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʤʽʩʪʫ 

ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʚʩʽʭ ʧʨʦʙʘʭ); n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʩʣʽʜʞʝʥʴ [3] ʦʮʽʥʶʚʘʣʴʥʘ ʰʢʘʣʘ ʷʢʦʩʪʽ ʟʤʽʰʫʚʘʥʥʷ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ 

ʙʽʣʴʰʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: VC < 3 % - ʚʽʜʤʽʥʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ; VC = 4-6% - ʭʦʨʦʰʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; VC = 7-15% - ʟʘʜʦʚʽʣʴʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; VC > 

15% - ʥʝʟʘʜʦʚʽʣʴʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ʇʦʨʷʜ ʟ ʮʠʤ, ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ 

ʟʤʽʰʫʚʘʯʘʭ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʮʠʨʢʫʣʷʮʽʶ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʚʩʝʨʝʜʠʥʽ 

ʟʤʽʰʫʚʘʯʘ ʪʘ ʩʪʘʥʦʤ ʰʘʨʫ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ. ʃʘʩʪʦʚʮʝʚʠʤ ʆ.ʄ. ʪʘ ʍʚʘʣʴʥʦʚʠʤ ʆ.ʄ. 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʧʝʨʽʦʜ ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʣʦʧʘʪʝʚʦʛʦ ʚʘʣʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʨʦʩʪʘʻ ʧʣʘʚʥʦ 

[2]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʥʠʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʧʨʦʮʝʩʽ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ ʈʫ  ɦʜʦ ʤʦʤʝʥʪʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ: 

( ) ʫʫʱ ʂHbLʩʈ ÖÖaÖÖÖwÖrÖ= 04,132,02,1 sin , 

ʜʝ ʩ - ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʚ ʨʝʞʠʤʽ ʫʱʽʣʴʥʝʥʥʷ; ɟ ï ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʤ
3
;  - ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʨʘʜ/ʩ; b ï ʰʠʨʠʥʘ ʣʦʧʘʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʫ, ʤ; L - ʜʦʚʞʠʥʘ ʣʦʧʘʪʽ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʫ, ʤ; Ŭ - ʢʫʪ ʘʪʘʢʠ ʣʦʧʘʪʽ ʚʘʣʫ, H ï ʚʠʩʦʪʘ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʥʘʜ ʣʦʧʘʪʪʶ, ʤ; ʂʋ - 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʫʩʘʜʢʠ ʤʘʪʝʨʽʘʣʫ ʚ ʤʦʤʝʥʪ ʨʦʙʦʪʠ ʣʦʧʘʪʝʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʫ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʰʫʚʘʯʽʚ ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ, ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʘʩʠ ʟʤʽʰʫʚʘʯʽʚ ʚʽʜ ʾʭ ʦʙôʻʤʫ. ʊʘʢʽ ʟʘʣʝʞʥʦʩʪʽ ʙʫʣʠ ʚʧʝʨʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʄʘʢʘʨʦʚʠʤ ʖ.ɯ. ʫ ʚʠʛʣʷʜʽ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʽʰʫʚʘʯʽʚ [1] : 

ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ ï 98,034 Vʈ Ö=  ʢɺʪ, 

ʜʣʷ ʤʘʩʠ ï 75,05100 Vm Ö=  ʢʛ 

ɸʧʨʦʢʩʠʤʫʚʘʚʰʠ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʤʘʩ ʢʦʥʩʪʨʫʢʮʽʡ ʽʩʥʫʶʯʠʭ ʟʤʽʰʫʚʘʯʽʚ ʤʝʪʦʜʦʤ 

ʩʪʫʧʝʥʝʚʦʾ ʨʝʛʨʝʩʽʾ, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʽ ʢʨʠʚʽ (ʨʠʩ. 1) ʽ ʚʩʪʘʥʦʚʣʝʥʦ ʥʦʚʽ ʝʤʧʽʨʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ. 

 

ʈʠʩ. 1. ʋʟʘʛʘʣʴʥʶʚʘʣʴʥʽ ʢʨʠʚʽ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʤʘʩ ʽʩʥʫʶʯʠʭ ʟʤʽʰʫʚʘʯʽʚ 

ʇʦʨʽʚʥʷʚʰʠ ʟʘʣʝʞʥʦʩʪʽ ʄʘʢʘʨʦʚʘ ʖ.ɯ. (ʈ1, m1) ʟ ʦʪʨʠʤʘʥʠʤʠ (ʈ2, m2) (ʨʠʩ. 2), ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʠ ʟʘʩʪʘʨʽʣʠ, ʘ ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʘʩʠ ʟʤʽʰʫʚʘʯʽʚ ʩʫʪʪʻʚʦ ʟʥʠʟʠʣʠʩʷ. 
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ʈʠʩ.2. ɻʨʘʬʽʢʠ ʧʦʨʽʚʥʷʥʴ ʟʘʣʝʞʥʦʩʪʝʡ ʄʘʢʘʨʦʚʘ ʖ.ɯ. ʪʘ ʥʦʚʠʭ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʆʪʞʝ, ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʰʫʚʘʯʽʚ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʪʦʯʥʝʥʽ ʝʤʧʽʨʠʯʥʽ 

ʬʦʨʤʫʣʠ:  

ʧʦʪʫʞʥʽʩʪʴ ï ὖʫʪʦʯ. = 32,5ὠʛ.ʩ.
0,86
; ʢɺʪ, 

ʤʘʩʘ ï άʫʪʦʯ. = 3620ὠʛ.ʩ.
0,76
, ʢʛ. 

ʆʩʢʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʰʫʚʘʯʘ ʯʠ ʥʝ ʥʘʡʚʘʞʣʠʚʽʰʽ ʜʣʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʪʘ ʷʢʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʩʫʤʽʰʽ, ʚʩʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʘʥʽʰʝ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʤʽʰʫʚʘʯʘ ʩʣʽʜ ʧʝʨʝʛʣʷʥʫʪʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʘʨʘʙʘʥʘ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʤʽʰʫʚʘʯʘ ʨʦʟʛʣʷʥʝʤʦ ʨʫʭ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ʩʫʤʽʰʽ ʧʦ 

ʛʚʠʥʪʦʚʽʡ ʧʝʨʬʦʨʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʽ ʙʘʨʘʙʘʥʘ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʡʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʫ ʩʫʤʽʰʽ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʥʘ ʨʠʩ.5 ʟʥʘʭʦʜʠʤʦ ʧʨʦʝʢʮʽʾ ʩʠʣ ʥʘ ʦʩʽ ʜʚʦʚʠʤʽʨʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ çɝ0ɖè: 

ʅʘ ʚʽʩʴ ɖ:  0cos =b-mgN . 

ʅʘ ʚʽʩʴ ɝ: fNmgma +b= sin , 

ʜʝ f - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʩʫʤʽʰʽ ʧʦ ʛʚʠʥʪʦʚʽʡ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʽ; m ï ʤʘʩʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ 

ʩʫʤʽʰʽ; L0 ï ʜʦʚʞʠʥʘ ʧʨʦʝʢʮʽʾ ʛʚʠʥʪʦʚʦʾ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʽ ʙʘʨʘʙʘʥʘ; ɓ ï ʢʫʪ ʧʽʜʡʦʤʫ 

ʛʚʠʥʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʽ: 

0

0

L

h
arctg=b . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ɓ ʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʝʢʮʽʡ ʩʠʣ ʥʘ ʦʩʴ ɝ, 

ʦʪʨʠʤʘʻʤʦ: 

vCfgtv +b+b=x )cos(sin . 

ʇʦʩʪʽʡʥʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚʠ: 

ʧʨʠ bw
-

== x cos
2

:0 12 RR
vt , 

ʜʝ ɤ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʫ; R1 - ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʧʨʦʝʢʮʽʾ 
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ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʧʦʚʝʨʭʥʽ ʧʝʨʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ; R2 - ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ 

ʢʦʨʧʫʩʫ ʟʤʽʰʫʚʘʯʘ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʠʡʥʷʪʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʚʠʨʘʟ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘʙʫʚʘʻ 

ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ: 

( )
bw

-
+

b+b
=x cos

22

)cos(sin 12

22

t
RRfgt

 

ʆʩʢʽʣʴʢʠ ʦʙ'ʻʤ ʩʫʤʽʰʽ ʥʘ ʧʝʨʬʦʨʦʚʘʥʽʡ ʩʧʽʨʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʝʥ ʧʨʦʡʪʠ ʰʣʷʭ Lű, 

ʟʘʧʠʰʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʪʚʽʨʥʦʾ ʛʚʠʥʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʽ ʙʘʨʘʙʘʥʘ Lű ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʧʫʩʫ ʟʤʽʰʫʚʘʯʘ Lű, R1, R2, ɓ, ῳű, f ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ , ɛ ʡʦʛʦ ʨʦʙʦʪʠ: 

bjD
-

+ö
÷

õ
æ
ç

å

w

jD
Ö

b+b
=j cos

22

)cos(sin 12
2

RRfg
L  

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝʦʙʭʽʜʥʦʾ 

ʜʦʚʞʠʥʠ ʰʥʝʢʦʚʦʾ ʣʦʧʘʪʽ ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ ʾʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʰʥʝʢʫ ʜʦ ʛʦʨʠʟʦʥʪʘʣʽ ʽ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ (ʨʠʩ. 4) ʧʨʠ ʨʦʟʤʽʨʘʭ ʰʥʝʢʦʚʦʾ ʣʦʧʘʪʽ R1=0,4 ʤ, R2=0,6 ʤ, 

ʢʦʝʬʽʮʽʻʥʪʽ ʪʝʨʪʷ ʩʫʤʽʰʽ ʧʦ ʣʦʧʘʪʽ f = 0,6 ʽ ʢʫʪʽ ʩʭʦʜʫ ʩʫʤʽʰʽ ʟʽ ʰʥʝʢʘ 120Á 

 

ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʰʥʝʢʦʚʦʾ ʣʦʧʘʪʽ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʰʥʝʢʫ ʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʆʪʞʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʩʫʤʽʰʽ ʧʦ ʰʥʝʢʫ ʽ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ 

ʩʭʦʜʫ ʩʫʤʽʰʽ ʟʽ ʰʥʝʢʫ (ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʥʴʦʤʫ) ʥʝʦʙʭʽʜʥʘ 

ʜʦʚʞʠʥʘ ʰʥʝʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʚ ʪʨʠʯʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʘʜʽʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ 

ʣʦʧʘʪʝʡ ʽ ʰʥʝʢʘ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ, ʩʚʦʛʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʘ 

ʰʥʝʢʘ ʥʘʙʫʚʘʻ ʟʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 20 ʨʘʜ/ʩ ʽ ʢʫʪʽ ʩʭʦʜʞʝʥʥʷ 20Á.  
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HIGH SPEED SHOVEL-SCREW MIXER FOR MIXING DRY BUILDING MIXTURES  

 
Mykola Klymenko, Maksym Delembovskyi 

Abstract. The paper presents an analysis of the design of modern high-speed forced-action mixers for the 

production of dry mixes, It is shown ways to eliminate the existing shortcomings of mixers of this class. Based on 

theoretical studies of the mixing process in the developed blade mixer with high-speed mode of operation, 

analytical dependences describing the process of its energy consumption. On the basis of the performed researches 

analytical expressions for definition of rational modes of operation of high-speed paddle mixers for receiving dry 

building mixes are received. 

Keywords: dry mixes, screw high-speed mixer, modeling, mixing process, specific efficiency indicators, 

speed. 

 

 

ʋɼʂ 693.1 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʭ ʤʘʩ 

ʄʠʢʦʣʘ ʂʣʠʤʝʥʢʦ, ʄʠʭʘʡʣʦ ɹʝʨʝʛʦʚʠʡ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʽ ʩʭʝʤʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʘʮʽʡʥʠʭ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʽʚ. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ ʤʘʩ, ʟʜʽʡʩʥʝʥʦʛʦ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʚʦʭ ʧʨʦʪʠʚʘʛʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʤʧʣʽʪʫʜʘ; ʚʽʙʨʘʮʽʷ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ; ʙʝʪʦʥʦʟʤʽʰʫʚʘʯ, ʧʨʦʪʠʚʘʛʠ, ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʻ ʚʽʙʨʫʚʘʥʥʷ. ʇʨʠ ʚʽʙʨʫʚʘʥʥʽ 

ʨʫʡʥʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʟʚ'ʷʟʢʠ ʩʫʤʽʰʽ, ʽ ʚʦʥʘ ʩʪʘʻ ʙʽʣʴʰ ʧʣʠʥʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʧʦʣʽʧʰʫʻʪʴʩʷ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ'ʷʞʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʯʘʩʪʠʥʦʢ ʟ ʥʠʭ ʚʠʜʘʣʷʶʪʴʩʷ 

ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʽ ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ ʥʦʚʽ ʧʦʚʝʨʭʥʽ. ʇʨʦʪʝ, ʜʝʷʢʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʦʜʠ, ʩʫʪʪʻʚʦ ʥʝ ʟʙʽʣʴʰʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ, ʪʦʜʽ ʷʢ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʧʨʠ ʚʽʙʨʦʧʝʨʝʤʽʰʫʚʘʥʥʽ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʫ 1,5 ï 2 ʨʘʟʠ [1, 2]. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʙʨʦʧʝʨʝʤʽʰʫʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ 

ʟʘʧʦʚʥʶʚʘʯʘʤʠ. ɼʣʷ ʮʠʭ ʩʫʤʽʰʝʡ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʚ ʨʘʥʥʴʦʤʫ ʚʽʮʽ (ʜʦ 7 

ʜʥʽʚ) ʥʘ 25-30% ʽ ʢʽʥʮʝʚʦʾ ʤʽʮʥʦʩʪʽ ʥʘ 10-15% [3]. ɺʽʙʨʘʮʽʷ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʩʫʤʽʰʽ ʯʝʨʝʟ 

ʢʦʨʧʫʩ ʟʤʽʰʫʚʘʯʘ, ʯʝʨʝʟ ʣʦʧʘʪʽ ʘʙʦ ʚʽʙʨʦʟʙʫʜʥʠʢʦʤ ʨʦʟʤʽʱʝʥʠʤ ʫ ʢʘʤʝʨʽ ʟʤʽʰʫʚʘʥʥʷ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʽʙʨʦʟʤʽʰʫʚʘʯʘ ʟ ʚʽʙʨʦʟʙʫʜʥʠʢʦʤ, ʨʦʟʤʽʱʝʥʠʤ ʫ ʢʘʤʝʨʽ ʟʤʽʰʫʚʘʥʥʷ: 

1 ï ʙʘʨʘʙʘʥ; 2 ï ʟʤʽʰʫʚʘʣʴʥʠʡ ʦʨʛʘʥ; 3 ï ʚʽʙʨʦʟʙʫʜʥʠʢ; 4 ï ʧʨʠʚʦʜ ʙʘʨʘʙʘʥʘ; 5 ï ʧʨʠʚʦʜ ʚʽʙʨʦʟʙʫʜʥʠʢʘ 
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ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʥʠʡ ʨʝʞʠʤ ʚʽʙʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʫʤʽʰ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʝʨʝʥ ʨʽʟʥʦʾ ʤʘʩʠ, ʧʝʚʥʠʡ ʝʬʝʢʪ ʜʘʻ ʙʘʛʘʪʦʯʘʩʪʦʪʥʝ 

ʚʽʙʨʫʚʘʥʥʷ. ɼʚʦʯʘʩʪʦʪʥʠʡ ʚʽʙʨʦʟʤʽʰʫʚʘʯ (ʨʠʩ. 2) ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʨʘʙʘʥ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʨʘʤʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʠʥ. ʋ ʢʦʨʧʫʩʽ ʧʨʦʭʦʜʠʪʴ ʪʨʫʙʯʘʩʪʠʡ ʚʘʣ, ʥʘ ʷʢʦʤʫ ʫʢʨʽʧʣʝʥʽ ʣʦʧʘʪʽ. ʋʩʝʨʝʜʠʥʽ 

ʧʦʨʦʞʥʴʦʛʦ ʚʘʣʫ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ (314 ʨʘʜ/ʩ) ʜʝʙʘʣʘʥʩʥʠʡ ʚʘʣ, ʱʦ ʟʙʫʜʞʫʻ 

ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʯʝʨʝʟ ʣʦʧʘʪʽ ʧʝʨʝʜʘʶʪʴʩʷ ʩʫʤʽʰʽ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʪʘʢʘʥʽ, 

ʧʨʠʢʨʽʧʣʝʥʦʤʫ ʜʦ ʢʦʨʧʫʩʫ ʙʦʣʪʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʰʢʽʚ ʟ ʜʝʙʘʣʘʥʩʦʤ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʫ ʦʙʝʨʪʘʥʥʷ 

ʚʽʜ ʰʚʠʜʢʦʭʽʜʥʦʛʦ ʚʘʣʘ ʨʝʜʫʢʪʦʨʘ ʧʨʠʚʦʜʫ ʣʦʧʘʪʝʡ. ʎʝʡ ʚʽʙʨʦʝʣʝʤʝʥʪ ʤʘʻ ʰʚʠʜʢʽʩʪʴ 150 ʨʘʜ/ʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʤʽʰ ʦʪʨʠʤʫʻ ʜʚʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ. 
 

 

 
ʈʠʩ. 2. ɺʽʙʨʦʟʤʽʰʫʚʘʯ ʈʠʩ. 3. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʣʽʯʘʩʪʦʪʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʞʦʨʩʪʢʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʚʠʢʦʨʠʩʪʘʥʘ ʩʭʝʤʘ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʚʽʙʨʦʟʤʽʰʫʚʘʯʘ, ʥʝʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.  

ɺʽʙʨʘʮʽʡʥʠʡ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ, ʥʘ ʷʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʦʧʦʨ 

ʚʩʪʘʥʦʚʣʝʥʘ ʪʨʘʚʝʨʩʘ ʟ ʙʘʨʘʙʘʥʦʤ. ʇʨʠʚʦʜ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ 1 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 5, 

ʟʫʙʯʘʩʪʦʾ ʽ ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ 4, ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʢʦʞʫʩʽ, ʽ ʚʽʜʢʨʠʪʦʾ ʢʦʥʽʯʥʦʾ ʟʫʙʯʘʩʪʦʾ ʧʝʨʝʜʘʯʽ 3. 

ɺʟʜʦʚʞ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʩʽ ʙʘʨʘʙʘʥʘ ʨʦʟʤʽʱʝʥʠʡ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʨʠʚʦʜʦʤ 

ʦʙʝʨʪʘʥʥʷ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʪʫʣʢʦʚʦ-ʧʘʣʴʮʝʚʦʾ ʤʫʬʪʠ. ʇʦʚʦʨʦʪ ʽʟ ʨʦʙʦʯʦʛʦ ʩʪʘʥʫ 

ʚ ʧʦʣʦʞʝʥʥʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʢʦʷʪʢʠ ʧʝʨʝʢʠʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ.  

ʇʨʘʮʶʻ ʚʽʙʨʘʮʽʡʥʠʡ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʂʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ 

ʙʘʨʘʙʘʥ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʘ ʚʽʩʴ ʩʢʣʘʜʘʻ ʟ ʛʦʨʠʟʦʥʪʦʤ 

25...30 ʛʨʘʜʫʩʽʚ. ɺʢʣʶʯʘʶʪʴʩʷ ʧʨʠʚʦʜʠ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʚʽʙʨʦʟʙʫʜʥʠʢʘ ʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʫʭʦʾ ʩʫʤʽʰʽ. ʇʦʪʽʤ ʜʦʜʘʻʪʴʩʷ ʚʦʜʘ ʽ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʟʤʽʰʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 

60...120ʩ. 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ ʚʧʣʠʚʫ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʱʦ ʧʨʠʪʠʩʢʘʶʪʴ 

ʩʫʤʽʰ ʜʦ ʩʪʽʥʦʢ ʙʘʨʘʙʘʥʘ. ɼʣʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ: 

.
5,2

0
DD

k
==w  

ʜʝ ɤ0 - ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʨʘʜ/ʩ; D ï ʜʽʘʤʝʪʨ ʙʘʨʘʙʘʥʘ, ʤ; k = 2é3 ï ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠʡʤʘʶʪʴʩʷ ʜʣʷ ʤʝʥʰʠʭ ʜʽʘʤʝʪʨʽʚ. 

ʂʨʠʪʠʯʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʱʦ ʧʨʠʪʠʩʢʘʶʪʴ ʯʘʩʪʠʥʢʠ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʤʽʰʫʶʪʴʩʷ ʜʦ ʩʪʽʥʦʢ ʙʘʨʘʙʘʥʘ, ʱʦ 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ. ɺʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʯʘʩʪʢʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʽ: 

Rmmgmg 2cossin w+a=a . 
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ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʻʤʦ: 

( )
R

g
ʢʨ

am-a
=w

cossin
. 

ʇʨʠ ʮʴʦʤʫ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ʢʨw¢w0 . 

ʂʦʥʩʦʣʴʥʠʡ ʪʨʠʦʧʦʨʥʠʡ ʚʽʙʨʦʟʙʫʜʥʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʩʫʯʦʛʦ 

ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʫ, ʢʦʨʽʥʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʢʦʨʧʫʩʫ ʚ ʟʙʦʨʽ, ʰʘʪʫʥʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, ʧʨʦʪʠʚʘʛʽʚ ʽ 

ʤʫʬʪʠ.  
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INVESTIGATION OF GRAVITATIONAL VIBRATION CONCRETE MIXER WITH 

DYNAMIC BALANCING OF UNBALANCED MASSES  

 
Mykola Klymenko, Myhailo  Berehovyi  

Abstract. The paper describes the process of mixing materials and presents various design schemes of 

vibrating concrete mixers. The method of calculation of dynamic balancing of unbalanced masses carried out by 

establishing two counterweights is given. 

Keywords: amplitude; vibration; oscillation frequency; concrete mixer, counterweights, balancing. 
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ʆʛʣʷʜ ʩʭʝʤ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʽʚ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʪʘ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʫʱʽʣʴʥʝʥʥʷ 

ʆʣʝʢʩʘʥʜʨ ɼʴʷʯʝʥʢʦ, ɺʘʩʠʣʴ ʇʨʠʛʦʮʴʢʠʡ, ɯʛʦʨ ʄʘʣʽʮʴʢʠʡ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʋ ʥʘʰ ʯʘʩ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʷʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʘʢ ʽ ʟʘ ʥʘʧʦʚʥʝʥʥʷʤ 

ʩʪʽʥ ʽ ʧʝʨʝʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ. ʏʝʨʝʟ ʮʝ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽ ʝʥʝʨʛʦʦʱʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʙ ʜʦʟʚʦʣʷʣʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʝʞʠʤ ʫʱʽʣʴʥʝʥʥʷ 

ʨʽʟʥʠʭ ʟʘ ʱʽʣʴʥʽʩʪʶ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʽ ʧʽʜ ʪʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʥʘ ʧʦʩʪ ʫʱʽʣʴʥʝʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙôʻʤʥʦʛʦ 

ʫʱʽʣʴʥʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʻ ʨʦʟʨʦʙʢʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʽʚ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʷʢʠʭ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʘʥʘʣʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʽ ʚʠʪʨʠʤʫʚʘʪʠ 

ʨʝʞʠʤ ʢʦʣʠʚʘʥʴ ʫ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ.  ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʜʫʤʦʚ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʤʘʰʠʥ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʙʫʣʦ 

ʦʛʣʷʥʫʪʦ ʩʭʝʤʠ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʽʚ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʽ ʩʠʣʠ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢ ʫ 

ʧʨʦʮʝʩʽ ʫʱʽʣʴʥʝʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ, ʷʢʠʤʠ ʤʦʞʥʘ ʯʠʥʠʪʠ ʚʧʣʠʚ ʥʘ ʮʽ ʩʠʣʠ ʽ ʪʠʤ ʩʘʤʠʤ 

ʚʠʢʦʥʫʚʘʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʘʥʴ ʫ ʧʨʦʮʝʩʽ ʫʱʽʣʴʥʝʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʘʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ, ʢʝʨʫʚʘʥʥʷ, ʫʱʽʣʴʥʝʥʥʷ, ʟʤʽʥʥʠʡ ʨʝʞʠʤ  

ɺʩʝ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʘʰ ʯʘʩ ʥʘʙʫʚʘʶʪʴ BIM ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʧʨʦʥʠʟʫʶʪʴ 

ʙʫʢʚʘʣʴʥʦ ʢʦʞʝʥ ʟ ʝʪʘʧʽʚ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ[1]. ʇʦʯʠʥʘʶʯʠ ʚʽʜ ʝʪʘʧʫ ʧʦʩʪʘʥʦʚʢʠ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʽ ʟʘʚʝʨʰʫʶʯʠ ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʘ ʟʘʚʦʜʘʭ ʙʫʜ ʽʥʜʫʩʪʨʽʾ ʪʘ ʙʫʜʽʚʝʣʴʥʠʤʠ ʨʦʙʦʪʘʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ. ɹʫʜʴ ʷʢʘ ʟʤʽʥʘ ʫ ʧʨʦʝʢʪʽ ʥʘʢʣʘʜʘʻ ʚʽʜʙʠʪʦʢ ʥʘ ʚʩʽ ʧʦʩʣʽʜʫʶʯʽ ʜʽʷʣʴʥʦʩʪʽ 

ʽ ʪʦʤʫ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʟʘʜʘʯʝʶ 

ʘʢʪʫʘʣʴʥʦʶ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʣʦʛʽʩʪʠʯʥʠʭ ʢʦʥʮʝʧʮʽʡ, ʟʛʽʜʥʦ ʷʢʠʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʥʝʭʘʡ ʽ ʟ ʤʝʥʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʘʻ ʧʝʨʝʚʘʛʫ 

ʥʘʜ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʥʫʯʢʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ, ʘ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʧʝʨʝʣʘʰʪʦʚʫʚʘʪʠ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʇʦʨʷʜ ʟ ʮʠʤ ʙʫʜʽʚʣʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʙʫʜʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʥʦʣʽʪʥʦ-ʢʘʨʢʘʩʥʦʛʦ ʩʧʦʩʦʙʫ ʟʚʝʜʝʥʥʷ, ʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʙʽʨʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʜʘʻʪʴʩʷ ʚʪʨʘʪʠʣʘ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʜʥʘʢ ʜʣʷ ʥʝʾ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

ʥʦʚʘ ʚʽʭʘ ʫ ʚʠʛʣʷʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ ʟʙʽʨʥʠʭ ʦʜʠʥʠʮʴ ʫ ʤʦʥʦʣʽʪʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʧʝʨʝʢʨʠʪʪʷ, ʢʘʙʽʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʰʚʠʜʰʠʪʠ ʪʝʤʧʠ ʙʫʜʽʚʥʠʮʪʚʘ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʙʝʪʦʥʥʠʭ ʨʦʙʽʪ ʥʘ ʙʫʜʤʘʡʜʘʥʯʠʢʫ[2]. ʇʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʘʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʟʘʚʦʜʩʴʢʠʭ ʫʤʦʚʘʭ ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ. ʊʘʢʦʞ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʥʝ ʚʪʨʘʯʘʻ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʠ ʟʚʝʜʝʥʥʽ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʷʢ ʧʨʠʚʘʪʥʦʛʦ ʪʘʢ ʽ ʥʝ 

ʞʠʪʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʅʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  ̒

ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʩʫʤʽʰʽ ʧʦ ʧʣʦʱʽ ʬʦʨʤʠ ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʨʦʙʫ, ʚʠʪʽʩʥʝʥʥʷ ʧʦʚʽʪʨʷ ʽ ʟʘʡʚʦʾ ʨʽʜʠʥʠ ʟ ʩʫʤʽʰʽ[3]. ʉʘʤʝ 

ʚʽʜ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ  ʥʘʜʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʥʝʦʙʭʽʜʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʩʫʤʽʰʽ, ʱʦ ʚ ʛʦʪʦʚʦʤʫ ʚʠʨʦʙʽ ʤʘʻ ʧʦʟʥʘʯʠʪʠʩʴ ʥʘ ʤʽʮʥʦʩʪʽ, ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ, 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ ʷʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ. 

ɿ ʫʩʽʭ ʩʧʦʩʦʙʽʚ ʫʱʽʣʴʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘ ʟʘʚʦʜʘʭ ʙʫʜʽʥʜʫʩʪʨʽʾ ʦʪʨʠʤʘʚ 

ʩʧʦʩʽʙ ʦʙôʻʤʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ [4]. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʨʦʙʫ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʙʨʘʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ (ʤʘʡʜʘʥʯʠʢʠ) ʘʙʦ ʚʽʙʨʘʮʽʡʥʽ 

ʬʦʨʤʦʚʦʯʥʽ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ  ̔ʤʘʻ ʥʘʜʘʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʡ ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʠʨʦʙʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʨʦʙʣʷʪʠʩʷ. 

ʉʝʨʝʜ ʚʽʙʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʪʨʠʤʘʣʠ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʦʜʥʦʤʘʩʦʚʦʶ ʘʙʦ 
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ʜʚʦʭʤʘʩʦʚʦʶ ʩʭʝʤʘʤʠ [5]. ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʦʜʥʦʤʘʩʦʚʦʾ ʪʘ ʜʚʦʭʤʘʩʦʚʦʾ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ.  

  
ʘ)       ʙ)      ʚ) 

ʈʠʩ.1. ʉʭʝʤʠ, ʟʘ ʷʢʠʤʠ ʧʦʙʫʜʦʚʘʥʽ ʚʽʙʨʘʮʽʡʥʽ ʤʘʡʜʘʥʯʠʢʠ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ:  ʘ) ʦʜʥʦʤʘʩʦʚʘ; ʙ) 

ʜʚʦʭʤʘʩʦʚʘ ʟ ʧʨʠʢʣʘʜʝʥʥʷʤ ʟʤʫʰʫʶʯʦʾ ʩʠʣʠ ʜʦ ʥʠʞʥʴʦʾ ʤʘʩʠ;  ʚ) ʜʚʦʭʤʘʩʦʚʘ ʟ ʧʨʠʢʣʘʜʝʥʥʷʤ ʟʤʫʰʫʶʯʦʾ ʩʠʣʠ ʜʦ 

ʚʝʨʭʥʴʦʾ ʤʘʩʠ. 

  

ʋ ʢʦʞʥʦʾ ʟ ʥʘʚʝʜʝʥʠʭ ʩʭʝʤ ʻ ʷʢ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ.  

ɺʽʙʨʦʤʘʡʜʘʥʯʠʢʠ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʦʜʥʦʤʘʩʦʚʦʶ ʩʭʝʤʦʶ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤʠ ʟʘ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʘʰʠʥʘʤʠ, ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʥʘʜʽʡʥʦʩʪʽ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʩʪʽʡʢʦʤʫ 

ʟʘʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʠ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪ ʟʤʫʰʫʶʯʠʭ ɤ ʽ ʚʽʣʴʥʠʭ ɤ0 ʢʦʣʠʚʘʥʴ: 

0 7...10.w w =       (1) 

ʇʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʫʤʦʚʘ ʚʽʙʨʦʽʟʦʣʷʮʽʾ ʬʫʥʜʘʤʝʥʪʘ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʧʝʨʩʦʥʘʣʫ ʚʽʜ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʚʽʙʨʘʮʽʾ.  

ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʪʝ, ʱʦ ʭʦʯ ʨʦʙʦʪʘ ʫ ʟʘʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʢʦʣʠʚʘʥʴ ʽ ʻ 

ʩʪʽʡʢʦʶ, ʘʣʝ ʡʜʝ ʧʝʨʝʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʢʦʣʠʚʘʥʥʷ.  

ɺʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʫ ʢʦʣʠʚʘʥʴ, ʧʨʠ ʷʢʦʤʫ 

ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ɤ ʟʤʫʰʫʶʯʦʾ ʩʠʣʠ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ɤ0 ʚʽʙʨʦʩʠʩʪʝʤʠ: 

0 1.w w º      (2) 

ʎʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʽʚʥʦʞʝʥʥʷ ʧʨʫʞʥʠʭ ʽ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ ʩʠʩʪʝʤʠ. ɿʤʫʰʫʶʯʘ 

ʩʠʣʘ ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʣʠʰ ʩʠʣʘʤʠ ʦʧʦʨʫ, ʷʢʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʠʣʘʤʠ ʫ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʥʝʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ, ʯʝʨʝʟ ʮʝ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʫ 

ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʧʦʪʨʽʙʥʘ ʤʝʥʰʘ, ʥʽʞ ʜʣʷ ʨʦʙʦʪʠ ʫ ʟʘʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʢʦʣʠʚʘʥʴ 

ʟʤʫʰʫʶʯʘ ʩʠʣʘ. 

ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ ʢʦʣʠʚʘʥʴ ʦʜʥʦʤʘʩʦʚʠʭ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʽʚ ʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʯʝʨʝʟ ʪʝ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʟʘʣʝʞʥʦʩʪʽ: 

0 ,c mw =       (3) 

ʥʝʦʙʭʽʜʥʦ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʤʘʩʽ ʩʠʩʪʝʤʠ m  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʧʨʫʞʥʽ ʦʧʦʨʠ, ʱʦ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʤʘʡʞʝ ʧʦʚʥʦʾ ʧʝʨʝʜʘʯʽ ʢʦʣʠʚʘʥʴ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʜʝ ʧʝʨʝʙʫʚʘʻ ʧʝʨʩʦʥʘʣ, ʷʢʠʡ 

ʦʙʩʣʫʛʦʚʫʻ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢ. 

ɺʽʙʨʦʤʘʡʜʘʥʯʠʢʠ, ʷʢʽ ʫ ʩʚʦʾʡ ʦʩʥʦʚʽ ʤʘʶʪʴ ʜʚʦʤʘʩʦʚʫ ʩʭʝʤʫ(ʜʠʚ.ʨʠʩ.1, ʙ, ʚ) ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ ʢʦʣʠʚʘʥʴ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʫʤʦʚ ʚʽʙʨʦʽʟʦʣʷʮʽʾ ʬʫʥʜʘʤʝʥʪʫ ʽ ʧʝʨʩʦʥʘʣʫ.  

ʆʜʥʘʢ ʩʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʪʝ, ʱʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʽʡʢʠʡ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ ʨʫʭʫ 

ʫʧʨʦʜʦʚʞ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʫ ʬʦʨʤʽ ʚʘʞʯʝ ʥʽʞ ʟʘʨʝʟʦʥʘʥʩʥʠʡ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʘʢʪʫʘʣʴʥʦ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ ʨʽʟʥʠʭ ʷʢ ʟʘ ʬʦʨʤʦʶ ʪʘʢ ʽ ʟʘ 

ʥʘʧʦʚʥʝʥʥʷʤ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʫ ʬʦʨʤʘʭ. ɺʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʨʝʞʠʤ ʢʦʣʠʚʘʥʥʷ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ 

ʯʠʥʠʪʴ ʪʘʢʦʞ ʙʝʪʦʥʥʘ ʩʫʤʽʰ, ʛʫʩʪʠʥʘ ʷʢʦʾ ɟ ʫʧʨʦʜʦʚʞ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʟ 

1500 ʜʦ ʤʘʡʞʝ 2400 ʢʛ/ʤ
3
, ʧʘʨʘʣʝʣʴʥʦ ʟ ʯʠʤ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʫ ʩʫʤʽʰʽ ʟ 30 ʧʘʜʘʻ ʜʦ ʤʘʡʞʝ 3%.  

ʊʦʤʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʤʘʰʠʥʠ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʤʦʞʥʘ ʙʫʣʦ ʙ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʫ ʧʨʦʮʝʩʽ 

ʫʱ̔ ʣʴʥʝʥʥʷ, ʟʘʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʽʡʢʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʫ ʢʦʣʠʚʘʥʴ ʻ ʟʘʜʘʯʝʶ ʘʢʪʫʘʣʴʥʦʶ.  
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ɼʣʷ ʚʠʦʢʨʝʤʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ 

ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʷʥʥʷ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʦʜʥʦʤʘʩʦʚʦ ʾʚʽʙʨʘʮʽʡʥʦ ʾʩʠʩʪʝʤʠ, ʩʭʝʤʫ ʷʢʦʾ ʧʨʠʚʝʜʝʥʦ 

ʥʘ ʨʠʩ.1, ʘ ʽ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 

0sin( ).mx bx cx F t+ + = w    (4) 

ʋ ʥʴʦʛʦ ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʩʠʣʠ: 

- ʩʠʣʘ ʧʨʫʞʥʦʩʪʽ ʦʧʦʨ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʨʫʭʫ ʥʘʧʨʷʤʢʫ: 

ʩ ,F cx=-       (5) 

ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʫʪʢʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʫʞʥʦʩʪʽ c ʽ ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʙʨʦ- 

ʤʘʡʜʘʥʯʠʢʘ x; 

- ʩʠʣʘ ʦʧʦʨʫ ʢʦʣʠʚʘʥʥʷʤ, ʷʢʫ ʩʪʚʦʨʶʻ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ ʽ ʙʝʪʦʥʥʘ ʩʫʤʽʰ, ʱʦ ʧʽʜʣʷʛʘʻ 

ʫʱʽʣʴʥʝʥʥʶ ʽ ʥʘʧʨʷʤʣʝʥʘ ʧʨʦʪʠʣʝʞʥʦ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ:  

,bF bx=-       (6) 

ʷʢʘ ʻ ʜʦʙʫʪʢʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ b ʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ x . 

- ʩʠʣʘ, ʱʦ ʟʤʫʰʫʻ ʤʘʩʫ ʨʫʭʘʪʠʩʷ: 

0( ) sin( ),F t F t= w      (7) 

ʚʦʥʘ ʻ ʜʦʙʫʪʢʦʤ ʚʝʣʠʯʠʥʠ ʟʤʫʰʫʶʯʦʾ ʩʠʣʠ F0, ʷʢʫ ʛʝʥʝʨʫʶʪʴ ʜʝʙʘʣʘʥʩʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʟ ʯʘʩʪʦʪʦʶ 

ɤ. 

- ʩʠʣʘ ʽʥʝʨʮʽʾ ʤʘʩʠ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ ʧʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ: 

,mF mx=
       (8) 

 ʻ ʜʦʙʫʪʢʦʤ ʤʘʩʠ ʩʠʩʪʝʤʠ m çʚ̔ ʙʨʦʤʘʡʜʘʥʯʠʢ-ʙʝʪʦʥʥʘ ʩʫʤʽʰè ʜʦ ʧʨʠʩʢʦʨʝʥʥʷ x , ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ 

ʟʤʽʥʽ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʢʦʣʠʚʘʥʴ. 

ʇʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʫʧʨʦʜʦʚʞ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ ʦʜʥʦʛʦ ʚʠʨʦʙʫ ʤʘʻ ʤʘʩʘ ʩʠʩʪʝʤʠ m, 

ʧʨʠ ʮʴʦʤʫ ʦʙôʻʤ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʥʶ ʾʾ ʱʽʣʴʥʦʩʪʽ, ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʪʽʩʥʝʥʥʷ ʧʦʚʽʪʨʷ.  

ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʞ ʚʠʨʦʙʽʚ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʟ ʨʽʟʥʠʤʠ ʟʘ ʱʽʣʴʥʽʩʪʶ ʙʫʜʽʚʝʣʴʥʠʤʠ 

ʩʫʤʽʰʘʤʠ ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʚʠʨʽʙ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʦʩʪ ʫʱʽʣʴʥʝʥʥʷ, ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʫ ʤʘʩʫ, ʱʦ 

ʯʠʥʠʪʠʤʝ ʚʧʣʠʚ ʥʘ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʘ. 

 ɿʤʽʥʘ ʱʽʣʴʥʦʩʪʽ ʽ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʧʣʠʚʘʻ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ b, 

ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʶʪʴ ʧʦʩʪʽʡʥʠʤ ʫʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ 

ʫʱʽʣʴʥʝʥʥʷ. ʆʜʥʘʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʚʽʙʨʦʤʘʰʠʥ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʫʱʽʣʴʥʶʚʘʪʠ 

ʨʽʟʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʽ ʩʢʣʘʜʦʤ ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ, ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 

ʢʦʝʬʽʮʽʻʥʪʫ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʚʘʨʪʦ ʜʦʩʣʽʜʠʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ.  

ʂʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʦʧʦʨ c, ʷʢʽ ʚʠʢʦʥʘʥʽ ʟʽ ʩʪʘʣʴʥʠʭ ʚʠʪʠʭ ʧʨʫʞʠʥ ʘʙʦ ʟ ʛʫʤʦʚʠʭ ʮʠʣʽʥʜʨʽʚ 

ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ. ʉʠʣʘ ʧʨʫʞʥʦʩʪʽ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʦʜʥʦʤʫ ʟ ʢʽʥʮʽʚ ʧʨʫʞʥʦʾ ʦʧʦʨʠ, ʘ ʪʦʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʾʭ ʞʦʨʩʪʢʦʩʪʽ ʫ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʥʝʤʦʞʣʠʚʝ. ɯʥʘʢʰʝ ʚʠʛʣʷʜʘʻ ʩʠʪʫʘʮʽʷ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤʠ ʛʫʤʦʚʠʤʠ ʦʧʦʨʘʤʠ. 

ɿʤʽʥʘ ʪʠʩʢʫ ʫ ʦʧʦʨʽ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʮʽʻʾ ʦʧʦʨʠ.  

ɿʤʫʰʫʶʯʘ ʩʠʣʘ ʷʢʫ ʩʪʚʦʨʶʻ ʚʽʙʨʦʟʙʫʜʥʠʢ ʢʦʣʠʚʘʥʴ ʪʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʻ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ 

ʧʽʜʣʷʛʘʻ ʨʝʛʫʣʶʚʘʥʥʶ. ʆʜʥʘʢ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʽʙʨʦʟʙʫʜʥʠʢʘ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʩʠʩʪʝʤʫ ʫ ʜʽʶ. ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʚʽʜʮʝʥʪʨʦʚʠʭ 

ʚʽʙʨʦʟʙʫʜʥʠʢʽʚ ʢʦʣʠʚʘʥʴ, ʟʤʫʰʫʶʯʘ ʩʠʣʘ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʾ ʤʘʩʠ m0r0 ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 
2

0 0 0 .F m r= w      (9) 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʽʙʨʦʟʙʫʜʥʠʢʽʚ ʢʦʣʠʚʘʥʴ ʦʜʥʘʢʦʚʘ ʘʤʧʣʽʪʫʜʘ 

ʧʝʨʝʤʽʱʝʥʴ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʢʦʣʠʚʘʥʴ. 

ʋ ʨʝʟʫʣʴʪʘʪʫ ʚʠʢʦʥʘʥʦʛʦ ʦʛʣʷʜʫ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʫ ʦʜʥʦʤʘʩʦʚʽʡ ʚʽʙʨʦʩʠʩʪʝʤʽ ʽ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ 

ʚʧʣʠʚʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 
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- ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʤʘʰʠʥ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʜʘʪʯʠʢʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʨʝʻʩʪʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ ʽ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ; 

- ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʻ ʧʨʫʞʥʽ ʧʥʝʚʤʦʦʧʦʨʠ, ʨʝʛʫʣʴʦʚʘʥʽ ʜʝʤʧʬʝʨʽʚ ʢʦʣʠʚʘʥʴ ʽ 

ʚʽʙʨʦʟʙʫʜʥʠʢʠ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʨʝʛʫʣʶʚʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ.  

- ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʽ ʦʙôʻʤʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ b. 

- ʩʪʚʦʨʝʥʥʷ ʤʘʰʠʥ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʻ ʜʦʟʚʦʣʠʪʠ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢ 

ʪʘʢ, ʘʙʠ ʧʨʠ ʫʱʽʣʴʥʝʥʥʽ ʨʽʟʥʠʭ ʟʘ ʬʦʨʤʬʘʢʪʦʨʦʤ  ̔ ʩʢʣʘʜʦʤ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʠʨʦʙʽʚ, ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ ʣʠʰʘʣʘʩʷ ʫ ʚʠʟʥʘʯʝʥʠʭ ʤʝʞʘʭ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʫʱʽʣʴʥʝʥʥʷ. 
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OVERVIEW OF SCHEMES OF VIBRATION INSTALLATIONS WITH VERTICAL 

OSCILLATIONS AND ANALYSIS  OF POSSIBILITIES OF CONTROL OF COMPACTION 

PROCESS PARAMETERS 
 

Oleksandr Diachenko, Vasyl Pryhotskyi, Igor Malitskyi  

 

Abstract. Currently, the construction of buildings using different in size and filling of walls and floors is used 

more and more often. Due to this, there is a need to create universal and energy-saving equipment that would 

allow to implement the necessary mode of compaction of different density building mixtures and for those elements 

that come to the post of compaction. A promising direction to increase energy efficiency and versatility of 

equipment for bulk compaction of construction mixtures is the development of such structures which allows during 

the process would be possible to automatically analyze the parameters of the compaction and maintain fluctuations 

in a given range. To create the preconditions for the development of such machines, the schemes of vibration 

installations with vertical oscillations and the forces acting on it in the process of compaction were first examined. 

The methods by which these forces can be influenced and thus adjust the parameters of oscillations in the process 

of compaction are analyzed. 

Keywords: vibration installation, parameters of oscillations, control, compaction, variable mode 
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ʋɼʂ 621 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʨʦʭʦʪʘ ʜʣʷ 

ʩʦʨʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʉʝʨʛʽʡ ʆʨʠʱʝʥʢʦ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ  ʛʨʦʭʦʪʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʻ ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʘʤʧʣʽʪʫʜʘ ʽ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ 

ʧʦ ʛʨʦʭʦʪʫ, ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ. ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʪʘʢʦʞ  ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʞʠʤʫ . 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʯʘʩʪʦʪʘ; ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; ʘʤʧʣʽʪʫʜʘ; ʢʦʣʠʚʘʥʥʷ; ʩʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʝʜʩʪʘʚʠʤʦ ʧʨʦʮʝʩ ʩʦʨʪʫʚʘʥʥʷ ʷʢ ʜʝʷʢʠʡ ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʧʨʦʮʝʩ ʨʫʭʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʽʟʥʠʭ ʯʘʩʪʦʢ ʚ ʰʘʨʽ ʥʘ ʩʠʪʽ. 

ʂʦʞʥʫ ʯʘʩʪʢʫ ʽʟ ʨʦʟʤʽʨʦʤ d ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʢʨʫʧʥʽʩʪʴ, ʷʢʘ ʥʝ ʤʽʥʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ, ʽ ʻ 

ʚʝʣʠʯʠʥʦʶ, ʱʦ ʤʦʞʝ ʤʘʪʠ  ʜʠʩʢʨʝʪʥʫ ʙʝʟʣʽʯ ʟʥʘʯʝʥʴ: d1,d2,é dn. ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʢ ʫ ʰʘʨʽ 

ʚʝʣʠʢʘ, ʪʦ d ʤʦʞʥʘ ʥʘʜʘʚʘʪʠ ʜʦʚʽʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʟʘʜʘʥʦʛʦ ʰʘʨʫ ʬʨʘʢʮʽʡ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʚʚʘʞʘʪʠ ʾʾ ʚʝʣʠʯʠʥʫ ʙʝʟʧʝʨʝʨʚʥʦʶ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʛʨʦʭʦʪʽ: l,b-ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʩʠʪʘ; 

hʥ,hʧ- ʚʠʩʦʪʘ ʥʘʜʨʝʰʽʪʥʦʛʦ ʽ ʧʽʜʨʝʰʽʪʥʦʛʦ ʧʨʦʜʫʢʪʫ; S - ʧʣʦʱʘ ʩʠʪʘ; æl - ʜʽʣʷʥʢʘ ʩʠʪʘ; ɼ,d - ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ 

ʥʘʜʨʝʰʽʪʥʠʭ ʽ ʧʽʜʨʝʰʽʪʥʠʭ ʧʨʦʜʫʢʪʽʚ;ŭ-ʪʦʚʱʠʥʘ ʧʨʦʚʦʣʦʢ ʩʠʪʘ; Vʥ,Vʧ ï ʦʙôʻʤ ʥʘʜʨʝʰʽʪʥʦʛʦ ʽ ʧʽʜʨʝʰʽʪʥʦʛʦ 

ʧʨʦʜʫʢʪʫ 

 

ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʩʠʩʪʝʤʫ ʯʘʩʪʦʢ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʾʾ ʙʝʟʧʝʨʝʨʚʥʦʶ ʤʦʜʝʣʣʶ, ʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʇ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,/// tshtbhlbhvtVʇ ====     (1) 

ʜʝ V ï ʦʙôʻʤ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʠʪʽ, ʤ
3
; t - ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦ  ʩʠʪʫ,ʩ; b - ʰʠʨʠʥʘ 

ʩʠʪʘ, ʤ;   l - ʜʦʚʞʠʥʘ ʩʠʪʘ, ʤ;    S - ʧʣʦʱʘ ʩʠʪʘ, ʤ
2
;    h ï ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʰʘʨʫ ʥʘ ʩʠʪʽ, ʤ; v - 

ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʤ/ʩ. 

ʆʙôʻʤ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʤʫ ʦʙôʻʤʽʚ ʥʘʜʨʝʰʽʪʥʦʛʦ ʽ ʧʽʜʨʝʰʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʽʚ:   

ʧʧʥʥʧʥ
hShSVVV +=+= ,          (2) 

ʗʢʱʦ ʨʦʟʜʽʣʠʪʠ ʩʠʪʦ ʧʦ ʜʦʚʞʠʥʽ ʥʘ ʨʽʚʥʽ ʜʽʣʷʥʢʠ æl (ʜʠʚ.ʨʠʩ.1) ʪʦ 

constnll ==D / ,                     (3) 

ʜʝ  n - ʜʦʚʽʣʴʥʝ   ʯʠʩʣʦ.     ʊʦʜʽ      ʦʙôʻʤ     Vʧ,     ʨʦʟʧʦʜʽʣʠʪʴʩʷ         ʨʽʚʥʠʤʠ  

ʧʦʨʮʽʷʤʠ Vʢ  ʧʦ ȹl: 
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constbhlV
ʧʧʢʢ
=D= ,     (4) 

ʜʝ ʢ - ʥʦʤʝʨ ʚʽʜʨʽʟʢʘ ȹl. 

ʈʦʟʧʦʜʽʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦ ʜʦʚʞʠʥʽ l ʦʙôʻʤ Vʧ ʫʪʚʦʨʶʻ ʰʘʨ ʟ ʚʠʤʽʨʘʤʠ ʧʘʨʘʣʝʧʽʧʽʜʘ, 

ʫʩʝʨʝʜʥʶʶʯʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʡʦʛʦ ʟʝʨʝʥ. ɼʣʷ  ʧʨʦʜʫʢʪʫ ʦʙ√ʻʤʦʤ  Vʧ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ 

ʯʘʨʫʥʢʠ ʩʠʪʘ, ʯʝʨʝʟ ʷʢʽ ʚʽʥ ʦʪʨʠʤʫʻʪʴʩʷ, ʜʣʷ  ʚʠʧʘʜʢʫ ʱʽʣʴʥʦʛʦ ʩʫʤʽʱʝʥʥʷ  ʫʪʚʦʨʶʻʪʴʩʷ  

ʧʨʷʤʦʢʫʪʥʠʢ,  ʧʣʦʱʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ Sʥ.    

ɺʠʢʦʨʠʠʩʪʦʚʫʶʯʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ  ʚʽʨʦʛʽʜʥʦʩʪʽ [1,4,7,9]  ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʥʘ 

ʬʨʘʢʮʽʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʚʽʨʦʛʽʜʥʽʩʪʴ ʨ ʧʨʦʭʦʜʞʝʥʥʷ ʟʝʨʝʥ d ʯʝʨʝʟ ʢʦʤʽʨʢʠ D: 
22 )/()( d+-= DdDʨ

ii
,                (5) 

ʜʝ ï  ̔ =1,2,3...m - ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʬʨʘʢʮʽʾ, ʚʽʜʣʽʯʫʚʘʥʦʾ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʨʫʧʥʦʩʪʽ 

ʧʽʜʨʝʰʽʪʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʥʘʧʨʷʤ ʟʨʦʩʪʘʥʥʷ d; d ̔ -ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ     -̔ʦʾ ʬʨʘʢʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʨʫʧʥʦʩʪʽ ʧʦʣʦʚʠʥʽ ʾʾ ʚʠʭʦʜʫ; ŭ-ʪʦʚʱʠʥʘ ʜʨʦʪʫ ʩʠʪʘ. 

ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʨ ʧʨʦʭʦʜʞʝʥʥʷ ʰʘʨʦʧʦʜʽʙʥʠʭ ʟʝʨʝʥ d ʢʨʽʟʴ ʢʚʘʜʨʘʪʥʽ ʦʪʚʦʨʠ 

D ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. [2,3,5,8]: 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʚʽʨʦʛʽʜʥʦʩʪʽ ʨ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ d/D 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʦʮʝʩ ʧʨʦʭʦʜʞʝʥʥʷ ʟʝʨʝʥ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʩʠʪʘ (æl=l), ʪʦ 

ʦʙʻʤ ʧʽʜʨʝʰʽʪʥʦʛʦ ʧʨʦʜʫʢʪʫ: 

ɿʛʽʜʥʦ ʟ  (4)                ä
=

D=
ʧ

ʢ
kkʧ

bhlV
1

 ,                                                     (6) 

ʜʝ hk i bk ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ  ʚʠʩʦʪʠ ʽ ʰʠʨʠʥʠ ʰʘʨʽʚ Vʢ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʨʦʛʽʜʥʦʩʪʽ ʨ. 

ʆʪʞʝ, ʟʝʨʥʦʚʠʡ ʩʢʣʘʜ ʢʦʞʥʦʾ ʦʙôʻʤʫ ʧʦʨʮʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ  ʚʽʜ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ  ʘʥʘʣʦʛʽʯʥʠʭ 

ʧʦʨʮʽʡ ʧʽʜʨʝʰʽʪʥʦʛʦ ʧʨʦʜʫʢʪʫ,  ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʣʝʯʠʥʫ: 

                            ä
=

=
m

i
kik

VV
1

,
,                            (7) 

ʜʝ Vʽ,ʢ ï ʯʘʩʪʠʥʘ ʦʙôʻʤʫ ʽ-ʪʦʾ ʬʨʘʢʮʽʾ V ,̔ ʩʦʨʪʦʚʘʥʦʾ ʥʘ  ʜʽʣʷʥʮʽ ȹlʢ. 

ɿʘ ʫʤʦʚʠ (4)  ʚʠʩʦʪʘ ʽ-ʛʦ ʰʘʨʫ: 

ʛʨkiki
ppdh /

min,,
= ,             (8) 

ʜʝ ʨmin,k - ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʩʽʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰʠʭ  ʟʝʨʝʥ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ  ʩʢʣʘʜʫ Vʢ . 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʽʩʥʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʧʨʦʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥ ʤʘʪʝʨʽʘʣʫ lʽ(ʥ)        (l-l =̔l (̔ʥ)) ʽ ʫʤʦʚʫ, 

ʱʦ 1/ʨmin,k=lk/æl ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʦʙʻʤʫ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʷʢʠʡ ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʠʤ 

ʟʘʣʠʰʢʘʤ ʥʘ ʩʠʪʽ: 

ö
÷

õ
æ
ç

å -ö
÷

õ
æ
ç

å -= ää
=

-
=

-

k

i
kii

k

i
kiikki

VVVVVV
1

1,
1

1,,
)(/ ,    (9) 

ɺʠʨʘʟ   ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʪʘ ʧʽʜ 

ʯʘʩ ʩʦʨʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʦʾ ʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʩʦʨʪʫʚʘʥʥʷ ʟʝʨʝʥ.  

0

20

40

60

80

100

0 0,2 0,4 0,6 0,8

1/ʨ 

d/D 



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 

 

34 
 

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʛʣʷʥʫʪʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʘ ʘʜʝʢʚʘʪʥʦʶ ʜʠʩʢʨʝʪʥʦʶ 

ʤʦʜʝʣʣʶ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʨʘʟʠʤʦ  S ̔ʟ ʫʨʘʭʫʚʘʥʥʷʤ Sʅ ʯʝʨʝʟ ʧʣʦʱʫ, ʟʘʡʤʘʥʫ ʬʨʘʢʮʽʻʶ  ʟʝʨʝʥ, ʷʢʽ 

ʟʘ ʢʨʫʧʥʽʩʪʶ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ D. ʅʘʟʚʝʤʦ  ʮʶ ʬʨʘʢʮʽʶ çʚʘʞʢʦʶè, ʪʦʙʪʦ ʪʘʢʦʶ, ʱʦ ʻ ʛʨʘʥʠʯʥʦʶ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʬʨʘʢʮʽʡʥʦʤʫ ʩʢʣʘʜʽ. ʊʦʜʽ ʙʫʜʝʤʦ ʤʘʪʠ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʜʝ æh-ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪ hʚ/hʥ; æʉ-ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʉʥ/ʉʚʘʞ ʚ ʧʨʦʮʝʥʪʘʭ ʚʽʜ ʚʠʭʽʜʥʦʛʦ 

ʧʨʦʜʫʢʪʫ (ʉʚʘʞ-ʚʠʭʽʜ çʚʘʞʢʠʭè ʟʝʨʝʥ). 

ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʣʦʱʫ çʚʘʞʢʠʭè ʟʝʨʝʥ: 

( )( )
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʽ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ (2.9) ʽ ʧʝʨʝʜʙʘʯʘʶʯʽ, ʱʦ ʟʘ ʢʦʞʥʦʛʦ ʢʠʜʢʘ ʰʘʨʫ 

Vʚ ʥʘ ʩʠʪʦ  ʧʦ ʡʦʛʦ ʰʠʨʠʥʽ ʚʠʩʽʚʘʻʪʴʩʷ "ʚʘʞʢʠʭ" ʟʝʨʝʥ ʛʨʰʚ dbn /=  ʽ ʧʦ ʜʦʚʞʠʥʽ ʩʠʪʘ ʛʨdn /1= , 

ʦʪʨʠʤʘʻʤʦ ʦʙôʻʤ ʛʨʘʥʠʯʥʠʭ ʟʝʨʝʥ, ʷʢʽ ʩʦʨʪʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʢʠʜʦʢ ʰʘʨʫ ʥʘ ʩʠʪʽ: 

                                    
( )6/lbdV

ʚʛʨʚ
Ö=p .              (12) 

ʊʦʜʽ   ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ  ʩʦʨʪʫʚʘʥʥʽ ʚʘʞʢʠʭ ʟʝʨʝʥ ʩʪʘʥʦʚʠʪʠʤʝ: 

wlʚdʊVʇ
ʚʛʨʚʚ

08,0/ == .                     (13) 

ɺʽʜʧʦʚʽʜʥʦ ʟʘʛʘʣʴʥʘ ʦʧʪʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʞʠʚʣʝʥʥʷʤ:  

ʚʚ
ʉʇʇ /100= .               (14) 

ɯʟ ʚʨʘʭʫʚʘʥʥʷʤ (2.15) ʦʩʪʘʪʦʯʥʦ  ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ: 

[ ]( )( )( )[ ]lw -Ö+D+D-= 1//1
min

2

ʚʘʞʩʝʨʩʝʨʪinʞ
ʉhʉhCDdSʇ  ,     (15) 

ʜʝ Sʞ-ʧʣʦʱʘ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʩʠʪʘ; ɚ-ʧʫʩʪʦʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; ;/
min

hhh
ʚʘʞʪin

=D  
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ʩʝʨʚʘʞʩʝʨ

hhh =D  

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʠʤʦ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ.  

 ɺʩʪʘʥʦʚʣʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʡ ʢʽʥʝʤʘʪʠʢʦʶ ʛʨʦʭʦʪʘ ʧʽʜ ʯʘʩ 

ʩʦʨʪʫʚʘʥʥʷ ʰʣʷʭʦʤ ʨʦʟʛʣʷʜʫ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʧʨʦʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ.  

ɿʘʫʚʘʞʝʥʦ ʪʘʢʦʞ ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚʽʙʨʦʛʨʦʭʦʪʘ ʡ ʧʣʦʱʝʶ ʞʠʚʦʛʦ 

ʧʝʨʝʪʠʥʫ, ʧʨʠʯʦʤʫ ʟʘ ʨʽʚʥʠʭ ʟʥʘʯʝʥʴ ʧʣʦʱ ʞʠʚʠʭ ʧʝʨʝʪʠʥʽʚ ʢʨʫʛʣʠʭ ʽ ʢʚʘʜʨʘʪʥʠʭ ʛʥʽʟʜ ʩʠʪʘ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʢʨʫʛʣʠʭ ʦʪʚʦʨʽʚ ʥʘ  ʙʽʣʴʰʘ, ʥʽʞ ʟʘ ʢʚʘʜʨʘʪʥʠʭ.  

ɿʙʽʣʴʰʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ dʛʨ ʟʝʨʥʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʦʩʽʶʻʪʴʩʷ, ʪʘʢʦʞ ʨʽʚʥʦʟʥʘʯʥʦ ʟʥʠʞʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʽʙʨʦʛʨʦʭʦʪʘ, ʘ ʟʘ ʨʽʚʥʦʩʪʽ ʛʨʘʥʠʯʥʦʛʦ ʟʝʨʥʘ ʨʦʟʤʽʨʫ ʦʪʚʦʨʫ ʩʠʪʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʨʽʟʴ ʩʠʪʦ ʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʽʙʨʦʛʨʦʭʦʪʘ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʫ ʧʨʦʩʽʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 
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JUSTIFICATION AND RATIONAL CHOICE OF VIBRATION SCREEN PARAMETERS FOR 

SORTING BUILDING MATERIALS  

Sergey Oryschenko  

 

Abstract. The main parameters of the working process of screens that affect the efficiency and productivity 

are dynamic parameters: amplitude and frequency of oscillations, the speed of movement of particles through the 

screen, energy costs. Reliability and stability of the regime are also important parameters. 

Keywords: frequency; productivity; amplitude; fluctuation; material sorting. 

 

 
ʋɼʂ 693.1 

ʈʦʟʨʦʙʢʘ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ 

ɸʭʤʝʜ ɸʙʦʫʝʣʩʝʦʫʜ, ɭʚʛʝʥ ʄʽʱʫʢ, ɼʤʠʪʨʦ ʄʽʱʫʢ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ.  ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʘʮʽʡʥʦʾ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʟ ʚʽʙʨʘʮʽʡʥʦʶ ʜʽʻʶ ʥʘ ʤʘʪʝʨʽʘʣ ʙʫʣʠ ʚʠʢʦʥʘʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʩʠʣʠ ʜʨʦʙʣʝʥʥʷ. ʅʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʪʠʩʢ. ʅʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʢʫʪʘ ʟʘʭʚʘʪʫ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ, 

ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʙʨʘʮʽʡʥʦʾ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʘʣʢʦʚʘ ʜʨʦʙʘʨʢʘ; ʚʽʙʨʘʮʽʷ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; ʟʫʩʠʣʣʷ ʜʨʦʙʣʝʥʥʷ; ʢʫʪ ʟʘʭʚʘʪʫ. 

ɺʩʪʫʧ. ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  ʧʨʠ ʜʨʦʙʣʝʥʥʽ ʚôʷʟʢʠʭ ʽ ʚʦʣʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ 
ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʚʘʣʢʦʚʽ ʜʨʦʙʘʨʢʠ. ʆʩʦʙʣʠʚʦ ʥʘ ʩʴʦʛʦʜʥʽ ʜʘʥʽ ʤʘʰʠʥʠ ʥʘʙʫʣʠ 

ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʩʬʝʨʽ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʥʘʩʣʽʜʦʢ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʣʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ. ɺ ʮʽʣʦʤʫ ʬʘʢʪʦʨʠ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʱʝ ʟʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 1) ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ; 2) ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ.   

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  
ɺ ʨʦʙʦʪʽ [1] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʜʨʦʙʠʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʝ ʱʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʜʨʦʙʠʣʴʥʦʾ ʤʘʰʠʥʠ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʨʦʙʦʪʽ [2] ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʨʦʬʽʣʶ ʛʣʘʜʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʘʣʢʽʚ 

ʥʘ ʭʚʠʣʝʧʦʜʽʙʥʠʡ ʧʨʦʬʽʣʴ. ɺʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʧʨʦʬʽʣʶ ʚʘʣʢʽʚ ʟʤʽʥʶʻʪʴʩʷ ʩʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʘʪʝʨʽʘʣ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʙʘʨʢʠ ʻ ʧʽʜʚʠʱʝʥʠʡ ʟʥʦʩ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

[2]. ʍʦʯʘ ʭʚʠʣʝʧʦʜʽʙʥʠʡ ʧʨʦʬʽʣʴ ʚʘʣʢʽʚ ʤʘʻ ʙʽʣʴʰʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʚʽʜʥʦʩʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ 

ʽʟ ʟʫʙʯʘʩʪʠʤʠ ʚʘʣʢʘʤʠ. ʇʦʟʠʪʠʚʥʠʤ ʝʬʝʢʪʦʤ ʚʽʜ ʭʚʠʣʝʧʦʜʽʙʥʠʭ ʚʘʣʢʽʚ ʻ ʧʽʜʚʠʱʝʥʥʷ ʢʫʪʫ ʟʘʭʚʘʪʫ 

ʤʘʪʝʨʽʘʣʫ. 

ɺ ʨʦʙʦʪʽ [3] ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪʫ ʜʨʦʙʣʝʥʥʷ 

ʚʘʣʢʦʚʠʤʠ ʜʨʦʙʘʨʢʘʤʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʜʘʥʦʛʦ ʚʠʜʫ ʚʘʣʢʦʚʠʭ ʜʨʦʙʘʨʦʢ. ʍʦʯʘ ʚʘʣʢʦʚʽ ʜʨʦʙʘʨʢʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʥʘʙʫʚʘʶʪʴ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʧʦʯʠʥʘʶʪʴ ʚʠʪʽʩʥʷʪʠ ʩʪʨʠʞʥʝʚʽ ʪʘ ʢʫʣʴʦʚʽ ʤʣʠʥʠ [4]. ʇʨʦʪʝ ʤʝʞʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʩʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʠʤʠ. ʊʦʙʪʦ ʜʘʥʽ ʤʘʰʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʦʶ 

ʤʝʪʘʣʦʤʽʩʪʢʽʩʪʶ ʪʘ ʚʽʜʥʦʩʥʦ ʟʥʘʯʥʠʤʠ ʝʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. ʎʝʡ ʚʠʜ ʚʘʣʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʧʦʚʥʽʩʪʶ 

ʩʝʙʝ ʚʠʧʨʘʚʜʦʚʫʻ ʚ ʩʬʝʨʽ ʟʙʘʛʘʯʝʥʥʷ ʪʘ ʧʦʤʝʣʫ ʤʘʪʝʨʽʘʣʽʚ [5]. 
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ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʁ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ.  
ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʨʦʙʠʣʴʥʠʭ ʤʘʰʠʥ ʻ ʦʧʪʠʤʽʟʘʮʽʷ 

ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʧʦʻʜʥʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʫʟʣʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʰʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʉʭʝʤʘʪʠʯʥʦ ʚʽʙʨʘʮʽʡʥʘ ʚʘʣʢʦʚʘ ʜʨʦʙʘʨʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ɺʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ 

1 ï ʨʘʤʘ; 2- ʚʘʣʦʢ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 3 ï ʨʫʭʦʤʠʡ ʚʘʣʦʢ; 4 ï ʛʽʜʨʘʚʣʽʯʥʘ ʜʝʤʧʬʫʶʯʘ ʧʨʫʞʥʷ 

ʩʠʩʪʝʤʘ. 

ɺʽʙʨʘʮʽʡʥʘ ʚʘʣʢʦʚʘ ʜʨʦʙʘʨʢʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺʘʣʦʢ 2 ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʚʽʜ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ ʽʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ɤ1, ʚ ʮʝʡ ʯʘʩ ʚʘʣʦʢ 3, ʷʢʠʡ ʤʘʻ ʧʨʠʚʽʜ 

ʚʽʜ ʛʽʜʨʦʜʚʠʛʫʥʘ, ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ɤ1, ʧʨʦʪʝ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʚʘʣʢʘ 

2. ʇʘʨʘʣʝʣʴʥʦ ʟ ʧʦʯʘʪʢʦʤ ʦʙʝʨʪʘʥʥʷ ʚʘʣʢʘ 3, ʚʤʠʢʘʻʪʴʩʷ ʜʨʫʛʠʡ ʛʽʜʨʦʜʚʠʛʫʥ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʚ 

ʜʽʶ ʛʽʜʨʦʮʠʣʽʥʜʨ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʘʣʦʢ 3 ʟʜʽʡʩʥʶʻ ʢʦʣʠʚʘʥʥʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʈʝʞʠʤ 

ʢʦʣʠʚʘʥʴ ʚʘʣʢʘ 3 ʟʘʜʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ ʚʠʥʠʢʘʣʦ ʟʽʪʢʥʝʥʴ ʚʘʣʢʽʚ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʤʽʞ ʥʠʤʠ. 

ɿʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ, ʷʢʝ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʛʽʜʨʦʮʠʣʽʥʜʨʠ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠʟʘ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

ʨ ʩʪF S=s ³ ³m,                                                              (1) 

ʜʝ S=L lʣ ï ʧʣʦʱʘ ʥʘ ʷʢʫ ʜʽʻ ʟʫʩʠʣʣʷ ʧʨʠ ʜʨʦʙʣʝʥʥʽ ʤʘʪʝʨʽʘʣʫ; L ï ʜʦʚʞʠʥʘ ʚʘʣʢʘ, ʤ; lʣ ï ʜʦʚʞʠʥʘ 

ʜʫʛʠ ʥʘ ʜʽʣʷʥʮʽ ʜʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʤ; lʣ =RŬ=DŬ/2 (R-ʨʘʜʽʫʩ ʚʘʣʢʘ, ʤ; Ŭ ï ʢʫʪ ʜʫʛʠ, ʨʘʜ.); ʩ̀ʪ ï 

ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ; ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʫʰʝʥʥʷ (ʜʣʷ ʤʽʮʥʠʭ ʧʦʨʽʜ ɛ =0,2-0,3, ʜʣʷ ʛʣʠʥʠ ɛ 

=0,4-0,6).  

