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ɾʫʨʥʘʣ " ʦʩʥʦʚʘʥ ʚ 2003 ʛ. ʠ ʷʚʣʷʝʪʩʷ ʨʝʮʝʥʟʠʨʫʝʤʳʤ ʩʝʪʝʚʳʤ ʥʘʫʯʥʳʤ ʠʟʜʘʥʠʝʤ. 

ʋʯʨʝʜʠʪʝʣʴ ï ʌɻɸʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

 

ʀʟʜʘʪʝʣʴ ï ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

ɾʫʨʥʘʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʈʦʩʢʦʤʥʘʜʟʦʨ). 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʕʣ ˉʌʉ77-62607 ʦʪ 31.07.2015. 
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ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ 

ɻʘʥʠʝʚ ʄ.ʄ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ʉʠʤʦʥʦʚʘ ʃ.ɸ. ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʄʘʢʘʨʦʚʘ ʀ.ɺ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ 

ɺʘʣʠʝʚ ɸ.ʄ. 

 

ʈʝʜʢʦʣʣʝʛʠʷ: 

ɺʘʣʠʝʚ ʈ.ɿ., ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʋʬʘ). 

ɺʘʩʣʘʚʩʢʘʷ ʀ.ʖ. ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ.ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ɺʠʥʦʛʨʘʜʦʚ ɸ.ʖ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʊʦʣʴʷʪʪʠ). 

ɻʘʙʙʘʩʦʚ ʅ.ʉ., ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ɻʫʥʘʨʝ ʄ.ɻ., ʜʦʢʪʦʨ ʧʦʣʠʪʠʯʝʩʢʠʭ ʥʘʫʢ, ɹʘʣʪʠʡʩʢʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʘʢʘʜʝʤʠʷ (ʛ. ʈʠʛʘ, 

ʃʘʪʚʠʷ). 

ɼʤʠʪʨʠʝʚ ɸ.ʄ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʪʘʥʢʠʥè, (ʛ. ʄʦʩʢʚʘ). 

ɿʘʟʥʘʝʚ ʆ.ʀ., ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʥʘʫʢ, ɸʤʝʨʠʢʘʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ.ʂʘʟʘʥʴ) 

ʀʣʴʠʥ ɺ.ɺ. ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʦʩʢʦʚʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ (ʛ. ʄʦʩʢʚʘ) 
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ʀʩʘʚʥʠʥ ɸ.ɻ. ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʀʩʨʘʬʠʣʦʚ ʀ.ʍ. - ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʂʠʨʠʯʝʢ ʇ.ʅ., ʜʦʢʪʦʨ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠʨʦʜʳ, ʦʙʱʝʩʪʚʘ ʠ ʯʝʣʦʚʝʢʘ "ɼʫʙʥʘ" (ʛ. ʄʦʩʢʚʘ) 

ʂʦʤʘʜʦʨʦʚʘ ʀ.ɺ., ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʂʫʣʘʢʦʚ ɸ.ʊ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʄʘʚʨʠʥ ɻ.ɺ., ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʄʘʢʘʨʦʚ ɸ.ʅ. ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʄʘʢʘʨʦʚʘ ʀ.ɺ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʄʫʩʪʘʬʠʥʘ ɼ.ʅ., ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʇʘʥʢʨʘʪʦʚ ɼ.ʃ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʇʫʨʷʝʚ ɸ.ʉ., ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 

ʈʘʘʙ ɻ.ʀ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʋʬʘ). 

ʉʘʢʘʝʚʘ ʃ.ʈ., ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʂʘʟʘʥʴ). 

ʉʠʙʛʘʪʫʣʣʠʥ ʕ.ʉ., ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ). 
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ʥʘʩʝʣʝʥʠʷ, ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʪʯʫʞʜʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ 

ʠʩʪʦʯʥʠʢʦʤ ʵʤʠʩʩʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤʳ ʵʤʠʩʩʠʠ ʦʪ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚ ʩʪʨʫʢʪʫʨʝ ʚʳʙʨʦʩʦʚ, ʪʘʢ ʠ ʘʙʩʦʣʶʪʥʳʝ, 

ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʦʙʲʝʤʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʣʠʩʴ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʵʤʠʩʩʠʠ 
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ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʫʨʦʚʥʷ 

ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ. ʊʘʢ, ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 1,2 ʤʣʨʜ. ʘʚʪʦʤʦʙʠʣʝʡ. 

ʇʦ ʧʨʦʛʥʦʟʘʤ ɺʩʝʤʠʨʥʦʛʦ ɹʘʥʢʘ, ʢ 2050 ʛʦʜʫ ʤʠʨʦʚʦʡ ʘʚʪʦʧʘʨʢ ʫʜʚʦʠʪʩʷ [7]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʝʱʸ ʙʦʣʴʰʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʧʨʦʩʳ ʩʥʠʞʝʥʠʷ ʚʨʝʜʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʨʝʰʘʶʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʘʚʪʦʤʦʙʠʣʝʡ 

(ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʠ ʪʝʭʥʦʣʦʛʘʤʠ), ʪʘʢ ʠ ʪʝʤʠ, ʢʪʦ ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʘʚʪʦʤʦʙʠʣʠ, 

ʪ.ʝ. ʟʘʥʠʤʘʝʪʩʷ ʧʝʨʝʚʦʟʢʘʤʠ ʠ ʩʝʨʚʠʩʦʤ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ 

ʠʛʨʘʶʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʩʧʳʪʘʥʠʷ.  

1. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ.  

1.1. ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ. 

ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʦʙʨʘʟʝʮ ʚ ʧʨʦʮʝʩʩʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ 

ʪʦʨʤʦʟʥʦʡ ʩʪʝʥʜ ʠ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʥʝʤʫ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʆɻ) ʘʚʪʦʤʦʙʠʣʷ. ʇʦʩʣʝ ʯʝʛʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʝʟʜʦʚʦʡ ʮʠʢʣ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʝʨʫʪʩʷ ʧʨʦʙʳ ʆɻ ʜʚʠʛʘʪʝʣʷ 

ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

1.2. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  

ʇʨʠʥʮʠʧ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢ ʚʳʧʫʩʢʥʳʤ 

ʛʘʟʘʤ ʧʦʜʤʝʰʠʚʘʝʪʩʷ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʦʟʜʫʭ, ʠ 

ʧʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʤʝʩʴ ʦʪʩʘʩʳʚʘʝʪʩʷ ʛʣʘʚʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ. 

ɺʝʥʪʠʣʷʪʦʨ ʦʪʢʘʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʩʠ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʳʙʨʦʩʘ ʆɻ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʩʘʩʳʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʳʙʨʦʩʘ ʆɻ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʀʟ ʩʤʝʩʠ ʦʪʙʠʨʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ ʚ ʩʙʦʨʥʠʢʠ ʜʣʷ ʧʨʦʙ ʛʘʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʚ ʛʨʘʤʤʘʭ 

ʦʪʥʦʩʷʪ ʢ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʨʦʙʝʛʘ ʚ ʢʤ. 

ɼʘʣʝʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʩʪʘʚʘ 

ʚʳʙʨʦʩʦʚ ʥʦʨʤʘʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ɻʆʉʊ ʈ 52160 ð 2003 çɸʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʦʩʥʘʱʝʥʥʳʝ ʜʚʠʛʘʪʝʣʷʤʠ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʦʪ ʩʞʘʪʠʷ. ɼʳʤʥʦʩʪʴ 
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ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʅʦʨʤʳ ʠ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʠ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷè [4]. 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʨʤʳ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 

ʚʠʜʠʤʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʜʘʣʝʝ ð ʜʳʤʥʦʩʪʴ) ʚ 

ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʢʘʪʝʛʦʨʠʡ ʄ, N, 

ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʜʚʠʛʘʪʝʣʷʤʠ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʦʪ ʩʞʘʪʠʷ (ʜʘʣʝʝ ð 

ʘʚʪʦʤʦʙʠʣʝʡ), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʦʮʝʥʢʝ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ [4].  

1.3. ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʧʨʦʙʦʦʪʙʦʨʥʦʡ 

ʩʠʩʪʝʤʝ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ k ʠ N ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʳʤʦʤʝʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠʣʦʞʝʥʠʷ çʀè ʢ ɻʆʉʊ ʈ 41.24. (ʜʳʤʦʤʝʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʚʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʰʢʘʣʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʛʨʘʜʫʠʨʦʚʘʥʘ ʚ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ k, ʤ-1, ʦʪ 0 ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ 

ʜʨʫʛʘʷ, ʣʠʥʝʡʥʘʷ, ʜʦʣʞʥʘ ʙʳʪʴ ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ N ʦʪ 0% ʜʦ 100%; 

ʦʙʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʰʢʘʣʳ ʜʦʣʞʥʳ ʦʭʚʘʪʳʚʘʪʴ ʜʠʘʧʘʟʦʥ ʦʪ 0 ʧʨʠ ʦʙʱʝʤ 

ʩʚʝʪʦʚʦʤ ʧʦʪʦʢʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʰʢʘʣʳ ʧʨʠ ʧʦʣʥʦʤ ʟʘʪʝʤʥʝʥʠʠ).  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʧʦʜʜʦʥʝ ʢʘʨʪʝʨʘ ʜʚʠʛʘʪʝʣʷ ʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʷʪʴ ʪʝʨʤʦʤʝʪʨ ʩ ʜʠʘʧʘʟʦʥʦʤ 0 ð 100 0ʉ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 

ʥʝ ʙʦʣʝʝ Ñ 2,5% ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʡ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʷʪʴ ʪʘʭʦʤʝʪʨ ʩ ʜʠʘʧʘʟʦʥʦʤ 0 ð 6000 ʤʠʥ-1 ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 

ʥʝ ʙʦʣʝʝ Ñ2,5% ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʡ.  

ʇʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʦʚʝʨʝʥʳ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʠ ʠʤʝʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ 

ʧʦʚʝʨʢʝ (ʩʨʦʢʠ ʧʦʚʝʨʢʠ ï ʚ ʧʘʩʧʦʨʪʘʭ ʜʳʤʦʤʝʨʦʚ).  

ɼʣʷ ʧʦʜʚʦʜʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʠʟ ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʳ ʘʚʪʦʤʦʙʠʣʷ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ ʜʳʤʦʤʝʨʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʙʦʦʪʙʦʨʥʫʶ 

ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʦʪʩʫʪʩʪʚʠʝ ʫʪʝʯʝʢ ʛʘʟʦʚ ʠ ʧʦʜʩʦʩʘ ʚʦʟʜʫʭʘ. 
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ʇʨʦʙʦʦʪʙʦʨʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠʣʦʞʝʥʠʷ 

çʂè ʢ ɻʆʉʊ ʈ 41.24.  

2. ʇʦʜʛʦʪʦʚʢʘ ʢ ʠʟʤʝʨʝʥʠʷʤ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʠʣʠ ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʜʚʠʛʘʪʝʣʴ [3] ʟʘʧʫʩʢʘʶʪ ʠ ʧʨʦʛʨʝʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʥʘʛʨʫʟʦʯʥʳʝ 

ʨʝʞʠʤʳ ʠʣʠ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʮʠʢʣʦʚ ʩʚʦʙʦʜʥʦʛʦ ʫʩʢʦʨʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʛʦʪʦʚʠʪʝʣʝʤ, ʥʦ ʥʝ 

ʥʠʞʝ 60 0ʉ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʝʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 5 ʤʠʥ.  

ʀʟʤʝʨʷʶʪ ʟʥʘʯʝʥʠʷ nmin ʠ nmax, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʛʦʪʦʚʠʪʝʣʝʤ [5].  

ʇʦʜʛʦʪʦʚʢʫ ʢ ʠʟʤʝʨʝʥʠʶ ʜʳʤʥʦʩʪʠ ʥʘ ʥʝʧʦʜʚʠʞʥʦ ʩʪʦʷʱʝʤ 

ʘʚʪʦʤʦʙʠʣʝ ʧʨʦʚʦʜʷʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ:  

- ʛʣʫʰʘʪ ʜʚʠʛʘʪʝʣʴ (ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ);  

- ʟʘʪʦʨʤʘʞʠʚʘʶʪ ʘʚʪʦʤʦʙʠʣʴ ʩʪʦʷʥʦʯʥʦʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ;  

- ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʦʪʠʚʦʦʪʢʘʪʥʳʝ ʫʧʦʨʳ ʧʦʜ ʢʦʣʝʩʘ ʚʝʜʫʱʠʭ ʤʦʩʪʦʚ;  

- ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʟʦʥʜ ʜʣʷ ʦʪʙʦʨʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʥʘ ʚʳʧʫʩʢʥʫʶ 

ʪʨʫʙʫ;  

- ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʳʯʘʛ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʩ ʨʫʯʥʳʤ ʠʣʠ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʚ ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʀʟʙʠʨʘʪʝʣʴ 

ʧʝʨʝʜʘʯʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʧʦʣʦʞʝʥʠʝ çʥʝʡʪʨʘʣʴè ʠʣʠ çʧʘʨʢʠʥʛè.  

- ʟʘʧʫʩʢʘʶʪ ʜʚʠʛʘʪʝʣʴ [5].  

ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʀ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʢʦʥʢʨʝʪʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʪʘʢʠʭ ʚʳʙʨʦʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʝʚʦʟʤʦʞʥʦ.  

3. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ.  

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ (ʚʝʩʦʚʦʡ) ʘʥʘʣʠʟ, ʠʣʠ ʛʨʘʚʠʤʝʪʨʠʷ - ʵʪʦ ʦʜʠʥ ʠʟ 

ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʳ 
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ʠʩʢʦʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ð ʪʦʯʥʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ ð ʤʘʩʩʳ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʝʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʚ ʢʦʪʦʨʦʝ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʚʝʜʝʥ ʜʘʥʥʳʡ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʦʥʝʥʪ. 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʜʚʠʛʘʪʝʣʝʡ.  

ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ï ʵʪʦ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ, ʤʘʩʝʣ, 

ʦʨʛʘʥʠʯʝʩʢʠ ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʬʨʘʢʮʠʡ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʝ. ɺ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʜʦ 40% ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʦʪ ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚʩʝʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʦʩʪʫʧʘʝʪ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ɼɺʉ, ʚ ʪʦʤ ʯʠʩʣʝ: ʜʦ 34% ʦʪ ʦʙʱʠʭ 

ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʉʆ), ʜʦ 64% - ʦʢʩʠʜʦʚ ʘʟʦʪʘ (NOx) ʠ ʜʦ 34% - 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʊʏ), ʚʢʣʶʯʘʷ ʩʘʞʫ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʤʥʳʡ ʧʨʦʮʝʩʩ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʴʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʦʢʠʩʣʠʪʝʣʷ.  

ʈʝʘʢʮʠʷ ʧʠʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [4] ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ [5]: ʉnʅm ª nC + 0,5mʅ2  

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ 

ʦʪ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ, ʚʠʜʘ ʪʦʧʣʠʚʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ Ŭ = 0,33-0,7. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʞʠ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʙʦʛʘʪʳʭ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ð ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ 

ʙʝʜʥʳʭ ʩʤʝʩʝʡ.  

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʟʘʢʦʥʝ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʚʝʱʝʩʪʚ 

ʧʨʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʡ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ, ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ð 0,10 %; ʧʨʘʚʠʣʴʥʦʩʪʴ - 

0,2 ʦʪʥ. %; ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ð 17 ʙʠʪ.  

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ, ʢʘʢ ʠ ʚʩʝ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʠʤʝʝʪ ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ. ʆʪʣʠʯʘʝʪ ʝʛʦ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 
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ʧʨʦʙʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʢʘʞʜʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʊʘʢʞʝ, ʥʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ 

ʘʥʘʣʠʟʘ ʥʝ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʧʨʠʙʦʨʦʚ ʠ ʛʦʪʦʚʠʪʴ ʩʝʨʠʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ.  

ʆʩʥʦʚʥʳʤ ʤʠʥʫʩʦʤ ʛʨʘʚʠʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʘʥʘʣʠʟʘ. ɼʦʧʦʣʥʷʝʪ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʚʝʩʦʚʦʡ ʬʦʨʤʳ. 

ʊʘʢ, ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʝʡ, ʠ ʝʝ ʩʦʩʪʘʚ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʚʝʩʪʝʥ 

ʜʦʩʪʦʚʝʨʥʦ. 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʢʦʥʘʭ ʭʠʤʠʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ: ʤʘʩʩʘ ʨʝʘʛʝʥʪʦʚ 

ʨʘʚʥʘ ʤʘʩʩʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɿʘʢʦʥ ʧʦʩʪʦʷʥʩʪʚʘ ʩʦʩʪʘʚʘ: ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʩʦʩʪʘʚ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʠʭ ʧʦʣʫʯʝʥʠʷ. ɿʘʢʦʥ 

ʵʢʚʠʚʘʣʝʥʪʦʚ: ʦʙʲʝʤʳ ʨʘʩʪʚʦʨʦʚ ʜʚʫʭ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʙʝʟ ʦʩʪʘʪʢʘ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʥʦʨʤʘʣʴʥʦʩʪʷʤ ʵʪʠʭ 

ʨʘʩʪʚʦʨʦʚ, ʠʣʠ V1/V2=ʉʥ2/ʉʥ1, ʠʣʠ V1Ŀʉʥ1=V2Ŀʉʥ2, ʛʜʝ ʉʥ1 ʠ ʉʥ2 ð 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʦʚ; V1 ʠ V2 ð ʦʙʲʝʤʳ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʦʚ.  

3.1. ɺʠʜʳ ʛʨʘʚʠʤʝʪʨʠʠ.  

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʘʟʥʳʤ 

ʧʨʠʟʥʘʢʘʤ. ʊʘʢ, ʧʦ ʪʠʧʫ ʣʝʞʘʱʝʡ ʚ ʝʛʦ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ, ʟʘʤʝʱʝʥʠʷ, ʦʙʤʝʥʘ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ.  

ʇʦ ʩʧʦʩʦʙʫ ʧʦʣʫʯʝʥʠʷ ʦʩʘʜʢʘ ʠ ʝʛʦ ʦʪʜʝʣʝʥʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʜʝʣʷʪ ʥʘ:  

- ʄʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ï ʵʪʦ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʚʝʩʢʫ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʶʪ ʠ ʧʨʠʙʘʚʣʷʶʪ 1,5-ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʨʝʘʛʝʥʪʘ-ʦʩʘʜʠʪʝʣʷ, 

ʩʦʙʣʶʜʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ.  

- ʄʝʪʦʜ ʦʪʛʦʥʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʦʥʝʥʪ 

çʢʦʣʠʯʝʩʪʚʝʥʥʦè ʚʳʜʝʣʷʶʪ ʚ ʚʠʜʝ ʣʝʪʫʯʝʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʛʘʟʘ, ʧʘʨʘ) 
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ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ, ʦʩʥʦʚʘʥʠʷ ʠʣʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʝ 

ʚʝʱʝʩʪʚʦ.  

- ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʥ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ - ʜʝʨʠʚʘʪʦʛʨʘʬʘ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʥʝʧʨʝʨʳʚʥʦ ʟʘʧʠʩʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ.  

- ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ - ʦʩʥʦʚʘʥʳ ʥʘ ʚʳʜʝʣʝʥʠʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʪʦʯʥʦʤ ʚʟʚʝʰʠʚʘʥʠʠ ʝʛʦ.  

ɺʳʚʦʜʳ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʝʘʣʴʥʦʤ ʠʭ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʘʚʝ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʦʤʦʞʝʪ 

ʦʮʝʥʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ.  

