
 
 

ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  

ɹʋɼɯɺʅʀʎʊɺɸ ɯ ɸʈʍɯʊɽʂʊʋʈʀ 

 

 

 

 

 

 

 

 

 

VI ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çɽʅɽʈɻʆʆʑɸɼʅɯ ʄɸʐʀʅʀ 

ɯ ʊɽʍʅʆʃʆɻɯɰè 

20-21 ʪʨʘʚʥʷ 2025 ʨʦʢʫ 

ʇʨʠʩʚʷʯʝʥʦ 95-ʨʽʯʯʶ ʟ ʜʥʷ ʟʘʩʥʫʚʘʥʥʷ ʂʅʋɹɸ 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ 

 

ʂʠʾʚ 2025 



 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ (ʧʨʦʪʦʢʦʣ ˉ33 ʚʽʜ 30.05.2025 ʨ.)  
 

ʈʝʮʝʥʟʝʥʪʠ: 

ʆ.ʌ. ʃʫʛʦʚʩʴʢʠʡ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɯ.ɺ. ʂʫʟʴʦ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɯ.ʄ. ɹʝʨʥʠʢ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʄʘʪʝʨʽʘʣʠ VI ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè 

 

ʋʩʪʘʥʦʚʘ-ʦʨʛʘʥʽʟʘʪʦʨ ʢʦʥʬʝʨʝʥʮʽʾ:  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

çɽʥʝʨʛʦʦʱʘʜʥʽ ʤʘʰʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾè, ʄʘʪʝʨʽʘʣʠ VI ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 20-21 ʪʨʘʚʥʷ 2025 ʨ. ï ʂ.: ʂʅʋɹɸ, 2025. ï 269 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 ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

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

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 

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

ʧʨʦʮʝʩʽʚ ï ʛʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ; 

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

ʄ.ʆ. ʂʣʠʤʝʥʢʦ ï ʢ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ; 

ʆ.ʉ. ɼʴʷʯʝʥʢʦ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 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, 2025 

É ɸʚʪʦʨʠ ʩʪʘʪʝʡ, 2025 



 
 

ʇʈʆɻʈɸʄʅʀʁ ʂʆʄɯʊɽʊ  

 
ɻʦʣʦʚʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ɼʥʽʧʨʦʚ ʆʣʝʢʩʽʡ ʉʝʨʛʽʡʦʚʠʯ, ʜ.ʶ.ʥ., ʩʪ.ʜʦʩʣ., ʨʝʢʪʦʨ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ (ʂʅʋɹɸ). 

 

ɿʘʩʪʫʧʥʠʢʠ ʛʦʣʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʂʫʣʽʢʦʚ ʇʝʪʨʦ ʄʫʩʽʡʦʚʠʯ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʛʦʣʦʚʘ ɺʯʝʥʦʾ ʨʘʜʠ ʂʠʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ (ʂʅʋɹɸ). 

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

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ. 

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

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ. 

 
ʏʣʝʥʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ɸʣʴʪʝʥʙʘʭ ʍʦʣʴʤ, ʄʘʛʜʝʙʫʨʛ, ʅʽʤʝʯʯʠʥʘ. 

ɸʥʜʞʝʡ ʉʤʦʣʘʞ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʶʙʣʽʥ, ʇʦʣʴʱʘ. 

ɹʘʨʘʙʘʰ ʄ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ɹʦʙʠʨ ʄ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʊʨʦʷʥ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ETH ʎʶʨʽʭ, ʎʶʨʽʭ, ʐʚʝʡʮʘʨʽʷ. 

ɻʫʨʩʴʢʠʡ ɺ.ʄ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʃʴʚʽʚ. 

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

ɿʛʘʣʘʪ-ʃʦʟʠʥʩʴʢʘ ʃ.ʆ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

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

ʂʫʟʴʦ ɯ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʴʚʽʚ. 

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

ʃʠʯ ɺ.ʄ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʃʽʟʫʥʦʚ ʇ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

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

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

ʅʝʩʪʝʨʝʥʢʦ ʄ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʇʦʣʪʘʚʘ. 

ʅʽʢʦʣʘʻʚ ɺ.ʇ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ɺʨʦʮʣʘʚ, ʇʦʣʴʱʘ. 

ʆʥʠʱʝʥʢʦ ɸ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

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

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

ʇʝʨʝʛʽʥʝʮʴ ɯ.ɯ., ʢ.ʪ.ʥ., ʂʠʾʚ. 

ʇʝʪʨʠʥʘ ʖ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɹʝʨʣʽʥ, ʅʽʤʝʯʯʠʥʘ. 

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

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

ʈʠʞʘʢʦʚʘ ɻ.ʄ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʈʦʛʦʚʩʴʢʠʡ ɯ.ʃ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

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



 
 

ʉʪʘʰʝʚʩʴʢʠʡ ʉ.ʊ., ʢ.ʪ.ʥ., ʂʠʾʚ. 

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

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

ʉʪʨʠʯʝʢ ʗʨʦʩʣʘʚ, ɺʨʦʮʣʘʚ, ʇʦʣʴʱʘ. 

ʊʢʘʯʝʥʢʦ ʊ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʊʫʛʘʡ ʆ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʐʢʫʨʘʪʦʚ ʆ.ɯ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʐʠʣʶʢ ʇ.ʉ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʌʝʜʦʨʦʚʩʴʢʘ ʅ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚ. 

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

ʗʭʥʦ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚ. 

ʗʢʦʙ ʂʣʝʡʤʘʥ, PhD, ʧʨʦʬʝʩʦʨ, ʊʦʨʦʥʪʦ, ʂʘʥʘʜʘ. 
 

ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ 

 

ɻʦʣʦʚʘ ʦʨʛʢʦʤʽʪʝʪʫ: 

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

ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʂʅʋɹɸ, ʧʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʽʾ 

ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ. 

 

ɿʘʩʪʫʧʥʠʢʠ ʛʦʣʦʚʠ ʦʨʛʢʦʤʽʪʝʪʫ: 

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

ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʂʅʋɹɸ. 

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

ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʂʅʋɹɸ.  

ʈʘʰʢʽʚʩʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ʇʘʚʣʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ ʂʅʋɹɸ. 
 

ʏʣʝʥʠ ʦʨʛʢʦʤʽʪʝʪʫ: 

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

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

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

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

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

 

ʉʝʢʨʝʪʘʨ ʢʦʥʬʝʨʝʥʮʽʾ: 

ɼʴʷʯʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ʉʝʨʛʽʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 
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ʉɽʂʎɯʗ 1 

çɽʅɽʈɻʆʆʑɸɼʅɯ ɿɸʉʆɹʀ ʄɽʍɸʅɯɿɸʎɯɰ ʇʈʆʎɽʉɯɺ ɺɯɼʅʆɺʃɽʅʅʗ 

ʆɹôɭʂʊɯɺ ɯ ʉʇʆʈʋɼè  

ʇɽʈɽɼʋʄʆɺʀ ʉʊɺʆʈɽʅʅʗ ʊɸ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɺɯɹʈɸʎɯʁʅʆɻʆ 

ʉʊʆʃɸ ɽʂʉʎɽʅʊʈʀʂʆɺʆ-ʄɸʗʊʅʀʂʆɺʆɻʆ ʊʀʇʋ ____________________________  14 
ʊʘʨʘʩ ʉʚʠʱ, ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ, ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ,  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ, 12, 79013, ʤ.ʃʴʚʽʚ, ʋʢʨʘʾʥʘ  

ʇɯɼʍɯɼ ʋ ʄʆɼɽʈʅɯɿɸʎɯɰ ɺɯɹʈɸʎɯʁʅʆɻʆ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ ɿ 

ɯʅɽʈʎɯʁʅʀʄ ʇʈʀɺʆɼʆʄ _____________________________________________________  20 
ɯʚʘʥ ʂʦʣʦʜʽʡ, ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ, ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ,  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ, 12, 79013, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ  

ʈɽɸʃɯɿɸʎɯʗ ɽʌɽʂʊʋ ɿʆʄʄɽʈʌɽʃʔɼɸ ʅɸ ɼɺʆʄɸʉʆɺʆʄʋ ʄɸʂɽʊɯ 

ɺɯɹʈɸʎɯʁʅʆɻʆ ʉʊʆʃɸ ɿ ɯʅɽʈʎɯʁʅʀʄ ʇʈʀɺʆɼʆʄ ___________________________  25 
ʈʦʤʘʥ ʂʘʧʘʣʦ, ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ, ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ,  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ, 12, 79013, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ  

ɸʅɸʃɯɿ ʇɽʈʉʇɽʂʊʀɺ ɺʀʂʆʈʀʉʊɸʅʅʗ ʈʆɹʆʊɯɺ ɯɿ ʇɸʈɸʃɽʃʔʅʆʖ 

ʂɯʅɽʄɸʊʀʂʆʖ ɼʃʗ ʂɽʈʋɺɸʅʅʗ ɹʈɸʅɼʉʇʆʁʊɸʄʀ ɺ ɸɺʊʆʄɸʊʀʏʅʀʍ 

ʉʀʉʊɽʄɸʍ ʇʆɾɽɾʆɻɸʉɯʅʅʗ _______________________________________________  31 
ɺʽʪʘʣʽʡ ʂʦʨʝʥʜʽʡ, ʆʣʝʢʩʘʥʜʨ ʂʘʯʫʨ, ʄʠʭʘʡʣʦ ʇʠʣʠʧ, ʈʦʤʘʥ ʂʘʨʧʠʥ,  
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ 12, ʃʴʚʽʚ, 79013, ʋʢʨʘʾʥʘ  

ɺʀɿʅɸʏɽʅʅʗ ʆʉʅʆɺʅʀʍ ʌɸʂʊʆʈɯɺ, ʑʆ ɺʇʃʀɺɸʖʊʔ ʅɸ ʇʆʊʋɾʅɯʉʊʔ ʋ 

ɻʈɸɺɯʊɸʎɯʁʅʆʄʋ ɿʄɯʐʋɺɸʏɯ _______________________________________________  36 
ʈʦʩʪʠʩʣʘʚ ʈʫʜʠʢ, ɺʽʢʪʦʨ ɺʽʨʯʝʥʢʦ, ʈʦʤʘʥ ʉʘʣʴʥʽʢʦʚ, ʖʨʽʡ ʂʫʟʫʙ,  
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ 

ɻʨʠʮʘʻʥʢʘ 24, 36011, ʋʢʨʘʾʥʘ  

ɺʀɿʅɸʏɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ ɿɸʃɽɾʅʆʉʊɯ ɸʄʇʃɯʊʋɼʀ ɺɽʈʊʀʂɸʃʔʅʀʍ 

ɺɯɹʈʆʇɽʈɽʄɯʑɽʅʔ ɻɸʈʄʆʅɯʁʅʆɰ ɺɯɹʈʆʇʃʆʑɸɼʂʀ ʅɸ ʆʉʅʆɺɯ 

ʊʈʀʌɸʂʊʆʈʅʆɻʆ ɽʂʉʇɽʈʀʄɽʅʊʋ ___________________________________________  40 
ʆʣʝʢʩʘʥʜʨ ʆʨʠʩʝʥʢʦ, ʆʣʝʢʩʘʥʜʨ ʐʝʢʘ,  
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ 

ɻʨʠʮʘʻʥʢʘ, 24, 36011, ʋʢʨʘʾʥʘ  

ʂʆʅʎɽʇʎɯʗ ʄɸʃʆɻɸɹɸʈʀʊʅʆɻʆ ɺʀʃʆʏʅʆɻʆ ɸɺʊʆʅʆʄʅʆɻʆ 

ʅɸɺɸʅʊɸɾʋɺɸʏɸ ____________________________________________________________  43 
ʄʠʢʦʣʘ ʂʦʯʝʪʦʢ, ɼʤʠʪʨʦ ʄʽʱʫʢ,  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ  

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʇʆɼɸʏɯ ɹʋɼɯɺɽʃʔʅʀʍ ʉʋʄɯʐɽʁ ʋ 

ɺɼʆʉʂʆʅɸʃɽʅʆʄʋ ʐʇɸʂʃʖɺɸʃʔʅʆʄʋ ɸɻʈɽɻɸʊɯ ɿ ɻɯɼʈʆʇʈʀɺʆɼʆʄ ____  46 
ʈʦʤʘʥ ʉʘʣʴʥʽʢʦʚ, ɺʽʢʪʦʨ ɺʽʨʯʝʥʢʦ, ʈʦʩʪʠʩʣʘʚ ʈʫʜʠʢ, ʖʨʽʡ ʂʫʟʫʙ,  
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ 

ɻʨʠʮʘʻʥʢʘ 24, 36011, ʋʢʨʘʾʥʘ 

ANALYSI S AND ASSESSMENT OF THE PRODUCTIVITY OF JAW CRUSHER 

DEPENDING ON THE FREQUENCY OF REVOLUTION OF THE WORKING BODIES  __  50 
Yevhen Mishchuk,  
1 Kyiv National University of Civil Engineering and Architecture, Air Force Avenue 31, 03037, Ukraine  
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ʈʆɿʐʀʈɽʅʅʗ ʊɽʍʅɯʏʅʆɻʆ ɯ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɻɯɼʈʆɯʄʇʋʃʔʉʅʆɻʆ ʇʈʀɺʆɼɸ ʊɸ ʇʈʀʉʊʈʆɰɺ ʅɸ ʁʆɻʆ ʆʉʅʆɺɯ, ʆʉʅɸʑɽʅʀʍ 

ʇʈʋɾʅʀʄʀ ɽʃɽʄɽʅʊɸʄʀ ɺʀʉʆʂʆɰ ɾʆʈʉʊʂʆʉʊɯ __________________________  54 
ʈʦʤʘʥ ʆʙʝʨʪʶʭ, ʃʝʦʥʽʜ ʇʦʣʽʱʫʢ  
1 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ, 95, 21021, ʋʢʨʘʾʥʘ  

ɺɽʈʀʌɯʂɸʎɯʗ ʇɽʈɽʄɯʑɽʅʅʗ ʇʈʆʉʊʆʈʆɺʆ ʆʈɯɭʅʊʆɺɸʅʆɻʆ ʅʆɾɸ ʅɸ 

ɺʀʇʈʆɹʋɺɸʃʔʅʆʄʋ ʉʊɽʅɼɯ _________________________________________________  57 
ɹʦʛʜʘʥ ʌʝʜʠʰʠʥ, ʄʘʢʩʠʤ ɹʘʣʘʢʘ,  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, 31, 03037, 

ʋʢʨʘʾʥʘ  

ʆʎɯʅʂɸ ʉʊɸʅʋ ʃɯʊɯʁ-ɯʆʅʅʀʍ ɸʂʋʄʋʃʗʊʆʈɯɺ ______________________________  60 
ʉʝʨʛʽʡ ɹʫʨʷʢ, ʆʢʩʘʥʘ ɻʦʣʦʣʦʙʦʚʘ,  
1 ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʚʫʣ. ʃʘʟʘʨʷʥʘ, 2, ʤ. ɼʥʽʧʨʦ, 49010, ʋʢʨʘʾʥʘ  

ʈɽʃɸʂʉɸʎɯʁʅɯ ʗɺʀʑɸ ʇʈʀ ʋʑɯʃʔʅɽʅʅɯ ɸʈɹʆʃɯʊʆɺʀʍ ʊɸ 

ʇʆʃɯʉʊʀʈʆʃɹɽʊʆʅʅʀʍ ʉʋʄɯʐɽʁ___________________________________________  63 
ʄʠʢʦʣʘ ʅʝʩʪʝʨʝʥʢʦ, ɺʘʩʠʣʴ ɺʝʜʤʽʜʴ, ʊʝʪʷʥʘ ʅʝʩʪʝʨʝʥʢʦ, ʄʘʢʩʠʤ ʇʠʨʣʠʢ,  
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ 

ɻʨʠʮʘʻʥʢʘ 24, 36011, ʋʢʨʘʾʥʘ  

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ʂʆʄɹɯʅʆɺɸʅʆɻʆ ɺɯɹʈʆɸɹʈɸɿʀɺʅʆɻʆ ʇʈʆʎɽʉʋ ____________________________  66 
ɼʤʠʪʨʦ ɹʫʛʨʦʚ, ɹʦʛʜʘʥ ʂʦʨʦʙʢʦ, ʊʝʪʷʥʘ ɹʫʛʨʦʚʘ,  
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ 

ɻʨʠʮʘʻʥʢʘ 24, 36011, ʋʢʨʘʾʥʘ  

ʇʆʈɯɺʅʗʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɺʀɿʅɸʏɽʅʅʗ ʇʆʊʋɾʅʆʉʊɯ ʆɼʅʆʇʆʈʐʅɽɺʆɻʆ 

ʈʆɿʏʀʅʆʅɸʉʆʉɸ ɿ ʂʆʄɹɯʅʆɺɸʅʀʄ ʂʆʄʇɽʅʉɸʊʆʈʆʄ ɿɹɯʃʔʐɽʅʆɻʆ ʆɹôɭʄʋ 

ɿ ʈɯɿʅʀʄʀ ʊʀʇɸʄʀ ʇʈʀɺʆɼɯɺ _______________________________________________  70 
ʄʠʢʦʣʘ ʐʘʧʦʚʘʣ, ɺʘʜʠʤ ʄʠʭʘʡʣʠʢ,  
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çɺʀʂʆʈʀʉʊɸʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʀʍ ʊɸ ɽʅɽʈɻʆʆʑɸɼʅʀʍ 
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1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 
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ɹʋɼɯɺɽʃʔʅʀʍ ʉʋʄɯʐɽʁ ____________________________________________________  185 
ɸʥʜʨʽʡ ɿʘʧʨʠʚʦʜʘ,  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ  

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ ʈʋʍ ʄɸʐʀʅʀ 

ɼʃʗ ʌʆʈʄʋɺɸʅʅʗ ɹɽʊʆʅʅʀʍ ɺʀʈʆɹɯɺ _____________________________________  188 
ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ1, ɸʥʜʨʽʡ ɿʘʧʨʠʚʦʜʘ1, ɸʥʜʨʽʡ ɹʦʥʜʘʨʝʥʢʦ2, ɺʦʣʦʜʠʤʠʨ ʉʣʶʩʘʨ1, ʆʣʝʢʩʽʡ ʇʦʛʨʝʙʘʯ1,  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ  
2ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ  

ɺʀɿʅɸʏɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ɿɹɯʈʅʀʍ ʆɼʀʅʀʎʔ ʄɸʐʀʅʀ ɿɸ ʋʄʆɺ 
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çʇʈʆɹʃɽʄʀ ɺʀʑʆɰ ʆʉɺɯʊʀ ʋ ʇɯɼɻʆʊʆɺʎɯ ʌɸʍɯɺʎɯɺ ʋ ɺʆɭʅʅʀʁ ʊɸ 
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ʂɺɸʅʊʆɺɯ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʊʈɸɼʀʎɯʁʅɯ ʉʊɸʅɼɸʈʊʀ: ʅʆɺɯ ɺʀʄʆɻʀ ɼʆ 
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ɯʛʦʨ ʂʦʩʤʠʥʩʴʢʠʡ,  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ 200 

ʅɽʇɽʈɽʈɺʅɸ  ɯʅʅʆɺɸʎɯʁʅɸ ʆʉɺɯʊɸ ʗʂ ʉʊʈɸʊɽɻɯʏʅʀʁ ʏʀʅʅʀʂ ʈʆɿɺʀʊʂʋ 

ʃʖɼʉʔʂʆɻʆ ʂɸʇɯʊɸʃʋ _____________________________________________________  203 
ʇʝʪʨʦ ʂʫʣʽʢʦʚ, ʖʨʽʡ ɭʩʘʫʣʦʚ,  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, 31, 

03037, ʋʢʨʘʾʥʘ  

ʇʈʆʌʊɽʍʆʉɺɯʊɸ ʗʂ ʇʈɯʆʈʀʊɽʊ ɺɯɼɹʋɼʆɺʀ ʊɸ ʈʆɿɺʀʊʂʋ ɼɽʈɾɸɺʀ ______  208 
ɺʷʯʝʩʣʘʚ ʂʫʨʝʧʽʥ,  
1ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʚʫʣʠʮʷ ɻʝʦʨʛʽʷ ɻʦʥʛʘʜʟʝ, 9, 54000, ʋʢʨʘʾʥʘ  
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ʆʉɺɯʊɸ ʄʆʃʆɼɯ: ʅɸʇʈʗʄʀ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʇɯɼɻʆʊʆɺʂʀ ʌɸʍɯɺʎɯɺ ʋ 

ɺʆɭʅʅʀʁ ʊɸ ʇʆɺʆɭʅʅʀʁ ʇɽʈɯʆɼ __________________________________________  211 
ɺʷʯʝʩʣʘʚ ʂʫʨʝʧʽʥ,  
1ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʚʫʣʠʮʷ ɻʝʦʨʛʽʷ ɻʦʥʛʘʜʟʝ, 9, 54000, ʋʢʨʘʾʥʘ  

ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ ʋ ɺʀʑɯʁ ʆʉɺɯʊʀ: ʊɽʅɼɽʅʎɯɰ ʊɸ ʊʈɸʅʉʌʆʈʄɸʎɯɰ ___  214 
ʉʝʨʛʽʡ ʎʚʽʣʠʡ,  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʘ 64, 69063  

ɸʂʊʋɸʃʔʅɯʉʊʔ ɺʇʈʆɺɸɼɾɽʅʅʗ ɺ ʆɼɽʉʔʂɯʁ ɼɽʈɾɸɺʅɯʁ ɸʂɸɼɽʄɯɰ 

ɹʋɼɯɺʅʀʎʊɺɸ ʊɸ ɸʈʍɯʊɽʂʊʋʈʀ ɺ ʄɽɾɸʍ ʈɽɸʃɯɿɸʎɯɰ ʄɯɾʅɸʈʆɼʅʆɻʆ 

ʇʈʆɭʂʊʋ ERASMUS+ ʂɸ2 THE BRIDGE ɯʅʅʆɺɸʎɯʁʅʆɰ ʆʉɺɯʊʅʔʆ  ʅɸʋʂʆɺʆɰ 

ʄɸɻɯʉʊɽʈʉʔʂʆɰ ʇʈʆɻʈɸʄʀ _________________________________________________  217 
ɸʥʘʪʦʣʽʡ ʂʦʚʨʦʚ1, ɯʚʘʥ ʅʘʟʘʨʝʥʢʦ2, ɸʥʘʩʪʘʩʽʷ ʇʘʥʜʘʩ1,  
1ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ  
2ɸʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 217 

ʉɽʂʎɯʗ 6 

çʊɽʆʈɽʊʀʂʆ-ʇʈɸʂʊʀʏʅɯ ʊɸ ʂʆɻʅɯʊʀɺʅɯ ɸʉʇɽʂʊʀ ʈʆɿɺʀʊʂʋ 

ɽʂʆʅʆʄɯʂʀ ɯ ʄɽʅɽɼɾʄɽʅʊʋ ɺ ɹʋɼɯɺʅʀʎʊɺɯè  

ʐɸɹʃʆʅʀ ʋʇʈɸɺʃɯʅʅʗ ɹʋɼɯɺʅʀʎʊɺʆʄ ɼʃʗ ʈʆɿɺʀʊʂʋ ɽʂʆʅʆʄɯʂʀ ɯ 

ʄɽʅɽɼɾʄɽʅʊʋ _____________________________________________________________  219 
ʆʣʝʢʩʘʥʜʨ ʄʝʥʝʡʣʶʢ, ʆʣʝʢʩʽʡ ʅʽʢʽʬʦʨʦʚ,  
1 ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʚʫʣ. ɼʽʜʨʽʭʩʦʥʘ, 4, 65029, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ  

ʊɽʆʈɽʊʀʏʅɯ ɸʉʇɽʂʊʀ ʊʈɸʅʉʌʆʈʄɸʎɯɰ ɺ ɹʋɼɯɺɽʃʔʅʆʄʋ ɼɽɺɽʃʆʇʄɽʅʊɯ  222 
ʉʝʨʛʽʡ ɹʫʥʷʢ, ɻʘʣʠʥʘ ʈʠʞʘʢʦʚʘ,  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ  

ɯʅʊɽɻʈɸʎɯʁʅɯ ʄʆɼɽʃɯ ʋʇʈɸɺʃɯʅʅʗ ʉʀʉʊɽʄɸʄʀ ɹʋɼɯɺɽʃʔʅʀʍ ʇʈʆɭʂʊɯɺ  225 
ɼʤʠʪʨʦ ʇʨʠʭʦʜʴʢʦ, ʖʣʽʷ ʉʝʚʝʨʝʥʯʫʢ, ʂʘʪʝʨʠʥʘ ʉʦʩʽʜʢʦ, ʈʦʩʪʠʩʣʘʚ ɿʘʣʘʜʦʚʩʴʢʠʡ  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ  

çʏʀʉʊʀʁè ʇʈʆʄʀʉʃʆɺʀʁ ʂʋʈʉ ɭʉ ʗʂ ʆʈɯɭʅʊʀʈ ɼʃʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆɻʆ 

ɺɯɼʅʆɺʃɽʅʅʗ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ʋʂʈɸɰʅʀ: ʄʆɼɽʃɯ, ɺʀʂʃʀʂʀ ʊɸ 

ʇɽʈʉʇɽʂʊʀɺʀ _______________________________________________________________  228 
ʅʽʥʘ ʇʝʪʨʫʭʘ1, ʇʘʚʣʦ ʋʱʝʥʢʦ2,  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, 31, 

03037, ʋʢʨʘʾʥʘ 
2 ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʚʫʣ. ʃʴʚʽʚʩʴʢʘ, 11, 46009, ʋʢʨʘʾʥʘ 228 

ʂʃɸʉʊɽʈʀ ʗʂ ʆʉʅʆɺɸ ʉʊɯʁʂʆɻʆ ʇʆɺʆɭʅʅʆɻʆ ɺɯɼʅʆɺʃɽʅʅʗ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ʋʂʈɸɰʅʀ _________________________________________________  230 
ʉʝʨʛʽʡ ʇʝʪʨʫʭʘ1, ɺʣʘʜʠʩʣʘʚ ʗʚʦʨʩʴʢʠʡ2,  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, 31, 

03037, ʋʢʨʘʾʥʘ  
2ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʚʫʣ. ʃʴʚʽʚʩʴʢʘ, 11, 46009, ʋʢʨʘʾʥʘ 230 

ʈʀʅʆʂ ʇʈɸʎɯ ʋʂʈɸɰʅʀ ɺ ʋʄʆɺɸʍ ɺɯʁʅʀ ___________________________________  233 
ʖʣʽʷ ʏʝʨʥʷʚʩʴʢʘ, ʅʘʜʽʷ ʃʠʩʠʮʷ  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ  
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ʈʆʃʔ ʎʀʌʈʆɺɯɿɸʎɯɰ ɺ ʋɼʆʉʂʆʅɸʃɽʅʅɯ ʈʆɹʆʊʀ ʇʈɸʎɯɺʅʀʂɯɺ ɹʋɼɯɺɽʃʔʅʆɰ 

ʉʌɽʈʀ _______________________________________________________________________  236 
ɻʘʤʘʥ ɻʘʣʠʥʘ,  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, 31, 

03037, ʋʢʨʘʾʥʘ  

ʉʋʏɸʉʅɯ ʅɸʇʈʗʄʀ ʌɯʅɸʅʉʆɺʆɰ ʅɸʋʂʀ ___________________________________  239 
ʂʦʨʩʫʥ ɯ.ʄ.  
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ  

ɸʅɸʃɯɿ ɯʅɼʀʂɸʊʆʈɯɺ ɽʂʆʅʆʄɯʏʅʆɰ ɹɽɿʇɽʂʀ ɯʅɺɽʉʊʀʎɯʁʅʆɰ ɼɯʗʃʔʅʆʉʊɯ 

ʇɯɼʇʈʀɭʄʉʊɺ _______________________________________________________________  242 
ɸʥʘʪʦʣʽʡ ʏʠʥʯʠʢ1, ʉʪʝʧʘʥ ɻʦʣʫʙʢʘ2, ɺʽʪʘʣʽʡ ʇʠʚʦʚʘʨ3, ʗʥʘ ʃʦʢʪʽʦʥʦʚʘ1,  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, 

ʋʢʨʘʾʥʘ  
2 ɺʅɿ "ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʫʧʨʘʚʣʽʥʥʷ", ʚʫʣ. ʋʰʠʥʩʴʢʦʛʦ, 15, ʤ. ʂʠʾʚ, 03151, ʋʢʨʘʾʥʘ  
3 ɹʶʨʦ ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ, ʚʫʣ. ʐʦʣʫʜʝʥʢʘ, 31, ʤ. ʂʠʾʚ, 04116, ʋʢʨʘʾʥʘ  

ʉɽʂʎɯʗ 7 

çʊɽʍʅʆʃʆɻɯɰ ɿɸʍʀʉʊʋ ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸè  

ʊʆʂʉʀʂʆʂɯʅɽʊʀʏʅɯ ɸʉʇɽʂʊʀ ʋʇʈɸɺʃɯʅʅʗ ɽʂʆʃʆɻɯʏʅʆʖ ɹɽɿʇɽʂʆʖ 

ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆʅɽʅʊɯɺ ɺɯɼʍʆɼɯɺ ɽʃɽʂʊʈʀʏʅʆɻʆ ʊɸ ɽʃɽʂʊʈʆʅʅʆɻʆ 

ʆɹʃɸɼʅɸʅʅʗ (ɺɽɽʆ) ________________________________________________________  246 
ɭʚʛʝʥʽʡ ɻʨʝʯʘʥʶʢ, ɺʽʪʘʣʽʡ ɯʱʝʥʢʦ,  
1ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʚʫʣ. ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ, 95, ʤ. ɺʽʥʥʠʮʷ, 21000, 

ʋʢʨʘʾʥʘ  

ɿɸʉʊʆʉʋɺɸʅʅʗ ʋʃʔʊʈɸɿɺʋʂʆɺʀʍ ʂɸɺɯʊɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ 

ʆɹʈʆɹʂʀ ʈɯɼʀʅ ɿ ʄɽʊʆʖ ɿʅɽɿɸʈɸɾɽʅʅʗ ʊɸ ʆʏʀʑɽʅʅʗ ɺɯɼ ʄɽʍɸʅɯʏʅʀʍ 

ɼʆʄɯʐʆʂ____________________________________________________________________  250 
ʆʣʝʢʩʘʥʜʨ ʃʫʛʦʚʩʴʢʠʡ, ɸʥʜʨʽʡ ɿʽʣʽʥʩʴʢʠʡ, ɯʛʦʨ ɻʨʠʰʢʦ, ɸʣʽʥʘ ʐʫʣʴʛʘ,  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ" , ʤ.ʂʠʾʚ, ɹʝʨʝʩʪʝʡʩʴʢʠʡ ʧʨʦʩʧʝʢʪ, 37, 03056, ʋʢʨʘʾʥʘ  

ʊɽʍʅʆʃʆɻɯɰ ɺɯɼɽʆʉʇʆʉʊɽʈɽɾɽʅʅʗ ï ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʁ ɿɸʍʀʉʊ 
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ʉɽʂʎɯʗ 1  

çɽʅɽʈɻʆʆʑɸɼʅɯ ɿɸʉʆɹʀ ʄɽʍɸʅɯɿɸʎɯɰ ʇʈʆʎɽʉɯɺ 

ɺɯɼʅʆɺʃɽʅʅʗ ʆɹôɭʂʊɯɺ ɯ ʉʇʆʈʋɼè 
 

 

ʇɽʈɽɼʋʄʆɺʀ ʉʊɺʆʈɽʅʅʗ ʊɸ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ 

ɺɯɹʈɸʎɯʁʅʆɻʆ ʉʊʆʃɸ ɽʂʉʎɽʅʊʈʀʂʆɺʆ-ʄɸʗʊʅʀʂʆɺʆɻʆ ʊʀʇʋ 
 
ʊʘʨʘʩ ʉʚʠʱ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʘʰʠʥ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ1, 

ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ʧʨʦʬʝʩʦʨ, ʜ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʽʥʞʝʥʝʨʽʾ1 (ORCID: 0000-0003-1053-

8237), 

ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ1, 

ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ, Ph.D., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ1, 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ, 12, 79013, ʤ.ʃʴʚʽʚ, ʋʢʨʘʾʥʘ  

 

ɸʅʆʊɸʎɯʗ. ɺ ʤʘʪʝʨʽʘʣʘʭ ʧʫʙʣʽʢʘʮʽʾ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʧʝʨʝʜʫʤʦʚʠ ʪʘ ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ 

ʝʢʮʝʥʪʨʠʢʦʚʦ-ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʫ. ʆʧʠʩʘʥʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ, ʫ ʷʢʽʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʥʝʨʫʭʦʤʫ ʦʩʥʦʚʫ 

ʯʝʨʝʟ ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ (ʝʣʝʤʝʥʪʠ ʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʞʦʨʩʪʢʦʩʪʽ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ). ɺ 

ʢʦʨʧʫʩʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʚʦʜʥʠʡ ʚʘʣ, ʥʘ ʷʢʠʡ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʧʦʩʘʜʞʝʥʦ ʤʘʷʪʥʠʢ. ɺʘʣ ʯʝʨʝʟ 

ʧʝʣʶʩʪʢʦʚʫ ʤʫʬʪʫ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʚʽʜ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɿʘ ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʚʘʣʘ ʟ ʢʦʣʦʚʦʶ 

ʯʘʩʪʦʪʦʶ ʚʠʥʠʢʘʻ ʚʝʢʪʦʨ ʩʠʣʠ ʟʙʫʨʝʥʥʷ, ʱʦ ʽ ʧʨʠʚʦʜʠʪʴ ʢʦʣʠʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʚ ʨʫʭ. ʈʦʙʦʯʠʡ ʦʨʛʘʥ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʧʨʦʪʠʬʘʟʽ ʜʦ ʤʘʷʪʥʠʢʘ. ʈʦʟʨʦʙʣʝʥʠʡ ʚʽʙʨʦʩʪʽʣ ʝʢʮʝʥʪʨʠʢʦʚʦ-ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʫ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʚ ʨʫʭ ʚʘʣ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ; ʤʠʪʪʻʚʠʡ ʟʘʧʫʩʢ ʪʘ ʟʫʧʠʥʢʘ ʧʨʠʚʦʜʘ ʙʝʟ ʟʘʪʷʞʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ; 

ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ; ʙʝʟʧʝʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʪʦʣʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ.  
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ; ʚʽʙʨʘʮʽʡʥʠʡ ʩʪʽʣ; ʜʚʦʤʘʩʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ; ʽʥʝʨʮʽʡʥʽ ʪʘ ʞʦʨʩʪʢʽʩʪʥʽ 

ʧʘʨʘʤʝʪʨʠ; ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ; ʤʘʷʪʥʠʢ; ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 

 

ɺʩʪʫʧ. ɺʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʫʩʽʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʢʨʘʾʥʠ [1]. ɿʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʚʠʨʦʙʥʠʯʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʽʙʨʦʪʝʭʥʦʣʦʛʽʾ 

ʚʦʣʦʜʽʶʪʴ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ, ʘ ʪʦʤʫ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʭʦʜʷʪʴ ʥʘ ʟʘʤʽʥʫ 

ʪʨʘʜʠʮʽʡʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ. ʉʘʤʝ ʝʢʦʥʦʤʽʯʥʽ ʯʠʥʥʠʢʠ, ʚʠʩʦʢʘ ʚʠʨʦʙʥʠʯʘ ʜʦʮʽʣʴʥʽʩʪʴ, ʚʽʜʥʦʩʥʘ 

ʧʨʦʩʪʦʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʣʝʛʢʽʩʪʴ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʫʤʦʚʣʶʻ ʰʚʠʜʢʝ 

ʧʦʰʠʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʥʘʧʨʘʮʶʚʘʥʴ. ɼʣʷ ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʨʦʟʨʦʙʢʠ 50-ʛʝʨʮʦʚʠʭ ʜʝʙʘʣʘʥʩʥʠʭ ʚʽʙʨʦʩʪʦʣʽʚ 

ʟ ʛʘʙʘʨʠʪʘʤʠ ʧʦʚʝʨʭʥʽ ʩʪʦʣʘ ʚʽʜ 1200 900ʤʤ³  (ʨʠʩ. 1), ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʩʘʤʝ ʙʨʫʢʽʚʢʠ, ʦʙʣʠʮʶʚʘʣʴʥʦʾ ʧʣʠʪʢʠ, ʩʪʦʢʽʚ. ʇʝʨʝʜʙʘʯʫʚʘʣʦʩʴ, ʱʦ ʤʘʩʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʣʘ ʜʦ 250ʢʛ, ʤʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʩʫʪʦ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 0.3 ʤʤ (ʝʢʚʽʚʘʣʝʥʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ 3 g ʥʘ ʯʘʩʪʦʪʽ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ 

50 ɻʮ). 

ʅʘ ʧʦʯʘʪʢʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʛʦʪʦʚʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʜʚʦʤʘʩʦʚʦʛʦ ʨʝʟʦʥʘʩʥʦʛʦ ʚʽʙʨʦʩʪʦʣʘ 

ʟ ʜʝʙʘʣʘʥʩʥʠʤ ʧʨʠʚʦʜʦʤ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 1, ʘ, ʧʨʦʪʝ ʚʦʥʘ ʤʽʩʪʠʣʘ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ: ʚʽʜʥʦʩʥʘ 

ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʟʦʥʘʥʩʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʣʷ ʮʴʦʛʦ ʚʽʜʥʦʩʥʦ ʜʦʨʦʛʽ ʧʣʦʩʢʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟ ʜʚʦʤʘ ʢʦʣʠʚʘʣʴʥʠʤʠ ʤʘʩʘʤʠ ʽ 

ʫʪʚʦʨʶʚʘʪʠʤʫʪʴ ʨʝʟʦʥʘʥʩʥʫ ʢʦʣʠʚʘʣʴʥʫ ʩʠʩʪʝʤʫ. ʂʨʽʤ ʪʦʛʦ, ʥʘʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʽʜʩʠʣʝʥʥʷ ʢʦʣʠʚʘʥʴ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʥʝ ʫʩʫʚʘʻ ʙʦʢʦʚʝ ʪʘ ʢʫʪʦʚʝ ʟʙʫʨʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʘ. ʎʽ ʢʦʣʠʚʘʥʥʷ ʭʦʯʘ ʽ ʙʫʜʫʪʴ ʧʨʘʢʪʠʯʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʠʤʠ, ʧʨʦʪʝ ʻ ʥʝ ʙʘʞʘʥʠʤʠ ʚʟʘʛʘʣʽ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʚʘ ʤʦʪʦʨ-ʚʽʙʨʘʪʦʨʘ, ʱʦ ʦʙʝʨʪʘʪʠʤʫʪʴʩʷ ʥʘ 

ʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ, ʪʘ ʮʝ ʱʝ ʙʽʣʴʰʝ ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ, ʨʦʙʣʷʯʠ ʾʾ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʦʶ. 
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ɺʟʘʤʽʥ ʚʽʙʨʦʩʪʦʣʘ ʥʘ ʨʠʩ. 1, ʘ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʽʰʠʡ ʟʘ-

ʨʝʟʦʥʘʩʥʠʡ ʚʽʙʨʦʩʪʽʣ ʟ ʜʝʙʘʣʘʥʩʥʠʤ ʧʨʠʚʦʜʦʤ (ʨʠʩ. 1, ʙ), ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʘʨʝʥʽ ʤʦʪʦʨ-

ʚʽʙʨʘʪʦʨʠ, ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʽ ʷʢʠʭ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ ʽ ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʟʙʫʨʝʥʥʷ. ʇʨʦʪʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʽʚ ʟʜʦʨʦʞʯʫʻ 

ʢʦʥʩʪʨʫʢʮʽʶ. ʂʨʽʤ ʪʦʛʦ, ʟʤʽʥʘ ʤʘʩʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʤʽʥʘ ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʚʽʙʨʦʩʪʦʣʘ 

ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʙʘʞʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʽʜ ʯʘʩ ʷʢʠʭ ʚʠʥʠʢʘʪʠʤʫʪʴ ʙʦʢʦʚʽ ʪʘ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ.  

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʾ ʜʝʙʘʣʘʥʩʥʠʭ ʚʽʙʨʦʩʪʦʣʽʚ, ʱʦ ʨʦʟʨʦʙʣʷʣʠʩʴ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ  

ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò 

 

ʊʦʤʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʤʦʪʦʨ-ʚʽʙʨʘʪʦʨʽʚ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʚʽʙʨʦʩʪʦʣʘ ʧʨʠʡʰʣʦʩʴ 

ʚʽʜʤʦʚʠʪʠʩʴ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʫʪʦ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʩʪʽʣʘ ʚʠʨʽʰʝʥʦ ʙʫʣʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ 

ʙʘʟʽ ʦʜʥʦʛʦ ʤʦʪʦʨʘ-ʚʽʙʨʘʪʦʨʘ (ʨʠʩ. 1, ʚ), ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʧʣʠʪʽ, ʱʦ ʟôʻʜʥʘʥʘ ʟ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʛʥʫʯʢʠʤʠ ʩʪʨʠʞʥʷʤʠ. ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʪʘʢ, ʱʦʙ ʞʦʨʩʪʢʽʩʪʴ ʩʪʨʠʞʥʽʚ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʣʘ ʤʘʣʘ (ʧʦ ʩʫʪʽ ʩʪʨʠʞʥʽ ʧʨʘʮʶʶʪʴ ʷʢ ʚʽʙʨʦʽʟʦʣʷʪʦʨʠ). ʋ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʝʜʘʯʘ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʤʽʥʽʤʘʣʴʥʘ, ʘ ʦʪʞʝ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʙʦʢʦʚʽ ʪʘ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ. ʋ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʧʝʨʝʜʘʯʘ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ ʧʦʚʥʘ. ʇʨʦʪʝ, ʢʦʣʠʚʘʥʥʷ ʧʣʠʪʠ, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʤʦʪʦʨ-

ʚʽʙʨʘʪʦʨ, ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʥʘʯʥʽ ʽ ʥʘ ʾʾ ʧʨʠʚʝʜʝʥʥʷ ʚ ʨʫʭ ʚ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʥʝʦʙʭʽʜʥʦ 

ʟʘʪʨʘʯʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʩʧʽʚʤʽʨʥʫ ʟ ʪʦʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʚ ʨʫʭ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʥʝʦʙʭʽʜʥʦ ʟʘʪʨʘʯʘʪʠ ʢʽʣʦʚʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʧʘʨʘʟʠʪʥʠʡ ʨʫʭ. ʎʝ, ʙʝʟʫʤʦʚʥʦ, 

ʥʝʚʠʛʽʜʥʦ ʽ ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ. ʊʦʤʫ ʽ ʮʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʷʚʠʣʘʩʴ ʥʝ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʦʟʨʦʙʢʠ ʚʽʙʨʦʩʪʦʣʽʚ ʤʽʩʪʷʪʴ ʷʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʘʜʠ, ʷʢʽ ʚʘʨʪʦ ʫʩʫʥʫʪʠ. 

ɺʟʘʛʘʣʽ, ʜʝʙʘʣʘʥʩʥʽ ʚʽʙʨʦʤʘʰʠʥʠ ʚʦʣʦʜʽʶʪʴ ʥʠʟʢʦʶ ʥʝʜʦʣʽʢʽʚ, ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ: ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ ʪʘ 

ʟʫʧʠʥʢʠ ʚʽʙʨʦʤʘʰʠʥ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʙʨʦʽʟʦʣʷʪʦʨʘʭ ʽ ʫʪʚʦʨʶʶʪʴ ʪʠʤ ʩʘʤʠʤ ʦʜʥʦʤʘʩʦʚʫ 

ʤʝʭʘʥʽʯʥʫ ʢʦʣʠʚʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʜʝʙʘʣʘʥʩʘ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʨʝʟʦʥʘʥʩ, 

ʩʧʨʠʯʠʥʝʥʠʡ ʨʫʭʦʤ ʜʝʙʘʣʘʥʩʘ ʟ ʙʣʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ ʜʦ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʩʠʩʪʝʤʠ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ; ʟʥʘʯʥʠʡ ʯʘʩ ʚʠʭʦʜʫ ʥʘ ʥʦʤʽʥʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʟʽ ʩʪʘʥʫ ʩʧʦʢʦʶ ʽ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʫʧʠʥʢʠ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʧʨʠʤʫʩʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʘʙʦ ʞ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʩʘʤʦʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʽʙʨʦʟʙʫʜʥʠʢʽʚ; 

ʥʠʟʴʢʘ ʙʝʟʧʝʯʥʽʩʪʴ ʨʦʙʦʪʠ ʙʽʣʷ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤʠ ʜʝʙʘʣʘʥʩʘʤʠ, ʱʦ ʚʠʢʣʠʢʘʥʦ ʦʙʝʨʪʘʣʴʥʠʤ 

ʨʫʭʦʤ ʪʽʣ ʟʽ ʟʤʽʱʝʥʠʤʠ ʮʝʥʪʨʘʤʠ ʚʘʛʠ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝ ʩʢʘʟʘʥʝ, ʥʝʦʙʭʽʜʥʦ ʰʫʢʘʪʠ ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʦʩʪʦʣʽʚ ʙʝʟ 

ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʥʝʜʦʣʽʢʽʚ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʘʜʠ ʧʨʠʚʦʜʘ ʥʘ ʙʘʟʽ ʜʝʙʘʣʘʥʩʥʠʭ 

ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʽʚ, ʚʦʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʢʨʽʤ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʫ 

ʩʘʤʦʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽʩʥʫʻ ʱʝ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʧʨʷʤʣʝʥʦʛʦ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰʝ ʦʜʠʥ ʝʣʝʢʪʨʦʜʚʠʛʫʥ. ʊʘʢ, ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʧʨʷʤʣʝʥʽ ʢʦʣʠʚʘʥʥʷ ʤʦʞʥʘ ʟʘʚʜʷʢʠ 

ʧʨʠʤʫʩʦʚʽʡ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʨʫʭʫ ʜʝʙʘʣʘʥʩʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

  ʘ) 

   ʙ) 

  ʚ) 
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ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʥʴ (ʨʠʩ. 2). ʆʜʥʘʢ, ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʩʧʨʠʡʤʘʶʪʴ ʟʥʘʯʥʽ 

ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʨʫʡʥʫʚʘʥʥʷ. 

 
ʈʠʩ. 2. ɼʝʙʘʣʘʥʩʥʠʡ ʧʨʠʚʦʜ ʟ ʧʨʠʤʫʩʦʚʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʬʽʨʤʠ Vimec (ɯʪʘʣʽʷ) 

 

ɯʩʥʫʶʪʴ ʚʽʙʨʘʮʽʡʥʽ ʧʨʠʚʦʜʘ ʥʘ ʙʘʟʽ ʝʢʩʮʝʥʪʨʠʢʘ (ʨʠʩ. 3). ɺ ʪʘʢʠʭ ʤʘʰʠʥʘʭ ʯʘʩʪʢʦʚʦ ʫʩʫʚʘʶʪʴʩʷ 

ʥʝʜʦʣʽʢʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʟ ʜʝʙʘʣʘʥʩʥʠʤ ʧʨʠʚʦʜʦʤ, ʘ ʩʘʤʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʚʠʭʦʜʫ ʥʘ ʥʦʤʽʥʘʣʴʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʟʽ ʩʪʘʥʫ ʩʧʦʢʦʶ ʽ ʰʚʠʜʢʘ ʟʫʧʠʥʢʘ, ʟʥʘʯʥʦ ʚʠʱʘ ʙʝʟʧʝʯʥʽʩʪʴ ʨʦʙʦʪʠ ʙʽʣʷ ʪʘʢʦʛʦ 

ʚʽʙʨʦʦʙʣʘʜʥʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʙʘʣʘʥʩʥʠʤ ʧʨʠʚʦʜʦʤ. ɺ ʥʘʚʝʜʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʽ 

ʢʦʣʠʚʘʣʴʥʽ ʤʘʩʠ: ʘʢʪʠʚʥʫ ʽ ʨʝʘʢʪʠʚʥʫ, ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʚʦʶ ʰʘʪʫʥʦʤ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚʽʜ 

ʝʢʩʮʝʥʪʨʠʢʘ. ʅʘʧʨʷʤʣʝʥʠʡ ʨʫʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʧʣʦʩʢʠʭ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʚʘʞʽʣʴʥʠʭ 

ʧʽʜʚʽʩʦʢ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʫʟʣʠ, ʰʘʪʫʥ ʟôʻʜʥʫʻʪʴʩʷ 

ʚʽʣʴʥʠʤ ʢʽʥʮʝʤ ʜʦ ʢʦʣʠʚʘʣʴʥʦʾ ʤʘʩʠ ʯʝʨʝʟ ʛʫʤʦʚʽ ʘʙʦ ʚʠʪʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ. 

       
ʈʠʩ. 3. ʈʽʟʥʦʚʠʜʠ ʢʦʥʩʪʨʫʢʮʽʡ ʝʢʩʮʝʥʪʨʠʢʦʚʠʭ ʧʨʠʚʦʜʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʬʽʨʤʠ ʚʠʨʦʙʥʠʢʘ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  Carrier (ʉʐɸ) 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɯʜʝʻʶ, ʷʢʫ ʘʚʪʦʨʠ ʧʣʘʥʫʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ï ʮʝ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ, ʷʢʘ ʙ ʤʘʣʘ ʧʝʨʝʚʘʛʠ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʧʨʠʚʦʜʘ ʽ ʙʫʣʘ ʧʨʦʩʪʘ ʚ ʨʝʘʣʽʟʘʮʽʾ 

(ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʥʘʧʨʷʤʣʝʥʥʷ ʢʦʣʠʚʘʥʴ). ʇʦ ʩʫʪʽ, 

ʥʝʦʙʭʽʜʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚʝʨʪʠʢʘʣʴʥʠʡ ʥʘʧʨʷʤʣʝʥʠʡ ʨʫʭ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ 

ʚʽʙʨʦʩʪʦʣʘ, ʟʙʝʨʽʛʰʠ ʫʩʽ ʧʝʨʝʚʘʛʠ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʧʨʠʚʦʜʘ. 

ʆʧʠʩ ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ. ʅʘ ʨʠʩ. 4 ʧʦʜʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʝʢʩʮʝʥʪʨʠʢʦʚʦ-ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʫ. ʈʦʙʦʯʠʡ ʦʨʛʘʥ 1 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʥʝʨʫʭʦʤʫ ʦʩʥʦʚʫ ʯʝʨʝʟ ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ 2 (ʝʣʝʤʝʥʪʠ ʟ ʥʠʟʴʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʞʦʨʩʪʢʦʩʪʽ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ). ɺ ʢʦʨʧʫʩʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ 1 ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʨʠʚʦʜʥʠʡ ʚʘʣ 3, ʥʘ ʷʢʠʡ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ e ʧʦʩʘʜʞʝʥʦ ʤʘʷʪʥʠʢ 4. ɺʘʣ 3 ʯʝʨʝʟ ʧʝʣʶʩʪʢʦʚʫ 

ʤʫʬʪʫ 5 ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʚʽʜ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 6. ɿʘ ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʚʘʣʘ 

ʟ ʢʦʣʦʚʦʶ ʯʘʩʪʦʪʦʶ w ʚʠʥʠʢʘʻ ʚʝʢʪʦʨ ʩʠʣʠ ʟʙʫʨʝʥʥʷ 
0

F , ʱʦ ʽ ʧʨʠʚʦʜʠʪʴ ʢʦʣʠʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʚ ʨʫʭ. 

ʄʘʩʘ 
1

m  ʢʦʣʠʚʘʪʠʤʝʪʴʩʷ ʚ ʧʨʦʪʠʬʘʟʽ ʜʦ ʤʘʷʪʥʠʢʘ ʤʘʩʦʶ 
3

m .  
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                                                               ʘ)                                                                            ʙ) 

ʈʠʩ. 4. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʝʢʩʮʝʥʪʨʠʢʦʚʦ-ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʫ: ʚʠʛʣʷʜ ʟʙʦʢʫ (ʘ) ʪʘ 

ʩʧʝʨʝʜʫ (ʙ)  
 

ʇʦ ʩʫʪʽ, ʮʝ ʜʚʦʤʘʩʦʚʘ ʟʘʨʝʟʦʥʘʥʩʥʘ ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ. ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʮʝʥʪʨ ʤʘʩ ʤʘʷʪʥʠʢʘ 

ʦʧʫʱʝʥʠʡ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʥʘ 
23

H , ʧʝʨʝʜʘʚʘʥʥʷ ʟʫʩʠʣʣʷ ʥʘ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ, ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ï ʯʘʩʪʢʦʚʝ (ʱʦ ʥʠʞʯʝ 

ʦʧʫʱʝʥʠʡ ʮʝʥʪʨ ʤʘʩʠ ʤʘʷʪʥʠʢʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ, ʪʦ ʤʝʥʰʘ ʩʠʣʦʚʘ ʧʝʨʝʜʘʯʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ). ʂʫʪ ʚʽʜʭʠʣʝʥʥʷ g ʤʘʷʪʥʠʢʘ ʤʘʣʠʡ. 

ʆʩʥʦʚʥʝ ʥʘʰʝ ʟʘʚʜʘʥʥʷ ï ʧʽʜʽʙʨʘʪʠ ʚ ʢʦʤʧʣʝʢʩʽ ʽʥʝʨʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʦʭ ʢʦʣʠʚʘʣʴʥʠʭ ʤʘʩ, 

ʟʥʘʯʝʥʥʷ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. ʇʠʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦʙ ʥʘ ʯʘʩʪʦʪʽ 

ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʥ ʨʫʭʘʚʩʷ ʽʟ ʟʘʜʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʴ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʨʦʟʛʣʷʥʫʪʽ ʚ [2]. ɺ ʧʨʠʥʮʠʧʽ, ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʮʝʥʪʨʠʢʦʚʦ-ʤʘʷʪʥʠʢʦʚʦʛʦ 

ʧʨʠʚʦʜʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʨʫʭʫ ʢʦʣʠʚʘʣʴʥʠʭ ʤʘʩ.  

ʊʚʝʨʜʦʪʽʣʘ ʤʦʜʝʣʴ ʚʽʙʨʦʩʪʦʣʘ. ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʣʝʥʘ ʪʚʝʨʜʦʪʽʣʘ ʤʦʜʝʣʴ ʚʽʙʨʦʩʪʦʣʘ (ʨʠʩ. 5) ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʪʚʦʨʶʶʪʴ ʟʘʢʣʘʜʝʥʫ 

ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʜʝʶ.  

 
ʈʠʩ. 5. ʇʨʦʩʪʦʨʦʚʘ ʤʦʜʝʣʴ ʚʽʙʨʦʩʪʦʣʘ 

 

ɺʩʪʘʥʦʚʠʤʦ ʟʥʘʯʝʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʘʣʴʥʠʭ ʤʘʩ ʚʽʙʨʦʩʪʦʣʘ. ʊʘʢ, ʤʘʩʘ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʘ ʨʘʟʦʤ ʟ ʚʫʟʣʘʤʠ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʷʢ ʦʜʥʝ ʮʽʣʝ ʟ ʥʠʤ, ʟʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ, 

ʩʪʘʥʦʚʠʪʴ 293.2
ʨʦ

m ʢʛ= . 

ʅʝʦʙʭʽʜʥʫ ʤʘʩʫ ʤʘʷʪʥʠʢʘ ʚʩʪʘʥʦʚʣʶʻʤʦ ʟ ʪʘʢʠʭ ʤʽʨʢʫʚʘʥʴ. ʇʝʨʝʜʙʘʯʝʥʦ, ʱʦ ʨʦʙʦʯʠʡ ʦʨʛʘʥ 

ʧʨʠʚʦʜʠʪʠʤʝʪʴʩʷ ʚʽʜ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 2850 /
ʝʣ

n ʦʙ ʭʚ=  (

1200 900 
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298 /ʨʘʜ ʩW= ) ʽ ʧʨʘʮʶʚʘʪʠʤʝ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ 3x= , ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʨʽʜʢʠʭ ʪʘ 

ʥʘʧʽʚʨʽʜʢʠʭ ʙʝʪʦʥʦʩʫʤʽʰʝʡ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʪʘʥʦʚʠʪʠʤʝ [3] 

1 2 2

3 9.81
0.00033 0.33

298

g
X ʤ ʤʤ
x Ö
= = = =
W

.     (1) 

ʇʨʠʡʤʘʻʤʦ, ʱʦ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʥʘ ʚʘʣʫ 1ʤʤe= . ʉʝʨʝʜʥʷ ʤʘʩʘ ʟʘʚʘʥʪʘʞʝʥʥʷ 100
ʟʘʚ

m ʢʛ= . ɰʾ 

ʯʘʩʪʢʘ, ʱʦ ʫʤʦʚʥʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʩʪʘʥʦʚʠʪʴ 

0.2
ʧʨ

k = , ʘ ʦʪʞʝ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʘʩʘ 
1

m  ʩʪʘʥʦʚʠʪʠʤʝ 

1
293.2 0.2 100 313.2

ʨʦ ʧʨ ʟʘʚ
m m k m ʢʛ= + = + Ö = .    (2) 

ʆʪʞʝ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ 
1

0.33X ʤʤ=  ʤʘʩʘ ʤʘʷʪʥʠʢʘ (ʤʘʩʘ 
3

m) ʧʦʚʠʥʥʘ 

ʜʦʨʽʚʥʶʚʘʪʠ 

1 1

3

1

0.00033 313.2
154 .

0.001 0.00033

X m
m ʢʛ

Xe

Ö
= = =
- -

     (3) 

ʊʘʢʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʤʘʩʠ ʤʘʷʪʥʠʢʘ ʽ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʦʩʪʦʣʘ. ɿʥʠʟʫ ʥʘ ʤʘʷʪʥʠʢ 

ʚʩʪʘʥʦʚʣʝʥʦ ʰʽʩʪʴ ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʧʣʠʪ, ʟʤʽʥʦʶ ʢʽʣʴʢʦʩʪʽ ʷʢʠʭ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʘʤʧʣʽʪʫʜʫ 

ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ. ʂʦʞʥʘ ʟ ʧʣʠʪ ʤʘʩʦʶ 10
ʧʣ

m ʢʛ= . ʆʪʞʝ, ʤʘʩʘ ʤʘʷʪʥʠʢʘ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ 

ʚʽʜ 
3

154m ʢʛ=  ʜʦ 
3

94m ʢʛ= , ʘ ʪʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʟ 3x=  

(
1

0.33X ʤʤ= ) ʜʦ  

3

1

1 3

0.001 94
0.23

313.2 94

m
X ʤʤ

m m

e Ö
= = =

+ +
   ʪʦʙʪʦ   2x= .   (4) 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟ ʯʠʤ ʤʝʥʰʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʧʨʘʮʶʚʘʪʠʤʝ ʚʽʙʨʦʩʪʽʣ, ʪʠʤ ʙʽʣʴʰʠʡ ʡʦʛʦ 

ʨʝʩʫʨʩ ʨʦʙʦʪʠ. ɺʠʩʦʪʫ ʤʘʷʪʥʠʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʝʘʣʽʟʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ. ʏʠʤ ʙʽʣʴʰʘ 

ʚʦʥʘ, ʪʠʤ ʤʝʥʰʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ.  

ʈʦʟʨʘʭʫʥʦʢ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ. ʉʘʤʝ ʤʘʩʘ 
3

154m ʢʛ=  ʤʘʷʪʥʠʢʘ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ ʥʘ ʚʘʣʫ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ 1ʤʤe= , ʽ ʛʝʥʝʨʫʻ ʛʘʨʤʦʥʽʡʥʝ ʟʙʫʨʶʚʘʣʴʥʝ ʟʫʩʠʣʣʷ, ʱʦ ʽ ʧʨʠʚʦʜʠʪʴ ʫ ʨʫʭ 

ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘʡʥʘʚʘʥʪʘʞʝʥʽʰʽ ʜʝʪʘʣʽ ï 

ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ ʪʘ ʧʽʜʰʠʧʥʠʢʠ. ɸʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʜʽʻ ʥʘ ʚʘʣ, ʚʩʪʘʥʦʚʣʶʻʤʦ ʟʘ ʽʥʝʨʮʽʡʥʠʤʠ ʩʠʣʘʤʠ ʚʽʜ ʨʫʭʫ ʢʦʣʠʚʘʣʴʥʠʭ 

ʤʘʩ, ʘ ʩʘʤʝ 
2 2

0 1 1
0.00033 313.2 298 9178F X m H= W = Ö Ö = .    (5) 

ʊʘʢʠʡ ʩʘʤʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʯʝʨʝʟ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ʤʘʩʠ 
3

m . ʊʘʢ, ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ 
3

X  ʩʪʘʥʦʚʠʪʴ 

1

3

1 3

0.001 313.2
0.00067 0.67

313.2 154

m
X ʤ ʤʤ

m m

e Ö
= = = =

+ +
   (6) 

ʘʙʦ ʞ  

3 1
0.001 0.00033 0.00067 0.67X X ʤ ʤʤe= - = - = = ,   (7) 

ʘʙʦ ʞ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʪʘ ʤʘʷʪʥʠʢ ʟʨʽʚʥʦʚʘʞʫʶʪʴ ʩʝʙʝ, ʧʨʠʯʦʤʫ ʾʭ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ʜʦ ʽʥʝʨʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʤʘʩ, 

ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ 
3

X  ʤʦʞʥʘ ʟʥʘʡʪʠ ʷʢ 

3 1 1 3
/ 0.00033 313.2 /154 0.00067 0.67X X m m ʤ ʤʤ= = Ö = = .  (8) 

ʆʪʦʞ, ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ 
3

X  ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ 
0

F  

2 2

0 3 3
0.00067 154 298 9162

iʥ
F F X m H= = W = Ö Ö =,    (9) 
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ʘ ʧʦʭʠʙʢʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ 
0

F  ʩʧʨʠʯʠʥʝʥʘ ʣʠʰʝ ʪʦʯʥʽʩʪʶ ʧʽʜʩʪʘʚʣʝʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ. 

ʇʘʨʘʤʝʪʨ 
0

F  ʟʤʽʥʶʻʪʴʩʷ ʛʘʨʤʦʥʽʡʥʦ, ʩʧʨʠʯʠʥʷʶʯʠ ʟʥʘʢʦʟʤʽʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣ. 

ʈʦʟʨʦʙʠʚʰʠ ʚʘʣ, ʟʽʤʽʪʫʚʘʚʰʠ ʡʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʘʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʘʩʠ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ, ʪʘ ʥʘʚʘʥʪʘʞʠʚʰʠ ʡʦʛʦ ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʫʩʠʣʣʷʤ 
0

9178F H=  ʚ ʤʽʩʮʷʭ ʢʨʽʧʣʝʥʥʷ 

ʤʘʷʪʥʠʢʘ, ʙʘʯʠʤʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʚʘʣʘ (ʨʠʩ. 6) 
max

82ʄʇʘs =  ʽ ʻ 

ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʣʝʡ 45, 40ʍ, 45ʍ ʪʦʱʦ. 

 
ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʚʘʣʘ ʥʘ ʤʽʮʥʽʩʪʴ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʜʫʢʪʽ SolidWorks 

 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʩʪʽʣ ʝʢʮʝʥʪʨʠʢʦʚʦ-ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʫ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, 

ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʚ ʨʫʭ ʚʘʣ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ. ɻʦʨʠʟʦʥʪʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʤʽʥʽʤʘʣʴʥʘ; ʤʠʪʪʻʚʠʡ ʟʘʧʫʩʢ ʪʘ ʟʫʧʠʥʢʘ ʧʨʠʚʦʜʘ ʙʝʟ ʟʘʪʷʞʥʠʭ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ; ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ; ʙʝʟʧʝʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽʡ 

ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʭ ʤʘʩ (ʜʝʙʘʣʘʥʩʽʚ). 

ʄʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʝʢʮʝʥʪʨʠʢʦʚʦ-

ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʫ ʻ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʮʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʝ ʟʘʩʚʽʜʯʫʻ ʚʝʣʠʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʚʽʙʨʦʤʘʰʠʥʠ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

 

1. Nazarenko, I.I. (2010). Prykladni zadachi teorii vibratsiinykh system: Navchalnyi posibnyk [Applied problems of the theory 

of vibration systems. Textbook]. (2-he vyd.). Kyiv: Vydavnychyi Dim çSlovoè [in Ukrainian]. 

2. Lanets, O. S., Dmytriv, V. T., Borovets, V. M., Derevenko, I. A. & Horodetskyy I.M.  (2020). Analytical model of the two-

mass above resonance system of the eccentric-pendulum type vibration table. International Journal of Applied Mechanics 

and Engineering, Vol. 25, ˉ 4, 116ï129. http://dx.doi.org/10.2478/ijame-2020-0053  

3. Lanets. O. (2018) Osnovy rozrakhunku ta konstruiuvannia vibratsiinykh mashyn: navchalnyi posibnyk. [Fundamentals of 

Analysis and Design of Vibratory Machines: tutorial]. Lviv: Lviv Polytechnic Publishing House. 

https://vlp.com.ua/node/19256  [in Ukrainian]. 
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ʇɯɼʍɯɼ ʋ ʄʆɼɽʈʅɯɿɸʎɯɰ ɺɯɹʈɸʎɯʁʅʆɻʆ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ 

ʆɹʃɸɼʅɸʅʅʗ ɿ ɯʅɽʈʎɯʁʅʀʄ ʇʈʀɺʆɼʆʄ 
 
ɯʚʘʥ ʂʦʣʦʜʽʡ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʘʰʠʥ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ1, 

ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ʧʨʦʬʝʩʦʨ, ʜ. ʪ. ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʽʥʞʝʥʝʨʽʾ1 (ORCID: 0000-0003-1053-

8237), 

ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ, ʜʦʮʝʥʪ, ʢ. ʪ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ1, 

ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ, Ph. D., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ1, 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ, 12, 79013, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ  

 

ɸʅʆʊɸʎɯʗ. ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʘʢʽ ʤʘʰʠʥʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʝʥʝʨʛʦʤʽʩʪʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʻ ʤʝʪʘʣʦʻʤʢʠʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝ ʧʨʦʩʪʠʤʠ. ɺʩʝ ʮʝ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʚʘʨʪʦʩʪʽ ʩʘʤʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʦʤʫ, ʥʘʜʟʚʠʯʘʡʥʦ ʨʝʥʪʘʙʝʣʴʥʦ, ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʢʦʰʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʙʘʟʽ ʥʘʷʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʟʨʘʟʢʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʠʡ ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ, ʨʦʟʚʠʥʝʥʦ ʽʥʞʝʥʝʨʥʫ 

ʤʝʪʦʜʠʢʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʦʤʘʰʠʥ ʥʘ ʙʘʟʽ ʽʥʝʨʮʽʡʥʦʛʦ ʧʨʠʚʦʜʘ. ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʨʥʽʟʦʚʫʚʘʪʠ ʦʜʥʦ- ʪʘ ʜʚʦʤʘʩʦʚʝ ʨʝʟʦʥʘʥʩʥʝ ʚʽʙʨʘʮʽʡʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ, 

ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷʤʠ ʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʤʽʞʨʝʟʦʥʘʥʩʥʽ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʚʽʜʢʨʠʚʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʛʦ ʚʽʙʨʦʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʤʽʩʪʢʠʭ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʣʠʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ; ʜʝʙʘʣʘʥʩʥʠʡ ʧʨʠʚʦʜ; ʨʝʟʦʥʘʥʩʥʽ ʪʘ ʤʽʞʨʝʟʦʥʘʥʩʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ; ʽʥʝʨʮʽʡʥʽ ʪʘ ʞʦʨʩʪʢʽʩʪʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ; ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ɺʩʪʫʧ. ʋ ʧʨʽʦʨʠʪʝʪʥʠʭ ʜʣʷ ʥʘʰʦʾ ʢʨʘʾʥʠ ʛʘʣʫʟʷʭ ʘʚʽʘʮʽʡʥʦʾ, ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ, ʙʫʜʽʚʝʣʴʥʦʾ, 

ʛʽʨʥʠʯʦʾ, ʭʽʤʽʯʥʦʾ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʪʘ ʧʦʪʫʞʥʽ 

ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʠʧʦʤ ʧʨʠʚʦʜʫ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʪʘʢʠʭ ʤʘʰʠʥ ʻ ʽʥʝʨʮʽʡʥʠʡ 

ʥʘ ʦʩʥʦʚʽ ʜʝʙʘʣʘʥʩʥʠʭ ʚʽʙʨʦʟʙʫʜʥʠʢʽʚ ʟʘʚʜʷʢʠ ʾʭ ʢʦʤʧʘʢʪʥʦʩʪʽ ʧʨʠ ʚʝʣʠʢʽʡ ʟʙʫʨʶʚʘʣʴʥʽʡ ʩʠʣʽ, 

ʚʽʜʥʦʩʥʽʡ ʣʝʛʢʦʩʪʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʧʨʦʩʪʦʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ [1].  

ʆʩʥʦʚʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ 

ʱʝ ʚ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ. ʍʦʯʘ ʨʦʟʚʠʥʝʥʽ ʥʘʫʢʦʚʽ ʧʽʜʭʦʜʠ ʮʽʣʢʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʰʠʨʦʢʦʛʦ 

ʢʣʘʩʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʦʥʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʝʥʝʨʛʦʤʽʩʪʢʠʤ (ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʦʤ ï ʚʽʜ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʢɺʪ), ʘ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʩʪʘʨʽʣʠʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʤʘʪʠʤʝ 

ʟʘʛʘʣʴʥʦʤʘʩʰʪʘʙʥʠʡ ʭʘʨʘʢʪʝʨ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʝʨʝʦʩʥʘʱʝʥʥʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʚʠʨʦʙʥʠʮʪʚ ʽ ʜʘʩʪʴ 

ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʫ ʤʝʞʘʭ ʢʨʘʾʥʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʧʽʜ ʯʠʤ 

ʨʦʟʫʤʽʪʠʤʝʤʦ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʠʭ ʟʘʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʘ ʥʘ ʧʨʠʚʝʜʝʥʥʷ ʚ ʨʫʭ ʤʝʭʘʥʽʯʥʦʾ 

ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (ʄʂʉ) ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʽʙʨʦʦʙʣʘʜʥʘʥʥʷ [2]. ʊʦʤʫ, ʥʘʜʟʚʠʯʘʡʥʦ ʨʝʥʪʘʙʝʣʴʥʦ, ʥʝ ʚʠʪʨʘʯʘʪʠ ʢʦʰʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʤʦʜʝʨʥʽʟʦʚʫʚʘʪʠ ʙʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʝʨʝʚʦʜʷʯʠ ʾʭ ʫ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ (ʝʥʝʨʛʦʦʱʘʜʥʽ) ʟʨʘʟʢʠ ʚʽʙʨʦʤʘʰʠʥ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽʥʝʨʮʽʡʥʦ-ʞʦʨʩʪʢʽʩʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʦʢʣʘʜʝʥʠʡ ʚ ʦʩʥʦʚʫ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʟʦʥʘʥʩʥʠʭ ʚʽʙʨʦʤʘʰʠʥ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ, ʚʠʙʨʘʥʦ 

ʤʝʪʦʜ, ʥʘʚʝʜʝʥʠʡ ʚ [3]. ʎʝʡ ʧʽʜʭʽʜ ʫ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʠʭ ʄʂʉ ʥʘʙʫʜʝ ʷʢʽʩʥʦ ʥʦʚʫ ʟʜʘʪʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠ ʚʠʩʦʢʠʡ ʜʠʥʘʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʫ ʤʽʞʨʝʟʦʥʘʥʩʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʞʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʧʨʠʚʦʜʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ [3], ʨʦʟʚʠʥʫʪʠ ʽʥʞʝʥʝʨʥʫ 

ʤʝʪʦʜʦʣʦʛʽʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʟʦʥʘʥʩʥʠʭ ʚʽʙʨʦʤʘʰʠʥ ʥʘ ʙʘʟʽ ʽʥʝʨʮʽʡʥʦʛʦ 

ʧʨʠʚʦʜʘ.  ʂʦʨʦʪʢʦ ʦʢʨʝʩʣʠʤʦ ʜʘʥʠʡ ʤʝʪʦʜ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʨʦʟʨʘʭʫʥʢʫ ʤʽʞʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʗʢ ʜʦʩʣʽʜʞʫʚʘʥʫ ʄʂʉ ʚʟʷʪʦ ʪʨʠʤʘʩʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 1), ʚ ʷʢʽʡ ʨʝʘʣʽʟʦʚʘʥʽ 

ʧʨʷʤʦʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʽ ʜʠʥʘʤʽʢʘ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʨʠʤʘʩʦʚʦʶ ʩʭʝʤʦʶ. ɸʢʪʠʚʥʘ 1, ʧʨʦʤʽʞʥʘ 

2 ʪʘ ʨʝʘʢʪʠʚʥʘ 3 ʤʘʩʠ ʟ ʽʥʝʨʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ 
a

m , 
ʧ

m  ʪʘ 
ʨ

m  ʟʜʽʡʩʥʶʶʪʴ 

ʧʨʷʤʦʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚʟʜʦʚʞ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ x  ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜʧʦʚʽʜʥʦ 
1

x , 

2
x  ʪʘ 

3
x . ɸʢʪʠʚʥʘ ʤʘʩʘ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʟʘʚʜʷʢʠ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʟʙʫʨʝʥʥʶ ʚʽʜ ʧʨʦʤʽʞʥʦʾ ʤʘʩʠ. 