ʂʫʪ ʜʫʛʠ Ŭ ʧʨʠ ʜʨʦʙʣʝʥʥʽ ʤʽʮʥʠʭ ʧʦʨʽʜ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʷʢ Ŭ= 16 ʛʨʘʜ. ʇʨʠ ʜʨʦʙʣʝʥʥʽ ʛʣʠʥ Ŭ 

=24 ʛʨʘʜ. ʇʦ ʩʫʪʽ ʢʫʪ Ŭ ʻ ʢʫʪʦʤ ʟʘʭʚʘʪʫ. ɼʣʷ ʚʘʣʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʢʫʪ ʟʘʭʚʘʪʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ 

ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

(R e / 2)
Cos( )

(R d / 2)

+
a =

+
,                                                             (2) 

ʜʝ R-ʨʘʜ̔ʫʩ ʚʘʣʢʘ ʜʨʦʙʘʨʢʠ; d ï ʜʽʘʤʝʪʨ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʨʫʡʥʫʻʪʴʩʷ; e- ʚ̔ ʜʩʪʘʥʴ ʤʽʞ ʚʘʣʢʘʤʠ; 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʘʣʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

Q D L e n=p³ ³ ³ ³,                                                        (3)  

ʜʝ L ï ʜʦʚʞʠʥʘ ʚʘʣʢʘ, ʤ; e ï ʰʠʨʠʥʘ ʚʠʭʽʜʥʦʾ ʱʽʣʠʥʠ, ʤ; D ï ʜʽʘʤʝʪʨ ʚʘʣʢʘ, ʤ; n ï ʢ̔ ʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ 

ʚʘʣʢʘ ʟʘ ʩ.  

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʰʠʨʠʥʘ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʟ ʚʽʙʨʘʮʽʡʥʦʶ ʜʽʻʶ ʥʘ 

ʤʘʪʝʨʽʘʣ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ. ʊʦʤʫ ʚ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʣʽʜ ʚʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʭʦʜʫ ʚʘʣʢʘ 

b. ɼʣʷ ʟʚʠʯʘʡʥʠʭ ʚʘʣʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʮʝ ʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ b=0,25*e. ʊʘʢ ʥʘʧʨʠʢʣʘʜ ʧʨʠ 

ʰʠʨʠʥʽ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʜʨʦʙʘʨʢʠ ʚ 10 ʤʤ, ʭʽʜ ʚʘʣʢʘ ʩʢʣʘʜʘʪʠʤʝ 4 ʤʤ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʱʦ ʥʘʚʝʜʝʥʦ ʚ ʜʞʝʨʝʣʽ [6], ʭʽʜ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʚ 3-5 ʤʤ ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 
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ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ɿʚʽʩʥʦ ʩʣʽʜ ʦʙʤʝʞʫʚʘʪʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ 

ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʜʨʦʙʘʨʢʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʣʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ: 

 Q D L (e b) n=p³ ³ ³ + ³ ³m³r,                                                  (4) 

ʜʝ ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʫʰʝʥʥʷ; ɟ ï ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʪ/ʤ
3
. 

ʅʝʦʙʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ: 

ʜʚ 1 2N (N N ) /= + h,                                                                 (5) 

ʜʝ N1 ï ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʜʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ; N2 ï ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ; h - ʂʂʂ ʧʝʨʝʜʘʯʽ.  

ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʨʦʟʚʠʪʢʫ ʜʨʦʙʠʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ  ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʻ: 1) ʧʽʜʚʠʱʝʥʠʡ ʩʪʝʧʽʥʴ 

ʜʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʣʶʚʘʪʠ ʙʽʣʴʰ ʤʽʮʥʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ; 2) ʟʥʠʞʝʥʠʡ 

ʨʠʟʠʢ ʟʘʙʠʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʤʽʞ ʚʘʣʢʘʤʠ ʥʝʜʨʦʙʠʤʠʤ ʤʘʪʝʨʽʘʣʦʤ ʪʘ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʥʘʣʠʧʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʘʣʢʠ; 3) ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʽʩʣʷ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʩʭʝʤʠ ʧʝʨʝʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʨʦʪʦʨʥʫ ʜʨʦʙʘʨʢʫ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʪʦʨʥʘ ʜʨʦʙʘʨʢʘ ʨʦʟʙʠʚʘʻ 

ʧʣʘʩʪʠ ʤʘʪʝʨʽʘʣʫ ʩʧʣʶʩʥʫʪʠʭ ʧʽʩʣʷ ʚʘʣʢʦʚʦʾ ʜʨʦʙʘʨʢʠ; 4) ʧʽʜʚʠʱʝʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɼʦ ʥʝʜʦʣʽʢʽʚ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʦʪʨʝʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʤʘʩʠʚʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ.   
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Development of a roll crusher 
 
Ahmed Abouelseoud , Yevhen Mishchuk, Dmytro Mishchuk 

 

Abstract. The design of the vibrating roll crusher is considered in the work. Taking into account the 

peculiarities of the working process of the roll crusher with vibration action on the material, calculations of the 

crushing force were performed. The dependence on the determination of the perturbing force depending on the 

compressive strength of the material is given. Calculations for determining the angle of capture of the roll crusher, 

which depends on its geometric parameters. Performance and capacity calculations are performed. The analysis of 

design features of the vibrating roll crusher is executed. 

Keywords: roller crusher; vibration, productivity; crushing efforts; grip angle. 
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ʋɼʂ 543.8 + 541.13 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʧʘʢʝʪʫ ʧʨʠʩʘʜʦʢ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ'ʷʟʢʠʭ ʨʽʜʠʥ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʢʘʚʽʪʘʮʽʡʥʠʭ ʷʚʠʱ 

ɺʣʘʜʠʩʣʘʚ ʂʨʠʚʦʰʝʻʚ, ɯʛʦʨ ʅʦʯʥʽʯʝʥʢʦ, ʆʣʝʛ ʗʭʥʦ, ʆʣʝʢʩʽʡ ʂʦʚʘʣʴ  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʢʘʚʽʪʘʮʽʡʥʠʭ ʷʚʠʱ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʢʘʚʽʪʘʪʦʨʘʭ, ʦʜʥʠʤ 

ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʻ ʨʦʙʦʯʘ ʨʽʜʠʥʘ. ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʣʘʙʦʨʘʪʦʨʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʚʠʩʦʢʦʾ 

ʚôʷʟʢʦʩʪʽ, ʷʢ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʪʘʢ ʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʘʭ 

ʪʘ ʻ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʦʜʘʪʢʦʚʦʛʦ ʧʘʢʝʪʫ ʧʨʠʩʘʜʦʢ. ɹʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʥʘ ʨʦʪʦʨʥʦʤʫ ʚʽʩʢʦʟʠʤʝʪʨʽ ʈɽʆʊɽʉʊ-2. 

ʇʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʥʦʛʦ ʚʘʣʫ ʚʽʜ ʥʘʧʨʫʛʠ ʟʩʫʚʫ. ʈʦʟʨʘʭʦʚʘʥʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʙʦʯʠʭ ʨʽʜʠʥ. ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʦʣʦʛʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʪʘ ʚʧʣʠʚʫ ʧʘʢʝʪʫ ʧʨʠʩʘʜʦʢ ʥʘ ʥʠʭ, ʦʙʨʘʥʦ ʨʦʙʦʯʽ ʨʽʜʠʥʠ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʽ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʘʚʽʪʘʮʽʡʥʠʭ ʷʚʠʱ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʢʘʚʽʪʘʪʦʨ; ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʢʘʚʽʪʘʮʽʷ; ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʷ; ʨʦʙʦʯʘ 

ʨʽʜʠʥʘ, ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʨʦʪʦʨʥʠʡ ʚʽʩʢʦʟʠʤʝʪʨ; ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ; ʥʘʧʨʫʛʘ ʟʩʫʚʫ. 

ɺ ʝʣʝʤʝʥʪʘʭ ʽ ʧʨʠʩʪʨʦʷʭ ʩʫʯʘʩʥʠʭ ʛʽʜʨʦʩʠʩʪʝʤ ʨʦʙʦʯʠʡ ʪʠʩʢ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 400 ʙʘʨ [1, 2]. ʋ 

ʜʽʘʬʨʘʛʤʽ ʽ ʨʽʟʥʠʭ ʜʨʦʩʝʣʷʭ ʧʦʪʽʢ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʋ ʚʫʟʴʢʦʤʫ ʧʝʨʝʪʠʥʽ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʩʧʨʠʯʠʥʶʻ ʢʘʚʽʪʘʮʽʶ ʽ ʧʦʚ'ʷʟʘʥʝ ʟ ʮʠʤ ʘʢʪʠʚʥʝ 

ʚʠʜʽʣʝʥʥʷ ʙʫʣʴʙʘʰʦʢ ʥʝʨʦʟʯʠʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʽ ʧʘʨʘ [2-5]. ʇʨʠ ʨʦʟʚʠʥʝʥʽʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽʡ 

ʢʘʚʽʪʘʮʽʾ, ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʱʝ ʦʜʥʝ ʷʚʠʱʝ ï ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʶ ʨʠʩ.1.  

 
ʈʠʩ. 1. ʗʚʠʱʝ ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʫ ʧʦʪʦʮʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ ʧʨʠ ʨʦʟʚʠʥʝʥʽʡ ʢʘʚʽʪʘʮʽʾ   

ɻʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʷ - ʮʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ ʨʽʜʠʥʦʶ ʚ ʚʫʟʴʢʦʤʫ ʢʘʥʘʣʽ. ʄʦʞʥʘ ʩʢʘʟʘʪʠ, 

ʱʦ ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʚʠʢʣʠʢʘʥʘ ʪʝʨʪʷʤ, ʪʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʪʘʢʦʞ ʦʩʦʙʣʠʚʠʡ ʚʠʧʘʜʦʢ ʤʝʭʘʥʽʯʥʦʾ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʪʦʙʪʦ ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ï ʮʝ ʪʨʠʙʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʨʽʜʠʥʠ. ɽʬʝʢʪ 

ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚʧʝʨʰʝ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʤ ʚ 1947 ʨʦʮʽ [6]. ʇʨʠ ʧʣʦʩʢʦʤʫ 

ʦʙʪʽʢʘʥʥʽ ʚʦʜʦʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ (ʢʨʫʛʣʠʭ ʮʠʣʽʥʜʨʽʚ) ʚ ʧʣʦʩʢʦʤʫ ʢʘʥʘʣʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʩʚʽʯʝʥʥʷ 

ʧʦʟʘʜʫ ʮʠʣʽʥʜʨʽʚ, ʧʨʠ ʩʠʣʴʥʦ ʨʦʟʚʠʥʝʥʽʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽʡ ʢʘʚʽʪʘʮʽʾ. 

ʄʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʧʨʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽʡ ʢʘʚʽʪʘʮʽʾ, ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʣʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʥʘʬʪʘ ʽ ʦʪʨʠʤʘʥʽ ʟ ʥʝʾ ʥʘʬʪʦʧʨʦʜʫʢʪʠ (ʛʽʜʨʘʚʣʽʯʥʽ ʤʘʩʣʘ) [7,8]. 
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ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʘʭ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʨʦʙʦʯʠʭ ʨʽʜʠʥ, 

ʚʜʘʣʦʩʷ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʥʝʥʦʾ ʢʘʚʽʪʘʮʽʾ ʪʘ ʦʪʨʠʤʘʪʠ ʷʚʠʱʝ ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʘʣʝ ʟʘ 

ʚʽʜʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʦ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ [11-13]. ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʙʫʣʦ 

ʚʠʨʽʰʝʥʦ ʧʨʦʚʝʩʪʠ ʧʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʪʘ ʚʧʣʠʚ ʜʦʜʘʪʢʦʚʦʛʦ ʧʘʢʝʪʫ ʧʨʠʩʘʜʦʢ ʥʘ 

ʥʠʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʷʢ ʜʣʷ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ (ʃʝʦʣ ʄ20, ɯ-20), ʪʘʢ ʽ ʜʣʷ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ (ARAL 0W-40, ʊɽʇ-15 çʅʽʛʨʦʣè). ɹʫʣʦ ʟʨʦʙʣʝʥʦ ʟʘʙʽʨ ʟʨʘʟʢʽʚ ʜʘʥʠʭ ʚʠʜʽʚ 

ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʽ ʦʢʨʝʤʦ ʚ ʢʦʞʝʥ ʟ ʥʠʭ ʙʫʣʦ ʜʦʜʘʥʦ ʧʘʢʝʪ ʧʨʠʩʘʜʦʢ MANNOL Molibden Additive ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:10. ʇʦʜʘʣʴʰʠʡ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʚʠʢʦʥʫʚʘʚʩʷ ʥʘ 

ʨʦʪʦʨʥʦʤʫ ʚʽʩʢʦʟʠʤʝʪʨʽ ʈɽʆʊɽʉʊ-2. ʈʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥ ʚʠʚʯʘʶʪʴ ʟʘ ʨʝʦʣʦʛʽʯʥʠʤʠ 

ʢʨʠʚʠʤʠ ʪʝʯʽʾ (ʦʩʥʦʚʥʦʾ ʪʘ ʜʦʜʘʪʢʦʚʦʾ), ʦʜʝʨʞʫʚʘʥʠʭ ʥʘ ʨʦʪʘʮʽʡʥʠʭ ʚʽʩʢʦʟʠʤʝʪʨʘʭ [9]. ʇʨʠʣʘʜ 

ʈɽʆʊɽʉʊ-2 ʻ ʨʦʪʘʮʽʡʥʠʤ ʚʽʩʢʦʟʠʤʝʪʨʦʤ ʟ ʚʥʫʪʨʽʰʥʽʤ ʦʙʝʨʪʦʚʠʤ ʮʠʣʽʥʜʨʦʤ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʟ ʚʠʩʦʢʦʶ ʚ'ʷʟʢʽʩʪʶ, ʘ ʪʘʢʦʞ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʨʠʩ. 2 [10]. 

  
ʈʠʩ. 2. ʈʦʪʘʮʽʡʥʠʡ ʚʽʩʢʦʟʠʤʝʪʨ ʈɽʆʊɽʉʊ-2 

ɺʽʩʢʦʟʠʤʝʪʨ ʚʽʜʪʘʨʦʚʘʥʠʡ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣʠʮʽ 1 

ʊʘʙʣʠʮʷ 1 
ɺʽʜʪʘʨʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʪʦʨʥʦʛʦ ʚʽʩʢʦʟʠʤʝʪʨʘ ʈɽʆʊɽʉʊ-2 

ʏʘʩʪʦʪʘ ʤʝʨʝʞʽ, ɜ, Hz 50 

 ɾʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥʠ  

z1 3,33 

0,1 

ʇʘ/ʧʦʜ. 

ɾʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥʠ 

z2 33,7 

0,1 

ʇʘ/ʧʦʜ. 
 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ 15,7 Áʉ 

ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʜʣʷ ʧʨʠ zn ʟʘ ʬʦʨʤʫʣʦʶ 1 

10

* nzg
t= ,      (1) 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ 2 

ng

t
m

*

50*
= ,      (2) 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʃʝʦʣ ʄ20 ʪʘ ʃʝʦʣ ʄ20 (ʄ) ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2 
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ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʃʝʦʣ ʄ20 ʪʘ ʃʝʦʣ ʄ20 (ʄ) 
ʃʝʦʣ 

ʄ20 
ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ ɛ, ʇʘ ʩ 

1 4a-I 16,2 2,6 0,87 0,053 

2 6b-I 24,3 3,8 1,27 0,052 

3 5a-I 27,0 4,3 1,43 0,053 

4 7b-I 40,5 6,5 2,16 0,053 

5 6a-I 48,6 7,7 2,56 0,053 

6 8b-I 72,9 11,5 3,83 0,053 

7 7a-I 81,0 12,8 4,26 0,053 

8 9b-I 121,5 19 6,33 0,052 

9 8a-I 145,8 23 7,66 0,053 

10 10b-I 218,7 34 11,32 0,052 

11 9a-I 243,0 38 12,65 0,052 

12 11b-I 364,5 57 18,98 0,052 

13 10a-I 437,4 68,5 22,81 0,052 

14 
12bd-

II  
656,0 10,3 34,71 0,053 

15 
11ad-

II  
729,0 11,3 38,08 0,052 

16 
12ad-

II  
1312,0 20,3 68,41 0,052 

 

ʃʝʦʣ 

ʄ20(ʄ

) 

ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ ɛ, ʇʘ ʩ 

1 4a-I 16,2 3,0 1,00 0,062 

2 6b-I 24,3 4,5 1,50 0,062 

3 5a-I 27,0 5,1 1,70 0,063 

4 7b-I 40,5 7,8 2,60 0,064 

5 6a-I 48,6 9,5 3,16 0,065 

6 8b-I 72,9 14,0 4,66 0,064 

7 7a-I 81,0 15,3 5,09 0,063 

8 9b-I 121,5 23 7,66 0,063 

9 8a-I 145,8 27,3 9,09 0,062 

10 10b-I 218,7 40 13,32 0,061 

11 9a-I 243,0 44,5 14,82 0,061 

12 11b-I 364,5 66,5 22,14 0,061 

13 
10a-

II  
437,4 8 26,96 0,062 

14 
12bd-

II  
656,0 11,8 39,77 0,061 

15 
11ad-

II  
729,0 13,2 44,48 0,061 

16 
12ad-

II  

1312,

0 
23,5 79,20 0,060 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ɯ-20 ʪʘ ɯ-20 (ʄ) ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 3 
ʊʘʙʣʠʮʷ 3 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ɯ-20 ʪʘ ɯ-20 (ʄ) 

ɯ-

20 
ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ 

ɛ, ʇʘ 

ʩ 

1 4a-I 16,2 2,7 0,90 0,056 

2 6b-I 24,3 4,8 1,60 0,066 

3 5a-I 27,0 5,0 1,67 0,062 

4 7b-I 40,5 7,0 2,33 0,058 

5 6a-I 48,6 8,5 2,83 0,058 

6 8b-I 72,9 12,8 4,26 0,058 

7 7a-I 81,0 14 4,66 0,058 

8 9b-I 121,5 21 6,99 0,058 

9 8a-I 145,8 25,5 8,49 0,058 

10 10b-I 218,7 37,5 12,49 0,057 

11 9a-I 243,0 41,5 13,82 0,057 

12 11b-I 364,5 62,5 20,81 0,057 

13 10a-II  437,4 75 24,98 0,057 

14 12bd-II  656,0 11 37,07 0,057 

15 11ad-II  729,0 12,5 42,13 0,058 

16 12ad-II  1312,0 22 74,14 0,057 
 

ɯ-

20 

(ʄ) 

ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ 
ɛ, ʇʘ 

ʩ 

1 4a-I 16,2 3,0 1,00 0,062 

2 6b-I 24,3 4,5 1,50 0,062 

3 5a-I 27,0 5,0 1,67 0,062 

4 7b-I 40,5 8,0 2,66 0,066 

5 6a-I 48,6 9,5 3,16 0,065 

6 8b-I 72,9 14,5 4,83 0,066 

7 7a-I 81,0 16 5,33 0,066 

8 9b-I 121,5 23 7,66 0,063 

9 8a-I 145,8 27 8,99 0,062 

10 10b-I 218,7 40 13,32 0,061 

11 9a-I 243,0 44,5 14,82 0,061 

12 11b-I 364,5 66,5 22,14 0,061 

13 10a-II  437,4 7,5 25,28 0,058 

14 
12bd-

II  
656,0 11,5 38,76 0,059 

15 11ad-II  729,0 13 43,81 0,060 

16 12ad-II  1312,0 22,5 75,83 0,058 
 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ARAL 0W-40 ʪʘ ARAL 0W-40 (ʄ) ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 4 
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ʊʘʙʣʠʮʷ 4 
ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ARAL  0W-40 ʪʘ ARAL  0W-40 (ʄ) 

0W-40 ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ 
ɛ, ʇʘ 

ʩ 

1 4a-I 16,2 8,5 2,83 0,175 

2 6b-I 24,3 12,8 4,26 0,175 

3 5a-I 27,0 14,0 4,66 0,173 

4 7b-I 40,5 21,0 6,99 0,173 

5 6a-I 48,6 25,0 8,33 0,171 

6 8b-I 72,9 38,0 12,65 0,174 

7 7a-I 81,0 42 13,99 0,173 

8 9b-I 121,5 64 21,31 0,175 

9 8a-II  145,8 7,4 24,94 0,171 

10 
10b-

II  
218,7 11 37,07 0,170 

11 9a-II  243,0 12,3 41,45 0,171 

12 
11b-

II  
364,5 18,5 62,35 0,171 

13 
10a-

II  
437,4 22 74,14 0,170 

14 
12bd-

II  
656,0 33 111,21 0,170 

15 
11ad-

II  
729,0 37 124,69 0,171 

16 
12ad-

II  
1312,0 67 225,79 0,172 

 

0W-40 

(ʄ) 
ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ 

ɛ, ʇʘ 

ʩ 

1 4a-I 16,2 8,5 2,83 0,175 

2 6b-I 24,3 12,8 4,26 0,175 

3 5a-I 27,0 14,3 4,76 0,176 

4 7b-I 40,5 21,0 6,99 0,173 

5 6a-I 48,6 25,0 8,33 0,171 

6 8b-I 72,9 38,0 12,65 0,174 

7 7a-I 81,0 42 13,99 0,173 

8 9b-I 121,5 64 21,31 0,175 

9 8a-I 145,8 76,8 25,57 0,175 

10 10b-II  218,7 11,3 38,08 0,174 

11 9a-II  243,0 12,5 42,13 0,173 

12 11b-II  364,5 18,5 62,35 0,171 

13 10a-II  437,4 22,5 75,83 0,173 

14 
12bd-

II  
656,0 33,5 112,90 0,172 

15 
11ad-

II  
729,0 37 124,69 0,171 

16 
12ad-

II  
1312,0 67,5 227,48 0,173 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʊɽʇ-15 ʪʘ ʊɽʇ-15 (ʄ) ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 5 

ʊʘʙʣʠʮʷ 5 
ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʊɽʇ-15 ʪʘ ʊɽʇ-15 (ʄ) 

ʊɽʇ

-15 
ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ ɛ, ʇʘ ʩ 

1 4a-I 16,2 7,0 2,33 0,144 

2 6b-I 24,3 10,0 3,33 0,137 

3 5a-I 27,0 11,0 3,66 0,136 

4 7b-I 40,5 16,0 5,33 0,132 

5 6a-I 48,6 19,0 6,33 0,130 

6 8b-I 72,9 30,0 9,99 0,137 

7 7a-I 81,0 32 10,66 0,132 

8 9b-I 121,5 48 15,98 0,132 

9 8a-I 145,8 58 19,31 0,132 

10 10b-II  218,7 90 
303,3

0 
1,387 

11 9a-II  243,0 10 33,70 0,139 

12 11b-II  364,5 14 47,18 0,129 

13 10a-II  437,4 17 57,29 0,131 

14 
12bd-

II  
656,0 25 84,25 0,128 

15 
11ad-

II  
729,0 28 94,36 0,129 

16 
12ad-

II  
1312 50 168,5 0,128 

 

ʊɽʇ-15 

(ʄ) 
ʇʦʟ. ɔ, 1/ʩ Ŭ Ű, ʇʘ ɛ, ʇʘ ʩ 

1 4a-I 16,2 10,0 3,33 0,206 

2 6b-I 24,3 15,0 5,00 0,206 

3 5a-I 27,0 16,0 5,33 0,197 

4 7b-I 40,5 23,0 7,66 0,189 

5 6a-I 48,6 28,0 9,32 0,192 

6 8b-I 72,9 42,0 13,99 0,192 

7 7a-I 81,0 48 15,98 0,197 

8 9b-I 121,5 73 24,31 0,200 

9 8a-I 145,8 89 29,64 0,203 

10 10b-II  218,7 12 40,44 0,185 

11 9a-II  243,0 14 47,18 0,194 

12 11b-II  364,5 21 70,77 0,194 

13 10a-II  437,4 25 84,25 0,193 

14 12bd-II  656,0 37 124,69 0,190 

15 11ad-II  729,0 42 141,54 0,194 

16 12ad-II  1312,0 75 252,75 0,193 
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ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʥʦʛʦ ʚʘʣʫ ʚʽʜ 

ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʨʠʩ.3. 
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ʈʠʩ. 3. ɿʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʥʦʛʦ ʚʘʣʫ ʚʽʜ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʽʜʠʥ  

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʤʽʪʥʦ, ʱʦ ʧʘʢʝʪ ʧʨʠʩʘʜʦʢ MANNOL 

Molibden Additive ʚʧʣʠʚʘʻ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʨʽʜʠʥ. ɼʣʷ ʨʦʙʦʯʠʭ ʨʽʜʠʥ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʃʝʦʣ ʄ20, ɯ-20, ʊɽʇ-15) ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʦʙʝʨʥʫʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘʧʨʫʛʠ ʟʩʫʚʫ, ʘ ʦʪʞʝ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ.  ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʙʦʯʦʾ 

ʨʽʜʠʥʠ ʊɽʇ-15 ʧʨʠʨʽʩʪ ʩʢʣʘʚ å 51 %. ɺʠʢʣʶʯʝʥʥʷʤ ʻ ʨʦʙʦʯʘ ʨʽʜʠʥʘ ARAL 0W-40, ʦʩʢʽʣʴʢʠ ʜʘʥʝ 

ʤʘʩʣʦ ʻ ʩʠʥʪʝʪʠʯʥʠʤ ʽ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʢʠ ʤʘʡʞʝ ʥʝ ʚʽʜʯʫʪʥʝ. 

 ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʴ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʧʨʠʩʘʜʦʢ ʪʘ ʨʝʦʣʦʛʽʯʥʦʾ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʥʘ ʷʚʠʱʝ ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʧʫʣʴʩʘʮʽʡ ʧʦʪʦʢʫ  ʥʘ ʨʝʞʠʤ ʚʠʥʠʢʥʝʥʥʷ ʛʽʜʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ. 
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ANALYSIS  OF THE INFLUENCE  OF THE ADDITIVE  PACKAGE  ON THE RHEOLOGICAL 

PROPERTIES OF VISCULAR LIQUIDS IN THE STUDY OF CAVITATION PHENOMENA  

 
Vladyslav Kryvosheiev, Ihor Nochnichenko, Oleh Jakhno, Oleksii Koval  

 

Abstract. In the study of cavitation phenomena that occur in hydrodynamic cavitators, one of the key factors 

is the working fluid. Laboratory analysis of high-viscosity working fluids, both Newtonian and non-Newtonian, 

which are used in experimental stands and are widespread. The effect of an additional additive package was also 

investigated. Structural and morphological analysis of working fluids on a rotary viscometer REOTEST-2 was 

performed. Graphs of dependences of rotor shaft speed dependence on shear stress are constructed. The value of 

the coefficient of dynamic viscosity of the studied working fluids is calculated. Based on the results of rheological 

research of working fluids and the influence of the additive package on them, the working fluids most selected for 

further research of cavitation phenomena were selected. 

Keywords: hydrodynamic cavitator, hydrodynamic cavitation; hydroluminescence; working fluid, dynamic 

viscosity, rotary viscometer; speed of rotation; shear stress. 

 

 
ʋɼʂ 621.22 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʯʥʦʾ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʆʣʝʢʩʘʥʜʨ ʃʫʛʦʚʩʴʢʠʡ, ɯʛʦʨ ɻʨʠʰʢʦ, ʆʣʝʢʩʘʥʜʨ ɻʘʣʝʮʴʢʠʡ, ɸʥʜʨʽʡ ɿʽʣʽʥʩʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɺʦʜʘ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʮʽʥʥʠʭ ʧʨʠʨʦʜʥʠʭ ʙʘʛʘʪʩʪʚ ʫ ʩʚʽʪʽ. ʇʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ  ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʦʯʠʱʝʥʥʷ ʨʽʜʠʥ. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʘʚʽʪʘʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʥʷ 22ʢɻʮ. ʇʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʫʩʪʘʥʦʚʢʫ ʚʚʦʜʠʣʠʩʴ ʪʝʩʪʦʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʽ ʧʝʨʝʚʽʨʷʣʘʩʷ ʾʭʥʷ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʧʽʩʣʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʢʘʚʽʪʘʮʽʡʥʘ ʦʙʨʦʙʢʘ; ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʩʝʨʝʜʦʚʠʱʝ; ʩʪʝʨʠʣʽʟʘʮʽʷ; 

ʚʠʧʨʦʙʫʚʘʥʥʷ; ʙʘʢʪʝʨʽʾ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʚʠʱʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ 

ʢʘʚʽʪʘʮʽʾ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʚʝʜʝʥʠʭ ʚ ʨʽʜʠʥʫ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ. ɺʽʜʦʤʦ, 

ʱʦ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʦ 2 ɺʪ/ʩʤ
2
 ʟʜʘʪʥʽ ʩʪʠʤʫʣʶʚʘʪʠ ʨʦʟʤʥʦʞʝʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʢʦʣʠʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 5é10 ɺʪ/ʩʤ
2
 ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ, ʟʘʙʨʫʜʥʝʥʴ ʘʙʦ ʽʨʞʽ, ʢʦʣʠʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 10é20 ɺʪ/ʩʤ
2
 

ʩʪʚʦʨʶʶʪʴ ʽʥʪʝʥʩʠʚʥʽ ʤʽʢʨʦʪʝʯʽʾ ʽ ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʝʣʘʩʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ[1, 

2]. ʂʦʣʠʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʥʘʜ 20 ɺʪ/ʩʤ
2
 ʟʜʘʪʥʽ ʟʛʫʙʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʷʜ ʰʢʽʜʣʠʚʠʭ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, 

ʷʢʽ ʨʫʡʥʫʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʢʣʽʪʠʥʥʦʾ ʦʙʦʣʦʥʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʾʭ ʟʘʛʠʙʝʣʽ, ʪʦʤʫ 

ʩʘʤʝ ʪʘʢʽ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʩʪʝʨʠʣʽʟʘʮʽʾ ʧʦʚʝʨʭʦʥʴ ʙʫʜʴ ʷʢʦʛʦ 

ʤʝʜʠʯʥʦʛʦ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʙôʻʤʽʚ ʚʦʜʠ [3ï5]. ʋ ʙʽʣʴʰʦʩʪʽ 

ʽʩʥʫʶʯʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ ʤʝʜʠʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʣʴʪʨʘʟʚʫʢ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʦ 10 ɺʪ/ʩʤ
2 

[6]. ʎʝʡ ʬʘʢʪ 

ʦʙʫʤʦʚʣʝʥʠʡ ʧʨʦʙʣʝʤʘʪʠʢʦʶ ʚʚʝʜʝʥʥʷ ʚ ʨʽʜʠʥʫ ʫʣʴʪʨʘʟʚʫʢʫ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʇʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʥʘ ʚʠʧʨʦʤʽʥʶʶʯʽʡ ʧʦʚʝʨʭʥʽ 

ʧʘʨʦʛʘʟʦʚʦʛʦ ʧʨʦʰʘʨʢʫ, ʷʢʠʡ ʨʽʟʢʦ ʟʤʝʥʰʫʻ ʂʂɼ. ʢʘʚʽʪʘʪʦʨʘ. ʇʨʦʪʝ ʪʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʧʦʜʽʙʥʦʛʦ 

ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʫʣʴʪʨʘʟʚʫʢʫ (ʧʦʥʘʜ 20 ɺʪ/ʩʤ2) ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʦʾ ʚʢʨʘʡ ʚʘʞʣʠʚʦʾ ʙʝʟʨʝʘʛʝʥʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʨʘʞʝʥʥʷ ʨʽʜʠʥ, 

ʷʢʘ ʟʜʘʪʥʘ ʧʦʣʽʧʰʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʯʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʧʦʢʨʘʱʠʪʠ 

ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʊʦʤʫ ʥʘʨʘʟʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʨʦʟʨʦʙʢʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʫʣʴʪʨʘʟʚʫʢʫ ʽ 
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ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ, ʱʦ ʤʦʞʝ ʤʘʪʠ  ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʪʘ ʛʦʩʧʦʜʘʨʩʪʚʘ ʷʢ ʥʘ ʪʝʨʝʥʘʭ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʪʘʢ ʽ ʟʘ ʾʾ 

ʤʝʞʘʤʠ.  

ɿʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʜʘʪʥʦʩʪʽ 

ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʚʠʢʣʠʢʘʪʠ ʷʚʠʱʝ ʢʘʚʽʪʘʮʽʾ, ʧʨʠ ʷʢʦʤʫ ʧʦʨʫʰʫʻʪʴʩʷ ʮʽʣʽʩʥʽʩʪʴ ʨʽʜʠʥʠ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ ʚ ʥʘʧʽʚʧʝʨʽʦʜʘʭ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʭʚʠʣʽ ʪʘ ʾʭ ʩʭʣʦʧʫʚʘʥʥʽ ʚ 

ʥʘʧʽʚʧʝʨʽʦʜʘʭ ʩʪʠʩʥʝʥʥʷ. ʇʦʪʫʞʥʽ ʫʜʘʨʥʽ ʭʚʠʣʽ ʪʘ ʽʥʪʝʥʩʠʚʥʽ ʢʫʤʫʣʷʪʠʚʥʽ ʩʪʨʫʤʝʥʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʩʭʣʦʧʫʚʘʥʥʽ ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ, ʟʜʘʪʥʽ ʨʫʡʥʫʚʘʪʠ ʰʢʽʜʣʠʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ. ɿʘʣʝʞʠʪʴ 

ʨʽʚʝʥʴ ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʽʾ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʠʚʘʥʴ ʟʚʫʢʫ. ɸʣʝ ʜʘʥʽ ʫʩʪʘʥʦʚʢʠ ʚʠʤʘʛʘʶʪʴ 

ʧʝʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘʢʦʞ ʚʦʥʠ ʜʦʩʠʪʴ ʜʦʨʦʛʽ. 

ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʽ ʘʙʦ 

ʧ'ʻʟʦʢʝʨʘʤʽʯʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʫʪʪʻʚʦ ʙʽʣʴʰʠʤ ʂʂɼ, ʘʣʝ ʤʝʥʰʦʶ ʧʦʪʫʞʥʽʩʪʶ. 

ɺ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʥʝʟʘʨʘʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʘʩʪʦʪʠ 20 ï 60 ʢɻʮ ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜ 20 ʜʦ 120 ɺʪ/ʩʤ
2
   

ʂʦʤʘʥʜʦʶ ʥʘʫʢʦʚʮʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʢʘʚʽʪʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʷʢʠʡ ʛʝʥʝʨʫʻ ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʢʘʚʽʪʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʫ ʧʨʦʪʦʯʥʽʡ ʪʨʫʙʽ  (ʨʠʩʫʥʦʢ 1). ʆʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʟʥʝʟʘʨʘʞʫʚʘʯʘ, ʧʨʦʚʦʜʠʣʘʩʷ 

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚ ʢʘʚʽʪʘʮʽʡʥʫ ʦʙʣʘʩʪʴ ʪʝʩʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [7]. 

 
ʈʠʩ.1.ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʢʘʚʽʪʘʮʽʡʥʠʡ ʟʥʝʟʘʨʘʞʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʟʨʘʟʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʙʫʣʠ 

ʨʦʟʤʽʱʝʥʽ ʚ ʧʨʦʙʽʨʢʘʭ ʪʘ ʬʣʘʢʦʥʘʭ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʟ ʦʙôʻʤʦʤ 13 ʩʤ
3
 ʪʘ 150 ʩʤ

3
 ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ 

ʯʠʩʪʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʧʽʜʜʘʚʘʣʠʩʴ ʜʽʾ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʾ 

ʟ ʯʘʩʪʦʪʦʶ 22 ʢɻʮ ʪʘ ʜʦʪʨʠʤʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʚʠʱʝ ʥʽʞ 50 
0
ʉ. ʎʷ ʫʤʦʚʘ ʙʫʣʘ ʚʠʪʨʠʤʘʥʘ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʥʝ ʚʠʥʠʢʘʣʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʏʘʩ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʩʢʣʘʜʘʚ 1, 3 ʪʘ 5 ʭʚ. ʆʙôʻʤ ʢʘʤʝʨʠ 240 ʩʤ
3
. ɿ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʥʘ 

ʦʟʥʘʡʦʤʠʪʠʩʴ ʚ ʪʘʙʣʠʮʽ 1. 
ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ 1 ʨʝʞʠʤʽ 

ˉ

ʧ/

ʧ 

ʄʽʢʨʦʦʨʛʘʥʽʟʤ  ʇʦʯʘʪʢʦʚʘ 

ʢʽʣʴʢʽʩʪʴ 

(ʂʋʆ/ʤʣ) 

ɿʘʣʠʰʢʦʚʘ 

ʢʽʣʴʢʽʩʪʴ 

(ʂʋʆ/ʤʣ) 

ɽʬʝʢʪʠʚʥʽ

ʩʪʴ ʋɿ ʦʙʨʦʙʢʠ 

ʈʝʞʠʤ 1: ʯʘʩʪʦʪʘ ʋɿ ï 22 ʢɻʮ, ʧʦʪʫʞʥʽʩʪʴ 420-430 ɺʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ 19-

40  ʉ, ʪʨʠʚʘʣʽʩʪʴ 5 ʭʚ, ʦʙʨʦʙʢʘ ʚ ʧʨʦʙʽʨʢʘʭ ʪʘ ʬʣʘʢʦʥʘʭ  

1 Bacillus subtilis 3,6-3,7*10
4
 3,6-3,9*10

4
 0% 

2 Lactobacillus acidophilus   2,8-3,0*10
4
 2,6-2,9*10

4
 3,4-7,1% 

3 Saccharomyces cerevisae 2,0-7,0*10
3
 1,8-7,0*10

3
 0-11,1% 

ʇʨʦʚʝʜʝʥʘ ʨʦʙʦʪʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʘʚʽʪʘʮʽʡʥʦʛʦ 

ʟʥʝʟʘʨʘʞʝʥʥʷ ʪʘ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʥʝʟʘʨʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʧʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  
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ɺ ʧʦʜʘʣʴʰʦʤʫ ʟʘʧʣʘʥʦʚʘʥʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ.  
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INVESTIGATION OF ULTRASONIC CAVITATION INSTALLATION  
 
Oleksandr Luhovskyi, Ihor  Gryshko, Oleksandr Haletskyi, Andrii Zilinskyi  
 

Abstract. Water is one of the most valuable natural resources in the world. The constant increase of the 

population and intensive development of technologies require constant improvement of the quality of technologies 

for purification of liquids. The paper presents the results of testing an ultrasonic cavitation unit to create an 

ultrasonic cavitation medium with an oscillation frequency of 22 kHz. During the test, test microorganisms were 

introduced into the installation and their viability was tested after the test. 

Keywords: ultrasonic cavitation treatment; ultrasonic medium; sterilization; trial; bacteria. 
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ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʢʘʚʽʪʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢ 

ʩʢʣʘʜʥʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ çʢʘʚʽʪʘʪʦʨ ï ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝè 

ɯʨʠʥʘ ɹʝʨʥʠʢ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ  

ʥʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻʜʠʥʦʶ ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ 

ʩʠʩʪʝʤʦʶ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʝʥʦ  ʾʭʥʶ  ʚʟʘʻʤʦʜʽʶ ʫ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ  ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʧʨʦʮʝʩʫ ʢʘʚʽʪʘʮʽʡ: 
ʟʘʨʦʜʞʝʥʥʷ ʙʫʣʴʙʘʰʦʢ, ʾʭ ʨʦʟʚʠʪʦʢ  ʪʘ  ʩʧʣʝʩʢʫʚʘʥʥʷ. ɺʨʘʭʫʚʘʥʥʷ ʤʥʦʞʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ  ʢʦʣʠʚʘʥʴ,  ʷʢ ʥʝʦʙʭʽʜʥʽʩʪʴ  ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ, ˇʨʫʥʪʫʚʘʣʦʩʷ ʥʘ 

ʧʦʝʪʘʧʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʷʢʽʩʥʦʾ ʪʘ ʢʽʣʴʢʽʩʥʦʾ ʢʘʨʪʠʥʠ ʫʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʢʘʚʽʪʘʮʽʡʥʦʛʦ 

ʘʧʘʨʘʪʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʜʠʩʧʝʨʩʥʝ ʩʝʨʝʜʦʚʠʱʝ  
ʟʜʽʡʩʥʝʥʦ  ʧʨʦʤʽʞʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʟʘʛʘʣʴʥʫ  ʭʚʠʣʴʦʚʫ ʩʠʩʪʝʤʫ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʨʝʞʠʤʫ. ɺʜʦʩʢʦʥʘʣʝʥʽ ʽʩʥʫʶʯʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʥʦʚʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ  ʤʝʪʦʜʽʚ ʘʢʫʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʡ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʪʠʩʢʫ ʫ ʯʘʩʽ; ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʞʠʤʘʭ ʢʘʚʽʪʘʮʽʾ ʜʦ ʦʧʦʨʫ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ, ʰʚʠʜʢʦʩʪʽ ʘʢʫʩʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ   ʚ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʜʦ  ʰʚʠʜʢʦʩʪʽ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʚʽʜ ʧʨʦʮʝʩʫ ʟʘʨʦʜʞʝʥʥʷ  ʙʫʣʴʙʘʰʦʢ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʣʘʩʪʽ ʜʦ ʧʨʦʮʝʩʫ ʾʭʥʴʦʛʦ ʩʧʣʝʩʢʫʚʘʥʥʷ. 
ɺʠʨʽʰʝʥʦ ʟʘʚʜʘʥʥʷ  ʩʪʨʫʢʪʫʨʥʦʛʦ ʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ  ʩʠʥʪʝʟʫ  ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʘʢʫʩʪʠʯʥʠʡ  ʘʧʘʨʘʪ ï 

ʜʠʩʧʝʨʩʥʝ  ʩʝʨʝʜʦʚʠʱʝ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʮʽʣʝ ʥʘʧʨʘʚʣʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ  ʦʙʨʦʙʢʠ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʢʘʚʽʪʘʮʽʷ, ʘʢʫʩʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʜʠʩʧʝʨʩʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʦʙôʻʤ, ʙʫʣʴʙʘʰʢʘ, 

ʩʪʘʜʽʾ, ʢʨʠʪʝʨʽʾ, ʧʘʨʘʤʝʪʨʠ, ʝʥʝʨʛʽʷ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʢʘʚʽʪʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ [1-5]. ʐʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ 
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ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʙʫʤʦʚʣʝʥʦ ʫʥʽʢʘʣʴʥʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʜʽʡʩʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 
ʢʘʚʽʪʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ  ʚʠʭʦʜʷʯʠ ʽʟ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ. ʆʩʥʦʚʥʠʤ 
ʰʣʷʭʦʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʽʚ ʘʢʫʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʛʣʷʜʘʪʠ ʘʢʫʩʪʠʯʥʫ ʩʠʩʪʝʤʫ ʢʘʚʽʪʘʪʦʨʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢ ʚʘʞʣʠʚʫ ʩʢʣʘʜʦʚʫ ʮʽʣʽʩʥʦʾ,  

ʩʧʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ ʯʠ ʚʧʣʠʚʘʻ ʩʝʨʝʜʦʚʠʱʝ, ʯʠ ʥʝ ʚʧʣʠʚʘʻ  ʥʘ ʨʫʭ ʢʘʚʽʪʘʪʦʨʘ. 

ɸʜʞʝ ʩʫʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʥʝ ʚ ʨʝʘʣʽʟʘʮʽʾ ʨʝʞʠʤʫ ʥʘ ʢʦʥʪʘʢʪʽ  ʟ ʩʝʨʝʜʦʚʠʱʝʤ, ʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʩʪʘʜʽʾ ʩʧʣʝʩʢʫʚʘʥʥʷ ʙʫʣʴʙʘʰʦʢ.  ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʽʜʝʾ, ʱʦ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʟʙʽʣʴʰʝʥʥʷ 

ʩʪʫʧʝʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʢʘʭ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʾʭ ʢʽʣʴʢʽʩʪʶ ʩʧʣʝʩʢʫʚʘʥʥʷ ʚ 

ʢʘʚʽʪʫʶʯʦʤʫ ʦʙô̒ ʤʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʪʞʝ ʩʪʚʦʨʝʥʘ ʤʦʜʝʣʴ ʪʘ ʾʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻʜʠʥʦʶ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʚʟʘʻʤʦʚʧʣʠʚʫ ʫ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ [6ï8]. 

ʆʢʨʽʤ ʮʴʦʛʦ  ʤʦʜʝʣʴ ʚʽʜʦʙʨʘʞʘʻ  ʫ ʨʽʚʥʷʥʥʷʭ ʨʫʭʫ ʘʢʫʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʽʚ ʾʭ ʟʤʽʥʠ,  ʷʢ ʚ ʘʢʫʩʪʠʯʥʦʤʫ ʘʧʘʨʘʪʫ, ʪʘʢ ʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘ 

ʪʘʢʠʤ ʧʽʜʭʦʜʦʤ  ʚʠʨʽʰʫʻʪʴʩʷ  ʧʨʦʙʣʝʤʘ ʜʦʩʪʦʚʽʨʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʨʦʙʦʯʦʾ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ, ʢʦʣʠʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʧʘʨʘʪʫ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢ ʢʣʶʯʦʚʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʦʙʨʦʙʢʠ  ʩʝʨʝʜʦʚʠʱʘ. ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ 

ʜʝʢʣʘʨʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ ʝʥʝʨʛʽʶ, ʚʽʜʜʘʻʪʴʩʷ ʥʘʣʝʞʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʯʫ. ʇʨʠʡʤʘʻʪʴʩʷ ʫʤʦʚʘ, ʱʦ ʩʘʤʝ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʚʝʩʪʠ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʥʴ ʚ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʣʴʥʦʛʦ ʪʠʩʢʫ  ʘʙʦ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʧʦʪʫʞʥʦʩʪʽ. ʅʝʦʙʭʽʜʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʝʷʢʠʤ ʧʨʦʤʽʞʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʟʘʛʘʣʴʥʫ  

ʭʚʠʣʴʦʚʫ ʩʠʩʪʝʤʫ, ʱʦ ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ, ʟʦʢʨʝʤʘ, ʾʾ 

ʧʘʨʘʤʝʪʨʠ. ʅʘ ʮʴʦʤʫ ʧʨʠʥʮʠʧʽ  ʚʠʟʥʘʯʘʶʪʴʩʷ  ʥʝʦʙʭʽʜʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʙʫʜʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʫʟʣʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʘʧʘʨʘʪʫʨʠ. ɺʨʘʭʫʚʘʥʥʷ ʤʥʦʞʠʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ  ʢʦʣʠʚʘʥʴ,  ʷʢ ʥʝʦʙʭʽʜʥʽʩʪʴ  ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ, ˇʨʫʥʪʫʚʘʣʦʩʷ ʥʘ ʧʦʝʪʘʧʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʷʢʽʩʥʦʾ ʪʘ ʢʽʣʴʢʽʩʥʦʾ ʢʘʨʪʠʥʠ ʫʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ 

ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʤʦʚ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʜʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʨʘʭʦʚʫʚʘʥʥʷ ʝʪʘʧʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʘʥʽ 

ʽʩʥʫʶʯʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʥʦʚʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ  ʤʝʪʦʜʽʚ ʘʢʫʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ: 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʡ, ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʪʠʩʢʫ ʫ ʯʘʩʽ; ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʞʠʤʘʭ ʢʘʚʽʪʘʮʽʾ ʜʦ ʦʧʦʨʫ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ, ʰʚʠʜʢʦʩʪʽ ʘʢʫʩʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ   ʚ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʜʦ  ʰʚʠʜʢʦʩʪʽ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʚʽʜ ʧʨʦʮʝʩʫ ʟʘʨʦʜʞʝʥʥʷ  ʙʫʣʴʙʘʰʦʢ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʣʘʩʪʽ ʜʦ ʧʨʦʮʝʩʫ ʾʭʥʴʦʛʦ 

ʩʧʣʝʩʢʫʚʘʥʥʷ ʪʘ ʽʥʰʽ. ɿʘ ʪʘʢʠʤ ʧʽʜʭʦʜʦʤ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʩʠʥʝʨʛʝʪʠʯʥʽ ʧʨʠʥʮʠʧʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʨʝʞʠʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ çʫʣʴʪʨʘʟʚʫʢʦʚʘ ʫʩʪʘʥʦʚʢʘ ï ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝè. ʇʝʨʰ ʟʘ ʚʩʝ, 

ʮʝ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʾʭ ʤʦʞʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʮʽʣʝ ʥʘʧʨʘʚʣʝʥʦ    ʩʧʨʷʤʦʚʫʚʘʪʠ ʝʥʝʨʛʽʶ ʥʘ 

ʧʨʦʪʽʢʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʘʥʦ, ʱʦ 

ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ   ʩʧʨʷʤʦʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ, ʘʢʫʩʪʠʯʥʠʡ  ʘʧʘʨʘʪ, 

ʷʢ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʽ ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢ ʩʧʦʞʠʚʘʯ ʝʥʝʨʛʽʾ, ʚʦʣʦʜʽʶʪʴ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʤʠ  

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʾʭ ʧʨʦʷʚʣʝʥʥʷʤ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʦʙʦʶ. ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʝʥʝʨʛʽʻʶ ʧʝʨʚʠʥʥʦʾ ʘʢʫʩʪʠʯʥʦʾ 

ʭʚʠʣʽ, ʘ ʝʥʝʨʛʽʻʶ, ʱʦ ʩʧʦʥʫʢʘʻ  ʩʧʣʝʩʢʫʚʘʥʥʷ  ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ. 

ɿʘ ʩʪʨʫʢʪʫʨʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ ʧʽʜʩʠʩʪʝʤ: 

ʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ; ʧʝʨʝʪʚʦʨʶʚʘʯ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʘʢʫʩʪʠʯʥʽ;  ʚʠʧʨʦʤʽʥʶʚʘʯ;  

ʧʨʠʩʪʨʽʡ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙ'ʻʢʪ ʦʙʨʦʙʢʠ ï ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ.  

ɺʠʟʥʘʯʝʥʘ ʫʤʦʚʘ ʩʪʚʦʨʝʥʥʷ  ʩʠʥʝʨʛʝʪʠʯʥʠʭ  ʩʠʩʪʝʤ çʫʣʴʪʨʘʟʚʫʢʦʚʘ ʫʩʪʘʥʦʚʢʘ ï ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝè ̒ ʚʠʢʦʥʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʡ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ: 

kc = Ec/Eʧ.ʭ                    ï>max,                                     (1) 
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ʜʝ kc ï ʢʦʝʬʽʮʽʻʥʪ ʩʠʥʝʨʛʽʾ ʩʠʩʪʝʤʠ (ʢʦʝʬʽʮʽʻʥʪ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʫʩʪʠʯʥʦʾ ʝʥʝʨʛʽʾ); Ec 

ï ʝʥʝʨʛʽʷ ʥʘ ʩʧʣʝʩʢʫʚʘʥʥʷ ʙʫʣʴʙʘʰʦʢ (ʝʥʝʨʛʽʷ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ ʢʘʚʽʪʘʮʽʾ ʚ ʦʜʠʥʠʮʽ 

ʦʙô̒ ʤʫ ʩʝʨʝʜʦʚʠʱʘ); Eʧ.ʭ ï ɦʽʣʴʥʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʾ ʭʚʠʣʽ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʥʝ ʚʩʷ ʝʥʝʨʛʽʷ Eʧ. ʭ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ ʢʘʚʽʪʘʮʽʾ, ʪʦʙʪʦ kc<1. ʋʤʦʚʘ (1) 

ʧʝʚʥʠʤ ʯʠʥʦʤ ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʚʠʨʘʟʘʤʠ ʢʨʠʪʝʨʽʾʚ. ɽʥʝʨʛʽʷ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ  ʧʨʠ ʩʧʣʝʩʢʫʚʘʥʥʽ  

ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ, ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʘʢʫʩʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʽ ʚʽʜ  

ʦʙô̒ ʤʥʦʾ ʱʽʣʴʥʦʩʪʽ ʘʢʫʩʪʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʢʨʽʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʨʘʭʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʦʙô̒ ʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʱʽʣʴʥʽʩʪʴ, ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʢʽʣʴʢʦʩʪʽ ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ ʪʘ ʫʩʝʨʝʜʥʝʥʠʡ ʨʦʟʤʽʨ ʙʫʣʴʙʘʰʦʢ, ʙʘʞʘʥʠʡ ʦʙô̒ ʤ ʢʘʚʽʪʫʶʯʠʭ 

ʙʫʣʴʙʘʰʦʢ, ʷʢ ʩʢʣʘʜʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɿʤʽʥʘ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʨʦʪʽʢʘʥʥʷ 

ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ.  

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ  ʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʨʽʛ  ʢʘʚʽʪʘʮʽʾ. ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʚʠʥʥʦʾ 

ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ ʥʠʞʯʝ ʧʦʨʦʛʘ ʢʘʚʽʪʘʮʽʾ ʧʨʦʮʝʩ ʘʙʦ ʟʦʚʩʽʤ ʥʝ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʘʙʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ 

ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʦʨʽʛ ʢʘʚʽʪʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʨʽʟʥʠʤʠ 

ʨʝʦʣʦʛʽʯʥʠʤʠ  ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɿʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʚʠʥʥʦʾ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ, ʷʢʘ  

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ  ʧʦʨʦʛʫ ʢʘʚʽʪʘʮʽʾ ʜʦ ʨʝʞʠʤʫ ʨʦʟʚʠʥʝʥʦʾ ʢʘʚʽʪʘʮʽʾ,  ʷʚʣʷʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ 

ʫʤʦʚʦʶ ʩʪʚʦʨʝʥʥʷ  ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ çʫʣʴʪʨʘʟʚʫʢʦʚʘ ʫʩʪʘʥʦʚʢʘ ï ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝè.  

ʆʙʫʤʦʚʣʝʥʦ ʮʝ ʪʠʤ, ʱʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʝʞʠʤʫ ʨʦʟʚʠʥʝʥʦʾ ʢʘʚʽʪʘʮʽʾ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʚʠʥʥʦʾ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ ʚʞʝ ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʢʘʚʽʪʘʮʽʾ.  

ʐʘʨ ʩʝʨʝʜʦʚʠʱʘ ʚ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʣʠʚʘʣʴʥʦʾ  ʩʠʩʪʝʤʠ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ  ʷʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʙʫʜʴ-ʷʢʝ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʱʦ ʻ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʥʘ ʘʢʫʩʪʠʯʥʫ ʩʠʩʪʝʤʫ) ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʝ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʘʢʪʠʚʥʦʶ ʽ 

ʨʝʘʢʪʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ (ʩʠʩʪʝʤʘ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ) ʘʙʦ  ʫ ʚʠʛʣʷʜʽ ʧʨʫʞʥʦ ï 

ʽʥʝʨʮʽʡʥʦʶ ʽ ʜʠʩʠʧʘʪʠʚʥʦʶ (ʩʠʩʪʝʤʘ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ) ʫʪʚʦʨʶʶʪʴ ʨʝʘʢʮʽʶ ʜʽʶʯʦʾ 

ʥʘ ʮʽ ʝʣʝʤʝʥʪʠ ʟʦʚʥʽʰʥʴʦʾ  ʩʠʣʠ ʢʘʚʽʪʘʪʦʨʘ.  

ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʧʨʠʢʣʘʜʝʥʦʾ ʢʘʚʽʪʘʪʦʨʦʤ ʜʦ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʩʠʣʠ,  ʻ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʪʦʯʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʪʝʧʝʨ ʻ ʚʘʞʣʠʚʠʤ ʥʝ 

ʪʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʢʠ ʩʢʣʘʜʦʚʠʭ ʽʤʧʝʜʘʥʩʫ ʩʝʨʝʜʦʚʠʱʘ (ʨʝʘʢʮʽʻʶ), ʘ ʽ ʻ ʚʘʞʣʠʚʦʶ  

ʽʥʬʦʨʤʘʮʽʻʶ  ʝʪʘʧʫ ʩʪʚʦʨʝʥʥʷ  ʩʠʥʝʨʛʝʪʠʯʥʠʭ  ʩʠʩʪʝʤ çʫʣʴʪʨʘʟʚʫʢʦʚʘ ʫʩʪʘʥʦʚʢʘ ï ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝè. 

 ʌʫʥʢʮʽʦʥʘʣ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʦʙô̒ ʤʫ ʙʫʣʴʙʘʰʦʢ V ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʩʪʫʧʥʦʶ  ʟʘʣʝʞʥʽʩʪʶ: 

0( ) ( , , , , , , , , , , )l l ʛ ʛ ʟ ʚV t f t R l n p pr m s r m= .                              (2) 

ʇʨʠʡʤʘʶʯʠ ʯʘʩ t , ʨʘʜʽʫʩ ʙʫʣʴʙʘʰʢʠ0R , ʱʽʣʴʥʽʩʪʴ lr, ʷʢ ʦʩʥʦʚʥʽ ʥʝʟʘʣʝʞʥʽ ʧʘʨʘʤʝʪʨʠ  ʟʘ 

ʨʦʟʤʽʨʥʽʩʪʶ ʪʘ  ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʨʦʟʤʽʨʥʦʩʪʝʡ, ʧʨʠʚʝʜʝʥʽ ʚʩʽ ʧʘʨʘʤʝʪʨʠ 

(2)  ʜʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʚʠʜʫ ʚʽʜʥʦʩʥʦ ʫʪʚʦʨʝʥʦʛʦ ʦʙô̒ ʤʫ  ʙʫʣʴʙʘʰʦʢ: t - ʯʘʩ, [T]; l - ʭʘʨʘʢʪʝʨʥʘ 

ʜʦʚʞʠʥʘ ʫ ʥʘʧʨʷʤʢʫ ʭʚʠʣʴʦʚʦʛʦ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ, []L ; 0R  - ʧʦʯʘʪʢʦʚʠʡ ʨʘʜʽʫʩ ʙʫʣʴʙʘʰʢʠ,[]L ; n - 

ʢʽʣʴʢʽʩʪʴ ʙʫʣʴʙʘʰʦʢ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ,
3

1

L

è ø
é ù
ê ú

; Lr - ɦ ʽʣʴʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ,3

M

L

è ø
é ù
ê ú

; Lm - ʚ'ʷʟʢʽʩʪʴ,

M

LT

è ø
é ù
ê ú

; s - ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ,
2

M

T

è ø
é ù
ê ú
; 

ʛr - ɦ ʽʣʴʥʽʩʪʴ ʛʘʟʫ,
3

M

L

è ø
é ù
ê ú
; 

ʛm - ʚ'ʷʟʢʽʩʪʴ ʛʘʟʫ,
M

LT

è ø
é ù
ê ú

; ʟp - 

ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ
2

M

LT

è ø
é ù
ê ú

; 
ʚp  - ʪʠʩʢ ʚʩʝʨʝʜʠʥʽ ʙʫʣʴʙʘʰʦʢ, 

2

M

LT

è ø
é ù
ê ú

.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʚʝʜʝʥʽ ʨʦʟʤʽʨʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ,  ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ (2)  

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʜʽ: 

3

0 2 3 2 2 2 2 2 2
3 0 0 0 0 0 0
0

( ; ; , , , , , )
4

3

ʛl ʛ ʟ ʟ ʚ

l l l l l l

p p pV l
f nR

R R t R t R t R t p R t
R t

mm rs

r r r r rp

-
= .            (3) 
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ɿʜʽʡʩʥʝʥʘ ʦʮʽʥʢʘ ʟʘʣʝʞʥʦʩʪʽ (3) ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʩʪʫʧʝʥʽ ʚʧʣʠʚʫ  ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʦʙô̒ ʤʫ ʢʘʚʽʪʫʶʯʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʫʤʦʚʘ, ʱʦ ʯʘʩ 

ʩʧʣʝʩʢʫʚʘʥʥʷ 
Ct  ʙʫʣʴʙʘʰʢʠ ʤʘʻ ʚʠʛʣʷʜ:  

00.915 l
C

ʟ ʚ

R
r

t
r r

=
-
.                                               (4) 

ʊʦʜʽ   ʟʘʣʝʞʥʽʩʪʴ (3)  ʙʫʣʘ ʧʨʠʚʝʜʝʥʘ ʜʦ ʚʠʜʫ: 
2

2 3 2 2 2
3 0 0 0
0

( ; ; , , , , , )
4

3

l ʛ ʛ ʟ

L ʩ l ʩ l l ʩ ʟ ʚ ʩ
ʩ

pV t
f l N

R R R p p
R

m r ms

r t r t r r t tp t

=
-

.           (5) 

ɼʣʷ ʩʝʨʝʜʦʚʠʱ ʟ ʤʘʣʦʶ ʚô̫ ʟʢʽʩʪʶ ʥʘ  ʩʪʘʜʽʾ ʩʧʣʝʩʢʫʚʘʥʥʷ  ʙʫʣʴʙʘʰʦʢ  ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚ'ʷʟʢʽʩʪʶ 

ʪʘ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ. ʊʦʜʽ ʟʘʣʝʞʥʽʩʪʴ (5) ʜʣʷ ʪʘʢʠʭ ʫʤʦʚ ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ ʜʦ ʚʠʜʫ: 
2

2
3

0

( ; ; , )
4

3

ʟ

ʟ ʚ C
C

pV t
f l N

p p
R

tp t

=
-

.

                                

(6) 

ɿʘʣʝʞʥʽʩʪʴ (6) ʟʘʩʚʽʜʯʫʻ  ʚʘʞʣʠʚʽʩʪʴ  ʚʧʣʠʚʫ ʪʠʩʢʫ, ʜʽʘʤʝʪʨʫ ʙʫʣʴʙʘʰʢʠ  ʪʘ ʯʘʩʫ ʩʧʣʝʩʢʫʚʘʥʥʷ 

ʥʘ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʦʙô̒ ʤʫ ʢʘʚʽʪʘʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʤʘʣʦʶ ʚô̫ ʟʢʽʩʪʶ. ɼʣʷ ʽʥʰʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ  ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʟʘʣʝʞʥʽʩʪʴ (3). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʽʰʝʥʦ 

ʟʘʚʜʘʥʥʷ  ʩʪʨʫʢʪʫʨʥʦʛʦ ʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ  ʩʠʥʪʝʟʫ  ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʘʢʫʩʪʠʯʥʠʡ ʘʧʘʨʘʪ ï 

ʜʠʩʧʝʨʩʥʝ  ʩʝʨʝʜʦʚʠʱʝ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʮʽʣʝ ʥʘʧʨʘʚʣʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ  ʦʙʨʦʙʢʠ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  
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ULTRASONIC CAVITATION TECHNOLOGIES OF DISPERSED MEDIA PROCESSING AS 

COMPLEX DYNAMIC DYNAMIC SYSTEMS "CAVITATOR - TECHNOLOGICAL 

ENVIRONMENT" 

 
Iryna Bernyk  

 
Abstract. The process of ultrasonic cavitation technology of processing of dispersed media on the basis of 

representation of the acoustic device and technological environment by uniform structured system is investigated. 

At the same time, their interaction in time and space at all stages of the cavitation process is determined: bubble 

formation, their development and flattening. Taking into account the multiple energy conversion of ultrasonic 

vibrations, as the need to increase the efficiency of the process, was based on the step-by-step determination of 

qualitative and quantitative picture of energy production in the contact zone of the cavitation apparatus and 

technological environment. Rational radiation of energy into the dispersed medium is carried out by an 
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intermediate device that is part of the general wave system with the implementation of the resonant mode. Existing 

and new criteria for evaluating methods of acoustic treatment of technological environments have been improved: 

intensity, energy ratio, energy absorption coefficient, rate of pressure change over time; the ratio of the wave 

resistance of the medium in the cavitation modes to the resistance of the initial state of the medium, the speed of the 

acoustic apparatus in the contact zone to the speed in the medium from the process of nucleation of the cavitation 

region to the process of flattening. The problem of structural and parametric synthesis of the dynamic system of the 

acoustic apparatus - the dispersed environment which reflects the whole directed use of energy at all stages of 

cavitation process of processing of the dispersed environment is solved. 

Keywords: ultrasound, cavitation, acoustic apparatus, dispersed medium, volume, bubble, stages, criteria, 

parameters, energy. 

 

 
ʋɼʂ 621.867 

ʆʧʪʠʤʽʟʘʮʽʷ ʬʦʨʤʠ ʪʘ ʧʽʜʙʽʨ ʨʦʟʤʽʨʽʚ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʜʠʩʢʨʝʪʥʦ-

ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʤʽʞʨʝʟʦʥʘʥʩʥʦʛʦ ʚʽʙʨʦʩʪʦʣʘ 

ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ, ɺʦʣʦʜʠʤʠʨ ʄʘʡʩʪʨʫʢ, ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʤʽʞʨʝʟʦʥʘʥʩʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ, ʢʦʣʠʚʘʣʴʥʽ ʤʘʩʠ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʧʝʚʥʠʤʠ ʽʥʝʨʮʽʡʥʦ-ʞʦʨʩʪʢʽʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ 

ʪʘʢʦʞ ʧʝʚʥʦʶ ʯʘʩʪʦʪʦʶ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. ʅʝʜʦʣʽʢʦʤ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʤʽʞʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ ʪʨʝʪʷ ʨʝʘʢʪʠʚʥʘ ʤʘʩʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʘʣʦʶ, ʘ ʦʪʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʘ 

ʛʘʙʘʨʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʥʘʡʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ 

ʢʦʥʪʠʥʫʘʣʴʥʽ ʜʽʣʷʥʢʠ. ʂʦʥʪʠʥʫʘʣʴʥʘ ʜʽʣʷʥʢʘ, ʷʢʘ ʻ ʛʥʫʯʢʠʤ ʪʽʣʦʤ, ʦʧʪʠʤʘʣʴʥʦ ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʽʥʝʨʮʽʡʥʽ ʪʘ 

ʞʦʨʩʪʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ. ɺ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʚʞʝ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʫ, ʚ ʷʢʽʡ 

ʢʦʥʪʠʥʫʘʣʴʥʘ ʜʽʣʷʥʢʘ ʻ ʟʚʠʯʘʡʥʦʶ ʧʨʷʤʦʢʫʪʥʦʶ ʧʣʘʩʪʠʥʦʶ, ʱʦ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʚ ʧʨʦʤʽʞʥʽʡ ʤʘʩʽ. 

ʊʘʢʝ ʨʽʰʝʥʥʷ ʚʠʛʣʷʜʘʻ ʜʦʚʦʣʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ʇʨʦʪʝ ʻ ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʧʨʷʤʦʢʫʪʥʘ ʬʦʨʤʘ ʧʣʘʩʪʠʥʠ ʥʝ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʬʦʨʤʠ ʧʣʘʩʪʠʥ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ 

ʤʽʞʨʝʟʦʥʘʥʩʥʦʛʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʚʽʙʨʦʩʪʦʣʘ (ʧʘʨʘʙʦʣʽʯʥʘ ʚʠʧʫʢʣʘ ʧʣʘʩʪʠʥʘ, ʧʘʨʘʙʦʣʽʯʥʘ ʚʧʫʢʣʘ 

ʧʣʘʩʪʠʥʘ, ʨʦʤʙʦʧʦʜʽʙʥʘ ʧʣʘʩʪʠʥʘ, ʍ-ʧʦʜʽʙʥʘ ʧʣʘʩʪʠʥʘ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks Simulation ʨʦʟʨʘʭʦʚʘʥʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʪʘ ʧʽʜʽʙʨʘʥʦ 

ʦʧʪʠʤʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʣʘʩʪʠʥ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʫ ʚʽʙʨʘʮʽʡʥʠʡ 

ʩʪʽʣ ʧʘʨʘʙʦʣʽʯʥʦʾ ʚʠʧʫʢʣʦʾ ʘʙʦ ʨʦʤʙʦʧʦʜʽʙʥʦʾ ʧʣʘʩʪʠʥ, ʚʽʙʨʘʮʽʡʥʝ ʟʙʫʨʝʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʥʘʙʫʜʝ 

ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʚʠʯʘʡʥʦʶ ʧʨʷʤʦʢʫʪʥʦʶ ʧʣʘʩʪʠʥʦʶ. ʆʪʨʠʤʘʥʽ ʚʠʩʥʦʚʢʠ ʧʣʘʥʫʻʪʴʩʷ 

ʧʽʜʪʚʝʨʜʠʪʠ ʫ ʧʦʜʘʣʴʰʠʭ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʞʨʝʟʦʥʘʥʩʥʘ ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ; ʢʦʥʪʠʥʫʘʣʴʥʘ ʜʽʣʷʥʢʘ; ʧʣʘʩʪʠʥʘ; ʟʤʽʥʥʠʡ 

ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ; ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʙʫʜʽʚʝʣʴʥʦʾ, ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʪʘ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʝ ʚʽʙʨʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ: ʚʽʙʨʘʮʽʡʥʽ 

ʪʨʘʥʩʧʦʨʪʝʨʠ, ʚʽʙʨʘʮʽʡʥʽ ʙʫʥʢʝʨʥʽ ʞʠʚʠʣʴʥʠʢʠ, ʚʽʙʨʘʮʽʡʥʽ ʩʪʦʣʠ. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʩʠʣʦʚʦʛʦ 

ʟʙʫʨʝʥʥʷ ʢʦʣʠʚʘʣʴʥʠʭ ʤʘʩ ʪʘʢʠʭ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʧʨʠʚʽʜ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʩʠʣʫ ʟʙʫʨʝʥʥʷ  ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʣʝʛʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, 

ʧʨʦʩʪʦʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʨʦʪʝ ʪʠʧʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʨʠʚʦʜʦʤ ʙʫʣʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʱʝ ʢʽʣʴʢʘ 

ʜʝʩʷʪʠʣʽʪʴ ʪʦʤʫ, ʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʧʨʠ ʰʚʠʜʢʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, ʩʪʘʣʠ ʚʽʜʥʦʩʥʦ 

ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ ʚʠʜʦʤ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʪʝʥʮʽʘʣ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʦʤʫ ʩʝʨʝʜ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʦʦʱʘʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʙʨʘʮʽʡʥʦʛʦ, ʟʘʡʤʘʻ ʚʘʛʦʤʝ ʤʽʩʮʝ.  

ʆʩʢʽʣʴʢʠ ʽʩʥʫʶʯʽ ʦʜʥʦ- ʪʘ ʜʚʦʤʘʩʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʧʨʠʚʦʜʦʤ ʥʝ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚ ʩʫʪʪʻʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʨʠʤʘʩʦʚʽ ʨʽʰʝʥʥʷ [1]. ɿʦʢʨʝʤʘ, ʚ ʩʪʘʪʪʽ [2] ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʪʦʙʪʦ ʛʥʫʯʢʦʛʦ ʪʽʣʘ, ʱʦ ʧʦʻʜʥʫʻ 
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ʫ ʩʦʙʽ ʽʥʝʨʮʽʡʥʽ ʪʘ ʞʦʨʩʪʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ. ʂʦʥʪʠʥʫʘʣʴʥʘ ʜʽʣʷʥʢʘ ʻ ʟʚʠʯʘʡʥʦʶ ʧʨʷʤʦʢʫʪʥʦʶ 

ʧʣʘʩʪʠʥʦʶ, ʱʦ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʚ ʧʨʦʤʽʞʥʽʡ ʤʘʩʽ (ʨʠʩ.1).  

