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ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, 

ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ "ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ 

ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI ʩʪʦʣʽʪʪʽ", 20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ, 

2026. ï ʏ.2. ï 347 ʩ. 
 

ɺʠʜʘʥʥʷ ʤʽʩʪʠʪʴ ʤʘʪʝʨʽʘʣʠ 91-  ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ "ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ 

ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI ʩʪʦʣʽʪʪʽ". 
ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʝʥʝʨʛʦ- 

ʪʘ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʥʦʚʽʪʥʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ ʩʪʫʜʝʥʪʽʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
ʈʦʟʨʘʭʦʚʘʥʦ ʥʘ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ ʽ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʦʟʥʘʯʝʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʫ ʭʘʨʯʦʚʽʡ ʥʘʫʮʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ȲɆɞɎɓɔɇəɊəɈɆɓɓɥ.  

ȲɆɞɎɓɎ ɫ ɆɕɆɖɆɘɎ ɛɆɖɝɔɈɎɛ, 
ɚɆɖɒɆɜɋɈɘɎɝɓɎɛ ɘɆ 

ɇɫɔɘɋɛɓɔɑɔɉɫɝɓɎɛ ɈɎɖɔɇɓɎɜɘɈ 
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"ɯʥʞʝʥʝʨʘ ʪʘ ʚʯʝʥʦʛʦ ʪʨʠ ʨʠʩʠ ʻʜʥʘʶʪʴ: 

ʞʠʪʪʻʚʘ ʧʦʪʨʝʙʘ ʪʚʦʨʠʪʠ ʥʦʚʝ, 
ʚʤʽʥʥʷ ʯʘʩ ʙʝʨʝʛʪʠ ʡ ʥʘʩʠʯʫʚʘʪʠ, 

ʚʤʽʥʥʷ ʩʧʦʚʥʠʪʠ ʪʚʦʨʯʫ ʨʦʙʦʪʫ 

ʟʤʽʩʪʦʤ ʥʦʚʠʤ ï ʨʘʜʰʝ ʙʫʪʪʻʚʠʤ, 
ʥʽʞ ʧʦʙʫʪʦʚʠʤ"  

 

(ɺʦʣʦʜʠʤʠʨ ɸʥʽʩʪʨʘʪʝʥʢʦ,  

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʫ 1974-98 ʨʦʢʘʭ) 
 

 

 

 

 

 

 

Ȫɔ 100-ɖɫɝɝɥ ɈɫɊ Ɋɓɥ ɓɆɖɔɊɌɋɓɓɥ  
ɕɖɔɚɋɗɔɖɆ ȨɔɑɔɊɎɒɎɖɆ ȦɓɫɗɘɖɆɘɋɓɐɆ 

 

28 ʣʠʧʥʷ ʚʠʧʦʚʥʠʪʴʩʷ 100 ʨʦʢʽʚ ʽʟ ʜʥʷ ʡʦʛʦ ʥʘʨʦʜʞʝʥʥʷ ʧʨʦʬʝʩʦʨʘ 

ɺʦʣʦʜʠʤʠʨʘ ɸʥʽʩʪʨʘʪʝʥʢʘ. 
ɺʦʣʦʜʠʤʠʨ ɸʥʽʩʪʨʘʪʝʥʢʦ ï ʬʘʭʽʚʝʮʴ ʫ ʛʘʣʫʟʽ ʙʨʦʜʠʣʴʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, 

ʣʘʫʨʝʘʪ ʜʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʫ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ 

ʘʧʘʨʘʪʽʚ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʫ 1974ï1998 ʨʦʢʘʭ.  

ʅʘʨʦʜʠʚʩʷ ɺʦʣʦʜʠʤʠʨ ɸʥʽʩʪʨʘʪʝʥʢʦ 28 ʣʠʧʥʷ 1926 ʫ ɿʥʘʤôʷʥʮʽ. ʇʽʜ ʯʘʩ 
ʜʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ, ʫ ʩʽʤʥʘʜʮʷʪʠʨʽʯʥʦʤʫ ʚʽʮʽ ʧʨʠʟʚʘʥʠʡ ʜʦ ʘʨʤʽʾ ʽ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʥʘʚʯʘʥʥʷ ʜʦ ʫʯʠʣʠʱʘ ʩʪʨʽʣʴʮʽʚ-ʨʘʜʠʩʪʽʚ. ɿʛʦʜʦʤ ʩʣʫʞʠʚ ʫ 

ʰʪʫʨʤʦʚʽʡ ʘʚʽʘʮʽʡʥʽʡ ʜʠʚʽʟʽʾ, ʟʜʽʡʩʥʠʚ ʧʽʚ ʩʦʪʥʽ ʙʦʡʦʚʠʭ ʚʠʣʴʦʪʽʚ, ʙʨʘʚ ʫʯʘʩʪʴ 
ʚ ʙʦʷʭ ʟʘ ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʬʘʰʠʩʪʽʚ ʋʢʨʘʾʥʠ, ʄʦʣʜʦʚʠ, ʈʫʤʫʥʽʾ, ʋʛʦʨʱʠʥʠ ʪʘ 

ɸʚʩʪʨʽʾ.  

ʇʽʩʣʷ ʚʽʡʥʠ ɺʦʣʦʜʠʤʠʨ ʚʩʪʫʧʠʚ ʜʦ ʥʘʰʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ, ʷʢʠʡ ʫʩʧʽʰʥʦ 
ʟʘʢʽʥʯʠʚ ʫ 1951 ʨʦʮʽ. ʇʽʟʥʽʰʝ ʧʨʘʮʶʚʘʚ ʽʥʞʝʥʝʨʦʤ-ʪʝʭʥʦʣʦʛʦʤ ʥʘ ʭʣʽʙʦʟʘʚʦʜʽ. 

ʋ 1960 ʨʦʮʽ ʚʩʪʫʧʠʚ ʜʦ ʘʩʧʽʨʘʥʪʫʨʠ, ʧʨʘʮʶʚʘʚ ʫ ʢʦʤʘʥʜʽ ʢʦʨʠʬʝʾʚ ɻʣʽʙʘ 

ɿʥʘʤʝʥʩʴʢʦʛʦ ʪʘ ɺʩʝʚʦʣʦʜʘ ʉʪʘʙʥʽʢʦʚʘ, ʘ ʫ 1964 ʨʦʮʽ ʟʘʭʠʩʪʠʚ ʢʘʥʜʠʜʘʪʩʴʢʫ 

ʜʠʩʝʨʪʘʮʽʶ ʽʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʣʫʩʢʦʧʦʜʽʙʥʠʭ ʧʨʠʩʪʨʦʾʚ 
ʨʝʢʪʠʬʽʢʘʮʽʡʥʠʭ ʢʦʣʦʥ.  

ʋ 1973 ʨʦʮʽ ɺʦʣʦʜʠʤʠʨ ɸʥʽʩʪʨʘʪʝʥʢʦ ʟʘʭʠʩʪʠʚ ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʽʟ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʨʘʛʦʨʝʢʪʠʬʽʢʘʮʽʥʠʭ ʢʦʣʦʥʥʠʭ ʘʧʘʨʘʪʽʚ. 
ɯʟ 1974-98 ʨʦʢʘʭ ʧʨʦʬʝʩʦʨ ɸʥʽʩʪʨʘʪʝʥʢʦ ʢʝʨʫʚʘʚ ʢʘʬʝʜʨʦʶ ʤʘʰʠʥ ʽ 

ʘʧʘʨʘʪʽʚ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ. ʎʝ ʽʤôʷ ʫ 1938 ʨʦʮʽ ʜʘʚ ʢʘʬʝʜʨʽ ʡʦʛʦ ʚʯʠʪʝʣʴ ï 

ɻʣʽʙ ɿʥʘʤʝʥʩʴʢʠʡ, ʧʨʦʪʝ ʧʽʩʣʷ ʚʽʡʥʠ ʙʨʝʥʜ ʙʫʚ ʪʠʤʯʘʩʦʚʦ ʧʨʠʟʘʙʫʪʠʡ, ʽ 

ʩʧʨʘʚʝʜʣʠʚʦ ʧʦʚʝʨʥʫʪʠʡ  ɺʦʣʦʜʠʤʠʨʦʤ ɸʥʽʩʪʨʘʪʝʥʢʦʤ ʫ 1974 ʨʦʮʽ.  
ɿʘ ʣʽʜʝʨʩʪʚʘ ʧʨʦʬʝʩʦʨʘ ɸʥʽʩʪʨʘʪʝʥʢʘ ʥʘ ʂʘʬʝʜʨʽ ʨʦʟʚʠʥʫʪʽ ʢʣʘʩʠʯʥʠʡ 

ʥʘʧʨʷʤ ʽʥʞʠʥʽʨʠʥʛʫ ʮʫʢʨʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʩʪʚʦʨʝʥʦ ʥʘʚʯʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ 

ʙʨʦʜʠʣʴʥʠʭ, ʤôʷʩʥʠʭ ʽ ʤʦʣʦʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʨʦʟʰʠʨʝʥʦ ʥʘʧʨʷʤ 
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ʭʣʽʙʦʧʝʢʘʨʩʴʢʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʥʘʧʨʷʤ ʤʝʤʙʨʘʥʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ. ɺʧʝʨʰʝ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘʚʯʘʣʴʥʝ 
ʪʝʣʝʙʘʯʝʥʥʷ. ɸ ʫ ʩʝʨʝʜʠʥʽ 90-ʭ, ʷʢ ʣʦʛʽʯʥʝ ʧʨʦʜʦʚʞʝʥʥʷ ʥʘʫʢʦʚʠʭ ʰʢʽʣ 

ʧʨʦʬʝʩʦʨʽʚ ʆʣʝʢʩʘʥʜʨʘ ʂʽʨʦʚʘ ʪʘ ɺʩʝʚʦʣʦʜʘ ʉʪʘʙʥʽʢʦʚʘ ʩʪʚʦʨʝʥʦ ʥʦʚʫ 

ʩʧʝʮʽʘʣʴʥʽʩʪʴ ʽʟ ʦʙʣʘʜʥʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 
ɺʦʣʦʜʠʤʠʨ ɸʥʽʩʪʨʘʪʝʥʢʦ ʙʫʚ ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʫ ʚʠʨʦʙʥʠʯʠʭ ʪʘ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʢʦʣʘʭ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʂʘʬʝʜʨʫ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ ʜʦʙʨʝ ʟʥʘʣʠ ʚ 

ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʢʦʨʜʦʥʦʤ. ʅʘʤ ʻ ʯʦʤʫ ʧʦʚʯʠʪʠʩʷ ʫ ʰʘʥʦʚʥʦʛʦ ʧʨʦʬʝʩʦʨʘ ï 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʧʨʘʮʝʣʶʙʩʪʚʫ, ʜʦʙʨʦʯʝʩʥʦʩʪʽ, ʜʠʧʣʦʤʘʪʠʯʥʦʩʪʽ ʪʘ 
ʚʽʜʢʨʠʪʦʩʪʽ.  

ʇʠʰʘʻʤʦʩʷ ʥʘʰʦʶ ʽʩʪʦʨʽʻʶ ʽ ʚʠʜʘʪʥʠʤʠ ʧʝʨʩʦʥʘʣʽʷʤʠ, ʧʨʠʤʥʦʞʫʻʤʦ 

ʤʠʥʫʣʽ ʟʜʦʙʫʪʢʠ, ʥʘʧʦʚʥʶʻʤʦ ʩʴʦʛʦʜʝʥʥʷ ʽ ʬʦʨʤʫʻʤʦ ʤʘʡʙʫʪʥʻ.  
 

ɼʷʢʫʻʤʦ ʇʨʦʬʝʩʦʨʝ!  
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ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʰʧʨʠʮʽʚ ʽʟ ʨʦʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʥʘʛʥʽʪʘʥʥʷ ʚǋʷʟʢʠʭ ʭʘʨʯʦʚʠʭ ʤʘʩ 

ʚ ʨʫʢʘʚʥʫ ʦʙʦʣʦʥʢʫ  

 

ɺʽʢʪʦʨ ʄʫʩʽʡʯʫʢ, ʆʣʝʢʩʘʥʜʨ ɻʘʚʚʘ, ʆʣʝʢʩʘʥʜʨ ʏʝʧʝʣʶʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ʅʘ ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʫ ʨʫʢʘʚʥʠʭ ʦʙʦʣʦʥʢʘʭ (ʟʙʝʨʝʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʘʩʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʧʨʦʜʫʢʪʽ ʧʦʚʽʪʨʷʥʠʭ ʚʢʣʶʯʝʥʴ) ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʨʦʙʦʪʘ 
ʚʘʢʫʫʤʥʠʭ ʰʧʨʠʮʽʚ ʟ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʛʥʽʪʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʢʦʥʩʪʨʫʢʮʽʷ ʰʧʨʠʮʽʚ ʟ ʨʦʪʦʨʥʦʶ 

ʩʠʩʪʝʤʦʶ ʥʘʛʥʽʪʘʥʥʷ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʦʙʦʣʦʥʦʢ ʚǋʷʟʢʠʤʠ ʪʘ ʚǋʷʟʢʦʧʣʘʩʪʠʯʥʠʤʠ 

ʭʘʨʯʦʚʠʤʠ ʤʘʩʘʤʠ. ʈʦʙʦʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʘ ʤʝʪʦʜʦʤ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï 

ʚʠʢʦʥʘʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʜʦʩʚʽʜʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ 

ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʘʢʫʫʤʥʠʭ ʰʧʨʠʮʽʚ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʨʽʟʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʥʘʛʥʽʪʘʥʥʷ ï ʰʥʝʢʦʚʦʶ, ʨʦʪʦʨʥʦʶ (ʝʢʩʮʝʥʪʨʠʢʦ-ʣʦʧʘʪʝʚʦʶ), ʟʫʙʯʘʩʪʦʶ ʪʘ 

ʧʦʨʰʥʝʚʦʶ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʝʚʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʚʠʜʘʣʝʥʥʷ ʚʢʣʶʯʝʥʴ ʧʦʚʽʪʨʷ. 
ʐʧʨʠʮʽ ʟ ʝʢʩʮʝʥʪʨʠʢʦ-ʣʦʧʘʪʝʚʠʤʠ ʚʠʪʠʩʢʫʚʘʯʘʤʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʬʘʨʰʫ, ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʨʦʟʰʘʨʫʚʘʥʥʷ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ ʦʙʦʣʦʥʦʢ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʚǋʷʟʢʦʧʣʘʩʪʠʯʥʠʭ ʭʘʨʯʦʚʠʭ ʤʘʩ. ɰʭ ʧʝʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʚʘʢʫʫʤʫʚʘʥʥʷ ʤʘʩʠ, ʱʦ ʮʽʣʢʦʤ ʜʦʧʫʩʪʠʤʝ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʧʨʦʜʫʢʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʛʨʫʧʠ ʚʘʨʝʥʠʭ ʢʦʚʙʘʩ. ʍʦʯʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʣʽʥʽʷʭ ʢʫʪʝʨʽʚ, ʤʽʢʨʦʢʫʪʝʨʽʚ ʽ 

ʬʘʨʰʤʽʰʘʣʦʢ ʽʟ ʩʠʩʪʝʤʘʤʠ ʚʘʢʫʫʤʫʚʘʥʥʷ ʽ ʜʣʷ ʮʴʦʛʦ ʧʨʦʜʫʢʪʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʨʠʡʥʷʪʥʠʡ ʨʝʟʫʣʴʪʘʪ. ɸʣʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʧʨʠʮʽʚ ʟ ʨʦʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ 

ʥʘʛʥʽʪʘʥʥʷ ʜʣʷ ʭʘʨʯʦʚʠʭ ʤʘʩ ʟ ʚʠʩʦʢʦʶ ʪʝʢʫʯʽʩʪʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʦʪʨʘʧʣʷʥʥʷ 

ʫ ʧʨʦʜʫʢʪ ʚʢʣʶʯʝʥʴ ʧʦʚʽʪʨʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʯʘʩʪʢʦʚʦ ʚʢʣʶʯʝʥʥʷ ʧʦʚʽʪʨʷ 

ʥʘʜʭʦʜʷʪʴ ʚ ʙʫʥʢʝʨ ʰʧʨʠʮʘ ʫʞʝ ʨʘʟʦʤ ʟ ʧʨʦʜʫʢʪʦʤ, ʚ ʷʢʠʡ ʚʦʥʠ ʧʦʧʘʣʠ ʥʘ ʧʦʧʝʨʝʜʥʽʭ 
ʝʪʘʧʘʭ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ ʨʦʪʦʨʘ ï ʜʣʷ ʨʽʜʢʠʭ ʤʘʩ ʥʝʤʦʞʣʠʚʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʘʢʫʫʤʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʯʝʨʝʟ ʤʘʣʫ ʾʭ ʚôʷʟʢʽʩʪʴ ʚʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ 

ʚʽʜʩʪʽʡʥʠʢʘ ʚʘʢʫʫʤʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʩʘʤ ʨʦʪʦʨ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʫʪʚʦʨʝʥʥʷ 

ʤʽʞʣʦʧʘʪʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʘʮʶʻ ʷʢ ʚʘʢʫʫʤ-ʥʘʩʦʩ, ʩʪʚʦʨʶʶʯʠ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʮʽʡ ʟʦʥʽ ʽ 

ʟʘʪ̫ʛʫʶʯʠ ʧʦʚʽʪʨʷ ʟ ʩʠʩʪʝʤʠ ʚʘʢʫʫʤʫʚʘʥʥʷ (ʮʝ ʟʦʢʨʝʤʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʟʤʽʱʝʥʥʷ 

ʢʘʥʘʣʫ, ʱʦ ʟôʻʜʥʫʻ ʙʫʥʢʝʨ ʽʟ ʨʦʪʦʨʦʤ ʽ ʜʽʣʷʥʢʠ ʫʪʚʦʨʝʥʥʷ ʢʘʤʝʨ). ʇʦʪʽʤ ʧʦʚʽʪʨʷ 

ʧʦʪʨʘʧʣʷʻ ʚ ʟʦʥʫ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʫ ʽ ʟʤʽʰʫʻʪʴʩʷ ʟ ʥʠʤ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʥʘ 

ʡʦʛʦ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ.  

ɺʠʩʥʦʚʦʢ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʨʘʧʣʷʥʥʶ ʫ ʧʨʦʜʫʢʪ ʚʢʣʶʯʝʥʴ ʧʦʚʽʪʨʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʧʨʠʮʽʚ ʟ ʝʢʩʮʝʥʪʨʠʢʦ-ʣʦʧʘʪʝʚʠʤ ʥʘʛʥʽʪʘʥʥʷʤ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ 

ʨʫʢʘʚʥʠʭ ʦʙʦʣʦʥʦʢ ʭʘʨʯʦʚʠʤʠ ʤʘʩʘʤʠ ʟ ʚʠʩʦʢʦʶ ʪʝʢʫʯʽʩʪʶ ʜʦʮʽʣʴʥʦ ʛʝʨʤʝʪʠʟʫʚʘʪʠ 
ʢʘʥʘʣ, ʷʢʠʡ ʟôʻʜʥʫʻ ʚʘʢʫʫʤʥʫ ʩʠʩʪʝʤʫ ʟ ʨʦʪʦʨʦʤ. 

ʃʽʪʝʨʘʪʫʨʘ. 
Heinz, Gunter & Hautzinger, Peter. (2007). Meat Processing Technology for Small- to Medium-Scale 

Producers. Food And Agriculture Organization Of The United Nations Regional Office For Asia And The Pacific, 

RAP PUBLICATION 2007/20. 470 ʨ. 

Kuzmin, Oleh & Pasichnyi, Vasil & Levkun, Kateryna & Riznyk, Anastasiia. (2017). Determination of the 

factor space of the process of extrusion of sausage products. Ukrainian Journal of Food Science. 5. 10.24263/2310-

1008-2017-5-1-8. 
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Crystal structures of solids: characteristics and their influence on material properties 
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The crystal structures of solids play a fundamental role in defining their physical and 

mechanical characteristics [1]. These structures consist of regularly arranged atoms or 

molecules, whose configuration depends on the type of crystal lattice and the nature of the 
chemical bonding. Analyzing crystal lattice parameters-such as packing density, unit cell 

geometry, and the presence of defects-makes it possible to predict and optimize material 

properties including strength, plasticity, and thermal resistance [2]. Additional factors, such 

as lattice defects, anisotropy of properties, and the formation of intermediate phases during 

changes in temperature or pressure, further complicate material analysis and design. 

Investigating these phenomena supports the development of more efficient and application-

specific materials, ranging from construction materials to advanced high-performance 

composites [3]. 

The study aims to analyse the influence of different crystal structures of solids on their 

physical and mechanical properties to develop more efficient materials. In this study, existing 

data and models of crystal structures to study their influence on material properties were 

analysed.  
The study determined that the type of crystal lattice significantly affects the mechanical 

and thermal properties of materials. 

The investigation of solid crystal structures and their impact on material properties was 

conducted through the analysis and synthesis of existing data on lattice types, crystal defects, 

and material behavior under varying temperature and pressure conditions, enabling a more 

comprehensive understanding of their characteristics and performance [4]. The study 

examined various crystal structures, including cubic, hexagonal, and rhombic lattices, which 

served as a foundation for comparing materials with different lattice arrangements. 

Representative materials such as copper, aluminum, zinc, magnesium, and vanadium were 

chosen to illustrate these structures and to enable a detailed analysis of their crystallographic 

features. 
The dimensions and geometry of unit cells, along with their variation under different 

temperature conditions, were examined using theoretical crystal lattice models. The thermal 

behavior of materials was assessed through analysis of existing data on thermal expansion, 

changes in thermal conductivity, and temperature-induced phase transitions, which reflect 

the relationship between unit cell size and temperature. This methodology made it possible 

to evaluate the thermal expansion potential and stability of various materials without the need 

for experimental measurements. 

The research demonstrated that the crystal lattice type plays a crucial role in determining 

material properties. The findings indicate that materials with a cubic lattice, owing to their 

high atomic packing density, exhibit enhanced strength and rigidity. In contrast, materials 

with a hexagonal lattice, although characterized by a lower packing density, tend to show 
greater ductility. These results align with previously reported studies, confirming that lattice 

structure has a strong influence on mechanical properties such as strength and elasticity. 

Conclusions. 
1. The investigation of solid crystal structures confirmed that the crystal lattice type 

plays a decisive role in shaping the physical and mechanical properties of materials. Lattice 

configurations such as cubic, hexagonal, and rhombic define atomic packing density and the 
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nature of interatomic interactions. High packing density in cubic lattices leads to increased 

material strength, whereas hexagonal lattices are associated with enhanced ductility.  

2. The geometry and dimensions of unit cells were also found to have a substantial 

influence on material behavior. Materials characterized by larger unit cells tended to exhibit 

reduced strength but improved ductility, a combination that is particularly valuable in 

applications requiring flexibility and the ability to undergo deformation. Techniques such as 

X-ray diffraction and scanning electron microscopy were employed to analyze these 

characteristics in detail. 
3. The nature of chemical bonding within a crystal lattice-metallic or ionic-plays a key 

role in defining material properties such as electrical conductivity and hardness. Metallic 

bonding is associated with high electrical conductivity and good ductility, whereas ionic 

bonding typically results in high hardness and low electrical conductivity in the solid state. 
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ɺʧʣʠʚʫ ʦʢʨʝʤʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʽʥʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʫ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʩʠʨʥʦʛʦ ʧʠʣʫ 

 

ʄʘʨʽʷ ʐʠʥʢʘʨʠʢ, ʆʣʝʛ ʂʨʘʚʝʮʴ, ʄʠʢʦʣʘ ʉʪʘʜʥʠʮʴʢʠʡ, ʈʦʤʘʥ ʇʘʧʝʨʥʷʢ  

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɺʪʨʘʪʠ ʩʠʨʦʚʠʥʠ ʫ ʚʠʛʣʷʜʽ ʩʠʨʥʦʛʦ ʧʠʣʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʫʩʢʣʘʜʥʶʶʪʴ ʧʦʜʘʣʴʰʫ ʧʝʨʝʨʦʙʢʫ ʩʠʨʦʚʘʪʢʠ ʪʘ ʧʽʜʚʠʱʫʶʪʴ ʾʾ 
ʟʘʙʨʫʜʥʶʶʯʫ ʜʽʶ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʟʤʽʥʘ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʩʠʨʥʦʛʦ 

ʧʠʣʫ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʫ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʞʠʨʫ 5%.  

ɿʨʘʟʢʠ ʚʽʜʙʠʨʘʣʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʜʫʢʪʫ ʥʘ ʤʝʭʘʥʽʟʦʚʘʥʽʡ ʣʽʥʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ɼʉʊʋ  4554: 2006 çʉʠʨ ʢʠʩʣʦʤʦʣʦʯʥʠʡ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠè. ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ ʩʠʨʦʚʘʪʢʠ 

ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʚʠʭʦʜʽ ʽʟ ʥʘʩʪʫʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʽʥʽʾ: ʩʠʨʦʚʠʛʦʪʦʚʣʶʚʘʯ; ʢʫʣʘʯʢʦʚʠʡ 

ʥʘʩʦʩ; ʦʭʦʣʦʜʞʫʚʘʯ; ʩʪʨʽʯʢʦʚʠʡ ʪʨʘʥʩʧʦʨʪʝʨ. 

ʈʝʟʫʣʴʪʘʪʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʟʨʽʟʘʥʥʷ ʟʛʫʩʪʢʫ ʪʘ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʨʥʦʛʦ ʟʝʨʥʘ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʩʝʨʝʜʥʴʦʤʫ 1,1 ʢʛ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 

ʤ.ʢʫʙ.  ʩʠʨʦʚʘʪʢʠ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʝʨʝʜʥʽʡ ʢʽʥʮʝʚʠʡ ʚʤʽʩʪ ʩʠʨʥʦʛʦ ʧʠʣʫ ʚ ʩʠʨʦʚʘʪʮʽ 

ʩʪʘʥʦʚʠʪʴ 4,78 ʢʛ/ʤ.ʢʫʙ., ʚʠʟʥʘʯʠʣʠ, ʱʦ ʚ ʩʠʨʦʚʠʛʦʪʦʚʣʶʚʘʯʽ ʫʪʚʦʨʶʻʪʴʩʷ ʙʣʠʟʴʢʦ 

25% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʠʨʥʦʛʦ ʧʠʣʫ.  
ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʨʥʦʛʦ ʧʠʣʫ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʩʠʨʥʦʛʦ 

ʟʝʨʥʘ ʟ ʩʠʨʦʚʘʪʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʣʘʯʢʦʚʦʛʦ ʥʘʩʦʩʘ ï 2,96 ʢʛ/ʤ.ʢʫʙ. ʎʝ ʩʪʘʥʦʚʠʪʴ 

62% ʚʽʜ ʫʩʽʻʾ ʤʘʩʠ ʩʠʨʥʦʛʦ ʧʠʣʫ, ʫʪʚʦʨʝʥʦʛʦ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʨʫ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ. 

ʋ ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʠʨʥʦʛʦ ʟʝʨʥʘ ʚ ʪʨʫʙʯʘʩʪʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʘʧʘʨʘʪʽ 

ʫʪʚʦʨʶʻʪʴʩʷ 0,62 ʢʛ/ʤ.ʢʫʙ. ʩʠʨʥʦʛʦ ʧʠʣʫ, ʘʙʦ 13%, ʚʽʜ ʡʦʛʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʝʥʥʷ ʩʠʨʥʦʛʦ ʧʠʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʷʢ 

ʨʦʟʨʽʟʘʥʥʷ ʪʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʨʥʦʛʦ ʟʝʨʥʘ ʚ ʩʠʨʦʚʠʛʦʪʦʚʣʶʚʘʯʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʩʫʩʧʝʥʟʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʣʘʯʢʦʚʦʛʦ ʥʘʩʦʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʪʨʫʙʯʘʩʪʦʤʫ 

ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʘʧʘʨʘʪʽ [1]. ʈʫʡʥʫʚʘʥʥʷ ʩʠʨʥʦʛʦ ʟʝʨʥʘ ʪʘ ʫʪʚʦʨʝʥʥʷ ʩʠʨʥʦʛʦ ʧʠʣʫ ʧʨʠ 

ʚʽʜʜʽʣʝʥʥʷ ʩʠʨʦʚʘʪʢʠ ʥʘ ʧʝʨʬʦʨʦʚʘʥʦʤʫ ʙʘʨʘʙʘʥʽ ʪʘ ʩʪʨʽʯʢʦʚʦʤʫ ʪʨʘʥʩʧʦʨʪʝʨʽ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 
ʊʦʡ ʬʘʢʪ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʨʥʦʛʦ ʧʠʣʫ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʩʠʨʥʦʛʦ ʟʝʨʥʘ ʟ ʩʠʨʦʚʘʪʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʣʘʯʢʦʚʦʛʦ ʥʘʩʦʩʘ, 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʫ ʜʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʨʫʡʥʫʚʘʥʥʷ ʩʠʨʥʦʛʦ ʟʝʨʥʘ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʨʫ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʽʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʚʽʜʧʘʜʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʽ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʩʫʩʧʝʥʟʽʾ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʠʨʥʦʛʦ ʟʝʨʥʘ ʽʟ 

ʩʠʨʦʚʘʪʢʦʶ ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʦʩʠ ʽʟ ʤʝʥʰʦʶ ʤʝʭʘʥʽʯʥʦʶ ʜʽʻʶ ʥʘ 

ʜʠʩʧʝʨʩʥʫ ʬʘʟʫ. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʫʪʚʦʨʝʥʥʷ ʩʠʨʥʦʛʦ ʧʠʣʫ ʩʣʽʜ ʟ ʤʝʪʦʶ ʦʭʦʣʦʜʞʝʥʥʷ 

ʩʠʨʥʦʛʦ ʟʝʨʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ 
ʦʧʦʨʦʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʦʩʠ ʙʽʣʴʰ ʤôʷʢʦʾ ʜʽʾ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. Shynkaryk, M., Kravets, O., Papernyak, R., & Lukiyanchuk, B. (2026). Determining 

the influence of equipment used in modern cottage cheese production lines on the quantitative 

and dispersed composition of cheese dust. Eastern-European Journal of Enterprise 

Technologies, 1(11 (139), 14ï22. 
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ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʟʘʪʦʨʘ ʥʘʯʠʥʦʢ ʧʦʪʦʢʦʚʦʾ ʣʽʥʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʩʪʢʦʚʠʭ ʚʠʨʦʙʽʚ RONDO DOGE 

 

ʉʝʨʛʽʡ ɿʦʟʫʣʷ, ʆʣʝʥʘ ʏʝʧʝʣʶʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʜʦʟʫʚʘʥʥʷ ʥʘʯʠʥʦʢ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 
ʰʣʷʭʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʣʽʥʽʾ Rondo Doge. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɺʠʢʦʨʠʩʪʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʧʠʩʫ ʪʝʯʽʾ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʥʘ ʦʩʥʦʚʽ ʨʝʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ (ʤʦʜʝʣʴ ɻʝʨʰʝʣʷ-ɹʘʣʢʣʽ); 

ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

SolidWorks (ʤʦʜʫʣʽ Flow Simulation ʪʘ Simulation); CFD-ʘʥʘʣʽʟ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ; ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʈʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʣʠʩʪʢʦʚʠʭ ʚʠʨʦʙʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʾ ʥʘʯʠʥʢʠ ʧʦʪʨʝʙʫʻ 

ʫʨʘʭʫʚʘʥʥʷ ʾʾ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʦʧʠʩʫ ʪʝʯʽʾ ʤôʷʩʥʦʛʦ ʽ ʨʠʙʥʦʛʦ ʬʘʨʰʫ, 

ʚʘʨʝʥʥʷ ʽ ʩʠʨʥʦʾ ʤʘʩʠ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʚʥʷʥʥʷ ɻʝʨʰʝʣʷ ï ɹʘʣʢʣʽ. 

ʆʩʥʦʚʥʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʦʟʘʪʦʨʘ ʥʘʯʠʥʢʠ ʣʽʥʽʾ Rondo Doge ʻ 
ʢʦʥʩʦʣʴʥʝ ʟʘʢʨʽʧʣʝʥʥʷ ʰʥʝʢʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ, ʦʜʥʘʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʧʦʨʠ 

ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʧʦʪʦʢʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʤʫʛʠ ʥʘʯʠʥʢʠ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʜʦʟʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʢʘʟʘʚ, 

ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʨʽʚʥʽ 0,01 ʤ/ʩ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ 

ʮʠʣʽʥʜʨʘ. ʊʠʩʢ ʟʨʦʩʪʘʻ ʣʽʥʽʡʥʦ ʚʽʜ 100 ʢʇʘ ʜʦ 170 ʢʇʘ, ʜʦʩʷʛʘʶʯʠ ʧʽʢʫ ʚ ʤʽʩʮʽ ʧʝʨʝʭʦʜʫ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʚ ʢʦʥʽʯʥʫ, ʽ ʥʘʜʘʣʽ ʧʣʘʚʥʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʥʘ ʚʠʭʦʜʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʽ ʟʛʠʥʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʣʴʥʠʡ ʢʽʥʝʮʴ ʰʥʝʢʘ. 

ɽʬʝʢʪ ʙʫʜʝ ʧʦʩʠʣʶʚʘʪʠʩʷ ʜʣʷ ʙʽʣʴʰ ʚôʷʟʢʠʭ ʤʘʩ ʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʭʠʙʢʠ ʜʦʟʫʚʘʥʥʷ >2% ʪʘ ʨʠʟʠʢʫ 

ʚʽʙʨʘʮʽʡ. 
ʅʘʡʙʽʣʴʰʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʚ ʟʦʥʽ ʢʦʥʩʦʣʴʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʚʘʣʘ, ʭʦʯʘ ʾʭ 

ʟʥʘʯʝʥʥʷ ʽ ʻ ʚʜʚʽʯʽ ʤʝʥʰʠʤʠ ʟʘ ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʰʥʝʢʘ. 

ɼʦʜʘʪʢʦʚʘ ʦʧʦʨʘ ʜʣʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʨʘʜʽʘʣʴʥʠʡ ʧʽʜʰʠʧʥʠʢ 

ʢʦʚʟʘʥʥʷ ʟ ʫʣʴʪʨʘʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ UHMWPE, ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ 

ʩʪʨʠʞʥʷʭ ʥʘ ʚʽʜʩʪʘʥʽ 180 ʤʤ ʚʽʜ ʪʦʨʮʷ ʧʨʠʚʦʜʥʦʛʦ ʢʽʥʮʷ ʰʥʝʢʘ. 

ʋ ʚʘʨʽʘʥʪʽ ʟ ʜʚʦʤʘ ʦʧʦʨʘʤʠ ʧʦʪʽʢ ʩʠʨʦʚʠʥʠ ʣʦʢʘʣʴʥʦ ʨʦʟʜʽʣʷʻʪʴʩʷ ʚ ʟʦʥʽ ʜʦʜʘʪʢʦʚʦʾ 

ʦʧʦʨʠ, ʱʦ ʚʽʟʫʘʣʴʥʦ ʩʪʚʦʨʶʻ ʟʦʥʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʩʫʚʫ ʪʘ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ. 

ʆʜʥʘʢ, ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʦʶ ʜʦ 

ʟʦʥʠ ʥʘʩʘʜʦʢ. ʅʘʷʚʥʽʩʪʴ ʦʧʦʨʠ ʩʪʚʦʨʶʻ ʟʦʥʫ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʦʧʦʨʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ (ʙʣʠʟʴʢʦ 165 ʢʇʘ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʮʽʻʶ 

ʧʝʨʝʰʢʦʜʦʶ. ɿʘʛʘʣʴʥʠʡ ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʚʠʱʠʡ, ʥʽʞ ʫ ʢʦʥʩʦʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ. 
ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʧʦʨʠ ʩʪʚʦʨʶʻ ʣʦʢʘʣʴʥʠʡ ʩʪʨʠʙʦʢ ʪʠʩʢʫ, ʘʣʝ ʟʥʠʞʫʻ ʧʨʦʛʠʥ 

ʰʥʝʢʘ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʚʜʚʽʯʽ ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ.  

ɺʠʩʥʦʚʦʢ. ʈʽʰʝʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʦʧʦʨ (ʧʝʨʝʭʽʜ ʚʽʜ ʢʦʥʩʦʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʜʚʦʭ ʦʧʦʨ ʰʥʝʢʘ) ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʥʝ ʤʽʮʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʝʢʩʪʨʫʟʽʾ. 

ʋʥʠʢʥʫʪʠ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʦʧʦʨʠ, ʤʦʞʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʥʷ ʾʾ ʧʨʦʬʽʣʽʚ ʦʙʪʽʯʥʠʤʠ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʢʨʦʢʫ ʰʥʝʢʫ ʧʝʨʝʜ ʥʝʶ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʨʦʪʦʨʥʦʛʦ ʪʠʧʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʘʙʣʝʪʦʢ 

 

ɭʚʛʝʥʽʡ ʉʘʚʽʮʴʢʠʡ, ʆʣʝʢʩʘʥʜʨ ʏʝʧʝʣʶʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 
ɺʩʪʫʧ. ɼʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʙʨʘʢʫʚʘʥʥʷ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʾ ʤʘʩʠ ʪʘʙʣʝʪʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʨʝʢʪʥʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʟʤʫ ʜʦʟʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʝʪʘʧʽʚ ʧʨʝʩʫʚʘʥʥʷ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʽ ʥʘʫʢʦʚʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 
ʦʙʣʘʜʥʘʥʥʷ. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ EDEM, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʨʘʭʦʚʫʻ ʢʦʥʪʘʢʪʥʫ ʬʽʟʠʢʫ, ʛʝʦʤʝʪʨʠʯʥʫ 
ʬʦʨʤʫ ʪʘ ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʯʦʢ ʪʘʙʣʝʪʫʚʘʣʴʥʦʾ ʩʫʤʽʰʽ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʻ ʥʘʧʨʷʤ ʽ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 70 ʦʙ/ʭʚ ʪʘ ʧʝʨʝʤʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʞʠʚʠʣʴʥʠʢʘ ï ʧʦ 50 ʦʙ/ʭʚ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʩʠʨʦʚʠʥʠ ʚʩʝʨʝʜʠʥʽ 
ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʝ ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ 

ʧʝʨʰʦʛʦ ʟʚʦʨʫʰʫʚʘʯʘ. ʏʘʩʪʠʥʢʠ ʧʦʩʪʫʧʦʚʦ ʪʘ ʩʪʘʙʽʣʴʥʦ ʧʝʨʝʪʽʢʘʶʪʴ ʫ ʢʘʤʝʨʫ ʜʨʫʛʦʛʦ 
ʟʚʦʨʫʰʫʚʘʯʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʫ. 

ʇʦʪʽʢ ʤʘʻ ʚʠʨʘʞʝʥʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ. ʋ ʩʠʩʪʝʤʽ ʥʘʷʚʥʽ ʷʢ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ ʨʫʭʫ (1,18 
ʤ/ʩ), ʪʘʢ ʽ ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʧʘʜʘʻ ʬʘʢʪʠʯʥʦ ʜʦ ʥʫʣʷ. ʊʘʢ, ʫ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʫʥʢʝʨʘ ʰʚʠʜʢʽʩʪʴ ʤʽʥʽʤʘʣʴʥʘ, ʽ ʯʘʩʪʠʥʢʠ ʪʘʤ ʤʘʡʞʝ ʥʝ ʨʫʭʘʶʪʴʩʷ, 
ʫʪʚʦʨʶʶʯʠ ʱʽʣʴʥʠʡ ʰʘʨ. ʅʘʡʚʠʱʘ ʰʚʠʜʢʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʙʫʥʢʝʨʘ 

ʪʘ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʞʦʣʦʙ. 
ɻʨʘʜʽʻʥʪʥʘ ʰʢʘʣʘ ʯʘʩʫ ʚʽʜʦʙʨʘʞʘʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʢʦʞʥʦʾ ʯʘʩʪʦʯʢʠ ʚ ʩʠʩʪʝʤʽ 

ï ʚʽʜ ʤʦʤʝʥʪʫ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʚʠʭʦʜʫ ʟ ʤʝʭʘʥʽʟʤʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʜʽʣʷʥʢʠ, 
ʜʝ ʩʠʨʦʚʠʥʘ ʟʘʪʨʠʤʫʻʪʴʩʷ ʥʘʡʜʦʚʰʝ ï ʟʦʥʘ ʙʽʣʷ ʩʪʽʥʦʢ ʜʨʫʛʦʛʦ ʟʚʦʨʦʰʫʚʘʯʘ (pʠʩ. 1). ʗʢʱʦ 

ʧʝʨʰʠʡ ʟʤʽʰʫʚʘʯ ʧʨʦʩʪʦ ʧʝʨʝʥʘʧʨʘʚʣʷʻ ʧʦʪʽʢ, ʪʦ ʜʨʫʛʠʡ ʚʠʢʦʥʫʻ ʨʦʣʴ ʚʠʚʘʥʪʘʞʝʥʥʷ 

ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʪʨʠʮʽ ʨʦʪʦʨʘ, ʯʘʩʪʦʯʢʠ ʤʘʶʪʴ ʧʨʦʡʪʠ ʯʝʨʝʟ ʚʫʟʴʢʽ ʧʨʦʤʽʞʢʠ ʤʽʞ 
ʣʦʧʘʪʷʤʠ ʪʘ ʢʦʨʧʫʩʦʤ. ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ ʛʝʦʤʝʪʨʽʾ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʩʢʫʧʯʝʥʥʷ ʯʘʩʪʦʯʦʢ ʽ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʟ ʥʠʭ ʜʦ 3 ʩ. 

 
ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ (ʘ)  

ʽ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʯʘʩʪʦʯʦʢ ʚ ʥʘʛʥʽʪʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ (ʙ) 

ɺʠʩʥʦʚʢʠ. ʏʝʨʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʥʘʛʥʽʪʘʣʴʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʤʦʞʣʠʚʝ 
ʥʘʢʦʧʠʯʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʦʯʦʢ ʽ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʤʘʰʠʥʽ ʧʦʥʘʜ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ 

ʯʘʩ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʢʦʨʧʫʩʘ ʽ 
ʣʦʧʘʪʝʡ ʜʨʫʛʦʛʦ ʟʚʦʨʫʰʫʚʘʣʘ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʟʚʦʨʦʰʫʚʘʯʽʚ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʝʦʤʝʪʨʽʶ ʟʚʦʨʫʰʫʚʘʯʽʚ ʜʣʷ 
ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʪʨʠʤʢʘʤ ʩʠʨʦʚʠʥʠ. 
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ʆʩʦʙʣʠʚʦʩʪʽ ʩʝʛʨʝʛʘʮʽʾ ʩʫʤʽʰʝʡ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʤʦʜʫʣʷʭ ʜʦʟʫʚʘʥʥʷ  

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ-ʘʚʪʦʤʘʪʽʚ 
 

ʆʣʝʢʩʘʥʜʨ ʐʦʙʦʪʝʥʢʦ, ʆʣʝʢʩʘʥʜʨ ɻʘʚʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʋ ʩʧʦʞʠʚʘʯʽʚ ʥʘʙʫʚʘʶʪʴ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ, ʦʩʥʦʚʦʶ 

ʷʢʠʭ ʻ ʩʠʧʢʽ ʩʫʤʽʰʽ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʉʢʣʘʜʦʚʽ ʩʫʤʽʰʝʡ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ 

ʦʙ'ʻʤʥʦʾ ʤʘʩʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʝʡ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʝʛʨʝʛʘʮʽʾ ʷʢ ʚ ʙʫʥʢʝʨʽ, ʪʘʢ ʽ ʚ ʜʦʟʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɼʣʷ ʧʘʢʫʚʘʥʥʷ 

ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʩʧʦʞʠʚʯʫ ʫʧʘʢʦʚʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʧʘʢʫʚʘʥʥʷ, ʱʦ ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʩʧʦʞʠʚʘʯʘ, 

ʚʠʨʦʙʥʠʢʘ ʽ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʽʚ, ʜʦʨʝʯʥʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʩʪʫʧʝʥʷ 

ʩʝʛʨʝʛʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʙʫʥʢʝʨʽ, ʤʦʜʫʣʽ ʜʦʟʫʚʘʥʥʷ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ-ʘʚʪʦʤʘʪʽʚ.  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɿʘ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ʙʽʥʘʨʥʽ ʩʫʤʽʰʽ ʫ ʚʠʛʣʷʜʽ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʽʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʙ'ʻʤʥʦʾ ʤʘʩʠ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʪʦʢ 

ʢʦʤʧʦʥʝʥʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʩʠʤʫʣʷʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ EDEM. ʉʪʫʧʽʥʴ ʩʝʛʨʝʛʘʮʽʾ ʦʮʽʥʶʚʘʚʩʷ ʟʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʝʛʨʝʛʘʮʽʾ (CV %). 

ʈʝʟʫʣʴʪʘʪʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ 

ʪʘ ʩʪʫʧʝʥʝʤ ʾʭ ʨʦʟʰʘʨʫʚʘʥʥʷ. ʇʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʽʚ ʜʦ 30% ʩʫʤʽʰ 

ʟʙʝʨʽʛʘʻ ʦʜʥʦʨʽʜʥʽʩʪʴ ὅὠ  υϷ), ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʤ ʜʣʷ ʜʠʪʷʯʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ɼʉʊʋ 8598:2015. 

ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ (60ï100%) ʽʥʽʮʽʶʻ ʽʥʪʝʥʩʠʚʥʫ 

ʩʝʛʨʝʛʘʮʽʶ ʟ ʧʽʢʦʤ ὅὠ ρσȟψυυϷ (ʧʨʠ 

90%). ɿʥʘʯʝʥʥʷ ὅὠ  ρπϷ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʫʤʽʰʽ ʧʨʦʜʫʢʮʽʾ ʯʝʨʝʟ 

ʢʨʠʪʠʯʥʝ ʨʦʟʰʘʨʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʦʙôʻʤʽ ʫʧʘʢʦʚʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʚ ʩʠʩʪʝʤʽ EDEM (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʫ 

ʧʨʠʡʤʘʣʴʥʽʡ ʻʤʥʦʩʪʽ (ʪʝʧʣʦʚʘ ʢʘʨʪʘ) 

ɺʠʩʥʦʚʢʠ. ʉʠʤʫʣʷʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʩʝʛʨʝʛʘʮʽʾ ʩʫʤʽʰʝʡ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʥʘ ʨʽʚʥʽ σπ%. 
ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʜʦʟʫʚʘʣʴʥʦ-

ʬʘʩʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʩʫʤʽʰʝʡ. 
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ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 

20 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʩʚʽʪʣʝʥʥʷ ʛʘʨʷʯʦʛʦ ʦʭʤʝʣʝʥʦʛʦ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʫ 

ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʩʝʧʘʨʘʪʦʨʽ 

 

ɸʨʪʝʤ ɼʽʚʦʥʴʢʦ, ʉʝʨʛʽʡ ʋʜʦʜʦʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ , ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʆʩʚʽʪʣʝʥʥʷ ʛʘʨʷʯʦʛʦ ʦʭʤʝʣʝʥʦʛʦ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʧʠʚʦʚʘʨʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʷʢʽʩʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ  ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ 
ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʦʪʞʝ ʽ ʡʦʛʦ  ʚʠʟʥʘʥʥʷ ʪʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʩʝʨʝʜ ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ 

ʩʧʦʞʠʚʘʯʽʚ ʥʘʧʦʶ. . 
ʆʙôʻʢʪ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʽʜʮʝʥʪʨʦʚʠʡ ʩʝʧʘʨʘʪʦʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ 

ʛʘʨʷʯʦʛʦ ʦʭʤʝʣʝʥʦʛʦ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʚ ʧʦʣʽ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʇʨʦʚʝʜʝʥʦ  ʯʠʩʝʣʴʥʝ 
ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʦʯʦʢ ʚ ʧʦʣʽ ʜʽʾ 
ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ.  

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʦʩʚʽʪʣʝʥʥʷ ʛʘʨʷʯʦʛʦ ʦʭʤʝʣʝʥʦʛʦ ʧʠʚʥʦʛʦ ʩʫʩʣʘ 

ʟʘ ʜʦʧʦʤʦʛʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ï ʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʘ 
ʩʘʤʝ ʙʘʨʘʙʘʥʫ ʩʝʧʘʨʘʪʦʨʘ. ʋ ʚʽʜʮʝʥʪʨʦʚʦʤʫ  ʩʝʧʘʨʘʪʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʙʽʣʢʦʚʦʛʦ 

ʦʩʘʜʫ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ. ʆʩʪʘʥʥʷ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʩʠʣʫ ʪʷʞʽʥʥʷ ʽ 
ʪʦʤʫ ʾʾ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʦʯʦʢ ʫ ʨʽʜʠʥʽ. 

ʉʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʦʩʚʽʪʣʝʥʥʷ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʪʘ ʩʠʩʪʝʤʘ 

ʜʣʷ  ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ 
ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ. 

 

Ly - ʨʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ ʟʘ 

ʤʝʪʦʜʦʤ ʃʷʱʝʥʢʘ; 

Ar ï ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ; 

Fr - ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ (ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ); 

Re ï ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ; 

ɤ0  - ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ; 

ɤʨ - ʨʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ; 

m ï ʤʘʩʘ ʯʘʩʪʦʯʢʠ, ʢʛ; n- ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ 

ʙʘʨʘʙʘʥʘ ʩʝʧʘʨʘʪʦʨʘ, ʭʚ-1; - ʛʫʩʪʠʥʘ 

ʯʘʩʪʦʯʢʠ, ʢʛ/ʤ3 

   ɼʦʩʣʽʜʞʝʥʦ ʨʦʙʦʪʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʛʘʨʷʯʦʛʦ ʦʭʤʝʣʝʥʦʛʦ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ɿʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 
ʙʘʨʘʙʘʥʫ ʩʝʧʘʨʘʪʦʨʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʦʩʚʽʪʣʝʥʥʷ ʛʘʨʷʯʦʛʦ ʦʭʤʝʣʝʥʦʛʦ ʧʠʚʥʦʛʦ 

ʩʫʩʣʘ, ʘ ʩʘʤʝ - ʦʩʘʜʞʝʥʥʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʦʯʦʢ ʽʟ ʧʠʚʥʦʛʦ ʩʫʩʣʘ. ɺʩʪʘʥʦʚʣʝʥʽ ʚʧʣʠʚ ʪʘ 
ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʯʥʠʭ 
ʟʘʣʝʞʥʦʩʪʝʡ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʚ ʜʦʩʣʽʜʞʫʻʤʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʪʘ 
ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʨʦʙʦʪʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʛʘʨʷʯʦʛʦ 

ʦʭʤʝʣʝʥʦʛʦ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʻ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ 7000-8000 ʦʙ/ʭʚ. 
ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʪʘ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʘʢʪʠʮʽ ʪʝʭʥʦʣʦʛʽʾ ʧʠʚʦʚʘʨʽʥʥʷ, ʘ ʩʘʤʝ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ 
ʛʘʨʷʯʦʛʦ ʦʭʤʝʣʝʥʦʛʦ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʟʘ ʜʦʧʦʤʦʛʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ, ʘ  ʪʘʢʦʞ ʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ  ʦʙʣʘʜʥʘʥʥʷ. 
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ʉʪʨʫʢʪʫʨʥʠʡ ʩʠʥʪʝʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʤʝʪʦʜʦʤ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

 

ɯʛʦʨ ʄʘʣʠʢ, ʃʝʩʷ ʄʘʨʮʠʥʢʝʚʠʯ, ʆʣʝʢʩʘʥʜʨ ɻʘʚʚʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ.ʂʠʾʚ 
 

ɺʩʪʫʧ. ʅʘ  ʩʴʦʛʦʜʥʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʨʫʧ  ʤʝʪʦʜʽʚ, ʱʦ 
ʜʘʶʪʴ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʽ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʘʛʘʣʦʤ, ʻ ʤʝʪʦʜʠ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʦʰʫʢʫ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ ʛʝʥʝʪʠʯʥʽ 
ʘʣʛʦʨʠʪʤʠ ʽ ʤʝʪʦʜʠ ʛʝʥʝʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʦ 

ʩʠʥʪʝʟʫ ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ 
ʧʦʚ'ʷʟʘʥʽ ʷʢ ʟ ʰʠʨʦʢʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʘʢ ʽ ʟʽ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʭʨʦʤʦʩʦʤ. 
ʄʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠʢʠ. ɿʘ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʤʦʜʫʣʴ 

ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʞʠʚʯʦʾ ʫʧʘʢʦʚʢʠ ʽʟ ʧʣʦʩʢʦʩʢʣʘʜʝʥʦ ʾʢʘʨʪʦʥʥʦ ʾʟʘʛʦʪʦʚʢʠ. ʄʝʪʦʜʠʢʦʶ 
ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʛʝʥʝʪʠʯʥʠʤʠ 

ʧʨʠʡʦʤʘʤʠ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʮʝʩ ʛʝʥʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʻ ʧʨʦʮʝʜʫʨʦʶ ʩʪʚʦʨʝʥʥʷ ʾʭ ʭʨʦʤʦʩʦʤ. ɻʝʥʦʪʠʧ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 
ʤʦʜʫʣʶ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʛʝʥʽʚ ʫ ʭʨʦʤʦʩʦʤʽ, ʘ ʬʝʥʦʪʠʧ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ, ʜʝʢʦʜʫʚʘʚʰʠ ʢʦʞʥʫ ʟ ʭʨʦʤʦʩʦʤ. ɼʣʷ ʦʧʠʩʫ ʩʪʨʫʢʪʫʨʠ ʤʦʜʫʣʷ ʧʦʪʨʽʙʥʦ 
ʚʠʟʥʘʯʠʪʠ: ʬʫʥʢʮʽʾ, ʱʦ ʚʠʢʦʥʫʻ ʤʦʜʫʣʴ; ʩʢʣʘʜʦʚʽ ʤʦʜʫʣʷ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʮʽ ʬʫʥʢʮʽʾ (ʙʘʟʦʚʽ 

ʤʝʭʘʥʽʟʤʠ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʾ, ʱʦ ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ); ʨʫʭʠ, ʱʦ 
ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʪʘ ʾʭ ʧʨʠʚʦʜʠ; ʟʚ'ʷʟʢʠ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʤʦʜʫʣʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʧʨʠ ʩʠʥʪʝʟʽ ʩʪʨʫʢʪʫʨʠ ʛʝʥʦʪʠʧ ʤʦʜʫʣʷ ʻ ʯʫʪʣʠʚʠʤ ʜʦ ʜʽʾ ʦʧʝʨʘʪʦʨʘ 

ʤʫʪʘʮʽʾ. ʊʦʙʪʦ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʩʠʪʫʘʮʽʷ ʢʦʣʠ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥʘʭ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ 
ʥʝʜʦʧʫʩʪʠʤʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ. ɸ ʪʦʤʫ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʣʠʰʘʪʠ ʜʝʷʢʽ ʛʝʥʠ ʙʝʟ ʟʤʽʥ. 
ʇʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʩʪʨʫʢʪʫʨʠ ʤʦʜʫʣʷ ʟʘ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ: 

ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʪʠʚʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʩʢʣʘʜʥʦʩʪʽ 
ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʩʢʣʘʜʥʦʩʪʽ, ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʟʘʪʨʘʪʠ. 

ʂʽʥʮʝʚʘ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ 
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ʜʝ l ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʦʧʪʠʤʽʟʘʮʽʾ; fk ï ʟʥʘʯʝʥʥʷ ʯʘʩʪʢʦʚʦʾ ʬʫʥʢʮʽʾ; Ŭ = 1 ʪʘ Ŭ = 
-1 ï ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʢʨʠʪʝʨʽʶ ʚʽʜʧʦʚʽʜʥʦ; wk ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ɼʽʻʚʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 
ʦʜʝʨʞʘʥʠʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB. ʈʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʦ ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤʠ ʪʘ ʪʘʙʣʠʮʽ 

ʢʦʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʛʝʥʦʪʠʧʫ. 
ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʜʫʣʽʚ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʻ 
ʝʬʝʢʪʠʚʥʦʶ ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʧʘʨʘʤʝʪʨʠʯʥʦ ʾʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ, ʜʝ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʻ ʩʢʣʘʜʥʠʤʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ 
ʤʝʪʦʜʽʚ ʥʝʜʦʮʽʣʴʥʝ. ʇʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʦ ʥʘ ʩʠʥʪʝʟʽ ʩʪʨʫʢʪʫʨʠ ʤʦʜʫʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʫʧʘʢʦʚʢʠ ʽʟ ʧʣʦʩʢʦʩʢʣʘʜʝʥʦʾ ʢʘʨʪʦʥʥʦʾ ʟʘʛʦʪʦʚʢʠ. 

 

ʃʽʪʝʨʘʪʫʨʘ.  
1. Genetic Programming Theory and Practice III / Tina Yu. Et al. New York: Springer, 

2006. 310 p. ISBN 978-0-387-28110-0. 
2. Palchevskyi B., Varanitskyi T. Analisys of variability of the family of packages and the 

versatile packaging machine design. Applied Computer Science. 2012. Vol. 8 No. 1. ʨ.22-32.  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʧʨʠ ʥʚʯ-ʦʙʨʦʙʮʽ ʩʫʤʽʰʽ 

ʢʦʨʝʥʽʚ ʟ ʧʨʷʥʠʭ ʦʚʦʯʽʚ 

 

ʆʣʝʥʘ ɹʘʙʘʥʦʚʘ1, ɺʘʣʝʨʽʡ ʄʠʭʘʡʣʦʚ2, ʉʚʽʪʣʘʥʘ ʇʨʘʩʦʣ2, ɸʥʜʨʽʡ ʐʝʚʯʝʥʢʦ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

2ɼʝʨʞʘʚʥʠʡ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʂʦʨʝʥʽ ʧʨʷʥʠʭ ʦʚʦʯʽʚ (ʧʝʪʨʫʰʢʘ, ʧʘʩʪʝʨʥʘʢ, ʩʝʣʝʨʘ, ʢʨʽʧ) ʻ ʮʽʥʥʦʶ ʚʽʪʘʤʽʥʥʦʶ ʪʘ 

ʘʨʦʤʘʪʠʯʥʦʶ ʩʠʨʦʚʠʥʦʶ, ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ 
ʥʦʚʽ ʧʨʦʜʫʢʪʠ (ʧʘʩʪʠ, ʩʦʫʩʠ, ʧʦʨʦʰʢʠ) ʥʘ ʦʩʥʦʚʽ ʩʫʤʽʰʽ ʧʦʜʨʽʙʥʝʥʠʭ ʢʦʨʝʥʽʚ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʧʝʨʝʜʥʻ ʚʠʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʨʝʥʽʚ ʟ ʧʨʷʥʠʭ ʦʚʦʯʽʚ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʤʽʰʽ ʟ ʢʦʨʝʥʽʚ ʧʨʷʥʠʭ ʦʚʦʯʽʚ ʧʝʨʝʜʙʘʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʥʦʾ ʦʙʨʦʙʢʠ ʚ ʅɺʏ-ʧʦʣʽ ʟʘ ʫʤʦʚ ʚʘʢʫʫʤʫʚʘʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 
ʤʘʢʩʠʤʘʣʴʥʦ ʟʙʝʨʝʛʪʠ ʢʦʨʠʩʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʦʪʨʠʤʘʪʠ ʧʨʦʜʫʢʮʽʶ ʟ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1]. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʝ ʧʦʧʝʨʝʜʥʻ 
ʚʠʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʨʦʚʠʥʠ [2]. 
ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʜʽʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʨʦʚʠʥʠ ʣʽʥʽʡʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʜʽʘʧʘʟʦʥʽ ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʽʜ 300é600 ʢʛ/ʤ3 Ůᾳ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 18 ʜʦ 50, ʘ Ůᾴ 
ï ʚʽʜ 2 ʜʦ 10. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ 20é80 Áʉ Ůᾳ ʤʦʥʦʪʦʥʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ 
ʧʨʠ ʥʘʩʠʧʥʽʡ ʱʽʣʴʥʦʩʪʽ 500 ʢʛ/ʤ3 ï ʟ 40 ʜʦ 28, ʘ ʧʨʠ 400 ʢʛ/ʤ3 ï ʟ 29 ʜʦ 14. ʇʦʤʽʪʥʠʭ ʟʤʽʥ Ůᾴ ʚ 
ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 20é60 Áʉ ʤʘʡʞʝ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʦʢʘʟʥʠʢ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 5,7é6,0 ʪʘ 3,8é4,0 ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 
80 Áʉ Ůᾴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ 6,5 ʪʘ 4,7, ʪʦʙʪʦ ʥʘ 11é21 %. ɿʥʠʞʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʟ 85 ʜʦ 
10 % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ Ůᾳ ʽ Ůᾴ. ʊʘʢ, ʧʨʠ ʥʘʩʠʧʥʽʡ ʱʽʣʴʥʦʩʪʽ 500 ʢʛ/ʤ3 Ůᾳ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 39 ʜʦ 8, 
ʘ ʧʨʠ ʥʘʩʠʧʥʽʡ ʱʽʣʴʥʦʩʪʽ 400 ʢʛ/ʤ3 ï ʟ 30 ʪʘ 6. ʊʦʙʪʦ, ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʟʥʝʚʦʜʥʶʚʘʥʥʷ 
ʧʦʢʘʟʥʠʢ Ůᾳ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ 1,3 ʨʘʟʠ. ʇʦʢʘʟʥʠʢ Ůᾴ ʧʨʠ ʥʘʩʠʧʥʽʡ ʱʽʣʴʥʦʩʪʽ 500 ʢʛ/ʤ3 ʟʤʝʥʰʫʻʪʴʩʷ ʟ 6,3 
ʜʦ 1,5, ʘ ʧʨʠ ʥʘʩʠʧʥʽʡ ʱʽʣʴʥʦʩʪʽ 400 ʢʛ/ʤ3 ï ʟ 3,1 ʜʦ 0,9. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʥʠʢ Ůᾴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ 
1,6é2,0 ʨʘʟʠ ʟʘ ʚʠʱʝʚʢʘʟʘʥʠʭ ʟʥʘʯʝʥʴ ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ. ʆʯʝʚʠʜʥʦ, ʚʠʱʝʚʢʘʟʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 
ʟʤʽʥʠ Ůᾳ ʪʘ Ůᾴ ʧʦʢʘʟʥʠʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʱʝʚʢʘʟʘʥʠʭ ʯʠʥʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʷʩʥʝʥʽ ʟʤʽʥʘʤʠ 

ʦʙôʻʤʫ ʧʫʩʪʦʪ, ʟʘʧʦʚʥʝʥʠʭ ʧʦʚʽʪʨʷʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʥʘʩʢʨʽʟʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ.  
ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʚʯʘʣʠʩʷ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʤʽʰʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʚʦʣʦʛʦʚʤʩ̔ʪʫ ʟʥʠʞʫʻʪʴʩʷ ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 
ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʥʽ 
ʚʦʣʦʛʦʩʪʽ ʪʘ ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ. 
ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 20 ʜʦ 80 ÁC ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ 

ʧʨʠ ʚʦʣʦʛʦʚʤʽʩʪʽ 85 % ï ʚ ʤʝʞʘʭ 0,63é0,71 ɺʪ/(ʤĿʂ), ʧʨʠ ʚʦʣʦʛʦʚʤʽʩʪʽ 50 % ï 0,37é0,42 ɺʪ/(ʤĿʂ), ʘ 
ʧʨʠ ʚʦʣʦʛʦʚʤʽʩʪʽ 10 % ï 0,113é0,137 ɺʪ/(ʤĿʂ). ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʥʠʞʝʥʥʷʤ ʚʦʣʦʛʦʚʤʽʩʪʫ. ʂʦʝʬʽʮʽʻʥʪ 
ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʟʥʠʞʝʥʥʽ ʚʦʣʦʛʦʚʤʽʩʪʫ ʟ 85 ʜʦ 30 % ʥʝʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 
(30,2é31,6)Ŀ10-8 ʤ2/ʩ, ʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʥʠʞʝʥʥʽ ʚʦʣʦʛʦʚʤʽʩʪʫ ʜʦ 10 % ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,1é1,2 ʨʘʟʠ 
ʜʦ (27,5Ŀ10-8) ʤ2/ʩ. ʇʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʨʦʤʽʞʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʢʦʝʬʽʮʽʻʥʪʘ 
ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʝʞʘʭ 20é80 ÁC ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ.  
ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʬʦʨʤʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 
ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʢʦʤʧʣʝʢʩʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʥʘ ʪʦʯʥʠʡ 
ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʜʝʪʘʣʴʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʦʙʨʦʙʢʫ ʨʦʩʣʠʥʥʦʾ ʩʫʤʽʰʽ ʚ ʅɺʏ-ʧʦʣʽ. 
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ɺʘʣʽʜʘʮʽʷ ʧʨʠʣʘʜʫ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʯʠʥʝʥʥʷ ʪʘʙʣʝʪʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʜʽʣʫ 

ɭʚʨʦʧʝʡʩʴʢʦʾ ʌʘʨʤʘʢʦʧʝʾ 2.9.3 

 

ɸʥʥʘ ɹʫʜʥʽʢ, ɯʛʦʨ ɾʠʪʥʝʮʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ɺʘʣʽʜʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʝʪʘʧʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʫ 

ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʠʣʘʜʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ 
ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʫʧʝʥʷ ʚʠʚʽʣʴʥʝʥʥʷ 

ʜʽʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʧʨʝʧʘʨʘʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʤʦʛ ɭʚʨʦʧʝʡʩʴʢʦʾ ʌʘʨʤʘʢʦʧʝʾ (ʨʦʟʜʽʣ 2.9.3), ʪʘʢʽ ʧʨʠʣʘʜʠ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ 

ʢʚʘʣʽʬʽʢʘʮʽʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (OQ) ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʪʝʭʥʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʘ ʢʨʠʪʝʨʽʷʤ ʧʨʠʡʥʷʪʥʦʩʪʽ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɺʘʣʽʜʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʢʚʘʣʽʬʽʢʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʪʝʩʪʽʚ 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʘʣʽʜʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʘʣʽʙʨʦʚʘʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʟʦʢʨʝʤʘ: ʮʠʬʨʦʚʠʡ ʣʘʟʝʨʥʠʡ 

ʪʘʭʦʤʝʪʨ, ʮʠʬʨʦʚʠʡ ʪʝʨʤʦʤʝʪʨ, ʮʠʬʨʦʚʠʡ ʛʦʥʽʦʤʝʪʨ, ʜʘʪʯʠʢ ʙʠʪʪʷ, ʪʝʩʪʝʨ ʦʩʴʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ, ʜʦʧʦʤʽʞʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ. 

ʄʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʝʪʘʧʥʫ ʧʝʨʝʚʽʨʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʣʘʜʫ, ʚʢʣʶʯʘʶʯʠ: 
ʧʝʨʝʚʽʨʢʫ ʟʘʛʘʣʴʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʢʦʥʪʨʦʣʴ ʨʦʙʦʪʠ 

ʤʝʭʘʥʽʯʥʠʭ ʚʫʟʣʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʮʝʥʪʨʫʚʘʥʥʷ, ʛʣʠʙʠʥʘ 

ʟʘʥʫʨʝʥʥʷ), ʧʝʨʝʚʽʨʢʫ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʤʽʰʘʣʦʢ, ʦʮʽʥʢʫ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ 

ʫ ʚʦʜʷʥʽʡ ʙʘʥʽ, ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ. ʂʦʞʝʥ ʪʝʩʪ ʤʘʻ ʚʩʪʘʥʦʚʣʝʥʽ ʢʨʠʪʝʨʽʾ 

ʧʨʠʡʥʷʪʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʘʨʤʘʢʦʧʝʡʥʠʤ ʚʠʤʦʛʘʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʭʦʜʽ ʚʘʣʽʜʘʮʽʾ ʧʨʦʚʝʜʝʥʦ ʢʚʘʣʽʬʽʢʘʮʽʶ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. ʇʝʨʝʚʽʨʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ 

ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ. ɿʦʢʨʝʤʘ, 

ʚʩʪʘʥʦʚʣʝʥʦ: ʢʦʨʝʢʪʥʫ ʨʦʙʦʪʫ ʧʽʜʡʦʤʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ ʤʽʰʘʣʦʢ ʫ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʤʽʰʘʣʦʢ ʽʟ ʚʽʜʭʠʣʝʥʥʷʤ ʥʝ ʙʽʣʴʰʝ ʚʩʪʘʥʦʚʣʝʥʠʭ 
ʜʦʧʫʩʢʽʚ, ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʮʝʥʪʨʠʯʥʦʩʪʽ ʚʘʣʽʚ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʫ ʚʦʜʷʥʽʡ ʙʘʥʽ ʥʦʨʤʘʪʠʚʥʠʤ ʤʝʞʘʤ, 

ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʨʽʚʥʽ ʚʠʟʥʘʯʝʥʦʤʫ ʬʘʨʤʘʢʦʧʝʡʥʠʤʠ 

ʚʠʤʦʛʘʤʠ. 

ɸʥʘʣʽʟ ʨʠʟʠʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʫ ʚʦʜʷʥʽʡ ʙʘʥʽ, ʦʩʢʽʣʴʢʠ ʾʭ ʚʽʜʭʠʣʝʥʥʷ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʝʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʯʠʥʝʥʥʷ.  

ʋ ʚʠʧʘʜʢʫ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʣʴʰʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʻ ʥʝʜʦʧʫʩʪʠʤʠʤ ʜʦ ʫʩʫʥʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʪʘ ʧʦʚʪʦʨʥʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ɺʘʣʽʜʘʮʽʷ ʧʨʠʣʘʜʽʚ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʯʠʥʝʥʥʷ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. 

ʇʨʦʚʝʜʝʥʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (OQ) ʧʽʜʪʚʝʨʜʠʣʘ ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ ʚʠʤʦʛʘʤ ɭʚʨʦʧʝʡʩʴʢʦʾ ʌʘʨʤʘʢʦʧʝʾ. ɹʝʟ ʧʨʦʭʦʜʞʝʥʥʷ ʚʘʣʽʜʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʦʧʫʱʝʥʝ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʨʦʮʝʩʘʭ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʈʝʛʫʣʷʨʥʝ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʢʚʘʣʽʬʽʢʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʄʘʰʠʥʘ ʜʣʷ ʜʚʦʩʪʘʜʽʡʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘʙʣʝʪʩʫʤʽʰʽ 

 

ʅʘʟʘʨʽʡ ʄʘʛʝʨʦʚʩʴʢʠʡ, ʖʨʽʡ ɼʦʣʦʤʘʢʽʥ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʙʣʝʪʦʚʘʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʻ 

ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟ-

ʧʦʜʽʣʫ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʫ ʪʘʙʣʝʪʩʫʤʽʰʽ. ʅʝʜʦʩʪʘʪʥʷ ʷʢʽʩʪʴ 
ʟʤʽʰʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʪʝʨʘʧʝʚʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʧʨʝʧʘʨʘʪʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʜʣʷ ʜʚʦʩʪʘʜʽʡʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ 

ʪʘʙʣʝʪʩʫʤʽʰʽ ʽʟ ʟʘʩʠʧʦʤ 0,3 ʤį, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ ʫ ʩʪʚʦʨʝʥʥʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʛʘʣʫʟʽ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʘʙʽʣʴʥʫ 

ʷʢʽʩʪʴ ʪʘʙʣʝʪʦʚʘʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʪʘ ʧʽʜʚʠʱʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʚʦʩʪʘʜʽʡʥʝ ʟʤʽʰʫʚʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʚʠʥʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʩʫʤʽʰʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ 
ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʦʜʥʦʨʽʜʥʽʩʪʴ, ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ ʪʘ ʩʧʨʠʷʻ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ. ɼʚʦʩʪʘʜʽʡʥʠʡ ʟʤʽʰʫʚʘʯ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ: ʩʫʭʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʟʤʽʰʫʚʘʥʥʷ 

ʟʽ ʟʚʦʣʦʞʝʥʥʷʤ/ʛʨʘʥʫʣʶʚʘʥʥʷʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʽʥʪʝʛʨʫʻ ʚ ʦʜʥʦʤʫ ʛʝʨʤʝʪʠʯʥʦʤʫ ʘʧʘʨʘ-

ʪʽ ʜʚʘ ʪʠʧʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʤʢʥʝʥʠʡ ʮʠʢʣ ʙʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʢʦʤʧʦʥʦʚʢʫ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʜʚʦʩʪʘʜʽʡʥʠʡ ʧʨʦʮʝʩ ʫ ʦʜʥʽʡ 

ʤʘʰʠʥʽ ʜʣʷ ʩʪʘʜʽʾ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʫʭʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʧʨʦʤʽʞʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, 

ʧʽʜʚʠʱʠʪʠ ʛʽʛʽʻʥʽʯʥʽʩʪʴ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ. 
ɹʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʚʩʝʙʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʜʣʷ ʜʚʦʩʪʘʜʽʡʥʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ ʪʘʙʣʝʪʩʫʤʽʰʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʱʦʜʦ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ, ʝʬʝʢʪʠʚʥʦʩʪʽ, ʛʽʛʽʻʥʽʯʥʦʩʪʽ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʡʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʪʘʙʣʝʪʩʫʤʽʰʽ, ʱʦ ʤʽʩʪʠʪʴ ʢʦʤʧʦʥʝʥʪʠ ʟ ʨʽʟʥʦʶ ʱʽʣʴʥʽʩʪʶ, ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʪʘ 

ʧʦʪʨʝʙʦʶ ʚ ʟʚʦʣʦʞʝʥʥʽ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʨʠʥʮʠʧ ʜʚʦʩʪʘʜʽʡʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ. 

ɺʽʥ ʧʦʻʜʥʫʻ ʧʦʧʝʨʝʜʥʻ ʩʫʭʝ ʟʤʽʰʫʚʘʥʥʷ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʩʥʦʚʥʦʾ ʤʘʩʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʧʦʜʘʣʴʰʝ ʽʥʪʝʥʩʠʚʥʝ ʤʝʭʘʥʽʯʥʝ ʟʤʽʰʫʚʘʥʥʷ ʽʟ ʟʚʦʣʦʞʝʥʥʷʤ ʜʣʷ 
ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʫʣ. 
ʃʽʪʝʨʘʪʫʨʘ 
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ɺʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʦʧʘʪʝʡ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʟʤʽʰʫʚʘʯʘʭ  

 

ɭʚʛʝʥ ʂʚʠʢ, ʆʣʝʥʘ ʇʦʜʦʙʽʡ, ɯʛʦʨ ɾʠʪʥʝʮʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ɿʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʫ 

ʭʘʨʯʦʚʽʡ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ, ʭʽʤʽʯʥʽʡ ʪʘ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʷʭ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ 
ʧʨʦʮʝʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʨʝʞʠʤʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ: ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ, ʬʦʨʤʠ 

ʧʝʨʝʤʽʰʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʨʽʟʥʠʮʽ ʫ ʚʣʘʩʪʠʚʦʩʪʷʭ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ. ɼʦʩʷʛʥʝʥʥʷ 

ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʛʦʤʦʛʝʥʥʦʩʪʽ ʩʫʤʽʰʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ɹʉ-165, ʦʙôʻʤʦʤ ʯʘʰʽ 165 ʣʽʪʨʽʚ. ʆʩʥʦʚʥʠʡ ʥʘʧʨʷʤ 

ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʤʽʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʩʘʤʝ ʢʦʥʬʽʛʫʨʘʮʽʶ 

ʣʦʧʘʪʝʡ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʘ ʢʫʪ ʥʘʭʠʣʫ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ ʪʘ ʚʽʜʧʦʚʽʜʘʣʠ ʪʝʭʥʽʯʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ɹʉ-165. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʤʽʱʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʧʢʽ ʤʘʪʝʨʽʘʣʠ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 30 

ʤʢʤ ʪʘ ʢʨʦʭʤʘʣʴ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 20 ʤʢʤ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʣʠ ʟʘ 
ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ (Kn). ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʣʠ ʚʽʜʙʽʨ ʧʨʦʙ ʫ 3ï5 ʪʦʯʢʘʭ 

ʟʤʽʰʫʚʘʯʘ ʟ ʧʦʜʘʣʴʰʠʤ ʣʘʙʦʨʘʪʦʨʥʠʤ ʘʥʘʣʽʟʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʽʣʴʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʣʠ ʟʘ ʪʠʧʦʚʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʧʨʦʮʝʩʫ ʬʽʢʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʤʽʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʣʦʧʘʪʝʡ ʟ ʢʦʚʰʦʚʦʧʦʜʽʙʥʠʭ ʥʘ ʧʨʷʤʦʢʫʪʥʽ ʟ ʥʘʭʠʣʦʤ 

45̄  ʟʤʝʥʰʠʣʘ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟ 0,75 ʢɺʪ ʜʦ 0,67 ʢɺʪ. ʊʨʠʚʘʣʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ 

ʟʘʣʠʰʘʣʘʩʴ ʥʝʟʤʽʥʥʦʶ ʪʘ ʩʪʘʥʦʚʠʣʘ 20 ʭʚ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʚʰʦʚʦʧʦʜʽʙʥʠʭ ʣʦʧʘʪʝʡ ʩʪʘʥʦʚʠʚ ʂn = 8% ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʷʤʠʭ ʂn = 6%. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ ʪʘ ʢʨʦʭʤʘʣʴ ʤʘʶʪʴ 

ʨʽʟʥʫ ʥʘʩʠʧʥʫ ʱʽʣʴʥʽʩʪʴ ʪʘ ʨʦʟʤʽʨ ʯʘʩʪʦʢ, ʱʦ ʩʧʨʠʷʻ ʩʝʛʨʝʛʘʮʽʾ (ʨʦʟʰʘʨʫʚʘʥʥʶ). ʊʦʤʫ 

ʜʦʩʷʛʥʝʥʥʷ ʂn = 6% ʜʣʷ ʮʽʻʾ ʧʘʨʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚʚʘʞʘʻʪʴʩʷ ʜʫʞʝ ʭʦʨʦʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ʊʘʢʦʞ ʩʫʤʽʰʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʪʘ ʢʨʦʭʤʘʣʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʪʦʤʫ  ʚʠʤʦʛʠ ʜʦ ʛʦʤʦʛʝʥʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʜʦʩʠʪʴ ʩʫʚʦʨʽ 

ɺʠʩʥʦʚʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ 
ʚʧʣʠʚʘʻ ʟʤʽʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʣʦʧʘʪʝʡ ʚ ʻʤʥʦʩʪʽ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʪʘ ʜʦʟʚʦʣʷʻ 

ʟʘʦʱʘʜʞʫʚʘʪʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ. ɼʦʩʷʛʥʫʪʽ ʧʦʢʘʟʥʠʢʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʜʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

Zuo, Z., Wang, J., & Dai, C. (2023). Effect of blade configuration on the mixing process 

of particles in an intensive mixer. Particulate Science and Technology, 41(8), 1ï15. doi.org. 

 

 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 

26 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʜʨʽʞʜʞʦʚʦʾ ʤʘʩʠ ʟ ʧʠʚʘ 

ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʟʘʙʨʦʜʞʝʥʦʛʦ ʧʠʚʘ 

 

ʅʘʟʘʨʽʡ ʂʽʨʦʚʠʯ, ʉʝʨʛʽʡ ʋʜʦʜʦʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ , ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ɺʘʞʣʠʚʠʤ ʪʘ ʦʜʥʦʯʘʩʥʦ ʘʢʪʫʘʣʴʥʠʤ ʚ ʪʝʭʥʦʣʦʛʽʾ ʧʠʚʦʚʘʨʽʥʥʷ ʻ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʪʘʜʽʷ 

ʬʽʣʴʪʨʘʮʽʾ ʟʘʙʨʦʜʞʝʥʦʛʦ ʧʠʚʘ. ʚʽʜ ʷʢʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʷʢʦʾ ʟʘʣʝʞʠʪʴ  ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʟʥʘʥʥʷ ʪʘ 
ʧʦʧʫʣʷʨʥʽʩʪʴ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʥʘʧʦʶ. 
ʆʙôʻʢʪ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʌʽʣʴʪʨʘʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ Fil-Max ʬʽʨʤʠ çFILTECHè (ʂʦʨʝʷ), 

ʨʦʙʦʪʘ ʷʢʦʾ  ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʤʙʨʘʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɼʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 
ʚʠʜʽʣʝʥʥʷ ʧʠʚʘ ʟ ʥʘʜʣʠʰʢʦʚʦʾ ʜʨʽʞʜʞʦʚʦʾ ʤʘʩʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʬʝʨʤʝʥʪʘʮʽʾ ʧʠʚʘ.  
ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʠʭ ʤʝʤʙʨʘʥ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʩʪʘʥʦʚʮʽ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʧʠʚʘ 
ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʤʝʪʘʣʝʚʠʤʠ ʤʝʤʙʨʘʥʘʤʠ ʥʘ ʜʦʩʣʽʜʥʽʡ ʬʽʣʴʪʨʘʮʽʡʥʽʡ 
ʫʩʪʘʥʦʚʮʽ ʅʋʍʊ ʥʝʧʨʦʪʦʯʥʦʛʦ ʪʠʧʫ (ʨʠʩ.1). 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʌʽʣʴʪʨʘʮʽʡʥʠʡ ʤʦʜʫʣʴ /ʨʠʩ.2/ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʚʢʣʶʯʘʻ ʮʠʣʽʥʜʨ 6, ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʦʨʛʘʥʽʯʥʦʛʦ ʩʢʣʘ. ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʷʢʦʛʦ  ʟʘ ʜʦʧʦʤʦʛʠ 
ʛʫʤʦʚʦʛʦ ʢʽʣʴʮʷ 4, ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʤʝʤʙʨʘʥʘ 3, ʷʢʘ ʧʽʜʣʷʛʘʻ ʜʦʩʣʽʜʞʝʥʥʶ.    

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʜʫʢʪʫ t = 5 

Áʉ ʪʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ ʫ 

ʬʽʣʴʪʨʘʮʽʡʥʦʤʫ  ʤʦʜʫʣʽ - ʚʽʜ 0,02 ʜʦ 0,06 

ʄʇʘ ʜʣʷ ʤʝʤʙʨʘʥʠ ʪʠʧʫ ʌʅʉ-5. ɺʠʟʥʘʯʝʥʦ, 

ʱʦ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʽʰʠʤ 

ʨʝʞʠʤʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʧʦ 

ʬʽʣʴʪʨʘʮʽʾ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʠʚʘ ʟʘ ʜʦʧʦʤʦʛʠ 

ʤʝʤʙʨʘʥʠ   ʌʅʉ-5  ʻ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʪʠʩʢʫ  ʈ = 0,04 

ʄʇʘ ʪʘ ʯʘʩʫ ʬʽʣʴʪʨʘʮʽʾ 750 ʩ. ʉʝʣʝʢʪʠʚʥʽʩʪʴ 

ʤʝʤʙʨʘʥʠ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 80 %. 

ʈʠʩ.1 ʉʭʝʤʘ ʜʦʩʣʽʜʥʦʾ ʬʽʣʴʪʨʘʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʝʧʨʦʪʦʯʥʦʛʦ ʪʠʧʫ 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʚʽʜʯʠʚ, ʱʦ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ, ʱʦ 
ʰʪʫʯʥʦ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ ʟʘʙʨʦʜʞʝʥʦʛʦ ʧʠʚʘ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
ʟʥʠʞʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥʠ ʟ ʯʘʩʦʤ. ɿ ʤʝʪʦʶ  ʫʩʫʥʝʥʥʷ ʜʘʥʦʛʦ ʥʝʜʦʣʽʢʫ ʚ ʨʦʙʦʪʽ 
ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʫʥʠʢʥʝʥʥʷ  ʜʘʥʦʛʦ ʫʪʚʦʨʝʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʦʙʣʘʜʥʘʥʥʷ  
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʩʝʨʝʜʠʥʫ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʠʪʠ ʛʝʥʝʨʘʪʦʨʠ ʚʠʭʦʨʽʚ 
ʥʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʞʠʤʫ  ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʨʽʜʠʥʫ (ʥʝʬʽʣʴʪʨʦʚʘʥʝ 
ʧʠʚʦ) ʥʝʦʙʭʽʜʥʦ ʪʘ ʙʘʞʘʥʦ  ʧʦʜʘʚʘʪʠ ʥʘ ʤʝʤʙʨʘʥʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʘ ʦʙʪʽʢʘʣʘ ʧʦʚʝʨʭʥʶ 

ʤʝʤʙʨʘʥʠ, ʘ ʛʝʥʝʨʘʪʦʨʠ ʚʠʭʦʨʽʚ ʧʨʠ ʾʭ ʦʙʝʨʪʘʥʥʽ ʥʝ ʩʧʨʠʷʣʠ ʪʘ ʥʝ ʥʘʜʘʚʘʣʠ ʤʦʞʣʠʚʦʩʪʽ 
ʢʦʥʮʝʥʪʨʘʪʫ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ.  
ɺʠʩʥʦʚʢʠ. ʄʦʜʝʨʥʽʟʘʮʽʶ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ʟʘʙʨʦʜʞʝʥʦʛʦ ʧʠʚʘ  ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ  ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ ʽʩʥʫʶʯʠʭ ʢʝʨʘʤʽʯʥʠʭ 
ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʤʝʤʙʨʘʥ ʥʘ ʤʝʪʘʣʝʚʽ ʤʝʤʙʨʘʥʠ ʪʠʧʫ ʌʅʉ-5, ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʚʠʭʦʨʽʚ 
ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟʤʽʥʠʪʠ ʥʘʧʨʷʤʦʢ ʚʠʚʝʜʝʥʥʷ ʧʝʨʤʽʘʪʫ ʽ ʢʦʥʮʝʥʪʨʘʪʫ ʥʘʚʧʘʢʠ.  
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ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ çʧʦʨʮʽʦʥʝʨ ʢʨʠʣʘè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʽʜʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʬʨʝʟʝʨʫʚʘʥʥʷ 

 

ɹʦʛʜʘʥ ʂʫʮʦʣʘʧʩʴʢʠʡ, ʖʨʽʡ ɹʦʡʢʦ, ʆʣʝʥʘ ɹʘʙʘʥʦʚʘ  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʌʨʝʟʝʨʫʚʘʥʥʷ, ʷʢ ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ 

ʫ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʝʪʘʣʝʡ. ʎʝʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʟ 
ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʚʽʜ ʣʝʛʢʠʭ ʩʧʣʘʚʽʚ ʜʦ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ, ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʪʘ ʩʢʣʘʜʥʽʩʪʶ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ, ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘʟʥʘʣʦ ʟʥʘʯʥʠʭ ʟʤʽʥ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʯʠʩʣʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʝʨʫʚʘʥʴ (ʏʇʂ) ʜʦʟʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. ʉʫʯʘʩʥʽ 

ʬʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ 

ʪʦʯʥʽʩʪʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʥʝʟʘʤʽʥʥʠʤʠ ʚ ʪʘʢʽʡ ʛʘʣʫʟʽ, ʷʢ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɽʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʥʝ ʣʠʰʝ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ ʡ ʨʦʟʫʤʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʠʙʽʨ ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʦʙʨʦʙʢʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʚʠʚʽʨʢʘ 

ʟʘʛʦʪʦʚʢʠ ʚʽʜʥʦʩʥʦ ʽʥʩʪʨʫʤʝʥʪʘ ï ʬʨʝʟʠ. ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ 

ʪʘ ʨʦʟʨʦʙʮʽ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʤʘʻ ʥʘ ʤʝʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 
ʬʨʝʟʝʨʫʚʘʥʥʷ ʪʘ ʧʦʣʝʛʰʝʥʥʷ ʜʘʥʦʛʦ ʚʠʨʦʙʥʠʯʦʾ ʦʧʝʨʘʮʽʾ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʜʝʪʘʣʽ 

çʧʦʨʮʽʦʥʝʨ ʢʨʠʣʘè. ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʨʰʨʫʪʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CAD/ CAM ʫ ʩʝʨʝʜʦʚʠʱʽ Autodesk ArtCAM, 

ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʽʜʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ.  ʆʩʥʦʚʥʦʶ ʮʽʣʣʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ 

ñʇʦʨʮʽʦʥʝʨ ʢʨʠʣʘò ʽʟ ʟʘʛʦʪʦʚʢʠ ʫ ʬʦʨʤʽ ʢʚʘʜʨʘʪʘ. ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ ʧʦʣʽʘʤʽʜ, 

ʨʦʟʤʽʨʦʤ 510ʭ510ʤʤ. ʋʤʦʚʠ ʨʽʟʘʥʥʷ: ɺʠʙʦʨʢʘ ʚ ʜʝʪʘʣʽ 510 ʭ510 ʤʤ. ʥʘ ʛʣʠʙʠʥʫ 17ʤʤ; 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʬʨʝʟʠ (ʧʦʜʘʯʘ) 100 ʤʤ/ʭʚ; ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʚʝʨʩʪʘʪʘ 16000 ʦʙ/ʭʚ. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʽ 

ʚ ʩʝʨʝʜʦʚʠʱʽ ArtCAM. ʇʽʩʣʷ ʪʦʛʦ ʷʢ 
ʙʫʣʦ ʟʘʜʘʥʦ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ, ʧʨʦʛʨʘʤʘ 

ʨʦʟʧʦʯʘʣʘ ʨʦʟʨʘʭʫʥʦʢ ʪʨʘʻʢʪʦʨʽʾ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʨʦʟʨʘʭʫʥʢʫ 

ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʘ 3d 

ʩʠʤʫʮʽʷ ʚʠʛʣʷʜʫ ʜʝʪʘʣʽ ʧʦ ʟʘʢʽʥʯʝʥʥʶ 

ʚʩʽʭ ʦʧʝʨʘʮʽʡ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɺʠʛʣʷʜ ʜʝʪʘʣʽ ʚ ʧʨʦʛʨʘʤʽ 

ArtCAM ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʽʭ ʦʧʝʨʘʮʽʡ 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ArtCAM ʽ ʡʦʛʦ ʧʝʨʝʚʘʛʠ, 

ʟʦʢʨʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʧʦʚʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʭʧʨʦʮʝʩʫ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ ʧʨʠ ʚʠʙʦʨʮʽ ʪʘ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʘʟʽʚ 
ʚ ʜʝʪʘʣʽ ñʇʦʨʮʽʦʥʝʨ ʢʨʠʣʘò. 
ʃʽʪʝʨʘʪʫʨʘ  

1. Autodesk Inventor ï https://www.autodesk.com/products/inventor-cam/overview. 
2. ArtCAM ï https://www.autodesk.com/autodesk-university/class/ArtCAM-Software-Artists-

Rather-Engineers-2015. 
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ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 

28 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʫʟʣʘ ʚʠʜʫʚʫ ʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʪ-ʧʣʷʰʦʢ 

 

ʄʠʭʘʡʣʦ , ʉʚʽʪʣʘʥʘ ʇʨʘʩʦʣ2 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 
ɺʩʪʫʧ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʪʨʦʥʥʦʾ 

ʩʠʩʪʝʤʠ ʧʨʠʚʦʜʫ ʥʘ ʜʠʥʘʤʽʢʫ ʪʠʩʢʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʇɽʊ-ʪʘʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 
ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʥʝʚʤʘʪʠʯʥʠʭ ʚʫʟʣʽʚ ʚʠʜʫʚʫ ʚ ʫʤʦʚʘʭ 
ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʤʝʭʘʪʨʦʥʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʢʣʶʯʘʻ ʟʘʧʽʨʥʦ-ʨʝʛʫʣʶʚʘʣʴʥʫ ʘʨʤʘʪʫʨʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʜʦ 4,0 ʄʇʘ) ʪʘ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʇʃʂ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʜʘʯʽ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ 
ʪʠʩʢʫ ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʪʝʨʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ Excel, ʱʦ ʜʦʟʚʦʣʠʣʦ 
ʦʪʨʠʤʘʪʠ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʧʨʦʬʽʣʶ ʪʠʩʢʫ (ʨʠʩ.1), ʱʦ ʨʦʟʜʽʣʷʻ ʬʘʟʠ ʧʝʨʝʜʚʠʜʫʚʫ ʈ1 ʪʘ ʦʩʥʦʚʥʦʛʦ ʚʠʜʫʚʫ 
ʈ2.  

 
ʈʠʩ.1. ʂʣʘʧʘʥ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʩʠʩʪʝʤʠ ʇɽʊ-ʚʠʜʫʚʫ ʪʘ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʩʢʫ ʚ 

ʧʦʨʪʘʭ ʢʝʨʫʚʘʥʥʷ: ʘ ï ʧʝʨʝʨʽʟ ʨʦʙʦʯʦʾ ʟʦʥʠ ʢʣʘʧʘʥʘ; ʙ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʠ ʚʠʭʽʜʥʠʭ 
ʢʘʥʘʣʽʚ - ʧʦʨʪ 1 (ʛʣʠʙʦʢʠʡ ʩʠʥʽʡ), ʧʦʨʪ 2 (ʯʝʨʚʦʥʠʡ), ʧʦʨʪ 3 (ʟʝʣʝʥʠʡ), ʧʦʨʪ 11 

(ʧʦʤʘʨʘʥʯʝʚʠʡ), ʧʦʨʪ 13 (ʬʽʦʣʝʪʦʚʠʡ) 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʚʽʜʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤʠ: ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ 10 ʜʦ 14 ʤʤ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 
ʟʘʧʦʚʥʝʥʥʷ ʬʦʨʤʠ ʟ 0,30 ʩ ʜʦ 0,25 ʩ. ʆʜʥʘʢ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 
ʱʦ ʧʦʪʨʝʙʫʻ ʽʥʪʝʛʨʘʮʽʾ ʧʨʦʤʽʞʥʦʛʦ ʜʝʤʧʬʫʶʯʦʛʦ ʨʝʩʠʚʝʨʘ. ɺʠʷʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʦʙôʻʤ 
ʨʝʩʠʚʝʨʘ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʠʩʢʫ ʈ2 ʩʪʘʥʦʚʠʪʴ 5ï10 ʣ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ 
ʟʘʛʦʪʦʚʢʠ ʙʝʟ ʧʝʨʝʚʠʪʨʘʪ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. ʈʦʟʨʘʭʦʚʘʥʦ ʟʫʩʠʣʣʷ ʟʘʤʠʢʘʥʥʷ ʧʨʝʩ-ʬʦʨʤʠ (720 
ʢʅ ʜʣʷ 6-ʛʥʽʟʜʦʚʦʾ ʬʦʨʤʠ), ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʦʙʣʦʶ ʧʨʠ ʧʽʢʦʚʦʤʫ 
ʪʠʩʢʫ 4,0 ʄʇʘ. ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʴʥʠʭ ʜʘʥʠʭ ʽʟ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʯʘʩʥʠʭ 
ʚʠʜʫʚʥʠʭ ʘʛʨʝʛʘʪʽʚ (Sidel, SIPA) ʧʽʜʪʚʝʨʜʠʣʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʙʨʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ 

ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 5%. 
ɺʠʩʥʦʚʢʠ. ɺʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʥʝʚʤʘʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʨʝʩʠʚʝʨʽʚ ʦʙôʻʤʦʤ ʜʦ 10 ʣ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 
ʧʨʦʮʝʩʫ ʚʠʜʫʚʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʤʝʭʘʪʨʦʥʥʦʛʦ ʧʨʠʚʦʜʫ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 
ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʇɽʊ-
ʧʣʷʰʦʢ. 
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ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ çʧʣʘʩʪʠʥʘ ʰʘʙʣʦʥè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʜʨʦʪʦʚʦ ʚʠʨʽʟʥʦʛʦ ʚʝʨʩʪʘʪʘ DK7725 

 

ɹʦʛʜʘʥ ʂʫʮʦʣʘʧʩʴʢʠʡ, ʖʨʽʡ ɹʦʡʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ,ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ɽʣʝʢʪʨʦʝʨʦʟʽʡʥʝ ʜʨʦʪʦʚʝ ʚʠʨʽʟʘʥʥʷ (EDM Wire Cut) ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʪʦʯʥʽʰʠʭ ʤʝʪʦʜʽʚ 

ʦʙʨʦʙʢʠ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʜʝ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʝ ʨʽʟʘʥʥʷ, ʧʨʠ EDMʦʙʨʦʙʮʽ ʤʘʪʝʨʽʘʣ ʚʠʜʘʣʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʠʯʥʠʭ 
ʨʦʟʨʷʜʽʚ ʤʽʞ ʜʨʦʪʦʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʟʘʛʦʪʦʚʢʦʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʨʦʪʦʚʦʾ ʝʣʝʢʪʨʦʝʨʦʟʽʾ ʜʦʟʚʦʣʷʻ 
ʦʪʨʠʤʫʚʘʪʠ ʩʢʣʘʜʥʽ ʢʦʥʪʫʨʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʤʽʥʽʤʘʣʴʥʠʤʠ ʩʠʣʘʤʠ ʨʽʟʘʥʥʷ ʪʘ ʙʝʟ 
ʜʝʬʦʨʤʘʮʽʾ ʪʦʥʢʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʙʣʦʥʽʚ, ʰʪʘʤʧʽʚ, 
ʤʘʪʨʠʮʴ, ʢʘʣʽʙʨʽʚ ʪʘ ʜʝʪʘʣʝʡ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ.  ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʝʨʩʪʘʪ DK7725 ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦ 
ʜʨʦʪʦʚʠʡ ʚʠʨʽʟʥʠʡ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ DK7725 ʪʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʧʦʢʨʦʢʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʜʨʦʪʦʚʦʛʦ 
ʚʠʨʽʟʘʥʥʷ. 
ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ çʇʣʘʩʪʠʥʘ ʰʘʙʣʦʥè. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʨʰʨʫʪʫ 
ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CAD/ CAM ʫ ʩʝʨʝʜʦʚʠʱʽ Autodesk ArtCAM, ʦʮʽʥʶʚʘʥʥʷ 
ʪʘ ʧʽʜʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʮʽʣʣʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ 
çʇʣʘʩʪʠʥʘ ʰʘʙʣʦʥè ʽʟ ʟʘʛʦʪʦʚʢʠ ʫ ʬʦʨʤʽ ʢʚʘʜʨʘʪʘ. ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ ʩʪʘʣʴ 45 HRC 48é52, 
ʨʦʟʤʽʨʦʤ 120ʭ80ʤʤ ʟ ʪʦʚʱʠʥʦʶ 10ʤʤ. ʇʘʨʘʤʝʪʨʠ ʨʽʟʘʥʥʷ: ʥʘʧʨʫʛʘ ʽʤʧʫʣʴʩʫ 70ï90 ɺ; ʩʪʨʫʤ 
ʨʽʟʘʥʥʷ 2ï4 ɸ; ʧʦʜʘʯʘ (F) 20ï60 ʤʤ/ʭʚ.; ʧʨʦʤʠʚʢʘ ʩʝʨʝʜʥʷ/ʚʠʩʦʢʘ; ʜʽʘʤʝʪʨ ʜʨʦʪʫ 0,18ʤʤ. 
ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʠʡ ʜʨʦʪʦʚʦ ʚʠʨʽʟʥʠʡ ʚʝʨʩʪʘʪ 

DK7725. ɺʝʨʩʪʘʪʠ ʜʘʥʦʾ ʩʝʨʽʾ ʻ ʧʦʰʠʨʝʥʠʤʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʚʜʷʢʠ ʧʨʦʩʪʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 
ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʩʪʘʣʝʡ, ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʪʘ ʽʥʰʠʭ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʝʨʝʜ 
ʧʦʯʘʪʢʦʤ ʨʽʟʘʥʥʷ ʦʧʝʨʘʪʦʨ ʧʝʨʝʚʽʨʷʻ ʨʽʚʝʥʴ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʩʪʘʥ ʬʽʣʴʪʨʘ, ʥʘʪʷʛ ʜʨʦʪʫ ʪʘ 

ʩʧʨʘʚʥʽʩʪʴ ʥʘʧʨʷʤʥʠʭ ʨʦʣʠʢʽʚ. ɿʘʛʦʪʦʚʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʩʪʽʣ ʪʘ ʬʽʢʩʫʻʪʴʩʷ ʧʨʠʪʠʩʢʘʤʠ. ɼʘʣʽ 
ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠʚôʷʟʢʘ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ: ʜʨʽʪ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʢʫʪʘ ʟʘʛʦʪʦʚʢʠ ʽ ʢʦʦʨʜʠʥʘʪʠ X=0, 
Y=0 ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ 
AutoCAD. 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʙʫʣʦ ʟʘʜʘʥʦ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ, ʧʨʦʛʨʘʤʘ 

ʨʦʟʧʦʯʘʣʘ ʨʦʟʨʘʭʫʥʦʢ ʪʨʘʻʢʪʦʨʽʾ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʨʦʟʨʘʭʫʥʢʫ ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʘ 3d ʩʠʤʫʮʽʷ 

ʚʠʛʣʷʜʫ ʜʝʪʘʣʽ ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʚʩʽʭ ʦʧʝʨʘʮʽʡ 

(ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɺʠʛʣʷʜ ʜʝʪʘʣʽ ʚ ʧʨʦʛʨʘʤʽ ArtCAM 

ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʽʭ ʦʧʝʨʘʮʽʡ 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʜʝʪʘʣʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʛʝʦʤʝʪʨʽʾ. ʅʘʡʢʨʘʱʠʡ 

ʨʝʟʫʣʴʪʘʪ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʩʝʨʝʜʥʽʡ ʧʦʜʘʯʽ ʪʘ ʩʪʘʙʽʣʴʥʽʡ ʧʨʦʤʠʚʮʽ ʟʦʥʠ ʨʽʟʘʥʥʷ. 

 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʄʦʜʝʨʥʽʟʘʮʽʷ ʮʝʥʪʨʠʬʫʛʠ ʪʠʧʫ ʦʛʰ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʞʠʨʫ ʚʽʜ ʰʢʚʘʨʠ 

 

ʉʝʨʛʽʡ ʅʘʚʨʦʮʴʢʠʡ, ʉʝʨʛʽʡ ɹʝʩʝʜʘ, ʆʣʝʥʘ ɹʘʙʘʥʦʚʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʎʝʥʪʨʠʬʫʛʠ ʪʠʧʫ ʆɻʐ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʦʜʽʣʫ ʨʽʜʢʠʭ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʫʩʧʝʥʟʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʪʚʝʨʜʫ ʬʘʟʫ, ʱʽʣʴʥʽʩʪʴ ʷʢʦʾ ʚʠʱʝ ʟʘ ʱʽʣʴʥʽʩʪʴ ʨʽʜʢʦʾ 
ʬʘʟʠ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʨʦʩʪʦʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʽʥʽʤʘʣʴʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʮʽ ʮʝʥʪʨʠʬʫʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 
ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʤôʷʩʦ-ʤʦʣʦʯʥʦʾ, ʨʠʙʦʧʝʨʝʨʦʙʥʦʾ, ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʭʽʤʽʯʥʦʾ, 

ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʮʝʥʪʨʠʬʫʛʠ ʪʠʧʫ ʆɻʐ ʜʣʷ 

ʚʽʜʜʽʣʝʥʥʷ ʞʠʨʫ ʚʽʜ ʰʢʚʘʨʠ, ʘ ʩʘʤʝ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʫʟʣʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʰʢʚʘʨʠ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʎʝʥʪʨʠʬʫʛʘ ʪʠʧʫ ʆɻʐ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʥʷ 

ʞʠʨʦʩʠʨʦʚʠʥʠ, ʘ ʧʨʷʤʝ ʧʨʠʟʥʘʯʝʥʥʷ ï ʮʝ ʨʦʟʜʽʣʝʥʥʷ ʪʦʧʣʝʥʦʛʦ ʞʠʨʫ ʥʘ ʜʚʽ ʬʨʘʢʮʽʾ: ʨʽʜʢʠʡ 
ʞʠʨ ʪʘ ʰʢʚʘʨʘ. ɺʘʞʣʠʚʦ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ 

ʚʽʜʜʽʣʝʥʥʷ ʞʠʨʫ ʚʽʜ ʰʢʚʘʨʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʷʢʽʩʥʦʛʦ ʨʽʜʢʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. 

ʗʢ ʥʘʤ ʚʽʜʦʤʦ ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʥʘ ʬʨʘʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. 
ɸʣʝ ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʥʘ ʚʠʭʦʜʽ ʦʪʨʠʤʘʥʫ ʰʢʚʘʨʫ ʤʠ ʚʧʝʚʥʠʣʠʩʴ ʱʦ ʧʝʚʥʠʡ ʚʽʜʩʦʪʦʢ ʞʠʨʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʜʽʣʝʥʠʤ. ʉʫʜʷʯʠ ʟ ʮʴʦʛʦ ʤʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʦʜʠʥ ʟ ʚʫʟʣʽʚ 
ʮʝʥʪʨʠʬʫʛʠ, ʘ ʩʘʤʝ ʚʫʟʦʣ ʚʠʚʘʥʪʘʞʝʥʥʷ ʰʢʚʘʨʠ. ʅʘʤʠ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʦʜʘʪʢʦʚʘ 

ʜʝʪʘʣʴ ʨʠʩ. 1, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʜʦʩʪʘʪʥʻ ʨʦʟʜʽʣʝʥʥʷ ʞʠʨʫ ʚʽʜ ʰʢʚʘʨʠ. 

         
 

ʈʠʩ. 1 ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʝʪʘʣʴ ʈʠʩ. 2 ʈʦʟʤʽʱʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʦʩʽ ʨʦʪʦʨʘ 

ʈʦʙʦʪʘ ʮʽʻʾ ʜʝʪʘʣʽ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʜʝʪʘʣʴ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʦʩʽ ʨʦʪʦʨʘ ʙʽʣʷ ʚʽʢʦʥ 
ʚʠʚʘʥʪʘʞʝʥʥʷ ʰʢʚʘʨʠ ʨʠʩ. 2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ʜʝʪʘʣʴ ʤʘʻ ʦʪʚʦʨʠ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʮʽ 

ʦʪʚʦʨʠ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʠʤʠ ʦʪʚʦʨʘʤʠ. ʇʨʠ ʧʦʚʝʨʪʘʥʥʽ ʜʘʥʦʾ ʜʝʪʘʣʽ ʥʘ ʧʝʚʥʠʡ 
ʢʫʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʧʝʨʝʢʨʠʪʪʷ ʦʩʥʦʚʥʠʭ ʦʪʚʦʨʽʚ, ʦʪʚʦʨʘʤʠ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʎʝʡ 

ʝʬʝʢʪ ʜʘʻ ʥʘʤ ʟʤʝʥʰʝʥʥʷ ʚʠʭʦʜʫ ʰʢʚʘʨʠ ʽ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʠʡ ʚʽʜʞʠʤʥʠʡ ʝʬʝʢʪ ʜʣʷ 
ʰʢʚʘʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʨʝʪʝʣʴʥʽʰʝ ʚʽʜʜʽʣʝʥʥʷ ʞʠʨʫ. ɯʥʰʘ ʧʝʨʝʚʘʛʘ ʮʽʻʾ ʜʝʪʘʣʽ ï ʮʝ ʪʝ 

ʱʦ ʤʦʞʣʠʚʦ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠ ʮʝʥʪʨʠʬʫʛʫ ʧʽʜ ʞʠʨʦ ʩʠʨʦʚʠʥʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ. 
ɺʠʩʥʦʚʦʢ. ʂʨʽʧʣʝʥʥʷ ʜʝʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʰʪʠʬʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʦʩʽ 

ʨʦʪʦʨʘ. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʜʝʪʘʣʽ ʥʘ ʚʽʩʴ ʰʪʠʬʪʠ ʚʭʦʜʷʪʴ ʚ ʩʧʝʮʽʘʣʴʥʽ ʧʘʟʠ. ɺ ʮʠʭ ʰʪʠʬʪʘʭ 
ʻ ʦʪʚʦʨʠ ʟ ʨʽʟʴʙʦʶ ʧʽʜ ʛʚʠʥʪ. ʇʨʠ ʧʦʩʣʘʙʣʝʥʥʽ ʛʚʠʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʧʝʨʝʨʽʟʫ ʦʪʚʦʨʽʚ 

ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʪʘʥʥʷ ʜʝʪʘʣʽ ʥʘ ʧʝʚʥʠʡ ʢʫʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ 
ʮʝʥʪʨʠʬʫʛʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʨʠʛʽʥʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ. ʆʪʞʝ ʜʘʥʘ ʜʝʪʘʣʴ ʻ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ. ʆʩʢʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʾ ʤʠ ʤʦʞʝʤʦ ʜʦʜʘʪʢʦʚʦ 

ʙʽʣʴʰ ʧʦʚʥʦ ʚʠʜʽʣʠʪʠ ʞʠʨ ʟ ʰʢʚʘʨʠ. 
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ʄʦʜʝʨʥʽʟʘʮʽʷ ʰʣʷʤʦʚʦʯʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʩʚʠʥʷʯʠʭ ʢʠʰʦʢ 
 

ɸʥʜʨʽʡ ʏʘʡʢʦʚʩʴʢʠʡ1, ʆʣʝʥʘ ɹʘʙʘʥʦʚʘ1, ɸʥʜʨʽʡ ʐʝʚʯʝʥʢʦ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

2ɼʝʨʞʘʚʥʠʡ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʐʣʷʤʦʚʦʯʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʚʠʥʷʯʦʾ ʢʠʰʢʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʦʙʦʣʦʥʢʠ ʩʚʠʥʷʯʠʭ ʢʠʰʦʢ. ʄʘʰʠʥʘ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʚʠʥʷʯʠʭ ʢʠʰʦʢ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ 
ʞʠʨʦʚʘ ʧʣʽʚʢʘ ʩʚʠʥʷʯʠʭ ʢʠʰʦʢ ʥʝ ʙʫʜʝ ʧʦʰʢʦʜʞʝʥʘ (ʞʠʨʦʚʘ ʧʣʽʚʢʘ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʦʙʦʣʦʥʢʠ, 
ʥʘ ʷʢʫ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʧʦʢʫʧʝʮʴ ʦʙʦʣʦʥʢʠ ʧʽʜ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʦʙʦʣʦʥʢʠ).  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʰʣʷʤʦʚʦʯʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʩʚʠʥʷʯʠʭ 

ʢʽʰʦʢ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʐʣʷʤʦʚʦʯʥʽ ʤʘʰʠʥʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʣʠʰʝ ʦʢʨʝʤʽ ʦʧʝʨʘʮʽʾ 

ʦʙʨʦʙʣʝʥʥʷ, ʥʘ ʧʨʘʢʪʠʮʽ ʥʝʨʽʜʢʦ ʨʦʟʤʽʱʫʶʪʴ ʥʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 
ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʫʩʪʨʽʯʥʠʭ ʧʦʪʦʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʜʘʚʘʥʥʷ ʢʠʰʦʢ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʤʘʰʠʥʘʤʠ ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʨʫʯʥʫ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʫʩʢʣʘʜʥʶʻ 
ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʽʪ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʦʮʽʣʴʥʠʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʪʦʯʥʦ-ʤʝʭʘʥʽʟʦʚʘʥʠʭ 
ʣʽʥʽʡ ʦʙʨʦʙʣʝʥʥʷ ʢʠʰʦʢ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʣʝʢʩʫ ʤʘʰʠʥ, ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 
ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʤʝʭʘʥʽʟʤʘʤʠ ʽ ʦʙôʻʜʥʘʥʠʭ ʫ ʙʝʟʧʝʨʝʨʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʪʽʢ. 
ʐʣʷʤʦʚʦʯʥʘ ʤʘʰʠʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʦʙʦʣʦʥʦʢ. ɼʣʷ ʰʣʷʤʦʚʦʯʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʩʚʠʥʷʯʠʭ ʢʽʰʦʢ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʧʨʦʩʪʦʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 
ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʫ ʧʦʪʦʯʥʦ-ʤʝʭʘʥʽʟʦʚʘʥʽ ʣʽʥʽʾ. ɰʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʚʙʘʩʥʠʭ 
ʚʠʨʦʙʽʚ ʽʟ ʙʘʨʘʥʷʯʠʭ ʯʝʨʝʚ, ʘ ʪʘʢʦʞ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʝʪʛʫʪʫ (ʭʽʨʫʨʛʽʯʥʠʭ ʥʠʪʦʢ) ʽ ʤʫʟʠʯʥʠʭ ʩʪʨʫʥ. ʇʽʩʣʷ 

ʟʚʽʣʴʥʝʥʥʷ ʢʠʰʦʢ ʚʽʜ ʚʤʽʩʪʫ ʾʭ ʚʠʪʨʠʤʫʶʪʴ ʫʧʨʦʜʦʚʞ 1ï2 ʛʦʜ ʫ ʚʘʥʥʽ ʟ ʚʦʜʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 40é45 Áʉ. 
ʆʯʠʱʝʥʥʷ ʚʽʜ ʩʝʨʦʟʥʦʾ, ʤôʷʟʦʚʦʾ ʪʘ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʦʢ ʚʠʢʦʥʫʶʪʴ ʫ ʰʣʷʤʦʚʦʯʥʽʡ ʤʘʰʠʥʽ, ʧʽʩʣʷ ʯʦʛʦ 
ʢʠʰʢʠ ʧʦʚʪʦʨʥʦ ʟʘʤʦʯʫʶʪʴ ʫ ʚʦʜʽ ʪʝʤʧʝʨʘʪʫʨʦʶ 40é45 Áʉ. ɼʘʣʽ ʯʝʨʝʚʘ ʚʽʜʞʠʤʘʶʪʴ ʥʘ ʽʥʰʠʭ 
ʚʽʜʞʠʤʥʠʭ ʚʘʣʴʮʷʭ ʽ ʧʦʜʘʶʪʴ ʥʘ ʦʩʪʘʪʦʯʥʝ ʦʯʠʱʝʥʥʷ ʫ ʰʣʷʤʦʚʦʯʥʫ ʤʘʰʠʥʫ. ʆʙʨʦʙʣʝʥʫ ʢʠʰʢʦʚʫ 
ʩʠʨʦʚʠʥʫ ʦʭʦʣʦʜʞʫʶʪʴ, ʩʦʨʪʫʶʪʴ, ʢʘʣʽʙʨʫʶʪʴ ʽ ʢʦʥʩʝʨʚʫʶʪʴ. ʉʪʽʥʢʠ ʢʠʰʦʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 
ʱʽʣʴʥʽʩʪʶ ʪʘ ʝʣʘʩʪʠʯʥʽʩʪʶ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʩʝʨʦʟʥʦʾ, ʤôʷʟʦʚʦʾ, ʧʽʜʩʣʠʟʦʚʦʾ ʪʘ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʦʢ. 
ʉʝʨʦʟʥʘ ʦʙʦʣʦʥʢʘ ʻ ʛʣʘʜʢʦʶ, ʧʨʫʞʥʦʶ ʪʘ ʤʽʮʥʦʶ; ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʦʙʦʜʦʚʠʭ ʽ ʩʣʽʧʠʭ ʷʣʦʚʠʯʠʭ 
ʢʠʰʦʢ ʾʾ ʚʠʜʘʣʷʶʪʴ. ʄôʷʟʦʚʘ ʦʙʦʣʦʥʢʘ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʽʩʪʴ ʢʠʰʢʦʚʦʾ 

ʦʙʦʣʦʥʢʠ; ʾʾ ʟʥʽʤʘʶʪʴ ʟʽ ʩʚʠʥʷʯʠʭ ʽ ʙʘʨʘʥʷʯʠʭ ʢʠʰʦʢ. ʇʽʜʩʣʠʟʦʚʘ ʦʙʦʣʦʥʢʘ ʻ ʥʘʡʤʽʮʥʽʰʦʶ; ʧʽʜ ʯʘʩ 
ʦʙʨʦʙʣʝʥʥʷ ʪʦʥʢʠʭ ʙʘʨʘʥʷʯʠʭ ʽ ʩʚʠʥʷʯʠʭ ʢʠʰʦʢ ʟʘʣʠʰʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʩʘʤʝ ʾʾ. ʉʣʠʟʦʚʘ ʦʙʦʣʦʥʢʘ 
ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʝʨʤʝʥʪʽʚ ʽ ʤʽʢʨʦʬʣʦʨʠ, ʤʘʻ ʧʫʭʢʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʥʝʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʪʦʤʫ ʚ 
ʧʨʦʮʝʩʽ ʦʙʨʦʙʣʝʥʥʷ ʢʠʰʢʦʚʦʾ ʩʠʨʦʚʠʥʠ ʾʾ ʚʠʜʘʣʷʶʪʴ. 
ɺʠʛʦʪʦʚʣʝʥʥʷ ʦʙʦʣʦʥʦʢ ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʢʦʚʙʘʩ ʟʜʽʡʩʥʶʶʪʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʣʷʤʦʚʦʯʥʦʾ 

ʤʘʰʠʥʠ. ɺʦʜʥʦʯʘʩ ʧʨʦʛʫʤʦʚʘʥʽ ʚʘʣʴʮʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʙʤʝʞʝʥʦʶ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʝ 
ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ. 
ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚʘʣʢʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʢʽʣʴʢʦʭ ʤʘʰʠʥ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʟʤʽʥʠʪʠ ʧʦʢʨʠʪʪʷ ʛʫʤʦʚʦʛʦ ʪʘ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʚʘʣʢʽʚ: ʥʘ ʛʫʤʦʚʠʡ ʚʘʣʠʢ ʥʘʥʝʩʝʥʦ ʜʦʜʘʪʢʦʚʠʡ ʰʘʨ ʛʫʤʠ 
ʟ ʚʽʜʤʽʥʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʫ ʧʣʘʩʪʠʥʯʘʩʪʦʤʫ ʚʘʣʠʢʫ ʟʙʽʣʴʰʝʥʦ ʢʽʣʴʢʽʩʪʴ 
ʧʣʘʩʪʠʥ ʽ ʩʢʦʨʠʛʦʚʘʥʦ ʢʫʪ ʾʭ ʥʘʭʠʣʫ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʚʦʜʠ ʥʘ ʚʘʣʴʮʽ ʟʘʙʝʟʧʝʯʠʪʴ 
ʨʽʚʥʦʤʽʨʥʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʟʨʦʰʫʚʘʥʥʷ ʢʠʰʦʢ, ʩʧʨʠʷʪʠʤʝ ʟʥʠʞʝʥʥʶ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʴ 
ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʚʠʭʦʜʽ. 
ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʘʰʠʥʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʦʨʠʛʽʥʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ. ʄʘʰʠʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʘʷʚʥʠʭ ʘʥʘʣʦʛʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
ʚʘʣʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʧʨʦʩʪʦʪʦʶ ʪʘ ʟʨʫʯʥʽʩʪʶ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʟʦʨʫ ʤʽʞ 
ʚʘʣʢʘʤʠ. 
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Systematisation of the design features of equipment for the filling of injection 

preparations into ampoules 

 

Serhii Samarchuk, Igor Zhitnetskyi, Oleksandr Zomenko 

National University of Food Technologies 

 

Introduction.  An analysis of scientific and educational literature shows that there is a 

significant lack of systematic data on the design features, technological schemes, and 
classification of machines for filling sterile preparations into ampoules. A comprehensive 

approach to analysing equipment designs from a mechanical engineering perspective is 

absent. 

Materials and Methods. The aim of the research is to analyse current scientific 

literature, systematise and generalise the design features of equipment, and summarise 

production experience. Methods used include comparative analysis, structural-functional 

decomposition of technological modules, and classification grouping. 

Results and Discussion. All equipment is classified according to the following 

characteristics: productivity (from 2,000 to 24,000 ampoules per hour), level of automation 

(semi-automatic, automatic, fully automated lines), structural design (rotary, conveyor, 

combined). A typical design consists of main functional modules: transportation, ampoule 

orientation, dosing, sealing, quality control, and packaging. The key component is the dosing 
system, usually implemented using peristaltic, piston, or ceramic pumps with an accuracy of 

Ñ1ï2%. Features of the main units are analysed: ampoule feeding mechanisms (star 

conveyors, vacuum grippers), dosing devices (volumetric and mass), and sealing systems 

(gas-oxygen burners, induction heating, laser technology). A trend towards the 

implementation of machine vision systems has been identified. 

Conclusion. The systematisation of design solutions for ampoule equipment forms a 

comprehensive understanding of the technological capabilities of modern machines and 

determines the main directions for their improvement. Keywords: ampoule equipment, 

injectable preparations, dosing, functional structure, GMP standards. 
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Analysis of the structural features of liquid medicinal form dosing modules 

 

Serhii Samarchuk, Igor Zhitnetskyi, Oleksandr Zomenko 

National University of Food Technologies 

 

Introduction.  The practical work experience gained at JSC 'Farmak' and the analysis 

of technical literature indicate that the design of the dosing modules is not perfect and 

requires constant adaptation for different production conditions and various types of 
products. Materials and Methods. The aim is to analyse the design, patents, scientific 

literature, and articles, as well as to survey industry experts, for further development and 

modelling of the dosing module design. 

Results and Discussion. Modern machines utilise seven main types of dosing modules. 

Piston pumps (Piston Pumps / Rotary Valve Piston Pumps). Operating principle: volumetric 

dosing through reciprocating piston movement. Advantages include high dosing accuracy; 

this type is suitable for a wide range of viscosities (from aqueous solutions to thick oils), 

simple design, and the possibility of CIP/SIP sterilisation. Peristaltic pumps (Peristaltic 

Pumps). Operating principle: a roller rotor compresses a tube, moving the product. Benefits: 

minimal contamination ï the product only contacts a disposable tube, but disadvantages 

include periodic tube replacement and viscosity limitations. Servo-controlled systems 

(Servo-Based Filling Systems). Operating principle: servo motors control pistons or pumps. 
Advantages: maximum accuracy and repeatability, automatic volume correction. Vacuum 

and time-pressure systems (Vacuum / Time-Pressure Filling). Operating principle: filling 

under controlled pressure or vacuum. Benefits: simple construction, low cost, suitable for 

large volumes. Drawbacks: lower accuracy compared to piston/peristaltic systems, 

dependence on viscosity and temperature. Mass-flow systems (Mass-Flow Filling). 

Operating principle: measuring the productôs mass during filling via mass flow sensors. 

Advantages: accuracy for products with variable density, independent of viscosity and 

temperature. Rolling diaphragm pumps (Rolling Diaphragm Pumps). Operating principle: a 

soft diaphragm rolls under the action of a ball element. Benefits: suitable for delicate 

biopharmaceuticals, minimal mechanical stress. Integrated weighing systems (Check-

Weighing Systems). Operating principle: weighing each ampoule before and after filling, 
with automatic volume correction via feedback. Advantages: highest accuracy through direct 

mass control, automatic deviation compensation, 100% inspection of each ampoule, 

compliance with FDA/GMP requirements. 

Conclusion. When designing and selecting dosing modules, principles of 'hygienic 

design' are followed, along with the selection of materials depending on the chemical 

properties of the product, principles of sealing to prevent contamination, CIP/SIP 

compatibility, and ensuring accuracy and repeatability. 
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Structural diagram of the piston-type dosing unit of liquid dosage forms 

 

Serhiy Samarchuk, Ihor Zhitnetskyi, Oleksandr Zyomenko 

National University of Food Technologies 

 

Introduction. Despite the critical importance of the accuracy of dosing liquid dosage 

forms into ampoules (Ñ0.5-1%) in accordance with GMP requirements, the design features 

of piston dosing systems of ampoule machines remain insufficiently covered in the technical 
literature, which makes it difficult to optimally adjust, maintain and modernize them at 

pharmaceutical enterprises (. 

Materials and methods. Analysis of modern scientific and educational literature and 

generalization of personal production experience. 

Results and discussion. The components of the dosage module of liquid dosage forms 

are: Expansion tank, liquid accumulator, collector, chokes, TPFE tube system, dosing needle, 

dosing unit fig. 1. 

 
                                   a                                               b 

Fig. 1. Structural diagram of the piston-type dosing unit ( b), and the block with filling 

needles(a) 

 

The principle of operation of piston-type modules is based on volumetric dosing with 
the help of reciprocating movement of the piston, a servo drive is additionally installed to 

accurately control the movement of the piston. Dosing range: 0.5 ml to 30 ml. Speed: 10-250 

ampoules/minute. The advantages are high dosing accuracy, simplicity of design and 

maintenance, possibility of CIP/SIP sterilization.  

Conclusion. Such a layout scheme in cases of handling viscous preparations may give 

a dosing error of more than 5%, which is unacceptable within the framework of parenteral 

preparation production. The design needs additional analysis and improvement. It is 

necessary to create a simulation model to simulate the dosing process. 
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Effect of tablet density and punch moving low on tablet quality indicators 

 

Oleksandr Zomenko, Sergii Samarchuk, Igor Zhytnetskyi, Oleksii Gubenia 

National University of Food Technologies, Kyiv, Ukraine 

   

Introduction . The aim of research is to determine the effect of tablet density and punch 

movement kinematics on tablet quality indicators ï the strength, friability and density 

distribution. 
Materials and methods. Tablet strength was determined by the destructive stress 

during diametric compression, friability ï by the mass loss during processing in a rotating 

drum. The volumetric density distribution at different punch kinematics was determined 

using MSE method using the COMSOL Multiphysics software. 

Results and discussion. At a density less than 0.7 g/cm3 the tablet has low strength and 

is unsuitable for subsequent technological operations. Three zones of strength change are 

distinguished: (I) ï tablet strength increases proportionally to its density; (II) ï with 

increasing of tablet density its strength increases faster, the type of dependence is parabolic. 

The conditional transition from zone I to zone II occurs at a tablet density of 1 g/cm3; (III) ï 

the intensity of increase in strength slows down, and after reaching a certain tablet density, 

the strength decreases. The maximum strength of the studied tablets was 4.6 MPa, and the 

recommended working strength is 1.5ï3 MPa. At a density value of more than 2 g/cm3 such 
a type of defect as lamination is observed. 

With increasing density, the tablet friability decreases according to a parabolic 

dependence, and at 0.8ï1.0 g/cm3 it becomes less than 1%, which corresponds to the 

pharmacopoeia values. With increasing density over 1.3ï1.7 g/cm3, the tablet friability 

begins to increase according to a parabolic dependence and becomes greater than the 

regulated limits. 

During one-sided compression, the stress and density at the opposite edges of the tablet 

in the zone of contact with the die surface are greater and smaller compared to the core. The 

density in the tablet core does not exceed the average by more than 7%. Such density 

heterogeneity has a negligible effect on the strength and friability indicators. During two-

sided compression, the zones with higher density appear at the edges of tablet. The density 
in the tablet core does not exceed the average density by more than 5%. These results do not 

confirm the hypothesis that the punch cinematics significantly affects the distribution of 

tablet density. 

Conclusions. The density of the tablet significantly affects on its strength and friability. 

The punch kinematics have a negligible effect on the distribution of density over the volume 

of tablet. 
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Effect of compressing method and punch kinematics on tablet strength, friability and 

relative density distribution 

 

Oleksandr Zomenko, Sergii Samarchuk, Igor Zhytnetskyi, Oleksii Gubenia 

National University of Food Technologies, Kyiv, Ukraine 

 

Introduct ion. The study aimed to determine how tablet density affects tensile strength 

and friability, taking into account the compression mode and punch kinematics. Two 
formulations of tablets were studied.  

Material and methods. The strength and friability were determined by pharmacopoeial 

methods. The density distribution inside the tablet was analyzed by finite element simulation 

in COMSOL Multiphysics using a density-dependent Capped Drucker-Prager model. The 

initial true density of the powder was 1.59 g/cm3, bulk density 0.36 g/cm3, die radius 5 mm, 

and initial powder-bed height 12 mm. Four loading cases were considered: one-sided 

compaction; two-sided compaction with equal punch displacements; two-sided compaction 

with unequal displacements; and two-sided compaction with unequal displacements and a 

sinusoidal law of motion.  