ʇʨʠ ʵʪʦʤ, ʭʦʪʷ ʚʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʧʨʦʮʝʜʫʨʳ 

ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ, ʚʥʝʜʨʝʥʠʝ ʝʛʦ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʦʜʥʘʢʦ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʦʙʲʝʤʳ ʚʳʙʨʦʩʦʚ, ʫʯʠʪʳʚʘʷ ʚʠʜʦ-ʚʦʟʨʘʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʘʨʢʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʛʦʨʦʜʝ ʠ ʨʝʛʠʦʥʝ. 
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ɻʘʣʠʝʚ ʈ.ʄ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʌɻɸʆʋ ɺʇʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè.  

 

ʅʫʨʝʪʜʠʥʦʚ ɼ.ʀ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʌɻɸʆʋ ɺʇʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

 

ʅʘʟʘʨʦʚ ʌ.ʃ., ʘʩʧʠʨʘʥʪ 4 ʢʫʨʩʘ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʌɻɸʆʋ ɺʇʆ 

çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ɼʀɿɽʃʔʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ ɻʈʋɿʆɺʆɻʆ ɸɺʊʆʄʆɹʀʃʗ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʜʝʞʥʦʩʪʴ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʜʚʠʛʘʪʝʣʷ, ʚʠʜʳ ʠ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ.  ʇʨʝʜʣʦʞʝʥʳ 

ʧʦʜʭʦʜʳ ʢ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ.   

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʥʘʜʸʞʥʦʩʪʴ, 

ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʘʷ ʛʨʫʧʧʘ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ 

 

ʇʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʅʘʜʸʞʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʷʪʴ ʧʦ ʧʨʦʙʝʛʫ ʚ 

ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʆʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʩʦʭʨʘʥʷʝʤʦʩʪʴ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ 

ʙʝʟʦʪʢʘʟʥʦʩʪʴ. 

ʉʘʤʳʤ ʥʘʛʨʫʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʘʚʪʦʤʦʙʠʣʷ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʚʠʛʘʪʝʣʴ, ʠ ʦʩʥʦʚʥʳʝ ʦʪʢʘʟʳ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʨʠʭʦʜʷʪʩʷ ʪʦʞʝ ʥʘ ʥʝʛʦ (ʧʨʠʤʝʨʥʦ 

39% ʦʪ ʚʩʝʭ ʦʪʢʘʟʦʚ) [1, 2, 3], ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.   

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ 

ʜʝʪʘʣʝʡ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʙʝʛʘ.  

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʟʘʚʦʜʦʤ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ï 

ʵʪʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʜʝʪʘʣʠ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʠ ʧʨʝʜʝʣʴʥʳʤʠ 



"ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ, 

 ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ", ˉ1(90), 2022 ʛʦʜ 
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ʨʘʟʤʝʨʘʤʠ. ʇʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʢʦʛʜʘ ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʫ ʫʟʣʘ, ʘʛʨʝʛʘʪʘ ʠ ʚ ʮʝʣʦʤ ʘʚʪʦʤʦʙʠʣʷ [4]. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʥʦʩʘ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʜʚʠʛʘʪʝʣʷ. 

ʊʘʙʣʠʮʘ 1. ʀʟʥʦʩ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʇʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠʟʥʦʩʘ, 

ʤʢʤ 
1 ʀʟʥʦʩ ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ 240 

2 ʆʚʘʣʴʥʦʩʪʴ ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ 100 

3 
ʈʘʜʠʘʣʴʥʳʡ ʠʟʥʦʩ ʚʝʨʭʥʝʛʦ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʢʦʣʴʮʘ 
120 

ʇʦ ʠʟʥʦʩʫ ʜʝʪʘʣʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʫʟʣʘ, ʘʛʨʝʛʘʪʘ ʠ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʜʝʪʘʣʠ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ: ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ - ʵʪʦ ʥʦʤʠʥʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʳ, ʥʘʯʘʣʴʥʳʝ 

ʟʘʟʦʨʳ ʠ ʧʦʩʘʜʢʠ, ʤʘʪʝʨʠʘʣʳ, ʫʩʣʦʚʠʷ ʥʘʛʨʫʟʢʠ ʠ ʩʤʘʟʢʠ ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ ʫʟʣʘ.  

ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʢʘʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʠ, ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʘ ʫʟʣʘ, ʘʛʨʝʛʘʪʘ. 

ʂ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʧʳʪ ʚʦʜʠʪʝʣʷ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ, ʢʘʯʝʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʠʟʥʦʩʘ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

- ʠʟʥʦʩ ʫʢʘʟʘʥʥʳʭ ʜʝʪʘʣʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʢʣʠʥʠʚʘʥʠʶ, ʢʦʪʦʨʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʜʸʪ ʢ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʤʫ ʨʝʤʦʥʪʫ ʜʚʠʛʘʪʝʣʷ; 

- ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʘʛʨʝʛʘʪʘ ʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʜʨʫʛʠʭ ʫʟʣʦʚ ʠ ʩʠʩʪʝʤ; 

- ʥʝʩʦʙʣʶʜʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩ 

ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ; 

- ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʜʝʪʘʣʝʡ, ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. 
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ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʟʘʪʨʘʪ ʠ ʧʨʦʩʪʦʝʚ ʚ ʨʝʤʦʥʪʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʚʠʛʘʪʝʣʴ (ʜʦ 

39 %), ʘ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʦʪʢʘʟʦʚ ʚ ʥʝʤ ï ʥʘ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʫʶ ʛʨʫʧʧʫ, 

ʧʦʜʰʠʧʥʠʢʠ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ (ʜʦ 69 %). ʂʘʧʠʪʘʣʴʥʳʡ 

ʨʝʤʦʥʪ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʡ ʠ ʪʨʫʜʦʸʤʢʦʡ ʨʘʙʦʪʦʡ. ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ 

ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ ï ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪ ʜʚʠʛʘʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʪʨʘʪʳ 

ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʦʪʢʘʟʦʚ ʚ ʩʨʝʜʥʝʤ ʚ 8-10 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʥʘ ʠʭ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ [5, 6]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʪʘʪʠʩʪʠʢʠ (ʪʘʙʣ. 2), ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʝʤʦʥʪʘ 

ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʢʘʢ: ʧʨʦʚʦʨʘʯʠʚʘʥʠʝ ʚʢʣʘʜʳʰʝʡ ʠ ʠʟʥʦʩ 

ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ [7, 8, 9]. 