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʽʞʨʝʟʦʥʘʥʩʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ 

ɿ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʢʦʥʪʠʥʫʘʣʴʥʘ ʜʽʣʷʥʢʘ ʩʠʥʪʝʟʫʻʪʴʩʷ ʚ ʜʠʩʢʨʝʪʥʫ ʩʠʩʪʝʤʫ ʤʽʞʨʝʟʦʥʘʥʩʥʦʛʦ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʨʠʚʦʜʦʤ. ɺʽʙʨʘʮʽʡʥʠʡ ʩʪʽʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʢʪʠʚʥʦʾ , 

ʧʨʦʤʽʞʥʦʾ  ʪʘ ʨʝʘʢʪʠʚʥʦʾ  ʤʘʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 1 2( ), ( )z t z t  ʪʘ 

3( )z t  ʚʽʜʧʦʚʽʜʥʦ. ʂʦʣʠʚʘʣʴʥʽ ʤʘʩʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʧʨʫʞʥʠʭ ʚʫʟʣʽʚ  ʪʘ . ɸʢʪʠʚʥʘ ʤʘʩʘ ʢʨʽʧʠʪʴʩʷ ʜʦ ʬʫʥʜʘʤʝʥʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʦʽʟʦʣʷʪʦʨʽʚ . ʈʝʘʢʪʠʚʥʘ ʤʘʩʘ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥʠ ʻ ʪʽʣʦʤ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʚʦʥʘ ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʽʥʝʨʮʽʡʥʽ ʽ ʞʦʨʩʪʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ). ɼʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ ʣʠʰʝ ʚ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʠ ʬʽʛʫʨʫʶʪʴ ʷʢ ʘʙʩʪʨʘʢʪʥʽ ʟʚʝʜʝʥʽ 

ʚʝʣʠʯʠʥʠ.  ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʠʥʠ ʚʠʙʨʘʥʦ ʢʦʥʩʪʨʫʢʮʽʡʥʫ ʩʪʘʣʴ. ɼʘʥʠʡ ʤʘʪʝʨʽʘʣ ʻ 

ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ ʽ ʤʘʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʫ ʚʘʨʪʽʩʪʴ. ʉʭʝʤʘ ʢʨʽʧʣʝʥʥʷ ʧʣʘʩʪʠʥʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʨʽʧʣʝʥʥʷ ʧʣʘʩʪʠʥʠ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2, ʢʨʽʧʣʝʥʥʷ ʧʨʫʞʥʦʾ ʧʣʘʩʪʠʥʠ ʻ ʜʦʚʦʣʽ ʩʧʝʮʠʬʽʯʥʠʤ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʦʤʽʞʥʦʾ ʤʘʩʠ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʰʘʨʥʽʨʽʚ.  

ɿʘʛʘʣʦʤ ʧʣʘʩʪʠʥʘ ʤʘʻ ʙʝʟʣʽʯ ʚʣʘʩʥʠʭ ʬʦʨʤ ʪʘ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʤʽʞʨʝʟʦʥʘʥʩʥʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (ʄʂʉ). ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʽʶ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʫ ʧʨʘʮʷʭ 

ʊʠʤʦʰʝʥʢʘ ʉ.ʇ. [3]. ʊʘʢʦʞ ʚ ʣʽʪʝʨʘʪʫʨʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚʽʙʨʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʛʨʘʜʫʡʦʚʘʥʠʭ ʧʣʘʩʪʠʥ (FG) [4-6]. ɿʦʢʨʝʤʘ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʢʨʽʧʣʝʥʥʷ FG 

ʧʣʘʩʪʠʥ, ʷʢ ʧʨʦʩʪʽ ʫʤʦʚʠ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʠʭ (SSSS) ʘʙʦ ʞʦʨʩʪʢʦ ʟʘʱʝʤʣʝʥʠʭ (CCCC) ʧʦ 

ʧʝʨʠʤʝʪʨʫ, ʪʘʢ ʽ ʩʢʣʘʜʥʽʰʽ ʫʤʦʚʠ ʪʠʧʽʚ CCSS, CSSS, CFSS, SFSS, SSSF ʪʘ ʽʥʰʽ.  

ɯʟ ʪʝʦʨʝʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʥʘʚʝʜʝʥʠʭ ʚ [3-6] ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʩʪʘʪʪʽ 

[2] ʧʨʷʤʦʢʫʪʥʘ ʬʦʨʤʘ ʧʣʘʩʪʠʥʠ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʧʠʩʘʥʦʛʦ ʚʽʙʨʦʩʪʦʣʘ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʫʚʘʪʠ ʬʦʨʤʫ 

ʧʣʘʩʪʠʥʠ, ʱʦ ʚʠʢʦʥʫʻ ʨʦʣʴ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʜʽʣʷʥʢʠ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʚʘʨʽʘʥʪʠ (ʨʠʩ. 3):  ʧʘʨʘʙʦʣʽʯʥʘ ʚʠʧʫʢʣʘ ʧʣʘʩʪʠʥʘ (ʨʠʩ. 3, ʘ);  ʧʘʨʘʙʦʣʽʯʥʘ ʚʧʫʢʣʘ ʧʣʘʩʪʠʥʘ (ʨʠʩ. 3, 

ʙ);  ʨʦʤʙʦʧʦʜʽʙʥʘ ʧʣʘʩʪʠʥʘ (ʨʠʩ. 3, ʚ);  ʍ-ʧʦʜʽʙʥʘ ʧʣʘʩʪʠʥʘ (ʨʠʩ. 3, ʛ). 

1m

2m 3m

12c 23c

isc
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ʈʠʩ. 3. ɼʦʩʣʽʜʞʫʚʘʥʽ ʪʠʧʠ ʧʣʘʩʪʠʥ: ʘ ï ʧʘʨʘʙʦʣʽʯʥʘ ʚʠʧʫʢʣʘ; ʙ ï ʧʘʨʘʙʦʣʽʯʥʘ ʚʧʫʢʣʘ; ʚ ï ʨʦʤʙʦʧʦʜʽʙʥʘ;  

ʛ ï ʍ-ʧʦʜʽʙʥʘ 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʣʘʩʥʘ 

ʯʘʩʪʦʪʘ ʧʣʘʩʪʠʥʠ w. ɸʜʞʝ ʩʘʤʝ ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʙʽʨ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʤʽʞʨʝʟʦʥʘʥʩʥʠʭ 

ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʞʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʝʨʰʘ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʙʫʣʘ ʚ ʤʝʞʘʭ 

ɤ = 49...49,5 ɻʮ. ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʣʘʩʪʠʥʠ ʻ ʨʦʟʤʽʨʠ ʜʣʷ ʾʾ ʢʨʽʧʣʝʥʥʷ ʚ ʧʨʦʤʽʞʥʽʡ 

ʤʘʩʽ. ʅʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ 2 176 , 87,5 .L ʤʤ h ʤʤ= =   

ɺʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʪʠʧʠ ʧʣʘʩʪʠʥ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠ ʮʽ ʫʤʦʚʠ. ʈʦʟʨʘʭʫʥʦʢ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ 

ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʧʨʦʚʝʜʝʥʠʡ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks Simulation. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. 

 
ʘ                                                                          ʙ 

 
 

ʚ                                                                         ʛ 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʰʦʾ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʣʘʩʪʠʥ: ʘ ï ʧʘʨʘʙʦʣʽʯʥʦʾ 

ʚʠʧʫʢʣʦʾ; ʙ ï ʧʘʨʘʙʦʣʽʯʥʦʾ ʚʧʫʢʣʦʾ; ʚ ï ʨʦʤʙʦʧʦʜʽʙʥʦʾ; ʛ ï ʍ-ʧʦʜʽʙʥʦʾ 
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ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʽʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʚʩʽʭ 

ʪʠʧʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʘʩʪʠʥ (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʆʧʪʠʤʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʘʩʪʠʥ: ʘ ï ʧʘʨʘʙʦʣʽʯʥʦʾ ʚʠʧʫʢʣʦʾ; ʙ ï 

ʧʘʨʘʙʦʣʽʯʥʦʾ ʚʧʫʢʣʦʾ; ʚ ï ʨʦʤʙʦʧʦʜʽʙʥʦʾ; ʛ ï ʍ-ʧʦʜʽʙʥʦʾ 

ʆʪʞʝ, ʘʥʘʣʽʟʫʶʯʠ ʧʽʜʽʙʨʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʧʣʘʩʪʠʥ ï ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʜʽʣʷʥʦʢ, 

ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 5, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʣʘʩʪʠʥʠ, ʪʦʚʱʠʥʘ h  ʷʢʠʭ ʩʭʦʜʠʪʴʩʷ ʜʦ ʥʫʣʷ 

ʥʘ ʢʨʘʷʭ, ʤʘʶʪʴ ʜʦʚʰʽ ʜʽʣʷʥʢʠ 1L  ʪʘ 3.L  ɺʽʜʧʦʚʽʜʥʦ, ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ,  ʱʦ ʪʘʢʽ ʧʣʘʩʪʠʥʠ (ʪʠʧʽʚ ʘ, 

ʚ) ʜʦʟʚʦʣʷʪʴ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʜʠʥʘʤʽʯʥʝ ʧʽʜʩʠʣʝʥʥʷ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ. 

ɼʘʥʝ ʪʚʝʨʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʧʽʜʪʚʝʨʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʣʘʥʫʻʪʴʩʷ 

ʧʨʦʚʝʩʪʠ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 
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OPTIMIZATION OF THE SHAPE AND SELECTION OF THE DIMENSIONS OF THE 

CONTINUOUS MEMBER OF THE DISCRETE -CONTINUUM INTER -RESONANCE 

VIBRATING TABLE  

 
Oleksii Lanets, Pavlo Maistruk, Volodymyr Maistruk, Iryna Derevenko  

 
Abstract. To ensure highly efficient inter-resonance modes of operation of vibrating equipment, the 

oscillating masses of the system must have certain inertial-rigid parameters, as well as a certain frequency of 

natural oscillations. The disadvantage of highly efficient inter-resonance oscillating systems is that the third 

reactive mass must be small, and therefore the use of complex and dimensional structures is impossible. Therefore, 

it is best to use as a reactive mass the continuous members. The continuous member, which is a flexible body, 

optimally combines inertial and rigid parameters. Scientific works have already considered the design of the 

vibrating table, in which the continuous member is an ordinary rectangular plate hinged in the intermediate mass. 

This decision looks quite promising. However, it is likely that the rectangular shape of the plate is not the best 

option to ensure maximum energy efficiency. This paper proposes alternative forms of plates that can be used as 

the reactive mass of the inter-resonance high-efficiency vibrating table (parabolic convex plate, parabolic concave 

plate, diamond-shaped plate, X-shaped plate). With the help of simulation modeling in the software product 

SolidWorks Simulation, the natural frequencies of oscillations are calculated and the optimal geometric dimensions 
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of the proposed plates are selected. It is expected that when a parabolic convex or diamond-shaped plate is 

installed in a vibrating table, the vibrational perturbation on the working body will become greater than in a 

conventional rectangular plate. The obtained conclusions are planned to be confirmed in further physical 

experiments. 

Keywords: inter-resonance vibrating machine; continuous member; elastic plate; variable cross-section; 

natural frequency of oscillations. 

 

 
ʋɼʂ 621.01 

ʉʠʥʪʝʟ ʤʫʣʴʪʠʯʘʩʪʦʪʥʠʭ ʽʥʝʨʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ 

ɺʦʣʦʜʠʤʠʨ ɻʫʨʩʴʢʠʡ
1
, ɺʽʪʘʣʽʡ ʂʦʨʝʥʜʽʡ

1
, ʇʘʚʣʦ ʂʨʦʪ

2
, ɯʛʦʨ ʂʫʟʴʦ

1
  

1 ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 

2 ï ʇʦʣʽʪʝʭʥʽʢʘ ɺʨʦʮʣʘʚʩʴʢʘ, ɺʨʦʮʣʘʚ, ʇʦʣʴʱʘ. 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʫʣʴʪʠʯʘʩʪʦʪʥʛʦʛʦ ʽʥʝʨʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʫ ʚʠʛʣʷʜʽ 

ʧʦʜʚʽʡʥʦʛʦ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʪʦʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʦʜʥʦ- ʪʘ ʜʚʦʯʘʩʪʦʪʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ʇʨʠ 

ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʢʨʫʛʦʚʽ ʪʘ ʝʣʽʧʪʠʯʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʮʝʥʪʨʫ ʤʘʩ ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʨʦʭʦʪʫ ʪʘ 

ʟʤʽʥʥʝ ʟʫʩʠʣʣʷ ʟʙʫʨʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ ʾʭʥʴʦʛʦ ʩʠʥʪʝʟʫ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʙʽʨ ʩʪʘʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʜʝʙʘʣʘʥʩʽʚ, ʚʽʜʥʦʩʥʦʛʦ ʢʫʪʘ ʟʩʫʚʫ ʬʘʟ ʤʽʞ ʥʠʤʠ ʪʘ ʢʫʪʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʦʜʥʦʤʘʩʦʚʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʥʘ ʦʩʥʦʚʽ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʫʤʦʚʠ ʧʫʩʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʩʠʣʦʚʽ, ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʜʝʙʘʣʘʥʩʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʘʮʽʡʥʠʡ ʛʨʦʭʦʪ; ʽʥʝʨʮʽʡʥʠʡ ʧʨʠʚʽʜ; ʟʫʩʠʣʣʷ ʟʙʫʨʝʥʥʷ; ʩʠʥʪʝʟ; ʢʦʣʠʚʘʥʥʷ; 

ʜʠʥʘʤʽʢʘ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʚʽʙʨʦʛʨʦʭʦʪʽʚ ʽ ʢʦʥʚʝʻʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʝʨʮʽʡʥʽ ʚʽʙʨʦʟʙʫʜʥʠʢʠ, ʷʢʽ 

ʧʽʜʙʠʨʘʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ (ʣʽʥʽʡʥʦʾ, ʢʨʫʛʦʚʦʾ, ʝʣʽʧʪʠʯʥʦʾ) ʽ ʥʘʧʨʷʤʢʫ ʨʫʭʫ [1] 

ʨʦʙʦʯʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʙʨʦʩʠʪʘ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʦʪʢʘ ʪʦʱʦ. ʈʽʟʥʽ ʪʨʘʻʢʪʦʨʽʾ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ 

ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʙʘʣʘʥʩʽʚ, ʷʢʽ ʩʠʥʭʨʦʥʥʦ ʦʙʝʨʪʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʤʫʩʦʚʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʘʙʦ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʚʽʜʧʦʚʽʜʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʜʠʩʙʘʣʘʥʩʽʚ ʜʦʟʚʦʣʷʻ 

ʫʩʫʥʫʪʠ ʦʜʠʥ ʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ, ʥʘʧʨʠʢʣʘʜ ʚʝʨʪʠʢʘʣʴʥʠʡ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʢʝʨʫʶʯʠ ʨʫʭʦʤ ʽ ʧʦʯʘʪʢʦʚʦʶ ʬʘʟʦʶ ʜʦʧʦʤʽʞʥʦʛʦ ʜʝʙʘʣʘʥʩʫ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʷʢ ʟʤʽʥʥʠʭ, ʪʘʢ ʽ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʩʠʣʠ ʟʙʫʨʝʥʥʷ ʚ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ. ʅʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʧʨʠʚʦʜʠ ʟ ʜʚʦʤʘ ʚʽʙʨʘʪʦʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʥʭʨʦʥʥʝ ʦʙʝʨʪʘʥʥʷ 

ʜʝʙʘʣʘʥʩʽʚ. ʋ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʚʽʙʨʘʪʦʨʽʚ, ʾʭ ʯʘʩʪʦʪʠ ʪʘ ʬʘʟ [2] ʤʦʞʥʘ 

ʢʝʨʫʚʘʪʠ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʮʝʥʪʨʫ ʤʘʩ (ʢʫʪʦʤ ʥʘʭʠʣʫ ʛʦʣʦʚʥʦʾ ʦʩʽ ʝʣʽʧʩʘ, 

ʨʦʟʤʽʨʦʤ ʦʩʝʡ ʝʣʽʧʩʽʚ). ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʽʙʨʘʪʦʨʽʚ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʪʨʠ ʘʙʦ ʯʦʪʠʨʠ ʟ ʢʦʥʪʨʦʣʝʤ ʯʘʩʪʦʪʠ ʾʭ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ [3]. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʘʨʤʦʥʽʢ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʤʝʥʰʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ [4]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʫʣʴʪʠʯʘʩʪʦʪʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʦʯʝʚʠʜʥʽ ʧʝʨʩʧʝʢʪʠʚʠ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʚʽʙʨʦʟʙʫʜʥʠʢ ʽʥʝʨʮʽʡʥʦʛʦ ʪʠʧʫ, 

ʚʠʢʦʥʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʛʦ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʪʦʨʘ [5, 6]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ 

ʩʬʦʨʤʫʚʘʪʠ ʦʜʥʠʤ ʚʽʙʨʘʪʦʨʦʤ ʜʦʜʘʪʢʦʚʽ, ʟʘʟʚʠʯʘʡ ʤʥʦʞʠʥʥʽ ʛʘʨʤʦʥʽʢʠ ʚʠʱʦʛʦ ʘʙʦ ʥʠʞʯʦʛʦ 

ʧʦʨʷʜʢʫ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʩʪʽ ʚʘʣʫ ʜʚʠʛʫʥʘ. ʇʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʻ ʩʪʚʦʨʝʥʥʷ ʜʚʦʭ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʣ ʟʙʫʜʞʝʥʥʷ ʪʘ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʛʘʨʤʦʥʽʢ ʫ ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʥʘʧʨʷʤʢʘʭ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʽʚ ʽ ʨʽʟʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ ʦʢʨʝʤʠʭ 

ʨʦʪʦʨʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʢʣʘʜʥʽ ʪʨʘʻʢʪʦʨʽʾ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʨʦʪʦʨʘ.  

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʚʽʙʨʘʪʦʨʘ (ʨʠʩ. 1) ʟ ʚʥʫʪʨʽʰʥʽʤ 1 ʪʘ ʟʦʚʥʽʰʥʽʤ 2 ʜʝʙʘʣʘʥʩʦʤ, ʨʦʟʤʽʱʝʥʠʭ 

ʢʦʘʢʩʽʘʣʴʥʦ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ 3 ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʞ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ 4 ʽ 5. ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʝʦʙʭʽʜʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ 

ʜʝʙʘʣʘʥʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ  



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 

 

55 
 

(ʧʘʩʦʚʦʾ, ʧʣʘʥʝʪʘʨʥʦʾ, ʬʨʠʢʮʽʡʥʦʾ).  

 
ʈʠʩ.1. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʽʥʝʨʮʽʡʥʦʛʦ ʚʽʙʨʘʪʦʨʘ:  

1, 2 ï ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʜʝʙʘʣʘʥʩ; 3 ï ʢʦʨʧʫʩ; 4, 5 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ 

ʉʠʥʪʝʟ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʝʨʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʧʦʣʷʛʘʻ ʫ ʨʝʘʣʽʟʘʮʽʾ ʚʽʙʨʘʪʦʨʘ ʟ ʧʝʚʥʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʟʫʩʠʣʣʷ ʟʙʫʨʝʥʥʷ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʟʘʢʦʥʦʤ:  

() ( )j+-++= tɤtɤcosF2FFFtR 1221

2

2

2

1 ,                                              (1) 

ʜʝ: 
2

1111 ɤrmF = , 
2

2222 ɤrmF =  ï ʟʫʩʠʣʣʷ ʟʙʫʨʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʜʝʙʘʣʘʥʩʫ, ʅ; 11rm , 

22rm  ï ʩʪʘʪʠʯʥʽ ʤʦʤʝʥʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʜʝʙʘʣʘʥʩʽʚ, ʢʛȚʤ; 1ɤ, 2ɤ  ï ʢʫʪʦʚʽ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʜʝʙʘʣʘʥʩʽʚ, ʨʘʜ/ʩ; j ï ʚʽʜʥʦʩʥʠʡ ʢʫʪ ʟʩʫʚʫ ʬʘʟ 

ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʜʝʙʘʣʘʥʩʦʤ, ʨʘʜ.  

ɿʘʧʨʦʚʘʜʞʝʥʦ ʟʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʪʦʨʘ, ʟʘ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʫʪʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʜʝʙʘʣʘʥʩʽʚ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʚʽʙʨʘʪʦʨʘ ʽʟ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʠʤ ʜʽʘʧʘʟʦʥ ʟʫʩʠʣʣʷ ʟʙʫʨʝʥʥʷ:  

ʟʥʘʡʪʠ 11rm , 22rm   

ʫʤʦʚʠ 12 ɤ2ɤ =

 
ʘʙʦ 21 ɤ2ɤ=

 

ʦʙʤʝʞʝʥʥʷ () maxmin ...tR RRÍ  

ʤʝʪʘ 11rm + 22rm  ­ min 

ʗʢ ʧʦʢʘʟʘʣʠ ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʥʦʩʥʠʡ ʢʫʪ ʟʩʫʚʫ ʬʘʟ j ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘ 

ʭʘʨʘʢʪʝʨ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʪʘ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʮʝʥʪʨʫ ʤʘʩ. ɿʦʢʨʝʤʘ, ʜʣʷ 

ʜʚʦʯʘʩʪʦʪʥʠʭ ʨʝʞʠʤʽʚ 12 2ɤɤ=  ʟʤʽʥʶʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʰʚʠʜʰʝʥʥʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ. ʊʦʤʫ, ʚʠʭʦʜʷʯʠ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʧʦʪʨʽʙʥʦ ʧʨʠʡʤʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʢʫʪʘ j, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʮʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ 

ʟʤʽʥʠ ʧʨʠʰʚʠʜʰʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʽ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʟʘʩʦʙʽʚ ʨʦʟʰʠʨʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʚʦʜʫ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʾ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦʛʦ ʢʫʪʘ 

ʜʝʙʘʣʘʥʩʥʠʭ ʚʘʣʽʚ. ɿʦʢʨʝʤʘ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʧʫʩʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʟʥʘʯʝʥʥʷ ʢʫʪʘ 
A180=j  ʟ ʥʘʩʪʫʧʥʦʶ ʡʦʛʦ 

ʟʤʽʥʦʶ ʟʘ ʥʦʤʽʥʘʣʴʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʣʽʧʪʠʯʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʜʣʷ ʚʠʧʘʜʢʫ ʯʘʩʪʦʪ 

ʦʙʝʨʪʘʥʥʷ 12 ɤɤ -=  ʛʦʣʦʚʥʘ ʚʽʩʴ ʝʣʽʧʩʘ ʙʫʜʝ ʥʘʭʠʣʝʥʘ ʧʽʜ ʢʫʪʦʤ 2/j  ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ. ʅʘ 

ʚʝʣʠʯʠʥʫ ʦʩʝʡ ʪʘ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʜʝʙʘʣʘʥʩʽʚ. ʋ ʚʠʧʘʜʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪ 12 ɤɤ =  ʨʝʘʣʽʟʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʽ 

ʦʜʥʦʯʘʩʪʦʪʥʽ ʢʨʫʛʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʮʝʥʪʨʫ ʤʘʩ. ɼʣʷ ʷʢʽʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʤʦʜʝʣʴ [7] ʚʽʙʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʨʝʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ: P=1,1 ʢɺʪ, U=230 ɺ, n=1420 ʦʙ/ʭʚ, ʨ=2, Rs=7,6 ʆʤ, Rr=3,6 ʆʤ, 

Ls=0,6015 ɻʥ, Lr=0,6015 ɻʥ, Lm=0,58 ɻʥ, J=0,005 ʢʛÖʤ
2
.  
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ʈʠʩ.2. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʟʙʫʨʝʥʥʷ 

ʽʥʝʨʮʽʡʥʦʛʦ ʚʽʙʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ  

ʈʠʩ.3. ʊʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʮʝʥʪʨʫ ʤʘʩ ʟʘ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʩʫʚʫ ʬʘʟ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʫ 

ʟ ʢʽʥʝʤʘʪʠʯʥʦ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʤʠ ʜʝʙʘʣʘʥʩʥʠʤʠ ʚʘʣʘʤʠ ʪʘ ʦʜʥʠʤ ʘʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 

(ʨʠʩ. 4, ʘ). ʇʝʨʝʩʣʽʜʫʶʯʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʪʠʧʫ ʢʦʘʢʩʽʘʣʴʥʠʭ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʭ 

ʚʽʙʨʘʪʦʨʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʦʞ ʜʚʦʤʦʪʦʨʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ (ʨʠʩ. 4, ʙ). ʇʦʨʽʚʥʷʣʴʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʙʨʘʪʦʨʘ ʟʘ 

ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʩʝʙʝ ʧʨʦʷʚʣʷʻ ʽʥʝʨʮʽʡʥʠʡ ʧʨʠʚʽʜ 

ʟʘ ʜʚʦʯʘʩʪʦʪʥʠʭ ʨʝʞʠʤʽʚ.  

 
 

ʘ) ʙ) 

ʈʠʩ.4. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽʥʝʨʮʽʡʥʦʛʦ ʚʽʙʨʘʪʦʨʘ:  

ʘ ï ʢʽʥʝʤʘʪʠʯʥʦ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʛʦ, ʙ ï ʥʝʩʠʥʭʨʦʥʽʟʦʚʘʥʦʛʦ. 
 

ʊʘʙʣʠʮʷ 1 ï ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʙʨʘʪʦʨʘ. 

ʇʘʨʘʤʝʪʨ 
ɺʽʜʥʦʰʝʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ɤ2/ɤ1 

1 -1 2 

ʉʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʜʝʙʘʣʘʥʩʽʚ 1/2, ʢʛ ʤ 0,15/0,06 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʜʝʙʘʣʘʥʩʽʚ 1/2, ʨʘʜ/ʩ 148,7/148,7 148,7/-148,7 148,7/297,4 

ɿʫʩʠʣʣʷ ʟʙʫʨʝʥʥʷ, ʢʅ 3,6 2ï4,6 2ï8,6 

ʄʘʩʘ ʢʦʣʠʚʘʣʴʥʠʭ ʯʘʩʪʠʥ, ʢʛ 100 

ʄʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ, ʤʤ 2 2,5 2,5 

ʄʘʢʩʠʤʘʣʴʥʝ ʧʨʠʰʚʠʜʰʝʥʥʷ, ʤ/ʩ
2
 40,7 53,2 89,4 

ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ 1,1 (2Ĭ1,1) 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʫʣʴʪʠʯʘʩʪʦʪʥʠʡ ʽʥʝʨʮʽʡʥʠʡ ʧʨʠʚʦʜ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʣʠʚʘʥʥʷ ʽʟ 

ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʜʝʙʘʣʘʥʩʥʠʭ ʚʘʣʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ 
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ʮʴʦʛʦ ʧʨʠʚʽʜ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʧʦʩʪʽʡʥʫ ʩʠʣʫ ʟʙʫʜʞʝʥʥʷ 3,6 ʢʅ, ʘʙʦ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʚʠʧʘʜʢʫ ʩʠʣʘ 

ʟʙʫʜʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ʜʦ 8,6 ʢʅ. ɿ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʤʽʨʢʫʚʘʥʴ ʧʨʠʚʽʜ 

ʜʫʞʝ ʧʨʦʩʪʠʡ ʽ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʦʚʘʥʽ ʢʨʫʛʦʚʽ, ʝʣʽʧʪʠʯʥʽ ʯʠ ʥʘʧʨʷʤʣʝʥʽ ʪʨʘʻʢʪʦʨʽʾ ʮʝʥʪʨʫ ʤʘʩ 

ʤʘʰʠʥʠ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʙʘʛʘʪʦʨʝʞʠʤʥʠʡ ʽʥʝʨʮʽʡʥʠʡ ʧʨʠʚʦʜ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʜʣʷ ʨʝʟʦʥʘʥʩʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʟʘʨʝʟʦʥʘʥʩʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʥʚʝʻʨʽʚ ʽ ʛʨʦʭʦʪʽʚ.  
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SYNTHESIS OF MULTI -FREQUENCY INERTIAL DRIVES OF VIBRATION MACHINES  

 
Volodymyr  Gursky, Vitaliy  Korendiy, Pavlo Krot, Igor  Kuzio 

 

Abstract. The improved design of the multi-frequency inertial drive in the form of twin unbalanced rotor is 

proposed; this allows for implementing single- and double-frequency operation regimes. Herewith, the circular 

and elliptical motion trajectories of the technological machine mass center can be provided. The corresponding 

relationships ensuring these trajectories are established and the problems of their synthesis are defined; the latter 

considers the rational selection of the static moments of inertia of the unbalanced rotors, their relative phase shift 

angle, and angular velocities. The dynamic analysis of the single-mass vibratory machine is carried out based on 

the numerical modeling taking into account the electromechanical characteristics of the asynchronous motor. The 

starting conditions of the vibratory machine, as well as its kinematic and dynamic characteristics are studied at 

different relations between the angular velocities of the internal and external unbalanced rotors.  

Keywords: vibratory screen; inertial drive; excitation forces; synthesis; oscillations; dynamics. 

 

 
ʋɼʂ 621.864.8 

ʊʝʦʨʝʪʠʢʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʚʽʙʨʦʫʜʘʨʥʠʤ ʧʨʠʚʦʜʦʤ 

ɺʽʪʘʣʽʡ ʂʦʨʝʥʜʽʡ, ʆʣʝʢʩʘʥʜʨ ʂʘʯʫʨ, ɺʦʣʦʜʠʤʠʨ ɻʫʨʩʴʢʠʡ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʄʦʙʽʣʴʥʽ ʚʽʙʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʢʦʣʽʩʥʽ ʚʽʙʨʦʨʦʙʦʪʠ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʯʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ʋ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʽʜʝʶ ʩʪʚʦʨʝʥʥʷ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʚʽʙʨʦʫʜʘʨʥʠʤ ʧʨʠʚʦʜʦʤ, ʱʦ ʢʝʨʫʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʢʦʣʽʩʥʦʛʦ ʚʽʙʨʦʨʦʙʦʪʘ, ʚʠʚʝʜʝʥʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

ʤʦʙʽʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ ʜʚʦʭ ʟʙʫʨʶʚʘʣʴʥʠʭ ʤʘʩ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Mathematica. ʈʝʘʣʽʟʦʚʘʥʦ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ 

ʢʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʽʙʨʦʨʦʙʦʪʘ ʫ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ MapleSim ʪʘ SolidWorks. ʇʨʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʚʽʨʪʫʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʤʦʙʽʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 
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ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʪʚʝʨʜʦʪʽʣʴʥʫ 

ʤʦʜʝʣʴ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʚʽʙʨʦʫʜʘʨʥʠʤ 

ʧʨʠʚʦʜʦʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ 

ʥʘʧʨʷʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʘʥʦʶ ʪʝʤʘʪʠʢʦʶ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʙʽʣʴʥʘ ʚʽʙʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ; ʚʽʙʨʦʨʦʙʦʪ; ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; ʢʽʥʝʤʘʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; ʪʚʝʨʜʦʪʽʣʴʥʘ ʤʦʜʝʣʴ; ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ. 

ʄʦʙʽʣʴʥʽ ʚʽʙʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ. ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ [1], [2], ʧʨʠʩʚʷʯʝʥʽ ʤʦʞʣʠʚʦʩʪʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ 

ʚʽʙʨʦʫʜʘʨʥʠʭ ʢʘʧʩʫʣ ʜʣʷ ʨʫʭʫ ʚ ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʽʤʽʪʫʶʪʴ ʩʫʜʠʥʠ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ, ʦʨʛʘʥʠ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ, ʧʽʜʰʢʽʨʥʠʡ ʧʦʢʨʠʚ ʪʦʱʦ. ʋ ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʨʦʙʦʪʽʚ ʧʨʘʮʶʶʪʴ ʮʽʣʽ ʥʘʫʢʦʚʽ ʰʢʦʣʠ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, 

ʩʝʨʝʜ ʷʢʠʭ ʦʢʨʝʤʦ ʚʽʜʤʽʪʠʤʦ ʧʨʘʮʽ [3], [4]. ʆʩʪʘʥʥʽ, ʷʢ ʽ ʩʦʪʥʽ ʩʭʦʞʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʤʦʙʽʣʴʥʠʭ ʚʽʙʨʦʫʜʘʨʥʠʭ ʩʠʩʪʝʤ, 

ʟʦʢʨʝʤʘ ʟ ʧʦʟʠʮʽʡ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʦʩʪʫʧʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ 

ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ. 

ʑʝ ʦʜʥʽʻʶ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʬʝʨʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʤʦʥʽʪʦʨʠʥʛ 

ʩʪʘʥʫ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʫʰʽʾ: 

ʢʦʣʽʩʥʠʡ, ʛʫʩʝʥʠʯʥʠʡ, ʢʨʦʢʫʶʯʠʡ, ʩʪʨʠʙʘʶʯʠʡ ʪʦʱʦ. ɿʚʘʞʘʶʯʠ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʧʨʦʩʪʦʪʫ 

ʨʝʘʣʽʟʘʮʽʾ, ʩʘʤʝ ʢʦʣʽʩʥʠʡ ʨʫʰʽʡ ʟʥʘʡʰʦʚ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʚʽʙʨʦʨʦʙʦʪʘʭ. ɿʥʘʯʥʠʭ 

ʥʘʫʢʦʚʠʭ ʟʜʦʙʫʪʢʽʚ ʫ ʮʽʡ ʩʬʝʨʽ ʜʦʩʷʛʥʫʚ ʢʦʣʝʢʪʠʚ ʘʚʪʦʨʽʚ [5], [6], [7], ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʜʠʥʘʤʽʯʥʫ 

ʧʦʚʝʜʽʥʢʫ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʽʥʝʨʮʽʡʥʠʤ (ʜʝʙʘʣʘʥʩʥʠʤ) ʧʨʠʚʦʜʦʤ. ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʥʷʪʽ 

ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʚʽʙʨʦʫʜʘʨʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʘʥʘʣʦʛʽʯʥʠʭ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʟʛʘʜʘʥʦʶ ʚʠʱʝ ʪʝʤʘʪʠʢʦʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʫʭʫ ʤʦʙʽʣʴʥʠʭ (ʢʦʚʟʘʶʯʠʭ) ʧʣʘʪʬʦʨʤ ʟ ʚʽʙʨʦʫʜʘʨʥʠʤ ʧʨʠʚʦʜʦʤ [8], [9]. ɿʛʦʜʦʤ ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʚʽʙʨʦʫʜʘʨʥʠʤ 

ʧʨʠʚʦʜʦʤ. ɼʘʥʘ ʽʜʝʷ ʩʧʝʨʰʫ ʙʫʣʘ ʚʪʽʣʝʥʘ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʤʦʙʽʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, 

ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 1 [10]. ʆʙʝʨʪʘʥʥʷ ʩʧʘʨʝʥʦʛʦ (ʧʦʜʚʽʡʥʦʛʦ) ʢʨʠʚʦʰʠʧʘ BAD ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʧʦʚʟʫʥʽʚ ʉ ʪʘ ɽ. ʆʩʪʘʥʥʽ ʯʝʨʝʟ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʞʦʨʩʪʢʦʩʪʷʤʠ k1, k2, ʧʨʠʚʦʜʷʪʴ ʚ ʨʫʭ ʟʙʫʨʶʚʘʣʴʥʽ ʤʘʩʠ m2, m3. ʇʝʨʝʥʦʩʥʠʡ ʨʫʭ ʢʦʣʽʩʥʦʾ 

ʧʣʘʪʬʦʨʤʠ (ʤʘʩʦʶ m1) ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʟʙʫʨʶʚʘʣʴʥʠʭ ʪʽʣ (ʟʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʧʨʦ ʨʫʭ ʮʝʥʪʨʘ ʤʘʩ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʨʫʭʫ ʮʝʥʪʨʘ ʤʘʩ). ɿ ʤʝʪʦʶ ʦʙʤʝʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʨʫʭʫ 

ʧʣʘʪʬʦʨʤʠ, ʫ ʢʦʣʽʩʥʦʤʫ ʨʫʰʽʾ ʟʘʩʪʦʩʦʚʘʥʦ ʦʙʛʽʥʥʽ ʤʫʬʪʠ, ʘ ʚ ʮʽʣʷʭ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʦʩʪʫʧʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʙʨʦʫʜʘʨʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʧʣʘʩʪʠʥ ʧʽʜʧʨʫʞʠʥʝʥʠʭ ʝʣʘʩʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʞʦʨʩʪʢʦʩʪʽ k3, 

k4. 

 
ʈʠʩ. 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ  

ʩʧʘʨʝʥʠʤ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʚʽʙʨʦʫʜʘʨʥʠʤ ʧʨʠʚʦʜʦʤ 
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ʈʦʟʛʣʷʥʫʪʘ ʢʦʣʽʩʥʘ ʧʣʘʪʬʦʨʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʦʪʠʨʤʘ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ, ʟ ʷʢʠʭ ʦʜʠʥ 

ʚʚʘʞʘʻʪʴʩʷ ʢʝʨʦʚʘʥʠʤ: ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʨʫʭ ʧʣʘʪʬʦʨʤʠ ʚʽʜʥʦʩʥʦ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ xOy 

(ʫʟʘʛʘʣʴʥʝʥʘ ʢʦʦʨʜʠʥʘʪʘ ʭ1); ʚʽʜʥʦʩʥʽ ʨʫʭʠ ʟʙʫʨʶʚʘʣʴʥʠʭ ʤʘʩ m2, m3 (ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʭ2, 

ʭ3); ʢʝʨʦʚʘʥʝ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʘ ʟʽ ʩʪʘʣʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ɤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʧʠʩʫ ʨʫʭʫ 

ʩʠʩʪʝʤʠ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʨʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ [10]: 
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ABl , BCl , ADl , DEl  ï ʜʦʚʞʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ AB, BC, AD, DE ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ;  w ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʨʠʚʦʰʠʧʘ BAD; 2d, 3d ï ʥʘʡʤʝʥʰʽ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʟʙʫʨʶʚʘʣʴʥʠʤʠ ʪʽʣʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʫʜʘʨʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʫ ʧʦʣʦʞʝʥʥʽ ʨʽʚʥʦʚʘʛʠ ʤʝʭʘʥʽʟʤʫ: 

ʢʦʣʠ ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ ʢʨʠʚʦʰʠʧʘ ʨʽʚʥʝ ʥʫʣʶ (ʜʣʷ ʤʘʩʠ 2m ) ʪʘ p (ʜʣʷ ʤʘʩʠ 3m ). 

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʚʝʨʜʦʪʽʣʴʥʫ ʤʦʜʝʣʴ ʤʦʙʽʣʴʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ (ʨʠʩ. 2) [11]. ʈʦʙʦʪ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ 1, ʨʫʭ ʷʢʦʾ ʦʙʤʝʞʫʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʨʘʧʦʚʠʭ ʙʣʦʢʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 2. ɿʙʫʨʶʚʘʣʴʥʘ ʤʘʩʘ 3, ʨʫʭʘʶʯʠʩʴ ʚʟʜʦʚʞ ʜʚʦʭ 

ʥʘʧʨʷʤʥʠʭ, ʫʜʘʨʷʻʪʴʩʷ ʦʙ ʛʫʤʦʚʠʡ ʜʝʤʧʬʝʨ 4. ɺʽʜʧʦʚʽʜʥʠʡ ʽʤʧʫʣʴʩ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʢʦʣʽʩʥʫ 

ʧʣʘʪʬʦʨʤʫ, ʥʘʜʘʶʯʠ ʾʡ ʨʫʭʫ. ʐʪʦʢ (ʧʦʚʟʫʥ) 5 ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʦʜʠʪʴʩʷ ʚ 

ʨʫʭ ʚʽʜ ʢʨʠʚʦʰʠʧʘ (ʝʢʩʮʝʥʪʨʠʢʘ) 6 ʪʘ ʯʝʨʝʟ ʧʣʦʩʢʫ ʧʨʫʞʠʥʫ 7 ʟʙʫʨʶʻ ʤʘʩʫ 3. ʂʝʨʫʚʘʥʥʷ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʢʨʠʚʦʰʠʧʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 8 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 9, ʱʦ ʞʠʚʠʪʴʩʷ ʚʽʜ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ 10. ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʢʦʣʽʩʥʦʛʦ ʚʽʙʨʦʨʦʙʦʪʘ, 

ʥʘ ʧʣʘʪʬʦʨʤʽ 1 ʟʘʬʽʢʩʦʚʘʥʦ ʘʢʩʝʣʝʨʦʤʝʪʨ 11 ʟ ʤʦʞʣʠʚʽʩʪʶ Wi-Fi ʧʨʠʻʜʥʘʥʥʷ, ʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʨʠʩʪʘʥʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʫ ʚʽʜʝʦʢʘʤʝʨʫ 12. 
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ʈʠʩ. 2. ʊʚʝʨʜʦʪʽʣʴʥʘ ʤʦʜʝʣʴ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʨʦʟʨʦʙʣʝʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʡ ʽʥʝʨʮʽʡʥʽ 

ʧʘʨʘʤʝʪʨʠ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ [11]: 1 30 ʢʛm = ; 

2 0 ʢʛm = ; 3 3 ʢʛm = ; 0.03 ʤɸDl = , 0.08 ʤDEl = ; 0 ʤɸɺl = , 0 ʤɺʉl = ; 2 0 ʤd= ; 314 ʨʘʜ/ʩw= ; 

6

2 10 ʅ/ʤk = , 
8

4 10 ʅ/ʤk = . ʇʘʨʘʤʝʪʨ ʥʘʡʤʝʥʰʦʛʦ ʟʘʟʦʨʫ 3 0...20ʤʤd=  ʧʨʠʡʥʷʪʦ ʚ ʷʢʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʚʽʙʨʦʨʦʙʦʪʘ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Mathematica, ʙʫʣʦ ʚʠʨʽʰʝʥʦ 

ʨʦʟʨʦʙʠʪʠ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʢʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʽʙʨʦʨʦʙʦʪʘ ʫ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ MapleSim 

(ʨʠʩ. 3) ʪʘ SolidWorks (ʨʠʩ. 4) [11]. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʨʫʭʦʤʘ (ʢʦʚʟʘʶʯʘ) ʧʣʘʪʬʦʨʤʘ 2 

ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʥʘ ʥʝʨʫʭʦʤʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ 1, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʜʝʘʣʴʥʠʤ 

ʘʥʽʟʦʪʨʦʧʥʠʤ ʪʝʨʪʷʤ (ʩʠʣʘ ʪʝʨʪʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʘ ʚ ʽʥʰʦʤʫ ï ʙʝʟʤʝʞʥʦʩʪʽ). 

ɼʚʠʛʫʥ 3 ʧʨʠʚʦʜʠʪʴ ʫ ʨʫʭ ʢʨʠʚʦʰʠʧ 4 ʟʽ ʩʪʘʣʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ. ʐʘʪʫʥ 5 ʧʝʨʝʜʘʻ ʨʫʭ ʥʘ 

ʧʦʚʟʫʥ (ʰʪʦʢ) 7, ʢʘʤʽʥʴ 6 ʷʢʦʛʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʨʫʭʦʤʦʾ ʧʣʘʪʬʦʨʤʠ 2. ʏʝʨʝʟ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 8 

ʰʪʦʢ 7 ʟʙʫʨʶʻ ʤʘʩʫ 9, ʷʢʘ, ʢʦʥʪʘʢʪʫʶʯʠ ʟʘ ʫʜʘʨʥʦʶ ʧʣʘʩʪʠʥʦʶ 10, ʧʝʨʝʜʘʻ ʩʚʽʡ ʽʤʧʫʣʴʩ ʥʘ 

ʨʫʭʦʤʫ ʧʣʘʪʬʦʨʤʫ 2 ʯʝʨʝʟ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 11. 
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ʈʠʩ. 3. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʢʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʽʙʨʦʨʦʙʦʪʘ, ʨʦʟʨʦʙʣʝʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ MapleSim 

 
ʈʠʩ. 4. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʢʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʽʙʨʦʨʦʙʦʪʘ, ʨʦʟʨʦʙʣʝʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks 

ɿʚʘʞʘʶʯʠ ʥʘ ʟʘʜʦʚʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [9], 

[10], [11], ʫ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʠʤʦ ʣʠʰʝ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

MapleSim ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʘʟʦʨʽ 3 0ʤʤd=  (ʨʠʩ. 5). ɿʘ ʧʝʨʽʦʜ ʯʘʩʫ 0,3 ʩ, ʤʦʙʽʣʴʥʘ ʧʣʘʪʬʦʨʤʘ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 186 ʤʤ, ʪʦʜʽ ʷʢ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʪʽʣʘ ʩʷʛʘʻ 40 ʤʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʧʣʘʪʬʦʨʤʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0.6 ʤ/ʩ, ʪʦʜʽ ʷʢ ʾʾ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 2 ʤ/ʩ. ɸʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʪʽʣʘ ʥʘʙʣʠʞʝʥʦ ʨʽʚʥʝ 16 ʤ/ʩ. 

 
ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ 
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ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʢʩʠʤʽʟʘʮʽʾ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʘ, ʧʨʠʡʤʝʤʦ ʟʥʘʯʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ŭ3 ʚ ʷʢʦʩʪʽ ʟʤʽʥʥʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʝʤʘʪʠʯʥʽ ʪʘ 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʙʨʦʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ ʨʦʙʦʪʘ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʘʥʠʡ ʟʘʟʦʨ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʡʤʝʥʰʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʙʫʨʶʚʘʣʴʥʦʶ ʤʘʩʦʶ ʪʘ ʫʜʘʨʥʦʶ ʧʣʘʩʪʠʥʦʶ, ʢʦʣʠ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʡ ʤʝʭʘʥʽʟʤ ʻ ʥʝʨʫʭʦʤʠʤ. ʇʦʧʝʨʝʜʥʴʦ (ʨʠʩ. 5), ʢʦʣʠʚʥʫ ʩʠʩʪʝʤʫ ʨʦʙʦʪʘ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʫʜʘʨʥʠʡ ʟʘʟʦʨ ʜʦʨʽʚʥʶʚʘʚ ʥʫʣʶ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʨʦʙʦʪʘ x1 ʪʘ ʾʾ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ Ὄ1aver. ʚʽʜ ʚʝʣʠʯʠʥʠ ʫʜʘʨʥʦʛʦ 

ʟʘʟʦʨʫ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 0,02 ʤ [11]. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ Mathematica, SolidWorks ʽ MapleSim, ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0,7 ʤ/ʩ ʽ ʤʘʻ ʤʽʩʮʝ ʚ ʜʽʘʧʘʟʦʥʽ 

ʫʜʘʨʥʦʛʦ ʟʘʟʦʨʫ 0,01é0,012 ʤ. 

  
ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʫʜʘʨʥʦʛʦ ʟʘʟʦʨʫ ʥʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ɺ ʮʽʣʷʭ ʘʥʘʣʽʟʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʠʤ ʪʘ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʽʣʴʢʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʢʦʣʽʩʥʦʛʦ ʚʽʙʨʦʨʦʙʦʪʘ (ʨʠʩ. 7).  

 
ʈʠʩ. 7. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʢʦʣʽʩʥʠʭ ʧʣʘʪʬʦʨʤ ʟ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʚʽʙʨʦʫʜʘʨʥʠʤ ʧʨʠʚʦʜʦʤ 
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ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʬʽʨʤʠ WitMotion, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʷʢʠʭ ʙʫʜʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʙʦʪʘ ʟʘ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ ʫʜʘʨʥʦʛʦ 

ʟʘʟʦʨʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʫʪʴ ʦʙʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʠʪʪʻʚʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʟ ʤʝʪʦʶ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʥʘ ʨʠʩ. 6. 
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THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF MOTION OF A WHEELED 

PLATFORM WITH CRANK -TYPE VIBRO -IMPACT DRIVE  

 
Vitaliy Korendiy, Oleksandr Kachur, Volodymyr Gursky  

 

Abstract. Mobile vibratory systems, including wheeled vibro-robots, have been widely used in various 

industries, in particular, for monitoring and cleaning the inner surfaces of pipelines. This publication proposes a 

general idea of developing a wheeled platform with a crank-type vibro-impact drive actuated by a DC motor. The 

generalized calculation diagram of the wheeled vibratory robot is developed; the differential equations of motion 

of the mobile platform and two disturbing masses are derived. Numerical modeling of the main kinematic 

characteristics of the wheeled platform is carried out in the Mathematica software. Simulation models of the vibro-

robotôs oscillatory system are implemented in MapleSim and SolidWorks software. The corresponding virtual 

experimental investigations on the mobile vibratory system motion are carried out, and the agreement of the results 

of theoretical research and simulation modeling is analyzed. A solid model of the wheeled platform with the crank-

type vibrato-impact drive is developed and its experimental prototype is implemented. An algorithm for conducting 

experimental investigations is proposed. The main directions of further research on this subject and prospects for 

the use of the obtained results are substantiated. 

Keywords: mobile vibratory system; vibro-robot; numerical modeling; kinematic characteristics; simulation; 

solid model; experimental prototype. 
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ʋɼʂ 622.24 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʫ ʦʯʠʩʪʢʠ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ 

ʇʝʪʨʦ ʄʦʣʯʘʥʦʚ, ʊʝʪʷʥʘ ʉʫʨʞʢʦ, ʄʘʢʩʠʤ ʂʥʠʰ  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɺʽʙʨʘʮʽʡʥʝ ʩʠʪʦ ʷʚʣʷʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʩʽʻʾ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ɺʦʥʦ 

ʧʦʚʠʥʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘʜʽʡʥʦ ʽ ʙʝʟʚʽʜʤʦʚʥʦ. ʆʯʠʱʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʜʽʾ ʚʽʙʨʘʮʽʾ ʥʘ ʙʫʨʦʚʠʡ ʨʦʟʯʠʥ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʨʽʟʥʽ ʬʨʘʢʮʽʾ ʚʠʙʫʨʝʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ʅʝʜʦʣʽʢʘʤʠ ʚ ʨʦʙʦʪʽ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʪʘ ʻ ʦʙʤʝʞʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʽ ʥʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʦʙʚʘʞʥʝʥʠʭ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ 

ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʽʪʦʢ ʟ ʜʨʽʙʥʠʤʠ ʯʘʨʫʥʢʘʤʠ. ʊʝʭʥʽʯʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʻ ʫʩʫʥʝʥʥʷ ʚʽʜʤʽʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʙʫʨʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ.  
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʫʨʦʚʠʡ ʨʦʟʯʠʥ; ʚʽʙʨʦʩʠʪʦ; ʤʦʜʝʨʥʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ; ʚʽʙʨʘʪʦʨ; ʜʝʙʘʣʘʥʩ; ʢʦʣʠʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʙʨʦʩʠʪ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʘ ʩʠʣʴʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʢʦʤʽʨʢʠ ʩʽʪʢʠ, ʘ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʽ ʰʣʘʤʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʤʧʣʽʪʫʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ 

ʨʘʤʠ ʽ ʚʠʩʦʪʠ ʰʘʨʫ ʨʦʟʯʠʥʫ ʥʘ ʩʽʪʮʽ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʠ ʚʽʙʨʦʢʦʣʠʚʘʥʥʷʭ ʙʽʣʴʰʝ 20 ɻʮ. 

ʉʪʫʧʽʥʴ ʷʢʦʩʪʽ ʦʯʠʱʝʥʥʷ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʾʾ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʽʪʢʠ ʚʽʙʨʦʩʠʪʘ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʪʘ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʦʙʤʝʞʝʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʽ ʥʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʦʙʚʘʞʥʝʥʠʭ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʯʝʨʝʟ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʽʪʦʢ ʟ ʜʨʽʙʥʠʤʠ ʯʘʨʫʥʢʘʤʠ. 

ɿʘʜʘʯʝʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʻ ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʯʠʱʝʥʥʷ ʦʙʚʘʞʥʝʥʠʭ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʥʘ ʥʠʭ ʚʽʙʨʘʮʽʡʥʠʤʠ ʭʚʠʣʷʤʠ 

ʥʠʟʴʢʠʭ ʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ. 

ɿʘʟʥʘʯʝʥʘ ʤʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʽʙʨʦʩʠʪʦ ʦʙʣʘʜʥʘʥʝ ʚʽʙʨʘʪʦʨʦʤ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʩʪʫʧʝʥʽʚ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʜʚʦʭʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʨʘʤʠ, ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʦʙʣʘʜʥʘʥʠʡ ʙʣʦʢʦʤ ʰʢʽʚʽʚ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʟʤʽʥʠ, ʧʨʠ ʮʴʦʤʫ ʩʪʫʧʝʥʽ ʚʽʙʨʘʪʦʨʘ ʛʝʥʝʨʫʶʪʴ ʚʽʙʨʘʮʽʡʥʽ ʭʚʠʣʽ ʥʠʟʴʢʠʭ ʽ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪ, ʘ ʢʦʤʙʽʥʫʚʘʥʥʷ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʚʽʙʨʦʨʘʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʽʥʦʶ ʜʽʘʤʝʪʨʽʚ ʧʨʠʚʽʜʥʠʭ 

ʰʢʽʚʽʚ ʚʽʙʨʘʪʦʨʘ. 

ʄʦʜʝʨʥʽʟʦʚʘʥʝ ʚʽʙʨʦʩʠʪʦ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʨʫʭʦʤʦʾ ʦʩʥʦʚʠ (ʨʘʤʠ) 1 ʟ ʚʤʦʥʪʦʚʘʥʦʶ 

ʚʘʥʥʦʶ, ʨʫʭʦʤʦʾ ʚʽʙʨʦʨʘʤʠ 2 ʟ ʚʽʙʨʘʪʦʨʦʤ 3 ʽ ʜʚʦʤʘ ʷʨʫʩʘʤʠ ʩʽʪʢʦʚʠʭ ʢʘʩʝʪ 4. ɺʽʙʨʦʨʘʤʘ 2 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʫʤʦʚʠʭ ʘʤʦʨʪʠʟʘʪʦʨʽʚ 5 ʯʝʨʝʟ ʪʨʫʙʯʘʪʽ ʦʧʦʨʠ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʥʝʨʫʭʦʤʦʶ ʨʘʤʦʶ 1. 

ʇʨʠʚʦʜ ʚʽʙʨʘʪʦʨʘ 3 ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 6, ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʞʠʚʠʣʴʥʠʢʫ 7, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ 8, ʷʢʘ ʚʢʣʶʯʘʻ ʜʚʦʩʪʫʧʽʥʯʘʪʠʡ ʰʢʽʚ 9 ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 6, ʱʦ 

ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢʫ ʰʢʽʚʽʚ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʷʢʽ ʟʚ'ʷʟʘʥʽ ʯʝʨʝʟ ʧʘʩʦʚʽ ʧʝʨʝʜʘʯʽ ʟ ʰʢʽʚʘʤʠ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 10 ʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ 11 ʩʪʫʧʝʥʝʡ ʚʽʙʨʘʪʦʨʘ 3. 
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ʈʠʩ.1. ʄʦʜʝʨʥʽʟʦʚʘʥʝ ʚʽʙʨʦʩʠʪʦ 

 

ɺʽʙʨʘʪʦʨ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʪʨʫʙʯʘʪʦʛʦ ʢʦʨʧʫʩʫ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʫʩʪʦʪʽʣʠʡ 

ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ ʟ ʜʝʙʘʣʘʥʩʥʦʶ ʤʘʩʦʶ. ʅʘ ʧʫʩʪʦʪʽʣʠʡ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ ʦʜʷʛʥʝʥʠʡ 

ʢʫʣʴʢʦʚʠʡ ʧʽʜʰʠʧʥʠʢ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʢʦʨʧʫʩʽ ʽ ʟʘʢʨʠʪʠʡ ʢʨʠʰʢʦʶ. ʅʘ ʢʽʥʮʽ ʧʫʩʪʦʪʽʣʦʛʦ 

ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʫ ʦʜʷʛʥʝʥʠʡ ʰʢʽʚ. ʉʘʣʴʥʠʢ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʩʝʨʝʜʠʥʽ ʧʫʩʪʦʪʽʣʦʛʦ 

ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ. 

ɺ ʩʝʨʝʜʠʥʽ ʧʫʩʪʦʪʽʣʦʛʦ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʫ ʥʘ ʧʽʜʰʠʧʥʠʢʘʭ ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ 

ʚʽʙʨʦʚʘʣ. ʆʜʠʥ ʢʽʥʝʮʴ ʚʘʣʘ ʚʭʦʜʠʪʴ ʚ ʧʽʜʰʠʧʥʠʢ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʢʨʠʰʮʽ ʚʽʙʨʘʪʦʨʘ. ɼʨʫʛʠʡ 

ʢʽʥʝʮʴ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʽʙʨʦʚʘʣʫ ʧʨʦʭʦʜʠʪʴ ʚʽʣʴʥʦ ʯʝʨʝʟ ʢʦʨʧʫʩ ʧʫʩʪʦʪʽʣʦʛʦ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ 

ʚʘʣʫ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʰʢʽʚʦʤ. 

ʄʦʜʝʨʥʽʟʦʚʘʥʝ ʚʽʙʨʦʩʠʪʦ ʜʣʷ ʦʯʠʱʝʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɹʫʨʦʚʠʡ ʨʦʟʯʠʥ ʧʦʩʪʫʧʘʻ ʚ ʞʠʚʠʣʴʥʠʢ ʽ ʯʝʨʝʟ ʦʪʚʽʨ ʚ ʥʴʦʤʫ ʧʦʩʪʫʧʘʻ ʥʘ ʧʦʚʝʨʭʥʽ ʩʽʪʢʦʚʠʭ 

ʢʘʩʝʪ. ʇʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʦʩʪʘʥʥʽʡ ʧʦʩʪʫʧʘʻ ʦʜʥʦʯʘʩʥʦ ʥʘ ʦʙʠʜʚʘ ʷʨʫʩʠ 

ʩʽʪʢʦʚʠʭ ʢʘʩʝʪ. ɼʣʷ ʙʽʣʴʰ ʷʢʽʩʥʦʛʦ ʦʯʠʱʝʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʩʽʪʢʦʚʽ ʢʘʩʝʪʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʦ - ʟ ʚʝʨʭʥʴʦʾ ʨʦʟʯʠʥ ʚʠʪʽʢʘʻ ʥʘ ʥʠʞʥʶ ʽ ʪʽʣʴʢʠ ʧʽʩʣʷ ʪʦʛʦ ʚ ʚʘʥʥʫ. 

ɹʫʨʦʚʠʡ ʨʦʟʯʠʥ ʧʽʜ ʢʦʤʙʽʥʦʚʘʥʦʶ ʜʽʻʶ ʚʽʙʨʘʮʽʡ ʧʦʚʝʨʭʦʥʴ ʩʽʪʢʦʚʠʭ ʢʘʩʝʪ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʚʽʙʨʘʪʦʨʘ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʛʝʥʝʨʫʻ ʢʦʣʠʚʘʥʥʷ ʥʠʟʴʢʠʭ ʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʬʽʣʴʪʨʫʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʽ ʩʽʪʢʦʚʠʭ ʢʘʩʝʪ, ʘ ʰʣʘʤ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʚ ʚʽʜʚʘʣ. 

ʆʜʥʦʯʘʩʥʘ ʛʝʥʝʨʘʮʽʷ ʜʚʦʭ ʚʠʜʽʚ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʪʦʨʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʂʫʪʦʚʠʡ ʤʦʤʝʥʪ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʯʝʨʝʟ ʜʚʦʭʩʪʫʧʽʥʯʘʪʠʡ ʰʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʩʦʚʦʾ 

ʧʝʨʝʜʘʯʽ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʰʢʽʚʠ ʽ ʚʽʙʨʘʪʦʨ. ʇʨʠ ʮʴʦʤʫ ʩʪʫʧʽʥʴ ʰʢʽʚʘ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʟʚ'ʷʟʘʥʘ ʧʘʩʦʤ 

ʟ ʰʢʽʚʦʤ ʚʽʙʨʘʪʦʨʘ ɿ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ, ʘ ʩʪʫʧʽʥʴ ʰʢʽʚʘ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ ʧʘʩʦʤ ʟ'ʻʜʥʘʥʘ ʟ 
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ʰʢʽʚʦʤ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʚʽʙʨʘʪʦʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʘ ʨʦʙʦʪʘ ʜʚʦʭ ʩʪʫʧʝʥʽʚ 

ʚʽʙʨʘʪʦʨʘ ʚʽʜ ʦʜʥʦʛʦ ʧʨʠʚʦʜʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ʇʨʠ ʮʴʦʤʫ ʚʽʙʨʘʪʦʨ, ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻ ʦʙʝʨʪʘʥʥʷ ʤʘʣʠʡ ʰʢʽʚ, ʛʝʥʝʨʫʻ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʢʦʣʠʚʘʥʥʷ ʚʽʙʨʦʨʘʤʠ. ʇʨʠʚʽʜ ʚʽʜ ʰʢʽʚʘ ʟʘʙʝʟʧʝʯʫʻ ʛʝʥʝʨʘʮʽʶ ʚʽʙʨʦʨʘʤʠ ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ. 

 ʅʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ ʚʽʙʨʦʨʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʰʣʘʤʫ ʫ 

ʚʽʜʚʘʣ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ï ʟʤʽʥʶʶʪʴ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ (ʟʥʠʞʫʶʪʴ ʚ'ʷʟʢʽʩʪʴ) ʽ 

ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽʡ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʧʦʚʝʨʭʥʽ ʩʽʪʢʦʚʠʭ ʢʘʩʝʪ. 

ʇʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʦʩʠʪʘ ʜʣʷ ʦʯʠʱʝʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʻ ʪʝ, ʱʦ 

ʟʤʽʥʶʶʯʠ ʜʽʘʤʝʪʨʠ ʰʢʽʚʽʚ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʫ ʢʦʤʙʽʥʘʮʽʶ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʚʽʙʨʦʨʘʤʠ. 

ʉʫʪʴ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʨʽʚʥʷʥʦ ʟ 

ʘʥʘʣʦʛʦʤ ʫ ʤʦʜʝʨʥʽʟʦʚʘʥʦʤʫ ʚʽʙʨʦʩʠʪʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʦʙʚʘʞʥʝʥʠʭ 

ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʚʽʙʨʘʪʦʨ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʩʪʫʧʝʥʽʚ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʦʜʥʦʛʦ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʜʚʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʨʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 

ʦʙʣʘʜʥʘʥʠʡ ʙʣʦʢʦʤ ʟʤʽʥʥʠʭ ʰʢʽʚʽʚ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, 

ʨʦʟʰʠʨʶʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʦʙʚʘʞʥʝʥʠʭ ʙʫʨʦʚʠʭ 

ʨʦʟʯʠʥʽʚ. 
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MODERNIZATION OF EQUIPMENT OF WASHING FLUID CLEANING UNIT  
 

Petro Molchanov, Surzhko Tetiana, Maksym Knysh  
 

Abstract. The vibrating sieve is one of the main mechanisms of the entire drilling rig. It must work reliably 

and without failure. Cleaning is carried out by the action of vibration on the drilling fluid, as a result of which 

different fractions of drilled rocks are separated. The disadvantages of the vibrating sieve are limited 

manufacturability and insufficient efficiency of cleaning of weighted drilling fluids due to the impossibility of using 

grids with small cells. The technical result of the proposed modernization is to eliminate the identified 

shortcomings and increase on this basis the technical and economic performance of the drilling complex. 

Keywords: drilling mud; vibrating screen; construction modernization; vibrator; imbalance; fluctuation. 
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ʇʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʨʦʚʠʭ ʥʘʩʦʩʽʚ 

ɺʘʩʠʣʴ ʉʘʚʠʢ, ʖʨʽʡ ɯʣʣʷʰʝʥʢʦ, ʄʘʢʩʠʤ ʂʥʠʰ  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʣʘʧʘʥʘ ʚʠʜʦʟʤʽʥʝʥʦʾ ʬʦʨʤʠ ʧʦʩʘʜʦʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʦʩʘʜʦʯʥʝ 

ʛʥʽʟʜʦ ʩʽʜʣʘ ʚʠʢʦʥʘʥʦ ʫ ʬʦʨʤʽ ʢʦʥʫʩʘ, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʮʠʣʽʥʜʨ. ʊʘʢʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʤʝʥʰʝ ʟʥʦʰʝʥʥʷ ʩʽʜʣʘ ʽ ʪʘʨʽʣʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ ʢʦʥʫʩʥʦʩʪʽ. ʌʦʨʤʘ ʪʘʨʽʣʢʠ ʚʠʢʦʥʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʢʦʥʽʯʥʦʛʦ ʜʠʩʢʘ ʽ ʧʨʠ ʧʦʩʘʜʮʽ ʚʧʠʨʘʻʪʴʩʷ ʥʘ ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʤ'ʷʢʰʠʪʠ 

ʧʦʩʘʜʢʫ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʫʜʘʨʫ. ʂʽʣʴʮʝ ʫʱʽʣʴʥʶʚʘʯʘ ʟʥʽʤʥʝ, ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ. ɺʪʫʣʢʘ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʱʦʜʦ ʦʙʤʝʞʫʚʘʯʘ. ʆʙʤʝʞʫʚʘʯ ʟʘʙʝʟʧʝʯʝʥʠʡ ʫʧʦʨʥʦʶ 

ʛʘʡʢʦʶ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʚʘʛʠ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʧʘʥʘ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, 

ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʜ ʫʱʽʣʴʥʝʥʥʷ ʢʣʘʧʘʥʥʦʾ ʛʨʫʧʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ, ʟʘʦʱʘʜʠʪʠ 

ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ. 



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʫʨʦʚʘ ʫʩʪʘʥʦʚʢʘ; ʙʫʨʦʚʠʡ ʥʘʩʦʩ; ʤʦʜʝʨʥʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ; ʢʣʘʧʘʥʥʘ ʛʨʫʧʘ ʙʫʨʦʚʦʛʦ 

ʥʘʩʦʩʘ. 

ɹʫʨʦʚʠʡ ʥʘʩʦʩ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʽʜʧʦʚʽʜʘʣʴʥʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. ʊʘʢʽ ʥʘʩʦʩʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʢʨʫʧʥʦʙʣʦʢʦʚʽ ʦʩʥʦʚʠ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʣʝʛʰʫʻ 

ʪʘ ʦʧʪʠʤʽʟʫʻ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʪʘʞʥʦ-ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. ʆʜʥʘʢ, ʪʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʪʘ ʩʫʪʪʻʚʦ ʥʘʩʠʯʝʥʫ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʅʘʜʽʡʥʘ, ʙʝʟʚʽʜʤʦʚʥʘ ʪʘ ʜʦʚʛʦʚʽʯʥʘ ʨʦʙʦʪʘ ʙʫʨʦʚʠʭ ʥʘʩʦʩʽʚ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʙʣʘʜʥʘʥʥʷ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʘʢ 

ʷʢ ʜʣʷ ʥʘʛʥʽʪʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʠ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʪʘ ʨʽʚʥʦʤʽʨʥʫ 

ʧʦʜʘʯʫ ʨʽʜʠʥʠ. 

ʇʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ ʨʦʙʦʪʠ ʙʫʨʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʽʦʜʠʯʥʦʾ ʟʫʧʠʥʢʠ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ ʙʫʨʦʚʠʡ ʥʘʩʦʩ. 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʨʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʩʪʘʙʽʣʴʥʦʶ ʪʘ ʥʘʜʽʡʥʦʶ ʨʦʙʦʪʦʶ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʛʦʣʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʷʢʽ 

ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʥʠʭ, ʻ ʜʦʩʪʘʪʥʽʡ ʤʽʞʨʝʤʦʥʪʥʠʡ ʮʠʢʣ ʽ ʣʝʛʢʽʩʪʴ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʨʝʤʦʥʪʽ. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʫ ʨʦʙʦʪʫ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʛʽʜʨʘʚʣʽʯʥʦʾ ʯʘʩʪʠʥʠ ʪʘʢʠʭ ʥʘʩʦʩʽʚ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʜʦʚʝʩʪʠ ʤʽʞʨʝʤʦʥʪʥʠʡ 

ʪʝʨʤʽʥ ʛʽʜʨʘʚʣʽʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦ ʧʦʢʘʟʥʠʢʘ 1200 ʛʦʜʠʥ. ʇʨʦʪʝ, ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʜʝʷʢʽ 

ʚʫʟʣʠ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʫ ʧʦʪʨʝʙʫʶʪʴ ʨʦʙʦʪʠ ʟ ʧʦʜʘʣʴʰʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʚʫʟʣʽʚ ʻ ʢʣʘʧʘʥʠ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʽ ʥʘʛʥʽʪʘʣʴʥʠʭ ʢʣʘʧʘʥʽʚ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ ʜʘʩʪʴ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʢʦʤʝʨʮʽʡʥʫ 

ʰʚʠʜʢʽʩʪʴ ʙʫʨʽʥʥʷ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʨʦʩʪʘʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʟʘ ʚʘʨʽʘʥʪʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʙʫʨʦʚʠʭ ʧʦʨʰʥʝʚʠʭ ʥʘʩʦʩʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʥʥʽ ʜʝʪʘʣʽ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʯʘʩʪʠʥʠ: ʧʦʨʰʥʽ, ʮʠʣʽʥʜʨʦʚʽ ʚʪʫʣʢʠ, ʢʣʘʧʘʥʠ, ʫʱʽʣʴʥʝʥʥʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ ʛʽʜʨʘʚʣʽʯʥʦʾ ʯʘʩʪʠʥʠ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʥʘʩʦʩʽʚ. ɿʛʽʜʥʦ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʨʦʚʠʭ ʥʘʩʦʩʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʤʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʚʪʨʘʪ ʚ ʥʘʩʦʩʽ. ʊʦʤʫ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʢʣʘʧʘʥʽʚ, ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʘʢʪʫʘʣʴʥʠʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʙʫʨʦʚʠʭ ʥʘʩʦʩʽʚ ʽ ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ ʚ ʮʽʣʦʤʫ. 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʢʣʘʧʘʥʽʚ ʚ ʮʽʣʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʩʫʨʩʦʤ ʝʣʝʤʝʥʪʫ ʫʱʽʣʴʥʶʚʘʯʘ. ɯʩʥʫʶʯʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ʙʫʨʽʥʥʷ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʚ ʟôʻʜʥʘʥʥʷʭ 

ʫʱʽʣʴʥʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪʠ ʛʝʨʤʝʪʠʯʥʦʩʪʽ, ʫʜʘʨʥʦʾ ʨʦʙʦʪʠ ʢʣʘʧʘʥʘ ʽ ʜʦ 

ʧʦʚʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʚʫʟʣʘ. ʋ ʟʚôʷʟʢʫ ʽʟ ʮʠʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ 

ʢʣʘʧʘʥʘ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ (ʨʠʩ. 1). ʂʣʘʧʘʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʽʜʣʘ 1, ʪʘʨʽʣʢʠ 2, ʢʽʣʴʮʷ ʫʱʽʣʴʥʶʚʘʯʘ 3, 

ʧʨʠʪʠʩʢʥʦʾ ʚʪʫʣʢʠ 4, ʫʧʦʨʥʦʾ ʛʘʡʢʠ 5, ʭʨʝʩʪʦʚʠʥʠ 6. ʊʘʨʽʣʢʘ ʢʣʘʧʘʥʘ ʟʘʙʝʟʧʝʯʝʥʘ ʭʚʦʩʪʦʚʠʢʦʤ 7 ʽ 

ʦʙʤʝʞʫʚʘʯʝʤ ʧʽʜʡʦʤʫ 8. 