Results and discussion. The results showed a complex relationship between tablet 

density and quality indicators. Three regions were identified for tensile strength: an 

approximately proportional increase at low density, a more intensive parabolic growth at 
intermediate density, and a deceleration followed by strength loss at excessive density, 

accompanied by lamination. Friability decreased with increasing density at first, reached 

acceptable pharmacopoeial values below 1% in the range of about 1.0ï1.1 g/cm3, and then 

increased again at higher density. Numerical simulation demonstrated that one-sided 

compression produced a nonuniform relative density field from 0.79 to 0.89, with the highest 

values near the upper edge at the die wall. The difference between the density in the tablet 

core and the mean tablet density was about 7%. Under two-sided compression this difference 

decreased to about 4%, and the density field became more symmetrical. However, the overall 

effect of punch kinematics on density distribution remained limited for tablets whose height 

was much smaller than their diameter.  

Conclusion. The hypothesis that the compression mode and punch motion significantly 
change density and strength distribution within such tablets was not confirmed. The findings 

can be used to substantiate the choice of compression mode and punch-motion law when 

optimizing tablet quality. 
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ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʦʟʣʠʚʫ 

ʽʥ'ʻʢʮʽʡʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʚ ʘʤʧʫʣʠ 

 

ʉʝʨʛʽʡ ʉʘʤʘʨʯʫʢ, ɯʛʦʨ ɾʠʪʥʝʮʴʢʠʡ, ʆʣʝʢʩʘʥʜʨ ɿʴʦʤʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʍʘʨʯʦʚʠʭ ʊʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ɸʥʘʣʽʟ ʥʘʫʢʦʚʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʻ ʟʥʘʯʥʠʡ ʜʝʬʽʮʠʪ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʭ ʜʘʥʠʭ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤʘʭ ʽ 
ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʘʰʠʥ ʜʣʷ ʨʦʟʣʠʚʫ ʩʪʝʨʠʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʚ ʘʤʧʫʣʠ. ɺʽʜʩʫʪʥʽʡ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʣʘʜʥʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦʾ 

ʣʽʪʝʨʘʪʫʨʠ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʦʙʣʘʜʥʘʥʥʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʦʛʦ ʜʦʩʚʽʜʫ. ɺʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ ʽ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʛʨʫʧʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʩʝ ʦʙʣʘʜʥʘʥʥʷ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʟʘ ʪʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʚʽʜ 2 ʜʦ 24 ʪʠʩʷʯ ʘʤʧʫʣ ʥʘ ʛʦʜʠʥʫ), ʩʪʫʧʽʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ (ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʽ, ʘʚʪʦʤʘʪʠʯʥʽ, ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʣʽʥʽʾ), 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ (ʨʦʪʦʨʥʽ, ʪʨʘʥʩʧʦʨʪʝʨʥʽ, ʢʦʤʙʽʥʦʚʘʥʽ). ʊʠʧʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ: ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʦʨʽʻʥʪʘʮʽʷ ʘʤʧʫʣ, 

ʜʦʟʫʚʘʥʥʷ, ʟʘʧʘʡʢʘ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ, ʧʘʢʫʚʘʥʥʷ. ʂʣʶʯʦʚʠʤ ʚʫʟʣʦʤ ʻ ʩʠʩʪʝʤʘ 

ʜʦʟʫʚʘʥʥʷ, ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʩʪʘʣʴʪʠʯʥʠʭ, ʧʦʨʰʥʝʚʠʭ ʘʙʦ 

ʢʝʨʘʤʽʯʥʠʭ ʥʘʩʦʩʽʚ ʟ ʪʦʯʥʽʩʪʶ Ñ1ï2 %. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ: 

ʤʝʭʘʥʽʟʤʽʚ ʧʦʜʘʯʽ ʘʤʧʫʣ (ʟʽʨʦʯʢʦʚʽ ʪʨʘʥʩʧʦʨʪʝʨʠ, ʚʘʢʫʫʤʥʽ ʟʘʭʚʘʪʠ), ʜʦʟʫʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ (ʦʙôʻʤʥʽ ʪʘ ʤʘʩʦʚʽ) ʽ ʩʠʩʪʝʤ ʟʘʧʘʡʢʠ (ʛʘʟʦʢʠʩʥʝʚʽ ʧʘʣʴʥʠʢʠ, ʽʥʜʫʢʮʽʡʥʠʡ 

ʥʘʛʨʽʚ, ʣʘʟʝʨʥʘ ʪʝʭʥʦʣʦʛʽʷ). ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ. 

ɺʠʩʥʦʚʦʢ. ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʘʤʧʫʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʬʦʨʤʫʻ ʮʽʣʽʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ ʽ ʚʠʟʥʘʯʘʻ 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʤʧʫʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʽʥ'ʻʢʮʽʡʥʽ 
ʧʨʝʧʘʨʘʪʠ, ʜʦʟʫʚʘʥʥʷ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ, GMP-ʩʪʘʥʜʘʨʪʠ. 
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ʇʝʨʚʘʧʦʨʘʮʽʷ ʷʢ ʤʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ ʝʬʽʨʥʠʭ ʦʣʽʡ ʥʘ ʢʦʤʧʦʥʝʥʪʠ  

 

ɸʥʥʷ ɹʫʜʥʽʢ, ʆʣʝʥʘ ʇʦʜʦʙʽʡ, ɯʛʦʨ ɾʠʪʥʝʮʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ɽʬʽʨʥʽ ʦʣʽʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʩʫʤʽʰʽ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ ʽ ʚʠʧʘʨʦʚʫʶʪʴʩʷ ʟʘ ʟʚʠʯʘʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʦ 

ʾʭ ʩʢʣʘʜʫ ʚʭʦʜʷʪʴ ʚʫʛʣʝʚʦʜʥʽ, ʘ ʪʘʢʦʞ ʦʢʩʠʛʝʥʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ, ʟʦʢʨʝʤʘ ʩʧʠʨʪʠ, ʢʝʪʦʥʠ, 
ʘʣʴʜʝʛʽʜʠ, ʘʣʽʬʘʪʠʯʥʽ ʪʘ ʮʠʢʣʽʯʥʽ ʢʠʩʣʦʪʠ, ʝʪʝʨʠ ʡ ʝʩʪʝʨʠ. ʆʩʢʽʣʴʢʠ ʝʬʽʨʥʽ ʦʣʽʾ ʟʜʘʪʥʽ 

ʚʠʧʘʨʦʚʫʚʘʪʠʩʷ, ʾʭ ʦʪʨʠʤʫʶʪʴ ʽʟ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ ʤʝʪʦʜʦʤ ʧʝʨʝʛʦʥʢʠ. ʆʜʥʠʤ ʽʟ 

ʤʝʤʙʨʘʥʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʥʘʨʘʟʽ ʦʙʤʝʞʝʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, ʻ ʧʝʨʚʘʧʦʨʘʮʽʷ. ʎʝʡ ʤʝʪʦʜ ʻ ʦʩʦʙʣʠʚʦ 

ʝʬʝʢʪʠʚʥʠʤ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʪʨʘʜʠʮʽʡʥʘ ʜʠʩʪʠʣʷʮʽʷ (ʨʝʢʪʠʬʽʢʘʮʽʷ) ʻ ʥʝʝʬʝʢʪʠʚʥʦʶ 

ʘʙʦ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʦʶ. ʁʦʛʦ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʽʚ, ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʭʘʨʯʦʚʽʡ, ʭʽʤʽʯʥʽʡ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʢʦʥʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʝʬʽʨʥʦʾ ʦʣʽʾ ð ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʤʝʪʦʜʠ: ʬʨʘʢʮʽʡʥʘ 

ʜʠʩʪʠʣʷʮʽʷ (ʨʝʢʪʠʬʽʢʘʮʽʷ), ʚʠʤʦʨʦʞʫʚʘʥʥʷ (ʢʨʠʩʪʘʣʽʟʘʮʽʷ), ʚʘʢʫʫʤʥʘ ʜʠʩʪʠʣʷʮʽʷ, 

ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ. ʇʝʨʚʘʧʦʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʢʦʤʧʦʥʝʥʪʥʠʡ 

ʨʦʟʧʦʜʽʣ ʘʙʦ ʚʠʣʫʯʘʪʠ ʛʨʫʧʠ ʢʦʤʧʦʥʝʥʪʽʚ ʙʣʠʟʴʢʠʭ ʟʘ ʩʚʦʾʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʝʨʚʘʧʦʨʘʮʽʷ ð ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ 

ʩʫʤʽʰʝʡ, ʟʘ ʷʢʦʾ ʧʦʪʽʢ ʨʽʜʠʥʠ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʦʥʪʘʢʪʫʻ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʟ ʥʝʧʦʨʠʩʪʦʶ ʧʦʣʽʤʝʨʥʦʶ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʦʨʠʩʪʦʶ ʥʝʦʨʛʘʥʽʯʥʦʶ 
ʤʝʤʙʨʘʥʦʶ (ʥʘʧʨʠʢʣʘʜ, ʮʝʦʣʽʪʥʦʶ), ʪʦʜʽ ʷʢ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚʘʢʫʫʤ ʘʙʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʜʫʚʘʥʥʷ ʽʥʝʨʪʥʠʤ ʛʘʟʦʤ. 

ʄʝʤʙʨʘʥʥʠʡ ʧʨʦʮʝʩ ʧʝʨʚʘʧʦʨʘʮʽʾ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʨʦʟʜʽʣʷʪʠ ʷʢ ʚʦʜʥʦ-

ʦʨʛʘʥʽʯʥʽ, ʪʘʢ ʽ ʦʨʛʘʥʽʯʥʽ ʩʫʤʽʰʽ. ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʫʤʦʚʣʝʥʘ 

ʘʢʪʫʘʣʴʥʽʩʪʶ ʟʘʜʘʯ, ʱʦ ʨʦʟʚôʷʟʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʧʨʦʮʝʩʘʤʠ ʨʦʟʜʽʣʝʥʥʷ. ɿʦʢʨʝʤʘ, ʜʦ ʧʝʨʝʚʘʛ ʥʘʣʝʞʘʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ 

ʘʟʝʦʪʨʦʧʥʠʭ ʩʫʤʽʰʝʡ, ʥʠʟʴʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚ ʨʝʘʛʝʥʪʘʭ ʽ 

ʢʦʤʧʘʢʪʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. 

ɸʢʪʫʘʣʴʥʠʤʠ, ʩʪʨʠʤʫʶʯʠʤʠ ʧʨʦʤʠʩʣʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʘʚʜʘʥʥʷʤʠ ʻ: 

ʧʦʰʫʢ ʽ ʚʠʙʽʨ ʤʝʤʙʨʘʥ ʽ ʤʝʤʙʨʘʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʝʮʠʬʽʯʥʠʤ 

ʚʠʤʦʛʘʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ ʨʦʟʜʽʣʝʥʥʷ; ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ.  
ɺʠʩʥʦʚʦʢ. ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʝʬʽʨʥʠʭ ʦʣʽʡ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʧʝʨʚʘʧʦʨʘʮʽʾ, ʷʢʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʤʘʻ 

ʥʠʟʢʫ ʧʝʨʝʚʘʛ: ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʪʝʨʤʦʣʘʙʽʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʜʽʣʝʥʥʷ, ʥʠʟʴʢʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ, ʟʜʘʪʥʽʩʪʴ ʨʦʟʜʽʣʷʪʠ ʘʟʝʦʪʨʦʧʥʽ ʩʫʤʽʰʽ, 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚ ʨʝʘʛʝʥʪʘʭ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʦʪʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  
 

ʃʽʪʝʨʘʪʫʨʘ 

ʌʘʨʤʘʮʝʚʪʠʯʥʘ ʝʥʮʠʢʣʦʧʝʜʽʷ / ʛʦʣʦʚʘ ʨʝʜʘʢʮʽʡʥʦʾ ʨʘʜʠ ʪʘ ʘʚʪʦʨ ʧʝʨʝʜʤʦʚʠ ɺ. ʇ. 

ʏʝʨʥʠʭ ; ʅʘʮʽʦʥʘʣʴʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ. ð 2-ʛʝ ʚʠʜ., ʧʝʨʝʨʦʙʣ. 

ʽ ʜʦʧʦʚʥ. ð ʂʠʾʚ : ʄʆʈɯʆʅ. 
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ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʜʫʣʽʚ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ ʣʽʢʘʨʩʴʢʠʭ 

ʬʦʨʤ 

 

ʉʝʨʛʽʡ ʉʘʤʘʨʯʫʢ, ɯʛʦʨ ɾʠʪʥʝʮʴʢʠʡ, ʆʣʝʢʩʘʥʜʨ ɿʴʦʤʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʍʘʨʯʦʚʠʭ ʊʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ʆʪʨʠʤʘʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʥʘ ɸʊ çʌʘʨʤʘʢè, ʪʘ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʻ ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʜʫʣʽʚ ʜʦʟʫʚʘʥʥʷ ʥʝ ʻ ʜʦʩʢʦʥʘʣʦʶ, ʽ ʧʦʪʨʝʙʫʻ 
ʧʦʩʪʽʡʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʜʫʢʮʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʝʪʦʶ ʻ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʘʪʝʥʪʽʚ, ʥʘʫʢʦʚʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʩʪʘʪʝʡ, ʦʧʠʪʫʚʘʥʥʷ ʬʘʭʽʚʮʽʚ ʛʘʣʫʟʽ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʫʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ɺ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʽʤ 

ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʜʦʟʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ. ʇʦʨʰʥʝʚʽ ʥʘʩʦʩʠ (Piston Pumps / Rotary Valve 

Piston Pumps). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ: ʦʙ'ʻʤʥʝ ʜʦʟʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʧʦʨʰʥʷ. ʇʝʨʝʚʘʛʘʤʠ ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ, ʜʘʥʠʡ ʪʠʧ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚ'ʷʟʢʦʩʪʝʡ (ʚʽʜ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʜʦ ʛʫʩʪʠʭ ʦʣʽʡ), 

ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ CIP/SIP ʩʪʝʨʠʣʽʟʘʮʽʾ. ʇʝʨʠʣʴʩʪʘʪʠʯʥʽ ʥʘʩʦʩʠ 

(Peristaltic Pumps). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ: ʈʦʣʠʢʦʚʠʡ ʨʦʪʦʨ ʩʪʠʩʢʘʻ ʪʨʫʙʢʫ, ʧʝʨʝʤʽʱʫʶʯʠ 

ʧʨʦʜʫʢʪ. ʇʝʨʝʚʘʛʠ: ʤʽʥʽʤʘʣʴʥʘ ʢʦʥʪʘʤʽʥʘʮʽʷ ï ʧʨʦʜʫʢʪ ʢʦʥʪʘʢʪʫʻ ʪʽʣʴʢʠ ʟ 
ʦʜʥʦʨʘʟʦʚʦʶ ʪʨʫʙʢʦʶ, ʘʣʝ ʥʝʜʦʣʽʢʘʤʠ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʻ ʧʝʨʽʦʜʠʯʥʘ ʟʘʤʽʥʘ ʪʨʫʙʦʢ ʪʘ 

ʦʙʤʝʞʝʥʥʷ ʧʦ ʚ'ʷʟʢʦʩʪʽ. ʉʝʨʚʦ-ʢʝʨʦʚʘʥʽ ʩʠʩʪʝʤʠ (Servo-Based Filling Systems). 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ: ʩʝʨʚʦ-ʤʦʪʦʨʠ ʢʝʨʫʶʪʴ ʧʦʨʰʥʷʤʠ ʘʙʦ ʥʘʩʦʩʘʤʠ. ʇʝʨʝʚʘʛʠ: 

ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʪʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ, ʘʚʪʦʤʘʪʠʯʥʘ ʢʦʨʝʢʮʽʷ ʦʙ'ʻʤʫ. ɺʘʢʫʫʤʥʽ 

ʩʠʩʪʝʤʠ ʯʘʩ-ʪʠʩʢ (Vacuum / Time-Pressure Filling). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ: ʥʘʧʦʚʥʝʥʥʷ ʧʽʜ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʪʠʩʢʦʤ ʘʙʦ ʚʘʢʫʫʤʦʤ. ʇʝʨʝʚʘʛʠ: ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ, 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ. ʅʝʜʦʣʽʢʠ: ʤʝʥʰʘ ʪʦʯʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʨʰʥʝʚʠʤʠ/ʧʝʨʠʩʪʘʣʴʪʠʯʥʠʤʠ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚ'ʷʟʢʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. ʉʠʩʪʝʤʠ 

ʤʘʩʦʚʦʛʦ ʧʦʪʦʢʫ (Mass-Flow Filling). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ: ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʧʨʦʜʫʢʪʫ ʧʽʜ 

ʯʘʩ ʥʘʧʦʚʥʝʥʥʷ ʯʝʨʝʟ ʜʘʪʯʠʢʠ ʤʘʩʦʚʦʛʦ ʚʠʪʨʘʪʦʤʽʨʫ. ʇʝʨʝʚʘʛʠ: ʪʦʯʥʽʩʪʴ ʜʣʷ ʧʨʦʜʫʢʪʽʚ 

ʟʽ ʟʤʽʥʥʦʶ ʛʫʩʪʠʥʦʶ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚ'ʷʟʢʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. ʈʦʣʠʢʦʚʽ ʜʽʘʬʨʘʛʤʦʚʽ 
ʥʘʩʦʩʠ (Rolling Diaphragm Pumps). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ: ʤ'ʷʢʘ ʜʽʘʬʨʘʛʤʘ ʧʝʨʝʢʦʯʫʻʪʴʩʷ 

ʧʽʜ ʜʽʻʶ ʢʫʣʴʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ. ʇʝʨʝʚʘʛʠ: ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʜʝʣʽʢʘʪʥʠʭ ʙʽʦʧʨʝʧʘʨʘʪʽʚ, ʤʘʻ 

ʤʽʥʽʤʘʣʴʥʝ ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ. ɯʥʪʝʛʨʦʚʘʥʽ ʚʘʛʦʚʽ ʩʠʩʪʝʤʠ (Check-Weighing 

Systems). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ: ʟʚʘʞʫʚʘʥʥʷ ʢʦʞʥʦʾ ʘʤʧʫʣʠ ʜʦ ʽ ʧʽʩʣʷ ʥʘʧʦʚʥʝʥʥʷ, 

ʘʚʪʦʤʘʪʠʯʥʘ ʢʦʨʝʢʮʽʷ ʦʙ'ʻʤʫ ʯʝʨʝʟ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ. ʇʝʨʝʚʘʛʠ: ʥʘʡʚʠʱʘ ʪʦʯʥʽʩʪʴ 

ʯʝʨʝʟ ʧʨʷʤʠʡ ʢʦʥʪʨʦʣʴ ʤʘʩʠ, ʘʚʪʦʤʘʪʠʯʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʚʽʜʭʠʣʝʥʴ, 100% ʢʦʥʪʨʦʣʴ 

ʢʦʞʥʦʾ ʘʤʧʫʣʠ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ FDA/GMP ʚʠʤʦʛʘʤ. 

ɺʠʩʥʦʚʦʢ. ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʽ ʧʽʜʙʦʨʽ ʜʦʟʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʢʝʨʫʶʪʴʩʷ 

ʧʨʠʥʮʠʧʘʤʠ çʛʽʛʽʻʥʽʯʥʦʛʦ ʜʠʟʘʡʥʫè, ʧʽʜʙʦʨʦʤ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʜʫʢʪʫ, ʧʨʠʥʮʠʧʘʤʠ ʛʝʨʤʝʪʠʟʘʮʽʾ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʥʪʘʤʽʥʘʮʽʾ, 

ʤʦʞʣʠʚʦʩʪʽ CIP/SIP ʩʫʤʽʩʥʽʩʪʽ, ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ. 
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ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʫʟʣʘ ʜʦʟʫʚʘʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ ʨʽʜʢʠʭ ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ 

 

ʉʝʨʛʽʡ ʉʘʤʘʨʯʫʢ, ɯʛʦʨ ɾʠʪʥʝʮʴʢʠʡ, ʆʣʝʢʩʘʥʜʨ ɿʴʦʤʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʍʘʨʯʦʚʠʭ ʊʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʢʨʠʪʠʯʥʫ ʚʘʞʣʠʚʽʩʪʴ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ 

ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʚ ʘʤʧʫʣʠ (Ñ0.5-1%) ʚʽʜʧʦʚʽʜʥʦ GMP ʚʠʤʦʛʘʤ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʨʰʥʝʚʠʭ ʜʦʟʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ  ʘʤʧʫʣʴʥʠʭ ʤʘʰʠʥ ʟʘʣʠʰʘʶʪʴʩʷ 
ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʚʽʪʣʝʥʠʤʠ ʫ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʦʧʪʠʤʘʣʴʥʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ . 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʽ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʜʦʩʚʽʜʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʉʢʣʘʜʦʚʠʤʠ ʚʫʟʣʘʤʠ ʤʦʜʫʣʷ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ 

ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʻ: ʈʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ ʥʘʢʦʧʠʯʫʚʘʯ ʨʽʜʠʥʠ, ʢʦʣʝʢʪʦʨ, ʜʨʦʩʝʣʽ, 

ʩʠʩʪʝʤʘ TPFE ʪʨʫʙʦʢ, ʜʦʟʫʚʘʣʴʥʘ ʛʦʣʢʘ, ʜʦʟʫʚʘʣʴʥʠʡ ʙʣʦʢ ʨʠʩ. 1. 

 
ʘ                                                ʙ 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʫʟʣʘ ʜʦʟʫʚʘʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ (ʙ), ʪʘ ʙʣʦʢʫ ʟ 

ʛʦʣʢʘʤʠ ʥʘʧʦʚʥʝʥʥʷ (ʘ) 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʦʜʫʣʽʚ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙ'ʻʤʥʦʤʫ ʜʦʟʫʚʘʥʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʧʦʨʰʥʷ, ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 
ʩʝʨʚʦʧʨʠʚʽʜ ʜʣʷ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʭʦʜʫ ʧʦʨʰʥʷ. ɼʽʘʧʘʟʦʥ ʜʦʟʫʚʘʥʥʷ: 0.5 ʤʣ ʜʦ 30 ʤʣ. 

ʐʚʠʜʢʽʩʪʴ: 10-250 ʘʤʧʫʣ/ʭʚʠʣʠʥʫ. ʇʝʨʝʚʘʛʘʤʠ ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ, ʧʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ CIP/SIP ʩʪʝʨʠʣʽʟʘʮʽʾ.  

ɺʠʩʥʦʚʦʢ. ʊʘʢʘ ʩʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʫ ʚʠʧʘʜʢʘʭ ʨʦʙʦʪʠ ʟ ʚôʷʟʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ 

ʤʦʞʝ ʜʘʚʘʪʠ ʧʦʭʠʙʢʫ ʜʦʟʫʚʘʥʥʷ ʙʽʣʴʰʝ 5% ʱʦ ʻ ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʨʘʤʢʘʭ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʘʨʝʥʪʝʨʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʅʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʩʠʤʫʣʷʮʽʡʥʫ ʤʦʜʝʣʴ, ʜʣʷ ʽʤʽʪʘʮʽʾ ʧʨʦʮʝʩʫ 

ʜʦʟʫʚʘʥʥʷ. 
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ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʝʢʩʪʨʘʢʪʫ ʩʦʣʦʜʫ ʧʨʠ 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 
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ʚʠʨʦʙʥʠʮʪʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

 

ɯʛʦʨ ʊʚʝʨʜʫʥ, ʄʠʢʦʣʘ ɼʝʩʠʢ, ʆʣʝʢʩʽʡ ɻʫʙʝʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʉʦʣʦʜʦʚʽ ʝʢʩʪʨʘʢʪʠ ʻ ʮʽʥʥʠʤ ʜʞʝʨʝʣʦʤ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ 
ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʆʜʥʘʢ 

ʜʦ ʜʘʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʨʷʜ ʚʠʤʦʛ ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ, 
ʟʥʘʯʥʦʶ ʤʽʨʦʶ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ. ʊʦʤʫ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʬʽʣʴʪʨʽʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʽʜʩʠʪʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʘ ʩʘʤʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʴ ʪʨʫʙʦʢ ʚʽʜʚʝʜʝʥʥʷ ʩʫʩʣʘ ʘʧʘʨʘʪʫ ʜʣʷ 
ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʦʣʦʜʦʚʦʛʦ ʝʢʩʪʨʘʢʪʫ, ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʧʘʨʘʪʫ ʪʘ ʷʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ Autodesk CFD. 
ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʘʪʨʫʙʢʽʚ ʪʘ ʤʽʩʮʴ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚ ʟʦʥʽ ʚʠʭʦʜʫ 
ʝʢʩʪʨʘʢʪʫ, ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʟʦʥ ʟʘʩʪʦʶ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʩʪʨʦʶ. ʂʽʣʴʢʽʩʪʴ ʧʘʪʨʫʙʢʽʚ ʧʨʠʡʤʘʣʘʩʷ ʚʽʜ 2 ʜʦ 8. ɿʙʽʣʴʰʝʥʥʷ 
ʢʽʣʴʢʦʩʪʽ ʦʪʚʦʨʽʚ ʟ 2 ʜʦ 8 ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ, ʘʣʝ ʟʤʝʥʰʫʻ ʪʫʨʙʫʣʝʥʪʥʫ ʢʽʥʝʪʠʯʥʫ 

ʝʥʝʨʛʽʶ ʚ ʧʽʜʩʠʪʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘ 90%.  
ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 2 ʦʪʚʦʨʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʩʪʘʙʽʣʴʥʘ ʟʦʥʘ ʙʽʣʷ ʧʘʪʨʫʙʢʽʚ ʚʽʜʚʝʜʝʥʥʷ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷʤ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘʪʫ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʪʚʦʨʽʚ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʽʜʠʥʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʘʣʝ ʪʘʢʦʞ ʤʦʞʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ. ɺʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ ʫ 
ʧʣʦʱʠʥʽ ʧʘʨʘʣʝʣʴʥʽʡ ʜʦ ʜʥʠʱʘ ʥʘ ʚʽʜʩʪʘʥʽ 5ʤʤ (ʈʠʩ.1). ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʪʨʠʤʘʣʠ ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʮʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ (ʩʠʥʽʡ ʢʦʣʽʨ ʚʽʜʧʦʚʽʜʘʻ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʽʜʠʥʠ 
0ʤʤ/ʩ). 

ɺ ʟʘʩʪʽʡʥʠʭ ʟʦʥʘʭ 
ʤʦʞʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ 

ʜʨʽʙʥʽ ʯʘʩʪʦʯʢʠ ʩʦʣʦʜʫ, 
ʷʢʽ ʥʝ ʧʦʚʝʨʥʫʪʴʩʷ ʫ 

ʬʽʣʴʪʨ ʘʧʘʨʘʪ ʧʨʠ 
ʮʠʨʢʫʣʷʮʽʾ ʩʫʩʣʘ ʪʘ ʥʝ 

ʚʽʜʜʘʜʫʪʴ ʝʢʩʪʨʘʢʪʠʚʥʽ 
ʨʝʯʦʚʠʥʠ. ʊʘʢʦʞ, ʮʝ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʚʦʨʝʥʥʷ 
çʙʨʫʜʥʠʭè ʟʦʥ ʧʨʠ 

ʧʨʦʤʠʚʮʽ ʘʧʘʨʘʪʫ ʤʽʞ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤʠ.  

ɺʠʩʥʦʚʦʢ. 

ʆʧʪʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʪʨʫʙʢʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʻ 
ʚʠʢʦʨʠʩʪʘʥʥʷ 4 ʪʘ 5 ʧʘʪʨʫʙʢʽʚ, ʘʣʝ ʧʦʧʝʨʝʜʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 4 ʦʪʚʦʨʘʭ 

ʙʽʣʴʰʘ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʧʘʪʨʫʙʢʘ (ʚ ʟʦʥʽ ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ), ʱʦ ʥʝʛʘʪʠʚʥʦ 
ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʷʢʽʩʪʴ ʬʽʣʴʪʨʘʪʫ. ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ ʜʣʷ 

ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ ï 5. ʇʨʠ ʮʽʡ ʢʽʣʴʢʦʩʪʽ ʚʝʣʠʯʠʥʘ ʊʂɽ (ʱʦ ʤʝʥʰʝ ʥʘ 39%, ʫ ʧʦʨʽʚʥʷʥʥʽ 
ʟ 4 ʦʪʚʦʨʘʤʠ) ʫ ʟʦʥʽ ʚʽʜʚʝʜʝʥʥʷ ʩʫʩʣʘ ʪʘ ʤʝʥʰʘ ʧʣʦʱʘ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ. 
 

ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʪʘʙʣʝʪʢʠ ʪʘ ʟʘʢʦʥʽʚ ʨʫʭʫ ʧʫʘʥʩʦʥʫ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ 

ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʫ ʪʘʙʣʝʪʮʽ 

 
4 ʧʘʪʨʫʙʢʠ 

 
5 ʧʘʪʨʫʙʢʽʚ 

ʈʠʩ.1. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʽʜʠʥʠ ʫ 

ʧʽʜʩʠʪʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʽʜʠʥʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 5 ʤʤ/ʩ 
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ʆʣʝʢʩʘʥʜʨ ɿʴʦʤʝʥʢʦ, ɯʛʦʨ ɾʠʪʥʝʮʴʢʠʡ, ʄʘʢʩʠʤ ɺʣʘʩʦʚ, ʆʣʝʢʩʽʡ ɻʫʙʝʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʛʫʩʪʠʥʠ ʪʘʙʣʝʪʢʠ ʥʘ ʾʾ 

ʤʽʮʥʽʩʪʴ ʽ ʩʪʠʨʘʥʥʽʩʪʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʦʩʦʙʫ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʢʽʥʝʤʘʪʠʢʠ ʨʫʭʫ 

ʧʫʘʥʩʦʥʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʽʮʥʽʩʪʴ ʽ ʩʪʠʨʘʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʬʘʨʤʘʢʦʧʝʡʥʠʤʠ 
ʤʝʪʦʜʘʤʠ ʜʣʷ ʜʚʦʭ ʪʠʧʽʚ ʪʘʙʣʝʪʦʢ ʨʽʟʥʦʾ ʨʝʮʝʧʪʫʨʠ. ʈʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʚʠʟʥʘʯʘʚʩʷ 

ʤʝʪʦʜʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ COMSOL 

Multiphysics. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʄʽʮʥʽʩʪʴ ʪʘʙʣʝʪʢʠ ʤʘʻ ʩʢʣʘʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʾʾ 

ʛʫʩʪʠʥʠ. ʇʨʠ ʛʫʩʪʠʥʽ ʜʦ 0.7 ʛ/ʩʤ3 ʪʘʙʣʝʪʢʘ ʨʦʟʩʠʧʘʻʪʴʩʷ ʫ ʨʫʢʘʭ ʽ ʻ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɺʠʜʽʣʷʶʪʴʩʷ ʪʨʠ ʟʦʥʠ, ʜʝ ʟʤʽʥʘ ʤʽʮʥʦʩʪʽ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʟʘʢʦʥʘʤʠ: ɯ ï ʤʽʮʥʽʩʪʴ ʪʘʙʣʝʪʢʠ ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʾʾ ʛʫʩʪʠʥʠ; 

ɯɯ ïʤʽʮʥʽʩʪʴ ʟʨʦʩʪʘʻ ʟʘ ʧʘʨʘʙʦʣʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ; ɯɯɯ ï ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ 

ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʤʽʮʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ, ʪʘʙʣʝʪʢʘ ʨʦʟʰʘʨʦʚʫʻʪʴʩʷ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʠʨʘʥʽʩʪʴ ʪʘʙʣʝʪʢʠ ʟʥʠʞʫʻʪʴʩʷ ʟʘ ʧʘʨʘʙʦʣʽʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ. ʇʨʠ ʛʫʩʪʠʥʽ 0.8ï1.0 ʛ/ʩʤ3 ʩʪʠʨʘʥʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʘʙʣʝʪʦʢ ʩʪʘʻ 

ʤʝʥʰʦʶ ʟʘ 1%, ʘ ʧʨʠ 1.3ï1.7 ʛ/ʩʤ3  ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ ʽ ʩʪʘʻ ʙʽʣʴʰʦʶ ʟʘ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ 
ʤʝʞʽ. 

ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʧʨʝʩʫʚʘʥʥʽ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ ʢʨʘʷʭ ʪʘʙʣʝʪʢʠ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ 

ʟ ʧʦʚʝʨʭʥʝʶ ʤʘʪʨʠʮʽ ʚʠʥʠʢʘʶʪʴ ʟʦʥʠ ʽʟ ʙʽʣʴʰʠʤʠ ʽ ʤʝʥʰʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ 

ʛʫʩʪʠʥʘʤʠ. ʇʨʦʪʝ ʛʫʩʪʠʥʠ ʫ ʷʜʨʽ ʪʘʙʣʝʪʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʶ ʛʫʩʪʠʥʫ ʙʽʣʴʰʝ ʥʽʞ 

ʥʘ 7%. ʎʝ ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʽ ʩʪʠʨʘʥʥʦʩʪʽ. ʇʨʠ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ 

ʧʨʝʩʫʚʘʥʥʽ ʥʘ ʢʨʘʷʭ ʪʘʙʣʝʪʢʠ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟ ʤʘʪʨʠʮʝʶ ʚʠʥʠʢʘʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʧʨʫʞʝʥʴ ʽ ʟʦʥʠ ʟ ʙʽʣʴʰʦʶ ʛʫʩʪʠʥʦʶ. ɻʫʩʪʠʥʘ ʫ ʷʜʨʽ ʪʘʙʣʝʪʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʶ 

ʛʫʩʪʠʥʫ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 4%, ʱʦ ʻ ʤʝʥʰʠʤ ʧʦʨʽʚʥʷʥʦ ʽʟ ʪʘʙʣʝʪʢʦʶ, ʚʠʛʦʪʦʚʣʝʥʦʶ 

ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʩʧʦʩʦʙʦʤ ʧʨʝʩʫʚʘʥʥʷ. ʊʘʢʠʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʨʠ 

ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʩʧʦʩʦʙʽ ʧʨʝʩʫʚʘʥʥʷ ʽʟ ʩʠʥʦʩʦʾʜʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʫʘʥʩʦʥʫ.  
ʅʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʛʽʧʦʪʝʟʘ, ʱʦ ʩʧʦʩʽʙ ʧʨʝʩʫʚʘʥʥʷ ʽ ʢʽʥʝʤʘʪʠʢʘ ʨʫʭʫ ʧʫʘʥʩʦʥʫ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʽ ʤʽʮʥʦʩʪʽ ʫ ʪʘʙʣʝʪʮʽ ʟʘ ʫʤʦʚʠ. 

ɺʠʩʥʦʚʦʢ. ɼʘʥʽ ʧʨʦ ʤʽʮʥʽʩʪʴ ʽ ʩʪʠʨʘʥʥʽʩʪʴ ʪʘʙʣʝʪʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʟʘ 

ʾʾ ʦʙôʻʤʦʤ ʚʘʞʣʠʚʽ ʧʨʠ ʚʠʙʦʨʽ ʩʧʦʩʦʙʫ ʽ ʨʝʞʠʤʽʚ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʟʘʢʦʥʫ ʨʫʭʫ ʧʫʘʥʩʦʥʽʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

Gubenia O,, Zomenko O., Samarchuk S., Mnerie D. (2025), On the strength and friability 

of series products manufactured by direct compression of non-metallic granules, 

Nonconventional Technologies Review/Revista de Tehnologii Neconventionale, 29(3), pp. 
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ɸʥʘʣʽʟ ʙʫʜʦʚʠ ʽ ʨʦʙʦʪʠ ʙʽʩʝʨʥʠʭ ʤʣʠʥ̔ʚ  ʽʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʧʨʦʜʫʢʪʫ 

ʚʽʜ ʨʦʙʦʯʠʭ ʪʽʣ 

 

ʂʦʩʪʷʥʪʠʥ ʆʤʝʣʷʥʝʥʢʦ, ɸʥʥʘ ɹʫʜʥʽʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ  ʧʦʜʨʽʙʥʶʚʘʥʦʩʪʽ ʚ ʙʽʩʝʨʥʠʭ ʤʣʠʥʘʭ ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʚʧʣʠʚʘʶʪʴ ʪʨʠ ʬʘʢʪʦʨʠ: ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʪʦʨʘ, ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʙʽʩʝʨʫ (0,3-0,5ʤʤ). ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʙʝʟʧʝʨʝʨʚʥʠʭ ɹʄ ʷʚʣʷʻʪʴʩʷ 

ʷʢʽʩʥʝ ʨʦʟʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʫ ʚʽʜ ʨʦʙʦʯʠʭ ʪʽʣ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʊʝʭʥʦʣʦʛʽʷ DCP-SuperFlow ð ʮʝ ʧʣʘʪʬʦʨʤʘ ʧʦʜʚʽʡʥʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ ʨʦʟʨʦʙʣʝʥʘ B¿hler, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʝ 

ʨʫʡʥʫʚʘʥʥʷ ʯʘʩʪʠʥ ʧʨʦʜʫʢʪʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʙʽʩʝʨʫ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 

ʩʝʧʘʨʘʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 1 ʙʽʩʝʨʥʠʡ ʤʣʠʥ B¿hler ZR120. 

ʆʩʦʙʣʠʚʽʩʪʴ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʨʫʭʦʤʦʤʫ 2 ʽ ʥʝ ʨʫʭʦʤʦʤʫ ʨʦʪʦʨʽ 5, ʦʙʠʜʚʘ ʤʘʶʪʴ ʥʘʙʽʨ 

ʧʘʣʴʮʽʚ ʷʢʽ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʧʨʦʭʦʜʷʪʴ ʦʜʠʥ ʤʽʞ ʦʜʥʠʤ ʪʠʤ ʩʘʤʠʤ ʧʝʨʝʤʽʰʫʶʯʠ 

ʟʘʚʘʥʪʘʞʝʥʫ ʤʘʩʫ.  ʉʫʩʧʝʥʟʽʷ ʮʝʥʪʨʠʬʫʛʫʛʫʻʪʴʩʷ ʦʙʝʨʪʦʚʠʤ ʨʦʪʦʨʦʤ 2 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʛʦʨʦʜʦʢ 3 ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ. ʇʦʨʫʯ ʽʟ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʱʽʣʠʥʥʽ ʦʪʚʦʨʠ 8 ʚ ʮʠʣʽʥʜʨʽ ʨʦʪʦʨʘ, ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʚ ʱʽʣʴʥʦʩʪʽ ʪʘ ʨʦʟʤʽʨʽ, 
ʙʽʩʝʨ 6 ʨʦʟʜʽʣʷʻʪʴʩʷ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʪʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʯʝʨʝʟ ʱʽʣʠʥʠ 3 ʫ ʚʭʽʜʥʫ ʟʦʥʫ  

ʟʦʚʥʽʰʥʴʦʾ ʢʘʤʝʨʠ ʤʣʠʥʘ. ʂʦʣʠ ʩʚʽʞʠʡ ʧʨʦʜʫʢʪ ʥʘʜʭʦʜʠʪʴ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʢʘʤʝʨʠ ʯʝʨʝʟ 

ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ S1, ʙʽʩʝʨ ʟʥʦʚʫ ʧʝʨʝʥʦʩʠʪʴʩʷ ʜʦ ʥʠʟʫ ʫ ʟʦʚʥʽʰʥʶ ʢʘʤʝʨʫ ʤʣʠʥʘ. 

ʇʨʦʜʫʢʪ ʧʨʦʰʪʦʚʭʫʻ ʙʽʩʝʨ ʷʢʠʡ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʟʘʣʠʰʘʚʩʷ ʥʘ ʧʝʚʥʦʤʫ 

ʨʽʚʥʽ ʢʘʤʝʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʚʥʘ ʨʝʮʠʨʢʫʣʷʮʽʷ ʙʽʩʝʨʫ ʟ ʚʥʫʪʨʽʰʥʴʦʾ 

ʢʘʤʝʨʠ ʜʦ ʟʦʚʥʽʰʥʴʦʾ.  

ʂʦʣʠ ʨʦʪʦʨ 2 ʦʙʝʨʪʘʻʪʴʩʷ, ʙʽʩʝʨ ʚʽʜʰʪʦʚʭʫʻʪʴʩʷ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʜʦ ʩʪʽʥʦʢ 

ʢʘʤʝʨʠ. ʉʫʩʧʝʥʟʽʷ  ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʧʨʦʨʽʟʠ ʧʨʠʩʪʨʦʶ ʚʽʜʚʝʜʝʥʥʷ ʩʫʩʧʝʥʟʽʾ, ʷʢʽ ʤʘʶʪʴ 

ʬʦʨʤʫ ʚʫʟʴʢʠʭ ʱʽʣʠʥ ʽʟ ʧʝʚʥʠʤ ʥʘʭʠʣʦʤ, ʟʚʽʜʢʠ ʦʯʠʱʝʥʘ ʩʫʩʧʝʥʟʽʷ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʫ 

ʚʠʭʽʜʥʠʡ ʢʘʥʘʣ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʽʩʝʨ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʢʘʤʝʨʽ, ʘ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʚʠʭʦʜʠʪʴ 

ʥʘʟʦʚʥʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʝ ʨʦʟʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʫ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ. 

 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʙʽʩʝʨʥʦʛʦ ʤʣʠʥʘ 

B¿hler ZR120: 1 ï ʧʨʠʩʪʨʽʡ ʚʽʜʚʝʜʝʥʥʷ 

ʩʫʩʧʝʥʟʽʾ; 2 ï ʨʫʭʦʤʠʡ ʨʦʪʦʨ; 3 ï 

ʧʝʨʝʛʦʨʦʜʢʠ ʜʣʷ ʩʝʧʘʨʫʚʘʥʥʷ 

ʮʠʨʢʫʣʷʮʽʾ; 4 ï ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ 

ʩʦʨʦʯʢʘ; 5 ï ʙʘʨʘʙʘʥ; 6 ï ʙʽʩʝʨ; 7 ï 

ʧʘʣʴʮʽ; 8 ï ɦʽʣʠʥʥʽ ʦʪʚʦʨʠ. 

 

ɺʠʩʥʦʚʢʠ. ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʩʝʨʫ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʫ ʚʽʜ 0,3ï0,5ʤʤ. ɺʽʜʮʝʥʪʨʦʚʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʮʴʦʛʦ ʤʣʠʥʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʙʦʯʽ ʪʽʣʘ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʫ, ʦʪʨʠʤʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʥʘʜʪʦʥʢʽ ʯʘʩʪʠʥʢʠ ʧʨʦʜʫʢʪʫ ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 
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ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʙʽʩʝʨʥʦʛʦ ʤʣʠʥʘ ʥʘ ʢʽʥʝʪʠʢʫ 

ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʜʨʽʞʜʞʽʚ 

 

ʂʦʩʪʷʥʪʠʥ ʆʤʝʣʷʥʝʥʢʦ, ɸʥʘʩʪʘʩʽʷ ʊʢʘʯʝʥʢʦ,  

ɼʤʠʪʨʦ ʆʩʘʜʯʠʡ, ɺʦʣʦʜʠʤʠʨ ɹʫʜʝʥʶʢ, ʂʘʪʝʨʠʥʘ ɻʨʽʥʽʥʛ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 
ʙʽʩʝʨʥʦʛʦ ʤʣʠʥʘ ʥʘ ʢʽʥʝʪʠʢʫ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʜʨʽʞʜʞʽʚ Saccharomyces cerevisiae. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʥʘ ʙʽʩʝʨʥʦʤʫ ʤʣʠʥʽ ʽʟ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʜʠʩʢʦʚʦʛʦ ʪʠʧʫ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 600, 1500 ʽ 2400 ʦʙ/ʭʚ. ʂʽʣʴʢʽʩʪʴ 

ʤʝʨʪʚʠʭ ʮʽʣʽʩʥʠʭ ʢʣʽʪʠʥ ʚʠʟʥʘʯʘʣʠʩʷ ʬʘʨʙʫʚʘʥʥʷʤ ʤʝʪʠʣʝʥʦʚʠʤ ʩʠʥʽʤ. ʂʣʽʪʠʥʠ, ʫ 

ʷʢʠʭ ʚʤʽʩʪ ʚʠʚʽʣʴʥʠʚʩʷ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʚʚʘʞʘʣʠ ʟʨʫʡʥʦʚʘʥʠʤʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʦʯʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʮʽʣʽʩʥʠʭ ʟʘʬʘʨʙʦʚʘʥʠʭ ʢʣʽʪʠʥ ʫ 

ʩʫʩʧʝʥʟʽʾ ʩʢʣʘʜʘʣʘ 2.5ï3.3%. ʇʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʫ ʤʣʠʥʽ ʾʭ ʢʽʣʴʢʽʩʪʴ ʩʧʦʯʘʪʢʫ ʟʨʦʩʪʘʻ 

ʜʦ 10% ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 1500 ʦʙ/ʭʚ ʽ 28% ï ʧʨʠ 600 ʦʙ/ʭʚ, ʘ ʜʘʣʽ 

ï ʩʧʘʜʘʻ ʜʦ ʥʫʣʷ. ʇʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 2400 ʦʙ/ʭʚ ʢʽʣʴʢʽʩʪʴ ʮʽʣʽʩʥʠʭ 

ʟʘʬʘʨʙʦʚʘʥʠʭ ʢʣʽʪʠʥ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʦʙʨʦʙʣʝʥʥʷ ʩʧʘʜʘʣʘ ʜʦ 2%. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʮʽʣʽʩʥʠʭ ʟʘʬʘʨʙʦʚʘʥʠʭ ʢʣʽʪʠʥ ʧʨʠ ʥʠʟʴʢʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʧʦʷʩʥʶʻʪʴʩʷ ʤʝʥʰʦʶ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʽ ʜʦʚʰʠʤ ʯʘʩʦʤ ʚʠʚʽʣʴʥʝʥʥʷ ʚʤʽʩʪʫ 
ʢʣʽʪʠʥʠ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʽʚ ʙʽʩʝʨʥʦʛʦ ʤʣʠʥʘ ʚʽʜ 600 ʜʦ 2400 ʦʙ/ʭʚ 

ʯʘʩ, ʟʘ ʷʢʠʡ ʚʩʽ ʢʣʽʪʠʥʠ ʨʫʡʥʫʶʪʴʩʷ ʽ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʾʭ ʚʤʽʩʪ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 55 ʜʦ 6 

ʭʚʠʣʠʥ. ʇʽʜ ʯʘʩ ʧʦʜʘʣʴʰʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʩʪʽʥʢʠ ʢʣʽʪʠʥ ʭʘʦʪʠʯʥʦ 

ʬʨʘʛʤʝʥʪʫʶʪʴʩʷ, ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʧʨʦʮʝʩʫ ʻ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ. 

ʏʝʨʝʟ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʝʥʰʫ ʟʘ 1500 ʦʙ/ʭʚ.  

ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʟʨʫʡʥʦʚʘʥʠʭ ʢʣʽʪʠʥ ʦʧʠʩʫʶʪʴʩʷ 

ʧʦʣʽʥʦʤʽʥʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. ʐʚʠʜʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ. 
ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʩʝʨʫ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʜʠʩʢʦʚʦʛʦ ʪʠʧʫ, ʟʦʢʨʝʤʘ, ʽʟ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʧʘʟʘʤʠ, ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʪʫʨʙʽʥʥʦʛʦ ʪʠʧʫ. 

ɺʠʩʥʦʚʢʠ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʙʽʩʝʨʥʠʭ ʤʣʠʥʽʚ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʧʽʜ ʯʘʩ 

ʚʠʙʦʨʫ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʙʽʩʝʨʥʠʭ ʤʣʠʥʽʚ. 
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ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʨʦʟʩʘʜʠ ʪʘ ʩʘʜʞʘʥʮʽʚ  

 

ʅʽʢʽʪʘ ʄʘʨʯʝʥʢʦ, ʈʦʟʘʣʽʷ ʍʦʭʣʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 
 

ɺʩʪʫʧ. ɿʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʩʘʜʽʚʥʠʮʪʚʘ ʪʘ ʤʽʩʴʢʦʛʦ ʦʟʝʣʝʥʝʥʥʷ 

ʩʪʚʦʨʶʻ ʧʽʜʚʠʱʝʥʠʡ ʧʦʧʠʪ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʫʧʘʢʦʚʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʽ 

ʫʤʦʚʠ ʜʣʷ ʞʠʚʠʭ ʨʦʩʣʠʥ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʽʟ ʩʫʯʘʩʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʚ ʛʘʣʫʟʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʨʦʩʣʠʥ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʘʪʝʥʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɺʠʢʦʥʘʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ SolidWorks (ʤʦʜʫʣʴ Simulation) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʩʘʜʦʚʦ-ʛʦʨʦʜʥʴʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋʧʘʢʦʚʢʘ ʤʘʻ ʩʧʝʮʽʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʟ 
ʚʝʥʪʠʣʷʮʽʡʥʠʤʠ ʦʪʚʦʨʘʤʠ ʪʘ ʜʨʝʥʘʞʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ 

ʤʽʢʨʦʢʣʽʤʘʪ ʜʣʷ ʨʦʩʣʠʥ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (ʨʠʩ. 1 ʘ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʰʘʨʦʚʦʛʦ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʪʠʧʫ ʉ ʛʘʨʘʥʪʫʻ ʥʝʦʙʭʽʜʥʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʣʝʛʢʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ 

ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʬʘʨʙ, ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʧʘʢʫʚʘʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ ʜʣʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ. 

ɺʘʨʽʘʥʪ ʨʦʟʨʘʭʫʥʢʫ, ʢʦʣʠ ʢʦʨʦʙʢʫ ʽʟ ʨʦʟʩʘʜʦʶ ʪʨʠʤʘʶʪʴ ʟʘ ʨʫʯʢʫ, ʘ ʟʫʩʠʣʣʷ ʜʽʻ ʥʘ 

ʜʥʦ ʢʦʨʦʙʢʠ, ʜʝʤʦʥʩʪʨʫʻ ʚʝʣʠʢʽ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʧʨʫʞʝʥʴ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʙʽʣʷ ʨʫʯʢʠ ʪʘ ʚ ʤʽʩʮʷʭ ʧʝʨʝʭʦʜʫ ʩʪʽʥʦʢ ʜʦ ʜʥʠʱʘ (ʨʠʩ. 1 ʙ). ʗʢʱʦ ʪʘʢʦʾ 

ʩʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʚʘʥʪʘʞʫ ʫʥʠʢʥʫʪʠ ʥʝ ʚʜʘʻʪʴʩʷ, ʡʦʛʦ ʤʘʩʘ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 
0,5 ʢʛ. ɹʽʣʴʰ ʜʦʮʽʣʴʥʠʡ ʚʘʨʽʘʥʪ ï ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʦʨʫ ʩʪʽʥʦʢ ʛʦʨʱʠʢʘ ʥʘ ʚʥʫʪʨʽʰʥʽ 

ʧʦʚʝʨʭʥʽʴ "ʚʽʢʦʥ". ʊʘʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʟ ʧʽʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʙʽʣʷ ʪʦʯʦʢ ʢʨʽʧʣʝʥʥʷ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʤʝʞʫ 

ʤʽʮʥʦʩʪʽ, ʽ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʫʰʢʦʜʞʝʥʦʶ. 

 
ʘ 

 
ʙ 

ʈʠʩ. 1. ʋʧʘʢʦʚʢʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʦʩʣʠʥ ʽ ʩʘʜʞʘʥʮʽʚ: ʘ ï 3D ʤʦʜʝʣʴ ʟ 
ʛʨʘʬʽʯʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ; ʙ ï ʥʘʧʨʫʞʝʥʥʷ ʚ ʫʧʘʢʦʚʮʽ. 

ʉʧʨʦʝʢʪʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʣʽʥʽʷ ʚʢʣʶʯʘʻ ʩʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ: ʬʣʝʢʩʦʛʨʘʬʽʯʥʫ 

ʤʘʰʠʥʫ BOBST MASTERFLEX HD 1600, ʚʠʩʽʢʘʣʴʥʫ ʤʘʰʠʥʫ Bobst MASTERCUT 

1.65 ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʣʽʥʽʶ ʬʘʣʴʮʶʚʘʥʥʷ-ʩʢʣʝʶʚʘʥʥʷ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 7000-12000 ʟʘʛʦʪʦʚʦʢ ʥʘ ʛʦʜʠʥʫ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʩʪʘʙʽʣʴʥʦʾ ʷʢʦʩʪʽ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʫʧʘʢʦʚʢʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʨʦʟʩʘʜʠ ʪʘ ʩʘʜʞʘʥʮʽʚ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ, 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʧʘʢʦʚʢʠ 

ʤʽʞʥʘʨʦʜʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʞʠʚʠʭ ʨʦʩʣʠʥ. 
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20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʈʦʟʨʦʙʢʘ ʫʧʘʢʦʚʢʠ ʜʣʷ ʚʦʣʦʛʦʛʦ ʢʦʪʷʯʦʛʦ ʢʦʨʤʫ 

 

ʖʣʽʷ ʉʣʦʙʦʜʷʥʶʢ, ʆʣʝʢʩʘʥʜʨ ɻʘʚʚʘ, ɺʘʣʝʥʪʠʠʥʘ ʉʪʝʧʘʥʝʮʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ: ɺʦʣʦʛʠʡ ʢʦʨʤ ʜʣʷ ʢʦʪʽʚ ʻ ʧʦʰʠʨʝʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʢ ʫ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ, ʪʘʢ ʽ ʜʣʷ ʛʦʜʫʚʘʥʥʷ ʪʚʘʨʠʥ ʥʘ ʚʽʜʢʨʠʪʠʭ ʪʝʨʠʪʦʨʽʷʭ. ʋʧʘʢʦʚʢʘ 

ʜʣʷ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʫ ʧʦʚʠʥʥʘ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʢʦʨʤʫ, ʘʣʝ ʡ 
ʙʫʪʠ ʟʨʫʯʥʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ 

ʜʦʡ-ʧʘʢ ʫ ʬʦʨʤʫ ʤʠʩʢʠ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʛʦʜʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ ʛʽʛʽʻʥʽʯʥʽʩʪʴ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʫʧʘʢʦʚʢʠ, 

ʟʦʢʨʝʤʘ ʾʭ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʙʢʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʚʦʣʦʛʦʛʦ ʢʦʨʤʫ ʢʦʪʽʚ ʫ ʚʠʛʣʷʜʽ 

ʜʦʡ-ʧʘʢʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʫ ʬʦʨʤʫ ʤʠʩʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ ʛʽʛʽʻʥʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʦʜʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ: ʇʨʦʻʢʪʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʫ ʨʠʥʢʫ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʘʢʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʜʫʢʪʫ 

ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʽʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʘʢʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ. 

ʈʝʟʫʣʴʪʘʪʠ: ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ 
ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʫʧʘʢʦʚʢʠ ʜʣʷ ʚʦʣʦʛʦʛʦ ʢʦʨʤʫ ʢʦʪʽʚ ʥʝ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʛʦʜʫʚʘʥʥʽ ʪʚʘʨʠʥ ʧʦʟʘ 

ʜʦʤʦʤ. ɹʽʣʴʰʽʩʪʴ ʜʦʡ-ʧʘʢʽʚ ʧʽʩʣʷ ʚʽʜʢʨʠʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʩʫʜʫ ʘʙʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʦʥʪʘʢʪʫ ʢʦʨʤʫ ʟ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʟʥʠʞʫʻ ʛʽʛʽʻʥʽʯʥʽʩʪʴ ʪʘ ʩʧʨʠʯʠʥʷʻ 

ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʫ. 

ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʜʦʡ-ʧʘʢʘ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʫ ʬʦʨʤʫ ʤʠʩʢʠ ʧʽʩʣʷ ʚʽʜʢʨʠʚʘʥʥʷ. ʊʘʢʘ ʬʦʨʤʘ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʠʡ 

ʜʦʩʪʫʧ ʪʚʘʨʠʥʠ ʜʦ ʢʦʨʤʫ, ʟʤʝʥʰʫʻ ʡʦʛʦ ʨʦʟʪʽʢʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʫʧʘʢʦʚʢʫ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʻʤʥʦʩʪʝʡ. ʂʦʥʩʪʨʫʢʮʽʷ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʦʢʨʝʤʘ ʥʝʨʽʚʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ ʧʨʘʢʪʠʯʥʽʩʪʴ. 

  
ʈʠʩ. 1. ɻʨʫʧʦʚʘ ʪʘ ʧʝʨʚʠʥʥʘ ʫʧʘʢʦʚʢʠ ʜʣʷ ʚʦʣʦʛʦʛʦ ʢʦʨʤʫ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʧʘʢʦʚʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʙʘʨôʻʨʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʪʫ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʜʦʚʢʽʣʣʷ. ɼʦʜʘʪʢʦʚʦ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʧʦʚʦʾ ʛʦʬʨʦʢʘʨʪʦʥʥʦʾ 

ʫʧʘʢʦʚʢʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪ ʧʨʦʜʫʢʮʽʾ. 

ɺʠʩʥʦʚʢʠ: ʈʦʟʨʦʙʣʝʥʘ ʫʧʘʢʦʚʢʘ ʧʦʻʜʥʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʷʩʢʨʘʚʠʡ ʪʘ 

ʧʨʠʚʘʙʣʠʚʠʡ ʜʠʟʘʡʥ, ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʜʦ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʫ ʚʠʨʦʙʥʠʮʪʽ. 
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ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʣʦʭʠʥʠ 

 

ʄʘʨʠʥʘ ʉʪʦʨʦʞʫʢ, ʆʣʝʢʩʘʥʜʨ ɻʘʚʚʘ, ʈʦʟʘʣʽʷ ʍʦʭʣʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʃʦʭʠʥʫ ʤʠ ʟʚʠʢʣʠ ʙʘʯʠʪʠ ʫ ʧʦʣʽʤʝʨʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʧʨʦʟʦʨʠʭ ʽ ʟʨʫʯʥʠʭ, ʘʣʝ 

ʚʦʥʠ ʻ ʥʝ ʝʢʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʽ ʥʝ ʟʘʚʞʜʠ ʙʝʟʧʝʯʥʽ ʜʣʷ ʧʨʦʜʫʢʪʫ. ʇʦʩʪʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʧʦʣʽʤʝʨʥʦʾ ʪʘʨʠ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʦʚʢʽʣʣʷ. ʎʝ ʩʧʦʥʫʢʘʻ ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʘʢʫʚʘʥʥʷ ʷʛʽʜ, ʷʢʽ ʙ ʧʦʻʜʥʫʚʘʣʠ 
ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʧʨʦʜʫʢʮʽʾ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʚʦʜʥʦʯʘʩ ʟʘʣʠʰʘʶʯʠʩʴ ʟʨʫʯʥʠʤʠ ʜʣʷ 

ʩʧʦʞʠʚʘʯʘ. 
ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʢʘʨʪʦʥʥʫ ʫʧʘʢʦʚʢʫ ʜʣʷ ʣʦʭʠʥʠ, ʷʢ ʙʝʟʧʝʯʥʫ ʪʘ ʝʢʦʣʦʛʽʯʥʫ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʦʣʽʤʝʨʥʠʤ ʢʦʥʪʝʡʥʝʨʘʤ. ʋʧʘʢʦʚʢʘ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʨʫʯʥʽʩʪʴ 
ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʷʛʽʜ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʦʙʨʘʥʦ ʢʨʝʡʜʦʚʘʥʠʡ ʢʘʨʪʦʥ GC2, 
ʪʦʚʱʠʥʦʶ 300 ʛ/ʤĮ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʛʣʘʜʢʫ ʧʦʚʝʨʭʥʶ ʪʘ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ 

ʜʨʫʢʫ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʚʥʫʪʨʽʰʥʶ ʯʘʩʪʠʥʫ ʙʝʟ ʢʣʝʶ ʪʘ ʤʽʮʥʫ ʟʦʚʥʽʰʥʶ ʯʘʩʪʠʥʫ. 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʣʦʭʠʥʠ ʧʝʨʝʜʙʘʯʝʥʦ ʚʝʥʪʠʣʷʮʽʡʥʽ ʦʪʚʦʨʠ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ 
ʧʦʚʽʪʨʦʦʙʤʽʥ ʽ ʟʘʧʦʙʽʛʘʶʪʴ ʥʘʢʦʧʠʯʝʥʥʶ ʚʦʣʦʛʠ. ɸ ʟʘ ʧʦʪʨʝʙʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫʪʚʦʨʝʥʽ 

ʨʫʯʢʠ, ʱʦ ʨʦʙʠʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʫʧʘʢʦʚʢʠ ʟʨʫʯʥʠʤ ʜʣʷ ʩʧʦʞʠʚʘʯʘ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʩʧʦʞʠʚʯʠʭ ʧʝʨʝʚʘʛ ʽ ʪʝʥʜʝʥʮʽʡ ʥʘ ʨʠʥʢʫ ʧʦʢʘʟʘʚ, ʱʦ 

ʜʣʷ ʣʦʭʠʥʠ ʚʘʞʣʠʚʠʤʠ ʻ ʟʘʭʠʩʪ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʜʦ ʧʨʦʜʫʢʪʫ ʪʘ 
ʧʨʠʚʘʙʣʠʚʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʫʧʘʢʦʚʢʠ. ʉʘʤʝ ʮʝ ʚʠʟʥʘʯʠʣʦ ʬʦʨʤʫ ʪʘ ʜʠʟʘʡʥ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ, ʷʢʘ ʫʪʨʠʤʫʻ ʷʛʦʜʠ ʥʘ ʤʽʩʮʽ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʣʝʛʢʠʡ 
ʜʦʩʪʫʧ ʜʦ ʧʨʦʜʫʢʪʫ ʽ ʤʘʻ ʩʫʯʘʩʥʠʡ ʚʠʛʣʷʜ (ʨʠʩ. 1). 

  

ʈʠʩ. 1 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʘʨʪʦʥʥʦʛʦ ʧʘʢʦʚʘʥʥʷ ʪʠʧʫ çʧʝʥʘʣè 
ʋʧʘʢʦʚʢʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʢʨʝʡʜʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ GC2 ʟ ʜʨʫʢʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ 

ʯʘʩʪʠʥʠ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʫ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦʶ ʪʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 
ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʚʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʜʨʫʢʫ. ʂʦʥʩʪʨʫʢʮʽʷ ʜʝʤʦʥʩʪʨʫʻ, 

ʱʦ ʫʧʘʢʦʚʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʪʦʨʥʦ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʘʙʦ ʧʝʨʝʥʝʩʝʥʥʷ ʽʥʰʠʭ 

ʧʨʦʜʫʢʪʽʚ ʯʠ ʜʨʽʙʥʠʭ ʨʝʯʝʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ ʧʨʘʢʪʠʯʥʽʩʪʴ ʽ ʮʽʥʥʽʩʪʴ ʜʣʷ ʩʧʦʞʠʚʘʯʘ. 
ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʢʘʨʪʦʥʥʦʛʦ ʧʘʢʦʚʘʥʥʷ ʜʣʷ ʣʦʭʠʥʠ ʻ ʥʦʚʠʥʢʦʶ ʥʘ ʨʠʥʢʫ, ʘʜʞʝ 

ʷʛʦʜʠ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʶʪʴ ʫ ʧʦʣʽʤʝʨʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ. ʎʝ ʨʽʰʝʥʥʷ ʧʦʻʜʥʫʻ ʧʨʘʢʪʠʯʥʽʩʪʴ ʪʘ 
ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʧʨʠʚʘʙʣʠʚʽʩʪʴ 

ʧʨʦʜʫʢʪʫ ʜʣʷ ʩʧʦʞʠʚʘʯʘ.  
ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʣʦʭʠʥʠ ʻ ʜʦʮʽʣʴʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ 

ʨʽʰʝʥʥʷʤ. ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʟʨʫʯʥʽʩʪʴ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. ʎʝ 

ʨʽʰʝʥʥʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʘʢʫʚʘʥʥʽ ʪʘ 
ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʪʘʣʠʭ ʧʽʜʭʦʜʽʚ ʫ ʧʘʢʫʚʘʥʥʽ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʨʦʙʣʷʯʠ ʢʘʨʪʦʥʥʫ ʫʧʘʢʦʚʢʫ 

ʧʨʠʚʘʙʣʠʚʦʶ ʽ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʷʛʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. 
  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʂʘʨʪʦʥʥʘ ʫʧʘʢʦʚʢʘ ʜʣʷ ʥʘʙʦʨʫ ʏɸʖ ñɸʣʽʩʘ ʚ ʢʨʘʾʥʽ ʜʠʚò 

ɭʚʛʝʥʽʷ ɹʘʙʝʥʢʦ, ʅʘʪʘʣʽʷ ʂʫʣʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʏʘʡ ʻ ʥʘʧʦʻʤ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʱʦʜʝʥʥʦʛʦ ʨʘʮʽʦʥʫ ʙʽʣʴʰʦʩʪʽ ʣʶʜʝʡ. ʇʨʠ 

ʮʴʦʤʫ ʩʫʯʘʩʥʘ ʫʧʘʢʦʚʢʘ ʜʣʷ ʯʘʶ ʚʠʟʥʘʯʘʻ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʾʾ 

ʦʩʦʙʣʠʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʪʝʥʜʝʥʮʽʡ ʧʘʢʫʚʘʣʴʥʦʾ ʛʘʣʫʟʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʠʤʦʛ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ. 
ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʫʧʘʢʦʚʢʫ ʜʣʷ ʯʘʶ, ʷʢʘ ʥʝ ʣʠʰʝ ʚʠʢʦʥʘʻ ʩʚʦʾ ʙʘʟʦʚʽ 

ʬʫʥʢʮʽʾ, ʪʘʢʽ ʷʢ ʟʘʭʠʩʪ ʧʨʦʜʫʢʪʫ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʟʨʫʯʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʜʦʟʫʚʘʥʥʷ, ʘ ʡ ʤʘʪʠʤʝ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʜʠʚʫʚʘʪʠ ʪʘ 

ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ ʩʧʦʞʠʚʘʯʘ, ʘ ʪʘʢʦʞ  ʚʨʘʭʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʪʘ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋʧʘʢʦʚʢʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʜʚʦʭʩʪʦʨʦʥʥʝ ʢʨʝʡʜʦʚʘʥʦʛʦ 

ʢʘʨʪʦʥʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ, ʬʦʣʴʛʫʚʘʥʥʷ ʪʘ ʣʘʢʫʚʘʥʥʷ, ʙʝʟ ʩʢʣʝʶʚʘʥʥʷ. 

ʂʦʥʩʪʨʫʢʪʠʚ ʚʠʨʽʟʘʻʪʴʩʷ, ʙʽʛʫʻʪʴʩʷ ʪʘ ʧʝʨʬʦʨʫʻʪʴʩʷ ʥʘ ʧʣʦʪʝʨʽ. ʋʧʘʢʦʚʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʦʪʠʨʤʘ ʦʢʨʝʤʠʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʘʢʦʚʘʥʥʷʤʠ, ʷʢʽ ʦʙôʻʜʥʘʥʽ ʚ 

ʛʨʫʧʦʚʫ ʫʧʘʢʦʚʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ. ʈʦʟʨʦʙʣʝʥʘ ʫʧʘʢʦʚʢʘ ʚʠʨʽʟʥʷʻʪʴʩʷ ʫʥʽʢʘʣʴʥʽʩʪʶ ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʜʠʟʘʡʥʫ. ʂʘʨʪʦʥʥʘ ʫʧʘʢʦʚʢʘ ʜʣʷ ʥʘʙʦʨʫ 
ʯʘʶ çɸʣʽʩʘ ʚ ʢʨʘʾʥʽ ʜʠʚè ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʫʧʘʢʦʚʢʠ ʜʣʷ ʯʘʶ ʨʽʟʥʠʭ 

ʩʤʘʢʽʚ. ʇʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʚʦʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʽʛʨʦʚʝ ʧʦʣʝ ʜʣʷ ʯʘʨʽʚʥʠʭ ʧʝʨʩʦʥʘʞʽʚ, 

ʷʢʽ ʟʘʚʜʷʢʠ ʧʝʨʬʦʨʘʮʽʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʽʻʾ ʟ ʛʨʘʥʝʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʫʧʘʢʦʚʦʢ.  

ɼʠʟʘʡʥ ʟʨʦʙʣʝʥʠʡ ʟʘ ʤʦʪʠʚʘʤʠ ʢʥʠʛʠ ʃʴʶʾʩʘ ʂʝʨʨʦʣʘ ñɸʣʽʩʘ ʚ ʢʨʘʾʥʽ ʜʠʚò. ʊʘʢʘ 

ʫʧʘʢʦʚʢʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʜʠʪʷʯʫ ʚʽʢʦʚʫ ʢʘʪʝʛʦʨʽʶ. ɿʘʛʘʣʴʥʘ ʫʧʘʢʦʚʢʘ ʤʽʩʪʠʪʴ Q-ʢʦʜ, 

ʩʢʘʥʫʚʘʥʥʷ ʷʢʦʛʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʧʨʘʚʠʣʘ ʛʨʠ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʛʨʘʪʠ 

ʚ ʩʘʤʫ ʛʨʫ. 

 
ʋʧʘʢʦʚʢʘ ʧʝʨʝʪʚʦʨʶʻ ʯʘʶʚʘʥʥʷ ʫ ʟʘʭʦʧʣʶʶʯʫ ʧʦʜʦʨʦʞ ʫ ʢʨʘʾʥʫ ʜʠʚ, ʟʘʚʜʷʢʠ 

ʜʦʜʘʪʢʦʚʽʡ ʽʛʨʦʚʽʡ ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ ʜʝʢʦʨʘʪʠʚʥʠʤ ʝʣʝʤʝʥʪʘʤ ʜʠʟʘʡʥʫ, ̫ ʢʽ ʚʽʜʪʚʦʨʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʩʥʝʥʥʷ ʬʦʣʴʛʦʶ ʟ ʛʦʣʦʛʨʘʬʽʯʥʠʤ ʝʬʝʢʪʦʤ ʪʘ ʚʠʙʽʨʢʦʚʦʛʦ ʣʘʢʫʚʘʥʥʷ. 

ʋʧʘʢʦʚʢʘ  ̒ʝʢʦʣʦʛʽʯʥʦʶ, ʪʦʤʫ ʱʦ ʤʘʻ ʧʦʜʦʚʞʝʥʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʟʘʚʜʷʢʽ ʜʦʜʘʪʢʦʚʽʡ 
ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʪʘ ʤʦʞʝ ʙʫʪʠ ʧʦʚʪʦʨʥʦ ʧʝʨʝʨʦʙʣʝʥʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ h ʣʘʭʦʤ. 

ɺʠʩʥʦʚʢʠ: ʅʦʚʘ ʫʧʘʢʦʚʢʘ ʜʣʷ ʯʘʶ ʤʘʻ ʧʨʦʜʫʤʘʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚ, ʮʽʣʽʩʥʝ ʚʽʟʫʘʣʴʥʝ 

ʦʬʦʨʤʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʫ ʬʫʥʢʮʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʨʠʥʢʫ ʪʘ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 
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ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʢʦʚʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʟʦʦʪʦʚʘʨʽʚ  

 

ɼʤʠʪʨʦ ʋʩʪʠʯ, ɺʘʣʝʥʪʠʥʘ ʉʪʝʧʘʥʝʮʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ʇʘʢʦʚʘʥʥʷ ʜʣʷ ʟʦʦʪʦʚʘʨʽʚ ʟʘʡʥʷʣʦ ʦʩʦʙʣʠʚʫ ʥʽʰʫ ʨʠʥʢʫ ʯʝʨʝʟ ʩʧʝʮʠʬʽʯʥʽ 

ʚʠʤʦʛʠ ʽ ʛʫʤʘʥʽʟʘʮʽʶ ʩʪʘʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʪʚʘʨʠʥ ʷʢ ʜʦ ʯʣʝʥʽʚ ʩʽʤ'ʾ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʪʘ ʜʠʟʘʡʥʫ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʽʟ ʩʫʯʘʩʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʚ ʛʘʣʫʟʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʟʦʦʪʦʚʘʨʽʚ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ 

ʧʘʪʝʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ SolidWorks (ʤʦʜʫʣʴ Simulation) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʨʘʜʠʮʽʡʥʦ ʢʘʨʪʦʥʥʽ ʧʘʢʦʚʘʥʥʷ ʚ ʩʝʛʤʝʥʪʽ ʟʦʦʪʦʚʘʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʛʨʫʧʦʚʘ ʫʧʘʢʦʚʢʘ ʜʣʷ ʨʝʪʦʨʪ-ʧʘʢʝʪʽʚ ʘʙʦ ʷʢ ʪʨʘʥʩʧʦʨʪʥʘ ʪʘʨʘ. 

ʆʜʥʘʢ ʥʠʥʽ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʬʫʥʢʮʽʾ, ʽ ʩʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʰʠʨʶʻʪʴʩʷ. ɺ ʋʢʨʘʾʥʽ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʙʘʛʘʪʦ ʟʨʘʟʢʽʚ ʢʘʨʪʦʥʥʠʭ ʚʠʨʦʙʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʬʫʥʢʮʽʶ ʧʨʠʪʫʣʢʫ ʪʘ 

ʩʢʨʝʪʯʝʨʘ. ʉʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʘʢʦʚʘʥʴ ʜʣʷ ʟʦʦʪʦʚʘʨʽʚ ʻ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʶ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʦʶ ʛʘʣʫʟʟʶ. 

ʇʨʦʙʣʝʤʦʶ ʢʘʨʪʦʥʥʠʭ ʢʦʨʦʙʦʢ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʨʦʩʪʽʨ. ɼʣʷ ʾʾ 
ʚʠʨʽʰʝʥʥʷ ʥʘ ʙʽʯʥʠʭ ʛʨʘʥʷʭ ʚʠʢʦʥʘʥʽ ʜʽʘʛʦʥʘʣʴʥʽ ʣʽʥʽʾ ʙʽʛʫʚʘʥʥʷ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʛʦʪʦʚʫ 

ʢʦʨʦʙʢʫ ʟʘ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʩʢʣʘʩʪʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʶʚʘʥʥʷ ʢʣʘʧʘʥʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ-ʚʠʨʦʙʥʠʢʫ ʫʧʘʢʦʚʢʠ ʽ ʥʘʜʘʣʽ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʚʞʝ 

ʛʦʪʦʚʠʡ ʚʠʨʽʙ. ʈʦʟʢʣʘʜʢʘ ʟʘʛʦʪʦʚʦʢ ʥʘ ʣʠʩʪʽ ʚʠʢʦʥʘʥʘ ʚ ʧʨʦʛʨʘʤʽ Package Designer ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʩʠʩʪʝʥʪʘ. ʅʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ (21,5%) 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʩʪʽʚ Speedmaster XL ʨʦʟʤʽʨʦʤ 1620³1300 ʤʤ, ʧʨʠ ʮʴʦʤʫ ʥʘ 

ʣʠʩʪʽ ʚʤʽʱʫʻʪʴʩʷ 4 ʟʘʛʦʪʦʚʢʠ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʥʘʜʽʡʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʢʦʚʘʥʥʷ çʜʨʫʛʦʛʦ ʞʠʪʪʷè ʟʘ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧ'ʷʪʠʰʘʨʦʚʦʛʦ ʛʦʬʨʦʢʘʨʪʦʥʫ (EB Flute), 

ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ ʪʦʨʮʝʚʦʤʫ ʩʪʠʩʥʝʥʥʶ 

(ECT, ʟʘʟʚʠʯʘʡ ʜʣʷ ʦʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʘʥʦʚʠʪʴ 5.5 ï 10,5 ʢʅ/ʤ), ʱʦ ʛʘʨʘʥʪʫʻ 
ʮʽʣʽʩʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʯʘʩ ʰʪʘʙʝʣʶʚʘʥʥʷ ʪʘ ʚ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʪʚʘʨʠʥʠ ʟ 

ʢʦʨʦʙʢʦʶ. ʄʘʢʩʠʤʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʤʘʪʝʨʽʘʣʫ (2,799e-04) ʢʦʨʝʣʶʶʪʴ ʽʟ ʟʦʥʘʤʠ 

ʥʘʡʙʽʣʴʰʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʝʨʝʤʽʱʝʥʴ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ, ʱʦ ʤʘʪʝʨʽʘʣ ʧʨʘʮʶʻ ʚ ʤʝʞʘʭ 

ʧʨʫʞʥʦʩʪʽ.  

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʧʘʢʦʚʢʠ ʧʽʜʽʙʨʘʥʦ ʢʣʶʯʦʚʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʫ Esko Crystal Line ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʪʦʧʦʣʽʤʝʨʥʠʭ 

ʬʣʝʢʩʦʬʦʨʤ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʜʨʫʢʫ (ʧʦʜʽʙʥʫ ʜʦ ʦʬʩʝʪʫ), ʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʣʽʥʽʾ BOBST FFG 1636 NT ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʪʠ ʜʨʫʢʘʨʩʴʢʦ-

ʚʠʩʽʯʥʽ ʪʘ ʬʘʣʴʮʶʚʘʣʴʥʦ-ʩʢʣʝʶʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʚ ʻʜʠʥʠʡ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʮʠʢʣ, 

ʦʧʪʠʤʽʟʫʶʯʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɺʠʩʥʦʚʦʢ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʦʬʨʦʢʘʨʪʦʥʥʦʾ ʢʦʨʦʙʢʠ. ɺʦʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʪʨʠʤʫʻ ʷʢ ʜʠʥʘʤʽʯʥʽ (ʩʪʨʠʙʦʢ ʢʦʪʘ), ʪʘʢ ʽ 
ʟʥʘʯʥʽ ʩʪʘʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (40 ʢʛ), ʱʦ ʨʦʙʠʪʴ ʾʾ ʥʘʜʽʡʥʦʶ ʷʢ ʪʨʘʥʩʧʦʨʪʥʦʶ ʪʘʨʦʶ, 

ʪʘʢ ʽ ʦʩʥʦʚʦʶ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʙʫʜʠʥʦʯʢʘ ʜʣʷ ʪʚʘʨʠʥ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʽʥʥʦʚʘʮʽʡʥʽ, ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʦʧʠʪ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʘ ʟʦʚʥʽʰʥʴʦʤʫ ʨʠʥʢʘʭ.  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʇʨʦʻʢʪʫʚʘʥʥʷ ʩʧʦʞʠʚʯʠʭ ʫʧʘʢʦʚʦʢ ʜʣʷ ɿʉʋ ʟ ʪʝʨʤʦʥʘʛʨʽʚʦʤ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ 

 

ɯʚʘʥ ʉʦʪʥʠʢ, ʆʣʝʢʩʘʥʜʨ ɻʘʚʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 
ɺʩʪʫʧ. ʇʘʨʘʣʝʣʴʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ  ʮʽʥʥʦʩʪʽ, ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ  

ʤʝʥʶ  ʪʘ  ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʨʘʮʽʦʥʽʚ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ,  ʚʩʝ ʙʽʣʴʰʦʾ  
ʫʚʘʛʠ  ʥʘʙʫʚʘʶʪʴ ʧʠʪʘʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋʤʦʚʠ ʩʫʯʘʩʥʠʭ  ʙʦʡʦʚʠʭ  ʜʽʡ  

ʚʠʤʘʛʘʶʪʴ,  ʱʦʙ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʝʮʴ  ʤʽʛ  ʩʧʦʞʠʪʠ ʧʦʚʥʦʮʽʥʥʠʡ  ʛʘʨʷʯʠʡ  ʧʨʠʡʦʤ  ʾʞʽ  ʙʝʟ  
ʜʦʩʪʫʧʫ  ʜʦ  ʩʪʘʮʽʦʥʘʨʥʦʾ  ʢʫʭʥʽ,  ʙʝʟ ʚʽʜʢʨʠʪʦʛʦ  ʚʦʛʥʶ  ʪʘ  ʙʝʟ  ʟʘʣʫʯʝʥʥʷ  ʜʦʜʘʪʢʦʚʠʭ  

ʨʝʩʫʨʩʽʚ  (ʚʦʜʠ,  ʧʘʣʠʚʘ),  ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʤʝʞʝʥʠʤʠ ʘʙʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʟ ʧʦʛʣʷʜʫ 
ʜʝʤʘʩʢʫʚʘʥʥʷ. ɯʩʥʫʶʯʽ  ʤʝʪʦʜʠ  ʧʽʜʽʛʨʽʚʫ  ʾʞʽ  ʥʝ  ʧʦʚʥʦʶ  ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʶʪʴ  ʚʠʤʦʛʘʤ  

ɿʙʨʦʡʥʠʭ  ʉʠʣ  ʋʢʨʘʾʥʠ,  ʷʢʽ  ʦʙʫʤʦʚʣʝʥʽ  ʦʜʥʦʯʘʩʥʦʶ ʜʽʻʶ  ʪʨʴʦʭ  ʬʘʢʪʦʨʽʚ:  ʚʠʩʦʢʦʾ  
ʟʘʛʨʦʟʠ  ʜʝʤʘʩʢʫʚʘʥʥʷ,  ʜʝʬʽʮʠʪʫ  ʚʦʜʠ  ʥʘ ʧʝʨʝʜʦʚʠʭ ʧʦʟʠʮʽʷʭ ʪʘ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʚʘʛʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʩʧʦʨʷʜʞʝʥʥʷ. 
ʄʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ  ʧʝʨʝʜʙʘʯʘʻ  ʩʪʚʦʨʝʥʥʷ  

ʘʢʪʠʚʥʦʾ ʛʥʫʯʢʦʾ  ʫʧʘʢʦʚʢʠ ʜʣʷ  ʧʝʨʰʠʭ  ʪʘ  ʜʨʫʛʠʭ  ʩʪʨʘʚ  ʚʽʡʩʴʢʦʚʠʭ  ʨʘʮʽʦʥʽʚ,  ʫ 
ʢʦʥʩʪʨʫʢʮʽʶ  ʷʢʦʾ  ʽʥʪʝʛʨʦʚʘʥʦ  ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʣʴʥʠʡ  ʝʣʝʤʝʥʪ  ʥʘ  ʦʩʥʦʚʽ ʥʽʭʨʦʤʦʚʦʾ  ʥʠʪʢʠ.  

ɼʞʝʨʝʣʦʤ  ʞʠʚʣʝʥʥʷ  ʚʠʩʪʫʧʘʻ  ʩʪʘʥʜʘʨʪʥʠʡ  ʜʣʷ  ʩʫʯʘʩʥʦʛʦ ʩʦʣʜʘʪʘ  ʧʦʨʪʘʪʠʚʥʠʡ 
ʘʢʫʤʫʣʷʪʦʨ  (powerbank)  ʟ  ʧʽʜʪʨʠʤʢʦʶ  ʧʨʦʪʦʢʦʣʫ  USB Power Delivery (USB-PD) 

ʧʦʪʫʞʥʽʩʪʶ 45ï65 W. ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʧʘʢʝʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʪʝʧʣʦʚʫ ʚ ʰʘʨʽ  ʥʽʭʨʦʤʦʚʦʛʦ  ʧʨʦʚʽʜʥʠʢʘ,  ʨʦʟʪʘʰʦʚʘʥʦʛʦ  ʚ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ ʧʘʢʝʪʘ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʋʧʘʢʦʚʢʫ (ʨʠʩ.1) ʚʠʢʦʥʘʥʦ ʫ ʬʦʨʤʘʪʽ ʛʥʫʯʢʦʛʦ ʧʘʢʝʪʘ ʪʠʧʫ 

Doy- pack (ʨʝʪʦʨʪ-ʧʘʢʝʪ ʽʟ ʜʦʥʥʠʤ ʰʚʦʤ), ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʬʘʩʫʚʘʥʥʷ ʧʝʨʰʠʭ ʽ ʜʨʫʛʠʭ 
ʩʪʨʘʚ ʜʦʙʦʚʦʛʦ ʨʘʮʽʦʥʫ. ʅʘʛʨʽʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʣʠʰʝ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʩʪʽʥʦʢ, ʥʝ ʟʘʭʦʜʷʯʠ ʫ ʟʦʥʠ ʰʚʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ,  ʩʪʘʙʽʣʴʥʽʩʪʴ  
ʟʚʘʨʥʠʭ  ʟô̒ ʜʥʘʥʴ  ʽ ʟʥʠʞʫʻ ʨʠʟʠʢ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʧʦʣʽʤʝʨʥʠʭ ʰʘʨʽʚ ʫ ʤʽʩʮʷʭ 

ʟʘʧʘʶʚʘʥʥʷ. ɺʫʟʦʣ ʧʽʜʢʣʶʯʝʥʥʷ ʨʦʟʤʽʱʝʥʦ ʫ ʚʝʨʭʥʴʦʤʫ ʧʨʘʚʦʤʫ ʢʫʪʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʥʘʛʨʽʚʫ 
ʥʘ ʣʠʮʴʦʚʽʡ ʩʪʦʨʦʥʽ ʧʘʢʝʪʘ ð ʫ ʤʽʩʮʽ, ʜʝ ʟʘʚʝʨʰʫʻʪʴʩʷ ʪʨʘʩʫʚʘʥʥʷ  ʥʽʭʨʦʤʦʚʦʛʦ  ʧʨʦʚʽʜʥʠʢʘ 

ʪʘ  ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ  ʢʦʨʦʪʢʠʡ  ʧʽʜʚʽʜ ʜʦ ʢʦʥʪʘʢʪʥʦʾ ʧʣʦʱʘʜʢʠ. ʋʧʘʢʦʚʢʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟ 
ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʢʣʶʯʘʻ ʚʥʫʪʨʽʰʥʽʡ ʨʝʪʦʨʪ-ʟʚʘʨʶʚʘʣʴʥʠʡ  

ʰʘʨ  (RCPP), ʽʟʦʣʷʮʽʡʥʦ-ʥʘʛʨʽʚʘʣʴʥʠʡ ʰʘʨ ʽʟ  ʥʽʭʨʦʤʦʚʠʤ ʧʨʦʚʽʜʥʠʢʦʤ, ʙʘʨô̒ ʨʥʠʡ ʰʘʨ (AL) 
ʪʘ ʟʦʚʥʽʰʥʽʡ ʰʘʨ (PET ʘʙʦ PET/SiOx). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʻʜʥʘʥʥʷ 

ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ, ʙʘʨô̒ ʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʧʝʨʝʜʫʤʦʚ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ 
ʧʨʠ ʣʦʢʘʣʴʥʦʤʫ ʥʘʛʨʽʚʽ. 

   

ʈʠʩ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʧʘʢʦʚʢʠ  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʫʧʘʢʦʚʢʘ ʟ ʪʝʨʤʦʥʘʛʨʽʚʦʤ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ  ʧʨʠʜʘʪʥʘ  ʜʦ  

ʤʘʩʰʪʘʙʫʚʘʥʥʷ,  ʘʜʘʧʪʘʮʽʾ  ʧʽʜ ʨʽʟʥʽ ʤʝʥʶ  ʪʘ  ʽʥʪʝʛʨʘʮʽʾ  ʫ  ʜʽʶʯʽ  ʣʘʥʮʶʛʠ  ʧʦʩʪʘʯʘʥʥʷ.  
ʈʽʰʝʥʥʷ  ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ  ʧʽʜʽʛʨʽʚʫ  ʙʝʟ  ʧʦʪʨʝʙʠ  ʫ  ʚʦʜʽ/ʧʘʣʠʚʽ,  ʱʦ  ʻ  ʢʨʠʪʠʯʥʦ  

ʚʘʞʣʠʚʠʤ  ʫ ʧʦʣʴʦʚʠʭ  ʫʤʦʚʘʭ,  ʘ  ʪʘʢʦʞ  ʬʦʨʤʫʻ  ʜʦʜʘʪʢʦʚʠʡ  ʩʮʝʥʘʨʽʡ  ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʢʝʪʘ ʷʢ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʫ ʭʦʣʦʜʥʠʡ  ʧʝʨʽʦʜ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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ʈʦʟʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʷʻʮʴ ʟ ʽʥʪʝʨʘʢʪʠʚʥʠʤ ʜʦʜʘʪʢʦʤ ʜʦ 

ʚʝʣʠʢʦʜʥʷ 

 

ɸʥʥʘ ɹʝʨʝʟʫʪʩʴʢʘ, ʅʘʪʘʣʽʷ ʂʫʣʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ: ʂʫʨʷʯʽ ʷʡʮʷ ï ʢʨʠʭʢʠʡ ʧʨʦʜʫʢʪ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʧʦʧʠʪʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 

ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʩʧʝʮʠʬʽʯʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʘʢʦʚʘʥʥʷ. ʇʨʦʪʝ ʥʘʧʝʨʝʜʦʜʥʽ 
ɺʝʣʠʢʦʜʥʽʭ ʩʚʷʪ ʩʪʘʥʜʘʨʪʥʘ ʫʧʘʢʦʚʢʘ ʤʘʩ-ʤʘʨʢʝʪʫ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʫ 
ʩʧʦʞʠʚʘʯʽʚ ʫ ʩʚʷʪʢʦʚʠʭ ʝʤʦʮʽʷʭ. ɸ ʩʘʤ ʧʨʦʜʫʢʪ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʧʦʧʠʪ ʫ ʮʝʡ ʧʝʨʽʦʜ. 
ʉʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʧʘʢʦʚʘʥʥʷ, ʱʦ ʥʝ ʣʠʰʝ ʛʘʨʘʥʪʫʻ ʟʙʝʨʝʞʝʥʥʷ ʪʦʚʘʨʫ, 
ʘ ʡ ʥʝʩʝ ʜʦʜʘʪʢʦʚʫ ʢʫʣʴʪʫʨʥʫ ʮʽʥʥʽʩʪʴ, ʻ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ ʪʘ ʧʨʦʧʦʥʫʻ 
ʽʥʪʝʨʘʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ. 
ʄʝʪʘ ʨʦʙʦʪʠ: ʈʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʜʠʟʘʡʥ ʘʢʮʽʡʥʦʾ ʚʝʣʠʢʦʜʥʴʦʾ ʫʧʘʢʦʚʢʠ 

ʜʣʷ ʷʻʮʴ, ʷʢʘ ʛʘʨʤʦʥʽʡʥʦ ʧʦʻʜʥʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʘʭʠʩʪ ʢʨʠʭʢʦʛʦ ʧʨʦʜʫʢʪʫ, 
ʘʚʪʝʥʪʠʯʥʫ ʥʘʮʽʦʥʘʣʴʥʫ ʩʠʤʚʦʣʽʢʫ ʪʘ ʦʩʚʽʪʥʽ ʝʣʝʤʝʥʪʠ, ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ 
ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ: ʋʧʘʢʦʚʢʘ ʻ ʢʦʤʙʽʥʦʚʘʥʦʶ ʜʚʦʝʣʝʤʝʥʪʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. 

ɹʘʟʦʚʠʡ ʣʦʪʦʢ ʥʘ 10 ʷʻʮʴ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʬʦʨʤʦʚʘʥʦʾ ʧʘʧʝʨʦʚʦʾ ʤʘʩʠ. ɿʦʚʥʽʰʥʷ 
ʦʙʝʯʘʡʢʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʢʘʨʪʦʥʫ ʙʝʟ ʣʘʢʫʚʘʥʥʷ ʽ ʬʽʢʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 
ʢʣʘʧʘʥʽʚ-ʟʘʤʢʽʚ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʝʶ, ʥʘ ʧʝʨʝʜʥʽʡ ʛʨʘʥʽ ʤʘʻ ʧʝʨʬʦʨʘʮʽʶ ʜʣʷ 
ʚʽʜʢʨʠʪʪʷ. ʗʢ ʧʦʜʘʨʫʥʢʦʚʠʡ ʝʣʝʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 10 ʜʝʢʦʨʘʪʠʚʥʠʭ 
ʪʝʨʤʦʝʪʠʢʝʪʦʢ ʟ ʇɽʊ-ʧʣʽʚʢʠ. 

 
  

ʈʝʟʫʣʴʪʘʪʠ: ʈʦʟʨʦʙʣʝʥʘ ʘʢʮʽʡʥʘ ʫʧʘʢʦʚʢʘ çʃʝʪʠʯʽʚè ʚʠʨʽʟʥʷʻʪʴʩʷ ʦʨʠʛʽʥʘʣʴʥʦʶ 
ʢʦʥʮʝʧʮʽʻʶ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʨʦʟʧʘʢʫʚʘʥʥʷ. ʇʦʪʨʽʙʥʦ ʨʦʟʽʨʚʘʪʠ ʦʙʝʯʘʡʢʫ ʩʪʨʽʯʢʦʶ 
ʧʝʨʬʦʨʤʘʮʽʾ ʽ ʚʽʜʢʨʠʪʠ ʣʦʪʦʢ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʦʜʘʨʫʥʢʦʚʽ ʝʪʠʢʝʪʢʠ. ɼʠʟʘʡʥ ʢʘʨʪʦʥʥʦʾ 
ʦʙʝʯʘʡʢʠ ʚʠʢʦʥʘʥʠʡ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʚʝʣʠʢʦʜʥʽʭ ʢʦʣʴʦʨʘʭ.  
ʆʩʦʙʣʠʚʽʩʪʴ ʫʧʘʢʦʚʢʠ ï ʟʚʝʨʥʝʥʥʷ ʫʚʘʛʠ ʥʘ ʪʨʘʜʠʮʽʾ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʪʘ ʝʤʦʮʽʾ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʟ ʫʧʘʢʦʚʢʦʶ. ɺʽʜʩʢʘʥʫʚʘʚʰʠ QR-ʢʦʜ, 
ʩʧʦʞʠʚʘʯ ʧʦʪʨʘʧʣʷʻ ʜʦ ʮʠʬʨʦʚʦʾ çɻʘʣʝʨʝʾ ʧʦʜʘʨʫʥʢʽʚè, ʜʝ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʩʠʤʚʦʣʽʟʤ 
ʢʦʣʴʦʨʽʚ ʪʘ ʟʥʘʯʝʥʥʷ ʦʨʥʘʤʝʥʪʽʚ ʨʽʟʥʠʭ ʝʪʥʦʛʨʘʬʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʱʦ 
ʟʦʙʨʘʞʝʥʽ ʥʘ ʪʝʨʤʦʝʪʠʢʝʪʢʘʭ. ʋ ʮʽʣʴʦʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʥʝ ʤʘʻ ʯʘʩʫ ʟʘʡʤʘʪʠʩʴ 
ʧʠʩʘʥʢʘʨʩʪʚʦʤ, ʘʣʝ ʮʽ ʝʪʠʢʝʪʢʠ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ ʧʨʠʢʨʘʩʠʪʠ ʷʡʮʷ ʽ ʩʪʚʦʨʠʪʠ 
ʩʚʷʪʢʦʚʠʡ, ʘʚʪʝʥʪʠʯʥʠʡ ɺʝʣʠʢʦʜʥʽʡ ʢʦʰʠʢ. ʂʨʽʤ ʪʦʛʦ, ʧʘʢʦʚʘʥʥʷ ʻ ʝʢʦʣʦʛʽʯʥʠʤ: 
ʦʙʝʯʘʡʢʘ ʪʘ ʣʦʪʦʢ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ ʷʢ ʤʘʢʫʣʘʪʫʨʘ. ʃʦʪʦʢ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
ʧʦʚʪʦʨʥʦ, ʘʜʞʝ ʚʽʥ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ ʽ ʥʝ ʟʘʜʨʫʢʦʚʫʻʪʴʩʷ ʪʘ ʥʝ ʧʩʫʻʪʴʩʷ ʢʣʝʻʤ 
ʚʽʜ ʝʪʠʢʝʪʢʠ, ʘ ʇɽʊ-ʧʣʽʚʢʘ ʣʝʛʢʦ ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʧʣʘʩʪʠʢʫ. 
ɺʠʩʥʦʚʢʠ: ʈʦʟʨʦʙʣʝʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʫʧʘʢʦʚʢʘ ʤʘʻ ʦʨʠʛʽʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ 

ʜʠʟʘʡʥ, ʱʦ ʩʫʪʪʻʚʦ ʚʠʨʽʟʥʷʻ ʾʾ ʟ-ʧʦʤʽʞ ʩʪʘʥʜʘʨʪʥʠʭ ʨʽʰʝʥʴ. ɺʦʥʘ ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʻ 
ʢʨʠʭʢʠʡ ʧʨʦʜʫʢʪ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʝʶ ʪʘ ʣʝʛʢʦ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ, ʱʦ ʤʽʥʽʤʽʟʫʻ 
ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʪʦʞ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɯʥʪʝʛʨʘʮʽʷ 
ʥʘʮʽʦʥʘʣʴʥʠʭ ʦʨʥʘʤʝʥʪʽʚ ʪʘ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ ʥʘʜʘʻ ʧʨʦʜʫʢʪʫ ʜʦʜʘʪʢʦʚʦʾ ʦʩʚʽʪʥʴʦʾ 
ʬʫʥʢʮʽʾ, ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʫ ʽ ʧʝʨʝʪʚʦʨʶʻ ʟʚʠʯʘʡʥʠʡ ʪʦʚʘʨ ʥʘ ʝʤʦʮʽʡʥʠʡ 
ʩʚʷʪʢʦʚʠʡ ʥʘʙʽʨ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʯʢʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ 

ʧʘʢʦʚʘʥʥʷ ʜʣʷ ʩʫʭʠʭ ʩʥʽʜʘʥʢʽʚ 

 

ʄʘʨʽʷ ʂʫʥʠʮʷ, ʃʝʩʷ ʄʘʨʮʠʥʢʝʚʠʯ, ʆʣʝʥʘ ɹʘʙʘʥʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʫʭʽ ʩʥʽʜʘʥʢʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʢʘʪʝʛʦʨʽʡ ʰʚʠʜʢʠʭ ʫ 

ʧʨʠʛʦʪʫʚʘʥʥʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɰʭ ʘʢʪʠʚʥʦ ʩʧʦʞʠʚʘʶʪʴ ʨʽʟʥʽ ʚʽʢʦʚʽ ʛʨʫʧʠ ʥʘʩʝʣʝʥʥʷ: ʚʽʜ 
ʜʽʪʝʡ ʜʦ ʜʦʨʦʩʣʠʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʻʜʥʫʶʪʴ ʟʨʫʯʥʽʩʪʴ, ʧʦʞʠʚʥʽʩʪʴ ʪʘ ʧʨʠʻʤʥʽ ʩʤʘʢʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʩʫʭʽ ʩʥʽʜʘʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʰʠʨʦʢʦʤʫ ʘʩʦʨʪʠʤʝʥʪʽ ð 

ʢʫʢʫʨʫʜʟʷʥʽ ʧʣʘʩʪʽʚʮʽ, ʤʶʩʣʽ, ʛʨʘʥʦʣʘ, ʧʦʜʫʰʝʯʢʠ ʟ ʥʘʯʠʥʢʘʤʠ ʪʘ ʽʥʰʽ ʨʽʟʥʦʚʠʜʠ. ʉʘʤʝ 

ʧʘʢʦʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʾʭʥʶ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʭʨʫʩʪʢʫ ʪʝʢʩʪʫʨʫ ʪʘ ʧʨʠʚʘʙʣʠʚʠʡ ʟʦʚʥʽʰʥʽʡ 

ʚʠʛʣʷʜ ʥʘ ʧʦʣʠʮʷʭ ʤʘʛʘʟʠʥʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ 

ʧʘʢʦʚʘʥʥʷ ʜʣʷ ʩʫʭʠʭ ʩʥʽʜʘʥʢʽʚ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʨʠʥʢʫ, ʙʫʜʝ 

ʟʨʫʯʥʠʤ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʩʫʭʠʭ ʩʥʽʜʘʥʢʽʚ 

ʙʝʟ ʚʪʨʘʪʠ ʾʭʥʽʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʉʫʭʽ ʩʥʽʜʘʥʢʠ ð ʮʝ ʧʨʦʜʫʢʪ, ʱʦ ʤʘʻ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ. ʈʦʟʨʦʙʢʘ ʧʘʢʦʚʘʥʥʷ ʜʣʷ ʥʠʭ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ, ʪʘʢ ʽ ʤʘʨʢʝʪʠʥʛʦʚʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ. 
ɿʘ ʧʨʦʪʦʪʠʧ ʥʦʚʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʩʫʭʠʭ ʩʥʽʜʘʥʢʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʛʥʫʯʢʠʡ ʧʦʣʽʤʝʨʥʠʡ 

ʧʘʢʝʪ ʪʠʧʫ çʜʦʡ-ʧʘʢè ʽʟ ʯʦʪʠʨʤʘ ʩʪʦʨʦʥʘʤʠ ʪʘ ʧʣʦʩʢʠʤ ʜʥʦʤ, ʦʩʥʘʱʝʥʠʡ zip-ʟʘʩʪʽʙʢʦʶ 

ʪʘ ʥʘʩʽʯʢʘʤʠ ʜʣʷ ʣʝʛʢʦʛʦ ʚʽʜʢʨʠʚʘʥʥʷ. ʗʢ ʧʘʢʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʪʠ ʣʘʤʽʥʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ PET/PE ʘʙʦ PET/AL/PE, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ 

ʙʘʨôʻʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

 
ʇʝʨʝʚʘʛʠ ʦʙʨʘʥʦʛʦ ʧʘʢʦʚʘʥʥʷ: ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʟʘʚʜʷʢʠ ʙʘʨôʻʨʥʠʤ ʧʣʽʚʢʘʤ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʨʦʥʠʢʥʝʥʥʶ 

ʚʦʣʦʛʠ ʪʘ ʢʠʩʥʶ; ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʟʘʢʨʠʚʘʥʥʷ ʟʘʚʜʷʢʠ zip-ʟʘʩʪʽʙʮʽ, ʱʦ ʻ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʫʭʠʭ ʩʥʽʜʘʥʢʽʚ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʥʝʦʜʥʦʨʘʟʦʚʦ; ʩʪʽʡʢʽʩʪʴ 

ʫʧʘʢʦʚʢʠ ʥʘ ʧʦʣʠʮʽ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʧʣʦʩʢʦʛʦ ʜʥʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʚʘʙʣʠʚʫ 

ʧʨʝʟʝʥʪʘʮʽʶ ʧʨʦʜʫʢʪʫ; ʟʨʫʯʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʬʘʩʫʚʘʥʥʷ 

ʫ ʨʽʟʥʽ ʦʙôʻʤʠ (250é1000 ʛ); ʚʝʣʠʢʘ ʧʣʦʱʘ ʜʣʷ ʜʨʫʢʫ ʥʘ ʯʦʪʠʨʴʦʭ ʩʪʦʨʦʥʘʭ ʧʘʢʝʪʘ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʱʫʚʘʪʠ ʤʘʨʢʝʪʠʥʛʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʩʢʨʘʚʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ 

ʩʧʦʞʠʚʘʯʽʚ. 

ɺʠʩʥʦʚʢʠ. ʆʙʨʘʥʠʡ ʧʨʦʪʦʪʠʧ ʧʘʢʦʚʘʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʩʫʭʠʭ ʩʥʽʜʘʥʢʽʚ, 

ʦʩʢʽʣʴʢʠ ʧʦʻʜʥʫʻ ʙʘʨôʻʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʧʨʠʚʘʙʣʠʚʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ. 
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ʈʦʟʨʦʙʢʘ ʛʥʫʯʢʦ ʾʝʢʦʣʦʛʽʯʥʦ ʾʫʧʘʢʦʚʢʠ ʜʣʷ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʘ  
 

ʉʦʬʽʷ ɿʘʭʘʨʯʫʢ, ʅʘʪʘʣʽʷ ʂʫʣʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ: ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʬʘʩʦʚʘʥʝ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʷʢʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ ʩʚʽʞʦʩʪʽ ʧʨʦʜʫʢʪʫ ʽ ʡʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʦʾ ʛʥʫʯʢʦʾ ʫʧʘʢʦʚʢʠ. ʆʩʦʙʣʠʚʦʛʦ 
ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʠʥʮʠʧʘʤ ʝʢʦʥʦʤʽʢʠ 

ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʈʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʜʠʟʘʡʥ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʫʧʘʢʦʚʢʠ ʜʣʷ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʘ, ʷʢʘ ʧʦʻʜʥʘʻ ʟʘʭʠʩʪ ʧʘʢʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, 

ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ: ʋʧʘʢʦʚʢʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʈɸʈ-ɸʊ (SA 710ec), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʧʝʨʦʚʦʾ ʦʩʥʦʚʠ 

Niklaflex 60, PAP ʪʘ ʝʢʩʪʨʫʟʽʡʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʧʦʢʨʠʪʪʷ.  

ʈʝʟʫʣʴʪʘʪʠ: ʈʦʟʨʦʙʣʝʥʘ ʫʧʘʢʦʚʢʘ çʉʦʥʷʯʥʝ ʟʝʨʥʷʪʢʦè ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʫʧʘʢʦʚʢʠ 

ʪʠʧʫ çʬʣʦʫ-ʧʘʢè, ʘʣʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʦʤʝʪʨʽʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʪʘ ʤʘʪʝʨʽʘʣʦʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʘʢʦʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣ ʥʘ ʦʩʥʦʚʽ ʧʘʧʝʨʫ, ʱʦ 

ʪʨʠʤʘʻ ʩʢʣʘʜʢʫ, ʜʦʟʚʦʣʷʻ ʧʨʠ ʚʽʜʢʨʠʪʪʽ ʫʧʘʢʦʚʢʠ ʚ ʦʙʣʘʩʪʽ ʧʦʚʟʜʦʞʥʴʦʛʦ ʰʚʘ 

ʫʪʚʦʨʶʚʘʪʠ ʜʚʦʩʝʢʮʽʡʥʫ ʩʪʽʡʢʫ ʫʧʘʢʦʚʢʫ, ʚ ʦʜʥʽʻʾ ʩʝʢʮʽʾ ʷʢʦʾ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘʩʽʥʥʷ, ʘ 

ʜʨʫʛʫ ʩʝʢʮʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʙʦʨʫ ʣʫʰʧʽʥʥʷ.  

  
  ɼʠʟʘʡʥ ʫʧʘʢʦʚʢʠ ʚʽʜʧʦʚʽʜʘʻ ʪʨʝʥʜʘʤ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʤʽʥʽʤʘʣʽʟʤʫ. ʆʙʨʘʟʦʪʚʦʨʯʽ, 

ʩʠʚʦʣʽʯʥʽ ʪʘ ʪʝʢʩʪʦʚʽ ʝʣʝʤʝʥʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʘʢʦʚʘʥʦʤʫ ʧʨʦʜʫʢʪʫ, ʽʥʬʦʨʤʫʶʪʴ ʧʨʦ 
ʡʦʛʦ ʚʽʜʯʠʟʥʷʥʝ ʧʦʭʦʜʞʝʥʥʷ, ʚʠʩʦʢʽ ʷʢʽʩʥʽ ʪʘ ʩʤʘʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʜʦʜʘʪʢʦʚʫ 

ʬʫʥʢʮʽʶ ʟʨʫʯʥʦʩʪʽ ʜʣʷ ʩʧʦʞʠʚʘʯʘ. ʂʦʥʩʪʨʫʢʮʽʷ ʫʧʘʢʦʚʢʠ ʥʝ ʪʽʣʴʢʠ ʜʦʜʘʻ ʟʨʫʯʥʦʩʪʽ, 

ʘʣʝ ʡ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʢʫʣʴʪʫʨʠ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʪʫʨʙʦʪʽ ʧʨʦ ʜʦʚʢʽʣʣʷ. 

             ʂʨʽʤ ʪʦʛʦ, ʧʘʢʦʚʘʥʥʷ ʻ ʝʢʦʣʦʛʽʯʥʠʤ:  

Å ʦʩʥʦʚʦʶ ʻ ʧʘʧʽʨ, ʱʦ ʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʨʝʩʫʨʩʦʤ 

Å ʧʦʣʽʤʝʨʥʝ ʧʦʢʨʠʪʪʷ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʢʠ 

Å ʫʧʘʢʦʚʢʘ ʤʦʞʝ ʫʪʠʣʽʟʫʚʘʪʠʩʷ ʨʘʟʦʤ ʽʟ ʤʘʢʫʣʘʪʫʨʦʶ. 

ʇʘʧʽʨ ʟ ʧʦʢʨʠʪʪʷʤ ʨʦʟʧʘʜʘʻʪʴʩʷ ʟ ʧʦʚʥʠʤ ʨʦʟʯʠʥʝʥʥʷʤ ʚʦʣʦʢʦʥ ʧʽʜ ʯʘʩ 

ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʮʝʣʶʣʦʟʫ ʧʨʠ 40ÁC ʽ ʚʠʱʝ (ʧʦʢʨʠʪʪʷ ʤʘʡʞʝ ʥʝ 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʮʝʣʶʣʦʟʫ ʧʨʠ 20ÁC) ʚʽʜʧʦʚʽʜʘʻ 

ʢʨʠʪʝʨʽʷʤ, ʚʠʢʣʘʜʝʥʠʤ ʫ ISO 5263/1 çʃʘʙʦʨʘʪʦʨʥʘ ʜʝʟʽʥʪʝʛʨʘʮʽʷ ʭʽʤʽʯʥʦʾ ʮʝʣʶʣʦʟʠè. 

ɺʠʩʥʦʚʢʠ: ʈʦʟʨʦʙʣʝʥʘ ʛʥʫʯʢʘ ʫʧʘʢʦʚʢʘ ʤʘʻ ʦʨʠʛʽʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʜʠʟʘʡʥ, 

ʱʦ ʥʘʜʘʻ ʾʡ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʘʤʠ ʥʘ ʨʠʥʢʫ. ɺʦʥʘ ʜʙʘʻ ʧʨʦ ʩʧʦʞʠʚʘʯʘ, 

ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʧʘʢʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʄʽʥʽʤʽʟʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʤʦʞʝ 

ʧʝʨʝʨʦʙʣʷʪʠʩʷ ʨʘʟʦʤ ʟ ʤʘʢʫʣʘʪʫʨʦʶ, ʪʦʞ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ.  

 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʈʦʟʨʦʙʣʝʥʥʷ ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʧʽʮʠ ʟ ʨʫʯʢʦʶ 

 

ʈʫʩʣʘʥʘ ɹʽʣʠʢ, ʃʝʩʷ ʄʘʨʮʠʥʢʝʚʠʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ 

 

ɺʩʪʫʧ. ɼʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʩʝʛʤʝʥʪʘ ʜʦʩʪʘʚʢʠ ʛʦʪʦʚʦʾ ʾʞʽ ʧʦʪʨʝʙʫʻ ʧʘʢʫʚʘʣʴʥʠʭ 
ʨʽʰʝʥʴ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ, ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʪʘ ʝʢʦʣʦʛʽʯʥʫ 

ʙʝʟʧʝʢʫ. ʉʪʘʥʜʘʨʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʦʙʦʢ ʜʣʷ ʧʽʮʠ ʯʘʩʪʦ ʥʝ ʤʘʶʪʴ ʟʨʫʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 
ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʱʦ ʟʤʫʰʫʻ ʩʧʦʞʠʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʣʘʩʪʠʢʦʚʽ 

ʧʘʢʝʪʠ ʘʙʦ ʚʽʜʯʫʚʘʪʠ ʪʝʨʤʽʯʥʠʡ ʜʠʩʢʦʤʬʦʨʪ ʧʨʠ ʨʫʯʥʦʤʫ ʧʝʨʝʥʝʩʝʥʥʽ ʛʘʨʷʯʦʛʦ 

ʧʨʦʜʫʢʪʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʇʨʦʻʢʪʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʣʦ ʘʥʘʣʽʟ ʨʠʥʢʦʚʠʭ ʘʥʘʣʦʛʽʚ ʪʘ 

ʧʨʦʪʦʪʠʧʫ, ʧʨʦʚʝʜʝʥʥʷ ʦʧʠʪʫʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ, ʨʦʟʨʦʙʢʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʜʠʟʘʡʥʫ 

ʪʘ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʧʨʦʪʦʪʠʧʫ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʧʨʠ ʚʜʘʣʫ ʚʦʩʴʤʠʛʨʘʥʥʫ 

ʬʦʨʤʫ, ʧʘʢʦʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʨʛʦʥʦʤʽʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʽʥʪʝʛʨʦʚʘʥʦʶ ʨʫʯʢʦʶ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʮʽʣʽʩʥʦʾ ʨʦʟʛʦʨʪʢʠ 

ʢʨʠʰʢʠ. 

 
ʈʠʩ.1. 3D-ʤʦʜʝʣʴ ʢʦʨʦʙʢʠ ʜʣʷ ʧʽʮʠ ʟ ʨʫʯʢʦʶ 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʪʨʽʙʥʠʭ ʬʫʥʢʮʽʡ ʫʧʘʢʦʚʢʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʪʨʠʰʘʨʦʚʦʛʦ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʧʨʦʬʽʣʶ çɽè, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʚʠʛʠʥ ʪʘ ʥʠʟʴʢʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ɺʦʩʴʤʠʛʨʘʥʥʘ ʬʦʨʤʘ ʟʽ ʟʨʽʟʘʥʠʤʠ ʢʫʪʘʤʠ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʨʝʙʨʘ 
ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʧʽʮʠ ʧʽʜ ʯʘʩ ʧʝʨʝʥʝʩʝʥʥʷ 

ʦʜʥʽʻʶ ʨʫʢʦʶ. 

ʍʫʜʦʞʥʻ ʦʬʦʨʤʣʝʥʥʷ ʚʠʢʦʥʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʪʘ ʪʠʧʫ 

ʫʧʘʢʦʚʢʠ. ʈʦʟʜʽʣʝʥʠʡ ʥʘʚʧʽʣ ʪʘ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʜʚʦʭ ʯʘʩʪʠʥʘʭ ʢʨʠʰʢʠ ʣʦʛʦʪʠʧ ʩʪʚʦʨʶʻ 

ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʝʬʝʢʪ ʧʨʠ ʚʽʜʢʨʠʪʪʽ ʢʦʨʦʙʢʠ. 

ɽʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʫʧʘʢʦʚʢʘ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ 

ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʧʘʢʝʪʽʚ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʝʣʶʣʦʟʥʠʭ ʚʦʣʦʢʦʥ, 

ʧʽʜʣʷʛʘʻ ʚʪʦʨʠʥʥʽʡ ʧʝʨʝʨʦʙʮʽ ʪʘ ʟʜʘʪʥʘ ʜʦ ʧʦʚʥʦʛʦ ʙʽʦʨʦʟʢʣʘʜʘʥʥʷ ʧʨʦʪʷʛʦʤ ʧʨʠʙʣʠʟʥʦ 

2 ʤʽʩʷʮʽʚ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʽʜʭʦʜʠ ʧʨʠ ʚʠʩʽʢʘʥʥʽ ʧʦʚʥʽʩʪʶ ʧʦʚʝʨʪʘʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʠʡ 

ʮʠʢʣ ʷʢ ʤʘʢʫʣʘʪʫʨʘ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʢʘʨʪʦʥʥʘ ʫʧʘʢʦʚʢʘ ʜʣʷ ʧʽʮʠ ʟ ʨʫʯʢʦʶ ʻ ʧʨʠʢʣʘʜʦʤ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʝʨʛʦʥʦʤʽʯʥʦʛʦ ʜʠʟʘʡʥʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. ɺʦʥʘ 
ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʩʧʦʞʠʚʘʯʘ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʙʨʝʥʜʫ. 
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ʈʦʟʨʦʙʣʝʥʥʷ ʫʧʘʢʦʚʢʠ ʜʣʷ ʰʦʢʦʣʘʜʥʦʛʦ ʧʝʯʠʚʘ 

 

ɯʣʣʷ ʂʦʣʦʩ, ɺʽʢʪʦʨʽʷ ʄʦʨʬʣʶʢ-ʑʫʨ, ʃʝʩʷ ʄʘʨʮʠʥʢʝʚʠʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ 

 

ɺʩʪʫʧ. ʋʧʘʢʦʚʢʘ ʜʣʷ ʰʦʢʦʣʘʜʥʦʛʦ ʧʝʯʠʚʘ ʚʠʢʦʥʫʻ ʥʝ ʣʠʰʝ ʬʫʥʢʮʽʶ ʟʘʭʠʩʪʫ, ʘʣʝ ʡ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʬʦʨʤʫʻ ʩʧʨʠʡʥʷʪʪʷ ʧʨʦʜʫʢʪʫ ʩʧʦʞʠʚʘʯʝʤ. ɰʾ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ - 

ʟʘʧʦʙʽʛʘʥʥʷ ʤʝʭʘʥʽʯʥʠʤ ʧʦʰʢʦʜʞʝʥʥʷʤ ʪʝʥʜʽʪʥʦʛʦ ʧʝʯʠʚʘ, ʟʘʭʠʩʪ ʚʽʜ ʚʧʣʠʚʫ ʚʦʣʦʛʠ 
ʪʘ ʩʪʦʨʦʥʥʽʭ ʟʘʧʘʭʽʚ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʠʟʘʡʥʫ 

ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ ʜʣʷ ʰʦʢʦʣʘʜʥʦʛʦ ʧʝʯʠʚʘ çMeow Cookiesè, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ 

ʧʨʦʜʫʢʪʫ, ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʚʠʤʦʛʘʤ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋʧʘʢʦʚʢʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʧʘʣʽʪʫʨʥʦʛʦ ʢʘʨʪʦʥʫ Eska 

Board ʪʦʚʱʠʥʦʶ 1,5 ʤʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʜʠʟʘʡʥʝʨʩʴʢʠʡ ʧʘʧʽʨ Sirio Color ʱʽʣʴʥʽʩʪʶ 115ï125 ʛ/ʤĮ ʟ 

ʧʦʜʘʣʴʰʠʤ ʣʘʢʫʚʘʥʥʷʤ. 

 ʈʝʟʫʣʴʪʘʪʠ.  ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʫʧʘʢʦʚʢʫ ʪʠʧʫ çʢʨʠʰʢʘ-ʜʥʦè, 

ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʦʾ ʦʩʥʦʚʠ ʪʘ ʟʥʽʤʥʦʾ ʢʨʠʰʢʠ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ: 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʽʰʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪʦʥʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʜʽʣʶʚʘʯʘ 

ʟʘʤʽʩʪʴ ʧʣʘʩʪʠʢʦʚʦʛʦ ʣʦʞʝʤʝʥʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ. 
ɼʠʟʘʡʥ ʫʧʘʢʦʚʢʠ ʚʠʢʦʥʘʥʦ ʫ ʰʦʢʦʣʘʜʥʦ-ʢʨʝʤʦʚʽʡ ʢʦʣʴʦʨʦʚʽʡ ʛʘʤʽ ʟ ʘʢʮʝʥʪʦʤ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʧʝʯʠʚʘ ʫ ʬʦʨʤʽ ʣʘʧʢʠ, ʱʦ ʧʽʜʩʠʣʶʻ ʚʧʽʟʥʘʚʘʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʪʘ ʧʨʠʚʘʙʣʶʻ 
ʩʧʦʞʠʚʘʯʘ. 

 
ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʧʘʢʦʚʢʠ 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʫʧʘʢʦʚʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʤʽʮʥʦʩʪʽ, ʟʨʫʯʥʦʩʪʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪʦʥʫ ʷʢ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʟʚʦʣʷʻ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ 

ʧʣʘʩʪʠʢʫ ʪʘ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʝ ʫ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

ʧʨʦʜʫʢʪʫ ʥʘ ʨʠʥʢʫ 

 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʌʦʨʤʘʣʽʟʘʮʽʷ ʪʘ ʩʪʠʣʽʟʘʮʽʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

 

ɺʽʢʪʦʨʽʷ ɹʠʰʦʚʝʮʴ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʉʊʋʇ. ʋ ʩʫʯʘʩʥʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʩʪʠʣʴ ʚʠʩʪʫʧʘʻ ʥʝ ʧʨʦʩʪʦ ʷʢ ʝʩʪʝʪʠʯʥʘ 

ʢʘʪʝʛʦʨʽʷ, ʘ ʷʢ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʢʦʤʫʥʽʢʘʮʽʾ. ʇʨʦʮʝʩʠ ʬʦʨʤʘʣʽʟʘʮʽʾ ʪʘ ʩʪʠʣʽʟʘʮʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʪʚʦʨʠʪʠ ʩʢʣʘʜʥʽ ʦʙʨʘʟʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʥʘ ʣʘʢʦʥʽʯʥʽ ʛʨʘʬʽʯʥʽ ʟʥʘʢʠ, 
ʟʨʦʟʫʤʽʣʽ ʩʧʦʞʠʚʘʯʝʚʽ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʮʝ ʥʘʙʫʚʘʻ ʚ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ, ʜʝ 

ʚʽʟʫʘʣʴʥʘ ʤʝʪʘʬʦʨʘ ʪʘ ʘʩʦʮʽʘʪʠʚʥʠʡ ʨʷʜ ʩʪʘʶʪʴ ʚʠʨʽʰʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʟ ʧʠʪʘʥʴ ʪʝʦʨʽʾ 

ʩʪʠʣʶ [1], ʫʢʨʘʾʥʩʴʢʦʛʦ ʤʠʩʪʝʮʪʚʦʟʥʘʚʩʪʚʘ ʪʘ ʤʽʬʦʣʦʛʽʾ [2,3,4]. ɿʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ 

ʘʥʘʣʦʛʽʾ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʝʪʥʦʢʫʣʴʪʫʨʥʠʭ ʢʦʜʽʚ ʩʫʯʘʩʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʌʦʨʤʘʣʽʟʘʮʽʷ ʪʘ ʩʪʠʣʽʟʘʮʽʷ ʻ ʙʘʟʦʚʠʤʠ ʤʝʪʦʜʘʤʠ 

ʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʪʠʣʽʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʜʝʢʦʨʘʪʠʚʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʬʽʛʫʨʠ ʘʙʦ 

ʧʨʝʜʤʝʪʘ, ʚʽʜʤʦʚʫ ʚʽʜ ʜʨʫʛʦʨʷʜʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʢʦʨʠʩʪʴ ʚʠʨʘʟʥʦʩʪʽ ʩʠʣʫʝʪʫ ʪʘ 

ʭʘʨʘʢʪʝʨʫ. ʋ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ ʮʝ ʜʦʟʚʦʣʷʻ ʤʠʪʪʻʚʦ ʧʝʨʝʜʘʪʠ ʩʫʪʴ ʧʨʦʜʫʢʪʫ: 

ʥʘʧʨʠʢʣʘʜ, ʛʝʦʤʝʪʨʠʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʦʣʦʩʩʷ ʘʙʦ ʩʦʥʷʰʥʠʢʘ ʧʨʘʮʶʻ ʷʢ ʩʠʤʚʦʣ 

ʥʘʪʫʨʘʣʴʥʦʩʪʽ ʪʘ ʨʦʜʶʯʦʩʪʽ ʰʚʠʜʰʝ, ʥʽʞ ʬʦʪʦʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʶʪʴ ʤʝʪʘʬʦʨʠ ʪʘ ʘʩʦʮʽʘʮʽʾ. ɼʠʟʘʡʥ ʧʘʢʫʚʘʥʥʷ ʯʘʩʪʦ ʘʧʝʣʶʻ ʜʦ 
ʛʣʠʙʠʥʥʠʭ ʢʫʣʴʪʫʨʥʠʭ ʧʣʘʩʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʤʽʬʦʣʦʛʽʾ ʪʘ 

ʥʘʨʦʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʩʪʽʡʢʽ ʘʩʦʮʽʘʪʠʚʥʽ ʟʚ'ʷʟʢʠ. ɻʨʘʬʽʯʥʽ 

ʘʢʮʝʥʪʠ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʟʥʘʡʦʤʠʭ ʘʨʭʝʪʠʧʘʭ (ʦʨʥʘʤʝʥʪʘʣʴʥʽ ʤʦʪʠʚʠ, ʩʦʣʷʨʥʽ ʟʥʘʢʠ, 

ʪʨʘʜʠʮʽʡʥʘ ʢʦʣʦʨʠʩʪʠʢʘ), ʚʠʢʣʠʢʘʶʪʴ ʫ ʩʧʦʞʠʚʘʯʘ ʚʽʜʯʫʪʪʷ ʜʦʚʽʨʠ ʪʘ ʧʨʠʯʝʪʥʦʩʪʽ ʜʦ 

ʩʧʽʣʴʥʦʾ ʢʫʣʴʪʫʨʠ. ʎʝ ʷʚʠʱʝ ʦʧʠʩʫʻʪʴʩʷ ʷʢ "ʛʝʥʝʪʠʯʥʘ ʧʘʤ'ʷʪʴ" ʫ ʜʠʟʘʡʥʽ, ʢʦʣʠ 

ʚʽʟʫʘʣʴʥʠʡ ʢʦʜ ʟʯʠʪʫʻʪʴʩʷ ʥʘ ʧʽʜʩʚʽʜʦʤʦʤʫ ʨʽʚʥʽ. 

ɸʢʮʝʥʪʠ ʚ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ (ʢʦʣʽʨʥʽ, 

ʤʘʩʰʪʘʙʥʽ, ʟʤʽʩʪʦʚʽ) ʩʣʫʛʫʶʪʴ ʥʘʚʽʛʘʪʦʨʘʤʠ ʜʣʷ ʦʢʘ. 

ɺʜʘʣʦ ʧʽʜʽʙʨʘʥʘ ʚʽʟʫʘʣʴʥʘ ʘʥʘʣʦʛʽʷ ʤʦʞʝ ʟʘʤʽʥʠʪʠ 

ʪʝʢʩʪʦʚʠʡ ʦʧʠʩ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʘʢʪʫʨʠ 

ʢʨʘʬʪʦʚʦʛʦ ʧʘʧʝʨʫ ʘʙʦ ʩʪʠʣʽʩʪʠʢʘ "ʥʘʾʚʥʦʛʦ ʤʠʩʪʝʮʪʚʘ" 
ʘʚʪʦʤʘʪʠʯʥʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʪʘ ʨʫʯʥʦʶ ʨʦʙʦʪʦʶ ("hand-made"), ʱʦ 

ʧʽʜʚʠʱʫʻ ʮʽʥʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚ ʦʯʘʭ ʩʧʦʞʠʚʘʯʘ. ʉʪʠʣʴ ʪʘ ʤʝʪʦʜʠ ʩʪʠʣʽʟʘʮʽʾ ʫ 

ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʻ ʟʘʩʦʙʘʤʠ ʚʽʟʫʘʣʴʥʦʾ ʤʦʚʠ, ʱʦ ʪʨʘʥʩʣʶʶʪʴ ʮʽʥʥʦʩʪʽ ʙʨʝʥʜʫ.  