ʊʘʙʣʠʮʘ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʨʝʤʦʥʪʘ ʜʚʠʛʘʪʝʣʷ çʂɸʄɸɿ-740è 

ʇʨʠʯʠʥʳ ʧʦʣʦʤʢʠ ʜʚʠʛʘʪʝʣʷ ɼʦʣʷ ʧʦʣʦʤʢʠ, % 

ʇʨʦʚʦʨʘʯʠʚʘʥʠʝ ʚʢʣʘʜʳʰʝʡ 39 

ʀʟʥʦʩ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ 30 

ʇʨʦʯʠʝ: ʨʘʟʨʫʰʝʥʠʝ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ, 

ʨʘʟʨʫʰʝʥʠʝ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ ʠ ʜʨ. 
31 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʨʦʣʠʨʫʷ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ 

ʩʠʩʪʝʤʘʤʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷ 

(ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3. ʇʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʝʡ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

ʇʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʇʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ 

ʀʟʥʦʩ ʰʘʪʫʥʥʳʭ ʰʝʝʢ, ʤʢʤ 40 

ʀʟʥʦʩ ʢʦʨʝʥʥʳʭ ʰʝʝʢ, ʤʢʤ 50 

ɿʘʟʦʨ ʚ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ, ʤʢʤ 210 

ɿʘʟʦʨ ʚ ʢʦʨʝʥʥʳʭ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ, ʤʢʤ 210 

ɼʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ, ʄʇʘ:  

ʧʨʠ 2600 ʤʠʥ-1 0,35 

ʧʨʠ 600 ʤʠʥ-1 0,1 

ʀʟʥʦʩ ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ, ʤʢʤ 240 

ʆʚʘʣʴʥʦʩʪʴ ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ, ʤʢʤ 100 

ʈʘʜʠʘʣʴʥʳʡ ʠʟʥʦʩ ʚʝʨʭʥʝʛʦ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ 

ʢʦʣʴʮʘ, ʤʢʤ 
120 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʤʘʩʣʘ ʥʘ ʫʛʘʨ, % 2,5 
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ʉʦʚʨʝʤʝʥʥʳʝ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʤʝʶʪ 

ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʦʪ 11,8 ʜʦ 12,88 ʣ, ʜʠʘʤʝʪʨ ʮʠʣʠʥʜʨʘ (ʛʠʣʴʟʳ) ʦʪ 126 ʤʤ ʜʦ 

135 ʤʤ, ʭʦʜ ʧʦʨʰʥʷ ʦʪ 144 ʤʤ ʜʦ 166 ʤʤ. ʄʦʱʥʦʩʪʴ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʦʪ 380 

ʣ.ʩ. ʜʦ 750 ʣ.ʩ. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʠʟʥʦʩʝ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ 

ʛʨʫʧʧʳ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ: ʨʘʩʭʦʜ ʤʘʩʣʘ ʥʘ ʫʛʘʨ - ʙʦʣʝʝ 6%, ʜʘʚʣʝʥʠʝ ʢʘʨʪʝʨʥʳʭ ʛʘʟʦʚ ï ʙʦʣʝʝ 

1,4 ʢʇʘ; ʨʘʩʭʦʜ ʢʘʨʪʝʨʥʳʭ ʛʘʟʦʚ ï ʙʦʣʝʝ 250 ʣ/ʤʠʥ.  

ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʛʨʝʛʘʪʦʚ ʠ ʫʟʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ὣ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʶʪʩʷ ʨʘʟʤʝʨʳ ʜʝʪʘʣʝʡ, ʟʘʟʦʨʳ ʚ 

ʩʦʧʨʷʞʝʥʠʷʭ, ʣʶʬʪʳ. C ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ὣ̎ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ὣ̐. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʦʧʨʷʞʸʥʥʳʭ ʜʝʪʘʣʝʡ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʡ ʩʭʝʤʳ, ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ 

ʧʦʣʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʪʝʢʫʱʝʛʦ ʧʨʦʙʝʛʘ 

ὒ̏ ̒̓ ὒ̑ ὒ ὣ̐ ὣ ὥϳ ,                                          (1) 

ʛʜʝ  ὒ̑ ï ʧʦʣʥʳʡ ʨʝʩʫʨʩ ʘʛʨʝʛʘʪʘ; ὒ ï ʪʝʢʫʱʠʡ ʧʨʦʙʝʛ, ʪʳʩ. ʢʤ; ὣ̐ ï

ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ; ὣ ï ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ; ὥ ï ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ. 

ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

         ὥ ὣ ὣ Ўὰϳ ,                                                (2) 

ʛʜʝ Ўὰ ï  ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʳʩ. ʢʤ;  ὣ  ï 

ʟʥʘʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʠʟʤʝʨʝʥʠʠ. 

ʊʨʫʜʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟ ʨʘʟʙʦʨʢʠ ʜʚʠʛʘʪʝʣʷ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦʛʦ ʢʦʥʪʨʦʣʷ.  ʂ ʪʦʤʫ ʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 
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 ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ", ˉ1(90), 2022 ʛʦʜ 
 

18 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ 

ʘʛʨʝʛʘʪʘ. 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʦʧʨʷʞʸʥʥʳʭ ʜʝʪʘʣʝʡ 

 

ɼʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʛʨʝʛʘʪ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʘʱʘʪʴ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ 

ʘʛʨʝʛʘʪʘ ʧʨʠ ʦʮʝʥʢʝ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʠʩʧʦʣʴʟʫʷ 

ʟʘʚʠʩʠʤʦʩʪʴ 

ὒ̏ ̒̓ Ὓ̐ Ὓ ὦϳ   ,                                              (3) 
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ʛʜʝ Ὓ̐ ï ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ; Ὓ ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ; ὦ ï ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ. 

ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ὦ Ὓ Ὓ Ўὰϳ ,                                               (4) 

ʛʜʝ Ўὰ ï  ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʳʩ. ʢʤ;  Ὓ   ï 

ʟʥʘʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʠʟʤʝʨʝʥʠʠ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʪʝʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʙʝʛʘ ʩ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ὒ̏ ̒̓ Ὓ Ὓ̐ ὦϳ                                                  (5) 

ὦ Ὓ Ὓ Ўὰϳ   .                                              (6) 

ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪ.ʝ.  

Ὓ̎ᴼὣ̎ ,   Ὓ̐ᴼὣ̐,   Ὓᴼὣ. 

ɺʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʯʝʪʦʤ ʢʨʠʪʠʯʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ 

ʘʛʨʝʛʘʪʘ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠʣʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʷ. 

ʅʘ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʩʦʧʨʷʞʝʥʠʡ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʢ ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ: 

ʧʦʣʥʘʷ ʤʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ, ʩʨʝʜʥʷʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ, ʢʘʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ ʜʨ. 

ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ [10ï13]. 

ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʜʚʠʛʘʪʝʣʝ 

ʘʚʪʦʤʦʙʠʣʷ, ʧʦʩʪʫʧʘʝʪ ʦʧʝʨʘʪʦʨʫ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɹʣʦʯʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ 

 

ɼʘʪʯʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʜʚʠʛʘʪʝʣʝ, ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʶʪ ʘʥʘʣʠʟʠʨʫʝʤʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ (ʘʥʘʣʦʛʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ), ʟʘʪʝʤ ʚ 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʛʜʝ ʩʠʛʥʘʣʳ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʛʥʘʣʳ ʪʘʢʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ (ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʩʘʤʦʧʨʦʚʝʨʢʘ); ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ, 

ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʦʧʝʨʘʪʦʨʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ.  

ɹʦʨʪʦʚʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʛʨʝʛʘʪʘ (ʜʚʠʛʘʪʝʣʷ), ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʩʥʠʞʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʭʦʜʦʚ ʘʚʪʦʤʦʙʠʣʷ ʩ ʣʠʥʠʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʷ, 

ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʠ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʚʝʜʸʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʥʘʜʸʞʥʦʩʪʠ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʙʨʘʚ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʘʭ (ʥʘʧʨʠʤʝʨ: ʨʘʩʭʦʜ ʤʘʩʣʘ ʥʘ ʫʛʘʨ, ʜʘʚʣʝʥʠʝ ʢʘʨʪʝʨʥʳʭ ʠ ʨʘʩʭʦʜ 

ʢʘʨʪʝʨʥʳʭ ʛʘʟʦʚ) ʜʣʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʝʡ 

ʜʚʠʛʘʪʝʣʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ. 
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RESEARCH OF RELIABILITY OF DIESEL ENGINES OF INTERNAL COMBUSTION 
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Abstract: The article discusses the design and diagnostic parameters that determine the 

reliability of diesel internal combustion engines. The factors influencing the technical 

condition of the cylinder-piston group of the engine, the types and causes of failures are 

presented. Approaches to the diagnosis of modern diesel engines are proposed. 
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rabotagz388@gmail.com 

 

ɼʀʅɸʄʀʂɸ ʃʀʅʀʁ ʉɺʗɿʀ ɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ ʇʈʀɺʆɼɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ: 1 - 

ʩʝʨʚʦʢʣʘʧʘʥʦʤ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʠʥʠʝʡ,  ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʝʛʦ ʚʳʭʦʜʥʦʤʫ ʢʘʥʘʣʝ, ʠ 

2- ʩʝʨʚʦʢʣʘʧʘʥ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʠʥʠʝʡ ʩʚʷʟʠ, ʥʘʛʨʫʞʝʥʥʦʡ ʥʘ ʜʨʦʩʩʝʣʴ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, 

ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚʤʝʩʪʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʦʰʠʙʢʝ ʚ ʩʣʫʯʘʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʚʦʢʣʘʧʘʥ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʣʠʥʠʷ ʩʚʷʟʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʰʠʙʢʘ ʨʘʩʯʝʪʘ 

 

ʈʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʜʝʣʝʥʠʷ 

ʦʪʨʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʛʨʦʟʘ 

ʧʨʷʤʦʡ ʞʠʟʥʠ ʧʦʞʘʨʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʘ ʧʨʠ 

ʚʦʟʛʦʨʘʥʠʠ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʭʨʘʥʷʪʩʷ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʟʨʳʚʦ- ʠ ʛʦʨʶʯʝʦʧʘʩʥʳʝ 

ʚʝʱʝʩʪʚʘ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʠʩʢʘ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ.  

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʧʦʞʘʨʥʳʭ ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʙʳ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʦʝ ʪʫʰʝʥʠʝ 

ʦʛʥʷ, ʣʠʢʚʠʜʠʨʦʚʘʣʠ ʧʦʞʘʨʳ. 

https://teacode.com/online/udc/62/629.7.html
https://teacode.com/online/udc/62/629.7.html
mailto:rabotagz388@gmail.com
http://pojarunet.ru/1-pozhar
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 ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʚʠʞʝʥʠʡ ʨʦʙʦʪ ʦʩʥʘʱʘʝʪʩʷ ʧʨʠʚʦʜʘʤʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʚʠʞʝʥʠʷ. ʇʦ 

ʚʠʜʫ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʨʘʟʣʠʯʘʶʪ ʧʨʠʚʦʜʘ: ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ,  

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ  ʠʭ ʢʦʤʙʠʥʘʮʠʠ.  

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ,  ʩʨʝʜʠ ʢʦʪʦʨʳʭ:  

1. ʅʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ. ɺʨʝʤʷ ʨʘʟʛʦʥʘ, ʙʣʘʛʦʜʘʨʷ ʤʝʥʴʰʝʤʫ 

ʤʦʤʝʥʪʫ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʣʝʡ ʩʝʢʫʥʜʳ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʫ ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ.  

2. ɹʝʩʩʪʫʧʝʥʯʘʪʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ 

ʛʠʜʨʦʧʝʨʝʜʘʯʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʣʳʭ ʫʩʪʦʡʯʠʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʄʠʥʠʤʘʣʴʥʘʷ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʛʠʜʨʦʤʦʪʦʨʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 2é3 ʦʙ/ʤʠʥ. 

3. ɹʦʣʴʰʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʥʘʠʙʦʣʴʰʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʩʢʦʨʦʩʪʥʘʷ 

ʞʝʩʪʢʦʩʪʴ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ - ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ. ʉʢʦʨʦʩʪʥʘʷ ʞʝʩʪʢʦʩʪʴ - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʭʦʜʥʦʛʦ 

ʟʚʝʥʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʤʫ ʥʘʛʨʫʟʢʠ.  

4.  ʏʘʩʪʦʝ ʨʝʚʝʨʩʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ ʛʠʜʨʦʧʝʨʝʜʘʯʠ. 

ʅʘʧʨʠʤʝʨ, ʯʘʩʪʦʪʘ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʚʘʣʘ ʛʠʜʨʦʤʦʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʝʜʝʥʘ ʜʦ 500, 

ʘ ʰʪʦʢʘ ʧʦʨʰʥʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʜʘʞʝ ʜʦ 1000 ʨʝʚʝʨʩʦʚ ʚ ʤʠʥʫʪʫ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʛʠʜʨʦʧʨʠʚʦʜ ʫʩʪʫʧʘʝʪ ʣʠʰʴ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ, ʫ ʢʦʪʦʨʳʭ ʯʠʩʣʦ 

ʨʝʚʝʨʩʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1500 ʨʝʚʝʨʩʦʚ ʚ ʤʠʥʫʪʫ.  

5. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʛʠʜʨʦʩʠʩʪʝʤ ʦʪ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʝʨʝʛʨʫʟʦʢ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ.  

6. ʍʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʩʤʘʟʢʠ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ 

ʛʠʜʨʦʘʧʧʘʨʘʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʩʦʩʦʚ ʠ ʛʠʜʨʦʤʦʪʦʨʦʚ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ ʜʦʚʝʜʝʥ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦ 5é10 ʪʳʩ. ʯ ʨʘʙʦʪʳ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ɻʠʜʨʦʘʧʧʘʨʘʪʫʨʘ ʤʦʞʝʪ ʥʝ 

ʨʝʤʦʥʪʠʨʦʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ (ʜʦ 10é15 ʣʝʪ).  
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7. ʇʨʦʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʦʟʚʨʘʪʥʦ-ʧʦʚʦʨʦʪʥʳʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʝʨʝʜʘʯ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʟʥʦʩʫ. ɻʦʚʦʨʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʧʨʦʩʪʦʪʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ.  

ɻʠʜʨʦʧʨʠʚʦʜʫ ʧʨʠʩʫʱʠ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. 

ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ (ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ); ʫʪʝʯʢʠ ʞʠʜʢʦʩʪʠ ʠʟ ʛʠʜʨʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ 

ʂʇɼ ʧʨʠʚʦʜʘ, ʚʳʟʳʚʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ 

ʛʠʜʨʦʧʝʨʝʜʘʯʠ, ʟʘʪʨʫʜʥʷʶʪ ʜʦʩʪʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ;  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʠʢʦʥʦʚʳʭ ʤʘʩʝʣ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʚʦʜʦʚ ʚ ʧʦʞʘʨʥʳʭ ʨʦʙʦʪʘʭ.  

ʇʦʥʷʪʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʣʠʢʦʥʦʚʳʭ ʤʘʩʝʣ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ, ʦʥʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʝʢʫʯʝʩʪʠ ʦʥʠ ʭʦʨʦʰʦ ʧʨʦʥʠʢʘʶʪ ʚ ʫʟʢʠʝ ʟʘʟʦʨʳ ʠ 

ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ. ʄʘʩʣʘ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʦʥʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʪʘʨʝʥʠʷ 

ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ.  

ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʠʣʠʢʦʥʦʚʳʝ ʞʠʜʢʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʥʦʛʘʩʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʘʙʦʯʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʛʠʜʨʦʢʦʤʧʝʥʩʘʪʦʨʦʚ 

ʧʨʠʙʦʨʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ.  

ɺ ʘʚʪʦʤʦʙʠʣʷʭ ʩʠʣʠʢʦʥʦʚʳʝ ʤʘʩʣʘ ʫʩʪʨʘʥʷʶʪ ʩʢʨʠʧʳ, ʚʳʪʝʩʥʷʶʪ ʚʣʘʛʫ, 

ʟʘʱʠʱʘʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʦʪ ʢʦʨʨʦʟʠʠ, ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʧʨʠʤʝʨʟʘʥʠʝ ʠ 

ʚʳʩʳʭʘʥʠʝ ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʠʪʝʣʝʡ 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʫʩʪʨʘʥʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʠʣʠ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʦʪʲʝʤʣʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʧʦʵʪʦʤʫ ʠʭ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʣʠʥʠʡ. ɺ 

ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʥʘʣʠʯʠʷ ʤʝʩʪʥʳʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʭʦʨʦʰʦ 

ʦʪʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʧʨʘʢʪʠʢʦʡ [1]. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ ʫʯʝʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ 

ʧʦʜʭʦʜʘ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʧʨʠʥʠʤʘʶʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʇʦʩʣʝ 

ʫʩʨʝʜʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ (ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʝʩʪʥʳʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ) ʧʨʠʥʠʤʘʶʪ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ. 

ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ [2, 4] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʠ 

ʟʘʤʝʜʣʝʥʠʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ.  

ʇʦʩʢʦʣʴʢʫ ʝʜʠʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʝʱʝ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʫʯʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʝʣʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʫʩʢʦʨʝʥʠʷ [3, 5]. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʦʡ ʧʦʩʪʦʷʥʥʳʤ 

ʫʩʨʝʜʥʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʠʣʦʚʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [5]. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (1). 
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ʈʠʩ.1. ʉʭʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ  ʣʠʥʠʠ  ʙʝʟ ʥʘʛʨʫʟʢʠ 

 

 

                                                                                                                          (1) 

 

 

 

   

    (2) 

 

ɺ ʵʪʠʭ ʚʳʨʘʞʝʥʠʷʭ: 

l- ʜʣʠʥʘ ʣʠʥʠʠ; 

 - ʠʤʧʝʜʘʥʩ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

                   -  ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʕɻʋ). 

ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ 
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ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʠʥʠʠ ʙʝʟ ʥʘʛʨʫʟʢʠ 

 

ɺʦ ʚʪʦʨʦʡ ʩʭʝʤʝ ʕɻʋ ʥʘʛʨʫʞʝʥ ʣʠʥʠʝʡ, ʥʘ ʢʦʥʮʝ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʦ 

ʘʢʪʠʚʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʨʠʩ. 3). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ (4) 

 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʜʨʦʩʩʝʣʴ 
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ 4. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʥʘʛʨʫʞʝʥʥʦʡ ʥʘ ʜʨʦʩʩʝʣʴ 
 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ (4) ʥʝ ʫʯʠʪʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʩʘʤʦʛʦ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ. ɽʩʣʠ ʠʟʫʯʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʩʠʩʪʝʤʳ (ʩ 

ʫʯʝʪʦʤ ʕɻʋ) ʚʳʨʘʞʝʥʠʝ  ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʥʘ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ 

ʫʩʠʣʠʪʝʣʷ.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʢʘʬʝʜʨʳ çɻʠʨʦʛʘʟʦʜʠʥʘʤʠʢʘè ʃʫʛʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ. 

ɼʘʣʷ, ʩʦʜʝʨʞʘʱʝʡ ʕɻʋ MOOG-72-101, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʜʠʘʤʝʪʨʦʤ 7 

ʤʤ ʠ ʜʣʠʥʦʡ 22 ʤʤ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʠʥʠʠ   ʨʘʩʯʝʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ,  ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ,  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʠʣʦʚʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʨʝʜʥʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʨʘʩʯʝʪʝ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʙʦʯʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 
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DYNAMICS OF HYDRAULIC DRIVE LINES 
 

Abstract. This paper deals with two simple systems consisting of: 1 ï a servovalve with 

transmission lines connected to its output ports, and 2ï a servovalve with transmission lines 

which is terminated by an orifice. Theoretical investigations and experimental data show 
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ʀʣʜʘʨʭʘʥʦʚ ʈ.ʌ., ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʌɻɸʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʊʫʭʪʘʝʚ ɼ.ʀ., ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʌɻɸʆʋ 

ɺʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʐʘʡʭʫʪʜʠʥʦʚʘ ʄ.ʈ., ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʌɻɸʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɸʅɸʃʀɿ ʊʈɽɹʆɺɸʅʀʁ ʂ ʇʆɼɺʀɾʅʆʄʋ ʉʆʉʊɸɺʋ  

ɼʃʗ ʄɽɾɼʋʅɸʈʆɼʅʓʍ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʇɽʈɽɺʆɿʆʂ 

 

ɸʥʥʦʪʘʮʠʷ: ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʪʨʝʙʫʶʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. 