ɿʙʫʨʝʥʥʷ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ 

() ( )sinp t P tw e= +  (ʪʫʪ P  ï ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ; t  ï ʯʘʩ; e ï ʟʩʫʚ ʬʘʟ 

ʩʠʣʘïʧʝʨʝʤʽʱʝʥʥʷ), ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ. ɸʢʪʠʚʥʘ ʪʘ ʧʨʦʤʽʞʥʘ, ʧʨʦʤʽʞʥʘ ʪʘ 

ʨʝʘʢʪʠʚʥʘ ʤʘʩʠ ʧʦʧʘʨʥʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʨʫʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʜʧʦʚʽʜʥʦ 4 ʪʘ 5 ʽʟ ʞʦʨʩʪʢʦʩʪʷʤʠ 

1
c  ʪʘ 

2
c  ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ, ʱʦ ʥʘ ʨʠʩ. 1 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʽ ʫ ʚʠʛʣʷʜʽ ʚʠʪʠʭ ʧʨʫʞʠʥ. ʄʂʉ 

ʚʽʙʨʦʤʘʰʠʥʠ ʚʩʪʘʥʦʚʣʝʥʘ ʯʝʨʝʟ ʧʨʦʤʽʞʥʫ ʤʘʩʫ ʥʘ ʚʽʙʨʦʽʟʦʣʷʪʦʨʠ 6 ʞʦʨʩʪʢʽʩʪʶ 
ʽʟ

c .  

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʄʂʉ ʪʨʠʤʘʩʦʚʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʜʝʙʘʣʘʥʩʥʠʤ ʚʽʙʨʦʟʙʫʜʥʠʢʦʤ 

 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ 3 ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʚʟʜʦʚʞ ʦʩʽ y ) 

ʧʽʜ ʜʽʻʶ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʾ ʤʘʩʠ ʜʝʙʘʣʘʥʩʫ 
ʜ

m  ʥʝʟʥʘʯʥʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ ʤʘʷʪʥʠʢʦʚʦʾ 

ʧʽʜʚʽʩʢʠ, ʷʢʘ ʧʨʘʢʪʠʯʥʦ ʥʽʚʝʣʶʻ ʚʧʣʠʚ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʆʪʞʝ, 

ʧʦʢʣʘʜʘʻʤʦ, ʱʦ ʥʘ ʨʝʘʢʪʠʚʥʫ ʤʘʩʫ 3 ʜʽʻ ʩʠʥʫʩʦʾʜʘʣʴʥʝ ʟʙʫʨʶʚʘʣʴʥʝ ʟʫʩʠʣʣʷ ʣʠʰʝ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ (ʚʟʜʦʚʞ ʦʩʽ x), ʟʥʝʭʪʫʚʘʚʰʠ ʨʫʭʦʤ ʧʦ ʢʦʣʫ ʟ ʯʘʩʪʦʪʦʶ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ w 

ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʾ ʤʘʩʠ 
ʜ

m  ʥʘ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽ r. ʂʦʝʬʽʮʽʻʥʪʘʤʠ ʜʠʩʠʧʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʭʪʫʻʤʦ. 

ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʟʘ ʣʽʥʽʡʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʣʷ ʪʨʠʤʘʩʦʚʦʾ ʄʂʉ 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 

( )

( ) ( )

( ) ( )

1 1 1 2

ʧ 2 1 2 1 2 2 3 2

ʨ 3 2 3 2

0;

0;

sin .

a

ʽʟ

m x c x x

m x c x x c x x c x

m x c x x P tw e

ë + - =
î

+ - + - + =ì
î + - = Ö +í

   (1) 

ɺʠʨʘʟʠ ʜʣʷ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʤʘʩ ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʦʾ 
1

X , ʧʨʦʤʽʞʥʦʾ 
2

X  ʪʘ ʨʝʘʢʪʠʚʥʦʾ 
3

X  ʚ 

ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʘʭ ʟʚʝʜʫʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ: 

 
1 12 23

/X P k k D=- Ö ;  
2 11 23

/X P k k D= Ö ; ( )3 12 21 22 11
/X P k k k k D=- Ö - + ,  (2) 

 

11 cc x=  

am
 

nm
 

pm
 

1 

2 

3 

4 

5 

()tppx=  

ʽʟc
 

3x
 

1x
 

2x
 

w 

p
 

x  

y  

ʜm
 

r
 

11 cc y>>  

22 cc x=  

22 cc y>>  
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ʜʝ 
12 21 33 11 22 33 11 23 32

D k k k k k k k k k= - + ; 2

11 1 a
k c mw= - ; 2

22 1 2 ʽʟ ʧ
k c c c mw= + + - ; 2

33 2 p
k c mw= - ; 

12 21 1
k k c= =-; 

13
0k = ; 

23 32 2
k k c= =-; 

31
0k = . ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʣʴʥʠʡ ʟʥʘʤʝʥʥʠʢ ʫ ʚʠʨʘʟʘʭ (2) 

(ʜʝʪʝʨʤʽʥʘʥʪ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1)), ʟʥʝʭʪʫʚʘʚʰʠ ʜʠʩʠʧʘʮʽʻʶ ʚ ʩʠʩʪʝʤʽ ʪʘ ʞʦʨʩʪʢʽʩʪʶ 
ʽʟ

c : 

 ( )( )( )( ) ( )2 2 2 2 2 2 2

1 1 2 2 1 2 1 2
,

a ʧ p a p
c m c c m c m c m c c c mw w w w w- - + - - + - + -   (3) 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ 4 ʪʘ 5 (ʨʠʩ. 1), ʟʘʜʦʚʦʣʴʥʠʚʰʠ 

ʫʤʦʚʫ ʨʝʟʦʥʘʥʩʫ. ʊʘʢ, ʞʦʨʩʪʢʽʩʪʴ 
2

c  ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ (3), ʧʨʠʨʽʚʥʷʚʰʠ ʡʦʛʦ 

ʜʦ ʥʫʣʷ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʦʥʘʥʩʥʝ ʥʘʣʘʛʦʜʞʝʥʥʷ z  ʄʂʉ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʟʥʘʯʝʥʥʷ w ʥʘ zw : 

 

2

2 p
c m

z

w
h

å õ
= æ ö

ç ÷
,   (4) 

ʜʝ h ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʥʘʟʠʚʘʪʠʤʝʤʦ ʯʘʩʪʢʦʶ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ 
2

c , ʱʦ ʤʘʪʝʤʘʪʠʯʥʦ ʚʽʥ ʩʦʙʦʶ ʽ ʷʚʣʷʻ: 

 

( )

( ) ( )

2

1

2

1

a n a n

a n p a n p

m m c m m
z

m m m c m m m
z

w

h
w

å õ
- +æ ö

ç ÷=
å õ

+ - + +æ ö
ç ÷

.   (5) 

ʅʘʜʘʣʽ ʧʘʨʘʤʝʪʨʦʤ h ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʜʘʻʤʦʩʴ, ʧʨʠʯʦʤʫ [ )0 1hÍ . ɯʟ ʚʠʨʘʟʫ (5) ʚʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 
1

c : 

 
( )

( )( )

2

1

1

1

p ʧ

a

a ʧ p

m m
c m

z m m m

h hw

h h

å õ+ -å õ
= æ öæ öæ ö- + +ç ÷ç ÷

.   (6) 

ɸʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (4) ʪʘ (6), ʱʦ ʧʦʚôʷʟʘʥʽ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ h, ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʤʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʨʠʤʘʩʦʚʦʾ ʄʂʉ ʽ ʬʽʢʩʫʶʪʴ ʜʨʫʛʫ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ 
2ʚ
w  ʩʠʩʪʝʤʠ 

ʟʽ ʟʥʘʯʝʥʥʷʤ / zw , ʘ ʧʝʨʰʘ 
1ʚ
w  ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʟʥʘʯʝʥʥʷ h, 

ʷʢʝ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻ ʽʥʝʨʮʽʡʥʦ-ʞʦʨʩʪʢʽʩʪʥʽ ʧʘʨʘʤʝʪʨʠ ʄʂʉ. ɿʙʫʨʝʥʥʷ ʞ ʩʠʩʪʝʤʠ ʥʘ ʯʘʩʪʦʪʽ w 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʽʞʨʝʟʦʥʘʥʩʥʽʡ ʟʦʥʽ, ʧʨʠʯʦʤʫ 
1 2ʚ ʚ
w w w< <  (ʨʠʩ. 3). 

ʋʤʦʚʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʬʘʟʥʠʭ ʢʦʣʠʚʘʥʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʨʝʘʢʪʠʚʥʘ ʤʘʩʘ 3 (ʨʠʩ. 1), 

ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʩʠʣʦʚʦʤʫ ʟʙʫʨʝʥʥʽ, ʨʫʭʘʪʠʤʝʪʴʩʷ ʷʢ ʦʜʥʝ ʮʽʣʝ ï ʩʠʥʬʘʟʥʦ ʨʘʟʦʤ ʟ ʧʨʦʤʽʞʥʦʶ, ʪʦʙʪʦ 

ʾʭʥʽ ʢʦʣʠʚʘʥʥʷ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ ʷʢ ʟʘ ʘʤʧʣʽʪʫʜʦʶ (
2 3

X X= ), ʪʘʢ ʽ ʟʘ ʟʩʫʚʦʤ ʬʘʟ (
2 3
e e= ) ʚʽʜʥʦʩʥʦ 

ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ P . ʎʷ ʫʤʦʚʘ ʥʝʦʙʭʽʜʥʘ ʧʽʜ ʯʘʩ ʷʢʦʤʦʛʘ ʙʣʠʞʯʦʛʦ ʟʚʝʜʝʥʥʷ ʜʚʦʭ 

ʨʝʟʦʥʘʥʩʥʠʭ ʧʽʢʽʚ, ʘ ʩʘʤʝ ʧʝʨʰʦʛʦ ʥʝʨʦʙʦʯʦʛʦ ʜʦ ʜʨʫʛʦʛʦ ʨʦʙʦʯʦʛʦ. ʎʝ, ʚʣʘʩʥʝ, ʽ ʦʙʫʤʦʚʣʶʻ ʷʚʠʱʝ 

ʥʘʢʣʘʜʘʥʥʷ ʨʝʟʦʥʘʥʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʥʘʤʽʯʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʫʤʦʚʠ ʧʨʠʨʽʚʥʷʚʰʠ ʜʨʫʛʠʡ ʪʘ ʪʨʝʪʽʡ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2), 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʥʘʡʨʘʮʽʦʥʘʣʴʥʽʰʝ, ʽʥʝʨʮʽʡʥʝ ʟʥʘʯʝʥʥʷ 
p

m  ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ 

(4) ʪʘ (6): 

 
( )( )( )( )

( )

2

2

1 1

1

n a n

p

n a

m m m z
m

m z m

h

h

è ø- + -
ê ú=
è ø- +ê ú

.   (7) 

ɺʚʝʜʝʤʦ ʧʘʨʘʤʝʪʨ D, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʥʘʤʽʯʥʦʩʪʽ (ʘʙʦ ʞ 
ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ) ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʚʽʜʥʦʩʥʦ ʨʝʟʦʥʘʥʩʥʠʭ ʜʚʦʤʘʩʦʚʠʭ ʽʟ ʽʥʝʨʮʽʡʥʠʤ 

ʟʙʫʨʝʥʥʷʤ ʚʽʜ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ. ʇʦ ʩʫʪʽ, ʧʘʨʘʤʝʪʨʠ D  ʽ ʻ ʧʦʢʘʟʥʠʢʘʤʠ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʧʨʦʧʦʨʮʽʡʥʦ ʟʥʠʞʫʻ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʧʨʠʚʦʜʘ. ʊʘʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʘʣʽʪʠʯʥʠʡ ʟʘʧʠʩ ʜʣʷ ʧʘʨʘʤʝʪʨʘ D, ʦʪʨʠʤʘʚʰʠ ʡʦʛʦ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʰʦʛʦ ʚʠʨʘʟʫ ʩʠʩʪʝʤʠ (2) ʜʦ ʚʠʨʘʟʫ 2 2

1
( (1 )( ))

a n
X P z m mw= - + , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʜʚʦʤʘʩʦʚʠʤ ʩʠʩʪʝʤʘʤ ʟʽ ʟʙʫʨʝʥʥʷʤ ʚʽʜ ʦʜʥʽʻʾ ʤʘʩʠ, ʷʢ ʮʝ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʦʥʘʥʩʥʠʭ ʜʚʦʤʘʩʦʚʠʭ 

ʄʂʉ ʟ ʽʥʝʨʮʽʡʥʠʤ ʟʙʫʨʝʥʥʷʤ ʚʽʜ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ (ʨʠʩ. 2, ʘ), ʚʨʘʭʦʚʫʶʯʠ (7), ʚʩʪʘʥʦʚʣʶʻʤʦ ʚʠʨʘʟ 



 

23 
 

ʜʣʷ ʯʘʩʪʢʠ ʞʦʨʩʪʢʦʩʪʽ h:  

 
( ) ( )21 1

a

n a

m D

m z m D
h=

- + +
.   (8) 

ʈʦʟʨʦʙʣʝʥʥʷ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʥʘ ʙʘʟʽ ʽʥʝʨʮʽʡʥʦʛʦ ʧʨʠʚʦʜʘ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʜʚʘ ʚʠʧʘʜʢʠ: ʘ) ʨʝʟʦʥʘʥʩʥʘ ʜʚʦʤʘʩʦʚʘ ʄʂʉ (ʨʠʩ. 2, ʘ); ʙ) ʦʜʥʦʤʘʩʦʚʘ ʨʝʟʦʥʘʥʩʥʘ ʄʂʉ (ʨʠʩ. 2, ʙ), 

ʱʦ ʧʨʘʮʶʻ ʥʘ ʥʠʟʴʢʽʡ ʚʠʤʫʰʝʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʥʘʣʘʛʦʜʞʝʥʘ ʥʘ ʙʽʣʷʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ, ʜʝ 

ʬʫʥʢʮʽʶ ʨʝʟʦʥʘʥʩʥʠʭ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʦʧʦʨʥʽ ʧʨʫʞʥʽ ʧʘʢʝʪʠ. ʊʘʢʘ ʩʭʝʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʦ ʽ ʧʝʨʝʚʘʞʥʦ ʚ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʛʨʦʭʦʪʘʭ, ʜʝ ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ (ʨʠʩ. 2, ʘ). ʇʽʜʩʪʘʚʠʚʰʠ (7) ʚ (5) ʚʠʟʥʘʯʘʻʤʦ ʦʜʥʫ ʟ ʤʘʩ, 

ʽʥʝʨʮʽʡʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʥʝʦʙʭʽʜʥʦ ʢʦʨʝʢʪʫʚʘʪʠ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 

 
2

n

a

n

c m
m

m cw
=

-
;     (9) 

 
2

a

n

a

c m
m

m cw
=

-
.   (10) 

ʊʘʢ, ʷʢʱʦ ʣʝʛʰʦʶ ʻ ʤʘʩʘ, ʷʢʘ ʫ ʪʨʠʤʘʩʦʚʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʥʫʚʘʪʠʤʝ ʬʫʥʢʮʽʶ ʘʢʪʠʚʥʦʾ 

(ʢʽʥʝʤʘʪʠʯʥʦ ʟʙʫʨʝʥʦʾ), ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʚʠʨʘʟʦʤ (9). ʗʢʱʦ ʞ ʣʝʛʰʦʶ ʻ ʤʘʩʘ, ʷʢʘ ʫ 

ʪʨʠʤʘʩʦʚʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʥʫʚʘʪʠʤʝ ʬʫʥʢʮʽʶ ʧʨʦʤʽʞʥʦʾ, ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʚʠʨʘʟʦʤ (10). 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʚʦʤʘʩʦʚʦʛʦ ʽʥʝʨʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʨʠʩ. 2, ʘ) ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ. ʂʦʨʝʢʪʫʻʪʴʩʷ ʟʛʽʜʥʦ (10) ʚ ʙʽʣʴʰʫ ʩʪʦʨʦʥʫ ʤʝʥʰʘ ʤʘʩʘ, ʪʦʙʪʦ ʨʝʘʢʪʠʚʥʘ ʤʘʩʘ ʙʘʟʦʚʦʾ 

ʜʚʦʤʘʩʦʚʦʾ ʄʂʉ, ʱʦ ʫ ʥʦʚʦʩʪʚʦʨʝʥʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʧʨʦʤʽʞʥʦʾ. ɺʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʦʙʪʷʞʝʥʘ ʧʨʠʙʣʠʟʥʦ ʥʘ 10 %, ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʦʥʘʥʩʥʦʛʦ ʥʘʣʘʛʦʜʞʝʥʥʷ z, ʷʢʝ ʙʫʣʦ ʟʘʢʣʘʜʝʥʝ ʚ 
ʙʘʟʦʚʫ ʜʚʦʤʘʩʦʚʫ ʩʠʩʪʝʤʫ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʢʣʘʜʘʶʯʠ ʧʘʨʘʤʝʪʨ ʜʦʜʘʪʢʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʽʜʩʠʣʝʥʥʷ ʢʦʣʠʚʘʥʴ D, ʚʠʟʥʘʯʘʻʤʦ ʟʛʽʜʥʦ (8) ʯʘʩʪʢʫ ʞʦʨʩʪʢʦʩʪʽ h. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (7) 

ʨʦʟʨʘʭʦʚʫʻʤʦ ʽʥʝʨʮʽʡʥʝ ʟʥʘʯʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʚʦʫʪʚʦʨʝʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʫʜʝ ʥʘ ʙʘʛʘʪʦ ʤʝʥʰʘ 

ʟʘ ʘʢʪʠʚʥʫ ʪʘ ʧʨʦʤʽʞʥʫ (
p a

m m<< , 
p n

m m<< ). ɿʛʽʜʥʦ (4) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ 
2

c  (
2 1

c c<<). ɾʦʨʩʪʢʽʩʪʴ 
1

c c= , ʚ ʯʦʤʫ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʴ ʚʠʟʥʘʯʠʚʰʠ ʾʾ ʟʛʽʜʥʦ (6). ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʽʙʨʦʤʘʰʠʥʘ ʟʘ ʪʨʠʤʘʩʦʚʦʶ ʩʭʝʤʦʶ ʩʧʦʞʠʚʘʪʠʤʝ ʚ D ʨʘʟʽʚ ʤʝʥʰʝ ʧʦʪʫʞʥʦʩʪʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʦʶ ʤʦʜʝʣʣʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʽ ʞ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʤʘʩ. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʚʦ- (ʘ) ʪʘ ʦʜʥʦʤʘʩʦʚʦʾ (ʙ) ʄʂʉ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʽʥʝʨʮʽʡʥʠʤ 

ʧʨʠʚʦʜʦʤ (ʜʣʷ ʷʢʦʾ ʢʦʥʪʫʨʠ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ) ʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʫ ʪʨʠʤʘʩʦʚʫ ʩʠʩʪʝʤʫ 

(ʩʪʨʫʢʪʫʨʥʽ ʚʚʝʜʝʥʥʷ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚ ʩʽʨʦʤʫ ʚʽʜʪʽʥʢʫ) 
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ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʥʘ ʨʠʩ. 2, ʙ. ʈʝʘʣʴʥʦ ʪʘʢʘ ʩʠʩʪʝʤʘ ʜʚʦʤʘʩʦʚʘ, ʦʩʢʽʣʴʢʠ ʜʨʫʛʦʶ 

ʤʘʩʦʶ ʚʠʩʪʫʧʘʻ ʬʫʥʜʘʤʝʥʪ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʤʝʪʦʜʠʮʽ 

ʥʘʚʝʜʝʥʽʡ ʚʠʱʝ. ʊʘʢ, ʥʝʭʘʡ, ʥʘ ʙʘʟʽ ʦʜʥʦʤʘʩʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʛʨʦʭʦʪʘ, ʰʣʷʭʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ, 

ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʩʘ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 20000m ʢʛ= . ʈʝʟʦʥʘʥʩʥʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ (ʦʙʦʚôʷʟʢʦʚʘ 

ʫʤʦʚʘ 1z< ) 0.96z= , ʯʘʩʪʦʪʘ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ 12ɻʮn=  (w 75.4 /ʨʘʜ c= ). ʊʦʤʫ ʞʦʨʩʪʢʽʩʪʴ 

ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʟʛʽʜʥʦ 2( / )
ʟʚ

c m zw= , ʜʝ / ( )
ʟʚ a p a p

m m m m m= +  ï ʟʚʝʜʝʥʘ ʤʘʩʘ; z  ï ʨʝʟʦʥʘʥʩʥʝ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʄʂʉ, ʩʪʘʥʦʚʠʪʴ: 
81.23 10 /c ʅ ʤ= Ö , ʢʦʣʠ 

a
m ­¤. 

ʇʦʢʣʘʜʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʦʜʘʪʢʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʢʦʣʠʚʘʥʴ ʩʪʘʥʦʚʠʪʴ 10D= . 

ʊʦʜʽ, ʟʛʽʜʥʦ (8) ʯʘʩʪʢʘ ʞʦʨʩʪʢʦʩʪʽ ʨʽʚʥʘ 0.91h= , ʟʛʽʜʥʦ (10) ʽʥʝʨʮʽʡʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʤʽʞʥʦʾ ʤʘʩʠ 

ʥʦʚʦʩʪʚʦʨʝʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʝ ʩʪʘʥʦʚʠʪʠ 21700
n

m ʢʛ= , ʪʦʙʪʦ ʤʘʩʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʦʙʪʷʞʝʥʘ ʥʘ 1700ʢʛ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 
n a

m m<< , ʬʦʨʤʫʣʘ (10) ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʘ ʷʢ: 

 
2 2 2

lim a

n
ma

a

c m c m
m

m c zw w­¤

å õ
= = =æ ö

-ç ÷

.   (11) 

ɼʦ ʧʨʦʤʽʞʥʦʾ ʤʘʩʠ ʫʞʝ ʪʨʠʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʧʨʫʞʥʫ ʩʠʩʪʝʤʫ ʞʦʨʩʪʢʽʩʪʶ 
5

2
9.54 10 /c ʅ ʤ= Ö  (ʟʛʽʜʥʦ (4)) ʢʨʽʧʠʪʴʩʷ ʨʝʘʢʪʠʚʥʘ ʤʘʩʘ 170

p
m ʢʛ=  (ʟʛʽʜʥʦ (7)), ʥʘ ʷʢʫ ʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʤʘʣʦʧʦʪʫʞʥʽ ʚʽʙʨʦʟʙʫʜʥʠʢʠ. ɺʽʙʨʦʟʙʫʜʥʠʢʽʚ ʥʘ ʥʦʚʦʫʪʚʦʨʝʥʽʡ ʧʨʦʤʽʞʥʽʡ ʤʘʩʽ, 

ʙʝʟʫʤʦʚʥʦ, ʫʞʝ ʥʝ ʧʦʪʨʽʙʥʦ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 8

1
1.23 10 /c c ʅ ʤ= = Ö , ʚ ʯʦʤʫ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʴ 

ʧʨʦʚʽʚʰʠ ʨʦʟʨʘʭʫʥʦʢ ʟʛʽʜʥʦ (6). ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʛʨʦʭʦʪ ʟʘ ʪʨʠʤʘʩʦʚʦʶ ʩʭʝʤʦʶ ʩʧʦʞʠʚʘʪʠʤʝ ʚ 

10D ʨʘʟʽʚ=  ʤʝʥʰʝ ʧʦʪʫʞʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʦʶ ʤʦʜʝʣʣʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʽ ʞ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʤʘʩ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ɸʏʍ ʩʠʩʪʝʤ: 1, 2, 3 ï ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʪʨʠʤʘʩʦʚʦʾ ʄʂʉ, ʜʣʷ ʷʢʦʾ ʟʙʫʨʶʚʘʣʴʥʝ ʟʫʩʠʣʣʷ 10

ʤ
P ʢH= ; 4 ï 

ʙʘʟʦʚʦʾ ʦʜʥʦʤʘʩʦʚʦʾ, ʜʣʷ ʷʢʦʾ 100P ʢH= , ʜʝ 1 ï ʘʢʪʠʚʥʘ, 2 ï ʧʨʦʤʽʞʥʘ (ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ) ʪʘ 3 ï ʨʝʘʢʪʠʚʥʘ ʤʘʩʠ; 4 ïʨʦʙʦʯʠʡ ʦʨʛʘʥ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ 

 

ɺʠʩʥʦʚʦʢ. ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʦʯʥʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜ ʯʘʩ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ. ʅʦʚʦʫʪʚʦʨʝʥʽ ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʦʞʫʪʴ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʝ ʩʧʦʞʠʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɿʘʛʘʣʦʤ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʤʦʜʝʨʥʽʟʦʚʫʚʘʪʠ ʦʜʥʦ- ʪʘ ʜʚʦʤʘʩʦʚʝ ʨʝʟʦʥʘʥʩʥʝ 

ʚʽʙʨʘʮʽʡʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 
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ʇʝʨʰʘ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ ʄʂʉ 1ʚw  

 ɼʨʫʛʘ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ ʄʂʉ 2ʚw  

ʏʘʩʪʦʪʘ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʄʂʉ w 
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ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷʤʠ ʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʤʽʞʨʝʟʦʥʘʥʩʥʽ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʽʜʢʨʠʚʘʶʪʴ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʛʦ ʚʽʙʨʦʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʤʽʩʪʢʠʭ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  
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ʈɽɸʃɯɿɸʎɯʗ ɽʌɽʂʊʋ ɿʆʄʄɽʈʌɽʃʔɼɸ ʅɸ ɼɺʆʄɸʉʆɺʆʄʋ ʄɸʂɽʊɯ 

ɺɯɹʈɸʎɯʁʅʆɻʆ ʉʊʆʃɸ ɿ ɯʅɽʈʎɯʁʅʀʄ ʇʈʀɺʆɼʆʄ 
 
ʈʦʤʘʥ ʂʘʧʘʣʦ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʘʰʠʥ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ1, 

ʆʣʝʢʩʽʡ ʃʘʥʝʮʴ, ʧʨʦʬʝʩʦʨ, ʜ. ʪ. ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʽʥʞʝʥʝʨʽʾ1 (ORCID: 0000-0003-1053-

8237), 

ɯʨʠʥʘ ɼʝʨʝʚʝʥʴʢʦ, ʜʦʮʝʥʪ, ʢ. ʪ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ1, 

ʇʘʚʣʦ ʄʘʡʩʪʨʫʢ, Ph. D., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ1, 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ, 12, 79013, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ  

 

ɸʅʆʊɸʎɯʗ. ɺ ʤʘʪʝʨʽʘʣʘʭ ʧʫʙʣʽʢʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʠʥʪʝʟ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʙʘʟʽ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʷʚʠʱʝʤ ɿʦʤʤʝʨʬʝʣʴʜʘ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʟ 

ʥʘʙʣʠʞʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʢʘ ʩʠʩʪʝʤʠ, ʦʙʝʨʪʠ ʜʝʙʘʣʘʥʩʘ 

ñʟʘʚʠʩʘʪʠʤʫʪʴò ʚ ʦʢʦʣʽ ʨʝʟʦʥʘʥʩʥʫ ʟʘʚʜʷʢʠ ʧʨʦʮʝʩʘʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʷʚʠʱʝʤ ɿʦʤʤʝʨʬʝʣʴʜʘ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ñʟʘʬʽʢʩʫʚʘʪʠò ʯʘʩʪʦʪʫ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦʨʝʟʦʥʘʥʩʥʠʤ ʥʘʣʘʛʦʜʞʝʥʥʷʤ, ʨʝʘʣʽʟʫʶʯʠ ʚ ʢʦʣʠʚʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʝʥʝʨʛʦʦʱʘʜʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʦ ʤʘʢʝʪ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʪʦʣʘ, ʨʝʟʦʥʘʥʩʥʽ ʨʝʞʠʤʠ ʚ ʷʢʦʤʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ɿʦʤʤʝʨʬʝʣʴʜʘ. ʅʘʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʝʨʮʽʡʥʦ-ʞʦʨʩʪʢʽʩʪʥʠʭ ʪʘ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʯʽ 

ʙʽʣʷʨʝʟʦʥʘʥʩʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʽʥʝʨʮʽʡʥʠʤ ʟʙʫʨʝʥʥʷʤ. ʉʢʣʘʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘʢʦʾ 

ʤʘʰʠʥʠ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʫʭ ʾʾ ʢʦʣʠʚʘʣʴʥʠʭ ʤʘʩ ʪʘ ʤʘʩʠ ʜʝʙʘʣʘʥʩʘ ʚ ʧʝʨʝʭʽʜʥʠʭ ʪʘ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ.  
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʚʦʤʘʩʦʚʘ ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ; ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ; ʜʝʙʘʣʘʥʩʥʠʡ ʧʨʠʚʦʜ; ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ; ʽʥʝʨʮʽʡʥʽ ʪʘ ʞʦʨʩʪʢʽʩʪʥʽ ʧʘʨʘʤʝʪʨʠ; ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʫ ʤʘʩ 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʚʦʤʘʩʦʚʽ ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʟ ʜʝʙʘʣʘʥʩʥʠʤʠ 

ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʘʤʠ, ʨʝʞʠʤ ʨʦʙʦʪʠ ʷʢʠʭ ʜʦʨʝʟʦʥʘʥʩʥʠʡ ʚʽʜʥʦʩʥʦ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ 

[1]. ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ, ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʚʠʢʣʠʢʘʥʦ ʥʘʷʚʥʽʩʪʶ ʚ ʙʽʣʷʨʝʟʦʥʘʥʩʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʚʠʩʦʢʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʥʘʤʽʯʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. ʇʨʠ ʪʘʢʠʭ ʨʝʞʠʤʘʭ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʤʘʩ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ɺ ʽʩʥʫʶʯʠʭ ʽ ʨʝʟʦʥʘʥʩʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥʘʭ ʟ ʽʥʝʨʮʽʡʥʠʤ 

ʧʨʠʚʦʜʦʤ [2-4] ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʝʙʘʣʘʥʩʘ ʚ ʦʢʦʣʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʨʦʛʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʇʨʦʪʝ, ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʦʙʝʨʪʽʚ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʥʘʯʥʦ ʟʜʦʨʦʞʯʫʶʪʴ ʚʽʙʨʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʝʡ ʫʩʪʘʥʦʚʦʢ 

ʥʝʧʨʦʧʦʨʮʽʡʥʦ ʟʨʦʩʪʘʻ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

ʌʦʨʤʫʚʘʥʥʷ ʽʜʝʾ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʩʠʥʪʝʟ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʙʘʟʽ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʷʚʠʱʝʤ 

ɿʦʤʤʝʨʬʝʣʴʜʘ. ʏʘʩʪʦʪʫ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ ʙʨʘʪʠ ʜʝʱʦ ʥʠʞʯʦʶ ʟʘ ʥʦʤʽʥʘʣʴʥʫ ʯʘʩʪʦʪʫ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ 

https://www.extrica.com/article/16483
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ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʢʘ ʩʠʩʪʝʤʠ, ʦʙʝʨʪʠ ʜʝʙʘʣʘʥʩʘ ñʟʘʚʠʩʘʪʠʤʫʪʴò ʚ ʦʢʦʣʽ ʨʝʟʦʥʘʥʩʥʫ 

ʟʘʚʜʷʢʠ ʧʨʦʮʝʩʘʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʷʚʠʱʝʤ ɿʦʤʤʝʨʬʝʣʴʜʘ. ʎʝ ʜʦʟʚʦʣʠʪʴ ñʟʘʬʽʢʩʫʚʘʪʠò ʯʘʩʪʦʪʫ 

ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦʨʝʟʦʥʘʥʩʥʠʤ ʥʘʣʘʛʦʜʞʝʥʥʷʤ, ʨʝʘʣʽʟʫʶʯʠ ʚ ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʝʥʝʨʛʦʦʱʘʜʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ʊʦʜʽ, ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʡ ʨʦʪʦʨ, ʥʝ ʤʘʶʯʠ 

ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʨʝʟʦʥʘʥʩʥʠʡ ʧʽʢ, ñʟʘʚʠʩʥʝò ʥʘ ʧʝʚʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 

ʚ ʙʣʠʟʴʢʦʤʫ ʜʦʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ. ʏʘʩʪʦʪʘ ñʟʘʚʠʩʘʥʥʷò ʦʙʝʨʪʽʚ ʜʝʙʘʣʘʥʩʘ ʽ ʙʫʜʝ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʚʠʤʫʰʝʥʦʶ. ɽʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʥʝ ʧʦʚʠʥʝʥ ʚʠʡʪʠ ʟ ʣʘʜʫ. 

ʆʧʠʩ ʤʦʜʝʣʽ ʜʚʦʤʘʩʦʚʦʛʦ ʚʽʙʨʦʩʪʦʣʘ. ɼʚʦʤʘʩʦʚʠʡ ʚʽʙʨʦʩʪʽʣ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ (ʨʠʩ. 1), 

ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚʟʜʦʚʞ ʦʩʽ x  ʟʘ ʥʝʟʘʣʝʞʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 
1

x  ʽ 
2

x , 

ʤʽʩʪʠʪʴ ʤʘʩʫ 
2

m  ʪʘ ʤʘʩʫ 
1

m, ʫʪʚʦʨʝʥʫ ʟ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ 
po

m  ʪʘ ʫʤʦʚʥʦ ʧʨʠʻʜʥʘʥʦʾ ʯʘʩʪʠʥʠ 
np

k ʟʘʚ
m  

ʤʘʩʠ ʩʝʨʝʜʦʚʠʱʘ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʄʘʩʘ ʜʝʙʘʣʘʥʩʘ 
d

m  ʚʭʦʜʠʪʴ ʚ ʤʘʩʫ 
2

m . ʂʦʣʠʚʘʣʴʥʽ ʤʘʩʠ ʟôʻʜʥʘʥʽ 

ʤʽʞ ʩʦʙʦʶ ʧʨʫʞʥʦʶ ʩʠʩʪʝʤʦʶ ʞʦʨʩʪʢʽʩʪʶ 
12

c . ɺʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʥʝʨʫʭʦʤʫ ʦʩʥʦʚʫ 

ʯʝʨʝʟ ʚʽʙʨʦʽʟʦʣʷʪʦʨʠ ʞʦʨʩʪʢʽʩʪʶ 
ʽʟ

c , ʱʦ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʤʘʩʠ 
2

m . 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʚʦʤʘʩʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʥʘ ʙʘʟʽ ʽʥʝʨʮʽʡʥʦʛʦ ʚʽʙʨʦʟʙʫʜʥʠʢʘ 

 

ʉʠʣʦʚʝ ʟʙʫʨʝʥʥʷ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʤʫʩʦʚʦʛʦ 

ʦʙʝʨʪʘʥʥʷ ʟ ʢʫʪʦʚʦʶ ʯʘʩʪʦʪʦʶ w ʜʝʙʘʣʘʥʩʘ ʤʘʩʦʶ 
d

m , ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʨʘʜʽʫʩʽ r  ʚʽʜʥʦʩʥʦ 

ʚʣʘʩʥʦʾ ʦʩʽ ʩʠʤʝʪʨʽʾ ʨʦʪʦʨʘ. ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ 2

ʽʥ d
F m rw= , ʱʦ ʚʠʥʠʢʘʻ, ʻ ʧʨʠʯʠʥʦʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʩʠʣʦʚʦʛʦ ʟʙʫʨʝʥʥʷ 2 sinʭ

ʽʥ d
F m r tw w=  ʤʘʩʠ 

2
m  ʚʟʜʦʚʞ ʦʩʽ x, ʘ ʷʢ ʥʘʩʣʽʜʦʢ ï ʾʾ ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʽʚ 

ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʦʤʘʰʠʥʠ ʚʠʢʣʶʯʘʪʠʤʝ ʧʘʨʘʟʠʪʥʽ ʢʫʪʦʚʽ 

ʢʦʣʠʚʘʥʥʷ ʤʘʩ ʽ ʚʟʜʦʚʞ ʦʩʽ y  ʢʦʣʠʚʘʥʥʷ ʙʫʜʫʪʴ ʤʽʟʝʨʥʦ ʤʘʣʠʤʠ (
12 12ʚʟʜʦʚʞy ʚʟʜʦʚʞx

c c>> ), ʘ ʪʦʤʫ ʮʠʤʠ 

ʨʫʭʘʤʠ ʥʝʭʪʫʻʤʦ. ʄʘʩʘ 
1

m  ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʟʘʚʜʷʢʠ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʟʙʫʨʝʥʥʶ ʚʽʜ ʤʘʩʠ 
2

m . ɺ 

ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʜʝʤʧʬʝʨʽʚ ʚʚʦʜʷʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ, ʷʢʽ ʧʨʦʧʦʨʮʽʡʥʽ ʰʚʠʜʢʦʩʪʽ. 

ʂʦʝʬʽʮʽʻʥʪ 
1
m ʚʽʜʦʙʨʘʞʘʻ ʟʦʚʥʽʰʥʽʡ ʚôʷʟʢʠʡ ʦʧʽʨ ʨʫʭʫ ʤʘʩʠ 

1
m , ʚʠʢʣʠʢʘʥʠʡ ʚʧʣʠʚʦʤ ʤʘʩʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ 
ʟʘʚ

m . ʂʦʝʬʽʮʽʻʥʪ 
12
m  ʦʧʠʩʫʻ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʨʝʟʦʥʘʥʩʥʽʡ ʧʨʫʞʥʽʡ ʩʠʩʪʝʤʽ 

ʞʦʨʩʪʢʽʩʪʶ 
12

c ; 
ʽʟ
m ï ʚôʷʟʢʝ ʪʝʨʪʷ ʫ ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʠʭ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʘʭ ʞʦʨʩʪʢʽʩʪʶ 

ʽʟ
c ; m ï  

ʚʽʜʦʙʨʘʞʘʻ ʚôʷʟʢʝ ʪʝʨʪʷ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ f ʨʦʪʦʨʘ ʜʚʠʛʫʥʘ ʟ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤ 

ʜʦ ʥʴʦʛʦ ʜʝʙʘʣʘʥʩʦʤ.  

ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʢʝʪʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ. ʇʨʠʡʤʘʻʤʦ, ʱʦ ʨʦʟʤʽʨʠ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ 

ʤʘʡʜʘʥʯʠʢʘ 134 194ʤʤ³ . ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʚʽ ʢʦʣʠʚʘʣʴʥʽ ʤʘʩʠ ʤʘʢʝʪʘ ʚʽʙʨʦʩʪʦʣʘ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʣʝʛʢʠʤʠ (ʜʣʷ ʪʘʢʠʭ ʛʘʙʘʨʠʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 
1

0.22m ʢʛ= , 
2

0.9m ʢʛ= ), 
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ʚʠʨʽʰʝʥʦ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʚʠʢʦʥʫʚʘʪʠ ʟ ʦʨʛʩʢʣʘ, ʨʝʘʢʪʠʚʥʫ ʤʘʩʫ ʟ ʘʣʶʤʽʥʽʶ, ʘ ʙʘʰʤʘʢʠ ʟ ʪʝʢʩʪʦʣʽʪʘ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʘʢʝʪ ʚʽʙʨʦʩʪʦʣʘ ʥʘʚʝʜʝʥʦ ʥʘ (ʨʠʩ. 2).  

ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʚʽʙʨʦʩʪʦʣʘ ʪʘ ʾʾ ʘʥʘʣʽʟ. ʉʠʩʪʝʤʘ ʪʨʴʦʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ, ʱʦ 

ʦʧʠʩʫʻ ʤʦʜʝʣʴ ʚʽʙʨʦʩʪʦʣʘ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ, ʤʘʻ ʚʠʛʣʷʜ [5]: 

 
1 1 12 1 2 1 1 12 1 2

2

2 2 12 2 1 12 2 1 2 2

2

( ) ( ) 0;

( sin cos ) ( ) ( ) 0;

sin ( ) ( ) ,

d ʽʟ ʽʟ

d

m x c x x x x x

m x m r c x x x x c x x

J m r x g M

m m

j j j j m m

j j j mj

+ - + + - =ë
î

- + + - + - + + =ì
î - - = -í

   (1) 

ʜʝ 2

p d
J J m r= +  ï ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʩʠ ʜʝʙʘʣʘʥʩʘ 

d
m  ʥʘ ʨʘʜʽʫʩʽ ʨʦʟʪʘʰʫʚʘʥʥʷ r  ʪʘ 

ʤʦʤʝʥʪʘ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʚʽʜʥʦʩʥʦ ʚʣʘʩʥʦʾ ʦʩʽ ʩʠʤʝʪʨʽʾ; 
29.8 /g ʤ ʩ= .  

 
ʈʠʩ. 2. ʄʘʢʝʪ ʚʽʙʨʦʩʪʦʣʘ, ʜʝ: 1 ï ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʤʘʩʦʶ 

1
m , 2 ï ʨʝʘʢʪʠʚʥʘ ʤʘʩʘ 

2
m , 3 ï ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ 

ʞʦʨʩʪʢʽʩʪʶ 
12

c , 4 ï ʤʦʪʦʨ-ʚʽʙʨʘʪʦʨ, 5 ï ʚʽʙʨʦʽʟʦʣʷʪʦʨʠ ʞʦʨʩʪʢʽʩʪʶ 
ʽʟ

c  

 

ɺ ʷʢʦʩʪʽ ʧʨʠʚʦʜʘ ʚʠʙʨʘʥʦ ʤʘʣʦʧʦʪʫʞʥʠʡ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʨʢʠ QX-RF-130-2860 

(ʚʠʨʦʙʥʠʢ QX Motor co., Ltd, ɻʦʥʢʦʥʛ). ɼʣʷ ʪʘʢʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʤʦʤʝʥʪ ʟʙʫʨʝʥʥʷ M  ̒  ʬʫʥʢʮʽʻʶ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ f ʜʝʙʘʣʘʥʩʘ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

0
( )M M aj j= - , ʩʧʨʘʚʝʜʣʠʚʦʾ ʜʣʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʊʫʪ 

0
M  ï ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʘ 

ʟʙʫʨʝʥʥʷ M  ʧʨʠ ʥʝʨʫʭʦʤʦʤʫ ʜʝʙʘʣʘʥʩʽ (ʢʦʣʠ 0j= ); tga b= ; b ï ʢʫʪ ʥʘʭʠʣʫ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

( )M f  ʚʽʜʥʦʩʥʦ ʦʩʽ ʘʙʩʮʠʩ. 

ɺʩʪʘʥʦʚʠʤʦ ʘʥʘʣʽʪʠʯʥʦ ʯʘʩʪʦʪʥʦ-ʩʠʣʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ʇʨʠ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (0f= ) ʤʦʤʝʥʪ ʥʘ ʨʦʪʦʨʽ ʩʪʘʥʦʚʠʪʴ 
0

0.0043M ʅ ʤ= Ö, ʘ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

796 /ʨʘʜ ʩj=  ( 7600 /n ʦʙ ʭʚ= ) ʚʽʥ ʩʧʘʜʘʻ ʜʦ 0.00075M ʅ ʤ= Ö, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʫ 

ʟʘʣʝʞʥʽʩʪʴ: 6

0
( ) 0.0043 5.6 10M M aj j j-= - = - Ö. ʅʘ ʯʘʩʪʦʪʽ ʞ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ 

628.3 /ʨʘʜ ʩW=  ʤʦʤʝʥʪ ʟʙʫʨʝʥʥʷ ʩʪʘʥʦʚʠʪʠʤʝ 0.0007M ʅ ʤ
W
= Ö. 

ɺ ʩʠʩʪʝʤʫ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (1) ʯʘʩ t  ʥʝ ʚʭʦʜʠʪʴ ʫ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ. ʎʽ 

ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʶʪʴ ʨʫʭ ʘʚʪʦʥʦʤʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʇʦʧʝʨʝʜʥʴʦ ʥʝ ʨʦʟʚôʷʟʘʚʰʠ ʾʭ, 

ʟʘʢʦʥ ʟʤʽʥʠ ʚ ʯʘʩʽ ʢʫʪʘ ʧʦʚʦʨʦʪʫ f ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʪʦʨʘ ʚʩʪʘʥʦʚʠʪʠ ʥʝʤʦʞʣʠʚʦ. ʅʘʙʣʠʞʝʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (1) ʻ ʥʘʜʪʦ ʩʢʣʘʜʥʠʤ. ʊʦʤʫ, ʚ ʩʪʘʪʪʽ ʘʚʪʦʨʠ ʦʙʤʝʞʠʣʠʩʴ ʯʠʩʝʣʴʥʠʤ 
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ʨʦʟʨʘʭʫʥʢʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʈʫʥʛʝ-ʂʫʪʪʠ. ɼʣʷ ʮʴʦʛʦ ʩʠʩʪʝʤʫ (1) ʧʦʜʘʥʦ ʫ ʥʦʨʤʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʚʽʜʥʦʩʥʦ ʩʪʘʨʰʠʭ ʧʦʭʽʜʥʠʭ: 

 

( )

( )

12 1 2 12 1 2 1 1

1

1

2 2 2

2

12 2 1 12 2 1 2 2

2 2 2 2

2

12 2 1 12 2 1

2

( ) ( )
;

sin sin ( )

cos [ ( ) ( ) ]
;

sin

( ) ( )
( ) sin

d d

d ʽʟ ʽʟ

d

ʽʟ

d

c x x x x x
x

m

m r g m r M

m r J J c x x x x c x x
x

m r J m

c x x x x c x
m M m r

m m

j j j mj

j j m m

j

m
j mj j

j

- + - +
=

-

è - - - ø
é ù
- + - + - + +é ùê ú=

-

- + - +
- - + ³

=

2 2

2

2

2 2 2

2

cos
.

sin

ʽʟ

d

d

x

m r m g

m r J m

m

j j

j

ë
î
î
î
î
î
ì
î
î è ø+ -è ø
î é ùé ù
î - +é ùê úê ú
î

-í

  (2) 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʚʽʙʨʦʩʪʦʣʘ. ɿʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʤʘʢʝʪʘ ʚʽʙʨʦʩʪʦʣʘ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1. ʈʦʟʚôʷʟʫʶʯʠ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2) ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Matcad 13, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1, ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʫ ʢʦʣʠʚʘʣʴʥʠʭ ʤʘʩ ʚ 

ʧʝʨʰʫ ʩʝʢʫʥʜʫ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 3) ʩʚʽʜʯʘʪʴ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʟʥʘʯʝʥʥʷ 

ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʜʚʦʭ ʤʘʩ 
1

0.2X ʤʤ= , 
2

0.05X ʤʤ=  ʥʘ ʢʦʣʦʚʽʡ ʯʘʩʪʦʪʽ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ 

100W=  ɻʮ. 

ʊʘʙʣʠʮʷ 1 
ʇʘʨʘʤʝʪʨʠ ʤʘʢʝʪʘ ʜʚʦʤʘʩʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʦʣʘ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ 

ɯʥʝʨʮʽʡʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ:  

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

1
m , ʢʛ 0.22 

2
m , ʢʛ 0.9 

d
m , ʢʛ 0.003 

r , ʤ 0.003 

1
X , ʤ 0.0002 

J , 
2ʢʛ ʤÖ  

61 10-Ö  
 

ʂʦʝʬʽʮʽʻʥʪʠ ʞʦʨʩʪʢʦʩʪʽ: 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

12
c , /ʅ ʤ 47.27 10Ö  

ʽʟ
c , /ʅ ʤ º

31 10Ö  
 

ʉʠʣʦʚʽ: 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

M
W

, ʅ ʤÖ  0.0007 

N , ɺʪ 0.5 
 

 

ʏʘʩʪʦʪʥʽ (ʥʘʚʝʜʝʥʦ ʜʣʷ ʜʦʚʽʜʦʢ):  

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʚ
W , /ʨʘʜ ʩ 641.7 

W, /ʨʘʜ ʩ 628.3*  

z  0.98* 
 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ 

 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

12 1
m m= , ʅ c ʤÖ  2.3 

ʽʟ
m, ʅ c ʤÖ  10 

m, /ʅ ʤ c paʜÖ Ö  61 10-Ö  

 

  
ʘ)                                                                                                 ʙ) 

ʈʠʩ. 3. ʊʝʦʨʝʪʠʯʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʫ ʤʘʩ 
1

m  ʪʘ 
2

m  (ʚʽʜʧʦʚʽʜʥʦ( ʘ) ʪʘ (ʙ) ʚ ʜʦʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜʥʦʩʥʦ  

ʚʣʘʩʥʦʛʦ ʧʽʢʘ ʩʠʩʪʝʤʠ ʧʨʠ 
6

0
( ) 0.0043 5.6 10M M aj j j-= - = - Ö 
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ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʨʦʭʦʜʷʪʴ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʚʦʣʽ ʚʠʩʦʢʠʤ ʧʫʩʢʦʚʠʤ 

ʤʦʤʝʥʪʦʤ ʜʣʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʆʙʝʨʪʠ ʜʝʙʘʣʘʥʩʘ ñʟʘʚʠʩʘʶʪʴò ʥʘ ʣʽʚʽʡ ʛʽʣʮʽ ʚʣʘʩʥʦʛʦ 

ʧʽʢʘ ʩʠʩʪʝʤʠ (ʨʠʩ.4, ʘ), ʷʢʠʡ ʧʨʦʡʪʠ ʚʦʥʘ ʥʝ ʚ ʟʤʦʟʽ. ɺʽʙʨʘʮʽʡʥʠʡ ʩʪʽʣ ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʚ 

ʫʩʪʘʣʝʥʦʤʫ ʩʪʽʡʢʦʤʫ ʜʦʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʰʦʛʦ ʧʽʢʘ ʩʠʩʪʝʤʠ ʥʘ ʯʘʩʪʦʪʽ 

ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ 101ɻʮ (ʨʠc. 4, ʙ ʪʘ ʨʠʩ. 5, ʘ). ʄʦʤʝʥʪ ʟʙʫʨʝʥʥʷ ʄ  ʻ ʟʘʤʘʣʠʤ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 

ʤʦʤʝʥʪʘ ʦʧʦʨʫ ʥʘ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʤʫ ʨʦʪʦʨʽ.  
 

   
ʘ)                                                                                        ʙ) 

ʈʠʩ. 4. ɸʏʍ ʩʠʩʪʝʤʠ (ʘ); ʚʠʭʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʝʙʘʣʘʥʩʘ ʥʘ ʜʦʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ ʚʽʜʥʦʩʥʦ ʚʣʘʩʥʦʛʦ ʧʽʢʘ 

ʩʠʩʪʝʤʠ (ʙ) 

 

    
ʈʠʩ. 5. ɿʤʽʥʘ ʢʦʣʦʚʦʾ ʯʘʩʪʦʪʠ (ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ j) ʦʙʝʨʪʘʥʥʷ ʜʝʙʘʣʘʥʩʘ  ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʝʢʮʽʡ ʨʘʜʽʫʩʘ 

ʚʝʢʪʦʨʘ R  ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʝʙʘʣʘʥʩʘ 
d

m   ʥʘ ʦʩʽ x ʪʘ y ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

 

ʗʢʱʦ ʜʣʷ ʜʘʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʟʷʪʠ ʧʦʪʫʞʥʽʰʠʡ ʜʚʠʛʫʥ, ʡʦʛʦ ʩʠʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

(ʬʫʥʢʮʽʷ ʤʦʤʝʥʪʫ ʟʙʫʨʝʥʥʷ ()M f  ʟʤʽʥʠʪʴʩʷ. ɺʦʥʘ ʙʫʜʝ ʟʤʽʱʝʥʘ ʧʘʨʘʣʝʣʴʥʦ ʩʦʙʽ ʚʛʦʨʫ, 

ʟʙʽʣʴʰʠʚʰʠ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʟʙʫʨʝʥʥʷ 
0

M . ʊʘʢ, ʷʢʱʦ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʟʙʫʨʝʥʥʷ ʟʨʦʩʪʝ ʟ 

0
0.0043M ʅ ʤ= Ö ʜʦ 

0
0.005M ʅ ʤ= Ö, ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʠ ʚʽʜʙʫʜʝʪʴʩʷ ñʟʨʠʚʘʥʥʷò ʢʦʣʠʚʘʥʴ 

(ʨʠʩ. 6). ʆʙʝʨʪʠ ʜʝʙʘʣʘʥʩʘ ʧʨʦʩʢʦʯʘʪʴ ʨʝʟʦʥʘʥʩʥʫ ʟʦʥʫ ʩʠʩʪʝʤʠ ʽ ʟʘʬʽʢʩʫʶʪʴʩʷ ʥʘ ʯʘʩʪʦʪʽ ʧʨʠʙʣʠʟʥʦ 

120ɻʮ.  

  
ʘ)                                                                                        ʙ) 

ʈʠʩ. 6. ʊʝʦʨʝʪʠʯʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ: ʘ) ï ʨʫʭʫ ʤʘʩʠ 
1

m  ʪʘ  ʙ) ï ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʝʙʘʣʘʥʩʘ  

ʧʨʠ 
6( ) 0.005 5.6 10M j j-= - Ö  
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ʗʢʱʦ ʚʟʷʪʠ ʩʣʘʙʰʠʡ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʜʚʠʛʫʥ, ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʟʙʫʨʝʥʥʷ ʙʫʜʝ ʜʝʱʦ ʤʝʥʰʠʤ, 

ʜʣʷ ʧʨʠʢʣʘʜʫ 
0

0.0035M ʅ ʤ= Ö. ʇʨʠ ʟʙʫʨʝʥʥʽ ʩʠʩʪʝʤʠ ʚʽʜ ʪʘʢʦʛʦ ʜʚʠʛʫʥʘ ʜʝʙʘʣʘʥʩ ʥʝ ʚʠʡʜʝ ʥʘ 

ʥʦʤʽʥʘʣʴʥʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝʦʙʭʽʜʥʦʾ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʤʘʩʠ 
1

m  ʜʦʩʷʛʥʫʪʠ ʥʝ 

ʚʜʘʩʪʴʩʷ (ʨʠʩ. 7). 

     
ʘ)                                                                                        ʙ) 

ʈʠʩ. 7. ʊʝʦʨʝʪʠʯʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ: ʘ) ï ʨʫʭʫ ʤʘʩʠ 
1

m  ʪʘ  ʙ) ï ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʝʙʘʣʘʥʩʘ  

ʧʨʠ 
6( ) 0.0035 5.6 10M j j-= - Ö  

 

ɺʠʩʥʦʚʦʢ. ʅʘ ʧʨʠʢʣʘʜʽ ʤʘʢʝʪʘ ʚʽʙʨʦʩʪʦʣʘ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʧʽʜʪʚʝʨʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʨʝʞʠʤʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ɿʦʤʤʝʨʬʝʣʴʜʘ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʫʤʦʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʙʽʣʷʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʚʝʜʝʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʝʨʮʽʡʥʦ-ʞʦʨʩʪʢʽʩʪʥʠʭ ʪʘ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʘʜʞʝ 

ʟʥʷʪʽ ʯʘʩʦʚʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʤʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʜʚʦʤʘʩʦʚʦʾ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʽʥʝʨʮʽʡʥʠʤ ʟʙʫʨʝʥʥʷʤ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ ʢʦʣʠʚʘʥʴ, ʧʦʙʫʜʦʚʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ 

ʪʨʴʦʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ.  
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ɸʅɸʃɯɿ ʇɽʈʉʇɽʂʊʀɺ ɺʀʂʆʈʀʉʊɸʅʅʗ ʈʆɹʆʊɯɺ ɯɿ ʇɸʈɸʃɽʃʔʅʆʖ 

ʂɯʅɽʄɸʊʀʂʆʖ ɼʃʗ ʂɽʈʋɺɸʅʅʗ ɹʈɸʅɼʉʇʆʁʊɸʄʀ ɺ 

ɸɺʊʆʄɸʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ ʇʆɾɽɾʆɻɸʉɯʅʅʗ 
 
ɺʽʪʘʣʽʡ ʂʦʨʝʥʜʽʡ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 1 (ORCID: 0000-0002-6025-3013),  

ʆʣʝʢʩʘʥʜʨ ʂʘʯʫʨ, ʜʦʮʝʥʪ, ʜ-ʨ ʬʽʣʦʩʦʬʽʾ, ʜʦʮʝʥʪ 1 (ORCID: 0000-0003-2263-6360), 

ʄʠʭʘʡʣʦ ʇʠʣʠʧ, ʘʩʧʽʨʘʥʪ 1 (ORCID: 0009-0003-7964-0624), 

ʈʦʤʘʥ ʂʘʨʧʠʥ, ʘʩʧʽʨʘʥʪ 1 (ORCID: 0009-0005-1695-492X), 
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ 12, ʃʴʚʽʚ, 79013, ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʙʦʪʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ ʚ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʞʝʞʦʛʘʩʽʥʥʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ ʪʘ ʪʦʯʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ 

ʙʨʘʥʜʩʧʦʡʪʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʠʭ ʩʠʣ. ʈʦʟʛʣʷʥʫʪʦ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʨʦʙʦʪʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ 

ʢʽʥʝʤʘʪʠʢʦʶ, ʪʘʢʽ ʷʢ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʚʝʜʝʥʥʷ ʚʦʛʥʝʛʘʩʥʦʾ ʨʝʯʦʚʠʥʠ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʨʦʙʦʪʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ (ʛʝʢʩʘʧʦʜʠ, ɼʝʣʴʪʘ-ʨʦʙʦʪʠ, 

ʩʬʝʨʠʯʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ ʪʦʱʦ) ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ ʫ ʩʠʩʪʝʤʘʭ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʻ 

ʧʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ ʟ 6-ʤʘ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ ʟʘʚʜʷʢʠ ʥʘʡʢʨʘʱʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʘʥʝʚʨʝʥʦʩʪʽ ʪʘ ʚʠʩʦʢʠʤ 

ʧʦʢʘʟʥʠʢʘʤ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʡ ʞʦʨʩʪʢʦʩʪʽ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʥʝʚʠʨʽʰʝʥʽ ʟʘʚʜʘʥʥʷ, ʟʦʢʨʝʤʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʽʥʝʨʮʽʡʥʦ-ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʪʬʦʨʤʠ ʧʽʜ ʜʽʻʶ ʨʝʘʢʪʠʚʥʠʭ ʩʠʣ, 

ʨʦʟʨʦʙʢʘ ʚʠʩʦʢʦʪʦʯʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ ʟʦʚʥʽʰʥʽʭ 

ʯʠʥʥʠʢʽʚ (ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʦʱʦ). 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʙʦʪ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ; ʙʨʘʥʜʩʧʦʡʪ; ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʦʞʝʞʦʛʘʩʽʥʥʷ; 

ʛʝʢʩʘʧʦʜ; ʧʣʘʪʬʦʨʤʘ ʉʪʶʘʨʪʘ; ɼʝʣʴʪʘ-ʨʦʙʦʪ; ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʩʚʦʻʯʘʩʥʦʛʦ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʭʠʩʪʫ ʣʶʜʩʴʢʠʭ ʞʠʪʪʽʚ, ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ 

ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʫʯʘʩʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʘʭ, ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʪʘ ʚ ʤʽʩʮʷʭ ʟʙʝʨʽʛʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ (ɸʉʇɻ), ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʪʦʯʥʽʩʪʴ ʧʦʜʘʯʽ ʚʦʛʥʝʛʘʩʥʦʾ ʨʝʯʦʚʠʥʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʩʧʽʰʥʽʩʪʴ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʟʘʡʤʘʥʥʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ. 

ʅʘʛʘʣʴʥʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʚʠʢʦʥʘʚʯʽ 

ʤʝʭʘʥʽʟʤʠ ɸʉʇɻ, ʷʢʽ ʢʝʨʫʶʪʴ ʥʘʧʨʷʤʢʦʤ ʙʨʘʥʜʩʧʦʡʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʩʪʘʮʽʦʥʘʨʥʽ ʣʘʬʝʪʥʽ ʩʪʚʦʣʠ ʟ 

ʧʨʠʚʦʜʘʤʠ ʧʘʥʦʨʘʤʫʚʘʥʥʷ ʪʘ ʥʘʭʠʣʫ), ʯʘʩʪʦ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʥʘʮʽʣʶʚʘʥʥʷ, 

ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʪʘ ʟʜʘʪʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʥʘʯʥʽ 

ʨʝʘʢʪʠʚʥʽ ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʩʪʨʫʤʝʥʷ ʚʦʛʥʝʛʘʩʥʦʾ ʨʝʯʦʚʠʥʠ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ. ʎʝ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ/ʧʽʥʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʛʘʩʽʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʜʣʷ ʟʘʚʜʘʥʴ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʻ ʚʽʜʦʤʠʤ 

ʥʘʧʨʷʤʢʦʤ (ʽʩʥʫʶʪʴ ʤʦʙʽʣʴʥʽ ʧʦʞʝʞʥʽ ʨʦʙʦʪʠ, ʨʦʙʦʪʠʟʦʚʘʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʟ 

ʧʦʩʣʽʜʦʚʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ), ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʨʦʙʦʪʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ 

ʢʽʥʝʤʘʪʠʢʦʶ (ʈʇʂ), ʪʘʢʠʭ ʷʢ ʛʝʢʩʘʧʦʜʠ ʯʠ ʜʝʣʴʪʘ-ʧʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʠ, ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ ʷʢ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʚ ʤʦʙʽʣʴʥʠʭ ɸʉʇɻ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʩʚʽʪʣʝʥʠʤ. ɺʽʜʦʤʽ ʧʝʨʝʚʘʛʠ ʈʇʂ ï ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ, ʧʨʠʩʢʦʨʝʥʥʷ, ʪʦʯʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ï 

ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʪʘ ʧʨʝʮʠʟʽʡʥʦʛʦ ʥʘʚʝʜʝʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘ 

ʥʘ ʦʩʝʨʝʜʦʢ ʟʘʡʤʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚ ʽʥʪʝʛʨʘʮʽʾ ʈʇʂ ʚ ɸʉʇɻ ʻ ʣʦʛʽʯʥʠʤ 

ʨʦʟʚʠʪʢʦʤ ʽʩʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʷʭ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ ʩʠʩʪʝʤ ʧʦʞʝʞʥʦʾ ʘʚʪʦʤʘʪʠʢʠ, 

ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʨʦʙʦʪʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ 

ʢʽʥʝʤʘʪʠʢʦʶ (ʈʇʂ) ʻ ʘʢʪʠʚʥʦʶ ʛʘʣʫʟʟʶ ʩʫʯʘʩʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ 

ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʾʭ ʢʽʥʝʤʘʪʠʢʠ, ʜʠʥʘʤʽʢʠ, ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ, ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ [1-3]. ʈʇʂ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, 

ʪʘʢʠʭ ʷʢ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʟʙʽʨʢʘ ʪʘ ʧʘʢʫʚʘʥʥʷ (ɼʝʣʴʪʘ-ʨʦʙʦʪʠ) [4], ʪʦʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ 
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ʩʠʤʫʣʷʪʦʨʠ ʨʫʭʫ (ʛʝʢʩʘʧʦʜʠ/ʧʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ) [5]. ɺʦʜʥʦʯʘʩ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫ ʥʝʙʝʟʧʝʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʪʘʢʦʞ 

ʻ ʧʨʝʜʤʝʪʦʤ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [6, 7]. ɯʩʥʫʶʯʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʪʘ ʨʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʦ ʩʪʘʮʽʦʥʘʨʥʽ ʫʩʪʘʥʦʚʢʠ ʟ ʦʙʤʝʞʝʥʠʤʠ ʩʪʫʧʝʥʷʤʠ 

ʩʚʦʙʦʜʠ (ʧʦʚʦʨʦʪʥʦ-ʧʦʭʠʣʽ ʧʣʘʪʬʦʨʤʠ) [9], ʘʙʦ ʤʦʙʽʣʴʥʽ ʨʦʙʦʪʠ ʟ ʤʘʥʽʧʫʣʷʪʦʨʘʤʠ ʥʘ ʙʘʟʽ 

ʧʦʩʣʽʜʦʚʥʦʾ ʢʽʥʝʤʘʪʠʢʠ [8]. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʘʣʝ ʤʦʞʫʪʴ ʧʦʩʪʫʧʘʪʠʩʷ ʈʇʂ ʫ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʨʦʙʦʪʽ ʟʽ ʟʥʘʯʥʠʤʠ 

ʨʝʘʢʪʠʚʥʠʤʠ ʩʠʣʘʤʠ ʚʽʜ ʩʪʨʫʤʝʥʷ ʚʦʛʥʝʛʘʩʥʦʾ ʨʝʯʦʚʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ɿʦʢʨʝʤʘ, ʫ ʧʨʘʮʽ [10] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʢʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʨʦʙʦʪʘ-ʤʘʥʽʧʫʣʷʪʦʨʘ ʩʘʤʝ ʜʣʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʱʦ 

ʧʽʜʢʨʝʩʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʧʨʷʤʢʫ. ʈʦʙʦʪʠ [11-13] ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʥʘʜʽʡʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ɸʉʇɻ. ʆʜʥʘʢ, ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʩʘʤʝ ʧʝʨʩʧʝʢʪʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʨʘʣʝʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ, ʟ ʜʝʪʘʣʴʥʦʶ ʦʮʽʥʢʦʶ ʾʭ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ (ʰʚʠʜʢʦʜʽʷ, ʪʦʯʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʝʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ) [14] ʪʘ ʚʠʢʣʠʢʽʚ 

(ʩʢʣʘʜʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ [15], ʟʘʭʠʩʪ ʤʝʭʘʥʽʟʤʽʚ, ʨʦʙʦʯʘ ʟʦʥʘ) ʚ ʢʦʥʪʝʢʩʪʽ ɸʉʇɻ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 

ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝʜʦʩʪʘʪʥʴʦ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʘʧʦʚʥʝʥʥʷ ʮʽʻʾ ʧʨʦʛʘʣʠʥʠ 

ʰʣʷʭʦʤ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʈʇʂ ʫ ʮʽʡ ʩʧʝʮʠʬʽʯʥʽʡ ʛʘʣʫʟʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʜʦʨʦʙʦʢ 

ʫ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʮʽ ʨʦʙʦʪʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ (ʈʇʂ) ʪʘ ʚʠʟʥʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʈʇʂ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ ʚ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʞʝʞʦʛʘʩʽʥʥʷ (ɸʉʇɻ) ʟʘʣʠʰʘʻ ʥʠʟʢʫ ʥʝʚʠʨʽʰʝʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʧʠʪʘʥʴ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʥʝʚʠʨʽʰʝʥʽ ʯʘʩʪʠʥʠ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ: 

1) ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʈʇʂ; 2) ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ; 3) 

ʨʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ; 4) ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʟʘʭʠʱʝʥʦʩʪʽ; 5) 

ʢʦʤʧʣʝʢʩʥʘ ʽʥʪʝʛʨʘʮʽʷ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʻ ʥʝʦʙʭʽʜʥʠʤ 

ʜʣʷ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʈʇʂ ʚ ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ. 

ʎʽʣʽ ʨʦʙʦʪʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ 

ʧʝʨʩʧʝʢʪʠʚ ʪʘ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ (ʈʇʂ) ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ ʚ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʞʝʞʦʛʘʩʽʥʥʷ (ɸʉʇɻ), ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʦ ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʪʘ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 1) ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʧʘʨʘʣʝʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ (ʟʦʢʨʝʤʘ, ʛʝʢʩʘʧʦʜʽʚ, ʜʝʣʴʪʘ-ʨʦʙʦʪʽʚ ʪʘ 

ʽʥʰʠʭ ʤʦʞʣʠʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ) ʱʦʜʦ ʾʭ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʚʠʢʦʥʘʚʯʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʢʨʠʪʝʨʽʾ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʰʚʠʜʢʦʜʽʾ, ʪʦʯʥʦʩʪʽ, 

ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʧʦʪʝʥʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʦʪʠʜʽʷʪʠ ʨʝʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 2) ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʠʧʽʚ ʈʇʂ ʜʣʷ ʜʘʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʦʢʨʝʩʣʠʪʠ ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʧʘʨʘʣʝʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʘʨʘʣʝʣʴʥʽ 

ʢʽʥʝʤʘʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ (ʇʂʉ), ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ ʧʘʨʘʣʝʣʴʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ (ʇʄ), ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʣʘʩ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʫ ʷʢʠʭ ʢʽʥʮʝʚʘ ʣʘʥʢʘ (ʨʫʭʦʤʘ ʧʣʘʪʬʦʨʤʘ) ʟ'ʻʜʥʘʥʘ ʟ ʥʝʨʫʭʦʤʦʶ ʦʩʥʦʚʦʶ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ (ʢʽʥʮʽʚʦʢ ʘʙʦ ʥʽʛ), ʱʦ ʜʽʶʪʴ ʧʘʨʘʣʝʣʴʥʦ. 

ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʇʂʉ ʻ ʾʭ ʟʘʤʢʥʝʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ. ʎʝ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ 

ʧʦʩʣʽʜʦʚʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʢʨʠʪʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ 

ʣʘʥʮʶʛʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʜʝ ʣʘʥʢʠ ʪʘ ʟ'ʻʜʥʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʦʜʥʘ ʟʘ ʦʜʥʦʶ, ʧʦʜʽʙʥʦ ʜʦ 

ʣʶʜʩʴʢʦʾ ʨʫʢʠ. ʇʦʩʣʽʜʦʚʥʽ ʨʦʙʦʪʠ ʯʘʩʪʦ ʤʘʶʪʴ ʢʦʥʩʦʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʘʤʢʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʇʂʉ ʦʙʫʤʦʚʣʶʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʩʣʽʜʦʚʥʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʻ ʟʥʘʯʥʦ ʚʠʱʘ ʞʦʨʩʪʢʽʩʪʴ. ʅʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ ʢʽʥʮʝʚʫ ʣʘʥʢʫ (ʨʫʭʦʤʫ 

ʧʣʘʪʬʦʨʤʫ), ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʢʽʣʴʢʦʤʘ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʣʘʥʮʶʛʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʥʰʠʭ 
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ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʜʘʯ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʘʙʦ 

ʨʦʙʦʪʠ ʟʽ ʟʥʘʯʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʩʠʣʘʤʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʨʝʘʢʪʠʚʥʽ ʩʠʣʠ ʚʽʜ ʧʦʞʝʞʥʦʛʦ ʙʨʘʥʜʩʧʦʡʪʘ. 

ɯʥʰʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʧʨʠʩʢʦʨʝʥʴ. ʋ ʙʘʛʘʪʴʦʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʇʂʉ ʧʨʠʚʦʜʠ (ʜʚʠʛʫʥʠ) ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʥʝʨʫʭʦʤʽʡ ʦʩʥʦʚʽ ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ ʥʝʾ. ʎʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ 

ʤʘʩʫ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ (ʽʥʝʨʮʽʡʥʽʩʪʴ) ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʩʣʽʜʦʚʥʠʤʠ ʨʦʙʦʪʘʤʠ, ʜʝ ʜʚʠʛʫʥʠ ʯʘʩʪʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ ʤʘʥʽʧʫʣʷʪʦʨʘ. ɿʤʝʥʰʝʥʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʚʠʱʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʘ 

ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʤʝʥʰʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʝʥʝʨʛʽʾ. ʇʂʉ ʪʘʢʦʞ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʩʣʽʜʦʚʥʠʭ ʣʘʥʮʶʛʽʚ, ʜʝ ʧʦʭʠʙʢʠ ʦʢʨʝʤʠʭ 

ʟ'ʻʜʥʘʥʴ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚʟʜʦʚʞ ʣʘʥʮʶʛʘ, ʫ ʟʘʤʢʥʝʥʽʡ ʩʪʨʫʢʪʫʨʽ ʇʂʉ ʧʦʭʠʙʢʠ ʤʦʞʫʪʴ ʯʘʩʪʢʦʚʦ 

ʢʦʤʧʝʥʩʫʚʘʪʠʩʷ ʘʙʦ ʫʩʝʨʝʜʥʶʚʘʪʠʩʷ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʣʝʛʰʽ ʨʫʭʦʤʽ 

ʯʘʩʪʠʥʠ ʩʧʨʠʷʶʪʴ ʚʠʱʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʜʦ ʚʣʘʩʥʦʾ ʚʘʛʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʧʝʨʝʚʘʛʠ, ʇʂʉ ʤʘʶʪʴ ʽ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ɰʭ ʨʦʙʦʯʘ ʟʦʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʤʝʥʰʘ 

ʟʘ ʨʦʟʤʽʨʦʤ ʽ ʤʘʻ ʩʢʣʘʜʥʽʰʫ ʬʦʨʤʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʩʣʽʜʦʚʥʠʤʠ ʨʦʙʦʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʘʙʘʨʠʪʽʚ. ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʨʦʙʦʯʘ ʟʦʥʘ ʇʂʉ ʻ ʧʝʨʝʪʠʥʦʤ ʨʦʙʦʯʠʭ ʟʦʥ ʦʢʨʝʤʠʭ ʢʽʥʮʽʚʦʢ. ɺʠʟʥʘʯʝʥʥʷ ʪʘ 

ʘʥʘʣʽʟ ʨʦʙʦʯʦʾ ʟʦʥʠ ʇʂʉ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʂʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʇʂʉ ʪʘʢʦʞ ʻ ʩʢʣʘʜʥʽʰʠʤ. 

ʍʦʯʘ ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ ʢʽʥʝʤʘʪʠʢʠ (ʚʠʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ 

ʧʦʟʠʮʽʾ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʨʫʭʦʤʦʾ ʧʣʘʪʬʦʨʤʠ) ʯʘʩʪʦ ʻ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʶ, ʧʨʷʤʘ ʟʘʜʘʯʘ ʢʽʥʝʤʘʪʠʢʠ 

(ʚʠʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʾ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʨʫʭʦʤʦʾ ʧʣʘʪʬʦʨʤʠ ʟʘ ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʚʦʜʽʚ) ʟʘʟʚʠʯʘʡ 

ʻ ʜʫʞʝ ʩʢʣʘʜʥʦʶ, ʯʘʩʪʦ ʥʝ ʤʘʻ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʽ ʤʦʞʝ ʤʘʪʠ ʤʥʦʞʠʥʥʽ ʨʽʰʝʥʥʷ (ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʟʙʽʨʢʠ). ʑʝ ʦʜʥʽʻʶ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʇʂʉ ʻ ʥʘʷʚʥʽʩʪʴ ʩʠʥʛʫʣʷʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʚʩʝʨʝʜʠʥʽ 

ʨʦʙʦʯʦʾ ʟʦʥʠ. ʋ ʪʘʢʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʤʘʥʽʧʫʣʷʪʦʨ ʤʦʞʝ ʚʪʨʘʯʘʪʠ ʘʙʦ ʥʘʙʫʚʘʪʠ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ, 

ʚʪʨʘʯʘʪʠ ʞʦʨʩʪʢʽʩʪʴ ʘʙʦ ʩʪʘʚʘʪʠ ʥʝʢʝʨʦʚʘʥʠʤ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ (ʊʠʧ 

1/ʇʦʩʣʽʜʦʚʥʽ, ʊʠʧ 2/ʇʘʨʘʣʝʣʴʥʽ, ʊʠʧ 3/ʂʦʤʙʽʥʦʚʘʥʽ), ʘ ʾʭ ʘʥʘʣʽʟ ʪʘ ʫʥʠʢʥʝʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ 

ʘʩʧʝʢʪʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʇʂʉ. 

ɯʩʥʫʻ ʟʥʘʯʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʚʜʘʥʥʷ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʇʂʉ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʾʭ 

ʚʠʚʯʝʥʥʷ ʪʘ ʚʠʙʽʨ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ: 

1. ʂʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ (DoF), ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʨʫʭʽʚ, ʷʢʽ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʽʥʮʝʚʘ ʣʘʥʢʘ (ʨʫʭʦʤʘ ʧʣʘʪʬʦʨʤʘ). ʇʂʉ ʤʦʞʫʪʴ ʤʘʪʠ ʚʽʜ 2 ʜʦ 6 ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. 

ʄʘʥʽʧʫʣʷʪʦʨʠ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ DoF (lower-mobility manipulators) ʯʘʩʪʦ ʻ ʧʨʦʩʪʽʰʠʤʠ ʪʘ 

ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ. 

2. ʊʠʧ ʨʫʭʫ/ɻʝʦʤʝʪʨʽʷ. ʇʂʉ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʣʦʩʢʽ (ʨʫʭ ʫ ʧʣʦʱʠʥʽ, ʟʘʟʚʠʯʘʡ 2 ʧʦʩʪʫʧʘʣʴʥʠʭ 

ʪʘ 1 ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ï 2T1R), ʩʬʝʨʠʯʥʽ (ʯʠʩʪʦ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʥʘʚʢʦʣʦ ʬʽʢʩʦʚʘʥʦʛʦ ʮʝʥʪʨʫ ï 3R) 

ʪʘ ʧʨʦʩʪʦʨʦʚʽ (ʢʦʤʙʽʥʘʮʽʷ ʧʦʩʪʫʧʘʣʴʥʠʭ ʪʘ ʦʙʝʨʪʘʣʴʥʠʭ ʨʫʭʽʚ, ʥʘʧʨʠʢʣʘʜ, 3T, 3T1R - ʨʫʭ ʐʝʥʬʣʽʩʘ, 

ʘʙʦ ʧʦʚʥʽ 6-DOF ï 3T3R). 

3. ʊʠʧ ʧʨʠʚʦʜʽʚ. ʇʨʠʚʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʟʤʘʪʠʯʥʠʤʠ (ʣʽʥʽʡʥʠʤʠ), ʷʢ ʫ ʢʣʘʩʠʯʥʽʡ ʧʣʘʪʬʦʨʤʽ 

ʉʪʶʘʨʪʘ, ʘʙʦ ʦʙʝʨʪʘʣʴʥʠʤʠ, ʷʢ ʫ ʨʦʙʦʪʽ ɼʝʣʴʪʘ ʘʙʦ 3-RRR ʤʘʥʽʧʫʣʷʪʦʨʘʭ. 

4. ʂʽʣʴʢʽʩʪʴ ʢʽʥʮʽʚʦʢ: ʟʘʟʚʠʯʘʡ ʚʽʜ 3 ʜʦ 6 ʢʽʥʮʽʚʦʢ. 

5. ʉʪʨʫʢʪʫʨʘ ʢʽʥʮʽʚʦʢ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʪʠʧʠ ʟ'ʻʜʥʘʥʴ (ʥʘʧʨʠʢʣʘʜ, RRR, PRR, SPS, UPS, ʜʝ R ï 

ʦʙʝʨʪʘʣʴʥʝ, P ï ʧʨʠʟʤʘʪʠʯʥʝ, S ï ʩʬʝʨʠʯʥʝ, U ï ʫʥʽʚʝʨʩʘʣʴʥʝ ʟ'ʻʜʥʘʥʥʷ). 

ʅʘʡʯʘʩʪʽʰʝ ʚ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʇʂʉ, 

ʷʢʽ ʻ ʨʝʣʝʚʘʥʪʥʠʤʠ ʜʣʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʟʘʚʜʘʥʴ, ʪʘʢʠʭ ʷʢ ʢʝʨʫʚʘʥʥʷ 

ʧʦʞʝʞʥʠʤ ʙʨʘʥʜʩʧʦʡʪʦʤ: 1) ʧʣʘʪʬʦʨʤʘ ʉʪʶʘʨʪʘ (ʧʨʦʩʪʦʨʦʚʘ, 6-DOF, ʨʠʩ. 1(ʘ)); 2) ɼʝʣʴʪʘ-ʨʦʙʦʪ 

(ʧʨʦʩʪʦʨʦʚʠʡ, 3T ʘʙʦ 3T1R, ʨʠʩ. 1(ʙ)); 3) ʧʘʨʘʣʝʣʴʥʠʡ SCARA (ʧʣʦʩʢʠʡ/ʧʨʦʩʪʦʨʦʚʠʡ, 3T1R, ʨʠʩ. 

1(ʚ)); 4) ʧʣʦʩʢʽ 3-DOF ʤʘʥʽʧʫʣʷʪʦʨʠ (ʥʘʧʨʠʢʣʘʜ, 3-RRR, ʨʠʩ. 1(ʛ)); 5) ʩʬʝʨʠʯʥʽ 3-DOF ʤʘʥʽʧʫʣʷʪʦʨʠ 

(ʥʘʧʨʠʢʣʘʜ, Agile Eye, ʨʠʩ. 1(ʜ)). 
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ʈʠʩ.1. ʆʩʥʦʚʥʽ ʪʠʧʠ ʧʘʨʘʣʝʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. 

 

ɸʥʘʣʽʟ ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʂʉ ʫ ʢʦʥʪʝʢʩʪʽ ʚʠʤʦʛ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʦʞʝʞʥʠʤ ʙʨʘʥʜʩʧʦʡʪʦʤ 

ʚʠʷʚʣʷʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʯʥʠʭ ʢʦʤʧʨʦʤʽʩʽʚ: 

1. ʈʦʙʦʯʘ ʟʦʥʘ ʪʘ ʜʦʩʷʞʥʽʩʪʴ. ɻʘʩʽʥʥʷ ʧʦʞʝʞʽ ʚʠʤʘʛʘʻ ʷʢ ʟʥʘʯʥʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘ, ʪʘʢ ʽ ʟʥʘʯʥʠʭ ʦʙʝʨʪʘʣʴʥʠʭ ʨʫʭʽʚ (ʚʝʣʠʢʦʾ ʦʨʽʻʥʪʘʮʽʡʥʦʾ ʨʦʙʦʯʦʾ 

ʟʦʥʠ) ʜʣʷ ʥʘʚʝʜʝʥʥʷ. ɹʘʛʘʪʦ ʇʂʉ, ʚʢʣʶʯʘʶʯʠ ʧʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ ʪʘ ɼʝʣʴʪʘ, ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ 

çʧʦʩʪʫʧʘʣʴʥʫè ʨʦʙʦʯʫ ʟʦʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʩʣʽʜʦʚʥʠʤʠ ʨʦʙʦʪʘʤʠ. ʅʘʚʧʘʢʠ, ʩʬʝʨʠʯʥʽ ʧʘʨʘʣʝʣʴʥʽ 

ʤʘʥʽʧʫʣʷʪʦʨʠ, ʪʘʢʽ ʷʢ Agile Eye, ʧʨʦʧʦʥʫʶʪʴ ʜʫʞʝ ʚʝʣʠʢʫ (ʥʘʚʽʪʴ, ʚ ʧʝʚʥʽʡ ʤʽʨʽ, ʥʝʦʙʤʝʞʝʥʫ) 

ʦʨʽʻʥʪʘʮʽʡʥʫ ʟʦʥʫ, ʘʣʝ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʦʩʪʫʧʘʣʴʥʦ ʧʝʨʝʤʽʱʘʪʠ ʢʽʥʮʝʚʫ ʣʘʥʢʫ. ʇʣʦʩʢʽ ʪʘ 

ʧʘʨʘʣʝʣʴʥʽ SCARA ʨʦʙʦʪʠ ʻ ʥʝʧʨʠʜʘʪʥʠʤʠ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʧʨʦʩʪʦʨʦʚʫ ʨʫʭʣʠʚʽʩʪʴ ʽ 

ʥʝʚʽʜʧʦʚʽʜʥʠʡ ʪʠʧ ʨʦʙʦʯʦʾ ʟʦʥʠ. 

2. ɾʦʨʩʪʢʽʩʪʴ ʪʘ ʨʝʘʢʪʠʚʥʽ ʩʠʣʠ. ʇʦʞʝʞʥʽ ʙʨʘʥʜʩʧʦʡʪʠ ʛʝʥʝʨʫʶʪʴ ʟʥʘʯʥʽ, ʯʘʩʪʦ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʨʝʘʢʪʠʚʥʽ ʩʠʣʠ. ɺʠʩʦʢʘ ʞʦʨʩʪʢʽʩʪʴ ʤʘʥʽʧʫʣʷʪʦʨʘ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʽʜ ʮʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ʇʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʞʦʨʩʪʢʽʩʪʶ, ʘ ʩʬʝʨʠʯʥʽ ʧʘʨʘʣʝʣʴʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʤʘʪʠ 

ʚʠʩʦʢʫ ʦʙʝʨʪʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ. ʈʦʙʦʪʠ ɼʝʣʴʪʘ, ʦʧʪʠʤʽʟʦʚʘʥʽ ʜʣʷ ʰʚʠʜʢʦʜʽʾ, ʤʦʞʫʪʴ ʤʘʪʠ 

ʥʝʜʦʩʪʘʪʥʶ ʜʠʥʘʤʽʯʥʫ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜ ʪʘʢʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʘ ʚʠʙʽʨʢʦʚʘ ʧʦʜʘʪʣʠʚʽʩʪʴ 

ʧʘʨʘʣʝʣʴʥʠʭ SCARA ʨʦʙʠʪʴ ʾʭ ʧʨʘʢʪʠʯʥʦ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ. 
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3. ʐʚʠʜʢʽʩʪʴ ʪʘ ʯʘʩ ʨʝʘʢʮʽʾ. ʐʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʫ ʦʙʩʪʘʥʦʚʢʠ ʧʦʞʝʞʽ ʻ ʞʠʪʪʻʚʦ 

ʚʘʞʣʠʚʠʤ. ʈʦʙʦʪʠ ɼʝʣʴʪʘ ʧʨʦʧʦʥʫʶʪʴ ʥʘʡʚʠʱʫ ʧʦʩʪʫʧʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ, ʪʦʜʽ ʷʢ ʩʬʝʨʠʯʥʽ 

ʧʘʨʘʣʝʣʴʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ (Agile Eye) ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʥʘʚʝʜʝʥʥʷ. ʇʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ ʫ ʮʴʦʤʫ ʧʣʘʥʽ ʧʨʦʧʦʥʫʶʪʴ ʙʘʣʘʥʩ, ʘʣʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʚʽʣʴʥʽʰʠʤʠ ʟʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

4. ʊʦʯʥʽʩʪʴ ʪʘ ʥʘʚʝʜʝʥʥʷ. ʊʦʯʥʝ ʥʘʚʝʜʝʥʥʷ ʩʪʨʫʤʝʥʷ ʚʦʜʠ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʛʘʩʽʥʥʷ. ʈʽʟʥʽ ʪʠʧʠ ʇʂʉ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, ʘʣʝ ʨʝʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʝʥʩʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ, ʚʢʣʶʯʘʶʯʠ 

ʨʝʘʢʪʠʚʥʽ ʩʠʣʠ. 

5. ɺʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʦʙʦʪ ʧʦʚʠʥʝʥ ʚʠʪʨʠʤʫʚʘʪʠ ʚʘʛʫ ʙʨʘʥʜʩʧʦʡʪʘ, 

ʰʣʘʥʛʘ ʪʘ ʧʨʦʪʠʜʽʷʪʠ ʨʝʘʢʪʠʚʥʠʤ ʩʠʣʘʤ. ʇʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, 

ʪʦʜʽ ʷʢ ʨʦʙʦʪʠ ɼʝʣʴʪʘ ʪʘ ʧʘʨʘʣʝʣʴʥʽ SCARA ʤʘʶʪʴ ʟʥʘʯʥʦ ʥʠʞʯʫ. 

6. ʉʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʂʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʦʤ 

ʚʠʤʘʛʘʻ ʷʢ ʤʽʥʽʤʫʤ 3 ʧʦʩʪʫʧʘʣʴʥʠʭ ʪʘ 2 ʦʙʝʨʪʘʣʴʥʠʭ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ (3T2R) ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʪʘ ʥʘʚʝʜʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʪʦʜʽ ʷʢ 3T3R (6-DOF) ʥʘʜʘʻ ʧʦʚʥʫ ʛʥʫʯʢʽʩʪʴ ʙʨʘʥʜʩʧʦʡʪʘ. ʇʣʘʪʬʦʨʤʘ 

ʉʪʶʘʨʪʘ (6-DOF) ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ ʚʠʤʦʛʘʤ. ʈʦʙʦʪ ɼʝʣʴʪʘ (3T ʘʙʦ 3T1R) ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ. ʉʬʝʨʠʯʥʽ ʧʘʨʘʣʝʣʴʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ (3R) ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ 

ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʇʣʦʩʢʽ (2T1R) ʪʘ ʧʘʨʘʣʝʣʴʥʽ SCARA (2T1R ʘʙʦ 3T1R) ʥʝ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʫʭʣʠʚʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʙʽʨ ʇʂʉ ʟʘʚʞʜʠ ʧʝʨʝʜʙʘʯʘʻ ʧʦʰʫʢ ʢʦʤʧʨʦʤʽʩʫ 

ʤʽʞ ʙʘʞʘʥʠʤʠ ʚʠʩʦʢʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʰʚʠʜʢʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ) ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʚʽʣʴʥʦʾ ʚʽʜ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ. 

ɿʘʤʢʥʝʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʱʫʚʘʪʠ ʧʨʠʚʦʜʠ ʙʽʣʷ ʦʩʥʦʚʠ ʜʣʷ 

ʰʚʠʜʢʦʩʪʽ, ʚʦʜʥʦʯʘʩ ʦʙʤʝʞʫʻ ʨʫʭʣʠʚʽʩʪʴ, ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʤʝʥʰʠʭ ʨʦʙʦʯʠʭ ʟʦʥ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʽʜʢʨʠʪʠʤʠ ʧʦʩʣʽʜʦʚʥʠʤʠ ʣʘʥʮʶʛʘʤʠ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʮʠʤʠ ʟʘʤʢʥʝʥʠʤʠ ʢʦʥʪʫʨʘʤʠ ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʽ 

ʢʽʥʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʠʥʛʫʣʷʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʜʝ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʘʙʦ ʚʪʨʘʯʘʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ. ʂʦʥʩʪʨʫʢʮʽʾ, ʦʧʪʠʤʽʟʦʚʘʥʽ ʜʣʷ ʰʚʠʜʢʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, 

Delta), ʯʘʩʪʦ ʞʝʨʪʚʫʶʪʴ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ ʘʙʦ ʩʢʣʘʜʥʽʩʪʶ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʪʦʜʽ ʷʢ ʪʽ, ʱʦ 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʜʣʷ ʞʦʨʩʪʢʦʩʪʽ/ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʧʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ), ʤʦʞʫʪʴ 

ʤʘʪʠ ʧʦʚʽʣʴʥʽʰʫ ʜʠʥʘʤʽʢʫ ʘʙʦ ʩʢʣʘʜʥʽʰʝ ʢʝʨʫʚʘʥʥʷ. ʎʷ ʚʥʫʪʨʽʰʥʷ ʩʫʧʝʨʝʯʥʽʩʪʴ ʩʪʠʤʫʣʶʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʇʂʉ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʘʨʭʽʪʝʢʪʫʨʘʤʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʞʝʞʥʠʤʠ 

ʙʨʘʥʜʩʧʦʡʪʘʤʠ ʻ ʧʣʘʪʬʦʨʤʠ ʉʪʶʘʨʪʘ (6-DOF), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ, ʚʠʩʦʢʫ 

ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ. 
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ɸʅʆʊɸʎɯʗ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ 

ʧʽʜ ʯʘʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʦʙʝʨʪʘʣʴʥʦʛʦ ʪʘ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʽʚ ʙʘʨʘʙʘʥʘ ʥʘ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʫʤʽʰʽ ʪʘ ʨʽʚʝʥʴ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʪʫʞʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ. ʆʢʨʝʤʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤ, ʧʦʚôʷʟʘʥʠʤ ʽʟ ʩʠʣʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʩʫʤʽʰʽ, ʘ ʪʘʢʦʞ ʽʟ ʧʨʦʮʝʩʘʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʦʪʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʤʘʩʠ, ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʟʘʛʘʣʴʥʫ 

ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʫ ʙʫʜʽʚʝʣʴʥʠʭ ʫʤʦʚʘʭ ʽʟ 

ʦʙʤʝʞʝʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯ; ʙʝʪʦʥʥʘ ʩʫʤʽʰ; ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ; ʟʤʽhʫʚʘʥʥʷ; 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ; ʪʝʨʪʷ; ʙʫʜʽʚʝʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ; ʘʚʪʦʥʦʤʥʘ ʫʩʪʘʥʦʚʢʘ. 

 

ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʡ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʫʤʦʚʘʭ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʧʦʩʪʨʘʞʜʘʣʠʭ ʚʥʘʩʣʽʜʦʢ ʚʦʻʥʥʠʭ ʜʽʡ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ, ʻ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ, 

ʷʢʘ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ: ʚʽʜ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʩʫʤʽʰʽ.   

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʛʣʷʥʫʪʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʽʚ. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

https://doi.org/10.1016/j.matpr.2020.12.961
https://doi.org/10.23939/ujmems2019.02.068
https://ceur-ws.org/Vol-3699/paper13.pdf
https://doi.org/10.1016/j.mechmachtheory.2009.04.002
https://doi.org/10.1016/j.rcim.2010.07.011
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ʢʽʥʝʤʘʪʠʢʠ ʨʫʭʫ ʙʘʨʘʙʘʥʘ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʥʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ. ʋ 

ʩʪʘʪʪʽ [1] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʨʦʟʛʣʷʥʫʪʦ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʤʽʰʽ. ɸʚʪʦʨʠ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʨʦʣʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʘʧʦʚʥʝʥʥʷ ʙʘʨʘʙʘʥʘ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʩʠʣ ʪʝʨʪʷ ʧʽʜ ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ. ʋ ʩʪʘʪʪʽ [3] 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʜʦ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʾʭ ʟʤʽʰʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚ'ʷʟʢʽʩʪʶ ʩʫʤʽʰʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʤʽʰʫʚʘʥʥʷ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʪʝʨʪʷʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ, ʘ 

ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʾʾ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʝʨʪʘʣʴʥʦʛʦ 

ʪʘ ʦʩʮʠʣʷʮʽʡʥʦʛʦ ʨʫʭʽʚ, ʩʠʣ ʪʝʨʪʷ, ʦʧʝʨʘʮʽʡ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʮʝʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʥʘʯʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ. ɼʦ 

ʥʠʭ ʥʘʣʝʞʘʪʴ ʨʦʙʦʯʠʡ ʮʠʢʣ ʦʙʝʨʪʘʥʥʷ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ; ʥʘʷʚʥʽʩʪʴ ʚʽʙʨʘʮʽʡʥʠʭ ʘʙʦ 

ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʽʚ; ʩʠʣʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʩʫʤʽʰʽ ʪʘ ʧʦʚʝʨʭʥʝʶ ʦʙʣʘʜʥʘʥʥʷ [1]. 

ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠʧʘʜʘʻ ʥʘ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʜʦʣʘʥʥʷ ʤʘʩʦʚʦʾ ʽʥʝʨʮʽʾ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʇʦʪʫʞʥʽʩʪʴ, ʧʦʪʨʽʙʥʘ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
 

( )2 2sin ,
ʦʙʨ ʦʙʨ ʟʘʤ ʩʨ ʟʘʤ ʩʨ

P M V g R V Rw w r q r w= Ö = Ö Ö Ö Ö Ö + Ö Ö Ö  (1) 

ʜʝ 
ʦʙʨ

M ï  ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʅĿʤ; Pʦʙʨ ï ʧʦʪʫʞʥʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ɺʪ; ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʨʘʜ/ʩ; Rʩʨ ï ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪʠʚʥʫ ʧʣʦʱʫ ʙʘʨʘʙʘʥʘ; ʟʘʤ
V  ï 

ʦʙôʻʤ ʩʫʤʽʰʽ ʫ ʙʘʨʘʙʘʥʽ, ʤ3;  

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2; ɗ ï ʢʫʪ ʥʘʭʠʣʫ ʙʘʨʘʙʘʥʘ, ʨʘʜ. 

ʆʙôʻʤ ʩʫʤʽʰʽ ʫ ʙʘʨʘʙʘʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

2 2 22
( )

3
ʟʘʤ ʛʝʦʤ

V h R Rr r R H kp p
å õ
= + + + Öæ ö
ç ÷

,   (2) 

ʜʝ kʛʝʦʤ ð ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ. 

 
 

ʈʠʩ.1. ɻʨʘʚʽʪʘʮʽʡʥʠʡ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯ 

 

ʆʩʮʠʣʷʮʽʡʥʽ ʨʫʭʠ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʶʪʴ ʷʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʙʝʪʦʥʥʽʡ ʩʫʤʽʰʽ [2]. ʆʜʥʘʢ ʮʷ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʧʝʨʝʚʘʛʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʴʦʤʘ 

ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʩʠʩʪʝʤʠ, ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ, ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʣʴʥʦʛʦ 

ʨʫʭʫ.  
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ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʮʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ: 

2 3

0

1
sin( ).

2
ʦʩʮ ʙ ʦʩʮ ʦʩʮ

P m R tqw w= Ö      (3) 

ʇʨʦʮʝʩ ʪʝʨʪʷ ʧʽʜ ʯʘʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʪʨʴʦʭ ʢʣʶʯʦʚʠʭ ʟʦʥʘʭ, 

ʪʘʢʠʭ ʷʢ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʥʘʧʦʚʥʶʚʘʯʘ, ʢʦʥʪʘʢʪ ʩʫʤʽʰʽ ʟ ʚʥʫʪʨʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʙʘʨʘʙʘʥʘ, ʚʟʘʻʤʦʜʽʷ ʤʘʪʝʨʽʘʣʫ ʟ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʟʤʽʰʫʚʘʯʘ (ʣʦʧʘʪʷʤʠ). ɼʣʷ ʪʦʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʦʨʤʘʣʴʥʽ ʩʠʣʠ ʪʠʩʢʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʫ ʧʨʦʮʝʩʽ ʟʤʽʰʫʚʘʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʽʞ ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ ʪʘ ʧʦʚʝʨʭʥʝʶ ʙʘʨʘʙʘʥʘ: 

,
ʪʝʨʪʷ

P N vm= Ö Ö      (4) 

ʜʝ ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; N ï ʥʦʨʤʘʣʴʥʘ ʩʠʣʘ ʧʨʠʪʠʩʢʘʥʥʷ ʤʽʞ ʩʫʤʽʰʰʶ ʪʘ ʧʦʚʝʨʭʥʝʶ ʙʘʨʘʙʘʥʘ, 

ʅ; v ï ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʩʫʤʽʰʽ ʱʦʜʦ ʩʪʽʥʢʠ ʙʘʨʘʙʘʥʘ, ʤ/ʩ. 

ʇʨʦʮʝʩʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʦʪʦʚʦʾ ʩʫʤʽʰʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʘʛʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘʟʚʠʯʘʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʚʰʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʥʘ ʨʘʤʽ, ʪʦʜʽ ʷʢ ʚʠʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʭʠʣʫ ʙʘʨʘʙʘʥʘ. ʇʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʢʦʚʰʘ ʪʘ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ [3]. ʈʦʟʨʘʭʫʥʦʢ ʮʽʻʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

,ʟʘʚʘʥʪʘʞ ʧʽʜʡʦʤ

ʟʘʚʘʥʪʘʞ

ʟʘʚʘʥʪʘʞ

m g h
P

t

Ö Ö
=      (5) 

ʜʝ Pʟʘʚʘʥʪʘʞ ï ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ, ɺʪ; mʟʘʚʘʥʪʘʞ ï ʤʘʩʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʟʘ 

ʦʜʠʥ ʮʠʢʣ, ʢʛ; hʧʽʜʡʦʤ ï ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʢʦʚʰʘ, ʤ; tʟʘʚʘʥʪʘʞ ï ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʩ. 

ʈʦʙʦʯʠʡ ʤʝʭʘʥʽʟʤ ʢʦʚʰʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʪʨʘʯʘʻ ʝʥʝʨʛʽʶ ʥʘ 

ʪʨʠ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ: ʧʽʜʡʦʤ ʤʘʩʠ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʚ ʥʘʧʨʷʤʥʠʭ ʝʣʝʤʝʥʪʘʭ ʪʘ ʦʧʦʨʫ 

ʚ ʛʽʜʨʘʚʣʽʮʽ. ʇʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʽʜʡʦʤʥʦʾ ʦʧʝʨʘʮʽʾ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʫʤʘʨʥʦʾ 

ʤʘʩʠ ʢʦʚʰʘ ʟ ʤʘʪʝʨʽʘʣʦʤ ʪʘ ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ 

ʟʘʣʝʞʥʽʩʪʶ: 

ʢʦʚʰ ʟʘʚʘʥʪʘʞ ʧʽʜʡʦʤ

ʧʽʜʡʦʤ

ʟʘʚʘʥʪʘʞ

( )
,

m m g h
P

t

+ Ö Ö
=      (6) 

ʜʝ mʢʦʚʰ ï ʤʘʩʘ ʢʦʚʰʘ, ʢʛ; mʟʘʚʘʥʪʘʞ ï ʤʘʩʘ ʟʘʚʘʥʪʘʞʫʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʦʜʠʥ ʮʠʢʣ, ʢʛ; hʧʽʜʡʦʤ 

ï ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʢʦʚʰʘ, ʤ; tʟʘʚʘʥʪʘʞ ï ʯʘʩ ʧʽʜʡʦʤʫ ʢʦʚʰʘ, ʩ. 

ɼʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʧʽʜ ʯʘʩ ʧʽʜʡʦʤʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʤʽʱʝʥʥʷ, ʟʦʢʨʝʤʘ ʥʘ ʥʘʧʨʘʚʣʷʶʯʽ. ɺʘʛʘ 

ʚʘʥʪʘʞʫ ʩʪʚʦʨʶʻ ʥʦʨʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʧʽʜʡʦʤʫ. ʅʦʨʤʘʣʴʥʘ ʩʠʣʘ ʥʘ ʥʘʧʨʘʚʣʷʶʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ʥʦʨʤ ʢʦʚʰ ʟʘʚʘʥʪʘʞ
( )F m m g= + Ö.     (7) 

ɼʘʣʽ ʩʣʽʜ ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʢʦʚʰʘ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʪʘʢ ʽ ʚʽʜʧʦʚʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʪʘ ʯʘʩʫ, 

ʟʘ ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʝʡ ʧʽʜʡʦʤ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʢʦʚʰʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ʧʽʜʡʦʤ

ʢʦʚʰ

ʟʘʚʘʪʘʞ

h
v

t
= .      (8) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ï ʤʘʩʠ ʝʣʝʤʝʥʪʽʚ, ʩʠʣʠ ʪʷʞʽʥʥʷ, ʚʪʨʘʪ ʫ ʩʠʩʪʝʤʽ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʧʽʜʡʦʤʫ ï ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʧʨʠʚʦʜʫ, ʱʦ ʚʠʢʦʥʫʻ 

ʧʽʜʡʦʤ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʘʙʦ ʽʥʰʦʛʦ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ. ʇʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ʥʘʧʨ

ʧʨʠʚʽʜ ʢʦʚʰ ʟʘʚʘʥʪʘʞ ʧʽʜʡʦʤ

ʟʘʚʘʥʪʘʞ

1
( ) .P m m g h

t

m+å õ
= + Ö Ö Öæ ö

ç ÷
   (9) 



 

39 
 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʟʤʽʰʫʚʘʥʥʷ ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʭʠʣʫ ʙʘʨʘʙʘʥʘ. ʎʝʡ 

ʧʨʦʮʝʩ, ʷʢ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʇʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʩʠ ʩʫʤʽʰʽ, ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ, ʟʫʤʦʚʣʝʥʦʾ ʥʘʭʠʣʦʤ, ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʪʫʞʥʽʩʪʴ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ʚʠʚʘʥʪʘʞ ʥʘʭʠʣ

ʚʠʚʘʥʪʘʞ

ʚʠʚʘʥʪʘʞ

,
m g h

P
t

Ö Ö
=      (10) 

ʜʝ, Pʚʠʚʘʥʪʘʞ ï ʧʦʪʫʞʥʽʩʪʴ ʚʠʚʘʥʪʘʞʝʥʥʷ, ɺʪ; mʚʠʚʘʥʪʘʞ ï ʤʘʩʘ ʩʫʤʽʰʽ, ʱʦ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ, ʢʛ; 

hʥʘʭʠʣ ï ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ, ʟʫʤʦʚʣʝʥʘ ʥʘʭʠʣʦʤ ʙʘʨʘʙʘʥʘ, ʤ; tʚʠʚʘʥʪʘʞ ï ʯʘʩ ʥʘʭʠʣʫ ʙʘʨʘʙʘʥʘ, ʩ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ ʟʘ ʦʜʠʥ ʮʠʢʣ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʠʨʘʟ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ:  

ʟʘʛ ʦʙʨ ʦʩʮ ʪʝʨʪʷ ʟʘʚʘʥʪʘʞ ʚʠʚʘʥʪʘʞ
P P P P P P= + + + + .   (11) 

ɺʨʘʭʦʚʫʶʯʠ ʚʩʽ ʧʝʨʝʣʽʯʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʦʩʪʘʪʦʯʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

( )

( )

2 2 2 3

0

2

ʢʦʚʰ ʟʘʚʘʥʪʘʞ ʧʽʜʡʦʤ ʥʘʧʨʚʠʚʘʥʪʘʞ ʥʘʭʠʣ

ʥʘʚʘʥʪʘʞ ʚʠʚʘʥʪʘʞ

1
sin

2

cos

( ) (1 )
.

ʟʘʛ ʟʘʛ ʩʨ ʟʘʛ ʩʨ ʙ ʩʫʤ

ʩʫʤ ʩʫʤ ʚʽʜʥʦʩʥʘ

P V g R V R m R

m g m R v

m m g h m g h

t t

w r q r w q w

m q w

m

= Ö Ö Ö Ö Ö + Ö Ö Ö + Ö Ö

+ Ö Ö Ö + Ö

+

Ö Ö +

+ Ö Ö Ö + Ö Ö
+ +

  (12) 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʪʘʧʽʚ ï 

ʦʙʝʨʪʘʥʥʷ, ʦʩʮʠʣʷʮʽʡ, ʪʝʨʪʷ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ï ʩʬʦʨʤʦʚʘʥʦ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʨʘʭʦʚʫʶʪʴ 

ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʫʤʽʰʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʫʩʪʘʥʦʚʢʠ. 

ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ. ʅʘʡʙʽʣʴʰʝ 

ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʦʙʝʨʪʘʥʥʷ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʦʪʨʝʙʦʶ ʧʦʜʦʣʘʥʥʷ 

ʽʥʝʨʮʽʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʷʢʽʩʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʇʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʧʨʠ ʮʴʦʤʫ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ, ʛʝʦʤʝʪʨʽʾ ʙʘʨʘʙʘʥʘ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. ɼʦʜʘʪʢʦʚʽ 

ʦʩʮʠʣʷʮʽʡʥʽ ʨʫʭʠ ʙʘʨʘʙʘʥʘ ʧʦʢʨʘʱʫʶʪʴ ʦʜʥʦʨʽʜʥʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʧʨʦʪʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. ɺʝʣʠʯʠʥʘ ʮʠʭ ʚʠʪʨʘʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ, ʘʤʧʣʽʪʫʜʦʶ ʪʘ 

ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʦʩʮʠʣʷʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʷʢ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʪʘʢ ʽ ʤʽʞ ʩʫʤʽʰʰʶ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ 

ʙʘʨʘʙʘʥʘ. ɼʣʷ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʚôʷʟʢʦʩʪʽ ʩʫʤʽʰʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʥʝʦʙʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʦʮʝʩʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʦʪʦʚʦʾ ʩʫʤʽʰʽ ʪʘʢʦʞ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ. ʎʽ ʚʠʪʨʘʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʠ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʦʧʝʨʘʮʽʡ. ɰʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʚʦʜʫ, ʦʩʦʙʣʠʚʦ 

ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʽ ʘʚʪʦʥʦʤʥʠʭ ʫʩʪʘʥʦʚʦʢ. 
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ɸʅʆʊɸʎɯʗ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʘʤʧʣʽʪʫʜʫ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ 

ʨʫʭʦʤʦʾ ʨʘʤʠ ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʥʘʡʩʫʪʪʻʚʽʰʠʡ ʚʧʣʠʚ ʩʪʚʦʨʶʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢ: ʞʦʨʩʪʢʽʩʪʴ ʚʽʙʨʘʮʽʡʥʠʭ ʦʧʦʨ, 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ ʢʦʣʠʚʘʥʴ ʪʘ ʤʘʩʘ ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ. ʎʽ ʯʠʥʥʠʢʠ ʙʫʣʠ ʦʙʨʘʥʽ ʟʘ ʥʝʟʘʣʝʞʥʽ ʬʘʢʪʦʨʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʨʽʚʥʷʥʥʷ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʜʠʩʧʝʨʩʽʾ ʚ ʥʫʣʴʦʚʽʡ ʪʦʯʮʽ, ʜʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘ ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʧʠʩʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʪʨʠʚʠʤʽʨʥʽ ʧʦʚʝʨʭʥʽ 

ʚʽʜʛʫʢʫ ʫ ʢʦʜʦʚʘʥʽʡ ʬʦʨʤʽ ʪʘ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʦʜʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʠʭ ʦʧʦʨ ʟʽ ʟʤʽʥʥʦʶ ʞʦʨʩʪʢʽʩʪʶ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʧʣʦʱʘʜʢʘ; ʚʽʙʨʘʮʽʡʥʘ ʦʧʦʨʘ; ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ; ʞʦʨʩʪʢʽʩʪʴ; ʪʨʠʬʘʢʪʦʨʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ. 

 

ɺʩʪʫʧ. ɺʽʙʨʘʮʽʡʥʽ ʧʣʦʱʘʜʢʠ ʟ ʤʘʣʦʶ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʪʘ ʜʨʽʙʥʦʰʪʫʯʥʠʭ ʚʠʨʦʙʽʚ, ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟ ʦʙôʻʤʥʠʤ ʘʙʦ ʧʦʚʝʨʭʥʝʚʠʤ 

ʫʱʽʣʴʥʝʥʥʷʤ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʦʜʥʦʤʘʩʦʚʠʭ 

ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʟ ʛʘʨʤʦʥʽʡʥʠʤ ʟʘʨʝʟʦʥʘʥʩʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ [1]. ɰʭʥʽ ʨʫʭʦʤʽ ʯʘʩʪʠʥʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʧʨʫʞʥʽ ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʽ ʦʧʦʨʠ ʽ ʧʨʠʚʦʜʷʪʴʩʷ ʫ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʜʝʙʘʣʘʥʩʥʠʭ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʽʚ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʚʽʙʨʘʮʽʡʥʽ ʧʣʦʱʘʜʢʠ ʢʦʣʠʚʘʥʥʷ ʷʢʠʭ 

ʩʧʨʷʤʦʚʘʥʽ ʚʝʨʪʠʢʘʣʴʥʦ ʪʘ ʤʘʶʪʴ ʮʠʢʣʽʯʥʽ ʯʘʩʪʦʪʠ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʜʽʘʧʘʟʦʥʽ 25 ï 50 ɻʮ, 

ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 0,3 ï 0,6 ʤʤ [2 ï 4]. 

ʅʘ ʘʤʧʣʽʪʫʜʫ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʚʧʣʠʚʘʻ ʩʫʢʫʧʥʽʩʪʴ 

ʥʝʟʘʣʝʞʥʠʭ ʯʠʥʥʠʢʽʚ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ, ʩʝʨʝʜ ʷʢʠʭ: ʤʘʩʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʤʘʩʘ ʪʘ ʨʝʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʞʦʨʩʪʢʽʩʪʴ ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʠʭ ʦʧʦʨ, ʚʝʣʠʯʠʥʘ ʟʤʫʰʫʚʘʣʴʥʦʾ ʩʠʣʠ, 

ʥʘʷʚʥʽʩʪʴ ʪʘ ʤʘʩʘ ʧʨʠʚʘʥʪʘʞʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʆʩʢʽʣʴʢʠ ʘʤʧʣʽʪʫʜʘ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʚʽʙʨʦʤʘʰʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʞʦʨʩʪʢʦʩʪʽ ʾʾ ʧʨʫʞʥʦʾ ʣʘʥʢʠ ï ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʠʭ ʦʧʦʨ, ʪʦ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʽ ʷʢʽʩʪʴ 

ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʙʝʣʴʥʦʩʪʽ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣʘʭ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ 

ʨʦʙʦʪʽ [5] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʫʱʽʣʴʥʝʥʥʷ ʣʝʛʢʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘ 

ʫʜʘʨʥʦ-ʚʽʙʨʘʮʽʡʥʽʡ ʫʩʪʘʥʦʚʮʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʣʽʟʘʮʽʾ ʪʨʠʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʥʦʚʢʠ ʥʘ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʬʦʨʤʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ. 

ɿʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʽ [6] ʜʦʩʣʽʜʞʫʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʙʝʪʦʥʥʠʭ 

ʩʫʤʽʰʝʡ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʩʚʽʪʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ ʧʨʫʞʥʦʾ 

ʚʽʙʨʦʦʧʦʨʠ ʟʤʽʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʟ ʛʘʨʤʦʥʽʡʥʠʤ ʟʘʨʝʟʦʥʘʥʩʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʥʘ 

ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʘʤʧʣʽʪʫʜʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ 

ʧʦʚʝʨʭʥʽ ʾʾ ʨʫʭʦʤʦʾ ʨʘʤʠ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʙʥʠʭ ʜʦʩʣʽʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʘʤʧʣʽʪʫʜʫ 

ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʦʧʣʦʱʘʜʢʠ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʩʪʚʦʨʶʶʪʴ ʪʘʢʽ 

ʬʘʢʪʦʨʠ ʷʢ: ʞʦʨʩʪʢʽʩʪʴ ʚʽʙʨʦʦʧʦʨ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ ʢʦʣʠʚʘʥʴ ʪʘ ʤʘʩʘ ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ ʫʩʪʘʥʦʚʢʠ. 

ɿʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʢʝʨʦʚʘʥʠʤʠ, ʧʽʜʜʘʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ 

ʟʘʜʘʥʠʭ ʨʽʚʥʷʭ. ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ 

ʚʽʜ ʦʙʨʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʢʽʣʴʢʦʩʪʽ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʠʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ [7]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʽʚ, ʟʛʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʛʦ ʧʣʘʥʫ, ʬʘʢʪʦʨʠ ʚʘʨʽʶʚʘʣʠʩʴ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ ï 

ʦʩʥʦʚʥʦʤʫ, ʚʝʨʭʥʴʦʤʫ ʽ ʥʠʞʥʴʦʤʫ. ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʜʘʥʽ ʟʚʝʜʝʥʦ ʜʦ 

ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 
ʌʘʢʪʦʨʠ, ʾʭ ʨʽʚʥʽ ʪʘ ʽʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ 

ʈʽʚʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʬʘʢʪʦʨʠ 

ɾʦʨʩʪʢʽʩʪʴ 

ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʦʾ ʦʧʦʨʠ 
ʽʟ
ʩ, 

ʅ/ʤ 

ɺʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ l , 

ʤ 

ʄʘʩʘ ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ 

m, ʢʛ 

1
X  

1
x  

2
X  

2
x  

3
X  

3
x  

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ 
maxi

X  121833,69 +1 0 +1 130 +1 

ʅʫʣʴʦʚʠʡ ʨʽʚʝʥʴ 

0i
X  

243667,38 0 0,25375 0 110 0 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ 
mini

X  365501,07 -1 0,5075 -1 90 -1 

ɯʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ 

i
XD  

-121833,69 1 -0,25375 1 20 1 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʜʝʨʞʘʥʦ ʨʽʚʥʷʥʥʷ 

ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 
2

1 2 3 1

2 2

2 3 1 2 1 3 2 3

Ĕ 0,22084 0,022 0,0401 0,0019 0,04763

0,02387 0,00867 0,00088 0,01940 0,01363

i
y x x x x

x x x x x x x x

= + + - + -

- - - + +
        (1) 

ʜʝ Ĕ
i

y   ʘʤʧʣʽʪʫʜʘ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʘ ʦʧʪʠʤʽʟʫʻʪʴʩʷ; 

1 2 3
, ,x x x   ʚʭʽʜʥʽ ʬʘʢʪʦʨʠ ʫ ʢʦʜʦʚʘʥʽʡ ʬʦʨʤʽ. 

ʊʘʙʣʠʮʷ 2 
ɿʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʦ ʦʪʨʠʤʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʇʦʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʫʥʢʮʽʷ ʚʽʜʛʫʢʫ Ĕ
i

y  

ɼʠʩʧʝʨʩʽʷ ʚ ʥʫʣʴʦʚʽʡ ʪʦʯʮʽ 
2

0
S  0,000024333 

ɼʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪʽ 
2

ʘʜ
S  0,00024328 

ʂʨʠʪʝʨʽʡ ʌʽʰʝʨʘ p
F  9,998 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʌʽʰʝʨʘ ʜʣʷ 5% ʨʽʚʥʷ 

ʟʥʘʯʠʤʦʩʪʽ 

[
p

F ] 19,30 

ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʙʫʜʦʚʘʥʦ ʪʨʠʚʠʤʽʨʥʽ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʦʪʨʠʤʘʥʦʾ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʫ ʢʦʜʦʚʘʥʽʡ ʬʦʨʤʽ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʦʜʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʥʦʤʫ 

ʨʽʚʥʽ ʽ ʟʤʽʥʽ ʜʚʦʭ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʞʝʥʝʨʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʩʠʩʪʝʤʫ PTC Mathcad Prime 10. 
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ɺʠʩʥʦʚʢʠ. ʇʨʠ ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 1, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨʠ 
1

1x =+ ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ̒  

ʥʘʡʙʽʣʴʰʦʶ, ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ (ʬʘʢʪʦʨ 
3

x ) ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʘ ʢʦʣʠʚʘʥʴ (ʬʘʢʪʦʨ 
1

x ) ʚ ʤʝʞʘʭ 

ʟʘʟʥʘʯʝʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʇʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʬʘʢʪʦʨʘ 
1

1x =- ʘʤʧʣʽʪʫʜʘ 

ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʰʚʠʜʢʦ ʩʧʘʜʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʠ ʪʘ ʧʦʚʽʣʴʥʽʰʝ ʩʧʘʜʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ 

ʚʽʜ ʢʦʣʠʚʥʦʛʦ ʮʝʥʪʨʘ. ʇʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʬʘʢʪʦʨʘ 
1

x  ʥʘ ʦʩʥʦʚʥʦʤʫ ʨʽʚʥʽ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ 

ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʻ ʘʥʘʣʦʛʽʯʥʠʤʠ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʧʘʜʢʫ ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʠ ʨʫʭʦʤʦʾ 

ʯʘʩʪʠʥʠ ʚʽʙʨʦʧʣʦʱʘʜʢʠ. 

ʈʦʟʛʣʷʥʫʚʰʠ ʧʦʚʝʨʭʥʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʚʽʜʩʪʘʥʽ 
2

1x =-, ʤʦʞʥʘ ʧʨʦʩʪʝʞʠʪʠ, ʱʦ 

ʧʨʠ ʟʤʝʥʰʝʥʽ ʞʦʨʩʪʢʦʩʪʽ ʚʽʙʨʦʦʧʦʨʠ (ʬʘʢʪʦʨ 
1

x ) ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʄʘʩʘ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʘʤʧʣʽʪʫʜʫ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ: ʽʟ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ 

ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʙʽʣʴʰʝʥʥʷ ʤʘʩʠ (ʬʘʢʪʦʨ 
1

x ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ. ɼʚʽ ʪʨʠʚʠʤʽʨʥʽ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ, ʧʦʢʘʟʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʘʤʧʣʽʪʫʜʠ ʚʽʜ ʪʠʭ ʩʘʤʠʭ ʬʘʢʪʦʨʽʚ, ʘʣʝ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʽʜʩʪʘʥʝʡ ʪʦʯʦʢ ʚʽʜ ʢʦʣʠʚʥʦʛʦ ʮʝʥʪʨʘ 
2

0x =  

ʪʘ 
2

1x =+. ʍʘʨʘʢʪʝʨ ʧʨʠʚôʷʟʢʠ ʮʠʭ ʧʦʚʝʨʭʦʥʴ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʧʦʚʪʦʨʶʻ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʧʨʠ 

2
1x =-. ʎʽ ʚʠʩʥʦʚʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʢʦʥʦʚʽ ɻʫʢʘ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʥʦʾ 

ʚʽʙʨʦʦʧʦʨʠ ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ, ʽ ʥʘʚʧʘʢʠ. ɺʽʜʧʦʚʽʜʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʽ ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʚʽʙʨʦʧʣʠʪʠ. 
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ɼʤʠʪʨʦ ʄʽʱʫʢ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ1 (ORCID: 0000-0002-8263-9400), 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʄʘʣʦʛʘʙʘʨʠʪʥʽ ʚʠʣʦʯʥʽ ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʤʘʶʪʴ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ ʦʙôʻʢʪʽʚ ʚ ʩʪʠʩʥʝʥʠʭ ʫʤʦʚʘʭ ʪʘ ʛʫʩʪʦʟʘʩʝʣʝʥʠʭ ʘʛʣʦʤʝʨʘʮʽʷʭ. ʊʘʢʦʞ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ ʢʦʥʮʝʧʮʽʶ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʯʘ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ, ʷʢ ʘʚʪʦʥʦʤʥʘ ʤʘʰʠʥʘ ʜʣʷ 

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʅʘʚʘʥʪʘʞʫʚʘʯ ʤʽʩʪʠʪʴ ʭʦʜʦʚʫ ʨʘʤʫ ʟ ʜʚʠʛʫʥʦʤ ʧʦʪʫʞʥʽʩʪʶ 16,2 ʢɺʪ 

ʪʘ ʧʽʜʡʦʤʥʠʢ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʽ ʣʘʥʮʶʛʦʚʠʤ ʧʦʣʽʩʧʘʩʪʦʤ. ɺʠʩʦʪʘ ʧʽʜʽʡʤʘʥʥʷ ʚʠʣ ʧʽʜʡʦʤʥʠʢʦʤ ʜʦʩʷʛʘʻ 2,4 ʤ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯ; ʤʘʣʦʛʘʙʘʨʠʪʥʠʡ ʥʘʚʘʥʪʘʞʫʚʘʯ; ʘʚʪʦʥʦʤʥʘ ʧʣʘʪʬʦʨʤʘ. 

 

ʉʫʯʘʩʥʽ ʧʦʪʦʢʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʣʽʥʽʾ, ʤʽʞʮʝʭʦʚʠʡ ʽ ʮʝʭʦʚʠʡ ʪʨʘʥʩʧʦʨʪ, ʚʘʥʪʘʞʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʽ ʨʠʪʤʽʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʉʘʤʝ ʪʦʤʫ 

ʧʽʜʽʡʤʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʝ ʦʙʣʘʜʥʘʥʥʷ ʚ ʜʘʥʠʡ ʯʘʩ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʤʝʭʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ [1]. 

ʌʨʦʥʪʘʣʴʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʚʠʣʢʦʚʽ ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʽ 

ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʨʦʙʦʪʘʭ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʥʝʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʪʘ ʰʪʘʙʝʣʶʚʘʥʥʷ 

ʰʪʫʯʥʠʭ ʽ ʪʘʨʥʠʭ ʚʘʥʪʘʞʽʚ ʥʘ ʚʽʜʢʨʠʪʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʽ ʜʦʨʦʛʘʭ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ, ʘ ʪʘʢʦʞ ʚ 

ʩʢʣʘʜʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ɿʘʟʚʠʯʘʡ ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʦʙʣʘʜʥʫʶʪʴʩʷ ʢʦʤʧʣʝʢʪʦʤ ʟʤʽʥʥʠʭ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ:  

- ʚʠʣʘʤʠ ʪʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʭʦʧʣʶʚʘʯʘʤʠ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʩʢʣʘʜʫʚʘʥʥʷ ʰʪʫʯʥʠʭ, ʪʘʨʥʠʭ ʽ ʜʦʚʛʦʤʽʨʥʠʭ ʚʘʥʪʘʞʽʚ (ʪʨʫʙ, ʢʦʥʪʝʡʥʝʨʽʚ, ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ ʪʘ ʽʥ.);  

- ʩʪʨʽʣʘʤʠ ʟ ʛʨʝʡʬʝʨʥʠʤʠ ʢʦʚʰʘʤʠ ʜʣʷ ʥʘʩʠʧʥʠʭ ʽ ʢʫʩʢʦʚʠʭ ʚʘʥʪʘʞʽʚ;  

- ʚʘʥʪʘʞʥʠʤʠ ʩʪʨʽʣʘʤʠ (ʙʣʦʢʦʚʠʤʠ ʪʘ ʙʝʟʙʣʦʢʦʚʠʤʠ) ʜʣʷ ʧʽʜʽʡʤʘʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ ʥʝʚʝʣʠʢʫ 

ʚʠʩʦʪʫ ʪʘ ʤʦʥʪʘʞʫ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʉʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʪʘ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʨʦʟʨʦʙʢʠ ʚʠʣʢʦʚʠʭ ʥʘʚʘʥʪʘʞʫʚʘʯʽʚ [1, 2].  ʅʘ ʨʠʩ. 1. ʧʦʢʘʟʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʮʝʧʮʽʾ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʯʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʾ ʭʦʜʦʚʦʾ ʰʘʨʥʽʨʥʦ-ʟʣʘʤʥʦʾ 

ʨʘʤʠ 1, ʧʽʜʡʦʤʥʠʢʘ 2, ʜʚʠʛʫʥʘ 3 ʪʘ ʚʠʢʦʥʘʚʯʠʭ ʩʠʩʪʝʤ ʛʽʜʨʦʧʨʠʚʦʜʫ 4. 

ʆʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʯʘ ʻ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʚʠʛʥʫʪʠʭ ʧʽʜ 

ʧʨʷʤʠʤ ʢʫʪʦʤ ʩʪʘʣʝʚʠʭ ʙʨʫʩʽʚ. ɼʘʥʠʡ ʚʠʣʦʯʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʰʘʨʥʽʨʥʦ ʥʘ 

ʧʽʜʡʦʤʥʫ ʢʘʨʝʪʢʫ ʧʽʜʡʦʤʥʠʢʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʾ ʨʘʤʠ, ʱʦ ʰʘʨʥʽʨʥʦ ʧʨʠʢʨʽʧʣʝʥʘ ʜʦ 
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ʭʦʜʦʚʦʾ ʨʘʤʠ ʤʘʰʠʥʠ. ɺ ʩʝʨʝʜʠʥʽ ʦʩʥʦʚʥʦʾ ʨʘʤʠ ʥʘ ʨʦʣʠʢʘʭ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʠʩʫʚʥʘ ʨʘʤʘ, ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʥʠʭ ʷʢʦʾ ʥʘ ʚʣʘʩʥʠʭ ʨʦʣʠʢʘʭ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʘʥʪʘʞʥʘ ʢʘʨʝʪʢʘ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤ ʜʦ ʥʝʾ ʨʦʙʦʯʠʤ 

ʦʨʛʘʥʦʤ. ɺʠʩʫʚʥʘ ʨʘʤʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʛʽʜʨʦʮʠʣʽʥʜʨʦʤ, ʘ ʧʽʜʡʦʤʥʘ ʢʘʨʝʪʢʘ ï ʜʚʦʤʘ ʚʘʥʪʘʞʥʠʤʠ 

ʣʘʥʮʶʛʘʤʠ, ʷʢʽ ʦʛʠʥʘʶʪʴ ʟʽʨʦʯʢʠ ʥʘ ʚʠʩʫʚʥʽʡ ʨʘʤʽ ʽ ʢʨʽʧʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʥʽʡ ʨʘʤʽ ʫʪʚʦʨʶʶʯʠ 

ʜʚʦʢʨʘʪʥʠʡ ʧʦʣʽʩʧʘʩʪ ʜʣʷ ʚʠʛʨʘʰʫ ʚ ʰʚʠʜʢʦʩʪʽ. ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʠʩʫʚʥʦʾ ʨʘʤʠ ʛʽʜʨʦʮʠʣʽʥʜʨʦʤ 

ʚʛʦʨʫ ʢʘʨʝʪʢʘ ʽ ʚʘʥʪʘʞ ʧʽʜʥʽʤʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʚʜʚʽʯʽ ʙʽʣʴʰʦʶ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʰʪʦʢʘ 

ʛʽʜʨʦʮʠʣʽʥʜʨʘ. ʆʩʥʦʚʥʘ ʨʘʤʘ ʧʽʜʡʦʤʥʠʢʘ ʤʦʞʝ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʜʚʦʤʘ ʛʽʜʨʦʮʠʣʽʥʜʨʘʤʠ 

ʚʧʝʨʝʜ, ʘ ʪʘʢʦʞ ʽ ʥʘʟʘʜ ʪʘ ʫʢʣʘʜʘʪʠʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʝ ʧʦʣʦʞʝʥʥʷ. ʐʘʨʥʽʨʥʘ ʨʘʤʘ ʽ ʢʦʣʽʩʥʘ ʭʦʜʦʚʘ 

ʙʘʟʘ ʜʣʷ ʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʨʦʟʨʦʙʢʦʶ ʚ ʙʘʛʘʪʴʦʭ ʧʦʜʽʙʥʠʭ ʨʽʰʝʥʥʷʭ, ʜʝ ʥʝʦʙʭʽʜʥʘ 

ʚʝʣʠʢʘ ʤʘʥʝʚʨʝʥʽʩʪʴ ʤʘʰʠʥʠ [3].  

 
ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʢʦʥʮʝʧʮʽʾ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʯʘ 

 

ʄʝʭʘʥʽʟʤ ʥʘʭʠʣʫ ʧʽʜʡʦʤʥʠʢʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʪʘʢ ʷʢ ʧʨʠ ʟʥʘʯʥʠʭ ʡʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʨʠ ʮʴʦʤʫ ʤʽʥʽʤʘʣʴʥʽ ʨʦʟʤʽʨʠ. ʅʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʥʘ ʰʪʦʢʫ ʮʠʣʽʥʜʨʽʚ 

ʥʘʭʠʣʫ ʧʽʜʡʦʤʥʠʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʧʦʚʦʨʦʪʽ ʧʽʜʡʦʤʥʠʢʘ ʟ ʚʘʥʪʘʞʝʤ, ʷʢʠʡ ʥʘʭʠʣʝʥʠʡ 

ʚʧʝʨʝʜ ʥʘ ʛʨʘʥʠʯʥʠʡ ʢʫʪ Ŭ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʜʘʥʦʤʫ ʚʫʟʣʫ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: 

ʮʝʥʪʨ ʚʘʛʠ ʚʘʥʪʘʞʫ ʧʦ ʚʠʩʦʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʝʨʝʜʠʥʽ ʨʦʣʠʢʽʚ ʧʽʜʡʦʤʥʦʾ ʢʘʨʝʪʢʠ, ʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ 

ï ʥʘ ʚʽʜʩʪʘʥʽ l  (ʨʠʩ. 2) ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʩʧʠʥʢʠ ʚʠʣ; ʮʝʥʪʨ ʚʘʛʠ ʢʘʨʝʪʢʠ ʟ ʚʠʣʘʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʩʝʨʝʜʠʥʽ ʪʦʚʱʠʥʠ ʩʧʠʥʢʠ ʚʠʣ; ʮʝʥʪʨ ʚʘʛʠ ʨʫʭʦʤʠʭ ʨʘʤ ʧʽʜʡʦʤʥʠʢʘ ʨʘʟʦʤ ʟ ʮʠʣʽʥʜʨʦʤ ʧʽʜʡʦʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʩʝʨʝʜʠʥʽ ʪʘʢʠʭ ʨʘʤ. ɿʘ ʨʠʩ. 2 ʩʢʣʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ 

ʪʦʯʢʠ ʧʦʚʦʨʦʪʫ ʧʽʜʡʦʤʥʠʢʘ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʘ ʮʠʣʽʥʜʨʘ ʧʦʚʦʨʦʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʫʩʠʣʣʷ ʥʘ ʰʪʦʢʫ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʥʘʭʠʣʫ. 

ɿʫʩʠʣʣʷ ʥʘ ʰʪʦʢʫ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʥʘʭʠʣʫ ʧʽʜʡʦʤʥʠʢʘ, ʅ: 

2

4 2

3 2 2 1 2

1
( sin sin sin

2(cos sin )

sin cos ( ) cos ( ) ( )cos ),

ʮ H b ʢ b ʚ

ʥ ʢ ʚ ʥ

S Q H G H G H
H b

G H Q a b G a b G G a

a a a
f f

a a a a

¡= + + +
-

¡ ¡+ + + + + + +

            (1) 

ʜʝ 
ʥ

G  ï ʚʘʛʘ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʷʤʥʦʾ ʨʘʤʠ; 
b

H , 
2

H , 
3

H , 
4

H  ï ʚʠʩʦʪʠ ʚʽʜ ʦʩʽ ʧʦʚʦʨʦʪʫ ʧʽʜʡʦʤʥʠʢʘ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʝʥʪʨʘ ʚʘʛʠ ʚʘʥʪʘʞʫ ʽ ʧʽʜʡʦʤʥʦʾ ʢʘʨʝʪʢʠ ʟ ʚʠʣʘʤʠ, ʚʠʩʫʚʥʦʾ ʨʘʤʠ, ʟʦʚʥʽʰʥʴʦʾ ʨʘʤʠ ʪʘ 

ʜʦ ʦʩʽ ʢʨʽʧʣʝʥʥʷ ʰʪʦʢʘ ʮʠʣʽʥʜʨʽʚ ʥʘʭʠʣʫ; b¡ ï ʚʽʜʩʪʘʥʴ ʮʝʥʪʨʘ ʚʘʛʠ ʚʘʥʪʘʞʫ ʚʽʜ ʦʩʽ ʨʘʤʠ (b¡ = 
1

b l+
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); 
1

b¡ ï ʚʽʜʩʪʘʥʴ ʮʝʥʪʨʘ ʚʘʛʠ ʧʽʜʡʦʤʥʦʾ ʢʘʨʝʪʢʠ ʚʽʜ ʦʩʽ ʨʘʤʠ; 
2

b  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʥʽʨʘʤʠ ʦʩʽ 

ʧʦʚʦʨʦʪʫ ʧʽʜʡʦʤʥʠʢʘ ʽ ʰʪʦʢʦʤ ʮʠʣʽʥʜʨʘ ʥʘʭʠʣʫ ʥʘ ʟʦʚʥʽʰʥʽʡ ʨʘʤʽ; ʘ2 ï ʚʽʜʩʪʘʥʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʚʽʜ 

ʩʝʨʝʜʠʥʠ ʨʘʤʠ ʜʦ ʮʝʥʪʨʫ ʧʦʚʦʨʦʪʫ ʧʽʜʡʦʤʥʠʢʘ; ű ï ʢʫʪ ʥʘʭʠʣʫ ʮʠʣʽʥʜʨʘ, ʷʢʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʫʪʘ 

ʥʘʭʠʣʫ ʧʽʜʡʦʤʥʠʢʘ ʚʧʝʨʝʜ ʥʘ ʢʫʪ Ŭ = 10Á ʧʨʠʡʤʘʻʪʴʩʷ ű = 0. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʚ ʤʝʭʘʥʽʟʤʽ ʥʘʭʠʣʫ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʢʦʤ 
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1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ ɻʨʠʮʘʻʥʢʘ 24, 36011, 

ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʩʫʤʽʰʝʡ ʫ ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʰʧʘʢʣʶʚʘʣʴʥʦʤʫ ʘʛʨʝʛʘʪʽ, ʩʪʚʦʨʝʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʉʆ-150. ʆʩʥʦʚʥʦʶ ʪʝʭʥʽʯʥʦʶ 

ʽʥʥʦʚʘʮʽʻʶ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ ʪʘ ʛʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʜʘʯʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʚʨʘʭʦʚʫʻ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ: ʛʽʜʨʦʧʨʠʚʽʜ, ʪʨʫʙʦʧʨʦʚʽʜ, ʚʪʨʘʪʠ ʪʠʩʢʫ, ʧʘʨʘʤʝʪʨʠ ʥʘʩʦʩʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ 

ʤʦʜʝʣʽ ʜʘʻ ʟʤʦʛʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʙʠʨʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʤʝʭʘʥʽʟʦʚʘʥʠʭ 

ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʧʘʢʣʶʚʘʣʴʥʠʡ ʘʛʨʝʛʘʪ; ʙʫʜʽʚʝʣʴʥʘ ʩʫʤʽʰ; ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʽʜ; ʧʝʨʝʢʘʯʫʚʘʥʥʷ; ʰʥʝʢʦʚʠʡ 

ʞʠʚʠʣʴʥʠʢ; ʛʚʠʥʪʦʚʠʡ ʥʘʩʦʩ. 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘʙʫʚʘʶʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʄʝʭʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʥʘʥʝʩʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ï ʪʘʢʠʭ ʷʢ ʰʧʘʢʣʽʚʢʠ, 

ʨʦʟʯʠʥʠ, ˇʨʫʥʪʦʚʢʠ ʪʘ ʬʘʨʙʠ ï ʻ ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʨʦʙʽʪ ʽ ʦʙʤʝʞʝʥʠʭ ʪʝʨʤʽʥʽʚ ʚʠʢʦʥʘʥʥʷ. ɺʦʜʥʦʯʘʩ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ 

ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʚʠʤʦʛ ʱʦʜʦ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, 

ʥʘʜʽʡʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ 

ʧʦʜʘʯʽ ʨʦʙʦʯʠʭ ʩʫʤʽʰʝʡ. ɺʽʜ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʧʦʜʘʯʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ 

ʷʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʢʨʠʪʪʷ ʪʘ ʚʠʪʨʘʪʘ ʩʫʤʽʰʽ. ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ 

ʰʧʘʢʣʶʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʟʦʢʨʝʤʘ ʘʛʨʝʛʘʪ ʉʆ-150, ʤʘʶʪʴ ʥʠʟʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʙʤʝʞʝʥʴ, ʷʢʽ 

ʫʩʢʣʘʜʥʶʶʪʴ ʾʭʥʶ ʝʬʝʢʪʠʚʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʟ ʩʫʤʽʰʘʤʠ ʨʽʟʥʦʾ ʚôʷʟʢʦʩʪʽ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. ɿʦʢʨʝʤʘ, ʝʣʝʢʪʨʦʧʨʠʚʽʜ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ ʯʘʩʪʦ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʘʪʥʴʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʧʦʜʘʯʽ ʛʫʩʪʠʭ ʘʙʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʭ ʩʫʤʽʰʝʡ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ, ʧʽʜʚʠʱʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʚʪʨʘʪ ʯʘʩʫ ʥʘ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʥʘʧʨʷʤʽʚ ʻ ʟʘʤʽʥʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʛʽʜʨʘʚʣʽʯʥʦʶ ʩʠʩʪʝʤʦʶ. ɻʽʜʨʦʧʨʠʚʽʜ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʣʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʦʯʥʦ ʜʦʟʫʚʘʪʠ ʧʦʜʘʯʫ 

ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʥʦ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʛʨʝʛʘʪʽʚ. 
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ʂʨʽʤ ʪʦʛʦ, ʛʽʜʨʦʩʠʩʪʝʤʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʠʚʘʥʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʦʜʘʯʽ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʩʫʤʽʰʝʡ. 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʰʧʘʢʣʶʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ ʩʫʤʽʰʽ. ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʩʠʩʪʝʤʠ ð h ʥʝʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ, ʛʚʠʥʪʦʚʠʡ ʥʘʩʦʩ, ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʝʡ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʷʢ ʘʥʘʣʽʪʠʯʥʽ, ʪʘʢ ʽ 

ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʥʦʚʠʭ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʷʚʥʠʭ ʟʨʘʟʢʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ..   

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [1] ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʨʦʙʢʫ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ 

ʤʘʣʦʽʤʧʫʣʴʩʥʦʾ ʧʦʜʘʯʽ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʤʦʢʨʦʤʫ ʪʦʨʢʨʝʪʫʚʘʥʥʽ. ɸʚʪʦʨ ʟʘʧʨʦʧʦʥʫʚʘʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʪʘ ʢʽʣʴʮʝʚʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ʙʣʦʢʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʽʤʧʫʣʴʩʥʦʩʪʽ ʧʦʜʘʯʽ ʩʫʤʽʰʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ. 

ʎʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʰʧʘʢʣʶʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʛʽʜʨʦʧʨʠʚʦʜʦʤ. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [2] ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʜʽʾ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʤʝʪʦʜʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʧʝʮʽʘʣʴʥʠʭ ʛʽʜʨʦʤʘʰʠʥ, ʚʢʣʶʯʘʶʯʠ ʛʽʜʨʦʧʨʠʚʦʜʠ ʪʘ ʛʚʠʥʪʦʚʽ ʥʘʩʦʩʠ. ʎʽ ʟʥʘʥʥʷ ʻ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʋ ʨʦʙʦʪʽ [3], ʧʨʠʩʚʷʯʝʥʽʡ 

ʥʘʫʢʦʚʠʤ ʦʩʥʦʚʘʤ ʩʪʚʦʨʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʨʝʩʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʩʫʤʽʰʝʡ, ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ 

ʤʝʭʘʥʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʨʝʩʫʚʘʥʥʷ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʝʡ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʧʦʜʘʯʽ ʪʘ ʥʘʥʝʩʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʫ ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʰʧʘʢʣʶʚʘʣʴʥʦʤʫ ʘʛʨʝʛʘʪʽ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ 

ʧʨʠʚʦʜʦʤ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʘʛʨʝʛʘʪʫ ʪʠʧʫ ʉʆ-150. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ 

ʷʢʦʩʪʽ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʥʫʯʢʦʩʪʽ, ʨʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʩʫʤʽʰʽ ï 

ʰʥʝʢʦʚʠʤ ʞʠʚʠʣʴʥʠʢʦʤ, ʛʚʠʥʪʦʚʠʤ ʥʘʩʦʩʦʤ, ʛʽʜʨʦʧʨʠʚʦʜʦʤ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ï ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ, ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʫʤʽʰʝʡ ʨʽʟʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʟʨʦʩʪʘʻ 

ʧʦʧʠʪ ʥʘ ʤʝʭʘʥʽʟʦʚʘʥʽ ʟʘʩʦʙʠ, ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ, ʨʽʚʥʦʤʽʨʥʝ ʪʘ ʷʢʽʩʥʝ ʥʘʥʝʩʝʥʥʷ 

ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʝʨʝʜ ʥʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʘʛʨʝʛʘʪʠ ʜʣʷ ʧʦʜʘʯʽ ʪʘ ʥʘʥʝʩʝʥʥʷ 

ʰʧʘʢʣʽʚʦʢ, ʬʘʨʙ, ˇʨʫʥʪʦʚʦʢ, ʢʣʝʾʚ ʽ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʟʜʦʙʣʝʥʥʷ. ɺʦʜʥʦʯʘʩ ʪʨʘʜʠʮʽʡʥʽ ʤʦʜʝʣʽ ʦʙʣʘʜʥʘʥʥʷ ʯʘʩʪʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʨʦʩʪʘʶʯʠʤ ʚʠʤʦʛʘʤ ʜʦ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʫʤʽʰʝʡ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʘʢʪʠʮʽ, ʻ 

ʰʧʘʢʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʉʆ-150. ʇʦʧʨʠ ʩʚʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʽ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʽʥ ʤʘʻ 

ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʨʦʙʽʪ. ɿʦʢʨʝʤʘ, ʝʣʝʢʪʨʦʧʨʠʚʽʜ ʰʥʝʢʦʚʦʛʦ 

ʞʠʚʠʣʴʥʠʢʘ ʯʘʩʪʦ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʴʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʧʦʜʘʯʽ ʛʫʩʪʠʭ, 

ʚʠʩʦʢʦʚôʷʟʢʠʭ ʘʙʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʫʤʽʰʝʡ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʧʦʜʘʯʽ, ʥʝʩʪʘʙʽʣʴʥʦʾ 

ʨʦʙʦʪʠ ʥʘʩʦʩʘ, ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʩʠʩʪʝʤʫ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʦʚʝʨʭʥʶ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ ʥʝʜʦʣʽʢʠ, ʜʦʮʽʣʴʥʠʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʛʨʝʛʘʪʫ ʰʣʷʭʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʫ. ɻʽʜʨʘʚʣʽʯʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʧʣʘʚʥʝ ʪʘ ʪʦʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʚʘʨʽʘʪʠʚʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ. ʎʝ ʨʦʙʠʪʴ ʾʭ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʜʝ 

ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʛʫʩʪʠʥʫ, ʟʝʨʥʠʩʪʽʩʪʴ ʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ ʙʫʜʽʚʝʣʴʥʦʾ ʩʫʤʽʰʽ ʫ ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʘʛʨʝʛʘʪʽ. ʋ ʤʝʞʘʭ ʮʽʻʾ 

ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ: ʰʥʝʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ, ʛʚʠʥʪʦʚʠʡ ʥʘʩʦʩ (ʪʠʧʫ 

çʄʦʡʥʝè), ʛʽʜʨʦʧʨʠʚʽʜ ʪʘ ʪʨʫʙʦʧʨʦʚʽʜ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʻ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʥʝʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʜʽʘʤʝʪʨʘ, ʢʨʦʢʫ ʩʧʽʨʘʣʽ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʘʧʦʚʥʝʥʥʷ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʚʠʪʨʘʪʦʶ ʛʽʜʨʘʚʣʽʯʥʦʾ ʨʽʜʠʥʠ, ʨʦʙʦʯʠʤ ʦʙôʻʤʦʤ 

ʛʽʜʨʦʤʦʪʦʨʘ ʪʘ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ. 

ʆʢʨʝʤʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʜʝʣʽ ʻ ʨʽʚʥʷʥʥʷ ʜʣʷ ʛʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. ɼʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦ, ʱʦʙ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʰʥʝʢʘ ʥʝ ʙʫʣʘ ʤʝʥʰʦʶ ʟʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʨʦʟʨʠʚʫ ʧʦʪʦʢʫ ʪʘ ʧʦʚʽʪʨʷʥʠʭ ʧʨʦʙʦʢ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʜʦʚʞʠʥʠ, ʜʽʘʤʝʪʨʘ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʥʘ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʘʻ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʷʢ ʘʥʘʣʽʪʠʯʥʽ, ʪʘʢ ʽ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʛʽʜʨʦʩʠʩʪʝʤʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʘʛʨʝʛʘʪʫ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʚʠʪʨʘʪ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʝ ʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʩʫʤʽʰʝʡ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ.  

ʋ ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʰʧʘʢʣʶʚʘʣʴʥʦʤʫ ʘʛʨʝʛʘʪʽ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʉʆ-150, ʚʧʨʦʚʘʜʞʝʥʦ 

ʛ̔ ʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʽʜ ʜʣʷ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ ʪʘ ʛʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ (ʈʠʩ. 1). ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʯʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ.  

ɿ ʤʝʪʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʫ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ 

ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʫʤʽʰʽ. 

ʐʥʝʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʫʤʽʰʽ ʟ ʙʫʥʢʝʨʘ ʜʦ ʚʩʤʦʢʪʫʚʘʣʴʥʦʾ 

ʟʦʥʠ ʛʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ. ʁʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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h= Ö Ö Ö,     (1) 

ʜʝ hQ  - ʦʙôʻʤʥʘ ʧʦʜʘʯʘ ʰʥʝʢʘ, ʤ3/ʩ; hD  - ʜʽʘʤʝʪʨ ʰʥʝʢʘ, ʤ; s - ʢʨʦʢ ʩʧʽʨʘʣʽ ʰʥʝʢʘ, ʤ; ʰ
n  - 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ, ʦʙ/ʩ; 
ʟʘʧ
h  - ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ (0,5ï0,8 ʟʘʣʝʞʥʦ ʚʽʜ ʚ'ʷʟʢʦʩʪʽ). 

 
ʈʠʩ.1. ʐʧʘʢʣʶʚʘʣʴʥʠʡ ʘʛʨʝʛʘʪ ʉʆ-150 ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ 

1 - ʙʫʥʢʝʨ, 2 - ʰʥʝʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ, 3 - ʛʚʠʥʪʦʚʠʡ ʥʘʩʦʩ, 4 - ʟôʻʜʥʫʚʘʣʴʥʠʡ ʧʘʪʨʫʙʦʢ, 5 ï ʛʫʤʦʚʠʡ ʰʣʘʥʛ,  

6 ï ʛʽʜʨʦʤʦʪʦʨ, 7 ï ʰʢʽʚ, 8 ï ʨʝʜʫʢʪʦʨ, 9 ï ʤʘʩʣʦʩʪʘʥʮʽʷ, 10 ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʙʘʢ 

 

ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ, ʷʢʠʡ ʦʙʩʷʛ ʤʘʪʝʨʽʘʣʫ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʢʦʞʥʦʛʦ ʦʙʝʨʪʫ ʰʥʝʢʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʢʦʚʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. 

ʋ ʥʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʧʨʠʚʦʜʫ. ɰʾ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʨʽʚʥʷʥʥʷʤ 
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Q  - ʚʠʪʨʘʪʘ ʛʽʜʨʘʚʣʽʯʥʦʾ ʨʽʜʠʥʠ, ʤ3/ʩ; 
ʛʤ

V  - ʨʦʙʦʯʠʡ ʦʙôʻʤ ʛʽʜʨʦʤʦʪʦʨʘ, ʤ3/ʦʙ; q - 

ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ ʪʘ ʰʢʽʚʘ. 

ʎʝ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʪʨʘʪʦʶ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ʪʘ ʰʚʠʜʢʽʩʪʶ 

ʦʙʝʨʪʘʥʥʷ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɻʚʠʥʪʦʚʠʡ ʥʘʩʦʩ, ʘʙʦ ʥʘʩʦʩ ʪʠʧʫ "ʄʦʡʥʝ", ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʥ ʛʚ ʥ
Q C n= Ö,       (3) 

ʜʝ 
ʥ

Q  - ʧʦʜʘʯʘ ʥʘʩʦʩʘ, ʤ3/ʩ;
ʛʚ
ʉ  - ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʦʙôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʩʦʩʘ, ʤ3/ʦʙ; 

ʥ
n  - ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʥʘʩʦʩʘ, ʦʙ/ʩ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʦʙôʻʤʥʘ ʧʦʜʘʯʘ ʰʥʝʢʘ ʙʫʣʘ ʥʝ 

ʤʝʥʰʦʶ ʟʘ ʧʦʜʘʯʫ ʥʘʩʦʩʘ 

ʰ ʥ
Q Q²        (4) 

ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʟʨʠʚʽʚ ʧʦʪʦʢʫ ʘʙʦ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʫ ʟʦʥʫ. 

ɺʪʨʘʪʠ ʪʠʩʢʫ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʩʫʤʽʰʽ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʽʜ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ɼʘʨʩʽ-

ɺʝʡʩʙʘʭʘ: 
2

2
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p

D

r
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Ö
D = Ö Ö       (5) 

ʜʝ pD - ʚʪʨʘʪʠ ʪʠʩʢʫ, ʇʘ; l - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ;L - ʜʦʚʞʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʤ;D - ʚʥʫʪʨʽʰʥʽʡ 

ʜʽʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʤ; r - ʛʫʩʪʠʥʘ ʩʫʤʽʰʽ, ʢʛ/ʤ3; v - hʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʫʤʽʰʽ, ʤ/ʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʧʦʜʘʯʽ ʚ ʘʛʨʝʛʘʪʽ ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ 
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ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʧʦʜʘʯʽ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʫ ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʰʧʘʢʣʶʚʘʣʴʥʦʤʫ ʘʛʨʝʛʘʪʽ ʟ ʛʽʜʨʦʧʨʠʚʦʜʦʤ. ɸʥʘʣʽʟ 

ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʘʛʨʝʛʘʪʫ ʉʆ-150, ʚʠʷʚʠʚ ʥʠʟʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʛʫʩʪʠʤʠ ʘʙʦ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʩʫʤʽʰʘʤʠ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʠʷʚʣʝʥʦ ʥʝʜʦʩʪʘʪʥʶ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʾ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ, ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʪʘ ʟʨʦʩʪʘʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʪʨʘʪ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʟʘʤʽʥʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʛʽʜʨʘʚʣʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʣʘʚʥʦ ʨʝʛʫʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ ʪʘ ʨʦʪʦʨʘ ʛʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ, ʱʦ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʘʜʘʧʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʘʛʨʝʛʘʪ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʪʘ ʨʽʚʥʦʤʽʨʥʫ ʧʦʜʘʯʫ ʤʘʪʝʨʽʘʣʫ, 

ʟʤʝʥʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʨʠʚʫ ʧʦʪʦʢʫ ʪʘ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ: ʜʽʘʤʝʪʨ ʽ ʢʨʦʢ ʩʧʽʨʘʣʽ ʰʥʝʢʘ, 

ʯʘʩʪʦʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʦʙôʻʤ ʛʽʜʨʦʤʦʪʦʨʘ, ʚʠʪʨʘʪʘ ʛʽʜʨʘʚʣʽʯʥʦʾ ʨʽʜʠʥʠ, ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʛʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ. ʊʘʢʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʷʢ 

ʘʥʘʣʽʪʠʯʥʠʡ, ʪʘʢ ʽ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʟʤʽʥʽ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʰʧʘʢʣʶʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ 

ʩʫʯʘʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ ʟ ʤʝʭʘʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʪʘ ʥʝ ʣʠʰʝ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʫ ʫ 

ʰʧʘʢʣʶʚʘʣʴʥʽ ʘʛʨʝʛʘʪʠ, ʘʣʝ ʡ ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʤʦʜʝʣʽ, ʨʦʟʨʦʙʢʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ ʩʫʤʽʰʽ, 

ʘ ʪʘʢʦʞ ʘʜʘʧʪʘʮʽʶ ʤʦʜʝʣʽ ʜʦ ʽʥʰʠʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʜʽʙʥʽ 

ʤʝʭʘʥʽʟʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 
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ABSTRACT. The development of the construction industry today is not possible without the participation of energy-

efficient machines and equipment. A key role among such machines is occupied by crushing machines, which include jaw, cone, 

roller, vibrating and impact crushers. The main determining parameters of the energy efficiency of a crushing machine, which 

at the same time complement each other, are power and productivity. The impact of productivity on energy costs is obvious. 

There are various approaches to determining productivity, but today there is no systematic analysis of such methods and 

approaches that could indicate similar and different patterns of the processes of material destruction by the working bodies of 

crushing machines. The paper considers methods for determining the productivity of jaw crushers. The frequency of oscillations 

of the working bodies of crushing machines has a significant impact on productivity. Graphs of the dependence of productivity 

on the frequency of oscillations of the working bodies of crushing machines are presented, which allow a better understanding 

of the characteristics of productivity changes. A general equation is proposed for determining the productivity of a jaw crusher, 

which should include functional dependencies on the relevant parameters. The conclusions identify the shortcomings of existing 

methods for determining productivity and suggest directions for further research. 

 

Keywords: crusher; energy efficiency; productivity; oscillation frequency; degree of crushing. 

 

Introduction.  The development of the construction industry today is not possible without the 

participation of energy-efficient machines and equipment. A key role among such machines is occupied by 

crushing machines, which include jaw, cone, roller, vibrating and impact crushers [10]. The main 

determining parameters of the energy efficiency of a crushing machine, which at the same time complement 

each other, are power and productivity. The issue of energy consumption lies in the field of determining 

the minimum energy required for the destruction of material in the crushing chamber [1],[2]. In addition, 

in research and creation of methods for applying load in order to minimize energy consumption. One of 

http://dx.doi.org/10.1177/0954408917691798
https://doi.org/10.1016/j.vacuum.2017.09.006
https://doi.org/10.26906/znp.2023.59.0000


 

51 
 

such areas is the selective disintegration method [3],[4]. The impact of productivity on energy consumption 

is obvious. There are different approaches to determining productivity, but today there is no systematic 

analysis of such methods and approaches, which could indicate similar and different patterns of the 

processes of destruction of materials by the working bodies of crushing machines.    

Review of Recent Studies and Publications. In work [5], [9] in parallel with the study of energy 

consumption in crushing machines, the productivity is determined as a mass balance depending on the inlet 

and outlet. That is, the influence of the material feed parameters and individual crusher parameters on 

energy efficiency is established. The work defines three types of crushing machines: jaw crusher, vertical 

shaft impact crusher and high-pressure roller crusher. The influence of the crusher outlet and material feed 

rate on productivity is considered in more detail. An analysis of the influence of the crushing process 

parameters on productivity is performed in work [6], however, this work does not currently take into 

account the design features of modern crushing equipment. However, the work does not determine the 

functional influence of machine, process and working environment parameters on productivity. 

Purpose of work.  Analysis of approaches and methods for determining the productivity of cone and 

jaw crushers. Assessment of the influence of the frequency of rotation of the crusher working elements on 

their productivity. 

Materials and methods.  The main materials for the analysis are scientific, technical and reference 

literature on domestic and foreign samples of modern crushing equipment. The main methods used in the 

work are the use of mathematical analysis in calculating the parameters of the mechanical mode of crushing 

machines. To perform calculations and plot graphs, software was used Wolfram Mathematica. 

Results. Let us consider methods for determining the productivity of jaw crushers. In general, the 

productivity of a jaw crusher can be written as a dependence on a number of the following parameters:  

( ), , , , , ,ʇ n L S d ia m= ,                                                                      (1) 

where n ï frequency of oscillation of the moving cheek, oscillations/time period; L ï length of the crushing 

chamber of the crusher, m; S ï movement of the movable cheek, m; d ï average size of the crushed product, 

m; Ŭ ï angle of capture; ɛ - the coefficient of loosening of the mass of material that fell out of the crusher 

outlet slot; i ï degree of crushing. 

There are several different approaches to determining the productivity of a jaw crusher. The classic 

approach states that the productivity of a jaw crusher is determined by the condition that for each jaw 

movement or one rotation of the main shaft, a finished product in the form of a prism of trapezoidal cross-

section is discharged from the crushing chamber. In the source [7], in the case of n complete swings of the 

moving jaw in 1 s, the crusher productivity is determined as follows, m3/sec: 

1

3600nLSd
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m

a
= ,                                                              (2) 

Here it is necessary to mention one more characteristic of the operation of the jaw crusher. It turns out 

that at a low frequency of oscillation of the crushing jaw, the productivity is directly proportional to the 

frequency of oscillation up to some optimal value, on the basis of which the formula for determining the 

productivity has the form [8]:  

( )min
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,                                                       (3) 

where S=Lmax-Lmin ï difference between the maximum and minimum outlet clearance values; i = B/e ï the 

reduction ratio of the material size after it passes through the crushing chamber. 
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                                                a                                                                                                          b 

Fig. 1. Graph of the dependence of the eccentric shaft speed on the productivity of the jaw crusher:  
a) based on the dependencies (3) and (4); b) based on the dependencies (2) and (6) 

 

However, at significant frequencies of oscillation of the crushing jaw, it was found that the 

productivity becomes inversely proportional to the frequency of oscillation. Based on which, the 

dependence (16) is written as follows: 

( )min

1
1606 2
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ʇ L L S
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å õ
= + æ ö

ç ÷
,      (4) 

Thus, the dependencies (16) and (17) make it possible to establish the optimal range of oscillation 

frequency of the moving jaw of the jaw crusher. For example, let's take the Metso C120 jaw crusher with 

the following parameters ï S = 0.0245 ʤ, L=1.2 ʤ, Lmin = 0.1505 ʤ, i=4,65. Using dependencies (16) and 

(17) and the determined parameter values, we will construct the corresponding graph, fig.2. 

In addition to the main parameters that are included in the dependences (16) and (17) on the 

productivity of the jaw crusher, the following additional parameters have an impact: 1) the distribution of 

material particles over the volume of the crushing chamber (packing characteristics); 2) the physical 

properties of the rock (strong, brittle, viscous rocks, etc.); 3) the bulk density of the material; 4) the 

geometry of the particle surface and the surface of the crushing plate. Based on these parameters, the general 

expression for determining the productivity of the jaw crusher will have the following form:  
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,                                       (5) 

where ɟ ï density of a particle of material; f(x1) ï function of distributing material particles throughout the 

volume of the crushing chamber; f(x2) ï surface function of material particles; f(x3) ï function of the surface 

geometry of the crushing plate. 

In general, similar transformations based on direct and inverse proportionality between the frequency 

of oscillation of the crusher jaw and productivity can be performed for dependence (2). In this case, the 

inversely proportional form of formula (2) will be as follows: 

2

4414.5Ld
ʇ

n

m
= .        (6) 

Similarly to the graph in Fig. 1, we construct a graph of the dependence of productivity on the 

frequency of oscillations of the movable jaw of the crusher based on expressions (2) and (20). The 

determined parameters for the C120 crusher remain the same. 

As can be seen from the graph of Fig. 3, the productivity value is closer to the productivity of the real 

C120 crusher compared to the graph of Fig. 2. However, the optimal speed in both graphs is the same. 
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Again, the difference in productivity lies in the presence in formula (2) of the material loosening coefficient 

and the parameter of the weighted average size of the material. It should also be noted that the angle of 

engagement was taken equal to 20 degrees. In general, it can be noted that the dependences (2) and (20) 

still give inflated productivity values compared to their real values. 

Discussion. From the analysis and evaluation of various methods for determining the productivity 

considered in the work, it can be noted that in jaw crushers the process of destruction of large pieces of 

material occurs when a load is cyclically applied by a moving cone, after which the material undergoes 

destruction. This can be explained by the geometry of the crushing chamber, the kinematic features of the 

crusher, the physical properties of the material and the unevenness of the material stacking in the space of 

the crushing chamber. In turn, the angle of engagement in the lower zone of the crushing space and the 

curvilinear profile of the crushing plate have a smaller impact on the productivity, the change of which does 

not lead to a significant increase in the productivity of the crusher. The angular velocity of the eccentric 

shaft has a significant impact on the productivity of the crusher. However, the speed of the eccentric shaft 

is limited due to the design features of the crushing machines. 

Conclusions. Most of the considered methods for determining the productivity of jaw crushers do not 

take into account the distribution of material in the crushing chamber, the geometry of the material and 

crushing plates, the physical characteristics of the material. The absence of these parameters in many 

dependencies is compensated by the introduction of appropriate correction factors, which cannot fully 

characterize the process of material destruction within a wide range of its change. When using the 

dependencies considered above to determine productivity, there is a difference from the real productivity 

of jaw crushers, which indicates the lack of an adequate methodology for determining the theoretical 

productivity of these crushing machines. 
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ʈʆɿʐʀʈɽʅʅʗ ʊɽʍʅɯʏʅʆɻʆ ɯ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɻɯɼʈʆɯʄʇʋʃʔʉʅʆɻʆ ʇʈʀɺʆɼɸ ʊɸ ʇʈʀʉʊʈʆɰɺ ʅɸ ʁʆɻʆ ʆʉʅʆɺɯ, 

ʆʉʅɸʑɽʅʀʍ ʇʈʋɾʅʀʄʀ ɽʃɽʄɽʅʊɸʄʀ ɺʀʉʆʂʆɰ ɾʆʈʉʊʂʆʉʊɯ 
 

ʈʦʤʘʥ ʆʙʝʨʪʶʭ, ʧʨʦʬʝʩʦʨ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 1 (ORCID: 0000-0003-2939-6582),  

ʃʝʦʥʽʜ ʇʦʣʽʱʫʢ ʧʨʦʬʝʩʦʨ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 1 (ORCID: 0000-0002-5916-2413), 
1 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ, 95, 21021, ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ 

ʪʝʭʥʦʣʦʛʽʯʥʽ  ʤʘʰʠʥʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ. ɺʽʜʟʥʘʯʝʥʦ ʧʝʨʝʚʘʛʠ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʫ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʝʣʠʢʠʭ ʟʫʩʠʣʴ, ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʚʽʙʨʘʮʽʡʥʠʭ ʪʘ 

ʚʽʙʨʦʫʜʘʨʥʠʭ ʤʘʰʠʥ. ɿʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ ʨʦʟʚʠʪʢʫ ʥʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʫ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʦʜʥʦʢʘʩʢʘʜʥʠʭ ʢʣʘʧʘʥʽʚ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʧʠʩʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ 

ʧʨʠʢʣʘʜʽ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʚʽʙʨʘʪʦʨʘ-ʛʽʜʨʦʮʠʣʽʥʜʨʘ.   

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʰʠʥʠ; ʚʽʙʨʘʮʽʡʥʽ; ʚʽʙʨʦʫʜʘʨʥʽ; ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʡ ʧʨʠʚʽʜ; ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʦʜʥʦʢʘʩʢʘʜʥʠʡ ʢʣʘʧʘʥ. 

 

ɺʩʪʫʧ. ɺ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʽʙʨʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʙʨʦʧʨʝʩʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʧʦʨʦʰʢʽʚ, ʨʦʟʢʦʯʫʚʘʥʥʷ ʢʽʣʝʮʴ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʠʚʘʨʥʠʭ ʬʦʨʤ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʦʱʦ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽ ʧʨʠʩʪʨʦʾʚ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ (ʤʝʭʘʥʽʯʥʠʤ, ʧʥʝʚʤʘʪʠʯʥʠʤ, ʛʽʜʨʘʚʣʽʯʥʠʤ, ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʤ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ, ʢʦʤʙʽʥʦʚʘʥʠʤ ʪʦʱʦ) [1]. 

 ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʮʠʭ ʧʨʠʚʦʜʽʚ ʧʦʢʘʟʫʻ, ʱʦ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʧʨʠʚʦʜʘʤʠ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʤʘʻ ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʡ ʧʨʠʚʦʜ (ɻɯʇ) [1 ï 3], ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʽ ʨʦʙʦʯʽ ʟʫʩʠʣʣʷ (ʜʦ 320 ʢʅ ʪʘ ʙʽʣʴʰʝ) ʽ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ (ʯʘʩʪʦʪʠ ï 1...100 ɻʮ, ʘʤʧʣʽʪʫʜʠ ï (0,1...10)10ï3ʤ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ 

ʚʽʙʨʘʮʽʡʥʠʭ (ɺʄ) ʽ ʚʽʙʨʦʫʜʘʨʥʠʭ (ɺʋʄ) ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ. ɻɯʇ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʡ ʽ ʥʘʜʽʡʥʠʡ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ɻɯʇ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ (ɻɯʊ) ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʻ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʣʘʥʢʦʶ ʮʴʦʛʦ 

ʧʨʠʚʦʜʘ [3]. ɯʜʝʷ ɻɯʇ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ɻɯʊ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ɯʛʦʨʝʤ ʄɸʊɺɭɭɺʀʄ [1 ï 4], ʷʢʠʡ 

ʩʪʚʦʨʠʚ ʥʘʫʢʦʚʫ ʰʢʦʣʫ ɻɯʇ ɺʅʊʋ. ɻɯʇ ʚʽʜʥʦʩʥʦ ʥʦʚʠʡ ʪʠʧ ʧʨʠʚʦʜʫ, ʷʢʠʡ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, 

ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʘʮʷʤʠ ʥʘʫʢʦʚʮʽʚ ʰʢʦʣʠ ɻɯʇ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʫ ʫ 

ʚʽʙʨʘʮʽʡʥʠʭ ʪʘ ʚʽʙʨʦʫʜʘʨʥʠʭ ʤʘʰʠʥʘʭ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʦʜʥʦʢʘʩʢʘʜʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʽʤʧʫʣʴʩʽʚ 

ʪʠʩʢʫ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʻ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʜʦʚʽʜʢʦʚʘ 

ʣʽʪʝʨʘʪʫʨʘ ʧʨʦ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʨʫʙʽʞʥʽ ʟʨʘʟʢʠ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʫ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ, ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʧʨʦʻʢʪʫʚʘʥʥʷ  

ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʭ ʧʨʠʚʦʜʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘʫʢʦʚʮʷʤʠ ʰʢʦʣʠ ɻɯʇ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʦʚʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ɻɯʇ ʻ ʩʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʦʜʥʦʢʘʩʢʘʜʥʠʭ ɻɯʊ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ [5] (ʨʠʩ. 1) ʟ ʬʘʩʢʦʚʦʶ ʛʝʨʤʝʪʠʟʘʮʽʻʶ ʥʘ 

ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʡʦʛʦ ʩʪʫʧʝʥʷʭ ʽ ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʘʟʽ ʩʫʤʽʱʝʥʥʷ ʾʭ ʟʘʧʽʨʥʠʭ ʣʘʥʦʢ 

(ʝʣʝʤʝʥʪʽʚ) ʟ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʠʩʦʢʦʾ ʞʦʨʩʪʢʦʩʪʽ (ʇɽɺɾ) ʪʠʧʫ ʧʨʦʨʽʟʥʠʭ (ʇʇ) ʽ ʢʽʣʴʮʝʚʠʭ 

(ʂʇ) ʧʨʫʞʠʥ [4].  
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ʈʠʩ.1. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ɻɯʇ, ʢʝʨʦʚʘʥʘ ʦʜʥʦʢʘʩʢʘʜʥʠʤ ɻɯʊ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

 

ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʩʫʤʽʱʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ 

ʚʽʙʨʦʨʽʟʘʥʥʷ, ʨʠʩ. 2 (ɺʈ ï ʚʽʙʨʦʪʦʯʽʥʥʷ, ʚʽʙʨʦʩʚʝʨʜʣʽʥʥʷ ʪʦʱʦ) ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ (ʇɼɿɼ), ʨʠʩ. 3 [6, 7], ʘ ʪʘʢʦʞ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʛʽʜʨʦʽʤʧʫʣʴʩʥʽ ʚʽʙʨʘʪʦʨʠ ï 

ʛʽʜʨʦʮʠʣʽʥʜʨʠ (ɻɯɺ ï ɻʎ) [8] (ʨʠʩ. 4). ʈʦʟʨʦʙʣʝʥʘ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʾʭ ʧʨʦʻʢʪʫʚʘʥʥʷ 

[9,10]. 

 
ʈʠʩ. 2. ʇʨʠʩʪʨʽʡ ʜʣʷ ʚʽʙʨʦʪʦʯʽʥʥʷ 

 
ʈʠʩ. 3. ʇʨʠʩʪʨʽʡ ʜʣʷ ʇɼɿɼ ʟ ʧʣʘʚʘʶʯʠʤ ʩʽʜʣʦʤ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʛʝʨʤʝʪʠʟʘʮʽʾ ɻɯʊ 
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ʈʠʩ. 4. ɻɯɺ ï ɻʎ ʥʘ ʙʘʟʽ ʇʇ ʟ ʧʣʘʚʘʶʯʠʤ ʩʽʜʣʦʤ 

 

ɻɯɺ ï ɻʎ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʚʠʢʦʥʘʚʯʽ ʣʘʥʢʠ  ʛʽʜʨʦʜʚʠʛʫʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʽʙʨʘʮʽʡʥʠʭ (ɺʄ) ʯʠ ʚʽʙʨʦʫʜʘʨʥʠʭ (ɺʋʄ) ʤʘʰʠʥ, ʪʘʢ ʽ ʷʢ ʩʘʤʦʩʪʽʡʥʝ ʚʽʙʨʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʯʠ ʧʽʜ ʯʘʩ ʨʝʩʫʨʩʥʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʨʽʟʥʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ 

ʚʠʨʦʙʽʚ. 

       ʆʙʛʦʚʦʨʝʥʥʷ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ɻɯɺ ï ɻʎ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 4, ʪʘ ʽʥʰʠʭ ʨʦʟʛʣʷʥʫʪʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ɻɯʊ (ʜʠʚ. ʨʠʩ. 1 ï 3), ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʛʝʥʝʨʫʚʘʥʥʽ ʧʦʪʦʢʦʤ Qʥ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʝʥʝʨʛʦʥʦʩʽʷ 

ï ʧʦʜʘʯʘ ʛʽʜʨʦʥʘʩʦʩʘ ʛʽʜʨʦʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ɻɯʇ), ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʚ ʥʘʧʽʨʥʫ ʧʦʨʦʞʥʠʥʫ ɸ ʚʽʙʨʘʪʦʨʘ, 

ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ ʘʤʧʣʽʪʫʜʦʶ ȹp = p1max ï p2min (ʪʫʪ p1max, ʪʘ p2min ï ʚʽʜʧʦʚʽʜʥʦ, ʨʽʚʥʽ ʪʠʩʢʽʚ çʚʽʜʢʨʠʪʪʷè 

ʪʘ çʟʘʢʨʠʪʪʷè ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ɻɯʊ ʟ ɸ1 = 0,25ĀˊĀὨ å 0,785ĀὨ (ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 
ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʛʝʨʤʝʪʠʟʘʮʽʾ ɻɯʊ) ʥʘ ɸ2 = 0,25ĀˊĀὨ å 0,785ĀὨ (ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ 

ʛʝʨʤʝʪʠʟʘʮʽʾ ɻɯʊ), ʷʢ ʧʽʜ ʯʘʩ ʧʨʷʤʦʛʦ ʭʦʜʫ (ʟ ɸ1 ʥʘ ɸ2), ʪʘʢ ʽ ʟʚʦʨʦʪʥʦʛʦ (ʟ ɸ2 ʥʘ ɸ1) ʭʦʜʽʚ ʧʣʫʥʞʝʨʘ 

1 ʚʽʙʨʘʪʦʨʘ ʯʠ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ɻɯʊ ʘʙʦ ʧʨʠʩʪʨʦʾʚ. ʈʽʚʥʽ ʪʠʩʢʽʚ p1max, ʪʘ p2min ʜʦʩʷʛʘʶʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʚʣʘʩʥʦʾ ʩʪʠʩʣʠʚʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʷ ʟ ʽʟʦʪʝʨʤʽʯʥʠʤ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ ə ʝʥʝʨʛʦʥʦʩʽʷ ʪʘ 

ʨʝʛʫʣʶʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʧʝʨʝʜʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ ʇʇ ɻɯɺ ï ɻʎ ʯʠ ʽʥʰʠʭ ʇʇ ɻɯʊ 

ʘʙʦ ʨʦʟʛʣʷʥʫʪʠʭ ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʏʘʩʪʦʪʘ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʧʦʨʦʞʥʠʥʽ ɸ ʧʨʠʩʪʨʦʾʚ, ɻɯʊ ʪʘ ʚʽʙʨʘʪʦʨʘ ʻ ʨʽʚʥʦʶ ʯʘʩʪʦʪʽ 

ʚʽʙʨʘʮʽʡ nʊ ¹ n [1 ï 4] ʽ ʾʾ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚʧʣʠʚʦʤ ʥʘ ȹp (ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ p1max) ʪʘ Qʥ, 

ʥʘʧʨʠʢʣʘʜ, ʚʽʜʚʝʜʝʥʥʷʤ ʯʘʩʪʠʥʠ ʮʴʦʛʦ ʧʦʪʦʢʫ ʝʥʝʨʛʦʥʦʩʽʷ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʧʦʪʦʢʫ ʚ ʙʘʢ [1 ï 3]. 

ɿʤʽʥʘ ȹp ʚ ʦʩʥʦʚʥʦʤʫ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʥʽ ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʘʮʽʡ ʪʘ ʢʦʨʠʩʥʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʰʪʦʢʦʚʽ, 

ʥʘʧʨʠʢʣʘʜ ɻɯɺ ï ɻʎ. 

ɺʠʩʥʦʚʢʠ. ʉʫʤʽʱʝʥʥʷ ʟʘʧʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʠʩʦʢʦʾ ʞʦʨʩʪʢʦʩʪʽ ʪʠʧʫ 

ʧʨʦʨʽʟʥʠʭ ʽ ʢʽʣʴʮʝʚʠʭ ʧʨʫʞʠʥ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ 

ʦʜʥʦʢʘʩʢʘʜʥʽ ʛʝʥʝʨʘʪʦʨʠ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ, ʷʢʽ ʨʦʟʰʠʨʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʭ ʧʨʠʚʦʜʽʚ.. 
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ʄʘʢʩʠʤ ɹʘʣʘʢʘ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ1(ORCID: 0000-0003-4142-9703), 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, 31, 03037, ʋʢʨʘʾʥʘ  

 
ɸʅʆʊɸʎɯʗ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʩʪʦʨʦʚʦ 

ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʥʦʞʘʤʠ ʚʽʜʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʦ ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʩʪʝʥʜ ʨʝʻʩʪʨʘʮʽʾ ʩʠʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʨʩʴʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʮʽʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʯʠʥʥʠʢʽʚ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ ʨʦʙʦʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ʗʢ ʨʦʙʦʯʝ 

ʩʝʨʝʜʦʚʠʱʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ˇʨʫʥʪʠ IIIïV ʢʘʪʝʛʦʨʽʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʩʪʝʥʜʘ, ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦ ʩʠʣʠ ʨʽʟʘʥʥʷ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ 

ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʡʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ʎʽ ʩʠʣʠ ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ, ʧʦʚôʷʟʘʥʫ ʟ ʨʫʡʥʫʚʘʥʥʷʤ ˇʨʫʥʪʫ ʪʘ ʧʦʜʦʣʘʥʥʷʤ ʡʦʛʦ ʦʧʦʨʫ 

ʨʽʟʘʥʥʶ. ʇʨʦʚʝʜʝʥʦ ʚʝʨʠʬʽʢʘʮʽʶ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʨʦʙʦʯʦʾ 

ʛʽʧʦʪʝʟʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʩʪʝʥʜ; ʨʽʟʘʥʥʷ ˇʨʫʥʪʽʚ; ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʽʞ; ʧʝʨʝʤʽʱʝʥʥʷ; 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ɺʩʪʫʧ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟʝʤʣʝʨʠʡʥʦʾ ʪʝʭʥʽʢʠ ʾʾ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʚʟʘʻʤʦʜʽʻ ʟ ˇʨʫʥʪʦʚʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʟʜʽʡʩʥʶʶʯʠ ʨʫʡʥʫʚʘʥʥʷ ʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʽʜ ʤʘʩʠʚʫ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʷʜʦʤ ʛʝʦʤʝʪʨʠʯʥʠʭ, ʢʽʥʝʤʘʪʠʯʥʠʭ, ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʫ, ʫʤʦʚʘʤʠ ʚʟʘʻʤʦʜʽʾ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ [1, 2]. ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ï ʪʦʚʱʠʥʘ, ʰʠʨʠʥʘ ʪʘ ʧʣʦʱʘ ʟʨʽʟʫ, ʘ ʪʘʢʦʞ ʢʫʪʠ ʦʨʽʻʥʪʘʮʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚ ʧʨʦʩʪʦʨʽ 

[3]. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʦʟʨʘʭʫʥʢʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʟ ˇʨʫʥʪʦʤ. 

ʆʜʥʘʢ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʽʡ ʜʽʾ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʜʦʩʣʽʜʞʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ. ʊʦʤʫ ʧʠʪʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʦʞʝʤ ʚʽʜʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʨʦʟʢʨʠʪʪʷ ʬʽʟʠʯʥʦʾ ʩʫʪʥʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʧʨʘʮʷʭ [4, 5] ʥʘʚʝʜʝʥʦ ʦʧʠʩʠ ʤʦʜʝʣʝʡ ʟ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʚôʷʟʢʽʚ ʤʽʞ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʧʨʦʤʽʞʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʪʘ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ. 

https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6503922959&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6503922959&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85128067547&noHighlight=false&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85128067547&noHighlight=false&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6503922959&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6503922959&zone=relatedDocuments
https://www.scopus.com/record/display.uri?eid=2-s2.0-85139254197&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85139254197&origin=resultslist&sort=plf-f
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ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ˇʨʫʥʪʽʚ 

ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʥʦʞʘʤʠ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʚʽʜʚʘʣʫ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ 

ʩʪʝʥʜʫ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʞʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʛʽʧʦʪʝʟʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʩʥʦʚʫ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʦʚʣʷʪʴ ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ, ʚ ʷʢʠʭ ʜʝʪʘʣʴʥʦ 

ʚʠʩʚʽʪʣʝʥʦ ʨʦʙʦʯʫ ʛʽʧʦʪʝʟʫ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʨʫʭ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ 

ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ï ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ (ʨʠʩ. 1). ʎʝ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʧʽʜʨʽʟʘʥʥʷ ˇʨʫʥʪʫ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʩʠʣ 

ʨʽʟʘʥʥʷ ʪʘ ʧʦʣʝʛʰʝʥʦʤʫ ʚʠʚʝʜʝʥʥʶ ˇʨʫʥʪʫ ʽʟ ʟʦʥʠ ʨʦʟʨʦʙʢʠ [6]. ʋ ʤʝʞʘʭ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʟ ʨʦʙʦʯʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ [7]. ʊʘʢʦʞ ʟʤʦʜʝʣʴʦʚʘʥʦ ʧʣʘʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʩʠʣ ʨʽʟʘʥʥʷ 

ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʪʘʢʠʭ ʥʦʞʽʚ ʫ ʩʢʣʘʜʽ ʚʽʜʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [8]. ʆʢʨʽʤ ʪʦʛʦ, ʚʠʟʥʘʯʝʥʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʜʽʙʥʦʩʪʽ [9], ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʘʣʦ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʩʪʦʨʦʚʦ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʝʥʦ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʩʪʝʥʜʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [10]. 

   
ʘ) ʙ) ʚ) 

ʈʠʩ. 1. ɻʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʤʢʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʢʫʪʘ Ŭ 

ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʰʚʠʜʢʦʩʪʝʡ: ʘ) 3:1; ʙ) 1:1; ʚ) 1:3 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʧʨʦʙʫʚʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʥʠʥʠ ʟ ʥʘʧʨʷʤʥʠʤʠ, ʧʦ ʷʢʠʭ ʥʘ ʨʦʣʠʢʘʭ ʨʫʭʘʻʪʴʩʷ ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʚʽʟʦʢ. ɼʦ ʥʴʦʛʦ 

ʯʝʨʝʟ ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʙʘʣʢʠ ʟʘʢʨʽʧʣʝʥʦ ʧʨʠʚʽʜ ʟ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʦʞʝʤ (ʨʠʩ. 2). ɺʽʟʦʢ ʤʘʻ 

ʤʝʭʘʥʽʟʤ ʨʝʛʫʣʶʚʘʥʥʷ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʪʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪ-

ʛʘʡʢʦʚʦʾ ʧʘʨʠ, ʢʣʠʥʦʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ (u = 2,5) ʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (N = 2,5 ʢɺʪ, n = 980 ʦʙ/ʭʚ) ʟ ʧʫʣʴʪʦʤ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʽʥʮʝʚʠʤʠ ʚʠʤʠʢʘʯʘʤʠ. ʇʨʠʚʽʜ ʥʦʞʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʚʽʟʢʫ ʽ ʧʨʘʮʶʻ ʚʽʜ ʜʚʠʛʫʥʘ (N = 

1,1 ʢɺʪ, n = 3000 ʦʙ/ʭʚ) ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯ (u = 8). ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʞʘ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʘʨʢʝʨʥʫ ʥʘʢʣʝʡʢʫ ʪʘ ʜʚʽ ʤʘʢʝʪʥʽ ʰʢʘʣʠ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ, ʟʘʢʨʽʧʣʝʥʘ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ: 

1 ï ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʚʽʟʦʢ; 2 ï ʧʨʠʚʽʜ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ; 3 ï ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʽʞ 
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ʘ) ʙ) ʚ) 

ʈʠʩ. 3. ɺʝʨʠʬʽʢʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʝʪʥʦʾ ʰʢʘʣʠ: ʘ) 

ʥʘʢʣʝʶʚʘʥʥʷ ʤʘʨʢʝʨʘ ʧʦ ʮʝʥʪʨʫ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ; ʙ) ʚʝʨʠʬʽʢʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʥʦʞʘ; 

ʚ) ʚʝʨʠʬʽʢʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʞʘ 

 

ʐʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʝʨʝʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʽʟ 

ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ çFreconè FR150A, ʘ ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ 

ʧʨʠʚʦʜʫ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ çSusweè ʊ13-750W-12-H. ɿʤʽʥʘ ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʥʦʞʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʛʽʧʦʪʝʟʠ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʢʫʪʘ Ŭ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʢʝʪʥʘ 

ʰʢʘʣʘ ʟ ʢʫʪʦʚʠʤʠ ʧʦʜʽʣʢʘʤʠ (ʢʨʦʢ 5Á). ʅʽʞ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʨʠʩ. 4, ʘ), ʧʽʩʣʷ 

ʯʦʛʦ ʟʘʧʫʩʢʘʻʪʴʩʷ ʟʘ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʰʚʠʜʢʦʩʪʝʡ (ʨʠʩ. 4, ʙïʛ). 

       
 ʘ)  ʙ)  ʚ)  ʛ) 

ʈʠʩ. 4. ɺʝʨʠʬʽʢʘʮʽʷ ʢʫʪʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʝʪʥʦʾ ʰʢʘʣʠ (ʟ 

ʢʫʪʦʚʠʤʠ ʧʦʜʽʣʢʘʤʠ): ʘ) ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʞʘ ʚ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ; ʙ) ʧʝʨʝʤʽʱʝʥʥʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ Ŭ = 15Á; ʚ) ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ Ŭ = 45Á; ʛ) ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ Ŭ = 70Á 

 

ʆʙʛʦʚʦʨʝʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʦʞʘ ʚʽʜʚʘʣʫ, ʘ ʪʘʢʦʞ 

ʣʝʛʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʢʝʪʥʠʭ ʰʢʘʣ 

ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʞʘ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʠʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʨʩʴʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ 

ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʦʞʝʤ ʚʽʜʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʘ ʚʝʨʠʬʽʢʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʯʽ ʪʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʞʘ, ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʢʣʘʜʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʘ ʢʦʥʪʨʦʣʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʰʚʠʜʢʦʩʪʝʡ. ɺʩʝ ʮʝ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʮʽʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʯʠʥʥʠʢʽʚ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ ˇʨʫʥʪʘʤʠ III, IV ʪʘ V 

ʢʘʪʝʛʦʨʽʡ ʚ ʧʨʦʮʝʩʽ ʾʭ ʨʽʟʘʥʥʷ. 
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ɸʅʆʊɸʎɯʗ. ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʚʠʜʽʣʷʶʪʴʩʷ ʩʝʨʝʜ ʽʥʰʠʭ ʜʞʝʨʝʣ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚʠʩʦʢʽʡ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʪʘ ʤʘʣʠʤ ʨʦʟʤʽʨʘʤ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʤʘʩʰʪʘʙʽʚ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, 

ʪʦʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʾʭ ʩʪʘʥʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʦʾ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. ʏʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʨʽʟʥʠʭ ʨʝʘʢʮʽʡ ʚ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, 

ʟʥʠʞʝʥʥʷ ʻʤʥʦʩʪʽ ʥʝ ʻ ʟʘʢʦʥʦʤʽʨʥʠʤ. ʊʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʦʩʥʦʚʥʦʤʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʧʨʫʟʽ ʪʘ ʩʪʨʫʤʽ, 

ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʩʠ, ʪʦʤʫ ʪʦʯʥʽʩʪʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ. ʆʩʪʘʥʥʽʤ 

ʯʘʩʦʤ, ʟ ʨʦʟʚʠʪʢʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʽʤʧʝʜʘʥʩʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʰʚʠʜʢʦ ʪʘ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʩʪʘʥ. ɼʘʥʘ 

ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʽʤʧʝʜʘʥʩ ʘʢʫʤʫʣʷʪʦʨʘ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʘ ʪʦʤʫ ʚʦʥʘ ʤʦʞʝ 

ʚʽʜʦʙʨʘʞʘʪʠ ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥ ʩʪʘʨʽʥʥʷ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ɼʘʥʫ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʫʟʘʛʘʣʴʥʝʥʦ ʥʦʚʽʪʥʴʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʧʝʜʘʥʩʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʾʾ 

ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ; ʦʮʽʥʢʘ ʩʪʘʥʫ; ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʽʤʧʝʜʘʥʩʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ; ʘʥʘʣʽʟ 

ʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ; ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ. 

 

ɺʩʪʫʧ. ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʟʘʚʞʜʠ ʙʫʣʠ ʢʨʘʱʠʤʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʘʢʫʤʫʣʷʪʦʨʘʤʠ. 

ɺʦʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʘʚʜʷʢʠ ʧʦʩʪʽʡʥʦʤʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʩʪʽʡʥʦʤʫ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ. ɺʦʥʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ, ʧʦʞʝʞʥʘ ʝʥʝʨʛʝʪʠʢʘ, 

ʚʽʪʨʦʚʽ ʪʘ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘ ʪʘʢʦʞ ʚ ʝʣʝʢʪʨʦʽʥʩʪʨʫʤʝʥʪʘʭ, ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ, ʘʝʨʦʢʦʩʤʽʯʥʽʡ 

ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ [1]. ʅʘʨʘʟʽ ʣʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʧʦʩʪʫʧʦʚʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʥʘ ʪʘʢʽ ʛʘʣʫʟʽ, ʷʢ 

ʝʣʝʢʪʨʠʯʥʽ ʚʝʣʦʩʠʧʝʜʠ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ [2]. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʦʙʽʪ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʛʦʣʦʚʥʦʶ ʪʝʤʦʶ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʝʣʝʢʪʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ [3]. ʆʜʥʘʢ ʫ ʩʬʝʨʽ ʥʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, 

ʪʘʢʦʾ ʷʢ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʦʥʠ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʬʦʨʤʽ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʣʦʢʽʚ [4]. ɼʫʞʝ ʚʘʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ 

ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [5]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʣʽʪʽʡ-ʽʦʥʥʠʭ 

ʘʢʫʤʫʣʷʪʦʨʽʚ ʽʤʧʝʜʘʥʩ ʝʣʝʤʝʥʪʘ ʪʘʢʦʞ ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ ʨʽʟʥʦʶ ʤʽʨʦʶ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ 

ʽʤʧʝʜʘʥʩʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ɽɯʉ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʩʪʘʥʫ (SOH) ʣʽʪʽʡ-ʽʦʥʥʠʭ 

ʘʢʫʤʫʣʷʪʦʨʽʚ. 
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ɯʩʥʫʶʪʴ ʽ ʽʥʰʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ SOH ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʉʢʣʘʜʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ SOH ʥʘ ʦʩʥʦʚʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʤʦʜʝʣʽ. 

ʊʦʯʥʽʩʪʴ ʧʽʜʙʦʨʫ ʤʦʜʝʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. ɰʾ ʧʦʙʫʜʦʚʘ 

ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʩʷʛ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʽ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʯʝʨʝʟ 

ʨʽʟʥʽ ʨʦʙʦʯʽ ʩʪʘʥʠ. ʂʣʶʯʝʤ ʜʦ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʪʨʫʜʥʦʱʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʦʩʪʽʡʥʦ. ʄʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ, ʜʣʷ ʦʮʽʥʢʠ SOH ʪʘʢʦʞ 

ʻ ʩʢʣʘʜʥʠʤ, ʦʩʢʽʣʴʢʠ ʬʽʟʠʯʥʠʡ ʩʝʥʩ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ ʥʝʟʨʦʟʫʤʽʣʠʡ. ʎʝ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʩʪʽʡʢʽʩʪʴ ʪʘ 

ʛʥʫʯʢʽʩʪʴ ʤʦʜʝʣʽ. ʂʨʽʤ ʪʦʛʦ, ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʾ 

ʯʘʩʦʚʦʾ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʤʘʻ ʥʠʟʴʢʫ ʩʪʽʡʢʽʩʪʴ ʟʘ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʫʤʦʚ, 

ʱʦ ʨʦʙʠʪʴ ʥʝʦʙʭʽʜʥʠʤ ʧʝʨʝʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ʎʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʙʤʝʞʫʻ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʧʨʘʢʪʠʮʽ.  

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ɽɯʉ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʩʪʘʥʫ (SOH) 

ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɽɯʉ ï ʮʝ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʚʥʫʪʨʽʰʥʽʭ ʟʤʽʥ ʧʨʦʮʝʩʽʚ 

ʝʣʝʢʪʨʦʜʘ, ʧʦʜʚʽʡʥʠʭ ʰʘʨʽʚ ʪʘ ʜʠʬʫʟʽʾ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʤʽʥʠ ʽʤʧʝʜʘʥʩʫ ʟ ʯʘʩʪʦʪʦʶ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʭʚʠʣʽ [6]. ʁʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʝʣʝʢʪʨʦʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʧʨʦʚʽʜʥʦʛʦ ʧʦʣʽʤʝʨʫ ʪʘ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ. ʇʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʜʘʥʠʭ 

ʜʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʪʘʨʽʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ, ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʽʤʧʝʜʘʥʩʥʽʡ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʚʠʷʚʠʚʩʷ ʙʽʣʴʰ ʪʦʯʥʠʤ. ʂʦʥʢʨʝʪʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʭʚʠʣʽ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ ʟ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʠʤʽʨʶʚʘʥʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ï ʮʝ ʽʤʧʝʜʘʥʩ 

ʩʠʩʪʝʤʠ) ʟ ʯʘʩʪʦʪʦʶ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʭʚʠʣʽ w ʘʙʦ ʬʘʟʦʚʦʛʦ ʢʫʪʘ ʽʤʧʝʜʘʥʩʫ (ʌ) ʟʽ ʟʤʽʥʦʶ w [7]. 

ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʟʙʫʨʶʻʪʴʩʷ ʤʘʣʦʶ ʘʤʧʣʽʪʫʜʦʶ ʧʦʪʝʥʮʽʘʣʫ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, ʘʥʦʜʥʠʡ ʪʘ 

ʢʘʪʦʜʥʠʡ ʧʨʦʮʝʩʠ (ʘ ʩʘʤʝ ʧʨʦʮʝʩʠ ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ) ʚʠʥʠʢʘʶʪʴ ʧʦ ʯʝʨʟʽ ʥʘ ʝʣʝʢʪʨʦʜʽ, ʽ ʮʽ 

ʜʚʘ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ ʝʬʝʢʪʠ ʚ ʧʨʦʮʝʩʽ ʟʙʦʨʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʽʤʧʝʜʘʥʩʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ʆʪʞʝ, ʥʘʚʽʪʴ ʷʢʱʦ ʩʠʛʥʘʣ ʟʙʫʨʝʥʥʷ ʜʽʻ ʥʘ ʝʣʝʢʪʨʦʜ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ, ʮʝ ʥʝ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʟʤʽʥʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʘʥʠʡ ʤʝʪʦʜ ʻ ʤʝʪʦʜʦʤ çʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫè. ʆʩʢʽʣʴʢʠ ʤʽʞ ʧʦʪʝʥʮʽʘʣʦʤ ʽ ʩʪʨʫʤʦʤ ʽʩʥʫʻ 

ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʝʣʝʢʪʨʦʜ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʱʦ ʩʧʨʦʱʫʻ ʤʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʚ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʷʢʠʡ ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʪʦʤʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ 

ʜʠʥʘʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʽʥʪʝʨʬʝʡʩʫ ʝʣʝʢʪʨʦʜʘ, ʥʽʞ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʜʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ. 

ɽɯʉ ï ʮʝ ʥʝʨʫʡʥʽʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʇʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʧʝʢʪʨ 

ʽʤʧʝʜʘʥʩʫ (ʜʽʡʩʥʘ ʯʘʩʪʠʥʘ, ʫʷʚʥʘ ʯʘʩʪʠʥʘ, ʬʘʟʘ) ʘʢʫʤʫʣʷʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʩʪʘʥʽʚ ʟʘʨʷʜʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʟʠʪʠ ʟʤʽʥʠ ʚ ʢʘʪʦʜʽ, ʘʥʦʜʽ, ʝʣʝʢʪʨʦʣʽʪʽ ʪʘ ʰʘʨʽ 

ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ. ʇʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘʤʠ (BMS) ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʚʽʥ ʤʘʻ ʧʝʨʝʚʘʛʠ 

ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʙôʻʤʫ ʽʥʬʦʨʤʘʮʽʾ.  

ʅʘʨʘʟʽ ʽʩʥʫʻ ʙʝʟʣʽʯ ʢʦʥʢʨʝʪʥʠʭ ʚʠʟʥʘʯʝʥʴ ʩʪʘʥʫ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ 

ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻʤʥʦʩʪʽ, ʱʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʟ ʧʝʚʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʦʟʨʷʜʫ, ʜʦ ʥʘʧʨʫʛʠ ʚʽʜʩʽʢʘʥʥʷ 

ʧʨʠ ʧʦʚʥʦʤʫ ʟʘʨʷʜʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʥʦʤʽʥʘʣʴʥʦʾ ʻʤʥʦʩʪʽ, ʱʦ ʧʨʦʩʪʦ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʛʨʘʥʠʯʥʘ ʻʤʥʽʩʪʴ 

ʣʽʪʽʡ-ʽʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. 
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ɯʩʥʫʻ ʧʝʚʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ɽɯʉ ʪʘ SOH ʘʢʫʤʫʣʷʪʦʨʘ. ʏʠʤ ʥʠʞʯʠʡ ʨʽʚʝʥʴ SOH, ʪʠʤ ʙʽʣʴʰʠʡ 

ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʘʢʫʤʫʣʷʪʦʨʘ. ɼʘʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ, ʘ ʧʦʪʽʤ ʩʪʘʥ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ 

ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ ʘʢʫʤʫʣʷʪʦʨʘ. ʅʘʨʘʟʽ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ SOH ʘʢʫʤʫʣʷʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽɯʉ, ʷʢʝ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 

ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʤʦʜʝʣʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʪʘ ʤʝʪʦʜ, ʢʝʨʦʚʘʥʠʡ ʜʘʥʠʤʠ.  

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ɽɯʉ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʠʥʫʩʦʾʜʘʣʴʥʝ ʟʙʫʨʝʥʥʷ 

ʘʢʫʤʫʣʷʪʦʨʘ ʟ ʧʝʚʥʦʶ ʟʤʽʥʦʶ ʘʤʧʣʽʪʫʜʠ ʪʘ ʯʘʩʪʦʪʠ. ɯʤʧʝʜʘʥʩ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʙʫʨʝʥʥʷ ʪʘ ʡʦʛʦ ʚʽʜʛʫʢʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʝʨʝʰʢʦʜʠ, ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ ʨʝʞʠʤʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʘʙʦ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʟʙʫʜʞʝʥʥʷ ʥʘʧʨʫʛʦʶ ʪʘ ʟʙʫʜʞʝʥʥʷ ʩʪʨʫʤʦʤ. ɿʙʫʜʞʝʥʥʷ ʥʘʧʨʫʛʦʶ 

ʚʠʤʘʛʘʻ, ʱʦʙ ʘʢʫʤʫʣʷʪʦʨ ʧʽʜʪʨʠʤʫʚʘʚ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ. ɸʥʘʣʦʛʽʯʥʦ, 

ʟʙʫʜʞʝʥʥʷ ʩʪʨʫʤʦʤ ʚʠʤʘʛʘʻ, ʱʦʙ ʥʘʧʨʫʛʘ ʘʢʫʤʫʣʷʪʦʨʘ ʟʘʣʠʰʘʣʘʩʷ ʧʦʩʪʽʡʥʦʶ. ʆʜʥʘʢ ʟʙʫʜʞʝʥʥʷ 

ʥʘʧʨʫʛʦʶ ʥʝ ʩʧʨʠʷʻ ʦʥʣʘʡʥ-ʚʠʤʽʨʶʚʘʥʥʶ ʩʧʝʢʪʨʫ ʽʤʧʝʜʘʥʩʫ, ʪʦʤʫ ʚ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʙʫʜʞʝʥʥʷ ʩʪʨʫʤʦʤ. ʆʜʥʘʢ ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ɽɯʉ ʤʘʻ 

ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ. ʇʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ. ʊʦʤʫ ʦʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʛʘʣʦʤ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʧʦʜʦʣʘʥʥʽ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʪʘ ʽʥʰʽ ʤʝʪʦʜʠ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ɽɯʉ, ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʾ, ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʰʚʠʜʢʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʌʫʨ'ʻ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʎʘʧʧʝʥʦʤ ʪʘ ʽʥ. [8]. ɺʽʥ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ 

ɽɯʉ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ɻʮ ʜʦ 1 ʢɻʮ ʧʨʦʪʷʛʦʤ 1 ʩ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʦʜʥʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʢʽʣʴʢʘ ʯʘʩʪʦʪ ʤʦʞʫʪʴ ʙʫʪʠ ʟʙʫʜʞʝʥʽ ʦʜʥʦʯʘʩʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʽʣʴʢʘ ʥʘʢʣʘʜʝʥʠʭ ʩʠʥʫʩʦʾʜ ʨʽʟʥʠʭ 

ʯʘʩʪʦʪ. ʋ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʩʠʛʥʘʣ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ ʘʤʧʣʽʪʫʜʠ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ak ï fk ʪʘ jk ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʯʘʩʪʦʪʫ ʪʘ ʬʘʟʫ 

ʚʽʜʧʦʚʽʜʥʦ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʪʥʠʭ ʪʦʯʦʢ ʜʦʨʽʚʥʶʻ N. ɹʫʣʦ ʧʝʨʝʚʽʨʝʥʦ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ 

ʦʪʨʠʤʘʪʠ ʩʧʝʢʪʨ ʻʜʠʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ɻʮ ʜʦ 1 ʢɻʮ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 60 ʨʘʟʽʚ ʙʽʣʴʰʦʶ 

ʧʽʜ ʯʘʩ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʾ ʟʙʦʨʫ ʜʘʥʠʭ ɽɯʉ, ʤʦʥʽʪʦʨʠʥʛ SOH ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ 

ʩʪʘʻ ʚʩʝ ʰʚʠʜʰʠʤ ʽ ʪʦʯʥʽʰʠʤ. ʉʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʝʩʪʫʚʘʥʥʷ ɽɯʉ ʩʪʠʢʘʻʪʴʩʷ ʟ ʪʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʷʢ ʩʢʣʘʜʥʝ ʚʠʧʨʦʙʫʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʪʨʠʚʘʣʠʡ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʥʣʘʡʥ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ, ʧʦʢʨʘʱʝʥʥʽ ʾʭ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʽ ʦʙʯʠʩʣʝʥʴ. 
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ʋʢʨʘʾʥʘ 
 

ɸʅʆʊɸʎɯʗ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʣʝʛʢʠʭ ʙʝʪʦʥʽʚ, ʟʦʢʨʝʤʘ ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥʥʠʭ ʪʘ 

ʘʨʙʦʣʽʪʦʚʠʭ ʩʫʤʽʰʝʡ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭʥʶ ʩʪʨʫʢʪʫʨʥʫ 

ʙʫʜʦʚʫ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʨʝʣʘʢʩʘʮʽʡʥʫ ʧʦʚʝʜʽʥʢʫ ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʂʝʣʴʚʽʥʘïʌʦʡʛʪʘ ʪʘ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʦʧʠʩʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʟʘʧʦʚʥʶʚʘʯʘ. ʅʘʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ, 

ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ, ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʪʘ ʜʝʢʨʝʤʝʥʪʫ ʟʘʪʫʭʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ çʚʽʙʨʫʶʯʘ 

ʧʣʘʪʬʦʨʤʘ ï ʙʝʪʦʥʥʘ ʩʫʤʽʰè ʷʢ ʤʘʩʦʚʦ-ʧʨʫʞʥʫ ʩʠʩʪʝʤʫ ʟ ʜʝʤʧʬʫʚʘʥʥʷʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʟʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʡ ʟ ʨʝʣʘʢʩʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ 

ʚʪʨʘʪ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʨʫʞʥʽʩʪʶ ʪʘ ʚʦʣʦʛʽʩʪʶ ʟʘʧʦʚʥʶʚʘʯʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʦʜʠ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ 

ʫʱʽʣʴʥʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʣʘʢʩʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʡ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥ; ʘʨʙʦʣʽʪ; ʚʽʙʨʘʮʽʡʥʝ ʫʱʽʣʴʥʝʥʥʷ; ʚôʷʟʢʦʧʨʫʞʥʽʩʪʴ; ʨʝʣʘʢʩʘʮʽʷ; ʤʦʜʝʣʴ 

ʂʝʣʴʚʽʥʘïʌʦʡʛʪʘ; ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʣʘ; ʣʝʛʢʽ ʙʝʪʦʥʠ; ʜʝʤʧʬʫʚʘʥʥʷ; ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ; ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ʤʘʩʦʚʦ-ʧʨʫʞʥʘ ʩʠʩʪʝʤʘ.  

 

ɺʩʪʫʧ. ʃʝʛʢʽ ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ, ʟʦʢʨʝʤʘ ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥ ʽ ʘʨʙʦʣʽʪ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʟʘʚʜʷʢʠ ʥʠʟʴʢʽʡ ʱʽʣʴʥʦʩʪʽ ʪʘ ʚʠʩʦʢʠʤ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ. 

ʆʜʥʘʢ ʾʭ ʫʱʽʣʴʥʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʫʩʢʣʘʜʥʝʥʝ ʯʝʨʝʟ ʚôʷʟʢʦʧʨʫʞʥʫ ʧʨʠʨʦʜʫ ʪʘ 

ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘʢʠʭ ʩʫʤʽʰʝʡ 

ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʫʱʽʣʴʥʝʥʥʷ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [1] ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʨʦʮʝʩʘʤ 

ʫʱʽʣʴʥʝʥʥʷ ʣʝʛʢʠʭ ʙʝʪʦʥʽʚ, ʟʦʢʨʝʤʘ ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥʫ ʪʘ ʘʨʙʦʣʽʪʫ. ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʦʩʢʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʚʦʜʷʪʴ, ʱʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ 

ʙʝʪʦʥʽʚ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʆʢʨʝʤʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʧʣʠʚʫ ʨʝʟʦʥʘʥʩʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʱʽʣʴʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [2, 3]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥʥʠʭ ʪʘ ʘʨʙʦʣʽʪʦʚʠʭ ʩʫʤʽʰʝʡ ʧʽʜ ʯʘʩ ʚʽʙʨʘʮʽʡʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʥʘ 

ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʇʦʣʽʩʪʠʨʦʣʙʝʪʦʥʥʽ ʪʘ ʘʨʙʦʣʽʪʦʚʽ ʩʫʤʽʰʽ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʧʽʜ ʯʘʩ ʜʠʥʘʤʽʯʥʦʛʦ 

ʫʱʽʣʴʥʝʥʥʷ. ʆʙʠʜʚʘ ʪʠʧʠ ʩʫʤʽʰʝʡ ʤʘʶʪʴ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʫ ʩʪʨʫʢʪʫʨʫ: ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʨʘʥʫʣ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨ, ʪʦʜʽ 

ʷʢ ʘʨʙʦʣʽʪ ʤʽʩʪʠʪʴ ʦʨʛʘʥʽʯʥʽ ʟʘʧʦʚʥʶʚʘʯʽ, ʟʦʢʨʝʤʘ ʜʝʨʝʚʥʫ ʩʪʨʫʞʢʫ, ʷʢʘ ʬʦʨʤʫʻ ʧʦʨʠʩʪʫ 

ʚʦʣʦʢʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ. 

ʆʙôʻʜʥʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʧʨʦʷʚ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ð ʟʜʘʪʥʦʩʪʽ 

ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʷʢ ʚʥʫʪʨʽʰʥʽʤ 

ʪʝʨʪʷʤ, ʪʘʢ ʽ ʧʨʫʞʥʽʩʪʶ ʟʘʧʦʚʥʶʚʘʯʽʚ. ʋ ʚʠʧʘʜʢʫ ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥʫ ʪʘʢʘ ʧʦʚʝʜʽʥʢʘ ʜʦʙʨʝ 
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ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʪʝʦʨʽʾ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʢʦʤʙʽʥʘʮʽʷ ʞʦʨʩʪʢʦʾ 

ʮʝʤʝʥʪʥʦʾ ʬʘʟʠ ʪʘ ʤôʷʢʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʩʪʚʦʨʶʻ ʩʝʨʝʜʦʚʠʱʝ ʟ ʘʤʧʣʽʪʫʜʥʦ-ʟʘʣʝʞʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ. ɸʨʙʦʣʽʪʦʚʽ ʩʫʤʽʰʽ, ʟʽ ʩʚʦʛʦ ʙʦʢʫ, ʧʨʦʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʡ ʽ 

ʟʘʪʨʠʤʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʬʦʨʤʠ ʯʝʨʝʟ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʽ ʧʨʫʞʥʽʩʪʴ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʞʯʘʩʪʠʥʢʦʚʠʭ ʢʦʥʪʘʢʪʽʚ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʘʨʙʦʣʽʪʦʚʠʭ ʩʫʤʽʰʘʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʦʜʝʣʴ ʂʝʣʴʚʽʥʘïʌʦʡʛʪʘ. ʎʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʤʘʪʝʨʽʘʣ ʷʢ ʢʦʤʙʽʥʘʮʽʶ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ 

(ʧʨʫʞʠʥʘ) ʪʘ ʚôʷʟʢʦʛʦ ʝʣʝʤʝʥʪʘ (ʜʝʤʧʬʝʨ), ʟôʻʜʥʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ. ʈʽʚʥʷʥʥʷ ʤʦʜʝʣʽ ʤʘʻ ʚʠʛʣʷʜ: 

( )
( ) ( )

d t
t E t

dt

e
s e h= +       (1) 

ʜʝ: ( )ts  ð ʥʘʧʨʫʞʝʥʥʷ, ( )te  ð ʜʝʬʦʨʤʘʮʽʷ, E  ð ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, h ð ʢʦʝʬʽʮʽʻʥʪ 

ʚôʷʟʢʦʩʪʽ, ( ) /d t dte  ï ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ. 

ʎʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʧʦʚʽʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ ʯʘʩʽ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʘʨʙʦʣʽʪʦʚʠʭ ʩʫʤʽʰʝʡ.  

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʜʦʮʽʣʴʥʦ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʂʝʣʴʚʽʥʘïʌʦʡʛʪʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʷʢ ʤʠʪʪʻʚʫ ʧʨʫʞʥʫ ʨʝʘʢʮʽʶ, ʪʘʢ ʽ ʟʘʪʨʠʤʘʥʫ 

ʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʜʣʷ ʪʘʢʠʭ ʩʫʤʽʰʝʡ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 

0,02 ʜʦ 0,20 ʩ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʫʤʦʚ ʫʱʽʣʴʥʝʥʥʷ . 

ʋ ʚʠʧʘʜʢʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʽʙʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʜʝ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʘʻ ʚʠʛʣʷʜ: 

0
( ) ·sin( )t ts s w=       (2) 

ʩʫʤʽʰ ʨʝʘʛʫʻ ʟ ʬʘʟʦʚʠʤ ʟʩʫʚʦʤ, ʘ ʜʝʬʦʨʤʘʮʽʷ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

0
( ) ·sin( )t te e w f= +       (3) 

ʜʝ fï ʬʘʟʦʚʠʡ ʟʩʫʚ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ /ɽh , wï ʯʘʩʪʦʪʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʜʝ ʫʱʽʣʴʥʶʚʘʥʘ ʤʘʩʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʦʨʤʽ), ʩʠʩʪʝʤʘ 

çʚʽʙʨʫʶʯʘ ʧʣʘʪʬʦʨʤʘ - ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥè ʤʦʞʝ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʘ ʷʢ ʤʘʩʦʚʦ-ʧʨʫʞʥʘ ʩʠʩʪʝʤʘ ʟ 

ʜʝʤʧʬʫʚʘʥʥʷʤ: 

0
( ) ( ) ( ) ·sin( )mx t cx t kx t F tw+ + =      (4) 

ʜʝ: m ï ʤʘʩʘ ʫʱʽʣʴʥʶʚʘʥʦʛʦ ʰʘʨʫ, c  ï ʜʝʤʧʬʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʚʠʟʥʘʯʘʻ ʚʥʫʪʨʽʰʥʽ ʚʪʨʘʪʠ ʚ 

ʙʝʪʦʥʽ), k  ð ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ (ʝʬʝʢʪʠʚʥʘ ʞʦʨʩʪʢʽʩʪʴ ʩʫʤʽʰʽ), 
0

F  ï ʘʤʧʣʽʪʫʜʘ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, 

( )x t  ð ʧʝʨʝʤʽʱʝʥʥʷ (ʜʝʬʦʨʤʘʮʽʷ) ʩʫʤʽʰʽ. 