ɺʠʩʥʦʚʦʢ. ʉʪʠʣʴ ʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʚʠʩʪʫʧʘʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɺ 

ʫʤʦʚʘʭ ʛʣʦʙʘʣʽʟʘʮʽʾ ʟʨʦʩʪʘʻ ʧʦʧʠʪ ʥʘ ʜʠʟʘʡʥ ʟ çʥʘʮʽʦʥʘʣʴʥʠʤ ʦʙʣʠʯʯʷʤè. ʉʫʯʘʩʥʘ 

ʩʪʠʣʽʟʘʮʽʷ ʥʝ ʢʦʧʽʶʻ ʘʨʭʘʾʯʥʽ ʬʦʨʤʠ, ʘ ʧʝʨʝʦʩʤʠʩʣʶʻ ʾʭ. ʌʦʨʤʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ 

ʩʧʨʦʩʪʠʪʠ ʩʢʣʘʜʥʽ ʝʪʥʽʯʥʽ ʚʽʟʝʨʫʥʢʠ ʜʦ ʨʽʚʥʷ ʩʫʯʘʩʥʠʭ ʣʦʛʦʪʠʧʽʚ ʪʘ ʧʘʪʝʨʥʽʚ, 

ʟʙʝʨʽʛʘʶʯʠ ʾʭʥʶ ʟʤʽʩʪʦʚʫ ʥʘʧʦʚʥʝʥʽʩʪʴ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʫʣʴʪʫʨʥʠʭ ʤʝʪʘʬʦʨ ʪʘ 

ʘʩʦʮʽʘʮʽʡ ʥʘʜʘʻ ʧʘʢʫʚʘʥʥʶ ʝʤʦʮʽʡʥʦʾ ʛʣʠʙʠʥʠ. ʇʦʻʜʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʛʨʘʬʽʯʥʠʭ 

ʧʨʠʡʦʤʽʚ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʫʣʴʪʫʨʥʠʤʠ ʢʦʜʘʤʠ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʫʥʽʢʘʣʴʥʠʡ ʩʪʠʣʴ, 

ʷʢʠʡ ʨʦʙʠʪʴ ʧʨʦʜʫʢʪ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ ʪʘ ʚʧʽʟʥʘʚʘʥʠʤ. 
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ʈʦʣʴ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ ʫ ʧʽʟʥʘʚʘʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. ʷʢ ʜʠʟʘʡʥ ʥʘʚʯʘʻ ʥʘʩ 

ʜʫʤʘʪʠ 

 

ɺʽʢʪʦʨʽʷ ɹʠʰʦʚʝʮʴ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʧʝʨʝʥʘʩʠʯʝʥʦʤʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʛʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ ʧʝʨʝʩʪʘʻ 

ʙʫʪʠ ʣʠʰʝ ʝʩʪʝʪʠʯʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʣʶʯʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʽʟʥʘʥʥʷ. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ, ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʤʝʪʘʬʦʨ 
ʜʦʧʦʤʘʛʘʶʪʴ ʣʶʜʩʴʢʦʤʫ ʤʦʟʢʫ ʰʚʠʜʰʝ ʟʘʩʚʦʶʚʘʪʠ ʥʦʚʽ ʟʥʘʥʥʷ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʦʛʦ, ʷʢ ʩʘʤʝ ʚʽʟʫʘʣʴʥʽ ʦʙʨʘʟʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʛʥʽʪʠʚʥʽ ʧʨʦʮʝʩʠ ʪʘ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʚʯʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʢʥʠʛʠ Adams Sean çʗʢ ʜʠʟʘʡʥ 
ʩʧʦʥʫʢʘʻ ʥʘʩ ʜʫʤʘʪʠ, ʚʽʜʯʫʚʘʪʠ, ʜʽʷʪʠè. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʽʟʫʘʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʥʘ ʟʘʩʚʦʻʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʦʣʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʥʝʤʦʞʣʠʚʦ 

ʧʝʨʝʦʮʽʥʠʪʠ, ʦʩʢʽʣʴʢʠ ʧʦʥʘʜ 80% ʽʥʬʦʨʤʘʮʽʾ ʣʶʜʠʥʘ ʦʪʨʠʤʫʻ ʯʝʨʝʟ ʟʽʨ. ɻʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ çʢʦʛʥʽʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘè, ʷʢʠʡ ʚʽʜʩʽʶʻ ʟʘʡʚʝ ʪʘ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ 
ʛʦʣʦʚʥʦʤʫ. ʇʦ-ʧʝʨʰʝ, ʜʠʟʘʡʥ ʟʥʠʞʫʻ ʢʦʛʥʽʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʘʙʦ 

ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʫʮʽʣʴʥʦʛʦ ʪʝʢʩʪʫ, ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʜʣʷ 
ʘʥʘʣʽʟʫ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʥʘ ʽʥʬʦʛʨʘʬʽʢʫ ʜʦʟʚʦʣʷʻ ʤʦʟʢʫ ʤʠʪʪʻʚʦ ʟʯʠʪʘʪʠ ʧʘʪʝʨʥʠ 

ʪʘ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ. 
ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʽʥʬʦʛʨʘʬʽʢʠ, ʱʦ ʧʦʷʩʥʶʻ ʩʢʣʘʜʥʠʡ ʧʨʠʨʦʜʥʠʡ 

ʧʨʦʮʝʩ ʯʝʨʝʟ ʩʧʨʦʱʝʥʽ ʚʽʟʫʘʣʴʥʽ ʦʙʨʘʟʠ. 
ʇʦ-ʜʨʫʛʝ, ʜʠʟʘʡʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʟʫʘʣʴʥʽ ʤʝʪʘʬʦʨʠ ʪʘ ʘʥʘʣʦʛʽʾ. 

ɸʙʩʪʨʘʢʪʥʽ ʧʦʥʷʪʪʷ ʩʪʘʶʪʴ ʟʨʦʟʫʤʽʣʠʤʠ, ʢʦʣʠ ʚʦʥʠ ʧʨʠʚ'ʷʟʘʥʽ ʜʦ 
ʟʥʘʡʦʤʠʭ ʚʽʟʫʘʣʴʥʠʭ ʢʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʢʦʥʢʠ 

çʣʘʤʧʦʯʢʠè ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʽʜʝʾ ʘʙʦ çʰʝʩʪʝʨʥʽè ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 
ʥʘʣʘʰʪʫʚʘʥʴ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʤʦʚʦʶ, ʷʢʘ ʥʝ ʧʦʪʨʝʙʫʻ ʧʝʨʝʢʣʘʜʫ. ʇʦ-

ʪʨʝʪʻ, ʢʦʣʽʨ ʪʘ ʢʦʤʧʦʟʠʮʽʷ ʩʣʫʛʫʶʪʴ ʥʘʚʽʛʘʪʦʨʘʤʠ ʤʠʩʣʝʥʥʷ. ɺʠʜʽʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʪʝʨʤʽʥʽʚ 
ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ ʘʙʦ ʢʦʣʴʦʨʦʤ ʩʪʚʦʨʶʻ çʷʢʽʨè ʜʣʷ ʧʘʤ'ʷʪʽ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʩʪʫʜʝʥʪʫ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʟʥʘʥʥʷ, ʩʪʚʦʨʶʶʯʠ ʚ ʫʷʚʽ ʤʝʥʪʘʣʴʥʫ ʢʘʨʪʫ ʤʘʪʝʨʽʘʣʫ. ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ 
ʪʦʛʦ, ʷʢ ʜʠʟʘʡʥ ʥʘʚʯʘʻ ʥʘʩ ʜʽʷʪʠ ʪʘ ʜʫʤʘʪʠ ʙʝʟ ʩʣʽʚ, ʻ ʽʥʩʪʨʫʢʮʽʾ ʜʦ ʢʦʥʩʪʨʫʢʪʦʨʽʚ LEGO ʘʙʦ 

ʤʝʙʣʽʚ IKEA.  
ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʽʥʪʝʨʬʝʡʩʠ ʥʘʚʯʘʣʴʥʠʭ ʜʦʜʘʪʢʽʚ (ʥʘʧʨʠʢʣʘʜ, Duolingo). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʝʩ-ʙʘʣʽʚ (ʰʢʘʣ ʟʘʧʦʚʥʝʥʥʷ) ʚʽʟʫʘʣʽʟʫʻ ʧʦʥʷʪʪʷ çʧʨʦʛʨʝʩè. ʂʦʣʠ ʤʠ 
ʙʘʯʠʤʦ, ʷʢ ʟʘʧʦʚʥʶʻʪʴʩʷ ʬʦʨʤʘ, ʥʘʰ ʤʦʟʦʢ ʦʪʨʠʤʫʻ ʩʠʛʥʘʣ ʧʨʦ ʟʘʚʝʨʰʝʥʽʩʪʴ ʜʽʾ, ʱʦ 

ʩʪʠʤʫʣʶʻ ʜʦʬʘʤʽʥʦʚʫ ʩʠʩʪʝʤʫ ʪʘ ʟʘʦʭʦʯʫʻ ʥʘʚʯʘʥʥʷ. 
ɺʠʩʥʦʚʦʢ. ɻʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʝʬʝʢʪʠʚʥʦʾ ʧʽʟʥʘʚʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʠʩʢʦʨʶʻ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʢʨʘʱʫʻ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ 
ʯʝʨʝʟ ʘʩʦʮʽʘʪʠʚʥʽ ʨʷʜʠ ʪʘ ʟʥʠʞʫʻ ʧʦʨʽʛ ʚʭʦʜʞʝʥʥʷ ʫ ʩʢʣʘʜʥʽ ʪʝʤʠ. ɺʤʽʥʥʷ çʯʠʪʘʪʠè 

ʚʽʟʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʩʪʘʻ ʪʘʢʦʶ ʞ ʚʘʞʣʠʚʦʶ ʥʘʚʠʯʢʦʶ ʫ XXI ʩʪʦʣʽʪʪʽ, ʷʢ ʽ ʟʚʠʯʘʡʥʘ 
ʛʨʘʤʦʪʥʽʩʪʴ. ɼʠʟʘʡʥ ʥʝ ʧʨʦʩʪʦ ʽʣʶʩʪʨʫʻ ʤʘʪʝʨʽʘʣ, ʘ ʬʦʨʤʫʻ ʘʣʛʦʨʠʪʤʠ ʤʠʩʣʝʥʥʷ; 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʟʜʘʪʥʘ ʧʦʜʦʣʘʪʠ ʤʦʚʥʽ ʙʘʨ'ʻʨʠ ʪʘ ʥʘʚʯʠʪʠ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʽʥʞʝʥʝʨʥʽ 
ʟʘʚʜʘʥʥʷ; ʜʠʟʘʡʥ ʥʘʚʯʘʻ ʥʘʩ ʜʫʤʘʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦ, ʨʦʙʠʪʴ ʩʢʣʘʜʥʝ ʩʧʨʠʡʥʷʪʪʷ ï ʧʨʦʩʪʠʤ, 

ʭʘʦʪʠʯʥʝ ï ʚʧʦʨʷʜʢʦʚʘʥʠʤ, ʘʙʩʪʨʘʢʪʥʝ ï ʢʦʥʢʨʝʪʥʠʤ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʇʩʠʭʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʟʫʘʣʴʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʩʚʽʜʦʤʽʩʪʶ 

 

ɺʽʢʪʦʨʽʷ ɹʠʰʦʚʝʮʴ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʛʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ ʧʘʢʫʚʘʥʥʷ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʝʩʪʝʪʠʯʥʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ ʪʦʚʘʨʫ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʽʥʩʪʨʫʤʝʥʪ ʧʨʠʭʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʽʜʩʚʽʜʦʤʽʩʪʴ 
ʩʧʦʞʠʚʘʯʘ. ʌʘʭʽʚʮʽ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʩʠʭʦʣʦʛʽʯʥʽ ʘʢʮʝʥʪʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʫʚʘʛʦʶ ʪʘ 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʥʘʣʽʟʫ 
ʤʝʭʘʥʽʟʤʽʚ ʤʘʥʽʧʫʣʷʮʽʾ ʩʚʽʜʦʤʽʩʪʶ, ʷʢʽ ʘʢʪʠʚʥʦ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʚʽʟʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʘʞʽʚ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʝʤʦʮʽʡʥʦʛʦ ʜʠʟʘʡʥʫ ɼ. 

ʅʦʨʤʘʥʘ ʪʘ ʧʨʘʮʷʭ ʟ ʧʩʠʭʦʣʦʛʽʾ ʚʧʣʠʚʫ ɻ. ʇʦʯʝʧʮʦʚʘ. ʋ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ 
ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʪʨʠʛʝʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʚʝʜʽʥʢʦʚʽ 

ʨʝʘʢʮʽʾ ʧʦʢʫʧʮʽʚ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ɼʠʟʘʡʥʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʥʥʷ ʧʩʠʭʦʣʦʛʽʾ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʷʢʦʨʽʚ, ʷʢʽ ʦʤʠʥʘʶʪʴ ʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʽ ʟʚʝʨʪʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 
ʝʤʦʮʽʡ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʝʤʦʮʽʡʥʦʛʦ ʜʠʟʘʡʥʫ, ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʜʣʷ ʧʘʢʫʚʘʥʥʷ ʻ 

ʽʥʩʪʠʥʢʪʠʚʥʠʡ ʨʽʚʝʥʴ ʩʧʨʠʡʥʷʪʪʷ, ʷʢʠʡ ʬʦʨʤʫʻ ʚʨʘʞʝʥʥʷ ʟʘ ʯʘʩʪʢʠ ʩʝʢʫʥʜʠ. ʂʣʶʯʦʚʠʤ 
ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʧʣʠʚʫ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʩʪʫʧʘʻ ʢʦʣʦʨʠʩʪʠʢʘ, ʦʩʢʽʣʴʢʠ ʝʤʦʮʽʡʥʘ ʨʝʘʢʮʽʷ ʥʘ 

ʢʦʣʽʨ ʻ ʬʽʟʽʦʣʦʛʽʯʥʦʶ. ʏʝʨʚʦʥʠʡ ʪʘ ʞʦʚʪʠʡ ʢʦʣʴʦʨʠ ʟʜʘʪʥʽ ʧʨʠʰʚʠʜʰʫʚʘʪʠ ʩʝʨʮʝʙʠʪʪʷ ʪʘ 
ʚʠʢʣʠʢʘʪʠ ʘʧʝʪʠʪ, ʪʦʤʫ ʚʦʥʠ ʜʦʤʽʥʫʶʪʴ ʫ ʩʝʛʤʝʥʪʽ ʰʚʠʜʢʦʛʦ ʭʘʨʯʫʚʘʥʥʷ. ʍʦʣʦʜʥʽ ʚʽʜʪʽʥʢʠ 

ʩʠʥʴʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʙʝʟʧʝʢʦʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ 
ʬʘʨʤʘʮʝʚʪʠʢʠ ʪʘ ʚʦʜʠ. 

ɸʥʘʣʽʟ ʨʠʥʢʫ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʝʞʘ ʤʽʞ ʤʘʨʢʝʪʠʥʛʦʚʠʤ ʧʝʨʝʢʦʥʘʥʥʷʤ ʪʘ 
ʧʩʠʭʦʣʦʛʽʯʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ ʫ ʜʠʟʘʡʥʽ ʤʘʡʞʝ ʩʪʝʨʪʘ. ɼʠʟʘʡʥʝʨʠ ʩʚʽʜʦʤʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʛʥʽʪʠʚʥʽ ʧʦʤʠʣʢʠ ʣʶʜʩʴʢʦʛʦ ʤʦʟʢʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʝʡ. ʗʩʢʨʘʚʠʤ 
ʧʨʠʢʣʘʜʦʤ ʻ ʚʽʟʫʘʣʴʥʘ ʤʘʥʽʧʫʣʷʮʽʷ ʟ ʦʙ'ʻʤʦʤ ʯʝʨʝʟ ʬʦʨʤʫ ʧʘʢʫʚʘʥʥʷ. ɺʠʩʦʢʽ ʪʘ ʚʫʟʴʢʽ 

ʙʘʥʢʠ ʬʦʨʤʘʪʫ sleeve ʩʧʨʠʡʤʘʶʪʴʩʷ ʦʢʦʤ ʷʢ ʙʽʣʴʰʽ ʟʘ ʦʙ'ʻʤʦʤ ʧʦʨʽʚʥʷʥʦ ʟ ʥʠʟʴʢʠʤʠ ʪʘ 

ʰʠʨʦʢʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʭʦʯʘ ʾʭʥʷ ʤʽʩʪʢʽʩʪʴ ʻ ʽʜʝʥʪʠʯʥʦʶ. ʎʝ ʷʚʠʱʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ 
ʩʧʨʠʡʥʷʪʪʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʣʽʥʽʡ, ʷʢʽ ʟʜʘʶʪʴʩʷ ʜʦʚʰʠʤʠ ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ. ʇʦʢʘʟʦʚʠʤ 

ʧʨʠʢʣʘʜʦʤ ʻ ʰʪʫʯʥʘ çʧʨʝʤʽʘʣʽʟʘʮʽʷè ʪʦʚʘʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʥʽʤʘʣʽʟʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
ʛʣʠʙʦʢʦʛʦ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ, ʟʦʣʦʪʦʛʦ ʪʠʩʥʝʥʥʷ ʪʘ ʟʥʘʯʥʦʛʦ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʚʢʦʣʦ 

ʦʙ'ʻʢʪʘ ʧʽʜʚʠʱʫʻ ʩʫʙ'ʻʢʪʠʚʥʫ ʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚ ʦʯʘʭ ʩʧʦʞʠʚʘʯʘ. ɿʚʠʯʘʡʥʘ ʧʣʠʪʢʘ 
ʰʦʢʦʣʘʜʫ ʚ ʣʘʢʦʥʽʯʥʽʡ ʯʦʨʥʽʡ ʫʧʘʢʦʚʮʽ ʟʜʘʻʪʴʩʷ ʩʤʘʯʥʽʰʦʶ ʪʘ ʷʢʽʩʥʽʰʦʶ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʠʡ 

ʧʨʦʜʫʢʪ ʫ ʨʽʟʥʦʢʦʣʴʦʨʦʚʽʡ ʦʙʛʦʨʪʮʽ. ʇʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʤʘʥʽʧʫʣʷʮʽʾ ʻ ʤʽʤʽʢʨʽʷ ʧʽʜ 
ʥʘʪʫʨʘʣʴʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʘʢʪʫʨ ʢʨʘʬʪʦʚʦʛʦ ʧʘʧʝʨʫ, ʤʘʪʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʥʝʜʙʘʣʠʭ 

ʨʫʢʦʧʠʩʥʠʭ ʰʨʠʬʪʽʚ ʩʪʚʦʨʶʻ ʽʣʶʟʽʶ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. ʎʝʡ ʧʨʠʡʦʤ ʝʢʩʧʣʫʘʪʫʻ ʩʦʮʽʘʣʴʥʠʡ 
ʩʪʝʨʝʦʪʠʧ ʧʨʦ ʪʝ, ʱʦ ʧʨʠʨʦʜʥʠʡ ʚʠʛʣʷʜ ʘʚʪʦʤʘʪʠʯʥʦ ʦʟʥʘʯʘʻ ʢʦʨʠʩʪʴ ʜʣʷ ʟʜʦʨʦʚ'ʷ, ʥʘʚʽʪʴ 

ʷʢʱʦ ʧʨʦʜʫʢʪ ʚʠʛʦʪʦʚʣʝʥʦ ʧʨʦʤʠʩʣʦʚʠʤ ʩʧʦʩʦʙʦʤ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʧʨʠʡʦʤ 
ʩʪʚʦʨʝʥʥʷ ʽʣʶʟʽʾ ʩʚʽʞʦʩʪʽ. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʨʘʧʝʣʴ ʚʦʜʠ ʘʙʦ ʢʦʥʜʝʥʩʘʪʫ ʥʘ ʝʪʠʢʝʪʢʘʭ 

ʥʘʧʦʾʚ ʜʽʻ ʷʢ ʧʦʪʫʞʥʠʡ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʪʨʠʛʝʨ. ʎʝʡ ʚʽʟʫʘʣʴʥʠʡ ʦʙʨʘʟ ʚʠʢʣʠʢʘʻ ʫ ʩʧʦʞʠʚʘʯʘ 
ʚʽʜʯʫʪʪʷ ʩʧʨʘʛʠ ʪʘ ʦʯʽʢʫʚʘʥʥʷ ʧʨʦʭʦʣʦʜʠ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʽʤʧʫʣʴʩʠʚʥʦʾ 

ʧʦʢʫʧʢʠ. 
ɺʠʩʥʦʚʦʢ. ʈʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʝʤʦʮʽʡʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʚʠʙʦʨʦʤ ʣʶʜʠʥʠ. ʋʩʧʽʰʥʝ ʧʘʢʫʚʘʥʥʷ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʦʢʫʧʦʢ ʥʘ 
ʧʽʜʩʚʽʜʦʤʦʤʫ ʨʽʚʥʽ. 
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ɺʽʟʫʘʣʴʥʠʡ ʜʠʟʘʡʥ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 

ʅʽʥʘ ɺʘʩʠʣʝʥʢʦ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ ɻʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ (ɻɼ) ʻ ʥʝʚʽʜôʻʤʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʫʯʘʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʚʠʭʦʜʠʪʴ ʜʘʣʝʢʦ ʟʘ ʤʝʞʽ ʜʨʫʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʯʠ ʝʢʨʘʥʽʚ. ɺʽʥ ʬʦʨʤʫʻ ʚʽʟʫʘʣʴʥʠʡ ʣʘʥʜʰʘʬʪ 
ʤʽʩʪ, ʽʥʪʝʨôʻʨʽʚ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʧʨʦʩʪʦʨʽʚ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʭʘʦʪʠʯʥʠʡ ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʚʧʦʨʷʜʢʦʚʘʥʫ ʝʢʦʩʠʩʪʝʤʫ. ʈʦʣʴ ɻɼ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʢʦʤʬʦʨʪʥʦʛʦ, ʙʝʟʧʝʯʥʦʛʦ ʪʘ 
ʝʩʪʝʪʠʯʥʦ ʮʽʣʽʩʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ʦʪʦʯʝʥʥʷʤ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʧʨʠʥʮʠʧʽʚ ʩʝʨʝʜʦʚʠʱʥʦʛʦ 
ʜʠʟʘʡʥʫ, ʪʝʦʨʽʾ ʚʽʟʫʘʣʴʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʩʠʩʪʝʤ ʦʨʽʻʥʪʫʚʘʥʥʷ (wayfinding). ɺʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʤʽʩʴʢʦʶ ʥʘʚʽʛʘʮʽʻʶ, ʘʨʭʽʪʝʢʪʫʨʥʦʶ ʛʨʘʬʽʢʦʶ ʪʘ 
ʜʠʟʘʡʥʦʤ ʧʫʙʣʽʯʥʠʭ ʧʨʦʩʪʦʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʌʦʨʤʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʟʘʩʦʙʘʤʠ ɻɼ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ 
ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʬʫʥʢʮʽʡ: 

ʅʘʚʽʛʘʮʽʡʥʘ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʪʨʘʪʝʛʽʷ. ʉʠʩʪʝʤʠ ʚʢʘʟʽʚʦʢ, ʧʽʢʪʦʛʨʘʤ ʪʘ ʪʘʙʣʠʯʦʢ 

ʩʪʨʫʢʪʫʨʫʶʪʴ ʧʨʦʩʪʽʨ, ʜʦʧʦʤʘʛʘʶʯʠ ʣʶʜʠʥʽ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʩʢʣʘʜʥʠʭ ʣʦʢʘʮʽʷʭ 
(ʘʝʨʦʧʦʨʪʠ, ʊʈʎ, ʧʘʨʢʠ). ʎʝ ʟʥʠʞʫʻ ʩʪʨʝʩ ʽ ʧʽʜʚʠʱʫʻ ʤʦʙʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ. 

ɺʽʟʫʘʣʴʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʽʩʮʷ (Placemaking). ɼʠʟʘʡʥ ʩʪʚʦʨʶʻ ʫʥʽʢʘʣʴʥʝ çʦʙʣʠʯʯʷè 
ʪʝʨʠʪʦʨʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʰʨʠʬʪʽʚ, ʣʦʢʘʣʴʥʦʾ ʩʠʤʚʦʣʽʢʠ ʪʘ ʢʦʣʽʨʥʠʭ ʢʦʜʽʚ 

ʬʦʨʤʫʻ ʚʽʜʯʫʪʪʷ ʽʜʝʥʪʠʯʥʦʩʪʽ ʪʘ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʧʝʚʥʦʾ ʛʨʦʤʘʜʠ ʯʠ ʤʽʩʮʷ. 
ɽʩʪʝʪʠʯʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʪʘ ʛʘʨʤʦʥʽʟʘʮʽʷ. ɻɼ ʜʦʧʦʤʘʛʘʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʽʟʫʘʣʴʥʠʡ ʰʫʤ 

ʰʣʷʭʦʤ ʫʥʽʬʽʢʘʮʽʾ ʨʝʢʣʘʤʥʠʭ ʥʦʩʽʾʚ ʪʘ ʚʠʚʽʩʦʢ. ɺʧʦʨʷʜʢʦʚʘʥʘ ʛʨʘʬʽʢʘ ʨʦʙʠʪʴ ʩʝʨʝʜʦʚʠʱʝ 
ʚʽʟʫʘʣʴʥʦ çʯʠʩʪʽʰʠʤè ʪʘ ʧʨʠʻʤʥʽʰʠʤ ʜʣʷ ʧʝʨʝʙʫʚʘʥʥʷ. 

ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʙʘʛʘʯʝʥʥʷ. ʄʫʨʘʣʠ, ʽʥʬʦʩʪʝʥʜʠ ʪʘ ʩʫʧʝʨʛʨʘʬʽʢʘ ʥʘ ʬʘʩʘʜʘʭ ʙʫʜʽʚʝʣʴ 
ʧʝʨʝʪʚʦʨʶʶʪʴ ʫʪʠʣʽʪʘʨʥʽ ʦʙôʻʢʪʠ ʥʘ ʦʩʚʽʪʥʽ ʯʠ ʤʠʩʪʝʮʴʢʽ ʟʦʥʠ, ʥʘʩʠʯʫʶʯʠ ʧʨʦʩʪʽʨ ʥʦʚʠʤʠ 

ʩʤʠʩʣʘʤʠ. 
ɺʠʩʥʦʚʦʢ. ʇʩʠʭʦʣʦʛʽʯʥʽ ʘʢʮʝʥʪʠ ʫ ʩʝʨʝʜʦʚʠʱʥʦʤʫ ʜʠʟʘʡʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʣʶʜʠʥʠ: 
ʌʦʨʤʫʚʘʥʥʷ ʚʽʜʯʫʪʪʷ ʙʝʟʧʝʢʠ: ʯʽʪʢʘ, ʣʦʛʽʯʥʘ ʥʘʚʽʛʘʮʽʷ ʪʘ ʤôʷʢʝ ʦʩʚʽʪʣʝʥʥʷ ʛʨʘʬʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʘʶʪʴ ʣʶʜʠʥʽ ʚʽʜʯʫʪʪʷ ʢʦʥʪʨʦʣʶ ʥʘʜ ʩʠʪʫʘʮʽʻʶ, ʟʘʧʦʙʽʛʘʶʯʠ 
ʜʝʟʦʨʽʻʥʪʘʮʽʾ.ʉʪʠʤʫʣʶʚʘʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ: ʷʩʢʨʘʚʽ ʚʽʟʫʘʣʴʥʽ ʜʦʤʽʥʘʥʪʠ ʚ ʟʦʥʘʭ 

ʚʽʜʧʦʯʠʥʢʫ (ʥʘʧʨʠʢʣʘʜ, ʢʦʣʴʦʨʦʚʽ ʟʦʥʠ ʥʘ ʧʣʦʱʽ) ʩʧʦʥʫʢʘʶʪʴ ʣʶʜʝʡ ʜʦ ʚʟʘʻʤʦʜʽʾ ʪʘ 
ʩʧʽʣʢʫʚʘʥʥʷ. ʂʦʨʝʢʮʽʷ ʥʘʩʪʨʦʶ (ʂʦʣʽʨʥʘ ʧʩʠʭʦʣʦʛʽʷ): ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʢʽʡʥʠʭ ʧʨʠʨʦʜʥʠʭ 

ʢʦʣʴʦʨʽʚ ʫ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʘʭ ʘʙʦ ʜʠʥʘʤʽʯʥʠʭ ʚʽʜʪʽʥʢʽʚ ʫ ʩʧʦʨʪʠʚʥʠʭ ʭʘʙʘʭ ʧʨʦʛʨʘʤʫʻ 
ʚʽʜʧʦʚʽʜʥʠʡ ʩʪʘʥ ʧʩʠʭʽʢʠ. 

ʂʦʛʥʽʪʠʚʥʠʡ ʢʦʤʬʦʨʪ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʭ ʧʽʢʪʦʛʨʘʤ (ʫʥʽʚʝʨʩʘʣʴʥʘ 
ʤʦʚʘ) ʜʦʟʚʦʣʷʻ ʤʦʟʢʫ ʰʚʠʜʰʝ ʦʙʨʦʙʣʷʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʟʤʝʥʰʫʶʯʠ ʤʝʥʪʘʣʴʥʫ ʚʪʦʤʫ ʚ 

ʫʤʦʚʘʭ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ. 
ʆʪʞʝ, ʛʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ ʯʝʨʝʟ ʧʩʠʭʦʣʦʛʽʯʥʽ ʘʢʮʝʥʪʠ ʚʠʩʪʫʧʘʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʛʫʤʘʥʽʟʘʮʽʾ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʦʙʣʷʯʠ ʡʦʛʦ ʟʨʫʯʥʠʤ ʪʘ ʝʤʦʮʽʡʥʦ ʢʦʤʬʦʨʪʥʠʤ ʜʣʷ ʢʦʞʥʦʾ ʣʶʜʠʥʠ. 
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ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɺʽʟʫʘʣʴʥʽ ʘʩʧʝʢʪʠ ʨʝʢʣʘʤʠ. ʚʽʟʫʘʣʴʥʠʡ ʩʫʧʨʦʚʽʜ ʨʝʢʣʘʤʠ 

ʅʽʥʘ ɺʘʩʠʣʝʥʢʦ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʋ ʩʠʩʪʝʤʽ ʩʫʯʘʩʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ ʛʨʘʬʽʯʥʠʡ 

ʜʠʟʘʡʥ (ɻɼ) ʻ ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʝʢʣʘʤʥʦʛʦ 
ʩʫʧʨʦʚʦʜʫ. ɺʽʥ ʥʝ ʣʠʰʝ ʚʽʟʫʘʣʽʟʫʻ ʙʨʝʥʜ, ʘ ʡ ʩʪʚʦʨʶʻ 

ʩʪʨʘʪʝʛʽʯʥʫ ʢʦʤʫʥʽʢʘʮʽʶ, ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʩʪʠʤʫʣʶʚʘʥʥʷ 
ʧʦʧʠʪʫ. ʈʝʢʣʘʤʥʠʡ ʘʩʧʝʢʪ ɻɼ ʧʦʣʷʛʘʻ ʚ ʩʠʥʪʝʟʽ 

ʭʫʜʦʞʥʴʦʾ ʚʠʨʘʟʥʦʩʪʽ ʪʘ ʧʨʘʛʤʘʪʠʯʥʦʾ ʤʝʪʠ ï 
ʢʦʥʚʝʨʪʘʮʽʾ ʛʣʷʜʘʯʘ ʫ ʩʧʦʞʠʚʘʯʘ ʯʝʨʝʟ ʚʠʙʫʜʦʚʘʥʠʡ 

ʣʘʥʮʶʞʦʢ ʚʽʟʫʘʣʴʥʠʭ ʦʙʨʘʟʽʚ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʩʧʨʠʡʥʷʪʪʷ (AIDA), ʪʝʦʨʽʾ 

ʤʘʩʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʟʘʩʘʜ 
ʨʝʢʣʘʤʥʦʛʦ ʤʘʢʝʪʘ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʚʽʟʫʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʨʦʩʫʚʘʥʥʷ (ʟʦʚʥʽʰʥʷ ʨʝʢʣʘʤʘ, POS-ʤʘʪʝʨʽʘʣʠ, digital-ʢʦʥʪʝʥʪ). 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʝʢʣʘʤʥʠʡ ʩʫʧʨʦʚʽʜ ʚʽʟʫʘʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ 

ʪʘʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ɻɼ: 
ʉʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʜʝʥʪʠʯʥʦʩʪʽ. ɼʠʟʘʡʥ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʽʩʪʴ ʙʨʝʥʜʫ ʥʘ ʚʩʽʭ ʥʦʩʽʷʭ. 

ʋʥʽʬʽʢʘʮʽʷ ʢʦʣʴʦʨʽʚ, ʰʨʠʬʪʽʚ ʪʘ ʛʨʘʬʽʯʥʠʭ ʢʦʥʩʪʘʥʪ ʜʦʟʚʦʣʷʻ ʤʠʪʪʻʚʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 
ʧʨʦʜʫʢʪ ʫ ʨʝʢʣʘʤʥʦʤʫ ʰʫʤʽ. 

ʉʪʦʨʽʪʝʣʽʥʛ ʯʝʨʝʟ ʦʙʨʘʟ. ʈʝʢʣʘʤʥʠʡ ʜʠʟʘʡʥ ʦʧʝʨʫʻ ʤʝʪʘʬʦʨʘʤʠ, ʷʢʽ ʟʘ ʣʽʯʝʥʽ ʩʝʢʫʥʜʠ 
ʨʦʟʧʦʚʽʜʘʶʪʴ ʽʩʪʦʨʽʶ ʙʨʝʥʜʫ. ɺʽʟʫʘʣʴʥʠʡ ʩʫʧʨʦʚʽʜ ʨʦʙʠʪʴ ʩʢʣʘʜʥʽ ʨʝʢʣʘʤʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʜʦʩʪʫʧʥʠʤʠ ʪʘ ʝʤʦʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʠʤʠ. 
ɸʜʘʧʪʠʚʥʽʩʪʴ ʢʦʤʫʥʽʢʘʮʽʡ. ʉʫʯʘʩʥʠʡ ɻɼ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʨʝʢʣʘʤʥʦʛʦ ʩʫʧʨʦʚʦʜʫ, 

ʧʽʜʣʘʰʪʦʚʫʶʯʠ ʚʽʟʫʘʣʴʥʫ ʤʦʚʫ ʧʽʜ ʨʽʟʥʽ ʧʣʘʪʬʦʨʤʠ (ʚʽʜ ʤʘʩʰʪʘʙʥʠʭ ʙʽʣʙʦʨʜʽʚ ʜʦ ʽʢʦʥʦʢ ʫ 
ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ) ʙʝʟ ʚʪʨʘʪʠ ʚʧʽʟʥʘʚʘʥʦʩʪʽ. 

ɺʠʩʥʦʚʦʢ. ʇʩʠʭʦʣʦʛʽʯʥʽ ʘʢʮʝʥʪʠ ʻ çʜʚʠʛʫʥʦʤè ʨʝʢʣʘʤʥʦʛʦ ʜʠʟʘʡʥʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʥʘ ʮʽʣʴʦʚʫ ʘʫʜʠʪʦʨʽʶ. ɰʭʥʷ ʨʦʣʴ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: 
ɿʘʭʦʧʣʝʥʥʷ ʫʚʘʛʠ (Stopping power): ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʽʨʥʠʭ ʪʘ ʤʘʩʰʪʘʙʥʠʭ ʢʦʥʪʨʘʩʪʽʚ 

ʩʪʚʦʨʶʻ ʚʽʟʫʘʣʴʥʠʡ ʧʦʜʨʘʟʥʠʢ, ʷʢʠʡ ʚʠʦʢʨʝʤʣʶʻ ʨʝʢʣʘʤʫ ʩʝʨʝʜ ʢʦʥʢʫʨʝʥʪʽʚ. 
ʌʦʨʤʫʚʘʥʥʷ ʧʽʜʩʚʽʜʦʤʠʭ ʘʩʦʮʽʘʮʽʡ: ʂʦʣʽʨʥʘ ʧʩʠʭʦʣʦʛʽʷ ʪʘ ʪʠʧʦʛʨʘʬʽʢʘ ʪʨʘʥʩʣʶʶʪʴ 

ʮʽʥʥʦʩʪʽ ʙʨʝʥʜʫ (ʥʘʧʨʠʢʣʘʜ, ʟʦʣʦʪʦ ʪʘ ʤʽʥʽʤʘʣʽʟʤ ï ʜʣʷ ʧʨʝʤʽʫʤ-ʩʝʛʤʝʥʪʘ, ʷʩʢʨʘʚʽ ʥʝʦʥʦʚʽ 
ʢʦʣʴʦʨʠ ï ʜʣʷ ʽʥʥʦʚʘʮʽʡ). 

ʉʪʚʦʨʝʥʥʷ ʝʤʦʮʽʡʥʦʛʦ ʚʽʜʛʫʢʫ: ɸʢʮʝʥʪʠ ʥʘ ʦʙʨʘʟʘʭ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʝʤʧʘʪʽʶ, ʨʘʜʽʩʪʴ ʘʙʦ 
ʚʽʜʯʫʪʪʷ ʙʝʟʧʝʢʠ, ʟʥʠʞʫʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʡ ʙʘʨ'ʻʨ ʩʧʦʞʠʚʘʯʘ. 

ʉʪʠʤʫʣʶʚʘʥʥʷ ʜʽʾ (CTA): ʇʩʠʭʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʚʠʜʽʣʝʥʥʷ ʟʘʢʣʠʢʫ ʜʦ ʜʽʾ (ʢʦʣʴʦʨʽ, 
ʬʦʨʤʽ, ʨʦʟʪʘʰʫʚʘʥʥʽ) ʟʘʚʝʨʰʫʻ ʨʝʢʣʘʤʥʠʡ ʮʠʢʣ, ʩʧʦʥʫʢʘʶʯʠ ʜʦ ʧʦʢʫʧʢʠ ʯʠ ʨʝʻʩʪʨʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʩʠʭʦʣʦʛʽʯʥʽ ʘʢʮʝʥʪʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʩʪʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʘʢʪʠʚʥʠʡ 
ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʝʨʫʻ ʩʧʦʞʠʚʯʦʶ ʧʦʚʝʜʽʥʢʦʶ. 
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ʇʘʨʘʜʠʛʤʠ ʪʠʧʦʛʨʘʬʽʢʠ, ʷʢ ʦʩʥʦʚʘ ʛʨʘʬʽʯʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʧʘʢʫʚʘʥʥʷ 

 

ʅʽʥʘ ɺʘʩʠʣʝʥʢʦ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ ʋ ʩʫʯʘʩʥʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ ʪʠʧʦʛʨʘʬʽʢʘ ʧʝʨʝʩʪʘʣʘ ʙʫʪʠ 

ʣʠʰʝ ʟʘʩʦʙʦʤ ʧʝʨʝʜʘʯʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʝʨʝʪʚʦʨʠʚʰʠʩʴ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʝʣʝʤʝʥʪ. ʇʘʨʘʜʠʛʤʠ ʪʠʧʦʛʨʘʬʽʢʠ ï ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʜʦ 
ʜʝʢʦʥʩʪʨʫʢʪʠʚʽʟʤʫ ʬʦʨʤʫʶʪʴ ʚʽʟʫʘʣʴʥʫ ʽʜʝʥʪʠʯʥʽʩʪʴ ʙʨʝʥʜʫ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʰʝ 

ʚʨʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʘ. ʇʨʘʚʠʣʴʥʦ ʦʙʨʘʥʘ ʪʠʧʦʛʨʘʬʽʯʥʘ ʩʪʨʘʪʝʛʽʷ ʩʪʚʦʨʶʻ ʘʩʦʮʽʘʮʽʾ, ʱʦ 

ʟʘʢʘʨʙʦʚʫʶʪʴʩʷ ʫ ʧʘʤ'ʷʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʥʢʫʨʝʥʪʥʫ ʚʧʽʟʥʘʚʘʥʽʩʪʴ ʧʨʦʜʫʢʪʫ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʴʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ, ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʧʘʢʦʚʢʠ ʪʘ ʧʩʠʭʦʣʦʛʽʾ ʩʧʨʠʡʥʷʪʪʷ 

ʰʨʠʬʪʦʚʠʭ ʛʘʨʥʽʪʫʨ. ɺʠʢʦʨʠʩʪʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʣʘʩʠʯʥʠʭ (ʘʥʪʠʢʚʘ, ʛʨʦʪʝʩʢ) 

ʪʘ ʘʢʮʠʜʝʥʪʥʠʭ ʰʨʠʬʪʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʩʧʦʞʠʚʘʯʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʪʠʧʦʛʨʘʬʽʢʘ ʚ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʩʢʣʘʜʥʘ ʟʥʘʢʦʚʘ ʩʠʩʪʝʤʘ, ʜʝ ʰʨʠʬʪ ʻ ʛʦʣʦʚʥʠʤ ʥʦʩʽʻʤ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʜʫ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʦ ʪʘʢʽ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ: 

ʌʦʨʤʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʜʦʤʽʥʘʥʪʠ. ʊʠʧʦʛʨʘʬʽʯʥʘ ʧʘʨʘʜʠʛʤʘ ʚʠʟʥʘʯʘʻ çʪʦʯʢʫ 

ʚʭʦʜʫè ʩʧʦʞʠʚʘʯʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʢʮʠʜʝʥʪʥʠʭ ʰʨʠʬʪʽʚ ʚʝʣʠʢʠʭ ʢʝʛʣʽʚ ʜʦʟʚʦʣʷʻ 
ʧʝʨʝʪʚʦʨʠʪʠ ʥʘʟʚʫ ʧʨʦʜʫʢʪʫ ʥʘ ʩʘʤʦʜʦʩʪʘʪʥʽʡ ʛʨʘʬʽʯʥʠʡ ʦʙôʻʢʪ. ʎʝ ʩʪʚʦʨʶʻ ʩʪʽʡʢʠʡ 

ʚʽʟʫʘʣʴʥʠʡ ʦʙʨʘʟ, ʷʢʠʡ ʰʚʠʜʢʦ ʟʯʠʪʫʻʪʴʩʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʚ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʮʽʾ. 

ʉʪʠʣʽʩʪʠʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʘ ʝʤʦʮʽʡʥʠʡ ʚʧʣʠʚ. ʂʦʞʥʘ ʰʨʠʬʪʦʚʘ ʛʘʨʥʽʪʫʨʘ ʥʝʩʝ 

ʧʝʚʥʝ ʧʩʠʭʦʣʦʛʽʯʥʝ ʟʘʙʘʨʚʣʝʥʥʷ. ʂʣʘʩʠʯʥʘ ʘʥʪʠʢʚʘ ʟ ʾʾ ʚʠʨʘʞʝʥʠʤʠ ʟʘʨʫʙʢʘʤʠ 

ʪʨʘʥʩʣʶʻ ʽʜʝʾ ʪʨʘʜʠʮʽʡ, ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʝʨʪʥʦʩʪʽ. ʅʘʪʦʤʽʩʪʴ ʛʨʦʪʝʩʢʠ (ʨʫʙʘʥʽ ʰʨʠʬʪʠ) 

ʬʦʨʤʫʶʪʴ ʦʙʨʘʟ ʩʫʯʘʩʥʦʩʪʽ, ʚʽʜʢʨʠʪʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ɺʜʘʣʦ ʧʽʜʽʙʨʘʥʘ 

ʰʨʠʬʪʦʚʘ ʧʘʨʘ (ʥʘʧʨʠʢʣʘʜ, ʧʦʻʜʥʘʥʥʷ ʘʥʪʠʢʚʠ ʜʣʷ ʟʘʛʦʣʦʚʢʘ ʪʘ ʛʨʦʪʝʩʢʫ ʜʣʷ 

ʪʝʭʥʽʯʥʦʛʦ ʪʝʢʩʪʫ) ʩʪʚʦʨʶʻ ʚʥʫʪʨʽʰʥʽʡ ʜʠʥʘʤʽʟʤ ʢʦʤʧʦʟʠʮʽʾ. 

ʊʠʧʦʛʨʘʬʽʯʥʘ ʽʻʨʘʨʭʽʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʢʝʨʫʚʘʥʥʷ ʫʚʘʛʦʶ. ɽʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ 

ʪʝʢʩʪʦʚʠʭ ʤʘʩʠʚʽʚ ʜʦʟʚʦʣʷʻ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ: ʚʽʜ ʝʤʦʮʽʡʥʦʛʦ ʟʘʢʣʠʢʫ ʜʦ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʾ ʥʘʩʠʯʝʥʦʩʪʽ (Light, Regular, Bold) 
ʽʥʪʝʨʣʽʥʴʷʞʫ ʜʦʧʦʤʘʛʘʻ ʨʦʙʣʠʪʠ ʧʘʢʫʚʘʥʥʷ ʟʨʦʟʫʤʽʣʠʤ ʽ ʟʨʫʯʥʠʤ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ. 

ʂʦʣʽʨʥʦ-ʰʨʠʬʪʦʚʘ ʩʠʥʝʩʪʝʟʽʷ. ʂʦʣʽʨ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʡʦʛʦ ʬʦʨʤʦʶ 

ʧʽʜʩʠʣʶʻ ʩʤʠʩʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʦʣʦʪʝ ʪʠʩʥʝʥʥʷ ʥʘ ʢʣʘʩʠʯʥʽʡ ʛʘʨʥʽʪʫʨʽ 

ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʧʨʝʤʽʘʣʴʥʠʤ ʩʝʛʤʝʥʪʦʤ, ʪʦʜʽ ʷʢ ʷʩʢʨʘʚʽ çʢʠʩʣʦʪʥʽè ʢʦʣʴʦʨʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʤʦʣʦʜʽʞʥʽ ʙʨʝʥʜʠ. 

ʊʠʧʦʛʨʘʬʽʢʘ ʷʢ ʽʣʶʩʪʨʘʮʽʷ. ʉʫʯʘʩʥʘ ʧʘʨʘʜʠʛʤʘ ʜʠʟʘʡʥʫ ʯʘʩʪʦ 

ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʚʽʜ ʬʦʪʦʨʝʘʣʽʩʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʢʦʨʠʩʪʴ çʰʨʠʬʪʦʚʦʛʦ ʧʘʢʫʚʘʥʥʷè, 

ʜʝ ʬʦʨʤʘ ʣʽʪʝʨ ʽʤʽʪʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʪʫ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʪʝʢʩʪ ʥʘ ʧʦʚʥʦʮʽʥʥʠʡ 

ʭʫʜʦʞʥʽʡ ʦʙʨʘʟ 

ɺʠʩʥʦʚʦʢ. ʇʘʨʘʜʠʛʤʠ ʪʠʧʦʛʨʘʬʽʢʠ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʦʩʥʦʚʦʶ 

ʛʨʘʬʽʯʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʧʘʢʫʚʘʥʥʷ. ʉʠʩʪʝʤʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʨʠʬʪʦʚʠʭ ʽʻʨʘʨʭʽʡ, 
ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʛʘʨʥʽʪʫʨ ʪʘ ʘʚʪʦʨʩʴʢʦʾ ʩʪʠʣʽʩʪʠʢʠ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ 

ʫʧʘʢʦʚʢʫ ʟ ʫʪʠʣʽʪʘʨʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʚʽʟʫʘʣʴʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. 

ʊʠʧʦʛʨʘʬʽʢʘ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʤʽʞ ʭʫʜʦʞʥʴʦʶ ʚʠʨʘʟʥʽʩʪʶ ʙʨʝʥʜʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʶ 

ʜʦʩʪʫʧʥʽʩʪʶ ʧʨʦʜʫʢʪʫ, ʱʦ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʢʦʤʝʨʮʽʡʥʦʛʦ ʫʩʧʽʭʫ. 
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ʈʦʣʴ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ ʫ ʧʽʟʥʘʚʘʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ 

 

ʅʽʥʘ ɺʘʩʠʣʝʥʢʦ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 
ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʫ ʝʧʦʭʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʛʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ ʚʠʭʦʜʠʪʴ ʟʘ 

ʤʝʞʽ ʩʫʪʦ ʝʩʪʝʪʠʯʥʦʾ ʬʫʥʢʮʽʾ, ʩʪʘʶʯʠ ʬʫʥʜʘʤʝʥʪʦʤ ʢʦʛʥʽʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʽʥ ʚʠʩʪʫʧʘʻ 
ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʧʦʩʝʨʝʜʥʠʢʦʤ ʤʽʞ ʩʢʣʘʜʥʠʤ ʤʘʩʠʚʦʤ ʜʘʥʠʭ ʪʘ ʣʶʜʩʴʢʦʶ ʩʚʽʜʦʤʽʩʪʶ. ɼʠʟʘʡʥ 
ʥʝ ʧʨʦʩʪʦ çʧʨʠʢʨʘʰʘʻè ʽʥʬʦʨʤʘʮʽʶ, ʚʽʥ ʫʧʦʨʷʜʢʦʚʫʻ ʭʘʦʩ, ʟʘʜʘʻ ʘʣʛʦʨʠʪʤʠ ʩʧʨʠʡʥʷʪʪʷ ʪʘ 

ʥʘʚʯʘʻ ʥʘʩ ʘʥʘʣʽʟʫʚʘʪʠ ʩʚʽʪ ʯʝʨʝʟ ʚʽʟʫʘʣʴʥʽ ʦʙʨʘʟʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʩʫʯʘʩʥʦʾ 
ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʢʦʛʥʽʪʠʚʥʦʾ ʧʩʠʭʦʣʦʛʽʾ (ʟʦʢʨʝʤʘ 
ʪʝʦʨʽʾ ʧʦʜʚʽʡʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ɸ. ʇʘʡʚʽʦ) ʪʘ ʧʨʠʥʮʠʧʽʚ ʚʽʟʫʘʣʴʥʦʛʦ ʤʠʩʣʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʦ 
ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʛʨʘʬʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʽʥʬʦʛʨʘʬʽʮʽ, ʦʩʚʽʪʥʽʭ 
ʽʥʪʝʨʬʝʡʩʘʭ ʪʘ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʝʨʙʘʣʴʥʦʛʦ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ 
ʩʧʦʩʦʙʽʚ ʧʦʜʘʯʽ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʢʦʛʥʽʪʠʚʥʠʡ ʧʦʩʝʨʝʜʥʠʢ, ʷʢʠʡ ʥʝ 
ʧʨʦʩʪʦ ʧʝʨʝʜʘʻ ʜʘʥʽ, ʘ ʧʝʨʝʬʦʨʤʘʪʦʚʫʻ ʾʭ. ʆʩʥʦʚʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ: 

ʅʘʚʽʛʘʮʽʷ ʫʚʘʛʦʶ ʪʘ ʩʤʠʩʣʦʚʘ ʽʻʨʘʨʭʽʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʢʮʝʥʪʽʚ, ʢʦʥʪʨʘʩʪʫ ʢʦʣʴʦʨʽʚ ʪʘ 
ʪʠʧʦʛʨʘʬʽʯʥʦʾ ʚʘʛʠ ʜʠʟʘʡʥ çʚʝʜʝè ʜʫʤʢʫ ʛʣʷʜʘʯʘ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʜʦ ʯʘʩʪʢʦʚʦʛʦ. ʎʝ ʨʦʟʚʠʚʘʻ 
ʥʘʚʠʯʢʫ ʤʠʪʪʻʚʦʾ ʩʝʧʘʨʘʮʽʾ ʧʨʽʦʨʠʪʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʨʫʛʦʨʷʜʥʦʛʦ çʙʽʣʦʛʦ ʰʫʤʫè, ʱʦ ʻ 
ʦʩʥʦʚʦʶ ʢʨʠʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʽʟʫʘʣʴʥʘ ʽʻʨʘʨʭʽʷ ʜʦʟʚʦʣʷʻ ʤʝʥʰʝ ʚʠʪʨʘʯʘʪʠ ʟʫʩʠʣʴ ʥʘ 
ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʦʢʫʤʝʥʪʘ, ʬʦʢʫʩʫʶʯʠʩʴ ʥʘ ʟʤʽʩʪʽ. 

ɺʽʟʫʘʣʴʥʘ ʤʝʪʘʬʦʨʘ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʨʦʟʫʤʽʥʥʷ. ɼʠʟʘʡʥ ʧʝʨʝʢʣʘʜʘʻ ʘʙʩʪʨʘʢʪʥʽ, ʩʢʣʘʜʥʽ ʜʣʷ 
ʨʦʟʫʤʽʥʥʷ ʢʦʥʮʝʧʪʠ ʥʘ ʤʦʚʫ ʢʦʥʢʨʝʪʥʠʭ ʚʽʟʫʘʣʴʥʠʭ ʩʠʤʚʦʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʢʪʦʛʨʘʤ ʪʘ ʩʭʝʤ 
ʘʢʪʠʚʫʻ ʘʩʦʮʽʘʪʠʚʥʽ ʟʚôʷʟʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʰʝ ʙʫʜʫʚʘʪʠ ʤʝʥʪʘʣʴʥʽ ʤʦʜʝʣʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. 

ʎʝ ʨʦʙʠʪʴ ʜʠʟʘʡʥ ʥʝʟʘʤʽʥʥʠʤ ʫ ʚʠʚʯʝʥʥʽ ʷʚʠʱ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʧʨʷʤʦʛʦ ʬʽʟʠʯʥʦʛʦ ʚʪʽʣʝʥʥʷ 
(ʘʣʛʦʨʠʪʤʠ, ʩʦʮʽʘʣʴʥʽ ʟʚ'ʷʟʢʠ). 

ʉʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʦʩʚʽʜʫ ʪʘ ʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʈʝʛʫʣʷʨʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʣʦʛʽʯʥʦ 
ʧʦʙʫʜʦʚʘʥʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ ʪʘ ʤʘʢʝʪʘʤʠ ʧʨʠʚʯʘʻ ʤʦʟʦʢ ʜʦ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʤʠʩʣʝʥʥʷ. 
ʂʦʨʠʩʪʫʚʘʯ ʧʽʜʩʚʽʜʦʤʦ ʰʫʢʘʻ ʣʦʛʽʢʫ ʚ ʨʦʟʤʽʱʝʥʥʽ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʠʡ 
ʩʧʦʩʽʙ ʦʙʨʦʙʢʠ ʙʫʜʴ-ʷʢʦʾ ʞʠʪʪʻʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʠʟʘʡʥ ʥʘʚʯʘʻ ʰʫʢʘʪʠ ʧʘʪʝʨʥʠ (ʰʘʙʣʦʥʠ) ʪʘʤ, 
ʜʝ ʚʦʥʠ ʥʝ ʦʯʝʚʠʜʥʽ. 

ɿʥʠʞʝʥʥʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʤʦʟʦʢ ʢʨʘʱʝ ʟʘʩʚʦʶʻ ʽʥʬʦʨʤʘʮʽʶ, ʢʦʣʠ ʚʝʨʙʘʣʴʥʽ ʪʘ ʚʽʟʫʘʣʴʥʽ ʢʘʥʘʣʠ ʧʨʘʮʶʶʪʴ ʩʠʥʭʨʦʥʥʦ. 
ʗʢʽʩʥʠʡ ʜʠʟʘʡʥ ʟʚʽʣʴʥʷʻ ʨʝʩʫʨʩʠ ʨʦʙʦʯʦʾ ʧʘʤ'ʷʪʽ ʚʽʜ ʟʘʡʚʦʾ ʨʦʙʦʪʠ, ʜʦʟʚʦʣʷʶʯʠ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ 
ʨʦʟʚ'ʷʟʘʥʥʽ ʪʚʦʨʯʠʭ ʪʘ ʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʟʘʡʥ ʩʪʘʻ ʽʥʩʪʨʫʤʝʥʪʦʤ 
ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʝʢʦʥʦʤʽʾ. 

ɺʠʩʥʦʚʦʢ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʢʦʛʥʽʪʠʚʥʦʛʦ ʤʦʩʪʘ. ɺʦʥʘ ʥʝ 
ʣʠʰʝ ʧʨʠʩʢʦʨʶʻ ʩʧʨʠʡʥʷʪʪʷ (ʜʦ 60 000 ʨʘʟʽʚ ʰʚʠʜʰʝ ʟʘ ʪʝʢʩʪ), ʘ ʡ ʟʘʙʝʟʧʝʯʫʻ ʛʣʠʙʠʥʫ 
ʨʦʟʫʤʽʥʥʷ ʯʝʨʝʟ ʥʘʦʯʥʽʩʪʴ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ çʙʘʯʠʪʠè ʣʦʛʽʯʥʽ ʧʦʤʠʣʢʠ, ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ 
ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʨʦʙʠʪʠ ʥʝʚʠʜʠʤʽ ʧʨʦʮʝʩʠ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʚʠʚʯʝʥʥʷ. ʆʪʞʝ, ʛʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ 

ʻ ʤʝʪʦʜʦʣʦʛʽʻʶ ʧʽʟʥʘʥʥʷ, ʷʢʘ ʨʦʟʚʠʚʘʻ ʚʽʟʫʘʣʴʥʫ ʛʨʘʤʦʪʥʽʩʪʴ ʽ ʥʘʚʯʘʻ ʣʶʜʠʥʫ ʜʫʤʘʪʠ 
ʩʪʨʫʢʪʫʨʥʦ. 
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ʈʦʣʴ ʩʪʠʣʶ ʚ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ 

 

ʊʝʪʷʥʘ ɺʝʨʝʩʦʮʴʢʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʉʪʠʣʴ ʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʯʠʥʥʠʢʽʚ ʚʽʟʫʘʣʴʥʦʾ 
ʢʦʤʫʥʽʢʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʽʥ ʬʦʨʤʫʻ ʮʽʣʽʩʥʝ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʝʤʦʮʽʡʥʫ ʨʝʘʢʮʽʶ ʘʫʜʠʪʦʨʽʾ. ɿʘʚʜʷʢʠ ʩʪʠʣʶ ʜʠʟʘʡʥ ʥʘʙʫʚʘʻ 
ʚʧʽʟʥʘʚʘʥʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʠ ʽʜʝʾ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʛʨʘʬʽʯʥʠʭ ʨʦʙʽʪ ʫ ʨʽʟʥʠʭ ʩʪʠʣʽʩʪʠʯʥʠʭ ʥʘʧʨʷʤʘʭ ï ʚʽʜ ʤʽʥʽʤʘʣʽʟʤʫ ʡ 
ʰʚʝʡʮʘʨʩʴʢʦʛʦ ʩʪʠʣʶ ʜʦ ʨʝʪʨʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʠʢʣʘʜʠ 

ʘʡʜʝʥʪʠʢʠ, ʨʝʢʣʘʤʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʮʠʬʨʦʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʠʣʴ ʫ ʛʨʘʬʽʯʥʦʤʫ 

ʜʠʟʘʡʥʽ ʚʠʢʦʥʫʻ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ. 
ʂʦʤʫʥʽʢʘʪʠʚʥʘ ʬʫʥʢʮʽʷ ʩʪʠʣʶ ʧʦʣʷʛʘʻ ʫ ʰʚʠʜʢʽʡ ʧʝʨʝʜʘʯʽ ʽʜʝʾ ʪʘ ʥʘʩʪʨʦʶ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ɺʠʙʽʨ ʩʪʠʣʽʩʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ï ʢʦʣʴʦʨʦʚʦʾ ʛʘʤʠ, ʢʦʤʧʦʟʠʮʽʾ, ʪʠʧʦʛʨʘʬʽʢʠ ʪʘ 
ʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʚʠʟʥʘʯʘʻ, ʷʢ ʩʘʤʝ ʘʫʜʠʪʦʨʽʷ ʽʥʪʝʨʧʨʝʪʫʻ ʚʽʟʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʡʥʘ ʬʫʥʢʮʽʷ ʩʪʠʣʶ ʟʘʙʝʟʧʝʯʫʻ ʚʧʽʟʥʘʚʘʥʽʩʪʴ ʙʨʝʥʜʫ ʘʙʦ ʘʚʪʦʨʘ. 
ʇʦʩʣʽʜʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʠʣʽʩʪʠʯʥʠʭ ʨʽʰʝʥʴ ʬʦʨʤʫʻ ʚʽʟʫʘʣʴʥʫ ʻʜʥʽʩʪʴ ʪʘ ʩʧʨʠʷʻ 

ʟʘʢʨʽʧʣʝʥʥʶ ʦʙʨʘʟʫ ʚ ʩʚʽʜʦʤʦʩʪʽ ʩʧʦʞʠʚʘʯʘ. 
ɽʤʦʮʽʡʥʦ-ʝʩʪʝʪʠʯʥʘ ʬʫʥʢʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʟʜʘʪʥʽʩʪʴ ʩʪʠʣʶ ʚʠʢʣʠʢʘʪʠ ʧʝʚʥʽ 

ʧʦʯʫʪʪʷ ʪʘ ʘʩʦʮʽʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʤʽʥʽʤʘʣʽʩʪʠʯʥʠʡ ʩʪʠʣʴ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʩʫʯʘʩʥʽʩʪʶ ʪʘ 
ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʪʦʜʽ ʷʢ ʜʝʢʦʨʘʪʠʚʥʽ ʩʪʠʣʽ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʽʜʯʫʪʪʷ ʫʥʽʢʘʣʴʥʦʩʪʽ ʘʙʦ 

ʥʦʩʪʘʣʴʛʽʾ. 
ɸʜʘʧʪʠʚʥʘ ʬʫʥʢʮʽʷ ʩʪʠʣʶ ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʪʝʢʩʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʮʽʣʴʦʚʽʡ ʘʫʜʠʪʦʨʽʾ. ʉʪʠʣʽʩʪʠʯʥʽ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʢʫʣʴʪʫʨʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʚʽʢʦʚʽ 
ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʩʧʝʮʠʬʽʢʫ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʷʢʦʤʫ ʜʠʟʘʡʥ ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʪʠʣʴ ʻ ʥʝ ʣʠʰʝ ʝʩʪʝʪʠʯʥʦʶ ʢʘʪʝʛʦʨʽʻʶ, ʘ ʡ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ. 

  
ɺʠʩʥʦʚʢʠ. ʉʪʠʣʴ ʚʽʜʽʛʨʘʻ ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ, ʧʦʻʜʥʫʶʯʠ 

ʝʩʪʝʪʠʯʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʩʧʝʢʪʠ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ. ɺʽʜ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʩʪʠʣʶ 

ʟʘʣʝʞʠʪʴ ʟʨʦʟʫʤʽʣʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʝʤʦʮʽʡʥʝ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʨʽʚʝʥʴ ʜʦʚʽʨʠ 
ʘʫʜʠʪʦʨʽʾ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʩʪʠʣʽʩʪʠʯʥʽ ʨʽʰʝʥʥʷ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʮʽʣʷʤ ʧʨʦʻʢʪʫ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ ʪʘ ʩʫʯʘʩʥʠʤ ʪʝʥʜʝʥʮʽʷʤ ʜʠʟʘʡʥʫ. ʈʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʠʣʶ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʮʽʣʽʩʥʦʛʦ 
ʚʽʟʫʘʣʴʥʦʛʦ ʦʙʨʘʟʫ. 
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ʌʫʨʦʰʠʢʠ ʷʢ ʝʣʝʤʝʥʪ ʚʽʟʫʘʣʴʥʦʾ ʢʫʣʴʪʫʨʠ ʪʘ ʜʠʟʘʡʥʫ ʧʘʢʫʚʘʥʥʷ 

 

ʊʝʪʷʥʘ ɺʝʨʝʩʦʮʴʢʘ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʌʫʨʦʰʠʢʠ ʻ ʪʨʘʜʠʮʽʡʥʠʤ ʷʧʦʥʩʴʢʠʤ ʩʧʦʩʦʙʦʤ ʧʘʢʫʚʘʥʥʷ ʧʨʝʜʤʝʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʘʪʥʦʾ ʪʢʘʥʠʥʠ, ʱʦ ʧʦʻʜʥʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʝʩʪʝʪʠʢʫ ʪʘ ʢʫʣʴʪʫʨʥʫ 
ʩʠʤʚʦʣʽʢʫ. ʋ ʩʫʯʘʩʥʦʤʫ ʜʠʟʘʡʥʽ ʬʫʨʦʰʠʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʝ ʣʠʰʝ ʷʢ ʝʣʝʤʝʥʪ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʧʘʜʱʠʥʠ, ʘ ʡ ʷʢ ʘʢʪʫʘʣʴʥʠʡ ʧʨʠʢʣʘʜ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 

ʧʘʢʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʪʨʘʜʠʮʽʡʥʽ ʪʘ ʩʫʯʘʩʥʽ ʟʨʘʟʢʠ ʬʫʨʦʰʠʢʠ, 

ʘ ʪʘʢʦʞ ʧʨʠʢʣʘʜʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ, ʩʫʚʝʥʽʨʥʽʡ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʙʨʝʥʜʠʥʛʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʫʨʦʰʠʢʠ 

ʚʠʢʦʥʫʶʪʴ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ ʫ ʚʽʟʫʘʣʴʥʽʡ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʧʘʢʫʚʘʥʥʷ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʨʦʣʴ ʬʫʨʦʰʠʢʠ ʧʦʣʷʛʘʻ ʚ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʦʜʥʘ ʪʢʘʥʠʥʘ 

ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʧʨʝʜʤʝʪʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ ʡ ʨʦʟʤʽʨʫ ʟʘʚʜʷʢʠ ʨʽʟʥʠʤ ʩʧʦʩʦʙʘʤ 

ʟʘʚôʷʟʫʚʘʥʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʢʪʠʯʥʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. 
ɽʩʪʝʪʠʯʥʘ ʬʫʥʢʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʦʨʥʘʤʝʥʪʠ, ʢʦʣʴʦʨʦʚʽ ʧʦʻʜʥʘʥʥʷ ʪʘ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʩʠʤʚʦʣʽʯʥʝ ʟʥʘʯʝʥʥʷ. ɺʽʟʫʘʣʴʥʝ ʦʬʦʨʤʣʝʥʥʷ 

ʬʫʨʦʰʠʢʠ ʚʧʣʠʚʘʻ ʥʘ ʝʤʦʮʽʡʥʝ ʩʧʨʠʡʥʷʪʪʷ ʧʦʜʘʨʫʥʢʘ ʪʘ ʧʽʜʩʠʣʶʻ ʡʦʛʦ ʮʽʥʥʽʩʪʴ. 

ɽʢʦʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʫ ʩʫʯʘʩʥʦʤʫ ʢʦʥʪʝʢʩʪʽ. ʌʫʨʦʰʠʢʠ ʷʢ 

ʙʘʛʘʪʦʨʘʟʦʚʝ ʧʘʢʫʚʘʥʥʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʨʘʟʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʝʢʦʜʠʟʘʡʥʫ. 

ʂʦʤʫʥʽʢʘʪʠʚʥʘ ʬʫʥʢʮʽʷ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʜʘʯʽ ʢʫʣʴʪʫʨʥʦʾ ʽʜʝʥʪʠʯʥʦʩʪʽ ʪʘ ʬʽʣʦʩʦʬʽʾ 

ʧʦʚʘʛʠ ʜʦ ʨʝʯʝʡ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʫʨʦʰʠʢʠ ʫ ʩʫʯʘʩʥʦʤʫ 

ʜʠʟʘʡʥʽ ʧʽʜʢʨʝʩʣʶʻ ʟʚôʷʟʦʢ ʪʨʘʜʠʮʽʡ ʽ ʩʫʯʘʩʥʠʭ ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʪʝʥʜʝʥʮʽʡ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʬʫʨʦʰʠʢʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠʢʣʘʜʦʤ 

ʧʦʻʜʥʘʥʥʷ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʪʘ ʩʫʯʘʩʥʦʛʦ ʜʠʟʘʡʥʫ. 

   
ɺʠʩʥʦʚʢʠ. ʌʫʨʦʰʠʢʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʪʘ ʝʩʪʝʪʠʯʥʦ ʮʽʣʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʘʢʫʚʘʥʥʷ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʻʜʥʫʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʚʽʟʫʘʣʴʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʽ ʢʫʣʴʪʫʨʥʫ ʩʠʤʚʦʣʽʢʫ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠʥʮʠʧʠ ʬʫʨʦʰʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʧʽʰʥʦ 

ʘʜʘʧʪʦʚʘʥʽ ʚ ʩʫʯʘʩʥʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʪʘ ʧʘʢʫʚʘʣʴʥʦʤʫ ʜʠʟʘʡʥʽ, ʩʧʨʠʷʶʯʠ ʨʦʟʚʠʪʢʫ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʶ ʧʦʟʠʪʠʚʥʦʛʦ ʽʤʽʜʞʫ ʙʨʝʥʜʽʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ.  
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ʉʧʦʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ 

 

ʄʠʭʘʡʣʦ ʃʘʚʨʠʢ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʝʪʦʶ ʷʢʠʭ ʻ ʩʧʨʦʱʝʥʥʷ 

ʩʧʨʠʡʥʷʪʪʷ ʜʘʥʠʭ, ʾʭ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ ʰʚʠʜʢʝ ʧʝʨʝʜʘʚʘʥʥʷ ʟʤʽʩʪʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʆʜʠʥ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʛʨʘʬʽʢʽʚ ʽ ʜʽʘʛʨʘʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʦʯʥʦ ʧʦʢʘʟʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʘʙʦ 

ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥ. ʃʽʥʽʡʥʽ ʛʨʘʬʽʢʠ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʫ ʯʘʩʽ, ʩʪʦʚʧʯʠʢʦʚʽ ï ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʢʨʫʛʦʚʽ ï ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʯʘʩʪʦʢ ʽ ʧʨʦʧʦʨʮʽʡ. 

ɺʘʞʣʠʚʠʤ ʩʧʦʩʦʙʦʤ ʻ ʽʥʬʦʛʨʘʬʽʢʘ, ʷʢʘ ʧʦʻʜʥʫʻ ʪʝʢʩʪ, ʽʢʦʥʢʠ, ʩʭʝʤʠ ʪʘ ʢʦʣʴʦʨʠ ʚ 

ʻʜʠʥʫ ʢʦʤʧʦʟʠʮʽʶ. ɺʦʥʘ ʜʦʧʦʤʘʛʘʻ ʧʦʜʘʪʠ ʩʢʣʘʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʟʨʦʟʫʤʽʣʦʤʫ ʪʘ 

ʧʨʠʚʘʙʣʠʚʦʤʫ ʚʠʛʣʷʜʽ, ʩʢʦʨʦʯʫʶʯʠ ʦʙʩʷʛ ʪʝʢʩʪʫ ʡ ʘʢʮʝʥʪʫʶʯʠ ʫʚʘʛʫ ʥʘ ʢʣʶʯʦʚʠʭ 

ʤʦʤʝʥʪʘʭ. ɯʥʬʦʛʨʘʬʽʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʩʚʽʪʽ, ʤʝʜʽʘ, ʤʘʨʢʝʪʠʥʛʫ ʪʘ 

ʜʠʟʘʡʥʽ. 

ʑʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʩʭʝʤʠ ʪʘ ʜʽʘʛʨʘʤʠ ʟʚôʷʟʢʽʚ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ 

ʩʪʨʫʢʪʫʨʫ, ʽʻʨʘʨʭʽʶ ʘʙʦ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʙʣʦʢ-ʩʭʝʤʠ, 

ʤʝʥʪʘʣʴʥʽ ʢʘʨʪʠ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʜʽʘʛʨʘʤʠ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ 
ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʧʦʙʘʯʠʪʠ ʣʦʛʽʢʫ ʧʨʦʮʝʩʽʚ. 

ʂʘʨʪʠ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʜʘʥʠʭ ʘʙʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʧʨʦʩʪʦʨʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʟʫʤʽʪʠ ʤʘʩʰʪʘʙ, 

ʥʘʧʨʷʤʢʠ, ʚʽʜʩʪʘʥʽ ʪʘ ʚʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ 

ʘʥʘʣʽʪʠʮʽ, ʣʦʛʽʩʪʠʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

 
 

ʊʘʢʦʞ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʪʘʙʣʠʮʽ, ʷʢʽ, ʭʦʯʘ ʡ ʟʜʘʶʪʴʩʷ ʤʝʥʰ ʥʘʦʯʥʠʤʠ, ʚʩʝ 

ʞ ʟʘʣʠʰʘʶʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʧʦʪʨʽʙʥʘ ʪʦʯʥʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ. 

ʋ ʜʠʟʘʡʥʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʢʦʥʢʠ, ʧʽʢʪʦʛʨʘʤʠ ʪʘ ʫʤʦʚʥʽ ʟʥʘʢʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʟʤʽʩʪ ʙʝʟ ʩʣʽʚ ʘʙʦ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʪʝʢʩʪʦʚʠʤ ʩʫʧʨʦʚʦʜʦʤ. ɺʦʥʠ 
ʧʨʠʰʚʠʜʰʫʶʪʴ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʯʠʪʘʯʘ. 

ʆʢʨʝʤʦ ʚʘʨʪʦ ʟʛʘʜʘʪʠ ʪʠʧʦʛʨʘʬʽʯʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ, ʢʦʣʠ ʩʘʤʘ ʬʦʨʤʘ ʪʝʢʩʪʫ, ʨʦʟʤʽʨ 

ʰʨʠʬʪʫ, ʢʦʣʽʨ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʣʽʚ ʩʪʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʽ 

ʧʨʠʡʦʤʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʣʘʢʘʪʘʭ, ʧʘʢʫʚʘʥʥʽ ʪʘ ʮʠʬʨʦʚʠʭ ʽʥʪʝʨʬʝʡʩʘʭ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ, ʘʣʝ 

ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʩʧʽʣʴʥʫ ʤʝʪʫ ï ʟʨʦʙʠʪʠ ʜʘʥʽ ʟʨʦʟʫʤʽʣʠʤʠ, ʥʘʦʯʥʠʤʠ ʪʘ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʩʧʨʠʡʥʷʪʪʷ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɻʝʦʤʝʪʨʠʯʥʘ ʬʽʛʫʨʘ ʷʢ ʟʘʩʽʙ ʚʠʨʘʞʝʥʥʷ ʤʝʪʘʬʦʨʠʯʥʦʛʦ ʩʤʠʩʣʫ 

 

ʄʠʭʘʡʣʦ ʄʝʣʴʥʠʯʫʢ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɻʝʦʤʝʪʨʠʯʥʘ ʬʽʛʫʨʘ ï ʮʝ ʽʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʩʪʽ. ʋ ʧʦʚʩʷʢʜʝʥʥʦʤʫ 

ʞʠʪʪʽ ʤʠ ʨʽʜʢʦ ʟʫʩʪʨʽʯʘʻʤʦ ʽʜʝʘʣʴʥʽ ʢʦʣʘ ʯʠ ʢʚʘʜʨʘʪʠ, ʪʦʤʫ ʧʦʷʚʘ ʪʘʢʠʭ ʬʽʛʫʨ ʫ 

ʤʠʩʪʝʮʪʚʽ ʘʙʦ ʩʠʤʚʦʣʽʮʽ ʦʜʨʘʟʫ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʧʝʚʥʠʡ çʢʦʜè. ʄʝʪʘʬʦʨʠʯʥʽʩʪʴ 
ʛʝʦʤʝʪʨʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʜʘʪʥʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʤʦʟʢʫ ʘʩʦʮʽʶʚʘʪʠ ʚʽʟʫʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʬʽʛʫʨʠ (ʩʪʽʡʢʽʩʪʴ, ʟʘʤʢʥʝʥʽʩʪʴ, ʛʦʩʪʨʦʪʫ) ʟ ʘʙʩʪʨʘʢʪʥʠʤʠ ʧʦʥʷʪʪʷʤʠ (ʥʘʜʽʡʥʽʩʪʶ, 

ʥʝʩʢʽʥʯʝʥʥʽʩʪʶ, ʘʛʨʝʩʽʻʶ). 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʉʝʤʘʥʪʠʢʘ ʦʩʥʦʚʥʠʭ ʬʽʛʫʨ: ʢʦʞʥʘ ʙʘʟʦʚʘ ʬʽʛʫʨʘ ʤʘʻ 

ʩʚʽʡ ʫʩʪʘʣʝʥʠʡ ʤʝʪʘʬʦʨʠʯʥʠʡ çʰʣʝʡʬè, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʫʣʴʪʫʨʽ ʧʨʦʪʷʛʦʤ 

ʪʠʩʷʯʦʣʽʪʴ. 

1. ʂʦʣʦ: ʄʝʪʘʬʦʨʘ ʜʦʩʢʦʥʘʣʦʩʪʽ ʪʘ ʮʠʢʣʽʯʥʦʩʪʽ 

ʂʦʣʦ ʻ ʥʘʡʙʽʣʴʰ ʜʫʭʦʚʥʦʶ ʪʘ ʤ'ʷʢʦʶ ʬʽʛʫʨʦʶ. ɺʽʜʩʫʪʥʽʩʪʴ ʢʫʪʽʚ ʩʠʤʚʦʣʽʟʫʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʬʣʽʢʪʫ. 

¶ ʉʤʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ: ɺʽʯʥʽʩʪʴ, ʻʜʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ, ʢʦʩʤʦʩ, ʞʽʥʦʯʝ ʥʘʯʘʣʦ, 
ʙʝʟʧʝʢʘ. 

¶ ʇʨʠʢʣʘʜʠ: ʅʽʤʙ ʫ ʨʝʣʽʛʽʡʥʦʤʫ ʞʠʚʦʧʠʩʽ (ʩʚʷʪʽʩʪʴ), ʦʙʨʫʯʢʘ (ʥʝʩʢʽʥʯʝʥʥʘ 
ʣʶʙʦʚ), ʤʘʥʜʘʣʘ ʚ ʩʭʽʜʥʠʭ ʧʨʘʢʪʠʢʘʭ (ʛʘʨʤʦʥʽʷ ʚʩʝʩʚʽʪʫ). 

2. ʂʚʘʜʨʘʪ: ʄʝʪʘʬʦʨʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʧʦʨʷʜʢʫ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʣʘ, ʢʚʘʜʨʘʪ ï ʮʝ ʬʽʛʫʨʘ çʨʫʢʦʪʚʦʨʥʘè, ʱʦ ʩʠʤʚʦʣʽʟʫʻ 

ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʟʝʤʥʠʡ ʧʦʨʷʜʦʢ. 

¶ ʉʤʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ: ʏʝʩʥʽʩʪʴ, ʟʘʢʦʥ, ʤʘʪʝʨʽʘʣʴʥʠʡ ʩʚʽʪ, ʦʙʤʝʞʝʥʥʷ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ, ʯʦʣʦʚʽʯʝ ʥʘʯʘʣʦ (ʚ ʜʝʷʢʠʭ ʪʨʘʜʠʮʽʷʭ). 

¶ ʇʨʠʢʣʘʜʠ: çʏʦʨʥʠʡ ʢʚʘʜʨʘʪè ʂʘʟʠʤʠʨʘ ʄʘʣʝʚʠʯʘ ʷʢ ʤʝʪʘʬʦʨʘ çʥʫʣʷ ʬʦʨʤè 
ʘʙʦ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʤʠʩʪʝʮʪʚʘ; ʯʦʪʠʨʠ ʩʪʦʨʦʥʠ ʩʚʽʪʫ ʷʢ ʩʠʤʚʦʣ ʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

3. ʊʨʠʢʫʪʥʠʢ: ʄʝʪʘʬʦʨʘ ʜʠʥʘʤʽʢʠ ʪʘ ʽʻʨʘʨʭʽʾ 

ɿʥʘʯʝʥʥʷ ʪʨʠʢʫʪʥʠʢʘ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʦʨʽʻʥʪʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ. 

¶ ɺʝʨʰʠʥʦʶ ʚʛʦʨʫ: ʇʨʘʛʥʝʥʥʷ ʜʦ ʙʦʞʝʩʪʚʝʥʥʦʛʦ, ʚʦʛʦʥʴ, ʘʢʪʠʚʥʽʩʪʴ, 

ʟʨʦʩʪʘʥʥʷ. 

¶ ɺʝʨʰʠʥʦʶ ʚʥʠʟ: ɺʦʜʘ, ʧʘʩʠʚʥʽʩʪʴ, ʨʦʜʶʯʽʩʪʴ. 

¶ ʉʤʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ: ʊʨʽʘʜʘ (ʄʠʥʫʣʝ-ʊʝʧʝʨʽʰʥʻ-ʄʘʡʙʫʪʥʻ), ʽʻʨʘʨʭʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʚʣʘʜʠ, ʥʝʙʝʟʧʝʢʘ (ʛʦʩʪʨʽ ʢʫʪʠ). 

4. ʃʽʥʽʷ ʪʘ ʢʨʘʧʢʘ: ʇʝʨʰʦʦʩʥʦʚʠ ʤʝʪʘʬʦʨʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ 

¶ ɺʝʨʪʠʢʘʣʴ ʤʝʪʘʬʦʨʠʯʥʦ ʧʦʚ'ʷʟʫʻʪʴʩʷ ʟ ʧʽʜʥʝʩʝʥʥʷʤ, ʞʠʪʪʷʤ, ʟʚ'ʷʟʢʦʤ ʤʽʞ 
ʥʝʙʦʤ ʪʘ ʟʝʤʣʝʶ. 

¶ ɻʦʨʠʟʦʥʪʘʣʴ ʩʠʤʚʦʣʽʟʫʻ ʩʧʦʢʽʡ, ʩʤʝʨʪʴ, ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ. 

¶ ɿʠʛʟʘʛ ï ʮʝ ʝʥʝʨʛʽʷ, ʪʨʠʚʦʛʘ, ʝʣʝʢʪʨʠʯʥʠʡ ʽʤʧʫʣʴʩ. 

 
ɺʠʩʥʦʚʢʠ. ɻʝʦʤʝʪʨʠʯʥʘ ʬʽʛʫʨʘ ʷʢ ʟʘʩʽʙ ʚʠʨʘʞʝʥʥʷ ʤʝʪʘʬʦʨʠʯʥʦʛʦ ʩʤʠʩʣʫ ʻ 

ʫʥʽʢʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʘʢʦʥʽʯʥʦ ʧʝʨʝʜʘʪʠ ʩʢʣʘʜʥʽ ʢʦʥʮʝʧʮʽʾ. ɺʦʥʘ 

ʧʝʨʝʪʚʦʨʶʻ ʤʘʪʝʤʘʪʠʯʥʫ ʘʙʩʪʨʘʢʮʽʶ ʥʘ ʝʤʦʮʽʡʥʠʡ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʦʙʨʘʟ. 

ʈʦʟʫʤʽʥʥʷ ʮʽʻʾ çʛʝʦʤʝʪʨʽʾ ʩʤʠʩʣʽʚè ʜʦʧʦʤʘʛʘʻ ʥʝ ʣʠʰʝ ʛʣʠʙʰʝ ʘʥʘʣʽʟʫʚʘʪʠ ʪʚʦʨʠ 

ʤʠʩʪʝʮʪʚʘ, ʘ ʡ ʩʚʽʜʦʤʦ ʙʫʜʫʚʘʪʠ ʚʽʟʫʘʣʴʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ 

ʣʘʢʦʥʽʯʥʽʩʪʴ ʬʦʨʤʠ ʯʘʩʪʦ ʮʽʥʫʻʪʴʩʷ ʚʠʱʝ ʟʘ ʙʘʛʘʪʦʩʣʽʚʥʽʩʪʴ. 



92st International  scientific conference of young scientist and students  
"Youth scientific achievements to the 21st century nutrition problem solution",  

April , 20ï24, 2026. Book of abstract. Part 2. NUFT, Kyiv. 
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ʊʨʝʥʜʠ ʚ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ 

 

ʄʠʭʘʡʣʦ ʄʝʣʴʥʠʯʫʢ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ɼʠʟʘʡʥ ʧʘʢʫʚʘʥʥʷ ʩʴʦʛʦʜʥʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʩʠʣ: 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ, ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʧʨʘʛʥʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʜʦ ʘʚʪʝʥʪʠʯʥʦʩʪʽ. 
ʃʶʜʠ ʙʽʣʴʰʝ ʥʝ ʢʫʧʫʶʪʴ ʧʨʦʩʪʦ ʧʨʦʜʫʢʪ ï ʚʦʥʠ ʢʫʧʫʶʪʴ çʜʦʩʚʽʜ ʨʦʟʧʘʢʫʚʘʥʥʷè (unboxing 
experience) ʪʘ ʚʽʜʯʫʪʪʷ ʧʨʠʯʝʪʥʦʩʪʽ ʜʦ ʙʨʝʥʜʫ, ʷʢʠʡ ʧʦʜʽʣʷʻ ʾʭʥʽ ʧʦʛʣʷʜʠ. ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ 
ʩʫʯʘʩʥʦʛʦ ʜʠʟʘʡʥʝʨʘ ï ʟʨʦʙʠʪʠ ʧʘʢʫʚʘʥʥʷ ʥʝ ʣʠʰʝ ʢʨʘʩʠʚʠʤ, ʘ ʡ ʝʪʠʯʥʠʤ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʦ ʢʣʶʯʦʚʠʭ ʪʨʝʥʜʽʚ ʫ ʜʠʟʘʡʥʽ ʧʘʢʦʚʘʥʥʷ 2025 ʚʽʜʥʦʩʷʪʴ:  

1. ɽʢʦ-ʤʽʥʽʤʘʣʽʟʤ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ 
óʙʨʝʥʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʡʚʠʡ ʧʣʘʩʪʠʢ. 

- ʄʦʥʦʤʘʪʝʨʽʘʣʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʪʽʣʴʢʠ 
ʛʦʬʨʦʢʘʨʪʦʥ), ʱʦ ʧʦʣʝʛʰʫʻ ʧʝʨʝʨʦʙʢʫ. 

- ɹʽʦʨʦʟʢʣʘʜʥʽʩʪʴ: ʇʘʢʫʚʘʥʥʷ ʟ ʛʨʠʙʥʦʛʦ ʤʽʮʝʣʽʶ, ʚʦʜʦʨʦʩʪʝʡ ʘʙʦ ʢʫʢʫʨʫʜʟʷʥʦʛʦ 
ʢʨʦʭʤʘʣʶ. 

- ɹʘʛʘʪʦʨʘʟʦʚʽʩʪʴ: ɼʠʟʘʡʥ, ʱʦ ʩʧʦʥʫʢʘʻ ʟʘʣʠʰʠʪʠ ʢʦʨʦʙʢʫ ʯʠ ʙʘʥʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʙʫʪʽ (reusable packaging). 

2. çɾʠʚʠʡè ʜʠʟʘʡʥ: ʅʝʜʙʘʣʽʩʪʴ ʪʘ ʢʘʨʘʢʫʣʽ 
ʋ ʩʚʽʪʽ ʽʜʝʘʣʴʥʠʭ AI-ʟʦʙʨʘʞʝʥʴ ʣʶʜʠ ʧʦʯʘʣʠ ʩʫʤʫʚʘʪʠ ʟʘ ʣʶʜʩʴʢʠʤ ʜʦʪʠʢʦʤ. 

- ʉʪʠʣʽʩʪʠʢʘ: ʈʫʯʥʽ ʥʘʯʝʨʢʠ, çʰʦʨʩʪʢʽè ʣʽʥʽʾ, ʽʤʽʪʘʮʽʷ ʤʘʨʢʝʨʥʠʭ ʧʽʜʧʠʩʽʚ ʘʙʦ 
ʣʽʥʦʛʨʘʚʶʨʠ. 

- ʄʝʪʘʬʦʨʘ: ʎʝ ʩʪʚʦʨʶʻ ʚʽʜʯʫʪʪʷ ʢʨʘʬʪʦʚʦʩʪʽ, ʙʣʠʟʴʢʦʩʪʽ ʪʘ ʘʚʪʝʥʪʠʯʥʦʩʪʽ, ʥʽʙʠ ʮʝʡ 
ʪʦʚʘʨ ʟʨʦʙʣʝʥʠʡ ʣʶʜʠʥʦʶ ʜʣʷ ʣʶʜʠʥʠ. 

3. ʈʦʟʫʤʥʝ ʧʘʢʫʚʘʥʥʷ (Phygital) 
ʇʘʢʫʚʘʥʥʷ ʩʪʘʻ ʧʦʨʪʘʣʦʤ ʫ ʮʠʬʨʦʚʠʡ ʩʚʽʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ: 

- QR-ʢʦʜʠ ʪʘ NFC: ɼʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʽʩʪʦʨʽʾ ʩʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʫ, ʽʥʩʪʨʫʢʮʽʡ ʘʙʦ AR-ʽʛʦʨ 
(ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ). 

- ɯʥʪʝʨʘʢʪʠʚʥʽʩʪʴ: ʇʘʢʫʚʘʥʥʷ, ʱʦ ʟʤʽʥʶʻ ʢʦʣʽʨ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʪʝʨʤʽʥʫ 
ʧʨʠʜʘʪʥʦʩʪʽ. 

4. ɻʝʦʤʝʪʨʠʯʥʽ ʚʠʨʽʟʠ ʪʘ ʧʨʦʟʦʨʽʩʪʴ 
ʏʝʩʥʽʩʪʴ ʩʪʘʻ ʚʽʟʫʘʣʴʥʦʶ. ɹʨʝʥʜʠ ʧʝʨʝʩʪʘʶʪʴ ʭʦʚʘʪʠ ʧʨʦʜʫʢʪ ʟʘ ʛʣʷʥʮʝʚʠʤʠ ʬʦʪʦʛʨʘʬʽʷʤʠ. 

- ɺʠʨʽʟʠ: ʂʨʝʘʪʠʚʥʽ ʬʦʨʤʠ ʚʠʨʽʟʽʚ (ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʝʣʴ, ʣʠʩʪʷ, ʽʥʛʨʝʜʽʻʥʪʽʚ), ʱʦ 
ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʘʯʠʪʠ ʪʝʢʩʪʫʨʫ ʪʦʚʘʨʫ. 

- ʇʨʦʟʦʨʽ ʤʘʪʝʨʽʘʣʠ: ʉʢʣʷʥʽ ʘʙʦ ʽʥʥʦʚʘʮʽʡʥʽ ʧʨʦʟʦʨʽ ʝʢʦ-ʧʣʽʚʢʠ, ʱʦ ʧʽʜʢʨʝʩʣʶʶʪʴ 

ʥʘʪʫʨʘʣʴʥʽʩʪʴ. 

5. ɼʦʬʘʤʽʥʦʚʠʡ ʜʠʟʘʡʥ: ʗʩʢʨʘʚʽ ʢʦʣʴʦʨʠ ʪʘ ʛʨʘʜʽʻʥʪʠ 
ʗʢ ʘʥʪʠʪʝʟʘ ʜʦ ʩʽʨʦʛʦ ʤʽʥʽʤʘʣʽʟʤʫ, ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʻ ʩʪʠʣʴ, ʱʦ ʚʠʢʣʠʢʘʻ ʨʘʜʽʩʪʴ. 

- ʇʘʣʽʪʨʘ: ʌʨʫʢʪʦʚʽ ʚʽʜʪʽʥʢʠ (ʣʘʡʤʘ, ʢʘʚʫʥ, ʯʦʨʥʠʢʘ) ʪʘ ʩʢʣʘʜʥʽ ʥʝʦʥʦʚʽ ʛʨʘʜʽʻʥʪʠ. 

- ʐʨʠʬʪʠ: ɺʠʨʘʟʥʽ, ʤʘʩʠʚʥʽ ʣʽʪʝʨʠ, ʱʦ ʩʘʤʽ ʧʦ ʩʦʙʽ ʩʪʘʶʪʴ ʜʝʢʦʨʘʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ. 
ɺʠʩʥʦʚʦʢ. ʊʨʝʥʜʠ ʚ ʜʠʟʘʡʥʽ ʧʘʢʫʚʘʥʥʷ 2025 ʨʦʢʫ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʝʨʝʭʽʜ ʚʽʜ ʧʨʦʩʪʦʾ 

ʝʩʪʝʪʠʢʠ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʝʪʠʢʠ. ʇʘʢʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ï ʮʝ ʙʘʣʘʥʩ ʤʽʞ ʷʩʢʨʘʚʠʤ 
ʚʽʟʫʘʣʴʥʠʤ ʦʙʨʘʟʦʤ, ʱʦ ʚʠʜʽʣʷʻ ʪʦʚʘʨ ʥʘ ʧʦʣʠʮʽ, ʪʘ ʛʣʠʙʦʢʦʶ ʧʦʚʘʛʦʶ ʜʦ ʜʦʚʢʽʣʣʷ. 
ʇʝʨʝʤʘʛʘʪʠʤʫʪʴ ʪʽ ʙʨʝʥʜʠ, ʷʢʽ ʟʤʦʞʫʪʴ ʯʝʨʝʟ ʧʘʢʫʚʘʥʥʷ ʨʦʟʧʦʚʽʩʪʠ ʯʝʩʥʫ ʽʩʪʦʨʽʶ ʪʘ 
ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʧʦʞʠʚʘʯʝʚʽ ʟʨʫʯʥʝ, ʙʝʟʧʝʯʥʝ ʽ ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ. 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʉʧʝʮʠʬʽʢʘ ʨʝʢʣʘʤʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ 

 

ɼʤʠʪʨʦ ʉʘʤʦʱʝʥʢʦ, ʂʘʜʦʤʩʴʢʠʡ ʉʝʨʛʽʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʈʝʢʣʘʤʥʠʡ ʛʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʩʪʚʦʨʝʥʥʷ çʢʨʘʩʠʚʦʾ ʢʘʨʪʠʥʢʠè, ʘ 

ʩʪʨʘʪʝʛʽʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʙʨʝʥʜʦʤ ʽ ʩʧʦʞʠʚʘʯʝʤ. ʁʦʛʦ ʛʦʣʦʚʥʘ ʤʝʪʘ  ʥʝ 
ʣʠʰʝ ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʘ ʡ ʩʧʦʥʫʢʘʪʠ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʜʽʾ: ʢʫʧʽʚʣʽ, ʨʝʻʩʪʨʘʮʽʾ ʘʙʦ ʣʦʷʣʴʥʦʩʪʽ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʧʝʨʝʥʘʩʠʯʝʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʩʧʝʮʠʬʽʢʘ ʮʴʦʛʦ ʚʠʜʫ ʜʠʟʘʡʥʫ 
ʧʦʣʷʛʘʻ ʚ ʧʦʻʜʥʘʥʥʽ ʧʩʠʭʦʣʦʛʽʾ, ʤʘʨʢʝʪʠʥʛʫ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʤʠʩʪʝʮʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʠʩʪʦʛʦ ʤʠʩʪʝʮʪʚʘ, ʨʝʢʣʘʤʥʠʡ ʜʠʟʘʡʥ 
ʟʘʚʞʜʠ ʤʘʻ ʯʽʪʢʝ ʟʘʚʜʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʶ ʥʘ ʢʦʥʢʨʝʪʥʫ ʮʽʣʴʦʚʫ ʘʫʜʠʪʦʨʽʶ (ʎɸ). ɼʦ  

ʢʣʶʯʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʢʣʘʤʥʦʛʦ ʜʠʟʘʡʥʫ ʚʽʜʥʦʩʷʪʴ: ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʣʘʢʦʥʽʯʥʽʩʪʴ ʪʘ 
ʝʤʦʮʽʡʥʠʡ ʚʽʜʛʫʢ. ɼʠʟʘʡʥ ʘʧʝʣʶʻ ʜʦ ʧʦʯʫʪʪʽʚ (ʨʘʜʽʩʪʴ, ʩʪʨʘʭ, ʢʦʤʬʦʨʪ, ʧʨʝʩʪʠʞ), 

ʬʦʨʤʫʶʯʠ ʧʽʜʩʚʽʜʦʤʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʩʧʦʞʠʚʘʯʝʤ ʽ ʧʨʦʜʫʢʪʦʤ. 
ɼʠʟʘʡʥʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʠʟʢʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʧʣʠʚʫ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʫʚʘʛʦʶ ʛʣʷʜʘʯʘ: 

ʢʦʣʽʨʥʘ ʧʩʠʭʦʣʦʛʽʷ (ʢʦʣʴʦʨʠ ʚʠʢʣʠʢʘʶʪʴ ʢʦʥʢʨʝʪʥʽ ʘʩʦʮʽʘʮʽʾ); ʪʠʧʦʛʨʘʬʽʢʘ (ʰʨʠʬʪ ï ʮʝ 

çʛʦʣʦʩè ʙʨʝʥʜʫ);  ʢʦʤʧʦʟʠʮʽʷ ʪʘ ʽʻʨʘʨʭʽʷ. ʈʝʢʣʘʤʥʠʡ ʤʘʢʝʪ ʟʘʟʚʠʯʘʡ ʙʫʜʫʻʪʴʩʷ ʟʘ 
ʧʨʠʥʮʠʧʦʤ Z- ʘʙʦ F-ʧʘʪʝʨʥʫ ʨʫʭʫ ʧʦʛʣʷʜʫ. ʂʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʯʽʪʢʫ ʽʻʨʘʨʭʽʶ: ʦʬʬʝʨ 

ï ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ; ʚʽʟʫʘʣʴʥʠʡ ʦʙʨʘʟ ï ʛʦʣʦʚʥʠʡ ʘʢʮʝʥʪ; CTA (Call to Action) ï ʟʘʢʣʠʢ ʜʦ 
ʜʽʾ (çʂʫʧʠʪʠè, çɿʘʤʦʚʠʪʠè, é ). 

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʝʢʣʘʤʥʦʛʦ ʜʠʟʘʡʥʫ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ: ɹʨʠʬʽʥʛ ï 
ʚʠʚʯʝʥʥʷ ʙʽʟʥʝʩ-ʟʘʚʜʘʥʴ ʪʘ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ.; ɸʥʘʣʽʟ ʢʦʥʢʫʨʝʥʪʽʚ ï ʟʘʧʦʙʽʛʘʥʥʷ 

ʧʦʚʪʦʨʝʥʥʶ ʚʽʟʫʘʣʴʥʠʭ ʨʽʰʝʥʴ.; ʇʦʰʫʢ ʽʜʝʾ (ʤʝʪʘʬʦʨʠ) ï ʬʦʨʤʫʚʘʥʥʷ ʢʨʝʘʪʠʚʥʦʾ 
ʢʦʥʮʝʧʮʽʾ.; ɽʩʢʽʟʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ï ʨʦʙʦʪʘ ʚ ʛʨʘʬʽʯʥʠʭ ʨʝʜʘʢʪʦʨʘʭ (Adobe Photoshop, 

Illustrator, Figma).; ʊʝʩʪʫʚʘʥʥʷ ï ʧʝʨʝʚʽʨʢʘ ʩʧʨʠʡʥʷʪʪʷ ʜʠʟʘʡʥʫ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʚ 
ʨʝʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʈʝʢʣʘʤʥʠʡ ʜʠʟʘʡʥ ʘʢʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʽʜʩʚʽʜʦʤʽʩʪʴ ʣʶʜʠʥʠ. ɼʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ 
ʰʚʠʜʢʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʪʨʠʛʝʨʠ: ʇʨʠʥʮʠʧ ʜʝʬʽʮʠʪʫ ʪʘ 

ʪʝʨʤʽʥʦʚʦʩʪʽ. çʊʽʣʴʢʠ ʩʴʦʛʦʜʥʽè ʘʙʦ çɿʘʣʠʰʠʣʦʩʷ 2 ʦʜʠʥʠʮʽè, ʱʦ ʘʢʪʠʚʽʟʫʻ ʽʤʧʫʣʴʩʠʚʥʫ 
ʧʦʢʫʧʢʫ; ʉʦʮʽʘʣʴʥʠʡ ʜʦʢʘʟ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʦʚʽʨʠ: ʣʦʛʦʪʠʧʽʚ ʧʘʨʪʥʝʨʽʚ, 

ʨʝʡʪʠʥʛʽʚ, ʚʽʜʛʫʢʽʚ ʢʣʽʻʥʪʽʚ; ɸʥʪʨʦʧʦʤʦʨʬʽʟʤ ʪʘ ʥʘʧʨʷʤʦʢ ʧʦʛʣʷʜʫ. ʗʢʱʦ ʥʘ ʤʘʢʝʪʽ 
ʟʦʙʨʘʞʝʥʘ ʣʶʜʠʥʘ, ʾʾ ʧʦʛʣʷʜ ʩʧʨʷʤʦʚʫʶʪʴ ʥʘ ʪʦʚʘʨ ʘʙʦ ʢʥʦʧʢʫ CTA, ʱʦ ʧʽʜʩʚʽʜʦʤʦ 

ʩʢʝʨʦʚʫʻ ʫʚʘʛʫ ʛʣʷʜʘʯʘ. 
ʉʫʯʘʩʥʠʡ ʨʝʢʣʘʤʥʠʡ ʜʠʟʘʡʥʝʨ ʧʨʘʮʶʻ ʟ ʨʽʟʥʠʤʠ ʬʦʨʤʘʪʘʤʠ: ʨʘʩʪʨʦʚʦʾ ʪʘ ʚʝʢʪʦʨʥʦʾ 

ʛʨʘʬʽʢʠ (ʨʝʪʫʰ, ʢʦʣʘʞ, ʨʦʙʦʪʘ ʟ ʪʝʢʩʪʫʨʘʤʠ, ʨʦʟʨʦʙʢʘ ʣʦʛʦʪʠʧʽʚ ʪʘ ʽʣʶʩʪʨʘʮʽʡ; 
motion-ʜʠʟʘʡʥ (After Effects) ï ʚʽʜʝʦʨʝʢʣʘʤʘ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʘʣʫʯʝʥʥʷ; UX/UI-ʧʽʜʭʽʜ ï 

ʩʪʚʦʨʝʥʥʷ ʣʝʥʜʠʥʛʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʢʦʛʥʽʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʈʝʢʣʘʤʥʠʡ ʜʠʟʘʡʥ ʤʘʻ 
ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʘʚʦʚʠʤ ʪʘ ʝʪʠʯʥʠʤ ʥʦʨʤʘʤ: ʜʦʪʨʠʤʘʥʥʷ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ; ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʨʦ ʨʝʢʣʘʤʫ; ʽʥʢʣʶʟʠʚʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʣʶʜʝʡ ʽʟ ʧʦʨʫʰʝʥʥʷʤʠ ʟʦʨʫ. 
ɼʦ ʩʧʝʮʠʬʽʢʠ ʨʝʢʣʘʤʥʦʛʦ ʜʠʟʘʡʥʫ ʚʽʜʥʦʩʷʪʴ ʢʣʶʯʦʚʽ ʧʨʠʥʮʠʧʠ: ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʮʽʣʴʦʚʫ 

ʘʫʜʠʪʦʨʽʶ, ʣʘʢʦʥʽʯʥʽʩʪʴ, ʝʤʦʮʽʡʥʠʡ ʚʧʣʠʚ ʪʘ ʽʻʨʘʨʭʽʷ ʚʽʟʫʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ 
ʨʝʢʣʘʤʥʦʛʦ ʜʠʟʘʡʥʫ ʚʠʤʽʨʶʻʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ: A/B-ʪʝʩʪʫʚʘʥʥʷ ï ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʜʠʟʘʡʥʫ; Heatmaps ï ʘʥʘʣʽʟ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʮʽʥʶʚʘʥʥʷ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ A/B-ʪʝʩʪʫʚʘʥʥʷ ʪʘ eyetracing ʧʝʨʝʪʚʦʨʶʻ ʜʠʟʘʡʥ ʟ ʽʥʪʫʾʪʠʚʥʦʛʦ 

ʤʠʩʪʝʮʪʚʘ ʥʘ ʚʠʤʽʨʶʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʙʽʟʥʝʩʫ. 

ɺʠʩʥʦʚʢʠ ʈʝʢʣʘʤʥʠʡ ʛʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ ʻ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʶ ʩʬʝʨʦʶ, ʱʦ ʧʦʻʜʥʫʻ 
ʝʩʪʝʪʠʢʫ, ʤʘʨʢʝʪʠʥʛ, ʧʩʠʭʦʣʦʛʽʶ ʪʘ ʪʝʭʥʦʣʦʛʽʾ. ʈʝʢʣʘʤʥʠʡ ʜʠʟʘʡʥ ʻ ʩʢʣʘʜʦʚʦʶ ʘʡʜʝʥʪʠʢʠ, 

ʱʦ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʡ ʢʦʤʫʥʽʢʘʮʽʾ ʟʽ ʩʧʦʞʠʚʘʯʝʤ ʪʘ ʟʜʘʪʥʦʩʪʽ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʚʝʜʽʥʢʫ 
ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ. ɿʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʧʩʠʭʦʣʦʛʽʯʥʽ ʪʨʠʛʝʨʠ. 
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ʈʦʣʴ ʚʟʘʻʤʦʜʽʾ ʚʝʨʙʘʣʴʥʦʛʦ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʤʠʩʣʝʥʥʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ 

 

ʉʦʬʽʷ ʉʪʨʝʣʴʮʦʚʘ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ɻʨʘʬʽʯʥʠʡ ʜʠʟʘʡʥ (ɻɼ) ʷʢ ʩʬʝʨʘ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ 

ʨʽʟʥʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʚʝʨʙʘʣʴʥʝ ʪʘ ʚʽʟʫʘʣʴʥʝ 
ʤʠʩʣʝʥʥʷ. ɰʭʥʷ ʚʟʘʻʤʦʜʽʷ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʚʽʟʫʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʟʜʘʪʥʠʭ 
ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʚʠʢʣʠʢʘʪʠ ʝʤʦʮʽʡʥʽ ʨʝʘʢʮʽʾ ʪʘ ʬʦʨʤʫʚʘʪʠ ʮʽʣʽʩʥʝ 
ʧʦʚʽʜʦʤʣʝʥʥʷ. ɺʝʨʙʘʣʴʥʝ ʤʠʩʣʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʣʦʛʽʯʥʠʤ ʦʩʤʠʩʣʝʥʥʷʤ, ʩʪʨʫʢʪʫʨʠʟʘʮʽʻʶ ʪʘ 
ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʜʽ ʷʢ ʚʽʟʫʘʣʴʥʝ ï ʟ ʦʙʨʘʟʥʠʤ ʩʧʨʠʡʥʷʪʪʷʤ, ʘʩʦʮʽʘʮʽʷʤʠ ʪʘ 

ʧʨʦʩʪʦʨʦʚʠʤʠ ʫʷʚʣʝʥʥʷʤʠ. ɼʣʷ ɻɼ ʚʘʞʣʠʚʦʶ ʻ ʾʭʥʷ ʩʠʥʝʨʛʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 
ʟʨʦʟʫʤʽʣʽ, ʝʤʦʮʽʡʥʦ ʥʘʩʠʯʝʥʽ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʚʠʚʘʞʝʥʽ ʧʨʦʜʫʢʪʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 
ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʨʦʣʽ ʮʠʭ ʜʚʦʭ ʪʠʧʽʚ ʤʠʩʣʝʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʽʚ 
ʾʭʥʴʦʛʦ ʚʟʘʻʤʦʜʽʾ ʫ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʚʠʩʚʽʪʣʶʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʛʥʽʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʪʚʦʨʯʽʩʪʶ ʪʘ ʚʽʟʫʘʣʴʥʦʶ ʢʦʤʫʥʽʢʘʮʽʻʶ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʝʨʙʘʣʴʥʝ ʪʘ ʚʽʟʫʘʣʴʥʝ 

ʤʠʩʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʘʭ. ɺʝʨʙʘʣʴʥʝ 

ʤʠʩʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʫ 
ʩʪʨʫʢʪʫʨʫ ʧʨʦʝʢʪʫ. ʅʘ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ ʽʜʝʾ ʜʠʟʘʡʥʝʨ 
ʬʦʨʤʫʣʶʻ ʟʤʽʩʪ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʠʟʥʘʯʘʻ ʢʣʶʯʦʚʽ ʧʦʥʷʪʪʷ, 
ʬʦʨʤʫʻ ʦʧʠʩ ʤʘʡʙʫʪʥʴʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʝʨʙʘʣʴʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ 
ʜʦʧʦʤʘʛʘʶʪʴ ʫʪʦʯʥʠʪʠ ʟʘʚʜʘʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʮʽʣʴʦʚʫ 
ʘʫʜʠʪʦʨʽʶ ʪʘ ʚʠʨʦʙʠʪʠ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʧʮʽʶ. ɺʽʟʫʘʣʴʥʝ 
ʤʠʩʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʘʟʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʝʨʙʘʣʴʥʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʫ ʛʨʘʬʽʯʥʽ ʬʦʨʤʠ. ɺʦʥʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʚʦʨʝʥʥʷ 
ʢʦʤʧʦʟʠʮʽʡ, ʽʢʦʥʦʛʨʘʬʽʾ, ʢʦʣʽʨʥʠʭ ʨʽʰʝʥʴ ʪʘ ʩʠʤʚʦʣʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʧʝʨʝʜʘʪʠ ʟʤʽʩʪ ʯʝʨʝʟ ʚʽʟʫʘʣʴʥʽ 

ʦʙʨʘʟʠ. ʉʘʤʝ ʪʫʪ ʬʦʨʤʫʻʪʴʩʷ ʝʩʪʝʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʪʘ ʝʤʦʮʽʡʥʠʡ ʚʧʣʠʚ. ɹʘʣʘʥʩ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ 
ʪʠʧʘʤʠ ʤʠʩʣʝʥʥʷ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʢʦʤʫʥʽʢʘʮʽʾ. ʅʘʜʤʽʨʥʝ ʜʦʤʽʥʫʚʘʥʥʷ ʚʝʨʙʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʦʩʪʽ ʪʝʢʩʪʦʤ, ʪʦʜʽ ʷʢ ʥʘʜʤʽʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʘʟʥʠʭ ʬʦʨʤ ʤʦʞʝ 
ʩʧʨʠʯʠʥʠʪʠ ʚʪʨʘʪʫ ʟʤʽʩʪʦʚʥʦʩʪʽ. ɻʘʨʤʦʥʽʡʥʝ ʧʦʻʜʥʘʥʥʷ ʩʧʨʠʷʻ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʽʜʪʚʦʨʝʥʥʶ 
ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʠʟʘʡʥʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʩʚʽʜʯʠʣʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ 
ʜʠʟʘʡʥʝʨʩʴʢʽ ʨʽʰʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʩʪʽʡʥʦʛʦ ʜʽʘʣʦʛʫ ʤʽʞ ʚʝʨʙʘʣʴʥʠʤ ʽ ʚʽʟʫʘʣʴʥʠʤ 
ʤʠʩʣʝʥʥʷʤ. ɺʝʨʙʘʣʴʥʽ ʧʦʥʷʪʪʷ ʫʪʦʯʥʶʶʪʴ ʚʽʟʫʘʣʴʥʽ ʦʙʨʘʟʠ, ʘ ʚʽʟʫʘʣʴʥʽ ʘʩʦʮʽʘʮʽʾ ʟʙʘʛʘʯʫʶʪʴ 
ʩʣʦʚʝʩʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʩʧʨʠʷʶʯʠ ʧʦʷʚʽ ʥʦʚʠʭ ʪʚʦʨʯʠʭ ʽʜʝʡ.  

ɺʠʩʥʦʚʦʢ. ɺʟʘʻʤʦʜʽʷ ʚʝʨʙʘʣʴʥʦʛʦ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʤʠʩʣʝʥʥʷ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʫ 
ʩʪʚʦʨʝʥʥʽ ʛʨʘʬʽʯʥʠʭ ʧʨʦʝʢʪʽʚ. ɺʝʨʙʘʣʴʥʝ ʤʠʩʣʝʥʥʷ ʬʦʨʤʫʻ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʦʩʥʦʚʫ, ʩʪʨʫʢʪʫʨʫ ʪʘ 
ʟʤʽʩʪ, ʪʦʜʽ ʷʢ ʚʽʟʫʘʣʴʥʝ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʘʟʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʪʘ ʝʩʪʝʪʠʯʥʝ ʦʬʦʨʤʣʝʥʥʷ. ʉʠʥʝʨʛʽʷ 
ʮʠʭ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʮʽʣʽʩʥʽ, ʣʦʛʽʯʥʽ ʪʘ ʝʤʦʮʽʡʥʦ ʚʠʨʘʟʥʽ ʚʽʟʫʘʣʴʥʽ 
ʢʦʤʫʥʽʢʘʮʽʾ. ɻʘʨʤʦʥʽʡʥʝ ʧʦʻʜʥʘʥʥʷ ʩʣʦʚʝʩʥʠʭ ʽ ʟʦʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ 
ʽʥʬʦʨʤʘʮʽʾ, ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʩʧʨʠʡʥʷʪʪʶ ʪʘ ʜʦʧʦʤʘʛʘʻ ʬʦʨʤʫʚʘʪʠ ʩʪʽʡʢʠʡ ʦʙʨʘʟ ʙʨʝʥʜʫ ʘʙʦ 
ʧʦʚʽʜʦʤʣʝʥʥʷ. ɺʟʘʻʤʦʜʽʷ ʚʝʨʙʘʣʴʥʦʛʦ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʤʠʩʣʝʥʥʷ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ ʪʘ ʩʪʘʥʦʚʠʪʴ 
ʚʘʞʣʠʚʠʡ ʘʩʧʝʢʪ. 
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3. ʈʦʣʴ ʧʩʠʭʦʣʦʛʽʾ ʚ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʧʘʢʦʚʘʥʴ 

 

ʉʦʬʽʷ ʉʪʨʝʣʴʮʦʚʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʨʠʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ ʪʘ ʰʠʨʦʢʠʤ ʚʠʙʦʨʦʤ 

ʪʦʚʘʨʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ 
ʧʘʢʦʚʘʥʴ. ʋʚʘʛʘ ʩʧʦʞʠʚʘʯʘ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʟʫʘʣʴʥʠʭ ʽ ʢʦʛʥʽʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʪʦʤʫ 
ʜʠʟʘʡʥʝʨʠ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠʥʮʠʧʠ ʧʩʠʭʦʣʦʛʽʾ ʩʧʨʠʡʥʷʪʪʷ, ʢʦʣʴʦʨʫ, ʬʦʨʤʠ, ʤʦʪʠʚʘʮʽʾ 
ʪʘ ʧʦʚʝʜʽʥʢʠ ʧʦʢʫʧʮʷ. ɺʠʚʯʝʥʥʷ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʧʘʢʦʚʘʥʥʷ, ʷʢʽ 
ʥʝ ʣʠʰʝ ʽʥʬʦʨʤʫʶʪʴ, ʘ ʡ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʤʦʮʽʡʥʽ ʪʘ ʨʘʮʽʦʥʘʣʴʥʽ ʨʽʰʝʥʥʷ ʩʧʦʞʠʚʘʯʘ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟ ʧʩʠʭʦʣʦʛʽʾ ʩʧʨʠʡʥʷʪʪʷ, ʢʦʣʴʦʨʦʟʥʘʚʩʪʚʘ ʪʘ 
ʤʘʨʢʝʪʠʥʛʫ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʩʠʭʦʣʦʛʽʷ ʢʦʣʴʦʨʫ ʚ ʧʘʢʫʚʘʥʥʽ. ɼʠʟʘʡʥʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʣʽʨ ʷʢ ʦʩʥʦʚʥʠʡ ʝʤʦʮʽʡʥʠʡ ʩʪʠʤʫʣ: ʊʝʧʣʽ ʢʦʣʴʦʨʠ (ʯʝʨʚʦʥʠʡ, ʞʦʚʪʠʡ) ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ, 
ʩʪʠʤʫʣʶʶʪʴ ʘʧʝʪʠʪ, ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʝʥʝʨʛʽʻʶ. ʍʦʣʦʜʥʽ ʢʦʣʴʦʨʠ (ʩʠʥʽʡ, ʟʝʣʝʥʠʡ) ʚʠʢʣʠʢʘʶʪʴ 
ʧʦʯʫʪʪʷ ʜʦʚʽʨʠ, ʩʚʽʞʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ. ʂʦʥʪʨʘʩʪʥʽ ʧʦʻʜʥʘʥʥʷ ʧʽʜʩʠʣʶʶʪʴ ʚʠʜʠʤʽʩʪʴ ʧʨʦʜʫʢʪʫ 
ʥʘ ʧʦʣʠʮʽ. ʂʦʣʽʨ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʚʨʘʞʝʥʥʷ, ʷʢʝ ʟʘ ʧʩʠʭʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟʘ 0,1ï0,3 ʩʝʢʫʥʜʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʰʪʘʣʴʪ-ʧʨʠʥʮʠʧʽʚ. ɻʝʰʪʘʣʴʪ-ʧʩʠʭʦʣʦʛʽʷ ʜʦʧʦʤʘʛʘʻ ʧʽʜʩʠʣʠʪʠ 
ʩʪʨʫʢʪʫʨʥʽʩʪʴ ʪʘ ʣʦʛʽʯʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ. ɿʦʢʨʝʤʘ: ʇʨʠʥʮʠʧ ʬʽʛʫʨʠ ʡ ʬʦʥʫ ï ʯʽʪʢʝ ʚʠʜʽʣʝʥʥʷ 
ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ; ʇʨʠʥʮʠʧ ʙʣʠʟʴʢʦʩʪʽ ï ʛʨʫʧʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʣʦʢʽʚ; ʇʨʠʥʮʠʧ 
ʧʦʜʽʙʥʦʩʪʽ ï ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʚʧʽʟʥʘʚʘʥʦʩʪʽ ʙʨʝʥʜʫ; ʇʨʠʥʮʠʧ ʟʘʚʝʨʰʝʥʦʩʪʽ ï ʬʦʨʤʫʚʘʥʥʷ 
ʮʽʣʽʩʥʦʛʦ ʦʙʨʘʟʫ ʥʘʚʽʪʴ ʟʘ ʤʽʥʽʤʘʣʽʩʪʠʯʥʠʭ ʨʽʰʝʥʴ. 
ʇʩʠʭʦʣʦʛʽʷ ʬʦʨʤʠ ʪʘ ʢʦʤʧʦʟʠʮʽʾ. ʌʦʨʤʘ ʧʘʢʦʚʘʥʥʷ ʪʘ ʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʻ ʝʤʦʮʽʡʥʝ 

ʩʧʨʠʡʥʷʪʪʷ: ʆʢʨʫʛʣʽ ʬʦʨʤʠ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʙʝʟʧʝʢʦʶ, ʤôʷʢʽʩʪʶ, ʜʨʫʞʥʽʩʪʶ. ɻʦʩʪʨʽ ʬʦʨʤʠ ï ʟʽ 
ʩʪʨʦʛʽʩʪʶ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ, ʜʠʥʘʤʽʟʤʦʤ. ʉʠʤʝʪʨʽʷ ʚʠʢʣʠʢʘʻ ʧʦʯʫʪʪʷ ʧʦʨʷʜʢʫ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ. 
ɸʩʠʤʝʪʨʽʷ ʜʦʜʘʻ ʩʫʯʘʩʥʦʩʪʽ ʪʘ ʜʠʥʘʤʽʢʠ. 

ʇʩʠʭʦʣʦʛʽʷ ʪʠʧʦʛʨʘʬʽʢʠ. ʐʨʠʬʪʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʚʽʨʫ ʜʦ ʙʨʝʥʜʫ: ʩʝʨʽʬʥʽ ʰʨʠʬʪʠ 
ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʪʨʘʜʠʮʽʡʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ; sans-serif ï ʽʟ ʩʫʯʘʩʥʽʩʪʶ ʡ ʧʨʦʩʪʦʪʦʶ; ʨʫʢʦʧʠʩʥʽ 
ʰʨʠʬʪʠ ï ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʶ ʪʘ ʝʤʦʮʽʡʥʽʩʪʶ. 
ʇʨʘʚʠʣʴʥʠʡ ʨʦʟʤʽʨ ʽ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʨʫʯʥʽʩʪʴ ʟʯʠʪʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʫʶʪʴ 

ʢʦʛʥʽʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
ɽʤʦʮʽʡʥʠʡ ʙʨʝʥʜʠʥʛ ʪʘ ʪʨʠʛʝʨʠ ʧʦʚʝʜʽʥʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʜʦʟʚʦʣʷʻ 

ʬʦʨʤʫʚʘʪʠ ʝʤʦʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʟʽ ʩʧʦʞʠʚʘʯʝʤ: 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʘʟʽʚ ʣʶʜʝʡ, ʪʚʘʨʠʥ, ʝʣʝʤʝʥʪʽʚ ʧʨʠʨʦʜʠ ʚʠʢʣʠʢʘʻ ʝʤʧʘʪʽʶ ʪʘ ʜʦʚʽʨʫ. 

ʉʦʮʽʘʣʴʥʽ ʪʨʠʛʝʨʠ (ʝʢʦ-ʤʘʨʢʫʚʘʥʥʷ, ñʙʽʦò, ñhandmadeò) ʧʽʜʩʠʣʶʶʪʴ ʙʘʞʘʥʥʷ ʧʽʜʪʨʠʤʘʪʠ 
ñʧʨʘʚʠʣʴʥʠʡò ʚʠʙʽʨ. 
ɺʠʩʥʦʚʦʢ. ɿʥʘʥʥʷ ʧʩʠʭʦʣʦʛʽʾ ʻ ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʨʦʙʦʪʽ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʝʨʘ 

ʧʘʢʦʚʘʥʴ. ʇʨʘʚʠʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʣʴʦʨʫ, ʬʦʨʤʠ, ʢʦʤʧʦʟʠʮʽʾ, ʪʠʧʦʛʨʘʬʽʢʠ ʪʘ ʝʤʦʮʽʡʥʠʭ 
ʩʪʨʘʪʝʛʽʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʚʧʽʟʥʘʚʘʥʽʩʪʴ ʙʨʝʥʜʫ, ʩʬʦʨʤʫʚʘʪʠ ʜʦʚʽʨʫ ʪʘ ʩʪʠʤʫʣʶʚʘʪʠ 
ʧʦʢʫʧʢʫ. ʇʩʠʭʦʣʦʛʽʯʥʦ ʧʨʦʜʫʤʘʥʝ ʧʘʢʦʚʘʥʥʷ ʟʜʘʪʥʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʽʜʩʚʽʜʦʤʽ ʤʝʭʘʥʽʟʤʠ 
ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʤʘʨʢʝʪʠʥʛʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

 

ʃʽʪʝʨʘʪʫʨʘ.  
1. https://eco-science.net/wp-content/uploads/2023/09/09.23._topic_Mykola-M.-Ivanov-Roman-

O.-Filipskyi-57-65.pdf 
2. https://www.arthuss.com.ua/books-blog/pryntsypy-iz-psykholohiyi-yaki-zastosovuyut-v-
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʨʭʝʪʠʧʽʚ ʚ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʬʽʨʤʦʚʦʛʦ ʩʪʠʣʶ 

 

ɭʣʠʟʘʚʝʪʘ ʊʦʢʘʨʝʚʘ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ ʌʽʨʤʦʚʠʡ ʩʪʠʣʴ (ʌʉ)  ̒ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʤʧʘʥʽʾ ʪʘ ʾʾ ʢʦʤʫʥʽʢʘʮʽʾ 
ʟ ʮʽʣʴʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ. ɺʽʥ ʬʦʨʤʫʻ ʮʽʣʽʩʥʠʡ ʦʙʨʘʟ ʙʨʝʥʜʫ, ʩʧʨʠʷʻ ʡʦʛʦ ʚʧʽʟʥʘʚʘʥʦʩʪʽ ʪʘ ʩʪʚʦʨʶʻ 
ʝʤʦʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʟʽ ʩʧʦʞʠʚʘʯʝʤ. ʋ ʩʫʯʘʩʥʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʨʭʝʪʠʧʠ, ʷʢʽ ʤʘʶʪʴ ʛʣʠʙʦʢʝ ʧʩʠʭʦʣʦʛʽʯʥʝ ʧʽʜˇʨʫʥʪʷ ʪʘ ʙʘʟʫʶʪʴʩʷ ʥʘ 
ʢʦʣʝʢʪʠʚʥʦʤʫ ʥʝʩʚʽʜʦʤʦʤʫ ʣʶʜʠʥʠ. ʂʦʥʮʝʧʮʽʷ ʘʨʭʝʪʠʧʽʚ, ʨʦʟʨʦʙʣʝʥʘ ʂ. ʖʥʛʦʤ, ʘʢʪʠʚʥʦ 
ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʨʝʥʜʠʥʛʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʨʦʟʫʤʽʣʠʭ  ̔ ʩʪʘʙʽʣʴʥʠʭ ʦʙʨʘʟʽʚ. ʉʘʤʝ ʪʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʨʭʝʪʠʧʽʚ ʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʬʽʨʤʦʚʦʛʦ ʩʪʠʣʶ  ̒
ʘʢʪʫʘʣʴʥʠʤ  ̔ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʫʱʠʤ. 
ʄʘʪʝʨʽʘʣʠ ̔  ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʫʢʦʚʽ ʧʨʘʮʽ 

ʟ ʘʥʘʣʽʪʠʯʥʦʾ ʧʩʠʭʦʣʦʛʽʾ, ʙʨʝʥʜʠʥʛʫ ʪʘ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʽ ʧʫʙʣʽʢʘʮʽʾ, 
ʧʨʠʩʚʷʯʝʥʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʘʨʭʝʪʠʧʽʚ ʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʷʭ. ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 
ʬʽʨʤʦʚʽ ʩʪʠʣʽ ʚʽʜʦʤʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʯʽʪʢʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʽʚ ʦʙʨʘʟʽʚ. 
ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʠ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʱʦ 
ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪ ̔ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʽʚ ʫ ʚʽʟʫʘʣʴʥʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʨʝʥʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʘʨʭʝʪʠʧʠ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʛʨʘʬʽʯʥʦʤʫ ʜʠʟʘʡʥʽ ʬʽʨʤʦʚʦʛʦ ʩʪʠʣʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʤʦʮʽʡʥʦ ʟʨʦʟʫʤʽʣʦʛʦ 
ʪʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙʨʘʟʫ ʙʨʝʥʜʫ. ʂʦʞʝʥ ʘʨʭʝʪʠʧ ʤʘʻ ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ 
ʢʦʣʽʨʥʫ ʛʘʤʫ, ʬʦʨʤʫ, ʪʠʧʦʛʨʘʬʽʢʫ ʪʘ ʩʪʠʣʽʩʪʠʢʫ ʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʘʨʭʝʪʠʧ ɻʝʨʦʷ 
ʯʘʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʥʘʩʠʯʝʥʽ ʢʦʥʪʨʘʩʪʥʽ ʢʦʣʴʦʨʠ, ʜʠʥʘʤʽʯʥʽ ʬʦʨʤʠ ʪʘ ʩʠʣʴʥʽ ʛʨʘʬʽʯʥʽ 
ʘʢʮʝʥʪʠ, ɦ ʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʜʦʩʷʛʥʝʥʥʷʤ, ʩʠʣʦʶ ʪʘ ʚʧʝʚʥʝʥʽʩʪʶ. 
ɸʨʭʝʪʠʧ ʄʫʜʨʝʮʷ, ʥʘʚʧʘʢʠ, ʟʘʟʚʠʯʘʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʩʪʨʠʤʘʥʠʭ ʢʦʣʴʦʨʘʭ, ʤʽʥʽʤʘʣʽʩʪʠʯʥʽʡ 

ʛʨʘʬʽʮʽ ʪʘ ʢʣʘʩʠʯʥʠʭ h ʨʠʬʪʘʭ, ɦ ʦ ʧʽʜʢʨʝʩʣʶʶʪʴ ̔ ʥʪʝʣʝʢʪ, ʥʘʜʽʡʥʽʩʪʴ ̔  ʧʨʦʬʝʩʽʦʥʘʣʽʟʤ. ɸʨʭʝʪʠʧ 

ʊʫʨʙʦʪʣʠʚʦʛʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʤôʢ̫ ̔ʬʦʨʤʠ, ʪʝʧʣʫ ʢʦʣʴʦʨʦʚʫ ʧʘʣʽʪʨʫ ʪʘ ʜʨʫʞʥʶ ʚʽʟʫʘʣʴʥʫ 
ʤʦʚʫ, ̫ ʢʘ ʚʠʢʣʠʢʘʻ ʚʽʜʯʫʪʪʷ ʙʝʟʧʝʢʠ ʪʘ ʜʦʚʽʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʨʭʝʪʠʧʠ ʜʦʧʦʤʘʛʘʶʪʴ ʜʠʟʘʡʥʝʨʘʤ 
ʬʦʨʤʫʚʘʪʠ ʯʽʪʢʠʡ ʭʘʨʘʢʪʝʨ ʙʨʝʥʜʫ ʪʘ ʫʥʠʢʘʪʠ ʩʫʧʝʨʝʯʣʠʚʠʭ ʚʽʟʫʘʣʴʥʠʭ ʨʽʰʝʥʴ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʽʚ ʫ ʬʽʨʤʦʚʦʤʫ ʩʪʠʣʽ ʪʘʢʦʞ ʩʧʨʠʷʻ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʚʧʽʟʥʘʚʘʥʦʩʪʽ 

ʙʨʝʥʜʫ. ɿʘʚʜʷʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʘʨʭʝʪʠʧʽʯʥʦʛʦ ʦʙʨʘʟʫ ʩʧʦʞʠʚʘʯ ʰʚʠʜʰʝ 
ʽʜʝʥʪʠʬʽʢʫʻ ʢʦʤʧʘʥʽʶ ʩʝʨʝʜ ʢʦʥʢʫʨʝʥʪʽʚ  ̔ʬʦʨʤʫʻ ʝʤʦʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʟ ʥʝʶ. 
ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʨʭʝʪʠʧʠ ʥʝ ʢʦʧʽʶʶʪʴʩʷ ʙʫʢʚʘʣʴʥʦ, ʘ 
ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʫʣʴʪʫʨʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʪʘ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ. 
ɺʠʩʥʦʚʢʠ ʆʪʞʝ, ʘʨʭʝʪʠʧʠ  ̒ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʛʨʘʬʽʯʥʦʤʫ 

ʜʠʟʘʡʥʽ ʬʽʨʤʦʚʦʛʦ ʩʪʠʣʶ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʛʣʠʙʦʢʽ, ʝʤʦʮʽʡʥʦ 
ʟʨʦʟʫʤʽʣʽ ʪʘ ʧʦʩʣʽʜʦʚʥʽ ʦʙʨʘʟʠ ʙʨʝʥʜʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʽʯʥʠʭ ʤʦʜʝʣʝʡ ʩʧʨʠʷʻ 
ʧʽʜʚʠʱʝʥʥʶ ʚʧʽʟʥʘʚʘʥʦʩʪʽ ʢʦʤʧʘʥʽʾ, ʬʦʨʤʫʚʘʥʥʶ ʜʦʚʽʨʠ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʚʽʜʥʦʩʠʥ ʟʽ 
ʩʧʦʞʠʚʘʯʘʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʨʭʝʪʠʧʽʚ ʫ ʜʠʟʘʡʥʽ ʬʽʨʤʦʚʦʛʦ ʩʪʠʣʶ ʧʽʜʪʚʝʨʜʞʫʻ ʪʽʩʥʠʡ ʟʚôʷʟʦʢ 
ʤʽʞ ʧʩʠʭʦʣʦʛʽʻʶ ʪʘ ʚʽʟʫʘʣʴʥʠʤʠ ʢʦʤʫʥʽʢʘʮʽʷʤʠ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 
ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʩʬʝʨʽ.  