 
ʈʠʩ.1. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʣʘʧʘʥʥʦʾ ʛʨʫʧʠ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ:  

1 ï ʩʽʜʣʦ; 2 ï ʪʘʨʽʣʢʘ; 3 ï ʢʽʣʴʮʝ ʫʱʽʣʴʥʶʚʘʯʘ; 4 ï ʧʨʠʪʠʩʢʥʘ ʚʪʫʣʢʘ;  5 ï ʫʧʦʨʥʘ ʛʘʡʢʘ; 6 ï ʭʨʝʩʪʦʚʠʥʘ; 7 ï 

ʭʚʦʩʪʦʚʠʢ; 8 ï ʦʙʤʝʞʫʚʘʯ ʧʽʜʡʦʤʫ 
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ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʣʘʧʘʥʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʨʠ ʨʦʙʦʪʽ ʢʣʘʧʘʥʥʦʛʦ ʚʫʟʣʘ ʩʽʜʣʦ 

ʢʣʘʧʘʥʘ ʟʥʦʰʫʻʪʴʩʷ ʤʝʥʰʝ (ʢʽʣʴʮʝ ʫʱʽʣʴʥʶʚʘʯʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʪʘʨʽʣʮʽ ʢʣʘʧʘʥʘ), ʪ. ʷʢ ʩʽʜʣʦ 

ʧʽʜʜʘʻʪʴʩʷ ʢʦʚʟʘʶʯʦʤʫ ʚʧʣʠʚʫ ʩʪʨʫʤʝʥʷ ʨʦʟʯʠʥʫ, ʘ ʪʘʨʽʣʢʘ, ʜʦʜʘʪʢʦʚʦ, ʫʜʘʨʥʠʤ ʚʧʣʠʚʘʤ. ʂʣʘʧʘʥ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʨʦʪʽʢʘʶʯʦʛʦ ʯʝʨʝʟ ʥʴʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʥʘʪʷʛʫ 

ʧʨʫʞʠʥʠ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʘʛʠ ʪʘʨʽʣʢʠ ʽ ʧʨʫʞʠʥʠ. 

ɺʠʜʦʟʤʽʥʝʥʘ ʬʦʨʤʘ ʧʦʩʘʜʦʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘʨʝʣʽ, ʩʽʜʣʘ ʽ ʝʣʝʤʝʥʪʫ ʫʱʽʣʴʥʶʚʘʯʘ (ʨʠʩ. 1 ï 3). 

ʇʦʩʘʜʦʯʥʝ ʛʥʽʟʜʦ ʩʽʜʣʘ ʚ ʬʦʨʤʽ ʢʦʥʫʩʘ, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʮʠʣʽʥʜʨ. ʊʘʢʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʤʝʥʰʠʡ ʟʥʦʩ ʩʽʜʣʘ ʽ ʪʘʨʽʣʢʠ, ʪʦʤʫ ʱʦ ʟʤʝʥʰʝʥʘ ʚʠʩʦʪʘ ʢʦʥʫʩʥʦʩʪʽ ʩʽʜʣʘ. ʊʘʨʽʣʢʘ 

ʤʘʻ ʬʦʨʤʫ ʢʦʥʽʯʥʦʛʦ ʜʠʩʢʘ ʽ ʧʨʠ ʧʦʩʘʜʮʽ ʚʧʠʨʘʻʪʴʩʷ ʥʘ ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʩʪʚʦʨʶʻ ʧʨʠ 

ʮʴʦʤʫ ʤ'ʷʢʫ ʧʦʩʘʜʢʫ, ʪʦʙʪʦ ʫʜʘʨʥʦʾ ʜʽʾ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʂʽʣʴʮʝ ʫʱʽʣʴʥʶʚʘʯʘ ʟʥʽʤʥʝ, ʢʨʫʛʣʦʛʦ 

ʧʝʨʝʨʽʟʫ. ɺʪʫʣʢʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʱʦʜʦ ʦʙʤʝʞʫʚʘʯʘ. 

ʆʙʤʝʞʫʚʘʯ ʟʘʙʝʟʧʝʯʝʥʠʡ ʫʧʦʨʥʦʶ ʛʘʡʢʦʶ.  

ʉʫʪʪʻʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʪʝ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʝʣʝʤʝʥʪʫ 

ʫʱʽʣʴʥʶʚʘʯʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʣʽʧʰʝʥʫ ʧʦʩʘʜʢʫ ʽ ʧʦʜʚʽʡʥʫ ʛʝʨʤʝʪʠʟʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʪʠʩʢʫ ʧʨʠʪʠʩʢʥʦʾ 

ʚʪʫʣʢʠ.  

 
ʘ)                                                                     ʙ) 

ʈʠʩ.2. ʂʦʥʩʪʨʫʢʮʽʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʣʘʧʘʥʥʦʾ ʛʨʫʧʠ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ 

 
ʈʠʩ.3. ʄʦʜʝʨʥʽʟʦʚʘʥʘ ʢʣʘʧʘʥʥʘ ʛʨʫʧʘ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ ʫ ʨʦʟʽʙʨʘʥʦʤʫ ʚʠʛʣʷʜʽ 

 

ɼʘʥʽ ʟʤʽʥʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʣʽʧʰʝʥʫ ʛʝʨʤʝʪʠʟʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʢʽʣʴʮʷ ʽ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʪʠʩʢʫ ʧʨʠʪʠʩʢʥʦʾ ʚʪʫʣʢʠ, ʪʘ ʰʚʠʜʢʝ ʟʙʠʨʘʥʥʷ ʡ 

ʨʦʟʙʠʨʘʥʥʷ. ɿʘʟʥʘʯʝʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʙʫʨʦʚʠʭ ʥʘʩʦʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʣʘʧʘʥʥʦʛʦ ʚʫʟʣʘ. 

ʇʝʨʝʚʘʛʘʤʠ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʧʘʥʘ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ ʻ ʪʝ, ʱʦ ʜʘʥʠʡ ʚʠʜ 

ʫʱʽʣʴʥʝʥʥʷ ʢʣʘʧʘʥʥʦʾ ʛʨʫʧʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ, ʟʘʦʱʘʜʠʪʠ ʚʠʪʨʘʪʠ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ. 
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IMPROVING THE CHARACTERISTICS OF DRILLING PUMPS  

 
Vasyl Savyk, Yuri  Ilyashenko, Maksym Knysh  

 

Abstract. There has been offered the valve design of changed form for landing surfaces. The saddle seat is 

made in the form of cone that turns into the cylinder. This design solution provides the least wearing-out of saddle 

and plate by reducing the obliquity height. The plate shape is made in the form of conical disk and while landing it 

faces the cylindrical surface, which softens the landing and reduces the hit impact. The sealing ring is removable 

and of round cutting. The sleeve has the ability to move in the axial direction relatively to the limiter. The limiter is 

provided with a thrust nut. There have been established the advantages of the modernized valve design for the 

drilling pump, which mean that the proposed sealing type of valve group allows ensuring interchangeability, 

saving material costs and increasing the technical and economic performance for the drilling pump. 

Keywords: the drilling set; the drilling pump; the construction modernization; the valve group of drilling 

pump. 

 

 
ʋɼʂ 621.807.212.7 

ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʦʾ ʩʪʘʥʮʽʾ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟʽ ʟʤʽʥʥʦʶ 

ʜʦʚʞʠʥʦʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʆʣʝʢʩʘʥʜʨ ɻʘʚʨʶʢʦʚ  
ɼʦʥʙʘʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʨʘʤʘʪʦʨʩʴʢ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʇʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʫʥʝʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʽ ʜʣʷ ʚʠʜʘʯʽ ʛʽʨʥʠʯʦʾ ʤʘʩʠ ʟ 

ʟʘʙʦʶ. ʐʚʠʜʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʪʫʥʝʣʶ ʤʦʞʥʘ ʙʫʣʦ ʙʠ ʟʙʽʣʴʰʠʪʠ ʟʘʩʪʦʩʫʚʘʚʰʠ ʩʪʨʽʯʢʦʚʠʡ ʢʦʥʚʝʻʨ 

ʧʨʘʮʶʶʯʠʡ ʧʨʠ ʟʤʽʥʥʽʡ ʜʦʚʞʠʥʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʩʠʩʪʝʤʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʪʷʛʥʝʥʥʷ ʩʪʨʽʯʢʠ ʜʦʟʚʦʣʷʻ ʧʦʜʦʚʞʫʚʘʪʠ ʢʦʥʚʝʻʨ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʽʯʢʦʚʠʤ ʢʦʥʚʝʻʨʦʤ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʩʥʫʶʯʦʶ ʜʦʟʚʦʣʷʻ: ʟʙʽʣʴʰʠʪʠ ʤʘʰʠʥʥʠʡ ʯʘʩ ʧʨʦʭʽʜʥʠʮʴʢʦʛʦ ʢʦʤʙʘʡʥʘ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʢʦʥʚʝʻʨʘ, ʚʠʢʣʶʯʠʪʠ ʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʘʥʮʶʞʢʘ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʯʽ. ʄʽʞ ʪʠʤ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʤʦʞʣʠʚʝ 

ʧʦʨʫʰʝʥʥʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʦʩʽ ʩʪʨʽʯʢʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʽʥʮʝʚʦʛʦ ʙʘʨʘʙʘʥʘ, ʘ ʮʝ ʧʨʦʚʦʢʫʻ ʥʘ ʥʴʦʤʫ ʙʦʢʦʚʠʡ 

ʩʭʽʜ ʩʪʨʽʯʢʠ. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʙʦʢʦʚʦʛʦ ʩʭʦʜʫ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ʟ 

ʥʝʟʥʘʯʥʦʶ ʢʨʠʚʦʣʽʥʽʡʥʽʩʪʶ ʜʦʟʚʦʣʷʻ ʩʧʨʦʝʢʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ 

ʙʘʨʘʙʘʥʽ ʟ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʪʚʽʨʥʦʶ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʪʨʽʯʢʠ ʟ ʙʘʨʘʙʘʥʦʤ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ  ʧʨʦʩʣʠʟʘʥʥʷ   

ʧʨʦʧʦʨʮʽʡʥʝ  ʟʤʽʱʝʥʥʶ  ʩʪʨʽʯʢʠ. ɺ ʨʦʙʦʪʽ, ʜʣʷ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦʛʦ ʚʠʧʘʜʢʫ,  ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ ʙʦʢʦʚʦʛʦ ʩʭʦʜʫ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ʟ ʪʚʽʨʥʦʶ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʙʦʣʠ. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʭʦʜʫ 

ʩʪʨʽʯʢʠ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʙʘʨʘʙʘʥʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʧʦʧʝʨʝʯʥʦʾ ʜʝʬʦʨʤʘʮʽʶ ʩʪʨʽʯʢʠ ʫʟʜʦʚʞ ʦʩʽ ʢʦʥʚʝʻʨʘ 

ʧʽʜ ʯʘʩ ʨʦʟʚʦʨʦʪʫ ʙʘʨʘʙʘʥʘ ʚʽʜʧʦʚʽʜʘʻ ʘʧʝʨʽʦʜʠʯʥʽʡ ʣʘʥʮʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʅʘʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ 

ʟʘʧʘʪʝʥʪʦʚʘʥʦʾ ʢʽʥʮʝʚʦʾ ʩʪʘʥʮʽʾ  ʜʣʷ ʷʢʦʾ  ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ  ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʨʽʯʢʠ 

ʥʘ ʙʘʨʘʙʘʥʽ. ɼʣʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʽʯʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ̔ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʫ ʽ ʩʪʽʡʢʫ ʨʦʙʦʪʫ ʮʝʥʪʨʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʫʜʽʚʥʠʮʪʚʦ ʪʫʥʝʣʽʚ; ʢʦʥʚʝʻʨ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; ʙʦʢʦʚʠʡ ʩʭʽʜ 

ʩʪʨʽʯʢʠ; ʙʘʨʘʙʘʥ ʟ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʪʚʽʨʥʦʶ; ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʨʽʯʢʠ; ʦʧʪʠʤʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ; ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʽ ʩʧʨʦʝʢʪʦʚʘʥʘ ʢʽʥʮʝʚʘ ʩʪʘʥʮʽʷ   

ʇʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʫʥʝʣʽʚ ʜʦʚʦʣʽ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʽ ʜʣʷ ʚʠʜʘʯʽ ʛʽʨʥʠʯʦʾ 

ʤʘʩʠ ʟ ʟʘʙʦʶ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʫʩʪʘʥʦʚʢʠ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ 

ʧʨʦʚʝʜʝʥʽ  ʥʘʡʜʦʚʰʦʛʦ ʚ ʩʚʽʪʽ ɻʦʪʘʨʜʩʢʦʛʦ ʙʘʟʠʩʥʦʛʦ ʪʫʥʝʣʶ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʪʫʥʝʣʶ ʤʦʞʥʘ ʙʫʣʦ ʙʠ ʟʙʽʣʴʰʠʪʠ ʟʘʩʪʦʩʫʚʘʚʰʠ ʩʪʨʽʯʢʦʚʠʡ ʢʦʥʚʝʻʨ ʧʨʘʮʶʶʯʠʡ ʧʨʠ 

ʟʤʽʥʥʽʡ ʜʦʚʞʠʥʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ [1]. ʅʘʷʚʥʽʩʪʴ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʩʠʩʪʝʤʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʪʷʛʥʝʥʥʷ ʩʪʨʽʯʢʠ ʜʦʟʚʦʣʷʻ ʧʦʜʦʚʞʫʚʘʪʠ ʢʦʥʚʝʻʨ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ 

[2, 3].  



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʚʝʻʨʘ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ ʨʠʩ.1,ʘ, 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʦʶ ʨʠʩ.1,ʙ, ʜʦʟʚʦʣʷʻ: ʟʙʽʣʴʰʠʪʠ ʤʘʰʠʥʥʠʡ ʯʘʩ ʧʨʦʭʽʜʥʠʮʴʢʦʛʦ ʢʦʤʙʘʡʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʢʦʥʚʝʻʨʘ, ʚʠʢʣʶʯʠʪʠ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʯʽ [2, 3]. 

ʘ)   

ʙ)    
ʈʠʩ. 1.  ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʙʫʜʽʚʥʠʮʪʚʘ ʪʫʥʝʣʶ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟʽ 

ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (ʘ) ʽ  ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ (ʙ) 

ʄʽʞ ʪʠʤ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʤʦʞʣʠʚʝ ʧʦʨʫʰʝʥʥʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʦʩʽ ʩʪʨʽʯʢʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʽʥʮʝʚʦʛʦ ʙʘʨʘʙʘʥʘ.  

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʦʩʽ ʥʘʙʽʛʘʶʯʦʾ ʩʪʨʽʯʢʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʙʘʨʘʙʘʥʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʦʢʦʚʠʡ ʩʭʽʜ ʩʪʨʽʯʢʠ [3], ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ. ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ 

ʙʦʢʦʚʠʡ  ʩʭʽʜ ʩʪʨʽʯʢʠ ʙʫʜʝ ʤʝʥʰʝ, ʷʢʱʦ ʙʘʨʘʙʘʥ ʤʘʻ ʢʨʠʚʦʣʽʥʽʡʥʫ ʪʚʽʨʥʫ [5]. 

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʙʦʢʦʚʦʛʦ ʩʭʦʜʫ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ʟ 

ʥʝʟʥʘʯʥʦʶ ʢʨʠʚʦʣʽʥʽʡʥʽʩʪʶ ʜʦʟʚʦʣʷʻ ʩʧʨʦʝʢʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ 

ʙʘʨʘʙʘʥʽ ʷʢʘ ʤʘʣʘ ʙʠ  ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʩʣʠʟʘʥʴ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʜʦʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʪʨʽʯʢʠ ʟ ʙʘʨʘʙʘʥʦʤ ʙʘʨ. ʩ-t  ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʟʚʦʨʦʪʫ, ʧʨʠ ʮʴʦʤʫ ʜʦʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʪʨʽʯʢʠ ʟ ʙʘʨʘʙʘʥʦʤ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ  ʧʨʦʩʣʠʟʘʥʥʷ 

ʙʘʨ. ʩQ -  ʧʨʦʧʦʨʮʽʡʥʝ  ʟʤʽʱʝʥʥʶ lD ʩʪʨʽʯʢʠ [3]:   

ʙʘʨ. ʩ ʙʘʨ. ʩ lQ - -=-t ÖD, ʅ/ʤ.                                                                  (1) 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʙʦʢʦʚʦʛʦ ʩʭʦʜʫ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ʟ ʢʨʠʚʦʣʽʥʽʡʥʦʶ 

ʪʚʽʨʥʦʶ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʙʦʣʠ, ʜʣʷ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦʛʦ ʚʠʧʘʜʢʫ ʧʨʠ ʜʦʚʞʠʥʽ ʢʦʥʪʘʢʪʫ Kl  > 20·30 

ʩʤ ʩʪʨʽʯʢʠ ʟ ʙʘʨʘʙʘʥʦʤ, ʚ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʟʘʣʝʞʥʦʩʪʽ [3]:  

                                1

ʧʘʨʘʙ.

ʙ.ʩʭ c ʢʨʠʚʦʣ.V V / K¡¡=- Ög , ʤ/ʩ,                                                              (2) 

ʜʝ  Vc - h ʚʠʜʢʽʩʪʴ ʭʦʜʫ ʩʪʨʽʯʢʠ, ʤ/ʩ; 1g - ʢʫʪ ʥʘʙʽʛʘʥʥʷ  ʩʪʨʽʯʢʠ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʙʘʨʘʙʘʥ; 
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æ ö æ ö+
ç ÷ ç ÷

 - ʢʦʝʬʽʮʽʻʥʪ ʢʨʠʚʦʣʽʥʽʡʥʦʩʪʽ ʙʘʨʘʙʘʥʘ 

ʟ ʪʚʽʨʥʦʶ ʫ ʚʠʛʣʷʜʽ ʝʣʽʧʩʘ; .ʧʘʨʘʙp - ʧʘʨʘʤʝʪʨ ʧʘʨʘʙʦʣʠ (ʚʽʜʩʪʘʥʴ ʚʽʜ ʬʦʢʫʩʫ ʜʦ ʜʠʨʝʢʪʨʠʩʠ 

ʧʘʨʘʙʦʣʠ), ʤ; .ʙʘʨL - ʜʦʚʞʠʥʘ ʙʘʨʘʙʘʥʫ. 

ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʭʦʜʫ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʾʾ ʨʫʭʫ ʥʘ ʙʘʨʘʙʘʥʽ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ  ʧʦʧʝʨʝʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʽʯʢʠ, ʱʦ ʥʘʙʽʛʘʻ ʥʘ ʙʘʨʘʙʘʥ 

(ʨʠʩ.2) [3]. 

 
˾͙ͫΦ 2.   ˿ ͻ͔ͣ͊ ͔͔ͨͦͨͪ;͎ͤͦͦ ͣ͘͜΅͔ͤͤΎ ͫͭͪ͜;͙͟ ͤ͊ ͋͊ͪ͊͋͊ͤ͜Υ  

 1 - ͨ ͔ͦͦ͗ͤͤ͡Ύ ͫͭͪ͜;͙͟ ͍ ͔͔ͨͪͻ͒ͤͦͣͯ͜ ͔͙ͪ͗ͣ͜Τ н - ͨ ͔ͦͦ͗ͤͤ͡Ύ ͫͭͪ͜;͙͟ ͍ ͫͭ͊ͼͦͤ͊ͪͤͦͣͯ͜ ͔͙ͪ͗ͣ͜ 

Õ)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝßãáÖÕÞâã×ðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåÕÙÝëÝãââãØãàÚâçãìâãØãßãâ×ÚÞÚåÕ

×)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝÖèåã×Üåð×âðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåÕÙÝëÝãââãØãàÚâçãìâãØãßãâ×ÚÞÚåÕ

Ö)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝßãáÖÕÞâã×ðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåèÖìÕçãØãàÚâçãìâãØãßãâ×ÚÞÚåÕåÕÖãçÕóîÚØãäåÝÝÜáÚâôóîÚÞæôÙàÝâÚ

Ø)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝÖèåã×Üåð×âðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåèÖìÕçãØãàÚâçãìâãØãßãâ×ÚÞÚåÕåÕÖãçÕóîÚØãäåÝÝÜáÚâôóîÚÞæôÙàÝâÚ

Õ)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝßãáÖÕÞâã×ðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåÕÙÝëÝãââãØãàÚâçãìâãØãßãâ×ÚÞÚåÕ

×)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝÖèåã×Üåð×âðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåÕÙÝëÝãââãØãàÚâçãìâãØãßãâ×ÚÞÚåÕ

Ö)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝßãáÖÕÞâã×ðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåèÖìÕçãØãàÚâçãìâãØãßãâ×ÚÞÚåÕåÕÖãçÕóîÚØãäåÝÝÜáÚâôóîÚÞæôÙàÝâÚ

Ø)ÄåÝäåã×ÚÙÚâÝÝ×ðåÕÖãçßÝÖèåã×Üåð×âðáæäãæãÖãáæÝæäãàñÜã×ÕâÝÚáçåèÖìÕçãØãàÚâçãìâãØãßãâ×ÚÞÚåÕåÕÖãçÕóîÚØãäåÝÝÜáÚâôóîÚÞæôÙàÝâÚ
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʷʢʘ ʦʧʠʩʫʻ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʭʦʜʫ ʩʪʨʽʯʢʠ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ 

ʙʘʨʘʙʘʥʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʧʦʧʝʨʝʯʥʦʾ ʜʝʬʦʨʤʘʮʽʶ ʩʪʨʽʯʢʠ ʫʟʜʦʚʞ ʦʩʽ ʢʦʥʚʝʻʨʘ ʧʽʜ ʯʘʩ ʨʦʟʚʦʨʦʪʫ 

ʙʘʨʘʙʘʥʘ ʚʽʜʧʦʚʽʜʘʻ ʘʧʝʨʽʦʜʠʯʥʽʡ ʣʘʥʮʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ [3]:  

( )0 01ʧʘʨʘʙ.

ʧʦʚ.T y Kl+ = a                                                            (3) 

ʜʝ ( )( )0 1ʧʘʨʘʙ. ʧʘʨʘʙ.

ʩ ʢʨʠʚʦʣ. c ʪ.ʢ. ʩT S K / q g c V= + Ö Ö Ö - ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʦʙ'ʻʢʪʫ ʨʝʛʫʣʶʚʘʥʥʷ (ʩʪʨʽʯʢʠ), c; 

( )o ʩ c ʪ.ʢ.K S / q g c= Ö Ö   - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʢʫʪʫ ʧʦʚʦʨʦʪʫ ʙʘʨʘʙʘʥʘ, ʤ; 
cq
 
ï  ʧʦʛʦʥʥʘ ʤʘʩʘ 

ʩʪʨʽʯʢʠ, ʢʛ/ʤ; ʪ.ʢ.c - ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ ʛʨʘʬʽʢʘ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚʽʜ 

ʢʦʚʟʘʥʥʷ; ʧʦʚ.a - ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʩʪʨʽʯʢʠ. ʱʦ ʥʘʙʽʛʘʻ ʥʘ ʙʘʨʘʙʘʥ ʽ ʧʦʜʦʚʞʥʴʦʶ ʚʽʩʩʶ ʩʪʨʽʯʢʠ ʫʟʜʦʚʞ 

ʢʦʥʚʝʻʨʘ; g - ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʤ/ʩ
2
; ʩS - ʥʘʪʷʛʥʝʥʥʷ ʩʪʨʽʯʢʠ ʚ ʪʦʯʮʽ ʥʘʙʽʛʘʥʥʷ ʥʘ 

ʙʘʨʘʙʘʥ, ʅ.  

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʽ ʩʧʨʦʝʢʪʦʚʘʥʘ ʢʽʥʮʝʚʘ 

ʩʪʘʥʮʽʷ ʟ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ( ʨʠʩ.3) [6]. ʅʘ ʨʠʩʫʥʢʫ 4 

ʥʘʚʝʜʝʥʘ ʧʨʠʥʮʠʧʦʚʘ  ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ. 

             
ʈʠʩ. 3.  ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʽʥʮʝʚʦʾ ʩʪʘʥʮʽʾ ʟ ʩʠʩʪʝʤʦʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ 

ʙʘʨʘʙʘʥʽ 

 
ʈʠʩ. 4.   ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ: 1- ʩʪʨʽʯʢʘ, 2 - ʙʘʨʘʙʘʥ, 3 - 

ʛʽʜʨʦʮʠʣʽʥʜʨ, 4 - ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʩʪʨʽʯʢʠ, 5 - ʚʘʞʽʣʴʥʘ ʩʠʩʪʝʤʘ, 6 - ʪʨʠʧʦʟʠʮʽʡʥʠʡ ʟʦʣʦʪʥʠʢʦʚʠʡ 

ʨʦʟʧʦʜʽʣʴʥʠʢ,  7 - ʨʝʛʫʣʶʚʘʣʴʥʠʢ ʧʦʪʦʢʫ, 8 - ʛʽʜʨʦʟʘʤʦʢ.   

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ (ʟʘʛʘʩʘʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʘ 1 ʧʝʨʽʦʜ (hʟʘʛʘʩ. = 90 %)  ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʽ [3]: 

 03 2 ʧʘʨʘʙ.

ʩʠʩʪ.K , /ʊ¢                                                                 (4) 

ʜʝ  Kʩʠʩʪ. = K0 
 .

K1
.
K2/Tc.ʤ..- ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʨʦʟʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 

-1
; K1 - 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦʩʪʫʧʘʣʴʥʦʾ ʭʦʜʠ ʰʪʦʢʘ ʧʦʨʰʥʷ ʩʝʨʚʦʤʦʪʦʨʘ ʚ ʢʫʪ ʧʦʚʦʨʦʪʫ ʙʘʨʘʙʘʥʘ; K2 - 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʚʘʞʽʣʴʥʦʾ ʩʠʩʪʝʤʠ 5; Tc.ʤ..- ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʩʝʨʚʦʤʦʪʦʨʘ.                                   

µ-µ
µ

µ

µ-µ
µ

µ
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ɺʨʘʭʦʚʫʶʯʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʘ ʚʠʪʨʘʪʘ ʤʘʩʣʘ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ (ʨʠʩ. 6), ʧʨʠ ʷʢʽʡ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʷʢʽʩʥʘ ʽ ʩʪʽʡʢʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ [3]:   

 
( )

( ) ( )
1 22 3 3

1 11

2 1 11

1 6

1

/

ʙʘʨ.

ʟʦʣ. ʦʩʠ ʩ ʩ ʪ.ʢ.
ʩ.ʤ. ʧʘʨʘʙ.

ʩ ʢʨʠʚʦʣ.

F F, z L V q c
Q

K F FS K

è øè ø +D Ö é ùé ù¢
é ù++é ùê úê ú

 ʤ
3
/ʩ                            (5) 

ʜʝ F1 - ʧʣʦʱʘ ʧʦʨʰʥʷ ʩʝʨʚʦʤʦʪʦʨʘ, ʤ
2
; F11 - ʧʣʦʱʘ ʧʦʨʰʥʷ ʙʝʟ ʧʣʦʱʽ ʰʪʦʢʘ ʩʝʨʚʦʤʦʪʦʨʘ, ʤ

2
; ʟʦʣ.zD

- ʚʝʣʠʯʠʥʘ ʚʽʜʢʨʠʪʪʷ ʟʦʣʦʪʥʠʢʦʚʠʭ ʚʽʢʦʥ ʨʦʟʧʦʜʽʣʴʥʠʢʘ 6.  

ʆʩʪʘʥʥʷ ʟʘʣʝʞʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʤʘʩʣʦʥʘʩʦʩʦʤ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʥʮʽʾ 

ʢʦʥʚʝʻʨʘ. 
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RESEARCH ON THE ESTABLISHMENT OF THE END STATION OF A VARIABLE 

CONVEYOR WITH VARIABLE TRANSPORT LENGTH  
 

Olexandr Gavryukov  

 

Abstract. In the construction of tunnels, belt conveyors are used to dispense rock mass from the face. The 

speed of the tunnel could be increased by using a belt conveyor operating at variable transport lengths. The 

presence of a telescopic device with an automatic belt tension control system allows you to extend the conveyor 

during its operation. The use of a belt conveyor with a variable length of transportation, in comparison with the 

existing one allows: to increase the machine time of the tunnel combine by reducing technological operations 

related to the extension of the conveyor, to exclude reloaders from the transport chain. Meanwhile, when changing 

the length of the conveyor belt conveyor may violate the perpendicularity of the belt axis relative to the axis of the 

end drum, and this provokes the lateral rise of the belt. The development of a mathematical model of the transition 

process of the lateral rise of the tape on the drum with a slight curvature allows you to design a system of 

automatic centering of the tape on the drum with a curvilinear generator with optimal parameters. It is established 

that the tangential load of the interaction of the tape with the drum in the transverse direction in the absence of 

slippage is proportional to the displacement of the tape. In the work, for a practically important case, the 

dependence of the speed of lateral rise of the tape on the drum with the generator in the form of a parabola. The 

transient process of belt descent on a curved drum, taking into account the transverse deformation of the tape 

along the axis of the conveyor during the rotation of the drum corresponds to the aperiodic link of the first order. 

The constructive scheme of the patented end station for which the system of automatic centering of a tape on a 

drum has been developed is resulted. For the system of automatic adjustment of a tape optimum parameters which 

provide qualitative and steady work of centering are established. 

Keywords: construction of tunnels; conveyor with variable length of transportation; side rise of the tape; 

drum with a curvilinear generator; automatic tape centering system; optimal parameters; patented and designed 

terminal station. 
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ɼʠʥʘʤʽʢʘ  ʚʽʙʨʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʶʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ  ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ 

ʄʠʢʦʣʘ ʗʨʦʰʝʚʠʯ, ʊʝʪʷʥʘ ʗʨʦʰʝʚʠʯ, ɺʽʢʪʦʨ ʊʠʤʦʱʫʢ  
ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʃʫʮʴʢ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʽ ʨʝʞʠʤʠ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʟ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ (ʙʣʠʟʴʢʘ) ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ ʦʩʽ. ʅʘʚʦʜʠʪʴʩʷ ʧʦʷʩʥʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʟʘʭʦʧʣʶʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ; ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʚʽʙʨʘʮʽʷ çʥʘʤʘʛʘʻʪʴʩʷ 

ʥʘʚ'ʷʟʘʪʠè ʯʘʩʪʦʪʫ ʩʚʦʾʭ ʢʦʣʠʚʘʥʴ ʨʦʪʦʨʫ, ʱʦ ʾʾ ʚʧʣʠʚ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ 

ʩʪʘʻ ʮʽʣʢʦʤ ʦʜʥʦʟʥʘʯʥʠʤ ï ʣʠʰʝ ʛʘʣʴʤʽʚʥʠʤ ʘʙʦ ʣʠʰʝ ʦʙʝʨʪʘʣʴʥʠʤ. ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʧʽʨ ʦʙʝʨʪʘʥʥʶ 

ʦʙʫʤʦʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʪʝʨʪʷʤ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ, ʦʪʨʠʤʘʥʦ ʧʨʦʩʪʫ ʫʤʦʚʫ 

ʽʩʥʫʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʝʞʠʤʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʦʨʽʚʥʷʥʦ ʧʦʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ ʽʟ ʟʥʘʯʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ 

ʘʤʧʣʽʪʫʜʘʤʠ. ɸʥʘʣʽʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʯʠʩʝʣʴʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʷʚʠʱʘ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʟʘʭʦʧʣʶʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʚʽʙʨʘʮʽʻʶ ʡʦʛʦ ʦʩʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʡ ʨʦʪʦʨ; ʢʦʣʠʚʘʥʥʷ ʦʩʽ; ʚʧʣʠʚ ʚʽʙʨʘʮʽʾ; ʚʽʙʨʘʮʽʡʥʠʡ ʤʦʤʝʥʪ; ʚʽʙʨʘʮʽʡʥʝ 

ʟʘʭʦʧʣʶʚʘʥʥʷ  

ɺʩʪʫʧ. ɺʽʙʨʘʮʽʷ ʦʩʽ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʟ ʜʝʷʢʦʶ ʯʘʩʪʦʪʦʶ w ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ 

ʩʪʽʡʢʝ ʦʙʝʨʪʘʥʥʷ ʟ ʮʽʻʶ (ʘʙʦ ʢʨʘʪʥʦʶ ʜʦ ʥʝʾ) ʯʘʩʪʦʪʦʶ, ʧʨʠ ʪʦʤʫ, ʱʦ ʜʦ ʧʦʷʚʠ ʚʽʙʨʘʮʽʾ ʨʦʪʦʨ 

ʦʙʝʨʪʘʚʩʷ ʟ ʽʥʰʦʶ ʯʘʩʪʦʪʦʶ. ɽʬʝʢʪ ʚʽʙʨʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ 

ʟʥʘʡʰʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʠʟʢʠ ʚʽʙʨʦʤʘʰʠʥ. ɿʦʢʨʝʤʘ, ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʚʽʙʨʘʮʽʡʥʠʭ ʛʨʦʭʦʪʘʭ, ʤʣʠʥʘʭ ʪʘ ʞʠʚʠʣʴʥʠʢʘʭ [1]. ɺʽʜʦʤʦ ʪʘʢʦʞ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʚʽʙʨʦʤʘʰʠʥʘʭ ʟ ʽʥʝʨʮʽʡʥʠʤʠ ʟʙʫʜʥʠʢʘʤʠ, ʱʦ ʩʘʤʦʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ. ʂʨʽʤ ʮʴʦʛʦ, ʝʬʝʢʪ ʚʽʙʨʘʮʽʡʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʠʩʪʨʦʷʭ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʤʦʨʩʴʢʠʭ ʭʚʠʣʴ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʘʥʘ ʟʘʜʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʝʷʢʠʤʠ ʘʚʪʦʨʘʤʠ ʚ ʷʢʦʩʪʽ 

ʤʦʜʝʣʴʥʦʾ ʧʨʠ ʘʥʘʣʽʟʽ ʜʠʥʘʤʽʢʠ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʾ. ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʶʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʙʨʘʮʽʾ ʦʩʽ ʩʪʘʥʦʚʠʪʴ 

ʘʢʪʫʘʣʴʥʫ ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ ʚʽʙʨʦʪʝʭʥʽʢʠ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ  ʟ ʜʠʥʘʤʽʢʠ ʚʽʙʨʦʤʘʰʠʥ ʟ ʜʝʙʘʣʘʥʩʥʠʤ  ʧʨʠʚʦʜʦʤ. ɸʥʘʣʽʟ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʷʚʠʱʘ  ʚʽʙʨʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʦʙʝʨʪʘʥʥʷ 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʙʨʘʮʽʾ ʦʩʽ ʚʠʢʣʘʜʝʥʦ, ʟʦʢʨʝʤʘ, ʚ ʤʦʥʦʛʨʘʬʽʾ [1]. ʋ [1] 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʝʭʘʥʽʢʠ ʚʜʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦ 

ʟôʷʩʦʚʫʚʘʪʠ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜ ʜʽʻʶ  ʚʽʙʨʘʮʽʾ; 

ʦʪʨʠʤʘʥʦ ʫʤʦʚʫ ʽʩʥʫʚʘʥʥʷ ʪʘ ʩʪʽʡʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʨʝʞʠʤʫ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʜʣʷ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʧʣʦʩʢʠʭ ʢʦʣʠʚʘʥʴ ʡʦʛʦ ʦʩʽ; ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʢʠ ʧʨʠʚʦʜʘ ʨʦʪʦʨʘ ʚʽʜ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʷʢ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʘʢ ʽ ʩʠʥʭʨʦʥʥʦʛʦ ʪʠʧʫ; ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʤʦʞʝ 

ʧʝʨʝʜʘʚʘʪʠ ʚʽʙʨʘʮʽʷ ʥʘ ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʡ ʨʦʪʦʨ, ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ; ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ 

ʥʘ ʤʘʷʪʥʠʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʧʦʙʣʠʟʫ ʩʪʽʡʢʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ 

ʦʙʝʨʪʘʥʥʷ. ʆʩʥʦʚʥʽ ʢʨʘʪʥʽ ʨʝʞʠʤʠ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʾ ʦʩʽ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʩʪʘʪʪʽ [2].  ɺʦʜʥʦʯʘʩ ʤʝʭʘʥʽʟʤ ʷʚʠʱʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʶʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʨʦʧʦʥʦʚʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʜʦʚʞʝʥʥʶ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʫ ʚʽʙʨʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ 

ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ, ʥʘʚʝʜʝʥʠʭ ʫ ʤʦʥʦʛʨʘʬʽʾ [1] ʪʘ ʫ ʩʪʘʪʪʽ [2] . 

ʆʧʠʩ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʽʚʥʷʥʥʷ ʨʫʭʫ. ʈʦʟʛʣʷʥʫʪʦ ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʡ ʨʦʪʦʨ 

(ʜʝʙʘʣʘʥʩʥʠʡ ʚʽʙʨʦʟʙʫʜʥʠʢ), ʚʽʩʴ ʧʽʜʚʽʩʫ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻ ʟʘʜʘʥʽ ʚʝʨʪʠʢʘʣʴʥʽ ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ 

ʟʘ ʟʘʢʦʥʦʤ cosy A tw= , ʜʝ  ,Aw ï  ʘʤʧʣʽʪʫʜʘ ʪʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʦʩʽ (ʨʠʩ. 1). ʈʽʚʥʷʥʥʷ ʨʫʭʫ 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʟ ʚʽʙʨʫʶʯʦʶ ʚʽʩʩʶ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ 

                                      () () 2( cos cos cos )I L R m A t gj j j e w j w j= - - - ,                               (1) 

ʜʝ I  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ; j- ʢʫʪ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ, ʷʢʠʡ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘ ʭʦʜʦʤ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ; ()L j  ï ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; ()R jï ʤʦʤʝʥʪ ʩʠʣ 

ʦʧʦʨʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ; ,me ï ʤʘʩʘ ʽ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʨʦʪʦʨʘ; g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ.  
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ɺʚʘʞʘʻʤʦ, ʱʦ ʤʦʤʝʥʪ ʦʧʦʨʫ ()R j  ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʦʧʽʨ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʨʦʪʦʨʘ, ʪʘʢ ʽ 

ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʨʦʪʦʨ ʧʨʠʚʦʜʠʪʴʩʷ ʫ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʠʧʫ. 

 
ʈʠʩ. 1. ʅʝʟʨʽʚʥʦʚʘʞʝʥʠʡ ʨʦʪʦʨ ʟ ʚʽʙʨʫʶʯʦʶ ʚʽʩʩʶ 

ʈʽʚʥʷʥʥʷ ʧʦʚʽʣʴʥʠʭ ʨʫʭʽʚ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʠʡ ʨʝʞʠʤ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʪʦʙʪʦ, ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʟ ʩʝʨʝʜʥʴʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 
cʨj , ʷʢʘ 

ʜʦʨʽʚʥʶʻ (ʙʣʠʟʴʢʘ) ʜʦ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʦʩʽ ʨʦʪʦʨʘ w. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʨʫʭʽʚ, ʨʽʚʥʷʥʥʷ ʧʦʚʽʣʴʥʠʭ ʽ ʰʚʠʜʢʠʭ ʨʫʭʽʚ ʥʝʟʨʽʚʥʦʚʘʞʝʥʥʦʛʦ ʨʦʪʦʨʘ ʦʪʨʠʤʫʻʤʦ  ʫ ʚʠʛʣʷʜʽ [1] 

                                                 () () ( )I k L R Va a m w w w+ = - +è øê ú,                                               (2) 

                                         2( cos cos cos ) ( )I k m A t g Vy y m e w j w j wè ø+ = - -ê ú,                            (3) 

ʜʝ 1 2k k k= + - ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ; 0m> - ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ; 

2( ) ( cos cos cos )V m A t gw e w j w j=- - . 

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʨʽʚʥʷʥʥʷ (3) ʧʨʦʚʝʜʝʥʘ ʣʽʥʝʘʨʠʟʘʮʽʷ ʤʦʤʝʥʪʽʚ  () 1( ) ( )L L kj w j w= - -, 

() 2( ) ( )R R kj w j w= + - ʧʦʙʣʠʟʫ ʯʘʩʪʦʪʠ j w= , ʜʝ ()1 ( ) 0k dL d j wj j==- >, 

()2 ( ) 0k dR d j wj j== > [1]. ʋ ʨʽʚʥʷʥʥʽ (3) ʦʩʪʘʥʥʽʡ ʜʦʜʘʪʦʢ ( )V w  ʻ, ʪʘʢ ʟʚʘʥʠʤ, ʚʽʙʨʘʮʽʡʥʠʤ 

ʤʦʤʝʥʪʦʤ [1, 3] ï ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʡ ʜʽʻ ʥʘ 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʡ ʨʦʪʦʨ ʫʥʘʩʣʽʜʦʢ ʢʦʣʠʚʘʥʴ ʦʩʽ. 

ʌʦʨʤʫʣʫ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʦ ʫ ʚʠʛʣʷʜʽ: max( ) cosV Vw a=- ,  ʜʝ 
2

max
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m A
V

ew
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ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ (ʤʦʜʫʣʴ) ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ. 

ʋ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ w ʪʘ j  ʥʝ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ 

ʦʜʥʦʾ, ʫʤʦʚʫ ʽʩʥʫʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ  ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ  ʟ ʯʘʩʪʦʪʦʶ 

ʚʽʙʨʘʮʽʾ ʦʩʽ ʧʦʜʘʥʦ ʫ ʬʦʨʤʽ 0

max

( )
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k

V

w w-
¢, ʜʝ 0w - ʰʚʠʜʢʽʩʪʴ ʫʩʪʘʣʝʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʣʠʚʘʥʴ ʦʩʽ (ʪʘʢ ʟʚʘʥʘ, ʧʘʨʮʽʘʣʴʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʪʦʨʘ [1]).  ɼʣʷ ʧʨʘʢʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ, ʫ ʷʢʠʭ ʤʦʤʝʥʪ ʦʧʦʨʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʦʙʫʤʦʚʣʝʥʦ ʣʠʰʝ ʦʧʦʨʦʤ ʫ 

ʧʽʜʰʠʧʥʠʢʘʭ, ʫʤʦʚʽ ʤʦʞʥʘ ʥʘʜʘʪʠ ʙʽʣʴʰ ʧʨʘʢʪʠʯʥʦ ʮʽʢʘʚʦʛʦ ʚʠʛʣʷʜʫ: 
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ʜʝ ,n nL w - ʥʦʤʽʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽ ʥʦʤʽʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; cw - ʩʠʥʭʨʦʥʥʘ 

ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ.  

ʅʝʨʽʚʥʽʩʪʴ (4) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʛʨʫʙʦʾ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʭʦʧʣʶʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʚʽʙʨʘʮʽʻʶ ʡʦʛʦ ʦʩʽ. ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3) ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʩʪʽ 

a ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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ʈʽʚʥʷʥʥʷ (3) ʪʘ ʨʦʟʚôʷʟʦʢ (5) ʦʧʠʩʫʶʪʴ ʧʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ 

ʦʙʝʨʪʘʥʥʷ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ; ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ 

T I k= , ʪʘʢ ʟʚʘʥʦʶ, ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ ʤʘʰʠʥʥʦʛʦ ʘʛʨʝʛʘʪʫ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʜʽʷ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʽʡʢʦʛʦ ʟʩʫʚʫ ʤʽʞ 

ʬʘʟʘʤʠ ʢʦʣʠʚʘʣʴʥʦʛʦ ʪʘ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʽʚ ʨʦʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʜʽʾ ʚʽʙʨʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʝʣʠʯʠʥʦʶ ʟʩʫʚʫ ʬʘʟ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʽʞ ʢʦʣʠʚʘʣʴʥʠʤ ʽ 

ʦʙʝʨʪʘʣʴʥʠʤ ʨʫʭʘʤʠ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ɽʬʝʢʪ ʚʽʙʨʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ 

ʨʦʪʦʨʘ ʜʦʙʨʝ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʦʪʨʠʤʘʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʟʥʘʯʠʤʦ, 

ʱʦ ʥʘ ʨʠʩ. 2 ʫ ʤʦʤʝʥʪ ʯʘʩʫ 1,2t c= , ʚʽʩʴ ʨʦʪʦʨʘ ʧʦʯʠʥʘʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʣʠʚʘʥʥʷ.  ʗʢ ʙʘʯʠʤʦ ʟ 

ʨʠʩ. 2, ʧʽʩʣʷ ʥʝʪʨʠʚʘʣʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ (1t cº ) ʯʘʩʪʦʪʘ 0w  ʩʪʘʻ ʨʽʚʥʦʶ ʯʘʩʪʦʪʽ ʚʽʙʨʘʮʽʾ w 

(ʥʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʜʚʘ ʚʠʧʘʜʢʠ: 1-ʡ ï 1154cw -= ; 2-ʡ ï 1144cw -= ; ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʨʷʤʘ - 
1

0 149cw -º ).  

    ʘ)         ʙ)  

 
ʈʠʩ. 2. ɿʤʽʥʠ ʫ ʯʘʩʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʘ) ʟ ʤʦʤʝʥʪʫ ʧʫʩʢʫ; 

ʙ) ʟ ʧʦʯʘʪʢʫ ʜʽʾ ʚʽʙʨʘʮʽʾ: 1-
1154cw -= ; 2- 1136sw -=  

ʈʽʚʥʷʥʥʷ ʰʚʠʜʢʠʭ ʨʫʭʽʚ. ʈʽʚʥʷʥʥʷ (3) ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ʢʦʣʠʚʥʦʛʦ ʪʠʧʫ: 
 

                                                                              
22 cos2xb p ʌ ty yy y y w+ + = ,                                                    (6) 

 

ʜʝ 2b k Iy= ; 
2p c Iy y= ; 

maxsinc Vy a=- ; maxʭʌ V I=- .          

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ A e<  (ʷʢʘ ʻ ʜʦʩʠʪʴ çʤôʷʢʦʶè), ʯʘʩʪʦʪʘ py  ʙʫʜʝ ʽʩʪʦʪʥʦ 

ʤʝʥʰʦʶ ʟʘ ʯʘʩʪʦʪʫ ʚʽʙʨʘʮʽʾ w (ʚ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ 125p sy

-º ). ʆʪʞʝ, ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ  ʨʦʪʦʨʘ, ʙʫʜʝ ʤʘʪʠ 

ʤʽʩʮʝ ʷʚʥʦ ʚʠʨʘʞʝʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ ʪʘ ʚʽʜʥʦʩʥʦ 

ʧʦʚʽʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ. ɿʙʫʜʞʝʥʥʷ ʧʦʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʰʚʠʜʢʦʩʪʽ 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʟ ʚʽʙʨʫʶʯʦʶ ʚʽʩʩʶ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʡʦʛʦ ʨʫʭʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʛʘʣʴʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ [1, 4]. 

1 ɺʠʩʥʦʚʢʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʙʨʘʮʽʷ ʦʩʽ 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʘʙʦ ʛʘʣʴʤʫʻ, ʘʙʦ ʧʨʠʩʢʦʨʶʻ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʟʘ ʜʦʚʽʣʴʥʠʤ ʟʘʢʦʥʦʤ. ʋ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʦʙʝʨʪʘʥʥʷ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ, ʚʧʣʠʚ 

ʚʽʙʨʘʮʽʾ (ʦʮʽʥʶʻʪʴʩʷ ʚʽʙʨʘʮʽʡʥʠʤ ʤʦʤʝʥʪʦʤ) ʩʪʘʻ ʮʽʣʢʦʤ ʧʝʚʥʠʤ: ʛʘʣʴʤʽʚʥʠʤ ʯʠ ʦʙʝʨʪʘʣʴʥʠʤ. 

ʗʢʱʦ ʯʘʩʪʦʪʘ ʚʽʙʨʘʮʽʾ ʙʽʣʴʰʝ ʟʘ ʧʘʨʮʽʘʣʴʥʫ ʯʘʩʪʦʪʫ ʨʦʪʦʨʘ, ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʚʽʙʨʘʮʽʡʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʝʨʪʘʥʥʷ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʛʦ ʨʦʪʦʨʘ ʽ, ʥʘʚʧʘʢʠ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 0w w>  ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʚʽʙʨʘʮʽʡʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ʍʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʚʽʙʨʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʟʩʫʚʦʤ ʬʘʟ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʽʞ  ʦʙʝʨʪʘʣʴʥʠʤ ʽ ʢʦʣʠʚʘʣʴʥʠʤ ʨʫʭʘʤʠ. ʆʪʨʠʤʘʥʽ 
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ʚʽʙʨʘʮʽʡʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 
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DYNAMICS OF VIBRAT ION CAPTURE OF ROTATION OF UNBALANCED ROTOR  
 

Mikola P. Yaroshevich, Tetjana S. Yaroshevych, Victor M. Tymoshook  

 

Abstract. Stationary modes of rotation of an unbalanced rotor with an angular velocity equal to (close to) the 

oscillation frequency of the axis are considered. An explanation of the mechanism of vibration capture of rotation 

of the unbalanced rotor is given; it is shown that vibration "tries to impose" the frequency of its oscillations to the 

rotor, that its influence after the establishment of a stationary mode of motion becomes quite unambiguous - only 

braking or only rotational. For the case when the resistance to rotation is mainly caused by friction in the bearings 

of unbalanced rotor, a simple condition for existence of a stationary rotor rotation mode is obtained. It is shown 

that during the establishment of the stationary mode, relatively slow oscillations of the rotor speed with significant 

initial amplitudes can occur. Analytical results are confirmed by numerical simulations of the phenomenon of 

vibration capture of an unbalanced rotor rotation by vibration of its axis. 

Keywords: unbalanced rotor; axis oscillation; vibration influence; vibration moment; vibrational captur 

 

 
ʋɼʂ 621.3.011 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʽ ʝʥʝʨʛʦʦʱʘʜʥʦʾ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʦʪʫʘʨʥʠʭ ʧʣʠʪ 

ɸʥʜʨʽʡ ɹʦʥʜʘʨʝʥʢʦ  
ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʨʦʪʫʘʨʥʠʭ ʧʣʠʪ. ɿʜʽʡʩʥʝʥʦ 

ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʚʽʙʨʦʫʩʪʘʥʦʚʦʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʚʠʨʦʙʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ . ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ ʩʫʪʪʻʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʯʠʩʣʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʢʨʠʪʝʨʽʾʚ, ʱʦ  ʻ ʩʚʽʜʯʝʥʥʷʤ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ. ʊʘʢʦʞ 

ʦʯʝʚʠʜʥʦʶ ʧʨʠʯʠʥʦʶ ʻ  ʟʘʩʪʦʩʫʚʘʥʥʷ  ʨʽʟʥʠʭ  ʨʦʟʨʘʭʫʥʢʦʚʠʭ   ʤʦʜʝʣʝʡ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʘ ʥʘʡʙʽʣʴʰ ʨʝʘʣʴʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʨʫʭʫ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʥʫʪʦ ʜʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʚʽʙʨʘʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ:ʩʠʩʪʝʤʘ ʽʟ ʛʘʨʤʦʥʽʡʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʪʘ ʚʽʙʨʦʫʜʘʨʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ. ʉʢʣʘʜʝʥʽ 

ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʈʽʰʝʥʥʷʤ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ɺʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʠʢ  ʨʦʟʨʘʭʫʥʢʫ,ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʷʢʠʭ  ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ.     

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʫʩʪʘʥʦʚʢʘ, ʬʦʨʤʫʚʘʥʥʷ,ʪʨʦʪʫʘʨʥʘ ʧʣʠʪʘ, ʢʨʠʪʝʨʽʾ,ʧʘʨʘʤʝʪʨʠ, ʤʦʜʝʣʴ, 

ʨʽʚʥʷʥʥʷ, ʛʘʨʤʦʥʽʡʥʠʡ, ʚʽʙʨʦʫʜʘʨʥʠʡ, ʨʫʭ,ʤʝʪʦʜʠʢʘ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ.   

ɺʽʙʨʦʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʨʦʪʫʘʨʥʠʭ ʧʣʠʪʦʢ, ʙʣʦʢʽʚ, ʙʝʪʦʥʥʦʾ ʮʝʛʣʠ, ʬʽʛʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʦʱʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ  ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ  ʚʽʙʨʘʮʽʡʥʦʾ  ʪʝʭʥʽʢʠ. ʅʘ ʨʠʩʫʥʢʫ1 ʧʨʠʚʝʜʝʥʽ 

ʪʠʧʦʚʽ  ʩʭʝʤʠ ʢʦʥʩʪʨʫʢʮʽʡ  ʚʽʙʨʦʫʩʪʘʥʦʚʦʢ ʟʘ ʪʦʧʦʤ ʧʨʠʚʦʜʫ ʽʟ  ʦʜʥʠʤ  ʥʘʚʽʩʥʠʤ ʚʽʙʨʘʪʦʨʦʤ, ʽʟ 
ʜʚʦʤʘ ʥʘʚʽʩʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ ʪʘ  ʽʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʦʢʨʝʤʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 
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                          ʘ                                                ʙ                                                              ʚ 
ʈʠʩ.1. ʊʠʧʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʦʫʩʪʘʥʦʚʦʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʨʦʪʫʘʨʥʠʭ ʧʣʠʪ: ʘ ï ʽʟ ʦʜʥʠʤ  ʥʘʚʽʩʥʠʤ ʚʽʙʨʘʪʦʨʦʤ 

; ʙ ï ʽʟ ʜʚʦʤʘ ʥʘʚʽʩʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ; ʚ- ʽʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

 

ɿʘ ʪʠʧʦʤ ʢʦʣʠʚʘʥʴ ʤʘʣʦʛʘʙʘʨʠʪʥʘ  ʚʽʙʨʘʮʽʡʥʘ   ʪʝʭʥʽʢʘ ʟʜʽʡʩʥʶʻ ʢʨʫʛʦʚʽ ʢʦʣʠʚʘʥʥʷ (ʨʠʩ.1, 

ʘ,ʚ) ʪʘ ʥʘʧʨʘʚʣʝʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ(ʨʠʩ.1, ʙ). ɺ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʙʽʣʷ 25 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʽʪ[1],[2],[3],[4]. 

ɼʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ [5] ʚʠʙʨʘʥʽ ʪʨʠ ʢʣʶʯʦʚʽ ʢʨʠʪʝʨʽʾ: ʟʘʛʘʣʴʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ, ʤʘʩʦʚʠʡ ʽ ʝʥʝʨʛʝʪʠʯʥʠʡ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ: 

ʟʘʛʘʣʴʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʈ ʜʦ ʤʘʩʠ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ mʤ: 

                                            
ʤm

Pk =1 ;                        (1) 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʠ ʤʘʰʠʥʠ mʤ  ʜʦ ʤʘʩʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

mʙ: 

                                           
ʙ

ʤ

m
m

k =2 ;                        (2) 

ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʈ ʜʦ ʤʘʩʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

mʙ: 

                                          
ʙm

Pk =3 .                                   (3) 

ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ (1) - (3) ʟʘʩʚʽʜʯʠʣʠ ʥʘʩʪʫʧʥʝ. ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʜʦʚʦʣʽ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʊʘʢ, ʢʨʠʪʝʨʽʡ k1 ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1.9 -9.0; ʟʘ ʢʨʠʪʝʨʽʻʤ 

k2 ʚʽʜ k2=1 ʜʦ k2=3, ʪʦʙʪʦ ʚ 2 ʨʘʟʠ. ʂʨʠʪʝʨʽʡ  ʦʮʽʥʢʠ ʝʥʝʨʛʽʾ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʪʘʢʦʞ ʤʘʻ ʨʽʟʥʽ 

ʟʥʘʯʝʥʥʷ ï ʚʽʜ k3=3,0 ʜʦ k3=14,0. ʊʘʢʘ ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʯʠʩʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʨʠʪʝʨʽʾʚ ʻ 

ʩʚʽʜʯʝʥʥʷʤ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ, ʦʯʝʚʠʜʥʦ,  ʦʙʫʤʦʚʣʝʥʦ 

ʨʽʟʥʠʤʠ  ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ  ʤʦʜʝʣʷʤʠ.  

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʜʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʚʽʙʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ:ʩʠʩʪʝʤʘ ʽʟ ʛʘʨʤʦʥʽʡʥʠʤ 

ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ (ʨʠʩ.2,ʘ) ʪʘ ʚʽʙʨʦʫʜʘʨʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ (ʨʠʩ.2,ʘ). 

 
ʘ                                                                 ʙ 

ʈʠʩ.2.ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʚʽʙʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ: ʘ-ʩʠʩʪʝʤʘ ʽʟ ʛʘʨʤʦʥʽʡʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ; ʙ -  ʩʠʩʪʝʤʘ ʽʟ 

ʚʽʙʨʦʫʜʘʨʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ;   ʨʠʩ.2,ʘ :ʄ1 ï ʤʘʩʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ; ʄ2 ʽ ʄ3 ï ʤʘʩʠ ʧʨʠʚʘʥʪʘʞʫʚʘʯʽʚ; ʉ1,ʉ2 ï 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʫʞʥʦʩʪʽ ʦʧʦʨ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ ʪʘ ʧʨʠʚʘʥʪʘʞʫʚʘʯʘ;  ʭ- ʢʦʦʨʜʠʥʘʪʘ; lï ʚʠʩʦʪʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ  

ʧʣʠʪʠ; F0 ï ʘʤʧʣʽʪʫʜʘ ʚʠʤʫʱʝʥʦʾ ʩʠʣʠ; ʨʠʩ.2,ʙ: mï ʧʨʠʚʝʜʝʥʘ ʤʘʩʘ ʩʠʩʪʝʤʠ    çʚʽʙʨʘʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ ï ʙʝʪʦʥʥʘ 

ʧʣʠʪʘè; ʉ1,ʉ2ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʫʞʥʦʩʪʽ; b1, b2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʦʧʦʨʫ. 
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ʈʽʚʥʷʥʥʷ  ʨʫʭʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ (ʨʠʩ.2,ʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ, ʷʢ ʭʚʠʣʴʦʚʝ ʨʽʚʥʷʥʥʷ  ʫ ʚʠʛʣʷʜʽ: 

                                              
2 3 2

2

2 2 2

u f u u
ʩ

x x t t

µ µ µ
+ =

µ rµ µ µ
,                                                                                 (4) 

ʷʢʝ ʚʠʨʽʰʫʚʘʣʦʩʷ  ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʤʦʞʣʠʚʠʭ ʩʭʝʤ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ:  ʩʭʝʤʘ (ʨʠʩ.2,ʘ) ʪʘ 

ʟʘ  ʫʤʦʚʠ,  ʱʦ  ʄ2=0, ʄ3=0, ʉ2 =0;  ʽ ʟʘ  ʫʤʦʚʠ, ʱʦ ʄ3=0 ʽ ʉ2 =0. 

ʆʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ  ʫ ʚʠʛʣʷʜʽ ʜʣʷ ʫʤʦʚʠ ʄ2=0, ʄ3=0, ʉ2 =0: 
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µʽ ɦ ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʝʨʮʽʡʥʦʾ ʪʘ ʚôʷʟʢʦʾ ʯʘʩʪʠʥ  ʦʧʦʨʫ ʙʝʪʦʥʥʦʾ  ʩʫʤʽʰʽ ʢʦʣʠʚʘʥʥʷʤ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ (h) ʪʘ ʬʽʟʠʢʦ ï ʤʝʭʘʥʽʯʥʽ (w,ɟ,g,ʩ) ʚʣʘʩʪʠʚʦʩʪʽ 
ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ.  

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʩʠʩʪʝʤʠ çʚʽʙʨʦʫʩʪʘʥʦʚʢʘ ï ʙʝʪʦʥʥʘ ʩʫʤʽʰè (ʨʠʩ.2.,ʙ)  ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

ɿʘ ʫʤʦʚʠ, ʱʦ 
0x x¢ :  

                                                
.. ..

1 1 cos( )am x b x c x F tw j+ + = +;                                                (7)   

ɿʘ ʫʤʦʚʠ, ʱʦ 
0x x> :  

1 2 1 0 2

.. .

( )( ) cos( )ab c x x c xm x b x F tw j+ + - ++ = +.                                        (8) 

ɺʽʙʨʘʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ ʟʜʽʡʩʥʶʻ ʥʝʩʠʤʝʪʨʠʯʥʠʡ  ʨʫʭ ʟʘ ʟʘʢʦʥʦʤ:   
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ʊʫʪ x1 ʡ x2 ï ʥʘʧʽʚʨʦʟʤʘʭʠ  ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʽ ʯʘʩʪʠʥʠ ʧʝʨʽʦʜʫ ʨʫʭʫ 

ʩʠʩʪʝʤʠ: ʊ, Ű1, Ű2.  

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ ʚʽʙʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽʟ 

ʛʘʨʤʦʥʽʡʥʠʤ  ʪʘ ʚʽʙʨʦʫʜʘʨʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʽ ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠʢʠ  ʨʦʟʨʘʭʫʥʢʫ 

ʾʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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RESEARCH OF EFFICIENT AND ENERGY -SAVING VIBRO INSTALLATION FOR 

FORMATION OF SIDEBOARDS  
 

Andriy  Bondarenko  
 

Abstract. The dynamics of vibration installation for the formation of paving slabs is studied. A review and 

analysis of existing vibration plants for the formation of small products on the criteria of energy and material 

consumption. The calculations showed a significant difference between the numerical values of the criteria, which 

is evidence of the lack of generally accepted methods of calculation. Another obvious reason is the use of different 

http://www.tdleff.ru/product/282
http://msd.com.ua/building/vibrost/
http://vladikavkaz.tiu.ru/m1025708-vibrostol-ev-340-380v/prices.htm
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calculation models. The solution to the problem is proposed by using a model with discrete and distributed 

parameters, which most realistically reflects the process of movement of the vibrating installation. At the same 

time, two calculation schemes of vibration installation are considered: a system with harmonic mode of operation 

and vibro-shock mode of operation. The equations of motion of such systems are made. The solution provides 

analytical formulas for determining the basic parameters of the workflow. The determined parameters became the 

basis of algorithms and calculation methods, the application of which provides high efficiency and minimization of 

energy and material consumption of the vibrating installation.  

Keywords: vibration installation, formation, paving slab, criteria, parameters, model, equation, harmonic, 

vibration shock, motion, technique, energy efficiency  

 

 
ʋɼʂ 621.923 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʥʦʩʥʠʭ ʚʽʜʨʽʟʥʠʭ ʤʘʰʠʥ 

ɻʨʠʛʦʨʽʡ ʄʘʯʠʰʠʥ, ʖʨʽʡ ɸʙʨʘʰʢʝʚʠʯ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʘʰʠʥ ʜʣʷ ʨʽʟʘʥʥʷ ʤʝʪʘʣʦʧʨʦʢʘʪʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʘʥʥʷ ʘʙʨʘʟʠʚʥʠʤʠ ʘʨʤʦʚʘʥʠʤʠ ʢʨʫʛʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʯʠʩʪʦʪʫ 

ʧʦʚʝʨʭʥʽ ʨʦʟʨʽʟʘʥʥʷ, ʥʝʟʤʽʥʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʨʦʟʨʽʟʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʤʘʻ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ ʚʦʛʥʝʚʠʤ ʪʘ ʽʥʰʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʽʟʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʦʢʫ ʨʦʙʦʪʠ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ 

ʢʨʫʛʽʚ ʷʢ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʝʨʝʥʦʩʥʠʭ ʚʽʜʨʽʟʥʠʭ ʤʘʰʠʥ. ɺʠʢʦʥʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʩʧʨʦʝʢʪʫʚʘʪʠ 

ʧʝʨʝʥʦʩʥʫ ʚʽʜʨʽʟʥʫ ʤʘʰʠʥʫ ʟ ʘʙʨʘʟʠʚʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʤ ʢʫʪʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʤʝʪʘʣʦʧʨʦʢʘʪʫ, ʱʦ ʨʦʟʨʽʟʘʻʪʴʩʷ, ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʨʽʟʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʪʠʩʢʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʪʘ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʙʨʘʟʠʚʥʠʡ ʘʨʤʦʚʘʥʠʡ ʢʨʫʛ, ʟʘʪʠʩʢʥʠʡ ʧʨʠʩʪʨʽʡ, ʤʝʪʘʣʦʧʨʦʢʘʪ, ʧʝʨʝʥʦʩʥʘ ʤʘʰʠʥʘ. 

ɺʩʪʫʧ 

ʅʘ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʨʦʙʦʪʘʭ ʤʝʭʘʥʽʯʥʝ ʨʽʟʘʥʥʷ ʤʝʪʘʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʯʠʭ 

ʙʘʟʘʭ ʽ ʤʦʥʪʘʞʥʠʭ ʜʽʣʷʥʢʘʭ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʤʘʰʠʥ ʜʣʷ ʨʽʟʘʥʥʷ ʜʽʶʪʴ ʨʽʟʥʽ 

ʚʠʤʦʛʠ. ʄʝʭʘʥʽʯʥʝ ʨʽʟʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʪʨʫʙʦʨʽʟʘʤʠ ʟ ʨʽʟʮʝʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʜʠʩʢʦʚʠʤʠ ʪʘ 

ʩʪʨʽʯʢʦʚʠʤʠ ʧʠʣʘʤʠ [1].  

ʄʘʰʠʥʠ ʟ ʥʦʞʽʚʢʦʚʠʤʠ ʧʦʣʦʪʥʘʤʠ ʜʣʷ ʨʦʙʦʪʠ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʽ ʪʘ 

ʤʘʶʪʴ ʥʠʟʴʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽʟ-ʟʘ ʚʠʪʨʘʪ ʥʘ ʪʝʨʪʷ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ, ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʥʦʞʽʚʢʦʚʠʭ ʧʦʣʦʪʝʥ ʤʘʣʠʡ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʪʘ ʤʘʩʫ. 

ʈʽʟʘʥʥʷ ʘʙʨʘʟʠʚʥʠʤʠ ʘʨʤʦʚʘʥʠʤʠ ʢʨʫʛʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʯʠʩʪʦʪʫ 

ʧʦʚʝʨʭʥʽ, ʥʝʟʤʽʥʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʨʦʟʨʽʟʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʪʘ ʤʘʻ 

ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ ʚʦʛʥʝʚʠʤ ʪʘ ʽʥʰʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʈʽʟʘʥʥʷ ʪʨʫʙ ʽ 

ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʙʘʟʘʭ ʪʘ ʤʦʥʪʘʞʥʠʭ ʧʣʦʱʘʜʢʘʭ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʷʪʥʠʢʦʚʠʭ ʧʠʣ, ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʚ ʷʢʠʭ ʻ ʘʙʨʘʟʠʚʥʽ ʘʨʤʦʚʘʥʽ ʢʨʫʛʠ ʜʽʘʤʝʪʨʦʤ 300, 400 ʪʘ 500 

ʤʤ. ɿʘʪʠʩʢʥʽ ʧʨʠʩʪʨʦʾ ʪʘʢʠʭ ʤʘʰʠʥ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʨʽʟʘʥʥʷ, ʷʢʽ 

ʤʽʥʽʤʽʟʫʶʪʴ ʚʧʣʠʚ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ. 

ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʤʘʰʠʥʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʤʘʩʫ [2, 3]. 

ʄʝʪʘ ʨʦʙʦʪʠ 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʨʟ̔ʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʦʢʫ ʨʦʙʦʪʠ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ ʷʢ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʝʨʝʥʦʩʥʠʭ 

ʚʽʜʨʽʟʥʠʭ ʤʘʰʠʥ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅʘ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʨʦʙʦʪʘʭ ʘʙʨʘʟʠʚʥʝ ʨʽʟʘʥʥʷ ʪʨʫʙ ʽ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʫʯʥʠʤʠ ʤʘʰʠʥʘʤʠ ʪʘ ʤʘʷʪʥʠʢʦʚʠʤʠ ʧʠʣʘʤʠ, ʤʘʶʯʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʽ 

ʚʘʛʫ. ʂʦʨʠʩʥʽʩʪʴ ʨʽʟʘʥʥʷ ʫ ʟʥʘʯʥʦʤʫ ʩʪʫʧʝʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʨʫʛʘ ʪʘ 

ʨʦʟʨʽʟʫʚʘʥʦʛʦ ʚʠʨʦʙʫ.  
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ʈʦʙʦʪʘ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ ʪʝʨʪʷ ʪʘ ʟʥʦʰʝʥʥʷ ʜʚʦʭ ʪʽʣ ʢʨʫʛʘ ʪʘ 

ʨʦʟʨʽʟʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʟʥʘʯʠʪʠ ʝʥʝʨʛʽʶ, ʚʠʪʨʘʯʝʥʫ ʥʘ ʢʦʞʥʠʡ ʽʟ ʮʠʭ ʧʨʦʮʝʩʽʚ ʦʢʨʝʤʦ ʥʝ 

ʤʦʞʣʠʚʦ, ʪʦʤʫ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʩʠʣ 

(ʨʠʩ.1) ʚʨʘʭʦʚʫʻ ʮʽ ʧʨʦʮʝʩʠ ʫ ʮʽʣʦʤʫ, ʧʨʠ ʮʴʦʤʫ ʫʚʘʛʘ ʘʢʮʝʥʪʦʚʘʥʘ ʥʘ ʨʽʟʘʥʥʽ ʘʙʨʘʟʠʚʥʠʤʠ 

ʟʝʨʥʘʤʠ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʟʫʩʠʣʴ ʜʽʶʯʠʭ ʥʘ ʘʙʨʘʟʠʚʥʠʡ ʘʨʤʦʚʘʥʠʡ ʢʨʫʛ: 1 ï ʢʨʫʛ, 2 ï ʪʨʫʙʘ 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʢʣʘʜʝʥʠʤ ʧʨʠʡʥʷʪʦ, ʱʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʠʭ ʨʝʟʫʣʴʪʫʶʯʠʭ ʩʠʣ, ʫʪʚʦʨʝʥʠʭ 

ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʪʨʫʙʠ ʥʘ ʣʽʥʽʾ, ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨ 

ʢʨʫʛʘ ʪʘ ʨʦʟʨʽʟʫʚʘʥʫ ʪʨʫʙʫ. 