ʆʙʦʩʥʦʚʘʥʥʳʡ ʠ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʩʧʝʰʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʜʚʠʞʥʦʤʫ ʩʦʩʪʘʚʫ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ, ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʥʦʨʤʘʪʠʚʳ ʜʣʷ 

ʦʮʝʥʢʠ ʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʮʝʜʫʨʘ ʧʨʦʭʦʞʜʝʥʠʷ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʟʘʚʦʜʘʤ-

ʠʟʛʦʪʦʚʠʪʝʣʷʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʳʧʫʩʢʘʝʤʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʛʘʙʘʨʠʪʳ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʧʝʨʝʚʦʟʢʠ, ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

 

ʆʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʚʠʞʥʦʤʫ ʩʦʩʪʘʚʫ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʧʝʨʝʚʦʟʢʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚʝʩʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [1, c.5]. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʧʝʨʝʚʦʟʦʢ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʉʦʛʣʘʰʝʥʠʝ 

ʦ ʧʨʠʥʷʪʠʠ ʝʜʠʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʦʬʠʮʠʘʣʴʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʠ ʦ ʚʟʘʠʤʥʦʤ 

ʧʨʠʟʥʘʥʠʠ ʦʬʠʮʠʘʣʴʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʤʝʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʯʘʩʪʝʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [2, c.16]. ʇʨʘʚʠʣʘ ʝʚʨʦʧʝʡʩʢʦʡ 



"ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ, 

 ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ", ˉ1(90), 2022 ʛʦʜ 
 

32 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʥʘʮʠʡ (ɽʕʂ ʆʆʅ) 

ʜʝʡʩʪʚʫʶʪ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʉʦʛʣʘʰʝʥʠʷ [3, ʩ. 15]. 

ʇʦʩʣʝ ʩʪʘʥʦʚʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʯʘʩʪʥʠʢʦʤ ɽʚʨʦʧʝʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʠʥʠʩʪʨʦʚ ʪʨʘʥʩʧʦʨʪʘ (ɽʂʄʊ), ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʚʦʟʯʠʢʠ ʩʪʘʣʠ 

ʧʦʣʫʯʘʪʴ ʤʥʦʛʦʨʘʟʦʚʳʝ ʢʚʦʪʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ ʠ 

ʦʧʣʘʯʠʚʘʣʠ ʟʘ ʧʨʦʝʟʜ ʧʦ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʤ ʧʦ ʟʘʥʠʞʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚʠʥʴʝʪʦʢ 

ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ [4, ʩ. 18]. 

ʅʦʨʤʘʪʠʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.   

ʊʘʙʣʠʮʘ 1 

ʆʛʨʘʥʠʯʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

(ʧʨʘʚʠʣʦ ˉ49 ɽʕʂ ʆʆʅ) 

 ʋʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ, ʛ/ʢɺʪÖʯ 

ʉʪʘʥʜʘʨʪ ʠ ʛʦʜ ʚʥʝʜʨʝʥʠʷ ʉʆ* C ʧ H ʪ* Nʆʭ* ʊʚʝʨʜʳʝ 

    ʯʘʩʪʠʮʳ 

ɽʚʨʦ-1 ʩ 1992 ʛ. 4,5 1,1 8,0 0,36 

ɽʚʨʦ-2 ʩ 1996 ʛ. 4,0 1,1 7,0 0,15 

ɽʚʨʦ-3 ʩ 2000 ʛ. 2,1 0,66 5,0 0,1 

ɽʚʨʦ-4 c 2005 ʛ. 1,5 0,46 3,5 0,02 

ɽʚʨʦ-5 ʩ 2008 ʛ. 1,5 0,46 2,0 0,02 

ɽʚʨʦ-6 ʩ 2015 ʛ. 1,5 0,13 0,5 0,01 

 

* ʉʆ - ʦʢʩʠʜ (ʦʢʠʩʴ) ʫʛʣʝʨʦʜʘ, C ʧHʪ - ʫʛʣʝʚʦʜʦʨʦʜʳ, NO ʭ - ʦʢʩʠʜʳ (ʦʢʠʩʣʳ) ʘʟʦʪʘ 

 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʈʠʩ. 1. ɿʥʘʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʥʦʨʤʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʢʦʤʧʣʝʢʪʘ ʜʦʢʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʙʣʘʥʢ ʟʘʚʦʜʩʢʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ  ʢ ʢʘʪʝʛʦʨʠʠ ʜʣʷ ʤʦʪʦʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

(ʨʠʩ.2), ʙʣʘʥʢ ʟʘʚʦʜʩʢʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʧʦʣʫʧʨʠʮʝʧʘ (ʧʨʠʮʝʧʘ) (ʨʠʩ.3), ʩʝʨʪʠʬʠʢʘʪʦʚ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʣʷ ʤʦʪʦʨʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʜʣʷ ʧʨʠʮʝʧʦʚ (ʧʦʣʫʧʨʠʮʝʧʦʚ) (ʨʠʩ.4), 

ʚʳʜʘʚʘʝʤʳʝ ɿɸʆ çʊʨʘʥʩʜʝʢʨʘè. ʊʘʙʣʠʯʢʠ ʩʦ ʟʥʘʢʘʤʠ çUè, çSè, ç3è, ç4è, ç5è ʠ 

ç6è ʢʨʝʧʷʪʩʷ ʩʧʝʨʝʜʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ [5, ʩ. 12].  

ʆʛʨʘʥʠʯʝʥʠʷ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʧʨʝʜʝʣʴʥʳʝ ʧʦʣʥʳʝ ʤʘʩʩʳ ɸʊʉ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʠʨʝʢʪʠʚ ɽʉ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2 ʠ 3. 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʥʳʝ ʤʘʩʩʳ ʠ ʜʦʧʫʩʪʠʤʳʝ 

ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥʘʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʩʪʘʥʜʘʨʪʦʚ ɽʉ [6, ʩ. 22]. ʆʪʜʝʣʴʥʳʝ ʩʪʨʘʥʳ ʦʩʪʘʚʣʷʶʪ ʚ ʩʠʣʝ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʥʦʨʤʘʪʠʚʳ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ [7, ʩ. 25]. 
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ʈʠʩ. 2. ʆʙʨʘʟʝʮ ʙʣʘʥʢʘ ʟʘʚʦʜʩʢʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ  

ʢ ʢʘʪʝʛʦʨʠʠ ʜʣʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʷʛʘʯʘ Volvo FH12  




























































































































































































































