ʃʽʪʝʨʘʪʫʨʘ 
ɹʝʟʨʫʯʢʦ ʆ. ɺ. "ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʽʚ ʂ. ɻ. ʖʥʛʘ ʚ ʩʫʯʘʩʥʠʭ ʚʽʟʫʘʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʷʭ"  

https://journ.knu.ua/nauka1/wp-content/uploads/2025/12/Materialy_Konferentsii.pdf 

https://journ.knu.ua/nauka1/wp-content/uploads/2025/12/Materialy_Konferentsii.pdf
https://journ.knu.ua/nauka1/wp-content/uploads/2025/12/Materialy_Konferentsii.pdf
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ʇʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʤʘʥʽʧʫʣʶʚʘʥʥʷ, ʝʤʦʮʽʡʥʠʡ ʜʠʟʘʡʥ, ʝʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ 

 

ɺʣʘʜʠʩʣʘʚ ʊʠʤʽʥʩʴʢʠʡ, ʉʝʨʛʽʡ ʂʘʜʦʤʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ: ʇʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʩʚʽʜʦʤʽʩʪʶ ʪʘ ʾʭ ʨʦʣʴ ʫ ɻɼ. ɽʤʦʮʽʡʥʠʡ 

ʜʠʟʘʡʥ. ɽʪʠʯʥʽ, ʨʝʣʽʛʽʡʥʽ, ʢʫʣʴʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʨʦʟʢʨʠʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʝʪʠʯʥʠʤ ʧʝʨʝʢʦʥʘʥʥʷʤ ʪʘ ʤʘʥʽʧʫʣʷʮʽʻʶ, 
ʧʦʢʘʟʘʪʠ, ʷʢ ʝʤʦʮʽʡʥʠʡ ʜʠʟʘʡʥ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʡ ʜʝ ʧʨʦʭʦʜʠʪʴ ʤʝʞʘ 

ʜʦʧʫʩʪʠʤʦʛʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ɽʤʦʮʽʡʥʠʡ ʜʠʟʘʡʥ ʦʧʠʩʫʻ, ʷʢ ʚʽʟʫʘʣʴʥʽ ʡ ʽʥʪʝʨʘʢʪʠʚʥʽ 

ʨʽʰʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʝʤʦʮʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝ, ʣʶʙʠʤʦ ʤʠ ʧʨʦʜʫʢʪ ʯʠ ʫʥʠʢʘʻʤʦ 

ʡʦʛʦ. ɼʦʥ ʅʦʨʤʘʥ ʚʠʜʽʣʷʻ ʪʨʠ ʨʽʚʥʽ ʝʤʦʮʽʡʥʦʛʦ ʜʠʟʘʡʥʫ: ʚʽʩʮʝʨʘʣʴʥʠʡ (ʧʝʨʰʝ ʯʫʪʪʻʚʝ 

ʚʨʘʞʝʥʥʷ), ʧʦʚʝʜʽʥʢʦʚʠʡ (ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ) ʪʘ ʨʝʬʣʝʢʩʠʚʥʠʡ (ʜʦʚʛʦʩʪʨʦʢʦʚʝ 

ʩʪʘʚʣʝʥʥʷ ʡ ʩʤʠʩʣʠ ʙʨʝʥʜʫ). ɻʘʨʥʠʡ ʝʤʦʮʽʡʥʠʡ ʜʠʟʘʡʥ ʫʟʛʦʜʞʫʻ ʮʽ ʪʨʠ ʨʽʚʥʽ: 

ʽʥʪʝʨʬʝʡʩ ʧʨʠʻʤʥʠʡ ʚʽʟʫʘʣʴʥʦ, ʟʨʫʯʥʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʡ ʨʝʟʦʥʫʻ ʟ ʮʽʥʥʦʩʪʷʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʋ ʧʨʘʢʪʠʮʽ ɻɼ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʝʪʠʯʥʽ ʧʨʠʡʦʤʠ ʚʧʣʠʚʫ, ʪʘʢ ʽ ʤʘʥʽʧʫʣʷʪʠʚʥʽ. 

ʇʨʠʢʣʘʜʠ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ: 

ǒ ʉʦʮʽʘʣʴʥʠʡ ʜʦʢʘʟ (ʚʽʜʛʫʢʠ, ʙʝʡʜʞʽ, ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ) ï ʧʽʜʩʠʣʶʻ ʜʦʚʽʨʫ, 

ʘʣʝ ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʤʘʥʽʧʫʣʷʮʽʶ ʧʨʠ ʬʝʡʢʦʚʠʭ ʜʘʥʠʭ. 

ǒ ɼʝʬʽʮʠʪ ʽ ʪʝʨʤʽʥʦʚʽʩʪʴ (ʣʽʯʠʣʴʥʠʢʠ ʯʘʩʫ, ʦʙʤʝʞʝʥʽ ʧʨʦʧʦʟʠʮʽʾ) ï ʩʪʠʤʫʣʶʶʪʴ 

ʜʽʶ, ʘʣʝ ʧʨʠ ʬʘʣʴʰʠʚʦʩʪʽ ʩʪʚʦʨʶʶʪʴ ʥʝʜʦʚʽʨʫ. 

ǒ ʌʨʝʡʤʽʥʛ ʽ ʚʽʟʫʘʣʴʥʘ ʽʻʨʘʨʭʽʷ ï ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘʢ, ʱʦʙ çʧʨʘʚʠʣʴʥʠʡè 

ʚʠʙʽʨ ʟʜʘʚʘʚʩʷ ʧʨʠʨʦʜʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʚʠʜʽʣʝʥʥʷ ʜʦʨʦʞʯʦʛʦ, ʘʣʝ ʙʽʣʴʰ 

ʚʠʛʽʜʥʦʛʦ ʪʘʨʠʬʫ. 

ʆʢʨʝʤʦ ʚʠʜʽʣʷʶʪʴ dark patterns ï ʽʥʪʝʨʬʝʡʩʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʥʘʚʤʠʩʥʝ ʟʤʫʰʫʶʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ ʨʦʙʠʪʠ ʪʝ, ʯʦʛʦ ʚʽʥ ʥʝ ʧʣʘʥʫʚʘʚ (ʧʽʜʧʠʩʢʘ çʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤè, ʧʨʠʭʦʚʘʥʽ 

ʯʝʢʙʦʢʩʠ, çroach motelè, ʟ ʷʢʦʛʦ ʚʘʞʢʦ ʚʠʡʪʠ). ʊʘʢʽ ʧʘʪʝʨʥʠ ʩʫʧʝʨʝʯʘʪʴ ʨʦʣʽ ʜʠʟʘʡʥʝʨʘ 

ʷʢ ʟʘʭʠʩʥʠʢʘ ʽʥʪʝʨʝʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʡ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʩʪʘʶʪʴ ʧʨʝʜʤʝʪʦʤ ʝʪʠʯʥʦʾ ʡ 

ʶʨʠʜʠʯʥʦʾ ʢʨʠʪʠʢʠ. ɼʣʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʜʠʟʘʡʥʝʨʘ ʚʘʞʣʠʚʦ ʨʦʟʨʽʟʥʷʪʠ: ʜʝ ʟʘʢʽʥʯʫʻʪʴʩʷ 

ʜʦʧʦʤʦʛʘ ʢʦʨʠʩʪʫʚʘʯʫ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʤʘʥʽʧʫʣʷʮʽʷ ʧʨʦʪʠ ʡʦʛʦ 

ʽʥʪʝʨʝʩʽʚ.  

 
ʈʝʢʣʘʤʥʠʡ ʙʘʥʝʨ ʷʢʠʡ ʤʘʩʢʫʻʪʴʩʷ ʧʽʜ ʩʠʩʪʝʤʥʝ ʩʧʦʚʽʱʝʥʥʷ ʙʨʘʫʟʝʨʘ 

ʃʽʪʝʨʘʪʫʨʘ: 

https://www.interaction-design.org/literature/topics/emotional-

https://darkpatterns.uxp2.com 

https://careerfoundry.com/blog/ux-design/dark-patterns-ux/ 

https://www.interaction-design.org/literature/topics/emotional-design
https://www.interaction-design.org/literature/topics/emotional-design
https://darkpatterns.uxp2.com/
https://careerfoundry.com/blog/ux-design/dark-patterns-ux/
https://careerfoundry.com/blog/ux-design/dark-patterns-ux/
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ʆʩʦʙʣʠʚʦʩʪʽ ʜʠʟʘʡʥʫ web ʩʪʦʨʽʥʦʢ 

 

ɺʣʘʜʠʩʣʘʚ ʊʠʤʽʥʩʴʢʠʡ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ʂʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘ ʩʪʘʣʘ ʙʘʟʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʝʨʘ: ʚʽʜ ʧʽʜʛʦʪʦʚʢʠ 

ʜʨʫʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʘʢʫʚʘʥʥʷ ʜʦ ʨʦʟʨʦʙʢʠ ʮʠʬʨʦʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʽ ʚʝʙ ʩʪʦʨʽʥʦʢ. ɺʝʢʪʦʨʥʽ 
ʨʝʜʘʢʪʦʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽʩʪʴ ʬʦʨʤʠ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʨʦʙʦʪʫ ʟ ʬʽʨʤʦʚʠʤ ʩʪʠʣʝʤ, ʪʦʜʽ ʷʢ 
ʨʘʩʪʨʦʚʽ ʨʝʜʘʢʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʙʦʪʠ ʟ ʬʦʪʦʛʨʘʬʽʻʶ, ʪʝʢʩʪʫʨʘʤʠ ʡ ʩʢʣʘʜʥʠʤʠ 
ʝʬʝʢʪʘʤʠ. ʂʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʻ ʨʦʟʫʤʽʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʽʚ (RGB/CMYK), ʪʠʧʽʚ 
ʛʨʘʬʽʢʠ (ʚʝʢʪʦʨ/ʨʘʩʪʨ), ʬʦʨʤʘʪʽʚ ʬʘʡʣʽʚ (SVG, PNG, JPG, PDF) ʪʘ ʢʦʨʝʢʪʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʤʘʢʝʪʽʚ 
ʜʣʷ ʜʨʫʢʫ ʡ ʝʢʨʘʥʘ. 
ʋ ʚʝʙ ʜʠʟʘʡʥʽ ʫʤʦʚʥʦ ʨʦʟʨʽʟʥʷʶʪʴ UX (ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ) ʪʘ UI (ʚʽʟʫʘʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ): 

UX ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʣʦʛʽʢʫ ʩʮʝʥʘʨʽʾʚ, ʩʪʨʫʢʪʫʨʫ ʡ ʟʨʫʯʥʽʩʪʴ, UI ï ʟʘ ʚʠʛʣʷʜ, ʚʽʟʫʘʣʴʥʫ ʽʻʨʘʨʭʽʶ ʪʘ 
ʚʟʘʻʤʦʜʽʶ ʟ ʝʣʝʤʝʥʪʘʤʠ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʚʠʤʘʛʘʶʪʴ, ʱʦʙ UX ʪʘ UI ʨʦʟʛʣʷʜʘʣʠʩʷ ʨʘʟʦʤ ʷʢ 
ʯʘʩʪʠʥʠ ʻʜʠʥʦʾ ʜʠʟʘʡʥ ʩʠʩʪʝʤʠ ʧʨʦʜʫʢʪʫ.  
ɹʘʟʦʚʽ ʧʨʠʥʮʠʧʠ UX/UI ʜʣʷ ʚʝʙ ʩʪʦʨʽʥʦʢ: 

- ʆʨʽʻʥʪʘʮʽʷ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ: ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ ʽ ʢʦʥʪʝʢʩʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʥʝ 
ʚʽʜ çʢʨʘʩʠʚʦʾ ʢʘʨʪʠʥʢʠè. 
- ʏʽʪʢʽʩʪʴ ʽ ʧʨʦʩʪʦʪʘ: ʤʽʥʽʤʽʟʘʮʽʷ ʟʘʡʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʽʡ, ʟʨʦʟʫʤʽʣʽ ʥʘʧʠʩʠ ʥʘ ʢʥʦʧʢʘʭ, 
ʧʝʨʝʜʙʘʯʫʚʘʥʘ ʧʦʚʝʜʽʥʢʘ ʝʣʝʤʝʥʪʽʚ. 
- ʇʦʩʣʽʜʦʚʥʽʩʪʴ: ʦʜʥʘʢʦʚʽ ʧʘʪʝʨʥʠ, ʩʽʪʢʘ, ʩʪʠʣʽ ʢʥʦʧʦʢ ʽ ʪʠʧʦʛʨʘʬʽʢʘ ʥʘ ʚʩʽʭ ʝʢʨʘʥʘʭ, ʱʦ 
ʟʥʠʞʫʻ ʢʦʛʥʽʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
- ɿʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ: ʭʦʚʝʨʠ (ʟʤʽʥʘ ʩʪʘʥʫ ʧʨʠ ʥʘʚʝʜʝʥʥʽ ʢʫʨʩʦʨʫ), ʩʪʘʥʠ ʥʘʪʠʩʢʘʥʥʷ, ʣʦʘʜʝʨʠ 
ʪʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʠ/ʫʩʧʽʭ ʜʽʡ. 
- ɼʦʩʪʫʧʥʽʩʪʴ: ʢʦʥʪʨʘʩʪʥʽʩʪʴ, ʯʠʪʘʙʝʣʴʥʽ ʰʨʠʬʪʠ, ʢʦʨʝʢʪʥʘ ʨʦʙʦʪʘ ʟ ʢʣʘʚʽʘʪʫʨʦʶ, ʘʜʘʧʪʘʮʽʷ 
ʜʣʷ ʣʶʜʝʡ ʟ ʨʽʟʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

        
ɺʠʛʣʷʜ ʜʠʟʘʡʥ ʩʠʩʪʝʤʠ (UI-kit) ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʩʪʦʛʦ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ 

ɼʠʟʘʡʥ ʚʝʙ ʩʪʦʨʽʥʦʢ ʩʴʦʛʦʜʥʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʜʘʧʪʠʚʥʦʩʪʽ: ʤʘʢʝʪ ʤʘʻ ʢʦʨʝʢʪʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘ 
ʨʽʟʥʠʭ ʜʝʩʢʪʦʧʘʭ, ʟʙʝʨʽʛʘʶʯʠ ʣʦʛʽʢʫ ʽʻʨʘʨʭʽʾ ʪʘ ʟʨʫʯʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ. ɺʘʞʣʠʚʠʤʠ ʻ ʧʦʙʫʜʦʚʘ 
ʩʽʪʢʠ, ʚʠʜʠʤʠʡ ʚʽʟʫʘʣʴʥʠʡ ʤʘʨʰʨʫʪ ʜʣʷ ʦʢʘ (ʚʽʜ ʟʘʛʦʣʦʚʢʘ ʜʦ CTA), ʦʧʪʠʤʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ 
ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʩʪʦʪʘ ʩʪʨʫʢʪʫʨʠ ʢʦʥʪʝʥʪʫ. 
ɸʢʪʫʘʣʴʥʽ ʚʽʟʫʘʣʴʥʽ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ: 
- ʄʽʥʽʤʘʣʽʟʤ ʽ ʚʝʣʠʢʘ ʪʠʧʦʛʨʘʬʽʢʘ ï ʯʠʩʪʽ ʽʥʪʝʨʬʝʡʩʠ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʪʝʢʩʪʽ ʪʘ ʛʦʣʦʚʥʽʡ ʜʽʾ 
ʢʦʨʠʩʪʫʚʘʯʘ. 
- Dark mode ʪʘ ʚʠʩʦʢʠʡ ʢʦʥʪʨʘʩʪ ï ʷʢ ʚʽʜʧʦʚʽʜʴ ʥʘ ʥʽʯʥʠʡ ʩʮʝʥʘʨʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡ ʚʽʟʫʘʣʴʥʫ 
ʚʪʦʤʣʶʚʘʥʽʩʪʴ. 
- ʄʽʢʨʦʚʟʘʻʤʦʜʽʾ ʪʘ ʧʣʘʚʥʘ ʘʥʽʤʘʮʽʷ ï ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʢʥʦʧʦʢ, ʘʥʽʤʦʚʘʥʽ ʧʝʨʝʭʦʜʠ, ʩʪʘʥʠ ʧʦʣʽʚ, 
ʷʢʽ ʧʽʜʢʘʟʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ. 
- ʂʘʨʪʦʯʥʽ/ñbentoò ʤʘʢʝʪʠ, 3D ʝʣʝʤʝʥʪʠ ʡ ʽʣʶʩʪʨʘʮʽʾ ï ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʢʦʥʪʝʥʪ ʽʟ 
ʚʽʟʫʘʣʴʥʠʤʠ çʷʢʦʨʷʤʠè ʜʣʷ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʙʨʝʥʜʫ. 
- ɯʥʢʣʶʟʠʚʥʠʡ ʽ ʝʪʠʯʥʠʡ ʜʠʟʘʡʥ ï ʫʚʘʛʘ ʜʦ ʨʽʟʥʠʭ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʫʥʠʢʥʝʥʥʷ 
ʤʘʥʽʧʫʣʷʪʠʚʥʠʭ ʧʘʪʝʨʥʽʚ (dark patterns), ʧʨʦʟʦʨʽʩʪʴ ʱʦʜʦ ʟʙʦʨʫ ʜʘʥʠʭ. 
 
ʃʽʪʝʨʘʪʫʨʘ. 

1. https://www.figma.com/resource-library/design-basics/ 
2. https://blog.hubspot.com/marketing/web-design-trends-2017 
3. https://www.hostinger.com/tutorials/web-design-trends 

  

https://www.figma.com/resource-library/design-basics/
https://blog.hubspot.com/marketing/web-design-trends-2017
https://www.hostinger.com/tutorials/web-design-trends
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Edible Materials for Rapid Prototyping of Soft Robotic Grippers 
 

Oleh Chentsov, Mykola Yakymchuk 

National University of Food Technologies, Kyiv, Ukraine 
 

Introduction. The increasing demand for manipulators and grippers capable of safely 

interacting with delicate objects and enabling humanïrobot collaboration has brought soft 

robotics to the forefront as a cost-effective and versatile solution. However, the design of 

such systems is hindered by the complexity of modeling hyperelastic materials, which 
necessitates extensive physical testing through models for functionality verification. This 

significantly prolongs the research and development cycle due to the intrinsic properties of 

commonly used materials. 

An analysis of scientific literature, patents, and existing engineering solutions reveals a 

clear need to accelerate the stage of creating models for functionality verification in the 

development of soft robotic grippers. In this work, a technical approach is proposed that 

replaces conventional silicones characterized by long curing times with a gelatinïglycerin 

composite exhibiting similar mechanical properties in its solidified state. 

Materials and methods. The aim of this study was to investigate the mechanical 

properties, formulation, and processing characteristics of a gelatin-based composite material, 

as well as to compare it with conventional silicone rubbers. Additionally, the suitability of 

the material for creating models for functionality verification of soft robotic gripper 
components was evaluated. 

Results and discussion. Castable silicone materials are typically available in two main 

types: platinum-cured and tin-cured systems. Despite differences in mechanical performance, 

both types share several drawbacks, including long curing times, high cost, and the inability 

to repair cured parts. These limitations complicate and slow down the fabrication of models 

for functionality verification of soft grippers. 

In the field of bionics and soft robotics, the development and analysis of compliant 

gripping systems require the creation of models for functionality verification to evaluate 

deformation, adaptability, and interaction with delicate objects, adaptability, and interaction 

with delicate objects. However, conventional materials significantly limit the speed of such 

iterative design processes. 
A method for significantly reducing the time required for modeling and fabrication of 

such models for functionality verification was developed and experimentally validated. 

As an alternative to traditional materials, the following method is proposed: the use of a 

gelatin/glycerin/water composite with adjustable component ratios. The resulting material 

demonstrates mechanical behavior comparable to that of castable silicones. Its key 

advantages include near-instantaneous curing (within minutes), remeltability and reusability 

of failed or defective models for functionality verification, low cost, wide availability of 

components, and full biodegradability. 

Experimental results showed that the mechanical properties of the composite can be 

tuned over a broad range depending on composition: Youngôs modulus (E) from 

approximately 0.05 to 2 MPa, tensile strength from 0.1 to 1 MPa, and elongation at break 
from 50% to 400%. Increasing glycerin content reduces stiffness and strength while 

increasing elasticity, whereas increasing gelatin concentration leads to higher stiffness and 

strength but lower extensibility. 

The relationships between composition and mechanical properties are illustrated in 

Fig. 1, including dependencies of Youngôs modulus, elongation, and hardness (Shore scale) 

on glycerin content. The material behavior can be approximated by the generalized model: 
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where E is the elastic modulus, C_gelatin is the mass fraction of gelatin (0ï1), C_glycerin is 

the glycerin fraction, k is an empirical coefficient dependent on gelatin type, water content, 

and temperature, and Ŭ å 1ï2 characterizes the softening effect of glycerin. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Examples of casting molds and finished products 

 

The presented data enable the selection of composite formulations corresponding to specific 

silicone properties. However, certain limitations must be considered, including limited service life 

due to drying, the need for controlled degassing to avoid premature solidification, and sensitivity 

to environmental conditions. At the same time, damaged parts can be repaired through localized 

heating, which is not possible with conventional silicones. 
Conclusions. The proposed technology for manufacturing elements of soft robotic grippers 

intended for determining functional characteristics has been validated through a series of 
experiments and demonstrated practical feasibility and reliability. 

The developed material is a three-component composite (gelatin, glycerin, and water), where 
variation of component ratios enables tuning of mechanical properties over a wide range 

comparable to castable silicones. 
The approach significantly reduces fabrication time of elastic components (shells, 

membranes, and structures of various geometries) from tens of hours to minutes, making it highly 
suitable for iterative development and early-stage design. 

The methodology enables rapid creation of models for functionality verification with low 
cost, reusability, and biodegradability; however, it is primarily suitable for short-term testing due 

to material dehydration over time. 

References. 
1. Sardesai, A.N., Segel, X.M., Baumholtz, M.N. et al. Design and Characterization of Edible 

Soft Robotic Candy Actuators. MRS Advances 3, 3003ï3009 (2018). 
https://doi.org/10.1557/adv.2018.557  

2. Shintake, Jun & Sonar, Harshal & Piskarev, Yegor & Paik, Jamie & Floreano, Dario. (2017). 
Soft pneumatic gelatin actuator for edible robotics. 6221-6226. 10.1109/IROS.2017.8206525 
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Engineering approaches to beer clarification in industrial production using hermetic 

disc-stack separators 

Serhii Hrybkovĭ, Vitalii Okolitaĭ, Valentyn Olishevskyiĭ, Yevhen Babkoĭ 

ĭNational University of Food Technologies, Kyiv, Ukraine 

Introduction.  Beer clarification is a critical stage of industrial brewing because the final 

product quality depends on the efficient removal of yeast and colloidal particles while 

preserving flavor stability. One of the main engineering problems of this stage is the increase 

in dissolved oxygen during separation. 

Materials and methods. The study generalized technological and design factors 

influencing oxygen pickup during beer clarification in hermetic disc-stack separators. The 

engineering analysis included the product inlet and outlet arrangement, pressure conditions 

in the separator circuit, pre-filling procedures, inert gas application, and sealing design of the 

rotating bowl. 

Results and discussion. It was established that traditional open or semi-hermetic 

separators cannot provide a stable barrier against product aeration during flow and pressure 

fluctuations. Even a dissolved oxygen increase of 10ï20 ppb during clarification negatively 

affects beer flavor, foam stability, and shelf life. The most effective engineering solutions for 

industrial beer production include: hermetic bottom feed and axial discharge of product 

without contact with air; maintenance of excess CO /N  pressure within 0.3ï0.7 bar in the 

entire circuit; preliminary filling of the bowl and pipelines with deaerated water or beer 
before start-up; inert gas purging of the system; application of a hermetic mechanical seal in 

the bowl assembly; and reduction of the hydraulic yeast discharge cycle duration. 

 
 Fig. 1. Disc-stack separator                       Fig. 2. Outlet mechanical seal 

The combined implementation of these measures makes it possible to reduce oxygen 

pickup, improve process stability, and increase the microbiological safety of clarified beer. 

Conclusions. The key factors affecting beer aeration during centrifugal clarification in 

industrial production were identified. The proposed engineering solutions for hermetic disc-

stack separators can be recommended for reducing dissolved oxygen increase and 
improving the quality stability of clarified beer. 
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The effectiveness of using decanter centrifuges for resource conservation and waste 

disposal in the brewery 

Vitalii Okolitaĭ, Valentyn Olishevskyiĭ, Yevhen Babkoĭ 

ĭNational University of Food Technologies, Kyiv, Ukraine 

Introduction.  Effective waste management is a critical factor in reducing the operational 

costs of a brewery. In the modern brewing industry, the continuous optimization of 

production lines is driven by the simultaneous need to maximize extract yield and adhere to 

increasingly strict environmental regulations. Modern production requires the 
implementation of separation equipment that offers significant advantages in terms of quality 

and environmental requirements. Traditional separation methods, such as gravity settling in 

sedimentation tanks or standard filtration, often struggle with highly viscous mixtures or 

streams with a high concentration of suspended solids, leading to substantial product losses 

and excessive waste generation. 

One of the most promising solutions for such complex multiphase tasks is the use of 

decanter centrifuges (Fig. 1), which demonstrate high efficiency in mechanical dewatering 

processes. By utilizing high centrifugal forces (often exceeding 3000-4000 x g), decanters 

accelerate the sedimentation process, allowing for continuous, high-volume processing of 

heterogeneous mixtures that would otherwise be difficult or impossible to separate efficiently 

using conventional filtration technologies. 

 
Fig. 1. Scientific illustration of the operating principle of a horizontal scroll 

centrifuge (decanter) for the food industry, demonstrating the separation of a 

suspension into a clarified liquid (Centrate) and a dewatered solid (Cake) phase 
Materi als and methods. The performance of decanter centrifuges in brewing 

applications depends on the physical and rheological properties of the processed media, 

primarily the density difference between the liquid and solid phases, particle size distribution, 

and dynamic viscosity. The decanter consists of a rotating cylindrical-conical bowl and an 

internal scroll conveyor operating at a slight differential speed. This differential velocity 

allows for the continuous transport and discharge of the settled solids (cake) while the 

clarified liquid (centrate) overflows through adjustable weir plates. 

Traditionally, after the boiling stage, the wort is clarified in a hydrocyclone apparatus 

(whirlpool), where a hot protein-hop sediment (trub) is formed, containing a significant 

amount of the target product. The trub forms a compact cone at the bottom of the whirlpool, 

but its matrix retains up to 80% liquid wort. The application of a decanter centrifuge allows 

for the efficient separation and return of this wort to the production cycle of the same brew. 
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The decanter applies high shear and centrifugal forces to squeeze the liquid out of the protein-

hop matrix. The use of a decanter at this stage saves between 5% and 7% of the wort, ensuring 

a rapid return on investment (in less than 2 years). 

Furthermore, the fermentation process is accompanied by the formation of yeast mass, 

which contains a considerable amount of marketable beer. Processing tank bottoms presents 

a significant challenge due to the shear-sensitive nature of yeast cells and the high risk of 

oxygen pick-up. Decanter centrifuges are often the best solution for separating this beer from 

the yeast. In this regard, preventing product oxidation is critically important, as oxygen 
triggers the formation mechanisms of "stale" flavors. Specifically, the introduction of oxygen 

accelerates the degradation of iso-alpha acids and promotes the formation of Strecker 

aldehydes and trans-2-nonenal, which irreversibly damage the beer's colloidal and flavor 

stability. Modern decanter models are equipped with special hermetic seals and carbon 

dioxide purge systems that minimize the product's contact with oxygen. This allows the 

recovered beer to be returned to the process (usually directly into the maturation tank or 

before final filtration) without compromising its quality characteristics. 

Results. Decanters effectively solve the problem of utilizing specific brewery wastes: 

Brewer's spent grain: Centrifuging wet spent grain after the mash filter or lauter tun 

allows for the removal of excess moisture. The resulting product has a high dry matter content 

and can be sold as animal feed or used as biofuel. 

Spent yeast: Since it contains significant volumes of liquid, decanters are an ideal 
solution for moisture removal, providing an extremely dry cake and reducing the enterprise's 

logistical costs. 

Kieselguhr slurry: Thanks to special abrasive wear protection, decanters effectively 

dewater spent kieselguhr (diatomaceous earth), which greatly facilitates its disposal. 

Additionally, decanters can be used to thicken surplus activated sludge from biological 

treatment systems prior to its disposal. This allows for an effective reduction of the biological 

oxygen demand (BOD) in the effluents discharged to wastewater treatment plants. 

Conclusions. The use of decanter centrifuges is one of the most effective approaches to 

increasing the economic efficiency of brewing production. By transitioning from batch-based 

or gravity-dependent separation methods to high-performance, continuous centrifugal 

technology, modern breweries can achieve significant improvements in their resource 
utilization. They provide a comprehensive result: optimizing internal plant waste logistics by 

transforming liquid sludges into easily transportable dry solids, reducing the environmental 

footprint through lower water consumption and wastewater load, and allowing the target 

product (wort and beer) to be returned to the production cycle with minimal risks of quality 

loss. Ultimately, the implementation of decanter centrifuges supports the transition toward a 

circular economy within the brewing industry, ensuring long-term sustainability and 

profitability. 
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ʉʠʥʪʝʟ ʘʣʛʦʨʠʪʤʫ ʧʦʟʠʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʝʭʘʪʨʦʥʥʦʛʦ 

ʤʦʜʫʣʷ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʨʠʚʦʜʦʤ ʤʫʩʢʫʣʴʥʦʛʦ ʪʠʧʫ ʜʣʷ ʧʘʢʫʚʘʥʥʷ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

 

ʗʨʦʩʣʘʚ ɺʦʡʪʶʢ, ʄʠʢʦʣʘ ʗʢʠʤʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʥʝʚʤʘʪʠʯʥ ̔ ʧʨʠʚʦʜʠ ʤʫʩʢʫʣʴʥʦʛʦ ʪʠʧʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʫʪʪʻʚʦʶ 
ʥʝʣʽʥʽʡʥʽʩʪʶ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʜʦʩʷʛʥʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʷʭ 

ʧʘʢʫʚʘʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʫ ʧʦʟʠʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʟ ʧʥʝʚʤʦʤʫʩʢʫʣʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʯʘʩʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʝʭʘʪʨʦʥʥʠʡ 

ʤʦʜʫʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ (ʨʠʩ. 1), ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʜʘʚʘʥʥʷ 

ʫʧʘʢʦʚʦʢ ʤʽʞ ʨʽʚʥʷʤʠ ʢʦʥʚʝʻʨʥʦʾ ʣʽʥʽʾ ð ʟʦʢʨʝʤʘ ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʧʽʜ 

ʫʢʣʘʜʘʣʴʥʠʡ ʘʙʦ ʢʨʠʰʢʦʟʘʢʨʫʪʥʠʡ ʚʫʟʦʣ.  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ 

ʥʘ ʦʩʥʦʚʽ ʘʥʪʘʛʦʥʽʩʪʠʯʥʦʾ ʧʘʨʠ ʧʥʝʚʤʦʤʫʩʢʫʣʽʚ, ʜʝ 1 ï ʥʝʨʫʭʦʤʘ ʨʘʤʘ; 2 ï 

ʧʥʝʚʤʦʤʫʩʢʫʣʠ ʪʠʧʫ McKibben;  3 ï ʨʫʭʦʤʘ ʧʣʘʪʬʦʨʤʘ; 4 ï ʟ'ʻʜʥʫʚʘʣʴʥʠʡ 

ʝʣʝʤʝʥʪ; 5 ï ʫʧʘʢʦʚʢʘ; 6 ï ʥʘʧʨʷʤʥʘ ʩʪʽʡʢʘ;  

ʄʦʜʫʣʴ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʘʥʪʘʛʦʥʽʩʪʠʯʥʦʾ ʧʘʨʠ ʧʥʝʚʤʦʤʫʩʢʫʣʽʚ ʪʠʧʫ 

McKibben: ʚʝʨʭʥʽʡ ʤʫʩʢʫʣ (ʪʠʩʢ p) ʪʷʛʥʝ ʨʫʭʦʤʫ ʧʣʘʪʬʦʨʤʫ ʚʛʦʨʫ, ʥʠʞʥʽʡ (ʪʠʩʢ p ) ð 

ʧʦʚʝʨʪʘʻ ʾʾ ʫ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ. ʇʣʘʪʬʦʨʤʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʥʠʭ ʩʪʽʡʦʢ, ʫʪʨʠʤʫʶʯʠ ʫʧʘʢʦʚʢʫ ʧʽʜ ʯʘʩ ʧʽʜʡʦʤʫ. ʂʝʨʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʪʠʩʢʽʚ p ʪʘ p , ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʦʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ʥʘ ʟʘʜʘʥʽʡ ʚʠʩʦʪʽ x ʫ 
ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ 2ï5 ʙʘʨ. ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʣʠ ʧʥʝʚʤʦʤʫʩʢʫʣʘ ʦʧʠʩʘʥʦ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ [1]: 
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Ὂὴȟ‐ ὥὴ ὦ ‐ ὥὴ ὦ ‐ ὥὴ ὦ  

ʜʝ p ð ʪʠʩʢ [ʄʇʘ]; Ů = ȹL/L ð ʚʽʜʥʦʩʥʝ ʩʢʦʨʦʯʝʥʥʷ; a ..b ð ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʜʝʣʽ. ɼʣʷ ʩʠʥʪʝʟʫ ʨʝʛʫʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʘʥʦ ʣʽʥʝʘʨʠʟʦʚʘʥʫ ʧʝʨʝʜʘʪʥʫ 

ʬʫʥʢʮʽʶ ʩʠʩʪʝʤʠ ʥʘʚʢʦʣʦ ʨʦʙʦʯʦʾ ʪʦʯʢʠ (p = 3,5 ʙʘʨ, Ů = 0,12):  

ὡ ί
ὑ

Ὕί ς‚Ὕίρ
 

ʜʝ K = 2,3 ʤʤ/ɺ; T = 0,08 ʩ; ɝ = 0,45 ð ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʧʦʻʜʥʫʻ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʽʟ ʥʝʣʽʥʽʡʥʦʶ ʢʦʤʧʝʥʩʘʮʽʻʶ ʟʘ ʤʦʜʝʣʣʶ 

(ʧʨʷʤʠʤ ʢʝʨʫʚʘʥʥʷʤ): 

όὸ ὑὩὸ ὑ Ὡ᷿†Ὠ†ὑ
ὨὩ

Ὠὸ
ό ὼȟὼ  

ʜʝ e(t) = xd ī x ð ʧʦʭʠʙʢʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ; u_ff ð ʩʠʛʥʘʣ ʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʙʝʨʥʝʥʦʾ ʤʦʜʝʣʽ ʧʥʝʚʤʦʤʫʩʢʫʣʘ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB/Simulink,  ɦ ʦ ʚʢʣʶʯʘʻ 

ʙʣʦʢ ʦʙ'ʻʢʪʘ ʢʝʨʫʚʘʥʥʷ, ʙʣʦʢ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʪʘ ʙʣʦʢ ʧʨʷʤʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʬʽʟʠʯʥʦʤʫ ʩʪʝʥʜʽ ʟ ʧʥʝʚʤʦʤʫʩʢʫʣʘʤʠ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʪʠʩʢʫ ʚʽʜ 2 ʜʦ 5 ʙʘʨ. ʇʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ: Kp = 18,4; Ki  

= 12,7; Kd = 0,9. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʧʝʨʝʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ xd = 30 ʤʤ - ʟʘʜʘʥʦʤʫ ʣʽʥʽʡʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ - ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʢʝʨʫʚʘʥʥʷ. 

 
 

ʈʠʩ. 2. ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʟ ʧʥʝʚʤʦʤʫʩʢʫʣʦʤ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ xd = 30 ʤʤ (ʮʽʣʴʦʚʝ ʣʽʥʽʡʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʦʜʫʣʷ 

ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ): 1 - ʢʣʘʩʠʯʥʠʡ ʇɯɼ; 2 - ʇɯɼ ʟ ʥʝʣʽʥʽʡʥʦʶ 

ʢʦʤʧʝʥʩʘʮʽʻʶ 

ʇʦʨʽʚʥʷʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʦʟʠʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɺʚʝʜʝʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘ ʤʦʜʝʣʣʶ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʜʚʽʯʽ - ʟ 0,38 ʜʦ 0,19 ʩ, ʘ ʩʪʘʪʠʯʥʫ ʧʦʭʠʙʢʫ - ʟ 2,1 ʜʦ 0,4 ʤʤ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧʘʢʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʪʘʨʥʦ-ʰʪʫʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

ɸʥʘʣʽʟ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 2) ʩʚʽʜʯʠʪʴ, ʱʦ ʢʣʘʩʠʯʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ 

ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ 

ʧʥʝʚʤʦʤʫʩʢʫʣʘ ʚʽʜ ʪʠʩʢʫ ʪʘ ʩʪʫʧʝʥʷ ʩʢʦʨʦʯʝʥʥʷ. ɹʣʦʢ ʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʧʝʥʩʫʻ ʮ  ʁʥʝʣʽʥʽʡʥʽʩʪʴ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʠʛʥʘʣʫ, 

ʱʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʚʦʨʦʪʥʴʦʟʚ'ʷʟʢʦʚʫ ʯʘʩʪʠʥʫ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʟʙʝʨʽʛʘʻ ʩʪʽʡʢʽʩʪʴ ʧʨʠ 
ʚʘʨʽʶʚʘʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ Ñ20 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʡʦʛʦ ʨʦʙʘʩʪʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʘʢʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʉʠʥʪʝʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʧʦʟʠʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʟ ʧʥʝʚʤʦʤʫʩʢʫʣʦʤ, ʱʦ ʧʦʻʜʥʫʻ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʽʟ ʥʝʣʽʥʽʡʥʦʶ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʦʙʝʨʥʝʥʦʾ ʤʦʜʝʣʽ ʧʨʠʚʦʜʫ. ʇʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʜʚʽʯʽ 

ð ʟ 0,38 ʜʦ 0,19 ʩ, ʟʤʝʥʰʫʻ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʟ 14,2 ʜʦ 2,8 % ʪʘ ʩʪʘʪʠʯʥʫ ʧʦʭʠʙʢʫ 

ʟ 2,1 ʜʦ 0,4 ʤʤ. ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʪʘ 

ʰʚʠʜʢʦʜʽʾ ʧʘʢʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʪʘʨʥʦ-ʰʪʫʯʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʥʘ 

ʬʽʟʠʯʥʦʤʫ ʩʪʝʥʜʽ ʪʘ ʘʜʘʧʪʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ 
ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʃʽʪʝʨʘʪʫʨʘ 
1. Martens M., Seel T., Boblan I. (2023), A decoupling servo pressure controller 

for pneumatic muscle actuators, Actuators, 12(3), 104. 

https://doi.org/10.3390/act12030104 

2. Andrikopoulos G., Nikolakopoulos G. (2022), Design and development of a 

pneumatic muscle-driven exoskeleton, Mechatronics, 84, 102772. 

3. Kelasidi E., Andrikopoulos G., Nikolakopoulos G., Manesis S. (2023), A survey 

on pneumatic muscle actuators modeling, Journal of Robotics, 2023, 1ï18. 

https://doi.org/10.1155/2023/8871237 

ʇʦʢʘʟʥʠʢ ʂʣʘʩʠʯʥʠʡ ʇɯɼ 
ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ 

ʏʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʩ 0,38 0,19 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 14,2 2,8 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ, ʤʤ 2,1 0,4 

ʏʘʩ ʥʘʨʦʩʪʘʥʥʷ, ʩ 0,21 0,12 
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ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ 

Schubert GmbH  ʚ ʩʢʣʘʜʽ ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
 

ɯʚʘʥ ɻʣʫʱʝʥʢʦ, ʄʠʢʦʣʘ ʗʢʠʤʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʉʫʯʘʩʥʘ ʧʘʢʫʚʘʣʴʥʘ ʪʘ ʭʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʷʢ ʽ ʙʫʜʴ-ʷʢʘ ʽʥʰʘ ʛʘʣʫʟʴ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʪʠʢʘʻʪʴʩʷ ʽʟ ʛʣʦʙʘʣʴʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʩʫʯʘʩʥʦʩʪʽ. ɼʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʨʦʤʠʩʣʦʚʽ ʨʦʙʦʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʛʥʫʯʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ [1-2]. ʆʜʥʘʢ ʯʝʨʝʟ ʨʷʜ ʩʪʨʠʤʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, 

ʨʽʚʝʥʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʙʦʪʽʚ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʘʡʥʠʞʯʠʤ ʽʟ ʚʩʽʭ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [3]. ʆʜʥʠʤ ʽʟ ʨʽʰʝʥʴ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʻ ʨʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʷʚʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɸʥʘʣʽʟ ʪʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ Schubert GmbH   

ʈʝʟʫʣʴʪʘʪʠ. ɼʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ Schubert F2 ʪʘ F3 ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ 

ʜʝʢʦʤʧʦʟʠʮʽʾ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʚ ʧʦʩʣʽʜʦʚʥʠʡ ʧʦʜʽʣ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ, 

ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʢʦʥʫʚʘʥʠʭ ʥʠʤʠ ʬʫʥʢʮʽʡ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʚ ʟʤʦʛʫ ʨʦʟʛʣʷʥʫʪʠ ʙʫʜʦʚʫ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʪʘ 
ʚʠʜʽʣʠʪʠ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ Schubert F2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1. ɼʝʢʦʤʧʦʟʠʮʽʷ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ Schubert F2  

ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢ

ʘ 

ʉʪʘʥʠʥʘ 

(ʙʘʟʦʚʠʡ 

ʤʦʜʫʣʴ) 

ʈʫʭʦʤʽ 

ʣʘʥʢʠ (ʣʘʥʢʘ 

ˉ1, ˉ2) 

ɺʠʭʽʜʥʘ ʣʘʥʢʘ 

(ʚʠʢʦʥʘʚʯʠʡ 

ʤʦʜʫʣʴ) 

ʉʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ 

ʆʩʥʦʚʥʽ 

ʬʫʥʢʮʽʾ 

ʄʦʥʪʘʞ ʪʘ 

ʬʽʢʩʘʮʽʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠ

ʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 
ʧʨʠʚʦʜʽʚ 

ɿʘʙʝʟʧʝʯʝʥʥ

ʷ 

ʧʨʦʩʪʦʨʦʚʦʛ

ʦ 

ʧʝʨʝʤʽʱʝʥʥ

ʷ 
ʚʠʢʦʥʘʚʯʦʛʦ 

ʧʨʠʩʪʨʦʶ 

ʆʨʽʻʥʪʘʮʽʷ ʪʘ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥ

ʷ ʧʨʠʩʪʨʦʶ 

ʟʘʭʦʧʣʝʥʥʷ 

ʂʝʨʫʚʘʥʥʷ 

ʧʨʠʚʦʜʦʤ 

ʤʝʭʘʪʨʦʥʥʦʛʦ 

ʤʦʜʫʣʷ; 

ʦʙʨʦʙʢʘ 

ʩʠʛʥʘʣʽʚ 
ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ 

ʉʢʣʘʜʦʚʽ 

(ʩʪʨʫʢʪʫʨʥʽ 

ʝʣʝʤʝʥʪʠ) 

ʉʪʘʥʠʥʘ; 

ʩʝʨʚʦʜʚʠʛʫʥ; 

ʚʘʞʽʣʴʥʽ 

ʤʝʭʘʥʽʟʤʠ 

ɺʘʞʽʣʴʥʽ 

ʤʝʭʘʥʽʟʤʠ 

ɺʘʞʝʣʽ, 

ʤʝʭʘʥʽʟʤ 

ʰʚʠʜʢʦʾ 

ʟʘʤʽʥʠ 

ʧʨʠʩʪʨʦʶ 

ʟʘʭʦʧʣʝʥʥʷ 

ʇʨʦʛʨʘʤʦʚʘʥʠ

ʡ ʣʦʛʽʯʥʠʡ 

ʢʦʥʪʨʦʣʝʨ 

(ʇʃʂ); 

ʜʘʪʯʠʢʠ 

ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤʠ ʜʣʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ 

ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʻ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʚʦʤʘ ʘʙʦ ʪʨʴʦʤʘ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ. ʉʘʤʝ ʪʘʢʘ 

ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 
ʧʨʦʩʪʦʪʠ, ʜʦʩʪʘʪʥʴʦʾ ʨʫʭʦʤʦʩʪʽ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʘ ʪʘ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ pick-and-place. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʠʭ 

ʟʨʘʟʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʜʘʯʘ ʨʫʭʫ ʜʦ ʨʦʙʦʯʠʭ ʣʘʥʦʢ ʫ ʧʦʜʽʙʥʠʭ ʤʦʜʫʣʷʭ 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʚʘʞʽʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʘʙʦ ʟʫʙʯʘʩʪʦ-ʧʘʩʦʚʽ ʧʝʨʝʜʘʯʽ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʜʦ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʪʘ ʢʦʤʧʦʥʦʚʢʠ 

ʨʦʙʦʯʦʾ ʟʦʥʠ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ʩʭʝʤʫ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʪʠʧʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ 

ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʘʢʫʚʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ (ʈʠʩ.1). 

 
ʈʠʩ.1. ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ 

ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ   

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ 

ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫʟʘʛʘʣʴʥʶʻ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ 

ʡʦʛʦ ʦʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʫʟʣʘʤʠ: ʩʪʘʥʠʥʦʶ, ʨʫʭʦʤʠʤʠ ʣʘʥʢʘʤʠ, ʚʠʭʽʜʥʦʶ 

ʣʘʥʢʦʶ ʪʘ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. ʋ ʤʝʞʘʭ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜʦʙʨʘʞʝʥʦ ʪʠʧʦʚʽ ʩʧʦʩʦʙʠ 

ʧʝʨʝʜʘʯʽ ʨʫʭʫ ʯʝʨʝʟ ʚʘʞʽʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʟʫʙʯʘʩʪʦ-ʧʘʩʦʚʽ ʧʝʨʝʜʘʯʽ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ 

ʩʢʣʘʜ ʚʠʢʦʥʘʚʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ ʽʟ 

ʟʚʦʨʦʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʫ ʨʦʙʦʪʫ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʪʠʟʦʚʘʥʦʾ 

ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ 

ʃʽʪʝʨʘʪʫʨʘ 

1. Bader, Farah & Rahimifard, Shahin. (2018). Challenges for Industrial Robot 

Applications in Food Manufacturing. 1-8. 10.1145/3284557.3284723.  
2. Nayik, Gulzar & Muzaffar, Khalid & Gull, Amir. (2015). Robotics and Food 

Technology: A Mini Review. Journal of Nutrition and Food Sciences. 5. 10.4172/2155-

9600.1000384. 

3. World Robotics 2025 report ï INDUSTRIAL ROBOTS ï released by IFR 

https://ifr.org/downloads/press_docs/PressConference2025_presentation.pdf 
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ɼʠʥʘʤʽʢʘ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʧʦʨʰʥʝʚʦʤʫ ʜʦʟʘʪʦʨʽ 

ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʨʠʚʦʜʦʤ 

 

ʂʦʩʪʷʥʪʠʥ ɿʣʝʥʢʦ, ʄʠʢʦʣʘ ʗʢʠʤʯʫʢ, ɯʚʘʥ ʄʠʢʦʣʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ 
ʘʢʪʫʘʣʴʥʦʩʪʽ. ɼʦʟʫʚʘʥʥʷ ʻ ʢʣʶʯʦʚʦʶ ʦʧʝʨʘʮʽʻʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʜʦʩʣʽʜʞʝʥʥʶ ʜʠʥʘʤʽʢʠ ʨʦʙʦʪʠ ʜʦʟʫʶʯʠʭ 

ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ, ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ 

ʪʘ ʢʦʣʠʚʘʣʴʥʠʭ ʷʚʠʱ ʬʦʨʤʫʶʪʴ ʢʽʥʮʝʚʫ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ. 

ʇʦʨʰʥʝʚʽ ʜʦʟʘʪʦʨʠ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʨʠʚʦʜʦʤ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʚʜʷʢʠ 

ʧʨʦʩʪʦʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʩʦʢʽʡ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʜʦʟʠ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʾʭ ʨʦʙʦʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʧʦʚôʷʟʘʥʠʤʠ ʟʽ ʟʤʽʥʦʶ ʪʠʩʢʫ ʚ ʧʥʝʚʤʦʩʠʩʪʝʤʽ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ ʧʦʪʦʢʫ 

ʧʨʦʜʫʢʪʫ. ʎʠʢʣ ʧʦʨʮʽʡʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʧʨʦʮʝʩʠ ʟʘʧʦʚʥʝʥʥʷ ʽ ʩʧʦʨʦʞʥʝʥʥʷ 

ʧʦʩʫʜʠʥ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʻʤʥʦʩʪʝʡ, ʧʨʠʯʦʤʫ ʮʽ ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʚʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʯʝʨʝʟ ʨʽʟʥʽ ʢʘʥʘʣʠ ʽ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ɿ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʜʽʙʥʠʭ 
ʨʝʞʠʤʽʚ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʮʝʩʠ ʧʦʜʘʯʽ ʽ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ, ʱʦ ʜʦʟʫʻʪʴʩʷ ʚ ʥʘʧʽʨʥʽʡ 

ʻʤʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜʤʽʨʶʚʘʥʥʷ ʽ ʚʠʜʘʯʽ ʟʘʜʘʥʦʾ ʜʦʟʠ ʚ ʤʽʨʥʽʡ ʻʤʥʦʩʪʽ. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʘʪʦʨʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʛʣʷʜ ʧʨʠʥʮʠʧʽʚ 

ʜʦʟʫʚʘʥʥʷ, ʤʦʞʣʠʚʠʭ ʜʞʝʨʝʣ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʜʦʟʠ ʽ ʪʦʯʥʦʩʪʽ ʜʦʟʘʪʦʨʽʚ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʝʜʦʩʪʘʪʥʴʦ, ʯʝʨʝʟ ʱʦ ʮʽ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʧʦʨʰʥʝʚʦʤʫ 

ʜʦʟʘʪʦʨʽ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʨʠʚʦʜʦʤ. ɼʽʘʤʝʪʨ ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ ʩʪʘʥʦʚʠʚ 70 ʤʤ, ʜʽʘʤʝʪʨ 

ʚʠʭʽʜʥʦʾ ʥʘʩʘʜʢʠ  7 ʤʤ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʶʚʘʚʩʷ ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚ 

ʤʘʛʽʩʪʨʘʣʽ ʚ ʤʝʞʘʭ 4ï6 ʙʘʨ ʟʘ ʫʤʦʚʠ ʩʪʘʣʦʾ ʜʦʟʠ. ʈʝʻʩʪʨʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʷ 

ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ.  
ɼʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʧʝʮʽʘʣʴʥʠʡ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ ʢʦʤʧʘʥʽʾ Festo ʩʝʨʽʾ VPPX. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʽʥ ʙʫʚ 

ʦʙʨʘʥʠʡ ʪʦʤʫ, ʱʦ ʚʽʣʴʥʠʡ ʚʠʙʽʨ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ 

ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʦʙʠʪʴ ʨʝʛʫʣʷʪʦʨ ʥʘʜʟʚʠʯʘʡʥʦ ʛʥʫʯʢʠʤ: ʚʩʝ ʨʝʛʫʣʶʻʪʴʩʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʚʭʦʜʠ ʪʘ ʚʠʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʦʜʥʘʢʦʚʽ ʘʙʦ ʨʽʟʥʽ ʦʜʠʥʠʮʽ 

ʪʘ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ ʩʪʨʫʤ ʘʙʦ ʥʘʧʨʫʛʘ. ʌʽʢʩʫʚʘʣʠʩʷ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ ʚ ʧʦʨʦʞʥʠʥʘʭ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʷ ʚʽʜ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ (ʨʠʩ.1). 

ʈʝʟʫʣʴʪʘʪʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ 

ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʤʘʻ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʫ ʬʘʟʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʝʪʘʧ ʧʦʯʘʪʢʦʚʦʾ ʟʘʪʨʠʤʢʠ, ʬʘʟʫ ʨʦʟʛʦʥʫ, 
ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʪʘ ʬʘʟʫ ʛʘʣʴʤʫʚʘʥʥʷ. ʇʨʠ ʪʠʩʢʫ 4 ʙʘʨ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʮʠʢʣʫ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2,8 ʩ. ɿʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʜʦ 5 ʙʘʨ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦ 

2,2 ʩ, ʪʦʜʽ ʷʢ ʧʨʠ 6 ʙʘʨ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 1,8 ʩ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʧʨʠʙʣʠʟʥʦ ʥʘ 30ï35%. 

ʇʦʯʘʪʢʦʚʘ ʬʘʟʘ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʦʛʦ ʜʦʟʘʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʪʨʠʤʢʦʶ, 

ʧʦʚôʷʟʘʥʦʶ ʟ ʥʘʨʦʩʪʘʥʥʷʤ ʪʠʩʢʫ ʚ ʨʦʙʦʯʽʡ ʧʦʨʦʞʥʠʥʽ ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ. ʌʘʟʘ ʨʦʟʛʦʥʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʷ, ʱʦ 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʨʫʰʽʡʥʦʾ ʩʠʣʠ. ʋ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʰʚʠʜʢʽʩʪʴ 

ʧʦʨʰʥʷ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘʧʨʠʢʽʥʮʽ ʭʦʜʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʤʽʥʠ ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʚ ʤʝʞʘʭ Ñ0,2 ʙʘʨ ʧʦʚôʷʟʘʥʽ ʟ 

ʨʦʙʦʪʦʶ ʨʦʟʧʦʜʽʣʴʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʥʝʚʤʦʩʠʩʪʝʤʠ. 

 
ʈʠʩ. 1  ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʠʩʢʽʚ (1 ʪʘ 2) ʚ ʧʥʝʚʤʘʪʠʯʥʦʤʫ ʮʠʣʽʥʜʨʽ ʪʘ ʢʦʦʨʜʠʥʘʪʠ 

ʧʦʨʰʥʷ ʜʦʟʘʪʦʨʘ (3)  ʧʨʠ ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʪʠʩʢʫ 4 ʙʘʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 
ʊʘʙʣʠʮʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

 

ʊʠʩʢ, 

ʙʘʨ 

ʏʘʩ ʮʠʢʣʫ, 

ʩ 

ʌʘʟʘ ʨʦʟʛʦʥʫ, 

ʩ 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

4 2,5ï2,8 å0,5 ʊʨʠʚʘʣʽ ʧʝʨʝʭʽʜʥʽ 

ʧʨʦʮʝʩʠ 

5 2,0ï2,2 å0,4 ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʫʭʫ 

6 1,6ï1,8 å0,3 ɯʥʪʝʥʩʠʚʥʘ ʜʠʥʘʤʽʢʘ 

 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʟ 4 ʜʦ 6 ʙʘʨ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦʟʫʚʘʥʥʷ ʟ 2,5ï2,8 ʩ ʜʦ 1,6ï1,8 ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʤʝʥʰʝʥʥʶ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʥʘ 30ï35%. ʇʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ 
ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʬʘʟʠ ʨʦʟʛʦʥʫ ʧʦʨʰʥʷ ʟ ~0,5 ʩ ʜʦ ~0,3 ʩ, ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʠʭ ʜʦʟʘʪʦʨʽʚ. 
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ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʟʙʽʞʥʦʛʦ ʪʫʥʝʣʶ ʜʣʷ ʧʘʢʦʚʘʥʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ 

 

ɺʣʘʜʠʩʣʘʚ ʇʨʠʭʦʜʴʢʦ, ʄʠʢʦʣʘ ʗʢʠʤʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʊʝʨʤʦʟʙʽʞʥʽ ʪʫʥʝʣʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʘʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʧʨʦʪʝ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʠʤʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ. ʊʨʘʜʠʮʽʡʥʽ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʩʪʝʤʠ 
ʩʧʨʠʯʠʥʷʶʪʴ ʚʠʩʦʢʽ ʪʝʧʣʦʚʪʨʘʪʠ ʪʘ ʥʘʜʤʽʨʥʫ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ. ʎʝ ʟʫʤʦʚʣʶʻ 

ʧʝʨʝʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʫ ʫʩʘʜʢʫ ʧʣʽʚʢʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʦʙʜʫʚʫ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʨʘʥʦ ʪʝʨʤʦʪʫʥʝʣʴ COMPACT 450 

K. ʐʪʘʪʥʫ ʚʽʜʮʝʥʪʨʦʚʫ ʪʫʨʙʽʥʫ ʟʘʤʽʥʝʥʦ ʩʠʩʪʝʤʦʶ ʜʚʦʭ ʦʩʴʦʚʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ 

ʟʚʦʨʦʪʥʦʛʦ ʦʙʝʨʪʘʥʥʷ (contra-rotating) ʥʘ ʢʦʘʢʩʽʘʣʴʥʠʭ ʚʘʣʘʭ ʽʟ ʥʝʟʘʣʝʞʥʠʤ VFD-

ʢʝʨʫʚʘʥʥʷʤ ʧʦʪʦʢʘʤʠ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ 

ʨʝʢʫʧʝʨʘʮʽʾ: ʜʦʜʘʪʢʦʚʽ ʢʘʥʘʣʠ ʧʨʠʤʫʩʦʚʦ ʧʦʚʝʨʪʘʶʪʴ ʛʘʨʷʯʝ ʧʦʚʽʪʨʷ ʟ ʢʨʘʡʦʚʠʭ ʟʦʥ 

(ʚʭʦʜʫ/ʚʠʭʦʜʫ) ʥʘʟʘʜ ʫ ʮʠʢʣ ʥʘʛʨʽʚʫ. 

ʈʝʟʫʣʴʪʘʪʠ. ʈʦʟʨʦʙʣʝʥʦ ʚʝʥʪʠʣʷʮʽʡʥʠʡ ʚʫʟʦʣ ʥʘ ʙʘʟʽ ʢʦʘʢʩʽʘʣʴʥʠʭ ʚʘʣʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʬʽʟʠʯʥʦ ʽʟʦʣʶʚʘʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʚʽʜ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ. ʉʭʝʤʘ ʟ 

ʢʨʠʣʴʯʘʪʢʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʪʘ ʜʝʬʣʝʢʪʦʨʦʤ ʬʦʨʤʫʻ ʩʪʘʙʽʣʴʥʠʡ ʣʘʤʽʥʘʨʥʠʡ 
ʧʦʪʽʢ. ɻʥʫʯʢʠʡ ʢʦʥʪʨʦʣʴ ʪʠʩʢʫ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ ʥʝʟʘʣʝʞʥʝ VFD-ʢʝʨʫʚʘʥʥʷ ʨʦʪʦʨʘʤʠ, 

ʘ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʪʝʧʣʘ ʥʘ ʚʽʜʢʨʠʪʠʭ ʦʪʚʦʨʘʭ ʪʫʥʝʣʶ ʚʧʨʦʚʘʜʞʝʥʦ ʩʠʩʪʝʤʫ 

ʢʨʘʡʦʚʦʾ ʨʝʢʫʧʝʨʘʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʛʘʨʘʥʪʫʻ ʨʽʚʥʦʤʽʨʥʫ ʫʩʘʜʢʫ ʧʣʽʚʢʠ ʙʝʟ ʪʝʨʤʽʯʥʠʭ 

ʜʝʬʝʢʪʽʚ ʧʨʦʜʫʢʮʽʾ. ʇʝʨʝʥʝʩʝʥʥʷ ʧʨʠʚʦʜʽʚ ʫ ʙʝʟʧʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʢʨʘʪʥʦ ʟʙʽʣʴʰʫʻ ʾʭʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʝʩʫʨʩ. ɺʦʜʥʦʯʘʩ ʧʦʢʨʘʱʝʥʘ ʟʘʛʘʣʴʥʘ 

ʘʝʨʦʜʠʥʘʤʽʢʘ ʪʘ ʧʦʩʪʽʡʥʝ ʧʦʚʝʨʥʝʥʥʷ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʚ ʮʠʢʣ ʩʫʪʪʻʚʦ ʨʦʟʚʘʥʪʘʞʫʶʪʴ 

ʢʘʣʦʨʠʬʝʨʠ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʟʘʛʘʣʴʥʠʡ ʂʂɼ ʪʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʘʢʫʚʘʣʴʥʦʾ ʣʽʥʽʾ. 

ʈʠʩ. 1 ʇʨʠʥʮʠʧʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʪʝʨʤʦʟʙʽʞʥʦʛʦ ʪʫʥʝʶ ʟ ʚʝʥʪʠʣʷʪʦʨʘʤʠ 

ʟʚʦʨʦʪʥʦʛʦ ʦʙʝʨʪʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʽʚ ʟʚʦʨʦʪʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʘ ʢʦʘʢʩʽʘʣʴʥʠʭ ʚʘʣʘʭ 

ʩʪʘʙʽʣʽʟʫʚʘʣʦ ʘʝʨʦʜʠʥʘʤʽʢʫ ʪʫʥʝʣʶ ʪʘ ʟʘʙʝʟʧʝʯʠʣʦ ʣʘʤʽʥʘʨʥʠʡ ʦʙʜʫʚ. ɺʠʥʝʩʝʥʥʷ 

ʧʨʠʚʦʜʽʚ ʫ ʭʦʣʦʜʥʫ ʟʦʥʫ ʧʽʜʚʠʱʠʣʦ ʥʘʜʽʡʥʽʩʪʴ, ʘ VFD-ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʝʢʫʧʝʨʘʮʽʷ 

ʩʫʪʪʻʚʦ ʟʥʠʟʠʣʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ. ʎʝ ʤʘʢʩʠʤʽʟʫʚʘʣʦ ʂʂɼ ʪʘ ʷʢʽʩʪʴ ʧʘʢʫʚʘʣʴʥʦʛʦ 
ʧʨʦʮʝʩʫ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʫʪʨʠʤʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʾ ʩʧʦʞʠʚʯʦʾ ʪʘʨʠ ʚ 

ʢʦʥʚʝʻʨʥʠʭ ʩʠʩʪʝʤʘʭ ʧʘʢʫʚʘʣʴʥʠʭ ʣʽʥʽʡ 

 

ɺʣʘʜʠʩʣʘʚ ʉʢʦʧʝʮʴ, ʄʠʢʦʣʘ ʗʢʠʤʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʘʢʫʚʘʣʴʥʠʭ ʣʽʥʽʡ ʫ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʧʨʦʮʝʩʠ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʦʜʘʯʽ ʤʝʪʘʣʝʚʦʾ ʩʧʦʞʠʚʯʦʾ ʪʘʨʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʘʢʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʛʥʽʪʥʽ 

ʪʨʝʢʠ ʥʘ ʦʩʥʦʚʽ ʧʦʩʪʽʡʥʠʭ ʥʝʦʜʠʤʦʚʠʭ ʤʘʛʥʽʪʽʚ, ʽʥʪʝʛʨʦʚʘʥʠʭ ʫ ʧʨʦʬʽʣʴ ʢʦʥʚʝʻʨʥʦʾ 

ʩʠʩʪʝʤʠ (ʨʠʩ.1). ʄʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʣʘ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ ʚʽʜʨʠʚʫ ʪʘ ʩʠʣʠ ʟʩʫʚʫ 

ʤʝʪʘʣʝʚʦʾ ʫʧʘʢʦʚʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʜʥʦʤ ʪʘʨʠ ʪʘ 

ʧʦʚʝʨʭʥʝʶ ʤʘʛʥʽʪʥʦʾ ʥʘʧʨʘʚʣʷʶʯʦʾ.  

ʈʝʟʫʣʴʪʘʪʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʥʘ ʦʩʥʦʚʽ ʥʝʦʜʠʤʦʚʠʭ ʤʘʛʥʽʪʽʚ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ ʫʪʨʠʤʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʾ ʩʧʦʞʠʚʯʦʾ ʫʧʘʢʦʚʢʠ ʧʨʠ ʨʽʟʥʠʭ 

ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ ʢʦʥʚʝʻʨʘ. ɿʦʢʨʝʤʘ, ʧʨʠ ʟʤʽʥʽ ʢʫʪʘ ʥʘʭʠʣʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʨʘʩʠ 
ʚʽʜ 0Á ʜʦ 180Á ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʘʙʦ ʚʽʜʨʠʚʫ ʪʘʨʠ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ʚ ʤʝʞʘʭ 1ï3 ʤʤ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʟʘʟʦʨʫ ʥʘ 1 ʤʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʠʣʠ ʧʨʠʪʷʛʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 15ï20%, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

 

1.ʂʦʥʚʝʻʨʥʘ ʩʪʨʽʯʢʘ, 2. 

ʄʘʛ-ʥʽʪʥʠʡ ʨʦʣʠʢ, 

3.ʂʦʥʽʯʥʘ ʚʪʫʣʢʘ 

4.ʅʘʪʷʞʥʠʡ ʧʨʠʩ-ʪʨʽʡ 

5.ɹʦʢʦʚʽ ʥʘʧʨʘʚʣʷʶʯʽ 

6.ʆʧʦʨʥʘ ʨʘʤʘ 7.ɺʘʥʥʘ ʜʣʷ 
ʨʽʜʠʥʠ 8. ɿʦʥʥʘ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ ʤʝʪʘʣʝʚʦʾ 

ʩʧʦʞʠʚʯʦʾ ʪʘʨʠ, 9. ɿʦʥʘ 

ʜʣʷ ʚʠʚʘʥ-ʪʘʞʝʥʥʷ 

ʤʝʪʘʣʝʚʦʾ ʩʧʦ-ʞʠʚʯʦʾ 

ʪʘʨʠ 10. ɼʚʠʛʫʥ-ʨʝʜʫʢʪʦʨ 

11. ʄʘʛʥʽʪʥʽ ʥʘʧʨʘʚʣʷʶʯʽ, 

12.ʄʝʪʘʣʝʚʘ ʩʧʦʞʠʚʯʘ 

ʪʘʨʘ. 

 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 
ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʪʘ ʽʥʚʝʨʩʽʡʥʠʭ ʜʽʣʷʥʦʢ ʪʨʘʩʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʣʽʥʽʾ ʜʦ 30% ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʪʘ ʜʦʟʚʦʣʷʻ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʜʦʜʘʪʢʦʚʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

˾͙ͫΦ м ˴͍͔ͦͤΊͪͤ͊ ͙͔ͫͫͭͣ͊ ͒͡Ύ 

͍ͭͪ͊ͤͫͨͦͪͭͯ͊ͤͤΎ ͔͔͍ͣͭ͊ͦ͡͝ ͙͍ͫͨͦ͗;ͦ͝ 

͍͙ͯͨ͊ͦ͟͟ 
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ʄʦʜʝʨʥʽʟʘʮʽʷ ʜʝʟʦʜʦʨʘʪʦʨʘ UNISTOCK ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ  

 

ʆʣʝʢʩʘʥʜʨ ʂʘʨʧʝʥʢʦ, ɭʚʛʝʥ ɹʘʙʢʦ, ɺʘʣʝʥʪʠʥ ʆʣʽʰʝʚʩʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʜʝʟʦʜʦʨʘʪʦʨʘ UNISTOCK ʟʘ 

ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʭʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʜʝʟʦʜʦʨʘʪʦʨʘ 

UNISTOCK ʦʙʨʘʥʦ ʥʝ ʢʣʘʩʠʯʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʜʝʟʦʜʦʨʘʮʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʮʝʩʥʦʛʦ ʩʠʤʫʣʷʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ. ɿʘʤʽʩʪʴ ʨʝʘʣʴʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʬʦʨʤʫʻʪʴʩʷ 

ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʜʝʟʦʜʦʨʘʪʦʨʘ, ʱʦ ʚʽʜʪʚʦʨʶʻ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʡ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʘʧʘʨʘʪʘ: ʩʝʢʮʽʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʪʘ ʜʝʛʘʟʘʮʽʾ, ʦʩʥʦʚʥʫ ʜʝʟʦʜʦʨʘʮʽʡʥʫ 

ʢʦʣʦʥʫ ʟ ʜʝʢʽʣʴʢʦʤʘ ʢʦʥʪʘʢʪʥʠʤʠ ʩʪʫʧʝʥʷʤʠ, ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ ʛʦʩʪʨʦʾ ʧʘʨʠ ʪʘ ʚʫʟʦʣ 

ʚʽʜʚʦʜʫ ʜʠʩʪʠʣʷʪʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʽʡ ʪʝʥʜʝʥʮʽʾ, ʢʦʣʠ ʧʝʨʰʠʤ ʝʪʘʧʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʾʭ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʧʘʢʝʪʘʭ (Aspen Plus, HYSYS, Pro/II, DWSIM ʪʦʱʦ), ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʜʦʨʦʛʠʭ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʣʽʚʢʦʚʦʾ ʪʘʨʽʣʢʠ ʷʢ 
ʜʝʟʦʜʦʨʘʮʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʢʦʣʦʥʽ ʪʠʧʫ UNISTOCK. ʂʦʥʩʪʨʫʢʮʽʷ ʪʘʢʦʾ ʪʘʨʽʣʢʠ ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʪʦʥʢʦʾ, ʨʽʚʥʦʤʽʨʥʦʾ ʧʣʽʚʢʠ ʤʘʩʣʘ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʪʘ 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʢʦʥʪʘʢʪ ʞʠʨʫ ʟ ʛʦʩʪʨʦʶ ʧʘʨʦʶ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʩʦʦʙʤʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʚ ʦʙôʻʤʽ ʟʥʘʯʥʦʛʦ 

ʰʘʨʫ ʨʽʜʠʥʠ, ʘ ʧʝʨʝʚʘʞʥʦ ʚ ʪʦʥʢʽʡ ʧʣʽʚʮʽ, ʜʝ ʜʠʬʫʟʽʡʥʽ ʦʧʦʨʠ ʽʩʪʦʪʥʦ ʤʝʥʰʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʣʽʚʢʦʚʦʛʦ ʨʝʞʠʤʫ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʥʝʦʙʭʽʜʥʫ ʧʦʜʘʯʫ ʙʘʨʙʦʪʘʞʥʦʾ 

ʧʘʨʠ ʧʨʠ ʪʦʤʫ ʞ ʘʙʦ ʚʠʱʦʤʫ ʩʪʫʧʝʥʽ ʜʝʟʦʜʦʨʘʮʽʾ, ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʤʘʩʣʘ ʚ 

ʘʧʘʨʘʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʪʘ ʦʙôʻʤʫ ʨʽʜʢʦʾ ʬʘʟʠ ʥʘ ʪʘʨʽʣʢʘʭ, ʟʥʠʟʠʪʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʛʨʽʚ ʛʦʩʪʨʦʾ ʧʘʨʠ ʽ ʨʦʟʚʘʥʪʘʞʠʪʠ ʚʘʢʫʫʤʥʫ ʩʠʩʪʝʤʫ. ʆʜʥʦʯʘʩʥʦ 

ʮʝ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʜʝʟʦʜʦʨʦʚʘʥʦʾ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ï ʟʘʧʘʭ, 

ʩʤʘʢ, ʢʦʣʴʦʨʦʚʽʩʪʴ, ʚʤʽʩʪ ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʪʘ ʣʝʪʢʠʭ ʜʦʤʽʰʦʢ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʜʝʟʦʜʦʨʘʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘʨʽʣʦʢ 

ʥʘ ʧʣʽʚʢʦʚʽ ʘʙʦ ʚʚʝʜʝʥʥʷ ʧʣʽʚʢʦʚʠʭ ʩʝʢʮʽʡ ʫ ʟʦʥʫ ʜʝʟʦʜʦʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ çʧʘʨïʦʣʽʷè ʙʝʟ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʦʩʧʦʞʠʚʘʥʥʷ. 

ʎʝ ʥʘʧʨʷʤʫ ʟʤʝʥʰʫʻ ʧʠʪʦʤʽ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʽ ʧʦʢʨʘʱʫʻ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʨʦʙʦʪʠ ʣʽʥʽʾ ʬʽʟʠʯʥʦʾ ʨʘʬʽʥʘʮʽʾ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʤʦʜʝʨʥʽʟʘʮʽʾ: 

ʧʣʽʚʢʦʚʘ ʪʘʨʽʣʢʘ ʚ ʜʝʟʦʜʦʨʘʪʦʨʽ UNISTOCK ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʜʝʟʦʜʦʨʘʮʽʾ 

ʧʨʠ ʟʥʠʞʝʥʠʭ ʚʠʪʨʘʪʘʭ ʧʘʨʠ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʜʣʷ ʙʽʣʴʰ ʢʝʨʦʚʘʥʦʾ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʦʩʢʽʚ ʧʝʨʝʜ ʬʽʣʴʪʨʘʮʽʻʶ. ʈʘʟʦʤ ʮʽ ʟʤʽʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʥʽʾ ʬʽʟʠʯʥʦʾ ʨʘʬʽʥʘʮʽʾ, ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɿʘʤʽʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʙʘʨʙʦʪʘʞʥʠʭ ʪʘʨʽʣʦʢ ʥʘ ʧʣʽʚʢʦʚʽ ʢʦʥʪʘʢʪʥʽ 

ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʻ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʤʘʩʦʦʙʤʽʥ, ʟʤʝʥʰʠʪʠ ʥʝʦʙʭʽʜʥʫ ʚʠʪʨʘʪʫ ʧʘʨʠ ʪʘ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʦʣʽʾ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʇʦʛʣʠʙʣʝʥʘ ʨʝʢʫʧʝʨʘʮʽʷ 

ʪʝʧʣʦʪʠ ʜʝʟʦʜʦʨʦʚʘʥʦʾ ʦʣʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʟʦʚʥʽʰʥʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʝʥʝʨʛʦʚʠʪʨʘʪʠ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʣʽʡʥʠʭ ʧʨʝʩʽʚ 

ʉʝʨʛʽʡ ʗʩʪʨʝʙʘ 

ʇʦʣʪʘʚʩʴʢʘ ʬʽʣʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɯʩʪʦʨʠʯʥʦ ʧʝʨʰʦʶ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʦʣʽʾ 

ʧʨʝʩʫʚʘʥʥʷʤ ʟʝʨʝʥ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʝʩʦʚʠʡ ʩʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʦʣʽʾ ʚʢʣʶʯʘʻ 

ʦʧʝʨʘʮʽʾ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʚʽʜ ʜʦʤʽʰʦʢ, ʚʽʜʜʽʣʝʥʥʷ ʣʫʟʛʠ, ʧʦʜʨʽʙʥʝʥʥʷ, ʚʦʣʦʛʦʪʝʧʣʦʚʫ 

ʦʙʨʦʙʢʫ, ʧʨʝʩʫʚʘʥʥʷ. ʇʨʦʪʝ ʚʽʥ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʝ ʚʠʣʫʯʝʥʥʷ ʦʣʽʾ ʟ ʥʘʩʽʥʥʷ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʧʨʝʩʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʪʘ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʬʦʨʧʨʝʩʽʚ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʘ ʝʢʩʧʝʣʝʨʽʚ ï ʜʣ̫ ʛʣʠʙʦʢʦʛʦ (ʢʽʥʮʝʚʦʛʦ) ʚʠʣʫʯʝʥʥʷ ʦʣʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ. ʅʘ ʩʫʯʘʩʥʠʭ ʦʣʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʠʰʝ ʰʥʝʢʦʚʽ 

ʧʨʝʩʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʾʭ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʻ ʰʥʝʢʦʚʠʡ ʚʘʣ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʚ 

ʨʦʟʥʽʤʥʦʤʫ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʙʘʨʘʙʘʥʽ (ʟʝʻʨʽ), ʩʪʽʥʢʠ ʷʢʦʛʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʢʨʝʤʠʭ 

ʧʣʘʩʪʠʥ. ɺʽʜʪʠʩʢʘʥʥʷ ʦʣʽʾ ʚ ʰʥʝʢʦʚʠʭ ʧʨʝʩʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʪʠʩʢʘʥʥʷ ʤʝʟʛʠ 

ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʤʽʞ ʚʠʪʢʘʤʠ ʰʥʝʢʘ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʯʘʚʣʶʚʘʥʥʷ ʦʣʽʾ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʽ 

ʚʟʘʻʤʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʤʝʟʛʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʝ 

ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʽʟʦʪʨʦʧʥʦʩʪʽ 
ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʟ ʽʥʰʦʛʦ ï ʨʫʡʥʫʚʘʥʥʷ ʛʝʣʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʦʢ ʽ ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʦʣʽʡʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʝʩʘ (ʧʘʪʝʥʪ 

ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ64454UA), ʚ ʷʢʽʡ ʝʥʝʨʛʽʷ ʢʦʣʠʚʘʥʴ ʚʚʦʜʠʪʴʩʷ ʚ ʧʨʦʜʫʢʪ ʩʘʤʝ ʫ 

ʚʠʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʨʝʩʘ, ʜʝ ʜʽʶʪʴ ʥʘʡʙʽʣʴʰʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 1). 

           
ʈʠʩ.1. - ʢʦʨʧʫʩ; 2 - ʨʦʙʦʯʘ ʢʘʤʝʨʘ; 3 - ʰʥʝʢʦʚʠʡ ʚʘʣ; 4 - ʥʘʩʘʜʢʘ; 5 - 

ʮʝʥʪʨʘʣʴʥʠʡ ʦʪʚʽʨ; 6 - ʚʠʭʽʜʥʠʡ ʭʚʦʩʪʦʚʠʢ; 7 - ʧʨʫʞʥʘ ʦʙʦʣʦʥʢʘ; 8 - ʛʽʜʨʦʧʣʘʩʪ; 

9ï12 - ʧʣʫʥʞʝʨʠ; 13-20 - ʚʠʩʪʫʧʠ 
 

ɺʫʟʦʣ ʧʨʝʩʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʘ 1, ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ 2 ʟ ʦʪʚʦʨʘʤʠ ʜʣʷ ʚʠʭʦʜʫ 

ʦʣʽʾ, ʥʘʩʘʜʢʠ 4 ʟ ʢʽʣʴʮʝʚʠʤ ʦʪʚʦʨʦʤ 5 ʜʣʷ ʚʠʭʦʜʫ ʤʘʢʫʭʠ. ɺʠʭʽʜʥʠʡ ʭʚʦʩʪʦʚʠʢ 6 

ʰʥʝʢʦʚʦʛʦ ʚʘʣʘ 3 ʚʠʢʦʥʘʥʦ ʧʦʨʦʞʥʠʩʪʠʤ ʟ ʧʨʫʞʥʦʶ ʦʙʦʣʦʥʢʦʶ 7, ʧʦʨʦʞʥʠʥʘ ʷʢʦʛʦ 
ʟʘʧʦʚʥʝʥʘ ʛʽʜʨʦʧʣʘʩʪʦʤ 8, ʘ ʦʙʝʨʪʦʚʦ-ʫʜʘʨʥʠʡ ʤʝʭʘʥʽʟʤ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ 

ʩʧʦʣʫʯʝʥʠʭ ʟ ʧʦʨʦʞʥʠʥʦʶ ʚʠʭʽʜʥʦʛʦ ʭʚʦʩʪʦʚʠʢʘ ʨʘʜʽʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʣʫʥʞʝʨʽʚ 

9-12, ʷʢʽ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʰʥʝʢʦʚʦʛʦ ʚʘʣʘ 3 ʟʜʽʡʩʥʶʶʪʴ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʫ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʩʪʫʧʘʤʠ 13-19. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʧʣʘʩʪʫ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʪʠ ʧʝʨʝʨʠʚʯʘʩʪʽ ʟʫʩʠʣʣʷ ʚʽʜ ʧʣʫʥʞʝʨʽʚ ʧʨʫʞʥʽʡ ʦʙʦʣʦʥʮʽ 7 ʭʚʦʩʪʦʚʠʢʘ 

ʪʘ ʩʧʨʠʷʻ ʧʫʣʴʩʘʮʽʾ ʦʙʦʣʦʥʢʠ, ʱʦ ʩʧʨʠʷʻ ʜʦʜʘʪʢʦʚʦʤʫ ʚʽʜʪʠʩʥʝʥʥʶ ʦʣʽʾ ʟ ʤʘʢʫʭʠ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʚʝʜʝʥʥʷ ʚ ʟʦʥʫ ʧʨʝʩʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʦʣʽʾ. 
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ʉʫʰʠʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʽʛʨʽʚʦʤ ʧʦʚʽʪʨʷ 

ʉʝʨʛʽʡ ʗʩʪʨʝʙʘ, ɼʤʠʪʨʦ ʃʶʣʴʢʘ, ɺʽʪʘʣʽʡ ʇʦʥʦʤʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʉʫʰʽʥʥʷ ʞʦʤʫ ʻ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʘʪ ʧʘʣʠʚʘ. ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʽʚ ʝʢʦʥʦʤʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ 

ʪʦʧʢʫ ʜʣʷ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ, ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʥʘʫʢʦʚʠʭ ʪʘ 
ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʞʦʤʦʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ 

ʨʦʙʦʪʠ. ɺʠʢʦʨʠʩʪʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʽʟʫ ʚʠʪʨʘʪ ʪʝʧʣʘ ʜʣʷ ʩʫʰʽʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ. ʅʝʜʦʣʽʢʦʤ ʪʠʧʦʚʦʾ ʞʦʤʦʩʫʰʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʻ ʚʝʣʠʢʽ ʚʪʨʘʪʠ ʪʝʧʣʘ ʟ 

ʩʫʰʠʣʴʥʠʤ ʘʛʝʥʪʦʤ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʝʨʚʠʥʥʝ ʧʦʚʽʪʨʷ, ʷʢʝ 

ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʪʦʧʢʫ ʜʣʷ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʪʘ ʧʦʚʽʪʨʷ, ʱʦ ʟʤʽʰʫʻʪʴʩʷ ʟ ʪʦʧʢʦʚʠʤʠ 

ʛʘʟʘʤʠ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ 20ÁC ʽ ʟʘ ʨʘʭʫʥʦʢ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʩʫʰʫʚʘʥʥʷ ʞʦʤʫ 750é800Áʉ. ɼʣʷ ʥʘʛʨʽʚʘʥʥʷ ʮʴʦʛʦ ʧʦʚʽʪʨʷ ʜʦ ʟʘʜʘʥʠʭ 

ʤʝʞ ʧʦʪʨʝʙʫʶʪʴʩʷ ʟʥʘʯʥʽ ʟʘʪʨʘʪʠ ʪʝʧʣʘ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʟʛʦʨʘʥʥʽ ʧʘʣʠʚʘ ʚ ʪʦʧʮʽ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ (ʨʠʩ. 1) ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʠʪʠ ʨʝʢʫʧʝʨʘʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

ʧʨʦʪʠʪʝʯʽʡʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʝʨʰʠʡ ʥʘʛʨʽʚʘʣʴʥʠʡ ʢʦʥʪʫʨ ʜʣʷ ʩʫʰʠʣʴʥʦʛʦ 

ʘʛʝʥʪʘ ʪʘ ʜʨʫʛʠʡ ʢʦʥʪʫʨ ʥʘʛʨʽʚʘʥʥʷ ʜʣʷ ʧʦʚʽʪʨʷ, ʧʨʠ ʮʴʦʤʫ ʚʭʽʜ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ 
ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟôʻʜʥʘʥʠʡ ʟ ʦʩʴʦʚʠʤ ʚʠʧʫʩʢʥʠʤ ʧʘʪʨʫʙʢʦʤ ʮʠʢʣʦʥʫ, ʘ ʚʠʭʽʜ ð ʟ 

ʧʘʪʨʫʙʢʦʤ ʚʠʜʘʣʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʘʛʝʥʪʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʦʜʽ ʷʢ ʚʭʽʜ ʢʦʥʪʫʨʫ 

ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟôʻʜʥʘʥʠʡ ʟ ʧʘʪʨʫʙʢʦʤ ʟʘʙʦʨʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʘ 

ʚʠʭʽʜ ʟ ʧʘʪʨʫʙʢʘʤʠ ʧʦʜʘʯʽ ʧʽʜʽʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʚ ʪʦʧʢʫ 

 
ʈʠʩ.1. ʉʭʝʤʘ ʨʦʙʦʪʠ ʞʦʤʦʩʫʰʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʽʛʨʽʚʦʤ ʧʦʚʽʪʨʷ: 

1-ʞʦʤʦʩʫʰʠʣʴʥʠʡ ʙʘʨʘʙʘʥ,2- ʪʦʧʢʘ, 3, 4-ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʪʘ ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʽ 

ʧʨʠʩʪʨʦʾ, 5-ʮʠʢʣʦʥ, 6- ʜʠʤʦʩʦʩ, 7- ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʧʨʦʪʠʪʝʯʽʡʥʦʛʦ ʪʠʧʫ 

 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʧʦʚʽʪʨʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʜʦʟʚʦʣʷʻ ʥʘʛʨʽʪʠ ʧʝʨʚʠʥʥʝ  ʧʦʚʽʪʨʷ ʟ 20ʦʉ 

ʜʦ 1000ʉ, ʱʦ ʝʢʦʥʦʤʠʪʴ ʜʦ 10 % ʧʘʣʠʚʘ. 

ɺʠʩʥʦʚʢʠ. ʊʝʭʥʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʞʦʤʦʩʫʰʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʘ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʥʘ ʧʽʜʽʛʨʽʚ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
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ɼʠʩʢʦʚʠʡ ʨʦʟʧʠʣʶʚʘʯ ʟ ʝʞʝʢʮʽʡʥʠʤ ʝʬʝʢʪʦʤ ʜʣʷ ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ɼʤʠʪʨʽʡ ɹʦʥʜʘʨʯʫʢ, ʈʦʤʘʥ ʗʢʦʙʯʫʢ, ɺʽʪʘʣʽʡ ʇʦʥʦʤʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʫʰʽʥʥʷ ʨʽʜʠʥ ʫ ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʩʫʰʽʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʰʽʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʠʩʢʦʚʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʞʝʢʪʫʚʘʥʥʷ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʦʥʫ ʨʦʟʧʠʣʝʥʥʷ ʨʽʜʠʥʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 
ʩʫʰʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦ- ʪʘ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ 

ʢʦʥʩʪʨʫʢʮʽʡ ʜʠʩʢʦʚʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʪʘ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʩʫʰʽʥʥʽ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʜʠʩʢʦʚʦʛʦ ʨʦʟʧʠʣʶʚʘʯʘ ʟ ʝʞʝʢʮʽʡʥʠʤ ʝʬʝʢʪʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ. ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʜʠʩʢʦʚʦʤʫ ʨʦʟʧʠʣʶʚʘʯʽ ʚʠʢʦʨʠʩʪʘʥʦ ʝʬʝʢʪ 

ʝʞʝʢʪʫʚʘʥʥʷ ʛʘʟʦʚʦʾ ʬʘʟʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʦʥʫ ʢʦʥʪʘʢʪʫ ʬʘʟ. ɼʠʩʢʦʚʠʡ ʨʦʟʧʠʣʶʚʘʯ 

(ʨʠʩ. 1) ʚʢʣʶʯʘʻ ʢʦʨʧʫʩ 1 ʟ ʨʦʟʧʦʜʽʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ 2 ʽ ʩʦʧʣʦʚʠʤʠ ʦʪʚʦʨʘʤʠ 3. ɼʦ 

ʢʦʨʧʫʩʫ ʧʨʠʻʜʥʘʥʽ ʚʝʨʭʥʷ 4 ʪʘ ʥʠʞʥʷ 5 ʧʨʦʬʽʣʴʥʽ ʧʣʘʩʪʠʥʠ, ʤʽʞ ʷʢʠʤʠ  ʫʪʚʦʨʝʥʦ ʟʘʟʦʨ 

6 ʜʣʷ ʧʨʦʭʦʜʫ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ. ʇʨʦʬʽʣʴʥʽ ʝʣʝʤʝʥʪʠ ʬʦʨʤʫʶʪʴ ʢʦʥʬʫʟʦʨʥʫ ʯʘʩʪʠʥʫ 

7, ʛʦʨʣʦʚʠʥʫ 8 ʪʘ ʜʠʬʫʟʦʨ 9, ʷʢʽ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʝʞʝʢʮʽʡʥʠʡ ʘʧʘʨʘʪ. ʅʘ ʥʠʞʥʽʡ 
ʩʪʦʨʦʥʽ ʢʦʨʧʫʩʫ ʜʠʩʢʘ ʨʦʟʤʽʱʝʥʦ ʨʘʜʽʘʣʴʥʽ ʣʦʧʘʪʢʠ 10, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʜʘʪʢʦʚʫ 

ʧʦʜʘʯʫ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʫ ʟʦʥʫ ʟʤʽʰʫʚʘʥʥʷ. 

   
ʈʠʩ.1 ɼʠʩʢʦʚʠʡ ʨʦʟʧʠʣʶʚʘʯ ʟ ʝʞʝʢʮʽʡʥʠʤ ʝʬʝʢʪʦʤ 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʠʩʢʦʚʦʛʦ ʨʦʟʧʠʣʶʚʘʯʘ (10 ʪʠʩ. ʦʙ/ʭʚ) ʨʽʜʠʥʘ ʯʝʨʝʟ ʩʦʧʣʦʚʽ ʢʘʥʘʣʠ 

ʜʠʩʧʝʨʛʫʻʪʴʩʷ ʪʘ ʝʞʝʢʪʫʻ ʛʘʟʦʚʫ ʬʘʟʫ (ʩʫʰʠʣʴʥʠʡ ʘʛʝʥʪ) ʽ ʧʦʪʨʘʧʣʷʻ ʚ ʛʦʨʣʦʚʠʥʫ 
ʝʞʝʢʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ. ʊʫʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥʷ ʧʦʪʦʢʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʠʤ ʧʨʦʮʝʩʦʤ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ. ʋ ʛʦʨʣʦʚʠʥʽ ʝʞʝʢʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʰʘ ʘʢʪʠʚʥʘ ʬʘʟʘ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ, ʘ ʜʠʬʫʟʦʨ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʜ ʡʦʛʦ ʚʠʭʦʜʦʤ ʫ ʦʙôʻʤ ʩʫʰʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ɿʘʚʜʷʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʜʠʩʢʦʚʦʛʦ ʨʦʟʧʠʣʶʚʘʯʘ ʟ ʝʞʝʢʮʽʡʥʠʤ 

ʝʬʝʢʪʦʤ ʦʨʛʘʥʽʟʦʚʘʥʦ ʜʚʦʩʪʫʧʝʥʝʚʠʡ ʧʨʦʮʝʩ ʩʫʰʽʥʥʷ. ʇʝʨʰʠʡ ʩʪʫʧʽʥʴ ï ʚ ʟʦʥʽ 

ʝʞʝʢʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ, ʜʨʫʛʠʡ ï ʫ ʩʫʰʠʣʴʥʦʤʫ ʦʙôʻʤʽ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ʬʦʨʤʫʚʘʥʥʷ ʬʘʢʝʣʘ ʨʦʟʧʠʣʝʥʥʷ, ʧʽʜʚʠʱʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʚʠʩʫʰʝʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʧʠʣʶʚʘʣʴʥʠʡ ʜʠʩʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ 

ʝʬʝʢʪʠʚʥʝ ʝʞʝʢʪʫʚʘʥʥʷ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʟʦʥʫ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʫʻ 

ʧʨʦʮʝʩʠ ʪʝʧʣʦ- ʽ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 
ʜʣʷ ʩʫʰʽʥʥʷ ʨʽʜʢʠʭ ʽ ʚôʷʟʢʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʦʢʨʝʤʘ ʚ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ 

ʩʫʰʠʣʴʥʠʭ ʘʧʘʨʘʪʘʭ. 

ʃʽʪʝʨʘʪʫʨʘ 

ʇʦʥʦʤʘʨʝʥʢʦ ɺ.ɺ., ʗʢʦʙʯʫʢ ʈ.ʃ., ʃʶʣʴʢʘ ɼ.ʄ., ɹʦʥʜʘʨʯʫʢ ɼ.ʉ. ʈʦʟʧʠʣʶʚʘʣʴʥʠʡ 

ʜʠʩʢ. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ159905. ʆʧʫʙʣ. 16.07.2025, ɹʶʣ. ˉ29/2025. 
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ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʜʣʷ ʜʠʩʢʦʚʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʚ ʩʫʰʠʣʴʥʠʭ ʘʧʘʨʘʪʘʭ 

ɼʤʠʪʨʽʡ ɹʦʥʜʘʨʯʫʢ, ʈʦʤʘʥ ʗʢʦʙʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɿʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ 

ʢʨʘʬʪʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ ʢʦʤʧʘʢʪʥʠʭ ʩʫʰʠʣʴʥʠʭ ʘʧʘʨʘʪʘʭ, ʟʜʘʪʥʠʭ 

ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʨʦʙʣʷʪʠ ʥʝʚʝʣʠʢʽ ʪʘ ʩʝʟʦʥʥʽ ʧʘʨʪʽʾ ʩʠʨʦʚʠʥʠ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʭʘʨʯʦʚʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʻ ʨʦʟʧʠʣʶʚʘʣʴʥʝ ʩʫʰʽʥʥʷ ʟ 

ʜʠʩʢʦʚʠʤ ʨʦʟʧʠʣʶʚʘʯʝʤ. ʎʝʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʥʩʠʚʥʝ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʨʽʜʢʦʛʦ 
ʧʨʦʜʫʢʪʫ, ʢʦʨʦʪʢʠʡ ʯʘʩ ʢʦʥʪʘʢʪʫ ʟ ʪʝʧʣʦʥʦʩʽʻʤ ʽ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʦʮʝʩʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʘʣʦʛʘʙʘʨʠʪʥʠʡ ʩʫʰʠʣʴʥʠʡ ʘʧʘʨʘʪ 

ʟ ʜʠʩʢʦʚʠʤ ʨʦʟʧʠʣʶʚʘʯʝʤ ʪʘ ʨʽʜʢʽ/ʧʘʩʪʦʧʦʜʽʙʥʽ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ. ʆʮʽʥʶʚʘʥʥʷ 

ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʢʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ ʽʟ ʧʦʨʽʚʥʷʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʟʘ ʩʫʢʫʧʥʽʩʪʶ 

ʢʨʠʪʝʨʽʾʚ: ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʨʦʟʧʠʣʝʥʥʷ ʜʠʩʢʘʤʠ 

ʜʽʘʤʝʪʨʦʤ 50ï100 ʤʤ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʤʘʣʠʤʠ ʧʘʨʪʽʷʤʠ, ʢʦʤʝʨʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘ 

ʧôʷʪʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. 

ʈʝʟʫʣʴʪʘʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʽʾʚ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʧʨʦʜʫʢʪʠ, ʱʦ 

ʩʪʘʙʽʣʴʥʦ ʧʦʜʘʶʪʴʩʷ ʥʘ ʜʠʩʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʤʽʨʥʦʶ ʚôʷʟʢʽʩʪʶ, ʥʝ ʤʽʩʪʷʪʴ 

ʛʨʫʙʠʭ ʚʢʣʶʯʝʥʴ ʧʽʩʣʷ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʘʙʦ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʤʘʶʪʴ ʢʝʨʦʚʘʥʠʡ ʚʤʽʩʪ ʩʫʭʠʭ 
ʨʝʯʦʚʠʥ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʝ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʧʣʠʥ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʩʫʰʽʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʜʠʩʢʦʚʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʦʚʦʯʝʚʦ-ʬʨʫʢʪʦʚʽ ʩʦʢʠ ʪʘ ʧʶʨʝ. ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʣʠ 

ʛʘʨʙʫʟʦʚʝ ʧʶʨʝ (4,6), ʷʙʣʫʯʥʠʡ ʩʽʢ/ʧʶʨʝ (4,5) ʪʘ ʙʫʨʷʢʦʚʠʡ ʩʽʢ/ʧʶʨʝ (4,3). ʗʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʩʝʛʤʝʥʪʘ ʧʨʠʧʨʘʚ ʽ ʭʘʨʯʦʚʠʭ ʦʩʥʦʚ ï ʩʦʻʚʠʡ ʩʦʫʩ (4,1) ʪʘ 

ʦʚʦʯʝʚʠʡ ʙʫʣʴʡʦʥ (4,0). ɼʣʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʩʫʰʠʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

1é8 ʢʛ/ʛʦʜ ʟʘ ʚʠʧʘʨʝʥʦʶ ʚʦʣʦʛʦʶ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʦʚʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ 

ʜʽʘʤʝʪʨʦʤ 50é100 ʤʤ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ 10é25 ʪʠʩ. ʦʙ/ʭʚ. ɼʣʷ ʬʨʫʢʪʦʚʦ-

ʦʚʦʯʝʚʠʭ ʩʦʢʽʚ/ʧʶʨʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ 140é180 ÁC ʪʘ 

ʥʘ ʚʠʭʦʜʽ 65é80 ÁC. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʬʦʨʤʫʶʪʴʩʷ ʢʨʘʧʣʠʥʠ ʜʽʘʤʝʪʨʦʤ ʧʨʠʙʣʠʟʥʦ 
40é70 ʤʢʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʩʫʰʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ. 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʩʫʰʠʣʴʥʠʭ ʢʘʤʝʨ ʧʦʢʘʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʦʚʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʜʫʢʪʫ.  

ɺʠʩʥʦʚʢʠ. ʉʬʦʨʤʦʚʘʥʦ ʩʠʩʪʝʤʫ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʩʫʰʽʥʥʷ ʫ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʩʫʰʠʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʟ ʜʠʩʢʦʚʠʤ ʨʦʟʧʠʣʶʚʘʯʝʤ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʾʭ ʦʮʽʥʶʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʚʦʯʝʚʦ-ʬʨʫʢʪʦʚʽ ʩʦʢʠ ʪʘ ʧʶʨʝ 

ʻ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʜʘʪʥʠʤʠ ʪʘ ʢʦʤʝʨʮʽʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʨʦʰʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʋʟʘʛʘʣʴʥʝʥʦ ʪʠʧʦʚʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʩʫʰʠʣʴʥʠʭ ʢʘʤʝʨ ʽ ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʨʝʞʠʤʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʜʠʩʢʦʚʦʛʦ ʨʦʟʧʠʣʶʚʘʯʘ.  

ʃʽʪʝʨʘʪʫʨʘ.  
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ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʣʷ ʚôʷʟʢʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

 

ɹʦʛʜʘʥ ɼʝʥʠʩʶʢ, ʈʦʤʘʥ ʗʢʦʙʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

  
ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ 
ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚôʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 
ʚ ʻʤʢʽʩʥʠʭ ʘʧʘʨʘʪʘʭ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚôʷʟʢʠʭ ʧʨʦʜʫʢʪʽʚ.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʤʽʰʘʣʦʢ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 
ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʚʘʛʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʪʝʧʣʦʦʙʤʽʥʫ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 
ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʣʘʜʥʘʥʥʷ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʈʦʙʦʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ 

ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚôʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. ɿʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 
ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʰʘʣʦʢ ʥʘ ʮʠʨʢʫʣʷʮʽʡʥʽ ʧʦʪʦʢʠ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʘʧʘʨʘʪʘʭ 
ʈʝʟʫʣʴʪʘʪʠ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʠʷʚʠʚ ʥʝʜʦʣʽʢʠ ʩʪʘʥʜʘʨʪʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚôʷʟʢʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ (ʡʦʛʫʨʪʠ, ʧʘʩʪʠ, ʩʦʫʩʠ). ɿʦʢʨʝʤʘ, 
ʣʦʧʘʪʝʚʽ ʪʘ ʷʢʽʨʥʽ ʤʽʰʘʣʢʠ ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʫ ʮʝʥʪʨʽ ʘʧʘʨʘʪʘ, ʧʨʦʧʝʣʝʨʥʽ 

ï ʤʘʶʪʴ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʣʷ ʩʪʽʥʦʢ, ʘ ʩʪʨʽʯʢʦʚʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 
ʝʥʝʨʛʦʻʤʥʽʩʪʶ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʻ ʧʝʨʝʭʽʜ ʜʦ ʦʩʴʦʚʦ-ʨʘʜʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽʟ ʢʫʪʦʤ ʥʘʭʠʣʫ 
ʣʦʧʘʪʝʡ 35é45Á, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ 20é40% ʪʘ ʩʢʦʨʦʪʠʪʠ 

ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ʜʦ 50%. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʬʽʣʽʚ ʣʦʧʘʪʝʡ ʪʘ ʚʘʨʽʘʥʪʽʚ 
ʩʠʩʪʝʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʻʤʢʽʩʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʠʟʥʘʯʝʥʦ 

ʢʦʤʙʽʥʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʧʝʨʝʚʘʛʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 
ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʜʣʷ ʘʧʘʨʘʪʫ, ʷʢʘ ʧʦʻʜʥʫʻ ʩʪʨʽʯʢʦʚʫ ʪʘ 

ʧʨʦʧʝʣʝʨʥʫ ʤʽʰʘʣʢʠ. ʉʪʨʽʯʢʘ, ʚʩʪʘʥʦʚʣʝʥʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʟʦʨʦʤ ʜʦ ʩʪʽʥʦʢ, ʱʦ 
ʽʥʪʝʥʩʠʬʽʢʫʻ ʨʫʭ ʧʨʦʜʫʢʪʫ, ʘ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʧʝʣʝʨ ʥʘ ʚʘʣʫ ʫʩʫʚʘʻ ʟʘʩʪʽʡʥʽ ʟʦʥʠ ʥʘ ʜʥʽ 

ʘʧʘʨʘʪʘ. ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 15é25% ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ ʪʘ ʧʦʢʨʘʱʫʻ ʛʦʤʦʛʝʥʥʽʩʪʴ 
ʧʨʦʜʫʢʪʫ ʟʘʚʜʷʢʠ ʩʪʚʦʨʝʥʥʶ ʩʢʣʘʜʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʢʦʥʪʫʨʫ ʮʠʨʢʫʣʷʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ 
ʦʩʴʦʚʦ-ʨʘʜʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʂʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʻ CFD-

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤ ʣʦʧʘʪʝʡ ʪʘ 
ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʨʽʰʝʥʴ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʩʫʪʪʻʚʝ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  
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ɺʧʣʠʚ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʽʚ ʥʘ ʨʦʙʦʪʫ ʝʞʝʢʪʦʨʘ 

ɺʽʪʘʣʽʡ ʇʦʥʦʤʘʨʝʥʢʦ, ʈʦʤʘʥ ʗʢʦʙʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɺ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʝʞʝʢʪʦʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʠʯʦʤʫ ʨʦʙʦʯʽ ʨʽʜʠʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʪʦ ʛʫʩʪʠʥʫ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʽ ʪ.ʧ. ʎʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʯʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʞʝʢʪʦʨʽʚ, ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ 
ʢʦʥʩʪʨʫʢʮʽʡ ʝʞʝʢʪʦʨʽʚ ʪʘ ʾʭ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ 

ʝʞʝʢʪʦʨ ʟ ʜʠʩʧʝʨʛʦʚʘʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʶ ʢʘʤʝʨʦʶ ʟʤʽʰʫʚʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʚʦʜʘ-ʧʦʚʽʪʨʷ: ʤʦʜʝʣʴʥʠʭ ʮʫʢʨʦʚʠʭ ʪʘ ʢʨʦʭʤʘʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 12% ʪʘ 16,6%. ɻʽʜʨʘʚʣʽʯʥʠʡ ʩʪʝʥʜ ʦʩʥʘʱʝʥʠʡ ʢʦʥʪʨʦʣʴʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦʶ: ʣʽʯʠʣʴʥʠʢ ʛʘʟʫ ʦʙôʻʤʥʦʛʦ ʪʠʧʫ PREMA G 1,6, ʨʦʪʘʮʽʡʥʠʡ 

ʚʠʪʨʘʪʦʤʽʨ ʨʽʜʠʥʠ ʂɺ-1,5, ʢʣʘʩ ʪʦʯʥʦʩʪʽ 1,5, ʤʘʥʦʤʝʪʨ ʆɹʄ1-160, ʢʣ. ʪʦʯʥʦʩʪʽ 1,5.  

ʈʝʟʫʣʴʪʘʪʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʞʝʢʮʽʾ ʚʽʜ ʪʠʩʢʫ ʧʦʜʘʯʽ ʨʽʜʠʥʠ, ʷʢʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1. 

 
ʘ                                                                       ʙ 

ʈʠʩ. 1 ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʝʞʝʢʮʽʾ ʚʽʜ ʪʠʩʢʫ ʧʦʜʘʯʽ ʨʽʜʠʥʠ:  

ʘ - ʮʫʢʨʦʚʠʭ ʨʦʟʯʠʥʽʚ; ʙ - ʢʨʦʭʤʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ɿ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 
ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʫʢʨʦʟʠ (ʨʠʩ.1 ʘ) ʩʧʨʠʯʠʥʷʻ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʞʝʢʮʽʾ, ʘ ʧʨʠ ʪʠʩʢʫ 

ʧʦʜʘʯʽ ʨʽʜʠʥʠ ʚ ʩʦʧʣʦ ʬʦʨʩʫʥʢʠ ʝʞʝʢʪʦʨʘ ʙʽʣʴʰʝ 0,25 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʝʞʝʢʮʽʾ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʫʢʨʦʟʠ ʚ ʨʽʜʠʥʽ. ʇʦʷʩʥʠʪʠ ʪʘʢʫ ʨʦʙʦʪʫ ʝʞʝʢʪʦʨʘ ʤʦʞʥʘ 

ʪʠʤ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʪʠʩʢʘʭ ʧʦʜʘʯʽ ʨʽʜʠʥʠ ʚ ʩʦʧʣʦ ʬʦʨʩʫʥʢʠ, ʨʽʜʠʥʠ ʟ ʙʽʣʴʰʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʮʫʢʨʦʟʠ ʜʠʩʧʝʨʛʫʶʪʴʩʷ ʥʘ ʢʨʘʧʣʠʥʠ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ, ʯʦʤʫ ʩʧʨʠʷʻ 

ʙʽʣʴʰ ʚʠʩʦʢʘ ʚôʷʟʢʽʩʪʴ ʪʘ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʨʽʜʠʥʠ ʙʽʣʴʰ ʥʽʞ 

0,25 ʄʇʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ, ʜʦʩʷʛʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʡ ʨʝʞʠʤ 

ʨʦʟʧʠʣʝʥʥʷ ʧʨʠ ʷʢʦʤʫ ʢʨʘʧʣʽ ʯʠʩʪʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʨʦʟʯʠʥʽʚ ʮʫʢʨʦʟʠ ʧʨʠʡʤʘʶʪʴ ʢʫʣʷʩʪʫ 

ʬʦʨʤʫ ʨʽʚʥʦʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ ʝʞʝʢʮʽʾ ʜʣʷ ʨʽʜʠʥ ʨʽʟʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʨʽʚʥʶʶʪʴʩʷ. 

ɸʥʘʣʦʛʽʯʥʽ ʜʦʩʣʽʜʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʢʨʦʭʤʘʣʴʥʠʭ ʨʦʟʯʠʥʘʭ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ 
ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1 ʙ. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʝʞʝʢʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʠʭ 

ʨʝʯʦʚʠʥ ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ. 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʫʪʦʯʥʝʥʥʽ ʨʦʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʞʝʢʪʦʨʽʚ ʧʨʠ ʾʭ ʨʦʙʦʪʽ ʥʘ ʨʽʜʠʥʘʭ ʟ ʨʽʟʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʈʦʙʦʯʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʞʝʢʪʦʨʘ ʧʨʠ ʡʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ɺʽʪʘʣʽʡ ʇʦʥʦʤʘʨʝʥʢʦ, ʈʦʤʘʥ ʗʢʦʙʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɽʞʝʢʪʦʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʨʽʟʥʠʭ 

ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʥʝʟʘʧʝʨʝʯʥʠʤ ʧʝʨʝʚʘʛʘʤ. ʆʜʥʘʢ ʯʠ ʚʧʣʠʚʘʻ ʮʝ 

ʥʘ ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʞʝʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʞʝʢʮʽʾ, ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ 
ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʞʝʢʪʦʨʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʝʞʝʢʪʦʨ ʟ 

ʜʠʩʧʝʨʛʦʚʘʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʶ ʢʘʤʝʨʦʶ ʟʤʽʰʫʚʘʥʥʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ɻʽʜʨʘʚʣʽʯʥʠʡ ʩʪʝʥʜ ʦʩʥʘʱʝʥʠʡ ʢʦʥʪʨʦʣʴʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦʶ: ʣʽʯʠʣʴʥʠʢ ʦʙôʻʤʥʦʛʦ ʪʠʧʫ PREMA G 1,6, ʨʦʪʘʮʽʡʥʠʡ 

ʚʠʪʨʘʪʦʤʽʨ ʂɺ-1,5, ʢʣʘʩ ʪʦʯʥʦʩʪʽ 1,5, ʤʘʥʦʤʝʪʨ ʆɹʄ1-160, ʢʣ. ʪʦʯʥʦʩʪʽ 1,5.  

ʈʝʟʫʣʴʪʘʪʠ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʙ'ʻʤʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʝʞʝʢʮʽʾ ʚʽʜ 

ʪʠʩʢʫ ʨʽʜʠʥʠ ʚ ʩʦʧʣʽ ʬʦʨʩʫʥʢʠ ʧʨʠ ʧʨʦʪʠʪʠʩʢʫ ʚʽʜ 0 ʜʦ 500 ʤʤ ʚʦʜ ʩʪ.. ʇʨʦʪʠʪʠʩʢ 

ʩʪʚʦʨʶʚʘʚʩʷ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʚʽʜʢʨʠʪʦʛʦ ʪʦʨʮʷ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʝʞʝʢʪʦʨʘ ʚ ʨʽʜʠʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʪʦʯʥʽʩʪʶ 94é97% ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʠʩʢʽʚ 

ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʧʨʷʤʦʾ ʣʽʥʽʾ ʫ = ʢʭ + b. ʇʨʠ ʚʽʣʴʥʦʤʫ ʚʠʪʦʢʫ ʨʽʜʠʥʠ ʟ ʢʘʤʝʨʠ 

ʟʤʽʰʫʚʘʥʥʷ (ʢʽʥʝʮʴ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʜ ʨʽʚʥʝʤ ʨʽʜʠʥʠ ʚ ʤʽʨʥʽʡ 

ʧʦʩʫʜʠʥʽ), ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʝʞʝʢʮʽʾ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ ʨʽʜʠʥʠ, ʧʽʜ 
ʷʢʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʟ 0,05 ʄʇʘ ʜʦ 0,155 ʄʇʘ ʢʦʝʬʽʮʽʻʥʪ ʝʞʝʢʮʽʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ 50%. 

 
ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʦʙ'ʻʤʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʝʞʝʢʮʽʾ ʚʽʜ ʪʠʩʢʫ ʨʽʜʠʥʠ ʚ ʩʦʧʣʽ 

ʬʦʨʩʫʥʢʠ ʧʨʠ ʨʽʟʥʦʤʫ ʧʨʦʪʠʪʠʩʢʫ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʨʦʪʠʪʠʩʢʫ 

ʰʣʷʭʦʤ ʟʘʥʫʨʝʥʥʷ ʢʽʥʮʷ ʢʘʤʝʨʠ ʟʤʽʰʘʥʥʷ ʧʽʜ ʨʽʚʝʥʴ ʨʽʜʠʥʠ ʢʦʝʬʽʮʽʻʥʪ ʝʞʝʢʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʧʨʦʪʠʪʠʩʢʫ (ʅ = 50 ʤʤ ʚʦʜ. ʩʪ.) 

ʢʦʝʬʽʮʽʻʥʪ ʝʞʝʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʚ ʧ'ʷʪʴ ʨʘʟʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ 

ʢʽʥʮʷ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʜʦ 250 ʤʤ ʚʦʜ. ʩʪ. ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʞʝʢʮʽʾ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʫʭʦʤʘ ʛʨʘʥʠʮʷ ʨʦʟʜʽʣʫ ʬʘʟ ʨʽʜʠʥʘ-ʧʦʚʽʪʨʷ, 
ʨʦʟʤʽʱʝʥʥʷ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʝʞʝʢʪʦʨʽʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ ʧʨʦʪʠʪʠʩʢʦʤ. 
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ʇʨʘʢʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʪʬʦʨʤʠ Moodle ʧʨʠ ʚʠʚʯʝʥʽ ʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ 

ʚ ʫʤʦʚʘʭ ʟʤʽʰʘʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ɼʤʠʪʨʦ ʃʶʣʴʢʘ, ʈʦʤʘʥ ʗʢʦʙʯʫʢ, ɺʽʪʘʣʽʡ ʇʦʥʦʤʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʉʫʯʘʩʥʘ ʩʠʩʪʝʤʘ ʚʠʱʦʾ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ ʟʘʟʥʘʻ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ 

ʛʣʦʙʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʧʘʥʜʝʤʽʾ COVID-19 ʪʘ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʩʴʢʦʚʦʾ 

ʘʛʨʝʩʽʾ. ʎʽ ʯʠʥʥʠʢʠ ʘʢʪʫʘʣʽʟʫʚʘʣʠ ʧʦʪʨʝʙʫ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʛʥʫʯʢʠʭ ʽ ʙʝʟʧʝʯʥʠʭ 

ʤʦʜʝʣʝʡ ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʥʘʚʯʘʥʥʷ 
ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʤʦʜʝʣʝʡ ʻ ʟʤʽʰʘʥʝ ʥʘʚʯʘʥʥʷ (blended learning), ʷʢʝ ʧʦʻʜʥʫʻ ʪʨʘʜʠʮʽʡʥʽ ʘʫʜʠʪʦʨʥʽ 

ʟʘʥʷʪʪʷ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʩʘʤʦʩʪʽʡʥʦʶ ʨʦʙʦʪʦʶ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ 

ʟʤʽʰʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ. ɺʠʢʦʨʠʩʪʘʥʦ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ 

ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ blended learning. ɼʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʦʩʚʽʪʥʽʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʘʥʦ 

ʢʝʡʩ-ʤʝʪʦʜ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʧʨʘʢʪʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘʨʯʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʰʠʭ ʦʩʚʽʪʥʽʭ ʟʘʢʣʘʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ. ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʧʝʜʘʛʦʛʽʯʥʠʭ ʘʩʧʝʢʪʘʭ, 

ʪʦʜʽ ʷʢ ʩʧʝʮʠʬʽʢʘ ʚʠʢʣʘʜʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ (ʱʦ ʚʠʤʘʛʘʶʪʴ ʨʦʙʦʪʠ ʟ CAD-

ʩʠʩʪʝʤʘʤʠ, ʢʨʝʩʣʝʥʠʢʘʤʠ, 3D-ʤʦʜʝʣʷʤʠ) ʚ ʫʤʦʚʘʭ ʟʤʽʰʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʨʦʟʢʨʠʪʘ 
ʥʝʜʦʩʪʘʪʥʴʦ. ɺ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʛʦ 

ʩʦʮʽʘʣʴʥʠʤʠ ʪʘ ʚʦʻʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʨʘʮʽʦʥʘʣʴʥʠʡ 

ʜʦʙʽʨ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʜʦʙʫʚʘʯʽʚ. ʇʦʯʘʪʢʦʚʦ, blended learning ʨʦʟʛʣʷʜʘʣʦʩʴ ʷʢ ʜʦʧʦʤʽʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʫ 

ʧʨʦʬʝʩʽʡʥʽʡ ʧʽʜʛʦʪʦʚʮʽ ʧʝʨʩʦʥʘʣʫ ʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʮʽʡ ʪʘ ʟ 1990-ʭ ʨʦʢʽʚ ʮʷ ʤʦʜʝʣʴ 

ʧʦʯʘʣʘ ʧʨʦʥʠʢʘʪʠ ʚ ʘʢʘʜʝʤʽʯʥʫ ʦʩʚʽʪʫ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʩʝʨʝʜʦʚʠʱʽ Moodle ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦʶ ʟʘ 

ʫʤʦʚʠ ʚʨʘʭʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ ʢʦʛʥʽʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ. ɿʦʢʨʝʤʘ: 

ʽʢʦʥʽʯʥʠʡ ʢʘʥʘʣ ʘʢʪʠʚʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ, ʽʥʬʦʛʨʘʬʽʢʠ ʪʘ 

ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ; ʩʠʤʚʦʣʽʯʥʠʡ ʢʘʥʘʣ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʪʝʢʩʪʦʚʽ ʧʦʷʩʥʝʥʥʷ, 

ʪʝʦʨʝʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʟʘʚʜʘʥʥʷ; ʝʥʘʢʪʠʚʥʠʡ ʢʘʥʘʣ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ 
ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʩʠʤʫʣʷʮʽʡ, ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʚʧʨʘʚ ʪʘ ʧʨʦʻʢʪʥʠʭ ʨʦʙʽʪ. 

ʇʨʘʢʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʪʬʦʨʤʠ Moodle ʫ ʚʠʢʣʘʜʘʥʥʽ ʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʫ 

ʅʋʍʊ ʜʝʤʦʥʩʪʨʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʣʝʢʮʽʡ ʟ ʝʣʝʤʝʥʪʘʤʠ ʘʥʽʤʘʮʽʾ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʦʨʥʠʭ ʢʦʥʩʧʝʢʪʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʩʧʨʠʷʻ ʘʢʪʠʚʽʟʘʮʽʾ ʟʦʨʦʚʦʾ ʧʘʤôʷʪʽ, ʨʦʟʚʠʪʢʫ ʘʩʦʮʽʘʪʠʚʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʢʨʘʱʦʤʫ 

ʟʘʩʚʦʻʥʥʶ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʦʥʷʪʴ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʪʬʦʨʤʠ Moodle ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʟʜʦʙʫʚʘʯʽʚ ʟ ʦʩʦʙʣʠʚʠʤʠ ʦʩʚʽʪʥʽʤʠ ʧʦʪʨʝʙʘʤʠ, ʩʧʨʠʷʻ ʾʭʥʽʡ ʧʨʦʬʝʩʽʡʥʽʡ ʦʨʽʻʥʪʘʮʽʾ ʪʘ 

ʽʥʪʝʛʨʘʮʽʾ ʚ ʦʩʚʽʪʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ Moodle ʧʽʜ ʯʘʩ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʟʘʭʠʩʪʫ ʢʫʨʩʦʚʠʭ ʧʨʦʻʢʪʽʚ ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʧʦʩʪʽʡʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʯʽʪʢʽʡ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʚʠʤʦʛ ʪʘ 
ʤʦʞʣʠʚʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʫʩʧʽʰʥʽʩʪʴ ʟʜʦʙʫʚʘʯʽʚ ʧʽʜʚʠʱʠʣʘʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 10ï

15 % ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʣʘʪʬʦʨʤʠ Moodle ʧʨʠ ʟʤʽʰʘʥʦʤʫ 

ʥʘʚʯʘʥʥʽ ʜʦʟʚʦʣʷʻ ʩʪʠʤʫʣʶʚʘʪʠ ʪʘ ʘʢʪʠʚʽʟʫʚʘʪʠ ʟʜʦʙʫʚʘʯʽʚ ʚ ʦʪʨʠʤʘʥʥʽ ʧʨʦʛʨʘʤʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʉʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʣʽʥʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʥʚʝʻʨʥʠʭ 

ʩʠʩʪʝʤʠ ARB (Actuated Roller Belts) 

ʖʨʽʡ ʗʢʠʤʯʫʢ, ʈʦʤʘʥ ʗʢʦʙʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʦʙôʻʢʪʽʚ  ʤʦʜʝʨʥʽʟʘʮʽʾ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʧʘʢʫʚʘʥʥʷ ʻ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʦʜʘʯʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʫʧʦʚʦʾ ʫʧʘʢʦʚʢʠ (ʨʷʜʫ, 

ʰʘʨʫ, ʩʪʦʧʠ). ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷʤ ʛʥʫʯʢʠʭ ʣʽʥʽʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʰʚʠʜʢʝ 
ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʚʘʥʪʘʞʥʠʭ 

ʦʜʠʥʠʮʴ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʫʢʣʘʜʘʥʥʷ ʪʦʱʦ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʛʥʫʯʢʠʭ ʣʽʥʽʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ 

ʢʦʥʚʝʻʨʥʽ ʩʠʩʪʝʤʠ ARB ʢʦʤʧʘʥʽʾ Intralox. ʅʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʤʝʪʦʜʠʢ ʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʦʚʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʧʨʠʩʪʨʦʾʚ ʦʨʽʻʥʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʘʮʽʦʥʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ 

ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʚʝʻʨʽʚ ARB ʟ ʨʽʟʥʠʤʠ ʚʘʥʪʘʞʦʥʝʩʫʯʠʤʠ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ. ɺ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʚʭʦʜʷʪʴ ʢʦʥʚʝʻʨʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʘʢʪʠʚʥʽ ʬʫʥʢʮʽʾ ʟ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʘʙʦ ʟʤʽʥʠ 

ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʚʘʥʪʘʞʥʦʾ ʦʜʠʥʠʮʽ ʪʘ  ʢʦʥʚʝʻʨʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʘʩʠʚʥʽ ʬʫʥʢʮʽʾ 

ʟʽ ʟʙʝʨʽʛʘʥʥʷ ʫʧʘʢʦʚʦʢ ʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ (ʥʘʢʦʧʠʯʫʚʘʯʽ). ʇʝʨʰʘ ʛʨʫʧʘ ʢʦʥʚʝʻʨʽʚ ʤʦʞʝ 
ʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʘʢʪʠʚʥʽ ʘʙʦ ʧʘʩʠʚʥʽ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʝ ʧʨʦʩʪʦʨʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʥʽʡ ʦʜʠʥʠʮʽ ʰʣʷʭʦʤ ʾʾ ʧʨʠʤʫʩʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʦʨʽʻʥʪʫʚʘʥʥʷ, 

ʬʦʨʤʫʚʘʥʥʷ ʨʷʜʫ, ʰʘʨʫ ʪʦʱʦ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʨʠʚʦʜʽʚ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʨʫʭ ʯʝʨʝʟ ʨʦʣʠʢʠ ʥʘ ʚʘʥʪʘʞʥʫ ʦʜʠʥʠʮʶ, ʟʘʙʝʟʧʝʯʫʻ ʟʤʽʥʫ 

ʪʨʘʻʢʪʦʨʽʾ ʾʾ ʨʫʭʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʫ ʩʠʩʪʝʤʘʭ ARB ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʛʘʙʘʨʠʪʠ ʣʽʥʽʾ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ɽʣʝʢʪʨʦʥʥʽ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠʚʦʜʘʤʠ ʪʘ ʩʠʩʪʝʤʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʢʦʥʚʝʻʨʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʮʪʚʘ. 