ɯʟ ʨʠʩ.1: 

1

cos ;
D d

D d

-
a=

+
                                                       (1) 

1

arccos ;
D d

D d

å õ-
a= æ ö

+ç ÷
                                               (2) 

cos sin ;ʚ y zP P P= a- a                                           (3) 

sin cos .x y zP P P= a+ a                                           (4) 

ɯʟ ʨʽʚʥʷʥʴ (3) ʪʘ (4), ʤʘʻʤʦ: 

cos sin ;y ʚ ʭP P P= a- a                                            (5) 

cos sin ;z x ʚP P P= a+ a                                            (6) 

ʜʝ ʚP  ï ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ, H ; yP  ï ʥʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ, H ; 

zP  ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ, H ; XP  ï  ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ, 

H ; a ï ʢʫʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʪʦʯʢʫ ʧʨʠʢʣʘʜʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʠʭ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ, ʛʨʘʜ;  

D  ï ʜʽʘʤʝʪʨ ʢʨʫʛʘ, ʤʤ; d  ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʠ, ʤʤ; 1d  ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʠ, ʤʤ. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʟʫʩʠʣʴ ʜʦ ʥʦʨʤʘʣʴʥʠʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ, ʪʘ ʩʢʣʘʜʘʻ 

0,35.z

y

P

P
º                                                                 (7) 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʽʟʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

,
1000

z ʚP V
N

Ö
=                                                                      (8) 

ʜʝ ʚV  ï ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʤ/ʩ. 

ʇʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʤʘʷʪʥʠʢʦʚʠʭ ʧʠʣ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

2 ,
9750000 97500000

z
ʧ

ʜ

D
P n

ʄ
N

Ö Ö

= =
Öh Öh

                                                   (9) 
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ʜʝ D  ï ʜʽʘʤʝʪʨ ʢʨʫʛʘ, ʤʤ; n  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʨʫʛʘ, ʦʙ/ʭʚ; ʧʄ  ï ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʰʧʠʥʜʝʣʷ, H ʤÖ ; h ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʤʘʰʠʥʠ, 0,95.h=  

ɿʫʩʠʣʣʷ ʥʘ ʨʫʢʦʷʪʮʽ (ʨʠʩ. 2) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

4 3 1 2

1

0,1 cos
,

z y mP l P l Q l
Q

l

Ö + Ö + Ö Ö a Ö
=                                  (10) 

ʜʝ mQ  ï ʤʘʩʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʢʛ; 1a  ï ʢʫʪ ʥʘʭʠʣʫ ʤʘʷʪʥʠʢʘ, ʛʨʘʜ; 1l  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ 

ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʫʢʦʷʪʮʽ ʜʦ ʪʦʯʢʠ ʟʘʢʨʽʧʣʝʥʥʷ ʤʘʷʪʥʠʢʘ, ʤ; 2l  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ 

ʟʘʢʨʽʧʣʝʥʥʷ ʜʚʠʛʫʥʘ ʜʦ ʪʦʯʢʠ ʟʘʢʨʽʧʣʝʥʥʷ ʤʘʷʪʥʠʢʘ, ʤ; 3l  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ ʢʨʫʛʘ ʜʦ ʪʦʯʢʠ 

ʟʘʢʨʽʧʣʝʥʥʷ ʤʘʷʪʥʠʢʘ, ʤ; 4l  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ ʢʨʫʛʘ ʜʦ ʪʦʯʢʠ ʪʦʨʢʘʥʥʷ ʢʨʫʛʘ ʟ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ 

ʨʦʟʨʽʟʫʻʪʴʩʷ, ʤ. 

 
ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʥʘ ʨʫʢʦʷʪʮʽ ʤʘʷʪʥʠʢʦʚʦʾ ʧʠʣʠ 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʘʩʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʨʽʚʥʦʚʘʞʝʥʘ ʩʠʣʦʶ ʪʷʞʽʥʥʷ 

1 2cos 0,mQ lÖ a Ö = ʪʦ ʟʫʩʠʣʣʷ ʥʘ ʨʫʢʦʷʪʮʽ ʤʘʰʠʥʠ ʙʫʜʝ ʥʘʩʪʫʧʥʠʤ 

4 3

1

.
z yP l P l

Q
l

Ö + Ö
=                                                    (11) 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ ʧʦʚʠʥʥʝ ʙʫʪʠ ʥʝ ʙʽʣʴʰʠʤ 85 H.¢  ɹʽʣʴʰʝ ʟʫʩʠʣʣʷ ʧʨʠʟʚʝʜʝ ʜʦ ʰʚʠʜʢʦʾ 

ʚʪʦʤʣʝʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʝʨʝʥʦʩʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʨʽʟʘʥʥʷ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʘʙʨʘʟʠʚʥʠʤʠ ʢʨʫʛʘʤʠ: 80ʤ/ʩ;ʚV =  

21,3 10 ʤ/ʩ;pV -= Ö  180ʅ;yʈ =  65H;zP =  1 60 ;a =  3371H;ʚP =  188H;xP =  5,4ʢɺʪ.ʜN =  

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʧʫʩʢʦʚʦʛʦ ʭʦʜʫ ʚʠʙʠʨʘʻʪʴʩʷ ʜʚʠʛʫʥ ʟ ʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ 7,5ʢɺʪʜN =  

75H 85H.Q= ¢ ʆʪʞʝ ʫʤʦʚʘ ʚʠʢʦʥʘʥʘ. 

ʅʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦʾ ʧʝʨʝʥʦʩʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʨʽʟʘʥʥʷ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ï ʢʦʣʠ ʚʽʩʴ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦʟʨʽʟʘʻʪʴʩʷ, 

ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ ʢʨʫʛʘ.  

ɺʽʜʧʦʚʽʜʥʦ ʽʟ ʟʘʣʝʞʥʽʩʪʶ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʽʜʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 

0 ,
2

ʟ
ʝʬ ʽ ʢ

n
N q l

R
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p
                                                     (12) 

ʜʝ 
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ʽ k

A n
q l
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= Ö-
t p

 ï ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʦʜʠʥʠʯʥʠʤ ʟʝʨʥʦʤ; ʟn  ï ʢʽʣʴʢʽʩʪʴ 

ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʥʘ ʨʽʟʘʣʴʥʽʡ ʢʨʦʤʮʽ ʢʨʫʛʘ; 0A  ï ʝʥʝʨʛʽʷ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʽʟʘʥʥʷ; t ï ʯʘʩ 
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ʨʽʟʘʥʥʷ; / 2R D=  ï ʨʘʜʽʫʩ ʢʨʫʛʘ; ʢl  ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʢʦʥʪʘʢʪʫ. ɿ ʬʦʨʤʫʣʠ (12) ʚʠʜʥʦ, ʱʦ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʘʥʥʷ ʚʧʣʠʚʘʻ ʜʚʘ ʬʘʢʪʦʨʠ, ʘ ʩʘʤʝ ʢl  ʪʘ 
0
ʽq . 

ɼʦʚʞʠʥʘ ʜʫʛʠ ʢʦʥʪʘʢʪʫ ʢl  (ʪʘʙʣ. 1) ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʝʪʘʣʦʧʨʦʢʘʪʫ, ʱʦ 

ʨʦʟʨʽʟʘʻʪʴʩʷ, ʪʘ ʢʫʪʘ 3a, ʥʘ ʷʢʠʡ ʟʤʽʱʝʥʦ ʜʝʪʘʣʴ, ʷʢʫ ʨʦʟʨʽʟʘʶʪʴ, ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʽʩʽ 

ʨʽʟʘʥʥʷ [4]. 

ʊʘʙʣʠʮʷ 1 

ɼʦʚʞʠʥʘ ʜʫʛʠ ʢʦʥʪʘʢʪʫ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʟ ʤʝʪʘʣʦʧʨʦʢʘʪʦʤ 

ʉʭʝʤʠ ʨʽʟʘʥʥʷ ɿʘʣʝʞʥʽʩʪʴ, ʱʦ ʦʧʠʩʫʻ ʜʦʚʞʠʥʫ ʜʫʛʠ ʢʦʥʪʘʢʪʫ 
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1 0 2 2 02 2, 2k k kl l l= d = =d 

 

1 0 2 2 02 2, 2k k kl l l= d = =d 

ɼʣʷ ʪʨʫʙ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʢʫʪ 3a, ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʦ ʚ 

ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2.  

ɿʥʘʯʝʥʥʷ ʢʫʪʘ 3a  ʨʽʟʘʥʥʷ ʪʨʫʙ 

ʋʤʦʚʥʠʡ ʜʽʘʤʝʪʨ 

ʪʨʫʙʠ, ʤʤ 

ʇʦʯʘʪʢʦʚʠʡ 

ʜʽʘʤʝʪʨ ʢʨʫʛʘ, ʤʤ 

ɼʽʘʤʝʪʨ ʟʥʦʰʝʥʦʛʦ 

ʢʨʫʛʘ, ʤʤ 

max
3a , ʨʘʜ 

min
3a , ʨʘʜ 

150 500 440 0,54 0,49 

125 500 385 0,64 0,51 

100 500 335 0,69 0,54 

80 500 295 0,77 0,57 

125 400 385 0,52 0,51 

100 400 335 0,61 0,54 

80 400 295 0,69 0,57 

70 400 270 0,75 0,60 

50 400 234 0,85 0,66 

70 300 270 0,64 0,60 

50 300 235 0,75 0,66 
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ɺʠʩʥʦʚʢʠ 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʧʝʨʝʥʦʩʥʠʭ ʤʘʰʠʥ ʘʙʦ ʧʝʨʝʦʩʥʘʱʝʥʥʽ ʚʞʝ ʽʩʥʫʶʯʠʭ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʢʫʪ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʘʙʨʘʟʠʚʥʦʛʦ ʚʽʜʨʽʟʥʦʛʦ ʢʨʫʛʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʥʘʡʤʝʥʰʦʾ ʜʦʚʞʠʥʠ ʜʫʛʠ ʢʦʥʪʘʢʪʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ. 
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EFFICIENT USE OF PORTABLE CUTTING MACHINES  

 
Hrygoriy  Machyshyn, Yuri  Abrashkevych 
 

Abstract. In this paper, a study of existing machines for cutting rolled metal. It is established that cutting with 

abrasive reinforced wheels provides high productivity, cleanliness of the cutting surface, invariability of the 

structure of the cut material, does not require additional processing and has significant advantages over fire and 

other mechanical methods. The main parameters influencing the energy intensity of cutting and increasing the 

service life of abrasive reinforced wheels as working bodies of portable cutting machines are determined. The 

performed research allows to design a portable cutting machine with abrasive working body and rational angle of 

installation of rolled metal relative to the cutting axis due to the clamping device, which increases the service life of 

the abrasive wheel and reduces the number of used abrasive reinforced wheels. 

Keywords: reinforced abrasive wheel, the clamping device, metal assortment, portable machine. 

 

ʋɼʂ 621.923 

ɽʬʝʢʪʠʚʥʝ ʪʘ ʙʝʟʧʝʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ɻʨʠʛʦʨʽʡ ʄʘʯʠʰʠʥ, ʖʨʽʡ ɸʙʨʘʰʢʝʚʠʯ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʽʜʦʙʨʘʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʽ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʤʽʮʥʽʩʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ ʽ ʜʦʚʢʽʣʣʷ  ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʽʚ ʥʝ ʪʽʣʴʢʠ ʚ 

ʧʨʠʨʦʜʥʠʭ, ʘ ʪʘʢʦʞ ʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ɺʠʟʥʘʯʝʥʦ ʥʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ ʚʦʣʦʛʠ ʥʘ ʷʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ 

ʘʨʤʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʯʦʪʠʨʴʦʭ ʧʘʨʪʽʡ ʢʨʫʛʽʚ ʚ ʧʨʠʨʦʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ, ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʟʙʝʨʽʛʘʥʥʶ ʘʙʨʘʟʠʚʥʠʭ 

ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ ʚ ʤʦʥʪʘʞʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʧʦ ʾʭ ʧʘʢʫʚʘʥʥʶ ʥʘ ʟʘʚʦʜʽ-ʚʠʨʦʙʥʠʢʫ. 

ɺʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʦʧʠʩʘʥʠʭ ʚ ʨʦʙʦʪʽ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʫ ʪʘ ʧʨʦʜʫʢʪʠʚʥʫ ʨʦʙʦʪʫ 

ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʴ ʾʭ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʙʨʘʟʠʚʥʠʡ ʘʨʤʦʚʘʥʠʡ ʢʨʫʛ, ʚʦʣʦʛʽʩʪʴ, ʨʫʡʥʫʚʘʥʥʷ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ. 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʘʙʨʘʟʠʚʥʽ ʘʨʤʦʚʘʥʽ ʢʨʫʛʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʨʫʯʥʠʤʠ ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ 

ʪʘ ʧʝʨʝʥʦʩʥʠʤʠ ʤʘʷʪʥʠʢʦʚʠʤʠ ʧʠʣʘʤʠ ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʩʦʚʠʭ 

ʪʨʫʜʦʤʽʩʪʢʠʭ ʚʽʜʨʽʟʥʠʭ ʪʘ ʟʘʯʠʩʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʟʘʚʦʜʘʭ ʪʘ ʤʦʥʪʘʞʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ [1]. ɺʦʥʠ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʟ ʢʦʣʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 80 ʤ/ʩ ʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ. ɿʘʚʦʜʠ-ʚʠʛʦʪʽʚʝʣʴʥʠʢʠ ʘʙʨʘʟʠʚʥʦʛʦ 
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ʽʥʩʪʨʫʤʝʥʪʫ ʛʘʨʘʥʪʫʶʪʴ ʾʭ ʙʝʟʧʝʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫʤʦʚʠ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʩʪʘʥʜʘʨʪʘʤʠ [2], ʢʦʞʝʥ ʘʙʨʘʟʠʚʥʠʡ ʢʨʫʛ ʧʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʥʷ ʡʦʛʦ ʥʘ 

ʧʨʠʚʽʜʥʫ ʤʘʰʠʥʫ ʧʦʚʠʥʝʥ ʚʠʧʨʦʙʫʚʘʪʠʩʷ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ. ʇʨʦʪʝ, 

ʚʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ, ʪʘʢʽ ʚʠʤʦʛʠ ʚʘʞʢʦ ʚʠʢʦʥʘʪʠ, ʪʘʢ ʷʢ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʢʨʫʛʽʚ, ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʯʝʨʝʟ ʪʦʨʛʽʚʝʣʴʥʽ ʤʝʨʝʞʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʠʟʥʘʯʘʣʘʩʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʠʪʠ ʮʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʨʫʛʠ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʥʘʤʠ ʚʠʟʥʘʯʘʚʩʷ ʾʭ ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ ʽ ʜʦʚʢʽʣʣʷ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʚ 

ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʽʚ ʥʝ ʪʽʣʴʢʠ ʚ ʧʨʠʨʦʜʥʠʭ, ʘ ʪʘʢʦʞ ʚ  ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ɺʠʢʣʠʢʘʥʦ ʮʝ ʪʨʠʚʘʣʽʩʪʶ 

ʥʘʪʫʨʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʤʽʥʣʠʚʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʟʘʜʦʚʽʣʴʥʦʶ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʠ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʥʘʪʫʨʘʣʴʥʽ, ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ ʰʪʫʯʥʦʾ 

ʧʦʛʦʜʠ, ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʦʣʘ, ʪʝʨʤʦʢʣʘʚʘ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 213é328 ʂ ʥʘ ʧʨʦʪʷʟʽ 

24é240 ʛʦʜʠʥ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʢʨʫʛʽʚ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ ʤʽʥʫʩʦʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʝ ʧʦʷʩʥʶʻ ʧʦʰʢʦʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʪʨʽʱʠʥ ʧʨʠ  ʟʘʤʝʨʟʘʥʥʽ ʚʦʜʠ, ʷʢʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʡʦʛʦ ʧʦʨʘʭ. ʇʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʘʙʨʘʟʠʚʥʠʭ 

ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ ʚ ʨʽʟʥʽ ʨʝʛʽʦʥʠ, ʦʩʦʙʣʠʚʦ ʚ ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʮʠʢʣ çʟʘʤʦʨʦʞʫʚʘʥʥʷ-

ʨʦʟʤʦʨʦʞʫʚʘʥʥʷè ʧʦʚʪʦʨʷʻʪʴʩʷ ʥʝʦʜʥʦʨʘʟʦʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠ ʨʦʟʤʦʨʦʞʫʚʘʥʥʽ ʤʽʢʨʦʪʨʽʱʠʥʠ 

ʟʘʧʦʚʥʶʶʪʴʩʷ ʚʦʜʦʶ, ʘ ʧʨʠ ʟʘʤʦʨʦʞʫʚʘʥʥʽ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʯʝʨʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʮʠʢʣʽʚ çʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʨʦʟʤʦʨʦʞʫʚʘʥʥʷè ʤʽʮʥʽʩʪʴ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ ʧʦʛʽʨʰʫʶʪʴʩʷ, ʱʦ ʽ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ (ʨʠʩ. 1) ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʽʚ. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧôʷʪʠ ʮʠʢʣʽʚ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʢʨʫʛʽʚ ʟʤʝʥʰʫʻʪʴʩʷ 

ʤʘʡʞʝ ʥʘ 30%, ʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ï 20%. 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʦʩʪʽ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ (S†/Sʦ) ʪʘ ʤʽʮʥʦʩʪʽ („ʦ†/„ʦ) ʢʨʫʛʽʚ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ çʟʘʤʦʨʦʞʫʚʘʥʷ-

ʨʦʟʤʦʨʦʞʫʚʘʥʥʷè (N): Sʦ ʽ „ʦ - ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʝʪʘʣʦʥʥʠʭ ʢʨʫʛʽʚ, S† ʽʠ „ʦ† ï ʢʨʫʛʽʚ, ʷʢʽ 
ʧʽʜʜʘʚʘʣʠʩʷ ʢʣʽʤʘʪʠʯʥʠʤ ʚʧʣʠʚʘʤ 

ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 ʜʦ 100% ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʢʨʫʛʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʚʦʣʦʛʦʩʪʽ, ʷʢʘ 

ʧʝʨʝʚʠʱʫʻ 80%, ʦʪʞʝ ʚʦʥʠ ʧʦʚʠʥʥʽ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʩʫʭʠʭ ʦʧʘʣʶʚʘʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. 

ʅʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ ʚʦʣʦʛʠ ʥʘ ʷʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ 

ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʯʦʪʠʨʴʦʭ ʧʘʨʪʽʡ ʢʨʫʛʽʚ ʚ ʧʨʠʨʦʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ (ʨʠʩ. 2). ʇʝʨʰʘ 

ʟʥʘʭʦʜʠʣʘʩʴ ʧʽʜ ʚʽʜʢʨʠʪʠʤ ʥʝʙʦʤ ʽ ʧʨʦʪʷʛʦʤ ʜʚʘʥʘʜʮʷʪʠ ʤʽʩʷʮʽʚ ʧʽʜʜʘʚʘʣʠʩʷ ʧʨʷʤʦʤʫ ʚʧʣʠʚʫ 



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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ʘʪʤʦʩʬʝʨʥʠʭ ʦʩʘʜʽʚ, ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ. ɼʨʫʛʘ ʧʘʨʪʽʷ ʚ ʟʘʚʦʜʩʴʢʽʡ ʫʧʘʢʦʚʮʽ, 

ʪʨʝʪʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʦʾ, ʨʦʟʤʽʱʫʚʘʣʘʩʴ ʧʽʜ ʥʘʚʽʩʦʤ, ʷʢʠʡ ʟʘʭʠʱʘʚ ʢʨʫʛʠ ʚʽʜ ʧʨʷʤʦʛʦ ʚʧʣʠʚʫ 

ʚʢʘʟʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʯʝʪʚʝʨʪʘ ï ʚ ʦʧʘʣʶʚʘʣʴʥʦʤʫ ʩʢʣʘʜʩʴʢʦʤʫ ʧʨʠʤʽʱʝʥʥʽ. ɺ ʧʨʦʮʝʩʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʝʨʰʠʭ ʪʨʴʦʭ ʧʘʨʪʽʡ ʟʤʝʥʰʠʣʘʩʴ ʤʘʡʞʝ 

ʥʘ 50%, ʘ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʟʙʝʨʽʛʘʣʠʩʷ ʥʘ ʩʢʣʘʜʽ, ʟʘʣʠʰʠʣʠʩʴ ʤʘʡʞʝ ʙʝʟ 

ʟʤʽʥ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 

1125 ɺʪ/ʤ
2
, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ, ʷʢʘ ʥʘʜʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʽʚ ï 68 ɺʪ/ʤ
2
. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʤʝʪʨ ʚ 6,1-6,3 ʨʘʟʠ ʚʠʱʝ. ʇʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʜʝʩʪʨʫʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʨʦʛʨʝʩʫʶʯʦʛʦ ʟʤʝʥʰʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. ʎʝ ʧʦʛʽʨʰʫʻ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ 

ʪʘ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, ʚ ʧʨʦʮʝʩʽ ʷʢʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʦʧʝʨʝʯʥʽ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʨʠʭʢʽʩʪʴ ʧʦʣʽʤʝʨʫ. ɺʽʜʦʤʦ [3], ʱʦ ʚʢʘʟʘʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʦʜʥʦʯʘʩʥʦ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ. ʅʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʘʥʘʣʦʛʽʯʥʽ 

ʨʝʘʢʮʽʾ ʧʨʦʪʽʢʘʶʪʴ ʽ ʚ ʤʘʪʨʠʮʷʭ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʟʘʙʘʨʚʣʝʥʥʷ ʧʽʩʣʷ 210 ʜʽʙ ʦʧʨʦʤʽʥʝʥʥʷ. ʇʨʦʪʝ ʥʘʤʠ ʥʝ ʚʠʷʚʣʝʥʠʡ ʚʧʣʠʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ. 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʦʩʪʽ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ (S†/Sʦ) ʪʘ ʤʽʮʥʦʩʪʽ („ʦ†/„ʦ) ʚʽʜ ʫʤʦʚ ʽ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʢʨʫʛʽʚ: 1 ï ʥʘ 

ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ; 2 ï ʚ ʟʘʚʦʜʩʴʢʽʡ ʫʧʘʢʦʚʮʽ; 3 ï ʚ ʟʘʚʦʜʩʴʢʽʡ ʫʧʘʢʦʚʮʽ ʧʽʜ ʥʘʚʽʩʦʤ; 4 ï ʥʘ ʩʢʣʘʜʽ 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʧʣʠʚ ʚʦʣʦʛʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʽʚ [4] 

ʚʠʢʦʥʘʥʠʤʠ ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʪʘʨʽʥʥʷ ʬʝʥʦʣʴʥʠʭ ʩʤʦʣ, ʥʘʧʦʚʥʝʥʠʭ ʜʝʨʝʚôʷʥʠʤ ʙʦʨʦʰʥʦʤ ʽ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʣʦʛʠ ʚʝʣʠʯʠʥ ʩʠʣ ʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʘʙʨʘʟʠʚʥʠʤʠ ʟʝʨʥʘʤʠ, ʤʘʪʨʠʮʝʶ ʪʘ ʩʢʣʦʩʽʪʢʦʶ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ, ʷʢʘ ʚ ʟʥʘʯʥʽʡ ʩʪʝʧʝʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, ʘ ʪʘʢʦʞ ʾʭ 

ʙʝʟʧʝʢʦʶ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʤʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʥʘ ʟʘʚʦʜʽ-ʚʠʨʦʙʥʠʢʫ ʫʧʘʢʦʚʫʚʘʪʠ ʢʨʫʛʠ  ʚ 

ʛʝʨʤʝʪʠʯʥʽ ʧʘʢʝʪʠ ʽʟ ʪʝʨʤʦʫʩʘʜʦʯʥʦʾ ʧʣʽʚʢʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʣʶʯʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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ʚʦʣʦʛʠ ʪʘ ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʷʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ, ʪʘʢ ʷʢ ʢʦʥʜʝʥʩʘʪ ʽʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʧʨʦʥʠʢʘʻ ʚ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ, ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʟʙʝʨʽʛʘʥʥʶ ʘʙʨʘʟʠʚʥʠʭ ʘʨʤʦʚʘʥʠʭ ʢʨʫʛʽʚ ʚ ʤʦʥʪʘʞʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʧʦ ʾʭ 

ʧʘʢʫʚʘʥʥʶ ʥʘ ʟʘʚʦʜʽ-ʚʠʨʦʙʥʠʢʫ. 

ʇʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʥʘ ʤʘʰʠʥʫ ʢʦʞʝʥ ʢʨʫʛ ʧʽʜʜʘʻʪʴʩʷ ʨʝʪʝʣʴʥʽʡ ʧʝʨʝʚʽʨʮʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ, ʚʠʙʦʾʥ, ʩʧʦʪʚʦʨʝʥʴ ʽ ʜʨʫʛʠʭ ʜʝʬʝʢʪʽʚ ʚʽʥ ʚʽʜʙʨʘʢʦʚʫʻʪʴʩʷ. 

ʂʨʫʛʠ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ, ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʩʧʨʠʯʠʥʷʶʪʴ ʩʠʣʴʥʫ ʚʽʙʨʘʮʽʶ, ʷʢʘ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʨʦʙʦʪʠ, ʩʪʘʥʫ ʧʨʠʚʦʜʫ 

ʤʘʰʠʥʠ ʪʘ ʰʢʦʜʠʪʴ ʟʜʦʨʦʚôʶ ʨʦʙʽʪʥʠʢʘ. ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʘ ʚʽʙʨʘʮʽʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ 

ʨʽʟʘʥʥʷ, ʪʘʢ ʷʢ ʙʠʪʪʷ ʢʨʫʛʘ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʝ ʙʦʢʦʚʝ ʪʝʨʪʷ, ʷʢʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʡʦʛʦ ʧʦʣʦʤʢʠ. 

ʂʨʫʛʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʚʢʘʟʘʥʦʤʫ ʥʘ ʝʪʠʢʝʪʮʽ. ʅʝ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʟʘʯʠʩʪʢʫ ʚʽʜʨʽʟʥʠʤʠ ʢʨʫʛʘʤʠ ʽʟ-ʟʘ ʾʭ ʤʦʞʣʠʚʦʾ ʧʦʣʦʤʢʠ. ʈʽʟʘʪʠ 

ʤʝʪʘʣʦʧʨʦʢʘʪ ʢʨʫʛʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʨʽʟʘʥʥʷ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʽʟ-ʟʘ ʾʭ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʰʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 

ʇʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʢʨʫʛʘ ʥʘ ʤʘʰʠʥʫ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ, ʱʦʙ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʢʨʫʛʘ ʚʽʜʧʦʚʽʜʘʣʘ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʷʢʘ ʚʢʘʟʘʥʘ ʚ ʧʘʩʧʦʨʪʽ ʧʨʠʚʽʜʥʦʾ 

ʤʘʰʠʥʠ. ʂʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʝʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʫʛʘ ʥʘ ʤʘʰʠʥʠ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ 

ʙʽʣʴʰʝ, ʯʠʤ ʚʢʘʟʘʥʦ ʥʘ ʢʨʫʟʽ ï ʮʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʱʘʩʥʦʛʦ ʚʠʧʘʜʢʫ. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʨʫʛʘ 

ʥʘ ʤʘʰʠʥʫ ʟ ʤʝʥʰʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʯʠʤ ʚʢʘʟʘʥʦ ʥʘ ʡʦʛʦ ʝʪʠʢʝʪʮʽ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʟʥʦʰʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʈʦʙʽʪʥʠʢ, ʷʢʠʡ ʧʨʘʮʶʻ ʟ ʨʫʯʥʠʤʠ ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ ʯʠ ʥʘ ʩʪʘʥʢʘʭ ʪʠʧʫ ʤʘʷʪʥʠʢʦʚʘ 

ʧʠʣʘ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʡ ʽ ʧʦʩʪʽʡʥʦ ʤʘʪʠ ʛʘʡʢʦʚʠʡ ʢʣʶʯ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʢʦʞʫʭʫ ʪʘ 

ʩʧʝʮʽʘʣʴʥʠʡ ʢʣʶʯ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʟʘʪʠʩʢʥʠʭ ʬʣʘʥʮʽʚ, ʘ ʪʘʢʦʞ ʟʘʧʘʩ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ ʟʤʽʥʠ. ʂʨʫʛʠ ʩʣʽʜ ʦʙʝʨʽʛʘʪʠ ʚʽʜ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʩʘʜʽʚ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. ɸʙʨʘʟʠʚʥʽ ʘʨʤʦʚʘʥʽ ʢʨʫʛʠ ʩʣʽʜ ʟʘʢʨʽʧʣʶʚʘʪʠ ʥʘ ʰʧʠʥʜʝʣʽ ʟ ʜʦʧʦʤʦʛʦʶ 

ʽʥʚʝʥʪʘʨʥʠʭ ʟʘʪʠʩʢʥʠʭ ʬʣʘʥʮʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʦʨʤʽ ʜʘʥʦʛʦ ʢʨʫʛʫ. ʉʣʽʜ ʨʝʪʝʣʴʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ 

ʩʪʘʥʦʤ ʨʽʟʴʙʠ ʥʘ ʬʣʘʥʮʷʭ ʽ ʭʚʦʩʪʦʚʠʢʘʭ ʰʧʠʥʜʝʣʷ ʤʘʰʠʥʠ: ʥʝ ʜʦʧʫʩʢʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʠ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʤôʷʪʠʥ ʯʠ ʽʥʰʠʭ ʧʦʰʢʦʜʞʝʥʴ. ʂʨʫʛ ʧʦʚʠʥʝʥ ʚʽʣʴʥʦ ʥʘʜʷʛʘʪʠʩʷ ʥʘ ʧʦʩʘʜʦʯʥʫ 

ʯʘʩʪʠʥʫ ʬʣʘʥʮʷ, ʧʨʠʢʣʘʜʘʪʠ ʟʫʩʠʣʣʷ, ʘ ʪʠʤ ʧʘʯʝ ʥʘʥʦʩʠʪʠ ʫʜʘʨʠ ʢʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʝʥʦ. ʌʣʘʥʮʽ 

ʩʣʽʜ ʟʘʪʠʩʢʘʪʠ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʣʶʯʽʚ, ʧʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʦʛʦ ʚʠʜʫ 

ʧʦʜʦʚʞʫʚʘʯʽ, ʟʙʽʣʴʰʫʶʯʠ ʩʠʣʫ ʟʘʪʷʞʢʠ, ʟʘʙʦʨʦʥʝʥʦ. ʅʘʧʨʷʤʦʢ ʨʽʟʴʙʠ ʥʘ ʢʽʥʮʽ ʰʧʠʥʜʝʣʷ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʟʚʦʨʦʪʥʽʤ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʢʨʫʛʘ. ʇʨʠ  ʫʚʽʤʢʥʝʥʥʽ ʜʚʠʛʫʥʘ ʘʙʨʘʟʠʚʥʠʡ ʢʨʫʛ ʥʝ ʧʦʚʠʥʝʥ 

ʪʦʨʢʘʪʠʩʷ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʦʙʨʦʙʣʷʻʪʴʩʷ. 

ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʢʨʫʛʘ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʤʘʰʠʥʠ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʩʧʨʘʚʥʽʩʪʴ ʽ 

ʥʘʜʽʡʥʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʢʦʞʫʭʘ ʜʦ ʤʘʰʠʥʠ. ʂʦʣʽʨ ʟʘʭʠʩʥʠʭ ʢʦʞʫʭʽʚ ʧʦʚʠʥʝʥ ʧʦʧʝʨʝʜʞʫʚʘʪʠ ʧʨʦ 

ʥʝʙʝʟʧʝʢʫ ʜʦʪʠʢʫ ʟ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʽ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʢʦʣʴʦʨʫ ʢʦʨʧʫʩʫ ʤʘʰʠʥʠ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʨʦʙʦʪʠ ʢʨʫʛ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʤʘʰʠʥʫ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʽʜʜʘʥʠʡ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʦʙʝʨʪʘʥʥʶ 

ʚʭʦʣʦʩʪʫ ʽʟ ʨʦʙʦʯʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ ʢʨʫʛʠ ʜʽʘʤʝʪʨʦʤ ʜʦ 400ʤʤ ʩʣʽʜ ʦʙʝʨʪʘʪʠ ʥʝ ʤʝʥʰʝ 2 

ʭʚ., ʘ ʢʨʫʛʠ ʙʽʣʴʰʝ 400ʤʤ ï ʥʝ ʤʝʥʰʝ 5ʭʚ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʤʘʰʠʥʫ ʥʝʦʙʭʽʜʥʦ ʪʨʠʤʘʪʠ ʪʘʢ, ʱʦʙ 

ʢʨʫʛ ʟʥʘʭʦʜʠʚʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ɺ ʥʝʙʝʟʧʝʯʥʽʡ ʟʦʥʽ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʣʶʜʝʡ. ʋ 

ʚʠʧʘʜʢʫ ʚʠʷʚʣʝʥʥʷ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʙʠʪʪʷ ʢʨʫʛʘ, ʤʘʰʠʥʫ ʥʝʦʙʭʽʜʥʦ ʥʝʛʘʡʥʦ ʚʠʤʢʥʫʪʠ, ʟôʷʩʫʚʘʪʠ 

ʪʘ ʫʩʫʥʫʪʠ ʧʨʠʯʠʥʫ, ʷʢʘ ʚʠʢʣʠʢʘʣʘ ʙʠʪʪʷ. 

ʊʽʣʴʢʠ ʧʽʩʣʷ ʜʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʾ ʤʦʞʣʠʚʦ ʧʨʠʩʪʫʧʘʪʠ ʜʦ 

ʨʦʙʦʪʠ ʤʘʰʠʥʘʤʠ ʟ ʘʙʨʘʟʠʚʥʠʤʠ ʘʨʤʦʚʘʥʠʤʠ ʢʨʫʛʘʤʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʜʦʨʫʯʘʪʠʩʷ ʪʽʣʴʢʠ ʦʩʦʙʘʤ, ʷʢʽ 

ʧʨʦʡʰʣʠ ʽʥʩʪʨʫʢʪʘʞ. 

ʊʨʫʙʠ, ʷʢʽ ʨʦʟʨʽʟʘʶʪʴʩʷ, ʧʨʦʬʽʣʴʥʠʡ ʤʝʪʘʣ, ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪ.ʜ. ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʜʽʡʥʦ ʟʘʢʨʽʧʣʝʥʽ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʽ ʧʦʣʦʤʢʠ ʢʨʫʛʘ. ʇʨʠ ʨʽʟʘʥʥʽ ʢʨʫʛ 

ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʚʘʪʠ ʨʽʚʥʦʤʽʨʥʦ (ʙʝʟ ʨʠʚʢʽʚ, ʧʦʰʪʦʚʭʽʚ ʽ ʪ.ʜ.), ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦ, ʙʝʟ 

ʟʘʡʚʠʭ ʚʠʚʦʜʽʚ ʢʨʫʛʘ ʽʟ ʨʽʟʫ. ʇʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ  ʰʣʽʬʫʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʨʦʙʦʯʦʤʫ ʩʣʽʜ 

ʟʤʽʥʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʩʚʦʛʦ ʢʦʨʧʫʩʫ,  ʧʦʩʣʽʜʦʚʥʦ ʥʘʚʘʥʪʘʞʫʶʯʠ ʪʘ ʨʦʟʩʣʘʙʣʷʶʯʠ ʧʨʘʮʶʶʯʽ ʛʨʫʧʠ 
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ʤôʷʟʽʚ. ɿʫʩʠʣʣʷ ʥʘ ʨʫʢʦʷʪʮʽ ʤʘʰʠʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ ʤʝʞʘʭ, ʱʦʙ ʚʽʟʫʘʣʴʥʦ ʥʝ ʚʽʜʯʫʚʘʣʦʩʴ ʧʘʜʽʥʥʷ 

ʦʙʝʨʪʽʚ ʢʨʫʛʘ. ʇʨʠ ʨʦʙʦʪʽ ʟ ʘʙʨʘʟʠʚʥʠʤʠ ʘʨʤʦʚʘʥʠʤʠ ʢʨʫʛʘʤʠ ʨʦʙʦʯʠʡ ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʷ: ʧʨʠ 

ʨʽʟʘʥʥʽ ʪʘ ʟʘʯʠʱʝʥʥʽ ʤʝʪʘʣʘ ï ʧʦʟʘ ʟʦʥʦʶ ʧʦʧʘʜʘʥʥʷ ʽʩʢʦʨ, ʘ ʧʨʠ ʨʽʟʮʽ ʚʦʛʥʝʪʨʠʚʽʚ ï ʰʣʘʢʫ. 

ʄʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʜʣʷ ʨʦʙʦʪʠ ʜʽʘʤʝʪʨ ʟʥʦʰʝʥʦʛʦ ʢʨʫʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ ʟʘʪʠʩʢʥʦʛʦ ʬʣʘʥʮʷ ʧʣʶʩ 20ʤʤ. ʋ ʚʠʧʘʜʢʫ ʥʝʧʦʣʘʜʦʢ ʚ ʤʘʰʠʥʽ ʜʣʷ ʧʨʠʚʦʜʫ ʢʨʫʛʘ ʩʣʽʜ 

ʢʝʨʫʚʘʪʠʩʷ ʽʥʩʪʨʫʢʮʽʻʶ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʦʶ ʾʾ ʢʦʤʧʣʝʢʪʫʻ ʟʘʚʦʜ-ʚʠʨʦʙʥʠʢ. 

ɼʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʛʘʨʘʥʪʫʻ ʙʝʟʧʝʯʥʽʩʪʴ ʨʦʙʽʪ ʟ ʘʙʨʘʟʠʚʥʠʤʠ ʘʨʤʦʚʘʥʠʤʠ 

ʢʨʫʛʘʤʠ. ʆʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʨʘʟʠʚʥʽ ʘʨʤʦʚʘʥʽ ʢʨʫʛʠ ʧʦʚʠʥʥʽ ʨʦʟʨʦʙʠʪʠ, ʘ ʛʦʣʦʚʥʠʡ 

ʽʥʞʝʥʝʨ (ʥʘʯʘʣʴʥʠʢ) ʟʘʪʚʝʨʜʠʪʠ ʜʝʪʘʣʴʥʽ ʽʥʩʪʨʫʢʮʽʾ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʟʥʠʭ ʨʦʙʽʪ 

ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ɯʥʩʪʨʫʢʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʜʘʥʘ ʢʦʞʥʦʤʫ ʨʦʙʽʪʥʠʢʫ ʧʽʜ ʨʦʟʧʠʩʢʫ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʧʝʨʚʠʥʥʦʛʦ ʽʥʩʪʨʫʢʪʘʞʫ ʧʦ ʪʝʭʥʽʮʽ ʙʝʟʧʝʢʠ. 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʘʙʨʘʟʠʚʥʠʤʠ ʘʨʤʦʚʘʥʠʤʠ ʢʨʫʛʘʤʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʘʰʠʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʝʣʝʢʪʨʠʯʥʽ ʯʠ ʧʥʝʚʤʘʪʠʯʥʽ ʧʨʠʚʦʜʠ, ʩʣʽʜ ʢʝʨʫʚʘʪʠʩʷ ʜʦʜʘʥʠʤʠ ʜʦ ʧʘʩʧʦʨʪʫ ʽʥʩʪʨʫʢʮʽʷʤʠ ʧʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ:  

- ʜʦ ʨʦʙʦʪʠ ʜʦʧʫʩʢʘʪʠ ʪʽʣʴʢʠ ʦʩʽʙ, ʷʢʽ ʧʨʦʡʰʣʠ ʩʧʝʮʽʘʣʴʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʤʘʶʪʴ ʧʦʩʚʽʜʯʝʥʥʷ; 

- ʧʨʘʮʶʚʘʪʠ ʦʙʦʚôʷʟʢʦʚʦ ʚ ʨʫʢʘʚʠʮʷʭ ʽ ʨʝʪʝʣʴʥʦ ʟʘʧʨʘʚʣʝʥʦʤʫ ʨʦʙʦʯʦʤʫ ʢʦʩʪʶʤʽ, ʷʢʠʡ 

ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʻ ʚʽʜ ʽʩʢʦʨ; 

- ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʨʫʛ ʥʘ ʧʨʠʚʽʜʥʫ ʤʘʰʠʥʫ ʪʽʣʴʢʠ ʧʨʠ ʚʽʜʢʣʶʯʝʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ; 

- ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʪʠʩʢʥʽ ʬʣʘʥʮʽ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦ ʬʦʨʤʽ ʪʘ ʨʦʟʤʽʨʘʭ ʚʽʜ ʬʣʘʥʮʽʚ ʟʘʚʦʜʽʚ-

ʚʠʨʦʙʥʠʢʽʚ ʤʘʰʠʥ, ʟʘʙʦʨʦʥʝʥʦ; 

- ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʧʝʨʝʚʽʨʷʪʠ ʥʘʜʽʡʥʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʢʨʫʛʘ ʪʘ ʢʦʞʫʭʘ; 

- ʚʤʠʢʘʪʠ ʤʘʰʠʥʫ ʪʽʣʴʢʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʭʠʩʥʦʤʫ ʢʦʞʫʩʽ; 

- ʧʨʠ ʨʦʙʦʪʽ ʚ ʟʘʢʨʠʪʦʤʫ ʧʨʠʤʽʱʝʥʥʽ, ʟʘʤʢʥʫʪʠʭ ʻʤʥʦʩʪʷʭ ʽ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʫʤʦʚʘʭ 
ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʨʽʚʝʥʴ ʰʫʤʫ; 

- ʢ̫ʱʦ ʧʨʠ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ ʢʨʫʛ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ, ʧʨʦʚʝʨʪʘʪʠ ʡʦʛʦ ʚʨʫʯʥʫ ʧʨʠ ʫʚʽʤʢʥʝʥʦʤʫ 
ʧʫʩʢʦʚʦʤʫ ʧʨʠʩʪʨʦʾ ʟʘʙʦʨʦʥʝʥʦ; 

- ʥʝ ʜʦʧʫʩʢʘʪʠ ʧʨʠ ʨʦʙʦʪʽ ʧʦʧʘʜʘʥʥʷ ʽʩʢʦʨ ʥʘ ʨʦʙʽʪʥʠʢʘ ʪʘ ʦʪʦʯʫʶʯʠʭ, ʘ ʪʘʢʦʞ ʥʘ ʢʘʙʝʣʴ ʯʠ 
ʰʣʘʥʛ ʧʨʠʚʽʜʥʦʾ ʤʘʰʠʥʠ; 

- ʧʽʩʣʷ ʚʠʤʢʥʝʥʥʷ ʤʘʰʠʥʠ ʟʫʧʠʥʷʪʠ ʢʨʫʛ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʨʫʢʘʤʠ, ʘʙʦ ʦʙ ʽʥʰʽ ʧʦʚʝʨʭʥʽ ʯʠ 

ʧʨʝʜʤʝʪʠ ʟʘʙʦʨʦʥʝʥʦ; 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʘʙʨʘʟʠʚʥʽ ʘʨʤʦʚʘʥʽ ʢʨʫʛʠ ʩʣʽʜ ʟʙʝʨʽʛʘʪʠ ʚ ʩʫʭʦʤʫ 

ʧʨʠʤʽʱʝʥʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝ ʥʠʞʯʝ 5
ʦ
ʉ, ʟʙʝʨʽʛʘʥʥʷ ʫ ʚʦʣʦʛʠʭ (ʧʨʠ ʚʦʣʦʛʦʩʪʽ ʚʠʱʝ 65%) 

ʧʨʠʤʽʱʝʥʥʷʭ ʟʘʙʦʨʦʥʝʥʦ. 

ɸʙʨʘʟʠʚʥʽ ʘʨʤʦʚʘʥʽ ʢʨʫʛʠ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʥʘ ʩʢʣʘʜʘʭ ʯʠ ʚ 

ʢʦʤʦʨʘʭ, ʦʙʣʘʜʥʘʥʠʭ ʩʪʝʣʘʞʘʤʠ, ʧʦʣʠʮʷʤʠ ʯʠ ʷʱʠʢʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʝʞʝʥʥʷ ʢʨʫʛʽʚ 

ʨʽʟʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ. ʂʦʤʽʨʢʠ ʤʝʪʘʣʽʯʥʠʭ ʩʪʝʣʘʞʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʰʠʪʽ ʤʘʪʝʨʽʘʣʦʤ (ʜʝʨʝʚʦʤ, 

ʧʦʚʩʪʶ ʪʘ ʽʥʰʠʤʠ), ʜʦʪʠʢ ʷʢʦʛʦ ʟ ʢʨʫʛʦʤ ʥʝ ʚʠʢʣʠʢʘʻ ʡʦʛʦ ʧʦʰʢʦʜʞʝʥʴ. ʇʝʨʝʚʦʟʠʪʠ ʘʙʨʘʟʠʚʥʽ 

ʢʨʫʛʠ ʚ ʢʦʥʪʘʢʪʽ ʟ ʤʝʪʘʣʝʚʠʤʠ ʜʝʪʘʣʷʤʠ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ. 

ɺʽʜʨʽʟʥʽ ʢʨʫʛʠ ʩʣʽʜ ʟʙʝʨʽʛʘʪʠ ʩʪʦʧʢʘʤʠ, ʚʠʩʦʪʘ ʷʢʠʭ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʢʨʫʛʽʚ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ: 

- 600ʤʤ ï ʜʣʷ ʢʨʫʛʽʚ ʜʽʘʤʝʪʨʦʤ 150-300ʤʤ. 

- 1000ʤʤ ï ʜʣʷ ʢʨʫʛʽʚ ʜʽʘʤʝʪʨʽʚ ʙʽʣʴʰʝ 300ʤʤ. 

ʇʨʠ ʮʴʦʤʫ ʩʪʦʧʢʫ ʟ ʢʨʫʛʘʤʠ ʩʣʽʜ ʫʢʣʘʜʘʪʠ ʤʽʞ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʝʪʘʣʽʯʥʠʤʠ ʜʠʩʢʘʤʠ ʟ ʯʠʩʪʦ 

ʦʙʨʦʙʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 2ʤʤ. ɼʽʘʤʝʪʨ ʤʝʪʘʣʝʚʦʛʦ ʜʠʩʢʘ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ 

ʜʽʘʤʝʪʨʫ ʢʨʫʛʘ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʚʠʢʨʠʚʣʝʥʥʷ ʚʽʜʨʽʟʥʽ ʢʨʫʛʠ ʧʦʚʠʥʥʽ ʟʥʘʭʦʜʠʪʠʩʷ ʧʽʜ ʧʦʩʪʽʡʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʝ ʤʝʥʰʝ 2-3ʢʛ. 

ɿʘʯʠʩʥʽ ʢʨʫʛʠ ʪʠʧʫ 27 (5ʇ) ʩʣʽʜ ʟʙʝʨʽʛʘʪʠ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʜʜʦʥʘʭ ʽʟ ʩʪʨʠʞʥʝʤ, ʷʢʠʡ ʧʦʚʠʥʝʥ 

ʚʭʦʜʠʪʠ ʚ ʧʦʩʘʜʦʯʥʽ ʦʪʚʦʨʠ ʢʨʫʛʽʚ. ʇʨʠ ʮʴʦʤʫ ʢʨʫʛʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʢʣʘʜʝʥʽ ʩʪʦʧʢʘʤʠ ʥʝ ʙʽʣʴʰʝ 

300ʤʤ. 

ʅʘ ʢʦʞʥʽʡ ʢʦʤʽʨʮʽ ʩʪʝʣʘʞʘ ʯʠ ʷʱʠʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʠʨʢʘ ʯʠ ʥʘʣʽʧʢʘ, ʥʘ ʷʢʽʡ ʚʢʘʟʘʥʦ ʧʦʚʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʡʦʛʦ ʟʘʚʦʜʩʴʢʦʶ ʝʪʠʢʝʪʢʦʶ. 
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ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʢʨʫʛʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ; 

ʪʫʪ ʥʝ ʚʘʨʪʦ ʤʘʪʠ ʟʘʧʘʩ ʢʨʫʛʽʚ, ʧʝʨʝʚʠʱʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʥʠʭ ʥʘ 1 ʟʤʽʥʫ. ʂʨʫʛʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʩʢʣʘʜʝʥʽ ʚ ʽʟʦʣʴʦʚʘʥʽ ʢʦʤʽʨʢʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʷʱʠʢʽʚ ʽ ʟʘʭʠʱʝʥʽ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʩʘʜʽʚ. 

ɺʠʢʦʥʘʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʤʦʛ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʫ ʪʘ ʧʨʦʜʫʢʪʠʚʥʫ ʨʦʙʦʪʫ 

ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʴ ʾʭ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 
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EFFECTIVE AND SAFE APPLICATION OF ABRASIVE WORKING ORGANS  

 
Hrygoriy  Machyshyn, Yuri  Abrashkevych 
 

Abstract. In this work the represented results of researches on influence of climatic and other factors on 

ʤʽʮʥʽʩʥʽ and operating indexes of the abrasive reinforced circles. Intercommunication is set between the 

parameters of the abrasive reinforced circles and environment  in the process of experiments not only in natural, 

and also and in laboratory terms. Negative influences of moisture are certain on quality of the abrasive reinforced 

instruments in the process of test of four parties of circles in natural climatic terms. On the basis of the conducted 

experiments, worked out recommendations for to the external environments and storage of the abrasive reinforced 

circles in assembling organizations, and also requirements on their packing on a plant-producer. Implementation of 

requirements described in-process will allow not only to provide safe and productive work by an abrasive 

instrument, and also will allow substantially will increase them economic efficiency. 

Keywords: an abrasive is reinforced circle, humidity, destruction, wearproofness, durability. 
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ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ  ʤʘʰʠʥ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ 

ɸʥʜʨʽʡ ɿʘʧʨʠʚʦʜʘ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʫʱʽʣʴʥʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʧʦʚʝʨʭʥʝʚʠʤʠ ʤʘʰʠʥʘʤʠ ï 

ʚʽʙʨʦʧʨʠʩʪʨʦʷʤʠ ʪʘ ʚʽʙʨʘʮʽʡʥʠʤʠ ʢʦʪʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʨʽʰʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ ʫʱʽʣʴʥʶʶʯʠʤʠ 

ʩʝʨʝʜʦʚʠʱʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ  ʨʦʙʦʯʠʭ  ʧʨʦʮʝʩʩʽʚ ʫʱʽʣʴʥʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʩʫʤʽʰʝʡ ʧʦʚʝʨʭʥʝʚʠʤʠ ʤʘʰʠʥʘʤ. ɿôʷʩʦʚʘʥʦ, ʱʦ  ʨʦʙʦʪʘ ʚʩʽʭ ʤʘʰʠʥ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ 

ʧʨʠʢʣʘʜʝʥʥʷʤ ʥʘ ʾʭʥʶ ʧʦʚʝʨʭʥʶ  ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʩʫʤʽʰʽ. ʇʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʩʫʤʽʰʽ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘ ʧʨʠ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʟʥʠʞʫʻʪʴʩʷ. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʝ ʚʽʜʨʘʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʥʘʧʨʫʞʝʥʠʡ 

ʩʪʘʥ ʩʫʤʽʰʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ. ɼʦ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʥʝʩʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʫ  ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʞʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʡ ʟʘʛʘʣʴʥʠʡ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʙʫʜʽʚʝʣʴʥʘ ʩʫʤʽʰ  ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʨʠʡʥʷʪʘ  ʷʢ 

ʛʦʣʦʚʥʠʡ ʢʨʠʪʝʨʽʡ  ʽ ʧʨʝʜʩʪʘʚʣʷʻ   ʩʦʙʦʶ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ  ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʫʱʽʣʴʥʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ 

ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʠ  ʤʘʰʠʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ,  ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ  

ʟʘʜʘʥʠʡ ʪʝʭʥʦʣʦʛʽʻʶ ʝʬʝʢʪʠʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʧʨʠʩʪʨʽʡ, ʢʦʪʦʢ, ʤʦʜʝʣʴ, ʙʫʜʽʚʝʣʴʥʘ  ʩʫʤʽʰ, ʫʱʽʣʴʥʝʥʥʷ, ʨʝʞʠʤʠ, ʧʘʨʘʤʝʪʨʠ, 

ʝʥʝʨʛʽʷ,ʤʝʪʦʜʠʢʘ, ʨʦʟʨʘʭʫʥʦʢ. 

ɺ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʟʥʘʯʥʠʤʠ ʪʝʤʧʘʤʠ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ 

ʦʙôʻʢʪʽʚ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʛʦ  ʨʽʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ 
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ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʟʘʟʥʘʯʝʥʠʭ ʚ ʙʫʜʽʚʝʣʴʥʦʤʫ ʧʨʦʝʢʪʽ. ɿʥʘʯʥʘ ʜʦʣʷ ʫ ʩʧʦʨʫʜʞʝʥʠʭ ʦʙôʻʢʪʘʭ 

ʥʘʣʝʞʠʪʴ ʬʦʨʤʫʚʘʥʥʶ ʧʦʚʝʨʭʥʝʚʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʩʷʛʘʶʪʴ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 30ï

50% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ, ʧʽʜʟʝʤʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʧʘʨʢʽʥʛʠ, ʜʦʨʦʞʥʻ ʧʦʣʦʪʥʦ. ʊʝʭʥʦʣʦʛʽʷ ʫʣʘʰʪʫʚʘʥʥʷ ʮʠʭ ʽ ʧʦʜʽʙʥʠʭ 

ʬʦʨʤʦʫʪʚʦʨʝʥʴ ʧʦʪʨʝʙʫʻ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʫʢʣʘʜʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ, ʾʭ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʟʘʛʣʘʜʞʫʚʘʥʥʷ. ʅʘʨʘʟʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʤʘʰʠʥʘʤʠ ï ʚʽʙʨʦʧʨʠʩʪʨʦʷʤʠ ʪʘ ʚʽʙʨʘʮʽʡʥʠʤʠ ʢʦʪʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ ʫʱʽʣʴʥʶʶʯʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ. ɯʩʥʫʶʯʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ  ʩʫʤʽʰʝʡ  ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ʆʙʫʤʦʚʣʶʻʪʴʩʷ ʮʝ ʪʠʤ, 

ʱʦ ʽʩʥʫʶʯʝ ʧʦʚʝʨʭʥʝʚʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥ.  ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʪʘ 

ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʨʦʙʽʪ[1],[2],[3],[4],[5],[6] ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [7],[8],[9],[10] 

ʚʠʟʥʘʯʝʥʽ ʟʘʜʘʯʽ ʟʘʟʥʘʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʜʽʡʩʥʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʚʽʙʨʦʧʨʠʩʪʨʦʶ ʽʟ 
ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʙʫʜʽʚʝʣʴʥʦʾ ʩʫʤʽʰʽ ʟʘ ʫʤʦʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʝʞʠʤʫ ʪʘ ʩʘʤʦʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʚʽʙʨʘʪʦʨʽʚ ʥʘ ʨʘʤʽ ʪʘ ʨʝʞʠʤʠ ʽ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʪʢʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʙʫʜʽʚʝʣʴʥʦʾ 

ʩʫʤʽʰʽ ʧʨʠ ʫʣʘʰʪʫʚʘʥʥʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ɺʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʽʙʨʦʧʨʠʩʪʨʦʾʚ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʜʦʩʪʝʤʝʥʥʦ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʾʾ ʨʫʭʫ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ: ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʦʧʦʨʫ, ʜʦ ʷʢʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʽʥʝʨʮʽʡʥʽ, ʧʨʫʞʥʽ ʽ ʜʠʩʠʧʘʪʠʚʥʽ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ; ʭʘʨʘʢʪʝʨʫ ʢʦʣʠʚʘʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣ 

ʟʯʝʧʣʝʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʚ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ; ʚʠʨʘʭʦʚʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ ʤʘʰʠʥʠ ʥʘ 

ʨʝʞʠʤʠ ʬʦʨʤʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. ʇʨʦʮʝʩ ʨʫʭʫ  ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʧʨʠʡʥʷʪʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ. ʈʦʙʦʯʠʡ ʦʨʛʘʥ ʚʽʙʨʦʧʨʠʩʪʨʦʶ  ʻ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʘ ʰʘʨ ʾʾ ʚ ʢʦʥʪʘʢʪʥʽʡ ʟ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʟʜʽʡʩʥʶʻ ʢʦʣʠʚʘʣʴʥʦ-ʭʚʠʣʴʦʚʠʡ ʧʨʦʮʝʩ ʽ 

ʧʝʨʝʜʘʻ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʥʴ ʥʘʩʪʫʧʥʠʤ ʰʘʨʘʤ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʚ ʾʾ ʛʣʠʙʠʥʽ.  

ʆʜʥʘʢ ʽʩʥʫʻ ʽʱʝ ʦʜʠʥ ʤʝʭʘʥʽʟʤ ʨʫʭʫ  ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʤʦʞʣʠʚʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʠʡ ʚʠʜ ʨʫʭʫ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʧʨʠʧʫʱʝʥʥʷʤ. 

ɽʥʝʨʛʽʷ ʚʽʜ ʰʘʨʫ ʜʦ ʰʘʨʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʪʝʨʪʷ ʢʦʥʪʘʢʪʫʶʯʠʭ ʤʽʞ 

ʩʦʙʦʶ ʩʫʩʽʜʥʽʭ ʰʘʨʽʚ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʙʝʪʦʥʥʽʡ ʩʫʤʽʰʽ ʧʦʨʷʜ ʟ ʧʦʝʪʘʧʥʠʤ 

ʩʪʠʩʥʝʥʥʷʤ ʽ ʨʦʟʪʷʛʥʝʥʥʷʤ ʰʘʨʽʚ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ  ʚʠʥʠʢʘʶʪʴ ʪ.ʟʚ. ʟʩʫʚʥʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʽ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ.  ʇʨʦʮʝʩ ʟʘʣʫʯʝʥʥʷ ʰʘʨʽʚ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚ ʢʦʣʠʚʘʥʥʷ  ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʥʝ ʤʠʪʪʻʚʦ, ʘ ʟ ʟʘʧʽʟʥʝʥʥʷʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʦʧʝʨʝʜʥʽʭ ʰʘʨʽʚ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʥʘʩʣʽʜʦʢ ʾʭ ʽʥʝʨʪʥʦʩʪʽ. ʋ ʨʘʤʢʘʭ ʤʦʜʝʣʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, 
ʧʨʠʚʝʜʝʥʦʾ ʚ [7], ʧʨʠʡʥʷʪʦ, ʱʦ ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʻ ʢʚʘʟʽʦʜʥʦʨʽʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʟʜʽʡʩʥʶʻ 

ʢʦʣʠʚʘʥʥʷ ʰʘʨʫ  ʚʠʩʦʪʦʶ h. ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ u(x,t) ʧʝʨʝʤʽʱʝʥʥʷ ʰʘʨʫ ʩʫʤʽʰʽ ʟ ʘʙʩʮʠʩʦʶ x ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ t, ʪʦ ʾʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ 22 tu µµ  ʽ 22 xu µµ  ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʩʢʦʨʝʥʥʷ ʩʫʤʽʰʽ ʽ ʜʨʫʛʘ ʧʦʭʽʜʥʘ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ 

--=µµ= cixtxu  ;1 ;),(e ʰʚʠʜʢʽʩʪʴ ʧʦʟʜʦʚʞʥʽʭ ʭʚʠʣʴ, ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʰʘʨʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, 

ʱʦ ʤʘʻ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽ ̔ ʱʽʣʴʥʽʩʪʴ - ;, grr Ec= ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ; -DÖD= WWW  ;2/ pg  ʝʥʝʨʛʽʷ, ʧʦʛʣʠʥʝʥʘ ʝʣʝʤʝʥʪʘʨʥʠʤ ʰʘʨʦʤ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʟʘ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ; -W  ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʮʴʦʛʦ ʰʘʨʫ; g ï ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. ʈʽʚʥʷʥʥʷ (1) ʚʠʨʽʰʫʚʘʣʦʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʦʮʝʩʽʚ ʽ ʤʘʰʠʥ (ʨʠʩ1) ʜʣʷ 

ʚʠʟʥʘʯʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 
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ʈʠʩ.1.ʄʘʰʠʥʠ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ: 

ʘ- ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʪʘ ʯʘʩʪʢʦʚʝ ʫʱʽʣʴʥʝʥʥʷ ʧʣʠʪʦʶ ʙʝʪʦʥʦʫʢʣʘʜʘʯʘ; ʙ- ʚʽʙʨʘʮʽʡʥʝ ʪʨʘʤʙʫʚʘʥʥʷ ʪʘ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʫʱʽʣʴʥʝʥʥʷ; ʚ- ʚʽʙʨʦʨʝʡʢʘ; ʛ- ʢʦʪʦʢ. 

 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʨʝʞʠʤʽʚ ʪʘ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʊʘʢ, ʯʘʩʪʦʪʘ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʩʪʨʦʶ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʩʫʤʽʰʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

1. ,/ 00

2

0 mʩʚʚ += ww       (2) 

ʜʝ 
ʚ0w  ï ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʣʴʥʦ ʣʝʞʘʯʦʛʦ ʧʨʠʩʪʨʦʶ; 00 / mʩ  ï ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʤʘʩʠ ʪ0, ʱʦ ʣʝʞʠʪʴ ʥʘ ʙʝʪʦʥʥʽʡ ʩʫʤʽʰʽ, ʷʢʘ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʩ0. 

ʏʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠʩʪʨʦʶ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

2. ,
2

2

0
m

EJ

l

an
ʚ=w       (3) 

ʜʝ  ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʅ/ʤ
2
; J ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʪʠʥʫ ʧʨʠʩʪʨʦʶ ʱʦʜʦ ʦʩʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ 

ʜʦ ʧʣʦʱʠʥʠ ʚʠʛʠʥʫ, ʤ
4
; l ï ʜʦʚʞʠʥʘ ʙʘʣʦʢ ʧʨʠʩʪʨʦʶ, ʤ;  m ï ʤʘʩʩʘ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ ʙʘʣʢʠ, ʢʛ/ʤ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʢʨʦʢ ʤʽʞ ʚʽʙʨʘʪʦʨʘʤʠ: 

3.      
,34 2

max rwEJl =
      (4) 

ʜʝ r ï ʧʦʛʦʥʥʘ ʱʽʣʴʥʽʩʪʴ; w ï ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʉʘʤʦʩʠʥʭʨʦʥʽʟʘʮʽʷ ʜʚʦʭ ʚʽʙʨʘʪʦʨʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʙʘʣʢʘʭ ʧʨʠʩʪʨʦʶ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʠʢʦʥʘʥʥʷʤ ʥʘʩʪʫʧʥʦʾ ʫʤʦʚʠ: 

4. ,0)cos()1( 21

2 >>-- aal      (5) 

ʜʝ l ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʣʘʩʥʠʭ ʚw  ʜʦ ʚʠʤʫʰʝʥʠʭ w ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʩʪʨʦʶ; 1a , 2a  ï ʬʘʟʠ 

ʢʦʣʠʚʘʥʴ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʚʽʙʨʘʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

ʉʪʽʡʢʽʩʪʴ ʨʦʙʦʪʠ ʚʽʙʨʦʧʨʠʩʪʨʦʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʫʤʦʚʦʶ: 

5. .   ;21 wwaa >=- ʚconst      (6) 

http://mastertraktor.ru/wp-content/uploads/2016/09/katok4.jpg
http://mastertraktor.ru/wp-content/uploads/2016/09/katok4.jpg
http://mastertraktor.ru/wp-content/uploads/2016/09/katok4.jpg
http://mastertraktor.ru/wp-content/uploads/2016/09/katok4.jpg
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DEVELOPMENT OF METHODS OF CALCULATION AND CREATION OF ENERGY -

SAVING MACHINES FOR SURFACE SEALING OF BUILDING MIXTURES  
 

Andriy Zaprivoda   
 

Abstract. The working processes of compaction of construction mixtures by surface machines - vibrating 

devices and vibrating rollers on the basis of the solution of contact interaction with sealing media are investigated. 

Criteria for evaluating the efficiency of working processes of compaction of construction mixtures by surface 

machines are proposed. During loading, the stress state of the mixture increases, and during unloading decreases. 

In some cases, unloading does not occur immediately after loading, ie the maximum stress state of the mixture is 

maintained for some time. The parameters of cyclic loading include the maximum value of stress, the rate of 

change of stress and the total time during which the building mixture is under load. The rate of change of the stress 

state is accepted as the main criterion and is the first derivative of stress. Numerical values of the rate of change of 

the stress state for different sealing modes are obtained. Algorithms are proposed and methods of calculation of 

surface compaction machines are developed, the implementation of which allows to provide the effective mode of 

the working process set by the technology. 

Keywords: vibrating device, roller, model, building mix, consolidation, modes, parameters, energy, 

technique, calculation. 

 

 

ʋɼʂ 693.1 

ʈʦʟʨʦʙʢʘ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʤʦʥʦʣʽʪʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ʖʨʽʡ ɿʘʻʮʴ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʘ ʩʘʤʝ ʚʠʢʦʥʘʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʨʦʙʽʪ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʘʣʫʙʥʽ ʩʠʩʪʝʤʠ. ɰʭ ʤʝʭʘʥʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʤʘʡʜʘʥʯʠʢʫ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʩʘʤʦʧʽʜʡʦʤʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʠʭ ʢʨʘʥʦʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʩʘʤʦʧʽʜʡʦʤʥʦʾ ʦʧʘʣʫʙʢʠ, ʱʦ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʚʟʜʦʚʞ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʢʨʽʤ ʙʝʪʦʥʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʢʦʥʪʫʨʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʥʘʰʘʨʫʚʘʥʥʷ ʙʝʪʦʥʫ ʪʦʥʢʠʤʠ ʰʘʨʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʥʦʣʽʪʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʢʦʚʟʥʘ ʦʧʘʣʫʙʢʘ, ʤʝʭʘʥʽʟʘʮʽʷ ʨʫʯʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʇʦʥʷʪʪʷ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʜʫʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʥʝʚʠʟʥʘʯʝʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ 

ʤʦʥʦʣʽʪʥʠʭ ʨʦʙʽʪ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʦʜʫʣʷʤʠ ʚʠʩʪʫʧʘʶʪʴ ʦʧʘʣʫʙʥʽ ʩʠʩʪʝʤʠ. 

ʆʧʘʣʫʙʢʘ ï ʚʝʨʪʠʢʘʣʴʥʘ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʬʦʨʤʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʬʦʨʤʫ ʤʘʡʙʫʪʥʴʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʢʣʘʜʘʥʥʷʤ ʫ ʥʝʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ [1]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʧʘʣʫʙʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ, ʟʥʽʤʥʠʭ ʯʘʩʪʠʥ, ʷʢʽ ʟôʻʜʥʘʥʽ ʟʘʩʦʙʘʤʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʢʨʽʧʠʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʟʚôʷʟʢʽʚ), ʱʦ ʫʪʨʠʤʫʶʪʴ ʾʭ ʨʘʟʦʤ ʚ ʧʨʦʝʢʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʜʦ ʧʦʜʘʯʽ ʩʫʤʽʰʽ, ʧʽʜ ʯʘʩ ʧʦʜʘʯʽ ʽ ʥʘ ʚʝʩʴ ʯʘʩ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ. ɼʘʥʽ ʢʨʽʧʠʣʴʥʽ ʝʣʝʤʝʥʪʠ ʧʨʠʡʥʷʪʦ 

ʥʘʟʠʚʘʪʠ ʣʽʩʘʤʠ [2]. 

ʉʫʤʽʰ ʧʦʜʘʶʪʴ ʚ ʟʘʢʨʽʧʣʝʥʫ ʦʧʘʣʫʙʢʫ ʟ ʟʘʚʝʨʰʝʥʠʤ ʘʨʤʘʪʫʨʥʠʤ ʢʘʨʢʘʩʦʤ ʚ ʩʝʨʝʜʠʥʽ, ʘʙʦ 

ʢʘʨʢʘʩ ʚʪʦʧʣʶʶʪʴ ʤʝʪʦʜʦʤ ʚʽʙʨʘʮʽʾ [2]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ ʚʠʜʽʚ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʫʯʘʩʥʽ ʦʧʘʣʫʙʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʦʞ ʟ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [39]. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʦʧʘʣʫʙʢʠ ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʽ ʚʠʡʜʝ ʪʘʢʠʡ ʧʝʨʝʣʽʢ ʦʧʘʣʫʙʦʢ: 

¶ ʜʝʨʝʚôʷʥʘ/ʜʝʨʝʚʦʤʝʪʘʣʝʚʘ ʦʧʘʣʫʙʢʘ; 

¶ ʤʝʪʘʣʝʚʘ ʦʧʘʣʫʙʢʘ; 

¶ ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʦʧʘʣʫʙʢʘ; 

¶ ʛʫʤʦʚʘ/ʪʢʘʥʠʥʥʘ (ʥʘʜʫʚʥʠʡ) ʦʧʘʣʫʙʢʘ; 

¶ ʧʣʘʩʪʤʘʩʦʚʘ ʦʧʘʣʫʙʢʘ; 

¶ ʘʨʤʦʮʝʤʝʥʪʥʘ ʦʧʘʣʫʙʢʘ. 

ʂʦʥʩʪʨʫʢʮʽʾ ʦʧʘʣʫʙʢʠ ʤʘʶʪʴ ʨʽʟʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʥʘʷʚʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʯʘʩʫ ʥʘ ʫʩʪʘʥʦʚʢʫ ʦʧʘʣʫʙʢʠ/ʜʝʤʦʥʪʘʞ ʾʾ. 

ʆʜʥʽʻʶ ʟ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ 

ʪʝʭʥʦʣʦʛʽʷ ʢʦʚʟʥʦʾ ʘʙʦ ʨʫʭʦʤʦʾ ʦʧʘʣʫʙʢʠ. ɺʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʚ ʟʚʝʜʝʥʥʽ ʦʢʨʝʤʠʭ ʢʦʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʝʣʴ ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʩʪʽʥ, ʧʝʨʝʛʦʨʦʜʦʢ, ʷʜʝʨ ʞʦʨʩʪʢʦʩʪʽ, ʣʽʬʪʦʚʠʭ ʰʘʭʪ ʪʘ ʽʥ., ʪʘʢ ʽ 

ʮʽʣʢʦʤ ʙʫʜʽʚʝʣʴ, ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʩʦʪʥʠʠʭ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʢʦʥʥʠʭ ʽ ʜʚʝʨʥʠʭ ʧʨʦʨʽʟʽʚ, 

ʟʘʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʽ ʝʣʝʤʝʥʪʽʚ. 