ʏʘʩʪʦʪʘ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʟʦʥʘʥʩʥʝ ʫʱʽʣʴʥʝʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

0

k

m
w=        (5) 

ɽʬʝʢʪʠʚʥʝ ʫʱʽʣʴʥʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ, ʢʦʣʠ ʯʘʩʪʦʪʘ ʟʙʫʜʞʝʥʥʷ w ʙʣʠʟʴʢʘ ʜʦ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ 

ʩʠʩʪʝʤʠ 
0
w, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʝʣʠʯʠʥʫ ʜʝʤʧʬʫʚʘʥʥʷ, ʱʦʙ ʥʝ ʧʝʨʝʚʠʱʠʪʠ 

ʢʨʠʪʠʯʥʝ ʟʘʪʫʭʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʥʷ: 

2

c

km
d=       (6) 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ 

ʢʦʥʪʘʢʪʥʠʭ ʚʪʨʘʪ ʪʘ ʧʨʫʞʥʽʩʪʴ ʟʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʚʠʤʘʛʘʻ ʢʦʨʠʛʫʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

ɼʣ̫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʣʘʢʩʘʮʽʾ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʚʽʙʨʘʮʽʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʩʧʘʜʫ ʜʝʬʦʨʤʘʮʽʾ: 
/

0
( ) · tt e te e-=       (7) 

ʜʝ /ɽt h= ð ʨʝʣʘʢʩʘʮʽʡʥʠʡ ʯʘʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʝ ʫʱʽʣʴʥʝʥʥʷ ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʝʨʝʜʙʘʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʡ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʨʝʣʘʢʩʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʚʨʘʭʫʚʘʥʥʷ 
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ʜʝʤʧʬʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 

ɼʣʷ ʦʧʠʩʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʘʨʙʦʣʽʪʦʚʦʾ ʩʫʤʽʰʽ ʚ ʧʨʦʮʝʩʽ ʫʱʽʣʴʥʝʥʥʷ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʣʘ, ʷʢʘ ʜʦʙʨʝ ʦʧʠʩʫʻ ʤʘʪʝʨʽʘʣʠ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʚôʷʟʢʠʭ 

ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʮʽʡ ʤʦʜʝʣʽ ʧʨʫʞʥʘ ʩʢʣʘʜʦʚʘ 

(ʧʨʫʞʠʥʘ ʟ ʤʦʜʫʣʝʤ ɽ) ʪʘ ʚôʷʟʢʘ (ʜʝʤʧʬʝʨ ʟ ʚôʷʟʢʽʩʪʶ h) ʟôʻʜʥʘʥʽ ʧʦʩʣʽʜʦʚʥʦ: 

1

( ) 1 ( ) ( )
·

d t d t t

dt E dt

e s s

h
= +      (8) 

ʇʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ, ʥʘʧʨʠʢʣʘʜ, ʚʽʙʨʘʮʽʾ ʯʠ ʪʠʩʢʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʨʝʣʘʢʩʘʮʽʷ ʥʘʧʨʫʞʝʥʴ, ʷʢʫ ʦʧʠʩʫʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʟʘʪʫʭʘʥʥʷ: 
/

0
( ) · tt e ts s -=        (9) 

ʏʘʩ ʨʝʣʘʢʩʘʮʽʾ Ű ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʚʦʜʠ, ʪʠʧʫ ʟʘʧʦʚʥʶʚʘʯʘ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʩʫʤʽʰʽ. ʏʘʩ ʨʝʣʘʢʩʘʮʽʾ ʫ ʚʦʣʦʛʦʤʫ ʩʪʘʥʽ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 0.5 ʩ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʫʱʽʣʴʥʝʥʥʷ ʙʝʟ ʨʠʟʠʢʫ ʧʦʨʫʰʝʥʥʷ ʤʽʞʯʘʩʪʠʥʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ. 

ʊʘʢʦʞ, ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʫʱʽʣʴʥʝʥʥʽ ʩʫʤʽʰʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʜʝʨʝʚʠʥʠ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʣʘʩʪʠʯʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʘ 

ʤʦʜʝʣʴ ɹʦʣʴʮʤʘʥʘïʌʦʛʝʣʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʨʦʟʧʦʜʽʣ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʯʘʩʽʚ: 

0

( )
( ) ( )·

t d
t G t d

d

e x
s x x

x
= -ñ      (10) 

( )G t  ï ʷʜʨʦ ʨʝʣʘʢʩʘʮʽʾ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʪʘ ʯʘʩʫ ʚʠʪʨʠʤʢʠ. 

ʇʨʠ ʚʽʙʨʘʮʽʡʥʦʤʫ ʫʱʽʣʴʥʝʥʥʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʦʮʝʩ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʩʦʚʦ-

ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʟ ʜʝʤʧʬʫʚʘʥʥʷʤ, ʷʢ ʫ ʧʦʣʽʩʪʠʨʦʣʙʝʪʦʥʽ: 

( ) ( ) ( ) ( )mx t cx t kx t F t+ + =      (11) 

ʘʣʝ ʢʦʝʬʽʮʽʻʥʪ c  ʙʫʜʝ ʩʫʪʪʻʚʦ ʙʽʣʴʰʠʤ ʫʥʘʩʣʽʜʦʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʢʘʧʽʣʷʨʥʠʭ ʚʪʨʘʪ ʫ 

ʧʦʨʠʩʪʦʤʫ ʜʝʨʝʚʥʦʤʫ ʟʘʧʦʚʥʶʚʘʯʽ. ɺʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʣʠʚʝ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʫʱʽʣʴʥʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʇʦʣʽʩʪʠʨʦʣʙʝʪʦʥʥʽ ʪʘ ʘʨʙʦʣʽʪʦʚʽ ʩʫʤʽʰʽ ʥʘʣʝʞʘʪʴ ʜʦ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟʽ ʩʢʣʘʜʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʧʽʜ ʯʘʩ ʜʠʥʘʤʽʯʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʦʣʽʩʪʠʨʦʣʙʝʪʦʥ, 

ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʞʦʨʩʪʢʦʾ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʧʨʫʞʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʜʝʤʦʥʩʪʨʫʻ 

ʘʤʧʣʽʪʫʜʥʦ-ʟʘʣʝʞʥʫ ʞʦʨʩʪʢʽʩʪʴ ʽ ʢʦʨʦʪʢʠʡ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʝ ʫʱʽʣʴʥʝʥʥʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʯʘʩʪʦʪʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʨʝʣʘʢʩʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʘʪʝʨʽʘʣʫ. 

ɸʨʙʦʣʽʪʦʚʽ ʩʫʤʽʰʽ, ʥʘʚʧʘʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʜʝʬʦʨʤʘʮʽʡ, ʚʠʩʦʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʪʨʠʚʘʣʽʰʠʤʠ ʨʝʣʘʢʩʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ 

ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʶ ʽ ʧʨʫʞʥʽʩʪʶ ʜʝʨʝʚʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ. ɼʣʷ ʦʧʠʩʫ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʣʘ ʘʙʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʦʜʝʣʴ ɹʦʣʴʮʤʘʥʘïʌʦʛʝʣʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʨʦʟʧʦʜʽʣ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʯʘʩʽʚ.  

ʋ ʧʨʦʮʝʩʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʫʟʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʟʙʫʜʞʝʥʥʷ ʟ ʚʣʘʩʥʦʶ ʯʘʩʪʦʪʦʶ ʤʘʩʦʚʦ-ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ çʬʦʨʤʘ ï ʩʫʤʽʰè ʪʘ ʢʦʥʪʨʦʣʶ ʚʝʣʠʯʠʥʠ 

ʜʝʤʧʬʫʚʘʥʥʷ, ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ. 

ɿʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʯʠ ʜʝʨʝʚʠʥʠ ʧʦʪʨʝʙʫʻ ʢʦʨʠʛʫʚʘʥʥʷ ʨʝʞʠʤʫ ʫʱʽʣʴʥʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʧʦʩʠʣʶʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʣʝʛʢʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʦʪʨʝʙʫʻ ʧʦʻʜʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʟ ʪʦʯʥʠʤ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  

 

1. Nesterenko ʄ.ʄ. (2013) Doslidzhennia rezhymiv ushchilnennia lehkobetonnykh sumishei na udarno-vibratsiinii ustanovtsi 

metodom matematychnoho planuvannia eksperymentu [Research of compaction modes of lightweight concrete mixtures on 

a shock-vibration rig using the method of mathematical experimental planning]. Tekhnika budivnyctva - Construction 

engineering, ˉ31,19ï24. [in Ukrainian]. 



 

66 
 

2. Nazarenko, ɯ. ɯ., Diachenko, O.S. (2019) Eksperymentalni doslidzhennia robochoho protsesu vibratsiinoi ustanovky dlia 

ushchilnennia betonnykh sumishei zi zminnym rezhymom roboty [Experimental studies of the working process of a vibrating 

installation for compacting concrete mixtures with a variable operating mode]. Hirnychi, budivelni, dorozhni ta melioratyvni 

mashyny - Mining, Construction, Road and Melioration Machines, ˉ 92, 24ï31. [in 

Ukrainian].http://gbdmm.knuba.edu.ua/article/view/182061    

3. Maslov O., Savielov D., Salenko Y., Javadova M. (2022) Theoretical study of the dynamic system çVibration Platform ī 
Polymer Concreteè stressïstrain state. Proceedings of the 3rd International Conference on Building Innovations (ICBI 2020) 

: Lecture Notes in Civil Engineering,Vol. 181, 191ï201. https://link.springer.com/chapter/10.1007/978-3-030-85043-2_19   

 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ʂʆʄɹɯʅʆɺɸʅʆɻʆ ɺɯɹʈʆɸɹʈɸɿʀɺʅʆɻʆ ʇʈʆʎɽʉʋ 
 

ɼʤʠʪʨʦ ɹʫʛʨʦʚ, ʘʩʧʽʨʘʥʪ 1 (ORCID: 0009-0000-4571-5147),  

ɹʦʛʜʘʥ ʂʦʨʦʙʢʦ, ʧʨʦʬʝʩʦʨ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 1 (ORCID: 0000-0002-9086-3904), 

ʊʝʪʷʥʘ ɹʫʛʨʦʚʘ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 1  (ORCID: 0000-0003-2690-4131), 
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ ɻʨʠʮʘʻʥʢʘ 24, 36011, 

ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʅʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʚʠʢʦʥʘʥʦ ʾʭ ʘʥʘʣʽʟ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʽʙʨʦʘʙʨʘʟʠʚʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʟʙʫʨʝʥʥʷ ʪʘ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʘʢʪʠʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ʆʩʥʦʚʥʫ ʫʚʘʛʫ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʪʢʠ ʩʧʦʞʠʪʦʾ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, ʪʘ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ð ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʘʮʽʾ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʪʘ ʤʘʩʠ ʩʝʨʝʜʦʚʠʱʘ  ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ. ʇʨʦʚʝʜʝʥʦ ʟʘʤʽʨʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʷʢ ʧʨʠʚʦʜʫ ʚʽʙʨʦʩʪʦʣʫ ʪʘʢ ʽ ʧʨʠʚʦʜʫ ʨʦʪʦʨʥʦʾ 

ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʧʨʠ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʾʭ ʨʦʙʦʪʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʘʥʘʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʘʙʨʘʟʠʚʥʘ ʦʙʨʦʙʢʘ; ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ; ʚʽʙʨʦʧʨʠʚʦʜ; ʨʦʪʦʨʥʘ ʨʦʙʦʯʘ ʢʘʤʝʨʘ; ʧʦʢʘʟʥʠʢ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʚʠʤʘʛʘʶʪʴ ʥʝ ʣʠʰʝ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ, ʘ ʡ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ʋ ʢʦʥʪʝʢʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʪʨʝʥʜʫ ʥʘ 

ʝʥʝʨʛʦʦʱʘʜʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʘʥʘʣʽʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʚʽʙʨʦʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʬʽʥʽʰʥʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ, ʟʘʦʢʨʫʛʣʝʥʥʷ ʢʨʦʤʦʢ, ʟʥʷʪʪʷ ʟʘʜʠʨʦʢ ʪʦʱʦ. 

 ʊʨʘʜʠʮʽʡʥʽ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʝʟʥʘʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ. 

ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʙ ʧʦʢʨʘʱʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʨʦʙʦʪʘʭ [1] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʤʝʭʘʥʽʟʤ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜ 

ʯʘʩ ʚʽʙʨʦʦʙʨʦʙʢʠ ʟʫʤʦʚʣʝʥʠʡ ʙʘʛʘʪʦʨʘʟʦʚʠʤʠ ʫʜʘʨʘʤʠ, ʢʦʚʟʘʥʥʷʤ ʪʘ ʪʝʨʪʷʤ ʯʘʩʪʠʥʦʢ ʘʙʨʘʟʠʚʫ ʧʦ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʦʜʥʘʢ ʣʠʰʝ ʥʝʟʥʘʯʥʘ ʯʘʩʪʢʘ ʝʥʝʨʛʽʾ ʧʨʠʚʦʜʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʆʢʨʝʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʝʥʝʨʛʝʪʠʢʠ ʚʽʙʨʦʦʙʨʦʙʢʠ ʟ ʧʦʟʠʮʽʡ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʨʦʙʦʪʠ [2] ʟʘʢʣʘʣʠ ʦʩʥʦʚʠ ʜʠʩʢʨʝʪʥʦʛʦ ʝʣʝʤʝʥʪʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ (DEM), ʱʦ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʪʠ ʤʽʢʨʦʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʦʢ. ʇʦʜʘʣʴʰʠʡ 

ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʠ ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʩʠʣʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʪʝʨʪʷ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʟʽʪʢʥʝʥʥʽ ʪʽʣ [3]. 

ɺʦʜʥʦʯʘʩ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣʘʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʦʢʨʝʤʘ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʨʠʚʦʜʽʚ ʪʘ ʾʭ ʟʚôʷʟʢʫ ʟ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʦʙʢʠ. ɹʽʣʴʰʽʩʪʴ 

ʤʦʜʝʣʝʡ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʽ ʢʦʥʪʘʢʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʘʤʠ ʚʽʙʨʦʧʣʘʪʬʦʨʤʠ ʪʘ ʦʙʝʨʪʦʚʦʾ ʢʘʤʝʨʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʽʙʨʦʘʙʨʘʟʠʚʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

http://gbdmm.knuba.edu.ua/article/view/182061
https://link.springer.com/chapter/10.1007/978-3-030-85043-2_19
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ʟʙʫʨʝʥʥʷ ʪʘ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʘʢʪʠʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʽʙʨʦʧʨʠʚʦʜʘ ʪʘ ʧʨʠʚʦʜʘ ʨʦʪʦʨʥʦʾ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʠʡ ʚʽʙʨʦʘʙʨʘʟʠʚʥʠʡ ʧʨʦʮʝʩ, 

ʫ ʷʢʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʘ ʜʽʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʟʙʫʨʝʥʥʷ ʪʘ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ. 

ɿʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʽʡ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʩʪʚʦʨʶʶʪʴʩʷ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʮʠʨʢʫʣʷʮʽʾ 

ʘʙʨʘʟʠʚʥʠʭ ʪʽʣ, ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽʡ ʚʽʙʨʦʫʩʪʘʥʦʚʮʽ 

ʟʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩ. 1 ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʂɹ çɺʽʙʨʦʪʝʭʥʽʢʘè ʢʘʬʝʜʨʠ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè. ʉʧʣʘʥʦʚʘʥʦ ʪʘ 

ʨʝʘʣʽʟʦʚʘʥʦ ʪʨʠʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʮʝʥʪʨʘʣʴʥʦ-

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʾ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ.  
 

 
ʈʠʩ.1. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʚʠʛʦʪʦʚʣʝʥʦʾ ʜʦʩʣʽʜʥʦʾ ʚʽʙʨʦʫʩʪʘʥʦʚʢʠ: 

1 ï ʨʘʤʘ; 2 ï ʚʽʙʨʦʧʣʘʪʬʦʨʤʘ ʚʝʨʩʪʘʪʫ ɺʀʆ-8; 3 ï ʟʥʽʤʥʘ ʩʪʽʡʢʘ ʨʘʤʠ; 4 ï ʧʽʜʰʠʧʥʠʢ; 5 ï ʨʦʙʦʯʘ ʢʘʤʝʨʘ 

(ʦʙʝʨʪʦʚʠʡ ʙʘʨʘʙʘʥ); 6 ï ʤʫʬʪʘ; 7 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ  ʙʘʨʘʙʘʥʘ; 8 ïʝʣʝʤʝʥʪʠ ʢʨʽʧʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

 

ɿ ʤʝʪʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʚʽʙʨʦʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʙʫʣʦ ʜʦʜʘʪʢʦʚʦ ʧʨʦʚʝʜʝʥʦ ʟʘʤʽʨʠ ʩʧʦʞʠʚʘʥʦʾ ʦʢʨʝʤʦ ʜʣʷ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʘ 

P  ʪʘ ʜʚʠʛʫʥʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ P .  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɖe , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʛʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ: 
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ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʣʘʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʽʜ  ʪʨʴʦʭ 

ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ - ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʘʮʽʡ ὃ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ ὡ, ʤʘʩʘ ʩʝʨʝʜʦʚʠʱʘ ὓ: 

 ( ), ,
p

V f A W M=  (3) 

ʊʦʜʽ ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʠʥʥʫ ʧʦʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʝʥʝʨʛʽʾ, ʪʦʙʪʦ: 
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ɺ ʤʝʞʘʭ ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʟʤʽʥʘ W ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ A ʽ M ʮʝ ʨʽʚʥʷʥʥʷ ʩʧʨʦʱʫʻʪʴʩʷ ʜʦ: 
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ʊʘʙʣʠʮʷ 1.  

ɿʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʘʤʠ ʫʩʪʘʥʦʚʢʠ 

 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ, ʦʙ/ʭʚ 

ɸʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ, 

ʤʤ 

ʄʘʩʘ 

ʢʦʤʧʦʥʝʥʪʽʚ, 

ʢʛ 

36 70 104 

ʈ1, ɺʪ ʈ2, ɺʪ ʈ1, ɺʪ ʈ2, ɺʪ ʈ1, ɺʪ ʈ2, ɺʪ 

1 

3,2 765 3,2 766 7,8 765 22,5 

4,8 774 5,1 778 11,5 779 38,7 

6,4 782 8,6 782 15,3 785 52,3 

2 

3,2 780 3,2 778 7,2 782 21,1 

4,8 791 5,0 790 10,5 791 38,2 

6,4 803 7,9 803 14,1 804 51,0 

3 

3,2 837 3,0 839 6,9 838 20,8 

4,8 846 4,3 841 10,3 840 36,3 

6,4 872 7,0 877 12,1 877 49,2 

 

 
ʈʠʩ.2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʝʚʥʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ ʟʨʦʩʪʘʻ ʪʘʢʦʞ ʽ ʧʦʢʘʟʥʠʢ ɖe ʚʽʜ 0,21 

ʜʦ 0,34 ʤʛ/(ʢʛĿʛʦʜĿɺʪ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʢʦʥʪʘʢʪʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ ʢʘʤʝʨʠ. ʇʦʪʫʞʥʽʩʪʴ ʦʙʝʨʪʘʣʴʥʦʛʦ ʧʨʠʚʦʜʫ P  ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʟ ʧʝʨʝʭʦʜʦʤ ʜʦ ʚʠʱʠʭ 

ʰʚʠʜʢʦʩʪʝʡ: ʚʽʜ 5,3 ɺʪ ʜʦ 36,7 ɺʪ. ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢ ɖe ʟʥʠʞʫʻʪʴʩʷ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ð ʟ 35,62 ʜʦ 

8,16 ʤʛ/(ʢʛĿʛʦʜĿɺʪ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʝʥʝʨʛʽʷ, ʚʠʪʨʘʯʝʥʘ ʥʘ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ, ʩʪʘʻ ʤʝʥʰ 

ʧʨʦʜʫʢʪʠʚʥʦʶ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʽ ʢʦʞʝʥ ʜʦʜʘʪʢʦʚʠʡ ʚʘʪ ʟʘʙʝʟʧʝʯʫʻ ʚʩʝ ʤʝʥʰʠʡ 

ʧʨʠʨʽʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʥʽʤʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦ ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʨʠʩ. 2 ʛʨʘʬʽʢʫ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ 
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(36 ʦʙ/ʭʚ) ʜʦ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ (70 ʦʙ/ʭʚ) ʻ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ. 

ʅʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ (å6 ɺʪ) ʩʧʨʠʷʻ ʩʫʪʪʻʚʦʤʫ ʟʨʦʩʪʘʥʥʶ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ (ʥʘ 98,17 

ʤʛ/(ʢʛĿʛʦʜ)), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʷʢʘ ʡʜʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʟʥʽʤʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ. ɺʦʜʥʦʯʘʩ ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ (ʚʽʜ 70 ʜʦ 104 ʦʙ/ʭʚ) ʥʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɿʘʬʽʢʩʦʚʘʥʦ ʥʠʟʴʢʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ, ʦʩʢʽʣʴʢʠ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (å27 ɺʪ) 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʨʽʩʪ ʧʠʪʦʤʦʾ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ ʣʠʰʝ ʥʘ 7,83 ʤʛ/(ʢʛĿʛʦʜ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʤʫ ʨʝʞʠʤʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ 

ʻ ʨʝʞʠʤ ʢʦʤʙʽʥʦʚʘʥʦʾ ʚʽʙʨʦʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʟ ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʴ ʙʣʠʟʴʢʦ 2 ʤʤ, ʩʝʨʝʜʥʴʦʶ 

ʤʘʩʦʶ ʟʘʚʘʥʪʘʞʝʥʥʷ 4,8ï5,6 ʢʛ ʪʘ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ ʚ ʤʝʞʘʭ 70ï90 ʦʙ/ʭʚ. ʉʘʤʝ ʮʝʡ 

ʜʽʘʧʘʟʦʥ ʨʝʞʠʤʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʧʠʪʦʤʦʶ ʰʚʠʜʢʽʩʪʶ ʟʥʽʤʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʧʦʞʠʚʘʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʫʩʪʘʥʦʚʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʥʦʾ ʢʘʤʝʨʠ ʧʦʥʘʜ 

100 ʦʙ/ʭʚ ʻ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʧʨʠʨʦʩʪʫ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʩʥʦʚʢʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʽʙʨʦʘʙʨʘʟʠʚʥʦʛʦ ʧʨʦʮʝʩʫ.  

 ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʚʽʙʨʦʧʨʠʚʦʜʘ P  ʟʨʦʩʪʘʻ ʧʝʨʝʚʘʞʥʦ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʪʦʜʽ ʷʢ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʘ ʦʙʝʨʪʘʥʥʷ ʢʘʤʝʨʠ P  ʥʘʡʙʽʣʴʰʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. ɺʚʝʜʝʥʠʡ ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɖe, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦ ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʽʚ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʢʨʠʪʝʨʽʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʘʙʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ɖe ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʥʷʭ ʘʤʧʣʽʪʫʜʠ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. ʊʘʢʝ ʥʝʧʨʦʧʦʨʮʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʩʧʦʞʠʪʦʾ ʝʥʝʨʛʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʫ ʚʟʘʻʤʦʜʽʶ ʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʟ ʮʠʨʢʫʣʷʮʽʻʶ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ. 
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ʇʆʈɯɺʅʗʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɺʀɿʅɸʏɽʅʅʗ ʇʆʊʋɾʅʆʉʊɯ 

ʆɼʅʆʇʆʈʐʅɽɺʆɻʆ ʈʆɿʏʀʅʆʅɸʉʆʉɸ ɿ ʂʆʄɹɯʅʆɺɸʅʀʄ 

ʂʆʄʇɽʅʉɸʊʆʈʆʄ ɿɹɯʃʔʐɽʅʆɻʆ ʆɹôɭʄʋ ɿ ʈɯɿʅʀʄʀ ʊʀʇɸʄʀ 
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ʄʠʢʦʣʘ ʐʘʧʦʚʘʣ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 1 (ORCID: 0000-0002-6943-7687),  

ɺʘʜʠʤ ʄʠʭʘʡʣʠʢ, ʘʩʧʽʨʘʥʪ 1 (ORCID: 0009-0003-2435-8592), 
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʧʨʦʩʧʝʢʪ ɺʽʪʘʣʽʷ ɻʨʠʮʘʻʥʢʘ 24, 36011, 

ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʠʭ ʥʘʩʦʩʽʚ ʥʘ ʧʨʝʜʤʝʪ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. ʈʦʟʛʣʷʥʫʪʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʨʦʟʯʠʥʦʥʘʩʦʩʦʤ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʚʦʜʽʚ. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʷʢʽ  ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʨʦʟʯʠʥʦʥʘʩʦʩʘ. ɼʦʚʝʜʝʥʦ, ʱʦ ʥʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʠʩʢʫ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ ʷʢ ʚ ʛʽʜʨʘʚʣʽʯʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʯʠʥʦʥʘʩʦʩʘ, ʪʘʢ ʽ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʨʦʟʯʠʥʦʥʘʩʦʩʦʤ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ. ʄʘʪʝʤʘʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʟʘ ʮʠʢʣ ʨʦʙʦʪʠ ʨʦʟʯʠʥʦʥʘʩʦʩʘ, ʷʢʽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʢʦʥʫ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʘ ʨʦʟʯʠʥʦʥʘʩʦʩʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʨʫʭʦʤʽʩʪʴ 

ʨʦʟʯʠʥʫ, ʱʦ ʧʝʨʝʢʘʯʫʻʪʴʩʷ, ʪʠʩʢ ʧʦʜʘʯʽ ʨʦʟʯʠʥʫ, ʩʪʫʧʽʥʴ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʧʦʜʘʯʽ ʨʦʟʯʠʥʫ. ʊʝʦʨʝʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʜʦʚʝʜʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ 

ʝʥʝʨʛʦʚʠʪʨʘʪ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʯʠʥʦʥʘʩʦʩ; ʝʥʝʨʛʦʚʠʪʨʘʪʠ; ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʦʜ; ʨʫʭʦʤʽʩʪʴ ʨʦʟʯʠʥʫ; ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ; ʟʘʢʦʥ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ 

 

ɺʩʪʫʧ. ʄʝʭʘʥʽʟʘʮʽʷ ʦʧʦʨʷʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʫ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʟʤʽʥʥʝ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʦʜʥʦʛʦ ʰʪʫʢʘʪʫʨʘ ʙʝʟ 

ʚʪʨʘʪʠ ʷʢʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʯʠʥʦʥʘʩʦʩʽʚ ʫ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʫʩʝ ʨʦʟʰʠʨʶʶʪʴʩʷ. 
ɿʥʘʯʠʤʠʡ ʝʬʝʢʪ ʪʘ ʷʢʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʯʠʥʦʥʘʩʦʩʽʚ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʦʜʘʯʽ ʪʘ ʫʢʣʘʜʘʥʥʷ ʮʝʤʝʥʪʥʦ-

ʧʽʱʘʥʠʭ ʨʦʟʯʠʥʽʚ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʘʣʠʚʥʠʭ ʩʪʷʞʦʢ ʧʽʜʣʦʛ, ʢʦʤʧʨʝʩʦʨʥʦʛʦ ʯʠ 

ʙʝʟʢʦʤʧʨʝʩʦʨʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʥʘ ʦʟʜʦʙʣʶʚʘʣʴʥʽ ʧʦʚʝʨʭʥʽ, ʟʘʧʦʚʥʝʥʥʷ ʧʽʜ ʪʠʩʢʦʤ ʟʥʠʞʝʥʦʾ ʨʫʭʦʤʦʩʪʽ 

ʨʦʟʯʠʥʘʤʠ ʩʪʠʢʽʚ ʪʘ ʰʚʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʜʣʷ ʧʦʜʘʯʽ ʨʦʟʯʠʥʽʚ ʧʨʠ ʚʝʣʠʢʦʤʫ ʬʨʦʥʪʽ ʨʦʙʽʪ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʯʠʥʦʥʘʩʦʩʽʚ, ʟʨʫʯʥʠʭ ʜʣʷ ʤʝʭʘʥʽʟʘʮʽʾ 

ʰʪʫʢʘʪʫʨʥʠʭ ʨʦʙʽʪ [1, 2], ʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʩʠʛʥʘʣʦʤ ʰʪʫʢʘʪʫʨʘ. 

ʋ ʧʨʠʤʽʱʝʥʥʷʭ ʟʽ ʩʢʣʘʜʥʠʤ ʧʣʘʥʫʚʘʥʥʷʤ, ʷʢ ʥʘ ʚʽʜʢʨʠʪʠʭ ʧʦʚʝʨʭʥʷʭ, ʪʘʢ ʽ ʚ ʩʪʠʩʥʫʪʠʭ ʫʤʦʚʘʭ, 

ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʦʰʪʫʢʘʪʫʨʶʚʘʥʥʷ ʟ ʦʜʥʘʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʪʦʤʫ ʦʩʦʙʣʠʚʦ ʜʦʮʽʣʴʥʦʶ ʻ 

ʥʘʷʚʥʽʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ.  

ʆʩʢʽʣʴʢʠ ʚʩʝʨʝʜʠʥʽ ʥʘʩʦʩʘ ʻ ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʣʘʚʥʦʾ ʟʤʽʥʠ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʦʪʫʞʥʽʩʪʴ ʡʦʛʦ 

ʧʨʠʚʦʜʘ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʙʽʣʴʰ ʛʫʩʪʠʭ ʨʦʟʯʠʥʽʚ ʘʙʦ ʧʨʠ ʧʦʜʘʯʽ ʨʦʟʯʠʥʽʚ ʥʘ ʟʥʘʯʥʫ ʚʠʩʦʪʫ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʡ ʪʠʩʢ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘ ʙʫʜʝ ʟʥʠʞʝʥʘ. ʆʧʝʨʘʪʠʚʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʩʦʩʽʚ [1, 2, 3] ʻ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʘʣʦʦʧʝʨʘʮʽʡʥʦʛʦ ʦʰʪʫʢʘʪʫʨʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʚʠʪʨʘʪ 

ʦʜʥʦʧʦʨʰʥʝʚʠʭ ʨʦʟʯʠʥʦʥʘʩʦʩʽʚ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʚʦʜʘ ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʥʦʚʦʾ 

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʩʪʫʧʝʥʷ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʧʦʜʘʯʽ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʦʙôʻʤʥʦʛʦ ʂʂɼ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʻ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʜʦʚʽʜʢʦʚʘ 

ʣʽʪʝʨʘʪʫʨʘ ʧʨʦ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʨʫʙʽʞʥʽ ʟʨʘʟʢʠ ʩʫʯʘʩʥʠʭ ʨʦʟʯʠʥʦʥʘʩʦʩʽʚ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Mathcad, Microsoft Exel. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʨʴʦʭʬʘʢʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʪʘʙʣ.1) ʟʽ 

ʩʧʦʞʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʨʦʪʷʟʽ ʮʠʢʣʫ ʨʦʙʦʪʠ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ 

ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ (ʨʠʩ.1) ʪʘ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʘʤʠ 
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ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ (ʨʠʩ. 2) ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʧʝʨʝʢʘʯʫʚʘʥʥʽ ʨʦʟʯʠʥʽʚ ʨʽʟʥʦʾ ʨʫʭʦʤʦʩʪʽ . 

ɸʥʘʣʽʟ ʛʨʘʬʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʠʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʨʦʪʷʟʽ ʮʠʢʣʫ ʨʦʙʦʪʠ 

ʨʦʟʯʠʥʦʥʘʩʦʩʽʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʪʠʩʢʫ ʨʦʟʯʠʥʫ ʽ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʂʂɼ. ɿʘ ʧʦʨʽʚʥʷʥʥʷʤ ʷʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʨʠʩ. 3) ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʚʠʪʨʘʪʫ ʧʦʪʫʞʥʦʩʪʽ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʟʜʽʡʩʥʶʶʪʴ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʨʦʟʯʠʥʫ. ɿʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ 

ʦʙôʻʤʫ (ʨʠʩ. 3) ʽ ʩʷʛʘʻ ʙʽʣʷ 21%. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʨʦʟʯʠʥʫ ʟʘ ʨʘʭʫʥʦʢ 

ʨʫʭʫ ʧʦʨʰʥʷ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚ ʪʘʢʪʽ ʥʘʛʥʽʪʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʘʥʽʰʝ ʚʢʘʟʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ 

ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʨʽʟʥʠʤʠ ʧʨʠʚʦʜʘʤʠ ʟʥʘʡʜʝʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʽʜʧʦʚʽʜʥʦ ʷʢʦʤʫ ʧʦʙʫʜʦʚʘʥʽ 

ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 4). 

ɼʣʷ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʦʜʝʨʞʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʚ ʢʦʜʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 4, ʘ, ʙ, ʚ, ʛ)  
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ʈʠʩ.1.  ʆʜʥʦʧʦʨʰʥʝʚʠʡ ʨʦʟʯʠʥʦʥʘʩʦʩ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ:  

1 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 2 ï ʢʣʠʥʦʧʘʩʦʚʘ ʧʝʨʝʜʘʯʘ; 3 ï ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ; 4 ï ʢʨʠʚʦʰʠʧʥʠʡ ʚʘʣ; 5 ï ʚʘʣ-ʰʝʩʪʝʨʥʷ; 6 ï 

ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʢʘʤʝʨʘ; 7 ï ʩʧʝʮʽʘʣʴʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʚʩʪʘʚʢʘ; 8 ï ʧʦʨʰʝʥʴ; 9 ï ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ; 10 ï ʧʦʚʟʫʥ; 11 ï 

ʰʘʪʫʥ; 12 ï ʢʘʤʝʨʘ; 13 ï ʢʦʨʧʫʩ ʨʝʜʫʢʪʦʨʘ; 14, 15 ï ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ ʪʘ ʥʘʛʥʽʪʘʣʴʥʠʡ ʧʽʜʧʨʫʞʠʥʝʥʠʡ ʢʫʣʴʦʚʽ ʢʣʘʧʘʥʠ; 

16, 17 ï ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ ʽ ʥʘʛʥʽʪʘʣʴʥʠʡ ʧʘʪʨʫʙʢʠ; 18 ï ʢʨʘʥ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ; 19 ï ʥʘʛʥʽʪʘʣʴʥʘ ʢʘʤʝʨʘ; 20 ï 

ʮʠʣʽʥʜʨʠʯʥʘ ʢʘʤʝʨʘ; 21 ï ʟʘʤʢʥʝʥʘ ʢʘʤʝʨʘ;22 ï ʰʪʫʮʝʨ ʚʫʟʣʘ ʧʽʜʢʘʯʢʠ ʧʦʚʽʪʨʷ; 23 ï ʥʽʧʝʣʴ; 24 ï ʢʨʠʰʢʘ; 25 ï ʢʨʘʥ; 26 

ï ʤʘʥʦʤʝʪʨ; 27 ï ʧʦʧʣʘʚʦʢ-ʦʙʤʝʞʫʚʘʯ; 28 ï ʥʘʧʨʘʚʣʷʶʯʠʡ ʩʪʨʠʞʝʥʴ; 29, 30 ï ʢʘʥʘʣʴʥʽ ʧʘʪʨʫʙʢʠ; 31, 32 ï ʧʘʨʘ ʢʦʣʽʩ. 

 
ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʦʜʥʦʧʦʨʰʥʝʚʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ 

ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ:  

1, 12 ï ʫʩʤʦʢʪʫʚʘʣʴʥʠʡ ʪʘ ʥʘʛʥʽʪʘʣʴʥʠʡ ʧʘʪʨʫʙʦʢ; 2, 4 ï ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ ʪʘ ʥʘʛʥʽʪʘʣʴʥʠʡ ʧʽʜʧʨʫʞʠʥʝʥʠʡ ʢʫʣʴʦʚʽ ʢʣʘʧʘʥʠ; 3 
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ï ʫʩʤʦʢʪʫʚʘʣʴʥʘ ʢʘʤʝʨʘ; 5 ï ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʦʤʧʝʥʩʘʪʦʨ; 6 ï ʧʦʨʰʝʥʴ  ʟ ʥʘʧʨʘʚʣʷʶʯʠʤ ʧʣʫʥʞʝʨʦʤ; 7 ï ʭʦʤʫʪ  ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʧʨʠʚʽʜʥʠʡ ʮʠʣʽʥʜʨ ʟ ʨʦʟʧʦʜʽʣʶʚʘʯʝʤ; 8 ï ʛʽʜʨʦʮʠʣʽʥʜʨ ʟ ʧʦʨʰʥʝʤ ʽ ʰʪʦʢʦʤ; 9 ï ʟʦʣʦʪʥʠʢʦʚʠʡ ʨʦʟʧʦʜʽʣʴʥʠʢ; 10 ï ʨʝʛʫʣʷʪʦʨ 

ʧʦʜʘʯʽ ʛʽʜʨʘʚʣʽʯʥʦʾ ʨʽʜʠʥʠ; 11 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 13 ï ʬʽʣʴʪʨ ʤʘʩʪʠʣʴʥʦʾ ʨʽʜʠʥʠ; 14 ï ʧʘʪʨʫʙʦʢ ʩʢʠʜʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʾ ʨʽʜʠʥʠ; 

15 ï h ʝʩʪʝʨʥʝʚʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʥʘʩʦʩ; 16 ï ʤʫʬʪʘ ʚʪʫʣʢʦʚʦ-ʧʘʣʴʮʝʚʘ; 17 ï ʨʝʜʫʢʪʦʨ ʧʽʜʢʘʯʢʠ ʧʦʚʽʪʨʷ; 18 ï ʩʢʣʷʥʝ ʚʽʢʦʥʮʝ ʟ 

ʧʽʜʩʚʽʯʫʚʘʥʥʷʤ 

 

ʊʘʙʣʠʮʷ 1  
ʇʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʦʟʯʠʥʦʥʘʩʦʩʫ ʪʘ ʾʭ ʽʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ 

ˉ ʅʘʡʤʝʥʫʚʘʥʥʷ 
ʇʦʟʥʘ-

ʯʝʥʥʷ 

ʈʦʟʤʽʨ-

ʥʽʩʪʴ 

ɺʝʨʭ-

ʥʽʡ 

ʨʽʚʝʥʴ 

(+) 

ʅʫʣʴʦ-

ʚʠʡ 

ʨʽʚʝʥʴ 

(0) 

ɼʨʦʙʥʠʡ 

ʨʽʚʝʥʴ  

(-0,5) 

ʅʠʞ-

ʥʽʡ 

ʨʽʚʝʥʴ 

(-) 

ɯʥʪʝʨ-

ʚʘʣ 

ʚʘʨʽʶ-

ʚʘʥʥʷ 

ʍ1 ʈʫʭʦʤʽʩʪʴ ʨʦʟʯʠʥʫ ʇ ʩʤ 10 9 8,5 8 1 

ʍ2 ʉʝʨʝʜʥʽʡ ʪʠʩʢ ʧʦʜʘʯʽ ʨʦʟʯʠʥʫ p  ʄʇʘ 2,5 1,5 ï 0,5 1 

ʍ3 
ʆʙ̒תʤ ʧʦʚʽʪʨʷ ʫ ʢʦʤʧʝʥʩʘʪʦʨʽ 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚ ʢʦʤʧ
V  ʜʤ3 41

 
47 ï 65 75 

   
ʘ)       ʙ) 

ʈʠʩ. 3. ɻʨʘʬʽʯʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘ ʧʨʦʪʷʟʽ ʮʠʢʣʫ 

ʨʦʙʦʪʠ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʧʨʠ ʨʽʟʥʠʭ ʨʫʭʦʤʦʩʪʷʭ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ:  

ʘ ï ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ; ʙ ï ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ 

ï ʪʝʦʨʝʪʠʯʥʽ 1 ï ʧʨʠ ʇ8; 2 ï ʧʨʠ ʇ10; 3 ï ʧʨʠ ʇ12; 

ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 4 ï ʧʨʠ ʇ8; 5 ï ʧʨʠ ʇ10; 6 ï ʧʨʠ ʇ12 

 

ʇʽʩʣʷ ʟʘʤʽʥʠ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ ʚ ʢʦʜʦʚʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʜʽʡʩʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʽʜʦʙʨʘʞʘʻ ʟʚôʷʟʦʢ 

ʤʽʞ ʧʦʪʫʞʥʽʩʪʶ 
ʜʚ
ʈ  ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʪʘ ʚʠʭʽʜʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʧʣʠʚ ʷʢʠʭ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 
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 (2) 

ɼʣʷ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ 

ʦʜʝʨʞʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʢʦʜʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʷʢʦʤʫ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

ʘ ʥʘ (ʨʠʩ. 4, ʜ, ʝ, ʻ, ʞ) ʧʨʠʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 
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3,572 0
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X ʍ X ʍ X ʍ X

Y

X

= + +

+

Ö + + Ö+
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 (3) 

ʅʘʪʫʨʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʘʢʪʦʨʽʚ ʨʽʚʥʷʥʥʷ (3) ʤʘʻ ʚʠʛʣʷʜ 
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(4) 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 4, ʘ, ʜ) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ 

ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʨʫʭʦʤʦʩʪʽ ʨʦʟʯʠʥʫ, ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ 

ʧʨʦʩʫʚʘʥʥʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʘ ʟʤʝʥʰʝʥʥʶ ʟʚʦʨʦʪʥʠʭ ʚʠʪʦʢʽʚ ʯʝʨʝʟ ʢʣʘʧʘʥʘ. ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 4, ʙ, ʝ) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ 

ʟʨʦʩʪʘʥʥʶ ʪʠʩʢʫ ʨʦʟʯʠʥʫ, ʦʩʦʙʣʠʚʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʠʩʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 1,5 ï 2,5 ʄʇʘ. ɿʙʽʣʴʰʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʦʙôʻʤʫ ʧʦʚʽʪʨʷ ʢʦʤʧʝʥʩʘʪʦʨʘ (ʨʠʩ. 4, ʚ, ʻ), 

ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʨʦʟʯʠʥʫ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 4, ʛ, ʞ) ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʟʚʝʜʝʥʥʷ ʜʦ 

ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʢʫʪʽ ʥʘʭʠʣʫ 450 ʩʧʝʮʽʘʣʴʥʦʾ ʚʩʪʘʚʢʠ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ 

ʢʘʤʝʨʽ  ʷʢʘ ʟʤʝʥʰʫʻ ʟʚʦʨʦʪʥʽ ʚʠʪʦʢʠ ʯʝʨʝʟ ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ ʢʣʘʧʘʥ, ʽ ʪʠ ʩʘʤʠʤ ʟʤʝʥʰʫʻ ʩʪʫʧʽʥʴ 

ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ. 

ɿʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʙʣʠʟʴʢʦ 1,2 ʢɺʪ ʫ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ ʧʦʚôʷʟʘʥʦ ʟ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʩʪʫʧʝʥʷ ʧʫʣʴʩʘʮʽʡ 

ʪʠʩʢʫ ʧʦʜʘʯʽ. 

 
ʈʠʩ. 4. ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ:  

ʘ), ʙ), ʚ), ʛ) ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ; ʜ), ʝ), ʻ), ʞ) ʛʽʜʨʦʧʨʠʚʦʜʥʠʡ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ 

ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ; ʘ), ʜ) ʚʽʜ ʨʫʭʦʤʦʩʪʽ ʍ1 ʨʦʟʯʠʥʫ; ʙ), ʝ) ʚʽʜ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʨʦʟʯʠʥʫ ʍ2; ʚ),ʻ) ʚʽʜ 

ʧʨʠʚʝʜʝʥʦʛʦ ʦʙôʻʤʫ ʢʦʤʧʝʥʩʘʪʦʨʘ; ʛ), ʞ) ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʩʧʝʮʽʘʣʴʥʦʾ ʚʩʪʘʚʢʠ ʍ3, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ 

ʢʘʤʝʨʽ 
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ʆʙʛʦʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 3.10) 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʢʘʟʥʠʢ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʫʩʽʭ ʚʠʧʘʜʢʽʚ ʫ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ ʤʝʥʰʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʯʠʥʦʥʘʩʦʩʦʤ, ʷʢʠʡ 

ʦʩʥʘʱʝʥʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʢʦʤʙʽʥʦʚʘʥʠʤ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ 

ʦʙôʻʤʫ. ɼʽʘʧʘʟʦʥʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 3.10) ʥʘʩʪʫʧʥʽ 
1

10...11X =  ʩʤ; 

2
1,0...1,5X =  ʄʇʘ; 

3
47...56X =  ʜʤ3; 

4
37,5...52,5oX = . 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʣʠʚʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʛʽʜʨʦʧʨʠʚʦʜʥʠʡ ʨʦʟʯʠʥʦʥʘʩʦʩ 

ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ ʧʨʠ ʘʥʘʣʦʛʽʯʥʠʭ 

ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʨʦʟʯʠʥʦʥʘʩʦʩʽʚ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʨʦʟʯʠʥʦʥʘʩʦʩʦʤ, ʷʢʠʡ ʦʩʥʘʱʝʥʦ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʢʦʤʙʽʥʦʚʘʥʠʤ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦʛʦ ʦʙôʻʤʫ: 

ʟʤʝʥʰʠʚʩʷ ʩʪʫʧʽʥʴ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʨʦʟʯʠʥʫ ʥʘ 15%; ʟʙʽʣʴʰʠʣʘʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ 23%; ʟʥʠʟʠʣʠʩʷ 

ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 21%. 

ʈʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʩʢʣʘʜʘʻ 5 ï 10%. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  

 

1. Onyshchenko, O. H., Drachenko, B. F., Holovkin, O. V. (1998) Mekhanizatsiia oporiadzhuvalnykh robit u budivnytstvi : 

navchalnyi posibnyk [Mechanization of finishing works in construction: a textbook]. Kyiv: Urozhai. [in Ukrainian]. 

2. Korobko B.O. (2016) Osnovy stvorennia enerhoefektyvnykh tekhnolohichnykh komplektiv obladnannia dlia shtukaturnykh 

robit: dysertatsiia d-ra tekhn. nauk [Fundamentals of creating energy-efficient technological sets of equipment for plastering 

works: dissertation of Dr. Tech. Sciences ]. Kharkiv. [in Ukrainian]. 

3. Korobko, B., Khomenko, I., Shapoval, M., Virchenko, V. (2022) Solution Pressure Pulsations into the Pipeline Size 

Determination in Dependence on Constructive Parameters of Valve Units of Mortar Pump. Lecture Notes in Civil 

Engineeringthis link is disabled, 181, 225ï243. http://reposit.nupp.edu.ua/handle/PoltNTU/9321  

 

 

ɺɯɹʈʆɼɯɸɻʅʆʉʊʀʂɸ ʄɸʐʀʅ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 
 
ʉʝʨʛʽʡ ʆʨʠʱʝʥʢʦ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 1 (ORCID: 0000-0002-5359-5285),  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, ʋʢʨʘʾʥʘ 

 
ɸʅʆʊɸʎɯʗ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʪʘ ʤʝʪʦʜʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʤʘʰʠʥ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʚʽʙʨʘʮʽʡ, ʪʠʧʠ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʾʭ ʟʙʦʨʫ ʡ ʦʙʨʦʙʢʠ. 

ʅʘʚʝʜʝʥʦ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʾʾ ʨʦʣʴ ʫ ʩʠʩʪʝʤʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʘ; ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ; ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ; 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ; ʚʽʙʨʘʮʽʷ. 

 

ɺʩʪʫʧ. ʄʘʰʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʦʩʥʦʚʦʶ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɰʭʥʷ ʙʝʟʧʝʨʝʙʽʡʥʘ ʨʦʙʦʪʘ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʝʢʦʥʦʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʨʦʩʪʘʶʯʦʛʦ ʟʥʦʩʫ ʦʙʣʘʜʥʘʥʥʷ 

ʟʨʦʩʪʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʘ ð ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʢʦʣʠʚʘʥʴ ʤʘʰʠʥ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʘʚʘʨʽʷʤ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʤʘʰʠʥ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. ɺʠʚʯʝʥʥʷ ʜʞʝʨʝʣ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʝʤʠ ʷʢ ʫ ʢʦʥʪʝʢʩʪʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʚ ʧʨʠʢʣʘʜʥʦʤʫ ʘʩʧʝʢʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [1,2,3] ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʫʩʪʘʣʝʥʦʾ ʥʘʫʢʦʚʦʾ ʙʘʟʠ, ʘ ʪʘʢʦʞ ʧʨʦ ʧʦʩʪʽʡʥʫ ʤʦʜʝʨʥʽʟʘʮʽʶ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʶ ʚ ʩʠʩʪʝʤʫ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʘʮʷʭ, 
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ʟʦʢʨʝʤʘ ʫ ʧʽʜʨʫʯʥʠʢʫ [4], ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʪʠʧʦʚʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ɿʥʘʯʥʫ ʫʚʘʛʫ ʘʚʪʦʨ ʧʨʠʜʽʣʷʻ 

ʚʽʙʨʘʮʽʡʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʝʬʝʢʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʭʘʨʘʢʪʝʨʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʋ 

ʨʦʙʦʪʽ [5,6] ʥʘʜʘʻʪʴʩʷ ʜʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʽ 

ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɸʚʪʦʨ ʦʙˇʨʫʥʪʦʚʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʥʘʣʽʟʫ ʦʙʚʽʜʥʦʾ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʜʝʤʦʥʩʪʨʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʫ ʚʝʣʠʢʠʭ 

ʚʠʨʦʙʥʠʮʪʚʘʭ. ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ, ʟʦʢʨʝʤʘ ISO 10816-1 [7], ʻ ʙʘʟʦʶ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ. ʉʪʘʥʜʘʨʪ ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʽ ʨʽʚʥʽ ʚʽʙʨʘʮʽʡ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʤʘʰʠʥʠ, 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʽʬʽʢʫʚʘʪʠ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʤʘʰʠʥ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʧʨʘʮʽ [8; 9], ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ 

ʽʥʪʝʛʨʘʮʽʾ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ (ʪʝʨʤʦʛʨʘʬʽʷ, ʫʣʴʪʨʘʟʚʫʢ, 

ʝʣʝʢʪʨʦʘʥʘʣʽʟ) ʫ ʨʘʤʢʘʭ ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ ʤʦʥʽʪʦʨʠʥʛʫ. ɿʦʢʨʝʤʘ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʩʧʝʢʪʠ ʦʙʨʦʙʢʠ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʊʘʢʦʞ ʫ ʚʽʪʯʠʟʥʷʥʠʭ 

ʽ ʟʘʨʫʙʽʞʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ [10] ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʘʜʘʧʪʘʮʽʾ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʜʦ ʫʤʦʚ 

ʚʘʞʢʦʜʦʩʪʫʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʥʝʩʪʘʙʽʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘ ʚʘʨʽʘʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 
ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʧʽʜ 

ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ʤʘʰʠʥ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʢʣʶʯʘʣʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ( ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ) - ʜʣʷ ʨʦʟʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʫ ʚ ʯʘʩʪʦʪʥʫ 

ʦʙʣʘʩʪʴ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ ʜʝʬʝʢʪʽʚ. ɸʥʘʣʽʟ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ð ʜʣʷ ʟʘʛʘʣʴʥʦʾ 

ʦʮʽʥʢʠ ʨʽʚʥʷ ʚʽʙʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ ISO 10816-3. ɸʥʘʣʽʟ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʪʦʯʢʦʚʦʛʦ ʟʥʦʩʫ ʘʙʦ ʪʽʣ ʢʦʯʝʥʥʷ. ʄʦʜʝʣʶʚʘʥʥʷ  

ʜʦʟʚʦʣʷʣʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡ ʫ ʯʘʩʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  ɺʽʙʨʦʜʽʘʛʥʦʩʪʠʢʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʰʠʥ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʫ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʾʭ ʨʦʟʚʠʪʢʫ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʤʘʰʠʥʠ, ʱʦ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʜʽʘʛʥʦʩʪʠʮʽ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ, ʩʪʘʥʫ ʟôʻʜʥʘʥʴ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʤʫ 

ʨʦʟʮʝʥʪʨʫʚʘʥʥʶ ʪʘ ʜʠʩʙʘʣʘʥʩʫ ʦʙʝʨʪʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

 
ʈʠʩ 1. ʉʧʝʢʪʨ ʚʽʙʨʘʮʽʡ ʧʽʜʰʠʧʥʠʢʘ, 800 ʦʙ/ʭʚ 
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ʅʘ ʨʠʩ.1. ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨ ʚʽʙʨʘʮʽʡ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ 800 ʦʙ/ʭʚ (13.33 ɻʮ) ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ɺʠʜʥʦ ʦʩʥʦʚʥʫ ʯʘʩʪʦʪʫ (13.33 ɻʮ), ʾʾ ʛʘʨʤʦʥʽʢʠ (26.66, 40, 53.33 ɻʮ), ʘ ʪʘʢʦʞ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʽʢʠ (120 ʽ 250 ɻʮ), ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʜʝʬʝʢʪʠ ʧʽʜʰʠʧʥʠʢʘ. ʇʨʠ 

ʥʠʞʯʠʭ ʦʙʝʨʪʘʭ ʛʘʨʤʦʥʽʢʠ ʩʪʘʶʪʴ ʱʽʣʴʥʽʰʠʤʠ, ʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʯʘʩʪʽʰʝ ʚʠʜʽʣʷʶʪʴʩʷ 

ʥʘ ʬʦʥʽ ʦʩʥʦʚʥʦʛʦ ʩʠʛʥʘʣʫ. ʑʦʙ ʧʦʙʫʜʫʚʘʪʠ ʩʧʝʢʪʨ ʚʽʙʨʘʮʽʡ ʧʽʜʰʠʧʥʠʢʘ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʨʠ 1500 ʦʙ/ʭʚ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ 25 ɻʮ), ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʦʩʥʦʚʥʫ ʛʘʨʤʦʥʽʢʫ: ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ, ʛʘʨʤʦʥʽʢʠ ʜʨʫʛʦʛʦ ʽ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʤʦʞʣʠʚʽ ʯʘʩʪʦʪʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʝʬʝʢʪʽʚ 

ʧʽʜʰʠʧʥʠʢʽʚ. ʎʽ ʯʘʩʪʦʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʰʠʧʥʠʢʘ (ʢʽʣʴʢʽʩʪʴ ʪʽʣ ʢʦʯʝʥʥʷ, ʢʫʪʘ ʢʦʥʪʘʢʪʫ, 

ʜʽʘʤʝʪʨ ʪʦʱʦ).  

 
ʈʠʩ 2. ʉʧʝʢʪʨ ʚʽʙʨʘʮʽʡ ʧʽʜʰʠʧʥʠʢʘ, 1500 ʦʙ/ʭʚ 

 

ʅʘ ʨʠʩ.2. ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨ ʚʽʙʨʘʮʽʡ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ 1500 ʦʙ/ʭʚ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɺʠʜʥʦ ʦʩʥʦʚʥʫ ʯʘʩʪʦʪʫ 25 ɻʮ, ʾʾ ʛʘʨʤʦʥʽʢʠ (50, 75, 100 ɻʮ), ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʽʢʠ (120 ʽ 250 

ɻʮ), ʷʢʽ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʜʝʬʝʢʪʠ ʧʽʜʰʠʧʥʠʢʘ (ʥʘʧʨʠʢʣʘʜ, ʧʦʰʢʦʜʞʝʥʥʷ ʜʦʨʽʞʢʠ ʢʦʯʝʥʥʷ ʘʙʦ 

ʪʽʣʘ ʢʦʯʝʥʥʷ).  

ʇʽʜ ʯʘʩ ʜʽʘʛʥʦʩʪʠʢʠ ʦʩʥʦʚʥʫ ʦʮʽʥʢʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʦʢʘʟʥʠʢʦʤ 

ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 10ï1000 ɻʮ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ ISO 10816-3 ʜʣʷ ʤʘʰʠʥ ʟ 

ʧʦʪʫʞʥʽʩʪʶ ʜʦ 300 ʢɺʪ. ʈʽʚʝʥʴ ʚʽʙʨʘʮʽʾ ʧʦʨʽʚʥʶʚʘʚʩʷ ʟ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʫ ʤʘʰʠʥ. ɿʥʘʯʝʥʥʷ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ, ʷʢʽ ʧʝʨʝʚʠʱʫʚʘʣʠ ʥʦʨʤʫ, ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʽʟ 

ʟʥʦʰʝʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʪʘ ʚʘʣʘʭ ʟ ʣʝʛʢʠʤ ʜʠʩʙʘʣʘʥʩʦʤ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦʩʷ ʷʢ ʚʽʟʫʘʣʴʥʠʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, ʪʘʢ ʽ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʦʪʠ ʜʝʬʝʢʪʽʚ, ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ; ʯʘʩʪʦʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝʬʝʢʪʘʤ ʫ ʧʽʜʰʠʧʥʠʢʘʭ; ʛʘʨʤʦʥʽʡʥʽ ʯʘʩʪʦʪʠ, ʟʫʤʦʚʣʝʥʽ 

ʜʠʩʙʘʣʘʥʩʦʤ. 

ʅʘʷʚʥʽʩʪʴ ʧʽʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʧʽʜʰʠʧʥʠʢʘ, ʩʚʽʜʯʠʣʘ ʧʨʦ 

ʣʦʢʘʣʴʥʽ ʜʝʬʝʢʪʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʫʜʘʨʠ ʪʘ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʥʝ ʬʽʢʩʫʶʪʴʩʷ 

ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. ʎʝ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʡ ʟʥʦʩʫ ʪʽʣ ʢʦʯʝʥʥʷ 

ʧʽʜʰʠʧʥʠʢʽʚ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʧʨʦʜʦʚʞ ʧʝʚʥʦʛʦ ʯʘʩʫ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʧʨʦʛʥʦʟ ʜʝʛʨʘʜʘʮʽʾ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ. ʇʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʧʽʜʪʚʝʨʜʠʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ ʦʜʥʦʛʦ ʟ ʧʽʜʰʠʧʥʠʢʽʚ.  

ʆʙʛʦʚʦʨʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʘ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʥʝʩʧʨʘʚʥʽʩʪʴ; ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ: ʧʦʻʜʥʘʥʥʷ 

ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ; ʩʚʦʻʯʘʩʥʝ ʚʪʨʫʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʽʘʛʥʦʩʪʠʢʠ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʘʚʘʨʽʡʥʠʭ ʟʫʧʠʥʦʢ ʽ ʧʨʦʜʦʚʞʠʪʠ ʨʝʩʫʨʩ ʤʘʰʠʥ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʯʥʝ ʪʝʦʨʝʪʠʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʤʘʰʠʥʠ, ʱʦ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ 

ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʪʚʝʨʜʠʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ. ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʚʽʙʨʘʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ (800 

ʦʙ/ʭʚ ʽ 1500 ʦʙ/ʭʚ) ʜʦʟʚʦʣʠʚ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʭʘʨʘʢʪʝʨʥʽ ʛʘʨʤʦʥʽʢʠ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʽʢʠ, ʱʦ 

ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʪʝʥʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʘʭ. ʅʘʷʚʥʽʩʪʴ ʧʽʢʽʚ ʥʘ ʚʠʩʦʢʠʭ 
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ʯʘʩʪʦʪʘʭ (120 ʽ 250 ɻʮ), ʘ ʪʘʢʦʞ ʛʘʨʤʦʥʽʢ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʦʩ ʝʣʝʤʝʥʪʽʚ 

ʧʽʜʰʠʧʥʠʢʘ, ʤʦʞʣʠʚʠʡ ʜʠʩʙʘʣʘʥʩ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ISO 

10816-3 ʜʦʟʚʦʣʠʣʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʤʘʰʠʥʠ, ʘ ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ ð ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʠʪʠ ʢʨʠʪʠʯʥʽ ʚʫʟʣʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʪʘ ʬʽʣʴʪʨʘʮʽʾ 

ʩʠʛʥʘʣʫ ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʜʦ ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʘʞʢʦ ʚʠʷʚʠʪʠ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʯʘʩʽ ʜʘʚ ʟʤʦʛʫ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʜʘʣʴʰʝ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ ʟʘʤʽʥʠ ʟ ʤʝʪʦʶ 

ʥʝʜʦʧʫʱʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʛʘʣʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʘ ʻ ʥʘʜʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʰʠʥ ʽ ʜʦʟʚʦʣʷʻ 

ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ, ʦʧʪʠʤʽʟʫʶʯʠ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʥʘʜʽʡʥʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ. 
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ɸʅʆʊɸʎɯʗ: ʋ ʟʚôʷʟʢʫ ʟ ʨʦʩʪʦʤ ʦʙôʻʤʫ ʧʝʨʝʚʝʟʝʥʴ ʥʘʩʠʧʥʠʭ ʚʘʥʪʘʞʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʧʦʪʨʝʙʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʝʭʘʥʽʟʘʮʽʾ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ɼʣʷ ʤʝʭʘʥʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʽ ʧʦʪʫʞʥʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʤʘʰʠʥʠ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʘʚʪʦʤʦʙʽʣʝʧʝʨʝʢʠʜʘʯʽ, ʚʽʙʨʦʧʣʦʱʘʜʢʠ, ʝʣʝʚʘʪʦʨʠ, ʪʦʱʦ). ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʩʢʦʨʠʪʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʟʥʠʟʠʪʠ ʟʘʪʨʘʪʠ ʽ ʩʢʦʨʦʪʠʪʠ ʥʘʜʥʦʨʤʘʪʠʚʥʽ ʧʨʦʩʪʦʾ ʘʚʪʦʤʦʙʽʣʽʚ-ʩʘʤʦʩʢʠʜʽʚ ʧʽʜ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʫʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʛʽʜʨʦʧʨʠʚʦʜ; ʢʣʘʧʘʥ-ʧʫʣʴʩʘʪʦʨ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʧʨʦʚʘʜʞʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʨʦʟʨʦʙʮʽ ʽ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʜ̔ʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʘ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ.  

ï ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡ ʽ ʫʜʘʨʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ 

ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʚʽʙʨʦʧʨʠʚʦʜʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ;  

ï ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʪʘ ʨʦʟʨʦʙʠʪʠ ʥʘ ʾʭ ʙʘʟʽ ʥʦʚʠʡ ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʡ ʧʨʠʚʦʜ 

ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʢʫʟʦʚʽʚ-ʩʘʤʦʩʢʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ;  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. 

- ʥʘʙʫʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʟʘʩʪʦʩʦʚʘʥʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦ-ʩʪʨʫʢʪʫʨʥʦʾ ʪʝʦʨʽʾ 

ʱʦʜʦ ʧʦʚʝʜʽʥʢʠ ʥʘʚʘʣʦʯʥʠʭ ʚʘʥʪʘʞʽʚ ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʡ ʽ ʫʜʘʨʽʚ;  

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʘ ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʫ 

ʚʠʛʣʷʜʽ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʦʩʥʦʚʥʠʤʠ ʧʝʨʽʦʜʘʤʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʩʧʨʘʮʶʚʘʥʥʷ ʟʘʧʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʟ ʧʝʚʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ;  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʽ ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʡ ʧʨʠʚʦʜ ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʢʫʟʦʚʽʚ-ʩʘʤʦʩʢʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʭʦʜʠʪʴ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʚ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʤʫ ʧʨʠʚʦʜʽ ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʝʭʘʥʽʢʠ ʨʫʭʫ 

ʪʚʝʨʜʦʛʦ ʪʘ ʨʽʜʠʥʥʦʛʦ ʪʽʣʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚ 

ʘʥʘʣʽʪʠʯʥʽʡ ʽ ʛʨʘʬʽʯʥʽʡ ʬʦʨʤʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʘ ʚʽʙʨʦʫʜʘʨʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʽ ʝʬʝʢʪʠʚʥʠʭ ʨʝʞʠʤʽʚ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʩʠʧʫʯʠʭ, ʚʝʣʠʢʦʢʫʩʢʦʚʠʭ ʽ ʟʤʝʨʟʣʠʭ ʚʘʥʪʘʞʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʅʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʩʢʣʘʜʘʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʾʾ ʨʝʟʫʣʴʪʘʪʠ ʽ ʧʦʣʦʞʝʥʥʷ: 

 - ʥʘʙʫʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦ-ʩʪʨʫʢʪʫʨʥʦʾ ʪʝʦʨʽʾ 

ʱʦʜʦ ʧʦʚʝʜʽʥʢʠ ʥʘʚʘʣʦʯʥʠʭ ʚʘʥʪʘʞʽʚ ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʡ ʽ ʫʜʘʨʽʚ;  

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʛʦ ʧʨʠʚʦʜʘ ʚʽʙʨʦʫʜʘʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʫ 

ʚʠʛʣʷʜʽ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʦʩʥʦʚʥʠʤʠ ʧʝʨʽʦʜʘʤʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʩʧʨʘʮʶʚʘʥʥʷ ʟʘʧʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʟ ʧʝʚʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ;  

       ʅʘ ʨʠʩ. 1, ʘ ʧʦʢʘʟʘʥʦ ʩʭʝʤʘʪʠʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʥʘ ʨʠʩ. 2, ʙ ʛʽʜʨʘʚʣʽʯʥʘ 

ʩʭʝʤʘ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ, ʥʘ ʨʠʩ. 2. ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʘ 
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ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʢʣʘʧʘʥʘ-ʧʫʣʴʩʘʪʦʨʘ ʛʽʜʨʦʧʨʠʚʦʜʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʘʚʪʦʤʦʙʽʣʷ-

ʩʘʤʦʩʢʠʜʘ. [2]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʟʦʚʠʡ ʛʽʜʨʦʧʨʠʚʦʜ ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ, ʚ ʷʢʦʤʫ ʟʘ ʨʘʭʫʥʦʢ 

ʩʪʚʦʨʝʥʥʷ ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʨʦʙʦʯʦʤʫ ʚʽʙʨʘʮʽʡʥʦʤʫ ʛʽʜʨʦʮʠʣʽʥʜʨʽ 5 ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʛʽʜʨʦʥʘʩʦʩʘ 18, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʘ, ʘʙʦ ʢʣʘʧʘʥʘ-ʧʫʣʴʩʘʪʦʨʘ [3], 

ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡ ʢʫʟʦʚʘ 16, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʥʦʯʘʩʥʦʛʦ ʡʦʛʦ 

ʦʯʠʱʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʫʚʘʥʥʷ . 

      ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʂʦʣʠ ʢʫʟʦʚ 16 ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʧʽʜʡʦʤʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 1 ʨʦʟʚʘʥʪʘʞʫʻʪʴʩʷ, ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʧʽʜ ʪʠʩʢʦʤ ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʛʽʜʨʦʥʘʩʦʩʘ 18 ʧʦʩʪʫʧʘʻ ʚ ʨʦʙʦʯʫ ʧʦʨʦʞʥʠʥʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 5 ʧʦ ʤʘʛʽʩʪʨʘʣʽ 

7 ʚʽʜ ʥʘʧʽʨʥʦʾ ʣʽʥʽʾ 6, ʜʦ ʷʢʦʾ ʧʽʜʢʣʶʯʝʥʠʡ ʨʦʟʧʦʜʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ï ʢʫʣʴʢʦʚʠʡ ʦʜʥʦʢʘʩʢʘʜʥʠʡ 

ʢʣʘʧʘʥ-ʧʫʣʴʩʘʪʦʨ 14. ʂʣʘʧʘʥ-ʧʫʣʴʩʘʪʦʨ ʧʝʨʽʦʜʠʯʥʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʘʜʘʥʦʛʦ ʪʠʩʢʫ, ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʨʦʙʦʯʦʛʦ ʟʫʩʠʣʣʷ ʧʣʫʥʞʝʨʘ 3 ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 5, ʟôʻʜʥʫʻ 

ʥʘʧʽʨʥʫ ʤʘʛʽʩʪʨʘʣʴ 6 ʟʽ ʟʣʠʚʦʤ 13 ʯʝʨʝʟ ʜʨʦʩʝʣʴ12. 

 
ʈʠʩ.1. ɻʽʜʨʦʧʨʠʚʦʜ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ: 

ʘ) ʩʭʝʤʘʪʠʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ; 

ʙ) ʛʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ; 

ʚ)ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʢʣʘʧʘʥʘ-ʧʫʣʴʩʘʪʦʨʘ. 

 

ʇʨʠʥʮʠʧ ʜʽʾ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʘ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʜʘʥʥʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʛʽʜʨʦʧʨʠʚʦʜʘ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʤʠʪʪʻʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʟʫʩʠʣʣʷ 

ʈʥ1  ʚʽʜʢʨʠʪʪʷ ʡʦʛʦ ʨʫʭʦʤʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʫ ʚʠʜʽ ʢʫʣʴʢʦʚʦʛʦ ʢʣʘʧʘʥʫ-ʧʫʣʴʩʘʪʦʨʘ, ʷʢʝ 

ʩʪʚʦʨʶʻʪʴʩʷ ʪʠʩʢʦʤ ʨ1 ʥʘ ʧʣʦʱʽ ʧʽʜʡʦʤʫ Sʧ1 (ʈʥ1=ʨ1Ā Sʧ1), ʜʦ ʚʝʣʠʯʠʥʠ ʈʥ2 (ʈʥ2>ʈʥ1). ʎʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʪʫʧʽʥʯʘʩʪʦʾ ʟʤʽʥʠ ʧʣʦʱʽ ʧʽʜʡʦʤʫ ʚʽʜ Sʧ1 ʜʦ Sʧ2 (Sʧ2 >Sʧ1) ʚ ʤʦʤʝʥʪ 

ʧʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʟʘʮʽʾ ʧʦʩʘʜʢʠ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʘ ʩʽʜʣʦ. ɿʫʩʠʣʣʷ ʈʥ2=ʨ1ĀSʧ2 ʧʝʨʝʚʠʱʫʻ 

ʟʫʩʠʣʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʫʞʠʥʠ ʈʧʨ=ʈʥ1, ʱʦ ʧʨʠʪʠʩʢʘʻ ʟʘʧʽʨʥʠʡ ʝʣʝʤʝʥʪ ʢʣʘʧʘʥʘ ʜʦ ʩʽʜʣʘ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ  ʫ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʽ ʤʦʞʝ ʫʪʨʠʤʫʚʘʪʠ ʡʦʛʦ ʫ ʚʽʜʢʨʠʪʦʤʫ ʩʪʘʥʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʩʪʫʧ ʨʽʜʠʥʠ ʽʟ ʥʘʧʽʨʥʦʾ ʣʽʥʽʾ ʥʘ ʟʣʠʚ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ  ʜʦ 

ʚʝʣʠʯʠʥʠ ʨ2. ʇʨʠ ʮʴʦʤʫ ʪʠʩʢʦʚʽ ʟʫʩʠʣʣʷ ʥʘ ʟʘʧʽʨʥʦʤʫ ʝʣʝʤʝʥʪʽ ʟʤʝʥʰʠʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʈʥ1=ʨ2Ā Sʧ2 

ʽ ʧʨʫʞʠʥʘ 11 ʟʤʦʞʝ ʧʦʚʝʨʥʫʪʠ ʡʦʛʦ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ, ʧʨʠʪʠʩʥʫʚʰʠ ʜʦ ʩʽʜʣʘ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʛʽʜʨʦʮʠʣʽʥʜʨʘ. 