 
ʈʠʩ. 1 ʂʦʥʚʝʻʨʥʘ ʩʠʩʪʝʤʘ ARB (Activated Roller Belt):  

1 ïʢʦʥʚʝʻʨ, ʱʦ ʧʦʜʘʻ; 2 ï ʢʦʥʚʝʻʨ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ; 3 ï ʚʽʜʚʽʜʥʠʡ ʢʦʥʚʝʻʨ 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʚʝʻʨʥʠʭ ʩʠʩʪʝʤʠ ARB ʚ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʣʽʥʽʷʭ ʧʘʢʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʥʫʪʠ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʛʥʫʯʢʽʩʪʴ ʪʘ ʰʚʠʜʢʝ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, 
ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʻʤʦʜʽʾ ʧʨʠʩʪʨʦʾʚ ʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘ ʚʘʥʪʘʞʥʫ 

ʦʜʠʥʠʮʶ, ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʫʧʘʢʦʚʢʠ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʝʨʦʟʽʾ ʤʝʪʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ cfd ʪʝʭʥʦʣʦʛʽʡ 
 

ɸʥʜʨʽʡ ʆʣʽʡʥʠʢ, ʉʝʨʛʽʡ ɹʣʘʞʝʥʢʦ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ɽʨʦʟʽʷ ʤʝʪʘʣʫ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ ʻ ʦʜʥʽʻʶ ʟ 

ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʢʣʘʧʘʥʽʚ ʪʘ ʽʥʰʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʭʘʨʯʦʚʽʡ ʪʘ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʝʨʦʟʽʾ 

ʪʨʫʜʦʤʽʩʪʢʽ ʪʘ ʜʦʨʦʛʽ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ CFD-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 
ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ ʟʥʦʩʫ [1]. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʤʦʜʝʣʽ U-ʧʦʜʽʙʥʦʾ ʪʨʫʙʢʠ 

ʚʠʪʨʘʪʦʤʽʨʘ ʂʦʨʽʦʣʽʩʘ. ɻʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʩʪʚʦʨʝʥʦ ʚ Autodesk Inventor ʪʘ 

ʽʤʧʦʨʪʦʚʘʥʦ ʚ Autodesk CFD. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ: ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʭʦʜʽ 40 ʤ/ʩ, ʪʠʩʢ ʥʘ 

ʚʠʭʦʜʽ 0 ʇʘ. ɻʝʥʝʨʦʚʘʥʦ ʘʜʘʧʪʠʚʥʫ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ ʟ ʫʱʽʣʴʥʝʥʥʷʤ ʫ ʟʦʥʘʭ 

ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʨʦʟʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʝʤʧʽʨʠʯʥʫ ʤʦʜʝʣʴ 

ɽʜʚʘʨʜʩʘ/ʊʫʩʣʠ ER=AFs Fɗ Vn, ʜʝ A=15,59B-0,59Ĭ10-7 (B- ʪʚʝʨʜʽʩʪʴ ʟʘ ɹʨʶʥʝʣʝʤ 120 

ʜʣʷ ʚʫʛʣʝʮʝʚʦʾʩʪʘʣʽ), Fs ïʬʘʢʪʦʨ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ, Fɗ ð ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʫʪʘ ʘʪʘʢʠ, n = 

1,73. ɺʨʘʭʦʚʘʥʦ ʽʥʝʨʮʽʶ ʤʘʩʦʚʠʭ ʯʘʩʪʠʥʦʢ (ʱʽʣʴʥʽʩʪʴ 2705 ʢʛ/ʤį, ʨʘʜʽʫʩ 0,3556 ʤʤ), 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʚʣʝʥʥʷ 0,5 ʪʘ ʩʠʣʫ ʪʷʞʽʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʚ 

ʟʛʠʥʘʭ ʪʨʫʙʢʠ. ʊʨʘʻʢʪʦʨʽʾ ʤʘʩʦʚʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʣʽʥʽʡ ʪʦʢʫ ʯʝʨʝʟ ʽʥʝʨʮʽʶ 
ʪʘ ʚʜʘʨʷʶʪʴʩʷ ʦʙ ʩʪʽʥʢʠ, ʦʩʦʙʣʠʚʦ ʚ ʤʽʩʮʷʭ ʧʦʚʦʨʦʪʫ. ʉʢʘʣʷʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʝʨʦʟʽʾ 

(Erosion Rate) ʚʠʷʚʠʣʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʟʛʠʥʽʚ ʪʨʫʙʢʠ, 

ʜʝ ʯʘʩʪʠʥʢʠ ʫʜʘʨʷʶʪʴʩʷ ʧʽʜ ʦʧʪʠʤʘʣʴʥʠʤʠ ʢʫʪʘʤʠ ʘʪʘʢʠ (20ï40Á). ʋ ʮʠʭ ʟʦʥʘʭ 

ʟʥʘʯʝʥʥʷ ER ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʻ ʧʦ ʧʦʚʝʨʭʥʽ ʚ 3ï5 ʨʘʟʽʚ. ʋ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥʢʘʭ ʚʠʛʠʥʽʚ 

ʝʨʦʟʽʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʨʘʩʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʪʘ ʧʨʦʟʦʨʠʡ ʨʝʞʠʤ 

ʤʦʜʝʣʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʣʦʢʘʣʽʟʘʮʽʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʦʩʫ ʩʘʤʝ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʘʜʽʫʩʘ ʚʠʛʠʥʫ, ʱʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʠʤ ʬʦʪʦ ʧʦʰʢʦʜʞʝʥʠʭ 

ʪʨʫʙ ʚʠʪʨʘʪʦʤʽʨʽʚ ʂʦʨʽʦʣʽʩʘ 

(ʨʠʩ. 1). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʨʦʟʽʾ ʟʘʣʝʞʥʦ ʚʽʜ 
ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʦʢ. 

ɺʠʩʥʦʚʢʠ. CFD-

ʤʦʜʝʣʶʚʘʥʥʷ ʚ Autodesk CFD 

ʝʬʝʢʪʠʚʥʦ ʧʨʦʛʥʦʟʫʻ ʟʦʥʠ 

ʝʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʙʝʟ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 
ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Parsi M., Agrawal M., Srinivasan V. et al. CFD simulation of sand particle erosion under 

multiphase flow conditions // Wear. ï 2017. ï Vols. 376ï377. ï P. 1176ï1184. DOI: 

10.1016/j.wear.2016.12.021 

 
 

ʈʠʩ. 1.  ʉʢʘʣʷʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʝʨʦʟʽʾ. 
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20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʝʨʝʤʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʣʘʢʪʦʟʠ ʚ ʤʦʣʦʯʥʽʡ ʩʠʨʦʚʘʪʮʽ 

 

ɼʤʠʪʨʦ ʇʦʢʨʘʩʴʦʥ, ʖʨʽʡ ɺʝʨʝʩʦʮʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʄʦʣʦʯʥʘ ʩʠʨʦʚʘʪʢʘ ʻ ʮʽʥʥʦʶ ʚʪʦʨʠʥʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʭʘʨʯʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʗʢʽʩʪʴ ʩʫʭʦʾ ʩʠʨʦʚʘʪʢʠ ʪʘ ʪʝʨʤʽʥ ʾʾ ʟʙʝʨʽʛʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ 
ʚʽʜ ʧʨʦʮʝʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʣʘʢʪʦʟʠ. ʂʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 

ʜʦ 20 ʤʢʤ ʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ, ʱʦ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʝʨʝʤʽʰʫʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʫʚʘʨʶʚʘʥʥʷ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʤʘʩ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʨʦʪʘʮʽʡʥʦʛʦ ʪʠʧʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʧʦʣʷʛʘʻ ʚ ʧʦʢʨʘʱʝʥʥʽ ʧʨʦʮʝʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʚʧʣʠʚʘʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʘ ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʛʫʱʝʥʦʾ ʩʠʨʦʚʘʪʢʠ 

(ʚʤʽʩʪ ʩʫʭʠʭ ʨʝʯʦʚʠʥ 55%) ʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʦʙôʻʤʦʤ 12ʤ3. ʄʦʜʝʣʶʚʘʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ Solid Simulation, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʧʦʪʦʢʠ ʨʽʜʠʥʠ ʪʘ 
ʨʦʟʨʘʭʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʧʨʠʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʽʰʘʣʦʢ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 

1700 ʜʦ 2100 ʤʤ (ʜʽʘʤʝʪʨ ʘʧʘʨʘʪʘ ð 2170 ʤʤ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʜʽʘʤʝʪʨ 

ʤʽʰʘʣʢʠ 2075 ʤʤ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʚ ʧʨʠʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ, 

ʜʦʟʚʦʣʷʶʯʠ ʜʦʩʷʛʪʠ ʮʽʣʴʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 15ÁC ʥʘ 150 ʩʝʢʫʥʜ ʰʚʠʜʰʝ, ʥʽʞ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʘʚʦʜʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (d=1900 ʤʤ). 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 5ï20 ʦʙ/ʭʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 16 ʦʙ/ʭʚ (1,67 ʨʘʜ/ʩ). ɿʘ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʩʷʛʣʘ ʟʘʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘ 2970 ʩʝʢʫʥʜ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʷʤʦʢʫʪʥʦʛʦ, ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ ʪʘ ʦʚʘʣʴʥʦʛʦ ʧʨʦʬʽʣʽʚ ʧʽʜʪʚʝʨʜʠʣʦ 
ʧʝʨʝʚʘʛʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʨʦʬʽʣʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʫ ʙʽʣʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʩʪʽʥʦʢ. 

ɺʠʩʥʦʚʢʠ. ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʧʝʨʝʤʽʰʫʶʯʠʭ ʦʨʛʘʥʽʚ ʜʦʟʚʦʣʷʻ 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʛʨʘʥʠʯʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʰʘʨʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʟʤʽʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʮʠʢʣ ʦʙʨʦʙʢʠ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 
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ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʢʨʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ 

ɸʥʜʨʽʡ ʏʝʨʢʝʩʝʥʢʦ, ɯʚʘʥ ʄʦʨʦʟ-ɺʩʝʚʦʣʦʜʩʴʢʠʡ, ʖʨʽʡ ɺʝʨʝʩʦʮʴʢʠʡ 

ʅʘʮ̔ʦʥʘʣʴʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʥʘ ʮʫʢʨʦʚʠʭ ʟʘʚʦʜʘʭ ʧʝʨʝʚʘʞʥʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʧʘʨʘʪʘʭ ʩʫʭʦʛʦ ʪʠʧʫ (ʮʠʢʣʦʥʘʭ). ʆʜʥʘʢ ʾʭʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʻ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʜʦ 5%. ʆʢʨʽʤ ʝʢʦʥʦʤʽʯʥʠʭ ʟʙʠʪʢʽʚ, ʟʥʘʯʥʽ ʚʠʢʠʜʠ ʮʫʢʨʦʚʦʛʦ ʧʠʣʫ 
ʧʦʛʽʨʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʜʦʚʢʽʣʣʷ. ʊʦʤʫ ʤʦʜʝʨʥʽʟʘʮʽʷ ʣʽʥʽʡ ʩʫʰʠʣʴʥʦʛʦ 

ʚʽʜʜʽʣʝʥʥʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ çʤʦʢʨʠʭè ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ (ʩʢʨʫʙʝʨʽʚ) 

ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʢʽʣʴʢʠ ʢʦʥʚʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʜʣʷ ʩʫʰʽʥʥʷ ʮʫʢʨʫ, ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ 

ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ. ɿʥʘʯʥʽ ʦʙôʻʤʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ 

ʪʠʧʦʚʽ ʮʠʢʣʦʥʠ, ʚʩʝ ʱʝ ʤʽʩʪʷʪʴ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʫ ʬʨʘʢʮʽʶ ʮʫʢʨʦʚʦʛʦ ʧʠʣʫ. ʎʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʠʟʴʢʫ ʩʝʧʘʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʫʭʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʧʽʩʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʩʫʰʽʥʥʷ ʮʫʢʨʫ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ Solid Simulation. ɼʦʩʣʽʜʞʫʚʘʚʩʷ 
ʢʦʥʪʘʢʪ ʧʠʣʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʟ ʨʽʜʠʥʦʶ ʚ ʢʨʘʧʝʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʪʝʦʨʝʪʠʯʥʦ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʜʦ 99,97%. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʤʽʥʫ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʚʩʝʨʝʜʠʥʽ ʩʢʨʫʙʝʨʘ ʟʘʣʝʞʥʦ ʚʽʜ: 

- ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʦʧʣʘ ʘʧʘʨʘʪʘ; 

- ʰʚʠʜʢʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ. 

ɿʘʚʜʷʢʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʪʦʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʣʷ ʛʨʘʥʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʧʠʣʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚ ʨʽʟʥʠʭ ʧʝʨʝʨʽʟʘʭ ʩʢʨʫʙʝʨʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ 

ʥʘʡʙʽʣʴʰʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʪʘ ʦʧʪʠʤʘʣʴʥʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʬʘʟ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʣʦʚʣʶʚʘʥʥʷ ʧʠʣʫ. ʆʩʥʦʚʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʽ 

ʦʯʠʱʝʥʥʷ 99,97%, ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʮʫʢʨʫ ʟ 5% ʜʦ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʚʠʟʥʘʯʝʥʦ 
ʟʘʣʝʞʥʽʩʪʴ ʚʠʥʦʩʫ ʯʘʩʪʠʥʦʢ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʫʢʨʫ-ʧʽʩʢʫ ʦʪʨʠʤʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʫ 

ʚʠʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ ʩʢʨʫʙʝʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʣʘʥʩ ʤʽʞ ʤʽʥʽʤʘʣʴʥʠʤ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʦʧʦʨʦʤ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʦʯʠʱʝʥʥʷ. 
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ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʟʝʨʥʦʦʯʠʩʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʪʠʧʫ ɹʉʍ 

ɼʘʨôʷ ɻʨʠʱʝʥʢʦ, ɼʤʠʪʨʦ ʃʶʣʴʢʘ, ɺʽʪʘʣʽʡ ʇʦʥʦʤʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷʟʙʠʨʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʟʝʨʥʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʧʘʨʘʮʽʾ ʰʣʷʭʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʰʽʪʥʦʛʦ ʢʫʟʦʚʘ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʟʝʨʥʘ ʩʪʘʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʩʢʽʣʴʢʠ ʚʪʨʘʪʠ 
ʷʢʦʩʪʽ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʥʽʚʝʣʶʶʪʴ ʚʩʽ ʟʜʦʙʫʪʢʠ ʥʘ ʝʪʘʧʽ ʚʠʨʦʱʫʚʘʥʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʝʨʥʦʦʯʠʩʥʠʡ ʩʝʧʘʨʘʪʦʨ ɹʉʍ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʚʫʟʣʘ ʟ ʜʦʜʘʪʢʦʚʠʤ ʩʠʪʦʚʠʤ ʷʨʫʩʦʤ ʧʨʠ ʦʯʠʱʝʥʥʽ ʧʰʝʥʠʮʽ ʚʦʣʦʛʽʩʪʶ 

18%. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɿʝʨʥʦʦʯʠʩʥʽ ʩʝʧʘʨʘʪʦʨʠ ʪʠʧʫ ɹʉʍ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʘʰʠʥ ʥʘ ʝʣʝʚʘʪʦʨʘʭ ʪʘ ʙʦʨʦʰʥʦʤʝʣʴʥʠʭ ʟʘʚʦʜʘʭ ʋʢʨʘʾʥʠ. ʁʦʛʦ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʚʠʩʦʢʦʶ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʶ 

ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ ʱʦʜʦ ʦʙʨʦʙʣʶʚʘʥʠʭ ʢʫʣʴʪʫʨ. ʄʘʰʠʥʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʨʦʙʦʪʫ ʫ 

ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʘʭ: ʧʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ (ʝʣʝʚʘʪʦʨʥʠʡ ʨʝʞʠʤ) ʪʘ ʦʩʪʘʪʦʯʥʝ 

ʦʯʠʱʝʥʥʷ (ʤʣʠʥʦʚʠʡ ʨʝʞʠʤ). 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʚʠʷʚʠʚ ʦʙʤʝʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʨʽʚʥʽ 
60é65%. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʡʤʘʣʴʥʦʛʦ ʩʠʪʘ ʧʝʨʝʜ 

ʦʩʥʦʚʥʠʤ ʩʦʨʪʫʚʘʣʴʥʠʤ ʷʨʫʩʦʤ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʙʦʨʫ ʚʝʣʠʢʠʭ ʜʦʤʽʰʦʢ. 

ʇʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʟʥʠʟʠʪʠ ʬʽʟʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʤʘʩʠ, ʘʣʝ ʡ 

ʩʫʪʪʻʚʦ ʧʦʣʝʛʰʠʪʠ ʧʦʜʘʣʴʰʽ ʦʧʝʨʘʮʽʾ, ʟʦʢʨʝʤʘ ʩʫʰʽʥʥʷ. ɺʠʜʘʣʝʥʥʷ ʚʝʣʠʢʠʭ ʜʦʤʽʰʦʢ 

ʧʦʢʨʘʱʫʻ ʩʠʧʫʯʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʟʥʠʞʫʻ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ ʫ ʩʫʰʠʣʴʥʠʭ 

ʘʛʨʝʛʘʪʘʭ, ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʚʠʩʫʰʫʚʘʥʥʷ ʟʝʨʥʘ. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʤʘʰʠʥ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʢʦʞʥʦʾ 

ʘʛʨʦʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʝʧʘʨʘʪʦʨʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʘʭ, ʜʝ ʟʝʨʥʦ ʯʘʩʪʦ ʧʝʨʝʩʫʰʝʥʝ, ʚʘʞʣʠʚʦ ʟʤʝʥʰʫʚʘʪʠ 

ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʨʘʚʤʫʚʘʥʥʶ ʦʙʦʣʦʥʢʠ, ʪʦʜʽ ʷʢ ʫ ʚʦʣʦʛʠʭ ʧʽʚʥʽʯʥʠʭ 

ʟʦʥʘʭ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʙʨʘʮʽʾ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʢʦʛʝʟʽʾ ʤʽʞ 
ʚʦʣʦʛʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʨʫʛʦʚʠʭ ʢʦʣʠʚʘʥʥʷʭ ʢʫʟʦʚʘ ʟ ʨʘʜʽʫʩʦʤ 11 ʤʤ ʪʘ ʯʘʩʪʦʪʦʶ 

6,25 ʩ ĭ ʪʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʜʦ 

80%. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʠʪ ʚʽʜ 

ʚʝʣʠʢʠʭ ʚʢʣʶʯʝʥʴ, ʱʦ ʧʦʢʨʘʱʫʻ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʨʥʦʚʦʛʦ ʰʘʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʽʟʘʮʽʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚ ʧʥʝʚʤʦʢʘʥʘʣʽ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʚʠʥʝʩʝʥʥʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʟʝʨʥʘ ʫ ʚʽʜʭʦʜʠ ʜʦ ʨʽʚʥʷ <0,15%. 

ʋʩʧʽʰʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʝʧʘʨʘʪʦʨʘ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʟʝʨʥʦʦʯʠʩʥʠʭ ʩʠʩʪʝʤ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ ʦʪʚʦʨʽʚ ʩʠʪ ʥʘ 

ʧʦʚʥʦʪʫ ʨʦʟʜʽʣʝʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʪʠʧʠ ʦʪʚʦʨʽʚ: ʢʨʫʛʣʽ (ʜʣʷ 

ʨʦʟʜʽʣʝʥʥʷ ʟʘ ʰʠʨʠʥʦʶ), ʜʦʚʛʘʩʪʽ (ʟʘ ʪʦʚʱʠʥʦʶ) ʪʘ ʪʨʠʢʫʪʥʽ (ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʥʘʩʽʥʥʷ 
ʛʨʝʯʢʠ ʪʘ ʽʥʰʠʭ ʛʨʘʥʯʘʩʪʠʭ ʢʫʣʴʪʫʨ). 

ɺʠʩʥʦʚʢʠ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʨʝʰʽʪʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʦʯʠʩʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʪʠʧʫ ɹʉʍ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʨʽʩʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʧʘʨʘʮʽʾ ʥʘ 15é20%. ʅʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ 

ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʦʾ ʩʭʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʚʽʙʨʦʢʫʟʦʚʘ, ʱʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʝʣʝʚʘʪʦʨʘʭ ʤʣʠʥʦʚʦʛʦ ʪʠʧʫ. 
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ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʩʘʭʘʨʦʟʠ ʚ ʜʠʬʫʟʽʡʥʠʭ ʘʧʘʨʘʪʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ 

ɼʤʠʪʨʦ ʃʶʣʴʢʘ, ɺʽʪʘʣʽʡ ʇʦʥʦʤʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʈʫʰʽʡʥʦʶ ʩʠʣʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʨʽʟʥʠʮʷ (ʛʨʘʜʽʻʥʪ) 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ʋ ʨʘʟʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʫʩʝʨʝʜʠʥʽ ʬʘʟʠ, ʘʣʝ ʽ ʯʝʨʝʟ ʤʝʞʫ ʨʦʟʜʽʣʫ ʬʘʟ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʜʠʬʫʟʽʾ 

ʤʦʞʣʠʚʘ ʧʨʠ ʪʫʨʙʫʣʽʟʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʥʘʢʣʘʜʘʥʥʽ ʧʫʣʴʩʘʮʽʡ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɺʠʢʦʨʠʩʪʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʦʧʠʩʫ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ 

ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ɼʘʨʩʽ (ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʦʢʫ ʚ ʧʦʨʘʭ ʩʪʨʫʞʢʠ) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ 

ʰʘʨʫ ʩʪʨʫʞʢʠ ʧʨʠ ʥʘʢʣʘʜʘʥʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʧʫʣʴʩʘʮʽʡ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʩʪʠʩʢʘʥʥʷ ʩʦʢʦʩʪʨʫʞʢʦʚʦʾ ʩʫʤʽʰʽ ʟʨʦʙʣʝʥʦ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: ʰʘʨ ʙʫʨʷʢʦʚʦʾ ʩʪʨʫʞʢʠ 

ʧʦʚʥʽʩʪʶ ʥʘʩʠʯʝʥʠʡ ʝʢʩʪʨʘʛʝʥʪʦʤ, ʩʪʘʥ ʷʢʦʛʦ ʚ ʧʦʨʘʭ ʚʚʘʞʘʻʪʴʩʷ ʚʽʣʴʥʠʤ, 

ʥʝʩʪʠʩʣʠʚʠʤ ʽ ʛʽʜʨʘʚʣʽʯʥʦ ʙʝʟʧʝʨʝʨʚʥʠʤ; ʰʘʨ ʩʪʨʫʞʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʣʽʥʽʡʥʦ 

ʜʝʬʦʨʤʦʚʘʥʠʤ: ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʥʴʦʤʫ ʤʠʪʪʻʚʦ ʚʠʢʣʠʢʘʻ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ; ʰʘʨ ʩʪʨʫʞʢʠ ʥʝ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʽ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ, ʷʢʠʡ ʧʨʠʢʣʘʜʘʻʪʴʩʷ 

ʜʦ ʥʝʾ, ʤʠʪʪʻʚʦ ʧʦʚʥʽʩʪʶ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʩʽʢ; ʬʽʣʴʪʨʘʮʽʷ ʩʦʢʫ ʚ ʧʦʨʘʭ ʰʘʨʫ ʩʪʨʫʞʢʠ 

ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʦʥʫ ɼʘʨʩʽ. 

ɿʘ ʪʘʢʠʭ ʧʨʠʧʫʱʝʥʴ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ, ʱʦ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʚʠʜʽʣʝʥʦʛʦ ʦʙ'ʻʤʫ 
ʩʦʢʦʩʪʨʫʞʢʦʚʦʾ ʩʫʤʽʰʽ ʩʢʣʘʜʘʻ: 

Cʇ PPP += ,     (1) 

ʜʝ ʈʇ ï ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʝʢʩʪʨʘʛʝʥʪʘ ʚ ʧʦʨʘʭ; 

 ʈʉ ï ʧʫʣʴʩʘʮʽʡʥʠʡ ʪʠʩʢ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʨʫʭʦʤʠʤʠ ʣʦʧʘʪʷʤʠ ʜʠʬʫʟʽʡʥʦʛʦ 

ʘʧʘʨʘʪʫ ʥʘ ʙʫʨʷʢʦʚʫ ʩʪʨʫʞʢʫ. 

ɿʘ ʟʘʢʦʥʦʤ ʬʽʣʴʪʨʘʮʽʾ ɼʘʨʩʽ ʚʠʪʨʘʪʘ ʩʦʢʫ ʚʟʜʦʚʞ ʦʩʽ ʭ ʜʣʷ ʚʠʧʘʜʢʫ ʥʘʧʨʘʚʣʝʥʦʛʦ 

ʨʫʭʫ ʩʦʢʫ ʦʪʨʠʤʘʻʤʦ: 

ή Ὧl ẗ ,    (2) 

ʜʝ kʌ ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ; 

 ʅ ï ʪʠʩʢ ʚ ʩʦʮʽ. 

ɹʘʟʫʶʯʠʩʴ ʥʘ ʜʘʥʠʭ ʙʘʟʦʚʠʭ ʨʽʚʥʷʥʥʷʭ ʩʪʘʥʫ ʩʦʢʦʩʪʨʫʞʢʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ ʰʘʨʫ ʦʪʨʠʤʘʻʤʦ ʘʥʘʣʽʪʠʯʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʫ 

ʩʦʢʦʩʪʨʫʞʢʦʚʦʾ ʩʫʤʽʰʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʨʷʜʫ ʯʠʥʥʠʢʽʚ ʥʘ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ 

ʪʠʩʢʫ ʚ ʰʘʨʽ ʽ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʝʢʩʪʨʘʛʝʥʪʘ ʯʝʨʝʟ ʰʘʨ ʩʪʨʫʞʢʠ: 

ὖ ὼȟὸ ὖẗρ ẗὧέίẗ ẗὩ
ẗ
ẗ

.   (3) 

ɿ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʥʘʡʜʝʥʦ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʠʩʢʫ ʈʩ ʚʽʜ ʯʘʩʫ ʜʣʷ ʙʫʜʴ ʷʢʦʛʦ 

ʬ̔ ʢʩʦʚʘʥʦʛʦ ʧʝʨʝʨʽʟʫ ʰʘʨʫ ʩʫʤʽʰʽ. ʂʨʽʤ ʪʦʛʦ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ 

ʩʦʢʫ ʜʣʷ ʙʫʜʴ ʷʢʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʙʫʜʴ ʷʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʚʠʪʨʘʪʫ ʩʦʢʫ 

(ʦʙ'ʻʤʥʫ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ) ʥʝʦʙʭʽʜʥʦ ʨʽʚʥʷʥʥʷ (3) ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʧʦ ʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ: 

ή ˡ

˜
ẗὖẗẗίὭὲ

ẗ
ẗὼẗὩ

ẗ

ẗ
ẗ
.   (4) 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʰʘʨʫ 
ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʧʨʦʬʽʣʽʟʘʮʽʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. 

  

ʄʦʜʝʨʥʽʟʘʮʽʷ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ ʤʘʨʢʠ ʊ1-ʆʄ-2ʊ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦ ʞʠʨʥʠʭ ʚʝʨʰʢʽʚ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɺʽʢʪʦʨ ʊʠʪʘʨʝʥʢʦ, ɯʚʘʥ ʄʠʢʦʣʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
ɺʩʪʫʧ. ʇʽʜʧʨʠʻʤʩʪʚʘ ʤʦʣʦʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʧʫʩʢʘʶʪʴ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ - ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʢʣʘʜʫ, ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʞʠʨʦʚʦʶ ʬʘʟʦʶ ʽ ʟ ʥʠʟʴʢʠʤ 

ʚʤʽʩʪʦʤ ʞʠʨʫ. ʊʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ ʧʦʚʠʥʥʦ 
ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʪʨʠʤʘʥʥʷ ʤʘʩʣʘ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ  ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʚ ʪʨʴʦʭ ʮʠʣʽʥʜʨʦʚʠʡ ʤʘʩʣʦ 

ʫʪʚʦʨʶʚʘʯ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ  ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʨʦʙʦʯʦʾ ʧʘʨʠ (ʩʢʨʝʙʢʠ - 
ʮʠʣʽʥʜʨ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ  ʤʝʪʦʜʠ ʪʝʨʤʦʦʙʨʦʙʢʠ ʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ 

ʥʘ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ. 
ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʷʭ ʚʠʨʦʙʥʠʮʪʚʘ ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦ ʞʠʨʥʠʭ ʚʝʨʰʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ 
ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘʭ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʨʴʦʭ ʮʠʣʽʥʜʨʦʚʠʡ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʩʽʭ ʚʠʜʽʚ ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦ ʞʠʨʥʠʭ 
ʚʝʨʰʢʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʨʝʜʽʚ ʤʝʪʦʜʦʤ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʝʤʫʣʴʩʽʾ. ʆʪʨʠʤʘʥʥʷ 

ʤʘʩʣʘ ʟ ʚʠʩʦʢʦ ʞʠʨʥʠʭ ʚʝʨʰʢʽʚ ʚ ʜʘʥʦʤʫ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʮʝʩʽʚ 
ʦʭʦʣʦʜʞʝʥʥʷ ʚʝʨʰʢʽʚ, ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʚʝʨʰʢʽʚ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʛʣʽʮʠʨʠʜʽʚ, ʘ ʪʘʢʦʞ ʾʭ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 
ʄʦʜʝʨʥʽʟʘʮʽʷ ʧʦʜʽʙʥʦʛʦ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ ʥʝʦʙʭʽʜʥʘ ʚ ʟʚ'ʷʟʢʫ ʟ ʨʷʜʦʤ ʧʨʠʯʠʥ: ʥʠʟʴʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, ʤʘʣʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʩʣʘ, ʽʥʪʝʥʩʠʚʥʠʡ ʟʥʦʩ ʜʝʪʘʣʝʡ ʽ 
ʚʫʟʣʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʘʨʘʙʘʥʘ, ʧʦʩʪʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʧʘʨʘʪʫ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ ʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦ 
ʤʘʩʦʦʙʤʽʥʫ. ɺʠʩʦʢʦʝʬʝʢʪʠʚʥʝ ʧʨʦʚʝʜʝʥʥʷ ʚ ʧʦʪʦʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʘʩʣʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʨʽʟʘʥʥʷ 
ʦʭʦʣʦʜʞʝʥʠʭ ʚʝʨʰʢʽʚ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʽʚ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ. ʄʦʜʝʨʥʽʟʘʮʽʷ 

ʪʨʴʦʭ ʮʠʣʽʥʜʨʦʚʦʛʦ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ ʧʝʨʝʜʙʘʯʘʣʘ ʟʘʤʽʥʫ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘʢʦʥʝʯʥʠʢʠ ʩʢʨʝʙʢʽʚ ʽ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ 
ʮʠʣʽʥʜʨʘ ʚʠʪʽʩʥʶʚʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 
ʱʦ ʧʦʣʦʤʢʘ ʥʘʢʦʥʝʯʥʠʢʽʚ ʩʢʨʝʙʢʽʚ ʟ çʇʦʣʽʘʤʽʜʫ - 68è ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʦʜʠʥ ʨʘʟ ʚ 

14 ʟʤʽʥ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ. ʇʽʜ ʜʽʻʶ ʪʠʩʢʫ ʧʨʦʜʫʢʪʫ, 
ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ, - ʥʘʢʦʥʝʯʥʠʢʠ ʩʢʨʝʙʢʽʚ ʽʥʪʝʥʩʠʚʥʦ ʟʥʦʰʫʶʪʴʩʷ. 

ɺʥʫʪʨʽʰʥʽʡ ʮʠʣʽʥʜʨ ʤʘʩʣʦ ʫʪʚʦʨʶʚʘʯʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 
ʤʘʪʝʨʽʘʣʫ - ʩʪʘʣʴ 12ʍ18ʅ10ʊ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʴʦʭ ʮʠʣʽʥʜʨʦʚʦʛʦ ʤʘʩʣʦ 
ʫʪʚʦʨʶʚʘʯʘ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʨʦʙʦʪʽ ʟʤʽʥʝʥʦʾ ʧʘʨʠ (ʩʢʨʝʙʢʠ 

- ʮʠʣʽʥʜʨ) ʩʪʘʣʴ 40X13 - ʮʠʣʽʥʜʨ 12ʍ18ʅ10ʊ ʍʪʚ24 - ʧʽʜʚʠʱʠʣʘʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ 20 ... 25%, ʧʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 5 ... 10%, ʘ 

ʪʘʢʦʞ ʟʨʦʩʣʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʨʦʙʦʯʦʾ ʧʘʨʠ. ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʩʢʨʝʙʢʽʚ 
ʟʽ ʩʪʘʣʽ 40X13 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ çʇʦʣʽʘʤʽʜʫ - 68è ʟʙʽʣʴʰʠʣʘʩʷ ʚ 6 ʨʘʟʽʚ. 

ʇʽʜʚʠʱʠʣʘʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʟʘ ʨʘʭʫʥʦʢ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʫ ʚ ʪʦʥʢʦʤʫ 
ʰʘʨʽ, ʟʨʦʩʣʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ, ʘ ʩʘʤʝ ʧʽʜʚʠʱʠʣʘʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʟʥʠʟʠʣʠʩʷ ʚʠʨʦʙʥʠʯʽ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ. 
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ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʧʨʷʤʦʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʜʘʥʫ ʪʦʯʢʫ ʧʨʦʩʪʦʨʫ 

ʪʘ ʜʚʽ ʧʨʷʤʽ, ʱʦ ʩʭʝʱʫʶʪʴʩʷ 

ʄʘʪʚʽʡ ʃʦʙʘʯʦʚ, ɺʘʜʠʤ ʉʝʨʧʫʯʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɯʩʥʫʻ ʪʘʢʘ ʛʨʫʧʘ ʟʘʜʘʯ, ʜʝ ʰʫʢʘʥʽ ʝʣʝʤʝʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʧʦʤʽʞʥʦʛʦ ʝʣʝʤʝʥʪʘ-ʧʦʩʝʨʝʜʥʠʢʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʜʚʘ ʟʘʜʘʥʠʭ ʝʣʝʤʝʥʪʘ ʪʘ 

ʧʝʨʝʪʠʥʘʻ ʪʨʝʪʽʡ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 
ʚʚʝʜʝʥʥʷ ʧʣʦʱʠʥʠ-ʧʦʩʝʨʝʜʥʠʢʘ, ʱʦ ʤʽʩʪʠʪʠʤʝ ʚ ʩʦʙʽ ʧʝʚʥʽ ʯʘʩʪʠʥʠ ʟʘʜʘʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ. ʋʷʚʣʷʻʤʦ (ʨʠʩ. 1), ʱʦ ʟʘʜʘʥʘ ʪʦʯʢʘ A ʽ ʧʨʷʤʘ c ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ 

ʧʣʦʱʠʥʽ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʫ ʮʽʡ ʧʣʦʱʠʥʽ ʧʨʦʚʝʜʝʤʦ ʜʚʘ ʚʽʜʨʽʟʢʠ  AD ʪʘ 

AE, ʟʘʜʘʚʰʠ ʪʦʯʢʠ D ʪʘ E ʜʦʚʽʣʴʥʦ ʥʘ ʧʨʷʤʽʡ c. ʊʦʙʪʦ ȹ (A, c) ſ ȹ (ȹADE).  

ɺʠʟʥʘʯʠʤʦ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ ʧʦʙʫʜʦʚʘʥʦʾ ʧʣʦʱʠʥʠ ȹ  ʽ ʟʘʜʘʥʦʾ ʧʨʷʤʦʾ b ʤʝʪʦʜʦʤ 

ʚʚʝʜʝʥʥʷ ʜʦʧʦʤʽʞʥʦʾ ʧʨʦʻʮʽʶʶʯʦʾ ʧʣʦʱʠʥʠ-ʧʦʩʝʨʝʜʥʠʢʘ Ɇ. 

ɿʘʜʘʤʦ ʬʨʦʥʪʘʣʴʥʫ ʧʨʦʻʢʮʽʶ ʬʨʦʥʪʘʣʴʥʦʧʨʦʻʮʽʶʶʯʦʾ ʧʣʦʱʠʥʠ Ɇ ʪʘʢ, ʱʦʙ ʚʦʥʘ 

ʤʽʩʪʠʣʘ ʚ ʩʦʙʽ ʧʨʷʤʫ b.  

Ɇ Ṷ ʇ2; b Í Ɇ Ÿ Ɇ2 ſ b2 

ʇʣʦʱʠʥʘ Ɇ, ʧʝʨʝʪʠʥʘʶʯʠ ʧʣʦʱʠʥʫ ȹ (ȹADE), ʫʪʚʦʨʶʻ ʧʨʷʤʫ 1 2. ʆʩʢʽʣʴʢʠ 

ʦʪʨʠʤʘʥʘ ʧʨʷʤʘ 1 2 ʪʘ ʟʘʜʘʥʘ ʧʨʷʤʘ b ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʦʜʥʽʡ ʧʣʦʱʠʥʽ Ɇ, ʪʦ ʚʦʥʠ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʫ ʪʦʯʮʽ K. ʆʪʞʝ, ʪʦʯʢʠ A ʽ K ʪʘ ʧʨʷʤʘ 1 2  ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʦʜʥʽʡ 

ʧʣʦʱʠʥʽ. ʊʝʧʝʨ ʤʠ ʤʦʞʝʤʦ ʯʝʨʝʟ ʪʦʯʢʠ A ʽ K ʧʨʦʚʝʩʪʠ ʰʫʢʘʥʫ ʧʨʷʤʫ, ʷʢʘ ʧʝʨʝʪʠʥʘʻ 

ʧʨʷʤʫ c  ʫ ʪʦʯʮʽ L. 
ʎʶ ʟʘʜʘʯʫ ʪʘʢʦʞ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʤʝʪʦʜʦʤ ʟʘʤʽʥʠ ʧʣʦʱʠʥ ʧʨʦʻʢʮʽʡ, 

ʚʩʪʘʥʦʚʠʚʰʠ ʜʦʧʦʤʽʞʥʫ ʧʣʦʱʠʥʫ ʧʨʦʻʢʮʽʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʜʥʽʻʾ ʟ ʟʘʜʘʥʠʭ 

ʧʨʷʤʠʭ. 

 
ʈʠʩ. 1 

ɺʠʩʥʦʚʢʠ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫ ʢʨʽʟʴ ʪʦʯʢʫ ʽ ʜʚʽ ʩʭʨʝʱʫʚʘʥʽ ʧʨʷʤʽ, ʪʦ 

ʚʚʝʜʝʥʥʷʤ ʜʦʧʦʤʽʞʥʦʾ ʧʨʦʻʮʽʶʶʯʦʾ ʧʣʦʱʠʥʠ ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʜʨʫʛʫ ʪʦʯʢʫ, ʱʦ 

ʥʘʣʝʞʘʪʠʤʝ ʰʫʢʘʥʽʡ ʧʨʷʤʽʡ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʩʦʚʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ 

ʊʘʨʘʩ ʇʦʛʦʨʽʣʠʡ, ɺʘʣʝʨʽʡ ʄʠʨʦʥʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɺ ʟʚôʷʟʢʫ ʟ ʚʘʞʢʠʤ, ʦʩʦʙʣʠʚʦ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ, ʩʪʘʥʦʚʠʱʝʤ ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʘʭ ʋʢʨʘʾʥʠ, ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʧʦ ʟʤʝʥʰʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɺ ʮʫʢʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʤ ʻ ʧʨʦʜʫʢʪʦʚʝ 

ʚʽʜʜʽʣʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɿ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʫʚʘʨʶʚʘʥʥʷ 
ʮʫʢʨʦʚʦʛʦ ʫʪʬʝʣʶ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʦʧʠʩʫʚʘʪʠʤʝ ʜʘʥʠʡ ʧʨʦʮʝʩ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ (ʜʣʷ ʨʦʟʯʠʥʫ ʩʘʭʘʨʦʟʠ: 

ʯʠʩʪʦʪʘ ʏ, ʚʤʽʩʪ ʩʫʭʠʭ ʨʝʯʦʚʠʥ ʉʈ, ʚʤʽʩʪ ʩʘʭʘʨʦʟʠ ʉʭ; ʜʣʷ ʮʫʢʨʦʚʦʛʦ ʫʪʬʝʣʶ: 

ʯʠʩʪʦʪʘ ʏ, ʚʤʽʩʪ ʩʫʭʠʭ ʨʝʯʦʚʠʥ ʉʈ, ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʢʨʠʩʪʘʣʽʚ ʮʫʢʨʫ ʂʈ), 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ (ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʫʪʬʝʣʶ u, ʚôʷʟʢʽʩʪ ɹm, ʪʠʩʢ p), ʪʝʧʣʦʬʽʟʠʯʥʠʭ (ʜʣʷ 

ʮʫʢʨʦʚʦʛʦ ʫʪʬʝʣʶ, ʨʦʟʯʠʥʫ ʩʘʭʘʨʦʟʠ ʪʘ ʢʨʠʩʪʘʣʽʚ ʮʫʢʨʫ: ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ l, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʻʤʥʦʩʪʽ c, ʛʫʩʪʠʥʘ r), ʤʘʩʦʦʙʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ 

(ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʤʽʞʢʨʠʩʪʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʩʘʭʘʨʦʟʠ D), ʘ ʪʘʢʦʞ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ 

ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ ʧʝʚʥʠʭ ʩʧʨʦʱʝʥʴ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʘʨʪʫʨ ʚ ʧʨʦʰʘʨʢʫ ʫʪʬʝʣʶ, ʚʽʜ ʥʘʛʨʽʚʥʦʾ ʩʪʽʥʢʠ ʛʨʽʶʯʦʾ 

ʪʨʫʙʢʠ ʜʦ ʚʽʩʽ ʩʠʩʤʝʪʨʽʾ ʪʘʢʦʾ ʪʨʫʢʠ, ʷʢʠʡ ʙʫʚ ʚʠʜʽʣʝʥʠʡ ʤʽʞ ʜʚʦʤʘ ʧʣʦʱʠʥʘʤʠ, 

ʥʦʨʤʘʣʽ ʜʦ ʷʢʠʭ ʙʫʣʠ ʥʘʧʨʘʚʣʝʥʥʦ ʚʟʜʦʚʞ ʚʽʩʽ ʥʘʛʨʽʚʥʦʾ ʪʨʫʙʢʠ ʛʨʽʶʯʦʾ ʢʘʤʝʨʠ 

ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ. ʊʦʚʱʠʥʘ ʚʠʜʽʣʝʥʦʛʦ ʧʨʦʰʘʨʢʫ ʚʠʙʠʨʘʣʘʩʴ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʶ. ɿʘʜʘʯʘ 
ʨʦʟʛʣʷʜʘʣʘʩʴ ʦʩʝʩʠʤʝʪʨʠʯʥʦʶ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʫʤʦʚʠ ʚʽʜʝʣʝʥʥʷ 

ʧʝʚʥʦʾ ʦʙʤʝʞʝʥʦʾ ʦʙʣʘʩʪʽ ʚ ʫʪʬʝʣʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʶ ʦʙʣʘʩʪʴ ʧʘʨʦʚʦʾ ʬʘʟʠ, 

ʦʙʣʘʩʪʴ ʤʽʞʢʨʠʩʪʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʩʘʭʘʨʦʟʠ ʪʘ ʦʙʣʘʩʪʴ ʢʨʠʩʪʘʣʘ ʮʫʢʨʫ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʥʘʛʨʽʚʥʦʾ ʩʪʽʥʢʠ ʛʨʽʶʯʦʾ ʪʨʫʙʢʠ ʜʦ ʚʽʩʽ ʩʠʩʤʝʪʨʽʾ 

ʪʨʫʢʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʫʪʬʝʣʶ, ʷʢʠʡ ʢʦʥʪʘʢʪʫʚʘʚ ʽʟ ʥʘʛʽʚʥʦʶ ʩʪʽʥʢʦʶ ʛʨʽʶʯʦʾ 

ʪʨʫʙʢʠ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʦʙʣʘʩʪʴ ʧʘʨʦʚʦʾ ʬʘʟʠ, ʦʙʣʘʩʪʴ ʤʽʞʢʨʠʩʪʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

ʩʘʭʘʨʦʟʠ, ʦʙʣʘʩʪʴ ʢʨʠʩʪʘʣʘ ʮʫʢʨʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙʣʘʩʪʴ ʫʪʬʝʣʶ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʟʘʜʘʯʘ, ʷʢ ʽ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʣʘʩʴ ʦʩʝʩʠʤʝʪʨʠʯʥʦʶ. 

ɿʘʫʚʘʞʠʤʦ ʱʦ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ 
ʨʦʟʛʣʷʜʘʚʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ, ʪʦʙʪʦ ʪʘʢʠʤ, ʱʦ ʟʘʣʝʞʘʚ ʚʽʜ ʯʘʩʫ t. 

ʈʝʟʫʣʴʪʘʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 

ʥʘʚʝʜʝʥʠʭ ʝʪʘʧʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʛʨʽʶʯʽʡ ʪʨʫʙʮʽ ʥʘʛʨʽʚʥʦʾ ʢʘʤʝʨʠ 

ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ ʜʘʣʦ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʠʜʽʣʝʥʦʤʫ ʧʨʦʰʘʨʢʫ 

ʫʪʬʝʣʶ, ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʚ ʫʪʬʝʣʽ ʥʝ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʦʙʣʘʩʪʝʡ ʽ ʨʦʟʛʣʷʥʫʪʘ 

ʦʙʣʘʩʪʴ ʫʪʬʝʣʶ ʤʘʣʘ ʫʩʝʨʝʜʥʝʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʩʽʡ ʜʦʚʞʠʥʽ ʪʘ ʟʘ 

ʫʤʦʚʠ ʚʠʜʽʣʝʥʥʷ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ (ʦʙʣʘʩʪʴ ʧʘʨʦʚʦʾ ʬʘʟʠ, ʦʙʣʘʩʪʴ ʤʽʞʢʨʠʩʪʘʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʩʘʭʘʨʦʟʠ ʪʘ ʦʙʣʘʩʪʴ ʢʨʠʩʪʘʣʫ ʮʫʢʨʫ) ʟ ʥʘʜʘʥʥʷʤ ʾʤ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʪʠʢ. 

ɺʠʩʥʦʚʢʠ. ʈʝʘʣʽʟʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʮʫʢʨʦʚʦʤʫ ʫʪʬʝʣʽ ʚ ʥʘʛʨʽʚʥʽʡ ʪʨʫʙʮʽ ʛʨʽʶʯʦʾ 
ʢʘʤʝʨʠ ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʛʨʽʶʯʽʡ ʪʨʫʙʮʽ 

ʥʘʛʨʽʚʥʦʾ ʢʘʤʝʨʠ ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ 

ɺʘʜʠʤ ɸʜʘʤʝʥʢʦ, ʊʘʨʘʩ ʇʦʛʦʨʽʣʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɺ ʩʠʣʫ ʜʦʩʠʪʴ ʚʘʞʢʦʛʦ ʽ ʥʘʚʽʪʴ ʢʨʠʪʠʯʥʦʛʦ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʪʘʥʦʚʠʱʘ ʚ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ, ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦ 

ʟʤʝʥʰʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɺ ʮʫʢʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰ 

ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ ʻ ʧʨʦʜʫʢʪʦʚʝ ʚʽʜʜʽʣʝʥʥʷ. ɺʠʨʽʰʝʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ ʪʝʣʦʦʙʤʽʥʫ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʛʨʽʶʯʽʡ ʢʘʤʝʨʽ ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ ʧʽʜ ʯʘʩ 

ʤʘʩʦʚʦʛʦ ʫʚʘʨʶʚʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʫʪʬʝʣʷ, ʢʦʪʨʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ ʥʝʧʝʨʝʨʚʥʦʩʪʽ (1), ʨʫʭʫ (2) ʪʘ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ (3): 

  ( )
0

1
=

µ

µ
+

µ

µ

z

u

r

ru

r

zr  (1) 

  ( ) ö
÷

õ
æ
ç

å

µ

µ
+

µ

µ
+

µ

µ
-=ö

÷

õ
æ
ç

å

µ

µ
+

µ

µ

r

u
r

rrz

p

z

u
u

r

u
u z

t
z

z
z

r mmr
1  (2) 

  
ö
ö

÷

õ

æ
æ

ç

å

µ

µ
öö
÷

õ
ææ
ç

å
+

µ

µ
=ö
÷

õ
æ
ç

å

µ

µ
+

µ

µ

r

T
r

rrz

T
u

r

T
uc

t

t
zrp

Pr

1 m
lr

 (3) 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʣʠʰʝ ʧʨʦʮʝʩʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʫʪʬʝʣʶ 

ʚ ʙʘʟʦʚʽʡ ʥʘʛʨʽʚʥʽʡ ʪʨʫʙʮʽ ʛʨʽʶʯʦʾ ʢʘʤʝʨʠ ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ (ʨʠʩ. 1, 2). ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ 3D-ʤʦʜʝʣʽ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʪʨʫʙʢʠ ʛʨʽʶʯʦʾ ʢʘʤʝʨʠ ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʟʘ (1)ï(3) ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʧʨʷʞʝʥʫ ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ. ɺ ʩʠʣʫ ʩʢʣʘʜʥʦʩʪʽ ʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʟ 
ʚʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʥʘʛʨʽʚʥʠʭ ʪʨʫʙʦʢ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʩʧʨʦʱʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʫʪʬʝʣʶ ʣʠʰʝ ʦʜʥʽʻʾ ʛʨʽʶʯʦʾ ʪʨʫʙʢʠ 

(ʨʠʩ. 1), ʷʢʘ ʥʘ ʢʽʥʮʷʭ ʤʘʻ ʰʝʩʪʠʛʨʘʥʥʠʡ ʚʠʛʣʷʜ. 

ʈʝʟʫʣʴʪʘʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ 

ʦʪʨʠʤʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ (ʨʠʩ. 3) ʚ ʛʨʽʶʯʽʡ ʪʨʫʙʮʽ ʥʘʛʨʽʚʥʦʾ 

ʢʘʤʝʨʠ ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ. 

   
  ʈʠʩ. 1 ʈʠʩ. 2 

ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 3), ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ ʚʭʦʜʫ ʨʽʜʠʥʠ ʚ 

ʪʨʫʙʢʫ ʬʦʨʤʫʻʪʴʩʷ ʚʭʽʜʥʘ ʜʽʣʷʥʢʘ, ʜʝ ʧʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʽ ʚʠʨʽʚʥʶʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʚôʷʟʢʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ɿʜʽʡʩʥʝʥʦ ʧʝʨʰʠʡ ʝʪʘʧ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʮʫʢʨʦʚʦʛʦ ʫʪʬʝʣʶ ʚ ʥʘʛʨʽʚʥʽʡ ʪʨʫʙʮʽ ʛʨʽʶʯʦʾ ʢʘʤʝʨʠ ʚʘʢʫʫʤ-ʘʧʘʨʘʪʘ. 
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Digital Twin and IIoT -Based Control of a Hybrid Dosing-Packaging Module Using 

Matlab Simulink  

 

Denis Gaiduchek, Volodymyr Kostin   

National University of Food Technologies, Kyiv, Ukraine 

Introduction. The increasing integration of the Industry 4.0 principles in food 

processing machines requires the integration of real equipment with digital simulation and 

cloud-based analytical systems. Hybrid mechatronic dosing-packaging modules, particularly 
those utilizing electro-pneumatic actuation, provide flexible and precise control of liquid 

dosing processes. However, ensuring high accuracy and stability under varying operational 

conditions remains a challenging process due to nonlinear interactions between pressure, 

flow rate, and product characteristics. 

The approach to address these challenges is the implementation of a digital twin, which 

combines real equipment, mathematical modeling, and cloud connectivity into a single 

system. This abstract represents the development of a hybrid dosing module integrated with 

a mathematical model in MATLAB Simulink and extended with MQTT-based 

communication for real-time interaction between physical and virtual components. 

Materials and Methods. The research object is a hybrid mechatronic dosing-packaging 

module designed for liquid products. A mathematical model of the system was developed in 

the Simulink environment using block-oriented physical modeling within MATLAB 
Simulink. The model incorporates gas and liquid subsystems, including pressure sources, 

pipelines, tanks, and control elements. The model is built in a modular way, which makes it 

easy to adjust system parameters and analyze both changing conditions over time and stable 

operating states. 

To enable IIoT integration, MQTT communication was implemented for bidirectional 

data exchange between the physical module, the Simulink model, and cloud infrastructure. 

Native MQTT support in the MATLAB ecosystem was introduced through the Industrial 

Communication Toolbox, enabling seamless embedding of publish/subscribe mechanisms 

into simulation workflows. 

The utilized MQTT functionality supports standard publish/subscribe architecture, 

allowing real-time transmission of process variables such as pressure, flow rate, and volume 
to a cloud-based broker, as well as receiving of control commands and parameter updates 

from external cloud analytical systems. Within the Simulink environment, MQTT 

communication blocks is integrated directly into signal chains, enabling conversion of 

physical signals into serialized data streams and vice versa. 

This architecture establishes a closed-loop interaction between physical and digital 

components. Sensor data from the experimental setup are transmitted to the cloud and 

simultaneously used to update the digital twin model, while control signals generated either 

in the cloud or within the simulation environment are applied back to the physical system. 

As a result, the proposed approach enables real-time synchronization, monitoring, and 

adaptive control of the dosing process within a unified cyber-physical system framework. 

Results and Discussion. The developed mathematical model demonstrates a high degree 
of virtual integration with the physical setup. The integration of MQTT communication 

enables real-time synchronization between the physical module, its digital twin or 

accompanying subsystems. This allows continuous monitoring of process parameters and 

dynamic adjustment of control strategies. The system can respond to deviations between 

simulated and measured data, improving robustness and enabling adaptive control. 

Furthermore, the combined architecture enhances accuracy capabilities by identifying 

inconsistencies between the physical process and its virtual representation. 
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Fig. 1. Architecture of the hybrid IIoT solution  

 

Conclusion. The proposed approach demonstrates the effectiveness of integrating real 

equipment, Simulink-based mathematical modeling, and cloud-based infrastructure into a 

unified digital twin framework. The developed system improves dosing accuracy, 

adaptability, and monitoring capabilities of hybrid mechatronic packaging modules. The 

results confirm that combining physical experimentation with model-based design and IIoT 

technologies provides a scalable solution for modern packaging systems. Future work will 

focus on extending and implementing advanced data-driven optimization methods within the 

cloud environment. 
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Optimization of parameters for adaptive electro-pneumatic control of a product 

conveyor system for a food product dosing module 

 

Oleksandr Zaporozhets, Liudmyla Kryvoplyas-Volodina  

National University of Food Technologies, Kyiv, Ukraine 

 

Introduction.  Improving the accuracy of liquid food product dosing is a pressing 

challenge in modern production. The use of proportional pneumatic valves in product lines 
is accompanied by nonlinear effects: hysteresis (5ï7%), deadband, and response delays (up 

to 2.5 ms). Traditional PID controllers do not provide the necessary pressure stability when 

the product density or flow rate changes. 

 Research methods. Mathematical modeling of the dynamics of a pneumatic system, 

taking into account valve nonlinearities. Experimental study of transient processes on a 

laboratory test bench with recording of pressure, flow rate, and time characteristics. 

Results and discussion. An adaptive control system for the product pipeline of the dosing 

module was developed based on a Siemens SIMATIC PLC with a built-in PID controller (24 

V DC power supply, 4ï20 mA analog channels). A proportional pneumatic valve (AP) with 

a repeatability of Ñ5% and a hysteresis of <5ï7% was used for pressure control. The adaptive 

control algorithm implements two control laws: sinusoidal and cosinusoidal. The cosine law 

ensures a stable particle transport velocity of 7.75 m/s while reducing acceleration from 150 
to 112.5 m/sĮ (by 25%). The use of an extended state observer (ESO) allows for real-time 

compensation of external disturbances. 

Mathematical modeling of the relationships between the main parameters of two-phase 

flow (flow rate, density, mass, pressure) in a pneumatic conveying system is based on an 

analysis of the kinematic and dynamic properties of the medium, which are determined by 

its rheological characteristics. Experimental studies were conducted for various modes of 

vertical transport of bulk materials: dried peppercorns and granulated cereal products (dry 

breakfast cereals).  

The pneumatic phase was generated by converting a 4ï20 mA analog signal into pulse-

width modulation (PWM). The measurement and control system included: electronic 

pressure relays, compressed air flow meters, a Siemens SIMATIC PLC, and AR series 
proportional pneumatic valves. The system implements pulse-adaptive control of compressed 

air supply through a cascade: a PWM driver, a solenoid valve, and a pressure booster. The 

goal is to ensure high-precision product dosing with minimal errors in speed and flow rate.  

The experimental basis for the study was the performance characteristics of industrial 

dosing systems, which made it possible to test the proposed approaches aimed at improving 

the accuracy and stability of dosing under industrial conditions. To optimize the parameters 

of the adaptive electro-pneumatic control of the product line in a food dosing module, the 

following research objectives were defined: 

ï to conduct a comprehensive analysis of the dynamic processes of pressure dosing, 

taking into account that the most effective application of the developed methods is in valve-

less pressure dosing systems to reduce cumulative error during transient processes; 
ï to substantiate the technical and software characteristics of solutions that ensure the 

implementation of comprehensive methods for optimizing dynamic parameters and the 

construction of adaptive systems aimed at improving the precision and fault tolerance of the 

dosing process. 
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Fig. 1. Functional diagram of the adaptive product line control system: HMI; SIMATIC 

PLC; Driver 130; 2/2-way control valve; Amplifier; Product line; SWCN (feedback). The 

PROFINET channel facilitates data exchange between the HMI and the PLC. 

Conclusion. The developed adaptive electro-pneumatic control system ensures a dosing 

accuracy of 0.8ï1.2% with a repeatability of Ñ0.45%, which meets the requirements of the 

food industry. Reducing the dead zone by 25ï30% and the transient response time to 0.15ï

0.4 s increases line productivity. The economic benefit is achieved by reducing product losses 
and compressed air consumption. The system can be scaled for multi-channel dosing 

modules. 
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Biopolymers and cellulose substrates for printed nfc electronics in packaging 
 

Vladyslav Baltazhy, Serhii Tokarchuk  

National University of Food Technologies, Kyiv, Ukraine 

 

Introduction. The aim of this study is to identify the patterns of how the properties 

of cellulose substrates affect the functionality of printed NFC antennas for smart packaging. 

This is necessary to ensure environmental sustainability and the development of 

biodegradable electronic identification systems throughout the life cycle of consumer 
packaging. 

Materials and Methods. The electrical characteristics were evaluated based on the 

series resistance and inductance parameters in accordance with ISO 14443. A profilometer 

with a diamond-tipped probe was used to measure surface roughness; air permeability was 

determined using the Gerli method (ISO 5636/3), and surface moisture absorption was 

determined using an edge goniometer. Statistical analysis of the results was performed using 

one-way analysis of variance.  

Results and Discussion. Experimental results show that the optimal electrical 

characteristics of NFC antennas are achieved when using paper substrates with low surface 

roughness (Ra < 2 ɛm) and low air permeability (less than 40 mL/min). The global market 

for NFC-enabled packaging is currently estimated at $5.87 billion and is projected to grow 
to $19.22 billion by 2034, with a CAGR of 12.47%. 

 
Figure 1. Breakdown of materials for NFC tags (statistical analysis for 2025) 

An analysis of the distribution of materials for NFC labels shows that PET film 
accounts for 65% of the market, paper substrates for 25%, biopolymers (PLA, nanocellulose) 

for 8%, and others for 2% (see Fig. 1). It has been established that the adoption of NFC 

technologies by industry sector is as follows: food industryð35%, pharmaceuticalsð25%, 

luxury goodsð20%, electronicsð12%, and othersð8%. For one million standard NFC 

labels (80Ĭ45 mm), replacing PET film with a paper substrate reduces plastic resin 

consumption by 110 kg, representing a 100% reduction in plastic waste. Additional savings 

from switching to cellulose substrates include a 65% reduction in CO  emissions and an 

increase in recyclability to 95%. 

Conclusions. The use of cellulose substrates instead of PET films is a promising 

approach for creating biodegradable NFC labels with equivalent communication 

characteristics. Paper substrates offer the additional advantage of protection against 
fraudulent removal due to the materialôs brittleness when an attempt is made to remove the 

label. The results of this study can be used in the design of eco-friendly identification systems 

for smart packaging of food, pharmaceutical, and branded products.  
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Digital Twin and IIoT -Based Control of a Hybrid Dosing-Packaging Module Using 

Matlab Simulink  

 

Denis Gaiduchek, Volodymyr Kostin   

National University of Food Technologies, Kyiv, Ukraine 

 

Introduction. The increasing integration of the Industry 4.0 principles in food 

processing machines requires the integration of real equipment with digital simulation and 
cloud-based analytical systems. Hybrid mechatronic dosing-packaging modules, particularly 

those utilizing electro-pneumatic actuation, provide flexible and precise control of liquid 

dosing processes. However, ensuring high accuracy and stability under varying operational 

conditions remains a challenging process due to nonlinear interactions between pressure, 

flow rate, and product characteristics. 

The approach to address these challenges is the implementation of a digital twin, which 

combines real equipment, mathematical modeling, and cloud connectivity into a single 

system. This abstract represents the development of a hybrid dosing module integrated with 

a mathematical model in MATLAB Simulink and extended with MQTT-based 

communication for real-time interaction between physical and virtual components. 

Materials and Methods. The research object is a hybrid mechatronic dosing-packaging 

module designed for liquid products. A mathematical model of the system was developed in 
the Simulink environment using block-oriented physical modeling within MATLAB 

Simulink. The model incorporates gas and liquid subsystems, including pressure sources, 

pipelines, tanks, and control elements. The model is built in a modular way, which makes it 

easy to adjust system parameters and analyze both changing conditions over time and stable 

operating states. 

To enable IIoT integration, MQTT communication was implemented for bidirectional 

data exchange between the physical module, the Simulink model, and cloud infrastructure. 

Native MQTT support in the MATLAB ecosystem was introduced through the Industrial 

Communication Toolbox, enabling seamless embedding of publish/subscribe mechanisms 

into simulation workflows. 

The utilized MQTT functionality supports standard publish/subscribe architecture, 
allowing real-time transmission of process variables such as pressure, flow rate, and volume 

to a cloud-based broker, as well as receiving of control commands and parameter updates 

from external cloud analytical systems. Within the Simulink environment, MQTT 

communication blocks is integrated directly into signal chains, enabling conversion of 

physical signals into serialized data streams and vice versa (Fig. 1). 

This architecture establishes a closed-loop interaction between physical and digital 

components. Sensor data from the experimental setup are transmitted to the cloud and 

simultaneously used to update the digital twin model, while control signals generated either 

in the cloud or within the simulation environment are applied back to the physical system. 

As a result, the proposed approach enables real-time synchronization, monitoring, and 

adaptive control of the dosing process within a unified cyber-physical system framework. 
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Fig. 1. Architecture of the hybrid IIoT solution 

 

Results and Discussion. The developed mathematical model demonstrates a high degree 

of virtual integration with the physical setup. The integration of MQTT communication 

enables real-time synchronization between the physical module, its digital twin or cloud 
subsystems. This allows continuous monitoring of process parameters and dynamic 

adjustment of control strategies. The system can respond to deviations between simulated 

and measured data, improving robustness and enabling adaptive control. Furthermore, the 

combined architecture enhances accuracy capabilities by identifying inconsistencies between 

the physical process and its virtual representation. 

Additionally, the proposed architecture provides a scalable foundation for further 

extension toward cloud-based analytics and edge computing. By enabling bidirectional data 

exchange, the system supports not only real-time visualization but also the accumulation of 

historical datasets for advanced analysis, including anomaly detection and predictive 

maintenance. The integration with cloud services facilitates remote supervision and 

centralized data processing, while edge-level computation ensures low-latency response for 

critical control actions. This hybrid approach contributes to improved system reliability, 
reduced downtime, and more efficient utilization of resources, which is particularly important 

for adaptive mechatronic systems operating under varying production conditions. 

Conclusion. The proposed approach demonstrates the effectiveness of integrating real 

equipment, Simulink-based mathematical modeling, and cloud-based infrastructure into a 

unified digital twin framework. The developed system improves dosing accuracy, 

adaptability, and monitoring capabilities of hybrid mechatronic packaging modules. The 

results confirm that combining physical experimentation with model-based design and IIoT 

technologies provides a scalable solution for modern packaging systems. Future work will 

focus on extending and implementing advanced data-driven optimization methods within the 

cloud environment. 
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ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʧʘʢʫʚʘʥʥʷ ʰʪʫʯʥʠʭ 

ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʽʚ ʫ ʩʧʦʞʠʚʯʫ ʫʧʘʢʦʚʢʫ 

 

ɸʥʪʦʥ ʂʦʭʘʥ, ʆʣʝʢʩʘʥʜʨ ɻʘʚʚʘ, ʃʶʜʤʠʣʘ ʂʨʠʚʦʧʣʷʩ-ɺʦʣʦʜʽʥʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʽʜ ʯʘʩ ʢʦʤʧʦʥʫʚʘʥʥʷ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʧʘʢʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʭʘʨʯʦʚʠʭ 
ʧʨʦʜʫʢʪʽʚ ʫ ʩʧʦʞʠʚʯʫ ʫʧʘʢʦʚʢʫ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʥʘ 

ʦʜʠʥ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʢʦʥʚʝʻʨ ʥʘʜʭʦʜʷʪʴ ʚʠʨʦʙʠ ʽʟ ʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ. ʇʦ 

ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʢʦʥʚʝʻʨʫ ʚʠʨʦʙʠ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ ʷʢ ʚ ʦʜʠʥ ʨʷʜ, ʪʘʢ ʽ ʚ ʢʽʣʴʢʘ 

ʨʷʜʽʚ. ʅʘʚʝʜʝʥʽ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʻ ʥʝʚʠʟʥʘʯʝʥʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʨʝʪʝʣʴʥʦʛʦ ʾʭ ʘʥʘʣʽʟʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɿʘ ʦʙôʻʢʪ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠʡʥʷʪʦ ʰʪʫʯʥʠʡ ʚʠʨʽʙ, ʱʦ ʤʘʻ 

ʩʪʘʣʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʪʘ ʤʘʩʫ ʡ ʜʦʩʪʘʪʥʽ ʤʽʮʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦʙ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʽʟ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʤʦʜʫʣʽʚ, ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ ʜʝʬʦʨʤʘʮʽʾ. ʆʧʝʨʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʽʚ ʜʠʥʘʤʽʢʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʥʘ ʩʭʝʤʘ 
ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʧʘʢʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʫ ʩʧʦʞʠʚʯʫ ʫʧʘʢʦʚʢʫ.  

 

 

 
ʈʠʩ.1. ʍʘʨʘʢʪʝʨʥʘ ʩʭʝʤʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ 

ʧʘʢʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʩʧʦʞʠʚʯʫ ʫʧʘʢʦʚʢʫ:  

1 ï ʧʦʜʘʚʘʣʴʥʽ ʢʦʥʚʝʻʨʠ; 2 ï ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʢʦʥʚʝʻʨ 

 



92st International  scientific conference of young scientist and students  
"Youth scientific achievements to the 21st century nutrition problem solution",  

April , 20ï24, 2026. Book of abstract. Part 2. NUFT, Kyiv. 

119 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʟʦʨʫ l1 ʤʽʞ ʚʠʨʦʙʘʤʠ ʧʨʠ ʧʦʜʘʯʽ ʾʭ ʫ ʧʘʢʫʚʘʣʴʥʫ 

ʤʘʰʠʥʫ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʢʦʥʚʝʻʨʠ ʧʦʜʘʯʽ 1 ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ ʥʝ ʤʝʥʰʝ l2 

ʦʜʠʥ ʚʽʜ ʽʥʰʦʛʦ, ʟʘ ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʯʽ ʚʠʨʦʙʽʚ ʧʦʜʘʚʘʣʴʥʠʤʠ 

ʢʦʥʚʝʻʨʘʤʠ, ʪʦʙʪʦ 

                  ὰ ὰ ὺ̇ ϽВ ὸ                                                       (1) 

ʜʝ l1 ï ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʠʨʦʙʘʤʠ, ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʚ ʧʘʢʫʚʘʣʴʥʫ 
ʤʘʰʠʥʫ;  

ὺ̇  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʥʝʩʫʯʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʻʨʘ;  
В ὸ ï ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʚʠʨʦʙʫ ʟ ʧʦʜʘʚʘʣʴʥʦʛʦ ʥʘ 

ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʢʦʥʚʝʻʨ;  

n ï ʢʽʣʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʥʠʭ ʝʪʘʧʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʚʠʨʦʙʫ ʽʟ ʧʦʜʘʚʘʣʴʥʦʛʦ 

ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʢʦʥʚʝʻʨ. 

ʉʫʤʘʨʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʫ ʟ ʧʦʜʘʚʘʣʴʥʦʛʦ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʡ 

ʢʦʥʚʝʻʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ 
ʧʦʜʘʚʘʣʴʥʦʛʦ ʽ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʻʨʽʚ; ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʚʠʨʦʙʫ ʧʦ 

ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʚʝʻʨʽʚ; ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʥʘʧʨʷʤʥʽ, 

ʥʝʧʨʠʚʦʜʥʽ ʨʦʣʠʢʠ, ʧʨʠʚʦʜʥʽ ʙʘʨʘʙʘʥʠ, ʧʨʠʩʪʨʦʾ ʟʘʭʦʧʣʝʥʥʷ ʪʦʱʦ). ɼʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚʠʨʦʙʽʚ ʰʠʨʠʥʘ ʥʝʩʫʯʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʜʘʚʘʣʴʥʦʛʦ ʢʦʥʚʝʻʨʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ  

                       ὄ πȢςυὥ ὦ Ȣ,                                             (2) 

ʘ ʰʠʨʠʥʘ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʻʨʘ 

             ὄ ὄ ὥ ὦ ȢϽ ÓὭὲ‌ ‎,                                (3) 
ʜʝ a, b ï ʜʦʚʞʠʥʘ ʪʘ ʰʠʨʠʥʘ ʚʠʨʦʙʫ ʚʽʜʧʦʚʽʜʥʦ;  

‌ ὥὶὧὸὫ ὦȾὥ; ‎ ὥὶὧὸὫ Ὢ; 

 Ὢ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʨʝʙʨʘ ʚʠʨʦʙʫ ʧʦ ʥʘʧʨʷʤʥʽʡ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʻʨʘ. 

ɯʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʷ ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ 

l2, ʪʦʤʫ ʱʦ ʚʽʥ ʚʨʘʭʦʚʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʚʠʨʦʙʫ ʽʟ ʧʦʜʘʚʘʣʴʥʦʛʦ 

ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʢʦʥʚʝʻʨ. ʊʦʯʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʙʫʜʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʧʦʚʥʦʪʠ ʚʨʘʭʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʚʠʨʽʙ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʫʤʦʚ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ 

ʤʦʜʫʣʽʚ ʣʽʥʽʡ ʧʘʢʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʚʠʨʦʙʽʚ ʫ ʩʧʦʞʠʚʯʫ ʫʧʘʢʦʚʢʫ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ 
ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʰʪʫʯʥʠʭ ʚʠʨʦʙʽʚ ʷʢ ʥʘ ʧʦʜʘʚʘʣʴʥʠʭ, ʪʘʢ ʽ ʥʘ 

ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʢʦʥʚʝʻʨʘʭ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʤʘʥʽʧʫʣʷʪʦʨʘ ʚ ʟʘʜʘʯʘʭ ʧʦʟʠʮʽʶʚʘʥʥʷ ʧʘʢʦʚʘʥʥʷ 
 

ʅʘʟʘʨ ɼʨʦʬʘ, ʄʠʭʘʡʣʦ ʐʢʣʷʨʩʴʢʠʡ, ʃʶʜʤʠʣʘ ʂʨʠʚʦʧʣʷʩ-ɺʦʣʦʜʽʥʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟʤʽʥʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʠʩʦʢʠʭ ʚʠʤʦʛ ʜʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʘʢʫʚʘʣʴʥʠʭ ʣʽʥʽʡ ʚʘʞʣʠʚʠʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʘʻʢʪʦʨʽʡ 

ʨʫʭʫ ʤʘʥʽʧʫʣʷʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʣʘʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ, ʤʽʥʽʤʽʟʘʮʽʶ ʽʥʝʨʮʽʡʥʠʭ 

ʝʬʝʢʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ 

ʤʘʥʽʧʫʣʷʪʦʨʘ ʟ ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. ʂʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʟʜ̔ʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɼʝʥʘʚʽʪʘïʍʘʨʪʝʥʙʝʨʛʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʘʣʽʟʫʚʘʪʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʤʽʞ ʣʘʥʢʘʤʠ ʤʘʥʽʧʫʣʷʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʣʝʞʥʦʩʪʷʭ ʟʤʽʥʠ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ήὸ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʫ ʧʨʦʩʪʦʨʽ (ʨʠʩ.1). 

ʄʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʟʘʭʚʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

Ἲὸ ἢή ὸȟή ὸȟή ὸ ẗἺ                                            (1) 

ʜʝ: T - ʤʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ; ήὸ - ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ; Ἲ - 
ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʠʟʥʘʯʝʥʦ ʟʘ ʧʦʭʽʜʥʦʶ: 

Ἶὸ
Ἲ

                                                                      (2) 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʩʪʽ ʨʫʭʫ ʚʠʢʦʨʠʩʪʘʥʦ S-ʧʦʜʽʙʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ: 

ὺὸ ὺ ẗσ ς   ;   uὸ
Ἲ

                                             (3) 

ɼʝ uὸ - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ʟʘʭʚʘʪʫ, Ⱦ̍Ã; 
Ἲ

 - ʧʦʭʽʜʥʘ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʟʘ 

ʯʘʩʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ. ɿʘ ʟʘʢʦʥʦʤ ʟʤʽʥʠ 
ʰʚʠʜʢʦʩʪʽ:  

ὺὸ ὺ ẗσ ς   (4) 

ʜʝ: ὺὸ - ʤʠʪʪʻʚʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, 

ʤ/ʩ; ὺmax  - ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 
ʨʫʭʫ, ʤ/ʩ; ὸ - ʧʦʪʦʯʥʠʡ ʯʘʩ, ʩ; Ὕ - 

ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ , ʩ;  - 

ʥʦʨʤʦʚʘʥʠʡ ʯʘʩ. 

 

ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʤʘʥʽʧʫʣʷʪʦʨʘ 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʽʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʚʠʙʽʨ ʟʘʢʦʥʫ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʽʧʫʣʷʪʦʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
ʪʨʠʢʫʪʥʦʛʦ ʪʘ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʠʭ ʟʤʽʥ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʽʥʝʤʘʪʠʯʥʽ ʣʘʥʢʠ ʪʘ ʧʨʠʚʦʜʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ S-

ʧʦʜʽʙʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʫ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 25ï35% ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ. 

ʃ̔ʪʝʨʘʪʫʨʘ: Kryvoplias-Volodina L., Gavva O., Blazhenko S., Marunin A., Volodin, O. 

(2023) Architecture of hybrid mechatronic dosing and packing module of packaging machine 

based on qualitative analysis. Eastern-European Journal of Enterprise Technologies, 4(2-

124), pp. 70-79. doi: https://doi.org/10.15587/1729-4061.2023.286615      
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ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʛʽʙʨʠʜʥʠʭ ʟʘʭʚʘʪʽʚ ʧʨʦʤʠʩʣʦʚʠʭ 

ʨʦʙʦʪʽʚ ʫ ʧʘʢʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ 

ɭʣʠʟʘʚʝʪʘ ʐʚʘʡʯʝʥʢʦ, ʄʘʪʚʽʡ ʃʦʙʘʯʦʚ, ʉʝʨʛʽʡ ʊʦʢʘʨʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʙʨʠʜʥʠʭ ʟʘʭʦʧʣʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʩʢʣʘʜʽ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʎʝ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 
ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʫ ʟʤʽʥʥʠʭ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʨʦʜʫʢʮʽʻʶ ʨʽʟʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʙʨʠʜʥʠʭ ʟʘʭʚʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʩʠʣʠ ʫʪʨʠʤʘʥʥʷ, ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪ ʧʨʠʚʦʜʫ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʘʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʥʽʧʫʣʷʪʦʨʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʪʯʠʢʽʚ ʩʠʣʠ, ʚʘʢʫʫʤʤʝʪʨʽʚ ʪʘ ʩʠʩʪʝʤ ʧʦʟʠʮʽʡʥʦʛʦ 

ʢʦʥʪʨʦʣʶ. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ANOVA). 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ 

ʟʘʭʚʘʪʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʩʘʤʦʮʝʥʪʨʫʶʯʽ ʝʣʝʤʝʥʪʠ ʪʘ ʚʘʢʫʫʤʥʽ ʧʨʠʩʦʩʢʠ, 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ʫʪʨʠʤʘʥʥʷ ʦʙôʻʢʪʽʚ ʽʟ ʨʽʟʥʦʶ ʬʦʨʤʦʶ ʪʘ ʤʘʩʦʶ ʧʨʠ 
ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 45ï60%.  

Ὁ ὖײײ᷿ ὸ ὖὸὨὸ

Ὂ ὯάὫ ά

ɮὃȟὴȟάȟ‌ ‗Ὁ ‗Ὂ ‗ὓ

πȟ πȟ πȟ π

                                  (1) 

ʋ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ (1), ʤʘʻʤʦ: E ð ʩʫʤʘʨʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʟʘʭʚʘʪʫ ʟʘ 

ʮʠʢʣ, ɼʞ;  ὖά(ὸ) ð ʤʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫ, ɺʪ;  ὖὺ(ὸ) ð ʤʠʪʪʻʚʘ 

ʧʦʪʫʞʥʽʩʪʴ ʚʘʢʫʫʤʥʦʾ ʩʠʩʪʝʤʠ, ɺʪ;  ὸð ʯʘʩ, ʩ;  Ὕ  ð ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ, ʩ;  Ὂ Ɇ 
ð ʩʫʤʘʨʥʘ ʩʠʣʘ ʫʪʨʠʤʘʥʥʷ ʟʘʭʚʘʪʫ, ʅ;  Ὧ ð ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʥʘʜʽʡʥʦʩʪʽ (1.5ï3);  άð 

ʤʘʩʘ ʦʙôʻʢʪʘ ʟʘʭʦʧʣʝʥʥʷ, ʢʛ;  Ὣ ð ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩĮ;  Ὠ2ὼ/Ὠὸ2ð 

ʧʨʠʩʢʦʨʝʥʥʷ ʦʙôʻʢʪʘ, ʤ/ʩĮ;  ū (ὃ, ὴ, ά,‌ )ð ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ;  ὃ - ʝʬʝʢʪʠʚʥʘ 

ʧʣʦʱʘ ʚʘʢʫʫʤʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʤĮ;  ὴ  ð ʧʝʨʝʧʘʜ ʪʠʩʢʫ (ʚʘʢʫʫʤ), ʇʘ;  ‌ ð 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʧʘʨʘʤʝʪʨ (ʢʫʪ/ʛʝʦʤʝʪʨʽʷ ʢʦʥʪʘʢʪʫ);  ὓ ð ʤʘʩʘ ʟʘʭʚʘʪʥʦʛʦ ʤʦʜʫʣʷ, ʢʛ;  

‗1 , ‗2 , ‗3 ð ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ;  Ö ū/Ö ὃ , Ö ū/ Ö ὴ , Ö ū /Ö ά, Ö ū 

/Ö ‌ ð ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʧʪʠʤʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʞʦʨʩʪʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʛʥʫʯʢʠʤʠ 

ʚʘʢʫʫʤʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʧʝʥʩʘʮʽʶ ʧʦʭʠʙʦʢ ʧʦʟʠʮʽʶʚʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʘʭʚʘʪʥʦʛʦ ʤʦʜʫʣʷ ʥʘ 42% 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʪʦʯʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʜʦ Ñ0,1 ʤʤ. 
 ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʭʚʘʪʫ ʜʦʟʚʦʣʷʻ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟ 5ï10 ʜʦ 2 ʭʚʠʣʠʥ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ 

ʛʥʫʯʢʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. ʅʘ ʙʘʟʽ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ (ʨʠʩ.1) ʦʪʨʠʤʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ ʟʘʭʚʘʪʥʦʛʦ ʤʦʜʫʣʷ ʚʽʜ 100 ʜʦ 

180ʛ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟ å53% ʜʦ å44%. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʽʥʝʨʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʧʨʠʚʽʜ. ʇʨʠ ʮʴʦʤʫ 

ʩʠʣʘ ʫʪʨʠʤʘʥʥʷ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʪʘ 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ.  ʇʦʜʘʣʴʰʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʚʘʢʫʫʤʥʦʛʦ ʢʦʥʪʫʨʫ 

(ʧʣʦʱʘ ʧʨʠʩʦʩʢʠ 2,0ï2,5 ʩʤĮ ʪʘ ʪʠʩʢ 70ï80 ʢʇʘ) ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʩʠʣʠ 

ʫʪʨʠʤʘʥʥʷ ʜʦ å50 ʅ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʨʽʚʥʽ 44ï46%. 

ɺʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʦʙʣʘʩʪʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʫ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʤʧʨʦʤʽʩ 

ʤʽʞ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʽ ʥʘʜʽʡʥʽʩʪʶ ʟʘʭʦʧʣʝʥʥʷ.  ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʛʽʙʨʠʜʥʦʛʦ ʟʘʭʚʘʪʫ 

ʧʦʚʠʥʥʘ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʤʽʥʽʤʽʟʘʮʽʾ ʤʘʩʠ ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʢʫʫʤʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ 
ʨʦʙʦʪʫ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ. 

 
ʈʠʩʫʥʦʢ 1. ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʠʣʠ ʫʪʨʠʤʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʟʘʭʚʘʪʫ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʦʢʘʟʘʚ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʪʘʢʪʠʣʴʥʠʭ ʩʝʥʩʦʨʽʚ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ ʩʠʣʠ ʢʦʥʪʘʢʪʫ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝ ʟʥʠʞʫʻ ʨʠʟʠʢ 
ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʝʜʠʢʪʠʚʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʽʜʤʦʚʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʛʽʙʨʠʜʥʠʭ 

ʟʘʭʦʧʣʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʭʘʥʽʢʦ-ʚʘʢʫʫʤʥʠʭ 

ʧʨʠʥʮʠʧʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʘʜʘʧʪʠʚʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʧʘʢʫʚʘʥʥʷ ʜʣʷ ʭʘʨʯʦʚʦʾ, ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʪʘ 

ʣʦʛʽʩʪʠʯʥʦʾ ʛʘʣʫʟʝʡ.  

ʃʽʪʝʨʘʪʫʨʘ. 1. ʊʫʬʝʢʯʽ ɺ.ɯ., ʂʨʠʚʦʧʣʷʩïɺʦʣʦʜʽʥʘ ʃ.ʆ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʦʟʠʮʽʶʚʘʥʥʷ ʛʨʫʧʦʚʠʭ ʫʧʘʢʦʚʦʢ ʫ ʩʝʥʩʦʨʥʠʭ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʘʢʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʅʋʍʊ. 2025. 
ʊ. 31, ˉ 3. ʉ. 210ï224. DOI: 10.24263/2225-2924-2025-31-3-15 https://surl.li/ezyraf 

2. ɺʦʣʦʜʽʥ ʉ.ʆ., ʂʨʠʚʦʧʣʷʩ-ɺʦʣʦʜʽʥʘ ʃ.ʆ., ʊʦʢʘʨʯʫʢ ʉ.ɺ., ɺʘʩʠʣʴʢʽʚʩʴʢʠʡ ʂ.ɺ. 

ʇʘʢʫʚʘʣʴʥʠʡ ʽʥʞʠʥʽʨʠʥʛ: ʤʦʥʦʛʨ. ʂ.: ʅʋʍʊ, 2025.  313 ʩ.  ISBN 978-966-612-384-1. 

URL: https://surl.li/wfagli 

3. Tai K., El-Sayed A.-R., Shahriari M., Biglarbegian M., Mahmud S. State of the Art 

Robotic Grippers and Applications. Robotics. 2016. Vol. 5(2). Article 11. DOI: 

10.3390/robotics5020011. URL: https://www.mdpi.com/2218-6581/5/2/11   

0.0
10.0
20.0
30.0
40.0
50.0
60.0

0.0
10.0
20.0
30.0
40.0
50.0
60.0

100 ʛ120 ʛ140 ʛ160 ʛ180 ʛ2,5 
ʩʤĮ

2,0 
ʩʤĮ

2,5 
ʩʤĮ

70 
ʢʇʘ

80 
ʢʇʘ

ɽ
ʥ
ʝ
ʨ
ʛ
ʦ
ʝ
ʬ
ʝ
ʢ
ʪ
ʠ
ʚ
ʥ
ʽ
ʩ
ʪ
ʴ

, 

%

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ
ɿʫʩʠʣʣʷ ʟʘʭʦʧʣʝʥʥʷ, ʅɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, %



92st International  scientific conference of young scientist and students  
"Youth scientific achievements to the 21st century nutrition problem solution",  

April , 20ï24, 2026. Book of abstract. Part 2. NUFT, Kyiv. 

123 

ʂʦʤʧʝʥʩʘʮʽʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʢʘʨʪʦʥʫ ʧʨʠ ʨʦʪʘʮʽʡʥʦʤʫ ʙʽʛʫʚʘʥʥʽ 

 

ɭʚʛʝʥ ʊʦʚʤʘʯ, ʂʦʩʪʷʥʪʠʥ ɺʘʩʠʣʴʢʽʚʩʴʢʠʡ 

ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʊʨʘʜʠʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʦʪʘʮʽʡʥʦʛʦ ʙʽʛʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʽʡ ʪʦʚʱʠʥʽ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʪʝ ʜʣʷ 100% ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʢʘʨʪʦʥʫ 

ʪʦʚʱʠʥʘ ʪʘ ʱʽʣʴʥʽʩʪʴ ʻ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʅʘʧʨʷʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʣʷʛʘʻ ʫ 
ʧʝʨʝʭʦʜʽ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʜʝ ʢʣʶʯʦʚʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʟʛʠʥʫ 

ð ʧʘʨʘʤʝʪʨ ʟʩʫʚʫ ‎ ð ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ (‎  πȢφ) ʥʝ ʟʘ ʨʘʭʫʥʦʢ 
ʞʦʨʩʪʢʦʾ ʛʝʦʤʝʪʨʽʾ, ʘ ʟʘʚʜʷʢʠ ʙʝʟʧʝʨʝʨʚʥʽʡ ʢʽʥʝʤʘʪʠʯʥʽʡ ʘʜʘʧʪʘʮʽʾ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʘʪʝʤʘʪʠʯʥʦ ʧʘʨʘʤʝʪʨ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʟʩʫʚʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

‎ , 

ʜʝ ὸ ð ʣʦʢʘʣʴʥʘ ʪʦʚʱʠʥʘ ʢʘʨʪʦʥʫ, Ὤ ð ʟʘʟʦʨ ʤʽʞ ʧʫʘʥʩʦʥʦʤ ʽ ʤʘʪʨʠʮʝʶ, ὡ ð h ʠʨʠʥʘ 

ʢʘʥʘʣʫ. ʋ ʧʝʨʝʨʦʙʣʝʥʦʤʫ ʢʘʨʪʦʥʽ ʤʽʢʨʦʬʣʫʢʪʫʘʮʽʾ ʪʦʚʱʠʥʠ ὸ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ 
ʧʨʠ ʞʦʨʩʪʢʦ ʟʘʬʽʢʩʦʚʘʥʦʤʫ ʟʘʟʦʨʽ Ὤ ʟʥʘʯʝʥʥʷ ‎ ʧʦʩʪʽʡʥʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ 
ʦʧʪʠʤʘʣʴʥʦʾ ʟʦʥʠ. ʗʢʱʦ ʣʦʢʘʣʴʥʘ ʪʦʚʱʠʥʘ ʟʤʝʥʰʫʻʪʴʩʷ, ‎ ʧʘʜʘʻ ʥʠʞʯʝ 0.6, ʱʦ 
ʥʝʤʠʥʫʯʝ ʧʨʦʚʦʢʫʻ ʢʨʠʭʢʠʡ ʨʦʟʨʠʚ ʣʘʡʥʝʨʘ ʧʽʜ ʯʘʩ ʥʘʩʪʫʧʥʦʛʦ ʬʘʣʴʮʶʚʘʥʥʷ ʥʘ ʣʽʥʽʷʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʉʫʯʘʩʥʠʡ "ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ" ʪʘʢʦʛʦ ʚʫʟʣʘ 

ʧʨʦʻʢʪʫʻʪʴʩʷ ʷʢ ʤʝʭʘʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʽʟ ʟʘʤʢʥʝʥʠʤ ʢʦʥʪʫʨʦʤ ʫʧʨʘʚʣʽʥʥʷ. ʇʝʨʝʜ 
ʙʽʛʫʚʘʣʴʥʦʶ ʩʝʢʮʽʻʶ ʽʥʪʝʛʨʫʻʪʴʩʷ ʧʨʝʮʠʟʽʡʥʠʡ ʣʘʟʝʨʥʠʡ ʪʦʚʱʠʥʦʤʽʨ. ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ 

ʩʠʥʪʝʟʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ɝ‎: 
ὊὬὸ ɾ ςὸὸ ὬὸȾὡ ᴼπ 

ʎʝ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʜʚʽʡʥʠʢʫ ʧʨʦʨʘʭʦʚʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ ʱʝ ʜʦ 

ʪʦʛʦ, ʷʢ ʢʦʥʢʨʝʪʥʘ ʜʽʣʷʥʢʘ ʢʘʨʪʦʥʫ ʧʦʪʨʘʧʠʪʴ ʫ ʟʦʥʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʟ 

ʽʥʩʪʨʫʤʝʥʪʦʤ (ʧʨʝʜʠʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ). ʂʣʶʯʦʚʦʶ ʧʝʨʝʚʘʛʦʶ  ʜʚʽʡʥʠʢʘ ʻ ʨʦʙʦʪʘ ʚ 

ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʽ.  ʉʠʩʪʝʤʘ ʥʝ ʧʨʦʩʪʦ ʬʽʢʩʫʻ ʧʦʤʠʣʢʫ, ʘ ʘʢʪʠʚʥʦ ʟʘʧʦʙʽʛʘʻ ʾʾ ʧʦʷʚʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʬʫʥʢʮʽʾ, ʢʦʥʪʨʦʣʝʨ ʨʫʭʫ ʤʠʪʪʻʚʦ ʦʙʯʠʩʣʶʻ ʥʝʦʙʭʽʜʥʫ ʢʦʨʝʢʮʽʶ 

ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʩʝʨʚʦʧʨʠʚʦʜʽʚ ʘʙʦ ʧ'ʻʟʦʘʢʪʫʘʪʦʨʽʚ ʟʤʽʥʶʻ 

ʤʽʞʮʝʥʪʨʦʚʫ ʚʽʜʩʪʘʥʴ ʚʘʣʽʚ Ὤὸ. ʎʝ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʫʚʘʪʠ ʢʝʨʦʚʘʥʫ ʜʝʣʷʤʽʥʘʮʽʶ 
ʢʘʨʪʦʥʫ ʪʘ ʥʫʣʴʦʚʠʡ ʨʽʚʝʥʴ ʙʨʘʢʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʷʢʦʩʪʽ ʚʭʽʜʥʦʾ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ.     

ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʣʦʢʘʣʴʥʦʛʦ ʩʪʦʥʰʝʥʥʷ ʢʘʨʪʦʥʫ (ὸ Ȣ), ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʤʠʪʪʻʚʦ 
ʟʤʝʥʰʫʻ ʤʽʞʮʝʥʪʨʦʚʫ ʚʽʜʩʪʘʥʴ ʚʘʣʽʚ (Ὤ Ȣ), ʱʦʙ ʫʪʨʠʤʘʪʠ ‎ ʫ ʤʝʞʘʭ ʜʦʧʫʩʢʫ πȢφ.ʎʝ 
ʛʘʨʘʥʪʫʻ ʩʪʘʙʽʣʴʥʫ ʢʝʨʦʚʘʥʫ ʜʝʣʷʤʽʥʘʮʽʶ ð ʧʨʦʮʝʩ ʨʦʟʰʘʨʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʩʪʨʫʢʪʫʨʠ ʢʘʨʪʦʥʫ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʟʛʠʥʫ ʙʝʟ ʨʦʟʨʠʚʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʣʘʡʥʝʨʘ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ "ʨʦʟʫʤʥʝ" ʦʙʣʘʜʥʘʥʥʷ, ʛʦʪʦʚʝ ʜʦ ʨʦʙʦʪʠ ʟ 

ʥʘʡʩʢʣʘʜʥʽʰʠʤʠ ʝʢʦ-ʤʘʪʝʨʽʘʣʘʤʠ ʤʘʡʙʫʪʥʴʦʛʦ.  

ɺʠʩʥʦʚʢʠ. ɯʟ ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ. 

ɼʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʤʝʪʦʜʦʣʦʛʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʩʠʥʪʝʟʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ὊὬὸ ᴼπ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʝ ʥʘ 
ʧʦʰʫʢʫ ʻʜʠʥʦʾ ʽʜʝʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʘ ʥʘ ʙʝʟʧʝʨʝʨʚʥʽʡ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʧʘʨʘʤʝʪʨʘ 

ʟʩʫʚʫ ʰʣʷʭʦʤ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʘʜʘʧʪʘʮʽʾ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ Ὤὸ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʚʘʨʶʚʘʣʴʥʠʭ ʛʫʙʦʢ 

ʜʣʷ ʙʽʦʨʦʟʢʣʘʜʥʠʭ ʧʣʽʚʦʢ 
 

ɭʚʛʝʥ ʊʦʚʤʘʯ, ʂʦʩʪʷʥʪʠʥ ɺʘʩʠʣʴʢʽʚʩʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ɹʽʦʨʦʟʢʣʘʜʥʽ ʧʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʚʫʟʴʢʝ çʪʝʨʤʦʜʠʥʘʤʽʯʥʝ ʚʽʢʥʦè 

ʟʚʘʨʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʟʚʘʨʶʚʘʣʴʥʠʭ ʛʫʙʦʢ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʚʦʶ 

ʽʥʝʨʮʽʻʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʝʨʤʽʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʧʣʽʚʦʢ. ɯʥʥʦʚʘʮʽʡʥʠʤ ʨʽʰʝʥʥʷʤ ʻ 
ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ, ʜʝ ʻ ʤʦʞʣʠʚʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ ʤʽʢʨʦʽʤʧʫʣʴʩʥʽ 

ʧʨʦʬʽʣʽ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʘʜʘʧʪʫʶʪʴʩʷ ʧʽʜ ʣʦʢʘʣʴʥʫ ʪʦʧʦʣʦʛʽʶ ʰʚʘ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʤʝʪʦʜʦʤ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʘ ʢʨʠʪʝʨʽʻʤ ʍʽʣʣʘ, 

ʢʦʛʝʟʠʚʥʽ ʟʦʥʠ (ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʰʘʨʫʚʘʥʥʷ) ʪʘ ʢʦʥʪʘʢʪʥʝ ʪʝʨʪʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʦʶ ʟʦʥʦʶ ʚ ʘʚʪʦʤʘʪʘʭ ʪʠʧʫ VFFS 

(Vertical Form Fill Seal) ʻ ʤʽʩʮʝ ʧʝʨʝʪʠʥʫ ʧʦʟʜʦʚʞʥʴʦʛʦ ʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʰʚʽʚ. ʋ ʮʽʡ 

ʪʦʯʮʽ ʪʦʚʱʠʥʘ ʤʘʪʝʨʽʘʣʫ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʨʦʩʪʘʻ ʟ ʜʚʦʭ ʜʦ ʯʦʪʠʨʴʦʭ ʰʘʨʽʚ. 

ɹʽʦʧʦʣʽʤʝʨʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ, ʥʝ ʟʜʘʪʥʽ ʽʥʪʝʥʩʠʚʥʦ ʪʝʢʪʠ ʜʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʫʪʚʦʨʝʥʠʭ ʤʽʢʨʦʢʘʥʘʣʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ. ʉʧʨʦʙʘ ʟʙʽʣʴʰʠʪʠ ʟʫʩʠʣʣʷ 

ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʫ ʛʫʙʦʢ ʤʠʪʪʻʚʦ ʚʠʢʣʠʢʘʻ ʧʨʦʧʘʣʶʚʘʥʥʷ ʙʽʦ-ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʪʨʘʪʫ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʫʧʘʢʦʚʢʠ. ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ ʘʜʘʧʪʨʦʥʥʦʛʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ 
ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʤʦʚʫ ʚʽʜ ʞʦʨʩʪʢʦʾ ʢʽʥʝʤʘʪʠʢʠ. ɺʝʢʪʦʨ ʦʧʪʠʤʽʟʘʮʽʾ  ʨʦʟʰʠʨʶʻʪʴʩʷ ʽ 

ʚʢʣʶʯʘʻ ʤʘʣʦʽʥʝʨʮʽʡʥʽ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʜʘʪʯʠʢʠ ʟʫʩʠʣʣʷ, 

ʚʙʫʜʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʨʦʬʽʣʴ ʽʥʩʪʨʫʤʝʥʪʘ (ʨʠʩ.). 

 
ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʥʪʝʟʫʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʠʪʦʤʫ ʝʥʝʨʛʽʶ 

ʟʚʘʨʶʚʘʥʥʷ Ὁ : 

Ὁ ὖὸẗὠὸẗὗὸὨὸ Ὁ  

ʜʝ 0Ô ð ʣʦʢʘʣʴʥʠʡ ʪʠʩʢ, 6Ô ð ʰʚʠʜʢʽʩʪʴ ʟʤʠʢʘʥʥʷ, 1Ô ð ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, 

%  ð ʧʦʨʽʛ ʪʝʨʤʽʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʙʽʦʧʦʣʽʤʝʨʫ.  

ʂʦʣʠ ʪʝʥʟʦʜʘʪʯʠʢ ʬʽʢʩʫʻ ʧʦʪʦʚʱʝʥʥʷ ʧʣʽʚʢʠ (4 ʰʘʨʠ), ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ 

ʛʝʥʝʨʫʻ ʢʽʥʝʤʘʪʠʯʥʠʡ ʤʽʢʨʦ ʽʤʧʫʣʴʩ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʽʜʝʘʣʴʥʝ ʟʣʠʪʪʷ ʢʦʛʝʟʠʚʥʠʭ ʟʦʥ 

ʧʦʣʽʤʝʨʫ ʥʘ ʤʽʢʨʦʨʽʚʥʽ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʝʨʝʚʠʱʫʶʯʠ ʢʨʠʪʠʯʥʠʡ ʣʽʤʽʪ ʝʥʝʨʛʽʾ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ "ʨʦʟʫʤʥʝ" ʦʙʣʘʜʥʘʥʥʷ, ʛʦʪʦʚʝ ʜʦ ʨʦʙʦʪʠ ʟ ʥʘʡʩʢʣʘʜʥʽʰʠʤʠ ʝʢʦ-

ʤʘʪʝʨʽʘʣʘʤʠ ʤʘʡʙʫʪʥʴʦʛʦ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʜʝ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʻ 

ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ ʟʚʘʨʶʚʘʥʥʷ Ὁ, ʷʢʘ ʽʥʪʝʛʨʫʻ ʣʦʢʘʣʴʥʠʡ ʪʠʩʢ, 
ʰʚʠʜʢʽʩʪʴ ʟʤʠʢʘʥʥʷ ʪʘ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʛʘʨʘʥʪʫʶʯʠ ʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ 

ʧʦʨʦʛʫ ʪʝʨʤʽʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʙʽʦʧʦʣʽʤʝʨʫ.  
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ʆʧʪʠʤʽʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ ʧʘʢʫʚʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ɯɯʦʊ ʧʽʜʭʦʜʽʚ 
 

ʆʣʝʢʩʘʥʜʨ ʉʘʚʯʫʢ, ʄʠʭʘʡʣʦ ɺʦʣʦʜʽʥ. ɺʦʣʦʜʠʤʠʨ ʂʦʩʪʽʥ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ, 

ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ 

ʣʽʥʽʷʭ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʧʨʦʜʫʢʮʽʾ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʝʭʘʪʨʦʥʥʠʭ 

ʜʦʟʫʚʘʣʴʥʦ-ʬʘʩʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʽʥʪʝʛʨʦʚʘʥʠʭ ʫ IIoT-ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʚʢʣʶʯʘʻ 

ʜʘʪʯʠʢʠ ʪʠʩʢʫ, ʚʠʪʨʘʪʠ, ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʢʦʥʘʚʯʽ ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʽ ʝʣʝʤʝʥʪʠ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʫʭʫ 

ʨʽʜʠʥʠ, ʨʽʚʥʷʥʴ ʙʘʣʘʥʩʫ ʤʘʩʠ ʪʘ ʜʠʥʘʤʽʢʠ ʚʠʢʦʥʘʚʯʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʘʪʦʨʘ. ɼʣʷ ʦʧʠʩʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʛʨʘʣʴʥʫ ʦʮʽʥʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ. ɼʣʷ ʘʧʘʨʘʪʫʨʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʪʠʩʢʫ, ʙʫʣʦ ʦʙʨʘʥʦ ʨʝʛʫʣʷʪʦʨ ʉʝʨʽʾ PRE. 

ɯʥʪʝʛʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ CoilVision 

ʟʘʙʝʟʧʝʯʠʣʘ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ ʧʽʣʦʪʥʠʭ 

ʢʣʘʧʘʥʽʚ (ʨʠʩ.1).ʅʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ 
ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʦʙ'ʻʤʫ ʩʬʦʨʤʦʚʘʥʦʾ 

ʧʦʨʮʽʾ ʨʽʜʢʦʛʦ ʧʨʦʜʫʢʪʫ, 

ʦʧʨʘʮʴʦʚʘʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʤʦʜʝʣʴ 

ʚʠʪʨʘʪʠ ʟʘ ʯʘʩʦʤ:  

ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʧʦʭʠʙʢʠ 

ʜʦʟʫʚʘʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʚʘʥʥʷ IIoT-ʩʠʩʪʝʤʠ 

ὠ ᷿       ὗὸὨὸ                                                 (1)ײ

ʜʝ ὠ - ʦʙ'ʻʤ ʜʦʟʠ, ʤį;ὗὸ - ʤʠʪʪʻʚʘ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ̍ȾÃ; Ὕ - ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ 

ʜʦʟʫʚʘʥʥʷ, ʩ. ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʴ ʚʠʪʨʘʪʠ ʚ ʢʘʥʘʣʽ ʜʦʟʘʪʦʨʘ. ɼʣʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʧʨʦʜʫʢʪʦʧʨʦʚʦʜʽ ʚ ʩʧʨʦʱʝʥʽʡ ʬʦʨʤʽ: 

ὒ Ὑὗὸ ɝὴὸ                                       (2) 

ʜʝ ὒ - ʛʽʜʨʘʚʣʽʯʥʠʡ ʽʥʝʨʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ; Ὑ  - ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʢʘʥʘʣʫ; ɝὴὸ - 

ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʩʪʚʦʨʝʥʠʡ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʷʢ ʢʽʙʝʨʬʽʟʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʜʠʥʘʤʽʢʦʶ ʤʝʭʘʪʨʦʥʥʦʛʦ ʜʦʟʫʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʘ ʡ ʘʨʭʽʪʝʢʪʫʨʦʶ ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʫ IIoT-ʩʝʨʝʜʦʚʠʱʽ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ 
ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʘʢʫʚʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʪʨʘʪ, 

ʩʢʦʨʦʯʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʧʨʝʜʠʢʪʠʚʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ.  

ʃ̔ʪʝʨʘʪʫʨʘ: Kryvoplias-Volodina L., Gavva O., Blazhenko S., Marunin A., Volodin, O. 

(2023) Architecture of hybrid mechatronic dosing and packing module of packaging machine 

based on qualitative analysis. Eastern-European Journal of Enterprise Technologies, 4(2-

124), pp. 70-79. doi: https://doi.org/10.15587/1729-4061.2023.286615      
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20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚ 

ʧʨʦʮʝʩʽ ʽʥʞʝʢʮʽʡʥʦ-ʚʠʜʫʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʇɽʊ-ʪʘʨʠ 
 

ʊʘʨʘʩ ɹʫʪʠʢ, ɺʦʣʦʜʠʤʠʨ ʂʦʩʪʽʥ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʜʦʩʪʦʚʽʨʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚ ʮʠʢʣʽ ʚʠʜʫʚʫ ʇɽʊ-ʪʘʨʠ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 
ʧʝʨʝʭʦʜʫ ʚʽʜ ʝʤʧʽʨʠʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʧʥʝʚʤʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʦʤʠʩʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʜʫʚʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʞʦʨʩʪʢʠʭ 
ʤʝʪʘʣʝʚʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʦʙô̒ ʤʦʤ 0,5 ʣ ʪʘ 1,5 ʣ. ɼʠʥʘʤʽʢʫ ʪʠʩʢʫ ʨʝʻʩʪʨʫʚʘʣʠ 

ʧ'ʻʟʦʨʝʟʠʩʪʠʚʥʠʤ ʜʘʪʯʠʢʦʤ (ʜʦ 40 ʙʘʨ, 1000 ɻʮ). ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʚ 
ʩʝʨʝʜʦʚʠʱʽ ABAQUS/Explicit ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ çfluid linkè ʜʣʷ ʽʤʽʪʘʮʽʾ 

ʤʘʩʦʦʙʤʽʥʫ. 
ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ 

çʤʝʨʪʚʠʡ ʦʙ'ʻʤè ʧʥʝʚʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʠʪʴ 0,22 ʣ. ɼʦʚʝʜʝʥʦ, ʱʦ ʮʝʡ ʧʘʨʘʤʝʪʨ 
ʩʪʚʦʨʶʻ ʩʫʪʪʻʚʫ ʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʥʘʧʦʚʥʝʥʥʷ ʪʘ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʟʘʛʦʪʦʚʢʠ. ɺʠʷʚʣʝʥʦ 
ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚʽʜ ʩʪʫʧʝʥʷ ʚʽʜʢʨʠʪʪʷ ʦʙʤʝʞʫʚʘʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ: ʥʘʡʚʠʱʘ ʯʫʪʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 4 

ʦʙʝʨʪʽʚ ʛʚʠʥʪʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʙʽʣʴʰʽʩʪʴ ʯʘʩʫ ʧʝʨʝʙʫʚʘʻ ʫ ʢʨʠʪʠʯʥʦʤʫ 
(ʟʚʫʢʦʚʦʤʫ) ʨʝʞʠʤʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʠʩʢʽʚ ʤʝʥʰʝ 0,528, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʘʩʦʚʫ 

ʚʠʪʨʘʪʫ ʚʽʜ 0,0119 ʢʛ/ʩ (ʤʽʥʽʤʘʣʴʥʠʡ ʧʦʪʽʢ) ʜʦ 0,0824 ʢʛ/ʩ (ʧʦʚʥʽʩʪʶ ʚʽʜʢʨʠʪʠʡ ʢʣʘʧʘʥ). 
ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʠʤʫʣʷʮʽʾ ABAQUS ʽʟ ʥʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ 

ʚʠʩʦʢʫ ʟʙʽʞʥʽʩʪʴ: ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʫ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 4,2%.  
ʎʝ ʧʦʚʥʽʩʪʶ 

ʧʽʜʪʚʝʨʜʞʫʻ ʬʽʟʠʯʥʫ 
ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʥʷ 
ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʟʘ 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚ ʜʣʷ 
ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ. 
ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ 
ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʥʘ ʢʦʤʧʨʝʩʦʨʠ 

ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʩʢʫ ʥʘ ʨʽʚʥʽ 22ï25 ʙʘʨ. 
ɺʠʩʥʦʚʢʠ. ɺʨʘʭʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʥʝʚʤʘʪʠʢʠ, ʟʦʢʨʝʤʘ çʤʝʨʪʚʦʛʦ 

ʦʙ'ʻʤʫè (0,22 ʣ), ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 
ʬʦʨʤʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʮʠʢʣ ʚʠʜʫʚʫ ʪʘ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʬʦʨʤ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Nixon, J., Yan, S., & Menary, G. H. (2013). Development of a pressure boundary 

condition for the stretch blow moulding process. Key Engineering Materials, 554-

557, 1729-1737.  
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʧʘʢʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚ ʨʝʪʦʨʪ-ʧʘʢʝʪʠ,  ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʤʝʪʘʣʝʚʽʡ ʢʦʥʩʝʨʚʥʽʡ ʪʘʨʽ 
 

ɺʘʜʠʤ ɹʫʪʝʥʢʦ, ɸʥʘʩʪʘʩʽʷ ɼʝʨʝʥʽʚʩʴʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʈʝʪʦʨʪ-ʧʘʢʝʪ (retort pouch) ð ʮʝ ʤô̫ ʢʘ ʢʦʤʙʽʥʦʚʘʥʘ ʫʧʘʢʦʚʢʘ, ʱʦ ʟʜʘʪʥʘ 

ʚʠʪʨʠʤʫʚʘʪʠ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʫ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʤʝʪʘ-

ʣʝʚʠʭ ʢʦʥʩʝʨʚʥʠʭ ʙʘʥʦʢ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʢʦʤʧʘʢʪʥʦʩʪʽ, ʤʘʣʽʡ ʚʘʟʽ ʪʘ ʚʠʩʦʢʠʤ ʙʘʨôʻʨʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ʮʝʡ ʚʠʜ ʫʧʘʢʦʚʢʠ ʩʪʘʻ ʜʝʜʘʣʽ ʧʦʧʫʣʷʨʥʽʰʠʤ ʫ ʩʚʽʪʦʚʽʡ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʙʝʟ ʦʭʦʣʦʜʞʝʥʥʷ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʪʝʦʨʝʪʠʯʥʠʡ ʦʛʣʷʜ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʘʢʫʚʘʥʥʷ ʽ 
ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ð ʪʝʭʥʦʣʦʛʽʷ 

ʧʘʢʫʚʘʥʥʷ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʨʝʪʦʨʪ-ʧʘʢʝʪʠ ʪʘ ʨʝʞʠʤʠ ʾʾ 
ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ ʢʣʶʯʦʚʽ 
ʧʘʨʘʤʝʪʨʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ: 

1. ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʚ ʨʝʪʦʨʪʽ. ʊʦʥʢʠʡ ʧʨʦʬʽʣʴ ʧʘʢʝʪʘ 
ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʮʠʢʣ ʥʘ 30-40% ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʢʣʷʥʦʶ ʪʘ 

ʤʝʪʘʣʝʚʦʶ ʢʦʥʩʝʨʚʥʦʶ ʪʘʨʦʶ. ʆʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ 
ʙʝʟʧʝʢʠ ʚ ʨʝʪʦʨʪʽ ʻ ʧʽʜʪʨʠʤʘʥʥʷ ʧʨʦʪʠʪʠʩʢʫ, ʷʢʠʡ ʤʘʻ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ʧʘʨʠ ʚ ʧʘʢʝʪʽ ʜʣʷ ʟʘʭʠʩʪʫ 
ʰʚʽʚ. 

2. ʌʘʩʫʚʘʥʥʷ ʪʘ ʛʝʨʤʝʪʠʟʘʮʽʷ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʨʠʚʫ 
ʫʧʘʢʦʚʢʠ ʦʙôʻʤ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ. 

ʏʠʩʪʦʪʘ ʟʦʥʠ ʪʝʨʤʦʢʦʥʪʘʢʪʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʻ ʢʨʠʪʠʯʥʦʶ 
ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʾ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʰʚʘ. 

3. ɺʠʜʘʣʝʥʥʷ ʧʦʚʽʪʨʷ. ʇʘʨʦʚʘ ʝʢʩʛʘʫʩʪʘʮʽʷ, ʤʝʭʘʥʽʯʥʝ 
ʩʪʠʩʢʘʥʥʷ ʘʙʦ ʚʘʢʫʫʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦ ʤʽʥʽʤʽʟʫʶʪʴ ʚʤʽʩʪ 

ʢʠʩʥʶ, ʟʘʧʦʙʽʛʘʶʯʠ ʦʢʠʩʣʝʥʥʶ ʧʨʦʜʫʢʪʫ ʪʘ ʥʘʜʤʽʨʥʦʤʫ 
ʪʠʩʢʫ ʚ ʫʧʘʢʦʚʮʽ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʝʨʪʥʠʡ ʛʘʟ (ʘʟʦʪ) 

ʜʣʷ ʚʠʪʽʩʥʝʥʥʷ ʢʠʩʥʶ.  
4. ʆʭʦʣʦʜʞʝʥʥʷ ʪʘ ʣʦʛʽʩʪʠʢʘ. ʆʭʦʣʦʜʞʝʥʥʷ ʚʦʜʦʶ ʧʽʜ 

ʪʠʩʢʦʤ ʦʜʨʘʟʫ ʧʽʩʣʷ ʩʪʝʨʠʣʽʟʘʮʽʾ ʥʽʚʝʣʶʻ ʥʘʜʤʽʨʥʝ 
ʨʦʟʜʫʚʘʥʥʷ ʧʘʢʝʪʫ. ʏʝʨʝʟ ʚʨʘʟʣʠʚʽʩʪʴ ʨʝʪʦʨʪ-ʧʘʢʝʪʽʚ ʜʦ 

ʧʨʦʢʦʣʽʚ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭʥʴʦʛʦ ʛʨʫʧʦʚʦʛʦ 
ʧʘʢʫʚʘʥʥʷ ʫ ʞʦʨʩʪʢʫ ʟʦʚʥʽʰʥʶ ʪʘʨʫ. 

ɺʠʩʥʦʚʢʠ. ʈʝʪʦʨʪ-ʧʘʢʝʪʠ ʻ ʝʬʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 
ʩʢʣʷʥʽʡ ʽ ʤʝʪʘʣʝʚʽʡ ʪʘʨʽ ʟʘʚʜʷʢʠ ʚʠʩʦʢʠʤ ʙʘʨôʻʨʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘ ʽʥʪʝʥʩʠʚʥʽʰʦʤʫ ʪʝʧʣʦʦʙʤʽʥʫ, ʤʝʥʰʽʡ ʤʘʩʽ 

ʪʘ ʢʦʤʧʘʢʪʥʦʩʪʽ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʪʫ ʫ ʚʠʛʣʷʜʽ ʞʦʨʩʪʢʦʛʦ ʛʨʫʧʦʚʦʛʦ 
ʧʘʢʫʚʘʥʥʷ. ʅʠʞʯʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʣʽʥʽʡ (30ï60 ʫʧ/ʭʚ ʧʨʦʪʠ 80ï600 ʫʧ/ʭʚ ʜʣʷ ʙʘʥʦʢ) 

ʟʫʤʦʚʣʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʛʝʨʤʝʪʠʟʘʮʽʾ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ 
ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 
ʃʽʪʝʨʘʪʫʨʘ. Value-added seafood products processing through novel enzyme / M. Vijay 

Pradhap Singh et al. Value-Addition in Food Products and Processing Through Enzyme 
Technology / ed.: M. Kuddus, C. N. Aguilar. Academic Press, 2022. P. 309ï320. DOI: 

https://doi.org/10.1016/B978-0-323-89929-1.00013-5.  
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ʉʫʰʽʥʥʷ ʨʝʪʦʨ- ʧʘʢʝʪʫ 
ʪʘ ʛʨʫʧʦʚʝ ʧʘʢʫʚʘʥʥʷ

ʈʠʩ.ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ 
ʧʘʢʫʚʘʥʥʷ ʭʘʨʯʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚ ʨʝʪʦʨʪ-ʧʘʢʝʪ



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʪʦʨʪ-ʧʘʢʝʪʽʚ 
 

ɺʘʜʠʤ ɹʫʪʝʥʢʦ, ɸʥʘʩʪʘʩʽʷ ɼʝʨʝʥʽʚʩʴʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʈʝʪʦʨʪ-ʧʘʢʝʪʠ (retort pouch) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʘʢʫʚʘʥʥʷ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʚʜʷʢʠ ʾʭ ʟʜʘʪʥʦʩʪʽ ʚʠʪʨʠʤʫʚʘʪʠ ʩʪʝʨʠʣʽʟʘʮʽʶ ʧʨʠ ʚʠʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʪʠʩʢʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʙʝʟ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʘʢ ʾʭ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʻ ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ ʯʝʨʝʟ ʩʢʣʘʜʥʫ 

ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. 

ʄʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʪʝʦʨʝ-

ʪʠʯʥʠʡ ʦʛʣʷʜ ʪʘ ʧʦʨʽʚʥʷʣʴ-

ʥʠʡ ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘ-

ʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʨʝʪʦʨʪ-ʧʘʢʝʪʽʚ. ʆʙôʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʫʯʘʩʥʽ ʧʘʢʫ-

ʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʧʨʝʜʩ-
ʪʘʚʣʝʥʽ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʢʦʤ-

ʧʦʟʠʪʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʨʝʮʠʢʣʽʥʛʦ-

ʧʨʠʜʘʪʥʠʤʠ ʨʽʰʝʥʥʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ 

ʦʙʛʦʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ ʩʫʯʘʩ-

ʥʦʛʦ ʨʠʥʢʫ ʪʘ ʪʝʭʥʽʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʠʚ ʢʣʘ-

ʩʠʬʽʢʫʚʘʪʠ ʨʝʪʦʨʪ-ʧʘʢʝʪʠ ʥʘ 

ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʪʨʘʜʠʮʽʡʥʽ ʙʘʛʘʪʦʰʘʨʦʚʽ ʣʘʤʽʥʘʪʠ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʤʦʥʦʤʘʪʝʨʽʘʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ (ʨʠʩ.). 1. ʂʣʘʩʠʯʥʽ ʙʘʛʘʪʦʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ (Standard Retort Pouch). 
ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʥʠʟʴʢʘ ʧʝʨʝʨʦʙʣʶʚʘʥʽʩʪʴ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʨʦʟʜʽʣʝʥʥʷ ʰʘʨʽʚ, ʧʨʦʪʝ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʧʨʦʜʫʢʪʫ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʯʦʪʠʨʠʰʘʨʦʚʘ ʢʦʤʧʦʟʠʪʥʘ ʩʪʨʫʢʪʫʨʘ PET+Al+NY+RCPP: 

PET ð ʟʦʚʥʽʰʥʽʡ ʰʘʨ ʜʣʷ ʟʘʭʠʩʪʫ ʪʘ ʜʨʫʢʫ; Al (ʘʣʶʤʽʥʽʻʚʘ ʬʦʣʴʛʘ) ð ʧʦʚʥʠʡ ʙʘʨôʻʨ 

ʧʨʦʪʠ ʢʠʩʥʶ ʪʘ ʩʚʽʪʣʘ; NY (ʥʝʡʣʦʥ) ð ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʨʦʢʦʣʽʚ; 

RCPP ð ʚʥʫʪʨʽʰʥʽʡ ʪʝʨʤʦʟʚʘʨʶʚʘʣʴʥʠʡ ʰʘʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʝʨʤʝʪʠʯʥʽʩʪʴ. ʇʦʩʠʣʝʥʽ 

ʚʘʨʽʘʥʪʠ, ʥʘʧʨʠʢʣʘʜ PET+NY+NY+RCPP, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʽʟ ʪʚʝʨʜʠʤʠ 

ʚʢʣʶʯʝʥʥʷʤʠ. ɹʝʟʬʦʣʴʛʦʚʽ ʨʽʰʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ EVOH ʘʙʦ AlOx/SiOx-ʧʦʢʨʠʪʪʽʚ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʟʦʨʽʩʪʴ ʧʘʢʫʚʘʥʥʷ ʪʘ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʙʘʨôʻʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 2. ɽʢʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ (Mono PP Retort Pouch) 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʧʦʣʽʤʝʨʫ (ʧʦʣʽʧʨʦʧʽʣʝʥʫ), ʱʦ ʧʦʣʝʛʰʫʻ 

ʧʝʨʝʨʦʙʢʫ. ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ OPP+HBOPP (ʚʠʩʦʢʦʙʘʨ'ʻʨʥʠʡ ʦʨʽʻʥʪʦʚʘʥʠʡ 
ʧʦʣʽʧʨʦʧʽʣʝʥ)+RCPP ʟʘʙʝʟʧʝʯʫʻ ʙʘʨôʻʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʧʣʽʚʦʢ. ʊʝʭʥʦʣʦʛʽʷ SiOx-ʧʦʢʨʠʪʪʷ ʬʦʨʤʫʻ ʪʦʥʢʠʡ ʽʥʝʨʪʥʠʡ ʙʘʨôʻʨ, 

ʷʢʠʡ ʥʝ ʫʩʢʣʘʜʥʶʻ ʚʪʦʨʠʥʥʫ ʧʝʨʝʨʦʙʢʫ ʪʘ ʚʦʜʥʦʯʘʩ ʟʘʭʠʱʘʻ ʧʨʦʜʫʢʪ. 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ Mono-PP ʩʪʨʫʢʪʫʨ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʩʦʢʦʙʘʨôʻʨʥʠʭ ʰʘʨʽʚ (HBOPP) ʪʘ ʥʘʧʠʣʝʥʥʷ ʦʢʩʠʜʽʚ ʢʨʝʤʥʽʶ (SiOx) ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʧʨʦʜʫʢʪʫ 

ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʚʥʦʾ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʫʧʘʢʦʚʢʠ.  
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ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʨʝʪʦʨʪ-ʧʘʢʝʪʫ 
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ʆʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʣʽʥʽʾ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʘʢʝʪʽʚ ʟʘʩʦʙʘʤʠ ʜʠʩʢʨʝʪʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʂʦʩʪʷʥʪʠʥ ɿʦʨʽʥ, ɸʥʘʩʪʘʩʽʷ ɼʝʨʝʥʽʚʩʴʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʧʘʢʫʚʘʣʴʥʽ ʣʽʥʽʾ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʙʦʪʠʟʦʚʘʥʠʭ 

ʤʦʜʫʣʽʚ. ʇʨʦʙʣʝʤʦʶ ʻ ʚʠʥʠʢʥʝʥʥʷ çʚʫʟʴʢʠʭ ʤʽʩʮʴè (bottlenecks), ʷʢʽ ʦʙʤʝʞʫʶʪʴ 

ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʣʽʥʽʾ ʜʦʟʚʦʣʷʻ ʚʠʨʽʚʥʷʪʠ ʪʨʠʚʘʣʽʩʪʴ 

ʮʠʢʣʽʚ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ.  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʙʦʪʠʟʦʚʘʥʘ ʣʽʥʽʷ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʘʢʝʪʽʚ. ʄʝʪʦʜʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʪʘ ʩʠʥʪʝʟʽ; ʨʦʟʨʘʭʫʥʢʫ 

ʪʨʠʚʘʣʦʩʪʝʡ ʮʠʢʣʽʚ ʨʦʙʦʪʠ ʩʢʣʘʜʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʦʨʽʾ ʧʦʰʫʢʫ 

çʚʫʟʴʢʠʭ ʤʽʩʮʴè ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʣʘʥʦʢ, ʱʦ ʛʘʣʴʤʫʶʪʴ ʧʦʪʽʢ; ʜʠʩʢʨʝʪʥʦ-

ʩʠʪʫʘʮʽʡʥʦʤʫ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ 

ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʩʝʨʝʜʦʚʠʱʽ 

FlexSim 2026 ʨʦʟʨʦʙʣʝʥʦ 

ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʣʽʥʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʘʢʝʪʽʚ. ʇʨʦʚʝʜʝʥʦ ʧʦʰʫʢ 

çʚʫʟʴʢʠʭ ʤʽʩʮʴè (bottlenecks), 
ʦʧʪʠʤʽʟʦʚʘʥʦ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʨʦʙʦʪʘ- ʤʘʥʽʧʫʣʷʪʦʨʘ: 

ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʙʘʛʘʪʦʟʘʭʚʘʪʥʦʛʦ ʫʢʣʘʜʘʥʥʷ 

ʜʦʟʚʦʣʠʣʦ ʧʝʨʝʤʽʱʫʚʘʪʠ 

ʜʝʢʽʣʴʢʘ ʛʦʬʨʦʢʦʨʦʙʦʢ ʟʘ 

ʦʜʠʥ ʮʠʢʣ, ʱʦ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʣʦ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ (ʨʠʩ. 1). 

ɸʥʘʣʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʣʽʥʽʾ (ʨʠʩ. 2) 
ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʥʝʩʝʥʠʭ ʟʤʽʥ: 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʧʘʣʝʪʘʡʟʝʨʘ 

ʩʪʘʥʦʚʠʪʴ 66,37% (ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʟʝʨʚʫ ʧʦʪʫʞ-

ʥʦʩʪʽ); ʨʽʚʝʥʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʫ ʟʦʥʽ çʚʫʟʴʢʦʛʦ ʤʽʩʮʷè 

ʟʥʠʟʠʚʩʷ ʜʦ 2,34%, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʚʥʫ ʣʽʢʚʽʜʘʮʽʶ 

ʟʘʪʦʨʽʚ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ 
ʧʨʦʜʫʢʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ  

 
ʈʠʩ. 1. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʣʽʥʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʢʝʪʫ: 1, 2, 3 ï ʙʣʦʢ Source ʜʣʷ ʩʪʚʦ-

ʨʝʥʥʷ ʽ ʚʠʜʘʯʽ  ʚʽʜʧʦʚʽʜʥʦ ʛʦʬʨʦʷʱʠʢʽʚ, ʧʽʜʜʦʥʽʚ, 

ʧʨʦʢʣʘʜʢʠ; 4,5 - ʙʣʦʢ Queue ʜʣʷ ʧʨʠʩʪʨʦʾʚ (ʤʘʛʘʟʠʥʽʚ) 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʽʜʜʦʥʽʚ ʪʘ ʧʨʦʢʣʘʜʦʢ ʚʽʜʧʦʚʽʜʥʦ; 

bottleneck ï ʢʨʠʪʠʯʥʘ ʜʽʣʷʥʢʘ, ʢʦʥʚʝʻʨ, ʥʘ ʷʢʽʡ ʬʦʨ-

ʤʫʻʪʴʩʷ ʟʘʪʦʨ ʟ ʛʦʬʨʦʢʦʨʦʙʦʢ; Robot1 ï ʨʦʙʦʪ 

ʧʘʣʝʪʘʡʟʝʨ. 

 
ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʤʦʜʫʣʽʚ ʣʽʥʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʢʝʪʫ 

ʨʦʙʦʪʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʟʘʭʚʘʪʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ʜʦʟʚʦʣʠʣʠ ʫʩʫʥʫʪʠ çʚʫʟʴʢʝ 

ʤʽʩʮʝè, ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʧʦʪʽʢ ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʣʽʥʽʾ ʬʦʨʤʫʚʘʥʥʷ  

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʘʢʝʪʽʚ.  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 

130 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʜʫʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʘʩʠ ʧʨʦʜʫʢʮʽʾ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʢʘʟʥʠʢʽʚ OEE 

ʈʦʤʘʥ ʗʮʶʯʝʥʢʦ, ɸʥʘʩʪʘʩʽʷ ɼʝʨʝʥʽʚʩʴʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
ɺʩʪʫʧ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʣʽʥʽʡ ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʙʦʪʠ ʤʦʜʫʣʽʚ ʢʦʥʪʨʦʣʶ ʤʘʩʠ ʷʢ ʢʨʠʪʠʯʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʫ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʪʝʛʨʫʚʘʪʠ  ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ OEE (Overall 
Equipment Effectiveness) ʜʣʷ ʘʥʘʣʽʟʫ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʚʠʥʠʢʥʝʥʥʷ 

ʟʘʪʦʨʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 
ʧʨʦʮʝʩʽʚ, ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʛʦ  ʧʦʢʘʟʥʠʢʘ OEE. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ð ʪʝʭʥʦʣʦʛʽʯʥʠʡ 
ʧʨʦʮʝʩ ʚʽʜʙʨʘʢʦʚʫʚʘʥʥʷ  ʧʨʦʜʫʢʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʭʦʜʽ 
ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʜʠʩʢʨʝʪʥʦ-

ʧʦʜʽʻʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʠ FlexSim 
2026 ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩ-

ʪʝʤʫ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʤʦʜʫʣʷ 
ʜʠʥʘʤʽʯʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ   ʧʨʦʜʫʢʮʽʾ (ʨʠʩ.). 

ɿʘʚʜʷʢʠ ʥʘʣʘʰʪʫʚʘʥʥʶ ʪʨʴʦʭ ʧʘʨʘʣʝʣʴʥʠʭ 
ʧʨʦʬʽʣʽʚ ʩʪʘʥʽʚ   (FlexSim States, Produc-

tion Time, Availability) ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ 
ʚʠʩʦʢʦʾ ʜʝʪʘʣʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ.  

ɺʠʩʥʦʚʢʠ. ɼʝʢʦʤʧʦʟʠʮʽʷ ʯʘʩʦʚʠʭ 
ʩʪʘʥʽʚ (ʜʽʘʛʨʘʤʘ Production time) ʜʦʟʚʦʣʷʻ 

ʯʽʪʢʦ ʨʦʟʤʝʞʫʚʘʪʠ ʯʘʩ ʨʦʙʦʪʠ  (OnShift) ʪʘ 
ʧʦʟʘʟʤʽʥʥʠʡ ʯʘʩ  (Schedule Loss), ʷʢʠʡ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ  ʷʢ ʧʨʦʩʪʽʡ ʧʽʜ ʯʘʩ 
ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ OEE. 

Oʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʶʪʴ ʤʽʢʨoʟʫʧʠʥʢʠ 

(PerformanceStop), ʟʘʬʽʢʩʦʚʘʥʽ ʯʝʨʚʦʥʠʤ 
ʢʦʣʴʦʨʦʤ ʥʘ ʜʽʘʛʨʘʤʘʭ Availability. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʥʘ Accepted 
ʪʘ Rejected Dose ʜʦʟʚʦʣʠʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʷʢ ʽʥʩʪʨʫʤʝʥʪ 
ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʣʽʥʽʾ. 
ʃʽʪʝʨʘʪʫʨʘ. ʂʨʠʚʦʧʣʷʩ-ɺʦʣʦʜʽʥʘ ʃ. 