ʂʦʚʟʥʘ ʦʧʘʣʫʙʢʘ ʨʫʭʣʠʚʘ, ʾʾ ʧʽʜʥʽʤʘʶʪʴ ʚʛʦʨʫ ʙʝʟ ʧʝʨʝʨʚʠ ʚ ʙʝʪʦʥʫʚʘʥʥʽ. ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʧʨʠ ʟʚʝʜʝʥʥʽ ʪʘʢʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʚʟʥʦʾ ʦʧʘʣʫʙʢʠ ʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʽʚ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ.  

ʂʦʚʟʥʘ ʦʧʘʣʫʙʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʜʚʦʭ ʱʠʪʽʚ 1, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʤʽʞ ʩʪʽʡʢʘʤʠ 

ʜʦʤʢʨʘʪʥʦʾ ʨʘʤʠ 2 ʥʘ ʚʽʜʩʪʘʥʽ ʨʽʚʥʽʡ ʪʦʚʱʠʥʽ ʩʪʽʥʠ (ʈʠʩ. 1). ʑʠʪʠ ʜʣʷ ʦʧʘʣʫʙʢʠ ʟʙʠʨʘʶʪʴʩʷ ʘʙʦ ʟ 

ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, ʘʙʦ ʟ ʚʦʣʦʛʦʩʪʽʡʢʦʛʦ ʜʝʨʝʚʘ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʣʦʩʢʠʤʠ ʘʙʦ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ. 

 

ʈʠʩ 1.  ʂʦʚʟʥʘ ʦʧʘʣʫʙʢʘ 
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ɼʦʤʢʨʘʪʥʽ ʨʘʤʠ ʦʭʦʧʣʶʶʪʴ ʚʩʶ ʱʠʪʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʧʦ ʧʝʨʠʤʝʪʨʫ ʫ ʚʝʨʭʥʽʡ ʾʾ ʯʘʩʪʠʥʽ (ʈʠʩ. 1). 

ʈʘʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʞʦʨʩʪʢʦ ʩʢʨʽʧʣʝʥʥʠʭ ʨʠʛʝʣʷ 3 ʽ ʜʚʦʭ ʩʪʽʡʦʢ 2, ʘ ʫ ʤʽʩʮʷʭ ʧʨʠʤʠʢʘʥʥʷ ʽ 

ʧʝʨʝʪʠʥʫ ʩʪʽʥ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʟ ʪʨʴʦʤʘ ʽ ʯʦʪʠʨʤʘ ʩʪʽʡʢʘʤʠ. ɼʦ ʜʦʤʢʨʘʪʥʠʭ ʨʘʤ ʟ 

ʟʦʚʥʽʰʥʴʦʾ ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʧʽʜʚʽʰʫʶʪʴʩʷ ʧʽʜʤʦʩʪʢʠ 4, ʘ ʧʦʚʝʨʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʦʙʦʯʠʡ 

ʥʘʩʪʠʣ 5. ɺʦʥʠ ʩʣʫʞʘʪʴ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʨʦʙʽʪʥʠʢʽʚ ʧʨʠ ʟʘʣʠʚʮʽ ʙʝʪʦʥʫ, ʘʨʤʫʚʘʥʥʽ, ʚʠʧʨʘʚʣʝʥʥʽ 

ʜʝʬʝʢʪʽʚ ʙʝʪʦʥʫʚʘʥʥʷ, ʚʠʣʫʯʝʥʥʶ ʟʘʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ.  

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʙʝʪʦʥʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʫ ʘʨʤʘʪʫʨʥʠʭ ʨʦʙʽʪ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʫʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʠʤʫʚʘʥʥʷ ʙʝʪʦʥʫ ʜʦ ʥʘʙʦʨʫ ʥʠʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʽʮʥʦʩʪʽ. ʆʧʪʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʢʦʚʟʥʦʾ ʦʧʘʣʫʙʢʠ ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʤʦʚʠ 

ʜʦʩʷʛʥʝʥʥʷ ʙʝʪʦʥʦʤ ʨʦʟʧʘʣʫʙʥʦʯʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʾʾ ʟʯʝʧʣʝʥʥʽ ʟ ʧʘʣʫʙʦʶ [3]: 

ὠ̏̐
Ὄ̏ ̐ ὥ Ὤ̒ ̌

ὸ
ȟ 

ʜʝ Ὄ̏  ̐ï ʚʠʩʦʪʘ ʦʧʘʣʫʙʢʠ, ʩʤ; ὥ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʫʢʣʘʜʝʥʦʛʦ ʙʝʪʦʥʫ ʜʦ ʚʝʨʭʫ ʦʧʘʣʫʙʢʠ, ʩʤ; Ὤ̒  ̌ï 

ʚʠʩʦʪʘ ʰʘʨʫ ʙʝʪʦʥʫ, ʱʦ ʫʢʣʘʜʘʻʪʴʩʷ, ʩʤ; ὸ ï ʯʘʩ ʥʘʙʫʚʘʥʥʷ ʙʝʪʦʥʦʤ ʨʦʟʧʘʣʫʙʥʦʯʥʦʾ ʤʽʮʥʦʩʪʽ, ʛʦʜ.  

ʎʷ ʰʚʠʜʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 1 ... 4 ʩʤ / ʭʚ. ʇʨʠ ʪʘʢʽʡ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʯʘʩʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʚʩʴʦʛʦ ʮʠʢʣʫ ʙʝʪʦʥʫʚʘʥʥʷ - ʫʩʪʘʥʦʚʢʠ ʘʨʤʘʪʫʨʠ, ʟʘʢʣʘʜʥʠʭ ʯʘʩʪʠʥ ʽ ʝʣʝʤʝʥʪʽʚ, ʥʘʨʦʱʫʚʘʥʥʷ 

ʜʦʤʢʨʘʪʥʠʭ ʩʪʨʠʞʥʽʚ, ʫʢʣʘʜʘʥʥʷ ʽ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ [2]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʘʤʦʧʽʜʡʦʤʥʘ ʦʧʘʣʫʙʢʘ ʩʠʩʪʝʤʘ (ʨʠʩ.2) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʽʚʨʘʤ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʧʽʣʦʥʫ [4]. ʇʽʚʨʘʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʘʤ, ʟʚʝʨʭʫ ʪʘ ʟʥʠʟʫ 

ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʪʷʞʥʽ ʪʘ ʦʙʚʽʜʥʽ ʨʦʣʠʢʠ. ʅʝʚʢʦʣʦ ʨʦʣʠʢʽʚ ʨʦʟʤʽʱʝʥʘ ʩʪʨʽʯʢʘ, ʱʦ ʫʪʚʦʨʶʻ 

ʨʘʟʦʤ ʟ ʥʘʧʨʷʤʥʠʤʠ ʱʠʪʘʤʠ ʙʝʪʦʥʫʚʘʣʴʥʠʡ ʢʦʥʪʫʨ ʧʽʣʦʥʫ.  

 

ʈʠʩ.2. ʉʘʤʦʧʽʜʡʦʤʥʘ ʦʧʘʣʫʙʢʘ ʩʠʩʪʝʤʘ 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʦʙʚôʷʟʫʚʘʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ ʧʝʨʝʢʨʠʪʪʷ ʟ ʧʽʣʦʥʘʤʠ ʪʘ ʩʪʽʥʘʤʠ, ʥʘ 

ʚʠʩʦʪʽ ʧʝʨʝʢʨʠʪʪʷ ʚ ʟʦʥʽ ʙʝʪʦʥʫʚʘʥʥʷ ʧʽʣʦʥʽʚ ʚʩʪʘʥʦʚʣʶʻʤʦ ʝʣʝʤʝʥʪʠ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ 

ʧʨʦʥʠʢʥʝʥʥʷ ʙʝʪʦʥʫ ʚ ʟʦʥʫ ʙʝʪʦʥʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ ʣʠʩʪʠ ʧʽʥʦʧʦʣʽʩʪʽʨʦʣʫ, ʱʦ ʧʽʩʣʷ ʙʝʪʦʥʫʚʘʥʥʷ 

ʚʠʧʘʣʶʶʪʴʩʷ ʛʦʨʽʣʢʘʤʠ). 

ɺʘʨʽʘʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʧʽʜʡʦʤʥʦʾ ʦʧʘʣʫʙʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʧʽʜʡʦʤʥʦʾ ʦʧʘʣʫʙʢʠ. 

ɺʠʩʥʦʚʢʠ: 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʧʽʜʡʦʤʥʦʾ ʦʧʘʣʫʙʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʚʝʜʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʻ 

ʨʷʜ ʧʝʨʝʚʘʛ: 

- ɿʤʝʥʰʫʻʪʴʩʷ ʧʠʪʦʤʘ ʯʘʩʪʢʘ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʤʦʥʪʘʞʫ/ʜʝʤʦʥʪʘʞʫ ʦʧʘʣʫʙʥʠʭ ʩʠʩʪʝʤ ʧʨʠ 
ʟʚʝʜʝʥʥʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ; 

- ʇʦʢʨʘʱʫʻʪʴʩʷ ʧʦʚʝʨʭʥʷ ʙʝʪʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʚʜʷʢʠ ʧʣʘʚʥʦʤʫ ʚʽʜʨʠʚʘʥʥʶ ʬʦʨʤʫʶʯʦʾ 
ʩʪʨʽʯʢʠ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʇʽʜʚʠʱʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʨʽʚʥʷ ʤʝʭʘʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʦʧʝʨʘʮʽʡ; 

- ɿʤʝʥʰʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʦʾ ʢʨʘʥʦʚʦʾ ʪʝʭʥʽʢʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
1. ʊʝʭʥʦʣʦʛʽʷ ʤʦʥʪʘʞʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: ʥʘʚʯ. ʧʦʩʽʙ. / ɺ.ʂ. ʏʝʨʥʝʥʢʦ, ʆ.ʌ. ʆʩʠʧʦʚ, ɻ.ʄ. ʊʦʥʢʘʯʝʻʚ, ʂ.ɺ. 

ʏʝʨʥʝʥʢʦ ʪʘ ʽʥ.; ʟʘ ʨʝʜ. ɺ.ʂ. ʏʝʨʥʝʥʢʘ. ï ʂ.: ɻʦʨʦʙʝʮʴ ɻ. ʉ., 2010. ï 372 ʩ. 

2. ʊʦʥʢʘʯʝʝʚ ɻ.ʄ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʤʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʩʥʘʩʪʢʠ , 2012. ï 

158 ʩ 

3. ʊʝʭʥʦʣʦʛʽʷ ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʣʦʥʽʚ ʢʘʨʢʘʩʥʠʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʚ ʩʘʤʦʧʽʜʡʦʤʥʽʡ ʦʧʘʣʫʙʥʽʡ ʩʠʩʪʝʤʽ. ʐʘʨʘʧʘ 

ʉ. ɼʠʩ. ʥʘ ʟʜʦʙ ʩʪʫʧ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʂ., ʂʅʋɹɸ. 2015 ï 180 ʩ. 

4. ɺʝʨʪʠʢʘʣʴʥʦ-ʨʫʭʣʠʚʘ ʦʧʘʣʫʙʢʘ. ʊʦʥʢʘʯʝʻʚ ɻ.ʄ., ʈʘʰʢʽʚʩʴʢʠʡ ɺ.ʇ., ʃʝʧʩʴʢʘ ʃ.ɸ. ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 94543 U. ɹʶʣ. 

ˉ 22, 25.11.2014. 

 
DEVELOPMENT OF MECHANIZED TECHNOLOGICAL MODULE FOR MONOLITHIC 

CONSTRUCTION  

 
Yuri Zayets  

 

Abstract. In order to increase the efficiency of construction work, namely the implementation of monolithic 

works using formwork systems. Their mechanization allows to increase productivity on the site. In addition, self-

elevating systems can significantly reduce the use of heavy crane mechanisms. A self-elevating formwork structure 

has been developed that can move along vertical structures. This design, in addition to concreting the full contour, 

allows you to perform layering of concrete in thin layers 

Keywords: monolithic construction, sliding formwork, mechanization of manual processes. 
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ʋɼʂ 693.1 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʛʨʫʧʦʚʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʜʫʢʪʦʨʽʚ 

ɺʦʣʦʜʠʤʠʨ ʈʘʰʢʽʚʩʴʢʠʡ, ʗʥʘ ɼʤʠʪʨʫʢ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ ʫ ʚʠʛʣʷʜʽ ʢʦʥʜʫʢʪʦʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʤʦʥʪʘʞʫ ʢʦʣʦʥ ï ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʟʚʝʜʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʦʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʟʚʝʜʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʜʫʣʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʢʨʘʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʜʦʩʷʛʪʠ ʥʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʝʬʝʢʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʜʫʢʪʦʨ ʜʣʷ ʤʦʥʪʘʞʫ ʢʦʣʦʥ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʴ, ʪʝʭʥʦʣʦʛʽʷ 

ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ 

ʇʨʦʮʝʩ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ï ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɿ ʨʦʩʪʦʤ ʦʙôʻʤʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʟʨʦʩʪʘʻ ʧʠʪʦʤʘ ʯʘʩʪʢʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʚ ʭʦʜʽ 

ʙʫʜʽʚʥʠʮʪʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ï ʦʜʠʥ ʟ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʟʥʠʞʝʥʥʷ ʟʘʪʨʘʪ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ. ɼʦʩʠʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʧʨʠ ʤʦʥʪʘʞʽ ʙʫʜʽʚʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʧʠʪʦʤʫ ʯʘʩʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʠʭ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʧʨʠ ʚʠʚʽʨʷʥʥʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʬʽʢʩʘʮʽʾ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʥʘʩʪʢʠ ʦʮʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʟʽʩʪʘʚʣʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʦʛʣʷʜʫ ʥʘ ʚʩʽ ʩʪʘʜʽʾ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʍʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʦʩʥʘʱʝʥʥʷ ʷʢ ʝʬʝʢʪʠʚʥʝ ʤʦʞʥʘ ʪʽʣʴʢʠ ʟʘ ʩʫʢʫʧʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʙʫʜʽʚʥʠʮʪʚʘ. 

ɺʠʪʨʘʪʠ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʨʘʥʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ 

ʦʩʥʘʩʪʢʠ. ʊʘʢ ʚ ʢʨʘʥʦʚʠʭ ʚʠʪʨʘʪʘʭ ʯʘʩʫ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʧʽʜʡʦʤ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʫʩʪʘʥʦʚʢʫ ʟʘʩʦʙʽʚ ʦʩʥʘʱʝʥʥʷ. ɯʥʦʜʽ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʜʥʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ ʢʨʘʥʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʜʚʘ ʘʙʦ ʪʨʠ ʨʦʙʦʯʠʭ ʮʠʢʣʫ, ʟ ʷʢʠʭ ʪʽʣʴʢʠ ʦʜʠʥ ʧʨʠʧʘʜʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʫ 

ʨʦʙʦʪʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʦʩʥʘʱʝʥʥʷ ʣʝʛʰʝ ʤʦʥʪʫʶʪʴʩʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʘʥʽʚ ʟʘ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʘʜʘʻ ʥʘ 40..50%, ʱʦ ʨʦʙʠʪʴ ʪʘʢʫ 

ʪʝʭʥʦʣʦʛʽʶ ʤʘʣʦʝʬʝʢʪʠʚʥʦʶ. ʇʨʠʙʣʠʟʥʦ 15 ... 30% ʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʩʥʦʚʥʠʭ ʤʘʰʠʥ 

ʧʨʠʧʘʜʘʻ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ [1]. 

ʉʢʣʘʜʥʽʩʪʴ ʧʨʠʩʪʦʩʫʚʘʥʴ [1] ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢ ʚʘʨʪʦʩʪʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʠʩ. 1). ɼʦ ʧʝʨʰʦʾ 

ʛʨʫʧʠ ʩʢʣʘʜʥʦʩʪʽ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʘʨʪʽʩʪʶ ʛʦʜʠʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʨʦʩʪʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

ʟ ʚʘʨʪʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 3...5 ʛʨʥ / ʛʦʜ. ɼʦ ʜʨʫʛʦʾ - ʦʩʥʘʱʝʥʥʷ ʧʨʦʩʪʝ ʟ ʚʘʨʪʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ 

6...16 ʛʨʥ/ʛʦʜ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʝʪʴʦʾ, ʯʝʪʚʝʨʪʦʾ, ʽ ʧ'ʷʪʦʾ ʛʨʫʧ ʩʢʣʘʜʥʦʩʪʽ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʦʩʥʘʱʝʥʥʷ 

ʧʨʦʩʪʝ ʤʝʭʘʥʽʟʦʚʘʥʝ, ʤʝʭʘʥʽʟʦʚʘʥʝ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽ ʩʢʣʘʜʥʝ ʟ ʚʘʨʪʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜ 17 ʜʦ 

61 ʛʨʥ/ ʛʦʜ. ʄʝʭʘʥʽʟʦʚʘʥʝ ʦʩʦʙʣʠʚʦ ʩʢʣʘʜʥʝ ʦʩʥʘʱʝʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʰʦʩʪʦʾ ʛʨʫʧʠ (ʦʩʥʘʱʝʥʥʷ 

ʪʠʧʫ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʘʙʦ ʨʦʙʦʪʽʚ ʤʘʥʽʧʫʣʷʪʦʨʽʚ) ʟ ʚʘʨʪʽʩʪʶ ʤʘʰʠʥʦ-ʛʦʜʠʥʠ ʙʽʣʴʰʝ 62 ʛʨʥ / ʛʦʜ. 

ʉʪʫʧʽʥʴ ʦʩʥʘʱʝʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ, ʾʭ 

ʢʦʤʧʦʥʦʚʦʢ ʚ ʢʦʤʧʣʝʢʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʜʠʥʠʮʴ ʧʨʠʩʪʨʦʾʚ ʢʦʞʥʦʛʦ ʚʠʜʫ ʚ ʮʴʦʤʫ 

ʢʦʤʧʣʝʢʪʽ. ʉʪʫʧʽʥʴ ʦʩʥʘʱʝʥʦʩʪʽ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʩʥʘʱʝʥʦʩʪʽ. ʂʦʝʬʽʮʽʻʥʪ 

ʦʩʥʘʱʝʥʦʩʪʽ - ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ ʥʘʡʤʝʥʫʚʘʥʴ ʦʨʠʛʽʥʘʣʴʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʜʦ ʯʠʩʣʘ ʤʦʥʪʦʚʘʥʠʭ 

ʚʠʜʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʙʫʜʽʚʣʽ [1]. 
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ʈʠʩ. 1. ʇʦʜʽʣ ʧʨʠʩʪʦʩʫʚʘʥʴ ʥʘ ʛʨʫʧʠ ʟʘ ʨʽʚʥʝʤ ʾʭ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ ʤʘʰʠʥʦ-ʛʦʜʠʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʭʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʟʘʪʨʘʪ ʨʫʯʥʦʾ ʧʨʘʮʽ ʽ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʘʪʝʛʦʨʽʾ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʽ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʴ (ʨʠʩ. 2). 

 
 ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʴ ʚʽʜ ʾʭ ʩʢʣʘʜʥʦʩʪʽ:  

1 - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʴ; 2 - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʴ; 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʫʻ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʯʥʦʾ ʧʨʘʮʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʧʝʨʝʭʽʜ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʯʠʩʣʦʤ 

ʚʠʢʦʥʘʚʮʽʚ [2]. ʉʫʯʘʩʥʽ ʙʘʰʪʦʚʽ ʪʘ ʩʪʨʽʣʦʚʽ ʢʨʘʥʠ ʪʝʭʥʽʯʥʦ ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʝʭʘʥʽʟʘʮʽʾ, ʪʦʤʫ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʟʘʩʦʙʠ ʫ ʤʦʥʪʘʞʥʠʢʽʚ 

ʟʘʣʠʰʘʶʪʴʩʷ ʤʦʥʪʘʞʥʠʡ ʣʦʤ, ʧʽʜʢʽʩ, ʩʭʠʣ, ʘ ʪʘʢʦʞ ʥʘʡʧʨʦʩʪʽʰʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʠʭ ʢʦʥʜʫʢʪʦʨʽʚ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʪʨʠʚʘʣʽʩʪʴ ʦʧʝʨʘʮʽʡ ʚʠʚʽʨʷʥʥʷ 

ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ɻʨʫʧʦʚʽ ʢʦʥʜʫʢʪʦʨʠ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʩʧʦʣʫʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʤʦʥʪʘʞʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʥʝʥʦʾ ʙʘʟʠ ʽ ʚʝʣʠʢʦʾ 

ʚʣʘʩʥʦʾ ʤʘʩʠ (ʜʦ 6 ʪ). 

ɻʨʫʧʦʚʠʡ ʢʦʥʜʫʢʪʦʨ ʟ ʚʝʨʭʥʴʦʶ ʨʫʭʦʤʦʶ ʨʘʤʦʶ (ʨʠʩ. 3, ʘ) ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʥʘʚʝʜʝʥʥʷ 

ʟʘʭʦʧʣʶʚʘʯʽʚ ʚ ʧʨʦʝʢʪʥʝ ʧʦʣʦʞʝʥʥʷ. ʅʘ ʨʘʤʽ ʻ ʜʚʽ ʧʦʜʦʚʞʥʽ ʽ ʜʚʽ ʧʦʧʝʨʝʯʥʽ ʙʘʣʢʠ, ʩʧʦʣʫʯʝʥʽ ʤʽʞ 

ʩʦʙʦʶ ʰʘʨʥʽʨʘʤʠ ʚ ʧʨʘʚʠʣʴʥʠʡ ʯʦʪʠʨʠʢʫʪʥʠʢ. ʇʦʜʦʚʞʥʽ ʙʘʣʢʠ ʩʧʠʨʘʶʪʴʩʷ ʥʘ çʩʪʦʣʠʢʠè 

ʧʦʧʝʨʝʯʥʠʭ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʰʘʨʥʽʨʥʦ ʥʘ ʧʨʦʩʪʦʨʦʚʫ ʨʘʤʫ ʢʦʥʜʫʢʪʦʨʘ. ʇʨʠ ʚʠʚʽʨʷʥʥʽ ʨʫʭʦʤʫ ʨʘʤʫ 

ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʾ ʥʘ Ñ100 ʤʤ ʚ ʜʚʦʭ ʥʘʧʨʷʤʘʭ. ʅʘ ʟʘʭʦʧʣʶʚʘʯʘʭ ʚʩʪʘʥʦʚʣʝʥʽ 
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ʢʫʪʦʚʽ ʫʧʦʨʠ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʢʦʣʦʥʠ ʧʦ ʾʭ ʛʨʘʥʷʭ. ʂʦʥʜʫʢʪʦʨ ʤʘʻ ʩʠʩʪʝʤʫ ʧʦʜʤʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ 

ʜʣʷ ʧʨʠʡʦʤʫ ʽ ʟʚʘʨʢʠ ʢʦʣʦʥ, ʨʠʛʝʣʽʚ ʽ ʟʚôʷʟʝʚʠʭ ʧʣʠʪ. 

ʇʣʦʩʢʽ ʛʨʫʧʦʚʽ ʢʦʥʜʫʢʪʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʤʦʥʪʘʞʫ ʢʦʣʦʥ ʚʟʜʦʚʞ ʦʜʥʦʛʦ ʨʷʜʫ ʧʦ ʢʨʦʢʘʭ 

ʘʙʦ ʧʨʦʣʴʦʪʘʭ. ɰʭ ʚʣʘʩʥʫ ʩʪʽʡʢʽʩʪʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʜʘʪʢʦʚʠʤʠ ʧʽʜʢʦʰʫʚʘʥʥʷʤʠ, ʚʩʪʘʥʦʚʣʶʚʘʥʠʤʠ 

ʚ ʧʣʦʱʠʥʽ ʥʘʡʤʝʥʰʦʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʜʫʢʪʦʨʘ. ʅʠʞʥʽʤʠ ʢʽʥʮʷʤʠ ʧʽʜʢʦʰʫʚʘʥʥʷ ʟʘʢʨʽʧʣʶʶʪʴ ʟʘ 

ʦʛʦʣʦʚʢʠ ʢʦʣʦʥ ʩʫʩʽʜʥʴʦʛʦ ʨʷʜʫ (ʨʠʩ. 3, ʚ). ʋ ʢʦʤʧʣʝʢʪʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʘ 

ʢʦʥʜʫʢʪʦʨʠ, ʟʜʽʡʩʥʶʶʯʠ ʤʦʥʪʘʞ ʢʦʣʦʥ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʘʭ ʚʟʜʦʚʞ ʙʫʜʽʚʣʽ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʟʚôʷʟʥʦʛʦ ʙʣʦʢʫ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʟ ʧʦʜʤʦʩʪʝʡ ʢʦʥʜʫʢʪʦʨʽʚ ʤʦʥʪʫʚʘʪʠ ʽ ʧʣʠʪʠ 

ʧʝʨʝʢʨʠʪʪʷ. ʄʦʥʪʘʞ ʨʷʜʽʚ ʪʦʨʮʽʚ ʢʦʣʦʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʢʦʥʜʫʢʪʦʨʽʚ ʚʩʝʨʝʜʠʥʽ 

ʦʩʝʨʝʜʢʽʚ. ʇʣʠʪʠ ʦʩʪʘʥʥʽʭ ʦʩʝʨʝʜʢʽʚ ʤʦʥʪʫʶʪʴʩʷ ʙʝʟ ʢʦʥʜʫʢʪʦʨʽʚ. 

 

ʈʠʩ. 4. ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʥʘʱʝʥʥʷ ʩʧʦʩʦʙʦʤ ʧʦʚʦʨʦʪʫ 

ʜʚʦʣʘʥʢʦʚʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʤʝʭʘʥʽʟʤʽʚ ʥʘʚʢʦʣʦ ʪʦʯʢʦʚʠʭ ʰʘʨʥʽʨʽʚ:1 - ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʫ ʤʘʥʽʧʫʣʷʪʦʨʘ ʜʣʷ 

ʧʦʚʦʨʦʪʫ; 2 - ʟʘʭʦʧʣʝʥʥʷ ʨʘʤʥʦʛʦ ʪʠʧʫ; 3 - ʬʽʢʩʘʪʦʨʠ ʤʝʭʘʥʽʯʥʽ ʟ ʛʚʠʥʪʦʚʠʤʠ ʟʘʞʠʤʘʤʠ; 4 - ʪʝʣʝʩʢʦʧʽʯʥʽ 

ʚʩʪʘʚʢʠ ʣʘʥʦʢ; 5 - ʬʽʢʩʘʪʦʨʠ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʚʩʪʘʚʦʢ; 6 - ʟʘʤʢʠ; 7 - ʦʧʦʨʥʽ ʨʝʛʫʣʷʪʦʨʠ: 8 - ʦʧʦʨʥʘ ʧʣʘʩʪʠʥʘ; 9 - 

ʦʧʦʨʥʘ ʢʦʥʩʪʨʫʢʮʽʷ; 10 - ʤʦʥʪʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʨʫʧʦʚʦʛʦ ʢʦʥʜʫʢʪʦʨʘ [3] ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʪʘ ʚʠʧʨʦʙʫʚʘʥʘ ʚ ʂʠʻʚʽ 

(ʨʠʩ. 4). ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʙʫʜʽʚʥʠʮʪʚʽ ʪʦʨʛʦʚʦ-ʨʦʟʚʘʞʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʧʦ ʟʙʽʨʥʦʤʫ 

ʚʘʨʽʘʥʪʫ ʢʘʨʢʘʩʥʦʛʦ ʙʫʜʠʥʢʫ ʚ ʦʙʣʘʩʥʠʭ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ. 

ʇʨʠ ʧʦʚʦʨʦʪʽ ʣʘʥʦʢ ʤʘʥʽʧʫʣʷʪʦʨʘ ʩʠʣʘ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʣʷ ʧʦʚʦʨʦʪʫ, ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 100 

ʅ, ʱʦ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʚ ʧʦʧʝʨʝʜʥʽʭ ʟʨʘʟʢʘʭ. ʇʨʦʛʠʥ ʥʘ ʚʽʣʴʥʦʤʫ ʪʨʠʤʘʯʽ ʥʝ ʧʝʨʝʚʠʱʠʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ. 

ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʯʠʩʝʣʴʥʽʩʪʴ ʣʘʥʢʠ ʤʦʥʪʘʞʥʠʢʽʚ ʥʘ ʦʜʥʦʛʦ ʨʦʙʽʪʥʠʢʘ. ʄʘʩʘ ʚʩʴʦʛʦ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʣʘ 740 ʢʛ. ʅʘ ʫʩʪʘʥʦʚʢʫ ʢʦʥʜʫʢʪʦʨʘ ʚ ʧʝʨʰʫ ʧʦʟʠʮʽʶ ʚʠʪʨʘʯʝʥʦ 18 ʭʚ, ʘ ʨʦʙʦʪʫ 

 

ʈʠʩ. 3 ɻʨʫʧʦʚʠʡ ʢʦʥʜʫʢʪʦʨ 
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ʚ ʮʠʢʣʽ -14 ʭʚ. ʇʨʠ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʤʦʜʝʣʽ ʢʦʥʜʫʢʪʦʨʘ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʩʪʦʩʫʚʘʥʥʷ: ʩʣʽʜ ʫʜʦʩʢʦʥʘʣʠʪʠ ʟʘʤʢʠ ʪʨʠʤʘʯʽʚ; ʟʤʽʥʠʪʠ ʟʽ 

ʩʧʨʦʱʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʶ ʪʝʣʝʩʢʦʧʘ. ʇʦʧʝʨʝʜʥʴʦ, ʧʽʩʣʷ ʪʘʢʠʭ ʟʤʽʥ ʦʯʽʢʫʚʘʥʘ ʤʘʩʘ ʤʦʜʫʣʽʚ ʙʫʜʝ 

ʟʥʠʞʝʥʘ ʜʦ 600 ʢʛ. 
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RESEARCH OF WORK PROCESSES OF GROUP CONSTRUCTION CONDUCTORS 

 
Volodymyr Rashkivskyi, Yana Dmytruk  

 

Abstract. The use of functional technological modules in the form of conductor systems for the installation of 

columns is a promising direction for the development of technology for the construction of vertical building 

structures. The use of advanced solutions in the form of functional modules in the new technology allows to get 

improved performance of technological operations and achieve new economic effects. 

Keywords: conductor for mounting columns, functional technological module, installation technology. 
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ɿʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʛʨʫʥʪʽʚ ʟʝʤʣʝʨʠʡʥʦʶ ʪʝʭʥʽʢʦʶ ʟ 

ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʤ ʨʦʙʦʯʠ ʦʨʛʘʥʦʤ 

ɺʦʣʦʜʠʤʠʨ ʈʘʰʢʽʚʩʴʢʠʡ, ɹʦʛʜʘʥ ʌʝʜʠʰʠʥ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʠ ʨʽʟʘʥʥʽ ˇʨʫʥʪʽʚ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʥʦʞʘʤʠ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ. 

ɻʦʣʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʤʝʭʘʥʽʯʥʦʾ  ʨʦʟʨʦʙʢʠ ˇʨʫʥʪʽʚ ʷʚʣʷʻʪʴʩʷ ʨʽʟʘʥʥʷ ʟ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ ʩʪʨʫʞʢʠ. 

ʂʣʘʩʠʬʽʢʦʚʘʥʦ ʜʣʷ ʷʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʡ ʚʠʜ ʨʽʟʘʥʥʷ ʟ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ ʩʪʨʫʞʢʠ. 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʫ ʢʦʧʘʥʥʷ ʻ ʛʝʦʤʝʪʨʠʯʥʽ, ʢʽʥʝʤʘʪʠʯʥʽ, ʩʠʣʦʚʽ ʡ ʝʥʝʨʛʝʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ. ʉʠʣʘ ʨʽʟʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʽʩʪʦʪʥʫ ʯʘʩʪʠʥʫ ʩʠʣʠ ʢʦʧʘʥʥʷ. ʂʦʣʠʚʘʥʥʷ ʩʠʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʽʜʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟʨʽʟʫ ʽ ʥʝʧʦʩʪʽʡʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʽ ʨʦʙʦʪʠ ʢʦʩʦʛʦ ʢʣʠʥʘ, ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʬʝʩʦʨʘ ɺ.ʄ. ʉʤʽʨʥʦʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʘʥʥʷ ˇʨʫʥʪʽʚ ʢʦʩʦʢʫʪʥʠʤʠ ʥʦʞʘʤʠ ʟ ʨʽʟʥʠʤʠ 

ʢʫʪʘʤʠ ʨʽʟʘʥʥʷ ʪʘ ʢʫʪʘʤʠ ʧʦʚʦʨʦʪʫ ʚ ʧʣʘʥʽ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʟʦʥʫ ʨʫʡʥʫʚʘʥʥʷ ʚ ʙʦʢʦʚʠʭ 

ʯʘʩʪʠʥʘʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʦʛʨʘʥʥʽ ʥʦʞʽ ʷʢʽ ʟʥʠʞʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʪʘ 

ʟʤʝʥʰʫʶʪʴ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ˇʨʫʥʪʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʨʦʙʦʯʘ ʛʽʧʦʪʝʟʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʦʢʫʪʥʝ ʨʽʟʘʥʥʷ; ʢʦʧʘʥʥʷ ˇʨʫʥʪʽʚ; ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʡ; 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ;ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ, ʥʘʧʨʘʚʣʝʥʝ ʥʘ, ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʟʚôʷʟʘʥʠʭ ʩ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʙʫʜʽʚʥʠʮʪʚʘ, ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [3]. 

ʂʦʧʘʥʥʷ ˇʨʫʥʪʽʚ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʦʧʝʨʘʮʽʡ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʽ. ʊʦʤʫ, ʘʢʪʫʘʣʴʥʠʤ ʷʚʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʢʦʧʘʥʥʷ ʪʘ 

ʢʽʥʝʤʘʪʠʢʠ ʨʫʭʫ, ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʟ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʦʞʝʤ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ. ʆʜʥʠʤ ʟ 

ʧʦʢʘʟʥʠʢʽʚ ʻ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ, ʘʣʝ ʩʠʛʥʘʣʽʟʫʻ ʷʢ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫ.  

ɺʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʢʦʧʘʥʥʷ ʨʦʙʣʷʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʫʤʦʚʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ.  
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ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʤʝʭʘʥʽʯʥʦʾ ʨʦʟʨʦʙʢʠ ˇʨʫʥʪʽʚ ʷʚʣʷʻʪʴʩʷ, ʨʽʟʘʥʥʷ ʟ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ 

ʩʪʨʫʞʢʠ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʨʦʟʨʦʙʢʠ ˇʨʫʥʪʽʚ ʪʘʢʦʞ ʻ ʨʽʟʥʦʚʠʜʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʫʤʦʚ.  

ʆʩʥʦʚʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʩʪʨʫʞʢʠ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʨʽʟʥʦʚʠʜʘʤʠ ʩʧʦʩʦʙʽʚ ʤʝʭʘʥʽʯʥʦʾ ʨʦʟʨʦʙʢʠ ˇʨʫʥʪʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʘʞʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʨʦʤʢʠ 

ʨʽʞʫʯʦʛʦ ʢʣʠʥʘ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʨʽʟʘʥʥʷ ʽ ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʫ, ʦʙʨʠʩʠ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ, ʦʙʨʠʩʠ ʽ 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʽʞʫʯʦʛʦ ʢʣʠʥʘ, ʯʠʩʣʦ ʧʦʚʝʨʭʥʝʶ ʪʘʢ ʟʚʘʥʦʛʦ ʙʦʢʦʚʦʛʦ ʟʨʽʟʫ ʽ ʪʘʢ 

ʟʚʘʥʠʭ ʙʣʦʢʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʨʽʟʫ. ʇʦ ʮʠʤ ʧʨʠʟʥʘʢʘʤ ʚʠʜʽʣʝʥʽ ʨʽʟʥʦʚʠʜʠ ʧʨʦʮʝʩʫ ʽ ʩʪʚʦʨʝʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ ʨʽʟʘʥʥʷ ʟ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ ʩʪʨʫʞʢʠ (ʪʘʙ. 1). 

ʇʨʠ ʨʦʙʦʪʽ ʟʝʤʣʝʨʠʡʥʦʾ ʤʘʰʠʥʠ ʾʾ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʻ ʽʟ ˇʨʫʥʪʦʤ, ʨʫʡʥʫʶʯʠ ʡ 

ʚʽʜʦʢʨʝʤʣʶʶʯʠ ʡʦʛʦ ʚʽʜ ʤʘʩʠʚʫ. ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʫ ʢʦʧʘʥʥʷ ʻ ʛʝʦʤʝʪʨʠʯʥʽ, 

ʢʽʥʝʤʘʪʠʯʥʽ, ʩʠʣʦʚʽ ʡ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʽʟʠʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʫ, ʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʷʢ ʦʙôʻʢʪʘ ʚʟʘʻʤʦʜʽʾ, ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʘ ʡ ʫʤʦʚ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʟ ˇʨʫʥʪʦʤ. 

ʊʘʙʣʠʮʷ 1 
ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ ʨʽʟʘʥʥʷ ʟ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ ʩʪʨʫʞʢʠ 

ʇʨʠʟʥʘʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ɺʠʜ ʨʽʟʘʥʥʷ ʟ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ ʩʪʨʫʞʢʠ 

ʇʦ ʧʦʣʦʞʝʥʥʶ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʽʥʩʪʨʫʤʝʥʪʘ 

ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʨʽʟʘʥʥʷ 

ʇʨʤ̫ʦʢʫʪʥʝ, ʢʦʩʦʢʫʪʥʝ 

ʇʦ ʦʙʨʠʩʘʤ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʨʽʞʫʯʦʛʦ 

ʢʣʠʥʘ 

ʇʣʦʩʢʠʤ ʢʣʠʥʦʤ, ʢʨʠʚʦʣʽʥʽʡʥʠʤ ʢʣʠʥʦʤ 

ʇʦ ʦʙʨʠʩʘʤ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʂʣʠʥʦʤ ʟ ʧʨʷʤʦʣʽʥʽʡʥʦʶ, ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʘʙʦ 

ʣʦʤʘʥʦʶ ʨʽʞʫʯʦʶ ʢʨʦʤʢʦʶ 

ʇʦ ʯʠʩʣʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʽʞʫʯʦʛʦ 

ʢʣʠʥʘ 

ʂʣʠʥʦʤ ʟ ʦʜʥʽʻʶ, ʜʚʦʤʘ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ 

ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 

ʇʦ ʧʦʣʦʞʝʥʥʶ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʚʽʜʥʦʩʥʦ 

ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʫ 

ʇʘʨʘʣʝʣʴʥʦ ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʫ, ʧʽʜ ʧʨʷʤʠʤ 

ʢʫʪʦʤ, ʧʽʜ ʢʦʩʠʤ ʢʫʪʦʤ ʜʦ ʥʝʾ 

ʇʦ ʯʠʩʣʫ ʧʦʚʝʨʭʦʥʴ ʟʨʽʟʫ ɿ ʦʜʥʽʻʶ, ʜʚʦʤʘ ʘʙʦ ʪʨʴʦʤʘ ʧʦʚʝʨʭʥʷʤʠ ʟʨʽʟʫ 

ʇʦ ʯʠʩʣʫ ʙʣʦʢʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʨʽʟʫ ɹʣʦʢʦʚʘʥʝ, ʚʽʣʴʥʝ, ʥʘʧʽʚʙʣʦʢʦʚʘʥʝ 

 

ʈʦʙʦʯʠʡ ʦʨʛʘʥ ʟʝʤʣʝʨʠʡʥʦʾ ʪʝʭʥʽʢʠ ʜʦʣʘʻ ʢʦʤʧʣʝʢʩ ʦʧʦʨʽʚ ˇʨʫʥʪʫ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʦʨʦʤ 

ʢʦʧʘʥʥʶ. ʉʠʣʘ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʮʴʦʛʦ ʦʧʦʨʫ ʧʦ ʜʦʪʠʯʥʽʡ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʣʦʶ ʢʦʧʘʥʥʷ, ʘ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʪʨʘʻʢʪʦʨʽʾ ï ʥʦʨʤʘʣʴʥʦʶ ʩʠʣʦʶ 

ʢʦʧʘʥʥʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʱʦ ʩʠʣʘ ʨʽʟʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʽʩʪʦʪʥʫ ʯʘʩʪʠʥʫ ʩʠʣʠ ʢʦʧʘʥʥʷ, ʘ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

ï ʧʝʨʝʚʘʞʥʫ ʯʘʩʪʠʥʫ. 

ʉʠʣʘ ʨʽʟʘʥʥʷ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʻ ʥʘʡʙʽʣʴʰ ʟʤʽʥʥʦʶ ʾʾ ʯʘʩʪʠʥʦʶ ʚ ʯʘʩʽ. ʎʝ ʚʥʘʩʣʽʜʦʢ ʢʦʣʠʚʘʣʴʥʦʾ 

ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ʂʦʣʠʚʘʥʥʷ ʩʠʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʽʜʜʽʣʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʟʨʽʟʫ, ʚʘʨʽʘʮʽʾ ʤʽʮʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, ʥʝʧʦʩʪʽʡʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʧʨʦʮʝʩʫ ʢʦʧʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʩʠʣʦʚʽ ʡ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʥʝʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʪʘ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʪʦʚʱʠʥʠ, ʰʠʨʠʥʠ ʽ ʧʣʦʱʽ ʟʨʽʟʫ, 

ʘ ʪʘʢʦʞ ʚʽʜ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʚ ʧʨʦʩʪʦʨʽ. 

ʈʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʽʚ ʽ ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʨʽʟʘʥʥʽ ʥʦʞʘʤʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʨʫʞʢʠ, 

ʚʽʜʦʢʨʝʤʣʶʚʘʥʦʾ ʚʽʜ ʤʘʩʠʚʫ. ʉʪʨʫʞʢʘ ʻ ʩʚʦʛʦ ʨʦʜʫ ʚʽʜʙʠʚʘʯʝʤ ʚʥʫʪʨʽʰʥʽʭ ʟʤʽʥ ʫ ʤʘʪʝʨʽʘʣʽ. ʊʦʤʫ 

ʭʘʨʘʢʪʝʨ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʞʢʠ ʟʜʦʙʫʚʘʶʪʴ ʟʥʘʯʝʥʥʷ ʷʢ ʟʘʩʽʙ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʡ 

ʚʽʜʰʫʢʘʥʥʷ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʥʠʤ. ʆʜʥʠʤ ʟ ʦʟʥʘʢ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ˇʨʫʥʪʽʚ ʻ ʪʠʧ 

ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ [1]. 

ʍʘʨʘʢʪʝʨ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʚ ˇʨʫʥʪʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʧʨʷʤʦʢʫʪʥʦʤʫ ʙʣʦʢʦʚʘʥʦʤʫ ʨʽʟʘʥʥʽ ˇʨʫʥʪʽʚ ʟʽ ʟʤʽʥʦʶ ʛʣʠʙʠʥʠ 
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(ʪʦʚʱʠʥʠ) ʟʨʽʟʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʚʠʜʽʚ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʴ ʫ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ˇʨʫʥʪʫ. ʇʨʠ ʪʦʥʢʠʭ 

ʟʨʽʟʘʭ ʫʪʚʦʨʶʻʪʴʩʷ ʟʣʠʚʥʘ ʩʪʨʫʞʢʘ, ʘʣʝ ʧʽʩʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʨʽʟʫ ʧʦʯʠʥʘʻ 

ʚʽʜʦʢʨʝʤʣʶʚʘʪʠʩʷ ʩʪʨʫʞʢʘ ʩʪʫʧʽʥʯʘʩʪʘ ʡ ʝʣʝʤʝʥʪʥʘ. ʇʨʠ ʜʝʷʢʽʡ ʛʣʠʙʠʥʽ ʟʨʽʟʫ ʨʫʡʥʫʚʘʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʦʜʥʦʛʦ ʚʝʣʠʢʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʣʦʙʦʚʦʾ ʧʦʚʝʨʭʥʽ ʥʦʞʘ, ʪʦʙʪʦ ʰʠʨʠʥʘ 

ʟʨʽʟʫ ʡ ʰʠʨʠʥʘ ʝʣʝʤʝʥʪʘ ʩʪʘʶʪʴ ʨʽʚʥʠʤʠ.  

ʇʦʷʩʥʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʽʤ, ʱʦ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʽʟ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ 

ʚʩʽʻʾ ʪʦʚʱʠʥʠ ʟʨʽʟʫ ʧʝʨʝʭʦʜʠʪʴ ʫ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʽʟ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʪʽʣʴʢʠ ʯʘʩʪʠʥʠ 

ˇʨʫʥʪʫ ʚʽʜʦʢʨʝʤʣʶʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʎʝ ʷʚʠʱʝ ʟʥʘʡʰʣʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʧʦ ʨʽʟʘʥʥʶ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ˇʨʫʥʪʽʚ ʥʦʞʘʤʠ ʟ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ ʚ ʧʣʘʥʽ 0Á; 22Á30ô; 45Á ʡ 67Á30ô. 

ɼʦʩʣʽʜʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʨʽʟʘʥʥʷ ˇʨʫʥʪʦʚʘ ʩʪʨʫʞʢʘ ʬʦʨʤʫʻʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ. ʇʨʠ 

ʢʫʪʽ ʨʽʟʘʥʥʷ 30Á ʤʽʞ ʥʘʩʪʫʧʥʠʤʠ ʚʽʜʜʽʣʝʥʥʷʤʠ ʚʽʜ ʤʘʩʠʚʫ ʜʚʦʭ ʚʝʣʠʢʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʞʢʠ 

(ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʾʭ ʻ ʧʝʨʝʩʽʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʜʽʣʝʥʥʷ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʤʘʩʠʚʫ) 

ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʪʘʢʦʞ ʜʨʽʙʥʽ ʝʣʝʤʝʥʪʠ ʩʪʨʫʞʢʠ. ʏʠʩʣʦ ʧʨʦʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʞʢʠ ʚ 3-5 ʨʘʟʽʚ 

ʙʽʣʴʰʝ ʯʠʩʣʘ ʚʝʣʠʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʤʘʩʠ ʾʭ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:7-1:10.  

ɿʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʨʽʟʘʥʥʷ ʜʦ 50Á ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʯʠʩʣʘ ʧʨʦʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʪʨʫʞʢʠ ʡ ʨʦʩʪʦʤ ʾʭʥʴʦʾ ʤʘʩʠ. ʇʨʠ ʢʫʪʽ ʨʽʟʘʥʥʷ 70Á ʧʦʚʝʨʭʥʽ ʚʽʜʜʽʣʝʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʞʢʠ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʤʘʩʠʚʫ, ʘ ʧʨʠ ʢʫʪʽ ʨʽʟʘʥʥʷ 90Á ʤʘʩʘ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ, ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʘ ʘʙʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟʣʠʚʥʘ ʩʪʨʫʞʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʨʦʩʪʦʤ ʢʫʪʘ ʨʽʟʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙôʻʤ ˇʨʫʥʪʫ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʚʽʜ 

ʤʘʩʠʚʫ, ʟʨʦʩʪʘʶʪʴ ʫ ʥʴʦʤʫ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʚʠʥʠʢʘʶʪʴ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʘʩʠʚʫ ʧʽʜ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ ʥʦʞʘ, ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʽʟʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʅʝʦʜʥʦʯʘʩʥʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʞʢʠ ʚʠʥʠʢʘʻ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʰʠʨʠʥʘ ʥʦʞʘ (ʧʨʠ 

ʥʝʟʤʽʥʥʽʡ ʰʠʨʠʥʽ ʟʨʽʟʫ) ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʪʦʚʱʠʥʫ ʟʨʽʟʫ. ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʰʠʨʠʥʘ 

ʥʦʞʘ ʧʦʨʽʚʥʷʥʥʘ ʟ ʪʦʚʱʠʥʦʶ ʟʨʽʟʫ ʘʙʦ ʤʝʥʰʝ ʪʦʚʱʠʥʠ ʟʨʽʟʫ, ʮʝ ʷʚʠʱʝ ʥʝ ʚʠʥʠʢʘʻ. 

ɺʥʘʩʣʽʜʦʢ ʥʝʦʜʥʦʯʘʩʥʦʩʪʽ ʚʽʜʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʞʢʠ ʧʦ ʰʠʨʠʥʽ ʟʨʽʟʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʝʥʝʨʛʦʻʤʥʦʩʪʽ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʮʝ ʪʦʤʫ, ʱʦ ʤʘʢʩʠʤʫʤʠ ʩʠʣ ʨʽʟʘʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ 

ʤʽʥʽʤʫʤʠ ʾʭ ʟʨʦʩʪʘʶʪʴ. ʏʝʨʝʟ ʙʽʣʴʰʝ ʟʜʨʽʙʥʶʚʘʥʥʷ ˇʨʫʥʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʘʢʦʞ ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 

ɹʫʣʦ  ʟʥʘʡʜʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʢʫʪʽʚ ʨʽʟʘʥʥʷ ʡ ʧʦʚʦʨʦʪʫ ʥʦʞʘ ʚ ʧʣʘʥʽ, ʱʦ ʜʦʮʽʣʴʥʦ 

ʥʘʜʘʚʘʪʠ ʨʽʟʘʣʴʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʢʫʪʘ ʨʽʟʘʥʥʷ ʥʝ ʙʽʣʴʰʝ 35-40Á ʽ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʚ ʧʣʘʥʽ ʥʝ ʙʽʣʴʰʝ 30-45Á ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫ. 

 ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʨʽʟʘʣʴʥʽ ʯʘʩʪʠʥʘ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʚʘʨʪʦ ʥʘʜʘʚʘʪʠ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʟʦʥʘ 

ʨʫʡʥʫʚʘʥʥʷ ʚ ʙʦʢʦʚʠʭ ʯʘʩʪʠʥʘʭ, ʮʽ ʫʤʦʚʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʢʦʩʦʢʫʪʥʽ ʥʦʞʽ ʟ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ ʚ ʧʣʘʥʽ 

ʥʘ 22Á30ôé45Á ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 15-30%. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʟʦʥʫ 

ʨʫʡʥʫʚʘʥʥʷ ʚ ʙʦʢʦʚʠʭ ʯʘʩʪʠʥʘʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʦʛʨʘʥʥʽ ʥʦʞʽ ʷʢʽ ʟʥʠʞʫʶʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ ʱʦ ʙʣʦʢʦʚʘʥʝ ʨʽʟʘʥʥʷ ʩʪʘʻ ʧʦʜʽʙʥʝ ʥʘ 

ʥʘʧʽʚʙʣʦʢʦʚʘʥʝ. [2]. 

ʈʦʙʦʯʘ ʛʽʧʦʪʝʟʘ ʙʘʟʫʻʪʴʩʷ, ʥʘ ʪʦʤʫ ʱʦ ʨʫʭ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ, ʙʫʜʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʧʦʟʜʦʚʞʥʴʦ ï ʧʦʩʪʫʧʘʣʴʥʠʤ ʨʫʭʦʤ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʘ. ʑʦ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ: 

ɯ) ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ; ɯɯ) ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ. 
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ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʜʘʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʽ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ 

ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ ʧʦʚʠʥʥʦ ʩʪʚʦʨʶʚʘʪʠ ʜʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʽ ʜʦ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ. ʇʨʠ 

ʨʦʟʨʦʙʮʽ ˇʨʫʥʪʽʚ, ʜʘʥʽ ʩʠʣʠ ʙʫʜʫʪʴ ʦʙôʻʜʥʫʚʘʪʠʩʴ ʚ ʩʫʤʘʨʥʫ ʩʠʣʫ ʨʽʟʘʥʥʷ, ʨʠʩ. 2.  

ʊʦʤʫ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʢʫʪ ʧʦʚʦʨʦʪʫ ʚ ʧʣʘʥʽ ,ʥʝ ʙʽʣʴʰʝ 30-45Á, ʧʨʦʩʪʦʨʦʚʦ 

ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʦʞʝʤ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ, ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ˇʨʫʥʪʦʤ, ʪʘ ʭʘʨʘʢʪʝʨ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʽ ʚ ʮʽʣʦʤʫ ʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʢʦʧʘʥʥʷ ʪʘ ʜʣʷ ʥʘʡʙʽʣʴʰ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫ. 

 
ʈʠʩ. 2. Nʨʥ ï ʩʠʣʘ ʨʽʟʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʦʞʝʤ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ;  Nʨʨʦ ï ʩʠʣʘ ʨʽʟʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ; ɆNʨ ï ʩʫʤʘʨʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʨʫʭ ʜʚʦʛʨʘʥʥʦʛʦ ʥʦʞʘ ʥʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʝ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ 

ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʩʚʦʛʦ ʨʫʭʫ, ʘ ʥʘʚʧʘʢʠ ʩʧʨʠʯʠʥʠʪʴ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʡʦʛʦ ʰʣʷʭʦʤ ʧʽʜʨʽʟʘʥʥʷ, ʮʠʤ ʩʘʤʠʤ 

ʧʦʣʝʛʰʫʶʯʠ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʩʪʨʫʞʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 

ɯʜʝʷ ʨʦʙʦʯʦʾ ʛʽʧʦʪʝʟʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʧʽʜʣʷʛʘʻ 

ʥʘʩʪʫʧʥʦʤʫ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ. 
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REDUCTION OF ENERGY SUPPORT OF THE PROCESS OF SOIL CUTTING BY EARTH 

TECHNIQUE WITH SPATIALLY ORIENTED WORKING AUTHORITY  

 

Volodymyr Rashkivsky, Bohdan Fedyshyn 

 

Abstract. Using scientific works, the study of kinematic conditions and energy consumption when cutting 

soils with spatially oriented knives of dynamic action of earthmoving machines was carried out. The main method 

of mechanical soil development is cutting with chip separation. It is classified for which geometrical conditions a 

certain type of cutting with chip separation corresponds. The main characteristics of the digging process are 

geometric, kinematic, power and energy parameters. The cutting force is an essential part of the digging force. 

Fluctuations in force occur as a result of the periodicity of the separation of the elements of the cut and the 

inconsistency of the geometric and kinematic parameters of the process. The parameters of the motion and 

operation of the oblique wedge are established, and the results of the experiment of Professor V.M. Smirnova using 

cutting the soil with oblique knives with different cutting angles and angles of rotation in the plan. To ensure the 

maximum zone of destruction in the side parts, you can use dihedral knives that reduce the load on the working 

body and reduce the energy consumption of soil development. Working hypothesis developed. 

Keywords: oblique cutting; digging soils; spatially oriented; energy consumption, chip formation. 
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ʈʦʨʟʦʙʢʘ ʘʜʘʧʪʠʚʥʦʾ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ ʦʜʥʦʢʽʚʰʝʚʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ 

ɺʦʣʦʜʠʤʠʨ ʈʘʰʢʽʚʩʴʢʠʡ, ʆʣʝʢʩʽʡ ʇʨʦʩʢʫʨʽʥ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ ʦʜʥʦʢʽʚʰʝʚʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ, ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʛʣʷʥʫʪʘ ʜʠʥʘʤʽʯʥʘ ʪʘ 

ʩʪʘʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʧʝʨʝʢʠʜʘʥʥʷ. ʆʧʠʩʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʨʫʭʦʤʦʾ 

ʧʨʦʪʠʚʘʛʠ ʜʣʷ ʦʜʥʦʢʽʚʰʝʚʠʭ ʝʢʩʢʘʚʘʪʦʨʽʚ. ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ ʚ ʽʥʰʠʭ 

ʤʘʰʠʥʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ; ʜʠʥʘʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ; ʫʪʨʠʤʫʶʯʠʡ ʤʦʤʝʥʪ; ʧʝʨʝʢʠʜʥʠʡ 

ʤʦʤʝʥʪ; ʨʫʭʦʤʘ ʧʨʦʪʠʚʘʛʘ. 

ʆʩʥʦʚʥʠʤʠ ʤʘʰʠʥʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʭʘʥʽʟʘʮʽʶ ʨʦʙʽʪ, ʻ ʝʢʩʢʘʚʘʪʦʨʠ. ʅʘ ʥʠʭ ʜʦʣʶ 

ʧʨʠʭʦʜʠʪʴʩʷ 60% ʚʩʴʦʛʦ ʦʙ'ʻʤʫ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ. 

ɹʽʣʴʰʝ  90% ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ  ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʝʢʩʢʘʚʘʪʦʨʘʤʠ. 

ʋʥʽʚʝʨʩʘʣʴʥʠʤʠ ʦʜʥʦʢʽʚʰʝʚʠʤʠ ʝʢʩʢʘʚʘʪʦʨʘʤʠ ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ ʥʘ ʢʘʨôʻʨʘʭ, ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʡʜʘʥʯʠʢʘʭ ʪʘ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ. ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʙʠʨʘʥʥʷ ʟʘʚʘʣʽʚ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ ʧʽʩʣʷ ʢʘʪʘʩʪʨʦʬ, ʘʚʘʨʽʡ ʪʘ ʙʦʡʦʚʠʭ ʜʽʡ 

ʋʥʽʚʝʨʩʘʣʴʥʽ ʝʢʩʢʘʚʘʪʦʨʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʫ ʚʠʱʝ ʪʘ ʥʠʞʯʝ ʨʽʚʥʷ ʩʚʦʻʾ ʩʪʦʷʥʢʠ 

ʨʦʙʦʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʧʨʷʤʦʾ ʪʘ ʟʚʦʨʦʪʥʦʾ ʣʦʧʘʪ ʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʟʤʽʥʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʦʜʥʦʢʽʚʰʝʚʠʤʠ ʝʢʩʢʘʚʘʪʦʨʘʤʠ ʟ ʢʨʘʥʦʚʠʤ, ʚʘʥʪʘʞʥʠʤ ʽ ʽʥʰʠʤʠ 

ʚʠʜʘʤʠ ʟʤʽʥʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚʝʣʠʢʽ ʦʙ'ʻʤʠ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ, 

ʤʦʥʪʘʞʥʠʭ ʽ ʽʥʰʠʭ ʨʦʙʽʪ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʤʝʭʘʥʽʟʘʮʽʻʶ ʚʘʞʢʠʭ ʽ ʪʨʫʜʦʤʽʩʪʢʠʭ ʧʨʦʮʝʩʽʚ. 

ʅʘ ʛʽʜʨʘʚʣʽʯʥʠʭ ʝʢʩʢʘʚʘʪʦʨʘʭ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʥʘ ʟʫʙʘʭ ʪʘ ʨʽʞʫʯʽʡ ʯʘʩʪʠʥʽ 

ʢʦʚʰʘ ʚʝʣʠʢʝ ʟʫʩʠʣʣʷ ʟʘʚʜʷʢʠ ʞʦʨʩʪʢʦʤʫ  ʟʯʣʝʥʫʚʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʽʞ ʩʦʙʦʶ 

ʪʘ ʟ ʙʘʟʦʚʦʶ ʯʘʩʪʠʥʦʶ ʤʘʰʠʥʠ, ʧʨʘʮʶʶʯʦʾ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʷʢ ʻʜʠʥʝ ʮʽʣʝ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠ ʤʽʮʥʠʭ 

ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʥʘʚʽʰʫʚʘʪʠ ʥʘ ʛʽʜʨʘʚʣʽʯʥʽ ʝʢʩʢʘʚʘʪʦʨʠ ʢʦʚʰʽ ʙʽʣʴʰʦʾ ʤʽʩʪʢʦʩʪʽ - ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 

60% ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʚʰʘʤʠ ʢʘʥʘʪʥʠʭ ʝʢʩʢʘʚʘʪʦʨʽʚ. [1] 

ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʦʜʥʦʢʽʚʰʝʚʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ ʷʚʣʷʻʪʴʩʷ ʮʠʢʣʽʯʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ï ʢʦʧʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ˇʨʫʥʪʫ. ʇʽʜ ʯʘʩ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʥʠʢʘʶʪʴ ʩʪʘʪʠʯʥʽ ʪʘ 

ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʘʰʠʥʫ ʪʘ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʤʘʰʠʥʠ. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʽʩʥʫʶʯʦʛʦ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʦʢʨʝʤʘ, ʧʨʠ ʮʴʦʤʫ, 

ʚʘʞʣʠʚʠʤ ʻ ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ, ʱʦ ʟʫʤʦʚʣʝʥʝ ʟʤʽʥʦʶ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʮʠʭ 

ʤʘʰʠʥ ʧʨʠ ʚʘʨʽʘʮʽʾ ʾʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ʇʨʘʢʪʠʯʥʦ ʮʝ ʚʠʨʽʰʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʭʦʤʦʾ 

ʧʨʦʪʠʚʘʛʠ ʥʘ ʙʘʟʦʚʠʭ ʤʘʰʠʥʘʭ. 

ʇʈʆɹʃɽʄɸ 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʢʽʚʰʝʚʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʝʢʩʢʘʚʘʪʦʨʽʚ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʦʭʠʣʽʡ 

ʧʣʦʱʠʥʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʤʘʰʠʥʠ ʚ ʢʘʨôʻʨʘʭ, ʙʫʜʽʚʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ, ʧʨʠ ʨʦʟʙʠʨʘʥʥʽ ʟʘʚʘʣʽʚ 

ʧʽʩʣʷ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʘʚʘʨʽʡ, ʙʦʡʦʚʠʭ ʜʽʡ ʧʦʪʨʝʙʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʚʨʽʚʥʦʚʘʞʫʶ ʯʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʘʚʪʦʤʘʪʠʯʥʦʾ ʜʽʾ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʨʦʟʙʠʨʘʥʥʷ ʟʘʚʘʣʽʚ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ ʧʽʜ ʟʘʚʘʣʘʤʠ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʪʝʨʧʽʣʽ. ɺʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʦʜʥʦʢʽʚʰʝʚʠʤ ʫʥʽʚʝʨʩʘʣʴʥʠʤ 

ʝʢʩʢʘʚʘʪʦʨʦʤ ʧʦʪʨʝʙʫʻ ʩʚʦʻʯʘʩʥʦʛʦ ʧʽʜʛʦʪʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʧʣʦʱʘʜʢʠ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦ 

ʥʝʨʽʚʥʦʩʪʷʭ ʯʠ  ʧʦʭʠʣʠʭ ʧʣʦʱʠʥʘʭ, ʱʦ ʚ ʜʘʥʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʝ ʯʠ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ. ɺʩʝ ʮʝ ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʪʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. 

ʄɽʊɸ ʈʆɹʆʊʀ 

ɸʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʜʥʦʢʽʚʰʝʚʠʡ ʝʢʩʢʘʚʘʪʦʨ 

ʪʘ ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʾʭ ʚʧʣʠʚ.  
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ʅɸʋʂʆɺɸ ʅʆɺʀɿʅɸ 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ. ʉʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʥʦʢʽʚʰʝʚʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ 

ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʦʜʥʦʢʽʚʰʝʚʦʛʦ 

ʝʢʩʢʘʚʘʪʦʨʘ. 

ʉʊɯʁʂɯʉʊʔ 

ɿʜʘʪʥʽʩʪʴ ʤʘʰʠʥʠ ʧʨʦʪʠʜʽʷʪʠ ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʚʢʣʶʯʘʶʯʠ ʩʠʣʠ ʪʷʞʽʥʥʷ ˇʨʫʥʪʫ ʚ 

ʢʦʚʰʽ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʝʢʩʢʘʚʘʪʦʨʘ, ʧʨʦʪʠʜʽʷ ˇʨʫʥʪʫ ʢʦʧʘʥʥʶ ʽ ʩʠʣ ʽʥʝʨʮʽʾ, ʷʢʽ ʥʝ ʜʘʶʪʴ 

ʧʝʨʝʢʠʥʫʪʠʩʷ ʪʘ ʟʜʚʠʥʫʪʠ ʦʧʦʨʥʫ ʯʘʩʪʠʥʫ ʝʢʩʢʘʚʘʪʦʨʘ ʚʽʜʥʦʩʥʦ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʪʽʡʢʽʩʪʶ ʝʢʩʢʘʚʘʪʦʨʘ. [5] 

ʉʪʽʡʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ, ʘ ʟ ʽʥʰʦʾ ʚʽʜ ʜʽʡ ʦʧʝʨʘʪʦʨʘ. 

ʋʤʦʚʥʦ ʤʦʞʥʘ ʚʽʜʨʽʟʥʷʪʠ ʚʣʘʩʥʫ ʪʘ ʢʝʨʦʚʘʥʫ ʩʪʽʡʢʽʩʪʴ ʤʘʰʠʥʠ: ʧʝʨʰʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ, ʘ ʜʨʫʛʘ - ʚʽʜ ʜʽʡ ʦʧʝʨʘʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʟʙʝʨʝʞʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ ʚ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʯʠ ʧʦʣʦʞʝʥʥʷ ʤʘʰʠʥʠ ʪʘ ʾʾ 

ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʘ ʩʪʽʡʢʽʩʪʴ ʥʘʟʠʚʘʻʪʴʩʷ "ʘʢʪʠʚʥʦʶ". 

ʉʪʘʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʧʝʨʝʢʠʜʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ ʤʘʰʠʥʠ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʦʩʪʽʡʥʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤ ʪʘ ʥʘʧʨʷʤʦʤ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʫ, ʷʢʽʡ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʩʠʩʪʝʤʘ ʩʠʣ, ʱʦ ʥʘʚʘʥʪʘʞʫʶʪʴ ʤʘʰʠʥʫ, 

ʱʦʙ ʦʩʪʘʥʥʷ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. ʉʪʘʥ ʩʪʘʪʠʯʥʦʛʦ ʨʽʚʥʦʚʘʛʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫ ʩʚʦʾʡ ʪʠʤ, ʱʦ 

ʤʘʰʠʥʘ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʻ ʫ ʩʧʦʢʦʾ. ʇʦʨʫʰʝʥʥʷ ʪʘʢʦʛʦ ʩʪʘʥʫ ʚʠʢʣʠʢʘʻ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʝ 

ʧʝʨʝʢʠʜʘʥʥʷ ʤʘʰʠʥ. [6] 

ɿʜʘʪʥʽʩʪʴ ʤʘʰʠʥʠ ʧʨʦʪʠʜʽʷʪʠ ʤʘʢʩʠʤʘʣʴʥʠʤ ʩʪʘʪʠʯʥʠʤ ʧʝʨʝʢʠʜʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʧʝʨʝʢʠʜʘʥʥʷ.  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʷʤʢʫ ʧʝʨʝʢʠʜʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʙʦʢʦʚʝ ʪʘ ʧʦʜʦʚʞʥʻ ʧʝʨʝʢʠʜʘʥʥʷ. 

ʎʽʣʶ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʢʩʢʘʚʘʪʦʨʽʚ ʻ ʚʠʷʚʣʝʥʥʷ ʚʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʧʦʚʦʨʦʪʥʦʾ 

ʧʣʘʪʬʦʨʤʠ, ʩʪʽʡʢʦʩʪʽ ʝʢʩʢʘʚʘʪʦʨʘ, ʩʠʣʠ ʚ ʨʦʣʠʢʘʭ ʪʘ ʟʘʭʦʧʣʶʶʯʠʭ ʧʨʠʩʪʨʦʷʭ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ 

ʢʦʣʘ, ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ ʪʘ ʪʠʩʢ ʥʘ ʛʨʫʥʪ. 

ɺʨʽʚʥʦʚʘʞʝʥʥʷ ʧʦʚʦʨʦʪʥʦʾ ʧʣʘʪʬʦʨʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʩʽʭ ʤʝʭʘʥʽʟʤʽʚ 

ʥʘ ʧʦʚʦʨʦʪʥʽʡ ʧʣʘʪʬʦʨʤʽ ʪʘ ʚʠʙʦʨʦʤ ʤʘʩʠ ʧʨʦʪʠʚʘʛʠ. 

ʋʪʨʠʤʫʶʯʠʡ ʤʦʤʝʥʪ ʫʪʚʦʨʶʻʪʴʩʷ ʚʽʜ ʨʽʚʥʦʜʽʶʯʦʾ ʩʠʣ ʪʷʞʽʥʥʷ ʚʩʽʭ ʯʘʩʪʠʥ ʝʢʩʢʘʚʘʪʦʨʘ, ʱʦ 

ʦʙʝʨʪʘʶʪʴʩʷ (ʟʘ ʚʠʥʷʪʢʦʤ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ) ʥʘ ʧʣʝʯʽ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʣʘʪʬʦʨʤʠ. ʋ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ ʧʣʘʪʬʦʨʤʫ ʝʢʩʢʘʚʘʪʦʨʘ ʜʽʻ ʧʝʨʝʢʠʜʘʣʴʥʠʡ ʤʦʤʝʥʪ   ʚʽʜ ʩʠʣʠ ʪʷʞʽʥʥʷ 

ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʘʥʪʘʞʝʤ, ʚʠʩʫʥʫʪʠʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʣʽʪ. 

ʉʪʽʡʢʽʩʪʴ ʝʢʩʢʘʚʘʪʦʨʘ ʜʽʣʷʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʢʦʧʘʥʥʽ ʪʘ ʚʩʽ ʽʥʰʽ ʩʪʘʥʠ ʝʢʩʢʘʚʘʪʦʨʘ. 

ɼʀʅɸʄɯʏʅɯ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ɹʦʨʦʪʴʙʘ ʟʽ ʟʥʦʩʦʤ ʜʝʪʘʣʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʰʠʥ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ, ʦʩʢʽʣʴʢʠ ʥʘ ʨʝʤʦʥʪʠ ʪʘ ʤʽʞʨʝʤʦʥʪʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʰʠʥ ʱʦʨʽʯʥʦ ʚʠʪʨʘʯʘʶʪʴʩʷ 

ʚʝʣʠʢʽ ʢʦʰʪʠ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʧʨʦʩʪʦʾʚ ʝʢʩʢʘʚʘʪʦʨʽʚ ʥʘ ʨʝʤʦʥʪʘʭ ʷʚʣʷʶʪʴʩʷ 

ʨʫʡʥʫʚʘʥʥʷ ʽ ʥʝʜʦʧʫʩʪʠʤʽ ʜʝʬʦʨʤʘʮʽʾ ʨʷʜʫ ʜʝʪʘʣʝʡ ʾʭ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ. ʇʨʠʯʠʥʦʶ ʮʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʽ ʨʫʡʥʫʚʘʥʴ, ʷʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʷʚʣʷʻʪʴʩʷ ʜʽʡʩʥʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʽʶʯʠʭ ʥʘ ʚʫʟʣʠ 

ʝʢʩʢʘʚʘʪʦʨʽʚ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. [6] 

ɺʫʟʣʠ ʪʘ ʝʣʝʤʝʥʪʠ ʚʩʽʭ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʜʚʦʭ ʚʠʜʽʚ ʥʘʚʘʥʪʘʞʝʥʴ - 

ʧʦʩʪʽʡʥʠʭ (ʚʘʛʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʽ ʟʤʽʥʥʠʭ (ʦʧʽʨ ˇʨʫʥʪʫ ʥʘ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ, ʦʧʽʨ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʪʘ 

ʽʥ.). 