ɼʣʷ  ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʽʚ ʽʟ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʧʦ 

ʪʠʩʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [5]: 
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ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʚʽʙʨʦʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʘʚʪʦʤʦʙʽʣʷ-

ʩʘʤʦʩʢʠʜʘ 
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ʈʦʟʛʣʷʥʝʤʦ ʟʘʢʦʥ ʨʫʭʫ ʧʣʫʥʞʝʨʘ 3 ʧʨʠ ʨʫʩʽ ʚʚʝʨʭ. ɿʥʘʡʜʝʤʦ ʩʠʣʠ ʨʝʘʢʮʽʾ ʦʧʦʨʠ ʚ ʰʘʨʥʽʨʽ 2 

ʧʽʜʡʦʤʥʦʛʦ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 1 ʽ ʧʣʫʥʞʝʨʘ 3. ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʩʠʣ ʨʝʘʢʮʽʾ ʦʧʦʨʠ ʚ ʰʘʨʥʽʨʽ 2, ʜʝ ʢʫʟʦʚ 16 ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʣʦʞʝʥʥʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ɼʝ 

l ï ʜʦʚʞʠʥʘ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʧʽʜʡʦʤʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 1, L ï ʜʦʚʞʠʥʘ ʢʫʟʦʚʘ 16, Ŭ ï ʢʫʪ ʥʘ ʷʢʠʡ 

ʚʽʜʢʨʠʚʩʷ ʢʫʟʦʚ 16 ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ, ɓ ï ʢʫʪ ʥʘʭʠʣʫ ʧʽʜʡʦʤʥʦʛʦ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 

1. ɿʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʧʣʫʥʞʝʨʘ 3, ʨʠʩ. 3: 
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p y t - ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚ ʧʦʨʦʞʥʠʥʽ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʫ ʚʽʙʨʦʨʦʟʚʘʥʪʘʞʫʚʘʯʘ (ʫ ʽ t ï 

ʧʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʫʟʦʚʘ 16 ʽ ʧʽʜʡʦʤʥʦʛʦ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʛʽʜʨʦ ʮʠʣʽʥʜʨʘ 1 ʪʘ ʯʘʩʫ);  mʧ 

ï ʤʘʩʘ ʧʣʫʥʞʝʨʘ 3; m - ʤʘʩʘ ʧʽʜʡʦʤʥʦʛʦ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 1; M - ʤʘʩʘ ʢʫʟʦʚʘ ʽʟ 

ʟʘʣʠʰʢʘʤʠ ʚʘʥʪʘʞʫ 16; ×R ï ʩʫʤʘʨʥʘ ʩʠʣʘ ʦʧʦʨʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʠʣʠ Rʧʨ ʩʪʠʩʢʘʥʥʷ ʧʨʫʞʠʥ 17 

ʥʘ ʨʠʩ. 1ʚ, ʩʠʣ ʪʝʨʪʷ Rʪʨ  ʫ ʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʥʷʭ ʽ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʨʫʭʫ; Fy ï ʩʠʣʘ ʨʝʘʢʮʽʾ ʦʧʦʨʠ 2 

ʧʽʜʡʦʤʥʦʛʦ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 1 ʥʘ ʧʣʫʥʞʝʨ 3, ʱʦ ʟôʻʜʥʘʥʠʡ ʽʟ ʢʫʟʦʚʦʤ 16.   

 

 
ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʨʝʘʢʮʽʡ ʦʧʦʨʠ ʚ ʰʘʨʥʽʨʽ 2 ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʧʽʜʡʦʤʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 1 ʽ 

ʚʽʙʨʦʨʦʟʚʘʥʪʘʞʫʚʘʯʘ 

 

 
ʈʠʩ. 3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʫ ʨʫʭʫ ʧʣʫʥʞʝʨʘ 3 ʚʽʙʨʦʨʦʟʚʘʥʪʘʞʫʚʘʯʘ 

 

ʊʠʩʢ ( , )
ʮ

p y t  ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʦʙôʻʤʫ ʨʽʜʠʥʠ ʫ ʨʦʙʦʯʽʡ ʧʦʨʦʞʥʠʥʽ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʛʽʜʨʦʮʠʣʽʥʜʨʘ 5 ʚʽʙʨʦʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʧʦ ʤʽʨʽ ʨʫʭʫ  ʚʚʝʨʭ ʧʣʫʥʞʝʨʘ 3: 

( , ) ,
ʮ ʧʨ

o

V
p y t E

V

D
=   (2) 

ʜʝ æV - ʩʫʤʘʨʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ʟʘ ʨʘʭʫʥʦʢ ʜʝʬʦʨʤʘʮʽʾ ʥʘʧʽʨʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʽ ʩʘʤʦʾ ʨʽʜʠʥʠ; Vʦ - ʧʦʯʘʪʢʦʚʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ (ʫ 

ʚʽʙʨʘʮʽʡʥʦʤʫ ʛʽʜʨʦʮʠʣʽʥʜʨʽ ʽ ʫ ʧʽʜʚʦʜʷʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʯʘʪʢʫ ʨʫʭʫ ʧʣʫʥʞʝʨʘ 

3); ɽʧʨ - ʧʨʠʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ ʟ ʜʦʩʣʽʜʞʝʥʴ ʡ ʧʝʨʩʧʝʢʪʠʚʠ 

        ʅʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ, ʷʢʽ ʨʦʟʰʠʨʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʩʚʦʻ ʧʨʠʟʥʘʯʝʥʥʷ ʫ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ.  

ɿʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡ, ʛʚʠʥʪʦʚʠʤ ʟôʻʜʥʘʥʥʷʤ, ʤʠ ʦʪʨʠʤʘʣʠ ʧʨʦʩʪʦʪʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡ, ʢʦʤʧʘʢʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʢʣʘʧʘʥʘ-

ʧʫʣʴʩʘʪʦʨʘ ʚ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʽ  ʦʜʥʦʯʘʩʥʦ 

ʩʧʨʦʱʫʻ ʢʦʥʩʪʨʫʢʮʽʶ ʛʽʜʨʦʧʨʠʚʦʜʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʯʘ ʘʚʪʦʤʦʙʽʣʷ-ʩʘʤʦʩʢʠʜʘ.  
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ABSTRACT. Annually, about 25% of electricity and 2% of metal are consumed from their total production in the process 

of manufacturing and processing building materials. More than 60% of operating costs from their total volume in quarries and 

construction sites are the costs of crushing and sorting equipment. The main machines for coarse and medium crushing today 

are jaw crushers, which operate on the principle of periodic loading of material with movable crushing jaws. These machines 

have a significant energy intensity of the work process and metal intensity of the equipment. Mobile crushing and sorting 

complexes are used in cyclic-flow technologies of rock development to transfer the main stages of their crushing to the quarry 

in order to reduce transportation costs, improve the environmental safety of open-pit mining by reducing dust. Capital costs for 

MDSK are higher than in a stationary open-pit installation, since the cost of the chassis is 20-30% of the cost of the installation. 

The location of the equipment on a mobile frame complicates maintenance and repair and preventive work, but these 

disadvantages are compensated by the mobility of such complexes. At the same time, an urgent issue is increasing the energy 

efficiency of such machines, which can be implemented on the basis of parametric optimization of their work process. 

Keywords: crushing and sorting complex, energy efficiency, productivity, power, fuel efficiency. 

 

Introduction.  Capital costs for a mobile crushing and sorting plant are higher than in a stationary 

open-air installation, since the cost of the chassis is 20-30% of the cost of the installation [1]. The location 

of the equipment on a mobile frame complicates maintenance and repair and preventive maintenance, but 

these disadvantages are compensated by the mobility of such complexes [2]. One of the advantages of 

mobile crushing and sorting complexes is their use in dense urban areas when processing construction 

waste. As a result of such processing, secondary crushed stone is formed, suitable for further use in 

construction [3]. 

Based on the above, an urgent issue is to increase the energy efficiency of mobile crushing and sorting 

complexes, which can be implemented on the basis of parametric optimization of their work process.    

Review of Recent Studies and Publications. In work [6], the use of mobile crushing and sorting 

complexes in the development of solid mineral deposits was justified. The emphasis in the work was on 

considering the operation of the MDSC in combination with extraction, loading and transport equipment. 

However, a detailed consideration of the parameters of the MDSC was absent in the work and it is not clear 

what calculation algorithms were used in the study. In work [7], the issue of the great demand in the world 

for the processing of construction waste was considered. The key place in the processing chain is mobile 

equipment. For this purpose, the work schematically presents options for combining various equipment for 

optimal processing of construction waste. In addition, one should not forget about the requirements for 

building materials that the final processing product must meet, which is also covered in the work. However, 

there is no review and analysis of the existing market for such machines. In work [9], an assessment and 

analysis of separate crushing machines that are part of mobile crushing and sorting complexes was 

performed. 
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Purpose of work. Assessment and analysis of crushing and screening complexes and determination 

of important mechanical parameters that significantly affect the efficiency of equipment operation within 

the complex and construction site. 

Materials and methods. The main materials for the analysis are scientific, technical and reference 

literature on domestic and foreign samples of modern crushing equipment. The main methods used in the 

work are the use of mathematical analysis in calculating the parameters of the mechanical mode and 

criterion-based assessment. 

Results. The scope of use of MDSK is: 1) primary and secondary crushing of rocks; 2) processing of 

construction waste; 3) sorting of material by fractions [7].  

Fig. 1, a shows the structure of the Lokotrack LT106 mobile crushing and sorting complex. The 

principle of operation of the complex is as follows. The material is fed by an excavator into the loading 

hopper 3, which has a lining from the inside, and also due to the hydraulic transmission can change the 

volume of the loading chamber, which allows you to optimize the material feeding process and reduce the 

unevenness of its feeding. After loading, the material begins to move longitudinally along the feeder 2, 

which contains a grate screen for screening out small items and reducing the clogging of the crushing 

chamber. The screenings fall onto the folding conveyor 1 ï H5-4 [8]. 
 

  
                                  ʘ                                                                                                         ʙ 

Fig. 1. Mobile crushing and sorting complexes: 

 a ï Metso LT106 (1-H5-4 conveyor; 2 ï feeder with grate screen; 3 ï hydraulically adjustable loading hopper; 4 ï jaw 

crusher ʉ106; 5 ï H10-11, H10-14 main conveyor; 6 ï engine CAT C9 and transmission C7.1; 7 ï crawler chassis; ʙ - 

Kleeman Mobicat MC 110(i) EVO2 (1 ï bunker; 2 ï screen; 3 ï jaw crusher; 4 ï drive; 5 ï magnetic separator; 6 ï 

conveyor; 7 ï running gear; 8 ï complex conveyor; 9 ï frame) 

 

The oversize material enters the jaw crusher C106 4. Large pieces of material are additionally crushed 

using a jackhammer installed between the grate screen and the crusher. This reduces the likelihood of 

clogging of the crushing chamber. The crushed material enters the main conveyor H10-11, H10-14 5. The 

crusher is driven by a CAT C9 power plant 6. The crawler-type running gear 7 allows the crusher to be 

moved to different points of the construction site without the need for a dump truck [9],[10]. 

  



 

83 
 

 
a                                                                            b 

 
c                                                                             d 

 
f                                                                                 g 

Fig. 2. Histograms of the criterial assessment of the MDSK: 

aï k1 ; b ï k2; c ï k3; d ï k4; f ï k5; g ï k6 

 

Fig. 1, b shows the structure of the Kleemann Mobicat MC 110(i) EVO2 MDSC. A feature of the 

Kleeman Mobicat is the presence of a double-screen screen that filters out small items. This solution 

increases the crusher's productivity by up to 10%. The Kleeman Mobicat MDSC transmission includes a 

hydraulic clutch that transmits torque from the gearbox to the crusher and a generator to drive auxiliary 

mechanisms. Such transmission features allow reducing fuel consumption by 30%. 

The following criteria were used to assess the technical and economic indicators and parameters of 

the MDSK: 1) 1k ʇ m=   - criterion for assessing the impact of mass on performance (-> max); 2) 2k ʇ P=  

- criterion of the impact of energy costs on productivity (-> max) ; 3) 3k m P=   - criterion of the influence 

of power on mass (->min); 4) 4k P i=  - criterion of the influence of power on the degree of crushing (-> 

min); 5) 5k n P=  - criterion of the influence of power on the speed (-> max); 6) 6 /k Q F=  ï criterion of the 

impact of fuel consumption on performance (-> max). The corresponding histograms are presented in Fig. 

2. 

Discussion. Among crushing machines, mobile complexes from Metso, Sandvik and Kleeman look 

promising. The difference between Kleeman mobile crushers is the use of a modern, simpler and more 

intuitive control system - spective. This gives an advantage in personnel training. However, when it is 

necessary to analyze a large number of parameters when operating a plant with several MDSKs, the Metso 

IC or Sandvik Automation and Monitoring control system has greater advantages. The use of a diesel-

electric drive with a hydraulic clutch has a number of advantages: 1) reduced fuel consumption compared 

to the use of a hydraulic drive in Sandvik; 2) engine protection in the event of shock loads in the crushing 
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chamber and absorption of peak loads; 3) smooth start-up of the crusher. Metso also uses a diesel-electric 

drive with a hydraulic clutch, but in older models. New models of Metso mobile crushers use an electric 

drive with a complex electronic control system Metso IC, which protects the engine and structural elements 

of the machine from peak and shock loads. The basis of such a system is frequency control of the machine's 

speed, which allows for a smooth start, current limitation or automatic speed reduction under heavy loads. 

There is also the possibility of enabling reverse. 

Conclusions. Based on the criteria assessment, we see differences in different types of MDSCs. This 

indicates the use of different methods in the calculation of such machines, as well as narrow specialization 

for individual processes. For example, Metso and Sandvik complexes are more focused on use in mining 

quarries or in conjunction with a large number of other equipment. In turn, Eagle crushing complexes are 

more classic in their design, due to the lack of electronic control systems. Such complexes are more 

profitable to use on small volumes of processing or in single use. Thus, it can be noted that an important 

issue is the parametric optimization of equipment that is combined within one MDSC and beyond. Another 

important parameter of MDSCs is fuel efficiency. Most modern complexes use a diesel-electric drive in 

combination with a hydraulic clutch or an electric drive. An equally important parameter that affects the 

economic component of the plant is ensuring the constancy of power supply to the complex. 
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ʉɽʂʎɯʗ 2 

çɯʅʅʆɺɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺɯɼʅʆɺʃɽʅʅʗ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɺ ʋʂʈɸɰʅɯè 

 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇɸʈɸʄɽʊʈʀʏʅʆɰ ʆʇʊʀʄɯɿɸʎɯɰ ɺʀʄʋʐɽʅʀʍ 

ʂʆʃʀɺɸʅʔ ɼɺʆʍɿɺôʗɿʅʆɰ ʆɹʆʃʆʅʂʀ ʄɯʅɯʄɸʃʔʅʆɰ ʇʆɺɽʈʍʅɯ ʇʈʀ 

ʊɽʈʄɯʏʅʀʍ ɯ ʉʀʃʆɺʀʍ ʅɸɺɸʅʊɸɾɽʅʅʗʍ ɿ ʋʈɸʍʋɺɸʅʅʗʄ 

ɻɽʆʄɽʊʈʀʏʅʆɰ ʅɽʃɯʅɯʁʅʆʉʊɯ.  
 

ʆʣʝʢʩʘʥʜʨ ʂʦʰʝʚʠʡ, ʜʦʮʝʥʪ, Ph.D., ʜʦʮʝʥʪ 1 (ORCID: 0000-0002-1903-2905),  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʆʧʪʠʤʽʟʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʚʦʟʚ óʷʟʥʦʾ ʢʦʥʫʩʥʦʾ ʦʙʦʣʦʥʢʠ 

ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʤʘʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ï ʚʘʛʘ ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ, ʟʤʽʥʥʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜ 1 ʜʦ 

200 ʤʤ, ʣʽʤʽʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʝʨʰʦʾ ʚʠʤʫʰʝʥʦʾ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ 0.40 ɻʮ. ʇʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ 25,3%, ʧʝʨʝʨʦʟʧʦʜʽʣ ʪʦʚʱʠʥʠ 

ʦʙʦʣʦʥʢʠ ʚʽʜ 4.3 ʤʤ ʜʦ 50.2 ʤʤ, ʧʝʨʰʘ ʚʠʤʫʰʝʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 0.4 ɻʮ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʤʝʞʝʥʥʷʤ. 

ʄʝʪʦʜʠʢʘ ʘʚʪʦʨʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʦʙʦʣʦʥʦʢ ʤʽʥʽʤʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʪʠʧʽʚ ʚʠʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʜʥʦʤʫ 

ʦʙôʻʢʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʙʫʜʽʚʝʣʴʥʦʾ ʽ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʦʧʪʠʤʘʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ; ʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ; ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ; ʦʙʦʣʦʥʢʘ; ʦʙʦʣʦʥʢʘ ʤʽʥʽʤʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ; ʛʝʦʤʝʪʨʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ; ʪʝʨʤʦʩʠʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

ɺʩʪʫʧ. ɺ ʩʫʯʘʩʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʨʦʟʚʠʪʢʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʛʨʘʬʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟôʷʚʠʣʦʩʷ ʥʦʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʆʧʪʠʤʘʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ï 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʘʛʫ ʘʙʦ ʦʙôʻʤ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʝ ʩʧʨʠʯʠʥʷʻ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʚ ʮʽʣʦʤʫ. ɺ 

ʧʨʠʢʣʘʜʥʽʡ ʽ ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʙʘʟʦʚʽ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʙʫʜʽʚʝʣʴʥʠʤʠ ʥʦʨʤʘʤʠ 

ʋʢʨʘʾʥʠ. ʄʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ 

ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʚʩʽʭ 

ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʷʢ ʩʪʘʪʠʯʥʠʭ ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʠʭ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʪʘ ʧʨʦʛʠʥʠ, ʱʦ ʪʘʢʦʞ ʜʫʞʝ ʚʘʞʣʠʚʽ ʩʢʣʘʜʦʚʽ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʘʞʣʠʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʜʨʘʟʫ ʜʚʽ ʛʨʫʧʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ, ʪʦʤʫ ʱʦ ʙʫʚʘʶʪʴ ʚʠʧʘʜʢʠ ʢʦʣʠ ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ 

ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ, ʘ ʧʨʦʛʠʥʠ ʽʟ-ʟʘ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʝʨʝʨʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʙʽʣʴʰʠʤʠ ʥʽʞ ʜʦʧʫʩʪʠʤʠʤʠ. ʇʽʩʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʚʩʽ ʤʦʞʣʠʚʽ ʧʝʨʝʚʽʨʢʠ ʥʘ ʢʦʤʙʽʥʘʮʽʶ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʘʪʠʯʥʠʤʠ ʽ ʜʠʥʘʤʽʯʥʠʤʠ [1]. 

ɺ ʧʨʠʢʣʘʜʥʽʡ ʽ ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʢʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʦʩʥʦʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʩʘʤʝ: ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʥʠʭ 

ʽ ʚʠʤʫʰʝʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ, ʩʪʽʡʢʽʩʪʴ. ʊʘʢ ʽ ʩʧʝʮʽʘʣʴʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʬʽʟʠʯʥʦʾ 

ʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʟʘʜʘʯʽ ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʯʘʩ ʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʽ ʷʢ ʧʨʦʛʠʥʠ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ, ʷʢʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʚ ʷʢʽʡ ʟʦʥʽ ʧʨʘʮʶʻ 

ʤʘʪʝʨʽʘʣ: ʚ ʧʨʫʞʥʽʡ, ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽʡ, ʧʣʘʩʪʠʯʥʽʡ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʧʦʚʝʜʽʥʢʫ ʦʧʪʠʤʽʟʦʚʘʥʦʾ 

ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʘ ʙʽʣʴʰ ʷʢʽʩʥʦ ʜʦʩʣʽʜʠʪʠ ʾʾ ʧʦʚʝʜʽʥʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ [2]. 

ɿ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ 
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ʧʨʦʝʢʪʠ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʩʪʝʨʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʜʦ ʮʽʣʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʘʨʢʘʩʫ. ɺ ʜʘʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʫ ʚʠʛʣʷʜʽ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʫʪʴ ʦʙʦʣʦʥʦʢ ʤʽʥʽʤʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʧʦʣʷʛʘʻ ʫ ʦʧʪʠʤʘʣʴʥʽʡ ʬʦʨʤʽ, ʷʢʘ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʟʘʜʘʥʦʤʫ ʢʦʥʪʫʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʮʠʚʽʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ 

ʪʘʢʦʞ: ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʣʽʪʘʢʦʙʫʜʫʚʘʥʥʷ, ʢʦʤʽʯʥʘ ʛʘʣʫʟʴ, ʣʝʛʢʘ ʽ ʚʘʞʢʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʭʽʤʽʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʜʦ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. ɹʫʜʽʚʥʠʮʪʚʦ ʪʘʢʠʭ 

ʦʙôʻʢʪʽʚ ʧʽʜ ʯʘʩ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʟʨʦʩʪʘʥʥʷ ʝʢʦʥʦʤʽʢʠ ʚ ʮʽʣʦʤʫ. ɼʣʷ 

ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʤʽʥʽʤʽʟʘʮʽʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʰʚʠʜʢʦ 

ʽ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦ ʚʠʢʦʥʘʪʠ ʮʝ ʟʘʚʜʘʥʥʷ [3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʘʨʪʽʩʪʴ ʦʙʦʣʦʥʢʠ 

ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʪʝʨʤʽʯʥʦʤʫ ʪʘ ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʥʝʣʽʥʽʡʥʦʩʪʽ. ɻʝʦʤʝʪʨʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʜʽʡʩʥʽ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʪʘ ʧʨʦʛʠʥʠ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʩʧʨʠʯʠʥʷʻ ʟʤʝʥʰʝʥʥʶ 

ʚʘʛʠ ʟʘ ʨʘʭʫʥʦʢ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ [4].     

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʨʠ ʪʝʨʤʽʯʥʠʭ ʪʘ ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʽ ʚʘʛʠ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ɺʠʢʦʥʘʥʥʷ ʚʩʽʭ ʤʽʮʥʽʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʫ ʤʝʪʦʜʫ 

ʙʫʜʽʚʝʣʴʥʦʾ ʽ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʫʩʽʭ 

ʩʫʯʘʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʜʘʻ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʜʘʣʫ 

ʟʙʽʞʥʽʩʪʴ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʨʦʟʙʠʪʪʷ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ 

ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ, ʥʘ ʷʢʽ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʚʣʘʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʤʝʥʪʫ ʧʦ ʪʦʚʱʠʥʽ. ʅʘ ʢʦʞʝʥ 

ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ ʟʘʜʘʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʄʘʪʝʨʽʘʣ ʜʣʷ ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʦʙʦʣʦʥʢʫ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ï ʣʠʩʪʦʚʘ ʩʪʘʣʴ. ʄʘʨʢʘ 

ʩʪʘʣʽ ʉ245, ʤʝʪʘʣʝʚʽ ʣʠʩʪʠ ʟôʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. 

ʇʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʟʥʘʭʦʜʠʪʠ 

ʤʘʢʩʠʤʫʤ ʯʠ ʤʽʥʽʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʪʘ ʦʜʨʘʟʫ ʜʦʩʷʛʘʪʠ ʾʾ ʝʢʩʪʨʝʤʫʤʫ. ʊʘʢʠʡ ʤʝʪʦʜ ʻ ʦʜʥʠʤ ʽʟ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʜʘʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦ ʪʦʯʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʫ ʪʘ ʚʠʪʨʘʯʝʥʦʛʦ ʯʘʩʫ ʥʘ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʣʘʜʝʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ [1-2] 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʜʚʦʟʚôʷʟʥʦʾ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʩʧʦʯʘʪʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʙʫʜʦʚʘ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʥʘ ʟʘʜʘʥʦʤʫ ʢʦʥʪʫʨʽ. ʇʦʙʫʜʦʚʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʝ ʟʘʜʘʻʪʴʩʷ ʢʦʥʪʫʨ ʦʙʦʣʦʥʢʠ 

ʤʘʡʙʫʪʥʴʦʾ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʚʠʨʘʭʫʚʘʥʥʷ ʾʾ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʪʘ ʧʣʦʱʽ 

ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʽʡ ʟʫʩʠʣʴ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʡ. ɻʦʪʦʚʠʡ ʛʝʦʤʝʪʨʠʯʥʠʡ ʢʘʨʢʘʩ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ Femap with Nastran ʜʝ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʡ ʢʘʨʢʘʩ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ ʧʽʩʣʷ ʯʦʛʦ ʟʘʜʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʤʙʽʥʘʮʽʻʶ ʩʠʣʦʚʠʭ ʽ ʪʝʨʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʦʙʦʣʦʥʢʫ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʟʘʜʘʶʪʴʩʷ ʟʛʽʜʥʦ ʜʝʨʞʘʚʥʠʭ ʥʦʨʤ ʋʢʨʘʾʥʠ ʟ ʧʝʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ɿʘʜʘʶʪʴʩʷ 

ʟʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʞʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ ʦʢʨʝʤʦ, ʪʘʢ ʷʢ ʚʘʞʣʠʚʽʩʪʴ ʟʙʽʞʥʦʩʪʽ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʧʣʦʱʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʜʣʷ ʦʙʦʣʦʥʢʠ. 

ʇʨʦʝʢʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʦʞʫʪʴ ʚʣʘʰʪʦʚʫʚʘʪʠ ʙʽʣʴʰʦʩʪʽ ʚʠʤʦʛ ʜʣʷ ʚʠʨʽʰʝʥʥʽ 

ʟʘʜʘʯʽ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʽʜʧʨʦʩʪʦʨʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʽ ʥʝʦʙʭʽʜʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʧʨʦʝʢʪ, ʧʨʠ ʮʴʦʤʫ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʫʤʫ ʯʠ ʤʽʥʽʤʫʤʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ. ʉʝʡʩʤʽʯʥʝ ʽ ʩʪʘʪʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʜʽʣʷʻ ʧʽʜʧʨʦʩʪʽʨ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʜʦʧʫʩʪʠʤʠʡ ʽ ʥʝ ʜʦʧʫʩʪʠʤʠʡ, ʘ 

ʪʘʢʦʞ ʙʫʜʴ-ʷʢʽ ʦʙʤʝʞʝʥʥʷ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ: ʜʦʚʛʦʚʽʯʥʽʩʪʴ,  ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ, 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ, ʣʦʢʘʣʴʥʘ ʽ ʛʣʦʙʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ.  
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ʋʤʦʚʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʧʨʦʝʢʪ, ʷʢʠʡ ʣʝʞʠʪʴ ʥʘ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʦʙʣʘʩʪʽ ʻ ʪʽʣʴʢʠ ʣʦʢʘʣʴʥʠʡ 

ʦʧʪʠʤʫʤ. ɺʝʢʪʦʨ ὼᴆ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ ʚʩʽʭ ʛʽʧʝʨʧʦʚʝʨʭʦʥʴ, ʧʨʠ ʮʴʦʤʫ ʦʙʤʝʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʦʩʪʽ (ʪʦʙʪʦ ʥʘ ʤʝʞʽ), ʪʦʜʽ Ὤὼᴆ π. ʆʙʤʝʞʝʥʥʷ ʤʦʞʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʤʝʞʽ ʘʙʦ ʚʩʝʨʝʜʠʥʽ ʧʽʜʧʨʦʩʪʦʨʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʽ ὼᴆ, ʷʢʱʦ ʦʙʤʝʞʝʥʥʷ ʟʘ ʛʨʘʥʠʮʝʶ 
ʧʽʜʧʨʦʩʪʦʨʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ï ʚʦʥʦ ʙʫʜʝ ʤʘʪʠ ʥʝʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʘʥʘʣʽʟʫʚʘʥʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʧʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʥʫʪʨʽʰʥʷ ʪʦʯʢʘ Ὣ ὼӶ π ʥʘ ʤʝʞʽ ʧʽʜʧʨʦʩʪʦʨʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʢʦʣʠ 

ʦʙʤʝʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ Ὣ ὼӶ π, ʪʘ ʢʦʣʠ ʟʘ ʤʝʞʝʶ ʧʽʜʧʨʦʩʪʦʨʫ ʧʨʦʝʢʪʫʚʘʥʥʷ Ὣ ὼӶ

π. ɺ ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʝʢʩʪʨʝʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 
ʧʽʜʧʨʦʩʪʦʨʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʷʢʱʦ ʥʘ ʤʝʞʽ, ʪʦ  ὼᴆ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʽʚʥʽʩʪʴ Ὣ ὼӶ πȟ ʪʘʢʘ 

ʥʝʨʽʚʥʽʩʪʴ ʥʘʟʠʚʘʻʪʴʩʷ ï ʘʢʪʠʚʥʦʶ. 

ɺ ʧʨʦʮʝʩʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʨʫʯʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ 

ʚʠʛʣʷʜʽ ʪʦʯʢʠ ʚ ʜʝʷʢʦʤʫ ʘʙʩʪʨʘʢʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʦʝʢʪʫʚʘʥʥʽ. ʇʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʾʾ ʤʘʪʝʨʽʘʣʫ. ʇʘʨʘʤʝʪʨʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʽʡʩʥʠʭ ʯʠʩʝʣ, ʬʫʥʢʮʽʡ, ʚʝʢʪʦʨʽʚ, ʤʥʦʞʠʥʘ ʜʽʡʩʥʠʭ ʯʠʩʝʣ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʚʞʜʠ ʧʦʚôʷʟʘʥʘ ʽʟ ʟʘʜʘʥʥʷʤ ʜʝʷʢʦʛʦ ʧʽʜʧʨʦʩʪʦʨʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʂʦʣʠ ʢʦʥʩʪʨʫʢʪʦʨ ʧʨʠʩʪʫʧʘʻ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʘʻ ʾʾ 

ʪʠʧ, ʜʝʷʢʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʚʩʪʘʥʦʚʣʶʻ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʇʽʜʧʨʦʩʪʽʨ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʧʨʦʝʢʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʥʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʤʥʦʞʠʥʫ 

ʚʠʤʦʛ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʋʤʦʚʠ ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʽ ʚʟʘʛʘʣʽ ʙʫʜʴ-ʷʢʽ ʦʙʤʝʞʝʥʥʷ 

ʥʘʢʣʘʜʝʥʽ ʥʘ ʧʦʚʝʜʽʥʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʨʦʟʛʣʷʜʷʪʴʩʷ ʷʢ ʢʦʨʜʦʥʠ, ʷʢʽ ʨʦʟʜʽʣʷʶʪʴ 

ʧʽʜʧʨʦʩʪʽʨ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʜʦʧʫʩʪʠʤʽ ʽ ʥʝʜʦʧʫʩʪʠʤʽ ʧʽʜʧʨʦʩʪʦʨʠ.   

ʆʧʪʠʤʽʟʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʚʦʟʚôʷʟʥʦʾ ʢʦʥʫʩʥʦʾ ʦʙʦʣʦʥʢʠ 

ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ï ʚʘʛʘ ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ, ʟʤʽʥʥʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜ 1 ʜʦ 200 ʤʤ, ʣʽʤʽʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʝʨʰʦʾ ʚʠʤʫʰʝʥʦʾ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ 

0.40 ɻʮ. ɺ ʭʦʜʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʥʫʻʪʴʩʷ 10 ʮʠʢʣʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʚ ʢʦʞʥʦʤʫ 

ʩʢʽʥʯʝʥʥʦʤʫ ʝʣʝʤʝʥʪʽ ʥʘ 20 ʤʤ., ʚ ʯʘʩʪʠʥʘʭ ʦʙʦʣʦʥʢʠ, ʜʝ ʥʝ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʪʦʚʱʠʥʫ, ʘʙʦ 

ʟʤʝʥʰʫʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʮʠʢʣʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʠʰʚʠʜʰʫʶʪʴʩʷ [5]. ɹʣʦʢ ʩʭʝʤʘ, ʱʦ ʧʦʢʘʟʫʻ ʷʢ ʚ ʜʝʪʘʣʷʭ ʽʜʝ ʧʨʦʮʝʩ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ʇʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫ Femap with Nastran, 

ʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʦʤʫ ʚʣʘʩʥʦʤʫ ʦʧʪʠʤʽʟʘʪʦʨʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʛʦ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ.  

ʆʙʛʦʚʦʨʝʥʥʷ. ʇʝʨʝʚʽʨʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʧʦʨʽʚʥʷʥʥʷʤ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ [20]. ʂʦʥʩʪʨʫʢʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʨʦʟʙʠʪʘ ʥʘ 

ʧʨʷʤʦʢʫʪʥʽ ʧʣʘʩʪʠʥʯʘʩʪʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ. ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ 

ï ʦʙôʻʤ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʩʘʤʝ [5]: 

ÍÉÎὠὢ Ὧὼ Ὧὼ Ὧὼ Ὧὼ Ὧὼȟ                                                ρ  

ʧʨʠ ʦʙʤʝʞʝʥʽ ʧʦ ʤʽʮʥʦʩʪʽ 

„̐ ̨̑ὢ „ȟ   Ὥ ρȠςȠȣȣὖȢ                                                                    ς 

ʇʨʠ ʟʘʛʘʣʴʥʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ὖᶻὢ ὖȟ                                                                                       σ 

ʧʨʠ ʤʽʩʮʝʚʽʡ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ 

„̋ ὼ̑ „̐ ̑ ȟ                                                                                τ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ: 

ὼ ὼ ὼ ȟ   ‌ ρȠςȠȣȢȢυȟ                                                         υ 

ʜʝ Ὧ ï ʧʣʦʱʘ ʧʣʘʩʪʠʥʠ ʚ ʧʣʘʥʽ, ὯȟὯȟὯȟὯ ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʢʽʣʴʢʽʩʪʴ 
ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʙʝʨ, ʾʭ ʟʘʛʘʣʴʥʫ ʜʦʚʞʠʥʫ, ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʨʝʙʨʘ ʜʦ ʡʦʛʦ ʪʦʚʱʠʥʠ. „̐ ̨̑ ï 

ʧʨʠʚʝʜʝʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʩʢʽʥʯʝʥʥʦʤʫ ʝʣʝʤʝʥʪʽ. „̐ ̑  ï ʧʨʠʚʝʜʝʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʘʡʙʽʣʴʰ 

ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʩʢʽʥʯʝʥʥʦʤʫ ʝʣʝʤʝʥʪʽ [6]. 
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ʂʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʣʘʩʪʠʥʫ ὖᶻὢ ʜʦʨʽʚʥʶʻ ʤʽʥʽʤʘʣʴʥʦʤʫ ʚʣʘʩʥʦʤʫ ʯʠʩʣʫ ‎ ὢ 

ʨʝʛʫʣʷʨʥʦʛʦ ʧʫʯʢʘ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʘʣʛʦʨʠʪʤʦʤ ʦʙʤʝʞʝʥʴ. ʇʨʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʤʫ ʚʠʛʣʷʜʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʦʙʤʝʞʝʥʴ (2.32ï2.33) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʟ ʤʘʪʨʠʮʷʤʠ ʚʝʣʠʢʦʛʦ ʧʦʨʷʜʢʫ [7]. 

ɺʠʩʥʦʚʢʠ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʷ 

ʜʚʦʟʚôʷʟʥʦʾ ʢʦʥʫʩʥʦʾ ʦʙʦʣʦʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʪʝʨʤʦʩʠʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʤʘʻʤʦ 

ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

ï ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʦʙʦʣʦʥʢʠ 25.3%, ʛʨʘʬʽʢ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ; 

ï ʧʝʨʰʘ ʚʠʤʫʰʝʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʥʷ ʤʘʻʤʦ 0.4 ɻʮ; 

ï ʨʦʟʧʦʜʽʣ ʪʦʚʱʠʥʠ ʦʙʦʣʦʥʢʠ ʚʽʜ 4.3 ʤʤ ʜʦ 50.2 ʤʤ ʩʪʘʥʦʚʠʪʴ ʧʽʩʣʷ 10 ʮʠʢʣʽʚ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ  ʟʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʤʝʪʦʜʠʢʘ ʘʚʪʦʨʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʠʡ ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʦʙʦʣʦʥʦʢ ʤʽʥʽʤʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ 

ʪʠʧʽʚ ʚʠʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʜʥʦʤʫ ʦʙôʻʢʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʦʾ ʽ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ.  
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ʘʥʘʣʽʟʫʶʪʴʩʷ ʽʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ. ɸʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ 

ʚʽʜʙʫʜʦʚʠ ʤʘʻ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ ʧʨʦʩʪʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʨʫʡʥʦʚʘʥʦʛʦ ʡ ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʥʘ ʰʘʥʩ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʽʥʩʪʠʪʫʮʽʡʥʦʛʦ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʢʨʘʾʥʠ. ʆʧʠʩʫʶʪʴʩʷ ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʠ ʤʦʜʝʨʥʽʟʘʮʽʾ: ʚʧʨʦʚʘʜʞʝʥʥʷ BIM ʪʘ GIS-

ʪʝʭʥʦʣʦʛʽʡ, ʝʢʦʣʦʛʽʯʥʝ ʪʘ ʤʦʜʫʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʧʨʠʥʮʠʧʽʚ ñsmart recoveryò ʪʘ 

Environmental Social Governance (ESG). ʅʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʩʪʘʣʦʩʪʽ, ʧʨʦʟʦʨʦʩʪʽ, 

ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʚʧʨʘʮʽ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʥʦʚʠʭ ʢʘʜʨʽʚ. ɺʽʜʙʫʜʦʚʘ ʋʢʨʘʾʥʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʪʨʘʪʝʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʜʘʪʥʦʾ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʢʣʠʢʘʤ XXI ʩʪʦʣʽʪʪʷ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʚʛʦʪʨʠʚʘʣʠʡ 

ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʥʦʚʘʮʽʾ; ʪʝʭʥʦʣʦʛʽʾ; ʝʢʦʣʦʛʽʷ; ʮʠʬʨʦʚʽʟʘʮʽʷ; ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ. 

 
ɺʩʪʫʧ. ɺʥʘʩʣʽʜʦʢ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʚ ʋʢʨʘʾʥʫ ʢʨʘʾʥʘ ʟʘʟʥʘʣʘ 

ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʭ ʨʫʡʥʫʚʘʥʴ ʢʨʠʪʠʯʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʨʫʡʥʦʚʘʥʽ ʤʦʩʪʠ, ʜʦʨʦʛʠ, 

ʝʥʝʨʛʝʪʠʯʥʽ ʦʙôʻʢʪʠ, ʞʠʪʣʦʚʽ ʙʫʜʽʚʣʽ, ʰʢʦʣʠ ʡ ʣʽʢʘʨʥʽ ʩʪʚʦʨʠʣʠ ʚʠʢʣʠʢ ʥʝ ʣʠʰʝ ʜʣʷ ʜʝʨʞʘʚʠ, ʘ ʡ 

ʜʣʷ ʚʩʴʦʛʦ ʩʚʽʪʦʚʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ, ʷʢʝ ʜʦʣʫʯʠʣʦʩʷ ʜʦ ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʚʣʝʥʥʷ. ʇʨʦʪʝ ʚʽʜʙʫʜʦʚʘ 

ʋʢʨʘʾʥʠ - ʮʝ ʥʝ ʧʨʦʩʪʦ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟʨʫʡʥʦʚʘʥʦʛʦ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʘʣʠʭ ʽ ʮʠʬʨʦʚʠʭ ʨʽʰʝʥʴ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʋʢʨʘʾʥʠ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʧʨʦʮʝʩʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ, ʷʢ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʽ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜʥʦʚʠʪʠ ʟʨʫʡʥʦʚʘʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘʣʝ ʡ ʩʪʚʦʨʠʪʠ ʩʫʯʘʩʥʫ, ʩʪʘʣʫ ʪʘ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘ ʜʘʥʠʤʠ Kyiv School of Economics (KSE) [1], ʩʪʘʥʦʤ ʥʘ 

ʣʠʩʪʦʧʘʜ 2024 ʨʦʢʫ ʧʨʷʤʽ ʟʙʠʪʢʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʯʝʨʝʟ ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ 

ʩʷʛʥʫʣʠ ʤʘʡʞʝ $170 ʤʽʣʴʷʨʜʽʚ. ʅʘʡʙʽʣʴʰʝ ʧʦʩʪʨʘʞʜʘʣʠ ʞʠʪʣʦʚʠʡ ʩʝʢʪʦʨ (ʧʦʥʘʜ $60 ʤʣʨʜ), 

ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ($38,5 ʤʣʨʜ) ʪʘ ʝʥʝʨʛʝʪʠʢʘ ($14,6 ʤʣʨʜ). ɿʘʛʘʣʦʤ ʙʫʣʦ ʧʦʰʢʦʜʞʝʥʦ ʘʙʦ 

ʟʨʫʡʥʦʚʘʥʦ ʧʦʥʘʜ 236 000 ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, 26 000 ʢʤ ʜʦʨʽʛ, 4 000 ʦʩʚʽʪʥʽʭ ʫʩʪʘʥʦʚ ʪʘ 1 500 

ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʽʚ. 

ʉʴʦʛʦʜʥʽ ʽʥʥʦʚʘʮʽʡʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʋʢʨʘʾʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʷʢ ʪʝʭʥʽʯʥʝ 

ʟʘʚʜʘʥʥʷ, ʘ ʷʢ ʢʦʤʧʣʝʢʩʥʘ ʩʪʨʘʪʝʛʽʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʝʨʞʘʚʠ, ʜʝ ʮʠʬʨʦʚʽʟʘʮʽʷ, ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ 

ʪʘ ʩʪʽʡʢʽʩʪʴ ʩʪʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʮʽʥʥʦʩʪʷʤʠ. ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʪʘʻ ʥʝ ʣʠʰʝ ʰʚʠʜʢʝ 

ʧʦʚʝʨʥʝʥʥʷ ʜʦ çʜʦʚʦʻʥʥʦʛʦè ʩʪʘʥʫ, ʘ ʧʦʙʫʜʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʜʘʪʥʦʾ ʚʠʪʨʠʤʫʚʘʪʠ ʥʦʚʽ ʚʠʢʣʠʢʠ: 

ʢʣʽʤʘʪʠʯʥʽ, ʩʦʮʽʘʣʴʥʽ, ʚʽʡʩʴʢʦʚʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ. 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʧʨʦʮʝʩʠ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʽʚ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʽ ʮʠʬʨʦʚʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ. 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ Building Information Modeling (BIM) - ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ 

ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʧʦʤʠʣʦʢ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʰʪʦʨʠʩʠ ʽ ʩʢʦʨʦʪʠʪʠ 

ʪʝʨʤʽʥʠ ʙʫʜʽʚʥʠʮʪʚʘ. BIM-ʪʝʭʥʦʣʦʛʽʾ ʚʞʝ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʻʢʪʘʭ, ʘ ʚ 

ʋʢʨʘʾʥʽ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴ ʫʩʝ ʰʠʨʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʦʤʫ ʧʘʨʪʥʝʨʩʪʚʫ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ 3D-ʜʨʫʢʫ ʙʫʜʽʚʝʣʴ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʦʜʫʣʽʚ, ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʪʠʤʯʘʩʦʚʽ ʞʠʪʣʦʚʽ 
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ʤʦʜʫʣʽ ʜʣʷ ɺʇʆ ʩʪʚʦʨʶʶʪʴʩʷ ʽʟ ʧʝʨʝʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʽ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʪʘʢʽ ʦʙôʻʢʪʠ ʘʚʪʦʥʦʤʥʠʤʠ ʪʘ ʙʽʣʴʰ ʩʪʽʡʢʠʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

3. ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʩʪʘʻ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT), ʷʢʠʡ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʤʽʩʴʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ: çʨʦʟʫʤʥʝè ʦʩʚʽʪʣʝʥʥʷ, ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʨʦʟʫʤʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʦʤ ʪʦʱʦ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʤʽʩʪʘʤ ʩʪʘʚʘʪʠ ʙʽʣʴʰ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ, ʙʝʟʧʝʯʥʠʤʠ 

ʪʘ ʟʨʫʯʥʠʤʠ ʜʣʷ ʤʝʰʢʘʥʮʽʚ. 

4. ʆʢʨʝʤʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (GIS), ʷʢʝ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʦʮʽʥʠʪʠ 

ʤʘʩʰʪʘʙʠ ʨʫʡʥʫʚʘʥʴ, ʧʣʘʥʫʚʘʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʠʟʠʢʽʚ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʟʦʨʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʚʽʜʙʫʜʦʚʠ ʪʘ ʟʘʣʫʯʝʥʥʶ ʽʥʦʟʝʤʥʠʭ ʽʥʚʝʩʪʦʨʽʚ. 

5. ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʢʦʥʮʝʧʮʽʷ ñsmart recoveryò - ʨʦʟʫʤʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʙʫʜʽʚʥʠʮʪʚʘ: ʚʽʜ ʧʣʘʥʫʚʘʥʥʷ ʜʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʬʦʢʫʩʽ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ð ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʢʠʜʽʚ ʉʆ , 

ʘʜʘʧʪʘʮʽʷ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʛʨʦʤʘʜʷʥ. 

6. ʆʜʥʠʤ ʽʟ ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʢʣʘʜʽʚ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʨʦʟʨʦʙʢʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʮʠʬʨʦʚʦʾ ʧʣʘʪʬʦʨʤʠ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʽʚ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʪʠ ʜʘʥʽ ʧʨʦ ʧʦʪʨʝʙʠ ʛʨʦʤʘʜ, ʥʘʷʚʥʽ 

ʨʝʩʫʨʩʠ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙôʻʢʪʽʚ, ʧʣʘʥʠ ʨʦʙʽʪ ʪʘ ʧʽʜʨʷʜʥʠʢʽʚ. ʊʘʢʘ ʧʣʘʪʬʦʨʤʘ ʩʧʨʠʷʻ ʧʨʦʟʦʨʦʩʪʽ, 

ʙʦʨʦʪʴʙʽ ʟ ʢʦʨʫʧʮʽʻʶ ʪʘ ʝʬʝʢʪʠʚʥʦʤʫ ʟʘʣʫʯʝʥʥʶ ʜʦʥʦʨʩʴʢʠʭ ʢʦʰʪʽʚ. 

ʊʘʢʦʞ ʋʢʨʘʾʥʘ ʚʞʝ ʦʪʨʠʤʘʣʘ ʧʝʨʰʽ ʫʩʧʽʰʥʽ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʷʢʝ ʜʘʻ ʟʤʦʛʫ ʰʚʠʜʢʦ ʟʚʦʜʠʪʠ ʰʢʦʣʠ, ʣʽʢʘʨʥʽ ʪʘ ʪʠʤʯʘʩʦʚʝ ʞʠʪʣʦ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʣʦʛʽʩʪʠʯʥʠʭ ʪʨʫʜʥʦʱʽʚ. ʄʦʜʫʣʴʥʽ ʩʧʦʨʫʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʨʽʟʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʧʽʜôʻʜʥʘʥʽ ʜʦ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʽ ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʙʝʟʧʝʢʠ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʨʦʣʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI) ʫ ʚʽʜʥʦʚʣʝʥʥʽ. ʅʘʧʨʠʢʣʘʜ, AI-ʘʣʛʦʨʠʪʤʠ 

ʜʦʧʦʤʘʛʘʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʦʙ'ʻʢʪʽʚ, 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʙʩʷʛʠ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʣʦʛʽʩʪʠʢʫ ʧʦʩʪʘʯʘʥʴ. ʋ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʘʰʠʥʥʠʤ ʥʘʚʯʘʥʥʷʤ ʪʘ ʭʤʘʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʮʝ ʩʪʚʦʨʶʻ ʧʦʪʫʞʥʫ ʘʥʘʣʽʪʠʯʥʫ ʙʘʟʫ ʜʣʷ 

ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ. 

ʋʯʘʩʪʴ ʤʽʞʥʘʨʦʜʥʠʭ ʧʘʨʪʥʝʨʽʚ, ʟʦʢʨʝʤʘ ʉʚʽʪʦʚʦʛʦ ʙʘʥʢʫ, ɭʉ, USAID, ʩʧʨʠʷʻ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʛʣʦʙʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʩʪʘʣʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ ʧʨʠʥʮʠʧʽʚ ESG (ʝʢʦʣʦʛʽʷ, ʩʦʮʽʘʣʴʥʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʢʦʨʧʦʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ): 

- ʝʢʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ - ʚʧʣʠʚ ʢʦʤʧʘʥʽʾ ʘʙʦ ʧʨʦʻʢʪʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, 

ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʦʱʦ; 

- ʩʦʮʽʘʣʴʥʽ ʬʘʢʪʦʨʠ - ʚʧʣʠʚ ʥʘ ʩʫʩʧʽʣʴʩʪʚʦ ʪʘ ʚʟʘʻʤʦʜʽʷ ʟ ʣʶʜʴʤʠ, ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚ ʣʶʜʠʥʠ, 

ʫʤʦʚʠ ʧʨʘʮʽ, ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ, ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʟʘʻʤʦʜʽʷ ʟ ʛʨʦʤʘʜʘʤʠ, ʛʝʥʜʝʨʥʘ ʨʽʚʥʽʩʪʴ, 

ʽʥʢʣʶʟʠʚʥʽʩʪʴ ʪʦʱʦ; 

- ʢʦʨʧʦʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ - ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʟʦʨʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʘʥʪʠʢʦʨʫʧʮʽʡʥʘ ʧʦʣʽʪʠʢʘ, ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʢʝʨʽʚʥʠʮʪʚʘ, ʜʦʪʨʠʤʘʥʥʷ ʝʪʠʯʥʠʭ ʥʦʨʤ, ʫʯʘʩʪʴ 

ʘʢʮʽʦʥʝʨʽʚ. 

ʋ ʩʫʢʫʧʥʦʩʪʽ ESG-ʢʨʠʪʝʨʽʾ ʜʦʧʦʤʘʛʘʶʪʴ ʦʮʽʥʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʜʽʷʣʴʥʽʩʪʴ ʢʦʤʧʘʥʽʾ ʯʠ ʧʨʦʻʢʪʫ ʻ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ, ʩʪʘʣʦʶ ʪʘ ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʽʥʚʝʩʪʦʨʽʚ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ɺʘʞʣʠʚʦ, 

ʱʦʙ ʚʽʜʙʫʜʦʚʘ ʋʢʨʘʾʥʠ ʚʽʜʧʦʚʽʜʘʣʘ ʮʠʤ ʢʨʠʪʝʨʽʷʤ, ʘʜʞʝ ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ESG ʻ ʚʘʞʣʠʚʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʾ ʧʽʜʪʨʠʤʢʠ ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʷ. 

ʑʝ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʥʘʧʨʷʤ - ʧʽʜʛʦʪʦʚʢʘ ʢʘʜʨʽʚ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʛʦ ʧʦʧʠʪʫ 

ʥʘ ʽʥʞʝʥʝʨʽʚ, ʘʨʭʽʪʝʢʪʦʨʽʚ, ʫʨʙʘʥʽʩʪʽʚ ʽ ʬʘʭʽʚʮʽʚ ʟ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʫʢʨʘʾʥʩʴʢʽ ʫʥʽʚʝʨʩʠʪʝʪʠ 

ʧʦʯʠʥʘʶʪʴ ʘʜʘʧʪʫʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʥʘʥʥʷʭ, 

ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʢʘʭ ʪʘ ʨʦʙʦʪʽ ʟ ʥʦʚʽʪʥʽʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʤʘʛʘʻ ʽ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʽʜʭʦʜʽʚ. ʎʝ ʦʟʥʘʯʘʻ ʚʽʜʤʦʚʫ ʚʽʜ ʙʶʨʦʢʨʘʪʠʯʥʦʾ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʝʨʝʭʽʜ ʜʦ ʛʥʫʯʢʠʭ 

ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ, ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʶ ʪʘ ʘʢʪʠʚʥʝ ʟʘʣʫʯʝʥʥʷ ʛʨʦʤʘʜ ʜʦ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ . 
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ʋʩʧʽʰʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ: ʨʦʟʚʠʪʢʫ 

ʮʠʬʨʦʚʠʭ ʥʘʚʠʯʦʢ ʫ ʬʘʭʽʚʮʽʚ, ʦʥʦʚʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ, ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʭʘʙʽʚ ʪʘ 

ʟʘʣʫʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʛʨʦʤʘʜʩʴʢʠʡ ʢʦʥʪʨʦʣʴ, ʱʦʙ ʽʥʥʦʚʘʮʽʾ 

ʩʧʨʘʚʜʽ ʧʨʘʮʶʚʘʣʠ ʚ ʽʥʪʝʨʝʩʘʭ ʛʨʦʤʘʜ ʽ ʙʫʣʠ ʩʦʮʽʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʤʠ. 

ɺʠʩʥʦʚʢʠ. ɺʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ - ʮʝ ʰʘʥʩ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʷʢʽʩʥʦ ʥʦʚʦʾ ʤʦʜʝʣʽ 

ʨʦʟʚʠʪʢʫ: ʮʠʬʨʦʚʦʾ, ʩʪʘʣʦʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ. ɯʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʩʪʘʶʪʴ ʥʝ ʣʠʰʝ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʡ ʦʩʥʦʚʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʜʝʨʞʘʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʚ ʛʘʣʫʟʽ ʫʨʙʘʥʽʩʪʠʢʠ, 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʥʝʨʛʝʪʠʢʠ. ʋʢʨʘʾʥʘ ʤʘʻ ʫʥʽʢʘʣʴʥʠʡ ʰʘʥʩ ʧʦʙʫʜʫʚʘʪʠ ʥʝ ʧʨʦʩʪʦ ʪʝ, ʱʦ ʙʫʣʦ 

ʚʪʨʘʯʝʥʦ, ʘ ʩʪʚʦʨʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʘʡʙʫʪʥʴʦʛʦ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʋʢʨʘʾʥʽ - ʮʝ ʥʝ ʣʠʰʝ ʚʽʜʧʦʚʽʜʴ ʥʘ 

ʚʠʢʣʠʢʠ ʚʽʡʥʠ, ʘ ʡ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ ʥʦʚʫ ʬʽʣʦʩʦʬʽʶ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. ʊʝʭʥʦʣʦʛʽʯʥʝ 

ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʦʟʥʘʯʘʻ ʥʝ ʣʠʰʝ ʟʤʽʥʫ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘ ʟʤʽʥʫ ʤʠʩʣʝʥʥʷ - ʚʽʜ ʢʦʧʽʶʚʘʥʥʷ ʩʪʘʨʠʭ 

ʨʽʰʝʥʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʝ ʧʨʦʩʪʦ ʚʽʜʥʦʚʠʪʠ ʋʢʨʘʾʥʫ, ʘ 

ʧʦʙʫʜʫʚʘʪʠ ʾʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ ʍʍɯ ʩʪʦʣʽʪʪʷ - ʛʥʫʯʢʦʶ, ʩʪʘʣʦʶ, ʙʝʟʧʝʯʥʦʶ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʨʦʟʚʠʥʝʥʦʶ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

 

1. Damages to Ukraineôs infrastructure due to the war have risen to $170 billion - KSE Institute estimate as of November 2024 

14 February 2025 https://kse.ua/about-the-school/news/damages-to-ukraine-s-infrastructure-due-to-the-war-have-risen-to-

170-billion-kse-institute-estimate-as-of-november-2024/ 
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ɺʽʪʘʣʽʡ ʇʣʦʩʢʠʡ, ʧʨʦʬʝʩʦʨ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 1 (ORCID: 0000000226328085), 

ʆʣʝʢʩʽʡ ɿʘʙʘʨʠʣʦ, ʜʦʮʝʥʪ, ʢ.ʬ-ʤ.ʥ., ʜʦʮʝʥʪ 1 (ORCID: 0000000349518882),  

ʖʣʽʷ ʂʦʨʦʪʢʠʭ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 1 (ORCID: 0000000299058151), 

ʇʘʚʣʦ ɿʘʙʘʨʠʣʦ, ʘʩʧʽʨʘʥʪ 1 (ORCID: 0009000377123674),  
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʋ ʩʪʘʪʪʽ ʦʟʚʫʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʝʥʝʨʛʝʪʠʢʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ ʪʘ ʥʘʛʦʣʦʰʝʥʦ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʤʽʮʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʘʞʣʠʚʽʩʪʴ ʥʘʜʽʡʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʧʝʨʝʣʽʯʝʥʦ ʟʘʭʦʜʠ ʜʣʷ ʾʾ ʧʦʝʪʘʧʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ɼʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʞʝʨʝʣ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʧʝʨʝʚʘʛ 

ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘʚʝʜʝʥʦ ʢʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʧʦʣʽʪʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʩʪʨʘʪʝʛʽʾ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʪʨʫʢʪʫʨ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʢ ʦʩʥʦʚʥʠʡ ʦʨʽʻʥʪʠʨ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʽʥʽʮʽʘʪʠʚ ʥʘ ʪʝʨʝʥʘʭ 

ʋʢʨʘʾʥʠ. ɼʘʥʦ ʨʦʟʛʦʨʥʫʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʝʦʩʚʦʻʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʋʢʨʘʾʥʠ ʚ ʢʦʥʪʝʢʩʪʽ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʪʣʽ ʧʦʩʪʫʧʦʚʦʾ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʜʦ ʙʽʣʴʰ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʽʜʤʦʚʠ ʚʽʜ ʽʤʧʦʨʪʥʦʛʦ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʆʟʚʫʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʥʦʚʣʶʚʘʣʴʥʘ ʝʥʝʨʛʝʪʠʢʘ; ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ; ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ; ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʷ; ʝʥʝʨʛʝʪʠʯʥʘ 

ʙʝʟʧʝʢʘ. 

 

ɺʩʪʫʧ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʫ ʥʘʮʽʦʥʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ, ʽ ʙʝʟʧʝʨʝʙʽʡʥʝ ʪʘ 

ʝʬʝʢʪʠʚʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ. ʉʘʤʝ ʪʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʻ ʧʨʽʦʨʠʪʝʪʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ, ʘʣʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʫʰʝʥʥʷ ʫ 

ʧʨʘʚʠʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʩʝ ʱʝ ʧʨʠʩʫʪʥʷ ʟʥʘʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʤʧʦʨʪʫ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ 

ʧʨʦ ʧʨʦʙʣʝʤʠ ʥʘʜʤʽʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʪʘʨʽʣʦʛʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʨʫʜʥʦʱʽ, ʩʧʨʠʯʠʥʝʥʽ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʤ ʚʪʦʨʛʥʝʥʥʷʤ, ʚʧʣʠʚ 

ʷʢʠʭ ʟʦʢʨʝʤʘ ʥʘ ʝʥʝʨʛʝʪʠʢʫ ʽ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚʘʞʢʦ ʧʝʨʝʦʮʽʥʠʪʠ, ʘ ʪʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʫʪʥʦʩʪʽ, ʪʠʧʽʚ ʪʘ ʟʥʘʯʫʱʦʩʪʽ 

ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʪʚʦʨʘʭ ʨʽʟʥʠʭ ʬʘʭʽʚʮʽʚ ʪʘ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ[1], ʷʢ, 

https://kse.ua/about-the-school/news/damages-to-ukraine-s-infrastructure-due-to-the-war-have-risen-to-170-billion-kse-institute-estimate-as-of-november-2024/
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ʧʨʠʤʽʨʦʤ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʘ ʥʝʾ 

ʚʧʣʠʚʘʶʪʴ[2]. ʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫ 

ʝʥʝʨʛʝʪʠʢʫ ʷʢ ʦʜʥʫ ʟ ʧʦʪʝʥʮʽʡʥʠʭ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ, ʚʠʚʯʘʣʠʩʴ ʙʘʛʘʪʴʤʘ 

ʜʦʩʣʽʜʥʠʢʘʤʠ, ʘʣʝ ʜʣʷ ʋʢʨʘʾʥʠ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʻ ʧʨʘʮʽ, ʱʦ ʩʬʦʢʫʩʦʚʘʥʽ ʥʘ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʜʦʩʚʽʜʽ 

ʨʦʙʦʪʠ ʽʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ ʩʦʥʷʯʥʦʾ[3], ʪʘ ʜʦʜʘʶʪʴ ʢʦʥʪʝʢʩʪ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʤʦʞʣʠʚʠʭ ʧʨʦʙʣʝʤ, ʽʟ ʥʠʤ ʧʦʚ'ʷʟʘʥʠʭ[4].  

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʜʦʩʚʽʜʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʷʢ ʦʜʥʦʛʦ 

ʟ ʦʩʥʦʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʩʷʛʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

 ʚʠʟʥʘʯʠʪʠ ʧʦʥʷʪʪʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʪʘ ʾʾ ʧʝʨʝʚʘʛʠ; 

 ʚʠʚʯʠʪʠ ʧʨʠʢʣʘʜʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ;  

 ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ;  

 ʦʢʨʝʩʣʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɽʥʝʨʛʝʪʠʯʥʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʦʟʥʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʽ ʤʘʨʰʨʫʪʽʚ, ʱʦ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʦʜʥʦʛʦ ʨʝʩʫʨʩʫ 

ʘʙʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ. ʂʨʘʾʥʘ, ʷʢʘ ʜʠʚʝʨʩʠʬʽʢʫʻ ʩʚʽʡ ʙʘʟʠʩ ʜʞʝʨʝʣ ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʾ, ʟʘʭʠʱʘʻ ʩʝʙʝ ʚʽʜ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʝʨʝʙʦʾʚ ʽ ʟʤʽʮʥʶʻ ʩʚʦʶ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ. ʉʝʨʝʜ ʙʝʟʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ 

ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʻ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ: 

Å ʇʦʣʽʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ: ʈʦʟʧʦʜʽʣ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʤʽʞ ʨʽʟʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ 

ʜʦʟʚʦʣʷʻ ʢʨʘʾʥʽ-ʽʤʧʦʨʪʝʨʫ ʟʤʝʥʰʠʪʠ ʩʚʦʶ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʦʜʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʽ ʟʤʽʮʥʠʪʠ ʩʚʦʶ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʫ ʩʚʽʪʦʚʽʡ ʧʦʣʽʪʠʮʽ. 

Å ɽʢʦʥʦʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ: ɽʥʝʨʛʝʪʠʯʥʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ. ʆʪʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʟʘʭʠʱʘʻ ʢʨʘʾʥʫ-ʽʤʧʦʨʪʝʨʘ ʚʽʜ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʝʨʝʙʦʾʚ, ʢʦʣʠ ʦʜʥʝ ʜʞʝʨʝʣʦ ʘʙʦ ʧʦʩʪʘʯʘʣʴʥʠʢ ʥʝʩʧʨʦʤʦʞʥʝ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʧʠʪ. 

Å ɿʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʈʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ ʪʘ 

ʚʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ, ʟʤʝʥʰʫʻ ʟʘʛʨʦʟʫ ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʽʾ. ɯʥʚʝʩʪʠʮʽʾ ʫ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʝʪʠʢʫ ʪʘʢʦʞ 

ʩʪʠʤʫʣʶʶʪʴ ʽʥʥʦʚʘʮʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷ ʟʘʡʥʷʪʦʩʪʽ. 

ʂʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʩʴʦʛʦʜʥʽ ʻ ʘʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʇʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ 

ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʭʦʜʠʚ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʜʠʚʝʨʩʠʬʽʢʫʚʘʚ ʩʚʦʾʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʤʘʡʙʫʪʥʶ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʦʜʥʦʛʦ ʽʤʧʦʨʪʝʨʘ ʫ 

ʚʠʧʘʜʢʫ ʧʝʨʝʙʦʾʚ ʘʙʦ ʧʦʣʽʪʠʯʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʨʝʛʽʦʥʫ.  

ʎʶ ʧʦʣʽʪʠʢʫ ʙʫʣʦ ʟʘʢʨʽʧʣʝʥʦ ʚ ʨʷʜʽ ʽʥʽʮʽʘʪʠʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ "ʇʨʦʤʠʩʣʦʚʠʡ ʧʣʘʥ 

Green Deal" ʚ ʣʶʪʦʤʫ 2023 ʨʦʢʫ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ ʪʘ ʩʧʨʠʷʥʥʷ ʧʝʨʝʭʦʜʫ 

ʜʦ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ, ʘ ʧʽʟʥʽʰʝ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʩʪʨʘʪʝʛʽʾ ʚ ʪʨʘʚʥʽ 2024 ʨʦʢʫ ʙʫʚ ʧʨʠʡʥʷʪʠʡ 

ɿʘʢʦʥ ʧʨʦ ʢʨʠʪʠʯʥʫ ʩʠʨʦʚʠʥʫ (Critical Raw Materials Act, CRMA), ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʤʽʥʝʨʘʣʽʚ ʚ ɭʉ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʝʪʽʭ ʢʨʘʾʥ 

ʱʦʜʦ ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ "ʟʝʣʝʥʦʛʦ" ʧʝʨʝʭʦʜʫ[5].  
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ʈʠʩ.1. ʏʘʩʪʢʘ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ, 2000-2030[6] 

 

ɼʣʷ ʋʢʨʘʾʥʠ ʜʦ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʘʩʧʝʢʪʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʙʫʣʘ ʾʾ ʯʠʩʪʦʪʘ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ï ʾʭ ʘʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʽ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʥʘ ʧʣʘʥʝʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʜʦʙʫʚʘʪʠ, ʧʝʨʝʨʦʙʣʷʪʠ, ʟʙʘʛʘʯʫʚʘʪʠ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʧʘʣʠʚʦ, ʘ ʪʘʢʦʞ ʫʩʫʚʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʘʙʦ ʟʘʭʦʨʦʥʝʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʚʽʜʭʦʜʽʚ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ. ɿ ʝʢʦʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʚʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʤʘʻ 

ʧʝʨʝʚʘʛʫ ʥʘʜ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ ʪʘ ʷʜʝʨʥʦʶ ʝʥʝʨʛʽʻʶ. ɸʣʝ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʥʘ ʪʣʽ 

ʚʽʜʤʦʚʠ ʚʽʜ ʽʤʧʦʨʪʦʚʘʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ ʩʫʪʪʻʚʦ 

ʥʝʦʙʭʽʜʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʚʠʢʦʧʥʠʤ ʚʠʜʘʤ ʧʘʣʠʚʘ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʧʦʢʨʠʪʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ. ʂʠʾʚʩʴʢʘ ʰʢʦʣʘ ʝʢʦʥʦʤʽʢʠ ʦʮʽʥʶʻ ʧʨʷʤʽ 

ʚʪʨʘʪʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʚʥʘʩʣʽʜʦʢ ʨʦʩʽʡʩʴʢʠʭ ʘʪʘʢ ʫ 56,2 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ[7], ʽ ʮʷ ʩʫʤʘ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ, ʽ ʪʦʤʫ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʟʙʽʣʴʰʠʪʠ ʽʥʚʝʩʪʠʮʽʾ ʫ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʨʦʟʛʦʨʪʘʥʥʷ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ.  

ɽʬʝʢʪʠʚʥʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʨʝʩʫʨʩʽʚ ʪʘ ʰʣʷʭʽʚ ʾʭ ʦʪʨʠʤʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʜʦʧʦʤʦʞʝ 

ʡʦʤʫ ʚʠʡʪʠ ʥʘ ʷʢʽʩʥʦ ʚʠʱʠʡ ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʨʠʟʠʢʠ, 

ʧʽʜʚʠʱʠʪʠ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʪʦʱʦ[8]. 

 
ʊʘʙʣʠʮʷ 1 

SWOT-ʘʥʘʣʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ 

ʉʠʣʴʥʽ ʩʪʦʨʦʥʠ: 

 ɹʘʛʘʪʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ 

 ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

 ʂʚʘʣʽʬʽʢʦʚʘʥʽ ʬʘʭʽʚʮʽ 

ʄʦʞʣʠʚʦʩʪʽ: 

 ɭʚʨʦʧʝʡʩʴʢʘ ʽʥʪʝʛʨʘʮʽʷ 

 ɿʨʦʩʪʘʥʥʷ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ 

 ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

ʉʣʘʙʢʽ ʩʪʦʨʦʥʠ: 

 ʆʙʤʝʞʝʥʝ ʬʽʥʘʥʩʫʚʘʥʥʷ 

 ʉʪʘʨʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

 ʈʝʛʫʣʷʪʦʨʥʽ ʙʘʨ'ʻʨʠ 

ɿʘʛʨʦʟʠ: 

 ʇʦʣʽʪʠʯʥʘ ʪʘ ʚʽʡʩʴʢʦʚʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

 ʂʦʥʢʫʨʝʥʮʽʷ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʝʥʝʨʛʦʜʞʝʨʝʣʘʤʠ 

 ɿʤʽʥʘ ʢʣʽʤʘʪʫ 

 

ɺʠʩʥʦʚʢʠ. ʄʘʩʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʤʘʻ ʥʠʟʢʫ ʥʝʟʘʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ ʽ ʣʠʰʝ ʧʦʩʠʣʠʪʴ ʚʪʽʣʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. ɸʣʝ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʜʞʝʨʝʣʘʤʠ ʛʝʥʝʨʘʮʽʾ 

ʝʥʝʨʛʽʾ. 

ɼʣʷ ʧʦʩʪʫʧʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ 
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ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

 ʉʪʚʦʨʠʪʠ ʧʨʘʚʦʚʫ ʙʘʟʫ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ, ʷʢʘ ʙ ʧʨʠʚʘʙʣʶʚʘʣʘ ʽʥʚʝʩʪʠʮʽʾ, 

ʟʘʦʭʦʯʫʚʘʣʘ ʧʽʜʧʨʠʻʤʥʠʮʪʚʦ ʪʘ ʽʥʥʦʚʘʮʽʾ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʫʚʘʣʘ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʤʘʨʥʦʪʨʘʪʩʪʚʦ. 

 ʋʢʣʘʜʘʪʠ ʧʘʨʪʥʝʨʩʪʚʘ ʟ ʧʨʠʚʘʪʥʠʤ ʩʝʢʪʦʨʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

 ʉʧʽʚʧʨʘʮʶʚʘʪʠ ʟ ʝʢʩʧʝʨʪʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʧʦʻʜʥʘʥʥʷ ʜʦʩʪʫʧʥʠʭ ʚʥʫʪʨʽʰʥʽʭ 

ʪʘ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

 ʉʧʽʚʧʨʘʮʶʚʘʪʠ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʩʧʽʣʴʥʦʪʦʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʪʨʠʤʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʦʟʚʽʜʢʦʶ ʪʘ ʚʠʜʦʙʫʪʢʦʤ ʝʥʝʨʛʦʥʦʩʽʾʚ. 

 ʈʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʟʦʢʨʝʤʘ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 
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ɯʅʅʆɺɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʇʈʆʎɽʉɯ ɺɯɼɹʋɼʆɺʀ ʋʂʈɸɰʅʀ: ʐʃʗʍʀ 

ɼʆ ʉʊɸʃʆɻʆ ʈʆɿɺʀʊʂʋ 

 
ʅʘʟʚʘʥʦʚ ɼʝʥʠʩ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʥʦʤʽʯʥʦʾ ʪʝʦʨʽʾ, ʦʙʣʽʢʫ ʪʘ ʦʧʦʜʘʪʢʫʚʘʥʥʷ1 (ORCID 0009-0008-8149-9400 ), 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, ʋʢʨʘʾʥʘ 

 
ɸʅʆʊɸʎɯʗ. ʇʽʩʣʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ ʟôʷʚʠʣʠʩʷ ʯʠʩʣʝʥʥʽ ʧʣʘʥʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 

ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ. ʋʟʛʦʜʞʝʥʝ ʧʣʘʥʫʚʘʥʥʷ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʽ ʜʦʩʪʨʦʢʦʚʠʭ ʮʽʣʝʡ 

ʋʢʨʘʾʥʠ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʫ ʧʨʦʟʦʨʦʤʫ, ʝʬʝʢʪʠʚʥʦʤʫ ʩʧʦʩʦʙʽ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʻʢʪʽʚ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʥʦʚʘʮʽʾ; ʪʝʭʥʦʣʦʛʽʾ; ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ; ʚʽʜʙʫʜʦʚʘ. 

 

ɺʩʪʫʧ. ɺʽʜʙʫʜʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʧʽʩʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʛʦ 

ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ, ʻ ʥʝ ʣʠʰʝ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʝʨʞʘʚʠ, ʘ ʡ 

ʫʥʽʢʘʣʴʥʠʤ ʰʘʥʩʦʤ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʽʜʙʫʜʦʚʠ ʜʦʟʚʦʣʠʪʴ ʋʢʨʘʾʥʽ ʥʝ ʪʽʣʴʢʠ ʚʽʜʥʦʚʠʪʠ ʟʨʫʡʥʦʚʘʥʽ ʦʙôʻʢʪʠ, ʘʣʝ 

ʡ ʧʦʙʫʜʫʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʝʢʦʣʦʛʽʯʥʠʤ ʽ ʮʠʬʨʦʚʠʤ 

ʩʪʘʥʜʘʨʪʘʤ XXI ʩʪʦʣʽʪʪʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʣʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ, ʪʘ ʚʠʷʚʣʝʥʥʽ ʰʣʷʭʽʚ ʜʦ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʽʜʙʫʜʦʚʠ, ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʝ ʢʦʣʦ ʽʥʩʪʨʫʤʝʥʪʽʚ: ʚʽʜ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ 

ʨʽʰʝʥʴ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʧʽʜʭʦʜʠ, ʷʢ ʮʠʬʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BIM), 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (GIS), ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, 3D-ʜʨʫʢ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʥʝ ʣʠʰʝ ʚʽʜʥʦʚʣʝʥʦʾ, ʘ ʡ ʘʜʘʧʪʦʚʘʥʦʾ ʜʦ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ 

ʤʘʡʙʫʪʥʽʭ ʚʠʢʣʠʢʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

çɺʘʞʣʠʚʦʶ ʚʽʭʦʶ ʥʘ ʰʣʷʭʫ ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ ʻ ʧʝʨʝʭʽʜ ʚʽʜ çʢʦʨʠʯʥʝʚʦʾè ʜʦ 

çʪʝʤʥʦ-ʟʝʣʝʥʦʾè ʝʢʦʥʦʤʽʢʠ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʟʘʦʭʦʯʫʻ ʩʪʽʡʢʽ ʽʥʚʝʩʪʠʮʽʾ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʬʽʥʘʥʩʦʚʠʡ ʦʙʣʽʢ ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ, 

ʦʜʥʦʯʘʩʥʦ ʟʘʭʠʱʘʶʯʠ ʾʭ ʚʽʜ ʨʠʟʠʢʫ çgreenwashingè, ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤʠè, - ʥʘʛʦʣʦʰʫʻ ɼʞʫʣʽʷ 

ɼʞʝʩʩʦʥ, ʢʝʨʽʚʥʠʢ ʧʨʦʻʢʪʫ çCapacities for Climate Actionè ʥʘ ʟʘʭʦʜʽ, ʷʢʠʡ ʋʢʨʘʾʥʩʴʢʠʡ ʂʣʽʤʘʪʠʯʥʠʡ 

ʆʬʽʩ (ʋʂʆ) ʦʨʛʘʥʽʟʫʚʘʚ ʩʧʽʣʴʥʦ ʟ ʄʽʞʥʘʨʦʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (IISD)[1]. 

ʇʝʨʝʛʣʷʜʘʶʯʠ ʧʣʘʥʠ ʚʽʜʥʦʚʣʝʥʥʷ, ʋʢʨʘʾʥʘ ʤʘʻ ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʜʽʡ ʪʘ 

ʟʘʭʦʜʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʽʜʯʫʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʩʦʥʦʤʽʷ (ʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʫʧʦʨʷʜʢʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʯʠ ʦʙôʻʢʪʠ ʟʘ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʟ ʤʝʪʦʶ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ, 

ʘʥʘʣʽʟʫ ʯʠ ʟʘʩʪʦʩʫʚʘʥʥʷ) ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʨʝʙʠ ʚʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʽʩʮʝʚʦʤʫ 

ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ. ʄʽʩʮʝʚʽ ʛʨʦʤʘʜʠ, ʷʢʽ ʟʘʟʥʘʣʠ ʥʘʡʙʽʣʴʰʦʾ ʰʢʦʜʠ, ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʘʪʥʻ ʬʽʥʘʥʩʫʚʘʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ. ɺʦʜʥʦʯʘʩ, ʤʽʩʮʝʚʽ ʧʣʘʥʠ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠ 

ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʟʘʭʦʜʠ ʧʦ ʚʽʜʥʦʚʣʝʥʥʶ ʙʫʜʫʪʴ ʥʝ ʣʠʰʝ 

ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʘʣʝ ʡ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤ ʮʽʣʷʤ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ [1]. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʤʘʻ ʩʪʘʪʠ ʨʦʟʚʠʪʦʢ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʝʡ 

ʝʢʦʥʦʤʽʢʠ, ʪʘʢʠʭ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʽ  ʪʝʭʥʦʣʦʛʽʾ,  ʙʽʦʪʝʭʥʦʣʦʛʽʾ,  ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʝʥʝʨʛʝʪʠʢʘ, 

ʚʢʣʶʯʘʶʯʠ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘ ʽʥʰʽ. ɺʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʮʠʭ  ʛʘʣʫʟʝʡ,  ʩʪʠʤʫʣʶʚʘʪʠ  ʜʦʩʣʽʜʞʝʥʥʷ  ʪʘ  ʨʦʟʨʦʙʢʠ,  ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʚʧʨʦʚʘʜʞʫʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʩʪʚʦʨʝʥʥʶ 

ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʚ 

ʝʢʦʥʦʤʽʮʽ. 
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 ɯʥʰʠʤ  ʥʝʦʙʭʽʜʥʠʤ  ʘʩʧʝʢʪʦʤ  ʻ  ʨʦʟʚʠʪʦʢ  ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ,  ʱʦ  ʚʢʣʶʯʘʻ ʨʝʬʦʨʤʫ  ʩʠʩʪʝʤʠ  

ʦʩʚʽʪʠ,  ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʬʘʭʽʚʮʽʚ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ 

ʨʦʟʚʠʪʢʫ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʪʨʝʙʘ ʧʨʠʜʽʣʷʪʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʠʭ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ,  ʷʢʽ  ʻ  

ʦʩʥʦʚʦʶ  ʜʣʷ  ʩʪʚʦʨʝʥʥʷ  ʽʥʥʦʚʘʮʽʡ. ɺʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʛʨʘʮʽʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʦʩʚʽʪʠ 

ʟ ʧʦʪʨʝʙʘʤʠ ʝʢʦʥʦʤʽʢʠ, ʱʦʙ ʧʽʜʛʦʪʦʚʣʝʥʽ ʢʘʜʨʠ ʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʩʚʦʾ ʟʥʘʥʥʷ ʪʘ 

ʥʘʚʠʯʢʠ ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ʉʪʨʘʪʝʛʽʯʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʪʘʢʦʞ ʤʘʻ ʩʪʘʪʠ ʩʪʚʦʨʝʥʥʷ  ʝʬʝʢʪʠʚʥʦʾ  ʽʥʥʦʚʘʮʽʡʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ,  ʷʢʘ  ʚʢʣʶʯʘʻ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʮʝʥʪʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʢʠ, ʙʽʟʥʝʩ-ʽʥʢʫʙʘʪʦʨʠ,  

ʢʣʘʩʪʝʨʠ  ʪʘ  ʽʥʰʽ  ʝʣʝʤʝʥʪʠ.  ʎʷ  ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ  ʤʘʻ  ʟʘʙʝʟʧʝʯʫʚʘʪʠ  ʧʽʜʪʨʠʤʢʫ  ʚʩʽʭ  ʝʪʘʧʽʚ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ - ʚʽʜ ʽʜʝʾ ʜʦ ʾʾ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ  ʫ  ʚʠʨʦʙʥʠʮʪʚʦ  (ʨʝʘʣʽʟʘʮʽʶ).  

ɺʘʞʣʠʚʦ ʩʪʚʦʨʠʪʠ  ʫʤʦʚʠ  ʜʣʷ  ʪʽʩʥʦʾ  ʩʧʽʚʧʨʘʮʽ  ʤʽʞ  ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ, ʙʽʟʥʝʩʦʤ ʪʘ ʜʝʨʞʘʚʦʶ, 

ʱʦ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʢʦʩʠʩʪʝʤ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ [2]. 

ɿʘʛʘʣʦʤ ʚʽʜʙʫʜʦʚʘ ʟʘ ʧʨʠʥʮʠʧʦʤ (build back better) ʻ ʥʝʦʙʭʽʜʥʦʶ ʽ ʚʠʤʘʛʘʻ ʟʘʛʘʣʴʥʦʛʦ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʘʣʝ ʦʜʥʦʯʘʩʥʦ ʚʦʥʘ ʤʘʻ ʙʫʪʠ ʧʨʘʢʪʠʯʥʦʶ. ʌʽʣʽʧ ɻʘʩʩ, 

ʜʠʨʝʢʪʦʨ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʨʦʛʨʘʤʠ IISD, ʷʢʠʡ ʧʨʠʡʥʷʚ ʫʯʘʩʪʴ ʫ ʧʘʥʝʣʴʥʽʡ ʜʠʩʢʫʩʽʾ, ʦʨʛʘʥʽʟʦʚʘʥʽʡ 

ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʧʨʠʩʚʷʯʝʥʽʡ ʙʫʜʽʚʥʠʮʪʚʫ ʚ 

ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ: çʇʦʯʠʥʘʶʯʠ ʟ 2022 ʨʦʢʫ, ɯʥʩʪʠʪʫʪ ʧʽʜʪʨʠʤʫʻ ʫʢʨʘʾʥʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʟ ʤʝʪʦʶ ʽʥʬʦʨʤʫʚʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʧʨʦ ʪʝ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʠʢʠ, çʟʝʣʝʥʽè ʩʪʘʣʽ ʨʽʰʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ 

ʚʽʡʥʠ. ɯ ʤʠ ʪʫʪ, ʱʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ, ʱʦ ʚʽʜʙʫʜʦʚʘ ʟʘ ʧʨʠʥʮʠʧʦʤ (build back better) ʤʦʞʣʠʚʘ 

ʥʘʚʽʪʴ ʫ ʥʘʡʩʢʣʘʜʥʽʰʽ ʯʘʩʠ, ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʟʘʨʘʟè [1]. 

ʊʦʨʩʪʝʥ ɺʦʣʣʝʨʪ, ʨʘʜʥʠʢ ʇʨʝʜʩʪʘʚʥʠʮʪʚʘ ɭʉ ʚ ʋʢʨʘʾʥʽ ʟ ʧʠʪʘʥʴ ʝʥʝʨʛʝʪʠʢʠ, ʧʽʜʢʨʝʩʣʶʻ: 

çʇʨʘʚʠʣʘ ʪʘ ʥʦʨʤʠ ɭʉ ʥʝʟʘʙʘʨʦʤ ʙʫʜʫʪʴ ʜʽʷʪʠ ʚ ʋʢʨʘʾʥʽ, ʽ ʜʦ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʛʦʪʫʚʘʪʠʩʴ. ɾʠʪʣʦʚʦ-

ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ï ʮʝ ʩʢʣʘʜʥʘ ʛʘʣʫʟʴ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʠʪʠ ʢʦʨʫʧʮʽʡʥʽ ʨʠʟʠʢʠ. 

ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʤʘʻ ʚʠʨʽʰʫʚʘʪʠ ʧʨʘʢʪʠʯʥʽ ʧʠʪʘʥʥʷ. ɺ ɭʉ ʜʽʶʪʴ ʩʪʘʥʜʘʨʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟʘʢʦʥʦʜʘʚʩʪʚʦ, ʻ ʝʢʩʧʝʨʪʠ, ʽ ʋʢʨʘʾʥʘ ʤʘʻ ʙʫʪʠ ʛʦʪʦʚʦʶ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 

ʧʦʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ ʧʨʠʡʥʷʪʽ, ʘ ʥʘ ʤʽʩʮʷʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʨʠʤʫʶʪʴʩʷ ʽ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ. ɿʚʽʩʥʦ, 

ʤʦʞʥʘ ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʪʦʜʽ ʜʦʚʝʜʝʪʴʩʷ ʟʘʧʣʘʪʠʪʠ ʟʘ ʮʝ 

ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʢʫ ʮʽʥʫè [1]. 

ʅʝʦʙʭʽʜʥʠʤ  ʻ  ʪʘʢʦʞ  ʘʢʪʠʚʥʝ  ʟʘʣʫʯʝʥʥʷ  ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ 

ʽʥʥʦʚʘʮʽʡ ʚ ʋʢʨʘʾʥʽ. ʎʝ  ʤʦʞʝ  ʚʢʣʶʯʘʪʠ  ʫʯʘʩʪʴ  ʫ  ʤʽʞʥʘʨʦʜʥʠʭ  ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʧʨʦʛʨʘʤʘʭ, 

ʩʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʽʥʦʟʝʤʥʠʤʠ  ʢʦʤʧʘʥʽʷʤʠ,  ʘ  ʪʘʢʦʞ  ʟʘʣʫʯʝʥʥʷ  ʽʥʦʟʝʤʥʠʭ 

ʽʥʚʝʩʪʦʨʽʚ  ʜʦ  ʬʽʥʘʥʩʫʚʘʥʥʷ  ʽʥʥʦʚʘʮʽʡʥʠʭ  ʧʨʦʻʢʪʽʚ. ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʘʜʘʧʪʘʮʽʷ ʥʘʡʢʨʘʱʠʭ 

ʩʚʽʪʦʚʠʭ ʧʨʘʢʪʠʢ ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 

ʽʥʥʦʚʘʮʽʡʥʦʾ ʧʦʣʽʪʠʢʠ [2]. 

ʆʣʴʛʘ ʖʭʠʤʯʫʢ, ʟʘʩʪʫʧʥʠʮʷ ʤʽʥʽʩʪʨʘ ʟ ʧʠʪʘʥʴ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʥʘʛʦʣʦʰʫʻ: çʋʢʨʘʾʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʜʘʥʦʶ ʜʦʩʷʛʥʝʥʥʷʤ ʮʽʣʝʡ ɭʉ, 

ʚʢʣʶʯʘʶʯʠ ʜʦʩʷʛʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʜʦ 2050 ʨʦʢʫ. ɺʦʥʘ ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʅʘʮʽʦʥʘʣʴʥʦ-

ʚʠʟʥʘʯʝʥʠʡ ʚʥʝʩʦʢ (ʅɺɺ) ʢʨʘʾʥʠ ʩʣʫʛʫʻ ʥʝ ʣʠʰʝ ʮʽʣʴʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʘʣʝ ʡ ʢʦʤʧʣʝʢʩʥʠʤ 

ʽʥʚʝʩʪʠʮʽʡʥʠʤ ʧʣʘʥʦʤ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷè [1]. 

ʇʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʦʮʽʘʣʴʥʽ ʯʠʥʥʠʢʠ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʥʦʚʘʮʽʾ. ɿʦʢʨʝʤʘ, ʩʣʽʜ ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦʙ ʽʥʥʦʚʘʮʽʡʥʽ ʧʨʦʜʫʢʪʠ ʡ ʧʦʩʣʫʛʠ ʙʫʣʠ 

ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ, ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʪʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʽʥʥʦʚʘʮʽʾ ʫ ʩʬʝʨʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʦʩʚʽʪʠ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʎʝ ʩʧʨʠʷʪʠʤʝ 

ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʞʠʪʪʷ ʛʨʦʤʘʜʷʥ ʽ ʟʤʝʥʰʝʥʥʶ ʩʦʮʽʘʣʴʥʦʾ ʥʝʨʽʚʥʦʩʪʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʟʣʘʛʦʜʞʝʥʦʾ ʩʧʽʚʧʨʘʮʽ ʤʽʞ 

ʜʝʨʞʘʚʥʠʤʠ, ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʡ ʤʽʩʮʝʚʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ, ʘʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʫʩʽʤʘ ʟʘʮʽʢʘʚʣʝʥʠʤʠ 

ʩʪʦʨʦʥʘʤʠ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʪʫʘʮʽʾ ʡ ʛʥʫʯʢʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʜʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʟʤʽʥ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ ʫ ʨʦʟʚʠʪʦʢ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʩʝʢʪʦʨʫ. ʃʠʰʝ ʟʘ ʪʘʢʠʭ 

ʫʤʦʚ ʤʦʞʣʠʚʝ ʩʪʘʣʠʡ ʽʥʥʦʚʘʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʟʨʦʩʪʘʥʥʷ ʢʨʘʾʥʠ [2]. 
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ʉʫʯʘʩʥʘ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʝʣʝʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʨʦʟʚʠʪʢʫ 

ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʽ ʧʦʜʦʣʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʪʘ ʦʧʝʨʘʮʽʡʥʠʭ 

ʙʘʨôʻʨʽʚ ʫ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

- ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʘʪʴ ʩʪʘʣʽʩʪʴ ʧʨʦʻʢʪʽʚ ʽ ʧʣʘʥʽʚ 
ʚʽʜʥʦʚʣʝʥʥʷ; 

- ʥʘʚʯʘʥʥʷ ʘʨʭʽʪʝʢʪʦʨʽʚ ʪʘ ʜʠʟʘʡʥʝʨʽʚ, ʧʽʜʛʦʪʦʚʢʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ 
ʧʠʪʘʥʴ, ʪʘʢʠʭ ʷʢ ʟʘʢʫʧʽʚʣʽ, ʨʦʟʚʠʪʦʢ ʣʶʜʩʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʱʦʙ ʧʨʦʢʣʘʩʪʠ ʰʣʷʭ ʜʦ ʩʪʘʣʦʾ ʚʽʜʙʫʜʦʚʠ;      

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʽʚ, ʜʝʤʦʥʩʪʨʘʮʽʷ ʧʝʨʝʚʘʛ ʩʪʘʣʦʾ ʚʽʜʙʫʜʦʚʠ, ʚʢʣʶʯʘʶʯʠ 
ʢʦʤʬʦʨʪ ʧʨʦʞʠʚʘʥʥʷ, ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʝʢʦʥʦʤʽʶ ʢʦʰʪʽʚ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʚʽʡʥʠ, ʋʢʨʘʾʥʘ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʥʘʩʣʽʜʫʚʘʥʥʷ, 

ʜʝʤʦʥʩʪʨʫʶʯʠ ʧʝʨʝʚʘʛʠ ʩʫʯʘʩʥʠʭ çʟʝʣʝʥʠʭè ʙʫʜʽʚʝʣʴ. ɿʨʘʟʢʦʚʽ ʧʨʦʻʢʪʠ, ʩʪʚʦʨʝʥʽ ʩʴʦʛʦʜʥʽ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʤʘʩʰʪʘʙʦʚʘʥʽ ʚ ʥʘʩʪʫʧʥʽ ʜʝʩʷʪʠʣʽʪʪʷ, ʩʣʫʛʫʶʯʠ ʦʨʽʻʥʪʠʨʘʤʠ ʜʣʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʟ ʙʦʢʫ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʪʘ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʽʥʬʦʨʤʫʚʘʪʠ 

ʩʫʩʧʽʣʴʩʪʚʦ ʧʨʦ ʧʝʨʝʚʘʛʠ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ï ʧʽʜʚʠʱʝʥʠʡ ʢʦʤʬʦʨʪ ʧʨʦʞʠʚʘʥʥʷ, ʧʦʢʨʘʱʝʥʥʷ 

ʟʜʦʨʦʚôʷ ʪʘ ʝʢʦʥʦʤʽʶ ʢʦʰʪʽʚ. ʇʽʣʦʪʥʽ ʧʨʦʻʢʪʠ ʤʘʶʪʴ ʥʝ ʣʠʰʝ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʮʽ ʧʝʨʝʚʘʛʠ, ʘ ʡ 

ʩʣʫʛʫʚʘʪʠ ʥʘʚʯʘʣʴʥʦ-ʪʨʝʥʽʥʛʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʬʘʭʽʚʮʽʚ. 

ʋʥʽʢʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʋʢʨʘʾʥʠ ʪʘ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʜʦʩʚʽʜ ʩʪʚʦʨʶʶʪʴ ʤʽʮʥʠʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʦʙʤʽʥʫ 

ʟʥʘʥʥʷʤʠ ʪʘ ʧʨʦʩʫʚʘʥʥʷʤ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ çʟʝʣʝʥʦʛʦè ʚʽʜʥʦʚʣʝʥʥʷ.  
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ʇɽʈɽʍɯɼ ɺɯɼ DESIGN-DRIVEN ɼʆ DATA-DRIVEN ʉʀʉʊɽʄ ʋ 

ɹʋɼɯɺɽʃʔʅʆʄʋ ʇʈʆɽʂʊʋɺɸʅʅɯ 

 
ɸʥʜʨʽʡ ʇʦʪʻʭʘ, ʘʩʧʽʨʘʥʪ ʬʘʢʫʣʴʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʮʠʚʽʣʴʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾ 1 (ORCID: 0009-0008-8187-1049),  
1 ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɸʜʨʝʩʘ: 21021, ʤ. ɺiʥʥʠʮʷ, ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ, 95 

 

ɸʅʆʊɸʎɯʗ. Design-driven ʧʽʜʭʽʜ, ʫʦʩʦʙʣʝʥʠʡ BIM-ʪʝʭʥʦʣʦʛʽʷʤʠ, ʚʞʝ ʚʠʷʚʠʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ ʦʙʤʽʥʽ ʡ ʢʦʦʨʜʠʥʘʮʽʾ ʤʦʜʝʣʝʡ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʦʙôʻʢʪʘ. ʇʨʦʪʝ ʡʦʛʦ ʦʙʤʝʞʝʥʥʷ ï ʚʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʥʘʚʯʘʣʴʥʽ ʙʘʨôʻʨʠ, ʪʝʭʥʽʯʥʘ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʧʨʦʙʣʝʤʠ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʪʘ 

ʙʝʟʧʝʢʠ ʜʘʥʠʭ ï ʩʪʘʚʣʷʪʴ ʧʽʜ ʩʫʤʥʽʚ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʝʢʩʢʣʶʟʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. Data-driven 

ʧʽʜʭʽʜ, ʥʘʪʦʤʽʩʪʴ, ʨʦʙʠʪʴ ʩʪʘʚʢʫ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ, ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʪʠʢʫ ʜʘʥʠʭ ʽʟ ʚʽʜʢʨʠʪʠʭ ʪʘ ʩʪʘʥʜʘʨʪʥʠʭ 

ʬʦʨʤʘʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʥʫʯʢʽʩʪʴ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʽʚ. ʎʷ ʪʝʟʘ ʘʥʘʣʽʟʫʻ ʽʩʥʫʶʯʽ design-

driven/BIM-ʨʽʰʝʥʥʷ, ʚʠʦʢʨʝʤʣʶʻ ʾʭ ʥʝʜʦʣʽʢʠ, ʦʢʨʝʩʣʶʻ ʰʣʷʭʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʫ data-driven ʩʠʩʪʝʤʠ ʪʘ ʜʝʤʦʥʩʪʨʫʻ 

ʧʝʨʝʚʘʛʠ ʡ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʨʦʟʚʠʪʢʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Building Information Modeling (BIM); design-driven; data-driven; ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ; 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ; ʘʥʘʣʽʪʠʢʘ; Machine Learning; 

 

ɺʩʪʫʧ. ɯʥʜʫʩʪʨʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʟʘʟʥʘʣʘ ʛʣʠʙʦʢʦʾ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ: ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 2D-

ʯʝʨʪʝʞʽʚ ʽ ʧʘʧʝʨʦʚʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ ʤʠ ʧʝʨʝʡʰʣʠ ʜʦ ʽʥʪʝʛʨʦʚʘʥʠʭ 3D-ʤʦʜʝʣʝʡ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ 

ʘʨʭʽʪʝʢʪʫʨʥʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ ʚ ʻʜʠʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʉʘʤʝ ʥʘ ʮʴʦʤʫ 

ʝʪʘʧʽ ʥʘ ʘʨʝʥʫ ʚʠʡʰʦʚ Building Information Modeling (BIM) ð ʤʝʪʦʜʦʣʦʛʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʣʘ 

https://ukrainian-climate-office.org/
https://doi.org/10.17721/2616-9193.2024/20-11/12
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ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ, ʜʦʟʚʦʣʠʣʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʠʷʚʣʝʥʥʷ ʢʦʣʽʟʽʡ ʽ 

ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ application-ʦʨʽʻʥʪʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ BIM-ʩʠʩʪʝʤ ʧʦʢʘʟʘʚ ʽ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ. 

ʇʦ-ʧʝʨʰʝ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʣʽʮʝʥʟʽʡ ʥʘ CAD-ʇɿ ʪʘ ʩʫʧʫʪʥʶ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʝʨʝʪʚʦʨʶʻ ʧʝʨʝʭʽʜ 

ʥʘ BIM ʥʘ ʟʥʘʯʥʝ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ, ʜʦʩʪʫʧʥʝ ʧʝʨʝʜʫʩʽʤ ʚʝʣʠʢʠʤ ʛʨʘʚʮʷʤ ʨʠʥʢʫ . ʇʦ-ʜʨʫʛʝ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʡ ʫʟʛʦʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʶʻ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʙʘʨôʻʨʠ, ʷʢʽ ʛʘʣʴʤʫʶʪʴ ʘʜʘʧʪʘʮʽʶ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʣʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʙʽʟʥʝʩʽ. ʅʘʨʝʰʪʽ, 

ʥʘʚʽʪʴ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʬʦʨʤʘʪ IFC ʥʝ ʟʜʘʪʝʥ ʧʦʚʥʽʩʪʶ ʛʘʨʘʥʪʫʚʘʪʠ ʟʙʝʨʝʞʝʥʥʷ ʫʩʽʭ ʤʝʪʘʜʘʥʠʭ ʽ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʧʨʠ ʤʽʛʨʘʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʨʘʛʤʝʥʪʘʮʽʾ 

ʜʘʥʠʭ ʽ ʜʫʙʣʶʚʘʥʥʷ ʨʦʙʽʪ . ʎʽ ʚʠʢʣʠʢʠ ʟʫʤʦʚʣʶʶʪʴ ʧʦʰʫʢ ʥʦʚʠʭ ʧʘʨʘʜʠʛʤ, ʜʝ ʛʦʣʦʚʥʠʤ ʘʢʪʠʚʦʤ 

ʩʪʘʶʪʴ ʥʝ ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ, ʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ, ʚʽʜʢʨʠʪʽ ʬʦʨʤʘʪʠ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʢʦʥʚʝʻʨʠ, ʱʦ ʟʘʢʣʘʣʠ ʦʩʥʦʚʫ data-driven ʧʽʜʭʦʜʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʯʽʪʢʦ ʦʢʨʝʩʣʶʻʪʴʩʷ ʧʦʩʪʫʧ 

ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ BIM-ʩʠʩʪʝʤ ʜʦ data-driven ʧʽʜʭʦʜʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ɼʦʩʣʽʜʞʝʥʥʷ [1] ʚʠʦʢʨʝʤʣʶʻ 

ʜʚʘʜʮʷʪʴ ʪʨʠ ʢʣʶʯʦʚʽ ʯʠʥʥʠʢʠ ʦʙʤʝʞʝʥʥʷ BIM, ʩʝʨʝʜ ʷʢʠʭ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʇɿ, ʩʢʣʘʜʥʽʩʪʴ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʪʘ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ. ʉʭʦʞʽ ʚʠʩʥʦʚʢʠ ʨʦʙʠʪʴ [2] ʡ ʩʪʨʘʪʝʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʽʥʪʝʛʨʘʮʽʾ Big Data ʚ BIM: ʭʦʯʘ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ ʧʽʜʚʠʱʫʶʪʴ ʛʥʫʯʢʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ, çʚʘʞʢʽè 

CAD-ʬʦʨʤʘʪʠ ʡ ʜʦʩʽ ʟʥʠʞʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ɿʦʢʨʝʤʘ, ʩʠʩʪʝʤʘʪʠʯʥʠʡ 

ʦʛʣʷʜ ʩʪʘʥʫ ʡ ʚʠʢʣʠʢʽʚ data-driven construction [3] ʫʟʘʛʘʣʴʥʶʻ, ʷʢ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʧʦʪʦʢʦʚʠʭ ETL-

ʢʦʥʚʝʻʨʽʚ, ʚʽʜʢʨʠʪʠʭ ʬʦʨʤʘʪʽʚ (JSON, CSV) ʪʘ ʭʤʘʨʥʠʭ API ʟʤʽʥʶʻ ʧʘʨʘʜʠʛʤʫ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ ʫ 

ʧʨʦʻʢʪʫʚʘʥʥʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʜʠʛʤʠ design-driven ʫ ʙʫʜʽʚʝʣʴʥʦʤʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʟ ʤʝʪʦʶ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʾʾ ʢʣʶʯʦʚʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʚʫʟʴʢʠʭ ʤʽʩʮʴ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ 

ʬʨʝʡʤʚʦʨʢʫ ʧʝʨʝʭʦʜʫ ʜʦ data-driven ʩʠʩʪʝʤ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʟʙʦʨʽ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʪʠʮʽ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʋ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ ʪʘ ʛʘʣʫʟʝʚʽ ʟʚʽʪʠ ʟ ʪʝʤʘʪʠʢʠ BIM-ʪʝʭʥʦʣʦʛʽʡ ʪʘ data-driven ʧʽʜʭʦʜʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, 

ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʩʪʘʥʜʘʨʪʽʚ IFC ʪʘ JSON-BIM, ʦʬʽʮʽʡʥʽ ʪʝʭʥʽʯʥʽ ʥʦʪʘʪʢʠ ʧʣʘʪʬʦʨʤʠ 

DataDrivenConstruction.io, ʘ ʪʘʢʦʞ ʧʨʠʢʣʘʜʠ ʚʽʜʢʨʠʪʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʽʟ ʧʦʨʪʘʣʫ open construction 

data. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  Building Information Modeling (BIM) ʚʠʥʠʢʣʘ ʷʢ ʚʽʜʧʦʚʽʜʴ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʮʝʥʪʨʘʣʽʟʫʚʘʪʠ ʚʩʽ ʜʘʥʽ ʧʨʦ ʧʨʦʻʢʪ ʫ ʻʜʠʥʽʡ ʽʥʪʝʛʨʦʚʘʥʽʡ ʪʨʠʚʠʤʽʨʥʽʡ ʤʦʜʝʣʽ, ʜʝ 

ʘʨʭʽʪʝʢʪʫʨʥʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʡ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ ʧʦʻʜʥʘʥʽ ʟ ʘʪʨʠʙʫʪʘʤʠ ʤʘʪʝʨʽʘʣʽʚ, ʦʙʩʷʛʘʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʢʦʣʽʟʽʡ, 

ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʨʦʙʦʪʘ ʨʽʟʥʠʭ ʜʠʩʮʠʧʣʽʥ ʽ ʛʝʥʝʨʫʻʪʴʩʷ ʪʦʯʥʠʡ ʧʝʨʝʣʽʢ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʢʦʰʪʦʨʠʩʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ [1]. ʇʨʦʪʝ ʟ ʯʘʩʦʤ ʧʨʦʷʚʠʣʠʩʷ ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ: ʧʦ-ʧʝʨʰʝ, ʧʨʦʧʨʽʻʪʘʨʥʽ ʬʦʨʤʘʪʠ 

(RVT, NWD) ʫʩʢʣʘʜʥʶʶʪʴ ʦʙʤʽʥ ʤʽʞ ʨʽʟʥʠʤʠ CAD-ʩʠʩʪʝʤʘʤʠ, ʘ ʢʦʥʚʝʨʪʘʮʽʷ ʯʝʨʝʟ IFC ʯʘʩʪʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ ʤʝʪʘʜʘʥʠʭ ʽ ʥʝʪʦʯʥʦʩʪʝʡ ʫ ʛʝʦʤʝʪʨʽʾ . ʇʦ-ʜʨʫʛʝ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʣʠʙʦʢʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʟʥʘʯʥʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʚ ʣʽʮʝʥʟʽʾ ʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʪʚʦʨʶʶʪʴ ʚʠʩʦʢʠʡ 

ʙʘʨôʻʨ ʚʭʦʜʫ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʦʨʛʘʥʽʟʘʮʽʡ . ʇʦ-ʪʨʝʪʻ, ʩʪʨʫʢʪʫʨʥʦ design-driven ʧʽʜʭʽʜ 

ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʡ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʤʦʜʝʣʝʡ, ʘʣʝ ʥʝ ʦʭʦʧʣʶʻ ʛʥʫʯʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʦʛʦ ʭʦʜʫ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʧʽʜʭʦʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʘʨʪʝʬʘʢʪʫ: 

ʟʘʤʽʩʪʴ çʚʘʞʢʦʾè ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʘʢʮʝʥʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʘʥʠʭ ʽ ʾʭʥʽʡ ʧʨʦʩʪʠʡ 

ʦʙʤʽʥ ʯʝʨʝʟ ʚʽʜʢʨʠʪʽ ʬʦʨʤʘʪʠ (JSON, CSV). ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ETL-ʢʦʥʚʝʻʨʠ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ 

ʽʤʧʦʨʪʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ DWG/IFC ʫ ʪʘʙʣʠʯʥʽ ʙʘʟʠ ʜʘʥʠʭ ʯʠ ʭʤʘʨʥʽ ʩʭʦʚʠʱʘ ʙʝʟ ʧʦʪʨʝʙʠ ʟʘʧʫʩʢʘʪʠ 

CAD-ʜʦʜʘʪʦʢ . ʂʨʽʤ ʪʦʛʦ, ʫ ʤʝʞʘʭ data-driven ʝʢʦʩʠʩʪʝʤʠ ʟôʷʚʣʷʶʪʴʩʷ ʤʦʜʫʣʽ ʧʦʪʦʢʦʚʦʾ ʘʥʘʣʽʪʠʢʠ 

(stream processing) ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ IoT-ʧʨʠʩʪʨʦʾʚ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ API-

ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʘʧʠʪʫ ʟʚʽʪʽʚ ʧʨʦ ʦʙʩʷʛʠ ʤʘʪʝʨʽʘʣʽʚ ʯʠ ʩʪʘʥ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ [4]. 

ʇʘʨʘʣʝʣʴʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʢʦʥʚʝʨʪʝʨʠ ʪʘ SDK, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ CAD-ʩʠʩʪʝʤʠ 

ʟ BI-ʧʣʘʪʬʦʨʤʘʤʠ (Power BI, Tableau) ʘʙʦ ʩʝʨʝʜʦʚʠʱʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (Python/Pandas, 

scikit-learn). 
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ʈʠʩ.1. ʂʦʥʚʝʨʪʘʮʽʷ IFC ʤʦʜʝʣʽ ʚ ʻʜʠʥʠʡ Data-set 

 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ design-driven (BIM) ʧʽʜʭʦʜʘʤʠ, data-driven ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʘʜʠʢʘʣʴʥʝ ʩʧʨʦʱʝʥʥʷ ʚʭʦʜʫ, ʦʩʢʽʣʴʢʠ ʽʥʞʝʥʝʨʫ ʜʦʩʪʘʪʥʴʦ ʙʘʟʦʚʠʭ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ ʪʘʙʣʠʮʷʤʠ 

(Excel, SQL) ʘʙʦ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʦʤ, ʘ ʥʝ ʩʢʣʘʜʥʠʭ CAD-ʜʦʜʘʪʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʘʛʠʭ 

ʚʽʜʢʨʠʪʠʭ ʬʦʨʤʘʪʽʚ (JSON, CSV) ʽ REST-API ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʫʧʫʚʘʪʠ ʜʦʨʦʛʽ ʣʽʮʝʥʟʽʾ ʪʘ 

ʚʠʪʨʘʯʘʪʠ ʨʝʩʫʨʩʠ ʥʘ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚ ʨʦʙʦʪʽ ʟ ʧʨʦʧʨʽʻʪʘʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʨʝʘʣʴʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ: ʟʘʚʜʷʢʠ ʧʦʪʦʢʦʚʽʡ ʘʥʘʣʽʪʠʮʽ (stream 

processing) ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ IoT-ʧʨʠʩʪʨʦʷʤʠ ʥʘ ʙʫʜʤʘʡʜʘʥʯʠʢʫ ʤʦʞʥʘ ʤʠʪʪʻʚʦ ʦʪʨʠʤʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʽʜ ʨʦʙʽʪ, ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʣʘʥʫ ʪʘ ʢʦʨʠʛʫʚʘʪʠ ʛʨʘʬʽʢʠ ʡ ʨʝʩʫʨʩʠ ʙʝʟ ʟʘʪʨʠʤʦʢ [5]. 

ɸʥʘʣʽʪʠʯʥʘ ʛʣʠʙʠʥʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʱʝ ʦʜʥʠʤ ʢʣʶʯʦʚʠʤ ʨʝʩʫʨʩʦʤ data-driven ʝʢʦʩʠʩʪʝʤ: 

ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʚʽʜʨʘʟʫ ʛʦʪʦʚʽ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʅʘʧʨʠʢʣʘʜ, 

ʘʥʘʣʽʟ ʽʩʪʦʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʪʨʠʤʦʢ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʥʽ ʤʦʜʝʣʽ ʨʠʟʠʢʽʚ, ʘ ʤʦʜʫʣʽ 

ML-ʧʨʦʛʥʦʟʽʚ ʮʽʥ ʥʘ ʙʫʜʤʘʪʝʨʽʘʣʠ ï ʧʝʨʝʜʙʘʯʘʪʠ ʢʦʣʠʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ [6]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʷʪʠ ʪʠʩʷʯʽ 

ʧʨʦʻʢʪʽʚ ʙʝʟ ʧʦʪʨʝʙʠ ʚ ʣʦʢʘʣʴʥʽʡ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ʂʦʤʘʥʜʠ ʤʦʞʫʪʴ ʜʠʥʘʤʽʯʥʦ ʧʽʜʢʣʶʯʘʪʠ ʥʦʚʽ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ ï ʤʦʙʽʣʴʥʽ ʟʘʩʪʦʩʫʥʢʠ ʜʣʷ ʽʥʩʧʝʢʮʽʡ, ʬʽʥʘʥʩʦʚʽ ʟʚʽʪʠ ʯʠ ʜʘʪʯʠʢʠ ʩʪʝʞʝʥʥʷ ʟʘ 

ʚʠʪʨʘʪʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ï ʽ ʚʠʚʘʥʪʘʞʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚ ʻʜʠʥʝ ʩʭʦʚʠʱʝ ʜʣʷ ʛʥʫʯʢʦʛʦ ʘʥʘʣʽʟʫ  

ɯʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʽʜʢʨʠʪʠʤ ʩʪʘʥʜʘʨʪʘʤ ʦʙʤʽʥʫ: ʜʘʥʽ ʧʨʦʻʢʪʫ ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʬʦʨʤʘʪʘʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʙʝʟ ʚʪʨʘʪ ʤʝʪʘʜʘʥʠʭ ʽ ʣʝʛʢʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʤʽʞ BI-

ʽʥʩʪʨʫʤʝʥʪʘʤʠ (Power BI, Tableau) ʪʘ ʩʝʨʝʜʦʚʠʱʘʤʠ Python/Pandas. ʎʝ ʫʩʫʚʘʻ ʧʨʦʙʣʝʤʫ çʦʩʪʨʦʚʽʚ 

ʜʘʥʠʭè ʽ ʜʫʙʣʶʚʘʥʥʷ ʨʦʙʽʪ ʧʨʠ ʢʦʥʚʝʨʪʘʮʽʾ ʟ ʧʨʦʧʨʽʻʪʘʨʥʠʭ ʬʦʨʤʘʪʽʚ  

ɺʠʢʦʨʠʩʪʘʥʥʷ data-driven ʧʽʜʭʦʜʫ ʪʘʢʦʞ ʧʦʢʨʘʱʫʻ ʙʝʟʧʝʢʫ ʪʘ ʷʢʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɿʘʚʜʷʢʠ 

ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʧʨʦʻʢʪʥʽ ʤʝʥʝʜʞʝʨʠ ʤʘʶʪʴ ʧʦʚʥʫ ʢʘʨʪʠʥʫ ʨʠʟʠʢʽʚ ʽ ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʟʚʘʞʝʥʽ ʨʽʰʝʥʥʷ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʝʧʝʨʝʜʙʘʯʝʥʽ ʚʠʪʨʘʪʠ ʡ 

ʫʥʠʢʥʫʪʠ ʧʨʦʩʪʦʾʚ  

ʅʘʨʝʰʪʽ, ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʩʫʨʩʽʚ, ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʦʢ ʽ ʫʥʠʢʥʝʥʥʷ ʟʘʡʚʠʭ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʨʦʙʢʠ. Data-driven ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʟʘʧʘʩʠ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭʥʽʡ ʜʝʬʽʮʠʪ, ʱʦ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ 

ʚʽʜʭʦʜʽʚ ʽ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ. ʊʘʢʠʤ ʯʠʥʦʤ, data-driven ʩʠʩʪʝʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʧʝʨʝʚʘʛʠ ʟʘ ʪʘʢʠʤʠ ʢʣʶʯʦʚʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: 

½ ɹʘʨôʻʨ ʚʭʦʜʫ: ʥʠʟʴʢʠʡ ï ʜʦʩʪʘʪʥʴʦ ʟʥʘʥʴ ʨʦʙʦʪʠ ʟ ʪʘʙʣʠʮʷʤʠ ʪʘ API. 

½ ʈʝʘʣʴʥʠʡ ʯʘʩ: ʤʠʪʪʻʚʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʽʟ IoT ʽ ʩʝʥʩʦʨʽʚ. 

½ ɸʥʘʣʽʪʠʢʘ ʡ AI: ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʛʦʪʦʚʽ ʜʣʷ ML/AI-ʤʦʜʝʣʝʡ. 

½ ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʭʤʘʨʘ ʙʝʟ ʣʦʢʘʣʴʥʦʛʦ ʇɿ. 

½ ɯʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ: ʚʽʜʢʨʠʪʽ ʬʦʨʤʘʪʠ ʡ REST-API ʙʝʟ ʚʪʨʘʪ ʜʘʥʠʭ. 

½ ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪ: ʛʣʠʙʦʢʽ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʽʩʪʦʨʽʾ ʪʘ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. 

½ ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ: ʦʧʪʠʤʽʟʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ, ʟʥʠʞʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʨʦʙʦʢ. 
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ʎʽ ʧʦʪʫʞʥʦʩʪʽ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʣʠʪʪʷ data-driven BI, ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʪʘ 

çʩʘʤʦʥʘʚʯʘʣʴʥʠʭè ʩʠʩʪʝʤ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʆʙʛʦʚʦʨʝʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ design-driven ʜʦ data-

driven ʩʠʩʪʝʤ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʟʘʚʜʷʢʠ 

ʤʠʪʪʻʚʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʾʭ 

ʦʩʥʦʚʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʘʛʠʭ ʬʦʨʤʘʪʽʚ (JSON, CSV) ʪʘ REST-API ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ 

ʚʪʨʘʪʠ ʤʝʪʘʜʘʥʠʭ ʽ ʛʝʦʤʝʪʨʽʾ ʧʽʜ ʯʘʩ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ data-driven ʝʢʦʩʠʩʪʝʤ.  

ɯʥʪʝʛʨʘʮʽʷ ʧʦʪʦʢʦʚʦʾ ʘʥʘʣʽʪʠʢʠ ʪʘ IoT-ʧʨʠʩʪʨʦʾʚ ʜʘʻ ʟʤʦʛʫ ʦʧʝʨʘʪʠʚʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʭʽʜ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʡ ʩʚʦʻʯʘʩʥʦ ʢʦʨʠʛʫʚʘʪʠ ʛʨʘʬʽʢʠ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʩʪʦʾʚ. ʂʨʽʤ ʪʦʛʦ, ʛʦʪʦʚʥʽʩʪʴ ʜʘʥʠʭ ʜʦ ʨʦʙʦʪʠ ʟ ʤʦʜʫʣʷʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʩʧʨʠʷʻ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʽʚ ʽ ʯʘʩʫ, ʪʦʜʽ ʷʢ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʫʩʫʚʘʻ ʧʦʪʨʝʙʫ ʚ ʧʦʪʫʞʥʽʡ ʣʦʢʘʣʴʥʽʡ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. 

ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʢʣʘʩʠʯʥʽ design-driven (BIM) ʩʠʩʪʝʤʠ 

ʚʽʜʽʛʨʘʣʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʮʠʬʨʦʚʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʧʨʦʪʝ ʾʭʥʷ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʧʨʦʧʨʽʻʪʘʨʥʠʭ ʬʦʨʤʘʪʽʚ, ʚʠʩʦʢʽ ʙʘʨôʻʨʠ ʚʭʦʜʫ ʪʘ ʦʙʤʝʞʝʥʘ ʘʥʘʣʽʪʠʯʥʘ ʛʥʫʯʢʽʩʪʴ ʩʪʚʦʨʶʶʪʴ 

ʩʫʪʪʻʚʽ ʧʝʨʝʧʦʥʠ ʜʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ.  

ʇʝʨʝʭʽʜ ʜʦ data-driven ʝʢʦʩʠʩʪʝʤ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʻʜʠʥʫ ʙʘʟʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʘʥʠʭ ʫ ʚʽʜʢʨʠʪʠʭ ʬʦʨʤʘʪʘʭ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʟ BI-ʪʘ ML-

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʙʝʟ ʚʪʨʘʪ ʤʝʪʘʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʦʢʦʚʦʾ ʘʥʘʣʽʪʠʢʠ ʡ IoT-ʧʨʠʩʪʨʦʾʚ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʥʽʪʦʨʠʥʛ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʡ ʩʚʦʻʯʘʩʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʟʘʪʨʠʤʦʢ ʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ.  
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3D-ɼʈʋʂ ʊʈʀʄɸʏɸ ɼʃʗ ɺɯɼɹʆʈʋ ʂɽʈʅɯɺ ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ BIM-

ʊɽʍʅʆʃʆɻɯʁ  

 
ʄʠʢʦʣʘ ʂʦʨʟʘʯʝʥʢʦ, ʢ.ʪ.ʥ, ʜʦʮʝʥʪ1 (ORCID: 0000-0002-5674-8662) 

ɯʛʦʨ ʇʝʪʨʝʥʢʦ, ʘʩʠʩʪʝʥʪ1, 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʐʝʚʯʝʥʢʘ 95, 14035, ʋʢʨʘʾʥʘ 

 
ɸʅʆʊɸʎɯʗ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʫ ʪʨʠʤʘʯʘ ʜʣʷ ʚʽʜʙʦʨʫ ʢʝʨʥʽʚ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-ʜʨʫʢʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ BIM-ʪʝʭʥʦʣʦʛʽʡ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʦʙʩʪʝʞʝʥʴ ˇʨʫʥʪʦʚʦʾ 

ʦʩʥʦʚʠ ʧʽʜ ʽʩʥʫʶʯʠʤʠ ʬʫʥʜʘʤʝʥʪʘʤʠ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʆʧʠʩʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʧʦʨʫʰʝʥʥʷ ʦʩʥʦʚʠ ʙʫʜʽʚʣʽ. ɿʘʟʥʘʯʝʥʦ ʧʝʨʝʚʘʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʢʩʘʮʽʾ ʪʦʯʥʦʛʦ ʤʽʩʮʷ ʚʽʜʙʦʨʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ. ʇʨʠʩʪʨʽʡ ʚʠʛʦʪʦʚʣʝʥʦ ʽʟ ʩʫʯʘʩʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʢʘ PETG ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʨʫʢʫ. ʄʘʪʝʨʽʘʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʤʽʥʥʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʘ ʚʠʪʨʠʚʘʣʽʩʪʶ ʜʦ ʘʛʨʝʩʠʚʥʠʭ 

ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠʤʘʯ ʧʽʜ ʯʘʩ ʦʙʩʪʝʞʝʥʴ ʫ ʚʦʣʦʛʠʭ, ʧʽʜʟʝʤʥʠʭ ʘʙʦ 

ʚʽʜʢʨʠʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʆʪʨʠʤʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʻ ʤʦʙʽʣʴʥʦʶ, ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʪʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʨʠ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʩʪʘʚʨʘʮʽʾ ʽʩʪʦʨʠʯʥʠʭ ʩʧʦʨʫʜ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 3D-ʜʨʫʢ; ʧʨʠʩʪʨʽʡ; ʢʝʨʥ; BIM-ʪʝʭʥʦʣʦʛʽʾ; ʦʙʩʪʝʞʝʥʥʷ 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʽʩʥʫʶʯʠʤʠ ʬʫʥʜʘʤʝʥʪʘʤʠ, ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. ɿʦʢʨʝʤʘ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʚ 

ʦʙʤʝʞʝʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʫʤʦʚʘʭ, ʱʦ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʩʪʝʞʝʥʥʷʭ ʦʙôʻʢʪʽʚ ʽʩʪʦʨʠʯʥʦʾ ʟʘʙʫʜʦʚʠ 

ʪʘ ʧʘʤôʷʪʦʢ ʘʨʭʽʪʝʢʪʫʨʠ. ʇʨʦʪʝ ʚʽʜʙʽʨ ʟʨʘʟʢʫ ʧʽʜ ʢʫʪʦʤ ʻ ʥʝ ʧʨʦʩʪʦʶ ʟʘʜʘʯʝʶ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʙʠ ʜʦʧʦʤʘʛʘʚ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʝʨʥʦʚʽʜʙʽʨʥʠʡ ʩʥʘʨʷʜ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ. 

ʂʘʬʝʜʨʦʶ ʪʝʭʥʦʣʦʛʽʡ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʏʝʨʥʽʛʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʩʪʚʦʨʝʥʦ ʪʨʠʤʘʯ ʜʣʷ ʚʽʜʙʦʨʫ ʢʝʨʥʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ BIM-ʪʝʭʥʦʣʦʛʽʡ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʇʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʨʠʤʘʯʘ ʜʣʷ ʚʽʜʙʦʨʫ ʤʦʥʦʣʽʪʽʚ ˇʨʫʥʪʫ 

ʙʫʣʦ ʦʧʨʘʮʴʦʚʘʥʦ ʥʠʟʢʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʚʠʩʚʽʪʣʶʶʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ 

ˇʨʫʥʪʦʚʽʜʙʽʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [1, 2], ʤʝʪʦʜʠʢʠ ʧʦʣʴʦʚʠʭ ˇʨʫʥʪʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ [3, 4] ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʪʨʠʤʘʯʽʚ [5, 6, 7]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʣʷʛʣʠ ʚ ʦʩʥʦʚʫ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʜʣʷ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʠʤʘʯʘ ʪʘ ʜʦʟʚʦʣʠʣʠ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʠʤʦʛʠ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʉʪʚʦʨʠʪʠ ʥʘʜʽʡʥʠʡ ʪʨʠʤʘʯ ʜʣʷ ʚʽʜʙʦʨʫ ʢʝʨʥʽʚ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʨʠʤʘʯ ʜʣʷ ʚʽʜʙʦʨʫ ʢʝʨʥʽʚ ʚʠʛʦʪʦʚʣʝʥʦ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ BIM-ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʫʩʪʘʥʦʚʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 1):  

ʘ) ʦʩʥʦʚʘ ï ʧʣʘʪʬʦʨʤʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ;  

ʙ) ʥʘʧʨʘʚʣʷʶʯʘ ï ʞʦʨʩʪʢʠʡ ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʜʘʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʢʫʪ 

ʙʫʨʽʥʥʷ ʘʙʦ ʚʽʜʙʦʨʫ; 

ʚ) ʟʘʭʚʘʪ ï ʟʥʽʤʥʠʡ ʬʽʢʩʘʪʦʨ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ ʢʝʨʥʦʜʦʙʫʚʘʯʘ. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʪʨʠʤʘʯʘ ʜʣʷ ʚʽʜʙʦʨʫ ʢʝʨʥʽʚ ʚʠʢʦʥʘʥʦ ʽʟ ʩʫʯʘʩʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʢʘ PETG ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ. ʆʙʨʘʥʠʡ ʤʘʪʝʨʽʘʣ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʘʥʪʠʢʦʨʦʟʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʨʠʤʘʯ ʧʽʜ ʯʘʩ ʦʙʩʪʝʞʝʥʴ ʫ ʚʦʣʦʛʠʭ, ʧʽʜʟʝʤʥʠʭ ʘʙʦ ʚʽʜʢʨʠʪʠʭ ʫʤʦʚʘʭ. 

PETG ʥʝ ʚʪʨʘʯʘʻ ʤʽʮʥʦʩʪʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜ ʜʽʻʶ ʚʦʣʦʛʠ, ʜʦʱʫ ʯʠ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʝʙʫʚʘʥʥʷ ʫ ˇʨʫʥʪʽ. ʂʨʽʤ ʪʦʛʦ, ʤʘʪʝʨʽʘʣ ʤʘʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ. ʊʨʠʤʘʯ ʥʝ 

ʧʽʜʜʘʻʪʴʩʷ ʢʦʨʦʟʽʾ, ʥʝ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʟʙʝʨʽʛʘʻ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ -20 ʜʦ +60 ÁC. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʪʨʠʚʘʣʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʙʝʟ ʚʪʨʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʷʢʦʩʪʝʡ. 
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ʈʠʩ.1. ʄʦʜʝʣʴ ʧʨʠʩʪʨʦʶ ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʣʷ 3D ʜʨʫʢʫ: ʘ) ʦʩʥʦʚʘ; ʙ) ʥʘʧʨʷʤʥʘ; ʚ) ʟʘʭʚʘʪ 

 

ʊʨʠʤʘʯ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʧʨʠʣʘʜʫ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʚʽʜʙʦʨʫ ʦʩʥʦʚʥʠʭ ʤʦʥʦʣʽʪʽʚ 

ˇʨʫʥʪʫ ʥʝʧʦʨʫʰʝʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʢʣʘʜʽ ʧʦʣʴʦʚʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʃʠʪʚʠʥʦʚʘ. ʇʽʜ 

ʯʘʩ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ˇʨʫʥʪʦʚʽʜʙʽʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ˇʨʫʥʪʽʚ. ɼʽʘʤʝʪʨ ʟʘʭʚʘʪʥʦʾ ʯʘʩʪʠʥʠ ʪʨʠʤʘʯʘ 

ʧʽʜʙʠʨʘʚʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʘʤʝʪʨʘ ʥʘʧʨʘʚʣʷʶʯʦʛʦ ʮʠʣʽʥʜʨʘ ˇʨʫʥʪʦʚʽʜʙʽʨʥʦʾ ʛʽʣʴʟʠ, ʷʢʘ ʤʘʻ 

ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ ʪʘ ʜʦʟʚʦʣʷʻ ʚʽʜʙʠʨʘʪʠ ʤʦʥʦʣʽʪʥʠʡ ʟʨʘʟʦʢ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʧʨʠʨʦʜʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ BIM-ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʣʦ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ, ʪʘ 

ʧʦʢʨʘʱʠʪʠ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʱʽʣʴʥʝ ʧʨʠʣʷʛʘʥʥʷ ʪʨʠʤʘʯʘ ʜʦ ʛʽʣʴʟʠ, 

ʱʦ ʛʘʨʘʥʪʫʻ ʬʽʢʩʘʮʽʶ ʽ ʪʦʯʥʽʩʪʴ ʧʨʠ ʚʽʜʙʦʨʽ ʟʨʘʟʢʽʚ. ʂʦʥʩʪʨʫʢʮʽʷ ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, ʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠ ʪʨʠʤʘʯ ʧʽʜ 

ʛʽʣʴʟʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʪʘ ʤʦʜʠʬʽʢʘʮʽʡ. 

ʋʩʪʘʥʦʚʢʘ ʻ ʨʦʟʙʽʨʥʦʶ, ʣʝʛʢʦʶ ʪʘ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʘʙʦ ʚ ʦʙʤʝʞʝʥʠʭ ʫʤʦʚʘʭ ʽʩʥʫʶʯʠʭ ʩʧʦʨʫʜ (ʨʠʩ. 2). 

 
ʈʠʩ.2. ʇʨʠʩʪʨʽʡ ʜʣʷ ʚʽʜʙʦʨʫ ʢʝʨʥʽʚ ʧʽʜ ʢʫʪʦʤ ʚʠʢʦʥʘʥʠʡ ʽʟ ʩʫʯʘʩʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʢʘ PETG ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ: ʘ) ʚ ʟʽʙʨʘʥʦʤʫ ʩʪʘʥʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; ʙ) ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ 

 

ʆʩʥʦʚʘ ʧʨʠʩʪʨʦʶ ʤʘʻ ʯʦʪʠʨʠ ʦʪʚʦʨʠ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʜʦ ˇʨʫʥʪʫ ʛʚʠʥʪʦʚʠʤʠ ʘʥʢʝʨʘʤʠ. ʊʘʢʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ ʬʽʢʩʘʮʽʶ ʧʨʠʩʪʨʦʶ ʚ ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ ʥʘʚʽʪʴ ʥʘ ʥʝʩʪʽʡʢʠʭ ʯʠ 

ʧʫʭʢʠʭ ˇʨʫʥʪʘʭ, ʟʘʧʦʙʽʛʘʶʯʠ ʡʦʛʦ ʟʤʽʱʝʥʥʶ ʧʽʜ ʯʘʩ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ. ʆʢʨʽʤ ʮʴʦʛʦ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʚʘʥʪʘʞʝʥʥʷ ʦʩʥʦʚʠ ʧʣʠʪʦʶ ʘʙʦ ʙʣʦʢʘʤʠ. ʎʝ ʟʤʝʥʰʫʻ ʧʦʭʠʙʢʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʤʠʤʦʚʽʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʛʽʣʴʟʠ ʪʘ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʾʾ ʧʝʨʝʢʦʩʽʚ. 

ʇʝʨʝʚʘʛʠ ʫʩʪʘʥʦʚʢʠ: 

- ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ʧʽʜ ʟʘʜʘʥʠʤ ʢʫʪʦʤ; 

- ʤʦʙʽʣʴʥʽʩʪʴ, ʰʚʠʜʢʝ ʧʝʨʝʤʽʱʝʥʥʷ ʟ ʪʦʯʢʠ ʥʘ ʪʦʯʢʫ ʟ ʬʽʢʩʦʚʘʥʠʤ ʢʫʪʦʤ ʚʽʜʙʦʨʫ; 
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- ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʤʽʩʮʷ ʚʽʜʙʦʨʫ ʪʘ ʟʘʥʝʩʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʚ BIM-ʤʦʜʝʣʴ 

ʦʙôʻʢʪʫ, ʮʝ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʤʽʩʮʷ ʚʽʜʙʦʨʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʫ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ; 

- ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʠʤʘʯʘ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʦʙôʻʢʪʘ. 

ʅʝʜʦʣʽʢʠ: 

- ʦʙʤʝʞʝʥʥʷ ʛʣʠʙʠʥʠ ʚʽʜʙʦʨʫ; 

- ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʥʦʚʫ ʪʦʯʢʫ ʧʦʪʨʝʙʘ ʚ ʧʦʧʝʨʝʜʥʽʡ ʧʝʨʝʚʽʨʮʽ ʧʨʦʩʪʦʨʦʚʠʭ ʫʤʦʚ ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡ; 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʤʽʮʥʽʩʪʶ ʧʣʘʩʪʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 

ɺʠʩʥʦʚʢʠ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʪʨʠʤʘʯʘ ʜʣʷ ʚʽʜʙʦʨʫ ʤʦʥʦʣʽʪʽʚ ˇʨʫʥʪʫ ʘʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

BIM-ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʩʽ ʝʪʘʧʠ ʧʨʦʻʢʪʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʽʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʠʤʘʯʘ, ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʨʦʟʤʽʨʠ ʪʘ ʬʦʨʤʫ. ɺʜʘʣʦʩʷ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʜʽʘʤʝʪʨ 

ʥʘʧʨʘʚʣʷʶʯʦʛʦ ʮʠʣʽʥʜʨʘ ʪʘ ʫʟʛʦʜʠʪʠ ʛʝʦʤʝʪʨʽʶ ʪʨʠʤʘʯʘ ʽʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʠʣʘʜʫ. ʋ BIM-ʤʦʜʝʣʽ 

ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʚʩʽ ʩʪʠʢʫʚʘʣʴʥʽ ʚʫʟʣʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ 

ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʥʝʜʦʣʽʢʠ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʦ 

ʚʥʝʩʪʠ ʢʦʨʝʢʪʠʚʠ. ʊʘʢʦʞ BIM-ʤʦʜʝʣʴ ʜʦʧʦʤʦʛʣʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʝʥʝʨʫʚʘʪʠ ʢʨʝʩʣʝʥʥʷ ʪʘ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʜʣʷ 3D-ʜʨʫʢʫ, ʱʦ ʩʫʪʪʻʚʦ ʧʨʠʰʚʠʜʰʠʣʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʟʤʝʥʰʠʣʦ ʨʠʟʠʢʠ ʧʦʭʠʙʦʢ 

ʧʽʜ ʯʘʩ ʜʨʫʢʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʪʨʠʤʘʯ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ˇʨʫʥʪʽʚ ʧʽʜ 

ʽʩʥʫʶʯʠʤʠ ʩʧʦʨʫʜʘʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʩʪʘʚʨʘʮʽʾ ʽʩʪʦʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ.  
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ɸʂʊʋɸʃʔʅɯʉʊʔ ɽʌɽʂʊʀɺʅʆɰ ʇɽʈɽʈʆɹʂʀ ɹɽʊʆʅʋ ʋ ɺʊʆʈʀʅʅʀʁ 

ʑɽɹɯʅʔ ɯ ʆɹʃɸɼʅɸʅʅʗ, ʑʆ ʇʈʀ ʎʔʆʄʋ ɺʀʂʆʈʀʉʊʆɺʋɭʊʔʉʗ 
 

ʄʘʢʩʠʤ ʄʠʢʦʣʘʡʯʫʢ, ʩʪʫʜʝʥʪ1,  

ɺʣʘʜʠʩʣʘʚ ʂʽʙʘʣʝʥʢʦ, ʩʪʫʜʝʥʪ1,   

ʆʣʝʢʩʘʥʜʨ ɼʴʷʯʝʥʢʦ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ1(ORCID: 0000-0001-8199-2504),  

ɺʦʣʦʜʠʤʠʨ ʉʣʶʩʘʨ, ʘʩʠʩʪʝʥʪ, ʘʩʧʽʨʘʥʪ1 (ORCID: 0000-0003-4332-3144), 
1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʦʨʫʯ ʽʟ ʧʦʰʫʢʦʤ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʦʪʨʠʤʘʥʥʷ ʩʧʦʞʠʚʘʯʝʤ ʪʦʚʘʨʽʚ ʽ ʧʦʩʣʫʛ, ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʱʝʙʥʶ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʦʙôʻʤ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘʢ ʽ ʦʙôʻʤ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ, ʱʦ ʡʜʝ ʥʘ ʟʘʭʦʨʦʥʝʥʥʷ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʦʛʣʷʜ ʧʝʨʝʣʽʢʫ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʙʝʪʦʥʫ ʫ ʚʪʦʨʠʥʥʠʡ ʱʝʙʽʥʴ, ʚʠʟʥʘʯʝʥʽ ʩʭʝʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʝʨʝʨʦʙʢʠ ʽ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʦ ʧʝʨʝʨʦʙʮʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʣʦʛʽʩʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʚʠʜʠ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʙʽʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʙʝʪʦʥʫ, ʚʠʟʥʘʯʝʥʽ ʾʭ ʥʝʜʦʣʽʢʠ 

ʽ ʧʝʨʝʚʘʛʠ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʢʦʤʧʣʝʢʩʽ ʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʤʦʙʽʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʨʦʙʣʝʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ ʨʘʟʦʤ ʟ ʜʦʧʦʤʽʞʥʠʤ ʥʘʚʽʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʝʢʩʢʘʚʘʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʱʝʙʥʶ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʙʽʣʴʥʽ ʫʩʪʘʥʦʚʢʠ; ʧʝʨʝʨʦʙʢʘ; ʚʪʦʨʠʥʥʠʡ ʱʝʙʽʥʴ; ʣʦʛʽʩʪʠʯʥʠʡ ʣʘʥʮʶʛ; ʧʦʜʨʽʙʥʝʥʥʷ; 

ʩʦʨʪʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ɹʫʜʽʚʣʽ ʽ ʩʧʦʨʫʜʠ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʽʩʪʦʨʠʯʥʦʾ ʮʽʥʥʦʩʪʽ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʧʨʦʮʝʩʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʾ, 

ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʨʝʤʦʥʪʫ, ʨʝʩʪʘʚʨʘʮʽʾ ʘʙʦ ʞ ʚʨʝʰʪʽ ʨʝʰʪ - ʜʝʤʦʥʪʘʞʫ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ 

ʟôʷʚʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ 

ʋʪʚʦʨʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʧʦʨʦʜʞʫʻ ʜʚʽ ʧʨʦʙʣʝʤʠ:  

- ʚʠʩʥʘʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ;  

- ʟʘʩʤʽʯʝʥʥʷ ʚʝʣʠʢʠʭ ʧʣʦʱ ʽ ʜʽʣʷʥʦʢ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʧʝʨʝʨʦʙʢʠ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʘʛʘʣʦʤ ʽ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ ʟʦʢʨʝʤʘ ʫ ʚʪʦʨʠʥʥʫ ʩʠʨʦʚʠʥʫ ʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʻ ʩʪʨʘʪʝʛʽʯʥʦʶ ʜʣʷ ʋʢʨʘʾʥʠ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 

ɺ ʋʢʨʘʾʥʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʫʜʽʚʝʣʴʥʝ ʩʤʽʪʪʷ ʧʦʪʨʘʧʣʷʻ ʥʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʘʙʦ ʧʦʣʽʛʦʥʠ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ(ʊʇɺ). ɺʽʜʩʦʪʦʢ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ, ʷʢʝ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʥʘ ʚʪʦʨʠʥʥʫ 

ʩʠʨʦʚʠʥʫ ʚ ʋʢʨʘʾʥʽ ʥʝ ʦʮʽʥʝʥʦ ʽ ʜʦʩʽ[1].  

ɺʽʜʩʦʪʦʢ ʧʝʨʝʨʦʙʣʝʥʠʭ ʚ ʋʢʨʘʾʥʽ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʩʪʘʥʦʤ ʥʘ 2022 ʨʽʢ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ï 3,2%[2]. 

ʇʝʨʝʨʦʙʢʘ ʙʝʪʦʥʫ ʫ ʩʠʨʦʚʠʥʫ ʟ ʤʝʪʦʶ ʾʾ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʧʣʦʱʫ ʧʦʣʽʛʦʥʽʚ ʽ ʟʚʘʣʠʱ[3]. ʊʘʢʦʞ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʨʦʙʣʝʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʜʨʦʙʣʝʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʜʦʙʫʚʘʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʱʝʙʽʥʴ ʽ ʧʽʩʦʢ[4].  

ʄʝʪʘ ʨʦʙʦʪʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʥʝʜʦʣʽʢʽʚ ʽ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʜʨʦʙʣʝʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ ʙʝʪʦʥʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʪʦʨʠʥʥʦʛʦ ʱʝʙʥʶ. 

ɼʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ:  

- ʚʠʢʦʥʘʪʠ ʦʛʣʷʜ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʧʝʨʝʨʦʙʢʠ ʙʝʪʦʥʫ ʚ ʋʢʨʘʾʥʽ; 

- ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ;  

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʠʜʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ ʚ 

ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ ʫ ʚʪʦʨʠʥʥʠʡ ʱʝʙʽʥʴ ʽ ʚʠʟʥʘʯʠʪʠ ʥʝʜʦʣʽʢʠ ʽ ʧʝʨʝʚʘʛʠ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, 

ʥʘʷʚʥʠʭ ʥʘ ʨʠʥʢʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ʇʨʦʮʝʩʠ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʙʝʪʦʥʫ ʫ ʚʪʦʨʠʥʥʠʡ ʱʝʙʽʥʴ(recycled concrete 

aggregate - RCA) ʧʦʜʽʣʷʶʪʴ ʥʘ ʦʩʥʦʚʥʽ, ʦʙʩʣʫʛʦʚʫʶʯʽ ʽ ʜʦʧʦʤʽʞʥʽ. 
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ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʧʝʨʝʨʦʙʢʠ(ʨʦʟʜʽʣʝʥʥʷ 

ʧʣʠʪ ʥʘ ʰʤʘʪʢʠ, ʚʠʜʘʣʝʥʥʷ ʘʨʤʘʪʫʨʠ, ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʱʝʙʥʶ, ʪʦʱʦ), ʘ ʜʦ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʣʦʛʽʩʪʠʯʥʽ ʧʨʦʮʝʩʠ(ʩʢʣʘʜʫʚʘʥʥʷ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ). ɼʦʧʦʤʽʞʥʽ ʧʨʦʮʝʩʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʠʨʦʙʣʝʥʥʷʤ ʝʥʝʨʛʽʾ. 

ʋ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ ʙʝʪʦʥʫ ʫʪʚʦʨʶʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʠʡ ʣʘʥʮʶʛ ʫʯʘʩʥʠʢʽʚ, ʜʦʚʞʠʥʘ ʷʢʦʛʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʝʨʝʨʦʙʢʠ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʚʧʣʠʚʘʻ ʪʨʠʚʘʣʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʽ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʦʧʝʨʘʮʽʡ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʢʨʝʤʦʛʦ ʣʦʛʽʩʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʝʨʝʨʦʙʢʠ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʦʢʨʝʤʽ ʧʨʦʮʝʩʠ: 

( ) 100% max
1 1

n k
ɽ ʏ ʏʮi ʣjʃ i j

= Ö ­
= =ä ä     (1) 

ʜʝ 
1

n
ʏʮii=ä  - ʚʠʪʨʘʪʘ ʯʘʩʫ ʥʘ ʧʨʦʮʝʩʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʮʽʥʥʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʛʦʜ; 

1

n
ʏʣjj=ä  - ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʣʘʥʮʶʛʘ, ʛʦʜ. 