ʆ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʠʥʪʝʟʫ ʧʘʢʫʚʘʣʴʥʠʭ 
ʤʘʰʠʥ ʟʘ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ / ʃ. ʆ. 

ʂʨʠʚʦʧʣʷʩ-ɺʦʣʦʜʽʥʘ, ʆ. ʄ. ɻʘʚʚʘ, ɸ. ɺ. 
ɼʝʨʝʥʽʚʩʴʢʘ // ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʅʋʍʊ. 2018. 

ʊ. 24, ˉ 5. ʉ. 115ï123.  

  ʈʠʩ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʪʦʢʽʚ ʪʘ            

ʜʝʢʦʤʧʦʟʠʮʽʷ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ 
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ɸʜʘʧʪʠʚʥʘ ʢʦʦʨʜʠʥʘʮʽʷ ʤʫʣʴʪʠ-ʨʦʙʦʪʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ 

ʘʣʛʦʨʠʪʤʽʚ MRTA  
 

ɺʣʘʜʠʩʣʘʚ ʂʘʨʧʦʚ, ɺʘʣʝʥʪʠʥ ʊʫʬʝʢʯʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ  
 

ɺʩʪʫʧ. ɿʨʦʩʪʘʥʥʷ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʧʘʢʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ (ʟʤʽʰʘʥʽ SKU, ʢʦʨʦʪʢʽ ʩʝʨʽʾ, 

ʯʘʩʪʽ ʧʝʨʝʥʘʣʘʜʢʠ) ʨʦʙʠʪʴ ʤʫʣʴʪʠ-ʨʦʙʦʪʥʽ ʢʦʤʽʨʢʠ ʝʬʝʢʪʠʚʥʠʤʠ, ʘʣʝ ʚ ʟʦʥʽ ʧʝʨʝʢʨʠʪʪʷ 

ʜʦʩʷʞʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʚʟʘʻʤʥʽ ʙʣʦʢʫʚʘʥʥʷ, ʧʨʦʩʪʦʾ ʪʘ ʨʠʟʠʢʠ ʢʦʣʽʟʽʡ [1,3]. 
ɼʝʬʦʨʤʦʚʘʥʽ ʚʘʥʪʘʞʽ (ʧʘʢʝʪʠ/ʤʽʰʢʠ) ʫʩʢʣʘʜʥʶʶʪʴ ʢʦʥʪʨʦʣʴ: ʛʝʦʤʝʪʨʽʷ ʟʤʽʥʶʻʪʴʩʷ 

ʧʽʜ ʯʘʩ ʟʘʭʚʘʪʫ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʨʝʛʫʣʷʨʥʦ ʦʥʦʚʣʶʚʘʪʠ ʦʮʽʥʢʫ ʧʦʣʦʞʝʥʥʷ ʡ ʘʜʘʧʪʫʚʘʪʠ 

ʪʨʘʻʢʪʦʨʽʾ [1]. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ð ʨʦʟʨʦʙʠʪʠ ʪʘ ʚʝʨʠʬʽʢʫʚʘʪʠ (ʚ ʮʠʬʨʦʚʦʤʫ 

ʜʚʽʡʥʠʢʫ) ʘʜʘʧʪʠʚʥʫ ʢʦʦʨʜʠʥʘʮʽʶ ʜʚʦʭ ʨʦʙʦʪʽʚ ʽʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʢʦʣʽʟʽʡ ʽ ʧʨʦʩʪʦʾʚ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ, MRTA ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʨʫʭʫ [1,2].  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʜʠʟʘʡʥ: ʩʠʤʫʣʷʮʽʷ; ʉʝʨʝʜʦʚʠʱʝ: 

CoppeliaSim; ʢʦʥʚʝʻʨ 2 ʤ ʽʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ; ʬʽʟʠʢʘ Bullet 2.78 [1]. ɸʧʘʨʘʪʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ: ʜʚʘ ʧʨʦʤʠʩʣʦʚʽ ʨʦʙʦʪʠ-ʤʘʥʽʧʫʣʷʪʦʨʠ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʢʦʥʚʝʻʨʘ (ɿʘʜʘʥʦ 

ʤʦʜʝʣʴ/ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ/ʢʽʣʴʢʽʩʪʴ ʦʩʝʡ); ʟʘʭʚʘʪ (ʚʘʢʫʫʤʥʠʡ ʧʨʠʩʤʦʢʪʫʚʘʯ); 

ʩʝʥʩʦʨʠ ð RGB D ʢʘʤʝʨʠ ʥʘʜ ʢʦʥʚʝʻʨʦʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ [1]. 

ɸʣʛʦʨʠʪʤʽʯʥʠʡ ʢʦʥʪʫʨ: (i) ʣʦʢʘʣʽʟʘʮʽʷ ʦʙôʻʢʪʽʚ: ʭʤʘʨʘ ʪʦʯʦʢ Ÿ ʦʧʫʢʣʘ ʦʙʦʣʦʥʢʘ Ÿ 

ʮʝʥʪʨʦʾʜ; D2/D2m ʟʛʘʜʘʥʽ ʷʢ ʤʝʪʦʜʠ ʫʪʦʯʥʝʥʥʷ [1]; (ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ MRTA: 
ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ Contract Net ʧʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʽʟ ʬʫʥʢʮʽʻʶ ʚʘʨʪʦʩʪʽ (ʚʽʜʩʪʘʥʴ, 

ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʯʘʩ, ʧʨʽʦʨʠʪʝʪ, ʰʪʨʘʬ ʢʦʥʬʣʽʢʪʫ ʫ ʩʧʽʣʴʥʽʡ ʟʦʥʽ) [1,2]; ʧʣʘʥʫʚʘʥʥʷ 

ʪʨʘʻʢʪʦʨʽʡ ʪʘ ʧʝʨʝʚʽʨʢʘ ʢʦʣʽʟʽʡ: OMPL ʧʣʘʛʽʥ (RRT Connect) ʫ CoppeliaSim [1,3].  

ʄʝʪʨʠʢʠ: ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (ʦʙôʻʢʪʽʚ/ʛʦʜ), ʯʘʩ ʮʠʢʣʫ/ʧʨʦʩʪʦʾ, ʢʦʣʽʟʽʾ ʘʙʦ 

çʙʣʠʟʴʢʽ ʧʨʦʭʦʜʠè, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʜʣʷ ʜʝʬʦʨʤʦʚʘʥʠʭ ʚʘʥʪʘʞʽʚ ð ʯʘʩʪʢʘ 

ʫʩʧʽʰʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʧʨʦʬʽʣʽ ʧʦʭʠʙʢʠ ʧʦʟʠʮʽʶʚʘʥʥʷ ex(t) [1]. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʮʠʬʨʦʚʦʤʫ ʜʚʽʡʥʠʢʫ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʩʮʝʥʘʨʽʾ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ ʚʝʣʠʯʠʥʫ ʧʦʭʠʙʢʠ 

ex(t), ʘ ʡ ʾʾ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʫ ʯʘʩʽ (ʷʢ ʧʨʦʢʩʽ ʨʠʟʠʢ ʢʦʥʬʣʽʢʪʽʚ) [1]. ɼʣʷ ʩʮʝʥʘʨʽʶ 

çʢʦʦʨʜʠʥʦʚʘʥʘ ʨʦʙʦʪʘ ʫ ʩʧʽʣʴʥʽʡ ʟʦʥʽè ʥʘʚʝʜʝʥʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: ʦʜʥʦʨʦʙʦʪʥʠʡ ʨʝʞʠʤ 

å200 ʦʙôʻʢʪʽʚ/ʛʦʜ; ʜʚʦʨʦʙʦʪʥʠʡ ʙʝʟ ʢʦʦʨʜʠʥʘʮʽʾ å250 ʦʙôʻʢʪʽʚ/ʛʦʜ; ʜʚʦʨʦʙʦʪʥʠʡ ʟ 
ʢʦʦʨʜʠʥʘʮʽʻʶ å330 ʦʙôʻʢʪʽʚ/ʛʦʜ. ʋ ʧʽʜʩʫʤʢʫ ʟʘʟʥʘʯʝʥʦ ʧʨʠʨʽʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ 32% 

(ʜʦ 330 ʦʙ/ʛʦʜ) ʚʽʜʥʦʩʥʦ ʥʝʢʝʨʦʚʘʥʦʾ ʜʚʦʨʦʙʦʪʥʦʾ ʨʦʙʦʪʠ ʪʘ ʫʩʫʥʝʥʥʷ ʬʽʟʠʯʥʠʭ ʢʦʣʽʟʽʡ 

ʫ ʤʦʜʝʣʶʚʘʥʥʽ. ɼʣʷ ʜʝʬʦʨʤʦʚʘʥʠʭ ʚʘʥʪʘʞʽʚ ʥʘʚʝʜʝʥʦ ʯʘʩʪʢʫ ʫʩʧʽʰʥʦ ʚʽʜʩʦʨʪʦʚʘʥʠʭ 

ʧʘʢʫʥʢʽʚ 98.7%. 

ɺʠʩʥʦʚʢʠ. ʂʦʤʙʽʥʫʚʘʥʥʷ RGB D ʣʦʢʘʣʽʟʘʮʽʾ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ market based 

MRTA ʟʽ çʰʪʨʘʬʦʤ ʢʦʣʽʟʽʡè ʪʘ OMPL ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʫ ʮʠʬʨʦʚʦʤʫ ʜʚʽʡʥʠʢʫ ʻ 

ʧʨʘʢʪʠʯʥʠʤ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʙʝʟ ʥʘʨʦʱʝʥʥʷ 

ʨʠʟʠʢʽʚ ʫ ʩʧʽʣʴʥʽʡ ʨʦʙʦʯʽʡ ʟʦʥʽ. ɿʘ ʜʘʥʠʤʠ ʦʛʣʷʜʽʚ, ʧʝʨʝʭʽʜ ʜʦ MARL ʤʦʞʝ ʜʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʘʜʘʧʪʠʚʥʦʩʪʽ, ʘʣʝ ʤʘʻ ʚʠʩʦʢʫ ʮʽʥʫ ʥʘʚʯʘʥʥʷ ʪʘ Sim2Real ʨʠʟʠʢʠ, ʪʦʤʫ 

ʧʦʨʽʚʥʷʥʥʷ ʧʽʜʭʦʜʽʚ ʚʘʨʪʦ ʚʝʩʪʠ ʥʘ ʻʜʠʥʦʤʫ ʪʝʩʪʽ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ. 

    ʃʽʪʝʨʘʪʫʨʘ  
1. Quinton F., Grand C., Lesire C. Market Approaches to the Multi-Robot Task 

Allocation Problem: a Survey. J Intell Robot Syst, 2023. doi:10.1007/s10846-022-01803-0. 

2. Surynek P. Problem Compilation for Multi-Agent Path Finding: a Survey. IJCAI 2022 

(Survey Track), 2022.  

3. Coppelia Robotics. CoppeliaSim User Manual: Path/motion planning (OMPL plugin). 

ɼʦʢʫʤʝʥʪʘʮʽʷ (ʜʦʩʪʫʧ: 2026 03 23).  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʤʦʚ ʨʦʙʦʪʽʚ-

ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʫ ʧʘʢʫʚʘʣʴʥʠʭ ʣʽʥʽʷʭ 

 

ʊʘʨʘʩ ʉʪʨʘʥʥʽʢ, ɸʨʪʝʤ ɹʘʣʘʮʴʢʠʡ, ɺʘʣʝʥʪʠʥ ʊʫʬʝʢʯʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʈʦʙʦʪʦʪʝʭʥʽʯʥʽ ʣʽʥʽʾ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʧʘʢʫʚʘʣʴʥʽ ʣʽʥʽʾ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʩʢʣʘʜʠ) ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦ, ʪʦʤʫ ʚʽʜʤʦʚʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ. 

ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʧʣʘʥʦʤ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʧʦʪʦʯʥʠʡ ʟʥʦʩ, ʪʦʜʽ ʷʢ 
ʧʽʜʭʽʜ ʧʨʦʛʥʦʟʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (predictive maintenance) ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ 

ʩʝʥʩʦʨʽʚ ʽ ʤʦʜʝʣʽ ML ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʧʝʨʝʜʙʘʯʝʥʥʷ 

RUL (Remaining Useful Life) [1ï3]. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʥʘʙʣʠʞʝʥʥʷ ʚʽʜʤʦʚʠ ʨʦʙʦʪʘ-ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʜʦ 

ʚʽʜʤʦʚʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʣʘʥʫʚʘʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘʚʜʘʥʥʷ ʚʢʣʶʯʘʻ: ʦʧʠʩ ʩʝʥʩʦʨʽʚ ʽ 

ʜʘʥʠʭ, ʚʠʙʽʨ ʤʦʜʝʣʝʡ ML, ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ ʥʘ ʨʝʘʣʴʥʠʭ/ʩʠʤʫʣʴʦʚʘʥʠʭ ʜʘʥʠʭ [2,3]. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʧʘʨʘʪʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʢʣʶʯʘʻ ʧʨʦʤʠʩʣʦʚʽ ʨʦʙʦʪʠ-

ʤʘʥʽʧʫʣʷʪʦʨʠ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʪʘ ʩʠʩʪʝʤʫ ʩʝʥʩʦʨʽʚ (ʚʽʙʨʘʮʽʡʥʽ, ʪʝʤʧʝʨʘʪʫʨʥʽé). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ: ʮʠʬʨʦʚʘ 

ʬʽʣʴʪʨʘʮʽʷ, ʩʝʛʤʝʥʪʘʮʽʷ ʩʠʛʥʘʣʽʚ ʥʘ ʯʘʩʦʚʽ ʚʽʢʥʘ ʪʘ ʚʠʪʷʛ ʦʟʥʘʢ (RMS, FFT, ʧʽʢʦʚʽ 

ʟʥʘʯʝʥʥʷ, ʝʥʪʨʦʧʽʷ). ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʤʝʪʨʠʢʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ (F1, 
AUC-ROC) ʪʘ ʨʝʛʨʝʩʽʾ (MAE, RMSE) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʾ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʘʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ predictive maintenance ʜʣʷ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʧʽʜʚʠʱʫʶʯʠ ʾʭ ʥʘʜʽʡʥʽʩʪʴ ʽ ʟʤʝʥʰʫʶʯʠ ʧʨʦʩʪʦʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ML-ʤʦʜʝʣʽ ʟʥʠʞʫʶʪʴ ʯʠʩʣʦ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ~20ï30% ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʯʘʩʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [1,2]. ʅʘʧʨʠʢʣʘʜ, ʛʣʠʙʦʢʽ LSTM ʪʘ ʛʽʙʨʠʜʥʽ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ʚʽʜʤʦʚ (>90% AUC) ʧʨʠ ʧʦʤʽʨʥʽʡ ʚʘʨʪʦʩʪʽ ʦʙʯʠʩʣʝʥʴ [3]. 

ɿʘʛʘʣʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ 10ï20% ʪʘ ʟʤʝʥʰʠʪʠ ʧʨʦʩʪʦʾ ʽ MTTR ʥʘ 15ï25%. ɼʣʷ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʧʽʜʭʦʜʽʚ: ʢʣʘʩʠʯʥʽ ML ð ʜʣʷ ʙʘʟʦʚʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʨʝʢʫʨʝʥʪʥʽ ʤʝʨʝʞʽ ð ʜʣʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʛʽʙʨʠʜʥʽ ʤʦʜʝʣʽ 
ð ʜʣʷ ʢʨʠʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʟʤʝʥʰʝʥʥʷ ʧʨʦʩʪʦʾʚ ʟʘʚʜʷʢʠ ʨʘʥʥʴʦʤʫ 

ʚʠʷʚʣʝʥʥʶ ʜʝʬʝʢʪʽʚ ʪʘ predictive maintenance. ɼʣʷ ʢʚʘʟʽ-ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʣʘʩʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʟ ʨʫʯʥʠʤ ʚʽʜʙʦʨʦʤ ʦʟʥʘʢ, ʪʦʜʽ ʷʢ ʜʣʷ 

ʩʢʣʘʜʥʠʭ ʯʘʩʦʚʠʭ ʩʠʛʥʘʣʽʚ ʝʬʝʢʪʠʚʥʽ ʛʣʠʙʦʢʽ ʤʦʜʝʣʽ (LSTM, TCN, ʪʨʘʥʩʬʦʨʤʝʨʠ) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ ʨʝʩʫʨʩʘʤʠ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʦʪʨʝʙʫʻ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʞ Edge-ʦʙʨʦʙʢʦʶ (ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ) ʪʘ Cloud-ʨʽʰʝʥʥʷʤʠ 

(ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʘʥʘʣʽʪʠʢʘ), ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʷʩʥʶʚʘʥʦʩʪʽ ʤʦʜʝʣʝʡ ʜʣʷ 

ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  
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ʇʦʜʨʽʙʥʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʨʝʮʠʢʣʽʥʛʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʫʧʘʢʦʚʢʠ 

 

ɺʽʪʘʣʽʡ ʉʪʝʧʘʥʝʮʴ, ɺʦʣʦʜʠʤʠʨ ʂʦʩʪʶʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɿʘ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʧʠʪʘʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʪʘ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʻ ʜʝʜʘʣʽ ʘʢʪʫʘʣʴʥʽʰʠʤ. ʉʪʘʥʦʤ ʱʝ ʟ ʧʦʯʘʪʢʫ 

2020-ʭ ʟʘʙʨʫʜʥʝʥʥʷ ʧʣʘʩʪʠʢʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ 
ʣʶʜʩʪʚʘ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʦʜʨʽʙʥʝʥʥʷ ʚ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʢʣʽʥʛʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʫʧʘʢʦʚʢʠ. ɸʥʘʣʽʟ 

ʚʠʢʦʥʫʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ. ʇʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʭʦʜʽʚ ʚʠʢʦʨʠʩʪʘʥʦʾ ʫʧʘʢʦʚʢʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʝʨʝʜʫʻ ʧʝʨʝʨʦʙʢʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʾʭ ʧʦʜʨʽʙʥʝʥʥʷʤ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʦʟʨʦʙʣʝʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʤʘʰʠʥʠ ʪʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ 

ʚʠʨʦʙʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʘ ʟʘ ʬʦʨʤʦʶ ʪʘ ʨʦʟʤʽʨʘʤʠ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʣʘ ʙ ʧʝʨʚʠʥʥʽʡ ʩʠʨʦʚʠʥʽ. ʇʦʜʨʽʙʥʝʥʥʷ ï ʢʣʶʯʦʚʠʡ ʝʪʘʧ ʧʝʨʝʨʦʙʢʠ 

ʫʧʘʢʦʚʢʠ, ʱʦ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʚʽʜʭʦʜʽʚ (ʇɽʊ-ʧʣʷʰʦʢ, ʧʣʽʚʦʢ, ʢʘʨʪʦʥʫ, ʪʦʱʦ) ʜʦ 

ʬʨʘʢʮʽʾ (ʜʨʦʙʣʝʥʢʠ) ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʤʠʡʢʠ, ʩʫʰʽʥʥʷ ʪʘ ʛʨʘʥʫʣʷʮʽʾ. ʎʝʡ ʧʨʦʮʝʩ ʟʥʠʞʫʻ 
ʦʙ'ʻʤ ʩʤʽʪʪʷ, ʧʦʣʝʛʰʫʻ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʣʘʩʪʠʢ, ʧʘʧʽʨ ʪʘ ʽʥʰʽ ʤʘʪʝʨʽʘʣʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ. 

ʇʝʨʝʨʦʙʢʘ ʦʜʥʽʻʾ ʪʦʥʠ ʧʣʘʩʪʠʢʫ ʤʦʞʝ ʟʙʝʨʝʛʪʠ 5774 ʢɺʪ/ʛʦʜ, ʘʙʦ 103292000 

ʢʽʣʦʜʞʦʫʣʽʚ ʝʥʝʨʛʽʾ, 3785-7570 ʣʽʪʨʽʚ ʙʝʥʟʠʥʫ, 685 ʣʽʪʨʽʚ ʤʘʩʪʠʣʘ, 30 ʢʫʙʽʯʥʠʭ ʤʝʪʨʽʚ 

ʤʽʩʮʷ ʥʘ ʟʚʘʣʠʱʘʭ, ʪʘ 48000 ʣʽʪʨʽʚ ʚʦʜʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʧʦʜʨʽʙʥʝʥʥʷ: 

Å ʇʦʧʝʨʝʜʥʻ ʧʦʜʨʽʙʥʝʥʥʷ ï ʜʣʷ ʚʝʣʠʢʠʭ ʘʙʦ ʪʚʝʨʜʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʧʝʨʝʨʦʙʢʠ. 

Å ɼʨʦʙʣʝʥʥʷ (ʥʘ ʥʦʞʦʚʠʭ ʜʨʦʙʘʨʢʘʭ) ï ʦʩʥʦʚʥʠʡ ʤʝʪʦʜ ʜʣʷ ʧʣʘʩʪʠʢʫ, ʜʝ ʧʣʽʚʢʘ, 

ʧʘʢʝʪʠ, ʧʣʷʰʢʠ ʨʽʞʫʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʥʦʞʘʤʠ ʥʘ ʜʨʽʙʥʽ ʰʤʘʪʦʯʢʠ ð çʜʨʦʙʣʝʥʢʫè. 

Å ʈʦʪʦʨʥʦ-ʩʪʘʪʦʨʥʽ ʛʦʤʦʛʝʥʽʟʘʪʦʨʠ ï ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʦʜʥʦʨʽʜʥʦʾ ʤʘʩʠ 
(ʩʫʩʧʝʥʟʽʾ) ʟ ʦʨʛʘʥʽʯʥʠʭ ʘʙʦ ʭʘʨʯʦʚʠʭ ʟʘʣʠʰʢʽʚ ʫʧʘʢʦʚʢʠ. 

Å ʐʨʝʜʝʨʠ ï ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʧʘʧʝʨʫ, ʢʘʨʪʦʥʫ ʪʘ ʧʦʣʽʤʝʨʽʚ, 

ʟʤʝʥʰʫʶʯʠ ʦʙ'ʻʤ ʪʘ ʩʧʨʦʱʫʶʯʠ ʩʦʨʪʫʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʧʣʘʩʪʠʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʚʠʤʘʛʘʻ ʚʠʚʘʞʝʥʦʛʦ ʧʽʜʭʦʜʫ ʽ 

ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʽʙʨʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʧʨʦʜʫʢʪʽʚ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʷʢʦʤʫ ʚʦʥʠ ʙʫʜʫʪʴ ʧʦʜʨʽʙʥʶʚʘʪʠʩʴ. ʅʘʡʙʽʣʴʰ ʧʨʘʢʪʠʯʥʠʤʠ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʚʣʷʶʪʴʩʷ ʥʦʞʦʚʽ ʜʨʦʙʘʨʢʠ ʪʘ ʰʨʝʜʝʨʠ ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʷʢ ʚ ʋʢʨʘʾʥʽ ʪʘʢ ʽ ɭʚʨʦʧʽ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʧʦʜʨʽʙʥʶʚʘʯʽ ʧʣʘʩʪʠʢʫ ɽʢʦʧʦʣʽʤʝʨ, 

STILER, GRINDEX ʪʘ ʽʥʰʽ, ʱʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʪʫʞʥʠʤʠ ʽ ʛʥʫʯʢʠʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘʢʠʭ ʤʘʰʠʥ, ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʧʨʦʮʝʩ ʧʦʜʨʽʙʥʝʥʥʷ ʙʝʟ 
ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʩʥʦʚʢʠ. ɺ ʋʢʨʘʾʥʽ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʤʝʭʘʥʽʯʥʠʡ ʤʝʪʦʜ ʚʪʦʨʠʥʥʦʾ 

ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ 

ʩʠʨʦʚʠʥʠ ʚ ʢʨʠʭʪʫ, ʨʦʟʤʽʨʠ ʷʢʦʾ ʧʦʚʠʥʥʽ ʩʢʣʘʜʘʪʠ ʚʽʜ 10 ʜʦ 30 ʤʽʣʽʤʝʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʤʘʪʝʨʽʘʣʫ.  

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʈʝʢʫʧʝʨʘʪʠʚʥʝ ʧʦʚʝʨʥʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʚʠʨʦʙʥʠʮʪʚ ï ʚʠʤʦʛʘ 

ʯʘʩʫ 

ɭʚʛʝʥʽʡ ʉʢʫʡʙʽʜʘ, ɺʦʣʦʜʠʤʠʨ ʂʦʩʪʶʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

  

ɺʩʪʫʧ. ʇʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʣʠʚʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ 

ʝʥʝʨʛʽʾ. ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʘʢʪʫʘʣʽʟʫʶʪʴ ʧʦʰʫʢ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʽʟ ʨʝʢʫʧʝʨʘʪʠʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʤʦʞʥʘ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʟʘ ʜʚʦʤʘ ʢʣʶʯʦʚʠʤʠ ʦʟʥʘʢʘʤʠ: ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʪʘ ʧʨʠʨʦʜʦʶ ʚʪʦʨʠʥʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʦʢʫ. ʂʦʥʮʝʥʪʨʘʪʦʨʠ ʡ ʚʠʧʘʨʥʽ ʫʩʪʘʥʦʚʢʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʡʚʠʱʠʡ ʧʦʪʝʥʮʽʘʣ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ï ʚʽʜ 25 ʜʦ 40%. 

ɻʦʤʦʛʝʥʽʟʘʪʦʨʠ ʪʘ ʝʢʩʪʨʫʜʝʨʠ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʤʠ ʤʦʜʫʣʷʤʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʝʨʥʝʥʥʷ 15-25% ʚʭʽʜʥʦʾ ʝʥʝʨʛʽʾ. ʅʘʡʤʝʥʰʠʡ, ʘʣʝ ʩʪʘʙʽʣʴʥʠʡ ʝʬʝʢʪ ï 

10-15% ï ʬʽʢʩʫʻʪʴʩʷ ʫ ʟʤʽʰʫʚʘʯʘʭ ʽʟ ʤʘʭʦʚʠʢʦʚʠʤʠ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʪʘ ʫ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʜʝ ʫʪʠʣʽʟʫʻʪʴʩʷ ʪʝʧʣʦ ʢʦʤʧʨʝʩʽʾ [1, 2]. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʠ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʽ 

ʧʦʢʘʟʥʠʢʠ: ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʯʘʩʪʢʫ ʩʫʤʘʨʥʦʾ ʚʭʽʜʥʦʾ ʝʥʝʨʛʽʾ, 
ʧʝʨʝʪʚʦʨʝʥʦʾ ʥʘ ʢʦʨʠʩʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʝʨʥʝʥʦʾ ʩʢʣʘʜʦʚʦʾ, ï ʢʦʝʬʽʮʽʻʥʪ 

ʨʝʢʫʧʝʨʘʮʽʾ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʰʝʥʥʷ ʨʝʢʫʧʝʨʦʚʘʥʦʾ ʝʥʝʨʛʽʾ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʚʦʜʫ ʘʙʦ 

ʜʦ ʦʙʩʷʛʫ ʚʪʨʘʪ ʪʘ ï ʧʠʪʦʤʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʦʙʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʈʝʢʫʧʝʨʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʧʽʜʚʠʱʫʶʪʴ ʂʂɼ ʥʘ 15-30% ʽ ʩʢʦʨʦʯʫʶʪʴ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ 

ʝʥʝʨʛʽʾ ʥʘ 10-35% ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʭʝʤʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ [3] 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʦʝʪʘʧʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʟ ʧʦʩʪʫʧʦʚʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ "ʧʦʨʮʽʡʥʠʤ" ʚʽʜʙʠʨʘʥʥʷʤ ʪʝʧʣʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʪʝʧʣʦʚʠʭ 

ʢʦʥʪʫʨʽʚ, ʟ ʮʠʨʢʫʣʷʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʦʤʽʞʥʦʛʦ ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʪʝʧʣʦʥʦʩʽʷ ʘʙʦ ʟʤʽʥʠ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʥʫ. 

ɺʠʩʥʦʚʢʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʤʘʰʠʥʠ, ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʚʪʦʨʠʥʥʦʛʦ ʧʦʪʦʢʫ 

ʧʦʪʝʥʮʽʘʣ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʚʘʨʽʶʻ ʚʽʜ 10% ʫ ʧʥʝʚʤʘʪʠʯʥʠʭ 
ʩʠʩʪʝʤʘʭ ʽ ʜʦ 40% ʫ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʭ ʥʘʩʦʩʘʭ. ʂʣʶʯʦʚʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʛʘʣʠʥʦʶ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʟʜʘʪʥʠʭ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤ ʫ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ.  
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ɼʝʨʝʚôʷʥʘ ʙʦʯʢʘ ï ʫʥʽʢʘʣʴʥʘ ʪʘʨʘ 

 

ʊʝʪʷʥʘ ɺʝʨʝʩʦʮʴʢʘ, ɺʦʣʦʜʠʤʠʨ ʂʦʩʪʶʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɹʦʯʢʠ ʟôʷʚʠʣʠʩʷ ʙʽʣʴʰʝ 2000 ʨʦʢʽʚ ʪʦʤʫ. ɺ ʦʩʥʦʚʽ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʣʝʞʘʪʴ 

ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʽʥʞʝʥʝʨʥʠʭ ʧʨʠʥʮʠʧʽʚ. ʂʣʝʧʢʠ ʟʽʛʥʫʪʽ ʫ ʜʚʦʭ ʥʘʧʨʷʤʘʭ, ʽ ʪʘʨʘ ʤʘʻ 

ʽʜʝʘʣʴʥʫ ʬʦʨʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ.  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʻʤʢʦʩʪʝʡ ʽʟ ʜʝʨʝʚʠʥʠ ʷʢ ʟʘʩʦʙʫ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ. ɼʣʷ ʧʘʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʦʚʘʨʽʚ ʽ ʧʨʦʜʫʢʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʦʯʢʠ 

ʜʝʨʝʚôʷʥʽ ʟʘʣʠʚʥʽ ʽ ʩʫʭʦʪʘʨʥʽ ʤʽʩʪʢʽʩʪʶ ʚʽʜ 5ʜʦ 250 ʣ. ʑʦʙ ʚʠʛʦʪʦʚʠʪʠ 1 ʤ3 ʢʣʝʧʢʠ ʜʣʷ 

ʙʦʥʜʘʨʩʴʢʠʭ ʚʠʨʦʙʽʚ ʚʠʪʨʘʯʘʶʪʴ 5-6 ʤ3 ʢʨʫʛʣʷʢʘ, ʘ ʟ 1 ʤ3 ʢʣʝʧʢʠ ʚʠʭʦʜʠʪʴ 5-7 ʙʦʯʦʢ 

ʤʽʩʪʢʽʩʪʶ 200 ʣ.   

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʜʝʨʝʚʠʥʠ ʻ ʩʫʜʠʥʠ, ʧʨʦʤʝʥʽ ʽ ʚʦʣʦʢʥʘ, ʘ ʪʘʢʦʞ 

ʧʦʨʦʜʘ, ʨʦʜʠʥʘ ʽ ʭʘʨʘʢʪʝʨ. ʆʜʥʘ ʽʟ ʙʘʛʘʪʴʦʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʨʝʚʠʥʠ ï ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ. ɹʘʛʘʪʦʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʝʨʝʚʠʥʘ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ 

ʟʜʘʪʥʘ ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʙʽʚ ʽ ʟʥʠʱʫʚʘʪʠ ʙʘʢʪʝʨʽʾ. ʅʘʡʢʨʘʱʦʶ ʜʝʨʝʚʠʥʦʶ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʟʨʽʚʘʥʥʷ ʚʠʥʘ, ʢʦʥʴʷʢʫ ʚʚʘʞʘʶʪʴ ʜʫʙ. ʍʽʤʽʯʥʽ ʟʤʽʥʠ, ʷʢʽ 
ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʢʦʥʴʷʯʥʠʭ ʩʧʠʨʪʽʚ ʽ ʢʦʥʴʷʢʽʚ ʟʘ ʾʭ ʚʠʪʨʠʤʢʠ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʜʫʞʝ ʚʦʣʦʛʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʩʧʠʨʪ ʚʠʧʘʨʦʚʫʻʪʴʩʷ (ʟʛʽʜʥʦ ʟʘʢʦʥʘʤ 

ʜʠʬʫʟʽʾ) ʰʚʠʜʰʝ, ʥʽʞ ʚʦʜʘ, ʡʦʛʦ ʤʽʮʥʽʩʪʴ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʽ ʩʪʝʧʝʥʽ ʚʦʣʦʛʦʩʪʽ ʧʨʠʤʽʱʝʥʴ. ʅʘ ʘʨʦʤʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʦʾʚ, ʱʦ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʜʫʙʦʚʽʡ ʪʘʨʽ ʚʧʣʠʚʘʶʪʴ ʩʦʨʪ ʽ ʧʦʭʦʜʞʝʥʥʷ ʜʝʨʝʚʠʥʠ, ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʙʝʨʽʛʘʥʥʷ, ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ. 

ʆʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʜʦʟʨʽʚʘʥʥʽ ʩʧʠʨʪʫ ʧʨʦʭʦʜʷʪʴ ʟʘ ʪʨʠʚʘʣʦʛʦ 

ʢʦʥʪʘʢʪʫ ʡʦʛʦ ʟ ʜʫʙʦʚʦʶ ʜʝʨʝʚʠʥʦʶ ʧʽʜ ʯʘʩ ʙʘʛʘʪʦʨʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʟ ʫʯʘʩʪʶ ʢʠʩʥʶ. 

ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʧʠʨʪʘʭ ʟʘ ʟʙʝʨʽʛʘʥʥʷ ʫ ʙʦʯʢʘʭ ʨʦʟʜʽʣʷʶʪʴ ʥʘ 

ʬʽʟʠʯʥʽ, (ʝʢʩʪʨʘʢʮʽʷ, ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ) ʽ ʭʽʤʽʯʥʽ. ɺʥʘʩʣʽʜʦʢ ʝʢʩʪʨʘʛʫʚʘʥʥʷ 

ʽʟ ʜʝʨʝʚʠʥʠ ʜʫʙʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʧʠʨʪ ʣʽʛʥʽʥ, ʪʘʥʽʜʠ, ʢʠʩʣʦʪʠ, ʚʫʛʣʝʚʦʜʠ, ʘʟʦʪʠʩʪʽ ʽ 
ʙʽʣʢʦʚʽ ʨʝʯʦʚʠʥʠ, ʬʣʘʚʦʥʦʾʜʠ ʽ ʜʝʷʢʽ ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ (ʢʘʣʽʡ, ʥʘʪʨʽʡ), ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʝʢʩʪʨʘʢʪ ʩʧʠʨʪʫ. ʂʨʘʱʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʻ ʧʦʥʠʞʝʥʝ ʨʅ 

ʩʧʠʨʪʫ ʽ ʧʽʜʚʠʱʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʪʨʠʤʢʠ. ɺʩʽ ʟôʻʜʥʘʥʥʷ, ʱʦ ʧʝʨʝʭʦʜʷʪʴ ʽʟ ʜʫʙʦʚʦʾ 

ʢʣʝʧʢʠ ʙʦʯʢʠ, ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʠʭ ʻ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʫ, ʩʤʘʢʫ ʪʘ ʘʨʦʤʘʪʫ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʨʝʚʠʥʠ ʚ ʷʢʦʩʪʽ ʟʘʣʠʚʥʠʭ ʙʦʯʦʢ ʜʣʷ ʚʠʥʦʤʘʪʝʨʽʘʣʽʚ 

ʥʝ ʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ. ʇʠʪʘʥʥʷ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʥʘʜʘʥʥʷ ʧʨʦʜʫʢʪʫ 

ʙʫʢʝʪʫ ʩʤʘʢʦʚʠʭ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ ʷʢʦʩʪʝʡ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʽ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʻ ʩʫʪʪʻʚʠʤʠ ʧʝʨʝʜʫʤʦʚʘʤʠ ʧʝʨʩʧʝʢʪʠʚ 

ʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ʤʘʡʙʫʪʥʴʦʤʫ.   

ʃʽʪʝʨʘʪʫʨʘ 
ʉʦʢʦʣʝʥʢʦ ɸ.ɯ. ʇʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ / ɸ.ɯ. ʉʦʢʦʣʝʥʢʦ, 

ɺ.ʉ. ʂʦʩʪʶʢ, ʂ.ɺ. ɺʘʩʠʣʴʢʽʚʩʴʢʠʡ ʪʘ ʽʥ. // ʇʽʜʨʫʯʥʠʢ ï ʂ.: ʂʦʥʜʦʨ-ɺʠʜʘʚʥʠʮʪʚʦ, 2015. ï 398 

ʩ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʥʢʮʽʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʚô̫ ʟʢʫ 

ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ 

 

ɹʦʛʜʘʥ ʂʘʧʪʘʥʦʚʩʴʢʠʡ, ʆʣʝʢʩʽʡ ʆʩʴʤʘʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʷʢ ʧʨʘʚʠʣʦ 

ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. ɺʝʢʪʦʨʥʘ ʘʣʛʝʙʨʘ ï ʮʝ 
ʙʘʟʘ, ʦʩʢʽʣʴʢʠ ʩʠʣʠ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʦʤʝʥʪʠ ï ʮʝ ʚʝʢʪʦʨʠ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʯʠʩʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʨʫʭʫ ʬʽʟʠʯʥʠʭ ʪʽʣ ʫ ʯʘʩʽ. ɯʥʪʝʛʨʘʣʴʥʝ ʯʠʩʣʝʥʥʷ ʧʦʪʨʽʙʥʝ 

ʜʣʷ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʽʣ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ï ʮʝ 

"ʩʝʨʮʝ" ʜʠʥʘʤʽʢʠ. ʊʦʤʫ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʧʦʰʫʢ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʘʩʠʯʥʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʥʘʥʴ ʻ ʚʘʞʣʠʚʠʤ ʪʘ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ʩʢʣʘʜʥʠʭ ʬʫʥʢʮʽʡ. 

ɿʦʢʨʝʤʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʜʽʣʝʥʥʷ ʧʦʚʥʦʛʦ ʢʚʘʜʨʘʪʫ ʬʫʥʢʮʽʾ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʤʝʞ ʨʫʭʫ. ʅʘʧʨʠʢʣʘʜ, ὼ ςὼ υ ὼ ρ τ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʝ 
ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ Ὢὼ τ. ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʥʝʨʽʚʥʽʩʪʴ ʤʽʞ 

ʩʝʨʝʜʥʽʤ ʘʨʠʬʤʝʪʠʯʥʠʤ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤ: Ѝὥὦ, ʜʝ ʨʽʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ 

ʧʨʠ ὥ ὦ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙʤʝʞʝʥʦʩʪʽ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ 
ȿÓÉÎὼȿ ρ ʜʣ ̫ʘʥʘʣʽʟʫ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʽʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷʥʴ ʨʫʭʫ ʪʽʣ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʜʦʩʠʪʴ ʯʘʩʪʦ ʣʽʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʴ ʨʫʭʫ ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʤʦʥʦʪʦʥʥʦ 

ʟʨʦʩʪʘʶʯʠʭ ʬʫʥʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, Ѝὼ Ѝὼ ρφ ψ), ʮʝ ʜʦʟʚʦʣʷʻ ʥʝʛʘʡʥʦ ʜʦʚʝʩʪʠ 

ʻʜʠʥʽʩʪʴ ʨʦʟʚô̫ ʟʢʫ (ὼ ω), ʦʩʢʽʣʴʢʠ ʩʫʤʘ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʩʘʤʘ ʻ ʤʦʥʦʪʦʥʥʦʶ ʽ ʥʘʙʫʚʘʻ 
ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ. ɼʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʪʨʘʥʩʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʚʠʜʫ 

ρ ὼ ÃÏÓσὼ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʚ'ʷʟʦʢ ὼ π ̒ ʻʜʠʥʠʤ ʤʦʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʣʽʚʘ ʯʘʩʪʠʥʘ 

ʯʝʨʝʟ ʚʣʘʩʪʠʚʦʩʪʽ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʟʘʚʞʜʠ ρ, ʘ ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ 
ʢʦʩʠʥʫʩʘ ρ, ʦʪʞʝ, ʧʝʨʝʪʠʥ ʛʨʘʬʽʢʽʚ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʫ ʩʧʽʣʴʥʽʡ ʪʦʯʮʽ ʝʢʩʪʨʝʤʫʤʫ. ɼʣʷ 
ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʜʦʧʦʤʽʞʥʦʛʦ ʢʫʪʘ, ʷʢʠʡ 

ʪʨʘʥʩʬʦʨʤʫʻ ʚʠʨʘʟ ὃÓÉÎὼ ὄÃÏÓὼ ʫ ʬʦʨʤʫ Ѝὃ ὄÓÉÎὼ •, • ÔÁÎ . ʎʝ 

ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ὃ Ѝὃ ὄ ʪʘ 
ʬʘʟʦʚʝ ʟʤʽʱʝʥʥʷ ʙʝʟ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʨʫʭʫ. ʇʨʠ ʘʥʘʣʽʟʽ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤ, ʜʝ 

ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʤʦʶ ʥʝʚʽʜô̒ ʤʥʠʭ ʬʫʥʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, 

ÓÉÎ“ὼ Ѝὼ σὼ ς π), ʜʦʚʝʜʝʥʦ, ʱʦ ʩʪʘʥ ʩʧʦʢʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ ʚ ʪʦʯʢʘʭ, 
ʷʢʽ ʻ ʩʧʽʣʴʥʠʤʠ ʢʦʨʝʥʷʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʜʦʜʘʥʢʫ ʦʢʨʝʤʦ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ὼ ρ ʘʙʦ 
ὼ ς), ʱʦ ʨʘʜʠʢʘʣʴʥʦ ʩʧʨʦʱʫʻ ʧʦʰʫʢ ʩʪʽʡʢʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ʊʘʢʠʡ çʛʣʦʙʘʣʴʥʠʡè 

ʧʽʜʭʽʜ ʜʦ ʨʦʟʫʤʽʥʥʷ ʬʫʥʢʮʽʡ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ ʤʝʭʘʥʽʯʥʠʭ ʧʦʤʠʣʦʢ ʧʨʠ ʛʨʦʤʽʟʜʢʠʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʽ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʚʝʨʠʬʽʢʘʮʽʶ ʬʽʟʠʯʥʦʾ ʢʦʨʝʢʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʤʝʞʝʥʦʩʪʽ ʬʫʥʢʮʽʡ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʰʚʠʜʢʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʃʽʪʝʨʘʪʫʨʘ. Ellina Grigorieva (2015), Methods of Solving Nonstandard Problems, 

Springer, pp. 28-35, 246-250.  
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ʉʪʨʘʪʝʛʽʾ ʨʦʟʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥ ʫ ʧʨʠʢʣʘʜʥʽʡ 

ʜʠʥʘʤʽʮʽ 

 

ɼʝʥʠʩ ʆʨʣʦʚ, ʆʣʝʢʩʽʡ ʆʩʴʤʘʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʻ ʾʭ ʩʧʨʦʱʝʥʥʷ ï ʩʚʦʻʨʽʜʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʜʦ ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʦʛʦ ʚʠʛʣʷʜʫ ʙʝʟ ʚʪʨʘʪʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʩʪʠʯʥʦʾ 
ʟʜʘʪʥʦʩʪʽ. ɼʘʥʠʡ ʜʦʧʠʩ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʨʦʟʤʽʨʥʦʩʪʝʡ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʊʝʦʨʽʷ ʨʦʟʤʽʨʥʦʩʪʝʡ (ʘʥʘʣʽʟ ʨʦʟʤʽʨʥʦʩʪʝʡ) ï ʮʝ ʤʝʪʦʜ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʟʚô̫ ʟʢʫ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʜʦʚʞʠʥʘ, ʤʘʩʘ, 

ʯʘʩ) ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʽʚʥʷʥʴ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ. 

ʆʩʥʦʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ï ́-ʪʝʦʨʝʤʘ ɹʫʢʽʥʛʝʤʘ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʨʦʟʤʽʨʥʽ ʚʝʣʠʯʠʥʠ ʥʘ 

ʙʝʟʨʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ. ʊʝʦʨʝʤʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʧʠʩʘʪʠ ʜʠʥʘʤʽʢʫ ʟ n ʧʘʨʘʤʝʪʨʘʤʠ ʯʝʨʝʟ 

ὲ σ ʙʝʟʨʦʟʤʽʨʥʽ ʛʨʫʧʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘ ʧʨʠʢʣʘʜʽ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ (ʩʝʜʠʤʝʥʪʘʮʽʾ) 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚô̫ ʟʢʦʤʫ ʭʘʨʯʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʮʽʥʶʚʘʥʥʷ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʯʘʩʪʠʥʦʢ ʧʨʦʜʫʢʪʫ ʛʨʘʥʠʯʥʘ 

ʰʚʠʜʢʽʩʪʴ ὺ  ʜʦʩʷʛʘʻʪʴʩʷ, ʢʦʣʠ ʩʠʣʘ ʪʷʞʽʥʥʷ ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʦʧʦʨʦʤ ʩʝʨʝʜʦʚʠʱʘ 

(ὺ ). ɿʥʝʨʦʟʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʢʨʠʚʫ 

ʦʩʘʜʞʝʥʥʷ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʤʘʩʠ ʯʘʩʪʠʥʢʠ, ʘ ʣʠʰʝ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ 

ʯʘʩʫ †, ʱʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʩʦʪʠ ʚʽʜʩʪʽʡʥʠʭ ʪʘʥʢʽʚ. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʚʘʣʴʮʴʦʚʠʭ ʘʛʨʝʛʘʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʘʣʴʮʶʚʘʥʥʷ ʪʽʩʪʘ 

ʘʙʦ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʘʭ ʜʽʘʤʝʪʨʫ ʚʘʣʢʽʚ, ʟʘʟʦʨʫ 

ʤʽʞ ʥʠʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʨʦʟʤʽʨʥʦʾ ʫʤʦʚʠ çʟʘʭʦʧʣʝʥʥʷè ʧʨʦʜʫʢʪʫ, ʱʦ ʟʘʣʝʞʠʪʴ 
ʚʠʢʣʶʯʥʦ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ, ʜʣʷ ʫʩʧʽʰʥʦʾ ʨʦʙʦʪʠ ʪʦʚʱʠʥʘ ʧʨʦʜʫʢʪʫ ʧʦʚʠʥʥʘ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ, ʜʝ ʨʽʚʥʦʜʽʡʥʘ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʩʠʣ ʪʝʨʪʷ 

ʩʧʨʷʤʦʚʘʥʘ ʚ ʙʽʢ ʨʫʭʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ ʢʦʚʟʘʥʥʷ ʧʨʦʜʫʢʪʫ ʙʝʟ ʚʠʢʦʥʘʥʥʷ 

ʩʢʣʘʜʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʥʠʭ ʨʽʚʥʷʥʴ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʇʨʠ ʨʦʙʦʪʽ ʮʝʥʪʨʠʬʫʛ ʪʘ ʩʝʧʘʨʘʪʦʨʽʚ ʥʘʷʚʥʘ ʙʽʬʫʨʢʘʮʽʾ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ 

ʧʝʨʝʚʠʱʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ‫  ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ ʩʧʦʢʦʶ ʚ ʥʠʞʥʽʡ 

ʪʦʯʮʽ ʩʪʘʻ ʥʝʩʪʘʙʽʣʴʥʠʤ, ʽ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ʩʪʨʽʤʢʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʱʦ ʩʧʨʠʷʻ 

ʝʬʝʢʪʠʚʥʦʤʫ ʨʦʟʜʽʣʝʥʥʶ ʬʨʘʢʮʽʡ ʨʽʟʥʦʾ ʱʽʣʴʥʦʩʪʽ. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʤʽʥʘ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ () ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʢʝʨʫʚʘʪʠ ʢʫʪʦʤ ʨʦʟʭʠʣʫ ʝʣʝʤʝʥʪʽʚ 

ʩʝʧʘʨʘʪʦʨʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʭʦʜʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʊʘʢʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʩʢʣʘʜʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʫ ʧʨʦʩʪʽ ʘʣʛʝʙʨʘʾʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʛʨʫʧʘʤʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ 

ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʚʠʥʠ. 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʨʦʟʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʨʦʟʨʘʭʫʥʢʠ ʭʘʨʯʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ (ʟʦʢʨʝʤʘ, ʤʝʭʘʥʽʯʥʫ 
ʧʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʩʝʧʘʨʘʮʽʾ) ʪʘ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. 

ʃʽʪʝʨʘʪʫʨʘ. Delaplace, G., Loubi¯re, K., Ducept, F., & Jeantet, R. (2015). Dimensional 

analysis of food processes. Amsterdam: Elsevier. pp. 197-268  
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ɺʘʨʽʘʮʽʡʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʣʘʛʨʘʥʞʽʚ ʬʦʨʤʘʣʽʟʤ ʫ ʟʘʜʘʯʘʭ ʽʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʚô̫ ʟʷʤʠ 

ɺʘʜʠʤ ɹʫʪʝʥʢʦ, ʆʣʝʢʩʽʡ ʆʩʴʤʘʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʅʘʷʚʥʽʩʪʴ ʚô̫ ʟʝʡ ʫ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʣʘʩʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʅʴʶʪʦʥʘ, ʦʩʢʽʣʴʢʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʨʝʘʢʮʽʡʥʽ ʩʠʣʠ, ʱʦ ʨʦʙʠʪʴ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʛʨʦʤʽʟʜʢʠʤʠ ʪʘ ʤʝʥʰ ʟʨʫʯʥʠʤʠ ʜʣʷ ʘʥʘʣʽʟʫ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʃʘʛʨʘʥʞʘ, ʷʢʘ 
ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʢʣʶʯʝʥʥʷ ʩʠʣ ʨʝʘʢʮʽʾ ʚô̫ ʟʝʡ ʽʟ ʨʽʚʥʷʥʴ ʨʫʭʫ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʥʝ ʣʠʰʝ ʩʧʨʦʱʫʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʪʘ 

ʧʨʦʟʦʨʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʠʥʮʠʧ ʥʘʡʤʝʥʰʦʾ ʜʽʾ ɻʘʤʽʣʴʪʦʥʘ ‏Ὓ π (Ὓ

᷿ ὒὨὸ). ʄʝʪʦʜʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʚʥʷʥʴ ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ 

ʨʦʜʫ π. ɼʣʷ ʩʠʩʪʝʤ ʽʟ ʥʝʭʦʣʦʥʦʤʥʠʤʠ ʚ'ʷʟʷʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ‗, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʫ ʬʦʨʤʽ Ὢ‏ή π. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʂʣʶʯʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʚʽʨʪʫʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ‏ὶ, ʧʨʠ ʷʢʠʭ ʨʦʙʦʪʘ ʩʠʣ ʚô̫ ʟʝʡ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ὤϽ‏ὶπ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʨʫʭ ʣʠʰʝ ʯʝʨʝʟ ʘʢʪʠʚʥʽ ʩʠʣʠ. ʋ 

ʟʘʜʘʯʘʭ ʧʨʦ ʩʬʝʨʠʯʥʠʡ ʤʘʷʪʥʠʢ ʧʝʨʝʭʽʜ ʜʦ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ (—ȟ•) ʚʠʷʚʠʚ 
ʮʠʢʣʽʯʥʽʩʪʴ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʢʫʪʘ •, ʱʦ ʟʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʅʝʪʝʨ ʛʝʥʝʨʫʻ ʟʘʢʦʥ 
ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʝʢʮʽʾ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ὴ άὶ•ÓÉÎ— ὧέὲίὸ. ʎʝ ʧʝʨʝʪʚʦʨʶʻ 

ʪʨʠʚʠʤʽʨʥʫ ʟʘʜʘʯʫ ʥʘ ʦʜʥʦʚʠʤʽʨʥʫ ʜʠʥʘʤʽʢʫ ʚ ʝʬʝʢʪʠʚʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ὠ—

ὓὫὒÃÏÓ—. ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ çʨʦʪʘʮʽʡʥʠʡ 

ʙʘʨô̒ ʨè (—ᴼπȟ“), ʷʢʠʡ ʬʽʟʠʯʥʦ ʧʝʨʝʰʢʦʜʞʘʻ ʥʘʙʣʠʞʝʥʥʶ ʯʘʩʪʠʥʢʠ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 
ʧʨʠ ʥʝʥʫʣʴʦʚʦʤʫ ʢʫʪʦʚʦʤʫ ʤʦʤʝʥʪʽ.  

ɼʣʷ ʩʠʩʪʝʤ ʽʟ ʙʘʛʘʪʴʤʘ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʧʨʫʞʠʥʘ ʥʘ ʨʝʡʢʘʭ ʘʙʦ 
ʧʦʜʚʽʡʥʠʡ ʤʘʷʪʥʠʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʛʨʘʥʞʝʚʦʛʦ ʬʦʨʤʘʣʽʟʤʫ ʟʘʙʝʟʧʝʯʫʻ ʜʝʢʦʤʧʦʟʠʮʽʶ 

ʨʫʭʫ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ (Q) ʪʘ ʚʽʜʥʦʩʥʠʡ ʨʫʭ, ʜʝ ʫʟʘʛʘʣʴʥʝʥʽ ʽʤʧʫʣʴʩʠ ὴ

 ʩʪʘʶʪʴ ʢʦʥʩʪʘʥʪʘʤʠ ʨʫʭʫ ʜʣʷ ʚʩʽʭ ʮʠʢʣʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʛʘʤʽʣʴʪʦʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʚ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʦʟʚʦʣʠʣʦ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʨʝʞʠʤʠ 

ʨʫʭʫ ʷʢ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʜʝ ʢʦʞʥʘ ʪʦʯʢʘ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻ ʩʪʘʥ 

ʩʠʩʪʝʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʗʢʦʙʽ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ 

ʩʠʩʪʝʤʘ ʟʘʚʞʜʠ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʫ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ, 
ʤʝʪʨʠʢʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʤʘʩ. 

ɺʠʩʥʦʚʢʠ. ʃʘʛʨʘʥʞʽʚ ʪʘ ʛʘʤʽʣʴʪʦʥʽʚ ʬʦʨʤʘʣʽʟʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʪʨʘʥʩʬʦʨʤʫʶʯʠ ʛʝʦʤʝʪʨʠʯʥʽ ʚ'ʷʟʽ 

ʫ ʚʥʫʪʨʽʰʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ. 

ʃʽʪʝʨʘʪʫʨʘ.  
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ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ delta-

ʤʘʥʽʧʫʣʷʪʦʨʘ 
ʌʝʜʽʨ ʃʫʢôʷʥʢʦ, ʅʘʪʘʣʽʷ ʉʝʤʽʥʩʴʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ʉʫʯʘʩʥʝ ʧʘʢʫʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʪʦʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. Delta-

ʤʘʥʽʧʫʣʷʪʦʨʠ, ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʝʭʘʪʨʦʥʥʽ ʤʦʜʫʣʽ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʚʠʱʫ ʜʠʥʘʤʽʢʫ 
ʚ ʟʘʜʘʯʘʭ pick-and-place. ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʞʝʣʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʚʦʜʽʚ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦ ʽʛʥʦʨʫʶʪʴ ʩʢʣʘʜʥʫ ʚʟʘʻʤʦʜʽʶ 

ʧʽʜʩʠʩʪʝʤ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʣʘʜʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɺʘʣʽʜʘʮʽʷ 

ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʰʣʷʭʦʤ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

FluidSim, ʘ ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʽʜ ʯʘʩ ʩʠʥʪʝʟʫ Delta-ʤʘʥʽʧʫʣʷʪʦʨʘ ʷʢ ʩʢʣʘʜʥʦʛʦ 

ʚʫʟʣʘ ʧʘʢʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘ ʨʦʙʦʯʫ ʟʦʥʫ ʪʘ ʜʠʥʘʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʪʷʛ ʧʘʨʘʣʝʣʦʛʨʘʤʘ ʪʘ ʨʘʜʽʫʩʽʚ ʥʝʨʫʭʦʤʦʾ ʽ ʨʫʭʦʤʦʾ 
ʧʣʘʪʬʦʨʤ. ʅʘʥʝʩʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʦʙʤʝʞʝʥʴ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ 

ʦʨʪʦʛʦʥʘʣʴʥʫ ʤʥʦʞʠʥʫ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ 

ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʜʦʩʷʞʥʦʩʪʽ ʪʘ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ, ʢʨʽʤ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʽʩʪʦʪʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʜʘʶʪʴ ʪʘʢʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʤʘʢʩʠʤʘʣʴʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠʚʦʜʽʚ ʪʘ ʤʘʩʘ ʟʘʭʚʘʪʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. ɺʠʧʨʦʙʫʚʘʥʥʷ (ʨʠʩ.1) ʤʦʜʝʣʽ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʜʘʥʠʤ ʪʨʘʻʢʪʦʨʽʷʤ 
ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ 

ʜʘʪʯʠʢʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʜʝʣʶʚʘʥʥʷ 

FluidSim. ʇʦʭʠʙʢʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʤʝʞʘʭ 

ʨʦʙʦʯʦʾ ʟʦʥʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʩʪʘʥʦʚʠʣʘ ʥʝ ʙʽʣʴʰʝ 0,5 %. ʐʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʚ ʭʦʜʽ ʩʠʤʫʣʷʮʽʡ 

ʚʘʨʽʶʚʘʣʘʩʷ ʟ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʟʘ ʚʽʜʥʦʩʥʦʾ 

ʧʦʭʠʙʢʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ Ñ0,25 %.  

      ʈʠʩ.1. ʂʽʥʝʤʘʪʠʯʥʦ-ʩʠʣʦʚʘ ʩʭʝʤʘ                  
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ Delta ʤʘʥʽʧʫʣʷʪʦʨʘ     

ɺʠʩʥʦʚʦʢ. ʇʨʦʚʝʜʝʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʰʣʷʭʦʤ 

ʚʠʢʦʥʘʥʥʷ ʩʝʨʽʾ ʽʪʝʨʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɿʥʘʡʜʝʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʮʽʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʜʝ Delta-ʤʘʥʽʧʫʣʷʪʦʨʠ ʽʥʪʝʛʨʦʚʘʥʽ ʷʢ ʚʠʢʦʥʘʚʯʽ 

ʤʝʭʘʥʽʟʤʠ.   



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʋʪʚʦʨʝʥʥʷ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʠʪʘʥʫ 

 

ʄʘʢʩʠʤ ɺʣʘʩʦʚ, ɸʥʘʪʦʣʽʡ ɹʘʰʪʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʊʠʪʘʥ ï  ʫʥʽʢʘʣʴʥʠʡ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʝʪʘʣ. ɿʘʚʜʷʢʠ ʫʥʽʢʘʣʴʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʤʝʪʘʣʦʤ ʤʘʡʙʫʪʥʴʦʛʦ. ʊʠʪʘʥ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʤ, ʜʝ 

ʣʶʜʠʥʽ ʭʦʯʝʪʴʩʷ ʧʝʨʝʪʚʦʨʠʪʠ ʤʨʽʶ ʥʘ ʨʝʘʣʴʥʽʩʪʴ. 
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʦʤʠʩʣʦʚʠʡ ʩʧʦʩʽʙ ʜʦʙʫʚʘʥʥʷ ʪʠʪʘʥʫ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʣʠʰʝ  

ʫ 40-ʭ  ʨʨ.. ʍʍ ʩʪʦʣʽʪʪʷ. ʊʠʪʘʥ ʽ ʡʦʛʦ ʩʧʣʘʚʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʠʟʴʢʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, 

ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ 

ʬʨʠʢʮʽʡʥʦʛʦ ʟʥʦʩʫ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʨʽʟʴʙʦʚʠʭ  ʟô̒ ʜʥʘʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

çʟʘʜʠʨʘʥʥʷè ʽ çʥʘʤʦʪʫʚʘʥʥʷè ʤʝʪʘʣʫ. ʊʠʪʘʥ ʥʝ ʜʦʩʪʘʪʥʴʦ ʩʪʽʡʢʠʡ ʚ ʜʝʷʢʠʭ ʭʽʤʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ (ʨʦʟʯʠʥʠ ʩʽʨʯʘʥʦʾ, ʩʦʣʷʥʦʾ, ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪ). ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ 

ʥʝʜʦʣʽʢʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʆʢʩʠʜʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʦʜʥʦʶ ʦʙʨʦʙʢʦʶ ʜʝʪʘʣʝʡ ʚ ʨʦʟʯʠʥʘʭ ʩʽʨʯʘʥʦʾ, ʱʘʚʣʝʚʦʾ, ʬʦʩʬʦʨʥʦʾ, 

ʭʨʦʤʦʚʦʾ ʢʠʩʣʦʪ ʘʙʦ ʾʭ ʩʫʤʽʰʝʡ, ʽʥʦʜʽ ʟ ʜʦʙʘʚʢʘʤʠ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʽʩʣʷ ʥʠʟʢʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʜʦʚʝʜʝʥʦ. ʱʦ 

ʦʢʩʠʜʫʚʘʥʥʷ ʪʠʪʘʥʫ ʧʽʜʚʠʱʫʻ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʤʝʪʘʣʫ ʪʘ ʟʤʽʥʶʻ ʟʘʙʘʨʚʣʝʥʥʷ ʡʦʛʦ 
ʧʦʚʝʨʭʥʽ. ʇʣʽʚʢʠ ʧʽʜʚʠʱʝʥʦʾ ʪʦʚʱʠʥʠ ʤʘʶʪʴ ʛʘʨʥʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ ʪʠʪʘʥ ʽ ʡʦʛʦ ʩʧʣʘʚʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʚ ʨʽʟʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʡʩʴʢʦʚʠʭ ʽ ʮʠʚʽʣʴʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʚ ʪʦʤʫ ʯʠʩʣʽ  ʭʘʨʯʦʚʽʡ ʪʘ 

ʧʝʨʝʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʝ ʚʦʥʠ ʥʘʜʽʡʥʦ ʽ ʪʨʠʚʘʣʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʥʘʜʥʠʟʴʢʠʭ ʜʦ + (500 ï 600) ʉ̄ ʽ 

ʚʠʱʝ. ʆʙʰʠʪʽ ʣʠʩʪʘʤʠ ʪʠʪʘʥʫ ʢʦʨʧʫʩʠ ʩʫʜʝʥ ʥʽʢʦʣʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʬʘʨʙʫʚʘʥʥʷ, ʘʜʞʝ 

ʚʦʥʠ ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʥʝ ʽʨʞʘʚʽʶʪʴ ʽ ʥʝ ʨʫʡʥʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʽ ʩʦʣʝʡ ʚ ʥʽʡ. 

ɸ ʝʨʦʟʽʡʥʘ ʽ ʢʘʚʽʪʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦʟʚʦʣʷʻ ʥʝ ʙʦʷʪʠʩʷ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚ ʤʦʨʩʴʢʽʡ 

ʚʦʜʽ: ʟʚʘʞʝʥʽ ʚ ʥʽʡ ʤʽʨʽʘʜʠ  ʧʽʱʠʥʦʢ ʥʝ ʰʢʦʜʷʪʴ ʪʠʪʘʥʦʚʠʤ ʨʫʣʷʤ, ʛʚʠʥʪʘʤ ʽ ʢʦʨʧʫʩʫ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʪʠʪʘʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʊʘʢʦʞ ʘʚʽʘʮʽʡʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ɸʞ ʜʦ ʢʽʥʮʷ 60-ʭ ʨʦʢʽʚ ʍʍ- ʛʦ ʩʪʦʣʽʪʪʷ ʪʠʪʘʥ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥ  ʜʚʠʛʫʥʽʚ ʣʽʪʘʢʽʚ ʦʩʢʽʣʴʢʠ ʪʠʪʘʥ ʻ ʜʫʞʝ ʤʽʮʥʠʤ  

ʤʘʪʝʨʽʘʣʦʤ ʽ  ʟʘ ʮʽʻʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ.  ɿʘʨʘʟ ʽʟ ʪʠʪʘʥʫ ʚʠʛʦʪʦʚʣʷʶʪʴ ʦʙʰʠʚʢʫ ʜʣʷ 

ʣʽʪʘʢʘ. ʉʠʣʦʚʽ ʥʝʩʫʯʽ ʝʣʝʤʝʥʪʠ. ɼʝʪʘʣʽ ʰʘʩʽ ʽ ʪ. ʧ.. ɺ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʘʭ ʞʘʨʦʤʽʮʥʽ 

ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ . ʜʠʩʢʽʚ ʪʘ ʽʥʰʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʝʥʪʠʣʷʪʦʨʘ ʽ ʢʦʤʧʨʝʩʦʨʘ ʪʫʨʙʽʥʠ ʜʚʠʛʫʥʘ. 

ʆʪʨʠʤʘʚʰʠ ʦʢʩʠʜʥʫ ʧʣʽʚʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʠʪʘʥʫ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ 
ʚ ʢʦʩʤʦʩʽ ʜʝ ʧʘʥʫʻ ʧʨʘʢʪʠʯʥʦ 100% ʚʘʢʫʫʤ ʽ ʢʨʠʞʘʥʠʡ ʭʦʣʦʜ. ɯ ʙʫʜʴ - ̫ ʢʝ  ʰʪʫʯʥʝ ʪʽʣʦ, 

ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʩʤʦʩʽ, ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʜʫʞʝ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʘʧʘʨʘʪ ʜʫʞʝ ʩʠʣʴʥʦ ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ, ʷʢʱʦ ʧʦʧʘʜʘʻ ʧʽʜ ʜʽʶ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ.  ʂʨʽʤ 

ʪʦʛʦ, ʩʪʽʥʢʠ ʢʦʩʤʽʯʥʦʛʦ ʢʦʨʘʙʣʷ ʙʦʤʙʘʨʜʫʶʪʴʩʷ ʢʦʩʤʽʯʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʣʝʪʷʪʴ ʟ 

ʚʝʣʠʯʝʟʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ ʢʦʩʤʽʯʥʦʾ ʨʘʜʽʘʮʽʾ. ʊʘʢʽ ʥʘʜʚʘʞʢʽ ʫʤʦʚʠ 

ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʪʨʠʤʘʪʠ ʪʽʣʴʢʠ ʚʠʩʦʢʦʣʝʛʦʚʘʥʽ ʩʪʘʣʴʥʽ ʩʧʣʘʚʠ. ʚʦʣʴʬʨʘʤ,  

ʧʣʘʪʠʥʘ ʽ ʪʠʪʘʥ. ʇʝʨʝʚʘʛʘ ʟʚʠʯʘʡʥʦ ʚʽʜʜʘʻʪʴʩʷ ʪʠʪʘʥʫ ʽ ʡʦʛʦ ʩʧʣʘʚʘʤ. 

ɺʠʩʥʦʚʦʢ. ɿʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʠʪʘʥʫ ʚʽʥ ʤʦʞʝ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʑʦ ʟʤʫʰʝʥʽ 

ʧʨʘʮʶʚʘʪʠ ʚ ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʽ ʘʛʨʝʛʘʪʥʠʭ ʩʪʘʥʘʭ. 
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ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʚʪʦʤʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ɺʊ10 ʧʨʠ ʮʠʢʣʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

 

ʄʘʢʩʠʤ ɺʣʘʩʦʚ,  ɸʥʘʪʦʣʽʡ ɹʘʰʪʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ 

ʟʤʽʮʥʶʶʯʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ  ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘ ʩʘʤʝ: 
ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʛʘʟʦʚʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ, ʧʨʦʩʷʢʥʝʥʥʷ ʾʭ ʨʽʟʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʪʦʱʦ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʤʦʜʠʬʽʢʫʚʘʪʠ  ʩʫʯʘʩʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ,  ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ  ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦʾ  ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ  ʤʘʪʝʨʽʘʣʫ  ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʽʻʶ ʟ ʝʬʝʢʪʠʚʥʠʭ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  

ʻ ʣʘʟʝʨʥʦ-ʨʘʜʽʘʮʽʡʥʘ ʽ ʘʢʫʩʪʠʯʥʘ ʦʙʨʦʙʢʘ  ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ ʟʤʽʥʶʶʯʠ 

ʩʪʨʫʢʪʫʨʫ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ʉʪʚʦʨʶʻ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚ 

ʧʦʧʝʨʝʯʥʠʭ   ʧʝʨʝʨʽʟʘʭ ʟʨʘʟʢʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ.   

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ   ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ  ʤʘʪʝʨʽʘʣʫ 

ʟʨʘʟʢʽʚ, ʷʢʽ ʧʽʜʜʘʚʘʣʠʩʷ ʚʧʣʠʚʫ ʚʢʘʟʘʥʠʭ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ, ʧʨʦʚʦʜʠʣʠʩʷ  ʥʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ  ʏʂɿ - 1, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ 
ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʪʦʤʫ ʧʨʠ ʯʠʩʪʦʤʫ ʢʨʫʛʦʚʦʤʫ ʟʛʠʥʽ ʚ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʆʩʦʙʣʠʚʽʩʪʶ ʚʫʟʣʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʥʝ ʪʽʣʴʢʠ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʘʤʧʣʽʪʫʜ 

ʧʦʚʪʦʨʥʦ-ʟʤʽʥʥʠʭ ʤʝʭʘʥʽʯʥʠʭ  ʥʘʚʘʥʪʘʞʝʥʴ (ʚʽʜ 100 ʇʘ ʜʦ 880 ʇʘ), ʘʣʝ ʡ  ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʜʽʶʯʦʛʦ ʥʘ ʟʨʘʟʦʢ  ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,5 % ʧʨʠ 

ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ ʚʽʜ 10 ʜʦ 120 ɻʮ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʪʘʥʜʘʨʪʥʠʡ ʢʨʫʛʣʠʡ ʟʨʘʟʦʢ  ʟ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʢʦʥʽʯʥʦʛʦ ʚʠʜʫ ʚ ʡʦʛʦ ʨʦʙʦʯʽʡ ʟʦʥʽ. ʊʨʠʚʘʣʽʩʪʴ ʽ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʪʘ ʡʦʛʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘ ʢʦʞʥʫ ʦʢʨʝʤʫ ʧʘʨʪʽʶ ʟʨʘʟʢʽʚ  ʧʽʜʙʠʨʘʣʠʩʷ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʜʘʥʠʭ ʜʽʾ ʚʠʙʨʘʥʦʛʦ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʯʠ 

ʾʭ ʢʦʤʙʽʥʘʮʽʾ  ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʡ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʟ ʜʘʥʠʤʠ ʝʪʘʣʦʥʥʦʾ ʧʘʨʪʽʾ. ʇʨʠ 
ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʦʙʨʦʙʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ  ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʾ 

ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʽ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ.   

ɼʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʝʦʜʥʦʨʽʜʥʦʾ, ʧʽʩʣʷ ʣʘʟʝʨʥʦʾ, 

ʨʘʜʽʘʮʽʡʥʦʾ ʪʘ ʘʢʫʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʨʫʢʪʫʨʠ,  ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʟʨʘʟʢʘʭ, ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʽʟ ʪʫʛʦʧʣʘʚʢʦʛʦ ʚʦʣʴʬʨʘʤ-ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ10. ɼʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʝʥʝʨʛʽʾ  ʤʽʣʽʩʝʢʫʥʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʪʘ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʣʘʚʣʝʥʥʶ ʤʝʪʘʣʫ ʚ ʣʦʢʘʣʴʥʠʭ ʤʽʩʮʷʭ ʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ  

ʝʧʦʢʩʠʜʦʧʦʣʽʤʝʨʥʝ, ʟ ʥʘʧʦʚʥʝʥʥʷʤ ʘʣʶʤʽʥʽʻʚʠʤ ʧʦʨʦʰʢʦʤ,  ʧʦʢʨʠʪʪʷ ʡʦʛʦ ʨʦʙʦʯʦʾ 

ʟʦʥʠ.  

ʉʭʝʤʘ ʧʦʢʨʠʪʪʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ.  

ɸʥʘʣʽʟ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʚʪʦʤʫ  ɺʊ10  ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʽʩʣʷ 
ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ ʧʨʠ ʟʥʘʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ  ʚʽʜʙʫʚʘʻʪʴʩʷ  ʚʽʜʯʫʪʥʝ 

ʟʤʝʥʰʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʘʨ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʘʟʢʠ  ʧʽʩʣʷ ʪʘʢʦʾ 

ʦʙʨʦʙʢʠ ʧʽʜ ʯʘʩ  ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʛʨʽʚʘʣʠʩʷ ʥʘʙʘʛʘʪʦ ʽʥʪʝʥʩʠʚʥʽʰʝ ʧʦʨʽʚʥʷʥʦ  ʽʟ 

ʥʝʦʙʨʦʙʣʝʥʠʤʠ. ɼʦʙʨʝ  ʚʽʜʦʤʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʽʜ ʯʘʩ  

ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ  ʚʝʣʠʯʠʥʠ ʚʠʥʠʢʘʶʯʠʭ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʪʘʢ ʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʽʣʴʥʠʭ ʜʠʩʣʦʢʘʮʽʡ.  

 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 

142 

 
ʈʠʩ. Cʭʝʤʘ ʧʦʢʨʠʪʪʷ 

 

ɯ ʪʦʤʫ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʚʪʦʤʫ, ʧʨʠ ʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʥʷ ʜʽʶʯʠʭ ʥʘʧʨʫʞʝʥʴ, ʚʽʜʙʫʚʘʣʦʩʷ ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʜʘʣʝʢʦʜʽʶʯʠʭ  ʧʦʣʽʚ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʤʘʪʝʨʽʘʣʽ.  
ʊʘʢʽ ʥʘʧʨʫʞʝʥʥʷ, ʚʚʘʞʘʻʤʦ, ʟʫʤʦʚʣʝʥʽ ʫʪʚʦʨʝʥʥʷʤ ʥʽʪʨʠʜʽʚ ʪʠʪʘʥʫ ʚ ʡʦʛʦ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʠʪʠ ʜʚʽ ʭʘʨʘʢʪʝʨʥʽ ʟʦʥʠ ʾʭ ʨʫʡʥʫʚʘʥʥʷ: ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʦʙôʻʤʽ ʚʦʥʘ ʢʨʠʭʢʘ, ʘ ʚ 

ʦʩʥʦʚʥʦʤʫ ʪʽʣʽ ʟʨʘʟʢʘ ï ʚôʷʟʢʘ.   

ɺʽʜʤʽʯʝʥʦ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʫʤʦʚʣʝʥʦ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, 

ʪʘʢʦʞ  ʚʠʥʠʢʥʝʥʥʷʤ ʫ ʧʝʨʠʬʝʨʽʡʥʠʭ ʰʘʨʘʭ ʤʘʪʝʨʽʘʣʫ ʚʢʘʟʘʥʠʭ  ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʚʠʢʣʠʢʘʥʠʭ ʣʘʟʝʨʥʠʤ ʦʧʨʦʤʽʥʶʚʘʥʥʷʤ. ɺʦʜʥʦʯʘʩ  ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ 

ʩʫʪʪʻʚʝ ʟʤʽʮʥʝʥʥʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʽʾ ï ʩʧʦʯʘʪʢʫ  ʣʘʟʝʨʥʝ ʘʟʦʪʫʚʘʥʥʷ, ʘ 

ʧʦʪʽʤ ʨʘʜʽʘʮʽʡʥʝ ʾʭ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʦʥʽ  ʥʘʧʨʫʞʝʥʴ ʙʣʠʟʴʢʠʭ ʜʦ ʛʨʘʥʠʮʽ 

ʚʠʪʨʠʚʘʣʦʩʪʽ. ʊʘʢ  ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ  ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʮʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʩʪʘʥʦʚʠʣʦ 

ʤʘʡʞʝ 18%, ʜʠʚ. ʨʠʩ.  

ʃʘʟʝʨʥʝ ʘʟʦʪʫʚʘʥʥʷ  ʟʨʘʟʢʽʚ ʧʝʨʝʜ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ ʚʪʦʤʫ ʧʨʦʚʦʜʠʣʦʩʷ ʚ 
ʩʝʨʝʜʦʚʠʱʽ ʨʽʜʢʦʛʦ ʘʟʦʪʫ. ʇʨʦʤʽʥʴ ʣʘʟʝʨʘ ʧʘʜʘʚ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ ʽ, ʧʨʦʡʰʦʚʰʠ 

ʯʝʨʝʟ ʰʘʨ ʨʽʜʢʦʛʦ ʘʟʦʪʫ,  ʩʧʨʠʯʠʥʷʚ ʚʠʙʫʭʦʚʝ ʡʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʤʘʪʝʨʽʘʣʫ  ʥʽʪʨʠʜʽʚ ʪʠʪʘʥʫ. ʊʨʠʚʘʣʽʩʪʴ  ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ  

ʩʪʘʥʦʚʠʣʘ 50 ʥ.ʩ.,  ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʪʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʢʣʘʜʘʣʠ 

ʚʽʜʧʦʚʽʜʥʦ l= 1,6 ʩʤ ʽ ʈ=2Ŀ109ɺʪ/ʩʤ2.  

ʇʨʠ ʪʘʢʦʤʫ ʤʝʪʦʜʽ ʦʙʨʦʙʢʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ  ʟʨʦʩʣʘ ʥʘ 35-38%.  

ɺʠʩʥʦʚʦʢ. ʇʦʚʝʨʭʥʝʚʘ ʣʘʟʝʨʥʘ ʦʙʨʦʙʢʘ ʙʽʣʴʰʦʩʪʽ  ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ɺʊ8, 

ɺʊ10) ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʤʣʝʥʦʩʪʽ  ʧʨʠ ʟʥʘʯʥʠʭ ʚʝʣʠʯʠʥʘʭ  

ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʎʝ ʟʫʤʦʚʣʝʥʦ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ, ʜʦʩʠʪʴ ʟʥʘʯʥʠʤʠ ʧʦʣʷʤʠ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʪʘʢʦʞ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ 

ʦʢʠʩʣʝʥʥʷʤ ʛʨʘʥʝʡ ʤʽʢʨʦʪʨʽʱʠʥ, ʧʦʚʝʨʭʦʥʴ ʧʫʩʪʦʪ,  ʨʘʢʦʚʠʥ, ʦʜʥʦʯʘʩʥʠʤ ʽʩʥʫʚʘʥʥʷʤ 

ʜʝʢʽʣʴʢʦʭ ʬʘʟ ʤʝʪʘʣʽʚ, ʩʢʣʘʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʻ  ʭʘʨʘʢʪʝʨʥʠʤ  

ʜʣʷ çʩʢʣʘʜʥʠʭè ʤʘʪʝʨʽʘʣʽʚ. 
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ʂʣʘʩʠʬʽʢʘʮʽʷ  ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʙʽʩʝʨʥʠʭ ʤʣʠʥʽʚ ʪʘ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʜʪʦʥʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ 

 

ʆʣʝʢʩʘʥʜʨ ɹʦʨʦʜʠʥʷ, ʂʘʪʝʨʠʥʘ ɻʨʽʥʽʥʛ-ɻʝʨʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʩʝʨʥʠʭ ʤʣʠʥʽʚ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʤʝʪʨʽʻʶ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ʇʦʧʨʠ 
ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʦʩʢʦʥʘʣʽʩʪʴ ʤʣʠʥʽʚ ʚʽʜ ʣʽʜʝʨʽʚ ʨʠʥʢʫ (WAB, NETZSCH, B¿hler), 

ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭʥʴʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ 

ʥʘʫʢʦʚʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ.  

ʈʝʟʫʣʴʪʘʪʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ 

(WAB, NETZSCH, B¿hler) ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʦʨʽʻʥʪʘʮʽʻʶ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʥʘʜʪʦʥʢʦʛʦ ʧʦʤʝʣʫ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʠʩʪʝʤʠ (ʪʠʧʫ DYNOÈ-MILL ʚʽʜ 

ʢʦʤʧʘʥʽʾ WAB ʘʙʦ Alpha ʚʽʜ ʢʦʤʧʘʥʽʾ NETZSCH), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ. 

ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʻ: 
1. ɼʠʩʢʦʚʽ ʩʠʩʪʝʤʠ: ʢʣʘʩʠʯʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʥʠʟʴʢʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ 

ʚôʷʟʢʦʩʪʽ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʤʝʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʣʘʤʽʥʘʨʥʠʭ ʰʘʨʽʚ 

ʩʫʩʧʝʥʟʽʾ. 

2. ʇʘʣʴʮʝʚʽ (Pin-type) ʩʠʩʪʝʤʠ: (ʥʘʧʨʠʢʣʘʜ, ʩʝʨʽʾ Centex ʚʽʜ ʢʦʤʧʘʥʽʾ B¿hler ʘʙʦ 

Alpha ʚʽʜ ʢʦʤʧʘʥʽʾ NETZSCH), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ 

ʝʥʝʨʛʽʾ. ɺʦʥʠ ʩʪʚʦʨʶʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʪʫʨʙʫʣʝʥʪʥʝ ʧʦʣʝ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ <100 ʥʤ ʧʨʠ ʤʝʥʰʠʭ ʚʠʪʨʘʪʘʭ ʯʘʩʫ. 

3. ʈʦʪʦʨʥʦ-ʚʽʜʮʝʥʪʨʦʚʽ (Turbine-type): ʩʠʩʪʝʤʠ ʟ ʚʠʩʦʢʦʶ ʩʝʧʘʨʘʮʽʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ (ʥʘʧʨʠʢʣʘʜ, ʩʝʨʽʷ ECM-AP), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʩʝʨ 

ʤʽʥʽʤʘʣʴʥʠʭ ʜʽʘʤʝʪʨʽʚ (0,05-0,1 ʤʤ), ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʶʯʠ ʂʂɼ ʧʨʦʮʝʩʫ. 

4. ʂʦʤʙʽʥʦʚʘʥʽ (Hybrid) ʪʘ ʟʘʥʫʨʶʚʘʣʴʥʽ (Basket) ʩʠʩʪʝʤʠ: ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 
ʰʚʠʜʢʫ ʟʤʽʥʫ ʧʨʦʜʫʢʪʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʚʪʨʘʪ ʤʘʪʝʨʽʘʣʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʜʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʫ 

ʤʝʣʝʣʴʥʠʤ ʪʽʣʘʤ.  

ɺʠʩʥʦʚʢʠ. 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʧʨʷʤʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʩʫʩʧʝʥʟʽʾ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ (ʝʢʩʮʝʥʪʨʠʢʦʚʽ 

ʜʠʩʢʠ, ʰʪʠʬʪʠ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʢʨʦʢʦʤ) ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ çʟʘʩʪʽʡʥʽ ʟʦʥʠè ʫ ʢʘʤʝʨʽ, ʜʝ 

ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʥʘʛʨʽʚ, ʘ ʥʝ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ. 

ʃʽʪʝʨʘʪʫʨʘ.  
1. Willy A. Bachofen AG (WAB-GROUP). ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.wab-

group.com/. 

2. NETZSCH-Feinmahltechnik GmbH. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.netzsch-

grinding.com/. 

3. B¿hler Group: Grinding & Dispersing solutions. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.buhlergroup.com/. 
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ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʙʽʩʝʨʥʠʭ ʤʣʠʥʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ 
ɼʝʥʠʩ ʇʘʥʢʦʚ, ʂʘʪʝʨʠʥʘ ɻʨʽʥʽʥʛ-ɻʝʨʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɺʠʙʽʨ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʙʽʩʝʨʥʦʛʦ ʤʣʠʥʘ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʣʽʥʽʡ ʧʦʜʨʽʙʥʝʥʥʷ. 

ʇʦʧʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʧʨʦʩʪʦʪʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʩʫʩʧʝʥʟʽʾ ʟʤʫʰʫʶʪʴ ʚʠʨʦʙʥʠʢʽʚ ʧʝʨʝʭʦʜʠʪʠ ʜʦ 
ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ ʤʣʠʥʘ 

ʥʘ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʠʩʧʝʨʛʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ 

ʥʘʫʢʦʚʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ.  

ʈʝʟʫʣʴʪʘʪʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ (ʩʝʨʽʾ ZTO, B¿hler SuperFlow ð ʚʝʨʪʠʢʘʣʴʥʽ; WAB DYNOÈ-MILL, Netzsch 

Alpha ð ʛʦʨʠʟʦʥʪʘʣʴʥʽ) ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

1. ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ: ʋ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʤʣʠʥʘʭ ʙʽʩʝʨ ʨʫʭʘʻʪʴʩʷ 

ʚʟʜʦʚʞ ʦʩʽ ʨʦʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ. ʋ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʨʘʚʽʪʘʮʽʡʥʘ 

ʩʪʨʘʪʠʬʽʢʘʮʽʷ ʧʦʤʝʣʴʥʠʭ ʪʽʣ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʟʥʦʩʫ ʛʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʪʘ ʧʝʨʝʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ ʙʽʩʝʨʫ ʚ 
ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʘʤʝʨʠ. 

2. ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʩʠʩʪʝʤʠ (ʟʦʢʨʝʤʘ ʟ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʪʠʧʫ ECM-AP) ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʚʠʱʠʤʠ ʦʙôʻʤʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʧʨʦʜʫʢʪʫ ʧʨʠ ʩʪʘʙʽʣʴʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ. ʎʝ ʟʥʠʞʫʻ 

ʧʠʪʦʤʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ 10ï12% ʧʦʨʽʚʥʷʥʦ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʦʜʥʘʢʦʚʦʾ ʪʦʥʠʥʠ ʧʦʤʝʣʫ. 

3. ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ: ɺʝʨʪʠʢʘʣʴʥʽ ʤʣʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʽ ɹʄ ʚʽʜ ZTO ʘʙʦ 

IRKOM-ECT, ʋʢʨʘʾʥʘ) ʟʘʣʠʰʘʶʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʩʦʢʦʚôʷʟʢʠʭ ʩʠʩʪʝʤ 

ʪʘ ʚʝʣʠʢʠʭ ʧʘʨʪʽʡ ʧʨʦʜʫʢʮʽʾ, ʜʝ ʢʨʠʪʠʯʥʠʤ ʻ ʟʨʫʯʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʦʯʠʱʝʥʥʷ ʢʘʤʝʨʠ, ʧʨʦʪʝ ʚʦʥʠ ʧʦʩʪʫʧʘʶʪʴʩʷ ʫ ʧʨʦʮʝʩʘʭ ʥʘʜʪʦʥʢʦʛʦ (ʥʘʥʦ-) 

ʧʦʜʨʽʙʥʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ.  
ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʦʨʽʻʥʪʘʮʽʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʠʡ ʂʂɼ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ 

ʟʘʚʜʷʢʠ ʫʩʫʥʝʥʥʶ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʪʘ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʤʝʣʝʣʴʥʠʭ ʪʽʣ. 

ɼʣʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʽʛʤʝʥʪʽʚ ʧʨʽʦʨʠʪʝʪʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʤʣʠʥʽʚ ʽʟ ʩʠʩʪʝʤʘʤʠ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʝʧʘʨʘʮʽʾ ʙʽʩʝʨʫ. 

ɺʝʨʪʠʢʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʝʥʝʨʛʦʦʱʘʜʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ ʥʘ 

ʩʪʘʜʽʷʭ ʛʨʫʙʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʘʙʦ ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʩʭʠʣʴʥʽ ʜʦ ʰʚʠʜʢʦʛʦ 

ʦʩʘʜʞʝʥʥʷ. 

ʃʽʪʝʨʘʪʫʨʘ.  
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ʈʝʩʫʨʩʦʦʱʘʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʦʨʟʠʥʯʘʩʪʠʭ ʙʽʩʝʨʥʠʭ ʤʣʠʥʽʚ ʫ ʪʝʭʥʦʣʦʛʽʷʭ 

ʤʘʣʦʪʦʥʥʘʞʥʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ 

 

ʆʣʝʢʩʽʡ ʉʦʤ, ʂʘʪʝʨʠʥʘ ɻʨʽʥʽʥʛ-ɻʝʨʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʨʙ, ʧʽʛʤʝʥʪʥʠʭ ʧʘʩʪ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʢʨʠʪʠʯʥʠʤ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʪʨʘʪ ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ ʥʘ 
ʦʯʠʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʊʨʘʜʠʮʽʡʥʽ ʧʨʦʪʦʯʥʽ ʩʠʩʪʝʤʠ ʟ ʨʦʟʚʠʥʝʥʦʶ ʤʝʨʝʞʝʶ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʥʝ ʟʘʚʞʜʠ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʤʘʣʠʭ ʧʘʨʪʽʡ ʧʨʦʜʫʢʪʫ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ 

ʨʝʩʫʨʩʦʦʱʘʜʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʟʠʥʯʘʩʪʠʭ (ʽʤʤʝʨʩʽʡʥʠʭ) ʤʣʠʥʽʚ, ʷʢʽ 

ʧʦʻʜʥʫʶʪʴ ʧʨʦʮʝʩʠ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʥʘʜʪʦʥʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʚ ʦʜʥʦʤʫ ʘʧʘʨʘʪʽ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ 

ʥʘʫʢʦʚʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ.  

ʈʝʟʫʣʴʪʘʪʠ. ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʥʫʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (ʩʝʨʽʾ DISPERMATÈ 

CA/HCP ʚʽʜ VMA-Getzmann, ʚʽʪʯʠʟʥʷʥʽ ʘʥʘʣʦʛʠ ɹʄ-1 ʚʽʜ ɯʈʂʆʄ-ɽʂʊ) ʜʦʟʚʦʣʠʚ 

ʚʠʜʽʣʠʪʠ ʢʣʶʯʦʚʽ ʧʝʨʝʚʘʛʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʶ: 

1. ʄʽʥʽʤʽʟʘʮʽʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʪʨʘʪ: ɿʘʚʜʷʢʠ ʟʘʥʫʨʝʥʥʶ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

(ʢʦʨʟʠʥʠ ʟ ʙʽʩʝʨʦʤ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʜʽʞʫ ʟ ʧʨʦʜʫʢʪʦʤ, ʚʽʜʧʘʜʘʻ ʧʦʪʨʝʙʘ ʫ 

ʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʰʣʘʥʛʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʘʢʪʠʯʥʦ 
ʧʦʚʥʽʩʪʶ ʫʥʠʢʘʪʠ ʟʘʣʠʰʢʽʚ ʤʘʪʝʨʽʘʣʫ ʚ ʩʠʩʪʝʤʽ ʧʨʠ ʟʤʽʥʽ ʢʦʣʴʦʨʫ ʘʙʦ ʩʢʣʘʜʫ. 

2. ɽʥʝʨʛʝʪʠʯʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʪʝʥʪʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʪʠʧʫ HCP) ʚʩʝʨʝʜʠʥʽ ʢʦʨʟʠʥʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʮʠʨʢʫʣʷʮʽʶ 

ʩʫʩʧʝʥʟʽʾ ʢʨʽʟʴ ʰʘʨ ʙʽʩʝʨʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʫʩʫʥʝʥʥʷ 

çʤʝʨʪʚʠʭ ʟʦʥè ʧʦʟʘ ʤʝʞʘʤʠ ʢʦʨʟʠʥʠ, ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʩʢʦʨʦʯʫʻʪʴʩʷ ʥʘ 20ï25% ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʜʠʩʦʣʴʚʝʨʘʤʠ. 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʪʝʧʣʦʦʙʤʽʥʫ: ʉʫʯʘʩʥʽ ʤʦʜʝʣʽ ʢʦʨʟʠʥʯʘʩʪʠʭ ʤʣʠʥʽʚ ʦʙʣʘʜʥʘʥʽ 

ʧʦʜʚʽʡʥʠʤʠ ʩʪʽʥʢʘʤʠ ʢʦʨʟʠʥʠ ʪʘ ʜʽʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʫ. ʎʝ ʟʘʧʦʙʽʛʘʻ ʜʝʩʪʨʫʢʮʽʾ ʪʝʨʤʦʯʫʪʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ 

ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ.  
ʂʦʨʟʠʥʯʘʩʪʽ ʤʣʠʥʠ ʻ ʥʘʡʙʽʣʴʰ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʫ ʤʝʞʘʭ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʧʘʨʪʽʡ (ʜʦ 500ï1000 ʣ). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʥʫʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʚʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʮʠʢʣʫ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʢʦʥʩʪʨʫʢʮʽʡ (ʟʦʢʨʝʤʘ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ɯʈʂʆʄ-

ɽʂʊ) ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʤʧʦʨʪʦʟʘʤʽʱʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʛʥʫʯʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ. 

ʃʽʪʝʨʘʪʫʨʘ.  

1. Willy A. Bachofen AG (WAB-GROUP). ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.wab-

group.com/. 
2. ɺʠʨʦʙʥʠʢ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊʆɺ çɯʈʂʆʄ-ɽʂʊè. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://irkom-ekt.com/. 

3. NETZSCH-Feinmahltechnik GmbH: Basket Mill technology. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.netzsch-grinding.com/  
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ʈʦʟʨʦʙʢʘ ʰʘʬʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ 
ɼʤʠʪʨʦ ɺʦʨʦʥʢʦʚ, ɯʨʠʥʘ ʇʦʣʶʱʝʥʢʦ 

ʂʠʾʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʝʢʦʥʦʤʽʢʠ ɼʝʨʞʘʚʥʦʛʦ 

ʥʝʢʦʤʝʨʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ñɼʝʨʞʘʚʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ "ʂʠʾʚʩʴʢʠʡ ɸʚʽʘʮʽʡʥʠʡ 
ɯʥʩʪʠʪʫʪ", ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʜʦʟʫʚʘʥʥʷ ʪʘ ʬʘʩʫʚʘʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʚʽʜʤʽʨʶʚʘʥʥʷ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʚʪʨʘʪ ʧʨʦʜʫʢʮʽʾ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʫʯʘʩʪʶ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʟʥʠʞʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 
ʟʘʩʪʦʩʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ, 

ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ, 

ʤʝʪʦʜʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʤʦʜʫʣʷ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʙʦʨʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

 ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʰʘʬʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ 

ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʜʦʟʫʚʘʣʴʥʦ-ʬʘʩʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ (ʤʦʣʦʢʦ, ʩʦʢʠ, ʦʣʽʷ, 

ʩʠʨʦʧʠ). ʈʦʟʧʦʜʽʣ ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʥʝʚʤʦʦʩʪʨʽʚ FP2RMSA-

2MBCAV-6Q, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʤʦʥʪʘʞ ʪʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ.  

 
ʈʠʩ. 1.  ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʦʟʫʚʘʣʴʥʦ-ʬʘʩʫʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ 

ɺʠʩʥʦʚʦʢ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʰʘʬʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʤʝʭʘʪʨʦʥʥʦʛʦ 

ʤʦʜʫʣʷ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʠʷʚʣʝʥʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʽʥʪʝʛʨʘʮʽʾ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʥʘ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʨʽʜʢʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʟʘʜʘʥʦʛʦ ʦʙ'ʻʤʫ ʜʦ Ñ0.5%. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʥʝʚʤʦʦʩʪʨʦʚʘ ʩʧʨʦʱʫʻ ʤʦʥʪʘʞ, 

ʜʽʘʛʥʦʩʪʠʢʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʥʘ 30%. 
ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʜʦʟʫʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʽʜʢʠʭ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʨʽʟʥʦʾ ʚ'ʷʟʢʦʩʪʽ. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʶʪʴ 

ʨʦʟʨʦʙʢʫ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʜʫʢʪʫ ʥʘ 

ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʤʦʜʫʣʷ ʫ ʧʨʦʤʠʩʣʦʚʽ ʤʝʨʝʞʽ IoT ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ.  



92st International  scientific conference of young scientist and students  
"Youth scientific achievements to the 21st century nutrition problem solution",  

April , 20ï24, 2026. Book of abstract. Part 2. NUFT, Kyiv. 
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ʄʦʜʝʨʥʽʟʘʮʽʷ ʚʫʟʣʘ ʢʝʨʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʧʥʝʚʤʦʧʨʠʚʦʜʘ 

ɺʘʣʝʨʽʷ ʄʷʟʽʥʘ1, ɯʨʠʥʘ ʇʦʣʶʱʝʥʢʦ1, ʉʝʨʛʽʡ ɺʦʣʦʜʽʥ2 

1ʂʠʾʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʝʢʦʥʦʤʽʢʠ ɼʝʨʞʘʚʥʦʛʦ 

ʥʝʢʦʤʝʨʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ñɼʝʨʞʘʚʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ɸʚʽʘʮʽʡʥʠʡ 

ɯʥʩʪʠʪʫʪè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʩʫʯʘʩʥʦʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ. 
ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʥʝʚʤʦʧʨʠʚʦʜʦʤ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʰʚʠʜʢʦʜʽʶ ʪʘ ʛʥʫʯʢʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ɯʥʪʝʛʨʘʮʽʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʢʝʨʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘʤʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʘʥʽʧʫʣʷʪʦʨʽʚ, ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ, ʢʦʤʧ'ʶʪʝʨʥʝ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʧʥʝʚʤʘʪʠʯʥʠʭ ʧʨʠʚʦʜʽʚ, ʘ 

ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʧʨʦʻʢʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʚʫʟʦʣ ʢʝʨʫʚʘʥʥʷ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟ ʪʨʴʦʤʘ ʩʪʫʧʝʥʷʤʠ ʨʫʭʣʠʚʦʩʪʽ: ʛʦʨʠʟʦʥʪʘʣʴʥʝ 
ʧʝʨʝʤʽʱʝʥʥʷ, ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʪʨʠ 

ʥʝʟʘʣʝʞʥʽ ʢʦʥʪʫʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: 

ʢʦʥʪʫʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, 

ʢʦʥʪʫʨ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʢʦʥʪʫʨ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʘ (ʨʠʩ. 1). 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʤʘʥʽʧʫʣʷʪʦʨ ʚʠʢʦʥʘʥʦ 

ʥʘ ʘʣʶʤʽʥʽʻʚʦʤʫ ʢʘʨʢʘʩʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʤʘʣʫ ʤʘʩʫ ʩʠʩʪʝʤʠ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʥʝʚʤʦ-ʮʠʣʽʥʜʨʠ. 
ʆʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʚʦʨʦʪʥʠʡ ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʨʠʚʽʜ. ɼʣʷ 

ʟʘʭʦʧʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʟʘʩʪʦʩʦʚʘʥʦ 

ʧʥʝʚʤʘʪʠʯʥʠʡ ʟʘʭʚʘʪ ʽʟ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʛʫʙʢʘʤʠ Camozzi CGSY-16.  

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ 3D ʩʭʝʤʘ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ: 1 ï ʦʧʦʨʥʘ ʩʪʽʡʢʘ; 2 ï ʙʘʟʦʚʘ ʧʣʘʪʬʦʨʤʘ; 3 ï 

ʚʝʨʪʠʢʘʣʴʥʘ ʦʧʦʨʘ; 4 ï ʥʠʞʥʷ ʥʘʧʨʷʤʥʘ; 5 ï ʧʘʥʝʣʴ ʢʝʨʫʚʘʥʥʷ; 6 ï ʩʚʽʪʣʦʚʘ ʢʦʣʦʥʘ; 

7 ï ʰʘʬʘ ʢʝʨʫʚʘʥʥʷ ʟ ʧʥʝʚʤʦʦʩʪʨʦʚʦʤ; 8 ï ʧʥʝʚʤʘʪʠʯʥʠʡ ʟʘʭʚʘʪ; 9 ï ʣʦʪʦʢ ʜʣʷ 

ʜʝʪʘʣʝʡ; 10 ï ʛʦʣʦʚʥʘ ʙʘʟʦʚʘ ʧʣʠʪʘ (ʨʦʙʦʯʠʡ ʩʪʽʣ); 11 ï ʚʝʨʭʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʥʘʧʨʷʤʥʘ; 12 ï ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʥʝʚʤʦʮʠʣʽʥʜʨ. 
ʈʦʙʦʯʠʡ ʮʠʢʣ ʤʘʥʽʧʫʣʷʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʠʭ ʢʨʦʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʘʡʤʝʨʽʚ. ʂʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʽʚ ʧʥʝʚʤʦʮʠʣʽʥʜʨʽʚ, 

ʥʘʷʚʥʽʩʪʴ ʦʙ'ʻʢʪʘ ʚ ʟʦʥʽ ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʨʦʙʦʯʠʡ ʪʠʩʢ ʫ ʧʥʝʚʤʦʩʠʩʪʝʤʽ.  

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʧʝʨʘʮʽʡ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ 

ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʟʦʨʫ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʤʘʥʽʧʫʣʷʪʦʨʘ.  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʉʫʯʘʩʥʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʫʰʽʥʥʷ ʫ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

ɼʤʠʪʨʦ ʃʦʙʫʨ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʨʦʮʝʩʠ ʩʫʰʽʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʾʾ ʟʙʝʨʽʛʘʥʥʷ 
ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ [1] .  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʛʣʷʜ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʘʤ ʚʪʨʘʪ ʙʽʣʢʘ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ. ʋ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʥʚʝʢʪʠʚʥʽ, ʢʦʥʪʘʢʪʥʽ, 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʽ, ʜʽʝʣʝʢʪʨʠʯʥʽ, ʘʢʫʩʪʠʯʥʽ ʪʘ ʩʫʙʣʽʤʘʮʽʡʥʽ ʩʧʦʩʦʙʠ ʩʫʰʽʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʻ ʢʦʥʚʝʢʪʠʚʥʠʡ [2].  

ɺʦʜʥʦʯʘʩ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʧʝʨʝʭʦʜʫ ʜʦ ʝʬʝʢʪʠʚʥʽʰʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʝʥʰʫʶʪʴ ʝʥʝʨʛʦʚʠʪʨʘʪʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʩʫʰʽʥʥʷ 

ʟʝʨʥʘ ʷʯʤʝʥʶ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʽ ʟʥʠʞʫʻ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʩʫʰʽʥʥʷ ʟʘ ʨʘʭʫʥʦʢ çʽʦʥʥʦʛʦ ʚʽʪʨʫè ð ʨʫʭʫ ʧʦʚʽʪʨʷ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʆʢʨʝʤʦ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʜʦʙʨʝ ʚʠʚʯʝʥʠʡ ʤʝʪʦʜ ʧʽʜʩʠʣʝʥʥʷ 
ʩʫʰʽʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʅɺʏ-ʧʦʣʽʚ.  

ɺʘʞʣʠʚʠʤ ʧʽʜʭʦʜʦʤ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʤʘʪʝʨʽʘʣʦʤ ʽ ʩʫʰʠʣʴʥʠʤ 

ʘʛʝʥʪʦʤ, ʟʦʢʨʝʤʘ ʧʨʠ ʬʽʣʴʪʨʘʮʽʡʥʦʤʫ ʩʫʰʽʥʥʽ, ʭʦʯʘ ʮʝʡ ʝʬʝʢʪ ʦʙʤʝʞʝʥʠʡ 

ʜʠʩʧʝʨʩʥʽʩʪʶ ʯʘʩʪʠʥʦʢ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʢʦʤʧʨʝʩʽʡʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʝ ʩʫʰʽʥʥʷ [3-4], ʱʦ 

ʚʨʘʭʦʚʫʻ ʧʦʨʠʩʪʫ ʪʘ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ: ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʧʦʨʠʩʪʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʽʩʣʷ ʡʦʛʦ ʟʥʷʪʪʷ ð ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʱʦ ʩʧʨʠʷʻ 

ʧʨʦʥʠʢʥʝʥʥʶ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʧʦʨʠ. 

ɺʠʩʥʦʚʢʠ. ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʻ ʨʦʟʚʠʪʦʢ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʬʘʟ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʦʙʤʽʥʫ. 
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ɿʤʽʥʘ ʢʦʤʧʨʝʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʟʝʾʥʫ ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ 

 

ɼʤʠʪʨʦ ʄʫʯʢʘ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʩʫʰʽʥʥʷ ʢʘʟʝʾʥʫ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʥʠʞʫʶʯʠ ʚʦʣʦʛʽʩʪʴ 

ʢʘʟʝʾʥʫ-ʩʠʨʮʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ ʩʫʰʘʨʢʫ [1]. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʢʘʟʝʾʥʫ ʚ ʮʝʥʪʨʠʬʫʟʽ.  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʨʝʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʟʝʾʥʫ 

ʧʝʨʝʜʙʘʯʘʣʘ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʡʦʛʦ ʦʙôʻʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜ ʜʽʻʶ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʪʠʩʢʫ ʟ ʬʽʢʩʘʮʽʻʶ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʩʪʠʩʣʠʚʦʩʪʽ [2-5]. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ 

ʰʣʷʭʦʤ ʧʦʝʪʘʧʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʚʠʜʽʣʝʥʥʷ ʨʽʜʠʥʠ, ʱʦ ʜʦʟʚʦʣʷʣʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʠʩʢʦʤ ʽ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʽʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ. ɸʥʘʣʽʟ ʢʦʤʧʨʝʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʟʝʾʥʫ ʧʽʜʪʚʝʨʜʠʚ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʚʽʜʪʠʩʢʫ ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʝʪʘʧʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ, 

ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʦʣʦʛʦʩʪʽ ʧʨʦʜʫʢʪʫ ʪʘ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʩʫʰʽʥʥʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ ʪʠʩʢʫ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ: ʧʝʨʝʚʠʱʝʥʥʷ ʨʽʚʥʷ 20 ʢʇʘ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʫ ʢʘʟʝʾʥʫ, ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ 

ʚʠʜʽʣʝʥʥʷ ʩʠʨʦʚʘʪʢʠ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʜʤʽʨʥʠʡ ʪʠʩʢ ʩʧʨʠʯʠʥʷʻ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʦʩʘʜʫ, ʷʢʘ ʯʠʥʠʪʴ ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ ʨʫʭʫ ʨʽʜʠʥʠ.  

ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʻ ʜʦʮʽʣʴʥʠʤ ʣʠʰʝ ʜʦ 4200 

ʦʙ/ʭʚ, ʦʩʢʽʣʴʢʠ ʧʦʜʘʣʴʰʝ ʾʾ ʟʨʦʩʪʘʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʦʛʦ ʽʥʪʝʥʩʠʬʽʢʫʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʪʘ ʻ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʚʽʜʪʠʩʢʫ ʷʢ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ ʟʥʝʚʦʜʥʝʥʥʷ 

ʢʘʟʝʾʥʫ ʻ ʜʦʮʽʣʴʥʠʤ ʽ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʩʫʰʽʥʥʷ, ʧʨʠ 

ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʠʩʢʫ. 
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ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʩʠʨʥʦʛʦ ʧʠʣʫ ʚʽʜ ʞʠʨʥʦʩʪʽ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ 
 

ʄʠʢʦʣʘ ʉʪʘʜʥʠʮʴʢʠʡ, ʄʘʨʽʷ ʐʠʥʢʘʨʠʢ, ʆʣʝʛ ʂʨʘʚʝʮʴ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ɺʪʨʘʪʠ ʩʠʨʦʚʠʥʠ ʫ ʚʠʛʣʷʜʽ ʩʠʨʥʦʛʦ ʧʠʣʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʫʩʢʣʘʜʥʶʶʪʴ ʧʦʜʘʣʴʰʫ ʧʝʨʝʨʦʙʢʫ ʤʦʣʦʯʥʦʾ ʩʠʨʦʚʘʪʢʠ [1-3]. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʜʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʩʠʨʥʦʛʦ ʧʠʣʫ ʫ 

ʩʠʨʦʚʘʪʮʽ, ʦʪʨʠʤʘʥʽʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʨʫ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʞʠʨʫ 

0,2%, 5%, ʪʘ 9%. ʄʝʪʦʜʠʢʘ ˇʨʫʥʪʫʚʘʣʘʩʷ ʥʘ ʤʝʪʦʜʽ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ. 

ʈʝʟʫʣʴʪʘʪʠ. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʨʫ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʞ ʞʠʨʥʽʩʪʶ ʧʨʦʜʫʢʪʫ ʪʘ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʩʠʨʥʦʛʦ ʧʠʣʫ ï ʥʘʡʤʝʥʰʽ ʯʘʩʪʠʥʢʠ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʜʫʢʪʫ ʞʠʨʥʽʩʪʶ 0,2% ʘ ʥʘʡʙʽʣʴʰʽ ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʜʫʢʪʫ ʞʠʨʥʽʩʪʶ 9% [4]. 

 
ʈʠʩʫʥʦʢ. ɼʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʩʠʨʥʦʛʦ ʧʠʣʫ ʫ ʩʠʨʦʚʘʪʮʽ, ʦʪʨʠʤʘʥʽʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʧʨʦʜʫʢʪʫ ʞʠʨʥʽʩʪʶ 0,2%, 5% ʪʘ 9% 

 

ɺʠʩʥʦʚʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʩʠʨʥʦʛʦ ʧʠʣʫ ʚʽʜ ʞʠʨʥʦʩʪʽ 

ʧʦʷʩʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʞʠʨʫ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʩʠʨʥʦʛʦ ʟʝʨʥʘ: ʤʝʥʰ ʞʠʨʥʝ ʟʝʨʥʦ ʻ ʙʽʣʴʰ 

ʢʨʠʭʢʠʤ. ʊʦʤʫ ʧʨʠ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʙʽʣʴʰʝ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ. 
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ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʦʙʢʠ ʟʛʫʩʪʢʫ ʚ ʩʠʨʦʚʠʛʦʪʦʚʣʶʚʘʯʽ ʪʘ 

ʚʪʨʘʪʘʤʠ ʙʽʣʢʘ ʫ ʚʠʛʣʷʜʽ ʩʠʨʥʦʛʦ ʧʠʣʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʨʽʚ 

 

ʆʣʝʛ ʂʨʘʚʝʮʴ, ʄʘʨʽʷ ʐʠʥʢʘʨʠʢ, ʈʦʤʘʥ ʇʘʧʝʨʥʷʢ, ʄʠʢʦʣʘ ʉʪʘʜʥʠʮʴʢʠʡ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚʠʨʦʙʥʠʮʪʚʘ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ 

ʩʠʨʫ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʻ ʚʪʨʘʪʠ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʾ ʬʨʘʢʮʽʾ ʩʠʨʥʦʛʦ ʟʝʨʥʘ.  
ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʛʣʷʜ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʘʤ ʚʪʨʘʪ ʙʽʣʢʘ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ. ʋʪʚʦʨʝʥʥʷ ʩʠʨʥʦʛʦ ʧʠʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʭʦʜʫ ʧʨʦʜʫʢʮʽʾ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʙʽʣʢʘ ʪʘ ʞʠʨʫ ʽʟ ʩʠʨʦʚʘʪʢʦʶ, ʘ ʪʘʢʦʞ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʩʪʽʯʥʠʭ ʚʦʜ [1].  

ʂʣʶʯʦʚʦʶ ʦʧʝʨʘʮʽʻʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʩʠʨʥʦʛʦ ʧʠʣʫ, ʻ 

ʨʽʟʘʥʥʷ ʩʠʨʥʦʛʦ ʟʛʫʩʪʢʫ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʬʦʨʤʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʠʨʥʦʛʦ ʟʝʨʥʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʥʝʨʝʟʠʩʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʥʝʚʦʜʥʝʥʥʷ [2]. ʅʘ 

ʮʽʡ ʩʪʘʜʽʾ ʪʘʢʦʞ ʬʦʨʤʫʻʪʴʩʷ ʜʠʩʧʝʨʩʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʨʥʦʾ ʤʘʩʠ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʤʘʩʦʦʙʤʽʥʥʽ ʪʘ ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʫ [3]. 

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʟʝʾʥʦʚʦʛʦ 

ʛʝʣʶ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʂʽʣʴʢʽʩʪʴ ʩʠʨʥʦʛʦ ʧʠʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʮʥʽʩʪʶ 
ʟʛʫʩʪʢʫ ʪʘ ʨʽʚʥʝʤ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [4]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʨʽʟʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʤʽʨ ʟʝʨʥʘ ʪʘ ʚʪʨʘʪʠ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʅʝʜʦʩʪʘʪʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʚʝʣʠʢʠʭ ʟʝʨʝʥ ʽʟ ʨʠʟʠʢʦʤ ʾʭ 

ʚʪʦʨʠʥʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʪʦʜʽ ʷʢ ʥʘʜʤʽʨʥʘ ï ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʟʝʨʥʘ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʚʪʨʘʪ ʙʽʣʢʘ ʽ ʞʠʨʫ 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʘʢʦʞ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʨʽʟʘʥʥʷ. ʇʝʨʝʜʯʘʩʥʝ ʨʽʟʘʥʥʷ 

ʥʝʟʤʽʮʥʽʣʦʛʦ ʟʛʫʩʪʢʫ ʟʙʽʣʴʰʫʻ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ, ʪʦʜʽ ʷʢ ʨʽʟʘʥʥʷ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʢʨʠʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʛʝʣʶ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ ʙʽʣʢʘ. 

ɺʠʩʥʦʚʢʠ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ 

ʻ ʝʬʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʚʠʨʦʙʥʠʮʪʚʘ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʩʠʨʫ. 
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ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʦʨʦʰʥʷʥʠʭ ʩʫʩʧʝʥʟʽʡ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ 

 

ɯʛʦʨ ʉʪʘʜʥʠʢ  

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ ʤ. ʊʝʨʥʦʧʽʣʴ 

 

ɺʩʪʫʧ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʙʦʨʦʰʥʷʥʠʭ 

ʩʫʤʽʰʝʡ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ. 

ʈʽʚʥʦʤʽʨʥʽʩʪʴ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘ ʢʽʥʝʪʠʢʘ ʛʽʜʨʘʪʘʮʽʾ ʙʽʣʢʦʚʦ-ʢʨʦʭʤʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ 
ʜʝʪʝʨʤʽʥʫʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʨʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʪʽʩʪʘ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1, 2] 

ʩʚʽʜʯʠʪʴ, ʱʦ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʽʞʬʘʟʥʦʛʦ ʤʘʩʦʦʙʤʽʥʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ (ʧʥʝʚʤʦ-ʚʽʙʨʦ-ʢʠʧʣʷʯʦʛʦ) ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʜʠʩʢʨʝʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʚʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ (ɼɯɺɽ). ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʧʨʷʤʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ 

ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʛʽʜʨʘʪʘʮʽʾ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʙʦʨʦʰʥʷʥʠʭ ʩʫʤʽʰʝʡ ʫ ʟʤʽʰʫʚʘʯʽ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ ɼɯɺɽ ʯʝʨʝʟ ʮʠʢʣʽʯʥʝ ʩʢʠʜʘʥʥʷ ʪʠʩʢʫ ʚ 

ʢʘʤʝʨʽ ʟʤʽʰʫʚʘʥʥʷ, ʱʦ ʽʥʽʮʽʶʻ ʢʘʚʽʪʘʮʽʡʥʽ ʝʬʝʢʪʠ ʪʘ ʤʽʢʨʦʨʫʡʥʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ 

ʙʦʨʦʰʥʘ. ʇʘʨʘʤʝʪʨʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ: ʯʘʩʪʦʪʘ ʚʽʙʨʘʮʽʾ ð 25ï50 ɻʮ, ʘʤʧʣʽʪʫʜʘ ð 2ï5 
ʤʤ. ɸʥʘʣʽʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʜʠʬʨʘʢʮʽʾ, 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ð ʥʘ ʬʘʨʠʥʦʛʨʘʬʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʂʽʥʝʪʠʢʫ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʙʦʨʦʰʥʘ ʫ ʨʽʜʠʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʧʨʦʮʝʩ, ʢʝʨʦʚʘʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ: ʤʘʩʦʧʝʨʝʥʦʩʦʤ ʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ, ʚʧʣʠʚʦʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

(ʟʤʽʰʫʚʘʥʥʷ) ʪʘ ʜʦʩʪʫʧʥʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ.  

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʙʦʨʦʰʥʘ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʅʦʡʻʩʘïɺʽʪʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʢʦʥʩʪʘʥʪʘ 

ʰʚʠʜʢʦʩʪʽ k ʻ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʶ ʬʫʥʢʮʽʻʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʨʦʚʠʥʠ: 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ (‰), ʧʦʯʘʪʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ (W) ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ 
ʯʘʩʪʠʥʦʢ (dp): 

Ὧ‰ȟὡȟὨ ὯÅØÐὥ ‰ ÅØÐ 
ὡ ὡ

ς„
 Ͻ
Ὠ

Ὠ
  

ʜʝ k0 ð ʙʘʟʦʚʘ ʢʦʥʩʪʘʥʪʘ; Wop ð ʦʧʪʠʤʘʣʴʥʘ ʚʦʣʦʛʽʩʪʴ (12--14%), ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʟʤʦʯʫʚʘʥʥʷ. 

ɽʢʩʧʦʥʝʥʮʽʡʥʝ ʟʥʠʞʝʥʥʷ k ʧʨʠ ʟʨʦʩʪʘʥʥʽ ‰ ʟʫʤʦʚʣʝʥʝ ʧʽʜʚʠʱʝʥʥʷʤ ʚôʷʟʢʦʩʪʽ 

ʩʫʩʧʝʥʟʽʾ ʪʘ ʧʘʜʽʥʥʷʤ ʛʨʘʜʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʦʙʤʝʞʫʻ ʜʠʬʫʟʽʡʥʠʡ ʤʘʩʦʧʝʨʝʥʦʩ. 

ʉʪʝʧʝʥʝʚʘ ʟʘʣʝʞʥʽʩʪʴ k ᶿ
̑

n ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʤʽʞʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʘʛʣʦʤʝʨʘʪʽʚ 

ʫ ʨʝʞʠʤʽ ɼɯɺɽ. ɻʘʫʩʦʚʘ ʬʦʨʤʘ ʟʘʣʝʞʥʦʩʪʽ ʧʦʷʩʥʶʻʪʴʩʷ ʫʧʦʚʽʣʴʥʝʥʠʤ ʟʤʦʯʫʚʘʥʥʷʤ 

ʧʨʠ ʥʠʟʴʢʠʭ W ʪʘ ʩʭʠʣʴʥʽʩʪʶ ʜʦ ʚʪʦʨʠʥʥʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʧʨʠ ʥʘʜʤʽʨʥʽʡ ʚʦʣʦʛʦʩʪʽ. 

ʇʨʦʛʥʦʟ ʟʤʽʥʠ ʧʦʪʦʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʩʧʝʨʛʦʚʘʥʦʾ ʬʘʟʠ C(t) ʫ ʯʘʩʽ ʦʧʠʩʫʻʪʴʩʷ 

ʽʥʪʝʛʨʘʣʴʥʦʶ ʬʦʨʤʦʶ: 

C(t) = Cs - (Cs - C0) exp (-k(‰ȟὡȟὨ Ͻὸ 

ʜʝ Cs ð ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʩʠʯʝʥʥʷ. 

 ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʨʝʮʠʟʽʡʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ 

ʛʦʤʦʛʝʥʥʦʩʪʽ ʩʫʤʽʰʽ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ɼɯɺɽ ʟʘʣʝʞʥʦ ʚʽʜ ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʚʦʣʦʛʦʩʪʽ ʚʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʽʩʪʘ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʽʥʝʪʠʢʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ 

ʙʦʨʦʰʥʷʥʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɼɯɺɽ ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʥʘ ʰʚʠʜʢʽʩʪʴ ʤʘʩʦʧʝʨʝʥʦʩʫ. ʄʦʜʝʣʴ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʥʘ ʩʪʘʜʽʾ ʟʤʽʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʘʨʽʘʪʠʚʥʦʩʪʽ 
ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʦʨʦʰʥʘ. 

 

ʃʽʪʝʨʘʪʫʨʘ 
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ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʦʨʪʽʚʢʠ ʯʝʨʝʟ ʰʘʨ ʘʜʩʦʨʙʝʥʪʘ 

 

ɸʥʜʨʽʡ ʗʢʠʤʝʥʢʦ, ʃʶʜʤʠʣʘ ʄʝʣʴʥʠʢ, ʅʘʪʘʣʽʷ ʄʝʣʴʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɸʜʩʦʨʙʮʽʡʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʾʭ ʬʦʨʤʘ, 

ʨʦʟʤʽʨ, ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ. ʈʝʢʦʤʝʥʜʫʶʯʠ ʾʭ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʩʦʨʪʽʚʦʢ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʦʨʪʽʚʢʠ ʯʝʨʝʟ 
ʰʘʨ ʘʜʩʦʨʙʝʥʪʘ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʟʷʪʦ ʧʘʣʠʛʦʨʩʴʢʽʪ 

ʬʨʘʢʮʽʾ 3,0 õ 2,0 ʤʤ. ɸʜʩʦʨʙʝʥʪ ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʚ ʜʚʘ ʘʜʩʦʨʙʝʨʠ. 

ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʘʜʩʦʨʙʝʨʽʚ ʟ ʧʘʣʠʛʦʨʩʴʢʽʪʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʰʘʨʫ 

ʘʜʩʦʨʙʝʥʪʘ, ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʫ ʚʠʭʽʜʥʦʤʫ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤʫ ʨʦʟʯʠʥʽ, ʘ, ʪʘʢʦʞ, ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʩʦʨʪʽʚʢʠ ʯʝʨʝʟ ʰʘʨ ʘʜʩʦʨʙʝʥʪʘ. 

ʇʨʦʙʠ ʩʦʨʪʽʚʢʠ, ʷʢʽ ʧʦʜʘʚʘʣʠ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ 10, 20, 30, 40 ʜʘʣ/ʛʦʜ. ʚ ʘʜʩʦʨʙʝʨ 

ʘʥʘʣʽʟʫʚʘʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽ "ʂʈʀʉʊɸʃ-2000" ʟʛʽʜʥʦ ɼʉʊʋ 4222:2003. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 

ɺʤʽʩʪ ʜʦʤʽʰʦʢ (ʤʛ/ʜʤ3) ʚ ʦʯʠʱʝʥʽʡ ʧʘʣʠʛʦʨʩʴʢʽʪʦʤ (ʬʨʘʢʮʽʷ 3,0 õ 2,0 ʤʤ) 
ʩʦʨʪʽʚʮʽ, ʱʦ ʧʨʦʡʰʣʘ ʰʘʨ ʘʜʩʦʨʙʝʥʪʘ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. 

ˉ 

ʧ/ʧ 

ɼʦʤʽʰʢʠ ɺʠʭʽʜʥʘ 

ʩʦʨʪʽʚʢʘ 

ʐʚʠʜʢʽʩʪʴ, ʜʘʣ/ʛʦʜ 

10 20 30 40 

1. ɸʮʝʪʘʣʴʜʝʛʽʜ 5,2 4,1 3,2 2,75 2,5 

2. ʄʝʪʠʣʘʮʝʪʘʪ 0,6 0,8 0,8 0,6 0,6 

3. ɽʪʠʣʘʮʝʪʘʪ 0,4 0,3 ï ï ï 

4. ɯʟʦʧʨʦʧʽʣʦʚʠʡ ʩʧʠʨʪ + + + + + 

5. ʅ-ʧʨʦʧʽʣʦʚʠʡ ʩʧʠʨʪ 2,4 2,8 2,8 2,4 2,4 

6. ɯʟʦʙʫʪʠʣʦʚʠʡ ʩʧʠʨʪ 0,4 0,5 0,3 0,4 0,1 

7. ʅ-ʙʫʪʠʣʦʚʠʡ ʩʧʠʨʪ 1,6 0,3 0,3 0,2 0,2 

8. ʅ-ʘʤʽʣʦʚʠʡ ʩʧʠʨʪ 0,2 0,3 0,3 0,2 0,2 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣ. 1 ʙʘʯʠʤʦ, ʱʦ ʘʮʝʪʘʣʴʜʝʛʽʜ ʪʘ ʅ-ʙʫʪʠʣʦʚʠʡ ʩʧʠʨʪ ʜʦʙʨʝ 

ʘʜʩʦʨʙʫʶʪʴʩʷ ʧʨʠ ʚʩʽʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ ʩʦʨʪʽʚʢʠ ʯʝʨʝʟ ʰʘʨ ʘʜʩʦʨʙʝʥʪʘ, ʘʣʝ ʥʘʡʢʨʘʱʝ 

ï ʧʨʠ 30 ʪʘ 40 ʜʘʣ/ʛʦʜ. ʇʨʠ ʮʽʡ ʞʝ ʰʚʠʜʢʦʩʪʽ ʚʤʽʩʪ ʘʮʝʪʘʣʴʜʝʛʽʜʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚʪʨʠʯʽ, 

ʝʪʠʣʘʮʝʪʘʪ ʘʜʩʦʨʙʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ. ɺʤʽʩʪ ʜʦʤʽʰʦʢ ʚ ʦʯʠʱʝʥʽʡ 

ʧʘʣʠʛʦʨʩʴʢʽʪʦʤ ʩʦʨʪʽʚʮʽ, ʷʢʘ ʧʨʦʡʰʣʘ ʰʘʨ ʘʜʩʦʨʙʝʥʪʘ ʟʽ ʰʚʠʜʢʽʩʪʶ 30 ʜʘʣ/ʛʦʜ. 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ ʽʟ ʚʤʽʩʪʦʤ ʜʦʤʽʰʦʢ ʫ ʩʦʨʪʽʚʮʽ, ʷʢʘ ʤʘʣʘ ʰʚʠʜʢʽʩʪʴ 40 ʜʘʣ/ʛʦʜ. 

ɼʝʛʫʩʪʘʮʽʡʥʘ ʦʮʽʥʢʘ ʦʯʠʱʝʥʦʛʦ ʧʘʣʠʛʦʨʩʴʢʽʪʦʤ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ 

ʧʨʦʡʰʦʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 30 ʪʘ 40 ʜʘʣ/ʛʦʜ. ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 0,2 ʙʘʣʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʠʭʽʜʥʦʶ. 

ɺʠʩʥʦʚʦʢ. ʆʯʠʱʝʥʥʷ ʩʦʨʪʽʚʢʠ ʧʘʣʠʛʦʨʩʴʢʽʪʦʤ ʝʬʝʢʪʠʚʥʽʰʝ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʾʾ ʨʫʭʫ 
30, 40 ʜʘʣ/ʛʦʜ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʦʨʪʽʚʢʠ ʝʢʦʥʦʤʠʤʦ 

ʱʦʨʽʯʥʦ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʟʘʚʦʜʫ ʧʨʠʙʣʠʟʥʦ 24000 ʢɺʪ/ʛʦʜ. ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

 

 

 

 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʝʚʦʜʥʝʥʥʷ ʽʟ ʧʘʨʽʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ 

ʩʫʤʽʰʝʡ 
 

ɸʥʜʨʽʡ ʗʢʠʤʝʥʢʦ, ʃʶʜʤʠʣʘ ʄʝʣʴʥʠʢ, ʅʘʪʘʣʽʷ ʄʝʣʴʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʆʜʥʽʻʶ ʽʟ ʚʘʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ ʧʘʨʽʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ 

ʨʦʟʯʠʥʽʚ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʠʭ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ 

ʧʘʨʽʚ, ʷʢʱʦ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɺʨʘʭʦʚʫʶʯʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʧʨʦʮʝʩʽ 

ʘʜʩʦʨʙʮʽʾ, ʢʦʣʠ ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʧʨʠ ʘʜʩʦʨʙʮʽʾ ʫ ʧʦʨʦʞʥʠʥʘʭ ʘʜʩʦʨʙʝʥʪʫ 

ʢʦʥʜʝʥʩʫʶʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʟʥʝʚʦʜʥʝʥʥʷ. ɼʣʷ 

ʮʴʦʛʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʥʝʚʦʜʥʝʥʦʛʦ ʝʪʘʥʦʣʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʨʦʮʝʩʫ ʚ ʽʥʪʝʨʚʘʣʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʨʽʜʠʥʘ-ʧʘʨʘ (80ï90 ). ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪ ʽ ʤʦʨʜʝʥʽʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ 
ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʤʦʣʝʢʫʣ ʚʦʜʠ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ ʚ 

ʘʜʩʦʨʙʦʚʘʥʠʡ ʩʪʘʥ. ʎʽʻʾ ʪʝʧʣʦʪʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʾ ʧʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʚ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ (% ʦʙ.) ʧʽʩʣʷ ʾʭ ʟʥʝʚʦʜʥʝʥʥʷ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ, ʤʦʨʜʝʥʽʪʦʤ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʠʭ. ʢʦʥʮʝʥʪʨ. ï 96 % ʦʙ.) 