ɿʘʟʚʠʯʘʡ ʜʠʥʘʤʽʯʥʽ ʟʘʜʘʯʽ ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʪʦʧʦʨʽʥʥʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʘʙʦ ʨʫʰʽʾʚ ʧʨʠ ʟʫʩʪʨʽʯʽ ʟ ʥʝʧʝʨʝʙʦʨʥʦʶ ʧʝʨʝʰʢʦʜʦʶ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ ʨʦʟʛʦʥʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʚʦʜʫ. [6] 

ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ ʪʘ ʚʫʟʣʘʭ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʨʦʙʦʯʠʭ ʨʫʭʽʚ (ʮʠʢʣʽʯʥʠʭ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʭ).[7] 

ʍʘʨʘʢʪʝʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʮʠʢʣʽʯʥʦʛʦ ʨʫʭʫ, ʘ ʦʪʞʝ, ʽ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʨʦʙʦʯʽ 

ʧʨʦʮʝʩʠ ʦʜʥʦʢʦʚʰʝʚʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ ʘʙʦ ʜʝʷʢʠʭ ʚʠʜʽʚ ʟʝʤʣʝʨʠʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ (ʩʢʨʝʧʝʨʠ, 
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ʙʫʣʴʜʦʟʝʨʠ). ʋ ʢʦʞʥʽʡ ʦʧʝʨʘʮʽʾ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʨʫʭʦʤ ʟʝʤʣʝʨʠʡʥʦʾ ʤʘʰʠʥʠ, ʻ ʨʦʟʛʽʥ, ʨʫʭ, 

ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʠʣʦʩʷ, ʟʫʧʠʥʢʘ. [7] 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʫʪʨʠʤʫʶʯʦʛʦ ʤʦʤʝʥʪʫ ʧʦʪʨʝʙʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʣʝʯʘ ʧʨʦʪʠʚʘʛʠ, ʷʢʘ ʙ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʣʠʪʽ ʩʪʨʽʣʠ ʟʤʽʥʶʚʘʣʘ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʪʘ ʢʦʤʧʝʥʩʫʚʘʣʘ ʤʦʤʝʥʪ ʧʝʨʝʢʠʜʘʥʥʷ, 

ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʧʨʦʪʠʚʘʛʠ. ɿʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ ʥʘʚʢʦʣʦ 

ʧʦʚʦʨʦʪʥʦʾ ʧʣʘʪʬʦʨʤʠ ʦʜʥʦʢʽʚʰʝʚʠʡ ʝʢʩʢʘʚʘʪʦʨ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʩʪʽʡʢʽʩʪʴ ʚʽʜʥʦʩʥʦ ʧʦʭʠʣʦʾ 

ʧʣʦʱʠʥʠ. ɼʦʜʘʪʢʦʚʘ ʧʨʦʪʠʚʘʛʘ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ ʮʠʢʣʽʯʥʽ ʦʧʝʨʘʮʽʾ ʥʘ ʧʦʭʠʣʽ ʧʣʦʱʠʥʽ ʙʝʟ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ.  

ɼʦʜʘʪʢʦʚʽ ʟʘʚʜʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʜʠʥʘʤʽʢʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʝʢʩʢʘʚʘʪʦʨʽʚ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫʜʘʨʥʦʛʦ, ʚʽʙʨʦʫʜʘʨʥʦʾ ʘʙʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʜʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʟʘʻʤʦʜʽʷ ʫʜʘʨʥʦʛʦ ʘʙʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʽʟ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʘ ʡ ʦʜʥʦʯʘʩʥʦ ʦʮʽʥʶʚʘʪʠ ʩʪʫʧʽʥʴ ʧʝʨʝʜʘʯʽ ʢʦʣʠʚʘʣʴʥʠʭ ʜʽʡ ʥʘ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʢʩʢʘʚʘʪʦʨʘ. 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʈʋʍʆʄʆɰ ʇʈʆʊʀɺɸɻʀ ɺ ɯʅʐʀʍ ʄɸʐʀʅɸʍ 

ʈʫʭʦʤʘ ʧʨʦʪʠʚʘʛʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʨʫʙʦʫʢʣʘʜʘʯʘʭ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ.  

ʅʘ ʨʠʩʫʥʢʫ ʚʠʩʚʽʪʣʝʥʠʡ ʪʨʫʙʦʫʢʣʘʜʘʯ ʊʈ.20.22.01. ɼʘʥʠʡ ʪʨʫʙʦʫʢʣʘʜʘʯ ʤʘʻ ʥʦʤʽʥʘʣʴʥʫ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ 20 ʪʦʥʥ. ʄʘʰʠʥʘ ʤʘʻ ʧʨʦʪʠʚʘʛʫ, ʱʦ ʚʽʜʢʠʜʘʻʪʴʩʷ ï ʮʝ ʻ ʨʘʮʽʦʥʘʣʴʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ, ʪʦʤʫ ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʘʥʪʘʞʝʤ ʧʨʦʪʠʚʘʛʫ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʠʥʫʪʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʟʙʽʣʴʰʫʻ ʚʘʥʪʘʞʥʠʡ ʤʦʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1 . 

 
ʈʠʩ. 1. ʊʨʫʙʦʫʢʣʘʜʘʯ ʊʈ20.22.01 

ʊʘʢʦʞ ʻ ʫʩʧʽʰʥʽ ʨʦʟʨʦʙʢʠ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʚʪʦʢʨʘʥʽʚ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʠ. ʈʫʭʦʤʘ ʧʨʦʪʠʚʘʛʘ ʧʽʜʚʠʱʠʣʘ ʚʘʥʪʘʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʝʟ ʩʫʪʪʻʚʦʾ 

ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠʚʽʜ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ ʷʚʣʷʻʪʴʩʷ ʤʘʣʦʧʦʪʫʞʥʠʤ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʽʥ ʤʦʞʝ 

ʙʫʪʠ ʚʥʝʩʝʥʠʡ ʚ ʩʠʩʪʝʤʫ ʙʝʟ ʟʘʤʽʥʠ ʦʩʪʘʥʥʽʭ ʝʣʝʤʝʥʪʽʚ. [3] 



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 
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ʈʠʩ.2. ʂʦʨʠʩʥʘ ʤʦʜʝʣʴ ʘʚʪʦʢʨʘʥʘ ʟ ʨʫʭʦʤʦʶ ʧʨʦʪʠʚʘʛʦʶ 

ɺʀʉʅʆɺʂʀ 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʽʩʥʫʶʯʦʛʦ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, 

ʙʝʟʧʝʢʫ ʥʘ ʨʦʙʦʯʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʪʘ ʟʜʘʪʥʽʩʪʴ ʤʘʰʠʥʠ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʫ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ. 

ʉʪʽʡʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ, ʘ ʟ ʽʥʰʦʾ ʚʽʜ ʜʽʡ ʦʧʝʨʘʪʦʨʘ. 

ʉʪʘʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʧʝʨʝʢʠʜʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ ʤʘʰʠʥʠ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʦʩʪʽʡʥʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤ ʪʘ ʥʘʧʨʷʤʦʤ. 

ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ ʪʘ ʚʫʟʣʘʭ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʨʦʙʦʯʠʭ ʨʫʭʽʚ (ʮʠʢʣʽʯʥʠʭ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʭ). 

ʇʦʪʨʝʙʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʥʦʢʽʚʰʝʚʽʡ ʝʢʩʢʘʚʘʪʦʨ 

ʟʽ ʟʤʽʥʥʠʤ ʨʦʙʦʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʚʣʠʚ ʥʘ ʦʩʥʦʚʥʽ ʚʫʟʣʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʟ ʩʧʦʩʦʙʽʚ 

ʧʨʦʪʠʜʽʾ ʧʝʨʝʢʠʜʘʥʥʶ ʦʜʥʦʢʽʚʰʝʚʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ ʘ ʨʦʙʦʯʦʤʫ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʜʘʧʪʠʚʥʦʾ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ ʰʣʷʭʦʤ ʚʨʽʚʥʦʚʘʞʝʥʥʷ 

ʧʦʚʦʨʦʪʥʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ ʤʘʰʠʥʠ ʚ ʮʽʣʦʤʫ.  ʈʫʭʦʤʘ ʧʨʦʪʠʚʘʛʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʚʽʜ ʜʽʾ ʧʝʨʝʢʠʜʥʠʭ ʩʠʣ, ʯʠʤ ʟʙʘʣʘʥʩʦʚʫʻ ʩʠʩʪʝʤʫ. ɿʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ 

ʧʨʦʪʠʚʘʛʠ ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʙʝʟ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ, ʪʠʤ 

ʩʘʤʠʤ ʟʙʽʣʴʰʠʪʴ ʂʂɼ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ, ʦʜʥʦʢʽʚʰʝʚʠʤ 

ʝʢʩʢʘʚʘʪʦʨʦʤ ʤʦʞʣʠʚʦ ʧʨʘʮʶʚʘʪʠ ʪʘ ʧʝʨʝʤʽʱʘʪʠʩʷ ʥʘ ʙʽʣʴʰ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ, ʨʫʭʦʤʘ ʧʨʦʪʠʚʘʛʘ 

ʩʘʤʘ ʟʙʘʣʘʥʩʫʻ ʤʘʰʠʥʫ.  

ɼʘʥʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʦʤʦʾ ʧʨʦʪʠʚʘʛʠ, ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʠʪʠ ʫʪʨʠʤʫʶʯʠʡ 

ʤʦʤʝʥʪ ʪʘ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʢʠʜʘʥʥʶ ʝʢʩʢʘʚʘʪʦʨʘ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. 
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DEVELOPMENT OF EXCAVATOR'S ADAPTIVE MOVABLE COUNTERWEIGHT  

 
Volodymyr Rashkivskyi, Oleksiy Proskurin 

 

Abstract. The results of the analytical study of the effect of dynamic loads on the equipment of a single-

bucket excavator are presented, the analysis of previous studies is performed. Dynamic and static resistance 

against overturning is considered. The expediency of using an adaptive mobile counterweight for single-bucket 

excavators is described. Examples of the use of movable counterweights in other machines are given. 

Keywords: static stability; dynamic stability; holding moment; tipping moment; movable counterweight. 
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ʉɽʂʎɯʗ 2                                                                                                  

çɯʅʅʆɺɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ʉʊɺʆʈɽʅʅʗ ɽʅɽʈɻʆʆʑɸɼʅʀʍ 

ʉʀʉʊɽʄ ɺ ʋʄʆɺɸʍ ʉʋʏɸʉʅʆɻʆ ɹʋɼɯɺʅʀʎʊɺɸè 

ʋɼʂ 658.5 

ʆʨʛʘʥʽʟʘʮʽʡʥʦ ïʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ 

ɯʚʘʥ ʇʝʨʝʛʽʥʝʮʴ  
ʅʘʫʢʦʚʦ ï ʪʝʭʥʽʯʥʠʡ ʮʝʥʪʨ ɸʢʘʜʝʤʽʾ ʙʫʜ̔ʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɸʥʦʪʘʮʽʷ. ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʚʪʨʘʪ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʛʨʝʩʽʾ ʨʦʩʽʡʩʴʢʦʾ 

ʬʝʜʝʨʘʮʽʾ,ʷʢʠʡ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʢʣʘʜʘʻ ʧʦʰʢʦʜʞʝʥʠʭ ~40 ʤʣʥ ʤ
2
 ʞʠʪʣʘ, ʧʨʠ ʮʴʦʤʫ 2/3 ʧʦʰʢʦʜʞʝʥʠʭ 

ʙʫʜʽʚʝʣʴ ʧʽʜʣʷʛʘʶʪʴ ʟʥʦʩʫ. ɺʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʚ 

15 ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ. ʅʘ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʧʦʪʨʝʙʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 35 ʤʣʨʜ ʜʦʣʘʨʽʚ. ʇʦʧʝʨʝʜʥʽ 

ʦʨʽʻʥʪʦʚʥʽ ʧʽʜʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʪʨʝʙʫʻʪʴʩʷ ʟʘʛʘʣʴʥʦʾ  ʧʣʦʱʽ ʙʫʜʠʥʢʽʚ - ʚʽʜ 50 000 ʤ
2
, ʽʟ ʥʠʭ 

ʜʚʦʢʽʤʥʘʪʥʠʭ ʢʚʘʨʪʠʨ - ʙʣʠʟʴʢʦ 60%,ʦʜʥʦʢʽʤʥʘʪʥʠʭ ʢʚʘʨʪʠʨ - ʙʣʠʟʴʢʦ 25% ʪʨʠʢʽʤʥʘʪʥʠʭ  ̔ ʙʽʣʴʰʝ 

ʢʚʘʨʪʠʨ - ʙʣʠʟʴʢʦ15%. ʆʨʽʻʥʪʦʚʘʥʘ ʚʘʨʪʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ 1 ʤ
2
 ʟ ʯʠʩʪʦʚʠʤ ʦʟʜʦʙʣʝʥʥʷʤ ʧʨʠʤʽʱʝʥʴ - 

ʙʣʠʟʴʢʦ 800 ʜʦʣʘʨʽʚ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʬʦʥʜʫ ʞʠʪʣʘ. 

ʊʘʢʦʞ ʧʦʪʨʝʙʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʧʦ ʩʪʚʦʨʝʥʥʶ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʛʨʦʤʘʜ ʽʟ 

ʚʠʟʥʘʯʝʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʬʽʥʘʥʩʫʚʘʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ ʞʠʪʣʘ ʚ ʛʨʦʤʘʜʘʭ. ɺ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʧʦʪʨʝʙʫʶʪʴʩʷ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʨʽʰʝʥʥʷ ʟ ʙʫʜʽʚʥʠʮʪʚʘ ʞʠʪʣʘ ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʛʨʦʤʘʜʘʭ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʙʦʪʽ  ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʧʨʦʝʢʪʽʚ ʞʠʪʣʘ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ 

ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʪʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʥʦʛʦ, ʢʣʘʩʪʝʨʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ɺɯʄ ʪʝʭʥʦʣʦʛʽʡ.  

ʂʨʠʪʝʨʽʻʤ ʜʣʷ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ  ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʩʪʘʣʦ  ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ,ʚ ʪʦʤʫ ʯʠʩʣʽ ʫʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʧʨʠʡʥʷʪʠʭ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʙʫʜʠʥʦʢ çɹʘʡʜʝʥè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʞʠʪʣʦʚʠʡ ʬʦʥʜ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʙʫʜʠʥʦʢ çɹʘʡʜʝʥè,ʧʨʦʝʢʪ, ʪʝʭʥʦʣʦʛʽʷ, ʽʥʥʦʚʘʮʽʷ, 

ʤʘʪʝʨʽʘʣʠ, ʙʫʜʽʚʥʠʮʪʚʦ, ʢʨʠʪʝʨʽʾ, ʥʘʜʽʡʥʽʩʪʴ,ʙʝʟʧʝʯʥʽʩʪʴ,ʢʦʤʬʦʨʪʘʙʝʣʴʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, 

ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ, ʜʞʝʨʝʣʘ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ  ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ.  

ʈʦʟʨʦʙʢʘ ʧʨʦʝʢʪʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ, ʱʦ ʜʽʩʪʘʚ ʥʘʟʚʫ çɹʘʡʜʝʥè, ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ ʩʚʽʪʦʚʦʛʦ [1,2 ] ʪʘ ʚʣʘʩʥʦʛʦ ʜʦʩʚʽʜʫ     [ 3-

7],  ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʫʜʠʥʢʫ ç Optima Hausè.ʇʨʦʝʢʪʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ çɹʘʡʜʝʥè ʚʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ ʣʠʩʪʘ-ʟʘʷʚʢʠ ʟʘʤʦʚʥʠʢʽʚ: ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʮʝʥʪʨʫ ɸʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ, ʜʠʨʝʢʪʦʨ ʇʝʨʝʛʽʥʝʮʴ ɯ. ɯ. ʪʘ ʙʣʘʛʦʜʽʡʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ çʄʽʞʥʘʨʦʜʥʠʡ ɹʫʜʽʚʝʣʴʥʠʡ ʌʦʥʜ çʋʢʨʘʾʥʘè, ʇʨʝʟʠʜʝʥʪ ʉʪʝʮʝʥʢʦ ʆ. ɸ. 

ʇʨʦʝʢʪ ʨʦʟʨʘʭʦʚʘʥʠʡ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʪʘ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʪʘ ʫʩʪʘʥʦʚʘʤʠ ʨʽʟʥʠʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ, ʙʣʘʛʦʜʽʡʥʠʤʠ ʬʦʥʜʘʤʠ, 

ʟʘʨʫʙʽʞʥʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʞʠʪʣʦʤ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ, ʷʢʽ ʧʦʪʝʨʧʽʣʠ ʚʜ̔ ʟʙʨʦʡʥʦʾ 

ʘʛʨʝʩʽʾ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ , ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ ɿʉʋ ʪʘ ʽʥʰʠʭ ʩʠʣʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʧʨʘʮʽʚʥʠʢʽʚ 

ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ, ʥʘʫʢʦʚʮʽʚ ʪʘ ʦʩʚʽʪʷʥ (ʨʠʩ.1).  

ʇʨʦʝʢʪʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʨʦʟʨʦʙʣʝʥʘ 

ʊʆɺ çPLANSò ʟʘ ʫʯʘʩʪʽ 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʢʘʜʝʤʽʾ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ɼɹʅ ɺ.2.2-

15: 2019 çɾʀʊʃʆɺɯ ɹʋɼʀʅʂʀ . 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷè. 

 ɻʦʣʦʚʥʠʡ ʘʨʭʽʪʝʢʪʦʨ ʧʨʦʝʢʪʫ: 

ʉʘʚʠʮʴʢʠʡ ʄ. ɺ., ʨʝʢʪʦʨ ʇɼɸɹɸ, 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ. 

ɸʨʭʽʪʝʢʪʦʨ ʧʨʦʝʢʪʫ: ʌʘʩʦʚʠʡ ɼ.ʆ. ʜʠʨʝʢʪʦʨ ʊʆɺ çPLANSò. 

 
ʈʠʩ.1 ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʙʫʜʠʥʦʢ çɹʘʡʜʝʥè 
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 ɺ ʙʫʜʠʥʢʫ ʧʝʨʝʜʙʘʯʝʥʦ  ʪʝʭʥʽʯʥʝ ʧʽʜʧʽʣʣʷ. ɺ ʧʨʦʝʢʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʥʦʣʽʪʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʬʫʥʜʘʤʝʥʪʽʚ ʪʘ ʧʽʜʚʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ ʥʠʱʝ ʚʽʜʤʽʪʢʠ 0.000, ʷʢ ʪʠʤʯʘʩʦʚʝ ʫʢʨʠʪʪʷ ʜʣʷ 

ʣʶʜʝʡ ʧʽʜ ʯʘʩ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, ʧʨʠʨʦʜʥʠʭ ʯʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ. ʇʨʠ ʩʧʦʨʫʜʞʝʥʥʽ ʥʘʜʟʝʤʥʦʾ 

ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ ʧʽʚʥʽʯʥʦ-ʘʤʝʨʠʢʘʥʩʴʢʘ ʪʝʭʥʦʣʦʛʽʷ ʞʠʪʣʦʚʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ, ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʜʦʜʝʨʞʘʥʥʘʷ ʧʨʠʥʮʠʧʽʚ ʟʜʦʨʦʚʦʛʦ ʞʠʪʣʘ. ɹʫʜʠʥʦʢ ʨʦʟʜʽʣʝʥʠʡ ʥʘ 8 ( ʚʽʩʽʤ) ʯʘʩʪʠʥ 

ʟ ʦʢʨʝʤʠʤʠ ʚʭʦʜʘʤʠ ʚ ʞʠʪʣʦʚʽ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʝ ʧʽʜʧʽʣʣʷ. ɿʛʽʜʥʦ ʩʪ. 356 ʎʂʋ ʧʨʦ ʩʧʽʣʴʥʫ 

ʯʘʩʪʢʦʚʫ ʚʣʘʩʥʽʩʪʴ, ʩʫʙôʻʢʪʘʤʠ ʧʨʘʚʘ ʥʘ ʢʦʞʥʫ ʟ ʯʘʩʪʠʥ ʙʫʜʠʥʢʫ ʤʘʶʪʴ ʧʨʘʚʦ ʛʨʦʤʘʜʷʥʠ, 

ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ, ʜʝʨʞʘʚʘ, ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. ʂʣʘʩ ʥʘʩʣʽʜʢʽʚ ʙʫʜʠʥʢʫ - ʉʉ1 

(ʥʝʟʥʘʯʥʠʡ). ʉʧʦʨʫʜʞʝʥʥʷ ʙʫʜʠʥʢʫ ʤʘʻ ʚʝʩʪʠʩʷ ʟʘ ʙʫʜʽʚʝʣʴʥʠʤ ʧʘʩʧʦʨʪʦʤ ʟʘʙʫʜʦʚʠ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ, ʱʦ ʚʠʜʘʻʪʴʩʷ ʤʽʩʮʝʚʠʤʠ ʦʨʛʘʥʘʤʠ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʟʘʨʝʻʩʪʨʦʚʘʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʧʨʦ 

ʧʦʯʘʪʦʢ ʨʦʙʽʪ ʚ ʜʝʨʞʘʚʥʫ ʽʥʩʧʝʢʮʽʶ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ (ɼɯɸʄ). 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʜʽʚʣʽ: 

-  ʧʣʦʱʘ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ - ʚʽʜ 400 ʤ. ʢʚ. 

- ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʙʫʜʠʥʢʫ ( ʙʝʟ ʧʣʦʱʽ ʪʝʭʥʽʯʥʦʛʦ ʧʽʜʧʽʣʣʷ) - ʤ.ʢʚ. 

- ʧʣʦʱʘ ʪʝʭʥʽʯʥʦʛʦ ʧʽʜʧʽʣʣʷ - ʤ.ʢʚ. 

- ʧʣʦʘɦ ˇʘʥʢʽʚ  ̔ʩʭʦʜʽʚ - ʤ.ʢʚ. 

ɹʫʜʠʥʦʢ  ʤʘʻ ʤʦʥʦʣʽʪʥʽ, ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʬʫʥʜʘʤʝʥʪʠ - ʟ ʪʝʭʥʽʯʥʠʤ ʧʽʜʧʽʣʣʷʤ ʢʝʩʦʥʥʦʛʦ ʪʠʧʫ ʪʘ 

ʧʝʨʝʢʨʠʪʪʷʤ ʧʽʜʩʠʣʝʥʦʾ ʤʽʮʥʦʩʪʽ. ʇʝʨʝʜʙʘʯʝʥʦ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ : ʢʝʨʘʤʽʯʥʽ ʧʘʥʝʣʽ DIMOL ʟ 

ʮʠʬʨʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ; ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ Cooper Hunter ʧʦʚʽʪʨʷ-ʧʦʚʽʪʨʷ.ɻʘʨʷʯʝ ʚʦʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʙʦʡʣʝʨʦʤ ʥʘ 100 ʣ. ʜʣʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ. 

ɺʝʥʪʠʣʷʮʽʷ ʧʨʠʤʽʱʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʭʘʥʽʯʥʦʶ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʶ ʚʝʥʪʠʣʷʮʽʻʶ ʟ 

ʨʝʢʫʧʝʨʘʮʽʻʶ ʧʦʚʽʪʨʷ VENTS ( 2 ʦʜʠʥʠʮʽ ʚ ʢʦʞʥʽʡ ʯʘʩʪʠʥ ̔ʙʫʜʠʥʢʫ) ʪʘ ʯʝʨʝʟ ʢʘʥʘʣʠ ʧʨʠʨʦʜʥʴʦʾ 

ʚʝʥʪʠʣʷʮʽʾ ʢʫʭʦʥʴ ʪʘ ʩʘʥʚʫʟʣʽʚ. ɽʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʠʥʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʤʝʨʝʞ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ, ʟʛʽʜʥʦ ɼɹʅ ɺ.2.5-23:2010 çʇʈʆɽʂʊʋɺɸʅʅʗ ɽʃɽʂʊʈʆʆɹʃɸɼʅɸʅʅʗ ʆɹ'ɭʂʊɯɺ 

ʎʀɺɯʃʔʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗè. 

ʂʨʠʪʝʨʽʻʤ ʜʣʷ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʣʦ  ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʧʨʠʡʥʷʪʠʭ ʧʽʜ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʠ 

ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʙʫʜʽʚʝʣʴ ʫ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ʚʠʙʨʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷʤ ʜʽʶʯʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʥʦʨʤʘʪʠʚʽʚ ʪʘ  ʧʨʠʡʦʤʽʚ ʧʨʦʝʢʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʢʨʠʪʝʨʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʝʤʽʩʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ. ɯʥʜʠʢʘʪʦʨʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʫ ʙʫʜʠʥʢʫ ʻ: ʩʧʦʞʠʚʘʥʥʷ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʨʽʢ ʪʘ ʧʨʦʪʷʛʦʤ ʚʩʦɹʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ, ʯʘʩʪʢʘ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ ʚʠʜʽʚ 

ʝʥʝʨʛʽʾ, ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʦʪʽʢ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʨʽʢ  ̔ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʮʠʢʣʫ, ʚʘʛʘ ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʢʠʜ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʗʢ ʢʨʠʪʝʨʽʾ ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ 

ʚ ʨʦʙʦʪ ̔ ʚʠʢʦʨʠʩʪʘʥʦ  ʙʫʜʽʚʝʣʴʥʫ ʚʘʨʪʽʩʪʴ, ʚʧʣʠʚ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʪʨʝʙʠ, 

ʟʘʛʘʣʴʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʝʤʦʥʪʘʞʝʤ ʙʫʜʽʚʝʣʴ ʪʘ ʫʪʠʣʽʟʘʮʽʻʶ 

ʚʽʜʭʦʜʽʚ. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʠʟʥʘʯʘʚʩʷ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʨʽʢ  ̔ʟʘ ʚʝʩʴ 

ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʙʫʜʽʚʣʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʦʾ ʨʽʚʥʦʟʥʘʯʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ 

ʩʦʮʽʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ ʚʠʟʥʘʯʝʥʦ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʫ 

ʙʫʜʠʥʢʫ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

 ʊʝʦʨʝʪʠʯʥʘ ʯʘʩʪʠʥʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʙʘʟʫʻʪʴʩʷ  ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʪʘ ʥʘ 

ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ, ʢʣʘʩʪʝʨʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ɺɯʄ 

ʪʝʭʥʦʣʦʛʽʡ. ʉʫʪʥʽʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʜʽʷʣʴʥʦʩʪʽ 

ʚʩʽʭ ʯʣʝʥʽʚ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʥiʥ ɺ.ɯ. ʆʧʪʠʤiʟʘʮiʷ ʩʪʨʘʪʝʛiʡ ʙʫʜʽʚʝʣʴʥʦʾ ʦʨʛʘʥiʟʘʮiʾ ʚ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ : ʤʦʥʦʛʨʘʬiʷ. ʂ.: ʈʘʪiʙʦʨ, 2004. 242 ʩ .  

2. ɻʦʡʢʦ ɸ. ʌ., ʉʢʘʢʫʥ ɺ. ɸ., ʉʦʨʦʢiʥʘ ʃ. ɺ. ʆʧʪʠʤiʟʘʮiʷ ʫʧʨʘʚʣiʥʥʷ ʙiʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʙʫʜiʚʝʣʴʥʠʭ ʧiʜʧʨʠʝʤʩʪʚ ʚ 

ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ. ɸʢʪʫʘʣʴʥi ʧʨʦʙʣʝʤʠ ʝʢʦʥʦʤiʢʠ: ʥʘʫʢ. ʝʢʦʥ. ʞʫʨʥʘʣ . 2009 .  ̄8 ʉ.58-65. 



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 

 

109 
 

3. ʇʝʨʝʛʽʥʝʮʴ ɯ. ɯ. , ʉʘʚʠʮʴʢʠʡ ʄ. ɺ., ʂʫʣʽʯʝʥʢʦ ɯ. ɯ., ʂʦʚʘʣʴ ʆ. ʆ.  ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʨʝʬʦʨʤʘ ʚ ʋʢʨʘʾʥʽ 

ʷʢ ʜʞʝʨʝʣʦ ʨʦʟʚʠʪʢʫ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʜʦʤʦʙʫʜʫʚʘʥʥʷ / ʉʪʨʦʠʪʝʣʴʩʪʚʦ. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʉʝʨʠʷ : ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʦʚ ʞʠʣʠʱʥʦ-ʛʨʘʞʜʘʥʩʢʦʛʦ, 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. - 2015. - ɺʳʧ. 82. - ʉ. 149-153. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://nbuv.gov.ua/UJRN/smmit_2015_82_25.  

4. ɯ.ɯ. ɺɯʄ-ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʧʨʦʝʢʪʘʭ ʅʦʚʦʛʦ ʫʨʙʘʥʽʟʤʫ/ ENVIRONMENTAL PROTECTIONAL-

2020:ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ. ʂʠʾʚ, çɺʠʜʘʚʥʠʮʪʚʦ ʃʶʜʤʠʣʘè, 2020, 140 ʩ.                                       ISBN978-617-7828-54-

8. ʉ 54-61 

5. ʇʝʨʝʛʽʥʝʮʴ ɯ. ɯ. ʅʘʫʢʦʚʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ/ //ENVIRONMENTAL PROTECTIONAL-2021: ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʧʨʠʩʚʷʯʝʥʦʾ ɺʩʝʩʚʽʪʥʴʦʤʫ ʜʥ ʁʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ, 5 ʯʝʨʚʥʷ 2021 ʨʦʢʫ. 

ɺʠʧʫʩʢ 1.-ʂʠʾʚ. ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ  ̔ʘʨʭʽʪʝʢʪʫʨʠ.2021.-130 ʩ  ʉ. 86-89.  

6. ʇʝʨʝʛʽʥʝʮʴ ɯ.ɯ. ʊʝʦʨʝʪʠʯʥʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʫʣʴʦʚʦʾ ʝʥʝʨʛʽʾ (ZEB) / Erbe der 

europpaishen wissenshaft. Umwelshutz. Monografishe Reihe. Europpaishen Wissenshaft. Buch 2/ Teil 1. 2020. ISBN 978-3-

9821783-3-2. Kapitel 10. ʉ. 163-169.  

7. ʇʝʨʝʛʽʥʝʮʴ ɯ. ɯ. ʂʣʘʩʪʝʨʥʽ ʬʦʨʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦ- ʝʢʦʥʦʤʽʯʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʩʫʯʘʩʥʦʾ ʋʢʨʘʾʥʠ / ʄʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ. - 2017. - ɺʠʧ. 64. - ʉ. 560-569. -   

ʈʝʞʠʤ ʜʦʩʪʫʧʫ:   http://nbuv.gov.ua/UJRN/MTP_2017_64_75  

 

ORGANIZATIONAL  AND TECHNOLOGICAL  BASIS RESTORATION  OF THE HOUSING 

FUND OF UKRAINE  
 

Ivan Pereginets 
 

Abstract. An analysis of the losses of the housing stock of Ukraine as a result of the aggression of the Russian 

Federation, which currently amounts to damaged ~ 40 million m2 of housing, while 2/3 of the damaged buildings 

are subject to demolition. Restoration work is expected to be carried out in15 regions of Ukraine. About $ 35 

billion is needed to rebuild the housing stock. Preliminary estimates show that the required total area of houses - 

from 50,000 m2, of which two-bedroom apartments - about 60%, one-bedroom apartments - about 25% three-room 

and more apartments - about 15%. The estimated cost of construction of 1 m2 with finishing decoration of the 

premises - about $ 800. There is a need to develop a state program to create a housing stock. It is also necessary to 

develop regional programs for the creation of housing for communities with certain sources of funding for housing 

construction in communities. Architectural and structural and spatial planning solutions are needed in the short 

term housing construction in local communities. The solution to the problem of work is based on the development 

of housing projects, which provides improved and development of new criteria, obtained as a result of research 

based on a systematic, cluster approach and taking into account innovative technologies, including BIM 

technologies. The criterion for choosing the parameters of individual structural elements of buildings was 

compliance with the requirements to ensure their load-bearing capacity and reliability, including shelter, as well 

as operational suitability for the accepted during the calculation of their operating conditions. On this basis, the 

individual house "Biden" was developed.  

Keywords: housing stock, individual house "Biden", project, technology, innovation, materials, construction, 

criteria, reliability, safety, comfort, environmental friendliness, material consumption, energy saving sources and 

economy. 

 

 
ʋɼʂ 621 

ʆʮʽʥʢʘ ʪʘ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʘʮʽʾ ʫʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ɸʣʞʠʨʫ 

ɻʝʨʨʫʪ ɸ.  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ  ̔ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ,ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɿʜʽʡʩʥʝʥʘ ʦʮʽʥʢʘ ʪʘ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʘʮʽʾ ʫʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ɸʣʞʠʨʫ. 

ʈʦʟʛʣʷʥʫʪʦ ʽʩʪʦʨʽʶ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ  ʤʝʭʘʥʽʟʘʮʽʾ ʫʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ. ʉʪʚʦʨʝʥʥʷ ʪʘ 

ʨʦʟʚʠʪʦʢ ʜʦʨʽʛ ʤʦʞʥʘ ʧʝʚʥʦʶ ʤʽʨʦʶ ʧʦʚô̫ ʟʘʪʠ ʪʘʢʠʤʠ ʧʝʨʽʦʜʘʤʠ: ʜʦ ʬʨʘʥʮʫʟʴʢʦʾ ʢʦʣʦʥʽʟʘʮʽʾ; ʧʝʨʽʦʜ 

ʬʨʘʥʮʫʟʴʢʦʾ ʢʦʣʦʥʽʟʘʮʽʾ ʪʘ ʧʝʨʽʦʜʠ ʧʽʩʣʷ ʟʜʦʙʫʪʪʷ ʥʝʟʘʣʝʞʥʦʩʪʽ. ɿʜʽʡʩʥʝʥʠʡ ʘʥʘʣʽʟ ʟʘʩʚʽʜʯʠʚ, ʱʦ 

ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʙʫʜʦʚʠ ʜʦʨʽʛ ʧʦʯʘʚʩʷ  ʚ ʧʝʨʽʦʜ ʬʨʘʥʮʫʟʴʢʦʾ ʢʦʣʦʥʽʟʘʮʽʾ   ̔ ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ʟʜʦʙʫʪʪʷ 

http://nbuv.gov.ua/UJRN/smmit_2015_82_25
http://nbuv.gov.ua/UJRN/MTP_2017_64_75
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ʥʝʟʘʣʝʞʥʦʩʪʽ. ɺ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʮʠʭ  ̔ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘ ʥʠʟʢʦʶ ʢʨʠʪʝʨʽʾʚ ʾʭ ʢʦʨʠʩʥʦʩʪʽ 

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʽʣʴʥʘ ʜʦʨʦʛʘ, ʤʝʭʘʥʽʟʘʮʽʷ, ʫʣʘʰʪʫʚʘʥʥʷ,ʧʝʨʽʦʜʠ ʙʫʜʦʚʠ,ʧʘʨʘʤʝʪʨʠ 

ʤʝʭʘʥʽʟʤʽʚ. 

ɸʣʞʠʨ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ɸʬʨʠʢʘʥʩʴʢʦʛʦ ʢʦʥʪʠʥʝʥʪʫ ʽ ʤʝʞʫʻ ʟ ʊʫʥʽʩʦʤ 

ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ, ʃʽʚʽʻʶ ʥʘ ʩʭʦʜʽ, ʅʽʛʝʨʦʤ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ, ʄʘʚʨʠʪʘʥʽʻʶ ʪʘ ʄʘʣʽ ʥʘ 

ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ, ɿʘʭʽʜʥʦʶ ʉʘʭʘʨʦʶ ʥʘ ʟʘʭʦʜʽ ʪʘ ʄʘʨʦʢʢʦ ʥʘ ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ. ɸʣʞʠʨ, ʟʘʚʜʷʢʠ 

ʩʚʦʻʤʫ ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʧʦʣʦʞʝʥʥʶ, ʟʘʚʞʜʠ ʙʫʚ ʢʨʘʾʥʦʶ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʽ ʷʢ, ʥʘʩʣʽʜʦʢ, ʚʽʜʦʤʠʡ 

ʯʠʩʣʝʥʥʠʤ ʚʪʦʨʛʥʝʥʥʷʤ ʽ ʦʢʫʧʘʮʽʷʤʠ. ʉʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʜʦʨʽʛ ʤʦʞʥʘ ʧʝʚʥʦʶ ʤʽʨʦʶ 

ʧʦʚôʷʟʘʪʠ ʪʘʢʠʤʠ ʧʝʨʽʦʜʘʤʠ: ʜʦ ʬʨʘʥʮʫʟʴʢʦʾ ʢʦʣʦʥʽʟʘʮʽʾ; ʧʝʨʽʦʜ ʬʨʘʥʮʫʟʴʢʦʾ ʢʦʣʦʥʽʟʘʮʽʾ ʪʘ 

ʧʝʨʽʦʜʠ ʧʽʩʣʷ ʟʜʦʙʫʪʪʷ ʥʝʟʘʣʝʞʥʦʩʪʽ. ɺʽʡʩʴʢʘ ʌʨʘʥʮʽʾ ʚʠʩʘʜʠʣʠʩʷ ʚ ɸʣʞʠʨʽ ʚ 1830 ʨʦʮʽ, ʷʢ 

ʧʨʝʣʶʜʽʷ ʜʦ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʪʘ ʤʝʪʦʜʠʯʥʦʾ ʢʦʣʦʥʽʟʘʮʽʾ ʢʨʘʾʥʠ, ʷʢʘ ʡʰʣʘ ʦʩʪʘʥʥʽ 132 ʨʦʢʠ. ɿ 1847 ʨ. 

ʚʽʡʩʴʢʦʚʘ ʚʣʘʜʘ ʜʙʘʣʘ ʧʨʦ ʰʠʨʦʢʝ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞʽ ʜʦʨʽʛ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʘʯʘʥʥʷ ʧʝʨʰʠʭ 

ʧʦʩʝʣʝʥʮʽʚ, ʱʦʙ ʚʽʡʩʴʢʘ ʤʦʛʣʠ ʰʚʠʜʢʦ ʨʫʭʘʪʠʩʷ ʜʦ ʪʦʯʦʢ, ʷʢʠʤ ʟʘʛʨʦʞʫʚʘʚ ʦʧʽʨ, ʷʢʠʡ ʯʠʥʠʣʦ 

ʥʘʩʝʣʝʥʥʷ. ɼʦ 1850 ʨʦʢʫ ʩʫʪʪʻʚʠʡ ʢʨʦʢ ʙʫʚ ʫʞʝ ʟʨʦʙʣʝʥʠʡ. ɹʫʣʦ ʟʙʫʜʦʚʘʥʦ:450 ʢʤ ʜʦʨʽʛ ʟ ʪʚʝʨʜʠʤ 

ʧʦʢʨʠʪʪʷʤ ʘʙʦ ʫʪʨʠʤʘʥʥʷʤ,450 ʢʤ ʚʽʜʢʨʠʪʠʭ ʟʝʤʣʷʥʠʭ ʜʦʨʽʛ, 1650 ʢʤ ʜʦʨʽʛ ʨʦʟʨʦʙʣʝʥʦ ʰʣʷʭʦʤ 

ʥʝʩʢʣʘʜʥʠʭ ʘʛʽʪʘʮʽʡʥʠʭ ʨʦʙʽʪ. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ 2250 ʢʤ ʤʦʞʣʠʚʠʭ ʜʦʨʽʛ. ʌʨʘʥʮʫʟʴʢʘ 

ʢʦʣʦʥʽʟʘʮʽʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʞʘʭʣʠʚʽʩʪʴ, ʜʦʟʚʦʣʠʣʘ ʨʦʟʙʫʜʦʚʫʚʘʪʠ ʜʦʨʦʛʠ, ʰʣʷʭʠ ʉʘʭʘʨʠ, ʧʦʨʪʠ 

ʪʘ ʘʝʨʦʜʨʦʤʠ. ɿʘʧʨʦʚʘʜʞʝʥʽ ʧʨʦʛʨʘʤʠ ʟʚʦʜʠʣʠʩʷ ʜʦ ʪʘʢʠʭ ʜʽʡ:ʙʫʜʽʚʥʠʮʪʚʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʜʦʨʽʛ ʫ 

ʚʠʩʦʢʦʛʽʨ'ʾ, ʦʙ'ʾʟʜʠ ʥʘ ʤʘʨʰʨʫʪʘʭ, ʱʦ ʚʝʜʫʪʴ ʥʘ ʩʭʽʜ ʪʘ ʟʘʭʽʜ ʢʨʘʾʥʠ, ʨʦʟʯʠʱʝʥʥʷ ʚʝʣʠʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ ʪʘ ʨʦʟʚʠʪʦʢ ʤʽʩʴʢʠʭ ʜʦʨʽʛ ʚ ɸʣʞʠʨʽ, ʆʨʘʥʽ, ʂʦʩʪʷʥʪʠʥʽ ʪʘ ɸʥʥʘʙʽ, ʙʫʜʽʚʥʠʮʪʚʦ 

ʚʽʜʦʤʯʠʭ ʽ ʤʽʩʮʝʚʠʭ ʜʦʨʽʛ ʫ ʚʠʩʦʢʦʛʽʨ'ʾ ʪʘ ʥʘ ʩʭʽʜʥʦʤʫ ʪʘ ʟʘʭʽʜʥʦʤʫ ʢʦʨʜʦʥʽ.  ɿʘ ʯʘʩʽʚ ʥʝʟʘʣʝʞʥʦʩʪʽ 

ʤʝʨʝʞʘ ʜʦʨʽʛ ʩʢʣʘʜʘʣʘʩʷ ʟ 67 000 ʢʤ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ: ʤʝʨʝʞʘ RN ʦʭʦʧʠʣʘ 18 275 ʢʤ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʇʽʚʥʽʯʥʠʡ ɸʣʞʠʨ: 9 211 ʢʤ; ʉʘʭʘʨʘ: 9 064 ʢʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ 6 518 ʢʤ ʫ ʩʪʘʥʽ ʪʨʘʩʠ; 20 

210 ʢʤ ʚʽʜʦʤʯʽ ʰʣʷʭʠ; 28 654 ʢʤ - ʦʢʦʣʠʯʥʽ ʪʘ ʩʽʣʴʩʴʢʽ ʰʣʷʭʠ. ʂʨʽʤ ʪʦʛʦ, ʟʘ 13 ʨʦʢʽʚ ʮʷ ʤʝʨʝʞʘ 

ʜʦʨʽʛ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 7000 ʢʤ ʧʦʨʽʚʥʷʥʦ ʟ 1948 ʨʦʢʦʤ. ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʨʽʛ. 

ʊʘʙʣʠʮʷ 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʨʽʛ 

 

ʉʫʯʘʩʥʽ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʫʣʘʰʪʫʚʘʥʥʷ ʜʦʨʽʛ, ʧʨʠʚʝʜʝʥʽ  ʥʘ  ʨʠʩʫʥʢʫ 1. 
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                      ʘ                                                          ʙ                                                        ʚ 

                            

                    ʛ                                                          ʜ                                                              ʝ 

ʈʠʩ.1 ʄʝʭʘʥʽʟʤʠ ʜʣʷ ʫʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ: ʘ ï ʛʫʩʝʥʠʯʥʠʡ ʝʢʩʢʘʚʘʪʦʨ; ʙ ï ʛʨʝʡʜʝʨ;                            

ʚ ï ʝʢʩʢʘʚʘʪʦʨ ï ʥʘʚʘʥʪʘʞʫʚʘʯ;   ʛ ï ʘʚʪʦʮʠʩʪʝʨʥʘ  ʜʣʷ ʘʩʬʘʣʴʪʫ;  ʜ ï ʘʩʬʘʣʴʪʦʫʢʣʘʜʘʣʴʥʠʢ; ʝ ï ʜʦʨʦʞʥʽʡ  

ʢʘʪʦʢ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʝʜʝʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʜʽʡʩʥʝʥʘ ʦʮʽʥʢʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʝʥʝʨʛʦʻʤʥʦʩʪʽ, ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ[1] ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ 

ʢʦʤʧʣʝʢʪʫ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʫʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ. ɺʠʢʦʨʠʩʪʘʥʽ ʧʦʣʦʞʝʥʥʷ ʤʝʪʦʜʽʚ 

ʧʦʜʽʙʥʦʩʪʽ[2]. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ. 
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Evaluation and analysis of mechanization of roads in Algeria. 

 Gerrut A . 

Abstract. An assessment and analysis of the mechanization of road construction in Algeria. The history of 

creation and development of mechanization of arrangement of highways is considered. The creation and 

development of roads can be to some extent linked to the following periods: before the French colonization; the 

period of French colonization and the periods after independence. he analysis showed that the systematic approach 

to road construction began during the French colonization and especially after independence. The paper analyzes 

these and other similar mechanisms according to a number of criteria of their usefulness and effectiveness.  

 Key words: highway, mechanization, arrangement, construction periods, parameters of mechanisms. 
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ʋɼʂ 69.002.5 

ʈʦʟʨʦʙʢʘ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʤʦʥʪʘʞʫ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʙʫʜʽʚʣʽ 

ɺʦʣʦʜʠʤʠʨ ʈʘʰʢʽʚʩʴʢʠʡ, ɼʤʠʪʨʦ ʃʝʤʽʰʢʦ, ʄʘʢʩʠʤ ɺʦʣʠʥʝʮʴ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʥʪʘʞʫ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʙʫʜʽʚʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʭʘʥʽʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʜʫʣʴ (ʄʊʄ).ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʜʫʣʴ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʡʦʤʫ ʙʣʦʢʫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʥʘʨʦʱʫʚʘʥʥʷʤ ʢʦʣʦʥ. ʜʣʷ ʤʦʥʪʘʞʫ 

ʢʦʣʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʫʪʚʦʨʶʻʪʴʩʷ ʟʦʥʘ ʤʦʥʪʘʞʫ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʄʊʄ ʻ ʨʦʟʤʽʨʠ ʢʦʣʦʥʠ, ʚʘʛʘ ʙʣʦʢʫ ʉʇʇ ʪʘ ʨʦʟʤʽʨʠ ʧʨʦʣʴʦʪʽʚ ʪʘ ʢʨʦʢʽʚ ʤʽʞ ʢʦʣʦʥʘʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ 

ʧʨʠʡʥʷʪʦ ʚʠʢʦʥʘʥʦ ʝʩʢʽʟʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʦʜʫʣʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʭʘʥʽʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʜʫʣʴ, ʩʪʨʫʢʪʫʨʥʝ ʧʦʢʨʠʪʪʷ. 

ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʙʣʦʢʽʚ ʧʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʪʨʝʙʦʶ ʫ ʰʚʠʜʢʦʤʫ ʾʭ 

ʤʦʥʪʘʞʫ, ʣʝʛʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʶ ʰʚʠʜʢʦʛʦ ʜʝʤʦʥʪʘʞʫ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʠʭ ʨʦʟʤʽʨʽʚ ʙʣʦʢʽʚ ʧʦʢʨʠʪʪʷ 24ʭ24 ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʘʨʽʘʥʪʠ ʙʫʜʽʚʣʽ ʟ 

ʨʦʟʤʽʨʘʤʠ ʚ ʧʣʘʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʣʴʢʦʩʪʽ ʙʣʦʢʽʚ. ʄʽʥʽʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʶ ʻ ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ 3ʭ4 

[1]. 

ʄʝʭʘʥʽʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʜʫʣʴ (ʄʊʄ) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʡʦʤʫ ʙʣʦʢʫ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʢʨʠʪʪʷ (ʉʇʇ) ʟ ʦʜʥʦʯʘʩʥʠʤ ʥʘʨʦʱʫʚʘʥʥʷʤ ʢʦʣʦʥ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʄʊʄ ʻ ʨʦʟʤʽʨʠ ʢʦʣʦʥʠ, ʚʘʛʘ ʙʣʦʢʫ ʄʊʇ ʪʘ ʨʦʟʤʽʨʠ ʧʨʦʣʴʦʪʽʚ ʪʘ ʢʨʦʢʽʚ ʤʽʞ ʢʦʣʦʥʘʤʠ. ɿʘ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ [2] ʚʘʛʘ ʙʣʦʢʫ ʉʇʇ ʥʝ ʧʝʨʝʚʠʱʫʻ 20 ʪ, ʘ ʧʝʨʝʨʽʟ ʢʦʣʦʥʠ ʩʪʘʥʦʚʠʪʴ 500é700 ʤʤ. 

ʈʦʟʤʽʨ ʧʨʦʣʴʦʪʽʚ ï 24, 30, 36 ʤ, ʘ ʢʨʦʢʽʚ ï 12, 15, 18, 24 ʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ ʧʨʠʡʥʷʪʦ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʢʦʣʦʥʠ ʥʘ 

ʩʢʣʘʜʘʣʴʥʽ ʯʘʩʪʠʥʠ. ʉʢʣʘʜʘʣʴʥʽ ʯʘʩʪʠʥʠ ʧʨʠʡʥʷʪʽ ʟʘʚʚʠʰʢʠ 1000 ʤʤ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʄʊʄ ʫʷʚʣʷʻ ʪʘʢʫ ʩʭʝʤʫ: ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʤʦʜʫʣʷ ʨʦʟʤʽʱʝʥʦ ʦʧʦʨʥʠʡ 

ʦʛʦʣʦʚʦʢ, ʥʘ ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʘʥʪʘʞ, ʱʦ ʧʽʜʥʽʤʘʻʪʴʩʷ. ʇʽʜʡʦʤ/ʦʧʫʩʢʘʥʥʷ ʙʣʦʢʫ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʽʣʴʢʦʩʪʽ ʤʦʜʫʣʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʣʴʢʦʩʪʽ ʦʧʦʨ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʛʽʜʥʦ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʇɿʄ ʥʘ ʦʜʠʥ ʙʣʦʢ ï 4 ʰʪ.  

ʄʝʭʘʥʽʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʜʫʣʴ (ʨʠʩ. 1) ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʟʦʥʽ ʤʦʥʪʘʞʫ ʢʦʣʦʥ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʮʝʥʪʨ ʡʦʛʦ ʤʦʥʪʘʞʥʦʾ ʟʦʥʠ ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʢʦʣʦʥʠ. ʉʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʥʠʞʥʽʡ ʦʧʦʨʥʠʡ ʝʣʝʤʝʥʪ ʢʦʣʦʥʠ ʽ ʟʘʢʨʽʧʣʶʶʪʴ ʡʦʛʦ ʥʘ ʦʧʦʨʥʽʡ ʧʣʘʩʪʠʥʽ ʬʫʥʜʘʤʝʥʪʫ ʥʘ ʘʥʢʝʨʥʠʭ 

ʙʦʣʪʘʭ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʥʥʷ [2]. ʅʘ ʦʧʦʨʥʠʡ ʦʛʦʣʦʚʦʢ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʝʨʰʠʡ ʷʨʫʩ 

ʢʦʣʦʥʠ. ʉʢʣʘʜʦʚʽ ʢʦʣʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʧʨʦʢʘʪʥʠʭ ʪʨʫʙ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠ ʟôʻʜʥʘʥʥʽ ʾʭ ʟ 

ʤʫʬʪʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʚʠʜʢʦʟʥʽʤʥʽ ʤʦʥʪʘʞʥʽ ʧʨʠʩʪʨʦʾ. 

ʄʽʞ ʩʦʙʦʶ ʩʝʢʮʽʾ ʢʦʣʦʥʠ ʟôʻʜʥʫʶʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤʠ ʪʘ ʜʽʘʛʦʥʘʣʴʥʠʤʠ ʚôʷʟʷʤʠ, ʚʠʚʽʨʷʶʪʴʩʷ ʪʘ 

ʟʘʢʨʽʧʣʶʶʪʴʩʷ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʝʨʭʥʽ ʤʫʬʪʠ, ʷʢʽ ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʩʝʢʮʽʷʭ ʢʦʣʦʥʠ, ʘ ʥʘʜ ʦʧʦʨʥʠʤ 

ʦʛʦʣʦʚʢʦʤ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʡ ʤʦʜʫʣʴ ʟʛʽʜʥʦ ʩʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ.2. ɿʚʝʨʭʫ ʥʘ ʦʛʦʣʦʚʦʢ ʤʦʜʫʣʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʠʞʥʷ ʦʧʦʨʥʘ ʯʘʩʪʠʥʘ ʉʇʇ, ʫ 

ʚʠʛʣʷʜʽ ʧʝʨʝʛʦʨʥʫʪʦʾ ʧʽʨʘʤʽʜʠ. ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʄʊʄ ʨʦʟʤʽʱʝʥʦ ʧʽʜʤʦʩʪʽ. ʇʽʜʤʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʟʘʣʝʞʥʠʤʠ ʘʙʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʄʊʄ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʙʣʦʢʫ ʧʦʢʨʠʪʪʷ. 
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ʈʠʩ. 1. ɺʘʥʪʘʞʦʧʽʜʡʦʤʥʠʡ ʤʦʜʫʣʴ: ʘ ï ʚʠʛʣʷʜ ʟʙʦʢʫ; ʙ ï ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʡ ʚʠʛʣʷʜ:  

1 ï ʷʨʫʩ ʢʦʣʦʥʠ; 2 ï ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʡ ʤʦʜʫʣʴ; 3 ï ʦʛʦʣʦʚʦʢ ʢʦʣʦʥʠ; 4 - ʦʧʦʨʥʠʡ ʚʫʟʦʣ ʉʇʇ. 

 

ʄʦʥʪʘʞ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʣʦʢʫ ʧʦʢʨʠʪʪʷ ʨʘʟʦʤ ʟ ʢʨʘʥʦʚʠʤ, ʩʘʥʪʝʭʥʽʯʥʠʤ, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʧʦʢʨʽʚʣʝʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʨʘʟʫ ʥʘ ʦʧʦʨʥʠʭ ʚʫʟʣʘʭ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʄʊʄ (ʨʠʩ. 

2). 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʇɿʄ ʥʘ ʦʧʦʨʘʭ ʉʇʇ:1 ï ʢʦʣʦʥʘ; 2 ï ʇɿʄ; 3 ï ʙʣʦʢ ʉʇʇ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʣʦʢʫ ʧʦʢʨʠʪʪʷ ʧʽʜ ʯʘʩ ʧʽʜʨʦʱʫʚʘʥʥʷ ʩʝʢʮʽʡ ʢʦʣʦʥ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤʠ ʟ ʪʨʴʦʭ ʩʠʣʦʚʠʭ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ ʪʘ ʧʦʩʪʽʡʥʦʾ ʦʧʦʨʠ. ʊʘʢʘ ʩʭʝʤʘ 

ʫʪʚʦʨʶʻ ʧʨʷʤʦʢʫʪʥʫ ʟʙʽʨʥʫ ʢʦʣʦʥʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʪʠʥʽ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʽʜ ʯʘʩ ʤʦʥʪʘʞʫ 

ʩʢʣʘʜʦʚʠʭ ʢʦʣʦʥʠ ʪʨʠ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʪʦʯʢʠ ʩʧʠʨʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ 

ʧʽʜ ʯʘʩ ʤʦʥʪʘʞʫ. 

ʄʦʥʪʘʞ ʷʨʫʩʫ ʢʦʣʦʥʠ ʉʇʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʅʘ ʦʜʠʥ ʙʣʦʢ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʇɿʄ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʩʭʝʤʽ ʩʧʦʨʫʜʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʉʇʇ. ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʇɿʄ ʜʣʷ ʧʽʜʡʦʤʫ ʙʣʦʢʫ ʉʇʇ ï 4 ʰʪ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʫ ʥʘʷʚʥʽʩʪʴ ʞʠʚʣʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ɺʇʄ ʘ ʪʘʢʦʞ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʦʯʥʦʩʪʽ ʤʦʥʪʘʞʫ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʇɿʄ ʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʧʽʜʡʦʤʫ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʠʭ ʧʦʟʠʮʽʷʭ: 

1. ɺʽʜʙʫʚʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʝ ʚʠʰʪʦʚʭʫʚʘʥʥʷ ʫʩʽʭ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ ʧʦ 4-ʤ ʪʦʯʢʘʤ ʦʧʦʨ. 

ʉʧʦʯʘʪʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʩʫʚʘʥʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ (ʨʠʩ. 3,ʘ), ʥʘ ʚʠʩʦʪʫ:  

Ὄ ὰ˞ ὰ̇ Ў, 
ʜʝ ὰ˞  - ʚʠʩʦʪʘ ʩʝʢʮʽʾ ʢʦʣʦʥʠ,  

ὰ˞ ρπππ ̍ ,̍ 

ὰ̇ ï ʚʠʩʦʪʘ ʤʫʬʪʠ, 

ὰ̇ ςππ ʤʤ,  

Ў - ʛʘʨʘʥʪʦʚʘʥʠʡ ʟʘʟʦʨ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʦʥʪʘʞʫ (Ў ςπ ̍ )̍. 

2. ʄʦʥʪʫʻʪʴʩʷ ʩʝʢʮʽʷ ʢʦʣʦʥʠ ʟ ʤʫʬʪʦʶ ʧʽʜ ʧʦʩʪʽʡʥʦʶ ʦʧʦʨʦʶ ʇɿʄ. ʉʇʇ ʦʧʫʩʢʘʻʪʴʩʷ, 
ʚʩʪʘʥʦʚʣʝʥʘ ʩʝʢʮʽʷ ʢʦʣʦʥʠ ʟôʻʜʥʫʻʪʴʩʷ  ʜʽʘʛʦʥʘʣʴʥʠʤʠ ʚôʷʟʷʤʠ ʟ ʢʦʣʦʥʦʶ (ʨʠʩ. 3, ʙ). 
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3. ɺʽʜʙʫʚʘʻʪʴʩʷ ʚʪʷʛʫʚʘʥʥʷ ʰʪʦʢʫ ʛʽʜʨʦʮʠʣʽʥʜʨʫ ˉ1 (ʨʠʩ. 3,ʚ). ʇɿʄ ʫʪʨʠʤʫʻʪʴʩʷ ʚ 3-ʭ 

ʦʧʦʨʥʠʭ ʪʦʯʢʘʭ. ʄʦʥʪʫʻʪʴʩʷ ʩʝʢʮʽʷ ʢʦʣʦʥʠ ʟ ʤʫʬʪʦʶ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʩʧʠʨʘʥʥʷ 

ʛʽʜʨʦʮʠʣʽʥʜʨʫ ˉ1 ʥʘ ʚʩʪʘʥʦʚʣʝʥʫ ʩʝʢʮʽʶ ʢʦʣʦʥʠ (ʨʠʩ. 3, ʛ). 

4. ɺʽʜʙʫʚʘʻʪʴʩʷ ʚʪʷʛʫʚʘʥʥʷ ʰʪʦʢʫ ʛʽʜʨʦʮʠʣʽʥʜʨʫ ˉ2. ʇɿʄ ʫʪʨʠʤʫʻʪʴʩʷ ʚ 3-ʭ ʦʧʦʨʥʠʭ 

ʪʦʯʢʘʭ. ʄʦʥʪʫʻʪʴʩʷ ʩʝʢʮʽʷ ʢʦʣʦʥʠ ʟ ʤʫʬʪʦʶ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʩʧʠʨʘʥʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʫ ˉ2 

ʥʘ ʚʩʪʘʥʦʚʣʝʥʫ ʩʝʢʮʽʶ ʢʦʣʦʥʠ. 

5. ɺʽʜʙʫʚʘʻʪʴʩʷ ʚʪʷʛʫʚʘʥʥʷ ʰʪʦʢʫ ʛʽʜʨʦʮʠʣʽʥʜʨʫ ˉ3. ʇɿʄ ʫʪʨʠʤʫʻʪʴʩʷ ʚ 3-ʭ ʦʧʦʨʥʠʭ 

ʪʦʯʢʘʭ. ʄʦʥʪʫʻʪʴʩʷ ʩʝʢʮʽʷ ʢʦʣʦʥʠ ʟ ʤʫʬʪʦʶ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʩʧʠʨʘʥʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʫ ˉ3 

ʥʘ ʚʩʪʘʥʦʚʣʝʥʫ ʩʝʢʮʽʶ ʢʦʣʦʥʠ. 

 
ʈʠʩ. 3 ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʜʡʦʤʫ ʇɿʄ (ʨʘʤʘ ʟ ʧʽʜʤʘʱʝʥʥʷʤʠ ʫʤʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʘ): 1 ï ʟʤʦʥʪʦʚʘʥʠʡ ʷʨʫʩ 

ʢʦʣʦʥʠ; 2 ï ʇɿʄ; 3 ï ʧʦʩʪʽʡʥʘ ʦʧʦʨʘ ʇɿʄ; 4 ï ʩʧʠʨʘʥʥʷ ʥʘ ʢʦʣʦʥʫ.  

ʄʦʥʪʘʞ ʦʩʪʘʥʥʴʦʛʦ ʷʨʫʩʫ ʪʘ ʜʝʤʦʥʪʘʞ ʇɿʄ. 

ʆʩʪʘʥʥʽʤʠ ʤʦʥʪʫʶʪʴʩʷ 10 ʪʘ 11 ʷʨʫʩʠ ʢʦʣʦʥ (ʨʠʩ. 4). ʇʨʠ ʮʴʦʤʫ ʧʦʩʪʽʡʥʘ ʦʧʦʨʘ 

ʨʦʟʢʨʽʧʣʶʻʪʴʩʷ ʚʽʜ ʇɿʄ ʪʘ ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʢʦʣʦʥʽ. ʉʠʣʦʚʽ ʛʽʜʨʦʮʠʣʽʥʜʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʛʽʜʥʦ 

ʩʭʝʤʠ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩ. 3.5 ʟ ʜʽʘʛʦʥʘʣʴʥʠʤ ʩʧʠʨʘʥʥʷʤ ʥʘ ʦʜʥʫ ʩʝʢʮʽʶ ʢʦʣʦʥʠ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʦʜʨʘʟʫ ʤʦʥʪʫʶʪʴʩʷ ʩʝʢʮʽʾ ʢʦʣʦʥʠ 10 ʪʘ 11 ʷʨʫʩʫ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʜʝʤʦʥʪʘʞ ʩʠʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʜʝʤʦʥʪʘʞ ʨʘʤʠ ʇɿʄ. 

 

ʈʠʩ. 4 ʉʭʝʤʘ ʤʦʥʪʘʞ ʦʩʪʘʥʥʴʦʛʦ ʷʨʫʩʫ ʢʦʣʦʥʠ: 1 ï ʟʤʦʥʪʦʚʘʥʠʡ ʷʨʫʩ ʢʦʣʦʥʠ; 2 ï ɺʇʄ; 3 ï ʧʦʩʪʽʡʥʘ ʦʧʦʨʘ 

ɺʇʄ; 4 ï ʩʧʠʨʘʥʥʷ ʥʘ ʢʦʣʦʥʫ. 

ʇʨʠ ʧʦʪʨʝʙʽ ʜʝʤʦʥʪʘʞ ʢʦʣʦʥ ʟ ʦʧʫʩʢʘʥʥʷʤ ʉʇʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʩʧʠʨʘʥʥʷ ʪʘ ʨʦʟʤʽʨʽʚ ʙʣʦʢʫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʠʭ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ ʪʘ ʛʽʜʨʦʩʠʩʪʝʤʠ [3].  

ʈʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʜʫʣʴ ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ [4-5] ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ [6]. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
1. ʊʝʭʥʦʣʦʛʽʷ ʤʦʥʪʘʞʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: ʥʘʚʯ. ʧʦʩʽʙ. / ɺ.ʂ. ʏʝʨʥʝʥʢʦ, ʆ.ʌ. ʆʩʠʧʦʚ, ɻ.ʄ. ʊʦʥʢʘʯʝʻʚ, ʂ.ɺ. 

ʏʝʨʥʝʥʢʦ ʪʘ ʽʥ.; ʟʘ ʨʝʜ. ɺ.ʂ. ʏʝʨʥʝʥʢʘ. ï ʂ.: ɻʦʨʦʙʝʮʴ ɻ. ʉ., 2010. ï 372 ʩ. 

2. ʉʦʙʢʦ ʖ.ʊ. ʊʝʭʥʦʣʦʛʽʷ ʤʦʥʪʘʞʫ ʩʪʨʫʢʪʫʨʥʠʭ ʙʣʦʢʽʚ ʧʦʢʨʠʪʪʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʡʦʤʥʦ-ʟʙʠʨʘʣʴʥʠʭ ʤʦʜʫʣʽʚ. 
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DEVELOPMENT OF MECHANIZED TECHNOLOGICAL MODULE FOR INSTALLATION 

OF BUILDINGôS STRUCTURAL COATING  

 
Volodymyr Rashkivskyi, Dmytro Lemishko, Maksym Volynets  

 

Abstract. In order to increase the efficiency of the technological process of installation of structural coating 

of the building developed a mechanized technological module (MTM). for installation of columns consists of a 

frame in which the installation zone is formed. The main parameters for the design of MTM are the size of the 

column, the weight of the NGN unit and the size of the spans and steps between the columns. According to the 

defined parameters of constructions and constructions, and also characteristics of hydraulic cylinders the sketch 

design of the technological module is accepted. 

Keywords: mechanized technological module, structural coating. 

 

 

ʋɼʂ 693.1 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ ʧʨʠ 

ʘʚʘʨʽʡʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʦʪʘʭ ʥʘ ʤʦʩʪʘʭ 

ɺʦʣʦʜʠʤʠʨ ʈʘʰʢʽʚʩʴʢʠʡ, ɸʥʪʦʥ ʉʘʫʭ,  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʤʦʩʪʫ ʪʘ ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʧʝʨʚʠʥʥʝ ʟʚʝʜʝʥʥʷ 

ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʪʘ ʫʣʘʰʪʫʚʘʥʥʷ ʡʦʛʦ ʧʦʣʦʪʥʘ; ʝʢʩʧʣʫʘʪʘʮʽʷ ʤʦʩʪʫ; ʨʝʤʦʥʪ ʦʧʦʨ/ʧʦʣʦʪʥʘ; ʫʪʠʣʽʟʘʮʽʷ 

ʤʦʩʪʫ. ɿʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʤʝʭʘʥʽʟʘʮʽʾ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʤʦʩʪʽʚ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʫʥʢʮʽʡ ʦʩʥʘʱʝʥʥʷ, ʾʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ. ʌʦʨʤʫʚʘʥʥʷ ʧʘʨʢʫ ʦʩʥʘʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʬʫʥʢʮʽʾ ʻ ʝʬʝʢʪʠʚʥʠʤ. ʈʦʟʨʦʙʣʝʥʠʡ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʦʾ ʢʨʘʥʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʟʥʘʯʥʦ ʫʙʝʟʧʝʯʠʪʠ 

ʚʠʢʦʥʘʥʥʷ ʨʫʯʥʠʭ ʤʦʥʪʘʞʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʢʨʽʤ ʮʴʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʥʪʘʞʥʦʾ ʧʣʦʱʘʜʢʠ, 

ʱʦ ʦʩʥʘʱʝʥʘ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʫʙʝʟʧʝʯʝʥʥʷ ʤʦʥʪʘʞʥʠʢʘ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʨʢʫ ʤʝʭʘʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ ʤʦʜʫʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʫʤʦʚʣʶʻ ʨʦʟʛʣʷʜ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʚʠʟʥʘʯʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʜʘʯʽ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʨʦʟʛʣʷʜ ʧʦʪʨʝʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʨʘʟʦʤ ʟ ʫʥʽʬʽʢʘʮʽʻʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʩʥʘʱʝʥʥʷ, ʥʘʜʘʥʥʷ ʾʡ ʬʫʥʢʮʽʡ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʥʘʧʦʚʥʶʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʩʪʽʚ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʩʪʽʚ, ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ, ʤʝʭʘʥʽʟʘʮʽʷ ʨʫʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʈʝʘʣʽʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʧʦʣʷʛʘʻ ʫ ʚʩʝʙʽʯʥʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʾʭ ʟʚʝʜʝʥʥʷ, ʦʙʩʪʝʞʝʥʥʷ, 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʫʪʠʣʽʟʘʮʽʾ ʪʦʱʦ (ʨʠʩ. 1). ɺ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ. 

http://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=181575
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ʈʠʩ. 1. ʆʙʩʪʝʞʝʥʥʷ ʤʦʩʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: 1 ï ʬʫʥʜʘʤʝʥʪʥʠʡ ʙʣʦʢ; 2 ï ʤʦʩʪʦʚʘ ʦʧʦʨʘ; 3 ï ʧʦʧʝʨʝʯʥʘ 

ʙʘʣʢʘ ʤʦʩʪʘ; 4 ï ʧʦʚʟʜʦʚʞʥʷ ʙʘʣʢʘ ʤʦʩʪʘ; 5 ï ʜʦʨʦʞʥʷ ʧʣʠʪʘ; 6 ï ʫʩʪʘʥʦʚʢʘ ʟ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʨʝʤʦʥʪʫ ʤʦʩʪʽʚ. 

ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʤʦʩʪʫ ʪʘ ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʧʝʨʚʠʥʥʝ ʟʚʝʜʝʥʥʷ 

ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʪʘ ʫʣʘʰʪʫʚʘʥʥʷ ʡʦʛʦ ʧʦʣʦʪʥʘ; ʝʢʩʧʣʫʘʪʘʮʽʷ ʤʦʩʪʫ; ʨʝʤʦʥʪ ʦʧʦʨ/ʧʦʣʦʪʥʘ; ʫʪʠʣʽʟʘʮʽʷ 

ʤʦʩʪʫ. 

ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʢʘʪʝʛʦʨʽʾ: 

ʥʝʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʧʦʨ ʚʽʜ ʥʦʨʤʠ, ʱʦ ʧʦʣʷʛʘʻ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʽʜʥʦʚʣʝʥʥʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʦʧʦʨ (ʚʽʜʰʘʨʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ); ʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʧʦʨ ʚʽʜ 

ʥʦʨʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʽʜʩʠʣʝʥʥʷ ʦʧʦʨ; ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ ʦʧʦʨ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʜʝʤʦʥʪʘʞʫ ʦʧʦʨ ʪʘ ʤʦʥʪʘʞʫ ʥʦʚʠʭ. 

ʋʤʦʚʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʤʦʩʪʦʚʠʭ ʦʧʦʨ ʧʨʠʡʤʝʤʦ 

ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʦʾ ʢʨʘʥʦʚʦʾ ʪʝʭʥʽʢʠ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʦʧʝʨʘʮʽʡ ʟ ʤʦʩʪʦʚʠʤʠ ʦʧʦʨʘʤʠ. 

ɺ ʨʦʙʦʪʽ [1] ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ, ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʨʫʧʫʚʘʥʥʷ ʪʘʢʦʛʦ ʦʩʥʘʱʝʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʜʫʣʽ. 

ɺ ʭʦʜʽ ʚʠʥʠʢʥʝʥʥʷ ʧʦʪʨʝʙʠ ʨʝʤʦʥʪʫ ʤʦʩʪʦʚʦʾ ʦʧʦʨʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʨʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ:  

ʚʣʘʰʪʫʚʘʥʥʷ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ ʥʘʚʢʦʣʦ ʽʩʥʫʶʯʦʾ ʤʦʩʪʦʚʦʾ ʦʧʦʨʠ; ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ 

ʨʦʙʽʪ ʤʦʩʪʦʚʦʾ ʦʧʦʨʠ; ʜʝʤʦʥʪʘʞ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ. 

ʄʦʥʪʘʞ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ:  

ʦʙʤʝʞʝʥʥʷ ʦʧʦʨʠ ʤʦʩʪʘ; ʬʽʢʩʘʮʽʷ ʦʧʦʨʠ ʤʦʩʪʘ; ʫʪʨʠʤʘʥʥʷ ʧʦʚʟʜʦʚʞʥʽʭ ʙʘʣʦʢ ʤʦʩʪʘ ʪʘ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ. 

ʊʘʢʦʞ ʨʘʟʦʤ ʟ ʫʪʨʠʤʫʶʯʦʶ ʢʦʣʦʥʦʶ ʤʦʥʪʫʶʪʴʩʷ ʧʽʜʡʦʤʥʦʟʙʠʨʘʣʴʥʠʡ ʤʦʜʫʣʴ (ʇɿʄ) ʪʘ 

ʤʦʥʪʘʞʥʽ ʧʣʦʱʘʜʢʠ (ʨʠʩ. 2). 

ɼʣʷ ʤʦʥʪʘʞʫ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʡʦʤʥʦʟʙʠʨʘʣʴʥʠʡ ʤʦʜʫʣʴ (ʇɿʄ) [2], 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʦʾ ʢʨʘʥʦʚʦʾ ʪʝʭʥʽʢʠ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʬʫʥʢʮʽʾ: ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʦʧʦʨʠ ʤʦʩʪʘ; ʦʙʤʝʞʝʥʥʷ ʦʩʥʘʱʝʥʥʷ; ʬʽʢʩʘʮʽʷ ʦʩʥʘʱʝʥʥʷ; ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʩʥʘʱʝʥʥʷ; ʫʪʨʠʤʘʥʥʷ ʦʩʥʘʱʝʥʥʷ; ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʧʦʨʠ ʤʦʩʪʘ. 
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ʈʠʩ. 2. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʥʪʘʞʫ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ: 1 ï ʬʫʥʜʘʤʝʥʪʥʠʡ ʙʣʦʢ; 2 ï ʤʦʩʪʦʚʘ ʦʧʦʨʘ; 3 ï 

ʧʦʧʝʨʝʯʥʘ ʙʘʣʢʘ ʤʦʩʪʘ; 4 ï ʧʦʚʟʜʦʚʞʥʷ ʙʘʣʢʘ ʤʦʩʪʘ; 5 ï ʜʦʨʦʞʥʷ ʧʣʠʪʘ; 6 ï ʪʨʘʚʝʨʩʘ; 7 ï ʧʽʜʡʦʤʥʦʟʙʠʨʘʣʴʥʠʡ 

ʤʦʜʫʣʴ; 8 ï ʫʪʨʠʤʫʶʯʘ ʢʦʣʦʥʘ; 9 ï ʤʦʥʪʘʞʥʘ ʧʣʦʱʘʜʢʘ: ʘ ï ʤʦʥʪʘʞ ʪʨʘʚʝʨʩʠ; ʙ ï ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʽʜʡʦʤʥʦʟʙʠʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʪʨʘʚʝʨʩʽ; ʚ ï ʤʦʥʪʘʞ ʧʣʦʱʘʜʦʢ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʛ ï ʤʦʥʪʘʞ ʫʪʨʠʤʫʶʯʦʾ 

ʢʦʣʦʥʠ ʟ ʥʘʩʪʫʧʥʠʤ ʧʽʜʚʘʥʪʘʞʫʚʘʥʥʷʤ ʪʨʘʚʝʨʩʠ. 

ʇʽʜʡʦʤʥʦʟʙʠʨʘʣʴʥʠʡ ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʟ ʣʝʛʢʠʤ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʜʣʷ ʧʦʜʘʯʽ ʝʣʝʤʝʥʪʽʚ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ ʪʘ ʤʦʥʪʘʞʥʠʭ ʧʣʦʱʘʜʦʢ ʥʘ ʧʨʦʝʢʪʥʽ 

ʚʽʜʤʽʪʢʠ ʘ ʪʘʢʦʞ ʜʦʤʢʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʟʙʠʨʘʥʥʷ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʤʦʩʪʦʚʦʾ ʦʧʦʨʠ.  

ʅʘ ʦʜʥʫ ʤʦʩʪʦʚʫ ʦʧʦʨʫ ʜʦʩʪʘʪʥʴʦ ʦʜʥʦʛʦ ʇɿʄ, ʷʢʠʡ ʟʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʩʠʤʝʪʨʠʯʥʠʡ 

ʧʽʜʡʦʤ/ʦʧʫʩʢʘʥʥʷ ʧʦʚʟʜʦʚʞʥʽʭ ʙʘʣʦʢ ʤʦʩʪʫ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʫ ʥʘʷʚʥʽʩʪʴ ʞʠʚʣʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ɺʇʄ ʘ ʪʘʢʦʞ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʦʯʥʦʩʪʽ ʤʦʥʪʘʞʫ [3]. ɼʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʣʦʥʠ ʚ ʪʠʤʯʘʩʦʚʽʡ ʢʦʣʦʥʽ 

ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʧʨʷʤʦʢʫʪʥʽ ʩʝʢʮʽʾ (ʨʠʩ. 3, ʙ) 



III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 

 

118 
 

ʘ    ʙ 
ʈʠʩ. 3. ʉʭʝʤʘ ʫʣʘʰʪʫʚʘʥʥʷ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ ʥʘʚʢʦʣʦ ʤʦʩʪʦʚʦʾ ʦʧʦʨʠ: ʘ ï ʩʝʢʮʽʷ ʫʪʨʠʤʫʶʯʦʾ ʢʦʣʦʥʠ; ʙ 

-  ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʢʮʽʡ ʤʦʩʪʦʚʦʾ ʦʧʦʨʠ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʽʜʡʦʤʥʦʟʙʠʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʨʦʟʨʦʙʣʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʽʥ ʚʠʢʦʥʫʻ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʘʚʪʦʤʘʪʠʯʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʦʪʽʚ 

ʯʠ ʤʘʥʽʧʫʣʷʪʦʨʽʚ. ʅʘʷʚʥʽʩʪʴ ʩʠʣʦʚʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʪʘ ʮʠʢʣʽʯʥʠʭ ʦʜʥʦʪʠʧʥʠʭ ʦʧʝʨʘʮʽʡ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʢʝʨʫʚʘʥʥʶ ʧʨʦʮʝʩʦʤ ʫʣʘʰʪʫʚʘʥʥʷ 

ʧʽʜʛʦʪʦʚʢʠ ʦʙôʻʢʪʫ ʜʦ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ. 
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ANALYSIS OF INERTIAL PARAMETERS AND METHODS OF VIBRATION ISOLATION OF 

A VIBRATING JAW CRUSHER  

 
Volodymyr Rashkivkyi, Anton Saukh  

 

Abstract. The life cycle of a bridge and bridge piers includes the main stages: initial construction of bridge 

piers and arrangement of its canvas; operation of the bridge; repair of supports / canvases; disposal of the bridge. 

Increasing the level of mechanization in the maintenance of bridges is a key factor in the efficiency of the work 

process. Technological features significantly depend on the functions of the equipment, its design and features of 

work. The formation of a fleet of equipment in the form of technological modules that perform specific functions is 

effective. The developed lifting module for the maintenance of bridge piers allows to significantly reduce the use of 

heavy crane equipment and significantly ensure the implementation of manual installation processes. In addition, 

the construction of the assembly site is proposed, which is equipped with means of automation of the process of 

securing the installer in the work area. Features of the organization of the park of mechanization of construction 

processes on the principle of modular organization determines the consideration of technological equipment in the 

form of functional units that implement certain technological tasks. Comprehensive consideration of the needs of 

construction processes together with the unification of technological equipment, providing it with the functions of 

mechanization and automation allow to effectively fill the service information system, in particular bridge 

structures. 

Keywords: maintenance of bridges, repair work, mechanization of manual processes. 
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ʋɼʂ 72.023 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʘʝʨʦʛʝʣʽʚ ʚ ʦʟʜʦʨʦʚʯʠʭ ʮʝʥʪʨʘʭ 

ʄʘʨʽʷ ʃʷʱʝʥʢʦ, ʊʝʪʷʥʘ ʂʘʱʝʥʢʦ  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʩʝ ʯʘʩʪʽʰʝ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʟʘʦʱʘʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʘʢʪʠʯʥʦ ʩʝʨʝʜ ʫʩʽʭ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʪʠʧʦʣʦʛʽʡ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʮʝʥʪʨʠ ʦʟʜʦʨʦʚʣʝʥʥʷ ʤʘʶʪʴ ʩʚʦʾ ʧʝʚʥʽ ʘʨʭʫʪʝʢʪʫʨʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʫʚʘʛʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʩʣʘʙʢʠʤ ʤʽʩʮʝʤ ʫ ʧʨʘʛʥʝʥʥʽ 

ʝʥʝʨʛʦʟʘʦʱʘʜʞʝʥʥʷ. ɺʠʨʦʙʥʠʢʠ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʧʦʥʫʶʪʴ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʚʘʞʥʦ ʢʚʘʨʮʝʚʦʛʦ 

ʘʝʨʦʛʝʣʶ, ʷʢʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʘʙʦ ʤʦʥʦʣʽʪʥʠʡ ʜʝʤʦʥʩʪʨʫʻ ʦʜʥʽ ʟ ʢʨʘʱʠʠʭ ʧʦʢʘʟʠʢʽʚ ʝʥʝʨʛʦ ʟʙʝʨʝʞʝʥʥʷ. 

ʎʝʡ ʥʘʧʽʚʧʨʦʟʦʨʠʡ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʤʘʪʠ ʟʘʩʪʦʩʫʥʦʢ ʫ ʨʽʟʥʠʭ ʪʠʧʘʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʟʥʘʯʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʝʥʪʨʽʚ ʦʟʜʦʨʦʚʣʝʥʥʷ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʝʨʦʛʝʣʴ; ʩʪʽʡʢʽʩʪʴ; ʦʟʜʦʨʦʚʯʽ ʮʝʥʪʨʠ; ʫʪʝʧʣʶʚʘʯ; ʦʟʜʦʨʦʚʣʝʥʥʷ. 

ɸʝʨʦʛʝʣʽ ï ʮʝ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʩʤʽʯʥʽʡ ʽʥʜʫʩʪʨʽʾ. ʗʢ 

ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʟʜʦʨʦʚʯʠʭ ʮʝʥʪʨʽʚ? 

ɸʝʨʦʛʝʣʽ ï ʩʠʥʪʝʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʨʽʜʠʥʠ ʟ ʛʝʣʶ ʚ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚʘʭ ʩʫʰʽʥʥʷ, ʤʠʥʘʶʯʠ 

ʫʩʘʜʢʫ ʽ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ 

ʩʪʚʦʨʶʻ ʤʽʮʥʫ ʪʨʠʚʠʤʽʨʥʫ ʥʘʥʦʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ 80-99% ʧʦʚʽʪʨʷ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʚʠʩʦʢʽʡ ʧʦʨʠʩʪʦʩʪʽ ʘʝʨʦʛʝʣʽ ʤʘʶʪʴ ʥʘʡʥʠʞʯʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʝʨʝʜ ʪʚʝʨʜʠʭ 

ʨʝʯʦʚʠʥ, ʚʦʜʥʦʯʘʩ ʚʦʥʠ ʧʨʦʟʦʨʽ ʜʣʷ ʩʚʽʪʣʘ ʪʘ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸʝʨʦʛʝʣʽ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʥʘʧʽʚʧʨʦʟʦʨʠʭ ʽʟʦʣʷʪʦʨʽʚ. ɰʭ ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ 

ʧʨʘʢʪʠʯʥʦ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʭʦʯʘ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʬʦʨʤʦʶ ʻ ʢʚʘʨʮʝʚʠʡ ʘʝʨʦʛʝʣʴ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʛʨʘʥʫʣ ʘʙʦ ʚ ʪʚʝʨʜʠʭ (ʤʦʥʦʣʽʪʥʠʭ) ʧʣʠʪʢʘʭ. 

 Ί 
ʈʠʩ.1. ʃʝʛʢʽ ʽ ʩʚʽʪʣʦʧʨʦʟʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʦʚʦʛʦ                     ʈʠʩ.2  ʇʦʨʽʚʥʷʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ                    

ʦʟʜʦʨʦʚʣʶʶʯʦʛʦ ʟʘʣʫ                                                                       ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

(http://www.lwda.com/project/dyouville-center-advanced-therapy) 

 

ɸʨʭʽʪʝʢʪʫʨʘ ʦʟʜʦʨʦʚʯʠʭ ʮʝʥʪʨʽʚ ʧʦʪʨʝʙʫʻ ʫ ʩʚʦʻʤʫ ʜʠʟʘʡʥʽ ʟʘʟʚʠʯʘʡ ʩʚʽʪʣʠʭ ʽ 

ʧʨʦʟʦʨʠʭ/ʥʘʧʽʚʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɯʥʪʝʨôʻʨ ʮʝʥʪʨʫ ʦʟʜʦʨʦʚʣʝʥʥʷ ʤʘʻ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʽʤ ʚʠʤʦʛʘʤ ʽʥʩʦʣʷʮʽʾ ʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʥʦʨʤ (ʈʠʩ. 1). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚ ʘʝʨʦʛʝʣʽʚ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʮʝʥʪʨʽʚ ʦʟʜʦʨʦʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʪʘʢʠʤ: 

ǒ ʚʥʫʪʨʽʰʥʻ ʫʪʝʧʣʝʥʥʷ ʩʪʽʥ; 

ǒ ʩʢʣʦʧʘʢʝʪʠ ʪʘ ʩʠʩʪʝʤʠ ʦʙʣʠʮʶʚʘʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʘʝʨʦʛʝʣʴ. 

ǒ ʥʘʧʽʚʧʨʦʟʦʨʽ ʪʘ ʥʝʧʨʦʟʦʨʽ ʽʟʦʣʷʮʽʡʥʽ ʧʣʠʪʠ, ʢʦʚʜʨʠ ʪʘ ʤʝʤʙʨʘʥʠ ʜʣʷ ʧʦʢʨʽʚʣʽ; 

ǒ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʽʩʥʫʶʯʠʭ ʧʨʠʤʽʱʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʜʪʦʥʢʦʛʦ ʫʪʝʧʣʝʥʥʷ; 

ǒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʘʭ. 

ʇʨʦʟʦʨʠʡ ʤʦʥʦʣʽʪʥʠʡ ʢʚʘʨʮʝʚʠʡ ʘʝʨʦʛʝʣʴ ʻ ʪʝʭʥʦʣʦʛʽʻʶ ʩʢʣʽʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ, ʟ ʧʦʪʝʥʮʽʘʣʦʤ 

http://www.lwda.com/project/dyouville-center-advanced-therapy
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ʜʦʩʷʛʥʝʥʥʷ U-ʟʥʘʯʝʥʴ  ʜʦ 0,1 ɺʪ/ʤ2.ʂ. ʆʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʪʘʢʦʛʦ ʤʦʥʦʣʽʪʥʦʛʦ ʩʢʣʽʥʥʷ 

ʦʙʤʝʞʝʥʘ ʯʝʨʝʟ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʪʨʠʚʘʣʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʪʘ 

ʩʢʣʘʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʦʜʥʦʨʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʧʦʚʥʦʶ ʧʨʦʟʦʨʽʩʪʶ. 

ɸʝʨʦʛʝʣʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʨʽʜʠʥʠ ʟ ʛʝʣʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʘʪʝʨʽʘʣ, ʱʦ ʥʘ 90 ʚʽʜʩʦʪʢʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʚʽʪʨʷ. ʇʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʮʴʦʛʦ ʥʘʥʦʤʘʪʝʨʽʘʣʫ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʧʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟ ʘʝʨʦʛʝʣʽʚ ʚʠʭʦʜʷʪʴ ʜʫʞʝ ʭʦʨʦʰʽ ʽ ʣʝʛʢʽ ʽʟʦʣʷʪʦʨʠ. 

ɿʘʨʘʟ ʢʦʤʧʘʥʽʾ ʟ ʚʠʨʦʙʥʠʮʪʚʘ-ʘʝʨʦʛʝʣʽʚ ʧʨʦʧʦʥʫʶʪʴ ʪʦʥʢʽ ʢʦʚʜʨʠ, ʷʢʽ ʟʘʤʽʥʶʶʪʴ ʪʨʘʜʠʮʽʡʥʫ 

ʽʟʦʣʷʮʽʶ ʟʽ ʩʢʣʦʚʦʣʦʢʥʘ, ʧʽʥʦʧʣʘʩʪʫ ʘʙʦ ʮʝʣʶʣʦʟʠ. ɿʘʨʘʟ ʜʣʷ ʩʧʦʞʠʚʘʯʘ, ʮʝ ʚʩʝ ʱʝ ʜʦʨʦʛʦ, ʘʣʝ ʚʞʝ 

ʚʠʪʨʘʪʠ ʚʧʘʣʠ ʜʦ ʪʘʢʦʾ ʤʽʨʠ, ʱʦ ʮʝ ʤʦʞʝ ʤʘʪʠ ʩʝʥʩ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʴʦʛʦʜʥʽ, ʟʦʢʨʝʤʘ, 

ʚʨʘʭʦʚʫʶʯʠ ʚʘʨʪʽʩʪʴ ʫʪʝʧʣʝʥʥʷ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ ʘʙʦ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʢʨʠʚʠʟʥʦʶ ʩʪʽʥ. ɿ ʘʝʨʦʛʝʣʷʤʠ 

ʪʘʢʦʞ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʧʨʘʮʶʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʦʧʫʩʢʘʶʪʴ ʚʦʜʷʥʫ ʧʘʨʫ ʽ ʻ ʚʦʛʥʝʩʪʽʡʢʠʤʠ. 

ɺʦʥʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʟʜʦʨʦʚʯʠʭ ʮʝʥʪʨʘʭ ʘ ʪʘʢʦʞ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʫʞʝ ʽʩʥʫʶʯʠʭ ʩʧʦʨʫʜ ʮʝʥʪʽʚ ʦʟʜʦʨʦʚʣʝʥʥʷ ʪʘ ʦʟʜʦʨʦʚʯʠʭ ʟʘʣʽʚ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʦʧʘʣʝʥʥʷ ʚʝʣʠʢʠʭ ʽ 

ʚʠʩʦʢʠʟ ʟʘʣʽʚ ʻ ʧʨʦʙʣʝʤʦʶ ʚʟʠʤʢʫ, ʪʦʞ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʪʝʧʣʶʚʘʯʘ ʟ ʢʚʘʨʮʝʚʦʛʦ 

ʘʝʨʦʛʝʣʶ ʥʘʜʘʩʪʴ ʟʤʦʛʠ ʚʪʨʠʤʫʚʘʪʠ ʪʝʧʣʦ ʽ ʩʢʦʨʦʪʠʪʴ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ. 

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʘʝʨʦʛʝʣʶ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0,013 ɺʪ/ʤʂ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ 

ʘʝʨʦʛʝʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʙʣʠʟʥʦ 0,04 ɺʪ/ʤʂ ʜʣʷ ʢʦʚʜʨʠ ʟʽ ʩʢʣʦʚʦʣʦʢʥʘ ʽ 0,025 ɺʪ/ʤʂ ʜʣʷ ʽʟʦʣʷʮʽʾ 

ʪʠʧʫ eps/ʧʽʥʦʧʣʘʩʪ. ʊʦʢʩʠʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʡʤʦʚʽʨʥʦ, ʥʝ ʻ ʧʨʦʙʣʝʤʦʶ ʯʝʨʝʟ ʟʘʛʘʣʦʤ ʥʝʨʝʘʢʮʽʡʥʫ 

ʧʨʠʨʦʜʫ ʢʚʘʨʮʝʚʠʭ ʘʝʨʦʛʝʣʽʚ. ʅʘʡʽʤʦʚʽʨʥʽʰʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʟʜʦʨʦʚôʷ ʽ ʙʝʟʧʝʢʠ ʻ ʫʪʚʦʨʝʥʥʷ 

ʧʠʣʫ, ʘʣʝ ʄʽʞʥʘʨʦʜʥʝ ʘʛʝʥʪʩʪʚʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʢʫ ʢʣʘʩʠʬʽʢʫʚʘʣʦ ʡʦʛʦ ʷʢ ʥʝʢʘʥʮʝʨʦʛʝʥʥʝ ʜʣʷ 

ʣʶʜʝʡ, ʽ ʥʝ ʙʫʣʦ ʞʦʜʥʠʭ ʜʦʢʘʟʽʚ ʧʨʦʙʣʝʤ ʫ ʣʶʜʝʡ ʟ ʪʨʠʚʘʣʠʤ ʚʧʣʠʚʦʤ. 

ʇʨʠʢʣʘʜʦʤ ʫʩʧʽʰʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʻ ʢʝʡʩ ʤʽʩʪʘ ʈʦʜ-ʘʡʣʝʥʜ, ʜʝ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫʪʝʧʣʶʚʘʯ ʟ 

ʘʝʨʦʛʝʣʶ ʧʽʜ ʯʘʩ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʪʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ 50 ʢʚʘʨʪʠʨ ʫ ʧ'ʷʪʠ ʮʝʛʣʷʥʠʭ ʙʫʜʠʥʢʘʭ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʫ 1940-ʭ ʨʦʢʘʭ ʙʝʟ ʽʟʦʣʷʮʽʾ. ʇʽʜʨʷʜʥʠʢʠ ʩʢʨʽʧʠʣʠ ʢʦʚʜʨʠ ʟ ʘʝʨʦʛʝʣʶ ʥʘ ʚʥʫʪʨʽʰʥʽ 

ʩʪʽʥʠ, ʘ ʧʦʪʽʤ ʜʦʜʘʣʠ ʰʘʨ ʰʪʫʢʘʪʫʨʢʠ ʪʘ ʬʘʨʙʠ. ʇʝʨʝʚʘʛʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʥʝ 

ʟʘʚʘʞʘʚ ʣʶʜʷʤ ʚʩʝʨʝʜʠʥʽ ʽ ʜʦʜʘʚ ʤʝʥʰʝ 3 ʩʤ ʚʥʫʪʨʽʰʥʽʤ ʩʪʽʥʘʤ. ɿʘ ʜʘʥʠʤʠ Aspen Aerogels, 

ʦʢʫʧʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ ʪʨʦʭʠ ʙʽʣʴʰʝ ʧôʷʪʠ ʨʦʢʽʚ. 

ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʧʽʜʨʷʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʪʝʨʽʘʣ ʜʣʷ ʫʪʝʧʣʝʥʠʭ ʙʫʜʠʥʢʽʚ, ʷʢʽ 

ʛʝʨʤʝʪʠʟʫʶʪʴʩʷ ʟʦʚʥʽ, ʷʢ ʧʦʚʝʨʭ ʢʣʘʜʢʠ, ʪʘʢ ʽ ʧʽʜ ʯʝʨʝʧʠʮʝʶ. ʋ ʜʝʨʝʚôʷʥʠʭ ʢʘʨʢʘʩʥʠʭ ʙʫʜʠʥʢʘʭ 

ʪʦʥʢʽ ʩʤʫʞʢʠ ʘʝʨʦʛʝʣʶ ʤʦʞʥʘ ʥʘʥʝʩʪʠ ʥʘ ʰʧʠʣʴʢʠ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʪʘʢ ʟʚʘʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʤʽʩʪʢʫ, 

ʢʦʣʠ ʪʝʧʣʦ ʚʠʭʦʜʠʪʴ ʯʝʨʝʟ ʢʘʨʢʘʩ ʩʪʽʥ. 

ɺʘʨʪʽʩʪʴ ʧʨʦʝʢʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʫʪʝʧʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʝʨʦʛʝʣʶ 

ʩʢʦʨʦʪʠʪʴʩʷ, ʘʣʝ ʥʝ ʨʽʟʢʦ ʚ ʥʘʡʙʣʠʞʯʽ ʢʽʣʴʢʘ ʨʦʢʽʚ. ʊʠʤ ʥʝ ʤʝʥʰ, ʙʽʣʴʰ ʩʫʚʦʨʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ 

ʦʟʥʘʯʘʶʪʴ, ʱʦ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʧʽʜʭʦʜʠʪʠ ʚ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʦʙʩʪʘʚʠʥ, ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ 

ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʘ ʩʪʘʶʪʴ ʚʩʝ ʤʝʥʰʠʤʠ ʽ ʤʝʥʰʠʤʠ, ʪʦʤʫ ʪʘʢʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʥʘ ʙʘʟʽ 

ʘʝʨʦʛʝʣʶ ʟʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʡʙʫʪʥʽʭ ʧʨʦʝʢʪʽʚ ʜʣʷ ʦʙôʻʤʥʠʭ ʧʨʠʤʽʱʝʥʴ 

ʮʝʥʪʨʽʚ ʦʟʜʦʨʦʚʣʝʥʥʷ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʠʧʦʣʦʛʽʾ ʦʟʜʦʨʦʚʯʠʭ ʮʝʥʪʨʽʚ ʚ ʋʢʨʘʾʥʽ ʻ ʩʢʣʘʜʥʠʤ. 

ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ ʮʽʻʾ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʪʠʧʦʣʦʛʽʾ ʧʨʠʟʚʝʣʘ ʜʦ ʭʘʦʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʮʠʭ ʟʘʢʣʘʜʽʚ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʚ ʋʢʨʘʾʥʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʥʘʜʘʥʥʷ ʷʢʽʩʥʠʭ ʨʝʘʙʽʣʽʪʘʮʽʡʥʠʭ ʪʘ ʨʝʘʙʽʣʽʪʘʮʽʡʥʠʭ 

ʧʦʩʣʫʛ ʧʘʮʽʻʥʪʘʤ. 

ʇʝʨʝʦʩʤʠʩʣʶʶʯʠ ʪʘ ʚʠʥʘʭʦʜʷʯʠ ʥʝʦʨʜʠʥʘʨʥʽ ʪʘ ʧʨʠʚʘʙʣʠʚʽ ʨʽʰʝʥʥʷ ʥʝ ʣʠʰʝ ʜʣʷ ʧʘʮʽʻʥʪʽʚ, ʘ 

ʡ ʜʣʷ ʦʟʜʦʨʦʚʣʝʥʥʷ ʟʜʦʨʦʚʠʭ ʣʶʜʝʡ, ʤʠ ʩʧʨʠʷʻʤʦ ʧʦʰʠʨʝʥʥʶ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ, ʱʦ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʟʙʽʣʴʰʫʻ ʧʦʧʫʣʷʮʽʶ ʟʜʦʨʦʚʠʭ ʜʦʨʦʩʣʠʭ. 
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ʈʠʩ.3. ɸʝʨʦʛʝʣʝʚʝ ʩʢʣʽʥʥʷ: ʟʝʨʥʠʩʪʝ (ʣʽʚʦʨʫʯ) ʽ ʤʦʥʦʣʽʪʥʝ (ʧʨʘʚʦʨʫʯ). ɺʠʪʷʛ ʟ Solar Energy, Zinzi et al., (2019). 

ʆʧʪʠʯʥʘ ʪʘ ʚʽʟʫʘʣʴʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʩʢʣʽʥʥʷ ʟ ʤʦʥʦʣʽʪʥʠʤ ʢʨʝʤʥʝʟʝʤʥʠʤ 

ʘʝʨʦʛʝʣʝʤ. Copyright183, 30-39, Elsevier.. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʘʝʨʦʛʝʣʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: ʧʨʠʛʦʪʫʚʘʥʥʷ ʛʝʣʶ, 

ʚʠʪʨʠʤʫʚʘʥʥʷ ʪʘ ʩʫʰʽʥʥʷ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʛʝʣʴ, ʟʤʽʮʥʠʪʠ ʪʘ ʦʯʠʩʪʠʪʠ ʡʦʛʦ, ʘ 

ʧʦʪʽʤ ʚʠʜʘʣʠʪʠ ʚʩʶ ʨʽʜʠʥʫ ʟ ʧʦʨ, ʥʝ ʨʫʡʥʫʶʯʠ ʪʚʝʨʜʫ ʩʪʨʫʢʪʫʨʫ (ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʜʢʨʠʪʠʯʥʠʭ ʘʙʦ ʩʫʙʢʨʠʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʰʽʥʥʷ). ʎʽ ʧʨʦʮʝʩʠ ʟʘʟʚʠʯʘʡ ʚʢʣʶʯʘʶʪʴ 

ʟʤʽʰʫʚʘʥʥʷ ʜʦʩʠʪʴ ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʚʝʜʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʜʠʬʫʟʽʻʶ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʙʘʛʘʪʦ ʨʦʟʯʠʥʥʠʢʘ. ʂʨʽʤ ʪʦʛʦ, ʦʩʪʘʥʥʽʡ ʝʪʘʧ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʩʫʰʽʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʦʞʠʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʪʘ CO2. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʫ 2008 ʨʦʮʽ ʜʚʘ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʢʘ ʢʚʘʨʮʝʚʦʛʦ ʘʝʨʦʛʝʣʶ ʦʪʨʠʤʘʣʠ 

çʉʨʽʙʥʽè ʝʢʦʣʦʛʽʯʥʽ ʥʘʛʦʨʦʜʠ ʚʽʜ McDonough Braungart Design Chemistry (MBDC) ʟʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʝʨʦʛʝʣʶ. MBDC ʩʪʚʝʨʜʞʫʻ, ʱʦ ʦʮʽʥʶʻ ʧʦʚʥʫ ʬʦʨʤʫʣʫ ʧʨʦʜʫʢʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʪʘ ʧʦʪʝʥʮʽʘʣ ʧʝʨʝʨʦʙʢʠ ʧʨʠ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʆʜʥʘʢ 

ʜʘʥʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʢʦʥʬʽʜʝʥʮʽʡʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʪʘ ʚʘʣʽʜʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʑʦʙ ʜʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʠʪʠ ʮʽ ʧʨʦʙʣʝʤʠʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) 

ʢʚʘʨʮʝʚʦʛʦ ʘʝʨʦʛʝʣʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ISO. ʇʨʘʮʶʶʯʠ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʋʥʽʚʝʨʩʠʪʝʪʦʤ ɹʘʪʘ 

(ʷʢʠʡ ʚʠʨʦʙʣʷʻ ʘʝʨʦʛʝʣʴ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʢʠ), ʙʫʚ  ʚʠʛʦʪʦʚʣʝʥʠʡ ʘʝʨʦʛʝʣʴ ʽ 

ʚʠʤʽʨʷʚ ʩʧʦʞʠʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʠʨʦʙʥʠʯʽʡ ʣʽʥʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʝʥʝʨʛʽʶ ʪʘ CO2, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʘʝʨʦʛʝʣʝʚʦʾ ʽʟʦʣʷʮʽʾ, ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ ʧʨʦʪʷʛʦʤ 0-2 ʨʦʢʽʚ (ʷʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʽʟ ʟʘʦʱʘʜʞʝʥʥʷʤʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʪʨʠʤʘʥʠʤʠ ʚʽʜ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʩʢʣʦʧʘʢʝʪʠ). ʂʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʢʫʧʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ, ʙʫʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ/ʧʝʨʝʨʦʙʢʠ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʨʽʜʢʠʡ CO2 ʪʘ 

ʨʦʟʯʠʥʥʠʢʠ. 

ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʨʠ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʦʯʘʪʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ǒɼʦʦʩʥʘʱʝʥʥʷ ʧʦʣʽʢʘʨʙʦʥʘʪʥʠʭ ʧʘʥʝʣʝʡ, ʥʘʧʦʚʥʝʥʠʭ ʛʨʘʥʫʣʘʤʠ ʘʝʨʦʛʝʣʶ, ʜʦ ʽʩʥʫʶʯʠʭ ʚʽʢʦʥ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ǒʄʦʜʝʨʥʽʟʘʮʽʷ ʥʘʧʽʚʧʨʦʟʦʨʦʾ ʘʝʨʦʛʝʣʝʚʦʾ ʧʘʥʝʣʽ ʟʦʚʥʽ ʙʝʪʦʥʥʦʾ ʩʪʽʥʠ ʜʣʷ ʫʣʦʚʣʶʚʘʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʘʩʠʚʥʦʛʦ ʦʙʽʛʨʽʚʫ ʙʫʜʽʚʣʽ. 

ǒʉʪʚʦʨʝʥʥʷ ʘʝʨʦʛʝʣʝʚʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʫ ʽʟ ʥʘʧʽʚʧʨʦʟʦʨʠʤ ʧʦʣʽʢʘʨʙʦʥʘʪʥʠʤ ʧʦʢʨʠʪʪʷʤ, 

ʟʘʧʦʚʥʝʥʠʤ ʛʨʘʥʫʣʴʦʚʘʥʦʶ ʘʝʨʦʛʝʣʝʚʦʶ ʽʟʦʣʷʮʽʻʶ. 

ɿʘʟʥʘʯʠʤʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʘʝʨʦʛʝʣʶ: 

1. ʄʝʥʰʠʡ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʫʪʝʧʣʝʥʥʷ ʧʨʠ ʢʨʘʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

2. ɹʽʣʴʰ ʪʦʥʢʽ ʢʦʚʜʨʠ ʜʣʷ ʽʟʦʣʷʮʽʾ ʧʦʣʝʛʰʫʶʪʴ ʫʩʪʘʥʦʚʢʫ ʪʘ ʜʝʤʦʥʪʘʞ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ, ʪʠʤ ʩʘʤʠʤ ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʽ ʚʠʪʨʘʪʠ. 

3. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʘʝʨʦʛʝʣʴ ʜʦʧʦʤʘʛʘʻ ʧʽʜʚʠʱʠʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʚʠʢʠʜʠ. 
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4. ɸʝʨʦʛʝʣʴ ʦʩʦʙʣʠʚʦ ʮʽʥʫʻʪʴʩʷ ʟʘ ʡʦʛʦ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʘ ʤʦʞʝ 
ʩʪʘʥʦʚʠʪʠ ʚʩʴʦʛʦ 0,015 ɺʪ/ʤ ʂ-1. 

5. ɸʝʨʦʛʝʣʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʡ. ʁʦʛʦ ʛʽʜʨʦʬʦʙʥʘ ʧʨʠʨʦʜʘ ʟʘʭʠʱʘʻ ʚʽʜ 

ʚʦʣʦʛʠ ʪʘ ʢʦʨʦʟʽʾ. 

6. ɸʝʨʦʛʝʣʴ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʬʦʨʤʫ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʝ ʪʨʽʩʢʘʻʪʴʩʷ, ʥʝ ʟʣʠʧʘʻʪʴʩʷ 
ʽ ʥʝ ʧʨʦʚʠʩʘʻ, ʷʢ ʽʥʰʽ ʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ɺʽʥ ʜʦʙʨʝ ʚʠʪʨʠʤʫʻ ʚʽʙʨʘʮʽʶ, ʫʜʘʨʠ ʪʘ ʯʘʩʪʠʡ 

ʨʫʭ, ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʦʚʪʦʨʥʦ ʧʽʩʣʷ ʨʝʪʝʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ. 

7. ɺʠʥʷʪʢʦʚʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʪʨʠʚʘʣʽʰʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʮʦʛʦ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ. 
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BENEFITS OF USING ENERGY SAVING BUILDING MATERIALS BASED ON AEROGELS 

IN HEALTH CENTERS  

 
Mariia Liashchenko, Tetyana Kashchenko 

 

Abstract. In today's world, the question of energy saving is increasingly emerging among almost all 

architectural typologies. Health centers have their own architectural and planning features that require attention 

to structures that may be a weak point in the pursuit of energy savings. Manufacturers of modern materials offer 

solutions based mainly on silica aerogels, which granular or monolithic structure demonstrates some of the best 

indicators of energy consumption. This translucent material can be used in various types of structures, which can 

be a significant advantage of their use for the design of health centers. 
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ʋɼʂ 697.9 

ʇʦʚʽʪʨʦʦʙʤʽʥ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʞʠʪʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʦʯʠʱʫʚʘʯʽʚ ʧʦʚʽʪʨʷ 

ʃʶʙʦʚ ʄʘʢʘʨʝʥʢʦ, ʆʣʝʢʩʘʥʜʨ ʇʨʠʡʤʘʢ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ɸʥʦʪʘʮʽʷ. ɿ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʞʠʪʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʜʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ  , ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ 

ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ 

ʥʘʛʨʽʚʫ  ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʟʠʤʦʚʠʡ ʪʘ ʣʽʪʥʽʡ ʧʝʨʽʦʜʠ ʚ ʫʤʦʚʥʦʤʫ ʞʠʪʣʦʚʦʤʫ 

ʧʨʠʤʽʱʝʥʥʽ , ʱʦ ʤʘʻ ʧʣʦʱʫ 20ʤ2 ʪʘ ʚʠʩʦʪʫ 2,5ʤ ʧʨʠ ʥʦʨʤʘʪʠʚʥʦʤʫ ʧʦʚʽʪʨʦʦʙʤʽʥʽ 0,5 ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦʤʫ 
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ʧʦʚʽʪʨʦʦʙʤʽʥʽ 4 ʪʘ 6 (ʢʨʘʪʥʦʩʪʽ). ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ , ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʧʝʨʝʥʦʩʥʦʛʦ ʪʠʧʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʢʣʘʩʦʤ ʬʽʣʴʪʨʘʮʽʾ ʜʦʧʦʤʦʞʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ , ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤ ʰʣʷʭʦʤ, ʥʘʚʽʪʴ ʛʨʠʙʢʽʚ , ʩʧʦʨ , ʧʠʣʢʫ, ʙʘʢʪʝʨʽʡ , ʟʘʧʘʭʽʚ ʪʶʪʶʥʫ 

ʯʠ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ . ʈʦʟʛʣʷʥʫʪʦ ʧʦʨʪʘʪʠʚʥʠʡ ʦʯʠʱʫʚʘʯ HealthPro 250 ʚʠʨʦʙʥʠʮʪʚʘ ʰʚʝʡʮʘʨʩʴʢʦʾ ʬʽʨʤʠ 

IQAir  , ʱʦ ʦʙʣʘʜʥʘʥʠʡ ʬʽʣʴʪʨʦʤ ʢʣʘʩʫ ʅɽʈɸ 13.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʚʽʪʨʦʦʙʤʽʥ; ʨʝʮʠʨʢʫʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ; ʦʯʠʱʫʚʘʯ ʧʦʚʽʪʨʷ.  

ʗʢʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʻ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʩʪʚʘ . ʅʘʚʽʪʴ ʚ 

ʤʠʨʥʽ ʯʘʩʠ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʩʪʚʘ ʩʪʚʦʨʶʚʘʣʠ ʧʨʦʙʣʝʤʠ , ʱʦ ʢʘʟʘʪʠ ʧʨʦ 

ʩʪʘʥ ʧʦʚʽʪʨʷ ʚ ʢʨʘʾʥʽ ʜʝ ʧʦʩʪʽʡʥʽ ʚʽʡʩʴʢʦʚʽ ʜʽʾ . ʈʝʘʣʴʥʘ ʩʠʪʫʘʮʽʷ ʧʦʩʪʘʚʠʣʘ ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ , ʚ ʷʢʽ 

ʚʭʦʜʷʪʴ ʽ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʣʠʰʝ ʥʘ ʟʦʚʥʽ , ʘ ʽ ʚ ʤʽʩʮʷʭ 

ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʠʥʠ ï ʚ ʞʠʪʣʦʚʠʭ ʪʘ ʦʬʽʩʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ .  

ɸʣʝ, ʫ ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʣʝʛʰʝ ʧʦʰʠʨʶʶʪʴʩʷ ʚʽʨʫʩʠ, ʪʘʢʽ ʷʢ COVID-19. ɹʝʟ 

ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʟʨʦʩʪʘʻ  ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ : ʦʩʢʽʣʴʢʠ ʚʽʨʫʩʠ  ʤʦʞʫʪʴ ʧʦʰʠʨʶʚʘʪʠʩʷ  ʧʦʚʽʪʨʷʥʠʤ 

ʰʣʷʭʦʤ ʯʝʨʝʟ ʢʘʰʝʣʴ, ʯʭʘʥʥʷ ʘʙʦ ʥʘʚʽʪʴ ʜʠʭʘʥʥʷ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʽʥʬʽʢʫʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʙʫʚʘʥʥʶ ʚ ʪʘʢʠʭ ʧʦʚʽʪʨʷʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʗʢʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʙʫʜʠʥʢʘʭ ʯʘʩʪʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʯʝʨʝʟ ʧʦʻʜʥʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ. ɿʦʚʥʽʰʥʽ ʟʘʙʨʫʜʥʝʥʥʷ , ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʟ ʜʦʚʢʽʣʣʷ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ : ʞʚʘʚʽ ʚʫʣʠʮʽ, ʘʚʪʦʚʦʢʟʘʣʠ, ʧʨʠʣʝʛʣʽ ʘʚʪʦʩʪʦʷʥʢʠ, ʟʘʣʽʟʥʠʯʥʽ ʩʪʘʥʮʽʾ, ʘʝʨʦʧʦʨʪʠ, 

ʚʠʨʦʙʥʠʮʪʚʦ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. 

ɺʥʫʪʨʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ,ʷʢ ʥʝ ʜʠʚʥʦ, ʥʘʚʽʪʴ ʽʥʞʝʥʝʨʥʽ ʤʝʨʝʞʽ , ʪʘʢʽ ʷʢ : 

ʩʠʩʪʝʤʠ  ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ( ʤʘʣʦʝʬʝʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʥʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʠʭ 

ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʘʭ; ʥʝʚʯʘʩʥʘ ʟʘʤʽʥʘ ʬʽʣʴʪʨʽʚ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ) . ʊʘʢʦʞ , ʜʦ ʚʥʫʪʨʽʰʥʽʭ 

ʜʞʝʨʝʣ ʚʽʜʥʦʩʷʪʴʩʷ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʧʽʶʚʘʣʴʥʽ ʘʧʘʨʘʪʠ ʪʘ ʣʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ , ʱʦ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ. 

ɿʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʟ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ, ʚʢʣʶʯʘʶʯʠ ʣʝʪʢʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ (ʃʆʉ), 

ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʛʦʩʪʨʽ ʨʝʘʢʮʽʾ ʪʘ ʚʠʢʣʠʢʘʪʠ ʪʘʢʽ ʩʠʤʧʪʦʤʠ, ʷʢ ʛʦʣʦʚʥʠʡ ʙʽʣʴ, ʨʝʩʧʽʨʘʪʦʨʥʠʡ 

ʜʠʩʪʨʝʩ, ʚʪʦʤʘ ʪʘ ʽʥʰʽ ʧʨʦʙʣʝʤʠ ʟʽ ʟʜʦʨʦʚ'ʷʤ. 

ʍʦʯʘ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʙʫʜʽʚʣʷʭ, ʟʘ ʜʘʥʠʤʠ ɺʩʝʩʚʽʪʥʴʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʧʨʦʙʣʝʤʠ ʟ ʷʢʽʩʪʶ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʚʠʥʠʢʘʶʪʴ ʫ 30% ʫʩʽʭ 

ʢʦʤʝʨʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴ . ɺ ʜʦʩʣʽʜʞʝʥʽ [7] ʟʘʟʥʘʯʘʻʪʴʩʷ,  ʱʦ 23% ʦʬʽʩʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʉʐɸ 

ʚʽʜʯʫʚʘʶʪʴ ʩʠʤʧʪʦʤʠ,  ʱʦ ʟʥʠʞʫʪʴ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʧʦ ʚʩʽʡ ʢʨʘʾʥʽ ʥʘ 2%. . 

ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ ʟ 10 ʜʦ 5 ʣ/ʩ ʥʘ ʣʶʜʠʥʫ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ 

ʩʠʤʧʪʦʤʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ ~23% (12ï32%). ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ ʟ 10 ʜʦ 25 ʣ/ʩ ʥʘ ʣʶʜʠʥʫ 

ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ ʛʦʩʪʨʠʭ ʩʠʤʧʪʦʤʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ 29% (15ï42%). 

ɼʦʪʨʠʤʘʥʥʷ ʢʣʘʩʫ ʯʠʩʪʦʪʠ ʜʦʧʦʤʦʞʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ , ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤ ʰʣʷʭʦʤ, ʥʘʚʽʪʴ ʛʨʠʙʢʽʚ , ʩʧʦʨ , ʧʠʣʢʫ, ʙʘʢʪʝʨʽʡ , ʟʘʧʘʭʽʚ ʪʶʪʶʥʫ ʯʠ 

ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ ʪʘ ʽʥʰʝ [4]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʞʠʪʣʦʚʠʭ ʪʘ ʦʬʽʩʥʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ . ɺ ʥʦʨʤʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ɼɹʅ ɺ.2.2-15:2019 ñɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʪʘ ʩʧʦʨʫʜʠò  ʪʘʙʣʠʮʷ 

2 ñʈʦʟʨʘʭʫʥʢʦʚʽ ʨʝʟʫʣʴʪʫʶʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʧʘʣʝʥʥʷ ʽ ʚʠʤʦʛʠ ʜʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭò ʚʢʘʟʘʥʦ ʤʽʥʽʤʘʣʴʥʘ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 0,6 ʢʨʘʪʠ ʧʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʯʠ 

ʧʨʠʨʦʜʥʦʤʫ ʩʧʦʩʦʙʽ ʚʝʥʪʠʣʷʮʽʾ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʟʜʦʨʦʚʠʭ ʣʶʜʝʡ ʪʘ 0,7 ʜʣʷ ʦʩʽʙ ʟ 

ʽʥʚʘʣʽʜʥʽʩʪʶ ʯʠ ʣʽʪʥʽʭ ʣʶʜʝʡ ʘ ʜʣʷ ʟʘʛʘʣʴʥʠʭ ʢʽʤʥʘʪ, ʩʧʘʣʝʥʴ ʪʘ ʜʠʪʷʯʠʭ. ʊʦʜʽ ʷʢ , ʚ ʜʦʩʣʽʜʞʝʥʽ [6] 

ʟʘʟʥʘʯʘʻʪʴʩʷ,  ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚʽʜ 4 ʜʦ 6 ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʧʝʨʝʜʘʯʫ 

COVID-19 ʧʦʚʽʪʨʷʥʦ ʢʨʘʧʝʣʴʥʠʤ ʰʣʷʭʦʤ .  

ʇʦʚʽʪʨʦʦʙʤʽʥ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢ ʧʦʜʘʚʘʥʥʷʤ ʚ ʧʨʠʤʽʱʝʥʥʷ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʟʦʚʥʽ , 

ʪʘʢ ʽ , ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʷ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʽʜʤʽʰʫʚʘʥʥʷʤ 

ʩʘʥʽʪʘʨʥʦʾ ʥʦʨʤʠ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ. ʇʨʠ ʮʴʦʤʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʣʘʜʥʫʚʘʪʠ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʬʽʣʴʪʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʘʝʨʦʟʦʣʴʥʠʭ ʪʘ 

ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ . ʇʦʨʷʜ ʟ ʚʠʜʘʣʝʥʥʷʤ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʦʩʠʣʝʥʦʶ ʚʝʥʪʠʣʷʮʽʻʶ, 
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ɸʛʝʥʪʩʪʚʦ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʉʐɸ ʨʝʢʦʤʝʥʜʫʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʝ ʦʯʠʱʝʥʥʷ 

ʧʦʚʽʪʨʷ . 

 ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʬʽʣʴʪʨʠ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ G4-F9 , ʱʦ ʤʘʶʪʴ ʥʠʟʴʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʘʙʦ ʚʝʥʪʠʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʷʢʽ ʥʝ ʤʘʶʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʟʘʛʘʣʽ. 

ɼʣʷ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦ ʚʢʘʟʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ɺʆʆɿ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨʠ ʟ 

ʙʽʣʴʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʬʽʣʴʪʨʘʮʽʾ - ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʧʦʚʽʪʨʷʥʽ ʬʽʣʴʪʨʠ ʜʣʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

(HEPA). 

ɺʦʥʠ ʚʣʦʚʣʶʶʪʴ ʟʚʘʞʝʥʽ ʚ ʧʦʚʽʪʨʽ ʯʘʩʪʠʥʢʠ ʟ ʧʦʚʽʪʨʷ, ʱʦ ʨʫʭʘʻʪʴʩʷ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʱʽʣʴʥʦʛʦ 

ʙʝʟʣʘʜʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʦʣʦʢʦʥ,  ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʽʟʠʢʫ ʯʘʩʪʠʥʦʢ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʫ ʧʦʚʽʪʨʽ, 

ʱʦʙ ʚʠʨʠʚʘʪʠ ʾʭ ʽʟ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. ɰʭ ʨʦʙʦʪʘ ʧʨʦʩʪʘ, ʘʣʝ ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʘ.  

ɺʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʅ11-ʅ14 , ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚ 

ʩʠʩʪʝʤʘʭ ʧʨʠʧʣʠʚʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʜʦ ʨʽʚʥʷ ʩʪʝʨʠʣʴʥʦʩʪʽ ʚ ʯʠʩʪʠʭ ʟʦʥʘʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʾ, 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ, ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ , ʤʝʜʠʯʥʦʾ , ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʝʡ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ.  

ʊʘʢʽ ʬʽʣʴʪʨʠ ʅ11-ʅ14 ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʨʽʰʝʥʴ ʘʙʦ ʨʽʰʝʥʴ ʜʣʷ 

ʚʩʽʻʾ ʙʫʜʽʚʣʽ : ʷʢ ʦʙʣʘʜʥʘʥʥʷ ʥʠʤʠ ʧʨʠʧʣʠʚʥʠʭ ʫʩʪʘʥʦʚʦʢ , ʪʘʢ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʤʝʨʝʞʫ 

ʧʦʚʽʪʨʦʚʦʜʽʚ ʧʨʠʧʣʠʚʥʠʭ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ , ʪʘʢ ʽ ʚ ʧʝʨʝʥʦʩʥʠʭ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʘʭ , 

ʱʦ ʤʦʞʫʪʴ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʚ ʙʫʜʴ ʷʢʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʟ ʧʦʩʪʽʡʥʠʤ ʤʦʥʽʪʦʨʠʥʛʦʤ ʧʘʨʘʤʝʪʨʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ [3]. 

ʊʘʢʦʞ,  ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʪʨʘʪʠ ʩʠʨʦʚʠʥʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ , ʷʢʽ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʙʦʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ .  

ʇʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʥʥʷ ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʥʘʛʨʽʚʫ  ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʟʠʤʦʚʠʡ ʪʘ ʣʽʪʥʽʡ ʧʝʨʽʦʜʠ ʚ ʫʤʦʚʥʦʤʫ ʞʠʪʣʦʚʦʤʫ ʧʨʠʤʽʱʝʥʥʽ 

, ʱʦ ʤʘʻ ʧʣʦʱʫ 20ʤ2 ʪʘ ʚʠʩʦʪʫ 2,5ʤ ʧʨʠ ʥʦʨʤʘʪʠʚʥʦʤʫ ʧʦʚʽʪʨʦʦʙʤʽʥʽ 0,5 ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦʤʫ 

ʧʦʚʽʪʨʦʦʙʤʽʥʽ 4 ʪʘ 6 (ʢʨʘʪʥʦʩʪʽ ) . 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʧʘʨʘʤʝʪʨʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʟʤʽʥʠ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ .  

ʇʦʚʽʪʨʦʦʙ

ʤʽʥ 

ʇʨʠʟʥʘʯʝ

ʥʥʷ 

ʧʨʠʤʽʱʝʥ

ʥ ̫

ʇʣʦ

ʱʘ, 

ʤ2 

ʈʦʟʨʘʭʫʥʢ

ʦʚʘ 

ʢʽʣʴʢʽʩʪʴ 

ʧʦʚʽʪʨʷ, 

ʤ3/ʛʦʜʠʥʫ 

ʂʽʣʴʢʽ

ʩʪʴ 

ʪʝʧʣʦʚ

ʦʾ 

ʝʥʝʨʛʽʾ 

ʜʣʷ 

ʥʘʛʨʽʚ

ʫ 

ʩʚʽʞʦʛ

ʦ 

ʧʦʚʽʪʨ

ʷ ʟ 

ʚʫʣʠʮʽ 

ʚʟʠʤʢʫ

, ʢɺʪ 

ʂʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ 

ʜʣʷ 

ʦʭʦʣʦʜʞʝ

ʥʥʷ 

ʩʚʽʞʦʛʦ 

ʧʦʚʽʪʨʷ ʟ 

ʚʫʣʠʮʽ 

ʚʣʽʪʢʫ, 

ʢɺʪ 

ɽʣʝʢʪʨʠ

ʯʥʘ 

ʧʦʪʫʞʥʽ

ʩʪʴ 

ʜʚʠʛʫʥʘ 

ʤʝʭʘʥʽʯ

ʥʦʾ 

ʩʠʩʪʝʤʠ 

ʚʝʥʪʠʣʷ

ʮʽʾ , ʢɺʪ 

ʉʫʤʘʨʥʘ 

ʥʝʦʙʭʽʜʥʽ

ʩʪʴ ʚ 

ʝʥʝʨʛʽʾ 

ʟʠʤʘ, ʢɺʪ 

ʉʫʤʘʨʥʘ 

ʥʝʦʙʭʽʜʥʽ

ʩʪʴ ʚ 

ʝʥʝʨʛʽʾ 

ʣʽʪʦ, ʢɺʪ 

ʂʨʘʪʥʽʩʪʴ 

0,5 

ɾʠʪʣʦʚʘ 

ʢʽʤʥʘʪʘ 
20 25 0,35 0,163 0,047 0,397 0,210 

ʂʨʘʪʥʽʩʪʴ 

4 

ɾʠʪʣʦʚʘ 

ʢʽʤʥʘʪʘ 
20 200 2,67 1,31 0,047 2,717 1,357 

ʂʨʘʪʥʽʩʪʴ 

6 

ɾʠʪʣʦʚʘ 

ʢʽʤʥʘʪʘ 
20 300 4,0 1,95 0,047 4,047 1,997 
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ʈʠʩ.1. ʇʘʨʘʤʝʪʨʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʥʘʛʨʽʚ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

 ʧʦʚʽʪʨʷ ʟ ʚʫʣʠʮʽ ʧʨʠ ʟʤʽʥʽ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ.  

ɿ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ,ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʙʝʟ ʟʤʽʥʠ 

ʙʫʜʴ ʷʢʠʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ( ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ ʽ ʪ.ʜ) ʟ 0,5 ʜʦ 4 ʟʙʽʣʴʰʠʪʴ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ 

ʥʘʛʨʽʚ ʧʦʚʽʪʨʷ ʚ 6,8 ʨʘʟʽʚ , ʪʘ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 6,5 ʨʘʟʽʚ . ʗʢʱʦ ʞ ʢʨʘʪʥʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʟ 0,5 ʜʦ 6 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʥʘʛʨʽʚ ʧʦʚʽʪʨʷ ʧʽʜʚʠʱʷʪʴʩʷ ʚ 10,2 ʨʘʟʠ , ʪʘ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 9,5 ʨʘʟʽʚ . 

ɿʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʙʨʦʙʢʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʮʠʨʢʫʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʦʙʣʘʜʥʘʥʥʽ ʥʝʦʙʭʽʜʥʠʤ ʢʣʘʩʦʤ ʬʽʣʴʪʨʘʮʽʾ . ʇʦʨʪʘʪʠʚʥʽ 

ʦʯʠʱʫʚʘʯʽ ʧʦʚʽʪʨʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʤʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʚʠʩʦʢʫ ʢʨʘʪʥʽʩʪʴ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʥʘ ʥʘʛʨʽʚ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, 

ʱʦ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʜʦ ʧʨʠʤʽʱʝʥʥʷ [5]. 

ɼʣʷ ʧʨʠʢʣʘʜʫ , ʨʦʟʛʣʷʥʝʤʦ ʧʦʨʪʘʪʠʚʥʠʡ ʦʯʠʱʫʚʘʯ HealthPro 250 ʚʠʨʦʙʥʠʮʪʚʘ ʰʚʝʡʮʘʨʩʴʢʦʾ 

ʬʽʨʤʠ IQAir  , ʱʦ ʦʙʣʘʜʥʘʥʠʡ ʬʽʣʴʪʨʦʤ ʢʣʘʩʫ ʅɽʈɸ 13. ʋʩʪʘʥʦʚʢʘ ʩʧʦʞʠʚʘʻ 135ɺʪ ʚ ʛʦʜʠʥʫ 

ʨʦʙʦʪʠ, ʧʝʨʝʤʽʱʘʶʯʠ ʯʝʨʝʟ ʩʝʙʝ 440ʤ3/ʛʦʜʠʥʫ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʦʯʠʱʝʥʥʷ ʚʽʜ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʯʘʩʪʦʢ ʜʦ 99%.  ʊʦʞ , ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 6 ʢʨʘʪʥʠʡ ʧʦʚʽʪʨʦʦʙʤʽʥ ʜʣʷ ʧʨʠʤʽʱʝʥʥʷ ʧʣʦʱʝʶ ʜʦ 30 

ʤ2, ʷʚʣʷʶʯʠ ʩʦʙʦʶ ʧʨʠʢʣʘʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʥʝʦʙʭʽʜʥʠʤ ʢʣʘʩʦʤ 

ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʦʙʽʛʨʽʚʫ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ , ʧʝʨʝʤʽʱʫʶʯʠ ʣʠʰʝ ʧʦʚʽʪʨʷ ʚ 

ʤʝʞʘʭ ʦʜʥʽʻʾ ʢʽʤʥʘʪʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʽʚ ʚʝʥʪʠʣʷʪʦʨʘ ʫʩʪʘʥʦʚʢʠ , ʘ ʦʪʞʝ ʽ 

ʦʙ'ʻʤʦʤ ʧʦʚʽʪʨʷ , ʱʦ ʚʽʥʘ ʧʝʨʝʤʽʱʫʻ .  

ʊʦʞ , ʥʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ,  ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʙʝʟʧʝʢʠï ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʨʫʭʣʠʚʦʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʜʦ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʚʽʜ 

ʥʦʨʤʘʪʠʚʥʠʭ (ʱʦ ʟʘʟʥʘʯʝʥʽ ʚ ɼɹʅ). ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʦ ʫʥʠʢʥʫʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪ  ʥʘ ʥʘʛʨʽʚ ʯʠ 

ʦʭʦʣʦʜʞʝʥʥʷ  ʮʴʦʛʦ ʧʦʚʽʪʨʷ , ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʜʦʨʦʞʯʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ , 

ʟʘʩʪʦʩʫʚʘʚʰʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʢʦʤʧʘʢʪʥʽ ʨʝʮʠʨʢʫʣʷʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ ʦʙʣʘʜʥʘʥʥʽ ʬʽʣʴʪʨʘʤʠ 

ʥʝʦʙʭʽʜʥʦʛʦ ʢʣʘʩʫ ʯʠʩʪʦʪʠ ʪʘ ʟʘʩʦʙʘʤʠ ʢʝʨʫʚʘʥʥʷ . 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ. 

1. NEW WHO AIR QUALITY GUIDELINES 2021 / 07 10 2021. https://www.airscan.org/news/who2021. 

2. .Bhola R.Gurjar, Luisa T. Molina, Chandra S.P.Ojha. AIR POLLUTION . Health and Environmental Impacts .2010. 

3. ʉʘʡʪ ʢʦʤʧʘʥʽʾ Iqair  https://www.iqair.com/ 

4. Guide to Air Cleaners in the Home / 2nd Edition Portable Air Cleaners /. EPA-402-F-08-004 . July 2018. 

https://www.epa.gov/sites/default/files/2018-07/documents/guide_to_air_cleaners_in_the_home_2nd_edition.pdf 

5.  Zhonglin Xu . Air Purifier: Property, Assessment and Applications. 2019. ISBN 978-981-13-2531-1 ISBN 978-981-13-

2532-8 (eBook).  https://doi.org/10.1007/978-981-13-2532-8 

6.  Joseph G. Allen, DSc, MPH1; Andrew M. Ibrahim, MD, MSc . Indoor Air Changes and Potential Implications for SARS-

CoV-2 Transmission. JAMA. 2021;325(20):2112-2113. doi:10.1001/jama.2021.5053 

7. Fisk WJ, Mirer AG, Mendell MJ. Quantitative relationship of sick building syndrome symptoms with ventilation rates. 

Indoor Air. 2009;19(2):159ï165. doi: 10.1111/j.1600-0668.2008.00575.x. 

https://www.iqair.com/
https://www.epa.gov/sites/default/files/2018-07/documents/guide_to_air_cleaners_in_the_home_2nd_edition.pdf
https://doi.org/10.1007/978-981-13-2532-8
https://jamanetwork.com/searchresults?author=Joseph+G.+Allen&q=Joseph+G.+Allen
https://jamanetwork.com/searchresults?author=Andrew+M.+Ibrahim&q=Andrew+M.+Ibrahim


III ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʂʠʾʚ, ʂʅʋɹɸ, 2022 

 

126 
 

AIR EXCHANGE FOR A SAFE AIR ENVIRONMENT IN RESIDENTIAL PREMISES WITH 

THE HELP OF ENERGY EFFICIENT AIR CLEANERS.  

 
Lyubov Makarenko, Alexander Priymak  

 
Abstract. In order to create a safe indoor air environment in residential areas, the possibility of increasing 

the frequency of normative air exchange to the recommended values, which will effectively affect the purification of 

air from pollutants in such environments. A comparison of heat and cooling energy losses for heating and cooling 

of outdoor air in winter and summer in a conventional living space with an area of 20 m2 and a height of 2.5 m 

with a standard air exchange of 0.5 and a recommended air exchange of 4 and 6 (multiplicity) . It is concluded that 

the use of portable recirculation units with the appropriate filtration class will help reduce the amount of airborne 

contaminants, even fungi, spores, pollen, bacteria, tobacco or pet odors. A portable HealthPro 250 cleaner 

manufactured by the Swiss company IQAir, equipped with a HEPA 13 filter, is considered. 

Keywords: air exchange; recirculation unit; air purifier. 

 

 

ʋɼʂ 693.1 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʝʨʤ 

ʗʨʠʥʘ ɾʜʘʥʦʚʘ  

ʂʠʾʚʩʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ɹʫʜʽʚʥʠʮʪʚʘ ʽ ɸʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɸʥʦʪʘʮʽʷ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʝʨʤ, ʘ ʩʘʤʝ 

ʚʠʩʦʢʦʚʘʨʪʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʪʨʝʙʫʻ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʪʝʛʨʘʮʽʾ ʚ ʧʨʦʮʝʩ ʚʠʨʦʱʫʚʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʨʝʩʫʨʩʽʚ, ʱʦ ʟʜʘʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʩʦʥʷʯʥʫ, ʚʽʪʨʦʚʫ ʝʥʝʨʛʽʾ ʪʘ ʙʽʦ-ʚʽʜʭʦʜʠ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʝʨʪʠʢʘʣʴʥʽ ʬʝʨʤʠ, ʘʛʨʦʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʩʪʽʡʢʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɺʝʨʪʠʢʘʣʴʥʝ ʬʝʨʤʝʨʩʪʚʦ - ʮʝ ʧʨʘʢʪʠʢʘ ʚʠʨʦʱʫʚʘʥʥʷ ʾʞʽ ʚ ʤʦʜʫʣʴʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʾʞʽ ʥʘ ʛʝʢʪʘʨ, ʥʽʞ ʚ ʪʨʘʜʠʮʽʡʥʦʤʫ ʟʝʤʣʝʨʦʙʩʪʚʽ. 

ɺʝʨʪʠʢʘʣʴʥʽ ʬʝʨʤʠ - ʮʝ ʪʠʧ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʷʢʝ 

ʦʙʣʘʜʥʘʥʝ ʩʠʩʪʝʤʘʤʠ ʰʪʫʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʛʽʜʨʦʧʦʥʥʦʶ ʘʙʦ ʘʝʨʦʧʦʥʥʦʶ ʜʦʩʪʘʚʢʦʶ ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ [1]. ɺʠʥʠʢʥʝʥʥʷ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʝʨʤ ʫ ʩʚʽʪʽ ʧʝʨʝʚʘʞʥʦ ʟʫʤʦʚʣʝʥʘ 

ʛʣʦʙʘʣʴʥʦʶ ʫʨʙʘʥʽʟʘʮʽʻʶ ʪʘ ʟʨʦʩʪʘʶʯʦʶ ʢʽʣʴʢʽʩʪʶ ʥʘʩʝʣʝʥʥʷ. ʋʱʽʣʴʥʝʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʩʠʩʪʝʤʠ 

ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʩʝʣʝʥʥʷ ʚ ʤʽʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʤʘʛʘʶʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʷʢʽʩʥʠʭ 

ʭʘʨʯʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʾʭ ʩʚʦʻʯʘʩʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʽʜʥʦʩʥʦ 

ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʚʠʩʦʢʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʫ ʪʘ ʨʝʩʫʨʩʽʚ, 

ʚʝʨʪʠʢʘʣʴʥʽ ʬʝʨʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʽʤ ʚʠʤʦʛʘʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʦʪʨʝʙ 

ʥʘʩʝʣʝʥʥʷ. 
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ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʝʨʤʘʭ 

ʇʨʦʪʝ, ʥʘ ʨʘʟʽ ʦʩʥʦʚʥʠʤ ʾʭ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ  ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʦʤʫ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʽʡʢʽ ʜʞʝʨʝʣʘ ʨʝʩʫʨʩʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʮʝʩʫ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ. ɼʦ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ ʥʘʣʝʞʘʪʴ: ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʚʦʜʘ, 

ʜʦʙʨʠʚʘ ʪʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʪʨʝʙ. ɸʚʪʦʥʦʤʥʠʡ ʮʠʢʣ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʩʶ ʘʙʦ ʙʽʣʴʰʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʘʙʦ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʽʟ ʟʘʣʠʰʢʫ ʚʽʜ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʝʩʫʨʩʠ, ʚʠʪʨʘʯʝʥʥʽ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʫʪʴ ʦʪʨʠʤʫʚʘʪʠʩʴ ʚ ʭʦʜʽ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʫ, 

ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʧʦʪʨʝʙ ʫ ʜʦʩʪʘʚʮʽ ʟ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ. ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʘ ʧʦʚʥʦʮʽʥʥʘ ʽʜʝʘʣʽʟʦʚʘʥʘ 

ʩʭʝʤʘ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʜʽʙʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʦʪʝ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʜʝ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʣʝʢʪʨʦʧʦʪʨʝʙ ʚʝʨʪʠʢʘʣʴʥʦʾ ʬʝʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ï ʚʽʪʨʦʚʽʡ, ʩʦʥʷʯʥʽʡ ʪʘ ʙʽʦʝʥʝʨʛʽʾ. 

ɿʘʛʘʣʦʤ, ʚʝʨʪʠʢʘʣʴʥʽ ʬʝʨʤʠ ʧʦʪʨʝʙʫʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʬʫʥʢʮʽʡ: 

ʦʩʚʽʪʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʥʪʨʦʣʴ ʨʦʩʪʫ ʨʦʩʣʠʥ, ʪʝʭʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ (ʢʦʥʚʝʻʨʠ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʩʣʠʥ, ʚʝʥʪʠʣʷʪʦʨʠ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʢʣʽʤʘʪʦʤ ʪʘ ʨʦʟʚʝʜʝʥʥʷ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ) [2]. ɼʣʷ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʣʘʜʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ. ʉʝʨʝʜ ʥʠʭ ï ʧʦʪʫʞʥʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ, ʷʢʽ ʻ ʦʜʥʠʤʠ ʽʟ ʩʘʤʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʝʨʤ, ʦʩʢʽʣʴʢʠ ʾʭ ʂʂɼ  ʤʦʞʝ ʩʷʛʘʪʠ ʜʦ 40%[3]. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʌɽʇ), ʂʂɼ ʷʢʠʭ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʩʢʣʘʜʘʻ ʫ ʩʝʨʝʜʥʴʦʤʫ 16% - 25% [4]. 

ʊʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʣʝʪʨʦʝʥʝʨʛʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʝʨʤʘʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʦʛʘʟʦʚʽ 

ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʝʨʝʨʦʙʣʷʶʪʴ ʙʽʦʣʦʛʽʯʥʽ ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʨʦʩʣʠʥ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʝʨʤʘʭ, ʚʠʨʦʙʣʷʶʪʴʩʷ 

ʙʽʦʚʽʜʭʦʜʠ (ʥʘʧʨʠʢʣʘʜ, ʣʠʩʪʷ, ʩʪʝʙʣʘ, ʚʦʣʦʢʥʠʩʪʽ ʢʦʨʝʥʝʧʣʦʜʠ, ʧʦʰʢʦʜʞʝʥʽ ʬʨʫʢʪʠ ʯʠ ʦʚʦʯʽ), ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʫʪʠʣʽʟʘʮʽʾ. ʊʘʢʽ ʚʽʜʭʦʜʠ ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʢʦʨʠʩʥʽ ʜʞʝʨʝʣʘ, 

ʥʘʧʨʠʢʣʘʜ ʨʽʜʢʽ ʜʦʙʨʠʚʘ ʘʙʦ ʙʽʦʧʘʣʠʚʦ. ɹʽʦʧʘʣʠʚʦ ʟʛʦʜʦʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʪʝʧʣʦ- ʪʘ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʟʘʚʜʷʢʠ ʩʧʝʮʽʘʣʴʥʠʤ ʫʩʪʘʥʦʚʢʘʤ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʙʽʦʛʘʟʫ. ʎʝʡ ʛʘʟ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʽʩʣʷ ʤʽʢʨʦʙʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʙʽʦʤʘʩʠ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʥʫ (55-70%), ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (45-