ʇʨʠʯʦʤʫ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʽ, ʘ ʦʪ ʦʙʩʣʫʛʦʚʫʶʯʽ 

ʦʧʝʨʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʠʭ ʚʠʪʨʘʪ ʯʘʩʫ. ʊʦʤʫ ʜʦʮʽʣʴʥʠʤ ʻ ʧʦʰʫʢ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʩʢʦʨʦʪʠʪʠ 

ʣʦʛʽʩʪʠʯʥʠʡ ʣʘʥʮʶʛ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʢʠ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʟʥʠʟʠʪʴ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ 

ʦʙʩʣʫʛʦʚʫʶʯʽ ʧʨʦʮʝʩʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʢʦʤʧʣʝʢʪʽʚ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʤʝʞʘʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʽʩʮʴ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʭʦʜʽʚ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʪʘʥʦʤ ʥʘ 2020 ʨʽʢ ʚ ʋʢʨʘʾʥʽ ʧʦʥʘʜ 80% ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ 

ʟʙʫʜʦʚʘʥʦ ʱʝ ʜʦ 1980 ʨʦʢʽʚ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʝ ʞʠʪʣʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ 

ʚʠʤʦʛʘʤ ʧʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʶ, ʻ ʥʝʟʨʫʯʥʠʤ ʜʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽʥʢʣʶʟʠʚʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʚʠʤʘʛʘʻ ʯʘʩʪʠʭ ʨʝʤʦʥʪʽʚ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ. 

ɺʞʝ ʟʘʨʘʟ ʥʝʦʙʭʽʜʥʦ ʟʘʜʫʤʫʚʘʪʠʩʷ ʥʘʜ ʨʽʰʝʥʥʷʤ ʞʠʪʣʦʚʦʾ ʢʨʠʟʠ ʽ ʚʠʢʦʥʫʚʘʪʠ ʧʣʘʥʫʚʘʥʥʷ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦ ʦʥʦʚʣʝʥʥʶ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ. ʆʥʦʚʣʝʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʜʚʦʤʘ 

ʦʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ: ʧʝʨʰʠʡ ï ʟʥʝʩʝʥʥʷ ʩʪʘʨʠʭ ʘʙʦ ʧʦʰʢʦʜʞʝʥʠʭ ʙʫʜʠʥʢʽʚ ʽ ʟʚʝʜʝʥʥʷ ʥʘ ʾʭ ʤʽʩʮʽ 

ʥʦʚʠʭ ʽ ʩʫʯʘʩʥʠʭ, ʜʨʫʛʠʡ ï ʷʢʽʩʥʽ ʽ ʢʦʤʧʣʝʢʩʥʽ ʧʨʦʮʝʩʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʚʽʜʥʦʚʣʝʥʥʷ, ʨʝʤʦʥʪʫ, 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽ ʨʝʩʪʘʚʨʘʮʽʾ ʚʞʝ ʽʩʥʫʶʯʠʭ ʙʫʜʠʥʢʽʚ. 

ɹʝʪʦʥʥʽ ʚʠʨʦʙʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʦʜʥʠʤʠ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. 

ʇʦʰʠʨʝʥʥʶ ʙʝʪʦʥʫ ʩʧʨʠʷʶʪʴ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʚʽʥ ʻ 

ʜʦʚʛʦʚʽʯʥʠʤ ʽ ʤʽʮʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʧʨʦʪʠʩʪʦʾʪʴ ʝʨʦʟʽʾ, ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, 

ʧʽʜʚʠʱʝʥʽʡ ʚʦʣʦʛʦʩʪʽ, ʢʦʨʦʟʽʾ ʽ ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ, ʚʠʤʘʛʘʶʯʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʨʝʤʦʥʪʫ. ʏʝʨʝʟ ʧʦʰʠʨʝʥʽʩʪʴ ʙʝʪʦʥʫ ʷʢ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʠ ʜʝʤʦʥʪʘʞʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, 

ʣʝʚʦʚʫ ʯʘʩʪʢʫ ʩʝʨʝʜ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ ʟʘʡʤʘʻ ʩʘʤʝ ʙʝʪʦʥ(42% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ). 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʫʪʠʣʽʟʘʮʽʾ ʙʝʪʦʥʫ: ʟʘʭʦʨʦʥʝʥʥʷ ʘʙʦ ʧʝʨʝʨʦʙʢʘ. 

ɹʝʪʦʥ ʤʦʞʥʘ ʧʝʨʝʨʦʙʠʪʠ ʫ ʚʪʦʨʠʥʥʠʡ ʱʝʙʽʥʴ, ʱʦ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʥʦʢ ʫ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ 

ʜʣʷ ʽʥʰʠʭ ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʠʞʥʽʭ ʰʘʨʘʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ.  

ʇʣʶʩʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʝʪʦʥʫ ʫ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ: 1 ï ʪʘʢʠʡ 

ʥʘʧʦʚʥʶʚʘʯ ʜʝʰʝʚʰʠʡ; 2 ï ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʽ ʚʫʛʣʝʮʶ; 3 ï ʟʤʝʥʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʽʭ ʨʝʯʦʚʠʥ ʫ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ; 4 ï ʩʪʘʣʝ ʙʫʜʽʚʥʠʮʪʚʦ(ʤʽʥʽʤʽʟʘʮʽʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʽ ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʦʟʠʪʠʚʥʦʛʦ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ)[4]. 

ʅʘʜʘʣʽ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʦʛʣʷʜ ʤʦʙʽʣʴʥʠʭ ʧʦʜʨʽʙʥʶʚʘʣʴʥʦ-ʩʦʨʪʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʦʞ 

ʩʫʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʥʢʫ ʽ ʘʥʘʣʽʟ ʾʭ ʥʝʜʦʣʽʢʽʚ ʽ ʧʝʨʝʚʘʛ.  

ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʻ ʤʦʙʽʣʴʥʽ ʧʦʜʨʽʙʥʶʚʘʣʴʥʦ-ʩʦʨʪʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ 

ʦʙôʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʰʘʩʽ, ʦʧʦʨʥʫ ʨʘʤʫ ʟ ʘʫʪʨʠʛʝʨʘʤʠ, ʜʨʦʙʘʨʢʫ, ʛʨʦʭʦʪ, ʢʦʥʚʝʻʨʥʽ ʩʠʩʪʝʤʠ ʽ ʜʦʜʘʪʢʦʚʝ 

ʦʙʣʘʜʥʘʥʥʷ(ʨʠʩ.1). ʆʜʥʘ ʫʩʪʘʥʦʚʢʘ ʚʠʢʦʥʫʻ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʝʣʽʢ ʦʧʝʨʘʮʽʡ ʜʨʦʙʣʝʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʟʘ ʨʦʟʤʽʨʦʤ ʤʘʪʝʨʽʘʣ, ʨʦʟʩʦʨʪʦʚʘʥʠʡ ʟʘ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ.   
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ʆʜʥʘʢ ʩʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʪʝ, ʱʦ ʧʦʜʽʙʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʤʘʻ ʚʠʩʦʢʫ ʤʘʩʫ ʽ 

ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʩʧʝʮʜʦʟʚʦʣʽʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʜʦʨʦʛʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ɸ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʤʘʶʪʴ ʛʫʩʝʥʠʯʥʝ ʰʘʩʽ ʚʠʤʘʛʘʶʪʴ ʱʝ ʡ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʪʨʝʡʣʝʨʽʚ(ʪʨʘʣʽʚ) ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʤʽʞ 

ʙʫʜʤʘʡʜʘʥʯʠʢʘʤʠ.  ɺʘʨʪʽʩʪʴ ʾʭ ʢʫʧʽʚʣʽ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

 
ʘ)      ʙ) 

ʈʠʩ. 1. ʄʦʙʽʣʴʥʽ ʧʦʜʨʽʙʥʶʚʘʣʴʥʦ-ʩʦʨʪʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʦʣʽʩʥʦʤʫ(ʘ) ʽ ʛʫʩʝʥʠʯʥʦʤʫ (ʙ) ʰʘʩʽ 

 

ʄʝʥʰʦʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ ʥʘʜʽʣʝʥʽ ʤʦʙʽʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰ ʜʣʷ 

ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ(ʨʠʩ.2). ɼʦ ʧʨʠʢʣʘʜʫ ʤʦʜʫʣʴʥʽ ʧʦʜʨʽʙʥʶʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʘʙʦ ʤʦʙʽʣʴʥʽ 

ʩʦʨʪʫʚʘʣʴʥʽ. ʊʘʢʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʾ 

ʦʧʝʨʘʮʽʾ(ʩʦʨʪʫʚʘʥʥʷ ʘʙʦ ʧʦʜʨʽʙʥʝʥʥʷ) ʽ ʦʙʩʣʫʛʦʚʫʶʯʦʾ(ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʥʚʝʻʨʽʚ).  

ʆʜʥʘʢ ʪʘʢʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʤʦʞʥʘ ʢʦʤʧʦʥʫʚʘʪʠ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʦʛʦ, 

ʷʢʠʡ ʨʦʟʤʽʨ ʤʘʪʝʨʽʘʣʫ ʙʫʜʝ ʥʘʜʭʦʜʠʪʠ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʮʽʣʴʦʚʽ ʬʨʘʢʮʽʾ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʉʝʨʝʜ ʧʝʨʝʚʘʛ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ï ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʝʥʰʫ ʮʽʥʫ ʢʫʧʽʚʣʽ 

ʽ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʄʘʩʘ ʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʷʶʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ 

ʾʭ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʪʨʘʣʽʚ ʽ ʙʝʟ ʦʪʨʠʤʘʥʥʷ ʩʧʝʮʜʦʟʚʦʣʽʚ. ɸ ʫ ʚʠʧʘʜʢʫ ʩʦʨʪʫʚʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʢʦʣʽʩʥʦʤʫ ʰʘʩʽ ʧʦʪʨʝʙʘ ʫ ʪʨʘʣʘʭ ʚʽʜʧʘʜʘʻ ʧʦʚʥʽʩʪʶ.  

   
ʘ)    ʙ)     ʚ) 

 
ʛ)    ʜ) 

ʈʠʩ.2. ʇʝʨʝʩʫʚʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʨʦʙʣʝʥʥʷ(ʘ), (ʙ), (ʚ) ʪʘ ʩʦʨʪʫʚʘʥʥʷ (ʛ), (ʜ) 

 

ʉʫʧʫʪʥʽ ʦʧʝʨʘʮʽʾ ʧʦʜʨʽʙʥʝʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ ʘʙʦ ʧʨʦʩʽʶʚʘʥʥʷ ʱʝʙʥʶ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʟ 

ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʝʢʩʢʘʚʘʪʦʨʠ(ʨʠʩ.3). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʤʘʻ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʥʴʦʛʦ ʻ ʽʩʪʦʪʥʘ ʧʝʨʝʚʘʛʘ. ʄʘʶʯʠ ʦʜʥʫ 

ʙʘʟʦʚʫ ʤʘʰʠʥʫ ʤʦʞʥʘ ʟʘ ʧʦʪʨʝʙʠ ʚʠʢʦʥʫʚʘʪʠ ʪʽ ʯʠ ʽʥʰʽ ʦʧʝʨʘʮʽʾ ʧʨʦʩʪʦ ʟʘʤʽʥʠʚʰʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ 

ʧʨʠʢʨʽʧʣʝʥʦ ʜʦ ʩʪʨʽʣʠ. 
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ʘ)    ʙ)    ʚ) 

ʈʠʩ.3. ɿʤʽʥʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʝʢʩʢʘʚʘʪʦʨʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʜʨʽʙʥʝʥʥʷ(ʘ), ʧʨʦʩʽʶʚʘʥʥʷ(ʙ) ʽ ʩʦʨʪʫʚʘʥʥʷ(ʚ) ʩʠʧʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

 

ʆʙʛʦʚʦʨʝʥʥʷ. ʇʨʠ ʥʝʟʤʽʥʥʠʭ ʦʙôʻʤʘʭ ʧʝʨʝʨʦʙʢʠ ʽ ʩʧʦʞʠʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʣʦʛʽʩʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʫ ʢʘʥʘʣʽ,  

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʦʧʝʨʘʮʽʡ, ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʚʠʢʦʥʘʥʥʷ ʟʘʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ. 

ɼʣʷ ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʝʣʽʢʫ ʫʯʘʩʥʠʢʽʚ ʽ ʢʽʣʴʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʦʧʝʨʘʮʽʡ ʚʘʨʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ  ʧʝʨʝʨʦʙʢʠ, ʫ ʷʢʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʙʽʣʴʥʽ 

ʧʦʜʨʽʙʥʶʚʘʣʴʥʦ-ʩʦʨʪʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʽ ʩʫʧʫʪʥʻ ʫʥʽʚʝʨʩʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʩʪʘʚʣʷʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʡʜʘʥʯʠʢ, ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʙʝʪʦʥʫ ʽ ʩʦʨʪʫʚʘʥʥʷ 

ʚʪʦʨʠʥʥʦʛʦ ʱʝʙʝʥʶ ʥʘ ʬʨʘʢʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʨʦʟʧʦʜʽʣʷʶʪʴ ʽ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʤʽʞ 

ʟʘʤʦʚʥʠʢʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʦʛʣʷʜʫ ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʦ: 

-ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʰʠʨʦʢʠʡ ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ 

ʦʧʝʨʘʮʽʡ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʫʜʤʘʡʜʘʥʯʠʢʫ ʽ ʩʢʦʨʦʪʠʪʠ 

ʣʦʛʽʩʪʠʯʥʠʡ ʣʘʥʮʶʛ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

-ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ ʨʦʟʨʦʙʢʠ ʻ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ(ʜʨʦʙʣʝʥʥʷ ʘʙʦ ʩʦʨʪʫʚʘʥʥʷ) ʯʝʨʝʟ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʝʥʰʫ ʤʘʩʫ ʽ 

ʥʠʞʯʫ ʚʘʨʪʽʩʪʴ. 

-ʫ ʨʘʤʢʘʭ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʥʘʫʢʦʚʦʛʦ ʛʫʨʪʢʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʪʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ 

ʤʦʞʥʘ ʰʚʠʜʢʦ ʧʝʨʝʤʽʱʫʚʘʪʠ ʟ ʦʜʥʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʜʦ ʽʥʰʦʛʦ, ʨʦʟʛʦʨʪʘʪʠ ʽ ʢʦʤʧʦʥʫʚʘʪʠ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  
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waste landfills] (2023) MCL.KIEV.UA. https://mcl.kiev.ua/ocenka-vozdejstvija-na-okruzhajushhuju-sredu-pri-stroitelstve-

poligonov-tbo/  

2. Smittieva katastrofa v Ukraini: yak pozbutysia vidkhodiv zavdiaky dosvidu YeC [Garbage disaster in Ukraine: how to get 

rid of waste thanks to the EU experience] (2022 june 27) ECOPOLITIC. https://ecopolitic.com.ua/ua/news/smittieva-

katastrofa-v-ukraini-yak-pozbutisya-vidhodiv-zavdyaki-dosvidu-ies/ 

3. Marinkoviĺ, S., & Careviĺ, V. (2019). Comparative studies of the life cycle analysis between conventional and recycled 

aggregate concrete. New trends in eco-efficient and recycled concrete, Woodhead Publishing, 257-291. 

https://doi.org/10.1016/B978-0-08-102480-5.00010-5  

4. Zhang, Y., & Lu, R. (2025). Effects of recycled lightweight aggregates as coarse aggregates on workability, mechanical and 
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ʂʆʅʎɽʇʎɯʗ ʉʀʉʊɽʄʀ çʈʆɿʋʄʅʆɻʆè ɺʀʈʆɹʅʀʎʊɺɸ ʅɸ ʆʉʅʆɺɯ ɯʦʊ 
 
ʄʘʨʽʷ ɼʘʥʠʣʴʯʝʥʢʦ, ʩʪʫʜʝʥʪʢʘ1, 

ɭʚʛʝʥʽʡ ɻʦʨʙʘʪʶʢ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ1 (ORCID: 0000-0002-8148-5323),  

ɼʤʠʪʨʦ ʄʽʱʫʢ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ1 (ORCID: 0000-0002-8263-9400), 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɸʅʆʊɸʎɯʗ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʦʥʢʫʨʝʥʮʽʷ ʩʝʨʝʜ ʢʦʤʧʘʥʽʡ ʟʘ ʫʚʘʛʫ ʩʧʦʞʠʚʘʯʘ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʦʞ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʭ ʟʘʣʠʰʠʣʦʩʷ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʚ ʋʢʨʘʾʥʽ. ʉʫʯʘʩʥʽ ʨʝʘʣʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ ʧʦʪʨʝʙʫʶʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ ʘʚʪʦʥʦʤʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʨʦʝʢʪʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʘʚʪʦʥʦʤʥʽʩʪʴ ʚ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚʠʪʢʫ ʻ ʩʪʚʦʨʝʥʥʷ çʨʦʟʫʤʥʠʭè ʚʠʨʦʙʥʠʮʪʚ. ʉʪʨʽʤʢʠʡ ʨʽʚʝʥʴ 

ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʡ çʨʦʟʫʤʥʠʭè ʚʠʨʦʙʥʠʮʪʚ. ɿʦʢʨʝʤʘ, ʪʝʭʥʦʣʦʛʽʾ çʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡè (ɯʦʊ) ʻ ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ 

çʨʦʟʫʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚè ʪʘ ʾʭʥʴʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʝʘʣʴʥʽ ʧʨʦʝʢʪʠ. 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʫʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʩʪʠʪʴ ʢʦʥʮʝʧʮʽʾ çʨʦʟʫʤʥʠʭè ʧʨʠʩʪʨʦʾʚ, ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʈʦʟʫʤʥʽ ʧʨʠʩʪʨʦʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢ ʟʙʽʨ ʪʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʜʦ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʜʦ ʩʝʨʚʝʨʽʚ ʚ ʽʥʪʝʨʥʝʪ 

ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʽ ʟʚʦʨʦʪʥʽ ʜʽʶ, ʪʦʙʪʦ ʟʯʠʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʜʘʥʠʭ ʟ ʤʝʨʝʞʽ ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʡ. ʍʤʘʨʥʽ 

ʦʙʯʠʩʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ çʨʦʟʫʤʥʠʤʠè ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, 

ʷʢʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʷʢ ʣʦʢʘʣʴʥʽ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʨʷʜ ʟ ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ ʘʙʦ ʩʝʥʩʦʨʦʤ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʪʘʢ ʽ ʛʣʦʙʘʣʴʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʨʽʟʥʠʭ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʣʽʻʥʪʽʚ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ. ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: çʨʦʟʫʤʥʝè ʚʠʨʦʙʥʠʮʪʚʦ; ʢʦʥʮʝʧʮʽʷ; ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ; ɯʦʊ. 

 

çɯʥʪʝʨʥʝʪ ʨʝʯʝʡè (IoT) ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʜʘʚʥʦ ʚʠʡʰʣʘ ʟʘ ʤʝʞʽ ʢʦʥʮʝʧʮʽʾ ʪʘ ʘʢʪʠʚʥʦ 

ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʨʽʟʥʽ ʩʬʝʨʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ IoT ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʽʩʪ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

IoT ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘʢ ʟʚʘʥʠʭ çʨʦʟʫʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚè. ʎʝ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʛʥʫʯʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʩʝ ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʟʘʚʜʷʢʠ ʦʙ'ʻʜʥʘʥʥʶ ʨʽʟʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʜʘʪʯʠʢʽʚ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [1-3].  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ IoT ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʞʥʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

- ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭʥʽʡ 
ʪʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ; 

- ʚʠʢʦʥʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʚʩʽʭ ʝʪʘʧʽʚ  ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʷʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ; 

- ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ (ʝʥʝʨʛʽʾ, ʤʘʪʝʨʽʘʣʽʚ), ʟʤʝʥʰʝʥʥʷ ʧʨʦʩʪʦʾʚ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 
ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ;  

- ʢʦʥʪʨʦʣʶʚʘʪʠ ʫʤʦʚʠ ʧʨʘʮʽ ʪʘ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ ʥʘ ʨʦʙʦʯʦʤʫ 
ʤʘʡʜʘʥʯʠʢʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʝʟʧʝʯʥʝ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ; 

- ʩʪʚʦʨʶʚʘʪʠ ʛʥʫʯʢʽ ʪʘ ʘʜʘʧʪʠʚʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ ʪʘ ʨʠʥʢʦʚʽ ʪʝʥʜʝʥʮʽʾ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʣʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ çʨʦʟʫʤʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘè ʙʫʜʫʪʴ ʢʦʥʪʨʦʣʴ 

ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʆɽɽ), ʯʘʩ ʧʨʦʩʪʦʶ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ, ʨʽʚʝʥʴ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ [4, 5].  

ʈʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʫ ʩʭʝʤʫ ʧʨʦʝʢʪʫ çʨʦʟʫʤʥʦʛʦè ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʦʩʥʦʚʽ IoT ʟ ʈʠʩ. 1. 

ʈʽʚʝʥʴ ʧʨʠʩʪʨʦʾʚ ʤʽʩʪʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʘʪʯʠʢʠ (ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʪʠʩʢʫ, ʚʽʙʨʘʮʽʾ, 

ʧʝʨʝʤʽʱʝʥʥʷ, ʨʽʚʥʷ ʟʘʧʦʚʥʝʥʥʷ ʪʦʱʦ), ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ (ʢʣʘʧʘʥʠ, ʜʚʠʛʫʥʠ) ʪʘ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ, 

ʷʢʘ ʟʘʟʚʠʯʘʡ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ (PLC) ʪʘ ʽʥʰʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ʎʽ ʧʨʠʩʪʨʦʾ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ, 
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ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʢʦʞʝʥ ʚʝʨʩʪʘʪ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʜʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʠ ʜʚʠʛʫʥʘ, ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢʦʞ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʣʽʯʠʣʴʥʠʢʠ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ [1, 3, 5]. 

 
 

ʈʠʩ. 1. ɿʘʛʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ çʨʦʟʫʤʥʦʛʦè ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʦʩʥʦʚʽ IoT 

 

ʈʽʚʝʥʴ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʯʝʨʝʟ ʨʽʟʥʽ ʤʝʨʝʞʝʚʽ ʧʨʦʪʦʢʦʣʠ 

(ʥʘʧʨʠʢʣʘʜ, MQTT, OPC UA) ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʽ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʽʜ 

ʮʝʥʪʨʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʜʦ ʨʽʚʥʷ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʷʢ ʜʨʦʪʦʚʽ 

(Ethernet, Industrial Ethernet), ʪʘʢ ʽ ʙʝʟʜʨʦʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ (Wi-Fi, Bluetooth, LoRaWAN, NB-IoT). ɼʘʥʽ 

ʟ ʜʘʪʯʠʢʽʚ ʯʝʨʝʟ ʧʨʦʤʠʩʣʦʚʫ ʤʝʨʝʞʫ (ʥʘʧʨʠʢʣʘʜ, Modbus TCP/IP) ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʠʡ ʰʣʶʟ 

IoT, ʷʢʠʡ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʭʤʘʨʥʦʾ IoT-ʧʣʘʪʬʦʨʤʠ ʯʝʨʝʟ Ethernet ʘʙʦ Wi-Fi. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʘʛʨʝʛʫʶʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʘʥʘʣʽʪʠʢʠ ʚʠʷʚʣʷʶʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʧʦʜʽʾ ʪʘ ʛʝʥʝʨʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ 

ʤʘʡʙʫʪʥʽʭ ʜʽʡ [4, 6, 7].  

ʈʽʚʝʥʴ ʟʘʩʪʦʩʫʥʢʽʚ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʘʥʠʭ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ ʪʘ ʛʝʥʝʨʫʚʘʥʥʷ ʽ ʥʘʧʨʘʚʣʝʥʥʷ ʢʦʤʘʥʜ ʥʘ ʘʢʪʫʘʪʦʨʠ ʪʘ 

ʢʦʥʪʨʦʣʝʨʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ. 

ɺ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʩʣʽʜʠʪʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʨʝʘʣʽʟʘʮʽʾ IoT, ʷʢʘ ʤʽʩʪʠʪʴ (ʜʠʚ. ʈʠʩ. 2.):  

- ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ DELFA VFD004EL43A; 

- ʤʦʜʫʣʴ arduino D1 WiFi UNO R3 ESP8266 ESP-12E; 

- ʝʥʢʦʜʝʨ Opkon PRI-40-A-R6-HLD-360-ZZ-V3-2M5-R; 

- ʣʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ Raspberry Pi 4 Model B.  

ɺ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʦ ʢʦʤʫʥʽʢʘʮʽʶ ʟ ʩʝʨʚʝʨʘʤʠ Azure ʪʘ Amazone. ʉʘʤʝ ʮʽ ʩʝʨʚʝʨʘ 

ʤʘʶʪʴ ʨʦʟʚʠʥʝʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ [5, 6].   

ɼʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʨʦʙʦʪʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʟ ʥʝʟʥʘʯʥʠʤʠ ʟʤʽʥʘʤʠ ʪʘ 

ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʨʘʥʽʚ, ʤʘʰʠʥ ʜʣʷ ʜʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʫʱʽʣʴʥʝʥʥʷ [3-5].  
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ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʀʁ ʈɽʅɽʉɸʅʉ: ɯʅʅʆɺɸʎɯʁʅɯ ɹʋɼɯɺɽʃʔʅɯ 

ʊɽʍʅʆʃʆɻɯɰ ʋ ʇʆɺʆɭʅʅɯʁ ɺɯɼɹʋɼʆɺɯ ʋʂʈɸɰʅʀ 
 
ɻʘʥʥʘ ʐʧʘʢʦʚʘ, ʧʨʦʬʝʩʦʨ, ʜ.ʝ.ʥ, ʧʨʦʬʝʩʦʨ1(ORCID: 0000-0003-2124-0815), 

ɸʥʜʨʽʡ ʐʧʘʢʦʚ, ʧʨʦʬʝʩʦʨ, ʜ.ʝ.ʥ, ʧʨʦʬʝʩʦʨ1(ORCID: 0000-0002-7498-4271), 

ɯʨʠʥʘ ɻʣʫʱʝʥʢʦ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ1 , 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧ. ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, 31, ʋʢʨʘʾʥʘ   

 
ɸʅʆʊɸʎɯʗ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʦʤʧʣʝʢʩ ʝʢʦʥʦʤʽʯʥʠʭ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ, ʬʽʥʘʥʩʦʚʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʛʫʤʘʥʽʪʘʨʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʩʪʨʘʪʝʛʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ ʧʽʩʣʷ ʚʦʻʥʥʠʭ ʜʽʡ. ʅʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʜʝʨʞʘʚʥʦʾ çʉʪʨʘʪʝʛʽʾ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʜʦ 2050 ʨ.è, ʜʠʨʝʢʪʠʚ ɭʉ, ʧʨʦʛʨʘʤ ɭɯɹ, KfW ʪʘ USAID, ʘ ʪʘʢʦʞ 

ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʽʚ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ ʧʦʣʽʪʠʢʠ, ʽʥʚʝʩʪʠʮʽʡ ʽ ʮʠʬʨʦʚʽʟʘʮʽʾ ʟʜʘʪʥʝ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʧʨʦʪʷʛʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʯʘʩʫ. ʆʧʠʩʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʤʽʩʪ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤ ʫ ʛʨʦʤʘʜʘʭ, ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʞʠʪʣʘ ʜʣʷ 

ɺʇʆ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʙʝʪʦʥʫ ʽʟ ʪʝʭʥʦʣʦʛʽʻʶ CarbonCure. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʪʝʧʣʦʚʠʤʠ 

ʥʘʩʦʩʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʬʦʥʜʫ çGreenRebuildè, ʧʦʰʠʨʝʥʥʷ ESCO-ʤʦʜʝʣʽ, ʽʥʪʝʛʨʘʮʽʾ 

BIM ʪʘ EMS ʫ ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʢʨʠʪʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʙôʻʢʪʽʚ, ʱʦ ʬʽʥʘʥʩʫʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ; ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ; ʪʝʭʥʦʣʦʛʽʾ; ʙʫʜʽʚʥʠʮʪʚʦ; ʮʠʬʨʦʚʽʟʘʮʽʷ 

 

ɺʩʪʫʧ. ʇʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ, ʷʢ ʽ ʟʘʛʘʣʴʥʦʝʢʦʥʦʤʽʯʥʽ ʪʘ ʧʦʣʽʪʠʯʥʽ 

ʪʨʝʥʜʠ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʜʫʯʠʤʠ ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ, ʩʝʨʝʜ ʷʢʠʭ 

ʧʝʨʰʽ ʤʽʩʮʷ ʟʘʡʤʘʶʪʴ ʉʐɸ, ʗʧʦʥʽʷ, ʌʈʅ, ʌʨʘʥʮʽʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ. ʊʦʤʫ ʢʨʘʾʥʠ, ʷʢʽ ʧʨʘʛʥʫʪʴ 

ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʨʝʪʝʣʴʥʦ ʩʪʝʞʘʪʴ ʟʘ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʩʝʢʪʦʨʘ ʝʢʦʥʦʤʽʢʠ ʚʝʜʫʯʠʭ ʢʨʘʾʥ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʣʘʥʽʚ. 

ʇʨʦʪʝ ʨʝʘʣʴʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʦʙʫʤʦʚʣʝʥʘ ʪʨʠʚʘʣʦʶ ʚʽʡʩʴʢʦʚʦʶ ʘʛʨʝʩʽʻʶ, 

ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʚ ʪʝʥʜʝʥʮʽʾ ʪʘ ʧʨʽʦʨʠʪʝʪʠ ʥʝ ʪʽʣʴʢʠ ʻʚʨʦʧʝʡʩʴʢʠʭ, ʘʣʝ ʡ ʩʚʽʪʦʚʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʨʧʦʨʘʮʽʡ, ʟʦʙʦʚôʷʟʫʻ ʧʝʨʝʛʣʷʜʘʪʠ ʩʚʽʪʦʚʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʚʝʜʝʥʥʷ ʟʘʭʠʩʥʠʭ 

ʩʧʦʨʫʜ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʧʨʠʟʥʘʯʝʥʴ. ɿʥʘʯʥʠʭ ʟʤʽʥ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʘʟʥʘʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ 

[1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʦʚʥʦʤʘʩʰʪʘʙʥʘ ʘʛʨʝʩʽʷ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʧʝʨʝʪʚʦʨʠʣʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʚʠʢʣʠʢ ʙʝʟʧʨʝʮʝʜʝʥʪʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʚʽʜʢʨʠʣʘ ʚʽʢʥʦ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʝʨʝʡʪʠ ʚʽʜ çʚʽʜʙʫʜʦʚʠ-ʷʢ-ʙʫʣʦè ʜʦ ʩʪʽʡʢʦʛʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋʨʷʜʦʚʘ çʉʪʨʘʪʝʛʽʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴ ʜʦ 2050 ʨ.è 

ʦʬʽʮʽʡʥʦ ʟʘʜʘʻ ʦʨʽʻʥʪʠʨ: ʟʤʝʥʰʠʪʠ ʢʽʥʮʝʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʩʝʢʪʦʨʽ ʙʫʜʽʚʝʣʴ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 

15% ʜʦ 2030 ʨ. ʽ ʜʦʚʝʩʪʠ ʙʽʣʴʰʽʩʪʴ ʩʧʦʨʫʜ ʜʦ ʨʽʚʥʷ ʤʘʡʞʝ ʥʫʣʴʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (NZEB) [2]. 

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʘʤʙʽʮʽʡʥʠʭ ʧʣʘʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʤʧʣʝʢʩʫ ʝʢʦʥʦʤʽʯʥʠʭ, 

ʨʝʛʫʣʷʪʦʨʥʠʭ, ʬʽʥʘʥʩʦʚʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʛʫʤʘʥʽʪʘʨʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʝʨʰʫ ʪʨʘʻʢʪʦʨʽʶ 

ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ. ʇʝʨʰʦʯʝʨʛʦʚʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʠʤʫʣ ï ʜʝʬʽʮʠʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ ï ʧʽʜʩʠʣʶʻʪʴʩʷ ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʤʽʥʘʤʠ. ʋʢʨʘʾʥʘ ʽʤʧʣʝʤʝʥʪʫʻ ʜʠʨʝʢʪʠʚʠ ɭʉ, 

ʟʦʢʨʝʤʘ ʥʦʚʫ ʨʝʜʘʢʮʽʶ ɼʠʨʝʢʪʠʚʠ (EU) 2023/1791 çʇʨʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴè, ʜʝ ʟʘʢʨʽʧʣʝʥʦ 

ʧʨʠʥʮʠʧ Energy Efficiency First ʜʣʷ ʚʩʽʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʡ ʙʫʜʽʚʥʠʮʪʚʦ [3]. ʎʝʡ 

ʨʝʛʫʣʷʪʦʨʥʠʡ ʪʠʩʢ ʫʞʝ ʪʨʘʥʩʬʦʨʤʫʻ ʧʨʦʻʢʪʥʽ ʚʠʤʦʛʠ: ʥʦʚʽ ʡ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʽ ʦʙôʻʢʪʠ ʤʘʶʪʴ 

ʧʨʦʭʦʜʠʪʠ ʦʙʦʚôʷʟʢʦʚʠʡ ʝʥʝʨʛʦʘʫʜʠʪ ʽ ʜʦʩʷʛʘʪʠ ʱʦʥʘʡʤʝʥʰʝ ʢʣʘʩʫ çBè. ʌʽʥʘʥʩʦʚʫ ʙʘʟʫ ʪʘʢʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʬʦʨʤʫʶʪʴ ʤʽʞʥʘʨʦʜʥʽ ʽʥʩʪʠʪʫʮʽʾ. ɭʚʨʦʧʝʡʩʴʢʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʙʘʥʢ ʚʽʜʢʨʠʚ ʛʘʨʘʥʪʽʶ 

çUkraine Facilityè ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʽ ʟʘʛʘʣʴʥʠʤ ʦʙʩʷʛʦʤ 

ʜʦ 200 ʤʣʥ. ʻʚʨʦ, ʜʦʩʪʫʧʥʠʭ ʯʝʨʝʟ çʋʢʨʝʢʩʽʤʙʘʥʢè ʜʣʷ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ ʟʘʤʦʚʥʠʢʽʚ [4]. 

ʅʽʤʝʮʴʢʠʡ ʙʘʥʢ KfW, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʜʽʣʠʚ 24,2 ʤʣʥ. ʻʚʨʦ ʥʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʞʠʪʣʘ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦ ʧʝʨʝʤʽʱʝʥʠʭ ʦʩʽʙ [5]. 

ɼʨʫʛʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʚʽʪʦʚʽʡ ʪʝʥʜʝʥʮʽʾ ʨʦʟʙʫʜʦʚʠ ʤʝʨʝʞ ʤʽʥʽ-

ʟʘʚʦʜʽʚ. ʊʠʤ ʧʘʯʝ, ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ, ʾʭ çʤʽʥʽʘʪʶʨʥʽʩʪʴè ʻ ʚʝʣʠʢʦʶ ʧʝʨʝʚʘʛʦʶ ʧʽʜ ʯʘʩ 

ʦʙʩʪʨʽʣʽʚ: ʫʨʘʞʝʥʥʷ ʦʜʥʦʾ ʥʝʚʝʣʠʢʦʾ ʣʘʥʢʠ ʢʦʤʧʣʝʢʩʫ ʘʙʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ 
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ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʫʧʠʥʢʠ ʚʩʴʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʊʦʙʪʦ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʨʠʟʠʢʽʚ 

ʧʦʚʽʪʨʷʥʠʭ ʘʪʘʢ ʧʨʽʦʨʠʪʝʪ ʟʘ çʢʦʤʧʘʢʪʥʠʤʠè ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʣʽʥʽʷʤʠ. ɿʚʠʯʘʡʥʦ, ʚʽʡʥʘ ʥʝ ʻ 

ʥʦʨʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʥʦʤʽʢʠ, ʧʨʦʪʝ ʽ ʚ ʤʠʨʥʽ ʯʘʩʠ ʞʦʜʝʥ ʨʝʛʽʦʥ ʥʝ 

ʟʘʩʪʨʘʭʦʚʘʥʠʡ ʚʽʜ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʪʘ ʢʘʪʘʢʣʽʟʤʽʚ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʜʦ ʪʝʭʥʦʛʝʥʥʠʭ 

[1].  

ʅʘʩʪʫʧʥʘ ʪʝʥʜʝʥʮʽʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ ʚʝʜʫʯʠʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʮʝ 

ʩʪʨʫʢʪʫʨʥʽ ʟʨʫʰʝʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʻ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʤʘʢʩʠʤʘʣʴʥʝ 

çʩʪʠʩʢʘʥʥʷè ʚʩʴʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʮʠʢʣʫ (ʧʝʨʝʜʧʨʦʻʢʪʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʙʫʜʽʚʥʠʮʪʚʦ, ʟʜʘʯʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ), ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ. ʊʫʪ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʣʷʛʘʶʪʴ 

ʚ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʘ ʽʥʜʫʩʪʨʽʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɹʫʜʽʚʥʠʮʪʚʦ ʞ ʟʘʭʠʩʥʠʭ ʦʙôʻʢʪʽʚ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʡ ʪʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʨʝʤʦʥʪʥʽ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʦʙʦʪʠ ï ʮʝ ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ, ʷʢʠʡ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʤʘʻ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʚ ʥʘʡʢʦʨʦʪʰʽ 

ʪʝʨʤʽʥʠ. ʊʦʤʫ ʤʘʻ ʤʽʩʮʝ ʪʝʥʜʝʥʮʽʷ ʫʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʩʽʭ ʡʦʛʦ ʝʪʘʧʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʢʦʦʨʜʠʥʦʚʘʥʦʩʪʽ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ. ʊʘʢʦʞ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʧʝʨʝʥʦʩʫ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʽʚ ʟ ʙʫʜʤʘʡʜʘʥʯʠʢʘ ʚ ʟʘʚʦʜʩʴʢʽ ʫʤʦʚʠ. ɺ 

ʮʴʦʤʫ ʨʘʟʽ ʤʦʞʣʠʚʽ ʽʩʪʦʪʥʽ ʩʪʨʫʢʪʫʨʥʽ ʟʨʫʰʝʥʥʷ ʫ ʚʠʪʨʘʪʘʭ ʥʘ ʢʦʨʠʩʪʴ ʩʧʦʣʫʯʝʥʠʭ ʛʘʣʫʟʝʡ [6]. 

ʂʦʥʩʦʨʮʽʫʤ ʫʢʨʘʾʥʩʴʢʠʭ ʽ ʙʨʠʪʘʥʩʴʢʠʭ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘʧʫʩʪʠʚ BIM-ʧʣʘʪʬʦʨʤʫ 

çReBuildUAè, ʱʦ ʚʞʝ ʤʽʩʪʠʪʴ ʙʽʙʣʽʦʪʝʢʫ ʟ ʧʦʥʘʜ ʪʠʩʷʯʽ ʜʚʦʭʩʦʪ ʪʠʧʦʚʠʭ NZEB-ʝʣʝʤʝʥʪʽʚ; 

ʜʦʩʣʽʜʞʝʥʥʷ Loughborough University ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ BIM ʜʘʻ ʟʤʦʛʫ ʩʢʦʨʦʪʠʪʠ 

ʚʽʜʭʦʜʠ ʙʝʪʦʥʫ ʥʘ ʙʫʜʤʘʡʜʘʥʯʠʢʫ ʤʘʡʞʝ ʥʘ ʜʚʘʥʘʜʮʷʪʴ ʚʽʜʩʦʪʢʽʚ [7]. ʇʘʨʘʣʝʣʴʥʦ ʣʦʛʽʩʪʠʯʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʨʫʡʥʫʚʘʥʥʷʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʽʜ ʯʘʩ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, 

ʩʪʠʤʫʣʶʶʪʴ ʧʝʨʝʭʽʜ ʜʦ ʤʦʜʫʣʴʥʦʛʦ ʪʘ ʧʦʟʘʤʘʡʜʘʥʯʠʢʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʦʻʢʪ ONOVA ʫʞʝ 

ʩʧʦʨʫʜʠʚ ʙʽʣʴʰʝ ʥʽʞ ʰʽʩʪʩʦʪ ʤʦʜʫʣʴʥʠʭ ʢʚʘʨʪʠʨ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʦʙʦʣʦʥʢʠ ʷʢʠʭ ʫʜʚʽʯʽ ʢʨʘʱʘ ʟʘ 

ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ɼɹʅ [8]. ɻʫʤʘʥʽʪʘʨʥʠʡ ʚʠʤʽʨ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʰʚʠʜʢʦ ʟʘʙʝʟʧʝʯʠʪʠ ʞʠʪʣʦʤ ʩʦʪʥʽ 

ʪʠʩʷʯ ʧʝʨʝʩʝʣʝʥʮʽʚ ï ʧʽʜʰʪʦʚʭʫʻ ʜʝʨʞʘʚʫ ʡ ʜʦʥʦʨʽʚ ʬʽʥʘʥʩʫʚʘʪʠ ʩʘʤʝ ʪʘʢʽ ʟʘʚʦʜʩʴʢʽ ʨʽʰʝʥʥʷ, ʙʦ 

ʚʦʥʠ ʽʥʪʝʛʨʫʶʪʴ ʫʪʝʧʣʝʥʥʷ ʽ ʽʥʞʝʥʝʨʽʶ ʱʝ ʥʘ ʢʦʥʚʝʻʨʽ, ʟʥʠʞʫʶʯʠ ʚʠʪʨʘʪʠ ʪʘ ʯʘʩ ʤʦʥʪʘʞʫ [5]. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʛʝʥʝʨʘʮʽʾ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚʠʷʚʠʣʠʩʷ 

ʩʪʽʡʢʽʰʠʤʠ ʜʦ ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ, ʥʽʞ ʚʝʣʠʢʽ ʊɽʉ: ʧʨʠʚʘʪʥʘ ʢʦʤʧʘʥʽʷ DTEK ʟʤʦʛʣʘ ʚʽʜʥʦʚʠʪʠ ʧʦʥʘʜ 

400 ʄɺʪ ʩʦʥʷʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫʧʨʦʜʦʚʞ ʪʠʞʥʷ ʧʽʩʣʷ ʦʙʩʪʨʽʣʽʚ, ʪʦʜʽ ʷʢ ʨʝʤʦʥʪ ʪʝʧʣʦʚʠʭ ʙʣʦʢʽʚ 

ʪʨʠʚʘʻ ʤʽʩʷʮʷʤʠ [9]. ʇʫʙʣʽʯʥʦ-ʧʨʠʚʘʪʥʽ ʧʘʨʪʥʝʨʩʪʚʘ ʟ GE Vernova ʪʘ Honeywell ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʨʦʟʙʫʜʦʚʫ ʱʝ ʦʜʥʦʛʦ ɻɺʪ ʚʽʪʨʦ- ʪʘ ʩʦʥʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʜʦ 2027 ʨ., ʱʦ ʟʥʘʯʥʦ ʧʽʜʩʠʣʠʪʴ ʝʥʝʨʛʝʪʠʯʥʫ 

ʘʚʪʦʥʦʤʽʶ ʢʨʠʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ. ʊʘʢʦʞ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʦʣʽʪʠʢʠ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ. ʇʨʦʪʝ ʦʩʥʦʚʥʠʤ 

ʰʣʷʭʦʤ ʚ ʋʢʨʘʾʥʽ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʪʘ ʧʦʚʦʻʥʥʦʛʦ ʧʝʨʽʦʜʽʚ ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʴ ʧʝʨʝʨʦʙʢʘ ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʣʦʤʫ. ɺ ʪʘʢʠʡ ʩʧʦʩʽʙ ʤʦʞʣʠʚʦ ʙʫʜʝ çʫʪʠʣʽʟʫʚʘʪʠè ʙʽʣʴʰʽʩʪʴ 

ʟʨʫʡʥʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ, ʦʯʠʩʪʠʪʠ ʪʝʨʠʪʦʨʽʶ ʚʽʜ ʟʚʘʣʠʱ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʣʫʟʴ ʙʫʜʽʚʝʣʴʥʦʶ 

ʩʠʨʦʚʠʥʦʶ.  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʦʙʣʝʤ ʙʫʜʽʚʥʠʮʪʚʘ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʠʪʘʥʥʷʤʠ 

ʝʢʦʣʦʛʽʾ, ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʫʢʦʤʽʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʨʦʩʪʘʥʥʷ ʨʦʣʽ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ 

ʪʘʢʦʞ ʦʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ [1]. ʆʜʥʠʤ ʽʟ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʣʠʰʘʻʪʴʩʷ ʩʠʩʪʝʤʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʚʪʨʘʪʠʣʘ ʯʘʩʪʠʥʫ ʛʝʥʝʨʘʮʽʾ ʪʘ ʤʝʨʝʞ. USAID ESP ʩʧʽʣʴʥʦ ʟ 

ʤʫʥʽʮʠʧʘʣʽʪʝʪʘʤʠ ʉʣʘʚʫʪʠʯʘ, ʃʫʮʴʢʘ, ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʪʘ ʆʭʪʠʨʢʠ ʟʘʪʚʝʨʜʠʣʠ ʥʦʚʽ ʩʭʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʦʛʝʥʝʨʘʮʽʶ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʡ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʽʶ [10].  

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʜʠʥʘʤʽʢʠ ʥʝʦʙʭʽʜʥʦ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʙʫʜʽʚʝʣʴʥʽ, ʝʥʝʨʛʝʪʠʯʥʽ 

ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʧʦʣʽʪʠʢʠ ʯʝʨʝʟ ʤʽʞʚʽʜʦʤʯʫ ʧʣʘʪʬʦʨʤʫ RISE; ʟʘʧʫʩʪʠʪʠ ʥʘʮʽʦʥʘʣʴʥʠʡ ʬʦʥʜ çGreenRebuildè, 

ʷʢʠʡ ʥʘʜʘʚʘʪʠʤʝ ʛʨʘʥʪʠ ʪʘ ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ ʜʣʷ ʧʽʣʦʪʥʠʭ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 3D-ʜʨʫʢʫ; 

ʽʥʪʝʛʨʫʚʘʪʠ BIM ʪʘ EMS-ʤʦʜʫʣʽ ʫ ʧʨʦʛʨʘʤʠ ʪʝʭʥʽʯʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ; ʨʦʟʰʠʨʠʪʠ ESCO-ʢʦʥʪʨʘʢʪʠ ʥʘ ʚʩʽ 

ʤʫʥʽʮʠʧʘʣʴʥʽ ʙʫʜʽʚʣʽ ʡ ʟʘʧʦʯʘʪʢʫʚʘʪʠ ʨʠʥʦʢ çʟʝʣʝʥʠʭè ʦʙʣʽʛʘʮʽʡ ʧʽʜ ʛʘʨʘʥʪʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ 

ʽʥʩʪʠʪʫʮʽʡ; ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʧʫʙʣʽʯʥʫ ʟʚʽʪʥʽʩʪʴ ʧʨʦ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʦʙôʻʢʪʽʚ, ʟʚʝʜʝʥʠʭ ʢʦʰʪʦʤ ʜʝʨʞʘʚʠ 

ʪʘ ʜʦʥʦʨʽʚ. ʊʘʢʽ ʢʨʦʢʠ ʩʬʦʨʤʫʶʪʴ ʣʘʥʮʶʛ, ʚ ʷʢʦʤʫ ʽʥʥʦʚʘʮʽʾ, ʬʽʥʘʥʩʠ ʡ ʨʝʛʫʣʷʮʽʷ ʧʽʜʩʠʣʶʶʪʴ ʦʜʥʝ 

ʦʜʥʦʛʦ ʪʘ ʨʫʭʘʶʪʴ ʛʘʣʫʟʴ ʜʦ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ. ɿ ʤʝʪʦʶ ʧʦʜʦʣʘʥʥʷ ʚʽʜʩʪʘʚʘʥʥʷ ʚʽʜ ʚʝʜʫʯʠʭ 
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ʟʘʢʦʨʜʦʥʥʠʭ ʢʨʘʾʥ ʪʘ ʚʠʭʦʜʫ ʥʘ ʤʽʞʥʘʨʦʜʥʠʡ ʨʽʚʝʥʴ ʷʢ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʛʦ ʚʠʨʦʙʥʠʢʘ ʧʨʦʜʫʢʮʽʾ ʚ 

ʋʢʨʘʾʥʽ ʤʘʻ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʟʘʜʘʯ. ʉʝʨʝʜ ʥʠʭ ʢʦʨʽʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʘʾʥʠ, ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʮʽʥʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʽ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʨʦʟʚʠʪʦʢ ʨʠʥʢʫ ʞʠʪʣʘ ʡ ʽʥ. ɺʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʤʘʩʰʪʘʙʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ʤʦʞʣʠʚʦ ʣʠʰʝ ʫ 

ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʧʦʣʽʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʪʝʤʧʘʭ 

ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʟʘ ʫʤʦʚʠ ʚʠʧʝʨʝʜʞʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʾʾ ʢʦʨʽʥʥʦʛʦ ʧʝʨʝʦʟʙʨʦʻʥʥʷ [1]. ʆʪʞʝ, ʧʽʩʣʷʚʦʻʥʥʘ ʚʽʜʙʫʜʦʚʘ ʋʢʨʘʾʥʠ ʜʝʜʘʣʽ ʙʽʣʴʰʝ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʥʝ ʷʢ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʜʦʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʘ ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʷʢʽʩʥʦ ʥʦʚʫ, 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʫ ʪʘ ʮʠʬʨʦʚʽʟʦʚʘʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʉʠʥʝʨʛʝʪʠʯʥʠʡ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʬʽʥʘʥʩʦʚʠʭ ʜʞʝʨʝʣ, 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʨʝʛʫʣʷʪʦʨʥʠʭ ʟʦʙʦʚôʷʟʘʥʴ ʽ ʤʽʩʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ ʫʞʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʯʫʚʘʪʠ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʽ ʚʽʜʩʦʪʦʢ ʚʠʢʠʜʽʚ CO ʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʟʘʢʣʘʜʘʶʯʠ ʧʽʜʚʘʣʠʥʠ ʜʣʷ 

ʢʣʽʤʘʪʠʯʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʋʢʨʘʾʥʠ-2050. 
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1 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʩʧʝʢʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ 31, 03037, ʋʢʨʘʾʥʘ 

 

ɸʅʆʊɸʎɯʗ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʣʶʯʦʚʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʱʦ 

ʟʘʟʥʘʣʠ ʨʫʡʥʫʚʘʥʴ ʫʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʘʥʘʣʽʟʫ ʜʦʩʚʽʜʫ ʩʤʪ ɹʦʨʦʜʷʥʢʘ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ð 

ʦʜʥʦʛʦ ʟ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ ʧʽʜ ʯʘʩ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ ʫ 2022 ʨʦʮʽ. ʆʢʨʝʩʣʝʥʦ ʦʩʥʦʚʥʽ ʚʠʢʣʠʢʠ, 

ʟʘʩʪʦʩʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʬʦʨʤʠ ʤʽʞʩʝʢʪʦʨʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʚʠʥʠʢʘʣʠ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ. ʅʘʚʝʜʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʚʦʻʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ; ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʨʽʰʝʥʥʷ; ʪʝʭʥʦʣʦʛʽʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ; ʩʤʪ ɹʦʨʦʜʷʥʢʘ; 

ʛʫʤʘʥʽʪʘʨʥʘ ʜʦʧʦʤʦʛʘ; ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. 

 

ɺʩʪʫʧ. ʇʦʚʦʻʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʢʣʠʢʽʚ ʜʣʷ ʋʢʨʘʾʥʠ ʫ ʍʍɯ 

ʩʪʦʣʽʪʪʽ. ʈʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʞʠʪʣʘ, ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʡ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʘ ʪʘʢʦʞ 

ʧʦʨʫʰʝʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʪʢʘʥʠʥʠ ʛʨʦʤʘʜ ʧʦʪʨʝʙʫʶʪʴ ʩʠʩʪʝʤʥʦʛʦ ʪʘ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ. ɺʦʜʥʦʯʘʩ 

ʢʦʞʥʘ ʪʝʨʠʪʦʨʽʷ ʤʘʻ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʽʜʭʦʜʠ ʜʦ ʾʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʉʤʪ 

ɹʦʨʦʜʷʥʢʘ ʻ ʷʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ 

ʚ ʫʤʦʚʘʭ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʦʙʽʪ ʥʘ ʧʦʚʦʻʥʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʻ ʝʢʩʧʝʨʪʥʝ ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ, ʘʥʘʣʽʟ ʟʘʢʦʨʜʥʦʥʥʦʛʦ ʜʦʩʚʽʜʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʽʩʣʷ ʟʚʽʣʴʥʝʥʥʷ ɹʦʨʦʜʷʥʢʠ ʚʽʜ ʨʦʩʽʡʩʴʢʠʭ ʦʢʫʧʘʮʽʡʥʠʭ ʚʽʡʩʴʢ ʫ ʙʝʨʝʟʥʽ 2022 ʨʦʢʫ 

ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʪʘʣʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʙʘʟʦʚʠʭ ʞʠʪʪʻʚʠʭ ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʫʯʘʩʪʶ: 

¶ ʄʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ, ʷʢʽ ʢʦʦʨʜʠʥʫʚʘʣʠ ʦʧʝʨʘʪʠʚʥʝ ʨʝʘʛʫʚʘʥʥʷ. 

¶ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʘ ʟʘʡʤʘʣʘʩʷ ʨʦʟʤʽʥʫʚʘʥʥʷʤ ʽ 
ʜʝʤʦʥʪʘʞʝʤ ʘʚʘʨʽʡʥʠʭ ʩʧʦʨʫʜ. 

¶ ɻʫʤʘʥʽʪʘʨʥʠʭ ʤʽʩʽʡ ð ʟʦʢʨʝʤʘ, ʆʆʅ, ʖʅɯʉɽʌ, ʽʥʽʮʽʘʪʠʚʥʽ ʚʦʣʦʥʪʝʨʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

¶ ɺʦʣʦʥʪʝʨʩʴʢʠʭ ʽʥʽʮʽʘʪʠʚ ʪʘ ʤʽʩʮʝʚʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. 

ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʻʜʠʥʠʡ ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʮʽʾ ʜʦʧʦʤʦʛʠ, ʷʢʠʡ ʦʙôʻʜʥʫʚʘʚ ʜʝʨʞʘʚʥʽ ʪʘ ʥʝʜʝʨʞʘʚʥʽ 

ʟʫʩʠʣʣʷ ʟ ʥʘʜʘʥʥʷ ʛʫʤʘʥʽʪʘʨʥʦʾ, ʧʨʘʚʦʚʦʾ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʜʦʧʦʤʦʛʠ. 

ʋ 2022 ʨʦʮʽ ʤʽʞ ʂʠʾʚʩʴʢʠʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ 

ɹʦʨʦʜʷʥʩʴʢʦʶ ʆʊɻ ʙʫʣʦ ʟʘʢʣʶʯʝʥʦ ʜʦʛʦʚʽʨ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʥʘʜʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ 

ʧʦ ʧʦʰʢʦʜʞʝʥʠʤ ʪʘ ʟʨʫʡʥʦʚʘʥʠʤ ʦʙôʻʢʪʘʭ ʥʝʨʫʭʦʤʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʛʨʦʤʘʜʠ. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ 

ʦʙʩʪʝʞʝʥʴ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʂʅʋɹɸ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʦʙʩʪʝʞʝʥʥʷ ʧʦʥʘʜ 200 ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ ʪʘ 

ʥʘʜʘʥʦ ʙʣʠʟʴʢʦ 20 ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ (ʨʠʩ.1 ) [1]. 

ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʯʘʩʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ: 

ɺʠʢʦʥʘʥʥʷ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʜʣʷ ʬʽʢʩʘʮʽʾ ʤʘʩʰʪʘʙʽʚ ʨʫʡʥʫʚʘʥʴ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ [2ï5]. 

ʄʦʥʪʘʞ ʰʚʠʜʢʦʤʦʥʪʦʚʘʥʠʭ ʤʦʜʫʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ð ʷʢ ʪʠʤʯʘʩʦʚʝ ʞʠʪʣʦ ʪʘ ʦʙôʻʢʪʠ 

ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʎʅɸʇ, ʤʦʜʫʣʴʥʝ ʤʽʩʪʝʯʢʦ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʠʭ ʦʩʽʙ, ʮʝʥʪʨʠ 

ʥʝʟʣʘʤʥʦʩʪʽ). 

ʋʪʝʧʣʝʥʥʷ ʡ ʤʦʜʝʨʥʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʚʽʢʥʘ, ʪʝʧʣʦʽʟʦʣʷʮʽʷ, ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ) ʥʘ ʦʙôʻʢʪʘʭ, ʚʽʜʥʝʩʝʥʠʭ ʜʦ ɯ-ɯɯ ʢʘʪʝʛʦʨʽʡ 

ʧʦʰʢʦʜʞʝʥʴ. 
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ɺʥʝʩʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʚ ʮʠʬʨʦʚʽ ʨʝʻʩʪʨʠ ʧʦʰʢʦʜʞʝʥʴ (ʯʝʨʝʟ ʧʦʨʪʘʣ 

çɼʽʷè, ʩʠʩʪʝʤʘ çʻɺʽʜʥʦʚʣʝʥʥʷè) ð ʜʣʷ ʦʙʣʽʢʫ ʨʫʡʥʫʚʘʥʴ, ʨʝʻʩʪʨʘʮʽʾ ʟʘʷʚ ʥʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʧʨʦʮʝʩʽʚ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʩʦʮʽʘʣʴʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ: ʨʝʘʣʽʟʦʚʘʥʦ 

ʧʨʦʛʨʘʤʠ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʜʦʧʦʤʦʛʠ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʤʦʙʽʣʴʥʽ ʙʨʠʛʘʜʠ ʬʘʭʽʚʮʽʚ; ʟʘʧʨʦʚʘʜʞʝʥʦ 

ʧʨʦʛʨʘʤʠ ʧʽʜʪʨʠʤʢʠ ʩʽʤʝʡ ʟ ʜʽʪʴʤʠ ʪʘ ʦʩʽʙ, ʱʦ ʚʪʨʘʪʠʣʠ ʞʠʪʣʦ; ʟʘʙʝʟʧʝʯʝʥʦ ʚʽʜʥʦʚʣʝʥʥʷ ʦʩʚʽʪʥʴʦʾ 

ʤʝʨʝʞʽ: ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦ ɿʆʐ ˉ3, ʟʘʢʣʘʜ ʜʦʰʢʽʣʴʥʦʛʦ ʚʠʭʦʚʘʥʥʷ çɹʫʨʘʪʠʥʦè (ʨʠʩ. 2) [5]. 

ʇʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʠʟʢʫ ʪʠʧʦʚʠʭ ʧʨʦʙʣʝʤ: 

¶ ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʜʦʧʦʤʦʛʠ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʦʙʤʝʞʝʥʽʩʪʴ 
ʨʝʩʫʨʩʽʚ. 

¶ ʊʨʫʜʥʦʱʽ ʣʦʛʽʩʪʠʢʠ ʚ ʫʤʦʚʘʭ ʟʨʫʡʥʦʚʘʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

¶ ʇʦʚʽʣʴʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʙʶʨʦʢʨʘʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ, ʱʦ ʩʪʨʠʤʫʚʘʣʦ ʚʽʜʥʦʚʣʝʥʥʷ. 

¶ ɺʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʛʨʝʩʫ ʚʽʜʙʫʜʦʚʠ. 
 

 
a  ʙ 

  
ʚ    ʛ 

ʈʠʩ. 1. ʆʙʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ ʚ ʩʤʪ. ɹʦʨʦʜʷʥʢʘ: a ï ʝʢʩʧʝʨʪʥʘ ʛʨʫʧʘ ʦʙʩʪʝʞʝʥʥʷ ʂʅʂʋɹɸ; ʙ ï 

ʦʙʩʪʝʞʝʥʥʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʽʩʮʝʚʦʛʦ ʧʘʣʘʮʫ ʢʫʣʴʪʫʨʠ; ʚ ï ʦʙʩʪʝʞʝʥʥʷ ʟʨʫʡʥʦʚʘʥʦʾ ʙʫʜʽʚʣʽ ʮʝʥʪʨʫ ʨʝʘʙʽʣʽʪʘʮʽʾ 

ʖʅɽʉʂʆ, ʛ ï ʦʙʩʪʝʞʝʥʥʷ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ. 

 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʠʢʣʘʜʽʚ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ (ɯʨʘʢ, ɹʦʩʥʽʷ ʽ 

ɻʝʨʮʝʛʦʚʠʥʘ, ʗʧʦʥʽʷ) ʜʦʮʽʣʴʥʠʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ: 
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¶ ʈʦʟʨʦʙʢʘ ʣʦʢʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʛʨʦʤʘʜ. 

¶ ɯʥʪʝʛʨʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʟʝʣʝʥʘ ʝʥʝʨʛʝʪʠʢʘ, ʮʠʨʢʫʣʷʨʥʘ ʝʢʦʥʦʤʽʢʘ). 

¶ ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʘʻ ʛʨʦʤʘʜʘʤ ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʽ ʘʚʪʦʥʦʤʥʽʩʪʴ. 

¶ ʇʦʩʠʣʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʰʪʽʚ ð ʯʝʨʝʟ ʮʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ 

ʟʘʣʫʯʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʦʮʝʩʠ ʚʽʜʙʫʜʦʚʠ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʧʦ ʪʝʨʠʪʦʨʽʾ ʩʤʪ. ɹʦʨʦʜʷʥʢʘ 

ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʜʣʷ ʛʨʦʤʘʜʠ 

ʝʢʩʧʝʨʪʥʦʶ ʛʨʫʧʦʶ ʂʅʋɹɸ. 
 

       
ʘ  ʙ 

  
ʚ   ʛ 

ʈʠʩ. 2. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʚʣʝʥʥʷ: ʘ ï ʚʽʜʥʦʚʣʝʥʥʷ ʮʝʥʪʨʫ ʨʝʘʙʽʣʽʪʘʮʽʾ ʪʘ ʎʅɸʇ; ʙ ï ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ; ʚ ï ʜʝʤʦʥʪʘʞ ʙʫʜʽʚʝʣʴ; ʛ - ʩʝʢʮʽʡʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴ. 

 

ɺʠʩʥʦʚʢʠ. ɺʽʜʥʦʚʣʝʥʥʷ ʧʦʚʦʻʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʜʝ ʧʦʻʜʥʫʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʦʮʽʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ. ʉʤʪ ɹʦʨʦʜʷʥʢʘ 

ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʥʘʚʽʪʴ ʫ ʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʽʜʯʫʪʥʦʛʦ ʧʨʦʛʨʝʩʫ ʟʘ ʨʘʭʫʥʦʢ 

ʤʽʞʩʝʢʪʦʨʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʤʦʙʽʣʽʟʘʮʽʾ ʛʨʦʤʘʜʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦʩʚʽʜ ʮʽʻʾ 

ʛʨʦʤʘʜʠ ʤʦʞʝ ʩʪʘʪʠ ʮʽʥʥʠʤ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘ ʽʥʰʽ ʧʦʩʪʨʘʞʜʘʣʽ ʨʝʛʽʦʥʠ ʋʢʨʘʾʥʠ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  
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ɸʅʆʊɸʎɯʗ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʧʨʦʮʝʩʽ ʜʝʤʦʥʪʘʞʫ 

ʧʦʰʢʦʜʞʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ. ɿʜʽʡʩʥʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ʚ ʜʝʦʢʫʧʦʚʘʥʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʝʨʝʚʘʛʠ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʝʤʦʥʪʘʞʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʫʯʥʠʤʠ ʪʘ ʚʠʩʚʽʪʣʝʥʦ ʦʩʥʦʚʥʽ ʚʠʢʣʠʢʠ ʧʽʜ 

ʯʘʩ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɸʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʙʝʟʧʝʢʦʚʠʭ ʘʩʧʝʢʪʘʭ, ʦʩʦʙʣʠʚʦ ʫ ʢʦʥʪʝʢʩʪʽ ʤʽʥʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʘ ʥʘʷʚʥʦʩʪʽ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʤʦʥʪʘʞ; ʤʝʭʘʥʽʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ; ʨʫʡʥʫʚʘʥʥʷ; ʚʘʞʢʘ ʪʝʭʥʽʢʘ; ʚʽʜʥʦʚʣʝʥʥʷ; ʙʝʟʧʝʢʘ; ʘʚʘʨʽʡʥʽ 

ʦʙôʻʢʪʠ. 

 

ɺʩʪʫʧ. ɺʥʘʩʣʽʜʦʢ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ 

ʚ ʋʢʨʘʾʥʽ ʟʘʟʥʘʣʘ ʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʧʦʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɼʣʷ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʩʪ ʽ ʩʝʣʠʱ, ʥʝʦʙʭʽʜʥʠʤ ʝʪʘʧʦʤ ʻ ʜʝʤʦʥʪʘʞ 

ʘʚʘʨʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʪʘʢʠʭ ʨʦʙʽʪ, ʾʭ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ 

ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʟʜʘʪʥʠʭ ʽʩʪʦʪʥʦ ʧʨʠʩʢʦʨʠʪʠ ʜʝʤʦʥʪʘʞʥʽ ʧʨʦʮʝʩʠ, 

ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʟʘʛʨʦʟ ʜʣʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ [1ï7]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʝʤʦʥʪʘʞʥʠʭ 

ʨʦʙʽʪ ʥʘ ʧʦʰʢʦʜʞʝʥʠʭ ʦʙôʻʢʪʘʭ ʥʝʨʫʭʦʤʦʩʪʽ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʻ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʜʦʚʽʜʢʦʚʘ 

ʣʽʪʝʨʘʪʫʨʘ, ʚʽʜʢʨʠʪʽ ʽʥʪʝʨʥʝʪ-ʜʞʝʨʝʣʘ, ʟʚʽʪʠ ʪʘ ʚʽʟʫʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  
ʋ ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʦʪʘʭ ʥʘ ʧʦʰʢʦʜʞʝʥʠʭ ʦʙôʻʢʪʘʭ ʥʝʨʫʭʦʤʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʪʠʧʠ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ (ʨʠʩ. 1ï2): 

ï ʛʽʜʨʘʚʣʽʯʥʽ ʝʢʩʢʘʚʘʪʦʨʠ ʟ ʥʘʚʽʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʛʽʜʨʦʥʦʞʠʮʽ, ʛʽʜʨʦʤʦʣʦʪʠ, ʛʽʜʨʦʥʦʞʠʮʽ-

ʢʨʘʰʝʨʠ) ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʪʘ ʮʝʛʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

ï ʪʝʣʝʩʢʦʧʽʯʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʜʣʷ ʨʦʙʦʪʠ ʚ ʥʝʙʝʟʧʝʯʥʠʭ ʘʙʦ 
ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ; 

ï ʤʦʙʽʣʴʥʽ ʢʨʘʥʠ ʜʣʷ ʜʝʤʦʥʪʘʞʫ ʚʝʣʠʢʠʭ ʩʝʢʮʽʡ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʽʜʡʦʤʫ ʚʘʞʢʠʭ ʝʣʝʤʝʥʪʽʚ; 

ï ʧʦʜʨʽʙʥʶʚʘʯʽ ʙʝʪʦʥʫ (ʤʦʙʽʣʴʥʽ ʜʨʦʙʘʨʢʠ) ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʫʣʘʤʢʽʚ ʥʘ ʙʫʜʽʚʝʣʴʥʠʡ ʱʝʙʽʥʴ; 

ï ʢʦʣʽʩʥʽ ʪʘ ʛʫʩʝʥʠʯʥʽ ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʜʣʷ ʨʦʟʯʠʱʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚʽʜ ʫʣʘʤʢʽʚ. 

ʋʩʽ ʮʽ ʤʘʰʠʥʠ ʤʦʞʫʪʴ ʦʙôʻʜʥʫʚʘʪʠʩʴ ʫ ʤʝʭʘʥʽʟʦʚʘʥʽ ʜʝʤʦʥʪʘʞʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʷʢ ʻʜʠʥʘ ʩʠʩʪʝʤʘ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ, ʥʘʣʘʛʦʜʞʝʥʦʶ ʣʦʛʽʩʪʠʢʦʶ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʤʠ 

https://nubip.edu.ua/sites/default/files/u232/zbirnik_npppdf
https://doi.org/10.32347/gbdmm.2023.101.0401
https://nubip.edu.ua/sites/default/files/u232/zbirnik_1.pdf
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ʟʘʩʦʙʘʤʠ ʙʝʟʧʝʢʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʤʝʭʘʥʽʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʪʠʧʦʤ, ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ʇʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ. ɿʦʢʨʝʤʘ, ʧʽʩʣʷ 

ʜʝʦʢʫʧʘʮʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʫ 2022 ʨʦʮʽ, ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʠʭ ʨʫʡʥʫʚʘʥʴ ʫ ɹʦʨʦʜʷʥʮʽ, ɯʨʧʝʥʽ ʪʘ 

ɻʦʩʪʦʤʝʣʽ, ʥʘʣʘʛʦʜʞʝʥʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʠʪʠ ʦʯʠʱʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʫʯʘʩʪʴ 

ʣʶʜʝʡ ʫ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥʘʭ ʪʘ ʩʪʚʦʨʠʪʠ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. 
 

  \ 

ʘ)       ʙ) 

ʈʠʩ. 1. ʇʦʧʝʨʝʜʥʷ ʧʝʨʝʨʦʙʢʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʰʢʦʜʞʝʥʠʭ ʙʫʜʽʚʝʣʴ:  

ʘ) ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʜʨʦʙʠʣʴʥʫ ʫʩʪʘʥʦʚʢʫ; ʙ) ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʧʦʜʨʽʙʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

   
ʘ)        ʙ) 

ʈʠʩ. 2 ʆʨʛʘʥʽʟʘʮʽʷ ʧʝʨʝʨʦʙʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ: 

ʘ) ʜʽʣʷʥʢʘ ʧʦʜʨʽʙʥʝʥʥʷ ʟʽ ʟʚʦʣʦʞʫʚʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ; ʙ) ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʘʨʢʘʩʽʚ 

ʟʘʣ̔ʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʤʫʥʽʮʠʧʘʣʴʥʽ ʩʣʫʞʙʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʝʢʩʢʘʚʘʪʦʨʠ ʟ ʛʽʜʨʦʥʦʞʠʮʷʤʠ ʜʣʷ ʟʥʦʩʫ ʦʙʚʘʣʝʥʠʭ ʧʦʚʝʨʭʽʚ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ [1, 5]. 

ʂʦʤʧʘʥʽʾ-ʧʽʜʨʷʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʙʽʣʴʥʽ ʢʨʘʥʠ ʜʣʷ ʟʥʷʪʪʷ ʙʝʪʦʥʥʠʭ ʧʘʥʝʣʝʡ ʟ ʥʝʙʝʟʧʝʯʥʠʭ 

ʩʝʢʮʽʡ. ɺʦʜʥʦʯʘʩ ʽʥʽʮʽʡʦʚʘʥʦ ʧʨʦʻʢʪʠ ʟ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʫʣʘʤʢʽʚ ʙʝʪʦʥʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʧʽʜʩʠʧʮʽ ʪʘ ʙʫʜʽʚʥʠʮʪʚʽ ʪʠʤʯʘʩʦʚʠʭ ʜʦʨʽʛ [3]. 

ʇʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʦʪʘʭ: 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ 
ʫ 5ï10 ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʨʫʯʥʠʤʠ ʤʝʪʦʜʘʤʠ; 




































































































































































































































































