ʆʙôʻʤ 

ʨʦʟʯʠʥʫ, 

ʤʣ 

ʂʦʥʮʝʥʪʨʘʮʽʷ, % ʦʙ. 

ʊʝʤʧʝʨʘʪʫʨʘ,  

80 82 85 87 90 

 ʘ ʙ ʘ ʙ ʘ ʙ ʘ ʙ ʘ ʙ 

50 98,8 99 98,0 99,6 99,8 100 99,9 100 99,9 100 

100 97,8 98,1 98,0 98,4 98,8 100 98,8 100 98,8 99,9 

150 96,2 97,2 96,3 97,6 97,2 99,5 98,2 99,7 98,9 99,7 

ʘ ï ʟʥʝʚʦʜʥʝʥʥʷ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ; ʙ ï ʟʥʝʚʦʜʥʝʥʥʷ ʤʦʨʜʝʥʽʪʦʤ. 

ɺʠʜʥʦ, ʱʦ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʤʘʣʠʭ ʦʙôʻʤʽʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʩʫʤʽʰʝʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 80ï82  ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʥʫʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʪʘʥʦʣʫ 99,8ï100 % ʦʙ., ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ ʪʘ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. 
ɺʦʥʘ ʩʪʘʻ ʚʠʱʦʶ ʟʘ ʝʥʝʨʛʽʶ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʘʜʩʦʨʙʝʥʪʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʜʩʦʨʙʮʽʾ ʟʥʠʞʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 80ï82  ʤʦʞʣʠʚʘ 

ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʾ ʧʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʫ, ʱʦ ʚʠʢʣʶʯʘʻ ʘʜʩʦʨʙʮʽʶ ʥʘ 

ʜʽʣʷʥʢʘʭ, ʧʦʢʨʠʪʠʭ ʨʽʜʠʥʥʦʶ ʧʣʽʚʢʦʶ ʽ ʧʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʠʭ ʧʘʨʽʚ ʚ ʘʜʩʦʨʙʝʨʽ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 90  ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʤʦʣʝʢʫʣ ʚʦʜʠ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ 

ʚʠʩʦʢʦʶ, ʱʦ ʩʫʪʪʻʚʦ ʧʝʨʝʚʘʞʘʻ ʝʥʝʨʛʽʶ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʘʜʩʦʨʙʝʥʪʫ ʽ ʙʽʣʴʰʽʩʪʴ 

ʤʦʣʝʢʫʣ ʘʜʩʦʨʙʘʪʫ ʥʝ ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ ʫ ʚʭʽʜʥʽ ʚʽʢʥʘ ʘʜʩʦʨʙʝʥʪʫ, ʱʦ ʟʥʠʞʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʜʩʦʨʙʮʽʾ, ʟʙʽʣʴʰʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʠʥʠʮʽ 

ʙʝʟʚʦʜʥʦʛʦ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. 

ɺʠʩʥʦʚʦʢ. ʆʧʪʠʤʘʣʴʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʘʨʽʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʧʨʠ 
ʷʢʠʭ ʜʦʩʷʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʠʨʪʫ ʻ 85ï90 , ʷʢʽ ʚʘʨʪʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʝʨʝʚʘʛʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʻ ʤʦʨʜʝʥʽʪ. 
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ɿʥʝʚʦʜʥʝʥʥʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʮʝʦʣʽʪʘʤʠ 

 

ɸʥʜʨʽʡ ʗʢʠʤʝʥʢʦ, ʃʶʜʤʠʣʘ ʄʝʣʴʥʠʢ, ʅʘʪʘʣʽʷ ʄʝʣʴʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʜʝʨʞʘʥʠʡ ʟ ʙʽʦʤʘʩʠ ʝʪʘʥʦʣ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʦʙʘʚʢʫ ʜʦ 

ʙʝʥʟʠʥʽʚ, ʥʝ ʧʦʪʨʝʙʫʻ ʟʤʽʥʠ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʽʚ ʘʚʪʦʤʦʙʽʣʽʚ. ɽʪʠʣʦʚʠʡ ʩʧʠʨʪ ʜʦʙʨʝ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʙʝʥʟʠʥʽ, ʘʣʝ ʙʝʥʟʠʥ ï ʥʝʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ. 
ʊʦʤʫ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʟʚʦʜʥʦʛʦ ʝʪʘʥʦʣʫ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʽʜʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʽʡ 

ʜʝʛʽʜʨʘʪʘʮʽʾ, ʷʢʫ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʠʨʦʜʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ï ʮʝʦʣʽʪʘʤʠ, ʟʦʢʨʝʤʘ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ ʪʘ ʤʦʨʜʝʥʽʪʦʤ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʇʦʜʨʽʙʥʝʥʽ ʮʝʦʣʽʪʠ ʬʨʘʢʮʽʾ 1,0ï2,0 ʤʤ ʪʘ 2,0ï3,0 ʤʤ ʤʘʩʦʶ 

100 ʛ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 250  ʧʨʦʪʷʛʦʤ 5 ʛʦʜʠʥ, ʦʭʦʣʦʜʞʫʚʘʣʠ ʽ ʟʘʩʠʧʘʣʠ 

ʚ ʘʜʩʦʨʙʝʨ, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʜʘʚʘʣʠ ʚʘʢʫʫʤʫʚʘʥʥʶ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ʅʘʢʦʧʠʯʝʥʥʷ 

ʩʧʠʨʪʫ ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʧʨʠʡʤʘʣʴʥʽʡ ʻʤʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʧʨʦʙʠ ʘʥʘʣʽʟʫʚʘʣʠ ʥʘ ʩʪʫʧʽʥʴ 

ʚʠʜʘʣʝʥʥʷ ʚʦʜʠ ʧʽʢʥʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺ ʰʠʨʦʢʽʡ ʦʙʣʘʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʦʟʯʠʥʽʚ (20 õ 60 % 

ʦʙ.) ʚ ʘʜʩʦʨʙʦʚʘʥʽʡ ʬʘʟʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʚ ʦʙôʻʤʽ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʚʠʙʽʨʢʦʚʫ ʘʜʩʦʨʙʮʽʶ ʚʦʜʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʚ 

ʘʜʩʦʨʙʦʚʘʥʽʡ ʬʘʟʽ ʥʘʜ ʦʙôʻʤʥʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 40 % ʦʙ., ʱʦ ʻ 
ʭʘʨʘʢʪʝʨʥʦʶ ʫ ʚʠʟʥʘʯʝʥʥʽ ʜʝʷʢʠʭ ʭʘʨʯʦʚʠʭ ʮʽʥʥʦʩʪʝʡ ʮʠʭ ʩʫʤʽʰʝʡ. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʽʚ ʚʠʱʝ 60 % ʦʙ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʠʱʝ ʚʽʜôʻʤʥʦʾ 

ʘʜʩʦʨʙʮʽʾ, ʪʦʙʪʦ ʚʤʽʩʪ ʚʦʜʠ ʚ ʘʜʩʦʨʙʦʚʘʥʽʡ ʬʘʟʽ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ï ʷʚʠʱʝ ʘʜʩʦʨʙʮʽʡʥʦʾ 

ʘʟʝʦʪʨʦʧʽʾ. 

ʉʧʽʚʩʪʘʚʠʚʰʠ ʧʦʚʝʜʽʥʢʫ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʚ ʦʙôʻʤʥʽʡ ʪʘ ʚ ʘʜʩʦʨʙʦʚʘʥʽʡ ʬʘʟʘʭ ʧʨʠ 

ʤʘʣʦʤʫ ʾʾ ʚʤʽʩʪʫ ʚ ʨʦʟʯʠʥʽ (4 % ʽ ʤʝʥʰʝ) ʙʘʯʠʤʦ, ʱʦ ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʠ ʚ ʧʦʚʝʨʭʥʝʚʽʡ 

ʬʘʟʽ ʙʫʜʝ ʜʫʞʝ ʤʘʣʦʶ. ʇʨʠ ʤʘʣʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ ʚ ʩʧʠʨʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʚʠʥʠʢʘʻ 

ʢʦʥʢʫʨʝʥʮʽʷ ʟʘ ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʦʙôʻʤʽ ʯʠ ʥʘ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʘ ʽ ʪʦʤʫ, ʧʦʚʥʦʛʦ 

ʟʥʝʚʦʜʥʝʥʥʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʜʦʩʷʛʪʠ ʥʝʤʦʞʣʠʚʦ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʝʚʦʜʥʝʥʥʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ ʪʘ ʤʦʨʜʝʥʽʪʦʤ ʩʚʽʜʯʘʪʴ, ʱʦ ʤʦʨʜʝʥʽʪ ʬʨʘʢʮʽʾ 1,0ï2,0 ʤʤ ʢʨʘʱʝ 
ʘʜʩʦʨʙʫʻ ʚʦʜʫ, ʥʽʞ ʮʝʦʣʽʪ ʬʨʘʢʮʽʾ 2,0ï3,0 ʤʤ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʛʦ 

ʚʢʣʘʜʫ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʚ ʘʜʩʦʨʙʮʽʡʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʮʝʦʣʽʪʫ. ɸʜʩʦʨʙʮʽʡʥʠʡ ʝʬʝʢʪ 

ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ 

ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ. 

ɺʠʩʥʦʚʦʢ. ɿʥʝʚʦʜʥʝʥʥʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʽʟ ʨʽʜʠʥʥʦʾ 

ʬʘʟʠ ʧʨʠʨʦʜʥʠʤʠ ʜʠʩʧʝʨʩʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ: ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ ʪʘ ʤʦʨʜʝʥʽʪʦʤ. ʇʨʦʪʝ 

ʜʦʩʷʛʪʠ ʧʦʚʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ ʝʪʘʥʦʣʫ ʽʟ ʨʽʜʠʥʥʠʭ ʨʦʟʯʠʥʽʚ ʥʝʤʦʞʣʠʚʦ. ɸʜʩʦʨʙʮʽʷ 

ʚʦʜʠ ʽʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʩʫʤʽʰʝʡ ʢʨʘʱʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʨʜʝʥʽʪʦʤ ʬʨʘʢʮʽʾ 1,0ï2,0 ʤʤ, 

ʥʽʞ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ. 

 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʝʢʩʪʨʫʟʽʡʥʽʡ ʦʙʨʦʙʮʽ 

ʢʨʦʭʤʘʣʝʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ 

 

ɼʝʥʠʩ ʃʫʟʴʢʦ, ʆʣʝʢʩʘʥʜʨ ʐʝʚʯʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɽʢʩʪʨʫʟʽʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ 

ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 
ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʩʪʠʩʥʝʥʥʷ, ʥʘʛʨʽʚʘʥʥʷ, ʧʣʘʩʪʠʬʽʢʘʮʽʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ. 

ʇʘʨʘʤʝʪʨʠ ʛʦʪʦʚʠʭ ʝʢʩʪʨʫʜʘʪʽʚ, ʟʦʢʨʝʤʘ ʩʪʫʧʽʥʴ ʨʦʟʰʠʨʝʥʥʷ, ʭʨʫʩʪʢʽʩʪʴ ʽ 

ʚʦʜʦʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʚ ʟʦʥʽ ʧʝʨʝʜʤʘʪʨʠʯʥʦʛʦ ʢʘʥʘʣʫ, ʘ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʝʢʩʪʨʫʜʝʨʘ. ʅʝʥʘʣʝʞʥʦ ʚʠʚʯʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚ'ʷʟʢʦʧʣʘʩʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʚʠʥʠ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʠʭ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ ʯʘʩʪʦ ʩʪʘʻ ʧʨʠʯʠʥʦʶ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʝʢʩʪʨʫʜʝʨʽ ʟ 

ʦʜʥʦʰʥʝʢʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʷʢʠʡ ʤʘʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝʪʨʘ L/D = 20. 

ʋ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʢʫʢʫʨʫʜʟʷʥʘ ʢʨʫʧʘ ʟ 

ʧʦʯʘʪʢʦʚʠʤ ʨʽʚʥʝʤ ʚʦʣʦʛʦʩʪʽ ʚ ʤʝʞʘʭ 14ï18%. ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʧʣʘʚʫ ʚ ʟʦʥʽ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʢʦʤʙʽʥʦʚʘʥʽ ʜʘʪʯʠʢʠ, ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ 
ʚʠʩʦʢʠʡ ʪʠʩʢ. ʏʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ ʟʤʽʥʶʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 150 ʜʦ 350 ʦʙ/ʭʚ. 

ʉʪʫʧʽʥʴ ʜʝʢʩʪʨʠʥʽʟʘʮʽʾ ʢʨʦʭʤʘʣʶ ʘʥʘʣʽʟʫʚʘʣʠ ʤʝʪʦʜʦʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʽʜʨʦʣʽʟʫ, ʘ 

ʨʽʚʝʥʴ ʧʦʨʠʩʪʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʪʨʫʜʘʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʚʠʪʽʩʥʝʥʥʷ 

ʦʙôʻʤʫ ʩʠʧʫʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʈʝʟʫʣʴʪʘʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʨʦʭʤʘʣʴʥʠʡ ʨʦʟʧʣʘʚ ʫ ʢʘʥʘʣʽ ʝʢʩʪʨʫʜʝʨʘ 

ʧʨʦʷʚʣʷʻ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʽʟ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʪʝʯʽʾ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ ʟ 150 

ʜʦ 300 ʦʙ/ʭʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʥʘ 25ï30%. ʎʝ 

ʷʚʠʱʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʤʝʭʘʥʽʯʥʦʶ ʜʝʩʪʨʫʢʮʽʻʶ ʤʦʣʝʢʫʣ ʘʤʽʣʦʟʠ ʪʘ ʘʤʽʣʦʧʝʢʪʠʥʫ, 

ʩʧʨʠʯʠʥʝʥʦʶ ʜʽʻʶ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ ʣʝʛʰʦʤʫ ʧʨʦʭʦʜʞʝʥʥʶ 

ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʤʘʪʨʠʮʶ. 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʾ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

ʝʢʩʪʨʫʜʘʪʫ ʻ ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʬʽʣʴʻʨʠ. ʇʨʠ ʪʠʩʢʫ ʚ ʟʦʥʽ ʤʘʪʨʠʮʽ ʚ ʤʝʞʘʭ 6,5ï

8,0 ʄʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 145ï160 ÁC ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʪʪʻʚʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ 

ʟʘʚʜʷʢʠ ʚʠʙʫʭʦʚʦʤʫ ʝʬʝʢʪʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʰʠʨʝʥʥʷ ʝʢʩʪʨʫʜʘʪʫ ʜʦ ʢʦʝʬʽʮʽʻʥʪʘ 3,5ï

4,2. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʝʨʝʚʠʱʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʩʠʨʦʚʠʥʠ ʧʦʥʘʜ 20% ʩʧʨʠʯʠʥʷʻ ʧʽʜʚʠʱʝʥʥʷ 

ʾʾ ʚ'ʷʟʢʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʥʘʛʨʽʚʫ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʩʪʘʻ ʥʘʜʤʽʨʥʦ ʱʽʣʴʥʠʤ ʽ ʥʘʙʫʚʘʻ "ʛʫʤʦʚʦʾ" ʪʝʢʩʪʫʨʠ. 

ʇʠʪʦʤʽ ʚʠʪʨʘʪʠ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʩʢʣʘʣʠ 0,12ï0,15 

ʢɺʪĿʛʦʜ/ʢʛ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦ 70% ʪʝʧʣʦʚʠʭ ʧʦʪʨʝʙ ʧʦʢʨʠʚʘʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝʨʪʷ (ʜʠʩʠʧʘʮʽʶ). ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʙʽʛʨʽʚ ʢʦʨʧʫʩʽʚ ʝʢʩʪʨʫʜʝʨʘ. 
ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʝʢʩʪʨʫʟʽʾ ʢʫʢʫʨʫʜʟʷʥʦʾ ʢʨʫʧʠ: ʚʦʣʦʛʽʩʪʴ ʩʠʨʦʚʠʥʠ ʚ ʤʝʞʘʭ 15ï16%, ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ 280ï300 ʦʙ/ʭʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʜ ʤʘʪʨʠʮʝʶ 155ÁC. ʎʽ ʧʦʢʘʟʥʠʢʠ 

ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʛʝʦʤʝʪʨʽʾ ʰʥʝʢʽʚ ʽʟ ʧʨʦʛʨʝʩʠʚʥʠʤ ʢʨʦʢʦʤ ʥʘʚʠʚʢʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʩʫʙʣʽʤʘʮʽʡʥʦʛʦ 

ʩʫʰʽʥʥʷ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʾ ʩʠʨʦʚʠʥʠ 

 

ʉʦʬʽʷ ʇʘʪʶʢ, ʆʣʝʢʩʘʥʜʨ ʐʝʚʯʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʫʙʣʽʤʘʮʽʡʥʝ ʩʫʰʽʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʠʜʘʣʝʥʥʽ ʚʦʣʦʛʠ ʽʟ ʟʘʤʦʨʦʞʝʥʦʛʦ 

ʩʪʘʥʫ, ʦʤʠʥʘʶʯʠ ʨʽʜʢʫ ʬʘʟʫ, ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʤʘʡʞʝ ʥʝʟʤʽʥʥʠʤʠ ʚʽʪʘʤʽʥʥʠʡ ʩʢʣʘʜ, 
ʧʨʠʨʦʜʥʠʡ ʢʦʣʽʨ, ʘʨʦʤʘʪ ʽ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʦʪʝ ʨʦʟʰʠʨʝʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʘʻ ʦʙʤʝʞʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʝʨʝʟ ʡʦʛʦ ʚʠʩʦʢʫ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʽ ʟʥʘʯʥʫ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʠʟʴʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʪʝʧʣʦʧʽʜʚʝʜʝʥʥʷ ʚ ʫʤʦʚʘʭ ʛʣʠʙʦʢʦʛʦ ʚʘʢʫʫʤʫ. ʅʘʡʙʽʣʴʰʠʤ ʦʙʤʝʞʝʥʥʷʤ ʻ ʝʪʘʧ 

ʚʠʜʘʣʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦ-ʟʚôʷʟʘʥʦʾ ʚʦʣʦʛʠ (ʜʝʩʦʨʙʮʽʷ). 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʷʛʦʜʠ ʤʘʣʠʥʠ ʩʦʨʪʫ çʇʦʣʘʥʘè, 

ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʟʘʤʦʨʦʞʫʚʘʣʠ ʜʦ -35ÁC ʽʟ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ 1,5ÁC ʟʘ ʭʚʠʣʠʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʩʫʙʣʽʤʘʮʽʡʥʦʛʦ ʩʫʰʽʥʥʷ, 

ʦʩʥʘʱʝʥʽʡ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʘʩʠ ʟʨʘʟʢʽʚ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚ 

ʢʘʤʝʨʽ, ʱʦ ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʫ ʤʝʞʘʭ 20ï60 ʇʘ. ʇʝʨʝʜʘʯʘ ʪʝʧʣʘ ʜʦ ʧʨʦʜʫʢʪʫ 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʢʦʤʙʽʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʚʢʣʶʯʘʚ ʢʦʥʜʫʢʪʠʚʥʠʡ ʚʧʣʠʚ ʚʽʜ ʧʦʣʠʮʴ 

ʽ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʤʧʝʨʘʪʫʨʠ ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ, ʪʘʢ ʽ 
ʚʩʝʨʝʜʠʥʽ ʧʨʦʜʫʢʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʢʨʦʪʝʨʤʦʧʘʨʠ. ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʚʠʢʦʥʫʚʘʣʘʩʴ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʽʜʨʘʪʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ 

ʘʥʪʦʮʽʘʥʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ. ʇʨʦʮʝʩ ʩʫʰʽʥʥʷ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ ʪʨʠ ʢʣʶʯʦʚʽ ʝʪʘʧʠ: 

ʩʘʤʦʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʽʜ ʚʘʢʫʫʤʦʤ, ʦʩʥʦʚʥʠʡ ʧʝʨʽʦʜ ʩʫʙʣʽʤʘʮʽʾ ʣʴʦʜʫ ʪʘ ʟʘʢʣʶʯʥʠʡ 

ʝʪʘʧ ʪʝʧʣʦʚʦʛʦ ʜʦʩʫʰʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʧʨʠ ʟʘʣʠʰʢʦʚʦʤʫ ʪʠʩʢʫ 40 ʇʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʩʫʙʣʽʤʘʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ ʚ ʤʝʞʘʭ -22...-25ÁC. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʠʪ ʜʦ +45ÁC ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘ 15%. ɺʦʜʥʦʯʘʩ, ʥʘ 

ʝʪʘʧʽ ʜʝʩʦʨʙʮʽʾ (ʢʦʣʠ ʨʽʚʝʥʴ ʟʘʣʠʰʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ ʦʧʫʩʢʘʻʪʴʩʷ ʥʠʞʯʝ 10%), ʥʝʦʙʭʽʜʥʦ 

ʩʫʚʦʨʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʝ ʧʝʨʝʚʠʱʫʶʯʠ ʧʦʟʥʘʯʢʠ +40ÁC, ʱʦʙ ʫʥʠʢʥʫʪʠ 
ʥʝʙʘʞʘʥʦʛʦ ʤʝʣʘʥʦʾʜʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʚʪʨʘʪʠ ʘʨʦʤʘʪʠʯʥʠʭ ʩʢʣʘʜʥʠʢʽʚ. 

ɸʥʘʣʽʟ ʢʨʠʚʠʭ ʩʫʰʽʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠʙʣʠʟʥʦ 60% ʯʘʩʫ ʧʨʦʮʝʩʫ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʚʠʜʘʣʝʥʥʷ ʚʽʣʴʥʦʾ ʚʦʣʦʛʠ (ʣʴʦʜʫ), ʪʦʜʽ ʷʢ ʫʩʫʥʝʥʥʷ ʨʝʰʪʠ 5ï8% ʚʦʣʦʛʠ ʟʘʡʤʘʻ ʙʣʠʟʴʢʦ 

40% ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ ʜʦʟʚʦʣʠʣʦ ʟʙʽʣʴʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ 

ʫ ʩʫʭʦʤʫ ʰʘʨʽ ʧʨʦʜʫʢʪʫ, ʟʘʧʦʙʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʧʝʨʝʛʨʽʚʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʽ 

ʩʫʙʣʽʤʦʚʘʥʽ ʷʛʦʜʠ ʤʘʣʠ ʧʦʨʠʩʪʽʩʪʴ 85ï90% ʽ ʟʜʘʪʥʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʚʽʡ ʦʙ'ʻʤ ʫ ʚʦʜʽ 

ʜʦ 95% ʚʞʝ ʟʘ 3 ʭʚʠʣʠʥʠ. ɺʪʨʘʪʠ ʚʽʪʘʤʽʥʫ ʉ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʯʘʪʢʦʚʦʶ ʩʠʨʦʚʠʥʦʶ 

ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ ʡ ʩʪʘʥʦʚʠʣʠ ʥʝ ʙʽʣʴʰʝ 7%, ʱʦ ʻ ʟʥʘʯʥʦ ʢʨʘʱʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʫʜʴ-ʷʢʠʤ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʪʝʧʣʦʚʦʛʦ ʩʫʰʽʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʚʘʢʫʫʤʫ (40 ʇʘ) 
ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʽʤʧʫʣʴʩʥʠʤ ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʠʡ 

ʙʘʣʘʥʩ ʤʽʞ ʪʨʠʚʘʣʽʩʪʶ ʧʨʦʮʝʩʫ ʪʘ ʷʢʽʩʪʶ ʩʫʰʽʥʥʷ ʤʘʣʠʥʠ. ɺʩʪʘʥʦʚʣʝʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʯʘʩʦʚʽ ʨʝʞʠʤʠ ʩʫʙʣʽʤʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʟʘʛʘʣʴʥʠʡ ʮʠʢʣ ʩʫʰʽʥʥʷ ʥʘ 3,5ï4 

ʛʦʜʠʥʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʣʽʦʬʽʣʽʟʘʪʦʨʘʭ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʜʽʣʝʥʥʷ ʝʤʫʣʴʩʽʡ ʫ ʤʽʞʪʘʨʽʣʯʘʩʪʦʤʫ 

ʧʨʦʩʪʦʨʽ ʩʘʤʦʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʩʝʧʘʨʘʪʦʨʽʚ 

 

ʉʦʬʽʷ ɻʘʣʘʡʯʫʢ, ʆʣʝʢʩʘʥʜʨ ʐʝʚʯʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʝʧʘʨʫʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʽ ʚʦʜʥʦʯʘʩ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʠʭ 

ʩʧʦʩʦʙʽʚ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ ʫ ʛʘʣʫʟʽ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʋ 
ʤʦʣʦʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʮʝʡ ʧʨʦʮʝʩ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʝʨʰʢʽʚ, 

ʟʥʝʞʠʨʝʥʦʛʦ ʤʦʣʦʢʘ, ʘ ʪʘʢʦʞ ʫ ʚʠʜʘʣʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʽ ʙʘʢʪʝʨʽʘʣʴʥʠʭ 

ʜʦʤʽʰʦʢ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʝʧʘʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢ ʛʝʦʤʝʪʨʽʷ ʪʘʨʦʚʘʥʦʛʦ ʧʘʢʝʪʫ ʙʘʨʘʙʘʥʫ, ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ 

ʦʙʝʨʪʘʥʥʷ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʦʾ ʩʫʤʽʰʽ. ʆʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʚʠʩʦʢʠʭ ʦʙʝʨʪʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʪʫʨʙʫʣʝʥʪʥʽ ʧʦʪʦʢʠ ʪʘ ʟʦʥʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʦʩʘʜʞʝʥʥʷ ʜʨʽʙʥʠʭ ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʥʝʟʙʠʨʘʥʝ ʢʦʨʦʚôʷʯʝ ʤʦʣʦʢʦ ʟ 

ʞʠʨʥʽʩʪʶ 3,8% ʪʘ ʩʝʨʝʜʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʝʧʘʨʫʚʘʥʥʷ 40ï45ÁC. ɽʢʩʧʝʨʠʤʝʥʪʠ 

ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʥʘ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʧʘʨʘʪʦʨʽ-ʚʝʨʰʢʦʚʽʜʜʽʣʶʚʘʯʽ ʟʘ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʫ ʜʽʘʧʘʟʦʥʽ 6000ï8000 ʦʙ/ʭʚ. ʂʦʥʩʪʨʫʢʮʽʷ ʙʘʨʘʙʘʥʘ ʩʢʣʘʜʘʣʘʩʷ ʟ 

ʧʘʢʝʪʘ ʽʟ 55 ʢʦʥʽʯʥʠʭ ʪʘʨʽʣʦʢ, ʥʘʭʠʣ ʪʚʽʨʥʦʾ ʷʢʠʭ ʩʪʘʥʦʚʠʚ 45Á. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 
ʞʠʨʫ ʚ ʟʥʝʞʠʨʝʥʦʤʫ ʤʦʣʦʮʽ ʧʨʦʚʦʜʠʣʦʩʷ ʤʝʪʦʜʦʤ ɻʝʨʙʝʨʘ. ɼʣʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-ʉʪʦʢʩʘ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ 

ʪʦʥʢʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ ʚ ʫʤʦʚʘʭ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. 

ʈʝʟʫʣʴʪʘʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ʪʦʥʢʦʤʫ ʧʨʦʤʽʞʢʫ ʤʽʞ ʪʘʨʽʣʢʘʤʠ, ʜʝ ʚʽʜʩʪʘʥʴ ʩʪʘʥʦʚʠʪʴ 0,5ï0,8 ʤʤ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʢʨʠʪʠʯʥʠʡ ʜʽʘʤʝʪʨ ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʽʣʝʥʽ ʟʘ ʟʘʜʘʥʠʭ ʫʤʦʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʧʦʜʘʯʽ ʤʦʣʦʢʘ ʧʦʥʘʜ 1200 ʣ/ʛʦʜ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʧʘʨʘʮʽʾ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʯʘʩʪʦʢ 

ʫ ʟʦʥʽ ʨʦʟʜʽʣʝʥʥʷ. 

ɹʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʧʘʨʘʮʽʾ ʥʘ ʨʽʚʥʽ 

45ÁC ʟʤʝʥʰʫʻ ʚ'ʷʟʢʽʩʪʴ ʤʦʣʦʯʥʦʾ ʧʣʘʟʤʠ ʚ 1,8 ʨʘʟʘ ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 20ÁC. ʎʝ, 
ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʉʪʦʢʩʘ, ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʩʧʣʠʚʘʥʥʷ 

ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ. ɿʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 7500 ʦʙ/ʭʚ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʚʤʽʩʪʫ ʞʠʨʫ ʫ 

ʬʫʛʘʪʽ ʚ ʤʝʞʘʭ 0,03ï0,05%, ʱʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʛʘʣʫʟʽ. 

ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʘʢʝʪʫ ʪʘʨʽʣʦʢ ʙʽʣʢʦʚʠʤ ʦʩʘʜʦʤ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʯʝʨʝʟ 2 ʛʦʜʠʥʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʙʝʟ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʜʽʣʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 12% ʯʝʨʝʟ ʟʚʫʞʝʥʥʷ ʤʽʞʪʘʨʽʣʯʘʩʪʠʭ ʢʘʥʘʣʽʚ. ʆʧʪʠʤʘʣʴʥʠʡ 

ʽʥʪʝʨʚʘʣ ʤʽʞ ʯʘʩʪʢʦʚʠʤʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤʠ ʙʘʨʘʙʘʥʘ ʜʣʷ ʜʘʥʦʾ ʩʠʨʦʚʠʥʠ ʨʦʟʨʘʭʦʚʘʥʦ 

ʽ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʨʽʚʥʽ 45ï60 ʭʚʠʣʠʥ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʠʷʣʠ ʫʜʦʩʢʦʥʘʣʝʥʥʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʨʽʣʦʢ ʩʝʧʘʨʘʪʦʨʘ, ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʝʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʫʪʘ ʥʘʭʠʣʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʪʚʦʨʽʚ ʜʣʷ ʧʽʜʡʦʤʫ ʤʦʣʦʢʘ. ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 
ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʙʽʣʴʥʦ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʞʠʨʫ ʚ ʟʥʝʞʠʨʝʥʦʤʫ ʤʦʣʦʮʽ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚ 

ʧʽʜʪʨʠʤʘʥʥʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʧʦʪʦʢʫ ʚ ʤʽʞʪʘʨʽʣʯʘʩʪʦʤʫ ʧʨʦʩʪʦʨʽ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʦʪʠʪʠʩʢʫ ʥʘ ʣʽʥʽʾ ʚʠʭʦʜʫ ʚʝʨʰʢʽʚ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʤʦʜʝʣʝʡ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʛʝʨʤʝʪʠʯʥʠʭ ʩʝʧʘʨʘʪʦʨʽʚ. 
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ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʤʘʩʦʦʙʤʽʥʫ ʚ ʩʠʩʪʝʤʽ çʛʘʟ-ʨʽʜʠʥʘè ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʬʝʢʪʫ ʄʘʨʘʥʛʦʥʽ 

 

ʅʘʟʘʨ ʂʦʚʘʣʝʚʩʴʢʠʡ, ʆʣʝʥʘ ʂʦʚʘʣʴʯʫʢ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ, ʊʘʨʘʩ ʄʠʩʶʨʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʤʽʞʬʘʟʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʻ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʩʫʯʘʩʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʧʪʠʤʽʟʘʮʽʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 
ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʘʩʦʧʝʨʝʜʘʯʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ ʄʘʨʘʥʛʦʥʽ ï ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʥʚʝʢʪʠʚʥʠʭ ʧʦʪʦʢʽʚ ʚʥʘʩʣʽʜʦʢ ʛʨʘʜʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʙʘʟʽ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʪʫʨʙʽʥʥʦʾ ʤʽʰʘʣʢʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ, ʦʙʣʘʜʥʘʥʦʾ ʚʽʜʙʠʚʥʠʤʠ 

ʧʝʨʝʛʦʨʦʜʢʘʤʠ. ɼʣʷ ʦʮʽʥʢʠ ʢʽʥʝʪʠʢʠ ʘʙʩʦʨʙʮʽʾ ʢʠʩʥʶ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʥʝʧʨʷʤʠʡ ʤʝʪʦʜ 

ʜʝʩʦʨʙʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʜʘʪʯʠʢʘ. 

¶ ʈʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ: ʤʦʜʝʣʴʥʘ ʨʽʜʠʥʘ (ʚʦʜʘ) ʟ ʜʦʜʘʚʘʥʥʷʤ ʩʫʣʴʬʽʪʫ ʥʘʪʨʽʶ 

(Na2SO3) ʜʣʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ. 

¶ ɯʥʽʮʽʘʮʽʷ ʝʬʝʢʪʫ: ʷʢ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ (ʇɸʈ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 
ʝʪʘʥʦʣ, ʱʦ ʩʪʚʦʨʶʚʘʚ ʥʝʦʙʭʽʜʥʠʡ ʛʨʘʜʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

¶ ɸʥʘʣʽʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ: ʨʝʻʩʪʨʘʮʽʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʂʃ-115 ʟ ʧʦʜʘʣʴʰʦʶ ʧʦʙʫʜʦʚʦʶ S-ʧʦʜʽʙʥʠʭ ʢʨʠʚʠʭ ʥʘʩʠʯʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ 

ʛʘʟʦʚʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʤʽʞʬʘʟʥʠʭ ʚʠʭʦʨʽʚ. ʏʝʨʝʟ ʨʽʟʥʠʮʶ 

ʫ ʚ'ʷʟʢʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʚʠʥʠʢʘʶʪʴ ʧʘʨʠ ʩʠʣ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʦʙʝʨʪʘʥʥʷ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʰʘʨʽʚ, ʱʦ ʽʥʽʮʽʶʻ ʧʦʯʘʪʢʦʚʫ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ. 

ɼʦʜʘʚʘʥʥʷ ʇɸʈ ʜʦʟʚʦʣʠʣʦ ʘʢʪʠʚʫʚʘʪʠ ʝʬʝʢʪ ʄʘʨʘʥʛʦʥʽ, ʷʢʠʡ ʜʽʻ ʷʢ ʜʦʜʘʪʢʦʚʠʡ 

ʨʫʰʽʡ ʪʫʨʙʫʣʽʟʘʮʽʾ. ʆʩʥʦʚʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʢʣʶʯʘʶʪʴ: 

¶ ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʟʘ ʦʜʥʘʢʦʚʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʤʽʰʘʣʢʠ, ʧʦʢʘʟʥʠʢʠ ʘʙʩʦʨʙʮʽʾ ʙʫʣʠ ʟʥʘʯʥʦ ʚʠʱʠʤʠ ʫ ʩʠʩʪʝʤʘʭ ʟ ʜʦʜʘʚʘʥʥʷʤ ʇɸʈ. 

¶ ʄʝʭʘʥʽʟʤ ʜʽʾ: ʛʨʘʜʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʧʨʦʚʦʢʫʻ ʽʥʪʝʥʩʠʚʥʽ ʣʦʢʘʣʴʥʽ 

ʧʫʣʴʩʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʘʮʽʾ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ. 

¶ ʆʙ'ʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʜʘʯʽ (Kv): ʨʦʟʨʘʭʦʚʘʥʠʡ ʯʝʨʝʟ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ 

ʧʨʦʮʝʩʫ ʟʘ ʪʘʥʛʝʥʩʦʤ ʢʫʪʘ ʥʘʭʠʣʫ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ln(Cp ï C) = f(Ű), Kv 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʩʪʽʡʢʝ ʟʨʦʩʪʘʥʥʷ ʧʨʠ ʩʪʠʤʫʣʶʚʘʥʥʽ ʤʽʞʬʘʟʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʫ ʄʘʨʘʥʛʦʥʽ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʘʥʪʠʙʽʦʪʠʢʽʚ, ʜʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʻ ʷʢʽʩʥʝ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʛʘʟʽʚ ʫ 

ʬʝʨʤʝʥʪʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʟʤʽʥʘ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʫʤʦʚʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʟʙʽʣʴʰʠʪʠ ʚʠʭʽʜ 

ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʃʽʪʝʨʘʪʫʨʘ: 

1. Qi Mao, Qing-Jun Yang, Yu-Long Li, Wang Cao. Numerical study of the 

Marangoni effect induced by soluble surfactants and solute based on rising droplets ï 2024 
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ɸʣʽʥʘ ʏʝʧʫʨʜʘ, ʄʘʨʽʷ ʅʝʥʥʦ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ, ʊʘʨʘʩ ʄʠʩʶʨʘ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʽʥʜʫʩʪʨʽʾ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʟʘʤʽʥʠ 

ʟʘʩʪʘʨʽʣʠʭ ʤʝʪʦʜʽʚ ʚʠʣʫʯʝʥʥʷ ʮʽʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʪʘ 
ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʩʢʦʥʘʣʠʭ ʤʝʪʦʜʽʚ ʻ 

ʥʘʜʢʨʠʪʠʯʥʝ ʬʣʶʾʜʥʝ ʝʢʩʪʨʘʛʫʚʘʥʥʷ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ çʟʝʣʝʥʘè ʘʣʴʪʝʨʥʘʪʠʚʘ 
ʪʨʘʜʠʮʽʡʥʽʡ ʨʽʜʠʥʥʽʡ ʝʢʩʪʨʘʢʮʽʾ, ʙʦ ʚʦʥʘ ʻ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʶ, ʙʝʟʚʽʜʭʦʜʥʦʶ ʪʘ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʧʨʦʜʫʢʪʠ ʥʘʜʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʙʝʟ ʟʘʣʠʰʢʽʚ ʨʦʟʯʠʥʥʠʢʽʚ. 
ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʥʘʜʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ. ɹʫʣʦ 
ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʢʦʥʩʪʘʥʪ ʨʽʟʥʠʭ ʝʢʩʪʨʘʛʝʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ 
ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʚ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘʜʢʨʠʪʠʯʥʠʡ ʬʣʶʾʜ (ʅʂʌ) ʷʚʣʷʻ ʩʦʙʦʶ ʫʥʽʢʘʣʴʥʠʡ 
ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʪʠʩʢʫ. ʋ ʮʽʡ ʪʦʯʮʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʨʽʜʢʦʶ ʪʘ ʛʘʟʦʚʦʶ ʬʘʟʘʤʠ ʥʽʚʝʣʶʶʪʴʩʷ, ʱʦ ʥʘʜʘʻ 
ʬʣʶʾʜʫ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

1. ɼʠʬʫʟʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘ ʚôʷʟʢʽʩʪʴ: ɿʘʚʜʷʢʠ ʥʠʟʴʢʽʡ ʚ'ʷʟʢʦʩʪʽ (ʭʘʨʘʢʪʝʨʥʽʡ ʜʣʷ 

ʛʘʟʽʚ) ʅʂʌ ʜʝʤʦʥʩʪʨʫʻ ʥʘʜʚʠʩʦʢʫ ʧʨʦʥʠʢʥʫ ʟʜʘʪʥʽʩʪʴ ʫ ʤʽʢʨʦʧʦʨʠ ʨʦʩʣʠʥʥʠʭ ʢʣʽʪʠʥ. ʎʝ 
ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʤʘʩʦʧʝʨʝʥʽʩ ʪʘ ʩʢʦʨʦʯʫʻ ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʪʨʘʢʮʽʾ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ 

ʟ ʤʘʮʝʨʘʮʽʻʶ. 
2. ʈʦʟʯʠʥʥʘ ʟʜʘʪʥʽʩʪʴ: ʄʘʶʯʠ ʛʫʩʪʠʥʫ, ʥʘʙʣʠʞʝʥʫ ʜʦ ʨʽʜʠʥ, ʅʂʌ ʝʬʝʢʪʠʚʥʦ 

ʨʦʟʯʠʥʷʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʧʦʣʫʢ ï ʚʽʜ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʝʬʽʨʥʠʭ ʦʣʽʡ ʜʦ ʩʢʣʘʜʥʠʭ 
ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ɺʠʩʦʢʘ ʩʪʠʩʣʠʚʽʩʪʴ ʬʣʶʾʜʫ ʚ ʥʘʚʢʦʣʦʢʨʠʪʠʯʥʽʡ ʦʙʣʘʩʪʽ 

ʜʦʟʚʦʣʷʻ ʪʦʥʢʦ ʨʝʛʫʣʶʚʘʪʠ ʡʦʛʦ ʨʦʟʯʠʥʥʫ ʟʜʘʪʥʽʩʪʴ ʰʣʷʭʦʤ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥ ʪʠʩʢʫ, ʱʦ 
ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ. 

3. ʇʝʨʝʚʘʛʠ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (ʉʆ2): ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʘʛʝʥʪʽʚ 
(N2O, NH3, SF3), ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʟʘʣʠʰʘʻʪʴʩʷ ʝʪʘʣʦʥʥʠʤ ʝʢʩʪʨʘʛʝʥʪʦʤ ʟ ʧʘʨʘʤʝʪʨʘʤʠ (Tʢʨ 

= 31,1 ̄ ʉ, Pʢʨ = 73,8 ʙʘʨ) ʽ ʻ ʜʦʙʨʠʤʠ ʜʣʷ ʪʝʨʤʦʣʘʙʽʣʴʥʠʭ ʨʝʯʦʚʠʥ. ʇʨʦʮʝʩ ʧʨʦʪʽʢʘʻ ʚ 

ʽʥʝʨʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʚʠʢʣʶʯʘʻ ʦʢʠʩʣʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ɹɸʈ). 

4. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚ ʙʽʦʪʝʭʥʦʣʦʛʽʾ: 
ʌʘʨʤʘʮʽʷ ʪʘ ʥʫʪʨʽʮʽʦʣʦʛʽʷ: ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʚʽʪʘʤʽʥʽʚ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʪʘ ʢʘʨʦʪʠʥʦʾʜʽʚ (ʟʦʢʨʝʤʘ ʣʶʪʝʾʥʫ ʟ ʜʨʽʞʜʞʽʚ ʘʙʦ ʚʦʜʦʨʦʩʪʝʡ). 
ʍʘʨʯʦʚʘ ʛʘʣʫʟʴ: ʛʣʠʙʦʢʝ ʧʝʨʝʨʦʙʣʝʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʘʨʦʤʘʪʠʯʥʠʭ ʝʢʩʪʨʘʢʪʽʚ, ʨʦʟʯʠʥʥʦʾ ʢʘʚʠ, ʯʘʶ ʪʘ ʙʝʟʘʣʢʦʛʦʣʴʥʠʭ ʥʘʧʦʾʚ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ 
ʥʘʪʠʚʥʦʛʦ ʧʨʦʬʽʣʶ ʩʤʘʢʫ. 

ɸʥʘʣʽʪʠʯʥʘ ʙʽʦʪʝʭʥʦʣʦʛʽʷ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʂʌ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʤʽʢʨʦʙʥʠʭ 
ʙʽʦʤʘʨʢʝʨʽʚ ʪʘ ʦʯʠʱʝʥʥʷ ʬʝʨʤʝʥʪʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ʍʦʯʘ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʻ ʟʥʘʯʥʠʤʠ, ʚʦʥʠ 
ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʩʪʦʪʦʶ ʨʝʛʝʥʝʨʘʮʽʾ ʝʢʩʪʨʘʛʝʥʪʘ 

ʰʣʷʭʦʤ ʜʝʢʦʤʧʨʝʩʽʾ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʪʨʝʙʠ ʚ ʜʦʜʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʦʯʠʱʝʥʥʷ ʧʨʦʜʫʢʪʫ. 
ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʘʜʢʨʠʪʠʯʥʘ ʬʣʶʾʜʥʘ ʝʢʩʪʨʘʢʮʽʷ ʻ 

ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʧʨʦʜʫʢʮʽʾ. ɻʥʫʯʢʽʩʪʴ 
ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʧʦʚʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ ʝʢʩʪʨʘʢʪʽʚ 

ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʅʂʌ-ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʤʠʩʣʦʚʽ 
ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʩʫʰʽʥʥʷ 

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 
 

ʉʦʣʦʤʽʷ ɻʦʜʽʩʴ, ɺʝʨʦʥʽʢʘ ʂʦʣʯʝʚʘ, ɺʦʣʦʜʠʤʠʨ ɿʘʚ'ʷʣʦʚ, ʊʘʨʘʩ ʄʠʩʶʨʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʅʘʫʢʦʚʦʶ ʦʩʥʦʚʦʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʚʠʭʦʜʫ, ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʘʙʦ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʽʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 
ʤʝʪʦʜʠ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʙʽʛ ʬʽʟʠʢʦ-ʭʤ̔ʽʯʥʠʭ, ʙʽʦʭʽʤʽʯʥʠʭ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʪʘ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʦʤʫ ʥʝʜʦʩʪʘʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩ 

ʩʫʰʽʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʣʘʙʦʨʘʪʦʨʥʘ 

ʮʠʨʢʫʣʷʮʽʡʥʘ ʩʫʰʠʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʦʙʣʘʜʥʘʥʘ ʢʘʣʦʨʠʬʝʨʦʤ ʟ ʧʦʚʽʪʨʦʜʫʚʢʦʶ, 

ʝʣʝʢʪʨʦʥʥʽ ʪʝʨʝʟʠ, ʘʥʝʤʦʤʝʪʨ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʡ 

ʪʝʨʤʦʤʝʪʨ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ, ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʩʫʰʽʥʥʷ ʧʨʦʜʫʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʩʫʰʽʥʥʷ ɽ, ʨʽʚʥʠʤ ʨʽʟʥʠʮʽ ʩʫʭʦʛʦ tc ʪʘ ʤʦʢʨʦʛʦ tʤ 

ʪʝʨʤʦʤʝʪʨʽʚ E = tc - tʤ. 
ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʧʦʪʝʥʮʽʘʣ ʩʫʰʽʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʝʡ ʨʝʘʢʮʽʡ, ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʪʝʧʣʦʚʽʜʜʘʯʽ, ʤʘʩʦʦʙʤʽʥʫ, ʜʠʬʫʟʽʾ ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʚʧʣʠʚʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʩʫʰʽʥʥʷ ï ʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʚ 

ʩʫʰʠʣʴʥʽʡ ʢʘʤʝʨʽ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ ʪʘ ʾʾ ʦʥʦʚʣʝʥʥʶ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʷʙʣʫʢʦ ʤʘʩʦʶ 100 ʛ ʧʦʜʨʽʙʥʶʚʘʣʠ ʥʘ ʪʦʥʢʫ ʩʪʨʫʞʢʫ 

ʟʘʚʪʦʚʰʢʠ 2ï4 ʤʤ, ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʫ ʢʦʨʦʙʯʘʩʪʠʡ ʩʽʪʯʘʩʪʠʡ ʢʦʥʪʝʡʥʝʨ ʽ ʜʘʣʽ 

ʨʦʟʤʽʱʫʚʘʣʠ ʚ ʩʫʰʠʣʴʥʫ ʢʘʤʝʨʫ ʪʘ ʬʽʢʩʫʚʘʣʠ ʟʤʽʥʫ ʡʦʛʦ ʤʘʩʠ ʧʽʜ ʯʘʩ ʩʫʰʽʥʥʷ ʢʦʞʥʽ 

5 ʭʚ, ʽ ʪʘʢ ʜʦʪʠ, ʜʦʢʠ ʧʦʢʘʟʘʥʥʷ ʪʝʨʝʟʽʚ ʧʝʨʝʩʪʘʚʘʣʠ ʟʤʽʥʶʚʘʪʠʩʴ, ʪʦʙʪʦ ï ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʪʝʨʽʘʣʦʤ ʨʽʚʥʦʚʘʞʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ Wʢ2. ʇʽʩʣʷ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʜʦʩʣʽʜʠ ʧʦʚʪʦʨʶʚʘʣʠ. ɺʠʟʥʘʯʘʣʘʩʴ ʧʦʪʦʯʥʘ ʤʘʩʘ ʚʦʣʦʛʠ ʚ ʤʘʪʝʨʽʘʣʽ ʥʘ 
ʧʦʯʘʪʢʫ ʽ ʚ ʭʦʜʽ ʩʫʰʽʥʥʷ, ʘ ʪʘʢʦʞ ʚʦʣʦʛʦʚʤʽʩʪ ʤʘʪʝʨʽʘʣʫ ʥʘ -̔ʡ ʯʘʩ ʩʫʰʽʥʥʷ, %. 

ɼʣʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ 

ʪʘ ʝʬʝʢʪʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʚ ʩʫʰʠʣʴʥʽʡ ʢʘʤʝʨʽ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʫ 

ʩʫʰʽʥʥʷ ʙʫʜʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʚʦʣʦʛʦʚʤʽʩʪʫ Wi ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʯʘʩʫ 

t  ̔ ʩʫʰʽʥʥʷ (ʢʨʠʚʫ ʩʫʰʽʥʥʷ) W  ̔ = f(t )̔. ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʘ ʩʫʰʽʥʥʷ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʚʦʣʦʛʦʚʤʽʩʪʫ ʤʘʪʝʨʽʘʣʫ dW̔ ʟʘ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ ʽʥʪʝʨʚʘʣ 

ʯʘʩʫ dt̔, %/ʭʚ, (ʥʘ -̔ʡ ʯʘʩ ʩʫʰʽʥʥʷ). ʉʧʦʩʦʙʦʤ ʛʨʘʬʽʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʢʨʠʚʦʾ 

ʩʫʰʽʥʥʷ ʙʫʜʫʚʘʣʠ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʩʫʰʽʥʥʷ ʚʽʜ ʚʦʣʦʛʦʚʤʽʩʪʫ ʤʘʪʝʨʽʘʣʫ 

ʚ ʧʝʨʰʦʤʫ ʽ ʜʨʫʛʦʤʫ ʧʝʨʽʦʜʽ U1 = dW̔/dt̔  = f(W̔) ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʫʰʘʨʢʠ. 

ɺʠʩʥʦʚʢʠ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʚ, ʱʦ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʫʰʘʨʢʠ ʩʫʪʪʻʚʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ 
ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚʠʩʫʰʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʽʨʘ ʢʨʠʚʠʟʥʠ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩ ʚʦʣʦʛʠ ʨʽʟʥʠʭ ʬʦʨʤ 

ʟʚôʷʟʢʫ ʚ ʤʘʪʝʨʽʘʣʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʝʬʝʢʪ ʩʧʨʠʷʶʪʴ 

ʨʽʚʥʦʤʽʨʥʽʡ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʨʦʙʦʯʦʤʫ ʦʙôʻʤʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʪʦʙʪʦ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʘʙʩʦʨʙʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʘʨʘʪʘ ʟ ʪʫʨʙʽʥʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ 
 

ɼʘʥʽʣʘ ʉʘʧʘ, ɸʥʜʨʽʡ ʍʦʨʦʰʫʥ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ, ʊʘʨʘʩ ʄʠʩʶʨʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʇʨʦʮʝʩʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʩʦʧʝʨʝʜʘʯʽ ʢʠʩʥʶ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚ ʨʽʜʢʫ. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ 
ʧʦʪʨʝʙʫʻ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʝʨʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʩʢʣʘʜʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʠʢ ʚʠʤʽʨʶʚʘʥʥʷ 
ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʪʘ ʛʨʦʤʽʟʜʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙôʻʤʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʤʘʩʦʧʝʨʝʜʘʯʽ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʘʙʩʦʨʙʮʽʡʥʠʭ 
ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʣʘʜʥʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʦʾ ʻ ʪʫʨʙʽʥʥʘ ʤʽʰʘʣʢʘ ʚʽʜʢʨʠʪʦʛʦ 

ʚʠʢʦʥʘʥʥʷ. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʜʽʘʤʝʪʨ ʢʦʨʧʫʩʫ ʘʧʘʨʘʪʘ ʩʪʘʥʦʚʠʪʴ 200 ʤʤ, ʜʽʘʤʝʪʨ 
ʪʫʨʙʽʥʠ ï 100 ʤʤ ʧʨʠ ʛʣʠʙʠʥʽ ʟʘʥʫʨʝʥʥʷ 210 ʤʤ. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʨʝʞʠʤʠ: ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʟʤʽʥʶʚʘʣʘʩʷ ʫ ʬʽʢʩʦʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 

ʜʦ 1200 ʦʙ/ʭʚ, ʱʦ ʜʦʟʚʦʣʷʣʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʝʞʠʤʠ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʨʦʟʚʠʥʝʥʦʛʦ 
ʪʫʨʙʫʣʝʥʪʥʦʛʦ. ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ 

ʜʘʪʯʠʢʘ (ʟ ʬʪʦʨʦʧʣʘʩʪʦʚʦʶ ʤʝʤʙʨʘʥʦʶ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʠʣʘʜʦʤ ʂʃ-115 ʪʘ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ 
ʂʉʇ-4ʄ ʜʦʟʚʦʣʠʣʦ ʙʝʟʧʝʨʝʨʚʥʦ ʬʽʢʩʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʥʘʩʠʯʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ. ʍʽʤʽʯʥʘ 

ʧʽʜʛʦʪʦʚʢʘ: ʜʣʷ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʢʠʩʥʶ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʢʦʞʥʦʛʦ ʜʦʩʣʽʜʫ ʚ ʤʦʜʝʣʴʥʫ 
ʨʽʜʠʥʫ ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ Na2SO3. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʙʩʦʨʙʮʽʾ ʚ ʘʧʘʨʘʪʽ ʟ ʤʝʭʘʥʽʯʥʠʤ 
ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ. ɺ ʭʦʜʽ 

ʨʦʙʦʪʠ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʢʨʠʚʠʭ ʥʘʩʠʯʝʥʥʷ. 
ʂʦʤʧʝʥʩʘʮʽʷ ʽʥʝʨʮʽʡʥʦʩʪʽ: ʦʩʢʽʣʴʢʠ ʜʘʪʯʠʢ ʤʘʻ ʚʣʘʩʥʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʤʝʤʙʨʘʥʠ, ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʨʦʟʙʽʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʤʠʪʪʻʚʽʡ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ 
ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʠʛʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ: ʧʨʦʮʝʩ ʥʘʩʠʯʝʥʥʷ ʦʧʠʩʫʚʘʚʩʷ S-ʧʦʜʽʙʥʦʶ ʢʨʠʚʦʶ, ʣʽʥʝʘʨʠʟʘʮʽʷ 
ʷʢʦʾ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

( )( )( )1 2 2 1ln ( )p p vC C C C K t t- - = - 

ʜʝ C1 ʪʘ C2 ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ t1 ʪʘ t2. 

ʏʘʩ ʨʝʣʘʢʩʘʮʽʾ: ʟʘ ʪʘʥʛʝʥʩʦʤ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ ʫ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 
ln(Cp ï C) = f(t) ʚʠʟʥʘʯʘʣʠ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ tp ï ʧʝʨʽʦʜ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʨʫʰʽʡʥʘ ʩʠʣʘ ʧʨʦʮʝʩʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ e ʨʘʟʽʚ. 
ʂʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʜʘʯʽ: ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʜʘʯʽ Kv ʻ 

ʦʙʝʨʥʝʥʦʶ ʚʝʣʠʯʠʥʦʶ ʜʦ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ (Kv = 1/tp). ʁʦʛʦ ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ 
ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷʤ ʧʦʚʽʪʨʷʥʠʭ ʙʫʣʴʙʘʰʦʢ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʬʘʟ. 
ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʤʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ 

ʩʘʤʦʘʝʨʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʤʽʞʬʘʟʦʚʦʾ ʧʦʚʝʨʭʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 
ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ Kv ʯʝʨʝʟ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʧʨʦʮʝʩʫ, ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʽ MathCAD, 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʤʘʩʦʦʙʤʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʘʨʘʪʽʚ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 
ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʬʝʨʤʝʥʪʘʪʦʨʽʚ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ  

ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʚ ʤʦʣʦʪʢʦʚʽʡ ʜʨʦʙʘʨʮʽ 

 

ʉʝʨʛʽʡ ʃʫʟʷ, ʈʦʤʘʥ ɹʫʪʝʥʢʦ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ 

ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ ʧʝʨʝʜʙʘʯʘʻ ʘʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 
ʤʦʜʝʣʶʚʘʪʠ ʨʝʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʧʦʜʨʽʙʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʩʦʙʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʨʪʫʘʣʴʥʦʾ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʽʤʽʪʫʻ ʨʦʙʦʪʫ ʤʦʣʦʪʢʦʚʦʾ ʜʨʦʙʘʨʢʠ, ʩʠʪʦʚʦʛʦ ʧʨʦʩʽʶʚʘʯʘ 

ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʗʢ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʦʨʦʭ 

ʤʘʩʦʶ 100 ʛ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʝʨʝʜʙʘʯʘʚ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʤʽʥʥʠʭ ʨʝʰʽʪʦʢ 

ʟ ʜʽʘʤʝʪʨʘʤʠ ʦʪʚʦʨʽʚ 1 ʤʤ, 2 ʤʤ ʪʘ 3 ʤʤ. ʇʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʦʜʫʢʪ ʧʽʜʜʘʚʘʚʩʷ 
ʩʠʪʦʚʦʤʫ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʩʠʪ ʽʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʦʪʚʦʨʽʚ. ʄʘʩʘ 

ʦʪʨʠʤʘʥʠʭ ʬʨʘʢʮʽʡ ʚʠʟʥʘʯʘʣʘʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʨʪʫʘʣʴʥʠʭ ʚʘʛ. 

ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʣʘ ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʚʠʙʽʨ 

ʨʝʰʽʪʢʠ, ʟʘʧʫʩʢ ʜʨʦʙʘʨʢʠ, ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʩʽʶʚʘʥʥʷ ʪʘ ʬʽʢʩʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʨʪʫʘʣʴʥʘ 

ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʦʟʚʦʣʷʻ ʘʜʝʢʚʘʪʥʦ ʚʽʜʪʚʦʨʠʪʠ ʧʨʦʮʝʩ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʪʘ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʬʨʘʢʮʽʡ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʰʽʪʢʠ ʟ ʤʝʥʰʠʤ ʜʽʘʤʝʪʨʦʤ 

ʦʪʚʦʨʽʚ (1 ʤʤ) ʬʦʨʤʫʻʪʴʩʷ ʙʽʣʴʰ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʡ ʧʨʦʜʫʢʪ. ɺʦʜʥʦʯʘʩ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʽʘʤʝʪʨʘ ʦʪʚʦʨʽʚ ʨʝʰʽʪʢʠ ʜʦ 3 ʤʤ ʟʨʦʩʪʘʻ ʯʘʩʪʢʘ ʢʨʫʧʥʠʭ ʬʨʘʢʮʽʡ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 
ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ ʧʨʦ ʤʝʭʘʥʽʟʤ 

ʨʦʙʦʪʠ ʤʦʣʦʪʢʦʚʠʭ ʜʨʦʙʘʨʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʜʦʟʚʦʣʠʣʦ 

ʦʧʝʨʘʪʠʚʥʦ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʾʭ ʚʧʣʠʚ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʪʨʘʪ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʥʘʦʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ.  

ɺʠʩʥʦʚʢʠ.  

1. ɺʽʨʪʫʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 
2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʦʪʚʦʨʽʚ ʨʝʰʽʪʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ 
ʪʘ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʯʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

4. ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʘʙʦ 

ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ 

 

ʈʦʤʘʥ ɻʘʻʚʩʴʢʠʡ, ɹʦʛʜʘʥ ɻʨʠʱʝʥʢʦ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʫʤʦʚʠʣʘ 

ʩʪʚʦʨʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ 
ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʦʙʣʘʜʥʘʥʥʷ.  
ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʦʾ, ʧʠʚʦʚʘʨʥʦʾ ʪʘ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʘʣʫʟʝʡ. ʂʣʘʩʠʬʽʢʘʮʽʡʥʽ 
ʦʟʥʘʢʠ: ʧʨʠʥʮʠʧ ʜʽʾ, ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ, ʩʭʝʤʘ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ. ʂʨʠʪʝʨʽʾ 

ʦʮʽʥʶʚʘʥʥʷ: ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ K (ɺʪ/(ʤĮĿʂ)), ʧʠʪʦʤʘ ʤʝʪʘʣʦʻʤʥʽʩʪʴ (ʢʛ/ʤĮ), 
ʤʦʞʣʠʚʽʩʪʴ ʩʘʥʽʪʘʨʥʦʾ ʦʙʨʦʙʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ.  
ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʚʠʜʽʣʝʥʦ:  

¶ ʨʝʢʫʧʝʨʘʪʠʚʥʽ ʘʧʘʨʘʪʠ (ʪʝʧʣʦʦʙʤʽʥ ʯʝʨʝʟ ʩʪʽʥʢʫ, K = 800ï5000 ɺʪ/(ʤĮĿʂ));  

¶ ʨʝʛʝʥʝʨʘʪʠʚʥʽ ʘʧʘʨʘʪʠ (ʯʝʨʝʟ ʘʢʫʤʫʣʶʶʯʫ ʥʘʩʘʜʢʫ, ʩʪʫʧʽʥʴ ʨʝʛʝʥʝʨʘʮʽʾ ʜʦ 90%);  

¶ ʘʧʘʨʘʪʠ ʟʤʽʰʫʚʘʥʥʷ (ʧʨʷʤʠʡ ʢʦʥʪʘʢʪ ʪʝʧʣʦʥʦʩʽʾʚ). 

ɿʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʨʝʢʫʧʝʨʘʪʠʚʥʽ ʘʧʘʨʘʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ:  

¶ ʪʨʫʙʯʘʩʪʽ (ʢʦʞʫʭʦʪʨʫʙʥʽ ï ʜʦ 1500 ʤĮ, ʨʦʙʦʯʠʡ ʪʠʩʢ ʜʦ 2,5 ʄʇʘ);  

¶ ʧʣʘʩʪʠʥʯʘʩʪʽ (K ʜʦ 6000 ɺʪ/(ʤĮĿʂ), ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ 150ï250 ʤĮ/ʤį);  

¶ ʩʧʽʨʘʣʴʥʽ (ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚ'ʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ);  

¶ ʦʨʝʙʨʝʥʽ (ʢʦʝʬʽʮʽʻʥʪ ʦʨʝʙʨʝʥʥʷ 10ï25 ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʫ ʛʘʟïʨʽʜʠʥʘ). 

ɿʘ ʩʭʝʤʦʶ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ:  

¶ ʧʨʷʤʦʪʝʯʽʡʥʽ (ʥʘʡʧʨʦʩʪʽʰʽ),  

¶ ʧʨʦʪʠʪʝʯʽʡʥʽ (ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ), 

¶ ʧʝʨʝʭʨʝʩʥʦʪʝʯʽʡʥʽ (ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʢʦʤʧʘʢʪʥʽʩʪʶ ʽ ʝʬʝʢʪʠʚʥʽʩʪʶ), ʙʘʛʘʪʦʭʦʜʦʚʽ 

(ʜʣʷ ʙʘʛʘʪʦʢʦʨʧʫʩʥʠʭ ʫʩʪʘʥʦʚʦʢ). 
ɿʘ ʩʧʦʩʦʙʦʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ:  

¶ ʘʧʘʨʘʪʠ ʟ ʪʫʨʙʫʣʽʟʘʪʦʨʘʤʠ (ʧʽʜʚʠʱʝʥʥʷ K ʥʘ 30ï80%),  

¶ ʟ ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ (ʛʦʬʨʦʚʘʥʽ ʧʣʘʩʪʠʥʠ),  

¶ ʟ ʤʝʭʘʥʽʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ (ʩʢʨʝʙʢʦʚʽ ʘʧʘʨʘʪʠ ʜʣʷ ʚʠʩʦʢʦʚ'ʷʟʢʠʭ ʧʨʦʜʫʢʪʽʚ). 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ:  

¶ ʜʣʷ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʦʧʪʠʤʘʣʴʥʽ ʧʣʘʩʪʠʥʯʘʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ (K = 3000ï

6000 ɺʪ/(ʤĮĿʂ));  

¶ ʜʣʷ ʚʠʩʦʢʦʚ'ʷʟʢʠʭ ʧʨʦʜʫʢʪʽʚ ï ʩʢʨʝʙʢʦʚʽ ʘʧʘʨʘʪʠ;  

¶ ʧʨʠ ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ (>1,6 ʄʇʘ) ï ʢʦʞʫʭʦʪʨʫʙʥʽ;  

¶ ʜʣʷ ʛʘʟʦʚʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʥʝʦʙʭʽʜʥʝ ʦʨʝʙʨʝʥʥʷ.  

ɺʠʩʥʦʚʢʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟʘ 
ʯʦʪʠʨʤʘ ʦʩʥʦʚʥʠʤʠ ʦʟʥʘʢʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʘʩʪʠʥʯʘʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʻ ʥʘʡʙʽʣʴʰ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʜʣʷ ʨʽʜʠʥʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 
ʢʦʤʧʘʢʪʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʩʘʥʽʪʘʨʥʦʾ ʦʙʨʦʙʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ. 
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ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʪʨʫʙʯʘʩʪʠʭ  

ʘʧʘʨʘʪʘʭ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ 

 

ʈʦʤʘʥ ɻʘʻʚʩʴʢʠʡ, ɹʦʛʜʘʥ ɻʨʠʱʝʥʢʦ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʊʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ 

ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ: ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʧʘʩʪʝʨʠʟʘʮʽʾ ʤʦʣʦʢʘ, ʩʪʝʨʠʣʽʟʘʮʽʾ 
ʢʦʥʩʝʨʚʽʚ, ʚʠʧʘʨʶʚʘʥʥʽ ʩʦʢʽʚ, ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʚ'ʷʟʢʠʭ ʭʘʨʯʦʚʠʭ ʤʘʩ. ɿʘ 

ʧʠʪʦʤʦʶ ʚʘʛʦʶ ʚ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ ʚʠʪʨʘʪ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʝʧʣʦʦʙʤʽʥʥʝ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘʡʤʘʻ ʦʜʥʫ ʟ ʢʣʶʯʦʚʠʭ ʧʦʟʠʮʽʡ ʷʢ ʟʘ ʢʘʧʽʪʘʣʴʥʠʤʠ, ʪʘʢ ʽ ʟʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʚʝʨʭʥʶ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʟʥʠʟʠʪʠ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ ʘʧʘʨʘʪʽʚ ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʾʚ. 

ʉʘʤʝ ʪʦʤʫ ʪʝʦʨʝʪʠʯʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʪʨʫʙʯʘʩʪʠʭ ʘʧʘʨʘʪʘʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʧʦʜʽʙʥʦʩʪʽ  

Nu = CĿRemĿPrn, 

ʜʝ ʯʠʩʣʘ ʅʫʩʝʣʴʪʘ, ʈʝʡʥʦʣʴʜʩʘ ʪʘ ʇʨʘʥʜʪʣʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʪʝʯʽʾ ʪʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ʪʝʧʣʦʥʦʩʽʷ. ʋ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ (Re < 2300) ʢʦʥʚʝʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʪʝʧʣʦʦʙʤʽʥʫ ʻ 

ʤʽʥʽʤʘʣʴʥʦʶ, ʪʦʜʽ ʷʢ ʧʝʨʝʭʽʜ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ (Re > 10000) ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ 

Ŭ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʠʩʪʽʥʥʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ. 

ʉʝʨʝʜ ʧʘʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ: ʪʫʨʙʫʣʽʟʫʶʯʽ 

ʚʩʪʘʚʢʠ (ʩʧʽʨʘʣʴʥʽ, ʩʪʨʽʯʢʦʚʽ, ʜʨʦʪʷʥʽ), ʧʨʦʬʽʣʴʦʚʘʥʽ ʧʦʚʝʨʭʥʽ (ʦʨʝʙʨʝʥʥʷ, ʥʘʢʘʪʢʘ, 

ʛʦʬʨʫʚʘʥʥʷ) ʪʘ ʩʢʨʫʯʝʥʽ ʪʨʫʙʠ. ʇʨʠʥʮʠʧ ʜʽʾ ʚʩʪʘʚʦʢ ʧʦʣʷʛʘʻ ʫ ʨʫʡʥʫʚʘʥʥʽ ʣʘʤʽʥʘʨʥʦʛʦ 

ʧʽʜʰʘʨʫ ʪʘ ʛʝʥʝʨʘʮʽʾ ʚʪʦʨʠʥʥʠʭ ʚʠʭʨʦʚʠʭ ʪʝʯʽʡ, ʱʦ ʧʨʠʩʢʦʨʶʶʪʴ ʦʥʦʚʣʝʥʥʷ 

ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʩʧʽʨʘʣʴʥʽ ʚʩʪʘʚʢʠ ʟ 

ʚʽʜʥʦʩʥʠʤ ʢʨʦʢʦʤ ʥʘʚʠʚʢʠ  s/d = 2ï4 ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʨʦʩʪʘʥʥʷ ʯʠʩʣʘ ʅʫʩʝʣʴʪʘ ʫ 1,5ï2,5 

ʨʘʟʠ ʧʨʠ ʧʦʤʽʨʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. 
ɸʢʪʠʚʥʽ ʤʝʪʦʜʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ï ʚʽʙʨʘʮʽʡʥʘ ʜʽʷ ʥʘ ʪʝʧʣʦʥʦʩʽʡ, 

ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ, ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʦʙʨʦʙʢʘ ï ʟʘʙʝʟʧʝʯʫʶʪʴ ʱʝ ʙʽʣʴʰʠʡ 

ʝʬʝʢʪ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʩʢʣʘʜʥʶʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ 

ʘʧʘʨʘʪʘ. ɿ ʧʦʟʠʮʽʾ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʜʣʷ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ 

ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ: ʧʦʻʜʥʘʥʥʷ ʪʫʨʙʫʣʽʟʫʶʯʠʭ 

ʚʩʪʘʚʦʢ ʽʟ ʦʨʝʙʨʝʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʨʫʙ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʨʽʰʝʥʴ 

ʦʮʽʥʶʶʪʴ ʟʘ ʢʨʠʪʝʨʽʻʤ ʧʠʪʦʤʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ð ʚʽʜʥʦʰʝʥʥʷʤ ʧʨʠʨʦʩʪʫ 

Nu ʜʦ ʧʨʠʨʦʩʪʫ ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʝʨʪʷ ɚ. 

ɺʠʩʥʦʚʢʠ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʫʨʙʫʣʽʟʫʶʯʠʭ ʚʩʪʘʚʦʢ 

ʫ ʪʨʫʙʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʻ ʥʘʡʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ ʫʤʦʚ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ. ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 
ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʩʪʘʚʦʢ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʧʘʨʘʪʘ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ 

ʥʘ ʨʦʟʨʦʙʢʫ ʫʥʽʬʽʢʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʘʧʘʨʘʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ 

ʚ'ʷʟʢʠʤʠ ʭʘʨʯʦʚʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ. 

 

 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʪʝʧʣʦʦʙʤʽʥʫ 

 

ʉʝʨʛʽʡ ʃʫʟʷ, ʈʦʤʘʥ ɹʫʪʝʥʢʦ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɺʩʪʫʧ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʻ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ. ʈʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʪʝʧʣʦʦʙʤʽʥʫ ï ʚʽʣʴʥʘ 
ʢʦʥʚʝʢʮʽʷ, ʚʠʤʫʰʝʥʘ ʢʦʥʚʝʢʮʽʷ ʪʘ ʢʠʧʽʥʥʷ ï ʦʧʠʩʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʤʦʜʝʣʷʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʠʙʽʨ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ. ɯʩʥʫʶʯʽ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 
ʯʘʩʪʦ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʟʥʘʯʥʫ ʧʦʭʠʙʢʫ ʧʨʠ ʝʢʩʪʨʘʧʦʣʷʮʽʾ. ʊʦʤʫ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Ŭ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ 
ʪʝʧʣʦʦʙʤʽʥʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʬʦʨʤʫʣ ʜʣʷ 
ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʪʝʧʣʦʦʙʤʽʥʫ. 

ɺʽʣʴʥʘ ʢʦʥʚʝʢʮʽʷ. ʈʦʟʨʘʭʫʥʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʨʠʪʝʨʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ: 
Nu = CĿ(GrĿPr)Ŵ = CĿRaŴ 

ʜʝ C = 0,54 ʪʘ n = 0,25 ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ (10  < Ra < 10 ), C = 0,135 ʪʘ n = 0,33 

ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ (Ra > 10 ). 
ʊʦʜʽ:  

Ŭ = (NuĿɚ)/L 
ɺʠʤʫʰʝʥʘ ʢʦʥʚʝʢʮʽʷ. ɼʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ (Re > 10 ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷ ɼʽʪʪʫʩʘ-ɹʝʣʴʪʝʨʘ: 
Nu = 0,023ĿRe Ŀ ĿPrŴ 

ʜʝ n = 0,4 ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘ n = 0,3 ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. 
ʊʦʜʽ:  

Ŭ = (0,023Ŀɚ/d)ĿRe Ŀ ĿPrŴ 
ʂʠʧʽʥʥʷ ʫ ʚʝʣʠʢʦʤʫ ʦʙ'ʻʤʽ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʂʫʪʘʪʝʣʘʜʟʝ-ʂʨʫʞʠʣʽʥʘ: 

Ŭ = 0,0625Ŀq Ŀ Ŀp Ŀĭ Ŀ(ɟ''/ɟ') ĿĮ 
ʘʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʬʦʨʤʫʣʘ ʃʘʙʫʥʮʦʚʘ: 

Ŭ = CĿ(qįĿɟ'Ŀɟ''Ŀr) ĿĮ /(ɖĿȹT) 
ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ: 

1. ʇʨʠ ʚʽʣʴʥʽʡ ʢʦʥʚʝʢʮʽʾ Ŭ ~ ȹT ĿĮ  (ʩʣʘʙʢʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ) 
2. ʇʨʠ ʚʠʤʫʰʝʥʽʡ ʢʦʥʚʝʢʮʽʾ Ŭ ~ w Ŀ  (ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ) 

3. ʇʨʠ ʢʠʧʽʥʥʽ Ŭ ~ q Ŀ  (ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘ ʥʝ ʚʽʜ ȹT) 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ȹT = 20ÁC ʪʘ ʭʘʨʘʢʪʝʨʥʦʤʫ ʨʦʟʤʽʨʽ L = 0,3 ʤ: 

- ɺʽʣʴʥʘ ʢʦʥʚʝʢʮʽʷ: Ŭ å 5ï8 ɺʪ/(ʤĮĿʂ) 
- ɺʠʤʫʰʝʥʘ ʢʦʥʚʝʢʮʽʷ (w = 2 ʤ/ʩ): Ŭ å 25ï40 ɺʪ/(ʤĮĿʂ) 

- ʂʠʧʽʥʥʷ (q = 20000 ɺʪ/ʤĮ): Ŭ å 5000ï8000 ɺʪ/(ʤĮĿʂ) 
ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 15% 

ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 
ɺʠʩʥʦʚʢʠ. ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʘʭ ʪʝʧʣʦʦʙʤʽʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ 
ʧʝʨʝʥʦʩʫ ʪʝʧʣʘ ʚʠʤʘʛʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʤʽʥʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ: ʜʣʷ ʢʦʥʚʝʢʮʽʾ ï 

ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʜʣʷ ʢʠʧʽʥʥʷ 
ï ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʚʝʨʠʬʽʢʘʮʽʷ ʧʽʜʪʚʝʨʜʠʣʘ ʧʨʠʡʥʷʪʥʫ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʯʥʠʭ ʬʦʨʤʫʣ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʾʭ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 
ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʢʦʞʫʭʦʪʨʫʙʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ SolidWorks Flow Simulation 
 

ʆʣʝʢʩʘʥʜʨ ʈʦʪʘʻʥʢʦ, ʇʘʚʣʦ ʉʣʶʩʘʨ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ɺʦʣʦʜʠʤʠʨ ɿʘʚôʷʣʦʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʂʦʞʫʭʦʪʨʫʙʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʂʊʊ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʘʧʘʨʘʪʽʚ ʫ 

ʭʽʤʽʯʥʽʡ, ʝʥʝʨʛʝʪʠʯʥʽʡ ʪʘ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɰʭ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʚʧʣʠʚʘʻ ʥʘ 
ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʂʊʊ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʧʽʜʭʦʜʘʭ, ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ 
ʚʨʘʭʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ ʽ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ ʩʢʣʘʜʥʽʡ ʛʝʦʤʝʪʨʽʾ 

ʘʧʘʨʘʪʫ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʩʪʘʻ ʦʩʦʙʣʠʚʦ 
ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ. 
ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʜʥʦʭʦʜʦʚʠʡ ʢʦʞʫʭʦʪʨʫʙʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟ ʧʫʯʢʦʤ ʧʘʨʘʣʝʣʴʥʠʭ ʪʨʫʙ. ɻʘʨʷʯʘ ʨʽʜʠʥʘ (ʪʝʭʥʽʯʥʘ ʚʦʜʘ, ʊ = 80 ÁC) 
ʧʦʜʘʻʪʴʩʷ ʫ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʟʽ ʰʪʫʮʝʨʘ ʥʘ ʪʦʨʮʝʚʽʡ ʢʨʠʰʮʽ ʪʘ ʚʠʭʦʜʠʪʴ ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʙʦʢʫ. ʍʦʣʦʜʥʘ ʚʦʜʘ (ʊ = 15 ÁC) ʮʠʨʢʫʣʶʻ ʫ ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ ʯʝʨʝʟ ʜʚʘ ʙʦʢʦʚʽ 

ʰʪʫʮʝʨʠ. ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʫ SolidWorks Flow Simulation ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʨʽʚʥʷʥʴ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʪʘ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ k-Ů. ʉʽʪʢʘ ʧʦʙʫʜʦʚʘʥʘ 

ʫ ʚʠʛʣʷʜʽ ʘʜʘʧʪʠʚʥʦʾ ʜʝʢʘʨʪʦʚʦʾ ʨʝʰʽʪʢʠ ʟ ʣʦʢʘʣʴʥʠʤ ʟʛʫʱʝʥʥʷʤ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʦʥʴ 
ʪʝʧʣʦʦʙʤʽʥʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʧʦʜʽʣ 
ʪʝʤʧʝʨʘʪʫʨ ʫ ʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʻ ʚʠʨʘʞʝʥʠʡ ʛʨʘʜʽʻʥʪ ʫʟʜʦʚʞ ʦʩʽ ʘʧʘʨʘʪʘ: ʚʽʜ 80 ÁC ʥʘ 

ʚʭʦʜʽ ʜʦ 34ï41 ÁC ʥʘ ʚʠʭʦʜʽ. ɿʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʪʨʫʙ ʢʦʥʪʘʢʪʫʻ ʟ ʭʦʣʦʜʥʠʤ ʧʦʪʦʢʦʤ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʚʽʜ 15 ÁC ʙʽʣʷ ʰʪʫʮʝʨʘ ʭʦʣʦʜʥʦʛʦ ʘʛʝʥʪʘ ʜʦ 34 ÁC ʫ 

ʟʦʥʽ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʨʘʻʢʪʦʨʽʡ (Flow Trajectories) ʟʘ 
ʢʦʣʴʦʨʦʚʦʶ ʢʘʨʪʦʶ ʪʝʤʧʝʨʘʪʫʨ ʯʽʪʢʦ ʽʣʶʩʪʨʫʻ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʛʘʨʷʯʦʛʦ 

ʽ ʭʦʣʦʜʥʦʛʦ ʧʦʪʦʢʽʚ, ʱʦ ʻ ʦʟʥʘʢʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʜʝʤʦʥʩʪʨʫʻ 
ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʚ ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ: ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ (ʜʦ 

0,256 ʤ/ʩ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʙʣʠʟʫ ʚʭʽʜʥʦʛʦ ʰʪʫʮʝʨʘ, ʪʦʜʽ ʷʢ ʫ ʟʘʩʪʽʡʥʠʭ ʟʦʥʘʭ ʤʽʞ 
ʪʨʫʙʘʤʠ ʰʚʠʜʢʽʩʪʴ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ. ɺʠʷʚʣʝʥʽ ʨʝʮʠʨʢʫʣʷʮʽʡʥʽ ʟʦʥʠ ʫ ʪʦʨʮʝʚʠʭ 

ʢʘʤʝʨʘʭ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʟʘʛʘʣʴʥʫ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʘ. 

ʇʦʨʽʚʥʷʥʥʷ ʢʘʨʪʠʥʠ ʚ ʧʝʨʝʨʽʟʽ ʟ ʪʨʘʻʢʪʦʨʽʷʤʠ ʧʦʪʦʢʫ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʪʝʧʣʦʚʘ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʧʘʨʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʪʦʢʫ ʫ ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʨʫʙʠ 

ʚʝʨʭʥʴʦʛʦ ʨʷʜʫ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʟʦʥʽ ʛʘʨʷʯʦʛʦ ʧʦʪʦʢʫ, ʪʦʜʽ ʷʢ ʥʠʞʥʽ ʨʷʜʠ ʦʤʠʚʘʶʪʴʩʷ 
ʧʝʨʝʚʘʞʥʦ ʭʦʣʦʜʥʠʤ ʘʛʝʥʪʦʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʨʽʚʥʦʤʽʨʥʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʪʨʫʙʥʠʡ ʧʫʯʦʢ. ʊʘʢʠʡ ʨʦʟʧʦʜʽʣ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ 
ʟʥʦʩʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʧʘʨʘʪʘ ï ʟʦʢʨʝʤʘ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ (ʙʘʬʬʣʽʚ) ʫ ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ ʜʣʷ 
ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʫʩʫʥʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ. 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʪʨʠʚʠʤʽʨʥʽ ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʽ ʰʚʠʜʢʦʩʪʝʡ 
ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʣʦʢʘʣʴʥʽ ʥʝʜʦʣʽʢʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʫ 
ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʫʤʦʚʣʶʻ ʥʝʨʽʚʥʦʤʽʨʥʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʫʙʥʠʡ ʧʫʯʦʢ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ SolidWorks Flow Simulation ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 
ʩʢʦʨʦʪʠʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

 

  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʪʨʘʛʫʚʘʥʥʷ 

ʟʝʨʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʫ ʚʽʙʨʦʝʢʩʪʨʘʢʪʦʨʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ 
 

ɼʝʥʠʩ ʃʫʟʴʢʦ, ʖʣʽʷ ɿʘʧʦʨʦʞʝʮʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ çʪʚʝʨʜʝ ʪʽʣʦ ï ʨʽʜʠʥʘè 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʧʨʦʚʽʜʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʩʬʝʨʽ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʫʪʪʻʚʠʤʠ 
ʦʙʤʝʞʝʥʥʷʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʬʫʟʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʝʥʝʨʛʦʧʽʜʚʝʜʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʚʽʙʨʘʮʽʾ ʪʘ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ, ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ 

ʮʽʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʤʘʩʦʦʙʤʽʥʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʟʝʨʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʚ ʘʧʘʨʘʪʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, 

ʦʩʥʘʱʝʥʦʤʫ ʚʽʙʨʦʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʦʜʨʽʙʥʝʥʘ ʨʦʩʣʠʥʥʘ ʩʠʨʦʚʠʥʘ 

ʟʝʨʥʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʧʰʝʥʠʯʥʠʡ ʽ ʷʯʤʽʥʥʠʡ ʩʦʣʦʜ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʩʠʪʦʚʠʡ ʘʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʚʽʙʨʘʮʽʡʥʦʤʫ 

ʘʥʘʣʽʟʘʪʦʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʫ ʩʠʪ ʉʃʇ 200 ʆʎ. ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ 

ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʦʙʯʠʩʣʶʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʢʦʞʥʦʾ 

ʬʨʘʢʮʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʫʩʪʘʥʦʚʮʽ 
ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʷʢʘ ʩʢʣʘʜʘʣʘʩʷ ʟ ʢʦʨʧʫʩʫ, ʚʽʙʨʦʧʨʠʚʦʜʫ ʟʽ ʰʪʦʢʦʤ ʽ ʧʝʨʬʦʨʦʚʘʥʠʤʠ 

ʜʠʩʢʘʤʠ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 45 ʽ 65 Áʉ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʦʤʦʜʫʣʷ 1:10. 

ʈʝʟʫʣʴʪʘʪʠ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʙʨʘʮʽʡʥʘ ʜʽʷ ʩʧʨʠʷʻ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʶ ʚʩʝʨʝʜʠʥʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʪʘ ʦʜʥʦʯʘʩʥʦʤʫ ʚʽʜʚʝʜʝʥʥʶ 

ʝʢʩʪʨʘʛʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʫ ʨʽʜʢʫ ʬʘʟʫ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʬʫʟʽʾ ʩʠʨʦʚʠʥʘ ʤʦʜʝʣʶʚʘʣʘʩʷ ʫ ʬʦʨʤʽ ʩʬʝʨʠ ʽʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʨʘʜʽʫʩʦʤ 1 ʤʤ. ɸʥʘʣʽʟ 

ʢʽʥʝʪʠʢʠ ʚʠʣʫʯʝʥʥʷ ʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ ʟʜʽʡʩʥʶʚʘʚʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʪʝʨʚʘʣʴʥʦ-

ʽʪʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʽʚ ʝʢʩʪʨʘʢʮʽʡʥʠʭ ʢʨʠʚʠʭ. ʉʫʪʴ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʣʘ 

ʫ ʧʦʜʽʣʽ ʧʨʦʮʝʩʫ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʥʘ ʦʢʨʝʤʽ ʽʥʪʝʨʚʘʣʠ, ʱʦ ʜʦʟʚʦʣʷʣʦ ʨʦʟʛʣʷʜʘʪʠ ʢʨʠʚʫ 

ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʨʽʟʢʽʚ ʧʨʷʤʦʾ. 
ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʩʪʨʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʨʦʟʯʠʥʷʶʪʴʩʷ ʤʘʡʞʝ ʤʠʪʪʻʚʦ. ʇʨʦʪʝ ʧʽʜ ʯʘʩ ʟʤʦʯʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʮʠʭ ʨʝʯʦʚʠʥ ʤʽʞ ʨʽʟʥʠʤʠ ʟʦʥʘʤʠ ʯʘʩʪʠʥʢʠ. ɿʜʽʡʩʥʝʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʌʫʨ'ʻ ʪʘ ʢʨʠʪʝʨʽʶ ɹʽʦ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝ ʟʥʘʯʝʥʥʷ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʪʨʘʛʝʥʪʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ. 

ʇʽʜʪʨʠʤʢʘ ʩʪʘʙʽʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊɽʅʽʚ ʪʘ ʥʘʛʨʽʚʘʣʴʥʦʾ 

ʦʙʦʣʦʥʢʠ ʜʦʟʚʦʣʠʣʘ ʜʦʩʷʛʪʠ ʫʩʪʘʣʝʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʜʠʬʫʟʽ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʜʠʬʫʟʽʡʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʪʨʘʪ ʢʣʶʯʦʚʠʤ ʻ ʪʦʯʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʚʽʜʙʦʨʫ 
ʩʦʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʝʯʽʡʥʠʭ ʰʥʝʢʦʚʠʭ ʘʧʘʨʘʪʽʚ ʩʧʨʠʷʻ ʦʪʨʠʤʘʥʥʶ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ 

ʝʢʩʪʨʘʢʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʡʦʛʦ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʽ ʜʘʶʯʠ ʟʤʦʛʫ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʥʘ 

ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ ʛʫʩʪʠʥʠ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʡʥʠʭ 

ʚʽʜʜʽʣʝʥʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʮʫʢʨʦʚʦʾ ʪʘ ʩʦʢʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʪʦʥʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ 

ʟʝʨʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʚ ʤʦʣʦʪʢʦʚʠʭ ʜʨʦʙʘʨʢʘʭ 

 

ʉʦʬʽʷ ɻʘʣʘʡʯʫʢ, ʖʣʽʷ ɿʘʧʦʨʦʞʝʮʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʦʜʨʽʙʥʝʥʥʷ ʚʠʩʪʫʧʘʻ ʢʣʶʯʦʚʦʶ ʦʧʝʨʘʮʽʻʶ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ, ʪʘʢʠʭ ʷʢ 
ʝʢʩʪʨʘʛʫʚʘʥʥʷ, ʛʽʜʨʦʣʽʟ ʽ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʚʟʘʻʤʦʜʽʾ ʬʘʟ, ʱʦ ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʜʠʬʫʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʘʤʠ ʟʘʢʦʥʫ ʌʽʢʘ. ɺʦʜʥʦʯʘʩ ʧʦʜʨʽʙʥʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ 

ʽʟ ʥʘʡʝʥʝʨʛʦʻʤʥʽʰʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ 1ï3% ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʝʥʝʨʛʽʾ ʡʜʝ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʘ ʨʝʰʪʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʝʧʣʦ ʘʙʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ. ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʨʦʙʘʨʦʢ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʙʘʞʘʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʇʨʝʜʤʝʪʦʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʝʨʥʦ ʢʫʢʫʨʫʜʟʠ ʪʘ 

ʷʯʤʝʥʶ ʟ ʨʽʚʥʝʤ ʚʦʣʦʛʦʩʪʽ 14Ñ0,5%. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʤʦʣʦʪʢʦʚʽʡ ʜʨʦʙʘʨʮʽ 

ʤʦʜʝʣʽ ʃʄ-3, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1500 
ʜʦ 3500 ʦʙʝʨʪʽʚ ʥʘ ʭʚʠʣʠʥʫ. ʆʪʨʠʤʘʥʫ ʜʝʨʪʴ ʢʣʘʩʠʬʽʢʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʠʪ ʉʃʇ 200 ʆʎ ʽʟ ʜʽʘʤʝʪʨʦʤ ʦʪʚʦʨʽʚ ʚʽʜ 0,5 ʜʦ 3,0 ʤʤ. ɼʠʩʧʝʨʩʥʠʡ 

ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʚʠʚʯʘʣʠ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʨʦʜʫʢʪʫ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘʚʜʷʢʠ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʧʽʨʦʤʝʪʨʫ. 

ʈʝʟʫʣʴʪʘʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʤʦʣʦʪʢʽʚ ʚʽʜ 45 ʜʦ 85 ʤ/ʩ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ. ʆʜʥʘʢ ʢʨʠʚʘ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʜʝʤʦʥʩʪʨʫʻ ʨʽʟʢʠʡ ʩʪʨʠʙʦʢ ʧʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 70 ʤ/ʩ. ʎʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʯʘʩʪʢʠ ʟʝʨʥʘ ʥʝ ʚʩʪʠʛʘʶʪʴ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʦʪʚʦʨʠ ʩʠʪʘ, ʯʝʨʝʟ ʱʦ ʧʽʜʜʘʶʪʴʩʷ 

ʧʦʚʪʦʨʥʦʤʫ ʧʦʜʨʽʙʥʝʥʥʶ (ʪʘʢ ʟʚʘʥʦʤʫ ʧʝʨʝʪʠʨʘʥʥʶ). ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʨʫʡʥʫʚʘʥʥʷ ʢʨʦʭʤʘʣʴʥʠʭ ʟʝʨʝʥ ʽ ʧʝʨʝʛʨʽʚ ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 65ÁC. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʪ ʽʟ ʜʦʚʛʘʩʪʠʤʠ ʦʪʚʦʨʘʤʠ ʟʘʤʽʩʪʴ ʢʨʫʛʣʠʭ ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʨʦʙʘʨʢʠ ʥʘ 15% ʙʝʟ ʟʤʽʥʠ ʤʦʜʫʣʷ ʧʦʤʝʣʫ. ʈʦʟʨʘʭʦʚʘʥʠʡ 

ʢʨʠʪʝʨʽʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʨʘʢʮʽʡ ʨʦʟʤʽʨʦʤ 

0,8ï1,2 ʤʤ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʝʢʩʪʨʘʢʮʽʾ, ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ 

60 ʤ/ʩ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʢʽʣʴʢʽʩʪʴ ʧʠʣʦʧʦʜʽʙʥʠʭ ʯʘʩʪʦʢ (ʤʝʥʰʝ 0,2 ʤʤ) ʥʝ ʧʝʨʝʚʠʱʫʻ 5%, 

ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ ʩʠʨʦʚʠʥʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ 

ʥʘʩʪʫʧʥʠʭ ʩʪʘʜʽʷʭ ʦʙʨʦʙʢʠ. ɼʦʜʘʪʢʦʚʦ ʚʠʚʝʜʝʥʦ ʝʤʧʽʨʠʯʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʜʘʻ ʟʤʦʛʫ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʟʝʨʥʘ: ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʥʘ 

ʢʦʞʥʽ 2% ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʟʨʦʩʪʘʻ ʥʘ 10ï12% ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʦʙʦʣʦʥʦʢ ʟʝʨʥʘ. 
ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʜʨʽʙʥʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʚʜʷʢʠ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʚʠʙʦʨʫ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʛʝʦʤʝʪʨʽʾ ʩʠʪ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʩʧʨʠʷʻ ʩʢʦʨʦʯʝʥʥʶ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ 18% ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʨʦʜʫʢʪ ʟ 

ʦʜʥʦʨʽʜʥʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ, ʱʦ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʪʘʧʽʚ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʽʩʢʨʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ 

ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʣʫʯʝʥʥʷ ʮʽʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 
 

ɭʣʠʟʘʚʝʪʘ ʍʘʨʴ, ʖʣʽʷ ɿʘʧʦʨʦʞʝʮʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʥʘʧʨʷʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʚʧʣʠʚʫ ʥʘ ʨʦʩʣʠʥʥʫ ʩʠʨʦʚʠʥʫ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʚʠʩʪʫʧʘʻ ʝʣʝʢʪʨʦʽʩʢʨʦʚʝ ʦʙʨʦʙʣʝʥʥʷ 
(ɽɯʆ), ʷʢʝ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʥʠʢʥʝʥʥʽ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ ʚ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʬʝʥʦʤʝʥʽʚ, ʟʦʢʨʝʤʘ ʫʪʚʦʨʝʥʥʷʤ ʫʜʘʨʥʠʭ 
ʭʚʠʣʴ, ʷʚʠʱʝʤ ʢʘʚʽʪʘʮʽʾ, ʽʥʪʝʥʩʠʚʥʠʤ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽ ʚʧʣʠʚʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʦʜʽʙʥʘ ʚʟʘʻʤʦʜʽʷ ʩʧʨʠʯʠʥʷʻ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟ ï ʧʦʨʫʰʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʤʙʨʘʥ ʢʣʽʪʠʥ, ʱʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʚʥʫʪʨʽʰʥʽʡ ʜʠʬʫʟʽʡʥʠʡ ʦʧʽʨ 
ʩʠʨʦʚʠʥʠ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʨʦʩʣʠʥʥʘ ʩʠʨʦʚʠʥʘ ʟ ʚʠʩʦʢʠʤ 
ʚʤʽʩʪʦʤ ʧʝʢʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ ʪʘ ʘʥʪʦʮʽʘʥʽʚ, ʦʪʨʠʤʘʥʘ ʟ ʚʠʞʠʤʦʢ ʷʛʽʜ ʽ ʢʦʨʝʥʝʧʣʦʜʽʚ. 

ʆʙʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ. 
ʅʘʧʨʫʛʘ ʨʦʟʨʷʜʫ ʚʘʨʽʶʚʘʣʘʩʴ ʫ ʜʽʘʧʘʟʦʥʽ 15ï35 ʢɺ, ʘ ʝʥʝʨʛʽʷ ʢʦʞʥʦʛʦ ʽʤʧʫʣʴʩʫ ʩʪʘʥʦʚʠʣʘ 

40ï120 ɼʞ. ʂʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 10 ʜʦ 100. ʇʦʜʘʣʴʰʠʡ ʝʪʘʧ 
ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʧʨʦʚʦʜʠʚʩʷ ʫ ʚʽʙʨʦʝʢʩʪʨʘʢʪʦʨʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʧʨʠ ʩʪʘʙʽʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

50ÁC. ʈʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʚʘʣʴʥʦ-
ʽʪʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ ʫ ʯʘʩʽ. 

ʈʝʟʫʣʴʪʘʪʠ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʡ ʨʦʟʨʷʜ ʟʜʘʪʥʠʡ 
ʛʝʥʝʨʫʚʘʪʠ ʥʘʜʚʠʩʦʢʽ ʽʤʧʫʣʴʩʥʽ ʪʠʩʢʠ ʚʩʝʨʝʜʠʥʽ ʦʙôʻʤʫ ʩʠʨʦʚʠʥʠ (ʜʦ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʄʇʘ), 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥʥʠʭ ʦʙʦʣʦʥʦʢ ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ 
ʚʧʣʠʚʫ ʥʘ ʧʨʦʜʫʢʪ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʦ, ʱʦ ʟʘ ʥʘʧʨʫʛʠ 25 ʢɺ ʽ ʢʽʣʴʢʦʩʪʽ ʽʤʧʫʣʴʩʽʚ n=50 

ʢʦʝʬʽʮʽʻʥʪ ʧʣʘʟʤʦʣʽʟʫ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 0,85ï0,92, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ 
ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʪʦʧʣʘʩʪʫ ʢʣʽʪʠʥ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʝʢʩʪʨʘʢʮʽʾ ʦʙʨʦʙʣʝʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘʩʚʽʜʯʠʣʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ 
ʚʠʣʫʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟʨʦʩʪʘʻ ʫ 2,5ï3 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʦʙʨʦʙʣʝʥʦʶ ʩʠʨʦʚʠʥʦʶ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʬʫʟʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʌʫʨôʻ ʧʽʜʪʚʝʨʜʠʣʠ ʟʤʽʥʫ ʣʽʤʽʪʫʶʯʦʾ ʩʪʘʜʽʾ 
ʧʨʦʮʝʩʫ: ʚʦʥʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟ ʚʥʫʪʨʽʰʥʴʦʜʠʬʫʟʽʡʥʦʾ ʟʦʥʠ ʜʦ ʦʙʣʘʩʪʽ 

ʟʦʚʥʽʰʥʴʦʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʷʢʫ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ ʮʽʢʘʚʠʡ ʬʝʥʦʤʝʥ: ʝʣʝʢʪʨʦʽʩʢʨʦʚʝ 

ʦʙʨʦʙʣʝʥʥʷ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ ʤʝʭʘʥʽʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ, ʘ ʡ ʚʠʢʣʠʢʘʻ ʜʝʟʽʥʪʝʛʨʘʮʽʶ 
ʩʢʣʘʜʥʠʭ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʧʽʜʚʠʱʫʶʯʠ ʯʠʩʪʦʪʫ ʝʢʩʪʨʘʢʪʫ ʪʘ ʟʤʝʥʰʫʶʯʠ 

ʚʤʽʩʪ ʥʝʙʘʞʘʥʠʭ ʢʦʣʦʾʜʥʠʭ ʜʦʤʽʰʦʢ. ɼʦʜʘʪʢʦʚʦ ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʡ ʚʧʣʠʚ ʟʘʙʝʟʧʝʯʫʻ 
ʙʘʢʪʝʨʠʮʠʜʥʠʡ ʝʬʝʢʪ, ʱʦ ʩʧʨʠʷʻ ʧʦʜʦʚʞʝʥʥʶ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ɽʣʝʢʪʨʦʽʩʢʨʦʚʝ ʦʙʨʦʙʣʝʥʥʷ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʦ ʩʝʙʝ ʷʢ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ 
ʩʧʦʩʽʙ ʧʽʜʛʦʪʦʚʢʠ ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʠʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ. 

ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʚʽʙʨʦʝʢʩʪʨʘʛʫʚʘʥʥʷʤ ʮʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘ 50ï
60%. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʣʫʛʫʶʪʴ ʥʘʫʢʦʚʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 
ʚʢʣʶʯʘʶʯʠ ʟʝʨʥʦʚʽ ʢʫʣʴʪʫʨʠ ʪʘ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʫ ʧʨʦʜʫʢʮʽʶ. 
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ɸʧʨʦʢʩʠʤʘʮʽʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ ʥʘ ʣʽʥʽʾ ʥʘʩʠʯʝʥʥʷ 

 

ɿʣʘʪʘ ɻʘʨʥʠʮʴʢʘ, ɼʽʘʥʘ ʉʤʽʷʥ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ʅʘʪʘʣʽʷ ʇʦʧʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ɺʦʜʘ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʫ ʭʽʤʽʯʥʽʡ, ʭʘʨʯʦʚʽʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʠ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʧʘʨʥʠʭ 

ʘʧʘʨʘʪʽʚ ʽ ʨʝʢʪʠʬʽʢʘʮʽʡʥʠʭ ʢʦʣʦʥ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʫ 
ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ʊʨʘʜʠʮʽʡʥʦ ʮʽ ʜʘʥʽ ʥʘʚʦʜʷʪʴʩʷ ʫ ʜʦʚʽʜʢʦʚʠʭ 

ʪʘʙʣʠʮʷʭ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʘʢʪʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ, ʷʢʽ ʚʽʜʪʚʦʨʶʶʪʴ ʪʘʙʣʠʯʥʽ 

ʜʘʥʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʦʪʨʠʤʘʪʠ ʧʨʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʬʦʨʤʫʣʠ 

ʜʣʷ ʧ'ʷʪʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ ʥʘ ʣʽʥʽʾ ʥʘʩʠʯʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ 0ï140 ÁC ʟ 

ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 4 %, ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʫ ʢʫʨʩʽ çʇʨʦʮʝʩʠ ʪʘ 

ʘʧʘʨʘʪʠ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚè, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʽ ʜʠʧʣʦʤʥʠʭ ʧʨʦʻʢʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʩʣʫʛʫʚʘʣʠ ʜʦʚʽʜʥʠʢʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨ 0ï140 ÁC ʟ ʢʨʦʢʦʤ 1 ÁC. ɸʧʨʦʢʩʠʤʘʮʽʶ ʚʠʢʦʥʘʥʦ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ (ʄʅʂ) ʫ MathCAD ʪʘ Python (NumPy, SciPy). ɼʣʷ ʛʫʩʪʠʥʠ ɟ, ʪʝʧʣʦʻʤʥʦʩʪʽ c 

ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʣʽʥʦʤʠ 3-ʛʦ ʩʪʫʧʝʥʷ: Y(t) = a Ŀtį + a ĿtĮ + a Ŀt + a . 

ɼʣʷ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ɛ ʽ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ Pr ʟʘʩʪʦʩʦʚʘʥʦ ʬʦʨʤʫʣʫ ɺʦʛʝʣʷ: Y(t) = 
exp(A + B / (t + C)), ʜʝ A, B, C ï ʢʦʥʩʪʘʥʪʠ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʄʅʂ; t ï ʪʝʤʧʝʨʘʪʫʨʘ, ÁC. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ.  

ʊʘʙʣʠʮʷ. ɸʧʨʦʢʩʠʤʘʮʽʡʥʽ ʬʦʨʤʫʣʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ (0ï140 ÁC) 

ɺʣʘʩʪʠʚʽʩʪʴ ʌʦʨʤʫʣʘ ʆʜʠʥʠʮʽ MAE  

ɻʫʩʪʠʥʘ ɟ ɟ = 7,236Ŀ10 Ŀtįī4,572Ŀ10 įĿtĮī0,0374Ŀt+1000,55 ʢʛ/ʤį 0,028% 

ʊʝʧʣʦʻʤʥʽʩʪʴ c c = ī7,35Ŀ10 Ŀtį+2,635Ŀ10 ĮĿtĮī1,781Ŀt +4207,04 ɼʞ/(ʢʛĿʂ) 0,032% 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ɚ ɚ = 4,07Ŀ10 Ŀtįī1,45Ŀ10 ĿtĮ+2,176Ŀ10 įĿt+0,5641 ɺʪ/(ʤĿʂ) 0,087% 

ɺ'ʷʟʢʽʩʪʴ ɛ ɛ = exp(3,353 + 516,64 / (t + 125,03)) ʤʢʇʘĿʩ 0,421% 

ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr Pr = exp(ī1,674 + 468,26 / (t + 109,26)) ð 0,160% 

ɼʣʷ ʛʫʩʪʠʥʠ, ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦʩʷʛʥʫʪʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ: MAE 

ʥʝ ʧʝʨʝʚʠʱʫʻ 0,09 %, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʥʦʩʪʽ ʜʦʚʽʜʥʠʢʦʚʠʭ ʜʘʥʠʭ. ʌʦʨʤʫʣʘ ɺʦʛʝʣʷ ʜʣʷ 

ʚ'ʷʟʢʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ MAE = 0,42 % ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 1,09 %, ʧʨʠʡʥʷʪʥʝ ʜʣʷ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɼʝʱʦ ʙʽʣʴʰʘ ʧʦʭʠʙʢʘ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ (max ʜʦ 3,6 %) 

ʟʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʘʥʦʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫ ʚʠʭʽʜʥʽʡ ʪʘʙʣʠʮʽ. ʇʝʨʝʚʘʛʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʬʦʨʤʫʣ ʻ ʢʦʤʧʘʢʪʥʽʩʪʴ: ʢʦʞʥʘ ʤʽʩʪʠʪʴ ʣʠʰʝ 3ï4 ʢʦʝʬʽʮʽʻʥʪʠ ʽ ʣʝʛʢʦ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ Excel ʘʙʦ ʙʫʜʴ-ʷʢʽʡ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. 1. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ɟ, c, ɚ, ɛ ʽ Pr ʚʦʜʠ ʥʘ ʣʽʥʽʾ ʥʘʩʠʯʝʥʥʷ 
ʫ ʜʽʘʧʘʟʦʥʽ 0ï140 ÁC. 2. ɼʣʷ ɟ, c, ɚ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʣʽʥʦʤʠ 3-ʛʦ ʩʪʫʧʝʥʷ (MAE < 0,09 %); 

ʜʣʷ ɛ ʽ Pr ï ʬʦʨʤʫʣʫ ɺʦʛʝʣʷ (MAE < 0,43 %). 3. ʌʦʨʤʫʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʢʫʨʩʽ çʇʨʦʮʝʩʠ ʪʘ ʘʧʘʨʘʪʠ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚè ʪʘ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ. 
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ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʮʝʧʪʫʨʠ ʢʦʥʜʠʮʽʦʥʝʨʫ ʟ ʝʬʝʢʪʦʤ ʭʦʣʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

 ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ 

ʅʘʜʽʷ ʄʘʛʜʝʥ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ʅʘʪʘʣʽʷ ʇʦʧʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʝ ʚʦʣʦʩʩʷ ʧʽʜʜʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ 

ʪʝʨʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʙʽʣʢʦʚʫ 

ʧʨʠʨʦʜʫ ʚʦʣʦʩʷʥʦʛʦ ʩʪʨʠʞʥʷ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ ʜʣʷ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʙʝʟ 
ʥʘʛʨʽʚʫ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʻ ʢʦʥʜʠʮʽʦʥʝʨʠ ʟ ʝʬʝʢʪʦʤ çcold recoveryè. 

ʆʧʪʠʤʽʟʘʮʽʶ ʾʭ ʨʝʮʝʧʪʫʨʠ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʤʧʣʝʢʩ-

ʨʝʰʽʪʯʘʩʪʦʛʦ ʤʝʪʦʜʫ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʤʧʣʝʢʩ-

ʨʝʰʽʪʯʘʩʪʦʛʦ ʜʣʷ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ: ʛʽʜʨʦʣʽʟʘʪʫ ʧʨʦʪʝʾʥʽʚ ʧʰʝʥʠʮʽ, ʛʽʜʨʦʣʽʟʘʪʫ ʣʘʤʽʥʘʨʽʾ ʪʘ 

ʢʘʪʽʦʥʥʦʛʦ ʛʫʘʨʫ. ɺʘʨʽʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʢʦʜʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ʆʙʨʦʙʢʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʚʘʣʠ ʫ ʧʨʦʛʨʘʤʽ STATISTICA 10 ʟ ʧʦʙʫʜʦʚʦʶ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ 

ʤʦʜʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʨʝʛʨʝʩʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ ʩʢʣʘʜʫ ʨʝʮʝʧʪʫʨʠ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʥʜʠʮʽʦʥʝʨʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʘʶʪʴ ʩʠʥʝʨʛʽʯʥʠʡ ʝʬʝʢʪ: 

ʛʽʜʨʦʣʽʟʘʪ ʧʨʦʪʝʾʥʽʚ ʧʰʝʥʠʮʽ ʟʘʙʝʟʧʝʯʫʻ ʟʤʽʮʥʝʥʥʷ ʚʦʣʦʩʩʷ, ʛʽʜʨʦʣʽʟʘʪ ʣʘʤʽʥʘʨʽʾ ï 
ʽʥʪʝʥʩʠʚʥʝ ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʥʦʾ ʧʣʽʚʢʠ, ʘ ʢʘʪʽʦʥʥʠʡ ʛʫʘʨ ʧʦʢʨʘʱʫʻ 

ʢʦʥʜʠʮʽʦʥʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʨʦʟʯʽʩʫʚʘʥʽʩʪʴ. 

ʇʦʙʫʜʦʚʘʥʽ ʦʙʣʘʩʪʽ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ 

ʩʧʽʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʘ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʝʬʝʢʪ 

ʙʝʟ ʦʙʪʷʞʝʥʥʷ ʚʦʣʦʩʩʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʨʝʮʝʧʪʫʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʦʥʽ 

ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫʩʽʭ ʪʨʴʦʭ ʘʢʪʠʚʽʚ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʤʧʣʝʢʩ-ʨʝʰʽʪʯʘʩʪʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʧʽʜʙʦʨʫ ʩʢʣʘʜʫ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʟ ʝʬʝʢʪʦʤ ʭʦʣʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʊʘʙʣʠʮʷ 1 ï ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ɺʠʩʥʦʚʦʢ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʤʧʣʝʢʩ-ʨʝʰʽʪʯʘʩʪʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʠʣʦ ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟ ʝʬʝʢʪʦʤ ʭʦʣʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. ʆʪʨʠʤʘʥʘ 

ʨʝʮʝʧʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʥʷ ʢʦʥʜʠʮʽʦʥʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʚʦʣʦʩʩʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. 

 

ˉ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʾ 

ʪʦʯʢʠ 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʢʦʜʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ 

ʐʠʬʨ ʚʽʜʛʫʢʫ ɻʽʜʨʦʣʽʟʘʪ ʧʨʦ-

ʪʝʾʥʽʚ ʧʰʝʥʠʮʽ 

ɻʽʜʨʦʣʽʟʘʪ ʧʨʦ-

ʪʝʾʥʽʚ ʣʘʤʽʥʘʨʽʾ 

ʂʘʪʽʦʥʥʠʡ 

ʛʫʘʨ 

1 4 0 0 ʋ1 

2 0 4 0 ʋ2 

3 0 0 4 ʋ3 

12 2 2 0 ʋ12 

13 2 0 2 ʋ13 

23 0 2 2 ʋ23 

123 1.33 1.33 1.33 ʋ123 
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ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʫ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʘʧʘʨʘʪʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

ɺʘʜʠʤ ʃʠʩʷʥʩʴʢʠʡ, ʅʽʢʽʪʘ ʇʰʝʥʠʯʥʠʡ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ʅʘʪʘʣʽʷ ʇʦʧʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ʇʣʘʩʪʠʥʯʘʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʦʣʦʯʥʽʡ, 

ʩʦʢʦʚʦʾ ʪʘ ʧʠʚʦʚʘʨʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʚʜʷʢʠ ʢʦʤʧʘʢʪʥʦʩʪʽ, ʚʠʩʦʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʟʨʫʯʥʦʩʪʽ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. ʇʦʨʷʜ ʽʟ ʮʠʤ, ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ï ʧʫʩʢ, ʟʫʧʠʥʢʘ, ʟʤʽʥʘ ʚʠʪʨʘʪʠ ʧʨʦʜʫʢʪʫ ï ʻ ʧʨʠʯʠʥʦʶ ʚʽʜʭʠʣʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʩʪʝʨʠʣʽʟʘʮʽʾ.  

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʧʣʘʩʪʠʥʯʘʩʪʠʭ 

ʘʧʘʨʘʪʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʩʠʥʪʝʟʫ 

ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 

ʫ ʧʣʘʩʪʠʥʯʘʩʪʦʤʫ ʘʧʘʨʘʪʽ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʘʥʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʦʾ ʘʢʫʤʫʣʷʮʽʾ ʩʪʽʥʢʠ ʧʣʘʩʪʠʥʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʦʧʠʩʫʻ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʜʫʢʪʫ T (x,t) ʪʘ ʪʝʧʣʦʥʦʩʽʷ T (x,t) ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ʘʧʘʨʘʪʘ ʽ ʚ ʯʘʩʽ.  

ɼʣʷ ʧʣʘʩʪʠʥʠ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʥʠ ŭ ʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ɚ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʝʧʣʦʚʘ 
ʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ (ʥʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ: c = 500 ɼʞ/(ʢʛĿʂ), ɟ = 7900 ʢʛ/ʤį), ʱʦ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʢʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʴ ʫ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʚʠʟʥʘʯʘʣʴʥʽ ʢʨʠʪʝʨʽʾ 

ʧʦʜʽʙʥʦʩʪʽ: ʯʠʩʣʦ ʌʫʨ'ʻ Fo = aĿt/ŭĮ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʩʥʫ ʪʨʠʚʘʣʽʩʪʴ ʪʝʧʣʦʚʦʾ 

ʨʝʣʘʢʩʘʮʽʾ ʩʪʽʥʢʠ, ʪʘ ʯʠʩʣʦ ɹʽʦ Bi = ŬĿŭ/ɚ, ʷʢʝ ʚʽʜʦʙʨʘʞʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʦʥʚʝʢʪʠʚʥʠʤ ʽ ʢʦʥʜʫʢʪʠʚʥʠʤ ʪʝʨʤʽʯʥʠʤʠ ʦʧʦʨʘʤʠ. ʇʨʠ Bi > 10 ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʩʪʽʥʢʠ 

ʻ ʥʝʭʪʦʚʥʦ ʤʘʣʠʤ ʽ ʤʦʜʝʣʴ ʩʧʨʦʱʫʻʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ. ɼʣʷ ʪʠʧʦʚʠʭ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʘʧʘʨʘʪʽʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ Bi ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʜʽʘʧʘʟʦʥʽ 50ï200, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ. 

ʏʠʩʝʣʴʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʟ ʥʝʷʚʥʦʶ 

ʩʭʝʤʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʫʤʦʚʥʫ ʩʪʽʡʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 
ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʨʦʢʫ ʟʘ ʯʘʩʦʤ. ɺʝʨʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʨʦʬʽʣʽʚ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚ'ʷʟʢʦʤ ʟʘʜʘʯʽ ɻʨʝʮʮʘ ʜʣʷ 

ʫʩʪʘʣʝʥʦʛʦ ʧʨʦʪʠʪʝʯʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʤʦʜʝʣʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 2ï3% ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 

ʯʠʩʣʘ ʦʜʠʥʠʮʴ ʧʝʨʝʥʝʩʝʥʥʷ NTU = 1ï8, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʜʣʷ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʫ 

ʧʣʘʩʪʠʥʯʘʩʪʦʤʫ ʘʧʘʨʘʪʽ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʚʫ ʘʢʫʤʫʣʷʮʽʶ ʩʪʽʥʢʠ ʧʣʘʩʪʠʥʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʘʜʝʢʚʘʪʥʠʡ ʦʧʠʩ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʢʨʠʪʝʨʽʾʚ Fo ʪʘ Bi ʧʽʜʪʚʝʨʜʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʘʧʘʨʘʪʽʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ 
ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʧʘʩʪʝʨʠʟʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

 

 

 

 

 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʊʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ ʫ ʚʠʧʘʨʥʠʭ 

ʘʧʘʨʘʪʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ:  

 

ɺʘʜʠʤ ʃʠʩʷʥʩʴʢʠʡ, ʅʽʢʽʪʘ ʇʰʝʥʠʯʥʠʡ, ʉʝʨʛʽʡ ʃʫʟʷ, ʊʘʨʘʩ ʄʠʩʶʨʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɺʠʧʘʨʶʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʛʫʱʝʥʦʛʦ ʤʦʣʦʢʘ, ʪʦʤʘʪʥʦʾ 
ʧʘʩʪʠ, ʬʨʫʢʪʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʪʘ ʮʫʢʨʫ. ʊʝʧʣʦʦʙʤʽʥ ʧʨʠ ʢʠʧʽʥʥʽ ʨʽʜʠʥʠ ʥʘ ʛʨʽʶʯʽʡ 

ʧʦʚʝʨʭʥʽ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʜʥʦʬʘʟʥʦʾ ʢʦʥʚʝʢʮʽʾ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʛʽʜʨʦʜʠʥʘʤʽʢʦʶ, ʘʣʝ ʡ ʤʝʭʘʥʽʟʤʦʤ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʟʤʦʯʫʚʘʥʽʩʪʶ 

ʧʦʚʝʨʭʥʽ ʪʘ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʭʘʨʯʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʝʦʨʝʪʠʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʦʩʥʦʚʦʶ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʧʘʨʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʟʥʠʞʝʥʥʷ ʾʭ ʧʠʪʦʤʠʭ 

ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʮʝʩ ʢʠʧʽʥʥʷ ʨʽʜʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ 

ʧʨʦʭʦʜʠʪʴ ʢʽʣʴʢʘ ʭʘʨʘʢʪʝʨʥʠʭ ʨʝʞʠʤʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ ȹT = Tʩʪ 

ī Tʥʘʩ. ʇʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ȹT (ʜʦ 5 ʂ) ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʽʣʴʥʦʢʦʥʚʝʢʪʠʚʥʠʡ ʨʝʞʠʤ ʙʝʟ 

ʫʪʚʦʨʝʥʥʷ ʙʫʣʴʙʘʰʦʢ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ȹT ʜʦ 25ï30 ʂ ʥʘʩʪʘʻ ʨʝʞʠʤ ʨʦʟʚʠʥʝʥʦʛʦ 

ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʢʠʧʽʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ 
ʟʥʘʯʝʥʴ (10 000ï30 000 ɺʪ/(ʤĮĿʂ) ʜʣʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʣʽʚʢʦʚʦʛʦ ʢʠʧʽʥʥʷ ʟ ʨʽʟʢʠʤ ʧʘʜʽʥʥʷʤ Ŭ ʯʝʨʝʟ 

ʫʪʚʦʨʝʥʥʷ ʩʫʮʽʣʴʥʦʾ ʧʘʨʦʚʦʾ ʧʣʽʚʢʠ ʤʽʞ ʨʽʜʠʥʦʶ ʪʘ ʧʦʚʝʨʭʥʝʶ. 

ɼʣʷ ʭʘʨʯʦʚʠʭ ʨʦʟʯʠʥʽʚ ï ʩʦʢʽʚ, ʤʦʣʦʢʘ, ʩʠʨʦʧʽʚ ï ʩʫʪʪʻʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʚʥʘʩʣʽʜʦʢ ʜʝʧʨʝʩʽʾ 

ʢʠʧʽʥʥʷ ȹtʜʝʧ, ʷʢʘ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ. ʎʝ 

ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʫ ʘʧʘʨʘʪʽ ʪʘ ʟʥʠʞʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʪʝʧʣʦʦʙʤʽʥʫ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʚʠʧʘʨʶʚʘʥʥʷ ʪʦʤʘʪʥʦʛʦ ʩʦʢʫ ʧʨʠ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʽ ʚʽʜ 5 ʜʦ 30% ʩʫʭʠʭ ʨʝʯʦʚʠʥ ʜʝʧʨʝʩʽʷ ʢʠʧʽʥʥʷ ʟʨʦʩʪʘʻ ʚʽʜ 0,3 ʜʦ 1,8 ʂ, 

ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʨʠʩʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʫ 

ʙʘʛʘʪʦʢʦʨʧʫʩʥʠʭ ʚʠʧʘʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. 
ʂʦʥʜʝʥʩʘʮʽʷ ʧʘʨʠ ʥʘ ʭʦʣʦʜʥʠʭ ʧʦʚʝʨʭʥʷʭï ʟʚʦʨʦʪʥʠʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ï ʚʽʜʽʛʨʘʻ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʨʦʙʦʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. ʇʣʽʚʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ 

ʦʧʠʩʫʻʪʴʩʷ ʪʝʦʨʽʻʶ ʅʫʩʩʝʣʴʪʘ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʦʚʱʠʥʽ ʢʦʥʜʝʥʩʘʪʥʦʾ ʧʣʽʚʢʠ ʽ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʧʘʨʦʶ ʪʘ ʩʪʽʥʢʦʶ. ʂʨʘʧʣʠʥʥʘ ʢʦʥʜʝʥʩʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʦ ʚʠʱʽ 

ʟʥʘʯʝʥʥʷ Ŭ (ʫ 5ï10 ʨʘʟʽʚ), ʧʨʦʪʝ ʾʾ ʩʪʘʣʝ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʥʷʭ ʻ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ɺʠʩʥʦʚʢʠ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʨʝʞʠʤʫ ʢʠʧʽʥʥʷ, ʜʝʧʨʝʩʽʾ ʢʠʧʽʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʫ ʢʦʥʜʝʥʩʘʮʽʾ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʨʥʠʭ ʘʧʘʨʘʪʽʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 
ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʝʨʝʭʦʜʫ ʜʦ ʧʣʽʚʢʦʚʦʛʦ ʢʠʧʽʥʥʷ, ʱʦ 

ʢʨʠʪʠʯʥʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ. ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ ʧʽʜˇʨʫʥʪʷʤ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʙʘʛʘʪʦʢʦʨʧʫʩʥʠʭ ʚʠʧʘʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. 
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ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʚ'ʷʟʢʠʭ ʭʘʨʯʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ: ʚʧʣʠʚ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

 

ʈʦʤʘʥ ɻʘʻʚʩʴʢʠʡ, ɹʦʛʜʘʥ ɻʨʠʱʝʥʢʦ, ʈʦʤʘʥ ɹʫʪʝʥʢʦ, ʊʘʨʘʩ ʄʠʩʶʨʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ï ʪʦʤʘʪʥʘ ʧʘʩʪʘ, ʜʞʝʤʠ, ʰʦʢʦʣʘʜʥʽ 

ʤʘʩʠ, ʩʤʝʪʘʥʘ, ʪʽʩʪʦ ï ʥʘʣʝʞʠʪʴ ʜʦ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ, ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ 
ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʠʯʘʡʥʠʭ ʨʽʜʠʥ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʘʙʦ 

ʦʭʦʣʦʜʞʝʥʥʽ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʘʭ ʚ'ʷʟʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʘʣʝ ʡ ʽʟ ʛʨʘʜʽʻʥʪʦʤ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʫʩʢʣʘʜʥʶʻ 

ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʨʽʚʥʷʥʴ ʧʦʜʽʙʥʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʠʭ 

ʜʣʷ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ. ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ï ʘʢʪʫʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʭʘʨʯʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɿʘ ʨʝʦʣʦʛʽʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʭʘʨʯʦʚʽ ʩʝʨʝʜʦʚʠʱʘ 

ʢʣʘʩʠʬʽʢʫʶʪʴ ʥʘ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʽ (ʤʘʡʦʥʝʟ, ʢʝʪʯʫʧ, ʡʦʛʫʨʪ), ʜʠʣʘʪʘʥʪʥʽ 

(ʢʦʥʮʝʥʪʨʦʚʘʥʽ ʩʫʩʧʝʥʟʽʾ ʢʨʦʭʤʘʣʶ) ʪʘ ʧʣʘʩʪʠʯʥʽ ʪʽʣʘ ɹʽʥʛʘʤʘ (ʤʘʨʛʘʨʠʥ, ʚʝʨʰʢʦʚʝ 

ʤʘʩʣʦ). ɼʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʠʭ ʨʽʜʠʥ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʟʩʫʚʫ Ű ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ɔ→ 

ʦʧʠʩʫʻʪʴʩʷ ʩʪʝʧʝʥʝʚʠʤ ʟʘʢʦʥʦʤ ʆʩʪʚʘʣʴʜʘïʜʝ ɺʽʣʷ: Ű = KĿɔ→Ŵ, ʜʝ K ï ʢʦʝʬʽʮʽʻʥʪ 
ʢʦʥʩʠʩʪʝʥʮʽʾ (ʇʘĿʩŴ), n ï ʽʥʜʝʢʩ ʪʝʯʽʾ (n < 1 ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʢʽʚ). ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ 

n ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʦʜʠʥʠʮʽ, ʪʠʤ ʩʠʣʴʥʽʰʝ ʚʠʨʘʞʝʥʘ ʥʝʥʴʶʪʦʥʽʚʩʴʢʘ ʧʦʚʝʜʽʥʢʘ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʠʤ ʙʽʣʴʰʦʶ ʻ ʧʦʭʠʙʢʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʬʦʨʤʫʣ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʦʙʤʽʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʟʘʛʘʣʴʥʝʥʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ  

Reʛʝʥ = ɟĿuĮ ŴĿdŴ / (KĿ8Ŵ ĭ), 

ʷʢʝ ʟʘʤʽʥʶʻ ʢʣʘʩʠʯʥʝ Re ʫ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ. ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ ʜʣʷ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʪʘʢʦʞ ʤʦʜʠʬʽʢʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʧʨʠ 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʛʨʘʜʽʻʥʪʽ ʟʩʫʚʫ. ʉʫʪʪʻʚʠʤ ʻ ʽ ʝʬʝʢʪ ɻʨʝʮʮʘ ï ʨʦʟʚʠʪʦʢ ʪʝʧʣʦʚʦʛʦ 

ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʚʟʜʦʚʞ ʢʘʥʘʣʫ ï ʷʢʠʡ ʜʣʷ ʚ'ʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ 
ʟʥʘʯʥʦ ʙʽʣʴʰʽʡ ʚʽʜʥʦʩʥʽʡ ʜʦʚʞʠʥʽ ʘʧʘʨʘʪʘ ʧʦʨʽʚʥʷʥʦ ʟ ʚʦʜʦʶ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ. 

ɼʦʜʘʪʢʦʚʠʤ ʫʩʢʣʘʜʥʶʶʯʠʤ ʯʠʥʥʠʢʦʤ ʻ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚ'ʷʟʢʦʩʪʽ: ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʭʘʨʯʦʚʠʭ ʤʘʩ ʚʦʥʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ  

ɛ = AĿexp(Ea/RT), 

ʜʝ Ea ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʪʝʯʽʾ.  

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ'ʷʟʢʦʩʪʽ ʧʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ ï ʫ 

ʧʨʠʩʪʽʥʥʽʡ ʟʦʥʽ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʱʘ, ʨʽʜʠʥʘ ʻ ʤʝʥʰ ʚ'ʷʟʢʦʶ ʽ ʪʝʯʝ ʽʥʪʝʥʩʠʚʥʽʰʝ. 

ɼʘʥʠʡ ʝʬʝʢʪ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʦʧʨʘʚʦʯʥʠʤ ʤʥʦʞʥʠʢʦʤ (ɛʩʨ/ɛʩʪ)0,14 ʫ ʬʦʨʤʫʣʽ ʉʽʜʝʨʘï

ʊʝʡʪʘ, ʱʦ ʢʦʨʠʛʫʻ ʯʠʩʣʦ ʅʫʩʝʣʴʪʘ ʜʣʷ ʫʤʦʚ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ'ʷʟʢʠʭ 

ʩʝʨʝʜʦʚʠʱ.  
ɺʠʩʥʦʚʢʠ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʚ'ʷʟʢʠʭ ʭʘʨʯʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʠʷʚʣʷʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʫʟʘʛʘʣʴʥʝʥʠʤ ʯʠʩʣʦʤ 
ʈʝʡʥʦʣʴʜʩʘ ʪʘ ʧʦʧʨʘʚʢʘʤʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚ'ʷʟʢʦʩʪʽ. ɯʛʥʦʨʫʚʘʥʥʷ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʥʠʞʝʥʥʷ 
ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ 20ï45%. ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʨʝʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ 

ʭʘʨʯʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʻ ʥʝʦʙʭʽʜʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 
ʢʦʨʝʢʪʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʫ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ: 

ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʪʘ ʧʨʠʥʮʠʧʠ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ 

 

ɺʘʜʠʤ ʃʠʩʷʥʩʴʢʠʡ, ʅʽʢʽʪʘ ʇʰʝʥʠʯʥʠʡ, ʊʘʨʘʩ ʄʠʩʶʨʘ, ʅʘʪʘʣʽʷ ʇʦʧʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʍʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʥʘʣʝʞʠʪʴ ʜʦ ʝʥʝʨʛʦʻʤʥʠʭ ʛʘʣʫʟʝʡ: ʯʘʩʪʢʘ ʚʠʪʨʘʪ ʥʘ 

ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʩʷʛʘʻ 20ï40% ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʚʠʨʦʙʥʠʮʪʚʘ. 
ʊʝʧʣʦʦʙʤʽʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ï ʧʘʩʪʝʨʠʟʘʪʦʨʠ, ʩʪʝʨʠʣʽʟʘʪʦʨʠ, ʚʠʧʘʨʥʽ ʘʧʘʨʘʪʠ, ʩʫʰʘʨʢʠ 

ï ʻ ʦʩʥʦʚʥʠʤ ʩʧʦʞʠʚʘʯʝʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ 

ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʾʚ ʪʘ ʧʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʧʠʪʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʨʝʩʫʨʩʽʚ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʥʘʙʫʚʘʶʪʴ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʩʠʩʪʝʤ ʻ 

ʧʽʥʯ-ʤʝʪʦʜ (Pinch Analysis), ʨʦʟʨʦʙʣʝʥʠʡ ʫ 1970-ʭ ʨʦʢʘʭ ʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʫ 

ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʩʠʥʪʝʟʫ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʤʝʨʝʞ. ʄʝʪʦʜ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʽ ʩʢʣʘʜʝʥʠʭ ʪʝʧʣʦʚʠʭ ʢʨʠʚʠʭ ï ʩʫʢʫʧʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʝʥʪʘʣʴʧʽʾ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʛʘʨʷʯʠʭ ʽ ʭʦʣʦʜʥʠʭ ʧʦʪʦʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʦʯʢʘ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʢʨʠʚʠʭ (ʧʽʥʯ-ʪʦʯʢʘ) ʚʠʟʥʘʯʘʻ ʪʝʦʨʝʪʠʯʥʦ ʤʽʥʽʤʘʣʴʥʽ ʧʦʪʨʝʙʠ ʫ 
ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʛʨʽʚʘʥʥʽ Qmin,ʛʘʨ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ Qmin,ʭʦʣ, ʘ ʪʘʢʦʞ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ 

ʨʝʢʫʧʝʨʘʮʽʶ ʪʝʧʣʘ ʤʽʞ ʧʦʪʦʢʘʤʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʝʢʫʧʝʨʘʮʽʾ  

ɖ = Qʨʝʢ / Qʟʘʛ, 

ʜʝ Qʨʝʢ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʝʨʝʜʘʥʘ ʚʽʜ ʛʘʨʷʯʠʭ ʧʦʪʦʢʽʚ ʜʦ ʭʦʣʦʜʥʠʭ ʫʩʝʨʝʜʠʥʽ 

ʩʠʩʪʝʤʠ, Qʟʘʛ ï ʟʘʛʘʣʴʥʘ ʪʝʧʣʦʚʘ ʧʦʪʨʝʙʘ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɼʣʷ ʤʦʣʦʯʥʠʭ ʟʘʚʦʜʽʚ ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʷʞʥʠʡ ʨʽʚʝʥʴ ɖ ʩʪʘʥʦʚʠʪʴ 75ï85%, ʜʣʷ 

ʧʠʚʦʚʘʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ï 60ï70%. ɿʙʽʣʴʰʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʽʥʯ-

ʪʦʯʮʽ ȹTmin ʧʽʜʚʠʱʫʻ ʨʫʰʽʡʥʫ ʩʠʣʫ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʟʤʝʥʰʫʻ ʥʝʦʙʭʽʜʥʫ ʧʦʚʝʨʭʥʶ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʧʨʦʪʝ ʟʥʠʞʫʻ ɖ ï ʮʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʢʘʧʽʪʘʣʴʥʠʤʠ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 
ʆʢʨʝʤʠʤ ʥʘʧʨʷʤʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ï ʪʝʧʣʦʪʠ ʢʦʥʜʝʥʩʘʪʫ, 

ʧʨʦʜʫʚʥʠʭ ʚʦʜ, ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʚʠʢʠʜʽʚ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ COP (Coefficient of Performance) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

COP = Qʚʽʜ / Wʝʣ, 

ʜʝ Wʝʣ ï ʩʧʦʞʠʚʘʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʣʷ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʢʦʥʜʝʥʩʘʪʫ 

ʧʘʩʪʝʨʠʟʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ COP ʜʦʩʷʛʘʻ 3,5ï5,0, ʱʦ ʨʦʙʠʪʴ 

ʪʝʭʥʦʣʦʛʽʶ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦʶ ʥʘʚʽʪʴ ʟʘ ʧʦʤʽʨʥʦʾ ʨʽʟʥʠʮʽ ʚ ʪʘʨʠʬʘʭ ʥʘ ʝʣʝʢʪʨʠʯʥʫ 

ʪʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ. 

ɺʠʩʥʦʚʢʠ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʫ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ 
ʦʙʣʘʜʥʘʥʥʽ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ, 

ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʤʦʞʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʧʽʥʯ-ʤʝʪʦʜʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. 

ʂʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ȹTmin ʫ ʧʽʥʯ-ʪʦʯʮʽ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 25ï40%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ. 
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ʈʦʟʨʦʙʣʝʥʥʷ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ  
ɸʥʜʨʽʡ ʗʨʤʦʣʝʥʢʦ, ʊʘʨʘʩ ʄʠʩʶʨʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʽʡ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ, 

ʛʽʜʨʘʚʣʽʢʠ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʧʦʪʨʝʙʫʶʪʴ ʪʦʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʪʽʣ. ɺʦʜʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʝʧʣʦʥʦʩʽʾʚ, ʽ ʾʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ 
ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʜʘʥʠʭ ï ʪʘʙʣʠʯʥʠʡ ʧʦʰʫʢ ï ʻ ʥʝʟʨʫʯʥʠʤ ʽ ʩʭʠʣʴʥʠʤ ʜʦ ʧʦʭʠʙʦʢ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʠʪʪʻʚʠʡ ʪʘ ʪʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʢʣʽʻʥʪʩʴʢʦʛʦ 

ʚʝʙʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʢʦʾ ʚʦʜʠ ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ 0ï370 ÁC ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʬʦʨʤʫʣ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ IAPWS-IF97 (International 

Association for the Properties of Water and Steam). ɿʘʩʪʦʩʦʚʘʥʽ ʪʘʢʽ ʬʦʨʤʫʣʠ: 

¶ ɟ (ʛʫʩʪʠʥʘ) ï ʧôʷʪʠʯʣʝʥʥʠʡ ʧʦʣʽʥʦʤ ʂʝʣʘ (1975), ʧʦʭʠʙʢʘ < 0,003 % ʫ ʜʽʘʧʘʟʦʥʽ 

0ï100 ÁC; 

¶ ɛ (ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ) ï ʨʽʚʥʷʥʥʷ ʌʦʛʝʣʷ, ʧʦʭʠʙʢʘ < 0,5 %; 

¶ ɚ (ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ), cp (ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ) ï ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ 

2ï4 ʩʪʫʧʝʥʽʚ; 

¶ Ps (ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ) ï ʨʽʚʥʷʥʥʷ ɸʥʪʫʘʥʘ; 

¶ ů (ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ) ï ʢʦʨʝʣʷʮʽʷ IAPWS 2014; 

¶ Pr, ɜ, a, ɓ ï ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʧʝʨʚʠʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʩʪʦʩʫʥʢʫ. ɿʘʩʪʦʩʫʥʦʢ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʩʪʘʪʠʯʥʠʡ ʚʝʙʜʦʜʘʪʦʢ ʙʝʟ 

ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ (client-side only), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʤʦʜʫʣʽʚ: 

1. water.js ï ʤʦʜʫʣʴ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʽʥʢʘʧʩʫʣʶʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʬʫʥʢʮʽʾ 

ʬʦʨʤʘʪʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʷʢ IIFE-ʦʙôʻʢʪ ʟ ʧʫʙʣʽʯʥʠʤ API: compute, 

getProperties, toCelsius. 
2. app.js ï ʤʦʜʫʣʴ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʦʙʨʦʙʣʷʻ ʧʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʢʦʥʫʻ ʚʘʣʽʜʘʮʽʶ 

ʚʚʦʜʫ, ʜʠʥʘʤʽʯʥʦ ʬʦʨʤʫʻ DOM-ʝʣʝʤʝʥʪʠ ʢʘʨʪʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʢʝʨʫʻ ʘʥʽʤʘʮʽʷʤʠ. 

3. styles.css ï ʘʜʘʧʪʠʚʥʘ ʪʘʙʣʠʮʷ ʩʪʠʣʽʚ. ʈʝʘʣʽʟʦʚʘʥʦ ʪʨʠ breakpoint-ʠ: 360, 540 ʪʘ 

768 ʧʢʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʘʭ ʚʽʜ ʩʤʘʨʪʬʦʥʘ ʜʦ 

ʰʠʨʦʢʦʬʦʨʤʘʪʥʦʛʦ ʤʦʥʽʪʦʨʘ. 

ɯʥʪʝʨʬʝʡʩ ʧʽʜʪʨʠʤʫʻ ʚʚʝʜʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʨʴʦʭ ʰʢʘʣʘʭ (ʎʝʣʴʩʽʡ, ʂʝʣʴʚʽʥ, 

ʌʘʨʝʥʛʝʡʪ). ɺʠʚʝʜʝʥʥʷ ʦʭʦʧʣʶʻ 11 ʧʘʨʘʤʝʪʨʽʚ: ɟ, cp, ɚ, a, ɛ, ɜ, Pr, ů, ɓ, Ps, h. 

ɺʝʨʠʬʽʢʘʮʽʶ ʚʠʢʦʥʘʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʦʚʽʜʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ: 20, 60 ʪʘ 100 ÁC. ɺʽʜʭʠʣʝʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 0,8 %, ʱʦ ʻ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʏʘʩ ʚʽʜʛʫʢʫ ʟʘʩʪʦʩʫʥʢʫ ï ʤʝʥʰʝ 5 ʤʩ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʜʦʟʚʦʣʷʻ 
ʽʥʞʝʥʝʨʘʤ ʽ ʜʦʩʣʽʜʥʠʢʘʤ ʰʚʠʜʢʦ ʦʪʨʠʤʫʚʘʪʠ 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʙʝʟ ʪʘʙʣʠʮʴ ʘʙʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʇɿ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʝʨʚʝʨʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʧʨʦʱʫʻ ʨʦʟʛʦʨʪʘʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ: ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʪʠʩʢʽʚ, ʧʽʜʪʨʠʤʢʘ 

ʽʥʰʠʭ ʪʝʧʣʦʥʦʩʽʾʚ, ʝʢʩʧʦʨʪ ʨʝʟʫʣʴʪʘʪʽʚ ʫ CSV ʪʘ PDF.  



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʨʝʯʦʚʠʥ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʦʢ 

 

ʅʘʟʘʨ ɹʫʨʙʝʣʴ, ɺʽʢʪʦʨʽʷ ʉʘʧʽʛʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʝʢʪʠʥʦʚʽ ʨʝʯʦʚʠʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʘʚʜʷʢʠ ʾʭ ʟʜʘʪʥʦʩʪʽ ʫʪʚʦʨʶʚʘʪʠ ʞʝʣʝ, ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʽ 
ʩʧʨʠʷʪʠ ʜʝʪʦʢʩʠʢʘʮʽʾ ʦʨʛʘʥʽʟʤʫ. ʆʜʥʘʢ ʪʨʘʜʠʮʽʡʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʧʝʢʪʠʥʫ 

ʰʣʷʭʦʤ ʢʠʩʣʦʪʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʦʢ ʤʘʻ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ʎʝʡ ʤʝʪʦʜ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʪʨʠʚʘʣʠʤ ʧʨʦʮʝʩʦʤ, ʚʠʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʨʝʞʠʤʘʤʠ ʪʘ ʟʥʘʯʥʠʤʠ 

ʝʥʝʨʛʦʟʘʪʨʘʪʘʤʠ, ʷʢʽ ʯʘʩʪʦ ʩʧʨʠʯʠʥʷʶʪʴ ʪʝʨʤʽʯʥʫ ʜʝʛʨʘʜʘʮʽʶ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʝʢʪʠʥʫ 

ʡ ʟʤʝʥʰʫʶʪʴ ʡʦʛʦ ʩʪʫʧʽʥʴ ʝʪʝʨʠʬʽʢʘʮʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʘʞʣʠʚʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʫ ʩʬʝʨʽ 

ʭʘʨʯʦʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʩʪʘʻ ʨʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʨʦʙʢʠ ʩʠʨʦʚʠʥʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʽ ʟʙʝʨʝʞʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʝʢʪʠʥʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʣʠ ʩʫʰʝʥʽ ʷʙʣʫʯʥʽ ʚʠʯʘʚʢʠ ʟ 

ʚʦʣʦʛʽʩʪʶ 12%. ʋ ʷʢʦʩʪʽ ʝʢʩʪʨʘʛʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʯʠʥ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʦʾ 

ʢʠʩʣʦʪʠ ʟ ʧʦʢʘʟʥʠʢʦʤ pH ʫ ʜʽʘʧʘʟʦʥʽ 1,8ï2,2. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʦʙʣʘʜʥʘʥʦʾ ʟʘʥʫʨʶʚʘʣʴʥʠʤ 
ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ, ʦʩʥʘʱʝʥʠʤ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ. 

ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʩʪʘʥʦʚʠʣʘ 22Ñ1,6 ʢɻʮ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʚʘʨʽʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 5ï15 ɺʪ/ʩʤ2. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ 

ʚʠʛʦʪʦʚʣʝʥʦ ʢʦʥʪʨʦʣʴʥʽ ʟʨʘʟʢʠ ʰʣʷʭʦʤ ʢʣʘʩʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 90ÁC. ɺʤʽʩʪ ʧʝʢʪʠʥʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʢʘʣʴʮʽʡ-ʧʝʢʪʘʪʥʠʤ ʤʝʪʦʜʦʤ, 

ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʩʢʦʟʠʤʝʪʨʽʾ, ʘ ʩʪʫʧʽʥʴ ʝʪʝʨʠʬʽʢʘʮʽʾ 

ʘʥʘʣʽʟʫʚʘʣʠ ʤʝʪʦʜʦʤ ʪʠʪʨʠʤʝʪʨʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʚʠʢʣʠʢʘʻ ʝʬʝʢʪ ʘʢʫʩʪʠʯʥʦʾ ʢʘʚʽʪʘʮʽʾ, ʷʢʠʡ ʩʧʨʠʷʻ ʨʫʡʥʫʚʘʥʥʶ 

ʢʣʽʪʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʷʙʣʫʯʥʦʾ ʪʢʘʥʠʥʠ ʪʘ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʤʘʩʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʥʘ 

ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ çʪʚʝʨʜʝ ʪʽʣʦ ï ʨʽʜʠʥʘè. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 
ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʫ 10 ɺʪ/ʩʤĮ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 65ÁC ʚʠʭʽʜ ʧʝʢʪʠʥʫ ʜʦʩʷʛʘʻ 14,8% 

ʚʽʜ ʤʘʩʠ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʚʩʴʦʛʦ ʟʘ 35 ʭʚʠʣʠʥ ʝʢʩʪʨʘʢʮʽʾ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʪʨʘʜʠʮʽʡʥʠʡ 

ʤʝʪʦʜ ʜʦʩʷʛʘʻ ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʣʠʰʝ ʯʝʨʝʟ 100ï120 ʭʚʠʣʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

90ÁC. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʯʘʩʫ ʧʦʥʘʜ 45 ʭʚʠʣʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ 

ʧʝʢʪʠʥʫ ʟ 150 ʢɼʘ ʜʦ 90 ʢɼʘ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʜʦ 

ʛʝʣʝʫʪʚʦʨʝʥʥʷ. ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʜʽʘʧʘʟʦʥʽ 65ï70ÁC, ʯʘʩʪʦʪʘ ʫʣʴʪʨʘʟʚʫʢʫ ï 22 ʢɻʮ, ʪʨʠʚʘʣʽʩʪʴ ʦʙʨʦʙʢʠ ï 

40 ʭʚʠʣʠʥ, ʛʽʜʨʦʤʦʜʫʣʴ ï 1:15. ɿʘ ʮʠʭ ʫʤʦʚ ʩʪʫʧʽʥʴ ʝʪʝʨʠʬʽʢʘʮʽʾ ʧʝʢʪʠʥʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʘ ʨʽʚʥʽ 72ï75%, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʡʦʛʦ ʜʦ ʢʘʪʝʛʦʨʽʾ ʚʠʩʦʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʭ. 
ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʘʧʘʨʘʪʽʚ ʫ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʝʢʪʠʥʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʩʠʨʦʚʠʥʫ. ʎʝ ʩʧʨʠʷʻ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʧʝʢʪʠʥʫ ʟ ʚʠʩʦʢʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ ʪʘ ʧʦʢʨʘʱʝʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʦʩʷʛʥʫʪʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʤʠʩʣʦʚʠʭ ʝʢʩʪʨʘʢʪʦʨʽʚ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ ʤʦʜʫʣʷʤʠ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ 

ʧʘʩʪʝʨʠʟʘʮʽʾ ʚʠʩʦʢʦʚ'ʷʟʢʠʭ ʤʦʣʦʯʥʠʭ ʩʫʤʽʰʝʡ 

 

ɼʘʨʠʥʘ ɹʦʥʜʘʨʝʥʢʦ, ɺʽʢʪʦʨʽʷ ʉʘʧʽʛʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʊʝʧʣʦʚʘ ʦʙʨʦʙʢʘ ʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʩʫʭʠʭ ʨʝʯʦʚʠʥ, 

ʪʘʢʠʭ ʷʢ ʚʝʨʰʢʠ, ʩʫʤʽʰʽ ʜʣʷ ʤʦʨʦʟʠʚʘ ʯʠ ʡʦʛʫʨʪʽʚ, ʻ ʩʢʣʘʜʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʚʠʢʣʠʢʦʤ, 
ʱʦ ʟʫʤʦʚʣʝʥʠʡ ʾʭʥʽʤʠ ʥʝʣʽʥʽʡʥʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘʤʠ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʛʨʽʚʫ, ʧʽʜʚʠʱʝʥʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ ʽ ʧʦʩʠʣʝʥʠʤ 

ʫʪʚʦʨʝʥʥʷʤ ʥʘʢʠʧʫ ʘʙʦ ʧʨʠʛʘʨʫ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʚʠʤʘʛʘʻ ʯʘʩʪʠʭ ʟʫʧʠʥʦʢ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʘʥʽʪʘʨʥʦʾ 

ʦʯʠʩʪʢʠ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʩʫʤʽʰ, 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʝʨʰʢʦʚʦʛʦ ʤʦʨʦʟʠʚʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʪʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʚʤʽʩʪ ʞʠʨʫ 10%, ʩʫʭʠʭ ʨʝʯʦʚʠʥ 35% ʪʘ ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 

0,025ï0,08 ʇʘĿʩ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ 

ʫʩʪʘʥʦʚʮʽ ʜʣʷ ʧʘʩʪʝʨʠʟʘʮʽʾ, ʦʙʣʘʜʥʘʥʽʡ ʧʣʘʩʪʠʥʘʤʠ ʟ ʨʠʬʣʝʥʥʷʤ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ 

ʥʘʭʠʣʫ (30Á, 45Á ʪʘ 60Á). ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 
ʚʠʪʨʘʪʦʤʽʨ, ʪʦʜʽ ʷʢ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ ʟ 

ʪʦʯʥʽʩʪʶ Ñ0,1ÁC. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʦʮʽʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʤʘʥʦʤʝʪʨʽʚ. ʂʨʠʪʝʨʽʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʧʦʜʽʙʥʦʩʪʽ, ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʠʥʘʤʽʢʘ ʨʫʭʫ 

ʚʠʩʦʢʦʚ'ʷʟʢʠʭ ʩʫʤʽʰʝʡ ʫ ʢʘʥʘʣʘʭ ʘʧʘʨʘʪʘ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʚʝʜʽʥʢʠ ʚʦʜʠ. ɿʘ 

ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ, ʷʢʠʡ 

ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʧʨʠʩʪʽʥʥʦʛʦ ʰʘʨʫ ʟ ʧʝʨʝʛʨʽʚʦʤ ʧʨʦʜʫʢʪʫ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʩʪʠʥ ʽʟ ʨʠʬʣʝʥʥʷʤ ʧʽʜ ʢʫʪʦʤ 60Á, ʪʘʢ ʟʚʘʥʠʭ ʞʦʨʩʪʢʠʭ ʧʣʘʩʪʠʥ, 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʭʽʜ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʟʘ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ ʧʦʨʽʚʥʷʥʦ ʟ ʛʣʘʜʢʠʤʠ ʢʘʥʘʣʘʤʠ. ʊʘʢʠʡ ʝʬʝʢʪ ʟʫʤʦʚʣʝʥʠʡ ʧʦʩʪʽʡʥʦʶ 
ʟʤʽʥʦʶ ʥʘʧʨʷʤʫ ʧʦʪʦʢʫ ʪʘ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʫ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ 

ʧʣʘʩʪʠʥ. 

ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (Nu) ʚʽʜ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ (Re) ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʫʤʽʰʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʟ 0,2 ʜʦ 0,6 ʤ/ʩ ʩʧʨʠʯʠʥʷʻ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʘ 45%, ʘʣʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʘʧʘʨʘʪʘ ʫ 2,3 ʨʘʟʘ. ʆʧʪʠʤʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʝʥʦ ʚ 

ʤʝʞʘʭ Re = 800ï1200. 

ʆʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʟʨʦʙʣʝʥʦ ʥʘ ʘʥʘʣʽʟʽ ʷʚʠʱʘ ʪʝʨʤʽʯʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʥʷ. ɿ'ʷʩʦʚʘʥʦ, 

ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʥʘ ʩʪʽʥʢʘʭ ʧʝʨʝʚʠʱʝʥʥʷʤ 50 ʇʘ ʟʥʠʞʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʙʽʣʢʦʚʠʭ ʚʽʜʢʣʘʜʝʥʴ ʥʘ 30%. ʎʝ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 
ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʘʧʘʨʘʪʘ ʤʽʞ ʤʠʡʢʘʤʠ ʟ 4 ʜʦ 6 ʛʦʜʠʥ.  

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʜʣʷ ʧʘʩʪʝʨʠʟʘʮʽʾ ʚʠʩʦʢʦʚ'ʷʟʢʠʭ 

ʤʦʣʦʯʥʠʭ ʩʫʤʽʰʝʡ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʨʽʰʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʥ ʽʟ ʚʝʣʠʢʠʤ 

ʢʫʪʦʤ ʥʘʭʠʣʫ ʛʦʬʨʽʚ, ʱʦ ʩʧʨʠʷʻ ʰʪʫʯʥʽʡ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʫ. ʆʧʪʠʤʽʟʦʚʘʥʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʪʝʧʣʦʦʙʤʽʥʥʽ 

ʘʧʘʨʘʪʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʧʨʦʜʫʢʪʫ, ʟʙʝʨʽʛʘʶʯʠ ʡʦʛʦ 

ʙʽʦʣʦʛʽʯʥʫ ʮʽʥʥʽʩʪʴ ʽ ʟʥʠʞʫʶʯʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 15ï18%. 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʧʽʜʩʠʨʥʦʾ 

ʩʠʨʦʚʘʪʢʠ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʙʽʣʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ 

 

ʂʘʨʠʥʘ ʂʦʨʦʣʴ, ɺʽʢʪʦʨʽʷ ʉʘʧʽʛʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʽʜʩʠʨʥʘ ʩʠʨʦʚʘʪʢʘ ʻ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʤʘʡʞʝ ʧʦʣʦʚʠʥʫ ʩʫʭʠʭ ʨʝʯʦʚʠʥ ʤʦʣʦʢʘ, ʚʢʣʶʯʘʶʯʠ ʥʘʡʙʽʣʴʰ ʮʽʥʥʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ 
ʩʠʨʦʚʘʪʢʦʚʽ ʙʽʣʢʠ, ʪʘʢʽ ʷʢ ʘʣʴʙʫʤʽʥʠ ʪʘ ʛʣʦʙʫʣʽʥʠ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʾʾ ʦʙʨʦʙʢʠ, ʷʢ-ʦʪ 

ʚʠʧʘʨʶʚʘʥʥʷ ʪʘ ʩʫʰʽʥʥʷ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʯʘʩʪʢʦʚʫ 

ʜʝʥʘʪʫʨʘʮʽʶ ʙʽʣʢʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʙʘʨʦʤʝʤʙʨʘʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ 

ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʾ (ʋʌ), ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʨʦʟʜʽʣʷʪʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʨʦʚʘʪʢʠ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ ʙʝʟ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʯʠ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ 

ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʮʠʨʢʫʣʷʮʽʾ 

ʥʘʜʤʝʤʙʨʘʥʥʦʛʦ ʰʘʨʫ ʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʜʽʣʝʥʥʷ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʤʙʨʘʥ 

ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʢʦʥʮʝʥʪʨʘʪʽʚ ʩʠʨʦʚʘʪʢʦʚʠʭ ʙʽʣʢʽʚ (ʂʉɹ). 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʩʠʨʥʘ ʩʠʨʦʚʘʪʢʘ (pH 6,4, ʚʤʽʩʪ 

ʩʫʭʠʭ ʨʝʯʦʚʠʥ 6,2%, ʙʽʣʦʢ ï 0,8%). ɽʢʩʧʝʨʠʤʝʥʪʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʤʝʤʙʨʘʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʘʪʨʦʥʥʦʛʦ ʪʠʧʫ, ʦʙʣʘʜʥʘʥʦʾ ʢʝʨʘʤʽʯʥʠʤʠ 

ʤʝʤʙʨʘʥʘʤʠ ʥʘ ʦʩʥʦʚʽ TiO2/Al2O3 ʟ ʧʦʨʦʛʦʤ ʟʘʪʨʠʤʘʥʥʷ ʤʦʣʝʢʫʣ ʨʦʟʤʽʨʦʤ 10 ʢɼʘ. 
ʈʦʙʦʯʠʡ ʪʠʩʢ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʢʦʣʠʚʘʚʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,1 ʜʦ 0,4 ʄʇʘ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʝʞʠʤ ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʥʘ ʨʽʚʥʽ 10ï12ÁC, ʱʦ ʜʦʟʚʦʣʷʣʦ ʫʥʠʢʥʫʪʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʨʝʪʝʥʪʘʪʫ ʽ ʧʝʨʤʝʘʪʫ ʦʮʽʥʶʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʨʝʬʨʘʢʪʦʤʝʪʨʽʾ ʪʘ ʧʦʣʷʨʠʤʝʪʨʽʾ, ʘ ʚʤʽʩʪ ʙʽʣʢʘ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʂôʻʣʴʜʘʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ. ʇʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ 

ʧʠʪʦʤʦʛʦ ʧʦʪʦʢʫ ʧʝʨʤʝʘʪʫ (ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥʠ) ʧʨʦʪʷʛʦʤ ʯʘʩʫ. ʆʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʷʚʠʱʘ ʚʠʟʥʘʯʝʥʦ ʫʪʚʦʨʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʝʤʙʨʘʥʠ ʪʘ ʙʣʦʢʫʚʘʥʥʷ ʾʾ ʧʦʨ ʙʽʣʢʦʚʠʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʙʦʯʦʛʦ 

ʪʠʩʢʫ ʚʽʜ 0,1 ʜʦ 0,25 ʄʇʘ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʣʽʥʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʆʜʥʘʢ 

ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʜʦ 0,4 ʄʇʘ ʩʧʨʠʯʠʥʷʣʦ ʫʱʽʣʴʥʝʥʥʷ ʛʝʣʝʚʦʛʦ ʰʘʨʫ ʥʘ 

ʤʝʤʙʨʘʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʙʦ ʥʘʚʽʪʴ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 
ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. 

ʆʧʪʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʥʘʜ ʤʝʤʙʨʘʥʦʶ ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʤʝʞʘʭ 3,5ï4,0 ʤ/ʩ. 

ʊʘʢʠʡ ʧʦʢʘʟʥʠʢ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, ʷʢʘ ʝʬʝʢʪʠʚʥʦ ʟʤʠʚʘʻ ʯʘʩʪʠʥʫ 

ʦʩʘʜʞʝʥʠʭ ʙʽʣʢʽʚ ʥʘʟʘʜ ʫ ʧʦʪʽʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʘʧʘʨʘʪʘ. ʄʝʤʙʨʘʥʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʙʽʣʢʽʚ, ʜʦʩʷʛʘʶʯʠ 

ʨʽʚʥʷ 98,5%. ʎʝ ʟʨʦʙʠʣʦ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʥʥʷ ʨʝʪʝʥʪʘʪʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʽʣʢʘ ʜʦ 

12,5% ʟʘ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ, ʨʽʚʥʦʛʦ 15. ɺʦʜʥʦʯʘʩ ʚʪʨʘʪʠ ʣʘʢʪʦʟʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ 

ʩʦʣʝʡ ʫ ʧʝʨʤʝʘʪʽ ʙʫʣʠ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʠʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʤʦʣʦʯʥʦʛʦ ʮʫʢʨʫ ʘʙʦ ʷʢ ʦʩʥʦʚʠ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʥʘʧʦʾʚ.  

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʢʝʨʘʤʽʯʥʠʭ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʡʥʠʭ ʤʝʤʙʨʘʥ ʜʣʷ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʩʠʨʦʚʘʪʢʠ. ʆʧʪʠʤʘʣʴʥʽ 

ʫʤʦʚʠ ʨʦʙʦʪʠ (ʪʠʩʢ 0,25 ʄʇʘ, ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 4 ʤ/ʩ) ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ. ɯʥʪʝʛʨʘʮʽʷ ʤʝʤʙʨʘʥʥʠʭ 

ʤʦʜʫʣʽʚ ʫ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʝʟʚʽʜʭʦʜʥʦʛʦ ʮʠʢʣʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʮʽʥʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʩʧʦʨʪʠʚʥʦʛʦ ʪʘ ʜʠʪʷʯʦʛʦ ʭʘʨʯʫʚʘʥʥʷ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʘʧʘʥʥʦʾ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʤʦʣʦʢʘ ʪʘ ʤʦʣʦʯʥʠʭ ʩʫʤʽʰʝʡ 

 

ɸʥʘʩʪʘʩʽʷ ʌʝʜʦʨʦʚʠʯ, ɺʽʢʪʦʨʽʷ ʉʘʧʽʛʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɻʦʤʦʛʝʥʽʟʘʮʽʷ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʨʽʜʢʠʭ ʤʦʣʦʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʚʽʜʦʢʨʝʤʣʝʥʥʶ ʞʠʨʦʚʦʾ ʬʘʟʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 
ʾʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʫʪʴ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʫ ʧʦʜʨʽʙʥʝʥʥʽ ʞʠʨʦʚʠʭ 

ʢʫʣʴʦʢ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʢʦʣʠ ʧʨʦʜʫʢʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʫʟʴʢʠʡ ʦʪʚʽʨ 

ʛʦʤʦʛʝʥʽʟʫʶʯʦʾ ʛʦʣʦʚʢʠ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʮʝʡ ʝʪʘʧ ʻ ʜʣʷ ʚʽʜʥʦʚʣʝʥʦʛʦ ʤʦʣʦʢʘ, ʷʢʝ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʽʟ ʩʫʭʦʛʦ ʤʦʣʦʯʥʦʛʦ ʧʦʨʦʰʢʫ ʪʘ ʤʦʣʦʯʥʦʛʦ ʞʠʨʫ, ʘʜʞʝ ʩʘʤʝ ʪʦʜʽ 

ʬʦʨʤʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʘ ʦʙʦʣʦʥʢʘ ʞʠʨʦʚʠʭ ʯʘʩʪʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʨʽʜʥʽʩʪʴ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʪʠʩʢʦʤ ʛʦʤʦʛʝʥʽʟʘʮʽʾ 

ʪʘ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ, ʘ ʪʘʢʦʞ ʫ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʜʚʦʩʪʫʧʝʥʝʚʦʾ 

ʦʙʨʦʙʢʠ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʝʤʫʣʴʩʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʽʜʥʦʚʣʝʥʦʤʫ ʤʦʣʦʮʽ ʽʟ ʚʤʽʩʪʦʤ 

ʞʠʨʫ 3,2%. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʣʫʥʞʝʨʥʠʡ 

ʛʦʤʦʛʝʥʽʟʘʪʦʨ ʽʟ ʜʚʦʩʪʫʧʝʥʝʚʦʶ ʢʣʘʧʘʥʥʦʶ ʛʦʣʦʚʢʦʶ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʪʠʩʢ 

ʚʘʨʽʶʚʘʚʩʷ ʚ ʤʝʞʘʭ 10ï25 ʄʇʘ, ʪʦʜʽ ʷʢ ʥʘ ʜʨʫʛʦʤʫ ï ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʧʦʩʪʽʡʥʠʡ ʨʽʚʝʥʴ 
ʫ 5 ʄʇʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʣʠ, ʘʥʘʣʽʟʫʶʯʠ ʽʥʜʝʢʩ ʚʽʜʩʪʦʶʚʘʥʥʷ ʞʠʨʦʚʠʭ 

ʯʘʩʪʦʢ ʽ ʚʠʢʦʥʫʶʯʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ, ʱʦ ʚʢʣʶʯʘʚ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ ʪʘ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʫ ʩʪʘʙʽʣʴʥʦ 

ʫʪʨʠʤʫʚʘʣʘʩʴ ʫ ʜʽʘʧʘʟʦʥʽ 60ï65ÁC. 

ʈʝʟʫʣʴʪʘʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʛʦʤʦʛʝʥʽʟʘʮʽʾ 

ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʧʦʜʨʽʙʥʝʥʥʶ ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ. ɿʦʢʨʝʤʘ, ʧʨʠ ʟʥʘʯʝʥʥʽ ʪʠʩʢʫ ʚ 10 ʄʇʘ 

ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʚ 1,8 ʤʢʤ, ʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʜʦ 20 ʄʇʘ ʚʽʥ 

ʟʤʝʥʰʠʚʩʷ ʜʦ 0,7ï0,9 ʤʢʤ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʧʦʥʘʜ 25 ʄʇʘ 

ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʚʦʜʥʦʯʘʩ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʩʫ ʢʣʘʧʘʥʥʦʾ ʧʘʨʠ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʬʝʥʦʤʝʥʫ ʘʛʨʝʛʘʮʽʾ ʯʘʩʪʦʢ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ 
ʧʨʦʮʝʩʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʟ ʪʠʩʢʦʤ 5 ʄʇʘ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʫʡʥʫʚʘʪʠ ʙʽʣʢʦʚʦ-ʞʠʨʦʚʽ ʢʣʘʩʪʝʨʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʢ ʫ ʧʨʦʜʫʢʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʨʝʞʠʤʫ (20/5 

ʄʇʘ) ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʽʥʜʝʢʩ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʥʘ ʨʽʚʥʽ 92%, ʱʦ ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ 

ʞʠʨʦʚʦʛʦ ʢʽʣʴʮʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʦʜʫʢʪʫ ʧʨʦʪʷʛʦʤ ʩʝʤʠ ʜʥʽʚ ʟʙʝʨʽʛʘʥʥʷ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, 

ʱʦ ʝʥʝʨʛʽʷ, ʚʠʪʨʘʯʝʥʘ ʥʘ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 1ï2% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʦʜʽ ʷʢ ʨʝʰʪʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʝʧʣʦ, ʩʧʨʠʯʠʥʷʶʯʠ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʣʦʢʘ ʥʘ ʚʠʭʦʜʽ ʥʘ 2ï3ÁC ʟʘ ʢʦʞʥʽ 10 ʄʇʘ ʪʠʩʢʫ. 

ɺʠʩʥʦʚʢʠ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʝ ʚʽʜʥʦʚʣʝʥʝ ʤʦʣʦʢʦ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʦʩʪʫʧʝʥʝʚʫ ʛʦʤʦʛʝʥʽʟʘʮʽʶ ʟ ʟʘʛʘʣʴʥʠʤ ʪʠʩʢʦʤ ʫ ʤʝʞʘʭ 20ï25 ʄʇʘ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʤʫʣʴʩʽʾ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʟʘʩʚʦʶʚʘʥʦʩʪʽ ʧʨʦʜʫʢʪʫ. 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʨʦʙʦʪʫ ʥʘʩʦʩʽʚ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʘ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʦʙʨʦʙʢʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʦʣʦʯʥʦʾ 

ʩʠʨʦʚʠʥʠ. 
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Application of NMR spectroscopy and artificial intelligence in honey quality and 

safety control procedures 

 

Polina Volkova, Svitlana Litvynchuk, ɸlina Siryk 

National University of Food Technologies, Kyiv, Ukraine 

 

Introd uction. The integration of modern digital technologies with established food 

quality control procedures is considered one of the key contemporary approaches to ensuring 
transparency and traceability in global supply chains. This issue is particularly relevant for 

the honey market, which is characterized by significant risks of adulteration. 

Materials and methods. The study employs a comprehensive analytical approach to 

assessing the quality and safety of honey, combining the capabilities of nuclear magnetic 

resonance (NMR) spectroscopy with artificial intelligence methods for further processing of 

spectral data. 

Results and discussion. In the modern world, new methods for assessing honey quality 

and detecting adulteration are emerging. Among the main current challenges are ensuring the 

generalizability of models, harmonization of international datasets, and their proper 

validation under practical conditions. At the same time, the integration of spectroscopic 

methods with artificial intelligence technologies opens new opportunities for developing 

intelligent and traceable systems for honey authenticity control, increasing transparency in 
the global honey production and distribution sector [1]. 

The NMR spectroscopy method enables a comprehensive analysis of the chemical 

composition of honey without complex sample preparation [2]. Due to the high 

reproducibility and informativeness of spectral characteristics, this method allows detection 

of added sugar syrups (corn, rice, cane) as well as determination of the botanical and 

geographical origin of products. However, processing large volumes of spectral data requires 

the application of modern intelligent analytical algorithms. 

Artificial intelligence plays a crucial role here, enabling automation of spectrum 

interpretation, increasing the accuracy and speed of impurity detection, and developing 

reliable models for classifying honey by origin. The use of machine learning methods makes 

it possible to create digital libraries of spectral profiles, significantly simplifying quality 
control and certification procedures. Furthermore, the integration of artificial intelligence 

with NMR technologies opens prospects for developing automated real-time honey quality 

monitoring systems. Such systems can be applied both in laboratory settings and within 

governmental control structures. 

Conclusions. The combination of NMR spectroscopy capabilities with artificial 

intelligence technologies forms a modern scientifically grounded approach to honey quality 

control, contributing to increased transparency in its global circulation, ensuring food safety, 

and protecting consumer rights. 
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Application of electrophysical methods in the food industry 

 

Maria Sokolova, Darya Malchenko, Anastasia Bashtan, Svitlana Litvʫnchuk 

National University of Food Technologies, Kyiv, Ukraine 

 

Introduction . A promising alternative to traditional heat treatment of food products is 

the introduction of electrophysical methods, which allow improving technological processes 

in various branches of food production. 
Materials and methods. The work considers electrophysical methods for processing 

food raw materials, as well as meat and dairy products. The following methods were used: 

microwave heating, electrocontact (ohmic) heating and pulsed electric field (PEF) treatment. 

Results and discussion. Let us analyze the specified methods in more detail. 

Microwave technology (microwave heating) provides effective cooking, heating, 

defrosting, pasteurization, sterilization or drying of products using electromagnetic waves. In 

this case, heat is generated directly inside the product due to the interaction of microwaves 

with polar molecules. The dielectric properties of the food material also play an important 

role in the conversion of microwave energy into thermal energy. That is, microwave radiation 

provides rapid and uniform heating, reducing the duration of the processing of dairy and meat 

products without deteriorating nutritional and organoleptic properties [1].  

Of particular importance is ohmic heating, which is based on the passage of electric 
current through the product. Studies [2] have shown that this method allows pasteurization 

of products with a high content of solid particles without the risk of overheating the wall 

layers of the equipment. Ohmic heating allows processing with less loss of nutrients, since 

the time to reach the target temperature is reduced several times compared to tubular heat 

exchangers.  

It is known that IEP is used for processing potatoes, chicory, meat and dairy products 

[3]. As a result of such processing, microorganisms are inactivated (and in this case there is 

no need to use preservatives), a longer shelf life of products is ensured and their quality 

indicators are maintained at high levels. At the same time, effective extraction of biologically 

active components from raw materials is ensured. 

Conclusions. The use of electrophysical methods (microwave heating, electric contact 
heating and pulsed electric fields) in the food industry allows to intensify heat and mass 

transfer, reduce the duration of processing, increase the shelf life of products, and also 

preserve their nutritional value and high quality. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʮʫʢʨʦʧʨʦʜʫʢʪʽʚ  

 

ɺʘʣʝʨʽʡ ɹʦʛʫʮʴʢʠʡ, ʄʘʨʽʷ ʅʦʚʽʢʦʚʘ, ʉʚʽʪʣʘʥʘ ʃʽʪʚʠʥʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɿʘʩʪʦʩʫʚʘʥʥʷ ɹɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʰʚʠʜʢʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʾʭ ʩʢʣʘʜʫ (ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ ʮʽʣʽʩʥʽʩʪʴ ʟʨʘʟʢʘ ʪʘ ʥʝ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʭʽʤʽʯʥʽ ʨʝʘʢʪʠʚʠ). 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʩʣʫʛʫʚʘʚ ʮʫʢʦʨ-ʧʽʩʦʢ ʽʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ 

ʚʦʣʦʛʦʩʪʽ (ʚʠʟʥʘʯʝʥʠʤ ʥʘ ʚʦʣʦʛʦʤʽʨʽ çRadwag MA 110.Rè). ʉʧʝʢʪʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ ʟʥʽʤʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ çɯʥʬʨʘʧʽʜ-61è ʫ ʙʣʠʞʥʽʡ 

ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʜʙʠʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ 

ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ ʟ ʽʥʰʠʤʠ ʮʫʢʨʦʧʨʦʜʫʢʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ̔ʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʜʠ ʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʱʦ ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 

1330 ʜʦ 2370 ʥʤ. ɺʠʙʽʨ ʪʘʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʙʫʚ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʩʘʤʝ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚôʷʟʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʚʫʛʣʝʚʦʜʽʚ ʪʘ ʚʦʜʠ. ʂʦʣʠ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʘʜʘʻ ʥʘ ʢʨʠʩʪʘʣ ʮʫʢʨʫ, ʪʦ 

ʝʥʝʨʛʽʷ ʬʦʪʦʥʽʚ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʘʤ ʢʦʣʠʚʘʥʴ ʤʦʣʝʢʫʣ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʦʥʠ 
ʧʦʛʣʠʥʘʶʪʴ ʯʘʩʪʠʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʥʝʧʦʛʣʠʥʫʪʘ ʯʘʩʪʠʥʘ ʚʽʜʙʠʚʘʻʪʴʩʷ ʪʘ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʦʧʪʠʯʥʦʛʦ ʧʨʠʣʘʜʫ, ʬʦʨʤʫʶʯʠ ʭʘʨʘʢʪʝʨʥʠʡ ʩʧʝʢʪʨ ʨʝʯʦʚʠʥʠ. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʚʽʜʙʠʚʘʥʥʷ 

ʮʫʢʨʫ-ʧʽʩʢʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ (ʚʽʜ 0,02 % ʜʦ 0,76 %), ʚʽʜʽʙʨʘʥʽ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʜʦ ʪʘ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʚ ʙʘʨʘʙʘʥʽ), ʤʘʶʪʴ ʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʧʨʦʪʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ɿʦʢʨʝʤʘ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʟʨʘʟʢʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʝ ʟʥʠʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ. ʊʦʙʪʦ ʷʢʱʦ 

ʙʘʯʠʤʦ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʠʡ ʛʨʘʬʽʢ ʟʨʘʟʢʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʠʞʯʝ ʟʘ ʽʥʰʠʡ, ʪʦ ʮʝ ʻ 

ʧʨʷʤʠʤ ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʧʨʦʜʫʢʪ ʟʤʽʥʠʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʽ ʥʘʙʨʘʚ ʟʘʡʚʫ ʚʦʣʦʛʫ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɸʚʪʦʨʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʞ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʚʽʜʙʠʚʘʥʥʷ 
ʟʨʘʟʢʽʚ ʮʫʢʨʫ-ʧʽʩʢʫ (ʝʪʘʣʦʥʫ) ʟ ʮʫʢʨʦʚʦ ʁʧʫʜʨʦ,ʁ ʚʘʥʽʣʴʥʠʤ ʮʫʢʨʦʤ, ʙʜʞʦʣʠʥʦ ʁ

ʦʙʥʽʞʢʦ  ʁ(ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʠʨʦʜʥʦʾ ʩʫʤʽʰʽ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʪʘʢʦʞ ʚʭʦʜʷʪʴ ʮʫʢʨʠ) ʪʘ 

ʨʦʟʧʫʰʫʚʘʯʝʤ (ʧʝʢʘʨʩʴʢʦʛʦ ʧʦʨʦʰʢʘ, ʷʢʠʡ ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ ʤʦʞʝ ʙʫʪʠ ʩʭʦʞʠʤ 

ʥʘ ʮʫʢʨʦʚʫ ʧʫʜʨʫ, ʘʣʝ ʟʘ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʥʝ ʻ ʮʫʢʨʦʚʤʽʩʥʦʶ ʨʝʯʦʚʠʥʦʶ ʽ ʥʝ 

ʥʘʣʝʞʠʪʴ ʜʦ ʮʫʢʨʽʚ). ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʽ ʛʨʘʬʽʢʠ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʤʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʫʢʨʦʤ-ʧʽʩʢʦʤ. ɼʣʷ ʮʫʢʨʦʚʦʾ ʧʫʜʨʠ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʟʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʚʘʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʝʥʦ ʟʤʽʥʦʶ ʜʠʩʧʝʨʩʥʦʩʪʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʪʘʣʦʥʥʠʤ ʟʨʘʟʢʦʤ. ʇʝʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʚʘʥʥʷ ʙʫʣʘ 

ʟʘʬʽʢʩʦʚʘʥʘ ʜʣʷ ʚʘʥʽʣʴʥʦʛʦ ʮʫʢʨʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʡʦʛʦ ʩʢʣʘʜʽ ʚʘʥʽʣʽʥʫ. 

ɸ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʪʘʣʦʥʘ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʩʧʝʢʪʨʘʭ ʙʜʞʦʣʠʥʦʾ 

ʦʙʥʽʞʢʠ ʪʘ ʨʦʟʧʫʰʫʚʘʯʘ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʩʧʝʮʠʬʽʯʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʩʪʨʫʢʪʫʨʦʶ 
ʮʠʭ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʜʦʙʘʚʦʢ. 

ɺʠʩʥʦʚʢʠ. ɯʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʚʽʜʙʠʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʝʢʩʧʨʝʩ-

ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʮʫʢʨʦʧʨʦʜʫʢʪʽʚ, ʧʨʠʯʦʤʫ ʥʝ ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʾ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ. 

ʊʘʢʠʡ ʤʝʪʦʜ ʜʘʻ ʟʤʦʛʫ ʜʦʩʪʦʚʽʨʥʦ ʚʠʟʥʘʯʘʪʠ ʚʦʣʦʛʽʩʪʴ ʮʫʢʨʫ-ʧʽʩʢʫ, ʘ ʪʘʢʦʞ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʮʫʢʦʨ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣ ɹ ʷʢʦʩʪʽ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʮʫʢʨʠʩʪʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʩʝʨʪʽʚ 

 

ʗʥʘ ʂʦʣʦʜʟʝʡʩʴʢʘ, ʉʚʽʪʣʘʥʘ ʃʽʪʚʠʥʯʫʢ  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʘ ʢʦʥʮʝʧʮʽʷ ʢʦʥʜʠʪʝʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʙʽʢ 

ʧʽʜʚʠʱʝʥʥʷ ʥʫʪʨʽʪʠʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʫ. 

ʉʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ (ʜʝʩʝʨʪʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʩʣʠʥʥʠʭ ʙʽʣʢʽʚ, 
ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʦʣʦʢʘ, ʚʝʨʰʢʽʚ ʪʘ ʧʦʣʽʩʘʭʘʨʠʜʽʚ) ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʩʝʨʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʊʨʘʜʠʮʽʡʥʘ ʪʝʨʤʦʦʙʨʦʙʢʘ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʝʛʨʘʜʘʮʽʾ ʙʽʦʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦʤʫ ʫʣʴʪʨʘʟʚʫʢ ʚʠʩʪʫʧʘʻ ʝʬʝʢʪʠʚʥʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʪʝʢʩʪʫʨʠ ʜʝʩʝʨʪʽʚ [1]. ʂʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʚʧʣʠʚʫ 

ʫʣʴʪʨʘʟʚʫʢʫ ʻ ʘʢʫʩʪʠʯʥʘ ʢʘʚʽʪʘʮʽʷ. ʃʦʢʘʣʴʥʽ ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ ʪʘ ʟʩʫʚʥʽ ʩʠʣʠ ʚʠʢʣʠʢʘʶʪʴ 

ʜʝʟʽʥʪʝʛʨʘʮʽʶ ʙʽʣʢʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʯʘʩʪʢʦʚʫ ʞʝʣʘʪʠʥʽʟʘʮʽʶ ʢʨʦʭʤʘʣʴʥʠʭ ʛʨʘʥʫʣ ʙʝʟ 

ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʩʪʝʤʠ [4]. ʎʝ ʜʦʟʚʦʣʷʻ ʤʘʥʽʧʫʣʶʚʘʪʠ ʚ'ʷʟʢʽʩʪʶ ʪʘ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʥʘ ʝʪʘʧʽ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ɸʥʘʣʽʟ ʨʝʦʣʦʛʽʯʥʠʭ 

ʤʦʜʝʣʝʡ (ʟʦʢʨʝʤʘ ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ-ʜʝ-ɺʘʘʣʝ) ʧʦʢʘʟʫʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʫ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʨʠʷʻ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤ ʜʦ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʦʾ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ [3]. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʦʙʨʦʙʢʘ ʚʧʣʠʚʘʻ ʥʘ ʙʽʣʢʦʚʫ ʬʨʘʢʮʽʶ ʪʘ ʽʥʽʮʽʶʻ ʢʦʥʬʦʨʤʘʮʽʡʥʽ 

ʟʤʽʥʠ ʙʽʣʢʦʚʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʾʭ ʯʘʩʪʢʦʚʦʶ ʜʝʥʘʪʫʨʘʮʽʻʶ ʪʘ 

ʝʢʩʧʦʥʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ ʛʽʜʨʦʬʦʙʥʠʭ ʛʨʫʧ. ʎʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʝʤʫʣʴʛʫʶʯʫ 

ʟʜʘʪʥʽʩʪʴ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʝʩʝʨʪʥʠʭ ʤʫʩʽʚ [3, 4].  

ɺʽʜʦʤʠʡ ʪʘʢʦʞ ʚʧʣʠʚ ʫʣʴʪʨʘʟʚʫʢʫ ʥʘ ʧʦʣʽʩʘʭʘʨʠʜʠ. ɿʦʢʨʝʤʘ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʛʽʜʨʦʢʦʣʦʾʜʘʤʠ, ʩʦʥʽʢʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʤʽʮʥʽʰʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʤʝʨʝʞʽ 

(ʟʙʽʣʴʰʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ), ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʛʝʣʽʚ ʙʝʟ ʩʘʭʘʨʦʟʠ [3]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʛʨʽʚʘʥʥʷ (ʪʝʨʤʽʯʥʦʛʦ ʤʝʪʦʜʫ), ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʦʙʨʦʙʢʘ ʤʽʥʽʤʽʟʫʻ 

ʩʠʥʝʨʝʟʠʩ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ (ʛʦʤʦʛʝʥʽʟʘʮʽʶ), ʱʦ 
ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʽʥʜʝʢʩʫ ʢʦʥʩʠʩʪʝʥʮʽʾ [2, 3, 4]. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʨʠʩʥʠʭ ʜʝʩʝʨʪʽʚ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʩʪʘʙʽʣʴʥʠʭ ʨʝʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ 

ʩʠʨʦʚʠʥʠ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʧʨʝʚʝʥʪʠʚʥʦʾ ʥʫʪʨʽʮʽʦʣʦʛʽʾ ʟ 

ʟʘʜʘʥʦʶ ʪʝʢʩʪʫʨʦʶ ʪʘ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

ɼʘʨôʷ ʄʘʣʴʯʝʥʢʦ, ɸʥʘʩʪʘʩʽʷ ɹʘʰʪʘʥ, ʄʘʨʽʷ ʉʦʢʦʣʦʚʘ, ʉʚʽʪʣʘʥʘ ʃʽʪʚʠʥʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺʩʪʫʧ. ʇʝʨʩʧʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʦ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ. 
ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ 

ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʤ'ʷʩʥʠʭ ʪʘ ʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠ: ʅɺʏ-ʥʘʛʨʽʚʘʥʥʷ, ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʝ (ʦʤʽʯʥʝ) ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ 

ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʣʷʤʠ (ɯɽʇ). 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʜʝʪʘʣʴʥʽʰʝ ʟʘʟʥʘʯʝʥʽ ʤʝʪʦʜʠ. 

ʄʽʢʨʦʭʚʠʣʴʦʚʘ ʪʝʭʥʦʣʦʛʽʷ (ʅɺʏ-ʥʘʛʨʽʚʘʥʥʷ) ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʧʨʠʛʦʪʫʚʘʥʥʷ, 

ʥʘʛʨʽʚ, ʨʦʟʤʦʨʦʟʢʫ, ʧʘʩʪʝʨʠʟʘʮʽʶ, ʩʪʝʨʠʣʽʟʘʮʽʶ ʘʙʦ ʩʫʰʽʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. ʇʨʠ ʮʴʦʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʩʝʨʝʜʠʥʽ ʧʨʦʜʫʢʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʛʝʥʝʨʘʮʽʷ ʪʝʧʣʘ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʤʽʢʨʦʭʚʠʣʴ ʽʟ ʧʦʣʷʨʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. 

ɼʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʭʘʨʯʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘʢʦʞ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʥʝʨʛʽʾ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ. ʊʦʙʪʦ 

ʅɺʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʪʘ ʨʽʚʥʦʤʽʨʥʝ ʥʘʛʨʽʚʘʥʥʷ, ʩʢʦʨʦʯʫʶʯʠ 
ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʤʦʣʦʯʥʠʭ ʪʘ ʤ'ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʯʦʚʠʭ 

ʪʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [1].  

ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʦʤʽʯʥʝ ʥʘʛʨʽʚʘʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʭʦʜʞʝʥʥʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʢʨʽʟʴ ʧʨʦʜʫʢʪ. ɼʦʩʣʽʜʞʝʥʥʷ [2] ʧʦʢʘʟʘʣʠ, ʱʦ ʪʘʢʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʘʩʪʝʨʠʟʘʮʽʶ ʧʨʦʜʫʢʪʽʚ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʙʝʟ 

ʨʠʟʠʢʫ ʧʝʨʝʛʨʽʚʫ ʧʨʠʩʪʽʥʢʦʚʠʭ ʰʘʨʽʚ ʦʙʣʘʜʥʘʥʥʷ. ʆʤʽʯʥʝ ʥʘʛʨʽʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ʟ ʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʦʩʢʽʣʴʢʠ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʫʙʯʘʩʪʠʤʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ. 

ɺʽʜʦʤʦ, ʱʦ ɯɽʇ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʢʘʨʪʦʧʣʽ, ʮʠʢʦʨʽʶ, ʤôʷʩʥʠʭ ʽ 

ʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ [3]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʘʢʪʠʚʘʮʽʷ 
ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʧʨʠʯʦʤʫ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʥʩʝʨʚʘʥʪʠ), ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʨʠʚʘʣʽʰʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʡ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʠ ʾʭ ʷʢʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʩʠʨʦʚʠʥʠ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ 

(ʅɺʏ-ʥʘʛʨʽʚʘʥʥʷ, ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ) 

ʜʦʟʚʦʣʷʻ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥ, ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʦʙʨʦʙʢʠ, ʧʽʜʚʠʱʠʪʠ  

ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʪʽʚ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʛʪʠ ʾʭ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ. 

ʃʽʪʝʨʘʪʫʨʘ 

1.  Singh, A.P., Erdogdu, F., Wang, S. & Ramaswamy, H.S. (2024). Microwave 

Processing of Foods: Challenges, Advances and Prospects. Springer Food Engineering 
Series, Switzerland. https://doi.org/10.1007/978-3-031-51613-9 

2.  Leong, S. Y., & Oey, I. (2022). Application of Novel Thermal Technology in Foods 

Processing. Foods, 11(1), 125. https://doi.org/10.3390/foods11010125 

3.  ʉʚʷʪʥʝʥʢʦ, ʈ., ʄʘʨʠʥʽʥ, ɸ., ɹʘʥʜʫʨʘ, ʋ., & ɹʦʨʪʥʽʯʫʢ, ʆ. (2024). ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʤʝʪʦʜʠ ʦʙʨʦʙʣʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʾʭ ʘʧʘʨʘʪʫʨʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, (106), 75ï79. 

https://doi.org/10.32782/EIS/2024-106-13 



92st International  scientific conference of young scientist and students  
"Youth scientific achievements to the 21st century nutrition problem solution",  

April , 20ï24, 2026. Book of abstract. Part 2. NUFT, Kyiv. 

191 

ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʤʝʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʗʄʈ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

 

ɺʝʨʦʥʽʢʘ ʃʶʙʽʤʦʚʘ, ʉʚʽʪʣʘʥʘ ʃʽʪʚʠʥʯʫʢ, ɸʣʽʥʘ ʉʽʨʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʢʣʶʯʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʪʘ 

ʧʨʦʩʪʝʞʫʚʘʥʦʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʻ ʧʦʻʜʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽʟ ʫʩʪʘʣʝʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʆʩʦʙʣʠʚʦ 
ʘʢʪʫʘʣʴʥʠʤ ʮʝ ʧʠʪʘʥʥʷ ʻ ʜʣʷ ʨʠʥʢʫ ʤʝʜʫ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ ʧʨʦʜʫʢʪʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʨʠʟʠʢʘʤʠ ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ 

ʧʽʜʭʽʜ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʤʝʜʫ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʤʦʞʣʠʚʦʩʪʽ ʷʜʝʨʥʦ-

ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ (ʗʄʈ) ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʤʝʪʦʜʠ 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʤʝʜʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʬʘʣʴʩʠʬʽʢʘʮʽʾ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʩʫʯʘʩʥʠʭ 

ʚʠʢʣʠʢʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʘʛʘʣʴʥʶʚʘʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʛʘʨʤʦʥʽʟʘʮʽʷ 

ʤʽʞʥʘʨʦʜʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʪʘ ʾʭ ʥʘʣʝʞʥʘ ʚʘʣʽʜʘʮʽʷ ʫ ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚʘʭ. ɺʦʜʥʦʯʘʩ 

ʽʥʪʝʛʨʘʮʽʷ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʤʝʪʦʜʽʚ ʽʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʽʜʢʨʠʚʘʻ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽ ʧʨʦʩʪʝʞʫʚʘʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ 
ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʤʝʜʫ, ʧʽʜʚʠʱʫʶʯʠ ʧʨʦʟʦʨʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʛʘʣʫʟʽ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʦʙʽʛʫ [1]. 

ʄʝʪʦʜ ʗʄʈ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʝʜʫ ʙʝʟ 

ʩʢʣʘʜʥʦʾ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ [2]. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ 

ʜʦʜʘʥʽ ʮʫʢʨʦʚʽ ʩʠʨʦʧʠ (ʢʫʢʫʨʫʜʟʷʥʠʡ, ʨʠʩʦʚʠʡ, ʪʨʦʩʪʠʥʥʠʡ), ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʙʦʪʘʥʽʯʥʝ ʪʘ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʦʙʨʦʙʢʘ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʘʥʘʣʽʟʫ. ʉʘʤʝ ʪʫʪ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʧʝʢʪʨʽʚ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʦʤʽʰʦʢ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʥʘʜʽʡʥʽ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʜʫ ʟʘ 
ʧʦʭʦʜʞʝʥʥʷʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʙʽʙʣʽʦʪʝʢ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʜʫʨʠ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʨʦʜʫʢʮʽʾ. ɯʥʪʝʛʨʘʮʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʗʄʈ ʪʘʢʦʞ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʤʝʜʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ 

ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʪʘʢ ʽ ʚ ʩʪʨʫʢʪʫʨʘʭ ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ɺʠʩʥʦʚʢʠ. ʇʦʻʜʥʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʗʄʈ ʽʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʩʪʚʦʨʶʻ ʩʫʯʘʩʥʠʡ, ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʤʝʜʫ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʟʦʨʦʩʪʽ ʡʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʽʛʫ, ʟʤʽʮʥʝʥʥʶ ʭʘʨʯʦʚʦʾ 

ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ ʧʨʘʚ ʩʧʦʞʠʚʘʯʽʚ. 
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ɹʽʦʬʽʟʠʢʘ ʩʫʯʘʩʥʠʭ ʢʘʨʜʽʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ʆʣʝʢʩʘʥʜʨʘ ɾʫʨʘʚʢʦʚʘ, ʄʠʭʘʡʣʦ ʃʘʟʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɯʤʧʫʣʴʩʥʘ ʧʦʣʴʦʚʘ ʘʙʣʷʮʽʷ (Pulsed Field Ablation, PFA) ï ʮʝ ʤʝʪʦʜ ʚʧʣʠʚʫ 

ʥʘ ʤʽʦʢʘʨʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʟ ʙʽʦʣʦʛʽʯʥʦʶ ʪʢʘʥʠʥʦʶ. 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (Lethal Electric Field, 
LET), ʧʨʠ ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝʟʚʦʨʦʪʥʠʡ ʝʬʝʢʪ ʘʙʣʷʮʽʾ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽʤʧʫʣʴʩʥʦʾ 

ʧʦʣʴʦʚʦʾ ʘʙʣʷʮʽʾ ʥʘ ʪʢʘʥʠʥʽ ʰʣʫʥʦʯʢʽʚ ʩʚʠʥʷʯʦʛʦ ʩʝʨʮʷ [1]. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ 

ʤʽʦʢʘʨʜ ʷʢ ʧʨʦʚʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪ ʘʙʣʷʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʬʽʟʠʯʥʽ ʘʩʧʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʽʤʧʫʣʴʩʽʚ ʟ 

ʪʢʘʥʠʥʦʶ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɯʤʧʫʣʴʩʥʘ ʧʦʣʴʦʚʘ ʘʙʣʷʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ 

ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʽʤʧʫʣʴʩʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʜʦʩʪʘʪʥʴʦʾ ʘʤʧʣʽʪʫʜʠ ʜʣʷ 

ʧʝʨʝʚʠʱʝʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ [1]. ɿʦʥʘ ʜʽʾ ʧʦʣʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʝʣʝʢʪʨʦʜʽʚ, 

ʘʥʽʟʦʪʨʦʧʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʤʧʫʣʴʩʽʚ: 

ʘʤʧʣʽʪʫʜʠ, ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʩʝʨʽʡ.  

ʇʽʜʚʠʱʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʛʠ ʘʙʦ ʯʠʩʣʘ ʽʤʧʫʣʴʩʥʠʭ ʩʝʨʽʡ ʟʤʝʥʰʫʻ ʥʝʦʙʭʽʜʥʝ 
ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʛʦ ʦʙôʻʤʫ ʚʧʣʠʚʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʦʭʦʧʣʝʥʥʷ ʮʽʣʴʦʚʦʾ ʜʽʣʷʥʢʠ. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʶʚʘʪʠ ʬʦʨʤʫ ʪʘ ʛʣʠʙʠʥʫ ʟʦʥʠ ʜʽʾ ʧʦʣʷ, ʚʨʘʭʦʚʫʶʯʠ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ [1]. 

ʇʦʙʽʯʥʠʡ ʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʤʽʥʽʤʘʣʴʥʠʤ. ʄʘʢʩʠʤʘʣʴʥʘ ʣʦʢʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ, ʥʘʡʙʣʠʞʯʽʡ ʜʦ ʝʣʝʢʪʨʦʜʘ, ʥʝ 

ʧʝʨʝʚʠʱʫʻ 60 ÁC ʥʘ ʛʣʠʙʠʥʽ 1ʤʤ, ʧʨʠ ʮʴʦʤʫ ʦʙôʻʤ ʪʝʨʤʽʯʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 

ʤʝʥʰʝ 2 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʟʦʥʠ ʜʽʾ [1]. ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʠʟʥʘʯʘʻ, 

ʷʢʽ ʜʽʣʷʥʢʠ ʪʢʘʥʠʥʠ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʝʣʝʢʪʠʚʥʫ ʟʦʥʫ 

ʘʙʣʷʮʽʾ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʩʫʩʽʜʥʽ ʢʣʽʪʠʥʠ. 

ʇʽʜ ʯʘʩ ʽʤʧʫʣʴʩʥʦʾ ʧʦʣʴʦʚʦʾ ʘʙʣʷʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʟʘʟʥʘʻ ʣʠʰʝ ʦʙʨʘʥʘ ʜʽʣʷʥʢʘ 
ʤʽʦʢʘʨʜʘ, ʘ ʨʦʟʤʽʨ ʽ ʬʦʨʤʘ ʟʦʥʠ ʘʙʣʷʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʧʨʫʞʝʥʽʩʪʶ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ  

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʽʚ ʪʘ ʨʦʟʤʽʱʝʥʥʷ 

ʝʣʝʢʪʨʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʤʧʫʣʴʩʥʦʾ ʧʦʣʴʦʚʦʾ ʘʙʣʷʮʽʾ ʧʨʠ 

ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʚʥʝʩʢʫ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ ʜʽʾ. 

ɺʠʩʥʦʚʢʠ. ɯʤʧʫʣʴʩʥʘ ʧʦʣʴʦʚʘ ʘʙʣʷʮʽʷ ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʫ ʤʽʦʢʘʨʜʽ, ʷʢʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʙʦʶ ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ ʪʘ ʚʪʨʘʪʠ ʾʭʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʎʝ ʧʨʦʜʫʢʫʻ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʦʙʩʷʛ ʜʝʩʪʨʫʢʮʽʾ ʪʢʘʥʠʥʠ, ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʧʦʜʘʻʪʴʩʷ ʪʦʯʢʦʚʦ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʥʘ ʩʫʩʽʜʥʽ ʜʽʣʷʥʢʠ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʨʤʽʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʜʽʣʷʥʢʫ ʻ ʤʽʥʽʤʘʣʴʥʠʤ, ʘ ʪʦʤʫ ʨʠʟʠʢ ʧʦʰʢʦʜʞʝʥʥʷ ʩʫʩʽʜʥʽʭ ʪʢʘʥʠʥ ʥʠʞʯʠʡ, ʱʦ ʨʦʙʠʪʴ 

ʮʝʡ ʤʝʪʦʜ ʙʝʟʧʝʯʥʽʰʠʤ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʌʽʟʠʯʥʘ ʦʩʥʦʚʘ ʤʝʪʦʜʽʚ ʙʽʦʽʥʞʝʥʝʨʽʾ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʽʥʞʝʥʝʨʽʾ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʾʭʥʽʭ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ɼʘʨʽʷ ɹʘʙʝʥʢʦ, ʄʠʭʘʡʣʦ ʃʘʟʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ - 

ʚʽʜ ʤʝʜʠʮʠʥʠ ʜʦ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʦʪʝ ʾʭ ʧʨʠʨʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 
ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʡ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʾʭ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʡ 

ʤʦʜʠʬʽʢʘʮʽʾ. ɺʘʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʮʽ ʧʨʦʮʝʩʠ ʥʝ ʣʠʰʝ ʟ ʙʽʦʣʦʛʽʯʥʦʾ, ʘ ʡ ʟ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʚʧʣʠʚʫ ʥʘ ʢʣʽʪʠʥʫ, 

ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʧʦʨʘʮʽʶ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ 

ʤʝʭʘʥʽʯʥʽ ʬʘʢʪʦʨʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʭʘʥʽʟʤʠ ʾʭ ʜʽʾ ʥʘ ʢʣʽʪʠʥʥʽ ʩʪʨʫʢʪʫʨʠ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ - ʚʽʜ ʤʝʜʠʮʠʥʠ ʜʦ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʦʪʝ ʾʭ ʧʨʠʨʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʩʫʯʘʩʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʡ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʾʭ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ. ʅʘ 

ʤʦʶ ʜʫʤʢʫ, ʚʘʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʮʽ ʧʨʦʮʝʩʠ ʥʝ ʣʠʰʝ ʟ ʙʽʦʣʦʛʽʯʥʦʾ, ʘ ʡ ʟ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ ʯʘʩʪʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ 

ʥʘ ʢʣʽʪʠʥʫ. 
ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦʚʠʭ ʧʨʠʢʣʘʜʽʚ ʻ 

ʝʣʝʢʪʨʦʧʦʨʘʮʽʷ [1]. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʜʽʾ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʥʘ ʢʣʽʪʠʥʥʫ ʤʝʤʙʨʘʥʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʥʽʡ ʫʪʚʦʨʶʶʪʴʩʷ ʪʠʤʯʘʩʦʚʽ ʧʦʨʠ. ʏʝʨʝʟ ʮʽ 

ʧʦʨʠ ʚ ʢʣʽʪʠʥʫ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ɼʅʂ ʘʙʦ ʽʥʰʽ ʤʦʣʝʢʫʣʠ. ɺʘʞʣʠʚʦ, ʱʦ ʮʝʡ ʧʨʦʮʝʩ ʻ 

ʢʝʨʦʚʘʥʠʤ, ʽ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʜʽʾ ʧʦʣʷ ʤʝʤʙʨʘʥʘ ʚʽʜʥʦʚʣʶʻ ʩʚʦʶ ʮʽʣʽʩʥʽʩʪʴ.  

ʊʘʢʦʞ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʦʥʦ ʟʜʘʪʥʝ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ɼʅʂ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʫʪʘʮʽʡ. ʍʦʯʘ 

ʤʫʪʘʮʽʾ ʯʘʩʪʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ, ʫ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʾʭ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʰʪʘʤʽʚ ʽʟ ʧʦʪʨʽʙʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʘʧʨʠʢʣʘʜ ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʘʙʦ ʩʪʽʡʢʽʩʪʶ. ʆʢʨʝʤʦ ʚʘʨʪʦ 

ʟʛʘʜʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʬʘʢʪʦʨʠ. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ 
ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ, ʘ ʤʝʭʘʥʽʯʥʽ ʪʘ ʘʢʫʩʪʠʯʥʽ ʚʧʣʠʚʠ (ʟʦʢʨʝʤʘ 

ʫʣʴʪʨʘʟʚʫʢ) ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʧʨʦʥʠʢʥʽʩʪʴ ʢʣʽʪʠʥʥʠʭ ʦʙʦʣʦʥʦʢ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ.  

ʗʢʱʦ ʫʟʘʛʘʣʴʥʠʪʠ, ʚʩʽ ʮʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʢʣʽʪʠʥʽ ʪʘ ʾʾ 

ʩʪʨʫʢʪʫʨʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤ. ʉʘʤʝ ʮʝ ʽ ʻ ʬʽʟʠʯʥʦʶ ʦʩʥʦʚʦʶ ʙʽʦʽʥʞʝʥʝʨʽʾ: ʚʟʘʻʤʦʜʽʷ 

ʧʦʣʽʚ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʽʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʩʪʚʦʨʶʚʘʪʠ ʰʪʘʤʠ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ʌʽʟʠʯʥʦʶ ʦʩʥʦʚʦʶ ʙʽʦʽʥʞʝʥʝʨʽʾ ʻ ʚʟʘʻʤʦʜʽʷ ʧʦʣʽʚ, ʚʧʣʠʚ  
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʽʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʦʻʜʥʘʥʥʷ ʬʽʟʠʯʥʠʭ ʽ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʚʽʜʢʨʠʚʘʻ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʢʝʨʫʚʘʥʥʷ 

ʢʣʽʪʠʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  
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ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ 

 

ɯʨʠʥʘ ʂʨʠʚʦʥʦʩʦʚʘ, ɭʣʠʟʘʚʝʪʘ ʉʚʽʯʢʘʨ, ʄʠʭʘʡʣʦ ʃʘʟʘʨʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɺʦʥʘ ʚʠʟʥʘʯʘʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʪʨʘʥʩʧʽʨʘʮʽʾ ʪʘ ʪʝʨʤʦʨʝʛʫʣʷʮʽʾ. ɿʤʽʥʠ ʨʽʚʥʷ 
ʚʦʣʦʛʦʩʪʽ ʤʦʞʫʪʴ ʷʢ ʩʧʨʠʷʪʠ ʥʦʨʤʘʣʴʥʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʦʨʛʘʥʽʟʤʽʚ, ʪʘʢ ʽ 

ʚʠʢʣʠʢʘʪʠ ʥʝʛʘʪʠʚʥʽ ʩʪʘʥʠ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ ʾʾ ʨʽʟʢʠʭ ʟʤʽʥ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʧʽʜʨʫʯʥʠʢʽʚ ʟ ʝʢʦʣʦʛʽʾ ʪʘ 

ʚʽʜʢʨʠʪʠʭ ʽʥʪʝʨʥʝʪ-ʜʞʝʨʝʣ [1-5] ʱʦʜʦ ʨʦʣʽ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ 

ʨʦʩʣʠʥʥʠʭ ʽ ʪʚʘʨʠʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘʩʘʤʧʝʨʝʜ ʚʧʣʠʚʘʻ ʥʘ ʚʦʜʥʠʡ 

ʙʘʣʘʥʩ ʦʨʛʘʥʽʟʤʽʚ. ʋ ʨʦʩʣʠʥ ʚʦʥʘ ʨʝʛʫʣʶʻ ʧʨʦʮʝʩ ʪʨʘʥʩʧʽʨʘʮʽʾ ï ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ 

ʯʝʨʝʟ ʣʠʩʪʷ. ɿʘ ʥʠʟʴʢʦʾ ʚʦʣʦʛʦʩʪʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ ʟʨʦʩʪʘʻ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʪʨʘʪʠ ʚʦʜʠ ʪʘ ʚôʷʥʝʥʥʷ ʨʦʩʣʠʥ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʨʦʩʣʠʥʠ ʟʤʫʰʝʥʽ 

ʘʜʘʧʪʫʚʘʪʠʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʢʨʠʚʘʥʥʷ 

ʧʨʦʜʠʭʠ ʘʙʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ ʚ ʪʢʘʥʠʥʘʭ. 

ɿʘ ʚʠʩʦʢʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʥʘʚʧʘʢʠ, ʪʨʘʥʩʧʽʨʘʮʽʷ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʤʦʞʝ 
ʧʦʨʫʰʫʚʘʪʠ ʥʦʨʤʘʣʴʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʽʟ ˇʨʫʥʪʫ. ʂʨʽʤ ʪʦʛʦ, 

ʥʘʜʤʽʨʥʘ ʚʦʣʦʛʽʩʪʴ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʛʨʠʙʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʽ 

ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʆʩʦʙʣʠʚʦ ʯʫʪʣʠʚʠʤʠ ʜʦ ʟʤʽʥ ʚʦʣʦʛʦʩʪʽ ʻ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʽʟ ʥʠʭ 

ʧʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʨʦʩʪʫ ʪʘ ʨʦʟʤʥʦʞʝʥʥʷ. ʎʝ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʰʚʠʜʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʣʽʩʥʷʚʠʭ ʛʨʠʙʽʚ ʫ ʚʦʣʦʛʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ 

ʝʢʦʩʠʩʪʝʤʘʭ ʽʟ ʥʘʜʣʠʰʢʦʚʠʤ ʟʚʦʣʦʞʝʥʥʷʤ. 

 

 
ʇʣʽʩʥʷʚʘ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʫ ʚʦʣʦʛʽʩʪʴ 

 
ʇʽʜʚʠʱʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ 

ɺʠʩʥʦʚʢʠ. ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʻ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʨʦʩʣʠʥ, ʪʚʘʨʠʥ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʗʢ ʥʝʜʦʩʪʘʪʥʷ, ʪʘʢ ʽ ʥʘʜʤʽʨʥʘ ʚʦʣʦʛʽʩʪʴ ʤʦʞʫʪʴ ʤʘʪʠ 
ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʦʨʛʘʥʽʟʤʽʚ, ʧʦʨʫʰʫʶʯʠ ʾʭ ʚʦʜʥʠʡ ʙʘʣʘʥʩ ʽ ʞʠʪʪʻʚʽ ʬʫʥʢʮʽʾ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʦʣʦʛʦʩʪʽ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʝʢʦʩʠʩʪʝʤ ʪʘ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. 
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Prospects for the use of emerging technologies in occupational health and safety 

management at food industry enterprises 
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National University of Food Technologies, Kyiv, Ukraine 

 

Introduction.  The occupational health and safety management system (OHSMS) of 

food industry enterprises is the basis for ensuring occupational safety in the food industry of 
Ukraine. The implementation of new models and principles in the information provision of 

OHSMS at a food enterprise with the involvement of modern information technologies plays 

a decisive role in the soundness and timeliness of management decisions made. 

Materials and methods. The research was based on analyzing literature sources and 

summarizing scientific results. 

Results and discussion. Digital technologies used in the information provision of the 

OHSMS of a food enterprise must perform the tasks of occupational risk assessment. Let us 

consider modern technologies based on the implementation of advanced methods: robotic 

systems [1] ï robots can perform various tasks: lifting heavy loads, welding, and assembly, 

which minimizes physical strain on workers, reduces the risk of human error and exposure 

to hazardous conditions, thereby improving occupational safety and hygiene; artificial 

intelligence and machine learning [2] ï artificial intelligence algorithms can analyze vast 
amounts of data to identify patterns and predict potential hazards, transforming workplace 

safety based on real-time monitoring and risk reduction strategies, and they also allow for the 

optimization of emergency response plans, ensuring a safer working environment; 

exoskeletons ï devices that support and enhance workers' physical abilities, reducing the risk 

of injury during physically demanding tasks (lifting heavy loads) by decreasing the strain on 

muscles, lower limb joints, and the back, thereby providing mechanical support and 

improving overall workplace safety; unmanned aerial vehicles (UAVs) ï can monitor large 

facilities, inspect structures, and assess hazardous zones without exposing workers to danger, 

while also being utilized for aerial mapping, surveillance, and tracking moving objects, 

helping to maintain occupational safety standards and prevent accidents; the Internet of 

Things (IoT) ï involves a network of interconnected devices that collect and exchange data 
to enhance workplace safety, where sensors enable the real-time monitoring of environmental 

conditions, equipment status, and workers' health; virtual and augmented reality (VR/AR) ï 

serve as powerful tools for safety training and management capable of simulating hazardous 

scenarios, allowing workers to practice safety protocols in a controlled environment, 

improving hazard identification, personnel training, and ensuring compliance with 

occupational safety standards. 

Conclusion. Thus, an improvement of the OHSMS of food industry enterprises in terms 

of occupational risk management is proposed, which enables the identification of appropriate 

tools to address these risks, taking into account established objectives and necessary 

resources, which, in turn, will increase the efficiency of the preparation, adoption, and 

implementation of occupational safety management decisions.  
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Analysis of injuries among students and employees of educational institutions 
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Introduction.  The purpose of studying injuries in the field of education is to determine 

the patterns of accident occurrence, develop measures for their prevention, and promote the 

prophylaxis of injuries, which necessitates a systematic analysis and generalization of the 
causes of such incidents. 

Materials and methods. The study was conducted using the method of statistical 

analysis of accidents that occurred in the field of education during the period from 2019 to 

2024. 

Results and discussion. Nearly 25.6 thousand state and communal educational 

institutions fall under the management of the Ministry of Education and Science, serving over 

6 million students and employing 1.014 million staff members (Letter of the MES "On the 

state of injuries among students and employees of educational institutions for 2024"). Official 

data provided by the State Statistics Service of Ukraine regarding the level of occupational 

injuries indicate that 834 employees in the education sector sustained injuries between 2019 

and 2024, 48 of which were fatal (Statistical bulletin: Occupational injuries in Ukraine in 

2019-2024).  
An analysis of the distribution of accidents by main causes, types of activities, and 

professional groups was carried out. It was established that organizational factors lead to 60% 

of injuries among participants in the educational process. The primary cause of injuries 

among employees is identified as deficiencies and omissions in the organization of 

occupational safety, as well as the neglect of personal safety. 

It has been proven that in 82.5% of cases, the cause of injury is the behavior of the student 

themselves, while only 17.5% of cases result from a hazardous situational environment.  

Cases of non-occupational injuries among participants in the educational process that 

occurred in everyday life were also analyzed. According to statistical data on non-

occupational (domestic) injuries between 2019 and 2024, 2,677 participants in the 

educational process died, including 111 individuals in the higher education sector: 34 in 
2019, 16 in 2020, 27 in 2021, 27 in 2022, 7 in 2023, and 22 in 2024. 

According to the analysis of non-occupational fatal injuries in 2024, transport accidents 

rank first in prevalence (22.05%), in second place╖accidental drowning and submersion in 

water (19.42%), in third place ï consequences of external causes of morbidity and mortality 

(13.65%), and in fourth place ï intentional self-harm (11.29%). It is noted that the scale, 

damage, and complexity of resolving issues related to non-occupational fatal injuries make 

it a socially dangerous phenomenon. This requires a systemic approach to the prevention of 

domestic injuries at all levels, awareness of the priority of protecting life and health over 

other interests, strengthening control over the implementation of injury prevention measures, 

and planning fire safety measures. 

Conclusion. Thus, a statistical analysis of injuries among participants in the educational 
process and employees of state and communal educational institutions, enterprises, and 

organizations under the management of the Ministry of Education and Science was conducted 

for the period from 2019 to 2024. It is recommended to use these research results during 

occupational health and safety briefings for both employees and students. 
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Modern challenges of biosafety of employees in the hotel and restaurant industry 

 

Daria Lukashuk, Alina Siryk  

National University of Food Technologies, Kyiv, Ukraine 

 

Introduction.  The hotel and restaurant industry is a sector of increased biological risk, 

as employees constantly interact with visitors, come into contact with food products, and use 

shared facilities. Global challenges, in particular the COVID-19 pandemic, have increased 
the requirements for biosafety, making worker protection an important element of 

occupational safety, which directly affects the stable operation of enterprises in the industry. 

Materials and methods. The work used an analysis of scientific publications, 

recommendations of the Center for Public Health of the Ministry of Health of Ukraine, 

international WHO guidelines, and regulatory documents in the field of sanitary safety and 

food hygiene. The research methods are generalization of information, comparative analysis 

of risks and measures for the prevention of biological hazards in hotel and restaurant 

establishments. 

Results and discussion. It was found that biological risks for workers are divided into 

external and internal. External risks include respiratory infections such as COVID-19, 

influenza, acute respiratory viral infections, tuberculosis, which can be transmitted by 

airborne droplets, as well as contact skin infections and fungal diseases [1]. Internal risks are 
associated with violations of sanitary working conditions in the institution: food infections 

(salmonella, E. coli, norovirus), mold in damp rooms, biological agents in ventilation and 

water supply systems (legionella) [2]. 

Effective personnel protection involves a set of preventive measures: vaccination, 

medical examinations, use of personal protective equipment, regular disinfection of surfaces, 

quality control of raw materials, air and water, implementation of the HACCP system and 

ongoing employee training. 

Each preventive measure is implemented taking into account the possible danger, with 

an outline of the circle of people who may be infected. Thus, the COVID-19 pandemic has 

become an illustrative example of a high external risk - the use of protective face shields, 

mask mode, contactless service and enhanced sanitary requirements were introduced to 
protect workers [1]. These measures have proven the effectiveness of rapid adaptation to 

safety standards. No less important is the education and training of personnel in biosafety 

training and the development of algorithms for responding to possible outbreaks of infection 

Conclusions. Biological risks are part of the professional activities of hotel and 

restaurant workers. Minimization of these risks is possible only under the conditions of a 

systematic approach that combines sanitary control, engineering solutions, preventive 

medicine and personnel training. Modern challenges require increased biosafety standards, 

which not only protects workers, but also builds consumer trust and ensures the stability of 

enterprises in crisis conditions. 
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ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ 

ʧʨʘʮʽ ʧʽʜʧʨʠʻʤʩʪʚ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ 

 

ɼʘʥʽʣʘ ʉʘʧʘ, ɸʥʜʨʽʡ ʍʦʨʦʰʫʥ, ʆʣʴʛʘ ɭʚʪʫʰʝʥʢʦ, ɸʣʽʥʘ ʉʽʨʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʫ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ 

(ʉʋʆʇ) ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ 
ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʮʠʬʨʦʚʽʟʘʮʽʾ ʛʘʣʫʟʽ. ʆʩʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ 

ʥʝʟʤʽʥʥʠʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʨʝʻʩʪʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ [1]. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʪʝʤʦʶ ʨʦʙʦʪʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʮʝʩ ʽʥʪʝʛʨʘʮʽʾ ʚ ʉʋʆʇ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʯʦʪʠʨʠ ʨʽʚʥʽ. ʇʝʨʰʠʡ ʨʽʚʝʥʴ ʟʙʦʨʫ ʜʘʥʠʭ ï ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʷʭ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʘʪʯʠʢʠ ʷʢʽ ʧʦʩʪʽʡʥʦ ʟʯʠʪʫʶʪʴ ʧʘʨʘʤʝʪʨʠ (ʥʘʧʨʠʢʣʘʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥ ʚ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʘʙʦ ʥʘʷʚʥʽʩʪʴ ɿɯɿ ʥʘ ʦʙʣʠʯʯʽ ʯʝʨʝʟ ʢʘʤʝʨʫ 

ʐɯ). ɼʨʫʛʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ï ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ ʥʘʜʭʦʜʷʪʴ ʥʘ ʰʣʶʟ 

(ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʚʠʥʥʘ ʬʽʣʴʪʨʘʮʽʷ) ʫ ʙʣʦʢʯʝʡʥ ʬʽʢʩʫʶʪʴʩʷ ʣʠʰʝ ʢʨʠʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʥʦʨʤʠ ʪʘ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ (ʭʝʰʽ) ʢʦʞʥʽ 10-15 ʭʚʠʣʠʥ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ. ʊʨʝʪʽʡ ʨʽʚʝʥʴ ʚʠʢʦʥʘʥʥʷ çʉʤʘʨʪ-ʢʦʥʪʨʘʢʪè, ʱʦ ʤʽʩʪʠʪʴ ʟʘʟʜʝʣʝʛʽʜʴ 
ʧʨʦʧʠʩʘʥʽ ʘʣʛʦʨʠʪʤʠ ʙʝʟʧʝʢʠ (ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʜʘʪʯʠʢ ʟʘʬʽʢʩʫʚʘʚ ʚʭʽʜ ʧʨʘʮʽʚʥʠʢʘ ʚ 

ʟʦʥʫ ɸ, ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ ʤʠʪʪʻʚʦ ʟʚʽʨʷʻ ʡʦʛʦ ID ʫ ʙʣʦʮʽ çʄʝʜʦʛʣʷʜʠè, ʷʢʱʦ ʪʝʨʤʽʥ 

ʤʝʜʦʛʣʷʜʫ ʩʧʣʠʚ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʙʣʦʢʫʻ ʞʠʚʣʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʶʻ 

ʟʘʧʠʩ ʧʨʦ ʧʦʨʫʰʝʥʥʷ). ʏʝʪʚʝʨʪʠʡ ʨʽʚʝʥʴ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʝʻʩʪʨʫ, ʜʝ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦ ʟʘʭʠʱʝʥʠʭ ʙʣʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʞʦʜʝʥ ʤʝʥʝʜʞʝʨ ʥʝ ʟʤʦʞʝ 

ʚʠʜʘʣʠʪʠ ʟʘʧʠʩ ʧʨʦ ʘʚʘʨʽʡʥʫ ʟʫʧʠʥʢʫ ʯʠ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʚʠʢʠʜʽʚ. ɼʘʥʽ, ʚʥʝʩʝʥʽ ʜʦ 

ʙʣʦʢʯʝʡʥ, ʦʪʨʠʤʫʶʪʴ ʯʘʩʦʚʫ ʤʽʪʢʫ, ʱʦ ʨʦʙʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʶʨʠʜʠʯʥʦ ʟʥʘʯʫʱʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʩʣʽʜʫʚʘʥʴ. ʇʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥʫ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʻ: ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʧʽʜʨʦʙʢʠ ʜʘʪ ʘʙʦ ʧʽʜʧʠʩʽʚ ʫ 

ʞʫʨʥʘʣʘʭ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʨʠ ʬʽʢʩʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʽʥʩʪʨʫʢʪʘʞʽʚ, ʧʨʦʭʦʜʞʝʥʥʷ 

ʤʝʜʠʯʥʠʭ ʦʛʣʷʜʽʚ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ; ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʘʚʪʦʤʘʪʠʯʥʦ 
ʦʙʤʝʞʫʶʪʴ ʜʦʩʪʫʧ ʧʝʨʩʦʥʘʣʫ ʜʦ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʱʦ ʪʝʨʤʽʥ 

ʜʦʧʫʩʢʫ ʘʙʦ ʤʝʜʦʛʣʷʜʫ ʟʘʢʽʥʯʠʚʩʷ; ʧʨʘʮʶʻ ʧʨʦʟʦʨʘ ʩʠʩʪʝʤʘ ʨʦʟʩʣʽʜʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ; ʧʦʻʜʥʘʥʥʷ ʙʣʦʢʯʝʡʥʫ ʟ ʜʘʪʯʠʢʘʤʠ (ɯʦʊ) ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ). 

ɺʠʩʥʦʚʦʢ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ (ʷʢ ʬʦʨʤʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʘʥʠʭ) ʻ ʦʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʋʆʇ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʫ ʢʦʥʪʝʢʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ISO 45001 

(ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʟʜʦʨʦʚôʷ ʪʘ ʙʝʟʧʝʢʦʶ ʧʨʘʮʽ) ʪʘ ISO 31000 (ʫʧʨʘʚʣʽʥʥʷ 
ʨʠʟʠʢʘʤʠ), ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʜʦʚʽʨʠ. 
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ɿʘʭʠʩʪ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʠʨʦʚʠʥʠ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʽʜ 

ʪʝʭʥʦʛʝʥʥʠʭ ʥʝʙʝʟʧʝʢ 

 

ʃʝʚ ɹʝʭ, ɸʣʽʥʘ ʉʽʨʠʢ, ʆʣʴʛʘ ɭʚʪʫʰʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʩʠʩʪʝʤʽ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʻ 

ʟʘʭʠʩʪ ʧʨʘʮʽʚʥʠʢʽʚ, ʧʦʨʷʜ ʽʟ ʯʠʤ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ 
ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʚʧʣʠʚʫ ʤʦʞʣʠʚʠʭ ʭʽʤʽʯʥʠʭ ʽ ʨʘʜʽʘʮʽʡʥʠʭ ʟʘʛʨʦʟ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʄʘʪʝʨʽʘʣ ʧʽʜʽʙʨʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ 

ʧʨʦ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʙʘʟʽ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ɼʉʅʉ [1] ʪʘ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʟʘʭʠʩʪʫ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʫʤʦʚʣʝʥʘ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʭʽʤʽʯʥʠʭ ʽ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʥʘʷʚʥʽʩʪʶ ʘʢʪʠʚʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ, ʥʘ ʷʢʠʭ 

ʤʦʞʣʠʚʽ ʘʚʘʨʽʾ. ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʧʦʛʽʨʰʫʻ ʩʫʯʘʩʥʘ ʚʽʡʩʴʢʦʚʘ ʘʛʨʝʩʽʷ ʱʦʜʦ ʋʢʨʘʾʥʠ, 

ʜʦʜʘʶʯʠ ʜʦ ʨʦʟʛʣʷʥʫʪʠʭ ʨʠʟʠʢʽʚ ʤʦʞʣʠʚʽʩʪʴ ʧʨʷʤʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʪʘ ʷʜʝʨʥʦʾ 

ʟʙʨʦʾ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʥʝ ʣʠʰʝ ʙʝʟʧʝʢʘ ʧʨʘʮʽʚʥʠʢʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʥʷ ʯʠʩʪʦʪʠ ʩʠʨʦʚʠʥʠ ʪʘ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʷʢ 

ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʭʠʩʪ ʥʘʩʝʣʝʥʥʷ. ɸʜʞʝ, ʨʘʟʦʤ ʽʟ 
ʟʘʨʘʞʝʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ, ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ 

ʥʝʙʝʟʧʝʯʥʽ ʪʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ, ʘ ʩʧʦʞʠʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʥʝʛʘʪʠʚʥʠʤʠ 

ʥʘʩʣʽʜʢʘʤʠ ʭʽʤʽʯʥʦʾ ʘʙʦ ʨʘʜʽʘʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʅʘʧʨʠʢʣʘʜ, ʨʘʜʽʘʮʽʡʥʠʡ ʧʠʣ, ʩʧʦʞʠʪʠʡ 

ʨʘʟʦʤ ʟ ʥʝʟʘʭʠʱʝʥʠʤ ʧʨʦʜʫʢʪʦʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʤʝʥʝʚʦʾ ʭʚʦʨʦʙʠ; ʩʧʦʞʠʚʘʥʥʷ 

ʟʘʙʨʫʜʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʩʠʣʴʥʠʤʠ ʭʽʤʽʢʘʪʘʤʠ (ʭʣʦʨʦʤ, ʘʤʽʘʢʦʤ ʯʠ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ) 

ʚʠʢʣʠʯʝ ʩʝʨʡʦʟʥʽ ʭʘʨʯʦʚʽ ʦʪʨʫʻʥʥʷ, ʥʝʩʫʤʽʩʥʽ ʟ ʞʠʪʪʷʤ. ʆʩʥʦʚʥʽ ʟʘʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ 

ʟʘʭʠʩʪʠʪʠ ʩʠʨʦʚʠʥʫ ʪʘ ʛʦʪʦʚʫ ʭʘʨʯʦʚʫ ʧʨʦʜʫʢʮʽʶ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʽʟʦʣʷʮʽʶ 

ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʥʘʚʢʦʣʠʰʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʛʝʨʤʝʪʠʟʘʮʽʶ ʧʨʦʜʫʢʮʽʾ ʚʩʽʤʘ 

ʤʦʞʣʠʚʠʤʠ ʟʘʩʦʙʘʤʠ. ʊʘʢ, ʟʛʽʜʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ [1], ʧʦʚʥʠʡ ʟʘʭʠʩʪ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʟʘʙʝʟʧʝʯʫʻ ʩʧʝʮʽʘʣʴʥʘ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʪʘ ʤʝʪʘʣʝʚʘ ʪʘ ʩʢʣʷʥʘ ʪʘʨʘ. ɽʬʝʢʪʠʚʥʠʤ 

ʟʘʩʦʙʦʤ ʟʘʭʠʩʪʫ ʪʘʢʦʞ ʻ ʧʦʻʜʥʘʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʘʙʦ ʧʘʧʝʨʦʚʦʾ ʫʧʘʢʦʚʢʠ ʟ ʜʝʨʝʚôʷʥʦʶ 
ʪʘʨʦʶ ʜʣʷ ʩʠʧʫʯʦʾ ʩʠʨʦʚʠʥʠ (ʙʦʨʦʰʥʦ, ʮʫʢʦʨ). ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʟʘʩʦʙʦʤ ʟʘʭʠʩʪʫ 

ʧʨʦʜʫʢʪʽʚ ʻ ʭʘʨʯʦʚʘ ʧʣʽʚʢʘ ʟ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʘʚʘʨʽʡʥʦʾ 

ʩʠʪʫʘʮʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʩʢʣʘʜʩʴʢʽ ʧʨʠʤʽʱʝʥʥʷ ʤʘʶʪʴ ʙʫʜʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʽʟʦʣʴʦʚʘʥʠʤʠ ʚʽʜ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʥʝ ʧʦʚʠʥʥʘ 

ʧʨʦʧʫʩʢʘʪʠ ʫ ʧʨʠʤʽʱʝʥʥʷ ʟʘʨʘʞʝʥʝ ʧʦʚʽʪʨʷ, ʜʚʝʨʽ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʛʝʨʤʝʪʠʯʥʽʩʪʴ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʷʜʝʨʥʦʾ ʟʘʛʨʦʟʠ, ʩʪʽʥʠ ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʧʨʦʜʫʢʮʽʾ 

ʤʘʶʪʴ ʙʫʪʠ ʤʽʥʽʤʫʤ 0,5 ʤʝʪʨʽʚ ʟʘʚʪʦʚʰʢʠ. 

ɺʠʩʥʦʚʢʠ. ɿʛʽʜʥʦ ʟ ʦʬʽʮʽʡʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ɼʉʅʉ[1], ʛʦʣʦʚʥʠʤ ʥʘʧʨʷʤʦʤ 

ʟʘʭʠʩʪʫ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʾʭ ʛʝʨʤʝʪʠʟʘʮʽʷ ʪʘ ʟʘʙʝʨʝʞʝʥʥʷ ʚ ʽʟʦʣʴʦʚʘʥʦʤʫ 

ʚʽʜ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʤʽʱʝʥʥʽ. ʋʥʝʤʦʞʣʠʚʣʝʥʥʷ ʟʘʨʘʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʟʙʝʨʝʛʪʠ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ ʩʧʦʞʠʚʘʯʽʚ ʧʨʦʜʫʢʮʽʾ  ʘʣʝ 
ʽ ʫʥʠʢʥʫʪʠ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ.  

ʃʽʪʝʨʘʪʫʨʘ 
1. ɿʘʭʠʩʪ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʬʫʨʘʞʫ, ʚʦʜʠ ʚʽʜ ʟʘʨʘʞʝʥʥʷ. ʤʝʪʦʜ. ʨʝʢʦʤ. ʜʣʷ 

ʥʘʯʘʣʴʥʠʢʽʚ ʎɿ (ʎʆ) ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʫʢʣʘʜ. ɻ.ʆ. ʄʘʞʘʨ, ʃ.ʄ. 

ɹʦʛʜʘʥʦʚʠʯ. URL: https://share.google/s2Ihc6CkYwDTIv5Os. (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

08.02.2026) 



ʄʘʪʝʨʽʘʣʠ 92-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʩʪʫʜʝʥʪʽʚ 
"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʉʫʯʘʩʥʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʫʤʦʚʘʭ 

ʭʽʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ 

 

ʄʘʢʩʠʤ ʄʠʰʢʦ, ɸʣʽʥʘ ʉʽʨʠʢ, ʆʣʝʛ ʂʦʢʦʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɿʘʭʠʩʪ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʥʘʣʝʞʠʪʴ ʜʦ ʙʘʟʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ ʧʨʠ ʜʽʾ ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʘʭ ʽ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡ, 
ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʢʠʜʦʤ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʊʦʢʩʠʯʥʽ ʩʧʦʣʫʢʠ ʟʜʘʪʥʽ ʩʧʨʠʯʠʥʷʪʠ 

ʷʢ ʛʦʩʪʨʽ, ʪʘʢ ʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʫʨʘʞʝʥʥʷ ʜʠʭʘʣʴʥʦʾ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʪʘ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤ. 

ʉʫʯʘʩʥʽ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʤʦʞʫʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʙʝʟʧʝʢʫ ʚ ʥʝʙʝʟʧʝʯʥʠʭ 

ʫʤʦʚʘʭ ʪʘ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʫʨʘʞʝʥʥʷ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɯʥʬʦʨʤʘʮʽʡʥʦʶ ʙʘʟʦʶ ʩʪʘʣʠ ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ, 

ʤʽʞʥʘʨʦʜʥʽ ʪʘ ʥʘʮʽʦʥʘʣʴʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ, ʪʝʭʥʽʯʥʽ ʦʧʠʩʠ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ, 

ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɿʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ 

(ɿɯɿʆɼ) ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʬʽʣʴʪʨʫʶʯʽ ʪʘ ʽʟʦʣʶʶʯʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʥʮʠʧʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʉʝʨʝʜ ʚʽʜʤʽʥʥʦʩʪʝʡ: ʬʽʣʴʪʨʫʶʯʽ ï 

ʣʝʛʰʽ, ʟʨʫʯʥʽʰʽ, ʜʝʰʝʚʰʽ, ʘʣʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʢʣʘʜʫ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ; ʽʟʦʣʶʶʯʽ ï 

ʫʥʽʚʝʨʩʘʣʴʥʽ ʪʘ ʥʘʜʽʡʥʽ ʧʨʠ ʚʠʩʦʢʽʡ ʥʝʙʝʟʧʝʮʽ, ʘʣʝ ʚʘʞʯʽ ʡ ʩʢʣʘʜʥʽʰʽ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘ 
ʝʢʩʧʣʫʘʪʘʮʽʾ. ʌʽʣʴʪʨʫʶʯʽ ɿɯɿʆɼ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʦʯʠʱʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʝʬʝʢʪʠʚʥʽ ʟʘ ʫʤʦʚʠ ʜʦʩʪʘʪʥʴʦʛʦ 

ʚʤʽʩʪʫ ʢʠʩʥʶ ʽ ʚʽʜʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ɿʛʽʜʥʦ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʦʤ (EN 

149:2001), ʨʝʩʧʽʨʘʪʦʨʠ FFP2 ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ 3 ʢʣʘʩʠ: FFP1 (ʤʽʥʽʤʘʣʴʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ/ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ 80%), FFP2 (ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 94%) ʪʘ FFP3 

(ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 99%) [1]. ʅʦʚʽʪʥʽ ʬʽʣʴʪʨʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʙʘʛʘʪʦʰʘʨʦʚʫ 

ʩʪʨʫʢʪʫʨʫ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʽʜʚʠʱʝʥʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ  ʽ ʟʥʠʞʝʥʠʡ 

ʦʧʽʨ ʜʠʭʘʥʥʶ. ɯʟʦʣʶʶʯʽ ɿɯɿʆɼ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʫ ʽʟʦʣʷʮʽʶ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʥʝʚʽʜʦʤʦʤʫ ʩʢʣʘʜʽ ʧʦʚʽʪʨʷ, 

ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʜʝʬʽʮʠʪʽ ʢʠʩʥʶ. ɼʦ ʽʟʦʣʶʶʯʠʭ ʟʘʩʦʙʽʚ 

ʥʘʣʝʞʘʪʴ ʘʚʪʦʥʦʤʥʽ ʜʠʭʘʣʴʥʽ ʘʧʘʨʘʪʠ ʟʽ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ, ʢʠʩʥʝʚʽ ʽʟʦʣʶʶʯʽ ʘʧʘʨʘʪʠ 
ʪʘ ʰʣʘʥʛʦʚʽ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. ʉʫʯʘʩʥʽ ʽʟʦʣʶʶʯʽ ʘʧʘʨʘʪʠ ʦʩʥʘʱʫʶʪʴʩʷ 

ʢʦʤʧʦʟʠʪʥʠʤʠ ʙʘʣʦʥʘʤʠ, ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʶ ʨʝʩʫʨʩʫ, ʩʠʛʥʘʣʽʟʘʮʽʻʶ 

ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʤʠ ʤʘʩʢʘʤʠ ʟ ʰʠʨʦʢʠʤ ʧʦʣʝʤ ʦʛʣʷʜʫ. ɺʠʙʽʨ ʪʠʧʫ ɿɯɿʆɼ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʦʮʽʥʢʠ ʭʽʤʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʤʦʞʣʠʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʽʪ ʽ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ ʪʦʱʦ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʜʠʭʘʥʥʷ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʥʘʣʝʞʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʪʘ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ 

ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡʥʠʭ ʚʠʢʠʜʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ 

ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ 
ʨʝʩʫʨʩʫ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Otrysal, P., Bungau, K., Obsel, V., Melikharik, Z., Tont, G. (2021), Selected 

respiratory protective equipment: respirators and the meaning of some markings. Sustainable 

Development,  13, 4988. https://doi.org/10.3390/su13094988 



92st International  scientific conference of young scientist and students  
"Youth scientific achievements to the 21st century nutrition problem solution",  

April , 20ï24, 2026. Book of abstract. Part 2. NUFT, Kyiv. 

201 

Cʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ 

ʃʝʚ ɹʝʭ, ʆʣʴʛʘ ɭʚʪʫʰʝʥʢʦ, ɸʣʽʥʘ ʉʽʨʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʚ 

ʋʢʨʘʾʥʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʩʠʣʝʥʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʤʽʮʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʚʪʦʥʦʤʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 
ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʪʝʤʦʶ ʨʦʙʦʪʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʆʩʥʦʚʥʽ ʪʨʝʥʜʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ 

ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʣʠʙʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ, ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʣʦʤʦʙʽʣʴʥʠʭ ʛʨʫʧ. 

ɿʘʭʠʩʥʽ ʩʧʦʨʫʜʠ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʚ ʋʢʨʘʾʥʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʭʦʚʠʱʘ (ʛʝʨʤʝʪʠʯʥʽ 

ʩʧʦʨʫʜʠ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʟʙʨʦʾ ʤʘʩʦʚʦʛʦ ʫʨʘʞʝʥʥʷ, ʥʘʜʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ) ʪʘ ʧʨʦʪʠʨʘʜʽʘʮʽʡʥʽ ʫʢʨʠʪʪʷ (ʇʈʋ, ʛʝʨʤʝʪʠʯʥʽ ʩʧʦʨʫʜʠ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʭʠʩʪ ʚʽʜ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʯʘʩʪʢʦʚʦ ʚʽʜ ʚʠʙʫʭʦʚʦʾ 

ʭʚʠʣʽ), ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʩʧʦʨʫʜʘʤʠ ʢʦʣʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ [1]. ɼʦʜʘʪʢʦʚʦ ʚʠʜʽʣʷʶʪʴ 

ʥʘʡʧʨʦʩʪʽʰʽ ʫʢʨʠʪʪʷ (ʧʽʜʚʘʣʴʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʧʽʜʟʝʤʥʽ ʧʘʨʢʽʥʛʠ, ʤʝʪʨʦʧʦʣʽʪʝʥ). 

ʅʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʱʦʜʦ ʩʧʦʨʫʜ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʉʇʇ) ʻ ʪʝ, ʱʦ 

ʦʙôʻʢʪ ʫ ʤʠʨʥʠʡ ʯʘʩ ʩʣʫʛʫʻ ʧʘʨʢʽʥʛʦʤ, ʩʧʦʨʪʟʘʣʦʤ ʘʙʦ ʢʦʚʦʨʢʽʥʛʦʤ, ʘ ʚ ʦʩʦʙʣʠʚʠʡ 
ʧʝʨʽʦʜ ï ʫʢʨʠʪʪʷʤ.  

ɯʥʞʝʥʝʨʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʣʶʯʘʻ: ʦʙʦʚôʷʟʢʦʚʫ ʥʘʷʚʥʽʩʪʴ ʬʽʣʴʪʨʦʚʝʥʪʠʣʷʮʽʡʥʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʠ ʨʝʛʝʥʝʨʘʮʽʾ ʧʦʚʽʪʨʷ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ; ʩʪʚʦʨʝʥʥʷ 

ʨʝʟʝʨʚʥʠʭ ʘʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʚʘʨʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ 

ʪʘ ʦʩʚʽʪʣʝʥʥʷ, ʟʘʧʘʩʽʚ ʚʦʜʠ (ʩʫʯʘʩʥʽ ʧʨʦʻʢʪʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʣʘʩʥʽ ʘʨʪʝʟʽʘʥʩʴʢʽ 

ʩʚʝʨʜʣʦʚʠʥʠ) ʪʘ ʭʘʨʯʫʚʘʥʥʷ; ʦʙʣʘʰʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʙʠʨʘʣʝʥʴ ʪʘ 

ʜʫʰʦʚʠʭ; ʽʥʢʣʶʟʠʚʥʽʩʪʴ ï ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʣʶʜʝʡ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ (ʧʘʥʜʫʩʠ, ʨʦʟʰʠʨʝʥʽ 

ʧʨʦʭʦʜʠ, ʪʘʢʪʠʣʴʥʘ ʥʘʚʽʛʘʮʽʷ ʪʘ ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʽ ʩʘʥʚʫʟʣʠ ʜʣʷ ʤʘʣʦʤʦʙʽʣʴʥʠʭ 

ʛʨʫʧ). ʄʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: 

ʙʝʪʦʥʫ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʟʘʣʽʟʦʙʝʪʦʥʫ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ, ʧʦʩʠʣʝʥʥʷ 

ʧʝʨʝʢʨʠʪʪʷ, ʚʣʘʰʪʫʚʘʥʥʷ ʛʝʨʤʝʪʠʯʥʠʭ ʜʚʝʨʝʡ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ. 
ʇʩʠʭʦʣʦʛʽʯʥʠʡ ʢʦʤʬʦʨʪ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʫʩʪʠʯʥʠʭ ʧʘʥʝʣʝʡ, 

ʧʨʘʚʠʣʴʥʦʛʦ ʟʦʥʫʚʘʥʥʷ (ʦʢʨʝʤʽ ʟʦʥʠ ʜʣʷ ʩʥʫ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ, ʜʠʪʷʯʽ ʽʛʨʦʚʽ) ʪʘ 

ʧʦʢʨʘʱʝʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʪʨʝʩʫ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʧʝʨʝʙʫʚʘʥʥʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʫʣʴʥʠʭ ʨʽʰʝʥʴ ʪʘ ʧʨʝʬʘʙʨʠʢʘʮʽʾ ʩʪʘʻ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʛʨʦʟʠ, ʦʩʦʙʣʠʚʦ ʚ ʦʩʚʽʪʥʽʭ ʪʘ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʘʭ. ʂʣʶʯʦʚʠʤ ʚʝʢʪʦʨʦʤ 

ʨʦʟʚʠʪʢʫ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦ ʫʢʨʠʪʪʷè (ʜʠʩʪʘʥʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʛʝʨʤʝʪʠʯʥʽʩʪʶ, ʨʽʚʥʝʤ ʢʠʩʥʶ) ʽ ʧʦʚʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ. 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ 

ʩʧʦʨʫʜ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʻ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʽʚ ʉʇʇ (ʩʧʦʨʫʜ ʧʦʜʚʽʡʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ). ʎʝ ʜʦʟʚʦʣʠʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʙʝʟʧʝʢʦʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ʤʽʩʴʢʫ ʟʘʙʫʜʦʚʫ 

(ʧʘʨʢʽʥʛʠ, ʢʦʚʦʨʢʽʥʛʠ), ʨʦʙʣʷʯʠ ʫʪʨʠʤʘʥʥʷ ʩʧʦʨʫʜ ʬʽʥʘʥʩʦʚʦ ʚʠʧʨʘʚʜʘʥʠʤ.  
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ʄʠʭʘʡʣʦ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ: ʚʝʣʠʢʠʡ ʫʢʨʘʾʥʝʮʴ ʫ ʩʚʽʪʦʚʽʡ ʤʘʪʝʤʘʪʠʮʽ 

çɼʦ 225-ʦʾ ʨʽʯʥʠʮʽ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʚʠʜʘʪʥʦʛʦ ʤʘʪʝʤʘʪʠʢʘè 
ɸʥʜʨʽʡ ɸʨʽʩʢʽʥ, ɯʚʘʥ ʖʨʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ 

 

ʄʠʭʘʡʣʦ ɺʘʩʠʣʴʦʚʠʯ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ (1801ï1862) ð ʚʠʜʘʪʥʠʡ ʫʢʨʘʾʥʩʴʢʠʡ 

ʤʘʪʝʤʘʪʠʢ, ʤʝʭʘʥʽʢ ʽ ʬʽʟʠʢ, ʯʠʻ ʽʤôʷ ʟʘ ʨʽʰʝʥʥʷʤ ʖʅɽʉʂʆ ʚʥʝʩʝʥʦ ʜʦ ʩʧʠʩʢʫ 

ʥʘʡʚʠʜʘʪʥʽʰʠʭ ʥʘʫʢʦʚʮʽʚ ʩʚʽʪʫ. ʁʦʛʦ ʧʦʩʪʘʪʴ ʻ ʩʠʤʚʦʣʦʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 
ʪʘ ʥʝʟʣʘʤʥʦʩʪʽ ʜʫʭʫ. 

ɾʠʪʪʻʚʠʡ ʰʣʷʭ ʪʘ ʩʪʘʥʦʚʣʝʥʥʷ. ʅʘʨʦʜʠʚʩʷ ʄʠʭʘʡʣʦ 24 ʚʝʨʝʩʥʷ 1801 ʨʦʢʫ ʚ ʩʝʣʽ 

ʇʘʰʝʥʥʘ ʥʘ ʇʦʣʪʘʚʱʠʥʽ ʫ ʨʦʜʠʥʽ ʜʚʦʨʷʥʠʥʘ, ʱʦ ʧʦʭʦʜʠʚ ʽʟ ʢʦʟʘʮʴʢʦ-ʩʪʘʨʰʠʥʩʴʢʦʛʦ 

ʨʦʜʫ. ɿ ʜʠʪʠʥʩʪʚʘ ʭʣʦʧʝʮʴ ʚʠʷʚʣʷʚ ʥʘʜʟʚʠʯʘʡʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦ ʚʠʤʽʨʶʚʘʥʴ, ʭʦʯʘ 

ʩʧʦʯʘʪʢʫ ʤʨʽʷʚ ʧʨʦ ʚʽʡʩʴʢʦʚʫ ʢʘʨ'ʻʨʫ. ʇʽʜ ʪʠʩʢʦʤ ʙʘʪʴʢʘ ʚʽʥ ʚʩʪʫʧʠʚ ʜʦ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜʝ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʢʣʘʜʘʯʘ ʊʠʤʦʬʽʷ ʆʩʠʧʦʚʩʴʢʦʛʦ ʟʘʭʦʧʠʚʩʷ 

ʤʘʪʝʤʘʪʠʢʦʶ. ʇʨʦʪʝ ʯʝʨʝʟ ʢʦʥʬʣʽʢʪ ʽʟ ʨʝʘʢʮʽʡʥʠʤ ʢʝʨʽʚʥʠʮʪʚʦʤ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʷʢʝ 

ʟʚʠʥʫʚʘʪʠʣʦ ʡʦʛʦ ʫ ʚʽʣʴʥʦʜʫʤʩʪʚʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘ ʣʝʢʮʽʷʭ ʟ ʙʦʛʦʩʣʦʚôʷ, 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʧʦʟʙʘʚʠʣʠ ʘʪʝʩʪʘʪʘ ʪʘ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ. 

ʅʝ ʟʣʘʤʘʚʰʠʩʴ, ʫ 1822 ʨʦʮʽ ʚʽʥ ʚʠʨʫʰʠʚ ʜʦ ʇʘʨʠʞʘ ð ʪʦʛʦʯʘʩʥʦʛʦ ʮʝʥʪʨʫ ʩʚʽʪʦʚʦʾ 

ʥʘʫʢʠ. ʊʘʤ ʚʽʥ ʩʣʫʭʘʚ ʣʝʢʮʽʾ ʇ'ʻʨʘ-ʉʠʤʦʥʘ ʃʘʧʣʘʩʘ, ɾʘʥʘ-ɹʘʪʠʩʪʘ ʌʫʨ'ʻ ʪʘ ɸʥʜʨʝ-

ʄʘʨʽ ɸʤʧʝʨʘ. ʁʦʛʦ ʪʘʣʘʥʪ ʰʚʠʜʢʦ ʧʦʤʽʪʠʚ ʆʛʶʩʪʝʥ-ʃʫʾ ʂʦʰʽ, ʷʢʠʡ ʩʪʘʚ ʥʝ ʣʠʰʝ 
ʚʯʠʪʝʣʝʤ, ʘ ʡ ʜʨʫʛʦʤ ʫʢʨʘʾʥʮʷ. ɺʞʝ ʫ 24 ʨʦʢʠ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʧʨʝʜʩʪʘʚʠʚ ʇʘʨʠʟʴʢʽʡ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʤʝʤʫʘʨ çʇʨʦ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʙʘʩʝʡʥʽè, ʱʦ ʧʨʠʥʝʩʣʦ 

ʡʦʤʫ ʩʚʽʪʦʚʝ ʚʠʟʥʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʩʧʘʜʱʠʥʘ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʩʪʘʚ ʘʚʪʦʨʦʤ ʧʦʥʘʜ 100 ˇʨʫʥʪʦʚʥʠʭ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ. ɺʽʥ ʚʠʚʽʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʬʦʨʤʫʣʫ, ʱʦ ʥʠʥʽ ʚʽʜʦʤʘ ʷʢ ʬʦʨʤʫʣʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ-ɻʘʫʩʩʘ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʤʽʞ ʦʙôʻʤʥʠʤ ʽ ʧʦʚʝʨʭʥʝʚʠʤ 

ʽʥʪʝʛʨʘʣʘʤʠ. 

ʁʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʶʪʴ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʪʝʦʨʝʪʠʯʥʫ ʤʝʭʘʥʽʢʫ, ʪʝʦʨʽʶ 

ʯʠʩʝʣ, ʘʣʛʝʙʨʫ ʪʘ ʪʝʦʨʽʶ ʡʤʦʚʽʨʥʦʩʪʝʡ. ɺʘʞʣʠʚʠʤ ʚʥʝʩʢʦʤ ʩʪʘʚ ʤʝʪʦʜ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʨʦʟʨʦʙʢʠ ʚ ʛʘʣʫʟʽ ʙʘʣʽʩʪʠʢʠ, ʷʢʽ ʟʤʽʥʠʣʠ ʧʽʜʭʦʜʠ ʜʦ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 
ɻʨʦʤʘʜʷʥʩʴʢʘ ʧʦʟʠʮʽʷ. ɾʠʚʫʯʠ ʪʘ ʧʨʘʮʶʶʯʠ ʫ ʇʝʪʝʨʙʫʨʟʽ, ʄʠʭʘʡʣʦ ɺʘʩʠʣʴʦʚʠʯ 

ʥʽʢʦʣʠ ʥʝ ʮʫʨʘʚʩʷ ʩʚʦʛʦ ʢʦʨʽʥʥʷ. ɺʽʥ ʧʽʜʪʨʠʤʫʚʘʚ ʪʽʩʥʽ ʟʚôʷʟʢʠ ʟ ʫʢʨʘʾʥʩʴʢʦʶ 

ʛʨʦʤʘʜʦʶ, ʪʦʚʘʨʠʰʫʚʘʚ ʽʟ ʊʘʨʘʩʦʤ ʐʝʚʯʝʥʢʦʤ, ʷʢʠʡ ʟ ʪʝʧʣʦʪʦʶ ʟʛʘʜʫʚʘʚ ʤʘʪʝʤʘʪʠʢʘ 

ʫ ʩʚʦʻʤʫ ʱʦʜʝʥʥʠʢʫ, ʪʘ ʉʝʤʝʥʦʤ ɻʫʣʘʢʦʤ-ɸʨʪʝʤʦʚʩʴʢʠʤ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʟʘʚʞʜʠ 

ʨʦʟʤʦʚʣʷʚ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ ʟ ʟʝʤʣʷʢʘʤʠ ʪʘ ʜʦʧʦʤʘʛʘʚ ʤʦʣʦʜʠʤ ʚʯʝʥʠʤ ʟ ʋʢʨʘʾʥʠ. 

ɺʠʩʥʦʚʢʠ. ʅʘʫʢʦʚʘ ʜʽʷʣʴʥʽʩʪʴ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʩʪʘʣʘ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʝʡ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ. ʁʦʛʦ ʞʠʪʪʷ ʻ ʧʨʠʢʣʘʜʦʤ ʪʦʛʦ, ʷʢ ʧʦʻʜʥʘʥʥʷ ʪʘʣʘʥʪʫ ʪʘ 

ʧʘʪʨʽʦʪʠʟʤʫ ʜʦʟʚʦʣʷʻ ʣʶʜʠʥʽ ʩʪʘʪʠ ʯʘʩʪʠʥʦʶ ʩʚʽʪʦʚʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʝʣʽʪʠ, 

ʟʙʝʨʽʛʘʶʯʠ ʚʣʘʩʥʫ ʽʜʝʥʪʠʯʥʽʩʪʴ. 
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"ʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI  ʩʪʦʣʽʪʪʽ", 

20ï24 ʢʚʽʪʥʷ 2026 ʨ. ï ʂʠʾʚ: ʅʋʍʊ,  ï ʏ.2. 
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ʈʦʟʚôʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ɺʦʣʴʪʝʨʘ ʦʧʝʨʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ 

 

ɸʨʪʝʤ ɹʘʙʝʥʢʦ, ɯʚʘʥ ʖʨʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʧʝʨʘʮʽʡʥʝ ʯʠʩʣʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚ ʢʽʥʮʽ 19 ʩʪ., ʘʣʝ ʩʪʨʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʝ ʣʠʰʝ ʥʘ ʧʦʯʘʪʢʫ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʘʥʘʣʽʪʠʯʥʠʭ ʬʫʥʢʮʽʡ. 

ʄʝʪʦʜʠ ʦʧʝʨʘʮʽʡʥʦʛʦ ʯʠʩʣʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʤʽʥʽ ʦʧʝʨʘʮʽʡ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʪʘ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʬʫʥʢʮʽʾ Ὢὸ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ï ʚʽʜʧʦʚʽʜʥʦ ʦʧʝʨʘʮʽʷʤʠ 

ʤʥʦʞʝʥʥʷ ʪʘ ʜʽʣʝʥʥʷ ʥʘ ʜʝʷʢʫ ʟʤʽʥʥʫ ὴ ʬʫʥʢʮʽʾ Ὂὴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʧʝʚʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ ʟʘ ʬʫʥʢʮʽʻʶ Ὢὸ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʙʘʛʘʪʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʽʡ, ʚʠʢʦʥʘʥʥʷ 
ʷʢʠʭ ʫ ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʯʠʩʣʝʥʥʽ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ, ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʧʨʦʩʪʽʰʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʜʽʡ. 

ʆʧʝʨʘʮʽʡʥʝ ʯʠʩʣʝʥʥʷ ʧʦʯʘʣʠ ʨʦʟʚʠʚʘʪʠ ʚ ʩʚʦʾʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʪʘʢʽ ʚʽʜʦʤʽ 

ʤʘʪʝʤʘʪʠʢʠ ʷʢ ʃʝʡʙʥʽʮ, ɽʡʣʝʨ, ʃʘʛʨʘʥʞ, ʃʘʧʣʘʩ, ʌʫʨôʻ, ʂʦʰʽ. ʇʦʜʘʣʴʰʽ ʽʥʪʝʥʩʠʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʪʝʦʨʽʾ ʦʧʝʨʘʮʽʡʥʦʛʦ ʯʠʩʣʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʝʣʴʟʘʩʴʢʠʡ ʤʘʪʝʤʘʪʠʢ 

ɸʨʙʦʛʘʩʪ, ʬʨʘʥʮʫʟʴʢʽ ʤʘʪʝʤʘʪʠʢʠ ʌʨʘʥʩʝ ʽ ʃʦʙʘʪʪʦ, ʘʥʛʣʽʡʩʴʢʽ ʤʘʪʝʤʘʪʠʢʠ ɻʨʝʛʦʨʽ, 
ɹʫʣʴ, ʂʘʨʤʘʡʢʣ. 

ɺ ʋʢʨʘʾʥʽ ʦʧʝʨʘʮʽʡʥʝ ʯʠʩʣʝʥʥʷ ʚʧʝʨʰʝ ʨʦʟʨʦʙʠʚ ʧʨʦʬʝʩʦʨ ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɺʘʱʝʥʢʦ-ɿʘʭʘʨʯʝʥʢʦ, ʷʢʠʡ ʫ 1862 ʨ. ʚʠʜʘʚ ʫ ʚʠʛʣʷʜʽ ʤʦʥʦʛʨʘʬʽʾ ʤʘʛʽʩʪʝʨʩʴʢʫ 

ʜʠʩʝʨʪʘʮʽʶ ñʉʠʤʚʦʣʴʥʝ ʯʠʩʣʝʥʥʷ ʪʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʡʣʴʥʠʭ ʨʽʚʥʷʥʴò.  

ʈʦʟʛʣʷʥʝʤʦ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ɺʦʣʴʪʝʨʘ ʟ ʷʜʨʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ 

ʘʨʛʫʤʝʥʪʽʚ:    ώὸ ίὬὸ ς᷿ Ὡ tώtὨtȟὸ π                                                       (1) 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (1) ʟʘʩʪʦʩʫʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʃʘʧʣʘʩʘ. ʇʦʟʥʘʯʠʤʦ ώὸ ὣὴ. ɼʣʷ ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʘ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ (1) ʤʘʻʤʦ 

ίὬὸ . ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ʻ ʟʛʦʨʪʢʦʶ ʬʫʥʢʮʽʡ ώὸ ʪʘ Ὡ. ʋʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ Ὡ

, ʟʘ ʪʝʦʨʝʤʦʶ ʤʥʦʞʝʥʥʷ ʮʝʡ ʜʦʜʘʥʦʢ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ ( )1Y p- , 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (1) ʧʝʨʝʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

. 

ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ: . 

ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ὣὴ ʘʥʘʣʦʛʽʯʥʘ ʧʨʠ ὙὩὴσȟ ʪʦ ʟʘ ʬʦʨʤʫʣʦʶ ʄʝʣʣʽʥʘ ʦʪʨʠʤʘʻʤʦ: 

ώὸ ᷿ Ὡ ὣὴὨὴ ᷿
 

 ,                                         (2) 

ʜʝ ὧ σ ï ʜʦʚʽʣʴʥʝ ʬʽʢʩʦʚʘʥʝ ʯʠʩʣʦ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʘ (2) ʧʨʠ ὸ π ʢʦʥʪʫʨ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘʣʠʰʘʻʤʦ ʚ ʧʽʚʧʣʦʱʠʥʽ 
ὙὩὴὧ, ʫ ʷʢʽʡ ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʡ ʚʠʨʘʟ ʤʘʻ ʧʦʣʶʩ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʪʦʯʮʽ ὴ σ, ʪʘ 
ʧʨʦʩʪʠʡ ʧʦʣʶʩ ʫ ʪʦʯʮʽ ὴ σ. 
ʈʝʟʫʣʴʪʘʪ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʥʘʭʦʜʠʤʦ: 

ώὸ ÒÅÓ
σὴ ρὩ

ὴ σ ὴ σ
ÒÅÓ

σὴ ρὩ

ὴ σ ὴ σ

ς

σ
ίὬσὸ ὸὩ ȟὸ π 
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